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ABSTRACT 

 

Drug-drug and drug-metal interactions are important area of research in drug discovery 

as well as pharmacodynamic actions of the drugs. Drug-drug and drug-metal 

complexation may introduce new molecules having new and/or better therapeutic 

activities in the body. 

In this research work, various types of complexes from antidiabetic, antihypertensive 

and lipid lowering drugs were investigated while interacting with each other and with 

the metal ions like chromium(III), lead(II), zinc(II), iron(II) and copper(II). Different 

types of physicochemical properties and in vivo as well as in vitro pharmacological 

effects of the complexes were also studied.  

Drug-drug interactions of three antidiabetic agents (metformin, dapagliflozin and 

vildagliptin) with an antihypertensive drug (olmesartan medoxomil) were performed by 

co-evaporated dispersion method and three complexes were synthesized as olmesartan-

metformin (OM), olmesartan-dapagliflozin (OD) and olmesartan-vildagliptin (OV).  

Three complexes of a lipid lowering drug (rosuvastatin) with an antidiabetic drug 

(vildagliptin), as well as an antihypertensive drug (perindopril) were synthesized viz. 

perindopril-vildagliptin (PV), perindopril-rosuvastatin (PR) and rosuvastatin-

vildagliptin (RV).  

Eleven drug metal complexes were also synthesized viz.Cr-metformin, Cr-glimepiride, 

Cr-vildagliptin, Cr-dapagliflozin, Pb-metformin, Pb-glimepiride, Pb-vildagliptin, Pb-

dapagliflozin, Zn-atorvastatin, Cu-atorvastatin and Fe-atorvastatin. 

The co-evaporated dispersion method was used for the synthesis of both drug-drug and 

drug-metal complexes. TLC, HPLC, FT-IR, UV, DSC and NMR studies confirmed the 

synthesis of the complexes. The melting points, DSC and TGA analyses demonstrated 

the thermal stability as well as thermochemical properties of the synthesized complexes. 

The thermodynamic parameters of the interactions of BSA (bovine serum albumin) with 

these pure drugs and synthesized complexes were observed using fluorescence 

quenching method.  

For TLC studies of the precursor drugs and complexes, the Rf  values were found to be 

different from each other. Although, the NMR spectra of the pure drugs (metformin, 
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dapagliflozin, vildagliptin, glimepiride, olmesartan medoxomil, perindopril, 

rosuvastatin, atorvastatin) and synthesized complexes (OM, OD, OV, Cr-metformin, Cr-

glimepiride, Cr-vildagliptin, Cr-dapagliflozin, Zn-atorvastatin, Cu-atorvastatin and Fe-

atorvastatin) were recorded. No attempt was taken for in-depth analysis of the NMR 

spectral data. The main objective of acquiring the 
1
H NMR spectra of the above 

mentioned drugs and complexes was to see the differences in the spectral patterns 

between the parent drug(s) and the corresponding synthesized complex(es). Careful 

analysis of the 
1
H NMR spectra demonstrated that differences could be seen between 

the spectra of the parent drug and synthesized complex. This was only to show that 

complexes were formed which was further supported by TLC, TGA, DSC and FTIR 

analyses. Melting points were found to be 221-225 
o
C, 80-85 

o
C, 150-154 

o
C, 175-180 

o
C, 126-130 

o
C, 156-160 

o
C and 163-167 

o
C for metformin, dapagliflozin, vildagliptin, 

olmesartan medoxomil, perindopril, rosuvastatin and atorvastatin, respectively. The 

synthesized complexes exhibited melting points at 68-72 
o
C, 80-85 

o
C, 100-105 

o
C, 55-

60 
o
C, 110-115 

o
C, 115-118 

o
C, 102-107.6 

o
C, 106.5-111 

o
C and 105.6-110 

o
C for OM, 

OD, OV, PR, RV, PV, Zn-atorvastatin, Cu-atorvastatin and Fe-atorvastatin, respectively 

which were also different from the precursor drugs and the complexes. The DSC 

thermograms of metformin, dapagliflozin, vildagliptin, olmesartan medoxomil, OD, 

OV, OM, Cr-metformin, Cr-glimepiride, Cr-vildagliptin, Cr-dapagliflozin, Pb-

metformin, Pb-glimepiride, Pb-vildagliptin and Pb-dapagliflozin revealed the melting 

endotherms which were found to be different from each other. The Rt of HPLC 

chromatograms were found to not be identical of some parent drugs and drug complexes 

in the same analytical conditions. 

The mechanism of interactions of olmesartan, dapagliflozin, vildagliptin, metformin, 

and OD, OV and OM complexes with BSA were studied and found as dynamic 

quenches because the values of Ksv were increased with increasing temperature. The 

thermodynamic factors were determined from the linear plot of Van’t Hoff which 

indicated the spontaneous (negative value of ΔG) interaction where hydrophobic 

interaction was the major contributing force (positive values of ΔH and ΔS) except for 

olmesartan.  For olmesartan-BSA, it was found that ΔH ˂0 ˂ΔS which indicated that the 

interaction was electrostatic force driven. The binding constants and number of binding 

sites were also calculated and found that one mole of the reactant (drug) and/or complex 

interacted with one mole of BSA. 
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On the other hand, the interaction mechanisms of rosuvastatin, perindopril, vildagliptin, 

RV, PV and PR with BSA were also studied and found that perindopril, vildagliptin, PV 

and PR showed dynamic quenches as the values of Ksv increased along with increasing 

temperature. But the rosuvastatin-BSA and RV-BSA systems were developed by static 

quenching where, Ksv values decreased with increasing temperature. The interactions of 

perindopril, vildagliptin, PR, PV with BSA were mediated by enthalpy driven 

hydrophobic bonding (negative value of ΔG).  But the rosuvastatin-BSA and RV-BSA 

systems were driven by the Vander Waal’s forces and H-bonds (negative value of ΔH 

along with ΔS˂0). The binding constants and number of binding sites were also 

analyzed and found that one mole of the reactant (drug) and/or complex interacted with 

one mole of BSA. 

In vivo exploration of anti-diabetic activity was done on alloxan induced mice. The 

study revealed that after 14 days of treatment the antidiabetic drugs e.g. metformin, 

dapagliflozin and vildagliptin reduced the blood sugar by 39.70%, 56.73% and 51.22%, 

respectively while the newly synthesized complexes e.g. OM, OD and OV reduced the 

blood sugar by 42.95%, 50.50% and 48.66%, respectively. Hence only OM 

demonstrated synergistic effect as it reduced the blood sugar level more than that 

exhibited by metformin. Other complexes OD and OV did not show better effect than 

the parent drugs dapagliflozin and vildagliptin, respectively. The OM can be 

demonstrated as safe because the complex revealed no damage to hepatic and nephrotic 

tissues. But the other complexes OD and OV produced moderate to severe dysplasia in 

kidney and liver tissues after 14 days of treatment. All the three complexes elevated 

levels of serum creatinine and uric acid than that for metformin, dapagliflozin and 

vildagliptin itself. The levels of serum creatinine for control, metformin, dapagliflozin, 

vildagliptin were found as 3.8 mg/dL, 3.38 mg/dL, 3.42 mg/dL and 3.60 mg/dL, 

respectively but for OM, OD and OV the concentrations were found as 4.09 mg/dL, 

4.56 mg/dL and 5.95 mg/dL, respectively. Uric acid levels for control, metformin, 

dapagliflozin, vildagliptin, OM, OD and OV were found as 17.59 mg/dL, 10.06 mg/dL, 

11.37mg/dL, 16.84 mg/dL, 12.75 mg/dL, 15.64 mg/dL and 17.81 mg/dL, respectively. 

The serum SGPT level for control, metformin, dapagliflozin, vildagliptin, complex OM, 

OD and OV treated mice were calculated as 23.85 U/L, 20.28 U/L, 21.02 U/L, 21.17 

U/L, 17.35 U/L, 20.15 U/L and 27.78 U/L, respectively. Serum SGOT level in mice 

after treatment with drugs and drug complexes were found 21.23 U/L, 18.42 U/L, 17.24 

U/L, 17.70 U/L, 15.54 U/L, 18.91 U/L and 25.67 U/L, respectively for control, 
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metformin, dapagliflozin, vildagliptin, OM, OD and OV. Serum SGPT and SGOT levels 

were elevated by the treatment with OV. But OM treatment revealed reduced serum 

SGPT and SGOT levels than by only metformin treatment (20.28 U/L to 17.35 U/L and 

18.42 U/L to 15.54 U/L, respectively). Considering all the issues the complex OM can 

be demonstrated as safe and promising ligand and can be suggested for further extensive 

studies to evaluate as therapeutic agent. 

In case of antidiabetic activity of four Cr-complexes viz. Cr-metformin, Cr-glimepiride, 

Cr-vildagliptin and Cr-dapagliflozin, they improved glucose metabolism in alloxan 

induced hyperglycemic mice. The treatment with the Cr-complexes significantly 

reduced the blood glucose level than that of the positive control group mice. Among the 

four Cr-drug complexes, Cr-dapagliflozin complex reduced blood glucose level 

significantly and it was found to be 64.20% more effective than the standard 

dapagliflozin. The result was followed by Cr-glimepiride by 26.72% blood glucose 

reduction, Cr-metformin by 23.35% reduction and Cr-vildagliptin by 7.61% reduction 

than the standard glimepiride, metformin and vildagliptin, respectively. But Cr-

vildagliptin and Cr-dapagliflozin showed moderate dysplasia in hepatic tissues after 14 

days of treatment. So, whether Cr-complexes can offer long-term health benefits or not 

is still unknown as extensive toxicological data could not be established yet. 

In case of Pb-antidiabetic drug complexes, they did not show significant positive effect 

to reduce the blood glucose level. After 14 days of treatment with metformin, 

glimepiride, vildagliptin, dapagliflozin, it was found that the average glucose levels of 

mice decreased from 31.54, 30.24, 31.50 and 30.37 to 19.02, 17.20, 19.70 and 17.60 

mmol/L, respectively in mice whereas the complexes Pb-metformin, Pb-glimepiride, 

Pb-vildagliptin and Pb-dapagliflozin did not reduce blood glucose level considerably 

and blood sugar levels were found as 25.82, 29.23, 25.32 and 29.32 mmol/L, 

respectively. Moreover, the Pb-complexes increased serum creatinine and serum uric 

acid levels of mice as well as produced necrosis of the hepatic and nephrotic tissues 

which suggested cellular damage in liver and kidney of mice. After treatment with 

metformin, glimepiride, vildagliptin, dapagliflozin, the serum creatinine levels of mice 

were found to be 3.38, 3.96, 3.60 and 3.42 mg/dL, respectively whereas for Pb-

metformin, Pb-glimepiride, Pb-vildagliptin and Pb-dapagliflozin the creatinine levels 

were increased to 4.57, 5.36, 5.21 and 5.24 mg/dL, respectively. The levels of uric acid 

of the experimental mice were elevated into 53.13 from 42.91, 57.40 from 44.83, 49.36 

from 40.21 and 53.32 from 41.49 mg/dL for Pb-metformin, Pb-glimepiride, Pb-
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vildagliptin and Pb-dapagliflozin, respectively than that of metformin, glimepiride, 

vildagliptin and dapagliflozin.  

In vivo evaluation of lipid lowering activity was done on high fat diet fed rabbits and 

from the experiment, it was found that all the synthesized complexes viz. complex PR, 

PV and RV reduced cholesterol, triglycerides, low density lipoprotein (LDL) 

cholesterol, very low density lipoprotein (VLDL) cholesterol, non high density 

lipoprotein (HDL) cholesterol levels but enhanced the high density lipoprotein (HDL) 

cholesterol level. The complex PR decreased the levels of serum cholesterol, 

triglycerides, low density lipoprotein (LDL) cholesterol, very low density lipoprotein 

(VLDL) cholesterol to 139.92±8.23 mg/dL, 210.1±38.34 mg/dL, 81.0±10.12 mg/dL, 

30.0±2.12 mg/dL and 112.0±8.79 mg/dL, respectively while the reference drug 

rosuvastatin lowered the levels at 144.8±9.12 mg/dL, 280.13±40.25 mg/dL, 87.0±12.10 

mg/dL, 37.0±3.23 mg/dL and 114.0±9.23 mg/dL, respectively. The complex RV also 

decreased cholesterol, triglycerides, low density lipoprotein (LDL) cholesterol, very low 

density lipoprotein (VLDL) cholesterol 172.35±10.12 mg/dL, 152.01±41.45 mg/dL, 

111.0±10.11 mg/dL, 27.0±3.32 mg/dL and 137±8.32 mg/dL, respectively than the 

reference drug rosuvastatin did. The promising complex PV reduced the LDL and 

VLDL to 69.0±10.65 mg/dL and 26.0±4.13 mg/dL, respectively. But rosuvastatin as 

well as the three newly formed complexes PR, RV, PV increased HDL cholesterol 

levels to 30.34±2.01 mg/dL, 28.33±2.5 mg/dL, 34.9±2.7 mg/dL and 49.44±2.3 mg/dL, 

respectively than that of the control group of rabbits (12.48±2.3 mg/dL). 

In support of lipid lowering activity the antioxidant, thrombolytic and membrane 

stabilizing activities of the complexes PR, PV and RV were also evaluated in vitro. 

Three complexes showed better thrombolytic activity than rosuvastatin. Among the 

complexes, the RV demonstrated the highest thrombolytic activity (29.52±0.09%) 

whereas PR, PV and rosuvastatin showed 26.39±0.06%, 20.97% and 20.96±0.09% 

activities, respectively.  The synthesized complexes PR, PV and RV displayed better 

antioxidant activity than the lipid lowering drug rosuvastatin. For free radical 

scavenging activity, the highest IC50 was produced by PV (67.71 μg/mL) among all the 

samples followed by RV (56.83 μg/mL), PR (54.79 μg/mL) and rosuvastatin (131.6 

μg/mL). Three new complexes also were investigated for membrane stabilizing activity 

and showed significant effect. The rosuvastatin inhibited 39.92% hemolysis of RBCs 

followed by RV (35.18 %), PR (26.55 %) and PV (19.43 %) in the condition of induced 

by hypotonic solution. 
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CHAPTER ONE 

INTRODUCTION 

Drug discovery is a procedure that encourages to the commencement of a new drug into 

clinical therapy. Isolation from plants, synthesis, drug-drug and drug-metal 

complexations, structure-activity relationship analysis, combinatorial chemistry and 

computer aided drug design etc. help to find out new molecule as therapeutic candidate.  

1.1. COMPLEXATION LEADS TO DRUG DISCOVERY 

Complexation is the alliance between two or more molecules to form a nonbonded 

structure with a well-defined stoichiometry. It is the covalent or noncovalent 

interlinkage between two or more compounds that are competent of free existence. The 

ligand i.e. drug molecule is a particle that interacts with another fragment, the substrate, 

to form a complex. It also occurs between a metal ion and a molecular or ionic entity 

that carries at least one atom with an unshared pair of electrons. The complexation 

influences the structure activity relationship (SAR) which is the association between the 

chemical structure of a molecule and its biological activity. This allows moderations of 

the action or the power of a bioactive compound (typically a drug) by modifying its 

chemical structure. Complexation may change the action or the potency (i.e. activity) of 

drug. 

This technique is applied in the chemical synthesis to place new molecules into the 

biomedical compounds and trail the alterations to mimic their efficacy or for different 

biological effects. Complexation of one drug with another drug or metal ion is a very 

prospective field of research in the agriculture, industrial chemistry, medicinal 

chemistry and pharmacology. The therapeutic applications of metal complexes with 

traditional drugs in the treatment of different diseases has been comprehensively studied 

(Borhade et al., 2011; Habib et al., 2011; Munde et al., 2012; Sabastiyan et al., 2012; 

Sheikhshoaie et al., 2012). Metal complex of respective drug may possess different 

modes of activities, allowing the evolution of metal complexes to offer a different route 

of novel drug delivery system (Kostova et al., 2006). Recent researches with metal drug 

complexes have shown that joining a drug with metalloelement increases its therapeutic 

activity and in many areas the complex may have new activity that the respective parent 

drug does not possesses (Adekunle et al., 2010). Thus, we motivated to study some 

drug-drug and drug-metal complexes and evaluated their biological properties. 
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1.1.1. Drug-drug interaction 

Drug-drug interaction occurs while two or more drugs react with each other. When the 

effects of first drug (target drug) are changed by the co-administration of second drug 

(precipitant drug), food, drink, herbal medicine or other environmental chemical agents 

the interaction is claimed to happen. Two drugs are given together in the following 

cases (Brody, 2018): 

 

a) In a fixed drug combination (FDC) formulation in single dosage form two 

different drugs are physically complexed. 

b) Where package label requires the dispensed dosage form administration along 

with another new therapeutic agent, then the required drug is dispensed as a 

separate pill or capsule. 

c) Physicians prescribe method named off label uses, where the physician wants 

better control over the disease and agree in recommending two different 

therapeutic agents in case of same illness, thus the patient has to grab two drugs.  

Drug interactions can have minimal undesired effects. The possibility of interactions 

rises with the number of drugs administered. Due to poly-therapy drug-drug interaction 

(DDI) is the most frequent reason for drug error especially for geriatric patients in 

developed countries with a prevalence of 20-40% (Caterina et al., 2013). DDIs are 

classified under two major groups called pharmacokinetic drug-drug interaction and 

pharmacodynamic drug-drug interaction. Pharmacokinetic DDI implies absorption, 

distribution, metabolism and excretion behavior with drugs which may result in 

treatment failure and/or toxicity of the respective agent. Pharmacodynamic DDIs are 

classified under following further subgroups: (1) direct effect at receptor function, (2) 

involvement of a biological or physiological control process and (3) synergistic or 

antagonistic behaviors. 

 

1.1.2. Drug-metal interaction 

The therapeutic application and requisition of metals with chelate compounds is the 

emerging field both commercially and clinically. This growing economic and 

therapeutic discipline has been found in monographs, major reviews and dedicated 

volumes (Berthon, 1995; Clarke, 1989; Clarke, 1999; Farrell, 1989; Farrell, 1999; 

Fricker, 1994; Guo, 1999; Keppler, 1993: Orvig, 1999; Roat, 2002; Sadler, 1999). A 
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rational estimate for the whole field is approaching US$5 billion yearly and made the 

field commercially important. A good example of the use of chelating agents is in the 

treatment of Wilson's disease which revealed how medical problems due to excess free 

metal ion [Cu(II)] may be improved (Sarkar, 1999).  

1.2. SELECTION OF DRUGS AND METALS 

In medical research different drugs are subjected to react with each other for the search 

of new therapeutic agent with better or different therapeutic potential. In this thesis three 

classes of drugs were selected namely antidiabetic drugs, antihypertensive drugs and 

lipid lowering drugs and made to interact with each other in search of new therapeutics. 

Chromium, lead, iron, copper and zinc were also selected as metals to do some 

interactions with some selected drugs. 

1.3. DIABETES AND ANTIDIABETIC DRUGS 

Hyperglycemia is the frequently occurring long-term illness as well as a major reason of 

fatality in developed and developing countries. According to a recent report it is 

evaluated that 382 million of people are suffering from diabetes mellitus (DM) and the 

number of diabetic patients will reach to 592 million by the year of 2035. Diabetes 

means combination of metabolic disorders about chronic hyperglycemia as a result of 

defective action of hormone insulin as well as improper secretion of the hormone, or 

either any one (Guariguata et al., 2014). This results in metabolic disorders of 

macromolecules like carbohydrates, fat and protein, which leads to other fundamental 

problems as well as treatment resistant conditions like heart and kidney collapse. DM 

can be principally divided into two categories insulin dependent and insulin 

independent. First one progresses by the pathogenic action of T-lymphocytes on insulin-

producing �-cells and a chronic autoimmune disease (Mandrup et al., 2010). Insulin 

independent DM or Type 2 DM is of result from insulin opposing in combination with 

inappropriate secretion of the hormone and characterized by hyperglycemia (Guariguata 

et al., 2014). Pathogenesis of Type 2 DM may be triggered by new lifestyle of modem 

societies, pathogenic elements, genetic factors etc. (McCarthy, 2010). To control 

hyperglycemia most of the Type 2 DM patients require complicated treatment 

procedures. Firstly, it requires the food intake alteration with physical exercise then 

leading to single agent treatment, double agent treatment, or multi-agent treatment 

which at the end may need hormone therapy in combination with or without oral 
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antidiabetic agents (Colberg et al., 2010). Therefore, the stipulation for oral 

antihyperglycemic agents is elevated day by day and new products are regularly 

introduced.  

In this thesis most commonly prescribed four antidiabetic agents were selected e.g 

metformin, vildagliptin, glimepiride and dapagliflozin for the study of complexation. 

The structures of these antidiabetic drugs are given in Figure 1.1. 
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Figure 1.1. Structures of metformin (1), vildagliptin (2), glimepiride (3) and 

dapagliflozin (4). 

1.3.1. Metformin 

It is a drug of biguanide class used worldwide (Bailey, 1992; Williams and Palmer, 

1975). For more than 50 years metformin is being employed to treat Type 2 DM. Along 

with diet and exercise it is considered as the major choice of treatment (Stumvoll et al., 

1995). It is an insulin secretagogue agent that work by reducing the amount of sugar 

from liver (i.e., reduced gluconeogenesis) (Alves et al., 2014) by regulating flux of 

gluconeogenic, rather than straight stoppage of gene expression (Viollet and Foretz, 

2013). As insulin sensitizer the drug reduces insulin resistance hence cells become able 

to use and absorb sugar more effectively. It also decreases the absorption of glucose in 

the intestinal mucosa as well as increases the utilization of glucose by skeletal muscle 

reuptake (Musi et al., 2002) as shown in Figure 1.2. The exact mechanisms of action of 

metformin yet remain unknown though the research was done over 60 years (Ikeda et 

al., 2000). The main priority of metformin over other biguanides is its very low 

accountability in producing lactic acid, however, its major disadvantage is adverse 
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gastrointestinal effects (Inzucchi et al., 2012). Though it is considered as the primary 

choice for Type 2 DM patients, the drug is insufficient to reach glycemic control in 

many individuals and a second drug is needed for glycemic control (Ahren, 2008; 

Rendell, 2004). 

 

Figure 1.2. Mechanism of action of metformin (Pernicova and Korbonits, 2014). 

1.3.2. Vildagliptin 

Oral antidiabetic drug vildagliptin is incretin (an enzyme) enhancer and work by 

enhancing blood levels of the hormone glucagon-like peptide (GLP)-l by suppressing 

the dipeptidyl peptidase Type 4 enzyme which deactivates GLP-1 (Drucker, 2007), as 

depicted by Makrilakis (2019) in Figure 1.3. Treatment with vildagliptin enhances �-

cell sensitivity to glucose, by increasing insulin secretion irresponsive to both 

postprandial and fasting glucose states. It also shows better α-cell function (rebuilding 

of appropriate glucose-related suppression of glucagon) resulting in decreased 

production of endogenous glucose in both postprandial and fasting periods. Prolonged 
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therapy with vildagliptin sometimes decreases fundamental degradation of �-cell 

activity in diabetic patients. Vildagliptin and metformin combination therapy may 

produce potential synergistic effect by enhancing active GLP-1 levels and can produce 

long-term advancements in pancreatic cell function in DM2 patients. Vildagliptin 

therapy also gives extra helpful pancreatic activity, such as increased peripheral insulin 

sensitivity and enhanced postprandial lipoprotein metabolism (Bellary, 2011). Improved 

�- and �-cell activity via incretin level improvement by vildagliptin gives better meal-

related and fasting functional glycemic index (Mathieu, 2009). 

 

Figure 1.3. Mechanism of action of vildagliptin (Makrilakis, 2019). 

1.3.3. Glimepiride 

Some researchers consider glimepiride as a second generation (DeFronzo, 1999), and 

others as third generation of sulfonylureas (Tsunekawa et al. 2003). It performs 

secretagogue activity by triggering �-cell sulfonylurea receptor 1 (SUR 1), resulting 

shutdown of ATP-dependent potassium channels (Stumvoll et al., 2005; Sturgess et al., 

1985). Stoppage of potassium movement produces depolarizations which unlock voltage 

gated calcium channels. Then entrance of extracellular calcium causes translocation of 

secretory granules to the cell surface and expulsion of insulin through exocytosis 
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(Ahren, 2011; Rorsman, 1997). Exocytosis causes merging of the secretory granule with 

the plasma membrane, resulting in the secretion of insulin into the extracellular space to 

enter the capillary blood flow (Lang, 1999; MacDonald et al., 2005). Sulfonylureas have 

adverse effect of hypoglycemia, weight gain and hyperinsulinemia (Domecq et al., 

2015). The mechanism of action of glimepiride is shown in Figure 1.4. 

 

Figure 1.4. Mechanism of action of glimepiride (Al-Saleh et al., 2021). 

