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Abstract 

The present work describes the synthesis and pharmacological evaluation of gabapentin 

(GBP) and pregabalin (PGB) derivatives as potential therapeutic agents for the treatment 

of neuropathic pain. Synthesis of novel molecules for the treatment of different disease 

conditions has long been a strategy of the synthetic chemists. Organic synthesis utilizes 

the fundamental approach for the development of active molecules utilizing the 

hypothesis that the active molecules bind to an active site of enzymes or proteins with the 

subsequent response in the shape of a distinct biological activity. Chemically modifying 

the active molecule might result in an increase, decline or modification of the biological 

activity. From this basic thought, a panoptic range of dissimilar structures can be derived, 

extending to the development of superior and more efficient therapeutic agents. The 

hypothesis of modifying the structures of the PGB and GBP in an attempt to obtain newer 

molecules for the treatment of neuropathic pain with higher therapeutic potential, safety, 

and lesser side effects (as associated with the currently available treatments of 

neuropathic pain), persuaded us to chemically change their structures by incorporating 

salicylaldehyde moiety at their amine functionality. 

Neuropathic pain, the pain that originates from neuronal damage, is a chronic and 

enfeebling condition that imparts a lot of distress to the patients suffering from it. A 

number of studies have revealed a potential effectiveness of opioids, tricyclic 

antidepressants (TCAs), mexilitine, tramadol, and anticonvulsants like PGB, GBP, 

phenytoin, and lamotrigine for painful neuropathic conditions. Nevertheless, all these 

therapies only have an effectiveness rate of 30-50 percent in reducing pain and are 

treatment with these agents is stopped due to serious side effects, sedation being the most 

common. 
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 PGB and GBP are amino acids with anticonvulsant, analgesic and anxiolytic like 

activities. PGB was intended as a lipophilic analogue of GABA and was substituted at 3-

position in order to assist its passage across the blood brain barrier (BBB). On the other 

hand, GBP was developed initially for the treatment of partial seizures (as add on therapy) 

but it was found to have effects in the treatment of post herpetic neuralgia (PHN) in 

various neuropathic preclinical pain models.  

The gabapentinoid anticonvulsants, PGB and GBP, have established efficacy in both 

preclinical and clinical neuropathic and chronic cancer pain research. PGB and GBP, 

though are the GABA analogues, but have a distinct mechanism of action than that of 

GABA. They act on the α2δ1 subunit of voltage gated calcium channels whereas GABA 

acts either on GABAA, GABAB or GABAC receptors. GBP has been utilized for the 

treatment of a range of neuropathic pain, anxiety, inflammation and in a number of other 

conditions. Similarly, the effectiveness of PGB in these conditions is well documented. 

After synthesis of PGB and GBP derivatives and their chemical characterization utilizing 

various analytical tools like 1H NMR, 13C NMR, IR, UV, and MS, these derivative were 

evaluated by employing various pharmacological assays. 

Following the synthesis and characterization of these compounds (PGS and GPS), acute 

toxicity study was undertaken to institute the safety windows. In the third phase, after 

synthesis and toxicological study, these derivatives were then tested in  the preliminary 

paradigms of nociception (hot plate and abdominal stretch tests in mice), inflammation 

(carrageenan, histamine, and serotonin induced paw edema models in mice) , and pyrexia 

(Brewer's yeast induced pyrexia model in mice) where they showed significant 

antinociceptive, anti-inflammatory, and antipyretic proclivities. The antinociceptive 

effects of PGS and GPS in abdominal stretch test were ostensibly antagonized by 
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naloxone, while the antinociceptive effects of these compounds in the hot plate test were 

preferentially antagonized by naloxone (1 mg/kg, s.c) and pentylenetetrazole (PTZ) (15 

mg/kg, i.p). 

The promising results from antinociceptive, anti-inflammatory, and antipyretic assays 

intrigued us to evaluate these compounds for their antiallodynic and antihyperalgesic 

potential in various neuropathic pain models including diabetes-induced (disease-

induced), chemotherapy-induced (treatment-induced) and chronic constriction injury-

induced (surgically-induced) neuropathic pain using either von Frey filament or cotton 

bud stimuli. In case of diabetes induced neuropathy model, antivulvodynic effects of 

these compounds were also evaluated. Here, hyperglycemia was induced via single 

injection of streptozotocin (45 mg/kg). PGS (30, 50, 75, and 100 mg/kg) and GPS (25, 50, 

75 and 100 mg/kg) showed static/dynamic anti-allodynic [(increased paw withdrawal 

threshold (PWT) and latency (PWL)] in addition to static/dynamic anti-vulvodynia 

effects [increased flinching response threshold (FRT) and latency (FRL)], when 

compared to the positive controls, PGB (30 mg/kg) and GBP (100 mg/kg), and the 

vehicle control groups. 

The encouraging results from the STZ induced diabetic neuropathic pain model further 

enchanted us to evaluate these compounds in a chemotherapy induced peripheral 

neuropathy model (CIPN) in rats and also in chronic constriction injury (CCI) model of 

neuropathic pain. In CIPN model, both PGS (30, 50, 75, and 100 mg/kg) and GPS (25, 

50, 75, and 100 mg/kg), demonstrated a significant effect in the amelioration of cisplatin 

(3.0 mg/kg, i.p) induced thermohypoalgesia and allodynia. Thermohypoalgesia 

attenuating potential of these compound imply an involvement of TRP channels which 

are specifically associated with thermo-perception. On the other hand, the promising 

results from the CCI model revealed that PGS and GPS possess significant ameliorating 
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effects on suppressing of the neuropathic pain symptoms like mechanical allodynia, 

mechanical hyperalgesia, thermal hyperalgesia, and cold allodynia. 

Chronic pain and anxiety have a deep connection and keeping this in view, anxiolytic 

activity of PGS and GPS was evaluated in open-field, staircase, and elevated plus-maze 

tests. Bothe PGS and GPS produced anxiolytic-like effects at the tested doses that were 

evident in the open-field epitome from an increased time spent in the centre and no effect 

on the locomotor activity at all the tested doses, except for 100 mg/kg GPS dose where a 

mild decrease in locomotion was observed. PGS and GPS decreased the rearing incidence 

without suppressing the NSA in the staircase test. They also increased the number of 

entries to and time spent on open arms / central platform, respectively, as well as the 

frequency of head-dipping in the mouse elevated plus-maze assay. PTZ (15 mg/kg), a 

non-selective GABA antagonist, preferentially antagonized all these effects produced by 

PGS and GPS.  

In conclusion, PGS and GPS revealed promising anti-nociceptive, anti-inflammatory, 

anti-febrile, anti-allodynia (and anti-vulvodynia), anti-hyperalgesia, anti-

thermohypoalgesia, and anxiolytic propensities with a wider safety margins. 
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1.1.  Historical background, meaning and etymology of the word  

 "pain": 

Digging deep into the origins of the word ‘pain’, furnishes cognizance into its 

meaning and conceptualization. The word ‘PAIN ' for the first time, most likely was 

used in the Middle Ages and is derived from old French ‘PEINE’ and the Latin word 

‘POENA’ (starts from the middle of 17th century)meaning ‘punishment’ or 

‘penalty/penalization’ and the Greek root ‘POINE’ necessarily with the similar 

implication. ‘Poneros’ is a Greek word meaning ‘evil’ or ‘grievous’. In Roman 

mythology, 'POENA’ (or Poine) was the soul of punishment and attendant to the 

Greek goddess of divine retribution, the Invidia (Latin) or Nemesis. 

This etymology supports the idea of pain as an evil, punitory experience, judgment or 

personal scourge, perhaps speculating the spiritual (‘anger of God’) and cultural 

implications of Europe during the Middle Ages. The word "Algos" is of Greek origin 

used for pain and is again associated to grief or punishment. The Greek word 

"ODYNE","ODYNIA" or "ODYNO"also implicate to express pain but mean ‘to 

eat/consume’ and the Latin ‘NOCERN’ means to wound, damage or hurt (physically). 

The "DOLOR" from Latin means ‘hurt’ or ‘ache’ and more clearly describes the 

sensory aspect of pain though there is still an association of emotional words like 

sadness, suffering, annoyance or torment. Contrarily, in some Asian countries like 

Japan, the word pain is interchangeably used for "disease/illness/hurt" without any 

reference to retribution or suffering.  

The notion of pain as an ‘malevolent punishment’ articulated in many languages, 

civilizations and eras, advocates that it is more than merely an unpleasant feeling or 

‘hurting’; it has communal, spiritual, and philosophical aspects with negative 

emotional experiences associated to "suffering" [1-5]. 
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The understanding of the concept of pain and its treatment represent one of the most 

remarkable and fascinating chapters in the history of medicine. The theory proposed 

by Aristotle and other early Greek philosophers that pain was a craving of the soul 

stayed widely acknowledged for about 22 centuries, and treatments stayed empiric 

and often futile. For a century after the scientific survey of pain began, various 

theories were proposed, and these theories encouraged the growth of several healing 

modes. Nevertheless, as late as two decades ago, pain research continued to be 

conceptually sluggish; the limited work done was not proportionate with the 

magnitude and clinical significance of pain. Therefore, pain treatment did not get a 

suitable momentum (1). The available knowledge and useful therapeutic treatments 

were not suitably utilized, chiefly because health care students and doctors were not 

given the basic training regarding the concept of pain management. Providentially, in 

the past two decades, substantial progress has been realized in our cognition of basic 

mechanisms and a sort of new modalities have been brought in and old ones 

sophisticated. Though we should be pompous of these advancements, much more 

efforts are demanded if the millions of patients with acute and chronic pain are to be 

handled effectively. This requires prolonged and expanding research programs; 

developing and coaching health professionals; and educating the public (2). 

1.1.1 Definition of pain: 

Pain may be defined as an unpleasant sensory or emotional experience associated with 

actual or potential tissue damage or described in terms of such damage (3). 

1.1.2 Classification of pain: 

Mechanistically, pain can be classified into four main types. These are, nociceptive, 

inflammatory, neuropathic, and  functional pain (4). On the basis of duration and time 

course, pain may be acute or chronic (5). 
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1.1.3 Classification on the basis of mechanism: 

1.1.3.1 Nociceptive pain: 

It is usually finite and localized pain that originates from a direct activation of 

nocioceptors by pernicious stimuli. Tumors can cause nociceptive pain by expanding  

or compressing the viscera and the surrounding tissues (6). 

1.1.3.2 Inflammatory pain: 

Inflammatory pain results as a response to tissue injury and the successive release of 

inflammatory mediators. These mediators can be produced locally or from cells that 

gain access to the site of inflammation and create an inflammatory ‘soup’. This 

inflammatory soup conduces to changes in vascular permeability leading to redness, 

oedema and also sensitizes peripheral nociceptors (7). 

1.1.3.3 Neuropathic pain: 

Neuropathic (deafferentation/non-nociceptive pain) pain results from disease or injury 

to the peripheral and/or central nervous system. Neuropathic pain is associated with 

paresthesias and dysesthesias and the patient perceives a burning, electrical character or 

prickling sensation. It might be accompanied with hyperalgesia and allodynia. Several 

pathological processes can result neuropathic pain such as diabetes mellitus, herpes 

zoster, tumor infiltration (6) or peripheral nerve damage due to chemotherapeutic agents 

(8-9). Neuropathic pain may be physiological (nerve compression) or pathological 

(nerve destruction) (10). 

1.1.3.4 Functional pain: 

A derangement in the central processing of incoming pain signals leads to functional 

pain (6). Chronic pain states are often a concoction of all these four types of pain. 
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1.1.4 Classification on the basis of time course (Temporal pain): 

Based on the duration of the pertinacity of pain, it can be classified into acute pain 

and chronic pain. 

1.1.4.1 Acute pain: 

It may be defined as the normal, predicted physiological response to a noxious 

chemical, thermal or mechanical stimulus (11). It arises as a result of activation of 

nociceptive transducers (pain receptors) at the site of local tissue damage. The local 

injury changes the response attributes of the pain receptors, their connections to the 

CNS, and ANS in the region (12). Conventionally, acute pain is limited to pain of 

fewer than 30 days. 

1.1.4.1.1 Subacute pain: 

Subacute pain consists of the time period from the end of the 1st month to the 

commencement of the 7th month of persistentpain (13-15).  

1.1.4.1.2 Recurrent pain: 

It may be defined as a pain pattern that remains for a prolonged time period but takes 

place mostly as isolated episodes of pain (13-15). 

1.1.4.2 Chronic pain (Persistent pain): 

In general, chronic pain refers to refractory pain that exists for three months or more 

and does not subside in response to treatment. Though the earliest time period for this 

resolution is three months, but in regards to research purposes, a period of six months 

is the preferred definition of chronic pain(16). Chronic pain may either be nociceptive 

orneuropathic i.e., resulting from neuronal maintenance of pain either peripherally or 

in the CNS (17). 
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1.1.4.2.1 Non–cancer-related pain (benign or non-malignant pain):  

Non-cancer-related pain syndromes may either be neuropathic (peripheral or central) 

or nociceptive (non-neuropathic) (18). 

1.1.4.2.2 Cancer-related pain (malignant pain): 

Identification of cancer-related pain owes to the data from laboratory, radiographic 

tests and electrodiagnostics, and a constellation of pain characteristics (19). 

1.1.5 Pain pathways: 

There is a complicated information processing network behind the sensation of pain. A 

cascade of electrical and chemical processes occurs after the application of a noxious 

stimulus. Transduction (Also known as nociception) is the first stage where a malicious 

stimulus is transduced into electrophysiological activity. The second stage, transmission, 

is associated with conveying this coded information through the spinal cord to the brain 

stem and the thalamus.  Finally, to integrate an effective response to pain, the perception 

is controlled by the connections between thalamus and the higher cortical centers. 

There are two major pain pathways. These are; 

1.1.5.1 Ascending pain pathway 

There are several ascending ‘pain’ pathways that originate from the spinal cord to the 

brainstem as far rostral as the thalamus (20-22). Classically, substantial stress has 

been placed on the spinothalamic tract as the core ‘pain’ pathway. Nonetheless, 

current data have necessitated a re-evaluation of this position, at least in rodents, in 

which it has become clear that the major ascending pain pathway is derived from the 

neurons lying inside the most superficial portion of the dorsal horn and ending within 

the parabrachial region of the brainstem. This pain pathway begins mainly from 

lamina I neurons that bears the NK1 receptor (23-24). These neurons entertain 

extensive inputs from substance-P releasing sensory C-fibres and high threshold Aδ 

fibers (25). 
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1.1.5.1.1 First order neurons: 

These neurons originate from the periphery (skin, bone, muscles, and other body viscera), 

go through the peripheral nerves and arrive at dorsal horn of the spinal cord(5). 

1.1.5.1.2 Second order neurons: 

These neurons commence at the dorsal horn traverse to the contralateral side and 

subsequently ascend in the spinal cord to the thalamus, and other brain regions like 

dorsolateral pons (5). 

1.1.5.1.3 Third order neurons (tertiary neuron): 

Tertiary neurons begin from the thalamus and afterwards terminate in the cerebral 

cortex (5). 

1.1.5.2 Descending pain pathway: 

Descending pain modulating pathways start from three major brain areas—the cortex, 

thalamus, and brain stem-can modify functions at the spinal level. Neurotransmitters 

like epinephrine, norepinephrine, serotonin and several opioids are currently 

identified in the descending pain modulating pathways (26-27). 

1.1.6 Pain terminologies:(16, 28) 

1.1.6.1 Pain:  

"An unpleasant sensory and emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage." 

1.1.6.2 Allodynia:  

Pain due to a stimulus which normally does not provoke pain. 

1.1.6.3 Analgesia:  

Absence of pain in response to a stimulus which would normally be painful. 
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1.1.6.4 Anesthesia dolorosa:  

Painful sensation in an area/region which is anesthetic. 

1.1.6.5 Causalgia:  

A syndrome of continued burning pain, allodynia, and hyperpathia following a 

traumatic nerve lesion, often allied with vasomotor and sudomotor dysfunction and 

later trophic changes. 

1.1.6.6 Central pain:  

Pain initiated or caused by a primary lesion or dysfunction in the CNS. 

1.1.6.7 Dysesthesia:  

An abnormal sensation, whether evoked or spontaneous. 

1.1.6.8 Hyperalgesia:  

An augmented response to a stimulus which is normally painful. 

1.1.6.9 Hyperesthesia:  

Increased sensitivity to stimulation, excluding the special senses. 

1.1.6.10 Hyperpathia:  

A painful syndrome characterized by an unusually painful reaction to a stimulus, 

especially a recurring (repeated) stimulus, as well as an increased threshold. 

1.1.7 Hypoalgesia:  

Diminished (reduced) pain sensation in response to a normally painful stimulus. 

1.1.7.1 Hypoesthesia:  

Diminished sensitivity to a stimulus, excluding the special senses. 

1.1.7.2 Neuralgia:  

Pain in the distribution (vicinity) of a nerve or nerves. 
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1.1.7.3 Neuritis:  

Inflammation of a nerve or nerves. 

1.1.7.4 Neurogenic pain:  

Pain initiated or caused by a primary lesion, dysfunction, or transitory perturbation in 

the PNS or CNS. 

1.1.7.5 Neuropathic pain:  

Pain initiated or caused by a primary lesion or dysfunction in the nervous system. 

1.1.7.6 Neuropathy:  

A disturbance of function or pathological modification in a nerve: in one nerve, 

mononeuropathy; in several nerves, mononeuropathy multiplex; if diffuse and 

bilateral, polyneuropathy. 

1.1.7.7 Nociceptor:  

A receptor preferentially sensitive to a noxious stimulus or to a stimulus which would 

become noxious if prolonged. 

1.1.7.8 Noxious stimulus:  

A noxious stimulus is the one which is damaging to normal tissue (s). 

1.1.7.9 Pain threshold:  

The least experience of pain which a subject can recognize (sense). 

1.1.8 Pain tolerance level:  

The greatest level of pain which a subject is prepared to tolerate. 

1.1.8.1 Paresthesia:  

An abnormal sensation, whether evoked or spontaneous. 
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1.1.8.2 Peripheral neurogenic pain:  

Pain initiated or caused by a primary lesion or dysfunction or transitory disruption in 

the PNS. 

1.1.8.3 Peripheral neuropathic pain:  

Pain started or caused by a primary lesion or dysfunction in the PNS. 

1.1.8.4 Central neuropathic pain:  

Pain caused by a lesion or disease of the central somatosensory nervous system. 

1.1.8.5 Peripheral neuropathic pain:  

Pain caused by a lesion or disease of the peripheral somatosensory nervous system. 

1.1.8.6 Nociception:  

The neural process of encoding a noxious stimulus.  

1.1.8.7 Nociceptive neuron: 

A central or peripheral neuron of the somatosensory nervous system that is capable of 

encoding noxious stimuli. 

1.1.8.8 Nociceptive stimulus:  

An actually or potentially tissue-damaging event transduced and encoded by 

nociceptors. 

1.1.8.9 Sensitization:  

An amplified responsiveness of nociceptive neurons to their normal inputs, and/or 

recruitment of a response to normally sub-threshold inputs. 

1.1.9 Central sensitization:  

Increased responsiveness of nociceptive neurons in the CNS to their normal or sub-

threshold afferent input. 
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1.1.9.1 Peripheral sensitization:  

An amplified responsiveness and reduced threshold of nociceptive neurons in the 

periphery to the stimulation of their receptive fields. 

1.2 Theories of pain: 

Several theories of pain have been presented but only four of them are accepted 

widely (29-30). These are; 

1.2.1 The specificity (labeled line) theory: 

The basic idea behind the Descartes' specificity theory is that injury stimulates specific 

pain receptors and associated (sensory) fibers (afferent fibers), which, as a result send 

pain signals via a spinal pain pathway to a specific pain centre of the brain (30). 

1.2.2 The intensity (Summation/Intensive) theory: 

An intensive (or summation) Theory of Pain (now known as the intensity theory) has 

been proposed at many different times in the history. Plato described pain as not a 

distinctive sensory experience but instead a as a sensation that arises when a stimulus 

is more intense than usual.After a long time, Erasmus Darwin restated this thought in 

his Zoonomia. About a century later, Wilhelm Erb also recommended that pain 

occurred in any sensory system when enough intensity was arrived at rather than 

being a stimulus modality in its own right (31). 

Arthur Goldscheider promoted the intensity theory further on the basis of experiments 

conducted by Bernhard Naunyn in 1859. These experiments illustrated that repetitive 

tactile stimulation (lower than the threshold for tactile perception) incited pain in 

patients with syphilis who were having degraded dorsal columns. The results of these 

experiments were reproduced by Naunyn with different stimuli in a series of 

experiments (including electrical stimuli). He concluded that some form of 

summation occurs for the sub-threshold stimuli to become unbearably painful (30). It 
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was also suggested during that work that increased sensory input would converge and 

summate in the grey matter of the spinal cord (32). 

1.2.3 The pattern theory: 

This theory states that pain is signaled through non‐specific channels linked with 

conduction of both nociceptive and non‐nociceptive incidents. Painful, in contrast to 

non‐painful sensations is therefore signaled via distinct frequencies and patterns of 

activation of these channels (33). It was postulated that the sensory nerve fibers 

innervating the skin are the same except the hair cell (34-35).   

1.2.4 The gate control theory:   

The gate control theory of pain was published in 1965, suggests that a mechanism in 

the dorsal horns of the spinal cord acts like a gate that hinders or assists the 

transmission of impulses fromthe body to the brain according to the diameters of the 

active peripheral fibers, in addition to the dynamic action of brain processes (36). 

As a consequence, psychological variables such as previous experience, attention, and 

other activities related to cognition have been incorporated into modern research and 

therapy on pain processes. The gate control theory, nonetheless, is unable to explain 

numerous chronic pain problems, such as phantom limb pain, which needs a greater 

comprehension of brain mechanisms (37). 

1.3 Pharmacotherapy of pain: 

Relief from pain depends on proper treatment with medications. Medications for the 

treatment of pain have been divided into true analgesics like non-steroidal anti-

inflammatory (NSAID) drugs and opioids, and adjuvant (or antihyperalgesics) drugs 

such as antidepressants and antiepileptics (anticonvulsants) (38). The efficacy of 

adjuvant drugs in the treatment of acute pain is not satisfactory , therefore, NSAIDs 
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and opioids are the mainstay for the treatment of acute pain. On the other hand, 

neuropathic pain and hyperalgesic states respond well to the treatment with 

antidepressants and antiepileptics, though opioids may have some role in these 

conditions as well (39). 

1.3.1 The anti-inflammatories: 

Non-steroidal anti-inflammatory drugs (NSAIDs) decrease the synthesis of 

prostaglandins, strong sensitizers of the primary afferent fibers (nociceptors), by 

hindering cyclooxygenase (COX) which is a principle enzyme in the inflammatory 

process. They have opioid-sparing effects. Advantages of NSAIDs take account of 

absence of tolerance and lack of psychic dependence. They are comparatively safe in 

short-term use and are thus frequently prescribed as first-line drugs. The risk of 

gastrointestinal (GIT) and other untoward effects with NSAIDs frequently limit their 

use, predominantly in the elderly population (40). 

1.3.2 Opioids: 

Opioids are suitable in the management of moderate-severe pain that is refractory to non-

opioid drugs. They are the gold standard analgesics, and nothing short of conduction 

block is more effectual. They soothe nociceptive and as well as neuropathic pain, though 

in the latter case, the dose-response curve moved to the right. Opioids are the principal 

treatment for the acute and cancer pains, recurrent acute pains in sickle cell disease and in 

recurrent pancreatitis (41). The primary receptors involved in the mechanism of analgesic 

action of opioids are mu, kappa and detlta. 

1.3.3 Antidepressants: 

Antidepressants are regarded as the mainstay of pharmacological management of 

neuropathic pain. Tricyclic antidepressants (TCAs) enhance the activity of the descending 
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inhibitory pathways by preventing the reuptake of serotonin and norepinephrine within 

the central nervous system.  These drugs possess untoward effects like dry mouth and 

drowsiness.  Serotonin-norepinephrine reuptake inhibitors (SNRIs) are also used in many 

pain syndromes and particularly in diabetic neuropathy (42).   

1.3.4 Anticonvulsants: 

Anticonvulsants act either by blocking sodium or voltage gated calcium channels in 

nerves and thus reduce excitability of neurons. These drugs have a potential to relieve 

the chronic pain, although they cause unwanted effects like nausea, vomiting, ataxia 

and sedation. PGB, GBP, lamotrigine and carbamazepine all belong to this group of 

drugs (43-45). Other mechanisms may be operative in the mode of action of 

anticonvulsants such as GABA. 

1.3.5 Topical Agents: 

Local anesthetics when applied topically are free of any systemic effects. Lidocaine 

5% patch is effective in post herpetic neuralgia and carpel tunnel syndrome. It has 

been shown to be effective in low back pain (46-47). Capsaicin causes a continuous 

activation of the transient receptor potential vanilloid 1 (TRPV1) allowing higher 

levels of calcium to go into the nociceptors, thereby impairing their function. 

Capsaicin is not typically well tolerated as it produces a (chilli) burning sensation 

when applied initially. This can be excruciating to the already hyperalgesic regions. 

Sometimes, when hand washing is incomplete, capsaicin can produce irritation on 

contact with eyes and mucous membranes (48-50). Counter irritants commonly 

contain substances as menthol, salicylates or eucalyptus oil and are used to stimulate 

skin receptors to generate feelings of heat or cold(49). Besides, tricyclic 

antidepressants and NSAIDs  have been used topically, though the benefits are 

generally modest and not well defined (51). 
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1.3.6 NMDA receptor antagonists: 

Glutamate is the key excitatory neurotransmitter in the brain and spinal cord that induces 

its postsynaptic effects through different membrane receptors (ionotropic/metabotropic). 

Ionotropic receptors directly gate ion channels and are grouped into 3 main subclasses: 

AMPA (alpha-amino-3-hydroxy-5-methyl-4-isoxasolepropionic acid), kainate (kainate), 

and NMDA (N-methyl-d-aspartate), each of them is named after the type of synthetic 

agonist that activates them. Because of the crucial role of the NMDA receptors in 

excitatory synaptic transmission, plasticity, and neurodegeneration in the CNS, much 

more work has been done on them (52). Ketamine (an NMDA receptor antagonist), binds 

to the activated NMDA receptors in the central nervous system and prevents the 

activation by excitatory amino acids such as glutamate. This reduces the effects of "wind 

up" and consequent chronic pain. It also possesses opioid agonist like effects and results 

in the inhibition of reuptake of serotonin and noradrenaline (53). 

Some of the rarely used agents include the following 

1.3.7 Anti-arrhythmics: 

They act by blocking sodium channels and consequently prevent nerve conduction. 

Antiarrhythmics have been employed for the management of neuropathic pain. 

Intravenous infusion of lidocaine has been taken advantage of in hospital settings (54-55). 

1.3.8  Cannabinoids: 

Cannabinoids have been the mainstay for a variety of conditions for many decades. 

Delta-9-tetrahydrocannabinol (natural) and nabilone (synthetic) have been developed 

which have an agonistic propensity at the CB1 receptors (56). Though the most 

frequent effects are psychotropic and analgesia can be incited, nevertheless, these 

drugs are poorly tolerated. Keeping the physiological remedies sketched above in 
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mind, the individualized impact of pain (i.e. on mood, depression, anxiety, physical 

and societal performance) should be taken into account and addressed (57). 

1.4 Neuropathic pain: 

International Association for the Study of Pain (IASP) has recently redefined the 

neuropathic pain as “pain resulted as a consequence of any lesion or disease of the 

somatosensory system.” (58). The principal cause of neuropathic pain is the lesion 

or disease that leads to an unusual and dysfunctional somatosensory system while 

nociceptive pain (e.g. arthritis) entails peripheral sources of noxious stimulation 

(e.g. inflammatory mediators) that are entertained by an otherwise usual 

somatosensory system (6). On the basis of this definition, neuropathic pain refers to 

a wider range of clinical situations that can be classified anatomically (e.g. 

peripheral vs. central) and etiologically (e.g. traumatic, infectious, , degenerative, 

metabolic, and toxic origins) (59).  

 

Figure 1.1 Causes of Neuropathic Pain 
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1.4.1 Mechanisms of neuropathic pain: 

1.4.1.1 Central mechanism: 

Anatomical and neuro-chemical changes can take place within the CNS modifying the 

pain transmission process as a result of continuous peripheral nervous system 

activation. These changes can lead to the tenacity of neuropathic pain. This dynamic 

course is known as neuroplasticity and it has key role in the development of chronic 

pain. All these changes, anatomical as well as sensitization of DRG, explain the 

clinical presentation of secondary hyperalgesia in the intact vicinity of the injury. 

1.4.1.1.1 Anatomical re-structuring in spinal cord:  

Peripheral nerve injury leads to the reorganization of spinal cord connections. 

Generally, nociceptive signaling takes place via C fibers whilst the non-nociceptive and 

low threshold stimuli are entertained by Aβ fibers. Aδ and C fibers cease to exist in the 

lamina I and II while Aβ (myelinated) afferents end in lamina III and IV of dorsal hom 

of spinal cord. Moreover, large afferent fibers can sprout into other segments of dorsal 

horn (DH), particularly Aβ fibers can form links in lamina II as observed in peripheral 

nerve injury (60). This sprouting process possibly depends on injury to peripheral C 

afferents (61). The second order neurons may possibly misread the low threshold inputs 

(as light touch) as nociceptive (60). A physiological and anatomical explanation for 

tactile allodynia may be withdrawn from such a synaptic plasticity (62). It has been 

reported that the sprouting of the nerves take place within a week of injury and can 

persevere over a period of 6 months following the nerve injury (63). 

1.4.1.1.2 Ectopic discharge:  

Increased and spontaneous neuronal discharges can result in the cell bodies of the 

DRG following an insult to its peripheral processes and in dorsal horn neurons having 

damaged afferents (64). An association has been described between CNS 

hyperactivity and denervation by many neurosurgical studies (65). 
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1.4.1.1.3 Dissipation of segmental inhibitory pathways:  

Dorsal horn neurons entertain not merely the excitatory inputs but also the inhibitory 

inputs that descend from brain. A hike in the inhibition would lead to a diminished 

activity of the dorsal horn cells. Dorsal horn neurons, as a result of loss of inhibitory 

interneurons, may receive excessive nociceptive inputs. An excitotoxic mechanism is 

thought to be involved in the disruption of inhibitory inter-neurons after peripheral nerve 

injury in lamina II (66). As a result, the quantity of GABA is decreased along with a 

downregulation of GABA-receptors both presynaptically and postsynaptically on primary 

sensory neurons and dorsal horn neurons respectively. Another proposed mechanism 

includes an enhanced expression of an opiate receptor inhibitor, cholecystokinin (CCK), 

following peripheral nerve injury in the damaged sensory neurons. A corresponding 

increment in the dorsal horn CCK receptors may conduce to a diminished potency of 

opiates seen in the neuropathic pain (67). Also, the downregulation of both the pre and 

post synaptic  opioid receptors takes place in the chronic pain conditions (68). Therefore, 

the likeliness of spontaneous firing from dorsal horn neuron in an exaggerated manner is 

increased many folds as a result of unimpeded input from afferent nociceptors  due to loss 

of segmental inhibitory pathways (69). Loss of Aβ afferents and its effect on excitation of 

dorsal horn neurons is not fully clear. As it is clear that any pathological change in Aβ 

fibers results in the transmission of painful signals inneuropathic pain states (70). A study 

in animals has revealed that hyperalgesia may be accompanied with a loss of myelinated 

large fibers with a little loss of small myelinated and unmyelinated fibers, though in 

clinical setups, the development of neuropathic pain may not be related to the loss of 

large myelinated fibers. 

Although the loss of large myelinated fibers is reported to be accountable for a 

decreased dorsal horn neuron inhibition leading to painful conditions but still there are 

some neuropathies with distinct large fibers degeneration, such as Friedriech's ataxia, 

where there is no transmission of painful signals (71).  
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1.4.1.1.4 Spinal neurons sensitization: 

An increasingly elongated excitatory response can result from the continuous noxious 

stimulation by C fibers leading to a progressive augmentation in the rate of action 

potential evoked per stimulus in the dorsal horn neuron with consequences lasting over 

several minutes (72), a process called wind up. The sensitized dorsal horn neurons 

possess the characteristics of lower activation thresholds and an increased sensitivity 

towards afferent inputs (construe small intensity stimuli as painful), which may be 

conducive to hyperalgesia. Repetitive wind up episodes lead to the long term potentiation 

involving a boost up in the efficacy of synaptic transmission pertaining from hours to 

months. 

1.4.2 Peripheral mechanisms: 

A number of promising adaptations can result following nerve damage. Multiple sites are 

involved in pain signaling and an increased transmission of pain signals ensue following 

the nerve injury involving myelinated inhibitory afferents or nociceptors (69, 73). 

1.4.2.1 Sensitization of Aδ and C fiber terminals: 

Neuropeptides (such as SP and CGRP) are released as a result of antidromic action 

potential following ectopic discharges due to nerve injury. Peripheral sensory nerve 

terminals (of non injured fibers) get sensitized as a result of release of these 

neuropeptides (68), leading to the sensitization of Aδ and C fibers characterized by 

lowered thresholds for activation and ongoing discharges and an increased 

responsiveness to a given stimuli. 

1.4.2.2 Changes in neurotransmitters: 

Normally, primary afferent fibers (C and Aδ) express various neurotransmitters 

including substance P and CGRP which are accountable for nociceptive sensory 
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transmission. Following peripheral nerve injury, these cells show a down regulation in 

the expression of these neuropeptides though  Aβ fibers start to evince (74). Hence, 

stimulation of Aβ afferent fibers with low thresholds may result in the release of such 

neuropeptides that have a key role in the central hyper-excitability which, in general, 

is produced by nociceptive drive (68). 

1.4.2.3 Ephatic conduction and ectopic discharges: 

Primary afferent fibers seldom attain the firing thresholds without sufficient inputs 

from a stimulus. Sodium channels are imperative for impulse conduction. In sensory 

neurons, there are two main categories of sodium channels. These are; 

a) Tetrodotoxin sensitive and, b) Tetrodotoxin resistant 

Tetrodotoxin sensitive channel is found predominantly within the DRG in the A fibers 

all over the CNS (75). Tetrodotoxin resistant channel is located in a division of 

primaryafferent neurons of the DRG, particularly C fibers (76). It has been reported 

that there is a reorganization in the quality (nature) and levels of expression of 

different channels (75). At the nerve injury and regeneration site, deep examination of 

the damaged nerve sections expose elevated concentrations of both the tetrodotoxin 

sensitive and resistant sodium channels (68, 77). 

As a consequence, in the injured  primary afferent nociceptive fibers, there is hyperactivity 

and spontaneous ectopic activity at different sites including DRG (78), proximal 

neuroma/stump (79) and along the axons in the focal areas of demyelination (80). 

Besides sodium channels, calcium channels have also been shown to have effects on the 

development of neuropathy (allodynia and hyperalgesia). A number of studies show that 

hyperalgesia and allodynia can be reduced (reversed) by utilizing specific antagonists for 
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neuronal N-Type calcium channels (75). GBP, an anticonvulsant, binds to α2δ sub-unit of 

calcium channels and is useful in the treatment of neuropathic pain (81). 

1.4.2.4 Coupling between the sympathetic and sensory nervous systems: 

Sympathetic nervous system is known to affect the intensity of neuropathic pain and 

this is because it is sometimes referred to as sympathetically maintained pain. This 

connexion owes to the building of an atypical connection amid the sympathetic 

nervous system and the sensory nervous system which may elucidate the augmented 

predisposition to catecholamines that develops in a number of neuropathic pain 

patients. Several sites between the sympathetic and sensory nervous system have been 

tested and proposed. Few of them are as follow;   

 Direct chemical coupling between the sensory neuronal terminal and the 

noradrenergic fibers. 

 Direct coupling between the sensory nervous system in the DRG and the 

sympathetic nervous system (82-84). 

 Expression of α-adrenoceptors after nerve injury on both the injured and 

uninjured axons making them more sensitive to the action of catecholamines 

present in circulation from sympathetic (postganglionic) terminals (68, 82). 
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Figure 1.2 Pathophysiology of Neuropathic Pain (85) 

1.5 GABA and GABA-receptors: 

Gamma amino butyric acid (GABA) is widely distributed in mammalian cells (86). 

Nevertheless, GABA-mediated signaling has also been involved in the regulation of 

almost all the major developmental stages, from cell propagation to circuit refinement 

(87). In the majority of the brain neurons, GABA is being used for synaptic 

communication. In the brain cells, the concentration of GABA is about 1000 times 

more than other neurotransmitters (88-89). Biosynthesis of GABA takes place via 

decarboxylation of glutamic acid by glutamic acid decarboxylase (GAD) along with 

pyridoxal phosphate. With sequential actions of GABA-T (GABA transaminases) 

plus succinic semialdehyde dehydrogenase (SSDH), GABA is metabolized to succinate 

providing intermediates of tricyclic acid cycles that can be used for glutamate 

resynthesis (GABA shunt) (89). Binding of GABA for regulation of the neuronal 

excitability to specific membrane proteins results in the opening of a chloride ion 

channel. Chloride ions entre through these ion channel and hyperpolarization of the 
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receiver cell occurs and as a consequence it impedes the propagation of neuronal 

impulses to other cells. GABA receptors are usually classified into three groups i.e. 

GABAA, GABAB, and GABAC receptors 

GABAA and GABAC both are ligand gated ion channels whereas GABAB belongs to 

the class of G-protein coupled receptors. GABAA receptors are heterogenous and 

comprised of a large receptor family that contain a lot of pentamerically arranged 

subunits, each encoded by a unique gene. Currently, about 21subunits of GABAA 

receptors have been replicated (cloned), sequenced and assorted to eight different 

isoforms on the basis of sequence relatedness (90-94). The most familiar isoforms are 

formed from α, β, and γ  subunits, though sometime the γ subunit is replaced by δ 

subunits (91, 95). 

The GABAA receptors consist of a GABA, steroid, barbiturate, picrotoxin and 

benzodiazepine binding sites coupled Cl- ionophore (96). GABA increases the 

chloride ion conductance by acting on GABAA receptors and thereby hyperpolarize or 

stabilize the resting membrane potential (97-98). After GABAA, GABAB receptors 

were identified. GABAB receptors are metabotropic and signal transmission occurs by 

heterotrimeric G-proteins activation (99). Function of channels and receptors is 

modulated when G-proteins transduce signals via the positive/ negative regulation of 

primary effector cells, second messengers, and the enzymes associated with them 

(100). 

As the GABAB receptors are present both pre and post-synaptically where they 

employ diverse mechanisms for the regulation of cell excitability. A reduction in 

calcium currents mediated via GABA receptors at the nerve terminals and a 

succeeding diminution in transmitter release stages the presynaptic inhibition. On the 
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other hand, the postsynaptic inhibition occurs through  activation of potassium 

currents mediated by GABAB receptors that results in the hyperpolarization of 

neurons (101-102) . GABAB receptors are made up of two sub-units GABAB1, which 

exists in two isoforms GABAB1a and GABAB1b, and GABAB2.  Bicuculine and 

GABAA modulators do not have any effect on GABAB receptors. GABAB receptors 

are antagonized by baclofen, phaclofen and (hydroxy) saclofen, which are phosphonic 

and sulphonic derivatives, respectively. 

Many studies have reported that a third class of GABA receptors is selectively 

activated by a GABA receptor analogue, cis-4-aminocrotonic acid (CACA) in the 

mammalian CNS. These receptors were termed as GABAC. These are comparatively 

simple ligand gated Cl- channels with characteristic pharmacology as neither blocked 

by bicuculline nor altered by benzodiazepines, barbiturates, baclofen (or saclofen) or 

neuroactive steroids. GABAC are far simpler then GABAA receptors and were 

observed for the first time at the retinal (103-104) and later on at the central level 

(105-106) and consist of several subunits ρ1, ρ2 and ρ3 and Cl- ionophore. GABAC 

receptors are less prone to desensitization and are activated at smaller concentrations 

of GABA. GABAA receptors are heteromeric while GABAC receptors are homomeric 

and both are GABA gated chloride ion channels and have a role in the blockade of 

neuronal firing (105, 107-109). 
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Figure 1.3 Ionotropic GABA receptors are allied with the Cl- channels which are opened as GABA binds 
to GABAA (comprising of five subunits; 2 α, 2 β and 1 γ) or GABAC (found largely in the retina) 
receptors. Channel opening results in the influx of Cl- into the neuron leading to its hyperpolarisation. 
GABA binding to the metabotropic GABAB receptors ensues in the activation of phospholipase-A2 
(PLA2) and formation of arachidonic acid (AA) from phospholipids. Arachidonic acid (AA), thru 
regulatory Gi proteins, may regulate the activity of adenylate cyclase (AC) and thus cAMP levels. 
Activation of GABAB receptors results in enhanced potassium (K) and reduced calcium (Ca) channel 
currents. 
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Table 1.1 Classification of peripheral painful neuropathic pain on the basis of aetiology. 

Class Peripheral focal/ 

multifocal lesion (s) 

of PNS 

Generalized lesion (s) of the PNS Lesion (s) of CNS 
Complex neuropathic 

disorders (CND) 

 

Causes 

Injury Metabolic Stroke Complex regional pain 

syndromes (CRPS) 
Ischemic Toxic  Sclerosis 

Inflammatory Hereditary Spinal cord injury 

 

 

Examples 

Post-traumatic 

neuralgia 

Diabetes mellitus, hypothyroidism, etc Infarction in brain 

(particularly brainstem 

and thalamus) 

Type 1 (Causalgia) and 

type 2 (Reflex 

Sympathetic Dystrophy) 

Ischemic neuralgia Vinca alkaloids, taxoids, thallium, 

isoniazid chloramphenicol, 

nitrofurantoin, metronidazole, gold, etc. 

Multiple sclerosis (MS) 

 

Post-herpetic 

neuralgia (PHN) 

Amyloid neuropathy, etc. Spinal infarction, 

syringomyelia, etc. 
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Table 1.2 Positive and negative signs/symptoms of neuropathic pain and their assessment 

Signs and Symptoms    Definitions     Assessment techniques 

Stimulus Evoked Pain (Positive signs) 

Static-mechano  allodynia Generally non-painful mild 

static pressure on skin evokes pain 

Applying gentle pressure 

to skin surface with hands or von Frey hair 

Dynamic-mechano 

Allodynia 

Generally non-painful 

light mobile pressure stimulus 

on skin induces pain 

Stroking the skin with cotton swab (or 

gauze) or painter’s brush 

Pin-prick or Mechanical punctate 

hyperalgesia 

Generally stinging but non painful 

stimulus provokes pain 

Pricking the skin surface with a paper pin 

(safety pin) or stiff von Frey hair  

 

Temporal summation Recurring applications of 

identical single noxious 

stimulus is taken as 

escalating pain feeling 

(wind-up like pain) 

Stabbing the skin with paper pin at  < 3 s 

gap for 30 s 

Deep mechanical somatic 

allodynia 

Normally non-noxious 

force (pressure) on deep somatic 

tissues incites pain 

Exert light manual pressure on muscles or 

joints 

 

Cold (thermal) allodynia Pain evokes from a normally non-painful 

cold stimulus 

 

Touching skin with some cold objects like a 

metal rod, water or any coolant as acetone* 

Heat (thermal) allodynia  Pain evokes from a normally non-painful 

heat stimulus 

Touching skin with a probe maintained at 

56 ºC* 
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Negative signs and symptoms 

Hypoesthesia Decreased sensation to a normally 

non-painful stimulus 

Stroking the skin surface with cotton swab 

(or gauze) or painter’s brush 

Thermohypoesthesia Decreased perception to warm  

or cold stimuli 

Touching skin with objects of 10 ºC 

(metallic rod or coolants like acetone) 

Touching skin surface with objects of 45ºC 

(heated metallic rod etc) 

Pallhypoesthesia Diminished perception to 

vibration/shaking movement 

Applying tuning fork to joints or bones 

Hypoalgesia Diminished sensation to 

painful stimulus 

Prick skin surface with single pin stimulus 

Spontaneous pain 

Paraesthesia Ongoing non-painful  

feelings (e.g. ant crawling) 

Grade intensity (from 0 to 10) 

(Area= cm2) 

Superficial pain Ongoing painful perception, 

(of burning quality) 

Grade intensity (from 0 to 10) 

(Area= cm2) 

Paroxysmal pain Shooting attacks (electric current like) 

for seconds 

Number /episode 

Grade intensity (from 0 to 10) 

*Control: touch the skin with objects of skin temperature 
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1.5.1 Role of GABA receptors in pain: 

In mammalians, γ‐aminobutyric acid (GABA) is present in > 30% of the CNS neurons, 

presumed to be involved in the regulation of a range of functions (110). The 

antinociceptive responses mediated by either GABAA or GABAB agonists and the 

anatomical distribution of GABA neurons/receptors delineate the fact that manipulating 

this neurotransmitter system may be of great clinical benefits in the management of acute, 

inflammatory, or neuropathic pain conditions. There is an evidence proposing that the 

expression and function of GABA receptors and, hence, the resulting antinociceptive 

responses to GABA mimetics/agonists, change as a function of the intensity and duration 

of a noxious stimulus and of drug therapy (111-112).  

In mammalian brain, GABA is presents as the most plentiful inhibitory neurotransmitter  

and functions to regulate different physiological parameters like stimulant, hypnosis, 

muscle relaxation, amnesia, anxiety, cognitive enhancement, etc.(113-114) and also 

assures the functions of excitatory neurons in the CNS, ensuring a consistent flow of 

information and hence, conserving the homoeostasis of neural circuits. Studies have 

described the function of inhibitory neurons in the spinal dorsal horn  (SDH) in 

regulating transmission of pain from the periphery to higher brain centres (29). Later 

on, studies confirmed the presence of  GABA in spinal dorsal horn as one of the major  

inhibitory neurotransmitter (115-116).  

GABA, after being released from the pre synaptic neurons, bind to 3 major categories 

of pharmacologically different receptors: GABAA, GABAB, and GABAC.  GABAA as 

well as GABAC are ionotropic receptors (are ligand gated ion channels) while 

GABAB, the metobotropic receptors, are G coupled protein receptors (117-118). 

GABAA, the first discovered receptor, is composed of a pentamer of different subunits 
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which combine to build an ion pore that allows the movement of Cl- ions across the 

cell membrane (112). α1β2γ2 subunit of this pentameric complex is conceived to be the 

most prevailing one in the human brain (119). Hyperpolarization results as a 

consequence of Cl- and K+ entry through the membrane following activation by 

GABA and such a post-synaptic hyperpolarizing response is called as inhibitory post 

synaptic potential (120-121). Interneurons, releasing GABA, enforce a powerful 

inhibitory control on the dorsal horn neurons. The deterioration of interneurons could 

enhance the central sensitization further, e.g. as seen in peripheral nerve injury 

models, in which the injury ensued in the decreased spinal GABA release. This is 

accompanied with reduced GABA-synthesizing enzyme glutamic acid decarboxylase 

(GAD) in rodents (120, 122) leading to spontaneous pain & hyperexcitability 

demostrated as allodynia and hyperalgesia. 

In pathological states, an exaggerated excitation happens that is assigned to enormous 

loss or impairemnt of GABAergic interneurons as result of reduction of their sensory 

excitatory receptors/inputs. This disproportion could conclude into many disorders of 

neurological and psychiatric origin including neuropathic pain, epilepsy, Alzheimer’s 

disease, schizophrenia, and Parkinson’s disease. Therefore, the mutual functions of 

both the excitatory & inhibitory neurons make for a fundamental role in scheming 

different brain functions (activities) (123-124).Complex neuropathic pain may result 

as a consequence of central and peripheral sensitization following nerve injury (68). 

The loss of GABAergic interneurons, beside other mechanisms, is thought to be of 

key importance in such persistent pain states (125-126). Currently, it is suggested that 

deleting specific GABA subunits or pharmacologically blocking GABAergic neuronal 

transmission in the spinal cord produce hyperalgesia & allodynia (117, 127-128). 

Similarly, studies have showed that inhibition of GABAA receptors may lead to 
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heightened behavioral responses to a normally non noxious stimulus (129), coherent 

with the previously described increased levels of GABAergic receptors in dorsal horn 

(130-131). What is more, the disturbed GABAergic system in animals with chronic 

neuropathic pain conditions suggest the practical connection amid spinal inhibitory 

neurotransmission and such pain (132). Consequently, restitution of spinal inhibitory 

neurotransmission can be an efficient pharmacological step in the treatment of 

neuropathic pain. 

In practical settings, opiates have not been proven to be so effective in allodynic 

states, as the anatomy of spinal cord is distinct in neuropathic pain from the normal 

behavior of pain elicited by acute high sensitivity inputs. Thus, the part of large 

sensory afferents instead of small ones in neuropathic pain can be described from the 

opiate insensitivity (133). 

Perversely, BDZ (positive allosteric modulators at GABAA receptors) are also 

employed as analgesics if given intrathecally beside their use as anxilytics, 

anticonvulsants, and sleep disorders (134). In spite of their analgesic potency, their 

application in pain alleviation is limited owing to the unwanted effects, like sedation. 

Therefore, there's an extensive need to delve deep into the area of GABAergic 

modulators that could bring a phenomenal change in attenuating the treatment 

outcomes of neuropathic pain. 

1.6 History and importance of animals' research: 

Biomedical research employing animals has played a pivotal role in developing and 

advancing the modern treatments. There are many reasons for using animals in 

medical research including that there are very few, if any, or no basic variabilities in 

the physiology of humans and the laboratory animals. Both the laboratory animals and 
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humans maintain their internal homeostasis by releasing similar endocrine hormones. 

Both use similar transmitters for the communication within the CNS and PNS. Also, 

the reaction towards the infections or tissue injury is same by both. Research scientists 

have reasons of and vaccines for a number of contagious diseases like diphtheria, 

tuberculosis (TB), rubella, poliomyelitis, rabies, tetanus, mumps, whooping cough 

and measles. The exploration of these diseases is irrefutably and profoundly depended 

on animals’ experimentation. In majority of cases, scientists discovered the microbes 

and then administered to the laboratory animals to observe if they caught the ailment 

in question. Research on animals not only developed new vaccines for curing 

infectious diseases, it also paved the way for the development and advancement of 

anti-bacterials and antibiotics. A paucity of appropriate experimentation on animals 

unfortunately deferred the use of the incredible antibiotic penicillin for a decade. It is 

difficult to conceive that without research involving animals, how novel and superior 

drugs and vaccines can be explicated. In a number of other areas of medicine, animal 

research has a pivotal role. Open Heart Surgery (OHS) which is now a routine, thanks 

a lot to twenty years of research on animals by scientists such as J. Gibbon of 

Jefferson. Replacement of heart valves also evolved from experiments on animals for 

many years. Today, kidney dialysis and even transplantation save lives of a millions 

of patients. Particularly, heparin-an essential drug used in dialysis is extracted from 

animal tissues and then screened for safety on anesthetized animals. Animals research 

has been of crucial importance in finding solutions to the problems involved in 

rejection of organ transplant. Scientists conducting experiments on dogs, rabbits, 

mice, rats, and monkeys have also settled on ways to suppress the immune system to 

circumvent rejection of the donor organs. The techniques of suturing vessels to 

donors’ organs from the hosts have been developed through experiments on cats. A 
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huge number of diabetic patients died before the introduction of the hormone insulin. 

For about half a century, this hormone was extracted from the pancreatic tissue of 

cattles/pigs and was then tested for its efficacy and safety on mice or rabbits. 

Development in antihypertensive medication resulted from extensive research on cats 

and anti ulcer drugs were developed from experiments on rats and dogs. 

Will animal research persist to be indispensable to resolve existing medical issues? 

Having a single mutant (knockout/knock-in) gene, transgenic animals open new 

horizons of information on the role of proteins in diseases and no doubt that this will 

carry on to do so. Major developments in the field of traumatic nerve injury treatment 

and a number of other neuropathies have been made due to research on animals. 

Therefore, it is hard to envision how prospective improvements and progress in 

biological and medical sciences can be attained subtracting animal experiments. 
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2.1 Reagents/ Drugs/Chemicals: 

A range of drugs, reagents and chemicals had been used while conducting this study. 

A detail of all these is given below; 

Table 2.1 Chemicals, drugs and reagents 

S.No. Drugs/Reagents/Chemicals Source 

1. Glacial acetic acid DBH (England) 

2. Dimethyl sulfoxide (DMSO) Sigma-Aldrich (USA) 

3. Sodium metal Sigma-Aldrich (USA) 

4. Brewer’s yeast Merck (Germany) 

5. Methanol (HPLC grade) Fisher Scientific (UK) 

6. Absolute n-hexane Sigma-Aldrich (USA) 

7. Tween 80 Sigma Aldrich (USA) 

8. Salicylaldehyde Sigma Aldrich (USA) 

9. Normal saline (0.9 % NaCl) Zeesol NS, Shahzaib Pharmaceuticals [Pvt.] 

Ltd. Haripur (Pakistan) 

10. Gabapentin Lowitt Pharmaceuticals (Pvt.) Ltd. Peshawar 

(Pakistan) 

11. Pregabalin Wilshire Laboratories (Pvt.) Ltd., Lahore 

(Pakistan) 

12. Diazepam Roche Pharmaceuticals (Pvt.) Ltd. Lahore 

(Pakistan) 

13. Diclofenac sodium Continental chemical company (Pvt.) Ltd. Lahore 

(Pakistan) 

14. Cisplatin Korea United Pharmaceuticals, (Korea) 

15. Xylazine Farvet Laboratories, Bladel, (Netherlands) 

16. Ketamine (HCl) Global Pharmaceuticals (Pvt.) Ltd. Islamabad, 

(Pakistan) 

17. Pentylenetetrazole Sigma Aldrich (UK) 

18. Naloxone Hangzhou Uniwise International Co., Ltd, (China) 

19. Streptozotocin Sigma Aldrich (UK) 

20. Acetaminophen(Paracetamol) Miracle Pharmaceuticals Pvt., (Islamabad, Pakistan) 

21. Acetyl salicylic acid Sigma Aldrich (UK) 

http://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pharmaceuticals
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2.2 Instruments/apparatus: 

Various instruments were employed during the course of research in different 

experiments. A detailed list is presented in table 2.2. 

Table 2.2 List of instruments and apparatus used in this study. 

S. No Name of instrument Source 

1.  Analytical balance (AX 200) AY 220, Shimadzu (Japan) 

2.  Blood glucose strips Optium Xceed, Abbott. 

3.  Cat eye camera Cat’s Eye IR (IP) Camera, (Taiwan) 

4.  Centrifuge  Centurion Scientific Ltd.UK 

5.  Chromic cat gut sutures  Johnson and Johnson (Pvt.) Ltd. 

Karachi, (Pakistan) 

6.  Glucometer Roche Diagnostic corporation 

(Germany) 

7.  Plethysmometer (Digital) Model LE-7500, Plan Lab S.L.,(Spain) 

8.  Hot plate analgesiometer Harvard apparatus (USA) 

9.  OptiMelt Standford Research System (USA) 

10.  Bruker Avance  (1HNMR) Bruker AV 400 MHz (UK) 

11.  Bruker Avance  13C NMR Bruker AVANCE 100 MHz, 

(Germany) 

12.  IR- spectrometer JASCO IR-A-302 Shimadzu (Japan) 

13.  Elementar Analysensysteme (GmbH VarioEL V4.01 20.Aug. 2002 

(Germany) 

14.  Digital water bath BS 11( Korea) 

15.  JK-SSD-20 stainless steel Distiller BS-11, Lab. corporation (China) 

16.  Micropipette Treff lab. (France) 

17.  Open field apparatus Made in University of Peshawar 

18.  pH meter, 3505 JENWAY (United Kingdom) 
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19.  Staircase apparatus Made in University of Peshawar 

20.  Sonicator SD-120H, Mujigae, (Korea) 

21.  von Frey filaments Stoelting, (USA) 

22.  Vortex mixer (Gyromixer) Pakland-scientific (Pakistan) 

23.  Electric razor Ding Ling RF-602, Wenzhou, China 

24.  Ligatures: Chromic catgut suture 

4/0 (metric 2) 

Ethicon, Karachi, Pakistan 

25.  Silk braided 2/0(metric 2) Zhejiang Medicines & Health 

Products, Hangzhou, Zhejiang, China 

26.  Surgical stapler: Manipler AZ-35W 

(B. Braun Surgical S A) 

Rubi, Spain 

2.3 Synthesis of GBP and PGB derivatives: 

PGB and GBP, structural analogues of GABA, are amino acids with anticonvulsant, 

analgesic and anxiolytic like activities (135). GBP was developed initially for the 

treatment of partial seizures (as add on therapy) but it was found to have effects in the 

treatment of post herpetic neuralgia (PHN) in various neuropathic preclinical pain 

models (136). On the other hand, Pregabalin (S–(+)–3-isobutyl GABA) was intended 

as a lipophilic analogue of GABA and was substituted at 3-position in order to assist 

its passage across the blood brain barrier (BBB). Although they are structurally 

analogous to GABA but neither of them shows any activity  at GABA-receptors nor 

mimics GABA (137). Synthesis of PGB and GBP derivatives was hypothesized on 

the basis of idea of combining these potential molecules with certain other molecules 

to get derivatives with enhanced potency, efficacy, and decreased side effect profile. 

The synthetic process of PGS and GPS was accomplished by simple (and non 

expensive) imination reaction between PGB or GBP with salicylaldehyde in 

equimolar quantities under specific conditions. The general synthetic scheme for the 

synthesis of these compounds is given as; 
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Figure 2.1 General synthetic scheme for the synthesis of GPS and PGS 

2.3.1 Synthesis of PGB derivative (PGS): 

The PGB derivative [((S,E)-3-(((2-hydroxybenzylidene)amino) methyl)-5-

methylhexanoic acid) (pregsal; PGS)] was prepared by a simple reaction between PGB 

and salicylaldehyde. 20 mL of methanol was taken in a round bottom flask and a small 

quantity (0.018 g, 0.00078 mol) of sodium metal was added with constant stirring. After 

complete dissolution, 0.1 g (0.00063 mol) of PGB was added and stirred without heat. 

An equimolar quantity of salicylaldehyde ( i.e. 0.00063 mol) was added and the flask 

was covered with aluminum foil and kept stirred for additional 24 h. The mixture was 

dried at room temperature in open air and the paste so obtained was washed with n-

hexane and filtered to yield an amorphous yellow powder. The compound was 

recrystallized twice after its synthesis with methanol in order to remove any entrapped 

impurity. The extent of completion of the reaction was checked by employing TLC. 

Aluminium plates, pre-coated with silica gel having dimensions of 0.20 mm thickness, 

20 cm length× 20 cm width, were used for this purpose. Its melting point was checked 

(SRS-Optimelt, USA) and was further subjected to UV, IR, HR ESI-MS, 1H and 13C 

NMR analytical techniques along with elemental analysis. 

2.3.2 Synthesis of GBP derivative (GPS): 

The GBP derivative [2-(1-(((2-hydroxybenzylidene) amino) methyl) cyclohexyl) acetic 

acid (gabapentsal; GPS)] was prepared by a simple imination reaction between GBP 

and salicylaldehyde. 20 mL of methanol was taken in a round bottom flask and a small 
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quantity of sodium metal (0.018 g, 0.00078 mol) was added with constant stirring. After 

complete dissolution, 0.1 g (0.000583 mol) of GBP was added and stirred without heat. 

An equimolar quantity of salicylaldehyde (0.000583) was added and the flask was 

covered with aluminum foil and stirred for additional 24 h. The mixture was kept in a 

beaker for 24 hrs and the yellow crystals so obtained were filtered and dried in open air. 

The extent of completion of the reaction was checked by employing TLC 

(specifications already stated above) technique was used for the determination of the 

purity of the product. Its melting point was checked (SRS-Optimelt, USA) and was 

further subjected to final confirmation of the structure using 1H and 13C NMR analytical 

techniques.  

2.4 Laboratory animals: 

Biomedical research employing animals has played a pivotal role in developing and 

advancing the modern treatments. There are many reasons for using animals in 

medical research including that there are very few, if any, or no basic variabilities in 

the physiology of humans and the laboratory animals. Both the laboratory animals and 

humans maintain their internal homeostasis by releasing similar endocrine hormones. 

Both use similar transmitters for the communication within the CNS and PNS. Also, 

the reaction towards the infections or tissue injury is same by both (for details refer 

back to chapter 1; section 1.6). 

