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ABSTRACT 

Background 

Hypoglycemia is a common in diabetic patients, especially during strict blood glucose control with insulin and 

oral hypoglycemic drugs. Acute or recurrent hypoglycemia may cause sudden death during diabetes mellitus treatment, 

the cause of which is not well known and was attributed to cardiovascular complications. 

Objectives 

To measure the effect of insulin on troponin T, C-Reactive Protein (CRP), and malondialdehyde (MDA) and 

the ECG changes, and to compare the possible additive effect of sitagliptin, metformin and glimepiride on these 

parameters 

Methods 

Fifty rabbits ( twenty five males) were randomly divided into five groups ( 10 each ); 5 male and 5 female 

Group 1: (control group), Group 2:( insulin), Group 3: (Metformin + Insulin), Group 4: (Glimepiride + 

insulin), Groups 5: (Sitagliptin + Insulin). Animals were anesthetized with ketamine for ECG recording at day 3and 

were then sacrificed. Blood was collected for measurement of troponin T in both the serum and heart tissue, serum CRP, 

serum potassium and heart tissue Malondialdehyde. 

Results 

Insulin significantly increased serum CRP (0.15 ± 0.09 mg/l) and decreased in blood glucose level. Metformin 

+ insulin increased in serum CRP (0.15 ± 0.103 mg/l), decreased in serum troponin T (124.62 ± 23.12 pg/ml), heart 

tissue MDA (0.52± 0.61 ng/ml), and decreased blood glucose level. Glimepiride + Insulin decreased in cardiac troponin 

T (200.60 ± 20.31 pg/ml) and blood glucose level. Sitagliptin + Insulin decrease in blood glucose level, p < 0.05, 

insignificant reduction in in serum and cardiac troponin T and heart tissue MDA. Insignificant increase in serum CRP 

and heart rate. 

Conclusions 

Metformin has both antioxidant activity and cardio-protective effect. While glimepiride has also cardio-protective effect. 

Insulin in combination or with oral hypoglycemic drugs cause a statistically significant decrease of blood glucose level 

with no therapeutic difference between various drugs. 
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INTRODUCTION 

Hypoglycemia is a common event in diabetic patients and most frequently occurred during intensive glucose 

lowering agent. Acute or recurrent hypoglycemic can cause cardiovascular complications during diabetic treatment like 

thrombosis and inflammation [1], abnormal cardiac repolarization, arrhythmia and atrial fibrillation [2]. About 90% of 

patients who take insulin have experienced incidents of hypoglycemia, the occurrence of which z differs among studies, in 

general occasions of symptomatic hypoglycemia in patients with Type1 Diabetes (T1 D) are estimated two occasions per 

week and one occasion of sever hypoglycemia once per year. A predictable 2–4% of deaths in those patients have been 

ascribed to hypoglycemia [3], [4]. During hypoglycemia especially among old diabetic patients with coronary artery 

disease, myocardial ischemia may occur. In addition to decrease myocardial perfusion, hypoglycemia can create changes in 

the conduction system of the heart, and these changes including Prolongation of the QT interval [5], [6] and prolongation 

repolarization [7] Cardiac arrhythmias may consequence during hypoglycemia and may lead to the complication of sudden 

cardiac death [8]. The effect of insulin induce hypoglycemia on potassium, troponin T, C-Reactive Protein, MDA as well as 

the effect of insulin on heart rate, PR interval and QRS duration will be examinated. The possible additive effect of 

sitagliptin, metformin and glimepiride on these parameters will also be measured. 

MATERIALS AND METHODS 

Animal groups 

The study was conducted in the Department of Pharmacology, College of Medicine, University of Basrah, during 

the period from October 2015 until September 2016. Animals were divided randomly into five groups ten rabbits in each 

group (5 males and 5 females), Six of animals died during experiment and two of animals had blood hemolysis, and they 

were excluded from the study. Blood glucose level was determined before oral dose at 0 hour and one hour after insulin 

dose and at 3hour for each treatment by (Counter ®) glucometer. 

