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Abstract

Introduction

Background: Skeletal muscle atrophy is a common complication of heart failure that may result from the accompanying
neuro-hormonal disturbances. Altered gut microbiome can
mediate these neuro-hormonal disturbances. Growing evidences pointed to the health benefits of probiotics.

HEART Failure (HF) is a worldwide major cause
of hospitalization and death [1] . Cardiac cachexia
and muscle sarcopenia, a condition characterized
by decreased muscle mass and strength, has been
identified as a major comorbidity of heart failure
[2] . This condition is characterized by muscle fibrosis, exercise intolerance, insulin resistance and
poor prognosis [3] .

Aim of Study: To evaluate the effects of probiotics on
skeletal muscle state in ISO-induced HF and the underlying
mechanisms.
Material and Methods: 21 male adult rats were divided
into: Control group (C), ISO-HF group; rats were injected
with isoproterenol (ISO) 5mg/kg/d IP for 7 days and Pro-T
group which were given probiotics by oral gavage for 6 weeks
after ISO injection. Plasma Ang II, insulin, glucose, skeletal
muscle atrogin and cardiac BNP levels were measured. Also
relative gene expression of skeletal muscle IGF-1, IRS-1,
NADPH oxidase was assessed. Cardiac and skeletal muscle
tissues were weighed and histopathologically assessed.
Results: In pro T group, cardiac BNP, plasma Ag II, left
ventricular weight and LV/BW ratio were significant reduced.
Also, skeletal muscle atrogin and NADPH oxidase were
significantly decreased with a significant increase in skeletal
muscle weight, IGF-1 and IRS-1 relative gene expression. In
addition, probiotics decreased insulin resistance, plasma
glucose, insulin levels and HOMA-IR score. This was accompanied by the restoration of normal collagen distribution and
cardiac muscle distinct cell borders and skeletal muscle distinct
cell borders.

Skeletal muscle protein synthesis depends on
the integrity of Insulin Growth Factor receptors
(IGF-1) and Insulin Receptor Substrate 1 (IRS-1),
while muscle catabolic pathways include myostatin
overexpression, the activation of ubiquitinproteasome system or the initiation of apoptotic
pathways [3] .
Evidences suggest that imbalance between progrowth and anti-growth signals in the skeletal
muscle accompany HF [1] .
Yoshida et al., [4] . Reported high levels of Ang
II, the main effector molecule of the Renin Angiotensin System (RAS), in cardiac cachectic patients.
Demos-Davies et al., [5] stated that Ang-II may
serve as a common pathway governing cardiac and
skeletal muscle pathological alterations.

Conclusion: Probiotics mitigates muscle atrophy in ISOHF by lowering Ang II and by their anti-oxidant, anti-fibrotic,
anti-hypertrophic and anti-hyperglycemic effects.
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– Angiotensin-II – Skeletal muscle atrophy – IGF1 – Muscle atrogin.
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Earlier, Brink et al., [6] claimed that Ang-II
infusion in rats reduced circulating and skeletal
muscle IGF-1 and IGF-1 binding proteins. Also,
Dalla Libera et al., [7] added that AT 1 receptor
blockade prevents skeletal muscle atrophy in a rat
model of CHF, suggesting relationship between
the RAS and skeletal muscle atrophy.
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Recently, Yang et al., [8] stated that chronic
angiotensin II infusion in a rat model was associated
with gut dysbiosis. Tang et al., [9] reported that
altered microbiota can stimulate sympathetic system
and accelerate renin secretion. Karbach et al., [10]
highlighted the role of altered gut microbiota in
mediating AngII-induced cardiac muscle inflammation, fibrosis and oxidative stress. Imbalanced
gut microbiota can trigger muscle pro-inflammatory
state and mitochondrial dysfunction [11] . Therefore,
there is much awareness of the importance of
microbiome manipulation with probiotics [12] .
Probiotics are “live microorganisms that can
be administered in adequate amounts in various
forms of dietary supplements including yogurt,
fermented milk and food products to confer a health
benefit on the host” [13] . According to WHO [14] ,
in order to provide health benefits, probiotics
should endure human digestion, gastric juices and
bile, and multiply progressively in the GI tract.
A growing research field on the health benefits
of probiotics had shown that probiotic can prevent
and/or treat intestinal disorders and colitis [15] ,
induce hypo-cholesterolemic effects [16] and reduce
the blood glucose levels and insulin resistance.
Moreover, yogurt containing probiotic bacteria
showed higher ACE-inhibitory activities [17] .
A recent animal study highlighted the ability
of probiotics to improve muscle mass and weakness
[18] . Aerobic performance was improved in teenage
female endurance swimmers after the use of probiotic yoghurt [19] . However, few studies have
focused on the interaction of probiotics with the
metabolic and the morphological alterations that
occur in the HF-induced skeletal muscle disorders,
and their possible effects in lessening or preventing
these alterations.
Aim of the work: This study aimed at evaluating
the skeletal muscle biochemical and morphological
alterations in ISO-induced HF, as well as, the
possible protective effects of probiotics on these
alterations and the underlying mechanism(s), if
any.
Material and Methods
Experimental animals:
This study was carried out during 2018 on 21
adult male albino rats, initially weighing 170-200
grams. Rats were purchased from the Egyptian
Organization for Biological Products and Vaccines
(VACSERA), and housed in animal cages (3 rats/
cage) with suitable ventilation, temperature of 2225ºC, 12 hours light dark cycle and free access to

