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Background: Heart Failure (HF) has become one of the most prevalent cardiovascular 
problems worldwide. Considering the beneficial effects of probiotics on human health, we 
aimed to investigate the anti-inflammatory effect of oral administration of Lactobacillus 
paracasei in HF induced by isoproterenol. 

Methods: Forty Wistar male rats weighing 80g on average were randomly assigned to five 
groups of eight each: control, probiotic, HF model, prophylaxis including probiotic + HF, and 
treatment (HF+probiotic). The rats were treated and examined over 30 days. Heart failure was 
induced by the subcutaneous injection of isoproterenol (5 mg/kg) once daily for 10 days. At 
the completion of the study, the ratios of Body, Heart, and Left Ventricle Weights (BW, HW & 
LVW), serum TNF-α levels, measured by ELISA, myocardial histopathological lesions were 
determined and compared among the groups. Cardiac hypertrophy was defined by comparing 
the LVW to total body weight for each animal.

Results: The LVW and LVW/HW ratio were significantly increased in the rats with HF 
(P<0.05). In the treatment group, the LVW/HW and serum TNF-α level were lower compared 
to those in the HF group. Also, the infiltration of inflammatory cells, necrosis, and myocardial 
hypertrophy were remarkably lower than those in the HF group.

Conclusion: The study findings indicate that the oral administration of Lactobacillus paracasei 
subsp. paracasei-8700: 2 can reduce the cardiac hypertrophy, failure and inflammation induced 
by the administration of isoproterenol in rats. Therefore, the study results suggest a novel 
approach for the management and potential prevention of heart failure.
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Introduction

eart Failure (HF) is a complex syndrome 
that is often associated with several 
concomitant cardiac problems. Cardio-
Vascular Disease (CVD), which include 
Myocardial Infarction (MI), high blood 

pressure, and chronic inflammatory conditions can affect 
heart function, leading to a clinical syndrome known as 
heart failure. Despite new approaches in the pharma-
cotherapy, such as angiotensin-converting enzyme and 
improved lifestyle, CVD remains the leading cause of 
death and disability in the developed countries [1, 2]. 
The intestinal microbiota is composed of a complex and 
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diverse microbial community that plays a significant role 
in the human health. 

Recent studies have shown that any change in the in-
testinal microbiota may lead to acute or chronic condi-
tions of the host functions. Additionally, on the basis of 
strong evidence, possible links between HF and intes-
tinal health have been proposed [3, 4]. There are three 
possible mechanisms that may cause HF secondary to 
changes in the intestinal microbiota [4, 5]: 

a) An increase in harmful intestinal metabolites, such 
as Trimethylamine N-Oxide (TMAO); which is an en-
dogenous toxin known to be associated with CVD, b) 
Via endotoxemia caused by a rise in the blood Lipopoly-
saccharide (LPS) level, and c) Chronic inflammation and 
cardiometabolic risk factors.

Maintaining or restoring a healthy intestinal microbiota 
is believed to be a promising intervention that protects 
against cardiovascular diseases [1]. Probiotics are live 
organisms that provide beneficial health effects if used 
appropriately [6]. Studies have shown that probiotics can 
significantly affect the composition of the intestinal mi-
crobiota, diversity, and function [3, 5, 6]. Several probi-
otic strains are shown to modulate the intestinal immune 
system by regulating certain metabolites, which promote 
the growth and function of intestinal epithelial cells [4].

In this context, it has long been known that probiot-
ics have the ability to reduce metabolic disorders and 
cardiovascular risk factors, such as hypertension and el-
evated blood cholesterol [4]. In addition, several studies 
have demonstrated that probiotics reduce inflammation 
and inhibit myocardial hypertrophy [4-7]. Lactobacillus 
strains are commonly used as probiotics to treat many 
clinical conditions. Lactobacillus paracasei belongs to 
the L. casei family, and is predominantly isolated from 
milk and dairy products [8]. Multiple in vitro studies 
have demonstrated that the molecular mechanisms re-
sponsible for the probiotics’ immunomodulatory effects 
are strain-dependent. Thus, these positive effects are not 
applicable to other strains in the absence of experimental 
evidence [9]. 

Aim of the study: Given the beneficial effects of probi-
otics as discussed above, we aimed to evaluate the effect 
of L. paracasei subsp. 8700:2 on HF induced by iso-
proterenol, based on serum Tumour Necrosis Factor-α 
(TNF-α) level and specific histopathological parameters 
in male Wistar rats. 

