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Abstract 

The role of thioureas in medicinal chemistry is immense; they possess polypharmacology 

in their nature which explains the so many and diverse bio activities associated with them. 

Having this in view, the current study was planned to explore some new potential drugs from 

thioureas class of organic compounds. Initially 10 thioureas were synthesized which were 

obtained in good yields and then characterized by different spectroscopic techniques. These 

compounds were given arbitrary numbers from 1 to 10.  The biological activities of the 

synthesized compounds were assessed and in vitro antibacterial, antioxidant, antidiabetic and 

anticholinesterase potentials of the compounds were examined. The compounds were also fed to 

the experimental mice to find their in vivo antilipidemic, antihyperglycemic and toxicological 

effects. The compounds showed fair anti Alzheimer’s potential (in vitro) which is evident from 

their inhibition potentials against the two cholinesterases AChE and BChE.  They also delivered 

very good in vitro antidiabetic activity by inhibiting the enzymes α-amylase, alpha-glucosidase 

and glucose-6-phosphatase; glucose-6-phosphatase was inhibited the most followed by α-

amylase and then α-glucosidase. Moreover, the in vitro antidiabetic activity seemed to be more 

pronounced as compared to that of anti-AD.   

Of the compounds, compound 8 was more effective inhibitor of AChE (IC50 of 63 µg/ml) 

and also of BChE (IC50 of 80 µg/ml) than the rest of synthesized compounds. As for antidiabetic 

potential, against α-amylase, compound 9 turned out to the best inhibitor with IC50 of 62 µg/ml; 

alpha glucosidase was efficiently inhibited by compound 8 with of IC50 75 µg/ml, and glucose-6-

phophatase was more potently inhibited by compound 10 which decreased the enzyme’s activity 

to a much lower level of 3.12± 1.1 (at concentration of 1000 mg/ml). All the compounds showed 
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good scavenging potentials against DPPH and ABTS free radicals. DPPH was more potently 

scavenged by compound 1 with IC50 45 μg/ml while ABTS was also efficiently inhibited by 

compound 1 with IC50 45 μg/ml. The synthesized compounds were also assessed for their 

antibacterial spectrum against selected bacterial strains. Against Agrobacterium tumefacien 

compound 6 was more active (MIC of 4.02 µg/ml) as compared to other bacterial strains while 

against Proteus vulgaris compound 2 was more active (MIC value 4.45 µg/ml). The growth 

inhibition of Staphylococcus aureus was more pronounced for compound 9 (MIC= 4.03 µg/ml). 

The in vivo inhibition of glucose-6-phosphatase was greater for compound 7 that decreased the 

activity of enzyme to an extent of 21.42 at a dose of 1.5 mg/kg body weight of mice. The toxicity 

study of the compounds was then performed in Swiss albino mice; only four compounds (4, 7, 9 

and 10) were turned out to be safe enough to be used for systemic uses as they produced no 

toxicological effects on biochemical and hematological parameters at the studied doses. The 

findings were also confirmed by histology study of liver specimens taken from the experimental 

animals. Blood glucose and lipid profiles of the experimental animals were also monitored at 

regular intervals and compounds declared as safe, viz., 4, 7, 9 and 10 were found to have notable 

hypoglycemic and antilipidemic potentials. These four compounds were then fed to STZ-induced 

diabetic mice; compound 7 was found to have a very potent antihyperglycemic potential as it 

decreased the blood glucose level up to 108.56±4.15 mg (of P released) being very close to 102.3 

± 3.73 mg (of p released), which was the glucose level recorded for the group that was treated 

with the commercially available antidiabetic medicine Glibenclamide. The body weight in the 

case of the group treated with compound 7 remained normal as compared to that of the negative 

control group. Compound 7 also effectively decreased triglyceride and LDL level and brought 

about a healthy increase in HDL level after 28 days of treatment.  
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Although an array of different in vivo and in vitro activities was observed for the 10 

compounds and these, in general, were found to have antioxidant, antibacterial, 

anticholinesterase, antidiabetic and antilipidemic potentials up to one extent or the other, but 

final selection for the in vivo testing was made based on toxicological screening in the 

experimental mice. Compound 4, 7, 9 and 10 were found safe and having enough antidiabetic 

therapeutic potential and thus could be used for treatment of hyperglycemia and hyperlipidemia 

in patients with type-2 diabetes mellitus. Further studies which are compulsory steps required in 

the development of any new potential drug like structure activity relationship  (SAR) and 

"absorption, distribution, metabolism, and excretion" (ADME) are still required to be carried out 

to establish the formal therapeutic status of the compounds. 

 



CHAPTER 01   INTRODUCTION 

1 

1. Introduction 

1.1  History of medicine 

Health and disease have been there since the inception of life on earth. The history of 

medicine is as old as humankind; our ancient ancestors in the distant past must have thought 

and used some remedies when fallen ill. Disease is painful; the quest for finding cure to an 

ailment in one way or the other is therefore deeply embedded in human nature. Hence the 

history of medicine (diagnosis of a disease, its treatment and how to prevent it) is therefore too 

old and can be traced back to pre-historic times [1]. The first ever prescriptions were made in 

Sumerian era (during c.2112 BC – c.2004 BC) [2]. Thenceforth, humans have been relentlessly 

trying to discover new ways to cure or at least to lessen the symptoms of a disease. The 

attempts made in the field of medicine in the time period of more than 5,000 years were like 

baby steps taken, from trying to cure the disease through magic, charm, superstition and spell 

to the actual treatment through various available methods-mostly by trial and error, using 

herbs, acupuncture and surgery, diet changes etc. With the advancement in all walks of life, the 

foundation stone of science was also laid down and with further development in medical 

science; humans came to know certain very basic facts about diseases. They came to know that 

microorganisms in most cases are causative agents of various diseases; how to prevent certain 

diseases through vaccines or other measures; what approach should be taken for treatment of 

certain diseases and how to try the synthesis of medicines or their purification/extraction from 

plant sources [3-6].  Twentieth century has witnessed a whole new era of development in the 

field of medicine and drug discovery with the emergence of a quite different and sophisticated 

field of science called medicinal chemistry. 
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1.2  Medicinal chemistry 

Medicinal chemistry is an inherently multidisciplinary field, combines the knowledge of 

biochemistry, pharmacology, pathology and organic chemistry; it focuses on the analysis of 

existing drugs, bioactive molecules and potential new drugs; how these interact with receptors 

within the body, what are their effects (good and/or bad) on the body and how they are 

absorbed, distributed, metabolized and excreted (ADME) [7-9]. Because it has been well 

established through various studies that physiological action is strongly related to chemical 

action, another key emphasis of Medicinal Chemistry is the study of structure activity 

relationship (SAR) of potential drug, which is the relationship between chemical structure and 

physiological action of a given series of a compound [10]. 

1.3  Organic synthesis 

As medicinal chemistry is making rapid advances, a complementary progress in the field 

of organic synthesis is an obligatory phenomenon. In fact, organic synthesis is a rate limiting 

factor in drug discovery [11]. Organic synthesis being the art of building an organic molecule 

whether natural or designed, it involves total synthesis, semi synthesis and methodology. Total 

synthesis is designing a synthetic route for synthesis of a target molecule usually by subjecting 

an already existing simpler starting material to step/s of reactions to obtain a desirable product; 

the steps may include addition, removal and substitution of functional group or building of 

carbon skeleton. When total synthesis is directed to obtain one specific type of desired 

enantiomer, it is called stereo selective synthesis. Semi synthesis is the use of already existing 

compounds (isolated from natural sources) to produce more complex molecule usually having 

high molecular weight and complex structure. Methodology is theoretical analysis, designing, 
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proposal and modification of already existing synthetic methods for synthesis of a target 

compound [12, 13]. 

1.4  Organic compounds and medicinal chemistry 

Each of the above-mentioned approaches of organic synthesis is widely being used for 

synthesis of desired products to be used for multiple purposes and more importantly for 

synthesis of a potential drug. Many molecules from different classes of organic compounds 

both synthetic and from natural sources are being synthesized, substituted, modified and 

converted to more complex and different forms in search for finding new bioactive molecules 

that may have biological/ therapeutic properties and hence having a possibility of becoming a 

potential drug [14,15]. 

Some more noteworthy classes of organic compounds that have been extensively studied 

for their possible role in medicinal chemistry are thiourea derivatives, aryl sulfides, thiazoles, 

chalcones, phenothiazines, naphthyridines, fuse pyran derivatives, pyrazolines, amino 

pyrimidines and others [16-20]. 

Among these, most versatile, widely used and having an old history of biological 

activities are thiourea derivatives. 

1.5 Thiourea  

Thiourea is a useful precursor in organic synthesis. "Thioureas" as described by Johnson 

& Sprague, (1936) a wide-ranging class of compounds with the general structure (R1R2N) 

(R3R4N)C=S. Thioureas are associated to thioamides, e.g. RC(S)NR2, where R is alkyl group. 
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 Thiourea scaffold 

1.6  Types of thiourea  

Based on substituents attached to C=S, thioureas can be classified into different 

categories. 

1.6.1 Mono N-substituted thiourea 

When one of H from NH2 is replaced by R group. Where R can be, alkyl, acyl, 

cycloalkyl or phenyl etc.; 

 

1.6.2 Disubstituted Thiourea Derivatives 

When the 2 H atoms of the NH2 are replaced by same or different R1 and R2.  
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1.6.3 Trisubstituted thiourea derivatives 

When 2 H atoms of the one NH2 are substituted by same or different R1, R2; and one H 

atom of the other NH2 by R3. 

 

1.6.4 Pseudo substituted thiourea 

S-substituted (when the substituent is attached to Sulphur) thioureas are called pseudo-

thiourea or isothiourea. 

 

1.7  Thioureas and medicinal chemistry 

Thiourea itself is a much simpler compound having formula CS(NH2)2. Compounds 

having this basic scaffold are called thiourea derivatives. A variety of widely used drugs are 

basically thiourea derivatives like thioperamide, capsazepine, monastrol, thiopental etc. On the 

other hand, some of thioura derivatives are recognized toxicophores associated with dermatitis 

and toxicity of lungs. Possessing the traditional characteristic of medicinal chemistry scaffolds, 

drugs based on thiourea can affect a variety of targets in the body. This polypharmacology is 

actually the reason behind the vast range of activities shown by thiourea derivatives. 
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According to the database of Reaxys® medicinal chemistry, in silico profiling of thiourea 

based compounds when applied to more than 20,000 thiourea derivatives, show that they are 

involved in around 400,000 reactions and have more than 250,000 bioactivities against more 

than 3,000 targets. The studies thus indicate that thiourea based drugs have a wide variety of 

activities against numerous targets in the body. Although they can affect different target 

families in the body like GPCR or G protein-coupled receptors, protease, nuclear receptor, 

kinase, and ion channel; however, GPCRs and kinases are reportedly affected by thioureas 

more than any other target in the body.  Despite having same thiourea scaffold in their 

structure, their activities against more common targets vary significantly from each other, 

that’s why we find a lot many versatile biological activities and therapeutic applications 

associated with thiourea derivatives [21]. 

1.7.1 Medicinal applications and biological activities of thioureas 

These can be broadly divided in two main categories:  

First category; those applications which are well established and thioureas possessing 

those properties are formally being used as drugs/medicines. For example; thiourea based 

drugs Metiamide and burimamide are used for treating ulcer [22], thioperamide is used for 

treatment of short-term memory loss and for improving alertness/wakefulness [23]. Likewise, 

monastrol is used for treatment of Graves’ disease and thyrotoxicosis [24] and thiopental for 

relaxing patient before receiving general anesthesia [25]. 

Second category; those biological activities that are being discovered from time to time 

for different thioureas, but their further investigation is required like determination of SAR and 

ADME, their toxicological examination and other steps necessary to establish that the 

compound is suitable enough to be used as drug or not. 
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A number of thiourea derivative have some very fine and potent biological activities and 

fall under the second category. The activities include antimicrobial [26], antifungal [27] 

anticancer [28, 29], anti-diabetic [30] anti-inflammatory [31], anti-HIV [32], anti-malarial [33] 

and many others. Certain thiourea derivatives have been reported to inhibit the activity of 

enzymes like catalase, thyroperoxidase [34] tyrosinase [35], carbonic anhydrase [36], urease 

[37], acetyl cholinesterase, butyryl cholinesterase, [38,39], α-amylase [40] etc. Some of them 

also possess very good antioxidant properties [41]. 

Some of the reported studies on the bioactive evaluation are given as below; 

Ainaa et al synthesized bis (thiourea) compounds and assessed them for antibacterial 

activity against Escherichia coli and obtained very good results [42]. 

Huda et al synthesized novel N-(Dibenzylcarbamothioyl)benzamide thiourea and 

assessed it for antibacterial potential [43]. 

Nadeem et al have produced Pd(II) thiocyanate complexes of various thiourea 

compounds and screened them for antibacterial capabilities against S. aureus, B. subtilis, E. 

coli, and P. aeruginosa. They were found to have excellent antibacterial activity [44]. 

Several thiourea have been found to be having good anticancer activities as reported by 

Mohapatra et al and Brunelle et al [45,46] 

Sujayev et al also evaluated the antioxidant potential of the thiourea derivatives they 

synthesized which successfully scavenge cumylperoxy and hydroperoxide radicals proving 

them good antioxidants [47]. 

da Silva et al effectively synthesized some thiazolidines based thioureas and tested them 

for their antioxidant potential and found out to be having best results [48]. 
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Saeed et al produced and tested several new acetyl-aryl thiourea derivatives for the 

potential inhibition of AchE and BchE and found out the compounds to be excellent inhibitors 

of the enzymes; furthermore, these were found to be more potent inhibitors BChE activity as 

compared to that of AChE activity [49].   

Larik et al studied the synthesized thiourea compounds for cholinesterase inhibition and 

after confirmation by SAR studies and molecular docking, these were declared to be a new 

class of cholinesterase inhibitors [50]. 

Faidallah et al synthesized thioureas and its cyclic sulfonyl derivatives and showed to be 

having hypoglycemic and thus significant antidiabetic potential [51]. 

Guria et al reported the effect of synthesized thiourea derivatives in diabetic rats, it was 

shown that the compounds effectively treated hyperglycemia and hyperlipidemia in the 

diabetic mice along with decreasing the levels of serum ALT and AST [52]. 

 Joonhyeok Choi et al studied inhibition of tyrosinase by thiourea derivatives [53]. 

 Vardhan et al successfully inhibited urease enzyme by certain urea and thiourea 

derivatives [54]. 

Imran et al studied the inhibirion of enzyme carbonic anhydrase by 29 bisindolylmethane 

derivatives of thiourea, all of these were found to have significantly decreased the enzyme’s 

activity [55]. 

Neslihan et al synthesized thioureas from amino acids, assessed them for anti-carbonic 

anhydrase activity and reported them to be competitive inhibitors of the enzyme [56]. 

Khairunissa et al synthesized benzimidazole bearing thiourea derivatives and tested for 

in vitro alpha-glucosidase inhibition, the results declared the compounds as a new class of the 

enzyme’s inhibitors [57]. 
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Taha et al synthesized and studied the potential in vitro alpha-glucosidase inhibition of 

aryl-methylbenzimidazoles and found out it to be a good inhibitor of the activity of the 

enzyme; the study was also supported by molecular docking [58]. 

Tanzeel et al synthesized 18 pyrimidine based novel thiourea derivatives and tested them 

in vitro for their α-glucosidase inhibitory potential and were found to be possessing good 

inhibitory potential [59]. Shahzad et al reported the inhibition of both alpha-amylase and alpha 

glucosidase by novel thiourea derivatives [60]. 

The so many diverse and potent biological activities including enzyme inhibitory, 

antimicrobial and antioxidant potential are indicative of the fact that thioureas are one of the 

most ideal candidates to be explored, modified and transformed through organic synthesis for 

discovery of new potential drugs. Their biological activities may be assessed in vitro and in 

vivo and as some of thiourea derivatives are known for their toxicity, a proper evaluation of 

their effect on body and their toxicological study is also mandatory to be carried out. 

Thus, in the light of above discussion, the present study was carried out in 4 parts; 

1st part: Synthesis of some thiourea derivatives; 

2nd part: Their evaluation for various biological activities; 

3rd part: Their toxicological screening; 

4th part: In vivo assessment of the safe compounds for treatment of diabetes in mice. 

1.8  Different methods of synthesis of thioureas 

Thiourea can be synthesized in a variety of ways. Some of the reported synthetic 

methods are given below. 
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1.8.1 Green synthesis in water and sunlight 

Kumavat P. et al synthesized symmetrical 1,3 disubstituted thioureas in water and in the 

presence of sunlight in a safe and non-hazardous method using CS2 and primary amines in 1:2 

ratio. Good yields were obtained in his green synthesis method [61].  

1.8.2 Synthesis of chiral thioureas 

Chen et al synthesized chiral thiourea derivatives containing an α-Amino phosphonate 

moiety and investigated its antiviral activities. Chiral thioureas and their derivatives are known 

for their wide range of functional and biological activities. Some chiral thiourea derivatives can 

serve not only as chiral catalysts for the synthesis of optically active compounds but also as 

medicines such as anticancer and anti-HIV agents [62] 

1.8.3 Synthesis of Benzothiazole derivatives of thioureas 

Saeed et al synthesized thioureas having benzothiazole moiety and evaluated it for its 

antimicrobial and anticancer activities. The results indicated that the compounds possessed a 

good spectrum of activity against the tested microorganisms and showed higher activity against 

fungi than bacteria [63]. 

1.8.4 One-pot synthesis of non-symmetrical thioureas 

Hernández et al carried out one pot non symmetrical synthesis of thioureas. They 

manufactured non-symmetrical thioureas in two steps. In first step in the presence of CS2 (5.0 

equiv) electron-rich 4-methoxyaniline or 4-methylaniline were ball milled for 40 minutes, 

intermediate isothiocyanate intermediate were formed which were then converted to non-

symmetrical thioureas in the presence of second equivalent aniline through click-coupling 
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reaction. Excellent yield of unsymmetrical thioureas up to 90 % were obtained din the method 

[64]. 

1.8.5 Synthesis from isothiocyanates 

Miyabe et al gave the method for the synthesis of unsymmetrical thioureas from 

isothiocyanates [65]. 

1.8.6 Synthesis of quinazolin derivative of thiourea 

Pazdera et al carried out Synthesis of substituted thiourea from N-(2-Cyano- phenyl) 

benzimidoyl isothiocyanate to obtain Quinazolin-4-yl-thiourea [66]. 

1.8.7 Synthesis of Cu complexes of thioureas 

Petra et al synthesized and characterized copper-thiourea complexes. Complex of 

thiourea with copper is formed transitionally. Complex is formed during the synthesis copper 

sulfide thin films by spray pyrolysis for which the precursor was solutions of copper (II) aq 

chloride and thiourea [67].  

1.8.8 Synthesis from amines and CS2 

Mahagundappa et al presented a synthetic procedure for efficient synthesis of thiourea 

derivatives. They synthesized symmetrical and unsymmetrical thiourea derivatives, while 

condensing readily available building blocks i.e. amines and carbon disulphide. This method of 

synthesis can also be applied to 2-mercapto imidazole heterocycles [68]. 
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1.8.9 Synthesis of multi-substituted thioureas 

Yahyazadeh et al synthesized unsymmetrical thiourea derivatives and synthesized di and 

trisubstituted thiourea derivatives from them [69].  

1.9  General schematic synthesis of thiourea derivatives 

Some of the most frequently employed methods are given as under; 

• Condensation of amines with isothiocyanates [70]: 

 

• Condensation of amines with Carbon disulphide in water [71]: 

 

• Reaction of amines (aliphatic) with isocyanides [72]: 

 

https://www.organic-chemistry.org/abstracts/lit2/853.shtm
https://www.organic-chemistry.org/abstracts/lit4/754.shtm
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• Production of thiocarbamoyl surrogate from amine by treating it first with chloroform and 

then with sulfur and that may further be converted to various chiral thioureas, 

oxalidinethiones and thiocarbamides [73]: 

 

• Reaction of amine with CS2 on alumina [74]: 

 

1.10  Biological activities 

Biological activity is the integral ability of a chemical compound/ drug/toxin to have a 

good or bad effect on one or more function (chemical/physiological) of a living 

cell/tissues/organ in an organism. The extent of biological activity depends on the chemical 

and physical nature of the compound under study, its concentration and period of its stay in the 

body. A specific moiety within a compound with more complex structure is usually responsible 

for its biological activity, which is called pharmacophore. Biological activity can suggest 

whether a compound can be used medically or not [75].  

In the study antioxidant, antibacterial, and enzyme inhibitory potentials of the 

compounds were evaluated for two different sets of enzymes viz., 

https://www.organic-chemistry.org/abstracts/lit5/830.shtm
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1. Enzymes involved in carbohydrate metabolism and hence have a possible role in 

diabetes mellitus; these are glucose-6-phosphatase, alpha-glucosidase and, alpha-

amylase. 

2. Enzyme involved in neurotransmission and having a role in Alzheimer’s disease; these 

include acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). 

1.10.1   Inhibition of enzymes involving carbohydrate metabolism 

Digestion of polysaccharide (consisting of glucose) starts in the mouth, where salivary α-

amylase converts these to oligosaccharides and ends in the intestinal mucosa where pancreatic 

α-amylase converts these to monosaccharide (glucose). Glucose is then absorbed in blood. 

Two hormones which are mainly responsible for deciding the level of glucose in blood are; 

Glucagon and Insulin. At fasting state (low blood glucose level), glucagon is secreted that 

triggers the breakdown of glycogen in the liver and muscles to release glucose in blood. 

Insulin, on the other hand, is released in blood when there is high blood glucose (e.g. at well-

fed state), it boosts uptake of glucose by cells. Insulin is received through receptors present on 

the target cells, called “insulin receptors”. The two hormones mutually work to control normal 

blood glucose levels, the problem starts when the regulation fails due to any reason resulting in 

a set of abnormal conditions called Diabetes Mellitus [76]. 

1.10.1.1 Diabetes Mellitus 

Diabetes is 7th leading cause of death around the globe. It is a chronic disorder 

characterized by high than normal blood glucose level due to insufficient insulin secretion by 

β-cells present in the islet of Langerhans within the pancreas, or due to resistance by “insulin 

receptors” in target cells to receive insulin. Based on the two reasons the disorder is of two 
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types; Type 1; formerly called "insulin-dependent" and Type 2; formerly called "non-insulin 

dependent".  

Type 1 occurs mostly at a younger age when due to autoimmune disease, genetic 

mutations or an environmental trigger there is no production of insulin. Type 1 diabetes 

progresses as follows;  

Stage 1: Autoimmune cells begin destroying β-cells. (No noticeable symptoms). 

