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Abstract 

Background: Cardiac dyshomeostasis is steadily increasing in obese diabetics, with growing 

evidence pointing to a potential connection between diabetic cardiomyopathy (DCM) and gut 

microbiota alterations. The probiotic Lactobacillus acidophilus (Lacto-B) has garnered significant 

interest for its beneficial properties. This study aimed to explore the mechanisms by which Lacto-B 

exerts its protective effects and to assess the role of beclin-1-mediated autophagy in DCM. Method: 

Twenty-four rats were grouped into Control, Lacto-B, high-fat diet (HFD), and HFD + Lacto-B, for 

8-week experimental period. Lacto-B was administrated at a dose of (2 x 10
8
) colony-forming 

units/ml/d by oral gavage. Echocardiographic, biochemical, and microscopic evaluations for cardiac 

changes were assessed. Glycemic and lipid profiles, oxidative stress, inflammatory markers nuclear 

factor-кB, interleukin-1β, interleukin-10, and beclin-1 protein were evaluated. Results: The findings 

revealed that concurrent Lacto-B treatment with HFD limited weight gain, improved insulin 

sensitivity and dyslipidemia, preserved cardiac functions and structure evidenced by reduced serum 

injury biomarker, atherogenic indices, myocardial hypertrophy, and collagen deposition, along with 

improved ejection fraction and fractional shortening. Furthermore, there were boosts in the total 

antioxidant capacity and the anti-inflammatory interleukin-10 along with the reductions in the 

cardiac malondialdehyde, total oxidant status, nuclear factor-кB gene and interleukin-1β. 

Additionally, downregulation of beclin-1 autophagic protein was evident versus HFD group. 

Conclusion: It is noteworthy that Lacto-B reduced the HFD-induced exaggerated autophagic activity 

in DCM. In addition to its hypoglycemic and hypolipidemic effects, lacto-B was able to restore 

redox and inflammatory balance. Therefore, it could reduce the DCM risks and be a preventive 

strategy.  
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 Introduction 

The incidence of cardiac diseases related to obesity and diabetes is greatly increasing. Diabetic 

cardiomyopathy (DCM) is a serious consequence and the leading cause of heart failure in diabetics. 

Moreover, dyslipidemia, a major risk factor for cardiovascular diseases and atherogenesis, is 

relatively high in diabetic people [1]. In addition, persistent hyperglycemia and the associated raise 

in the advanced glycation end products (AGEs) employs lethal effects on the cardiac muscle 

throughout the progression of DCM [2]. They promote the generation of reactive oxygen species 

(ROS), the secretion of pro-inflammatory cytokines, and a subsequent rise in cardiac stiffness [3].  

A growing body of evidence has highlighted a relationship between diabetic cardiomyopathy (DCM) 

and disruptions in the intestinal microbiota, accompanied by changes in bacterial metabolites. 

Beyond their intestinal functions, these metabolites influence distant organs via intricate signaling 

pathways [4]. By orchestrating energy regulation, lipid metabolism, and inflammatory responses, the 

gut flora exerts significant influence on cardiac health and serves as a cornerstone for the gut-heart 

axis. This axis is a burgeoning field of research connecting gut functionality with cardiovascular 

pathology [5]. Since dysbiosis, alterations of intestinal microbiota, was acknowledged as a 

pathophysiological mechanism, it seems reasonable that microbiota modulation via probiotics, 

prebiotics, and synbiotic organisms help in restoring the eubiotic condition. Lactobacillus 

acidophilus (Lacto-B) is one of these probiotics. It is beneficial gut microbiota and is concerned with 

lactic acid production from carbohydrates [6]. It was proven to be therapeutically effective in many 

disease models. 

As a physiological mechanism, autophagy promotes cellular recycling by breaking down misfolded 

proteins, lipids, and dysfunctional organelles. It is fundamental for supporting the health of non-

dividing cells, such as neurons and cardiomyocytes [7]. It is observed in virtually all cardiovascular 

cell types, including cardiomyocytes, macrophages, vascular cells, and fibroblasts. Consequently, it 

plays a crucial role in restoring cardiac plasticity and serves as a fundamental mechanism in cardiac 

morphogenesis [8]. Autophagy operates in the heart during both baseline states and stress conditions 

like cardiomyopathies and ischemia, contributing to the development of severe heart failure [9].  This 

underscores its fundamental role in the diabetic heart and highlights its modulation as a potential 

strategy for managing DCM. 

Autophagy process initiates with the formation of double-membrane vesicles, phagophores. Then, 

the phagophores engulf the cargo, lipid droplets, cytotoxic protein aggregates, and damaged 

organelles, resulting in the formation of autophagosomes that subsequently fuse with lysosomes to 

form autolysosomes [10]. Beclin-1 functions as a core regulator of autophagy, critically contributing 
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to autophagosome development. So, it is considered a critical regulator and indicator for autophagy 

in the cardiac muscle [9]. 

Although Lacto-B therapy has emerged as a potential treatment for diabetes-related complications, 

its precise function in the context of DCM remains undefined. Furthermore, the underlying cross-link 

between Lacto-B and beclin-1-mediated autophagy in the setting of DCM remains obscure, 

particularly with scarce and controversial available results. To address the existing gap, the research 

investigated the cardioprotective effects of Lacto-B in diabetic rats and explored the contribution of 

beclin-1-mediated autophagy in these mechanisms. 