1.3.4. Dapagliflozin 

Dapagliflozin the Sodium-Dependent-Glucose-Co-Transporter 2 (SGLT2) inhibitor and 

was approved as therapeutics in adults with T2DM firstly by European Medicine 

Agency and secondly by the US Food and Drug Administration. It is resistant to �-

glucosidase in the gut area justifying its oral dosage form. Dapagliflozin assists with 

urinary glucose excretion by decresing tubular glucose reabsorption (Mather and 

Pollock, 2011). In a dose of 10 mg/day it will enhance glucose excretion in the urine of 

a T2DM patient by 50 -80 g/day (Plosker, 2012). The drug may be employed all alone 

to control hyperglycemia, or in combination with other antidiabetic drugs, like 

metformin (Schumm et al., 2015).Mechanism of action of dapagliflozin is shown in 

Figure 1.5. 
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Figure 1.5. Mechanism of action of dapagliflozin (Van Bommel et al., 2017). 

 

 

 

1.4. HYPERTENSION AND ANTIHYPERTENSIVE DRUGS 

Worldwide hypertension is the disease affecting an estimated one billion people (Ferro 

et al., 2006). Hypertension is one of the major causes of stroke, congestive heart failure 

and coronary artery disease. Though different therapeutic tools and techniques are 

available, a large number of people do not get their required goal of treatment. Possible 

cause of this inadequate treatment may be the abnormality in keeping the target blood 

pressure goal. Recent advancement in knowledge related to hypertension and co-

morbidity resulted in reaching the blood pressure goals stricter (Krum and Gilbert, 

2007). Structure of two antihypertensive drugs studied in the research is shown in 

Figure 1.6. 
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Figure 1.6. Structures of two antihypertensive drugs Olmesartan medoxomil (1), 

perindropil erbumine (2). 

 

1.4.1. Olmesartan medoxomil 

The ester prodrug olmesartan medoxomil is readily hydrolyzed by an enzyme, aryl 

esterase in vivo (Mire et al., 2005). The prodrug has 100,000 times higher specificity for 

the AT1 (Type 1 angiotensin II) receptor than it has for the AT2 (Type 2 angiotensin II) 

receptor and inhibit the vasoconstricting as well as aldosterone releasing capacity of 

angiotensin (II) but without affecting the vasodilatation activity occurring by AT2-type 

receptor activation. This receptor selectivity in combination with binding affinity makes 

olmesartan unbeatable among commercially available angiotensin II Type 1 receptor 

blockers, (ARBs) (Mire et al., 2005). Mechanism of action of olmesartan medoxomil is 

shown in Figure 1.7. 

 

Figure 1.7. Mechanism of action of olmesartan medoxomil (Bevilacqua et al., 2019). 

 

Olmesartan 

medoxomil 
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1.4.2. Perindopril erbumine 

Early 1980s discovered perindopril is a major Angiotensin Converting Enzyme (ACE) 

inhibitor. After extensive research it is now finalized for use as therapeutic agent for a 

range of patients suffering from hypertension to complex cardiovascular complications. 

The drug is among the latest generation of ACE inhibitors and can give day long 

activity by single dose administration. The drug can exhibit both blood pressure 

lowering activity as well as cardiovascular protecting activities and the morbidity and/or 

mortality of the drug is shown in Figure 1.8. The drug also exhibits better tolerability 

like reduced occurrence of cough and truanting of first-dose hypotension (Ferrari et al., 

2005). 

 

Figure 1.8. Investigation of perindropil on morbidity and/or mortality, modified from 

Dzauet al., 2006. 
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1.5. HYPERLIPIDEMIA AND LIPID LOWERING DRUGS 

 
Abnormal elevation of serum lipid levels in the blood, i.e., hyperlipidemia results in the 

development of atherosclerosis (Grundy, 1984). Atherosclerosis is the disease of 

hardening of arterial wall and may be resulted into myocardial infarction, ischemic 

stroke and peripheral vascular disease (Herrington et al., 2016). Globally, due to high 

cholesterol level one-third of ischemic heart disease is resulted, which cause 

approximately 2.6 million death and 29.7 million disabilities (World Health 

Organization, WHO, 2017). Statin drugs [3-hydroxy-3-methylglutaryl-coenzyme A 

(HMG-CoA) reductase inhibitor] are very efficient in handling dyslipidemia. Therefore, 

these drugs are widely applied as prophylactic as well as therapeutic agents in 

cardiovascular complications (Sugiyama et al., 2005). They reduce the synthesis of 

mevalonate, a product of HMG-CoA mediated reaction, and thus statins inhibit the 

synthesis of cholesterol (Rikitake and Liao, 2005).  

In our research work, we used two lipid lowering drugs, rosuvastatin and atorvastatin 

calcium for the study. The structures of the drugs are given in figure 1.9 and mode of 

action is depicted in Figure 1.10. 
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Figure 1.9. Structures of rosuvastatin (1) and atorvastatin calcium (2). 

 

1.5.1. Rosuvastatin 

Rosuvastatin [Figure 1.9(1)], the HMG-CoA reductase inhibitor is fully synthetic drug. 

The inherent statin moiety as well as a unique polar group, methane-sulphonamide 

present in rosuvastatin gives high hydrophilicity as well as increased electrovalent 

bonding to HMG-CoA reductase enzyme resulting in improved drug-enzyme 

interactions [AstraZeneca Pharmaceuticals Ltd., 2003: McTaggart, 2003; White, 2002]. 

The drug binds with the enzyme HMG-CoA reductase selectively and reversibly and 
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diminishes of the activity of enzyme in competitive way. The enzyme converts HMG-

CoA to mevalonic acid, an important and major reaction in cholesterol biosynthesis. 

Therefore, this statin drug lowers biosynthesis of cholesterol leading to a decreased 

accumulation of hepatocellular sterol which is   shown in Figure 1.10. In response to 

diminished intracellular sterol, hepatocytes increase LDL entrapment receptors for 

removal of LDL from hepatic circulation by LDL reuptake mechanism. Consequently, 

higher fractional catabolism of LDL decreases blood LDL-C availability and total sterol 

concentration (Buckett et al., 2000; Istvan and Deisenhofer, 2011). The drug also lowers 

the production of ApoB (Apolipoprotein B) resulting in decreased hepatic production of 

very low-density lipoprotein cholesterol (VLDL-C) as well as triglycerides (Arad et al., 

1992). 

1.5.2. Atorvastatin calcium 

Atorvastatin belongs to statins group. It ambitiously depresses HMG-CoA reductase. By 

inhibiting the enzyme, the drug decreases the cholesterol production in liver (Figure 

1.10). The drug slows down the synthesis of cholesterol to decrease the development of 

cholesterol on the walls of the arteries. When a patient has high blood cholesterol 

(Robert et. al., 2003) the drug is prescribed. As a prophylactic the drug is also 

recommended in heart attacks and strokes. 

 

Figure 1.10. Mechanism of action of statins (Stancu and Sima, 2001). 
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1.6. METALS AND DRUG METAL COMBINATION 

Metal-ligand interactions is a major field of medicinal chemistry especially in drug 

design and this is evident by two major groups of drugs, which are metallodrugs and 

metalloenzyme inhibitors (Mjos and Orvig, 2014; Meggers, 2007).  After the 

recognition of antineoplastic properties of the cisplatin (cis- diamminedichloroplatinum) 

in 1965 (Rosenberg et al., 1965), many others platinum- containing drugs have been 

synthesized, originated and applied for the treatment of cancer (Johnstone et al., 2016; 

Kelland, 2007). Ruthenium-based complexes serve as prominent inhibitors of protein 

(Dorr and Meggers, 2014; Dyson and Sava, 2006; Hambley, 2007). Metallodrugs give 

enzymatic, oxidation-reduction and photosensitive characteristics in vivo in tagging as 

well as degrading proteins (Barry and Sadler, 2013; Haas and Franz, 2009; Sasmal et 

al., 2013; Soldevila and Sadler, 2015). Therefore, the metal-drug combination and the 

mode of activity of this class of drug are at the heart of the inorganic chemistry research. 

1.6.1. Chromium (III) 

Chromium (Cr) having atomic number and relative atomic mass 24 and 52.996 g/mol 

respectively, is a transition metal of silvery white color (Zohdi et al., 2012). The metal 

is brittle inherently which confirms its range limit (lower than 30-40% by weight) of 

content in market alloy preparations. It makes an unreactive oxide shield on the surfaces 

of the alloy elements to protect from oxidizing agent. A major amount of chromium is 

used in different alloy industries releasing harmful pollutants to contaminant breathing 

air and water sources (Bielicka et al., 2005). For human beings, trace elements are 

essential and display a variety of functions e.g regulatory, catalytic, immune etc. as 

reported by Stoecker (1996). Chromium (Cr) was first identified to be essential for 

animals by Schwart and Mertz (1959). Total body stores of Cr vary between 0.4 mg and 

6.0 mg according to literature. Relative to body size chromium stores may be different 

in neonates than in adults (Dubois and Belleville, 1991). The physiological level of Cr 

in human is 0.2-0.5 µg/L (Schermaier et al., 1985). Transition element chromium can 

exhibit different valence’s, among them Cr(III) is more stable and essential form but Cr 

(VI) performs as oxidant and is a potent carcinogen. Organic Cr is a part of a complex 

called “glucose tolerance factor” (GTF-Cr-nicotinic acid complex) and is better than 

inorganic Cr for digestive absorption. In the body, Cr (III) is better absorbed than Cr 

(VI) and Cr(VI) is readily converted to Cr(III) by a number of metabolic pathways 
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(Dubois and Belleville, 1991). Intestinal absorption of Cr(III) is low, approximately 0.5-

3%, and amino acids, nicotinic acid and oxalate may accelerate its absorption. 

Chromium is mainly bound to transferrin in blood, but albumin and apo transferrin are 

also responsible for normal Cr transport. Chromium is accumulated in liver, spleen, soft 

tissues and bone in human. Most absorbed Cr [about sixty percent Cr(VI) and ten 

percent of Cr(III)] is eliminated from body by two kidneys (Under, 1991). Furthermore, 

little amount is excreted by other organs like hair follicles, nail extensions, milk glands, 

and skin. Chromium forms protein complex after binding with proteinsinside the body. 

Other than chromium-protein complex the metal is also found in hepatic tissues, 

nephrotic tissues, lungs, spleen, lymph nodes and bone marrow but majority of 

concentration remains in the lung cells (ATSDR, 2012). Chromium (III) is found to 

form strong complex with nucleic acids which is thought to immune RNA from 

denaturation induced by heat (Pechova and Pavlata, 2007). The recommended and safe 

level of Cr dietary allowance remains at 50-200 µg/day but actual needs are still 

unknown. The adequate dietary Cr intake is normally below this lower range in many 

people. Some abundant sources of Cr are brewer's yeast, nuts, whole-grain cereals, corn 

oil, raisins, honey, grapes and refined cereal foods (Dunne and Kirschmann, 1990; 

Harrison et al.,1994). Typically, about 100 µg of dietary chromium come from food 

sources like egg yolk, mushrooms, sea foods, potatoes, vegetables and fruits and grains 

(Bielicka et al., 2005; Stoecker, 1996). Moreover, moderate to small amount of 

chromium also may come out from different vitamin supplements as well as oral anti-

diabetic medicines (Bielicka et al., 2005; Anderson, 1981). 

Chromium is a necessary transition metal essential for metabolism of polysaccharides as 

well as fats (Anderson, 1993; Anderson, 1995; Mertz, 1993). Documented cases of Cr 

insufficiency have been found in a number of situations, where patients consuming 

usual normal diets were diagnosed with increased blood glucose, cholesterol, 

triglycerides as well as lower level of high density lipoproteins (HDL). Much prominent 

Cr deficiency symptoms have been reported for patients on total parenteral nutrition 

(TPN) having nerve and brain disorders (Jeejeebhoy et al., 1977; Freund et al., 1979; 

Brown et al., 1986). The situation for TNP patients can be recovered by providing Cr 

supplement. Now,  a days Cr is intentionally adjusted to TPN solutions (Anderson, 

1995). 
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1.6.1.1. Necessity of chromium 

The nutritional importance of chromium was recorded in 1977 (Jeejeebhoy et al., 1977) 

when a woman receiving TPN was diagnosed with prominent hypoglycemic symptoms. 

The female patient was also observed for weight loss along with glucose intolerance and 

neuropathy though she was treated with 50 units/day of exogenous insulin, before Cr 

supplementation. The patient’s side effects were diminished when 200 mg of chromium 

chloride was added to her TPN solutions as chromium supplement for 3 weeks and 

exogenous insulin treatment was no longer needed. The case was established and 

recorded many times in the research journals and articles on several issues (Freund et 

al., 1979; Brown et al., 1986). Necessary uses of chromium are not confined to patients 

receiving TPN. Moreover, aged people, children, patients with Type 1 and 2 diabetes 

mellitus (DM) as well as peoples with low blood sugar all categories showed beneficial 

effects after getting Cr supplement. Besides human, chromium treatment has shown 

beneficial results in horses, cattle, pigs, fish, rabbits, guinea pigs, squirrel, monkeys, 

mice and rats (Anderson, 1993; Anderson, 1995; Mertz, 1993). 

1.6.1.2. Chromium requirement in peoples with diabetes and glucose intolerance  

Chromium supplements prove to effectively regularize the function of insulin in patients 

having hypoglycemia as well as enhance the efficiency of the hormone insulin. 

Supplemental Cr also exerts benefit towards regularizationofthe glucose concentrations 

more promptly in patient with glucose intolerance in comparison to non-supplemented 

patients (Anderson et al., 1987). The amount of Cr requirement is connected with the 

degree of glucose intolerance which was described by Anderson et al. (1991) from an 

experimental study where subjects were given low Cr diets. The experiment in subjects 

with good glucose tolerance showed that consumption of  less than 20 mg of Cr daily by 

normal food diets showed insignificant alterations in the glucose and insulin variables, 

but consumption of the same diets by diabetic subjects (90-minute glucose values 

greater than 5.56 mmol/L) showed enhanced blood glucose level. The experiment also 

revealed that insulin levels can be reversed by giving the diabetic subjects a chromium 

supplement of 200 µg/day as Cr chloride. 

1.6.1.3. Chromium level connectivity with fats and lipids 

Besides improving the blood glucose tolerance and insulin efficacy chromium 

supplementation also showed positive results in minimizing blood lipids in experimental 
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non-diabetic subjects. To give a positive result in maintaining low lipid profile it may 

take several months (Anderson, 1995).  The rate of improvement of chromium 

supplement in lowering lipid profile is higher in peoples with enhanced blood lipids.  

1.6.1.4. Chromium and diabetes 

It is evident that chromium picolinate as Cr supplement in people with Type 2 diabetes 

mellitus improve glucose tolerance and lower lipid levels at a dose of 200 µg/daily 

(Evans 1989; Ravina et al.,1995). Moreover, at a supplement dose of 1000 µg/day better 

effect was observed (Anderson 2000; Anderson et al., 1997). Same was observed in 

case of gestational diabetes in women where better result was found at a dose of 8 

mg/kg body weight than 4 mg/kg as Cr picolinate (Jovanovic et al., 1995). 

1.6.1.5. Chromium: mechanism of activity 

In response to enhanced number of insulin receptors chromium increases insulin binding 

to cells (Anderson et al., 1987; Anderson, 1998). The number of insulin receptors varies 

from cell to cell like as more than 200,000 receptors are found in adipocytes-

hepatocytes but only 40 receptors are found in erythrocyte cells (Saad, 1994). 

Structurally insulin receptors have two extracellular subunits called alpha subunits with 

a molecular weight of 135,000 D as well as two trans-membrane subunits called beta 

sub-units with a molecular weight of 95,000 D (Kahn, 1985). An antifungal agent 

Wortmanin work to suppress the enzyme phosphatidylinositol 39-kinases; by doing this 

the agent ultimately depress the activity of insulin-dependent cells as insulin stimulation 

activity is inhibited (Okaka et al., 1994; Kanai et al., 1930). When the hormone insulin 

binds with the alpha subunit of the insulin receptor phosphorylation of the beta subunit 

is done through a cascade of intermolecular phosphorylation reactions (Saad, 1994; 

Kahn, 1985; Roth et al., 1994). The enzyme tyrosine kinase (which is partly responsible 

for the phosphorylation in insulin receptor) is stimulated through Cr bindings, leading to 

enhanced insulin sensitivity (Davis and Vincent, 1997).The evidence revealed that as 

like the hormone insulin chromium also have some activity in phosphorylation-

dephosphorylation reactions of proteins.   

In the absence of insulin Cr binding does not affect the protein kinase activity of rat 

adipocytes but in the presence of insulin Cr binding stimulates kinase activity 8-fold. A 

loss of kinase potentiating activity resulted when from bonded Cr is removed from low 

molecular weight Cr binding compound (Davis and Vincent, 1997). Therefore, Cr exerts 



P a g e  | 18 

 

 
Studies of Drug-drug and Drug-metal Interactions of Some Selected 
Antidiabetic, Antihypertensive and Lipid Lowering Drugs 
 

its effect by triggering the kinase enzyme present in insulin receptor as well as by 

suppressing the tyrosine phosphatase present in insulin receptor, through mediating 

higher phosphorylation of insulin receptor resulting more insulin hormone activity 

(Saad, 1994; Kahn, I985; Roth et al., 1994). 

1.6.1.6. Safety of supplemental chromium 

Cr (III) commonly present in different food stuffs as well as mineral supplements and is 

rendered as last toxic mineral. This conventional amount of nontoxic daily intake 

contains a relatively higher safety margin for Cr(III) in comparison to other minerals 

and nutrients. The ratio of the reference dose to the RDA is found 350 for chromium, in 

comparison to zinc which is < 2 and for manganese it is roughly 2 whereas for selenium 

it is found 5 to 7 (Mertz et al., 1994). There was no evidence of toxicity and no reported 

dangerous side effect is found in any of the human studies relating Cr as supplement. 

1.6.2. Lead(II) 

An issue of consideration is the dramatic increase in Type 2 diabetes in developed 

countries due to exposure of the population from industrial chemicals, wastages and 

contaminants. With the increase in exposure levels of many industrial contaminants and 

toxicants different fatal incidence of diseases have also been elevated. Few of the 

metalpollutants have been found to interfere with different biological reactions in vivo to 

create damaging metabolic and/or endocrine effects. These notorious chemicals are 

called endocrine disrupting chemicals (EDCs). Investigations regarding these EDCs and 

risk of diabetes have given positive correlation (Song et al., 2016). The metals with 

unknown role in human physiology are considered as xenobiotic which are important 

class of environmental chemicals. Some of these xenobiotics (e.g lead, mercury, 

cadmium and the metalloid arsenic) are known to cause human health hazards. Few of 

these xenobiotics exert detremental effects on patophysiology leading to incidence of 

diabetes and other related metabolic disorders (Afridi et al., 2008; Bener et al., 2001; 

Cave et al., 2010; Chen et al, 2009; Chen et al., 2007; Kolachi et al., 2011; Moon 2013; 

Padilla et al., 2010; Zhai et al., 2017). In this regard, lead is of a particular issue. 

Though overall limits of lead exposure have decreased in current decennary, in certain 

sectors of the population there is a persistent but under-recognized incidents of exposure 

of this metal. By accidental ingestion of lead-based paint in childhood then in adults by 

sporadic exposure of lead from contaminated drinking water and others accounts for a 
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vast number of the peoples for exposure of  lead at low concentration. The accumulation 

of  lead in brain induce injurious pathologies and it is well documented (Ris et al., 2008; 

Searle et al., 2014; Surkan et al., 2007), but little data are available for the correlation of 

lead exposure and chronic metabolic disorder, diabetes. The correlation of incidence of 

diabetes in exposure to lead should be reviewed by considering some other underlying 

diabetes causing factors like other metabolic, food habit, lifestyle and environmental 

stress factors (Joshu et al., 2008). The detrimental effects of lead may be found in more 

cases in the underprivileged commercial city peoples than observed elsewhere. There 

are very little data specifically designed for examination of the effect of low level of 

lead on prognosis of diabetes are available, though there are considerable 

epidemiological results exist for the presence of low levels of various influencer 

xenobiotics for evolution of chronic metabolic disorder like diabetes (Jones et al., 

2008). Kolachi et al. (2011) reported that the concentration of lead is higher in blood, 

hair and urine sample of diabetic female patients in comparison to non-diabetic subjects. 

Similarly, cadmium and arsenic were also found at elevated concentration in the 

diabetes group and make a difficulty in assigning particular role of lead xenobiotics in 

diabetes evolution (Kolachi et al., 2011). From an earlier study with factory workers in 

the United Arab Emirates remarkable pragmatic association was noticed between blood 

lead levels and fasting blood glucose. The study resulted that there is a possible link 

between low level of lead and diabetes. The experiment also established a correlation 

between presence of lead and blood pressure (Bener et al., 2001). Numerous 

experiments have found the consequences of higher values of metal concentration in 

biological samples to disrupt the function of endocrine gland pancreas (Chen et al., 

2009). Although lead was not separately analyzed in these studies, together they 

suggested adulterous effect of metal on the function of endocrine pancreas. The form of 

fatty liver without association of excessive alcohol consumption is known as NAFLD 

(non-alcoholic fatty liver disease) and is coexisted with Type 2 diabetes. Existence of 

NAFLD is a reasonable predictor of Type 2 diabetes as about 70% of diabetic patient 

also have NAFLD (Targher et al., 2007; Williamson et al., 2011). Studies with lead 

industry workers revealed that there is a gentle connection with high blood lead levels 

with blood pressure (Weaver et al., 2008) and kidney function (Weaver et al., 2003; 

Weaver et al., 2005; Weaver et al., 2009). 
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1.6.2.1. Mechanism of lead to induce diabetes 

One possible mechanism of lead induced diabetes is by increasing oxidative stress in 

biological systems (Matovic et al., 2015). Reactive oxygen species (ROS) inhibit the 

insulin signaling pathway thus promote the genesis of diabetes and insulin resistance 

(Fridlyand and Philipson, 2006). Oxidative stress should be considered in the progress 

of lead-attributed disorders, even with populations having comparatively lower 

environmental exposure to lead (i.e., <10 µg/dL). Firstly, lead alters the fat 

compositions of membrane, developing a minimization of phosphatidyl choline and a 

maximization in arachidonic acid resulting in enhanced susceptibility to lipid 

peroxidation (Knowles and Donaldson, 1990; Lawton and Donaldson, 1991). Secondly, 

Pb++ by binding to oxyhemoglobin stimulates superoxide formation (Ribarov and 

Benov, 1981; Ribarov et al., 1981; Ribarov and Bochev, 1982). Third, the enzyme 

involved in the biosynthesis of heme is porphobilinogen synthase which has prominent 

responsiveness to Pb++ ion concentration. Finally, binding with sulfhydryl groups or 

selenocysteine, lead ion lowers the concentration of two enzymes super oxide dismutase 

(SOD) and glutathione peroxidase (GPx) and thus lower the antioxidant activities of 

cells (Ercal et al., 2011; Howard, 1974; Othman and El Missiry, 1998). Pb++ ion and 

Ca++ ion have similar types of electronic configuration. Major cases of lead ion 

mediated toxicity are evolved from interference of this toxic metal ion with variety of 

calcium ion mediated intracellular processes. Pb++ hampers with calcium mediated 

homeostasis and cellular reuptake by competitively binding at the same binding sites 

where Ca++ binds at pM concentrations, thus Pb++ enhances the level of resting 

intracellular Ca++ ions from approximately 100 nM to 200 nM (Schanne et al., 1989). 

1.6.2.2. Risk of lead in provoking diabetes 

Studies were performed using subjects with high blood lead values (14-74 �g/dL) 

(Mostafalou et al., 2015; Whittle et al., 1983) and compared with human alarm level of 

5 �g/dL supported the hypothesis that from high to low level of lead presence in blood, 

probably in association with other metabolic stress conditions, lead stimulates the 

evolution of diabetes. Early life lead exposure might have physiological effects later in 

life and the statement was documented by the experiments in humans and mice. The 

possibility of Pb++ exposure resulted in particular epigenetic marks in the genome may 

continue throughout life and even over generations. This can give a clear mechanistic 
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 pathway for how a limited exposure to lead might have a life-long health consequence. 

1.6.3. Iron(II) 

Cellular iron retention has been resulted in systemic oxidative stress, vascular 

inflammation and atherogenesis. Statins decrease levels of ferritin in patients with 

advanced CVD (DePalma et al., 2003; DePalma et al., 2006; DePalma et al., 2010), 

renal disease (Sirken et al., 2003) and diabetes (Ukinc et al., 2009). Data from a 

randomized trial of iron (ferritin) reduction in participants with advanced peripheral 

arterial disease showed significant improvement (Zacharski et al., 2011). Iron reduction 

may provide an alternative to statins for reducing inflammation associated with 

atherosclerosis is evident. 

