


The Potential Protective Effect of Probiotics on High-Fat Diet-Induced Cardiomyopathy in Male Albino Rats; the Possible Role of Peroxisome Proliferator- Activated Receptor- Gamma (PPAR-γ)
Abstract:	
 Background: Overconsumption of High Fat diet (HFD) is one of the major contributors to the current epidemic of cardiomyopathy. Probiotics provide health benefits to the host when ingested in appropriate amounts and it is one of the physiological triggers of Peroxisome Proliferator- Activated Receptor- Gamma (PPAR-γ) Aim: This study aimed to investigate the effect of probiotics on cardiomyopathy induced by HFD in rats and to explore the role of PPAR-γ in this process. Methods: 24 adult Wister albino male rats divided into 4 groups: group I (control group): rats received normal diet, group II(HFD group): rats received HFD for 8 weeks, group III(Probiotics group): rats received normal diet with probiotics& group IV(Probiotics + HFD group): rats received HFD with probiotics .
At the end, ejection fraction (EF), fraction shortening (FS) and left ventricular weight (LVW) were evaluated by Echocardiography and  the rats were weighed. The blood samples were taken for biochemical estimation of total cholesterol (TC), triglyceride (TG), low density lipoprotein-cholesterol (LDL-C) and high density lipoprotein-cholesterol (HDL-C), and cardiac PPAR- γ protein levels Results: HFD caused a significant increase in body weight (BW), LVW, TC, TG, LDL-C with a significant decrease in EF and FS. Probiotics revered these effects through increased cardiac PPAR-γ . Conclusion: Probiotics showed a protective effect against the HFD-induced cardiomyopathy through induction of cardiac PPAR-γ. 
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Abbreviations: PPAR-γ: Peroxisome Proliferator- Activated Receptor- Gamma; HFD: high fat diet; EF: ejection fraction; FS: fraction shortening; LVW: left ventricular weight; BW: body weight; TC: total cholesterol; TG: triglyceride; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol.

1. INTRODUCTION:
Cardiomyopathy is a lifestyle-related disease and one of the largest public health issues. Risk factors for Cardiomyopathy correlate with an excessive intake of fat (1).Worldwide, over 1 billion adults and 10% of children can be classified as overweight or obese. Cardiomyopathy is one of the leading cause of death globally, taking an estimated 17.9 million die each year (2). 
Probiotics are live microorganisms that provide health benefits to the host when ingested in appropriate amounts. A goal of probiotic use is the creation of symbiotic relationships between the human host and naturally occurring microorganisms, generating positive effects on the human host’s overall health and ability to resist illness. Probiotics are safe and widely accepted by the public. Over the past five years, they have developed into what is perceived as a natural treatment against metabolic disorders (3). 
PPARγ, a member of the nuclear receptor superfamily, is one of the most extensively studied ligand-inducible transcription factors. PPARγ has been identified to have the function of antimyocardial fibrosis. PPARγ has a wide spectrum of functions in regulating metabolism, attenuating inflammation, maintaining the balance of immune cells, inhibiting apoptosis and oxidative stress, and improving endothelial function. All of these biological functions will be of benefit for preventing the cardiac function from deterioration. Compounds that activate or modulate PPAR-γ may aid in fighting cardiomyopathy (4).
The current study was set to investigate the effect of probiotics on cardiomyopathy induced by HFD and to explore the role of PPAR-γ in this process. 
Parameters chosen to assess the study included EF, FS, LVW, BW, serum TG, TC, LDL-C& HDL-C and cardiac PPAR- γ levels.
2. MATERIAL AND METHODS:
2.1. Animals:
It is a prospective experimental study. This work was achieved using 24 adult male albino rats. They were obtained from the animal research center in Faculty of Veterinary Medicine, Benha University. The experiment lasted 8 weeks from September 2020 to November 2020 in physiology department, Faculty of medicine, Benha University. All procedures are approved by ethical committee of Benha faculty of medicine. The rats were fed a standard diet, with free access to food and water. They were placed at suitable room temperature. These conditions were continued for 10 days before the experiment for acclimatization. The study period lasted for 8 weeks.
2.2. Composition of the diet used:
[bookmark: _Hlk513664647]Table (I): Balanced diet and High fat Diet (HFD) Composition (5).
	Ingredients%
	Balanced diet
	HFD