Materials and method: 

Experimental animals: 

A total of 24 adult male Wistar rats, weighing 160 ± 20 grams, were used in this study. The 

animals were procured from the Animal Research Center at the Faculty of Veterinary Medicine, 

Benha University, Egypt. The rats were acclimatized for 7 days before the experiment with free 

access to water and food at the prevailing room temperature. All procedures were approved (RC: 2-

12-2024) by the Ethical Committee, Faculty of Medicine, Benha University, Egypt.

Experimental diets: 

Balanced diet; (Fat 9.8%, protein 18.6% & carbohydrates 71.6%) and High-fat diet (HFD); (Fat 

46.4%, protein 18.6% & carbohydrate 35%) were used. Their composition and ingredients were 

shown in Table 1. 

Table 1 Composition of the experimental diets 

Contents (g/kg diet) Balanced diet High-fat diet 

Cornstarch 620.7 250.7 

Casein (≥85% protein) ) 140.0 190.0 

Lard ------- 320.0 

Sucrose 100.0 100.0 

Soybean oil 40.0 40.0 

Fiber 50.0 50.0 

AIN- 93 Mineral mix 35.0 35.0 

AIN- 93 Vitamin mix 10.0 10.0 

Choline 2.5 2.5 

Antioxidant 0.008 0.008 

L-Cystin 1.8 1.8 

Preparation of Lacto-B suspension 

Lacto-B bacteria were supplied in lyophilized form. To check viability and purity, they were 

inoculated onto De Man–Rogosa–Sharpe (MRS) agar. One milliliter of live culture was added to 500 

ml of MRS medium and incubated for 48 hours at 35°C. Following incubation, suspensions were 
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prepared from the liquid culture, and the bacterial colony count was determined. Following the 

calculation, the Lacto-B probiotic solution was finalized, including a suspension with 10
10

 colony-

forming units (CFU)/ml of bacteria in primary culture [11] 

Experimental groups and procedure: 

A total of 24 male rats were grouped into four categories, each consisting of six rats, as outlined 

below: 

Group 1: (Control group): For 8 weeks, rats fed balanced diet and were given by oral gavage an 

equivalent volume of distilled water vehicle. 

Group 2: (Lacto-B group): Rats fed balanced diet and were received Lacto-B at a dose of (2 x 10
8
)

(CFU)/ ml /d by oral gavage, for 8 weeks [12]. 

 Group 3: (HFD group): Rats fed HFD were given an equivalent volume of distilled water by oral 

gavage for 8 weeks [13] 

Group 4: (HFD + Lacto-B group): Rats fed HFD and received Lacto-B (2 x 10
8
) CFU / ml /d, oral

gavage, for 8 weeks. 

At the end of the experimental period, the rats were weighted, Echocardiographic examination was 

executed. After an overnight fasting, the rats were anaesthetized using Na pentobarbital (40 mg/kg) 

followed by measurement of the animal length from the base of the lower incisors to the anus by a 

measuring tape. Blood samples were then taken by cardiac puncture for serum preparation. The 

hearts were then carefully dissected from the surroundings, washed, and divided into two parts; left 

ventricle that was kept in formaldehyde 10% for the histopathological evaluation and Masson’s 

trichrome special staining for collagen, in addition to the immunohistochemical analysis of beclin-1 

levels. The remaining cardiac tissue was stored at − 80 
o
C to be further analyzed. 

Echocardiographic examination 

Two–dimensional and M-mode Echocardiography recording was performed (Samsung 

Madison, SONOACE-R3-Korea), after shaving of the thoracic wall. Positioned semi-left laterally 

with an upright inclination, the rats were anesthetized with isoflurane (2–4% inhalation), and 

ultrasound gel was applied to enhance the visibility of the imaging process. The following 

parameters were recorded: fractional shortening percentage (FS %), ejection fraction percentage (EF 

%), and left ventricular weight (LVW). FS % is the percentage of size reduction of the left ventricle 

in systole. EF % reflects the percentage of total blood volume expelled with each heartbeat and is 

widely utilized to assess left ventricular function [14]. 

Calculation of body mass index (BMI)  
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BMI is a marker of adiposity. It was calculated from the following equation: BMI (g/cm
2
) = Final

BW (g)/ (length)
 2

 i.e. (the measure from the base of the lower incisors to the anus) 
2
 [15]

Serum preparation: 

The collected blood samples were left to be clotted at room temperature and then centrifuged 3000 

revolutions per minute (rpm) for 15 min. The sera were separated, and stored at −80°C to enable the 

later assessment of glycemic and lipid indices, cardiac injury biomarkers, total antioxidant capacity 

(TAC), and total oxidant status (TOS). 

Assessment of serum glucose profile and related indices 

According to the manufacturer’s instruction, glucose enzymatic colorimetric kits (Biodiagnostics Co, 

Cairo, Egypt) and insulin ELISA kits (BioVendo Brno, Czech) were used. Homeostasis model 

assessment of insulin resistance (HOMA-IR), as a well-documented marker for insulin resistance, 

was calculated as follow: HOMA-IR = fasting glucose (mg/dl) × fasting insulin (μU/mL) / 405) [16]. 

Quantitative insulin-sensitivity check index (QUICKI) is taken as a measure for insulin sensitivity. It 

was indicated by the inverse log sum of fasting insulin (μU/ml) and fasting glucose (mg/dl) [17]. 