food and water-ad libitum-in the Medical Ain
Shams Research Institute (MASRI), Faculty of
Medicine, Ain Shams University.
To decrease the possible discomfort of animals,
they were accommodated in the animal house for
7 days prior to experimental procedures.
Animals were not exposed to unnecessary pain
or stress and animal manipulation performed with
maximal care and hygiene. At the end of experiment, animals sacrificed by overdose of anesthesia.
Animal remains disposal occurred by incineration.
Ethics Committee:
All animal experiments were performed according to the National Institutes of Health guide for
the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978).
Experimental design:
Rats were allocated into three groups (7 rats
each).
• Group I: control group(C): Rats of this group
received a regular diet with free access to water,
and were injected daily with normal saline IP.
• Group II: Isoprotrenol-induced heart failure group
(ISO-HF): Rats of this group were injected with
the catecholamine Isoproterenol in dose of 5
mg/kg/d IP for 10 days [20] to mimic heart failure
syndrome.
• Group III: Probiotic treated group (Pro-T): Rats
of this group were injected with Isoproterenol in
dose of 5mg/kg/d IP for 10 days. Starting from
the eleventh day, rats were treated with probiotics,
10gm orally by gavage once a day for 6 consecutive weeks [21] .
Drugs and probiotics:
Isoprotrenol (ISO) was purchased from Sigma
Company (Sigma-Aldrich, Germany) as a powder,
and was dissolved in saline.
Probiotics treatment:
I- Microorganisms: Probiotics used in the present
study was formed of multiple strains probiotics.
Strains were prepared in the probiotics lab of
the National Research Center (NRC). Bacterial
strains used are:
• Lactobacillus rhamnosus.
• Lactobacillus acidophilus.
• Lactobacillus casai.
• Bifidobacterium breve.
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• Bifidobacterium longum.
• Streptococcus thermophilus.
II- Media: The microbial media used throughout
the study had been purchased from Difco and
Oxoid (Germany). All media plates were incubated anaerobically at 37ºC.

MRS agar [23] used to determine the counts of
Lactobciluus spp. The plated incubated at 37ºC for
48h under anaerobic condition.
M17 agar medium [24] for enumerated the count
of Streptococcus spp, the plates incubated at 37ºC
for 48h under aerobic condition.

III- Preparation of the product.

V- Probiotic supplementation.

Yogurt containing probiotics preparation:
1- Mixing 10g of low-heat, antibiotic-free skim
milk powder in 90ml of distilled water in a
100ml Erlenmeyer flask.

Probiotic supplementation constitutes 10gm.
from rat dietary supplement, and contained probiotic strains (not less than 10 8 /g for each genus). It
was taken orally by gavage once a day for 6 consecutive weeks [21] .

2- Sterilizing at 15lb pressure (1 .05kPa.) for 10min.
3- Cooling to 37C.
4- Inoculating yogurt starter with probiotic strain
(s).
5- Incubating at 37Cº for at least 4h. longer if
desired for pH versus time profile.
6- Counting of live probiotic bacterial cells.
The Bifidobacterium spp. and Lactobacillus
spp. were counted by adding 1ml of the product
to 9ml saline (0.1g/l); serial dilutions were done.
Bifidobacterium spp. was counted on LP-MRS
Agar and Lactobacillus spp. was counted on MRS
Agar and Streptococcus spp. on M1 7 agar using
pour plate technique.
IV- Enumeration of live probiotic bacterial cells.
The Bifidobacterium spp. in the fermented
product was enumerated by adding 1ml of the
product to 9ml saline (0.1g/l); serial dilutions were
made. Bifidobacterium spp. was enumerated on
LP-MRS Agar using pour plate technique.
The MRS agar (Oxoid, Basingstoke, UK) was
dissolved in an amount of water equivalent to 93%
of the final volume and sterilized at 121ºC for 15
minutes. In the remaining water (7%), we dissolve
0.2 grams of lithium per liter and 0.3 grams per
liter of sodium propionate, which are inhibitory
agents. Afterwards, this solution of antimicrobial
agents was sterilized using a 0.22mm filter and
was carefully mixed with the MRS agar at 50ºC
in a laminar flow chamber, with avoiding the
incorporation of air [22] .
The plates were incubated anaerobically at 37ºC
for 72 hours; anaerobic conditions were created
using (Gas generating kit anaerobic system, Oxoid,
UK). Plates containing 20 to 300 colonies were
enumerated and the count was expressed as CFU/g
of the product.

Experimental procedure:
At the end of the study, the overnight fasted
rats were weighed and anaesthetized with thiopental
sodium (EIPICO, Egypt), IP (40mg/kg B.W).
Laparotomy was done and blood samples were
withdrawn from the abdominal aorta to be centrifuged. The resulting plasma was used for measurement of plasma glucose, insulin and Ag II.
The heart was dissected, cleared from remnants,
washed by cold saline, dried by filter paper and
weighed in 5-Digit-Metler balance (AE 1 63). The
Right Ventricle (RV) and Left Ventricle (LV) were
dissected and weighed. The left ventricle tissues
were cut into 2 pieces, one was used to measure
cardiac tissue Brain Naturetic Peptide (BNP) and
the other piece was preserved in formalin for
histopathological assessment.
Both lower limbs gastrocnemius muscles were
excised. Then, they were washed by cold saline,
dried by filter paper and weighed. Further, the right
one was used to measure skeletal muscle atrogin,
Insulin Growth Factor-1 (IGF-1), Insulin Receptors
Substrate (IRS-1) and NADPH oxidase relative
gene expression, and the left gastrocnemius muscle
was preserved in formalin for histopathological
assessment.
Biochemical measurements:
Measurement of plasma glucose was performed
using oxidase-peroxidase method [25] .
Measurement of plasma insulin was performed
using enzyme-linked immunosorbent assay ELISA
kit (Dako, Carpinteria, CA) according to the method
described by Delams [26] .
HOMA-IR test:
To estimate insulin resistance, the Homeostasis
Model Assessment for Insulin Resistance (HOMAIR: Insulin resistance index) [27] was used, calcu-
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lated as the product of fasting insulin (in µ
U) and
fasting glucose (in mmol/l) divided by 22.5. A
lower index indicates greater insulin sensitivity.

instruction. The RNA concentrations and purity
were measured with an ultraviolet spectrophotometer.

