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ABSTRACT 

Background: Metabolic syndrome (MS) increases the risk of developing cardiovascular diseases (CVDs) which are the 

leading cause of death worldwide.  

Objective: This study is aiming to investigate the curative effects of dipeptidyl peptidase-4 inhibitors and the prophylactic 

effects of curcumin on diet induced metabolic syndrome which is associated with cardiac dysfunction in rats.  

Methodology:  sixty adult male albino rats were divided into six groups: Group I: (control). Group II: (MS induced). Group 

III: (Vildagliptin only). Group IV: (Curcumin only). Group V (therapeutic): Vildagliptin treated rats after 8 weeks of MS to 

the end of 12 weeks. Group VI (prophylactic): Curcumin is administered with MS induction concomitantly for 12 weeks.  

Transthoracic echocardiogram was done while rats were alive. At the end of the experiment, blood was collected and 

biochemical analysis (blood glucose, serum insulin, lipid profile and cardiac enzymes) was done. Heart tissues were used for 

oxidative stress parameters (cardiac mitochondrial reactive oxygen species (ROS) and cardiac mitochondrial complex I and 

complex II) beside histopathological examination. 

Results: High fat diet (HFD) administration resulted in a significant increase in blood glucose, serum insulin, homeostasis 

model assessment of IR (HOMA- IR) index with disturbed lipid profile. Significant increase in serum cardiac enzymes and 

oxidative stress tissue markers were also noticed. Echocardiography revealed structural and functional cardiomyopathy. 

Histopathological examination showed cellular infiltrations with fat cells and collagen fibers accumulation. DPP- 4 inhibitors 

and curcumin resulted in a significant decrease in glucose, insulin, and HOMA- IR index, partial amelioration of lipid profile, 

cardiac enzymes, and cardiac oxidative stress markers. Echocardiography revealed alleviation of cardiomyopathy. 

Histopathological examination also revealed highly manifested structural improvement.  

Conclusion: The current study revealed that both DPP- 4 inhibitors and curcumin improve cardiomyopathy resulted from 

HFD administration with a diversity of mechanisms including anti-inflammatory, anti-apoptotic and anti-oxidative ways. 
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INTRODUCTION 
Metabolic syndrome (MS) has emerged as a major health 

concern worldwide. The problem of MS has been the main 

cause of high mortality and morbidity [1]. The prevalence 

of MS among Egyptian adolescents was 7.4% [2].  
 

Consumption of a diet that is high in energy, fat, protein 

and sugars, but low in fruits and vegetables, increases the 

risk of insulin resistance (IR) [3]. Insulin resistance is the 

main etiology related to MS and its associated 
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cardiomyopathy [4]. Echocardiography is the gold-

standard tool to identify abnormalities associating 

cardiomyopathy in addition to biomarkers [5]. 

Dipeptidyl peptidase-4 inhibitors (e.g. vildagliptin) are 

widely used oral hypoglycemic agents that are favored 

due to their low risk of hypoglycemia and weight gain [6]. 

Dipeptidyl peptidase-4 inhibitors are reported to have 

numerous biological roles in previous studies as a 

neuroprotective, anti-inflammatory, and anti-atheros-

clerotic effects. Moreover, they improved streptozotocin 

induced Alzheimer’s disease, improved memory and 

learning impairment and brain inflammation [7]. 

 

Herbals are nowadays used in wide ranges for medical 

purposes lacking the side effects on the prolonged 

administrations of synthetic drugs, so we attended to try 

another natural agent which is curcumin herb. Curcumin 

is extracted from the rhizome of Zingiberaceae plants and 

has many pharmacological properties, antioxidant, anti-

cancer, anti-inflammatory, cyto-protective and anti-

depressant [8]. Moreover, many studies assumed that 

curcumin may be protective against inflammation of liver 

and hepatic stellate cells activation [9]. 

 

MATERIAL and METHODS 

Experimental design: 60 adult male albino rats weighing 

120 – 150 g were obtained, housed in wire covered cages 

in a room with controlled humidity, maintained at constant 

room temperature under suitable illumination conditions 

(day and night). They were kept for one week on their 

normal diet and free access to water for acclimatization 

before starting the experiment. All procedures were 

approved by the Animal Care Committee of Al-Azhar 

University, as well as specific national laws where 

applicable. The rats were divided into six equal groups as 

follows: 

▪ Group I (Control): Rats fed on normal rat chow. 

▪ Group II (MS induced group): Rats were fed on 

western rat diet, had an Atwater fuel energy of 4.6 

kcal/g and comprised 50% crude carbohydrate, 

21.4% crude fat, 17.5% crude protein, 3.5% crude 

fibre, and 4.1% ash for 12 weeks [10]. 

▪ Group III (Vildagliptin only): Rats were fed on 

normal rat chow and then administrated with 

vildagliptin (3mg/kg/day) dissolved into 0.9% 

normal saline solution via oral gavage feeding once 

a day for 4 weeks [11]. (Manufactured by Novartis 

Pharma Stein AG, Stein, Switzerland) 

▪ Group IV (Curcumin only): Rats received 

curcumin 250 mg/kg orally for 12 weeks [12]. 