Assessment of serum lipids profile and calculation of atherogenic indices 

Total cholesterol (TC), triglycerides (TGs), and high-density lipoprotein-cholesterol (HDL) 

enzymatic colorimetric assay kits (Diamond Diagnostic, Cairo, Egypt) were used. Very low-density 

lipoprotein-cholesterol (VLDL) = TGs / 5 and low-density lipoprotein-cholesterol (LDL) = TC - 

HDL – (TGs / 5) [18]. Additionally, there are known lipid profiles ratios that can predict the risk of 

cardiovascular insults. They were calculated as follow: atherogenic index of plasma (AIP) = Log 

(TGs/ HDL), atherosclerosis coefficient (AC) = (TC – HDL)/ HDL, and cardiac risk ratio (CRR) = 

TC/ HDL [19]. 

Assessment of serum cardiac injury biomarkers 

Lactate dehydrogenase (LDH) kinetic assay kits (Cat no: LDH117090, Biomed, Egypt) and Creatine 

Kinase-MB (CK-MB) Kits (catalog #E4608-100; BioVision, CA, USA) for rats were used according 

to the manufacturer's instructions. LDH is an enzyme in anaerobic glycolysis and a marker of cardiac 

injury. CK-MB is an enzyme found primarily in heart muscle cells. Their high presence in serum 

indicated myocardial injury. 

Evaluation of oxidative stress-related parameters  

The cardiac lipid peroxidation as concluded from the malondialdehyde (MDA) levels were assayed 

using kits BML-AK171, purchased from Enzo Life Science, (NY, USA) according to the 

manufacturer's instructions. Total oxidant status (TOS) was assayed in the serum using colorimetric 

assay kits No., IKJU-002CL, purchased from Creative Diagnostics Co., NY, USA. Moreover, the 
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serum levels of total antioxidant capacity (TAC) were assayed using Kits No. TA2513, obtained from 

Biodiagnostic Co., (Gizza, Egypt). They were measured using colorimetric assay technique. 

Assessment of cardiac tissue interleukin-1β (IL‑1β) and AGEs: 

Cardiac tissue IL-1β and AGEs levels were determined using rats ELISA kits for AGEs (Kit No. LS-

F39268) and IL-1β (Kit No. LS-F5627), obtained from LifeSpan Biosciences, Inc., USA, following 

sandwich ELISA protocol. To measure absorbance at 450 nm, the ChroMate 4300 microplate reader 

(Awareness Technologies, USA) was used. 

Real-time reverse transcription PCR (RT-PCR) analysis  

Quantitative estimation of the nuclear factor-κB (NF-κB) and interleukin-10 (IL-10) relative gene 

expressions was executed. A total RNA isolation kit (Qiagen, Hiden, Germany) was utilized for 

extraction of total RNA from the frozen portion of cardiac tissue according to the manufacturer’s 

protocols. SuperScript ® III First‐Strand Synthesis System for RT‐PCR kit (Life Technologies) was 

used after the first step to form the first strand. Power SYBR Green PCR Master Mix (Life 

Technologies) was used to carry out PCR reactions. The mRNA expression of target genes was 

measured in relation to the housekeeping gene, Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH). Employing the 2-
ΔΔCT

 formula, the relative expression of the target and reference genes

was calculated automatically based on the comparative threshold (Ct) method, facilitated by Qiagen's 

dedicated software (Valencia, CA, USA). The primer sequences of the assessed genes are as follows: 

NF-κB: Forward 5`-: GCTACACAGAGGCCATTGAA3` Reverse 5`- 

ATGTGCTGTCTTGTGGAGGA3`, IL-10: 5′ primer: GCAGGACTTTAAGGGTTACTTGG; 3′ 

primer: GGGGAGAAATCGATGACAGC, and GAPDH Forwards 5`-

:GGTGAAGTTCGGAGTCAACGGA3` and Reverse 5`-: GAGGGATCTCGCTCCTGGAAGA3` 

[20, 21] 

Histopathological analysis of cardiac tissue 

Excised left ventricular tissue was preserved in 10% neutral formaldehyde, dehydrated in ascending 

alcohol grades, clarified with xylene, embedded in paraffin, and sectioned to a thickness of 4 μm. 

Hematoxylin and eosin (H&E) and Masson’s Trichrome, special stain for collagen fibers detection, 

were applied. Cardiac fibrosis was scored as per the methodology detailed by Galati et al. [22]; No 

fibrosis = score 0, Fibrosis ≤ 30 % = score 1, 60 % > Fibrosis > 30 % = score 2, and fibrosis ≥ 60 % 

= score 3. Olympus Microscope (Olympus BX50, Tokyo, Japan) and Image J 1.47v software 

provided by the National Institutes of Health, USA were used for analysis by an expert pathologist. A 

set of five slides was prepared for each group, and five randomly chosen fields on each slide were 
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analyzed. Moreover, morphometric analysis of the myocardial fiber transverse diameter was assessed 

on Intel
®
 Core I7

®
 based computer using Video Test Morphology

®
 software (Russia).

Immunohistochemical evaluation of cardiac beclin-1: 

Upon deparaffinization, 4 μm sections underwent incubation with an anti-Beclin-1 antibody 

(ab217179, Abcam Co., Cambridge, UK) diluted at 1:150. A biotin-independent detection system is 

employed by the immunostainer. Mayer’s haematoxylin was used as a counter-stain for the nuclei. 