Measurement of plasma Ang II was performed
by quantitative rat Ang II ELISA kit (CUSABIO
TECHNOLOGY LLC, Houston, TX, USA), according to the manufacturer's instructions.

Complementary DNA (cDNA) synthesis:
g RNA
The cDNA was synthesized from 1 µ
using SuperScript III First-Strand Synthesis System
as described in the manufacturer's protocol
(#K1621, Fermentas, Waltham, MA, USA). In
M
brief, 1 µ
g of total RNA was mixed with 50 µ
oligo (dT) 20, 50ng/µ
L random primers, and 10mM
dNTP mix in a total volume of 10 µ
L. The mixture
was incubated at 56ºC for 5min, and then placed
on ice for 3min. The reverse transcriptase master
mix containing 2 µ
L of 10X RT buffer, 4 µ
L of
25mM MgCl 2 , 2µ
L of 0.1M DTT, and 1 µ
L of
SuperScript® III RT (200U/ µ
L) was added to the
mixture and was incubated at 25ºC for 10min
followed by 50min at 50ºC.

Measurement of cardiac tissue brain BNP was
performed in tissue homogenates of the left ventricle, using Rat BNP ELISA Kit (My BioSource,
Inc., San Diego, CA, USA) according to the manufacturer's instructions.
To prepare the tissue homogenate, tissue was
minced into small pieces and rinsed in ice-cold
Phosphate Buffer Solution (PBS) (0.01M, pH=7.4)
to remove excess blood thoroughly. Tissue pieces
were weighed and then homogenized in PBS (tissue
weight (g): PBS (mL) volume=1 :9) with a glass
homogenizer on ice. The homogenates were then
centrifuged for 5min at 5000Xg to get the supernatant.
Measurement of skeletal muscle atrogin was
performed using Rat F-box only protein 32
(FBXO32) ELISA Kit (CUSABIO TECHNOLOGY LLC, Houston, TX, USA), according to the
manufacturer's instructions. To prepare the tissue
homogenate, 100mg tissue was rinsed with 1X
PBS, homogenized in 1ml of 1X PBS and stored
overnight at –20ºC. After performing two freezethaw cycles to break the cell membranes, the homogenates were centrifuged for 5 minutes at 5000
Xg, 2-8ºC. The supernatant was removed and stored
in aliquot at 80ºC. Samples were centrifuged
again after thawing before the assay.
Quantitative analysis of skeletal muscle relative
gene expression of IGF-1, IRS-1 and NADPH
oxidase by real time PCR:
Tissue Homogenization:
Approximately 30-40mg skeletal muscle tissues
were placed in pre-labeled micro-centrifuge tubes
placed on ice. Tissues were chopped using a sterile
razor blade in a dish (kept on ice) in a drop of
TRIzol reagent. Chopped tissue was transferred to
a glass mortar and pestle pretreated with DEPC
water for 2h. 1ml TRIzol reagent was added to it
and homogenized well. The homogenate was transferred into a 1.5ml Eppendorf tube.
Total RNA extraction:
Total RNA was extracted from tissue homogenate using SV Total RNA Isolation System (Promega, Madison, WI, USA) according to manufacturer's

Real-time quantitative PCR:
Real-time PCR amplification and analysis were
performed using an Applied Biosystem with software Version 3.1 (StepOneTM, USA). The reaction
contained SYBR Green Master Mix (Applied Biosystems), gene-specific primer pairs that were
designed with Gene Runner Software (Hasting
Software, Inc., Hasting, NY) from RNA sequences
from the gene bank. Gene-specific primer pairs
are shown in (Table 1).
Table (1): The primer sequence of the studied gene.
Primer sequence
• NADPH • Forward prime: 5 ´-AGGCTGGTTTGAGCGAGT-3´
oxidase • Reverse primer:
5 ´-ATTGAATTCGGGCGTCTGCTG-3´
• IRS-1

• Forward primer:
5-GGACTTGAGCTATGACACGGG-3
• Reverse primer:
5-GCCAATCAGGTTCTTTGTCTGAC-3

• IGF-1

• Forward prime: 5´-CTTTGCGGGGCTGAGCTGGT-3´
• Reverse primer: 5 ´-CTTCAGCGAGCAGTACA-3´

All primer sets had a calculated annealing
temperature of 60º. Quantitative RT-PCR was
performed in a 25- µ
l reaction volume consisting
of 2X SYBR Green PCR Master Mix (Applied
Biosystems), 900nM of each primer and 2 µ
l of
cDNA. Amplification conditions were: 2min at
50º, 10min at 95º and 40 cycles of denaturation
for 15s and annealing/extension at 60º for 10min.
Data from real-time assays were calculated using
the v1·7 sequence detection software from PE
Biosystems (Foster City, CA). Relative expression
of studied gene mRNA was calculated using the
comparative Ct method. All values were normalized
to beta actin which was used as the control house-
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keeping gene and reported as fold change over
background levels detected in the diseased groups.
Histopathological studies:
The left gastrocnemius muscle and the left
ventricle were dissected out, fixed in 10% buffered
formalin at room temperature overnight. Specimens
were dehydrated using alcohol, cleared in xylol
formalin and embedded in paraffin. Paraffin embedded sections of 5 µ
m thickness were stained
with Hematoxylin and Eosin (H & E) and with
Masson's trichrom stain [28] for subsequent blind
microscopic examination.
Statistical analysis:
All results in the present study expressed as
mean ± SEM. Statistical Package for the Social
Sciences (SPSS, Inc., Chicago, IL, USA) program,
Version 20.0 was used to compare significance
between each two groups. Comparisons were made
using 1-way ANOVA (Analysis of Variance) for
difference between means of different groups was
performed on results obtained in the study. Differences were considered significant when p≤ 0.05.
Results
Results encountered in the present study are
displayed in (Tables 2-4) and Figs. (1,2), Histological Figs. (3-11).
Marker of heart disease:
Table (2) shows that cardiac tissue BNP and
plasma Ang-II were significantly increased in the
isoproterenol-induced heart failure (ISO-HF) group
compared to the control (C) group. On the other
hand, Probiotic treated (Pro-T) group showed a
significant decreased in both of cardiac tissue BNP
and plasma Ang-II compared to the ISO-HF group
but their level were still significantly higher than
the levels of the C group.
Table (2): Cardiac tissue Brain Natriuretic Peptide (BNP)
(Pg/mg) and Plasma Angiotensin II (AgII) (Pg/ml)
in the different studied groups (mean ± SEM).
Cardiac BNP (Pg/mg)
Plasma AgII (Pg/ml)