Group 1 (Control Group): Rabbits in this group were treated with (0.4 ml/kg) distilled water orally initially and 

after one hour (0.5 ml/kg) subcutaneously for three days and sacrificed at the third day of the study. 

Group 2 (Insulin Group):  Rabbits in this group were treated with (0.4 ml/kg) distilled water orally and after one 

hour regular insulin (0.5Uint/kg/day) subcutaneously for three days and sacrificed at the third day of the study. 

Group 3 (Metformin+ Insulin Group):  Rabbits in this group were treated with Metformin                  

(100mg/kg/day, orally) and after one hour regular insulin (0.5 unit/kg/day) subcutaneously for three days and sacrificed at 

the third day of the study. 

Group 4 (Glimepiride + Insulin Group):  Rabbits in this group were treated with Glimepiride                  

(0.1mg/kg/day, orally) and after one hour regular insulin (0.5 unit/kg/day) subcutaneously for three days and sacrificed at 

the third day of the study. 

Group 5 (Sitagliptin + Insulin Group):  Rabbits in this group were treated with Sitagliptin (10mg/kg/day, orally) 

and after one hour regular insulin (0.5 unit/kg/day) subcutaneously for three days and sacrificed at the third day of the 

study. 

 

 



Comparison of the Possible Cardiac Effect of Sitagliptin, Metformin                                                                                                       87 
and Glimepiride on Insulin Induced Hypoglycemia in Rabbits 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

ECG (Electrocardiograph) 

ECG was recorded using (Contec™ electrocardiograph) with five leads; right and left anterior arm (R & L), right 

and left leg (N & F) and V5: left anterior axillary line. The animals were anaesthetized with ketamine in a dose of 

(30mg/kg, intramuscular).  

Blood Sampling 

At the third day of experiment, the rabbits were anesthetized by Ketamine in dose (30mg/kg, i.m.) after ECG 

recording blood samples were collected directly from heart via cardiac puncture before sacrificing. Blood samples 5 – 10 

ml were collected into gel tube and left 20 minutes to clot. The serum was separated by centrifugation at 3000 rpm for 20 

minutes. The supernatants collected carefully, and samples stored in aliquot at -20 c for analysis. Kits                  

(MyBio Source, Spectrum) were used for the determination serum and cardiac troponin T, cardiac MDA, serum c-reactive 

protein and potassium. Estimation was done by ELISA method. 

Tissue Handling 

The animals were sacrificed by inhalation of ether, the heart from each rabbit was immediately removed and 

rinsed in phosphate-buffered saline PH=7. Part of heart was homogenized for MDA level and cardiac troponin T 

measurement.  

Statistical Analysis 

Data were expressed as mean ± standard deviation (SD) of samples. Analysis was made by using SPSS               

(statistical package for social sciences) version 15. Independent samples t-test was used to compare between different 

groups. Paired t-test was used to test the significant of difference among the same group. Statistical significant was 

accepted at a level of P < 0.05. 

RESULTS 

Effect on Troponint 

 The serum troponin T was significantly decrease in the group treated with ( metformin +insulin) in comparison to 

the control group, P < 0.05. Also the other drugs in each groups reduced serum troponin T but this reduction was not 

statistically significant (Table 1). The level of heart tissue troponin T was significantly decrease in the group treated with 

(Glimepiride + Insulin) in comparison to control group and the group treated with (Metformin + Insulin) (Table 1) 

Table 1: Effect of Different Treatments on Serum and Cardiac Troponin T Level (Mean ± Standard Deviation) 

Group (No.) Serum Troponin T (pg/ml) Cardiac Troponin T (pg/ml) 
Control (8) 155.75± 21.25 231.44 ± 36.90 
Insulin (8) 135.91 ± 37.76 205.01 ± 20.51 
Metformin +Insulin (9) 124.62 ± 23.12 * 230.82 ± 11.38 
Glimepiride +Insulin (9) 140.59 ± 28.23 200.60 ± 20.31 *¥ 
Sitagliptin +Insulin (8) 144.15 ± 27.05 219.94 ± 21.71 

*= Significant decrease from control group, ¥= significant decrease from Metformin + Insulin group, P< 0.05 

Effect on Cardiac MDA 

The level of heart tissue MDA in the group treated with Metformin + Insulin was significantly decrease in 

comparison to the control group and insulin alone group. Although other drugs have also decrease in the level of heart 
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tissue MDA but this was not statistically significant (Table 2).  

