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ABSTRACT 
 

Pharmacokinetic studies are performed to examine the absorption, distribution, 

metabolism and excretion of a drug under investigation in healthy volunteers and/or 

patients. Data obtained from such studies are useful for the design and conduct of 

subsequent clinical trials. Such studies also provide useful information for the appropriate 

and safe conduct of clinical trials and for the evaluation of the mechanism of action in 

human subjects. They are also necessary for appropriate analysis and evaluation of the 

efficacy and safety data obtained in clinical trials for new drug development and in post-

marketing clinical trials. Outcomes of clinical pharmacokinetic studies are useful for 

determining the appropriate use of medicines according to patient characteristics, such as 

disease and genotype of drug-metabolizing enzymes, and for predicting the influence of 

pharmacokinetic drug interactions. The results can also provide information for 

therapeutic drug monitoring. Development of a new medicine may be achieved, thereby 

avoiding unnecessary studies. 

Recently, a growing body of information obtained from different studies 

conducted around the globe showed a striking rise in healthcare expenditures and the 

developing countries are not exception. Previous studies conducted in Pakistan showed 

that a considerable portion of the healthcare costs goes to medicine price. The present 

dissertation was the first detailed investigation in the relationship between the patient’s 

socioeconomic status and physician’s choice on multisource solid oral drugs. Such 

association had not been fully investigated in developing countries, particularly in 

Pakistan.  

My dissertation work will provide the information about important aspect and 

parameters involved in Pharmacokinetic studies.The purpose of this research was to 

evaluate Pharmacokinetic parameters of a combination formulation of Vildaglipton and 

metformin hydrochloride50/1000 mg tablet of an established branded formulation.One 

set of parallel study design was employed in healthy normal rabbits as well as in Alloxan 

induced diabetic rabbits.The other set of parallel study design was employed in healthy 

male human subjects as well as in diabetic patients.The concentrations of 

Vildagliptonand metformin hydrochloride in blood plasma were analyzed using High 



 

xi 
 

 

Performance Liquid Chromatographic (HPLC) technique. The plasma concentration-time 

curves were used to obtain the different pharmacokinetic parameters. 

Six healthy rabbits, six diabetic rabbits, twelve diabetic Pakistani patients and 

twelve healthy Pakistani subjects were selected to participate in this study. A single dose, 

open label parallel study design was employed in all study subjects. In this study, a once-

daily dose of metformin HCl 1000 mg and vildagliptin 50 mg was used in human 

subjects, as this allowed assessment of the full pharmacokinetic profile of metformin 

HCl and vildagliptin over 24 hours at the maximum individual dose. All the rabbits, 

weighing between 1.25 to 1.5 kg, were given combined dose of drugs metformin HCl 70 

mg per 1.5 kg and vildagliptin 15 mg per 1.5 kg orally. Blood samples were withdrawn 

at predetermined intervals of 0, 0.25, 0.50, 1, 2, 3, 4, 5, 6, 8, 10 and 12 hours from a 

marginal ear vein puncture. The concentrations of vildagliptin and metformin HCl in 

blood plasma were analyzed using High Performance Liquid Chromatographic (HPLC) 

technique and using developed and validated method. The concentration of drugs in 

blood plasma were determined using standard calibration curves of metformin HCl and 

vildagliptin having concentrations 50, 100, 200, 500 and 750 ng/mL for vildagliptin and 

250, 500, 1000, 2500 and 3750 ng/mL for metformin HCl. The pharmacokinetic 

parameters were calculated by using different pharmacokinetic formulae. Data is shown 

as arithmetic mean±SD. 

The aim of this work was to develop and validate a simple, rapid, more sensitive, 

more accurate and precise method for simultaneous determination of metformin HCl and 

vildagliptin in formulations and blood serum. Furthermore, its applications for studying 

and comparison of pharmacokinetic parameter in Pakistani population among healthy and 

diabetic individuals along with healthy and diabetic rabbits were analyzed. No significant 

difference was observed in pharmacokinetic parameters for healthy and diabetic 

individuals among the humans and the rabbits. There was no statistically significant 

difference for the treatment values. In both of groups healthy and diabetic 

pharmacokinetic parameters were equal in terms of rate and extent of absorption. There 

was no significant difference of drugs absorption and clearance in healthy and diabetic 

Pakistani subjects. 
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1.0 Introduction 

 The drug designing and the study of action of the drugs is the part of the modern 

researches regarding new drug candidates. The healthcare expenditures are also the 

problem especially in developing countries. Keeping in view the medicine prices in 

Pakistan, the detailed investigation in the relationship between the patient’s 

socioeconomic status and physician’s choice on multisource solid oral drugs has been 

conducted. The diabetic drugs are considered for the pharmacokinetic study through 

HPLC. An evident quantitative association between the prescriber’s choice on 

multisource oral hypoglycemic drugs in terms of price ratios and the patient’s socio-

economic status has been shown in detail. The understanding of the mechanism of 

functions of body, disturbance by the disease and the action of drugs help to develop new 

effective drug candidates. 

1.1 Drug designing 

The modern drugs have made the life healthy and safe from a number of diseases. 

The drugstore or pharmacy has a list of molecules, thousands in number, which are acting 

as active drugs against toxic inhaled chemicals, poisonous bites, different sores, 

differentaches, infectious diseases, stomach disorder, variousallergies and also for 

different beneficial consequences. The word ‘drug’ is typically related to some chemicals 

being employed for non-therapeutic or recreational purposes in addition to the health-

concerned molecules [1].  

The use of different substances as drug candidates has its inauguration since 

prehistory. The initial drug candidates were found to be natural at all and also their 

discovery would be an accidental process. For example, the chewing of a willow tree 

bark results into pain relief. The major acting compound is now elaborated to be 2-

hydroxybenzoic acid (Figure-1) which is starting material for modern pain reliever i.e. 

aspirin. The use of natural products as drug is purely hit and trial method [1-12].  

Figure-1: Structure of2-hydroxybenzoic acid 
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The list of such natural products acting as drugs was known as pharmacopoeia. 

Although a list of chemicals had been collected yet the infectiousdiseases like typhoid, 

smallpox, tuberculosis, influenza and pneumonia were not being cured. After the germ 

theory by Pasteurand Koch, a new direction of synthetic study was developed in the 

inauguration of new drug candidates. In the modern society, the recreational drugs are 

still the old ones with some modifications regarding their intensity i.e. psilocybin, opium, 

cocaine, tobacco, alcohol etc. The drug designing strategy first distinguishes between 

therapeutic and non-therapeutic or recreational drugs. Some of the compounds are used 

only for recreational purpose but some of them are also used for both categories. The new 

synthetic recreational drug which is not much common is lysergic acid diethylamide 

(LSD). There are four isomers of LSD but the (+)-LSD is psychoactive (Figure-2). 

Another medicinally important drug is morphine (Figure-3) being used to suppress the 

pain but this is also employed for recreational purpose. Its altered form is called heroin 

(Figure-3) [1-12].  

 
Figure-2: Structure of lysergic acid diethylamide(LSD) 
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Figure-3: Structures ofmorphine and heroin 

The Controlled Substances Act (1970) in USA has classified the known drugs into 

different categories (Table-1). This categorization is based on the harmful non-medicinal 

potential of the compounds. This classification has clearly distinguished between the 

different beneficial and non-beneficial drug molecules. Some medicinally important 

drugs have been utilized in sense of recreation and so their use as drug is vanishing 

because of attractive recreational drug. The problem faced by the law enforcing 

committee and the drug launching industry is to eliminate the use of medicinally useful 

and important drugs as recreational ones withillegal ways. The table listed below has 

clearly elaborated the different properties possessed by the drugs in sense of their use for 

medicinal purpose or recreational purpose [1-12].      

Table-1: Classification of drugs by Controlled Substances Act (1970) in USA 

Schedule Characteristics Dispensing 

Schedule I 

Severe potential for abuse  

No medical utilization 

Lacks safety for medical use 

For research purpose 

Schedule II 
Severepotential for abuse 

Medical utilization  

Written prescription 

No refills 

Schedule III 
Low potential for abuse  

Medical utilization 

Oral or Written prescription 

Limited refills 

Schedule IV 
Very low potential for abuse  

Medical utilization  

Oral or Written prescription 

Limited refills 

Schedule V 
Too low potential for abuse  

Medical utilization  

Prescription drugs  

Limited to doctor’s order  
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1.1.1 Prevention of diseases by drugs  

The discovery of new drug candidates is much assisted and emphasized by the 

researches explaining the mode of action of drugs against the different diseases. The 

structural study of microorganisms has also much helped in the synthesis of new drug 

candidates against them. A familiar example is Acquired Immune Deficiency Syndrome 

(AIDS). The cause of AIDS was found to be human immunodeficiency virus (HIV) by 

the researches being conducted on it regarding its action chemistry. Montagnier and 

Gallo found HIV as the cause of AIDS. Further researches demonstrated that HIV is 

introduced to the healthy person through blood or sexual relation. HIV attacks cluster 

designation 4 (CD4) protein present on the white blood cells and thus introduced another 

protein p24, controlling the reproduction of HIV, into the attacked cell. This protein 

controls the DNA of the attacked cell for the reproduction of HIV. Thus, more viruses are 

produced which attack the further cells of host. After the complete study of the action of 

HIV, the scientists can now focus on the chemicals having potential for the HIV at some 

stage of its action. The antiretroviral agents have been discovered which interferes p24 

protein when it wants to control DNA of host cell. A number of people are living normal 

life due to the antiretroviral agents [1-12]. 

Sulfa drugs acting as antibacterial agents are also such type of drugs which have 

been designed after the study of the action of microorganisms. The reproduction of a 

bacterium requires some nucleic acids which are produced through catalysis of folic acid 

(Figure-4). Folic acid synthesis is started from p-aminobenzoic acid (PABA). The mode 

of action of sulfa drugs is on the reaction of PABA for the folic acid synthesis because of 

structural resemblance. The reaction of sulfa drug instead of PABA results into the 

formation of a new type of folic acid which has no catalytic effect for nucleic acid 

synthesis (Figure-5). So, no growth or reproduction of bacterium occurs and hence the 

infection caused by these bacteria is controlled. Thus, understanding of the mechanism of 

functions of body, disturbance by the disease and the action of drugs help to develop new 

drug candidates [1-12].   
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Figure-4: Synthesis of nucleic acid from PABA 

 
Figure-5: Interference by sulfa drugs in synthesis of nucleic acid 

1.1.2 Altering Mental Processes by drugs 

The improper functioning in the nervous system has also resulted into some 

mental or physical disorders e.g. bipolar disorder, Huntington’s chorea, Parkinson’s 

disease, schizophrenia, Alzheimer’sdisease etc. The recreational drugs have also resulted 

into the variation in the functions of nervous system. At present we have much 
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understanding of the functions of nervous system and also the chemicals affecting these 

functions. The nerve cells are responsible for the messages in the form of electric currents 

produced due to the streamof potassium ions (K+) and sodium ions (Na+) (Figure-6). A 

neurotransmitter is released at the end of neuron by electrical current e.g. norepinephrine, 

γ-aminobutyric acid (GABA), dopamine, serotonin and acetylcholine. These transmitters 

travel between two neurons in synaptic gap (Figure-7). This produces electrical charge 

flow on the other neuron. The transmission through nerves involves a receptor molecule 

which has specific shape to be fitted in by the neurotransmitter (Figure-8). The molecules 

with unusual shape are unable to fit. The toxicity of certain natural compounds can be 

explained on the basis of this model. A muscle relaxant curare (water extract of Strychnos 

toxifera) contains a number of alkaloids which are able to fit the receptor cells in 

competition of neurotransmitters and thus the nervous system is ceased or slowed down. 

The disruption of the flow of neurotransmitters also results in some mental disorders like 

Parkinson’s disease is known to be present when there is disruption of dopamine as 

neurotransmitter. This disease is known to possess following symptoms i.e. unbalancing, 

slow movement, body vibration and rigidity of muscles. The less production of dopamine 

is due to deterioration in neuronal cells. Thus, this disease can be controlled by supplying 

accurate amount of dopamine. This theoretical thinking developed a research task to cure 

this disease. This method was not useful because of non-occurrence of dopamine in the 

blood stream. Thus, another method has to be developed. Some recreational drugs are 

known to enhance dopamine inthe brain and hence pronouncing the nerve action. But 

some drugs are known to bind the receptor sites and thus slowing physical activity due to 

competition with the neurotransmitters. The painkillers have also been synthesized on the 

basis of receptor model. The natural painkillers like enkephalins and endorphins inhibit 

the production of pain transmitter or fit into the receptor site and thus the movement of 

message to brain is stopped (Figure-9). Thus a new research for painkiller was developed. 

New painkillers having structural resemblance with the natural ones are synthesized and 

applied. Thus, the diseases caused due to unbalancing of biochemical processes can be 

controlled by the natural or synthetic drugs. The above discussion may seem to be simple 

but the case is not so simple. There are many complications involved in the study like the 

mechanisms of drug action and disease are complex ones. So, a trial method is developed 
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and also some certain criteria should be to assess the more appropriate drug candidate. 

Only 15% drugs are found to be appropriate and remaining 85% were found to possess 

large variations from the existing drugs [1-12]. 

 

 
Figure-6: Nerve message transmission through neuron 
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Figure-7: Neurotransmitter in synaptic gap 

 
Figure-8: Neurotransmitter and receptor site 

 
Figure-9: Action of natural painkillers 
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1.2 Pharmacokinetics 

Two terminologies are inter-related to each other, named as pharmacodynamics 

and pharmacokinetics. The first term is related to the designing of drugs having potential 

binding with targets and the second term is related to the movement of drug in the living 

system up to the target in the body. The pharmacokinetics is known to deal with the study 

of drug absorption, drug distribution, drug metabolism and finally excretion [13].  

1.2.1 Drug absorption 

The drug absorption is the illustration of the drug molecules to be administered to 

the body and its entrance into the blood stream. The different ways of administration 

involve injection, inhalation, topical or epithelial, rectal, sublingual and oral. The 

pharmacokinetics and target organ decide the nature of administration. Injection 

administration can be further classified as intraperitoneal, intrathecal, subcutaneous, 

intramuscular and intravenous. Intraperitoneal involves the injection of drug directly into 

the cavity of abdomen and mostly employed against animals. Intrathecal involves the 

injection into the spinal cord. Certain antibacterial agents and methotrexate (treating 

childhood leukaemia, Figure-10) are administered in this way. Subcutaneous involves the 

injection under skin. The further absorption depends upon blood level and drug diffusion. 

The irritants are avoided in this mode of administration. Intramuscular involves the 

injection into the muscles like buttocks, thigh and arm. The further absorption depends 

upon blood level, drug diffusion and drug solubility. This method involves slow 

absorption and this is used for long time activity e.g. steroid hormone ester. Intravenous 

involves the injection into the veins. It is the most effective, accurate and fast method. On 

the other hand, it is also the most dangerous method because of rapid side effects. The 

speed of injection is also controlled by the drip method. Lidocaine (Figure-11) is slowly 

injected to the body as an anesthetic drug [13-43].  

 
Figure-10: Structure of methotrexate 
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Figure-11: Structure of lidocaine 

Inhalation is also a fast mode of drug administration because the inhaled drug 

molecules are rapidly entered into the blood stream due to close interaction of lungs and 

blood. The anesthetic drugs used in routine are generally lipid soluble and small in nature 

and thus are easily absorbed. The large size drug molecules are processed in the form of 

aerosols. The antiasthmatic drugs are large size and polar in nature to avoid too much 

absorption along with the side effects. Due to swallowing of some of drug molecules 

through gastrointestinal tract route, there is the chance of side effects e.g. salbutamol 

(Figure-12), the antiasthmatic drug, shows the side effect of tremor. The different abusing 

drugs like heroin (Figure-3), methamphetamine (Figure-13), marijuana, cocaine (Figure-

14) and nicotine (Figure-15) are the examples of inhalation administration [13-43].  

 
Figure-12: Structure of salbutamol 

 
Figure-13: Structure of methamphetamine 

 
Figure-14: Structure of cocaine 

 
Figure-15: Structure of nicotine 
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The topical or epithelial administration is related to the drugs involved skin. The 

irritations are removed through different steroids which are used topically. The lipophilic 

drugs are absorbed by the skin and transferred to blood supply. Fentanyl (Figure-16) as 

analgesic and clonidine (Figure-17) as antihypertensive agent are the examples of such 

drugs. These drugs are applied in the form of patches and from where these are absorbed 

into the skin and blood stream over a period of time with a constant level. Iontophoresis 

is a technique which also involves the absorption of drug through the skin in a rapid way 

using electrodes and electricity. The correct electrical pulses are necessary to avoid the 

fluctuations in blood [13-43].  

 
Figure-16: Structure of fentanyl 

 
Figure-17: Structure of clonidine 

Sometimes the patient cannot swallow or suffer from vomiting then rectal 

administration is followed. But this method is not much popular due to irritation. 

Different suppositories are known to be used through rectum. The oral administration 

involvesthe gastrointestinal tract which includes mouth, throat, stomach and intestine. In 

the oral administration, the different drugs have different types of behaviors. Some drugs 

are absorbed through mucosal membrane of mouth. The drugs are thought to be in such a 

form that these should survive in the stomach. Some drugs which are easily broken down 

by the HCl or gastric juices of stomach, are not administered orally but injected directly 

into the blood stream. Penicillin, insulin, local anaesthetics etc are the examples of such 

drugs. After stomach, the drug molecules have to face the digestive intestine in upper 

intestine. After surviving this section, the drug molecules are known to pass between the 

cells of gut wall and thus are entered into the blood stream. The next section is liver 
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where the excretion of the drug molecules is started after the action of enzymes present in 

it. Thus after having stability in the gastrointestinal tract, the drug molecules should 

possess the exact balance of solubility in the fat and water. More polarity result in less 

interaction with the fatty gut wall but less polarity results into solubility in fat globules 

with less absorption to the gut [13-43].  

The amino functional group is the part of many drugs and is thought to possess 

the solubility both in water and fatty environment. This group has an ability to possess 

two ionized and non-ionized forms in equilibrium at the pH of blood due to its pKa value 

ranging from six to eight. The ionized form show polarity and thus solubility in water but 

the non-ionized form show ability to cross the cell membranes. Figure-18 explains the 

equilibrium for ionized and non-ionized forms of amine [13].  

N H

H

Ionized amine

Receptor interaction 
and water solubility

N H

Non-Ionized amine 
(free base)

Crosses membranes

H

 
Figure-18: Equilibrium for ionized and non-ionized amine 

 This sort of equilibrium is well explained by Henderson-Hasselbalch equation. 

Here [RNH2] is the concentration of free amine and [RNH3
+] is that of ionized amine 

[13].  

pH   =   pKa   +   log
[RNH2]

[RNH3
+]

 
The interaction of drug molecules in the body depends upon their interaction with 

aqueous and non-aqueous media. The molecular mass of drug molecules was thought to 

play some role in their interaction because of the presence of polar functionalities but 

practically there is found no effect in many cases. For example, ciclosporin having 

molecular mass of 200 is completely absorbed in cell membranes. Lipinski’s rule of five 

is generally absorbed by the orally administered drugs. This rule is not quantitative as 

many of the drug molecules including vinorelbine (Figure-19), ciclosporin (Figure-20), 

rosuvastatin (Figure-21) and atorvastatin (Figure-22) are not found to obey these rules. 
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The freely rotatable bonds affect the bioavailability. The activity as oral drug is inversely 

related to the flexibility. It is found unlucky that the compounds bearing large molecular 

mass possess rotatable bonds. Thus the introduction of rigidity in such molecules will be 

more fruitful. The polar drug molecules are generally administered through injection but 

some are still absorbed through digestive system using protein transport phenomenon. 

The low molecular weight polar drugs are absorbed by the blood. The high molecular 

weight drug molecules are absorbed through the process of pinocytosis (Figure-23). In 

this process, the drug molecules are engulfed and then carried across the cell [13-43].    

 
Figure-19: Structure of vinorelbine 

 
Figure-20: Structure of ciclosporin 

 
Figure-21: Structure of rosuvastatin  
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Figure-22: Structure of atorvastatin 

 
Figure-23: Pinocytosis 

1.2.2 Drug distribution 

After administration through any of the different methods, the next step is the 

distribution of drug. First step is movement to blood supply which is relatively faster one 

and the second step is movement to the specified organ or tissue etc which is relatively 

slower process. A number of factors including physical properties of drug are responsible 

for the extent and rate of distribution. The distribution through blood involves large veins 

called arteries and small veins called capillaries. The drug is distributed throughout the 

body through these veins much rapidly but the even distribution is questionable as many 

parts of body are richer in blood supply. The drug molecules are not fixed in the blood 

stream but they move to the concerned organ or tissue through the cells present in the 

wall of capillaries. The 90-150 Å diameter of cells only allow the small drug molecules 

and not the large plasma proteins of blood. But the drug molecules associated with the 

plasma proteins are not reached the target efficiently. The drugs having target site as 

receptor in the cell membrane are easily absorbed but many of them have to travel to each 

cell and these should be hydrophobic in nature. The hydrophobic nature helps to 

penetrate through the cell membrane. The fat solubility of the drugs also renders them 

less effective and so more dose is required for the desired purpose. These fat soluble 

drugs may release later on and show their effect. The derivatives of barbituric acid 

(Figure-24) known as barbiturates are used as local anesthetics which are also fat soluble. 

The exact dosage for proper effect is unpredictable. The binding of ionized drugs with 
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different macromolecules or binding of drugs with protein plasma also affects the 

reaching of drug to the target. The drug moving in the blood supply has to cross the 

blood-brain barrier to enter the brain. The capillaries in brain have closely packed cells 

and also coated with fatty cells. Thus, the polar drugs are unable to enter the brain e.g. 

penicillin (Figure-25) but the less polar ones having less polar groups can enter e.g. 

insulin. The placental barrier is related to membrane separating fetus and mother’s blood 

from each other. The drugs like alcohol, cocaine (Figure-14), barbiturates and nicotine 

(Figure-15) are flowed from mother’s blood to fetus blood but the mother’s blood have 

an ability to detoxify the fetal blood. When the baby has born then the level of drug will 

be same in mother’s blood and baby’s blood but the detoxification and elimination is not 

occurring as before. Stay of drug in baby may show dangerous effects. Some drugs are 

bounded to plasma protein and are not available for drug action e.g. warfarin (Figure-26) 

and methotrexate (Figure-10). Effect of such drugs is pronounced by some competing 

drug e.g. sulfonamide. Sulfonamides are bound to plasma protein and previously attached 

drugs are released to show their effects [13-43]. 

 
Figure-24: Structure of barbituric acid 

 
Figure-25: Structure of penicillin 

 
Figure-26: Structure of warfarin 
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1.2.3 Drug metabolism 

The drug molecules after absorption and distribution are subjected to the 

conversion into metabolites. This conversion is aided by the different enzymes present in 

the body. This modification is processed in order to convert the drug molecules in an 

excretion form. The modification may result into new metabolites which are highly 

active, less active or toxic. So, the drug designing has to consider whether the metabolites 

of the injected drugs are acceptable or not. This pro-drug strategy has a great role in the 

invention of new drug candidate. Under this strategy, all the metabolites are identified 

and verified for their bioactivity potential. The body after injection of polar drug excretes 

it through kidneys. The non-polar drug is converted into polar through injection of polar 

functional groups and this task is performed by the non-specific enzymes like cytochrome 

P450 existing in the liver. Some enzymes are present to damask the existing functional 

groups like the conversion of methoxy group into hydroxyl group. The metabolic 

reactions have been divided into two phases. The phase one involves hydrolysis, 

reduction and oxidation. Liver is the main place for these reactions but hydrolysis may 

occur at some other places like tissue, protein plasma and gut wall. Some of the drugs are 

not undergone any metabolic reaction but some are undergone more than one metabolic 

reaction. The medicinal chemist has gained much help from the knowledge of different 

metabolic reactions faced by different functionalities but still the study of drug 

metabolism explains the reality of these expected metabolites. The phase two reactions 

are also known to occur in liver and are generally conjugation reactions. A polar part is 

introduced on the already existing polar part of drug. This polar part of drug can be self 

part of drug or the introduced part by the phase one reactions. Overall the polarity and 

hence the excretion ability of drug is enhanced. Both of the phase one and phase two 

reactions can be specific to the living system i.e. the metabolites formed in one living 

system may be different from the other one. Thus, the study of metabolites for different 

animals is necessary to check out the most resembled ones for human system. These 

reactions can be regioselective or stereoselective depending upon the action of enzymes 

[13-43]. 
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The cytochrome P450 enzymes are haemoproteins which occur in liver and 

involve breakage of molecular oxygen into atomic oxygen. One of the oxygen atoms is 

converted into water and the other is attached to the drug molecule in some form (Figure-

27). These enzymes can be further placed under the general heading of monooxygenase 

enzymes. Cytochrome P450 enzymes are known to be thirty-three in number. These are 

kept under four main classes named as CYP1, CYP2, CYP3 and CYP4. Here each class 

is further subdivided into A, B, C etc and then also A1, A2, A3 etc. Among these thirty-

three enzymes, only five are known to be involved in the metabolism of modern drugs i.e. 

CYP1A2, CYP2C9, CYP2D6, CYP2E1 and CYP3A. The terminal methyl group has 

undergone oxidation to alcohol, aldehyde or acid due to exposure to the enzymes. The 

penultimate and terminal carbons are the most exposed ones in the long chain molecules. 

