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SUMMARY 

Neuropathic pain occurs due to a lesion or disease process affecting the somatosensory 

system. This pain is usually presented as an evoked response to non-painful stimuli (allodynia) 

and an exaggerated response to potentially painful stimuli (hyperalgesia). Despite rapid 

advancement of neuroscience and modern techniques related to drug design, effective drugs 

to mitigate the painful symptoms of neuropathy are still lacking. Systemic pharmacotherapy 

is currently regarded as the mainstay treatment and guidelines suggest offering a choice of 

gabapentin, pregabalin, amitriptyline, duloxetine, and tramadol. Unfortunately, the clinical 

effectiveness of these systemic agents can be limited by the extent of pain relief provided and 

the occurrence of significant side-effects. These limitations may be curtailed by investigating 

additional safe and effective agents and by localized therapy. 

In the present study, the flavonoid 6-methoxyflavone and a standardized extract of Bacopa 

monnieri (L.) Pennell (family: Scrophulariaceae), a widely reputed nootropic plant, were 

investigated via the systemic and topical routes for prospective neuropathic pain attenuating 

efficacy in the well-established rat models of chronic constriction injury of the sciatic nerve 

(CCI), cisplatin and streptozotocin induced neuropathic nociception. The neuropathic 

paradigms measured were static and dynamic mechanical allodynia (paw withdrawal 

threshold [PWT] to von Frey monofilaments and latency [PWL] to light brushing with a cotton 

bud), cold allodynia (paw withdrawal duration [PWD] to an acetone drop), heat hyperalgesia 

and hypoalgesia (increase and decrease PWL to a heat stimulus) and mechano-hyperalgesia 

(PWD to pin-prick), static and dynamic mechanical vulvodynia (flinching response threshold 

to the von Frey filaments pressure [FRT] and latency to light brushing [FRL] of the vulvar 

region). Additionally, any effect on the neuronal function produced after systemic and topical 
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treatments was assessed using the paradigms of open field, rotarod, and footprint pattern 

analysis. For the systemic treatment, the antinociceptive doses for 6-methoxyflavone were 25, 

50, and 75 mg/kg, while those of B. monnieri were 40 and 80 mg/kg. Gabapentin at 75 mg/kg 

was used as positive control. Topical gels of 6-methoxyflavone and B. monnieri were prepared 

in concentrations of 6% and 10% in relation to the clinically effective gabapentin gel.  

The relevant neuropathic nociceptive paradigms were successfully expressed in the operated 

hindpaw after placement of four loose ligatures around the sciatic nerve (days 3-21) and in 

both the hindpaws during the four weekly cisplatin injections and after the single injection of 

streptozotocin (days 7-28). These were exemplified as a significant decreased PWT to von 

Frey monofilaments, decreased PWL to cotton bud stroking and heat as well as an increased 

PWL to heat (cisplatin only), increased PWD to a drop of acetone and pin-prick, and decreased 

FRT to von Frey filaments and FRL to cotton bud (streptozotocin only). The daily systemic 

doses of 6-methoxyflavone and B. monnieri significantly attenuated the overall maintenance 

of mechanical and cold allodynia, mechanical and thermal hyperalgesia, heat hypoalgesia, and 

tactile vulvodynia during the expression days. Similarly, gabapentin treatment also afforded 

an analogous beneficial behavioral profile. The three times daily applications of the topical 

gels of 6-methoxyflavone and B. monnieri ipsilaterally but not contralaterally alleviated the 

neuropathic aberrations in the CCI induced nociception model and also in the cisplatin and 

streptozotocin induced polyneuropathy in both hindpaws. Accordingly, daily application of 

gabapentin gel on the mid-plantar area also showed a comparable suppression of neuropathic 

expression. However, the antinociceptive actions of gabapentin via the systemic route were 

associated with immobility along with motor impairment exemplified by a significant 

decrease in rotarod endurance latency and a deficit in the uniformity of step alternation. In 
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contrast, the systemic and topical 6-methoxyflavone and B. monnieri were devoid of these 

unwanted effects and in fact the systemic treatments corrected these neuronal dysfunctions 

specifically associated with cisplatin and streptozotocin neuropathic models. The gabapentin 

10% gel also afforded desirable neuropathic pain alleviating effects devoid of unwanted 

systemic side-effects, thereby indicating local antinociceptive actions for the topical gels. 

These outcomes suggest that systemic treatment with 6-methoxyflavone and B. monnieri 

afforded desirable neuropathic pain alleviating propensities when tested against an extensive 

range of nociceptive stimulus modalities without producing any gabapentin-like unwanted 

motoric side-effects. These findings also disclosed an expedient pharmacological validation 

of the effectiveness of topical route in the management of neuropathic pain. The systemic and 

topical 6-methoxyflavone and Bacopa monnieri can be used as an adjuvant therapy for pain 

conditions including neuropathic pain afflicted with allodynia and hyperalgesia and/or heat 

hypoalgesia as well as for diabetes associated vulvar pain. Further studies are advocated in 

other animal models along with clinical studies with regard to certain neuropathic pain 

syndromes in addition to elaborate pharmacodynamic and pharmacokinetic evaluation. 
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1.1. What is neuropathic pain? 

Neuropathic pain is defined as a pain that arises due to a direct consequence of a lesion or a 

disease process impacting the central or peripheral somatosensory system (central neuropathic 

pain or peripheral neuropathic pain, respectively) [1]. Patients experiencing neuropathic pain 

are presented with a cluster of sign and symptoms including the occurrence of hypoesthesia, 

hypoalgesia and thermo-hypoesthesia, which are respectively, reduced sensation to non-

painful, painful and cold or warm stimuli), paraesthesia (non-painful ongoing sensation), 

paroxysmal pain (shooting electric attacks for seconds), mechanical static and dynamic 

allodynia (evoked pain to non-painful gentle static pressure and light pressure moving 

stimuli), punctuate hyperalgesia (evoked pain to stinging non-painful stimuli), and cold and 

heat allodynia (evoked pain to non-painful cold and heat stimuli) [2]. The differentiating 

features distinguishing neuropathic pain from the nociceptive pain include the direct nerve 

stimulation without any transduction step to change a non-electrical stimulation into an 

electrochemical signal, and the persistent nature of pain with non-recovery of nerve injury [3]. 

1.2. Prevalence of neuropathic pain 

About 10% of the patients suffering from various painful conditions are clinically presented 

with neuropathic characteristics [4]. Among the clinical conditions that has been reported with 

pain, the incidence of neuropathic pain occurred in majority of patients diagnosed with herpes 

zoster (2-10%), diabetes mellitus (13-26%), leprosy (up to 50%), cancer (36%), infection with 

HIV (35%), carpal tunnel syndrome (36%), trigeminal neuralgia, glossopharyngeal neuralgia, 

lower back pain (31.9%), central neuropathic pain, and multiple sclerosis (4.2%) [5, 6]. 

Neuropathic pain in cancer is well documented and about one third of cancer patients having 
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painful conditions suffer from neuropathic cancer pain. The use of chemotherapeutics in the 

initial stage and the metastatic involvement of peripheral nerves during the advanced stage is 

linked with neuropathic pain reported in the palliative cancer patients [7]. Diabetes mellitus 

affects about 8% of adult population, out of which about 25% develop neuropathic 

complications. About 13% of diabetic neuropathic patients did not report their symptoms, 

while about 39% of patients never received any medications [8]. Moreover, diabetic 

neuropathy is also linked with the occurrence of vulvar pain in women, which is associated 

with major physical and psychological suffering [9]. 

1.3. Assessment of neuropathic pain 

The rapid and correct diagnosis of neuropathic pain conditions is clinically important as less 

time will be required for sorting out an effective therapy [10]. Different pain scoring systems 

have been recently designed under the pretext of questionnaire based approaches. These 

include Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) having a sensitivity 

of 82-91% and specificity of 80-94%, the Douleur Neuropathique en 4 Questions (DN4) with 

a sensitivity of 83% and specificity of 90%, the Neuropathic Pain Questionnaire (NPQ) with 

a diagnostic accuracy of 68.4%, painDETECT with sensitivity and specificity of 85% and 

80%, respectively, ID Pain, Neuropathic Pain Scale (NPS), and Brief Pain Inventory (BPI). 

The use of LANSS and DN4 has been found to be preferable over other questionnaires, while 

the NPS is effective for assessing response to different treatments [10].  

The quantitative sensory testing of a neuropathic area analyzes various responses to different 

external stimuli of specified intensities. The pain thresholds are detected by applying stimuli 

of graded pressures in the ascending and/or descending order. The mechanical sensitivity is 
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determined by using specialized von Frey monofilaments, the weighted needles are used to 

detect pinprick sensations, electronic vibrameter is utilized to measure vibration sensitivity, 

while the neuropathic thermal sensations are assessed using a thermode, or by other similar 

device that provides graded thermal stimuli [11].  

1.4. Mechanism and molecular complexities underlying neuropathic pain 

The prominent and well characterized mechanisms underlying the expression of neuropathic 

pain include development of ectopic neuronal discharges (responsible for paresthesia, 

dysesthesia and spontaneous pain), peripheral sensitization (hyperexcitability and reduction 

in the activation thresholds of the primary afferent neurons), central sensitization (prolonged 

and reversible increase in the excitability of neurons in the central nociceptive pathway and is 

responsible for the allodynia, hyperalgesia, enhanced temporal summation, and secondary 

hyperalgesia), impairment in the inhibitory modulation (GABAergic spinal interneurons 

apoptosis), and activation of microglia (phosphorylation of mitogen activated protein kinase, 

upregulation of chemokine receptors, release of growth factors and cytokines) [12].     

Various molecular and cellular changes have been identified in correspondence with chronic 

neuropathic pain. These include phosphorylation of TRPV1 by protein kinase C, activation of 

neutrophils (8R,15S-diHETE, cytokines, defensins, opioid peptides, and reactive oxygen 

species), macrophages (cytokines and chemokines, prostaglandins PGE2 and PGI2, reactive 

oxygen species), T lymphocytes (proinflammatory cytokines, anti-inflammatory cytokines), 

and glia as well as Schwann cells (cytokines and chemokines, excitatory amino acids), mast 

cells release of IL-1β, TNF-α, histamine, proteases, leukotriene B4, nerve growth factors, and 

prostaglandins PGD2 and PGE2, substance P release in the dorsal horn, sodium channels 
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proliferation and their redistribution, cannabinoids receptors CB1 and CB2 expression in 

CNS, spinal NMDA receptors activation, expression of calcium channels, increase CGRP 

release, sympathetic sprouting and α-adrenoceptors expression, reduction in serotonin and 

norepinephrine uptake, downregulation of opioid receptors, CB2 receptors, GABAergic and 

glycinergic receptors, activation of p38 mitogen activated protein kinase [3, 13]. 

1.5. Animal models of neuropathic pain 

Most animal models of pain simulate a pathological condition, whereas other models mimic 

a disease entity [14]. The neuropathic animals are engaged in defensive behaviors and the 

testing paradigms did not directly measures the pain, but rather enhanced nociception in the 

form of different evoked withdrawal responses [15]. The major animal models used to study 

neuropathic pain of peripheral origin include the chronic constriction injury (unilateral 

ligation of the sciatic nerve), partial sciatic nerve ligation (half sciatic nerve is tightly ligated), 

spinal nerve ligation (the L5/L6 segments of sciatic nerve are tightly ligated), spared nerve 

injury (ligation of tibial and common peroneal nerves leaving the sural nerve), ligation of 

infraorbital and/or inferior alveolar nerves mimicking trigeminal and glossopharyngeal 

neuralgias), postherpetic neuralgia (inoculation with different strains of varicella zoster virus), 

HIV induced neuropathy (wrapping of sciatic nerve with HIV-1 gp120 protein), diabetes 

induced polyneuropathy (streptozotocin), chemotherapy induced neuropathy (paclitaxel, 

vincristine or cisplatin), and axotomy (complete transaction of the sciatic nerve). The 

important animal models used to study central neuropathic pain include the thalamic central 

post-stroke pain (injection of collagenase type IV into the thalamus), and contusion of the 

spinal cord (drop of 10 g rod onto the spinal cord T8 or T10 segment) [16]. These models 
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having distinct features also differ in onset, severity, duration, and magnitude of different pain 

components as well as in the therapeutic response [17, 18].  

1.6. Why neuropathic pain is refractory to conventional analgesics? 

The widely used analgesics including the nonsteroidal anti-inflammatory drugs (NSAIDs) and 

opioids are not usually effective in treating neuropathic pain as compared to nociceptive and 

inflammatory pains. There is insufficient evidence that oral NSAIDs have any efficacy in any 

neuropathic pain conditions [19]. Moreover, the use of opioids for neuropathic pain remains 

controversial and studies have yielded equivocal results; however, their long term efficacy in 

neuropathic conditions is not established [20]. Neuropathic pain involves dysfunction and/or 

damage to the nervous system and it is in this spectrum of disorders that clinicians often resort 

to non-conventional agents like adjuvant analgesics including tricyclic antidepressants, 

certain anticonvulsants, and topical capsaicin [21].  

Studies in animals have shown that NSAIDs by inhibiting the prostaglandins synthesis reduce 

the peripheral and central sensory hypersensitivity that is associated with inflammation after 

nerve injury [22]. However, there is a paucity of available data showing the effectiveness of 

NSAIDs in the human neuropathic pain [23, 24], and in fact their anti-neuropathic efficacy is 

not fully established in humans [19]. This discrepancy can be argued to various factors 

including the fact that NSAIDs are only efficacious for neuropathic pain with short duration 

and mild to moderate severity, the non-existence of an evidence base [25], the dilemma of 

translation from animal neuropathic pain models into humans for an effective analgesic 

therapy [26, 27], and the multitude of complex mechanisms involved in the mediation of 

neuropathic pain [3]. Furthermore, the reduced efficacy of opioids in neuropathic pain can be 
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attributed to derangement of spinal cord opioid mechanisms after nerve injury with a reduction 

of the presynaptic opioid receptor sites on C-fiber nerve terminals in lamina I and substantia 

gelatinosa along with upregulation of calcium channel activity, increase excitation of spinal 

neurons due to activation of NMDA receptors, cholecystokinin (CCK) system by increase 

synthesis of CCK peptide and upregulation of CCK receptors, which may function as an anti-

opioid and thus reducing the efficacy of opioids in neuropathic pain [28].  

1.7. Current pharmacotherapeutic strategies in neuropathic pain 

The management of neuropathic pain requires regular re-evaluation of patients along with 

patient education and re-assurance as well as a multidisciplinary pain management strategy. 

The first line drugs having strong recommendations for use include gabapentin in 3 divided 

doses at 1200-3600 mg or as extended release or enacarbil in 2 divided doses at 1200-3600 

mg, pregabalin in 2 divided doses at 300-600 mg, duloxetine once daily at 60-120 mg or 

venlafaxine once daily at 150-225 mg as an extended release, tricyclic antidepressants 

including amitriptyline, imipramine along with nortriptyline either as once a day or in 2 

divided doses at 25-150 mg. The second line drugs for which weak recommendations are 

given include capsaicin as 8% patches applied every 3 months as 1-4 patches for 30-60 min 

(peripheral neuropathic pain), lidocaine patches applied as 1-3 patches once a day for 12 h 

(peripheral neuropathic pain), and tramadol in 2 as extended release or 3 divided doses at 200-

400 mg. The third line drugs include subcutaneous administration of botulinum toxin A every 

3 months at 50-200 units for peripheral neuropathic pain and the use of strong opioids, the 

doses of which should be individually titrated according to patient’s requirements [12, 29]. 
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1.8. Limitations of systemic route in neuropathic pain 

The systemic pharmacotherapy of the neuropathic pain is currently regarded as the mainstay 

treatment [30, 31] but unfortunately, the clinical use of these agents is limited by the degree 

of pain relief provided and their propensity towards side-effects [32, 33]. The major adverse 

effects associated with the tricyclic antidepressants include sedation, confusion, blockade of 

cardiac conduction, and anticholinergic effects like dryness of mouth, gain in weight, retention 

of urine, constipation, blurring of vision, and orthostatic hypotension. Similarly, the spectrums 

of toxicities produced by serotonin-norepinephrine reuptake inhibitors including doluxetine 

are nausea, constipation, appetite loss, pain in abdomen, sedation, anxiety, and sweating. The 

opioids like tramadol and morphine are presented with nausea, vomiting, constipation, risk of 

misuse and addiction, dizziness and drowsiness. Additionally,  the therapeutic efficacy of the 

systemic gabapentinoids including gabapentin and pregabalin is attended by side-effects 

including the incidence of ataxia, lethargy, dizziness, convulsions, somnolence, and weight 

gain [12, 34]. The occurrence of side-effects along with therapy specific precautions and 

contraindications has limited the utility of current pharmacological treatments and only <50% 

of neuropathic patients actually show any improvement in their pain states [34].   

1.9. Exploiting the topical route in neuropathic pain 

The skin cells particularly the keratinocytes release various mediators that activate or inhibit 

the sensory neurons including nerve growth factor, CGRP, ATP, endothelin-1, interleukins, 

and β-endorphins and express different types of receptors and ion channels like cannabinoid 

CB2, vanilloid TRPV1, TRPV3, and TRPV4 channels, CGRP, P2X and P2Y and neurokinin-

1 receptors [35]. Recently, topical analgesics formulations have gain importance as a part of 
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a multimodal pain management strategy as they confer a local antinociceptive effect devoid 

of any adverse effects [35, 36]. Topical analgesics modify pain by acting on free nerve endings 

of the unmyelinated C-nerve fibers and produce changes in receptors and channels especially 

vanilloid TRPV-1, sodium channels and NMDA glutamate receptors [36]. Topical analgesics 

are a valuable approach not only for the management of neuropathic pain but also efficient in 

a wide variety of painful conditions and nowadays there is an upsurge in the development of 

topical compounded formulations, which benefited patients who have stopped or achieve little 

therapeutic effects from systemic medications [37, 38]. 

1.10. Neuropathic pain and natural remedies 

Complementary and alternative medicine therapies including herbal medicines are regularly 

utilized by patients afflicted with chronic neurological disorders including neuropathic pain 

[39]. Several plants extracts, isolated chemical compounds, phytochemicals fractions and 

herbal formulas have shown therapeutic potential in the management of not only neuropathic 

pain [40, 41] but also in other chronic painful conditions [42], in both animal models and 

humans. Medicinal plants contain different phytochemicals that have the potential to impact 

multiple targets simultaneously and thus are more efficient in controlling complex diseases in 

addition to offering reduce toxicity and less liability to drug resistance [43]. This multi-

targeted approach can be utilize for better management of neuropathic pain as neuropathy 

involves complex mechanisms at both peripheral and central nervous systems [2, 44]. The 

therapeutic use of phytotherapeutics by virtue of multiple pharmacological properties impart 

synergistic effects thereby potently impacting multiple targets of neuropathic pain including 

chemotherapy induced neuropathic pain [45]. 
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1.11. Flavonoids and pain 

Flavonoids are phenolic compounds that are found abundantly throughout the plant kingdom 

including fruit and vegetables and are found to possess prospective neuroprotective [46], and 

antinociceptive properties [47]. Flavonoids display strong antinociceptive activities and this 

has been substantiated from the significant reduction in pain in the animal models of 

nociceptive [48] and neuropathic pains [49-51]. Flavonoids may have the ability to modify 

the various mechanistic processes involved in the expression of neuropathic pain and thus can 

counter the onset as well as the progression of neuropathic pain as flavonoids inhibit central 

calcium channels [48], decrease the release of glutamate [52], acting on the multiple binding 

sites of GABA receptors to produce GABAergic activities [53], reducing the activation of 

NMDA receptors [54], acting on opioid receptors and produce opioidergic properties [55], 

reduce the production of prostaglandin E2 and nitric oxide, inhibit the release of TNF-α, 

interleukins including IL-1β, IL-6, IL-8, IL-10, IL-12, interferon INF-γ, monocyte 

chemoattractant protein-1 (MCP-1) which involve inhibition of iNOS, cyclooxygenase-2, 

gene expression of interleukins, phosphorylation of p38, JNK and ERK, and activation of NF-

κB [56], improve the central nervous system contents of serotonin [48], act as an antagonist 

of the TRPV1 receptor [57] and may activate or block TRPV4 and TRPM3 channels [58], 

regulate the voltage gated K+ selective EAG1 channel, which regulate neuronal excitability 

[59], inhibit voltage gated sodium channels [60], decrease oxidative stress by inhibiting 

reactive oxygen species [61], inhibit the activities of myeloperoxidase and N-acetyl-β-D- 

glucosaminidase activities, and glial cells activation [62], and reduce the release of histamine 

by stabilizing the mast cells and block PKCε dependent TRPV1 activation [63].         
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Among various classes of flavonoid, flavones have been extensively explored and exhibit a 

wide range of pharmacological activities and may act as a scaffold for the development of 

therapeutic agents for the treatment of mutli-factorial diseases [64]. The position 6 of flavone 

structure is considered as an important determinant of efficacy and 6-substitution derivatives 

of flavones have shown to possess different pharmacological properties [53]. The flavonoid, 

6-methoxyflavone (6MF, Figure 1.1) is a flavone possessing GABAmimetic effect [65]. 6MF 

has also been shown to possess an immunomodulatory property and this action attributed from 

its ability to suppress NFAT-mediated T-cell activation [66]. The 6-methoxyflavone has been 

shown to possesses a potent antiproliferative activity against tumor cell lines [67]. Moreover, 

6-methoxyflavone also has a strong luciferase activity and is effective in inhibiting breast 

cancer cells of human [68]. 6-Methoxyflavone has an anti-inflammatory activity in the 

kidney’s mesangial cells and thus presents a platform to develop natural products that may be 

effective in the prevention and treatment of nephritis and other kidney diseases [69]. Recently, 

a closely related flavonoid, 6-methoxyflavanone (from flavanone class) is reported to have a 

prospective anti-nociceptive propensity in the streptozotocin induced neuropathic allodynia 

and vulvodynia [70]. 