2.4.1 Rats: 

As the restrictions on the use of higher animals grow up, the rats provide a brilliant 

substitute to their use. Rats are the most important experimental animals used in 

biomedical research and technology. Majorly, rats are used in the fields of 

experimental pathology, experimental surgery, pharmacological screening of novel 

drugs, genetics, immunology etc. Wistar albino and Sprague-Dawley rats are the two 

most commonly used strains in biomedical research (138-139). 
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2.4.2 Mice: 

In biomedical research mice are of the utmost importance because of their smaller size, 

fast reproduction cycles together with the availableness of broader genomic data and 

well-known transgenic resources. Besides, mice can be retained in a social group in a 

comparatively small area/cage. They have lesser costs in account of purchase and 

maintenance. Availability of mice is no issue as they can be obtained from many 

commercial sources. For evaluation of intricate traits, a number of recombinant inbred 

strains (RIS) can be used and are available. Targeted mutations can be created using 

transgenic technology and a number of knockouts are already available (138, 140-141).  

2.5 Housing of animals and behavior analysis: 

Animals housing room was maintained at an ambient temperature of 22 ± 2 ºC by a 

reversible air conditioning system throughout the year. In order to keep the housing 

area and the animals clean and dry, fresh saw dust was added to and replaced from the 

cages on regular daily basis; though the bedding in cages of diabetic rats was changed 

twice daily (early in the morning and in the evening) as to avoid urine burn or any 

other infections due to excessive urination. 

Polycarbonate cages (Tecniplast, Italy) with dimensions of 42.5 × 26.6 × 15.5 cm 

were used for keeping the mice. All the behavioral tests were conducted between 8:00 

am to 2:00 pm during the light phase of circadian cycle. Experiments were performed 

on separate groups (n=6-8) and the guidelines set by UK Animals Scientific 

Procedure Act (1986) were strictly adhered to (142). 

2.6 Dose selection of PGS and GPS: 

Gabapentinoids, (3rd generation anticonvulsants), have been proposed as analgesics or 

adjuvants in management of pain. Both PGB and GBP are prescribed, alone or in 

combination, in the management of pain (acute and chronic) including neuropathic, 
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inflammatory, postoperative and visceral pain in clinical settings in different doses 

(143-146) 

A number of studies show that GBP relieves pain and raises quality of life in patients 

with a large array of neuropathic pain syndromes (147-148). GBP has been used in a 

range of doses in different experimental paradigms. A 25-100 mg/kg dose has been 

used for suppressing behavioral seizures (149). A dose range of 30-100 demonstrated 

well defined effects in alleviating mechanical, cold and warm allodynia in a dose 

dependent manner (150). The same range of GBP doses has been shown to be effective 

in CCI model of neuropathic pain (151). Similarly, GBP also displayed a significant 

response in hot plate, tail flick, acetic acid induced writhing testing arenas at a dose of 

50 mg/kg (152). Doses of 30, 60 and 100 mg/kg were shown to be effective in hot plate, 

Randall-Selitto test in both neuropathic and non neuropathic rats (153). Another study 

advocates the efficacy of GBP in hot plate, tail flick and tail clip assays at doses of 10, 

30 and 100 mg /kg (154). At doses of 12.5, 25, 50 or 100 mg/kg, GBP efficaciously 

suppressed the thermal latency response in hot plate, tonic abdominal constriction assay 

and carrageenan paw edema tests (155). GBP has also showed a significant activity on 

fentanyl induced hyperalgesia at doses of 30, 75 and 300 mg/kg (156). GBP allayed the 

mechanical, tactile and thermal hypersensitivity in rats. An analogous outcome was 

observed in rats with CCI or STZ-induced diabetic neuropathy. Similarly, GBP also 

proved to be effective in painful diabetic neuropathy and chemotherapy induced 

peripheral neuropathy (CIPN) (157-158). 

Since no previous pharmacological studies are reported, therefore, based on these 

different studies on GBP, we opted to select the head to head doses (25, 50, 75 and 100 

mg/kg) of the GBP derivative [named gabapentsal; (GPS)] for the pharmacological 

evaluation.  
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Similarly, studies on PGB hot plate test revealed a dose dependent response when 

tested at doses of 1, 10, 30, 100, 200, and 400 mg/kg (159). Moreover, effect of PGB 

in acetic acid-induced viscero somatic nociception at doses of 2, 5, 17, 50, 100, and 

200 mg/kg (i.p.) revealed a dose dependent decline in the abdominal constriction 

response (160). PGB tested at doses of 30, 50, and 100 mg/kg produced anti-

inflammatory effects analogous to indomethacin (161). PGB ameliorated the 

mechanical, tactile and thermal hypersensitivity in rats. A similar effect was observed 

in rats with CCI or STZ-induced diabetic neuropathy. Similarly, PGB is also effective 

in painful diabetic neuropathy and chemotherapy induced peripheral neuropathy 

(CIPN) (157-158, 162). PGB at doses of 1, 10 and 30 mg/kg employed to diabetic rats 

did not impair the latency time except 30 mg/kg (163). Like the selection of GPS 

doses, doses of PGS were selected similar to those used for PGB in various 

pharmacological assays. Though we had screened the lower doses of our compounds as 

well but we did not find any statistically significant effect.  

2.7 Ethical endorsement: 

This research work was approved by the Institutional Ethical Committee under a 

project titled as "synthesis and pharmacological profiling of GBP and PGB 

derivatives as potential therapeutic agents in the treatment of neuropathic pain" with a 

reference number of (10/ EC-15/Pharm). The experiments were conducted in 

conformance to Animals Scientific Procedures Act (1986) UK. 

2.8 Breeding and food of research animals: 

Balb/c albino mice and Sprague-Dawley rats were bred and maintained under 

standard laboratory conditions in the bioassay laboratories of the pharmacology 

section of the department of Pharmacy, UoP. Animals had been provided with 
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standardized laboratory chow and water ad libitum (Table 2.3). Water bottles were 

refilled with fresh tap water on daily basis to avoid fungal and microbial growth. 

Table 2.3 Composition of animal food (Calculations for 5 kg food) 

Food items                           Weight of food items (kg) 

Whole wheat flour                                                    2.5  

White fish meal   0.5  

Ground oat meal   2.0  

Dry skimmed milk   150  

Quantity of minerals/kg                                     

Calcium 

pentothenate 
Sodium Potassium Chlorine 

10,000.00 mg 5000.00 mg 20,000.00 mg 10,000.00 mg 

Quantity of vitamins/kg 

Vit. A Vit. C Vit. E Vit. D3 

60.00 M.I.U 25,000.00 mg 20,000.00 mg 10.00 M.I.U 

Vit. K3 Vit. B2 Folic acid Biotin 

20,000.00 mg 15,000.00 mg 2500.00 mg 50.00 mg 

 

2.9  Acute toxicity test: 

The acute toxicity test was performed according to the OECD guidelines for the testing 

of chemicals, test no. 423 (164-165). The animals were randomized into ten groups (n = 

6, each group). PGS was administered via intraperitoneal route (i.p) at doses of 500-

1100 mg/kg body weight and the morbidity was observed constantly for the first two h 

and mortality up to 24 h post drug administration. The acute toxicity profile of GPS was 
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evaluated in the same manner as that of PGS. GPS was administered by i.p route at 

doses of 500-1300 mg/kg with an inter doses interval of 100 mg. 

The animals were kept under observation for spontaneous activity, writhing, cyanosis, 

aggressiveness, ataxia, righting reflex, tail pinch response, convulsions, catalepsy and 

bizarre behavior. The 50% death among the animals suggested the toxicity 

concentration of the chemical compound which was calculated using probit analysis 

(Minitab Inc. State College, PA 16801 USA). 

2.10 Tonic visceral chemically-induced nociception: 

Balb-c mice (either sex, 18-24 g) were administered with vehicle, diclofenac sodium 

(50 mg/kg; i.p), PGB (30 mg/kg; i.p), PGS (30, 50 75, and 100 mg), salicylaldehyde + 

PGB (100 + 30 mg/kg; i.p), and salicylaldehyde (100 mg/kg; i.p), in one experiment, 

to separate groups of animals (n=6, each). In another experiment, animals were 

assigned into different treatment groups and were treated with vehicle, diclofenac 

sodium (50 mg/kg; i.p), GBP (100 mg/kg; i.p)  and GPS (25, 50, 75 and 100 mg/kg; 

i.p), GBP (100 + 100 mg/kg; i.p), and salicylaldehyde (100 mg/kg; i.p).After a period 

of 30 min, writhing behavior was induced by an intraperitoneal injection (i.p) of 1% 

acetic acid solution (166). The number of writhes was counted over a time period of 

20 min leaving the first five min after acetic acid injection.  

2.11 Hot plate assay: 

2.11.1 Grouping of animals: 

Balb-c mice (either sex, 18-24 g) were arbitrarily divided into ten treatment groups, 

each for PGS and GPS, (n = 6) (see details in chapter 4). 
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2.11.2 Baseline readings: 

The animals were first evaluated for baseline latency on the hot plate kept at 54.0 

±0.1º C so that those unresponsive to the thermal stimulus within the initial 15 sec 

could be excluded from the study (inclusion criteria). A cut-off time of 30 s was 

specified in order to avoid any tissue damage (167). The animals were observed for 

licking, flicking or jumping responses, and the latency time was recorded. After a 

response or the cut off time, animals were immediately removed from the heated plate 

so as to avoid any tissue injury due to the thermal stimulus. 

2.11.3 Determination of the % antinociception: 

After 30 minute of the baseline readings, mice were injected with vehicle, morphine 

(5 mg/kg), diclofenac sodium (50 mg/kg), and PGS (30, 50, 75 and 100 mg/kg) in one 

experiment while vehicle, morphine (5 mg/kg), diclofenac (50 mg/kg), and GPS (25, 

50, 75 and 100 mg/kg) i.p in a separate experiment. The hot plate latency was then 

recorded over a time period of 90 minutes at 30, 60, and 90 minutes gap. A cut off 

time of 30 seconds was assigned so as if the animals did not respond within the 

assigned time, they may be removed from the hot plate to avoid any tissue  damage 

(168). The following formula was used for the calculation of percent antinociception; 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑎𝑛𝑡𝑖𝑛𝑜𝑐𝑖𝑐𝑒𝑝𝑡𝑖𝑜𝑛 =  
(𝑇𝑒𝑠𝑡𝑙𝑎𝑡𝑒𝑛𝑐𝑦−𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑎𝑡𝑒𝑛𝑐𝑦)

(𝐶𝑢𝑡𝑜𝑓𝑓𝑡𝑖𝑚𝑒−𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑎𝑡𝑒𝑛𝑐𝑦)
× 100..........   (1) 

2.11.4 Antagonism of antinociception with naloxone (NLX) and  

 pentylenetetrazole (PTZ): 

The hot plate antinociceptive effect of both the PGS and GPS was subjected to 

antagonism with naloxone (NLX) and pentylenetetrazole (PTZ). 
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2.11.4.1 Naloxone (NLX) antagonism: 

In the antagonistic studies, naloxone (1 mg/kg, s.c) was injected (i.p) 10 min before 

vehicle, morphine, diclofenac sodium, GBP, PGB, GPS or PGS injection (i.p) at their 

respective doses and the latency time (s) was measured at 30, 60 and 90 min after the 

injection (167). Formula (1) was used for the calculation of percent antinociception. 

(Find grouping details in chapter 4). 

2.11.4.2 Antagonism with PTZ: 

PTZ (15 mg/kg, i.p) was administered 30 min before injection (i.p) of vehicle, 

morphine, diclofenac sodium, GBP, PGB, GPS or PGS at their respective doses and the 

latency time (s) was recorded at 30, 60 and 90 min after the injection of these agents 

(For grouping details see chapter 4). 

2.12 Locomotor activity (The open field test): 

Balb-C mice (18-24 g, n = 6), acclimatized to the laboratory conditions 90 minutes 

prior to start of the experiment. Vehicle, DZ (2 mg/kg), PGB (30 mg/kg), PGS (30, 50, 

75, and 100 mg/kg; i.p), Salicylaldehyde + PGB (100 + 30 mg/kg; i.p), and 

Salicylaldehyde (100 mg/kg; i.p), in one experiment, and Vehicle, DZ (2 mg/kg), GBP 

(100 mg/kg), GPS (25, 50, 75, and 100 mg/kg; i.p), Salicylaldehyde + GBP (100 + 100 

mg/kg; i.p), and Salicylaldehyde (100 mg/kg; i.p), in a separate experiment, were 

administered to the respective groups of mice. After 30 min of administration the mice 

were placed in the open field arena (50 × 40 cm) segregated into 4 identical quadrants. 

The count of lines crossed by each mice was observerd (noted) for 5 min after placing it 

in the open field (OF) arena using a Cat Eye camera linked to a remote PC (167, 169). 

Mice were randomized into the following different groups for GPS and PGS, (n = 6 

each) (See details in chapter 8, section 8.3.5) 
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2.12.1 Antagonism of locomotor activity with PTZ: 

In the antagonism studies, PTZ (15 mg/kg, i.p) was administered 30 min before 

injection (i.p) of vehicle, DZ (2 mg/kg; i.p.), PGB (30 mg/kg; i.p.), PGS (100 mg/kg; 

i.p.) along with the same treatment groups without PTZ pretreatment in one 

experiment. In a separate experiment, vehicle, DZ (2 mg/kg), GBP (100 mg/kg; i.p.), 

and GPS (100 mg/kg; i.p) were administered to group of animals with and without 

PTZ pretreatment. The count of lines traversed, in each experiment,  after 30 min for a 

period of five min was recorded (170) by using Cat Eye camera installed above the 

experimental area and connected to a remote PC. Before and after every test, the floor 

area of the open field apparatus was cleaned (70 % ethanol) and dried (with tissue 

paper) (See details in chapter 8, section 8.3.5). 

2.13 Staircase test: 

The apparatus comprised of a white wooden staircase similar to the one described 

elsewhere (171). The dimensions of the staircase were 2.5 cm height × 10 cm width × 

7.5 cm depth with 5 similar steps. The case was enclosed between upright walls with 

a constant height along the length of the apparatus (12.5 cm). A set of mice (18-24 g) 

consisting of 9 groups was administered vehicle, DZ (2 mg/kg; i.p.), PGB (30 mg/kg; 

i.p.), PGB (30, 50, 75, and 100 mg/kg; i.p.), the combination dose of salicylaldehyde 

plus PGB (30 + 100 mg/kg; i.p) and salicylaldehyde (100 mg/kg; i.p) alone. Another 

set of mice that also contained 9 groups was injected with vehicle, DZ (2 mg/kg; i.p.), 

GBP (100 mg/kg; i.p.), GPS (25, 50, 75, and 100 mg/kg; i.p.), the combination dose 

of salicylaldehyde plus GBP (100 + 100 mg/kg; i.p) and salicylaldehyde (100 mg/kg; 

i.p) alone. After 30 min, the number of rears (NR) and the number of steps (NS) 

mounted by individual animal were examined for three min by placing the animals in 

base step of the case (171-172). The animals were randomized into the following 

experimental groups, (n = 6) (See details in chapter 8, section 8.3.4). 
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2.13.1 Antagonism with PTZ: 

In the antagonism studies of GPS and PGS in the staircase test with PTZ, separate 

groups of mice (18-24 g) were injected the respective treatments as described 

elsewhere (n=6) (See details in chapter 8, section 8.3.4). 

2.14 Elevated plus-maze test: 

Elevated plus maze (EPM) was designed from wooden material in pharmacology 

section of our department. It comprised of two open arms with dimensions each 27 × 

5 × 0.25 cm and two closed arms each with a dimension of 27 × 5 × 15 cm. All the 

arms intersected each other at a central platform having dimensions of 5 × 5 cm. The 

apparatus was fitted on a base with a height of 40 cm from the floor (168, 171). The 

mice were acclimatized in a dim light (red light, 40 lux), 1 h prior to commencing the 

test. To begin a test session, the mice were place one by one on the central platform, 

faced towards an open arm and entire activity was video recorded with a Cat's Eye IR 

IP (Taiwan) camera fitted above the experimental paradigm. After 20 min of the 

respective treatments to each group, mice were let to move unreservedly in the maze 

for 5 min under the camera. A mouse was supposed to be on the middle platform if 

two paws were on it while it was considered in one of the arms when all the four paws 

were in it. Different parameters were recorded including; a) time spent on open arms 

(for anxiety related behavior), b) Open and closed arm entries (for assessment of 

locomotor activity), c) Stretch attended posture (for avoidance behavior), and d) Head 

dippings i.e., animal extends its head down the open arm (for exploration activity) 

(173-174). To remove any odor or residue (urinary or fecal) left from the previous 

animal, the apparatus was scrupulously cleaned with a moist (with 70% alcohol) 

paper towel in order to avoid the effect of these residues on the behaviour of the mice 

under consideration. The animals were randomized into the different treatment 

groups, (n = 6) (See details in chapter 8, section 8.3.6) 
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2.14.1 Antagonism with PTZ: 

In the antagonism study, PTZ (15 mg/kg; i.p.) was injected 30 min before the drug 

administration. After a period of 30 min, the mice were put on the central platform 

and were let to freely travel around the arena under the Cat Eye camera (connected to 

a remote computer) for 5 min. The number of open and closed arm entries, time spent 

on open arms, stretch attended posture, open and closed arm entries, and head 

dippings were recorded (175) (See details in chapter 8, section 8.3.6). 

2.15 Phlogistic agent induced inflammation: 

The anti-inflammatory effect was assessed using the carrageenan (176), histamine (177) 

and serotonin (178) induced paw edema assays. Balb/c mice (30-35 g, 12-14 weeks) of 

either sex were administered with aspirin (150 mg/kg, i.p), PGB (30 mg/kg, i.p), PGS (30, 

50, 75 and 100 mg/kg; i.p), chlorpheniramine (Chlor-1) (1 mg/kg; i.p) or mianserin (1 

mg/kg; i.p) to one cohort of the animals or aspirin (150 mg/kg, i.p), GBP (100 mg/kg, i.p), 

GPS (25, 50, 75 and 100 mg/kg, i.p), chlorpheniramine (1 mg/kg; i.p) or mianserin (1 

mg/kg; i.p) to the other cohort. After 1 h, paw edema was induced by injecting either 

carrageenan, histamine or serotonin solutions into the sub-plantar area of the mice left 

hind paw. The mean paw edema of the treated animals was compared to that of untreated 

animals at 1 to 5 h using a digital plethysmometer (Model LE 7500 Plan lab S.L, Italy). 

The percent inhibition of inflammatory response was computed as: 

Percent inhibition = A – B/A × 100 

Where A is the paw volume of control and B is the paw volume of the tested group. 

2.16 Brewer's yeast induced pyrexia: 

BALB/c albino mice (30-35 g) of either sex were fasted over night and the baseline 

temperature was determined with a digital thermometer. A 20% brewer’s yeast solution 
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(10 ml/kg) was subcutaneously (s.c) injected for the induction of pyrexia (179). Only 

those animals having a rise of 0.3-0.5 ˚C were included in the study after 24 h of yeast 

injection. The difference in rectal temperature was recorded at 30, 60 and 90 min after 

the administration of vehicle, PGS (30, 50, 75, and 100 mg/kg; i.p), PGB (30 mg/kg; 

i.p) acetaminophen (50 mg/kg), salicylaldehyde + PGB (100 + 30 mg/kg; i.p), 

andsalicylaldehyde (100 mg/kg; i.p) to 9 groups in one set of animals while in another 

experiment, 9 other cohorts were administered with vehicle, GPS (25, 50, 75, and 100 

mg/kg; i.p), GBP (100 mg/kg; i.p) acetaminophen (50 mg/kg), salicylaldehyde + GBP 

(100 + 100 mg/kg; i.p), orsalicylaldehyde (100 mg/kg; i.p) (180). (Find animals 

grouping detail in chapter 4). 

2.17 Neuropathic pain models: 

PGB, GBP and analogues, PGS and GPS, were subjected for testing in various 

neuropathic pain models like diabetes induced neuropathic pain model, chemotherapy 

(cisplatin) induced painful neuropathy model and sciatic nerve trauma (chronic 

constriction injury -CCI) model. Details of each of these models are given below. 

2.18 Diabetes induced neuropathic pain model: 

2.18.1 Induction of diabetic hyperglycemia: 

All the female rats were weighed using an animal weighing scale before starting the 

experiment. Just before the injection, streptozocin (STZ) solution was prepared using 

the following protocols.  

2.18.1.1 Preparation of sodium citrate buffer: 

Sodium citrate buffer was prepared by dissolving 210.14 mg citric acid monohydrate 

(C6H8O7·H2O; mol. wt. 210.14; Sigma) in 100 ml (distilled) water to make a 10 mM 

citric acid solution. Then 294.10 mg of tri-sodium citrate dihydrate (C8H5O7Na3·2H2O; 
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mol. wt. 294.12; Sigma) were dissolved in 100 ml (distilled) water to obtain a 10 mM 

sodium citrate solution. Afterwards, citric acid solution was added to the sodium citrate 

solution in such a way that a final pH of 5.5 was obtained as monitored by a pH meter. 

2.18.1.1.1 Preparation of STZ solution: 

The amount of streptozocin (STZ; Sigma) was calculated for all injections required in 

one experiment, using a concluding dosage of 45 mg/kg/rat (on the basis of weights 

measured 1 day before the experiment). This quantity of STZ was weighed out into a 

microcentrifuge tube (without adding buffer). The tube was covered with aluminum 

foil (to protect STZ from light) & stored at −20 ◦C in an air tight desiccator until ready 

for use in the sodium citrate buffer. The STZ powder stock bottle was also stored at a 

temperature of −20 ◦C in the desiccator. 

Content of one premeasured micro centrifuge tube was poured in to a sterile test tube 

protected from light with aluminum foil with sufficient sodium citrate buffer, PH: 5.5, 

to yield a 50 mg/ml solution. The STZ was mixed thoroughly with buffer until 

dissolved. The solution was used within 15-20 minutes of the preparation with 

complete protection from light. 

2.18.1.1.2 Administration of the STZ to the rats: 

For the induction of diabetic hyperglycemia, 50 mg/ml STZ solution was drawn from 

the stock solution using 1 ml syringe (26 G needle) in a way that final dosage of 45 

mg/kg (i.p) was delivered to each rat. Extreme care was exercised to minimize the 

exposure of the content to light. 

2.18.1.2 Post STZ injection housing and care of animals: 

STZ injected rats were housed in cages with solid floors and soft saw dust bedding. For 

48 hr after STZ injection, 10% sucrose water was provided as the sole water source. (To 

prevent sudden hypoglycemic crisis following beta cell destruction by STZ). 
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2.18.1.3 Follow up of hyperglycemia and body weights: 

Body weights of the rats and blood glucose levels were measured 72 h (to ensure the 

development of hypoglycemia) after STZ injection, and afterward weekly to 

recognize the onset & continued existence of diabetic hyperglycemia. Blood glucose 

levels were also measured on the day before any behavioral assessment for pain 

abnormalities. 

2.18.1.3.1 Blood glucose levels - Normal and abnormal: 

Blood glucose limits in normal control rats (random) range from 60-100 mg/dL while 

in diabetic non fasting rats, plasma glucose concentrations range from 250-550 

mg/dL.  

2.18.1.3.2 Steps for measuring blood glucose: 

To monitor the presence and maintenance of hyperglycemia, blood glucose was 

measured with glucometer. The strip was inserted in the glucometer while restraining 

the animal comfortably in a towel. A 3-5 cm portion of the tail was left exposed and 

blood was collected by pricking the tip with lancet. As soon as the blood oozed out in 

the form of a drop, the active region of the strip was touched and the plasma blood 

glucose level was recorded in mg/dL (181). 

2.18.1.3.3 Recording of body weights: 

Body weights were measured with animal weighing balance before STZ injection and 

then on days 3rd, 15th, 21st and 28th of the experimental protocol (182). Percent change 

in body weights across the experiment was calculated. 

2.18.1.4 Study architecture: 

Animal were randomly divided into groups 1-9 (n =8 in each group) each for PGS 

and GPS. Except group I in both cases, where it received vehicle (10 mL/kg), all the 
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groups received an injection of streptozocin (45 mg/kg; i.p). Group II received only 

streptozocin and no treatment thereafter till the final testing. Group III-XII received 

streptozocin 45 mg/kg on day 1st and then all these groups received PGB (30 mg/kg; 

i.p), PGS (30, 50,75, and 100 mg/kg; i.p) or GBP (100 mg/kg; i.p), GPS (25, 50, 75, 

and 100 mg/kg; i.p), group VIII and IX received either combination dose of 

salicylaldehyde with PGB or GBP, and salicylaldehyde alone on 29th day before 

testing the animals for the evaluation of static/ dynamic allodynia and vulvodynia. 

(See chapter 5 for details) 

2.18.1.5 General considerations for the assessment of static and dynamic  

     allodynia and vulvodynia: 

The diabetic rats were continuously monitored for the blood glucose levels (with 

glucometer), body weights, and pain threshold (static and dynamic allodynia and 

vulvodynia with von Frey filament and cotton buds respectively) on days 3rd, 15th, 21st, 

and 28th of the STZ injection. Animals with blood glucose level > 250 mg/dL were 

incorporated in the study.  During assessment of static allodynia, animals responsive to a 

force of 4 g or below were allowed to be incorporated in the study while 15 g force was 

designated as the cut-off threshold. On the contrary, in static vulvodynia, animals 

exhibiting a response to a force of 0.16 g or below were incorporated in the study and 1 g 

force was chosen as the cut-off limit. In case of evaluation of dynamic allodynia, animals 

showing response to the cotton bud stimulus within 8 s were included in study while the 

cut-off time was 15 s. In the assessment of dynamic vulvodynia, only  the animals 

showing a response to the cotton bud within 5 s were included in the study and 10 s was 

considered as the cut off time (181, 183).  
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Table 2.4 Inclusion criteria for allodynia and vulvodynia (static and dynamic). 

     Components of DIPN            Allodynia            Vulvodynia 

           Static             <  4 g < 0.16 g 

           Dynamic             < 8 s  < 5 s 

2.18.1.5.1 Appraisal of static allodynia: 

On 29th day post STZ administration, rats were habituated for 15-45 min to the specially 

designed plexiglas [Poly (methyl methacrylate), also known as acrylic or acrylic glass] 

chambers with wired mesh bottom, covered with sticky paper from the top and three 

sides leaving the frontal wall for clear observation of the animal behavior (similar to 

that of days 3, 15, 21 and 28). Starting with a 2 g force, a number of von Frey hairs, 

(0.4, 0.6, 1, 2, 4, 6, 8, 15 g), was applied to the (mid) plantar region of the rats right hind 

paws perpendicularly with an increasing manual gentle pressure to an extent that caused 

the von Frey filament to buckle (184). Each von Frey filament was applied to the mid 

plantar area of rat's hind paw for 5 s or until a response (paw withdrawal threshold; 

PWT) was registered (paw lifting).  When there was no response with a filament, the 

immediate higher force filament was employed. Elevating the paw/flinching 

instantaneously after removal of the force was considered as a +ve response and a next 

hair (minor force) was employed for the subsequent assessment. This process was 

repeated until 4 readings were recorded following the 1st change in direction (+ve 

response) or 5 successive -ve responses, (2, 4, 6, 8, 15 g force), or 4 repeated positive 

responses (2, 1, 0.6, 0.4 g force). von Frey hairs were employed at time gaps of several 

s to obviate any affect of previously applied force on animal response. Any unlikely 

movement (ambulation) was taken as an ambiguous behavior, and the stimulus was 

applied again. The response pattern (XO) was calculated as the 50% paw withdrawal 

threshold (PWT, g) based on a previously described method (185) specified by Mao-

Ying and coworkers in an Excel sheet (186). 
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2.18.1.5.2 Appraisal of static vulvodynia:  

The anogenital area, including the mons pubis was shaved first with an electric razor 

and then with sharp blade to expose the area properly. On 29th day, rats were 

habituated for 15-45 min to the specially designed plexiglas also known as acrylic or 

acrylic glass] chambers as described previously. A series of von Frey hairs (0.008, 

0.002, 0.04, 0.07, 0.16, 0.4, 0.6, 1 g) was applied to the mucous membrane of the 

anogenital area vertically from below. Testing session was started with 0.04 g force, 

filament was applied for 4 s and the animal was observed until a flinching response 

occurred. The animals exhibiting a response to a force of 0.16 g were incorporated in 

the study while and a force of 1 g was designated as the cut-off force (168). 

2.18.1.5.3 Appraisal of dynamic allodynia: 

Female rats were habituated for 15-45 min to the specially designed plexiglas 

chambers as described earlier. Dynamic allodynia was evaluated by slightly stroking 

the operated rear paw of rat using a cotton bud. The responses like PWL and 

flinching/ licking were recorded. Readings were taken thrice with a time interval of 30 

s in between. Animals exhibiting a withdrawal latency of 8 s were incorporated in the 

study and 15 s was regarded as the cut-off time (168, 183). 

2.18.1.5.4 Appraisal of dynamic vulvodynia: 

The anogenital area, including the mons pubis (mons veneris) was shaved first with an 

electric razor and then with sharp blade to expose the area appropriately. On 29th day, 

rats were habituated for 15-45 min to the specially designed plexiglas chambers. 

Dynamic vulvodynia was assessed by slightly touching and stroking the mucous 

membrane of the rat's anogenital area with the cotton bud for 10 s or until a flinching 

response occurred (Flinching response latency; FRL). A gap of 30 s interval was kept 
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between each of all the three readings. Rats possessing a withdrawal time of 5 s or 

less were allowed to be included in the study (168). 

2.18.1.5.5 Determination of the effect of PGS and GPS on static and dynamic  

       allodynia and vulvodynia: 

Once expression and maintenance of the static and dynamic allodynia and vulvodynia 

was confirmed from testing sessions on days 3, 15, 21, and 28 of the experimental 

protocol, the compounds PGS (30, 50, 75, and 100 mg/kg) and GPS (25, 50, 75, and 

100 mg/kg) were tested in streptozocin kindled rats. To establish a pretest/baseline 

PWT/FRT (to von Frey filament) and baseline PWL/FRL (to cotton bud), pre drug 

testing was carried out. However, after 1 and 3 h of PGS and GPS administration on 

29th day, the rats were assessed using either von Frey filaments or cotton bud for 

allodynia and vulvodynia. 

2.18.1.5.6 Thermal hyperalgesia: 

On the 29th day of STZ injection, the animals were tested for thermal nociceptive 

response latency on a hot-plate (Harvard apparatus, USA) before, and 1 h and 3 h 

post-administration of different treatments in experiment on PGS and a separate 

experiment on GPS. The metallic testing plate was held at 52.0 ± 0.2 oC and the 

response latency in seconds was recorded to the onset of escape jumping or 

lifting/licking of hindpaws. In order to avoid tissue injury, a cut-off time limit of 60 s 

was assigned. Each response latency was measured in triplicate and the mean value 

from the three measurements was taken as the heat thermal nociceptive response 

latency (187). 
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2.19 Induction of cisplatin-induced neuropathic nociception: 

Sprague-Dawley rats (either sex) 150-200 g were used in this study. Animals were 

injected cisplatin (3.0 mg/kg i.p., once a week for 5 weeks, i.e. cumulative dose of 

15mg/kg). Sterile saline solution (2.0 mL) was administered subcutaneously (s.c.) to 

prevent renal damage via hyperhydration before each cisplatin dose (188-190) and 

animals received less than 5.0 mL of dosing solution into the peritoneal cavity. 

2.19.1  Treatment groups: 

PGS and GPS were solubilized in vehicle made up of a combination of DMSO, 

Tween-80 and normal saline in a ratio of 5:1:94. The rats were distributed into 

different groups (n = 8) (see details in chapter 6). 

On the 37th day of the experimental protocol, (2 days after the last cisplatin injection), 

all the animals were subjected to the following standardized testing paradigms.  

2.19.2 Assessment of static mechanical allodynia: 

Animals were tested for static mechanical-allodynia on the 37th day before and after 1 

h and 3 h post-administration of vehicle (10 mL/kg), PGB (30 mg/kg), combination 

dose of salicylaldehyde with PGB (100 + 30), salicylaldehyde alone (100 mg/kg), and 

PGS (30, 50, 75, and 100 mg/kg; i.p) in one experiment designed to observe the effect 

of various doses of PGS, while in a separate experiment, meant to assess the effect of 

various doses of GPS, animals were distributed randomly into 8 groups and 

administered with vehicle (10 mL/kg, GBP (100 mg/kg), combination dose of 

salicylaldehyde with GBP (100 + 100 mg/kg), salicylaldehyde alone (100 mg/kg), and 

GPS (25, 50, 75, and 100 mg/kg). A chain of 8 von Frey hairs (0.4, 0.70, 1.20, 2.00, 

3.63, 5.50, 8.50, and 15.10 g) (Stoelting, Wood Dale, Illinois, USA) was employed to 

the mid-plantar region of the left back paw to a point that caused the filaments to 
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deform/bend (185). Every von Frey hair was employed for a time period of up to 6 s 

(as a cut-off time) or till a +ve response appeared. Elating the paw or flinching right 

away on remotion of the force was recorded as a +ve response and a subsequent von 

Frey hair of lower force was used for the next reading. In case where no response was 

observed, next von Frey hair of larger force was used. This practice was continued till 

4 readings were taken following the initial change in direction (+ve response) or 5 

successive negative responses (2.00, 3.63, 5.50, 8.50 and 15.10 g force) or 4 repeated 

+ve responses (2.00, 1.20, 0.70, 0.4-g force). 15.10 g force was assigned as the cut-off 

force. von Frey hairs were used at time gaps of several seconds to debar any effect of 

former stimuli on behavior. Any ambiguous movement was noted as a vague 

response, and the applied force was repeated. The paw withdrawal threshold (PWT, g) 

was measured in the both hindpaw with an interval of 5 min and the mean was 

calculated from an average of three readings. The pattern of each response was 

converted to the 50% PWT (183, 191). 

2.19.3 Assessment of dynamic allodynia: 

Dynamic mechano allodynia was evaluated by softly touching and stroking the 

plantar region of the rat rear paw with a stimulus of cotton bud. Filching/thrashing the 

paw was regarded as a positive response and the time elapsed while showing this 

response was termed as the "paw withdrawal latency (PWL)". Animals reacting to the 

cotton bud within 8 s were included in the study and 15 s was designated as the cut off 

time (168, 183). 

2.19.4 Assessment of thermal nociception: 

On the 2nd day of final cisplatin injection (i.e. the 37th protocol day), the animals were 

tested for thermal nociceptive response latency on a hot-plate (Harvard apparatus, 

USA) before, and 1 h and 3 h post-administration of different treatments in 
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experiment on PGS and a separate experiment on GPS. The metallic testing plate was 

held at 52.0 ± 0.2 oC and the response latency in seconds was recorded to the onset of 

escape jumping or lifting/licking of hindpaws. In order to avoid tissue injury, a cut-off 

time limit of 60 seconds was imposed. Each response latency was measured in 

triplicate and the mean value from the three measurements was taken as the heat 

thermal nociceptive response latency (187). 

2.20 Assessment of motor coordination: 

An individually designed rotarod was employed in this study. The experimental rats 

were kept on the revolving drum with the momentum increasing from 4 to 40 rpm 

across 300 s (191). The endurance latency for the animals to fall off the rod was 

measured using a stop-watch. Animals were given training for 4 days, with 3 trials per 

day with a daily increment in the maximum time spent on the rotarod from 70 s each 

trial on day 1 to 300 s per trial on day 4, in order to allow rats to memorize the task. 

During training, any animal that fell off prematurely was gently placed back on the 

rotating drum. On the 4th day, the rats were arbitrarily distributed into various groups 

(n = 8) & the baseline was recorded by measuring the initial latency to fall off 

(dismount) the rotating rod. Then the average time spent on the rotarod across three 

trials was measured before (pre-dose) and after 1 h and 3 h of treatment with 

vehicle(10 ml/kg), PGB (30 mg/kg), PGS (30, 50, 75, and 100 mg/kg), 

salicylaldehyde (100 mg/kg),combined dose of PGB plus salicylaldehyde [(30 + 100) 

mg/kg, co administration],  GBP (100 mg/kg), GPS (25, 50, 75, and 100 mg/kg), 

salicylaldehyde (100 mg/kg), combined dose of GPS plus salicylaldehyde [(100 + 

100) mg/kg, co administration], in two separate experiments. 

2.21 Chronic sciatic nerve constriction injury model: 

2.21.1 Induction of neuropathic pain: 

CCI model was used for the induction of neuropathic pain (192). In a nut shell, rats were 

anaesthetized with an i.p injection (a mixture of xylazine 10 mg/kg, and ketamine 100 
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mg/kg) and then positioned in a prostrated state on a heat-regulated surface. To avoid eye 

dryness, ophthalmic ointment (Lacri-Lube®; Barrett Hodgson, Karachi, Pakistan) was 

applied. 

The left thigh was raised and the skin was shaved using electric razor. The shaved 

area was moped up with povidone iodine topical solution (10% w/v). An incision of 

3-4 cm was drawn down the long axis of the femur and down the mid of the biceps 

femoris muscle. The connective tissue between the gluteus superficialis and the biceps 

femoris muscles was cut, (using a magnifying glass). The gap between the two 

muscles was expanded (using ribbon retractors) and about 10 mm of the sciatic nerve 

(proximal to the sciatic trifurcation) was freed from the adjacent connective tissues 

with a micro-scissor. Four ligatures were fixed with a double knot, 1 mm distant and 

proximal to the trifurcation of the sciatic nerve.  

The constriction of the nerve was kept least possible and the tying force was stopped 

at once when a succinct (brief) twitch was observed. The muscular tissue was then 

stitched with sutures while the skin was closed using a surgical stapler. In sham 

groups, a similar procedure was conducted with out ligating the sciatic nerve. (192-

193). 

2.21.2 Treatment groups for CCI animals: 

The animals were randomized into the different treatment groups (n=6). The base line 

measurement of the normal animals was taken 5 days before the start of the 

experiment. Then the first reading following CCI was taken at 7th day. At 15th day, the 

pre-dose and the post-dose (1 and 3 h) assessment was done. (See chapter 7 for animal 

grouping details). 
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2.21.3 Pain assessment: 

The experimental rats were shifted to specially constructed wired netting floor arena 

and were acclimated for 45 min ahead of behavioral testing. Behavioral assessment 

for static allodynia, dynamic allodynia, heat hyperalgesia, mechanical hyperalgesia 

and cold allodynia was done before 5 days of surgery and on 7th and 15th day, post 

surgery. 

2.21.3.1 Static mechano-allodynia: 

A sequence of 8 von Frey hairs (0.6, 0.4, 1, 2, 4, 6, 8, 15 g)  (Stoelting, Wood Dale, 

Illinois, USA) was applied vertically (from beneath) to the mid-plantar region of the 

left rear paw (operated) to a degree that lead to buckling of hair (185). Each individual 

von Frey hair was employed for a duration of up to 6 s (cut-off time) or till a +ve 

reaction observed. Filching/flinching of the paw instantaneously upon remotion of the 

force was registered as a +ve response and a next von Frey hair of minor force was 

used for the subsequent assessment. 

When no response was observed, the succeeding von Frey hair of larger force was 

employed. This process was proceeded till 4 readings were noted following the first 

change in direction (+ve response) or 5 successive -ve responses (2, 4, 6, 8, 15 g 

force) or 4 repeated +ve responses (2, 1, 0.6, 0.4 g force). 15 g was assigned as the 

cut-off force; von Frey hairs were used at time gaps of various s to obviate any affect 

of earlier applications on animal behavior. Any undefined movement (ambulation) 

was considered as a vague response, and the procedure was performed again. The 

response pattern (XO) was changed to the 50%  paw withdrawal threshold (PWT, g) 

using an Excel sheet specified somewhere else (186) based on a previously described 

method (185). 
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2.21.3.2 Dynamic mechano-allodynia: 

Dynamic mechano-allodynia was appraised by lightly stroking the mid-plantar 

surface of the left hind (operated) paw with a cotton bud. Filching or thrashing the 

paw was acknowledged as a withdrawal response & the time interval taken to express 

a withdrawal reaction was regarded as the paw withdrawal latency (PWL). A cut-off 

time of 15 s was inflicted (183, 194-195). 

2.21.3.3 Heat hyperalgesia: 

The mid-plantar region of the left hind paw (operated paw) was gently contacted with 

a heated probe kept at a constant temperature (56 °C). The heat source was aligned at 

the offset of the experiment to afford a paw flick within 10 s. The paw withdrawal 

latency (PWL) and paw withdrawal duration (PWD) were measured with a minimal 

value of 0.5 s and a maximum of 10 s (192). 

2.21.3.4 Mechano-hyperalgesia: 

Experimental rats were put on an elevated criss-cross and the tip of paper pin 

(standard office pin) was forced against the skin of the mid-plantar area of the 

operated left hind-paw such that the skin was dimpled but not pierced. The time 

period (duration) of paw withdrawal (PWD) was noted, with a discretionary nominal 

time of 0.5 s (for the brief normal response) and a maximal cut-off of 15 s(196). 

2.21.3.5 Cold allodynia: 

Acetone in a volume of 50 µL was exquisitely sprayed onto the mid-plantar region of 

the operated left rear paw, using a blunt needle coupled to a syringe plunger avoiding 

contact with the skin. The time duration of the withdrawal response (PWD) was noted 

with a discretionary minimum value of 0.5 s and a maximum of 15 s (196). 
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 2.21.3.6 Locomotor activity: 

Locomotor activity was appraised in an open field epitome that consisted of a behavioral 

domain with an area of 50 × 40 cm, separated into four equal parts by lines (167). On the 

drug assessment day, all animals were accustomed to the testing environment for about 

30 min. The count of lines traversed by individual animal was noted for a period of 20 

min, 1 and 3 h after systemic administration of various treatments to the respective 

groups. Locomotor activity was subsequently appraised post surgically on days 7 and 15. 

2.21.3.7 Motor coordination: 

An especially designed rotarod was employed in which the rats were kept on a 

revolving drum with the velocity increasing from 4 to 40 rpm across a 5 min duration, 

compelling them to walk frontward to keep away from slumping (167, 191). The 

latency to drop from the rotarod was counted and every animal was given 3 trials on 

the drug testing day (before drug treatment). The motor activity was assessed on day -

5 and after surgical intervention on day 7 and 15 (pre treatment) with motor function 

assessment at 1 and 3 h post systemic administration of PGS and GPS. 

2.22 Preparation of dose and solubility of the compounds: 

Doses of PGB, PGS, GBP, GPS, and all other drugs were freshly prepared and used at 

the time of experiment. Dose volume was kept not above 2 and 5 mL in mice and rats, 

respectively.  

2.23 Routes of drug administration: 

Intraperitoneal route was used for administration of all the agents like GBP, GPS, 

PGB, PGS, cisplatin, diclofenac sodium, morphine sulphate, diazepam, 

streptozotocin, ketamine, xylazine, PTZ and vehicle. Animals were held firmly from 

the loose skin on the neck (scruff) and holding the tail between the little and the ring 

finger. The Animals were tilted backwards to expose the abdominal surface and the 
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needle of the syringe was inserted through the lower left or right quadrant of the 

abdomen into the peritoneum (that surrounds the abdominal organs) and the syringe 

plunger was pressed to empty the contents into the cavity. Care was taken to avoid 

penetration of the needle into the organs.  

Subcutaneous route was used for normal saline administration to rats in cisplatin 

induced neuropathy model and Brewer's yeast to mice in antipyretic activity. Drugs, 

like naloxone was also administered via this route. In this method of administration, 

the animal was held on a surface and the loose portion of the skin (scruff) was lift in 

between the thumb and the index finger of the left hand and the needle was inserted 

while simultaneously pressing the needle plunger with the right hand to empty the 

content into the subcutaneous tissue. After injecting the contents, the needle was 

withdrawn and the point of insertion of the needle was kept held between the index 

finger and the thumb in order to avoid the possible oozing back of the injected content 

out of the skin. Proper training and expertise of animals handling with confidence are 

the prerequisites to minimize the probability of the harm to the handler as well as to 

the animals.  

2.24 Statistical analysis: 

Data were expressed as mean ± SEM/SD. The data were analyzed using one-way or 

two-way RM ANOVA followed by Dunnett's or Bonferroni's post hoc tests or where 

appropriate, Tukey’s multiple comparison tests. When two groups were compared, 

two-sample t-test was used [GraphPad Prism 5 (GraphPad Software Inc., San Diego, 

CA)]. A P-value of ≤ 0.05 was assumed as significant. The 50% mortality (median 

lethal dose) was calculated using probit analysis (Minitab Inc. State College, PA 

16801, USA). 
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3.1  Introduction: 

For decades, efforts have been made to define the role of GABAergic transmission in 

neuronal processing of nociceptive stimuli. As GABA has got a flexible structure, 

much concentration had been put on developing rigid orthosteric GABA derivatives. 

The anatomical distribution of GABA receptors and the potential of many of its 

agonists to influence the nociceptive responsiveness suggest a deep association 

between GABA and pain. Studies suggest that the plasticity of GABA receptors may 

have a role in the antinociceptive efficiency of the compounds that have an effect on 

GABA transmission. This and many other studies reveal that a decline in GABA tone 

is associated with some types of pain indicating the  need for developing agents with 

capability of enhancing the GABAergic activity without compromising the function 

of GABA in long run and these agents might represent a novel class of analgesics 

(197-199). 

The CNS needs a specialized homeostasis and perfectly regulated conditions with 

attributes far different from the rest of the body. Blood brain barrier (BBB) is the 

main factor which maintains the homeostasis of the CNS. It protects the tissues of the 

CNS, both under physiological and pathological states, by inhibiting any fluctuation 

in nutrients, imbalance in hormones, metabolites, and other constituents of blood 

(200). The endothelial cells of brain are totally different from those found in 

peripheral circulation. In contrast to the endothelial cells found in periphery, where 

there is a free movement of the substances from inside to outside and vice versa, the 

brain endothelial cells are attributed with the presence of stiff junctions and an 

absence of pinocytic vacuoles which do not allow the passage of substances across the 
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blood stream (200-201).  Thus BBB can be regarded as a guardian that controls the 

access of any substance both under physiological and pathological conditions. It has 

been observed that GABA cannot enter brain from the blood stream due to a higher 

hydrophilic nature and flexibility in its structure. Therefore, all the brain GABA is 

virtually provided by the brain cells. When the levels of GABA decrease in the brain, 

it cannot be raised by extraneous administration of GABA because of its inability to 

cross the BBB. A widely accepted approach to raise the brain GABA levels is the use 

of GABA derivatives with characteristic ability of crossing BBB and acting on the 

specific targeted areas in the brain (202-204). 

Synthesis of novel molecules for the treatment of different disease conditions has long 

been a strategy of the synthetic chemists. The structure of GABA is flexible and an 

approach to manipulate the GABA molecule to enhance its lipophilicity and to bring 

out structural rigidity, often through the insertion of a ring, formation of 

intramolecular hydrogen bond and induction of hydrophobic collapes. All these 

strategies lead to an enhanced penetration of the compound into CNS.        

PGB and GBP, analogues of GABA, are amino acids with anticonvulsant, analgesic and 

anxiolytic like activities (135). PGB, [(S– (+)–3-isobutyl GABA)], was intended as a 

lipophilic analogue of GABA and was substituted at 3-position in order to assist its 

passage across the blood brain barrier (BBB). Although it is structurally analogous to 

GABA but neither shows any activity  at GABA-receptors nor mimics GABA (137). On 

the other hand, GBP was developed initially for the treatment of partial seizures (as add 

on therapy) but it was found to have effects in the treatment of post herpetic neuralgia 

(PHN) in various neuropathic preclinical pain models (136).  
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The gabapentinoid anticonvulsants, PGB and GBP, have established efficacy in both 

preclinical and clinical neuropathic and chronic cancer pain research (205-206). GBP 

[1-(aminomethyl) cyclohexane acetic acid] and PGB are the structural analogs of 

GABA. GBP has been used for the management of neuropathic pain (207), anxiety 

(208), inflammation (209) and in a number of other conditions. Similarly the 

effectiveness of PGB in these conditions is well documented (210-211). 

In this context, we synthesized, by imine formation reaction, a novel PGB and a 

GBP derivative, by combining their amine functionality with salicylaldehyde based 

on the premise of combining the reported antineuropathic effect of PGB (146, 212) 

and GBP (147, 207) with the antinociceptive and anti-inflammatory properties of 

salicylaldehyde (213) in a single molecular entity to explore any potential benefits 

over PGB/GBP by a simple imination reaction. The structures of the synthesized 

compounds were confirmed by employing various spectroscopic techniques like IR, 

NMR, and MS techniques. These compounds were then evaluated for 

antinociceptive, anti-inflammatory, anxiolytic and neuropathic pain relieving 

propensities using the well-known testing paradigms in mice and rats. 

In this connection, this study was aimed to synthesize and pharmacologically evaluate 

PGB and GBP derivatives in various models of analgesia, inflammation, neuropathic 

pain and anxiety. 

3.2 Aim and objectives: 

The very basic aim of the study was to synthesize and characterize PGB and GBP 

derivatives with a hypothesis of probing for new molecules with greater efficacy and 

lesser side effects profile in managing the neuropathic pain syndromes and the 

conditions allied therewith like anxiety.  
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3.3 Materials and Methods: 

3.3.1 General experimental conditions: 

Melting points of both GPS and PGS were determined on a digital apparatus OptiMelt 

(Standford Research System USA). Purity of the synthesized compounds was checked 

with thin layer chromatography (TLC) after the completion of reaction. The 

characterization of GPS was done through 1H and 13C NMR analyses (Bruker 

AVANCE 400 MHz, Germany) using DMSO-D6 or D2O as solvents while for PGS 

(PGB derivative; the novel compound) IR spectra were recorded on Nicolet 380 

thermoscientific FTIR (USA) instrument. NMR analyses were conducted using a 

Bruker AVANCE III HD spectrophotometer 400 MHz for 1H NMR while 100 MHz 

for 13C NMR at room temperature (298 K) in DMSO- D6. Mass spectra (ESI-MS) 

were obtained on a Bruker micrOTOF II in negative ions polarity mode. Water was 

used as solvent for MS-ESI. Elemental analysis of PGS was performed on Elementar 

Analysensysteme GmbH VarioEL V4.01 20. Aug. 2002 (Germany) instrument 

operated in CHN mode. 

3.3.2 Synthesis of PGS and GPS: 

Both the PGS and GPS were synthesized by reacting the parent molecules with 

salicylaldehyde under specific conditions as described below. The general synthetic 

scheme for the synthesis of these compounds is given as (For details refer back to 

Chapter 2; section 2.3) 

 

Figure 3.1 General synthetic scheme for the synthesis of GPS and PGS 
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3.3.2.1 Synthesis of PGS: 

The PGB derivative [((S, E)-3-(((2-hydroxybenzylidene) amino) methyl)-5-

methylhexanoic acid); (PGS)] was prepared by a simple reaction between PGB and 

salicylaldehyde. 20 mL of methanol was taken in a round bottom flask and a small 

quantity (0.018 g, 0.00078 mol) of sodium metal was added with constant stirring. 

(for details refer back to chapter 2.3.1). The synthetic scheme for PGS is shown in 

figure (3.2).  

 

Figure 3.2 Synthetic scheme for pregsal (PGS) 

3.3.2.2 Synthesis of GPS: 

The GBP derivative [2-(1-(((2-hydroxybenzylidene) amino) methyl) cyclohexyl) 

acetic acid; (GPS)] was prepared by a simple imination reaction between GBP and 

salicylaldehyde. 20 mL of methanol was taken in a round bottom flask and a small 

quantity of sodium metal (0.018 g, 0.00078 mol) was added with constant stirring. 

Scheme of synthesis for GPS is shown in figure 3 (for details refer back to chapter 2; 

section 2.3.2). 

 

Figure 3.3 Synthetic scheme for gabapentsal 
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3.4 Results: 

3.4.1 Pregsal (PGS):  

3.4.1.1 Physicochemical properties of PGS:  

The physicochemical properties of the synthesized compound (PGS) are: color: yellow; 

molecular weight: 263.33 g/mol; exact mass: 263.15 g/mol; physical description: 

crystalline solid; melting point: 96°C; solubility: water (sparingly), DMSO (freely), 

methanol, ethanol. 

3.4.1.2 Chemistry: 

Yellow crystalline solid, Yield: 87%; MP: 96°C; Rf: 0.52 (EA/Hex, 3:7); UV λmax 

(Methanol)-nm (A): 215 (1.6), 235 (0.37), 254 (0.86); IR (KBr): max 3458.37, 2955.5, 

2922.23-2906.32, 2870.64, 1706.28. 1632.52, 1578.03, 1496.55, 1279.59, 1050.09, 

751.17 cm-1
,
1H NMR (400 MHz, DMSO-d6) δ 8.51 (s, 1H, H18), 7.42 (d, J = 7.9 Hz, 

1H, H17), 7.30 (t, J = 8.6 Hz, 1H, H12), 6.92 – 6.81 (m, 2H, H13, 14), 3.61 (dd, J = 12.2, 

4.9 Hz, 1H, H10), 3.51 (dd, J = 12.2, 5.3 Hz, 1H, H10), 2.23 – 2.11 (m, 1H, H1), 2.10 – 

2.00 (m, 2H, H2), 1.71 – 1.62 (m, 1H, H7), 1.24 – 1.06 (m, 2H, H6), 0.84 (dd, J = 10.7, 

6.5 Hz, 6H, H8, 9). 13C NMR (100 MHz, DMSO-d6) δ 175.7 [C3], 166.4 [C18], 161.4 

[C16], 132.6, 132.0 [C12, 17], 119.0 [C15], 118.6, 117.0 [C14, 15], 62.3 [C10], 42.0 [C1], 

34.4 [C2], 25.0 [C7], 23.2 [C6], 23.2 [C8, 9].HR MS-ESI: Calcd for C15H21NO3 263.15: 

[M - H]-, found 262.14; Anal. Calcd for C15H21NO3: C, 68.42; H, 8.04; N, 5.32. 

Found: C, 65.47; H, 8.310; N, 5.187. 
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Figure 3.4 (A) GABA, (B) Pregabalin, (C) Pregsal, (D) Gabapentin and (E) Gabapentsal 
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Figure 3.5 13C NMR of pregsal 

 

Figure 3.6 1H NMR of pregsal 
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3.4.2 Gabapentsal (GPS): 

3.4.2.1 Physicochemical properties of GPS: 

The physicochemical properties of GPS are: color: yellow; molecular weight: 275.34 

g/mol; exact mass: 275.15 g/mol; physical description: fine crystalline solid; melting 

point: 120 °C; solubility: water (sparingly), DMSO, methanol, ethanol.  

3.4.2.2 Chemistry: 

Yellow solid crystals (fine), yield:78%, m.p:120 °C; Rf: 0.57 (EA/Hex, 3:7), UV λmax  

(Methanol)-nm (A): 215 (1.6), 235 (0.37), 254 (0.86); IR (214), 1HNMR (300 MHz, 

DMSO, D2O): 𝛿=12.14 (s, 1H), 8.5 (s, 1H),7.33-7.45 (s, 1H), 6.86-6.91 (d, 2H), 3.63 

(s, 2H), 2.23 (s, 2H), 1.35-1.48 (s, 10H);  13C NMR (75 MHz, D2O): (ppm) 𝛿 = 21.34, 

26.02, 33.85, 36.86, 40.42, 40.44, 40.45, 65.55, 116.92, 118.83, 119.04, 132.07, 

132.66, 161.24, 166.92, 173.39. 

 

Figure 3.7 13C NMR of gabapentsal 
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Figure 3.8 1H NMR of Gabapentsal 

3.5 Discussion: 

It is the chemical structure of a drug that plays a vital role in deciding its beneficial or 

adverse outcomes. Yet the modification in the structure of a compound can results in 

attaining more desirable pharmacological effects with less or no adverse effects, or 

further potentiating the existing pharmacological character. Organic synthesis has the 

advantage of digging out the most fascinating molecular entities in the laboratory with 

a potential of diverse pharmacological effects, which not only assist the medical field 

but also that of biology, chemistry, biochemistry and agriculture etc. Moreover, when 

certain reactions based on a suitably planned synthetic process are employed, organic 

molecules of profound importance can be synthesized. A wide range of such 

molecules exists which can impart, when associated chemically, phenomenal 

properties to the molecules of interest. Salicylaldehyde has been reported to have 

antinociceptive and anti-inflammatory propensity (213) while PGB and GBP are the 
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mainstay in the treatment of neuropathic pain (208, 212, 215-216) and the associated 

conditions like anxiety (217-218). These drugs have an excellent profile in 

neuropathic pain management but they are also coupled with a number of untoward 

effects (211, 219-222) that sometimes result in limiting the doses of these useful 

drugs. In this study, we endeavored to synthesize analogues of PGB and GBP by 

combining the amine functionality of these compounds with salicylaldehyde by 

displacing the carbonyl oxygen of the later. The resulting compounds were subjected 

to spectroscopic analyses as UV, IR, MS, and 1H and 13C NMR etc. After having 

confirmed the structures of the compounds, we proceeded for the pharmacological 

evaluation of these compounds in various experimental paradigms starting from acute 

toxicity- to determine the safety profile, to analgesia, inflammation, pyrexia, anxiety 

and various neuropathic pain models. 

Aldehydes (also ketones) react with amino compounds that result in the formation of 

Schiff base adducts, which have been intensely studied and shown to possess 

antimicrobial, antioxidant or antiviral potential (214). 

The insertion of the aromatic ring of salicylaldehyde at the amine functionality of  

PGB (223) and GBP (224) under specific experimental conditions resulted in the 

formation of respective imines (Schiff bases) and these compounds revealed 

profoundly enhanced efficacies in various models of analgesia, anxiety, neuropathic 

pain and inflammation. Having synthesized these analogues, we subjected these 

compounds to various identification techniques to confirm whether these were 

actually synthesized or not. The characterization data for PGS, as it was the novel 

compound and no previous data were reported, included the results from all of the IR, 

1H NMR, 13C NMR, HR MS-ESI along with elemental analysis. A critical look at the 

spectroscopic data for PGS reveals the details of its chemical structure. These data 
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show that the synthesized compounds were free of any impurities and that the 

reactions were practically complete. The IR spectra of PGS revealed characteristic 

signals for different functional groups at different positions as 3458.37, 2955.5, 

2922.23-2906.32, 2870.64, 1706.28. 1632.52, 1578.03, 1496.55, 1279.59, 1050.09, 

751.17 cm-1. The IR spectra demonstrated valuable information regarding the 

presence and nature of functional groups. 

For the synthesis of GPS, we followed the method of  Mallesha et al., (224) and 

conducted the 1H and 13C NMR for it in order to confirm its structure. The 

characteristic bands of H+ and the C atoms are evident from the spectroscopic data 

asdepicted in the results section. The modification of the structures of PGB and GBP 

resulted not only in molecules with new structures but also the physical attributes of 

the resulting compounds were distinctly changed from the parent compounds.  

3.6  Conclusion: 

PGB and GBP derivatives were successfully prepared and their structures were 

elucidated with different spectroscopic techniques. These compounds were employed 

testing in various pharmacological assays as will be discussed in coming chapters. 
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4.1 Introduction: 

Discovery and identification of compounds that can treat acute and chronic pain 

conditions with well-defined safety and efficacy along with minimal side effects 

propensity, has long been remained an unmet need in the medical research. Currently 

available clinically useful analgesics are cyclooxygenase (COX) inhibitors, opioids 

and adjuvant analgesics which include anticonvulsants, antidepressants, alpha-2 

adrenergic agonists etc. The COX inhibitors have profound analgesic, anti-

inflammatory and antipyretic proclivities but their clinical effectiveness is limited by 

gastrointestinal side effects among others (225). Similarly, opioids are potent 

analgesics; however, their use is limited due to their potential for drug dependence 

and abuse among other unwanted effects (226-227).   

Adjuvant analgesics constituite a versatile group of drugs that were firstly developed 

for an elementary indication other than pain. A large number of these medications is 

presently used to enhance analgesia under definite circumstances. The appropriate use 

of adjuvant analgesics is one of the keys to success in efficient pain management 

(191). Studies have shown that anticonvulsants are effective in a variety of pain 

conditions (228) and are becoming the most promising agents for the treatment of 

neuropathic pain, given their propensity to dampen neuronal excitability. The 

gabapentinoid anticonvulsants, GBP and PGB, have established efficacy in both 

preclinical and clinical neuropathic and chronic cancer pain research (205-206). 

GBP has been used in neuropathic pain, postherpetic neuralgia, diabetic peripheral 

neuropathy, trigeminal neuralgia, radiculopathies, chemotherapy and alcohol 

polyneuropathies (210), acute arthritis, phantom pains, and migraine prophylaxis in 

addition to its use as an antiepileptic drug. GBP has been demonstrated to alter 

nociceptive behaviors in acute arthritis model in rats (229) and has revealed positive 

results in non-neuropathic headache and neck pain (230). Moreover, GBP has been 
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reported to be effective in chemical-induced nociception (155, 159, 231), thermal 

hyperalgesia (154-155, 232-234) carrageenan, histamine and serotonin induced 

inflammatory models (209). Yet GBP is associated with a number of side effects 

leading to discontinuation of treatment course. We hypothesized to further derivatize 

GBP to get a better alternative with higher efficacy and safety and minimal side effects. 