Materials and Methods

Animal experiments: Forty adult male Wistar rats, 
weighing 185±15 grams, were obtained from Tehran 
University of Medical Sciences. Rats were housed in 
standard stainless-steel cages at an ambient tempera-
ture of 23.5±1.5°C and 12 hours of alternating light and 
dark cycles in the animal house of Semnan University of 
Medical Sciences, Semnan, Iran. The animals were left 
undisturbed for one week to be acclimated before start-
ing the experiments. They had free access to tap water 
and commercial pelleted food. All experimental proto-
cols were performed according to the National Institutes 
of Health’s guidelines (Bethesda, USA), and approved 
by the Ethics Committee of Semnan University of Medi-
cal Sciences (Code: IR.SU.REC.1399.3).

Chemical reagents: Lactobacillus paracasei subsp. pa-
racasei 8700:2 was a generous gift provided by Takgene 
Probiotic Products Company (Tehran, Iran). Isoproter-
enol and TNF-α Elisa kits were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA; CAS No. 51-30-9) 
and Biolegend, (San Diego, USA), respectively.

Experimental design and protocols: Rats were randomly 
assigned to five groups of eight each (Table 1). We used 
Lactobacillus paracasei subsp. Paracasei-8700:2 (L. pa-
racasei subsp-8700:2) at 109 CFU count, which were 
prepared in Takgene probiotic products (Tehran, Iran). 
The probiotic (500mg) was dissolved in 250mL saline to 
prepare 2×106 CFU/ml. From this solution, A 1ml aliquot 
was administrated to each rat via gastric gavage (Table 1). 
The heart failure was induced by isoproterenol, dissolved 
in normal saline and injected into the rats subcutaneously 
(5mg/kg) once daily over 10 days [10]. Isoproterenol 
stimulates both β1 and β2 adrenergic receptors, and low-
ers peripheral vascular resistance in skeletal muscles, and 
in renal and mesenteric vasculature [11].

By the end of 4th week, all of the rats were treated 
with sodium thiopental, and blood samples were col-
lected from their jugular veins. The blood samples were 
centrifuged at 4000 g for 10 min at 25°C and the sera 
were separated and stored at -70°C. Subsequently, the 
animals were sacrificed and the hearts were removed 
and weighed. The induced cardiac hypertrophy was 
measured by comparing the weight of the Left Ventricle 
Weight (LVW) relative to that of the whole Heart Weight 
(HW). A significant increase in LVW/HW ratio was con-
sidered as left ventricular hypertrophy [11].
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Measurement of Tumor Necrosis Factor- α (TNF-α): 
At the end of the study, the TNF-α was quantified in the 
sera of all rats, using the TNF-α Elisa kit based on the 
manufacturer’s instructions.

Histopathological measurement: After sacrificing the 
rats, the hearts were removed, weight and fixed in 10% 
formalin overnight at room temperature. After the fixa-
tion, all heart samples were sectioned in transverse and 
parallel, and were processed and stained with Hematox-
ylin and Eosin (H&E). The heart tissue slides were pre-
pared and examined by two pathologists, and the data 
were analyzed in a double-blinded fashion.

All heart slides were examined under light microscopy 
at both 100X and 400X magnifications. For each myo-
cardial sample, the histological evidence of myocarditis 
and inflammation was classified by the degree of cellular 
infiltration; myocardial cell necrosis; extent of calcifica-
tion and fibrosis, and were graded on a zero to 4+ scales 
as follows: 0=No or suspicious presence of lesions; 1+ = 
Limited focally lesion; 2+ to 3+ = Intermediate to severe 
multiple lesions; and 4+ = Heart failure with extensive 
tissue lesions.

Statistical analyses: Initially, the data were tested for 
normality by one sample Kolmogorov-Smirnov. Next, 
the data were tabulated as the Mean±SE. All data, ex-
cept those for the serum levels of TNF-α, were ana-
lyzed by one-way Analysis of Variance (ANOVA). The 
TNF-α values were analyzed, using Kruskal-Wallis’ 
test. A P<0.05 was considered as significant for the statis-
tical differences. The data analyses were performed on 
SPSS software, v. 19. 