 

1.6.4. Copper(II) 

Copper plays significant biochemical role in two ways: firstly as a crucial trace metal 

and as secondly as a constituent of different exogenously delivered complexes in 

human. As a trace metal it binds to ceruloplasmin, albumin and other proteins, while as 

exogenous compound it binds to different varieties of ligand compounds to react with 

large macromolecules, like proteins and nucleic acids. The significant role of copper in 

human diseases has been documented in medicinal-chemical (Brewer, 2009) and a 

biochemical view (Daniel et al., 2004) considering the molecular physiology of Cu 

transport (Puig and Thiele, 2002). Major of which related to copper homeostasis 

(Balamurugan and Schaffner, 2006) and its collaboration to iron metabolism 

(Arredondo and Unez, 2005). The role of copper in major biological processes is 

resulted in different types of change in human physiology and pathology (Crisponi et 

al., 2010; Uriu-Adams and Keen, 2005). A very few review studies have been found to 

emphasize on the various biochemical events which could be straightly affected from 

the use of copper complexes as medicine. 

1.6.5. Zinc(II) 

Zinc is one of the transition metals of the first and second series of periodic table such 

as Na, K, Mg and Ca, and is essential for human physiology. After iron, zinc is the 

second mostly available trace element in the human body. About 3 g of zinc is found in 
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an average adult through daily intake of 8-11 mg and mostly are localized in testicles, 

muscles, liver and brain (https://ods.od.nih. gov/factsheets/Zinc-HealthProfessional). 

Zinc is essential for improving the life span of cell as well as protecting tissues from 

necrosis. Through a specific homeostasis mechanism, a concentration of 0.6 mM of Zn 

is maintained in the body, a deficiency of zinc or excess amount of zinc can result in 

toxicity in organisms (Crichton, 2019; Finney and O'Halloran, 2003; Turel and Kljun, 

2011). Deficiency of zinc may be resulted from insufficient availability of zinc in the 

body due to total nutritional or absorption problems, ageing, excessive losses of Zn from 

the body or problems in zinc homeostasis. Deficiency of zinc may compromise 

immunity functionality in the body because zinc exerts a vital role through functioning 

in cellular proliferation, RNA and DNA synthesis as well as T-lymphocyte evolution. 

Deficiency can further show some other problems like retardation of growth, impotence 

and hypogonadism. However, excess zinc, is less frequent and frequently happens via 

excess-supplementation. A persistent excess Zn supplement (e.g., myeloneuropathy) 

results in toxicity through the suppression of copper absorption and leads to a zinc-

mediated copper insufficiency (Tatineni et al., 2020). 

1.7. INTERACTION OF PROTEIN WITH DRUGS FOR SYNTHESIS NEW 

COMPLEXES 

In proteins, not all but only three aromatic amino acids namely phenylalanine, tyrosine 

and tryptophan are fluorescent. A prominent intrinsic fluorophore is tryptophan which is 

present at a concentration of 1 mole-percentage in proteins. When foreign compound 

like drug molecule or other complexes bind with natural protein, the fluorescence 

property of protein usually alters in association with the concentration of foreign 

compounds (Suryawanshi et al., 2016). The change in fluorescence properties is called 

fluorescence quenching or fluorescence dequenching and measurement of this 

quenching or dequenching is the major tool in quantification of binding affinity of 

foreign body (i.e ligands) towards proteins. Fluorescence quenching is the decrease in 

measurement of fluorescence of uninterrupted natural protein in presence of external 

fluorophore by a series of molecular interactions. Fluorescence quenching may be 

dynamic or static depending on how the quencher molecules interacted with the protein 

(Amin et al., 2016). When fluorophore is quenched in ground state by quencher then it 

is called static quenching but when the quencher react with fluorophore in excited state 

the quenching is called dynamic (Fraiji et al., 1992). 
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1.8. OBJECTIVES OF THE PRESENT WORK 

Since drug-drug and drug-metal interactions are important topics of research in drug 

discovery as well as pharmacodynamic actions of the drugs, and drug-drug and drug-

metal complexation may introduce new molecules having new and/or more therapeutic 

properties in our body.Therfore, it was our main objective to synthesize new molecule 

possessing more potent therapeutic values by drug-drug and drug-metal interactions. In 

quest of new therapeutic possibilities, many biological parameters were also 

investigated by in vitro and in vivo analyses.  

So, chemical investigations were done for five groups of newly synthesized complexes 

like, (i) to synthesize new complexes from antihypertensive drug olmesartan medoxomil 

with three antidiabetic drugs viz. dapagliflozin, vildagliptin and metformin 

hydrochloride (olmesartan-dapagliflozin complex, OD; olmesartan-vildagliptin 

complex, OV and olmesartan-metformin complex, OM), (ii) to synthesize complexes 

from antihypertensive drug perindopril erbumine with antidiabetic drug vildagliptin 

(perindopril-vildagliptin complex, PV), with lipid lowering drug rosuvastatin 

(perindopril-rosuvastatin complex, PR) and rosuvastatin-vildagliptin complex RV, (iii) 

to synthesize four chromium(III) metal complexes with four antidiabetic drugs, viz, 

complexes with metformin hydrochloride (Cr-met), dapagliflozin (Cr-dapa), vildagliptin 

(Cr-vilda), glimepiride (Cr-glim), (iv) to synthesize four  lead(II) metal complexes with 

four antidiabetic drugs namely complexes with metformin hydrochloride (Pb-met), 

dapagliflozin (Pb-dapa), vildagliptin (Pb-vilda), glimepiride (Pb-glim),  (v) to synthesize 

three metal (Fe, Cu, Zn) complexes with lipid lowering drug atorvastatin calcium 

trihydrate viz. Fe-atorvastatin, Cu-atorvastatin and Zn-atorvastatin. After synthesis the 

new drug-drug and drug-metals complexes were characterized by some analytical 

methods like TLC, DSC, TGA, FT-IR, HPLC and 1H NMR. 

Biological investigation is an inherent portion of research. It has been conducted to 

discover biological activity of pure drug or drug-drug or drug-metal complexes. 

Although the therapeutic activities of the standard drug are known, the research was 

devoted to find any unknown biological activity of the formed complexes. To evaluate 

the biological activities of synthesized drug complexes the following assay techniques 

were performed: 

 Evaluation of anti-diabetic activity in swiss albino mice model (in vivo analysis).  
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 Evaluation of biochemical parameters like serum creatinine and uric acid level 

and SGPT-SGOT level determination by ELISA technique. 

 Histopathological studies of drug complex treated liver and kidney tissue of 

mice.   

 Evaluation of lipid lowering activity of rosuvastatin and drugs complexes in 

New Zealand white rabbit model (in vivo analysis).  

 Evaluation of antioxidant activity using DPPH scavenging activity.  

 Assay for thrombolytic activity using streptokinase as standard.  

 Determination of membrane stabilizing activity in terms of capacity of the drug 

complexes to suppress the hypotonic saline mediated hemolysis of RBC. 

 

1.9. SOCIO-ECONOMIC IMPORTANCE 

For the treatment of multimorbidity in elderly patient polypharmacy is observed which 

enhance the possibility of drug interactions significantly (Rodrigues and Oliveira, 2016). 

Drug-drug interactions (DDIs) are a very ordinary reasons of untoward drug reactions 

(such as dysrhythmia, acute kidney injury and increased risk of alls) among geriatrics 

(Hines and Murphy, 2011; Lucas et al., 2016; Roblek et al., 2016). The prospect of 

untoward drug action is an obvious consequence of the direct relation between the 

quantity of drugs and their physio-chemical interactions. In this 21st century, 

hyperglycemia is doubtlessly one of the great stimulating health issues (Shrestha and 

Ghimire, 2012). Hypertension in hyperglycemic peoples is commonly found which is 

often tough to take care and ended with remarkable morbidity and mortality. The 

occurrence of hypertension in diabetic patient is probably 1.5-2.0 times higher than from 

non-diabetic people (Mitra et al., 1999). The combination of hypertension and 

hyperglycemia in individual patients may injure similar vital organs and may result in 

cerebral diseases, the development of diabetic retinopathy, decrease in renal function 

and left ventricular hypertrophy and coronary artery disease (Grossman and Messerli, 

2008). Similarly, patients with high lipid profile may have hypertension. 

In this study considering the pharmaco-epidemiology, pharmacology and public health 

some commonly prescribed drugs (antidiabetics, antihypertensives and lipid lowering 

drugs) have been chosen to do some interactions among them. Cr(III) plays important 

roles in carbohydrate and lipid metabolism.  



P a g e  | 25 

 

 
Studies of Drug-drug and Drug-metal Interactions of Some Selected 
Antidiabetic, Antihypertensive and Lipid Lowering Drugs 
 

Therefore, to synthesize some new chromium complexes with different classes of oral 

antidiabetic drugs was a try and their antidiabetic potentials in mice also studied. Pb+2 

increases oxidative pressure in living organisms (Bokara et al., 2009; Coban et al., 

2007; Hunaiti and Soud, 2000) and oxidative stress may develop hyperglycemia by 

directly affecting cell signaling pathway by influencing insulin secretion. The 

concentration of lead in bone was connected with gradual increase in serum creatinine 

among diabetic patients and this was concluded from a 6-year study (Tsaih et al., 2004). 

Four antidiabetic drugs were made to complex with lead which were metformin, 

glimepiride, vildagliptin and dapagliflozin, and their antidiabetic property was evaluated 

on mice model. Furthermore, the toxicological studies were performed by measuring 

serum creatinine level and uric acid level. In search of new metal combination 

atorvastatin calcium was reacted with iron, copper and zinc. 
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CHAPTER TWO 

MATERIALS AND METHODS 

 

2.1. MATERIALS 

2.1.1. Drugs and chemicals 

Olmesartan medoxomil (potency 99.98%), perindopril erbumine (potency 98.99%), 

dapagliflozin (purity 99.98%), vildagliptin (purity 99.99%), metformin HCl (purity 

99.97%), glimepiride (purity 99%), rosuvastatin (potency 99.89%) and atorvastatin 

calcium trihydrate (purity 99.98%) were kind gifts from Incepta Pharmaceuticals Ltd., 

Dhaka, Bangladesh; ACI Pharmaceuticals Ltd., Dhaka, Bangladesh and Drug 

International Pharmaceuticals Ltd., Dhaka, Bangladesh.  

Analytical grade chemicals like FeSO4.7H2O, CuSO4.5H2O and ZnCl2 were used for all 

experimental procedures. As a source of chromium(III), CrCl3.6H2O was used. 

Analytical grade lead nitrate was used as a source of lead(II). Precoated thin layer 

chromatography plate (Precoated TLC plate, F254) was purchased from locally from 

Merck, Germany.  

Chloroform, acetonitrile and methanol were used in the experiments and the solvents 

were of HPLC grade and procured locally from Sigma Aldrich, Germany. Nano pure 

water was used and collected from own source. Analytic grade monobasic potassium 

phosphate (KH2PO4), dipotassium hydrogen phosphate (K2HPO4), some other chemicals 

were collected from Centre for Advanced Research in Sciences (CARS), University of 

Dhaka. BSA solution of pH 7.4 was prepared using phosphate buffer. For 

determinations of triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, 

serum creatinine and uric acid levels colorimetric kits were purchased from Linear 

Chemicals, Barcelona, Spain. For studying thrombolytic property as well as membrane 

stabilizing property pure acetyl salicylic acid (ASA) was employed as reference 

standard to compare with drug complexes. To study antioxidant potential, the 

scavenging activity of the free radical DPPH (1,1-diphenyl-2-picrylhydrazyl) was 

measured and here BHT (tert-butyl-1-hydroxytoluene) was employed as reference 

standard. Alloxan monohydrate (98%) was purchased from Loba Chemie Pvt. Ltd., 

India.  
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(6) HPLC 

Figure 2.1. Some instruments used in the experiment: (1) Reaction bath, (2) Digital 

melting point measuring instrument, (3) DSC, (4) Fluorescence spectrophotometer, (5) 

ELISA reader, (6) HPLC. 

 

2.1.3. Animals 

For the experiment with animal model an ethical clearance certificate was obtainedfrom 

theFaculty of Biological Sciences, University of Dhaka, Dhaka, Bangladesh 

(Ref.No.128/Bio.Scs.). 

One hundred Albino mice [Figure 2.2 (1)] of both sexes with average weight of 50.0 g 

were purchased from the Animal House, Department of Pharmacy, Jahangirnagar 

University, Savar, Bangladesh. The mice were then maintained on a normal diet and 

filtered water ad libitum. 

Twenty male and female both sex New Zealand white rabbits [Figure 2.2 (2)]   were 

purchased having their weight in range of 1.5 ± 0.3 kg initially for measurement of the 

lipid lowering activity of new drug complexes. The rodents were kept in proper 

temperature of 21-25 °C, humid condition of 50-60% humidity and 12 h dark-light 

cycle. The rodents were adapted for a period of 5 days before starting the experiment.  

After the experimental periods the rodents were properly disposed according to ethical 

guidelines.  
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Another three drug complexes such as perindopril, vildagliptin and rosuvastatin were 

synthesized following the previous method. 0.5 mM of each drug was accurately 

weighed (0.221 g of perindopril erbumine, 0.152 g of pure vildagliptin and 0.241 g of 

rosuvastatin) and was made a solution of volume of 20 mL using distilled water. Later 

on, individual drug solution was mixed with each other by stirring and changing pH. 

Then the solutions were kept at constant heat reaction bath for 24 h at 60°C for allowing 

complexation. After 24 h reaction period the mixtures were withdrawn from the reactor 

bath and then filtered and left for drying and crystallization at room temperature.  

The Cr(III)-metformin, Cr(III)-glimepiride, Cr(III)-dapagliflozin and Cr(III)-vildagliptin 

complexes were synthesized by dissolving each drug i.e metformin hydrochloride (2 

mmol, 0.388 g), glimepiride (0.5 mmol, 0.245 g), dapagliflozin (0.5 mmol, 0.2051 g) 

and vildagliptin (0.5 mmol, 0.1517 g) in methanol to form a volume of 25.0 mL.Then 

25.0 mL methanol solution of 1 mmol CrCl3.6H2O (0.202 g) was mixed with 25 mL 

methanol solution of each drug. The mixtures were then heated at 70 
o
C in water bath 

with continuous stirring for 3.30 h. Finally the mixtures were left overnight for 

precipitation and drying. 

The Pb-met, Pb-glim, Pb-vilda and Pb-dapa complexes were prepared by dissolving 

each drug e.g. metformin hydrochloride (2 mmol), glimepiride (0.5 mmol), vildagliptin 

(0.5 mmol), dapagliflozin (0.5 mmol) in 25 mL of methanol. Then 25 mL methanol 

solution of 1 mmol Pb(NO3)2 was poured into 25 mL of the respective drug solution. 

The mixtures were then heated at 70-75 °C in a water bath with occasional stirring for 

4.30 h. Then the mixtures were left overnight for drying and crystallization. 

The Fe(II)-atorvastatin, Cu(II)-atorvastatin and Zn(II))-atorvastatin complexes were 

formed by dissolving the drug e.g atorvastatin calcium (0.01 mmol) in 25.0 mL of 

distilled water. Then 25.0 mL aqueous solution of  0.01 mmol FeSO4.7H2O, 0.01 mmol 

CuSO4.5H2O and 0.01 mmol ZnCl2 were made by blending with 25.0 mL of aqueous 

solution of atorvastatin calcium. The mixtures then were heated at 70-75 °C in a water 

bath with occasional stirring for 6.30 h. Then the mixtures were kept in oven for 

overnight for drying and crystallization. 
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2.2.2. Characterization of synthesized complexes 

The synthesized complexes were characterized using several analytical protocols as 

follows: 

Thin Layer Chromatography (TLC) 

TLC is a separation technique requiring very little sample and solvent. It is primarily 

used to determine the purity of a compound. A pure compound will show only one spot 

on a developed TLC plate. Possible identification of the unknown compound can be 

done through TLC analysis. By trial-and-error method suitable solvent system was 

determined to run the TLC system (Figure 2.3.). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3. TLC determination. 

High Performance Liquid Chromatography (HPLC) 

For justification of the formation of complexation, reversed phase HPLC (RP-HPLC) 

was carried out using a C18 analytical column (particle size 5 µm, 25 mm � 46 mm i.d.). 

The analyses were conducted using the mobile phase of a mixture of 60:40 v/v 

acetonitrile and 15.0 mM phosphate buffer. The flow rate of mobile phase was 1.0 
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mL/min and the mode was isocratic. The eluate was then monitoredwith a UV detector 

at 254 nm. 

Differential Scanning Calorimetry (DSC) 

DSC thermograms were recorded to study the endothermic melting point using the DSC 

instrument at Drug Analysis and Research Laboratory in CARS, University of Dhaka. 

Aluminum seal pan was used to analyze the samples and temperature range was set at 

30-300 °C to record the thermograms of the samples. Temperature rising rate was 

maintained at 10 
o
C/min and inert nitrogen gas flow rate was 20 mL/min. The newly 

synthesized compounds as well as reference standard drugs were analyzed for phase 

transition determination. 

Melting Points Determinations 

As melting point is a determinant of the purity of the drug, a digital melting point 

instrument was used to determine the melting points of the newly synthesized 

complexes and precursor drugs. Powder form of the drugs and complexes in glass 

capillary were used for the experiment. 

Thermo Gravimetric Analysis (TGA) 

The TGA recordings were performed for confirmation of formation of complexes from 

the drugs. TGA were recorded in TGA 50H and degradation pattern of drug molecules 

as well as new complexes were compared for characterization. The sample drugs were 

measured in aluminum pan and temperature was set at a range usually from 25 °C to 

600 °C and the temperature hold time was 5 min. Inert nitrogen gas was circulated at 10 

mL/min flow rate and the temperature was raised by 10 °C/min.  

Fourier Transform Infrared Spectrophotometry (FT-IR) 

Fourier transform Infrared Spectroscopy (FT-IR) records an infrared absorption 

spectrum which reveals the types of chemical bonding among the molecular atoms. The 

recorded IR spectra display unique identification of individual molecule by specific 

stretching and bending of chemical bonds. It is an efficient tool for identification of 

responsible moiety and their molecular bond analysis. The FTIR analyses of drugs and 

complexes were carried out at the wavelength from 400 cm
-1

 to 4000 cm
-1

. About 100 

mg of pure and moisture free potassium bromide (KBr) was added to 1.0 mg of each 

non-wet drug sample and then uniformly mixed in a mortar-pestle (usually in the ratio 

of  100:0.1). The mixture was made pellets by pressing through machinery which gave a 
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pressure of 8-10 tons. Then the hand made discs were examined through IR beam path 

for recording of the spectra. At a resolution of 4 cm
-1

 and radiation range 4000-400 cm
-1

 

the discs were scanned for 30 times.  

1
H NMR (Nuclear Magnetic Resonance) Spectroscopy 

NMR spectra recording and interpretation of data reveal important information for 

structure elucidation of molecules. By elucidating different parameters from NMR 

spectrum like chemical shifts, coupling constants and integrations the structure of 

known and unknown compounds can be revealed. 
1
H NMR spectra of the synthesized 

metal-drug complexes as well as the pure drugs were recorded on a Bruker 400 MHz 

instrument in Jahangirnagar University, Bangladesh where CDCl3 and CD3OD solvents 

were used and TMS was employed as refence standard. 

UV Visible Spectrophotometry 

In this procedure, absorption spectra of atorvastatin and its three complexes Fe-

atorvastatin, Cu-atorvastatin and Zn-atorvastatin were compared. The stock solution of 

the sample was diluted to appropriate levels using buffer, then the UV spectra were 

measured at a radiation range of 200-800 nm. 

2.2.3. Induction of diabetes in mice 

The mice were maintained and handled according to the guidelines of Helsinki 

declaration. Experiment in animal model was carried out after obtaining the ethical 

clearance from the Faculty of Biological Sciences, University of Dhaka, Dhaka, 

Bangladesh (Approval Ref.No.128/Bio.Scs.). The mice were anonymously (both male 

and female) divided into 16 groups and numbered as Group-I to Group-XVI containing 

5 rats in each group. Group-I was referred as control group and the mice were fed 

normal diet only. Neither alloxan nor drug was given to the Group-I mice. Diabetes was 

induced in the rest of the fifteen groups from Group-II to Group-XVI by intraperitoneal 

injection of alloxan (Merk, India) after an overnight fasting giving a dose of 150 mg/kg 

body weight. Before induction of diabetes and after a period of three days of alloxan 

treatment, blood was drawn from tail of the all groups of fasting mice to measure the 

serum glucose level. Blood glucose level was measured immediately by the help of a 

glucometer (GlucoLeader-yasee, GLM-76, Yasee Co. Ltd., Taiwan) where disposable 

strips were in use. The alloxan-treated mice were determined to be diabetic as they had a 

high serum glucose level (>20 mmol/L). 
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Group II and Group III were given a dose of 150 mg/kg metformin hydrochloride and 

Cr-metformin complex, respectively for 14 days as oral solution. Similarly, group IV 

and group V were given 150 mg/kg dapagliflozin and Cr-dapagliflozin complex, 

respectively. Group VI and Group VII were allowed 150 mg/kg vildagliptin and Cr-

vildagliptin complex, respectively, and Group VIII and Group IX were given 

glimepiride and Cr-glimepiride, respectively as oral solution for 14 days. Group-X, 

Group-XI, Group-XII, Group-XIII, Group-XIV, Group-XV and Group-XVI were given 

1.50 mg/kg body weight (b.w) of Pb-met, Pb-glim, Pb-vilda, Pb-dapa, OD, OV and OM 

complexes, respectively as solution for 14 days. After treatment, blood was drawn by 

cutting the tail of the all groups of fasting mice and blood glucose levels were measured 

using disposable strips. After the evaluation period all survived mice were sacrificed to 

collect serum for biochemical studies as well as kidney and liver were separated for 

histopathological studies. 

2.2.4. Serum creatinine study 

The procedure of serum creatinine measurement was based on modified early picrate 

reaction. At high pH creatinine interacts with picrate ion and forms a red complex. The 

rate of formation of red complex is proportional to the sample creatinine concentration 

and the concentration is measured at fixed interval of time in terms of increase in 

absorbance of radiation (Heinegaard and Tinderstrom, 1973; Larsen, 1972). 

Creatinine + Picric acid  
�����

�� °�
→ Red addition complex   

Standard, samples and reagents for the experiments were pre-incubated to reaction 

temperature (37 °C). The UV spectrophotometer was adjusted to level 0 using distilled 

water as blank. 100 µL of standard or sample and 1.0 mL of working reagent were 

pipetted into a cuvette and vortexed for mixing. Then the cuvettes were entered into the 

temperature-controlled instrument for vortexing and then stopwatch was started. Then 

the absorbance was measured at radiation of 510 nm after 30 seconds (A1) and 90 

seconds (A2) of the standard or sample addition.  

(
����) ������ 

(
����) ������ 
� C standard= mg/dL creatinine = mg/dL�88.4 = �mol/L 
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x C standard= mg/dL uric acid = mg/dL x 59.5= �mol/L 

GPT 

pH  7.4 

2.2.5. Uric acid determination 

By the enzyme uricase, uric acid is oxidized and produces allantoin and hydrogen 

peroxide. The enzyme peroxidase along with H2O2 oxidizes the mixture of 

dichlorophenol sulphonate (DCBS) and 4-aminoantipyrene (4-AA) into a dye 

quinoneimine. The concentration of the produced dye is proportional to the 

concentration of uric acid presentin the serum (Barham and Trinder, 1972; Fossati et al., 

1980). 

 

               Uric acid + O2 + 2H2O                    Allantoin + H2O2 

 4AA + DCBS                            Quinoneimine + 4H2O 

Samples and reagents were kept in room temperature and reagents were poured into 

three different set of tubes labelled as blank, standard and sample where these were 

mixed by vortexing and allowed undisturbed for 10 minutes. The absorbance (A) of the 

standard and samples were recorded at 520 nm using only reagent as blank.  

Asample 

Astandard   

 

2.2.6. Determination of SGPT and SGOT  

The transfer of amino acid group from L-aspartate to 2-oxoglutarate is assisted by the 

enzyme aspartate aminotransferase (SGOT).  

 

L-Aspartate+2-Oxoglutarate L-Glutamate + Oxalacetate 

 

The movement of amino group from L-alanine to 2-oxoglutatare is assisted by the help 

of the enzyme Alanine aminotransferase (GTP) and from the rearrangement glutamate 

and pyruvate are formed. 

 

L-alanine + 2-oxogluterate G                       lutamate + Pyruvate 

 

The amino transferase activity of the enzymes is proportional to the amount of 

formation of oxalate or pyruvate after a certain time interval. The enzyme activity is 

measured by the quantifying the reaction between 2,4-dinitrophenylhydrazine (DNPH) 

and oxalate or pyruvate (Reitman and Frankel, 1957). 

 

 

Uricase 
H2O2, POD 

SGOT 

pH 7.4 
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2.2.7. Histopathological studies of liver and kidney tissues of experimental mice 

After the 14 days of experimental period the mice were sacrificed, and the hepatic and 

nephrotic tissues were collected for histopathological studies. The experiment was 

conducted in pathological lab of Bangabandhu Sheikh Mujib Medical University 

(BSMMU), Dhaka, Bangladesh. 