Also, the most exposed carbon in the aliphatic cyclic rings is undergone to oxidation 

(Figure-28). The benzylic, allylic and propynylic carbons are more exposed to oxidation 

as compared to the previously mentioned carbons (Figure-29). The carbon atom next to 

heteroatom is more exposed and its hydroxylation results into dealkylation or 

dehalogenation. Tertiary amines are relatively much earlier oxidized due to more basic 

character. Also, the removal of methyl group is easier than lager alkyl groups from the 

oxygen of ether especially in aromatic ethers (Figure-30, Figure-31). The unsaturated sp2 

and sp hybridized carbon atoms are also oxidized by these enzymes. Alkene is oxidized 

to diol through epoxide formation by epoxide hydrolase. Sometimes this enzyme is 

avoided by the epoxide and the aromatic epoxide is converted into phenol by hydride 

shift or diol by epoxide hydrolase or conjugate by the glutathione S-transferase enzyme. 

If epoxide is not attacked by all of these enzymes then it is converted into some toxic 

compound due to activity of epoxide. Furthermore, the aromatic rings bearing electron 

donating groups are rapidly converted into epoxide as compared to the aromatic rings 

bearing electron withdrawing groups (Figure-32). The primary, secondary and tertiary 

amines are oxidized to nitrogen oxide in a decreasing rate. The amino group on the 

benzene ring is converted into nitro group. The reactive intermediates in this conversion 

are the reason for the toxicity of such compounds due to reaction with nucleic acids or 

proteins. Likewise, the primary and secondary amides are also oxidized to certain 

products (Figure-33). The disulfides, sulfides and sulfones are the products of thiol 
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(Figure-34). The phosphorus is also oxidized to corresponding phosphorus oxide (Figure-

35) [13-43].  

Drug H O2 + NADPH + H+

Cytochrome P450 
enzymes

Drug OH NADP + H2O 
Figure-27: Oxidation by cytochrome P450 enzymes 
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Figure-28: Oxidation of alkyl/cycloalkyl groups by cytochrome P450 enzymes 
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Figure-29: Oxidation of activated carbon centers by cytochrome P450 enzymes 

RCH2NR2 RCH(OH)NR2 RCHO + HNR2

RCH2OAr RCH(OH)OAr RCHO + HOAr

RCH2SR RCH(OH)SR RCHO + HSR  
Figure-30: Dealkylation of amines, ethers and thioethers by oxidation of activated 

carbon by cytochrome P450 enzymes 



Chapter 1:  INTRODUCTION 

 

20 
 

RRCHX RRC(OH)X

O

R R  
Figure-31: Dehalogenation of alkyl halides by cytochrome P450 enzymes 
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Figure-32: Oxidation of alkenes and aromatic rings by cytochrome P450 enzymes 
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Figure-33: Oxidation of nitrogen containing functional groups by cytochrome P450 

enzymes 

2 RSH RSSR

Thiol Disulfide
S

R

R

O

R

R

Desulfurization

RSH RSCH3

Thiol Methyl sulfide

O

S
R CH3

S

OO

R CH3

Sulfoxide Sulfone  
Figure-34: Oxidation of sulfur containing functional groups by cytochrome P450 

enzymes 

R3P R3P=O 
Figure-35: Oxidation of phosphorus containing functional groups by cytochrome P450 

enzymes 

The monooxygenases bearing flavin are also metabolic enzymes present in liver. 

These enzymes are mainly related to the oxidation of hetero-atoms like phosphorus, 

sulfur and nitrogen (Figure-36). No doubt, many of these reactions are also catalyzed by 

cytochrome P450 enzymes [13-43].    
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Figure-36: Reactions catalyzed by flavin monooxygenase enzymes 
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 A list of enzymes is known to be involved in oxidative reactions of endogenous 

molecules but can also be involved in drug metabolism. Monoamine oxidases, aldohol 

dehydrogenases and aldehyde dehydrogenases are among such type of examples. The 

first one s known to be involved in deamination and the latter two ones are known to be 

involved in the conversion of alcohol to carboxylic acid (Figure-37) [13-31]. The 

reductive reactions are less common but yet occur in the living system (Figure-38, 

Figure-39). The reactions mentioned in Figure-32 to Figure-37 are also reversible in the 

reduction mode of action. The most of the enzymatic reactions are reversible. So 

depending upon the substrate and conditions the oxidative enzymes are also involved in 

the reduction reactions. Likewise, the peptidases and esterases are the enzymes which are 

involved in the hydrolysis of amides and esters. The rate of hydrolysis is much increased 

by the presence of electron withdrawing groups (Figure-40) [13-43]. 
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Figure-37: Oxidative reactions catalyzed by different enzymes 
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Figure-38: Reduction of carbon centers 
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Figure-39: Reduction of hetero-atom centers 
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Figure-40: Hydrolysis of esters and amides 

 The conjugation reactions of phase two are catalyzed by the different transferases. 

Generally the obtained conjugates are inactive but not in all the cases. A famous example 

of such conjugation is glucuronic acid conjugation. The hydroxy containing functional 

groups including carboxylic acids, alcohols and phenols react with UDFP-glucuronate to 

form O-glucuronides (Figure-41). Due to insertion of highly polar part, the excretion of 

drug through urine becomes easy. In addition to O-glucuronides, the N-glucuronides and 

S-glucuronides are also known to be formed from thiols, amines, amides and 

sulfonamides (Figure-42). The C-glucuronides is less common but yet possible for the 

carbonyl compounds bearing active carbon center. The sulfate conjugation of N-

hydroxylamines, aryl amines, phenols and alcohols is also known but it is less common. 

The sulfate conjugates of phenols, secondary alcohols and pri- & sec-amines are stable 

ones. The sulfate conjugates of aryl hydroxylamides, aryl hydroxylamines and pri-

alcohols are unstable and so further stepped into the toxic compounds (Figure-43). The 

amino acid conjugates are formed through amide formation by the reaction of an amino 

acid and the carboxyl group of drug (Figure-44). Glycine and L-glutamine are the most 

common amino acids in this respect. The glutathione and mercapturic acid conjugates are 

formed from the electrophillic centers including disulfides, sulfonates, alkyl halides or 

epoxides (Figure-45, Figure-46). Glutathione transferase catalyzes the formation of 
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glutathione conjugate formation in liver. The toxics formed in phase one reactions can be 

removed through this reaction. All the above discussed reactions of phase two are known 

to increase the polarity of the drug molecules but acetylation or methylation moves the 

drugs molecules into the low polarity direction. The thiols, amines and phenols are well 

subjected to methylation but primary amines to acetylation. Methylation is favored by S-

adenosyl methionine and acetylation by acetyl SCoA (Figure-47, Figure-48) [13-43].      
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Figure-41: Formation of O-glucuronides 
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Figure-42: Formation of N-glucuronides and S-glucuronides 
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Figure-43: Formation of sulfate conjugates 
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Figure-45: Formation of glutathione and mercapturic acid conjugates from alkyl halides 
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Figure-46: Formation of glutathione conjugates 
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Figure-48: Insertion of acetyl group on hydrazines and amines 

1.2.4 Metabolic stability of drug  

Generally, the drugs are required to be metabolically stable because the 

metabolites of drug molecules are found to be toxic in different cases. For example, the 

paracetamol is yielded metabolites with liver toxicity and the epoxidation of polycyclic 

hydrocarbons has created metabolites which are carcinogenic in nature. Another thing 

which must be considered is that the enzymatic activity varies from person to person e.g. 
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the isoform of CYP2D6 is absent in 8 % Americans according to a survey report. This 

enzyme metabolizes desipramine (Figure-49), haloperidol (Figure-50), tramadol (Figure-

51) and codeine (Figure-52). But the persons lacking this enzyme cannot be treated with 

such drugs. The dose levels are also different due to different rate of metabolism e.g. 

Asian population has higher rate as compared to 45-65 % American or European 

population for the acetylation of isoniazid (Figure-53). The different responses by 

different individuals due to variation in genes are studied under ‘Pharmacogenomics’. 

Furthermore, the food intake also affects the drug metabolism e.g. the activity of 

cytochrome P450 enzymes is decreased by grape juice but increased by cigarette and 

brussel sprouts. On the other hand, some drugs show toxic effects with the food e.g. 

terfenadine (Figure-54) show toxicity with grape juice. To avoid such toxicity, 

fexofenadine (Figure-55) is used in place of terfenadine. Some drugs also inhibit the 

enzymatic activity e.g. the cytochrome P450 enzymes are inhibited by different 

antibiotics. The drug-drug interaction is also a main factor for the changed activity of a 

drug e.g. phenobarbital (barbiturate, Figure-56) enhances the metabolism of warfarin 

(anticoagulant agent, Figure-26) or cimetidine (anti-ulcer, Figure-57) decrements the 

metabolism of warfarin (anticoagulant agent, Figure-26). Depending upon the metabolic 

stability, the drugs can be named as soft drugs being metabolized predictably in a 

controlled manner, hard drugs being non-metabolized and antedrugs being metabolized 

after certain time or stay. The first pass effect is known to be present when there is oral 

administration because a part of drug is passed to liver through blood supply and 

metabolized before acting at their target. So a part of drug is transformed before action 

through this effect. The other methods of administration are more effective in this regard 

and do not involve such effect [13-43]. 

 
Figure-49: Structure of desipramine 



Chapter 1:  INTRODUCTION 

 

28 
 

 
Figure-50: Structure of haloperidol 

 
Figure-51: Structure of tramadol 

 
Figure-52: Structure of codeine 

 
Figure-53: Structure of isoniazid 
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Figure-54: Structure of terfenadine 

 
Figure-55: Structure of fexofenadine 

 
Figure-56: Structure of phenobarbital 

 
Figure-57: Structure of cimetidine 

1.2.5 Drug excretion 

There are a number of routes for the excretion of drug including lungs, intestine, 

sweat, saliva, breast milk and kidneys. Lungs are involved in the excretion of gaseous 

volatile drugs through air sacs. The anesthetics are administered through lungs and are 

also excreted through lungs in reverse of blood supply. The intestine also plays a role in 

excretion but the drug moving this route is less efficiently absorbed and not 

homogeneously distributed. Instead of this situation, there is a chance for absorption 

through the walls of intestine for the drug. 10-15 % drug is known to be excreted through 
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sweat and too small amount through breast milk e.g. nicotine (Figure-15) is known to be 

passed to baby from mother through breast milk. The major excretion is known to be 

progressed by kidneys. The waste chemicals from blood are filtered and excreted through 

urine by the kidneys. The polluted blood is entered to kidney through renal artery, 

reaches glomerulus and filtered by nephron. The small molecules are passed to nephron 

but the large ones like plasma protein or red blood cells are stopped in the arteries 

(Figure-58). This filtration process proceeds irrespective of the nature of the drug 

molecules i.e. polar or non-polar and hydrophobic or hydrophilic but yet this process is 

more complicated than simple filtration. Nephron moves the filtered material to bladder 

but a large proportion is again absorbed into the blood vessels surrounding it. The water 

is absorbed through aquaporins and the concentrated hydrophobic drug molecules are 

again absorbed to the blood but the polar ones are excreted [13-43]. 

 
Figure-58: Excretion through kidneys 

1.2.6 Dose of drug 

The correct dose of drug is also required to be defined keeping in mind the 

different factors considered by pharmacokinetic study. The ideal thing for the drug 

dosing is that the blood supply should have drug concentration constant and controlled. 

The constant supply of drug is impossible and so the drug dose at certain intervals is 
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required to maintain the required level of concentration in the blood supply. Figure-59 

explains that dose A with high drug concentration reaches the therapeutic and toxic levels 

more quickly but the dose B bearing half of drug amount remains in therapeutic window. 

The dose in intervals i.e. once or twice a day is best for 200 mg or less one. Insulin due to 

physiological complications is not recommended in intervals. The amount of dose 

depends upon the sex, age or race along with diet and environment. Some drugs like that 

of diabetes are bound to protein plasma and some drugs like aspirin (Figure-60) make 

them free for the target by binding themselves with the plasma protein. Some drugs affect 

the metabolism of some functionalities like phenelzine (Figure-61) stops the metabolism 

of amines and so drugs bearing such functionalities e.g. amphetamines (Figure-62) or 

pethidine (Figure-63) cannot be used along this drug. The half life of drug is a great tool 

for deciding the dose. For example, fentanyl (Figure-16) has half life of 45 minutes but 

diazepam (Figure-64) has that of days. The drug delivery to the target without 

modification can be made possible by using chemical drug modification approach or 

encapsulation by macromolecule including antibodies, liposomes, proteins or synthetic 

polymers. Figure-65 explains the liposome protecting the drug molecules [13-43].   

 
Figure-59: Dose regimens 

 
Figure-60: Structure of aspirin 



Chapter 1:  INTRODUCTION 

 

32 
 

 
Figure-61: Structure of phenelzine 

 
Figure-62: Structure of amphetamines 

 
Figure-63: Structure of pethidine 

 
Figure-64: Structure of diazepam 

 
Figure-65: Drug in liposome 

1.3 Diabetes mellitus 

The word ‘diabetes’ meaning ‘tube moving fluid to lower level’ and the word 

‘mellitus’meaning ‘honey’. Both are Greek words. Overall this term explains the elevated 

bloodglucose up to chroniclevel. It also explains the deficiency of the insulinhormone. 
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Diabetes has been categorized into two parts. Type I or Type 1 explains absolute 

deficiency by an auto-immune destruction of the insulin which results into the production 

of βcell of islets of Langerhans at the location of pancreas. Type II or Type 2 explains 

relative deficiency through insulinsecretion impairment along with its ineffectiveness. 

Aretaeus ofCappadocia introduced this term of diabetes in 2ndcentury and described 

certain symptoms i.e. loss of weight, excess feeling of thirst and enhanced production of 

urine. The sweet taste of urine was identified by Sushrut (Susruta) in 5thcentury. From 

that time two types of people were noted i.e. lazy, heavy & older ones and non-surviving 

lean people which are now known as type 1 and type 2 diabetes. The other names 

contributing to the discovery of this disease are Thomas Willis, Matthew Dobson and 

John Rollo who searched out that sugar is the cause of urine sweetness and so the word 

mellitus was used as adjective to diabetes. The most of the diabetes relating discoveries 

were introduced by ClaudeBernard. He explained that the glycogen in liver produces 

sugar of urine. He also explained the link of central nervous system and diabetes. The 

work of Oskar Minkowski, Joseph von Mering, Paul Langerhans and Edouard Laguesse 

worked on pancreas and noted a tissue inside it which was producing glucose lowering 

hormone. Georg Zuelzer, Nicolas Paulesco, ErnestScott and Israel Kleiner worked on 

hypoglycaemic extracts. Frederick G Banting, Charles H Best, JamesB Collip and JJR 

Macleod discovered insulin in 1921 deriveed from the Latin for ‘island’. After 

improvement of extraction by Collip and application on Leonard Thompson (the patient) 

the commercial production of insulin was started. Elliot P Joslin treated 293 patients 

successfully. Robin D Lawrence was saved in UK who led to the development of type 1 

diabetes. In 1955, the amino acid sequence of insulin was elucidated (Figure-66). In 

1969, Frederick Sanger and Dorothy Hodgkin used X-ray crystallography to describeits 

3D structure. The effects of diabetes were not treated by this insulin treatment. The 

detailed study elucidated type 1 diabetes in 1993 and type 2 diabetes in 1998 [44-76].  
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Figure-66: Amino acid sequence of human insulin and changed ones  

1.3.1 Diagnosis and classification 

The identification of chronic hyperglycaemia is used as the hint for diabetes 

mellitus. It can be diagnosed by notingHbA 1c level which should be greater or equal to 

6.5% or 48 mmol/mol, plasma glucose (PG) level which should be greater or equal to 

11.1 mmol/L or 200 mg/dL, fasting plasma glucose (FPG) level which should be greater 

or equal to 7.0 mmol/L or 126 mg/dL and/or plasma glucose level which should be 

greater or equal to 11.1 mmol/L or 200 mg/dL at 2 hours for injection of 75 g oral load of 

glucose. A stage of impaired glucose tolerance (IGT) is also known which is defined 

through 7.8 to 11.0 mmol/L or 140 to 200 mg/dL at 2 hours. Likewise, impaired fasting 

glycaemia (IFG) is defined through 6.1 to 6.9 mmol/L or 110 to 126 mg/dL). Both of 

these falls between normal glucose homeostasis and diabetes (Figure-67). The diabetes 

can be prevented or controlled through exercise and diet plans. The oral glucose tolerance 

test is used to diagnose IGT and diabetes (Figure-68). The best method for diabetes 

diagnosis was found to be HbA 1c method or plasmaglucose 2 hours after an oralglucose 

tolerance test (OGTT). There is no or poor link between glucose level in urine and blood. 

Thus, the glucose level in urine (glycosuria) is not perfect method in this regard. 

However marked hyperglycaemia can be linked with negative urine test. The vascular 

complications are noted in the patients and these are known to process five to six years 

before diagnosis. Overall HbA 1c is now best method for the screening and diagnosis of 

diabetes because the correlation of mean blood glucose for various weeks is best 

presented by it (Figure-69) [44, 76-83].  
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Figure-67:Cumulative hazard curves for different glucose levels 

 
Figure-68:OGTT for diagnosis of diabetes and IGT 
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Figure-69: Correlation for several mean blood glucose levels by HbA 1c 

The aetiology based classification of diabetes is composed of four main 

categories. The sub-categories are also mentioned below [44, 76-83].  

• Type 1 diabetes  

• 1a orautoimmune • 1b or idiopathic 

• Type 2 diabetes  

• Other specific types of diabetes  

• Uncommon forms of immune-mediated diabetes 

• Infections 

• Anti-insulin receptor antibodies 

• Stiff man syndrome 

• Uncommon forms of immune - 

mediated diabetes 

• Cytomegalovirus 

• Congenital rubella 

• Some others 

 

• Drug induced or chemical induced 

• Steroids 

• Interferon - α 

• β - adrenergic agonists 

• Pentamidine 

• Thiazides 

• Glucocorticoids 
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• Thyroid hormone • Nicotinic acid 

• Endocrinopathies 

• Aldosteronoma 

• Somatostatinoma 

• Hyperthyroidism 

• Phaeochromocytoma 

• Glucagonoma 

• Cushing’s syndrome 

• Acromegaly 

• Diseases of exocrine pancreas 

• Fibrocalculous pancreatopathy 

• Haemochromatosis 

• Pancreatectomy or Trauma 

• Neoplasia 

• Pancreatitis 

• Cystic fibrosis 

• Genetic defects of insulin action 

• Type A insulin resistance 

• Rabson-Mendenhall syndrome 

• Leprechaunism 

• Lipoatrophic diabetes 

• Genetic defects of β cell function 

• Insulinopathies 

• Mitochondrial DNA 

• Chromosome 20, HNF - 4a (formerly MODY - 1) 

• Chromosome 7, glucokinase (formerly MODY - 2) 

• Chromosome 12, HNF - 1a (formerly MODY - 3) 

• Other genetic syndromes sometimes associated withdiabetes 

• Prader-Willi syndrome 

• Porphyria 

• Myotonic dystrophy 

• Lawrence-Moon-Biedl syndrome 

• Huntington’s chorea 

• Friedreich’s ataxia 

• Wolfram’s syndrome 

• Turner’s syndrome 

• Klinefelter’s syndrome 

• Down’s syndrome 

• Gestational diabetes  

A new classification is also used which is IDDM (insulin dependent diabetes 

mellitus) similar to type 1 diabetes and NIDDM (non-insulin dependent diabetes 

mellitus) similar to type 2 diabetes. Table-2 explains a comparison of both type of 

diabetes [44, 76-83].  
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Table-2: Features of type 1 and type 2 diabetes 

Type 1 Type 2 

• Autoimmunity markers like islet 

cell antibodies exist  

• C-peptide does not exist 

• Life - threatening 

• Replacement of insulin is required 

• Ketosis ofspontaneous nature 

• Loss in weight and lean  

• Symptoms of thirst and 

ketoacidosis including 

dehydration, hyperventilation and 

vomiting 

• Latent Autoimmune Diabetes in 

Adults (LADA) (late stage) 

• IDDM 

• C-peptide exists 

• Metabolic syndrome like 

hypertension 

• Ignorable symptoms  

• Infections of chest, skin or urine 

• Gain in weight and fat 

• No ketoacidosis 

• Symptoms of nocturia, polyuria, 

thirst andtiredness 

• Latent Autoimmune Diabetes in 

Adults (LADA) (early stage) 

• NIDDM 

 

1.3.2 Diabetes effects on health 

One of the expensive diseases is diabetes. The main expenditure is on the 

complications caused by it and small percentage is spent on diabetes itself. In the USA 

in2002, the annual economic burden of diabetes was estimatedat $132 billion (accounting 

for > 10% of total UShealthcare expenditure). The associated complications are related to 

vascular ones. The complexity and intensiveness of diabetes has rendered it expensive 

disease. Figure-70 elucidates the expenditure report for a diabetic patient for fifteen years 

after the diagnosis of disease. The diabetic patients have reduced life span of about 25 % 

and the cardiovascular disease was the reason for the 75 % death cases. This is the main 

cause for type 2 diabetes patients. Type 1 diabetes has some other reason with high 

percentage. Table-3 explains the percentages for death due to different diseases during 

two types of diabetes. After intensive control over BP and glycaemic, the mortality rate 

has decreased many folds for type 1 diabetes. Women suffering from type 2 diabetes are 

much affected by fatal coronary heart disease (CHD) as compared to men and non-
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diabetic persons. The death due to myocardial infarctionis has also similar pattern. The 

mortality risk due to cardiovascular disease becomes significant at a low mark of glucose 

level as compared to threshold level of diabetes and also has direct relation with blood 

glucose concentrations. In a survey in Asia has demonstrated that ischaemic heart disease 

and stroke have caused 21 % and 13 % deaths respectively. A high percentage of 

population is involved in diabetes especially those ones which are involved in conversion 

from rural to urban culture in developingcountries. The modification in lifestyle including 

physical activity is more economical and effective in controlling type 2 diabetes (Figure-

71) [44, 84-94]. 

Table-3: Percentage of death due to different diseases in type 1 and type 2 diabetes 

Diseases 
Type 1 

(%) 

Type 2 

(%) 

Cardiovascular disease  

Cerebrovascular disease   

Nephropathy  

Diabetic coma   

Malignancy   

Infections  

Others  

15 

3 

55 

4 

0 

10 

13 

58 

12 

3 

1 

11 

4 

11 

 
Figure-70: Average incremental cost of diabetes 
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Figure-71: Comparison of lifestyle and drugs in controlling type 2 diabetes  

1.3.3 Type 2 diabetes  

It is difficult to differentiate between type 1 and type 2 diabetes generally but 

there are chances of type 2 diabetes in adults up to 95 %. People are also affected by 

impaired glucose tolerance (IGT) which is converted to diabetes but up to 11 % only per 

year. An increase in persons affected by IGT and type 2 diabetes was noted and estimated 

up to 2025 (Figure-72). A high increase is noted from rural to urban because of food 

change and less physical work (Figure-73). The prevalence rate was noted higher for IGT 

as compared to type 2 diabetes in different regions. The obesity has greater chances for 

the diabetes and so fat deposition is more risky than gluteofemoral deposition. There is 

no specific fat deposition area in the body and so all types of fats are known to be 

involved in insulin resistance and metabolic defects lying under lipotoxicity. The physical 

activity negatively affects the obesity and so the type 2 diabetes. The controlled diet plan 

has reduced the chances to a remarkable extent. The estimation of constant blood glucose 

is used to find the insulin resistance (Figure-74). Figure-75 explains the mechanism of 

insulin resistance. The lipolysis produces non-esterified fatty acids (NEFAs) from 

visceral fat. The glucose uptake is impaired through gluoconeogenesis. These fatty acids 

have a great role in triglyceride accumulation in β cells and inhibition of insulin 

secretion. The insulin action is interfered by cytokines from adipose tissue. The hormone, 

adiponectin is involved in insulin releasefrom the β cells, muscle glucose uptake, fatty 
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acid oxidation, hepatic gluconeogenesis, glucose transporter-4(GLUT-4) and tyrosine 

kinase activity. The hormone, resistin, increases insulin resistance. Leptin controls the 

appetite. Ghrelin act as a hunger signal. The genetics is a little involved in type 2 diabetes 

because there are only evidences with 10 % chances and the main effect is considered for 

the environment. No doubt, type 1 diabetes is related to the genes. Thrifty phenotype 

hypothesis (Figure-76) explains the type 2 diabetes arising from malnutrition. The βcell 

failure is known to be involved in both type 1 and type 2 diabetes. Both of these have 

different aetiology. The acceleratorhypothesis includes constitution, insulin resistance 

and autoimmunity. Another term relating to type 2 diabetes is metabolic syndrome which 

is named the combined action of hyperlipidaemia, hypertension, 

hyperglycaemiaandobesity. The β cell impairmentand insulin resistance are the relating 

problems to the type 2 diabetes and the relating causes are listed in Figure-77. The 

genetic and environmental functions are involved to affect both of these problems [44, 

95-102]. 