 

Figure 1.1: Chemical structure of 6-methoxyflavone. 
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1.12. Bacopa monnieri and pain 

Bacopa monnieri (Linn.) Pennell (family: Scrophulariaceae), a reputed nootropic plant [71] 

and has been widely used for its cognitive enhancing effects [72]. The major phytoconstituents 

isolated from B. monnieri are dammarane type triterpenoid saponins with jujubogenin and 

pseudojujubogenin as aglycones including bacosides A1-A3, bacopasaponins A-G and 

bacopasides I-V [73, 74]. Bacoside-A along with bacopaside-I constituted more than 96% 

w/w of the total saponins of B. monnieri [75]. Bacoside-A is the major chemical entity 

responsible for B. monnieri nootropic effect along with prospective neuromodulatory [76, 77], 

hepatoprotective and antioxidant activities [78]. B. monnieri has strong neuroprotective 

property and protects neuronal cells from diverse pathological insults [79-82].   

B. monnieri has shown its utility against tonic visceral chemically induced nociceptive pain 

and acute phasic thermal nociception in animal studies [83]. Additionally, B. monnieri 

attenuates opioid tolerance, enhances opiates induced analgesia and has morphine like 

analgesic effect without producing any tolerance to its own analgesic effect [83, 84]. However, 

there is little evidence of its efficacy in attenuating the neuropathic pain conditions. A previous 

study in rats shows that B. monnieri is an effective analgesic in a model of diabetic neuropathy 

as it allays streptozotocin induced hyperalgesia and the protection has been afforded via 

stimulation of adenosine A1-receptors [85]. Chronic treatment with B. monnieri and its 

isolated triterpene, bacosine have shown to correct the diabetes associated hyperglycemia, in 

addition to attenuation of diabetic neuropathy through a reduction in the formation of 

advanced glycation end products and modulation of oxidative and nitrosative stresses [86]. 
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1.13. Aim and objectives 

The major aim of the study was to screen out and develops potential therapeutic agents that 

may possess improved efficacy for better management of neuropathic pain conditions. The 

main objectives of the study are: 

1. To establish neuropathic pain conditions that mimics the clinical neuropathic pain states 

including mechanical allodynia, hyperalgesia, hypoalgesia and cold allodynia. 

2. To assess the efficacy of systemic administration of 6-methoxyflavone and B. monnieri 

on the onset and expression of neuropathic nociceptive conditions.  

3. To develop topical preparations and test their neuropathic pain alleviating effectiveness in 

relation to the clinically used topical gabapentin gel. 

4. To evaluate the comparative antinociceptive efficacy and effect on the neuronal activity 

produced after topical and systemic treatment with 6-methoxyflavone and B. monnieri. 
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2.1. Animals and ethical approval 

BALB/c mice and Sprague-Dawley rats were bred in the animal house facility at Department 

of Pharmacy, University of Peshawar, Peshawar, Pakistan. They were housed in a light/dark 

cycle of 12/12 h at 20-24oC. The procedures were approved from the Ethical Committee 

(13/EC-15/Pharm) and were conducted in conformity with the UK Animals (Scientific 

Procedures) Act 1986. 

2.2. Preparation of Bacopa monnieri extract and its standardization 

The naturally grown Bacopa monnieri plants were collected in April from Margalla Hills, 

Islamabad, Pakistan and was identified by Prof. Dr. Mohammad Ibrar (Pharmacognosist at 

Department of Botany, University of Peshawar). A specimen was placed in the herbarium and 

a voucher number of 20016 (PUP) was obtained. The B. monnieri plant was extracted with 

methanol and the obtained extract was filtered, concentrated and  dried (yield, 6.5%) [87]. The 

B. monnieri extract was quantified for bacoside “A” major components (bacoside-A3, 

bacopasaponin-C and bacopaside-II) by a previously validated HPLC method [83].  

2.3. Preparation of topical gels  

The 6MF and B. monnieri extract powders were accurately weighed, filtered through a fine 

mesh screen and dissolved in the DMSO (Unichem, Greenville, USA), Tween-80 (Scharlau, 

Barcelona, Spain) and normal saline (5:1:94). The Lipoderm® transdermal base (a specialty 

trademark product of Professional Compounding Centers of America, PCCA) was 

geometrically levigated into the dissolved powders using a mortar. The Lipoderm® base is an 

enhanced gel that facilitates tissue penetration, having greater drug-carrying ability and better 

compatibility with human skin. The combination of pharmacological agents within the 
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Lipoderm® base has been shown to successfully relieve neuropathic pain [88]. The mixtures 

were then milled and kept in refrigerator until further use. The topical gels were prepared in 

concentrations of 6% and 10% in relation to the topical gabapentin gel concentrations for the 

neuropathic pain [89, 90].  

2.4. Induction of neuropathic nociception and treatment protocol 

2.4.1. Sciatic nerve constriction injury induced neuropathic nociception 

The chronic constriction injury (CCI) model, which is based on the partial denervation of the 

unilateral sciatic nerve [91] was used for the induction of neuropathic nociception. Briefly, 

each rat was anesthetized with an intraperitoneal injection of a mixture of xylazine (10 mg/kg) 

and ketamine (100 mg/kg). With proper surgical care, the portion of sciatic nerve proximal to 

the trifurcation were tied with four loose chromic gut ligatures at a distance of 1 mm apart. 

An identical operation was performed, except that the sciatic nerve was not ligated in the sham 

operated rats [92]. 

The 6-methoxyflavone was injected once daily at doses of 25, 50 and 75 mg/kg body weight 

via intraperitoneal route in relation to the antinociceptive doses observed in the preliminary 

tests and based on the previously reported study [70]. B. monnieri was ingested daily via oral 

route in doses of 40 and 80 mg/kg [93]. The positive control, gabapentin (GBP; obtained from 

Lowitt Pharmaceuticals, Peshawar, Pakistan) was given systemically via the intraperitoneal 

route at 75 mg/kg [90]. In the case of topical study, a uniform quantity of each topical gel (1.0 

mg/cm2, three times daily) was applied on ipsilateral mid-plantar area of operated hindpaw. 

Similarly, an equivalent Lipoderm® base gel (1.0 mg/cm2) as control gel was applied on 
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hindpaw of control rats. The study was continued for 21 days and the neuropathic nociceptive 

paradigms were assessed on days 3, 7, 14, and 21. 

2.4.2. Cisplatin induced neuropathic nociception 

The cisplatin induced neuropathic nociception was established in male Sprague-Dawley rats 

(200-250 g) using a validated paradigm, which was consisted of 4 cisplatin (Sigma-Aldrich, 

St. Louis, MO, USA) injections (3.0 mg/kg) at weekly intervals as previously reported [94]. 

6MF was administered once daily at 25, 50 and 75 mg/kg via intraperitoneal route [70]. The 

positive control, gabapentin was injected intraperitoneally once daily at 75 mg/kg [90]. In the 

case of topical study, a uniform quantity of each topical gel (1.0 mg/cm2, three times daily) 

was applied on mid-plantar area of hindpaws. Similarly, the control rats received an equivalent 

control gel (Lipoderm® base at 1.0 mg/cm2). The study was continued for 28 days during 

which the neuropathic nociceptive paradigms were measured at the end of each week. 

2.4.3. Streptozotocin induced neuropathic nociception 

Overnight fasted female rats weighing 180-220 g were injected streptozotocin at 50 mg/kg 

(i.p.) (Sigma-Aldrich, St. Louis, MO, USA) and the food was provided after 60 min. After 72 

h, those rats having a random blood glucose level of > 250 mg/dL were included [95]. 6MF 

was i.p. injected (25, 50 and 75 mg/kg) [70]. Gabapentin, used as the positive control was 

injected i.p. at 75 mg/kg [90]. In case of topical experiment, a uniform quantity of each topical 

gel (1.0 mg/cm2, three times daily) was applied on mid-plantar hindpaws. Similarly, the 

control rats received an equivalent control gel (Lipoderm® base at 1.0 mg/cm2) on the mid-

plantar hindpaws. The study was continued for 28 days and the neuropathic pain paradigms 

were measured on days 7, 14, 21, and 28. 
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2.5. Assessment of neuropathic pain paradigms 

2.5.1. Static mechanical allodynia  

The up and down method was used for assessment of static allodynia. The mid-plantar surface 

of the operated paw was subjected to a series of von Frey monofilaments (Stoelting USA). 

The withdrawal of paw was considered a positive response. The pattern of each response was 

converted to 50% paw withdrawal threshold (PWT, g) [96].  

2.5.2. Dynamic mechanical allodynia  

The hindpaw mid-plantar surface was lightly brushed with a cotton bud. A withdrawal 

response was considered upon lifting the hindpaws and the time taken for the withdrawal was 

measured as the paw withdrawal latency (PWL), if occurred in 15 s [90]. 

2.5.3. Cold allodynia  

The hindpaw mid-plantar surface was sprayed with acetone and the paw withdrawal duration 

(PWD) was measured with a minimum value of 0.5 s and a maximum value of 15 s [97]. 

2.5.4. Heat hyperalgesia/hypoalgesia  

A heated plate maintained at a constant temperature (56oC) was delicately touched with the 

hindpaw mid-plantar surface. The heat source was adjusted to yield a paw withdrawal latency 

(PWL) within ∼10 s. The PWL was recorded with a minimum value of 0.5 s and maximum 

value of l0 s (CCI experiment), and 60 and 30 s in the cisplatin and streptozotocin experiments, 

respectively [97].  
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2.5.5. Pin-prick hyperalgesia  

The tip of a safety pin was slightly pressed on the mid-plantar surface of hindpaws such that 

the plantar surface was not penetrated and damaged. The paw withdrawal duration (PWD) 

was measured with a minimum value of 0.5 s and a maximal value of l5 s [97]. 

2.5.6. Static and dynamic mechanical vulvodynia  

A series of von Frey filaments was applied to the vulvar region and the flinching response was 

measured (static mechanical vulvodynia measured as flinching response threshold in g, FRT). 

For dynamic mechanical vulvodynia, the vulva was lightly brushed with a cotton bud and the 

time taken for flinching was measured as flinching withdrawal latency in seconds (FRL) [90].  

2.6. Assessment of general locomotor activity 

The open field test was used to measure the general locomotor activity. The paradigm 

apparatus was consisted of a behavioral arena, which was divided into four equal quadrants 

by lines and having the dimensions of 50 × 40 cm [98]. On the paradigm testing day, each 

animal was habituated in the apparatus for 30 min. The number of lines crossings by each 

animal was measured for a period of 20 min, 1 h after systemic or topical treatments on 

specific time intervals.  

2.7. Assessment of motor coordination and balance 

2.7.1. Rotarod (motor performance) 

The rats were kept on a specialized drum rotating at a speed of 4 to 40 rpm over 5 min and the 

endurance latency was measured [99]. Before drug treatment, each animal was given three 
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trials. The effect on motoric coordination was then measured on specific time intervals, 1 h 

post systemic administration or topical application of different treatments. 

2.7.2. Footprint analysis (gait analysis) 

The gait analysis was performed using the footprint patterns (walking tracks) [100]. The fore 

and hind paws of each animal were coated with two different color nontoxic inks and they 

were allowed to walk along a narrow, paper covered corridor, leaving a track of footprints. 

The footprints were allowed to dry and the pattern of single side was measured for the overlap 

between forepaw and hindpaw placement (distance between the fore and hind footprints on 

each side). On the test day, each animal was given two trials before treatment. The effect was 

evaluated 1 h after systemic administration or topical application of different treatments on 

the specific time periods. 
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3.1. Introduction 

Despite of advances in the pathophysiological mechanisms, diagnosis and treatment of 

neuropathic pain, about 40-50% of patients remain refractory to the existing pharmacological 

treatment [101]. The complexity of mechanisms implicated in the peripheral and central 

sensitization along with adverse effects associated with therapeutic agents, makes the 

treatment of neuropathic pain very difficult and thus there is a research need that aims at the 

improvement of the overall management of neuropathic pain conditions [102]. In this respect, 

natural products including plant extracts and isolated phytochemicals have shown promise in 

limiting acute and chronic pain states. Previously, Bacopa monnieri has been investigated 

extensively in this laboratory for antinociceptive propensity in both the tonic and phasic acute 

pain paradigms [83, 103]. However, there is no evidence of any analgesic efficacy of the 

flavonoid, 6-methoxyflavone. In this chapter, the preliminary antinociceptive effectiveness of 

6-methoxyflavone was studied in the well-known testing paradigms of both tonic nociception 

(acetic acid induced abdominal constriction test) and phasic nociception (hotplate and tail 

immersion tests). In addition, this chapter also describe the HPLC fingerprint analysis for the 

standardization of B. monnieri extract as well as the physical properties of the compounded 

topical gels preparations. 

3.2. Preliminary antinociceptive activity of 6-methoxyflavone 

3.2.1.  Abdominal constriction test 

BALB/c mice weighing 18-24 g were treated with diclofenac (50 mg/kg; i.p) and 6-

methoxyflavone (10, 25, 50 and 75 mg/kg; i.p) (6MF; Sigma-Aldrich, St. Louis, MO, USA). 

6MF was dissolved in DMSO (Unichem, Greenville, USA), Tween-80 (Scharlau, Barcelona, 
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Spain) and saline at 5:1:94. After 30 min, 1% acetic acid was injected to induce abdominal 

constrictions that were counted for 20 min [104]. The percentage antinociception was 

calculated using the following equation: 

% Antinociception = (1 – number of abdominal constrictions of drug treatment/ number of 

abdominal constrictions of controls) × 100 

3.2.2. Hotplate test  

BALB/c mice weighing 18-22 g of either sex (n = 8 mice per group) were pretested in the hot-

plate (Harvard apparatus, USA) paradigm at a temperature of 54.0 ± 0.1˚C [83]. The latency 

time was indicated by observing flicking, licking or jumping [105]. After 30 min, the mice 

were injected (i.p.) morphine (5 mg/kg) (obtained through legal channels), or 6MF (10, 25, 50 

and 75 mg/kg) and the latency was detected in 30-90 min. The percentage antinociceptive 

effect was calculated using the equation: 

% Antinociception = (drug latency – vehicle latency) / (cut-off time – vehicle latency) × 100 

3.2.3. Tail immersion test 

BALB/c mice weighing 18–22 g of either sex were tested for response latencies by dipping 

the protruding 2/3 end of tail in water at 50 ± 0.8°C. The response was indicated by withdrawal 

of tail [106]. After 30 min, the mice were injected (i.p.) with morphine at 5 mg/kg, or 6MF at 

10, 25, 50 and 75 mg/kg and the withdrawal response was measured during 30-90 min. The 

percentage antinociception was calculated using the equation above for hotplate test. 
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3.2.4. Results 

3.2.4.1. Effect of 6-methoxyflavone in tonic visceral nociception 

In the chemically induced tonic nociceptive test in mice, administration of 1.0% acetic acid 

incited a marked nocifensive response that was significantly attenuated (F (5, 42) = 25.36, P 

< 0.0001) by the tested doses of 6MF and diclofenac. Treatment with 6MF afforded a graded 

antinociceptive effect as a significant decrease (P ˂ 0.001) in tonic visceral nociception was 

observed at doses of 10-75 mg/kg, as compared to vehicle controls. An increased percentage 

antinociception was observed for 75 mg/kg (60.9%) followed by 50 mg/kg (52.9%), 25 mg/kg 

(44.3%) and 10 mg/kg (30.6%) doses of 6MF. Similarly, diclofenac (50 mg/kg) as a positive 

control also induced a robust antinociceptive effect (53.8%, P ˂ 0.001) (Table 3.1). 

Table 3.1: Preliminary antinociceptive effect of 6-methoxyflavone (6MF) in the mouse 

abdominal constriction paradigm of peripheral nociception 

Treatment Dose Antinociception (%) 

Vehicle 1 mL/kg 5.7 ± 1.7 

Diclofenac 50 mg/kg 53.8 ± 6.1*** 

6MF 10 mg/kg 30.6 ± 3.1*** 

 25 mg/kg 44.3 ± 4.2*** 

 50 mg/kg 52.9 ± 4.4*** 

 75 mg/kg 60.9 ± 3.4*** 

The values donate mean percentage antinociception ± SEM. ***P ˂ 

0.001 as compared to the vehicle group, each group contained 8 

mice. One-way ANOVA with post hoc Dunnett’s analysis. 
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3.2.4.2. Effect of 6-methoxyflavone in phasic nociception 

In the hotplate test in mice, the tested doses of 6MF (10, 25, 50, 75 and 100 mg/kg) produced 

a dose dependent antinociception as indicated from the significant increase in the percentage 

response (P < 0.01 and P < 0.001) during 30-60 min (for all the tested doses) and 90 min (only 

for 25-75 mg/kg doses) of the study duration. During these time periods, the 75 mg/kg dose 

yielded the maximum protection (42.9%, 37.3% and 28.3%) followed by 50 mg/kg (33.1%, 

28.5% and 22.8%), 25 mg/kg (27.4%, 21.0% and 16.5%) and 10 mg/kg (19.1%, 14.6% and 

11.1%) doses. The opioid agonist, morphine as a positive control, also afforded a significant 

percentage protection (50.3%, 27.2% and 15.1%; P < 0.001 and P < 0.01) against thermal 

nociception during 30-90 min of study period as compared to vehicle controls. The increase 

in the hotplate latencies produced by 6MF were comparable to that of morphine, thus signify 

its potent antinociception in this paradigm (Table 3.2).  