PGB, [S-3-(aminomethyl)-5-methylhexanoic acid], is a pharmacologically active S-

enantiomer of a racemic 3-isobutyl gamma amino butyric acid analogue and is a well-

established anticonvulsant and analgesic agent. PGB has emerged as the most 

effective drug to manage various neuropathic pain states and is the very first drug to 

get an approved labeling for the treatment of diabetic neuropathy and post-herpetic 

neuralgia. The major advantage of PGB is its relative reliability, easy use and high 

tolerance in patients. Literature reveals a strong evidence of its effectiveness in 

relieving thermal hyperalgesia, chemical induced nociception and carrageenan or 

formalin evoked peripheral inflammation (232, 235-237).  

In this study, we synthesized a previously reported (224) GBP derivative by 

combining its amine functionality with salicylaldehyde by a simple imination reaction 

and a new analogue of PGB by the same procedure (Refer back to chapter 2; section 

2.3). These compounds were then evaluated for pain, inflammation, and pyrexia 

modulating proclivities using the well-known testing paradigms in mice. 

4.2 Aim and Objectives 

On the basis of the reported literature regarding the efficacy of GBP and PGB in pain, 

inflammation and related conditions, we opted to conduct the preliminary screening of 

the synthesized compounds (GPS and PGS) in these paradigms. This study was 

intended to scrutinize the potential of GPS and PGS the testing paradigms of acute 

toxicity, nociception, inflammation and pyrexia.  
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4.3 Experimental: 

4.3.1 Materials and Methods: 

(Refer back to chapter 2; section 2.3.1 and 2.3.2) 

4.3.1.1 Chemicals: 

(Refer back to chapter 2; section 2.1) 

4.3.1.2 Chemistry: 

4.3.1.2.1 General experimental conditions: 

(Refer back to chapter 3; section 3.2.1) 

4.3.1.2.2 Synthesis of PGB and GBP derivatives: 

(Refer back to chapter 3; section 3.2.2) 

4.4 In vivo pharmacological assessment:  

4.4.1 Animals:  

BALB/c mice (18-35 g, 8-14 weeks) of either sex were bred and kept in a light-dark 

cycle of 12 /12 h at 22 ± 2 oC, with ad libitum access to food and water, in the animal 

house facility at the Department of Pharmacy, University of Peshawar. The 

experimental procedures were approved by the Institutional Ethical Committee (10/ 

EC-15/Pharm) and conformed to the UK Animals Scientific Procedures Act (1986). 

4.4.2 Acute toxicity: 

The acute toxicity test was performed according to the organization for economic co-

operation for development (OECD) guidelines for the testing of chemicals, Test No. 

423 (165). The animals were parted into ten groups each consisting of six mice (n = 

6). PGS was administered via i.p. route in doses of 500-1100 mg/kg body weight. For 

assessing the acute toxicity of GPS, the animals were distributed into ten groups, each 

comprising of six mice (n = 6). GPS was administered by i.p. route in doses of 500-
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1300 mg/kg body weight (b.w). The morbidity was monitored continuously for the 

first 2 h and mortality up to 24 h post dose administration. The animals were kept 

observed for any spontaneous activity, aggressiveness, ataxia, convulsions, tail pinch 

response, cyanosis, writhing, righting reflex, catalepsy and bizarre behavior. The 

ED50 values for PGS and GPS were found to be 22 mg/kg (hot plate assay), 49.33 

mg/kg (anti-inflammatory assay) and 18.2 mg/kg (hot plate assay), 38.4 mg/kg (anti-

inflammatory assay), respectively. 

 The 50% mortality among the animals indicated the toxicity concentration of the 

chemical compound which was calculated using probit analysis (Minitab Inc. State 

College, PA 16801 USA). 

4.4.3 Antinociceptive assays: 

4.4.3.1 Tonic visceral chemically-induced nociception: 

BALB/c mice of either sex (18-24 g, 7-8 weeks) were administered with diclofenac 

sodium (50 mg/kg; i.p), PGB (30 mg/kg; i.p) and PGS (30, 50, 75 and 100 mg/kg; 

i.p). In the same way, another set of animals received diclofenac sodium (50 mg/kg; 

i.p), GBP (100 mg/kg; i.p) and GPS (25, 50, 75 and 100 mg/kg; i.p).  

 After an interval of 30 min, writhing behavior was induced by an intraperitoneal 

injection of 1% acetic acid solution (166). The number of abdominal constrictions 

was counted over a period of 20 min after the first five min of acetic acid injection. 

The percent protection was calculated as follows. 

Percent protection = (1 – mean writhes in treated group / mean writhes in control 

group) × 100 

For PGS and the associated treatments, animals were separated into the following groups; 

Group I: Vehicle 

Group II: Morphine sulfate (5 mg/kg; i.p.) 
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Group III: GBP (30 mg/kg, i.p.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.)  

Group V: PGS (30 mg/kg, i.p.) 

Group VI: PGS (50 mg/kg; i.p.) 

Group VII: PGS (75 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) 

Group XI: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

For GPS and the associated treatment groups, following 10 groups (n=6 each) were used; 

Group I: Vehicle 

Group II: Morphine sulphate (5 mg/kg, i.p.) 

Group III: GBP (100 mg/kg, i.p.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.)  

Group V: GPS (25 mg/kg, i.p.) 

Group VI: GPS (50 mg/kg; i.p.) 

Group VII: GPS (75 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

4.4.3.2 Acute phasic thermal nociception:  

The animals were acclimatized to the laboratory environment before commencement of 

the experiment at least for 1 hour. BALB/c mice (18-24 g, 7-8 weeks) of either sex were 

subjected to a hot plate (Harvard apparatus, USA) held at 54.0 ± 0.1˚C and were 

observed for licking, flicking or jumping response, during which the latency time was 

recorded. The animals were evaluated for pretest response latency so that those 
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unresponsive to the thermal stimulus within the initial 15 s were excluded from the 

study. A cut-off time of 30 sec was specified in order to avoid any tissue damage(167, 

177). Thirty minutes after pretesting, animals were injected morphine MOR (5 mg/kg; 

i.p), PGB (30 mg/kg, i.p), PGS (30, 50, 75, and 100 mg/kg, i.p) or diclofenac sodium 

(50 mg/kg; i.p) and in another experiment, animals received MOR (5 mg/kg; i.p), GBP 

(100 mg/kg, i.p), GPS (25, 50, 75, and 100 mg/kg, i.p) or diclofenac sodium (50 mg/kg; 

i.p) and the latency time was recorded at 30, 60 and 90 min.  

In the antagonistic studies, naloxone (1 mg/kg, s.c) or PTZ (15 mg/kg, i.p) were 

administered 10 or 30 min respectively before PGS or GPS injection (along with other 

treatment groups) and the latency time was measured at 30, 60 and 90 min. The 

percent antinociception was calculated as: 

Percent antinociception = (test latency–control latency)/(cut off time – control latency) × 100 

Animals were grouped for PGS as follows; 

Group I: Vehicle 

Group II: Morphine sulfate (5 mg/kg; i.p.) 

Group III: PGB (30 mg/kg, i.p.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.)  

Group V: PGS (30 mg/kg, i.p.) 

Group VI: PGS (50 mg/kg; i.p.) 

Group VII: PGS (75 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

Groups for GPS were as follows; 

Group I: Vehicle 
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Group II: Morphine sulfate (5 mg/kg; i.p.) 

Group III: GBP (100 mg/kg, i.p.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.)  

Group V: GPS (25 mg/kg, i.p.) 

Group VI: GPS (50 mg/kg; i.p.) 

Group VII: GPS (75 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

For antgonism study with naloxone, animals were separated into the following 

groups; 

For PGS, following treatment groups were designated; 

Group I: Vehicle + NLX (1.0 mg/kg; s.c.) 

Group II: MOR (Morphine sulphate, 5 mg/kg; i.p) + NLX (1.0 mg/kg; s.c.) 

Group III: PGB (30 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.)  

Group V: PGS (30 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.) 

Group VI: PGS (50 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

Group VII: PGS (75 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

Group VIII: PGS (100 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

While in another experiment, animals were divided randomly into diffrent treatment 

groups;  

Group I: Vehicle + NLX (1.0 mg/kg; s.c.) 

Group II: MOR (Morphine sulphate, 5 mg/kg; i.p) + NLX (1.0 mg/kg; s.c.) 
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Group III: GBP (100 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.)  

Group V: GPS (25 mg/kg; i.p.) + NLX (1.0 mg/kg; s.c.) 

Group VI: GPS (50 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

Group VII: GPS (75 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

Group VIII: GPS (100 mg/kg; i.p) + NLX (1.0 mg/kg; s.c) 

To observe any possible antagonizing effect of PTZ on PGS, animals were separated 

into the following cohorts; 

Group I: Vehicle + PTZ (15 mg/kg; i.p.) 

Group II: MOR (Morphine sulphate, 5 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group III: PGB (30 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group IV: Diclofenac sodium (50 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: PGS (30 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VI: PGS (50 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group VII: PGS (75 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

For evaluation of any possible antagonistic effect of PTZ on GPS and other related 

treatments in a separate experiment, following groups were assigned; 

Group I: Vehicle + PTZ (15 mg/kg; i.p.) 

Group II: MOR (Morphine sulphate, 5 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group III: GBP (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 
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Group IV: Diclofenac sodium (50 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: GPS (25 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VI: GPS (50 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group VII: GPS (75 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p) + PTZ (15 mg/kg; i.p.) 

4.5 Phlogistic agent induced inflammation: 

The anti-inflammatory activity was evaluated using the carrageenan (176), histamine 

(177) and serotonin (178) induced paw edema assays. BALB/c mice (30-35 g, 12-14 

weeks) of either sex were administered with aspirin (150 mg/kg, i.p), PGB (30 mg/kg, 

i.p), PGS (30, 50, 75 and 100 mg/kg, i.p), chlorpheniramine (1 mg/kg) or mianserin (1 

mg/kg). In an another experiment, aspirin (150 mg/kg, i.p), GPB (100 mg/kg, i.p), GPS 

(25, 50, 75 and 100 mg/kg, i.p), chlorpheniramine (1 mg/kg) or mianserin (1 mg/kg). In 

both of the experiments, after 1 h, paw edema was induced by injecting either 

carrageenan, histamine or serotonin solutions into the sub-plantar part of the left hind 

paw. The mean paw edema of the treated animals was compared to that of untreated 

animals at 1 to 5 h using a digital plethysmometer (Model LE 7500 Plan lab S.L, Italy).  

Both PGS and GPS were tested in the carrageenan, histamine, and serotonin induced 

inflammatory paw edema models, the groups with respective treatment are given below 

in detail; 

PGS was employed in carrageenan induced paw edema and the following groups were 

defined,  

Group I: Vehicle 

Group II: ASP (150 mg/kg; i.p.)  

Group III: PGB (30 mg/kg; i.p.) 
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Group IV: PGS (30 mg/kg; i.p.) 

Group V: PGS (50 mg/kg; i.p.) 

Group VI: PGS (75 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

In the same way, PGS was tested in histamine induced paw edema and the animals 

were grouped in the following way, 

Group I: Vehicle 

Group II: Chlor-1 (1 mg/kg; i.p) 

Group III: ASP (150 mg/kg; i.p.)  

Group IV: PGB (30 mg/kg; i.p.) 

Group V: PGS (30 mg/kg; i.p.) 

Group VI: PGS (50 mg/kg; i.p.) 

Group VII: PGS (75 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

Likewise, PGS was also evaluated in serotonin induced paw edema and the animals 

were grouped as below, 

Group I: Vehicle 

Group II: Mianserin-1 (1 mg/kg; i.p) 

Group III: ASP (150 mg/kg; i.p.)  

Group IV: PGB (30 mg/kg; i.p.) 
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Group V: PGS (30 mg/kg; i.p.) 

Group VI: PGS (50 mg/kg; i.p.) 

Group VII: PGS (75 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

Like PGS, GPS was also evaluated in different inflammatory models. Here 

carrageenan was used to induce paw edema and the following groups were 

designated, 

Group I: Vehicle 

Group II: ASP (150 mg/kg; i.p.)  

Group III: GBP (100 mg/kg; i.p.) 

Group IV: GPS (25 mg/kg; i.p.) 

Group V: GPS (50 mg/kg; i.p.) 

Group VI: GPS (75 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

Similarly, GPS was evaluated in histamine induced paw edema and the animals were 

randomized into the following groups, 

Group I: Vehicle 

Group II: Chlor-1 (1 mg/kg; i.p) 

Group III: ASP (150 mg/kg; i.p.)  

Group IV: GBP (100 mg/kg; i.p.) 
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Group V: GPS (25 mg/kg; i.p.) 

Group VI: GPS (50 mg/kg; i.p.) 

Group VII: GPS (75 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.)  

Group IX: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

Proceeding further, GPS was evaluated in serotonin induced paw edema and the 

animals were grouped as below, 

Group I: Vehicle 

Group II: Mianserin-1 (1 mg/kg; i.p) 

Group III: ASP (150 mg/kg; i.p.)  

Group IV: GBP (100 mg/kg; i.p.) 

Group V: GPS (25 mg/kg; i.p.) 

Group VI: GPS (50 mg/kg; i.p.) 

Group VII: GPS (75 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) 

Group IX: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group X: Salicylaldehyde (100 mg/kg; i.p) 

4.6 Brewer’s yeast induced pyrexia: 

BALB/c mice (30-35 g, 12-14 weeks) of either sex were fasted overnight and baseline 

temperature was measured with a digital thermometer. A 20% brewer’s yeast solution 

(10 mL/kg) was subcutaneously administered for the induction of pyrexia (180). After 
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24 h of yeast injection, only those animals having an increase of 0.3-0.5 ○C were 

included in the study. The change in rectal temperature was noted at 30, 60 and 90 

min after administration of PGS (30, 50, 75 and 100 mg/kg, i.p) or acetaminophen (50 

mg/kg). In another experiment, acetaminophen (50 mg/kg, i.p), GPB (100 mg/kg, i.p), 

GPS (25, 50, 75 and 100 mg/kg, i.p.) were administered to the mice with the same age 

and weights. The control groups received an equal volume of vehicle (For details refer 

back to chapter 2; section, 2.16). 

The PGB-salicylaldehyde derivative, PGS was evaluated in the Brewer's yeast 

induced pyrexia. Following are the different treatment groups, 

Group I: Vehicle 

Group II: Acetaminophen (50 mg/kg; i.p.) 

Group III: PGB (30 mg/kg; i.p.) 

Group IV: PGS (30 mg/kg; i.p.) 

Group V: PGS (50 mg/kg; i.p.) 

Group VI: PGS (75 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

The following groups were assigned to while evaluating GPS in the brewer's yeast 

induced pyrexia in mice, 

Group I: Vehicle 

Group II: Acetaminophen (50 mg/kg; i.p.)  

Group III: GPS (100 mg/kg; i.p.) 

Group IV: GPS (25 mg/kg; i.p.) 
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Group V: GPS (50 mg/kg; i.p.) 

Group VI: GPS (75 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

4.7 Statistical analysis: 

Data were expressed as mean ± SEM. One-way or two-way RM ANOVA followed by 

Dunnett’s or Bonferroni’s post hoc tests. For analysis among two groups, two-sample 

t-test was used [GraphPad Prism 5 (GraphPad Software Inc. San Diego CA, USA)]. A 

P value of ≤ 0.05 was admitted as significant. 

4.8 Results: 

4.8.1 Synthesis of PGS and GPS: 

(For details, refer back to chapter 3, section 3.3.2.) 

4.8.2 In vivo acute toxicological assessment: 

No overt behavioral changes were observed during an observation time of 2 h post 

PGS administration. No mortality occurred up to 600 mg/kg dose of PGS. Further 

increase in dose produced a graded increase in percent mortality and was observed as 

16.66% at 700 mg/kg, 50% at 800 mg/kg, 66% at 900 mg/kg, 83.30% at 1000 mg/kg 

and 100% at 1100 mg/kg.  

GPS administration did not result any death up to 1000 mg/kg. Further increase in 

GPS dose produced a graded increase in percent mortality and was observed as 33.33 

% at 1100 mg/kg, 50% at 1200 mg/kg and 100 % at 1300 mg/kg. The LD50 values of 
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(835.52 mg/kg) and 1165.57 mg/kg show that PGS and GPS are safe to the maximum 

tested doses used in this study. 

4.8.3 PGS and GPS alleviated chemical and thermal induced nociception: 

4.8.3.1 Tonic visceral chemically-induced nociception: 

Administration of acetic acid was allied with an increment in the mean number of 

abdominal constrictions (writhes). Treatment with PGS significantly attenuated [F (7, 

40) = 11.02, P < 0.0001] the acetic acid induced writhes. Significant protection was 

observed with the tested doses of 30 mg/kg (P < 0.05), 50 mg/kg (P < 0.01), 75 and 

100 mg/kg (P < 0.001) compared to vehicle treated control. Similarly, significant 

antinociceptive effect against tonic nociception was also observed with the positive 

controls i.e. diclofenac at 50 mg/kg (P < 0.001), morphine at 5 mg/kg (P < 0.001) and 

PGB at 30 mg/kg (P < 0.01) as shown in (Figure 4.1 A). 
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Figure 4.1: (A) Antinociceptive activity of PGS in the mouse abdominal constriction 

assay. Each bar represents mean percent protection ± SEM. *P < 0.05, **P < 0.01, 

***P < 0.001, compared to saline control (one-way ANOVA followed by Dunnett’s 

post hoc test), (n = 6). (B) Effect of naloxone (NLX-1) on the antinociceptive activity 

of pregsal (PGS) in the mouse abdominal constriction assay. Each bar represents 

mean percent protection ± SEM. **P < 0.01, ***P < 0.001 compared to vehicle 

(VEH), morphine (MOR-5), diclofenac (DIC-50) or PGS at 30 mg/kg (PGS-30), 50 

mg/kg (PGS-50), 75 mg/kg (PGS-75) or 100 mg/kg (PGS-100) alone treated groups 

(two sample t-test), (n = 6). 

 

The opioid antagonist, naloxone was administered to ascertain the involvement of 

opioidergic mechanisms in the antinociceptive effects of PGS. Naloxone (1 mg/kg) 

significantly antagonized the tonic nociception attenuating effects of pregsal produced 

at the tested doses of 30 mg/kg [t (10) = 3.329, P = 0.0076], 50 mg/kg [t (10) = 3.222, 

P = 0.0091], 75 mg/kg [t (10) = 3.572, P = 0.0051] and 100 mg/kg [t (10) = 4.069, P 

= 0.0023]. Being a classical opioid antagonist, naloxone (1 mg/kg) also potently 

A) 

B) 
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reversed the nociception abolishing effects of morphine when injected at a dose of 5 

mg/kg [t (10) = 13.58, P< 0.0001] (Figure 4.1 B). Naloxone (1 mg/kg) did not show 

any antagonizing propensity for diclofenac sodium (50 mg/kg) [t (10) = 0.1656, P = 

0.8718], nor does it have any inhibitory proclivity towards PGB (30 mg/kg) [t (10) = 

0.3402, P = 0.7407].    
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Figure 4.2: (A) Antinociceptive activity of GPS in the mouse abdominal constriction 

assay. Each bar represents mean percent protection ± SEM. *P < 0.05, **P < 0.01, 

***P < 0.001, compared to saline control (one-way ANOVA followed by Dunnett’s 

post hoc test), (n = 6). (B) Effect of naloxone (NLX-1) on the antinociceptive activity 

of gabapentsal (GPS) in the mouse abdominal constriction assay. Each bar represents 

mean percent protection ± SEM. **P < 0.01, ***P < 0.001 compared to vehicle 

(VEH), morphine (MOR-5), diclofenac (DIC-50) or GPS at 25 mg/kg (GPS-25), 50 

mg/kg (GPS-50), 75 mg/kg (GPS-75) or 100 mg/kg (GPS-100) alone treated groups 

(two sample t-test), (n = 6). 
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Administration of acetic acid was coupled with a rise in the mean number of 

abdominal constrictions (writhes). Treatment with GPS significantly attenuated [F (6, 

35) = 20.21, P < 0.0001] the acetic acid induced writhes. Significant protection was 

observed with the tested doses of 25 mg/kg (P < 0.05), 50 mg/kg (P < 0.0001), 75 

and 100 mg/kg (P < 0.0001) compared to saline treated control. Similarly, significant 

antinociceptive effect against tonic nociception was also observed with the positive 

controls i.e. diclofenac at 50 mg/kg (P < 0.0001), MOR at 5 mg/kg (P < 0.0001) and 

GBP at 100 mg/kg (P < 0.01) [Figure 4.2 A]. 

To find out the involvement of opioidergic mechanisms in the antinociceptive effects 

of GPS, naloxone was administered. Naloxone (1 mg/kg) significantly reversed the 

tonic nociception attenuating effects of GPS produced at the tested doses of 25 mg/kg 

[t (10) = 1.833, P = 0.0484], 50 mg/kg [t (10) = 3.262, P = 0.0043], 75 mg/kg [t (10) 

= 2.553, P = 0.0144] and 100 mg/kg [t (10) = 3.899, P = 0.0015]. Being a standard 

opioid antagonist, naloxone (1 mg/kg) also strongly reversed the nociception 

abolishing effects of MOR when injected at a dose of 5 mg/kg [t (10) = 18.91, P < 

0.0001] (Fig 4.2 B). Naloxone (1 mg/kg), however, did not show any antagonizing 

propensity for diclofenac sodium (50 mg/kg) [t (10) = 0.1223, P = 0.4525], nor does it 

have any inhibitory trend towards GBP (100 mg/kg) [t (10) = 0.05638, P = 0.4781].  

4.8.3.2 Acute phasic thermal nociception: 

In the hot plate test, treatment with PGS, PGB and morphine produced significant rise 

in the thermal withdrawal latency [time = (F (2,126) = 0.73, P = 0.4946), treatment = 

(F (6,126) = 81.54, P < 0.0001), interaction = (F (12,126) = 16.92, P < 0.0001)]. The 

tested doses of PGS (30, 50, 75 and 100 mg/kg) produced antinociceptive effect 

against acute phasic thermal nociception as a significant increment (P < 0.001) in the 
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percent response latency was observed during the 90 min study duration. The opioids 

agonist, morphine also produced a significant gain (P < 0.001) in the thermal 

withdrawal latency prominent during the 30 and 60 min thus signify its robust 

antinociceptive effect in this paradigm. PGB (30 mg/kg) also afforded significant 

percent protection (P < 0.05) against thermal hyperalgesia at 60-90 min as a 

significant increment in the withdrawal latency was observed compared to vehicle 

treated control (Table 4.1). 

Table 4.1 Antinociceptive activity of PGS in mouse hot plate test 

 

Treatment 

 

Dose 

Percent protection (%) 

30 min 60 min 90 min 

Vehicle 

Morphine 

Pregabalin 

Pregsal 

10 mL/kg 

5 mg/kg 

30 mg/kg 

30 mg/kg 

50 mg/kg  

75 mg/kg 

100 mg/kg 

5.025 ± 0.629 

40.37 ± 2.506*** 

10.87 ± 0.718 

17.00 ± 1.792*** 

19.87 ± 1.259*** 

26.25 ± 2.864*** 

27.750 ± 3.315*** 

6.037 ± 0.702 

21.25 ± 1.161*** 

12.87 ± 0.875* 

20.37 ± 2.652*** 

23.25 ± 2.335*** 

26.12 ± 2.191*** 

31.12 ± 2.408*** 

6.001 ± 0.661 

11.25 ± 0.861 

12.62 ± 1.463* 

22.25 ± 1.081*** 

27.87 ± 1.931*** 

31.12 ± 2.408*** 

38.25 ± 1.906*** 

Data expressed as mean percent protection ± SEM. One-way ANOVA followed by 

Dunnett’s post hoc test. P < 0.05, P < 0.001, compared to vehicle treated group, (n = 8). 

To ascertain the opioidergic and GABAergic mechanisms in the antinociceptive 

effects of PGS, the opioid antagonist, naloxone (1 mg/kg) and the GABA antagonist, 

PTZ (15 mg/kg) were administered. After 30 min, the antagonists significantly 

reversed the effects of PGS at the antinociceptive doses of 30 mg/kg [t (14) = 3.208 

and 1.256, P = 0.0063 and 0.2298], 50 mg/kg [t (14) = 4.163 and 2.174, P = 0.0010 
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and 0.0473], 75 mg/kg [t (14) = 3.103 and 5.715, P = 0.0078 and < 0.0001] and 100 

mg/kg [t (14) = 4.356 and 3.029, P = 0.0007 and 0.0090] (Figure 4.3 A and 4.3 B). 

After 60 min, the antagonistic propensity of naloxone and PTZ was significant on the 

tested doses of PGS at 30 mg/kg [t (14) = 2.81 and 3.213, P = 0.0139 and 0.0063], 50 

mg/kg [t (14) = 3.045 and 3.723, P = 0.0087 and 0.0023], 75 mg/kg [t (14) = 5.281 

and 2.797, P = 0.0001 and 0.0143] and 100 mg/kg [t (14) = 3.535 and 2.439, P = 

0.0033 and 0.0287]. After 90 min, naloxone and PTZ were still able to antagonize the 

percent protection against acute phasic thermal nociception produced by PGS at doses 

of 30 mg/kg [t (14) = 2.326 and 2.520, P = 0.0355 and 0.0245], 50 mg/kg [t (14) = 

4.207 and 3.498, P = 0.0009 and 0.0035], 75 mg/kg [t (14) = 5.206 and 2.789, P = 

0.0001 and 0.0145] and 100 mg/kg [t (14) = 5.518 and 3.961, P < 0.0001 and = 

0.0014] (Figure 4.4 A and 4.4 B). 
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Figure 4.3: Effect of naloxone (NLX-1) on the antinociceptive effect of pregsal 

(PGS) in the mouse hot plate test at 30 min (A); and 90 min (B). Each bar represents 

mean percent protection ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001 compared to 

vehicle (VEH), morphine (MOR-5) or PGS at 30 mg/kg (PGS-30), 50 mg/kg (PGS-

50), 75 mg/kg (PGS-75) or 100 mg/kg (PGS-100) alone treated groups (two sample t-

test), (n = 8). 
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Figure 4.4: Effect of pentylenetetrazole (PTZ-15) on the antinociceptive effect of 

pregsal (PGS) in the mouse hot plate test at 30 min (A); and 90 min (B). Each bar 

represents mean percent protection ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001 

compared to vehicle (VEH), morphine (MOR-5) or PGS at 30 mg/kg (PGS-30), 50 

mg/kg (PGS-50), 75 mg/kg (PGS-75) or 100 mg/kg (PGS-100) alone treated groups 

(two sample t-test), (n = 8). 
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The antinociceptive effect of morphine (5 mg/kg) was significantly antagonized by 

naloxone after 30 min [t (14) = 13.51, P < 0.0001], 60 min [t (14) = 6.171, P < 

0.0001] and 90 min [t (14) = 2.264, P = 0.0400]. Moreover, both the naloxone and 

PTZ were not able to apparently modify the effect of PGB (30 mg/kg) on the hot plate 

latency at any time during the study duration. 

In a separate experiment on the hot plate, treatment with GPS, GBP and MOR 

(morphine) produced significant changes in the thermal withdrawal latency [time = (F 

(6, 147) = 18.44, P <  0.0001), treatment = (F (2, 147) = 2.153, P = 0.1198), 

interaction = (F (12, 147) = 4.336, P < 0.0001)]. GPS at doses of (25, 50, 75 and 100 

mg/kg) generated antinociceptive effects against acute phasic thermal nociception as a 

significant increment (P < 0.001) in the percent response latency was detected during 

the 90 min study duration. The opioids agonist, MOR also showed a significant rise 

(P < 0.001) in the thermal withdrawal latency more pronounced during the 30 and 60 

min, suggesting its robust antinociceptive effect in this model. GBP (100 mg/kg) also 

demonstrated significant percent protection against thermal hyperalgesia at 30-60 (P 

< 0.001) and 90 min (P < 0.05) as a significant rise in the response latency was 

observed compared to saline treated control animals (Table 4.2). 
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Table 4.2 Antinociceptive activity of GPS in mouse hot plate test 

Treatment Dose 
Percent protection (%) 

30 min 60 min 90 min 

Vehicle 

Morphine 

Gabapentin 

Gabapentsal 

10 mL/kg 

5 mg/kg 

100 mg/kg 

25 mg/kg 

50 mg/kg  

75 mg/kg 

100 mg/kg 

5.012 ± 0.537 

36.625 ± 3.391*** 

22.125 ± 1.329*** 

14.750 ± 1.098* 

15.500 ± 2.598** 

16.250 ± 2.328** 

27.750 ± 3.315*** 

7.412 ± 0.658 

24.125 ± 3.026** 

22.125 ± 1.329* 

18.875 ± 3.009* 

20.000 ± 3.190* 

21.375 ± 3.448** 

24.000 ± 3.571** 

6.575 ± 0.608 

12.375 ± 1.068 

16.500 ± 2.338* 

16.625 ± 1.752* 

18.625 ± 3.139** 

24.000 ± 3.071*** 

25.500 ± 3.128*** 

Data expressed as mean percent protection ± SEM. One-way ANOVA followed by 

Dunnett’s post hoc test. *P < 0.05, **P < 0.01, **P < 0.001, compared to vehicle 

control, (n = 8). 
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Figure 4.5: Effect of naloxone (NLX-1) on the antinociceptive effect of gabapentsal 

(GPS) in the mouse hot plate test at 30 min (A); and 90 min (B). Each bar represents 

mean percent protection ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001 compared to 

vehicle (VEH), morphine (MOR-5) or GPS at 25 mg/kg (GPS-25), 50 mg/kg (GPS-

50), 75 mg/kg (GPS-75) or 100 mg/kg (GPS-100) alone treated groups (two sample t-

test), (n = 6 mice). 
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Figure 4.6: Effect of pentylenetetrazole (PTZ-15) on the antinociceptive effect of 

gabapentsal (GPS) in the mouse hot plate test at 30 min (A); and 90 min (B). Each bar 

represents mean percent protection ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001 

compared to vehicle (VEH), morphine (MOR-5) or GPS at 25 mg/kg (GPS-25), 50 

mg/kg (GPS-50), 75 mg/kg (GPS-75) or 100 mg/kg (GPS-100) alone treated groups 

(two sample t-test), (n = 6). 
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The opioid antagonist, naloxone (1 mg/kg) and the GABA antagonist, PTZ (15 

mg/kg) were administered to find out the contribution of opioidergic and GABAergic 

mechanisms in the antinociceptive effects of GPS. The antagonists significantly 

reversed the effects of GPS after 30 min, at the antinociceptive doses of 25 mg/kg [t 

(14) = 2.743 and 3.367, P = 0.0079 and 0.0023], 50 mg/kg [t (14) = 1.797 and 6.503, 

P = 0.0470 and < 0.0001], 75 mg/kg [t (14) = 3.473 and 7.737, P = 0.0019 and < 

0.0001] and 100 mg/kg [t (14) = 3.816 and 4.027, P = 0.0009 and 0.0006] (Figure 4.5 

A and 4.5 B). Thses antagonistic propensity of naloxone and PTZ towards GPS after 

60 min was significant at 25 mg/kg [t (14) = 2.334 and 1.886, P = 0.0175 and 0.0401], 

50 mg/kg [t (14) = 3.121 and 2.072, P = 0.0038 and 0.0286], 75 mg/kg [t (14) = 2.960 

and 2.797, P = 0.0052 and 0.00540.0143] and 100 mg/kg [t (14) = 2.479 and 2.770, P 

= 0.0132 and 0.0075].  After 90 min, the potential of naloxone and PTZ still was 

sufficient to antagonize the percent protection induced by GPS against acute phasic 

thermal nociception at doses of 25 mg/kg [t (14) = 2.670 and 2.011, P = 0.0092 and 

0.0320], 50 mg/kg [t (14) = 1.900 and 2.137, P = 0.0391 and 0.0254], 75 mg/kg [t 

(14) = 1.773 and 3.230, P = 0.0490 and 0.0030] and 100 mg/kg [t (14) = 3.266 and 

8.734, P < 0.0028 and < 0.0001] (Figure 4.6 A and 4.6 B). 

The antinociceptive effect of MOR (5 mg/kg) was significantly reversed by naloxone 

after 30 min [t (14) = 6.176, P < 0.0001], 60 min [t (14) = 6.740, P < 0.0001] and 90 

min [t (14) = 0.8835, P = 0.1960]. Moreover, both the naloxone and PTZ were not 

able to modify the effect of GBP (100 mg/kg) time on the hot plate arena during the 

entire study period. 

4.8.4 PGS and GPS attenuated a phlogistic agent induced inflammation: 

Administration of carrageenan was linked with raise in paw edema. The carrageenan 

induced inflammatory changes were significantly modified by treatment with PGS, 
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PGB and aspirin [time = (F (4, 150) = 5.92, P = 0.0017), treatment = (F (6, 150) = 

69.71, P < 0.0001), interaction = (F (24, 150) = 1.72, P = 0.0270)]. PGS significantly 

reduced the carrageenan-induced paw edema when administered at doses of 30 mg/kg 

(P < 0.01), 50 mg/kg (P < 0.01), 75 mg/kg (P < 0.05) and 100 mg/kg (P < 0.001) 

after 1 h. During the subsequent study duration, these tested doses were able to 

maintain significant beneficial effect (P < 0.01, P < 0.001). Significant anti-

inflammatory propensity was also showed by the tested doses of positive controls, 

aspirin (150 mg/kg; P < 0.001) and PGB (30 mg/kg; P < 0.05, P < 0.01) during the 

entire time period (1-5 h) (Figure 4.7 A). 
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Figure 4.7: Anti-inflammatory activity of PGS in the carrageenan (A), histamine (B), 

and serotonin (C) induced mouse paw edema assays. Each bar represents mean paw 

volume in mL ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, compared to vehicle 

(VEH) control (two-way RM ANOVA followed by Bonferroni’s post hoc test), (n = 

8). 

 

Injection of histamine into the sub-plantar part of the hind paw produced significant 

elevation of paw edema. The histamine-induced inflammatory response was 

significantly altered by treatment with PGS, chlorpheniramine and aspirin [time = (F 

B) 

C) 
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(4, 175) = 3.48, P = 0.0215), treatment = (F (7, 175) = 73.79, P < 0.0001), interaction 

= (F (28, 175) = 1.94, P < 0.0055)]. Significant inhibitory effect on histamine-

induced paw edema was produced by PGS at a dose of 50 mg/kg (P < 0.05 during 1-5 

h), 75 mg/kg (P < 0.05 at 1 h, P < 0.01 at 2-3 h, P < 0.001 at 4-5 h) and 100 mg/kg 

(P < 0.01 at 1-2 h, P < 0.001 at 3-5 h). Similarly, significant anti-inflammatory 

proclivity was also observed with the tested dose of positive controls i.e. 

chlorpheniramine at 1 mg/kg (P < 0.001 during 1-5 h) and aspirin at 150 mg/kg (P < 

0.01 at 1 h, P < 0.05 at 2-5 h) in the different stages of histamine induced 

inflammatory paradigm. The 30 mg/kg dose of either PGB or PGS was unable to 

modify histamine-induced inflammation during any point of time throughout the 

study duration (Figure 4.7 B). 

The single injection of serotonin produced marked edematous changes in the tested 

hind paw. This inflammatory response was significantly reduced by treatment with 

PGS, mianserin and aspirin [time = (F (4, 175) = 1.00, P = 0.4275), treatment = (F (7, 

175) = 109.73, P < 0.0001), interaction = (F (28,175) = 2.46, P = 0.002)]. Significant 

drop in the serotonin-induced paw edema was produced by PGS at doses of 50 and 75 

mg/kg post 1-4 h (P < 0.05) and 5 h (P < 0.01). Similarly, PGS at 100 mg/kg dose 

also showed beneficial propensity during 1-2 h (P < 0.05, P < 0.01) and 3-5 h (P < 

0.001). Likewise, mianserin at 1 mg/kg was efficient (P < 0.001) in attenuating the 

inflammatory changes during the entire study period. Moreover, aspirin (150 mg/kg) 

also significantly lessened (P < 0.05, P < 0.01) the temporal development of 

serotonin-induced paw edema. However, PGB and PGS at 30 mg/kg did not alter the 

inflammatory response in this paradigm (Figure 4.7 C). 

In a separate experiment for the evaluation of GPS on different edema models, 

carrageenan administration induced an increase in paw edema. Inflammatory changes 

associated with carrageenan were significantly attenuated by treatment with GPS, 

GBP and aspirin [time = (F (4, 196) = 13.79, P < 0.0001), treatment = (F (6, 196) = 
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8.444, P < 0.0001), interaction = (F (24, 196) = 0.2701, P = 0.9998)]. GPS 

significantly trimmed the carrageenan-induced paw edema at doses of 50 mg/kg (P < 

0.05 at 1-2 h, P < 0.01 at 3-5 h), 75 mg/kg (P < 0.01 at 1-2 h, P < 0.001 at 3-5 h) and 

100 mg/kg (P < 0.001) during 5 h testing period. Significant anti-inflammatory 

proclivity was also demonstrated by the positive controls, aspirin (150 mg/kg; P < 

0.01 at 1-2 h, P < 0.001 at 3-5 h) and GBP (100 mg/kg; P < 0.05 during 1-5 h) in this 

inflammatory model (Figure 4.8 A).  
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Figure 4.8: Anti-inflammatory activity of GPS in the carrageenan (A), histamine (B), 

and serotonin (C) induced mouse paw edema assays. Each bar represents mean paw 

volume in mL ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, compared to vehicle 

control (two-way RM ANOVA followed by Bonferroni’s post hoc test), (n = 8). 
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Histamine injection into the sub-plantar region of the hind paw induced significant 

boost in paw volume. The histamine-induced inflammatory effect was significantly 

altered by treatment with GPS, chlorpheniramine and aspirin [time = (F (4, 224) = 

34.47, P < 0.0001, treatment = (F (7, 224) = 17.46, P < 0.0001), interaction = (F (28, 

224) = 1.416, P < 0.0879)]. Significant repressive effect on histamine-inflicted paw 

edema was shown by GPS at a dose of 50 mg/kg (P < 0.001 at 1-3 and 5, P < 0.001 

at 4 h), 75 mg/kg (P < 0.01 at 1 h, P < 0.001 at 2-5 h) and 100 mg/kg (P < 0.001 at 1-

5 h). Likewise, significant anti-inflammatory tendency was also detected with the 

tested dose of positive controls i.e. chlorpheniramine at 1 mg/kg (P < 0.001 during 1-

3 h, P < 0.01 at 4-5 h) and aspirin at 150 mg/kg (P < 0.01 at 1-4 h, P < 0.05 at 5 h) 

against the histamine induced inflammatory response. The 100 mg/kg GBP and 25 

mg/kg GPS were unable to amend histamine-elicited paw edema during the entire 

duration of study (Figure 4.8 B). 

Intraplantar injection of serotonin produced discernible edematous changes in the hind 

paw of the mice. This serotomine induced inflammatogenic response was significantly 

reversed by treatment with GPS, mianserin and aspirin [time = (F (4, 224) = 12.39, P < 

0.0001), treatment = (F (7, 224) = 9.692, P < 0.0001), interaction = (F (28, 224) = 1.331, 

P = 0.1322]. Significant fall in the serotonin-provoked paw edema was induced by GPS 

at doses of 50 and 75 mg/kg post 1-5 h (P < 0.05). Likewise, GPS at 100 mg/kg also 

showed a tendency to curb the paw edema 1-3 h (P < 0.05) and 4-5 h (P < 0.01). The 

positive control, mianserin, at 1 mg/kg was capable (P < 0.001 at 1-3 h, P < 0.01 at 4-5 

h) of fading the paw inflammatory response during the entire study period. Moreover, 

aspirin (150 mg/kg) also significantly reduced (P < 0.01 at 1-3 h, P < 0.05 at 4-5 h) the 

temporal development of serotonin-inducted paw edema. However, GBP and GPS at 100 

mg/kg and 25 mg did not impede the serotonin-induced inflammatogenic response, 

respectively (Figure 4.8 C). 
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4.8.5 PGS and GPS relieved Brewer’s yeast induced pyrexia: 

A reliable febrile response was produced after the subcutaneous administration of 

brewer’s yeast solution. This brewer’s yeast induced febrile response was 

significantly modified by treatment with PGS and acetaminophen [time = (F (3, 120) 

= 10.92, P < 0.0002), treatment = (F (6, 120) = 25.06, P < 0.0001), interaction = (F 

(18, 120) = 2.51, P < 0.0016)]. The yeast-induced elevation in the body temperature 

was significantly attenuated by PGS with the tested doses of 50 mg/kg at 0.5 h (P < 

0.05), 1 and 1.5 h (P < 0.001); 75 mg/kg at 0.5 h (P < 0.01), 1 and 1.5 h (P < 0.001) 

and 100 mg/kg at 0.5, 1 and 1.5 h (P < 0.001). PGB and PGS at 30 mg/kg were 

unable to modify the febrile response during any time of the study duration. 

Acetaminophen, used as positive control produced an efficient anti-pyretic effect (P < 

0.001) observable at 0.5, 1 and 1.5 h of the study period (Figure 4.9).  
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Figure 4.9: Anti-pyretic activity of A) PGS and, B) GPS in the Brewer’s yeast 

induced mouse febrile response. Each bar represents mean rectal temperature in oC ± 

SEM. *P < 0.05, **P < 0.01, ***P < 0.001, compared to vehicle control (two-way 

RM ANOVA followed by Bonferroni’s post hoc test), (n = 6). 

 

In case of GPS, febrile response was induced in mice after subcutaneous (s.c) injection 

the brewer’s yeast solution. This brewer’s yeast induced febrile response was 

significantly modified by treatment with GPS and acetaminophen [time = (F (2, 70) = 

2.838, P < 0.0653), treatment = (F (6, 70) = 12.15, P < 0.0001), interaction = (F (12, 



Chapter – 4                         Evaluation of PGS & GPS in Pain, Inflammation, & Pyrexia 

 
 

124 

70) = 2.51, P < 0.7235)]. The yeast-induced elevation in the body temperature was 

significantly attenuated by GPS with the tested doses of 75 mg/kg at 0.5 h (P < 0.05), 1 

and 1.5 h (P < 0.001) and 100 mg/kg at 0.5 (P < 0.01), 1 and 1.5 h (P < 0.001) (Figure 

4.9 B). GBP and GPS at 100 and 25 mg failed to decline the febrile response during any 

time point in the study duration. Acetaminophen, the positive control, produced an 

efficient anti-pyretic effect (P < 0.001) across the entire study period. 

4.9 Discussion:  

This study evaluated the antinociceptive, anti-inflammatory and antipyretic potential of 

two salicylaldehyde derivatives of PGB and GBP. PGS and GPS both are E (trans) 

isomers, as in imines nitrogen is hydrogen bonded with the hydrogen of hydroxyl group 

present at ortho position. An earlier study showed synthesis of imines demonstrating the 

formation of E isomer due to hydrogen bonding of phenolic hydroxyl with nitrogen of 

imine group (238). Additionally, other studies (239-240) found imine-ketone tautomerism 

and ascribed it to the hydrogen bonding between phenolic hydroxyl and the nitrogen of 

imine group. Similarly, the NMR data also reveals a single trans isomer. Moreover, the 

thin layer chromatography (TLC) showed only a single clear spot which further 

confirmed that only a single compound was obtained. 

The antinociceptive activity of PGS and GPS was evaluated in mice using the acetic 

acid induced abdominal constriction assay which is suitable for assessing the tonic 

visceral nociception (241), and the hot plate test for centrally mediated acute phasic 

nociception (242). PGS and GPS gave rise a dose dependant fall in the number of 

writhes (decrease tonic nociception) and increased the latency to withdrawal (decrease 

phasic nociception) which was comparable to that of diclofenac and morphine used as 

positive controls in different nociceptive paradigms. The prospective antinociceptive 
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effects of PGS and GPS were potently reversed by the opioid and GABA receptor 

antagonists, naloxone and pentylenetetrazole, respectively, suggesting a contribution 

of opioidergic and GABAergic mechanisms in the mediation of analgesia. Opioid 

agonists decrease pain transmission by activating descending nerve fibers and inhibit 

afferent nerve transmission by binding to pre- and postsynaptic opioid receptors 

(243), while GABAergic neurons and receptors are important for the origination, 

transmission, and modification of pain impulses (113). On the contrary, the 

antinociceptive effects of PGB and GBP were not blocked by either naloxone or 

pentylenetetrazole. PGB is without any affinity for GABAA, GABAB or BDZ 

receptors as well as it lacks any effects on sodium channels, opiate receptors and 

COX enzyme activity. The clinical effectiveness of PGB is characterized by its potent 

high-affinity binding to the α2-δ subunit on voltage-gated calcium channels (244-

245). Similarly, GBP is a well established anticonvulsant drug (246) with potential 

analgesic and anti-inflammatory properties (155). 

Inflammation is a multifarious set of interactions among soluble biological factors and 

cells that can develop in any tissue in response to traumatic, infectious, post-ischemic, 

toxic or autoimmune injury. In this study, the PGB and GBP derivatives were tested in 

the carrageenan, histamine and serotonin induced mouse paw edema assays. The 

carrageenan induced inflammatory process is bi-phasic; the first phase is evidenced by 

the release of inflammatory mediators like histamine, serotonin and kinin in the first 

hour while the second phase is expanded over the next three to six hours and is 

characterized by the release of prostaglandins and lysosomal enzymes (247). Histamine, 

one of the most common inflammatory mediators, causes symptoms of allergic 

reactions that mostly involve acute inflammation mediated by H1 histamine receptor 

(248). Activation of these receptors contribute to vasodilation, increased vascular 
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permeability (249) and pain (250) at the cellular level and cause increased intracellular 

calcium level and nitric oxide at molecular level (251). Serotonin is an important 

inflammatory mediator which exerts its effects by inducing vasodilation and as well as 

increasing vascular permeability (252). Using different phlogistic agents, the PGS and 

GPS ostensibly attenuated the various phases of inflammation and the effect has been 

comparable to that of standards; aspirin, chlorpheniramine and mianserin. The reduction 

in carrageenan, histamine and serotonin induced increased paw swelling connotes the 

existence of multiple mechanisms in the mediation of anti-inflammatory properties of 

the PGS and GPS. In consistent with this, PGB and GBP also allayed the inflammatory 

response inducted upon administration of various irritant agents into the sub-plantar part 

of the hind paw. Studies suggest that PGB and GBP mediated anti-inflammatory actions 

including decreased release of pro-inflammatory cytokines that play a key role in 

mediating their antinociceptive actions (155, 211).  

Fever and the febrile response, therefore, remain significant contributors to the 

pathogenesis, clinical presentation and outcome of many illnesses and diseases (253). 

Fever consequences from an acclivity in the hypothalamic set point owing to an 

elevation of prostaglandin E2 in the brain following an increased synthesis of this 

entity engendered by exogenous pyrogens and pyrogenic cytokines (254). 

Subcutaneous injection of Brewer’s yeast induces pyrexia by increasing the synthesis 

of prostaglandins and is considered as a classical method for screening of potential 

antipyretics. The inhibition of prostaglandin synthesis among other mediators can be 

regarded as a possible mechanism of antipyretic action like that of acetaminophen 

which inhibits the synthesis of prostaglandin by blocking the COX enzyme activity 

(255). A dose dependant (50, 75 and 100 mg/kg) reduction in febrile response was 

observed with PGS and the effect was analogous to that of positive control, 

acetaminophen. In contrast, PGB was ineffective in attenuating the yeast induced 



Chapter – 4                         Evaluation of PGS & GPS in Pain, Inflammation, & Pyrexia 

 
 

127 

pyrexia during any time in the observed duration (1.5 h). GPS at the doses of 75 and 

100 mg/kg counteracted the pyretic response like that of the positive control, 

acetaminophen. On the contrary, GBP did not attenuate the yeast induced pyrexia 

during any point of time in the whole study duration (1.5 h). An antipyretic activity is 

regarded as a positive side effect for anti-inflammatory compounds. Development of 

more selective fever relieving agents and their prudent use with attention to possible 

untoward consequences are important to the future quality of clinical medicine (256). 

4.10 Conclusion: 

PGS and GPS showed prospective analgesic, anti-inflammatory and anti-pyretic 

relieving proclivities when evaluated in the well known classical testing paradigms of 

pain, inflammation and pyrexia. Relatively longer duration of action of PGS and GPS 

with promising results, these derivatives may serve as potential drug candidates for 

the management of pain, and inflammatory conditions. 
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5.1 Introduction 

International Association for the Study of Pain (IASP) has defined neuropathic pain as 

‘pain arising as a direct consequence of a lesion or disease affecting the 

somatosensory system (257). Neuropathic pain results as a disorder of function or 

pathological change in a nerve and is evident as mononeuropathy, mononeuropathy 

multiplex (MM) and/or polyneuropathy (258). It is characterized, in part, by an 

augmented sensitivity to a normally non noxious (allodynia) and noxious stimuli 

(hyperalgesia) (259). There are various causes of neuropathic pain that affect the CNS 

like multiple sclerosis, post stroke or spinal cord pain or PNS (peripheral nervous 

systme) like diabetic neuropathy, post herpetic or trigeminal neuralgia (260).  

A recent report of WHO unveils that a 108-422 million increase has been documented 

in diabetic patients from 1980 2014 in the world's population with an expected 

addition of 12 million more in coming 15-16 years time (261). Diabetes mellitus, 

besides other complications, is associated with the most distressing complication of  

persistent neuropathic pain (262) which is experienced by almost 60% of diabetic 

patients (263). The most unfortunate thing is that the etiology of these conditions has 

so far been not well explained; though the diabetic animals (mice and rats) exhibit 

physiological, neurochemical and behavioral exponents that suggest abnormal pain 

perceptions. All these properties make them useful subjects for the investigations of 

etiologic mechanisms linking hyperglycemia with painful neuropathic states. These 

models can be utilized for the screening and development of novel potential targeted 

prophylactic agents aimed at ameliorating the painful neuropathic conditions due to 

hyperglycemia (264). A number of factors like hyperglycemia and dyslipidemia 

driven oxidative stress are linked with diabetes mellitus and are associated with 

decreased nerve function that is apparent as distal symmetrical polyneuropathy (264). 
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A role of GABAergic and opioidergic receptors has been shown to regulate the 

processing of nociceptive information (265-266). Vulvodynia, a painful condition of 

vulva, has been linked to diabetes mellitus as a separate symptom or a part of 

configuration of other neuropathic pain abnormalities. This painful condition has been 

named as "diabetic vulvopathy" and has worst effects on the life quality of the 

patients (168, 184). A number of studies have proved the potential of antidepressants, 

opioids, gabapentinoids (GBP and PGB), lamotrigine, phenytoin, tramadol, 

dextromethorphan, and mexilitine for painful sensory neuropathic conditions (85, 

267). However, only a 30-50% relief in pain has been observed with these agents and 

are associated with dose limiting side effects, sedation being the most prominent.  

5.2 Aim and Objectives:  

This study was aimed to evaluate PGS and GPS for potential analgesic proclivities in 

a rodent model of diabetic neuropathy on the basis of their ability to act as GABA and 

opioid receptors modulators and as anti-inflammatory agents. This model was 

developed by a single intraperitoneal injection of STZ that resulted in the expression 

of symptoms associated with diabetic neuropathy-static or dynamic allodynia and 

vulvodynia. 

5.3 Materials and Methods: 

5.3.1 Preparation of solutions: 

PGS and GPS solutions were prepared as described previously. STZ was completely 

dissolved in freshly prepared sodium citrate buffer (PH; 5.5). (For details refer back to 

chapter 2, section: 2.18.1.1.). 
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Figure 5.1 (A) Mons pubis (shaven), (B) A complete set of von Frey filaments, (C) 

and (D) von Frey hair applied to the plantar region of rat, and (E) Animals in separate 

plexiglas chambers opaque from above and the three sides but transparent from the 

front on a wire meshed floor table specially designed for the measurement of 

neuropathy experiments. (Photograph: Animal House and Bioassays Laboratories, 

Department of Pharmacy, University of Peshawar). 

A) B) 

D) C) 
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5.3.2 Administration of drugs:  

STZ (45 mg/kg) was administered on day 1 of the experiment. PGB (30 mg/kg), PGS 

(30, 50, 75, and 100 mg/kg), GBP (100 mg/kg), GPS (25, 50, 75, and 100 mg/kg) with 

vehicle as controls were administered intraperitoneally (i.p) to female rats on day 29 of 

experimental protocol. The effects of PGS and GPS were assessed 1 and 3 h on 29th after 

the administration on 29th day post STZ administration. 

5.3.3 Induction of diabetes: 

Diabetes was induced in rats fasted for 16 h by a single injection of streptozotocin (45 

mg/kg; i.p) dissolved in sodium citrate buffer (PH; 5.5). Control animals received a 

similar administration of vehicle. The development pattern of allodynia and 

vulvodynia was checked on days 0, 7, 15, 21 and 29.  

5.3.4 Measurement of blood glucose and body weights: 

Body weights were recorded on daily basis with an animal weighing balance while 

blood glucose levels were checked with a glucometer on days 3, 7, 15, 21 and 29 

post-STZ injection. All the animals with blood glucose levels > 270 mg/dL were 

included in the study. 

5.3.5 Study design: 

Female rats were randomly divided into 9 groups for each of PGS and GPS, 

containing 8 rats in each group. 

Following treatment groups were constituted (n = 8) for GPS, 

Group I: Vehicle 

Group II: STZ-control (45 mg/kg; i.p.) 

Group III: STZ (45 mg/kg; i.p.) + PGB (30 mg/kg; i.p.) 
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Group IV: STZ (45 mg/kg; i.p.) + PGS (30 mg/kg; i.p.) 

Group V: STZ (45 mg/kg; i.p.) + PGS (50 mg/kg; i.p.) 

Group VI: STZ (45 mg/kg; i.p.) + PGS (75 mg/kg; i.p.) 

Group VII: STZ (45 mg/kg; i.p.) + PGS (100 mg/kg; i.p.)  

Group VIII: STZ (45 mg/kg; i.p.) + Sali (100 mg/kg; i.p.) 

Group IX: STZ (45 mg/kg; i.p.) + PGB + Sali (30 +100) mg/kg, i.p., 

coadministration] 

While for GPS, the treatment groups were arranged in the following manner, 

Group I: Vehicle 

Group II: STZ-control (45 mg/kg; i.p.) 

Group III: STZ (45 mg/kg; i.p.) + GBP (100 mg/kg; i.p.) 

Group IV: STZ (45 mg/kg; i.p.) + GPS (25 mg/kg; i.p.) 

Group V: STZ (45 mg/kg; i.p.) + GPS (50 mg/kg; i.p.) 

Group VI: STZ (45 mg/kg; i.p.) + GPS (75 mg/kg; i.p.) 

Group VII: STZ (45 mg/kg; i.p.) + GPS (100 mg/kg; i.p.) 

Group VIII: STZ (45 mg/kg; i.p.) + Sali (100 mg/kg; i.p.) 

Group IX: STZ (45 mg/kg; i.p.) + [GBP + Sali (100 +100) mg/kg, i.p., 

coadministration] (for details refer back to chapter 2, section 2.18). 

5.3.6 Appraisal of static and dynamic mechanical allodynia: 

Assessment of static mechanical allodynia was carried out by employing force over 

the plantar surface of the right hind paw (Figure 5.1 C and D) with von Frey hairs 

(Figure 5.2) while a cotton bud was used for the assessment of dynamic mechanical 

allodynia (183) (for details refer back to chapter 2;  section 2.18.1.4.1.). 
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Figure 5.2 von Frey filaments kit 

5.3.7 Assessment of static and dynamic mechanical vulvodynia: 

For the assessment of static mechanical vulvodynia, force was exerted with von Frey 

filament on anogenital area (including mons pubis) of female rats (Figure 5.1 A and 5.1 

B) while cotton buds were used for the assessment of dynamic mechanical vulvodynia 

(184) (for details refer back to chapter 2; section 2.18.1.4.2 and 2.18.1.4.4 ). 

5.4 Statistical Analysis: 

Data were expressed as mean ± S.E.M. Statistical comparisons were carried out by 

two-way RM ANOVA followed by Bonferroni's post hoc tests [GraphPad Prism 5 

statistical package (GraphPad Software Inc. San Diego CA, USA)]. A value of P ≤ 

0.05 was accepted as significant. 

5.5 Results: 

5.5.1 Development of diabetes: 

Blood glucose levels were checked 72 h post STZ injection in all animals including 

the vehicle treated groups. All the animals with blood glucose levels of > 270 mg/dL 

were included in the experiment while excluding the others. Blood glucose levels 

were subsequently checked on day 7, 15, 21, and 29 to assure the maintenance of 

required levels of hyperglycemia (Figure 5.3 A). 
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Figure 5.3(A) Blood glucose levels throughout the study period post-streptozotocin 

(45 mg/kg) injection (i.p). ***P < 0.001 compared to vehicle control (ANOVA post 

hoc Mann-Whitney U test), and (B) Both the static and dynamic allodynia and 

vulvodynia were assessed ondifferent days post diabetes induction as withdrawal 

thresholds (PWT) or (FRT) tovon Frey filaments or withdrawal latencies (FRT) or 

(FRL) to a cotton bud stimulus. The staticallodynia data are expressed as the 

percentage of animals responding at/below the formerly innocuous 3.63 g von Frey 

force whereas the static vulvodynia data was also expressed as percentage of animals 

responding at/below 0.16 g filament force. Dynamic allodynia and dynamic 

vulvodynia data are expressed as the percentage of animals responding to the cotton 

bud stroking within 8 s and 10 s respectively. 

  

A) 

B) C) 
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5.5.2 Effect of diabetic hyperglycemia on body weights: 

The body weights of the subject rats were measured on daily basis throughout the 

study duration. A decreasing trend in body weights was observed in the body weights 

of the diabetic rats compared to the vehicle treated rats. Body weights at -5th day and 

the average changes in body weights at days 7th, 15th, 21st and 29th are shown in the 

figure 5.4. 

Figure 5.4 Graphical representation of changes in body weights of the streptozotocin 

treated rats (***P < 0.001) compared to vehicle control (ANOVA post hoc Mann-

Whitney U test (n=6). 

5.5.3 Dose response curves of PGB, PGS, GBP, and GPS: 

Dose response relationships for PGB, PGS (Figures 5.5 a - 5.5 d and 5.6 a - 5.6 d), 

GBP and GPS (Figures 5.7 a -5.7 d and 5.8 a - 5.8 d), respectively, were established. 
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Figure 5.5 Dose-response curve of PGB (30, 50, 75 and 100 mg/kg) in diabetes-

induced neuropathic pain, exemplifying the changes in (a) paw withdrawal threshold 

(PWT, g), (b) Paw withdrawal latency (PWL, s), (c) flinching response threshold 

(FRT, g) and (d) flinching response latency (FRL, s) in static/dynamic 

allodynia/vulvodynia, (n = 8). 
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Figure 5.6 Dose-response curve of PGS (30, 50, 75 and 100 mg/kg) in diabetes-

induced neuropathic pain, showing the changes in (a) paw withdrawal threshold (PWT), 

(b) Paw withdrawal latency (PWL), (c) flinching response threshold (FRT) and (d) 

flinching response latency (FRL) in static/dynamic allodynia/vulvodynia, (n = 8). 
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Figure 5.7 Dose-response curve of GBP (25, 50, 75 and 100 mg/kg) in diabetes-

induced neuropathic pain, showing the changes in (a) paw withdrawal threshold (PWT), 

(b) Paw withdrawal latency (PWL), (c) flinching response threshold (FRT) and (d) 

flinching response latency (FRL)in static/dynamic allodynia/vulvodynia, (n = 8). 
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Figure 5.8 Dose-response curve of GPS (25, 50, 75 and 100 mg/kg) in diabetes-induced 

neuropathic pain, depicting the changes in (a) paw withdrawal threshold (PWT), (b) Paw 

withdrawal latency (PWL), (c) flinching response threshold (FRT) and (d) flinching 

response latency (FRL) in static/dynamic allodynia/vulvodynia, (n = 8). 
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5.5.4 Effect of GPS and GBP on static and dynamic allodynia: 

A robust hyperglycemia was developed in animals injected with a single dose of 

streptozotocin (45 mg/kg; i.p) and the resultant static and dynamic allodynia in the 

hind paws at 29th day of experimental protocol. The development of static and 

dynamic allodynia was manifested as a significant decline (P < 0.001) in paw 

withdrawal threshold (PWT) and paw withdrawal latency (PWL) in comparison to 

vehicle treated controls. A main dose effect in the PWT (g) was observed [time = (F 

(2, 189) = 267.40, P < 0.0001), treatment = (F (8, 189) = 153.30, P < 0.0001), 

interaction = (F (16, 189) = 21.16, P < 0.0001). A significant (P < 0.0001) difference 

in PWT (g) (12.62 g) at day 29 was observed between the STZ only treated animals 

and the vehicle treated animals (Figure 5.9). PGB at a dose of 30 mg/kg significantly 

increased the PWT (g) from a pretreatment value of 1.31 ± 0.37 g to 8.30 ± 0.93 and 

9.06 ± 0.49 g after 1 and 3 h of treatment on day 29. PGS at doses of 30, 50, 75 and 

100 mg/kg produced a statistically significant increment in PWT (g) from 

pretreatment thresholds of 1.23 ± 0.33, 0.97 ± 0.28, 0.83 ± 0.16 and 0.85 ± 0.35 g to 

4.19 ± 0.71, 6.99 ± 0.44, 10.64 ± 0.43 and 11.78 ± 0.56 g at h 1 and 4.46 ± 0.62, 7.52 

± 0.62, 11.18 ± 0.37, and 12.72 ± 0.72 g at h 3 of the treatment. A combinatorial dose 

of 100 mg/kg each of salicylaldehyde and PGB inflicted a latency of 9.13 ± 0.70 and 

9.60 ± 0.54 s comparable to that of PGB alone 8.30 ± 0.93 and 9.06 ± 0.49 s ((P < 

0.001)) while salicylaldehyde (100 mg/kg) when administered alone did not produce 

any significant effect either on PWT or PWL (P > 0.05). 