Table 2: The Effect of different Treatment on Cardiac MDA  
      Level (NG/Ml) (Mean ± Standard Deviation) 

Group (No.) Cardiac MDA 
Control (8) 1.35 ± 0.90 
Insulin (8) 1.26 ± 0.74 
Metformin +Insulin (9) 0.52 ± 0.61*π 
Glimepiride +Insulin (9) 0.70 ± 0.62 
Sitagliptin + Insulin (8) 0.79 ± 0.74 

*= significant decrease from Control, π= significant decrease from Insulin, P< 0.05 

Effect on Serum C-Reactive Protein ( CRP) 

The level of CRP was significantly increase in the group treated with Insulin alone and (Metformin + Insulin) in 

comparison to the control group, P < 0.05 (Table-3). Although Glimepiride group and Sitagliptin group also caused 

increase in the serum CRP in comparison to Control group, however the difference was not statistically significant. 

Table 3: The Effect of different Treatment on Serum C- Reactive 
Protein (MG/l) (Mean ± Standard Deviation) 

Group ( No.) Serum c- Reactive Protein (Mg/L) 
Control (8) 0.05 ± 0.08 
Insulin (8) 0.15 ± 0.09 * 
Metformin + Insulin (9) 0.15 ± 0.10 * 
Glimepiride + Insulin (9) 0.11 ± 0.12 
Sitagliptin + Insulin (8) 0.15 ± 0.12 

*= significant increase from Control, P< 0.05 

Effect on Blood Glucose Level 

Blood glucose levels decreased significantly in the insulin treated group from 83.00 ± 9.243 mg/dl at base line to 

37.00 ± 9.813 mg/dl at 3hrs of experiment in first day of the study. In second day, blood glucose level was significantly 

decrease from 84.13 ± 6.175 mg/dl at base line to 36.75 ± 5.064 mg/dl after 3 hrs. And at third day of experiment, blood 

glucose level was significantly decrease from 73.88 ± 10.575 mg/dl at base line to 29.38 ± 7.367 mg/dl after 3 hrs. Similar 

changes in blood glucose levels were also occurred in the other insulin containing groups (Table 4). 

Table 4: The Effect of Different Treatment on Blood Glucose Level (Mg/Dl) (Mean ± Standard Deviation) 

 
Blood Glucose (MG/Dl) 

at Day 1 
Blood Glucose (MG/Dl) 

at Day 2 
Blood Glucose (MG/DL) 

at Day 3 
Group ( No.) 0 hrs 3hrs 0 hrs 3 hrs 0 hrs 3 hrs 
Control (8) 89 ±12.49 76 ± 12.98 70 ± 9.06 72± 8.26 77± 11.11 82 ± 12.05 
Insulin (8) 83 ± 9.24 37 ± 9.81*$ 84 ± 6.17 * 36± 5.06 *$ 73± 10.58 29 ± 7.37 *$ 
Metformin +Insulin (9) 81 ± 7.26 39 ± 9.50*€ 77±10.33 29 ±7.42*€π 80± 10.82 27± 8.46 *€ 
Glimepiride+ Insulin (9) 91 ± 13.34 40 ± 8.81*¢ 71±17.17 34± 12.77*¢ 69 ± 13.65 29± 9.98 *¢ 
Sitagliptin +Insulin (8) 80 ± 13.70 31±4.24*¥£ 87±7.45*€¢ 31± 6.57 *¥ 79± 6.40 27± 6.63 *¥ 

     *= significant from control, $ = significant decrease from Insulin at 0 hrs., €= significant decrease from Metformin at 0 
hrs., π= significant from Insulin at 3 hrs., ¢ = significant decrease from Glimepiride at 0 hrs. and ¥= significant decrease 
from Sitagliptin at 0 hrs., P< 0.05 
 
Effect on Electrocardiography (ECG) 

All the treatment in this study lead to increase in the heart rate comparison to control group which was not a 

statistically significant. Also all the treatment tend to shorten the PR intervals but was not statistically significant with no 
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effect detected on QRS duration. 