Results

Effect on Body Weight (BW): Table 2 represents the ef-
fect of oral administration of L. paracasei subsp-8700:2 
on the rats’ body weight over four weeks. In the group 
treated with the probiotics, the body weight increased 
significantly (P<0.05). However, the body weight de-
creased significantly after treatment with probiotic in 
HF rats compared to those in the probiotics and control 
groups (P<0.05). The rats in the prophylaxis and HF-
model maintained similar body weights.

Effect on Heart Weight (HW): There was no statisti-
cally significant differences in the Heart Weights (HW) 
among the study groups.

Effect on Left Ventricular Weight (LVW): The induc-
tion of HF markedly increased the LVW in the HF-
models as compared to those in the probiotics group 
(P<0.05; Table 2).

Effect on LVW/HW ratio: There was a significant in-
crease in the left ventricle to heart weight ratio in the 
HF-models (P<0.05) as compared to those in the probi-
otics and prophylaxis groups. The LVW/HW ratio was 
decreased in the treatment group and reached that of the 
control group (Table 2).

Effect on pro-inflammatory cytokine TNF-α: As 
presented in Figure 1, the TNF-α level in rats with heart 
failure induced by the isoproterenol was higher than 
those in other groups. The oral intake of L. paracasei 
subsp-8700:2 in the treatment and prophylaxis groups 
reduced the serum level of TNF-α. However, no signifi-
cant differences were found in this respect among the 
study groups.

Effect of probiotics on histopathological scores: The 
evaluation of the heart tissue samples showed normal 
shape and arrangement of the myofibrils in the control 
group. As shown in Figure 2, there was no evidence of 
hyperemia, hypertrophy, necrosis or fibrosis. The grade 
assigned to the control group was considered zero. 

In the control group, all cardiomyocytes were normal 
without hyperemia, inflammation or necrosis. In all 
histopathological sections from the probiotics model 
group, we observed hyperemia and fatty degeneration. 
However, the heart myofibrils were arranged normally 
without hypertrophy, necrosis or fibrosis. Besides, there 
was no evidence of immune cells infiltration. The grade 
assigned to the probiotic treatment group was 1+. In 
the induced HF group (isoproterenol group), there were 
marked hyperemia, myofibrils hypertrophy, and scat-
tered necrosis with irregular arrangements. Also, mono-
nuclear inflammatory cells were present in these slides. 
The grade assigned to this group was 4+. In all histo-
pathological sections of the hearts from the prophylaxis 
group (probiotics + isoproterenol), there were extensive 
hyperemia, necrosis, fibrosis, and mononuclear inflam-
matory cells. Thus, the grades assigned to this group 
were from 3+ to 4+. Finally, myofibrils were arranged 
normally and the fibrosis was significantly sparse in the 
treatment group. Also, few mononuclear cell infiltra-
tions were present. Thus, the grade assigned to the treat-
ment group was 2+.
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Discussion

In light of the widespread incidence of cardiovascular 
disease, there is a need for innovative prevention and 
treatment strategies. The etiology of heart failure has 
been expanded to include multiple pathological condi-
tions that are controlled by numerous cytokines, such 
as TNF-α. In recent years, intestinal microorganisms 
have been suggested to be responsible for the devel-
opment of metabolic diseases, including heart failure. 
Therefore, any factor that enhances the balance of gut 
microorganisms is likely to be beneficial for the pre-
vention and management of this condition. In this re-
gard, there is growing evidence on the beneficial effects 
of the administration of probiotics on the cardiovascu-
lar system [3, 4, 6, 7].

Induction of heart failure: In this study, we induced 
HF through the subcutaneous injection of isoproterenol 
(5 mg/kg) in rats. Isoproterenol is a synthetic catechol-
amine β-adrenergic agonist, which in high doses results 

in severe stress on the rat myocardium. Isoproterenol-
induced myocardial injury is caused by the production of 
highly reactive free radicals, which deplete endogenous 
antioxidants, damage the lipid membranes, and ultimate-
ly cause apoptosis and necrosis of the heart muscle. This 
approach is acceptable as a universally standard method 
for assessing cardiac dysfunction [11, 12]. In some stud-
ies, coronary ligation has been used to induce myocar-
dial infarction [13, 14]. However, the induction of heart 
failure through coronary ligation is a complex approach 
and is associated with high morbidity and mortality. 
Therefore, we used isoproterenol as an effective and reli-
able agent to induce infarct-like myocardial injury, mim-
icking acute heart failure in humans [10, 14].

