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Abstract
Background: Prolonged endurance and intensive exercise has shown detrimental effects on muscle
health as well as causes intestinal dysbiosis. Probiotics are known as live microorganisms effective in
improving gut microbiota and immunity to warrant health and well-being, which exert global and local
biological functions on gut and muscle comprising of anti-oxidative stress, anti-in�ammatory and anti-
apoptosis, etc,. This research was conducted to investigate whether complex probiotics supplementation
could alleviate excessive exercise-induced muscle damage and underlying signaling mechanism in rats.

Methods: Thirty-two male SD rats were randomly allocated to four groups: control (SC), exercise (EC),
probiotics (SP) and exercise with probiotics (EP) (n = 8 each). In the overtraining model, rats were
arranged to an incremental load training on the treadmill 6 days/week for 8 weeks and gavaged with
complex-probiotic-preparation (4 × 109 CFU/g) containing maltodextrin or maltodextrin only once a day.
Serum and soleus were collected at the end of experiment. Serum creatine kinase (CK) and lactate
dehydrogenase (LDH) activities, the levels of lipopolysaccharide (LPS), interleukin-6 (IL-6), interleukin-1β
(IL-1β), tumor necrosis factor-α (TNF-α), malondialdehyde (MDA), and muscle total antioxidant capacity
(T-AOC), glutathione peroxidase (GPx), catalase (CAT) in soleus were measured. Furthermore, soleus
protein expression of toll-like receptor 4 (TLR4), myeloid differentiation factor 88 (MyD88), p-p65/p65,
Bax, Bcl-2, caspase-9 and caspase-3 were determined by western blotting assay.

Results: The �ndings indicated that excessive exercise induced a signi�cant increased CK and LDH
activities, LPS levels, relative protein expression of TLR4, MyD88, p-p65/p65, in�ammatory cytokines and
lipid peroxidation (p < 0.05). Simultaneously, the antioxidant elements including T-AOC, GPx, CAT were
markedly decreased in the muscle of EC group (p < 0.05). In addition, up-regulated the protein expression
of Bax/Bcl-2, cleaved caspase-9/procaspase-9 and cleaved caspase-3/procaspase-3 in muscle (p < 0.05).
Administration of complex probiotics attenuated overtraining-induced in�ammatory response, oxidative
injury and TLR4/nuclear factor-kappa B (NF-kB) signaling factors expression as a result of reversing the
most of above altered biochemical parameters (p < 0.05), and there was only tendency downregulation in
the expression of apoptosis-regulated proteins (p > 0.05).

Conclusions: Administration of complex probiotics could improve capability of the anti-oxidant, anti-
in�ammatory status induced by excessive exercise in rat skeletal muscle possibly via protecting the gut
mucosal barrier, inhibiting the out�ow of endotoxin, attenuating the action of TLR4-mediated NF-kB
pathway.

Introduction
Excessive exercise (prolonged or intense or exhaustive exercise) may cause overtraining syndrome (OTS)
characterized by exercise fatigue, gastrointestinal dysfunction[1], skeletal muscle injury [2], aggravating
in�ammatory response[3], weakened immunity[4] and damaged exercise performance[5] in athletes,
especially in endurance (e.g., marathons, triathlons, etc.) athletes, in which main symptoms include
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emotional instability, skeletal muscle soreness and swelling, abdominal distension and diarrhea, upper
respiratory tract infection, enlarged lymph nodes, etc.[6].

Approaches to mitigate the dysfunctions above caused by excessive exercise include adjustment of
training programmes, physiotherapy and some nutritional supplementation strategies.

Among newly emerging exploration, the cross-talk pathway between the gut microbiota and skeletal
muscle has shown that alterations in microbiota composition are associated with muscle mass and
function possibly via modi�cation of fatty acid oxidation and muscle glycogen repletion [15], immune
function [16], and oxidative properties [17]. Most notably, Mach and Fuster-Botella [18] suggested that the
gut microbiome may play a key role in controlling oxidative stress and in�ammatory responses by
improving metabolism and energy expenditure during high-intensity exercise.