Table 5: The Effect of different Treatment on PR Interval Millisecond, QRS Duration and Heart Rate 

Group (No.) 
Hear t Rate 

(Beat/Minute) 
PR Interval 
Millisecond 

QRS Duration 
Millisecond 

Control (8) 235.38 ± 48.67 141.25 ± 74.55 43.25 ± 4.89 
Insulin (8) 238.25 ± 29.79 102.25 ± 42.05 43.33 ± 4.08 
Metformin +Insulin (9) 248.63 ± 27.39 94.25 ± 38.35 46.75 ± 7.49 
Glimepiride+ Insulin (9) 242.44 ± 18.62 115.22 ± 77.89 49.33 ± 13.15 
Sitagliptin +Insulin (8) 238.63 ± 28.19 82.00 ± 36.15 42.00 ± 2.67 

 
Table 6: Number of Rabbits Death in Each Group 

Group Number of Deaths 
Control  2 
Insulin  2 
Metformin + Insulin 1 
Glimepiride + Insulin 1 
Sitagliptin + Insulin  2 

 
DISCUSSIONS 

In this study metformin when given in a combination with insulin produced a significant reduction in serum 

troponin T. This is probably due to the direct effect of metformin which may indicated cardiac protection. The elevation of 

serum troponin T in the control group may be due to the tachycardia and stress during animal handling and injecting [9]. 

The elevation of troponin T does not occur only in myocardial necrosis, it can be increased for five days after open heart 

surgery [10]. Furthermore, strenuous exercise which reported as one of multi causes of troponin T elevation, however the 

mechanism of elevation is unclear. Interestingly, this elevation is transient and decrease or return to normal level within 24 

hours[11]. Troponin T is also elevated in acute pulmonary embolism [10] and renal failure [12]. Metformin probably has 

cardio-protective effect, which is similar to the result of previous experimental and clinical studies in diabetes mellitus 

[13]. The result of the current study demonstrated that metformin has cardio-protection effect even in non-diabetic rabbits.  

Effect of Studied Treatments on Cardiac Tissue Troponin T 

 In the current study glimepiride when given in a combination with insulin, it show a statistically significant 

reduction in cardiac troponin T. The more plausible explanation for glimepiride effect is due to its action that leads to 

inhibition of potassium ATP (K+-ATPase) channels, which induced depolarization of the membrane of pancreatic β-cells 

and influx of calcium which resulted in insulin release in the blood. Glimepiride has more specificity to the pancreas tissue 

than the myocardium. Glimepiride does not block cardiac mitochondria K+-ATPase channel that plays central role in 

ischemic precondition protection [14], it is considered as an one of the most potent mechanisms to protect cardiac myocyte 

against ischemic myocardial injury [15]. 

Effect of Studied Treatments on Malondialdehyde (MDA) 

Metformin in this study showed anti-oxidant activity by producing a statistically significant reduction in the 

cardiac tissue MDA level. There are two possible explanations for metformin antioxidant activity first one may be due to 

its ability to decrease intracellular ROS which play an important role in both tissue and organ damage and increase in the 

inflammatory responses [16]. Second explanation belong to its actions in the activation of the adenosine                  

monophosphate-activated protein kinase ( AMPK), which mediates many of its protective effect on cardiovascular system 
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[17]. The anti-oxidant properties of metformin were also reported in two different studies[18], [19]. Although, previous 

studies demonstrated antioxidant effect of both sitagliptin and glimepiride [20]–[22] this was not detected in our study, 

which may be due to the short treatment period (three days).  