Stage 2: 80-90% of β-cells are destroyed. (Higher than normal blood glucose level). 

Stage 3: 20% of β-cells left which do more work by producing more insulin to 

compensate for the destroyed β-cells resulting in their exhaustion. (Near normal blood glucose 

level at times) 

Stage 4: all of the β-cells are destroyed.  

Type 2 diabetes generally occurs at older age’ it progresses as; 

Insulin resistance -----------> increased insulin secretion ----------> exhaustion of β-cells -

--------> breakdown of muscles to release -----------> stored glycogen -----------> fats in adipose 

tissues are broken down as a result of insulin secretion -----------> fatty acids thus released add 

further to insulin resistance. The Good news is that type-2 diabetes in some cases can be 

reversed through proper treatment involving medication, exercise and healthy diet and lifestyle 

changes.  

In either case, the common physiological consequence is hyperglycemia (higher blood 

glucose level than normal), both postprandial (higher than 180mg/dL) and fasting (higher than 

130 mg/dL when calculated 2 hours after taking meal). Chronic hyperglycemia leads to serious 

conditions like damage to blood vessels, nerves and different organs [77]. 
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Approaches other than taking insulin are also in practice for controlling hyperglycemia 

specifically used in case of type-2 diabetes. These include; 

• Medicines that decrease lower glucose production from the liver (Biguanides). 

• Medicines that speed up the clearance of glucose from the blood, they do so by 

increasing the sensitivity of fat cells to insulin thereby increasing its effect 

(Thiazolidinediones). 

• Starch blockers. 

• Enhancers that increase the release of insulin from β-cells (sulfonylureas). 

• Enzymes like Alpha-Glucosidase and Dipeptidyl Peptidase-4 Inhibitors (Acarbose and 

Sitagliptin). 

• Medicines that act like intestinal hormones and trigger insulin secretion in response to 

glucose taken in diet (glucagon-like peptide, also called GLP-1) etc. [78]. 

So, inhibition of enzymes involved in carbohydrate metabolism (like inhibitors of alpha-

glucosidase) can prove an alternative way of treating hyperglycemia in patients with type 2 

diabetes. As already mentioned, that some thiourea derivatives have been reported as inhibitors 

of α-amylase [79], the synthesized thiourea compounds also, were evaluated for their effect on 

the activity of 3 important enzymes of carbohydrate metabolism viz., Glucose-6-phosphatase, 

alpha-Amylase and α-glucosidase. 

1.10.1.2 Inhibition of α-Amylase and α-glucosidase 

Alpha-amylase (EC 3.2.1.1) is a widespread enzyme found in animals, plants, seeds, 

fungi, and bacteria. It hydrolyzes starch which is a polymer of α-D-glucose that are connected 

through α- 1,4-glycosidic linkage (in straight chain) and an α-1,6-glycosidic linkage (at 

branched point). Hydrolysis of starch by α-amylase yields maltose, maltotriose and limit 
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dextrin. These products are further hydrolyzed by α-glucosidase (EC 3.2.1.20) found in the 

small intestine which removes the terminal non reducing 1,4-o-glycosidic linkage between the 

α-D-glucose units in the product left after the action of α-amylase, yielding free glucose. Thus, 

in principle, long chains of carbohydrates are hydrolyzed to oligo and disaccharides by α-

Amylase and then these are converted to free glucose units by α-glucosidase. Actually, in 

humans, this hydrolysis of starch to constituent glucose is more important than the actual 

absorption of glucose in blood [80]. 

 

Scheme A: Hydrolysis of Starch 
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Role of the two enzymes suggests that these can be therapeutically exploited for treating 

hyperglycemia in type-2 diabetes. Their inhibition can delay the hydrolysis of starch and the 

subsequent absorption of glucose, resulting in lower postprandial blood glucose level. 

Furthermore, it was also found in certain studies that concentration of salivary α-Amylase is 

higher in diabetics as compared to that of non-diabetics. This again suggests the helpfulness of 

α-Amylase inhibition in hyperglycemia; however excessive inhibition of the two enzymes may 

lead to accumulation of undigested polysaccharide in gut, resulting in their fermentation and 

causing gas trouble and diarrhea. So, a careful inhibition of either of the two enzymes or both 

can control postprandial hyperglycemia in type 2 diabetic patients and pre-diabetics [81]. 

1.10.1.3 Inhibition of Glucose-6-phosphatase 

Glucose-6-phosphatase (G6Pase, EC 3.1.3.9) in an important enzyme of carbohydrate 

metabolism, it is found integral in the membrane of endoplasmic reticulum (E.R). It is a 

common enzyme in both gluconeogenesis and glycogenolysis where it catalyzes the last step of 

both the pathways i.e. hydrolysing glucose-6-phosphate (G6P) to free glucose. It is a 

multicomponent complex enzyme consisting of two vital components; the catalytic unit 

(G6Pase) and a bidirectional translocase specific for the transport of G6P to G6Pase, called 

glucose-6-phosphate translocase (G6PT). Blocking the activity of either of the two units 

equally affect the conversion of G6P to glucose.  
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Scheme B: Hydrolysis of glucose-6-phosphate by glucose-6-phosphate 

The activity of G6Pase is normally affected only by the level of G6P in the body and the level 

of G6P is affected by many factors. The factors may be certain hormones like thyroxin, 

glucocorticoids, and glucagon or other reasons like increased gluconeogenesis and chronic 

hyperglycemia. In diabetic patients, there is an elevated level of glucose which ultimately is 

converted to glucose-6-phosphate in the cell; the high concentration of G6P triggers the release 

of G6Pase which converts the G6P to free glucose aggravating the hyperglycemia [82]. whole 

situation suggests that hyperglycemia contributed by the action of G6Pase in diabetic patients 

can be managed if the activity of the enzyme is decreased either by inhibiting the catalytic unit 

(G6Pase) or the translocase unit (G6PT). 

1.10.2  Inhibition of enzymes involving neurotransmission (Cholinesterase) 

It is a sub-group of main class hydrolases which hydrolyse of acetylcholine (ACh) a 

neurotransmitter after it has performed its function i.e. neurotransmission, to acetate unit and 

acetic acid. The reaction is important because it ends the nerve impulse by converting the 
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neurotransmitter to its resting (inactive) state. Two types of Cholinesterase are there, 

Acetylcholinesterase (AChE, EC 3.1.1.7) ;  and Butyrylcholinesterase (BChE) with EC 3.1.1.8. 

 

Scheme C: Reaction Catalysed by ACHE and BChE 

 

Choline is a neurotransmitter at the central nervous system (CNS), autonomic ganglia, 

skeletal muscles and peripheral nervous system (PNS). It is stored in vesicles at nerve endings. 

During the process of neurotransmission, it is released from the vesicles and gets attached to its 

receptors. After transmitting signal transmission is completed (and it is no longer required), 

ACh is hydrolyzed to acetate and choline units by AChE present in the postsynaptic membrane 

and the nerve signal is thus terminated. Butyrlcholinesterase (BChE), also called plasma 

choline esterase mainly do the same function as that of AchE i.e. hydrolysis of ACh, but with 

two differences. AchE is mainly found on membranes of RBC and neuromuscular junctions 

whereas BchE is found in plasma and liver. The second difference is the priority for their 

substrates, AChE catalyzes the hydrolysis of ACh more rapidly and BchE hydrolyzes Butyryl 

Choline (BCh) more rapidly. Inhibitors of both enzymes prevent the enzymes from an 

otherwise normal; breakdown of ACh. These inhibitors can be reversible or irreversible, 

reversible inhibitors are pharmacologically important and being used in the treatment of 

conditions like dementia in patients suffering from Alzheimer’s disease [83]. 
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1.10.2.1 Alzheimer's disease (AD) and its correlation with cholinesterase inhibitors 

In the brain, along with nerve cells performing specialized jobs, there are certain other 

brain cells whose function is maintenance of nerve cells. They do so by providing them with 

constant energy and oxygen and to get rid of by-products and waste. They store information 

and help keeping the coordination of nerve cells with each other. AD starts at the microscopic 

level when these maintenance cells are prevented to do their function properly. As a 

consequence, nerve cells rundown of their energy and thus become unable to do their function. 

As one part of a group of nerve cells can affect others, the disease progresses slowly and 

increases in severity with time. Furthermore, plaques and tangles can generally be found in 

patients with AD which are clusters and twisted fibrous form of proteins. Plaques are present in 

space between nerve cells and tangles gather inside the cells. It is believed that these plaques 

and tangles prevent coordination between the nerve cells and also their maintenance. The 

overall events are displayed as multiple signs like inability to perform routine activities, 

changes in one’s personality and cognition and other behavioral changes. There is no specific 

medication that can reverse the disease or address the actual cause, only symptomatic treatment 

is available. Two classes of compounds are currently in practice to treat/manage symptoms of 

the disease. One of the classes is that of cholinesterase inhibitors. In AD patients, because of 

damage to Ach producing cells, there is a lower than normal concentration of ACh and with 

progression of the disease, the ACh level continuously reduces. In this situation, it becomes 

necessary to preserve the remaining ACh available by inhibiting the activity of ACh 

hydrolyzing Enzyme i.e. AChE.  

Normally BChE does not prefer to hydrolyze ACh but in AD patients when the activity 

of AChE is inhibited by inhibitor drugs, BChE starts hydrolyzing ACh to compensate for the 
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absence of AChE activity. Thus, a much needed and more advanced approach is to inhibit the 

activity of both the enzymes, viz. AChE and BChE. [84,85]. 

1.10.3. Association between type-2 diabetes and Alzheimer’s disease 

One of the risk factors in development of AD is type-2 diabetes (T2DM), the relationship 

between the two has been highlighted more in the recent years as many studies [86,87] have 

suggested that T2DM has much effective relationship than it is used to be considered earlier. 

The association between can be sketched as: 

 

Sketch: Relation between type-2 diabetes and Alzhimer’s disease 

Discovery for such medicines that could be useful in both AD and T2DM that also 

posses antioxidant capabilities is thus most requisite thing at the time. This closer association 

bwetween the two diseases was the main reason because of which the two sets of enzymes 

were selected for their potential inhibition studies and also to find out their antioxidant 

potential. 
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1.11 Other biological activities 

1.11.1 Antioxidant activity 

During cellular metabolism, free radicals are constantly being produced as due to various 

routine oxidation reactions that leads to initiation of free radical chain reactions producing 

even more free radicals like OH-, O2 and reactive oxygen species (ROS) like H2 O2 and HClO. 

The free radicals can result in;  

• Damage to cellular proteins causing denaturation and degradation of proteins and 

enzyme inhibition  

• Lipid peroxidation causing cell membrane damage  

• Damage to DNA causing mutations and possibly cancer and aging. 

Several reports suggest that these effects of free radicals and ROS may lead to various 

conditions like liver disease, inflammation, Alzheimer’s disease, diabetes, atherosclerosis and, 

even AIDS [88]. 

 Antioxidants are substances that inhibit oxidation, terminate chain reactions thereby 

delaying or preventing oxidation of an oxidizable substrate. A proper system of antioxidants is 

present in the body to deal with oxidative stress. The system is a combination of Glutathione, 

thiols, vitamin C, vitamin A, uric acid, coenzyme Q and enzymes like peroxiredoxins, 

superoxide dismutase and, catalase. Antioxidants from outside body sources are also found 

which can be divided into two types; 

• Those present in natural dietary sources like green tea, fruits, vegetables, turmeric, fish 

and coffee. 

• Industrial chemicals which act as preservatives in cosmetics and processed foods [89]. 
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Although there is no scientific evidence, antioxidants are postulated to have anti-aging 

and anti-cancer abilities and decrease the risk of heart diseases. Established use of antioxidants 

for medical purpose is confirmed by a report according to which certain chemicals possessing 

antioxidant capabilities, when added to medications for treating cancer and schizophrenia 

increases the effectiveness of the treatment [90]. Antioxidant activity is hence the measure of 

reducing capability of a substance to counteract and scavenge the reactive oxygen species and 

free radicals that have produced by oxidation of an oxidizable substrate. 

1.11.2  Antibacterial activity 

Substances that kill bacteria (bactericide) or suppress their growth and ability to 

reproduce (bacteriostatic) are called as antibacterial. The most widely used, useful and strong 

antibacterial drugs used currently, are antibiotics. In fact, antibiotics are the most used, rather a 

misused class of antimicrobials. This frequent use, irresponsible use of antibiotics has led 

bacteria to develop resistance against antibiotics. One of the greatest challenges these days is 

increasing resistance by bacteria, antibiotics previously effective are, at present, of no use 

against same strain of bacteria. This whole thing has led to the production of even more 

antibiotics with increased potency and effectiveness against antibiotic resistant bacteria. Also, 

use of antibiotics has been controlled up to an extent, but still the problem remains the same. 

Search for new antibacterial and transition from antibiotics to non-antibiotic drugs is need of 

the hour. Many chemical compounds including thioureas have reportedly antibacterial 

potential that can prove beneficial against those bacteria which have developed antibiotic 

resistance [91]. 
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1.12  Toxicological screening 

1.12.1 Toxicity and toxicology 

Toxicity is the extent to which a substance (chemical or biological) can harm a living 

body. Toxicology is the study of toxicity of toxins and poisons, how these can interfere with 

the regular functioning of a living system, their properties, lethal dose, prevention, diagnosis 

and, treatment. Paracelsus (1493-1591) is regarded as the father of toxicology, according to 

him “All substances are poisons; there is none which is not a poison, the right dose 

differentiates a poison and a remedy,” he gave the concept of dose-dependent toxicity. Mathieu 

Orfila (1787-1853) is known as the ‘father of modern toxicology’ explained biological 

properties of poisons and how specific organs can be affected by specific poison [92,93]. 

1.12.2 Toxicity studies  

 In 20th-century screening methodologies and experimental approaches were developed 

to characterize adverse effects that are caused by exposure to a toxic substance and a properly 

applied area of methodologies was thus established, now known as toxicological studies or 

toxicity studies/ screening. In 1920, animals were used for the first time in toxicological 

screenings. According to the US ‘Food and Drug Administration’ a new candidate for drug 

should essentially be screened in vivo for its pharmacological activity and toxicity potential 

[94]. 

 Toxicological screening/studies have thus become a mandatory part of new drug design 

that utilizes the knowledge of chemistry, physiology, biochemistry, medicine, and pathology.  
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1.12.2.1 Types of toxicological studies 

• Acute toxicity studies 

The studies evaluate short term effects of a toxic substance when administered for not 

more than 24 hours. The substance may be given in single or multiple doses. The study is 

useful in determining potential acute toxicity, potential target organ and to estimate for a safe 

acute dose. 

• Sub-acute and sub-chronic toxicity studies 

Both come under the same general category of toxicity studies to determine the toxic 

effects of a substance when given to experimental animals for 14-90 days. More specifically 

sub-acute studies are carried out for duration between 24 hours to 28 days and sub-chronic for 

duration up to 90 days and not more than 10% of the animal’s average life span. In the studies, 

effects on different parameters like hematology, blood biochemistry, histopathology, weight 

loss or gain, etc are noted and analyzed. 

• Chronic toxicity studies 

The studies determine the effect of the substance under study for six months to one year. 

Potential side effects or organs affected are studied and “No Observed Adverse Effect Levels” 

(NOAEL) are determined.  

• Reproductive toxicity studies 

Any effect of the test substance on the reproductive system of male/female mammal 

experimental animal is determined. Effect/s on fertility and embryo, teratogenicity and post-

natal toxicity of mother or offspring are observed. 

• Carcinogenic toxicity studies  

The study is carried out to determine the risk of development of tumors. 
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• Genotoxicity studies 

Here, changes and mutation/s in genome, chromosome and DNA are observed. 

The toxicological screening carried out for determining the possible toxicity of the 

synthesized thiourea compound in the current study comes under the category sub-chronic 

studies as the screening was performed for 30 days [95]. 

During this “sub-chronic toxicity” screening, the following parameters were assessed; 

Hematological 

Biochemical (serum biochemistry) 

Histopathological (liver) 

These are explained one by one as under; 

1.12.3 Hematological parameters as an assessment tool in toxicity studies 

1.12.3.1 Hematology and its parameters 

Hematology is the study of blood; its production, composition, disorders and types, 

number, morphology, and composition of its cells. Hematological parameters are thus related 

to number, morphology and physiology of all types of blood cells viz., Red blood Cells 

(R.B.C), White Blood Cells (W.B.C) and platelets. The specific indicators which represent the 

overall condition of the blood cells (in all aspects) are called hematological parameters. 

Hematological parameters may indicate; 

• Effect of certain physiological and environmental factors on blood and how they 

interact with blood.  

• Presence and concentration of specific metabolites, nutrients, toxicants (if any) in 

blood. 

• Presence of a pathological/abnormal condition. 
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In general, if hematological parameters are not in the normal/healthy range it may 

correspond to an underlying condition which is not safe for the body. An underlying toxicity 

may be suspected through deranged hematological parameters [96,97]. 

Commonly investigated hematological parameters which are also carried out in this 

toxicity studies are given as; 

o Red blood cells parameters  

These include red blood cells, hematocrit, and hemoglobin. 

• Red blood cells (RBC) 

Red blood cells or erythrocytes are flexible biconcave cells, they are most abundant in all 

blood cells and transport oxygen from lungs to tissues. They are derived from hematopoietic 

cells of pluripotential hematopoietic stem cells from which other blood cells are also derived 

(Figure 1.1); upon maturation, they become enucleated and released to blood. The whole 

process of derivation and maturation of RBCs is directed by hormone erythropoietin. 
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Figure 1.1: Synthesis of the blood cells from pluripotent hematopoietic stem cells [98]. 

 Their average life span is 120 days and normal RBC count in healthy adult males is 4.7-

6.1 million cells/ µL and in healthy adult female is 4.2-5.4 million cells/ µL.  

• Hemoglobin (Hb)  

It is a conjugated protein in RBCs that is responsible for reversible binding (and thus 

transport) of oxygen, it is a tetramer of four globin chains, each of which has its own one heme 

prosthetic group. Iron (in Fe2+ form) present in the heme prosthetic group of hemoglobin is the 
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agent that reversibly binds one oxygen molecule; hence one molecule of hemoglobin can bind 

four molecules of oxygen. The normal value of hemoglobin in blood is 13.5 -17.5 g/dL and 

12.0 -15.5 g/dL in healthy adult males and females respectively. 

• Packed cell volume (PCV), also called hematocrit is the portion of blood that consists of 

cells or it is simply the percentage of cells in the blood. Normal values are 40.7-50.3% (male) and 

36.1-44.3% (female).  

• Effect of abnormal values of red blood cell parameters  

The most common abnormal condition associated is anemia- principally the decreased 

capacity of oxygen transport. Lower than normal value of either RBC count, hemoglobin and 

PCV can lead to anemia. Numerous factors may lead to anemia that may be physiological, 

nutritional, genetic, enzymatic and hemolytic and many others. Likewise, higher than the 

normal value of any of the red blood cell parameters lead to a condition called erythrocytosis 

(previously called polycythemia). Erythrocytosis may be due to genetic or physiologic reasons 

(mainly due to chronic hypoxia) [99]. 

• White Blood Cells (WBC) parameters 

White blood cells, also called leukocytes generally account for only 1% of the whole 

blood but have very important role-immunity both innate and adaptive. Largest in size they 

protect the body from invaders whether they are bacteria, fungi, virus or other infectious 

agents. They are nucleated and are derived from pluripotent hematopoietic stem cells (Figure 

1.1). These can be broadly categorized into two categories.  
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• Granulocytes 

These have granules and are with lobed nuclei; hence they are also called 

polymorphonuclear WBCs, these include neutrophils, eosinophils, basophils. 

• Agranulocytes/ non-granulocytes  

These do not have any granules in their cytoplasm, also they have round nucleus (not 

lobed), hence also called mononuclear WBCs, these include lymphocytes and monocytes. 

• Effect of abnormal values of WBC parameters 

WBCs count varies from person to person but normal range is typically between 5 to 12 

× 103/mL and abnormally low or high levels than the normal may show an underlying 

condition. Abnormally low WBCs count is called leucopenia and can occur in severe 

inflammation, malnutrition, bone marrow diseases, autoimmune disorder, congenital and other 

physiological factors like exposure to certain medications and chemicals. Abnormally high 

levels of WBC are called leukocytosis and can occur to enhanced immune response due to long 

term inflammation, stress or other physiologic reasons like exposure to certain drugs like 

steroids and some inhalers. 

It is worth mentioning that a differential count is essential to find out which type of 

WBC is affected the most and to identify the reason for the abnormal count. Exposure to 

certain chemicals for test duration and observing irregular WBC count can point out to the 

unsafe effects of the test compound [101]. 

• Platelets 

Platelets are also called thrombocytes, they are the second most abundant blood cells 

after RBCs, and are essential for blood coagulation and regulation of blood homeostasis. 
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Platelets are responsible for maintaining vasculature integrity by protecting it from 

inflammation and by preventing blood loss when it is damaged.  

The normal range of platelets in blood is 1.5 to 4.5 ˣ103 platelets/ µL, a lower than 

normal level is called thrombocytopenia and higher than normal condition is called 

thrombocytosis. Thrombocytopenia occurs because of genetic mutation, bone marrow aplasia, 

malnutrition, viral infection, radiation, cirrhosis and exposure to toxic chemicals, etc. 

Thrombocytosis occurs because of excessive bone marrow production of platelets or can be 

because of physiologic factors like acute blood loss, hemolytic anemia, infections, and cancer 

[102]. 

1.12.4 Serum biochemical parameters as an assessment tool in toxicity studies 

1.12.4.1 Serum and its biochemical parameters 

Serum is pale yellow color liquid left after clotting of blood, biochemical parameters of 

serum are chemical factors/substances present in the serum, for example ions, minerals, 

metabolites, enzymes, proteins, salts, organic molecules, etc. Biochemical analysis of serum is 

evaluating the concentration of these different biochemical parameters present in serum. 

Because there are too many biochemical parameters, sometimes it is not practicable to evaluate 

all of them; for the reason usually a combination of several tests/parameters is made to asses 

for a specific medical condition that is called biochemistry profile. Serum biochemistry profile 

gives an overview of the overall status of several body functions and a general picture of the 

health condition of a body [103].  

In the study following serum biochemical parameters were assessed.  
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• Serum glucose/ blood sugar 

It is the measurement of the total quantity of specific type of simple sugar (glucose) in 

the blood. Digestion of carbohydrates results in the formation of glucose which is absorbed in 

the blood and is circulated throughout the body. The body has a specific mechanism for 

maintaining blood glucose levels up to certain limits which are called normal blood glucose 

levels. The levels are different in each of the different metabolic states like fed, absorptive, 

post-absorptive and fasting state. Lower than normal levels of blood glucose are called 

hypoglycemia whereas higher than normal levels are termed hyperglycemia. If the sugar levels 

are not in its normal range than an underlying condition related to Glucose homeostasis may be 

suspected [104]. 

