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ABSTRACT 

Diabetes mellitus is a widespread and dangerous global health issue that has arisen because of quick cultural, economic, and social 
changes, an aging population, and uncontrolled urbanization. The contemporary strategy involves assessing the impact of SGLT-2 
inhibitors and their combination with Biguanide (Metformin) on blood glucose, body weight, and serum leptin and adiponectin levels 
in rats with diabetes induced by streptozotocin. To evaluate the effect of Dapagliflozin, Empagliflozin, Metformin, and their two-drug 
(SGLT-2 inhibitor + Biguanide) combination therapy on modulation of serum Leptin and Adiponectin levels in T2DM rat model. The 
current experimental investigation was carried out at the Department of Pharmacology & Therapeutics, King George's Medical 
University, Lucknow. Adult male Wistar Rats were randomly divided into 7 groups, each group containing n=6 rats, and assessed for 
9 weeks. Parameters like serum leptin and adiponectin, blood glucose, and body weight were assessed in response to Dapagliflozin, 
Empagliflozin, Metformin administered as monotherapy, and SGLT-2 inhibitors plus metformin administered as combination therapy 
in streptozotocin-induced diabetic rats. The mean weight, blood glucose, serum Leptin, and Adiponectin were assessed at the end of 
the 5th week (Baseline levels) and 9th week (Final reading). At week 9, the reduction in mean weight, mean blood glucose, mean serum 
leptin, and increase in mean serum adiponectin, was observed in all the drug-treated groups, but maximum and statistically significant 
reduction was observed in combination therapy (SGLT-2 inhibitors + Biguanide) as compared to their baseline levels of 5th week and 
as Compared to Group-II (Diabetic control) at 9th week. Based on current results the study concludes that SGLT-2 inhibitors and a 
combination of SGLT-2 inhibitors with metformin proved to be beneficial in strategies for treating Type 2 Diabetes patients associated 
with obesity.  
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INTRODUCTION 

iabetes mellitus is a persistent metabolic condition 
characterized by numerous aetiologies defined by 
persistent hyperglycaemia and poor regulation of 

blood glucose levels. This could be attributed to 
insufficient insulin secretion, resistance to peripheral 
action, or a combination of both1. Insulin resistance (IR) 
significantly contributes to its progression as well as to the 
emergence of other metabolic ailments like obesity, 
hypertension, elevated blood cholesterol, and metabolic 
syndrome2. From a biological perspective, IR is brought on 
by a high level of free fatty acids (FFAs), which deposit as 
triglycerides (TGs) in non-fat tissues such as skeletal 
muscles, the liver, heart, and pancreas. Molecularly, IR is 
caused by an imbalance between the cell membrane's 
receptors and extra nutrients or inflammatory cytokines3,4. 

Diabetes is predicted to affect 537 million people 
worldwide in 2021, 643 million by 2030, and 783 million by 
2045. Additionally, it was anticipated that 541 million 
individuals would have impaired glucose tolerance by 
20213. In the global diabetes pandemic, India ranks second 
to China with a diabetic population of 77 million4. As of 

February 2022, there were 774,194,700 adult cases of 
diabetes in India, with an adult prevalence of 8.3%5. 

Insulin resistance is associated with visceral obesity, which 
is brought on by fat build-up in the omental and 
mesenteric areas; subcutaneous abdominal fat appears to 
be less associated with insulin insensitivity. The phrase 
"metabolically obese" refers to a large prevalence of Type 
2 Diabetes Cases who are not visibly obese but have 
elevated visceral fat5.6. 