Effect of the Studied Treatments on Serum C - Reactive Protein (CRP) 

In this study, insulin alone or in combination with metformin produced a statistically significant increase in serum 

CRP.  

In a study by Wright, 2008 showed that after acute hypoglycemia there was an up -regulation of CRP[23]. Other 

study demonstrated that acute hypoglycemia in non-diabetic or diabetic patients may induce up -regulation and release of 

vasoactive substances, it was suggested that hypoglycemia induced metabolic stress lead to inflammation, and 

microangiopathy by its putative effects on vascular blood vessels [24].  

The Effect of different Treatments on Electrocardiograph  

 All the treatment in this study leads to increment in the heart rate which was not a statistically significant. Also all 

the treatment tend to shorten the PR intervals but was not statistically significant with no effect detected on QRS duration. 

Continuous ECG monitoring may be better than single recording time in detecting any transient disturbances of cardiac 

rhythm. Mortality that occur in various groups. 

Effect of the Studied Treatments on Blood Glucose Level  

The different treatments of all groups in our study were showed a statistical significant reduction in the blood 

glucose levels. Although, there was no a statistical significant difference found between groups in the blood glucose levels, 

the group treated with (sitagliptin + insulin) had higher reduction during three days of the study. Otherwise the all groups 

have comparable therapeutic effect. 

CONCLUSIONS 

The combination of metformin or glimepiride with insulin offer better glucose control and lower incidence of 

cardiac adverse effects. 

ACKNOWLEDGMENTS 

The supporting of the University of Basrah is kindly appreciated 

REFERENCES 

1. Dandona P, Chaudhuri A. & Dhindsa S. Proinflammatory and prothrombotic effects of hypoglycemia. Diabetes Care. 2010; 

33:1686–1687. 

2. Robinson RTCE, Harris ND, Ireland RH, Lee S, Newman C, Heller SR. Mechanisms of abnormal cardiac repolarization 

during insulin-induced hypoglycemia. Diabetes. 2003; 52: 1469–1474. 

3. Cryer PE. Diverse causes of hypoglycemia-associated autonomic failure in diabetes. N Engl J Med. 2004; 350: 2272-2279. 

4. Cryer PE, Alxelod L, Grossman AB, Heller SR, Montori VM, Seaquist ER et al. Evaluation and management of adult 

hypoglycemic disorders: an Endocrine Society Clinical Practice Guideline. J ClinEndocrinol Metab.2009; 94: 709–728. 

 



Comparison of the Possible Cardiac Effect of Sitagliptin, Metformin                                                                                                       91 
and Glimepiride on Insulin Induced Hypoglycemia in Rabbits 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

5. Gill GV, WoodwardI A, Casson IF, Weston PJ. Cardiac arrhythmia and nocturnal hypoglycaemia in type 1 diabetes-the ‘dead 

in bed’ syndrome revisited. Diabetologia. 2009; 52: 42–45. 

6. Bolognesi R, Dimitri T, Bolognesi MG, Giumelli C. Marked sinus bradycardia and QT prolongation in a diabetic patient with 

severe hypoglycemia. J Diabetes Complications. 2011; 25: 349-351. 

7. Frier BM, Schernthaner G, Heller SR. Hypoglycemia and cardiovascular risks. Diabetes Care. 2011; 34: 132-137. 

8. Tu E, Bagnall RD, Duflou J, Lynch M, Twigg SM, Semsarian C. Post-mortem pathologic and genetic studies in ‘“dead in bed 

syndrome”’ cases in type 1 diabetes mellitus. Hum Pathol. 2010; 41: 392- 400. 

9. Lum G, Solarz D E, Farney L. False Positive Cardiac Troponin Results in Patients Without Acute Myocardial Infarction. Lab 

Med. 2006; 37: 546–550. 