▪ Group V (Therapeutic): Rats in this group received 

western rat diet, had an Atwater fuel energy of 4.6 

kcal/g and comprised 50% crude carbohydrate, 

21.4% crude fat, 17.5% crude protein, 3.5% crude 

fibre, and 4.1% ash for 12 weeks [10], after 8 weeks 

vildagliptin (3 mg/kg/day) was dissolved into 0.9% 

normal saline solution and was given via oral gavage 

feeding once a day for 4 weeks [11]. 

▪ Group VI (Prophylactic): The rats in this group 

received western rat diet, had an Atwater fuel energy 

of 4.6 kcal/g and comprised 50% crude carbohydrate, 

21.4% crude fat, 17.5% crude protein, 3.5% crude 

fibre and 4.1% ash for 12 weeks [10] with 

administration of curcumin 250mg/ kg orally for 12 

weeks (the same period) [12]. 

 

Drugs and Herb: Vildagliptin (3mg/kg/day) (Galvus, 

Novartis) was dissolved into 0.9% normal saline solution 
[13] and was given via oral gavage feeding once a day for 

4 weeks [11]. Curcumin was purchased from spice dealer, 

suspended in saline, and was given via oral gavage [14] and 

was given for 12 weeks [15]. Curcumin dose was calculated 

according to the weight of rats and suspended in 0.9% 

normal saline (e.g. if the rat weighs 150 gm, curcumin 

dose for this rat will be 37.5 mg suspended in 1 ml saline 

given by oral gavage).  Before scarification, transthoracic 

2D mode echo-cardiogram was done to measure: left 

ventricular posterior wall thickness at end-diastole 

(LVPWd), left ventricular dimensions at end-systole 

(LVDs), left ventricular posterior wall thickness at end-

systole (LVPWs), ejection fraction (EF %) and fractional 

shortening (FS %) [16].  

 

At the end of the experiment, blood was collected from 

the tail vein. Serum was separated and stored frozen at 

‾80ºC until the time of analysis to assess 1- the occurrence 

of MS through: parameters of IR (glucose, insulin and 

homeostasis model assessment of IR (HOMA- IR) index) 

and parameters of lipid profile (triglycerides (TG), total 

cholesterol (TC) and high density lipoprotein (HDL)) 2- 

cardiac functions by estimating: cardiac enzymes lactate 

dehydrogenase (LDH) and creatine kinase (CK- MB) 

levels [17]. Animal’s chest was opened; the heart was 

isolated and was longitudinally cut. One half was used for 

estimation of tissue parameters: cardiac mitochondrial 

reactive oxygen species (ROS), cardiac mitochondrial 

complex I and complex II and the other half was used for 

histopathological examination. 
 

Biochemical measurements: 

1. Parameters investigating IR: The serum glucose 

was assayed colorimitrically by the method adopted 

by Tietz [18]. Insulin concentrations were measured in 

serum samples by enzyme immunoassay using the rat 

insulin ELISA kits [19] and HOMA-IR index was 

calculated using the equation: (Insulin in μIU/L) × 

(glucose in mmol/L) divided by 22.5 [20]. 

2. Parameters investigating Lipid profile: TG level 

was measured in plasma by quantitative- enzymatic - 

colorimetric procedure according to the method of 

França et al. [21] using a triglycerides colorimetric 

assay kit from Cayman Chemical Company. TC level 

was measured in plasma by quantitative - enzymatic 

- colorimetric procedure according to the method of  

MacLachlan et al. [22] using a cholesterol quantitation 

kit from Calbiochem Company and HDL-C was 

measured in plasma by quantitative - enzymatic 
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colorimetric procedure according to the method of 

Trinder [23] using a HDL-C kit from Bio Med 

diagnostic Company.  

3. Parameters investigating cardiac function: The 

activity of the enzyme LDH was estimated by the 

method of Teitz [24] using agape Diagnostic Kit and 

CK-MB was measured by immune-enzymatic 

method [25]. 

4. Tissue samples: estimation of mitochondrial ROS is 

based on the sandwich ELISA principle, 

mitochondrial complex I and complex II using 

Isolation Kit for Tissue & Cultured Cells (BV cat # 

K288-50) or Yeast Mitochondria Isolation Kit (BV 

cat # K259-50). 

 

Histopathological examination 

Light microscopic examination: At the end of the 

experiment, animals were subjected to diethyl ether light 

anesthesia and then were sacrificed. Animal’s chest was 

opened; the heart was isolated and was longitudinally cut. 

Half of the heart was used for histopathological 

examination: fixed in 10% neutral buffered formalin, 

embedded in paraffin. Sections were cut at 5μm thickness, 

then stained with hematoxylin and eosin (H and E) and 

Sirius red staining and were examined by light 

microscope [26]. 

Statistical analysis 

Data recorded as mean ± standard deviation (S.D.). 

Comparison was done between 2 groups by Student’s t-

test (P<0.05 was considered as significant).  