• Serum triacylglycerol/ triglyceride  

Triacylglycerol (TAG) is the storage and most abundant form of fat in the body; it is 

made up of three Fatty acids esterified with one glycerol alcohol (triester). The three fatty acids 

can be same on the all three carbons of glycerol called homo-triglycerides, for example in 

stearin there are three stearic acid residues or there can be different fatty acids on all three 

carbons of glycerol which is usually the case. Dietary sources are usually animals and some 

vegetable oils. During digestion, with the combined action of bile salts, pancreatic kinase and 

cholecystokinin (CKK) present in small intestine, TAG is converted to constituent to its fatty 

acids and the alcohol glycerol. For absorption, the fatty acids are reassembled in enterocytes 

(absorptive cells of the small intestine) with cholesterol and protein making chylomicrons 

which make possible their movement in aqueous medium of blood and lymph. When 

chylomicron is released from enterocytes they are taken by lymph and carried to a large blood 
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vessel near heart there they are released to blood circulation through which they can go to the 

liver or adipose tissues and can be used for energy when needed. 

• Serum TAG level measurement and normal levels 

Serum TAG level can be easily determined through a simple blood test, most often as a 

part of the lipid profile test where it is evaluated along with other parameters like HDL, LDL 

and cholesterol etc. in healthy adult human the level should be less than 150mg/dL. Higher 

than normal levels may increase the risk of many complications like stroke, atherosclerosis, 

coronary heart diseases, and even pancreatitis when the levels are too high (more than 

500mg/dL).  

• Causes of elevated TAG levels 

Poor or uncontrolled diabetes, renal diseases, liver cirrhosis or infections, thyroid 

problems, obesity, high alcohol and carbohydrate consumption or exposure to certain 

chemicals and medications may add to elevated levels of serum TAG levels [105].  

• Serum Cholesterol level 

Cholesterol is a derived lipid, a sterol derived from steroid; it is an essential component 

of all cell membranes of animals and is biosynthesized by all animals. It is also a precursor for 

synthesis of important biochemical molecules like steroid hormones and vitamin D. almost all 

body cells are capable of synthesizing cholesterol, but the level of synthesis is limited by the 

intake of dietary cholesterol, although most of the cholesterol except a smaller fraction taken in 

diet is not absorbed by the gastrointestinal tract. Being insoluble in blood, it can only be 

transported if bound to lipoprotein. 
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Figure 1. 1: How the TAG and phospholipids are embedded in each other in the 

structure of a lipoprotein. 

Lipoproteins, HDL and LDL 
Lipoproteins are conjugated proteins with lipids, the primary function of which is the transport 

of hydrophobic lipids in an aqueous medium, for example, triacylglycerol and cholesterol. 

Various types of lipoproteins are there, based on density they can be classified as;  

• Ultra-low-density lipoproteins also called chylomicrons transport TG from small 

intestine to liver and adipose tissues. 

• Very low-density lipoprotein (VLDL) transport newly synthesized TG from the liver 

(site of synthesis) to adipose tissues. 

• Intermediate density lipoproteins (IDL)  

•  Low-density lipoproteins (LDL) famously called as bad lipoprotein or bad cholesterol, 

carries thousands of lipid molecules including TG, cholesterol and phospholipids 

around the body. 
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•  High-density lipoproteins (HDL), famously called as good lipoprotein/ good 

cholesterol, collect different molecules of lipid (TG, cholesterol, phospholipids) from 

tissues and transport them to the liver. 

The density is mainly contributed by the protein part, higher the proportion of protein 

higher will be the density, so a lower density lipoprotein means that the lipid portion is greater 

[107].  

• Relative concentration of serum LDL and HDL and its role in diseases 

Figure 1.3 shows the relationship between the TG, LDL and HDL. 

 

Figure 1. 2: Formation of different kinds of lipoproteins 
 

To sum up, a high level of serum LDL means a high level of circulating cholesterol and 

TG and hence a higher risk of atherosclerosis (narrowing of the arteries due to formation of 

lipid-containing plaque) that may lead to heart attack and stroke. Whereas, high level of HDL 

is considered as safe and good sign as it is capable of removing and collecting cholesterol and 
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other lipids from cells, tissues and blood and thus reducing the risk of plaque and atheroma 

formation due to lipid accumulation.  

Relative concentrations of the HDL and LDL are affected by many factors like genetics, 

diet, lifestyle, diabetes, obesity, and exposure to certain medications or chemicals [108]. 

• Serum Alanine aminotransferase (ALT) 

also called serum glutamate pyruvate transaminase (SGPT) is an aminotransferase 

enzyme with EC 2.6.1.2. it catalyzes the transfer of amino group from amino acid L-alanine to 

keto acid α-ketoglutarate forming amino acid glutamate.  

• Diagnostic value of serum ALT level 

ALT is mainly found in the liver and up to some extent in kidney too, normally its levels 

are lower (not more than 45 IU/L in an adult healthy man). In liver disease e.g. cirrhosis and 

hepatitis, because of damage to liver cells, the enzyme is released in blood raising its level. 

Thus, higher than normal levels of ALT in blood can be suspected as an indicator for an 

underlying problem with the liver and can be confirmed through other diagnostic tests [109]. 

1.12.5 Role of histopathology as a parameter in toxicity studies 

1.12.5.1 Histopathology 

Histopathology is the microscopic examination of biological tissues to study the changes 

(if any) due to the presence of a disease. The study involves biopsy i.e., taking a section of the 

tissue and studies under a microscope to observe the presence of diseased cells in fine details. 

Histopathology studies are done by preparing a slide to be studied under microscope; 

preparation of histology slides is done in five obligatory steps viz., fixing (to prevent decay), 

processing (to prevent alterations in tissue structure during forthcoming steps), embedding 

(placing the sample onto a support material) , sectioning (cutting small portions of the 
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embedded sample tissue) and staining (for enhancing visibility of the cell structures in the 

sample) [110]. 

Histopathology studies are very useful for diagnosis of an underlying condition, effects 

of certain environmental and physiological factors or toxic substances on the body. 

1.12.6 Aims and objectives 

Aim: 

The main aim of the present project was to explore some new potential drugs from 

thioureas class of organic compounds that may prove helpful in the treatment of diabetes 

and/or Alzheimer’s disease. 

Objectives: 

1. To synthesize of some symmetrical and asymmetrical thiourea derivatives. 

2. To evaluate biological activities and potential effects on the activity of certain enzymes. 

3. To assess in vitro and in vivo antidiabetic potential. 

4. To assess in vivo their influence on certain hematological and biochemical parameters 

of blood and mice liver for their toxicological investigation. 

5. To determine the therapeutic effect of the compounds that were found ‘safe’ during 

toxicity studies in the treatment of diabetes in streptozotocin-induced diabetic mice.  
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2. Experimental 

2.1  Materials/accessories used in synthesis of thiourea derivatives 

Following materials were used;  

o TLC plates coated with silica gel; 

o Magnetic bars; 

o Hot plates; 

o Neck-round bottom flasks; 

o Condensers; 

o UV lamp; 

o Column silica gel 60 (0.040-0.063 mm); 

o Filter papers and  

o Capillary tubes 

2.2  Chemicals used  

Following chemicals were used in syntheses of thioureas; 

o 3,4 dichloro aniline 

o 2,6-dimethyl aniline ethyl 4-aminobenzoate 

o 4-nitro aniline,  

o 4-methylaniline diamine 

o triethyl amine 

o 2-(aminomethyl)pyridine 

o 2,4-dimethylaniline  

o 2-fluoroaniline 

o 2-acetyl pyridine 
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o sodium hydroxide 

o Reagents like phenyl isothiocyanate, benzyl bromide, sodium hydride, ammonium 

acetate, zinc powder 

o catalysts like 18-Crown-6  

o Solvents like carbon disulphide, n-hexane, chloroform, ethyl acetate, anhydrous 

acetone, toluene, ethanol, hydroxyl ammonium chloride sodium sulphate, and 

Ammonium hydroxide. 

All the chemicals, reagents and solvents used were of analytical grade and were used 

without any further purification. They were purchased from Sigma Aldrich Co, St Louis, MO, 

USA. 

2.3  Instrumentation 

o Electro thermal melting point instrument, model Biocotestuart-SMP 10 japan (for 

melting point determination of synthesized compounds) 

o NMR Bruker apparatus at 300 MHZ in MEOD (for characterization of the synthesized 

compounds through 1H-NMR and 13C-NMR) 

2.4  General procedure for synthesis of compound 1 to 5 

The protocol developed by Kumavat et al. was used to synthesise symmetrical thioureas 

from commercially available anilines [61]. In a 100 mL flat bottom flask, 1 equivalent of CS2 

(10 mmol) was taken and mixed with 2.0 equivalent of aniline (20 mmol) dropwise followed 

by addition of water (15 mL) and corked. The reaction was carried out in direct sun light for 7 

hours. At the end of reaction, a solid product was obtained in water. The progress of reaction 

was thoroughly monitored by thin layer chromatography (20%Ethyl acetate/hexane). The 
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product obtained was recrystallized with ethanol, further purified by column chromatography 

and then characterized through various spectroscopic techniques. 

For the synthesis of all five symmetrical thioureas same procedure was followed,  with 

the exception that different anilines were used in each flask (1-5). 

The schematic presentation of the reactions carried out is given as under; 
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Scheme 2. 1: Synthesis of compound 1-5 
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2.5  Synthesis of picolylamine based symmetrical and unsymmetrical thioureas 

Alkaloids are a group of naturally occurring compounds having promising biological 

activities due to presence of primary and tertiary nitrogen in their structures. Keeping in view 

the importance of these alkaloids, the simplest commercially available analogue 2-picolyl 

amine was taken and a simpler symmetrical thiourea presented as compound 7 was synthesized 

using CS2 (1equiv) in water and in the presence of sunlight. After confirmation that 2-picolyl 

amine has the capability of forming thiourea, the starting material 2-picolyl amine was 

derivatized to dibenzyl picolyl amine (Precursor P). Compound 6 and 8 were then synthesized 

using dibenzyl picolyl amine as starting material by two different methods described below. 

Compound 9 was prepared from 2,4-dimethyl aniline and phenyl isothiocyanate. Phenyl 

isothiocyanate is a commercially available compound while 2,4-dimethyl aniline was prepared 

from 2, 4-dimethyl nitrobenzene by reduction of nitro group into amines by heterogenous 

catalyst under high pressure in the presence of hydrogen. Compound 10 was prepared from 

phenyl isothiocyanate and 2-flouro aniline. The 2-flouro aniline was prepared by reduction of 

the nitro group as described above.  

2.5.1 Preparation of dibenzyl picolylamine (P) 

The precursor dibenzyl picolylamine was synthesized starting from acetylpyridine as 

more readily available starting material following the method reported by Thomas Nugent et al 

[111]. The sodium hydride (NaH) was used to abstract proton from acetyl pyridine to make 

enolate which then attack on benzyl bromide (added dropwise). As a result, first substitution 

takes place. With reaction progress under same condition, a second substitution takes place. 

The reaction product was then treated with hydroxyl amine hydrochloride. As a result, oxime 

was obtained which was then reduced into amine. The amine was purified further by column 
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chromatography using ethyl acetate and hexane as solvent system. The product was obtained as 

yellowish viscous oil with 68% yield.  

 

Scheme 2. 2: Synthesis of picolylamine derivative (template) 
 

 

Scheme 2. 3: Chemical structure of 2-Benzyl-3-phenyl-1-(pyridin-2-yl) propan-1-amine 
(Precursor P) 

2.5.2 Synthesis symmetrical picolylamine based thioureas (Compounds 6 and 7)   

Picolylamine/Picolylamine derivatives (1.0 mmol, 2.0 equiv,) were mixed with carbon 

disulphide (0.5 mmol, 1.0 equiv) in 10 ml EtOH/H2O (1:1) and placed in sunlight for 6-8 

hours. After 8 hrs, precipitates were formed which was confirmed by NMR as symmetrical 
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thiourea. The reaction mixture was kept at room temperature for 12 hours till the crystal 

formation.  

2.5.3 Synthesis of unsymmetrical thioureas (Compound 8-10)  

The required amines were mixed with phenyl iso-thiocyanate (both at the ratio of 1.0 

equiv at a concentration of 1.0 mmol) in 6 ml anhydrous acetone. The reaction mixture was 

then refluxed for 8-10 hours at 52-56°C. Progress of the reaction was checked through TLC 

with Ethyl acetate/n-hexane solution (3:7). The reaction mixture was then cooled using crushed 

ice. Precipitates formed were then filtered, washed with water, dried and then recrystallized 

using ethanol. 

2.6 In vitro biological activities 

2.6.1 Determination of potential enzyme inhibitory activity of the compounds (1-10) 

2.6.1.1  Anticholinesterase assay 

The acetylcholinesterase inhibitory potential was examined using Ellman’s assay [113]. 

Acetylcholinesterase and butyrlcholinesterase hydrolyses their respective substrates 

acetylthiocholine iodide and butyrylthiocholine iodide. The resulting product react with 5-thio-

2-nitrobenzoate anion followed by its complexation with DTNB resulting in the formation of 

yellow color product. The color change was measured spectrophotometrically after 15 minutes 

of incubation, the absorption was then converted into enzyme activity and percent inhibition. 

For anticholinesterase assay, following solutions were prepared. 

Preparation of phosphate buffer (pH 8) 

Stock solutions of potassium dihydrogen phosphate (13.6 g/L) and di-potassium 

hydrogen phosphate (17.4 g/L) were prepared. Phosphate buffer of pH 8 was then prepared by 

mixing 94% of K2HPO4 and 6% of KH2PO4.  
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• Preparation of AChE and BChE stock solution 

Stock solution (1000 unit /ml) (in phosphate buffer) of each enzyme was made and then 

subsequently diluted to 10unit/ml and then to the desired concentration 0.03 U/ml for AchE 

and 0.01 U/ml for BChE. 

• Preparation of DTNB solution 

DTNB (0.0002 mM) in 10 ml of phosphate buffer was dissolved and then the final 

volume was made up to 100 ml. 

• Preparation of substrate solution (Acetylthiocholine Iodide / Butyryl thiocholine 

iodide) 

The substrate (0.0005M) (Acetylthiocholine Iodide/butyryl thiocholine iodide) was 

dissolved in 100 ml of phosphate buffer to make its stock solution.  

• Stock solution preparation for compounds 1-10 

Stock solution (1 mg/100ml) of each of the compounds from 1-10 was prepared and a 

series of dilutions (1000, 500, 250, 125 µl/L) were made. 

• Procedure  

The activity was carried out by taking 2.5 µl of each of the dilution from each of the 10 

compounds in separate tubes, then to each of the tubes 5 µl of AchE (0.03 U/ml) or BchE (0.01 

U/ml) and 5 µl DTNB. The reaction mixture was incubated in water bath at 30 °C for 15 

minutes. Then 5 µl acetyl choline iodide/butyryl choline iodide (substrate) were added which 

resulted in the formation of yellow color anion (5-Thio-2-nitro benzoate). The color change 

was measured after 4 minutes at 412 nm using a double beam spectrophotometer (Thermo 

electron-corporation; USA). A blank reaction mixture not having any solution from the test 
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compounds was considered as a control. Galantamine was used as reference standard. Activity 

and inhibition the selective enzymes were calculated by following relations:  

                                                                                                       (2.1) 

                                                                   (2.2) 

                                  (2.3) 

Where, V is the inhibitor dependent rate of reaction while, Vmax is the inhibitor 

independent rate of reaction. 

2.6.1.2  In vitro antidiabetic activities   

i. Alpha amylase inhibition 

Stock solutions of the compounds were prepared in 10% DMSO and phosphate buffer 

(pH 6.9) having a concentration of 20 mm. Different dilutions (1000-125 mg/ml) were 

prepared for each compound. About 200 µl of these dilutions were mixed with 200 µl of 

porcine α-amylase (2 U/ml) and pre-incubated for 10 minutes at 30°C. To the mixture, 200 µl 

of starch solution (1% w/v, made in 20 mM phosphate buffer, pH 6.9) were added and further 

incubated for 3 minutes at 30 °C. The reaction was stopped by adding 1 ml of 96 mM 

3,5dinitrosalicylic acid (DNS). Again, the reaction mixture was incubated for 10 minutes in 

boiling water bath (85–90°C) and then cooled at room temperature. Acarbose was used as 

positive control. Absorbance was measured at 540 nm and percent inhibition was calculated 

using the following equation: 

                (2.4) 
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ii. Alpha-glucosidase inhibition  

The α-glucosidase inhibition was carried out by mixing 100 µL of enzyme stock solution 

(0.5 unit/ml) with 600 µL stock phosphate buffer (pH 6.9) and 50 µL of each dilution 

(prepared during alpha-amylase inhibition assay) and incubated at 37 °C for 15 minutes. To 

start the enzymatic reaction 100 μl p-nitro-phenyl-α-D-glucopyranoside (5 mM) was added to 

the mixture which reached to completion after 15 minutes incubation at 37 °C. To stop the 

reaction, 400 μl sodium carbonate (0.2 M) solution was added to mixture. The absorbance of 

resulting mixture was measured at 405 nm. Percent inhibition of glucosidase was calculated 

using formula 4. Acarbose was used as positive control and same dilution were prepared by 

serial dilution. 

iii. Glucose-6-phosphatase inhibition  

The measurement of the activity of glucose-6-phosphatase was based on the release of 

inorganic phosphate when the substrate glucose-6-phosphate is hydrolyzed by the enzyme. For 

the activity, 1 ml of the enzyme (1 mM) was taken, to which 1.5 ml tris (hydroxy methyl) 

amino methane buffer of pH 6.7 and 2.5 ml of glucose-6-phosphate (0.01 mM) were added. 

The reaction mixture was incubated at 33°C for 1 hour. After the incubation, 1 ml 10% 

trichloroacetic acid was added to stop the reaction and inorganic phosphate released during the 

reaction was measured by modification of the method by Fiske and Subbarow [113] which is 

based upon the reduction of molybdic acid to that is noted by change in color (blue) and is 

determined spectrophotometrically. 
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2.6.2 Free radical scavenging activities of synthesized compounds  

Radical scavenging activities of synthesized compounds were determined by following 

standard DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2, 2'-Azino-Bis-3-

Ethylbenzothiazoline-6-Sulfonic Acid) protocols [114]. DPPH stock solution was made (by 

dissolving 20 mg of DPPH in 100 ml methanol). Blank solution was prepared by taking 3 ml 

from the DPPH solution and its absorbance was adjusted to 0.75 at 515 nm. For the 

development of free radicals in stock solution, it was covered and kept in dark for about 24 

hours. Stock solution (in 5 ml of methanol) of each compound was prepared and a series of 

dilutions (1000, 500, 250, 125, 62.5 µg/ml) were then prepared from it using dilution formula. 

About 2 ml from each of the dilutions were mixed with 2 ml DPPH and allowed to react for 15 

minutes in the dark. The percent inhibition by DPPH was calculated by equation given below: 

                           (2.5) 

Where; A = absorbance of pure DPPH in oxidized form. 

 B = absorbance of sample taken after 15 minutes of reaction with DPPH.  

Ascorbic acid (5 mg/5 ml) was taken as a standard and its different solutions (1000, 500, 

250, 125 µg/ml) were prepared.  

 The ABTS free radical scavenging was carried out using standard protocol of Re et al.30 

About 7 mM of ABTS and 2.45 mM of potassium per sulphate were dissolved, each in 100 ml 

of methanol and were then mixed together. To develop free radicals of ABTS, the reaction 

mixture was kept in the dark for 12 hours. Absorbance of blank control (3 ml) was adjusted to 

0.75 at 745 nm by diluting it with 50% methanol. About 300 μl of each sample were taken, 

mixed with 3 ml of ABTS solution and incubated for 15 minutes at 25°C. Absorbance of the 

incubated mixture was measured at 745nm. The Same procedure was done to prepare various 
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dilutions of ascorbic acid (positive control). Percent free radical inhibition was calculated using 

equation 5. 

2.7 In vivo experiments 

2.7.1 Experimental animals and their handling 

Swiss albino mice (male) were selected for all in vivo experiments carried out in the 

current study. Their weight was in range of 30-35 mg and age from 22-24 weeks. They were 

obtained from National Institute of Health (NIH) Islamabad and accommodated in animal 

house University of Malakand where they were kept in plastic cages provided with good space, 

aeration and proper bedding of saw dust. The animals were given free access to food and 

water. A room temperature of 25 -29οC and a 12 hours light and day cycle were maintained.All 

the in vivo studies and animal treatment were performed carefully and in accordance to 

instructions of “Ethics Committee for Animal Care & Use” Pakistan. 
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2.7.2 Groups 

For carrying out in vivo glucose-6-phosphatase inhibition and toxicity studies, the animals 

were divided into 6 groups.  

Groups 

(Compounds given)  

Sub-groups (each having 6 mice) 

A (0.5 mg/kg 

Body weight) 

B (1.0 mg/kg 

Body weight) 

C (1.5 mg/kg 

Body weight) 

1 1 A 1B 1C 

2 2 A 2B 2C 

3 3 A 3B 3C 

4 4 A 4B 4C 

5 5 A 5B 5C 

6 6 A 6B 6C 

7 7 A 7B 7C 

8 8 A 8B 8C 

9 9 A 9B 9C 

10 10 A 10B 10C 

Control Received only normal food and water and had no sub groups 

2.7.3 Exposure of mice to the compounds 

For each study mice were given a daily dose with respective quantity and type of 

compound specified for each of the afore-mentioned groups for a specified time period 

depending upon the type of study carried out.  

2.7.4 In vivo assessment of Glucose-6-phosphatase inhibitory potential 

On 22nd day of feeding the test compounds to the animals, mice were sacrificed and their 

livers were collected for assay of glucose-6-phosphatase activity. Livers, after collecting from 

the animals were fast frozen and their homogenates were prepared in iced water. Enzyme 
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extract was prepared by placing the homogenate in shaker at 0°C for an hour with constant 

addition of ice to the homogenate; the supernatant obtained (after filtration) was used as a 

source of Glucose-6-phosphatase. Then 1 mL of the filtered liver homogenate (enzyme 

source), 1.5 ml tris (hydroxyl methyl) amino methane buffer (pH 6.7) and 2.5 ml of 0.01 M 

glucose-6-phosphate (substrate) were taken in a flask and incubated for an hour at 33⁰C. The 

reaction was stopped by addition of 1 ml 10% trichloroacetic acid. Inorganic phosphate 

released (one of the products) during the reaction was measured by method of Fiske and 

Subbarow [113].   