Lactic acid bacteria are the most commonly used pro-
biotics [8]. More studies have documented the beneficial 
effects of these bacteria on preventing and/or treating 
metabolic diseases [5, 9, 12]. As expected, the results 
of this study showed the administration of L. paracasei 
subsp-8700:2 increased the rats’ body weights. However, 

Table 1. Organization of study groups

Groups Days 1-10 Days 11-20 Days 21-30

Normal control ¤ § §

Probiotic control Ϯ

Isoproterenol control ᴥ

Prophylaxis Ϯ Ϯ ᴥ

Treatment ᴥ Ϯ Ϯ

 ¤=Normal saline (5 mg/kg/day, subcutaneous), §= Normalsaline (1 ml/day, oral), ᴥ= Isoproterenol (5 mg/kg/day, subcuta-
neous), Ϯ= Probiotic (1 ml/day, oral)
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Figure 1: Serum TNF-α levels (pg/ml) among the study groups. Data are shown as the means ±SE. 
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Figure 1. Serum TNF-α levels (pg/ml) among the study groups. 

Data are shown as the Mean±SE
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Table 2. The effect of L. paracasei sub spp.paracasie 8700:2 on tissue weight ratios

Mean±SE
Groups

LVW to HW (g/g)LVW (g)HW (g)∆BW (g)Baseline BW (g)

0.52692±0.0656880.4308±0.074850.8142±0.0597199.16±30.29a181.83±12.9Control

0.45892±0.020623a0.3879±0.04974a0.8457±0.10865117.25±27.82b180.25±8.46Probiotic control

0.574±0.064927a,b0.4657 ±0.040a0.8175±0.08985.28±19.62180.42±18.68Heart failure

0.46532±0.043311b0.4085±0.047510.8768±0.0331287.6±36.59180.4±15.04Prophylaxy

0.52046±0.1165480.3990±0.094660.7742±0.1120355.28±11.32a,b181.0±8.81Treatment

Values with similar superscripted letters in each column were significantly different (P<0.05).
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Figure 2: Photomicrographs of rat cardiac apex sections stained with H&E (400X), showing the 
histopathological changes in the rats’ heart tissue samples.  
Study Groups: A. Control, B. Heart failure induced by isoproterenol, C. Prophylaxis, D. Probiotic, and  
E. Treatment. 

A B 

C D 

E 

Figure 2. Photomicrographs of rat cardiac apex sections stained with H&E (400X), showing the histopathological changes in 
the rats’ heart tissue samples. 

A. Control, B. Heart failure induced by isoproterenol, C. Prophylaxis, D. Probiotic, and E. Treatment.
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the weight gain was significantly lower in the treatment 
group than those of the control and probiotics groups. 
Similarly, it has been shown that probiotics can cause 
weight gain in both animal and human models by modu-
lating the gut microbiota. Million et al. [15] conducted 
a comparative meta-analysis and assessed the effect of 
lactobacillus-containing probiotics on weight gain. Their 
results revealed that the administration of Lactobacillus 
acidophilus resulted in significant weight gain in animals 
and humans, while L. ingluviei and L. fermentum con-
tributed to weight gains in animals [15, 16].

In order to determine whether L paracasei subsp-8700:2 
reduces certain cardiac changes induced by HF in the rat 
model, we measured the left ventricular weight ratio rel-
ative to the heart weight (LVW/HW) in each group. An 
increase in this ratio reflected myocardial hypertrophy 
[11]. As shown in Table 2, the increase in the LVW/HW 
ratio in the HF group indicated a strong hypertrophic re-
action induced by isoproterenol. However, the rats treat-
ed with L. paracasei showed a ratio resembling that of 
the control group. Interestingly, the ratio was also similar 
to those noted in the probiotics and prophylaxis groups. 
These findings suggest that L. paracasei has beneficial ef-
fects on the prevention and treatment of the heart failure 
due to isoproterenol. However, the histological evalua-
tions in the prophylaxis group showed hyperemia, ne-
crosis, fibrosis, and infiltration of mononuclear inflam-
matory cells, although the degree of tissue damages were 
not as large as those observed in the heart failure group. 
Considering the tissue alterations in the prophylaxis 
group, it was likely that isoproterenol induced myocar-
dial damages shortly after injection into the rats. 