Cytoplasmic staining appearing brown was regarded as indicative of a positive reaction. To minimize 

bias, the pathologist analyzing the samples was blinded to group allocation, and a semi-quantitative 

assessment was subsequently carried out. Staining results were determined based on the number of 

beclin-1-positive cells and the intensity of staining, evaluated across five randomly selected fields 

per slide. The assigned score quantifies the estimated percentage of cells displaying positive staining 

(none positive cells = 0, < 1 % positive cells = 1, positive cells 1–10 % = 2, 10–33 % positive cells = 

3, positive cells 33–66% = 4, and 66–100 % positive cells = 5) [23]. 

Statistical analysis: 

The statistical processing of data was performed using SPSS for Windows (Version 20.0; SPSS Inc., 

Chicago, IL, USA). In order to assess the significance of differences between more than two groups, 

One-way analysis of variance (ANOVA) was utilized. If it showed a significant difference, and the 

Least Significant Difference (LSD) test was used as a post hoc test to analyze the differences within 

each group. Kruskal Wallis test was used for the qualitative variables. Results are given as the mean 

± SD of the mean. A p-value of ≤ 0.05 was interpreted as statistically significant. 

Results 

Impact of HFD and Lacto-B on rats
’
 anthropometric parameters (Fig.1)

Our study found that rats fed a high fat diet had a substantial rise in BW and BMI compared to 

control rats and those given Lacto-B (P < 0.05). Lacto-B administration with HFD leads to a 

substantial decline in BW and BMI as compared to HFD group (P<0.05). 

Impact of HFD and Lacto-B on cardiac echocardiographic and serum injury biomarkers 

(Table 2) 

The HFD group had significantly higher LVW (P<0.05) compared to the control and lacto-B groups. 

In contrast, the HFD group treated with Lacto-B displayed a considerable decline (P<0.05) in LVW 

compared to HFD. Furthermore, EF is much lower in the HFD group than in the control and Lacto-B 

groups, although Lacto-B treatment in conjunction with HFD significantly increased EF compared to 

the HFD group. FS was assessed in order to conduct more investigations on heart function. FS 
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dropped significantly in HFD group (P<0.05) compared to the control and Lacto-B groups. On the 

contrary, Lacto-B combined with HFD improved FS compared to the HFD group (P < 0.05). 

To examine how HFD affects cardiac biomarkers, we found that the HFD group had greater levels of 

CK-MB and LDH than the Lacto-B group and control rats (P<0.05). Alternatively, when assessed 

alongside HFD rats, lacto-B had the ability to considerably reduce this alteration in the treated (HFD 

+ Lacto-B) rats (P<0.05).

Figure 1 Rats
’
 anthropometric parameters in the experimental groups

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet, BW: body weight, BMI; body mass index 

Table 2 Cardiac echocardiographic and serum injury biomarkers parameters 

Group 1 

Control 

Group 2 

Lacto-B 

Group 3 

HFD 

Group 4 

HFD + Lacto-B 

LVW (g) 0.66 ±  0.03 0.67 ± 0.01 0.94± 0.01 
a, b

0.74 ± 0.05
 a, b, c

EF (%) 89.8 ±  2.8 88.8 ± 2.1 27 ± 4.6 
a, b

75.3 ± 3.7 
a, b, c

FS (%) 50.3 ± 2.5 48.7 ± 3.9 15.6± 1.13
 a, b

41.8 ± 1.33 
a, b, c

LDH (U/L) 1406 ± 3.88 1409 ± 5.79 2202 ± 16.8
 a, b

1535 ± 33.6 
a, b, c

CK-MB (ng /ml) 0.34 ± .04 0.33 ± .05 0.84 ± .07
 a, b

0.40 ± .05
 a, b, c

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat diet; 

LVW; left ventricular weight, EF; ejection fraction, FS; fractional shortening, LDH; lactate 

dehydrogenase, CK-MB; creatine kinase-MB 
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Impact of HFD and Lacto-B on the glycemic profile (Table 3) 

Blood glucose parameters were assessed to examine the metabolic impact of HFD on rats. When 

compared to the control and Lacto-B groups, our study found that rats given HFD had significantly 

higher blood glucose and insulin hormone levels (P<0.05). In comparison to the HFD group, these 

values were considerably lower in the rats that received HFD + Lacto-B (P<0.05). 

QUICKI and HOMA-IR are the respective indices employed for the assessment of insulin sensitivity 

and insulin resistance. In comparison to the Lacto-B group and control rats, HFD-induced insulin 

resistance was confirmed by a substantial drop in QUICKI and a significant rise in HOMA-IR 

(P<0.05). Alternatively, Lacto-B supplementation significantly restored these variances in HOMA-IR 

and QUICKI levels as compared to the HFD group (P<0.05). 

Furthermore, AGEs were significantly higher in the HFD group than in the control and Lacto-B 

groups. Alternatively, the HFD + Lacto-B group's AGEs were notably lower than those of the HFD 

group (p<0.05). 