Control

ISO-HF

Pro-T

28.91 ±2.63
3.12 ± 0.37

95.35±8.52a
19.77±2.11 a

75.94 ± 2.87ab
7.62±0.67ab

a: Significance from control group calculated by LSD at p<0.05.
b: Significance from Iso-HF calculated by LSD group at p<0.05.

Markers of muscle atrophy:
Table (3) shows that muscle atrogin relative
gene expression was significantly increased, while
muscle IGF-1 relative gene expression was significantly decreased in the ISO-HF group as compared
to the C group. Upon probiotic treatment, muscle

atrogin relative gene expression was significantly
decreased, while muscle IGF-1 relative gene expression was significantly elevated in the Pro-T
group as compared to the ISO-HF group. However,
the levels of muscle IGF-1 relative gene expression
in the ISO-HF group were still significantly lower
than that of the C group.
Table (3): Muscle atrogin (Pg/mg) and Muscle IGF-1 relative
gene expression in the different studied groups
(mean ± SEM).
Control

ISO-HF

Pro-T
216.60±30.7b
0.85 ±0.02 ab

• Muscle atrogin
(Pg/mg)

168.20± 14.74

3 17.87±40.35 a

• Muscle IGF-1
relative gene
expression

1.03 ±0.01

0.23 ±0.04 a

a: Significance from control group calculated by LSD at p<0.05.
b: Significance from Iso-HF group calculated by LSD group at p<0.05.

Markers of insulin resistance and oxidative stress:
Table (4) shows that plasma glucose, plasma
insulin and HOMA-IR were significantly elevated
in the ISO-HF group as compared to the C group.
Upon probiotic treatment, plasma glucose, plasma
insulin and HOMA-IR were significantly lowered
in the Pro-T group as compared to the ISO-HF
group, although that the plasma glucose was still
significantly higher in the Pro-T group compared
to that of the C group.
Further, muscle IRS-1 relative gene expression
was significantly decreased, while muscle NADPH
oxidase relative gene expression was significantly
increased in the ISO-HF group compared to the C
group. On the other hand, muscle IRS-1 relative
gene expression showed a significant increase,
while muscle NADPH oxidase relative gene expression showed a significant decrease in the ProT group compared to the ISO-HF group, although
the level of both parameters was still significantly
different from that of the C group.
IU/L),
Table (4): Plasma glucose (m mol/l), plasma insulin ( µ
HOMA IR, muscle IRS-1 relative gene expression
and muscle NADPH oxidase relative gene expression in the different studied groups (mean ± SEM).
Control

ISO-HF

Pro-T

6.94 ± 0.48 15.11 ± 1.1 a 9.61 ±0.64 ab
9.46±0.36 18.11 ± 1.56 a 12.00±0.82 b
• HOMA IR
2.94 ± 0.26 12.11 ±3.35 a 5.17±0.53 b
• Muscle IRS-1 relative gene 1.03 ±0.01 0.23 ±0.03 a 0.68±0.04 ab
• Plasma glucose (mmol/l)
IU/L)
• Plasma insulin (µ

expression
• Muscle NADPH oxidase

1.09±0.01 5.81 ±0.46 a

3.48±0.36 ab

relative gene expression
a: Significance from control group calculated by LSD at p<0.05.
b: Significance from Iso-HF group calculated by LSD group at p<0.05.
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Fig. (1): (A) Body weight gain %, (B) Absolute lower limb gastrocnemius muscle, (C) Lower limb gastrocnemius muscle to
body weight ratio (Ms/BW) (mg/g) in the different studied groups.

Fig. (1A) shows a significant decrease in
body weight gain % only in the ISO-HF group
compared to the C group. Fig. (1B) and Fig.
(1C) show a significant decrease in the absolute
lower limb gastrocnemius muscle weight and
in the gastrocnemius muscle weight to body
weight ratio in the ISO-HF group compared to
(A) Whole heart weight
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the C group. Pro-T group showed a significant
increase in both of the absolute lower limb
gastrocnemius muscle weight and in the gastrocnemius muscle weight to body weight ratio
compared to the ISO-HF group, although their
levels were still significantly lower than that
of the C group.
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Fig. (2): (A) Whole heart weights (mg) and (B) Whole heart to body weight ratio (WH/BW) (mg/g), (C) Left ventricle, (D) Left
Ventricle to Body Weight ratio (LV/BW) (mg/g) in the different studied groups.

Fig. (2A) and Fig. (2B) show a significant
increase in the whole heart weight and in the heart

weight to body weight ratio in the ISO-HF group
compared to the C group. Moreover, only the heart
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weight to body weight ratio was significantly
decreased in the Pro-T group compared to the ISOHF group.
Fig. (2C) and Fig. (2D) show a significant
increase in the left ventricle weight and in the left
ventricle to body weight ratio in the ISO-HF group

Fig. (3A): (Control group): Cardiac wall showing viable
cardiac muscle fibers (black arrows) with scattered congested
blood vessels (blue arrows) (H & E X200).
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compared to the C group. Upon treatment with
probiotics, the left ventricle to body weight ratio
was significantly decreased in the Pro-T group
compared to the ISO-HF group.
Results of histopathological examination:
Histopathological examination of cardiac muscle:

Fig. (3B): (Control group): High power view showing
viable cardiac muscle fibers with distinct cell borders and
central oval/elongated nuclei (black arrows). And scattered
congested blood vessels (blue arrows) (H & E X400).