 
Figure-72: Comparative prevalence of diabetes for 2007 and 2025 
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Figure-73: Comparative prevalence of diabetes for rural and urban areas 

 
Figure-74: Fasting plasma glucose concentrationand glucose metabolic clearance for 

without diabetes andwith type 2 diabetes patients 
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Figure-75: Insulin resistance in type 2 diabetes 

 
Figure-76: The ‘thrifty phenotype’ hypothesis 
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Figure-77: Pathogenesis of type 2 diabetes 

1.3.4 Management of type 2 diabetes 

The initial management of this disease includes the control of diet and physical 

working like exercise. The death rate of about 80 % in type 2 diabetes is considered due 

to hypertension and hyperlipdaemia related to cardiovascular disease. So, the final aim is 

to reduce above percentage along with loss of weight. The loss in weight can be 

considerably achieved through the increment in energy consumption by high physical 

work and through reduction in energy intake. The gradual weight loss is considered more 

effective and healthier i.e. less than one kilogram per week. The dietary composition is 

less important than amount of energy restriction for the considerable loss in weight along 

with effective control of glycaemic. The highcarbohydrate diet (CHO), high 

monounsaturated fatty acid (MUFA) diet &high saturated fatty acid (SFA) diet are 

compared in Figure-78. The diet having least calories is more effective in weight loss. A 
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little effect has been observed for the anti-obesity drugs like Sibutramine (Figure-79) and 

Orlistat (Figure-80). A high weight loss has been observed for Orlistat (Figure-81) but a 

number of side effects are also involved like faecal incontinence, steatorrhoea 

andflatulence. Diet used should include mono- or polyunsaturated fats. Eggs are 

prohibited but fish is recommended. The foods containing fructose or sorbitolare 

prohibited. Sucrose is not strictly prohibited and its small amount is acceptable. The 

quality of food should also be considered instead of quantity only. The glycaemic control 

improving foods include grains like oats, wheat breads, brown rice etc and fibreslike nuts, 

vegetables, fruits, cereals, grains etc. The education programs are also effective in this 

regard to educate the people about this disease regarding precautions, cure etc. Much 

improvement has been achieved through these education programs regarding smoking, 

physical exercise, loss in weight and false beliefs. The daily exercise like walking is 

recommended but the extra exercise like weight lifting should be performed according to 

the specified instructions. No doubt, extra exercise has positive effect as compared to 

simple walking exercise. The glycaemic control is easily achieved throughdiet and 

exercise. The drugs involved for treatment is based on balance of insulin resistance andβ 

cell impairment [44, 103-115]. 

 
Figure-78: CHO, MUFA diet &SFA diet and weight variation during energy restriction  
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Figure-79: Structure ofSibutramine 

 
Figure-80: Structure ofOrlistat 

 
Figure-81: Effect of orlistat on weight loss 

1.3.5 Oral anti-diabetic drugs 

The different drugs used for diabetic patients are listed in Table-4. A 

guanidinederivative known as metformin is used as anti-diabetic drug (Figure-82). It 

increases the action of insulin and so results into low glucose level. It also suppresses the 

apatite and so favors weight loss. The different side effects include diarrhoea, anorexia, 

nausea andlactic acidosis (rare but serious). Sulphonylureas stimulate the insulin 

secretion but it causes hypoglycaemia with glibenclamide and weight gain. The 

mechanism of action of sulphonylureas is given in Figure-83. Thiazolidinediones (TZDs) 

are insulinsensitizers and cause oedema, weight gain, fluid retention andhepatotoxicity. 

The mechanism of thiazolidinediones is given in Figure-84. Dipeptidyl peptidase-4 

(DPP-4) inhibitors are well tolerated and have low chance for hypoglycaemia. Glucagon-

like peptide-1 (GLP-1) analogues are associated with pancreatitis [44, 103-115]. 
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Table-4: List of different anti-diabetic drugs 

Drug Mechanism Action 

Weight loss therapies 
(Sibutramine, Orlistat) 

Inhibits pancreatic lipase 
Serotonin and noradrenaline 
reuptake inhibitor 

Reduces fat absorption 
in gut 
Centrally acting 
appetite suppressant 

Dipeptidyl peptidase-4 
(DPP-4) inhibitors 
(Alogliptin, Saxagliptin, 
Vildagliptin, Sitagliptin) 

Cleaves amino acids and 
inactivates DPP-4 

Inhibits breakdown of 
endogenous glucagon-
like peptide-1(GLP-1) 

GLP-1 agonists 
(Liraglutide, Exenatide) 

Bind to GLP-1 receptors on β 
cells and α cells 

GLP-1-like effects on 
insulin secretion, 
satietyand gastric 
emptying 

α-Glucosidase inhibitors 
(Acarbose) 

Inhibits α-glucosidase in 
intestinal brush border 

Decrement in 
gutabsorption of 
carbohydrate 

Meglitinide analogues 
(Rosiglitazone, 
Pioglitazone, 
Thiazolidinediones or 
glitazones, Nateglinide, 
Repaglinide) 

Bind to sulphonylurea (SU) 
receptor on β cell, leading to 
closure of ATP-sensitive 
potassium (KATP) channels  
Peroxisome proliferator-
activated receptor γ (PPAR γ 
agonist) 

Enhancement of 
insulin secretion 
Decrement in insulin 
resistance 
 

Sulphonylureas 
(Glibenclamide, Glipizide, 
Glimepiride, Gliclazide) 

Bind to SU receptor on β cell, 
leading to closure of KATP 
channels 

Enhancement of 
insulin secretion 

Biguanides 
(Metformin) 

Not much known Decrement in insulin 
resistance 
Decrement in hepatic 
glucose output 

 

H2N C NH2

NH
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N C NH

NH
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C

NH

NH2

 
Figure-82: Chemical structures of guanidine and metformin 
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Figure-83:Insulin secretion by sulphonylureas and glucose 

 
Figure-84:Mechanism of action of TZDs 
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1.3.5.1 Vildagliptin 

In type 2 diabetes, the hyperglycemia is efficiently treated by the DPP-4 

inhibitorswhich involve GLP-1. A number of such DPP-4 inhibitorshave shown least 

adverse effects. The oral absorption and distribution of DPP-4 inhibitors is fast and 

extensive through the cells with no transportation through cell membranes. Among the 

different DPP-4 inhibitors, protein binding ability is different and vildagliptin (Figure-85) 

has low such ability like others except linagliptin. The DPP-4 can make inactive incretin 

hormones but the DPP-4inhibitors effectively prevent it. The different DPP-4 inhibitors 

show binding of DPP-4 through covalent bonding or non-covalent. The time of action for 

inhibitors depends upon their dose. Vildagliptin inhibits for 12–16 hours but the others 

for 24 hours. The different degree of metabolism explains extensive degree for 

vildagliptinas compared to others except saxagliptin. The circulating halflife is also short 

for vildagliptin as compared to others except saxagliptin. Vildagliptin and others are 

eliminated renally except linagliptin. Vildagliptin is a DPP-4 inhibitor and is efficient in 

both forms i.e. alone or in combination with other anti-diabetic agents. It reduces 

hypoglycemia without gain in weight. It is also efficient for old age patients and others 

suffering from renal impairment. The DPP-4 active site is well interacted and long-term 

bounded by the nitrile group attached to pyrrolidine ring of vildagliptin. Thus, this drug 

has long term effect i.e. twelve-hour inhibition by 50 mg dose. It is orally administrated 

and is easily absorbed, hydrolyzed under metabolism and 22 % is excreted unchanged. 

Four metabolic pathways are suggested which produces five metabolites including four 

minor and one major. Major one is produced by hydrolysis of cyanogroup. The major 

elimination of these metabolites is through kidney but minor through feces. The renal 

clearance for this drug is also considerably higher. Liver also takes part in metabolism of 

vildagliptin.The vildagliptin absorption is rapid after oral administration, the distribution 

is extensive with low protein binding but not through cross membranes, the extensive 

metabolism (hydrolysis of cyano group, hydrolysis of amide group, glucuronidation, 

oxidation of pyrrolidine) but with 22 % unchanged form and excreted through kidneys 

after two hours of circulating half life. Due to mixed meal and glucose oral 

administration, GLP-1 and glucose-dependentinsulinotropic polypeptide (GIP) levels 

increase is augmented by vildagliptin and hence glucagon secretion or hepatic glucose 
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production is suppressed. The levels of glucagon are correlated withglycemia. Due to 

whole day exposure to incretin hormones, the stimulation of insulin secretion is 

performed by this drug. It also decrements proinsulin and so enhances β-cell function. 

One-year treatment by this drug has resulted into nodisease-modifying effect on β-cell 

mass or function andenhanced insulin secretion. Vildagliptin reduces fasting lipolysis, 

enhances postprandial lipolysis and enhances postprandial muscle fat oxidation. Thus, the 

fatin adipocytes is burned and mobilized. The reduction of postprandial lipemia is 

thought to be mediated by GLP-1 which inhibitstriglyceride absorption. The intestinal 

secretion of triglycerides is also reduced. The glucose disposal is also increased during 

euglycemic clamp and hyperinsulinemic. Overall the results are decremented glucose, 

decremented lipotoxicitiy and decremented fattyacid oxidation. The vildagliptin 

treatment has enhanced glucose disposal, muscle-fat oxidation, postprandial lipolysis, 

islet dystopography, β-cell mass, hepatic glucose production, glucagon secretion at 

hypoglycemia, glucagon secretion after meal, insulin secretion, fasting intact GLP-1 

levels andpostprandial intact GLP-1 levels. The vildagliptin treatment has decremented 

postprandial lipid levels and fasting lipolysis but satiety, gastric volume and gastric 

emptying were not affected. The monotherapy treatment of vildagliptinis well tolerated 

and has shown least side effects. The other features involve low hypoglycemia with no 

gain in weight. Vildagliptin reduced HbA1c only 1.0% and weight changes up to positive 

0.3 kg as compared to that by metformin as 1.4% and negative 1.9 kg. Rosiglitazone and 

acarbosereduced HbA1c by 1.4% and rosiglitazone enhanced weight by 4.7 kg. The 

vildagliptin and metformin in combination showed potent efficacy. Vildagliptin therapy 

was improved on addition to ongoing therapy of sulfonylurea like glimepiride or 

thiazolidinedione like pioglitazone. Vildagliptin was found to be safe for the old age 

patients of type 2 diabetes. The different adverse effects include urinary tract, respiratory 

infections, headache and liver transaminases [116]. 

 
Figure-85: Structure of vildagliptin 
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1.3.5.2 Metformin  

It has been prepared as metformin hydrochloride (1,1-dimethylbiguanide 

hydrochloride, Figure-86) and in the form of 500mg, 850 mg and 1000 mg tablets. These 

are white colored, film coated, almost odourless andhygroscopic tablets. These prepared 

tablets are water soluble, rectified spirit partially soluble and ether or CHCl3insoluble. 

These tablets also contain different excipients including titanium dioxide, sodium starch 

glycolate, purified talc, propylene glycol, povidone, maize starch, magnesium stearate, 

macrogol 6000, hypromellose and colloidal silicon dioxide. The tablets are free from 

lactose and gluten. This drug has been used against type 2 diabetes with overweight 

patients. This is also recommended in combination with other oral drugs. It is a 

hypoglycaemic agent. Because of increase in efficiency of endogenous or exogenous 

insulin, the glucose uptake is enhanced. It plays an important role in enhancing insulin 

sensitivity. Although it has no role in release of insulin yet needs insulin to show its own 

effect. The suggested mechanism explains inhibition of liver gluconeogenesis resulting in 

slow absorption of glucose from gastrointestinal tract. The diabetic patients found 

metformin helpful in lowering post-prandial and basal blood glucose. A long-term benefit 

of intensive bloodglucose control is attained by metformin and the patients have found 

different benefits like decrement of complications related to diabetes, decrement of 

mortality related to diabetes, decrement of overall mortality and decrement in myocardial 

infarction. The metformin absorption in the body after oral administration is non-linear in 

nature, the distribution is not through plasma proteins, the metabolism is not hepatic but 

excreted unchanged through urine. Lactic acidosis and renal impairment are its side 

effect. The dose of 500 mg thrice a day is sufficient but can be increased up to 1 g three 

times a day. After control, the dose should be reduced to a minimum value with positive 

effect. The children are not recommended for this drug. Metformin is not advised when 

there is Juvenile diabetes mellitus, diet regulated diabetes mellitus, hypersensitivity to 

this drug, diabetic precoma, diabetic ketoacidosis, failure of renal, tissue hypoxia, severe 

hepatic problem, alcoholism, lactic acidosis etc. Cardiovascular, hepatic and renal 

functions and vitamin B12 should be regularly diagnosed during metformin treatment. 
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The different drugs have been reported to cause different problems when used with 

metformin (Table-5).  

Table-5: Problems of metformin in combination of other drugs 

Drug to be combined Effect 

Cimetidine Decrements metformin clearance 

Vitamin K antagonists Rate of elimination of vitamin K antagonists is increased 

Nifedipine Enhances the excretion of metformin through urine 

Sulfonylureas  Render hypoglycaemia 

Repaglinide Renders hypoglycaemia 

Beta-blockers Render hypoglycaemia 

ACE inhibitors Render hypoglycaemia 

Calcium channel blockers Change glucose level 

Thyroid products Enhance the production of hyperglycaemia 

Corticosteroids Enhance the production of hyperglycaemia 

Alcohol Decrements blood glucose level 

Thiazide diuretics Affect glucose tolerance 

Iodinated contrast media Affects renal function 
 

The fertility of male or females is not known to be affected by metformin. The 

pregnant female is normally not strictly prohibited for metformin but there should be 

some analysis of effects on mother and fetus and then prescription be given because 

reports are known for the different harms or risks to both mother and child. Weak toxic 

effects are known for metformin as compared to insulin for mother. The child has risk of 

hypoglycaemia but up to a reduced level as compared to that ones with insulin using 

mothers. Because of no hypoglycaemia, metformin alone does not cause any harm to 

senses and so machine work is not disturbed. The gastrointestinal disorders are too 

common problems relating to metformin but specifically at initial stage of dose. This 

problem can be avoided by using small dose initially and also with the meal. The 

gastrointestinal symptoms can also be because of lactic acidosis or may be any serious 

disease. In fact, the lactic acidosis is a rare one. Some tissue relating problems like 

urticaria, pruritus& mild erythema and some hepatobiliary disordersare also known but 
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up to a rare level. The overdose of metformin has some specific symptoms like 

hypoglycaemia (>85 g) followed by lacticacidosis indicated through resistant 

bradyarrhythmias, hypotension, hypothermia, non-specific abdominal distress, 

increasingsomnolence, malaise, myalgia, respiratory distress non-specifically. Lactic 

acidosis is diagnosed through arterial lactate plasma level, arterial pH and serum 

electrolytes [117]. 

N C NH
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H3C

C
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HCl

 
Figure-86: Structure of metformin hydrochloride 

1.4 Aims and Objectives 

Pharmacokinetic studyis considered an important tool for the investigation of 

absorption, distribution, metabolism and excretion of a drug. The results obtained convey 

useful information for the further clinical trials. The appropriate and safe clinical trials 

and mechanism of action in human subjects are the features of this study. The appropriate 

use ofmedicines according to patient characteristics like disease and genotype of drug-

metabolizingenzymesalong with pharmacokinetic drug interactions are also inferred by 

this study. There is considerable rise in healthcare expenditures including developing 

countries like Pakistan. The detailed investigation is conducted in this dissertation to 

explain the relationship between patient’s socioeconomic status and physician’s choice 

on multisource solid oral drugs.  

The current presented research wasconducted to evaluate pharmacokinetic 

parameters of a combined formulation of vildaglipton and metformin hydrochloride 

included in50/1000 mg tablet. This in vivo study included rabbits and human beings. Two 

parallel set of studied were conducted to compare the results. The main measuring tool 

was High Performance Liquid Chromatographic (HPLC) technique for the analysis of 

blood plasma for the concentrations of vildagliptonand metformin hydrochloride. The 

plasma concentration-time curves were used to obtain the different pharmacokinetic 

parameters. 
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A literature review has been sketched to elaborate the introduction, importance or 

applications of pharmacokinetics, type 2 diabetes, vildagliptin, and metformin and HPLC 

method validation. 

Tripathiet al. studied the pharmacokinetics of theophylline (Figure-87) liquid 

preparation. For this purpose, a single dose of 160 mgwas used. The fatty diet was used 

in breakfast for six volunteers who were male and non-smoking persons. The noted 

difference was the time in attaining therapeuticplasma concentration which was shorter 

for the normal diet and the pulse rate which was noted to be earlier for normal diet. 

Another major difference was the better tolerance of theophylline after fatty diet as 

compared to the normal diet [118]. 

 
Figure-87: Structure of theophylline 

Ceriello and Inagakireviewed the linagliptin (Figure-88) as dipeptidyl-peptidase-4 

(DPP-4) inhibitor under the headings of pharmacokinetics and pharmacodynamics. The 

structural difference from other inhibitors of same class includes xanthine-based structure 

and it also favors strong binding to corresponding enzyme along with long half-life. 

Unlike other inhibitors, this drug has characteristic pharmacokinetic and so one dose is 

required daily for almost all the patients suffering from type 2 diabetes mellitus. It has 

non-renal excretion route and so suitable for the renal impairment patients and also that 

with hepatic impairment. A dose of 5 mg is suitable for patients with renal or hepatic 

impairment and does not depend upon their ethnicity. Figure-89 explains the 

pharmacokinetics of orally administrated linagliptin through percentages and the given 

results are based on a clinical trial for 120 hours for a 10 mg dose [119]. 

 
Figure-88: Structure of linagliptin 
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Figure-89: Pharmacokinetics of linagliptin  

Coppacket al. explained the glibenclamide (Figure-90) through its properties of 

pharmacokinetic and pharmacodynamic. This clinical trial includes 110 patients 

including 79 non-hospitalized and 31 hospitalized ones. A 20 mg dose was used for this 

purpose. The kinetic behavior of this drug was found to be unaffected by a range of 

factors including normal renal and hepatic function. The different parameters suggested 

that the dose greater than 5 mg has some clinical benefit. The non-hospitalized patients 

presented higher value of mean plasma drug concentrations in 8 hours. This suggested 

that hospitalized patients have more to over-compliance [120]. 

 
Figure-90: Structure of glibenclamide 
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Kharghariaet al. investigated Bos grunniens L. (domestic yak) for the 

pharmacokinetics of enrofloxacin (Figure-91). The dose was decided depending upon the 

weight of the subject as 5 mg for each kilogram. Sampling of blood was made at definite 

intervals from jugularvein. HPLC was used to analyze the samples for enrofloxacin. The 

different calculated parameters were apparent first-orderelimination rate constant (K), 

total body clearance (ClB), apparent volume of distribution (Vd), mean residence time 

(MRT), area under the moment curve (AUMC) and area underplasma concentration-time 

curve (AUC). The low MRT, shorter half- life, excellent tissue penetration and faster 

elimination rate well justified the taken dose rate with respect to the mass of yak [121]. 

 
Figure-91: Structure of enrofloxacin 

Tran and Elbarbry have explained the effect of diabetes mellitus on the 

absorption, distribution, metabolism and excretion of the different drugs. Due to glucose, 

intracellular signaling proteins are affected and so the membrane permeability is affected. 

The rate of absorption can be affected by the glucose concentration level. The gastric 

emptying is also affected and thus the rate of absorption of medication administered 

orally is highly affected. For example, the rate of absorption of tolazamide was 26 % 

slower as compared to the non-diabetic patients but no difference was noted for the 

provitamin carotenoids and ciprofloxacin. Thus, the nature of drug matters in this concern 

along with the characteristics of patient. The glycation of albumin may result into the 

structural variations in it and thus the binding ability of drug molecules with it will be 

affected. This process leads to the changed distribution behavior in diabetic patient as 

compared to the non-diabetic person. For example, sulfafurazole is excreted 5 times in 

free form and salicylic acid as 1.5 times in free form. Another factor affecting distribution 

is the amount of free fatty acids. Some liver enzymes including CYP3A4 are affected and 

so the metabolism involving these enzymes is also affected. CYP2E1 activity is doubled 

and this is involved in liver diseases. CYP2C9, CYP1A2, CYP1A1and CYP3A5 are not 
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affected by diabetes. The diabetic effect on the excretion of drugs is not considerably 

known or explained [122].  

Dostalek et al. has also explained the effect of diabetes on the pharmacokinetics 

and pharmacodynamics of drugs through experiments on animals. The behavior of drugs 

is changed in the diabetic and non-diabetic patients. The gastric emptying and blood flow 

variations have affected the absorption of drugs. The non-enzymatic glycation of albumin 

has affected distribution. The regulation of involved enzymes/transporters has affected 

biotransformation and nephropathy has affected the excretion process. Along with 

pharmacokinetics, the pharmacodynamics is also affected. The behavior of every drug 

should not be generalized because the variations are nature of drug dependent. The 

differences between ex-vivo and clinical studies may be regarded due to obesity, sex, age, 

dietary protein intake, varying medication use, histopathological characteristics, duration 

of disease, severityof disease, type of disease, focused or restricted population etc [123].  

Muscelliet al. examined the anti-hyperglycemic effect ofsitagliptin (Figure-92) 

known as DPP-4 inhibitor in fifty type 2 diabetic patients with seven controls. After six 

weeks, forty-seven diabetic completers were studied again. The calculations include 

glucose fluxes, β-cell function and incretin effect. The drug dose was 100mg/d. The drug 

presented greater suppressionof endogenous glucose production, lower appearance of oral 

glucose and greater area under thecurve (AUC) as compared to the placebo. There was 10 

% improvement in insulin sensitivity. Also, improvement in β-cell glucose sensitivity, 

decrement in glucagon AUC and increment in glucagon-like peptide-1 and intact 

glucose-dependent insulinotropic polypeptide AUC was observed. Due to enhanced β-

cell glucose sensitivity, the incretin effect was unchanged. The glycemic control was 

improved by this drug [124]. 

 
Figure-92: Structure of sitagliptin 
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Ahren et al. studied vildagliptin (Figure-85) known as DPP-4 inhibitor. It inhibits 

the degradation of GLP-1 and thus inhibits DPP-4. This action is effective in reducing 

glycaemia of type 2 diabetic patients along with two more benefits including no gainin 

weight and low risk of hypoglycaemia. The binding of this drug with DPP-4 is covalent 

in nature which helps in long time inhibition of the concerned enzyme. Other outcomes 

of this drug include the reduction oftriglyceride (TG) in tissues, the inhibition of fat 

absorption, the reduction in fasting lipolysis, the improvement of insulin sensitivity, the 

suppressionof lipoprotein levels with highTG, the inhibition of glucagon secretion, 

thestimulation of insulin secretion andthe inhibition of hepatic glucose production [125]. 

 
Figure-93: Graphical anti-hyperglycaemic action of metformin on the liver cell 

Rena et al. has reviewed the action of metformin (Figure-82, Figure-86) for the 

treatment of type2 diabetes. The anti-hyperglycaemic effectfor this drug was thought to 

include 5'-AMP-activated protein kinase (AMPK) but genetic loss of function studies has 

opposed this mode of action. The AMPK-independenteffects are based on the 

mitochondrial actions. The organic transporter 1 (OCT1) helps in the transportation of 

metformin to hepatocytes. The gluconeogenesis is reduced at the liver. The inhibition of 

gluconeogenesis is accompanied by decrease in ATP and increase inAMP. The increase 
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in AMP levels is associated with activation of AMPK, the inhibition of gluconeogenic 

enzyme i.e. fructose-1,6-bisphosphatase (FBPase) andthe inhibition of3′-5′-cyclic 

adenosine monophosphate-protein kinase A (cAMP-PKA) signaling throughadenylate 

cyclase suppression. The general mechanism is sketched in Figure-93 and Figure-94 

[126].   

 
Figure-94: Simplified anti-hyperglycaemic action of metformin on the liver cell 

 Khanet al. studied the animal models (rats and rabbits) for the effect of 

disopyramide (Figure-95) as anti-arrhythmic drug on metformin as anti-diabetic drug 

under the heading of pharmacodynamics and pharmacokinetics. The different 

calculations on which the results are based include serum metformin, serum insulin and 

blood glucose. The blood glucose reduction was attained at a maximum level in three 

hours for rabbits and six hours for rats.The combination of both drugs suggested the 

favorable results of glucose-insulin homeostasis as compared to alone metformin. The 

interaction of both drugs can be expected at the excretion stage and there is probability 

for such interaction in humans [127]. 
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Figure-95: Structure of disopyramide 

 
Figure-96: Schematic diagram for inhibition of mitochondrial complex I and associated 

results by metformin 

Hur and Leereviewed the action of metformin as anti-diabetic drugs and found the 

most depicted mechanism to involve adenosine monophosphate-activated protein kinase 

but the independent pathways can also demonstrate certain related metabolic side effects. 

Figure-96 explains the under discussed phenomenon. The action of metformin 

decrements the activity of mitochondrialcomplex I which is associated with decremented 

ATP, enhanced AMP and activated AMPK. In addition to these, integrated stress 

response (ISR) occurs due to production of reactive oxygen species (ROS) along with 

activation of transcriptionfactor 4 (ATF4) induction and eukaryotic translation factor 2a 
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(eIF2a) phosphorylation. ATF4 induces fibroblast growth factor 21 (FGF21). The 

mitochondrial glycerophosphate dehydrogenase(mGPD) is inhibited by the drug which 

blocks the formation of dihydroxyacetone phosphate (DHAP) from glycerol-3-phosphate 

(G3P) andthe conversion of glycerol into gluconeogenesis. The formation of lactate 

happens due to decremented nicotinamide adenine dinucleotide (NAD+). The inhibition 

of adenylate cyclase due to enhanced AMP leads to the reduction of cAMP which in turn 

reduces PKA mediated glucagon-induced gluconeogenic gene expression. Figure-97 

explains the under discussed phenomenon. Metformin makes able the intestinal L cells to 

release the GLP-1 and pancreatic β-cells to release GLP-1receptor expression. A Gram-

negative bacterium, Akkermansia, was helped to be abundant by metformin in thegut and 

this results into regulatory T (Treg) cells along with betterment of inflammation in 

adiposetissue. The changes in intestinal microbiota are attributed to enhanced life of 

Caenorhabditis elegans. During metformin administration, the glucose level is mainly 

adjusted in the intestine [128]. 