Chapter – 5   Evaluation of PGS & GPS in STZ-Induced Diabetic Neuropathy in Rats 

 
 

141 

 

Figure 5.9 Effect of PGS (30, 50, 75 and 100 mg/kg), PGB (30 mg/kg), 

salicylaldehyde plus pregabalin (Sali-100 + PGB-30) mg/kg, and salicylaldehyde-100 

(Sali-100) mg/kg alone on static allodynia (PWT), at 1 and 3 h post-treatment in 

female rats on day 29. ###P < 0.001 compared to vehicle control, *P < 0.05, **P < 

0.01, ***P < 0.001 compared to streptozotocin alone treated animals. Two-way 

ANOVA followed by Bonferroni's post hoc tests, (n = 8). 

A statistically significant main effect of PGB and PGS on the PWL was observed as [time 

= (F (2, 189) = 251.90, P < 0.0001), treatment = (F (8, 189) = 113.10, P < 0.0001), 

interaction = (F (16, 189) = 15.43, P < 0.0001)] with a difference of 11.25 s between STZ 

and vehicle treated animals on day 29 (Figure 5.10). GBP-30 mg/kg reflected a 

significant raise in PWL at h 1 and h 3, 12.00 ± 0.59 and 11.75 ± 0.64 respectively, when 

compared to its pretreatment latency of 2.50 ± 0.50 s (P < 0.001) or latency of STZ 

treated group 2.12 ± 0.35 s (P < 0.001). PGS at 30, 50, 75, and 100 mg/kg statistically 

significantly increased the PWL of the neuropathic rats from pretreatment values of 1.37 

± 0.18, 2.62 ± 0.46, 2.25 ± 0.36, and 2.87 ± 0.51 s to PWL of 5.50 ± 0.75, 7.75 ± 0.75, 

10.88 ± 0.71, and 12.50 ± 0.53 s after 1 h of treatment and 6.50 ± 0.68, 8.87 ± 0.61, 11.75 

± 0.64, and 13.13 ± 0.47 s after 3 h of treatment (P < 0.001). A 100 mg/kg dose of 

salicylaldehyde did not instigate any effect over the pretreatment latency time or the STZ-
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vehicle treated control animals (P >0.05). Contrary to this, a combinatorial dose of 

salicylaldehyde with GBP at 100 mg/kg each produced a significant increment in the 

latency time from pretreatment value of 1.62 ± 0.18 to 7.75 ± 0.86 and 8.75 ± 0.83 after 1 

and 3 h of the treatment (P < 0.001).  

 

Figure 5.10 Effect of PGS (30, 50, 75 and 100 mg/kg), PGB (30 mg/kg), 

salicylaldehyde plus pregabalin (Sali-100 + PGB-30) mg/kg, and salicylaldehyde-100 

(Sali-100) mg/kg alone on dynamic allodynia (PWL), at 1 and 3 h post-treatment in 

female rats on day 29. ###P < 0.001 compared to vehicle control, *P < 0.05, **P < 

0.01, ***P < 0.001 compared to streptozotocin alone treated animals. Two-way 

ANOVA followed by Bonferroni's post hoc tests, (n = 8). 

GBP and GPS significantly modified the nociceptive thresholds and latencies at 1 and 

3 h of the treatment as a function of time and interaction was [time = (F (2, 189) = 

154.50, P < 0.0001), treatment = (F (8, 189) = 141.10, P < 0.0001), interaction = (F 

(16, 189) = 12.75, P < 0.0001)]. On 29th day, a comparison of STZ treated animals to 

that of vehicle treated animals reflected a difference of 12.48 g in paw withdrawal 

threshold. A PWT of 5.83 ± 0.70 and 6.64 ± 0.63 g in the animals treated with GBP-

100 mg was observed after 1 and 3 h of the treatment, respectively, compared to the 

pretreatment PWT of 1.37 ± 0.26 g in STZ only treated animals (P <0.001). 
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Neuropathic animals treated with GPS 50 mg/kg exhibited an increased PWT of 6.59 

± 0.62 and 7.11± 0.577 g compared to the PWT of 1.46 ± 0.25 and 1.51± 0.27 g of 

STZ controls, at 1 and 3 h after the GPS administration (P < 0.001). Treatment with 

GPS 75 mg demonstrated an increase (P < 0.001) in PWT to 8.12 ± 0.46 and 9.23 ± 

0.34 g as compared to PWT of 1.46 ± 0.25 and 1.51± 0.27 g of STZ controls. A 100 

mg dose of GPS significantly raised (P < 0.001) the PWT to 9.80 ± 0.84 and 11.03 ± 

1.06 g compared to a pretreatment PWT of 0.81 ± 0.31 g and STZ controls 1.46 ± 

0.25 and 1.51± 0.27 g at 1 and 3 h post treatment (Figure 5.11). 
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Figure 5.11 Effect of GPS (25, 50, 75 and 100 mg/kg), gabapentin (100 mg/kg), salicylaldehyde plus gabapentin (Sali-100 + GBP-

100) mg/kg, salicylaldehyde-100 mg/kg (Sali-100) alone on static allodynia (PWT), at 1 and 3 h post-treatment in female rats on day 

29. ###P < 0.001 compared to vehicle control, *P < 0.05, **P < 0.01, ***P < 0.001 compared to streptozotocin alone treated animals. 

Two-way ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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GPS (25-75 mg/kg) and GBP (100 mg/kg) reversed the dynamic mechanical allodynia 

at 1and 3 h post administration on day 29 of the STZ injection. The paw withdrawal 

latency was significantly increased compared to the vehicle treated animals [time = (F 

(2, 189) = 232.6, P < 0.0001), treatment = (F (8, 189) = 142.2, P< 0.0001), interaction 

= (F (16, 189) = 18.35, P < 0.0001). A difference of 11.38 and 11.19 s was observed 

between the STZ and vehicle treated animals at 1 and 3 h of the testing. 

Administration of GBP 100 mg resulted in a statistically significant raise in the 

latency time to the tactile cotton bud stimulus and the PWL was recorded as 9.33 ± 

0.73 s and 9.55 ± 0.37 s at 1 and 3 h post administration on day 29. GPS at doses of 

25-100 mg/kg reversed the dynamic allodynia in a graded dose response manner as 

4.37 ± 0.49 and 4.50 ± 0.50 s, 7.62 ± 0.0.56 and 7.87 ± 0.39 s, 9.50 ± 0.82 and 10.0 ± 

0.82 s, and 9.95 ± 0.38 and 10.63 ± 0.56 s respectively 1 and 3 h post administration. 

On the other hand, salicylaldehyde alone did not show any suppressing effects on 

dynamic allodynia with PWL of 2.02 ± 0.42 and 2.06 ± 0.33 s at 1 and 3 h post 

administration on the same day (P > 0.05).  The combination of GBP and 

salicylaldehyde at a dose of 100 mg/kg each ensued in a significant increase in the 

PWL (9.23 ± 0.86 and 9.78 ± 0.48 s, P < 0.001) that was  parallel to the effect 

produced by GBP 100 mg alone. The effect of salicylaldehyde 100 mg (2.02 ± 0.38 

and 2.02 ± 0.42 s) was comparable to the that of the STZ treated animals (2.37 ± 0.41 

and 2.31 ± 0.36s) (P > 0.05), (Figure 5.12). 
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Figure 5.12 Effect of GPS (25, 50, 75 and 100 mg/kg), GBP (100 mg/kg), salicylaldehyde plus gabapentin (Sali-100 + GBP-100) 

mg/kg, Salicylaldehyde-100 mg/kg (Sali-100) alone on dynamic allodynia (PWL), at 1 and 3 h post-treatment in female rats on day 

29###P < 0.001 compared to vehicle control, *P < 0.05, **P < 0.01, ***P < 0.001 compared to streptozotocin alone treated animals. 

Two-way ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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5.5.5 Effect of PGS and GPS on static and dynamic vulvodynia: 

ANOVA of static vulvodynia showed a significant main effect [time = (F (2, 189) = 

337.5, P < 0.0001), treatment = (F (8, 189) = 76.49, P < 0.0001), interaction = (F (16, 

189) = 24.23, P < 0.0001)]. PGB at 30 mg dose effectively increased the FRT to 0.15 ± 

0.01 and 0.17 ± 0.01 g at h 1 and 3 from a pretreatment baseline of 0.02 ± 0.001 g (P < 

0.001). PGS at doses of 30, 50, 75 and 100 mg/kg revealed a significant proclivity of an 

increasing trend in FRT as 0.09 ± 0.029, 0.18 ± 0.015 and 0.20 ± 0.017, 0.21 ± 0.005 and 

0.22 ± 0.004, and 0.23 ± 0.001 and 0.24 ± 0.007 g post treatment at h 1 and 3 respectively 

on day 29 (P < 0.001). A simultaneous combined administration of salicylaldehyde and 

PGB (100 and 30 mg/kg) ensued in a significant amplification in the FRT as 0.15 ± 0.011 

and 0.16 ± 0.009 g at h 1 and 3 post treatment on day 29 compared to the pretreatment 

FRT value of 0.01 ± 0.003 g on the same day (P < 0.001). Salicylaldehyde did not show 

any significant effect on FRT at any post treatment testing time (P >0.05), (Figure 5.13). 

 

Figure 5.13 Effect of PGS (30, 50, 75 and 100 mg/kg), PGB (30 mg/kg), 

salicylaldehyde plus pregabalin (Sali-100 + PGB-30) mg/kg, salicylaldehyde-100 

mg/kg (Sali-100) alone on static vulvodynia (PWT), at 1 and 3 h post-treatment in 

female rats on day 29. ###P < 0.001 compared to vehicle control, *P < 0.05, **P < 

0.01, ***P < 0.001 compared to streptozotocin alone treated animals. Two-way 

ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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The effect of PGB, PGS and a combined dose of PGB and salicylaldehyde was also 

found to be statistically significant against decreased FRL of dynamic vulvodynia in 

post treatment testing paradigms (Figure 5.14). A significant main effect revealed 

[time = (F (2, 189) = 269.9, P < 0.0001), treatment = (F (8, 189) = 99.74, P < 

0.0001), interaction = (F (16, 189) = 18.77, P < 0.0001)]. PGB at 30 mg/kg reflected a 

significant response and increased the FRL of the neuropathic animals from a 

pretreatment latency time of 2.53 ± 0.36 s to 8.12 ± 0.39 and 7.61 ±0.42 s at 1 and 3 h 

post treatment on day 29 of the experimental protocol. The test drug, PGS, at doses of 

30, 50, 75 and 100 mg/kg showed its effects in a dose dependent manner and 

increased the diminished FRL from pretreatment latency times of 1.94 ± 0.37, 2.07 ± 

0.46, 1.77 ± 0.37, and 1.94 ± 0.37 s to 3.77 ± 0.43 (P <0.01), 7.66 ± 0.57, 8.62 ± 0.46 

and 9.37 ± 0.47 (P <0.001) at h 1 and 4.56 ± 0.35 (P <0.01), 6.33 ± 0.59, 8.21 ± 0.38, 

and 9.43 ± 0.38 (P <0.001) at h 3 after treatment on day 29 of the experimental time 

line. Sali-PGB (100-30 mg/kg), coadministered, also raised the decreased FRL to the 

cotton bud stimulus from a pretreatment latency time of 1.72 ± 0.12 s to 7.52 ± 0.2 s 

and 8.47 ± 0.52 s at h 1 and 3 respectively. Salicylaldehyde 100 mg/kg did not show 

any significant effect against the decreased FRL (P > 0.05). 

 
Figure 5.14 Effect of PGS (30, 50, 75 and 100 mg/kg), PGB (30 mg/kg), 

salicylaldehyde plus pregabalin (Sali-100 + PGB-30) mg/kg, salicylaldehyde-100 

mg/kg (Sali-100) alone on dynamic vulvodynia (FRL), at 1 and 3 h post-treatment in 

female rats on day 29. ###P < 0.001 compared to vehicle control, *P < 0.05, **P < 

0.01, ***P < 0.001 compared to streptozotocin alone treated animals. Two-way 

ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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GBP, GPS, and combined administration of Sali-GBP (100 + 100) mg/kg (co-

administration) robustly increased the FRL and FRT as [time = (F (2, 189) = 246.9, P 

< 0.0001), treatment = (F (8, 189) = 64.25, P < 0.0001), interaction = (F (16, 189) = 

21.08, P < 0.0001)]. GBP efficiently suppressed the static vulvodynia by increasing 

the FRT at 1 (0.12 ± 0.01 g) and 3 h (0.15 ± 0.11g) post administration compared to 

the pretreatment FRT (0.02 ± 0.001 g) and the STZ controls at the same time spans 

(0.035 ± 0.007 and 0.024 ± 0.001 g, at 1 and 3 h respectively). GPS at 25 mg/kg dose 

did not show any effect (P >0.05) on the decreased FRT. However, it imparted 

significant boost to the FRT at 50 (0.10 ± 0.02 and 0.13 ± 0.01 g), 75 (0.16 ± 0.01 and 

0.18 ± 0.01 g), and 100 mg/kg (0.20 ± 0.007 and 0.20 ± 0.006 g) doses on day 29 after 

1 and 3 h of its administration. Salicylaldehyde alone did not demonstrate any 

significant effect (P >0.05) on the FRT while a combinatorial dose (100 mg GBP and 

100 mg salicylaldehyde) revealed an effect more or less similar to that of GBP treated 

animals with FRT of 0.14 ± 0.01 and 0.16 ± 0.009 g on day 29 at 1 and 3 h post 

administration (Figure 5.15).  
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Figure 5.15 Effect of GPS (25, 50, 75 and 100 mg/kg), GBP (100 mg/kg), salicylaldehyde plus gabapentin (Sali-100 + GBP-100) 

mg/kg, salicylaldehyde 100-mg/kg (Sali-100) alone on static vulvodynia (FRT), at 1 and 3 h post-treatment in female rats on day 

29.###P < 0.001 compared to vehicle control, *P < 0.05, **P < 0.01, ***P < 0.001 compared to streptozotocin alone treated animals. 

Two-way ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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The dynamic component of vulvodynia was efficiently grabbed by both GBP 100 mg/kg, 

combinatorial dose of salicylaldehyde and GBP (100 + 100) mg/kg, and GPS at doses of 

50-100 mg/kg at 1 and 3 h post administration on day 29 of the experimental protocol 

[time = (F (2, 189) = 262.3, P < 0.0001), treatment = (F (8, 189) = 139.8, P < 0.0001), 

interaction = (F (16, 189) = 22.87, P < 0.0001). GBP-100 mg shifted the PWL from a pre 

treatment value of 2.57 ± 0.24 s to 7.04 ± 0.29 and 7.33 ± 0.49 s at 1 and 3 h post 

administration on day 29. GSP at a dose of 50, 75 and 100 mg/kg significantly enhanced 

the latency time from pretreatment values of 2.03 ± 0.33, 1.80 ± 0.24, and 1.96 ± 0.30 s to 

4.25 ± 0.35 and 4.82 ± 0.37, 7.21 ± 0.27 and 7.68 ± 0.35, and 7.95 ± 0.36 and 8.70 ± 0.26 

s post 1 and 3 h of administration on day 29, respectively. Combinatorial dose of GBP 

and salicylaldehyde at 100 mg each also reflected a significant rise in FRL after 

administration from a pretreatment value of 1.77 ± 0.18 to 7.52 ± 0.20 and 8.47 ± 0.52 at 

1 and 3 h on day 29. GPS 25 and salicylaldehyde 100 mg/kg both failed to induce any 

effect on reversing the dynamic vulvodynia (P >0.05), (Figure 5.16). 
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Figure 5.16 Effect of GPS (25, 50, 75 and 100 mg/kg), GBP (100 mg/kg), salicylaldehyde plus gabapentin (Sali-100 + GBP-100), and 

salicylaldehyde 100 mg/kg (Sali-100) mg/kg on dynamic vulvodynia (FRL), at 1 and 3 h post-treatment in female rats on day 29. ###P < 0.001 

compared to vehicle control, *P < 0.05, **P < 0.01, ***P < 0.001 compared to streptozotocin alone treated animals. Two-way ANOVA 

followed by Bonferroni's post hoc tests, (n = 8). 
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5.6 Discussion 

Neuropathic pain is a distressing chronic condition and a very common complication 

of diabetes (184). Painful diabetic neuropathy (PDN) is a common reason of 

substantial morbidity. Advanced PDN is allied with increased perception of touch and 

thermal thresholds that leads to sensory loss and degeneration of all types of fibers in 

peripheral nerves (268). A number of different molecular entities have been evaluated 

for their ability to ameliorate allodynia or hyperalgesia associated with diabetes 

induced neuropathy (269-270).  

PGB (271-273) and GBP (184, 274) have been reported to be effective in diabetes 

induced neuropathic pain. Experimental studies have indicated that GBP has subsided 

neuropathic pain in models of spinal cord injury (275) and chemotherapy-induced 

neuropathic pain (275-276). In this study we evaluated the PGS and GPS for any 

possible potential effect in the amelioration of streptozotocin induced diabetic 

neuropathy. Both the PGS and GPS were synthesized (Refer back to chapter 2) and 

characterized chemically (details given in chapter 3). A single injection (i.p) of 

streptozotocin (45 mg/kg) induced hyperglycemia (181) within 72 h. A 10% sucrose 

solution was provided instead of normal tap water for initial 48 h in order to avoid the 

animals from hypoglycemic shock because of huge amounts of insulin in blood as a 

result of pancreatic islets beta cell destruction by STZ. Diabetic hyperglycemia is 

defined as random plasma glucose levels > 250 mg/dL while normal levels may 

fluctuate between 60 and 100 mg/dl (277).  

The development of sensory defects in DPN in humans is puzzling. This is demonstrated 

by the two features that demand treatment, unrelenting pain and hypoesthesia, resulting  

in an absence of protective feelings or sensation in the feet, making the patient susceptible 

to damaging lesions (278-279). The belief that pain and hyperalgesia signify a phase 
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through which a number of patients pass, en route to sensory fibers deterioration, seems 

some what reasonable, but there appears to be no explicit variations in neuropathology of 

patients having pain and those without pain (280). 

In rodents, a single systemic injection of streptozotocin (STZ), a toxin selective for 

pancreatic β cell, results in the induction of diabetes. In rats, STZ induced diabetes is 

not associated with the degeneration of major nerves as reported in humans. However 

STZ model pursues most of the criteria defining neuropathic pain;  hyperalgesia to 

chemical, thermal and  mechanical malicious stimuli, thermal and tactile allodynia 

(281-283), augmented activity of C-fibers in sensory neurons (284), diminished 

sensitivity to opioids (285) and response to antidepressants (286). 

It is proposed that improper glycosylation of any ion channel may lead to post 

translation changes in the PSN resulting in an exaggerated activity that leads to 

engender allodynia, hyperalgesia, and evoked/spontaneous pain (287). Therefore, 

hyperglycemia-modulated peripheral sensory drive is a principal pathogenic 

mechanism behind painful diabetic neuropathy. 

It has also been reported that a lake of balance among the diminished GABA levels 

and normal/augmented excitatory neurotransmitters fallouts in an improved response 

of neurons to deleterious A-fiber mediated stimuli, resulting in obnoxious atypical 

feelings in the spinal cord. Results from anatomy, biochemistry, molecular biology 

and pharmacological data show that activating GABA receptors diminishes the 

response to painful stimuli (115). 

GABAA receptors, specifically, are associated to large diameter afferents that are 

responsible for the modulation of innoxious sensations and  are densely populated in 

the superficial dorsal horn of the spinal cord and it has been confirmed by intrathecal 



Chapter – 5      Evaluation of PGS & GPS in STZ-Induced Diabetic Neuropathy in Rats 

 
 

155 

injection of GABAA receptor agonist and antagonist that produced analgesia and 

hyperalgesia respectively (as well as allodynia) (288).  Correspondingly, signs of 

neuropathic pain have been observed  to decrease  after constant delivery of GABA to 

spinal cord and impending the spinal GABAA receptors, in the initial few days of 

peripheral nerve injury (PNI) exacerbates the allied hyperalgesia for many days (289). 

Therefore, blockade of GABAA receptors at the primary afferent terminals, 

consequences in central sensitization, connoting a tonic inhibitory role for these 

receptors in tactile allodynia. 

Even though, the cause of DIPN is not well-understood but hyperglycemia plus 

dyslipidemia mediated oxidative stress allied with diabetes mellitus are thought to 

play a major role in the reduced function of nerve that becomes evident as distal 

symmetrical polyneuropathy (264).  

Neuropathy provoked hypersensitivity has been postulated to involve disturbances of 

GABAergic transmission. GABA and opioid agonists have been proved to be 

effective in multiple neuropathic syndromes (288, 290-296).  

In the current study, we have studied the effects of PGS and GPS in STZ-induced static 

and dynamic allodynia and, a novel STZ-induced diabetic rat model of vulvodynia, 

established exclusively in our laboratory (184). A decreasing trend in body weights of 

the diabetic rats was observed from day 7 to 29 complying with the symptoms of 

insulin dependent diabetes mellitus as reported previously (283). PGS and GPS 

revealed dose dependent effects in the amelioration of static and dynamic allodynia and 

vulvodynia (Figure 5.7, 5.8, 5.9 and 5.10). These are linked with diabetes mellitus as a 

separate symptom or as a part of a huge group of other abnormalities. Vulvodynia 

associated with diabetes has long been an issue of concern to both the patient and the 
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physician and needs a proper management (297). The promising results obtained in our 

study imply that PGS and GPS are highly effective in suppressing both the static and 

dynamic components of allodynia and vulvodynia (Figure 5.9, 5.10, 5.11 and 5.12). 

Since a little research has been conducted in this area and it majorly remains neglected, 

therefore, no data are available that could link vulvodynia with diabetes. However, there 

are many characteristics that both the conditions (allodynia and vulvodynia) share 

similar chronicity and subjective symptoms like burning, pinning or lancinations and 

cutting or knife like pain perceptions (297). The clinical spectrum of vulvodynia 

encompasses from meek with upsetting discomfort through to relentless and disabling 

pain (298). It is proposed that the pathophysiological mechanisms for vulvodynia may 

start off distant from the vulva and represent changes in the CNS (299). These changes 

result in alterations in the processing of sensory information which are apparent in the 

form of higher sensitivities in regions without evoked pain as a result of lack of balance 

between GABAergic and glutamatergic transmissions (300). Thus, GABA receptors 

positive allosteric modulation is one of the proposed mechanisms in curbing the 

condition of vulvodynia. 

Presently, the treatment of neuropathic pain majorly depends on three classes of drugs 

including antidepressants, anticonvulsants and opioids (301). These drugs are known 

to have varying effects on the GABA through their action on multiple sites on 

GABAA receptors which have been widely studied and found to have significant role 

in the control of neuropathic pain (302-303). At the moment, the need for novel drugs 

with greater efficacies and relatively lesser or no side effects has compelled the 

medical scientists to concentrate the focus of their research on this area and huge 

work is on the way in this area as it remains an unmet challenging goal.  
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5.7 Conclusion: 

The current study has shed light on the efficacy of the newly synthesized PGS, and 

GPS compared to PGB and GBP respectively, in diabetes induced neuropathic pain. 

GPS and PGS at different doses increased the PWT and PWL in case of static and 

dynamic allodynia, with promising results in ameliorating the FLT and FRL in static 

and dynamic vulvodynia.  
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6.1  Introduction: 

Painful CIPN remains under recognized and undertreated. The clinical use of anticancer 

agents is associated with a number of unwanted side effects including neuropathic pain, 

which is intolerable for the majority of patients (304-306). These adverse effects are 

dose-dependent and reduce the therapeutic outcome of chemotherapeutic agents thus  

worsening patient quality of life (307-308). Cisplatin and its analogues (oxaliplatin and 

carboplatin) are used clinically world-wide as a first-line treatment alone or in 

combination with other antineoplastic agents for malignant tumors including for 

example, those associated with lung, breast and colorectal cancer (309-312). The 

neuropathy caused by cisplatin may persist for years (313-314). In addition, 

approximately 20% of patients are unable to complete their course of treatment due to 

the intolerable neuropathic pain arising from the use of antineoplastic agents. The 

neuropathy caused by such drugs is managed by reduction of the cumulative dose, 

individual doses or sometimes by complete cessation of chemotherapy upon the 

appearance of neuropathic symptoms (307).  

Despite cisplatin combined treatment with a variety of drugs including calcium and 

magnesium infusions, amifostine, antioxidants (glutathione, vitamin E, α-lipoic acid 

and N-acetylcysteine) and anticonvulsant or antidepressant drugs (carbamazepine, 

lamotrigine, GBP, PGB or venlafaxine, duloxetine), clinical outcomes have not been 

totally satisfactory (315-317). There is therefore a need for an effective treatment to 

prevent or limit the occurrence and severity of chemotherapy-induced peripheral 

neuropathy. 

PGB is a newer gabapentinoid with  structural similarity with GABA, like that with 

GBP (318). PGB was first approved for the treatment of neuropathic pain in 2004 

within the USA and Europe, and has been indicated for a range of neuropathic pain 
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conditions (319). Currently, the major indication of PGB is for the 

treatment/management of neuropathic pains including diabetic peripheral neuropathy 

(320-322), post herpetic neuralgia (323-324) and  fibromyalgia (325-327). In Europe, 

PGB is the only drug approved for the treatment of central neuropathic pain, peripheral 

neuropathic pain and as well as for generalized anxiety disorders (319). A number of 

studies reveal that PGB is effective in chemotherapy induced peripheral neuropathic 

pain with significant decline in allodynia and hyperalgesia (211-212, 328). Instead of its 

diverse applications in clinical setup, PGB is associated with some adverse effects like 

weight gain (329), somnolence/sedation, dizziness, peripheral edema, infections (330), 

and dry mouth (319). Based upon the frequency of occurrence, dizziness (3–4%) and 

somnolence (2–3%) are the most common adverse effects that lead to the 

discontinuation of drug. Gait imbalance, blurring of vision, euphoria, asthenia, and 

cognitive difficulties (mainly with attention or concentration) are few other adverse 

effects associated with it (331). 

GBP was first approved by the Medicines and Healthcare Products Regulatory 

Agency (MHRA) in 1993 as an oral add-on therapy for the treatment of partial 

seizures and afterward in 2000 for peripheral neuropathy. It is probably one of the 

most effective agents of the newer generation of antiepileptics employed for the 

treatment of neuropathic pain. The efficacy of GBP has been proved in clinical trials 

& in numerous preclinical models of neuropathic pain (184, 332-333). However, there 

is a meager scientific evidence demonstrating GBP efficacy against cisplatin-induced 

preclinical neuropathic pain although a former study has evidenced that it does 

produce a dose dependent relief of mechanical allodynia in cisplatin-induced 

neuropathic rats (190). Moreover, GBP has been shown to be effective in the 

treatment of cancer-related neuropathic pain, by producing a meaningful reduction in 

pain scores in patients receiving radiotherapy, surgery or chemotherapy (334). 
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Unfortunately, the effectiveness of systemic GBP in patients with neuropathic pain 

may be limited by the occurrence of adverse-effects such as dizziness, ataxia, 

lethargy, somnolence, and convulsions (335). Accordingly, the discovery of new 

drugs with enhanced analgesic propensity associated with a reduced side effect profile 

is warranted (223). 

In this context, a rationale was adopted in this investigation using the novel 

compound, PGB derivative; PGS, and GBP derivative; GPS in chemotherapy induced 

neuropathic pain model in rats. Additionally, a motor coordination assessment 

(rotarod) was performed to evaluate their motor performance in comparison to PGB 

and GBP. 

6.2 Aim and Objectives: 

To assess the usefulness of PGS and GPS, these compunds were tested in 

chemotherapy induced neuropathic pain model. Moreover, to evaluate any effect of 

these compounds on motor performance, in comparison to PGB and GBP, rotarod test 

was conducted. 

6.3 Materials and methods: 

6.3.1 Animals: 

Sprague-Dawley rats (either sex) 150-200 g were used in this study. UK Animals 

(Scientific Procedures) Act 1986 and the rules and ethics of the Institutional Ethical 

Committee were followed while performing the experiments. Approval for the study 

was granted with the registration number: 10/EC-15/Pharm. To eliminate bias, all 

animal groups were coded and both the experimental behavior assessors and statistical 

analysts were blind to the treatments. 
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6.3.2 Preparation of solution: 

PGS, GPS, PGB, GBPsolutions were prepared by dissolving them in the vehicle 

comprising of DMSO, Tween-80 and normal saline in a ratio of 5:1:94. Cisplatin 

solution was prepared by dissolving in normal saline.  

6.3.3 Administration of drugs: 

Cisplatin and test drugs solutions were injected via intraperitoneal cavity. While 

sterile saline solution (2.0 mL) was injected through subcutaneously (s.c.) to prevent 

renal damage via hyperhydration before each cisplatin dose (188-190) and animals 

received less than 5.0 mL of dosing solution into the peritoneal cavity. 

6.3.4 Measurement of body weights: 

The body weights of the animals and feeding behavior were monitored on daily basis. 

6.3.5 Induction of cisplatin-induced neuropathic nociception: 

Administration of cisplatin (3.0 mg/kg i.p., once a week for 5 weeks, i.e. cumulative dose 

of 15mg/kg) resulted in the development of CIPN. 

6.3.6 Treatment groups: 

The animals were randomized into the treatment groups as shown below (n = 8), on 

day 37th. 

Group I: Vehicle 

Group II: Cisplatin (3.0 mg/kg/week for 5 weeks) + Vehicle (10 ml/kg on day 37) 

Group III: Cisplatin (3.0 mg/kg/week for 5 weeks) + PGB (30 mg/kg on day 37) 

Group IV: Cisplatin (3.0 mg/kg/week for 5 weeks) + PGS (30 mg/kg on day 37) 

Group V: Cisplatin (3.0 mg/kg/week for 5 weeks) + PGS (50 mg/kg on day 37) 

Group VI: Cisplatin (3.0 mg/kg/week for 5 weeks) + PGS (75 mg/kg on day 37) 



Chapter – 6          Assessment of PGS & GPS in Cisplatin Induced Neuropathic Pain Model in Rats 

 
 

162 

Group VII: Cisplatin (3.0 mg/kg/week for 5 weeks) + PGS (100 mg/kg on day 37) 

Group VIII: Cisplatin (3.0 ml/kg/week for 5 weeks) + Sali (100 mg/kg on day 37) 

Group IX: Cisplatin (3.0 mg/kg/week for 5 weeks) + Sali [PGB + Sali (30 +100) 

mg/kg, coadministration, on day 37], 

For the second compound (GPS), rats were parted into the following groups (n = 8). 

Group I: Vehicle 

Group II: Cisplatin (3.0 mg/kg/week for 5 weeks) + Vehicle (10 ml/kg on day 37) 

Group III: Cisplatin (3.0 mg/kg/week for 5 weeks) + GBP (100 mg/kg on day 37) 

Group IV: Cisplatin (3.0 mg/kg/week for 5 weeks) + GPS (25 mg/kg on day 37) 

Group V: Cisplatin (3.0 mg/kg/week for 5 weeks) + GPS (50 mg/kg on day 37) 

Group VI: Cisplatin (3.0 mg/kg/week for 5 weeks) + GPS (75 mg/kg on day 37) 

Group VII: Cisplatin (3.0 mg/kg/week for 5 weeks) + GPS (100 mg/kg on day 37) 

Group VIII: Cisplatin (3.0 ml/kg/week for 5 weeks) + Sali (100 mg/kg on day 37) 

Group IX: Cisplatin (3.0 mg/kg/week for 5 weeks) + [GBP + Sali (100 +100) mg/kg, 

coadministration, on day 37]. 

6.3.7 Assessment of static mechanical allodynia: 

Animals were tested for static mechanical-allodynia on the 37th day before and after 1 

h and 3 h post-administration of PGB (30 mg/kg), PGS (30, 50, 75, and 100 mg/kg), 

salicylaldehyde (100mg/kg), combined dose of PGB plus salicylaldehyde [(30 + 100) 

mg/kg, co administration], GBP (100 mg/kg), GPS (25, 50, 75, and 100 mg/kg), 

salicylaldehyde (100 mg/kg), combined dose of GPS plus salicylaldehyde [(100 + 

100) mg/kg, co administration], in two separate experiments. A number of 8 von Frey 

hairs (0.4, 0.70, 1.20, 2.00, 3.63, 5.50, 8.50, and 15.10 g) (Stoelting, Wood Dale, 

Illinois, USA) was applied vertically (from beneath) to the mid-plantar area of the 
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operated rear paw to a degree that caused the filament to deform/bend (For details 

refer back to Chapter 2, section 2.18.2.2.). 

6.3.8 Assessment of dynamic mechanical allodynia: 

Dynamic mechano allodynia was measured using a cotton bud stimulus using the 

method adopted by Amanet al and field et al (168, 183). (For details refer back to 

Chapter 2, section 2.18.2.4.) 

6.3.9 Assessment of thermal nociception: 

On the 2nd day of final cisplatin injection (i.e. the 37th protocol day), the animals were 

tested for thermal nociceptive response latency on a hot-plate (Harvard apparatus, 

USA) before, and 1 h and 3 h post-administration of PGB, PGS, salicylaldehyde alone 

or salicylaldehyde plus PGB (co administration) and GBP, GPS, salicylaldehyde 

alone or salicylaldehyde plus GBP (co administration) (187)(For details refer back to 

Chapter 2, section 2.18.2.4.) 

6.3.10 Assessment of motor coordination: 

An individually designed rotarod was used in which the animals were put on a 

rotating drum with the speed increasing from 4 to 40 rpm over 300 s(191). The 

endurance latency for the animals to fall off the rod was measured using a stop-watch 

(For details see Chapter 2, section 2.18.2.5.) 

6.3.11 Statistical analysis:  

Results are presented as mean ± S.E.M. The data in the neuropathy experiments were 

evaluated by two-way RM ANOVA followed by Bonferroni's post hoc test [GraphPad 

Prism 5 (GraphPad Software Inc. San Diego CA, USA)]. A value of P ≤ 0.05 was 

recognized as significant. 
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6.4 Results: 

6.4.1 Effect of PGS and GPS on cisplatin-induced neuropathic static mechano- 

 allodynia: 

Asingle intraperitoneal administration of cisplatin (3.0 mg/kg/week) for 5 consecutive 

weeks generated static mechanical allodynia bilaterally in the hindpaws whereby a 

significant decrement (P < 0.001) in the threshold to elicit the paw withdrawal response 

in reaction to von Frey filaments was observed. ANOVA of the treatment groups 

revealed a significant main effect on the expression of cisplatin-induced mechanical 

static allodynia [time = (F (2, 189) = 288.3, P < 0.0001), treatment = (F (8, 189) = 

127.2, P < 0.0001), interaction = (F (16, 189) = 20.94, P < 0.0001)]. PGS at doses of 

30, 50, 75 and 100 mg/kg reflected a graded dose response. It increased the PWT to 6.6 

± 0.7 g, 10.8 ± 1.0 g, 12.7 ± 0.8 g, 14.2 ± 0.6 g at h 1 (P < 0.001) and 6.0 ± 1.0 g, 11.9 

± 0.8 g, 13.1 ± 0.7 g, and 14.3 ± 0.4 g at h 3 (P < 0.001) from the pretreatment PWT 

values of 1.2 ± 0.3 g, 1.3 ±0.4 g, 1.6 ± 0.4 g, and 1.8 ± 0.3 g compared to the cisplatin 

alone treated animals (Figure 6.1). The positive control drug; PGB endorsed a positive 

shift in the PWT to the mechanical von Frey stimulus at 30 mg/kg by raising the PWT 

from a pretreatment value of 1.3 ± 0.3 g to 8.5 ± 0.6 (P < 0.001) and 9.9 ± 1.2 g (P < 

0.001) at h 1 and 3 post administration on day37 (2nd day of last cisplatin injection). 

Salicylaldehyde 100 mg/kg alone was unable to precipitate any statistically significant 

effect on the PWT when compared to the cisplatin control group (P > 0.05). 

Combination dose of salicylaldehyde and PGB (100 + 30 mg/kg) did set off a more 

pronounced response to the von Frey filament stimulation in the form of increased PWT 

as 9.2 ± 0.5 g (P < 0.001) and 11.2 ± 0.9 g (P < 0.001) at 1 and 3 h post administration 

on the test day (day 37). 
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Figure 6.1 Effect of a single treatment with PGB at 30 mg/kg (PGB-30), its 

derivative, PGS at 30 mg/kg (PGS-30), 50 mg/kg (PGS-50), 75 mg/kg (PGS-75) and 

100 mg/kg (PGS-100), combination dose of salicylaldehyde 100 mg/kg and PGB 30 

mg/kg (Sali-100 + PGB-30), and salicylaldehyde alone 100 mg/kg (Sali-100) on the 

expression of cisplatin-induced static mechanical allodynia [decreased von Frey 

filament threshold pressure; PWT (g)] in the hindpaws after 5 weekly i.p. injections of 

cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed as mean ± S.E.M. of 

50% PWT. ###P < 0.001 compared to vehicle-treated animals, *P < 0.05, **P < 0.01, 

***P < 0.001 compared to cisplatin alone treated animals, two-way RM ANOVA 

followed by Bonferroni's post hoc tests, (n = 8). 

 

On the other hand, in a separate experiment, the PWT of cisplatin treated animals 

decreased to 1.4 ± 0.5 compared to PWT value of 13.7 ± 0.8 g (day 37, pre treatment) 

of vehicle treated animals. GPS, GBP, salicylaldehyde, and a combination dose of 

salicylaldehyde and GBP afforded a significant attenuated effect on the expression of 

cisplatin-induced static mechanical allodynia [time = (F (2, 189) = 83.97, P <0.0001), 

treatment = (F (8, 189) = 49.80, P < 0.0001), interaction = (F (16, 189) = 6.58, P < 

0.0001)]. GPS effectively reversed the cisplatin-induced reduction in mechanical 

nociceptive threshold upon application of gentle pressure with von Frey filaments to 

the mid-plantar region of the bilateral hindpaws on the 37th day. Hence post hoc 
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comparisons revealed significant anti-allodynic activity at doses of 25 mg/kg with 

PWT of 5.2 ± 0.5 and 5.33 ± 1.2 g (P < 0.01, P < 0.05), 50 mg/kg with PWT of 7.7 ± 

0.8 and 10.2 ± 1.2 (P < 0.001), 75 mg/kg with PWT of 12.0 ± 1.4 and 13.0 ± 0.8 (P < 

0.001) and 100 mg/kg with PWT of 12.9 ± 1.4 and 14.2 ± 1.0 (P  < 0.001) when the 

allodynia paradigm was tested 1 h and 3 h post drug administration, respectively. The 

systemic dose of the positive control, GBP (100 mg/kg), allayed the cisplatin-induced 

neuropathic allodynia by significantly suppressing (P < 0.001) the evoked nociceptive 

response from a pretreatment PWT of 2.4 ± 1.0 g to 9.3 ± 1.4 g and 10.4 ± 1.4 g (P < 

0.001), 1 h and 3 h post drug injection, respectively (Figure 6.2). Additionally, 

injection of GPS to non-cisplatin treated animals had no effect on the nociceptive 

behavior and when compared to the cisplatin positive control, it produced a robust 

antinociceptive effect with PWT of (P < 0.001) throughout the testing time-period 

(data not shown here). The effect of salicylaldehyde (100 mg/kg) alone did not 

instigate any significant effect on the decreased PWT of 2.0 ± 0.2 and 1.8 ± 0.3 g (P > 

0.05) post 1 and 3 h of administration compared to its own baseline PWT of 1.0 ± 0.2 

on day 37 of experimental protocol. 
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Figure 6.2 Effect of a single treatment with GBP at 100 mg/kg (GBP-100), its 

derivative, GPS at 25 mg/kg (GPS-25), 50 mg/kg (GPS-50), 75 mg/kg (GPS-75) and 

100 mg/kg (GPS-100), combination dose of salicylaldehyde 100 mg/kg and GBP 100 

mg/kg (Sali-100 + GBP-100) , and salicylaldehyde alone 100 mg/kg (Sali-100) on the 

expression of cisplatin-induced static mechanical allodynia [decreased von Frey 

filament threshold pressure; PWT (g)] in the hindpaws after 5 weekly i.p. injections of 

cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed as mean ± S.E.M. of 

50% PWT. ###P < 0.001 compared to vehicle-treated animals, *P < 0.05, **P < 0.01, 

***P < 0.001 compared to cisplatin alone treated animals, two-way RM ANOVA 

followed by Bonferroni's post hoc tests, (n = 8). 

 

6.4.2 Effect of PGS and GPS on cisplatin-induced neuropathic dynamic  

 mechanical allodynia: 

Development of the dynamic component of cisplatin induced mechanical allodynia was 

prominent on the 2nd day of last cisplatin injection (day 37 of experimental protocol) 

[time = (F (2, 189) = 345.8, P < 0.0001), treatment = (F (8, 189) = 146.6, P < 0.0001), 

interaction = (F (16, 189) = 21.8, P < 0.0001)]. Analyses of the pre and post dosing 

data and comparison of the negative control group with that of the cisplatin only treated 

animals revealed a significant difference (P < 0.001) in the PWL as 1.4 ± 0.4 s 

(pretreatment) of cisplatin only treated group and 14.3 ± 0.3 s (pretreatment) of the 
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vehicle treated animals indicating a persistent development of dynamic allodynia in the 

earlier group. PGS at 30 mg/kg dose effectively curbed the cisplatin-induced PWL from 

a pretreatment latency of 0.8 ± 0.2 s to 6.6 ± 0.1 s (P < 0.001) at h 1 and 7.8 ± 0.3 s (P 

< 0.001) at h 3 of its administration. GPS at doses of 50, 75 and 100 mg/kg shifted 

positively the PWL from pretreatment latency times of 1.7 ± 0.3 s, 1.0 ± 0.2 s, and 1.1 ± 

0.2 s (P < 0.001) to 9.2 ± 0.7 s, 10.4 ± 0.4 s, and 11.9 ± 1.0 s (P < 0.001) at h1 and 10.8 

± 0.7 s, 11.7 ± 0.5, and 13.2 ± 0.5 s (P < 0.001) at h 3 after the administration. 

Similarly, treatment with PGB at a dose of 30 mg/kg imparted a statistically significant 

increment in the PWL 7.7 ± 0.8 s (P < 0.001) at h 1 and 9.4 ± 0.9 s (P < 0.001) at h 3 

from a pretreatment PWL of 0.9 ± 0.2 s (Figure 6.3). Salicylaldehyde 100 mg/kg alone 

did not affect the cisplatin-induced mechanical dynamic allodynia evident from the 

PWL values at pretreatment 0.9 ± 0.3 s and post treatment 2.5 ± 0.3 s (P > 0.05) at h 1 

and 2.2 ± 0.4 s (P > 0.05) at h 3 of its administration on day 37 of the experimental 

protocol. Alternatively, a combination dose of salicylaladehyde and PGB (100 + 30 

mg/kg) significantly attenuated the decreased PWL resulted from the weekly 

administration of cisplatin with pretreatment PWL of1.1 ± 0.4 and post treatment 

latency times of 8.6 ± 0.7 s (P < 0.001) at h 1 and 10.0 ± 0.7 s (P < 0.001) at h 3 

compared to the cisplatin control animals. 
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Figure 6.3 Effect of a single treatment with PGB at 30 mg/kg (PGB-30), its 

derivative, PGS at 30 mg/kg (PGS-30), 50 mg/kg (PGS-50), 75 mg/kg (PGS-75) and 

100 mg/kg (PGS-100), combination dose of salicylaldehyde 100 mg/kg and PGB 30 

mg/kg (Sali-100 + PGB-30) , and salicylaldehyde alone 100 mg/kg (Sali-100) on the 

expression of cisplatin-induced dynamic mechanical allodynia [diminished response 

to cotton bud tactile stimulus; PWL (s)] in the hindpaws after 5 weekly i.p. injections 

of cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed as mean of seconds ± 

S.E.M. of 50% PWT. ###P < 0.001 compared to vehicle-treated animals, *P < 0.05, 

**P < 0.01, ***P < 0.001 compared to cisplatin alone treated animals, two-way RM 

ANOVA followed by Bonferroni's post hoc tests, (n = 8). 

 

ANOVA of GBP, GPS, salicylaldehyde alone and co administration of 

salicylaldehyde and GBP demonstrated a main dose effect of [time = (F (2, 189) = 

420.6, P < 0.0001), treatment = (F (8, 189) = 249.1, P < 0.0001), interaction = (F (16, 

189) = 29.51, P < 0.0001)]. GPS at doses of 25-100 mg/kg, dose dependently 

increased the cisplatin induced pretreatment diminished paw withdrawal latencies 

(PWL) of 1.1 ± 0.2 s, 1.1 ± 0.2 s, 0.98 ± 0.1 s, and 0.8 ± 0.2 s to 4.6 ± 0.3 s, 8.0 ± 0.4 

s, 9.2 ± 0.5 s, and 10.5 ± 0.6 s at h 1 (P < 0.001) and 5.2 ± 0.2 s, 9.8 ± 0.7 s, 10.5 ± 

0.7 s, and 12.4 ± 0.5 s at h 3 (P < 0.001) of the administration. GBP at a dose of 100 

mg/kg imparted a statistically significant boost in the PWL with pretreatment 
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withdrawal latency to the cotton bud stimulus of 0.8 ± 0.1 s and 6.6 ± 0.5 s at h 1 (P < 

0.001) and 7.2 ± 0.4 s at h 3 (P < 0.001) compared to the cisplatin control. 

Salicylaldehyde 100 mg alone treated animals did not show any effect on the PWL of 

the cisplatin treated animals (P > 0.05). On the contrary, animals treated with a 

combination dose of salicylaldehyde and GBP statistically significantly increased the 

PWL in response to the tactile cotton bud stimulus from pretreatment latency time of 

0.7 ± 0.2 s to 7.1 ± 0.5 s at h 1 (P < 0.001) and 8.4 ± 0.5 s at h 3 (P < 0.001) post 

administration on the 2nd day of last cisplatin injection (Figure 6.4). 
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Figure 6.4 Effect of a single treatment with GBP at 100 mg/kg (GBP-100), its 

derivative, gabapentsal at 25 mg/kg (GPS-25), 50 mg/kg (GPS-50), 75 mg/kg (GPS-

75) and 100 mg/kg (GPS-100), combination dose of salicylaldehyde 100 mg/kg and 

gabapentin 100 mg/kg (Sali-100 + GBP-100) , and salicylaldehyde alone 100 mg/kg 

(Sali-100) on the expression of cisplatin-induced dynamic mechanical allodynia 

[diminished response to cotton bud tactile stimulus; PWL (s)] in the hindpaws after 5 

weekly i.p. injections of cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed 

as mean of seconds ± S.E.M. of 50% PWT. ###P < 0.001 compared to vehicle-treated 

animals, *P < 0.05, **P < 0.01, ***P < 0.001 compared to cisplatin alone treated 

animals, two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 8). 
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6.4.3 Effect of the PGS and GPS on cisplatin-induced neuropathic thermal  

 hypoalgesia: 

Cisplatin significantly decreased (P < 0.001) the baseline nociceptive threshold 

evoked by the hot-plate thermal stimulus on protocol day 37 compared to the vehicle 

treated animals conferring the animals' highly sensitive to the hot plate stimulus. A 

significant main effect was observed [time = (F (2, 189) = 334.5, P < 0.0001), 

treatment = (F (8, 189) = 197.3, P < 0.0001), interaction = (F (16, 189) = 27.94, P < 

0.0001)]. A statistically significant effect of PGS on cispaltin-induced 

thermohypoalgesia was observed with all the tested doses of 30, 50, 75 and 100 

mg/kg with pretreatment nociceptive response latency values of 40.6 ± 1.4 s, 39.5 ± 1 

s, 40.6 ± 0.9 s, and 40.8 ± 0.6 s that were decreased to 32.1 ± 0.6 s (P < 0.001), 21.5 ± 

1.2 s (P < 0.001), 18.8 ± 1.1 s (P < 0.001), and 16.3 ± 1.0  s (P < 0.001) at h 1 and 

29.6 ± 0.9 s (P < 0.001), 19.1 ± 1.1 s (P < 0.001), 16.3 ± 1.0 s (P < 0.001), and 13.8 ± 

0.8 s (P < 0.001) at h 3 of the administration versus the cisplatin treated controls. 

Salicylaldehyde failed to induce any effect in response to hot plate nociceptive 

stimulus (P > 0.05) with pre and post dose response latency times of 39.7 ± 0.6 s and 

38.1 ± 0.7 s at h 1 and 37.7 ± 0.7 s at h 3 when compared to the cisplatin control 

animals (Figure 6.5). A significant anti-thermohypoalgesic response was observed 

with a combination dose of salicylaldehyde and PGB (100 + 30 mg/kg) that imparted 

a negative shift in the nociceptive response latency from a pre treatment value of 39.7 

± 1.1 s to 31.3 ± 1.3 s (P < 0.001) at h 1 and 29.0 ± 1.5 s (P < 0.001) compared to the 

cisplatin only treated group. 
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Figure 6.5: Effect of a single treatment with PGB at 30 mg/kg (PGB-30) and its 

derivative, PGS at 30 mg/kg (PGS-30), 50 mg/kg (PGS-50), 75 mg/kg (PGS-75) and 

100 mg/kg (PGS-100) on cisplatin-induced thermal hypoalgesia [increased response 

latency to the thermal stimulus in the hot plate paradigm (s)] after 5 weekly i.p. 

injections of cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed as mean ± 

S.E.M. of nociceptive response latency. ###P < 0.001 compared to vehicle treated 

animals, *P < 0.05, **P < 0.01, ***P < 0.001 compared to cisplatin alone treated 

animals, two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 8).  

 

Cisplatin significantly augmented (P < 0.001) the baseline nociceptive latency evoked 

by the hot-plate thermal stimulus on protocol day 37. In consequence, the thermal 

response threshold increased from a pre-experimental latency of 16.6 s (not shown in 

graph) to 38.6 ± 3.1 s (pre-dose) then up to 39.8 ± 2.2 s (1 h) and 40.8 s ± 2.7 s (3 h) 

post-dose on the test day. ANOVA of GPS, salicylaldehyde alone and salicylaldehyde 

plus GBP (coadministration) revealed a significant dose-effect on cisplatin-induced 

thermal hypoalgesia [time = (F (2, 189) = 15.48, P < 0.0001), treatment = (F (8, 189) = 

20.78, P < 0.0001), interaction = (F (16, 189) = 1.5, P= 0.07)]. Thus, GPS reversed 

cisplatin hypoalgesia in a dose dependent fashion after administration of 50 mg/kg (P < 

0.05, P < 0.01), 75 mg/kg (P < 0.01, P < 0.001) and 100 mg/kg (P < 0.05, P < 0.01) 

from pre dose latency times of 37.8 ± 2.5 s, 38.8 ± 2.1, and 36.1 ± 2.3 to 29.1 ± 3.3, 

26.5 ± 4.4, and 24.5 ± 4.0 at h 1 and 28.2 ± 2.9, 24.1 ± 3.1, and 22.0 ± 3.9 at h 3 

respectively on the 37th day. Likewise, the standard control, GBP (100 mg/kg), had a 
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significant alleviating action (P < 0.01) on cisplatin escalated thermohypoalgesia and 

reduced the latency from a pretreatment latency time of 35.8 ± 3.8 s to 27.5 ± 3.5 s at h 

1 and 27.1 ± 3.1 s at h 3 after the administration (Figure 6.6). Salicylaldehyde, when 

administered alone did not afford any significant effect on cisplatin induced 

thermohypoalgesia with pretreatment latency time of 39.1 ± 1.0 s compared to the 

response latency of 36.8 ± 0.9 s at h 1 and 36.8 ± 0.6 s at h 3 (P > 0.05) of its 

administration. On the other hand, a combinatorial dose of salicylaldehyde and GBP in 

a ratio of 100 mg/kg each did inflict a significant normalizing effect on the cisplatin 

induced thermohypoalgesia which is evident from the comparison of pretreatment 

latency time 38.8 ± 0.8 s to the latency times of 29.3 ± 0.5 s and 29.0 ± 1.7 s at h 1 and 

h 3 post administration respectively when compared to cisplatin alone treated animals. 
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Figure 6.6 Effect of a single treatment with GBP at 100 mg/kg (GBP-100) and its 

derivative, GPS at 25 mg/kg (GPS-25), 50 mg/kg (GPS-50), 75 mg/kg (GPS-75) and 

100 mg/kg (GPS-100) on cisplatin-induced thermal hypoalgesia [increased response 

latency to the thermal stimulus in the hot plate paradigm (s)] after 5 weekly i.p. 

injections of cisplatin at 3.0 mg/kg (cisplatin-3) in rats. Data are expressed as mean ± 

S.E.M. of nociceptive response latency. ###P < 0.001 compared to vehicle treated 

animals, *P < 0.05, **P < 0.01, ***P < 0.001 compared to cisplatin alone treated 

animals, two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 8).  



Chapter – 6          Assessment of PGS & GPS in Cisplatin Induced Neuropathic Pain Model in Rats 

 
 

174 

6.4.4 Activity of PGS and GPS on rotarod performance: 

To observe the effect of the test drugs versus the standard treatments on the motor 

function of the animals, rotarod performance test was conducted. Animals treated 

with PGS 30, 50, 75 and 100 mg/kg, PGB 30 mg/kg, GPS 25, 50, 75 and 100 mg/kg, 

salicylaldehyde alone 100 mg/kg and a combination dose of salicylaldehyde either 

with PGB (100 + 30 mg/kg) or GBP (100 + 100 mg/kg) reflected varying endurance 

latencies on the rotating rotarod drum. PGS did not appear to impart any motor 

incoordination with dose of 30, 50, 75 and 100 mg/kg evident from the rotarod 

endurance latencies of 185.5 ± 1.2 s (P > 0.05), 186.6 ± 1.3 s (P > 0.05), 186.8 ± 1.2 

s (P > 0.05) and 185.8 ± 1.5 s (P > 0.05) at h 1 and 185.5 ± 2.2 s (P > 0.05), 186.5 ± 

1.5 s (P > 0.05), 186.6 ± 2.0 s and 186.1 ± 1.7 s (P > 0.05) at h 3 post administration 

on the test day when compared to the pretreatment rotating drum stay latency of 195.6 

s ± 0.8 s, 194.0 ± 1.3 s, 193.5 ± 1.0 s and 195.0 ± 1.4 s (Figure 6.7). PGB imposed a 

statistically significant motor incoordination at a dose of 30 mg/kg and decreased the 

latency to stay on the rotarod 182.0 ± 0.8 s (P < 0.05) at h 1 and 182.16 ± 1.4 s (P < 

0.01) at h 3 compared to the vehicle injected group at the same testing time. 

Salicylaldehyde alone treated group did not bring any significant effect to the rotarod 

endurance latency at either of h1 or 3 ((P > 0.05)). Moreover, combinatorial dose of 

salicylaldehyde and PGB (100 + 30 mg/kg, coadministration) prompted a statistically 

significant effect on rotarod latency with pretreatment latency time of 193.3 ± 1.9 s 

and post treatment latency times of 170.3 ± 2.1 s and 150.8 ± 8.8 s at 1 and 3 h 

respectively. 
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Figure 6.7 Effect of a single treatment with PGB at 30 mg/kg (PGB-30), its derivative, 

PGS at 30 mg/kg (PGS-30), 50 mg/kg (PGS-50), 75 mg/kg (PGS-75), and 100 mg/kg 

(PGS-100), coadministration of salicylaldehyde 100 mg/kg plus pregabalin 30 mg/kg 

(Sal-100 + PGB-30), and salicylaldehyde 100 mg/kg (Sal-100) alone, on rotarod 

performance in rats. Data are expressed as mean ± S.E.M. of endurance latency (s) 

across three test trials. *P < 0.05, ***P < 0.001 compared to vehicle-treated animals, 

two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

 

ANOVA of GBP mg/kg, GPS 25, 50, 75 and 100 mg/kg, salicylaldehyde 100 mg/kg and 

a combination dose of salicylaldehyde and GPB (100 + 100 mg/kg, coadministration) 

demonstrated a significant main effect on motor coordination in rotarod endurance 

latency [time = (F (2, 105) = 51.45, P < 0.0001), treatment = (F (7, 105) = 30. 67, P < 

0.0001), interaction = (F (14, 105) = 10.55, P < 0.0001)]. Hence, GBP impaired motor 

coordination as manifested by a decrease in the rotarod dismount latency at 100 mg/kg 

evident from a negative shift of rotarod endurance latency from the baseline or 

pretreatment latency of 190.1 ± 2.3 s to 170.1 ± 2.3 s (P < 0.001) at h 1 and 145.6 ± 5.6 s 

(P < 0.001) at h 3 of its administration. In contrast, there was no detectable motor 

incoordination on the rotarod to GPS over the dose range of 25-75 mg/kg except with 100 

m/kg with pretreatment rotarod endurance latencies of 193.3 ± 1.4 s (P > 0.05), 193.8 ± 

2.2 s (P > 0.05), 193.1 ± 1.3 s (P > 0.05) and 191.3 ± 2.2 s (P > 0.05) and 186.3 ± 1.9 s 
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(P > 0.05), 180.0 ± 3.4 s (P > 0.05), 179.6 ± 3.3 s  (P > 0.05) and 176.3 ± 2.1 (P < 0.05) 

at h 1 and 182.8 ± 3.5 s (P > 0.05), 183.5 ± 3.2 s (P > 0.05), 182.0 ± 5.2  s (P > 0.05) and 

178.0 ± 3.8 s (P < 0.05) after h 3 of administration (Figure 6.8). Salicylaldehyde proved 

to be unable to induce any significant change in rotarod latency time (P >0.05). On the 

other hand, a statistically significant fall in rotarod dismount latency was observed with 

the administration of a combination dose of salicylaldehyde and GBP (100 + 100 mg/kg, 

coadministration). The combination dose did bring up a fall in the latency to fall with pre 

treatment time of 191.6 ± 2.0 s and post treatment time of 160.3 ± 3.9 s (P < 0.001) at h 1 

and 136.8 ± 3.6 s (P < 0.001) at 1 and 3 h of administration respectively compared to the 

vehicle treated group. 
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Figure 6.8 Effect of a single treatment with GBP at 100 mg/kg (GBP-100), its 

derivative, GPS at 25 mg/kg (GPS-25), 50 mg/kg (GPS-50), 75 mg/kg (GPS-75), and 

100 mg/kg (GPS-100), coadministration of salicylaldehyde 100 mg/kg plus GBP 100 

mg/kg (Sal-100 + GBP-100), and salicylaldehyde 100 mg/kg (Sal-100) alone, on 

rotarod performance in rats. Data are expressed as mean ± S.E.M. of endurance latency 

(s) across three test trials. *P < 0.05, ***P < 0.001 compared to vehicle-treated animals, 

two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 
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6.5 Discussion: 

The current study was carried out to assess the neuropathic pain alleviating 

effectiveness of PGS and GPS using a refined model of cisplatin-induced neuropathic 

pain in rats (188, 190). Chemotherapy-induced peripheral neuropathy (CIPN) is a 

complication in patients who have received a chemotherapeutic agent that is known to 

be neurotoxic. The platinum compounds (cisplatin, carboplatin, oxaliplatin) belong to 

a commonly used class of neurotoxic chemotherapeutic agents which are associated 

with a length dependent neuropathy that primarily affects distal sites, and as doses 

increase cumulatively, symptoms progress in severity to more proximal areas. The 

sensory signs and symptoms (mild to moderate numbness and tingling of hands and 

feet) typically develop before motor symptoms (rare weakness with high doses) and a 

subset of patients develop painful CIPN (336). 