	Soy beans
	18.6%
	18.6%

	Yellow corn
	71.6%
	35%

	Fat
	9.8%
	46.4%



2.3. Drugs and chemicals used:
Probiotics Acidophilus tablets: purchased from (Puritans pride, Ronkonkoma, USA lot no: 11779) provided as white tablets, Each tablet contains 100 million active lactobacillus bacteria. Total Cholesterol (TC) estimation kits: purchased from Santa Coloma,Spain; lot no:456A. HDL-cholesterol(HDL-C) estimation kits: purchased from Weisbaden-Germany; lot no:H130DA. Triglyceride(TG) estimation kits: purchased from Santa Coloma,Spain; lot no:605. PPAR-γ ELISA kits: purchased from Abbexa LLC, Houston, TX, USA ; lot no:abx155996
2.4. Experimental design:
Male rats were divided into 4 groups, each containing 6 rats:   
Group 1: (Control group): Rats received balanced diet had 9.8% fat, 18.6% protein & 71.6 carbohydrate components for 8 weeks (5). Group 2: (HFD): Rats received HFD contained 46.4% fat, 18.6% protein & 35% carbohydrate components for 8 weeks (5).Group 3: (Probiotics): Rats received probiotics, one tablet dissolved in 10 ml distilled water/day, by oral gavage at a dose of (4.48x107 colony forming unit (CFU)/ml) for 8 weeks (3). Group 4: (Probiotics+HFD): Rats received HFD and the same previous dose of probiotics by oral gavage (4.48x107 CFU/ml) for 8 weeks (3). 
 After the end of the experiment, cardiac functions and LVW were evaluated by Echocardiography and after overnight fasting, the rats were weighed. Then, the rats were anaesthetized with Na pentobarbital (40 mg/kg). the blood samples were taken for biochemical estimation of lipid profiles.  
2.5. Echocardiography:
Echocardiography was performed in different groups at the end of the experimental period (8weeks). Two –dimensional and M-mode recording of short axis view was performed using a 8-10MHz liner transducer (maximum depth of 3 cm) attached to an ultra-sonographic machine (Samsung Madison, SONOACE-R3-Korea). The rats were anesthetized using 2– 4% isoflurane by inhalation according to their weight. Then, rats were placed in the proper posture (semi-left lateral position with upright tilt) after the thoracic walls were shaved clean. Ultrasound gel was placed on the thorax to optimize visibility. The following measurements were recorded: fractional shortening (FS%), ejection fraction (%EF) and left ventricular weight (LVW) (6). 
 2.6. Estimation of serum TC, TG, LDL-C& HDL-C:
        2.6.1. Serum preparation:
		3 ml of each sample was left until clotting. Serum was separated by centrifugation at 3000 revolution per minute (rpm) for 15 min. After centrifugation, serum was pipetted out. Approximately 1.5 ml of serum was obtained from each blood sample, transferred to serum tubes (Eppendorf tubes) which were labeled and stored at -20°C in dark containers in deep freezer.
       2.6.2 Estimation of  lipid profiles: 
· TC, TGs and HDL-C were measured using a colorimetric reflectance spectrophotometric method (7).
· LDL-C: Calculated by this equation: 
  Total Cholesterol – {HDL + (Triglycerides/5)} (8) 


