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Due to the multifactorial and multisystemic nature of diabetes mellitus, it is often treated with a combination of therapeutic 
agents having different mode of action. Earlier, we have synthesized several organozinc complexes and evaluated their safety and 
antidiabetic properties in experimental type 2 diabetes mellitus (T2DM). More recently, we have synthesized a metformin-3-hy
droxyflavone complex and studied its antidiabetic efficacy in experimental rats. In the present study, a new zinc-mixed ligand 
(metformin-3-hydroxyflavone) was synthesized, characterized by spectral studies and its antidiabetic properties was evaluated in 
HFD fed—low dose streptozotocin induced T2DM in rats. The hypoglycemic efficacy of the complex was evaluated through oral 
glucose tolerance test, homeostasis model assessment of insulin resistance, quantitative insulin sensitivity check index and by de-
termining the status of important biochemical parameters. Oral administration of the complex at a concentration of 10 mg/kg 
body weight/rat/day for 30 days significantly improved the glucose homeostasis. The complex possesses significant antidiabetic 
properties relatively at a less concentration than metformin-3-hydroxyflavone complex in ameliorating hyperglycemia. 
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INTRODUCTION	

Diabetes mellitus is a multisystemic endocrine disorder known 
to interfere with the regulation of major metabolic pathways 
irrespective of its etiology with the common pathology of 
chronic hyperglycemia. Diabetes and its secondary complica-
tions are clinically treated with several drugs having the differ-
ent mechanism of actions, such as biguanides, sulphonylureas, 
meglitinides, thiazolidines, α-glucosidase inhibitors, bile acid 
sequestrants, SGLT-2 (sodium/glucose cotransporter 2) inhibi-
tors, GLP-1 (glucagon-like peptide-1) receptor agonists and 
insulin, either as monotherapy or combinatorial strategy. 
However, the maintenance of normoglycemia remains a major 
task in the treatment of patients with type 2 diabetes mellitus 

(T2DM) [1]. Accordingly, instead of a one-size-fit all approach, 
personalization is necessary, balancing the benefit of glycemic 
control with its potential risk factors taking into consideration 
of various etiological factors such as the patient’s age, blood 
pressure control, lipid management, comorbidities that are fre-
quently encountered in diabetic patients.

The ecologically derived plant secondary metabolites are 
known to play a pivotal role in alleviating the primary and sec-
ondary complications of dreadful human diseases such as can-
cer, diabetes, and atherosclerosis [2]. Among the various phy-
toingredients, flavonoids are known for their wide range of 
pharmacological as well as beneficial effects in the mainte-
nance of human health care especially in quenching oxidative 
stress, a contributory factor for the progression of several sec-
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ondary complications [3]. 
Metformin remains the optimum drug for the treatment of 

T2DM due to its proven safety record, weight neutrality and 
possible benefits on cardiovascular outcomes in addition to its 
low cost. Although metformin is efficacious in lowering the 
blood glucose levels, many patients with T2DM are not ade-
quately controlled when metformin is prescribed as a mono-
therapy [4]. In the 21st century, a new class of metallopharma-
ceutical compounds containing zinc ions is expected to treat 
both the types of diabetes mellitus by making use of its unique 
pharmacological properties [5]. Ever since in 1980, Coulston 
and Dandona [6] reported the insulin mimetic activity of zinc 
ions, several researchers develop zinc complexes with various 
coordination modes around zinc (II) ion and evaluated its glu-
cose normalizing effect. In the recent past, we have synthesized 
several new zinc complexes [7-10] and evaluated for their tox-
icity as well as pharmacological properties in high fat diet 
(HFD) fed-low dose streptozotocin (STZ) induced experimen-
tal T2DM in rats. More recently, we have synthesized a metfor-
min-3-hydroxyflavone complex and evaluated its antidiabetic 
efficacy [11,12]. In the light of knowledge and expertise gained, 
in the present study an attempt has been made to synthesize a 
new metformin-zinc-flavonol complex and biochemically 
evaluated its toxicity as well as antidiabetic properties.

METHODS

Synthesis of zinc-mixed ligand complex
The synthesis of zinc complex involves two steps namely the 
synthesis of metformin-3-hydroxyflavone (Schiff base com-
plex) and the synthesis of zinc-Schiff base complex [13]. The 
formation of zinc-Schiff base complex was confirmed by fouri-
er transform infrared spectroscopy (FTIR), Mass, 1H nuclear 
magnetic resonance (NMR), and 13C NMR spectral studies.