2.7.5 Toxicity studies 

For toxicological screening, mice were sacrificed on the 30th day, their blood and livers 

were collected to be used in different tests for assessment of following different parameters.  

2.7.6 Hematological parameters 

Blood (0.2 mL) of each mouse was drawn in tubes containing 10% EDTA as 

anticoagulant. Concentration of hematological parameters was determined by using Abbot 

CELL-DYN 3200 (automated hematology analyzer). Following parameters were assessed: 

a. Red blood cells parameters like erythrocyte count, packed cell volume 

(hematocrit) and hemoglobin; 

b.  White blood cell parameters like total leukocyte count and its differential count 

and platelet count. 
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2.7.7 Serum biochemistry parameters 

Blood (0.2 ml) samples were collected in separate tubes without any addition of EDTA 

and serum of each sample was obtained after centrifugation. Serum biochemical parameters 

like blood sugar, total cholesterol, triglyceride, ALT and HDL were assessed using a HUMAN 

kit (HUMAN diagnostic Germany). 

2.7.8 Histological examination of liver 

The procedure was carried out in following steps:  

• Fixation 

Specimens from collected liver of the mice were dissected and then fixed in 10% 

formalin for about 12 h. 

• Dehydration 

Dehydration of each specimen was carried out using iso-propanol; the specimen was 

kept in solution of 70 % iso-propanol for 2 h., then in an 80 % solution for 1 h., and finally in 

95 % iso-propanol solution for another hour which ensured a completely dehydration of the 

tissue specimen. The iso-propanol was removed from specimens through washing it at least 

three times with xylene (xylene alcohol and pure xylene). 

• Impregnation 

In order to fill the empty spaces produced in the tissue specimen after dehydration and to 

make it firm enough to be cut easily into sections of desired thickness, the tissue was 

impregnated. The process was done in an oven (up to 55 C) using paraplast which is a 

combination of pure paraffin and plastic polymers. 
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• Embedding 

The tissue was embedded in wax using Leuckhart's embedding mold also called L-mold 

which are L-shaped metal pieces that can be adjusted to get desirable molds. The L-mold was 

adjusted and molten wax was poured, cooled and upon solidification, it was removed and a 

square paraffin block was obtained. 

• Sectioning 

The paraffin block of each specimen was cut into thin sections through rotary 

microtome. 

• Slide formation 

The sections (having paraffin) were put in water bath to remove the wax and then placed 

in autoclave to remove the water.  

• Staining (H&E staining) 

Hematoxylin and Eosin staining is done only on completely de-paraffinized tissue 

sections for the purpose, slides were kept in xylene twice for one minute to ensure the removal 

of all remaining wax and then washed with 100% ethanol for another two minutes followed by 

an another wash with 95% ethanol for one minute to remove the xylene, it was then washed 

with water. 

For H&E regressive staining, the tissue sections were first kept in hematoxylin solution 

for 3 minutes, the bluish stained tissues were then rinsed with water for 1 minute, kept in small 

amounts of differentiator (10% acetic acid and 85% ethanol in water) for 1 minute, again 

washed with water and then with 95% ethanol. The differentiated tissue section was then kept 
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in eosin dye for 45 seconds and then washed with 95% ethanol (1 minute), 100% ethanol (2 

minutes in 2 steps of 1,1 minute) and xylene (4 minutes in 2 steps of 2, 2 minutes). 

• Studying and imaging 

The stained slides were studied by electric microscope (model No. M 7000 D, SWIFT, 

Japan) and the pictures were taken by digital camera for microscope DCM 130 (USB 2.0) with 

resolution 1.3̊. 

2.7.9 In vivo anti-diabetic studies 

Four compounds that were found 'safe’/least toxic are used in the study to find out that 

whether or not can these treat diabetes in STZ-induced diabetic mice. 

2.7.9.1  Animal groups  

The animals were separated in 9 groups each of 6 mice, as follows;  

Normal control (NL): normal with no induced diabetes; 

Diabetic control (DL): STZ-induced diabetic, no treatment with Glibenclamide or 

exposure to any test compound; 

Glibenclamide medicated (GM); treated with commercially available medicine 

Glibenclamide for treatment of Diabetes; 

Groups  Sub-groups (each having 6 mice) 

A (0.8 mg/kg Body weight) B (1.6 mg/kg Body weight) 

S1 S1 A S1B 

S2 S2 A S2B 

S3 S3 A S3B 

S4 S4 A S4B 
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2.7.9.2 Induction of diabetes mellitus 

Streptozotocin (STZ) was dissolved in 0.01 M citrate buffer, pH 4.5, shortly (not more 

than 5 minutes) before use and was injected intraperitoneally at 160 mg/Kg Body weight. The 

doses were calculated according to the body weights. Development of diabetes was monitored 

by measuring blood glucose level; blood sugar gradually increased from 151.6±4.4 measured 

at day 1 of STZ treatment to 278.3±4.1 within a week. Once it was confirmed that diabetes has 

been induced, the experiment was instigated. Mice were treated with the type and quantity of 

dosage daily for 28 days, as has already been mentioned for different groups in section 2.7.1 of 

the study.  

2.7.9.3  Collection of blood samples and analysis of biochemical parameters 

Blood samples from mice in each group were collected (drawn from tail vein) at day 1, 

3, 8, 14, 21 and 28; serum was obtained after centrifugation and levels of blood glucose, 

triacylglycerol, cholesterol, HDL etc. was determined through their respective kits. 

2.8 Statistical Analysis of experimental data 

All the in vitro experiments were done in three replicates, the results obtained are 

presented as mean ± SEM. The results obtained in each in vivo experiment are presented as 

mean ± SD of n=6; data was statistically analyzed for determination of statistical significance 

of difference amongst the groups using ANOVA (one-way analysis of variance) followed by 

post-hoc Bonferroni’s test, a value with p<0.05 was regarded as significant. 
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3. Results 

3.1  Characterization of synthesized compounds 

The 1HNMR of the synthesized compounds are given in figure S4.1 to S4.10 

(supplementary materials). 

3.1.1 Compound 1  

 
Figure 3. 1: 1,3-bis(3,4-dichlorophenyl)thiourea 

 

1,3-bis(3,4-dichlorophenyl)thiourea. Yield: 84%, m.p: 174-180°C, 1HNMR (300 MHz, 

CDCl3-d): δ ppm 7.20 (d, 2H), 6.70 (d, 2H), 6.40(d, 2H). 

3.1.2 Compound 2  

1,3-bis(2,6-dimethylphenyl)thiourea. Yield: 82%, m.p: 180-184°C 1HNMR (300 MHz, 

CDCl3-d): δ ppm 6.90 (d, 4H), 6.70 (d, 4H), 2.10 (d, 4H). The compound has been presented 

in figure 4.2.  

 
Figure 3. 2: 1,3-bis(2,6-dimethylphenyl)thiourea 
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3.1.3 Compound 3 

The chemical structure of compound 3 is presented in figure 4.3.   

 

Figure 3. 3: Diethyl 4,4-(thiocarbonylbis(azanediyl)dibenzoate 
 

Diethyl 4,4-(thiocarbonylbis(azanediyl)dibenzoate. Yield: 78%, m.p: 177-183°C, 1HNMR (300 

MHz, CDCl3-d): δ ppm 7.60 (d, 4H), 6.50(d, 4H), 4.30(d, 2H) 1.30 (d, 2H).  

3.1.4 Compound 4  

The structural formula of compound 4 can be presented as follow: 

 

Figure 3. 4: 1,3-bis(4-nitrophenyl)thiourea 
 

1,3-bis(4-nitrophenyl)thiourea. Yield: 80%, m.p: 188-193°C 1HNMR (300 MHz, CDCl3-d): δ 

ppm 8.0 (d, 4H), 6.60 (d, 4H).  

3.1.5 Compound 5  

The compound 5 can be presented as shown in figure 3.5.  
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Figure 3. 5: 1,3-di-p-tolylthiourea 
 

1,3-di-p-tolylthiourea. Yield: 86%, m.p: 181-185°C 1HNMR (300 MHz, CDCl3-d): δ ppm 6.90 

(d, 4H), 6.30 (d, 4H), 2.30 (d, 2H) 1.30 (d, 2H). 

3.1.6 Compound 6 

1,3-bis(2-benzyl-3-phenyl-1-(pyridine-2-yl)propyl)thiourea (Yield 79 %),1HNMR (300 MHz, 

CDCl3-d) δ ppm: 4.5-4.7 (m, 8H), 5.2 (m, 2H), 5.4 (m, 2H), 6.8 (m, 4H), 6.9-7.1 (m, 8H), 7.2 

(m, 8H), 7.5 (m, 2H), 7.7 (m, 2H),  8.1 (m, 2H),  8.5 (m, 2H), 8.9 (s, 2H). 

 

Figure 3. 6: 1,3-bis(2-benzyl-3-phenyl-1-(pyridine-2-yl)propyl)thiourea (Compound 6) 

3.1.7 Compound 7 

1,3-bis(2-benzyl-3-phenyl-1-(pyridine-2-yl)propyl)thiourea (81% yield),1HNMR (300 MHz, 

CDCl3-d) δ ppm 3.2 (d, 4H), 6.4 (d, 4H), 6.5 (d, 2H), 7.3 (m, 4H), 8.2 (s, 2H). 
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Figure 3. 7: 1,3-bis(1-(pyridin-2-ylmethyl)thiourea (Compound 7) 

3.1.8 Compound 8 

1-(2-benzyl-3-phenyl-1-(pyridine-2-yl) propyl)-3-phenylthiourea (Yield 87%), 1HNMR (300 

MHz, CDCl3-d) δ ppm: 2.32 (m, 1H), 2.59 (m, 2H), 2.77 (m, 2H), 3.08 (s, 1H), 7.04-7.28 (m, 

15H), 7.37 (m, 2H), 7.65 (m, 2H), 7.82 (s, H, −NH), 8.47 (s, H, −NH). 

 

Figure 3. 8: 1-(2-benzyl-3-phenyl-1-(pyridine-2-yl) propyl)-3-phenylthiourea (Compound 8) 

3.1.9 Compound 9 

1-(2,4-dimethylphenyl)-3-phenylthiourea Yield: 93%,1HNMR (300 MHz, CDCl3-d) δ ppm 

2.30 (s, 3H), 2.34 (s, 3H), 7.05 (d, 1H), 7.11 (d, 1H), 7.20 (s, 1H), 7.25 (m, 1H), 7.35-7.42 (m, 

4H), 7.97 (s, 2H).  
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Figure 3. 9: 1-(2,4-dimethylphenyl)-3-phenylthiourea (Compound 9) 

3.1.10 Compound 10 

1-(2-fluorophenyl)-3-phenylthiourea, Yield: 96%, 1HNMR (300 MHz, CDCl3-d) δ ppm 7.0-

7.49 (m, 9H), 7.8 (s, 1H, −NH), 7.9 (s, 1H, −NH). 

 

Figure 3. 10: 1-(2-fluorophenyl)-3-phenylthiourea (Compound 10) 
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3.2  In vitro biological activities 

3.2.1 Acetyl cholinesterase inhibition assay 

 The % inhibition of AChE with 1C50 values against each of the synthesized compounds 

are shown in the Table 3.1 and graphically in Figure 3.11. Highest inhibition was shown by 

compound 8 having IC50 of 63 µg/ml which is relatively close to that of standard 

Galantamine’s (40 µg/ml); compound 7 also showed very good inhibition with IC50 of 82 

µg/ml. Compound 1 and 3 exhibited good, compound 2 and 10 moderate inhibition potential, 

compound 4, 5 lesser degree of inhibition whereas compound 6, 9 were found least active 

against AChE.  
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Table 3. 1: Effect of synthesized compounds on acetylcholinesterase 

Compounds Concentration (mg/ml) %AChE Inhibition (Mean ± SEM) IC50(µg/ml) 

1 1000 74.13 ± 2.12 120*** 

500 67.01 ± 1.15 

250 57.16 ± 2.55 

125 53.14 ± 0.92 

2 1000 69.14 ± 2.40 200*** 

500 61.16 ± 1.16 

250 49.35 ± 3.12 

125 44.11 ± 3.03 

3 1000 76.91 ± 1.24 160*** 

500 67.19 ± 2.33 

250 58.10 ± 2.95 

125 49.31 ± 2.22 

4 1000 65.02 ± 1.63 475*** 

500 48.34 ± 1.65 

250 41.15 ± 1.03 

125 39.11 ± 0.41 

5 1000 67.25 ± 2.66 300*** 

500 60.65 ± 2.65 

250 58.34 ± 3.24 

125 53.09 ± 2.67 

6 1000 68.11 ± 1.40 1002*** 

500 55.59 ± 1.23 

250 46.10 ± 1.85 

125 38.63± 1.33 

7 1000 78.67 ± 1.20 82*** 

500 72.16 ± 2.01 

250 59.21 ± 1.21 

125 52.55 ± 1.73 

8 1000 84.31 ± 1.12 63*** 

500 75.66 ± 1.15 

250 66.47 ± 2.08 

125 62.22 ± 1.12 

9 1000 64.02 ± 1.70 503*** 

500 50.04 ± 1.88 

250 45.15 ± 1.83 

125 41.99 ± 1.01 

10 1000 70.25 ± 1.09 182*** 

500 68.15 ± 1.25 

250 56.34 ± 2.14 

125 51.78 ± 1.72 

Galantamine 1000 93.22 ± 0.81 40 
500 88.14 ± 0.52 

250 78.44 ± 0.61 

125 64.53 ± 0.52 
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Figure 3. 11: Effect of the compounds on the activity of enzyme AChE 
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3.2.2 Butyryl cholinesterase inhibition assay 

Table 3.2 shows the inhibitory capabilities of the compounds against BchE, the highest 

inhibition was shown by compound 8 and then 7 with IC50 of 80 and 82 µg/ml respectively as 

compared to the standard’s 55 µg/ml, followed by a very good inhibition by compound 10 with 

IC50 of 100 µg/ml, 1 with IC50 of 125 µg/ml and 3 having IC50 of 140 µg/ml. The percent 

inhibitions were compared with Galantamine taken as the positive control with IC50 60 μg/ml 

(Figure 3.12).  
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Table 3. 2: Effect of synthesized compounds on butyrylcholinesterase 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10. Significant difference 

was measured using one-way analysis of variance (ANOVA) followed by Tukey’s test. Whereas,***p<0.001vs. 

positive control 

 

Compounds Concentration (mg/ml) %BChE Inhibition (Mean ± SEM) IC50 (µg/ml) 

1 1000 76.23 ± 1.91 125*** 

500 61.31 ± 2.36 

250 50.31 ± 1.10 

125 47.01 ± 1.76 

2 1000 68.04 ± 1.10 300*** 
500 51.06 ± 2.21 

250 43.05 ± 1.67 

125 39.83 ± 2.13 

3 1000 71.11 ± 0.94 140*** 
500 68.76 ± 1.06 

250 59.40 ± 3.05 

125 51.13 ± 1.98 

4 1000 64.12 ± 2.13 490*** 
500 44.21 ± 2.97 

250 38.43 ± 1.25 

125 38.47 ± 1.11 

5 1000 50.07 ± 2.76 300*** 
500 45.09 ±1.03 

250 39.67 ± 2.48 

125 30.91± 2.40 

6 1000 57.81 ± 0.54 200*** 
500 56.26 ± 1.66 

250 51.40 ± 2.05 

125 48.13 ± 1.08 

7 1000 70.13 ± 1.51 82*** 
500 62.31 ± 2.11 

250 59.15 ± 1.60 

125 65.71 ± 1.28 

8 1000 68.55 ± 1.07 80*** 
500 63.83 ± 1.53 

250 61.81 ± 1.54 

125 58.26 ± 1.06 

9 1000 76.14 ± 1.90 150*** 
500 60.50 ± 1.61 

250 53.55 ± 1.07 

125 49.83 ± 1.53 

10 1000 62.67 ± 1.22 100*** 
500 59.07 ± 1.76 

250 55.09 ±1.04 

125 53.07 ± 0.48 

Galantamine 1000 92.30 ± 0.74 55 
500 87.16 ± 1.23 

250 78.42 ± 0.75 

125 64.81 ± 0.73 
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Figure 3. 12: BChE inhibition by the synthesized compounds 
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3.2.3 Alpha amylase inhibition 

The results obtained for the studies of alpha-amylase activity (table 3.3 and figure 3.13) 

indicates that an excellent inhibition of the enzyme activity when compared to the standard 

acarbose activity (IC50 of 50 µg/ml) was observed for compound 9 (IC50 of 62 µg/ml) and 

compound 6 (IC50 of 84 µg/ml) followed by a good inhibition for compound 10 (IC50 of 100 

µg/ml). Other compounds showed good to moderate level of inhibition. 
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Table 3. 3: Percent alpha amylase inhibition by synthesized compounds 
Compounds Concentration (mg/ml) % Inhibition (Mean ± SEM) IC50 (µg/ml) 

1 1000 70.12 ± 2.02 122*** 

 
500 68.16 ± 0.09 

250 62.23 ± 0.93 

125 59.04 ± 1.12 

2 1000 60.19± 0.41 115*** 

 
500 56.08 ± 0.87 

250 54.75 ± 2.48 

125 51.53± 2.03 

3 1000 69.87 ± 2.94 250*** 

 
500 67.34 ± 0.30 

250 60.06 ± 0.81 

125 57.33 ± 2.06 

4 1000 62.82 ± 1.13 200*** 

 
500 59.49 ± 1.24 

250 55.91 ± 0.43 

125 52.07 ± 2.11 

5 1000 59.13± 0.15 130*** 
500 57.81 ± 2.25 

250 56.04 ± 1.58 

125 50.04 ± 0.10 

6 1000 70.29± 0.31 84*** 
500 68.08 ± 0.87 

250 63.15 ± 1.41 

125 60.23± 1.03 

7 1000 59.13± 0.15 135*** 
500 57.81 ± 2.25 

250 56.04 ± 1.58 

125 50.04 ± 0.10 

8 1000 65.82 ± 1.13 115*** 
500 62.49 ± 1.24 

250 57.91 ± 0.43 

125 50.07 ± 2.11 

9 1000 80.12 ± 2.02 62*** 
500 79.18 ± 1.09 

250 75.63 ± 0.63 

125 69.04 ± 1.19 

10 1000 62.82 ± 1.13 100*** 
500 59.49 ± 1.24 

250 55.91 ± 0.43 

125 52.07 ± 2.11 

Acarbose 1000 88.09 ± 1.13 50 
500 72.98 ± 1.34 

250 68.04 ± 1.88 

125 58.13 ± 1.34 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10. Significant difference was 

measured using one-way analysis of variance (ANOVA) followed by Tukey’s test. Whereas,***p<0.001vs. 

positive control. 
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Figure 3. 13: Determination of the activity of α-amylase in the presence of compounds 1-10 
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3.2.4 Alpha glucosidase 

Table 3.4 presents the inhibitory patterns of the compounds (Figure 3.14) on the activity 

of alpha-glucosidase; highest inhibition with of IC50 75 µg/ml was shown by compound 8 and 

then 7 with IC50 80 µg/ml. Compound 2 with IC50 180 µg/ml and 9 having IC50 200 µg/ml 

showed good inhibition; whereas other compounds showed moderate to a lesser extent of 

inhibition. 
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Table 3. 4: % inhibition of α-glucosidase by compounds 1-10 
Compounds Concentration (mg/ml) % Inhibition (Mean ± SEM) IC50 (µg/ml) 

1 1000 73.05 ± 0.23 126*** 

500 70.88± 2.95 

250 68.75 ± 0.61 

125 65.34± 0.87 

2 1000 63.62 ± 0.68 200*** 
500 63.67± 0.33 

250 60.96 ± 2.57 

125 54.65 ± 0.45 

3 1000 61.49 ± 1.84 250*** 
500 59.32± 2.98 

250 50.77 ± 3.68 

125 40.33± 1.86 

4 1000 52.18 ± 1.46 450*** 
500 47.14 ± 3.93 

250 36.45 ± 1.59 

125 24.49 ± 2.07 

5 1000 64.81± 0.99 275*** 
500 58.32 ± 2.79 

250 49.34 ± 2.10 

125 37.32± 2.54 

6 1000 51.13± 0.15 1000*** 
500 47.81 ± 2.25 

250 46.04 ± 1.58 

125 40.04 ± 0.10 

7 1000 72 .02 ± 1.70 80*** 
500 71.04 ± 1.88 

250 70.15 ± 1.83 

125 69.99 ± 1.01 

8 1000 84.67 ± 1.20 75*** 
500 81.16 ± 2.01 

250 79.21 ± 1.21 

125 75.67 ± 1.20 

9 1000 65.92 ±0.23 180*** 
500 60.46 ±0.083 

250 55.88 ± 2.04 

125 48.00 ± 1.34 

10 1000 57.18 ± 1.46 500*** 
500 52.14 ± 3.93 

250 40.45 ± 1.59 

125 32.49 ± 2.07 

Acarbose 1000 94.02 ± 1.23 60 
500 79.11 ± 2.12 

250 68.14 ± 2.18 

125 59.83 ± 2.04 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10. Significant difference 

was measured using one-way analysis of variance (ANOVA) followed by Tukey’s test. Whereas,***p<0.001vs. 

positive control 
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Figure 3. 14: Inhibition of α-glucosidase by the synthesized compounds 
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3.2.5 Glucose -6-phosphatase inhibition assays 

Inhibition of G6Pase by the compounds is expressed in the Table 3.5 and figure 3.15. All 

of the compounds displayed an excellent inhibition of the enzyme’s activity; compound 10 

decreased the activity to greatest extent i.e., to 3.12± 1.1 (at concentration of 1000 mg/ml) as 

compared to the standard’s 72.0±0.66 activity, compound 2 (at concentration of 1000 mg/ml) 

stands second in the inhibition and decreased the activity to 04.20 ± 1.30, followed by 

compound 7 and 4. 
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Table 3. 5: Effect of compounds 1 to 10 on activities of glucose-6-phosphase  

*Activity is measured as mg of P released from glucose-6-phosphate after its complete hydrolysis by the enzyme. 