Fig. (3C): (Control group): Higher power view showing
viable cardiac muscle fibers with distinct cell borders and
central oval/elongated nuclei (black arrows). And scattered
congested blood vessels (yellow arrows) (H & E X1000).

Fig. (4A): (Control group): Cardiac wall showing normal
collagen distribution arround blood vessels (black arrows)
and in between muscle fibers (blue arrow) (Masson trichrom
stain X200).

Fig. (4B): (Control group): High power view showing
normal collagen distribution arround blood vessels (black
arrows) and around muscle fibers (endomysium) (blue arrow)
with apparent cross striations (yellow arrow) (Masson trichrom
stain X400).

Fig. (3A, B & C) show H & E stained sections
of cardiac muscle of the control group. Cardiac
wall showed viable cardiac muscle fibers with
distinct cell borders and central oval/elongated
nuclei, apparent cross striations, and scattered
congested blood vessels.

Fig. (4A & B) show Masson trichrom stained
sections of cardiac muscle of the control group.
Cardiac wall showed normal collagen distribution
around blood vessels and in between muscle
fibers (endomysium) with apparent cross striations.
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Fig. (5A): (ISO-HF group): Cardiac wall showing scattered
cardiac muscle fibers with bright eosinophilic cytoplasm
(black arrows) with few narrow blood vessels (blue arrow)
(H & E X200).

Fig. (5B): (ISO-HF group): High power view showing
scattered distorted cardiac muscle fibers with bright eosinophilic cytoplasm and pyknotic nuclei (black arrows) with
cytoplasmic vacuoles (blue arrow) (H & E X400).

Fig. (5C): (ISO-HF group): Another view showing necrotic
cardiac muscle fibers with bright eosinophilic cytoplasm and
no nuclei (black arrow) with cytoplasmic vacuoles (blue
arrow), and aggregate of inflammatory cells (yellow arrow)
(H & E X400).

Fig. (5D): (ISO-HF group): Higher power view showing
necrotic cardiac muscle fibers with bright eosinophilic cytoplasm and no nuclei (black arrows) with cytoplasmic vacuoles
(blue arrow) (H & E X1000).

Fig. (6A): (ISO-HF group): Cardiac wall showing normal
collagen distribution around blood vessels (black arrow) and
thick irregular collagen fibers in between muscle fibers (blue
arrows) (Masson trichrom stain X200).

Fig. (6B): (ISO-HF group): High power view showing
normal collagen distribution around blood vessels (black
arrow) and thick irregular collagen fibers in between muscle
fibers (endomysium) (blue arrow) (Masson trichrom stain
X400).

Fig. (5A, B, C & D) show H & E stained sections of cardiac muscle of the ISO-HF group.
Cardiac wall showed scattered necrotic cardiac
muscle fibers with no nuclei and others with bright
eosinophilic cytoplasm, pyknotic nuclei and intra-

cytoplasmic vacuoles, aggregates of inflammatory
cells, and few narrow blood vessels.
Fig. (6A & B) show Masson trichrom stained
sections of cardiac muscle of the ISO-HF group.
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Cardiac wall showed normal collagen distribution
around blood vessels and thick irregular collagen
fibers in between muscle fibers (endomysium).

nuclei, cytoplasmic edema with fairly apparent
cross striations, and congested blood vessels with
areas of hemorrhage.

Fig. (7A, B, C & D) show H & E stained sections of cardiac muscle of the Pro-T group. Cardiac
wall showed viable cardiac muscle fibers with
distinct cell borders and central oval/elongated

Fig. (8A & B) show Masson trichrom stained
sections of cardiac muscle of the Pro-T group.
Cardiac wall showed normal collagen distribution
around blood vessels and in between muscle fibers
(endomysium).

Fig. (7A): (Pro-T group): Cardiac wall showing viable
cardiac muscle fibers (black arrows), and congested blood
vessels (blue arrow) with areas of hemorrhage (yellow arrow)
(H & E X200).

Fig. (7B): (Pro -T group): High power view showing viable
cardiac muscle fibers with distinct cell borders and central
oval/elongated nuclei (black arrows), and congested blood
vessels (blue arrows) with areas of hemorrhage (yellow arrow)
(H & E X400).

Fig. (7C): (Pro-T group): Another view showing viable
cardiac muscle fibers with edematous cytoplasm (black arrows), and area of hemorrhage (blue arrow) (H & E X400).

Fig. (7D): (Pro-T group): Higher view showing viable
cardiac muscle fibers with oval/elongated nuclei (black arrows),
and fairly apparent cross striations (blue arrows) (H & E
X 1000).

Fig. (8A): (Pro-T group): Cardiac wall showing normal
collagen distribution around blood vessels (black arrow) and
in between muscle fibers (blue arrow) (Masson trichrom stain
X200).

Fig. (8B): (Pro-T group): High power view showing
normal collagen distribution around blood vessels (black
arrows), and in between muscle fibers (endomysium) (blue
arrows) (Masson trichrom stain X400).
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Histopathological examination of skeletal muscle:

Fig. (9A): (Control group): Skeletal muscle tissue showing
average transverse muscle fibers with distinct cell borders,
average cytoplasm and peripheral oval nuclei (black arrows)
in average loose connective tissue (blue arrow) (H & E X200).