According to the review of Sire et al. [19] changes in the microbiota composition can affect muscle health
in a variety of ways, including by in�uencing intestinal barrier strength, immune cell activation, and gut-
muscle signaling pathways such as myostatin/activin signaling, IGF-1/PI3K/AKT/mTOR signaling, NF-κB
signaling and FOXO signaling. Among, NF-κB belongs to the Rel subfamily, which is responsible for
dimerization, recognition, binding to DNA, and interaction with inhibitory proteins [20]. By regulating
in�ammatory factors, enzymes and chemokines, it plays an important role in immunity, in�ammation and
apoptosis [21]. Through speci�c in�ammation-related membrane proteins, the increase on expression of
NF-κB is greatly mediated , such as the toll-like receptors (TLRs). Several researches have indicated that
TLRs can mediate in�ammatory responses via triggering the MyD88-dependent pathway, which promotes
the activation of NF-κB evidenced by p-NF-κB levels [22]. Furthermore, the activation of NF-κB has been
documented to play a vital role in the regulation of pro-in�ammatory genes, including TNF-α [23].

A few of studies demonstrated the bene�cial effects of a mixed probiotics in improving excessive
exercise-induced stress. However, to date, we have a limited understanding the underlying signaling
mechanism of a mixed probiotics in alleviating intestinal barrier dysfunction, skeletal muscle damage
and in�ammatory effect caused by excessive exercise. Some newly developed �ve probiotics strains,
bi�dobacterium lactis V9 isolated from the intestinal tract of healthy Chinese Mongolian children,
lactobacillus casei Zhang (LcZ) and lactobacillus plantarum P-8 isolated from traditional Chinese
Mongolian beverages, bi�dobacterium lactis Probio-M8 and lactobacillus rhamnosus Probio-M9 isolated
from the healthy Chinese Mongolian breast mild, had shown a good probiotic characteristics such as
acid resistance, bile resistance, gastrointestinal colonization and health-improving effects.

Our study is to investigate the effects of complex probiotics supplementation on 8-wk excessive exercise-
induced skeletal muscle in�ammation response and anti-oxidant status, and underlying mechanisms in
rats.

Materials And Methods
Bacteria strains
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The mixed probiotics (4 × 1011 CFU/g) composed of a matrix (maltodextrin) and �ve probiotic strains,
bi�dobacterium lactis V9, bi�dobacterium lactis Probio-M8, lactobacillus rhamnosus Probio-M9,
lactobacillus casei Zhang, lactobacillus plantarum P-8, and was donated by Professor Zhang Heping at
Inner Mongolia Agricultural University. The lyophilized powder was suspended in distilled water and
diluted to 4 × 109 CFU/ml when it was used daily. The control supplement contained of maltodextrin only.

Animals

Male mature Sprague Dawley rats (180-220 g weight) were purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. (Beijing, China). All the basal rat feed purchased from Beijing Keao Xieli Feed
Co. Ltd. (Beijing, China) were replenished daily. Throughout the course of the study, rats were housed in
plastic cages with free access to water and food and kept under similar conditions of climate, ventilation,
temperature, humidity:23-27°C, 50-70% relative humidity, and light/dark cycle of 12 h/12 h.

Experimental design

After one week acclimatization, rats were randomly distributed into four groups of 8 animals each. SC/EC
and SP/EP groups received 1ml of the control supplement (maltodextrin only) and the mixed probiotics
(4.0 × 109 CFU/ml) by oral gavage separately 1 hour prior to the start of daily training for 8 weeks. A
modi�ed Hohl’s treadmill protocol with incremental load [27] during 8-week treatment was used
to establish the excessive exercise model.

Sample collection and preparation

Blood samples were collected under 10% chloral hydrate anesthesia (0.3ml/100g) into inert separate gel
pro-coagulation tube by puncturing the abdominal aorta with disposable blood collection needle for
medical purpose at 20-24th hour post the last exercise, and were left for 30 min at room temperature then
centrifuged at 3000 rpm for 15 min to separate the serum.Rat soleus was sampled after a complete
cardiac arrested and rapidly rinsed with ice-cold isotonic saline, then snap-frozen in liquid nitrogen and
stored in -80°C refrigerator until analysis within 3 months. Serum was applied to assay CK, LDH, LPS
levels, and soleus were used for the determination of T-AOC, GPx, CAT, SOD activities, LPS, MDA, TNF-α,
IL-1β, IL-6 levels, and TLR4, MyD88, p65, p-p65, Bax, Bcl2, caspase-9, caspase-3 protein relative
expressions.

Biochemical analysis

Serum CK and LDH activities were determined by automatic biochemical analyzer (UniCel DxC 600,
Beckman, USA). Commercially available kits were purchased from Beijing Leadman Biochemistry Co.,
Ltd. (Beijing, China).