In the tail immersion test, the warm water incited tail withdrawal reflex was attenuated after 

treatment with 6MF and morphine. 6MF significantly increased percentage antinociception 

during 30-60 min (for all the tested doses, P < 0.001 and P < 0.05) and at 90 min (for 25-75 

mg/kg, P < 0.001) after treatment. A graded percentage protection against phasic nociception 

was provided by 6MF at 75 mg/kg dose (54.9%, 43.4% and 32.9%) followed by the lower 

doses i.e. 50 mg/kg (41.4%, 30.97% and 23.0%) then 25 mg/kg (33.5%, 25.5% and 17.4%) 

and 10 mg/kg (22.3%, 13.2% and 10.5%) at post-treatment 30-90 min. Morphine at a dose of 

5.0 mg/kg exhibited a high-grade time-related protective effect and as such, it induced marked 

antinociception (57.2%, 44.2% and 34.7%, P < 0.001) (Table 3.2).  
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Table 3.2: Antinociceptive effect of 6-methoxyflavone in hotplate and tail immersion tests  

Paradigm Treatment Dose 
Antinociception (%) 

30 min 60 min 90 min 

H
o
tp

la
te

 t
es

t 

Vehicle 1 mL/kg 5.9 ± 1.1 5.7 ± 1.2 5.9 ± 1.0 

Morphine 5 mg/kg 50.3 ± 4.4*** 27.2 ± 2.8*** 15.1 ± 1.1** 

6MF 10 mg/kg 19.1 ± 1.3*** 14.6 ± 1.9** 11.1 ± 0.8 

 25 mg/kg 27.4 ± 2.6*** 21.0 ± 2.5*** 16.5 ± 0.7*** 

 50 mg/kg 33.1 ± 2.3*** 28.5 ± 1.4*** 22.8 ± 1.7*** 

 75 mg/kg 42.9 ± 2.5*** 37.3 ± 1.5*** 28.3 ± 2.4*** 

T
a
il

 i
m

m
er

si
o
n

 t
es

t 

Vehicle 1 mL/kg 3.5 ± 0.8 4.2 ± 1.1 3.6 ± 1.0 

Morphine 5 mg/kg 57.2 ± 3.5*** 44.2 ± 2.2*** 34.7 ± 2.0*** 

6MF 10 mg/kg 22.3 ± 3.7*** 13.2 ± 2.0* 10.5 ± 1.3 

 25 mg/kg 33.5 ± 4.5*** 25.5 ± 2.3*** 17.4 ± 2.9*** 

 50 mg/kg 41.4 ± 3.7*** 31.0 ± 2.5*** 23.0 ± 2.3*** 

 75 mg/kg 54.9 ± 3.4*** 43.4 ± 2.6*** 32.9 ± 2.6*** 

The values donate mean percentage antinociception ± SEM. *P ˂ 0.05, **P ˂ 0.01, ***P ˂ 

0.001 as compared to vehicle group, n = 8 mice per group. Two-way repeated measures 

ANOVA with post hoc Bonferroni’s analysis.  

3.3. HPLC fingerprint analysis of Bacopa monnieri methanolic extract 

The HPLC-UV analysis of Bacopa monnieri extract confirmed the presence of bacoside-A3, 

bacopaside-II and bacopasaponin-C in quantities of 31.62 µg/mg, 5.41 µg/mg and 1.01 µg/mg, 

respectively (Figure 3.1). The HPLC analysis showed that bacoside-A3 was the major 

component of bacoside-A in B. monnieri extract. The total quantity of bacoside “A” three-

major components was revealed as 38.04 µg/mg of extract. 
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Figure 3.1: HPLC-UV fingerprint analysis of bacoside “A” major components including 

bacoside-A3, bacopaside-II and bacopasaponin-C quantified in Bacopa monnieri methanolic 

extract overlaid with that of standards. 

3.4. Assessment of topical gel preparations 

The pH of topical gels was measured in triplicate using a pH meter and was observed as 6.467 

± 0.145 for 6MF gel, 7.10 ± 0.057 for BM gel, 6.83 ± 0.20 for gabapentin gel, and 6.15 ± 

0.095 for the Lipoderm® base gel. The physical appearance of 6-methoxyflavone gel was off-

white and homogenous, while that of B. monnieri gel was light brown and homogenous. 

Similarly, the gabapentin gel was white in color and homogenous in nature. The topical gels 

were freshly formulated every week of neuropathic nociception and were kept in refrigerator 

until use. During this period, no significant change in the stability like separation of phases, 

color change and odor change was observed. 
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4.1. Introduction 

There is extensive evidence available for the pharmacological treatment of neuropathic pain 

[12]. Among natural products, flavonoids have a distinct analgesic propensity and are devoid 

of addiction, and other adverse effects along with their rich availability [48]. Flavonoids 

containing medicinal plants have been used therapeutically, and several flavonoids, including 

quercetin, rutin, hyperin, luteolin, baicalin, hesperidin, apigenin, gossypin and procumbentin, 

kaempferol, naringenin, mangiferin, and myricetin among others have shown promise as 

potential candidates for the design and development of novel analgesic drugs [48]. Flavonoids 

have shown remarkable antinociceptive and neuroprotective effects in the different preclinical 

models of neuropathic nociception [49, 50, 107]. Keeping in view the intractable nature of 

neuropathic pain condition to conventional analgesics, there is a dire need of extensive 

efficacy screening of flavonoids in various acute and chronic pain conditions linked with the 

development and maintenance of neuropathy. In this regard, the present study investigated the 

antinociceptive effectiveness of flavonoid, 6-methoxyflavone in the different rat models of 

neuropathic nociception. In addition, the gross effect on neuronal function was also assessed 

in comparison to the gabapentin administered by systemic intraperitoneal route. 

4.2. Materials and methods 

The behavioral neuropathic paradigms were tested before and after systemic administration 

of 6-methoxyflavone (6MF). The rats were randomly assigned to various groups and 6MF 

was administered daily in doses of 25, 50 and, 75 mg/kg (i.p.), while the positive control, 

gabapentin was injected (i.p.) at a dose of 75 mg/kg body weight (refer to section 2.4 in the 

methodology chapter). 
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4.3. Results 

4.3.1. Systemic 6-methoxyflavone on CCI-induced neuropathic nociception 

4.3.1.1. Effect of systemic 6-methoxyflavone on CCI-induced static allodynia 

The CCI produced an evoked nociceptive response observed on post-surgery days 3-21 (P < 

0.001). The systemic treatment with 6MF (25-75 mg/kg) produced a marked protective effect 

against the CCI-induced static allodynia. When administered at a daily dose of 25 mg/kg, 6MF 

significantly allayed the expression of neuropathic allodynia on days 3-21 (P < 0.001). 6MF 

at 50-75 mg/kg also produced a significant attenuation (P < 0.001) in nociceptive responses 

evoked by static mechanical pressure. Concomitantly, daily systemic gabapentin also has a 

comparable static allodynia attenuating potential on days 3-21 (P < 0.001) (Figure 4.1).  

 

Figure 4.1: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75), and 

gabapentin (GBP-75) on CCI-induced static allodynia. 
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4.3.1.2. Effect of systemic 6-methoxyflavone on CCI-induced dynamic allodynia 

A significant decrease in the paw withdrawal latency in CCI rats was observed on post-surgery 

days 14-21 (P < 0.05, P < 0.001). 6MF at 25 mg/kg produced a non-significant change in the 

evoked nociceptive response in the CCI-operated hindpaw on day 21 (P > 0.05). Daily 

administration of 6MF at 50 mg/kg produced a significant corrective effect against aberrant 

nociceptive responses in CCI-induced dynamic allodynia (P < 0.001 on day 21). The higher 

dose of 6MF at 75 mg/kg was associated with more potent and significant increase in the CCI 

evoked truncated withdrawal latency on paradigm days 14-21 (P < 0.01, P < 0.001), the effect 

of which was comparable to systemic gabapentin (P < 0.05, P < 0.01) (Figure 4.2).  

 

Figure 4.2: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on CCI-induced dynamic allodynia. 
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4.3.1.3. Effect of systemic 6-methoxyflavone on CCI-induced heat hyperalgesia 

The CCI rats exhibited a significant reduction in PWL on post-surgery days 3-21 (P < 0.01, 

P < 0.001). Systemic treatment with 6MF and gabapentin counterbalanced the aberrant 

deviances in PWL. 6MF at 25 mg/kg provided significant protection from the agonizing heat-

hyperalgesia on post-ligation days 14-21 (P < 0.01, P < 0.001). The effectiveness of 50 mg/kg 

started after first week of CCI i.e. day 7 (P < 0.01) and the efficacy remained effective for 

days 14 and 21 (P < 0.001). 6MF at 75 mg/kg provided a complete protective coverage as it 

significantly attenuated the onset as well as the maintenance of neuropathic evoked thermal 

hyperalgesia i.e. (P < 0.01, P < 0.001 during days 3-21). Similarly, the systemic gabapentin 

also significantly increased the CCI decreased PWL (P < 0.05, P < 0.001) (Figure 4.3).  

 

Figure 4.3: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on CCI-induced heat hyperalgesia. 
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4.3.1.4. Effect of systemic 6-methoxyflavone on CCI-induced cold allodynia 

An excruciating brisk withdrawal reaction was observed on day 3 of CCI and its expression 

was sustained up to week 3 (day 21) (P < 0.001). The daily intraperitoneal administration of 

6MF delayed the development as well as the maintenance of nociceptive cold sensations 

established after ligation procedure. Systemic treatment with 25-75 mg/kg doses of 6MF 

produced a significant reduction in the paw withdrawal latency and reduced the paw flickering 

behavior during the entire dosing schedule i.e. on days 3-21 (P < 0.001). The single daily 

systemic administration of gabapentin was also bestowed with a significant antinociceptive 

proclivity in the cold allodynia neuropathic paradigm (P < 0.001 on days 3-21) (Figure 4.4).  

 

Figure 4.4: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, 6MF-75) and 

gabapentin (GBP-75) on CCI-evoked cold allodynia.  
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4.3.1.5. Effect of systemic 6-methoxyflavone on CCI-induced pin-prick hyperalgesia 

The CCI procedure triggered an escalated withdrawal behavior manifested on days 3-21 (P < 

0.001). The systemic treatment with 6MF and gabapentin significantly attenuated the pinprick 

nociception. 6MF at 25-75 mg/kg significantly lessened the duration of paw withdrawal and 

also potently decreased its amplitude, thus producing an antinociceptive effect against the CCI 

induced hyperalgesia. This beneficial effect remained in place with same potency throughout 

the study duration (P < 0.001 during days 3-21). The systemic gabapentin also provided a 

similar mechanical hyperalgesia abolishing tendency by causing a significant reduction (P < 

0.001) in the overall CCI provoked increased paw withdrawal duration (Figure 4.5).  

 

Figure 4.5: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, 6MF-75) and 

gabapentin (GBP-75) on CCI-induced pin-prick hyperalgesia.  
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4.3.1.6. Effect of systemic 6-methoxyflavone on locomotor performance in the open field 

after chronic constriction injury of sciatic nerve 

The CCI procedure produced a reduction in the locomotor performance on post-surgical days 

3-21 (P < 0.01, P < 0.001). The systemic treatment with 6MF has an impact on CCI induced 

reduced locomotion. 6MF at 25 mg/kg significantly attenuated the reduction in locomotor 

behavior during entire paradigm days (P < 0.05). 6MF at 50 mg/kg also attenuated the post-

CCI surgery decrease in locomotor activity on days 3-21 (P < 0.01, P < 0.001). The higher 

dose of 6MF (75 mg/kg) also protected the ligated rats from a reduction in the locomotor 

performance on days 3-21 (P < 0.01, P < 0.001). The systemic gabapentin also increased the 

number of lines crossing during three weeks (P < 0.01, P < 0.001 on days 3-21) (Figure 4.6). 

 

Figure 4.6: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on locomotor performance in CCI.  
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4.3.1.7. Effect of systemic 6-methoxyflavone on motor coordination in rotarod test after 

chronic constriction injury of sciatic nerve 

The ligation of sciatic nerve was associated with a significant balance maintaining difficulty 

on the variable speed rotating drum on post-CCI surgery day 3 (P < 0.001) and remained 

throughout the entire study time period with a similar intensity in the CCI operated vehicle 

treated rats i.e. days 7-21 (P < 0.01, P < 0.001). A similar balance disrupting effect was 

observed with gabapentin in CCI and sham rats during days 3-21 (P < 0.01, P < 0.001). 6MF 

provided a protective effect as it significantly reversed the dysfunction in neuromuscular 

function on post-CCI surgery day 3 (P < 0.05 for 25 mg/kg, P < 0.05 for 50 mg/kg and P < 

0.001 for 75 mg/kg), day 7 (P < 0.01 for 25 mg/kg, and P < 0.001 for 50-75 mg/kg) and during 

14-21 days (P < 0.001 on days 14-21 for all the tested doses) (Figure 4.7). 

 

Figure 4.7: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on motor coordination in CCI.  
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4.3.1.8. Effect of systemic 6-methoxyflavone on locomotor gait in the footprint pattern 

analysis after chronic constriction injury of sciatic nerve 

The walking track analysis revealed a significant impairment in motor gait for the systemic 

gabapentin treatment. The distance of overlap was significantly increased after treatment with 

gabapentin in both the CCI and sham operated rats during days 3-21 (P < 0.05, P < 0.01). As 

compared to systemic gabapentin, the single daily systemic administration of 6MF was not 

associated with any derangement in the locomotor gait. The overlap distance between the 

center of plantar of fore paw and the corresponding hind foot for the systemic 6MF (25-75 

mg/kg) in CCI operated rats was not significantly different from that of sham operated 

controls. However, a significant decrease (P < 0.05, P < 0.01, P < 0.001) in the paws overlap 

distance for the tested doses of 6MF was observed (Figure 4.8). 

 

Figure 4.8: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on footprint analysis.  
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4.3.2. Systemic 6-methoxyflavone on cisplatin associated neuropathic nociception 

4.3.2.1. Effect of systemic 6-methoxyflavone on cisplatin associated allodynia  

A progressive decrease in the nociceptive threshold was detected in cisplatin rats during weeks 

1-4 (P < 0.01, P < 0.001). The daily treatment with 6MF at 25 mg/kg de-escalated the cisplatin 

induced decreased neuropathic nociceptive threshold by significantly increasing the declined 

PWT on day 7 (P < 0.05), and days 14-28 (P < 0.001). Likewise, treatment with 6MF at 50 

mg/kg also significantly restored the nociceptive decreased PWT during days 7-28 (P < 

0.001). Moreover, the higher dose of 6MF (75 mg/kg) also significantly attenuated the overall 

expression of tactile allodynia in cisplatin rats (P < 0.001 during days 7-28). Systemic 

gabapentin had a similar allodynia mitigating effect (P < 0.001) (Figure 4.9).  

 

Figure 4.9: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on cisplatin-induced mechanical allodynia.  
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4.3.2.2. Effect of systemic 6-methoxyflavone on cisplatin-induced heat hypoalgesia  

The cisplatin-induced neuropathic hypoalgesia was observed on day 14 (P < 0.05), day 21 (P 

< 0.01) and day 28 (P < 0.001). The systemic treatment with 6MF and gabapentin exerted a 

significant protection against cisplatin-induced temporal expression of heat-hypoalgesia. A 

significant attenuation of cisplatin neuropathic hypoalgesia was observed with 6MF at doses 

of 25 mg/kg (P < 0.05 during days 21-28), 50 mg/kg on days 21 and 28 (P < 0.01, P < 0.001), 

and 75 mg/kg on the last two weeks of study i.e. week 3 and 4 (P < 0.01, P < 0.001). Systemic 

gabapentin significantly attenuated the cisplatin-induced neuropathic heat hypoalgesia during 

weeks 3-4 (P < 0.01, P < 0.001) of the paradigm time-period (Figure 4.10).  

 

Figure 4.10: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, 6MF-75) and 

gabapentin (GBP-75) on cisplatin-induced heat hypoalgesia. 
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4.3.2.3. Effect of systemic 6-methoxyflavone on locomotor performance in open field test 

after a single weekly injection of cisplatin 

A significant reduction in locomotion was observed in cisplatin rats after week 3 (P < 0.01) 

and week 4 (P < 0.05). A significant effect on cisplatin-induced deficit in the locomotion was 

produced by the concomitant intraperitoneal administration of systemic 6MF. 6MF at 50 

mg/kg increased the number of line crossings when tested in the arena on days 14-28 (P < 

0.05). Likewise, 6MF at 75 mg/kg also had a similar locomotion enhancing propensity in 

cisplatin dosed rats; however, the beneficial outcome was considered long lasting i.e. days 7-

28 (P < 0.05, P < 0.01). A non-significant increase in the total number of lines crossing was 

observed with 6MF at 25 mg/kg. Systemic gabapentin had no effect on cisplatin induced 

decreased locomotor proclivity in the open field testing paradigm (Figure 4.11). 

 

Figure 4.11: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, 6MF-75) and 

gabapentin (GBP-75) on general locomotor activity. 
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4.3.2.4. Effect of systemic 6-methoxyflavone on motor performance in rotarod test after 

a single weekly injection of cisplatin 

The single intraperitoneal administration of cisplatin caused a chronological reduction in the 

ability of animals to balance on the variable speed rotating rod. This muscular coordination 

inability was measured as a significant reduction in the endurance latency on days 21-28 (P < 

0.05, P < 0.001). The cisplatin plus gabapentin rats group displayed a significant decrease in 

time taken to adjust on the rotating rod during days 7-28 (P < 0.01, P < 0.001). Similarly, 

gabapentin per se also exhibited a significant decrease in the dismount latencies (P < 0.01, P 

< 0.001 on days 7-28). The systemic 6MF at 75 mg/kg exhibited a counterbalancing effect on 

the cisplatin-induced motor discoordination (P < 0.05 on day 28) (Figure 4.12).  

 

Figure 4.12: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, 6MF-75) and 

gabapentin (GBP-75) on rotarod performance. 
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4.3.2.5. Effect of systemic 6-methoxyflavone on locomotor gait in footprint analysis after 

a single weekly injection of cisplatin 

A significant increase in the uniformity of paw placement was observed with vehicle treated 

cisplatin rats after week 4 (P < 0.05). The cisplatin animals treated with gabapentin (75 mg/kg) 

showed a significant foot displacement during the entire study duration (P < 0.05, P < 0.01). 

Likewise, gabapentin per se also resulted in a significant deficit (P < 0.05, P < 0.01) in the 

uniformity of step alternation. A modification in the cisplatin injection related impairment of 

locomotor gait was noted in cisplatin injected rats treated with systemic doses of 6MF. The 

daily treatment with 6MF bestowed a corrective action in the gait impairment, which occurred 

as a non-significant decrease in cisplatin invoked increased overlap (Figure 4.13).  

 

Figure 4.13: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on footprint pattern analysis. 



Chapter 4                   Effect of systemic 6MF on neuropathic nociception 

 

46 
 

4.3.3. Systemic 6-methoxyflavone on streptozotocin-induced neuropathic nociception 

4.3.3.1. Effect of systemic 6-methoxyflavone on STZ-induced static allodynia  

A significant reduction in the PWT to non-noxious stimulus in streptozotocin-vehicle rats was 

observed on days 7-28 (P < 0.001). 6MF at 25 mg/kg increased the aberrant mid-plantar 

nociceptive sensitivity on post-hyperglycemia day 14 (P < 0.05), and days 21-28 (P < 0.01, P 

< 0.001). Similarly, 6MF at 50 mg/kg was more effective in countering the hyperglycemic 

induced changes in the nociceptive mechanisms on days 7-28 (P < 0.05, P < 0.001). A high 

grade protection against STZ induced evoked nociception was prominent for 6MF at 75 mg/kg 

(P < 0.001). The streptozotocin static allodynia was also significantly modified after treatment 

with systemic gabapentin during the expression days (P < 0.001) (Figure 4.14).  

 

Figure 4.14: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on streptozotocin-induced static mechanical allodynia.  
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4.3.3.2. Effect of systemic 6-methoxyflavone on STZ-induced dynamic allodynia  

The hyperglycemic rats displayed dynamic allodynia after 2nd week (P < 0.01), with a full 

expression detected at the end of 3rd and 4th week (P < 0.001). The neuropathic nociception, 

was significantly abolished by 25 mg/kg dose of 6MF (P < 0.05 on days 21-28). The 50 mg/kg 

dose has a high grade effect on the onset as well as on the expression of dynamic allodynia by 

producing a significant elevation in the PWL on day 14 (P < 0.05), and days 21-28 (P < 0.01, 

P < 0.001). The potent diminution of exaggerated decrease in PWL underlying the neuropathic 

dynamic allodynia was observed with the 75 mg/kg dose of 6MF (P < 0.05, P < 0.001). The 

systemic gabapentin also significantly elated the STZ induced decline in PWL (P < 0.05, P < 

0.001) on the paradigm expression days 14-28 (Figure 4.15).  