Table 3 Glucose homeostasis-related parameters 

Group 1 

Control 

Group 2 

Lacto-B 

Group 3 

HFD 

Group 4 

HFD + Lacto-B 

Glucose (mg/dl) 89.17 ± 3.7 88.17 ± 5.6 202.33 ± 2.3
 a, b

130.5 ± 3.6
 a, b, c

Insulin (μU/mL) 7.12 ± 0.42 7.07 ± 0.32 18.9 ± 0.59
 a, b

9.07 ± 0.40
 a, b, c

HOMA-IR 1.57 ± 0.08 1.54 ± 0.14 9.44 ± 0.35
 a, b

2.92 ± 0.14
 a, b, c

QUICKI 0.504 ± 0.003 0.506 ± 0.007 0.427 ± 0.00
 a, b

0.466 ± 0.002
 a, b, c

AGEs (µg/mg protein) 6.1 ± 0.6 6.5 ± 0.52 19.3 ± 1.6
a, b

7.9 ± 0.4 
a, b, c

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet; HOMA-IR, homeostasis model assessment of insulin resistance, QUICKI; Quantitative insulin-

sensitivity check index, AGEs; advanced glycation end products 

Impact of HFD and Lacto-B on lipid profile and the atherogenic indices (Table 4)  

Notably, compared to both control and Lacto-B, HFD rats showed considerably lower HDL and 

significantly higher TGs, TC, LDL, and VLDL (P<0.05). Nevertheless, in comparison to HFD group, 

lacto-B delivery yielded a notable decrease in TGs, TC, LDL, and VLDL while also significantly 

increasing HDL (P<0.05). Unsurprisingly, rats on HFD exhibited markedly higher atherogenic 

indices CRR, AIP, and AC than their counterparts in both the control and Lacto-B groups. 

Supplementing with Lacto-B significantly decreased the levels of AIP, AC, and CRR in the HFD + 

Lacto-B group compared to the HFD group. 
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Table 4 Lipid profile and the atherogenic indices 

Group 1 

Control 

Group 2 

Lacto-B 

Group 3 

HFD 

Group 4 

HFD + Lacto-B 

TC (mg/dl) 130.6 ± 4.1 128.67 ± 6.1 270.8 ± 19.3 
 a, b

162.5 ± 9.3 
 a, b, c

LDL (mg/dl) 34.23 ± 1.6 37.37 ± 7.56 177.9 ± 13.7
 a, b

68 ± 14.6 
a, b, c

HDL (mg/dl) 77.8 ± 3.4 74.3 ± 1.7 35.7 ± 3.7  
a, b

60.6 ± 3.6 
a,b,c

VLDL (mg/dl) 18.27 ± 1.45 20.13 ±2.44 45.43 ±5.41
 a, b

25.17 ± 3.8
 a, b, c

TGs (mg/dl) 93.0 ± 4.8 102.3 ± 11.1 234.2 ± 26.5 
a, b

130.2 ± 14.4 
a, b, c

AIP 0.076 ± .04 0.137 ± 0.05 0.817 ± 0.07
 a, b

0.331 ± 0.03
 a, b, c

AC 0.680 ± 0.04 0.731 ± 0.1 6.653 ± 1.01
 a, b

1.68 ± 0.3
 a,b,c

CRR 1.680 ± 0.04 1.731 ± 0.1 7.654 ± 1.0
 a, b

2.68 ± 0.3
 a,b,c

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet; TC; total cholesterol, HDL; High-density lipoprotein, LDL; Low-density lipoprotein, VLDL; 

Very low-density lipoprotein, TG; triglyceride, AIP; atherogenic index of plasma, AC; 

atherosclerosis coefficient, CRR; cardiac risk ratio. 

Impact of HFD and Lacto-B on the oxidative stress biomarkers (Table 5) 

Compared to the Lacto-B and control groups, HFD caused oxidative stress, as evidenced by a 

substantial decline in serum TAC (P < 0.05) and a considerable increase in cardiac MDA and serum 

TOS levels. Nevertheless, as compared to the HFD group, Lacto-B treatment significantly increased 

serum TAC while simultaneously causing substantial decreases in cardiac MDA and serum TOS (P < 

0.05).   

Table 5 Oxidative homeostasis-related parameters 

Group 1 

Control 

Group 2 

Lacto-B 

Group 3 

HFD 

Group 4 

HFD + Lacto-B 

Cardiac MDA 

    (nmol/g) 
32.33 ± 2.6 27.0 ± 2.09 82.83 ± 4.26

 a, b
37.0 ± 2.37

 a, b, c

Serum TOS 

    (nmol/ml) 
7.12 ± 0.45 6.48 ± 0.23 13.8 ± 0.49

 a, b
9.17 ± 0.66

 a, b, c

Serum TAC 

    (nmol/ml) 
7.83 ± 0.82 9.92 ± 0.79 1.96 ± 0.28

 a, b
5.15 ± 0.67

 a, b, c

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet; MDA; malondialdehyde, TOS; total oxidant status, TAC; total antioxidant capacity. 
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Impact of HFD and Lacto-B on the inflammatory status (Table 6) 

Cardiac NF-kB mRNA relative expression and IL-1β were considerably higher in rats on HFD, while 

IL-10 gene expression was substantially reduced in rats on an HFD compared to the control and 

Lacto-B groups (P<0.05). Additionally, Lacto-B treatment in HFD+ Lacto-B rats reduces HFD-

induced inflammation, as evidenced by a substantial increase in IL-10 expression (P<0.05) and a 

marked decrease in cardiac IL-1β and NF-kB expression as compared to the HFD group. 