Leptin is a hormone mostly produced by adipocytes, with 
minor contributions from the brain, skeletal muscle, gut, 
placenta, and mammary epithelium7. It suppresses 
appetite by acting on the hypothalamus that’s why leptin 
is known as an "anorexigenic" hormone. Nonetheless, 
obesity is distinguished by elevated leptin levels resulting 
from the emergence of leptin resistance, and the levels of 
circulating leptin are directly correlated with the overall fat 
content within the body8,10. Elevated leptin concentrations 
are associated with the initiation of insulin resistance, 
heightened cardiovascular risk, elevated incidence of 
microvascular complications, cardiac autonomic 
dysfunction, and carotid atherosclerosis in individuals with 
type 2 diabetes mellitus (T2DM)21. In obesity, there is a 
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contradictory rise in the serum leptin level, likely 
attributed to the expansion of fat mass, given that 
adipocytes produce and release leptin. Paradoxically, this 
heightened leptin level could potentially trigger leptin 
resistance, subsequently diminishing glucose utilization 
capacity and disrupting glucose metabolism. 

When increased adipose leptin synthesis was seen in most 
of the obese people without an appropriate leptin-
mediated end-organ response, the term "leptin 
resistance" was coined. Studies on obese animals 
suggested that leptin resistance is linked to reduced leptin-
mediated JAK-STAT signalling, induction of suppressor of 
cytokine signaling-3 (SOCS-3), and impaired leptin 
transport across the blood-brain barrier (BBB). Leptin 
sensitivity is reduced in the brain, which causes an 
abnormal build-up of triglycerides in adipose tissue, 
muscle, liver, and pancreas, impairing insulin secretion & 
sensitivity7. 

Unlike leptin, adiponectin is an anti-inflammatory cytokine 
generated by adipocytes. It enhances insulin sensitivity 
and hinders the inflammatory process. Within the liver, it 
diminishes the expression of gluconeogenic enzymes and 
the rate of glucose synthesis, while in muscle, it promotes 
glucose transport and increases fatty acid oxidation, in part 
by activating AMP kinase8. Numerous disease conditions, 
like obesity, diabetes, and atherosclerosis, have been 
linked to reduced adiponectin concentrations12. 

However, the primary approach for managing individuals 
with T2DM involves lifestyle interventions, encompassing 
weight loss, dietary adjustments, and enhanced physical 
activity. When pharmacological intervention becomes 
necessary, metformin stands as the first-line treatment. 
Nevertheless, certain patients encounter intolerance to 
metformin owing to its side effects like diarrhoea and renal 
impairment, SGLT-2 inhibitors are recommended in these 
patients13.   

The newer drugs like SGLT-2 inhibitors are due to their 
unique mechanism of action, which causes glucosuria and 
controls fasting as well as post-prandial blood glucose 
independent of insulin action14. Weight loss may also be 
aided by glucose-based calorie loss in the urine. 
Additionally, osmotic diuresis brought on by glycosuria 
may be beneficial for patients with hypertension and fluid 
overload. They can also be taken at any point during T2DM, 
even after the endogenous insulin reserve has greatly 
diminished7,9,15. Metformin's main effect is on the liver, 
where it lowers hepatic glucose output, activates cyclic 
AMP kinase (cAMPK), the cell's fuel sensor, and hinders 
mitochondrial glycerol-3 phosphate dehydrogenase, 
thereby decreasing hepatic gluconeogenesis. It affects 
decreased hunger, weight loss, lowered blood pressure, 
and an improved lipid profile. 

It has been noted that adipokines, like leptin, are thought 
to have pro-inflammatory effects on the myocardium, 
while others such as adiponectin exhibit anti-inflammatory 
and cardioprotective properties. SGLT-2 inhibitors have 

been postulated as a strategy for resetting the equilibrium 
between these pro- and anti-inflammatory adipokines16. 
Metformin acts as a leptin sensitizer not only in the brain17, 
but also in the liver, and these findings may offer further 
justification for metformin's potential medicinal 
applications in illnesses linked to leptin resistance18. 

There are few studies on Metformin and SGLT-2 inhibitors 
on modulating the serum levels of leptin (pro-
inflammatory cytokine), adiponectin (anti-inflammatory 
cytokine) and their combination. Hence, the current study 
is structured to examine the impact of SGLT-2 inhibitors 
and their combination with Biguanides (Metformin) on 
parameters such as blood glucose, body weight, serum 
leptin, and adiponectin levels in diabetic rats induced by 
streptozotocin. 