 
Figure-97: Effects of metformin on the gut 
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Figure-98 explains the under discussed phenomenon. AMPK is being used to 

activate autophagy by metformin along with phosphorylation of Beclin 1 and unc-51-like 

kinase 1 (ULK1). The inflammasome activation can be reduced by AMPK activation. 

This phenomenon can involve mitophagy which leads to rejuvenation of ‘stressed’ 

mitochondria. The inflammasomes can be activated by lipids. The mitochondria and 

lipidcontents are affected by autophagy activation which reduces inflammasome 

activation. AMPK inhibits the recruitment of Mondo and thus reduces thioredoxin-

interacting protein (TXNIP) induction. The TXNIP also contributes to inflammasome 

activation through enhanced endoplasmic reticulum (ER) stress involved in β-cell injury 

[128]. 

 
Figure-98: Effects of metformin on autophagy, inflammasomes and ER stress 

Ferranninihas well elaborated the target for metformin in the type 2 diabetic 

patients. The most favorable suggestion is given in Figure-99. It was the inhibition of 

mGPD which in turn suppresses gluconeogenesis. This thing is accompanied by the 

deceleration of DHAP-glycerophosphate. Further action of these phenomena results into 

increment of different ratios in cytoplasm like lactate to pyruvate, NADH to NAD and 

G3P to DHAP. Plasma receives the excess lactate & glycerol and there is decrement in 

glucose secretion by hepatocyte and gluconeogenesis [129]. 
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Figure-99: Suppression of gluconeogenesis by metformin 

Foretzet al. reviewed the therapies and action of metformin for type 2 diabetes. 

Along with glucose-lowering effect, the cancer and cardiovascular diseases are known to 

be affected by this drug. The activation of AMPK, the energy sensor, is induced 

bymetformin and also well explained but it is not explaining the other actions related to 

this drug. Figure-100 explains the under discussed phenomenon. The accumulation of 

AMP and the reduction of ATP are related to the inhibition of mitochondrialrespiratory-

chain complex 1 which is inhibited by metformin after transportation into hepatocytes 

through OCT1.The accumulation of AMP and the reduction of ATPis related to the 

reduction ofglucose from glycerol, the inhibition of mGPD,the inhibition of cAMP-PKA 

signaling,the inhibition of adenylatecyclase, the reduction of FBPase activity and the 

reduction of gluconeogenesis. The exertion of insulin sensitizing effects and the 

suppression of lipid synthesis are related to the activation of AMPK which is further 

related to AMP/ATPratio. This ratio is affected by the metformin. Figure-101 explains 

the under discussed phenomenon. Among the different cardiovasculardiseases including 

diabetic cardiomyopathy, hypertrophy and myocardialinfarction are affected by 

metformin. The different abbreviations used are given in the list of abbreviations. Figure-

102 explains the under discussed phenomenon. The cancer cells are not directly 

interacted by the drug molecule but are indirectly influenced through endocrine-

metabolic milieu. The decrement of insulin and glucose levels along with 



Chapter 2:  LITERATURE REVIEW 

 

66 
 

gluconeogenesis may be associated to the indirect effects but not strictly confined to 

these effects. At the stage of suitable drug exposure for energetic stress in cancer cells, 

the biguanides and cancers are known to be involved in directinteractions. The 

accumulation of biguanides and their interaction as energetic stress is greatly influenced 

by the genetic characteristicsof a cancer. The different abbreviations used are given in the 

list of abbreviations [130]. 

 
Figure-100: Metformin-induced inhibition of hepaticglucose output 
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Figure-101: Cardioprotective effects of metformin 
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Figure-102: Influence of biguanides on cancer biology 

Renaet al. have also reviewed the actions of metformin as drug. This drug has 

attained fruitful effects regarding diabetes-related complications and glucose metabolism. 

The reduction of hepaticglucose production is not enough mechanism to explain all the 

effects of this drug. The actions of this drug are known to proceed through AMPK-

dependent and AMPK-independentmechanisms. These mechanisms involve lysosome, 

the inhibition of mitochondrial glycerophosphatedehydrogenase and the inhibition of 

mitochondrial respiration. The action of this drug is moved from the simple improvement 

of glycaemia to multiple actions involving complex picture. Figure-103 explains the 

under discussed phenomenon. OCT1 favors the up taking of the drug into hepatocytes. 

The accumulation of drug into the themitochondria and cells corresponds to the 

mitochondrial inner membrane and the plasma membrane potentials. The activation of 
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AMPK is through the inhibition of Complex I or through lysosomal mechanism. The 

inhibition of FBPase is owned to the enhanced ratio of AMP:ATPand results into the 

gluconeogenesisinhibition, adenylate cyclase inhibition and cAMP production decrement. 

The activation of AMPK is related to the inhibitionof synthesis of fat along with 

enhancement of hepatic insulin sensitivity and the reduction of hepatic lipid stores. The 

activation of cAMP-specific 3,5-cyclic phosphodiesterase 4B (PDE4B) lowers cAMP. 

The cAMP-PKA is activated through induction of glucagon and thus glycolysis is shifted 

to gluconeogenesis along with inactivation of liver isoform of glycolyticenzyme pyruvate 

kinase (Pyr K) and the transcription of genes. The different abbreviationsare given in the 

list of abbreviations. Figure-104 explains the under discussed phenomenon. Due to 

metformin treatment, NLR in humans along with cytokines and C-C motif chemokine 11 

or eotaxin-1 (CCL11) are suppressed. The affected ones are macrophages and monocytes. 

The modification is noted for the microbiome, incretin (GLP-1) secretion and 

gutmetabolism in the intestines. The observed gut-mediated mechanismindirectly favors 

the hepatic glucose output. Due to change of mitochondrial function and molecular 

signaling, there is decrement in gluconeogenesis and lipogenesis in the liver. The 

different abbreviations are given in the list of abbreviations [131]. 
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Figure-103: Effect of metformin on liver metabolism 
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Figure-104: Effect of metformin on metabolism and inflammation 

Chakrabortyet al. studied the mathematical modeling and stimulation of 

metformin as drug for type 2 diabetes. The mass balance (1st principle of chemical 

engineering) was employed to develop a mathematical model for the pharmacokinetics of 

given drug. The history of time for concentration of drug in different parts of body can be 

predicted through this model. The first order dissolution was found for the drug in the 

stomach. The plasma membrane monoamine transportermediated the 

intestinalabsorption. Different pathways are known in the liver metabolism. The tubular 

secretion is the major route for non-metabolizeddrug elimination in urine [132]. 

Duonget al. studied the type 2 diabetes patients in Australia and has discussed the 

pharmacokinetics of metformin in comparison of indigenous and non-indigenous patients 

of diabetes. The glycosylated haemoglobinlevels, vitamin B12 concentrations, creatinine, 
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lactateand metformin were determined from the blood samples. The glycosylated 

haemoglobin and creatinine were higher for the indigenous patients. The creatinine 

&metformin ratio and lactate concentrations were comparable for both categories [133]. 

Gopiet al. noted that the action of anti diabetic drugs is affected by the 

administration of some additional drugs in parallel. So, a four-week study is performed to 

elaborate the combined action of metforminhydrochloride and stevias, anulcer drug 

(Figure-105). The study involves ten healthyhuman volunteers who were given stevias at 

one gram per day for five days. At sixth day, a 500 mg dose of metforminhydrochloride 

was administered. The blood samples were collected and after separation of plasma 

samples, HPLC system was employed for analysis. A mixture of phosphate buffer (pH 

2.6), CH3CN and MeOH in the ratio of 12:3:10 was used as mobile phase. The cyano 

column with specification of 7.5x4.6mm was employed with 1.2 mLmin-1 flow rate. The 

detection wavelength was 234 nm. The software Kinetica (Version 4.4.1Innaphase, USA) 

was used to check out the pharmacokinetic parameters. The combination of both of these 

drugs is found suitable because there was no considerable change in the parameters [134]. 

 
Figure-105: Structure of staviol as basic building block of stevias 

Scheenreviewed the pharmacokinetics of metformin and discussed valuable 

results. The metformin is employed against NIDDM. Considerable renewal of interest in 

this drug has been observed in recent years. The HPLC is mainly utilized technique for 

the study of pharmacokinetics. The pharmacokinetic study of metformin revealed that 

this drug has 40-60% of oral bioavailability and complete gastrointestinal absorption in 6 

hours. The quantity of therapeutic doses suggested the saturable absorption process. 

There is no binding of this drug is observed with plasma proteins and so rapid absorption. 

The liver metabolism was absent and the excretion was through renal with elimination 

half-life of 4-8.7 hours. The elimination time was found to be prolonged in the presence 
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of renal impairment. The lactic acidosis is rare one but chances are there. The drug 

interactions are a few ones reported for metformin [135]. 

Ningrum et al. studied plasma steady-state concentration (PSSC) for the 

metformin. The results were collected through HPLC method aided by UV detector. This 

clinical trial included thirteen patients. The peak and trough PSSC were found to be 

1.175±0.814 and 0.285±0.192 μg/mL. Within the plasma therapeutic level (PTL) of drug 

lied only ten patients with peak PSSC. With respect to the trough PSSC, no patient lied 

between PTL. Figure-106 explains the above discussion. There was no effect of OCT1 

genotype on PSSC of this drug [136]. 

 
Figure-106: PSSC for metformin 

Odawaraet al. studied the safety and efficacy of the combination of metformin 

and vildagliptin as a single pill. The running use was the combination of both drugs but 

as separate pills administered at the same time. The current investigation includes the 

study of this combination in a single pill. Total 171 patients were considered for the study 

including 115 ones dosed with vildagliptin/metformin and 56 ones with 

vildagliptin/placebo as single pill combination (SPC). The change in HbA1c was noted 

and the results favored vildagliptin/metformin SPC group. During the current study, no 
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weight loss or death or hypoglycemic eventwas observed. The safe dose was found to be 

50/250 or 50/500 mg for this combination [137]. 

Heet al. studied and focused on the combination of vildagliptin and metformin 

under the heading of pharmacokinetic interaction in type 2 diabetic patients. There are 

certain evidences for some patients who could not achieve proper glycemic control by 

using metformin treatment alone. This control can be improved by combining some other 

drug like vildagliptin, a DPP-4 inhibitor. Seventeen patients were considered for this 

study and the results were collected from blood samples taken at day 5. No interaction of 

both drugs with each other regarding their activity was observed. Although there was an 

observation of adverse events but these were not serious ones [138]. 

Santhoshaet al. has validated the HPLC method for the determination of 

vildagliptin and metformin. The mobile phase was water and K2HPO4(0.01M) buffer 

(v/v 10:90). The detection was at 215 nm of UV after a flow rate of 1.5mL/min. The 

2.390 minutes was theretention timefor metformin and 4.601 minutesfor vildagliptin 

(Figure-107, Figure-108). The limit of quantification (LOQ), limit of detection (LOD), 

robustness, precision, linearity and accuracy were also determined. The linearity was 

observed for the metformin for 500-1500μg/mL and for vildagliptin for 50-150μg/mL. 

For metformin, regression equation and coefficient of correlation were y = 124986x & r2 

= 1 and for vildagliptin were y = 21377x & r2 = 0.9999 (Figure-109, Figure-110). The 

suggested method was found to possess high accuracy, precision and sensitivity [139]. 

 
Figure-107: Chromatogram of marketed metformin HCl and vildagliptin 
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Figure-108: Chromatogram of standard metformin HCl and vildagliptin 

 
Figure-109:Linearity of metformin HCl 

 
Figure-110: Linearity of vildagliptin 

Gundalaet al. also studied the different parameters including stability, accuracy, 

precision, linearity, selectivity, simplicity and reproducibility of a designed method 

through HPLC regarding simultaneous determination of metformin and vildagliptin being 

used as combined drug sample. The use of inexpensive reagents is the specialty of this 

method. The C18 250 × 4.6 mm, 5μcolumn at 45˚C with mobile phase of CH3CN: 

phosphate buffer (0.1M, pH-7) (30: 70) at a rate of 1mL min-1at a wavelength of 263 nm. 
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Figure-111 explains the retention time for both components of mixture drug. The samples 

were analyzed under different stresses like oxidative, thermal, hydrolytic and photolytic. 

The linearity was observed for both combined drugs as 50-150 μg/mL (Figure-112, 

Figure-113) [140]. 

 
Figure-111: Retention time for both components of mixture drug 

 
Figure-112: Linearity of vildagliptin 
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Figure-113: Linearity of metformin HCl 

Khatun and Mirazunnabi performed HPLC technique for the vildagliptin 

determination in the tablets being used in the market. The analytical column was 

specified as Shimpack VP-ODS, 150 × 4.6 mm,5μm column. A volume to volume ratio 

of 20:80 % was adjusted for CH3CN and phosphate buffer (0.02 M, pH 4.6) as mobile 

phase. The flow rate was adjusted to 0.7 mLmin-1 at 25ºC. A photodiode arraydetector 

was used at 210nm. The linearity is shown in Figure-114 [141]. 

 
Figure-114: Calibration curve of vildagliptin 
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3.0 Cemicals and reageant 

Novamid Pharmaceuticals (Pvt.) Ltd. (Pakistan) was the source of metformin HCl 

(MF)and vildagliptin (VG) tablets. Honeywell (USA) was the source of analytical grade 

chemicals being used at different stages of the research project. The ultrapure water 

(resistivity ≤15 MΩ.cm) was obtained through GenPure water system (Thermo Scientific, 

USA). 

3.1 Chromatographic technique 

HPLC was employed to analyze the samples. For this analysis, LCWin 1.0 

Software equipped with Thermo Hypersil ODS C18 column (5μm, 4.6 x 250 mm), 

LC240 Vacuum Degasser, LC250 Column Oven, PC220 UV/Vis Detector, PG LC200 

andLC210 pump were used. The 5:30:65 ratio of MeOH, CH3CN and phosphate-dilute 

NaOH buffer at pH 3.5 was the mobile phase. The pH was checked through pH meter 

(Orion 5 Star, Thermo Scientific, UK). The injected volume was 20µL at 0.8 mL min-1. 

The best appropriate wavelength was 212 nm at 30 ˚C. The integration, peak 

quantification andchromatograms were recorded through LCWin 1.0 Software. The nylon 

filter (0.45 µm, Sartorius, Germany) was employed to filter mobile phase, standard 

solutions and samples before injection.   

3.2 Preparation of standard and sample solutions 

Distilled water was employed to prepare 1000µg/mLsolution of metformin HCl 

and 100µg/mLthat of vildagliptin as stock solutions. Sonication was processed for 15 min 

in an ultrasonic bath. The stock solutions were diluted to prepare different working 

solutions. The working solution was 50µg/mLfor metformin HCland 5µg/mLfor 

vildagliptin.  

3.3 Development of analytical method 

The analysis of serum and the drugs was performed through an optimized HPLC 

method. A maximum absorption was noted for 212 nm after taking absorption in the 

range of 200-400 nm by UV spectrometer for both analytes. The theoretical plates, 

selectivity factor, tailing factor and resolution were optimized chromatographic 

conditions through variationin mobile phase composition as 2:20:78, 5:25:70 and 

5:30:65(v/v) for MeOH,CH3CN and phosphate buffer (0.1M) respectively.The last 

composition was found to be the optimized one at pH 3.5 with a flow rate of 0.8mL/min. 
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ICH guidelines were followed in this regard. The employed columns included 

Purespher® RP-18, Hypersil ODS, Venusil XBP C18 and Thermo Hypersil ODS C18 

column. Phenomenex Kinetex 2.6 C18, Agilent Poroshell 2.7 120 EC C18, Waters 

ACQUITY 1.7 BEH C 18 and ACE Excel 2 C18-PFP were used at different pH (3.0,3.5, 

4.0, 5.0 and 6.0). The optimum column was found to be Thermo Hypersil ODS C18 

column (5μm, 4.6 × 250 mm). The chromatograms of standard and sample solutions of 

metformin HCl & vildagliptin are shown in Figure-115 and Figure-116. The summary of 

the tailing factor, selectivity factor, resolution, theoretical plates for each of the tested 

stationary and mobile phases are given in Table-6. 

3.4 Validation studies  

The method validation included different parameters as per ICH and USP 

guidelines. These parameters were stability of the solution, limit of quantitation (LOQ), 

limit of detection (LOD), precision, accuracy, linearity, specificity and conformity of 

chromatographic parameters. The different chromatographic parameters were found to be 

theoretical plates, resolution, selectivity factor and tailing factor. These parameters are 

also known as system suitability tests [142-149]. 

3.4.1 Specificity 

The specificity of chromatographic method can be tested through force 

degradation study or through injection of blank blood serum, placebo and blank diluents. 

Three figures, Figure-117toFigure-119, show the chromatograms of blank and placebo. 

3.4.2 Linearity  

 Eleven concentrations of each drug were used for calibration graph. Eleven 

concentrations of metformin HCl ranged from 50-150 µg/mLas 50, 60, 70, 80,90,100, 

110, 120, 130, 140 and 150 µg/mL. Eleven concentrations of vildagliptin ranged from 

2.5-7.5µg/mLas 2.5, 3.0,3.5, 4.0,4.5,5.0,5.5, 6.0, 6.5, 7.0 and 7.5 µg/mL. Linear curves 

for the both drugs presented a coefficient of determination (r2) ≤ 0.9927. Linearity results 

are shown in Table-7. Figure-120 and Figure-121 show the linearity plots. 

3.4.3 Precision 

Precision is further divided into system, method and intermediate one. Six mixed 

standard solutions of both drugs were injected for system precisionand the relative 

standard deviation was found 0.24 and 1.48 for metformin HCland vildagliptin, 
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respectively (within acceptable range). Six mixed standard solutions of both drugs were 

injected for method precisionand the relative standard deviation was found 0.92 and 0.86 

for metformin HCland vildagliptin, respectively (within acceptable range). Six mixed 

standard solutions of both drugs were injected for intermediate precisionand the relative 

standard deviation was found 0.25 and 1.14 for metformin HCl and vildagliptin, 

respectively (within acceptable range). Table-8, Table-9 and Table-10 represent the 

results of the precision performed in term of system precision, method precision and 

intermediate precision. 

3.4.4 Accuracy  

Standard addition method was employed for metformin HCl and vildagliptin at 

three concentration levels (50%, 100% and 150%). The % relative standard deviation and 

% recovery were calculated at each level. The accuracy of the method was well 

confirmed through proposed method because of satisfactory recoveries for metformin 

HCl in the range of 98.87% to 102.06% and for vildagliptin in the range of 98.60% to 

102.2%. The results of the percentage recovery and percent relative standard deviation at 

each level were calculated and are reported in Table-11. 

3.4.5 Method robustness 

The flow rate, temperature of column, pH and mobile phase were changed 

deliberately and insignificantly for assessing the method robustness. The results remained 

slightly changedand well the robustness nature of the method. System suitability in terms 

of specificity, linearity, precision and robustness is shown in Table-12. 

3.4.6 Method's LOD/LOQ 

The standard solution of both drugs was injected in number of six replicates. 

Limit of detection (LOD) and limit of quantification (LOQ) of the method were 

determined through standard deviation (SD) of the linear regression. The three times of 

SD is known as LOD and ten times of SD is known as LOQ.The results for LOD and 

LOQ of metformin HCl and vildagliptin are reported in Table-13. 

3.4.7 Force degradation studies  

The 100µg/mLof metformin HCl and 5µg/mLof vildagliptin were used as 

standard control for degradation study through heat, peroxide, base and acid. The sample 

in the form of powder was subjected to 105oC for two days in order to check out the 
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thermal degradation. An accurately weighed powder sample was taken to make final 

concentrations of 100µg/mLand 5µg/mLof metformin HCl and vildagliptin respectively. 

The control samples of both drugs were added to 2mL of 30% H2O2till the final volume 

of 25mL for peroxide degradation. The mixture was refluxed for 60 minat 60oC and then 

cooled to room temperature. The control samples of both drugs were added to 5mL of 5M 

NaOH till the final volume of 25mL for base degradation.The mixture was refluxed for 

60 minat 60oC, cooled to room temperature and then neutralized with 5M HCl 

solution.The control samples of both drugs were added to 5mL of 5M HCltill the final 

volume of 25mL for acid degradation.The mixture was refluxed for 60 minat 60oC, 

cooled to room temperature and then neutralized with 5M NaOH solution. The results of 

the stability of the developed method in terms of forced degradation by acid, base, 

peroxide and thermal degradations are shown in Table-14 and the HPLC chromatograms 

are shown in Figure-122 to Figure-125. 

3.5 Analysis of tablet preparation  

The accurate weight of 100mg metformin HCl and 10 mg vildagliptin in the form 

of twenty tablets were added to 40mL distilled water in 100mL volumetric flask. After 

sonication for 15 min, more distilled water was added to make up the exact volume of 

flask and also filtered through 0.45µ membrane filter. Again, final concentrations of 

100µg/mLfor metformin HCl and 5µg/mLfor vildagliptin were obtained by diluting 5mL 

of last prepared solution through mobile phase in a 50mL volumetric flask. The %assay 

results in terms of % recovery and standard deviation of tablet preparation are reported in 

Table-15. 

3.6 Serum drug analysis 

The Jinnah Hospital Lahore, Pakistan was the source for the collection of the 

blood samplesthrough its blood bank. The plasma was separated through centrifugation 

for 10 min at 4000 rpm. Again, centrifugation for 10 min at 4000 rpm was performed 

after vortexing for 1 min of the mixture prepared through addition of 10 mL of 

acetonitrile to 1 mL of plasma. The serum obtained after filtration through 0.45 µm pore 

size membrane filter was subjected to the preparation of the standard and drug (oral 

tablet) solutions. Final concentration of 100µg/mLfor metformin HCl and 5µg/mLfor 

vildagliptin were obtained through addition of metformin HCl and vildagliptin to blood 
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serum. The stated chromatographic conditions were used to determine the availability of 

metformin HCl and vildagliptin pooled human serum. The results of availability of 

metformin HCl and vildagliptin pooled human serum are shown in Table-16. 

3.7 Pharmacokinetic study in rabbits 

The local pharmacy was the source of blood sampling tubes and Tollinton market 

Lahore, Pakistan was the source of adult rabbits of both genders. The storing temperature 

of rabbits was 25 ± 2 °C with humidity of 50 ± 15%. The light cycle was maintained at 

12 h light and 12 h dark cycle. The rabbits were fed through water only for 12 h before 

performing the experiment but nothing was fed during the experiment. Pharmacokinetic 

responses were noted for the selected drugs in combined form.  

3.7.1 Normal rabbits 

Six normal rabbits of either sex weighing between 1.25-1.5 kg were selected and 

given combined dose of drugs i.e. metformin HCl as 70 mg per 1.5 kg and vildagliptin as 

15 mg per 1.5kg orally. 

3.7.2 Diabetic rabbits 

Six normal rabbits of either sex was fed with freshly prepared aqueous solution of 

alloxan monohydrate as 100 mg per kg and 50 mg per kg of body weight 

intraperitoneally in the form of two doses for two consecutive days. Then the immediate 

hypoglycemia was contested through 10% dextrose administration. The rabbits with 

fasting blood sugar levels above 250 mg per dL were selected for the study. The rabbits 

weighing between 1.25-1.5 kg were selected and given combined dose of drugs i.e. 

metformin HCl as 70 mg per 1.5 kg and vildagliptin as 15 mg per 1.5kg orally. 

3.7.3 Collection of blood samples 

The marginal ear vein puncture of each rabbit was used to take a sample of 1 mL 

at different intervals including 0, 0.25,0.5, 1, 2, 3, 4, 5, 6, 8, 10 and 12hour. The samples 

were mixed with 10% (w/v) sodium salt of EDTA (100 µL) in tubes. EDTA was an 

anticoagulant. The serum was separated through centrifugationof this mixture for 30 

minat 4000 rpm and stored at -20oC. 

3.7.4 Estimation of metformin HCl and vildagliptin by HPLC  

Eppendorf tube (1.5 mL) was filled with 0.5 mL serum followed by 0.5 mL 

acetonitrile to extract Metformin HCl and Vildagliptin and also to precipitate proteins. 
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Eppendorf tubes were rotated (5 min) to extract metformin HCl and vildagliptin from the 

proteins completely. Centrifugation was performed for 10 min at 4000 rpm after aging 

the last step for 10 min. The syringe was used to separate the upper layer up to 200 µL. 

The separated upper layer and mobile phase (100 µL) were mixed and filtered by 0.45 

µm nylon membrane filters (Merck Millipore, Germany). The concentration of 

metformin HCl and vildagliptin were in the plasma was determined through HPLC 

system working through developed and validated bio-analytical method. The extracted 

concentrations of drugs have been expressed in ng/mL of blood plasma (Table-17, Table-

18, Table-20, Table-21, Figure-126 to Figure-129).  