Several antineoplastic drugs have been reported to induce peripheral neuropathy in 

experimental animals and these include vincristine (337), paclitaxel (338) and 

cisplatin (188). In this respect, animal models have been used to evaluate anticancer 

drug-induced neuropathies in a search for potential therapies to prevent or at least 

minimize nerve damage (188, 338-340). The cisplatin-induced rat model of CIPN is 

currently regarded as being suitable for analgesic efficacy profiling of novel 

compounds and for comparative investigation of the pathobiology of this condition 

relative to that of CIPN induced by other cancer chemotherapy agents (190). In this 

study, weekly injection of cisplatin (3.0 mg/kg i.p.) for 5 weeks (cumulative dose = 15 

mg/kg) produced reliable mechanical allodynia (static and dynamic) and thermal 

hypoalgesia in rat hindpaws, which were consistent with previous reports concerning 

the cisplatin-induced neuropathic pain model (188, 190). 

It has been proved that cisplatin causes axonal degeneration, particularly in 

subcutaneous tissue of the hindpaws and to lesser extent, within the sciatic nerve and 
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lumber region of the rat spinal cord in addition to a reduction in peripheral nerve 

conduction velocity (188). Furthermore, chronic administration of cisplatin has been 

reported to be associated with development of mechanical allodynia and hyperalgesia, 

cold thermal allodynia and hyperalgesia, as well as heat thermal hypoalgesia in rats 

(188, 190). In the current study, mechanical allodynia (static and dynamic) and 

thermal hypoalgesia were selected as the parameter to assess the development of 

peripheral neuropathic pain because low animal stress levels are associated with this 

model (341). Moreover, cisplatin dosing is known to be associated with thermal 

hypoalgesia in the rat hindpaw which is thought to reflect clinical reports of CIPN in 

patients. In this instance, development of mechanical allodynia and loss of noxious 

heat sensitivity may well arise from damage to myelinated αβ fibers with concurrent 

depletion of C-fibers (190). Putative mechanisms underlying neuropathic behaviors 

associated with platinum compounds include apoptosis of dorsal root ganglion (DRG) 

neurons (342), multiple expression of drug transporters (343), alteration of neuronal 

membrane channels such as voltage-gated sodium channels (344), P2X3 and ASIC3 

channels (345), TRPV channels (346) and hyperpolarization-activated cyclic 

nucleotide-gated and mechano-gated potassium channels (347). In addition, there may 

be activation of the p38–mitogen-activated protein kinase pathway (348-349), 

upregulation of the P2X purinoreceptor 7 leading to the production and release of 

TNF and IL-1β (350), activation of NMDA receptors and NOS (351), proliferation of 

activated satellite glial cells and astrocytic gap junctions (352-354) and the production 

of ROS in response to mitochondrial dysfunction (355-356). 

In this study, treatment with PGB, PGS, GBP and GPS limited the expression of 

mechanical allodynia and thermohypoalgesia caused by chronic cisplatin 

administration. An important issue is to view the alterations in the observed 

nociceptive behaviors (mechanical hyperalgesia and thermal hypoalgesia) in relation 
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to the changes in the axons. Mechanical hyperalgesia could be attributed to lesions in 

large fibers that usually exert an inhibitory feedback on small fibers (29, 357) which 

process mechanical hyperalgesia. Other studies have also ascribed the development of 

mechanical allodynia and loss of noxious heat sensitivity to damaged myelinated αβ 

fibers with concurrent depletion of C-fibers (358-359). A key transducer in warm and 

heat pain responding neurons is the TRPV1 channel expressed on polymodal 

nociceptors (360) and it may also contribute to mechano-transmission, particularly 

after the occurrence of an injury (361). TRPV1 and TRPA1 ion channels play a 

significant role in nociceptive processing in platinum drug-induced painful 

neuropathy (362). It has been reported that up-regulation of both TRPV1 and TRPA1 

mRNAs are conjugated with augmented heat and mechanical hypersensitivity. In 

contrast, knock out of TRPV1 creates deficits in thermally evoked pain-related 

behaviors following cisplatin treatment and this is a plausible indication TRPV1 plays 

an essential role in signaling heat inflected pain after cisplatin-induced nerve injury 

(346). 

PGB (319) and GBP (207) have been indicated for the treatment of neuropathy and are 

considered as front-line drugs for various neuropathies of peripheral and central origin. 

Evidence suggests that they potentially operate by increasing the level of GABA (363-

364) by acting as a non-NMDA receptor antagonist  (365-369) and/or by inhibiting the 

α2δ-1 subunit of voltage gated calcium channels (81, 370-371). They also inhibit 

membrane trafficking (binding α2δ-1 subunits and redirecting trafficking of pore 

forming α1 subunits of calcium channels from the endoplasmic reticulum to the plasma 

membrane), impede anterograde axoplasmic transport of α2δ-1 subunits, reduces 

neurotransmitter release (decreasing glutamate, CGRP and substance P release), 

restrains inflammation (diminishing microglial activation and reducing numbers of 
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astrocytes) and inhibits protein kinase C and TRP ion channels (372-373). PGB and 

GBP (and possibly PGS and GPS) are multi-target CNS modulators, acting 

predominantly on spinal and supraspinal sites of the CNS. PGB and GBP are novel 

anticonvulsant agents that may have a unique effect on voltage dependent Ca2+ channel 

currents at postsynaptic dorsal horn neurons. Furthermore, PGB and GBP may interrupt 

an entire series of events, not just a single process that leads to the development of 

neuropathic pain. Preclinical models of anti-inflammatory and neuropathic pain indicate 

that PGB and GBP effectively antagonize the maintenance of this pain (374-375). 

Several studies advocate that none of PGB or GBP bind to either GABAA or GABAB 

receptors (373, 376-377)nor are transformed metabolically into GABA (378). PGB is 

reported not to have any inhibitory effect on GABA-transaminase (GABA-metabolizing 

enzyme) (137). GBP, at higher concentrations in-vitro, is a mixed type inhibitor of 

GABA-transaminase (379) and enhances the activity of partially purified glutamic acid 

decarboxylase enzyme (380). In turn, NMR spectroscopic data have shown that GABA 

concentrations in vivo are increased in patients receiving GBP  (380-381). It is possible 

therefore that multiple mechanisms are responsible for the anticonvulsant, anxiolytic, 

neuroprotective (382) and antinociceptive activity observed in different animal models. 

Chemotherapy has been reported to be associated with the development of thermal 

hypoalgesia (383). Administration of cisplatin resulted in the development of 

thermohypoalgesia and PGB has been reported to effectively ameliorate this condition 

(384). PGB enhanced myelin repair and attenuated the activation of glial cells (385-

386). In the context of the GBP effect on thermal hypoalgesia, a neuroprotective action 

mediated by glutamate receptor-independent mechanisms has been reported (387). 

There is also evidence that GBP improves nerve remyelination after chronic sciatic 

nerve constriction injury (388). However, such neuroprotective or regenerative 
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processes may or may not be invoked sufficiently rapidly to modify thermal 

hypoalgesia within the time frame of our experiments (1-3 h). An alternative 

explanation may conceivably implicate multiple modulatory effects of PGB, GBP (and 

possibly PGS and GPS) on TRPV1 channels based on the very intensive role of these 

receptors in modulating the heat sensations. Today we understand that 

thermosensitive afferents bear ion channels of the transient receptor potential 

(TRP) family that are activated at trenchant temperature thresholds, thus 

constituting  the molecular basis for thermosensation (389). It has been reported 

that various TRP family ion channels (TRPV1-TRPV4,  and TRPM8 and TRPA1) are 

heat sensitive (390-391). Generally, TRPV1 is the receptor that mainly mediates the 

effects of capsaicin. Besides capsaicin, TRPV1 can also be activated by the endogenous 

vanilloid lipids, acidic pH, and heat (392-393). TRPV1 is expressed mainly by 

unmyelinated C-fibers and thinly myelinated Aδ-fibers and plays a key role in 

inflammatory and thermal sensation (389, 394-395). TRPV1 are sometimes 

regarded as the thermal receptor for nociceptive thermal stimuli (395). TRP related 

channels are regarded as the most important route of Ca+2 entry (396). Upregulation of 

TRPV channels is associated with higher perception of thermal stimuli while a 

downregulation is allied with a reduced response to thermal stimuli (396-397). A 

significant decline in the circulating nerve growth factors (NGF) has been reported 

following cisplatin treatment. These decreased levels of NGF adversely affect the 

expression of TRPV channels, thus leading to the development of thermohypoalgesia 

(398). PGB and GBP (possibly PGS and GPS) may, in way or the other, enhance the 

level of the NGF and consequently the expression of TRPV channels , thus normalizing 

the thermohypoalgesic response (399). In relation to this, activation of downregulated 

TRPV1 channels is conducive to thermal hypoalgesia. Moreover, GBP mediated 
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noradrenaline  release (400-402) sensitizes TRPV1 receptors in DRG neurons (403) and 

upregulates TRPV1 expression by ATP released from sympathetic efferents via the 

PKC (protein kinase C) cascade (404). This complex action may well contribute 

towards relief of TRPV1 downregulation-induced thermal hypoalgesia. Furthermore, 

after peripheral nerve injury, TRPV1 expression is associated with different patterns 

and though there is increased TRPV1 expression in uninjured neurons downregulation 

does occur following neuronal injury. This may possibly be due to the absence of nerve 

growth factor (NGF) which is not only essential for nociceptive neuronal survival but 

also plays an important role in the expression of TRPV1 (405-407). It is against this 

background that any association of other TRP channels (408) cannot be excluded from 

involvement in GBP activity against neuropathic conditions (409) though little 

information is available on this topic. 

PGB and GBP have been demonstrated in several clinical trials to be beneficial 

against various neuropathies including those associated with diabetes, postherpetic 

neuralgia, and other aetiologies (211, 410). Thermal hypoalgesia may be underpinned 

by reduced TRPV1 expression and function bringing about more serious 

complications if untreated. These comprise alterations in microvascular function 

owing to a diminished release of CGRP, neuronal loss, development of gangrene and 

total loss of sensation leading to amputation. Thrifty monitoring of hypoalgesic 

conditions and immediate treatment may moderate the advancement and severeness of 

disease especially in those pathological conditions specifically associated with this 

phenotype (411). 

In this study, PGS and GPS were evaluated for their prospective antinociceptive 

effectiveness in relation to PGB and GBP in the cisplatin-induced neuropathic pain 

model in rats. Treatment with PGS and GPS had an attenuating action on cisplatin-

induced nocifensive behaviors as evidenced by alleviation of mechanical allodynia and 
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thermal hypoalgesia at relatively low doses of 30 mg/kg and 25 mg/kg as well as at 

higher doses equivalent to those of PGB and GBP. Moreover, PGS and GPS were 

lacking any observable side effects usually encountered with the use of PGB and GBP 

such as asthenia, ataxia (272, 412) or motor incoordination (191, 413). This was 

confirmed using the rotarod paradigm in which PGB and GBP both resulted in 

significant impairment of motor coordination. These undesirable motoric effects were 

ostensibly avoided with PGS and GPS, though at the highest dose, a transient decrease 

in endurance dismount latency was observed along with retention of antinociceptive 

activity. Similarly, salicylaldehyde, when tested at 100 mg/kg, did not display any 

significant effect on cisplatin-induced static mechano-allodynia or thermal hypoalgesia. 

Salicylaldehyde was also found to be lacking any activity on rotarod performance. 

Nevertheless, coadministration of PGB with salicylaldehyde (30 mg + 100 mg) /kg  and 

GBP with salicylaldehyde (100 mg + 100 mg) /kg resulted in a decline of the paw 

withdrawal threshold (static mechano-allodynia) which was comparable to that of PGB 

or GBP alone. Also, there was a normalizing effect of the PGB and GBP, individually 

in combination of salicylaldehyde on cisplatin-induced thermohypoalgesia. The activity 

of the combination was most likely to be attributable to the presence of either PGB or 

GBP rather than salicylaldehyde which did not manifest any effect on either of the 

parameters when it was administered alone. Performance of animals (treated with the 

combinations) on the rotarod also expressed motor incoordination analogous to that 

previously seen with PGB (414) GBP (191). CIPN can be extremely painful and 

disabling, causing considerable loss of functional abilities liable to decrease quality of 

life. The available treatments of CIPN remain ineffective to alarge extentand even 

though diverse pharmacological strategies have been tried, no sigle agent has yet been 

proved to be advantageous. As a consequence, a large number patients is forced to 

reduce dose or halt the use of potentially curative neurotoxic drugs (415-416). This 

emphasizes the need for new pharmacotherapy with an improved therapeutic profile 

that could prove to be beneficial in the treatment of CIPN. 
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6.6 Conclusion: 

Weekly injections of cisplatin (3.0 mg/kg) for five weeks evoked nociceptive 

sensitivity to non-painful tactile stimuli (static mechanical allodynia) and also 

increased heat nociceptive perception (thermohypoalgesia) expressed on the 37th 

protocol day. PGB or GBP and their salicylaldehyde derivatives; PGS and GPS, both 

suppressed these cisplatin-induced nocifensive behaviors as a manifestation of a 

neuropathic pain alleviating propensity in this rodent model of CIPN. Neither PGS 

nor GPS did markedly impair the motor performance, as the motor incoordination 

detected with these was of a much lower magnitude than that with either PGB or GBP 

in the rotarod assay. These findings suggest that PGS and GPS may be advantageous 

in the management of CINP, though further detailed clinical and pre-clinical studies 

are warranted. 
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7.1 Introduction: 

Injury to the peripheral nervous system can lead to abnormal pain conditions 

collectively referred to as neuropathic pain (417). It includes a large number of 

heterogeneous pain syndromes with diverse etiologies, which however, typically 

exhibit frequent disordered somatosensory attributes such as hyperalgesia, allodynia, 

paroxysmal spontaneous pain, and paraesthesia (418). It is therefore likely that some 

of the inherent mechanisms of neuropathic pain may be shared by different syndromes 

(68). This pain syndrome comprises of some particular somatosensory disorders. The 

most salient symptoms include allodynia and hyperalgesia. In reality, allodynia and 

hyperalgesia can be elicited by both mechanical and thermal (hot/cold) stimuli (40, 

419). The condition may also arise following other pathological states such as 

diabetes mellitus, HIV infection, mechanical trauma, tumor invasion, metabolic 

diseases, neurotoxic chemicals, infections, and autoimmune diseases. It involves 

multiple pathophysiological changes in autonomic and central nervous systems (126, 

145, 420) and rarely responds to conventional analgesics (421-424). The management 

of patients with chronic neuropathic pain is therefore not straightforward and the 

effectiveness of current treatments is unpredictable with a delayed onset of analgesia 

and a high side effect profile (18). 

Currently, the pharmacological management of neuropathic pain is based chiefly on 

the utilization of anticonvulsant and antidepressant drugs rather than opioids whose 

use is considered controversial (425). Moreover, drugs which are marketed for the 

management of neuropathic pain are less than optimal and mitigate pain in only about 

50% of patients, so therapy of neuropathic pain is a notable unmet medical challenge 

(18, 426). At present, in the anticonvulsant drug category, GBP and PGB, are the 

most frequently prescribed (427) while the tricyclics are the those of choice among 

the antidepressants (17, 425, 428-429). 
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The Chronic constriction injury model (CCI model) was developed in the laboratories 

of the Neurobiology and Anesthesiology Subdivision of the National Institute of 

Dental Research (NASNIDR), National Institutes of Health (NIH) as an exclusive 

model of post-traumatic painful peripheral neuropathy (192). 

 

 

 

  

 

 

 

 

 

 

  

Figure 7.1 Show (A) Muscle held opened with retractors after placing a cut to expose 

the sciatic nerve, (B) and (C) Ligation process, and (D) The sciatic nerve along with 

the pattern, position, and number of ligatures. 

 

7.2 Aim and Objectives: 

On the basis of interesting results of PGS and GPS in curbing the inflammatory 

responses evoked with different inflammatogenic agents (Like carrageenan, 

serotonin and histamine), attenuating pain like behaviors in hot plate analgesiometry 

and abdominal stretch tests, suppressing the painful symptoms in STZ and 
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chemotherapy induced neuropathy, we opted to further evaluate the effectiveness of 

these compounds in CCI model of neuropathy in rats. 

7.3 Materials and methods: 

7.3.1 Chemicals: 

PGB was gifted by Wilshire laboratories (Lahore Pakistan) while GBP was obtained 

from Lowitt Pharmaceuticals, Peshawar Pakistan. Xylazine [(Xylaz, 20 mg/mL), 

Farvet Laboratories, Bladel, Netherlands] and ketamine [(Ketarol, 50 mg/mL) Global 

Pharmaceutical, Islamabad, Pakistan]. Povidone iodine topical 10% w/v solution 

[(Pyodine) Brookes Pharma, Karachi, Pakistan], Lubricating ophthalmic ointment 

[(Lacri-Lube) Barrett Hodgson, Karachi, Pakistan]. 

7.3.2 Instruments: 

Ligatures [(Chromic catgut suture 4/0, metric 2) Ethicon, Karachi, Pakistan], Silk 

braided [(2/0, metric 2) Zhejiang Medicines and Health Products, Hangzhou, 

Zhejiang, China]. Surgical stapler [(Manipler AZ-35W, B) Braun Surgical S A, Rubi, 

Spain]. 

7.3.3 Animals: 

Male Sprague Dawley rats, weighing 250–350 g and kept in a 12 h-12 h light-dark 

cycle at 22.0 ± 2.0 °C were utilized in the study with food and water available ad 

libitum (for details refer back to chapter 2, section: 2.15). 

7.4 Induction of neuropathic pain: 

CCI model was used to induce neuropathic pain (192). In brief, each animal was 

anaesthetized with an intraperitoneal (i.p) injection of xylazine (10 mg/kg) and ketamine 

(100 mg/kg) and then laid in a prostrate position on a heat regulated pad. Lubricating 

ophthalmic ointment (Lacri-Lube®; Barrett Hodgson, Karachi, Pakistan) was applied to 

the eyes to avoid dryness. 

https://en.wikipedia.org/wiki/%C2%AE
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The left thigh was raised and the fur on the posterior skin was shaved. The naked skin 

was mopped with a povidone iodine topical 10% w/v. A 3–4 cm incision was made 

parallel to the long axis of the femur and down the center of the biceps femoris 

muscle. The connective tissue between the gluteus superficialis and the biceps femoris 

muscles was cut seeing through a magnifying glass. The gap between the two muscles 

was widened using ribbon retractors, and approximately 10 mm of the sciatic nerve 

(proximal to the sciatic trifurcation) was freed from the nearby connective tissues by a 

micro-scissor. Four ligatures, each with a double knot, were tied 1.0 mm away from 

each other and proximal to the trifurcation of the sciatic nerve (Figure 7.1). 

Tightness of the knot was kept minimal and straight away discontinued when a 

succinct twitch in the leg was observed. The muscle layer was then sutured and the 

skin was closed using a surgical stapler. In sham-operated rats, an identical procedure 

was conducted, without sciatic nerve ligation (193). 

7.5 Preparation of solutions: 

Solutions of PGS and GPS were prepared as discussed previously. 

7.5.1 Administration of drugs: 

The vehicle, PGB, PGS, and the standard drugs PGB and GBP were administered via 

intraperitoneal (i.p) route and their effect was assessed 1 and 3 h post-administration 

on day 15 of the surgery. 

7.5.2 Study architecture: 

All the animals were subjected to pre-experimental baseline testing on day -5. On day 0, 

either sham or CCI procedures were performed as described above. All the test 

parameters for the measuring the pain score were repeated on day 7 to observe the 

expression of the painful responses to various stimuli and then on day 15 (pretreatment) 
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(Figure 7.2). Animals were injected with PGS, PGB, GPS, GBP, or saline on day 15 

and all the pharmacological tests were performed at 1 and 3 h post treatment. 

 

Figure 7.2 Experimental protocol 

7.5.2.1 Treatment groups: 

Animals were randomized into different treatment groups (n=6 per group, Table 7.1). 

Baseline allodynia and hyperalgesia assessments in normal animals were taken 5 days 

before surgery. Then the first reading following CCI was carried out on the protocol 

7th experimental day. On day15, the pre-and post-dose (1 and 3 h) assessments were 

performed. 

Table 7.1 Treatment groups for PGS 

 Experimental groups Treatment Dose[mg/kg, i.p] 

1 Sham control Vehicle (10 ml/kg) 

2 CCI control Vehicle (10 ml/kg) 

3 CCI +PGB 30 

4 CCI + [Sali + PGB (coadm.)] (100 + 30) 

5 CCI + Salicylaldehyde 100 

6 CCI + PGS 30 

7 CCI + PGS 50 

8 CCI + PGS 75 

9 CCI + PGS 100 

 



Chapter – 7                 PGS and GPS in CCI Model of Neuropathic Pain  

 
 

190 

Table 7.2 Treatment groups for GPS 

 Experimental groups Treatment Dose[mg/kg, i.p] 

1 Sham control Vehicle (10 ml/kg) 

2 CCI control Vehicle (10 ml/kg) 

3 CCI + GBP 100 

4 CCI + [Sali + GBP (coadm.)] (100 + 100) 

5 CCI + Salicylaldehyde 100 

6 CCI + GPS 25 

7 CCI + GPS 50 

8 CCI + GPS 75 

9 CCI + GPS 100 

7.6 Static mechano-allodynia: 

A sequence of 8 von Frey hairs  (0.6, 0.4, 1, 2, 4, 6, 8, 15 g force) (Stoelting, Wood 

Dale, Illinois, USA) was applied vertically from beneath to the mid-plantar region of 

the operated left hindpaw to a degree that caused the filament to buckle (185). Each 

von Frey hair was enforced for up to 6 s (cut-off time) or till a +ve reaction was 

observed. Paw withdrawal or flinching instantly on removing the filament was 

registered as a +ve response and a next filament of smaller force was used for the 

ensuing assessment. 

In case of the lack of any response, the subsequent von Frey hair of bigger force was 

employed (for details refer back to chapter 2; section 2.18.3.3.1.). 

7.7 Dynamic mechano-allodynia: 

Dynamic mechano-allodynia was evaluated by gently stroking the mid-plantar region 

of the operated paw with a cotton bud. Flinching or licking of the paw was recognized 
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as a withdrawal response and the time elapsed till the onset was recorded as the paw 

withdrawallatency (PWL). An interval of 15 s  was imposed as the cut-off time (196) 

(for details refer back to chapter 2; section 2.18.3.3.2.). 

7.8 Heat hyperalgesia: 

The operated left hind paw was lightly contacted at the mid region of the paw with a 

heated probe held at a fixed temperature (56.0 °C). The probe was applied to evoke a 

paw flick response and both the paw withdrawal latency (PWL) and duration (PWD) 

were then measured up to a maximum cut-off latency of 10 s (192). 

7.9 Mechano-hyperalgesia: 

Rats were placed experimental area and the tip of an office paper pin was forced 

against the mid-plantar region of the operated paw such that the skin was depressed 

inward but not pierced (prick test). The latency to paw withdrawal (PWD) was 

documented, with a discretionary nominal time of 0.5 s (for the short normal 

response) and a maximal cut-off of 15.0 s (196). 

7.10 Cold allodynia: 

50 uL of acetone was sprayed carefully onto the mid-plantar area of the operated hind 

paw without touching the skin, using a blunt needle coupled to a syringe plunger. The 

duration of the withdrawal response (PWD) was measured with a discretionary 

minimal value of 0.5 s and a maximum of 15.0 s (196). 

7.11 Locomotor activity: 

Open field epitome was used to assess general locomotor activity that consisted of a 

floor area of 50 × 40 cm distributed into four identical quadrants by lines (167). On 

the drug testing day, individual rat was familiarized to the test apparatus for about 30 
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min. The incidence of line crossing by each animal was counted for 20 min, 1 and 3 h 

post systemically administered GBP, test drug or vehicle treatment. Locomotor 

activity was later on recorded post surgically on days 7 and 15. 

7.12 Motor coordination: 

7.12.1 Rotarod: 

Rotarod apparatus was used where animals were mounted on a circumvolving drum 

with velocity increasing from 4 to 40 rpm across a time period of 5 min. This 

impelled animals to move forward in order to avoid falling down (167, 191). The 

latency to rotarod dismount was recorded and all the animals were given three trials 

on the test day before drug administration. Motor performance was assessed on day -5 

(pre-trial) and after surgical intervention on days 7 and 15 with motor function 

assessment at1 and 3 h post systemic administration of GBP/GPS/vehicle. 

7.13 Statistical analysis: 

Results are presented as mean ± S.E.M. Analysis of data was performed by employing 

two-way RM ANOVA followed by post hoc Bonferroni's test [GraphPad Prism 5 

(GraphPad Software Inc. San Diego CA, USA)]. A value of P ≤ 0.05 was admitted as 

significant. 

7.14 Results: 

7.14.1 General behaviour of animals: 

No changes in general behavior and social interaction were observed between the CCI 

animals and the naive and sham operated controls. Autotomy was observed in about 1 

% of all the ligated animals and these were excluded from the study. A comparable 

increase in body weight was observed in all experimental groups. 
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7.14.2 Activity of PGS and GPS on CCI induced static mechanical allodynia: 

CCI subjected rats expressed a diminished response to the von Frey filament stimuli in 

comparison to the animals subjected to sham operated procedure (day 7-15, P < 0.001). 

The PWT decreased from a pre-CCI value of 14.9 g to post-CCI value of 0.90 g. 

Statistical analysis revealed a significant main effect on CCI induced mechanical 

allodynia [time = (F (4, 180) = 406.7, P < 0.001), treatment = (F (8, 180) = 115.1, P < 

0.001), interaction = (F (32, 180) = 11.32, P < 0.001)]. CCI-GBP (100 mg/kg) treated 

animals displayed resistance to the von Frey filament pressure at 1 and 3 h test intervals 

(7.4 ± 1.0 g and 9.2 ± 1.6 g, P < 0.005) respectively compared to pre GBP 

administration (7.0 ± 0.7 g, P >0.05) on day 15 (Figure 7.3). Vehicle treated CCI-animals 

exhibited a coherent allodynia like response from day 7-15 [(day 7: 5.7 ± 0.5 g , P < 

0.001), (day 15:pretreatment: 1.3 ± 0.4 g, P < 0.001), (day 15:1 h post treatment: 1.2 ± 

0.2 g) and (day 15: 3 h post treatment: 1.2 ± 0.4 g)] when compared to the sham operated-

vehicle treated animals [(day 7: 14.6 ± 0.9 g, P < 0.001), (day 15 pretreatment: 14.1 ± 0.6 

g, P < 0.001), (day 15, 1 h post treatment: 14.6 ± 0.7 g, P < 0.001) and day (day 15, 3 h 

post treatment: 14.5 ± 0.9 g, P < 0.001)]. Animals treated with GPS significantly 

attenuated the CCI induced PWT to gentle static force of von Frey filament when 

assessed at 1 and 3 h post-doses of 30 mg/kg (4.0 ± 0.5 g and 4.1 ± 0.2 g, P < 0.05, P < 

0.01), 50 mg/kg (8.0 ± 0.4 g and 8.2 ± 0.5 g, P < 0.001), 75 mg/kg (10.8 ± 0.7 g and 

11.3 ± 1.2 g, P < 0.001) and 100 mg/kg (11.8 ± 0.9 g and 12.6 ± 0.8 g, P < 0.001) on 

day 15 of the experimental protocol. The CCI animals challenged with the treatment of 

a combination dose of salicylaldehyde (100 mg) and PGB (30 mg) showed a PWT of 

(5.0 ± 0.4 g and 5.2 ± 0.3 g, P < 0.001) compared to the PWT values of CCI treated 

animals (1.2 ± 0.2 g) and (1.2 ± 0.4 g) on the same day. Treatment with salicylaldehyde 

(100 mg) alone did not impart any statistically significant difference between the PWT 

values of pre or post treatment times or that of CCI controls. 
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Figure 7.3 Effect of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on CCI 

induced static mechanical allodynia. Values are expressed as mean ± SEM. ##P < 

0.01, ###P < 0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P 

< 0.001 compared to CCI-untreated animals, two-way RM ANOVA followed by 

Bonferroni's post hoc tests, (n = 6). 

 

Similarly, GPS was assessed in for its effect in mechanical allodynia using the von Frey 

monofilaments. Animals subjected to the CCI procedure expressed rapid responses to 

the von Frey filament stimulus in contrast to sham operated animals (day 7-15, P < 

0.001). The paw withdrawal threshold decreased from a pre-CCI value of 15.0 g to a 

protocol day 15 post-CCI value of 0.90 g. Statistical analysis revealed a significant 

main effect on CCI induced mechanical allodynia [time = (F (4, 180) = 406.7, P < 

0.001), treatment = (F (8, 180) = 115.1, P < 0.001), interaction = (F (32, 180) = 11.32, 

P < 0.001)]. CCI-GBP (100 mg/kg) treated animals displayed resistance to the von Frey 

filament pressure at 1 and 3 h test intervals (7.4 ± 1.0 g and 9.2 ± 1.6 g, P < 0.005) 

respectively compared to pre GBP administration (7.0 ± 0.7 g, P >0.05) on day 15 

(Figure 7.4). Drug naive CCI-animals exhibited a persistent allodynic response from 

day 7-15 [(day 7: 5.6 ± 0.6 g , P < 0.001), (day 15: pretreatment: 0.9 ± 0.2 g, P < 

0.001), (day 15:1 h post treatment: 0.9 ± 0.3 g) and (day 15: 3 h post treatment: 0.8 ± 

0.3 g)] within the experimental protocol when compared to the sham operated animals 
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[(day 7: 14.1 ± 0.5 g, P < 0.001), (day 15 pretreatment: 13.7 ± 0.4 g, P < 0.001), (day 

15, 1 h post treatment: 14.0 ± 0.8 g, P < 0.001) and day (day 15, 3 h post treatment: 

14.4 ± 0.7 g, P < 0.001)]. Animals treated with GPS significantly attenuated the CCI 

induced paw withdrawal threshold to gentle static von Frey filament pressure when 

tested at 1 and 3 h post-doses of 25 mg/kg (3.5 ± 0.5 g and 3.5 ± 0.3 g, P >0.05), 50 

mg/kg (4.2 ± 0.7 g and 5.3 ± 0.5 g, P < 0.01, P < 0.001), 75 mg/kg (5.5 ± 0.7 g and 7.4 

± 1.3 g, P < 0.001) and 100 mg/kg (9.5 ± 0.6 g and 11.3 ± 1.1 g, P < 0.001) on day 15 

of the experimental protocol compared to CCI-vehicle treated group of animals. 

Coadministration of salicylaldehyde and GBP ensued in a significant boost of PWT to 

con Frey filaments measured in terms of the force applied to the plantar region of the 

ligated hind paw as 5.4 ± 0.6 g and 6.2 ± 0.9 g versus to the CCI-vehicle treated 

animals (P < 0.001). Salicylaldehyde alone treatment did not show any variation in 

the PWT after its administration with the PWT values of 1.6 ± 0.3 g and 1.3 ± 0.2 g 

versus CCI controls (P > 0.05). 
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Figure 7.4 Effect of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on CCI 

induced static mechanical allodynia. Values are expressed as mean ± SEM. ##P < 

0.01, ###P < 0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P 

< 0.001 compared to CCI-untreated animals, two-way RM ANOVA followed by 

Bonferroni's post hoc tests, (n = 6). 
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7.14.3 Activity of PGS and GPS on CCI induced dynamic mechano-allodynia: 

Dynamic component of mechanical allodynia was prominent in CCI subjected animals 

(P < 0.001) when evaluated against the sham operated animals on day 15 of 

experimental procedure (Figure 7.5). An anti-allodynic response, in the form of 

heightened PWL, was exhibited by all the CCI subjected animals after treatment either 

with PGB, PGS or acombination of Sali-PGB [time = (F (4, 225) = 554.5, P < 0.001), 

treatment = (F (8, 180) = 82.67, P < 0.001), interaction = (F (32, 180) = 17.96, P < 

0.001)]. PGB revealed an anti-dynamic allodynia response with PWL values of 6.3 ± 

0.8 s and 6.6 ± 0.8 s (P < 0.001) compared to CCI-vehicle treated control PWL values 

of 2.6 ± 0.5 s and 2.8 ± 0.4 s at 1 and 3 h post-administration respectively. Whilst the 

PWL values for PGS administered animals were dose-dependent as 30 mg/kg (5.0 ± 0.7 

and 5.1 ± 0.5, P < 0.05), 50 mg/kg (9.7 ± 0.8 s and 10.7 ± 0.2 s, P < 0.001), 75 mg/kg 

(10.8 ± 0.8 s and 12.2 ± 0.5 s, P < 0.001) and 100 mg/kg (12.7 ± 0.7 s and 13.2 ± 0.5 s, 

P < 0.001) at 1 and 3 h post-administration respectively. Sham-operated animals 

displayed a higher PWL to the stimulus (13.8 ± 0.9 s and 13.6 ± 0.6 s, P < 0.001) when 

versus the CCI-vehicle treated group (2.6 ± 0.5 s and 2.8 ± 0.4 s). Animals treated with 

the combination dose of salicylaldehyde and PGB (100 + 30) mg/kg also showed a 

propensity of increasing the PWT values of 5.2 ± 0.5 (P < 0.01) and 5.2 ± 0.4 s (P < 

0.05) at 1 and 3 h compared to the CCI treated animals at same testing time. Sole 

treatment with salicylaldehyde did not reveal any significant effect on the increased 

sensitivity of the paw to the dynamic cotton bud stimulus. 
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Figure 7.5 Activity of PGB (100 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on 

chronic constriction injury (CCI) induced dynamic mechanical allodynia. Values are 

expressed as mean ± SEM. ##P < 0.01, ###P < 0.001 compared to sham-operated 

animals, *P < 0.05, **P < 0.01, ***P < 0.001 compared to CCI-untreated controls, 

two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

 

In case of GPS, dynamic mechano-allodynia was manifested by animals subjected to 

CCI (P < 0.001) versus sham operated controls when tested on the 15th protocol day 

(Figure 7.6). In contrast, an anti-allodynic response was noted after treatment with 

either GBP, GPS or coadministration of salicylaldehyde and GBP as [time = (F (4, 

180) = 547.6, P < 0.001), treatment = (F (8, 180) = 53.9, P < 0.001), interaction = (F 

(32, 180) = 13.61, P < 0.001)]. In the case of GBP, the anti-allodynic response values 

were 5.5 ± 0.4 s and 6.0 ± 0.8 s (P < 0.01) compared to CCI-vehicle treated control 

values of 2.8 ± 0.6 s and 3.2 ± 0.4 s at 1 and 3 h post-administration respectively. 

Whilst the PWL values for GPS treated animals were dose-related at doses of 50 

mg/kg (7.0 ± 0.7 s and 0.2 ± 0.9 s, P < 0.001), 75 mg/kg (9.0 ± 0.8 s and 10.7 ± 0.7 s, 

P < 0.001) and 100 mg/kg (11.2 ± 0.9 s and 12.5 ± 0.4 s, P < 0.001) at 1 and 3 h post-
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administration respectively. GPS (25 mg/kg) did fail to attenuate the CCI-induced 

enhanced sensitivity to the cotton bud dynamic stimulus (3.3 ± 0.7 s and 4.2 ± 0.8 s, P 

> 0.05) respectively 1 and 3 h post drug administration. Sham-operated animals on 

the other hand displayed a higher paw withdrawal latency to the stimulus (13.3 ± 0.9 s 

and 14.2 ± 0.5 s, P < 0.001) when compared to the CCI-vehicle treated group (2.8 ± 

0.6 s and 3.2 ± 0.4 s). Treatment with combination dose of salicylaldehyde and GBP 

conferred a significant boost to the PWL as 5.2 ± 0.5 s (P < 0.01) and 5.2 ± 0.4 s (P > 

0.05) at 1 and 3 h respectively after the administration, compared to the CCI controls. 

Administration of salicylaldehyde alone was not found to produce any effect against 

the CCI induced decreased PWL to the dynamic cotton bud stimulus at any testing 

time (P > 0.05). 
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Figure 7.6 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on CCI 

induced dynamic mechanical allodynia. Values are expressed as mean ± SEM. ##P < 

0.01, ###P < 0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P 

< 0.001 compared to CCI-untreated controls, two-way RM ANOVA followed by 

Bonferroni's post hoc tests, (n = 6). 
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7.14.4 Activity of PGS and GPS on CCI induced thermal hyperalgesia  

 (heightened PWD): 

Thermal hyperalgesia was developed as a result of sciatic nerve ligation procedure. 

PGB decreased the PWD of CCI animals from day 15 pretreatment value of 12.5 ± 

0.2 to 7.2 ± 0.8 s at h 1 and 5.2 ± 0.5 s at h 3 of the treatment (P < 0.001) (Figure 7.7). 

ANOVA revealed an overall main dose effect after treatment with either PGB, PGS or 

Sali-PGB (combination) [time = (F (4, 225) = 375.1, P < 0.0001), treatment = (F (8, 

225) = 92.1, P < 0.0001), interaction = (F (32, 225) = 15.8, P < 0.0001). Hence, PGB 

(30 mg/kg) induced a fall in PWD after 1 and 3 h of its administration (7.2 ± 0.8 s and 

5.1 ± 0.5 s, P < 0.001) compared to the CCI-vehicle controls (13.5.0 ± 0.5 s and 14.4 

s, P < 0.001) on day 15. On protocol day 15, compared to the CCI-vehicle treated 

animals (PWD; 13.5.0 ± 0.5 s and 14.4 s, P < 0.001), PGS evoked a dose dependent 

decline in PWD over the dose range starting from 30 (10.3 ± 0.6 s, P < 0.01 and 9.0 ± 

1.0 s, P < 0.001), 50 (6.7 ± 0.8 s and 5.7.7 ± 0.5 s, P < 0.001), 75 (5.2 ± 0.8 s and 4.3 

± 0.4 s, P < 0.001) and 100 mg/kg (4.3 ± 0.6 s and 3.7 ± 0.3 s, P < 0.001) at 1and 3 h 

post treatment. Combined administration (co-administration) of salicylaldehyde and 

PGB also instigated a drop in the PWD from a pre treatment PWD value of 13.5 ± 0.2 

s to 10.8 ± 0.7 and 11.5 ± 1.0 at h 1 and h 3 post administration (P < 0.05). However, 

no post effect on PWD was seen in case of salicylaldehyde (alone) administration.  
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Figure 7.7 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on the 

CCI induced thermal hyperalgesia (paw withdrawal duration). Values are expressed 

as mean ± SEM. ##P < 0.01, ###P < 0.001 compared to sham controls, *P < 0.05, **P 

< 0.01, ***P < 0.001 compared to CCI-operated and untreated animals, two-way RM 

ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

 

On the other hand, GBP induced an inhibition of thermal hyperalgesia increasing a 

pre-CCI paw withdrawal duration of 0.5 s (an arbitrary value given to the response of 

normal animals) (-5 day) up to a 14 s duration on the 15th day post-CCI (Figure 7.8). 

An overall main dose effect was observed after treatment with either GBP, GPS or the 

coadministration of salicylaldehyde and GBP [time = (F (4, 180) = 452.2, P < 

0.0001), treatment = (F (8, 180) = 83.45, P < 0.0001), interaction = (F (32, 180) = 

12.71, P < 0.0001). Thus, GBP (100 mg/kg) administered to the CCI group induced a 

decrease in the PWD as (8.8 ± 0.9 s and 6.5 ± 0.6 s, P < 0.001, at 1 and 3 h post 

drugadministration) compared to the CCI-vehicle controls (14.0 ± 0.3 s, P < 0.001) on 

day 15. GPS evoked a dose dependent diminution in PWD over the dose range 

starting from 25 (11.8 ± 0.5 s, P < 0.01 and 10.7 ± 0.6 s, P < 0.001), 50 (8.2 ± 0.7 s 

and 7.7 ± 0.5 s, P < 0.001), 75 (6.8 ± 0.7 s and 5.8 ± 0.4 s, P < 0.001) and 100 mg/kg 

(5.3 ± 0.7 s and 5.0 ± 0.4 s, P < 0.001) compared to the CCI-vehicle treated animals 
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(PWD; 14.0 ± 0.9 s, P < 0.001), at 1and 3 h post administration. Coadministration of 

salicylaldehyde and GBP statistically significantly decreased the PWD from a 

pretreatment value of 13.2 ± 0.3 s to 11.0 ± 0.7 s (P < 0.01) at h 1 and 8.7 ± 0.9 s (P < 

0.001), at h 3 compared to the CCI-vehicle controls. Exclusive administration of 

salicylaldehyde was lacking any effect (P > 0.05). 
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Figure 7.8 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on the 

CCI induced thermal hyperalgesia (paw withdrawal duration). Values are expressed 

as mean ± SEM. ##P < 0.01, ###P < 0.001 compared to sham controls, *P < 0.05, **P 

< 0.01, ***P < 0.001 compared to CCI-operated and untreated animals, two-way RM 

ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

 

7.14.5 Activity of PGS and GPS on CCI induced heat hyperalgesia (shortened PWL): 

Administration of PGB (30 mg/kg) inflicted an ascension in paw withdrawal latency 

(PWL) (5.1 ± 0.5 s, P < 0.001) at 1 h and (5.5 ± 0.6 s, P < 0.001) at 3 h post 

treatment on the15th CCI protocol day compared to vehicle treated CCI controls (2.3 ± 

0.1 s, P < 0.001). ANOVA analysis of left paw reaction latencies indicated a main 

group effect of PGB, PGS and combination dose of salicylaldehyde and PGB [time = 

(F (4, 225) = 487.5, P < 0.0001), treatment = (F (8, 225) = 143.5, P < 0.0001), 

interaction = (F (32, 225) = 25.5, P < 0.0001). A direct relation between dose and 
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response was observed with PGS treatment (30-100 mg/kg) (Figure 7.9). Post hoc 

analysis further revealed that all CCI-PGS challenged groups showed a significant 

effect compared to CCI-vehicle controls after 1 and 3 h of administration on day 15 of 

the CCI procedure and produced discernable effects at doses of 30 (6.7 ± 0.5 s, P < 

0.01 and 7.0 ± 0.5, P < 0.001), 50 (9.7 ± 0.5 s and 10.3 ± 0.8 s, P < 0.001), 75 (11.2 ± 

0.3 s and 11.6 ± 0.8 s, P < 0.001), and 100 mg/kg (12.2 ± 0.7 s and 13.2 ± 0.6 s, P < 

0.001). Combination dose of salicylaldehyde and PGB (100 + 30) mg/kg furnished a 

statistically significant increase in the PWL (P < 0.05) while salicylaldehyde alone at 

100 mg/kg failed to express any significant impact on PWL compared to the CCI-

vehicle treated controls (P > 0.05). 
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Figure 7.9 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on CCI 

induced heat hyperalgesia (shortened paw withdrawal latency, PWL, s). Values are 

expressed as mean ± SEM. ##P < 0.01, ###P < 0.001 compared to sham controls, *P < 

0.05, **P < 0.01, ***P < 0.001 compared to CCI-untreated controls, two-way RM 

ANOVA followed by Bonferroni's post hoc tests, (n = 6). 
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GBP (100 mg/kg) induced a rise in paw withdrawal latency (8.0 ± 1.4 s, P < 0.001) at 1 h 

and (9.8 ± 1.8 s, P < 0.001) at h 3 post treatment on the15th protocol day compared to 

vehicle treated controls (1.7 ± 2.2 s, P < 0.001). ANOVA analysis of left paw reaction 

latencies indicated a main dose effect of both GBP, GPS and coadministration of 

salicylaldehyde and GBP [time = (F (4, 180) = 484.4, P < 0.0001), treatment = (F (8, 

180) = 75.88, P < 0.0001), interaction = (F (32, 180) = 14.67, P < 0.0001). A graded dose 

response relationship was observed with GPS treatment (25-100 mg/kg) (Figure 

7.10).Post hoc analysis revealed that all CCI-GPS treated groups differed significantly 

from the CCI-vehicle controls at 1 and 3 h post administration on day 15 of the CCI 

procedure and produced discernable effects at doses of 25 (3.7 ± 0.6 s, P < 0.01and 4.2 ± 

0.8, P < 0.001), 50 (5.3 ± 0.6 s and 6.7 ± 0.8 s, P < 0.001), 75 (6.7 ± 0.5 s and 0.7 ± 1.6 s, 

P < 0.001), and 100 mg/kg (9.5 ± 0.9 s and 11.0 ± 0.6 s, P < 0.001). Coadministration of 

salicylaldehyde and GBP also curbed the CCI induced heat hyperalgesia (shortened 

PWL, s) from a pretreatment PWL (s) of 2.2 ± 0.1 s on day 15 to 6.3 ± 0.6 s at h 1 and 7.5 

± 0.4 s at 3 of the administration compared to PWL of CCI-vehicle treated animals 1.6 ± 

0.3 s and 2.2 ± 0.5 s during the period of testing. 
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Figure 7.10 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on 

CCI induced heat hyperalgesia (shortened paw withdrawal latency, PWL, s). Values 

are expressed as mean ± SEM. ##P < 0.01, ###P < 0.001 compared to sham controls, 

*P < 0.05, **P < 0.01, ***P < 0.001 compared to CCI-untreated controls, two-way 

RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

 

7.14.6 Activity of PGS and GPS on CCI induced static mechanical hyperalgesia: 

Sciatic nerve ligation produced a heightened mechanical nociceptive PWD (P < 

0.001) from day 7 till the end of experiment on day 15. The measure of hyperalgesia, 

induced by gentle pin pressure on the operated hind paw, was raised from the pre-

ligation baseline of 0.6 ± 0.04 s to 8.5 ± 0.3 s on day 7, and to 13.7 ± 0.2 s on day 15 

(Figure 7.11). A significant main effect was reflected by PGB, PGS and the 

combination dose of salicylaldehyde and PGB on the CCI-induced PWD [time = (F 

(4, 225) = 397.7, P < 0.0001), treatment = (F (8, 225) = 105.0, P < 0.0001), 

interaction = (F (32, 225) = 15.65, P < 0.0001)]. Thus, PGB (30 mg/kg) reversed the 

CCI-induced augmented PWD (8.7 ± 0.9 s and 9.3 ± 0.7 s, P < 0.001) 1 and 3 h post-

treatment on day 15 compared to CCI-vehicle treated rats with PWD of 14.3 ± 0.3 s 
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and 14.2 ± 0.6 s. PGS administration also induced a fall in CCI-evoked hyperalgesia 

in terms of PWD to the pin prick mechanical stimulus at doses of 30 (9.0 ± 0.8 s, P < 

0.001), 50  (7.3 ± 1.0 s, 5.8 ± 0.3 s, P < 0.001), 75 (5.3 ± 0.5 s, 4.3 ±  0.3 s, P < 0.001) 

and 100 mg/kg (3.8 ± 0.5 s and 2.7 ± 0.3 s, P < 0.001) on the 15th protocol day1 and 3 

h after treatment compared to CCI-vehicle control animals. Administration of 

combination dose of salicylaldehyde and PGB (100 + 30) mg/kg also demonstrated a 

significant effect against the pin prick induced hyperalgesia evident from a 

comparison of pretreatment PWD 13.7 ± 0.2 s and post treatment PWD of 10.8 ± 0.6 s 

(P < 0.001) at h 1and 11.17 ± 0.7 s (P < 0.01) at h 3 on day 15, though 

salicylaldehyde alone did not impart any significant effect against the pin prick 

elicited hyperalgesia. 
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Figure 7.11 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on CCI 

induced static mechanical hyperalgesia [increased paw withdrawal duration (PWD) to 

pin prick stimulus]. Values are expressed as mean ± SEM. ##P < 0.01, ###P < 0.001 

compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P < 0.001 compared 

to CCI-untreated animals, two-way RM ANOVA followed by Bonferroni's post hoc 

tests, (n = 6). 
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Unilateral sciatic nerve ligation elicited anelevated mechanical nociceptive paw 

withdrawal response latency (P < 0.001) from protocol day 7 till the end of experiment 

on day 15. The hyperalgesia induced by gentle pin pressure on the operated left hind 

paw was raised from the pre-ligation baseline of 0.5 s to 12.8 s on day 7 to 13.7 s on the 

15th day (Figure 7.12). A significant main effect was shown by GBP, GPS and 

coadministration on the CCI-induced paw withdrawal threshold [time = (F (4, 180) = 

383.5, P < 0.0001), treatment = (F (8, 180) = 63.5, P < 0.0001), interaction = (F (32, 

180) = 11.91, P < 0.0001)]. Thus, GBP (100 mg/kg) reversed the CCI-induced 

augmented PWD (7.8 ± 0.7 s and 6.8 ± 0.7 s, P < 0.001) 1 and 3 h post-treatment on 

day 15 compared to CCI-vehicle treated animals 13.5 ± 0.6 s and 13.5 ± 0.9 s. GPS 

treatment also abolished CCI-evoked hyperalgesia to the pin prick stimuli at doses of 25 

(11.2 ± 0.9 s, P < 0.05), 50  (9.2 ± 1.0 s, 8.2 ± 0.9 s, P < 0.001), 75 (6.5 ± 0.8 s, 5.2 ±  

0.5 s, P < 0.001) and 100 mg/kg (5.0 ± 0.7 s and 3.3 ± 0.5 s, P < 0.001) on the 15th 

protocolday1 and 3 h after treatment compared to CCI-vehicle control animals. 

Coadministration of salicylaldehyde and GBP reduced the CCI induced heightened 

PWD from a day 15 pre treatment value of 13.88 ± 0.2 to 10.2 ± 1.4 s (P < 0.01) at h 1 

and 10.5 ± 1.3 s (P < 0.05) at h 3 of administration compared to the CCI-vehicle treated 

controls during the same testing period. Salicylaldehyde alone failed to attenuate the 

CCI induced increased withdrawal duration (P > 0.05).  
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Figure 7.12 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on 

CCI induced static mechanical hyperalgesia [increased paw withdrawal duration 

(PWD) to pin prick stimulus]. Values are expressed as mean ± SEM. ##P < 0.01, ###P 

< 0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P < 0.001 

compared to CCI-untreated animals, two-way RM ANOVA followed by Bonferroni's 

post hoc tests, (n = 6). 

 

7.14.7 Activity of PGS and GPS on CCI-induced cold allodynia: 

Spraying acetone (50 µL) on the plantar region of the hind paw elicited a paw 

withdrawal reflex demonstrated in the form of PWD indicating an exaggerated painful 

condition to a normally non painful stimulus. PGB, PGS and a combined dose of 

salicylaldehyde and PGB revealed a significant main effect of CCI-induced cold 

allodynia [time = (F (4, 225) = 514.8, P < 0.0001), treatment = (F (8, 225) = 104.9, P 

< 0.0001), interaction = (F (32, 225) = 19.5, P < 0.0001)] (Figure 7.13). There was a 

decreased withdrawal reflex to hind paw acetone application in the CCI animal group 

in comparison to sham operated controls (P < 0.001). Consequently, the duration of 

the paw lifting in response to acetone was markedly increased from a pre-surgery 
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baseline of 0.6 s (-5 day) to 4.9 ± 0.2 and 13.3 ± 0.2 on protocol days 7 and 15 

respectively. This CCI induced increment in PWD (s) was subsequently curbed on 

protocol day 15 by PGS in a dose dependant manner at doses of 30, 50, 75 and 100 

mg/kg to 9.2 ± 0.6 and 8.8 ± 0.8 s (P < 0.0001), 6.0 ± 0.6 and 6.7 ± 0.4 s (P < 

0.0001), 5.0 ± 0.6 and 4.7 ± 0.5 s (P < 0.0001), and 4.2 ± 0.7 and 3.7 ± 0.6 s (P < 

0.0001, P < 0.0006) at 1 and 3 h post treatment. Likewise, a pronounced decrease in 

paw withdrawal duration (8.5 ± 0.6 s, P < 0.001) and 8.0 ± 0.8 s (P < 0.001) was also 

observed with PGB (30 mg/kg) treatment. Combined dose of salicylaldehyde and 

PGB also incited a statistically significant effect and lowered the PWD of the CCI 

induced cold allodynia (P < 0.05, P < 0.00) at h 1 and 3 post administration. 

Salicylaldehyde alone failed to induce any significant response (P > 0.05) compared 

to CCI-vehicle controls.  
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Figure 7.13 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on CCI 

induced cold allodynia [increased paw withdrawal duration (PWD) to a sprayed drop 

of acetone on the hindpaw. Values are expressed as mean ± SEM. ##P < 0.01, ###P < 

0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P < 0.001 

compared to CCI-untreated animals, two-way RM ANOVA followed by Bonferroni's 

post hoc tests, (n = 6). 
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Significant differences between the mean PWD of CCI-vehicle treated animals and 

the sham-vehicle treated animals after spraying a drop (50 uL) of acetone revealed the 

development of cold allodynia on day 15 compared to vehicle (P < 0.001). GBP, GPS 

and combination dose of salicylaldehyde and GBP had a significant main effect of 

CCI-induced cold allodynia [time = (F (4, 180) = 400.4, P < 0.0001), treatment = (F 

(8, 180) = 55.7, P < 0.0001), interaction = (F (32, 180) = 11.4, P < 0.0001)] (Figure 

7.14). There was a decelerated withdrawal response to hind paw acetone application 

in the CCI animal group in comparison to sham operated controls (P < 0.001). 

Consequently, theduration of paw lifting in response to acetone spray was markedly 

increased from a pre-surgery baseline of 0.5 s (-5 day) to 12.2 ± 0.2 and 13.0 ± 0.2 on 

protocol days 7 and 15 respectively. A pronounced decrease in paw withdrawal 

duration (8.3 ± 0.5 s, P < 0.0001) at h 1 and 6.5 ± 1.1 s (P < 0.0021) at h 3 was 

observed with GBP (100 mg/kg) treatment post administration on day 15. Likewise, 

CCI induced increment in PWD (s) was curbed by GPS in a graded fashion at doses 

of 25, 50, 75 and 100 mg/kg to 12.0 ± 0.8 and 10.8 ± 0.7 s (P < 0.0001), 9.5 ± 0.5 and 

8.7 ± 0.6 s (P < 0.0001), 7.0 ± 0.6 and 5.3 ± 0.5 s (P < 0.0001), and 6.2 ± 0.4 and 4.2 

± 0.4 s (P < 0.0001, P < 0.0006) on protocol day 15 at 1 and 3 h post treatment. 

Combination dose of salicylaldehyde and GBP also endorsed the reversal of CCI 

induced heightened PWD evident from the differences in the mean PWD before 

treatment 12.8 ± 0.2 s and post treatment 10.8 ± 0.7 s (P < 0.05) at h 1 and 8.3 ± 0.6 s 

(P < 0.01) at h 3 of administration. Salicylaldehyde had no effect on PWD response 

(P >0.05) after acetone application.  
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Figure 7.14 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on 

CCI induced cold allodynia [increased paw withdrawal duration (PWD) to a sprayed 

drop of acetone on the hindpaw]. Values are expressed as mean ± SEM. ##P < 0.01, 
###P < 0.001 compared to sham-operated animals, *P < 0.05, **P < 0.01, ***P < 

0.001 compared to CCI-untreated animals, two-way RM ANOVA followed by 

Bonferroni's post hoc tests, (n = 6). 

 

7.14.8 Activity of PGS and GPS on locomotor performance of rats: 

An overall declivity was observed in the locomotor activity of the rats after the sciatic 

nerve ligation that was measured in terms of a fall in the count of lines traversed 

versus sham operated animals in a specialized arena evaluated on day 7-15 

(pretreatment) (Figure 7.15). ANOVA of the overall activity depicted a significant 

main effect of PGB and PGS [time = (F (4, 320) = 138.8, P < 0.0001), treatment = (F 

(15, 320) = 28.0, P < 0.0001), interaction = (F (60, 320) = 5.2, P < 0.0001)]. Post-hoc 

analysis further revealed that the CCI-PGB animals experienced a rise in locomotor 

performance compared to the CCI-vehicle controls. The number of lines traversed by 

all the CCI subjected animals declined from a pre-surgery value of 67.61 ± 0.8 (-5 

day) to 47.5 ± 1.9 (7 day) and 41.1 ± 2.3 (day 15, pretreatment). No significant 

variability in the number of lines traversed by the animals after treatment with either 
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PGB (30 mg/kg, 35.3 ± 3.2 and 34.2 ± 2.4, P > 0.05) or PGS [(30 mg, 44.7 ± 3.0, 

44.0 ± 3.3, P > 0.05), (50 mg/kg, 41.2 ± 1.5 and 44.8 ± 1.8, P < 0.05), (75 mg/kg, 

45.2 ± 2.1 and 47.3 ± 0.9, P > 0.05), (100 mg/kg, 47.0 ± 2.5 and 50.2 ± 2.7, P > 

0.05)] was observed compared to the CCI-vehicle controls (40.0 ± 2.5 and 40.3 ± 2.3) 

at 1 and 3 h post treatment on day 15. Co-administration of salicylaldehyde and PGB 

did induce a significant fall in the overall locomotor activity measured in terms of a 

significant decline in the count of lines traversed as 30.2 ± 1.7 (P < 0.01) at h 1 and 

30.0 ± 2.4 (P < 0.01) at h 3 compared to the CCI-vehicle treated group during the 

same period of testing on day 15. Moreover, salicylaldehyde was also found to be 

lacking any effect on locomotor performance of the CCI and sham-operated vehicle 

treated animals (P > 0.05). 
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Figure 7.15 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on 

general locomotor activity in CCI animals expressed in a behavioral arena over a 

period of 20 min, on day -5 (pre-CCI), 7, 15 (pre drug treatment and post-CCI) and at 

1 and 3 h post drug treatment on day 15. Values are expressed as mean ± SEM. #P < 

0.05, ##P < 0.01, ###P < 0.001 compared to sham controls, **P < 0.01, ***P < 0.001 

compared to CCI-untreated animals, two-way RM ANOVA followed by Bonferroni's 

post hoc tests, (n = 6). 
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In a separate experiment, ligation of the sciatic nerve of the left hind paw resulted in 

an overall decline in locomotor performance leading to a significant fall in the total 

numbers of lines crossed by the CCI-animals versus sham operated controls from days 

7-15(Figure 7.16). Statistical analysis disclosed a significant main effect of GBP, GPS 

and combination dose of salicylaldehyde and GBP [time = (F (4, 325) = 148.5, P < 

0.0001), treatment = (F (15, 325) = 26.8, P < 0.0001), interaction = (F (60, 325) = 6.4, 

P < 0.0001)]. Post-hoc analysis further revealed that the CCI-GBP animals 

experienced an increment in locomotor activity compared to the CCI-vehicle controls. 

The count of lines traversed by all the CCI animals decreased from a pre-surgery 

value of 68.2 ± 0.7 (-5 day) to 49.2 ± 1.6 (7 day) and 42.8 ± 1.9 (day 15, 

pretreatment). A marked increase in the number of lines traversed by the animals after 

treatment with either GBP (100 mg, 34.7 ± 1.7 and 37.7 ± 1.2, P < 0.001)  or GPS 

[(25 mg, 25.5 ± 1.9,  26.7 ± 1.3, P >0.05 ), (50 mg, 29.5 ± 1.8 and 29.5 ± 1.6, P < 

0.05), (75 mg, 40.3 ± 1.5 and 46.3 ± 1.0, P < 0.001), (100 mg, 49.5 ± 2.2 and  52.8 ± 

2.4, P < 0.001)] was observed  compared to the CCI-vehicle controls (20.7 ± 1.2 and 

20.0 ± 1.5) at 1 and 3 h post treatment on day 15. Effect of combination dose of 

salicylaldehyde and GBP in terms of mean number of lines crossed was 24.2 ± 2.4 (P 

< 0.001) at h 1 and 24.7 ± 2.2 (P < 0.001) at h 3 of administration compared to the 

CCI-vehicle treated animals. While salicylaldehyde was found to have no effect on 

the mean number of lines crossed (P >0.05). 
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Figure 7.16 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on 

general locomotor activity in CCI animals expressed in a behavioral arena over a 

period of 20 min, on day -5 (pre-CCI), 7, 15 (pre drug treatment and post-CCI) and at 

1 and 3 h post drug treatment on day 15. Values are expressed as mean ± SEM. #P < 

0.05, ##P < 0.01, ###P < 0.001 compared to sham controls, **P < 0.01, ***P < 0.001 

compared to CCI-untreated animals, two-way RM ANOVA followed by Bonferroni's 

post hoc tests, (n = 6). 