Preparation of muscle homogenates
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At a ratio of 1:10 (w/v), the soleus was homogenized in phosphate buffer solution (PBS, pH =7.4). After
completely cracked by homogenizer (JK Ultra-Turrax T25, Germany), homogenates were centrifuged at
10,000g for 15 min at 4°C, and the resultant supernatant was used for the determination of muscle
indicators. Total protein concentrations of the samples were determined using the bicinchonininc acid
(BCA) protein assay kit (Invitrogen, USA).

ELISA assay for LPS, IL-6, IL-β and TNF-α

According to manufacturer's instructions, serum and soleus levels of LPS, serum IL-6 and IL-1β and TNF-
α were measured using a sandwiched enzyme-linked immunosorbent assay (ELISA) kit (Shanghai
Jianglai Biotech, Shanghai, China).

Antioxidant status analysis

The activities of GPx, CAT and superoxide dismutase (SOD) and levels of T-AOC and MDA in soleus were
analyzed using the commercial kits in accordance with the manufacturer's instructions (Beyotime, China).

Western blot analysis

Frozen muscle tissues were weighed and homogenized in ice-cold lysis buffer containing protease and
phosphatase inhibitor (Beyotime, China). Homogenates were centrifuged at 12,000 rpm for 20 min at 4
°C, and the supernatants were immediately collected for use. Forty micrograms of protein were diluted in
sample loading buffer and heated at 70 °C for 10 min. The denatured proteins were separated by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred onto polyvinylidene
di�uoride (PVDF) membranes, The membranes were blocked for 1 h at room temperature (RT) in Tris-
buffered saline (TBS) containing 5% BSA (for phosphorylated proteins) /nonfat dry milk (for non-
phosphorylated proteins) and 0.1% Tween 20 (TBST), and then incubated overnight at 4 °C in TBST
containing speci�c primary antibodies (anti-TLR4, anti-MyD88, anti-p65, anti-p-p65, anti-Bax, anti-Bcl2,
anti-caspase-9, anti-caspase-3 or anti-GAPDH ). After washing with TBST buffer three times, the
membranes were incubated with HRP-conjugated secondary antibody (1:4000, Invitrogen, USA) for 1 h at
RT. The blots were visualized and analyzed by a Luminescent Image Analyzer (Tanon-5200, Tanon,
China).

Statistical analysis

Results are expressed as mean ± standard deviation (SD). A 2-way analysis of variance (ANOVA) was
performed to determine the effect of exercise and probiotics followed by the LSD post hoc tests for
multiple comparison in SPSS 20.0 (IBM, Armonk, NY, USA). Values of p≤0.05 were considered
statistically signi�cant.

Results
Serum CK and LDH activities
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It was shown that excessive exercise demonstrated the elevated effects on serum CK and LDH activities
in EC (Fig.1A) and in EP groups (Fig.1B) respectively compared to those in SC and in SP (p < 0.05).

Effects of probiotics supplementation on LPS levels in serum and soleus

As shown in Fig.2, Excessive exercise showed an increased effect on serum and soleus level of LPS in EC
group compared with SC group (p < 0.01), and signi�cantly decreased effect of probiotics
supplementation on serum and soleus LPS level was seen in EP group, but not in SP group (p < 0.05).

Effects of probiotics on in�ammatory cytokines in soleus

The results demonstrated that excessive exercise had a signi�cant effect on IL-6, IL-1β and TNF-α levels
(p < 0.01) (Fig.3). Probiotics usage alone did not in�uence these in�ammatory factor levels in soleus
(Fig.3, p > 0.05). EP group showed a signi�cantly (p < 0.05) lower levels of IL-1β and TNF-α compared
with EC group (Fig.3 B, C), but not IL-6 (Fig.3A, p > 0.05).

Effects of probiotics supplementation on the expression of TLR4 signaling factors in soleus

Western blot analysis was performed to detect intramuscular protein expressions of TLR4, MyD88, p-NF-
κB and NF-κB involved in the downstream signaling pathway of LPS (Fig.4). There were no signi�cant
differences of TLRs/NF-κB signaling pathway expression between SC and SP groups (Fig.4, p 0.05).
Compared with SC group, the protein levels of TLR4 (Fig.4A, p < 0.01), MyD88 (Fig.4B, p < 0.01) in EC
group were signi�cantly increased, accompanied by an enhanced protein concentration of the p-NF-κB
/NF-κB (Fig.4C, p < 0.01). By contrast, activation of TLR4 (Fig.4A, p < 0.05), MyD88 (Fig.4B, p < 0.05) and
p-NF-κB /NF-κB (Fig.4C, p < 0.05) in EP rats was reduced compared with EC group.