Table 6 Inflammatory-related parameters in the experimental groups 

Group 1 

Control 

Group 2 

Lacto-B 

Group 3 

HFD 

Group 4 

HFD + Lacto-B 

Cardiac IL-1β 

(pg/mg protein) 
46.3 ± 1.08 45.0 ± 1.52 103.8 ± 5.7

 a, b
63.0 ± 5.17

 a, b, c

NF-kB mRNA 
relative expression 

3.91± 0.58 3.73 ± 0.51 8.83 ± 1.21
 a, b

5.33 ± 0.41
 a, b, c

IL-10 mRNA 
relative expression 

5.16 ± 0.61 5.42 ± 0.49 1.16 ± 0.61
 a, b

4.00 ± 1.18
 a, b, c

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet; NF-kB; nuclear factor-kappa B, IL-1β; interleukines-1beta, IL-10; interleukines-10.  

Impact of HFD and Lacto-B on cardiac histopathological changes and fibrosis (Fig. 2 & 3) 

The normal control and Lacto-B groups displayed regular branching cardiomyocytes with center 

rounded nuclei, according to the histological analysis of the myocardium (Fig 2a, 2b respectively). 

Cardiomyocyte breakdown and hyalinization, interstitial gap widening, inflammatory cell 

infiltration, and extravasated red blood cells were also observed in HFD rats (Fig. 2c). On the other 

hand, HFD +Lacto-B group showed largely preserved cardiac cells with little widening of interstitial 

spaces and extravasated RBCs (Fig. 2d). Additionally, there was a substantial increase in myocardial 

fiber transverse diameter in HFD group compared to control and Lacto-B groups and significant 

reduction in HDF + Lacto-B group relative to HFD group (p<0.05) (Fig. 2e).  

Masson's trichrome staining was applied to myocardial sections from various groups to assess 

collagen deposition. Few collagen fibers were seen between cardiomyocytes in the control and 

Lacto-B groups (Fig. 3a, 3b). Large, blue bundles of collagen fibers between cardiomyocytes and 

noticeable fibrosis were seen in the HFD group (Fig. 3c). On the other hand, a considerable collagen 

fiber between cardiomyocytes was detected in the HDF + Lacto-B group (Fig. 3d). Furthermore, the 

cardiac fibrosis score of the HFD rats was statistically noticeably higher than that of the Lacto-B and 

normal control groups (P < 0.05). The HFD + Lacto-B group's cardiac fibrosis score was markedly 

lower than HFD group's (P < 0.05) (Fig. 3e). 
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Impact of HFD and Lacto-B on myocardial Beclin-1 protein expression (Fig. 4) 

Immunohistochemical analysis of myocardial Beclin-1 protein expression showed negative 

expression of Beclin-1 in cardiac muscle cells in control and Lacto-B groups (Fig. 4a, 4b 

respectively). On the other hand, there was an intense Beclin-1 expression in cardiac muscle cells in 

HFD group (Fig. 4c). While HFD + Lacto-B group showed moderate Beclin-1 expression in cardiac 

muscle cells (Fig. 4d).  In keeping with these findings, there was a considerable rise in digital 

morphometric scoring of Beclin-1 immunohistochemical expression in HFD group vs. controls and 

Lacto-B groups (P < 0.05), while there was a significant decline observed in HFD vs. HFD + Lacto-

B group (P < 0.05) (Fig. 4e). 

Figure 2 Photomicrographs of rats’ myocardium stained with Hematoxylin and Eosin (H&E) 

Photomicrographs of sections in cardiac muscle cells of rats stained with Hematoxyline and Eosin 

(a-d). (a, b) represent control and Lacto-B group respectively: showing regular branching 

cardiomyocytes (CM) with central rounded nuclei (N) (c) HFD group: showing disruption (D) and 

hyalinization (H) of Cardiomyocytes, Widening of interstitial spaces (S) with inflammatory cells 

infiltrate (stars) and extravasated RBCs (black arrows) (d) HDF + Lacto-B group: showing largely 

preserved cardiac cells with little widening of interstitial spaces (S) and extravasated RBCs (black 

arrows). (Magnification power, 400x) (e) Chart showing changes in the myocardial fiber transverse 

diameter in the experimental groups. Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P

< 0.05 significant difference compared with the Group 1; 
b
 P < 0.05 significant difference compared

with the Group 2; 
c
 P < 0.05 significant difference compared with Group 3; Lacto-B; lactobacillus

acidophilus, HFD; high-fat diet. 
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Figure 3 Photomicrographs of rats’ myocardium stained with Masson’s trichrome special stain 

Photomicrographs of sections in cardiac muscle cells of rats stained with Masson’s Trichrome stain 

(a-d) (a, b) represent control and Lacto-B group respectively: showing few collagen fibers between 

cardiomyocytes (c) HFD group: showing marked fibrosis and large, blue bundles of collagen fibers 

between cardiomyocytes (stars) (d) HDF + Lacto-B group: showing moderate collagen fibers 

between cardiomyocytes (stars) (Magnification power,400x). (e) Chart showing cardiac fibrosis 

score in the experimental groups.  