 

7.14.9 Activity of PGS and GPS on motor coordination: 

7.14.9.1 Rotarod: 

The effect of various doses of PGS (30-100 mg/kg) on motor coordination in the 

rotarod assay was assessed. ANOVA depicted a significant main effect of PGB, PGS, 

and coadministration of salicylaldehyde and PGB [time = (F (4, 320) = 398.6, P < 

0.0001), treatment = (F (15, 320) = 187.0, P < 0.0001), interaction = (F (60, 320) = 

18.0, P < 0.0001)]. Nerve ligation resulted in a deficit in motor coordination as 

evidenced by a fall in the dismount latency from 198.8 ± 1.2 s (day-5) to 151.1 ± 3.2 s 

(day 7) and 117.8 ± 1.3 s (day 15, pretreatment). Treatment of CCI rats with PGS at 

doses of 30, 50, 75, and 100 mg/kg did not impart any significant effect on the latency 

to dismount as 109.2 ± 1.1 s and 113.7 ± 2.0 s, 115.3 ± 2.0 s and 121.2 ± 2.0 s, 111.7 

± 5.0 and 118.3 ± 4.8 s, and 105.8 ± 3.8 s and 110.3 ± 3.1 s compared to the CCI-Veh 

111.2 ± 2.4 s and 111.8 ± 2.2 s on day 15 at 1 and 3 h post PGS administration, 

respectively. On the contrary, PGB 30 mg/kg induced a significant decline in rotarod 
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fall off latency to 94.8 ± 3.0 s and 92.7 ± 3.8 s compared to vehicle controls at 1 and 3 

h post treatment respectively, on day 15. Also, the sham operated-PGB treated 

animals demonstrated a significant fall in the dismount latency 179.7 ± 3.5 s (P < 

0.05) and 174.6 ± 3.9 s (P < 0.01) compared to the sham-vehicle treated animals 

199.5 ± 6.4 s and 196.7 ± 5.5 s on day 15 at 1 and 3 h (Figure 7.17). Combined 

administration of salicylaldehyde and PGB to both of the sham operated and nerve 

ligated animals ensued in a significant drop of rotarod dismount latency time. Sham 

operated-combination dose treated animals showed a rotarod latency of 157.2 ± 5.5, 

and 153.0 ± 6.4 (P < 0.001) compared to sham controls while the CCI animals after 

coadministration of salicylaldehyde and PGB depicted a latency period of 92.0 ± 2.2 s 

(P < 0.05) and 85.2 ± 2.0 s (P < 0.001) on the rotating drum, compared to the CCI 

controls having latency time of111.2 ± 2.4 s and 111.8 ± 2.2 s post 1 and 3 h on day 

15 of the experiment. Salicylaldehyde alone did not impart any significant effect on 

either of sham or CCI operated animals (P < 0.05). 
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Figure 7.17 Activity of PGB (30 mg/kg) and PGS (30, 50, 75 and 100 mg/kg) on 

rotarod performance in CCI animals expressed as the dismount latency on day -5 (pre-

CCI, pre-drug), 7, 15 (pre-drug, post CCI) and at 1 and 3 h post drug treatment on 15th 

day.  Values are expressed as mean ± SEM. #P < 0.05, ##P < 0.01, ###P < 0.001 

compared to sham controls, **P < 0.01, ***P < 0.001 compared to CCI-untreated 

animals, two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 
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Rotarod assay was also performed on various doses of GPS (25-100 mg/kg) to probe 

its effect on motor coordination. ANOVA revealed a significant main effect [time = 

(F (60, 320) = 488.6, P < 0.0001), treatment = (F (15, 320) = 166.7, P < 0.0001), 

interaction = (F (60, 320) = 22.53, P < 0.0001)]. Nerve ligation resulted in a deficit in 

motor coordination as evidenced by a fall in the dismount latency from 197.3 ± 2.0 s 

(day-5) to156.3 ± 1.2 s (day 7) and 114.0 ± 0.9 s (day 15, pretreatment). Treatment of 

CCI rats with GPS at doses of 25, 50, 75, and 100 mg/kg did not impart any 

significant effect on the latency to dismount as 110.7 ± 2.5 s (P > 0.05) and 110.5 ± 

1.8 s (P > 0.05), 109.0 ± 2.8 s (P > 0.05) and 108.8 ± 1.0 s, 113.7 ± 2.3 s (P > 0.05) 

and 99.3 ± 2.9 s (P > 0.05), and 105.0 ± 3.0 s (P > 0.05) and 86.3 ± 1.8 s (P < 0.01) 

compared to the CCI-Veh treated animals 110.0 ± 1.9 and 107.7 ± 2.3 s on day 15 at 1 

and 3 h post GPS administration, respectively. On the contrary, GBP 100 mg/kg 

significantly reduced dismount latency to 85.8 ± 2.2 s (P < 0.01) and 80.0 ± 2.5 s (P 

< 0.001) compared to CCI-vehicle treated animals, 110.0 ± 1.9 and 107.7 ± 2.3 s on 

day 15 at 1 and 3 h post treatment, respectively. Also, the sham operated-GBP treated 

animals demonstrated a significant fall in the dismount latency 139.7 ± 3.9 s (P < 

0.001) and 129.8 ± 3.1 s (P < 0.001) compared to the sham-vehicle treated animals 

195.3 ± 8.8 s and 191.3 ± 6.3 s on day 15 at 1 and 3 h (Figure 7.18). Coadministration 

of salicylaldehyde and GBP to either of sham (P < 0.001) or CCI (P < 0.001) animals 

demonstrated a significant fall in the latency to stay on the rotating drum when 

compared to Shame-Vehicle or CCI-Vehicle controls respectively. Salicylaldehyde 

alone administration to CCI and sham animals resulted in a decline in the rotarod 

latency but that was statistically non significant (P > 0.05). 
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Figure 7.18 Activity of GBP (100 mg/kg) and GPS (25, 50, 75 and 100 mg/kg) on 

rotarod performance in CCI animals expressed as the dismount latency on day -5 (pre-

CCI, pre-drug), 7, 15 (pre-drug, post CCI) and at 1 and 3 h post drug treatment on 15th 

day. Values are expressed as mean ± SEM. #P < 0.05, ##P < 0.01, ###P < 0.001 

compared to sham controls, **P < 0.01, ***P < 0.001 compared to CCI-untreated 

animals, two-way RM ANOVA followed by Bonferroni's post hoc tests, (n = 6). 

7.15 Discussion: 

Neuropathic pain following nerve damage, whether from physical, chemical, metabolic, 

infection or other reasons, infrequently responds to conventional analgesics. 

Gabapentinoids, PGB and GBP, however, have manifested consistent analgesic efficacy 

in animal models of neuropathic pain (421-422, 430) and also in patients with chronic 

pain of this type (145, 431). Several studies have shown that PGB (414, 432-433) and 

GBP (434) are distinctively efficacious against allodynia and hyperalgesia.  

PGB has demonstrated effectiveness as an adjunctive treatment for epilepsy and in a 

number of neuropathic pain models (370). GBP has also been demonstrated to be 

superior to morphine in relieving the static and dynamic components of allodynia 

(335) in addition to yielding a dose dependent elevation of withdrawal threshold to 
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painful stimuli in rodents (368). Their clinical usefulness however, is limited owing to 

the presence of side effects, of which dizziness, somnolence, ataxia and lethargy, are 

the most prominent dose limiting examples (159, 211, 335).  

In consequence, there is a need for the development of drugs with an improved safety 

and efficacy profile for neuropathic pain. These days, the concept of conjugating two 

or more drugs having different pharmacological activities, has received attention as a 

rationale to improve therapeutic index and minimize adverse effects (435). In this 

context therefore, the antiallodynic and antihyperalgesic effects of PGB and GBP and 

their conjugation with the anti-inflammatory salicylaldehyde (213), were investigated 

in a model of traumatic nerve injury (CCI) in rats. A number of animal models have 

been reported to simulate human peripheral neuropathic conditions, a substantial 

proportion of which are based on procedures involving the sciatic nerve (435). In the 

CCI technique, loose unilateral ligations of the sciatic nerve mimic many 

pathophysiological changes seen in patients with chronic neuropathic pain (192). The 

model also possesses sensitivity to a number of systemically administered agents 

employed in the clinic for the symptomatic treatment of chronic neuropathic pain 

(436). 

Our study has demonstrated that intraperitoneal treatment with either PGB, PGS, 

GBP, and GPS clearly diminished evoked nociceptive responses at the end of a 15-

day protocol entailing the procedure. PGB possesses a wide spectrum of activities like 

tactile allodynia, mechanical hyperalgesia and pro inflammatory cytokine levels 

(414).  Systemic GBP is known to partly suppress mechanical allodynia and overturn 

thermal hyperalgesia, mechanical hyperalgesia and cold allodynia (437). In our 

investigation, PGB and GBP presented distinct anti-allodynic potential following 

administration on day 15 of the CCI procedure and this concurs with previous reports 
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(183). Efficacy of PGB and GBP against mechanical allodynia has been reported 

previously (335, 414, 438). Analogously, PGS and GPS inhibited static allodynia in 

the rat model of CCI-induced neuropathic nociception. Hence, the paw withdrawal 

threshold increased in a dose dependent manner with a mild rise at doses of 30 and 25 

mg/kg for PGS and GPS respectively and a more pronounced effect at higher doses at 

the end of the protocol on day 15 of CCI procedure. 

PGB and GBP have antihyperalgesic and antiallodynic properties and their 

mechanisms of action appear to be a complex synergy between augmented GABA 

synthesis, non-NMDA receptor antagonism and binding to the α2δ subunit of voltage 

dependent calcium channels and undoubtly, there is a role of a subset of the voltage-

gated sodium channels, including Nav1.3, Nav1.7, Nav1.8 and Nav1.9.  (439-442). 

Different sensory profiles might signify different classes of neurobiological 

mechanisms, and hence subgroups with dissimilar sensory profiles might react 

differently to treatment (443). In our study, PGB and GBP produced antiallodynic 

effects which were evident from the extended nociceptive response latencies after 

administration. Paw withdrawal latencies of PGS and GPS treated animals were 

increased dose dependently and it is probable that the mechanisms involved were 

similar to those of gabapentinoids (PGB and GBP). It is well documented that thermal 

hyperalgesia as well as static allodynia are heralded by high threshold nociceptive 

afferents (183). PGB has been reported to attenuate heat hypoalgesia in chemotherapy 

induced neuropathy (444) and heat hyperalgesia (445), whereas both systemic and 

intrathecal GBP has been reported to inhibit heat hyperalgesia induced by peripheral 

nerve injury(191). 

Thus, we found that PGB and GBP reversed heat hyperalgesia and the decrease 

potentially induced a rise in the paw withdrawal latency in heat hyperalgesia caused 

by CCI and this corroborates well with earlier studies (150, 192, 438, 445-446). 
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Likewise, PGS and GPS produced a reversal of CCI thermal hyperalgesia and this 

was noticeably dose dependent. In a similar fashion, previous investigations indicated 

that PGB and GBP reduced mechanical hyperalgesia (pin prick response)(378, 436, 

447). Here, we observed not only that PGB and GBP reduced the paw withdrawal 

duration in CCI rats but PGS and PGB did so dose gradedly. Assessment of 

mechanical hyperalgesia after 1 and 3 h on day 15 of the CCI protocol divulged that 

PGS and GPS possesse prospective antihyperalgesic aptitude discernible from an 

enhanced withdrawal duration (s) compared to the ligated controls. The 

antihyperalgesic effect of PGS and GPS was less prominent at the 30 and 25 mg dose 

(P < 0.05) while at higher doses of 50-100 mg/k (P < 0.001) both instigated a more 

robust response. CCI drug naive animals displayed a persistent rise in paw withdrawal 

duration across the experimental time frame after the surgical procedure from day 7 to 

15. No statistically significant increase in paw withdrawal duration of sham operated 

rats was observed throughout the experiment. 

CCI in rats produced a characteristic hyperalgesic behavior in response to plantar 

application of acetone (448). PGB and GBP have been reported to curtail cold 

hyperalgesia in CCI-operated rats (227, 333, 436). We have also shown that PGB and 

GBP treatment had an ameliorative effect on the enhanced sensitivity to the pin prick 

stimulus induced by the CCI procedure in the nerve ligated paw. Adding more, PGS 

and GPS substantially reversed cold allodynia at higher doses because none of the 

animals reacted to acetone compared with CCI in drug naive animals. Consequently, 

it might be reasonably concluded that PGS and GPS virtually abolished cold allodynia 

modeled in the paradigm. 

Chronic pain is often coupled with co-morbidities such as depression and anxiety 

which may hinder daily activities imposing a major impact on quality of life (449-

450). Both PGB and GBP have long been known to be effective in the treatment of 
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anxiety like behavior (451-452) and they increases animal locomotor activity (191, 

378). The outcomes of our results showed that sham operation did not suppress 

locomotor activity in the open field while CCI produced a marked reduction in 

spontaneous locomotion compared with the sham controls. PGB and GBP on their 

own did negatively affect locomotor activity but they also further depressed the 

locomotor activity of the CCI groups. In contrast, PGS and GPS had little or no effect 

on locomotor activity over the full dose range by, but instead they tended to reverse 

the locomotor depressant action of CCI. 

On the accelerating rotarod, PGB and GBP per se have been shown to impair 

performance and our findings were in full accord with these previous reports 

reflecting a motor deficit (191, 417, 453-457). It was notable that PGB and GBP 

actually potentiated the degree of motor deficit caused by CCI and this may have 

conceivably derived from a basic sedative action. PGS did not incur any significant 

effect on the rotarod latency at entire dose range while GPS did precipitate a 

significant decline in the rotarod latency at a dose of 100 mg at 3 h post 

administration. 

7.16 Conclusion 

This is an initial study where the antiallodynic and antihyperalgesic properties of PGS 

and GPS have been assessed in relation to possible side effects evaluated by the 

locomotor activity and rotarod paradigms. The outcomes suggest that PGS and GPS 

not only possess dose related efficacy against CCI induced allodynia and 

hyperalgesia, but they also have a lower propensity than PGB and GBP to initiate 

either motor disco-ordination or CNS depression. Correspondingly, the potential 

utilization of PGS and GPS for alleviating neuropathic symptoms might be advocated 

though further studies are merited. 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment of PGS 

and GPS in Anxiety 

Models 
 

 

 

 

 

 

 

Chapter 8 



Chapter – 8                           PGS and GPS in Anxiety  

 
 

221 

8.1 Introduction: 

Anxiety and depression, the affective disorders, are most commonly allied with  

neuropathic pain (458). Anxiety and the allied CNS disorders are thought to occupy 

2nd position in the queue of the most prevalent handicapping diseases in the coming 

20-25 years (459). Anxiety is a physiological state characterized by cognitive, 

somatic, emotional, and behavioral components giving rise fear and worry (460). 

Anxiety may specifically be defined as “response of a subject to real/potential threats 

that may spoil its homeostasis” (461). 

In human beings, two principal categories of anxiety which are considerably 

recognized have been described: “state anxiety” and “trait anxiety”. “State anxiety” is 

the one that a subject goes through at a specific moment in time and which is 

augmented in the presence of any anxiogenic stimuli. Contrary to this, “trait anxiety” 

does not change from time to time and is conceived to be an “unceasing/enduring” 

characteristic in an individual (462-464). In rodents, “state anxiety” has been 

comprehensively studied but the “trait anxiety” is less long familiar. Researchers have 

proposed the elevated plus-maze test and the light-dark box as the most appropriate 

tests for evaluating “state anxiety,” while the free exploratory epitome can be 

employed for “trait anxiety” (461, 465). 

PGB has been reported to have a promising efficacy in various clinical trials for the 

treatment of generalized anxiety disorder (GAD) and is now licensed for GAD, and 

could ultimately influence pain perception via ascending or descending pathways 

(330, 466-467) along with its efficacy in neuropathic pain of different origins as 

diabetic peripheral neuropathy (DPN) and postherpetic neuralgia (PHN) (468-469). 

GBP has also been reported to possess broad spectrum of anxiolytic like activity akin 

to that seen with benzodiazepines (470-472). PGB and GBP  are both alkyl 
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derivatives of GABA at the 3-carbon position and share the attribute of potent and 

exclusive binding to a site in brain membranes termed as the α2δ1 subunit of calcium 

channel (81). In spite of having a structural similarity to GABA, PGB has not been 

found to bind with high affinity to any drug receptors linked uniquely with GABA 

synapses, and therapeutic outcomes of drugs in this group are assumed to be mediated 

instead by binding to the α2δ subunit of voltage gated calcium channels, specifically 

α2δ-1 and α2δ-2 (245). Moreover, it has also been  confirmed that neither PGB nor 

GBP bind to α2δ-3 and α2δ-4 (373). Following to binding at α2δ-1 and α2δ-2,  they 

change release of neurotransmitters at multiple synapses in brain and spinal cord, 

which is conceived to lead to the observed therapeutic outcomes (473). PGB and GBP 

have been extensively studied  in preclinical and clinical setups and are reported to 

turn out anxiolytic like effects in various testing paradigms of anxiety as elevated plus 

maze (EPM), Geller conflict test, and other animal models like post traumatic stress 

disorder model and light/dark box tests (474-477). A dosing of 1 week with PGB 

showed an anxiolytic like activity comparable to BZ/SNRI studied concurrently. Both 

PGB and GBP were found to be effective in treating patients with social phobia, with 

GBP having effectiveness in patients with panic disorders (477). Like GBP, PGB; in 

addition to its approved indications by FDA, has also shown a proclivity in treating 

social anxiety disorders along with GAD (478). α2δ are highly glycosylated proteins 

[(M. wt∼ 150 kDa (997–1150)] (479) and besides their role in pain, α2δ-1 receptors 

have been shown to have a significant role in anxiety (217) and binding of PGB and 

GBP appears to be involved behind the analgesic, anticonvulsant and anxiolytic-like 

activity of these two drugs (479). 

In spite of the significant untoward side effects, BDZs are still the most widely 

prescribed class of anxiolytic drugs (480). BDZs target a sub-population of 
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GABAAreceptors as positive modulators, by enhancing the frequency of chloride 

channel opening (481). GABA inhibitory inter-neurons operate thru diverse GABAA 

receptor subtypes that are reported to be involved in insuring the behavior (482). 

A number of studies (483) stipulated  that anxiety enhances sympathetic activity and 

the release of epinephrine at the sympathetic nerve terminals, which may sensitize or 

directly activate pain receptors (nociceptors). Similarly, the gate-control theory of 

pain postulates that anxiety augments pain by opening the gate (484). It is noteworthy 

that the nature of the different hypothesized mechanisms varies extensively: some 

theories entail that anxiety step-ups pain; others that anxiety step-downs pain. 

However it is proved that poor control of pain contributes to the development and 

persistence of anxiety (460). Pain and anxiety are interlinked and it has been shown 

that measures taken to curb anxiety have also reduced pain and anxiety reducing 

technics and anxiolytic drugs have been described to be successful in attenuating 

painful conditions (485). 

Inability to treat large number of patients and adverse effects of the existing 

compounds consequently necessitates the search for novel approaches like 

development of new drug molecules, testing an existing drug for a new indication, 

and/or combining two or more potential molecules in a single molecule by chemically 

reacting them together for more specific and targeted pharmacological actions with 

minimum or no side effects at all. 
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Figure 8.1 (A) Elevated plus maze (B) Staircase with dimension, and (C) Open field 

apparatus 

8.2 Aim and objectives: 

On the basis of promising effects of PGS and GPS in various testing paradigms of 

nociceptive and neuropathic pain, we opted to extend the in-vivoprofile of these 

compounds in various anxiety models to librate their possible potential in relieving 

anxiety based on the rational that pain and anxiety are deeply inter-linked. 

8.3 Materials and methods: 

8.3.1 Animals: 

BALB/c mice (18-24 g) were used in this study. Animals were kept under standard 

laboratory housing conditions (For details refer back to chapter 2, section: 2.5). 

8.3.2 Preparation of solutions: 

PGS and GPS solutions were prepared as discussed previously. 

 

A) 

 

B) 

 

C) 
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8.3.3 Administration of drugs: 

The vehicle, PGS, GPS, and the standard drugs, PGB and GBP were administered via 

intraperitoneal (i.p) route to the animals and the behavioral test were performed 1 h 

post-administration. 

8.3.4 Evaluation of anxiolytic activity of PGS and GPS in staircase test: 

Each mouse was placed singly on the floor (the bottom area below the first step) of 

the case facing opposite to the steps. After 1 h of administration PGS or GPS, the 

mice were placed in the staircase apparatus and the NSA and number of rearing (NR) 

were recorded in 3 min session (171). After testing each animal, the case was 

immediately cleaned to remove any olfactive cue which might alter the next animal's 

behavior (for details refer back to chapter 2, section 2.13). 

For PGS, animals were separated into the following groups; 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)  

Group III: PGB (30 mg/kg; i.p) 

Group IV: PGS (30 mg/kg; i.p.) 

Group V: PGS (50 mg/kg; i.p.) 

Group VI: PGS (75 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

For GPS, following groups were designated; 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)  

Group III: GBP (100 mg/kg; i.p.) 
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Group IV: GPS (25 mg/kg; i.p.) 

Group V: GPS (50 mg/kg; i.p.) 

Group VI: GPS (75 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

For antagonism of stairecase activity with PTZ, following groups for PGS were 

assigned; 

Group I: Vehicle (i.p.) 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: PGB (30 mg/kg; i.p.) 

Group VI: PGB (30 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

For GPS, the groups were as follow, 

Group I: Vehicle (i.p.) 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: GBP (100 mg/kg; i.p.) 

Group VI: GBP (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 
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8.3.5 Evaluation of sedative activity of PGS and GPS in open-field test: 

Mice were placed after treatment with PGS and GPS in the locomotor domain and the 

count of lines traversed were counted. Also the tendency of the mice to remain at the 

periphery near the walls and avoiding entry to the centre- thigmotaxis; often thought 

of anxious behavior, was also noted (for details refer back to chapter 2, section 2.12). 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)  

Group III: PGB (30 mg/kg; i.p) 

Group IV: PGS (30 mg/kg; i.p.) 

Group V: PGS (50 mg/kg; i.p.) 

Group VI: PGS (75 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

For GPS, the groups were as follow, 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)  

Group III: GBP (100 mg/kg; i.p.) 

Group IV: GPS (25 mg/kg; i.p.) 

Group V: GPS (50 mg/kg; i.p.) 

Group VI: GPS (75 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 
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For the antagonism study of open field activity with PTZ, following treatment groups 

for PGS and GPS were used. 

For PGS, the groups were as follow, 

Group I: Vehicle 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: PGB (30 mg/kg; i.p.) 

Group VI: PGB (30 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.)  

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Groups for GPS are as follows; 

Group I: Vehicle 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: GBP (100 mg/kg; i.p.) 

Group VI: GBP (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.)  

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

8.3.6 Evaluation of anxiolytic activity of PGS and GPS in elevated plus-maze test: 

As an index of measurement of anxiety, total number of open arm entries and open 

arm entries articulated as a percentage of the total number of arm entries and the total 

of time spent on the open arms. Ethological measures including rearing, stretched 
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attend posture (SAP), closed arms returns (exiting a closed arm with only two paws, 

and returning back into the same arm), head dipping (exploratory movement of the 

head or shoulders over the sides of the open arms) were noted (173-174, 486) (for 

details refer back to chapter 2, section 2.14). 

For PGS, animals were grouped as; 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)   

Group III: PGB (30 mg/kg; i.p) 

Group IV: PGS (30 mg/kg; i.p.) 

Group V: PGS (50 mg/kg; i.p.) 

Group VI: PGS (75 mg/kg; i.p.) 

Group VII: PGS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + PGB [(100 + 30 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 

For GPS, following groups were designated; 

Group I: Vehicle 

Group II: DZ (2 mg/kg; i.p.)  

Group III: GBP (100 mg/kg; i.p.) 

Group IV: GPS (25 mg/kg; i.p.) 

Group V: GPS (50 mg/kg; i.p.) 

Group VI: GPS (75 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: Salicylaldehyde + GBP [(100 + 100 mg/kg; i.p) coadministration] 

Group IX: Salicylaldehyde (100 mg/kg; i.p) 
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For antagonism of elevated plus maze test with PTZ, treatment groups were designed 

as: for PGS; 

Group I: Vehicle 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: PGB (30 mg/kg; i.p.) 

Group VI: PGB (30 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VII: PGS (30 mg/kg; i.p.) 

Group VIII: PGS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

And for GPS; 

Group I: Vehicle 

Group II: Vehicle + PTZ (15 mg/kg; i.p.) 

Group III: DZ (2 mg/kg; i.p.) 

Group IV: DZ (2 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group V: GBP (100 mg/kg; i.p.) 

Group VI: GBP (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

Group VII: GPS (100 mg/kg; i.p.) 

Group VIII: GPS (100 mg/kg; i.p.) + PTZ (15 mg/kg; i.p.) 

8.4 Statistical analysis: 

The results are expressed as mean ± SEM. One-way ANOVA followed by post 

hocDunnett’s or Tuckey’s test or two-way ANOVA was applied where appropriate. 
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8.5 Results: 

8.5.1 Sedative activity of PGS and GPS in open field test: 

Mice were treated with vehicle, DZ (2 mg/kg), PGB (30 mg/kg), PGS (30, 50, 75, and 

100 mg/kg), combination dose of salicylaldehyde and PGB, and salicylaldehyde (100 

mg/kg) before exposing them to the open field arena. The locomotor behavior shown by 

each group was compared to vehicle treated group and it was concluded that DZ (P < 

0.001), PGB (P < 0.05), and combination dose of salicylaldehyde and PGB (P < 0.05) 

exerted a significant effect [F (8, 40) = 5.5] on the locomotor behavior of the mice 

measured in terms of decreased number of lines crossed. PGS at all doses did not show 

any significant effect (P > 0.05) on the locomotor activity while salicylaldehyde alone 

treatment also failed to affect the locomotor activity of mice (Figure 8.2 a). 
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Figure 8.2 (a) Effect of PGS(30, 50, 75 and 100 mg/kg), diazepam (DZ; 2 mg/kg), 

combination dose of salicylaldehyde and PGB [(100 + 30) mg/kg] and 

salicylaldehyde (Sali; 100 mg/kg) and,(b) Effect of GPS (25, 50, 75 and 100 mg/kg), 

diazepam (DZ; 2 mg/kg), combination dose of salicylaldehyde and GBP [(100 + 100) 

mg/kg] and salicylaldehyde (Sali; 100 mg/kg) on the locomotor activity in mice 

(measured in terms of number of line crossed) in the open-field arena.***P < 0.001, 

.***P < 0.01, *P < 0.05  compared to vehicle treated animals (VEH) (ANOVA 

followed by post hocDunnett’s test), n= 6. 
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Similarly, GPS (25, 50, 75, and 100 mg/kg) was also tested in locomotor test to assess 

any possible effect on the locomotor activity of mice. ANOVA revealed that GPS was 

free of any significant effect on the locomotor activity of mice (P > 0.05) while GBP 

(P < 0.01), DZ (P < 0.001), and the combination dose of salicylaldehyde and GBP 

[(100 + 100) mg/kg] (P < 0.001) reflected significant effects [F(8, 40) = 12.25] when 

compared to the vehicle control group (Figure 8.2 b). 

8.5.1.1 Antagonism with PTZ: 

The locomotor inhibitory effect of PGS (100 mg/kg) (P < 0.05) and PGB (30 mg/kg) 

(P < 0.05) was effectively antagonized by prior administration of PTZ (15 mg/kg) [F 

(7, 35) = 8.0] (Figure 8.3 a). On the other hand, GPS (100 mg/kg) (P < 0.01) and 

GBP (100 mg/kg) (P < 0.01) demonstrated a significant fall in the locomotor activity 

consequent to the administration of PTZ (15 mg/kg) [F (7, 35) = 6.2]. In both the 

antagonism experiments, for PGS and GPS, DZ (2 mg/kg) induced drop in locomotor 

activity was not statistically significantly reversed by PTZ (15 mg/kg) administration 

(P > 0.05) (Figure 8.3 b). 
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Figure 8.3 Effect of pretreatment with pentylenetetrazole (PTZ; 15 mg/kg) on, (a) 

PGS (30 mg/kg), (b) GPS (100), diazepam (DZ; 2 mg/kg) or vehicle treated animals 

in terms of the number of line crossings (locomotor activity) in open-field paradigm. 
*P < 0.05 (ANOVA followed by post hocTukey’s multiple comparison test), (n = 8). 
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8.5.2 Anxiolytic activity of PGS and GPS in staircase test: 

ANOVA revealed a significant increase in NSA after the administration of PGS at 

doses of 50 (P < 0.05), 75 (P < 0.05), and 100 mg/kg (P < 0.001), DZ (2 mg/kg, P < 

0.05) [F (8, 40) = 2.9, P = 0.02] (8.4 a, and c).  Similarly, the NSA was significantly 

increased by GPS at 75 (P < 0.01) and 100 mg/kg (P < 0.01) [F (8, 40) = 5.0, P = 

0.0002] (Figure 8.4 b and 8.4 d). PGS (30 mg/kg), PGB (30 mg/kg) (P > 0.05), GBP 

(100 mg/kg) (P > 0.05), GPS (25 and 50 mg/kg) (P > 0.05), combination dose of 

salicylaldehyde and PGB [(100 + 30), P > 0.05], combination dose of salicylaldehyde 

and GBP [(100 + 100), P > 0.05], and salicylaldehyde alone (P > 0.05) did not 

instigate any significant effect on the NSA. The number of rear incidences was 

significantly reduced by PGS at doses of 50 (P < 0.05), 75 (P < 0.001), and 100 

mg/kg (P < 0.001) compared to the vehicle treated animals. GPS at doses of 75 (P < 

0.01) and 100 mg/kg (P < 0.01) ostensibly brought a decline in the mean NR. DZ (2 

mg/kg) (P < 0.01) (P < 0.01), PGB (30 mg/kg) (P < 0.05), and GBP (100 mg/kg) (P < 

0.05) also afforded a statistically significant decline in the NR. PGS (30 mg/kg), GPS 

(25 mg/kg), GPS (50 mg/kg), the combination dose, and salicylaldehyde alone 

treatment all failed to induce any significant effect on the number of rears (P > 0.05). 
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Figure 8.4 Effect ofPGB (30 mg/kg), PGS(30, 50, 75, and 100 mg/kg), diazepam 

(DZ; 2 mg/kg), combination dose of salicylaldehyde and PGB [(100 + 30) mg/kg], 

and salicylaldehyde alone (100 mg/kg) on (a) the number of steps ascended (NSA) 

and (b) the number of rears (NR) in one experiment, and GBP (100 mg/kg), GPS (25, 

50, 75, and 100) diazepam (DZ; 2 mg/kg), combination dose of salicylaldehyde and 

PGB [(100 + 30) mg/kg], and salicylaldehyde alone (100 mg/kg) on(c) the number of 

steps ascended (NSA) and (d) the number of rears (NR) in a separate experiment in 

the staircase test in mice. *P < 0.05, **P < 0.01, ***P < 0.001 compared to vehicle 

control (VEH) (ANOVA followed by post hocDunnett’s test). n=6. 
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8.5.2.1 Antagonism of anxiolytic activity with PTZ 

A significant boost in the NSA was afforded by PGS (100 mg/kg) (P < 0.001, 

compared to vehicle control) and PGB (30 mg/kg) (P < 0.01, compared to vehicle 

control) which was reversed by pretreatment with PTZ (15 mg/kg) when compared to 

PGS (100 mg/kg, P < 0.001) and PGB (30 mg/kg, P < 0.05) groups not treated with 

PTZ. ANOVA revealed a significant main effect of treatment on NSA and NR as [F 

(15, 75) = 12.3, P < 0.0001]. Effect of GPS (100 mg/kg) (P < 0.001, compared to 

vehicle control) and GBP (100 mg/kg) (P < 0.05, compared to vehicle control) on 

increasing the NSA was also counteracted after treatment with PTZ (15 mg/kg) when 

compared to GPS (100mg/kg, P < 0.01) and GBP (100 mg/kg, P < 0.05) treated 

groups not previously injected with PTZ.  An overall treatment effect on NSA and NR 

was reflected as [F (15, 75) = 12.8, P < 0.0001], as depicted in Figure 8.5 a and b. 

A significant treatment effect was reverberated in the form of a gain in the NR in 

animals previously challenged with PTZ after treatment with PGS (100 mg/kg) (P < 

0.001), PGB (30 mg/kg) (P < 0.05), PGS (30 mg/kg) (P < 0.05), and GBP (100 

mg/kg) (P < 0.05) revealed by ANOVA among the groups (Figure 8.5 a, and b).  
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Figure 8.5 (a) Effect of PGB (30 mg/kg), PGS (100 mg/kg), diazepam (DZ; 2 mg/kg) 

alone or in combination withPTZ pretreatment (15 mg/kg), in one experiment, and 

(b)shows theeffect of GBP (100 mg/kg), GPS (100 mg/kg), diazepam (DZ; 2 mg/kg), 

alone or in combination with PTZ pretreatment (15 mg/kg), in a separate experiment, 

on the number of steps ascended (NSA) and the number of rears (NR) in staircase test. 

Data are presented as mean ± S.E.M. of the NSA or NR. Repeated measure ANOVA 

followed by post hoc Tukey's multiple comparison test. *P < 0.05, *P < 0.05***P < 

0.001, comparison among the groups pretreated with PTZ and without PTZ treatment. 

(n=6) 
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8.6 Anxiolytic activity of PGS and GPS in elevated plus-maze: 

8.6.1 Spatio-temporal parameters: 

The frequency of open arm entries was significantly increased after administration of 

PGS at doses of 30 (P < 0.05), 50 (P < 0.001), 75 (P < 0.001), and 100 mg/kg (P < 

0.01) compared to the vehicle treated animals. ANOVA revealed a significant effect of 

treatment [F (8, 45) = 10.1, P < 0.0001].  A significant increase in % open arm entries 

was also revealed by PGB (30 mg/kg) (P < 0.01) and DZ (2 mg/kg) (P < 0.01) 

compared to vehicle treated animals. In a separate experiment, an overall effect of GPS, 

GBP, DZ, combination dose, and salicylaldehyde on the incidences of % open arm 

entries was reflected as [F (8, 45) = 4.1, P = 0.0009]. GPS revealed significant effects at 

doses of 50 (P < 0.05), 75 (P < 0.01), and 100 (P < 0.01) compared to vehicle control 

group. A significant increase % open arm entries was also afforded by GBP (100 

mg/kg) (P < 0.05) and DZ (2 mg/kg) (P < 0.01). Combination of salicylaldehyde (100 

mg/kg) either with PGB (30 mg/kg) or GBP (100 mg/kg) also induced a significant 

increase in % open arm entries (P < 0.05). Salicylaldehyde alone treatment in both the 

experiments and GPS (25 mg/kg) failed to impart any significant change in the % open 

arm entries compared to the vehicle treated animals (P > 0.05) (Figure 8.6 a, and Figure 

8.6 b). 

PGS at all doses (30, 50, 75, and 100 mg/kg) (P > 0.05) and PGB (30 mg/kg) (P > 0.05) 

did not induce any effect on the number of closed arm entries [F (8, 45) = 0.3, P = 0.9]. 

Similarly, DZ (2 mg/kg) was also lacking any effect on the number of closed arm 

entries (P > 0.05) (Figure 8.6 b).  In another experiment, GPS (25, 50, 75, and 100 

mg/kg) and GBP (100 mg/kg) were also found to be ineffective in changing the number 

of entries to closed arms (Figure 8.6 b). 

An overall treatment effect was depicted as [F (8, 45) = 0.6, P = 0.7]. Here again, 

treatment with DZ (2 mg/kg) did not increased the number of closed arm entries (P > 
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0.05) (Figure 8.7 b). In both the experiments, neither the combination dose of 

salicylaldehyde (100 mg/kg), either with PGB (30 mg/kg) or GBP (100 mg/kg), nor 

salicylaldehyde alone (100 mg/kg) did effect the number of closed arm entries (P > 0.05). 

PGS at all tested doses (30, 50, 75, and 100 mg/kg) significantly increased (P < 

0.001) the % time spent in the open arms of the plus maze compared to the vehicle 

treated animals (Figure 8.7 c). An overall treatment effect was observed as [F (8, 45) 

= 50.9, P = 0.0009]. In a separate experiment, the % time spent in open arms was 

analyzed after challenging the animals with different treatments and it was found that 

GPS, like PGS, at all the tested doses highly significantly increased the % time spent 

in the open arms (P < 0.001) compared to the vehicle treated animals and an overall 

treatment effect was reverberated as [F (8, 45) = 42.8, P < 0.0001]. Post hoc analysis 

further revealed a statistically significant effect of PGB (30 mg/kg) (P < 0.001), GBP 

(100 mg/kg) (P < 0.001), DZ (2 mg/kg) (P < 0.001), and combination dose of 

salicylaldehyde either with PGB (30 mg/kg) or GBP (100 mg/kg) (P < 0.001) 

compared to vehicle control (Figure 8.7 c). In both the experiments, administration of 

salicylaldehyde (100 mg/kg) alone did not yield any effect (P > 0.05) on the % time 

spent in the open arms. 

Like all the other ethological parameters, time spent in centre was also effected with 

treatment. PGS augmented the time spent in centre a doses of 30 (P < 0.01), 50 (P < 

0.01), 75 (P < 0.01), and 100 mg/kg (P < 0.001) compared to the vehicle control 

animals (Figure 8.7 d). DZ (2 mg/kg) (P < 0.001) and PGB (30 mg/kg) (P < 0.05) 

significantlyincreased the time spent in the centre. ANOVA revealed a significant 

treatment effect as [F (8, 45) = 7.3, P < 0.0001]. Moreover, a significant effect of GPS 

at doses of 25 (P < 0.05), 50 (P < 0.05), 75 (P < 0.01), and 100 mg/kg (P < 0.001) 

was observed (Figure 8.7 d). Treatment effect on the time spent in the centre was 

reflected as [F (8, 45) = 9.8, P < 0.0001]. Time spent in centre was also significantly 
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increased by GBP (100 mg/kg) (P < 0.05) and DZ (2 mg/kg) (P < 0.001). Also the 

time spent in centre was increased by the combination dose of salicylaldehyde (100 

mg/kg), either with PGB (30 mg/kg) or GBP (100 mg/kg) (P < 0.05). There was no 

significant effect observed in case of salicylaldehyde alone treatment (P < 0.05) in 

either of experiments. 
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Figure 8.6 Effect of PGS (30, 50, 75, and 100 mg/kg), PGB (30 mg) diazepam (DZ; 2 

mg/kg), combination dose of salicylaldehyde and PGB [(100 + 30) mg/kg], and 

salicylaldehyde (Sali; 100 mg/kg) on (a) the % open arm entries, (b) the number of 

closed arm, entries (c) the % time spent in open arms, and (d) the time spent at the 

central platform, in the elevated plus-maze test in mice. *P < 0.05, **P < 0.01, ***P 

< 0.001 compared to vehicle control (VEH) (ANOVA followed by 'post hoc' 

Dunnett’s test), (n=6). 
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Figure 8.7 Effect of GPS (25, 50, 75, and 100 mg/kg), GBP (100 mg) diazepam (DZ; 

2 mg/kg), combination dose of salicylaldehyde and GBP [(100 + 100) mg/kg], and 

salicylaldehyde (Sali; 100 mg/kg) on (a) the % open arm entries, (b) the number of 

closed arm, entries (c) the % time spent in open arms, and (d) the time spent at the 

central platform, in the elevated plus-maze test in mice. *P < 0.05, **P < 0.01, ***P 

< 0.001 compared to vehicle control (VEH) (ANOVA followed by 'post hoc' 

Dunnett’s test), (n=6). 

 

8.6.2 Ethological parameters: 

Frequency of unprotected head dipping was significantly increased [F (8, 45) = 9.4, P 

< 0.0001] following PGS administration at doses of 30 (P < 0.05), 50 (P < 0.001), 75 

(P < 0.001), and 100 mg/kg (P < 0.001) compared to the vehicle treated animals 

(Figure 8.8 a). PGB (30 mg/kg) (P < 0.01), DZ (2 mg/kg) (P < 0.01), and combination 

dose of salicylaldehyde (100 mg/kg) with PBG (30 mg/kg) (P < 0.05) also 

significantly increased the head dipping frequency compared to vehicle controls. In a 
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separate experiment, the effect of GPS 25 (P < 0.05), 50 (P < 0.05), 75 (P < 0.01), 

and 100 mg/kg (P < 0.001) compared to the vehicle treated animals was also 

statistically significant (Figure 8.8 b). ANOVA reflected a main dose effect of 

treatment as [F (8, 45) = 5.5, P < 0.0001]. The effect of the combination dose of 

salicylaldehyde (100 mg/kg) with GBP (100 mg/kg) on the frequency of head dipping 

was significant (P < 0.05) compared to the vehicle controls. In both the experiments, 

the effect of salicylaldehyde (100 mg/kg) alone treatment, compared to vehicle treated 

animals, resulted in no significant outcome (P > 0.05). 

A statistically significant increment in the total NR was observed as a result of 

different treatments [F (8, 36) = 5.0, P = 0.0003]. PGS incited a significant rise in the 

NR at doses of 30 (P < 0.05), 50 (P < 0.001), 75 (P < 0.001), and 100 mg/kg (P < 

0.001). In the same fashion, a significant increase in NR was also induced by PGB (30 

mg/kg) (P < 0.01) and DZ (2 mg/kg) (P < 0.01) compared to the vehicle treated 

animals (Figure 8.8 c). Combination dose of salicylaldehyde (100 mg/kg) with PGB 

(30 mg/kg) also reflected an increment (P < 0.05) in the NR compared to the vehicle 

control animals. In another experiment, the number of wall rearing was statistically 

significantly increased after administration of GPS at doses of 25 (P < 0.05), 50 (P < 

0.05), 75 (P < 0.01), and 100 mg/kg (P < 0.01) compared to vehicle treated group. 

ANOVA revealed a significant overall treatment effect on the NR as [F (8, 36) = 6.0, 

P < 0.0001] (Figure8.8 d). In this experiment, a significant effect on the NR was 

reverberated after administration of GBP (100 mg/kg) (P < 0.01) and DZ (2 mg/kg) 

(P < 0.01), and combination dose of salicylaldehyde (100 mg/kg) with GBP (100) (P 

< 0.05) compared to the vehicle treated controls. In either of the experiments, no any 

significant effect on the NR was seen following administration of salicylaldehyde 

alone (100 mg/kg) compared to vehicle treated animals. 
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Figure 8.8 Effect of PGS (30, 50, 75, and 100 mg/kg), PGS (30 mg/kg), GPS (25, 50, 

75, and100 mg/kg), GBP (100 mg/kg), diazepam (DZ; 2 mg/kg), the combination 

dose of salicylaldehyde with PGB (Sali-100 + PGB-30) and GBP (Sali-100 + GBP-

100), and salicylaldehyde (Sali; 100 mg/kg) alone on head-dipping frequency(a)for 

PGS and (b) for GPS, and the wall-rearing frequency (c) for PSG and (d) for GPS in 

the elevated plus-maze (EPM) test in mice.*P < 0.05, **P < 0.01, ***P < 0.001, 

compared to vehicle control (VEH) (ANOVA followed by post hoc Dunnett’s test), (n 

= 6). 

8.6.3 Antagonism with PTZ: 

Pretreatment with PTZ (15 mg/kg) induced a statistically significant decline [F (15, 

80) = 44.0, P < 0.0001] in PGS (100 mg/kg) and PGB (30 mg/kg) projected increase 

in the % open arm entries (OAE) (P < 0.001) and (P < 0.05) and the time spent in the 

open arms (P < 0.001) and (P < 0.05), respectively. Effect of pretreatment with PTZ 

(15 mg/kg) on decreasing the % OAE or time spent in open arms was not statistically 

significant in DZ (2 mg/kg) treated animals (P > 0.05) compared to the DZ (2 mg/kg) 

group not previously treated with PTZ (Figure 8.9 a). In a separate experiment, the 
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effect of pretreatment of PTZ (15 mg/kg) on decreasing the % open arm entries 

(OAE) and the time spent in the open arms after 30 minutes of treatment with GPS 

(100 mg/kg) (P < 0.01), GBP (100 mg/kg) (P < 0.05) was significant and as a whole 

treatment effect was echoed as [F (15, 80) = 36.0, P < 0.0001] (Figure 8.9 b). 
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Figure 8.9 Effect on the % open arm entries (% OAE) and the time spent in open 

arms in mice pretreated with PTZ (15 mg/kg), 30 minutes after i.p administration of 

(a) PGS (100 mg/kg), PGB (30 mg/kg), and DZ (2 mg/kg) in one experiment, and (b) 

GPS (100 mg/kg), GBP (100 mg), and DZ (2 mg/kg) in a separate experiment in 

elevated plus maze (EPM). One-way ANOVA followed by Tukey's multiple 

comparison test. *P < 0.05, **P < 0.01, ***P < 0.001, comparison among groups 

treated with PTZ and without PTZ treatment (n=6). 
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8.7 Discussion: 

The continued search for new anxiolytic compounds that are without adverse side 

effects has led to a proliferation of potential anxiolytic agents, which has reinforced 

the need for efficient, pre-clinical animal screening tests of their effects (487). Animal 

screening tests are used initially to predict the safety and efficacy of any novel 

compound because of the obvious dangers involved in studying the effects of untested 

compounds on humans. Another application of animal screening tests, which is of 

some interest to neuroscientists, is as biological test systems in which the neural 

mechanisms of drug action can be studied. At the moment, the animal screening tests 

may be called a "model" in the context that it is employed as a bio-behavioral analog 

of the mechanism underlying in a specific condition. Only the animal models can 

furnish the level of experimental control required to perform such neuroscientific 

research (488-489). Neverthless, in the instance of anxiolytic drugs, the primary 

concern in animal models has begun to focus more about the following possibility; via 

apprehending the neural processes by which anxiolytics impart their effects, one can 

start to understand significant facets of the biological basis of anxiety. It is generally 

known that rodents, when faced with a new environment, either explore it or attempt 

to escape; a lot of behavioral procedures consequently employ unconditioned 

responses to assess anxiety (490). 

The open-field (OF) test provides a well known animal model of anxiety-like 

behavior displayed by the animals and allows the appraisal of drug associated effects 

of animal behavior from different aspects. The first placement of animal in the OFT 

can be used to assess the effects of a variety of drugs on the anxiety levels as well as 

non-specific effects of the test drugs on the locomotor activity. A risk of habituation 

with repeated exposure of animal to the OF arena with consequent decrease in 

locomotion must be considered (491). The count of lines crossed in the open field 
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paradigm is usually considered as a measure of locomotor activity, but this parameter 

is also a measure of exploration and anxiety. The high frequency of behaviors like this 

indicates an increased tendency of locomotion and exploration, and is attributed to 

decreased levels of anxiety (492). 

To exclude the involvement of any sedative or motor abnormality effects and to 

discard non-specific outcomes of treatments in the behavioral tests, animals were 

subjected to spontaneous motor activity test. PGB (30 mg/kg) did slightly decreased 

the number of lines crosses (P < 0.05), and DZ (2 mg/kg) also significantly reduced 

(P < 0.001) the number of lines crossings within the designated time period  which is 

in complete agreement to the previous studies (170, 493). GPB was associated with a 

decline in the locomotor activity (458) and in our laboratory, treatment with GBP 

(100 mg/kg) also incited a significant drop in the total number of line crosses (P < 

0.01). PGS and GPS at all the used doses did not instigate any significant decrease in 

the number of line crossings (P > 0.05). Interestingly, combination dose of 

salicylaldehyde either with PGB or GBP instilled a significant declivity in the number 

of line crossings, (P < 0.05) and (P < 0.001), respectively. In order to have a clue of 

receptor specificity, an endeavour to antagonize the locomotor effect of PGS and GPS 

with prior administration of pentylenetetrazole (PTZ) was done. Pentylenetetrazole is 

an agent that blocks the effects of GABA, like those seen with inverse agonists of 

BDZ receptors (464). PTZ interacts with the PCT-BB (picrotoxin barbiturate)  

receptor of the GABA (gamma amino butyric acid)/BDZ (benzodiazepine)/PCT-BB 

receptor complex (As GABA, BDZ, PCT-BB receptors, and Cl- channels are present 

in one supramolecular complex), thus block the GABA and BDZ receptors, and close 

the Cl- channels in convulsive doses (494-498). However, in sub-convulsive doses, 

PTZ administration modifies the GABAA/BDZ/PCT-BB receptor complex, suppresses 

GABAA, BDZ-receptors, and inhibits GABA provoked Cl- ion influx into the cortical 
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membrane preparations (494, 499-501). Both PGB and GBP are claimed to exert their 

anxiolytic effect, beside others, via a reduction in neuronal calcium currents through 

binding to high voltage channels containing the α2δ1 subunits of calcium channels, 

that in turn decreases the release of a number of excitatory neurotransmitters (e.g. 

noradrenaline, glutamate, and substance P) leading to attenuation of post synaptic 

excitability. This peculiar mechanism might be responsible for their effect in anxiety 

(441, 502-503). Prior administration of PTZ did reverse the anxiolytic effects of 

neither PGB nor GBP refuting the involvement of GABAergic mechanisms. Given 

the underlying pre-synaptic nature of this effect, it is sensible to ponder that it also is 

responsible for many of the anecdotic, unconfirmed or undiscovered effects of these 

drugs, including the activation of GABAB receptors (504-506) 

GBP has been reported to enhance the concentration and most probably the synthesis 

rate of GABA in brain (378). Based on these findings, elevated levels of whole brain 

GABA can be speculated to be related with the anti-anxiety effect (378). It is also 

possible that correction of stress-inflicted neuroendocrinological mechanisms by 

GABAergic drugs may be a prospective therapeutic idea to treat anxiety (and 

depression) targeting both ‘‘low GABA-high stress’’ and ‘‘high stress-low GABA’’ 

pathogenic mechanisms (507).  On the other hand, the anxiolytic effects of PGS and 

GPS were ostensibly antagonized by prior administration of PTZ indicating an 

involvement of GABAergic mechanism in mediating the anxiety. 

The staircase test for testing activity of anxiolytic drugs was originally designed for 

rats by Thiebot et al (508). To further substantiate the anxiolytic effect of our 

compounds, PGS and GPS, we evaluated them in the staircase test. The staircase test 

is used for evaluating anxiolytic activity by implying step-climbing to imitate 

exploratory or locomotor activity, while rearing incidence as an index of anxiety 

condition (171, 509). Simiand et al. (171) suggested that effective anxiolytic 
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compounds normally only reduce NR at doses that usually do not reduce NSA; this 

included not only BDZ but also other  drugs like meprobamate, phenobarbital and the 

antiepileptic (AEDs) drug sodium valproate, which had positive results in other 

anxiolytic paradigms (510). Nonclinical anxiolytic drugs such as neuroleptics 

(antipsychotics), tricyclic antidepressants (TCAs), amphetamine (CNS stimulant), and 

carbamazepine tend to decrease NR and NSA in a parallel fashion. These have been 

the touchstones which we and others researchers have used to delineate anxiolytic 

effect (511-512). PGS and GPS induced a significant diminution in the NR in a 

graded- manner without a fall in the NSA in the staircase test. The rearing incidence is 

mediated by GABAA receptors since the anxiogenic agents have shown an increasing 

trend in it (NR) without lowering the NSA (513) and has been corroborated with 

coadministration of flumazenil that decreased the NR. Non-BDZ anxiolytics (as 

buspirone) suppress the NR and NSA whereas GABAA-BDZ agonists produce a 

disassociation between these two parameters, that is, without affecting the NSA, they 

subdue the rearing phenomenon (511, 514). In our study, we also observed this 

disassociative effect as both PGS and GPS reduced the NR without inducing a 

decrease in the NSA. PGB and GBP both increased the NR but failed to significantly 

increase the NSA indicating a non-positive modulatory impact on locomotor activity 

that is in concordance with effect like those of non-BDZ anxiolytics. 

The elevated plus maze (EPM) test is one of the validated tests used in rodents for the  

profiling of anxiolytic and as well as the anxiogenic effects of pharmacological agents 

in animal models (515-516) and in research for drug discovery (517-518). The entries 

to and the time spent in the open arms is specifically increased and decreased by 

anxiolytic and anxiogenic drugs, respectively. The score of total entries and the 

distance moved are useful indicators of general activity (515, 519). Both the open and 

closed arms are conceived to arouse the same explorative drive, hence avoidance of 
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the open arms is assumed to be a consequence of the induction of higher degrees of 

fear (515). Basically, a conflict of exploration is induced due to open and closed arms 

(517, 519). 

Total numbers of open arms entries, number of total arm entries, time spent on the 

open arms and closed arms, actually provide a measure of anxiety-like behavior. 

Anxiety models of animals can be divided into two main subclasses; the first 

comprises of the animal’s conditioned responses to stressful (or fearful) and 

frequently painful events (like exposure of foot to electric shock), the second subclass 

includes ethologically based arenas and comprises of the animal’s improvised or 

natural reactions (e.g., avoidance, freezing, and flight) to a stress stimulus that does 

not explicitly necessitate pain or discomfort (e.g. exposure to a novel room, highly 

illuminated test chamber, or to a predator) (486). In our laboratory, we investigated 

both the conventional spatio-temporal and newly developed ethological elements of 

the behavioral repertoire of animals in the elevated plus maze arena. Treatment with 

PGS and GPS as well as with DZ ensued in a significant gain in the number of open 

arm entries, time spent in the open arm, and time spent in the centre without any 

significant effect on the closed arm entries. PGB (520) and GBP (521-523) also have 

been reported to exhibit an anxiolytic like effect parallel to that of DZ and our results 

further corroborate the previous findings in this regards. Combination doses of 

salicylaldehyde either with PGB or PGS also reinforced an anxiolytic like effect but at 

the same time these were allied with locomotor impairments. On the other hand, 

salicylaldehyde alone treatment showed a complete lack of any anxiolytic like 

response. The drug combination studies revealed that the anxiolytic effect of PGS and 

GPS was significantly reduced by a prior PTZ administration in the staircase test.  
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8.9 Conclusion: 

The present study reports the evaluation of two compounds (PGS and GPS) in three 

behavioral domains known to appraise novelty-induced anxiety in rodents. We 

observed that anxiety, which could be expressed by the animals in terms of different 

parameters like general activity, exploratory behavior, novelty-induced anxiety, and 

decision making, was effectively reduced by PGS and GPS in all of these models 

while the antagonism of these effects with PTZ reflectd an involvement of 

GABAergic mechanism. 
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9.1  General Discussion: 

Organic synthesis plays a most important role in the development and advancement of 

novel drug entities, due to the prospect of altering the chemical structure of active 

biological molecules and consequently, their biological activity. The fundamental 

approach for the development of active molecules extends from the hypothesis that the 

active molecules bind to an active site of enzymes or proteins with the subsequent 

response in the shape of a distinct biological activity. Chemically modifying the active 

molecule might result in a boost, decline or modification of the biological activity. From 

this basic thought, a panoptic range of dissimilar structures can be derived, extending to 

the development of superior and more efficient therapeutic agents (524). 

In general, the course of drug discovery demands the availability of high class compounds 

that can be evaluated against numerous biological targets, in regards of efficacy and 

safety. The progress in the field of biology, chemistry and physics has encouraged the 

development of new areas such as molecular biology, metabolomics, genomics and 

proteomics which has affected the development of novel therapeutic methodologies and 

enthused other fields such as medicinal chemistry. The domain of medicinal chemistry is 

associated with the study, advancement, identification and elucidation of mechanisms of 

action of biologically active molecules. All these goals need a multidisciplinary approach 

for the progress and development of novel drugs  (524) 

Traditionally, in drug discovery, synthetic chemistry has been the key source of novel 

structural classes of any kind for biological testing (525). As analogy holds a significant 

role in applied research, it is not startling that it turned out to be a fundamental stratagem 

in medicinal chemistry. An explicit aspect of this strategy involves a look for a structural 

and pharmacological analogue (also named as full analogue) of an existent drug as a lead 

compound (525-526). 
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It is also a matter of fact, while the therapeutic target has already been validated, altho 

the project will contest against anonymous competitors who may initiate from the 

similar scaffold at about the same point of time. Contrastively, it is not a 

straightforward research method, but a mode of conceiving that utilizes a blend of 

modern in-silico and in-solution experimental techniques.  

Schiff bases are regarded as verysignificant category of organic compounds, which 

have extensive uses in many biological facets (527), in chemistry and medicine (528). 

Salicylaldehyde, (2-hydroxybenzaldehyde), Schiff base derivatives exhibit a broad 

range of biological activities. They possess promising anti-inflammatory, analgesic 

(529), antiradical (530), antidiabetic (531), antiviral (532), nematicidal (533), antitumor 

(534), antifungal (535), antibacterial (536), anti-proliferative, anticonvulsant, 

antidepressant, anti-malarial, angiotension-II receptor antagonist, antipyretic and anti-

glycation activities(537).Hitherto, modifications of the Schiff bases have depicted 

extremely effective with improved potency and reduced toxicity.It is long familiar that 

the incorporation of a salicylaldehyde group at a distinct position on a molecule with 

proven analgesic activity oftentimes results in a boost in the activity and an 

augmentation in the affinity of binding to the opiate receptors (528, 538) 

Synthesis of novel molecules for the treatment of different disease conditions has long 

been a strategy of the synthetic chemists. The structure of GABA is flexible and an 

approach to manipulate the GABA molecule to enhance its lipophilicity and to bring 

out structural rigidity, often through the insertion of a ring, formation of 

intramolecular hydrogen bond and induction of hydrophobic collapes. All these 

strategies lead to an enhanced penetration of the compound into CNS.        
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PBG and GBP, analogues of GABA, are amino acids with anticonvulsant, analgesic and 

anxiolytic like activities (135). PGB, (S–(+)–3-isobutyl GABA), was initially intended as 

a lipophilic analogue of GABA and was substituted at 3-position in order to assist its 

passage across the blood brain barrier (BBB). Although it is structurally analogous to 

GABA but neither shows any activity  at GABA-receptors nor mimics GABA (137). On 

the other hand, GBP;[1- (aminomethyl) cyclohexaneacetic acid],was developed initially 

for the treatment of partial seizures (as an add on therapy) but it was found to have effects 

in the treatment of post herpetic neuralgia (PHN) and in various neuropathic preclinical 

pain models (136).  

The gabapentinoid anticonvulsants, PGB and GBP, have established efficacy in both 

preclinical and clinical neuropathic and chronic cancer pain research (205-206). PGB and 

GBP are the structural analogs of GABA. The effectiveness of PGB (210-211) and GBP 

for the treatment of different forms of neuropathic pain (207), anxiety (208), 

inflammation (209) and in a number of other conditions is well documented. 

In this context, we synthesized a novel pregabalin derivative, and a previously reported 

GBP derivative (224), by combining the amine functionality of PGB and GBP with 

carbonyl oxygen of salicylaldehyde, based on the premise of combining the reported 

antineuropathic effect of pregabalin (146, 212) and GBP (147, 207) with the 

antinociceptive and anti-inflammatory properties of salicylaldehyde (213) in a single 

molecular entity to explore any potential benefit over PGB or GBP, by a simple imination 

reaction. The structures of the synthesized compounds were confirmed by employing 

various spectroscopic techniques like IR, NMR, and MS techniques. These compounds 

were then evaluated for antinociceptive, anti-inflammatory, anxiolytic and neuropathic 

pain relieving propensities using the well known testing paradigms in mice and rats. 
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Before proceeding to test PGB and GBP analogues in various models of neuropathic 

pain, we, for the sake of determination of safety profile, performed the acute toxicity 

study of these compounds. This study revealed that both the synthesized compounds 

possessed a safety index far above the tested doses as evident from the LD50 values of 

(835.52 mg/kg) and 1165.57 mg/kgfor PGS and GPS, respectively. Basically, acute 

toxicity denotes the adverse effects that take place after first exposure to a single dose 

of any substance. Acute systemic toxicity is evaluated by the administration of a 

single dose of a drug compound, characteristically to mice and rats via oral, dermal, 

or by inhalational route (539). 

Having confirmed with the safety index of the PGS and GPS, we proceeded for the 

evaluation of these compounds in the preliminary testing paradigms of pain, 

inflammation, and pyrexia.  

Initially, the antinociceptive activity of PGS and GPS was evaluated in mice using the 

acetic acid induced abdominal constriction assay which is suitable for assessing the 

tonic visceral nociception (241), and the hot plate test for centrally mediated acute 

phasic nociception (242). PGS and GPS gave rise to a dose dependant fall in the 

number of writhes (decrease tonic nociception) and increased the latency on hot plate 

(decreased phasic nociception) which were comparable to that of diclofenac and 

morphine used as positive controls in different nociceptive paradigms, respectively.In 

order to have a clue about the mechanism,through drug combination studies, we 

attempted to antagonize the resulting antinociceptive effects with the simultaneous 

administration of naloxone or PTZ. The former is a non-selective opioid antagonist 

while the later is a non-selective GABA antagonist. The reversal of the nociceptive 

effects of PGS and GPS by these two antagonists revealed an association of 
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opioidergic and GABAergic mechanisms. Opioid agonists decrease pain transmission 

by activating descending nerve fibers and inhibit afferent nerve transmission by 

binding to pre- and postsynaptic opioid receptors (243), while GABAergic neurons 

and receptors are important for the origination, transmission, and modification of pain 

impulses (113). On the contrary, the antinociceptive effects of PGB and GBP were 

not blocked by either naloxone or pentylenetetrazole. PGB is free of any affinity for 

GABAA, GABAB or benzodiazepine receptors as well as it lacks any effects on 

sodium channels, opiate receptors and COX enzyme activity. The clinical 

effectiveness of pregabalin is characterized by its potent high-affinity binding to the 

α2-δ subunit on voltage-gated calcium channels(244-245). Similarly, GBP is a well 

established anticonvulsant drug (246) with potential analgesic and anti-inflammatory 

properties (155). 