 

RESULTS 
I.High fat diet administration for 12 weeks resulted in 

manifested MS proved by a significant increase in blood 

glucose, serum insulin, HOMA- IR, serum TG and TC and 

significant decrease in serum HDL. Cardiac dysfunction 

was indicated by a significant elevation of serum cardiac 

enzymes (LDH and CK- MB) levels, elevation of tissue 

levels of cardiac mitochondrial ROS, and of marked 

decrease in levels of cardiac mitochondrial complex I and 

complex II. Alterations in the echo findings as significant 

decrease in EF% and FS% and a significant increase in 

LVPWd, LVDs and LVPWs that suggest occurrence of 

functional and structural cardiomyopathy (left ventricular 

hypertrophy (LVH) and systolic dysfunction) compared to 

control group.  
 

 
 

 
 

 

Table (1): Alteration of insulin resistance and lipid profile parameters, blood glucose (mmol/ L), serum insulin (µIU/ 

L) HOMA- IR, serum triglycerides, serum total cholesterol and serum HDL (mg/ dl) in different groups 

Groups 

 

 

 

 

Parameters 

Control 

group 

(No.= 10) 

Vildagliptin 

only group 

(No.= 10) 

Curcumin 

only Group 

(No.= 10) 

MS induced 

Group 

(No.= 10) 

Therapeutic group 

(No.= 10) 

Prophylactic group 

(No.= 10) 

Mean 

±SD 

Mean 

±SD 

P value 

control 

group 

Mean 

±SD 

P value 

control 

group 

Mean  

±SD 

P value 

control 

group 

Mean  

±SD 

P value     

MS 

induced 

group 

P value 

vildagliptin 

only group 

 

Mean  

±SD 

P value     

MS 

induced 

group 

P value 

curcumin 

Only 

 group 

Glucose 

(mmol/L) 

5.9±0.

5 

5.9± 

0.4 
> 0.05 

5.7 ± 

0.5 
> 0.05 

15.01

± 2.1d 
< 0.05 

9.8± 

1.2a, c < 0.05 < 0.05 
9.7± 

1.9a, b 
< 0.05 < 0.05 

Insulin 

(µIU/mL) 

8.3± 

1.3 

9.1± 

0.9 
> 0.05 

8.8 ± 

0.5 
> 0.05 

19.9± 

1.6d 
< 0.05 

11.5± 

2.01a, c 
< 0.05 < 0.05 

11.5± 

1.5a, b 
< 0.05 < 0.05 

HOMA-

IR 

2.2± 

0.4 

2.4 

±0.3 
> 0.05 

2.3 ± 

0.2 
> 0.05 

13.3± 

2.5d < 0.05 
5.1± 

1.2a, c < 0.05 < 0.05 
5.02± 

1.3a, b 
< 0.05 < 0.05 

Serum 

TG (mg 

/dl) 

74.4 

±2.7 

64.05 

± 8.6d 
< 0.05 

71.8 

±6.1 
> 0.05 

129.9 

±31.9d 

< 0.05 

 

84.3± 

7.1a, c 
< 0.05 < 0.05 

82.2 ± 

10.4a, b 
< 0.05 < 0.05 

Serum 

TC (mg / 

dl) 

139.7 

±7.6 

137.4 

±6.7 
> 0.05 

139.6 

± 10.6 
> 0.05 

244.6 

±34.3d 
< 0.05 

180.6±

4.6a, c 
< 0.05 < 0.05 

182.7±

14.2a, b 
< 0.05 < 0.05 

Serum HDL 

(mg / dl) 

62.5 

±3.6 

64.3 ± 

7.1 
> 0.05 

62.1 ± 

6.3 
> 0.05 

30.9 ± 

4.8d 
< 0.05 

47.9± 

3.8a, c 
< 0.05 < 0.05 

52.4± 

7.8a, b 
< 0.05 < 0.05 

 

Data were analyzed through student’s T-test between 2 groups. P. value < 0.05 was significant, a: significant values versus MS group, b: significant values 
versus curcumin only group, c: significant values versus vildagliptin only group, d: significant values versus control group. 

 

II. Vildagliptin administration for 4 weeks, after the 

occurrence of MS, resulted in improvement of MS 

(manifested by significant decrease of blood glucose, 

serum insulin, HOMA- IR, TG and TC) and a significant 

increase in serum HDL. Improvement of cardiac 

dysfunction was shown by significant lowering of serum 

cardiac enzymes LDH and CK- MB levels, and cardiac 

mitochondrial ROS, accompanied with significant 

increase in levels of cardiac mitochondrial complex I 

and complex II. Echo findings showed a significant 

increase in EF% and FS% and a significant decrease in 

LVPWd, LVDs and LVPW when compared to MS 

induced group. 