 

Figure 4.15: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on streptozotocin-induced dynamic allodynia.  
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4.3.3.3. Effect of systemic 6-methoxyflavone on STZ-induced heat hyperalgesia  

The hyperglycemic rats showed a significant decrease in PWL on day 7 (P < 0.05), and during 

days 14-21 (P < 0.01, P < 0.001). At a systemic dose of 25 mg/kg, 6MF produced a significant 

reversal of the shortened PWL on day 21 and 28 (P < 0.05). Likewise, the 50 mg/kg dose of 

6MF also potently limited the escalating thermal nociceptive behavior by significantly 

increasing the PWL throughout the treatment schedule i.e. day 7 (P < 0.01), day 14 (P < 0.05), 

and days 21-28 (P < 0.001). Similarly, 6MF at a dose of 75 mg/kg has the most potent effect 

in the neuropathic heat hyperalgesia paradigm on days 7-28 (P < 0.01, P < 0.001). Systemic 

gabapentin significantly alleviated the heat nociception on expression day 14 (P < 0.05) and 

during days 21-28 (P < 0.001) (Figure 4.16). 

 

Figure 4.16: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on streptozotocin-induced heat hyperalgesia.  
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4.3.3.4. Effect of systemic 6-methoxyflavone on STZ-induced static vulvodynia 

The streptozotocin rats significantly decreased the flinching response threshold, which was 

due to increase sensitivity of labium majora to the static pressure stimulus on day 7 (P < 0.05), 

and during days 14-21 (P < 0.01, P < 0.001). A significant increase in the flinching threshold 

was observed after administration of 6MF at 25 mg/kg (P < 0.001 on days 21-28). The increase 

in FRT was also significant for 50 mg/kg dose of 6MF on day 14 (P < 0.01), and during days 

21-28 (P < 0.001). Similarly, 6MF at 75 mg/kg also produced a potent effect by significantly 

increasing the declined FRT throughout the treatment days i.e. days 7-28 (P < 0.05, P < 0.001). 

The systemic gabapentin showed a potent beneficial effect in the attenuation of streptozotocin 

associated static mechanical vulvodynia during days 7-28 (P < 0.05, P < 0.001) (Figure 4.17).  

 

Figure 4.17: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on streptozotocin-induced static mechanical vulvodynia. 
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4.3.3.5. Effect of systemic 6-methoxyflavone on STZ-induced dynamic vulvodynia 

The streptozotocin plus vehicle rats showed an evoked nociceptive response after the 2nd week 

(P < 0.05) and was fully established in weeks 3 and 4 (P < 0.01, P < 0.001). The dynamic 

component of neuropathic vulvodynia was significantly modified by daily systemic treatment 

with 6MF and gabapentin. Systemic 6MF at 25 mg/kg significantly increased the reduction in 

flinching response during days 21-28 (P < 0.01). Similarly, the FRL was potently 

counterbalanced by 6MF at 50 mg/kg on days 21-28 (P < 0.001). 6MF at a dose of 75 mg/kg 

has an extended protection in attenuating the overall maintenance of vulvar hypersensitivity 

(P < 0.05, P < 0.001) on expression days 14-28. This was comparable after treatment with the 

systemic gabapentin on the paradigm expression days (P < 0.01, P < 0.001) (Figure 4.18). 

 

Figure 4.18: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on streptozotocin-induced dynamic vulvodynia.  
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4.3.3.6. Effect of systemic 6-methoxyflavone on locomotor performance in the open field 

test after a single intraperitoneal injection of streptozotocin 

The streptozotocin injected rats demonstrated a significant decline in locomotion, noted after 

week 2 (P < 0.05), and weeks 3-4 (P < 0.01, P < 0.001) of the neuropathic nociception. The 

systemic 6MF at 25 mg/kg caused an enhancement in the activity of STZ treated rats as a 

significant increase in the total number of lines crossing was observed during days 21-28 (P 

< 0.05). The streptozotocin inactiveness was also potently inhibited by 6MF at 50 and 75 

mg/kg as they increased the interval scale parameters in the open field behavioral arena 

throughout the experiment i.e. on day 7 (P < 0.05, P < 0.01, P < 0.001). No effect on locomotor 

activity was produced by gabapentin (75 mg/kg) (Figure 4.19). 

 

Figure 4.19: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on general locomotor activity. 
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4.3.3.7. Effect of systemic 6-methoxyflavone on motor performance in the rotarod test 

after a single intraperitoneal injection of streptozotocin  

A significant temporal decline in the endurance latency (days 7-14: P < 0.05 and days 21-28: 

P < 0.01, P < 0.001) was observed in the streptozotocin rats treated with the vehicle. The 

gabapentin treated streptozotocin animals significantly reduced the coordination of muscles 

on days 7-21 (P < 0.001). A similar deficit in motor performance was also detected for the 

group of rats treated as such with gabapentin throughout the study duration (days 7-28: P < 

0.001). The daily systemic treatment with 6MF has a significant effect on the rotarod fall-off 

latency in the streptozotocin treated rats. A significant increase in mean dismount latency was 

exhibited by systemic treatment with 6MF (P < 0.05, P < 0.01, P < 0.001) (Figure 4.20). 

 

Figure 4.20: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on motor performance. 
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4.3.3.8. Effect of systemic 6-methoxyflavone on locomotor gait in the footprint pattern 

analysis after a single intraperitoneal injection of streptozotocin  

The streptozotocin-vehicle treated rats showed a significant increase in overlap distance on 

days 21 and 28 (P < 0.05) during which an impairment in the uniformity of step alternation 

was observed. The streptozotocin animals treated with gabapentin significantly increased the 

overlap between forepaw and hindpaw during days 7-28 (P < 0.01, P < 0.001). Similarly, the 

vehicle plus gabapentin treated rats also produced an aberration in gait on days 7-28 (P < 0.05, 

P < 0.01). The single daily treatment with the systemic 6MF produced an effect on the 

streptozotocin induced abnormality in the gait. A significant recovery of declined locomotion 

was produced by systemic 6MF (P < 0.05 on day 28) (Figure 4.21).  

 

Figure 4.21: Effect of systemic 6-methoxyflavone (6MF-25, 6MF-50, and 6MF-75) and 

gabapentin (GBP-75) on footprint pattern analysis. 
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4.4. Discussion 

In the present study, the flavonoid, 6MF allayed the onset and maintenance of chronic nerve 

injury induced, cisplatin induced and hyperglycemia associated neuropathic allodynia, 

hyperalgesia, vulvodynia and thermal hypoalgesia. The isolated bioactive moieties from the 

class of flavonoids are being recognized to exhibit promising effects in different neuropathic 

pain conditions [49, 50, 70]. Previous studies have advocated that the flavonoid, quercetin 

potently attenuates the overall development of neuropathic pain states and the beneficial 

proclivity has been mediated through inhibition of Toll-like receptor signaling pathway [108], 

inhibition of phosphorylated-mitogen-activated protein kinase/extracellular signal-regulated 

kinase [109], amelioration of oxidative/nitrosative stress, and reduction of inflammatory 

mediators [110]. Other flavonoids like rutin inhibits oxaliplatin-induced chronic peripheral 

neuropathy by preventing the oxidative stress induced damage in the DRG neurons [49]. 

Additionally, the flavonoid, baicalin also ameliorates neuropathic pain by suppressing histone 

deacetylase 1 expression and preventing histone-H3 acetylation in the spinal cord dorsal horn 

after spinal nerve ligation [111]. 

In this study, the systemic treatment with 6MF not only retaining the desirable effects in the 

neuropathic pain management, but is also destitute of any motor impairment encountered with 

the clinical doses of gabapentin [112]. Given the complexity of various molecular events in 

the mediation of neuropathic pain, it can be speculated that multiple mechanisms might be 

involved in the attenuation of neuropathic nociception by 6MF. Flavonoids modify the 

nociceptive mechanisms at both the levels of peripheral nervous system (improve the levels 

of opioid peptides, and reduce the secretion of pain causing substances), and central nervous 

system (activate opioid receptors, inhibit calcium channels, inhibit prostaglandins synthesis, 
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augments nitric oxide release, and improve the contents of central serotonin) [48]. Moreover, 

flavonoids may activate or block members of TRP channels superfamily, in particular TRPV4 

and TRPM3 [58]. Flavonoids are well-documented for their strong free radicals scavenging 

propensity. The capacity of flavonoids, in common with many polyphenolic compounds, to 

act as antioxidants is widely considered to be an important aspect of their ability to act as 

neuroprotectives [113]. Additionally, different flavonoids have a wide range of targets that 

lead to inhibition of inflammation, which is closely linked to cancer [114]. Flavonoids have 

comparable analgesic property to that of the conventional analgesics and are devoid from 

significant side-effects, in addition to their rich availability [115]. The lack of effective 

therapeutics for neuropathic pain has enhanced the need for the use of medicinal herbs, 

standardized extract and isolated phytochemicals as a major form of alternative therapy for 

the management of neuropathic pain [48, 116]. 

4.5. Conclusion 

The single daily systemic administration of 6-methoxyflavone reduced the injury, cisplatin 

and streptozotocin induced chronological expression of allodynia, vulvodynia, hyperalgesia, 

and heat-hypoalgesia in the specified paradigm time period. The systemic 6-methoxyflavone 

has analogous anti-neuropathic profile to that of gabapentin but offers the advantage that it is 

devoid of side-effects associated with the use of gabapentin. 6-Methoxyflavone is a novel 

antinociceptive agent and may provide an alternative therapeutic remedy in the neuropathic 

pain management.  
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5.1. Introduction 

The systemic pharmacotherapy of neuropathic pain is the mainstay treatment and guidelines 

reveal offering a choice of amitriptyline, duloxetine, gabapentin and/or pregabalin [30]. 

Unfortunately, the utilization of these agents can be limited by extent of pain relief provided 

and the occurrence of side-effects [33, 117]. Given that a delay in treating a painful peripheral 

area can worsen the ongoing pain, topical agents may provide a valuable first line remedy by 

ensuring a reduction in pain with minimal adverse-effects. Evidence shows that the localized 

cutaneous neuropathic pain can be efficiently controlled by topical medications when oral 

therapies have failed or have been discontinued. The local application of topical analgesics 

can modify pain by actions on various sensory nerve endings or adjacent cellular elements. 

Employing this approach, there are low systemic drug quantities, good tolerability, fewer drug 

interactions and combination with oral formulations is feasible [35]. However, only a few 

topical medications are currently licensed for neuropathic pain management [37]. In view of 

promising clinical acceptability of topical analgesics, the present study evaluated a topical gel 

formulation of 6MF in relation to topical gabapentin in rat models of neuropathic nociception. 

5.2. Materials and methods 

The behavioral neuropathic paradigms were tested before and after the topical application as 

well as systemic administration of 6-methoxyflavone (6MF). The rats were randomly assigned 

to various groups. A uniform quantity of topical 6MF gels (6% and 10%) and 10% gabapentin 

gel (1.0 mL/cm2) was applied topically three times daily on the plantar surface of hindpaw. 

For systemic administration, 6MF and gabapentin were administered (i.p.) once daily at a dose 

of 75 mg/kg (refer to section 2.4 in the methodology chapter).  
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5.3. Results    

5.3.1. Topical 6-methoxyflavone on CCI-induced neuropathic nociception 

5.3.1.1. Effect of topical ipsilateral 6-methoxyflavone gel on CCI-induced static allodynia 

A significant aberrant hypersensitivity was observed after CCI surgery on days 3-21 (P < 0.01, 

P < 0.001). Application of topical 6MF gel produced a significant increase in PWT on days 

7-14 (for 10% gel, P < 0.05, P < 0.001) and day 21 (P < 0.01, P < 0.001). Similarly, systemic 

6MF significantly decreased (P < 0.001) the static allodynia. A significant attenuation of CCI 

induced static allodynia was noted for 10% gabapentin gel and systemic gabapentin (P < 0.01, 

P < 0.001. The control gel was not found to significantly alter static allodynia (Figure 5.1).  

 

Figure 5.1: Effect of topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced static allodynia. 
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5.3.1.2. Effect of topical contralateral 6-methoxyflavone on CCI-induced static allodynia 

In the contralateral paw application experiment, the unilateral ligation was associated with a 

significant change in the baseline nociceptive response thresholds to the innocuous von Frey 

filaments (days 3-21: P < 0.01, P < 0.001). In the contralateral paw application experiment, 

the unilateral ligation was associated with a significant decrease in PWT on days 3-21 (P < 

0.01, P < 0.001). A significant increase (P < 0.001) in nociceptive withdrawal threshold was 

observed for systemic 6MF and gabapentin. Conversely, topical gels on contralateral hindpaw 

in the CCI operated rats, failed to relieve static mechanical allodynia (Figure 5.2).  

 

Figure 5.2: Effect of topical contralateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced static allodynia. 
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5.3.1.3. Effect of topical ipsilateral 6-methoxyflavone on the CCI-induced expression of 

neuropathic dynamic mechanical allodynia 

The CCI rats exhibited significant hypersensitivity after second week (day 14, P < 0.01) and 

third week (day 21, P < 0.001). The topical 6MF 6% gel has a significant antinociceptive 

effect on declined PWL after week 3 (P < 0.005). However, a more lasting effect on dynamic 

allodynia was produced by 6MF 10% gel (P < 0.05, P < 0.001 on days 14-21). Almost similar 

effect was also afforded after systemic 6MF on days 14-21 (P < 0.001). Concurrently, topical 

gabapentin 10% gel application also significantly (P < 0.01, P < 0.001 on days 14-21) relieved 

the dynamic allodynia, similarly to systemic gabapentin (P < 0.001) (Figure 5.3).  

 

Figure 5.3: Effect of topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced dynamic allodynia. 
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5.3.1.4. Effect of topical contralateral 6-methoxyflavone on CCI-induced expression of 

neuropathic dynamic mechanical allodynia 

In the contralateral paw application experiment, significant dynamic allodynia was observed 

in the ipsilateral hindpaws of CCI operated vehicle treated rats (P < 0.01, P < 0.001). The 

contralateral paw application of the topical formulated 6% and 10% gels of 6MF as well as 

gabapentin 10% gel had no significant effect on the overall expression of dynamic mechanical 

allodynia in the ipsilateral paw. On the contrary, a significant increase in the unilateral ligation 

associated reduced PWL was observed with systemic treatment with 6MF and gabapentin on 

expression days of nociceptive paradigm i.e. days 14-21 (P < 0.01, P < 0.001) (Figure 5.4). 

 

Figure 5.4: Effect of topical contralateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced dynamic allodynia. 
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5.3.1.5. Effect of topical ipsilateral 6-methoxyflavone gel on CCI-induced expression of 

neuropathic heat hyperalgesia 

The CCI operated rats displayed a significant decrease in PWL to heat stimulus during days 

3-21 (P < 0.01, P < 0.001). Application three times daily of topical 6MF 6% gel produced a 

strong effect on the maintenance of allodynia as revealed from a significant increase in PWL 

(day 7: P < 0.05 and days 14-21: P < 0.01, P < 0.001). The heat hyperalgesia was significantly 

subsided by 6MF 10% gel (P < 0.01, P < 0.001 on days 14-21). Systemic 6MF significantly 

attenuated (P < 0.001) the onset and maintenance of heat hyperalgesia. A similar beneficial 

propensity was also produced by gabapentin 10% gel (P < 0.01, P < 0.001 during days 7-21) 

and the systemic gabapentin (P < 0.001 during days 3-21) (Figure 5.5).  

 

Figure 5.5: Effect of topical ipsilateral paw 6-methoxyflavone (6MF) at 6% (6MF-6%), and 

10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF (6MF-

75), and GBP (GBP-75) on CCI-induced heat hyperalgesia.  
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5.3.1.6. Effect of topical contralateral 6-methoxyflavone gel on CCI-induced expression 

of neuropathic heat hyperalgesia 

The sciatic nerve ligation surgery in the contralateral paw application experiment caused an 

exaggerated paw withdrawal response to normally non-nociceptive heat stimuli (P < 0.001). 

Topical 6MF (6% and 10%) and gabapentin (10%) on the contralateral paw has no significant 

hyperalgesia altering property on CCI operated ipsilateral paw. Concomitantly, the onset and 

maintenance of hyperalgesia was prospectively reduced by administration of systemic 6MF 

and gabapentin (P < 0.001) on the paradigm days 3-21 (Figure 5.6).  

 

Figure 5.6: Effect of topical contralateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced heat hyperalgesia. 
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5.3.1.7. Effect of topical ipsilateral 6-methoxyflavone gel on CCI-induced expression of 

neuropathic cold allodynia 

The CCI surgery induced considerable changes in the PWD during days 3-21 (P < 0.001). The 

increased PWD was significantly reduced by 6MF 6% and 10% gels (P < 0.01, P < 0.001). 

Similarly, the gabapentin 10% gel also exhibited a similar cold allodynia modifying profile in 

the CCI operated rats (P < 0.001). A robust attenuation of neuropathic nociception in the CCI 

operated animals was afforded by systemic treatment with 6MF and gabapentin (P < 0.001). 

The three times daily application of control gel was devoid of any modifying effect on the 

expression of neuropathic cold allodynia in the CCI operated ipsilateral paw (Figure 5.7).  

 

Figure 5.7: Effect of topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced cold allodynia. 
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5.3.1.8. Effect of topical contralateral 6-methoxyflavone gel on CCI-induced expression 

of neuropathic cold allodynia 

The CCI rats in contralateral paw experiment were exhibited with a sharp increase in the 

duration of paw flick after a brief spray of acetone on days 3-21 (P < 0.001). The neuropathic 

cold allodynia attenuating proclivity as observed after application of topical gels preparations 

of 6MF (6% and 10%) and gabapentin (10%) on CCI operated paw was not apparent in the 

ipsilateral paw after the same gel formulation was applied on contralateral hindpaw. However, 

a significant reduction in cold allodynia was observed with systemic 6MF and gabapentin (P 

< 0.001 during days 3-21) (Figure 5.8). 

 

Figure 5.8: Effect of topical contralateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI-induced cold allodynia. 
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5.3.1.9. Effect of topical ipsilateral 6-methoxyflavone on the CCI-induced expression of 

neuropathic pin-prick hyperlagesia 

The CCI surgery significantly increased the PWD on days 3-21 (P < 0.001). The three times 

daily application of 6MF 6% and 10% gels on the ipsilateral paw markedly produced reduction 

in PWD on days 3-21 (P < 0.001). Likewise, systemic 6MF also had a significant hyperalgesia 

attenuating effect (P < 0.001). Application of gabapentin 10% gel also significantly countered 

(P < 0.001) the CCI-induced nocifensive withdrawal behaviors in ipsilateral paw. A similar 

significant reduction (P < 0.001) was also afforded by systemic gabapentin in CCI rats. The 

control gel was not found to express modified pin-prick hyperalgesia (Figure 5.9).  

 

Figure 5.9: Effect of topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 

and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), systemic 6MF 

(6MF-75), and GBP (GBP-75) on CCI pin-prick hyperalgesia. 
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5.3.1.10. Effect of topical contralateral 6-methoxyflavone on CCI-induced expression of 

neuropathic pin-prick hyperlagesia 

In the contralateral paw application experiment, the unilateral ligation of sciatic nerve incurred 

a significant nocifensive behavior on post-surgery days 3-21 (P < 0.001). The 6MF (6% and 

10%) and gabapentin (10%) gels applied on contralateral hindpaw failed to relieve the evoked 

aberrant characteristics underlying the punctate hyperalgesia incited in the operated ipsilateral 

paw. On the other hand, utilizing the systemic route, 6MF and gabapentin greatly prevented 

the excruciating nociceptive behaviors by significantly decreasing (P < 0.001) the withdrawal 

duration. The pricking nociceptive assertion was not improved by three times daily application 

of control gel, when applied on the contralateral paw (Figure 5.10).  

 

Figure 5.10: Effect of topical contralateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-

6%), and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 

6MF (6MF-75), and GBP (GBP-75) on CCI pin-prick hyperalgesia. 