Fig. (9B): (Control group): High power view showing
average transverse muscle fibers with distinct cell borders,
average cytoplasm and peripheral oval nuclei (black arrows),
and average edomysium (blue arrow) (H & E X400).

Fig. (9C): (Control group): Another view
showing average longitudinal muscle fibers with
distinct cell borders, average cytoplasm and
peripheral oval nuclei (black arrows), and average
edomysium (blue arrow) (H & E X400).

Fig. (10A): (ISO-HF group): Skeletal muscle tissue showing longitudinal muscle fibers with ill-defend cell borders
and bright eosinophilic cytoplasm (black arrows) in average
loose connective tissue (blue arrow) (H & E X200).

Fig. (10B): (ISO-HF group): High power view showing
longitudinal muscle fiber with ill-defend cell borders, bright
eosinophilic cytoplasm (black arrows) and small pyknotic
nuclei (blue arrow) (H & E X400).

Fig. (10C): (ISO-HF group): Another view
showing transverse muscle fibers with no cell
borders, bright eosinophilic cytoplasm (black
arrows) and small pyknotic nuclei (blue arrows),
and other areas showing no nuclei (yellow arrow)
(H & E X400).

Manal S. Abd-El Hamid, et al.

Fig. (9A, B & C) show H & E stained sections
of skeletal muscle of the control group. Skeletal
muscle showed average muscle fibers with distinct
cell borders, average cytoplasm and peripheral
oval nuclei in average loose connective tissue.
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no cell borders, bright eosinophilic cytoplasm with
small pyknotic nuclei and no nuclei in other areas.

Fig. (10A, B & C) show H & E stained sections
of skeletal muscle of the ISO-HF group. Skeletal
muscle showed muscle fibers with ill-defend and

Fig. (11A, B & C) show H & E stained sections
of skeletal muscle of the Pro-T group. Skeletal
muscle showed muscle fibers with distinct cell
borders, few showed bright eosinophilic cytoplasm
with small pyknotic nuclei in average loose connective tissue.

Fig. (11A): (Pro-T group): Skeletal muscle tissue showing
longitudinal muscle fibers with distinct cell borders and
slightly bright eosinophilic cytoplasm (black arrows) in average
loose connective tissue (blue arrow) (H & E X200).

Fig. (11B): (Pro-T group): High power view showing
longitudinal muscle fibers with distinct cell borders, bright
eosinophilic cytoplasm (black arrows) and small pyknotic
nuclei (blue arrow) (H & E X400).

Fig. (11C): (Pro -T group): Another view showing transverse muscle fibers with distinct cell
borders, slightly bright eosinophilic cytoplasm
(black arrows) and peripheral oval nuclei (blue
arrow) (H & E X400).

Discussion
The present study elucidates the effect of probiotics on the skeletal muscle atrophy in Isoproterenol-induced heart failure rat model.
Cardiac insult was proved in the Isoproterenolinduced Heart Failure (ISO-HF) group by the
significant increase in cardiac tissue Brain Natriuretic Peptide (BNP) and the significant increase in
plasma level of angiotensin-II (Ang-II). ISOinduced HF model was chosen due to its simplicity
and usefulness in studying the underlying pathophysiological processes of HF at the cellular and
molecular levels and in examining the possible
therapeutic interventions [29] . ISO injection caused
cardiotoxic effects due to beta adrenergic receptors
over-simulation and renin-angiotensin system overactivation leading to ischemia, oxidative stress,
calcium overload and heart failure [29] .

The significant increase in cardiac peptide BNP
is related to cardiomyocyte stretching and elevated
angiotensin II and can serve as a diagnostic marker
for the impaired myocardial function [30] . Earlier,
Mukoyama et al., [31] recorded higher BNP concentrations in cardiac ventricles in patients and in
animals with cardiac stress. Also, plasma BNP has
been correlated with the severity of left ventricular
dysfunction and remodeling [32] .
Further, ISO-HF group showed a significant
increase in plasma Ang-II. This increase could be
attributed to the excessive administration of ISO
as it results in a sympatho-excitatory state, with
increased activity and expression of Angiotensin
Converting Enzymes (ACE) and the subsequent
rise in the plasma Ang-II levels [33] . Haung et al.,
[20] added that large dose of ISO enhanced angiotensin expression and was accompanied by necro-
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sis, hyperplasia and myocardial fibrosis that impair
myocardium pump function in rats.

major cause of skeletal muscle atrophic changes
observed in this group.

This agrees with the present study. In H & E
stained cardiac muscle of the ISO-HF group, histopathological changes in the form of scattered
necrotic cardiac muscle fibers with no nuclei and
with bright eosinophilic cytoplasm and intracytoplasmic vacuoles and aggregates of inflammatory cells were detected. Moreover, thick irregular
collagen fibers in between muscle fibers were
observed in Masson trichrom stained cardiac muscle. This was accompanied by the significant increase in the absolute whole heart weight, the left
ventricle weight and their ratio to body weight in
the ISO-HF group of the present study denoting
hypertrophy.

Previous experimental studies have shown that
Ang-II induced atrophy of rodents hind limb muscle
[38] . Ang II can either impair muscle formation by
inhibiting Phospho-Inositide 3-Kinase (PI3K)-Akt
cascade phosphorylaration, a key molecule in
protein synthesis, and by blunting the intracellular
anabolic IGF- 1 signaling pathway or can induce
muscle atrophy by inducing proteolytic E3 ubiquitin
ligase atrogin-1 [39] . This agrees with the significant
reduction in skeletal muscle IGF-1 and the IGF1
receptor Insulin Receptor Substrate 1 (IRS-1)
together with the significant increase in skeletal
muscle atrogin-1 relative gene expression detected
in ISO-HF group compared to the control group.

These findings could be explained by the excessive and persistent (3 -adrenergic receptor activation or the myocardial oxidative stress and inflammation induced by ISO [34] .