Data are expressed as mean ± standard deviation SD; n = 6, 
a
 P < 0.05 significant difference

compared with the Group 1; 
b
 P < 0.05 significant difference compared with the Group 2; 

c
 P < 0.05

significant difference compared with Group 3; Lacto-B; lactobacillus acidophilus, HFD; high-fat 

diet. 
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Figure 4 Photomicrographs of rats’ myocardial Beclin-1 protein immunohistochemical 

expressions 

Photomicrographs of sections in cardiac muscle cells of rats stained with anti-Beclin-1 antibody (a-

d). (a, b) represent control and Lacto-B group respectively showing : negative expression of Beclin-1 

in cardiac muscle cells. (c) HFD group: showing strong Beclin-1 expression in cardiac muscle cells 

(black arrows) (d) HFD+Lacto-B group: showing moderate Beclin-1 expression in cardiac muscle 

cells (black arrows). (Magnification power, 400x). (e) Chart showing Beclin-1 expression levels in 

the experimental groups compared to control and Lacto-B groups and significant decrease in HDF + 

Lacto-B group compared to HDF group. Data are expressed as mean ± standard deviation SD; n = 6, 
a

P < 0.05 significant difference compared with the Group 1; 
b
 P < 0.05 significant difference

compared with the Group 2; 
c
 P < 0.05 significant difference compared with Group 3; Lacto-B;

lactobacillus acidophilus, HFD; high-fat diet. 
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Discussion 

The growing burden of obesity-driven metabolic diseases, particularly cardiomyopathy, has become 

a major health concern globally, drawing substantial attention in both developed and developing 

countries. As a result, the study of their origins, prevention, and treatments has become a global 

research priority. The present investigation sought to elucidate the potential cardioprotective effects 

of Lacto-B on myocardial dysfunction and the accompanying histopathological alterations in a 

diabetic hyperlipidemic rat model. 

The results presented revealed that in relation to the control rats, the hyperlipidemic diet ingestions 

augmented BW and BMI as obesity indices. Moreover, dyslipidemia was documented by the rise in 

TGs, TC, LDL and VLDL along with the decline in HDL. Unsurprisingly, the atherogenic indices 

CRR, AIP, and AC were also aggravated. These data refer to the increased risk for cardiovascular 

diseases and were in agreement with Zuo et al [24].  Regarding the glycemic profile findings; 

hyperglycemia, hyperinsulinemia along with increased insulin resistance marker HOMA-IR and 

reduced insulin sensitivity QUICKI marker were documented in the HFD-fed group versus the 

control one. Also, there was an increase in the AGEs levels that irreversibly accumulated in the 

heart. 

Glucotoxcity is considered the primary cause of the initiation of DCM. To sustain systolic and 

diastolic function, glycolysis provides only about one-third of the energy cardiomyocytes need under 

normal physiological conditions. Under high glucose conditions a decrease in the myocardial glucose 

transporter-4 and -1 occurs, contributing to metabolic disturbances in glucose metabolism and 

diminished glucose uptake [25]. Glucotoxicity further promotes the accumulation of AGEs in 

myocardial cells, facilitating cross-linking with extracellular matrix proteins. This interaction 

accelerates collagen deposition and glycation, subsequently impairing its degradation, reducing 

cardiac muscle compliance, and contributing to myocardial stiffening [26]. 

Both hyperinsulinism and cardiac insulin resistance play a critical role in limiting glucose utilization 

[27]. As a consequence of impaired glucose utilization, myocardial energy metabolism is largely 

sustained by the oxidation of non-esterified fatty acids. This metabolic shift fosters lipid deposition 

and the accumulation of lipid intermediates, which in turn disrupt calcium handling and contractility. 

These alterations contribute to myocardial dysfunction, necrosis of cardiomyocytes, and fibrosis, 

ultimately leading to structural and functional cardiac abnormalities that culminate in DCM [26]. 

Left ventricular hypertrophy accompanied by myocardial fibrosis represents a hallmark 

pathophysiological feature of DCM [28]. This was clearly demonstrated in our current rat model. A 
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rise in serum cardiac injury biomarkers, LDH and CK-MB, was evident. Moreover, the 

echocardiographic findings referred to increased LVW and a decline in EF and FS markers of 

cardiac dysfunction in the HFD group when compared with the control group. In addition, an 

increase in myocardial fiber transverse diameter, widening of interstitial spaces with inflammatory 

cells infiltrate, and large bundles of collagen fibers between cardiomyocytes were confirmed by 

histopathological examination and Masson
’
s trichrome staining of myocardium. These results were

in agreement with Tong et al. [29], and proving the validity of this model to study the effect of 

Lacto-B on the diabetic heart changes. 

HFD induces gut dysbiosis with increased gut permeability. The augmented bacterial metabolites 

induce metabolic endotoxemia with increased fatty acids production, and subsequently, TGs 

lipogenesis, bad cholesterol formation, and fat deposition within the myocardium [30]. These 

findings underscore the functional role of gut microbiota in the etiology of cardiomyopathy, 

identifying it as a potential target for pharmacological therapy. Thus, maintenance of microbiota 

balance seemed reasonable in management of obesity-related disorders and capable to constitute an 

innovative preventive approach in DCM. 

Diet is a key factor in influencing the gut-cardiac axis, with its effectiveness arising from its ability 

to modify the intestinal microbiota’s composition and function. Probiotic-rich diets help maintain a 

balanced and diverse gut microbiota, promoting gastrointestinal health and positively impacting 

cardiac health [31]. 

Lacto-B treatment besides the HFD contributed to the improvement of atherogenic indices and 

cardiovascular risk factors that was in agreement with those of [12, 32, 33] findings. The 

hypocholesterolemic effect may be ascribed to multiple mechanisms, including the deconjugation of 

bile acids by bile salt hydrolase, the incorporation of cholesterol into the cell walls of Lacto-B, and 

the production of short-chain fatty acids, which can suppress hepatic cholesterol biosynthesis. 