Chapter 5                     Effect of topical 6MF on neuropathic nociception 

 

68 
 

5.3.1.11. Effect of topical 6-methoxyflavone on locomotor performance in CCI  

A reduction in the total number of lines crossing was observed with the vehicle treated CCI-

operated rats on day 3 (P < 0.05), and during days 7-21 (P < 0.01, P < 0.001). The three times 

daily topical application of 6MF gel formulated in concentrations of 6% and 10% and the 

gabapentin 10% gel along with control gel were not able to produce any considerable changes 

in CCI-induced decrement in the general locomotor activity in the behavioral arena. However, 

the daily systemic administration of 6MF significantly uplifted (P < 0.001) the CCI-induced 

reduced lines crossing in the interval scale assessment by direct observation of the open field 

behavioral arena, throughout the study duration (Figure 5.11).     

 

Figure 5.11: Effect of the topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-

6%), and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 

6MF (6MF-75), and GBP (GBP-75) on general locomotor activity. 
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5.3.1.12. Effect of topical 6-methoxyflavone on motor performance in rotarod test after 

chronic constriction injury of the sciatic nerve 

The CCI procedure caused a deficit in the motor function as the fall-off time was significantly 

decreased post-surgically on days 3-21 (P < 0.001). Daily dosing with gabapentin at 75 mg/kg 

in the CCI- and sham-operated animals produced a significant alteration (P < 0.001) in motor 

balance on days 3-21. The ipsilateral application of topical gels of 6MF (6% and 10%) and 

gabapentin (10%) as well as control gel had no effect on CCI associated muscular imbalance. 

However, systemic treatment with 6MF restored the rotarod fall-off latency during the entire 

paradigm days of neuropathic nociception (P < 0.05, P < 0.01, P < 0.001) (Figure 5.12). 

 

Figure 5.12: Effect of the topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-

6%), and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 

6MF (6MF-75), and GBP (GBP-75) on motor performance. 
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5.3.1.13. Effect of topical 6-methoxyflavone on locomotor gait in footprint analysis after 

chronic constriction injury of sciatic nerve 

Treatment with systemic gabapentin significantly raised (P < 0.001) the overlap distance as 

observed in both the CCI operated rats group and the sham operated rats on day 3-21. Unlike 

the systemic treatment with gabapentin, administration of systemic 6MF and the three time 

daily topical gels were not associated with any imbalance in the gait. The application of topical 

gels preparations of 6MF and gabapentin as well as the control gel were not associated with 

any variations in the footprint placements on the contralateral paw of the CCI rats. The topical 

as well as systemic 6MF treated groups were significantly different (P < 0.001, during days 

3-21) from sham and CCI operated systemic gabapentin (Figure 5.13). 

 

Figure 5.13: Effect of the topical ipsilateral paw 6-methoxyflavone (6MF) gel at 6% (6MF-

6%), and 10% (6MF-10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 

6MF (6MF-75), and GBP (GBP-75) on walking patterns. 
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5.3.2. Topical 6-methoxyflavone on cisplatin associated neuropathic nociception 

5.3.2.1. Effect of topical 6-methoxyflavone gel on cisplatin-induced mechanical allodynia  

The vehicle treated cisplatin rats exhibited static allodynia on days 7-14 (P < 0.01, P < 0.001). 

Application of topical 6MF gel attenuated the decline in PWT to the non-nociceptive gentle 

static pressure stimuli at 6% gel (P < 0.05, P < 0.01 on days 21-28) and 10% gel (P < 0.05 on 

day 14, and during days 21-28, P < 0.01, P < 0.001). Similarly, gabapentin 10% gel was also 

related with a significant uplifting of PWT (day 14: P < 0.05; P < 0.01, P < 0.001 during days 

21-28). The systemic 6MF and gabapentin has a robust antinociceptive property in cisplatin 

allodynia (P < 0.01, P < 0.001). The control gel application was inefficient in reshaping the 

altered allodynia throughout the paradigm duration (Figure 5.14).  

 

Figure 5.14: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on cisplatin-induced allodynia. 
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5.3.2.2. Effect of topical 6-methoxyflavone gel on cisplatin-induced heat hypoalgesia  

A significant increase in PWL was detected in vehicle treated cisplatin injected rats after 2nd 

and 3rd week (days 21-28: P < 0.001). The topical treatment with 6MF 6% and 10% gels 

considerably elated the cisplatin-induced reduced nociceptive sensations on days 21-28 (P < 

0.05, P < 0.01). A comparable thermal hypoalgesia antagonizing proclivity was also presented 

with gabapentin 10% gel on days 21-28 (P < 0.01). A strong relieving outcome was ostensible 

for systemic 6MF (P < 0.001), and gabapentin (P < 0.05, P < 0.01) on day 28. No neuropathic 

thermohypoesthesia modifying tendency was noted for the control gel during any time in the 

four weeks’ study duration (Figure 5.15).  

 

Figure 5.15: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on cisplatin-induced heat hypoalgesia. 
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5.3.2.3. Effect of topical 6-methoxyflavone on locomotor performance in open field after 

a single weekly intraperitoneal injection of cisplatin 

The cisplatin injection caused a reduction in physical activity and was measured on day 21 

and 28 (P < 0.05). The cisplatin associated decreased neuronal function was only counteracted 

by systemic administration of 6MF, which at a dose of 75 mg/kg significantly increased the 

magnitude of locomotion by increasing the number of lines crossing on days 7-28 (P > 0.05, 

P < 0.01). Systemic gabapentin also caused a non-significant increase in locomotion on days 

14-28 in the cisplatin injected rats. The topical gels application of 6MF and gabapentin were 

devoid of locomotion enhancing propensity in the cisplatin injected rats (Figure 5.16).  

 

Figure 5.16: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on locomotor activity. 



Chapter 5                     Effect of topical 6MF on neuropathic nociception 

 

74 
 

5.3.2.4. Effect of topical 6-methoxyflavone on motor performance in rotarod test after a 

single weekly intraperitoneal injection of cisplatin 

Cisplatin caused a temporal decrease in endurance latency after weeks 3 and 4 (days 21-28: P 

< 0.01). The cisplatin injected rats treated with systemic gabapentin was presented with a 

deficit in the motor control as a significant decrease in the dismount latency was observed in 

the rotarod test throughout the experimental period (P < 0.001). Similarly, treatment with 

systemic gabapentin alone also caused a distortion in the motor coordination on the variable 

speed rotating drum by significantly decreasing the fall out latencies (P < 0.001). The systemic 

treatment with 6MF instigated a balance maintaining property as the cisplatin injected rats 

showed a non-significant recovery from the altered fall-off latencies (Figure 5.17).  

 

Figure 5.17: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG), and systemic 6MF (6MF-75), and 

GBP (GBP-75) on rotarod performance. 
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5.3.2.5. Effect of topical 6-methoxyflavone on locomotor gait in footprint analysis after 

a single weekly intraperitoneal injection of cisplatin 

An impairment in the motor gait was characterized as a significant increase (P < 0.05) in the 

overlap distance between the fore and hind footprints on each side of the cisplatin rats group 

treated with vehicle on day 28. The daily treatment with systemic gabapentin in the cisplatin-

injected rats were presented with profound variations in footprint placement during days 7-28 

(P < 0.001). Similarly, gabapentin in-itself significantly increased the overlap throughout the 

study duration (P < 0.001). Systemic 6MF provided accuracy of foot placement as a non-

significant decrease in the cisplatin-induced increase in the distance between the centers of 

the footprints on the unilateral side was observed. The daily treatment with topical gels failed 

to correct the cisplatin-induced abnormalities in the primary locomotor gait (Figure 5.18).  

 

Figure 5.18: Effect of topical 6MF gel (6MF-6% and 6MF-10%), gabapentin gel (GBP-10%), 

control gel (CG) and systemic 6MF (6MF-75) and GBP (GBP-75) on footprints analysis. 
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5.3.3. Topical 6-methoxyflavone on streptozotocin-induced neuropathic nociception 

5.3.3.1. Effect of topical 6-methoxyflavone on STZ-induced static allodynia 

The streptozotocin injected rats produced a significant decrement in PWT during the 4 weeks 

(P < 0.01, P < 0.001). The streptozotocin neuropathic nociception was significantly abated by 

6MF gel (6% and 10%) on days 21-28 (P < 0.01, P < 0.001). Similarly, gabapentin 10% gel 

also caused a retardation in the mechanical static allodynia on days 21-28 (P < 0.001). The 

systemic 6MF and gabapentin provided a robust increase in PWT, which was significant (P < 

0.05, P < 0.001) for the entire study period. The control gel did not produce any significant 

changes in the declined PWT during any time in the paradigm testing days (Figure 5.19).   

 

Figure 5.19: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on streptozotocin-induced static allodynia. 
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5.3.3.2. Effect of topical 6-methoxyflavone on STZ-induced dynamic allodynia 

The streptozotocin rats developed extreme sensitiveness on day 14 (P < 0.05) and during days 

21-28 (P < 0.01, P < 0.001). An increase in PWL was measured for 6MF 6% on days 21-28; 

however, this increment was considerable for 10% 6MF gel on the respective days (P < 0.05, 

P < 0.001). Comparatively, the gabapentin 10% gel also presented with a similar paradigm 

shift during days 21-28 (P < 0.05, P < 0.01). The daily systemic 6MF and gabapentin were 

encountered with an equivalent magnitude of attenuation of streptozotocin induced dynamic 

tactile allodynia on day 14 (P < 0.05, P < 0.01), and days 21-28 (P < 0.001). The neuropathic 

latencies were not significantly affected by control gel (Figure 5.20). 

 

Figure 5.20: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on streptozotocin-induced dynamic allodynia. 
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5.3.3.3. Effect of topical 6-methoxyflavone on STZ-induced heat hyperalgesia  

The vehicle treated streptozotocin rats produced significant heat hyperalgesia during days 7-

28 (P < 0.05, P < 0.01, P < 0.001). At topical gel concentrations of 6% and 10%, 6MF gel 

significantly fend-off the exaggerated heat sensitivity as the weekly thermal thresholds were 

significantly different (P < 0.05, P < 0.001 during days 21-28). Likewise, gabapentin 10% gel 

also has a comparable heat hyperesthesia attenuating effectiveness on days 21-28 (P < 0.01). 

The neuropathic thermal sensations were robustly thwarted by systemic 6MF and gabapentin 

(P < 0.001). Regardless of daily topical application, the control gel was unable to reduce the 

abnormal heat sensitivity in the hindpaws of streptozotocin rats group. (Figure 5.21). 

 

Figure 5.21: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on streptozotocin-induced heat hyperalgesia. 
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5.3.3.4. Effect of topical 6-methoxyflavone on STZ-induced static vulvodynia  

A significant hypersensitivity in vulva was produced in vehicle treated STZ rats (days 7-28: 

P < 0.001). The vulvodynia bearing female streptozotocin rats displayed a significant increase 

in nociceptive thresholds upon pressing the neuropathic external genital area with calibrated 

monofilaments after topical application of gel formulations including 6MF 6% gel (P < 0.01, 

P < 0.001 on days 21-28), 6MF 10% gel (P < 0.05, P < 0.001 during days 14-28), and 10% 

gabapentin gel (days 14-28: P < 0.05, P < 0.001), as well as after the systemic administration 

of 6MF and gabapentin during the expression days 7-28: P < 0.05, P < 0.01, P < 0.001). No 

significant effect on the onset and maintenance of static vulvodynia was achieved with the 

topical control gel application throughout the paradigm time-period (Figure 5.22).  

 

Figure 5.22: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on streptozotocin-induced static vulvodynia. 
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5.3.3.5. Effect of topical 6-methoxyflavone on STZ-induced dynamic vulvodynia  

A profound and brisk flinching response was prominent after streptozotocin injection week 2-

4 (P < 0.05, P < 0.01, P < 0.001). Utilizing the topical route, a considerable increment in the 

hyperglycemia associated shortened FRL was afforded with the gel formulations of 6MF 6% 

(day 28: P < 0.05) and 6MF 10% (day 21-28: P < 0.01, P < 0.001), the effect of which was 

comparable to gabapentin 10% gel application (P < 0.01, P < 0.001) on respective days. In 

comparison, systemic 6MF and gabapentin have similar utility in significantly attenuating the 

neuropathic aberrations in vulva, but the protection granted was of great magnitude (P < 0.05, 

P < 0.001). This therapeutic effectiveness cannot be ascribed to control gel as it was not able 

to produce any significant difference in FRL in the streptozotocin rats (Figure 5.23).   

 

Figure 5.23: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on streptozotocin-induced dynamic vulvodynia. 
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5.3.3.6. Effect of topical 6-methoxyflavone on locomotor performance in open field test 

after a single intraperitoneal injection of streptozotocin 

A gradual diminution of locomotor function was observed in group of rats administered with 

streptozotocin plus saline on days 14-28 (P < 0.05, P < 0.01, P < 0.001). A significant effect 

on streptozotocin influenced reduced locomotion was produced by 6MF at 75 mg/kg, which 

produced a marked increase in the number of lines crossing during the 1st week (day 7: P < 

0.05) and remained significant for the succeeding study time period i.e. 2nd week (P < 0.05), 

3rd and 4th week (P < 0.01). A non-significant increase in the exploratory behavior was also 

discernable for the systemic gabapentin treatment. The topical gel formulations of 6MF (6% 

and 10%) and gabapentin (10%) were devoid of any motoric side-effects (Figure 5.24).        

 

Figure 5.24: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on locomotor activity. 
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5.3.3.7. Effect of topical 6-methoxyflavone on motor performance in rotarod test after a 

single intraperitoneal injection of streptozotocin 

The streptozotocin injection was afflicted with severe disturbances in the neuronal function 

during days 7-14 (P < 0.05), followed by a profound deficit in the motor function on days 21-

28 (P < 0.01, P < 0.001). The locomotor balance function was also altered after systemic 

gabapentin treatment in both streptozotocin and per se groups on days 7-28 (P < 0.001). 6MF 

at concentrations of 6% and 10% gel and gabapentin 10% gel as well as the control gel were 

unable to correct the motoric impairment. A correction in the streptozotocin prompted motor 

discoordination was only yielded by the systemic treatment with 6MF on the paradigm testing 

days 14-28 (P < 0.05, P < 0.001) (Figure 5.25).    

 

Figure 5.25: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on the rotarod performance. 
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5.3.3.8. Effect of topical 6-methoxyflavone on locomotor gait in footprint analysis after 

a single intraperitoneal injection of streptozotocin 

The single injection of streptozotocin was presented with a chronologic motoric abnormality 

in the locomotor gait evidenced as a significant increase in the paws overlap distance in STZ 

plus vehicle group during days 21-28 (P < 0.05). In a similar manner, significant impairment 

in the uniformity of step alternation was observed in groups of STZ plus systemic gabapentin 

(P < 0.01), and gabapentin alone treatment on paradigm days 7-28 (P < 0.05, P < 0.01). The 

paw displacement phenomenon in streptozotocin rats was significantly improved by systemic 

6MF on last day (P < 0.05) of behavioral paradigm. The topical gels were not able to express 

any modification in the gait impairment (Figure 5.26). 

 

Figure 5.26: Effect of topical 6-methoxyflavone (6MF) gel at 6% (6MF-6%), and 10% (6MF-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic 6MF (6MF-75), and 

GBP (GBP-75) on the footprints patterns analysis. 
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5.4. Discussion 

In the present study, topical application of 6MF and gabapentin allayed the neuropathic-like 

pain conditions and provided potential effectiveness similar to systemic 6MF and gabapentin. 

Moreover, 6MF and gabapentin gels application to injured animal’s contralateral paw proved 

to be ineffective against neuropathic pain-like parameters. Consequently, it can be reasonably 

concluded that the observed activity on the ipsilateral paw was truly local and did not stem 

from the systemic absorption. Topical drugs application present multiple advantages as they 

act locally on damaged or dysfunctional soft tissues or peripheral nerves so systemic exposure 

is minimized as are systemic adverse effects and drug-drug interactions [37, 118].  

The topical 6MF and gabapentin gel formulations were devoid of any observable side effects 

commonly encountered with clinically systemic use of gabapentin [119]. The gabapentin like 

unwanted effects have been ostensibly prevented by the localized gel formulation of 6MF and 

gabapentin, yet retaining the beneficial effects as desirable in neuropathic pain management. 

The efficacy and safety of topical medications for the treatment of neuropathic pain has been 

demonstrated and several topical medications have been investigated in well-designed clinical 

trials. These include 5% lidocaine medicated plaster, a capsaicin 8% patch, topical clonidine 

gel at 0.1%, a combination of doxepin hydrochloride (3.3%) and capsaicin (0.025%), topical 

baclofen 0.76%, amitriptyline 3%, and ketamine 1.5% in pluronic-lecithin organogel, 2%-6% 

gabapentin in lipoderm base, amitriptyline 2%, baclofen 2% in lipoderm cream base, and 

aspirin 2.5%-7.5% dissolved or suspended in diethyl ether [37]. In a previous study involving 

diabetic neuropathy, topical gabapentin 10% w/w gel significantly ameliorated both static and 

dynamic allodynia as well as static and dynamic vulvodynia induced by a single injection of 

streptozotocin in female rats [90]. This same gel formulation when applied as 6% w/w 
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gabapentin three times per day to affected site also alleviated post-herpetic neuralgia and other 

neuropathic pain syndromes [89].  

Topical formulations containing 1% quercetin in different lipid bases are able to inhibit the 

UV irradiation induced damage to skin [120]. Furthermore, a topical preparation containing a 

mixture of flavonoids from important medicinal plants proved to be beneficial for treating the 

chronic skin inflammatory disorders such as atopic dermatitis as it reduces dermal edema, 

epidermal hyperplasia and infiltration of inflammatory cells along with inhibition of synthesis 

of prostaglandin E2 [121]. Topical preparations having bioactive ingredients from medicinal 

herbs are safer and better for the control of pain conditions as compared to oral preparations. 

Flavonoids are able to penetrate the various layers of skin and reduce pain and inflammation 

by decreasing the expression of NO synthase and cyclooxygenase-2 enzyme [122]. Therefore, 

the gel formulations of 6MF and gabapentin as topical agents could be a better alternative for 

better management of neuropathic pain syndromes. 

5.5. Conclusion 

The present study showed a prospective broad pharmacological efficacy of the topical 6MF 

and gabapentin gels in the neuropathic nociceptive conditions. Both the topical as well as the 

systemic 6MF and gabapentin provided comparable profiles of activity, as they both evoked 

significant anti-allodynic, anti-hyperalgesic, anti-vulvodynic and anti-hypoalgesic activities. 

Topical 6MF and gabapentin gel offers the advantage that it is devoid of central side effects 

associated with the systemic use of gabapentin. 
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6.1. Introduction 

Bacopa monnieri (Linn.) Pennell [family: Scrophulariaceae], is a reputable nootropic plant 

[71]. B. monnieri has neuropharmacological activities [123-125], and has both immediate 

[126, 127] and chronic [126-130] cognitive enhancing effects in older persons [76, 77] and 

patients with Alzheimer’s disease [131]. Its major chemical constituents are dammarane type 

triterpenoid saponins with jujubogenin and pseudojujubogenin as the aglycones including 

bacosides A1-A3, bacopasaponins A-G and bacopasides I-V [73, 74]. Bacoside-A along with 

bacopaside-I constituted more than 96% w/w of the total saponins of B. monnieri [75].  

B. monnieri has shown its utility against tonic visceral chemically-induced nociceptive pain 

and acute phasic thermal nociception [83]. B. monnieri attenuates opioid tolerance, enhances 

opiates-induced analgesia and has morphine like analgesic effect without producing any 

tolerance to its own analgesic effect [83, 84]. However, there is little evidence of its efficacy 

in attenuation of neuropathic pain conditions. A previous study in rats shows that B. monnieri 

is an effective analgesic in a rat model of diabetes induced neuropathy [85]. The present study 

corroborated the pharmacological efficacy of B. monnieri in neuropathic pain by utilizing the 

well-known behavioral testing paradigms in different rat models of neuropathic nociception. 