MATERIALS AND METHODS 

This investigation took place at the Department of 
Pharmacology & Therapeutics, King George's Medical 
University, Lucknow, to assess the impact of Dapagliflozin, 
Empagliflozin, Metformin and their two-drug (SGLT-2 
inhibitor + Biguanide) combination therapy on blood 
glucose, Body Weight, Serum Leptin & Adiponectin levels 
in streptozotocin-induced diabetic rats, after receiving 
approval from the Institutional Animal Ethics Committee 
(IAEC) vide ethical clearance Project no.151/IAEC/2021 
dated 20/10/2021. 

Animals  

The experiments were conducted on adult Male Wistar 
rats weighing 160-200 grams. Forty-two rats were 
procured from CSIR-IITR, Gehru Campus, Lucknow, India. 
The animals were accommodated within the Institutional 
animal facility, adhering to standard housing conditions, 
including a room temperature ranging from 24-27°C, a 
humidity level of 60-65%, and a 12-hour cycle of light and 
darkness. The food in the form of dry pellets was given in 
two forms – normal pellet diet (NPD) and high-fat diet (HFD 
- 58% fat, 27.5% carbohydrate, and 14.5% protein, as a 
percentage of total kcal19 acquired from Bharat Science 
Solution Company, Unnao, Uttar Pradesh. Water was 
available ad libitum. A one-week acclimatization period 
was granted to all animals before the commencement of 
the experiment. 

Drugs and chemicals Dapagliflozin (DAPA) was obtained 
from INTAS Pharmaceuticals (India). Metformin (MET) was 
purchased from USV Private Limited (India) and 
Empagliflozin (EMPA) was purchased from Boehringer 
Ingelheim Private Limited (India). STZ was procured from 
Sigma‐Aldrich. All additional chemical substances were of 
superior analytical quality. 

Induction of Type 2 Diabetes Mellitus 

Animals were supplied with a high-fat diet (HFD) for 4 
weeks except Group I (Normal control). Following four 
weeks of a high-fat diet, a fasting period was observed for 
all rats from 7 am to 3 pm. Subsequently, a sole 
intraperitoneal injection of Streptozotocin (STZ) was 
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administered at a dose of 40 mg/kg BW. STZ at a dose of 
40 mg/kg was prepared in cold citrate buffer (pH 4.5, 0.1 
M)20,21. Rats were stabilized after one week of STZ 
injection. Following a week, blood samples were collected 
via the tail vein, and their blood glucose levels were 
measured using a glucometer (AccuSure Simple). Rats with 
blood glucose levels>200 mg/dL were considered diabetic 
rats and used in the study22. 

Experimental design  

A total of 42 male Wistar rats were enrolled in the 
research. They were randomized to seven groups (n=6 in 
each group) as follows: The study comprised seven groups: 
the Normal Control Group (Group I), the Untreated 
Diabetic Control Group (Group II), and the diabetic rats in 
Group III, who were administered Dapagliflozin at a dosage 

of 1mg/kg/day23,24, diabetic rats in Group IV were treated 
with Empagliflozin (2.3 mg/kg/day)24,  diabetic rats in 
Group V were treated with Metformin (100 
mg/kg/day)24,25, diabetic rats in Group VI were treated with 
a combination of DAPA(1mg/kg/day) and MET (100 
mg/kg/day), diabetic rats in Group VII were treated with 
EMPA (2.3 mg/kg/day) and MET (100 mg/kg/day). All the 
drugs were administered orally after dissolving them in 
normal saline for 28 days after seven days after 
administration of STZ injection26-28. Group I and Group II 
were administered only 1 ml of normal saline p.o. 

Baseline and final readings for serum leptin, serum 
adiponectin, blood glucose, and body weight were taken at 
five and nine weeks after the commencement of the study 
respectively. 