 

3.8 Pharmacokinetics study of Pakistani human subjects 

The local pharmacy was the source of blood sampling tubes. Blank human plasma 

with EDTA-K3 anticoagulant was collected from the blood bank of Jinnah Hospital, 

Lahore, Pakistan.A parallel study was performed for the healthy normal Pakistani 

subjects and diabetic subjects. Metformin HCl(1000mg) and vildagliptin (50mg) was the 

once-daily dose for assessment of the full pharmacokinetic profile. Theconcentrations of 

drugs in blood plasma were analyzed by HPLC system through validated method. The 

pharmacokinetic parameters were assessed through curves between plasma concentration 

and time.  

3.8.1 Healthy Pakistani subjects  

Twelve healthy Pakistani subjects (mixed gender) were considered having body 

weight of 50 kg (at least) and age 22-45 years. Furthermore, body mass index was kept 

between 18-25 kg per m2. The laboratory assessments, physical examination and past 

medical history helped to assess the good health condition. The different factors being 

used for the selection of healthy subjects involved donation or loss of blood (greater or 

equal to 400 mL) within last 3 months, over-the-counter (OTC) medication or dietary 

supplements (including vitamins) within last 2 weeks, use of any prescribed drug or 

herbal supplements within last 4 weeks, smokingor tobacco products in last 3 months, 

history of malignancy within the last 5 years, clinically significant electrocardiogram 

(ECG) abnormalities at any time, history of hypersensitivity to metformin HCl, 

vildagliptin or others of similar class andthe use of other investigational drugs within last 
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4 months. Good Clinical Practice standards were maintained andwritten consent was 

obtained from all the subjects under study. 

3.8.2 Diabetes Pakistani subjects 

Twelve Pakistani patient subjects (mixed gender) were considered having age 30-

60 years and suffering from type 2 diabetes stabilized by vildagliptin dose of 50-100 mg 

and metformin HCl dose of 500-1000mg once a day. The different conditions being 

fulfilled by the patients were non-smokers, diagnosed with type 2 diabetes at least 6 

months, a fasting plasma glucose (FPG) level of 5.5-11 mmol/L (100-200mg/dL),no 

abnormal renal or hepatic function tests, at fasting triglycerides ≤5.1mmol/L 

(≤450mg/dL), HbA1c of 6.5-9.0%, a platelet count >50×109/L, body mass index (BMI) 

of 22-40kg per m2, dietary recommendations were fulfilled and prior exercise habits were 

maintained. The different factors being used for the selection of patient subjects involved 

steroids or thyroid hormone treated at an unstable dosage, patients requiring insulin 

within last 3 months, history of allergic reaction or sensitivity to considered drugs, use of 

a modified-release formulation of considered drugs, concurrent therapy with 

hypoglycemic drugs other than considered ones and history of ketoacidosis or lactic 

acidosis. Good Clinical Practice standards and principles of Declaration of Helsinki were 

maintained andwritten consent was obtained from all the subjects under study. 

3.8.3 Drug administration and sample collection  

Clinical Pharmacology Unit (CPU) was used to assemble all subjects at 6 am after 

overnight fasting of 12 h. No caffeinated or alcoholic beverages were used in the last 72 

hoursbefore drug administration. Each individual was administered a tablet (1000/50 mg) 

of both drugs along with 250mL water. Fifteen blood samples (5mL each) were collected 

before drug administration at 0.25, 0.5, 1, 2, 3, 4, 6, 8,12,16, 18 and 24hours. After drug 

administration, breakfast, lunch and dinner were provided at 3, 6 and 13 hours. 

3.8.4 Treatment of blood samples 

The samples were mixed with 10% (w/v) sodium salt of EDTA (100 µL) in tubes. 

EDTA was an anticoagulant. The serum was separated through centrifugationof this 

mixture for 30 minat 4000 rpm and stored at -20oC. The tubes were also labeled with 

collection time, study date and subject code number. 
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3.8.5 Estimation of metformin HCl and vildagliptin by HPLC  

Eppendorf tube (1.5 mL) was filled with 0.5 mL serum followed by 0.5 mL 

acetonitrile to extract Metformin HCl and Vildagliptin and also to precipitate proteins. 

Eppendorf tubes were rotated (5 min) to extract metformin HCl and vildagliptin from the 

proteins completely. Centrifugation was performed for 10 min at 5000 rpm after aging 

the last step for 10 min. The syringe was used to separate the upper layer up to 200 µL. 

The separated upper layer and mobile phase (100 µL) were mixed and filtered by 0.45 

µm nylon membrane filters (Merck Millipore, Germany). The concentration of 

metformin HCl and vildagliptin were in the plasma was determined through HPLC 

system working through developed and validated bio-analytical method. The extracted 

concentrations of drugs have been expressed in ng/mL of blood plasma (Table-29, Table-

30, Table-32, Table-33, Figure-130 to Figure-133). 

3.8.6 Pharmacokinetic data analysis 

The drugs were analyzed through different pharmacokinetic parameters including 

Cmax, AUC0-∞, MRT, Vd, Ke, t1/2 and Cl. The suitable statistical tests were employed to 

assess the pharmacokinetics of drugs (in vivo) at different intervals of time. The AUC 

was calculated by the trapezoidal rule extrapolation method. This method uses the 

logarithmic trapezoidal rule for the calculation of area during the declining plasma-level 

phase and the linear trapezoidal rule for the rising plasma-level phase. The area from the 

last datum point to time infinity was estimated by dividing the last measured plasma 

concentration by the terminal phase rate constant.Standard methods were used to 

calculate the time-averaged total body (CL), total area under the first moment of the 

plasma concentration–time curve from time zero to time infinity (AUMC), mean 

residence time (MRT), apparent volume of distribution (Vd). The peak plasma 

concentration (Cmax) and time to reach a Cmax (Tmax) were read directly from the 

experimental data. The mean values of each clearance, terminal half-life and volume of 

distribution (Vd) were calculated by the harmonic mean method.The half-time of drug 

elimination (t1/2) was calculated as 0.693/λZ, where λZwas the elimination rate 

constant.p-value of less than 0.05 was considered to be statistically significant using a t-

test between the two means for the unpaired data or a Duncan’s multiple range test of 

Social Package of Statistical Sciences (SPSS) posteriori analysis of variance (ANOVA) 
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among the means for the unpaired data. All results are expressed as mean±SD except 

median (ranges) for Tmax (Table-19, Table-22 to Table-28, Table-31, Table-34 to Table-

40). 

 

3.9 Comparative Pharmacokinetic Study among 2 Metformin and Vildagliptin 

Fixed Dose Formulations in Healthy Pakistani Volunteers: An Open-label Single 

Dose, Randomized, Parallel Group Study Using Liquid Chromatographic 

Techniques. 

3.9.1 Materials and Methods  

MTF and VLD reference standard were provided by Novamed Pharmaceuticals (Pvt.) 
Ltd. (Pakistan). Acetonitrile (ACN), potassium dihydrogen phosphate (KH2PO4), 
phosphoric acid (H3PO4, 85 %), methanol (MeOH) and sodium hydroxide were supplied 
by Honeywell (USA). All the chemicals and reagents were of analytical grade while 
GenPure water system (Thermo Scientific, USA) was used to obtain ultrapure water (18 
MΩ.cm). Drug formulations in tablet form, containing MTF and VLD were collected 
from mentioned market shelves Pakistan,  

3.9.2 Products Evaluated 

Reference Viglip – M 50mg/1000mg tablets of ATCO Laboratories, Karachi, Pakistan, 
Batch HYO16A, expires July 2020). TestedVildoMet 50mg/1000mg tablets of High-Q 
Pharmaceuticals, Karachi, Pakistan Batch 082, expires July 2020).  

3.9.3 Study Subjects 

Twelve Pakistani male and female healthy subjects aged between 22 and 45 years with a 
body weight of at least 50 kg, body mass index between 18 and 25 kg/m2, and in good 
health condition as determined by their past medical history. The following exclusion 
criteria were used: use of other investigational drugs at the time of enrollment or within 4 
months of enrollment, history of hypersensitivity to any of the study drugs Metformin 
and Vildagliptin  or to drugs of similar chemical classes (DPP-4 inhibitors), clinically 
significant electrocardiogram (ECG) abnormalities in the past or at screening, historyof 
malignancy within the past 5 years, smokers (use of tobacco products in the previous 3 
months), use of any prescription drugs or herbal supplements within 4 weeks prior to 
initial dosing and/or over-the-counter (OTC) medication or dietary supplements (vitamins 
included) within 2 weeks prior to  dosing, and donation or loss of ≥ 400 mL of blood 
within 3 months prior to enrollment. The studies were conducted in accordance with the 
standards of the Good Clinical Practice. Written informed consent was obtained from all 
the study subjects prior to starting the study. 
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3.9.4  Ethical Considerations 

The study protocol and the informed consent form were approved by our institutional 
ethics and research committee and the study was carried out in accordance with the 
principles of the Declaration of Helsinki[17].and its amendments, the International 
Conference on Harmonization Guidelines for Good Clinical Practice,[18].and the general 
laws of health care in Pakistan.[19]. 
3.9.5 Study design 

The study was conducted in the Departament of chemistry, Govt. college University 

Lahore.This is a single-dose, randomized-sequence, open-label, 2 period cross-over study 

that was carried out under fasting conditions with a 1-week washout period.A single 

tablet of 1000/50mg of the metformin and vildagliptin respectively were orally 

administered with 300ml water. Total of 13Blood samples were taken into heparinized 

tubesat predetermined intervals of 0, 0.50, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16 and 24h.The 

blank plasma was also collected before oral administration. Serum was centrifuged at 

4500 rpm for 15 minutes and stored at -4oc until further analysis. A standardized 

breakfast and lunch were given during procedure. 

3.9.6  Bioanalytic method (Development, Validation &Implementation): 

For Analysis of metformin and Vildagliptin HPLC system, PG LC200, High Performance 
liquid chromatographic system with LC210 Pump, PC220 UV/Vis Detector, LC250 
Column Oven, LC240 Vacuum Degasser, LC Win 1.0 Software equipped with Thermo 
Hypersil ODS C18 column (5μm, 4.6 x 250 mm) was used and eluted with a mobile 
phase consisting of 0.1M Phosphate buffer (pH 3.5) acetonitrile and Methanol (65% 
:30% :5% v/v). The chromatographic separation was performed isocratically at 212nm at 
a flow rate of0.8 mL/min. All the solutions including standards, samples and mobile 
phase were filtered by 0.45 µm nylon filter (Sartorius, Germany) before injection into LC 
system. Peak integration and quantification were performed by using LC Win 1.0 
Software.The developed and validated method was also applied for tablet formulations. 
 
The HPLC method was optimized for analysis of both drug preparation as well as Serum 
analysis. In a first step, an UV absorption spectrum was taken in the range of 200-400 nm 
resulting in a maximum absorbance at 212 nm for both analytes. Different compositions 
(2:20:78, 5:25:70 and 5:30:65, v/v) of the mobile phase (Methanol: Acetonitrile: 
phosphate buffer) were examined to optimize the chromatographic conditions including 
tailing factor, selectivity factor, resolution, theoretical plates to get compliance with the 
ICH guidelines. Different columns were also tested for HPLC analysis including Thermo 
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Hypersil ODS C18 column, Venusil XBP C18, Hypersil ODS and Purespher® RP-18 
while ACE Excel 2 C18-PFP, Waters ACQUITY 1.7 BEH C 18, Agilent Poroshell 2.7 
120 EC C18 and Phenomenex Kinetex 2.6 C18 were employed with HPLC at different 
pH (3.0,3.5 4.0, 5.0 and 6.0). Thermo Hypersil ODS C18 column (5μm, 4.6 x 250 mm) 
and mobile phase comprised of Methanol, Acetonitrile and phosphate buffer (0.1M) in 
ratio of 5:30:65 (v/v) at pH 3.5) at a flow rate of 0.8ml/min showed successful elution of 
the analytes with no interference in blank and placebo solutions for both drug peaks.  
For system suitabilityThe working solution 50 µg/mL of MTF and 5 µg/mL of VLD was 
injected six times on HPLC, on three separate days and conformity of chromatographic 
parameters was done as explained in United State Pharmacopoeia (USP) including 
retention time (< 2 % RSD), peak area (< 2 % RSD), tailing factor (< 2), selectivity factor 
(> 1), resolution (> 2) and theoretical plates (> 1000) [20 - 21]. 

3.9.7 Analysis of Biological Sample 

Thesample preparation process was accomplished by protein precipitation using 
acetonitrile to 0.5 mL of serum in a 1.5 mL Eppendorf tube, 0.5 mL acetonitrile was 
added to precipitate proteins and extract metformin and Vildagliptin. The Eppendorf 
tubes were vortex mixed for 5 min to bring about the complete extraction of metformin 
and Vildagliptin from the proteins and, after standing for 10 min, the tubes were 
centrifuged at 4000 rpm for 10 min. The upper layer (about 200 µL) was separated with 
the help of a syringe mixed with 100 µL of mobile phase and filtered through 0.45 µm, 
13 mm nylon membrane filters (Merck Millipore, Germany). A 20µl sample was injected 
for chromatographic separation and elution. A linear calibration curve was used for 
quantification of both drugs as ng/ml of blood plasma. 
3.9.8 Pharmacokinetics Study  

The AUC was calculated by the trapezoidal rule extrapolation method;[22].this method 
uses the logarithmic trapezoidal rule for the calculation of the area during the declining 
plasma-level phase (1) and the linear trapezoidal rule for the rising plasma-level phase. 
The area from the last datum point to time infinity was estimated by dividing the last 
measured plasma concentration by the terminal phase rate constant. Standard methods 
[23]. were used to calculate the time-averaged total body (CL) total area under the first 
moment of the plasma concentration–time curve from time zero to time infinity 
(AUMC), mean residence time (MRT), apparent volume of distribution (Vd) and F. The 
peak plasma concentration (Cmax) and time to reach a Cmax (Tmax) were read directly 
from the experimental data. The mean values of each clearance [24], terminal half-life 
[25], and volume of distribution (Vd) [26] were calculated by the harmonic mean method. 
The half-time of drug elimination (t1/2) was calculated as 0.693/λZ, where λZwas the 
elimination rate constant. 

3.9.9  Statistical analysis 

p-value of less than 0.05 was considered to be statistically significant using a t-test 
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between the two means for the unpaired data or a Duncan’s multiple range test of Social 
Package of Statistical Sciences (SPSS) posteriori analysis of variance (ANOVA) among 
the means for the unpaired data. All results are expressed as mean ±SD except median 
(ranges) for Tmax. 

3.10 Comparative Pharmacokinetic Study among 2 Metformin and Vildagliptin 

Fixed Dose Formulations in Diabetic Pakistani Patients: An Open-label Single Dose, 

Randomized, Parallel Group Study Using Liquid Chromatographic Techniques. 

3.10.1 Chemicals and reagents 

MTF and VLD reference standard were provided by Novamed Pharmaceuticals (Pvt.) 

Ltd. (Pakistan). Acetonitrile (ACN), potassium dihydrogen phosphate (KH2PO4), 

phosphoric acid (H3PO4, 85 %), methanol (MeOH) and sodium hydroxide were supplied 

by Honeywell (USA). All the chemicals and reagents were of analytical grade while 

GenPure water system (Thermo Scientific, USA) was used to obtain ultrapure water (18 

MΩ.cm). A fixed dose, containing 70mg of MTF and 15mg of VLD was administered to 

each study group. 

3.10.2 Products Evaluated 

Reference Galvus Met 50mg/1000mg tablets of NOVARTUS, Pakistan, Batch KH762, 
expires May 2020). Tested VildoMet 50mg/1000mg tablets of High-Q Pharmaceuticals, 
Karachi, Pakistan Batch 082, expires July 2020). 

3.10.3 Study Subjects 

Twelve Pakistani male and female diabeticsubjects aged 20-42 years with a body weight 

of at least 48 kg, body mass index between 20 and 26 kg/m2. The following exclusion 

assessment criteria was used: use of other investigational drugs at the time of enrollment 

or within 4 months of enrollment, history of hypersensitivity to any of the study drugs 

Metformin and Vildagliptin  or to drugs of similar chemical classes (DPP-4 inhibitors), 

clinically significant electrocardiogram (ECG) abnormalities in the past , historyof 

malignancy within the past 5 years, smokers (use of tobacco products in the previous 3 

months), use of any prescription drugs or herbal supplements within 4 weeks prior to 

initial dosing and/or over-the-counter (OTC) medication or dietary supplements (vitamins 

included) within 2 weeks prior to dosing, and donation or loss of ≥ 400 mL of blood 

within 3 months prior to enrollment. The studies were performed in compliance with the 
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standards of the Good Clinical Practice. Written informed consent was obtained from all 

the study subjects prior to starting the study. 

3.10.4 Ethical Considerations 

The study protocol and the informed consent form were approved by our 
institutional ethics and research committee and the study was carried out in 
accordance with the International Conference on Harmonization Guidelines for 
Good Clinical Practice,[18].and the general laws of health care in Pakistan.[19]. 
3.10.5 Study Design 

The study was carried out in the Department of chemistry, G.C.U. Lahore. 

This is a single-dose, randomized-sequence, open-label, 2 periods cross-over study that 

was carried out under fasting conditions with 1-week washout period. A single tablet of 

1000/50mg of the metformin and vildagliptin respectively were orally administered with 

300ml water. Total of 13Blood samples were taken into heparinized tubesat 

predetermined intervals of 0, 0.50, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16 and 24h.The blank 

plasma was also collected before oral administration. Serum was centrifuged at 4500 rpm 

for 15 minutes and stored at -4oc until further analysis. A standardized breakfast and 

lunch were given during procedure. 

3.10.6 Bioanalytic method (Development, Validation & Implimentation): 

For Analysis of metformin and Vildagliptin HPLC system, PG LC200, High Performance 

liquid chromatographic system with LC210 Pump, PC220 UV/Vis Detector, LC250 

Column Oven, LC240 Vacuum Degasser, LC Win 1.0 Software equipped with Thermo 

Hypersil ODS C18 column (5μm, 4.6 x 250 mm) was used and eluted with a mobile 

phase consisting of 0.1M Phosphate buffer (pH 3.5) acetonitrile and Methanol (65% 

:30% :5% v/v). The chromatographic separation and identification were performed 

isocratically at 212nm at a flow rate of0.8 mL/min. All the solutions including standards, 

samples and mobile phase were filtered by 0.45 µm nylon filter (Sartorius, Germany) 

before injection into LC system. Peak integration and quantification were performed by 

using LC Win 1.0 Software. 

The HPLC method was validated for analysis of both drug preparation as well as Serum 

analysis. In a first step, an UV absorption spectrum was taken in the range of 200-400 nm 

resulting in a maximum absorbance at 212 nm for both analytes. Different compositions 

(2:20:78, 5:25:70 and 5:30:65, v/v) of the mobile phase (Methanol: Acetonitrile: 
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phosphate buffer) were examined to optimize the chromatographic conditions including 

tailing factor, selectivity factor, resolution, theoretical plates to get compliance with the 

ICH guidelines. Different columns were also tested for HPLC analysis including Thermo 

Hypersil ODS C18 column, Venusil XBP C18, Hypersil ODS and Purespher® RP-18 

while ACE Excel 2 C18-PFP, Waters ACQUITY 1.7 BEH C 18, Agilent Poroshell 2.7 

120 EC C18 and Phenomenex Kinetex 2.6 C18 were employed with HPLC at different 

pH (3.0,3.5 4.0, 5.0 and 6.0). Thermo Hypersil ODS C18 column (5μm, 4.6 x 250 mm) 

and mobile phase comprised of Methanol, Acetonitrile and phosphate buffer (0.1M) in 

ratio of 5:30:65 (v/v) at pH 3.5) at a flow rate of 0.8ml/min showed successful elution of 

the analytes with no interference in blank and placebo solutions for both drug peaks.  

For system suitability,The working solution 50 µg/mL of MTF and 5 µg/mL of VLD was 

injected six times on HPLC, at three specific intervalsand conformity of chromatographic 

parameters were optimized as explained in United State Pharmacopoeia (USP) including 

retention time (< 2 % RSD), peak area (< 2 % RSD), tailing factor (< 2), selectivity factor 

(> 1), resolution (> 2) and theoretical plates (> 1000) [11-12]. 

3.10.7 Analysis of biological samples 

Thesample preparation method was completed by protein precipitation using acetonitrile 

to 0.5 mL serum in a 1.5 mL Eppendorf tube, 0.5 mL acetonitrile was used to precipitate 

proteins and extract metformin and Vildagliptin. The Eppendorf tubes were vortex mixed 

for 5 min to bring about the complete extraction of metformin and Vildagliptin from the 

proteins and after standing for 10 min, tubes were centrifuged at 4000 rpm for 10 min. 

The upper layer (about 200 µL) was separated by the help of a syringe mixed with 100 

µL of mobile phase and filtered through 0.45 µm, 13 mm nylon membrane filters (Merck 

Millipore, Germany). A 20µl sample was injected for chromatographic separation and 

elution. A linear calibration curve was used for quantification of both drugs as ng/ml of 

blood plasma. 

3.10.8 Pharmacokinetics study  

The AUC was estimated by the trapezoidal rule extrapolation method; this method 

implies the logarithmic trapezoidal rule for thedetermination of the area during the 

decreasing plasma-level phase (1) and the linear trapezoidal rule for the rising plasma-

level phase. The area from the last datum point to time infinity was estimated by 
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dividing the last measured plasma concentration by the terminal phase rate constant. 

Standard methods (2) were used to calculate the time-averaged total body (CL) total 

area under the first moment of the plasma concentration–time curve from time zero to 

time infinity (AUMC), mean residence time (MRT), apparent volume of distribution 

(Vd) and F. The peak plasma concentration (Cmax) and time to reach a Cmax (Tmax) 

were read directly from the experimental data. The mean values of each clearance, (3) 

terminal half-life, (4) and volume of distribution (Vd) (5) were calculated by the 

harmonic mean method. 

The half-time of drug elimination (t1/2) was calculated as 0.693/λZ, where λZwas the 

elimination rateconstant. 

3.10.9 Statistical Analysis 

p-value of less than 0.05 was considered to be statistically significant using a t-test 

between the two means for the unpaired data or a Duncan’s multiple range test of Social 

Package of Statistical Sciences (SPSS) posteriori analysis of variance (ANOVA) among 

the means for the unpaired data. All results are expressed as mean ±SD except median 

(ranges) for Tmax. 
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4.0     General 

 This chapter has been divided into two major sections including results and 

discussion. First the results section has been given demonstrating certain tables and 

figures. These tables and figures have been written in text in the experimental section and 

the discussion section.    

4.1 Results 

Table-6:Results of tested stationary and mobile phases 

Column Drug Rs Tf α N 
Thermo Hypersil ODS 
(250 x 4.6 mm, 5 μm) 

Metformin HCl 
Vildagliptin 

8.92 
- 

1.17 
1.36 

2.14 
- 

5546 
7234 

Venusil XBP C18 
(250 x 4.6 mm, 5 μm) 

Metformin HCl 
Vildagliptin 

4.66 
- 

1.21 
1.34 

2.35 
- 

3203 
4597 

ACE 5 C18 
(250 x 4.6 mm, 5 μm) 

Metformin HCl 
Vildagliptin 

6.01 
- 

1.27 
1.13 

2.32 
- 

3432 
4162 

Purespher® RP-18 
(250 x 4.6 mm, 5 μm) 

Metformin HCl 
Vildagliptin 

0.89 
- 

2.27 
1.66 

1.13 
- 

3576 
3278 

 
Table-7: Linearity study of metformin HCl and vildagliptin 

Sr. 
No. 

% of 
Soln. 

Conc. of metformin 
HCl(µg/mL) Peak Area 

Conc. of 
vildagliptin 

(µg/mL) 
Peak Area 

1 50 50 4431834.001 2.5 96540.001 
2 60 60 5428357.400 3.0 115848.400 
3 70 70 6194980.700 3.5 128456.500 
4 80 80 6863349.100 4.0 145265.300 
5 90 90 7750146.700 4.5 159965.900 
6 100 100 8463698.700 5.0 179744.300 
7 110 110 9420065.200 5.5 193900.500 
8 120 120 10123347.300 6.0 209521.600 
9 130 130 10753178.800 6.5 226925.100 
10 140 140 11611743.700 7.0 246144.900 
11 150 150 12295587.001 7.5 261582.820 

Mean 8485117.146  178535.9383 
STD 2592024.015  54423.98496 
Slope 78106.199 

 
14512.930 

Intercept 674497.200 
 

32804.602 
Correlation Coefficient 0.9920 

 
0.9919 
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Table-8: Method precision 

Sample 
% Assay 

Metformin HCl Vildagliptin 
1 100.07 99.78 
2 101.43 98.99 
3 99.98 100.23 
4 102.60 98.79 
5 100.65 101.08 
6 101.57 100.84 

Mean 101.05 99.93 
%RSD 0.92038 0.86301 

 
Table-9:System precision 

Injection number Area of Metformin Area of Vildagliptin Acceptancecriteria 

1 8871691 170059 

N
ot

 m
or

e 
th

an
 2

.0
 2 8860376 177407 

3 8912188 174562 

4 8889512 182325 

5 8861631 173796 

6 8899742 173703 

Mean 8882523 171881 

%RSD 0.24 1.48 
 
Table-10:Intermediate precision study of metformin HCl and vildagliptin 

Preparation No. 
Metformin HCl Vildagliptin 

% Assay Mean %RSD % Assay Mean %RSD 

1 100.17 

100.30 0.25 

99.64 

100.15 0.39 2 100.71 100.23 

3 100.03 100.59 

4 99.97 

100.76 0.58 

98.84 

100.22 1.14 5 101.34 101.64 

6 100.99 100.19 
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Table-11: Percentage recovery study of metformin HCl and vildagliptin 

Sr.
No. 