Effects of probiotics supplementation on antioxidant enzymes and lipid peroxidation in soleus

The T-AOC, GPx and CAT were signi�cantly decreased (p < 0.05) in EC group compared with that of SC
group (Fig.5A, C, D), and higher levels of T-AOC and GPx in EP group was seen compared to EC group
(Fig.5A, C, p < 0.05). There was no signi�cant difference in SOD activity among the four groups (Fig.5B, p
> 0.05). MDA level was signi�cantly (p < 0.05) increased in soleus of EC group compared to SC group,
however, signi�cantly reduced (p < 0.05) in EP group compared with that in EC group (Fig.5E).

Effects of probiotics on cell apoptosis in soleus

The results showed an upregulation of Bax/Bcl-2, cleaved caspase-9/procaspase-9 and cleaved caspase-
3/procaspase-3 protein levels in EC group (Fig.6A-C, p < 0.05), and declined tendency of those biomarkers
was seen in EP group compared with those in EC group (Fig.6A-C, p > 0.05).

Discussion
The overtraining-induced dysfunction is associated with both localized muscular disruptions and
systemic physiological stress.
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Previous review has clari�ed an increase in serum CK, LDH, TNF-α and IL-1β in rats submitted to
progressive resistance exercise [28]. The overtraining leads to an oxidative stress [29] as demonstrated in
one animal study, which overtraining induced by downhill running can trigger oxidative stress responses
in skeletal muscle cells and whole blood [30]. In addition, it has been proposed that cells enter a state of
apoptosis after exposure to high levels of ROS [31]. ROS serves as a second messenger in the cell signal
transduction pathway by activating proteolytic systems including calpain protease and caspase, and
ultimately leading to muscle atrophy and muscle strength decline [32]. It was reported that maximum
swimming led to lipid peroxidation, NF-κB activation in skeletal muscle and increased plasma IL-6 level
[33].

A symposium report suggested that the bene�ts of probiotics consumption might be related to their gut-
modulating properties, for instance, metabolic modulation, immunomodulatory, anti-in�ammatory
capability, anti-oxidant effect, etc. [34-35]. A pioneering study [36] showed that a daily treatment with
Lactobacillus plantarum TWK10 (LP10) induced a dose-dependently reduction in serum lactic acid and
ammonia levels and CK activity which are typically increased in fatigue and muscle damage condition
with highly intensive endurance exercise, and an improvement of skeletal muscle relative mass and
endurance performance in mice.

Being consistent with previous investigations, our analysis in vivo showed that excessive exercise led to
an increase in serum CK and LDH activities, which should enough re�ect an exercise-induced skeletal
muscle micro-damage following 8-week incremental load training (Fig.1). Otherwise, increased levels of
pro-in�ammatory cytokines (IL-6, IL-1β and TNF-α) (Fig.3), MDA (Fig.5) and decreased level of soleus
antioxidant levels (T-AOC, GPx and CAT) also suggested that excessive exercise-induced injury model was
established successfully. Although, in our study, probiotics supplementation failed to reduce serum CK
and LDH activities to a signi�cant extent in all exercise-involved groups like SP and EP compared to SC
and SP respectively (Fig.1), we saw the anti-in�ammatory effect of probiotics supplementation, which
implied the potential anti-in�ammatory mechanism of probiotics supplementation that Chen et al. had
speculated the underlying mechanism of probiotics (LP10) supplementation in reducing pro-
in�ammatory cytokines related to the improvements in skeletal muscle atrophy markers. On the other
hand, the mixed probiotics supplementation demonstrated antioxidant- and immune-improving effects in
according with some of studies.

At present, su�cient evidences exist to support the contention that strenuous exercise is linked to an
overwhelming damage of gut barrier resulting in endotoxin translocation, pro-in�ammatory cytokine
production, and impaired nutrient absorption [37-38]. Alteration in gut-microbiota homeostasis is
associated with facilitated passage of LPS from intestinal barrier to systemic circulation. Accordingly, the
cumulative LPS is considered to be an useful marker of intestinal barrier function. To determine the
impact of the excessive exercise and probiotics supplementation on intestinal barrier, we measured LPS
levels both in serum and in skeletal muscle. Earlier, it was con�rmed in a human study that a signi�cant
increase in LPS concentration could be considered endotoxemia in 68% of athletes one hour after a long-
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distance triathlon [39]. Consistent with the research, our results clearly showed that excessive exercise as
a negative factor upregulated LPS levels in blood and skeletal muscle. By modulating the imbalance of
intestinal �ora and protecting the mucosal barrier, mixed probiotics supplementation prevented the
passage of LPS from intestinal barrier to systemic circulation, and skeletal muscle ultimately.