Inflammation is a multifaceted set of interactions among soluble factors and cells that 

can originate in any tissue in response to traumatic, infectious, post-ischemic, toxic or 

autoimmune injury. In this study, the PGB and GBP derivatives were tested in the 

carrageenan, histamine and serotonin induced mouse paw edema assays. The 

carrageenan induced inflammatory process is bi-phasic; the first phase is evidenced 

by the release of inflammatory mediators like histamine, serotonin and kinin in the 

first hour while the second phase is expanded over the next three to six hours and is 

characterized by the release of prostaglandins and lysosomal enzymes (247). 

Histamine, one of the most common inflammatory mediators, causes symptoms of 

allergic reactions that most commonly involve acute inflammation mediated by H1 

histamine receptor (248). Activation of these receptors contribute to vasodilation, 

increased vascular permeability (249) and pain (250) at the cellular level and causes 

increased intracellular calcium level and nitric oxide at molecular level (251). 
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Serotonin is an important inflammatory mediator which exerts its effects by inducing 

vasodilation and as well as increasing vascular permeability (252).Using different 

phlogistic agents, the PGS and GPS ostensibly attenuated the various phases of 

inflammation and the effect has been comparable to that of standards; aspirin, 

chlorpheniramine and mianserin.The reduction in carrageenan, histamine and 

serotonin induced increased paw swelling connotes the existence of multiple 

mechanisms in the mediation of anti-inflammatory properties of the PGS and GPS. In 

consistent with this, PGB and GBP also allayed the inflammatory response inducted 

upon administration of various irritant agents into the sub-plantar area of the hind 

paw. Studies suggest that PGB and GBP mediated anti-inflammatory actions 

including decreased release of pro-inflammatory cytokines play a key role in 

mediating their antinociceptive actions (155, 211).Fever is accompanied with pain and 

inflammation. To probe for any prospective anti-febrile effect of these derivatives, we 

employed these in the Brewer's yeast induced pyrexia paradigm. The results show that 

PGS and GPS, both revealed a significant anti-febrile response at higher doses and a 

little or no effect at the smaller doses. Fever & the febrile response, therefore, remain 

important contributors to the pathogenesis, clinical presentation and outcome of many 

illnesses and diseases (253). Fever results from a rise in the hypothalamic set point 

due to an elevation of prostaglandin E2 in the brain as a result of an increased 

synthesis of this substance caused by exogenous pyrogens and pyrogenic cytokines 

(254). The inhibition of prostaglandin synthesis among other mediators can be 

regarded as a possible mechanism of antipyretic action like that of acetaminophen 

which inhibits the synthesis of prostaglandin by blocking the COX-enzyme activity 

(255). 
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These findings from the preliminary results of antinociceptive, anti-inflammatory and 

anti-pyretic assays further encouraged us to investigate the test compounds in 

different models of neuropathic pain. In neuropathic pain models, we started with 

streptozotocin induced neuropathy model. Neuropathic pain associated with diabetic 

conditions is a distressing chronic condition (184)and is a common reason of 

substantial morbidity. Advanced PDN is allied with increased perception of touch and 

thermal thresholds that lead to sensory loss and degeneration of all types of fibers in 

peripheral nerves (268). The most frequent symptom is distal symmetrical 

polyneuropathy (DSP), but various patterns of nerve trauma can occur (540).  

A number of different molecular entities have been evaluated for their ability to 

ameliorate allodynia or hyperalgesia associated with diabetes induced neuropathy 

(269-270). PGB (271-273) and GBP (184, 274) have been reported to be effective in 

diabetes induced neuropathic pain. Experimental studies have indicated that GBP has 

subsided neuropathic pain in models of spinal cord injury (275) and chemotherapy-

induced neuropathic pain (275-276).  

The development of sensory defects in DPN in humans is puzzling. This is 

demonstrated by the two features that demand treatment, unrelentingpain and 

hypoesthesia, resulting  in an absence of protective feelings or sensation in the feet, 

making the patient susceptible to damaging lesions (278-279).Thebelief that pain and 

hyperalgesia signify a phase throughwhich a number of patients pass, en route to 

sensory fibers deterioration,seems somewhat reasonable, but there appears to be no 

explicit variations in neuropathology of patients having pain and those without pain 

(280). It is proposed that inappropriate glycosylation of any ion channel may lead to 

post translation changes in the PSN resulting in an exaggerated function that leads to 

generate allodynia, hyperalgesia (evoked) or spontaneous pain (287). Therefore, 

hyperglycemia-modulated peripheral sensory drive is a principal pathogenic 

mechanism behind painful diabetic neuropathy. 
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In this study,  we have evaluated the effects of PGS and GPS in STZ-induced static 

and dynamic allodynia and, a novel STZ-induced diabetic female rat model of 

vulvodynia, established exclusively in our laboratory (184). A decreasing trend in 

body weights of the diabetic rats wasobserved from day 7 to 29 complying with the 

symptoms of insulin dependent diabetes mellitus as reported previously (283). PGS 

and GPS revealed dose dependent effects in the amelioration of static and dynamic 

allodynia and vulvodynia. These are linked with diabetes mellitus as a separate 

symptom or as a part of a huge group of other abnormalities. Vulvodynia associated 

with diabetes has long been an issue of concern to both the patient and the physician 

and needs a proper management (297). The promising results obtained in our study 

imply that PGS and GPS are effective in suppressing both the static and dynamic 

components of allodynia and vulvodynia. Since a little research has been conducted in 

this area and it majorly remains neglected, therefore, no data are available that could 

link vulvodynia with diabetes. However, there are many characteristics that both the 

conditions (allodynia and vulvodynia) share like chronicity and, subjective symptoms 

like burning, pinning or lancinations and cutting or knife like pain perceptions (297). 

The clinical spectrum of vulvodynia encompasses from meek with distressing 

discomfort through to relentless and disabling pain (298). It is proposed that the 

pathophysiological mechanisms for vulvodynia may start off distant from the vulva 

and embody changes in the CNS (299). These changes result in alterations in the 

processing of sensory information which are apparent in the form of higher 

sensitivities in regions without evoked pain as a result of lack of balance between 

GABAergic and glutamatergic transmissions (300). Hence, GABA receptors positive 

allosteric modulation is one of the proposed mechanisms in curbing the condition of 

vulvodynia. 
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After observing the effects of PGS and GPS in STZ-induced model of neuropathy, we 

assessed the effectiveness of these compounds in cisplatin (chemotherapy) induced 

neuropathic pain model in rats.Chemotherapy-induced peripheral neuropathy (CIPN) 

is a complication in patients who have received a chemotherapeutic agent that is 

known to be neurotoxic. The platinumcompounds (cisplatin, carboplatin, oxaliplatin) 

belong to a commonly used class of neurotoxic chemotherapeutic agents which are 

associated with a length dependent neuropathy that primarily affects distal sites, and 

as doses increase cumulatively, symptoms progress in severity to more proximal 

areas. The sensory signs and symptoms (mild to moderate numbness and tingling of 

hands and feet) typically develop before motor symptoms (rare weakness with high 

doses) and a subset of patients develop painful CIPN (336). 

Several antineoplastic drugs have been reported to induce peripheral neuropathy in 

experimental animals and these include vincristine (337), paclitaxel (338) and 

cisplatin (188). In this respect, animal models have been used to evaluate anticancer 

drug-induced neuropathies in a search for potential therapies to prevent or at least 

minimize nerve damage (188, 338-340). The cisplatin-induced rat model of CIPN is 

currently regarded as being suitable for analgesic efficacy profiling of novel 

compounds and for comparative investigation of the pathobiology of this condition 

relative to that of CIPN induced by other cancer chemotherapy agents (190). In this 

study, weekly injection of cisplatin (3.0 mg/kg i.p.) for5 weeks (cumulative dose = 

15mg/kg) produced reliable mechanical allodynia (static and dynamic) and thermal 

hypoalgesia in rat hindpaws, which were consistent with previous reports concerning 

the cisplatin-induced neuropathic pain model (188, 190). It has been manifested that 

cisplatin causes axonal degeneration, particularly in subcutaneous tissue of the 

hindpaws and to lesser extent, within the sciatic nerve and lumber region of the rat 



Chapter – 9                                General Discussion 

 
 

259 

spinal cord in addition to a reduction in peripheral nerve conduction velocity (188). 

Furthermore, chronic administration of cisplatin has been reported to be associated 

with development of mechanical allodynia and hyperalgesia, cold thermal allodynia 

and hyperalgesia, as well as heat thermal hypoalgesia in rats (188, 190, 341). 

Moreover, cisplatin dosing is known to be associated with thermal hypoalgesia in the 

rat hindpaws which is thought to reflect clinicalreports of CIPN in patients. In this 

instance, development of mechanical allodynia and loss of noxious heat sensitivity 

may well arise from damage to myelinated αβ fibers with concurrent depletion of C-

fibers (190). Putative mechanisms underlying neuropathic behaviors associated with 

platinum compounds include apoptosis of dorsal root ganglion (DRG) neurons (342), 

multiple expression of drug transporters (343), alteration of neuronal membrane 

channels such as voltage-gated sodium channels (344), P2X3 and ASIC3 channels 

(345), TRPV channels (346) and hyperpolarization-activated cyclic nucleotide-gated 

and mechano-gated potassium channels (347).In addition, there may be activation of 

the p38–mitogen-activated protein kinase pathway (348-349), upregulation of the P2X 

purinoreceptor 7 leading to the production and release of TNF and IL-1β (350), 

activation of NMDA receptors and NOS (351), proliferation of activated satellite glial 

cells and astrocytic gap junctions (352-354) and the production of ROS in response to 

mitochondrial dysfunction (355-356). 

Treatment with PGS and GPS limited the expression of mechanical allodynia and 

thermohypoalgesia caused by chronic cisplatin administration. An important issue is 

to view the alterations in the observed nociceptive behaviors (mechanical 

hyperalgesia and thermal hypoalgesia) in relation to the changes in the axons. 

Mechanical hyperalgesia could be attributed to lesions in large fibers that usually 

exert an inhibitory feedback on small fibers (29, 357) which process mechanical 
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hyperalgesia. Other studies have also ascribed the development of mechanical 

allodynia and loss of noxious heat sensitivity to damaged myelinated αβ fibers with 

concurrent depletion of C-fibers (358-359). A key transducer in warm and heat pain 

responding neurons is the TRPV1 channel expressed on polymodal nociceptors (360) 

and it may also contribute to mechano-transmission, particularly after the occurrence 

of an injury (361). TRPV1 and TRPA1 ion channels play an important role in 

nociceptive processing in platinum drug-induced painful neuropathy (362). It has 

been reported that up-regulation of both TRPV1 and TRPA1 mRNAs are coupled 

with enhanced heat and mechanical hypersensitivity. In contrast, knock out of TRPV1 

creates deficits in thermally evoked pain-related behaviors following cisplatin 

treatment and this is a plausible indication that TRPV1 plays a crucial role in 

signaling heat induced pain after cisplatin-induced nerve injury (346). 

In this study, PGS and GPS were evaluated for their prospective antinociceptive 

effectiveness in relation to PGB and GBP in the cisplatin-induced neuropathic pain 

model in rats. Treatment with PGS and GPS had an attenuating action on cisplatin-

induced nocifensive behaviors as evidenced by alleviation of mechanical allodynia 

and thermal hypoalgesia at relatively low doses of 30 mg/kg and 25 mg/kg as well as 

at higher doses equivalent to those of PGB and GBP.Moreover, PGS and GPS were 

lacking any observable side effects generally encountered with the use of PGB and 

GBP such as asthenia, ataxia (412, 414) or motor incoordination (191). This 

wasconfirmed using the rotarod paradigm in which PGB and GBP both caused 

significant impairment of motor coordination. These undesirable motoric effects were 

ostensibly avoided with PGS and GPS, though at the highest dose, atransient decrease 

in endurance dismount latency was observed along with retention of antinociceptive 

activity.Similarly, salicylaldehyde, when tested at 100 mg/kg, did not display any 
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significant effect on cisplatin-induced static mechano-allodynia or thermal 

hypoalgesia. Salicylaldehyde alone was also found to be free of any activity on 

rotarod performance. Nevertheless, coadministration of PGB with salicylaldehyde (30 

mg + 100 mg) /kg  and GBP with salicylaldehyde (100 mg + 100 mg) /kg resulted in a 

decline of the paw withdrawal threshold (static mechano-allodynia) which was 

comparable to that of PGB or GBP alone. CIPN can be extremely painful and 

disabling, causing considerable loss of functional abilities liable to decrease quality of 

life. The treatment of CIPN remains largelyineffective and even though different 

pharmacological strategies have been attempted, no single agent has yet been 

demosntrated to be advantageous. As a consequence, a huge number of patients opt 

for dose reduction or quit the use of potentially curative neurotoxic drugs (415-416). 

The encouraging results from the chemotherapy induced peripheral neuropathy 

persuaded us to further evaluate the effectiveness of PGS and GPS in chronic nerve 

constriction induced neuropathy model of pain in rats.Injury to the peripheral nervous 

system can lead to abnormal pain conditions collectively referred to as neuropathic 

pain (417).It includes a large number of heterogeneous pain syndromes with divers 

etiologies, which however,  typically exhibit frequent disordered somatosensory 

attributes such as hyperalgesia, allodynia, paroxysmal spontaneous pain, and 

paraesthesia (418).It is therefore likely that some of the inherent mechanisms of 

neuropathic pain may be shared  by different syndromes (68). This pain syndrome 

comprises of some particular somatosensory disorders. The most salient symptoms 

include allodynia and hyperalgesia. In reality, allodynia and hyperalgesia can be 

elicited by both mechanical and thermal (hot/cold) stimuli (40, 419).Neuropathic pain 

following nerve damage, whether from physical, chemical, metabolic, infection or 

other reasons, infrequently responds to conventional analgesics. Gabapentinoids, PGB 

and GBP, however, have manifested consistent analgesic efficacy in animal models of 



Chapter – 9                                General Discussion 

 
 

262 

neuropathic pain (421-422, 430) and also in patients with chronic pain of this type 

(145, 431).Several studies have shown that PGB (414, 432-433) and GBP (434) are 

distinctively efficacious against allodynia and hyperalgesia. Their clinical usefulness 

however, is limited as a result of occurrence of side effects, of which dizziness, 

somnolence, ataxia and lethargy, are the most prominent dose limiting examples (159, 

211, 335).  

The results so obtained here demonstrated that i.p. treatment with either PGB, PGS, 

GBP, and GPS clearly diminished evoked nociceptive responses at the end of a 15-

day protocol entailing the procedure. PGB possesses a potential to curb of activities 

like tactile allodynia, mechanical hyperalgesia and pro inflammatory cytokine levels 

(414).Systemic GBP is known to partly suppress mechanical allodynia and reverse 

thermal hyperalgesia, mechanical hyperalgesia and cold allodynia (437). In our 

investigation, PGB and GBP presented promising anti-allodynic potential following 

administration on day 15 of the CCI procedure and this concurs with previous 

reports.Efficacy of PGB and GBP against mechanical allodynia has been reported 

previously (335, 414, 438).Analogously, PGS and GPS exerted ameliorating effects 

against static and dynamic allodynia, heat hyperalgesia, and cold allodynia in the rat 

model of CCI-induced neuropathic nociception. Beside suppressing the symptoms of 

the CCI induced neuropathy, these compounds revealed an excellent potential 

regarding the side effect profile that was evident from the diminished tendency of 

these compound to initiate either motor disco-ordination or CNS depression in rotarod 

and the open field paradigms, respectively, compared to the parent compounds. 

The preliminary results from the toxicity data, antinociceptive, anti-inflammatory, and 

antipyretic activities and then from various neuropathic pain models confirmed the 

effectiveness of PGS and GPS in these conditions. Pain in general, and neuropathic 
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pain in particular, is associated with heightened anxiety indices. In order to link the 

pain relieving properties of these compounds with prospective anxiolytic potential, we 

subjected these compounds for evaluation in 3 well known models of anxiety.  

Anxiety and depression, the affective disorders, are most commonly associated with  

neuropathic pain (458). In human beings, two principal categories of anxiety which are 

considerably recognized have been described: “state anxiety” and “trait anxiety”. “State 

anxiety” is the one that a subject goes through at a specific moment in time and which is 

augmented in the presence of any anxiogenic stimuli. Contrary to this, “trait anxiety” 

does not change from time to time and is conceived to be an “unceasing/enduring” 

characteristic in an individual (462-464).In rodents, “state anxiety” has been 

comprehensively studied but the “trait anxiety” is less long familiar.  

PGBhas been reported to have a promising efficacy in various clinical trials for the 

treatment of generalized anxiety disorder (GAD) and is now licensed for GAD, and 

could ultimately influence pain perception via ascending or descending pathways 

(330, 466-467) along with its efficacy in neuropathic pain of different origins as 

diabetic peripheral neuropathy (DPN) and postherpetic neuralgia (PHN)(468-469). 

GBP has also been reported to possess broad spectrum of anxiolytic like activity akin 

to that seen with benzodiazepines (470-472). PGB and GBP  are both alkyl 

derivatives of GABA at the 3-carbon position and share the attribute of potent and 

exclusive binding to a site in brain membranes termed as the α2δ1 subunit of calcium 

channel (81). In spite of having a structural similarity to GABA, PGB has not been 

found to bind with high affinity to any drug receptors linked uniquely with GABA 

synapses, and therapeutic outcomes of drugs in this group are assumed to be mediated 

instead by binding to the α2δ subunit of voltage gated calcium channels, specifically 

α2δ-1 and α2δ-2 (245). Moreover, it has also been  demonstrated that neither PGB nor 
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GBP bind to α2δ-3 and α2δ-4 (373). Following to binding at α2δ-1 and α2δ-2,  they 

change release of neurotransmitters at multiple synapses in brain and spinal cord, 

which is conceived to lead to the observed therapeutic outcomes (473). PGB and GBP 

have been extensively studied  in preclinical and clinical setups and are reported to 

turn out anxiolytic like effects in various testing paradigms of anxiety as elevated plus 

maze (EPM), Geller conflict test, and other animal models like post traumatic stress 

disorder model and light/dark box tests (474-477). A dosing of 1 week with PGB 

showed an anxiolytic like activity comparable to BZ/SNRI studied concurrently. Both 

PGB and GBP were found to be effective in treating patients with social phobia, with 

GBP having effectiveness in patients with panic disorders (477). Like GBP, PGB; in 

addition to its approved indications by FDA, has also shown a proclivity in treating 

social anxiety disorders along with GAD (478).α2δ are highly glycosylated proteins 

[(M. wt∼ 150 kDa (997–1150) (479) and besides their role in pain, α2δ-1 receptors 

have been shown to have a significant role in anxiety (217)and binding of PGB and 

GBP appears to be involved behind the analgesic,anticonvulsant and anxiolytic-like 

activity of these two drugs(479). 

The continued search for new anxiolytic compounds that are without adverse side 

effects has led to a proliferation of potential anxiolytic agents, which has reinforced 

the need for efficient, pre-clinical animal screening tests of their effects (487). Animal 

screening tests are used initially to predict the safety and efficacy of any novel 

compound because of the obvious dangers involved in studying the effects of untested 

compounds on humans. Another application of animal screening tests, which is of 

some interest to neuroscientists, is as biological test systems in which the neural 

mechanisms of drug action can be studied. 
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To substantiate the anxiolytic effect of PGS and GPS, these evaluated in the staircase 

test. The staircase test is used for evaluating anxiolytic activity by implying step-

climbing to imitate exploratory or locomotor activity, while rearing incidence as an 

index of anxiety condition (171, 509).Simiand et al. (171) suggested that effective 

anxiolytic compounds normally only reduce NR at doses that usually do not reduce 

NSA; this included not only BDZ but also other  drugs like meprobamate, 

phenobarbital and the antiepileptic drug (AEDs)  sodium valproate, which had 

positive results in other anxiolytic paradigms (510). Nonclinical anxiolytic drugs such 

as neuroleptics (antipsychotics), tricyclic antidepressants (TCAs), amphetamine (CNS 

stimulant), and carbamazepine tend to decrease NR and NSA in a parallel fashion. 

These have been the touchstones which we and others researchers have used to 

delineate anxiolytic effect (511-512). 

The elevated plus maze (EPM) test is one of the validated tests used in rodents for the  

profiling of anxiolytic and as well as the anxiogenic effects of pharmacological agents 

in animal models (515-516) and in research for drug discovery (517-518).The entries 

to and the time spent in the open arms is specifically increased and decreased by 

anxiolytic and anxiogenic drugs, respectively. The score of total entries and the 

distance moved are useful indicators of general activity (515, 519). Both the open and 

closed arms are conceived to arouse the same explorative drive, hence avoidance of 

the open arms is assumed to be a consequence of the induction of higher degrees of 

fear (515). Basically, a conflict of exploration is induced due to open and closed arms 

(517, 519). 

This study leads us to the conclusion that both PGS and GPS demonstrated excellent 

anxiolytic-like effects when tested in three well known behavioral paradigms to 

appraise novelty-induced anxiety in rodents. It was observed that anxiety, expressed 
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by the animals in terms of different parameters like general activity, exploratory 

behavior, specific anxiety related postures and novelty-induced anxiety, was 

effectively reduced by PGS and GPS in all of these models while the antagonism of 

these effects with PTZ reflected an involvement, at least in part, of some GABAergic 

mechanisms in curbing the anxiety like behaviors. 

9.2 Conclusion: 

The synthesis followed by the pharmacological evaluation of PGS and GPS come up 

with the conclusion that these compounds, beside displaying an excellent safety 

profile and exhibiting significant activities in the preliminary screening, also possess a 

potential to be the good therapeutic candidates for the treatment of neuropathic pain 

conditions arising from different aetiologies. The involvement of GABAergic and 

opioidergic mechanisms cannot be ruled out in mediating the nociceptive responses as 

proved from the antagonistic studies. Additionally, anxiety associated with 

neuropathic pain adversely affects the quality of life and is also alliedwith sleep 

disturbancesleading to the development of psychiatric disorders. Overall observations 

conclude that PGS holds a more superior efficacy profile as compared to GPS. Hence, 

the ability of these compounds to simultaneously ameliorate pain and anxiety makes 

them potentially strong candidates for the effective treatment of painful neuropathies 

and the associated anxietyconditions. 
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Figure 9.1 Graphical abstract of thesis 
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9.3 Future work: 

The present study has explored the structural derivatization of PGB and GBP and 

their pharmacological evaluation in various models of neuropathic pain and anxiety. 

Based on the obtained results, we can suggest that these compounds will be having a 

pivotal role in the amelioration of these conditions. However, this study could be 

extended further to dig into additional benefits out of these compounds by; 

1. Exploring pharmacokinetic and receptor binding data in animals and in 

humans. 

2. Studying the in vitro and in-vivo antioxidant potential. 

3. Performing the chronic toxicity studies specially nephrotoxicity and 

hepatotoxicity. 

4. Conducting the in-silico, in-vitro and in-vivo receptor binding studies. 

5. Studying the neuroprotective effect of these compounds. 

6. Extending the spectrum of the study to the topical route of drug delivery. 

7. Observing the effect of chronic administration of these compounds on 

different body tissues. 

8. Formulation development and release pattern of these drugs from various 

dosage forms. 

 

 

 

 

 

 



 

 
 

 

 

References  



References  

 
 

269 

References 

1. Chapman CR et al. Pain measurement: an overview. Pain. 1985;22(1):1-31. 

2. Bonica J. History of pain concepts and pain therapy. Mt Sinai J Med. 

1991;58(3):191-202. 

3. Merskey N. Classificaiton of chronic pain; Description of chronic pain syndromes 

and definitions of pain Terms. Task force on taxonomy of the international 

association for the study of pain. 1994:41-3. 

4. Ruscheweyh R et al. Long-term potentiation in spinal nociceptive pathways as a 

novel target for pain therapy. Mol Pain. 2011;7(1):20. 

5. Anwar K. Pathophysiology of pain. Dis Mon. 2016;62(9):324-9. 

6. Woolf CJ. Pain: moving from symptom control toward mechanism-specific 

pharmacologic management. Ann Intern Med. 2004;140(6):441-51. 

7. Basbaum AI et al. Cellular and molecular mechanisms of pain. Cell. 

2009;139(2):267-84. 

8. Schaible H-G, Richter F. Pathophysiology of pain. Langenbecks Arch Surg. 

2004;389(4):237-43. 

9. Babos MB et al. Pathophysiology of pain. Dis Mon. 2013;59(10):330-58. 

10. Bennett M et al. Transcutaneous Electrical Nerve Stimulation (tens) in the 

management of cancer bone pain. Palliat Med. 2008;22(4):579. 

11. Woolf C. Recent advances in the pathophysiology of acute pain. BJA: Brit J 

Anaesth. 1989;63(2):139-46. 

12. Loeser JD, Melzack R. Pain: an overview. Lancet. 1999;353(9164):1607-9. 

13. Crue B. The neurophysiology and taxonomy of pain. Management of patients 

with chronic pain. 1983:21-31. 

14. Foley KM. The treatment of cancer pain. N Engl J Med. 1985;313(2):84-95. 



References  

 
 

270 

15. Portenoy RK. Practical aspects of pain control in the patient with cancer. CA 

Cancer J Clin. 1988;38(6):327-52. 

16. Merskey H, Bogduk N. Descriptions of chronic pain syndromes and definitions of 

pain terms. Classification of chronic pain. Seattle: IASP Press; 1994. 

17. Maizels M, Mccarberg B. Antidepressants and Antiepileptic Drugs for Chronic 

Non-Cancer Pain. S Afr Fam Pract . 2006;48(3):30. 

18. Dworkin RH et al. Advances in neuropathic pain: diagnosis, mechanisms, and 

treatment recommendations. Arch Neurol. 2003;60(11):1524-34. 

19. Gonzales GR et al. The impact of a comprehensive evaluation in the management 

of cancer pain. Pain. 1991;47(2):141-4. 

20. Peschanski M et al. Spinal afferents to the ventrobasal thalamic complex in the 

rat: an anatomical study using wheat-germ agglutinin conjugated to horseradish 

peroxidase. Brain Res. 1983;278(1):240-4. 

21. Dado RJ et al. Spinothalamic and spinohypothalamic tract neurons in the cervical 

enlargement of rats. II. Responses to innocuous and noxious mechanical and 

thermal stimuli. J Neurophysiol. 1994;71(3):981-1002. 

22. Katter JT et al. Spinothalamic and spinohypothalamic tract neurons in the sacral 

spinal cord of rats. II. Responses to cutaneous and visceral stimuli. J 

Neurophysiol. 1996;75(6):2606-28. 

23. Marshall G et al. Neurokinin-1 receptors on lumbar spinothalamic neurons in the 

rat. Neuroscience. 1996;72(1):255-63. 

24. Todd AJ et al. Neurokinin 1 receptor expression by neurons in laminae I, III and 

IV of the rat spinal dorsal horn that project to the brainstem. Eur J Neurosci. 

2000;12(2):689-700. 



References  

 
 

271 

25. Bernard J et al. Involvement of the spino-parabrachio-amygdaloid and-

hypothalamic pathways in the autonomic and affective emotional aspects of pain. 

Prog Brain Res. 1996;107:243-55. 

26. Basbaum AI, Fields HL. Endogenous pain control systems: brainstem spinal 

pathways and endorphin circuitry. Ann Rev Neurosci. 1984;7(1):309-38. 

27. Millan MJ. Descending control of pain. Prog Neurobiol. 2002;66(6):355-474. 

28. Merskey H, Bogduk N. Classification of chronic pain, IASP Task Force on 

Taxonomy. Seattle, WA: International Association for the Study of Pain Press. 

1994. 

29. Melzack R, Wall PD. Pain mechanisms: a new theory. Surv Anesthesiol. 

1967;11(2):89-90. 

30. Moayedi M, Davis KD. Theories of pain: from specificity to gate control. J 

Neurophysiol. 2013;109(1):5-12. 

31. Darwin E. Zoonomia; or, The laws of organic life: by D. Carlisle, for Thomas and 

Andrews; 1803. 

32. Bessou P, Perl E. Response of cutaneous sensory units with unmyelinated fibers 

to noxious stimuli. J Neurophysiol. 1969;32(6):1025-43. 

33. Defrin R et al. Sensory determinants of thermal pain. Brain. 2002;125(3):501-10. 

34. Lele P et al. The reaction time to touch. J Physiol. 1954;123(1):187-203. 

35. Weddell G. Somesthesis and the chemical senses. Ann Rev Psychol. 

1955;6(1):119-36. 

36. Melzack R. Evolution of the neuromatrix theory of pain. The Prithvi Raj Lecture: 

presented at the third World Congress of World Institute of Pain, Barcelona 2004. 

Pain Pract. 2005;5(2):85-94. 



References  

 
 

272 

37. Melzack R, editor. Gate control theory: On the evolution of pain concepts. J Pain; 

1996; 5(2):128-138. 

38. Maizels M, McCarberg B. Antidepressants and antiepileptic drugs for chronic 

non-cancer pain. Am Fam Physician. 2005;71(3):483-90. 

39. Varrassi Get al. Pharmacological treatment of chronic pain–the need for change. 

Curr Med Res Opin. 2010;26(5):1231-45. 

40. Payne R. Limitations of NSAIDs for pain management: toxicity or lack of 

efficacy? J Pain. 2000;1(3):14-8. 

41. Mathews Ket al. Guidelines for recognition, assessment and treatment of pain. J 

Small Anim Pract. 2014;55(6). 

42. Lynch ME. Antidepressants as analgesics: a review of randomized controlled 

trials. J Psychiatry Neurosci. 2001;26(1):30. 

43. Sindrup SH, Jensen TS. Pharmacologic treatment of pain in polyneuropathy. 

Neurology. 2000;55(7):915-20. 

44. McQuay H et al. Anticonvulsant drugs for management of pain: a systematic 

review. BMJ. 1995;311(7012):1047-52. 

45. Wiffen P et al. Anticonvulsant drugs for acute and chronic pain. Cochrane 

Database Syst Rev. 2005;3. 

46. Rowbotham MC et al. Lidocaine patch: double-blind controlled study of a new 

treatment method for post-herpetic neuralgia. Pain. 1996;65(1):39-44. 

47. Meier Tet al. Efficacy of lidocaine patch 5% in the treatment of focal peripheral 

neuropathic pain syndromes: a randomized, double-blind, placebo-controlled 

study. Pain. 2003;106(1):151-8. 

48. Epstein JB, Marcoe JH. Topical application of capsaicin for treatment of oral 

neuropathic pain and trigeminal neuralgia. Oral Surg, Oral Med, oral Pathol. 

1994;77(2):135-40. 

49. Mason L et al. Systematic review of topical capsaicin for the treatment of chronic 

pain. BMJ. 2004;328(7446):991. 



References  

 
 

273 

50. Group CS. Treatment of painful diabetic neuropathy with topical capsaicin. A 

multicenter, double-blind, vehicle-controlled study. Arch Intern Med. 

1991;151(11):2225-9. 

51. McCleane G. Topical analgesics. Anesthesiology clinics. 2007;25(4):825-39. 

52. Mori H, Mishina M. Structure and function of the NMDA receptor channel. 

Neuropharmacology. 1995;34(10):1219-37. 

53. Paoletti P, Neyton J. NMDA receptor subunits: function and pharmacology. Curr 

Opin Pharmacol. 2007;7(1):39-47. 

54. McGivern JG. Targeting N-type and T-type calcium channels for the treatment of 

pain. Drug Discov Today. 2006;11(5):245-53. 

55. Chabal C et al. The use of oral mexiletine for the treatment of pain after 

peripheral nerve injury. Anesthesiology. 1992;76(4):513-7. 

56. Skrabek RQ et al. Nabilone for the treatment of pain in fibromyalgia. J Pain. 

2008;9(2):164-73. 

57. Kara E et al. Cannabinoids in the treatment of pain. Ann Gen Psychiatry. 2010; 9 

(suppl 1):232. 

58. Haanpää M et al. NeuPSIG guidelines on neuropathic pain assessment. PAIN. 

2011;152(1):14-27. 

59. Gilron I et al. Combination pharmacotherapy for management of chronic pain: 

from bench to bedside. Lancet Neurol. 2013;12(11):1084-95. 

60. Woolf CJ et al. Peripheral nerve injury triggers central sprouting of myelinated 

afferents. Nature. 1992;355(6355):75. 

61. Mannion RJ et al. Collateral sprouting of uninjured primary afferent A-fibers into 

the superficial dorsal horn of the adult rat spinal cord after topical capsaicin 

treatment to the sciatic nerve. J Neurosci. 1996;16(16):5189-95. 



References  

 
 

274 

62. Kohama I et al. Synaptic reorganization in the substantia gelatinosa after 

peripheral nerve neuroma formation: aberrant innervation of lamina II neurons by 

Aβ afferents. J Neurosci. 2000;20(4):1538-49. 

63. Woolf C et al. Reorganization of central terminals of myelinated primary 

afferents in the rat dorsal horn following peripheral axotomy. J Comp Neurol. 

1995;360(1):121-34. 

64. Fields HL. Mechanisms and Management of Neuropathic Pain. JJSPC. 

1994;1(3):371-80. 

65. Takaishi K et al. Behavioral and electrophysiological assessment of hyperalgesia 

and changes in dorsal horn responses following partial sciatic nerve ligation in 

rats. Pain. 1996;66(2):297-306. 

66. Sugimoto T, Bennett GJ, Kajander KC. Transsynaptic degeneration in the 

superficial dorsal horn after sciatic nerve injury: effects of a chronic constriction 

injury, transection, and strychnine. Pain. 1990;42(2):205-13. 

67. Bras JMA et al. Effects of peripheral axotomy on cholecystokinin 

neurotransmission in the rat spinal cord. J Neurochem. 1999;72(2):858-67. 

68. Woolf CJ, Mannion RJ. Neuropathic pain: aetiology, symptoms, mechanisms, 

and management. Lancet. 1999;353(9168):1959-64. 

69. Fields H. Painful dysfunction of the nervous system: Pain. NY: McGraw Hill; 

1987. 

70. Woolf CJ, Wall PD. Chronic peripheral nerve section diminishes the primary 

afferent A-fibre mediated inhibition of rat dorsal horn neurones. Brain Res. 

1982;242(1):77-85. 

71. Galer BS. Painful polyneuropathy: diagnosis, pathophysiology, and management. 

Seminars in neurology.Thieme Medical Publishers; 1994. 



References  

 
 

275 

72. Pockett S. Spinal cord synaptic plasticity and chronic pain. Anesth Analg. 

1995;80(1):173-9. 

73. Devor M, Rappaport ZH. Pain and the pathophysiology of damaged nerve. Pain 

syndromes in neurology London: Butterworths. 1990;1(990):47-81. 

74. Miki K et al. Calcitonin gene-related peptide increase in the rat spinal dorsal horn 

and dorsal column nucleus following peripheral nerve injury: up-regulation in a 

subpopulation of primary afferent sensory neurons. Neuroscience. 

1997;82(4):1243-52. 

75. Bridges D et al. Mechanisms of neuropathic pain. Brit J Anaesth. 2001;87(1):12-

26. 

76. Akopian An et al. A tetrodotoxin-resistant voltage-gated sodium channel 

expressed by sensory neurons. Nature. 1996;379(6562):257. 

77. Devor M et al. Systemic lidocaine silences ectopic neuroma and DRG discharge 

without blocking nerve conduction. Pain. 1992;48(2):261-8. 

78. Wall P, Devor M. Sensory afferent impulses originate from dorsal root ganglia as 

well as from the periphery in normal and nerve injured rats. Pain. 1983;17(4):321-

39. 

79. Wall PD. Properties of afferent nerve impulses originating from a neuroma. 

Nature. 1974;248:740-3. 

80. Rasminsky M. Ectopic excitation, ephaptic excitation and autoexcitation in 

peripheral nerve fibers of mutant mice. Abnormal Nerves and Muscles as Impulse 

Generators.Oxford University Press. 1982:344-62. 

81. Gee NS et al. The novel anticonvulsant drug, gabapentin (Neurontin), binds to the 

subunit of a calcium channel. Journal of Biological Chemistry. 

1996;271(10):5768-76. 



References  

 
 

276 

82. Jänig W, McLachlan E. The role of modifications in noradrenergic peripheral 

pathways after nerve lesions in the generation of pain. Prog Pain Res  Manag. 

1994;1:101-28. 

83. Seltzer Z, Devor M. Ephaptic transmission in chronically damaged peripheral 

nerves. Neurology. 1979;29(7):1061-. 

84. McLachlan EM et al. Peripheral nerve injury triggers noradrenergic sprouting 

within dorsal root ganglia. Nature. 1993;363(6429):543-6. 

85. Harden RN. Gabapentin: a new tool in the treatment of neuropathic pain. Acta 

Neurol Scand. 1999;100(s173):43-7. 

86. Young AB, Chu D. Distribution of GABAA and GABAB receptors in 

mammalian brain: potential targets for drug development. Drug Dev Res. 

1990;21(3):161-7. 

87. Morse D et al. GABA induces behavioral and developmental metamorphosis in 

planktonic molluscan larvae. Federation proceedings; 1980. 

88. Librowski T et al. Influence of new monoterpene homologues of GABA on the 

central nervous system activity in mice. Pol J Pharmacol. 2000;52(4):317-21. 

89. Martin DL, Olsen RW. GABA in the nervous system: the view at fifty years: 

Lippincott Williams and Wilkins; 2000. 

90. Bateson AN. Further potential of the GABA receptor in the treatment of 

insomnia. Sleep Med. 2006;7:S3-S9. 

91. Bateson AN. The benzodiazepine site of the GABA A receptor: an old target with 

new potential? Sleep Med. 2004;5:S9-S15. 

92. Farrant M, Nusser Z. Variations on an inhibitory theme: phasic and tonic 

activation of GABAA receptors. Nat Rev Neurosci. 2005;6(3):215. 



References  

 
 

277 

93. Frølund B et al. 4-Aryl-5-(4-piperidyl)-3-isoxazolol GABAA antagonists: 

synthesis, pharmacology, and structure− activity relationships. J Med Chem. 

2007;50(8):1988-92. 

94. Olsen RW, Sieghart W. GABA A receptors: subtypes provide diversity of 

function and pharmacology. Neuropharmacology. 2009;56(1):141-8. 

95. Barnard E et al. International Union of Pharmacology. XV. Subtypes of γ-

aminobutyric acid A receptors: classification on the basis of subunit structure and 

receptor function. Pharmacol Rev. 1998;50(2):291-314. 

96. Gottesmann C. GABA mechanisms and sleep. Neuroscience. 2002;111(2):231-9. 

97. Bowery N et al. (–) Baclofen decreases neurotransmitter release in the 

mammalian CNS by an action at a novel GABA receptor. Nature. 

1980;283(5742):92-4. 

98. Hill D, Bowery N. 3H-baclofen and 3H-GABA bind to bicuculline-insensitive 

GABAB sites in rat brain. Nature. 1981;290(5802):149-52. 

99. LeVine H. Structural features of heterotrimeric G-protein-coupled receptors and 

their modulatory proteins. Mol Neurobiol. 1999;19(2):111-49. 

100. Nicoll RA. The coupling of neurotransmitter receptors to ion channels in the 

brain. Science. 1988;241(4865):545-52. 

101. Bormann J. Electrophysiology of GABA A and GABA B receptor subtypes. 

Trends Neurosci. 1988;11(3):112-6. 

102. Filip M, Frankowska M. -GABAB receptors in drug addiction. Pharmacol Rep. 

2008;60(6):755. 

103. Feigenspan A et al. Pharmacology of GABA receptor Cl-channels in rat retinal 

bipolar cells. Nature. 1993;361(6408):159. 



References  

 
 

278 

104. Qian H, Dowling J. Selective agonists for GABAC receptors. Trends Neurosci. 

1996;19(5):190. 

105. Bormann J, Feigenspan A. GABA c receptors. Trends Neurosci. 

1995;18(12):515-9. 

106. Boue-Grabot E et al. Molecular and electrophysiological evidence for a GABAc 

receptor in thyrotropin-secreting cells. Endocrinology. 2000;141(5):1627-32. 

107. Johnston GA. GABAc receptors: relatively simple transmitter-gated ion 

channels? Trends Pharmacol Sci. 1996;17(9):319-23. 

108. Ticku M, Mehta A. An update on GABAA receptors. Brain Res Brain Res Rev. 

1999;68(1–2):159-68. 

109. Rabow LE et al. From ion currents to genomic analysis: recent advances in 

GABAA receptor research. Synapse. 1995;21(3):189-274. 

110. Bloom F, Iversen L. Localizing 3H-GABA in nerve terminals of rat cerebral 

cortex by electron microscopic autoradiography. Nature. 1971;229(5287):628-30. 

111. Enna SJ, McCarson KE. The Role of GABA in the Mediation and Perception of 

Pain.  Adv Pharmacol: Academic Press; 2006. ;54:1-27. 

112. Sieghart W. Structure and pharmacology of gamma-aminobutyric acidA receptor 

subtypes. PharmacolRev. 1995;47(2):181-234. 

113. McCarson KE, Enna S. GABA pharmacology: the search for analgesics. 

Neurochem Res. 2014;39(10):1948-63. 

114. Zeilhofer HU et al. GABAergic analgesia: new insights from mutant mice and 

subtype-selective agonists. Trends Pharmacol Sci. 2009;30(8):397-402. 

115. Enna S, McCarson KE. The role of GABA in the mediation and perception of 

pain. Adv Pharmacol. 2006;54:1-27. 



References  

 
 

279 

116. Yaksh TL. Behavioral and autonomic correlates of the tactile evoked allodynia 

produced by spinal glycine inhibition: effects of modulatory receptor systems and 

excitatory amino acid antagonists. Pain. 1989;37(1):111-23. 

117. Jasmin L et al. GABA puts a stop to pain.  Curr Drug Targets CNS Neurol 

Disord. 2004;3(6):487-505. 

118. Gavande N et al. Identification of Benzopyran‐4‐one Derivatives (Isoflavones) as 

Positive Modulators of GABAA Receptors. ChemMedChem. 2011;6(8):1340-6. 

119. Wafford KA. GABA A receptor subtypes: any clues to the mechanism of 

benzodiazepine dependence? Curr Opin Pharmacol. 2005;5(1):47-52. 

120. Osipenko ON, Bogomoletz AA. Depolarization and hyperpolarization of the 

neuronal membrane in the snail Helix pomatia identified neurons induced by 

oxytocin application to the soma of these neurons. Comparative Biochemistry and 

Physiology Part C: Comp Pharmacol. 1989 1989/01/01/;94(2):655-61. 

121. Semyanov A et al. GABA uptake regulates cortical excitability via cell type–

specific tonic inhibition. NatNeurosci. 2003;6(5):484-90. 

122. Moore KA et al. Partial peripheral nerve injury promotes a selective loss of 

GABAergic inhibition in the superficial dorsal horn of the spinal cord. J Neurosci. 

2002;22(15):6724-31. 

123. Tyson JA, Anderson SA. GABAergic interneuron transplants to study 

development and treat disease. Trends Neurosci. 2014;37(3):169-77. 

124. Quirk GJ, Gehlert DR. Inhibition of the amygdala: key to pathological states? 

Ann N Y Acad Sci. 2003;985(1):263-72. 

125. Bráz JM et al. Forebrain GABAergic neuron precursors integrate into adult spinal 

cord and reduce injury-induced neuropathic pain. Neuron. 2012;74(4):663-75. 



References  

 
 

280 

126. Campbell JN, Meyer RA. Mechanisms of neuropathic pain. Neuron. 

2006;52(1):77-92. 

127. Gwak YS et al. Activation of spinal GABA receptors attenuates chronic central 

neuropathic pain after spinal cord injury. J Neurotrauma. 2006;23(7):1111-24. 

128. Jergova S et al. Intraspinal transplantation of GABAergic neural progenitors 

attenuates neuropathic pain in rats: a pharmacologic and neurophysiological 

evaluation. ExpNeurol. 2012;234(1):39-49. 

129. Hwang JH, Yaksh TL. The effect of spinal GABA receptor agonists on tactile 

allodynia in a surgically-induced neuropathic pain model in the rat. Pain. 

1997;70(1):15-22. 

130. Persohn E et al. In situ hybridization histochemistry reveals a diversity of GABA 

A receptor subunit mRNAs in neurons of the rat spinal cord and dorsal root 

ganglia. Neuroscience. 1991;42(2):497-507. 

131. Bhagwagar Z et al. Increased brain GABA concentrations following acute 

administration of a selective serotonin reuptake inhibitor. Am J Psychiatry. 

2004;161(2):368-70. 

132. Zeilhofer HU. Loss of glycinergic and GABAergic inhibition in chronic pain—

contributions of inflammation and microglia. IntJ Immunopharmacol. 

2008;8(2):182-7. 

133. Hua X-Y et al. Inhibition of spinal protein kinase C reduces nerve injury-induced 

tactile allodynia in neuropathic rats. Neurosci lett. 1999;276(2):99-102. 

134. Tucker AP et al. Intrathecal midazolam II: combination with intrathecal fentanyl 

for labor pain. Anesth Analg. 2004;98(6):1521-7. 

135. Bryans JS, Wustrow DJ. 3‐Substituted GABA analogs with central nervous 

system activity: A review. MedRes Rev. 1999;19(2):149-77. 



References  

 
 

281 

136. Field M et al. Gabapentin (neurontin) and S‐(+)‐3‐isobutylgaba represent a novel 

class of selective antihyperalgesic agents. BritJ Pharmacol. 1997;121(8):1513-22. 

137. Lauria-Horner BA, Pohl RB. Pregabalin: a new anxiolytic. ExpOpin Invest 

Drugs. 2003;12(4):663-72. 

138. Gill TJ et al. The rat as an experimental animal. Science. 1989;245(4915):269-76. 

139. Abbott A. Laboratory animals: the Renaissance rat. Nature. 2004;428(6982):464-

6. 

140. Staats J. The laboratory mouse. Biology of the laboratory mouse. 1966;1. 

141. Peirson SN et al. Light and the laboratory mouse. J NeurosciMethods. 

2017;300:26-36 

142. Hollands C. The animals (scientific procedures) act 1986. Lancet. 

1986;328(8497):32-3. 

143. Camilleri M. α2δ ligand: a new, smart pill for visceral pain in patients with 

hypersensitive irritable bowel syndrome? Gut. 2007;56(10):1337-8. 

144. Durkin B et al. Pregabalin for the treatment of postsurgical pain. ExpOpin 

Pharmacother. 2010;11(16):2751-8. 

145. Dworkin RHet al. Pharmacologic management of neuropathic pain: evidence-

based recommendations. Pain. 2007;132(3):237-51. 

146. Guay DR. Pregabalin in neuropathic pain: a more “pharmaceutically elegant” 

gabapentin? Am J Geriatr Pharmacother. 2005;3(4):274-87. 

147. Serpell MG. Gabapentin in neuropathic pain syndromes: a randomised, double-

blind, placebo-controlled trial. Pain. 2002;99(3):557-66. 

148. Han TH et al. Gabapentin for the Management of Various Neuropathic Pain 

Syndromes. Korean J Anesthesiol. 2000;38(3):488-96. 



References  

 
 

282 

149. Lado F et al. Anticonvulsant efficacy of gabapentin on kindling in the immature 

brain. Epilepsia. 2001;42(4):458-63. 

150. Back SK et al. Gabapentin relieves mechanical, warm and cold allodynia in a rat 

model of peripheral neuropathy. Neurosci lett. 2004;368(3):341-4. 

151. Coderre T et al. A comparison of the glutamate release inhibition and 

anti‐allodynic effects of gabapentin, lamotrigine, and riluzole in a model of 

neuropathic pain. J Neurochem. 2007;100(5):1289-99. 

152. Chogtu B, Bairy K. Analgesic modulation of tramadol, amitriptyline and 

gabapentin in male and female Wistar rats. Res J Pharm, Biol Chem Sci. 

2013;4(3):70-8. 

153. Doncheva N, Getova D. Antinociceptive effect of gabapentin in naive and with 

neuropathic pain rats. Trakia J Sci. 2014;12(1):127-31. 

154. Kilic FS et al. Antinociceptive effects of gabapentin & its mechanism of action in 

experimental animal studies. IndianJ Med Res. 2012;135(5):630. 

155. Abdel-Salam OM, Sleem AA. Study of the analgesic, anti-inflammatory, and 

gastric effects of gabapentin. Drug Discov Ther. 2009;3(1). 

156. Van Elstraete AC et al. Gabapentin prevents delayed and long-lasting 

hyperalgesia induced by fentanyl in rats. Anesthesiology: J Am Soc Anesthesiol. 

2008;108(3):484-94. 

157. Surcheva S et al. Preclinic and clinic effectiveness of gabapentin and pregabalin 

for treatment of neuropathic pain in rats and diabetic patients. Biotechnol 

Biotechnol Equip. 2017;31(3):568-73. 

158. Pachman D et al. Chemotherapy‐Induced Peripheral Neuropathy: Prevention and 

Treatment. Clin Pharmacol Ther. 2011;90(3):377-87. 



References  

 
 

283 

159. Meymandi MS, Keyhanfar F. Pregabalin antinociception and its interaction with 

tramadol in acute model of pain. Pharmacol Rep. 2012;64(3):576-85. 

160. Meymandi MS, Keyhanfar F. Assessment of the antinociceptive effects of 

pregabalin alone or in combination with morphine during acetic acid-induced 

writhing in mice. Pharmacol Biochem Behav. 2013;110:249-54. 

161. Jun S et al. Development of behavioral dysfunction in mice cohabit with brain 

disordered cage-mate.  Int J Neuropsychopharmacol. 2016;19(Suppl 1): 44. 

162. Jorige A, Annapurna A. Neuroprotective and antioxidant role of pregabalin in 

streptozotocin induced neurotoxicity. Int J Pharma Sci Res. 2016;7(11):4494. 

163. Sałat K et al. Evaluation of analgesic, antioxidant, cytotoxic and metabolic effects 

of pregabalin for the use in neuropathic pain. Neurol Res. 2013;35(9):948-58. 

164. OECD guidelines. OECD (Organization for Economic Co-operation and 

Development) revised draft guidelines 423. OECD Guidelines for the Testing of 

Chemicals. 2001. 

165. GUIDELINE DUT. OECD Guidelines for the Testing of Chemicals. OECD, 

OECD Publishing, Paris, France. 2001. 

166. Collier H et al. The abdominal constriction response and its suppression by 

analgesic drugs in the mouse. Brit J Pharmacol Chemother. 1968;32(2):295-310. 

167. Subhan F et al. The role of opioidergic mechanism in the activity of Bacopa 

monnieri extract against tonic and acute phasic pain modalities. Pharmacology 

online. 2010;3:903-14. 

168. Aman U et al. Passiflora incarnata Attenuation of neuropathic allodynia and 

vulvodynia apropos GABA-ergic and opioidergic antinociceptive and behavioural 

mechanisms. BMC Complement Altern Med. 2016;16:77 



References  

 
 

284 

169. Gould TD et al. The open field test. Mood and anxiety related phenotypes in 

mice: Characterization using behavioral tests. Genes, Brain and Behav 

2010;9:544. 

170. Akbar Set al. Characterization of 6-methoxyflavanone as a novel anxiolytic agent: 

A behavioral and pharmacokinetic approach. Eur J Pharmacol. 2017;801:19-27. 

171. Simiand J et al. The staircase test in mice: a simple and efficient procedure for 

primary screening of anxiolytic agents. Psychopharmacology. 1984;84(1):48-53. 

172. Florio C et al. Adenosine A1 receptors modulate anxiety in CD1 mice. 

Psychopharmacology. 1998;136(4):311-9. 

173. Cruz AdM et al. Ethopharmacological analysis of rat behavior on the elevated 

plus-maze. Pharmacol Biochem Behav. 1994;49(1):171-6. 

174. Rodgers R, Johnson N. Factor analysis of spatiotemporal and ethological 

measures in the murine elevated plus-maze test of anxiety. Pharmacol Biochem 

Behav. 1995;52(2):297-303. 

175. Clément Y et al. Anxiety in mice: a principal component analysis study. Neural 

plast. 2007;2007. 

176. Winter CA et al. Carrageenin-induced edema in hind paw of the rat as an assay 

for antiinflammatory drugs. Exp Biol Med. 1962;111(3):544-7. 

177. Singh S et al. Evaluation of anti-inflammatory potential of fixed oil of Ocimum 

sanctum (Holybasil) and its possible mechanism of action. J Ethnopharmacol. 

1996;54(1):19-26. 

178. Cole HW et al. Serotonin-induced paw edema in the rat: pharmacological profile. 

General Pharmacology: Vas Syst. 1995;26(2):431-6. 



References  

 
 

285 

179. Ullah N et al. Bioisosteric synthesis of nitrogen containing derivatives of salicyl 

alcohol, their in vivo pharmacological studies with molecular modeling. Med 

Chem Res. 2013;22(10):4677-84. 

180. Ali G et al. Pharmacological evaluation, molecular docking and dynamics 

simulation studies of salicyl alcohol nitrogen containing derivatives. Afr J Pharm 

Pharmacol. 2013;7(11):585-96. 

181. Morrow TJ. Animal models of painful diabetic neuropathy: the STZ rat model. 

CurrProtoc Neurosci. 2004:9.18. 1-9.. 1. 

182. Akbar Set al. 6-Methoxyflavanone attenuates mechanical allodynia and 

vulvodynia in the streptozotocin-induced diabetic neuropathic pain. Biomed 

Pharmacother. 2016;84:962-71. 

183. Field MJ et al. Detection of static and dynamic components of mechanical 

allodynia in rat models of neuropathic pain: are they signalled by distinct primary 

sensory neurones? Pain. 1999;83(2):303-11. 

184. Ali G et al. A streptozotocin-induced diabetic neuropathic pain model for static or 

dynamic mechanical allodynia and vulvodynia: validation using topical and 

systemic gabapentin. NaunynSchmiedebergs Arch Pharmacol. 

2015;388(11):1129-40. 

185. Chaplan SR et al. Quantitative assessment of tactile allodynia in the rat paw. J 

Neurosci methods. 1994;53(1):55-63. 

186. Mao-Ying Q-L et al. The anti-diabetic drug metformin protects against 

chemotherapy-induced peripheral neuropathy in a mouse model. PloS one. 

2014;9(6):e100701. 



References  

 
 

286 

187. Huang C et al. Attenuation of mechanical but not thermal hyperalgesia by 

electroacupuncture with the involvement of opioids in rat model of chronic 

inflammatory pain. Brain Res Bull. 2004;63(2):99-103. 

188. Authier N et al. An animal model of nociceptive peripheral neuropathy following 

repeated cisplatin injections. Exp Neurol. 2003;182(1):12-20. 

189. McKeage MJ. Comparative adverse effect profiles of platinum drugs. Drug Saf. 

1995;13(4):228-44. 

190. Han FY et al. Optimization and pharmacological characterization of a refined 

cisplatin-induced rat model of peripheral neuropathic pain. Behav Pharmacol. 

2014;25(8):732-40. 

191. Shahid M et al. Topical gabapentin gel alleviates allodynia and hyperalgesia in 

the chronic sciatic nerve constriction injury neuropathic pain model. Eur J Pain. 

2017 2017//;21. 

192. Bennett GJ, Xie Y-K. A peripheral mononeuropathy in rat that produces disorders 

of pain sensation like those seen in man. Pain. 1988;33(1):87-107. 

193. Austin PJ WA et al. Chronic constriction of the sciatic nerve and pain 

hypersensitivity testing in rats. J Vis Exp. 2012;(61):e3393. 

194. Nakazato-Imasato E et al. Effect of mexiletine on dynamic allodynia induced by 

chronic constriction injury of the sciatic nerve in rats. J Vet Med Sci. 

2009;71(7):991-4. 

195. Polgar E et al. Selective loss of spinal GABAergic or glycinergic neurons is not 

necessary for development of thermal hyperalgesia in the chronic constriction 

injury model of neuropathic pain. Pain. 2003;104(1):229-39. 

196. Decosterd I, Woolf CJ. Spared nerve injury: an animal model of persistent 

peripheral neuropathic pain. Pain. 2000;87(2):149-158. 



References  

 
 

287 

197. Kendall D et al. Comparison of the antinociceptive effect of gamma-aminobutyric 

acid (GABA) agonists: evidence for a cholinergic involvement. J Pharmacol Exp 

Ther. 1982;220(3):482-7. 

198. Levy RA, Proudfit HK. The analgesic action of baclofen [beta-(4-chlorophenyl)-

gamma-aminobutyric acid]. J Pharmacol Exp Ther. 1977;202(2):437-45. 

199. Smith G et al. Increased sensitivity to the antinociceptive activity of (±)-baclofen 

in an animal model of chronic neuropathic, but not chronic inflammatory 

hyperalgesia. Neuropharmacology. 1994;33(9):1103-8. 

200. Bates CA. Transport of alpha-synuclein across the blood-cerebrospinal fluid 

barrier and effects of manganese exposure: Purdue University; 2014. 

201. Hitchcock SA, Pennington LD. Structure−brain exposure relationships. J Med 

Chem. 2006;49(26):7559-83. 

202. Kakee A et al. Efflux of a suppressive neurotransmitter, GABA, across the blood–

brain barrier. J Neurochem. 2001;79(1):110-8. 

203. Pardridge WM. The blood-brain barrier: bottleneck in brain drug development. 

NeuroRx. 2005;2(1):3-14. 

204. Clift MD, Silverman RB. Synthesis and evaluation of novel aromatic substrates 

and competitive inhibitors of GABA aminotransferase. Bioorg  Med Chem Lett. 

2008;18(10):3122-5. 

205. Hunter JC et al. The effect of novel anti-epileptic drugs in rat experimental 

models of acute and chronic pain. Eur J Pharmacol. 1997;324(2):153-60. 

206. Laughlin TM et al. Comparison of antiepileptic drugs tiagabine, lamotrigine, and 

gabapentin in mouse models of acute, prolonged, and chronic nociception. J 

Pharmacol Exp Ther. 2002;302(3):1168-75. 



References  

 
 

288 

207. Rosenberg JM et al. The effect of gabapentin on neuropathic pain. Clin J Pain. 

1997;13(3):251-5. 

208. Norton JW, Quarles E. Gabapentin and anxiety. Hosp Pharm. 2001;36(8):843-5. 

209. Dias JM et al. Gabapentin, a synthetic analogue of gamma aminobutyric acid, 

reverses systemic acute inflammation and oxidative stress in mice. Inflammation. 

2014;37(5):1826-36. 

210. Magnus L. Nonepileptic uses of gabapentin. Epilepsia. 1999;40(s6). 

211. Verma V et al. Pregabalin in neuropathic pain: evidences and possible 

mechanisms. Curr Neuropharmacol. 2014;12(1):44-56. 

212. Tassone DM et al. Pregabalin: a novel γ-aminobutyric acid analogue in the 

treatment of neuropathic pain, partial-onset seizures, and anxiety disorders. Clin 

Ther. 2007;29(1):26-48. 

213. Rainsford KD. Aspirin and related drugs: CRC Press; 2016. 

214. Liu T-T et al. Functionalities of conjugated compounds of γ-aminobutyric acid 

with salicylaldehyde or cinnamaldehyde. Food Chem. 2016;190(s C):1102-8. 

215. Ménigaux C et al. Preoperative gabapentin decreases anxiety and improves early 

functional recovery from knee surgery. Anesth Analg. 2005;100(5):1394. 

216. Pande ACet al. Pregabalin in generalized anxiety disorder: a placebo-controlled 

trial. Am J Psychiatry. 2003;160(3):533-40. 

217. Lotarski SMet al. Anxiolytic-like activity of pregabalin in the Vogel conflict test 

in α2δ-1 (R217A) and α2δ-2 (R279A) mouse mutants. J Pharmacol  Exp Ther. 

2011;338(2):615-21. 

218. Singh L et al. The antiepileptic agent gabapentin (Neurontin) possesses 

anxiolytic-like and antinociceptive actions that are reversed by D-serine. 

Psychopharmacology. 1996;127(1):1-9. 



References  

 
 

289 

219. Toth C. Pregabalin: latest safety evidence and clinical implications for the 

management of neuropathic pain. TherAdv Drug Saf. 2014;5(1):38-56. 

220. Ohishi A et al. Opioid analgesics increase incidence of somnolence and dizziness 

as adverse effects of pregabalin: a retrospective study.  J Pharm Health Care Sci. 