Metformin HCl Vildagliptin 

Level 
Amount 
analyzed 
(µg/mL) 

Amount 
recovered 
(µg/mL) 

%Recove
ry 

Amount 
analyzed 
(µg/mL) 

Amount 
recovered 
(µg/mL) 

%Recov
ery 

1 
50% 

50 51.03 102.06 2.5 2.49 99.60 
2 50 49.75 99.50 2.5 2.51 100.40 
3 50 50.99 101.98 2.5 2.52 100.80 
4 

100% 

100 100.4 100.40 5 5.11 102.20 
5 100 98.87 98.87 5 4.99 99.80 
6 100 100.52 100.52 5 4.93 98.60 
7 100 99.16 99.16 5 5.01 100.20 
8 

150% 
150 150.02 100.01 7.5 7.58 101.07 

9 150 149.14 99.43 7.5 7.48 99.73 
10 150 148.99 99.33 7.5 7.54 100.53 

Mean % Recovery 100.13 
  

100.29 
%RSD 1.13 

  
0.97 

 
Table-12: System suitability 

Sr. 
No. 

Parameter 
Metformin HCl Vildagliptin 

Tailing  
factor 

Theoretical  
plates 

Tailing  
factor 

Theoretical  
plates 

1 Specificity study 1.75 5582 1.83 7283 

2 Linearity study 1.8 5563 1.78 7247 

3 Precision study 1.76 5589 1.81 7254 

4 

Robustness study 
    

Flow Rate at 0.8 mL/min 1.79 5536 1.84 7211 

pH of buffer 3.5 1.77 5566 1.78 7231 

pH of buffer 4.0 1.68 5477 1.76 7289 

Mobile Phase 1.73 5565 1.79 7243 

Buffer:CH3CN: Methanol 
(60:35:5) 

1.7 5533 1.75 7287 

Buffer:CH3CN: Methanol 
(65:25:10) 

1.82 5539 1.73 7255 
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Table-13: LOD and LOQ of metformin HCl and vildagliptin 

Parameter Metformin HCl(µg/mL) Vildagliptin(µg/mL) 

Limit of detection (LOD) 0.0339 0.012 

Limit of quantification (LOQ) 0.1130 0.040 
 
Table-14: Forced degradation study results for metformin HCl and vildagliptin 

Stress 
Conditions 

Degradation 
time (Hours) 

Metformin HCl Vildagliptin 

% Assay %Degradation % Assay %Degradation 

Control  100.3  99.7  

Acid 1 94.9 5.39 94.6 5.12 

Base 1 93.7 6.58 92.2 7.53 

Peroxide 1 89.8 10.47 95.3 4.42 

Thermal 48 92.8 7.48 91.6 8.13 
 
Table-15: Analysis of commercial tablet 

Product Ingredients Label 
Claim/Tablet 

Conc. 
Found/Tablet %Recovery Acceptance 

criteria 

Galvusmet 
Metformin HCl 1000 1001.5 100.15 

STD should 
be less than 

2.0 

Vildagliptin 50 48.9 97.8 

Viglip-M 
Metformin HCl 1000 998.9 99.89 

Vildagliptin 50 51.1 102.2 
Mean 100.01 
STD 1.7995 

 
Table-16: Analysis of Metformin HCl and Vildagliptin in blood plasma 

Product Ingredients 
Amount 
added 

(µg/mL) 

Conc. 
Found 

(µg/mL) 
% Recovery Acceptance 

criteria 

Sample 1 
Metformin HCl 100 98.78 98.78 

STD should be 
less than 2.0 

Vildagliptin 5 5.12 102.4 

Sample 2 
Metformin HCl 100 100.01 100.01 

Vildagliptin 5 4.89 97.80 
Mean 99.7475 
STD 1.986074436 
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Table-17: Mean plasma concentrations (ng/mL) of metformin HCl at different time intervals for healthy rabbits 

Time 
(Hour) 

1 2 3 4 5 6 Mean SD 

0 0 0 0 0 0 0 0 0 

0.25 85.23 96.61 89.65 71.43 85.54 93.46 86.98667 8.818101081 

0.5 433 435.55 438.12 440.12 428.55 439.45 435.7983 4.423398769 

1 977.72 980.12 975.23 982.95 985.78 980.23 980.3383 3.726732707 

2 1158.41 1155.96 1157.47 1150.63 1158.78 1159.58 1156.805 3.269989297 

3 1044.36 1046.21 1050.62 1055.28 1052.65 1048.03 1049.824 4.508439863 

4 783.26 805.12 810.25 795.69 798.27 823.12 802.6183 13.6123024 

5 656.68 649.69 650.24 634.98 650.35 652.84 649.13 7.403015602 

6 527.72 530.75 535.54 540.58 537.25 532.29 534.0217 4.672315985 

8 388.84 390.84 392.45 395.5 398.56 394.45 393.44 3.475002158 

10 294.4 288.17 290.35 270.87 280.58 278.67 283.84 8.69735592 

12 199.96 202.55 205.88 208.78 210.99 215.24 207.2333 5.60852803 
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Table-18: Mean plasma concentrations (ng/mL) of vildagliptin at different time intervals for healthy rabbits 

Time  
(Hour) 

1 2 3 4 5 6 Mean SD 

0 0 0 0 0 0 0 0 0 

0.25 54.13 65.27 64.13 57.51 59.87 61.43 60.39 4.162595344 

0.5 130.69 120.12 145.89 137.89 150.93 124.55 135.0117 12.08222896 

1 258.24 240.88 267.56 234.78 221.22 239.12 243.6333 16.70047983 

2 356.32 359.02 352.47 335.41 358.98 365.45 354.6083 10.31692089 

3 405.89 415.12 418.25 408.41 403.58 413.56 410.8017 5.72243101 

4 365.12 380.52 378.56 380.23 355.45 369.45 371.555 10.09859545 

5 280.56 292.56 305.78 299.54 292.78 295.44 294.4433 8.420806771 

6 240.89 255.47 252.9 248.58 222.56 245.2 244.2667 11.84994796 

8 184.22 186.56 179.65 195.23 191.47 203.89 190.17 8.65606146 

10 138.27 140.78 135.87 139.54 147.58 133.33 139.2283 4.883488166 

12 57.99 47.55 67.77 75.78 50.56 60.78 60.07167 10.56517944 
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Table-19: Pharmacokinetic parameters of 6 healthy rabbits after oral administration of 

metformin HCl and vildagliptin 

Parameter Metformin HCl Vildagliptin 

AUC0- t(ng.h/mL) 5934.074 2419.3 

AUC t - ∞ (ng.h/mL) 1380.00 197.3 

AUC 0 - ∞(ng.h/mL 7314.654 2616.7 

Cl (L/h) 9.5698 6.2 

Vd (L/Kg) 63.7988 17.7145 

T1/2 (h) 4.62 1.98 

AUMC0 –t (ng.h2/mL) 32006.417 13965.538 

AUMC t - ∞ (ng.h2/mL) 8424.105 563.265 

AUMC 0 - ∞ 40430.522 14528.803 

MRT (h) 5.5 5.55 

Cmax (ng/ml) 1156.00 410.968 

Tmax (h) 2 3 

Ke h-1 0.15 0.35 
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Table-20: Mean plasma concentrations (ng/mL) of metformin HCl at different time intervals for diabetic rabbits 

Time  
(Hour) 

1 2 3 4 5 6 Mean SD 

0 0 0 0 0 0 0 0 0 

0.25 89.23 96.61 89.65 81.43 75.54 83.46 85.98667 7.39019 

0.5 443 445.55 448.12 450.12 438.55 448.45 445.6317 4.274629 

1 985.72 991.12 984.23 990.95 994.78 992.23 989.8383 4.035658 

2 1126.41 1124.96 1145.47 1149.63 1146.78 1147.58 1140.138 11.2859 

3 1043.36 1015.21 1038.62 1005.28 1062.65 1056.03 1036.858 22.5565 

4 792.26 794.12 798.25 805.69 797.27 802.12 798.285 4.984387 

5 644.68 657.69 628.24 654.98 631.35 671.84 648.13 16.67071 

6 535.72 539.75 543.54 549.58 545.25 541.29 542.5217 4.769962 

8 396.84 399.84 400.45 405.5 407.56 403.45 402.2733 3.962614 

10 303.4 298.17 299.35 279.87 289.58 286.67 292.84 8.935547 

12 208.96 211.55 213.88 217.78 218.99 224.24 215.9 5.546253 
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Table-21: Mean plasma concentrations (ng/mL) of vildagliptin at different time intervals for diabetic rabbits 

Time  
(Hour) 

1 2 3 4 5 6 Mean SD 

0 0 0 0 0 0 0 0 0 

0.25 64.13 65.72 64.13 65.51 63.87 69.43 65.465 2.09269 

0.5 139.69 128.12 153.89 145.89 159.93 132.55 143.345 12.28355 

1 266.24 249.88 275.56 243.78 230.22 247.12 252.1333 16.29718 

2 365.32 366.02 360.47 344.41 366.98 373.45 362.775 9.911922 

3 414.89 423.12 427.25 426.41 412.58 421.56 420.9683 6.022642 

4 373.12 388.52 387.56 388.23 364.45 377.45 379.8883 9.930171 

5 289.56 300.56 314.78 307.54 300.78 304.44 302.9433 8.401785 

6 248.89 264.47 260.9 256.58 230.56 253.2 252.4333 12.04447 

8 193.22 194.56 187.65 204.23 199.47 211.89 198.5033 8.6509 

10 116.27 129.78 133.87 118.54 127.58 132.33 126.395 7.323646 

12 27.99 39.55 25.77 30.78 27.56 33.78 30.905 5.080782 
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Table-22: Pharmacokinetic parameters of 6 diabetic rabbits after oral administration of 

metformin HCl and vildagliptin 

Parameter Metformin Vildagliptin 

AUC0- t(ng.h/mL) 6013.82 2280.00 

AUC t - ∞ (ng.h/mL) 1433.9 103.7 

AUC 0 - ∞(ng.h/mL 7447.737 2383.8 

Cl (L/h) 9.398827 6.2924 

Vd (L/Kg) 62.65885 21.697 

T1/2 (h) 4.2 2.389 

AUMC0 –t (ng.h2/mL) 32422.604 13634.997 

AUMC t - ∞ (ng.h2/mL) 9286.021 367.270 

AUMC 0 - ∞ 41708.625 14001.267 

MRT (h) 5.6 5.87 

Cmax (ng/ml) 1140 420.968 

Tmax (h) 2 3 

Ke h-1 0.15 0.29 
 

Table-23: Group statistics for pharmacokinetics between healthy and diabetic rabbits 

through T-test 

Drug Group N Mean Std. Deviation Std. Error Mean 

Metformin 
Healthy Rabbit 13 7.4408777E3 1.32356814E4 3.67091753E3 

Diabetic Rabbit 13 7.6566704E3 1.35706165E4 3.76381181E3 

Vildagliptin 
Healthy Rabbit 13 2.6720514E3 5.21639899E3 1.44676877E3 

Diabetic Rabbit 13 2.5562723E3 5.06790613E3 1.40558426E3 
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Table-24: Independent sample testfor pharmacokinetics parameters between healthy and diabetic rabbits through T-test 

Drug  
Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

  
F Sig. t df Sig. (2-

tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

  Lower Upper 

M
etform

in 

Equal 
variances 
assumed 

.006 .937 -
.041 24 .968 -

215.79262131 5257.55787562 -11066.85875848 10635.27351587 

Equal 
variances not 

assumed 
  -

.041 23.985 .968 -
215.79262131 5257.55787562 -11067.21724187 10635.63199925 

V
ildagliptin 

Equal 
variances 
assumed 

.005 .946 .057 24 .955 115.77908462 2017.12840287 -4047.36932468 4278.92749391 

Equal 
variances not 

assumed 
  .057 23.980 .955 115.77908462 2017.12840287 -4047.55297478 4279.11114401 
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Table-25: Statisticsfor pharmacokinetics parameters between healthy and diabetic rabbits 

through T-test 

  Metformin Vildagliptin Group 

N 
Valid 26 26 26 

Missing 0 0 0 

Mean 7.5487740E3 2.6141619E3 1.5000 

Std. Error of Mean 2.57575721E3 9.88254889E2 .10000 

Median 1.1480000E3 1.5050000E2 1.5000 

Mode .15000a 3.00000 1.00a 

Std. Deviation 1.31338363E4 5.03913097E3 .50990 

Variance 1.725E8 2.539E7 .260 

Skewness 1.899 1.925 .000 

Std. Error of Skewness .456 .456 .456 

Kurtosis 2.273 2.050 -2.174 

Std. Error of Kurtosis .887 .887 .887 

Range 4.17085E4 1.45285E4 1.00 

Minimum .15000 .29000 1.00 

Maximum 4.17086E4 1.45288E4 2.00 

Sum 1.96268E5 6.79682E4 39.00 

Note: a = Multiple modes exist. The smallest value is shown 
 

Table-26: Frequency table for healthy and diabetic rabbits through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

Healthy Rabbit 13 50.0 50.0 50.0 

Diabetic Rabbit 13 50.0 50.0 100.0 

Total 26 100.0 100.0  
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Table-27: Frequency table of metformin HCl for rabbits through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0.15 2 7.7 7.7 7.7 

2 2 7.7 7.7 15.4 

4.2 1 3.8 3.8 19.2 

4.62 1 3.8 3.8 23.1 

5.5 1 3.8 3.8 26.9 

5.6 1 3.8 3.8 30.8 

9.398827 1 3.8 3.8 34.6 

9.5698 1 3.8 3.8 38.5 

62.65885 1 3.8 3.8 42.3 

63.7988 1 3.8 3.8 46.2 

1140 1 3.8 3.8 50.0 

1156 1 3.8 3.8 53.8 

1380 1 3.8 3.8 57.7 

1433.9 1 3.8 3.8 61.5 

5934.074 1 3.8 3.8 65.4 

6013.82 1 3.8 3.8 69.2 

7314.654 1 3.8 3.8 73.1 

7447.737 1 3.8 3.8 76.9 

8424.105 1 3.8 3.8 80.8 

9286.021 1 3.8 3.8 84.6 

32006.417 1 3.8 3.8 88.5 

32422.604 1 3.8 3.8 92.3 

40430.522 1 3.8 3.8 96.2 

41708.625 1 3.8 3.8 100.0 

Total 26 100.0 100.0  
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Table-28: Frequency table of vildagliptin for rabbits through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0.29 1 3.8 3.8 3.8 

0.35 1 3.8 3.8 7.7 

1.98 1 3.8 3.8 11.5 

2.389 1 3.8 3.8 15.4 

3 2 7.7 7.7 23.1 

5.55 1 3.8 3.8 26.9 

5.87 1 3.8 3.8 30.8 

6.2 1 3.8 3.8 34.6 

6.2924 1 3.8 3.8 38.5 

17.7145 1 3.8 3.8 42.3 

21.697 1 3.8 3.8 46.2 

103.7 1 3.8 3.8 50.0 

197.3 1 3.8 3.8 53.8 

367.27 1 3.8 3.8 57.7 

410.968 1 3.8 3.8 61.5 

420.968 1 3.8 3.8 65.4 

563.265 1 3.8 3.8 69.2 

2280 1 3.8 3.8 73.1 

2383.8 1 3.8 3.8 76.9 

2419.3 1 3.8 3.8 80.8 

2616.7 1 3.8 3.8 84.6 

13634.997 1 3.8 3.8 88.5 

13965.538 1 3.8 3.8 92.3 

14001.267 1 3.8 3.8 96.2 

14528.803 1 3.8 3.8 100.0 

Total 26 100.0 100.0  
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Table-29: Mean plasma concentrations (ng/mL) of metformin HCl at different timeintervals for healthy Pakistani subjects 

Time  
(Hour) 

1 2 3 4 5 6 7 8 9 10 11 12 Mean SD 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.25 103.704 114.75 113.98 119.59 97.3 102.59 97.18 105.59 104.15 113.16 93.16 99.16 105.36 8.2951 

0.5 797.09 779.56 781.519 791.14 786.9 789.68 766.15 765.17 776.11 766.89 769.16 760.5 777.489 11.988 

1 1408.7 1399.34 1415.59 1440.53 1390.11 1414.7 1411.32 1413.12 1449.1 1427.16 1438.15 1433.58 1420.12 17.714 

1.5 1615.6 1601.43 1604.68 1610.53 1599.39 1580.49 1613.59 1601.51 1602.2 1598.5 1627.5 1609.39 1605.4 11.473 

2 1703.78 1691.16 1719.19 1703.39 1699.58 1709.71 1700.15 1690.32 1689.5 1691.51 1685.18 1691.61 1697.92 9.9124 

2.5 1749.46 1713.86 1731.48 1718.39 1711.89 1699.13 1728.41 1719.16 1733.2 1711.39 1720.18 1729.16 1722.14 13.105 

3 1746.5 1757.83 1759.43 1740.18 1750.3 1710.47 1747.39 1749.59 1748.2 1753.19 1737.17 1749.18 1745.78 12.771 

4 1537.84 1530.19 1520.19 1529.32 1540.46 1544.13 1520.143 1541.18 1529.1 1527.32 1559.59 1540.13 1534.97 11.2 

6 1025.14 1040.19 1044.55 1071.54 1049.55 1039.9 1037.19 1037.13 1053.2 1031.53 1027.16 1029.16 1040.52 13.03 

8 684.601 670.71 689.53 708.08 699.51 675.5 663.58 685.55 697.52 694.85 691.73 697.67 688.236 12.973 

12 316.36 329.43 330.53 325.33 310.55 317.23 332.12 335.42 329.47 334.67 327.98 335.95 327.087 8.221 

16 142.07 139.87 145.88 152.55 153.53 155.33 145.25 156.19 148.25 178.76 150.05 154.64 151.864 10.003 

18 70.77 87.31 76.16 91.19 80.55 86.33 83.47 98.17 71.69 79.55 75.22 89.89 82.525 8.3914 

24 47.77 33.31 46.16 31.19 40.55 30.33 31.47 38.17 57.69 39.55 45.22 40.89 40.1917 8.1539 
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Table-30: Mean plasma concentrations (ng/mL) of vildagliptin at different time intervals for healthy Pakistani subjects 

Time  
(Hour) 

1 2 3 4 5 6 7 8 9 10 11 12 Mean SD 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.25 106.99 103.53 99.69 107.101 94.59 101.44 112.52 107.57 105.53 104.14 100.09 87.59 102.565 6.6059 

0.5 180.08 197.91 201.18 177.89 200.57 176.54 182.02 194.93 194.54 198.99 166.89 180.59 187.678 11.571 

1 290.69 300.2 280.32 309.64 276.86 304.56 309.59 301.87 318.07 313.57 309.93 300.59 301.324 12.818 

1.5 355.389 387.53 349.59 371.53 358.32 372.53 367.59 359.9 365.5 370.99 374.58 348.51 365.163 11.336 

2 403.85 399.64 401.53 393.59 407.83 403.56 406.99 397.76 395.19 410.86 419.32 400.31 403.369 7.1634 

2.5 396.54 369.74 379.59 394.56 377.89 381.32 399.18 367.59 390.09 398.01 394.593 387.864 386.414 10.981 

3 372.69 369.12 384.59 378.17 363.53 354.441 366.639 360.59 387.1 374.17 356.119 374.12 370.107 10.404 

4 318.61 327.57 389.78 299.97 325.43 301.59 300.01 319.9 321.5 306.9 298.5 315.17 318.744 24.75 

6 256.54 220.56 231.49 239.56 227.96 212.17 238.9 224.08 227.88 218.09 243.39 233.15 231.148 12.222 

8 197.3 189.59 180.53 170.6 181.13 193.14 196.19 188.89 199.98 182.5 184.25 181.4 187.125 8.5879 

12 163.18 144.59 139.5 159.11 133.119 150.193 149.69 130.19 129.14 134.18 126.43 140..45 141.757 12.519 

16 49.3 46.59 35.86 43.17 48.89 37.15 39.19 43.12 31.19 40.2 37.19 41.25 41.0917 5.4562 

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table-31: Pharmacokinetic parameters of 12 healthy Pakistani subjects after oral 

administration of metformin HCl and vildagliptin 

Parameter Metformin Vildagliptin 

AUC0- t(ng.h/mL) 13544.59 3290.00 

AUC t - ∞ (ng.h/mL) 400.833 135.9 

AUC 0 - ∞(ng.h/mL 13945.424 3431.3 

Cl (L/h) 0.010723 29.143 

Vd (L/Kg) 551.6008 94.62 

T1/2 (h) 5.3 2.25 

AUMC0 –t (ng.h2/mL) 77897.6631 25478.8034 

AUMC t - ∞ (ng.h2/mL) 400 437.1 

AUMC 0 - ∞ 78298.661 25915.903 

MRT (h) 5.6 7.55 

Cmax (ng/ml) 1745.78 403.396 

Tmax (h) 3 2 

Ke h-1 0.13 0.308 
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Table-32: Mean plasma concentrations (ng/mL) of metformin HCl at different time intervals for diabetic Pakistani subjects 

Time  
(Hour) 

1 2 3 4 5 6 7 8 9 10 11 12 Mean SD 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.25 103.704 104.75 93.98 99.59 107.3 113.59 89.18 95.59 84.15 95.16 103.16 139.16 102.44 14.12 

0.5 797.09 799.56 791.519 811.14 786.9 789.68 766.15 795.17 799.108 786.89 789.16 790.50 791.90 10.64 

1 1458.7 1449.34 1455.59 1460.53 1427.11 1454.7 1451.32 1453.12 1479.18 1457.16 1458.15 1453.58 1454.86 11.55 

1.5 1645.6 1639.43 1644.68 1640.53 1640.39 1620.49 1643.59 1641.51 1644.15 1631.5 1667.5 1639.39 1641.56 10.73 

2 1753.78 1731.16 1759.19 1753.39 1739.58 1759.71 1749.15 1743.32 1739.51 1731.51 1725.18 1731.61 1743.09 11.85 

2.5 1779.46 1763.86 1771.48 1768.39 1761.89 1739.13 1768.41 1769.16 1773.16 1761.39 1770.18 1799.16 1768.80 13.72 

3 1796.5 1797.83 1789.43 1790.18 1790.3 1749.47 1787.39 1789.59 1798.15 1793.19 1787.17 1789.18 1788.19 12.79 

4 1587.84 1580.19 1570.19 1579.32 1590.46 1584.13 1560.14 1591.18 1579.09 1577.32 1599.59 1590.13 1582.46 10.55 

6 1085.144 1090.19 1094.55 1021.54 1089.55 1099.9 1077.19 1087.13 1093.16 1091.53 1087.16 1079.16 1083.01 20.34 

8 714.601 690.71 709.53 728.08 709.51 695.5 683.58 695.55 707.52 714.85 718.73 697.67 705.48 12.97 

12 326.36 339.43 310.53 325.33 330.55 337.23 312.12 325.42 329.47 324.67 317.98 335.95 326.25 9.22 

16 162.07 159.87 165.88 172.55 173.53 175.33 165.25 176.19 168.25 198.76 170.05 174.64 171.86 10.03 

18 130.77 109.31 118.16 123.19 101.55 105.33 101.47 112.17 115.69 101.55 119.22 109.89 112.35 9.36 

24 60.77 59.31 48.16 43.19 60.55 45.33 55.47 62.17 45.69 51.55 49.22 69.89 54.27 8.32 
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Table-33: Mean plasma concentrations (ng/mL) of vildagliptin at different time intervals for diabetic Pakistani subjects 

Time  
(Hour) 

1 2 3 4 5 6 7 8 9 10 11 12 Mean SD 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.25 96.99 93.53 99.69 97.101 89.59 81.44 92.52 87.57 75.53 94.14 98.09 77.59 90.315083 8.180485 

0.5 209.08 211.91 231.18 207.89 200.57 214.54 202.02 204.93 227.54 224.99 206.89 208.59 212.51083 10.11219 

1 332.69 328.2 321.32 339.64 327.86 344.56 329.59 331.87 338.07 363.57 339.93 340.59 336.49083 10.85541 

1.5 395.389 404.53 419.59 381.53 418.32 402.53 397.59 399.9 415.5 390.99 414.58 388.51 402.41325 12.4706 

2 423.85 439.64 411.53 432.59 417.83 433.56 436.99 427.76 435.19 431.86 429.32 430.31 429.2025 8.07118 

2.5 396.54 389.74 409.59 379.56 377.89 381.32 399.18 387.59 380.09 388.01 394.593 387.561 389.30533 9.395829 

3 367.69 379.12 354.59 348.17 363.53 374.441 386.639 370.59 367.1 344.17 276.119 381.19 359.44575 29.26224 

4 271.61 279.57 283.78 279.97 265.43 281.59 270.01 269.9 271.5 266.9 278.5 285.58 275.36167 6.879258 

6 246.54 230.56 231.49 239.56 247.96 232.17 258.9 244.08 252.808 259.09 243.39 239.58 243.844 9.843555 