Flow chart of Experimental Protocol 

 

 
Procedure 

Blood Collection - Blood samples were drawn from all the 
rats after five weeks, for baseline readings of serum leptin, 
serum adiponectin, blood glucose, and body weight. 
Samples were collected using the tail vein method and the 
body weight of each rat was measured. The rats were 
placed in a restrainer and tails were dipped into the 
container having lukewarm water to cause dilatation of the 
vein. The tail was gently wiped using gauze soaked in 
alcohol, enhancing the visibility of the lateral tail vein. 
Positioning the needle with the bevel facing upwards and 
nearly parallel to the vein, it was carefully inserted into the 
tail vein. Negative pressure was applied to the plunger. If 
the needle was in the vein flash of blood would be seen in 
the hub of the needle, and then blood was withdrawn. 

Blood collected was used to assess serum leptin and 
adiponectin, blood glucose levels at baseline, and at the end 
of the study as mentioned in the research methodology. 

Parameters measured 

Measurement of body weight - The rat's body weight was 
observed on a digital weighing machine available in 
Institutional Animal House. All the rats were properly 
marked and weighed. 

Estimation of Blood Glucose - A blood sample was taken 
from the tail vein and utilized for blood glucose 
measurements. It was performed using a glucometer 
(AccuSure) with a small blood droplet. 

Estimation of Serum Leptin - For quantitative 
measurement of serum leptin, we used the Rat Leptin Elisa 
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Kit procured from USCN Business Co., Ltd., and the assay 
procedure was followed as per the instruction manual 
provided along with the kit. 

Estimation of Serum Adiponectin - For quantitative 
measurement of serum adiponectin, we used the Rat 
Adiponectin Elisa Kit procured from USCN Business Co., Ltd., 
and the assay procedure was followed as per the instruction 
manual provided along with the kit. 

Statistical Analysis 

The collected data was organized and tabulated in 
Microsoft Excel (Microsoft Office 365) and statistical 
analysis was done using SPSS version 23.0. The values were 
expressed as mean ± standard deviation. The change in 
group means at the two-time intervals was calculated using 
the paired t-test. Intergroup variations were assessed 
employing one-way ANOVA, followed by subsequent post-
hoc analysis (Tukey-HSD test), was employed to assess 
individual group arrangements among others. p-value of 
less than 0.05 was considered statistically significant. 

RESULTS AND OBSERVATIONS 

In this study, 42 rats were randomly allocated to seven 
study groups and were studied to evaluate the effect of 
Dapagliflozin, Empagliflozin, Metformin, and their two-drug 
(SGLT-2 inhibitor + Biguanide) combination therapy on 
Blood glucose, Body Weight, Serum Leptin & Adiponectin 
levels in streptozotocin-induced diabetic rats (Table 1). 

Intergroup comparison of Weight (gram) in the 5th & 9th 
week 

In 5th week, a significant variance in mean weight was 
observed in mean weight among normal rats (Group I) and 
diabetic rats (Group II-VII) (p<0.001). DAPA (-23.33 ± 7.2 
gm), EMPA (-16.33 ± 17.18 gm), MET (-26.5 ± 1.38 gm), 
DAPA + MET (-51.33 ± 2.66 gm) and EMPA + MET (-40.5 ± 
1.05 gm) groups showed a mean reduction in weight at 9th 
week as compared to baseline readings (5th week) while, 
Diabetic control showed an increase in weight by (5.17 ± 
1.94 gm), at the end of 9th weeks. There was no significant 
weight gain seen in Group I (194 ± 12.69 gm). The highest 
difference was noted in Group VI whereas Group III, V & VII 
observed a significant weight reduction (Figure 1). 

 
Figure 1: Intergroup comparison of Weight (gram) at 5th & 9th week 

 
Figure 2: Intergroup Comparison of Blood glucose (mg/dL) at 5th & 9th week 
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Table 1: Effect of Dapagliflozin, Empagliflozin, Metformin, and their two-drug (SGLT-2 inhibitor + Biguanide) combination 
therapy on Blood glucose, Body Weight, Serum Leptin & Adiponectin levels in streptozotocin-induced diabetic rats. 