Experimental animals
Male Albino rats of Wistar strain weighing around 160 to 180 
g were purchased from the Tamilnadu Veterinary and Animal 
Sciences University, Chennai and were housed under standard 
animal husbandry conditions. The rats were acclimatized for 2 
weeks before initiating the experiments. Animal experiments 
were performed according to ethical norms approved by the 
Ministry of Social Justices and Empowerment, Government of 
India and Institutional Animal Ethics Committee guidelines 
(IAEC NO:03/10/12). Maximum efforts were taken to mini-

mize the sufferings of the animals during the entire course of 
the study and no mortality was observed during the experi-
mental period. 

Induction of experimental diabetes
The experimental rats were designated into two dietary regi-
mens either by feeding normal pellet diet (NPD) or HFD for 2 
weeks. After 2 weeks of dietary manipulation, group 2 to 5 rats 
were injected with a single dose of STZ (35 mg/kg body 
weight/rat) in ice cold citrate buffer (pH 4.5, 0.1 mol/L) intra-
peritoneally. However, the control group of rats were fed with 
NPD and injected intraperitoneally with the same volume of 
citrate buffer [14]. Rats having the fasting blood glucose levels 
≥250 mg/dL on the 3rd day after STZ injection were consid-
ered as diabetic and subjected to further studies. 

Experimental protocol
The rats were divided into five groups and each comprising of 
six animals: Group 1: control rats; Group 2: HFD fed-STZ in-
duced experimental diabetic rats; Group 3: HFD-STZ induced 
diabetic rats orally treated with metformin-3-hydroxyflavone 
complex (20 mg/kg body weight/rat) for 30 days; Group 4: 
HFD-STZ induced diabetic rats orally treated with zinc-met-
formin-3-hydroxyflavone complex (10 mg/kg body weight/
rat) for 30 days; and Group 5: HFD-STZ induced diabetic rats 
orally treated with metformin (50 mg/kg body weight/rat) for 
30 days.

On the day prior to sacrifice, oral glucose tolerance test 
(OGTT) was performed in all the groups of rats. As the insulin 
abnormality cannot be accurately detected by a single determi-
nation of insulin or glucose levels, the insulin resistance was 
evaluated by homeostasis model assessment of insulin resis-
tance (HOMA-IR). Insulin resistance/sensitivity was assessed 
by quantitative insulin sensitivity check index (QUICK-I). Af-
ter 30 days of treatment, the rats were fasted overnight, anes-
thetized and sacrificed by cervical decapitation. The biochemi-
cal parameters were analyzed using standard protocols. Blood 
was collected with and without anticoagulants for the separa-
tion of plasma and serum respectively. The levels of fasting 
blood glucose, hemoglobin, and glycosylated hemoglobin were 
estimated. Urine sugar was detected using urine strips. Ultra-
sensitive enzyme-linked immunosorbent assay (ELISA) kits 
were used for the assay of insulin and C-peptide. The levels of 
plasma protein, blood urea, serum uric acid, and serum creati-
nine were estimated. The results were expressed as mean± 
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standard deviation of six rats per group and statistical signifi-
cance was evaluated by one-way analysis of variance (ANOVA) 
using SPSS version 16 program (SPSS Inc., Chicago, IL, USA) 
followed by least significant difference. Values were considered 
statistically significant when P<0.05.

RESULTS

The effect of oral administration of the zinc-mixed ligand, 
Schiff base complex and metformin on glucose tolerance in di-
abetic rats after oral glucose load is represented in Table 1. Al-
though the blood glucose levels reached a maximum peak val-
ue at 60 minutes after oral glucose load in all the three experi-
mental groups of rats, the levels were significantly lower than 
those observed in diabetic group of rats and the peak was re-
versed to the physiological level in the next 60 minutes. How-
ever, the diabetic rats treated with zinc-mixed ligand complex 
showed statistically significant improvement in glucose ho-
meostasis when compared to other two experimental groups 
of rats. Accordingly, the altered values of HOMA-IR and 
QUICK-I observed in the diabetic group of rats (7.80±0.06 
and 0.30±0.01, respectively) were brought back to near normal 
values (4.01±0.04 and 0.38±0.01, respectively) upon treat-
ment with oral administration of mixed ligand zinc complex.