Compounds Concentration mg/ml Total activity* Mean ± SEM Control 

1 1000 25.60± 1.40 72.0±0.66 

500 29.80± 1.20 

250 32.70± 0.80 

125 18.10± 1.51 

2 1000 04.20 ± 1.30 72.0±0.66 

500 09.20± 0.72 

250 08.20± 2.40 

125 10.40± 1.21 

3 1000 18.50± 1.61 72.0±0.66 

500 22.50± 0.45 

250 24.70± 0.76 

125 28.40 ±0.97 

4 1000 15.10 ± 2.1 72.0±0.66 

500 15.70±0.66 

250 17.30±1.88 

125 22.70±1.64 

5 1000 12.20±1.23 72.0±0.66 

500 13.10±0.76 

250 14.50±0.31 

125 17.50±0.46 

6 1000 21.20±0.06 72.0±0.66 

500 25.31±0.77 

250 31.62±0.68 

125 34.11±1.37 

7 1000 08.78 ±1.88 72.0±0.66 

500 10.07±2.12 

250 13.10±0.56 

125 15.60±0.074 

8 1000 24.23±0.93 72.0±0.66 

500 27.10±0.061 

250 28.35±1.59 

125 32.04±1.39 

9 1000 10.10 ± 0.21 72.0±0.66 

500 11.77±0.44 

250 13.58±0.084 

125 17.70±0.43 

10 1000 03.12± 1.1 72.0±0.66 

500 04.16±1.21 

250 05.21±1.51 

125 05.66±0.71 
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Figure 3. 15: Effect of the compounds on the activity of enzyme glucose-6-phosphatase 
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3.2.6 DPPH radical scavenging effect 

The antioxidant potential of the synthesized compounds was studied by the DPPH and 

ABTS assay (Figure 3.16). The % free antioxiant potential was highest for compound 1 with 

IC50 45 μg/ml followed by the compound 4 with (IC50 50 μg/ml) respectively.  The IC50 of 

compound 9, 6 and 10 were 64, 67 and 70 μg/ml were also good. Ascorbic acid was considered 

as standard with which the activities were compared and had IC50 of 20 μg/ml. 
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Table 3. 4: Percent scavenging potential of synthesized compounds against DPPH/ABTS free 
radical 
Compound Concentration (mg/ml) DPPH % Inhibition 

(Mean ± SEM) 

IC50(µg/ml) ABTS Percent 

Inhibition (Mean 

± SEM) 

IC50(µg/ml) 

1 1000 85.13 ±0.421 45*a 

 

82.27±0.388 52a 

500 80.22 ± 0.540 79.66±0.453 

250 77.56 ± 0.245 76.48±0.234 

125 75.77 ±0.115 73.90±0.345 

2 1000 68.51±0.262  

100***b 

 

64.56±0.582 103***b 

500 66.76 ±0.072 62.33±0.344 

250 60.61±1.230 60.30±0.125 

125 58.55 ± 0.290 57.96±0.342 

3 1000 67.55 ± 1.580  

105***c 

66.03±0.234 109***c 
500 65.59 ±0.543 64.45±0.543 

250 62.23 ± 0.078 60.33±0.456 

125 59.33±0.096 56.66±0.543 

4 1000 86.45 ± 0.095  

50** d 

 

83.11±0.234 56a 
500 82.07 ± 0.283 81.27±0.532 

250 79.74± 0.267 78.25±0.123 

125 77.14±0.177 75.77±0.087 

5 1000 65.18 ±0.234 112***e 63.92±0.235 120***d 
500 63.50 ± 0.155 60.46±0.023 

250 60.34±0.365 57.88±2.345 

125 58.55 ± 0.076 54.00±1.340 

6 1000 86.67 ± 1.20 67***f 81.67 ± 1.20 66*a 
500 82.16 ± 1.01 80.16 ± 2.01 

250 80.21 ± 1.21 78.21 ± 1.21 

125 78.55 ± 1.73 77.55 ± 1.93 

7 1000 67.45 ± 0.095 79***g 69.11 ± 0.234 80***e 
500 66.07 ± 0.283 68.27 ± 0.532 

250 64.74 ± 0.267 66.25 ±0.123 

125 61.14±0.177 64.77 ±0.087 

8 1000 57.59 ± 1.23 120***h 55.67 ± 1.12 400***f 
500 54.10 ± 1.85 52.07 ± 1.16 

250 52.63± 1.33 49.09 ±1.04 

125 50.02 ± 1.99 47.07 ± 0.46 

9 1000 79.15 ± 1.23 64***i 78.15 ± 1.21 100*** 
500 74.13 ± 1.51 74.99 ± 1.51 

250 69.31 ± 2.11 70.13± 0.05 

125 66.15 ± 1.70 64.81 ± 1.05 

10 1000 73.14 ± 1.10 70***i 75.04 ± 0.10 85*** 
500 71.50 ± 1.61 73.18 ± 1.46 

250 70.55 ± 1.27 71.14 ± 1.90 

125 68.83 ± 1.53 69.45 ± 1.29 

Ascorbic 

acid 

1000 90.14 ± 0.76 35 88.17 ± 0.43 50 
500 85.11 ± 1.64 85.45 ± 1.36 

250 76.13±1.45 70.14 ± 1.16 

125 67.40±1.18 55.30 ± 1.75 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10. Significant difference was 

measured using one-way analysis of variance (ANOVA) followed by Tukey’s test. Whereas, *p<0.05, **p<0.01, 

and***p<0.001vs. positive control. Same letters within the column show same value. 
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Figure 3. 16: Antioxidant potential of compounds 1-10 through DPPH assay 
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3.2.7 ABTS radical scavenging effect 

 Of all the synthesized compounds (1-10), compound 1 had the highest IC50 in ABTS free 

radical method, compound 4 also exhibited good antioxidant activity with (IC50 = 52 μg/ml), 

followed by compounds 4, 6 and 7 with 1C 50 of 56, 66, and 80 μg/ml. ascorbic acid was taken 

as reference standard with IC50 55 μg/m (Table 3.5 and Figure 3.17). 
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Figure 3. 17: Antioxidant activity of the compounds through ABTS assay 
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3.2.8 Antibacterial activities  

The antibacterial potential of the synthesized compounds was determined against 

Agrobacterium tumefacien, Proteus vulgaris and Staphylococcus aureus. The results are 

presented in Table 3.7. Amongst the tested compounds, compound 6 was exceedingly active 

against Agrobacterium tumefacien with MIC value of 4.02 µg/ml followed by compound 7 

(MIC = 4.02 µg/ml). Against Proteus vulgaris compound 2 was more effective followed by 

compound 10 (MIC = 4.45 and 8.94 µg/ml respectively). Staphylococcus aureus was more 

effectively inhibited by compound 9 (MIC= 4.03 µg/ml) followed by compound 2 with MIC of 

6.78.  

Table 3. 7: Evaluation of antibacterial potential of the synthesized compounds 
 

Samples 

Bacterial species 

 

Conc. (μg/ml) 

Agrobacterium tumefacien Proteus vulgaris Staphylococcus aureus 

ZI (mm) MIC 

µg/ml 

ZI (mm) MIC 

µg/ml 

ZI (mm) MIC 

µg/ml 

1 10 22 7.01 20 8.72 20 9.043 

20 25 23 23 

30 26 26 25 

 

2 

10 26 5.34 22 4.45 24 6.78 

20 28 23 27 

30 30 24 29 

 

3 

10 21 4.17 23 8.78 16 13.42 

20 23 24 18 

30 25 27 21 

4 10 14 18.23 18 14.33 23 17.87 

20 17 21 26 

30 18 23 29 

5 10 19 10.86 17 11.35 15 8.67 

20 21 20 17 

30 24 23 22 

6 10 21  

4.02 

15  

9.76 

13  

19.58 20 24 22 16 

30 26 24 18 

7 10 21  

4.04 

12  

12.22 

12  

14.83 20 23 22 19 

30 26 26 23 

8 10 15  

11.62 

12  

14.96 

15  

14.93 20 20 16 16 

30 26 22 19 

9 10 14 13.49 14 11.92 21  

4.03 20 18 18 23 

30 23 23 26 

10 10 15 11.59 16 8.94 12  

24.11 20 20 21 14 

30 25 24 16 
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3.3 In vivo biological activities  

3.3.1 Effect on the activity of glucose-6-phosphatase 

The synthesized compounds were tested for their glucose-6-phosphate inhibitory 

potential in vivo using male Swiss Albino mice). Table 3.8 illustrates the effect of the 

compounds on the activity of glucose-6-phosphatase (Figure 3.18). Compound 7 showed the 

highest inhibition by decreasing the activity of glucose-6-phosphatase (with respect to the 

84.55 of the control) to 21.42 at 1.5 mg/kg body weight when it is a given for 21 days to the 

mice, followed by compound 9 (30.19), 3 (37.59) and 4 (39.25). 

Table 3. 8: In vivo repressive effect of synthesized compounds on glucose-6-phosphatse  

Compounds Sub-Groups Total Activity* 

1 1A 67.99±1.735*** 

1B 58.3±1.904*** 

1C 46.11±2.6416*** 

2 2A 46.37±1.412*** 

2B 38.38±1.649*** 

2C 32.07±1.113*** 

3 3A 56.04±0.8536*** 

3B 47.42±3.5892*** 

3C 37.59±2.428*** 

4 4A 53.38±1.896*** 

4B 44.55±1.38*** 

4C 39.25±1.616*** 

5 5A 63.95±2.39*** 

5B 51.58±1.633*** 

5C 41.22±2.027*** 

6 6A 56.54±3.735*** 

6B 47.2±3.904*** 

6C 38.33±2.641*** 

7 7A 26.43±2.412*** 

7B 24.89±1.649*** 

7C 21.42±5.113*** 

8 8A 51.11±4.8536*** 

8B 47.56±3.589** 

8C 40.02±2.001*** 

9 9A 42.71±1.896*** 

9B 35.21±4.38*** 

9C 30.19±2.616*** 

10 10A 72.31±2.39*** 

10B 68.52±3.633*** 

10C 67.69±5.027*** 

Control 84.55±3.213 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body 

weight; B, 1 mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas***p<0.001 vs. control group. 
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Figure 3. 18: In vivo repression of Glucose-6-phospstase in mice liver by the compounds (1-10). 
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3.4 In vivo toxicity studies 

3.4.1  Effect on hematological parameters 

Table 3.9, 3.11 and 3.12 demonstrate the effect of the compounds on hematological 

parameters of mice at day 10, day 20 and day 30 respectively.  

According to table 3.9 as illustrated graphically in Figure 3.19-3.24, only Compound 1 

and 2 out of all 10 compounds significantly (p<0.05) decreased PCV at 1.5 mg/ kg body 

weight, no significant effect in levels of RBC or Hb, WBCs can be seen for any compound at 

any dose rate compared with that of control. A significant increase (p<0.001) in platelets 

concentration was observed at higher dose rates for compound 1 and at all dose rates for 

compound 2; whereas a significant (p<0.001) decrease in platelets levels was observed for 

compound 6 and 8 at day 10 of the study. 
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Table 3. 9: Effect of synthesized compounds on hematological parameters in Swiss albino 
mice after 10 days of exposure. 
 

Compounds Sub- 

Groups 

PCV 

(%) 

RBCs 

(106 µL) 

Hb (g/dL) WBCs 

(103 µL) 

Differential count (103 

µL) 

PLT 

(103 µL) 

L M 

1 1A 42.23±2.23 7.15±3.32 16.26±2.07 6.22±4.11 5.34±1.23 2.00±0.00 137.3±2.59 

1B 41.09±3.68 7.73±1.12 15.5±4.43 7.49±5.26 5.66±2.18 2.00±0.00 142.3±2.87### 

1C 40.46±3.88* 7.16±3.35 14.42±2.58 7.86±5.24 5.254±3.11 2.00±0.00 148±3.581### 

2 2A 42.08±4.82 6.72±5.13 14.05±3.34 8.39±4.22 5.58±4.23 2.00±0.00 147.8±4.74### 

2B 40.33±2.83* 6.36±2.28 14.3±3.46 9.63±4.14 6.49±2.42 2.00±0.00 151.4±3.13### 

2C 39.19±2.42*** 5.84±4.28 13.38±2.39 9.77±4.31 7.012±2.11 2.00±0.00 156.2±3.35### 

3 3A 44.06±3.083 6.84±4.41 15.08±4.64 7.69±3.11 5.36±3.11 2.00±0.00 141.7±2.28 

3B 43.22±1.56 6.91±3.258 14.2±1.583 7.99±2.11 6.12±2.77 2.00±0.00 148.2±1.65 

3C 44.23±4.43 6.29±3.31 14.26±3.47 8.31±3.31 6.49±4.24 2.00±0.00 162.1±2.88 

4 4A 44.96±4.68 7.29±4.18 15.23±4.78 7.12±3.13 5.32±2.19 2.00±0.00 133.4±2.96 

4B 43.42±1.76 7.24±2.52 15.46±2.56 7.13±3.34 5.22±3.08 2.00±0.00 129.8±4.33 

4C 43.25±2.89 7.6±3.27 14.97±4.01 6.44±4.30 5.24±1.16 2.00±0.00 127.6±5.15 

5 5A 43.76±3.41 6.96±4.18 14.1±2.34 7.28±5.31 5.7±3.158 2.74±2.11 143.1±4.62 

5B 44.52±3.88 6.84±2.38 13.13±3.01 7.75±4.27 5.72±2.18 3.87±3.19 151.4±4.14 

5C 42.18±2.53 6.67±2.14 12.81±2.58 8.52±3.16 5.342±5.12 3.31±3.14 158.1±5.47 

6 6A 45.12±1.67 7.56±4.39 14.36±2.79 8.34±2.55 5.02±1.76 2.00±0.00 115±3.97*** 

6B 44.39±3.85 7.02±3.84 14.15±4.45 8.82±4.61 5.5±1.616 2.00±0.00 106±4.88*** 

6C 45.25±1.23 6.12±2.18 13.66±1.91 9.21±2.17 5.21±2.41 2.00±0.00 92.6±3.33*** 

7 9A 45.18±4.65 6.86±3.41 15.57±2.32 7.01±1.76 5.04±1.33 2.00±0.00 130.2±1.88 

9B 46.02±3.27 7.8±4.83 15.16±1.89 7.62±1.64 5.0±2.762 2.00±0.00 126.5±3.45 

9C 45.82±4.47 7.2±2.13 15.36±2.73 7.21±2.54 5.12±0.23 2.00±0.00 129.11±2.87 

8 8A 45.43±2.56 7.5±4.94 15.61±5.11 7.52±3.47 5.61±2.43 2.00±0.00 115.21±1.89*** 

8B 45.66±2.12 7.3±2.55 14.52±2.64 7.33±2.12 5.94±1.43 2.00±0.00 110.32±4.22*** 

8C 44.56±3.78 7.13±3.41 13.42±2.41 7.22±1.43 6.83±1.69 2.00±0.00 89.11±2.44*** 

9 7A 43.08±2.98 7.4±3.18 15.37±2.71 6.81±2.86 5.22±1.42 2.00±0.00 131.13±2.67 

7B 42.66±1.23 6.41±2.15 15.77±1.41 7.13±3.88 5.5±1.51 2.00±0.00 128.4±2.01 

7C 41.87±4.33 6.7±4.62 13.64±1.24 7.861±1.81 5.43±2.07 2.00±0.00 129.22±3.14 

10 10A 43.68±1.65 7.33±2.01 15.82±3.92 7.67±2.91 5.43±2.14 2.00±0.00 128.81±4.89 

10B 44.31±5.11 6.6±3.84 15.22±4.64 8.67±4.19 5.77±1.58 2.00±0.00 133.51±2.58 

10C 42.75±3.91 6.7±2.74 15.2±2.58 8.72±2.17 5.23±2.59 2.00±0.00 128.21±3.89 

Control 43.84±4.59 7.32±3.33 15.78±1.39 7.08±3.38 5.00±0.28 2.00±0.00 132.4±5.074 

 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body weight; B, 1 

mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way analysis of 

variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas, *p<0.05, and***p<0.001vs. control 

group.PCV:Packed cell volume, RBC:red blood cell, Hb:hemogloin, WBC: white blood cells, L: Lymphocytes, M: 

Monocytes, PLT: Platelets. 
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Figure 3. 19: Effect on PCV levels after 10-days exposure to the test compounds 
*p<0.05, and***p<0.001vs. control group. 
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Figure 3. 20: Levels of RBCs at 10-days exposure to the synthesized compounds 
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Figure 3. 21: Hemoglobin concentration at day 10. 
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Figure 3. 22: Total leukocytes count after exposure to the synthesized compounds for 10 days 
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Figure 3. 23: Lymphocyte and monocyte count at 10-day exposure to the compounds 
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Figure 3. 24: Platelet count on day-10 
 *p<0.05, and***p<0.001vs. control group 
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In line with data presented in table 3.10 and graphically illustrated in figure 3.25-3.30, 

PCV was significantly (p<0.01 and p<0.001) decreased PCV at 1.0 and 1.5 mg/kg body weight 

respectively by compound 1; a significant (p<0.05, p<0.01, p<0.001) decrease at dose rate 0.5, 

1.0 and 1.5 mg/ kg body weight for compound 2 and a significant (p<0.01) decrease was 

detected at all dose rates for compound 3;  whereas, for compound 5 at 0.5 mg/kg body weight 

a significant (p<0.01) decrease was observed ; in case of compound 6, a significant (p<0.05) 

decrease was observed at 0.5 mg/kg body weight and a significant (p<0.001) decrease was 

observed at 1.0 and 1.5 mg/kg body; compound 8 showed a significant (p<0.05) decrease in 

PCV at 1.0 and 1.5 mg/kg body weight; compound 4, 7, 9 and 10 had no significant effect on 

PCV. There was no significant effect on erythrocyte count (RBCs) by any of the 10 

compounds at day 20. Hemoglobin was observed to be significantly (p<0.05) decreased at dose 

rate of 1.5 mg/kg body weight by compound 1, compound 2 significantly decreased at dose 

rate of 0.5 (p<0.05) ,1.0 (p<0.01) and 1.5 (p<0.01) mg/kg body weight; for compound 5 a 

significant (p<0.05) decrease was observed at all dose rates after 20 days of exposure; a 

significant (p<0.05) decrease at 0.5 and 1.0 mg/kg body weight and a significant (p<0.001) 

decrease at 1.5 mg/kg body weight were observed for compound 6; a significant (p<0.01) was 

exerted by compound 8 at 1.5 mg/kg body weight, compound 3, 4, 7, 9 and 10 did not bring 

about any significant change in Hb levels at 20 days exposure rate. Total leukocyte (WBCs) 

count was significantly decreased (p<0.05) at 0.5 mg/kg body weight and a significant 

decrease (p<0.01) was also detected at 1.0 and 1.5 mg/kg body weight by compound 2; a 

significant (p<0.05) increase at 1.0 and 1.5 mg/kg body weight by compound 5; whereas, all 

other compounds had no significant effect on its levels. Lymphocytes count remain unaffected 

by all the compounds at all dose rates whereas, monocyte count was significantly (p<0.05) 

increased by compound 5 at 1.0 and 1.5 mg/kg body weight. Platelet count was increased 

significantly (p<0.001)  at all dose rates by compound 1, 2, 3 and 5; and decreased 

significantly (p<0.001) by compound 6 and 8 at all dose rates and no significant difference at 

any dose rate was caused by compound 4, 7 ,9 and 10 after 20 days exposure. 
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Table 3. 10: Effect of synthesized compounds on hematological parameters in Swiss albino 
mice after 20 days of exposure. 

 

Compounds 

Sub- 

Groups 

PCV (%) RBCs 

(106 µL) 

Hb (g/dL) WBCs (103 µL) Differential count (103 

µL) 

PLT 

(103 µL) 

L M 

1 1A 43.76±1.29 6.78±1.31 14.06±2.33 8.16±1.23 5.46±2.18 2.00±0.00 154.8±1.28### 

1B 41.36±1.33** 6.16±3.29 13.75±1.62 8.36±3.16 5.28±2.28 2.00±0.00 160.6±1.14### 

1C 37.63±1.08*** 6.01±2.17 12.34±1.61* 8.86±3.36 5.18±4.11 2.00±0.00 162±1.58### 

2 2A 41.65±1.89** 6.06±2.31 12.05±1.61* 10.13±3.18* 6.4±1.31 2.00±0.00 163.7±1.19### 

2B 37.92±2.09*** 5.85±2.43 11.76±4.36** 10.68±3.4** 7.26±1.24 2.00±0.00 174.9±1.21### 

2C 34.14±2.83*** 5.11±3.47 11.15±2.61*** 11.1±3.45** 7.44±1.49 2.00±0.00 181.4±2.074### 

3 3A 41.97±1.75** 6.0±2.51 14.08±1.91 8.61±1.65 6.37±2.33 2.00±0.00 148.8±1.27### 

3B 41.62±2.09** 5.52±2.25 13.7±1.08 8.95±2.31 6.75±3.36 2.00±0.00 152.4±1.14### 

3C 41.36±1.92** 5.26±1.28 13.21±4.55 9.34±1.23 6.81±1.2 2.00±0.00 169.8±1.48### 

4 4A 44.16±1.07 7.14±2.27 14.63±1.69 7.124±2.74 5.38±1.63 2.00±0.00 136.3±2.89 

4B 44.51±3.98 7.47±1.29 14.39±2.47 6.726±1.35 5.45±0.29 2.00±0.00 136.6±2.88 

4C 44.1±1.83 7.16±1.28 15.16±2.24 6.28±1.19 5.44±2.15 2.00±0.00 140±1.58 

5 5A 43.55±3.79 6.41±3.21 12.31±2.46* 8.94±1.66 5.24±2.26 3.6±1.26 150.2±1.31### 

5B 41.57±1.99** 6.23±2.28 12.28±1.93* 9.27±1.37 5.22±1.33 4.586±3.29# 155.8±1.48 

5C 40.15±2.91*** 6.11±3.59 12.07±2.66* 9.44±2.72 5.09±1.75 4.6±1.25# 161.4±2.07### 

6 6A 42.08±1.28* 6.8±2.87 12.51±3.83* 9.83±2.62 5.1±2.76 2.00±0.00 81.23±3.24 

6B 40.63±2.33*** 6.6±2.56 12.12±1.62* 10.4±2.35* 5.2±1.58 2.00±0.00 74±2.14*** 

6C 38.64±2.06*** 6.45±1.83 11.02±3.98*** 10.7±2.76** 5.1±3.65 2.00±0.00 70±2.58*** 

7 9A 45.14±1.815 7.46±2.86 15.05±2.65 7.72±2.58 5.0±1.68 2.00±0.00 141±2.69 

9B 45.44±2.95 7.21±1.66 14.11±2.44 6.84±1.58 5.3±1.32 2.00±0.00 142±3.36 

9C 43.15±1.38 7.37±2.97 13.51±1.96 7.24±2.79 5.8±1.35 2.00±0.00 138±2.76 

8 8A 43.12±1.428 7.14±1.97 13.41±3.91 7.54±4.21 5.4±1.19 2.00±0.00 77±3.86*** 

8B 42.84±2.19* 6.81±1.23 13.15±2.08 7.91±4.22 5.15±1.32 2.00±0.00 72±3.58*** 

8B 42.32±3.69* 6.48±1.26 12.71±3.87* 8.43±1.97 5.1±2.179 2.00±0.00 67±2.48*** 

9 9A 44.11±3.49 6.25±1.99 14.27±2.68 7.56±3.69 5.7±2.44 2.00±0.00 140±3.16 

9B 43.74±2.61 6.74±1.98 14.63±4.36 7.15±3.36 5.5±1.86 2.00±0.00 141±2.72 

9C 43.61±2.38 5.83±3.28 14.55±2.64 7.86±2.67 5.5±2.13 2.00±0.00 136±5.22 

10 10A 43.32±2.69 6.23±1.541 14.81±1.67 7.33±1.76 5.8±3.54 2.00±0.00 141±2.58 

10B 43.18±2.19 6.34±1.789 15.33±2.87 6.62±2.58 6.32±2.34 2.00±0.00 139±3.58 

10C 43.66±4.116 6.03±2.43 14.76±1.45 7.96±3.58 6.2±2.11 2.00±0.00 135±2.09 

Control 45.44±1.35 8.100±1.29 15.43±3.52 7.06±2.19 5.50±1.25 2.00±0.00 138.3±1.42 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body weight; B, 1 

mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way analysis of 

variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas, *p<0.05, **p<0.01, and***p<0.001 

decrease vs. control group and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. control group. 