Group Weight (gram)  Blood glucose (mg/dl) Serum Leptin (ng/ml)  Serum Adiponectin 
(ng/ml) 

5th week 
(Mean/ SD) 

9th week 
(Mean/ SD) 

5th week  
(Mean/ SD) 

9th week 
(Mean/ SD) 

5th week  
(Mean/ SD) 

9th week  
(Mean/ SD) 

5th week 
(Mean/ SD) 

9th week 
(Mean/ SD) 

I [Normal control] 196 ± 18.06 194 ± 12.69 105.83 ± 8.11 102.5 ±8.92 1.36 ± 0.21 1.56 ± 0.35 6.42 ± 0.67 6.33 ± 0.77 

II [Diabetic 
control] 

274.83 ± 30.85 280 ± 30.78 320.17 ± 35.14 338.16 ± 35.11 5.83 ± 0.78 6.23 ±0.92 1.68 ± 0.3 1.53 ± 0.37 

III [Dapagliflozin] 269 ±17.56 245.66 ± 17.84 283.33 ± 56.35 175.17 ± 42.98 5.5 ± 0.62 3.12 ± 0.55 1.63 ±0.29 4.31 ± 0.24 

IV [Empagliflozin] 276.33 ± 22.85 260 ± 16.85 295.5 ± 75.35 196.17 ± 60.91 5.14 ± 0.65 3.95 ± 0.53 1.43 ± 0.57 3.34 ± 0.37 

V [Metformin] 270.16 ± 27.14 243.66 ± 26.37 261.5 ± 49.31 148.17 ± 50.61 7.17 ± 2.17 4.31 ± 1.62 1.8 ± 0.64 4.7 ± 0.67 

VI [Dapagliflozin + 
Metformin] 

271.5 ± 40.74 220.16 ± 39.23 269.67 ± 55.19 123 ± 54.80 6.14 ± 0.68 2.03 ± 0.26 1.67 ± 0.6 6 ± 1.07 

VII [Empagliflozin 
+ Metformin] 

268.66 ± 34.49 228.16 ± 34.26 272 ± 53.7 134.67 ± 51.38 6.25 ± 0.93 2.89 ± 0.86 1.68 ± 0.77 4.85 ± 0.73 

 

Figure 3: Intergroup comparison of Serum Leptin (ng/ml) at 5th & 9th week 

 

Figure 4: Intergroup comparison of Serum Adiponectin (ng/ml) at 5th & 9th week 
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Intergroup Comparison of Blood glucose (mg/dL) at 5th & 
9th week 

In the 5th week, a significant variance difference in mean 
blood glucose levels among normal rats (Group I) and 
diabetic rats (Group II-VII) (p<0.001). A mean rise in blood 
glucose was noted in Diabetic Control i.e., Group II by (18 ± 
1.41) at the end of 9th week while in groups DAPA (-108.17 
± 14.61), EMPA (-99.33 ± 15.32), MET (-113.33 ± 12.26), 
DAPA + MET (-146.67 ± 1.86) and EMPA + MET (-137.33 ± 
4.76) demonstrated a statistically significant drop in blood 
glucose level at the end of 9th week as compared to baseline 
readings (5th week). Combination therapy groups (Groups 
VI & VII) showed maximum blood glucose lowering effect as 
compared to monotherapy (Figure 2). 