In addition, early research had revealed that the leakage of luminal LPS from gram-negative bacteria
plays a pivotal role in initiating low-grade in�ammation [40]. The LPS is bound to TLR4, consequently,
leads to interaction with its downstream adaptor protein MyD88 and activated NF-κB translocated into
the cell nucleus and accelerated NF-κB phosphorylation, then combines to promoter or enhancer binding
sites in downstream genes that is responsible for the in�ammatory response, induces the high
expressions of pro-in�ammatory cytokines such as TNF-α, IL-1β [41] as we saw in this study (Fig. 3).
Furthermore, NF-κB can be activated by its feedback, which ampli�es the in�ammatory response and
manifests as accumulation of pro-in�ammatory cytokine, consequently up-regulates the expression of
NF-κB and induces apoptosis [42]. A previous study has noted that accompanied by an attenuation of the
TLR4/NF-κB signaling pathway, the pretreatment with diclofenac decreased the TNF-α, IL-6 and IL-1β
mRNA expressions induced by acute exercise in rat skeletal muscle [43].

Probiotic strains have been shown to stimulate dendritic cell-induced T-regulatory cells to attenuate IL-6
and TNF-α production [44]. Previous studies have con�rmed that administration of LcZ (lactobacillus
casei Zhang) to rats treated with LPS/D - GalN (D-galactosamine) suggested that TLR4 mRNA and
protein levels I-κB phosphorylation and NF-κB translocation in liver cells were signi�cantly reduced [45].
The latest research results indicated that mixed probiotics treatment signi�cantly reduced the level of
muscle LPS contributed to downregulating the TLR4/NF-κB signalling pathway in intestinal tissue, and
consequently markedly alleviated the production of pro-in�ammatory factors (IL‐1β and TNF-α) [46]. It is
consistent with previous research, this study con�rmed that administration of complex probiotics
remarkably down-regulated the TLRs/NF-kB signaling pathway by weakening the expression of TLR4 and
MyD88 and inhibiting NF-κB nuclear translocation, which is consistent with changing trend of LPS level
in soleus muscle (Fig. 4). Furthermore, probiotics attenuated overtraining-induced in�ammatory response
via signi�cantly reducing the levels of pro-in�ammatory factors (TNF-α and IL-1β) due to the suppression
of the TLR4/NF-κB signaling pathway.

Some probiotic strains could elicit anti-oxidant effect in protecting intestinal cells from the harmful effect
of free radicals [47] through actions of manganese superoxide dismutase, pseudo-catalase and
peroxidase enzymes. Bi�dobacterium ATCC 29521, for example, was found to be a potential biogenic
antioxidant that could be used in microbiology and food industry [48]. Currently, except for various anti-
oxidative effect of probiotics well carried out in vitro, the bene�cial effect of probiotic supplementation on
oxidative stress have also been in vivo demonstrated. MDA is frequently used as a marker for free radical
damage. A study by Badehnoosh et al. [49] indicated that oral administration of mixed probiotics capsule
containing lactobacillus acidophilus, lactobacillus casei and bi�dobacterium for 6 weeks resulted in a
decreased plasma MDA concentration and a signi�cantly increased T-AOC level in pregnant women with
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gestated diabetes. Martarelli et al. [50] have suggested that athletes suffering from oxidative stress might
bene�t from the supplementation of Lactobacillus rhamnosus (LGG) as a result of improving antioxidant
levels and the ability to neutralize ROS. The current results showed that the administration of complex
probiotics obviously ameliorated decreased T-AOC level and GPx activity in skeletal muscle of rats
challenged with long-term increasingly intensive exercise (Fig.5), which indicates that certain probiotics
may be used in attenuating oxidative stress and better restoration of muscle damage caused by
excessive exercise.