Therefore, the administration of L. parascasei did not 
result in beneficial effects based on the histopathological 
findings. Further, the changes in the bodyweight of rats 
in the prophylaxis and HF groups were similar. Consis-
tent with these results, Gan et al. [7] have evaluated the 
role of L. rhamnosus in the development of myocardial 
hypertrophy in rat model. Their results indicated that 
rats under the probiotic regimen showed remarkable at-
tenuation of left ventricular hypertrophy and the gene 
expression for atrial natriuretic peptide [7]. Addition-
ally, another study in rats [14] has shown that the oral 
consumption of four probiotic strains causes significant 
reductions in myocardial necrosis, edema, and infiltra-
tion of inflammatory cells. These probiotics are L. casei, 
L. acidophilus, L. rhamnosus, and L. bulgaricus. These 
findings were documented after inducing heart failure 
with isoproterenol compared to those noted in the nor-
mal group. 

Abd-el Hamid et al. [17] claimed that probiotics miti-
gated skeletal muscle atrophy in isoproterenol-induced 
heart failure rats by lowering the angiotensin-II, thus 
providing antioxidant, anti-fibrotic, anti-hypertrophic, 
and hyperglycemic effects [17]. Since isoproterenol 
causes myocardial infarction by producing highly cyto-
toxic free radicals, as observed in the current study, it 
is believed that the mechanism for the beneficial effects 
of L. parascasei is linked to its antioxidant activity [14]. 
Even though the antioxidant mechanisms are not fully 
understood, the production of antioxidant metabolites 
and enzymes, such as glutathione, folate, superoxide dis-
mutase, and catalase are thought to be implicated. In ad-
dition, probiotics are likely to have antioxidant property 
through which they chelate metal ions [18]. 

Considering that normal cardiomyocytes do not release 
TNF-α, this factor is an essential pro-inflammatory cy-
tokine that leads to HF via pathophysiologic pathways. 
It is known that mononuclear macrophages and cardio-
myocytes release large amounts of TNF-α in response to 
heart attacks, anoxia, and cardiac ischemia. Moreover, 
it has been observed that a direct correlation exists be-
tween serum TNF-α levels and the HF severity [19, 20]. 

Cardiomyocyte hypertrophy increases the release of 
TNF-α and collagen production [21]. In the present study, 
the TNF-α levels increased in the HF group compared to 
that noted in the control group, in which treatment with 
L. paracasei decreased the serum TNF-α level. This 
finding is consistent with that reported by previous stud-
ies that described the immunomodulatory mechanism of 
action of probiotics [21, 22]. One explanation is that L. 
paracasei can reduce persistent reperfusion injury me-
diated by the inflammatory response, interfere with the 
activation of Nuclear transcription Factor κB (NF-κB), 
and prevent the expression of pro-inflammatory cyto-
kine, TNF-α. Nuclear transcription factor κB is a proin-
flammatory mediator that plays an important role in the 
production of cytokines. Besides, TNF-α upregulates the 
expression of NF-κB, Cyclooxygenase 2 (COX-2), and 
inducible Nitric Oxide Synthase (iNOS), leading to the 
progression of HF [21-25]. 

Although strong evidence has revealed that excessive 
expression of TNF after MI causes adaptive myocardial 
hypertrophy, the role of TNF in the pathogenesis of HF 
is not fully understood. Thus, the potential utilization of 
TNF for therapeutic purposes requires further studies 
[20]. In this context, it should be noted that despite the 
known beneficial effect of probiotics, serious infections 
have been reported in children from the use of probiotics 
recently especially in cases of immunodeficiency [26].

Hesari Z, et al. Anti-Inflammatory Effect of Lactobacillus Paracasei Subsp. Paracasei (8700:2) on Heart Failure. Iran J Toxicol. 2022; 16(2):195-202

July 2022, Volume 16, Number 3

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


201

Conclusion

The results of this study demonstrated that the oral ad-
ministration of Lactobacillus paracasei subsp-8700:2 
possessed cardioprotective effects due to its ability to de-
crease the inflammatory response and to reduce the serum 
TNF-α levels in isoproterenol-induced heart failure in rat 
model. These results suggest that using viable probiotic 
supplements may be useful in the management of cardiac 
injury in cases carrying the risk of myocardial infarction. 
However, more studies are warranted to confirm this hy-
pothesis. The findings of this study provide new insights 
into the development of novel therapeutic strategies to-
ward the management of cardiovascular disease.
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