PCV:Packed cell volume, RBC:red blood cell, Hb:hemogloin, WBC: white blood cells, L: Lymphocytes, M: 

Monocytes, PLT: Platelets. 
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Figure 3. 25: PCV levels after 20-days exposure to the synthesized compounds 
*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 26: Effect on erythrocyte (RBC) count by the compounds after 20 days of their 
administration 

*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 27: Concentration of hemoglobin at 20th day of administration 
*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 28: Effect on the count of total leukocytes at 20 days exposure 
*p<0.05, **p<0.01vs. control group. 
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Figure 3. 29: Effect of the compounds after 20 days of exposure on differential count 

#p<0.05. control group. 
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Figure 3. 30: Platelets count after exposure to the synthesized compounds for 20 days 
*p<0.05, **p<0.01, and***p<0.001 decrease vs. control group and #p<0.05, ##p<0.01, and ##p<0.001 

significant increase vs. control group. 
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Data of the table 3.11 is graphically demonstrated in figure 3.31-3.36; the table shows that 

PCV was significantly decreased (p<0.001) at all dose rates by compound 1, 2, 3, 5, 6 and 8; 

compound 4, 7, and 9 had no significant effect on any dose, whereas, compound 10 

significantly decreased (p<0.001) the PCV but only at 1.5 mg/kg body weight. Erythrocyte 

count remain unaffected at all dose rates by all compounds. Hemoglobin was significantly 

decreased at dose rate of 0.5, 1.0 (p<0.01) and 1.5 (p<0.01) mg/kg body weight by compound 

1; a significant by compound 2 at dose rate 0.5 (p<0.01), 1.0 and 1.5 (p<0.001) /kg body 

weight whereas, a significant (p<0.05 and 0.01) decrease for compound 3 was observed at 0.5, 

1.0 and 1.5 mg/kg body weight respectively. Likewise, compound 6 exhibited a significant 

(p<0.01) decrease at dose rate 1.5 mg/kg; a significant (p<0.05) decrease at 0.5 and 1.0 mg/kg 

body weight, whereas, a significant (p<0.01) was observed at 1.5 mg/kg body weight was 

detected for compound 8. Compound 4, 7, 9 and 10 had no significant effect on PCV levels. 

WBCs count was significantly decreased at 1.5 mg/kg body weight by compound 1, a 

significant (p<0.001) decrease was observed at all dose rates for compound 2 whereas, 

compound 5 significantly (p<0.05) increased leukocyte count at 1.0 and 1.5 mg/kg body 

weight. Likewise, a significant (p<0.01) increase at 0.5 and 1.0 mg/kg body weight and a 

significant (p<0.001) increase was observed for compound 6. No significant increase or 

decrease was observed at any dose of the compound 3, 4, 7, 8, 9 and 10. Monocyte count was 

significantly (p<0.01) increased at 1.0 and 1.5 mg/kg body weight only by compound 5; 

whereas, platelet count was significantly increased (p<0.01) at all dose rates by compound 1, 3 

and 5; and significantly decreased (p<0.01) by compound 6 and 8; compound 10 

Only had a significant effect (p>0.001, increase) at 1.5 mg/kg body weight. Compound 4, 7 

and 9 had no significant effect on platelet count even after 30 days of administration. 
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Table 3.11: Effect of synthesized compounds on hematological parameters in Swiss albino 

mice after 30 days of exposure 

Compounds Sub-groups PCV 

(%) 

RBCs 

(106 µL) 

Hb 

g/dL 

WBCs 

(103 µL) 

Differential count (103 µL) Platelets (103 

µL) L M 

1 1A 40.79±1.81*** 7.05±1.24 11.61±3.22* 9.64±2.31 5.13±1.22 2.00±0.00 179±3.61### 

1B 37.05±1.88*** 7.36±1.35 11.12±4.59** 9.86±1.27 5.25±2.18 2.00±0.00 185.6±1.14### 

1C 33.03±1.41*** 6.31±2.21 10.81±2.56** 10.1±3.28* 5.12±2.14 2.00±0.00 192.1±1.96### 

2 2A 37.82±2.52*** 4.76±3.22 10.83±0.78** 12.44±2.29*** 6.56±2.36 2.00±0.00 197.8±1.15### 

2B 32.19±1.42*** 4.2±3.28 10.1±2.53*** 12.61±4.34*** 7.12±3.12 2.00±0.00 201.8±1.34### 

2C 30.25±2.51*** 4.1±1.29 9.39±3.34*** 12.85±2.42*** 7.52±1.24 2.00±0.00 212±4.36### 

3 3A 39.64±3.38*** 4.72±2.14 11.85±2.22* 10.14±1.24* 6.32±2.32 2.00±0.00 177.9±3.32### 

3B 38.23±1.43*** 4.69±2.35 11.64±2.59* 10.36±3.31* 6.49±1.27 2.00±0.00 184.4±4.14### 

3C 35.18±2.25*** 4.48±1.21 11.13±1.49** 10.62±1.12** 7.66±4.44 2.00±0.00 190±2.57### 

4 4A 44.01±1.66 7.04±2.36 14.74±1.47 6.84±2.66 5.09±3.22 2.00±0.00 137.±1.21 

4B 43.25±1.89 7.66±4.24 14.97±1.15 6.41±4.01 5.24±2.16 2.00±0.00 142.±1.48 

4C 44.73±3.74 7.44±3.39 14.2±4.35 7.44±3.59 5.28±4.68 2.00±0.00 135.±1.13 

5 5A 39.51±3.67*** 5.87±2.39 11.91±3.64* 9.6±1.35 5.67±3.29 5.574±0.27## 168.1±1.47### 

5B 40.18±1.53*** 5.77±4.11 11.57±2.51* 9.82*±1.16 5.32±2.18 5.81±0.14## 172.2±1.92### 

5C 39.31±0.45*** 5.43±2.57 11.26±2.57** 10.21±2.69* 5.46±0.89 6.2±0.07## 177.1±1.55### 

6 6A 38.33±2.81*** 6.13±1.22 10.40±1.58** 11.40±1.87** 6.27±1.33 2.00±0.00 77±2.31*** 

6B 35.77±1.88*** 5.55±1.97 9.78±2.79** 11.86±2.72*** 7.21±3.12 2.00±0.00 65±1.92*** 

6C 31.58±3.41*** 4.87±2.58 9.34±4.27*** 12.23±1.19*** 7.6±2.222 2.00±0.00 69±2.73*** 

7 9A 42.08±4.66 7.43±1.86 14.4±2.16 6.6±3.41 5.24±1.78 2.00±0.00 137±3.2*** 

9B 43.37±1.89 7.36±1.58 14.79±4.56 7.8±2.17 5.4±1.16 2.00±0.00 143±2.43*** 

9C 42.45±3.74 7.21±1.48 14.25±1.28 7.9±1.24 5.15±1.83 2.00±0.00 146±4.73*** 

8 8A 41.55±2.38** 6.11±1.88 12.2±2.47* 8.79±1.94 5.4±2.32 2.00±0.00 64±2.52*** 

8B 40.61±1.43*** 5.71±2.87 11.86±3.47* 9.2±1.38 5.8±1.24 2.00±0.00 61±2.62*** 

8B 39.54±4.25*** 5.16±1.83 11.12±4.13** 9.6±2.19 5.6±2.42 2.00±0.00 58±3.57*** 

9 7A 43.25±1.56 6.3±1.94 14.6±2.92 7.8±1.76 5.1±1.292 2.00±0.00 140±3.44 

7B 42.77±1.92 6.25±2.79 14.43±1.43 7.7±1.61 5.3±1.125 2.00±0.00 144±2.07 

7C 42.18±3.51 5.73±2.83 13.8±1.18 7.6±2.48 5.2±1.296 2.00±0.00 143±1.92 

10 10A 42.13±3.67 6.32±1.69 14.45±2.22 7.8±1.74 5.2±1.22 2.00±0.00 142±2.24 

10B 41.07±1.53 6.05±1.37 13.3±3.16 8.2±2.94 5.21±1.11 2.00±0.00 144±2.48 

10C 40.71±2.45** 5.5±2.72 12.07±2.72* 8.9±1.96 5.1±2.03 2.00±0.00 151±3.81### 

Control 44.62±1.58 7.76±3.79 14.86±2.75 7.16±2.83 5.24±1.78 2.00±0.00 141±4.69 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body weight; B, 1 

mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way analysis of 

variance (ANOVA) followed by Bonferroni’s post-hoc test. *p<0.05, **p<0.01, and***p<0.001 decrease vs. 

control group and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. control group. PCV:Packed cell 

volume, RBC:red blood cell, Hb:hemogloin, WBC: white blood cells, L: Lymphocytes, M: Monocytes, PLT: 

Platelets. 
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Figure 3. 31: Packed cell volume (PCV) after 30 days exposure to the synthesized compounds 

*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 32: Effect on the levels of erythrocytes after 30 days administration of the 
compounds 

*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 33: Hemoglobin (Hb) levels at 30 days exposure 
*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 34: Effect of compound (1-10) on leukocyte count at 30-days exposure rate 
*p<0.05, **p<0.01, and***p<0.001vs. control group. 
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Figure 3. 35: Differential count at day-30 
##p<0.01significant increase vs. control group. 
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Figure 3. 36: Platelet levels after exposure to the synthesized compound for 30 days 
*p<0.05, **p<0.01, and***p<0.001 decrease vs. control group and #p<0.05, ##p<0.01, and ##p<0.001 

significant increase vs. control group. 
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3.4.2 Effect on biochemical parameters 

Table 3.12, 3.13 and 3.14 demonstrate the effects of the synthesized compounds of 

various biochemical parameters of mice after 10, 20- and 30-days exposure of mice to them, 

the data is graphically presented in Figure 3.37-3.41.  

As can be seen in Table 3.12, after 10 days exposure different parameters behaved 

differently towards different compounds; blood glucose level was significantly decreased 

(p<0.05, p<0.01, p<0.05) at 0.5, 1.0 and 1.5 mg/kg body weights respectively by compound 2,  

for compound 4 and 7 and 9, there was a significant (p<0.001) decrease at all dose rates, for 

compound 8, there was a significant (p<0.05, p<0.01 and p<0.001) decrease in glucose level 

observed at dose rate of 0.5, 1.0 and 1.5 mg/kg body weight; no significant change in glucose 

level was detected in case of compound 1, 3, 5, 6 and 10. Triglyceride level at day 10 was 

significantly  (p<0.05, p<0.01, p<0.05) decrease was observed at 0.5, 1.0 and 1.5 mg/kg body 

weights, respectively by compound 4 only whereas, no other compound has a significant effect 

on its level at any dose rate. A significant (p<0.001) decrease was observed at all doses for 

compound 4, 7 and 9 and at higher doses for compound 10; none of the other compounds had 

any effect on cholesterol level at day 10. A significant (p<0.001) increase in HDL can be seen 

at all doses for compound 2 and 8, and at higher doses for compound 6 and 4 at day 10; others 

compound did not show significant effect. ALT level was significantly increased (p<0.001) at 

all doses by compound 1, 2, 3, 8 at all doses and at higher doses for compound 5; no significant 

change was observed for compound 4, 7, 9 and 10 at any dose rate after 10 days exposure rate.  
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Table 3. 12: Effect of synthesized compounds on serum biochemical parameters in Swiss 
albino mice after 10 days of exposure 
Compounds Sub- 

Groups 

Glucose 

(mg/dL) 

Triglyceride 

(mg/dL) 

Cholesterol 

(mg/dL) 

HDL 

(mg/dL) 

ALT (µ/L) 

1 1A 85.43±3.35 117.8±1.97 83.86±3.39 47.23±2.21 55.39±2.94### 

1B 84.2±2.92 116.8±2.58 83.3±3.49 49.16±3.61 59.98±1.02### 

1C 84±3.73 115±2.23 81.84±2.21 49.79±1.68 61.22±1.91### 

2 2A 82.09±1.44** 114±3.74 84.97±2.18 54.53±3.117### 58.26±4.35### 

2B 81.4±2.07*** 115.91±1.24 85.4±2.89 55.27±1.77### 63.39±1.82### 

2C 81.8±1.92** 113.33±1.27 84.8±2.39 56.05±1.86### 71.11±1.945### 

3 3A 84.6±2.23 115.1±2.94 83±3.536 49.1±1.44 52.6±2.172 

3B 82.68±2.59* 113.1±1.43 86.69±1.49 46.31±1.81 52.8±1.83 

3C 83.69±1.45 113.6±2.40 83.4±2.48 45.6±1.17 58.6±3.62### 

4 4A 78.12±2.16*** 110±1.28 78.76±2.25*** 46.10±1.43 46.43±1.68 

4B 77.78±1.28*** 103±1.51 75.17±1.69*** 54.70±1.51### 49.65±1.72 

4C 75.01±2.53*** 98.6±2.48* 74.1±2.74*** 57.20±0.87### 51.6±3.62 

5 5A 85.84±2.99 116.1±1.23 83.82±3.15 48.78±3.41 52.17±1.83 

5B 83.1±1.43* 115±1.51 86.76±2.99 48.37±4.19 62.7±3.26### 

5C 83.36±1.18* 112±1.81 87.07±1.78 49.60±2.86 64.14±1.31### 

6 6A 85.03±2.35 115.8±2.47 81.76±3.12 48.64±2.25 57.39±1.96### 

6B 84.42±3.83 113.8±3.91 81.3±4.43 50.77±1.34# 60.98±2.39### 

6C 83±4.98* 112±4.71 80.84±2.67 53.74±1.67### 64.12±2.18### 

7 7A 76.55±2.41*** 112±2.14 75.66±3.76*** 55.64±4.2### 46.26±2.21 

7B 75.4±2.31*** 105±2.12 73.22±3.12*** 51.77±3.21### 48.09±2.43 

7C 73.28±3.75*** 101.6±1.28 73.89±2.54*** 56.64±1.78### 49.21±3.64 

8 8A 83.82±2.51* 114.1±3.42 86±1.64 51.10±3.15### 51.6±3.78 

8B 81.48±2.26** 113.1±3.873 83.69±1.79 53.80±1.17### 55.8±2.54### 

8C 78.09±4.26*** 111.6±3.91 84.14±2.51 54.20±1.25### 56.4±4.127### 

9 9A 82.42±5.76*** 114±2.36 80.82±2.71 51.63±1.72## 48.43±2.44 

9B 80.58±2.65*** 114±3.54 78.16±2.13*** 53.67±1.85### 52.65±1.96 

9C 78.52±3.37*** 115±2.852 76.71±1.34*** 54.03±2.19### 51.6±1.72 

10 10A 84.84±4.06 116±2.71 82.78±4.15 47.78±2.45 53.48±2.36 

10B 84.14±2.27 113±2.14 77.67±2.71*** 49.07±2.17 55.17±2.17 

10C 82.65±1.46* 110±4.85 75.61±3.86*** 52.86±1.73## 52.14±2.72 

Control 87±1.581 110.6±2.48 83±1.81 47.6±1.14 47.4±1.63 

 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body 

weight; B, 1 mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas, *p<0.05, **p<0.01, 

and***p<0.001 and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. Control group.HDL: high 

density lipoprotein, ALT: alanine amino transferase. 
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Figure 3. 37: Effect of the compounds on blood glucose level after 10 days of exposure 
*p<0.05, **p<0.01, and***p<0.001vs. control group 
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Figure 3. 38: Serum TG concentration at 10 days exposure rate 
*p<0.05 vs. control group 
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Figure 3. 39: Cholesterol level at 10-day exposure 
***p<0.001vs. control group 
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Figure 3. 40: Levels of HDL after 10 days administration of compounds 1-10 
*p<0.05, **p<0.01, and***p<0.001 and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. 

Control group 
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Figure 3. 41: ALT concentrations at day-10 of the exposure to the synthesized compounds 
##p<0.001 significant increase vs. Control group 
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Data in the table 3.13 is presented graphically in Figure 3.42-3.46; after 20 days of 

exposure to the synthesized compounds the different biochemical parameters behaved as 

described under. Glucose level was noted to be decease at all dose rates by compound 4, 7, 8, 9 

and 10; whereas, compound 1, 2, 3, 5 and 6 exerted no significant effect at any dose. TG levels 

as can be seen, are significant decreased (p<0.001) at higher doses by compound 4, 7, and 9; 

other compounds had no significant effect on its concentration. Cholesterol level at day 20 was 

significantly (p<0.001) increased by compound 1, 2, 3, 5 and 8 at all doses and decreased by 

compound 4, 7 and 9 at all doses and by compound 10 at 0.5 mg/kg body weight. ALT levels 

were increased (p<0.001) by compound 1, 2, 3, 5, 6 and 8 at all doses; no significant change 

was seen for compound 4, 7, 9 and 10 at any dose.   
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Table 3. 3: Effect of synthesized compounds on serum biochemical parameters in Swiss albino 
mice after 20 days of exposure. 
Compounds Sub- 

Groups 

Glucose 

(mg/dL) 

Triglyceride 

(mg/dL) 

Cholesterol 

(mg/dL) 

HDL (mg/dL) ALT (µ/L) 

1 1A 83.71±2.32 117.9±1.87 87.02±1.88## 44±1.31* 56.5±1.64### 

1B 83.38±2.96 116.6±2.72 92.98±2.97### 43±2.427*** 59.2±1.68### 

1C 82.85±5.82 116.3±1.19 96.2±1.924### 40.18±1.86*** 60.82±1.43### 

2 2A 84.23±1.97 118±1.77 93.06±2.41### 42.8±2.27*** 59.22±1.37### 

2B 82.03±1.48 119.86±1.61 97.49±2.35### 42.4±3.71*** 64.22±3.24### 

2C 83.93±2.01 119.6±2.48 103.6±3.91### 40.71±2.63*** 69.58±2.04### 

3 3A 81.63±4.45 113.9±2.62 97.19±4.05### 47.99±2.79 55.27±1.92## 

3B 82.96±2.01 112.6±1.17 92.23±3.01### 45.84±1.49 59.34±1.62### 

3C 83.33±1.28 111.5±4.27 96.82±2.35### 42.78±3.06*** 58±1.81### 

4 4A 76.77±2.13*** 106.5±2.49 72.87±2.18*** 52±2.48### 47.64±2.17 

4B 74.46±1.58*** 101.5±1.73*** 70.94±1.67*** 56±3.63### 49.73±2.36 

4C 71.53±1.67*** 97.25±2.07*** 71.83±2.18*** 59±1.57### 48.73±1.18 

5 5A 84.48±2.13 114.2±2.14 88.14±1.91### 44±1.46* 52.55±1.66 

5B 82.71±1.19 113±1.51 92±2.915### 43.72±2.34* 65.71±2.15### 

5C 82.6±2.48 115.7±3.51 94±1.581### 43±1.58*** 63.93±1.24### 

6 6A 88.71±3.21 114.9±2.37 91.02±2.12### 42.71±2.91*** 58.51±3.44### 

6B 87.18±3.11 114.6±1.91 95.98±2.19### 41.02±1.55*** 60.82±2.81### 

6C 87.8±2.86 114.3±2.21 99.29±2.62### 39.44±1.56*** 63.22±2.13### 

7 7A 75.23±3.54*** 107±4.627 71.16±1.71*** 50.76±2.21# 50.07±3.17 

7B 73.03±2.85*** 104.01±2.32*** 68.33±1.32*** 52.54±4.05## 51.29±3.48 

7C 71.03±2.13*** 101.63±3.09*** 66.26±2.58*** 54.14±2.92### 50.18±1.76 

8 8A 78.71±1.78*** 111±2.73 89.54±4.43### 43.91±1.87* 54.71±2.32## 

8B 77.13±1.97*** 110±1.09 92±2.731### 43.±2.72*** 55.34±2.72## 

8C 79.39±2.75*** 109.56±1.87 95±2.18### 41.16±1.93*** 58±2.78### 

9 9A 80.27±3.21** 106.5±4.12 74.73±4.04*** 57.42±3.03### 49.14±3.54 

9B 78.36±3.11*** 105.5±3.42*** 75.22±3.57*** 57.82±1.86### 52.12±3.66 

9C 77.44±2.16*** 104.1±2.141*** 74.83±4.78*** 58.47±2.16### 53.21±1.98 

10 10A 82.48±4.4 112.2±1.23 77.59±3.28*** 51±3.61# 52.44±2.34 

10B 80.91±3.12** 110±2.46 80.21±3.12** 52.12±1.69# 47±2.29 

10C 79.25±2.11*** 107.27±2.58 85.82±3.112 51±2.51# 51.89±1.71 

Control 84.6±2.074 113.6±3.05 84.62±1.81 47.6±2.73 48.92±4.29 

 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body 

weight; B, 1 mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas, *p<0.05, **p<0.01, 

and***p<0.001 and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. Control group.HDL: high 

density lipoprotein, ALT: alanine amino transferase. 
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Figure 3. 42: Blood glucose level after 20 days of exposure to the test compounds 
***p<0.001 significant decrease vs. control group 
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Figure 3. 43: Blood TG levels after 20 days of exposure to the test compounds 
***p<0.001 significant decrease vs. control group 
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Figure 3. 44: Changes in level of cholesterol at 20-days dose administration 
*p<0.05, **p<0.01, and***p<0.001 and #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. 