Anti-oxidative effect of probiotics may be an important mechanism involved in its function such as anti-
in�ammatory response because both local and systemic in�ammatory responses are associated with the
production of ROS. In line with the review by LeBlanc et al. [51], which indicated antioxidant enzymes
(such as CAT and SOD) produced by lactic acid bacteria could eliminate ROS and modulate the release of
host cytokines (such as IL-10), and alleviate the severity of intestinal in�ammatory diseases. Furthermore,
a study con�rmed that L. plantarum C88 could block alcohol-induced chronic and acute liver damage by
improving intestinal barrier dysfunction, inhibiting intestinal endotoxin-mediated in�ammation, and
ameliorating oxidative stress [52]. Additionally, elevated synthesis and secretion of pro-in�ammatory
cytokines such as IL-6 or TNF-α caused by intense exercise induced protein degradation and cell
apoptosis, inhibited protein synthesis as well as impaired the metabolic and contractile properties of
skeletal muscles, which are considered to be one of causes of muscle atrophy [53-54]. Therefore,
probiotics might be conducive to the function of anti-in�ammation due to the alteration in antioxidant
levels. This hypothesis was con�rmed in our study, which showed that the supplementation with mixed
probiotics reduced MDA levels and increased T-AOC level and GPx activity (Fig.5), synchronously declined
pro-in�ammatory cytokines, TNF-α and IL-1β levels, in skeletal muscle of overtraining rats (Fig.3).

Generally, Bcl-2 is regarded as an anti-apoptotic protein. Moreover, activated Bax leads to subsequent
activation of caspases by releasing cytochrome C to the outside of mitochondria. As pro-apoptotic
proteins, caspases are widely expressed in most cells, which could amplify the apoptotic signaling
pathway and accelerate cell death. It has previously been con�rmed that accompanied with down-
regulated the ratio of Bax/Bcl-2 and increased the expression of procaspase-3 while reducing the level of
cleaved caspase-3, prophylactic treatment with L. helveticus R0052 + B. longum R0175 alleviated
hippocampal apoptosis induced by LPS in Wistar rats [55]. Another study investigated the action of L.
plantarum C88 in preventing AFB1-induced liver injury via inhibiting the secretion of pro-in�ammatory
cytokines (IL-1β, IL-6 and TNF-α), impeding NF-κB nuclear translocation, and reducing the levels of Bax
and caspase-3, elevating the level of Bcl-2, which ameliorated the excessive apoptosis in liver [56]. In the
current study, changes of apoptotic protein expression of Bax, Bcl-2, caspase-9 and caspase-3 indicated
the occurrence of apoptosis after the excessive exercise. However, the results shown only a declined
tendency of apoptotic factors after the utility of probiotics supplementation. Further study should be
conducted in the future to determine the bene�cial effect of this mixed probiotics on ameliorating cell
apoptosis in skeletal muscle.
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Conclusions
These serum and intramuscular indicators suggest that effects of complex probiotics supplementation
used in the research should protect against overtraining-induced muscle micro damage in rats via
protecting mucosal barrier, preventing LPS from entering into systemic circulation, inhibiting NF-κB-
mediated in�ammatory responses, and improving antioxidant status.

Our results indicate a role for the microbiota in intestinal tract as a key nutritional interventive target for
exercise-induced muscle dysfunction. Administration of complex probiotics may be one of healthy
nutritional approaches for athletes.
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Figures

Figure 1

Effects of excessive exercise on rat serum CK (A) and LDH (B) activities. *p ≤ 0.05.
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Figure 2

Effects of excessive exercise and probiotics supplementation on levels of LPS in serum (A) and soleus
(B). *p ≤ 0.05, **p ≤ 0.01.
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Figure 3

Effects of excessive exercise and probiotics supplementation on levels of IL-6 (A), IL-1β (B) and TNF-α (C)
in soleus. *p≤ 0.05, **p≤ 0.01.
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Figure 4

Effects of excessive exercise and probiotics supplementation on protein content of TLR4 (A), MyD88 (B)
and p-p65/p65 (C) in soleus. *p≤ 0.05, **p≤ 0.01.
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Figure 5

Effects of excessive exercise and probiotics supplementation on levels of T-AOC (A), SOD (B), GPx (C),
CAT (D) and MDA (E) in soleus. *p≤ 0.05, **p ≤ 0.01.
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Figure 6

Effects of excessive exercise and probiotics supplementation on protein contents of Bax/Bcl-2(A),
cleaved caspase-9/procaspase-9 (B) and cleaved caspase-3/procaspase-3 (C) in soleus. *p≤ 0.05, **p≤
0.01.