 

2.2.8. Lipid lowering activity of rosuvastatin and its complexes in rabbits 

2.2.8.1. Experimental design (Movahedian et al., 2006) 

Laboratory animals are essential for the study of human diseases and drug activities in 

vivo. Selection of proper animal model is very important for both fundamental research 

and evolution of therapeutic activities and diagnostic tools. Like human but unlike 

rodents, rabbits inherent a special resemblance of lipoproteins content and metabolism. 

Rabbits are sensitive to cholesterol diet and serve as delicate model to study the 

formation and pathogenesis of atherosclerosis. Rabbit models have served many insights 

into the pathogenesis and development of atherosclerosis and had been used more than a 

century ago as laboratory animal. 

Eighteen healthy New Zealand white rabbits weighing average 1.5 ± 0.3 kg were 

purchased locally for the experiment. Experiment in animal model was carried out after 

approval of the ethical clearance from Faculty of Biological Sciences, University of 

Dhaka, Dhaka, Bangladesh (Approval Ref. No. 128/Bio.Scs.). The rabbits were 

observed with normal food and water for 5 days as adaptation period before starting the 

study. The rabbits were kept in suitable temperature, at 21-25 °C, 50-60% humidity and 

12 hours of dark-light cycle. They were given a standard feeding of green leafy 

vegetables, water ad libitum. The experimental drug doses were given orally via gavage 

feeding tube. Coconut oil was used as high fat diet to make the rabbits hyperlipidemic. 

The rabbits were distributed into six groups where every group contained three rabbits. 

Group I was considered as negative control group which received only normal diet. 

Except group I rest of rabbits of the five groups were made hyperlipidemic by oral 

gavage feeding of 500 mL coconut oil/kg body weight of rabbit per day. Group II was 

referred as positive control which were fed only 500 mL coconut oil/kg b.w./day for 10 

days. Rabbits of Group III were oil fed for 5 days then treated with reference drug 

rosuvastatin at a dose of 1.0 mg/day for next 5 days. Rabbits of group IV were oil fed 

for 5 days then treated with drug complex RP at a dose of 1.0 mg/day for next 5 days. 

Rabbits of group V were also oil fed for 5 days then treated with drug complex RV at a 

dose of 1.0 mg/day for next 5 days. The rabbits of group VI were also oil fed for 5 days 

then treated with drug complex PV at a dose of 1.0 mg/day for next 5 days. On the 5th, 
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CE 

10th and 15th day of the experiment blood was withdrawn from ear veins of the rabbits. 

Then the blood was centrifuged and after 30 minutes serum was collected and preserved 

at -20 °C for biochemical study.  

 

2.2.8.2. Chemical analysis of biological samples 

By the use of special reagent kits from Linear Chemicals Pvt. Ltd., Spain, total 

cholesterol level, triglycerides level, high density lipoprotein level (HDL) and low-

density lipoprotein level (LDL) were determined. Very low-density lipoprotein was 

determined by the aid of LDL calculator.  

 

2.2.8.3. Total cholesterol measurement procedure in serum 

The method (Allain et al., 1974; Amundson and Zhou, 1999) used in determination of 

total cholesterol level in the sample requires three enzymes, cholesterol esterase (CE), 

cholesteroloxidase (CO) and peroxidase (PO). These three enzymes and mixture ofN-

ethyl-N-propyl-m-aniside (ADPS) and 4-aminoantipyrine (4-AA) produce quinone dye 

which is proportional of cholesterol concentration present in the sample.   

First of all, reagents and samples both were set at room temperature. Three test tubes 

were labelled as monoreagent, sample and standard. Monoreagent containing 1.0 mL 

reagent was considered as blank. Standard contained 1.0 mL monoreagent and 10 µL 

standard cholesterol. The sample contained 1.0mL monoreagent and 10 �L sample. The 

test tubes were then vortexed for mixing then incubated for at least 10 mins at normal 

temperature and absorbance of samples and standard (A) were recorded at 550nm 

against the reagent as blank.  

(Asample/ Astandard) × C standard = mg/dL Cholesterol  

To express the results in SI units, mg/dL×0.0259 = mmol/L  

 

 

 

Cholesteryl esters   Cholesterol + Fatty acids 

 

Cholesterol + O2                                                                           Cholestenone +H2O2 

 

4-AA + ADPS                                           Quinone + 4 H2O 

 

CO 

H2O2 

POD 

CE 
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2.2.8.4. Serum triglycerides measurement procedure 

The method (Bucolo and David, 1973; Fossati and Prencipe, 1982) was developed on 

the basis of enzyme (lipoprotein lipase, LPL) catalyzed hydrolysis of triglycerides to 

glycerol and free fatty acids. The glycerol is phosphorylated by glycerolkinase (GK) in 

presence of adenosine triphosphate (ATP) into glycerol-3-phosphate (G-3-P) and 

adenosine diphosphate (ADP). G-3-P is then oxidized in presence of glycerolphosphate 

oxidase (GPO) into dihydroxy acetone phosphate (DHAP) and hydrogen peroxide 

(H2O2).  

The condensation of 4-aminoantipyrine (4-AA) and phenol was assisted in presence of 

hydrogen peroxide and catalyst peroxidase (POD) and then a red chromogen 

quinoneimine is produced and the amount of which is proportional to the concentration 

of triglycerides present in the blood sample. 

Triglyceride + 3H2O                                 Glycerol + 3 FFA 

Glycerol + ATP                                        Glycerol-3-P + ADP 

Glycerol-3-P+ O2                                                                    DHAP + H2O2 

4-AA + 4 Phenol                                       Quinoneimine + H2O 

Reagents and samples were kept at room temperature. Three test tubes were labelled as 

monoreagent, sample and standard. Monoreagent containing 1.0 mL reagent was 

considered as blank. Standard contained 1.0 mL monoreagent and 10 �L standard 

triglycerides. The sample contained 1.0 mL monoreagent and 10 �L sample. The test 

tubes were then vortexed for proper mixing and rested in incubation for a period of 15 

mins at laboratory temperature and then the absorbance of sample and standard were 

recorded at 500 nm against the blank (only reagent).  

(Asample/Astandard) ×Cstandard = mg/dL triglycerides 

To express the results in SI units, mg/dL × 0.0113 = mmol/L  

 

2.2.8.5. LDL cholesterol determination 

LDL cholesterol determination (Arsman et al., 1984) employed the technique of a 

unique precipitation method of LDL cholesterol by polyvinyl sulphate and then 

sedimentation of the precipitant. Then by determination of the concentration of rest of 

H2O2 

POD 

 

GK 

GPO 

LPL 
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lipoproteins (VLDL and HDL) present in clear upper supernatant and LDL cholesterol 

is calculated after subtracting the value from the total cholesterol of the sample.  

For the precipitation step, reagents and samples were kept at normal temperature. Then 

0.1 mL of precipitating reagent was mixed with 0.2 mL of standard/sample centrifuge 

tubes and the mixture was vortexed for proper mixing and kept for 10 mins for resting at 

room temperature. The respective tubes were then left for centrifugation for 10 mins at 

6000 r.p.m. Then the supernatant part was brought for colorimetric measurement of 

combined VLDL and HDL. Here two series of test tubes were prepared in parallel to 

measure total cholesterol of the sample and HDL and VLDL in the supernatant. Three 

test tubes were labelled as monoreagent, supernate and standard. Monoreagent 

containing l.0 mL reagent was considered as blank. Standard contained 1.0 mL 

monoreagent and 50 �L standard supernate. The supernatant contained l.0 mL 

monoreagent and 50 �L sample supernate. The test tubes were vortexed for proper 

mixing and left for 10 mins in laboratory temperature. Then absorbance (A) of 

supernatant and standard was measured at 500 nm in comparison to blank (only 

reagent). 

(Asupernatant/Astandard) ×Cstandard = mg/dL cholesterol supernatant  

LDL cholesterol = mg/dL cholesteroltotal – mg/dL cholesterol supernatant  

To express the results in SI units, the multiplication was used, mg/dL×0.02559 = 

mmol/L 

 

2.2.8.6. HDL Cholesterol determination 

This technique (Burstein et al., 1980) employed a separation process after specific 

precipitation process (by phosphotungstic acid/MgCl2) of apolipoprotein B containing 

VLDL, LDL and apolipoprotein A, and then sedimentation of the formed precipitation 

by centrifugation. Then the clear supernatant part of the sample is enzymatically treated 

to determine the high density lipoproteins (HDL).  

For the precipitation step, first of all reagents and samples were kept at laboratory 

temperature. Then 0.4 mL of precipitating reagent was poured into 0.2 mL standard or 

sample in the centrifugation tube. The mixture was then vortexed for proper mixing and 

kept at rest for 10 mins. The respective tubes were then placed in centrifuge machine for 

10 mins for centrifugation at a speed of 4000 rpm. Then the supernatant portion was 
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separated for colorimetric determination of HDL. Three test tubes were labelled as 

monoreagent, supernatant and standard. Monoreagent containing 1.0 mL reagent was 

considered as blank. Standard contained 1.0 mL monoreagent and 50 �L standard 

supernate. The supernate contained 1.0 mL monoreagent and 50 �L sample supernate. 

The test tubes were vortexed for proper mixing and left for 10 minutes at laboratory 

temperature. Then the absorbance (A) of the supernatant and the reference standard was 

measured at 500 nm using only reagent as blank.  

(Asupernatant/ A reference standard)× Creference standard = mg/dL HDL-Cholesterol 

To express the results in SI units, the multiplication was used, mg/dL x 0.0259 = 

mmol/L  

 

2.2.9. Thrombolytic activity of rosuvastatin and its complexes 

Cerebral venous sinus thrombosis (CVT) accounts for 0.5-1% of strokes that has a 

dominance to occur in women (Bousser and Ferro, 2007; Star and Flaster, 2013). 

Anticoagulant therapy is given in CVT patients in order to promote clot resolution and 

prevent clot expansion. To evade the limitations of traditional anticoagulants such as 

heparin and warfarin novel anti-thrombotic agents are come to light (Franvis, 2005). So, 

the experiment was performed to determine the thrombolytic property of rosuvastatin 

and three drug complexes. 

2.2.9.1. Method of working sample preparation  

Streptokinase was employed as working standard for inhibition of formation of 

thrombus. For preparation of samples, accurately weighted 100.00 mg of each sample 

was kept in previously marked vials where 10.0 mL of distilled water poured for making 

solution. Ready to use lyophilized Altepase (Sterptokinase) Eppendorf tube (Becon 

Pharmaceuticals Ltd.) of 15,00,000 I.U., was purchased and 5 mL disinfected mineral 

water was poured into and assorted appropriately. The mixture was utilized as stock 

from which 100 µL (30,000 I.U.) was employed for in vitro analysis of thrombosis. 

Whole blood (n=2) was collected from healthy human volunteer with no history of 

anticoagulant or oral contraceptives. Then 1.0 mL of blood was added to previously 

weighed disinfected eppendorf tube and left for formation of clot.   
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2.2.9.2. Measurement of Thrombolytic activity  

The thrombolytic scheme was determined using the process by Prasad et al. (Prasad et 

al., 2007) where streptokinase (SK) was utilized as positive control. Following the 

method, all samples (100 mg) were dissolved in 10 mL of distilled water and rested for 

overnight. After that, the soluble clear part of the sample was filtered and separated 

from each test tube. Then, a stock-of standard streptokinase of 100µL (30,000 I.U.) was 

measured for in vitro thrombolysis activity studies. Venous blood was drawn by using 

disinfected syringe from healthy volunteer. After this 1.0 mL of blood was added into 

weighed sterile Eppendorf tubes and were kept for incubation at 37 
o
C for 45 mins for 

development of thrombus. Then, the clear serum was totally decanted  from all tubes 

without interrupting clots and clot containing tubes were then again weighed to measure 

the weight of individual clot weight (clot weight = weight of clot containing tube – 

weight of only tubes). At every pre-weighed Eppendorf tube with clot 100 µL of 

streptokinase, 100 µL of distilled water and 100 µL aqueous solutions of our samples 

were added separately. Then all the tubes were left for incubation at 37 
o
C for 90 mins 

for the purpose of dissolution of clot. After the incubation period, the liberated fluids 

from all tubes were decanted carefully and weighed accurately to get the difference in 

weight of tubes after clot lysis. The differences in weight of tubes obtained before and 

after the clot disruption were expressed as percentage of clot lysis by following 

equation:  

% of clot lysis = (wt disrupted clot/ wt formed clot) × 100% 

2.2.10. Membrane stabilizing propertyof rosuvastatin and its complexes 

The membrane stabilizing property of the drugs and drug complexes were evaluated by 

the method used by Kawsar et al. (2011) by measuring their capability to inhibit 

hypnotic solution induced hemolysis of human erythrocyte.  

2.2.10.1. Preparation of the samples           

Analytical grade methanol was used to prepare the samples. Pure acetyl salicylic acid 

(ASA) was employed as reference standard. 

2.2.10.2. Erythrocytes (RBC) collection 

For the experiment human RBC was required. RBC was withdrawn from the male 

human free from chronic diseases with 72 kg weight (Figure 2.4.). Required RBC was 
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preserved in a test tube having in built anticoagulant EDTA, at 23±2 °C temperature and 

55±2 °C humidity.   

 

Figure 2.4. RBC collection. 

2.2.10.3. Preparation of phosphate buffer solution 

A buffer is a solution with stable pH. Buffer with pH 7.4 and strength of 10 mM was 

prepared with 0.0352% monosodium phosphate (0.352 g) dehydrate and 0.1099% 

disodium phosphate (1.099 g) anhydrate in a volume of 1000 mL water.   

2.2.10.4. Preparation of isotonic solution 

Either 0.16 M (approximately 0.95% salt in water) sodium chloride (NaCl) solution or 

0.3 M nonelectrolyte solution is approximately osmolar with human red blood cells. For 

the making of 500 mL isotonic solution of 154 mM strength, 4.5045 g NaCl was 

weighed and mixed with distilled water.  

2.2.10.5. Preparation of hypotonic solution 

A solution of less osmotic pressure than that of an isotonic solution is termed as 

hypnotic solution. In preparation of 500 mL hypnotic solution of 50 mM accurately 

weighed 1.4625 g of NaCl was measured and mixed with distilled water 

2.2.10.6. Preparation of erythrocyte suspension 

The venous blood was withdrawn and preserved, and washed three times with isotonic 

solution in 10 mM pH 7.4 sodium phosphate buffer. The mixture was then centrifuged 

for 10 min at 3000 rpm. The final suspensionwas referred as stock erythrocyte 

suspension.  
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2.2.10.7. Hypotonic solution induced hemolysis 

4.5 mL hypnotic solution in 10 mM buffer (pH 7.4) was added into each 0.5 mL of 

drugs and complexes (1.0 mg/mL of methanol) and to 0.5 mL of the standard acetyl 

salicylic acid (0.1 mg/mL of methanol). As control separately 4.5 mL of the hypotonic 

solution was also taken. Stock erythrocyte suspension (0.5 mL) was added to the drugs, 

drug complexes, standard and control. After that, the mixtures were kept at rest for 10 

mins at laboratory temperature and centrifuged at 3000 rpm for 10 mins. Then the 

absorbances of the clear supernatant were determined at 540 nm. Membrane 

stabilization in terms of the percentage of inhibition of hemolysis was calculated by the 

help of the following equation:  

% inhibition of hemolysis = 100 × (OD1-OD2/OD1)% 

Where, OD1= optical density of hypnotic buffered saline solution alone (control) and 

OD2= optical density or absorbance of test sample in hypnotic solution. 

2.2.11. In vitro antioxidant activity study of rosuvastatin and its complexes 

In vitro antioxidative abilities of drugs and drug complexes were screened in terms of 

DPPH free radical scavenging activity.  

2.2.11.1. DPPH free radical scavenging property   

Antioxidant activity of drugs and drug complexes was measured by a method described 

by Braca et al. (2001) which is developed upon the ability of the sample to reduce the 

stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical.  

2.0 mL of stock methanolic solution of drug and drug complexes were serial diluted to 

different concentration and there 3.0 mL of methanolic solution of DPPH (20 µg/mL) 

was added. The antioxidant property was determined from the bleaching of purple 

colored methanolic solution of DPPH radical by the drug and the drug complexes, and 

the quantification of the amount of bleaching was done by UV spectrophotometer using 

ter-butyl-1-hydroxytoluene (BHT) as standard. 
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2.2.11.2. Preparation of standard for antioxidant activity determination 

As positive control standard BHT (tert-butyl-1-hydroxytoluene) was used. A stock 

solution of 1000 µg/mL was prepared by weighing BHT and dissolving in methanol. 

Serial dilution was performed from the stock to make a range of concentration from 

500.0 µg/mL to 0.977 µg/mL. 

2.2.11.3. Preparation of test sample 

Drug samples were weighted and dissolved in methanol to get a stock solution of 1000 

µg/mL. After diluting serially, a range of concentration from 500.0 µg/mL to 0.977 

µg/mL were collected in test tubes and marked accordingly. 

2.2.11.4. Preparation of DPPH solution 

DPPH was accurately weighted (20 mg) and 20.0 µg/mL methanolic solution was 

prepared. By devising the solution in amber colored bottle was stored in dark area to 

prevent reduction. 

2.2.11.5. Evaluation of antioxidant property 

DPPH methanolic solution of  3.0 mL was mixed with 2.0 mL of sample (drug/control) 

at every concentration from 500 µg/mL to 0.977 µg/mL. After 30 min incubation of test 

tubes at dark cabinet at laboratory temperature the reaction was completed and then 

absorbance was studied at 517 nm in UV spectrophotometer using methanol as blank 

(Figure 2.5). The pecentage inhibitory property was calculated from the following 

equation:   

% of inhibition = [(Ao-A1)/Ao]×100 

Where, Ao = absorbance of control, A1 = absorbance of sample/standard 

 

 

 

 

+ RH 

Antioxidant 

 

 
*DPPH (oxidized) DPPH (reduced) 
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IC50value was determined from the equation of straight line obtained after plotting a 

graph of concentration (µg/mL) versus % inhibition. 

 

Figure 2.5. Antioxidant activity by DPPH assay. 

 

2.2.12. Fluorescence quenching characteristics of drugs and drug-drug complexes 

The fluorescence studies were conducted at three different temperatures 298 K, 308 K 

and 318 K that were maintained by using a circulating water bath. Different 

concentrations of aqueous drugs were 10 �M, 20 �M and 50 �M while BSA 

concentration was fixed at 10 �M. Solutions were made using pH 7.4 phosphate buffer. 

Most of the 295-400 nm range of fluorescence emission spectra were reported at 280 nm 

and 293 nm excitation wavelength. The test tubes having BSA solution and the drug/its 

complexes were heated mimium of 10 min before the fluorescence measurement 

(Tanwir et al., 2012). 

2.2.12.1. Quenching analysis by fluorescence spectrophotometer 

In order to evaluate the quenchingproperty, the fluorescence data can be elucidated from 

the Stern-Volmer equation (Lakowicz, 2006). 

F0/F = 1-Kqꞇ0[Q]= 1+ Ksv [Q] 

Here, F0 and F are the relative fluorescence intensities in the absence and presenc of the 

quencher, respectively, Ksv is the Stern-Volmer dynamic quenching constant. [Q] is the 

concentration of quencher, Kq is the biomolecular quenching rate constant, �0 is the 

average lifetime of the fluorophore in the excited state and usually for aproteinit is 10
-8

 

(Hu et al., 2010; Lakowicz, 1999; Zhao et al., 2010). From the values of Kq the 

formation of complex was further ascertained,         kq = KSV / �0 
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2.2.12.2. Evaluation of the binding constant and binding sites 

The efficacy of the drugs as therapeutics is principally dependent upon their binding 

possibilities which further control the stability and toxicity of the drug during their use 

in treating a disease (Suryawanshi et al., 2016). Moreover, for obtaining perceptions 

about the usual drug-protein interactions the study of drug-protein complex can be 

observed as an outstanding small project. To evaluate the binding interactions between 

antidiabetic-antihypertensive drugs and complexes with blood protein albumin, the 

values of binding constant were calculated from the fluorescence intensity data. When 

the drugs binds to a group of binding sites on a protein independently, then the amount 

of free drug and protein bounded drug is balanced by following the equation stated 

below (Zhao et al., 2009): 

Log (F0-F)/F = logK+ nlog[Q] 

Thus, the number of binding sites (n) and the binding constant (K) per BSA molecule 

may be determined, where F0, F and [Q] values are same as those in the Stern-Volmer 

equation. A plot of log [(F0-F)/F] versus log [Q] displays a straight-line equation and 

whose slope gives equivalent value for n and intercept on theY axis resemblances value 

of logK. 

2.2.12.3. Thermodynamic parameters and binding forces 

Four types of usual interaction forces between a protein and small organic molecule 

(drug) are hydrophobic interaction, hydrogen bonding, vander Waals forces and lastly 

electrostatic interaction. Types of individual kinds of interactions are interpreted from 

the values and direction of thermodynamic parameters like ΔH (change in enthalpy) and 

ΔS (change in entropy) which have been characterized by Ross and Subramanian 

(1981). If ΔH> 0 and ΔS>0, the interaction force employed may be the hydrophobic 

interaction. If ΔH<0 and ΔS<0, the associated drug protein binding forces may be 

hydrogen bonding or Vander Waals force driven. When ΔH<0 and ΔS>0 then in drug 

protein interaction electrostatic force plays major role. When a little of temperature is 

changed the ΔH can be considered as constant. Form the below Van’t Hoff equation 

these thermodynamic values can be calculated: 

lnKT= - (ΔH/RT)+ (ΔS/R) 

∆S is the change in entropy, K is the binding constant at temperature T, and R is the gas 

constant. From the slope and intercept of the fitted curve of Stern-Volmer equation of 
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InKsv against 1/T, both ΔH and ΔS were measured. From the slope of the Van’t Hoff 

equation the enthalpy change (ΔH) was calculated. The free energy change (ΔG) is 

calculated using the equation stated below: 

ΔG= H-TΔS 

The negative sign associated with the value of ΔG indicates the spontaneity of the drug-

protein interaction. 

 

 

Statistical Analysis 

The data are expressed as mean ± SD. Statistical analyses were performed using 

Microsoft-Excel 2007. 
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CHAPTER THREE 

RESULTS AND DISCUSSION 

 

3.1. OLMESARTAN MEDOXOMIL AND THREE ANTIDIABETIC DRUGS 

COMPLEXATION: SYNTHESIS, CHARACTERIZATION AND EVALUATION 

OF BIOLOGICAL ACTIVITY  

Three new complexes were synthesized as olmesartan-dapagliflozin (OD), olmesartan-

vildagliptin (OV) and olmesartan-metformin (OM). The complexes were assessed with 

different Rf values on TLC plate and new peak patterns of FT-IR and NMR spectra. 

Melting point determination and TGA analysis reflected the thermal stability and 

thermochemical characteristics of the synthesized complexes. The binding constant and 

binding points were determined by calculating the Stern-Volmer constant at different 

temperatures (298 K, 308 K and 318 K) at pH 7.4. Characterization and investigation of 

interactions of BSA- standard drug and BSA- drug complexes were covered. Moreover, 

thermodynamic properties such as change of enthalpy (ΔH), entropy (ΔS) and free 

energy (ΔG) were estimated to evaluate the type of binding energies. Moreover, anti-

diabetic activity (in vivo), biochemical study of serum and histopathological study of 

hepatic and nephritic tissues of the newly formed complexes were carried out. 

3.1.1. TLC characterization of the drug complexes 

Crystalline and amorphous complexes were formed during the complexation.  To 

compare the Rf values of the complexes with their precursor ligands (drugs) TLC tests 

were performed in the solvent system of MeOH-CHCl3 at a ratio of 40:60. There were 

found five prominent spots of the complexes having different Rf values from their 

precursor drugs (Table 3.1). The spots of the complexes indicated the formation of 

different complex compounds which might be new. 

Table 3.1. Rf values of precursor drugs and their complexes. 

Item Mobile phase Rf value 

Olmesartan medoxomil  

 

MeOH-CHCl3 

(40:60) 

0.8 

Dapagliflozin 0.6 

Vildagliptin 0.9 

Metformin HCl 0.3 

OD complex 0.7 

OV complex 0.5 

OM complex 0.3 

  

 



P a g e  | 52 

 

Studies of Drug-drug and Drug-metal Interactions of Some Selected Antidiabetic, 
Antihypertensive and Lipid Lowering Drugs 
 

3.1.2. Analysis of parent drugs and drug complexes by HPLC  

After complexation reactions the washed products and the precursor drugs were 

subjected to analysis by HPLC. The chromatographic analyses were carried out on a 

C18 analytical column (5 µm particle size, 25 mm x 46 mm id) using the mobile phase 

comprising of  a mixture of acetonitrile and 15 mM phosphate buffer in the ratio of 

60:40 v/v in isocratic mode. The eluate was monitored at 254 nm and the Rt (retention 

times) were obtained at 3.59 min, 3.80 min, 3.21 min, 2.50 min for olmesartan 

medoxomil, dapagliflozin, vildagliptin and metformin, respectively. On the other hand, 

Rt of the synthesized complexes were found at 2.87 min, 2.90 min and 3.30 min for OD, 

OV and OM, respectively. The chromatograms are shown in Figures 3.1-3.3.   