6.2. Materials and methods 

The behavioral neuropathic paradigms were tested before and after systemic administration 

of B. monnieri extract. The rats were randomly assigned to various groups. B. monnieri extract 

was orally administered at doses of 40 and 80 mg/kg, while gabapentin, used as the positive 

control was administered intraperitoneally (i.p.) at a dose of 75 mg/kg (refer to section 2.4 in 

the methodology chapter). 
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6.3. Results  

6.3.1. Systemic Bacopa monnieri on CCI-induced neuropathic nociception 

6.3.1.1. Effect of systemic Bacopa monnieri extract on CCI-induced static allodynia 

A significant evoked nociception (P < 0.001) was developed in hindpaws throughout the study 

duration in CCI rats. Systemic BM at 40 mg/kg markedly alleviated the evoked nociception 

to normally non-noxious von Frey filaments by significantly restored the decrement in PWT 

on days 7-21 (P < 0.01, P < 0.001). Similarly, BM extract at 80 mg/kg also afforded a highly 

efficient protective effect throughout the treatment time-period (P < 0.01, P < 0.001). The 

systemic gabapentin also produced a robust and comparable static tactile allodynia attenuating 

property on the paradigm expression days (P < 0.01, P < 0.001) (Figure 6.1). 

 

Figure 6.1: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on CCI-induced static mechanical allodynia. 
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6.3.1.2. Effect of systemic Bacopa monnieri extract on CCI-induced dynamic allodynia 

The dynamic allodynia was first measured on 14th day of CCI surgery on which a significant 

reduction (P < 0.001) in PWL was noted followed by a well characterized dynamic allodynia 

at the end of week 3 (P < 0.001). The systemic treatment with BM and gabapentin significantly 

modified the CCI induced dynamic allodynia. Systemic BM at 40 mg/kg significantly elevated 

the reduction in PWL after CCI surgery on the expression days (P < 0.01, P < 0.001). The 

resistance against the hyper-responsiveness to the innocuous stroking of cotton bud in the CCI 

operated rats was also prominent for 80 mg/kg BM extract (P < 0.001). The concomitant daily 

systemic administration of gabapentin also showed a significant protective effect against the 

CCI-evoked dynamic tactile allodynia on days 14-21 (P < 0.001) (Figure 6.2).  

 

Figure 6.2: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on CCI-induced dynamic mechanical allodynia. 
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6.3.1.3. Effect of systemic Bacopa monnieri extract on CCI-induced heat hyperalgesia 

The CCI rats developed a neuropathic thermal hyperalgesia in hindpaws, the expression of 

which was significantly intensified on days 3-21 (P < 0.001). A significant effect on the CCI 

induced thermal hyperalgesia was produced by treatment with systemic BM and gabapentin. 

BM at 40 mg/kg strongly modified the CCI-induced exaggerated response by significantly 

elevating the shortened PWL against heat stimuli during the expression days 7-21 (P < 0.05). 

Similarly, the higher dose of BM (80 mg/kg) also potently uplifted the post-surgical PWL and 

a significant effect was yielded on days 7-21 (P < 0.05, P < 0.01). A highly efficient resistance 

to the establishment of heat hyperalgesia was produced by the daily intraperitoneal injection 

of gabapentin throughout the treatment time-period (P < 0.05, P < 0.001) (Figure 6.3). 

 

Figure 6.3: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on CCI-induced heat hyperalgesia.   
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6.3.1.4. Effect of systemic Bacopa monnieri extract on CCI-induced cold allodynia 

The CCI produced a significant increase in paw withdrawal duration on days 3-21 (P < 0.001). 

The systemic treatment with BM and gabapentin have a significant effect on the expression 

of constriction procedure induced cold allodynia. The cold stimuli evoked nociception was 

significantly attenuated by BM at 40 mg/kg, when observed on paradigm days 3-21 (P < 

0.001). The reduction in the intensity of cold invoked nociception was also significant for BM 

at 40 mg/kg during days 3-21 (P < 0.001). Similarly, the higher dose of BM also has efficient 

neuropathic cold nociception inhibiting propensity (P < 0.001). An increase in the threshold 

against nociceptive cold stimulus was produced by the systemic gabapentin throughout the 

experimental time period (P < 0.001) (Figure 6.4).  

 

Figure 6.4: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on CCI-induced cold allodynia. 
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6.3.1.5. Effect of systemic Bacopa monnieri on CCI-induced pin-prick hyperalgesia 

The unilateral ligation produced a significant increase in the paw withdrawal duration on post- 

ligation days 3-21 (P < 0.001). A significant main dose effect was afforded by the systemic 

treatment with BM extract and gabapentin on the CCI induced mechanical hyperalgesia. The 

single daily ingestion of BM extract at 40 mg/kg significantly attenuated the pricking hyper-

responsiveness on days 3-21 (P < 0.001). In a similar manner, the higher dose of BM extract 

(80 mg/kg) also significantly abolished the CCI induced hyperalgesic response to the noxious 

pin prick on days 3-21 (P < 0.001). The CCI punctate mechanical hypersensitivity during the 

experimental period was also significantly lessened by systemic gabapentin on post-surgery 

days 3-21 (P < 0.001) (Figure 6.5). 

 

Figure 6.5: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on CCI-induced pin-prick hyperalgesia. 
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6.3.1.6. Effect of systemic Bacopa monnieri on locomotor performance in open field test 

after chronic constriction injury of sciatic nerve 

The CCI rats exhibited a decrease in physical activity, which was evident on post-surgery day 

3-21 (P < 0.05, P < 0.001). The CCI rats treated with BM extract at 40 mg/kg attenuated the 

constriction injury inherent decreased locomotor effect as a significant increase in the lines 

crossing was observed on post-surgery days 14-21 (P < 0.05). The higher dose of BM extract 

at 80 mg/kg also produced a similar beneficial property of enhancing the overall locomotor 

performance by abolishing the nerve injury motor deficits during the entire paradigm duration 

i.e. days 3-21 (P < 0.01, P < 0.001). The systemic gabapentin was not able to modify the 

constriction injury induced decrease locomotor activity (Figure 6.6). 

 

Figure 6.6: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on general locomotor activity. 
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6.3.1.7. Effect of systemic Bacopa monnieri on motor performance in rotarod test after 

chronic constriction injury of sciatic nerve 

The CCI operated saline treated rats showed a significant decrease in the time spent on rotarod 

on days 3-21 (P < 0.01, P < 0.001). In the CCI rats, systemic gabapentin exhibited a significant 

decrease in endurance time on testing days 3-21 (P < 0.001). Similarly, the sham plus systemic 

gabapentin treated group also produced a significant decrease in their dismount latency on 

days 3-21 (P < 0.001). A significant increase in the latency time was observed with BM at 40 

mg/kg (P < 0.05, P < 0.01 on days 7-21). Likewise, the systemic treatment with the higher 

dose of BM extract (80 mg/kg) significantly counterbalanced the constriction injury induced 

decreased rotarod endurance latency (P < 0.01, P < 0.001) (Figure 6.7). 

 

Figure 6.7: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on rotarod performance. 
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6.3.1.8. Effect of systemic Bacopa monnieri on locomotor gait in footprint analysis after 

chronic constriction injury of sciatic nerve  

A significant increase in overlap distance between the forepaw and hindpaw placement after 

treatment with gabapentin in the CCI operated rats was observed during the entire study time 

period i.e. days 3-14 (P < 0.05) and day 21 (P < 0.01). Likewise, the sham operated group of 

rats treated with gabapentin also demonstrated a similar inaccuracy in gait on days 3-21 (P < 

0.001). No significant distortion in the foot placement during locomotion was found in groups 

of CCI operated rats treated with BM extract at 40 and 80 mg/kg, as the overlap interval was 

not significantly different from that of sham operated controls. However, in comparison to the 

gabapentin treated groups, a significant decrease (P < 0.001) in the foot misplacement was 

observed in the BM extract treated groups (Figure 6.8).  

 

Figure 6.8: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on footprint pattern analysis. 
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6.3.2. Systemic Bacopa monnieri on cisplatin induced neuropathic nociception 

6.3.2.1. Effect of systemic Bacopa monnieri extract on cisplatin-induced allodynia  

The development of static mechanical allodynia was evident after weeks 1-4 (P < 0.05, P < 

0.01, P < 0.001). At a dose of 40 mg/kg of BM, significant attenuation of neuropathic evoked 

nociception was observed after 2nd week of injection (P < 0.05), and the maintenance was also 

significantly suppressed after the 3rd and 4th week (P < 0.001). The reduction in the gram 

thresholds was also strongly restored by BM at 80 mg/kg (days 14-28: P < 0.001) at which it 

significantly increased the PWT. Daily systemic gabapentin increased the cisplatin associated 

tactile allodynia by significantly increasing the PWT on days 14-28 (P < 0.001), (Figure 6.9). 

 

Figure 6.9: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on cisplatin-induced allodynia. 
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6.3.2.2. Effect of systemic Bacopa monnieri extract on cisplatin-induced heat hypoalgesia  

The cisplatin neuropathic hypoalgesia was expressed after second cisplatin injection i.e. week 

2 (P < 0.01) and remained sustained for week 4 (P < 0.001). The daily systemic ingestion of 

BM extract alleviated the development and maintenance of cisplatin induced neuropathic heat 

hypoalgesia in the bilateral hindpaws. BM extract at 40 and 80 mg/kg produced a significant 

recovery of cisplatin-induced increased thermal nociceptive response latencies, the effect of 

which was apparent on the 3rd and 4th week (P < 0.001). The systemic gabapentin also showed 

a potent behavioral profile as a significant modification in the expression of cisplatin induced 

thermos-hypoalgesia was noted on days 21-28 (P < 0.001) (Figure 6.10).  

 

Figure 6.10: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on cisplatin associated heat hypoalgesia in the bilateral hindpaws. 
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6.3.2.3. Effect of systemic Bacopa monnieri on locomotor performance in open field test 

after a single weekly injection of cisplatin 

A significant decrease in total number of lines crossing by cisplatin treated rats in a designated 

open field paradigm was apparent after the second cisplatin injection i.e. day 14 (P < 0.05), 

and followed a temporal profile where the immobility become intensified after the third and 

fourth injections (P < 0.01). BM at 40 mg/kg increased the number of lines crossing in the 

cisplatin injected rats, but this increase was significant when tested in the behavioral arena 

after 4th week (P < 0.05). Similarly, BM at 80 mg/kg also has a locomotion enhancing potential 

as a significant increase in lines crossing was recorded at initial (P < 0.05, P < 0.01 on days 

7-12) and at later stages of cisplatin assertion (P < 0.01, P < 0.001 on days 14-21). Systemic 

gabapentin also antagonized cisplatin estranged stillness (P < 0.05, P < 0.001) (Figure 6.11).   

 

Figure 6.11: Effect of Bacopa monnieri extract (BM-40 and BM-80) and gabapentin (GBP) 

(GBP-75) on general locomotor activity. 
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6.3.2.4. Effect of systemic Bacopa monnieri on motor performance in rotarod test after a 

single weekly injection of cisplatin 

The weekly cisplatin injections caused a significant decrease in the dismount latency on days 

21-28 (P < 0.05). Systemic gabapentin treatment significantly decreased the demount latency 

on rotating drum in cisplatin plus gabapentin and gabapentin alone groups on days 7-28, P < 

0.001). The systemic administration of BM extract in cisplatin rats has a significant effect on 

the rotarod latency. BM extract at doses of 40 and 80 mg/kg caused a non-significant increase 

in the cisplatin provoked motor discoordination on days 7-21. However, a significant increase 

was observed with the 80 mg/kg dose (P < 0.05 on day 28) during which a reduction in motor 

derangement was measured in cisplatin injected rats (Figure 6.12). 

 

Figure 6.12: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on motor performance. 
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6.3.2.5. Effect of systemic Bacopa monnieri on gait in footprints pattern analysis after a 

single weekly injection of cisplatin 

The weekly cisplatin injection for consecutive four weeks produced a non-significant graded 

increase in overlap distance, which was apparent during days 14-28. A significant alteration 

in uniformity of paw placements was also observed with cisplatin plus systemic gabapentin 

or treatment with gabapentin alone (P < 0.01, P < 0.001). The alterations in uniformity of step 

alternation as encountered with the cisplatin was significantly modified by systemic treatment 

with BM extract. A non-significant decrease in the cisplatin induced increased unilateral paws 

convergence was observed on days 14-28 with BM extract at a 40 mg/kg dose. Likewise, the 

BM at 80 mg/kg significantly reversed the gait imbalance on day 28 (P < 0.05) (Figure 6.13). 

 

Figure 6.13: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on footprint pattern analysis. 
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6.3.3. Systemic Bacopa monnieri on streptozotocin induced neuropathic nociception 

6.3.3.1. Effect of systemic Bacopa monnieri on streptozotocin-induced static allodynia  

The static allodynia become apparent as a significant reduced withdrawal response (day 7: P 

< 0.05, days 14-28: P < 0.001). BM at 40 mg/kg succinctly attenuated the expression of tactile 

allodynia as it significantly reversed the decrease in the nociceptive threshold, first observed 

after 2nd week (P < 0.01) and remained effective for the subsequent study duration i.e. weeks 

3-4 (P < 0.001). At 80 mg/kg, BM extract ostensibly attenuated the overall expression of static 

tactile allodynia as a highly efficient protection was afforded at both the onset i.e. day 7 (P < 

0.05), and maintenance stages of neuropathic static allodynia i.e. days 14-21 (P < 0.001). This 

beneficial proclivity was similar to systemic gabapentin (P < 0.05, P < 0.001) (Figure 6.14).  

 

Figure 6.14: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on streptozotocin-induced static allodynia. 
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6.3.3.2. Effect of systemic Bacopa monnieri on streptozotocin-induced dynamic allodynia 

The dynamic hypersensitivity followed a slower course of onset, and was first manifested 

after week 2 (day 14, P < 0.01). The intensity of dynamic allodynia become fully developed 

after weeks 3-4 (P < 0.001). Systemic BM at 40 mg/kg significantly attenuated the expression 

of dynamic allodynia and was observed during the expression days 21-28 (P < 0.05, P < 0.01). 

This protective effect was more pronounced with the 80 mg/kg dose, at which the BM extract 

completely relieved the expression of dynamic allodynia observed as a significant restitution 

of streptozotocin induced decrement in nociceptive latencies observed during the expression 

days 14-28 (P < 0.05, P < 0.001). Moreover, systemic gabapentin also ostensibly diminished 

the aberrant behavioral latency (P < 0.01, P < 0.001 on days 14-28) (Figure 6.15).  

 

Figure 6.15: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on streptozotocin-induced dynamic allodynia. 



Chapter 6        Effect of systemic B. monnieri on neuropathic nociception 

 

103 
 

6.3.3.3. Effect of systemic Bacopa monnieri on streptozotocin-induced heat hyperalgesia 

A progressive decline in the paw withdrawal latency was observed after the first week and the 

behavioral thermal alterations become significant after 2nd and 3rd weeks (P < 0.001), and 4th 

week (P < 0.01). At a lower dose of 40 mg/kg of BM, the reversal effect was prominent after 

3rd week (P < 0.01), and remained effective for the last week of study (P < 0.05), during which 

it significantly elevated the threshold to perceive the nociceptive thermal stimulus. BM at 80 

mg/kg provided a full protective coverage as it normalized the streptozotocin-induced heat 

hyperalgesic response on paradigm days 14-28 (P < 0.01, P < 0.001). The systemic gabapentin 

also provided a robust antagonistic effect against the exaggerated hyperalgesic response (P < 

0.001 during days 14-28) (Figure 6.16).  

 

Figure 6.16: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on streptozotocin-induced heat hyperalgesia. 
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6.3.3.4. Effect of systemic Bacopa monnieri on streptozotocin-induced static vulvodynia 

The static vulvodynia become apparent as a significant decrease in FRT after weeks 1-4 (P < 

0.05, P < 0.01, P < 0.001). BM potently alleviated the nociception arising in the vulvar area. 

This protection was measured as a significant decrease in the flinching response threshold, 

when the expression of static component of vulvodynia was on its peak i.e. on days 21-28 (P 

< 0.01, P < 0.001). However, the 80 mg/kg dose provided a more efficient effect, as at this 

dose the assertion of static vulvodynia was completely under the protective influence of BM 

extract, which was observed from the significant increase in FRT on days 14-21 (P < 0.001). 

This restorative effect was equal to that of systemic gabapentin, which significantly attenuated 

the nociceptive sensitivity of vulvar region on days 14-28 (P < 0.01, P < 0.001) (Figure 6.17).  

 

Figure 6.17: Effect of Bacopa monnieri extract (BM-40 and BM-80) and gabapentin (GBP-

75) on streptozotocin-induced static vulvodynia. 
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6.3.3.5. Effect of systemic Bacopa monnieri on STZ-induced dynamic vulvodynia 

The flinching withdrawal response to the nociceptive effect of the dynamic moving stimulus 

on the vulva was detected after weeks 1-4 (P < 0.05, P < 0.001). The stroking nociception in 

vulva was significantly counterbalanced by both 40 and 80 mg/kg doses of BM. The 40 mg/kg 

dose was moderately effective in lessening the reduction in FRL during days 14-28 (P < 0.05, 

P < 0.01). The dynamic vulvodynia alleviating propensity was more potent with the 80 mg/kg 

dose during the last three weeks of fully expressed nociceptive behavior (P < 0.01 on day 14, 

and P < 0.001 on days 21-28). Moreover, the dynamic vulvodynia was also counterbalanced 

by systemic gabapentin, which significantly nullified the deviations in FRL induced by single 

injection of streptozotocin (P < 0.05, P < 0.001 during days 14-28) (Figure 6.18). 

 

Figure 6.18: Effect of Bacopa monnieri extract (BM-40 and BM-80) and gabapentin (GBP-

75) on streptozotocin-induced dynamic vulvodynia. 
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6.3.3.6. Effect of systemic Bacopa monnieri extract on locomotor performance in open 

field test after a single intraperitoneal injection of streptozotocin  

A significant reduction in the total number of lines crossing for the streptozotocin plus saline 

group was observed (days 14-28, P < 0.05). The tested doses of BM were able to reverse the 

staggering effect in streptozotocin rats. BM at 40 mg/kg increased the lines crossing around 

the open area of behavioral arena on days 14 and 21; however, a significant restoration effect 

was obvious in the last week of the study time period i.e. on day 28 (P < 0.05). The higher 

dose of BM at 80 mg/kg produced an apparent antagonizing influence on the streptozotocin 

induced decrement in the total number of lines crossed (P < 0.05, P < 0.01). The systemic 

gabapentin did not affect the number of lines crossing in streptozotocin rats (Figure 6.19). 

 

Figure 6.19: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on general locomotor activity. 
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6.3.3.7. Effect of systemic Bacopa monnieri on motor performance in rotarod test after a 

single intraperitoneal injection of streptozotocin  

A temporal decrease in the time taken to remained on the rotating rod of variable speed was 

observed in the streptozotocin injected rats. This was obvious as a significant decrease in the 

endurance latency on experimental days 14-28 (P < 0.05, P < 0.01). An intensified decline in 

dismount latency was apparent after systemic gabapentin in the streptozotocin rats or per se 

gabapentin treated group (P < 0.001). The systemic BM at 40 mg/kg effectively curtailed the 

streptozotocin induced motor discoordination on day 28 (P < 0.05), while the 80 mg/kg dose 

was more potent in counteracting the abnormal behavior after weeks 2-4 (P < 0.05, P < 0.001) 

as compared to the fall-off latencies of streptozotocin plus saline treated rats (Figure 6.20).  

 

Figure 6.20: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on motor performance. 
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6.3.3.8. Effect of systemic Bacopa monnieri extract on locomotor gait in footprint pattern 

analysis after a single intraperitoneal injection of streptozotocin  

An alteration in the symmetrical gait of animals followed a temporal pattern and was evident 

as a marked increase in the distance of overlap at the end of 4th week (P < 0.05) of a single 

streptozotocin injection. A severe distortion in the gait pattern was observed after treatment 

with gabapentin at 75 mg/kg. This occurred in the groups of streptozotocin animals treated 

with systemic gabapentin and the groups of animals treated as such with gabapentin during 

the entire study duration (days 7-28: P < 0.05, P < 0.01). A significant effect on streptozotocin 

induced abnormal gait was produced by daily treatment with BM. Unlike systemic gabapentin, 

the BM extract treatment in both the streptozotocin rats and as such were not associated with 

any deterioration in the locomotor gait (Figure 6.21). 