IRS-1 stimulation suppresses E3 ubiquitinprotein ligases and prevents the activation of myostatin/SMAD pathway that mediates muscle proteolysis [3] . Therefore, blunting of IRS 1 signaling
not only leads to an inhibition of protein synthesis
but also causes concurrent induction of proteolysis.
Moreover, Ang II inhibits skeletal muscle stem
(satellite) cell proliferation, leading to reduced
muscle regenerative capacity [39] .

Cardiac hypertrophy, remodeling and fibrosis
are a consequence of the elevated Ang II and BNP.
Systemic and local Ang II-induced hypertrophic
effects seem to be related to increased reactive
oxygen species-factor nuclear kappa B-matrix
metaloproteinases pathway, Tumor Necrosis Factor
(TNF-a ) and the profibrotic transforming growth
factor (TGF- (3 ) that increase collagen deposition
and myocytes hypertrophy [35] . Also, cardiomyocyte hypertrophy was associated with increased
expression of ventricular BNP, which may be
related to increasing transforming growth factor
(TGF)-b expression [36] .
Absolute lower limb gastrocnemius muscle
weight and gastrocnemius muscle weight to body
weight ratio were significantly decreased in the
ISO-HF group. This denotes atrophic skeletal
muscle changes that may accompany heart failure
and if it is severe it is referred to as cardiac cachexia. This condition was confirmed by the histopathological picture of skeletal muscle that shows illdefend muscle fibers that lack cell borders and
have bright eosinophilic cytoplasm with small
pyknotic nuclei and no nuclei in other areas. In
addition, body weight gain % was significantly
decreased. Collectively, these findings point to the
atrophic and the fibrotic effects of ISO-induced
HF on the skeletal muscle.
Several experimental and clinical HF studies
confirmed the presence of skeletal muscle alterations in HF. These alterations include atrophy,
fibrosis, contractile dysfunction and decreased
oxidative capacity [37] . The increased Ang-II is a