From the HPLC chromatograms it was obviously clear that the complex OD was 

different from the precursor drugs olmesartan medoxomil and dapagliflozin (Figure 

3.1); OV was different from the precursor drugs olmesartan medoxomil and vildagliptin 

(Figure 3.2), and OM was also different from olmesartan medoxomil and metformin 

(Figure 3.3). These phenomena indicated that the formation of the complexes which 

might be new. 
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Figure 3.1. HPLC chromatograms of O, D an
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Figure 3.2. HPLC chromatograms of O, V an
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 in Table 3.2 and in Figure 3.4. 

Table 3.2. Melting points from DSC thermog

ple Melting endot
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agliflozin 69.43 °C

agliptin 151.44 °

formin HCl 232.30 °
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(1) DSC thermogram of olmesartan medoxomil. 

 

 

(2) DSC thermogram of dapagliflozin. 
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(3) DSC thermogram of vildagliptin. 

(4) DSC thermogram of metformin 
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(5) DSC thermogram of complex OD. 

 

 

(6) DSC thermogram of complex OV. 
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(7) DSC thermogram of complex OM. 

 

Figure 3.4. DSC thermograms of drugs: (1) olmesartan medoxomil, (2) dapagliflozin, 

(3) vildagliptin, (4) metformin, (5) OD, (6) OV and (7) OM. 

 

The formed complex OD displayed an endothermic peak at 96.69 °C and this peak is 

found different from the peaks displayed by the parent precursor drugs viz. olmesartan 

medoxomil (183.07 °C) and dapagliflozin (69.43 °C) suggesting a new formation of 

complex. Similarly, other two new complexes OV and OM also gave endothermic peaks 

at 111.97 °C and 198.01 
o
C, respectively which were also different from their precursor 

drugs olmesartan, vildagliptin and metformin. These differences in DSC findings further 

recommended the evolution of new complexes as OV and OM (Figure 3.5).  
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Figure 3.5. Overlaid DSC thermograms of olmesartan medoxomil, dapagliflozin, 

vildagliptin, metformin HCl and the newly formed complexes viz. OD, OV and OM. 

 

3.1.4. Determination of melting point 

The melting pints of the complexes were found to be lower than that of precursor drugs, 

reflecting formation of different compounds from the precursor drugs and their thermal 

stability (Table 3.3). 

Table 3.3. Melting points of olmesartan and three antidiabetic drugs and their 

complexes, OD, OV and OM. 

Sample Melting point (°C) 

Olmesartan 175-180 °C 

Dapagliflozin 80-85 °C 

Vildagliptin 150-154 °C 

Metformin 221-225 °C 

OD 80-85 °C 

OV 100-105 °C 

OM 68-72 °C 
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3.1.5. Analysis of parent drugs and drug complexes by TGA  

TGA thermograms were assayed from the reactant drugs and their complexes. The pure 

drugs and the newly formed drug complexes showed different fragmentation patterns 

with the increase in temperature suggesting the molecular structural differences (Figure 

3.6). 

 

 

(1) TGA thermogram of olmesartan medoxomil. 

 

(2) TGA thermogram of the drug metformin HCl. 
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(3) TGA thermogram of the drug dapagliflozin. 

 

 

(4) TGA thermogram of the drug vildagliptin.                                  
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(5) TGA thermogram of the drug complex OV. 

 

(6) TGA thermogram of the drug complex OD. 
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(7) TGA thermogram of the drug complex OM. 

(8) Overlaid TGA thermograms of dapagliflozin, olmesartan and the complex OD. 
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 (9) Overlaid TGA thermograms of vildagliptin, olmesartan and the complex OV. 

(10) Overlaid TGA thermograms of metformin, olmesartan and the complex OM. 

 

Figure 3.6. TGA thermograms of pure drugs, drug complexes:(1) olmesartan 

medoxomil, (2) metformin HCl, (3) dapagliflozin, (4) vildagliptin, (5) OD, (6) OV, (7) 

OM, (8) Overlaid thermograms of dapagliflozin, olmesartan and the complex OD, (9) 

Overlaid thermograms of vildagliptin, olmesartan and the complex OV, (10) Overlaid 

thermograms of metformin, olmesartan and the complex OM. 

 

The overlaid TGA thermograms are shown in Figure 3.7 which revealed the different 

break down patterns of the newly formed complexes. 
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Figure 3.7. Overlaid TGA thermograms of precursor drugs and their complexes.   

 

Olmesartan medoxomil might be fragmented as shown in Figure 3.8 which was also 

described by Shankar et al. (2014). In the TGA thermogram, the drug 

olmesartanmedoxomil showed 20.17% degradation at 243.53 
o
C which corresponds to 

the first step release of medoxomil group from the drug molecule (i.e m/e 558.22 to m/e 

444.23) (Figure 3.7). This fragmentation pattern indicated the single entity of the drug.    

N

N

N

NN
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O O

O

O

O

OH

N

N

N

NN

HN

O
H

O N

NN

HN

N

NN

HN

m/e 558.22 m/e 444.23
m/e 222.09

m/e 70.03

m/e 154.08
 

Figure 3.8. Degradation pattern of olmesartan medoxomil. 
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TGA thermogram also showed 21.57% and 38.59% decomposition of dapagliflozin at 

279.53 
o
C and 327.85 

o
C, respectively (Figure 3.9) which also previously described by 

Amit et al. (2005).  

O C2H5

O
Cl

CH2OH

HO

HO

OH

O C2H5

O
-

O
Cl

O C2H5

Cl

m/e 422.15

m/e 331.11
m/e 260.10

 

 

Figure 3.9. Degradation pattern of dapagliflozine. 

 

In TGA thermogram the fragmentation pattern of vildagliptin was also found as 8.18% 

at 164.83 
o
C and 16.41% at 243.53 

o
C which shown in Figure 3.10. This pattern also 

supported by Neeraj  et al. (2016).  

 

NH

O

OH

N

H

CN

NH

O

OH

N

NH

O

OH

NH2

O

N

H

CN

m/e 305.21
m/e 280.22

m/e 225.17
m/e 153.09

 

 

Figure 3.10. Fragmentation pattern of vildagliptin. 

 

Like above mentioned drugs metformin HCl also decomposed 20.08% at 251.25 
o
C by 

removal of  HCl  molecule, and 51.96% fragmentation occurred at 300.47 
o
C by 

removal of secondary amide (-NH2-NH) group which was published by Agarwal et al., 

(2010) and are shown in Figure 3.11.  
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Figure 3.11. Decomposition pattern of metformin HCl. 
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After drug-drug complexation, the formed compounds also exhibited decomposition 

patterns which were different from their precursor drugs. The TGA thermogram of the 

complex OD showed the decomposition at 423.92 
o
C (50.10%) and 598.22 

o
C (56.97%) 

which were found to be different from the parent drugs olmesartan and dapagliflozin. It 

might be the formation of a different compound OD (Figure 3.7).      

Like OD, drug complex OM also exhibited different decomposition patterns than 

olmesartanmedoxomil and metformin. The 25.31% and 81.32% decompositions of OM 

occurred at 211.31 
o
C and 592.70 

o
C, respectively which were found to be different than 

that of olmesartan medoxomil and metformin (Figure 3.7) indicating the formation of a 

new complex. 

The drug complex OV also decomposed at 183.59 
o
C, 300.86 

o
C and 599 

o
C by 23.46%, 

33.84% and 78.74%, respectively. These decomposition patterns were found to be 

different from olmesartan medoxomil and vildagliptin indicating the synthesized new 

molecule as OV (Figure 3.7).The percentage of degradation at different temperature for 

Olmesartan, dapagliflozin, vildagliptin, metformin, OD, OV and OM is compiled in 

Table 3.4. 

Table 3.4. Percent (%) degradation of drugs and drug complexes from TGA 

thermograms. 

Sample % degradation with increasing temperature 

 (i) (ii) (iii) (iv) (v) 

Olmesartan  0 

at 26.02
o
C 

20.17 

at 243.53 

°C 

48.21 

at 418.69°C 

64.38 

at 516.36°C 

71.09 

at 599.66°C 

Dapagliflozin  0 

at 26.02 °C 

21.57 

at 279.53 

°C 

38.59 

at 327.85 °C 

86 

at 389.0 °C 

99.89 

at 599.57 °C 

Vildagliptin  0 

at 22.02 °C 

8.18 

at 164.83 

°C 

16.41 

at 243.53 °C 

30 

at 418.12 °C 

31 

at 599.65 °C 

Metformin  0 

at 28.49 °C 

20.08 

at 251.25 

°C 

51.96 

at 300.47 °C 

89.73 

at 447.06 °C 

98.90 

at 599.50 °C 

OD 

 

0 

at 23.0 °C 

7 

at 102.93 

°C 

46.53 

at 275.50 °C 

50.10 

at 423.92 °C 

56.97 

at 598.22 °C 

OV  

 

0 

at 27.60 °C 

23.46  

at 183.59 

°C 

33.84 

at 300.86 
o
C 

49.82 

at 474.99 
o
C 

78.74 

at 599 
o
C 

OM  

 

0 

at 27.07 °C 

25.31 

at 211.31 

°C 

63.70 

at 276.21 °C 

81.32 

at 592.70 °C 

88.42 

at 599.64 °C 
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3.1.6. Analysis of drugs and drug complexes by FT-IR  

 Specific functional group of organic molecules can be determined from the spectra of 

FT-IR. If the IR spectra of two or more compounds become identical, it indicates the 

same compounds.    

Likewise, any change or disappearance of signals indicates the different molecule(s).   

After drug-drug interactions the complexes were subjected to IR analysis and the spectra 

were found to be different in comparison to their precursor drugs indicating the 

formation of different molecules. The peaks obtained at 3655.11 cm
-1

, 3352.28 cm
-1

, 

3741 cm
-1

 in the FT-IR spectra of olmesartan medoxomil, dapagliflozin, vildagliptin, 

respectively indicated the presence of the OH group stretching. But the above 

mentioned stretching peaks of OH group were disappearedfrom the spectra of FT-IR of 

OD and OV. On the other hand, characteristic single peak at 3410.15 cm
-1

 and 3414 cm
-

1
 were obtained in the IR spectra of OD and OV, respectively. Similarly, characteristic 

stretching peak for -NH2 group of metformin shifted  from 3742.93 cm
-1

 to 3232.75 cm
-1

 

in the spectrum of OM (Figure 3.12) which indicated the formation of a complex 

between the two drugs (Aktar et al., 2019).    

 

(1) FT-IR spectrum of the drug olmesartan medoxomil. 
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(2)  FT-IR spectrum of dapagliflozin. 

 

(3)  FT-IR spectrum of vildagliptin. 
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(4) FT-IR spectrum of metformin HCl. 

 

(5) FT-IR spectrum of complex OD. 
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(6) FT-IR spectrum of complex OV. 

 

(7) FT-IR spectrum of complex OM. 

 

Figure 3.12. FT-IR spectra of pure drugs and complexes: (1) olmesartan medoxomil, 

(2) dapagliflozin, (3) vildagliptin, (4) metformin HCl,(5) OD, (6) OV and (7) OM. 

 

Overlaid FT-IR spectra implies the results in Figure 3.13. 
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(1) Overlaid FT-IR spectra of olmesartan medoxomil, 

dapagliflozin and complex OD. 

(2) Overlaid FT-IR spectra of olmesartan medoxomil, vildagliptin 

and complex OV. 
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(3) Overlaid FT-IR spectra of olmesartan medoxomil, metformin 

and complex OM. 

 

Figure 3.13. Overlaid FT-IR spectra of olmesartanmedoxomil and its complexes: (1) 

olmesartan medoxomil, dapagliflozin and complex OD, (2) olmesartan medoxomil, 

vildagliptin and complex OV, (3) olmesartan medoxomil, metformin and complex OM. 

 

3.1.7. 
1
H NMR spectra of parent drug and drug complexes 

No attempt was taken for in-depth analysis of the spectral data. The main objective of 

acquiring the 
1
H NMR spectra of the drugs and complexes was to see the differences in 

the spectral patterns between the parent drug(s) and the corresponding synthesized 

complex(es). Careful analysis of the 
1
H NMR spectra demonstrated that differences 

could be seen between the spectra of the parent drug and synthesized complex. This was 

only to show that complexes were formed which was further supported by TLC, TGA, 

DSC and FTIR analyses. 

1
H NMR of the reference drugs, drug-drug solid mixture interaction without solvent and 

the newly synthesized drug complexes were recorded to compare if complexation 

happened or not. The newly formed drug complexes were found impure with unreacted 

individual drugs. 

So, to study the detailed structure of the new complexes further purifications have been 

suggested. In (Figure 3.14.) the 
1
H NMR spectra of olmesartan medoxomil, 
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dapagliflozin, their unreacted mixture and the new complex OD have been shown.
 1

H 

NMR spectrum of olmesartan medoxomil, vildagliptin, their unreacted mixture and the 

new complex OV have been shown in Figure 3.15. In Figure 3.16, the 
1
H NMR spectra 

of olmesartan medoxomil, metformin, their unreacted mixture and their new complex 

OM have been shown. 

(1) NMR of olmesartan medoxomil. 

(2) NMR of olmesartan medoxomil. 
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(3) NMR of olmesartan medoxomil. 

(4) NMR of dapagliflozin. 
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(5) NMR of dapagliflozin. 

(6) NMR of dapagliflozin. 
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(7) NMR of complex OD. 

(8) NMR of complex OD. 
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(9) NMR of complex OD. 

(10) NMR of unreacted solid mixture of olmesartan and dapagliflozin. 
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(11) NMR of unreacted solid mixture of olmesartan and dapagliflozin. 

 

Figure 3.14. NMR spectra ofolmesratanmedoxomil (1-3), dapagliflozin (4-6), reacted 

complex OD (7-9) and unreacted solid mixture of olmesartanmedoxomil and 

dapagliflozin (10-11). 
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(12) NMR of olmesartan medoxomil. 

(13) NMR of vildagliptin. 
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(14) NMR of complex OV. 

(15) NMR of complex OV. 
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(16) NMR of complex OV. 

(17) NMR of solid mixture of unreacted olmesartan and vildagliptin. 
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(18) NMR of solid mixture of unreacted olmesartan and vildagliptin. 

(19) NMR of solid mixture of unreacted olmesartan and vildagliptin. 

 

Figure 3.15. NMR spectra of olmesratan medoxomil (12), vildagliptin (13), reacted 

complex OV (14-16) and unreacted solid mixture of olmesartan medoxomil, vildagliptin 

(17-19). 
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(20) NMR of olmesartan medoxomil. 

(21) NMR of metformin HCl. 
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(22) NMR of complex OM. 

(23) NMR of complex OM. 
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(24) NMR of complex OM. 

(25) NMR of unreacted solid mixture of olmesatan medoxomil and metformin HCl. 
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(26) NMR of unreacted solid mixture of olmesatan medoxomil and metformin HCl. 

(27) NMR of unreacted solid mixture of olmesatan medoxomil and metformin HCl. 

 

Figure 3.16. NMR spectra ofolmesratan medoxomil (20), metformin HCl (21), complex 

OM (22-24) and unreacted solid mixture of olmesartan medoxomil and metformin HCl 

(25-27). 
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3.1.8. Postulation of the complex formation 

The syntheses of complexes are postulated according to the following reaction. In this 

postulation olmesartan medoxomil and dapagliflozin interacted by condensation 

reaction to produce complex 1 and complex 2 which were assumed to be under suitable 

condition (Dams et al., 2015). 

 

Olmesartan medoxomil + Dapagliflozin                                   Complex 1 + Complex 2 

 

R1 N N

CH3

CH3
O

OH

HO

CH3

+

Olmesartan
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O
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Dapagliflozin

-C2H5OH

R1 N N

CH3

CH3

O

O HO

CH3

R2

Complex 1
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c

N
N

HN N +
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O
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N

N N

c N
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N N
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HO

OH

N N

CH3

O

CH3

OH

OH
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According to Neeraj et al. (2016), olmesartan medoxomil and vildagliptin reacted with 

each other and released a water molecule in presence of acid to form new complexes 

which are shown as follows;  

    

Olmesartan medoxomil + Vildagliptin                      Complex 3 + complex 4 

 

H
+
, catalyst 

C2H2OH 

(H
+
, H2O) 
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R1 N N

CH3
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During the reaction of olmesartan and metformin one molecule of water was depleted 

from the condensation complex. This reaction was supported by TGA which was shown 

as below; 

 

Olmesartan medoxomil + Metformin                                     Complex 5 

 

R1 N N

CH3

CH3
O

OH
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NH NH N

CH3

CH3

H+, -H2O

R1 N N

C
H
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3.1.9. Fluorescence quenching studies  

The tryptophan, tyrosine and phenyl alanine, components of BSA and known as 

fluorophores emit fluorescence when BSA is excited by a suitable wavelength. The 

fluorescence property of serum albumin is the combined contribution of both tryptophan 

and tyrosine when a 280 nm light excites the protein but at 293 nm wavelength only 

R4 =

N

H

CN

R5 =

OH
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Figure 3.17. Emission spectra of BSA in presence of different concentration of  

olmesartan medoxomil, dapagliflozin, vildagliptin, metformin, complex OD, complex 

OV, complex OM, (T= 298K, 308K and 318K; λex = 280 nm). C(BSA) = 10×10
-6

 mol 

L
-1

, C (drugs/drug complexes) (10
-6

 mol L
-1

), curves a»d: 0, 10, 20 and 50 µM, 

respectively. 

The Stern-Volmer plots of BSA quenching by Olmesartan, dapagliflozin, vildagliptin, 

metformin, OD complex, OV complex and OM complex at three different temperature 

are shown in Figure 3.18 and the corresponding Stern-Volmer quenching constants 

(Ksv) as well as  rate constant (Kq) of quenching are also summarized in Table 3.5. 
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Figure 3.18. BSA quenching Stern-Volmer plots with increased concentrations of 

olmesartan, dapagliflozin, vildagliptin, metformin, complex OD, complex OV and 

complex OM at 298K, 308K and 318K. 

As Ksv values increased with the increase in the temperature it can be assumed that 

these drugs and the newly formed complexes quench the BSA by dynamic quenching 
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mechanism. The energy of activation for quenching reaction was measured from the 

Arrhenious plot (Figure 3.19) and the values were listed in the Table no 3.5. The result 

revealed that the energy of activation for drug complexes was less than the energy of 

activation of their individual interactions which is also an indicator of the complexation 

between the drugs. 

 

 

 

 

 

1 

 

2 

Figure 3.19. Arrhenius plot (1) and Van’t Hoff plot (2), for interaction of BSA with 

olmesartan, dapagliflozin, vildagliptin, metformin, OD complex, OV complex and OM 

complex to determine the energy of activation of quenching process at pH 7.4, C (BSA) 

= 10.0×10
-6

mol.L
-1

. 
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Table 3.5. Stern-Volmer quenching rate constant Ksv and Kq of the olmesartan-BSA, 

dapaglifozin-BSA, vildagliptin-BSA, metformin-BSA, OD-BSA, OV-BSA and OM-

BSA system at different temperature at physiological pH. 

System T(K) 1/T(K
-1

) Ksv (×10
4
L.mol

--1
) Kq(×10

12
L.mol

-

1
) 

Ea 

(KJ.mol
-1

) 

Olmesartan-

BSA 

298 

308 

318 

0.0034 

0.0032 

0.0031 

0.8 

1.5 

5.7 
 

0.8 

1.5 

5.7 
 

-81.5 

 

Dapagliflozin

-BSA 

298 

308 

318 

0.0034 

0.0032 

0.0031 

0.3 

0.6 

4.9 
 

0.3 

0.6 

4.9 
 

 

116 

 

Vildagliptin-

BSA 

298 

308 

318 

0.0034 

0.0032 

0.0031 

0.6 

0.9 

3.3 
 

0.6 

0.9 

3.3 
 

70.69 

 

Metformin-

BSA 

298 

308 

318 

0.0034 

0.0032 

0.0031 

0.6 

0.67 

4.11 
 

0.6 

0.67 

4.11 
 

79.83 

 

OD-BSA 298 

308 

318 

0.0034 

0.0032 

0.0031 

0.4 

0.5 

3.8 
 

0.4 

0.5 

3.8 
 

93.97 

 

OV-BSA 298 

308 

318 

0.0034 

0.0032 

0.0031 

1.03 

1.09 

4.29 
 

1.03 

1.09 

4.29 
 

59.46 

 

OM-BSA 298 

308 

318 

0.0034 

0.0032 

0.0031 

0.5 

0.7 

3.08 
 

0.5 

0.7 

3.08 
 

75.26 

 

 

3.1.9.1. Analysis of thermodynamic parameters and the binding forces 

The linear Van’t Hoff plot (Figure 3.19, Table 3.6) was used to determine the 

thermodynamic parameters at three different temperatures like as 298 K, 308 K and 318 

K. These are calculated on the basis of binding constants. The negative ΔG value 

indicated the spontaneous interaction process. The positive ΔH and ΔS value indicated 

that the binding of dapagliflozin, vildagliptin, metformin, OD, OV and OM with BSA 

was predominantly by enthalpy driven where major interaction force was hydrophobic 

interaction. But in case of olmesartan medoxomil the negative ΔH value along with 

ΔS>0, suggested that only electrostatic force was responsible for the BSA quenching 

process. 
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Table 3.6. Thermodynamic parameters of drugs and newly synthesized drug complexes 

mediated BSA quenching at 298 K, 308 K and 318 K. 

system T(K) 1/T(K
-1

) ΔH(KJ/mol) ΔS(j/mol/K) ΔG (KJ/mol) 

Olmesartan-

BSA 
298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

-14.14 

 

23.9 

 
-7136.34 

-7375.34 

-7614.34 
 

Dapagliflozin-

BSA 
298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

114.24 

 

449 

 
-133687.76 

-138177.76 

-142667.76 
 

Vildagliptin-

BSA 
298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

70.686 

 

285 

 
-84859.314 

-87709.314 

-90559.314 
 

Metformin-

BSA 
298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

79.83 

 

333.55 

 
-99318.07 

-102653.57 

-105989.07 
 

OD-BSA 298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

93.98 

 

377 

 
-112252.02 

-116022.02 

-119792.02 
 

OV-BSA 298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

59.04 

 

270 

 
-80400.96 

-83100.96 

-85800.96 
 

OM-BSA 298 

308 

318 
 

0.0033 

0.0032 

0.0031 
 

75.68 

 

320 

 
-95284.32 

-98484.32 

-101684.32 
 

 

3.1.9.2. Analysis of binding constants (n) and no of binding points (Kb) 

The No of binding sites (n) and binding constant (kb) were determined from graphical 

calculation of the plot of log (F0-F)/F vs log[Q] and the values are displayed in the Table 

3.7, Figure 3.20. Except from metformin-BSA system, in all the interactions the Kb 

values were increased with increase in temperature. But the n value almost remains 

constant with the change in temperature, except metformin-BSA system and it was 

found to be almost 1 which also demonstrated towards 1:1 mole ratio interaction with 

BSA and drugs. 
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(1) Olmesartan-BSA (2) Dapagliflozin-BSA 

(3) vildagliptin-BSA (4) Metformin-BSA 

(5)  OD-BSA (6)  OV-BSA 
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(7) OM-BSA 

 

Figure 3.20. Log plot for determination of binding constant (Kb) and no of binding 

point (n) for different systems like (1) Olmesartan-BSA,(2) dapagliflozin-BSA,(3) 

Vildagliptin-BSA,(4) metformin-BSA,(5) OD-BSA,(6) OV-BSA and (7) OM-BSA at 

298 K, 308 K and 318 K. 

Table 3.7. Binding constant (Kb) and no of binding sites (n) of the pure drugs and drug 

complexes at three different temperatures like 298 K,308 K and 318 K. 

Interaction 

system 

pH T(K) Kb(L/mol) n 

Olmesartan-BSA 7.4 298 

308 

318 
 

0.11 

0.08 

1.2 
 

0.36 

0.61 

0.28 
 

Dapagliflozin-

BSA 

7.4 298 

308 

318 
 

0.13 

0.16 

1.22 
 

0.136 

0.257 

0.239 
 

Vildagliptin-BSA 7.4 298 

308 

318 
 

0.133 

0.121 

1.488 
 

0.8633 

0.393 

0.096 
 

Metformin-BSA 7.4 298 

308 

318 
 

5.86 

0.06 

0.42 
 

2.31 

0.49 

0.45 
 

OD-BSA 7.4 298 

308 

318 
 

0.085 

0.082 

0.827 
 

0.27 

0.33 

0.26 
 

OV-BSA 7.4 298 

308 

318 
 

0.051 

0.194 

1.715 
 

0.601 

0.303 

0.121 
 

OM-BSA 7.4 298 

308 

318 
 

0.057 

0.02 

0.804 
 

0.41 

0.801 

0.23 
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3.1.10. Analysis of blood glucose level in mice 

Blood glucose levels for seven groups of mice were measured at every two days interval 

in fasting condition. The glucose levels in mmol/L were listed in Table 3.8. 