Intergroup comparison of Serum Leptin (ng/ml) at 5th & 
9th week 

In 5th week, there was a significant variance difference in 
mean serum leptin level among normal rats (Group I) and 
diabetic rats (Group II-VII) (p<0.001). A mean increase in 
serum leptin was noted in Diabetic Control i.e., Group II by 
(0.4 ± 0.49) at the end of 9th week while in groups DAPA (-
2.38 ± 0.44), EMPA (-1.19 ± 0.15), MET (-2.86 ± 0.72), DAPA 
+ MET (-4.11 ± 0.8) and EMPA + MET (-3.36 ± 0.36) 
demonstrated a significant decrease in serum leptin level at 
the end of 9th week in comparison to baseline readings (5th 
week). Combination therapy groups (Groups VI & VII) 
showed maximum reduction in serum leptin levels as 
compared to monotherapy (Figure 3) 

Intergroup comparison of Serum Adiponectin (ng/ml) at 
5th & 9th week 

In 5th week, there was a significant variance difference in 
mean serum adiponectin levels among normal rats (Group 
I) and diabetic rats (Group II-VII) (p<0.001). A mean decline 
in serum adiponectin was noted in Diabetic Control i.e., 
Group II by (-0.15 ± 0.35) at the end of the 9th week while in 
groups DAPA (2.68 ± 0.18), EMPA (1.92 ± 0.6), MET (2.9 ± 
0.48), DAPA + MET (4.33 ± 0.83) and EMPA + MET (3.17 ± 
0.8) demonstrated a significant increase in serum 
adiponectin level at the end of 9th week in comparison to 
baseline readings (5th week). Combination therapy groups 
(Groups VI & VII) showed a maximum increase in serum 
adiponectin levels as compared to monotherapy (Figure 4) 

DISCUSSION 

Diabetes, once thought of as a single disease entity, is now 
understood to be a heterogeneous group of illnesses, each 
of which is characterized by a state of chronic 
hyperglycaemia brought on by a variety of environmental 
and genetic factors acting in conjunction. About 90% to 95% 
of diabetic cases are T2DM, with the largest prevalence 
rates occurring in low- and middle-income nations8,29. 

Approximately 80% of type 2 DM patients have obesity, the 
majority of which is visceral or central (as indicated by the 
hip-to-waist ratio)8. Over 1 billion people worldwide are 
expected to be living with obesity (BMI 30kg/m2) by 2030. 

If we are to tackle preventable NCDs, then success in 
addressing high BMI is essential30. 

There is a need for such pharmacological agents that not 
only prevent or treat hyperglycaemia but also cause weight 
loss, decrease chronic inflammation, and prevent 
cardiovascular complications, which is one of the primary 
causes of mortality in T2DM patients in countries like India.  

According to most guidelines, metformin stands as the 
initial treatment option for type 2 diabetes and has also 
been shown to stop the development of Impaired glucose 
tolerance into diabetes.  

The question arises, when the desired effect is not achieved 
by metformin alone, then which pharmacological agent 
should be added? 

In routine clinical practices insulin secretagogues are 
preferred which causes a risk of weight gain and 
hypoglycaemia but newer drugs like SGLT-2 inhibitors due 
to their unique mechanism of action cause glucosuria and 
control fasting as well as post-prandial blood glucose 
independent of insulin action. These medications also have 
negligible risks of hypoglycaemia since they do not increase 
the secretion of insulin. Weight loss may also be aided by 
glucose-based calorie loss in the urine. Additionally, 
osmotic diuresis brought on by glycosuria may be beneficial 
for patients with hypertension and fluid overload7,9. 

Furthermore, SGLT-2 inhibitors are proposed as a means to 
restore the balance between pro- and anti-inflammatory 
adipokines10. 

In the present study, we tried to evaluate the role of 
Dapagliflozin, Empagliflozin, Metformin, and their two-drug 
(SGLT-2 inhibitor + Biguanide) combination therapy on 
Blood glucose, Body Weight, Serum Leptin & Adiponectin 
levels in streptozotocin-induced diabetic rats. 

Comparison of weight changes among therapeutic groups 
(monotherapy and combination therapy) and controls  

At week 5 diabetic control (Group II) and all the groups (III 
to VII) showed significant variance in weight as compared 
to the normal control (Group I). No significant weight 
differences were noted between rats in groups (III to VII) 
and diabetic control group (II) at week 5. However, the rats 
in combination therapy groups (VI and VII) were found to 
have statistically significant differences as compared to the 
diabetic control group (II) at week 9 with values similar to 
Normal control group rats.  