A growing body of literature supports the notion that chronic hyperglycemia, AGEs accumulation, 

and hyperlipidemia associating HFD ingestion, promote the excessive release of ROS and reactive 

nitrogen species from the malfunctioning mitochondria that can damage vascular endothelial cells. 

Increased cardiac MDA levels and serum TOS simultaneously with depleted TAC led to oxidative 

stress and deleterious cardiac proteins, lipids, and DNA oxidative damage. Moreover, simultaneous 

Lacto-B administration with HFD exerted potent antioxidant potency and prevented such oxidative 

injury as previously reported by Hoffmann et al. [34]. Thus, Lacto-B can be introduced as natural 

antioxidants strains. 
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Nuclear factor-κB (NF-κB) serves as a critical transcription factor that regulates the expression of 

genes associated with pro-inflammatory, pro-fibrotic, and hypertrophic processes. The generated 

AGEs and the induced ROS release, activate NF-кB, and then initiate the transcription of the pro-

inflammatory factors, causing vasculopathy and tissue injury [35]. Our data revealed NF-кB 

overexpression and IL-1β elevated in the cardiac tissue of HFD-fed rats versus the control that was in 

agreement with the results of Farrg et al. [3]. IL-1β, due to its excessive production by pancreatic β-

cells under hyperglycemic conditions, is one of the most elevated circulating pro-inflammatory 

agents in diabetic models [36]. In the same context, rats fed HFD showed a reduction in the anti-

inflammatory IL-10 levels. Similar results were previously reported by Kesherwan et al. [37] that 

proved obesity-associated inflammatory response. 

Upon stimulation by probiotic lactobacilli, macrophages and dendritic cells secrete cytokines that 

play a key role in modulating immune responses. The balance between the anti-inflammatory IL-10 

and the pro-inflammatory IL-1β production stimulated by a probiotic is essential for identifying the 

direction of the immune response [38]. Our results demonstrated that concurrent Lacto-B 

administration besides the HFD significantly decreased cardiac IL-1β and augmented IL-10 levels. 

This is congruent with the evidence presented by Solfaine et al. [39] which underscored the 

capability of Lacto-B to effectively reducing IL-1β. Thus, Lacto-B promotes the anti-inflammatory 

status and limiting the development and progression of DCM. 

Dysregulated autophagy is increasingly recognized as a major contributor to the molecular 

mechanisms underlying DCM [40]. Untreated rats receiving an HFD showed a considerable increase 

in cardiac beclin-1 protein expression, as established by the present investigation. This was in line 

with a previous observation that has shown dysregulation of autophagy is an important factor in the 

development of DCM [40]. Moreover, Che et al [41] have reported beclin-1 rise in HFD group 

versus the control with imbalance of other autophagy-related proteins. A marked increase in 

autophagosome formation and lipid droplet was observed upon electron microscopy examination. 

Mei et al. [42] likewise reported that HFD interferes with autophagosome maturation by impairing 

their fusion with lysosomes, thereby inhibiting autophagosome degradation and disrupting 

autophagic flux. This dysfunction has been linked to mitochondrial impairment, heightened 

apoptosis, dysregulated intracellular Ca2+ levels, and compromised cardiac function. A growing 

body of evidence supports the notion that NF-κB and autophagy engage in a complex regulatory 

interaction in both pathological and physiological processes, explaining this observation. It has been 

established that NF-κB contributes to autophagy activation by directly regulating beclin-1 expression 

[43 - 45]. 
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Based on previously cited evidence, autophagy is commonly considered cardioprotective in different 

physiological and pathological conditions; however, its effects are highly context-dependent and may 

contribute to cell death and cardiac dysfunction, as seen in ischemia/reperfusion, which enhances 

autophagy in the mouse heart [46] and DCM [40]. Accordingly, beclin-1-mediated autophagy 

upregulation in obesity, driven by inflammatory stimuli or metabolic and endocrine alterations, 

appears to function as a protective mechanism for clearing protein aggregates, lipid droplets, and 

impaired organelles. Nevertheless, when excessively activated, it may exert harmful effects. 

Noteworthy, this study demonstrated, for the first time to the best of our knowledge, that Lacto-B 

treatment decreased HFD-induced rise of beclin-1 levels in the setting of DCM. This was owing to 

the hypolipidemic, hypoglycemic, potent anti-inflammatory and antioxidant activities that 

significantly reduce the deleterious load on the myocardium and need for autophagic machinery with 

subsequent reduction of beclin-1.  In support of our data, similar finding was reported by Yang et al. 

[47] in placentas of undergoing spontaneous delivery during normal pregnancy.  On the contrary, Lai

et al [48] reported beclin-1 mediated autophagy pathway in high fat diet group was increased after 

probiotic supplementation. This controversy could be attributed to use of multi-strain probiotic 

powder, or the discrepancy in the environmental situations. Finally, evaluation of other proteins in 

the autophagic flux has come as a limitation in our work. 

Conclusion 

While much progress has been achieved in decoding the pathophysiological mechanisms underlying 

DCM we identified, for the first time, beclin-1 upgrading as a possible pathway. Concurrent Lacto-B 

administration with HFD down-regulated HFD-induced autophagy and restored its balance. 

Moreover, lacto-B probiotics exerted a beneficial impact by preventing body weight gain and 

improving atherogenic indices, improving the lipid and glycemic profiles. It can maintain the redox 

and the inflammatory homeostasis. Hence, it may be considered a potential food supplement for 

mitigating the risk of DCM. 
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