 

 

Table 3.8. Fasting blood glucose level (mmol/L) of different group of mice at different 

days. 

  SL Before 

administra

-tion of 

alloxan 

After 

administr

ation of 

alloxan 

Application of drugs 

Group I 

(control) 

Day 2 Day 

4 

Day 

6 

Day 

8 

Day 

10 

Day 

12 

Day 

14 

  

  

  

  

  

1 5.2        6.2 

2 5.1 ND ND ND ND ND ND ND 5.2 

3 6.1        5.1 

4 6.2        6.1 

5 6.1        6.2 

 Mean  5.74        5.76 

ND= Not Detected 

 

 

 

  SL Before 

administra

tion of 

alloxan 

After 

adminis

tration 

of 

alloxan 

Application of drugs 

Group II 

(metform

in) 

Day 

2 

Day 

4 

Day 6 Day 8 Day 

10 

Day 

12 

Day 

14 

  

  

  

  

  

1 3.6 30.4 25.7 18.7 20.5 19.1 18 18.5 19.5 

2 3.4 32.1 32.1 19.8 19.7 19.5 19.2 19.1 18.9 

3 3.5 32 29 18.7 19.3 19.4 18.3 18.2 18.2 

4 3.6 31.6 24.8 23.5 22.4 22.2 21.8 20.7 19.8 

5 4.1 31.6 29.4 27.3 27.2 26.4 22.7 20.3 18.7 

 Mean  3.64 31.54       19.02 
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  SL Before 

administrat

ion of 

alloxan 

After 

administr

ation of  

alloxan 

Application of drugs 

Group 

IV 

(Dapagli

flozin) 

Day 2 Day 

4 

Day 

6 

Day 

8 

Day 

10 

Day 

12 

Day 

14 

  

  

  

  

  

1 4.3 30.3 31.6 27.7 26.3 25.2 24.7 23.6 20.2 

2 4.4 29.6 16.5 12.5 12.3 12.2 11.9 10.3 10.2 

3 4.1 High 28.7 26.8 22.8 21.5 20.5 11.5 9.2 

4 3.8 29 .6 7.4 High 26.4 17 High 30.2 17.6 

5 3.6 31.2 7.1 10.6 10.2 9 9.1 8.8 8.5 

 Mean  4.04 30.367             13.14 

  SL Before 

administr

ation of 

alloxan 

After 

adminis

tration 

of 

alloxan 

Application of drugs  

Group VI 

(Vildaglip

tin) 

Day 

2 

Day 

4 

Day 

6 

Day 

8 

Day 

10 

Day 

12 

Day 14 

  

  

  

  

  

1 4.7 31.4 28.3 26.6 20.4 19.9 18.7 18.6 15.2 

2 4.5 30.4 30.1 28.9 22.4 16.3 6.8 7.8 7 

3 4.9 31.5 26.7 High 22.6 21.7 19.3 18.7 18.7 

4 3.8 30.6 25.6 20.8 19.4 19.3 18.3 18.1 16.2 

5 4.1 31.1 31 27.9 22.9 20.5 20.3 20.1 18.5 

 Mean  4.4 31             15.12 
 

  SL Before 

adminis

tration 

alloxan 

After 

adminis

tration 

alloxan 

Application of drugs   

Group 

XVI (OM) 

Day 2 Day 

4 

Day 6 Day 8 Day 

10 

Day 

12 

Day 

14 

  

  

  

  

  

1 5.3 31.9 29.3 27.2 24.4 20.1 21.1 19.1 18.5 

2 6.1 High 24.6 23.9 30.2 27.6 24.5 20.2 19.3 

3 5.7 23.3 20.6 18.2 17.2 15.1 12.1 10.1 10 

4 4.1 30.1 28.2 23.5 22.6 21.5 19.8 18 19 

5 5 32.2 28.9 26.2 24.2 20.3 19.5 17.2 17 

 Mean  5.24 29.36      16.92 16.76 
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  SL Before 

admini

stration 

of 

alloxan 

After 

admini

stration 

of 

alloxan 

Application of drugs 

Group 

XIV 

(OD) 

Day 

2 

Day 4 Day 

6 

Day 8 Day 

10 

Day 12 Day 

14 

  

  

  

  

1 3.1 32 30 28.5 21.5 14.4 12.2 12.8 27.7 

2 3.4 High 32 30.3 30.2 30.6 8.2 8.1 7.9 

3 2.8 29.9 29.8 29.4 26.2 21.8 20.2 18.5 15.3 

4 3.9 27.2 25.9 22.6 21.6 19.3 18.3 15.2 11.5 

5 4.1 32.6 32.3 32.3 D         

 Mean  3.46 30.425             15.6 

 

 

  SL Before 

admini

stration 

of 

alloxan 

After 

administra

tion of 

alloxan 

Application of drugs 

Group 

XV (OV) 

Day 

2 

Day 

4 

Day 

6 

Day 

8 

Day 

10 

Day 

12 

Day 14 

  

  

  

  

  

1 2.9 31.8 High 30 28.8 28.4 30.2 25 23.1 

2 2.7 32.6 25.2 23.1 27.4 15.3 12.2 10.2 10 

3 3.2 29.4 30.2 31.2 30.1 High D     

4 2.5 31.9 30.9 31.2 32.0 30.2 D     

5 3.2 31.1 High 25.1 23.2 20.5 19.3 15.2 15.1 

 Mean  2.9 31.36             16.07 
 

 

After 14 days of treatment the antidiabetic drugs metformin, dapagliflozin and 

vildagliptin reduced the blood sugar 39.70%, 56.73% and 51.22% respectively. While 

the newly synthesized complexes OM, OD and OV reduced the blood sugar by 42.95%, 

50.50% and 48.66%, respectively. The results are demonstrated in Table 3.9 and Figure 

3.21.   
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Table 3.9.  Anti-diabetic activity of the pure drugs and drug complexes 

Groups Before 

Alloxan 

SD After 

Alloxan 

SD After 14 

Days 

SD (±) 

Control 5.74 0.856154192   5.76 0.904434 

Metformin 3.64 0.270185122 31.54 0.676757 19.02 0.637966 

Dapagliflozin 4.04 0.336154726 30.37 0.802081 13.14 5.371964 

Vildagliptin 4.4 0.447213595 31 0.484768 15.12 4.778807 

OM 5.24 0.760263112 29.36 4.154816 16.76 3.881108 

OD 3.46 0.484148737 30.425 2.114681 15.6 7.459893 

OV 2.9 0.3082207 31.36 1.217785 16.07 6.603282 

 

 

Figure 3.21. Antidiabetic activity of drug complexes OD, OV and OM in comparison to 

metformin, dapagliflozin and vildagliptin. 

 

3.1.11. Histopathological study results of drugs and drug complexes 

Hepatic and nephrotic tissues of pure dapagliflozin, vildagliptin and metformin HCl 

treated mice showed no remarkable changes. But OD complex treated mice liver tissue 

and OV complex treated kidney tissue showed moderate to severe dysplasia, 

respectively (Figure 3.22). 
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Serum 

creatinine 

(mg/dL) 

Serum creatinine 

(mg/dL) 

Serum 

creatinin

(mg/dL)

4.7 3.57 3.13 

3.58 3 3.56 

3.43 3.14 3.7 

2.99 4.32 3.51 

3.78 4.37 4.12 

5.1 4.07 4.5 

5.1 6.62 6.12 

 

Serum creatinine level of mice groups treated 
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3.1.13. Analysis of serum uric acid in mices treated with drugs and complexes  

If serum uric acid level is ≤ 7.0 mg/dL, which is   known as hyperuricemia, may cause 

gout, impaired renal uric acid excretion or produce both the problems in human body 

(Shoji et al., 2004) Therefore the level of uric acid is a risk factor not only for arising 

gout but also the cardiovascular diseases, nephrolithiasis, diabetes, obesity and 

dyslipidemia (Fang and Alderman, 2000; Hayden and Tyagi, 2004; Nakagawa et al., 

2006).  

Uric acid level was found elevated from the normal values and found 17.59, 10.06, 

11.37, 16.84, 12.75, 15.64 and 17.81 mg/dL respectively for the control group, 

metformin, dapagliflozin, vildagliptin, OM, OD and OV treated mice group. The results 

are stated below in Table No. 3.11 and Figure No. 3.24.  

Table 3.11. Serum Uric acid level after treatment with the drugs and drug complexes in 

different mice groups. 

Groups Serum uric acid (mg/dL) SD 

Control 17.59 1 

Metformin 10.06 1.5 

Dapagliflozin 11.37 1.2 

Vildagliptin 16.84 1.6 

OM 12.75 1.5 

OD 15.64 1.7 

OV 17.81 1.8 

 

 

Figure 3.24. Serum uric acid levels in different mice treated with drug and drug 

complexes.  
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3.1.14. Serum SGPT and SGOT analysis in different mice groups 

Due to damage of cells by oxidative stress SGPT and SGOT enzymes are activated in 

liver. The affected hepatocytes of liver excrete out SGPT and SGOT from liver cells 

into the bloodstream. The serum SGPT is an indicator of damaged liver. The serum 

SGOT level is also a marker of liver damage as well as other cell damage like muscles 

and heart.   

The results of SGPT and SGOT levels in drugs treated mice group were displayed in 

Figure 3.25 and Table 3.12. The serum SGPT level for control, metformin, 

dapagliflozin, vildagliptin, complex OM, OD and OV treated mice were calculated as 

23.85 U/L, 20.28 U/L, 21.02 U/L, 21.17 U/L, 17.35 U/L, 20.15 U/L and 27.78 U/L, 

respectively. Serum SGOT level in mice after treatment with drugs and drug complexes 

were found 21.23 U/L, 18.42 U/L, 17.24 U/L, 17.70 U/L, 15.54 U/L, 18.91 U/L and 

25.67 U/L, respectively for control, metformin, dapagliflozin, vildagliptin, OM, OD and 

OV. 

Table 3.12. Serum SGPT and SGOT level in mice after treatment with drug and drug-

complexes. 

Group SGPT(U/L) SD SGOT(U/L) SD 

Control 23.8533 3.33 21.23 3.25 

Metformin 20.2842 3.01 18.42 2.51 

Dapagliflozin 21.0242 3.51 17.242 3.35 

Vildagliptin 21.17 2.91 17.7 2.43 

Complex OM 17.353 3.78 15.543 3.78 

Complex OD 20.154 3.98 18.91 3.69 

Complex OV 27.78 3.8 25.67 3.5 
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Figure 3.25. Serum SGPT and SGOT level of mice after treatment with drugs and drug 

complexes. 
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3.2. ROSUVASTATIN, PERINDOPRIL ERBUMINE AND 

VILDAGLIPTIN COMPLEXATION: SYNTHESIS, 

CHARACTERIZATION AND ASSESSMENT OF BIOLOGICAL 

ACTIVITY 

The synthesis of complexes of rosuvastatin with perindopril erbumine and vildagliptin, 

called rosuvastatin-perindopril complex (PR), rosuvastatin-vildagliptin complex (RV) 

and perindopril-vildagliptin complex (PV) were done by co-evaporation technique. The 

complexation was evaluated with new peak patterns in FT-IR spectra and different Rf 

values over TLC plate. TGA analysis and melting point determination revealed the 

thermal stability and thermochemical characteristics of the synthesized complexes. 

Their protein binding characteristics using BSA was carried out by fluorescence 

quenching strategy. The binding phenomena were evaluated by estimating the Stern-

Volmer constant, binding points determinations at the temperature of 298 K, 308 K and 

318 K at pH 7.4 (physiological pH). Characterization and evaluation of BSA-Standard 

drug and BSA-Drug complexes interactions were done. Moreover, various 

thermodynamic points e.g.  enthalpy change (ΔH), entropy change (ΔS) and free energy 

evolution (ΔG) were calculated to assess the properties of the binding energies. Finally, 

in vivo lipid lowering activity, in vitro thrombolytic, membrane stabilizing and 

antioxidant activities were evaluated. 

 

3.2.1. TLC characterization of drugs and drug complexes 

TLC assays of drugs and their complexes were carried out on plates (precoated TLC 

plate, F 254) using methanol and dichloromethane in the ratio of 20:80 as mobile phase in 

order to identify the formation of complex. The Rf values were found as mentioned in 

the Table 3.13. 

 

Table 3.13. Rf values of rosuvastatin, perindopril, vildagliptin and their complexes. 

Item Rf Value 

Rosuvastatin 0.8 

Perindopril erbumine 0.6 

Vildagliptin 0.5 

RP complex 0.35 

RV complex 0.4 

PV complex 0.75 
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3.2.2. Analysis of melting points of drugs and drug complexes 

The melting points of the complexes were found to be different than that of their parent 

drugs. Rosuvastatin and vildagliptin showed their melting point at 156-160 °C and 145-

150 °C, respectively while the RV complex melted at 110-115 °C. Similarly, perindopril 

gave melting point at 126-130 °C while the drug complexes PV and PR exhibited the 

melting points at 115-118 °C, 55-60 °C, respectively (Table 3.14).  

Table 3.14. Different melting points of the drugs rosuvastatin, perindopril, vildagliptin 

and the newly formed complexes PR, RV and PV. 

Item Melting point 

Rosuvastatin 156-160 °C 

Perindopril erbumine 126-130 °C 

Vildagliptin 145-150 °C 

PR complex 55-60 °C 

RV complex 110-115 °C 

PV complex 115-118 °C 

 

3.2.3. TGA thermogram analysis of parent drugs and drug complexes 

 TGA thermograms were recorded for parent drugs and the formed complexes and have 

been shown in Figure 3.26. 

 
(1) TGA thermogram of perindopril erbumine. 
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(2) TGA thermogram of rosuvastatin. 

(3) TGA thermogram of vildagliptin. 
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(4) TGA thermogram of complex PR. 

(5) TGA thermogram of the drug complex PV. 
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(6) TGA thermogram of the drug complex RV. 

 

Figure 3.26. TGA thermograms of the drugs and newly formed drug complexes: (1) 

perindopril, (2) rosuvastatin, (3) vildagliptin, (4) drug complex PR, (5) drug complex 

PV, (6) drug complex RV. 

 

In TGA perindopril produced 4.35% and 93.16% degradation at 110.40 °C and 301.20 

°C, respectively. From the TGA of rosuvastatin, 4.43% and 75.84% degradation were 

observed at 204.23 °C and 599.59 °C, respectively. Vildagliptin also showed 2.47% and 

30.07% degradation at 91.96 °C and 418.12 °C, respectively (Figure 3.26). 

The overlaid TGA thermograms are given shown in Figure 3.27 which revealed 

different break down patterns of the newly formed drug complexes and the parent drug 

molecules. 
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(1) Overlaid TGA thermograms of perindopril, vildagliptin and the complex 

PV. 

 
(2) Overlaid TGA thermograms of perindopril, rosuvastatin and the complex 

PR. 
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(3) Overlaid TGA thermograms of vildagliptin, rosuvastatin and the complex 

RV. 

Figure 3.27. The three overlaid TGA thermograms of the drugs and newly formed drug 

complexes: (1) Overlaid TGA thermograms of perindopril, vildagliptin and the complex 

PV, (2) Overlaid TGA thermograms of perindopril, rosuvastatin and the complex PR 

and (3) Overlaid TGA thermograms of vildagliptin, rosuvastatin and the complex RV. 

 

The TGA thermogram of PR revealed 11.7% and 60.09% degradation at corresponding 

temperature of 152.60 °C and 479.14 °C. The new complex PV gave 13.61% and 

19.87% degradation at the temperatures of 140.56 °C and 199.36 °C, respectively. From 

the TGA thermogram of RV the 5.7% degradation was found at 130.46 °C and 12.48% 

at 224.85 °C. The drug complexes showed different degradation patterns from their 

parent drug molecules (Table 3.15). 
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Table 3.15. Percent (%) degradation of pure drugs and drug complexes with increasing 

temperature from TGA thermograms. 

Sample % degradation with increasing temperature 

 (i) (ii) (iii) (iv) (v) 

Perindopril 

(P) 

0 

at 22.91
o
C 

4.35 

at 110.40 

°C 

34.05 

at 205.94 

°C 

93.16 

at 301.20 °C 

98.92 

at 599.65°C 

Rosuvastatin 

(R) 

0 

at 21.40 °C 

4.43 

at 204.25 

°C 

48.9 

at 363.12 

°C 

48.9 

at 363.12 °C 

75.84 

at 599.59 °C 

Vildagliptin 

(V) 

0 

at 22.02 °C 

2.47 

at 91.96 °C 

17.83 

at 252.19 

°C 

30.07 

at 418.12 °C 

31.89 

at 599.65 °C 

PR complex 

 

0 

at 28.66 °C 

2.6 

at 107.58 

°C 

11.7 

at 152.60 

°C 

18.38 

at 267.72 °C 

62.52 

at 599.67 °C 

PV complex 

 

0 

at 31.20 °C 

2.71  

at 97.39 °C 

13.61 

at 140.56 
o
C 

92.28 

at 350.48 
o
C 

98.33 

at 599.60 
o
C 

RV complex 

 

0 

at 28.08 °C 

5.7 

at 130.46 

°C 

12.48 

at 224.85 

°C 

66.61 

at 358.88 °C 

84.58 

at 599.56 °C 

 

3.2.4. FT-IR spectra analysis of drugs and drugs complexes 

Wave number of 2929.87 cm
-1

 in the IR spectrum of perindopril erbumine revealed the 

presence of C-H stretching. The peak at 1737.86 cm
-1

 indicated the presence of C=O 

stretching, the wave number 1643.35 cm
-1

 directed the appearance of N-H bending, 

peak at 1566.20 cm
-1

 indicated the presence of aromatic C=C and the C-H scissoring 

and bending was indicated by the presence of peak at 1390.68 cm
-1 

(Asadullah et al., 

2014; Ratnaparkhi, 2012). 

FT-IR spectrum of rosuvastatin showed a broad region of band which was found from 

3625 cm
-1

 to 3200 cm
-1 

which indicated the presence of hydroxyl group (OH). Carbonyl 

group showed a characteristics band at 1546.9 cm
-1

. However, bands for the OH group 

and -CO group were found to be overlapped at the region of 3625-3200 cm
-1

. Beside 

this broad band, a peak was observed at 2968.45 cm
-1

 which was characteristics for 

olefinic C-H of heptanoic chain and C-H group showed a sharp band at 1546.91 cm
-1

. 

Characteristics bands for sulfoxide group appeared at 1382.96 cm
-1

 and 1153.43 cm
-1

, 

respectively (Tabassum et al., 2016). 

In the FT-IR spectrum of vildagliptin, the major peaks were found at 3011–3370 cm
−1

 

and OH and N–H stretching vibrations was assigned to 3294.42 cm
−1

. The prominent 

peak at 2916.37 cm
−1

 was assigned to nitrile group. The bands at 1658.78 and 
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1309.67 cm
-1

 were obtained for amide C=O and C–N stretching (Naik and Waghulde, 

2018). The FT-IR spectra are shown in Figure 3.28. 

(1) FT-IR spectrum of perindopril erbumine. 

(2) FT-IR spectrum of rosuvastatin. 
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(3) FT-IR spectrum of vildagliptin. 

 

(4) FT-IR spectrum of the drug complex PR. 
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(5) FT-IR spectrum of the drug complex PV. 

 
(6) FT-IR spectrum of the drug complex RV. 

 

 

Figure 3.28. FT-IR spectra of the drugs and drugs complexes: (1) perindropil erbumine, 

(2) rosuvastatin, (3) vildagliptin, (4) drug complex PR, (5) drug complex PV and (6) 

drug complex RV. 

 

The overlaid FT-IR spectra are shown below in the Figure 3.29. The patterns of bands 

of the drug complexes are different from the parent drugs. 
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(1) Overlaid FT-IR spectra of perindopril, rosuvastatin and the drug complex 

PR. 

 

(2) Overlaid FT-IR spectra of perindopril, vildagliptin and their complex PV. 
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(3) Overlaid FT-IR spectra of rosuvastatin, vildagliptin and the drug complex 

RV. 

(4) Overlaid FT-IR spectra of perindopril, rosuvastatin, vildagliptin, PR, PV and 

RV. 

 

Figure 3.29. Overlaid FT-IR spectra of: (1) perindopril, rosuvastatin the drug complex 

PR; (2) perindopril, vildagliptin and their complex PV; (3) rosuvastatin, vildagliptin and 

their complex RV; (4) perindopril, rosuvastatin, vildagliptin, PR, PV and RV. 
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3.2.5. In vivo study: Assessment of hypolipidemic activity of rosuvastatin and its 

complexes 

Hyperlipidemia is one of the chief causes of cardiovascular diseases (CVDs) and it is 

responsible for 1/3 of total deaths worldwide (Ginghina et al., 2011; Jorgensen et al., 

2013). Hyperlipidemia is characterized as an elevation of serum lipids, including 

triglycerides, cholesterol, cholesterol esters and phospholipids and/or plasma lipoprotein 

including very low density lipoprotein and reduced high-density lipoprotein levels 

(Jeyabalan and Palayan, 2009; Mishra et al., 2011). Hypercholesterolemia and 

hypertriglyceridemia are two major reasons of atherosclerosis which have close 

association with ischemic heart disease (IHD) (Brouwers et al., 2012), a leading cause 

of mortality.  Moreover, increased level of plasma cholesterol accounts for about four 

million deaths in a year (Kumar et al., 2012). In atherosclerosis, the arterial wall 

becomes narrowing by deposition of cholesterol and the arteries become harden. 

Hyperlipidemia stabilizes atherosclerosis and atherosclerosis-mediated disorders, e.g. 

coronary, cerebrovascular and peripheral vascular diseases (Wells et al., 2007). 

Hyperlipidemia causes increased oxidative stress leading to increased oxygen free 

radical productionthat initiates atherosclerosis and associated CVDs by oxidative 

modifications of low density lipoproteins. Oxidative modifications in low-density 

lipoproteins play significant roles in the initiation and progression of atherosclerosis and 

associated cardiovascular diseases (Mishra et al., 2011). 

In the assessment of hypolipidemic activity of three drugs complexes PR, PV and RV 

we used rosuvastatin as standard and the study was conducted in rabbit model. The new 

complexes exhibited promising activity compared to the standard as shown in Table 

3.16. 
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Table 3.16. Level of HDL, cholesterol, triglycerides, LDL cholesterol, VLDL 

cholesterol and non HDL cholesterol of different groups of rabbits treated with drugs.  

Groups of 

rabbits 

HDL 

mg/dL 

Cholesterol 

mg/dL 

Triglyceri

des 

mg/dL 

 

LDL 

cholesterol 

mg/dL 

VLDL 

cholestero

l mg/dL 

NonHDL 

cholesterol 

mg/dL 

Control 12.48± 2.3 211.37± 

10.13 

2.52± 0.70 198.25± 

10.71 

1.0±0.98 198.75± 

10.45 

Oil 

feeding 

43.97± 1.2 190.71± 

8.10 

239.10± 

43.16 

110.75± 

10.28 

35.75±4.3

3 

146.75± 

8.70 

Rosuvastat

in 

30.34± 

2.01 

144.8±9.12 280.13±40.

25 

87.0±12.10 37.0±3.23 114.0±9.23 

PR 28.33± 2.5 139.92±8.23 210.1±38.3

4 

81.0±10.12 30.0±2.12 112.0±8.79 

RV 34.9± 2.7 172.35±10.1

2 

152.01±41.

45 

111.0±10.1

1 

27.0±3.32 137±8.32 

PV 49.44± 2.3 143.68±9.32 179.99±37.

65 

69.0±10.65 26.0±4.13 94.0±10.45 

 

The complex PR decreased cholesterol, triglycerides, LDL cholesterol, non HDL 

cholesterol to 139.92±8.23 mg/dL, 210.1±38.34 mg/dL, 81.0±10.12 mg/dL, 30.0±2.12 

mg/dL and 112.0±8.79 mg/dL, respectively while the standard drug rosuvastatin 

reduced the level to 144.8±9.12 mg/dL, 280.13±40.25 mg/dL, 87.0±12.10 mg/dL, 

37.0±3.23 mg/dL and 114.0±9.23 mg/dL, respectively. Rosuvastatin as well as three 

newly formed complexes PR, RV, PV increased the HDL cholesterol level to 30.34± 

2.01 mg/dL, 28.33± 2.5 mg/dL, 34.9± 2.7 mg/dL and 49.44± 2.3 mg/dL in comparison 

to the control group rabbits (12.48± 2.3 mg/dL). The complex RV also decreased 

cholesterol, triglycerides, LDL cholesterol, VLDL cholesterol, non HDL cholesterol 

compared to the standard drug rosuvastatin viz. 172.35±10.12 mg/dL, 152.01±41.45 

mg/dL, 111.0±10.11 mg/dL, 27.0±3.32 mg/dL and 137±8.32 mg/dL, respectively. The 

promising complex PV reduced the LDL and VLDL to 69.0±10.65 mg/dL and 

26.0±4.13 mg/dL, respectively where the standard drug rosuvastatin reduced the levels 

to 87.0±12.10 mg/dL and 37.0±3.23 mg/dL, respectively. The results are shown in 

Figure 3.30. 
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Table 3.17. Thrombolytic activity of rosuvastatin and newly formed drug complexes PR, 

PV and RV. 