8 227.3 219.59 230.53 236.6 237.13 213.14 226.19 208.89 219.98 210.08 217.59 212.58 221.63333 9.859936 

12 176.18 188.59 169.5 163.11 183.119 174.193 165.69 180.19 189.14 187.18 176.86 179.53 177.7735 8.62264 

16 39.3 41.59 53.86 43.17 38.89 47.15 31.19 46.12 41.19 30.2 38.19 47.53 41.531667 6.754613 

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table-34: Pharmacokinetic parameters of 12 diabetic Pakistani subjects after oral 

administration of metformin HCl and vildagliptin 

Parameter Metformin Vildagliptin 

AUC0- t(ng.h/mL) 14057.00 3675.5 

AUC t - ∞ (ng.h/mL) 450.9 116.28 

AUC 0 - ∞(ng.h/mL 14508.2 3791.8 

Cl (L/h) 68.92 26.3724 

Vd (L/Kg) 574.3861 73.2569 

T1/2 (h) 5.7 1.925 

AUMC0 –t (ng.h2/mL) 96116.452 23328.696 

AUMC t - ∞ (ng.h2/mL) 9277.00 320.455 

AUMC 0 - ∞ 105394.02 23649.151 

MRT (h) 7.26 6.23 

Cmax (ng/ml) 1788.198 429.205 

Tmax (h) 3 1.5 

Ke h-1 0.12 0.36 
 
Table-35: Group statistics for pharmacokinetics between healthy and diabetic Pakistani 

subjects through T-test 

Drug Group N Mean Std. Deviation Std. Error Mean 

Metformin 
Healthy Human 13 1.4369123E4 2.87172972E4 7.96474519E3 

Diabetic Human 13 1.8634704E4 3.68893376E4 1.02312614E4 

Vildagliptin 
Healthy Human 13 4.5560210E3 9.46017192E3 2.62377961E3 

Diabetic Human 13 4.2631332E3 8.63827734E3 2.39582707E3 
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Table-36: Independent sample testfor pharmacokinetics parameters between healthy and diabetic Pakistani subjects through T-test 

Drug  Levene's Test for 
Equality of Variances t-test for Equality of Means 

  
F Sig. t df Sig. (2-

tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

  Lower Upper 

M
etform

in 

Equal variances 
assumed .386 .540 -.329 24 .745 -4.26558181E3 1.29659506E4 -3.10259886E4 2.24948250E4 

Equal variances 
not assumed   -.329 22.638 .745 -4.26558181E3 1.29659506E4 -3.11114696E4 2.25803060E4 

V
ildagliptin 

Equal variances 
assumed .056 .815 .082 24 .935 2.92887854E2 3.55305598E3 -7.04025927E3 7.62603498E3 

Equal variances 
not assumed   .082 23.804 .935 2.92887854E2 3.55305598E3 -7.04344861E3 7.62922432E3 
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Table-37: Statisticsfor pharmacokinetics parameters between healthy and diabetic 

Pakistani subjects through T-test 

  Metformin Vildagliptin Group 

N 
Valid 26 26 26 

Missing 0 0 0 

Mean 1.6501913E4 4.4095771E3 1.5000 

Std. Error of Mean 6.36629893E3 1.74088123E3 .10000 

Median 5.0125040E2 1.2609000E2 1.5000 

Mode 3.00000 .30800a 1.00a 

Std. Deviation 3.24618825E4 8.87678737E3 .50990 

Variance 1.054E9 7.880E7 .260 

Skewness 2.030 1.968 .000 

Std. Error of Skewness .456 .456 .456 

Kurtosis 2.677 2.193 -2.174 

Std. Error of Kurtosis .887 .887 .887 

Range 1.05394E5 2.59156E4 1.00 

Minimum .01072 .30800 1.00 

Maximum 1.05394E5 2.59159E4 2.00 

Sum 4.29050E5 1.14649E5 39.00 

a = Multiple modes exist. The smallest value is shown. 
 

Table-38: Frequency table for healthy and diabetic Pakistani subjects through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 
Healthy Human 13 50.0 50.0 50.0 

Diabetic Human 13 50.0 50.0 100.0 
Total 26 100.0 100.0  

 

 

 



Chapter 4:  RESULTS AND DISCUSSION 

117 
 

Table-39: Frequency table of metformin HCl for Pakistani subjects through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0.010723 1 3.8 3.8 3.8 

0.12 1 3.8 3.8 7.7 

0.13 1 3.8 3.8 11.5 

3 2 7.7 7.7 19.2 

5.3 1 3.8 3.8 23.1 

5.6 1 3.8 3.8 26.9 

5.7 1 3.8 3.8 30.8 

7.26 1 3.8 3.8 34.6 

68.92 1 3.8 3.8 38.5 

400 1 3.8 3.8 42.3 

400.833 1 3.8 3.8 46.2 

450.9 1 3.8 3.8 50.0 

551.6008 1 3.8 3.8 53.8 

574.3861 1 3.8 3.8 57.7 

1745.78 1 3.8 3.8 61.5 

1788.198 1 3.8 3.8 65.4 

9277 1 3.8 3.8 69.2 

13544.59 1 3.8 3.8 73.1 

13945.424 1 3.8 3.8 76.9 

14057 1 3.8 3.8 80.8 

14508.2 1 3.8 3.8 84.6 

77897.6631 1 3.8 3.8 88.5 

78298.661 1 3.8 3.8 92.3 

96116.452 1 3.8 3.8 96.2 

105394.02 1 3.8 3.8 100.0 

Total 26 100.0 100.0  
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Table-40: Frequency table of vildagliptin for Pakistani subjects through T-test 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0.308 1 3.8 3.8 3.8 

0.36 1 3.8 3.8 7.7 

1.5 1 3.8 3.8 11.5 

1.925 1 3.8 3.8 15.4 

2 1 3.8 3.8 19.2 

2.25 1 3.8 3.8 23.1 

6.23 1 3.8 3.8 26.9 

7.55 1 3.8 3.8 30.8 

26.3724 1 3.8 3.8 34.6 

29.143 1 3.8 3.8 38.5 

73.2569 1 3.8 3.8 42.3 

94.62 1 3.8 3.8 46.2 

116.28 1 3.8 3.8 50.0 

135.9 1 3.8 3.8 53.8 

320.455 1 3.8 3.8 57.7 

403.396 1 3.8 3.8 61.5 

429.205 1 3.8 3.8 65.4 

437.1 1 3.8 3.8 69.2 

3290 1 3.8 3.8 73.1 

3431.3 1 3.8 3.8 76.9 

3675.5 1 3.8 3.8 80.8 

3791.8 1 3.8 3.8 84.6 

23328.696 1 3.8 3.8 88.5 

23649.151 1 3.8 3.8 92.3 

25478.8034 1 3.8 3.8 96.2 

25915.903 1 3.8 3.8 100.0 

Total 26 100.0 100.0  
 



Chapter 4:  RESULTS AND DISCUSSION 

119 
 

 

 
Figure-115: Chromatogram of standard solution of metformin HCl and vildagliptin 

 
Figure-116: Chromatogram of sample solution of metformin HCl and vildagliptin 
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Figure-117: Chromatogram of metformin HCland vildagliptin (Blood plasma) 

 
Figure-118: Chromatogram of metformin HCl and vildagliptin showing no interference 

of blank 
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Figure-119: Chromatogram of metformin HCl and vildagliptin showing no interference 

of blood serum 

 
Figure-120: Linearity graph of metformin HCl 
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Figure-121: Linearity graph of vildagliptin 

 
Figure-122: Chromatogram for acid degradation of metformin HCl and vildagliptin 
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Figure-123: Chromatogram for base degradation of metformin HCl and vildagliptin 

 
Figure-124: Chromatogram of H2O2 degradation of metformin HCl and vildagliptin 
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Figure-125: Chromatogram forthermal degradation of metformin HCl and vildagliptin 

 
Figure-126: Graph of steady-state plasma concentrations-time profiles for metformin 

HCl for healthy rabbits 
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Figure-127: Graph of steady-state plasma concentrations-time profiles for vildagliptin 

for healthy rabbits 

 
Figure-128: Graph of steady-state plasma concentrations-time profiles for metformin 

HClfor diabetic rabbits 
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Figure-129: Graph of steady-state plasma concentrations-time profiles for vildagliptin 

for diabetic rabbits 

 

 

 

 

 

 

 

 

 

 

 

Figure-130: Graph of steady-state plasma concentrations-time profiles for metformin 

HCl for healthy Pakistani subjects 
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Figure-131: Graph of steady-state plasma concentrations-time profiles for vildagliptin 

for healthy Pakistani subjects 

 
Figure-132: Graph of steady-state plasma concentrations-time profiles for metformin 

HCl for diabetic Pakistani subjects 
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Figure-133: Graph of steady-state plasma concentrations-time profiles for vildagliptin 

for diabetic Pakistani subjects 
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The developed and validated method was successfully applied to a 
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combined dose of drugs metformin HCl 70 mg per 1.5 kg and vildagliptin 15 mg per 1.5 

kg orally. Blood samples were withdrawn at predetermined intervals of 0, 0.25, 0.50, 1, 
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concentrations 50, 100, 200, 500 and 750 ng/mL for vildagliptin and 250, 500, 1000, 
2500 and 3750 ng/mL for metformin HCl. The results for metformin HCl and vildagliptin 
were expressed in ng/mL of blood plasma. The plasma concentration-time curves were 
used to obtain different pharmacokinetic parameters. The pharmacokinetic parameters 
were calculated by using different pharmacokinetic formulae. The maximum plasma 
concentration (Cmax)andthetimepointofmaximumplasmaconcentration curve (Tmax) were 
directly obtained from the observed concentration versus time profiles. The area under 
theplasma concentration–timecurvefromzerohourtothelastmeasurable concentration 
(AUC0-v) and toinfinity (AUC0-∞) was calculated according to the linear trapezoidal rule. 
The half-time of drug elimination (t1/2) was calculated as 0.693/λZ, where λZwas the 
elimination rateconstant. Steady-state plasma concentration–time profiles and 
pharmacokinetic parameters for metformin HCl and vildagliptin following administration 
of vildagliptin 15 mg and metformin HCl 70 mg per 1.5 kg body weight in combination 
in normal rabbits and with alloxan induced type 2 diabetic rabbits are given. Data is 
shown as arithmetic mean±SD. 

4.3 Results of Comparative Pharmacokinetic Study among 2 Metformin and 

Vildagliptin Fixed Dose Formulations in Healthy Pakistani Volunteers An open-

label Single-Dose, Randomized, parallel group Study Using Liquid 

Chromatographic Techniques. 

In the current study, pharmacokinetic investigation of MTF and VLDwas performed 

following the oral administration of Galvus MET tablet to a healthy Pakistani 

Volunteers. Twelve healthy Pakistani volunteers (7 men and 5 women) were 

enrolled in this 2 periods Cross over Study and all successfully completed all 

periods of the study.  Their mean ± (SD) age and weight was 25.43 (6.35) years 

(range =22–45 years), and 64.31 (8.94) kg (range =45.3–84.03 kg), respectively. 

The mean body mass index was 23.5 (range = 18.56–25.50), indicating that the 

number of subjects enrolled in the study was sufficient. 

Mean plasma concentration of Metformin and Vildagliptin for reference, treatment A 
(Galvus Met 1000/50mg Tablet), and test, treatmentB (Vildomet 1000/50mg Tablet) is 
shown in table 41 
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Time (h             
) 

Treatment A 
Reference (ng/ml) 

(Galvus Met Tablet) 

Treatment B 
Test (ng/ml) 

(Vildomet Tablet) 

MTF VLD MTF VLD 

0 0 0 0 0 
0.25 102.4428333 87.469167 105.36 98.3239 
0.5 791.9055833 189.97833 777.489 192.41 
1 1454.8675 327.39083 1420.12 301.738 

1.5 1641.563333 412.15417 1605.4 359.557 
2 1743.090833 432.64833 1697.92 406.02 

2.5 1768.805833 382.60333 1722.14 369.431 
3 1788.198333 347.6375 1745.78 342.777 
4 1582.46525 297.93667 1534.97 308.172 
6 1083.017 235.415 1040.52 236.616 
8 705.4859167 203.66167 688.236 178.27 

12 326.2533333 143.33417 327.087 136.728 
16 171.8641667 39.520833 151.864 37.4917 
18 112.3583333 0 82.525 0 
24 54.275 0 40.1917 0 

 
Table 41. Mean plasma concentration of Metformin and Vildagliptin for reference, treatment A 
(Galvus Met 1000/50mg Tablet) and test, treatmentB (Vildomet 1000/50mg Tablet) 
The plasma concentration-time profile curve for MTF and VLDof Metformin and Vildagliptin for 
reference, treatment A (Galvus Met 1000/50mg Tablet) and test, treatmentB (Vildomet 
1000/50mg Tablet) in healthy Pakistani volunteers is presented in Fig. 4. and pharmacokinetics 
data is presented in Table 8. 
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Fig.134.Mean Plasma concentration curve after oral administration of MTF and VLD in 
twelve healthy Pakistani Subjects. 
 
 

Parameters 

A: Reference (Galvus MET tablet) B: Test (Vildomet Tablet) 

MTF VLD MTF VLD 

AUC0-t (ngh/mL) 14504.4 3472.4 14779.5 3317.84 

AUC0-∞ (ng h/mL) 14952.1 3588.6 16046.2 3433.7 

Cmax (ng/mL) 1788.19 432.7 1745.8 406.02 

Tmax (h) 3.0 2.0 3.0 2.0 

t1/2 (h) 5.7 2.04 5.8 2.14 

Vd (L/Kg) 568.52 42.3 564.3 46.59 

MRT (h) 

CL 

5.75 

68.94 

5.67 

14.39 

5.08 

67.66 

5.52 

15.07 

Table 42-: Pharmacokinetic parameters of Healthy Pakistani subjects after oral 
administration of Metformin and Vildagliptin for reference, treatment A (Galvus Met 
1000/50mg Tablet) and test, treatmentB (Vildomet 1000/50mg Tablet) 
 

Statistical data analysis results. 

T-Test  

Group Statistics 

 
VAR00001 N Mean 

Std. 
Deviation 

Std. Error 
Mean 

Metformion Reference: Viglip M Tablet 
1000/50mg 8 3.98708E3 6657.910902 2353.926974 

Test: VildoMet Tablet 
1000mg/50mg 8 4.15217E3 6983.256440 2468.953992 

Vildagliptin Reference: Viglip M Tablet 
1000/50mg 8 9.45012E2 1602.698113 566.639352 

Test: VildoMet Tablet 
1000mg/50mg 8 9.03610E2 1532.204701 541.716167 

Table 43 Group Statistics
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Independent Samples Test 

  Levene's Test for 
Equality of 
Variances 

t-test for Equality of Means 

  
F Sig. t df Sig. (2-

tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

  Lower Upper 
Metformion Equal variances 

assumed .023 .883 -.048 14 .962 -165.092500 3411.261645 -7481.521065 7151.336065 

Equal variances not 
assumed   -.048 13.968 .962 -165.092500 3411.261645 -7483.081394 7152.896394 

Vildagliptin Equal variances 
assumed .020 .889 .053 14 .959 41.402500 783.923823 -1639.946881 1722.751881 

Equal variances not 
assumed   .053 13.972 .959 41.402500 783.923823 -1640.265654 1723.070654 

 

Table 44 Levene’s Test for Equality of Variances, t-test for Equality of Means
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Descriptive Statistics 

 N Range Minimum Maximum Mean Std. Deviation Variance 

 Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic 
Metformion 16 1.604E4 3.000 1.605E4 4.06962E3 1.647934E3 6591.735021 4.345E7 

Vildagliptin 16 3.587E3 2.000 3588.600 9.24311E2 3.787089E2 1514.835614 2.295E6 

VAR00001 16 1.00 1.00 2.00 1.5000 .12910 .51640 .267 

Valid N (listwise) 16        

Table 45 Descriptive Statistics 

Frequency Table  

Metformion 

  Frequency Percent Valid Percent Cumulative 
Percent 

Valid 

3 2 12.5 12.5 12.5 

5.08 1 6.2 6.2 18.8 

5.7 1 6.2 6.2 25.0 

5.75 1 6.2 6.2 31.2 

5.8 1 6.2 6.2 37.5 

67.66 1 6.2 6.2 43.8 

68.94 1 6.2 6.2 50.0 

564.3 1 6.2 6.2 56.2 

568.52 1 6.2 6.2 62.5 

1745.8 1 6.2 6.2 68.8 

1788.19 1 6.2 6.2 75.0 

14504.4 1 6.2 6.2 81.2 

14779.5 1 6.2 6.2 87.5 

14952.1 1 6.2 6.2 93.8 

16046.2 1 6.2 6.2 100.0 

Total 16 100.0 100.0  

Table 46 Metformion 
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Vildagliptin 

  Frequency Percent Valid Percent Cumulative 
Percent 

Valid 

Test 2 12.5 12.5 12.5 

2.04 1 6.2 6.2 18.8 

2.14 1 6.2 6.2 25.0 

5.52 1 6.2 6.2 31.2 

5.67 1 6.2 6.2 37.5 

14.39 1 6.2 6.2 43.8 

15.07 1 6.2 6.2 50.0 

42.3 1 6.2 6.2 56.2 

46.59 1 6.2 6.2 62.5 

406.02 1 6.2 6.2 68.8 

432.7 1 6.2 6.2 75.0 

3317.84 1 6.2 6.2 81.2 

3433.7 1 6.2 6.2 87.5 

3472.4 1 6.2 6.2 93.8 

3588.6 1 6.2 6.2 100.0 

Total 16 100.0 100.0  

Table 47 Vildagliptin 

 
VAR00001 

  Frequency Percent Valid Percent Cumulative 
Percent 

Valid Reference: Viglip M Tablet 
1000/50mg 8 50.0 50.0 50.0 

Test: VildoMet Tablet 
1000mg/50mg 8 50.0 50.0 100.0 

Total 16 100.0 100.0  

Table 48 VAR00001 
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After oral administration a maximum plasma concentration (Cmax) of 1788.19 ± 12.79 
ng/mL was attained in 3 h (Tmax) for MTF while 432.65 ± 12.26 ng/mL Cmax was attained 
in 2 h (Tmax) for VLD of Reference formulation. Whereas, a maximum plasma 
concentration (Cmax) of 1745.78 ± 12.77 ng/mL was attained 3 h (Tmax) for MTF while 
406.02 ± 11,89 ng/mL Cmax was attained 2.0 h (Tmax) for VLD of test formulation. These 
results are in good conformity with the data found in the literature [27 - 28] and 
pharmacokinetics data is presented in Table 8. 

The AUC0-24, AUC0-∞ of Metformin of Reference verses test formulation were 14504.5, 
14952.1 ng ∙ h/ml versus 14779.6, 16046.17 ng ∙ h/ml for MTF and 4372.4,3588.6 ng ∙ 
h/ml l versus 3317.8,3433.7 ng ∙ h/ml for VLD and MRT, Vd and CL of Reference verses 
test formulation were 5.7, 568.5 and 68.9 verses 5.1, 564.3 and 67.7 for MTF while 5.67, 
42.33 and 14.4 verses 5.5, 46.7 and 15.1 for VLD,  which showed no significance 
difference between pharmacokinetics parameters of both formulations 

4.4 Results of Comparative Pharmacokinetic Study among 2 Metformin and 

Vildagliptin Fixed Dose Formulations in DiabeticPakistani Patients: An open-label 

Single-Dose, Randomized, parallel group Study Using Liquid Chromatographic 

Techniques. 
In the contemporary study, pharmacokinetic analysisof MTF and VLDwas carried out following 
the oral administration of Galvus MET tablet to a diabetic Pakistani patient. Twelve 
diabeticPakistani patients (7 men and 5 women) were enrolled in this 2 periods Cross 
over Study and all successfully completed all periods of the study.  Their mean ± (SD) 
age and weight was 25.43 (6.35) years (range =22–45 years), and 64.31 (8.94) kg (range 
=45.3–84.03 kg), respectively. The mean body mass index was 23.5 (range = 18.56–
25.50), indicating that the number of subjects enrolled in the study was sufficient. 
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Mean plasma concentration of Metformin and Vildagliptin for reference, treatment A 
(Galvus Met 1000/50mg Tablet), and test, treatmentB (Vildomet 1000/50mg Tablet) is 
shown in table 49. 

Time (h) 

Treatment A 
Reference (ng/ml) 

(Galvus Met Tablet) 

Treatment B 
Test (ng/ml) 

(Vildomet Tablet) 
MTF VLD MTF VLD 

0 0 0 0 0 
0.25 102.4428333 87.469167 105.36 98.3239 
0.5 791.9055833 189.97833 777.489 192.41 
1 1454.8675 327.39083 1420.12 301.738 

1.5 1641.563333 412.15417 1605.4 359.557 
2 1743.090833 432.64833 1697.92 406.02 

2.5 1768.805833 382.60333 1722.14 369.431 
3 1788.198333 347.6375 1745.78 342.777 
4 1582.46525 297.93667 1534.97 308.172 
6 1083.017 235.415 1040.52 236.616 
8 705.4859167 203.66167 688.236 178.27 

12 326.2533333 143.33417 327.087 136.728 
16 171.8641667 39.520833 151.864 37.4917 
18 112.3583333 0 82.525 0 
24 54.275 0 40.1917 0 

 
Table 49. Mean plasma concentration of Metformin and Vildagliptin for reference, 
treatment A (Galvus Met 50/1000mg Tablet), and test, treatmentB (Vildomet50/1000mg 
Tablet) 
The plasma concentration-time profile curve for MTF and VLDof Metformin and 
Vildagliptin for reference, treatment A (Galvus Met 1000/50mg Tablet) and test, 
treatmentB (Vildomet 1000/50mg Tablet) in healthy Pakistani volunteers is presented in 
Fig. 4.and pharmacokinetics data is presented in Table 8. 
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Fig.135.Mean Plasma concentration curve after oral administration of MTF and VLD in twelve 

Diabetic Pakistani Subjects. 

 

Parameters 

A: Reference (Galvus MET tablet) B: Test (Vildomet Tablet) 

MTF VLD MTF VLD 

AUC0-t (ngh/mL) 14406.06 3582.05 15176.71 3286.25 

AUC0-∞ (ng h/mL) 14886.00 3674.30 16300.83 3363.61 

Cmax (ng/mL) 1778.41 424.107 1783.20 426.82 

Tmax(h) 3.0 2.0 3.0 2.0 

t1/2 (h) 6.06 1.79 5.15 1.78 

Vd (L/Kg) 606.78 36.94 490.04 39.10 

MRT (h) 

CL 

5.72 

69.42 

5.85 

14.33 

5.52 

65.89 

5.70 

15.21 

 
Table 50-: Pharmacokinetic parameters of Diabetic Pakistani subjects after oral 
administration of Metformin and Vildagliptin for reference, treatment A (Galvus Met 
1000/50mg Tablet) and test, treatmentB (Vildomet 1000/50mg Tablet) 
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T- Test 

Group Statistics 

 VAR00001 N Mean Std. Deviation Std. Error Mean 
Metformion Reference: GalvusMet Tablet 

1000/50mg 8 3.97018E3 6617.775512 2339.736971 

Test: VildoMet Tablet 
1000mg/50mg 8 4.22879E3 7135.549293 2522.797646 

Vildagliptin Reference: GalvusMet Tablet 
1000/50mg 8 9.67671E2 1648.460121 582.818665 

Test: VildoMet Tablet 
1000mg/50mg 8 8.92559E2 1508.262834 533.251439 

Table 51 Group Statitics 
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Independent Samples Test 
  Levene's Test for Equality 

of Variances t-test for Equality of Means 
  

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

  Lower Upper 
Metformio
n 

Equal variances 
assumed .057 .814 -.075 14 .941 -258.611250 3440.766928 -7638.322354 7121.099854 

Equal variances not 
assumed 

  -.075 13.921 .941 -258.611250 3440.766928 -7642.238199 7125.015699 

Vildaglipti
n 

Equal variances 
assumed .081 .780 .095 14 .926 75.112125 789.958666 -1619.180705 1769.404955 

Equal variances not 
assumed 

  .095 13.891 .926 75.112125 789.958666 -1620.430728 1770.654978 

Table 52 Levene's Test for Equality of Variances, t-test for Equality of Means 
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Descriptive Statistics 

 N Range Minimum Maximum Mean Std. 
Deviation Variance 

 Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic 
Metformion 16 1.630E4 3.000 1.630E4 4.09949E3 1.662384E

3 
6649.53449

1 4.422E7 

Vildagliptin 16 3.673E3 1.780 3674.300 9.30115E2 3.817095E
2 

1526.83791
3 2.331E6 

VAR00001 16 1.00 1.00 2.00 1.5000 .12910 .51640 .267 
Valid N (listwise) 16        

Table 53 Descriptive Statistics 

Frequencies  

Statistics 
  Metformion Vildagliptin VAR00001 

N Valid 16 16 16 
Missing 0 0 0 

Mean 4.09949E3 930.11481 1.5000 
Std. Error of Mean 1.662384E3 3.817095E2 .12910 
Median 279.73000 26.07500 1.5000 
Mode 3.000 2.000 1.00a 
Std. Deviation 6.649534E3 1.526838E3 .51640 
Variance 4.422E7 2.331E6 .267 
Skewness 1.261 1.259 .000 
Std. Error of Skewness .564 .564 .564 
Kurtosis -.415 -.422 -2.308 
Std. Error of Kurtosis 1.091 1.091 1.091 
Range 16297.830 3672.520 1.00 
Minimum 3.000 1.780 1.00 
Maximum 16300.830 3674.300 2.00 
Sum 65591.790 14881.837 24.00 

a. Multiple modes exist. The smallest value is shown  

Table 54 Statistics 
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Metformion 

  
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid 3 2 12.5 12.5 12.5 

5.15 1 6.2 6.2 18.8 

5.52 1 6.2 6.2 25.0 

5.72 1 6.2 6.2 31.2 

6.06 1 6.2 6.2 37.5 

65.89 1 6.2 6.2 43.8 

69.42 1 6.2 6.2 50.0 

490.04 1 6.2 6.2 56.2 

606.78 1 6.2 6.2 62.5 

1778.41 1 6.2 6.2 68.8 

1783.2 1 6.2 6.2 75.0 

14406.06 1 6.2 6.2 81.2 

14886 1 6.2 6.2 87.5 

15176.71 1 6.2 6.2 93.8 

16300.83 1 6.2 6.2 100.0 

Total 16 100.0 100.0  

 

Table 55 Metformion 
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Vildagliptin 

  
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid 1.78 1 6.2 6.2 6.2 

1.79 1 6.2 6.2 12.5 

Test 2 12.5 12.5 25.0 

5.7 1 6.2 6.2 31.2 

5.85 1 6.2 6.2 37.5 

14.33 1 6.2 6.2 43.8 

15.21 1 6.2 6.2 50.0 

36.94 1 6.2 6.2 56.2 

39.1 1 6.2 6.2 62.5 

424.107 1 6.2 6.2 68.8 

426.82 1 6.2 6.2 75.0 

3286.25 1 6.2 6.2 81.2 

3363.61 1 6.2 6.2 87.5 

3582.05 1 6.2 6.2 93.8 

3674.3 1 6.2 6.2 100.0 

Total 16 100.0 100.0  

Table 56 Vildagliptin 

VAR00001 

  
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid Reference: GalvusMet 
Tablet 1000/50mg 8 50.0 50.0 50.0 

Test:VildoMet Tablet 
1000mg/50mg 8 50.0 50.0 100.0 

Total 16 100.0 100.0  

Table 57 VAR00001 
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4.5 Discussion 

The aim of this work was to develop and validate a simple, rapid, more sensitive, 

more accurate and precise method for simultaneous determination of metformin HCl and 

vildagliptin in formulations and blood serum. Furthermore, its applications for studying 

and comparison of pharmacokinetic parameter in Pakistani population among healthy and 

diabetic individuals along with healthy and diabetic rabbits were analyzed. No significant 

difference was observed in pharmacokinetic parameters for healthy and diabetic 

individuals among the humans and the rabbits. 