Table 2 depicts the levels of fasting blood glucose, hemoglo-
bin, glycosylated hemoglobin, plasma insulin, C-peptide, plas-
ma protein, urea, uric acid, and creatinine in control as well as 
experimental groups of rats. The fasting blood glucose levels 
were elevated in the experimental diabetic rats which ultimate-
ly leads to elevated glycosylated hemoglobin levels. Plasma in-
sulin and C-peptide levels in the diabetic rats were markedly 
reduced when compared with control rats whereas these al-
tered levels were significantly improved to physiological range 

in diabetic rats treated with Schiff base as well as mixed ligand 
zinc complex. Urine sugar which was present in diabetic rats 
was no longer detected in the treated groups of rats.

DISCUSSION

The synthesis of a Schiff base ligand (L) from the co-ordination 
between 3-hydroxyflavone and metformin by a molar ratio 
method was yellow in color. Similarly, the new zinc-mixed li-
gand complex synthesized using Schiff base ligand (L) and zinc 
acetate was pale yellow in color and the yield was about 96%. 
The molecular formula of the proposed zinc-mixed ligand 
complex is C38H35N10O4 Zn. The IR, Mass spectra, 1H NMR, 
and 13C NMR spectral data provide a substantial evidence for 
the synthesis of the zinc-mixed ligand complex. 

The data obtained through the oral glucose tolerance test ev-
idenced the better efficacy of the zinc-mixed ligand complex 
than the metformin-3-hydroxyflavone complex in maintain-
ing normoglycemia. The observed increase in the levels of fast-
ing blood glucose and HbA1c is attributed to the insulin insuf-
ficiency and/or insulin resistance in diabetic rats. The normal-
ization of altered biochemical parameters suggest that the zinc 
complex improves glucose homeostasis in diabetic rats and the 
efficacy was found to be superior to the Schiff base treated 
group of rats and the same was comparable with metformin 
which was administered at a concentration of 50 mg/kg body 
weight. 

Enhanced insulin resistance coupled with increased muscle 
wasting is responsible for the observed decrease in protein 
synthesis which resulted in decreased plasma protein level in 
diabetic condition [15]. Muscle wasting due to chronic hyper-
glycemia leads to prominent scarcity of both hepatic as well as 
plasma proteins which in turn results in the excessive accumu-

Table 1. Effect of zinc mixed ligand complex on oral glucose load test in experimental type 2 diabetic mellitus rats

Group Fasting 30 Minutes 60 Minutes 90 Minutes 120 Minutes

Control 88.15±8.18 147.21±10.68 179.82±14.57 130.59±12.38 102.16±10.12

Diabetic 263.55±18.26a,c 300.93±21.64a,c 393.18±20.51a,c 351.17±22.85a,c 316.83±20.36a,c

Diabetic+metformin-3-hydroxyflavone 155.41±10.77b,c 184.27±18.28b,c 245.91±20.64b,c 199.17±21.91b,c 139.81±13.99b,c

Diabetic+zinc-3-hydroxyflavone-metformin 149.51±11.67b,c 179.11±16.25b,c 239.71±19.99b,c 192.55±19.92b,c 139.01±14.89b,c

Diabetic+metformin 136.34±10.19b,c 171.66±15.84b,c 227.85±20.98b,c 175.84±19.69b,c 128.97±12.81b,c

Values are presented as mean±standard error of the mean (n=6). One-way analysis of variance followed by post hoc test least significant differ-
ence was done. 
The results were acompared to control rats and bcompared to diabetic rats, cValues are statistically significant at P<0.05.
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lation of nitrogenous wastes such as urea, uric acid, and creati-
nine in the systemic circulation than its excretion. The admin-
istration of zinc-mixed ligand complex to diabetic rats normal-
ized the levels of plasma protein, blood urea, uric acid, and 
creatinine indicating the recovered renal function due to im-
proved glycemic control [16]. 

The data obtained through OGTT, HOMA-IR, QUICK-I, 
and biochemical parameters evidenced that the oral adminis-
tration of zinc-mixed ligand complex significantly improves 
the insulin sensitivity in diabetic rats to maintain normoglyce-
mia. Normalization of protein metabolism upon treatment 
with zinc-mixed ligand complex suggests that the complex ex-
erts beneficial effects on renal functions. In summary, the re-
sults of the present study clearly established that the zinc-
mixed ligand complex shows better antidiabetic properties rel-
atively at a lesser concentration than the Schiff base indicating 
that the addition of zinc significantly improved the efficacy of 
metformin-3-hydroxyflavone. Further studies are in progress 
to understand the molecular mechanisms involved in the ac-
tion of zinc-mixed ligand complex in ameliorating the primary 
and secondary complications of T2DM. 
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