Saad et al. (2015) studied that Metformin administration 
resulted in weight loss at the end of the 4-week treatment 
period, however, the change was not statistically significant 
as compared to the control group31. 
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Comparison of Blood glucose levels among therapeutic 
groups (monotherapy and combination therapy) and 
controls  

At week 5 diabetic control (II) and all the groups (III to VII) 
showed statistically significant change in blood glucose in 
comparison to the normal control (I) group. 

No significant blood glucose differences were noted 
between rats in groups (III to VII) and diabetic control group 
(II) at week 5. However, all the therapeutic groups (III to VII) 
showed a statistically significant decrease in mean blood 
glucose levels in comparison to the diabetic control group 
(II) at week 9. Thus, both monotherapy and combination 
therapy showed evident action in lowering blood glucose 
levels as compared to the diabetic control group. The 
results suggest that both SGLT-2 inhibitors and Biguanide 
and their combination affected reducing the blood glucose 
levels. 

Dhillon (2019) reviewed literature related to SGLT-2 
inhibitor Dapagliflozin and its role in T2DM. It noted that 
numerous clinical studies have reported effective glycaemic 
control action of Dapagliflozin used as a standalone therapy 
and in combination with other anti-hyperglycaemic agents9. 
Our findings are also consistent with this reporting as far as 
blood glucose control is concerned. 

Saad et al. (2015) studied that Metformin administration 
resulted in a time-dependence reduction in blood glucose, 
and the rats in the treatment group had significantly low 
level of blood glucose levels than the rats in untreated 
groups. Their study included anti-diabetic drugs metformin, 
glimepiride, and sitagliptin31. 

Comparison of Serum Leptin levels among therapeutic 
groups (monotherapy and combination therapy) and 
controls 

At week 5 diabetic control (Group II) and all the groups (III 
to VII) showed statistically significant change in mean 
Serum Leptin levels in comparison to the normal control (I) 
group. No significant changes in mean Serum Leptin levels 
were noted between rats in groups (III to VII) and diabetic 
control group (II) at week 5. However, all the therapeutic 
groups (III to VII) showed a statistically significant reduction 
in mean Serum Leptin levels as compared to the diabetic 
control group (II) at week 9.  

Tukey HSD test reports, significant differences in mean 
Serum Leptin levels for combination therapy of Metformin 
+ Dapagliflozin group (VI) when compared with 
monotherapy groups involving Empagliflozin (IV) and 
Metformin (V) at week 9.  

The mean serum leptin levels were 2.03 ± 0.26 ng/ml in 
Metformin + Dapagliflozin treated group (Group VI) as 
compared to 3.95 ± 0.53 ng/ml in Empagliflozin treated 
group (Group IV) and 4.31 ± 1.62 ng/ml in Metformin 
treated group (Group V) at week-9, respectively. The mean 
serum leptin level was 2.89 ± 0.86 ng/ml for Metformin + 
Empagliflozin treated group (Group VII), which is also lower 
as compared to monotherapy groups (III to V). Thus, 

Metformin and SGLT-2 inhibitors combination therapy had 
a significant effect on Serum Leptin levels as compared to 
monotherapies involving either Metformin or any of the 
SGLT-2 inhibitors used in the study. 

Muoio et al. (2008) reported that T2DM is associated with 
increased serum leptin levels due to impaired leptin 
signalling and action resulting from the state of leptin 
resistance32. Our study illustrated that all the investigated 
drugs led to a reduction in serum leptin levels, however, the 
combination therapies were more effective as compared to 
the monotherapies. The results suggest that the drugs 
included in our study could enhance leptin sensitivity and 
correct leptin resistance in T2DM. 

Matsui et. al. (2010) In their study, it was noted that a 
majority of obese individuals exhibit hyperleptinemia, 
which is associated with leptin resistance. As a result, 
decreasing in body weight will improve leptin and insulin 
resistance. In this study, metformin treatment improved 
hyperinsulinemia and hyperleptinemia as well as 
hyperglycemia33. 