III. Curcumin administration for 12 weeks resulted in 

improvement of MS manifested by significant decrease 

of blood glucose, serum insulin, HOMA- IR, Serum TG 

https://www.sciencedirect.com/topics/medicine-and-dentistry/formaldehyde
https://www.sciencedirect.com/topics/medicine-and-dentistry/paraffin
https://www.sciencedirect.com/topics/medicine-and-dentistry/haematoxylin
https://www.sciencedirect.com/topics/medicine-and-dentistry/eosin
https://www.sciencedirect.com/topics/nursing-and-health-professions/microscopy
https://www.sciencedirect.com/topics/nursing-and-health-professions/microscopy
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and TC, and significant increase in HDL. Improvement 

of cardiac dysfunction proved by significant lowering of 

serum cardiac enzymes LDH and CK- MB levels, and 

cardiac mitochondrial ROS, with significant increase 

levels of cardiac mitochondrial complex I and complex 

II. Echo findings showed a significant increase in EF% 

and FS% and a significant decrease in LVPWd, LVDs 

and LVPW when compared to MS induced group. 

IV. Comparing DPP- 4 inhibitors administration and 

curcumin administration showed non-significant 

changes in all measured parameters, except that 

curcumin succeeded to return EF% and FS% to control 

levels. 
 

Table (2): Alteration of parameters evaluating cardiac functions, serum LDH, CK- MB, mitochondrial ROS, 

mitochondrial complex I and complex II (mg/ dl) in different groups 

Groups 

 

 

 

 

Paramet

ers 

Control 

group  

(No.=10) 

Vildagliptin only 

group                                   

(No.= 10) 

Curcumin only 

group 

(No.= 10) 

MS induced 

group                                                 

(No.= 10) 

Therapeutic group                                                                  

(No.= 10) 

Prophylactic group                                                                            

(No.= 10) 

Mean  

±SD 

Mean 

±SD 

P value 

control 

group 

Mean     

± SD 

P value 

control 

group 

Mean     

±SD  

P value 

control 

group 

Mean         

±SD 

P value 

MS 

induced 

group 

P value 

vildag-

liptin only 

group 

Mean  

±SD 

P value     

MS 

induced 

group 

P value 

curcumin 

only  

group 

Serum 

LDH       

(mg/ dl) 

119.7 

± 5.6 

118.1 

± 7.9      
> 0.05 

118.4 

± 5.2 
> 0.05 

280.9 

± 

48.3d 

< 0.05 
194.3±

10.4a,c 
< 0.05 < 0.05 

193.6± 

12.4a, b 
< 0.05 < 0.05 

Serum 

CK- MB 

(mg/ dl) 

113.7 

± 2.8 

109.3 

± 3.4d 
< 0.05 

113.3 

± 6.6 
> 0.05 

232.4 

± 

16.5d 

< 0.05 
157.9±

10.3a, c 
< 0.05 < 0.05 

152.5± 

12.4a, b 
< 0.05 < 0.05 

Mitocho

ndrial 

ROS  

(mg/ dl) 

43.5 ± 

8.01 

33.2 ± 

2.9d 
< 0.05 

35.4 ± 

3.7d 
< 0.05 

111.2 

± 

18.2d 

< 0.05 
70.09±

14.9a,c < 0.05 < 0.05 
65.4± 

13.9a, b 
< 0.05 < 0.05 

Mitocho

ndrial 

complex 

I (mg/ dl) 

35.6 ± 

9.6 

43.3 ± 

12.6 

> 0.05 

 

51.5 ± 

8.8d 
< 0.05 

18.8 ± 

2.08d 
< 0.05 

36.4± 

8.2a 
< 0.05 > 0.05 

41.4± 

4.7a,b 
< 0.05 < 0.05 

Mitocho

ndrial 

complex 

II (mg/d) 

72.5 

±11.1 

81.8 ± 

7.9d 
< 0.05 

79.6 ± 

9.6 
> 0.05 

37.4 ± 

5.03d 
< 0.05 

63.3± 

8.3 a,c 
< 0.05 < 0.05 

64.6± 

9.7 a,b 
< 0.05 < 0.05 

 

Data were analyzed through student’s T-test between 2 groups. P. value < 0.05 was significant, a: significant values versus MS group, b: significant values 

versus curcumin only group, c: significant values versus vildagliptin only group, d: significant values versus control group 
 

Table (3): Alteration of all the measured echocardiographic parameters in different groups 
      

Groups  

 

 

 

 

Parameters 

Control 

group                    

(No.= 10) 

Vildagliptin only 

group                                             

(No.= 10) 

Curcumin only 

group 

(No.= 10) 

MS induced 

group                                                

(No.= 10) 

Therapeutic group 

(No.= 10) 

Prophylactic group 

(No.= 10) 

Mean 

±SD 

Mean± 

SD 

 

P value 

control 

group 

Mean   

±SD 

 

P value 

control 

group 

Mean 

±SD 

P value 

control 

group 

Mean  

±SD 

P value 

MS induced 

group 

P value 

vildag-

liptin only 

group 

Mean 

±SD 

P value 

MS 

induced 

group 

 