2.7. Tissue sampling:
The heart was immediately washed with normal saline and stored at -80° C for biochemical estimations of Cardiac PPAR-γ using ELISA method.
    2.7.1 Assessment of tissue PPAR-γ:
This ELISA kit used Sandwich-ELISA as the method. The micro ELISA plate provided in this kit has been pre-coated with an antibody specific to Rat PPAR-γ. Samples were added to the appropriate micro ELISA plate wells and bound by the specific antibody. Then a biotinylated detection antibody specific for Rat PPAR-γ and HRP conjugate was added to each micro plate well successively and incubated. Free components are washed away. The substrate solution was added to each well. Only those wells that contain Rat PPAR-γ, biotinylated detection antibody and HRP conjugate appeared blue in color. The enzyme-substrate reaction was terminated by the addition of a sulphuric acid solution and the color turns yellow. The optical density (OD) was measured spectrophotometrically at a wavelength of 450 nm +/- 2 nm. The OD value was proportional to the concentration of Rat PPAR-γ calculated the concentration of Rat PPAR-γ in the samples by comparing the OD of the samples to the standard curve
  2.8. Statistical analysis:
The collected data were summarized in terms of mean ± Standard Deviation (SD). Comparisons between the different study groups were carried out using the one-way analysis of variance (ANOVA; F value) followed by post hoc tests using the LSD method using the Statistical Package for Social Science (SPSS) program, version 20. P-value < 0.05 was considered statistically significant.
3. RESULTS:
[bookmark: _Hlk54967637]   3.1.Comparison between the study groups regarding EF (%) & FS(%)(Chart 1):
[bookmark: _Hlk55022483][bookmark: _Hlk54974827][bookmark: _Hlk54975064]     We can observe that, when rats received HFD contained 46.1% fat, 18.6% protein & 35% carbohydrate components for 8 weeks in HFD group resulted in a significant decrease (P < 0.05) in EF  when compared with their corresponding in the Control group  .Additionally, administration of probiotic alone to rats in the Probiotics group at a dose of (4.48x107 colony forming unit (CFU)/ml) for 8 weeks orally resulted a non-significant change (P > 0.05) in EFwhen compared with their corresponding in the Control group .

[bookmark: _Hlk54976480]Furthermore, combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant increase (P < 0.05) in EF when compared with their corresponding in HFD group. Also, there was a significant decrease (P < 0.05) in their levels when compared with their corresponding in the Control group and the Probiotics group.
Regarding FS, the HFD group showed a significant decrease (P < 0.05) in FS when compared with their corresponding in the Control group. Additionally, Probiotics group showed a significant increase (P < 0.05) in FS when compared with their corresponding in the Control group and HFD group . 
Interestingly, combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant increase (P < 0.05) in FS when compared with their corresponding in HFD group .Also, there was a significant decrease (P < 0.05) in their levels when compared with their corresponding in the Probiotics group 
Chart (1): Mean & SD of EF (%) & FS (%) in the studied groups:


Data are represented as mean ± standard deviation (SD). P < 0.05 is significant tested by one-way analysis of variance (ANOVA) and post hoc multiple comparison LSD method. 
a  P < 0.05 vs. control group      b P < 0.05vs HFD group
 c  P < 0.05 vs. probiotics group      
HFD: high fat diet; EF: ejection fraction; FS: fraction shortening

3.2.Comparison between the study groups regarding LVW(gm)&BW(gm)(Chart 2A, B):
We can observe that, rats in the HFD group showed a significant increase (P < 0.05) in LVW  & BW  when compared with their corresponding in the Control group .
Additionally, administration of probiotic alone to rats in the Probiotics group resulted in a non-significant change (P > 0.05) in LVW  & BW  when compared with their corresponding in the Control group .
Furthermore, combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant decrease (P < 0.05) in LVW & BW  when compared with their corresponding in HFD group. Also, there was a significant increase (P <0.05) in their levels when compared with their corresponding in the Control group and the Probiotics group .
Chart (2A): Mean & SD of LVW (gm) in the studied groups:

Chart (2B): Mean & SD of BW (gm) in the studied groups: 

Data are represented as mean ± standard deviation (SD). P < 0.05 is significant tested by one-way analysis of variance (ANOVA) and post hoc multiple comparison LSD method. 
a  P < 0.05 vs. control group      b P < 0.05vs HFD group
 c  P < 0.05 vs. probiotics group  HFD: high fat diet; LVW: left ventricular weight; BW: body weight