Different HPLC columns at different temperature were tested and mixtures of 

commonly used solvents like water, methanol and acetonitrile with or without buffers in 

different combinations at different flow rates were tested as mobile phases. The choice of 

the optimum composition is based on the chromatographic response factor and a good 

peak shape with minimum tailing. Isocratic separation of metformin HCl and vildagliptin 

was performed at 35 ˚C with Thermo Hypersil ODS column, 250 mm length, 4.6 mm 

internal diameter and porous silica packed with particle size of 5 µm, at a flow rate of 0.8 

mL min-1 whereas the mobile phase consisted of acetonitrile/phosphate buffer/methanol 

(65:30: 5, v/v, pH 3.5). Both analytes were detected at a wavelength of 212 nm and the 

injection volume was 20 µL. The overall run time per sample was 7.0 min with retention 

time of 3.36 and 5.4 min for metformin and vildagliptin, respectively (Table-6). The 

calibration curve was linear from 50 - 150 µg mL-1 for metformin and 2.5 - 7.5 µg mL-1 

for   vildagliptin with a correlation coefficient ≤ 0.9919 and ≤ 0.992 respectively (Table-

7, Figure-120, Figure-121).It showed that the linearity of the method is satisfactory while 

repeatability and reproducibility (expressed as relative standard deviation) were lower 
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than 1.13 and 0.97 %, respectively i.e. the method is very reproducible. Solution of tablet 

and blood serum preparation was injected repeatedly for method, system and intermediate 

precision (Table-8 to Table-10). Very low values of %RSD revealed that method is quite 

precise. The percent recoveries of the drug solutions were studied at three different 

concentration levels andthe recoveries were made ranging from 98.87 to 102.06 percent 

for metformin HCl and 98.60 to 102.2 percent for vildagliptin which are in acceptable 

limits showing the accuracy of the method (Table-11).The absence of additional peaks in 

the chromatogram showed non-interference of the excipients in the tablets and hence the 

method is specific (Figure-115 to Figure-119). Themeditative 

changesinthemethodhavenot muchaffected the peak tailing, theoretical plates and the 

percent assays indicating that the present method is robust. Different parameters such as 

theoretical plates and tailing factor were checked by system suitability studies (Table-12). 

The proposed method gave lowest values of LOD and LOQ indicating that the method is 

sensitive (Table-13). The stability studies of the solution indicated that both the drugs 

were stable up to 24 hours (Figure-122 to Figure-125). The forced degradation studies 

indicated that both the drugs were stable (Table-14). In comparison with the previous 

high-performance liquid chromatography (HPLC) methods, the developed method is 

more selective, accurate, sensitive and reproducible. Force degradation studies indicated 

a complete separation of the analytes in the presence of their degradation products 

providing high degree of method specificity. The proposed HPLC method was 

demonstrated to be simple and rapid for the determination of metformin HCl and 

vildagliptin in commercially available tablet formulations and blood serum, providing 

lowest LOD and LOQ values and satisfactory percentage recoveries (Table-15, Table-

16).  

Pharmacokinetic parameters were studied in Pakistani populations among healthy 

and diabetic individual along with healthy and diabetic rabbits. No significant difference 

was observed in pharmacokinetic parameters of healthy and diabetic individuals or 

rabbits.The aim was the pharmacokinetic study of Type-2 diabetes drugs in 

combination(vildagliptin and metformin HCl) using liquid chromatographic technique 

and to investigate the pharmacokinetic properties of both drugs in Pakistani healthy and 

diabetic subjects. There are a few reports in the literature on the pharmacokinetics of 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pharmacokinetics
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metformin HCl and vildagliptin in Pakistani population. The RP-HPLC method 

developed for quantitative determination of metformin HCl and vildagliptin is novel, 

rapid, precise, accurate, selective and suitable for its intended purpose. The method was 

validated as per ICH guidelines, showing satisfactory data for all the method validation 

parameters tested. The developed method was found “specific” to the drug and for the 

dosage form, as the peaks of the excipient did not interfere with the drug peak and the 

developed method is equally applicable to both drugs in blood plasma. Hence, the 

proposed method can be employed for assessing the quantitative determination of 

metformin HCl and vildagliptin in blood plasma and also for its dosage form [150]. 

Santhoshaet al. has validated the HPLC method for the determination of vildagliptin and 

metformin. The mobile phase was water and K2HPO4 (0.01M) buffer (v/v 10:90). The 

detection was at 215 nm of UV after a flow rate of 1.5 mL/min. The 2.390 minutes was 

the retention time for metformin HCl and 4.601 minutes for vildagliptin. The limit of 

quantification (LOQ), limit of detection (LOD), robustness, precision, linearity and 

accuracy were also determined. The linearity was observed for metformin HCl for 500-

1500 μg/mL and for vildagliptin for 50-150 μg/mL. For metformin HCl, regression 

equation and coefficient of correlation were y = 124986x & r2 = 1 and for vildagliptin 

were y = 21377x & r2 = 0.9999 .The suggested method was found to possess high 

accuracy, precision and sensitivity [151].A fast, sensitive and specific high-performance 

liquid chromatography tandem mass spectrometry method was developed for 

simultaneous determination of metformin in human plasma [155].The pharmacokinetic 

parameters of metformin in healthy human are not different from the data reported by 

that is healthy Mexican volunteers:Cmax(1171.96 ng/mL)andAUC0-t(6413 

ng/mL/h).Anotherdata was reported by Santos in healthy Mexican volunteers 

(Cmax1390ng/mL and AUC0–t7590ng/mL/h) [151]. A study of 500 mg metformin 

in Chinese volunteers,Cmax1128 ng/mL, AUC0–t 8626 [71800 ng/mL/h] are 

different from our study and t½ of 3.5 [71.3] h is compareable with our study 

[151-154].Another study conducted in Japanese population showed results of fixed 

combinations as Cmax 831 (ng/mL), AUC 5430(ng×h/mL) and t½ 3.58(h) for metformin 

and for vildagliptin Cmax 263 (ng/mL), AUC 1199(ng×h/mL) and t½ 1.76 (h) which is 

different from the current study which may be due to different population site and 
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place[156].Vildagliptin possesses several desirable pharmacokinetic properties that 

contribute to its lower variability and low potential for drug interaction. Following oral 

administration, vildagliptin is rapidly and well absorbed with an absolute bioavailability 

of 85%. An approximately dose-proportional increase in exposure to vildagliptin over the 

dose range of 25-200 mg has been reported. Food does not have a clinically relevant 

impact on the pharmacokinetics of vildagliptin and it can be taken without regard to food. 

Vildagliptin is minimally bound to plasma proteins (9.3%) and on the basis of a volume 

of distribution of 71 L, compareable with our study, it is considered to distribute 

extensively into extravascular spaces. The primary elimination pathway is hydrolysis by 

multiple tissues/organs [154].A study conducted in USA showed that metformin has 

following PK parameters Cmax 1960 (ng/mL), AUC 13632(ng×h/mL) and t½ 4.9 (h) 

which are compareable with our results of metformin.The plasma levels of vildagliptin 

are Cmax 467 (ng/mL), AUC 1955(ng×h/mL) and t½ 1.9(h) which are also almost similar 

to our study. The study conducted in USA also assessed the effects of coadministration of 

vildagliptin 100mg and metformin 1000mg on the steady-state pharmacokinetics of each 

agent in patients with type 2 diabetes. The results showed that coadministration of 

vildagliptin with metformin had little effect on the pharmacokinetics of either drug when 

administered alone. Vildagliptin and metformin were well tolerated when administered 

alone or in combination and the results of current study also represents the same for 

combination doses [157]. Vildagliptin and metformin do not influence each other’s 

pharmacokinetics. Vildagliptin and metformin exhibit comparable elimination half-lives 

and similar subsequent dosing intervals. Following an oral dose, the mean elimination 

half-life of vildagliptin is 2-3 hours and of metformin is approximately 6.5 hours which 

exhibits that the results of current study are similar to the other studies according to our 

study elimination halflife of vildagliptin is 2.25 h while that of metformin is 5.3 h a slight 

difference may be due to geographical differences [158].Pharmacokinetic parameters 

after administration of 1000 mg of test and reference formulation of metformin in healthy 

Indian volunteers shows almost similar results with our study in parameters like Kel 

AUC and while Cmax and half life differs that is 7hour while our study exhibits halflife of 

5.3hour which may be due to difference in Cmax [159].The pharmacokinetic parameters of 

metformin calculated in this study are generally comparable to those published 
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previously. There were no significant differences between patients and healthy subjects 

or between men and women. There was no statistically significant difference between 

healthy subjects and patients with NIDDM with respect to pharmacokinetic parameter 

estimates of metformin HCl in either plasma or urine after any single-dose treatment or 

after multiple doses. There was no significant difference in the pharmacokinetic 

parameters after a single oral dose metformin HCl between the 11 male and 7 female 

participants.Same is observed with this study which indicated that there is no significant 

difference among pharmacokinetic parametersin healthy and diseased patients [160].This 

investigation revealed that the pharmacokinetics of GLP-1 is the same in obese type 2 

diabetic patients and matched healthy subjects after intravenous bolus injections of four 

different doses of GLP-1. When comparing the pharmacokinetic parameters obtained for 

the different injected doses, it appeared that the results obtained for the two lowest doses 

deviated from the higher dose levels, with lower clearances for the higher doses. The 

differences were not significant, but may, nevertheless reflect existing differences [161]. 

Another study showed that PK characteristics were generally similar in young healthy 

subjects and in middle-aged overweight patients with diabetes. All together gliptins have 

a good oral bioavailability which is not significantly influenced by food intake [162]. 

Current study does not show significant difference in pharmacokinetics profile of healthy 

and diabetic rats which are compareable with the previous studies. A study indicated that 

levels of metformin in pharmacokinetic parameters for rabbits are same for healthy and 

diabetic rabbits. It showed Cmax 1184.00±35.70 (ng/mL), Tmax (h) 03.00±00.0 which are 

compareable with current study parameters having Cmaxof 1156 (ng/mL).  Similarly 

AUC, Vd and Tmax are also in same ranges,however, elimination rate differs along with 

half life and change in elimination might be reason for difference in half life [163].Little 

data is available regarding combination of drugs, however, a study conducted on male 

HanWistar rats showed significant difference in pharmacokinetic parameters of 

vildagliptin than our study results that might be due to difference in species [164].A very 

few data is available regarding the animal studyon rabbits, however, Australian Public 

Assessment Report for Vildagliptin/Metformin hydrochloride shows compareable 

pharmacokinetic parameters at 10mg dose studies with AUC compareable to AUC of our 

study [165].The described analytical method used for the simultaneous measurement of 
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Metformin and Vildagliptin was shown to be accurate and sensitive. Linear Calibration 

Curve and graph for linearity and results of linearity over a dynamic range of 50-150 

µg/mL for metformin HCl and over a dynamic range of 2.5-7.5µg/mL for vildagliptin for 

this assay effectively covers the therapeutic range. The overall run time per sample was 

7.0 min with retention time of 3.36 and 5.41 min for metformin HCl and vildagliptin, 

respectively. The calibration curve was linear from 10-140 µg/mL for metformin and 1-

14 µg/mL for vildagliptin with a coefficient of determination (R2) ≤ 0.9919 while 

repeatability and reproducibility (expressed as relative standard deviation) were lower 

than 1.13 and 0.97 %, respectively. Force degradation studies indicated a complete 

separation of the analytes in the presence of their degradation products providing high 

degree of method specificity. The proposed RP-HPLC method was demonstrated to be 

simple and rapid for the determination of metformin HCl and vildagliptin in 

commercially available tablet and biological samples providing recoveries ranged 

between 100.13-100.29 %. The subjects formed a homogeneous population in terms of 

age, weight and body mass index. The elimination half-life (t1/2) of metformin was 4.62h, 

4.20 h, 5.3 h and 5.7h in healthy rabbits, diabetic rabbits, healthy humans and diabetic 

humans respectively. The time to reach maximum plasma concentration (tmax) was 2h for 

metformin in both of healthy and diabetic groups of rabbits and humans and 3h for 

vildagliptin. All calculated pharmacokinetic parameters summarized in results agreed 

with the previously reported values [166-167].  

Administration of 1000mg/50 mg of metformin/vildagliptin tablet to healthy 

rabbits produced a Cmax of 1156ng/mL ± 3.2 ng/mL at the time 2 h (tmax) whereas in 

diabetic rabbits produced a Cmax of 1140ng/mL ± 11.2ng/ mL at the time 2 h (tmax) for 

metformin. Similarly, it produced a Cmax of 410.8ng/mL ± 5.72ng/mL at the time 3 h 

(tmax)in healthy rabbits whereas in diabetic rabbits produced a Cmax of 420.96ng/mL ± 

6.02 ng/mL at the time 3 h (tmax) for vildagliptin. The AUC0-24, AUC0-∞ and AUCTotal of 

metformin of healthy versus diabetic rabbits were 5934.074 ng∙h/mL versus 6013.82 

ng∙h/mL, 1380 ng∙h/mLversus 1433.9 ng∙h/mL and 7314.654 ng∙h/mL versus 7447.737 

ng∙h/mL, respectively. The AUC0-12, AUC0-∞ and AUC Total of vildagliptin of the healthy 

versus diabetic rabbits were 2419.3 ng∙h/mL versus 2280.0 ng∙h/mL, 197.3 

ng∙h/mLversus 103.7 ng∙h/mL and 2616.7 ng∙h/mL versus 2383.8 ng∙h/mL, 
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respectively.The AUC0-24,AUC0-∞ and AUCTotal of metformin of the healthy versus 

diabetic humans were 13540.59 ng∙h/mL versus 14057.00 ng∙h/mL, 400.833 

ng∙h/mLversus 450.9 ng∙h/mL and 13945.424 ng∙h/mL versus 14508.2ng∙h/mL, 

respectively. The AUC0-24, AUC0-∞ and AUCTotal of vildagliptin of the healthy versus 

diabetic humans were 3290.00 ng∙h/mL versus 3675.5 ng∙h/mL, 135.9 ng∙h/mLversus 

116.28 ng∙h/mL and 3431.3 ng∙h/mL versus 3791.8 ng∙h/mL, respectively (Table-19, 

Table-22, Table-31, Table-34). 

The AUMC0-12, AUMC0-∞ and AUMCTotal of metformin of the healthy versus 

diabetic rabbits were 32006.417 ng∙h2/mL versus 32422.604 ng∙h2/mL, 8420.105 

ng∙h2/mL versus 9286.021 ng∙h2/mL and 40430.522 ng∙h2/mL versus 41708.625 

ng∙h2/mL, respectively. The AUMC0-12, AUMC0-∞ and AUMCTotal of vildagliptin of the 

healthy versus diabetic rabbits were 13965.538 ng∙h2/mL versus 13634.997 ng∙h2/mL, 

563.265 ng∙h2/mL versus 367.270ng∙h2/mL and 14528 ng∙h2/mL versus 14001.267 

ng∙h2/mL, respectively.The AUMC0-12, AUMC0-∞ and AUMCTotal of metformin of the 

healthy versus diabetic humans were 77897.6631 ng∙h2/mL versus 96116.45 ng∙h2/mL, 

400 ng∙h2/mL versus 9277.0ng∙h2/mL and 78298.661ng∙h2/mL versus 105394.02 

ng∙h2/mL, respectively. The AUMC0-12, AUMC0-∞ and AUMCTotal of vildagliptin of the 

healthy versus diabetic humans were 25478.8 ng∙h2/mL versus 23328.696 ng∙h2/mL, 

437.1 ng∙h2/mL versus 320.455 ng∙h2/mL and 25915.903 ng∙h2/mL versus 23649.151 

ng∙h2/mL, respectively (Table-19, Table-22, Table-31, Table-34). 

Administration of metformin to healthy versus diabetic rabbits produced a Ke of 

0.15 h-1 with t1/2 of 4.62 h versus 0.15 h-1 with t1/2 of 4.2h. Administration of vildagliptin 

to healthy versus diabetic rabbits produced a Ke of 0.35h-1 with t1/2 of 1.98 h versus 

0.29h-1 with t1/2 of 2.38h. Administration of metformin to healthy versus diabetic humans 

produced a Ke of 0.13 h-1 with t1/2 of 5.33h versus 0.12 h-1 with t1/2 of 5.775h. 

Administration of vildagliptin to healthy versus diabetic humans produced a Ke of 

0.308h-1 with t1/2 of 2.25h versus 0.36 h-1 with t1/2 of 1.93h.The values of Mean Residence 

time (MRT), Clearance (Cl) and Volume of distribution (Vd) by administration of 

metformin to healthy versus diabetic rabbits were 5.5 h, 9.5698 L/h and 63.7988 L/kg 

versus 5.6 h, 9.398 L/h and 62.65 L/kg. The values of Mean Residence time (MRT), 

Clearance (Cl) and Volume of distribution (Vd) by administration of vildagliptin to 
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healthy versus diabetic rabbits were 5.55 h, 6.2 L/h and 17.71 L/kg versus 5.87 h, 6.29 

L/h and 21.69 L/kg respectively.The values of Mean Residence time (MRT), Clearance 

(Cl) and Volume of distribution (Vd) by administration of metformin to healthy versus 

diabetic humans were 5.6 h, 71.17 L/h and 551.60 L/kg versus 7.26 h, 68.92 L/h and 

574.386 L/kg. The values of Mean Residence time (MRT), Clearance (Cl) and Volume of 

distribution (Vd) by administration of vildagliptin to healthy versus diabetic human were 

7.55 h, 29.143 L/h and 94.62 L/kg  versus 6.23 h, 26.37 L/h and 73.256 L/kg respectively 

(Table-19, Table-22, Table-31, Table-34). 

The results of our study show the same, no significant difference is observed in 

case of healthy and diabetic patient’s PK profiles, calculated p values with 95% CI. 

Similarly, no significant difference is observed in PK parameters of healthy and diabetic 

rabbits along with healthy and diabetic Pakistani human subjects. The aim of the 

pharmacokinetics study is to assure equal efficacy and safety of the drug to healthy as 

well as diabetic subjects. Therefore, metformin and vildagliptin plasma levels obtained in 

this study suggested an equal clinical efficacy in both the groups of Pakistani population. 

After oral administration of Reference Viglip – M 50mg/1000mg tablets of ATCO 
Laboratories, Karachi, Pakistan, Batch HYO16A, expires July 2020) and  Test drug , 
VildoMet 50mg/1000mg tablets of High-Q Pharmaceuticals, Karachi, Pakistan Batch 
082, expires July 2020),in Healthy Pakistani subjects a maximum plasma concentration 
(Cmax) of 1788.19 ± 12.79 ng/mL was attained in 3 h (Tmax) for MTF while 432.65 ± 
12.26 ng/mL Cmax was attained in 2 h (Tmax) for VLD of Reference formulation. Whereas, 
a maximum plasma concentration (Cmax) of 1745.78 ± 12.77 ng/mL was attained 3 h 
(Tmax) for MTF while 406.02 ± 11,89 ng/mL Cmax was attained 2.0 h (Tmax) for VLD of 
test formulation. These results are in good conformity with the data found in the literature 
[27 - 28] and pharmacokinetics data is presented in Table 8. 

The AUC0-24, AUC0-∞ of Metformin of Reference verses test formulation were 14504.5, 
14952.1 ng ∙ h/ml versus 14779.6, 16046.17 ng ∙ h/ml for MTF and 4372.4,3588.6 ng ∙ 
h/ml l versus 3317.8,3433.7 ng ∙ h/ml for VLD and MRT, Vd and CL of Reference verses 
test formulation were 5.7, 568.5 and 68.9 verses 5.1, 564.3 and 67.7 for MTF while 5.67, 
42.33 and 14.4 verses 5.5, 46.7 and 15.1 for VLD,  which showed no significance 
difference between pharmacokinetics parameters of both formulations 

After oral administration of Reference Galvus Met 50mg/1000mg tablets of 
NOVARTUS, Pakistan, Batch KH762, expires May 2020). TestedVildoMet 
50mg/1000mg tablets of High-Q Pharmaceuticals, Karachi, Pakistan Batch 082, expires 
July 2020) to Diabetic Pakistani subjects a maximum plasma concentration (Cmax) of 
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1778.41 ± 12.65 ng/mL was attained in 3 h (Tmax) for MTF while 424.11 ± 8.56 ng/mL 
Cmax was attained in 2 h (Tmax) for VLD of Reference formulation. Whereas, a 
maximum plasma concentration (Cmax) of 1783.20 ± 8.49  ng/mL was attained 3 h 
(Tmax) for MTF while 426.82 ± 10.73 ng/mL Cmax was attained 2.0 h (Tmax) for VLD 
of test formulation. These results are in good conformity with the data found in the 
literature 18-19 and pharmacokinetics data is showed in Table 8.The AUC0-24, AUC0-∞ of 
Metformin of Reference verses test formulation were 14406.06, 14886.00.1 ng ∙ h/ml 
versus 15176.71, 16300.83 ng ∙ h/ml for MTF and 3582.05,3674.30 ng ∙ h/ml l versus 
3286.25,3363.61 ng ∙ h/ml for VLD and MRT, Vd and CL of Reference verses test 
formulation were 5.72, 606.78 and 69.42 verses 5.52, 490.04 and 65.89 for MTF while 
5.58, 36.94 and 14.33 verses 5.70, 39.10 and 15.21 for VLD,  which showed no 
significance difference between pharmacokinetics parameters of both formulations. 

4.6 Conclusion 

The 90 % CI of Cmax, AUC0-t and AUC0-∞ were in the acceptable range of 0.80-1.25. 

ANOVA (subject, period, treatment) was applied to the Cmax, ln Cmax, AUC0-t and ln 

AUC0-t values. There was no statistically significant difference for the treatm 

ent values. In both of groups healthy and diabetic pharmacokinetic parameters were equal 

in terms of rate and extent of absorption. On the basis of pharmacokinetic parameters 

studied, it can be concluded that there is no significant difference of drugs absorption and 

clearance in healthy and diabetic Pakistani subjects.   

The developed isocratic chromatographic method enabled Simultaneous determination of 
the MTF and VLD with convincingly good precision and accuracy in pharmaceutical 
dosage forms and blood plasma.The proposed method was optimized and presented its 
suitability for combined analysis of both the drugs.The developed method was applied for 
clinical pharmacokinetic study of MTF and VLD in Pakistani Healthy and Diabetic  
human plasma which meets the requirement of high sample throughput in bio 
analysis.The results of pharmacokinetic parameters show non-significant difference in 
PK parameters in healthy and Diabetic  Pakistani volunteers showing that there is no 
significant difference between drug interactions of reference and test formulation  of 
Vildagliptin and Metformin. 
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