P Value   

curcumin 

only group 

EF % 
81.3 ± 

3.7 

81.1

± 1.8 
> 0.05 

79.6 

± 0.7 
> 0.05 

67.9 ± 

3.3d 
< 0.05 

78.33± 

0.95 a,c 
< 0.05 < 0.05 

80.25

±1.36a 
< 0.05 > 0.05 

FS % 
45.6± 

4.5 

45.5

± 1.9 
> 0.05 

43.2 

± 0.8 
> 0.05 

32.1 ± 

2.2d 
< 0.05 

39.9 

±1.6 a,c 
< 0.05 < 0.05 

42.5± 

1.34a 
< 0.05 > 0.05 

LVPWd 

(cm) 

0.25± 

0.06 

0.29

±0.1 
> 0.05 

0.26 

±0.1 
> 0.05 

0.29 ± 

0.03d 
< 0.05 

0.26± 

0.05a < 0.05 > 0.05 
0.26± 

0.05a 
< 0.05 > 0.05 

LVDs 

(cm) 

0.14± 

0.05 

0.13

± 0.0 
> 0.05 

0.14 

± 0.0 
> 0.05 

0.18 ± 

0.02d 
< 0.05 

0.14± 

0.01a 
< 0.05 > 0.05 

0.13± 

0.02a 
< 0.05 = 0.05 

LVPWs 

(cm) 

0.28± 

0.06 

0.28

± 0.0 
> 0.05 

0.26 

± 0.1 
> 0.05 

0.32 ± 

0.04d 
< 0.05 

0.28± 

0.04 a,c 
< 0.05 < 0.05 

0.28± 

0.05a 
< 0.05 > 0.05 

 

Data were analyzed through student’s T-test between 2 groups. P. value < 0.05 was significant, a: significant values versus MS group, c: significant values 

versus vildagliptin only group, d: significant values versus control group 
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V. Histopathological examination is illustrated in the following figures 

 
 

  

   
Figure (1): Microscopic examination of cardiac tissues: (A) Control group showing long and cylindrical muscle fibers with 

central nuclei, (B) MS induced group showing cellular infiltration, congested blood vessel and widely separated pericardium (arrows). 

(C)Vildagliptin only group showing long, cylindrical muscle fibers with central nucleus and single endothelial cells lining blood vessels, 

(D) Curcumin only group showing long, cylindrical muscle fibers with central nuclei and   single endothelial cells lining the blood vessel 

group, (E) Therapeutic group showing long, cylindrical muscle fibers with central nucleus and congested blood vessels lined with single 

endothelial cells, and (F) Prophylactic group showing long, cylindrical muscle fibers with central nucleus, congested blood vessels and 

fat cells (H and E, X 100). 
 

 
 

 
  

   
Figure (2): Microscopic examination of cardiac tissues: (A) Control group showing few collagen fibers appear red and the rest 

of structures appear yellow, (B) MS induced group showing amorphous collagen fibers appears red, (C)Vildagliptin only group showing 

few collagen fibers appears red, (D) Curcumin only group showing few collagen fibers appears red around the muscle fibers and 

pericardium, (E) Therapeutic group showing few collagen fibers appear red around blood vessels, and (F) Prophylactic group showing 

few collagen fibers appear red around blood vessels mainly (Sirius red, X 200).  

DISCUSSION 
Previous studies assumed that impaired insulin effect on 

the adipocyte could disturb fatty acids metabolism thus it 

will be directed towards re-esterification causing 

intracellular steatosis and accumulation of complex lipids 

in other tissues that might exacerbate IR. [27]. 

Histopathological examination of the present study could 

support this view as it revealed fat accumulation in 

cardiac tissue of MS induced group. The presence of high 

insulin levels in MS rats could predispose to further IR as 

the studies explained that impaired insulin signaling in 

A B C 

D E F 

A B C 

F E D 
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the brain leads to failure to suppress appetite and 

consequently adjust nutrient sensing that contributes to 

obesity[28]. This impairment could also eliminate the 

ability of insulin to suppress hepatic glucose output. 

 

The observed IR in the current study could be also 

explained by another mechanism which is the occurrence 

of oxidative stress and augmentation of inflammatory 

cytokine production with adipocyte overload. Previous 

study [29] related the obesity-associated development of 

MS to the dysregulated production of adipocytokines and 

the selective increase in ROS production which increased 

oxidative stress in accumulated fat and the net result is 

impairment of both insulin secretion from the pancreatic 

β cells and glucose transport in the cardiac muscle. This 

increased ROS levels may also damage proteins and 

induce inflammation by augmenting cytokine production 

from activated inflammatory cells which results in further 

tissue damage [30]. Studies suggested that HFD 

consumption increases the exposure to oxidative stress 

that increases a group of interleukins (IL- 1, IL-6) and 

tumor necrosis factor- α (TNF- α) production by 

increasing nuclear factor kappa- light- chain- enhancer of 

activated B cells (NF- kB) [31]. 

 

In the current study, there were marked alteration of the 

cardiac functions represented with significant elevation of 

serum cardiac enzymes levels ( LDH and CK- MB), 

elevation of tissue levels of cardiac mitochondrial ROS, 

marked decrease in the levels of cardiac mitochondrial 

complex I and complex II. These alterations of the current 

study results correlate with the echo findings of the same 

present study, which revealed functional alterations 

represented by a significant decrease in EF% and FS% 

and structural alterations manifested by a significant 

increase in LVPWd, LVDs and LVPWs that suggest 

occurrence of functional and structural cardiomyopathy 

(LVH and systolic dysfunction).  