Control group 
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Figure 3. 45: Effect on the concentrations of HDL at 20-days exposure 
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Figure 3. 46: Levels of ALT at 20 days exposure rate 
##p<0.01, and ##p<0.001 significant increase vs. Control group 
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Table 3.14 illustrates effects on biochemical parameters at day 30 and the data has been 

expressed graphically in Figure 3.47-3.51. From the table we can see that blood glucose level 

after 30 days of dose administration was significantly (p<0.001) reduced by compound 2, 7 

and 9 at all dose rates and by compound 10 at dose rates of 1.0 and 1.5 mg/kg body weight; 

however, compound 2 increased the level significantly (p<0.001) at its higher doses; other 

compound did not have any significant effect. A significant (p<0.001) increase in TG levels 

was observed at all dose rates after 30 days of exposure rate by compound 2, 6 and at higher 

doses by compound 1, 3 and 8; a significant decrease (p<0.001) in TG levels was caused by 

compound 4, 7 and 9 at all doses and by compound 10 at 0.5 and 1.5 mg/kg body weight. 

Cholesterol level was increased (p<0.001) at all doses by compound 1, 2, 3, 5, 6 and 8; and 

compound 4, 7, 9 at all dose rates significantly (p<0.001) decreased its level whereas 

compound 10 at 0.5 mg/kg body weight decreased (p<0.05) cholesterol level and significantly 

(p<0.05) increased its level at 1.5 mg/kg body weight. HDL level was decreased (p<0.001) by 

compound 1, 2, 3, 5 and 8; while it was significantly increased (p<0.001) by compound 4, 7, 9 

at all doses and by compound 10 at lower doses. ALT level was significantly increased 

(p<0.001) by compound 1, 2, 3, 5, 6 and 8 at all dose rates and by compound 10 at 1.5 mg/kg 

body weight. 
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Table 3. 14: Effect of synthesized compounds on serum biochemical parameters in Swiss 
albino mice after 30 days of exposure 
Compounds Sub- 

Groups 

Glucose 

(mg/dL) 

Triglyceride 

(mg/dL) 

Cholesterol 

(mg/dL) 

HDL (mg/dL) ALT (µ/L) 

1 1A 86.43±1.69 115.7±2.34 95.26±1.86### 40.23±2.21*** 62±1.81### 

1B 85.6±2.04 117±1.61### 99±1.58### 38.16±3.61*** 71.14±2.79### 

1C 87.4±2.15 119±2.56### 106.8±1.43### 38.79±1.68*** 77.4±4.87### 

2 2A 85.65±1.12 118.1±1.39### 103.12±1.69### 37.53±3.17*** 65.82±2.22### 

2B 87.43±3.41 118.4±4.36### 108.04±3.36### 35.27±1.77*** 71±3.162### 

2C 89±2.91 121.4±2.48### 110.08±2.76### 35.05±1.86*** 81.6±2.702### 

3 3A 84.43±2.23 115.9±3.94 97±1.81### 39.1±1.44*** 61.42±1.26### 

3B 86.75±2.26 117.8±1.37### 101±1.47### 36.31±1.81*** 59.73±1.97### 

3C 86.91±1.53 119.7±1.19### 105.2±1.94### 35.6±1.17*** 68.2±2.58### 

4 4A 73.52±2.96*** 106.1±2.41*** 77.08±2.41*** 51.10±1.43### 48.65±1.49 

4B 70.2±1.94*** 97.14±2.29*** 74.49±2.19*** 54.70±1.51### 50.14±2.79 

4C 69.8±3.78*** 92.2±3.24*** 73.6±2.48*** 57.20±0.87### 48±2.91 

5 5A 83.34±1.95 115.3±1.74 96.25±1.86### 37.78±2.45*** 62.26±1.83### 

5B 84.6±2.48 117.7±4.19### 98.15±2.13### 38.07±2.17*** 63.4±1.17### 

5C 85.84±3.07 119±3.06### 102.34±1.68### 38.86±1.73*** 69.45±1.88### 

6 6A 88.13±3.65 119.3±2.61### 105±2.44### 36.10±3.15*** 71±2.87### 

6B 91.61±2.94## 121±3.15### 105±4.09### 34.80±1.17*** 75±2.12### 

6C 90.53±1.57## 120±2.19### 111±3.14### 33±1.25*** 82±3.32### 

7 7A 71±2.62*** 104±2.26*** 77±1.29*** 52.64±4.2### 48±4.22 

7B 67±1.36*** 90.64±2.08*** 74±2.1*** 52.77±3.21### 48±1.69 

7C 64.86±4.15*** 89.81±3.07*** 71±1.71*** 54.64±1.78 53±1.12 

8 8A 86.34±2.16 114±2.71 96±3.31 38.64±2.25*** 60±5.08### 

8B 85.72±5.2 116±2.11 96±2.91 37.77±1.34*** 57±1.34### 

8C 85.15±3.71 118±1.67### 105.2±2.84 36.74±1.67*** 57±2.64### 

9 9A 76.01±3.63*** 101±1.83*** 75±2.07*** 51.63±1.72### 51±1.12 

9B 73.2±1.51*** 96±2.31*** 71±1.719*** 53.67±1.85### 50±4.18 

9C 71±1.91*** 94±1.83*** 70±2.18*** 54.03±2.19### 52±2.79 

10 10A 80±2.19*** 110±4.11*** 79±2.14* 51.78±3.41### 50±2.48 

10B 78±1.78*** 109±2.16*** 86±1.26 52.37±4.19### 53±3.38 

10C 84.11±2.16* 115±1.51 92±2.48### 43.60±2.86 59±2.95### 

Control 87.2±2.49 110.4±2.68 82.6±3.78 45.4±1.63 49.2±2.87 

 

Data is expressed as mean ± SD of n=6. Numbers 1-10 represent compound 1-10, A, 0.5mg/kg body 

weight; B, 1 mg/kg body weight; C, 1.5 mg/kg body weight. Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. Whereas, *p<0.05, **p<0.01, 

and***p<0.001 significant decrease and  #p<0.05, ##p<0.01, and ##p<0.001 significant increase vs. Control 

group. HDL: high density lipoprotein, ALT: alanine amino transferase. 
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Figure 3. 47: Effect of compound (1-10) on the levels of blood glucose after 30 days of dose 
administration 

***p<0.001 significant decrease ##p<0.001 significant increase vs. Control group 

 



CHAPTER 03   RESULTS 

126 

 

Figure 3. 48: Effect on the level of triglyceride at 30 days dose exposure 
***p<0.001 significant decrease ##p<0.001 significant increase vs. Control group 
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Figure 3. 49: Cholesterol levels at day 30 
***p<0.001 significant decrease ##p<0.001 significant increase vs. Control group 
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Figure 3. 50: Levels of HDL at day 30 
***p<0.001 significant decrease ##p<0.001 significant increase vs. Control group 
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Figure 3. 51: Effect of 30 days administration of the compounds on ALT levels 

##p<0.001 significant increase vs. Control group 
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3.4.3 Effect on liver histology 

Figure 3.52 shows the effect of the compounds on histology of the mice liver after 21 

days of oral administration. Compound 1 at 0.5 mg/kg body weight of mice caused a very mild 

inflammation mostly a normal hepatic texture can be seen (slide 1A), at 1 mg/kg body weight 

of mice, a lesser degree of inflammation is seen (slide 1B), necrosis and inflammation can be 

seen (slide 1C) at 1.5 mg/kg body weight of mice. Compound 2 in all slides (2A, 2B, 2C) 

shows inflammation, necrosis, swelling, and vacuolization of hepatocytes at all doses the 

intensity of which increases with an increase in dose. Compound 3 shows a lesser degree of 

inflammation at dose 0.5 and 1.0 mg/kg body weight of mice (slide 3A and 3B) but at 1.5 

mg/kg body weight of mice it has caused a much higher degree of inflammation and also 

necrosis (slide 3C). Normal hepatocyte and parenchyma can be seen for compound 4 at 0.5 and 

1.5 mg/kg body weight of mice (slide 4A) and a very mild inflammation but a large portion of 

normal cells were seen at 1.5 mg/kg body weight of mice. Compound 5 shows mild 

inflammation but mostly normal hepatocytes at 0.5 mg/kg body weight of mice (slide 5A), a 

certain degree of necrosis and inflammation at 1.0 mg/kg body weight of mice (slide 5B) and a 

higher degree of necrosis, inflammation and hepatocyte swelling at 1.5 mg/kg body weight of 

mice. Compound 6 and 8 caused inflammation, necrosis and vacuolation at all doses as can be 

seen in slide 6A, 6B and 6C, and 8A, 8B, and 8C; compound 7 and 9 had no effect on any dose 

rate as shown in the slides 7A, 7B, 7C, 9A, 9B, and 9C. Compound 10 (10A, 10B, 10C) had 

almost no effect at lower dose but fatty changes and a slight inflammation at higher doses.  

Histology studies indicate liver tissue damage in case of compound 2 and 3 at all doses 

and compound 5 and 1 at higher doses, compound 4 showed no or less damage to the tissue. 

Findings of these three studies suggest that compound 2 is most toxic of them all, the toxicity 
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is highest at 1.5 mg/kg body weight of mice and 21 days, followed by compound 3 which is 

also highly toxic. Compound 5 showed moderate toxicity, compound 1 had mildly toxic 

effects.  
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Figure 3. 52: Effect of the synthesized compounds on liver histology 
 

Control 
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3.4.4 Antidiabetic activities  

Blood glucose level, lipid profile and body weights assessed during the study are given 

in following tables. 

3.4.4.1  Effect of the four safe compounds on the concentration of blood glucose in STZ-

induced diabetic mice  

Table 3.15 (graphically present in Figure 3.53-3.58) demonstrates how the blood glucose 

level has affected by the four safe compounds measured at different intervals in the total 28 

days of exposure as compared to that of STZ induced diabetic mice (STZ-DC) and those STZ-

induced diabetic mice treated with Glibenclamide (STZ-GM). The STZ-DC mice that were 

neither treated with Glibenclamide nor with any test compound showed the highest significant 

(p<0.001) increase in glucose level at all durations of exposure compared to that of normal 

control non-diabetic mice (NC); STZ-induced mice that were also given Glibenclamide (STZ-

GM) showed a significant increase in blood glucose as compared to that in the NC group but 

there blood glucose was also significantly (p<0.001) low as compared to that of STZ-DC at all 

exposure durations; Likewise; all other groups showed a significant increase in glucose level 

compared to that of normal control but also a significant decrease in its level compared with 

STZ-induced diabetic control group. The highest decrease in blood glucose level was observed 

at day 28 for all the groups, out of all groups, STZ-S3B (STZ-induced diabetic mice treated 

with second safe compound i.e., compound 7) had the highest decrease in glucose level with 

concentration of 108.56±4.15 which is very close to the 102.3 ± 3.73 of Glibenclamide 

medicated group followed by STZ-S2B group (STZ-induced diabetic mice treated with third 

safe compound i.e., compound 9) with blood glucose concentration of 118.58±2.87. S1also had 

a very good decreasing effect followed by S4 having the least hypoglycemic activity of all the 
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4 safe compounds but still it had significantly (p<0.001) decreased blood glucose level 

compared to that of STZ-induced diabetic group at all rates of dose and exposure.  

Table 3. 15: Effect on the level of blood glucose measured at different days of the experiment 
after treatment with the four safe compounds 
Group

s 

CONCENTRATION OF BLOOD GLUCOSE (mg/dL) 

 1ST DAY 3RD DAY 8TH DAY 14TH DAY 21ST DAY 28TH DAY 

NC 85.28± 3.46 76.69±4.43 83.17±2.83 95.36±2.32 88.2±3.76 91.57±1.82 

STZ-

DC 

321.61± 

4.77*** 

412.61±3.81*** 456.39±3.72*** 484.65±2.19*** 493.42±4.51*** 512.28±3.32*** 

STZ-

GM 

223.8±2.54***##

# 

213.31±3.58***

### 

170.3 ± 

3.14***### 

173.5 ± 

4.55***### 

135.2 ± 

2.18***### 

102.3 ± 

3.73***### 

STZ-

S1A 

288.16±2.85***

### 

263.88±2.34***

### 

242.21±4.32***

### 

224.06±2.57***

### 

203.91±4.44***

### 

162.29±4.16***

### 

STZ-

S1B 

265.63±2.41***

### 

243.26±3.52***

### 

218.03±3.14***

### 

188.43±3.61***

### 

175.63±3.25***

### 

131.13±3.87***

### 

STZ-

S2A 

238.44±4.92***

### 

229.12±3.82***

### 

202.36±2.66***

### 

185.38±4.28***

### 

151.11±4.21***

### 

121.75±3.74***

### 

STZ-

S2B 

224.35±3.42***

### 

202.32±1.39***

### 

180.18±1.58***

### 

165.19±3.24***

### 

129.41±2.82***

### 

108.56±4.15***

### 

STZ-

S3A 

260.42±1.36***

### 

252.66±3.34***

### 

229.31±2.19***

### 

194.33±4.31***

### 

163.78±1.06***

### 

137.54±2.18 

STZ-

S3B 

243.51±2.28***

### 

235.19±2.83***

### 

211.29±2.25***

### 

179.92±3.13***

### 

149.48±1.32***

### 

118.58±2.87***

### 

STZ-

S4A 

318.43±3.22***

## 

410.62±3.81*** 451.48±1.97***

## 

479.87±2.65***

## 

468.21±1.65***

### 

489.81±1.21***

### 

STZ-

S4B 

312.76±4.15***

### 

402.12±1.32***

### 

431.44±1.93***

### 

465.22±1.78***

### 

447.26±3.22***

### 

472.63±3.23***

### 

Normal control (NC), Streptozotocin induced diabetic control (STZ-D), Streptozotocin induced diabetic 

mice treated with Glibenclamide (STZ-GM), Streptozotocin induced diabetic treated with first, second, third and 

fourth safe compound respectively (STZ-S1), (STZ-S2), (STZ-S3) and (STZ-S4), A (0.8mg/Kg BWT) B (1.6mg/Kg 

BWT). 

Data is expressed as means ± standard deviation (SD) of n=6.Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Tukey’s post-hoc test. Whereas, *p<0.05, **p<0.01, and***p<0.001vs. NC group; 

##p<0.001 and ###p<0.0001 vs. STZ-treated diabetic group, respectively. 
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Figure 3. 53: Blood glucose concentration of the mice at first day after treatment with the four 

safe compounds 
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Figure 3. 54: Blood glucose of the mice at 3rd day of the study 
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Figure 3. 55: Glucose concentration after 8 days of the study 
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Figure 3. 56: Blood glucose level of the mice in the different groups at 14th day 
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Figure 3. 57: Levels of blood glucose after 21 days of exposure to the test compounds 
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Figure 3. 58: Effect on blood glucose level of the mice in different groups at 28th day of the 
study 
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3.4.4.2  Effect on the lipid profile of mice 

Table 3.16, graphically presented in Figure 3.58, displays the effect of the test 

compounds on the serum lipid profile. There was a significant (p<0.001) decrease in HDL-

cholesterol and significant increase (p<0.001) in LDL-cholesterol and TG levels in STZ-

diabetic control group as compared to that of control group; a significant increase (p<0.001)  in 

HDL-cholesterol and a significant decrease in LDL-cholesterol and TG levels as compared to 

that of diabetic control group (STZ-DC) was observed for STZ-GM, STZ-S1 and STZ-S2 and 

STZ-S3 group, same pattern was observed for STZ-4 group but with the difference that the TG 

levels were significantly (p<0.001)  different from that of normal control group too along with 

having significant (p<0.001) difference from STZ-GM.  

Table 3. 16: Effect on lipid profile of the diabetes induced mice  

Groups HDL-cholesterol 

(mg/dl) 

LDL-cholesterol 

(mg/dl) 

TG (mg/dl) 

NC 44.2 ± 4.6 86.3 ± 3.8 113.6 ± 4.6 

STZ-DC 36.4 ± 3.1*** 118.5± 4.7*** 152.6 ± 2.6*** 

STZ-GM 45.4 ± 3.6### 89.2 ± 3.9### 117.4 ± 4.1### 

STZ-S1 42.6±4.4### 97.6±3.8**### 121±1.7*### 

STZ-S2 46.1 ± 3.1### 91.3 ± 4.5*### 117.7 ± 3.9### 

STZ-S3 43.2±3.6### 94.8±3.5### 119±2.9### 

STZ-S4 40.5±3.3### 106.2±4.3### 127±4.8***### 

Normal control (NC), Streptozotocin induced diabetic control (STZ-D), Streptozotocin induced diabetic mice 

treated with Glibenclamide (STZ-GM), Streptozotocin induced diabetic treated with first, second, third and fourth 

safe compound respectively (STZ-S1), (STZ-S2), (STZ-S3) and (STZ-S4), A (0.8mg/Kg BWT) B (1.6mg/Kg BWT). 

Data is expressed as means ± standard deviation (SD) of n=6.Significant difference was measured using one-way analysis of 

variance (ANOVA) followed by Tukey’s post-hoc test. Whereas, *p<0.05, **p<0.01, and***p<0.001vs. NC group; ##p<0.001 

and ###p<0.0001 vs. STZ-treated diabetic group, respectively. 
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Figure 3. 59: Lipid profile in different diabetes induced mice groups compared to that of 
control group 
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3.4.4.3  Effect on the body weights of the mice 

Initial and final body weights of mice the different group were measured, the data is 

presented in table 4.16 and its graphical illustration is in figure 4.16. diabetic control mice 

showed a significant decrease in body weight as compared to that of mice in control group and 

their initial body weight; a significant difference (p<0.001) as compared to diabetic control 

group and no significant different (p<0.001) as compared to normal control group and to their 

initial body weights was recorded for all other groups. 

Table 3. 5: Difference between initial and final weights of the mice in different groups 

Groups NC STZ-DC STZ-GM STZ-S1 STZ-S2 STZ-S3 STZ-S4 

INITIAL 

BWT 

(DAY 1ST) 

30.6±4.2 30.5± 1.4 30.4± 2.6 30.7± 3.6 32.0± 3.4 30.5± 2.1 30.6± 1.7 

FINAL 

BWT 

(DAY 

28TH) 

35.8±2.1 26.1± 

1.8*** 

34.9 

±1.4### 

34.6 

±2.4### 

33.2 

±1.2### 

33.8 

±2.6### 

32.1± 

3.7*### 

Normal control (NC), Streptozotocin induced diabetic control (STZ-D), Streptozotocin induced diabetic 

mice treated with Glibenclamide (STZ-GM), Streptozotocin induced diabetic treated with first, second, third and 

fourth safe compound respectively (STZ-S1), (STZ-S2), (STZ-S3) and (STZ-S4), A (0.8mg/Kg BWT) B (1.6mg/Kg 

BWT). 

Data is expressed as means ± standard deviation (SD) of n=6.Significant difference was measured using one-way 

analysis of variance (ANOVA) followed by Tukey’s post-hoc test. Whereas, *p<0.05, **p<0.01, and***p<0.001vs. NC group; 

##p<0.001 and ###p<0.0001 vs. STZ-treated diabetic group, respectively. 
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Figure 3. 60: Initial and final body weight of the mice 
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4. Discussion 

4.1 Thioureas synthesis and their importance 

Thioureas are one of those classes of organic compounds that are being extensively 

researched because of their active role in medicinal chemistry; new thiourea derivatives are 

constantly being synthesized, derivatized and tested for their potential medicinal activities. In 

the current study, various symmetrical and unsymmetrical thiourea derivatives were 

synthesized. In the first phase, five symmetrical thiourea compounds (1-5) were synthesized 

using their respective amines through a simpler, economical and non-hazardous method; these 

were then evaluated for their biological activities in vitro and after having good results a next 

batch of five thiourea derivatives (6-10) were synthesized. Out of the five compounds 

synthesized in the second batch, the compounds 6-8 were derived from 2-picolylamine 

nucleus. 

Alkaloids are basic organic nitrogen containing naturally occurring complex compounds 

having poly-and heterocyclic structure that are primarily derived from amines; most frequently 

tertiary amines are present in their structures. They have remarkable physiological effects and 

have been extensively used therapeutically as antimicrobials, stimulants, analgesics and topical 

anesthetics; but except caffeine all of the alkaloids discovered and used so far are considered to 

be potentially toxic [115]. Therefore, extensive efforts have been employed by researchers to 

make synthetic analogues of the alkaloids possessing therapeutic potential so as the desired 

therapeutic results may be obtained with the lesser probability of side effects and toxicity. In 

the current study 2-picolylamine was taken as simplest analogue of the alkaloids, it has 

secondary and tertiary nitrogen function in its cyclic structure like that of alkaloids and can be 

derivatized further to more complex desired derivatives.  
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Figure 4. 1: structure of 2-picolylamine 
A simple symmetrical thiourea derivative (compound 7) was synthesized from 2-

picolylamine, and also 2-picolylamine was derivatized to its dibenzyl derivative (precursor P) 

which was further used to synthesize a symmetrical (compound 6) and an unsymmetrical 

thiourea derivative (compound 8) following respective standard protocols. Compound 9 and 10 

were also synthesized using their respective amines through the method used for synthesis of 

compounds 1-5. The idea behind the synthesis of different and a variety of thiourea derivatives 

was based on the fact that despite of having the same basic thiourea nucleus, different thioureas 

have quite different and versatile physiological and pharmacological effects. The 

polypharmacology of thioureas is thus the reason behind the synthesis of a variety of thioureas 

in the current study to get thioureas with different kind of properties and hence to increase the 

probability of determining potential therapeutic and physiological effects that can possibly be 

exerted by any of the test compounds. 

4.2  Inhibition of cholinesterase 

Alzheimer’s disease is a devastating neurodegenerative disorder where due to cellular 

reactions, there is a diminished level of cellular neurotransmitter acetylcholine (Ach). The only 

treatment available so far is to reserve the level of residual acetylcholine by preventing its 

hydrolysis by the cholinesterase. Normally in cell, acetylcholinesterase (AchE) is responsible 

for hydrolysis of acetylcholine and termination of nerve impulse; but when there is diminished 

activity of AChE for example, due to exposure to AChE inhibitors, butyryl cholinesterase 
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(BChE) become active and start to hydrolyze Ach in place of AChE. So, a much needed and 

advanced strategy is the use of such therapeutics that can inhibit the activity of the both AChE 

and BChE. 

 Galantamine is an alkaloid which is extracted from several species of genus Galanthus 

from family Amaryllidaceae and is used in the treatment of Alzheimer’s disease because of 

having an excellent anticholinesterase potential. It eases symptoms of the disease by inhibit 

AChE on one hand and enhancing the receiving capability of its nicotinic receptors on the 

other hand making it an excellent medication so far available for the treatment of Alzheimer’s 

disease. 

Galantamine is used in research as reference standard with which the inhibitory potential 

of substance under test is compared providing a good picture that the substance is good enough 

to be used in the treatment of Alzheimer’s disease or not. Moreover, certain reported side 

effects of Galantamine for example bradycardia, mild cognitive impairment and 

gastrointestinal problems suggest that there is a need to find out a safer anticholinesterase 

having no or less side effects. 