The sustained sympathetic activity together
with high Ang II levels in heart failure can initiate
a vicious circle of oxidative stress, inflammation
and apoptosis leading to the activation of transcription factors nuclear factor κB which induce muscle
atrogin- 1 expression and lead to muscle atrophy
[3] . This oxidative stress state was detected in this
study, as the NADPH oxidase relative gene expression was significantly increased in ISO-HF group.
Similarly, Kadoguchi et al., [40] . assured that Nox
activation is associated with AII-induced muscle
wasting.
Further, cellular damage and increased inflammatory mediators in HF have shown to decrease
IRS-1 expression in muscle, thus predisposing to
hyperglycemia and insulin resistance [3] .
The significant increase in plasma glucose,
plasma insulin and HOMA-IR, concomitant with
the significant decrease in IRS-1 relative gene
expression in the ISO-HF group of the present
study reflect the development of insulin resistance
state. This ISO-HF induced insulin resistance is
due to elevated levels catecholamine [41] . Chronic
beta adreno-receptor activation, by excessive ISO
administration in the present study, results in persistent activation of Akt through PKA/Ca2+ and
PI3K-dependent pathways, thus decreases GLUT4
expression and translocation to the plasma mem-
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brane, and this impairs the ability of insulin to
facilitate glucose uptake [42] . Moreover, Ang IIinduced endothelial dysfunction, increased reactive
oxygen species production and reduction of GLUT4
augment the insulin resistance state [43] . The developed insulin resistance and the loss of the anabolic effect of insulin contribute to worsening of
the muscle state and the subsequent skeletal muscle
atrophy, which was detected in the ISO-HF group.
In the probiotic treated group, cardiac insult
markers as cardiac tissue BNP and plasma Ang-II
were significantly decreased compared to the ISOHF group. Although not reaching the values of the
control group, this decrease in the markers of
cardiac insult reflect the beneficial cardiac health
promoting effects of probiotics.
The decrease in plasma level of Ang-II in the
Pro-T group could be explained by the ability of
the probiotic strains to release bioactive peptides
with ACE inhibitory activity, thus reducing the
formation of Ang-II. Previous studies on the antihypertensive effects of probiotics explained these
effects by the release of ACE inhibitory peptides
that powerfully inhibit the RAS [44] . Lactobacillus
probiotics strain, which is one of the strained used
in the probiotic preparation used in this study, is
the principal probiotic involved in releasing ACE
inhibitory peptide that breaks ACE into small
peptides during fermentation [45] . By inhibiting
ACE, with subsequent decrease in plasma Ang-II
level, ventricular pressure overload is decreased
and ventricular BNP production also decreased.
In H & E stained sections of the cardiac muscle
of the Pro-T group, cardiac wall regained the
distinct cell borders with fairly apparent cross
striations yet, there were some congested blood
vessels with areas of hemorrhage. In masson trichrome stained sections, normal collagen distribution around blood vessels and in between muscle
fibers were detected. This indicates that probiotic
supplementation ameliorates the fibrotic cardiac
changes induced by ISO.
These findings are in line with previous reports
that probiotics supplementation decreased expression of inflammatory and fibrosis proteins in rats,
and subsequently promote cardiac health [46] .
Moreover, Lai et al., [47] assured the anti-fibrotic
effects of probiotics as probiotics induced downregulation of TGF- (3/MMP2, the molecular pathway
responsible for cardiac fibrosis.
The anti-fibrotic and anti-hypertrophic effects
of probiotic supplementation in the present study
were further confirmed by the significant reduction
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in both whole heart weight to body weight ratio,
and in the left ventricular weight to body weight
ratio in the Pro-T group compared to the ISO-HF
group, to become non-significant from the control
group.
These results could be due to multifactorial
mechanisms. The decreased plasma Ang-II and the
decreased NADPH oxidase relative gene expression
in skeletal muscle, reflecting the powerful antioxidant effects of probiotics, can explain these morphological improvements in the cardiac muscle
structure in the Pro-T group, by blunting the predisposing factors that promote cardiac fibrosis.
Similar explanations were postulated in a high fat
diet-induced model of cardiac fibrosis [47] . The
ACE inhibitory and the anti-fibrotic effects of
probiotics supplementation observed in the present
study is in accordance to [48] , who explained the
cardiac health promoting effects of probiotics by
their ability to produce ACE-inhibitory peptides,
attenuate heart failure and cardiac hypertrophy.
In Pro-T group absolute lower limb gastrocnemius muscle weight and gastrocnemius muscle
weight to body weight ratio were significantly
increased, compared to the ISO-HF group, although
their levels were still significantly lower than that
of the control group. Also, body weight gain %
was non-significantly increased than ISO-HF group,
being non-significantly changed from the control.
In addition, histopathological picture of skeletal
muscle showed distinct cell borders and an average
loose connective tissue, compared to ill-defend
and no cell borders of muscle fibers, bright eosinophilic cytoplasm with small pyknotic nuclei and
no nuclei in other areas in the ISO-HF group.
These findings illustrate the improvement in
the morphological picture and disappearance of
the atrophic changes in the skeletal muscle in
response to probiotics supplementation. This was
assured by the significant decrease in the atrogin1 the muscle atrophy marker, being nonsignificantly changed from the control group.
Similar to the results of the present study,
probiotic supplementation to mice resulted in decreased atrogin expression, in conjunction with
the increase in muscle mass in leukemic and in
healthy young mice [49] .
Also, concomitant to the decrease in atrogin
the Pro-T group showed a significant increase in
IGF-1 and IRS relative gene expression compared
to the ISO-HF group reflecting the ability of pro-
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biotics supplementation to prevent ISO-HF induced
skeletal muscle atrophy.
This effect could be explained by the decrease
in Ang II, based on its well known atrophic and
catabolic effects on skeletal muscle, as it can
decrease IGF-1/Akt signaling, and increase E3
ubiquitin ligase atrogin- 1 proteolytic pathway
activity [39] . Another major mechanism by which
probiotics could promote skeletal muscle health is
its ability to increase IGF-1 levels. In a recent
study, Yan et al., [50] demonstrated a link between
gut microbiota and IGF-1 in the form of increased
IGF-1 transcription in the bone by gut microbiota.
Another study by Ashpole et al., [51] declared that
probiotics could increase serum IGF-1 by twofolds.
The decrease in Ang-II in the Pro-T group is
one of the possible mechanisms by which probiotics
increase IGF-I relative gene expression, and decrease atrogin relative gene expression.
Moreover, the present study revealed that
NADPH oxidase relative gene expression was
significantly decreased in the Pro-T group compared to the ISO-HF group. This finding clearly
demonstrates the antioxidant effect of probiotic
supplementation and its ability to enhance and
augment host cellular antioxidant defenses. Similarly, Lutgendorff et al., [52] declared that probiotics
can enhance synthesis of antioxidant enzymes
through alteration in gene expression levels in rats.
In addition, a previous study reported in vitro and
in vivo antioxidant activity of probiotic bacteria.
They showed that probiotics increased glutathione
concentration and protected rats against doxorubicin-induced oxidative damage [53] . Moreover, 5
weeks of probiotic supplementation reduced
NADPH oxidase activity and reduced vascular
ROS levels in spontaneous hypertensive rats [54] .
In fact, this antioxidant effect could be a potential mechanistic pathway for the probiotic skeletal
muscle anti-atrophic effects and cardiac muscle
anti-fibrotic effects of probiotics. This claim was
supported by previous studies that showed that the
probiotics have antioxidant effects which could
offer protection fot the cardiac muscle in a rat
model of myocardial infarction [55] .
A significant decrease in plasma glucose level,
plasma insulin level and in HOMA-IR, concomitant
with a significant increase in IRS-1 relative gene
expression were detected in the Pro-T group compared to the ISO-HF group of the present study,
indicating the effects of probiotic supplementation
on improving insulin sensitivity and glucose homeostasis.

A recent study demonstrated significant increases in Glut-4 in adipose tissue of probiotics fed rats
and correlated its expression levels with enhanced
insulin sensitivity [56] . Other studies observed that
probiotics decreased blood glucose levels, improved
insulin sensitivity, reduced fasting glucose level,
enhanced insulin release and sensitivity, and improved oral glucose tolerance in streptozotocininduced diabetic rats [56] .
The interactions between probiotics and gene
expression were evaluated by some studies, which
suggested the ability of probiotics microbiota to
upregulate GLUT-4 mRNA in rats with type II
diabetes [57] . Other studies concluded that probiotics microbiota enhanced the expression of IR- Г3 ,
IRS-1 and Akt proteins, which are largely involved
in the insulin-signaling pathway, and this improved
glucose uptake and reduced blood glucose level
[58] .
In the present study, plasma insulin level was
significantly decreased in the Pro-T group. This
finding is similar to the finding of a study on rats
that showed a decrease in the elevated insulin
levels caused by high fructose diet following probiotic use [59] . However, a previous study on diabetic rats demonstrated an increase in serum insulin
levels following intake of probiotic [56] . Another
study has shown that probiotics improved glucose
tolerance but did no change in plasma insulin levels
[60] . The inconsistency between results of the
present study and other studies might be due to
different mechanism of occurrence of hyperglycemia in these studies; muscle atrophy vs high
fructose diet vs streptozotocin.
Conclusion:
From the results of the present study, we concluded that multiple strain probiotics possess the
ability to prevent ISO-induced HF adverse effects
on the cardiac and the skeletal muscle. These
protective effects of probiotics are mediated through
ACE-inhibitory activities and antioxidant properties
of probiotics. In addition, multiple strain probiotics
improve insulin sensitivity and have an antihyperglycemic effect.
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