2015;1(1):30. 

221. Quintero GC. Review about gabapentin misuse, interactions, contraindications 

and side effects. J Exp Pharmacol. 2017;9:13. 

222. Wiffen PJ et al. Gabapentin for chronic neuropathic pain in adults. The Cochrane 

Library. 2009;3. 

223. Ahmad N et al. A novel pregabalin functionalized salicylaldehyde derivative 

afforded prospective pain, inflammation, and pyrexia alleviating propensities. 

Archiv der Pharmazie. 2017;350(6). 

224. Mallesha L et al. Synthesis and biological activities of Schiff bases of gabapentin 

with different aldehydes and ketones: a structure–activity relationship study. Med 

Chem Res. 2012;21(1):1-9. 

225. Suleyman H et al. Anti-inflammatory and side effects of cyclooxygenase 

inhibitors. Pharmacol Rep. 2007;59(3):247-58. 

226. Laxmaiah Manchikanti M et al. Therapeutic use, abuse, and nonmedical use of 

opioids: a ten-year perspective. Pain Physician. 2010;13:401-35. 

227. Shahid M et al. Beneficial effects of Bacopa monnieri extract on opioid induced 

toxicity. Heliyon. 2016;2(2):e00068. 

228. Ettinger AB, Argoff CE. Use of antiepileptic drugs for nonepileptic conditions: 

psychiatric disorders and chronic pain. Neurotherapeutics. 2007;4(1):75-83. 

229. Lu Y, Westlund KN. Gabapentin attenuates nociceptive behaviors in an acute 

arthritis model in rats. J Pharmacol Exp Therap. 1999;290(1):214-9. 



References  

 
 

290 

230. Moretti R et al. Headache and neck pain: Gabapentin as a possible treatment. 

JHeadache Pain. 2000;1(3):155-61. 

231. Stepanovic-Petrovic RMet al. The antinociceptive effects of anticonvulsants in a 

mouse visceral pain model. Anesth  Analg. 2008;106(6):1897-903. 

232. Łuszczki JJ. Dose-response relationship analysis of pregabalin doses and their 

antinociceptive effects in hot-plate test in mice. Pharmacol Rep. 2010;62(5):942-8. 

233. Pakulska W, Czarnecka E. The effect of gabapentin on antinociceptive action of 

analgesics. Acta Pol Pharm. 2004;61(5):393-400. 

234. Łuszczki JJ et al. Synergistic interaction of gabapentin with tiagabine in the hot-

plate test in mice: an isobolographic analysis. Pharmacol Rep. 2009;61(3):459-67. 

235. Chesler EJ et al Genotype-dependence of gabapentin and pregabalin sensitivity: 

the pharmacogenetic mediation of analgesia is specific to the type of pain being 

inhibited. Pain. 2003;106(3):325-35. 

236. Takeuchi Y et al. Pregabalin, S-(+)-3-isobutylgaba, activates the descending 

noradrenergic system to alleviate neuropathic pain in the mouse partial sciatic 

nerve ligation model. Neuropharmacology. 2007;53(7):842-53. 

237. Meymandi MS, Keyhanfar F. Relative potency of pregabalin, gabapentin, and 

morphine in a mouse model of visceral pain. Can J Anaesth. 2013;60(1):44-9. 

238. Hazari S et al. Methyl 3-(2-hydroxybenzylidene)-2-methyldithiocarbazate. Acta 

Cryst Section E: Struct Rep Online. 2012;68(5):o1533-o. 

239. Jana S et al. Proton transfer assisted charge transfer phenomena in photochromic 

schiff bases and effect of–NEt2 groups to the Anil Schiff bases. J Phys Chem A. 

2012;116(45):10948-58. 

240. Antonov L et al. Tautomerism of 2-hydroxynaphthaldehyde Schiff bases. J Chem 

Soc Perkin Trans 2. 2000(6):1173-9. 



References  

 
 

291 

241. Ness T. Models of visceral nociception. ILAR J. 1999;40(3):119-128. 

242. Noble Fet al. Pain-suppressive effects on various nociceptive stimuli (thermal, 

chemical, electrical and inflammatory) of the first orally active enkephalin-

metabolizing enzyme inhibitor RB 120. Pain. 1997;73(3):383-91. 

243. Yaksh T. Pharmacology and mechanisms of opioid analgesic activity. Acta 

Anaesthesiol Scand. 1997;41(1):94-111. 

244. Marks DM et al. Does pregabalin have neuropsychotropic effects?: a short 

perspective. Psychiatry Invest. 2009;6(2):55-8. 

245. Li Z et al. Pregabalin is a potent and selective ligand for α 2 δ-1 and α 2 δ-2 

calcium channel subunits. Eur J Pharmacol. 2011;667(1):80-90. 

246. Jensen TS. Anticonvulsants in neuropathic pain: rationale and clinical evidence. 

Eur J Pain. 2002;6(SA):61-8. 

247. Oates JA et al. Nonsteroidal antiinflammatory drugs—differences and 

similarities. N Engl J Med. 1991;324(24):1716-25. 

248. Thurmond RL et al. The role of histamine H1 and H4 receptors in allergic 

inflammation: the search for new antihistamines. Nat Rev Drug Discov. 

2008;7(1):41-53. 

249. Rozenberg I et al. Histamine H1 receptor promotes atherosclerotic lesion 

formation by increasing vascular permeability for low-density lipoproteins. 

Arterioscler Thromb Vasc Biol. 2010;30(5):923-30. 

250. Mobarakeh JI et al. Role of histamine H 1 receptor in pain perception: a study of 

the receptor gene knockout mice. EurJ Pharmacol. 2000;391(1):81-9. 

251. Jutel M et al. Histamine, histamine receptors and their role in immune pathology. 

Clin Exp Allergy. 2009;39(12):1786-800. 



References  

 
 

292 

252. Shajib M, Khan W. The role of serotonin and its receptors in activation of 

immune responses and inflammation. Acta Physiol. 2015;213(3):561-74. 

253. Ogoina D. Fever, fever patterns and diseases called ‘fever’–a review. J Infect 

Public Health. 2011;4(3):108-24. 

254. Bleeker-Rovers CP et al. Fever of unknown origin.Semin Nucl Med. 

2008;39(2):8–17. 

255. Bruguerolle B, Roucoules X. Time-dependent changes in body temperature 

rhythm induced in rats by brewer's yeast injection. Chronobiol Int. 

1994;11(3):180-6. 

256. Aronoff DM, Neilson EG. Antipyretics: mechanisms of action and clinical use in 

fever suppression. Am J Med. 2001;111(4):304-15. 

257. Treede Ret al. Redefinition of neuropathic pain and a grading system for clinical 

use: consensus statement on clinical and research diagnosis criteria. Neurology. 

2008;70:1360-5. 

258. Merskey H. Description of chronic pain syndromes and definitions of pain 

terms. Classification of chronic pain. 1994. 

259. Rasmussen PV et al. Symptoms and signs in patients with suspected 

neuropathic pain. Pain. 2004;110(1):461-9. 

260. Baron R. Mechanisms of disease: neuropathic pain—a clinical perspective. Nat 

Clin Pract Neurol. 2006;2(2):95-106. 

261. Organization WH. Definition and diagnosis of diabetes mellitus and 

intermediate hyperglycemia–report of a WHO/International Diabetes Federation 

consultation. 2015. 

262. Jolivalt CG et al. Allodynia and hyperalgesia in diabetic rats are mediated by 

GABA and depletion of spinal potassium-chloride co-transporters. Pain. 

2008;140(1):48-57. 



References  

 
 

293 

263. Said G. Diabetic neuropathy-a review. NatClin Pract Neurol. 2007;3(6):331-40. 

264. Calcutt NA. Potential mechanisms of neuropathic pain in diabetes. IntRev 

Neurobiol. 2002;50:205-28. 

265. Gwak YS, Hulsebosch CE. GABA and central neuropathic pain following spinal 

cord injury. Neuropharmacology. 2011;60(5):799-808. 

266. Przewlocki R, Przewlocka B. Opioids in neuropathic pain. Curr Pharm Des. 

2005;11(23):3013-25. 

267. Attal N. Pharmacologic treatment of neuropathic pain. Acta Neurol Belg. 

2001;101(1):53-64. 

268. Reda HM et al. Effect of levetiracetam versus gabapentin on peripheral 

neuropathy and sciatic degeneration in streptozotocin-diabetic mice: influence on 

spinal microglia and astrocytes. Eur J Pharmacol. 2016;771:162-72. 

269. Heubeck E. New treatment options for diabetic neuropathy. Doc News. 

2006;3(2):8-9. 

270. Smith T, Nicholson RA. Review of duloxetine in the management of diabetic 

peripheral neuropathic pain. VascHealth Risk Manag. 2007;3(6):833. 

271. Lesser H et al. Pregabalin relieves symptoms of painful diabetic neuropathy A 

randomized controlled trial. Neurology. 2004;63(11):2104-10. 

272. Richter RW et al. Relief of painful diabetic peripheral neuropathy with 

pregabalin: A randomized, placebo-controlled trial. J Pain. 2005;6(4):253-60. 

273. Mai LMet al. Long-term outcomes in the management of painful diabetic 

neuropathy. Canad J Neurol Sci. 2017:1-6. 

274. Boardman LA et al. Topical gabapentin in the treatment of localized and 

generalized vulvodynia. Obstet Gynecol. 2008;112(3):579-85. 



References  

 
 

294 

275. Levendoglu F et al. Gabapentin is a first line drug for the treatment of neuropathic 

pain in spinal cord injury. Pain Pract. 2005;5(3):282. 

276. Hama A, Sagen J. Sustained antinociceptive effect of cannabinoid receptor 

agonist WIN 55,212-2 over time in rat model of neuropathic spinal cord injury 

pain. J Rehabil Res Dev. 2009;46(1):135. 

277. Association AD. Standards of medical care in diabetes—2015 abridged for 

primary care providers. Clin Diabetes. 2015;33(2):97. 

278. Thomas P. The pathology of diabetic neuropathy. International textbook of 

diabetes mellitus. 2004. 

279. Malcangio M, Tomlinson DR. A pharmacologic analysis of mechanical 

hyperalgesia in streptozotocin/diabetic rats. Pain. 1998;76(1):151-7. 

280. Britland ST et al. Acute and remitting painful diabetic polyneuropathy: a 

comparison of peripheral nerve fibre pathology. Pain. 1992;48(3):361-70. 

281. Lee JH, McCarty R. Glycemic control of pain threshold in diabetic and control 

rats. Physiol Behav. 1990;47(2):225-30. 

282. Ahlgren SC, Levine JD. Mechanical hyperalgesia in streptozotocin-diabetic rats is 

not sympathetically maintained. Brain Res. 1993;616(1):171-5. 

283. Courteix C et al. Streptozocin-induced diabetic rats: behavioural evidence for a 

model of chronic pain. Pain. 1993;53(1):81-8. 

284. Burchiel KJ et al. Spontaneous activity of primary afferent neurons in diabetic 

BB/Wistar rats: a possible mechanism of chronic diabetic neuropathic pain. 

Diabetes. 1985;34(11):1210-3. 

285. Simon GS, Dewey WL. Narcotics and diabetes. I. The effects of streptozotocin-

induced diabetes on the antinociceptive potency of morphine. JPharmacol Exp 

Ther. 1981;218(2):318-23. 



References  

 
 

295 

286. Courteix C et al. Study of the sensitivity of the diabetes-induced pain model in 

rats to a range of analgesics. Pain. 1994;57(2):153-60. 

287. Calcutt NA. Location, location, location? Is the pain of diabetic neuropathy 

generated by hyperactive sensory neurons? Diabetes. 2013;62(11):3658-60. 

288. Malan TP et al. Spinal GABA (A) and GABA (B) receptor pharmacology in a rat 

model of neuropathic pain. Anesthesiology. 2002;96(5):1161-7. 

289. Stubley LA et al. Only early intervention with gamma-aminobutyric acid cell 

therapy is able to reverse neuropathic pain after partial nerve injury. J 

Neurotrauma. 2001;18(4):471-7. 

290. Wiesenfeld-Hallin Z et al. Central inhibitory dysfunctions: mechanisms and 

clinical implications. Behav Brain Sci. 1997;20(03):420-5. 

291. Hyun Hwang J, L. Yaksh T. The effect of spinal GABA receptor agonists on 

tactile allodynia in a surgically-induced neuropathic pain model in the rat. Pain. 

1997;70(1):15-22. 

292. Giardina WJ et al. An evaluation of the GABA uptake blocker tiagabine in animal 

models of neuropathic and nociceptive pain. Drug Dev Res. 1998;44(2‐3):106-13. 

293. Urban MOet al. Comparison of the antinociceptive profiles of gabapentin and 3-

methylgabapentin in rat models of acute and persistent pain: implications for 

mechanism of action. J Pharmacol Exp Ther. 2005;313(3):1209-16. 

294. Desmeules JA et al. Selective opioid receptor agonists modulate mechanical 

allodynia in an animal model of neuropathic pain. Pain. 1993;53(3):277-85. 

295. Eisenberg E et al. Efficacy of mu‐opioid agonists in the treatment of evoked 

neuropathic pain: Systematic review of randomized controlled trials. Eur J Pain. 

2006;10(8):667-. 

296. Guan Yet al. Peripherally acting mu-opioid receptor agonist attenuates 

neuropathic pain in rats after L5 spinal nerve injury. Pain. 2008;138(2):318-29. 



References  

 
 

296 

297. Kalra B et al. Vulvodynia: An unrecognized diabetic neuropathic syndrome. IndJ 

Endocrinol Met. 2013;17(5):787. 

298. Henzell H et al. Provoked vestibulodynia: current perspectives. Int J Women's 

Health. 2017;9:631-42. 

299. Thornton AM, Drummond C. Current concepts in vulvodynia with a focus on 

pathogenesis and pain mechanisms. Australas J Dermatol. 2015;57(4):253-263. 

300. Zhang Z et al. Altered central sensitization in subgroups of women with 

vulvodynia. Clin J Pain. 2011;27(9):755–63. 

301. Sindrup SH, Jensen TS. Efficacy of pharmacological treatments of neuropathic 

pain: an update and effect related to mechanism of drug action. Pain. 

1999;83(3):389-400. 

302. Knabl J et al. Reversal of pathological pain through specific spinal GABAA 

receptor subtypes. Nature. 2008;451(7176):330-4. 

303. Johnston GA. Flavonoid nutraceuticals and ionotropic receptors for the inhibitory 

neurotransmitter GABA. Neurochem Int. 2015;89:120-5. 

304. Stillman M, Cata JP. Management of chemotherapy-induced peripheral 

neuropathy. Curr Pain Headache Rep. 2006;10(4):279-87. 

305. Van Cutsem E, Arends J. The causes and consequences of cancer-associated 

malnutrition. Eur J Oncol Nurs. 2005;9:S51-S63. 

306. Markman M. Chemotherapy-induced peripheral neuropathy: underreported and 

underappreciated. Curr Pain Headache Rep. 2006;10(4):275-8. 

307. Ocean AJ, Vahdat LT. Chemotherapy-induced peripheral neuropathy: 

pathogenesis and emerging therapies. Support Care Cancer. 2004;12(9):619-25. 

308. Warner E. Neurotoxicity of cisplatin and taxol. Int J Gynecol Cancer. 

1995;5(3):161-9. 



References  

 
 

297 

309. Zhang J et al. Cisplatin and gemcitabine as the first line therapy in metastatic 

triple negative breast cancer. IntJ Cancer. 2015;136(1):204-11. 

310. Marschner N et al. Oxaliplatin-based first-line chemotherapy is associated with 

improved overall survival compared to first-line treatment with irinotecan-based 

chemotherapy in patients with metastatic colorectal cancer–results from a 

prospective cohort study. ClinEpidemiol. 2015;7:295. 

311. He G. Pemetrexed/cisplatin as first-line chemotherapy for advanced lung cancer 

with brain metastases: A case report and literature review. Medicine. 2016;95(32). 

312. Lynch TJ et al. Ipilimumab in combination with paclitaxel and carboplatin as 

first-line treatment in stage IIIB/IV non–small-cell lung cancer: results from a 

randomized, double-blind, multicenter phase II study. J Clin Oncol. 

2012;30(17):2046-54. 

313. Chaudhry V et al. Toxic neuropathy in patients with pre-existing neuropathy. 

Neurology. 2003;60(2):337-40. 

314. Markman M. Toxicities of the platinum antineoplastic agents. Expert Opin Drug 

Saf. 2003;2(6):597-607. 

315. Cavaletti G, Marmiroli P. Chemotherapy-induced peripheral neurotoxicity. Nat 

Rev Neurol. 2010;6(12):657-66. 

316. Kaley TJ, DeAngelis LM. Therapy of chemotherapy-induced peripheral 

neuropathy. Br J Haematol. 2009;145(1):3-14. 

317. Albers JW et al. Interventions for preventing neuropathy caused by cisplatin and 

related compounds. The Cochrane Library. 2014;(s 3):1-97. 

318. Brawek B et al. Effects of gabapentin and pregabalin on K+-evoked 3H-GABA 

and 3H-glutamate release from human neocortical synaptosomes. Naunyn 

Schmiedebergs Arch Pharmacol. 2009;379(4):361-9. 



References  

 
 

298 

319. Semel D et al. Evaluation of the safety and efficacy of pregabalin in older patients 

with neuropathic pain: results from a pooled analysis of 11 clinical studies. BMC 

Fam Pract. 2010;11(1):85. 

320. Arezzo JC et al. Efficacy and safety of pregabalin 600 mg/d for treating painful 

diabetic peripheral neuropathy: a double-blind placebo-controlled trial. BMC 

Neurol. 2008;8(1):33. 

321. Bansal D et al. Amitriptyline vs. pregabalin in painful diabetic neuropathy: a 

randomized double blind clinical trial. Diabetic Med. 2009;26(10):1019-26. 

322. Satoh Jet al. Efficacy and safety of pregabalin for treating neuropathic pain 

associated with diabetic peripheral neuropathy: a 14 week, randomized, 

double‐blind, placebo‐controlled trial. Diabetic Med. 2011;28(1):109-16. 

323. Achar A et al. Comparative study of clinical efficacy with amitriptyline, 

pregabalin, and amitriptyline plus pregabalin combination in postherpetic 

neuralgia. Indian J Dermatol Venereol Leprol. 2010;76(1):63-65 

324. Barbarisi M et al. Pregabalin and transcutaneous electrical nerve stimulation for 

postherpetic neuralgia treatment. ClinJ Pain. 2010;26(7):567-72. 

325. Arnold LMet al. A 14-week, randomized, double-blinded, placebo-controlled 

monotherapy trial of pregabalin in patients with fibromyalgia. J Pain. 

2008;9(9):792-805. 

326. Ohta H et al. A randomized, double-blind, multicenter, placebo-controlled phase 

III trial to evaluate the efficacy and safety of pregabalin in Japanese patients with 

fibromyalgia. Arthritis Res Ther. 2012;14(5):R217. 

327. Pauer L et al. Long-term maintenance of response across multiple fibromyalgia 

symptom domains in a randomized withdrawal study of pregabalin. ClinJ Pain. 

2012;28(7):609-14. 



References  

 
 

299 

328. Atreya S. Pregabalin in chemotherapy induced neuropathic pain. Ind J 

PalliatCare. 2016;22(1):101. 

329. Cabrera J et al. Characterizing and understanding body weight patterns in patients 

treated with pregabalin. CurrMed Res Opin. 2012;28(6):1027-37. 

330. Feltner DEet al. A randomized, double-blind, placebo-controlled, fixed-dose, 

multicenter study of pregabalin in patients with generalized anxiety disorder. J 

Clin Psychopharmacol. 2003;23(3):240-9. 

331. Lee S. Pregabalin intoxication-induced encephalopathy with triphasic waves. 

Epilepsy Behav. 2012;25(2):170-3. 

332. Rowbotham M et al. Gabapentin for the treatment of postherpetic neuralgia: a 

randomized controlled trial. JAMA. 1998;280(21):1837-42. 

333. Shahid M et al. A bacosides containing Bacopa monnieri extract alleviates 

allodynia and hyperalgesia in the chronic constriction injury model of neuropathic 

pain in rats. BMC Comp Altern Med. 2017;17(1):293. 

334. Ross Jet al. Gabapentin is effective in the treatment of cancer-related neuropathic 

pain: A prospective, open-label study. J Palliat Med. 2005;8(6):1118-26. 

335. Rose M, Kam P. Gabapentin: pharmacology and its use in pain management. 

Anaesthesia. 2002;57(5):451-62. 

336. Grisold W et al. Peripheral neuropathies from chemotherapeutics and targeted 

agents: diagnosis, treatment, and prevention. Neuro-oncol. 2012;14(s4):iv45-iv54. 

337. Authier N et al. A new animal model of vincristine-induced nociceptive 

peripheral neuropathy. Neurotoxicology. 2003;24(6):797-805. 

338. Polomano RC et al. A painful peripheral neuropathy in the rat produced by the 

chemotherapeutic drug, paclitaxel. Pain. 2001;94(3):293-304. 



References  

 
 

300 

339. Aley K et al. Vincristine hyperalgesia in the rat: a model of painful vincristine 

neuropathy in humans. Neuroscience. 1996;73(1):259-65. 

340. Nozaki-Taguchi N et al. Vincristine-induced allodynia in the rat. Pain. 

2001;93(1):69-76. 

341. Vera G et al. WIN 55,212-2 prevents mechanical allodynia but not alterations in 

feeding behaviour induced by chronic cisplatin in the rat. Life Sci. 

2007;81(6):468-79. 

342. McDonald ES, Windebank AJ. Cisplatin-Induced Apoptosis of DRG Neurons 

Involves Bax Redistribution and Cytochrome cRelease But Not fas Receptor 

Signaling. Neurobiol Dis. 2002;9(2):220-33. 

343. Cavaletti G et al. Neuronal drug transporters in platinum drugs-induced peripheral 

neurotoxicity. Anticancer Res. 2014;34(1):483-6. 

344. Grolleau F et al. A possible explanation for a neurotoxic effect of the anticancer 

agent oxaliplatin on neuronal voltage-gated sodium channels. J Neurophysiol. 

2001;85(5):2293-7. 

345. Hori K et al. Upregulations of P2X 3 and ASIC3 involve in hyperalgesia induced 

by cisplatin administration in rats. Pain. 2010;149(2):393-405. 

346. Ta LE et al. Transient Receptor Potential Vanilloid 1 is essential for cisplatin-

induced heat hyperalgesia in mice. Mol Pain. 2010;6(1):15. 

347. Descoeur Jet al. Oxaliplatin-induced cold hypersensitivity is due to remodelling 

of ion channel expression in nociceptors. EMBO Mol Med. 2011;3(5):266-78. 

348. Scuteri A et al. NGF protects dorsal root ganglion neurons from oxaliplatin by 

modulating JNK/Sapk and ERK1/2. Neurosci Lett. 2010;486(3):141-5. 

349. Wang D, Lippard SJ. Cellular processing of platinum anticancer drugs. Nat Rev 

Drug Discov. 2005;4(4):307. 



References  

 
 

301 

350. Massicot Fet al. P2X7 cell death receptor activation and mitochondrial 

impairment in oxaliplatin-induced apoptosis and neuronal injury: cellular 

mechanisms and in vivo approach. PLoS One. 2013;8(6):e66830. 

351. Mihara Yet al. Involvement of spinal NR2B-containing NMDA receptors in 

oxaliplatin-induced mechanical allodynia in rats. Mol Pain. 2011;7(1):8. 

352. Warwick R, Hanani M. The contribution of satellite glial cells to 

chemotherapy‐induced neuropathic pain. Eur J Pain. 2013;17(4):571-80. 

353. Yoon S-Y et al. Spinal astrocyte gap junctions contribute to oxaliplatin-induced 

mechanical hypersensitivity. JPain. 2013;14(2):205-14. 

354. Robinson CR et al. Astrocytes, but not microglia, are activated in oxaliplatin and 

bortezomib-induced peripheral neuropathy in the rat. Neuroscience. 

2014;274:308-17. 

355. Zheng H et al. Functional deficits in peripheral nerve mitochondria in rats with 

paclitaxel-and oxaliplatin-evoked painful peripheral neuropathy. Exp Neurol. 

2011;232(2):154-61. 

356. Joseph EK et al. Oxaliplatin acts on IB4-positive nociceptors to induce an 

oxidative stress-dependent acute painful peripheral neuropathy. JPain. 

2008;9(5):463-72. 

357. Wall PD. The gate control theory of pain mechanisms. A re-examination and re-

statement. Brain. 1978;101(1):1-18. 

358. Cavanaugh DJet al. Distinct subsets of unmyelinated primary sensory fibers 

mediate behavioral responses to noxious thermal and mechanical stimuli. Proc 

Natl Acad Sci. 2009;106(22):9075-80. 

359. Dougherty PM et al. Taxol-induced sensory disturbance is characterized by 

preferential impairment of myelinated fiber function in cancer patients. Pain. 

2004;109(1):132-42. 



References  

 
 

302 

360. Jensen TS, Finnerup NB. Allodynia and hyperalgesia in neuropathic pain: clinical 

manifestations and mechanisms. Lancet Neurol. 2014;13(9):924-35. 

361. Quartu M et al. Bortezomib treatment produces nocifensive behavior and changes 

in the expression of TRPV1, CGRP, and substance P in the rat DRG, spinal cord, 

and sciatic nerve. BioMed Res Int. 2014;2014:180428. 

362. Aromolaran KA, Goldstein PA. Ion channels and neuronal hyperexcitability in 

chemotherapy-induced peripheral neuropathy Cause and effect? Mol Pain. 

2017;13. 

363. Errante LD et al. Gabapentin and vigabatrin increase GABA in the human 

neocortical slice. Epilepsy Res. 2002;49(3):203-10. 

364. Kocsis JD, Honmou O. Gabapentin increases GABA-induced depolarization in 

rat neonatal optic nerve. Neurosci Lett. 1994;169(1):181-4. 

365. Maneuf YP et al. Gabapentin inhibits the substance P-facilitated K+-evoked 

release of [3 H] glutamate from rat caudal trigeminal nucleus slices. Pain. 

2001;93(2):191-6. 

366. Cunningham MO et al. Dual effects of gabapentin and pregabalin on glutamate 

release at rat entorhinal synapses in vitro. Eur JNeurosci. 2004;20(6):1566-76. 

367. Ghasemi M, Schachter SC. The NMDA receptor complex as a therapeutic target 

in epilepsy: a review. Epilepsy Behav. 2011;22(4):617-40. 

368. Chen S-R et al. Synergistic effect between intrathecal non-NMDA antagonist and 

gabapentin on allodynia induced by spinal nerve ligation in rats. J Am Soc 

Anesthesiol. 2000;92(2):500. 

369. Kaneko M et al. Intrathecally administered gabapentin inhibits formalin-evoked 

nociception and the expression of Fos-like immunoreactivity in the spinal cord of 

the rat. J Pharmacol Exp Ther. 2000;292(2):743-51. 

370. Kavoussi R. Pregabalin: from molecule to medicine. Eur Neuropsychopharmacol. 

2006;16:S128-S33. 



References  

 
 

303 

371. Shimoyama M et al. Gabapentin affects glutamatergic excitatory 

neurotransmission in the rat dorsal horn. Pain. 2000;85(3):405-14. 

372. Bauer CS et al. The Increased Trafficking of the Calcium Channel Subunit 

α<sub>2</sub>δ-1 to Presynaptic Terminals in Neuropathic Pain Is Inhibited by 

the α<sub>2</sub>δ Ligand Pregabalin. JNeurosci. 2009;29(13):4076-88. 

373. Taylor CP et al. Pharmacology and mechanism of action of pregabalin: the 

calcium channel α 2–δ (alpha 2–delta) subunit as a target for antiepileptic drug 

discovery. Epilepsy Res. 2007;73(2):137-50. 

374. Fehrenbacher JC et al. Pregabalin and gabapentin reduce release of substance P 

and CGRP from rat spinal tissues only after inflammation or activation of protein 

kinase C. Pain. 2003;105(1):133-41. 

375. Nicholson B. Gabapentin use in neuropathic pain syndromes.  J Peripher 

Nerv Syst . 2000;5(4):245-. 

376. Dooley D et al. Preclinical pharmacology of gabapentin. Golden Jubilee 

Conference and Northerm European Epilepsy Meeting Abst; 1986. 

377. Suman-Chauhan N et al. Characterisation of [3H] gabapentin binding to a novel 

site in rat brain: homogenate binding studies. Eur J Pharmacol: Mol Pharmacol. 

1993;244(3):293-301. 

378. Taylor CPet al. A summary of mechanistic hypotheses of gabapentin 

pharmacology. Epilepsy Res. 1998;29(3):233-49. 

379. Goldlust A et al. Effects of anticonvulsant drug gabapentin on the enzymes in 

metabolic pathways of glutamate and GABA. Epilepsy Res. 1995;22(1):1-11. 

380. Taylor CP et al. 3-Alkyl GABA and 3-alkylglutamic acid analogues: two new 

classes of anticonvulsant agents. Epilepsy Res. 1992;11(2):103-10. 



References  

 
 

304 

381. Petroff OA et al. The effect of gabapentin on brain gamma‐aminobutyric acid in 

patients with epilepsy. Ann Neurol. 1996;39(1):95-9. 

382. Baydas G et al. Novel role for gabapentin in neuroprotection of central nervous 

system in streptozotocine‐induced diabetic rats. Acta Pharmacol Sin. 

2005;26(4):417-22. 

383. Authier Net al. Animal Models of Chemotherapy-Evoked Painful Peripheral 

Neuropathies. Neurotherapeutics. 2009;6(4):620-9. 

384. Seto Y et al. Pregabalin reduces cisplatin-induced mechanical allodynia in rats. J 

Pharmacol Sci. 2017 ;134(3):175-80. 

385. Tanabe M et al. Pain relief by gabapentin and pregabalin via supraspinal 

mechanisms after peripheral nerve injury. J Neurosci Res. 2008;86(15):3258-64. 

386. Daneshdoust Det al. Pregabalin enhances myelin repair and attenuates glial 

activation in lysolecithin-induced demyelination model of rat optic chiasm. 

Neuroscience. 2017;344:148-56. 

387. Popescu B et al. Gabapentin is neuroprotective through glutamate receptor-

independent mechanisms in staurosporine-induced apoptosis of cultured rat 

cerebellar neurons. J Transl Neurosci. 2013;4(4):429-36. 

388. Câmara CCet al. Oral gabapentin treatment accentuates nerve and peripheral 

inflammatory responses following experimental nerve constriction in Wistar rats. 

Neurosci lett. 2013;556:93-8. 

389. McKemy DD. How cold is it? TRPM8 and TRPA1 in the molecular logic of cold 

sensation. Mol Pain. 2005;1(1):16. 

390. Patapoutian A et al. ThermoTRP channels and beyond: mechanisms of 

temperature sensation. Nat Rev Neurosci. 2003;4(7):529-39. 

391. Numazaki M, Tominaga M. Nociception and TRP Channels. Curr Drug Targets 

CNS Neurol Disord. 2004;3(6):479-85. 



References  

 
 

305 

392. Szallasi A, Appendino G. Vanilloid receptor TRPV1 antagonists as the next 

generation of painkillers. Are we putting the cart before the horse? J MedChem. 

2004;47(11):2717-23. 

393. Westaway SM. The potential of transient receptor potential vanilloid type 1 

channel modulators for the treatment of pain. J Med Chem. 2007;50(11):2589-96. 

394. Pabbidi RM et al. Influence of TRPV1 on diabetes-induced alterations in thermal 

pain sensitivity. Mol Pain. 2008;4:9. 

395. Lu G. Cloning and functional characterization of TRPV1b, a new human 

vanilloid receptor. Mol Pharmacol. 2005;67:1119-27. 

396. Xue Q et al. Transcription of rat TRPV1 utilizes a dual promoter system that is 

positively regulated by nerve growth factor. J Neurochem. 2007;101(1):212-22. 

397. Sanz-Salvador L et al. Agonist- and Ca(2+)-dependent Desensitization of TRPV1 

Channel Targets the Receptor to Lysosomes for Degradation. J  Biol Chem. 

2012;287(23):19462-71. 

398. Aloe L et al. Evidence that nerve growth factor promotes the recovery of 

peripheral neuropathy induced in mice by Cisplatin: behavioral, structural and 

biochemical analysis. Auton Neurosci. 2000;86(1):84-93. 

399. Chudler EH et al. Nerve growth factor depletion by autoimmunization produces 

thermal hypoalgesia in adult rats. Brain Res. 1997;765(2):327-30. 

400. Hayashida K-i et al. Gabapentin acts within the locus coeruleus to alleviate 

neuropathic pain. Anesthesiology: J Am Soc Anesthesiologists. 

2008;109(6):1077-84. 

401. Takasu K et al. Gabapentin produces PKA‐dependent pre‐synaptic inhibition of 

GABAergic synaptic transmission in LC neurons following partial nerve injury in 

mice. J Neurochem. 2008;105(3):933-42. 



References  

 
 

306 

402. Yoshizumi M et al. Gabapentin inhibits γ-amino butyric acid release in the locus 

coeruleus but not in the spinal dorsal horn after peripheral nerve injury in rats. J 

Am Soc Anesthesiologists. 2012;116(6):1347-53. 

403. Zhu Let al. Adrenergic stimulation sensitizes TRPV1 through upregulation of 

cystathionine β-synthetase in a rat model of visceral hypersensitivity. Sci Rep. 

2015;5:16109. 

404. Xu Xet al. The effects of sympathetic outflow on upregulation of vanilloid 

receptors TRPV 1 in primary afferent neurons evoked by intradermal capsaicin. 

Exp Neurol. 2010;222(1):93-107. 

405. Kim HY et al. Differential Changes in TRPV1 expression after trigeminal sensory 

nerve injury. J Pain. 2008;9(3):280-8. 

406. Shu X-Q, Mendell L. Neurotrophins and hyperalgesia. Proc Natl Acad Sci. 

1999;96(14):7693-6. 

407. Siniscalco D et al. Role of neurotrophins in neuropathic pain. 

CurrNeuropharmacol. 2011;9(4):523-9. 

408. Gees M, Colsoul B, Nilius B. The role of transient receptor potential cation 

channels in Ca2+ signaling. Cold Spring Harb Perspect Biol. 

2010;2(10):a003962. 

409. Cortright DN et al. TRP channels and pain. Biochim Biophys Acta -Mol Basis 

Dis. 2007;1772(8):978-88. 

410. Gilron I, Flatters SJ. Gabapentin and pregabalin for the treatment of neuropathic 

pain: A review of laboratory and clinical evidence. Pain Res Manag. 2006;11(S 

A):16A-29A. 

411. Pabbidi RM et al. Influence of TRPV1 on diabetes-induced alterations in thermal 

pain sensitivity. Mol Pain. 2008;4(1):9. 



References  

 
 

307 

412. McLean MJ et al. Safety and tolerability of gabapentin as adjunctive therapy in a 

large, multicenter study. Epilepsia. 1999;40(7):965-72. 

413. Zaccara G et al. The adverse event profile of pregabalin: A systematic review and 

meta-analysis of randomized controlled trials. Epilepsia. 2011;52(4):826-36. 

414. Khan J et al. Effect of Pregabalin and Diclofenac on tactile allodynia, mechanical 

hyperalgesia and pro inflammatory cytokine levels (IL-6, IL-1β) induced by 

chronic constriction injury of the infraorbital nerve in rats. Cytokine. 2017 

2017/10/26/. 

415. Wolf S et al. Chemotherapy-induced peripheral neuropathy: prevention and 

treatment strategies. Eur J Cancer. 2008;44(11):1507-15. 

416. Park SB et al. Chemotherapy-induced peripheral neurotoxicity: A critical 

analysis. CA Cancer J Clin. 2013;63(6):419-37. 

417. Kayser V, Christensen D. Antinociceptive effect of systemic gabapentin in 

mononeuropathic rats, depends on stimulus characteristics and level of test 

integration. Pain. 2000;88(1):53-60. 

418. Wall PD, Melzack R. Textbook of pain. 3rd ed. NY Churchill Livingstone 

Company. 1994. 

419. Barraza-Sandoval G et al. Neurophysiological assessment of painful neuropathies. 

ExpRev Neurother. 2012. 

420. Costigan M et al. Neuropathic pain: a maladaptive response of the nervous system 

to damage. AnnRev Neurosci. 2009;32:1-32. 

421. Chen S-R, Pan H-L. Effect of systemic and intrathecal gabapentin on allodynia in 

a new rat model of postherpetic neuralgia. Brain Res. 2005;1042(1):108-13. 

422. Hayashida K-I et al. Inhibitory M2 muscarinic receptors are upregulated in both 

axotomized and intact small diameter dorsal root ganglion cells after peripheral 

nerve injury. Neurosci. 2006;140(1):259-68. 



References  

 
 

308 

423. Pan H-L et al. Gabapentin suppresses ectopic nerve discharges and reverses 

allodynia in neuropathic rats. J Pharmacol Exp Ther. 1999;288(3):1026-30. 

424. Tanabe M et al. Role of descending noradrenergic system and spinal 

α2‐adrenergic receptors in the effects of gabapentin on thermal and mechanical 

nociception after partial nerve injury in the mouse. BritJ Pharmacol. 

2005;144(5):703-14. 

425. Weiss AL et al. Atypical Facial Pain: a Comprehensive, Evidence-Based Review. 

CurrPain Headache Rep. 2017;21(2):8. 

426. Renfrey S et al. The painful reality. Nat Rev Drug Discov. 2003;2(3):175-6. 

427. Jnoff E et al. Discovery of Selective Alpha2C Adrenergic Receptor Agonists. 

ChemMedChem. 2012;7(3):385-90. 

428. Pessoa BL et al. Emerging treatments for neuropathic pain. CurrPain Headache 

Rep. 2015;19(12):56. 

429. Schestatsky P et al. Promising treatments for neuropathic pain. Arq. 

Neuropsiquiatr. 2014;72(11):881-8. 

430. Kremer M et al. Antidepressants and gabapentinoids in neuropathic pain: 

Mechanistic insights. Neuroscience. 2016;338:183-206. 

431. Laird MA, Gidal BE. Use of gabapentin in the treatment of neuropathic pain. Ann 

Pharmacother. 2000;34(6):802-7. 

432. Miyazaki R, Yamamoto T. The efficacy of morphine, pregabalin, gabapentin, and 

duloxetine on mechanical allodynia is different from that on neuroma pain in the 

rat neuropathic pain model. AnesthAnalg. 2012;115(1):182-8. 

433. Hahm Tet al. Combined carbamazepine and pregabalin therapy in a rat model of 

neuropathic pain. BritJ Anaesth. 2012;109(6):968-74. 

434. Jones DL, Sorkin LS. Systemic gabapentin and S (+)-3-isobutyl-γ-aminobutyric 

acid block secondary hyperalgesia. Brain Res. 1998;810(1):93-9. 



References  

 
 

309 

435. Hong-Ju Yet al. Effect of gabapentin derivates on mechanical allodynia-like 

behaviour in a rat model of chronic sciatic constriction injury. Bioorganic Med. 

Chem. Lett. 2004;14(10):2537-41. 

436. Muthuraman A, Singh N. Attenuating effect of Acorus calamus extract in chronic 

constriction injury induced neuropathic pain in rats: an evidence of anti-oxidative, 

anti-inflammatory, neuroprotective and calcium inhibitory effects. BMC 

Complement Altern Med. 2011;11:24. 

437. Gilron I, Flatters S. Gabapentin and pregabalin for the treatment of neuropathic 

pain: A review of laboratory and clinical evidence. Pain Res Manag. 2006;11(s 

A):16A-29A. 

438. De la O-Arciniega M et al. Anti-nociceptive synergism of morphine and 

gabapentin in neuropathic pain induced by chronic constriction injury. Pharmacol 

Biochem Behav. 2009;92(3):457-64. 

439. Han DW et al. Antiallodynic effect of pregabalin in rat models of sympathetically 

maintained and sympathetic independent neuropathic pain. Yonsei Med J. 

2007;48(1):41-7. 

440. Bennett MI, Simpson KH. Gabapentin in the treatment of neuropathic pain. 

Palliat Med. 2004;18(1):5-11. 

441. Sills GJ. The mechanisms of action of gabapentin and pregabalin. Curr Opin 

Pharmacol. 2006;6(1):108-13. 

442. Kendell SF et al. GABA and glutamate systems as therapeutic targets in 

depression and mood disorders. Expert Opin Ther Targets. 2005;9(1):153-68. 

443. Baron R et al. Peripheral neuropathic pain: a mechanism-related organizing 

principle based on sensory profiles. Pain. 2017;158(2):261. 

444. Peng Pet al. Pregabalin attenuates docetaxel-induced neuropathy in rats. J 

Huazhong Univ Sci Technol [Med. Sci.]. 2012;32(4):586-90. 



References  

 
 

310 

445. Yokoyama T et al. Pregabalin reduces muscle and cutaneous hyperalgesia in two 

models of chronic muscle pain in rats. J Pain. 2007;8(5):422-9. 

446. Martin WJ. Pain Processing: Paradoxes and Predictions. Pain Pract. 2001;1(1):2-10. 

447. Hwang JH, Yaksh TL. Effect of subarachnoid gabapentin on tactile-evoked 

allodynia in a surgically induced neuropathic pain model in the rat. Reg Anesth 

Pain Med. 1997;22(3):249-56. 

448. Jaggi AS et al. Animal models of neuropathic pain. Fundam Clin Pharmacol. 

2011;25(1):1-28. 

449. Argoff CE. The coexistence of neuropathic pain, sleep, and psychiatric disorders: 

a novel treatment approach. ClinJ Pain. 2007;23(1):15-22. 

450. Dickens C et al. Impact of depression on experimental pain perception: a 

systematic review of the literature with meta-analysis. PsychosomMed. 

2003;65(3):369-75. 

451. Pande AC et al. Efficacy of the novel anxiolytic pregabalin in social anxiety 

disorder: a placebo-controlled, multicenter study. J Clin Psychopharmacol. 

2004;24(2):141-9. 

452. Amberkar MBV et al. Anxiolytic activity of gabapentin, pregabalin, sodium 

valproate and alprazolam in wistar albino rats-a comparative study. WJPR. 

2015;4(5):2315-23. 

453. Rocha-González Het al. Antineuropathic effect of 7-hydroxy-3,4-dihydrocadalin 

in streptozotocin-induced diabetic rodents. BMC Complement Altern Med. 2014 

April 07;14(1):129. 

454. Christensen D et al. Effect of gabapentin and lamotrigine on mechanical 

allodynia-like behaviour in a rat model of trigeminal neuropathic pain. Pain. 

2001;93(2):147-53. 



References  

 
 

311 

455. Folkesson A et al. Co-administered gabapentin and venlafaxine in nerve injured 

rats: Effect on mechanical hypersensitivity, motor function and pharmacokinetics. 

Scand J Pain. 2010;1(2):91-7. 

456. Gilron I. Gabapentin and pregabalin for chronic neuropathic and early 

postsurgical pain: current evidence and future directions. Curr Opin Anesthesiol. 

2007;20(5):456-72. 

457. Patel Set al. The effects of GABAB agonists and gabapentin on mechanical 

hyperalgesia in models of neuropathic and inflammatory pain in the rat. Pain. 

2001;90(3):217-26. 

458. Wallace VCJ et al. Anxiety-like behaviour is attenuated by gabapentin, morphine 

and diazepam in a rodent model of HIV anti-retroviral-associated neuropathic 

pain. NeurosciLett. 2008;448(1):153-6. 

459. Murray C, Lopez AD. Global patterns of cause of death and burden of disease in 

1990, with projections to 2020. Invest Health Res Dev. 1996:213-34. 

460. Woo AK. Depression and anxiety in pain. Rev  Pain. 2010;4(1):8-12. 

461. Belzung C, Griebel G. Measuring normal and pathological anxiety-like behaviour 

in mice: a review. Behav Brain Res. 2001;125(1):141-9. 

462. Beuzen A, Belzung C. Link between emotional memory and anxiety states: a 

study by principal component analysis. Physiol Behav. 1995;58(1):111-8. 

463. Landgraf R, Wigger A. Born to be anxious: neuroendocrine and genetic correlates 

of trait anxiety in HAB rats. Stress. 2003;6(2):111-9. 

464. Lister RG. Ethologically-based animal models of anxiety disorders. Pharmacol 

Ther. 1990;46(3):321-40. 

465. Griebeii G et al. The free-exploratory paradigm: an effective method for 

measuring neophobic behaviour in mice. BehavPharmacol. 1993;4(I993):637. 



References  

 
 

312 

466. Rickels K et al. Pregabalin for treatment of generalized anxiety disorder: a 4-

week, multicenter, double-blind, placebo-controlled trial of pregabalin and 

alprazolam. Arch Gen Psychiatry. 2005;62(9):1022-30. 

467. Montgomery SA et al. Efficacy and safety of pregabalin in the treatment of 

generalized anxiety disorder: a 6-week, multicenter, randomized, double-blind, 

placebo-controlled comparison of pregabalin and venlafaxine. J Clin Psychiatry. 

2006;67(5):771-82. 

468. Dworkin RHet al., editors. Recommendations for the pharmacological 

management of neuropathic pain: an overview and literature update. Mayo Clin 

Proc. 2010:85(3):S3-S14. 

469. Arnold L et al. Pregabalin: an alpha2-delta (alpha2-delta) ligand for the 

management of fibromyalgia. AmJ Managed Care. 2010;16(s 5):S138-143. 

470. Costall B et al. Exploration of mice in a black and white test box: validation as a 

model of anxiety. Pharmacol Biochem Behav. 1989;32(3):777-85. 

471. Singh Let al. The behavioural properties of CI‐988, a selective cholecystokininB 

receptor antagonist. BritJ Pharmacol. 1991;104(1):239-45. 

472. Kim JS et al. Safety and efficacy of pregabalin in patients with central post-stroke 

pain. Pain. 2011;152(5):1018-23. 

473. Dooley DJ et al. Ca 2+ channel α 2 δ ligands: novel modulators of 

neurotransmission. Trends Pharmacol Sci. 2007;28(2):75-82. 

474. Field MJet al. Identification of the α2-δ-1 subunit of voltage-dependent calcium 

channels as a molecular target for pain mediating the analgesic actions of 

pregabalin. Proc Natl Acad Sci. 2006;103(46):17537-42. 

475. Zohar J et al. Brief post-stressor treatment with pregabalin in an animal model for 

PTSD: short-term anxiolytic effects without long-term anxiogenic effect. 

EurNeuropsychopharmacol. 2008;18(9):653-66. 



References  

 
 

313 

476. Bian Fet al. Calcium channel alpha 2-delta type 1 subunit is the major binding 

protein for pregabalin in neocortex, hippocampus, amygdala, and spinal cord: an 

ex vivo autoradiographic study in alpha 2-delta type 1 genetically modified mice. 

Brain Res. 2006;1075(1):68-80. 

477. Gogas KR et al. Comprehensive Medicinal Chemistry II. Oxford: Elsevier; 

2007;7: 85-115. 

478. HemmingsHC et al. Pharmacology and Physiology for Anesthesia. Philadelphia: 

W.B. Saunders; 2013: 272-90. 

479. Stefan H, Theodore WH. Mechanisms of action of antiseizure drugs.. Handbook 

of Clinical Neurology. 2012;108 663-681. 

480. Paladini A et al. Flavonoids and the central nervous system: from forgotten 

factors to potent anxiolytic compounds. J Pharm Pharmacol. 1999;51(5):519-26. 

481. Chebib M, Johnston GA. GABA-activated ligand gated ion channels: medicinal 

chemistry and molecular biology. J Med Chem. 2000;43(8):1427-47. 

482. Möhler H et al. Specific GABA A circuits in brain development and therapy. 

BiochemPharmacol. 2004;68(8):1685-90. 

483. Chapman CR, Turner JA. Psychological control of acute pain in medical settings. 

J Pain Symptom Manage. 1986;1(1):9-20. 

484. Degenaar JJ. Some philosophical considerations on pain. Pain. 1979;7(3):281-304. 

485. Ploghaus Aet al. Exacerbation of pain by anxiety is associated with activity in a 

hippocampal network. J Neurosci. 2001;21(24):9896-903. 

486. Bourin M et al. Animal models of anxiety in mice. Fundam Clin Pharmacol. 

2007;21(6):567-74. 

487. Treit D et al. Conditioned defensive burying: a new paradigm for the study of 

anxiolytic agents. Pharmacol Biochem Behav. 1981;15(4):619-26. 

488. Gschwend H. Chemical approaches to the development of anxiolytics. 

ChemInform. 1980;11(42). 



References  

 
 

314 

489. Haefely W. Behavioral and neuropharmacological aspects of drugs used in 

anxiety and related states.  Psychopharmacology: A generation of progress: 

Raven Press NY; 1978: 1359-74. 

490. Clement Y, Chapouthier G. Biological bases of anxiety. Neurosci Biobehav Rev. 

1998;22(5):623-33. 

491. Choleris E et al. A detailed ethological analysis of the mouse open field test: 

effects of diazepam, chlordiazepoxide and an extremely low frequency pulsed 

magnetic field. Neurosci Biobehav Rev. 2001;25(3):235-60. 

492. Prut L, Belzung C. The open field as a paradigm to measure the effects of drugs 

on anxiety-like behaviors: a review. Eur J Pharmacol. 2003;463(1):3-33. 

493. Zimcikova E et al. Behavioral effects of antiepileptic drugs in rats: Are the effects 

on mood and behavior detectable in open-field test? Seizure-Eur J Epilepsy. 

2017;52:35-40. 

494. Chang Y-F, Gao X-M. L-lysine is a barbiturate-like anticonvulsant and modulator 

of the benzodiazepine receptor. NeurochemRes. 1995;20(8):931-7. 

495. Ehlert FJ. ‘Inverse agonists’, cooperativity and drug action at benzodiazepine 

receptors. Trends Pharmacol Sci. 1986;7:28-32. 

496. Friedman LK et al. γ-Aminobutyric acid A receptor regulation: heterologous 

uncoupling of modulatory site interactions induced by chronic steroid, barbiturate, 

benzodiazepine, or GABA treatment in culture. Brain Res. 1996;707(1):100-9. 

497. Ito T et al. Chronic pentobarbital administration alters γ‐aminobutyric acidA 

receptor α6‐subunit mRNA levels and diazepam‐insensitive [3H] Ro15‐4513 

binding. Synapse. 1996;22(2):106-13. 

498. Lewin E et al. Chemical kindling decreases GABA-activated chloride channels of 

mouse brain. Eur J Pharmacol. 1989;160(1):101-6. 

499. Becker A et al. The influence of diazepam on learning processes impaired by 

pentylenetetrazol kindling. Naunyn Schmiedebergs Arch Pharmacol. 

1994;349(5):492-6. 



References  

 
 

315 

500. Rosenberg HC. Differential expression of benzodiazepine anticonvulsant cross-

tolerance according to time following flurazepam or diazepam treatment. 

Pharmacol Biochem Behav. 1995;51(2):363-8. 

501. Rundfeldt C et al. Anticonvulsant tolerance and withdrawal characteristics of 

benzodiazepine receptor ligands in different seizure models in mice. Comparison of 

diazepam, bretazenil and abecarnil. J Pharmacol Exp Ther. 1995;275(2):693-702. 

502. Diwan SA, Rubin ES. Zoster and Postherpetic Neuralgia A2 - Squire, Larry R.  

Encyclopedia of Neuroscience. Oxford: Academic Press; 2009:539-44. 

503. Owen RT. Pregabalin: its efficacy, safety and tolerability profile in generalized 

anxiety. Drugs Today. 2007;43(9):601-10. 

504. Bertrand Set al. The anticonvulsant, antihyperalgesic agent gabapentin is an 

agonist at brain γ-aminobutyric acid type B receptors negatively coupled to 

voltage-dependent calcium channels. J Pharmacol Exp Ther. 2001;298(1):15-24. 

505. Ng GY et al. γ-Aminobutyric acid type B receptors with specific heterodimer 

composition and postsynaptic actions in hippocampal neurons are targets of 

anticonvulsant gabapentin action. Mol Pharmacol. 2001;59(1):144-52. 

506. Parker DA et al. Gabapentin activates presynaptic GABA B heteroreceptors in rat 

cortical slices. Eur J Pharmacol. 2004;495(2):137-43. 

507. Kalueff AV, Nutt DJ. Role of GABA in anxiety and depression. Depress Anxiety. 

2007;24(7):495-517. 

508. Thiébot M et al. Dissociation de deux composantes du comportement chez le rat 

sous l'effet de psychotropes. Psychopharmacology. 1973;31(1):77-90. 

509. Vogel HG, Vogel WH. Respiratory activity.  Drug Discovery and Evaluation: 

Springer,Berlin, Heidelberg 1997:183-203. 

510. Lal H et al. Evidence that GABA mechanisms mediate the anxiolytic action of 

benzodiazepines: A study with valproic acid. Neuropharmacology. 

1980;19(8):785-9. 



References  

 
 

316 

511. Pollard GT, Howard JL. The staircase test: some evidence of nonspecificity for 

anxiolytics. Psychopharmacology. 1986;89(1):14-9. 

512. Vaughn LK et al. Rearing and step climbing behavior of X-linked 

hypophosphatemic (Hyp) mice. Physiol Behav. 1987;40(1):131-4. 

513. Emmanouil DE, Quock RM. Effects of benzodiazepine agonist, inverse agonist 

and antagonist drugs in the mouse staircase test. Psychopharmacology. 

1990;102(1):95-7. 

514. Belzung C et al. Benzodiazepine antagonist RO 15-1788 partly reverses some 

anxiolytic effects of ethanol in the mouse. Psychopharmacology. 1988;95(4):516-9. 

515. Rodgers R, Dalvi A. Anxiety, defence and the elevated plus-maze. Neurosci  

Biobehav Rev. 1997;21(6):801-10. 

516. Pellow S et al. Validation of open: closed arm entries in an elevated plus-maze as 

a measure of anxiety in the rat. JNeurosci Methods. 1985;14(3):149-67. 

517. Crawley JN. What's wrong with my mouse?: behavioral phenotyping of 

transgenic and knockout mice: John Wiley & Sons; 2007. 

518. Hogg S. A review of the validity and variability of the elevated plus-maze as an 

animal model of anxiety. Pharmacol Biochem Behav. 1996;54(1):21-30. 

519. Korte SM, De Boer SF. A robust animal model of state anxiety: fear-potentiated 

behaviour in the elevated plus-maze. Eur J Pharmacol. 2003;463(1):163-75. 

520. Aracil-Fernández A et al. Pregabalin and topiramate regulate behavioural and 

brain gene transcription changes induced by spontaneous cannabinoid withdrawal 

in mice. Addict Biol. 2013;18(2):252-62. 

521. Roeska K et al. Anxiety-like behaviour in rats with mononeuropathy is reduced 

by the analgesic drugs morphine and gabapentin. Pain. 2008;139(2):349-57. 

522. Kulkarni SK et al. Comparative behavioural profile of newer antianxiety drugs on 

different mazes. 2008;46(9):633-638. 



References  

 
 

317 

523. de-Paris Fet al. The anticonvulsant compound gabapentin possesses anxiolytic but 

not amnesic effects in rats. BehavPharmacol. 2000;11(2):169-73. 

524. Espinoza-Hicks J et al. Structural modification of organic compounds by 

chemical synthesis to develop new antimicrobials. 2011. 

525. Šunjić V, Parnham MJ. Organic Synthesis in Drug Discovery and Development.  

Signposts to Chiral Drugs: Springer, Basel; 2011:1-12. 

526. Bartlett PA, Entzeroth M. Exploiting chemical diversity for drug discovery: RSC; 

2006. 

527. Mounika K et al. Synthesis characterization and biological activity of a Schiff 

base derived from 3-ethoxy salicylaldehyde and 2-amino benzoic acid and its 

transition metal complexes. J Sci Res. 2010;2(3):513. 

528. Sujarania S et al. Synthesis, characterization and toxicity studies of schiff bases 

[2-(2, 2-diphenylethylimino) methyl) phenols] anchored silver 

nanoparticles.DJNB. 2012;7(4). 

529. Júnior WB et al. Analgesic and anti-inflammatory activities of salicylaldehyde 2-

chlorobenzoyl hydrazone (H2LASSBio-466), salicylaldehyde 4-chlorobenzoyl 

hydrazone (H2LASSBio-1064) and their zinc (II) complexes. Molecules. 

2011;16(8):6902-15. 

530. Horackova M et al. The antioxidant effects of a novel iron chelator 

salicylaldehyde isonicotinoyl hydrazone in the prevention of H2O2 injury in adult 

cardiomyocytes. Cardiovasc Res. 2000;47(3):529-36. 

531. Vančo J et al. Synthesis, structural characterization, antiradical and antidiabetic 

activities of copper (II) and zinc (II) Schiff base complexes derived from 

salicylaldehyde and β-alanine. J Inorg Biochem. 2008;102(4):595-605. 

532. Wang PH et al. Design, synthesis, testing, and quantitative structure-activity 

relationship analysis of substituted salicylaldehyde Schiff bases of 1-amino-3-

hydroxyguanidine tosylate as new antiviral agents against coronavirus. J Med 

Chem. 1990;33(2):608-14. 



References  

 
 

318 

533. Caboni P et al. Potent nematicidal activity of phthalaldehyde, salicylaldehyde, and 

cinnamic aldehyde against Meloidogyne incognita. J Agric Food Chem. 

2013;61(8):1794-803. 

534. Hodnett EM, Dunn WJ. Structure-antitumor activity correlation of some Schiff 

bases. J Med Chem. 1970;13(4):768-70. 

535. Backes GL et al. Synthesis and antifungal activity of substituted salicylaldehyde 

hydrazones, hydrazides and sulfohydrazides. Biorg Med Chem. 

2014;22(17):4629-36. 

536. Kalaivani Pet al. Influence of terminal substitution on structural, DNA, protein 

binding, anticancer and antibacterial activities of palladium (II) complexes 

containing 3-methoxy salicylaldehyde-4 (N) substituted thiosemicarbazones. 

Dalton Trans. 2012;41(8):2486-99. 

537. Al Zoubi W. Biological activities of Schiff bases and their complexes: a review of 

recent works. Int J Org Chem. 2013;3(03):73. 

538. Koch T, Höllt V. Role of receptor internalization in opioid tolerance and 

dependence. PharmacolTher. 2008;117(2):199-206. 

539. Guillemin M, Gillam L. Ethics, reflexivity, and “ethically important moments” in 

research. QualInq. 2004;10(2):261-80. 

540. Callaghan BC et al. Diabetic neuropathy: clinical manifestations and current 

treatments. Lancet Neurol. 2012;11(6):521-34. 

 

 

 

 



List of Publications  

 
 

319 

List of Publications from PhD thesis: 

1. Ahmad N, Subhan F, Islam NU, Shahid M, Rahman FU, Fawad K. A Novel 

Pregabalin Functionalized Salicylaldehyde Derivative Afforded Prospective 

Pain, Inflammation, and Pyrexia Alleviating Propensities. Archiv der 

Pharmazie. 2017;350(6).(IF: 1.994) 

2. Ahmad N, Subhan F, Islam NU, Shahid M, Rahman FU, Sewell RD. 

Gabapentin and its salicylaldehyde derivative alleviate allodynia and 

hypoalgesia in a cisplatin-induced neuropathic pain model. European 

Journal of Pharmacology. 2017;814:302-12.(IF: 2.896) 

3.      Ahmad N, Subhan F, Islam NU, Shahid M, Fawad K, Rahman FU, SewellR 

D.Ameliorative activity of a gabapentin derivative in a traumatic nerve injury 

model of neuropathic pain. (Under Submission) 

 

Conferences attended: 

1. 1st National Conference on current Research and Practices in Pharmaceutical 

Sciences, 3rd to 5th November, 2017, at Faculty of Pharmacy, University of 

Sindh Jamshoro 

Topic: An overview of a gabapentin derivative in the treatment of allodynia and 

vulvodynia in diabetes induced neuropathic pain 

2. 1st National Conference on Emerging Trends in Pharmaceutical Sciences, 

October 9-11, 2017, at department of Pharmacy University of Malakand 

Topic: Efficacy of a newly synthesized pregabalin derivative in diabetes induced 

peripheral neuropathy 

3) NationalConference On Recent Innovations In Pharmaceutical Sciences, 3-5 

March 2015, arranged by Riphah Institute of Pharmaceutical Sciences, 

Margalla Hotel Islamabad. 

Topic: Evaluation of 6-methoxy flavanone in diabetes induced neuropathic pain 

models 

4) Pharmacy as Profession: Challenges and Opportunities in the New Scenario, 

21-23 August 2015, at Bara Gali Campus, University of Peshawar. 

Topic: sAnalgesic, Antipyretic, Anti-inflammatory and Gastroulcerogenic 

Assessment of 2, 5-Bis (morpholinomethyl) hydroquinone 