3.3. Comparison between the study groups regarding serum TG, TC, HDL-C &LDL-C (mg/dl)(Chart 3A, B):
We can observe that, when rats received HFD contained 46.1% fat, 18.6% protein & 35% carbohydrate components for 8 weeks in HFD group resulted in a significant increase (P < 0.05) in serum TC , TG& LDL-C when compared with their corresponding in the Control group .
Additionally, administration of probiotic alone to rats in the Probiotics group at a dose of (4.48x107 colony forming unit (CFU)/ml) for 8 weeks orally resulted a non-significant change (P > 0.05) in serum TC , TG  & LDL-C   when compared with their corresponding in the Control group.
Interestingly, combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant decrease (P < 0.05) in serum TC, TG  & LDL-C when compared with their corresponding in HFD group.  Also, there was a significant increase (P < 0.05) in their levels when compared with their corresponding in the Control group and the Probiotics group.
Regarding serum HDL-C, the HFD group showed a significant decrease (P < 0.05) in serum HDL-C when compared with their corresponding in the Control group.
Additionally, Probiotics group showed a non-significant change (P > 0.05) in serum HDL-C when compared with their corresponding in the Control group.  
Interestingly, combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant increase (P < 0.05) in serum HDL-C when compared with their corresponding in HFD group. But, there was a significant decrease (P < 0.05) in their levels when compared with their corresponding in the Control group and the Probiotics group.  


Chart (3A): Mean & SD of serum TC, TG &LDL-C (mg/dl) in the studied groups:

Chart (3B): Mean & SD of serum HDL-C (mg/dl) in the studied groups:
Data are represented as mean ± standard deviation (SD). P < 0.05 is significant tested by one-way analysis of variance (ANOVA) and post hoc multiple comparison LSD method. 
a  P < 0.05 vs. control group      b P < 0.05vs HFD group
 c  P < 0.05 vs. probiotics group      
HFD: high fat diet; TC: total cholesterol; TG: triglyceride


3.4. Comparison between the study groups regarding cardiac PPAR-γ (Chart 4):
 
Regarding cardiac PPAR-γ, the HFD group showed a significant decrease (P < 0.05) in cardiac PPAR-γ when compared with their corresponding in the Control group. 
Additionally, Probiotics group showed a non-significant change (P > 0.05) in cardiac PPAR-γ when compared with their corresponding in the Control group. 
Interestingly, by combined administration of probiotic and HFD in the Probiotics +HFD group resulted in a significant increase (P < 0.05) in cardiac PPAR-γ when compared with their corresponding in HFD group. But, there was a significant decrease (P < 0.05) when compared with their corresponding in the Control group and the Probiotics group.   
Chart (4): Mean & SD of cardiac PPAR-γ (ng/mg) in the studied groups:



Data are represented as mean ± standard deviation (SD). P < 0.05 is significant tested by one-way analysis of variance (ANOVA) and post hoc multiple comparison LSD method. 
a  P < 0.05 vs. control group      b P < 0.05vs HFD group c  P < 0.05 vs. probiotics group     HFD: high fat diet