 

The main pathophysiological mechanism that contributes 

to the development of cardiomyopathy, cardiac hyper-

trophy and insulin- resistant heart is the cardiac 

dysmetabolism, as reported in the previous study [32]. This 

metabolic inflexibility caused by internalization of 

glucose transporter 4 (GLUT4) to its intracellular location 

and CD36 (mediated uptake of FAs) becomes specially 

localized to the sarcolemma leaving the fatty acid as the 

sole fuel source [33]. This shift induces an intramyocardial 

lipid accumulation due to the increased uptake and 

accumulation of lipid in the heart [34] which is correlated 

exactly with histopathological findings in the current 

study that revealed myocytes hypertrophy and many fat 

droplets appearance. This high lipid contents can induce 

contractile dysfunction independently of IR [35]. These 

functional changes were also correlated with the echo 

findings of the present study that reveals functional 

alterations in the form of a significant decrease in EF% 

and FS%. 

The observed decrease in the activity of complex I and 

complex II, in the present study, is the main causes of 

mitochondrial dysfunction in the heart. Studies cleared 

that mitochondrial dysfunction is caused either by 

mutations of the genes required to generate a fully 

functional complexes or by a cumulative damage to the 

complexes [36]. Studies explained that decreased mito-

chondrial complex I activity together with an increased 

mitochondrial protein lysine acetylation may contribute to 

the IR and increased FA oxidation in the cardiomyocytes 
[37].  

 

All the recorded biochemical results and cardiac imaging 

results go in hand with observed histopathological 

changes of the cardiac tissue in the current study. H and E 

staining revealed many fat cells appeared as empty cells 

with peripherally flattened nuclei, highly congested blood 

vessels with cellular infiltrations and widely separated 

pericardium. These findings go in hand with previous 

studies [26, 38, 39]. While Sirius red staining in the current 

study revealed accumulation of collagen fibers, which 

goes in hand with previous studies [40, 41], which revealed 

similar findings. 

 

Vildagliptin for 4 weeks (after MS induction) resulted in 

improvement of MS manifestations proved by significant 

decrease in IR parameters and restoration of lipid profile 

parameters. This manifested improvement in the tested 

parameters mostly refers to vildagliptin ability to improve 

the state of IR associates MS and may enhance insulin 

activity. This ability could directly balance the disturbed 

carbohydrate and lipid metabolism and alleviates the 

ectopic lipid accumulation that complicates IR. This 

opinion is supported by studies which assumed that 

vildagliptin could improve IR through its effect on 

incretin peptides [42]. Vildagliptin acts by increasing 

incretins (Glucose-dependent insulinotropic polypeptide 

(GIP) and glucagon-like peptide-1(GLP-1)), which 

inhibit glucagon release and thus increase insulin 

secretion and decrease blood glucose levels. This better-

ment of the tested IR parameters and lipid profile was 

accompanied by recovery of the cardiac functions, as 

proved by significant lowering of serum cardiac enzymes 

LDH and CK- MB levels when compared to MS induced 

group. Moreover, improvement of oxidative stress 

parameters was recorded after vildagliptin administration 

in the form of decreased tissue levels of cardiac 

mitochondrial ROS, with significant increase levels of 

cardiac mitochondrial complex I and complex II when 

compared to MS induced group. 

 

These recorded improvements correlate with the present 

study echo findings that showed a manifested 

improvement of the functional changes of the heart appear 

as a significant increase in EF% and FS% and improve-

ment of the structural changes represented by a significant 

decrease in LVPWd, LVDs and LVPWs when compared 

to MS induced group. The recorded echo changes 

https://en.wikipedia.org/wiki/Glucagon
https://en.wikipedia.org/wiki/Blood_glucose
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revealed improvement of the functional and structural 

cardiomyopathy manifestations (LVH and systolic 

dysfunction). 

 

Vildagliptin can improve the mitochondrial biogenesis 

through its inhibitory action on DPP-4 enzyme [43]. This 

activation of GLP-1 receptors was also reported to 

activate the cyclic adenosine monophosphate-dependent 

protein kinase A (cAMP-dependent protein kinase A) 

which inhibits mitochondrial ROS accumulation and 

restore metabolic alterations [44]. Another possibility is 

that increased GLP-1 levels by vildagliptin could directly 

influence mitochondrial preservation via modifying 

oxidative-phosphorylation process and thus attenuating 

oxidative stress [45]. 

 

The observed improvement in oxidative stress parameters 

of the current study presented by decreased tissue levels 

of cardiac mitochondrial ROS, with significant increase 

levels of cardiac mitochondrial complex I and complex II. 

Studies explained that vildagliptin therapy led to a marked 

reduction in mitochondrial ROS production back to the 

normal levels, alleviated mitochondrial swelling and 

increased mitochondrial respiration function. Besides, 

vildagliptin prevents separation of NF-KB from its 

complex, prevents its translocation to the nucleus with the 

end result suppression of inflammatory cytokines [46, 47]. 