 

Figure 6.21: Effect of systemic Bacopa monnieri extract (BM-40 and BM-80) and gabapentin 

(GBP-75) on footprint pattern analysis. 
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6.4. Discussion 

This study has demonstrated that treatment with BM extract significantly suppressed the 

evoked nociceptive responses when orally administered daily in doses of 40 and 80 mg/kg, 

which were tolerable and benign based on the toxicity profile [132, 133]. Similar doses of 

Bacopa monnieri have been shown to possess significant neuroprotective effects including its 

ability to protect cerebral cortex [79], enhance dendritic length and arborization of amygdala 

[93] and hippocampal CA3 neurons [134]. Moreover, these tested doses of BM also possess 

significant anti-stress and anti-depressant activities [135, 136] as neuropathic pain is often 

associated with comorbidities such as anxiety and depression, resulting in a low health-related 

quality of life [137].   

This study clearly demonstrated that BM succinctly inhibited the maintenance of static and 

dynamic allodynia, vulvodynia, heat, punctate as well as cold allodynia in the different models 

of neuropathic nociception. The neuropathic nociception alleviating effect afforded by BM 

was equipotent to the positive control, gabapentin. However, the clinical effectiveness of 

gabapentin is greatly limited to occurrence of significant dose-dependent side-effects [112]. 

This has been further confirmed in the paradigms of rotarod and gait analysis in which a 

significant derangement in the neuromuscular function was produced by systemic gabapentin. 

However, the systemic administration of B. monnieri was not associated with any gabapentin 

like motoric impairment, and in fact it produced a correction in the cisplatin and streptozotocin 

invoked muscular imbalance proclivity. 

Although, the various mechanism through which BM ameliorates allodynia and hyperalgesia 

is still not known; nonetheless, in view of its numerous pharmacological properties, it can be 
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speculated that multiple mechanisms might be involved as it has been reported that Bacopa 

monnieri possesses an anti-nociceptive activity [138], which has been mediated through 

opioidergic mechanisms [103], enhances morphine anti-nociceptive effects [83], increases 

synaptic plasticity [139], up-regulates vesicular glutamate transporter type 2 (VGLUT2) 

[140], and decreases the immune-density of glutamate/N-methyl-D-aspartate receptor subtype 

1 (NMDAR1) [141]. What is more, B. monnieri has been reported to increase GABA, GABAA 

receptor subunit, GABAA receptor binding and produce an up-regulation of GAD gene [142]. 

Additionally, BM decreases TNF-α and IL-6 release [143], as well as inhibits the enzymatic 

activities of COX-2, LOX-5 and LOX-15 [144]. Herbal medicines have been reported to be 

beneficial in the clinical management of various neuropathic disorders [41, 145, 146] and 

recently there has been an increase in the use of CAM therapies especially herbal medicines 

for reduction of pain [147-149]. 

6.5. Conclusion 

The study demonstrates that a bacosides rich fraction of B. monnieri extract presents marked 

antinociceptive properties by alleviating neuropathic allodynia, vulvodynia, hyperalgesia, as 

well as hypoalgesia in the various neuropathic nociception rodent models. B. monnieri may 

constitute a beneficial herbal remedy for the efficient management of neuropathic pain. 
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7.1. Introduction 

There is a recent trend of targeting the peripheral nervous system in neuropathic pain and in 

this perspective; various topical agents have been compounded and are successfully tested in 

patients and in various animal models of neuropathic pain [37, 90, 150]. Topical agents present 

distinct advantage as there is low systemic clearance, low chance of drug interactions, easily 

tolerable by patients and combination with various oral medications is also feasible [35]. The 

topical analgesics present an important, necessary tool for addressing the patient pain states 

that remain undertreated or untreated due to safety issues [151].  

Alternatively, natural products may offer a safe and effective approach for pain relief and    

various herbal extracts and isolated compounds have been successfully formulated as topical 

analgesics for the efficient treatment of nociceptive as well as neuropathic painful conditions 

[152, 153]. In this regard, the present study evaluated the potential antinociceptive efficacy of 

a topical gel formulation of Bacopa monnieri extract in comparison to the clinically available 

gabapentin 10% gel and systemic B. monnieri and gabapentin treatment in various rat models 

of neuropathic nociception.  

7.2. Materials and methods 

The behavioral neuropathic paradigms were tested before and after topical application as well 

as systemic administration of Bacopa monnieri. The rats were randomly assigned to various 

groups. A uniform quantity of topical BM gels (6% and 10%) and gabapentin 10% gel (1.0 

mL/cm2) was applied topically three times daily on plantar surface of hindpaw. For systemic 

administration, BM and gabapentin were administered once daily at doses of 80 mg/kg and 

75 mg/kg, respectively (refer to section 2.4 in the methodology chapter). 
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7.3. Results 

7.3.1. Topical Bacopa monnieri on CCI-induced neuropathic nociception 

7.3.1.1. Effect of topical ipsilateral Bacopa monnieri on CCI-induced static allodynia 

The sciatic nerve ligation produced a significant decrease in PWT (days 3-21: P < 0.01, P < 

0.001). A considerable reduction in PWT was observed with BM 6% and 10% gels (P < 0.05, 

P < 0.01, P < 0.001). Similarly, the topical application of gabapentin 10% gel also de-escalated 

the evoked neuropathic nociception (P < 0.05, P < 0.001). Systemic BM at 80 mg/kg has a 

significant allodynia attenuating effect on days 3-21 (P < 0.001), like the systemic gabapentin 

(P < 0.001). The control gel was devoid of any antinociceptive tendency (Figure 7.1).  

 

Figure 7.1: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-

80), and GBP (GBP-75) on CCI-induced static allodynia. 
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7.3.1.2. Effect of topical contralateral Bacopa monnieri on CCI-induced static allodynia 

In the contralateral paw application experiment, a significant decrease (P < 0.001) in baseline 

nociception gram thresholds was observed in the CCI operated saline treated rats. The topical 

contralateral application of BM gel at 6% and 10% along with gabapentin 10% gel and control 

gel were devoid of any antinociceptive effectiveness in the operated ipsilateral hindpaws of 

the CCI rats. Only the systemic treatment has an effect on the maintenance of mechanical 

allodynia. Systemic BM and gabapentin significantly allayed (P < 0.001) the expression of 

static allodynia in the ipsilateral paw during the paradigm testing days 3-21. The control gel 

was unable to produce any effect on the static tactile allodynia in the CCI rats (Figure 7.2).   

 

Figure 7.2: Effect of topical contralateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), 

and 10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM 

(BM-80), and GBP (GBP-75) on CCI-induced static allodynia. 
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7.3.1.3. Effect of topical ipsilateral Bacopa monnieri on CCI-induced dynamic allodynia 

The dynamic mechanical allodynia exhibited a slow course of onset in the CCI operated saline 

treated rats and was expressed during days 14-21 (P < 0.05, P < 0.01). The topical as well as 

systemic treatment produced a significant effect on the expression of dynamic tactile allodynia 

in the CCI rats. The CCI-induced nocifensive stroking effect of cotton bud was significantly 

suppressed by topical BM gels (6% and 10%) (P > 0.05, P < 0.001). Likewise, the gabapentin 

10% gel also produced an increase in PWL (P > 0.05, P < 0.01). A robust counterbalancing 

effect on the expression of evoked dynamic mechanical allodynia was evident with the daily 

systemic BM and gabapentin (P < 0.001). The control gel was unsuccessful in lessening the 

neuropathic dynamic mechanical allodynia during the testing periods (Figure 7.3).  

 

Figure 7.3: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-

80), and GBP (GBP-75) on CCI-induced dynamic allodynia. 
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7.3.1.4. Effect of topical contralateral Bacopa monnieri on CCI dynamic allodynia 

In the contralateral paw application, a delayed onset of the dynamic allodynia was expressed 

on days 14-21 (P < 0.01, P < 0.001). The topical application of the compounded gels of BM 

(6% and 10%) and gabapentin (10%) as well as the control gel on the contralateral paw failed 

to relieve the shortened withdrawal latency to the moving cotton bud on the plantar surface of 

ipsilateral paw as compared to CCI-saline treatment during any time of experimental protocol. 

A significant effect on expression of dynamic allodynia in contralateral paw experiment was 

apparent for systemic treatment. Thus, systemic BM and gabapentin stopped the perturbations 

arising in PWL in the ipsilateral paw on days 14-21 (P < 0.01, P < 0.001) (Figure 7.4).  

 

Figure 7.4: Effect of topical contralateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), 

and 10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM 

(BM-80), and GBP (GBP-75) on CCI-induced dynamic allodynia. 
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7.3.1.5. Effect of ipsilateral Bacopa monnieri on CCI-induced heat hyperalgesia 

The CCI procedure produced a significant decrease in PWL in the CCI operated saline treated 

rats during days 3-21 (P < 0.05, P < 0.001). The significant attenuating action against the CCI 

induced heat hyperalgesia was produced after the daily three times application of BM 6% and 

10% gels (P < 0.01, P < 0.001). The positive control, gabapentin 10% gel also significantly 

increased the nerve injury inflicted decreased PWL to heat stimuli (P < 0.01, P < 0.001). The 

systemic BM and gabapentin produced a robust abolishing effect on the overall expression of 

heat hyperalgesia (P < 0.01, P < 0.001). The control gel was unable to produce any effect on 

the CCI-induced heat hyperalgesia throughout the treatment schedule (Figure 7.5). 

 

Figure 7.5: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract 

(BM-80), and GBP (GBP-75) on CCI-induced heat hyperalgesia. 
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7.3.1.6. Effect of topical contralateral Bacopa monnieri on CCI heat hyperalgesia 

The CCI rats were rendered with a significant decrease in the latency to withdrawal the paw 

from a heat stimulus on days 3-21 (P < 0.01, P < 0.001). The daily three times contralateral 

paw application of the compounded gel preparations of BM (6% and 10%) and gabapentin 

(10%) as well as the control gel were not able to modify the nerve injury associated atypical 

alterations in ipsilateral paw, thus confirming their lack of systemic clearance. On the other 

hand, an effect on hyperalgesia was only observed with the systemic treatment. The systemic 

BM and gabapentin antagonized the neuropathic heat hyperalgesia arising in the ipsilateral 

paw during days 7-21 (P < 0.01, P < 0.001) of the paradigm time-period (Figure 7.6). 

 

Figure 7.6: Effect of topical contralateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), 

and at 10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM 

(BM-80), and GBP (GBP-75, i.p.) on CCI-induced heat hyperalgesia. 
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7.3.1.7. Effect of topical ipsilateral Bacopa monnieri on CCI-induced cold allodynia 

A marked nociceptive response was measured as an escalated PWD in the CCI operated rats 

treated with saline (days 3-21, P < 0.001). The expression of normally non-painful cold stimuli 

evoked nociception was significantly counteracted by topical and systemic BM extract and 

gabapentin. The cold induced increased PWD was significantly attenuated by BM topical gel 

(P < 0.01, P < 0.001) on the ipsilateral paws of CCI operated rats at 6% and 10%. The single 

daily systemic administration of BM significantly de-escalated (P < 0.001) neuropathic cold 

allodynia in CCI operated rats throughout the experiment duration, similar to that of systemic 

gabapentin (P < 0.001). Additionally, the application of control gel on the ipsilateral paw has 

no allodynia attenuating effect in the entire experimental time period (Figure 7.7).  

 

Figure 7.7: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract 

(BM-80), and GBP (GBP-75) on CCI-induced cold allodynia. 
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7.3.1.8. Effect of topical contralateral Bacopa monnieri on CCI-induced cold allodynia 

Regarding the contralateral paw topical gel application experiment, a significant nociceptive 

exacerbation in PWD was observed on the ipsilateral paw in the CCI operated saline treated 

rats (P < 0.001). The three times daily application of topical gel preparations of BM (6% and 

10%), gabapentin (10%), and control gel on the contralateral hindpaw were unsuccessful in 

ameliorating the evoked nocifensive behaviors in the ipsilateral paw due to the ongoing nerve 

injury. However, when the same therapeutic modalities were administered systematically, a 

robust decrease in the duration of paw withdrawal was apparent with BM and gabapentin in 

the ipsilateral paw (P < 0.001) on post-surgery days 3-21 (Figure 7.8).  

 

Figure 7.8: Effect of topical contralateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), 

and at 10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM 

(BM-80), and GBP (GBP-75) on CCI-induced cold allodynia. 
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7.3.1.9. Effect of topical ipsilateral Bacopa monnieri on CCI pin-prick hyperalgesia 

The CCI operated rats exhibited an increased PWD on post-CCI days 3-21 (P < 0.001). The 

topical hindpaw application and systemic administration of BM extract and gabapentin has a 

considerable effect on the expression of pricking induced hyperalgesia. The significant effect 

(P < 0.001) was prominent after daily application of topical BM gels at 6% and 10% on the 

ipsilateral paws. Moreover, topical gabapentin 10% gel also significantly masked (P < 0.001) 

the overall expression of punctuate hyperalgesia during the testing days 3-21. No effect on the 

increased PWD was produced by the topical control gel. The systemic administration of BM 

and gabapentin also significantly decreased the intensified PWD (P < 0.001) (Figure 7.9). 

 

Figure 7.9: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-

80), and GBP (GBP-75) on CCI-induced pin-prick hyperalgesia. 
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7.3.1.10. Effect of topical contralateral Bacopa monnieri on CCI pin-prick hyperalgesia 

The CCI plus saline treated rats in the contralateral paw application experiment displayed a 

significant increase in PWD (P < 0.001) in the ipsilateral paw. Systemic treatment with BM 

extract and gabapentin has a significant effect on the expression of punctuate hyperalgesia in 

the ipsilateral paw. This beneficial effect was noted as a significant reduction (P < 0.001) in 

the nocifensive pricking response on days 3-21 after systemic BM extract and gabapentin. No 

significant attenuating effect on the expression of pin-prick hyperalgesia was observed in the 

ipsilateral paw of CCI operated rats after three times daily application of BM gel/gabapentin 

gel/control gel on the un-operated contralateral hindpaw (Figure 7.10). 

 

Figure 7.10: Effect of topical contralateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), 

and at 10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM 

(BM-80), and GBP (GBP-75) on CCI induced pin-prick hyperalgesia. 
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7.3.1.11. Effect of topical Bacopa monnieri on locomotor performance in open field after 

chronic constriction injury of sciatic nerve 

The unilateral sciatic nerve ligation induced injury produced a significant decrease in the total 

number of lines crossing in open field test and observed on post-surgery days 3-7 (P < 0.01) 

and days 14-21 (P < 0.05). The daily administration of systemic BM to the CCI rats potently 

enhanced the general locomotion on paradigm days 3-21 (P < 0.01, P < 0.001). Similarly, an 

enhancement in the horizontal activity was also observed on days 3-21 in CCI operated rats 

treated with systemic gabapentin; however, the increase was non-significant, compared to the 

saline treated injured control animals. Daily application of topical gels failed to normalize the 

aberrant physical activity during days 3-21 of the experimental time duration (Figure 7.11).  

 

Figure 7.11: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract 

(BM-80), and GBP (GBP-75) on general locomotor activity. 



Chapter 7          Effect of topical B. monnieri on neuropathic nociception 

 

124 
 

7.3.1.12. Effect of topical Bacopa monnieri on motor performance in rotarod test after 

chronic constriction injury of sciatic nerve  

A balance disrupting effect was observed in CCI operated saline treated rats on post-surgery 

days 3-21 (P < 0.05, P < 0.001). A significant change in the rotarod endurance latencies was 

observed with systemic gabapentin (P < 0.001). Likewise, the systemic gabapentin per se also 

significantly produced motoric dis-coordiantion (P < 0.001). The systemic BM significantly 

increased the stay duration on the variable speed rotating drum on days 3 (P < 0.05, P < 0.001). 

The three times daily application of BM and gabapentin gels on the operated paws were unable 

to avoid injury associated shortened fall-off duration (Figure 7.12). 

 

Figure 7.12: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-

80), and GBP (GBP-75) on motor performance in CCI. 
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7.3.1.13. Effect of topical Bacopa monnieri on locomotor gait in footprint pattern analysis 

after chronic constriction injury of sciatic nerve 

A significant increase in overlap distance was observed after systemic gabapentin treatment 

at 75 mg/kg. In the CCI operated rats, gabapentin significantly distorted the uniformity of step 

alternation on the testing days 3-21 (P < 0.001). A similar impairment was also apparent for 

gabapentin in sham operated rats (P < 0.001). The distance of center of hind footprint and the 

center of the preceding fore footprint after CCI was observed to be not-significantly different 

in the saline treated group. The topical BM (6% and 10%) gels and gabapentin 10% gel in the 

CCI rats were unable to produce any distractions in footprint patterns, and these groups were 

significantly different (P < 0.001) from systemic gabapentin (Figure 7.13). 

 

Figure 7.13: Effect of topical ipsilateral paw Bacopa monnieri (BM) gel at 6% (BM-6%), and 

10% (BM-10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract 

(BM-80), and GBP (GBP-75) on footprint pattern analysis. 
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7.3.2. Topical Bacopa monnieri on cisplatin associated neuropathic nociception  

7.3.2.1. Effect of topical Bacopa monnieri on cisplatin-induced mechanical allodynia  

A significant decrease in gram threshold was observed in the cisplatin injected saline treated 

rats on paradigm days 7-14 (P < 0.01), days 21-28 (P < 0.001). Application of BM gel at 6% 

significantly de-escalated neuropathic nociception (day 28: P < 0.01) as well as by the 10% 

BM gel (P < 0.01, P < 0.001 on days 21-28). The gabapentin 10% gel also has a significant 

allodynia modifying propensity on week 2 (P < 0.05), and weeks 3-4 (P < 0.01, P < 0.001). 

A high grade attenuation of allodynic change was observed for systemic BM and gabapentin 

(P < 0.001). The topical application of control gel on the hindpaws of cisplatin animals lacked 

a therapeutic allodynia mitigating propensity (Figure 7.14).  

 

Figure 7.14: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-80), and GBP 

(GBP-75) on cisplatin-induced mechanical allodynia. 
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7.3.2.2. Effect of topical Bacopa monnieri on cisplatin-induced heat hypoalgesia 

The cisplatin induced thermohypoesthesia followed a slow course and was eminent on day 14 

(P < 0.05), and days 21-28 (P < 0.01, P < 0.001). Treatment with the topical and systemic BM 

and gabapentin has a significant impact on cisplatin heat hypoalgesia. When topical BM was 

applied, a significant decrease in the escalated paw heat threshold was recognizable for 6% 

and 10% gels (P < 0.05, P < 0.01). Comparably, the systemic BM also achieved a therapeutic 

action against cisplatin associated thermal hyposensitivity (P < 0.05, P < 0.001). The topical 

effectiveness was further corroborated from comparable gabapentin 10% gel application (P < 

0.05, P < 0.001). Likewise, systemic gabapentin attenuated the increased PWL (P < 0.05, P < 

0.01). The control gel was unable to attenuate cisplatin heat-hypoalgesia (Figure 7.15).   

 

Figure 7.15: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on cisplatin-induced heat hypoalgesia. 
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7.3.2.3. Effect of topical Bacopa monnieri on locomotor performance in open field after 

a single weekly intraperitoneal injection of cisplatin 

A significant decrease in the total number of lines crossing was observed in cisplatin injected 

rats on days 14-28 (P < 0.01, P < 0.001). The systemic BM extract significantly downgraded 

the atypical locomotor degradation behavior incurred by the weekly cisplatin. The locomotion 

activation effect was pronounced on second week (P < 0.05), third and fourth weeks (day 28: 

P < 0.01) of cisplatin injection. A non-significant rise in the chastised locomotor behavior was 

also discernable for the systemic gabapentin on days 21-28. Daily application of control gel, 

BM gels (6% and 10%) and gabapentin 10% gel were devoid of neuronal function enhancing 

property in weekly cisplatin injected rats throughout the paradigm time-period (Figure 7.16).       