4. DISCUSSION:
We have found that HFD feeding for 8 weeks contained 46.1% fat, 18.6% protein & 35% carbohydrate components resulted in obesity and dyslipidemia in the form of a significant increase (p < 0.05) in BW, TG, TC& LDL-C and a significant decrease (p < 0.05) in HDL-C in HFD group (group II) when compared with control group (group I). These results were in agreement with (9) showed that excess body weight is associated with higher plasma triglyceride, LDL cholesterol, fasting glucose levels, and lower HDL cholesterol content and a higher prevalence of dyslipidemia. Early phases of abdominal obesity are characterized by coronary endothelial dysfunction, vascular oxidative stress, and lipid profile abnormalities.
According to (5), HFD induced obesity and inflammation by increasing pro-inflammatory cytokines (TNF-α) & decreased levels of IL-10 in cardiac tissue resulting in cardiac fibrosis and decreased EF. 
Interestingly, combined administration of probiotic at a dose of (4.48x107 colony forming unit (CFU)/ml) for 8 weeks orally and HFD in the Probiotics +HFD group (group IV) showed improvement in the cardiac dysfunction parameters and prevented dyslipidemia with a significant decrease (p < 0.05) in BW, TG, TC& LDL-C and a significant increase(p < 0.05) in HDL-C, EF &FS when compared with HFD group (group II). These results were in agreement with (10) 
The mechanisms by which probiotics prevented dyslipidemia and cardiac dysfunction include Direct mechanism through the homeostatic effect of probiotics on gut microbiota which can be explained by (11) who suggested that probiotics have hypocholesterolemic effects through numerous mechanisms such as binding of cholesterol to cellular surface, interference with the formation of micelle for intestinal absorption, and bile acids deconjugation through the secretion of bile salt hydrolase. Hypocholesterolemic effects exhibited by probiotics is mostly claimed due to bile salt hydrolase activity and it can be detected in all lactobacilli. The major role of bile salt hydrolase is deconjugation of bile acid, which makes the bile salt less soluble and be excreted out as free bile acid via feces. This will reduce the cholesterol in serum and increase the de novo bile acids synthesis to replace the lost bile acid. Besides that, cholesterol could be removed in greater amount in the presence of bile as it act as a surfactant and allows cholesterol to attach on to bacterial cell membrane.
Another indirect mechanism by which probiotics prevent dyslipidemia and cardiac dysfunction through its effect on PPAR-γ pathway. 
Concerning the role of PPAR-γ in cardiomyopathy, we found that HFD feeding for 8 weeks resulted in a significant decrease (p < 0.05) in cardiac PPAR-γ in HFD group (group II) when compared with control group (group I). These results were in agreement with (12) who reported that HFD feeding for 8 weeks resulted in a significant decrease in cardiac PPAR-γ.
On studying the protective effect of probiotics on HFD induced cardiomyopathy, probiotics showed a significant increase (P < 0.05) in PPARγ in the Probiotics +HFD group (group IV) when compared with HFD group (group II). These results were in agreement with (13) who showed that probiotics cause increase the expression of mediators involved in PPARγ signaling and attenuated the development of signs and symptoms of cardiomyopathy by reversing cardiac down-regulation of PPAR-γ induced by HFD
These findings provide novel support for the role of probiotics as cardioprotective dietary elements. This study may have important implications for effective nutritional intervention toward the prevention of cardiac disease (14).
CONCLUSION:
Consumption of HFD caused obesity and dyslipidemia in the form of increase in BW, TC, TG & LDL-C and decrease in HDL-C.  in addition to cardiac dysfunction in the form of decreased EF& FS with suppression of PPAR-γ in cardiac tissue. 
However, administration of probiotics in adequate amounts in combination with HFD prevented the effect of HFD induced cardiomyopathy and reversed the measured parameters through induction of PPAR-γ.
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TC,TG&LDL-C

TC	5.09	27.05	7.08	15.7	6.83	5.09	27.05	7.08	15.7	6.83	Control	HFD	Probiotics	Probiotics+HFD	129	260	129	151	TG	3.93	4.76	12.19	19.100000000000001	14.1	3.93	4.76	12.19	19.100000000000001	14.1	Control	HFD	Probiotics	Probiotics+HFD	91.3	227	100.66	125.8	LDL-C	1.87	6.7	3.03	2.8	2.16	1.87	6.7	3.03	2.8	2.16	Control	HFD	Probiotics	Probiotics+HFD	52.5	102.16	54	67	




HDL-C	3.93	4.76	3.39	3.31	3.93	4.76	3.39	3.31	Control	HFD	Probiotics	Probiotics+HFD	76.5	37.5	72	58	



Column1	0.22	2.74	0.49	0.33	0.37	0.22	2.74	0.49	0.33	0.37	Control	HFD	Probiotics	Probiotics+HFD	PPAR-γ 	0.15	0.24	0.18	0.22	0.22	0.15	0.24	0.18	0.22	0.22	Control	HFD	Probiotics	Probiotics+HFD	5.2	1.9	5.0999999999999996	4.71	



EF&FS

EF	2.91	3.66	6.8	2.5	2.82	2.91	3.66	6.8	2.5	2.82	control	HFD	probiotics	probiotics+HFD	83.38	38.1	84.6	79.3	FS	1.63	1.69	2.85	1.8	2.16	1.63	1.69	2.85	1.8	2.16	control	HFD	probiotics	probiotics+HFD	42.3	15.1	46.8	40.18	



LVW

LVW	0.01	0.02	0.02	0.04	0.01	0	0.01	0.02	0.02	0.04	0.01	Control	HFD	probiotics	Probiotics+HFD	0.68	0.91	0.68	0.84	



BW

Series 1	7.92	8.32	7.1	5.88	7.92	8.32	7.1	5.88	control	HFD	Probiotics	probiotics+HFD	184	282	184	215.6	