Sample W1 W2 W3 W4 W5 % clot 

lysis 
Averag

e 

SD 

Rosuvastati

n 

4806.5 5472.3 5350.5 121.8 665.8 18.2938 18.21 

 

0.08 

4807.1 5471.8 5350.2 120.9 666.4 18.1423 

4806.8 5472.1 5349.6 121.2 665.9 18.2009 

PR 5086.3 5406.4 5322.1 84.3 320.1 26.3355 26.39 

 

0.06 

5085.8 5405.9 5321.7 84.7 320.2 26.4522 

5086.4 5406.2 5322.3 84.5 320.3 26.3815 

PV 4854.6 5162.7 5098.1 64.6 308.1 20.9672 20.96 0.09 

4854.65 5162.57 5098.6

5 

64.34 308.2

3 

20.874 

4854.89 5162.65 5098.7

8 

64.98 308.7

8 

21.0441 

RV 4860.9 5258.6 5141.6 117.0 397.7 29.4192 29.52 0.09 

4860.89 5258.57 5141.9

8 

117.6

7 

397.8

7 

29.575 

4860.79 5258.89 5141.7

6 

117.4

5 

397.3

4 

29.5591 

Blank 4763.5 5142.6 5135.6 7.0 379.1 1.84648 1.87 0.02 

4763.58 5142.58 5135.5

9 

7.17 379.2

6 

1.89052 

4763.63 5142.68 5135.8

7 

7.12 379.1

6 

1.87784 

SK 0.888 1.526 1.13 0.4 0.6 66.6667 65.99 2.65 

0.879 1.601 1.17 0.41 0.65 63.0769 

0.869 1.519 1.14 0.43 0.63 68.254 

Here, W1= wt of vial alone, W2= wt of clot containing vial, W3= wt of clot containing 

vial after lysis, W4= wt of released clot, W5= wt of clot. 

 

 

Figure 3.31. Thrombolytic activity exhibited by rosuvastatin, PR, PV and RV in a way 

of % of clot lysis. 
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3.2.7. In vitro study: Membrane stabilizing activity assay 

To estimate the possibility to prevent RBC lysis induced by solution of hypotones 

rosuvastatin and the complexes were analyzed. The active rosuvastatin inhibited 39.92% 

hemolysis of RBC followed by the complex RV (35.18%). The reference standard, 

acetyl salicylic acid (0.1 mg/mL standard) showed 58.83% inhibition of hemolysis of 

RBC in hypnotic solution (Table 3.18 and Figure 3.32).  

 

Table 3.18. Membrane stabilizing activity of the drug rosuvastatin, drug complex PR, 

PV and RV in terms of % of inhibition of hemolysis of RBCs in hypotonic solution. 

Sample Conc. (mg/mL) Absorbance 
% of inhibition by 

hypotonic solution 

Control 2 1.518 - 

Rosuvastatin 2 0.912 39.92 

PR 2 1.115 26.55 

PV 2 1.223 19.43 

RV 2 0.984 35.18 

Acetyl salicylic acid 0.1 0.625 58.83 

 

 

Figure 3.32. Membrane stabilizing activity of the drug rosuvastatin, drug complex PR, 

PV and RV in terms of % of inhibition of hemolysis of RBCs in hypotonic solution. 

 

3.2.8. In vitro study of antioxidant activity  

IC50 values of antioxidant activity in DPPH technique were measured and ranged from 

(30.05μg/mL) to (176.7μg/mL). Among all samples the greater IC50 value was given by 

PV (67.71 μg/mL) followed by RV (56.83μg/mL), PR (54.79 μg/mL) and rosuvastatin 
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(131.6 μg/mL). The results of antioxidant activity were enlisted in Tables 3.19, 3.20, 

3.21, 3.22, 3.23, 3.24 and in Figures 3.33 to 3.38. 

 

Table 3.19. Antioxidant activity of rosuvastatin and the complexes PR, PV and RV. 

 

Sample code IC50 µg/ml 

BHT 30.6 

Rosuvastatin 131.6 

PR 54.79 

PV 67.71 

RV 56.83 

  
 

Figure 3.33. IC50 values of BHT, rosuvastatin and 

three drug complexes. 

 

Table 3.20. IC50 values of tert-butyl-1-hydroxytoluene (BHT). 
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Figure 3.34. IC50 values of tert-

butyl-1-hydroxytoluene (BHT). 
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Table 3.21. IC50 value of the standard drug rosuvastatin. 
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Figure 3.35. IC50 value of the standard drug 

rosuvastatin. 

 

 

Table 3.22. IC50 values of the new drug complex PR. 
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Figure 3.36. IC50 value of the new drug 

complex PR. 
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Table 3.23. IC50 value of the new drug complex PV. 
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Figure 3.37. IC50 value of the new drug 

complex PV. 

 

Table 3.24. IC50 values of the new drug complex RV. 
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Figure 3.38. IC50 value of the new drug 

complex RV. 
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3.2.9. Analyses of fluorescence quenching by perindopril, rosuvastatin, vildagliptin, 

and three drug complexes PR, PVand RV 

The spectra of fluorescence quenching for BSA-drug and BSA-drug complex interaction 

were measured under physiological conditions at 280 nm at 298 K and 308 K which are 

shown in Figure 3.39. The spectra in presence of pure drugs or synthesized new 

complexes created a reduction in fluorescence intensity at 280 nm excitation 

wavelength. The study suggested the interaction occurred between BSA-drug and BSA-

drug complexs. 
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Figure 3.39. Fluorescence emission spectra of BSA in presence of different 

concentrations of perindopril, rosuvastatin, vildagliptin, complex PR, complex PV, 

complex RV, (T= 298 K and 308 K; λex = 280 nm). C(BSA) = 10×10
-6

 mol L
-1

, C 

(drugs/drug complexes) (10
-6

 molL
-1

), curves a-e: 0, 5, 10, 20 and 50 µM, respectively. 

 

The Stern-Volmer plots for BSA quenching fluorescence by perindopril, rosuvastatin, 

vildagliptin, PR complex, PV complex and RV complex at two different temperatures 

were shown in Figure 3.41 and the corresponding Stern-Volmer quenching constants 

Ksv and quenching rate constant Kq were summarized in Table 3.25. 
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Figure 3.40. BSA quenching Stern-Volmer plots with increased concentration of (1) 

perindopril, (2) rosuvastatin, (3) vildagliptin, (4) complex PR, (5) complex PV and (6) 

complex RV at 298 K and 308 K. 
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With the increase in the temperature as Ksv values increased (except rosuvastatin-BSA 

and RV-BSA) it can be suggested that these drugs and the newly formed complexes 

reduced the fluorescence intensity of BSA by dynamic quenching mechanism. But in 

case of rosuvastatin-BSA and RV-BSA system Ksv values deceased with the increase in 

temperature, so the quenching might be happened by static mechanism. The activation 

energy of the quenching mechanism was calculated from the Arrhenious plot (Figure 

3.42) and the values were listed in Table 3.25. It was evident that the activation energy 

of the complexes with BSA was less than the activation energy (except PV-BSA 

system) values of their individual interactions which is also an indicator of the 

complexation between the drugs. 

 

 

 

(1) 

 

(2) 

Figure 3.41. (1) Arrhenius plot, (2) Van’t Hoff plot, after the interaction of BSA with 

perindopril, rosuvastatin, vildagliptin, PR complex, PV complex and RV complex, 

which help to measure activation energy for quenching at pH 7.4,  

C(BSA)= 10.0×10
-6

mol.L
-1
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Table 3.25. Stern-Volmer quenching constants Ksv and quenching rate constants Kq of 

the perindropil-BSA, rosuvastatin-BSA, vildagliptin-BSA, PR-BSA, PV-BSA and RV-

BSA system at different temperatures (at pH 7.4). 

 

Interacting system T(K) 1/T(K
-1

) Ksv (×10
4
 Lmol

-1
) Kq(×10

12
Lmol

-1
s

-1
) Ea(KJmol

-1
) 

Perindopril-BSA 298 

308 
 

0.0033 

0.0032 
 

0.28 

0.46 
 

0.28 

0.46 
 

-40.75 

Rosuvastatin-BSA 298 

308 
 

0.0033 

0.0032 
 

2.25 

0.86 
 

2.25 

0.86 
 

-79.83 

Vildagliptin-BSA 298 

308 
 

0.0033 

0.0032 
 

0.24 

0.51 
 

0.24 

0.51 
 

-63.2 

Complex PR-BSA 298 

308 
 

0.0033 

0.0032 
 

0.77 

1.5 
 

0.77 

1.5 
 

-246.99 

Complex PV-BSA 298 

308 
 

0.0033 

0.0032 
 

0.44 

1.4 
 

0.44 

1.4 
 

95.63 

Complex RV-BSA 298 

308 
 

0.0033 

0.0032 
 

1.89 

1.3 
 

1.89 

1.3 
 

-222.04 

 

 

3.2.9.1. Analyses of thermodynamic parameters and the binding forces 

Thermodynamic parameters were calculated from the linear Van’t Hoff plot (Figure 

3.41, Table 3.26) at two different temperatures 298 K and 308 K. The negative ΔG 

value indicated the spontaneous interaction process. The positive ΔH and ΔS values 

indicated that the binding of perindopril, vildagliptin, PR, and PV with BSA was 

predominantly mediated by enthalpy where major interaction force was hydrophobic 

interaction. But in case of rosuvastatin and the complex RV the negative ΔH value along 

with ΔS˂ 0 indicated towards that Vander Waals forces and H-bonds were principal 

interaction forces responsible for the BSA quenching process. 
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Table 3.26. Thermodynamic parameters of drugs and newly synthesized drug 

complexes mediated BSA quenching at 298 K and 308 K. 

 

Interacting 

system 

T(K) 1/T(K
-1

) ΔH (KJmol
-

1
) 

ΔS(Jmol
-1

K
-

1
) 

ΔG(KJmol
-1

) 

Perindropil-BSA 298 

308 
 

0.0033 

0.0032 
 

40.75 200.4 -59678.45 

-61682.45 
 

Rosuvastatin-BSA 298 

308 
 

0.0033 

0.0032 
 

-79.88 -180.12 53595.88 

55397.08 
 

Vildagliptin-BSA 298 

308 
 

0.0033 

0.0032 
 

63.2 273.22 -81356.36 

-84088.56 
  

Complex PR-BSA 298 

308 
 

0.0033 

0.0032 
 

55.71 258 -76828.29 

-79408.29 
 

Complex PV-BSA 298 

308 
 

0.0033 

0.0032 
 

96.45 388 -115527.55 

-119407.55 
 

Complex RV-BSA 298 

308 
 

0.0033 

0.0032 
 

-31.6 -22.37 6634.66 

6858.36 
 

 

 

 

 

 

 

3.2.9.2. Analysis of binding constants (Kb) and no of binding points (n) 

The number of binding sites (n) and binding constants (Kb) were calculated from the 

plot of log (F0-F)/F vs log[Q] demonstrated in Figure 3.42 and these values are shown in 

the Table 3.27. Except from perindopril-BSA and vildagliptin-BSA systems, all the 

interactions the Kb values were increased with increase in temperature.  But the n value 

almost remained constant with the change in temperature, and it was found to be almost 

1 which also demonstrated towards 1:1 mole ratio interaction with BSA and drugs. 
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(1) Perindopril-BSA system 

 

(2) Rosuvastatin-BSA system 

 

(3) Vildagliptin-BSA system 

 

(4) PR-BSA system 

 

(5) PV-BSA system 

 

(6) RV-BSA system 

 

Figure 3.42. Graphical log plot for determination of binding constant (Kb) and number 

of binding points (n) for (1) perindopril-BSA, (2)  rosuvastatin-BSA, (3) vildagliptin-

BSA, (4) PR-BSA, (5) PV-BSA and (6) RV-BSA at 298 K and 308 K. 
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Table 3.27. Binding constant (Kb) and number of binding sites (n) for the pure drugs 

and drug complexes at two different temperatures at 298 K and 308 K. 

Interacting 

system 

T(K) 1/T(K
-1

) pH Kb (Lmol
-1

) n 

Perindopril-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.214 

0.016 
 

0.922 

0.562 
 

Rosuvastatin-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.034 

0.206 
 

0.87 

0.27 
 

Vildagliptin-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.036 

0.153 
 

0.316 

0.181 
 

Complex PR-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.145 

0.052 
 

0.46 

0.54 
 

Complex PV-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.146 

0.173 
 

0.19 

0.41 
 

Complex RV-BSA 298 

308 
 

0.0033 

0.0032 
 

7.4 
0.083 

0.1403 
 

0.55 

0.52 
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3.3. COMPLEXATION OF CHROMIUM(III) WITH FOUR 

ANTIDIABETIC DRUGS: SYNTHESIS, CHARACTERIZATION 

AND ASSESSMENT OF BIOLOGICAL ACTIVITY 

Four complexes of chromium(III) with the antidiabetic drugs metformin, dapagliflozin, 

vildagliptin and glimepiride were synthesized by the co-evaporation reaction followed 

by drying. Both crystalline and amorphous Cr-drug complexes were obtained. Four 

stable complexes of chromium(III)-metformin (Cr-metformin), chromium(III)-

dapagliflozin (Cr-dapagliflozin), chromium(III)-vildagliptin (Cr-vildagliptin) and 

chromium(III)-glimepiride (Cr-glimepiride) were produced. The synthesized complexes 

were evaluated with different Rf values from Co-TLC, and different peak patterns in FT-

IR and NMR spectra. By TGA analysis the thermal stability and thermochemical 

characteristics of the complexes were analyzed. Finally, evaluation of anti-diabetic 

activity (in vivo) and histopathological analyses of kidney and liver tissues were done. 

 

3.3.1. TLC analysis of drugs and chromium complexes 

 Co-TLC of all the Cr-drug complexes was carried out in methanol-dichloromethane as 

mobile phase in different ratio for different complex. From the metal drug complexes 

single spot were detected which were different from their precursor molecules. Rf values 

for the metal drug complexes and precursor drugs are mentioned in Table 3.28. Spots on 

TLC plates at different places from the spot of the parent drugs demonstrated the 

formation of new complexes.  

Table 3.28. Rf values of drugs and the metal-drug complexes on F254 TLC plate. 

 Item Mobile phase Rf value 

Metformin HCl  Methanol/dichloromethane (3:7) 0.6 

Cr-metformin complex 0.45 

Dapagliflozin  Methanol/dichloromethane (8:2) 0.5 

Cr-dapagliflozin complex 0.35 

Vildagliptin  Methanol/dichloromethane (8:2) 

 

0.4 

Cr-vildagliptin complex 0.3 

Glimepiride Methanol/dichloromethane (2:8) 0.65 

Cr-glimepiride complex  0.5 
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(1) TGA thermogram of metformin. 

(2)TGA thermogram of Cr-metformin complex. 
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                          (3) TGA thermogram of glimepiride. 

(4)TGA thermogram of Cr-glimepiride complex. 
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(5) TGA thermogram of vildagliptin. 

 

(6) TGA thermogram of Cr-vildagliptin complex. 
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(7) TGA thermogram of dapagliflozin. 

(8) TGA thermogram of Cr-dapagliflozin complex. 

 

Figure 3.44. TGA thermograms: (1) metformin, (2) Cr-metformin complex, (3) 

glimepiride, (4) Cr-glimepiride complex, (5) vildagliptin, (6) Cr-vildagliptin complex, 

(7) dapagliflozin and (8) Cr-dapagliflozin complex. 

In the degradation pattern of pure dapagliflozin, it was found as 17% degradation at 189 

o
C, 86% at 389 

o
C and 94% at 516 

o
C, which may be due to releasing hydroxyl and 

methyl groups. Similarly, for vildagliptin and glimepiride and their Cr-complexes 

displayed different degradation pattern from pure drugs and the data are listed in Table 

3.29 and Figure 3.44. The overlaid TGA thermograms are also displayed in Figure 3.45. 
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(1) Overlaid TGA thermogram of metformin and Cr-metformin complex. 

 

(2) Overlaid TGA thermogram ofglimepiride and Cr-glimepiride complex. 
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(3) Overlaid TGA thermogram of vildagliptin and Cr-vildagliptin complex. 

(4) Overlaid TGA thermogram of dapagliflozin and Cr-dapagliflozin complex. 

 

Figure 3.45. Overlaid TGA thermograms: (1) metformin and Cr-metformin complex, 

(2) glimepiride and Cr-glimepiride complex, (3) vildagliptin and Cr-vildagliptin 

complex and (4) dapagliflozin and Cr-dapagliflozin complex. 

The percentage of degradation of metformin and Cr-metformin complex, glimepiride 

and Cr-glimepiride complex, vildagliptin and Cr-vildagliptin complex, dapagliflozin and 

Cr-dapagliflozin complex are listed in Table 3.29. 



P a g e  | 148 

 

Studies of Drug-drug and Drug-metal Interactions of Some Selected Antidiabetic, 
Antihypertensive and Lipid Lowering Drugs 
 

Table 3.29. Percent (%) degradation of pure drugs and metal drug complexes with 

increasing temperature from TGA thermograms. 

Sample % Degradation with increasing temperature 

 (i) (ii) (iii) (iv) (v) 

Metformin 0 

at 28.49
o
C 

4.29 

at 204.29 

°C 

41.05 

at 286.07 °C 

76.48 

at 355.88 

°C 

98.9 

at 599.50°C 

Cr-metformin 0 

at 25.87 °C 

21.75 

at 219.53 

°C 

67.37 

at 354.93 °C 

77.15 

at 480.85 

°C 

99.89 

at 599.69 °C 

Glimepiride 0 

at 22.83 °C 

2.36 

at 164.83 

°C 

38.01 

at 269.80 °C 

73.1 

at 369.97 

°C 

87.7 

at 599.66 °C 

Cr-

glimepiride 

0 

at 23.16 °C 

3.8 

at 185.66 

°C 

38.58 

at 267.63 °C 

70.74 

at 340.97 

°C 

97.94 

at 599.53 °C 

Vildagliptin 

 

0 

at 22.02 °C 

2.47 

at 91.96 °C 

17.83 

at 256.19° C 

30.07 

at 423.92 

°C 

31.89 

at 599.65 °C 

Cr-

vildagliptin 

0 

at 25.50 °C 

6.3 

at 130.49 

°C 

53.43 

at 374.67 
o
C 

67.53 

at 495.32 
o
C 

71.73 

at 599.64 
o
C 

Dapagliflozin 0 

at 26.02 °C 

16.98 

at 187.87 

°C 

24.37 

at 296.59 °C 

86.09 

at 389.00 

°C 

99.89 

at 599.57 °C 

Cr-

dapagliflozin 

0 

at 22.80 °C 

20.47 

at 157.40 

°C 

43.3 

at 312.14 °C 

52.11 

at 395.55 

°C 

94.52 

at 599.48 °C 

 

3.3.4. FT-IR spectra analysis of drugs and chromium drug complexes 

The FT-IR spectra were recorded to measure wavelength and intensity of the different 

functional groups of the drug molecule. The identification of specific types of molecular 

vibrations and stretching characteristics help to identify functional groups of new 

complexes. The FT-IR spectrum of pure drugs metformin, dapagliflozin, vildagliptin, 

glimepiride and their Cr-complexes are shown in Figure 3.46.  If IR spectra of pure 

drugs and complexes are identical, it can be estimated that they are the same 

compounds. So, any appearance or absence or shifts of signals will be indicated as the 

presence of different compounds.    
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(1) FT-IR spectra of metformin and Pb-metformin complex. 

(2) FT-IR spectra of glimepiride and Cr-glimepiride complex. 
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(3) FT-IR spectra of vildagliptin and Cr-vildagliptin complex. 

 

(4) FT-IR spectra of dapagliflozin and Cr-dapagliflozin complex. 

 

Figure 3.46. Overlaid IR spectra: (1) metformin and Cr-metformin complex, (2) 

glimepiride and Cr-glimepiride complex, (3) vildagliptin and Cr-vildagliptin complex 

and (4) dapagliflozin and Cr-dapagliflozin complex. 

The -NH2 group of metformin exhibited a stretching peak at 3742.93 cm
-1

 which was 

obtained in Cr-metformin in the downfield at 3706 cm
-1

 (Figure 3.46). Likewise, the 

characteristic peaks of OH stretching of dapagliflozin, vildagliptin and glimepiride 

observed at 3352.28 cm
-1

, 3741 cm
-1

, 3772 cm
-1

, respectively which were missing in the 

IR spectra of Cr-drug complexes. A single broad signal was observed at 3390 cm
-1

 for 
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(3) NMR spectra of glimepiride
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(4) NMR spectra of Cr-glimepirid
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(5) NMR spectra of vildagliptin
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(6) NMR spectra of Cr-vildagliptin co
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(7) NMR spectra of dapagliflozin
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Figure 3.48. Graph
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3.4. COMPLEXATION OF HEAVY METAL LEAD WITH FOUR 

ANTIDIABETIC DRUGS: SYNTHESIS, CHARACTERIZATION 

AND ASSESSMENT OF BIOLOGICAL ACTIVITY AND 

TOXICITY 

The complexes of lead with four antidiabetic drugs, metformin, glimepiride, vildagliptin 

and dapagliflozin was done by co-evaporation method and the synthesized complexes 

were named as Pb-metformin (Pb-met), Pb-glimepiride (Pb-glim), Pb-vildagliptin (Pb-

vilda) and Pb-dapagliflozin (Pb-dapa). The synthesized complexes were characterized 

by different Rf values on TLC plate and new peak patterns in FT-IR spectral analysis. 

From TGA analysis the thermal stability and thermochemical characteristics of the 

complexes were evaluated. Furthermore, their antidiabetic property was evaluated on 

mice model and the toxicological studies were also performed by measuring serum 

creatinine level and uric acid level. Histopathological study of nephrotic and hepatic 

tissues of mice trated with drugs and lead drug complexes was also performed.  

3.4.1. TLC characterization of drugs and lead drug complexes 

TLC of the Pb-drug complexes was carried out using methanol-dichloromethane in 

different ratios as mobile phase. The spot of each of the new drug complex appeared at 

different places from their precursor drugs (Table 3.31). Each individual spot in the 

TLC plate represented the evolution of newer compound.  

Table 3.31. Rf values of reference drugs and their respective lead complexes on silica 

gel H254TLC plate. 

Item Mobile phase Rf value 

Metformin HCl 
Methanol/dichloromethane (2:8) 

0.5 

Pb-met complex 0.45 

Glimepiride 
Methanol/dichloromethane (7:3) 

0.6 

Pb-glim complex 0.75 

Vildagliptin Methanol/dichloromethane (8:2) 

 

0.7 

Pb-vilda complex 0.55 

Dapagliflozin 
Methanol/dichloromethane (7:3) 

0.5 

Pb-dapa complex 0.3 

 

3.4.2. Analysis of drugs and lead drug complexes by DSC  

The phase changes of the standard drugs and their Pb-complexes were studied by DSC 

and recorded as melting endotherm. Pure metformin showed melting endotherm at 231 

o
C and its Pb-complex (Pb-met) gave melting endotherm at 145 

o
C [Figure 3.50(1)]. 
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Dapagliflozin exhibited melting endotherm at the point of 77.98 
o
C but its Pb-complex 

revealed different fragmented peaks in the thermogram [Figure 3.50(2)]. Glimepiride 

and vildagliptin showed melting points at 213 
o
C and 152 

o
C, respectively whereas their 

Pb-complexes displayed different melting endotherms, which indicated the formation of 

new complexes [Figure 3.50(3) and 3.50(4)].  

(1) DSC thermogram of metformin and Pb-metformin complex. 

 

(2) DSC thermogram of dapagliflozin and Pb-dapagliflozin complex. 
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(3) DSC thermogram of glimepiride and Pb-glimepiride complex. 

 

(4) DSC thermogram of vildagliptin and Pb-vildagliptin complex. 

 

Figure 3.50. Overlaid DSC thermograms of: (1) metformin and Pb-metformin, (2) 

dapagliflozin and Pb-dapagliflozin, (3) glimepiride and Pb-glimepiride and (4) 

vildagliptin and Pb-vildagliptin complex. 
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3.4.3. Analysis of drugs and lead drug complexes by TGA  

The percentages of weight loss for pure antidiabetic drugs and their lead(II) complexes 

were analyzed by thermogravimetric experiment at definite increase in temperature. 

Standard metformin was degraded 4.29% at 205 
o
C, whereas Pb-metformin complex 

showed different degradation pattern [Figure 3.51(1)]. 

 

(1) TGA thermogram of metformin and Pb-metformin complex. 

 

(2) TGA thermogram of glimepiride and Pb-glimepiride complex. 
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(3) TGA thermogram of vildagliptin and Pb-vildagliptin complex. 

 

(4) TGA thermogram of dapagliflozin and Pb-dapagliflozin complex. 