10. Giannitsis E, Müller-Bardorff M, Kurowski V, Weidtmann B, Wiegand U, Kampmann M et al. Independent prognostic value of 

cardiac troponin T in patients with confirmed pulmonary embolism. Circulation. 2000;102: 211–217. 

11. Neumayr G, Gaenzer H, Pfister R, Sturm W, Schwarzacher SP, Eibl G et al. Plasma levels of cardiac troponin I after 

prolonged strenuous endurance exercise. Am J Cardiol. 2001; 87: 369–371. 

12. Freda BJ, Tang WH, VanLent F, Peacock WF, Francis GS. Cardiac troponins in renal insufficiency. J Am CollCardiol. 2002; 

40: 2065–2071. 

13. Abbasi F, Chu JW, McLaughin T, Lamendola C, Leary ET, Reaven GM. Effect of Metformin Treatment on Multiple 

Cardiovascular Disease Risk Factors in Patients with Type 2 Diabetes Mellitus. Metabolism. 2004; 53: 159–164. 

14. Mocanu MM, Maddock HL, Baxter GF, Lawrence CL, Standen NB, Yellon DM. Glimepiride, a novel sulfonylurea, does not 

abolish myocardial protection afforded by either ischemic preconditioning or diazoxide. Circulation. 2001; 103: 3111–3116. 

15. Iliodromitis EK, Lazou A, Kremastinos DT. Ischemic preconditioning: Protection against myocardial necrosis and apoptosis. 

Vasc Health Risk Manag. 2007; 3: 629–637. 

16. Bellin C, de Wiza DH, Wiernsperger NF, RösenP. Generation of reactive oxygen species by endothelial and smooth muscle 

cells: Influence of hyperglycemia and metformin. HormMetab Res. 2006; 38: 732–739. 

17. Guo D, Chien S, Shyy JYJ. Regulation of endothelial cell cycle by laminar versus oscillatory flow: Distinct modes of 

interactions of AMP-activated protein kinase and akt pathways. Circ Res. 2007 ; 100: 564–571.  

18. Erejuwa OO, Sulaiman SA, Wahab MS, Salam SK, Salleh MS, Gurtu S. Comparison of antioxidant effects of honey, 

glibenclamide, metformin, and their combinations in the kidneys of streptozotocin-induced diabetic rats. Int J Mol Sci.2011; 

12: 829–843. 

19. Shirali S, Babaa H, Babaali S. A comparative study on the effects of incretin and metformin on lipid profile and oxidative 

stress in diabetic rats. Int J Pharm Res Allied Sci. 2016; 5: 227–233. 

20. Ferreria L, Lemos ET, Pinto F, Parada B, Mega C, Vala H et al. Effects of sitagliptin treatment on dysmetabolism, 

inflammation, and oxidative stress in an animal model of type 2 diabetes (ZDF rat). Mediators Inflamm. 2010; 2010:11. 

21. Hadi NR, Al-Amran F, Hussein MAA. Evaluation of the effects of glimepiride (Amaryl) and repaglinide (novoNorm) on 

atherosclerosis progression in high cholesterol-fed male rabbits. J Cardiovasc Dis Res. 2012; 3: 5–11. 

22. Alam MA, Chowdhury MR, Jain P, Sagor MA, Reza HM. DPP-4 inhibitor sitagliptin prevents inflammation and oxidative 

stress of heart and kidney in two kidney and one clip (2K1C) rats. DiabetolMetabSyndr. 2015; 7: 107. 



92                                                                                                                                                Ekhlas H Hussein & Nabeel Ajali 

 
Impact Factor (JCC): 5.6329                                                                                                                                           NAAS Rating: 4.14 

23. Wright RJ, Frier BM. Vascular disease and diabetes: is hypoglycaemia an aggravating factor?. Diabetes Metab Res Rev.2008; 

24: 353-363. 

24. Wright RJ, Newby DE, Stirling D, Ludlam CA, Macdonald IA, Frier BM. Effects of Acute Insulin-Induced Hypoglycemia on 

Indices of Inflamation. Diabetes Care.2010; 33: 1591–1597. 