 

Figure 7.16: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on general locomotor activity. 
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7.3.2.4. Effect of topical Bacopa monnieri on motor performance in rotarod after a single 

weekly intraperitoneal injection of cisplatin 

A gradual reduction in the rotarod motoric balance was observed as a non-significant decrease 

in the endurance latency and was apparent after second cisplatin injection i.e. week 2, after 

which the decline in the fall-off latency was considered significant during weeks 3 and 4 (P < 

0.05). The neuronal function concerning the muscular coordination was severely distorted by 

cisplatin plus systemic gabapentin (P < 0.001). The mean rotating rod latency to fall was also 

greatly altered by the per se gabapentin treatment as a significant decrease was observed (P < 

0.01, P < 0.001). Only the systemic BM considerably allayed the cisplatin associated atypical 

changes in motor equilibrium on days 21-28 (P > 0.05) of the paradigm (Figure 7.17). 

 

Figure 7.17: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM (BM-80), and GBP 

(GBP-75) on motor performance. 
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7.3.2.5. Effect of topical Bacopa monnieri on locomotor gait in footprint pattern analysis 

after a single weekly intraperitoneal injection of cisplatin 

The cisplatin-saline animals exhibited a gradual increase in the interval between the unilateral 

front and hind prints, with a significant increase in the overlap was demonstrated at the end of 

week 4 (P < 0.05). Systemic gabapentin (75 mg/kg) showed a significant inability to place the 

center of hind footprint on top of the center of preceding front footprint, observable throughout 

the treatment period in cisplatin rats (P < 0.01, P < 0.001). The foot placement inaccuracy 

was also detected in the group of rats treated per se with systemic gabapentin (P < 0.01). A 

modification in cisplatin induced variations in the footprint placements was observed with the 

systemic BM, which at a dose of 80 mg/kg, non-significantly rectified the deficits in walking 

patterns on days 14-28 (Figure 7.18). 

 

Figure 7.18: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on footprints pattern analysis. 
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7.3.3. Topical Bacopa monnieri on streptozotocin induced neuropathic nociception 

7.3.3.1. Effect of topical Bacopa monnieri on streptozotocin-induced static allodynia 

The streptozotocin plus saline treated group produced a significant decrease in PWT during 

weeks 1-4 (P < 0.05, P < 0.001). When applied on the plantar surface of neuropathic paws of 

streptozotocin injected rats, the topical BM 6% and 10% gels significantly de-escalated the 

aberrant nociception associated sensations on days 21-28 (P < 0.05, P < 0.01, P < 0.001). The 

topical gabapentin 10% gel application was also comparably active (P < 0.01, P < 0.001). The 

comparative systemic BM and gabapentin produced a high grade anti-nociceptive effect on 

the shortened PWT on paradigm days (P < 0.001) in the streptozotocin rats. The control gel 

was not capable of desisting the expression of escalated PWT (Figure 7.19).  

 

Figure 7.19: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on streptozotocin-induced static allodynia. 
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7.3.3.2. Effect of topical Bacopa monnieri on streptozotocin-induced dynamic allodynia 

The saline treated streptozotocin rats developed a significant decline in PWL after weeks 2-4 

(P < 0.01, P < 0.001). The normally non-noxious light pressure moving stimuli evoked 

neuropathic dynamic allodynia was significantly alleviated by the topical BM 6% gel on days 

21-28 (P < 0.05, P < 0.01) and by the BM 10% gel on days 14-28 (P < 0.05, P < 0.001). The 

application of gabapentin 10% gel also provided a significant neurogenic affliction relieving 

propensity in streptozotocin neuropathic nociception (P < 0.05, P < 0.001). The daily systemic 

treatment with BM extract and gabapentin considerably replenished the neuropathic declined 

retraction latencies, during the paradigm expression days (P < 0.01, P < 0.001). The control 

gel was not able to produce an effect on the reduced PWL (Figure 7.20).  

 

Figure 7.20: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on streptozotocin-induced dynamic allodynia. 
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7.3.3.3. Effect of topical Bacopa monnieri on streptozotocin-induced heat hyperalgesia 

The streptozotocin plus saline rats produced a significant heat hyperalgesia in hindpaws noted 

as a significant decline in the PWL on post-streptozotocin injection days 7-28 (P < 0.01, P < 

0.001). The evoked thermal sensations in hindpaws was significantly abated by topical and 

systemic BM and gabapentin. When applied topically, a significant increase in streptozotocin 

shortened PWL was manifested with BM 6% and 10% gels and with gabapentin 10% gel (P 

< 0.05, P < 0.01, P < 0.001). The systemic BM extract and gabapentin has common modus 

operandi against polyneuropathy as suggested from their significant reduction (P < 0.01, P < 

0.001) in the onset and maintenance of heat hyperalgesia. No desirable effectiveness in heat 

hyperalgesia was distinguishable after topical application of control gel (Figure 7.21). 

 

Figure 7.21: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on streptozotocin-induced heat hyperalgesia. 
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7.3.3.4. Effect of topical Bacopa monnieri on streptozotocin-induced static vulvodynia 

A signficant decrease in the threshold to elicit a flinching behavior upon touching the vulva 

with a static pressure was apparent during weeks 1-4 (P < 0.001) in the streptozotocin-saline 

rats. Tretament with the topical and systemic BM and gabapentin signficnatly altered the satic 

vulvodynia assertion. The nociception attenuating property in the vulva was manifested as a 

significant increase in FRT for streptozotocin plus 6% and 10% BM gels (P < 0.01, P < 0.001), 

and streptozotocin plus gabapentin 10% gel (P < 0.01, P < 0.001). The reduction in the static 

mechanical vulvodynia was also marked (P < 0.001) with systemic BM and gabapentin. The 

control gel had no significant antinociceptive tendency on reduced FRT (Figure 7.22). 

 

Figure 7.22: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on streptozotocin-induced static vulvodynia. 
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7.3.3.5. Effect of topical Bacopa monnieri on streptozotocin-induced dynamic vulvodynia 

A profound hypersensitivity of vulva in saline treated streptozotocin rats was observed after 

stroking with an innocuous moving stimulus during weeks 2-4 (P < 0.01, P < 0.001). Daily 

application of topical BM gels (6% and 10%) mitigated the aberrant sensitization of vulva by 

significantly uplifting the FRL during the expression days (P < 0.05, P < 0.01, P < 0.001). A 

comparable attenuation of dynamic vulvodynia was also noted with gabapentin 10% gel (P < 

0.05, P < 0.001). The attenuation of the onset and maintenance of dynamic vulvar sensitivity 

was only achievable with the systemic BM extract and gabapentin (P < 0.01 P < 0.001). The 

application of control gel had no attenuating effect on the neuropathic dynamic vulvodynia 

during any time throughout the vulvodynia assertion time period (Figure 7.23). 

 

Figure 7.23: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on streptozotocin-induced dynamic vulvodynia. 
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7.3.3.6. Effect of topical Bacopa monnieri on locomotor performance in open field after 

a single intraperitoneal injection of streptozotocin  

The streptozotocin plus saline treated rats showed a decrease in number of lines crossing on 

days 14-28 (P < 0.01). The topical application of compounded gel preparations of BM extract 

and gabapentin as well as control gel have no significant effect on the distracted ambulatory 

activity in the streptozotocin rats. The impairment in locomotion integral to the streptozotocin 

injected rats was significantly lessened by systemic BM extract. BM extract greatly preserved 

the normal motivity in streptozotocin rats and expressed as a significant increase in the number 

of lines crossing, manifested on days 7-21 (P < 0.05, P < 0.01) (Figure 7.24). 

 

Figure 7.24: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on general locomotor activity. 
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7.3.3.7. Effect of topical Bacopa monnieri on motor performance in rotarod after a single 

intraperitoneal injection of streptozotocin  

A gradual dwindling in muscular coordination occurred on the post-streptozotocin injection 

week 1 (day 7: P < 0.05), and weeks 2-4 (days 14-28, P < 0.01). Treatment with the systemic 

gabapentin (75 mg/kg) significantly declined (P < 0.01, P < 0.001) the neuromuscular activity 

for streptozotocin plus gabapentin and gabapentin per se groups. A considerable increase in 

the rotarod endurance latency was observed for the systemic BM extract on day 21 (P < 0.05), 

and day 28 (P < 0.01), as compared to the streptozotocin plus saline group. The topical BM 

gel (6% and 10%), gabapentin gel (10%) and control gel were deprived of any chastisement 

in the motor discoordination propensity during the entire study duration (Figure 7.25).  

 

Figure 7.25: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and at 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extract (BM-80), 

and GBP (GBP-75) on motor performance. 
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7.3.3.8. Effect of topical Bacopa monnieri on locomotor gait in footprint analysis after a 

single intraperitoneal injection of streptozotocin  

A deficit in the locomotor gait was evident on day 21 and day 28 (P < 0.05). The demarcation 

between the centers of front paw and hind foot on the same side was significantly enlarged by 

streptozotocin plus gabapentin (P < 0.01, P < 0.001), and systemic gabapentin as such during 

days 7-14 (P < 0.05, P < 0.01) and days 21-28 (P < 0.01, P < 0.001). An appreciable modifying 

effect on the deranged motor balance was only discernable for the systemic BM extract. Daily 

administration of systemic BM extract, normalized the deficits in the primary locomotor gait 

by significantly nullifying the amplified distance between the centers of footprints on day 28 

(P < 0.05) of the paradigm (Figure 7.26).  

 

Figure 7.26: Effect of topical Bacopa monnieri (BM) gel at 6% (BM-6%), and 10% (BM-

10%), gabapentin 10% gel (GBP-10%), control gel (CG) and systemic BM extacrt (BM-80), 

and GBP (GBP-75) on footprint pattern analysis. 
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7.4. Discussion 

In the present study, a topical gel formulation of standardized Bacopa monnieri extract was 

studied for the neuropathic nociception relieving propensity in the different neuropathic pain 

models. B. monnieri plant is well known for cognition enhancing [71] and clinical trials have 

shown that B. monnieri produced both acute and chronic cognitive effects in healthy 

volunteers [126, 127, 129]. B. monnieri has a potential neuroprotective effect and protects the 

hippocampus [154], cerebral cortex [79], and cerebellum [155] from structural damage. It also 

enhances dendritic length and arborization of amygdala [93] and hippocampal CA3 neurons 

[134]. The antinociceptive propensity of topical gel formulation of BM was comparable to the 

effect produced by the systemic administration.  

Topical application of medicinal plants has been shown to provide considerable alleviation 

from neuropathic nociception. The capsaicin, which is derived from Capsicum chili peppers, 

has been successfully utilized as a topical analgesic for a long time. It has been reported that 

various neuropathic syndromes including postsurgical neuropathies, diabetic polyneuropathy, 

post-herpes infection neuralgia, and HIV related neuropathy can be managed with the topical 

capsaicin applied as 8% patch or as a cream in concentrations of 0.025%, 0.075%, and 0.1% 

[156]. Moreover, the application of a topical formulation of Citrullus colocynthis fruit extract, 

which is known as bitter apple for 3 months, has been shown to produce a significantly greater 

decrease in mean pain score in patients diagnosed with painful diabetic polyneuropathy [157]. 

A randomized placebo controlled trial has shown that the medicinal plant Trachyspermum 

ammi, which is commonly known as Ajwain, when compounded as a 10% cream produced a 

significant reduction in the feet burning scores with mean effectiveness observed was 53% 

along with alleviation of allodynia, numbness, and tingling in patients [152].       
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In this study, the topical application of BM gel preparation produced a significant reduction 

in the various components of neuropathic nociception as compared to the topical gabapentin 

gel. The topical gabapentin gel has an established effectiveness in different neuropathic pain 

conditions and this has been validated for numerous animals [90] and human studies [89]. 

Moreover, topical gabapentin has been shown to be associated with significant pain reduction 

as well as a considerable improvement in the sexual functions in women afflicted with the 

localized vulvodynia [150].  The topical gel formulations of BM and gabapentin were devoid 

of any systemic gabapentin like motoric side-effects as evidenced from the rotarod and gait 

analysis in this study. Although the oral pharmacotherapy for painful neuropathy is a standard 

approach; however, given the intolerable side-effects, limited response rates, and potential for 

drug interaction, the use of topical analgesics may provide a valuable therapeutic option for 

the efficient as well as safe management of neuropathic pain conditions [158, 159].  

7.5. Conclusion 

The findings of this study concluded that the application of a topical formulation of BM extract 

can decrease neuropathic nociception of diverse etiologies. The results obtained in this study 

confirmed the notion that application of topical analgesics can play an important role in the 

overall management of neuropathic pain and suggest that these pain behaviors and possibly 

other neuropathic syndromes would benefit from continuous topical application of a natural 

products like Bacopa monnieri individually or as a part of the multimodal neuropathic pain 

management strategies, subject to its elaborate evaluation in placebo controlled clinical trials. 
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8.1. General discussion 

The topical and systemic 6-methoxyflavone and Bacopa monnieri were evaluated in relation 

to the topical and systemic gabapentin for neuropathic nociception attenuating potential using 

the well-known paradigms of allodynia, hyperalgesia, heat hypoalgesia and vulvodynia. The 

investigational agents were levigated in Lipoderm® transdermal gel in concentrations of 6% 

and 10%. The Lipoderm® is the trademark product of Professional Compounding Centers of 

America (PCCA) [160]. The Lipoderm has the ability to deliver simultaneously four analgesic 

drugs transdermally, with a rapid penetration to peak flux was detected for gabapentin [161]. 

It has been reported that gabapentin in Lipoderm® at 1%, 5%, and 10% produced a dose and 

time dependent permeation of gabapentin in the skin and deep tissues with a maximum tissue 

permeation observed within 30 min of topical application. In the formalin induced nociceptive 

rodent model, the skin concentrations of gabapentin increased with a longer 1 h pre-treatment, 

while minimal levels in the skin and deeper tissue were observed following a 4 h pre-treatment 

protocol [162]. In an another study, a slow and smaller penetration and retention was measured 

for the topical gabapentin, when formulated in Lipobase® and Lipoderm® bases. In addition, 

the topical 5% gabapentin compounded in Lipoderm® significantly reduced both phase 1 and 

2 of formalin induced nociception and the inhibition was comparable to systemic gabapentin 

[163]. Due to the non-toxic composition of the Lipoderm® base gel, it has been emerged as a 

more stable, convenient and clinical relevant base for topical formulations [164]. 

In this study, the topical 6-methoxyflavone and B. monnieri were formulated in Lipoderm® 

base gel at concentrations of 6% and 10% in relation to the effective topical gabapentin gel 

concentrations (6% and 10%) for the attenuation of neuropathic nociception. The compounded 

formulations in the Lipoderm® transdermal vehicle containing gabapentin 6% in combination 
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with other drugs are effective in relieving pain conditions in >75% patients with neuropathies 

including sciatic nerve pain, low back pain and post spinal surgery pain. The success rate of 

reduction in pain varies from 59% to 76% with these compounded preparations with duration 

of action reported was 4.4-7.9 h [165]. Similarly, the topical formulations compounded in the 

Lipoderm® containing 6% gabapentin along with ketamine at concentrations of 15%, 20%, 

25%, and 30% showed a decrease in the neuropathic pain intensity of 10%, 44%, 43%, and 

80% respectively [88]. The topical gabapentin 10% gel also significantly attenuated the static 

and dynamic allodynia as well as vulvodynia in the streptozotocin associated neuropathy [90]. 

Moreover, topical 10% gabapentin showed a significant reduction in pain in patients afflicted 

with different types of neuropathies [89, 166].         

In this study, the topical and systemic 6-methoxyflavone and B. monnieri extract significantly 

attenuated the expression of allodynia and hyperalgesia in the rodent model of CCI, cisplatin 

and streptozotocin induced neuropathic nociception. Hyperalgesia and allodynia are frequent 

symptoms of disease; however, these agonizing symptoms remain in place for a long time 

despite of removing the underlying cause of pain. Various mechanisms have been implicated 

in the onset and mediation of different types of allodynia and hyperalgesia and they differ with 

respect to physiological, molecular, pharmacological, and genetic profiles [15]. In mechanical 

allodynia and hyperalgesia, different cytokines, nerve growth factors, and other agonizing 

chemical substances invade the injured tissue area and produce a change in the expression and 

trafficking of Na+, K+ and non-specific ion channels. Various nerve fibers and receptors are 

involved in the neuropathic sensations underlying the dynamic mechanical allodynia (low-

threshold Aβ fibers), punctate hyperalgesia (Aδ fibers, and a minor input from C fibers), static 
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mechanical allodynia (by sensitized nociceptors), cold allodynia (unmyelinated C, and thinly 

myelinated Aδ fibers), and heat hyperalgesia (C and Aδ fibers, and TRPV1 channels) [44].  

The neuropathic allodynia and hyperalgesia attenuating effects of systemically administered 

6-methoxyflavone and B. monnieri extract might be mediated by diverse mechanisms and 

may involve similar mechanism to that of gabapentin [167]. The topical formulations traverse 

the epidermal tissue and increase the nociceptive threshold by stabilizing the membranes of 

specific nociceptors including α2-adrenergic receptors, NDMA receptors, TRPVI receptors, 

and sodium channels [36]. Furthermore, the different types of non-neural cells in the skin also 

have various ion channels and receptors including TRP, neurokinin, serotonin, cannabinoid, 

NDMA, GABAA, and sodium that may be modified by topical drugs and thus regulate the 

communication with the dermal neurons to elicit robust analgesia [37]. It is possible therefore 

that these mechanisms might be responsible for the antinociceptive effects of the tested agents 

observed in the different animal models of neuropathic nociception in this study.  

In this study, the streptozotocin associated vulvar nociception was significantly attenuated by 

systemic 6-methoxyflavone and B. monnieri. Hyperglycemia along with dyslipidemia are the 

major contributors to nerve dysfunction [168, 169], and diabetes mellitus is a major cause of 

peripheral neuropathy [170]. Moreover, diabetes mellitus is associated with vulvodynia either 

as an isolated symptom or as part of other neuropathic pain sensations [9], and this has been 

established in the streptozotocin induced hyperglycemic female rats [90]. Furthermore, the 

streptozotocin hyperglycemia is also associated with a reduction in the cross-sectional area of 

afferent pudendal neurons of the bladder [171]. In the vulvodynia, the vulvar tissue showed a 

hyperproliferation along with hypersensitivity of C nerve fibers [172, 173], increase density 

of small diameter nociceptive nerve fibers [174], increase in expression as well as innervations 
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of vanilloid receptors especially TRPV1 [175], which correlates with reduction in nociceptive 

thresholds. Gabapentin produce an antagonistic propensity on TRPV1 receptors [176], and 

inhibits a variety of other receptor implicated in neuropathic pain [177]. Moreover, the natural 

product, capsaicin is an agonist at TRPV1 receptor and persistent TRPV1 sensitization leads 

to nociceptor de-functionalization with reduce sensitivity to a range of sensory stimuli [178]. 

Furthermore, flavonoids also produce modulatory effects on the different members of the TRP 

superfamily [58]. The antinociceptive effectiveness of topical 6-methoxyflavone, B monnieri, 

and gabapentin formulations in vulvodynia might be mediated by these mechanisms.  

8.2. Conclusions 

The systemic and topical administration of 6-methoxyflavone and B. monnieri can decrease 

neuropathic pain of diverse pathologies as a significant attenuation of nociceptive behaviors 

including the neuropathic paradigms of allodynia, hyperalgesia, thermal hypoalgesia as well 

as vulvodynia was observed in the established rodent models of chronic constriction injury, 

chemotherapy (cisplatin) and streptozotocin induced neuropathic nociception. The results of 

these experiments suggest that natural products have the potential to address the unmet pain 

reducing needs of patients diagnosed with chronic neuropathic pain. In addition, it may also 

provide an alternative option for the alleviation of pain in the form of compounded topical 

formulations if the systemic medications are stopped due to intolerable side-effects, and these 

may also be used as a part of a comprehensive multi-model pain management system. This 

can only be achieved if tested clinically on patients suffering from neuropathic pain. Further 

scientific studies are needed to evaluate the pharmacodynamics and pharmacokinetics profiles 

of these products as well as to explore the skin penetration capacity, absorption, and retention 

of the topical compounded agents along with toxicological assessment.  
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