Another mechanism by which vildagliptin treatment was 

accompanied by improvement of mitochondrial functions 

is that vildagliptin could restore the autophagosome 

clearance to appropriate levels which maintain cellular 

homeostasis and cell survival [48]. The observed recovery 

of left ventricular function in the current study with 

vildagliptin administration could be due to attenuation of 

cardiac mitochondrial dysfunction as proved by the 

current study oxidative stress parameters (mitochondrial 

ROS, complex I and II).  

 

All these biochemical improvements were associated with 

improvement of histopathological findings with H and E 

staining including decreased appearance of fat cells, 

decreased cellular infiltrations and congestion of blood 

vessels and with Sirius red staining which revealed less 

appearance of collagen fibers when compared to MS 

induced group. The current histopathological results were 

compatible with previous studies [49- 51]. 
 

Curcumin administration resulted in improvement of MS 

manifestations due to its ability to improve the state of IR 

associates MS that may help returning of insulin activity 

to some extent. This improvement of IR was supported by 

the previous study which revealed that curcumin could 

stimulate insulin release from pancreatic beta cells. In 

addition, curcumin may increase the peripheral insulin 

sensitivity, and this may explain its antidiabetic activity 
[52]. This mentioned ability of curcumin to modulate fat 

metabolism is consistence with the histopathological 

examination of the present study that revealed reduced 

appearance of fat cells in the cardiac muscle cells. 

Previous studies tried to explain the ability of curcumin to 

ameliorate lipid profile. They assumed that curcumin 

could modulate the expression of genes and the activity of 

enzymes involved in lipoprotein metabolism that lead to a 

reduction in plasma TG and TC and elevate HDL-C 

concentrations [53, 54]. 

 

These recorded data of the present study was accompanied 

by significant lowering of the level of serum cardiac 

enzymes LDH and CK- MB which was associated with 

decreased tissue levels of cardiac mitochondrial ROS, and 

significant increase levels of cardiac mitochondrial 

complex I and complex II, when compared to MS induced 

group. These betterments in the current study recordings 

correlate with its echo findings that showed improvement 

of the functional parameters of the heart manifested by a 

significant increase in EF% and FS% as well as 

improvement of the structural changes, represented as a 

significant decrease in LVPWd, LVDs and LVPW, when 

compared to MS induced group. These recorded echo 

changes show improvement of functional and structural 

cardiomyopathy manifestations (LVH and systolic 

dysfunction). 

 

Curcumin could prevent the onset of inflammation 

through inhibition of (NF‐κB), one of the major 

modulators of inflammatory process, preventing its 

translocation to the nucleus and inhibition of the gene’s 

expression of inflammatory cytokines [55]. The anti-

inflammatory effect of curcumin was explained through 

its modulation on toll‐like receptor 2 (TLR2), one of the 

major mediators of the innate immune system. Studies 

assumed that curcumin reduced expressions of TLR2 and 

decreased macrophage infiltration and the fibrotic 

response in cardiac tissues; hence restore heart 

contractility [56].. The previous mentioned anti-

inflammatory activity of curcumin could be correlated 

exactly with the histopathological examination of the 

current study that revealed reduced cellular infiltrations 

and less appearance of collagen fibers in the cardiac cells. 

The recorded effects of curcumin in the current study on 

tissue levels of cardiac mitochondrial ROS, cardiac 

mitochondrial complex I and complex II could be 

explained by its ability to attenuate the oxidative stress. 

Curcumin can intercept and neutralize ROS, nitric oxide 

and peroxynitrite and decrease expression of NADPH 

oxidase, thus restore SOD activity and reduce lipid 

peroxidation in IR as explained by previous studies [57].  

Another mechanism for the antioxidative effect of 

curcumin includes activation of heme oxygenase-1 and 

maintenance of glutathione metabolism or sweeping of 

ROS. Heme oxygenase-1 and glutathione are major 

antioxidants that prevent deteriorations of the process of 

MS through the mediation of the main redox regulatory 

signaling pathway in the cell [58]. Moreover, curcumin 

could scavenge a variety of ROS and reduce 

mitochondrial deficiency by activation of silent 
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information regulator 1 (SIRT1) signaling, up regulation 

of Bcl‐2 and down regulation of Bax [55]. 
 

All these previous biochemical results in the present study 

are associated with improvement of the histopathological 

findings with H and E which revealed reduced cellular 

infiltrations and congestion of blood vessels and less 

appearance of fat cells. Sirius Red staining revealed less 

appearance of collagen fibers when compared to MS 

induced group. These findings go in hand with the 

previous findings [59-61]. 

 

CONCLUSION 
The current study revealed that both vildagliptin and 

curcumin improve cardiomyopathy resulted from HFD 

administration with a diversity of mechanisms including 

anti-inflammatory and anti-apoptotic and anti-oxidative 

ways. Curcumin succeeded to restore function and 

structure of the heart, while vildagliptin fails to return 

functional abnormalities to the control levels.  As 

prevention is better than cure, curcumin as an herb with 

less side effects is recommended as a protective agent for 

people susceptible to MS with cardiac complications 

compared to vildagliptin.  
 