In our study also Metformin treated group (Group V) 
decreased circulating leptin levels, and their combination 
with SGLT-2 inhibitors had an additive effect. Thus, our 
findings are consistent with published literature. 

Comparison of Serum Adiponectin levels among 
therapeutic groups (monotherapy and combination 
therapy) and controls  

At week 5 diabetic control (Group II) and all the groups (III 
to VII) showed statistically significant change in mean 
Serum Adiponectin levels in comparison to the normal 
control (Group I). No significant variance in mean Serum 
Adiponectin levels was noted among rats in groups (III to 
VII) and diabetic control groups (Group II) at week 5. 
However, all the therapeutic groups (III to VII) showed a 
statistically significant increase in mean Serum Adiponectin 
levels in comparison to the diabetic control group (Group II) 
at week 9.  

Tukey HSD test report, mean serum adiponectin levels were 
higher 6.00 ± 1.07 ng/ml in Metformin + Dapagliflozin 
treated group (Group VI) as compared to 4.31 ± 0.24 ng/ml, 
3.34 ± 0.37 ng/ml and 4.70 ± 0.67 ng/ml for Dapagliflozin 
(III), Empagliflozin (IV) and Metformin (V) treated groups at 
week-9, respectively.  

The mean serum adiponectin level was 4.85 ± 0.73 ng/ml 
for Metformin + Empagliflozin treated group (Group VII), 
which is also higher as compared to monotherapy groups 
(III to V), but it showed a statistically significant difference 
only as compared to Empagliflozin treated group (Group IV) 
at week-9. Thus, Metformin and SGLT-2 inhibitors 
(Dapagliflozin / Empagliflozin) combination therapy had a 
significant effect on Serum Adiponectin levels as compared 
to monotherapies involving either Metformin or any of 
SGLT-2 inhibitors. 

Bailey et. al. (2012) delineated the glucose-lowering and 
weight-reducing effectiveness of dapagliflozin when used 
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as a sole therapy in individuals newly diagnosed with type 2 
diabetes. Certainly, the decline in waist circumference 
observed in this study aligns with the enhancements 
noticed in leptin and adiponectin levels among the 
dapagliflozin groups34. In our study also, SGLT-2 inhibitors 
increased the serum adiponectin levels in T2DM. 

Kashiwagi et. al. (2014) studied those individuals who 
received ipragliflozin as an adjunct treatment following 
metformin and experienced reductions in body weight and 
waist circumference, along with an elevation in adiponectin 
levels35. Our study demonstrated that all drugs under 
investigation increased serum adiponectin levels, however, 
the combination therapies were more effective as 
compared to the monotherapies. The elevated serum 
adiponectin could aid a possible mechanism for the 
beneficial cardiovascular effects of anti-diabetic drugs. 

CONCLUSION  

This study concluded that the addition of SGLT-2 inhibitors 
to metformin for diabetes treatment led to notable 
enhancements in glycaemic regulation, lowered body 
weight, and decreased insulin resistance. These effects 
were attributed to reducing oxidative stress by modulation 
of adipokine levels i.e., decrease in pro-inflammatory 
cytokine - serum leptin and increase in insulin-sensitizing 
anti-inflammatory cytokine - serum adiponectin. 

The beneficial effect of Dapagliflozin and Empagliflozin can 
additionally be associated with their ability to reverse 
insulin resistance by alleviating the state of leptin 
resistance. Therefore, the combination of SGLT-2 inhibitors 
and metformin emerges as a promising strategy for 
managing T2DM patients with obesity. 

This study provides an idea regarding the impact of SGLT-2 
inhibitors in combination with metformin in animal diabetic 
model. It still leaves a lacuna to explore the understanding 
and effect of other anti-diabetic drugs and their 
combinations in modulating adipokine levels or other 
similar biomarkers indicating insulin resistance in T2DM 
patients. This can pave the way for improving existing 
prescription practices for the treatment of a metabolic 
disorder like diabetes. 
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