A number of thioureas derivatives have shown in literature to be very good inhibitors of 

acetylcholinesterase and butyryl cholinesterase enzymes, thus having therapeutic value in 

treatment of Alzheimer’s disease. In the light of so many examples from literature, the 

synthesized thiourea compounds were tested in vitro for their cholinesterase potential and 

almost all were found to be having anticholinesterase potential at one level or the other.  

As can be seen in section 3.2., all the compounds showed a significant degree of 

inhibition against the cholinesterase, highest inhibition was shown by compound 8 and then 7 

followed by compound 1 and 3. Against BChE, the highest inhibition as shown by compound 8 
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and then 7 followed by a very good inhibition by compound 1, 3 and 10. All other compounds 

also showed good to a moderate level of inhibition; the inhibition patterns of both 

cholinesterase when compared, shows that the compounds under study in general, are more 

active against BChE than AChE. 

 The results suggest that the compounds may prove more helpful if used in combination 

with the traditional medications that are effective only against AChE and not against BChE for 

increasing the effectiveness and durability of their therapeutic results. As stated earlier, AChE 

inhibitors alone cannot effectively treat AD because the BChE present in the cells starts 

hydrolyzing ACh in the absence of AChE sooner or later after its inhibition by therapeutic 

inhibitors so, a combination therapy involving inhibition of both cholinesterase is a much 

necessary and fruitful approach. 

4.3  In vitro antidiabetic activities 

Chronic hyperglycemia in Type-2 diabetes mellitus can be controlled by various 

approaches other than taking insulin. One of such approaches is the inhibition of enzymes 

involving in carbohydrate metabolism to delay the release of glucose in blood thereby 

managing the hyperglycemia.  

Alpha-glucosidase and alpha-amylase are hydrolases enzymes that are responsible for 

hydrolysis of oligo-and disaccharides of glucose to release free glucose in blood. This makes 

them a favorite target to be inhibited for the treatment of hyperglycemia; likewise, glucose-6-

phosphatase is also an important enzyme responsible for releasing glucose in two main glucose 

producing pathways in carbohydrate metabolism viz., gluconeogenesis and glycogenolysis; it 

does so by hydrolyzing glucose-6-phosphate to free glucose thereby increasing blood glucose 

level. Morever, the activity of the enzyme is high than normal in patients with type-2 diabetes; 
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inhibition of the enzyme can thus delay the release of free glucose in blood thereby lowering 

hyperglycemia. 

As discussed earlier, various derivatives of thiourea have been reported to have alpha-

amylase and alpha-glucosidase inhibiting capability; the literature work suggests that some 

more thioureas should be evaluated for their inhibitory capability of various enzymes involved 

in carbohydrate metabolism.  

Acarbose is a synthetic drug used in type-2 diabetes, its mechanism of action is the 

inhibition of oligosaccharide hydrolases i.e., alpha-amylase and alpha-glucosidase. While 

studying the alpha-amylase and alpha-glucosidase inhibitory potential of a substance, it is used 

as a reference standard with which the results obtained for the test substance are compared. 

4.3.1 Potential inhibition of alpha-amylase 

The results obtained for the studies of alpha-amylase inhibition (section 3.2.3) indicates 

that an excellent inhibition of the enzyme activity was observed for compound 9 and 

compound 6 followed by a good inhibition for compound 10. Other compounds also showed 

good to moderate level of inhibition. This shows that compounds have the capability of 

inhibiting the enzyme and delaying the release of glucose in blood and hence helping in 

management of post-prandial hyperglycemia in type-2 diabetic patients. 

4.3.2 Potential inhibition of alpha-glucosidase 

Alpha-glucosidase activity in general, was affected less as compared to that of alpha-

amylase. However, as shown in section 3.2.4., a comparable to standard acarbose inhibition 

was shown by compound 8 and then 7. Compound 2 and 9 showed good inhibition; whereas, 

other compounds showed moderate to a lesser extent of inhibition. Compound 8 and 7 may 
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thus be considered as antihyperglycemic, especially when used in higher doses thus having a 

significant therapeutic value in diabetic patients. 

4.3.3 Potential inhibition of glucose-6-phosphatase 

Out of all the three enzymes studied in vitro for antidiabetic studies, the best inhibition 

was shown for glucose-6-phosphatase enzyme; the activity was measured in terms of how 

much phosphate (in mg) is released when a given compound was added to the enzyme 

catalyzed reaction. As stated earlier, the enzyme catalyzes hydrolysis of glucose-6-phosphate 

to glucose and inorganic phosphate, the inorganic phosphate thus released during the reaction 

is considered as an indicator of the enzyme’s activity; a higher concentration of phosphate in 

the given reaction mixture is considered higher activity of the enzyme and hence no or lesser 

inhibition by the given compound and vice versa. Activity of the enzyme in the presence of 

each compound (1-10) shown in section 3.2.5., was compared to that of positive control in 

which no any test compound was added. The pattern of inhibition in order of decreasing 

inhibition is compound 10>2>4>7>9>5>3>1>8>6; although the lowest inhibition was shown 

by compound 6, but still the activity of the enzyme (in terms of phosphate released) in case of 

compound 6 that is 21.20 (at concentration of 1000 mg/ml) is much lower than that recorded 

for control i.e., 72.0. Furthermore, the inhibitory pattern seemed to be competitive as the 

activity of the enzyme significantly declines with increasing the concentration of the 

compound under study. So far, the glucose-6-phosphatase inhibitory potential of neither the 

synthesized compounds nor any derivative of the thioureas has been studied by any researcher 

and is therefore innovative. 
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Inhibitory studies of the synthesized compound for the three enzymes reveal that all the 

compounds in general have an excellent glucose-6-phosphatase inhibitory potential, good 

alpha-amylase inhibitory potential and a moderate anti-alpha-glucosidase activity. The potent 

inhibitor/s for each of the three enzymes can be used alone for the treatment of hyperglycemia 

in type-2 diabetes or the best inhibitor/s of each of the three enzymes can be combinedly used 

to obtain best cumulative therapeutic results. But before using any of the compounds for the 

treatment, in vivo toxicity study is compulsory to establish its safety. 

4.4  Antioxidant activities 

Free radicals (atom/s having one or more than one unpaired e-) and reactive oxygen 

species are by products of normal metabolic reactions, these are constantly produced but also 

neutralized by body’s natural antioxidant mechanism. If the antioxidant mechanism fails due to 

any reason or if the load of these oxidized species is increased in the body because of a 

physiological reason or disease, this may pose a threat to normal functioning of cells and their 

structures. Antioxidants are thus necessary for protection and normal functioning of cells and 

tissues. Antioxidant in type-1 diabetes where the beta cells of islets of Langerhans have been 

damaged, these can protect these cells and prevent their further damage caused by free radicals.  

Ascorbic acid (vit C) act as reducing agent and hence considered as naturally occurring 

antioxidant and free radical scavenger, because of its remarkable antioxidant capacity, being 

natural and easily available, it is a good choice to be used in antioxidant assays in antioxidant 

assays intended for drug designing. Results from antioxidant assays as shown in section 3.2.6., 

and 3.2.7., that compound 1 and 4 has the highest antioxidant potential whereas compound 9, 

10 and 7 also exhibited excellent antioxidant activity; the other compounds also displayed 
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good to moderate antioxidant potential. The compounds, in general may be considered as good 

antioxidants especially if used in combo with naturally occurring antioxidants to have 

beneficial results in conditions where tissue protection is direly required for example, these 

may prove helpful in case of diabetes mellitus where the β-cells in the islets of Langerhans 

should be protected from further damage due to oxidative stress and autoimmune reaction 

[116]. 

4.5  Antibacterial activities 

Antibacterial studies are need of the era since there is increasing antibiotic resistance, the 

current trend is to explore non-antibiotic antibacterial drugs. The synthesized compounds were 

thus also tested for their antibacterial capabilities against three strains of bacteria 

Agrobacterium tumefacien, Proteus vulgaris, Staphylococcus aureus. The results (as presented 

in section 3.2.8.,) show that against Agrobacterium tumefacien compound 6,7 and 1 were most 

potent antibacterial agents; against Proteus vulgaris compound 1,2 and 3 were found to be 

highly active and against Staphylococcus aureus most potent growth inhibition was shown by 

compound 2. However, the antibacterial potential of the compounds is not that much 

significant and a considerably higher quantity is required for the desired effects, thus can’t be 

considered as a good choice for treatment of bacterial infection/disease. 

4.6  In vivo studies 

4.6.1 In vivo glucose-6-phosphatase inhibition 

Keeping in view the outstanding inhibition of glucose-6-phosphatase by all the test 

compounds in the in vitro inhibition studies, an in vivo inhibitory study of the enzyme was 

carried out to cross check the efficacy of the compounds against the enzyme in vivo. In vivo 
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results supported the in vitro results and the enzyme activity was shown to be repressed by the 

compounds in the 21 days study. Compound 7 showed the highest inhibition followed by 

compound 3, 4 and 9 respectively, proving the compounds to be effective antihyperglycemic 

agents in live animals and hence very good candidates to be used as antidiabetic drugs.  

4.6.2 In vivo toxicity 

Toxicity studies demonstrates the effect/s of substance under study in experimental 

animals and to confirm the safety of the test substance in live animals. Once the synthesized 

compounds were proven to be possessing good biological activities, they were tested for their 

potential toxicity in mice. The studies were carried out by assessing different parameters like 

hematology, serum biochemistry and histology of the test animals.  

4.6.2.1 Effect of the compounds on hematological parameters  

Section 3.3.2.1, describes the hematological parameters in the presence of the test 

compounds at different doses and duration of exposure. All the compounds were found to be 

having no effect on red blood cell parameters (PCV, RBC count and Hb) and white blood 

parameters when measured after 10 days but platelet count was found to be significantly 

increased at almost all dose rates for compound 1, 2, 3, and 5 and decreased in case of 

compound 6 and 8, this indicate that although other parameters were unaffected but still an 

underlying infection or inflammation may be suspected due to deranged platelet concentration. 

The compounds were given to the mice for a further period of 10 days (i.e., a total 20 days 

exposure) and their blood parameters measured; the results revealed that this time significant 

decrease in PCV and hemoglobin has been caused by compound 1, 2, 3, 5, 6, and 8 and out of 

these, increase in platelet count was recorded for compound 1, 3 and 5 and a decrease in its 
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count was detected for compound 6 and 8; compound 2 and 6 have much drastic effects on the 

levels than the others. Total leukocyte count was affected only by compound 2 at higher doses; 

whereas, differential count when determined, revealed that only compound 5 had significantly 

increased the levels of monocytes. All the significant effects were found to be more 

exaggerated at higher doses; the effects confirm that at an increased exposure duration, the 

compounds 1, 2, 3, 5, 6, and 8 may cause inflammation, anemia, hemolysis and significant 

damage to red blood cells parameters and platelets.  Compound 4, 7, 9 and 10 had no effect on 

any parameters at any dose rate after 20 days of exposure making them safe for at least 20-days 

administration duration. After a further 10 days and a total of 30 days exposure to the 

compounds the parameters were assessed; red blood cell parameters were found to be 

significantly decreased especially at higher doses for compound 1, 2, 3, 5, 6 and 8; total 

leukocytes were increased in case of compound 2 and monocytes were higher than normal in 

case of compound 5; compound 10 only at highest dose increased platelet count and decreased 

PCV. The effects suggest n higher degree of inflammation that have caused hemolysis and 

anemia generally in all the mentioned compounds (1,2,3,5,6,8) and an increased immune 

response in case of compound 2 and 5 and a lesser level of inflammation for compound 10 

only at the highest dose rate. Compounds 4, 7 and 9 were found to have caused no change in 

levels of any of the parameters at any dose rate.  

4.6.2.2 Effect on biochemical parameters 

Serum biochemical parameters as shown in section 3.3.2.2., were assessed for the 

synthesized compounds; after 10 days exposure the blood glucose was decreased at almost all 

dose rates by compound 2, 4, 7, 8, 9 and 10 while other compounds had no effect on its level; 

Triglyceride, cholesterol and HDL remain unchanged whereas, ALT was noted to be high than 
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normal in groups exposed to compound 1,2,3,5,6 and 8; the higher than normal ALT levels are 

indicative of liver inflammation or other abnormality caused  by the said compounds. After 20 

days of exposure it was noted that only compound 4, 7, 9 and 10 have decreased blood glucose, 

triglyceride and cholesterol levels and increased HDL levels which recommends their 

antihyperglycemic and antilipidemic impact. Compound 1, 2, 3, 5, 6 and 8 had no effect on 

glucose or TG levels but caused an increased cholesterol and ALT levels and decreased HDL; 

these results are indicative of their hyperlipidemic effect and an underlying inflammation. 

After 30 days of the study, blood glucose was found to be decreased in case of compound 4, 7, 

9 and 10; also, these four compounds caused a decreased TG and cholesterol level, increased 

HDL level and no significant effect on ALT levels, indicating their antihyperglycemic and 

antilipidemic effects. Compound 6 caused an increase in blood glucose level at higher level 

whereas other compounds had no effect on it. Compound 1, 2, 3, 5, 6 and 8 caused a 

significant increase in TG, cholesterol and ALT level and a significant decrease in HDL levels; 

this is indicative of their hyperlipidemic and inflammatory impact on the body. Compound 10 

was found to have increased platelet count at the highest dose after 30-days exposure.  

4.6.2.3  Histology 

The histopathology studies (described in section 3.3.2.3) reveal that for compounds 1, 2, 

3, 5, 6, and 8, a liver inflammation was spotted up to a greater or lesser extent, the 

inflammation tend to be greater at higher doses confirming that the compounds are responsible 

for causing it. Compound 2 and 6 have highly affected the liver tissues even at lower doses 

causing tissue necrosis, vacuolation and abnormal texture; furthermore, for most of the 

compounds, fatty changes in liver were also observed. Compound 10 had no significant effect 

on the liver at lower doses and exposure rates, but at higher doses and 30 days of exposure 
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duration, it has caused fatty changes and mild inflammation in the liver tissue. Compound 4, 7 

and 9 had no ill effect on the liver at any dose or period of exposure. 

The toxicity studies thus reveal that compounds 1, 2, 3, 5, 6, and 8 in general and 

compound 2 and 6 in specific, have cause deranged levels of hematological and biochemical 

parameters and have caused liver inflammation producing severe health consequences and 

rendering them quite unsafe to be used in animals. Compound 10 was found troubling only at 

the highest rate of dose and exposure (1.5mg/kg body weight and 30-days); compound 4, 7 and 

9 were found to be having no harsh effects at any rate of dose and exposure on hematology, 

biochemistry and liver histology and thus can be cautiously assumed as safe along with 

compound 10 (lower doses) to be used in animals.  

4.6.3 In vivo antidiabetic effect 

As the compounds 4, 7, 9 and 10 had already been found to have a hypoglycemic and 

antihyperlipidemic effect, so, upon confirmation that these compounds are safe enough, these 

were further used in the study; the purpose of the study was to use them in vivo in STZ-induced 

diabetic mice so as to find out that whether these could treat hyperglycemia and hyperlipidemia 

in the mice which are the main manifestations of diabetes mellitus. For convenience, the 

compounds were labelled as;  

S1 (first safe compound): Compound 4; 

S2 (second safe compound): Compound 7; 

S3 (third safe compound): Compound 9; 

S4 (fourth safe compound): Compound 10. 
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The mice were made diabetic by induction of streptozotocin (STZ); STZ is an approved 

chemotherapeutic drug to treat cancer of islet cells in the pancreas in those patients whose 

cancer is severe enough to remove by surgery. STZ destroys the islet cells by damaging their 

DNA and due to its greater toxicity risks, its use is much limited. In research, specially, 

antidiabetic studies, it is used to destroy the pancreatic cells along with insulin producing β-

cells in the islets of Langerhans thus inducing diabetes [117]. The antidiabetic potential of the 

compounds in terms of antihyperglycemic and antilipidemic abilities, was compared to 

Glibenclamide medicated diabetic control group (GM-DC) in which the mice were given the 

hypoglycemic medicine Glibenclamide (GBC). GBC is used alone or with combination of 

other antidiabetic medicines to treat type-2 diabetes mellitus; it works so by increasing the 

release of insulin from the beta cells. 

Another important indicator of diabetes is abnormal and unintentional weight loss; in the 

study changes in initial and final body weight of the mice were also measured and compared 

with normal control, diabetic control and Glibenclamide medicated diabetic group.  

4.6.3.1 Effect on blood glucose level 

Section 3.3.3.1., describes the glucose level in different groups with respect to normal 

control and diabetic control. Glucose level in general, was low with respect to STZ-induced 

diabetic control (STZ-DC) group and high with respect to normal control (NC), when 

measured at different days during the experiment and at last day of the experiment i.e., 28th 

day. However, in Glibenclamide medicated (GM-DC) group there was a greatest decrease in 

glucose level and at last day the level were almost close to the glucose levels of normal control 

group, likewise, a similar pattern was followed by S2B group where a comparable to GM-DC 
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hypoglycemic results were observed and at 28th day the levels of glucose were much lower 

than that of STZ-DC and close to NC and GM. For S3B also, a very good hypoglycemic effect 

was observed, followed by S1B and then a moderate decrease in glucose level was seen in S4B 

group. This means that out the four safe compounds S1 (compound 4), S2 (compound 7) and 

S3 (compound 9) possess an appreciable antihyperglycemic potential and either of them can be 

used alone or with combination with other antidiabetic medication for treatment of type-2 

diabetes mellitus. The hypoglycemic potential is most probably due to the inhibition of the 

activity either of all or one of the enzymes viz., alpha-glucosidase, alpha-amylase, or glucose-

6-phosphatase by the compounds. As can be seen in earlier sections, most potent inhibition 

(both in vitro and in vivo) by all the synthesized compounds is noted for gucose-6-phosphatase, 

so, it would be safe to assume that the said enzyme has been inhibited by all the three potent 

hypoglycemic compounds. 

4.6.3.2 Effect on lipid profile 

As can be seen in section 3.3.3.2., triglyceride and cholesterol levels were significantly 

decreased and HDL levels increased for GM-DC and all other groups except for S4, as 

compared to that measured on first day for each group and that measured for STZ-DC group. 

This indicates that S1, S2 and S3 possess excellent antilipidemic potential and can thus aid in 

treating this very alarming condition associated with diabetes mellitus. 

4.6.3.3 Effect on body weight 

The final body weight remained unaffected as compared to initial body weight measured 

at first day of the experiment, and the difference between the both was noted to be in normal 
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healthy range for GM-DC group and all the group treated with the four safe compounds. This 

further prove the compounds to be good potential antidiabetic drug candidates. 
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5.  Conclusion 

Owing to the immense role of thioureas in medicinal chemistry, the current study was aimed to 

synthesize different variety of thiourea derivatives and test them for their potential therapeutic 

effects. First, 10 symmetrical and unsymmetrical thioureas were synthesized and then 

subjected to various bioactive evaluations both in vitro and in vivo. The in vitro experiments 

included the assessment for potential antibacterial and antioxidant activities and the potential 

inhibition of five enzymes AChE, BChE, G-6Pase, α-glucosidase, and α-amylase-- the first two 

enzymes were selected because of their role in Alzheimer’s disease and the last three because 

of their possible role in diabetes Mellitus. The two sets of enzymes were selected to be studied 

together because type-2 diabetes is a risk factor in developing Alzheimer’s disease. 

Results of the in vitro testing revealed that for anticholinesterase all the compounds, in general, 

were found to be moderate to good inhibitors with the common trend that all were more active 

inhibitor of BChE as compared to AChE. In vitro antidiabetic findings conclude that the 

compounds are more effective inhibitors of the enzymes associated with diabetes than those 

related to AD. Glucose-6-phosphatase was inhibited the most, followed by α-amylase and then 

alpha-glucosidase. In vitro antioxidant potential determination through DPPH and ABTS tests 

discovered very good antioxidant capability of some of the 10 compounds and a lesser degree 

of the activity for the others. An average antibacterial activity was noted for all the test 

compounds against all the test bacterial strands. In vivo, glucose-6-phosphatase inhibition 

study supported the in vitro results and all the compounds were found to be having excellent 

glucose-6-phosphatase inhibition potential. The compounds were then assessed for their 

potential toxicity in experimental animals and four compounds 4, 7, 9 and 10 turned out to be 

safe for systemic use as they produced no toxicological effects on biochemical and 

hematological parameters and liver histology. The four compounds declared as safe were then 
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fed to treat diabetes in STZ-induced diabetic mice and three out of the four safe 

compounds, viz. compound 4, 7 and 9, especially compound 7 were found to have very good 

antidiabetic results. 

Thus because of their safety and excellent antidiabetic and antihyperlipidemic ability as 

confirmed by both in vivo and in vitro experiments, this can be sufficiently concluded that 

compounds 4, 7, 9 and 10 can be treated as new potential therapeutics in the treatment of 

diabetes mellitus and hyperlipidemia. 

Future recommendations 

SAR and ADME studies should be carried out to confirm the therapeutic value of the four safe 

compounds. 

In vivo studies of the compounds that were found safe and also as potent inhibitors of the 

enzymes AChE and BChE in vitro experiments. 

Enzyme kinetics studies to assess their mode of action and type of inhibition will be carried 

out. 

Further derivatization of the compounds for increasing their potency and/ safety. 
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Figure S 4.1: NMR spectrum of 1,3-bis(3,4-dichlorophenyl)thiourea (Compound 1) 
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Figure S 4.2: NMR spectrum of 1,3-bis(2,6-dimethylphenyl)thiourea (Compound 2) 
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Figure S 4.3: NMR spectrum of Diethyl 4,4-(thiocarbonylbis(azanediyl)dibenzoate 

(Compound 3) 
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Figure S 4.4: NMR spectrum of 1,3-bis(4-nitrophenyl)thiourea (Compound 4) 
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Figure S 4.5: NMR spectrum of 1,3-di-p-tolylthiourea (Compound 5) 
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Figure S 4.1: NMR spectrum of 1,3-bis(2-benzyl-3-phenyl-1-(pyridine-2-yl)propyl)thiourea 

(Compound 6) 
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Figure S 4.1: NMR spectrum of 1,3-bis(1-(pyridin-2-ylmethyl)thiourea (Compound 7) 

 

 



 

186 

 

Figure S 4.1: NMR spectrum of 1-(2-benzyl-3-phenyl-1-(pyridine-2-yl) propyl)-3-

phenylthiourea (compound 8) 
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Figure S 4.1: NMR spectrum of 1-(2,4-dimethylphenyl)-3-phenylthiourea (Compound 9) 
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Figure S 4.1: NMR spectrum of 1-(2-fluorophenyl)-3-phenylthiourea (Compound 10) 

 

 

 

 

  

  

 

 

 

 

 

 