Future directions 
- Further studies are needed to clarify more values of 

curcumin to answer many of open issues about its 

biological effects. 
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 الملخص العربي 
 

أو الكركمين علي متلازمة الأيض الناتجة من الغذاء والمصحوبه باختلال   ٤تأثير مثبطات الدايبيبتديل ببتيداز
 وظائف القلب في الفئران

 

 2، مني حسين حموده1جمال الدين العناني، مني 1، أسماء فتحي عبد الرحمن1، شريفة العرب علي العرب1مي علي محمد عطيوة
 . بنات، القاهرة، جامعة الأزهر، جمهورية مصر العربيةالكلية طب الفسيولوجيا، قسم  1

 . بنات، القاهرة، جامعة الأزهر، جمهورية مصر العربيةالكلية طب قسم الهستولوجيا وبيولوجيا الخليه،  2
 

 ملخص البحث 

الأسباب الرئيسيه للوفاة  تعد متلازمة الأيض من العوامل المتسببة في حدوث الأمراض القلبية والتي بدورها تعد من    الخلفية:

   علي مستوي العالم. 

والتأثير الوقائي للكركمين على النظام    ٤  - تهدف الدراسة الحالية هوفحص التأثيرالعلاجي لمثبطات الدابيبتيديل ببتيدازالهدف: 

 . يسبب مرض متلازمة الأيض المرتبط باختلال وظائف القلب  الغذائي الذي

مجموعات عشرة فئران لكل مجموعه: المجموعة الأولى )مجموعة   6تقسيم ستين من ذكور الجرذان البالغة إلى    تم الطرق:  

قط(، المجموعة ضابطة(، المجموعة الثانية )المجموعة المستحثة بمرض متلازمة الأيض(، المجموعة الثالثة )فيلداجليبتين ف

الاسبوع  لنهاية  بعد ثمان أسابيع من متلازمة الأيض  العلاج  تلقت  )العلاجية(  الخامسة  المجموعة  )الكركمين فقط(،  الرابعة 

 اسبوع.   12حث متلازمة الأيض لمدة  الثاني عشر، المجموعة السادسة )الوقائية( تلقت الكركمين بالتزامن مع 

تم إجراء مخطط صدى القلب بوضع ثنائي الأبعاد عبر الصدر.  في نهاية التجربة ،تم تجميع عينات الدم واستخدامه لتقييم  

لقياس دلالات الأنسجة لتقييم حالة مستوي الجلوكوز والانسولين ودلالات مستوي الدهون وانزيمات القلب. واستخدمت القلوب  

 لميتوكوندريا القلبي الاول والثاني. الي جانب الفحص التشريحي للانسجة. الإجهاد التأكسدي القلبي، ومركبات ا

تناول الغذاء عالي الدهون نتج عنه ارتفاع كبير في نسبة السكر والأنسولين في الدم و معادلة مقاومة الانسولين وكان النتائج: 

لقلب وارتفاع عوامل الاكسده في الأنسجة. هناك اضطراب في مستوى الدهون، كما لوحظ ارتفاع كبير في مستويات إنزيمات ا

القلب وجود خلل هيكلي ووظيفي بعضلة القلب. أما الفحص التشريحي فأظهرالعديد من   نتائج تخطيط صدى  وكذلك كشفت 

للكولاجين. وتراكم  بالخلايا  الازدحام  شديدة  دموية  وأوعية   ، الدهنية  ببتيداز  الخلايا  الدايبيبتيدايل  مثبطات  تناول         - وأظهر 

والكركمين انخفاضا ملحوظا في مستويات السكر والأنسولين في الدم و معادلة مقاومة الانسولين وتحسنا طفيفا في مستوى ٤

القلب   نتائج تخطيط صدى  القلب وعوامل الاكسده. وكذلك كشفت  إنزيمات  عضلة    التخفيف من اعتلالالدهون، ومستويات 

 ء عضلة القلب. القلب. وأظهرالفحص التشريحي تحسنا ببنا

أن: الاستنتاجات الحالية  الدراسة  ببتيداز  تناول  أظهرت  الدايبيبتيدايل  الكركمين٤  -مثبطات  اعتلال عضلة    وكذلك  من  يحسن 

 . القلب من خلال مجموعة من الأليات متضمنة مضادات الالتهاب ومضادات موت الأنسجه ومضادات الأكسده 
 

 .القلب، الكركمين، غذاءعالي الدهون، متلازمة الأيض، فيلداجلبتيناعتلال عضلة الكلمات المفتاحية: 
 

 الباحث الرئيسي 

 بنات، القاهرة، جامعة الأزهر، جمهورية مصر العربيةالكلية طب الفسيولوجيا، قسم    ،مي علي محمد عطيوةالأسم: 

 01550015203:الهاتف 

  maialy.medg@azhar.edu.eg : البريد الألكترونى 

 