 

Figure 3.51. Overlaid TGA thermograms: (1) metformin and Pb-metformin complex, 

(2) glimepiride and Pb-glimepiride complex, (3) vildagliptin and Pb-vildagliptin 

complex and (4) dapagliflozin and Pb-dapagliflozin complex. 
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In glimepiride analysis 2.36% degradation was found at 160 
o
C and 87.70% degradation 

at 600 
o
C, whereas in case of Pb-glimepiride complex 1.45% degradation occured at 175 

o
C and at 600 

o
C only 40% degradation was found [Figure 3.51(2)]. Vildagliptin showed 

2.47% degradation at 92 
o
C and 31.89% degradation at 600 

o
C but the Pb-vildagliptin 

showed different degradation pattern. In Pb-vildagliptin thermogram 2.55% degradation 

was occurred at 185 
o
C and 45% degradation happened at 600 

o
C [Figure 3.51(3)]. In 

case of pure dapagliflozin, the breakdown pattern showed 17% degradation at 189 
o
C 

and 94% at 516 
o
C but for Pb-dapagliflozin complex degradation showed different 

pattern [Figure 3.51(4)]. 

3.4.4. Analysis of drugs and lead drug complexes by FT-IR  

The FTIR spectra of pure drugs metformin, glimepiride, vildagliptin, dapagliflozin and 

their Pb-complexes are shown in Figure 3.52. The pure drugs and their lead complexes 

displayed different IR patterns which could be assigned as different compounds. The 

FTIR spectra of newly synthesized complexes exhibited characteristics specific types of 

molecular vibration. 

(1) FT-IR spectra of metformin and Pb-metformin. 
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(2) FT-IR spectra of glimepiride and Pb-glimepiride complex. 

(3) FT-IR spectra of vildagliptin and Pb-vildagliptin complex. 
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(4) FT-IR spectra of dapagliflozin and Pb-dapagliflozin complex. 

 

Figure 3.52. Overlaid IR spectra of:(1) metformin and Pb-met complex, (2) glimepiride 

and Pb-glim complex, (3) vildagliptin and Pb-vilda complex and (4) dapagliflozin and 

Pb-dapa complex. 

The characteristics -NH stretching peak of metformin was yielded at 3742.93 cm
-1

 

whereas the -NH peak of Pb-metformin complex was obtained in the downfield at 3703 

cm
-1

[Figure 3.52(1)]. Similarly, the -NH vibration stretching peak of glimepiride 

displayed at 3369.64 cm
-1 

was shifted to 3371.57 cm
-1

 in Pb-glimepiride complex 

[Figure 3.52(2)] In vildagliptin the major vibration peak for -OH at 3140.11 cm
-1 

moved 

up field at 3425.58 cm
-1

 for Pb-vildagliptin [Figure 3.52 (3)]. The -OH vibration peak 

for dapagliflozin displayed at 3352.28 cm
-1

 shifted in the IR spectra of the 

corresponding Pb-drug complexes to 3431.36 cm
-1

 [Figure 3.52(4)]. These 

modifications in the IR spectra suggested that the lead complexes were synthesized 

newly and are different form the precursor drugs.  

3.4.5. Evaluation of antidiabetic activity of drugs and lead drug complexes 

The pure antidiabetic drugs and Pb-drug complexes were administered to alloxan 

induced diabetic mice to evaluate the antidiabetic activity of the new complexes.  The 

pure drugs significantly reduced the blood glucose level as compared to control mice 

which received distilled water and normal food. But Pb-drug complexes did not show 

remarkable positive change after 14 days of treatment (Figure 3.53 and Table 3.32) to 
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reduce blood glucose level. After 14 days of treatment with metformin, glimepiride, 

vildagliptin, dapagliflozin, it was found that the average glucose levels of mice reduced 

from 31.54 to 19.02, 30.24 to 17.20, 31.50 to 19.70 and 30.37 to 17.60 mmol/L, 

respectively. Whereas the complexes Pb-met, Pb-glim, Pb-vilda and Pb-dapa did not 

reduce blood glucose levels considerably and blood sugar measured were found as 

25.82, 29.23, 25.32 and 29.32 mmol/L, respectively. 

Table 3.32. In vivo antidiabetic property of pure drugs (metformin, glimepiride, 

vildagliptin and dapagliflozin) and their Pb-complexes (Pb-met, Pb-glim, Pb-vilda and 

Pb-dapa) in mice model. 

Sample Fasting 

blood 

sugar 

(mmol/L) 

SD After 

alloxan 

blood 

sugar 

(mmol/L) 

SD After drug 

treatment 

blood sugar 

(mmol/L) 

SD 

Control 5.74 0.8562   5.76 0.9044 

Metformin 5.24 0.6427 31.54 0.6768 19.02 0.6380 

Pb-met 5.3 1.25 30.6 0.8889 25.82 2.9072 

Glimepiride 5.4 0.7749 30.24 1.2896 17.2 1.1203 

Pb-glim 5.35 1.25 30.23 0.8846 29.23 3.1565 

Vildagliptin 5.2 0.7071 31.5 0.8477 19.7 0.9428 

Pb-vilda 5.42 1.8759 31.93 1.9721 25.32 3.0037 

Dapagliflozin 5.44 1.2702 30.37 0.8021 17.6 1.372 

Pb-dapa 5.39 1.5342 32.25 0.9416 29.32 0.8656 
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Figure 3.53. In vivo antidiabetic property of pure drugs (metformin, glimepiride, 

vildagliptin and dapagliflozin) and their Pb-complexes (Pb-met, Pb-glim, Pb-vilda and 

Pb-dapa) in mice model. 



P a g e  | 172 

 

Studies of Drug-drug and Drug-metal Interactions of Some Selected Antidiabetic, 
Antihypertensive and Lipid Lowering Drugs 
 

3.4.6. Evaluation of toxicity in terms of serum creatinine and uric acid level 

determinations in mice 

Toxicity of antidiabetic drug-Pb⁺⁺ complexes were evaluated by studying the serum 

creatinine and uric acid level after 14 days of treatment. There was no toxicity observed 

in renal function of mice as measured by serum creatinine and serum uric acid levels 

when pure antidiabetic drugs viz. metformin, glimepiride, vildagliptin and dapagliflozin 

were used to reduce the blood sugar. But the complexes of Pb with those respective 

drugs elevated both serum creatinine and uric acid levels suggesting the renal 

impairment (Figures 3.54 and 3.55). After 14 days of treatment with metformin, 

glimepiride, vildagliptin, dapagliflozin, the serum creatinine levels of mice were found 

3.38, 3.96, 3.60 and 3.42 mg/dL, respectively whereas for Pb-met, Pb-glim, Pb-vilda 

and Pb-dapa the creatinine level was increased and found 4.57, 5.36, 5.21 and 5.24 

mg/dL, respectively (Table 3.33 and Figure 3.54) 

 

Table 3.33. Serum creatinine levels after treatment with pure drugs (metformin, 

glimepiride, vildagliptin and dapagliflozin) and their Pb-complexes (Pb-met, Pb-glim, 

Pb-vilda and Pb-dapa) in mice model. 

Sample  Serum 

creatinine level 

(mg/dL) 

Serum 

creatinine level 

(mg/dL) 

Serum 

creatinine 

level (mg/dL) 

Average SD 

Control 3.41 3.57 3.13 3.37 0.223 

Metformin 3.58 3 3.56 3.38 0.329 

Pb-met 4.36 4.77  4.57 0.291 

Glimepiride 3.46 4.46  3.96 0.707 

Pb-glim 5.14 5.58  5.36 0.312 

Vildagliptin 2.99 4.32 3.51 3.61 0.670 

Pb-vilda  4.96 5.46 5.21 0.354 

Dapagliflozin 3.43 3.14 3.7 3.42 0.280 

Pb-dapa 4.90 5.58  5.24 0.478 
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Figure 3.54. Serum creatinine levels after treatment with pure drugs (metformin, 

glimepiride, vildagliptin and dapagliflozin) and their Pb-complexes (Pb-met, Pb-glim, 

Pb-vilda and Pb-dapa) in mice model. 

The serum uric acid level also increased after treatment with Pb-met, Pb-glim, Pb-vilda 

and Pb-dapa than that with metformin, glimepiride, vildagliptin, dapagliflozin treatment. 

The level of uric acid was elevated into 53.13 mg/dL from 42.91 mg/dL, 57.40 mg/dL 

from 44.83 mg/dL, 49.36 mg/dL from 40.21 mg/dL and 53.32mg/dL from 41.49 mg/dL, 

respectively for Pb-met, Pb-glim, Pb-vilda and Pb-dapa treated mice than that of 

metformin, glimepiride, vildagliptin, dapagliflozin treated mice. (Table 3.34 and Figure 

3.55) 

Table 3.34. Serum uric acid levels after treatment with pure drugs (metformin, 

glimepiride, vildagliptin and dapagliflozin) and their Pb-complexes (Pb-met, Pb-glim, 

Pb-vilda and Pb-dapa) in mice model. 

Sample Serum Uric (mg/dL) SD (±) 

Control 40.191067 1.904434 

Metformin 42.90818859 3.637966 

Pb-met 53.12903226 2.379655 

Glimepiride 44.82878412 5.371964 

Pb-glim 57.40198511 4.778807 

Vildagliptin 40.2133995 3.881108 

Pb-vilda 49.36228288 7.459893 

Dapagliflozin 41.49379653 3.603282 

Pb-dapa 53.31513648 5.122522 
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Table 3.35. Physical, analytical and thermal characteristics of atorvastatin and its three 

complexes. 

Compound color Rf value Melting point, Tm (°C) 

Atorvastatin calcium White 0.2 163 °C -167 °C 

Fe-atorvastatin Brown 0.6 105.6 °C- 110 °C 

Cu-atorvastatin Brown 0.65 106.5 °C-111 °C 

Zn-atorvastatin Brown 0.63 102 °C-107.6 °C 

 

 

3.5.2. TLC characteristics of the drug and metal drug complexes 

The analysis was carried out in ethyl acetate: toluene: methanol at a ratio of 2:7:1 as 

mobile phase to confirm complexation. The three clear spots of the formed complexes 

with different retardation factor (Rf) values from the parent drug were observed (Table 

3.35). The characteristic Rf values are informative of different compounds. 

 

3.5.3. Analysis of drug and metal drug complexes by UV Spectroscopy 

The atorvastatin calcium showed peak around 250 nm, but its three new metal 

complexes Fe-atorvastatin, Cu-atorvastatin and Zn-atorvastatin showed peak around 240 

nm. It was also observed that the newly formed complexes showed hypsochromic shift 

than that of atorvastatin calcium in Figure 3.58. 



 

Studies of Drug-dru
Antihypertensive and
 

Figure 3.58. Overl

 

3.5.4. Analysis of d

Characteristic peak

specifically at 366

Figure 3.59 (1). Th

hand, the peaks a

characteristic for N

at 3250 cm
-1

 and 2

OH bond, respectiv

 

drug and Drug-metal Interactions of Some 
e and Lipid Lowering Drugs 

erlaid UV spectra of atorvastatin calcium and th

atorvastatin, Cu-atorvastatin and Zn-atorvast

f drug and metal drug complexes by FT-IR 

aks of atorvastatin calcium were found betwe

664, 3361, 3250, 2976, 1899, 1774, 1649 and

The peak seen at 3664 cm
-1

 represented of free

 at 3361 cm
-1

 and from 1700 cm
-1

 to 1400 

 N-H and C-C bond stretching vibration of aro

 2976 cm
-1

 indicated asymmetrical as well as s

tively. 

P a g e  | 179 

ome Selected Antidiabetic, 

 

 three new complexes (Fe-

astatin). 

R  

ween 3700 and 3000 cm
-1

, 

nd 1579 cm
-1 

as shown in 

ee OH group. On the other 

0 cm
-1

 were found to be 

aromatic ring. Other peaks 

s symmetrical stretching of 



P a g e  | 180 

 

Studies of Drug-drug and Drug-metal Interactions of Some Selected Antidiabetic, 
Antihypertensive and Lipid Lowering Drugs 
 

 

(1) FT-IR spectrum of atorvastatin calcium. 

(2) FT-IR spectrum of the new complex Fe-atorvastatin. 
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(3) FT-IR spectrum of new complex Cu-atorvastatin. 

(4) FT-IR spectrum of new complex Zn-atorvastatin. 

 

Figure 3.59. FT-IR spectra of: (1) atorvastatin calcium, (2) Fe-atorvastatin, (3) Cu-

atorvastatin and (4) Zn-atorvastatin. 
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3.5.5. Analysis of atorvastatin and its metal complexes by 
1
H NMR spectroscopy 

 NMR data were analysed for the determination of the change in the spectra of the 

newly synthesized atorvastatin-metal complexes. The spectra are shown in Figure 3.60. 

(1)
1
HNMR spectrum of atorvastatin calcium. 

(2) 
1
H NMR spectrum of atorvastatin calcium. 
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(3) 
1
H NMR spectrum of atorvastatin calcium. 

 

 

(4) 
1
H NMR spectrum of new metal complex Fe-atorvastatin. 
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(5) 
1
H NMR spectrum of new metal complex Fe-atorvastatin. 

(6) 
1
H NMR spectrum of new metal complex Fe-atorvastatin. 
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(7) 
1
H NMR spectrum of new metal complex Cu-atorvastatin. 

(8) 
1
H NMR spectrum of new metal complex Cu-atorvastatin. 
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(9) 
1
H NMR spectrum of new metal complex Cu-atorvastatin. 

 

(10) 
1
H NMR spectrum of new metal complex Zn-atorvastatin. 
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(11) 
1
H NMR spectrum of new metal complex Zn-atorvastatin. 

 

(12) 
1
H NMR spectrum of new metal complex Zn-atorvastatin. 

 

Figure 3.60. 
1
H NMR spectra: (1-3) atorvastatin calcium, (4-6) Fe-atorvastatin, (7-9) 

Cu-atorvastatin and (10-12) Zn-atorvastatin. 
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CHAPTER FOUR 

CONCLUSION 

Drug-drug and drug-metal interactions of some selected antidiabetics, antihypertensives 

and lipid lowering drugs were carried out, and in vivo pharmacological effects of the 

formed complexes were studied. Diverse types of in vitro physicochemical properties 

were also investigated for the selected drugs while interacting with each other and with 

some metal ions like chromium(III), lead(II), zinc(II), iron(II) and copper(II).  

The co-evaporated dispersion method was used for the synthesis of both drug-drug and 

drug-metal complexes. Three complexes by interacting between antidiabetic and 

antihypertensive drugs were formed as olmesartan-metformin (OM), olmesartan-

dapagliflozin (OD) and olmesartan-vildagliptin (OV). Three complexes as perindopril-

vildagliptin (PV), perindopril-rosuvastatin (PR) and rosuvastatin-vildagliptin (RV) were 

also formed as part of drug-drug interactions. In addition eleven drug-metal complexes 

were synthesized viz., Cr- metformin, Cr-glimepiride, Cr-vildagliptin, Cr-dapagliflozin, 

Pb-metformin, Pb-glimepiride, Pb-vildagliptin, Pb-dapagliflozin, Zn-atorvastatin, Cu-

atorvastatin and Fe-atorvastatin. 

To characterize the complexation different analytical techniques like melting point 

determination, TLC, HPLC, DSC, TGA, FT-IR and 
1
H NMR were performed. The 

melting points, DSC and TGA analyses demonstrated the thermal stability as well as 

thermochemical properties of the synthesized complexes. For NMR spectra no attempt 

was taken for in-depth analysis of the spectral data. Careful analysis of the 
1
H NMR 

spectra exhibited the differences between the spectra of the parent drugs and synthesized 

complexes. This was further supported by TLC, TGA, DSC and FT-IR analyses. 

Melting points were found to be 221-225 
o
C, 80-85 

o
C, 150-154 

o
C, 175-180 

o
C, 126-

130 
o
C, 156-160 

o
C and 163-167 

o
C for metformin, dapagliflozin, vildagliptin, 

olmesartan medoxomil, perindopril, rosuvastatin and atorvastatin, respectively. The 

synthesized complexes exhibited melting points at 68-72 
o
C, 80-85 

o
C, 100-105 

o
C, 55-

60 
o
C, 110-115 

o
C, 115-118 

o
C, 102-107.6 

o
C, 106.5-111 

o
C and 105.6-110 

o
C for OM, 

OD, OV, PR, RV, PV, Zn-atorvastatin, Cu-atorvastatin and Fe-atorvastatin, respectively 

which were also different from the precursor drugs and the complexes. The DSC 

thermograms of metformin, dapagliflozin, vildagliptin, olmesartan medoxomil, OD, 

OV, OM, Cr-metformin, Cr-glimepiride, Cr-vildagliptin, Cr-dapagliflozin, Pb-

metformin, Pb-glimepiride, Pb-vildagliptin and Pb-dapagliflozin revealed the melting 

endotherms which were found to be different from each other. The Rt of HPLC 
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chromatograms were found to not be identical of some parent drugs and drug complexes 

in the same analytical conditions.The thermodynamic parameters of the interactions of 

BSA (bovine serum albumin) with these pure drugs and synthesized complexes were 

observed using fluorescence quenching method.  

The drug protein interaction study was also performed using fluorescence 

spectrophotometry for dapagliflozin, vildagliptin and metformin, and their new 

complexes with olmesartan medoxomil. The interaction mechanism of these drugs and 

drug-complexes with BSA were possibly by dynamic quenches as the values of Ksv 

were increased by increasing temperature. The thermodynamic factors were determined 

from the linear plot of van’t Hoff and the results indicated the spontaneous (negative 

value of ΔG) interaction where hydrophobic interaction was the major contributing 

force (positive values of ΔH and ΔS) except for olmesartan. It was found that ΔH ˂0 

˂ΔS for olmesartan which indicated that the interaction between the drug and BSA was 

electrostatic force driven. It was also analyzed the binding constants and number of 

binding sites and found that one mole of the reactant (drug) or complex interacted with 

one mole of BSA. 

The in vivo assessment of antidiabetic activity suggested that among the three 

synthesized complexes namely OD, OV and OM, only OM demonstrated synergistic 

effect as the complex reduced the blood sugar level more than the metformin alone did. 

The complex OM, OD and OV reduced the blood sugar by 42.95%, 50.50% and 

48.66%, respectively while metformin, dapagliflozin and vildagliptin reduced the blood 

sugar by 39.70%, 56.73% and 51.22%, respectively. Other complexes OD and OV did 

not produce better effects as they reduced the blood sugar not more than the parent 

drugs dapagliflozin and vildagliptin, respectively. From the histopathological studies it 

was revealed that OM did no damage to the hepatic and nephrotic tissues but OD and 

OV produced moderate to severe dysplasia in kidney and liver tissues after 14 days of 

treatment. After 14 days of drug treatment the mice blood was also investigated for 

determining the levels of serum creatinine and uric acid. OD, OV and OM all three 

complexes elevated the levels of serum creatinine and uric acid than that of metformin, 

dapagliflozin and vildagliptin alone. Serum SGPT and SGOT were also determined, 

which revealed that OV elevated the serum SGPT and SGOT levels but OM reduced the 

serum SGPT and SGOT levels than that produced by metformin treatment. After 

observing all the experimental data, the complex OM can be demonstrated as safe and 

promising and it is suggested for further extensive studies to determine its safety and 

efficacy as a therapeutic agent.  
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To demonstrate the complexation among antidiabetic drug vildagliptin, antihypertensive 

drug perindopril erbumine and lipid lowering drug rosuvastatin, diverse analytical 

techniques like melting point determination, TLC, TGA and FT-IR analyses were 

performed. TLC and FT-IR experiments suggested that rosuvastatin, perindopril and 

vildagliptin formed complexes with each other. The measured melting point and TGA 

analyses revealed the thermal stability of the synthesized complexes. The drug protein 

interaction was done with fluorescence spectrophotometry and found that the 

interactions were probably a dynamic quenching mechanism for the perindopril, 

vildagliptin, the complex PV and PR with BSA, but the rosuvastatin-BSA and RV-BSA 

system was developed by static quenching mechanism. Thermodynamic parameters 

were also measured to conclude that perindopril, vildagliptin, PR, PV interactions with 

BSA was mediated by enthalpy driven hydrophobic interaction (negative ΔG value).  

But for rosuvastatin-BSA and RV-BSA system interactions were driven by vander 

Waal’s forces and H-bonds as ΔH value was found negative along with ΔS˂ 0. It was 

also analyzed to determine the binding constants and number of binding sites and found 

that one mole of the reactant (drug) or complex interacted with one mole of BSA. 

The in vivo analysis for lipid lowering activity of the synthesized complexes was 

performed in rabbits. The results revealed that all three synthesized complexes 

designated by complex PR, PV and RV reduced cholesterol, triglycerides, low density 

lipoprotein (LDL) cholesterol, very low-density lipoprotein (VLDL) cholesterol, non-

high-density lipoprotein (HDL) cholesterol levels but enhanced the high-density 

lipoprotein (HDL) cholesterol level. In support of lipid lowering activity of the 

complexes PR, PV and RV, the antioxidant, thrombolytic and membrane stabilizing 

activities were also evaluated in vitro. These complexes showed better thrombolytic 

activity than the standard lipid lowering drug rosuvastatin. The synthesized complexes 

PR, PV and RV displayed better antioxidant activity than the active drug rosuvastatin. 

They also revealed significant membrane stabilizing activity. Therefore, three 

synthesized complexes PR, PV and RV are good candidate as lipid lowering drugs as 

they are better in reducing blood lipid level as well as they displayed good antioxidant 

than rosuvastatin. 

Transition metal chromium(III) was reacted with four antidiabetic drugs viz. metformin, 

glimepiride, vildagliptin and dapagliflozin at high temperature. The synthesized 

complexes viz. Cr-metformin, Cr-glimepiride, Cr-vildagliptin and Cr-dapagliflozin were 

characterized by assessing the thermochemical behaviors like DSC, TGA and 

chromatographic properties like TLC, 
1
H NMR and FT-IR spectroscopy. The in vivo 
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study was performed using mice model to evaluate the antidiabetic activity. Among the 

four Cr-drug complexes, Cr-dapagliflozin reduced blood glucose level significantly and 

it was found to be 64.20% more effective than standard dapagliflozin. The experimental 

result was followed by Cr-glimepiride (26.72% reduction), Cr-metformin (23.35% 

blood glucose reduction) and Cr-vildagliptin (7.61% blood glucose reduction) than 

standard glimepiride, metformin and vildagliptin, respectively. Histopathological studies 

revealed that Cr-vildagliptin and Cr-dapagliflozin showed moderate dysplasia in hepatic 

tissues after 14 days of treatment. Though the Cr-antidiabetic drugs complexes exhibited 

better hypoglycemic activity, whether Cr-complexes have long-term health benefits or 

not are still unknown as extensive toxicological data could not be established yet. 

Heavy metal lead(II) was reacted with four anti-diabetic drugs viz. metformin, 

glimepiride, vildagliptin and dapagliflozin at 70-75 
o
C to produce four complexes. They 

were characterized by assessing their physicochemical behaviors using DSC, TGA, TLC 

and FT-IR spectrophotometry. To evaluate the antidiabetic activity in vivo mice model 

was used. The pure antidiabetic drugs and Pb-drug complexes called Pb-metformin, Pb-

glimepiride, Pb-vildagliptin and Pb-dapagliflozin were administered to alloxan induced 

diabetic mice for 14 days. It was found that after the 14 days of experimental period the 

pure drugs significantly reduced the blood glucose level (average glucose levels of mice 

decreased from 31.54 to 19.02, 30.24 to 17.20, 31.50 to 19.70 and 30.37 to 17.60 

mmol/L, respectively for metformin, glimepiride, vildagliptin and dapagliflozin) as 

compared to control mice which received only distilled water and normal food. But Pb-

drug complexes did not show significant positive effect to reduce blood glucose level 

(blood sugar measured were found as 25.82, 29.23, 25.32 and 29.32 mmol/L, 

respectively for Pb-metformin, Pb-glimepiride, Pb-vildagliptin and Pb-dapagliflozin) 

after 14 days of treatment. Moreover, the Pb-complexes increased the levels of serum 

creatinine and serum uric acid of mice, and necrotized the hepatic and nephrotic tissues 

which suggested cellular damage in liver and kidneys of the experimental mice. 

Therefore, it can be concluded that lead is toxic as it produced oxidative stress and 

reduced insulin secretion. 

Three new complexes of lipid lowering drug atorvastatin with three divalent metals e.g. 

Fe-atorvastatin, Cu-atorvastatin and Zn-atorvastatin complexes were synthesized by co-

evaporation process. Then the complexes were investigated and characterized by 

different Rf values from TLC, melting point analyses, new peak patterns of FT-IR and 

1
H NMR spectral analyses.  
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From the avobe scenario of the drug-drug and drug-metal interactions of some selected 

antidiabetics, antihypertensives and lipid lowering drugs it was explored that the drug-

drug and drug-metal interactions are important topics of research in drug discovery and 

may introduce new molecules having new and/or more potent therapeutic properties. 
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