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Introduction: Neuropathic pain is a common and painful somatosensory nervous system 
disease, and its treatment remains a medical challenge. Evidence demonstrates that gut 
microbiota alters in neuropathic pain and, therefore, improvement of the gut flora may affect 
the disease. The present study aimed to evaluate the antinociceptive effect of probiotics in 
neuropathic pain and oxidative biomarkers’ responsiveness to the probiotic treatment.

Methods: Using chronic constriction injury (CCI) of the rats' sciatic nerve, neuropathic 
pain was induced. Investigating the analgesic effect of the probiotics mixture, 40 male 
rats were randomly assigned to 4 groups (n=10 for each): Sham-operated (SM), and 
CCI model rats orally received 1 mL saline (CS), or 100 mg/kg gabapentin (CG) or 
1 mL probiotics mixture (CP) Lactobacillus plantarum, Lactobacillus delbrueckii, 
Lactobacillus acidophilus, Lactobacillus rhamnosus, and Bifidobacterium bifidum (109 

CFU of each) daily. Using behavioral tests, the pain was assessed on days 1, 4, 7, 14, and 
21 of the study. Finally, the biochemical evaluation of sciatic nerve tissue was done.

Results: Probiotics decreased cold and mechanic allodynia and thermal hyperalgesia. Reducing 
lipid peroxidation levels and increasing total antioxidant capacity, superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) activity were also significant in the probiotics group.

Conclusion: These findings suggest that probiotics have analgesic effects on the CCI model of 
neuropathic pain via increasing the antioxidant capacity of the rats’ sciatic nerve.
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1. Introduction

europathic pain is a chronic nervous disor-
der that causes injury to the peripheral or 
central nervous systems (Jensen & Finn-
erup, 2014). In general, neuropathic pain 
causes even minor stimulation and activa-
tion of the nervous system to produce a 
potentially severe and painful sensation 

(Honoré et al., 2011). Different physiopathology, such as 
infections, cord injuries, nerve inflammation, and meta-
bolic disorders have been suggested as critical factors 
leading to neuropathic pain (Colloca et al., 2017; Mur-
nion, 2018). Also, increased pro-inflammatory cytokines 
and accumulation of oxidative stress lead to neuropathic 
pain (Shim et al., 2019). Despite recent studies, neuro-
pathic pain treatments are a complex challenge, and the 
exact mechanism related to it has not been explored until 
now. So, finding novel medicines against neuropathic 
pain is necessary. 

Chronic constriction injury (CCI) is a standard animal 
model to study the behavioral features and pathological 
systems of neuropathic pain (De Vry et al., 2004). Stud-
ies’ results have shown high levels of reactive oxygen 
species (ROS) in the spinal cord of neuropathic pain ani-
mal models (Bittar et al., 2017; Gao et al., 2007). Patho-

logical stress situations cause mitochondrial fission and 
induce additional ROS production, significantly helping 
neuropathic and inflammatory pain development (Guo 
et al., 2013). Besides, we now know ROS mediates both 
neuropathic pain and the analgesic effect of antioxi-
dants in animal models (Kim et al., 2010; Yowtak et al., 
2011). Naik and colleagues illustrated malondialdehyde 
(MDA), xanthine oxidase, and glutathione decrease 
neuropathic pain (sciatic nerve damage) in rats (Naik 
et al., 2006). Several studies also reported that chronic 
constriction-induced sciatic nerve hurt could reduce an-
tioxidant enzyme activities and increase the MDA level 
in the spinal cord (Pathak et al., 2014; Xu et al., 2014; 
Zhao et al., 2014). It has been shown that antioxidant 
treatment effectively decreases neuropathic pain by free 
radical clearing (Mao et al., 2009).

Probiotics supplements are a group of nonpathogenic live 
bacteria of the gut which, when used in enough amounts, 
beneficially impact the host human or animal by amelio-
rating their intestinal microbial equilibrium (Liang et al., 
2015). Emerging studies demonstrate that the microbiota 
via a complex series of highly communicating apparatuses 
and host–microbiome symbiosis may help adjust multiple 
neurochemical and neurometabolic pathways (Bravo et al., 
2012; Douglas-Escobar et al., 2013). D’Souza et al. have 
shown that probiotics prevent oxidative stress by decreas-

Highlights 

• Oral probiotics mixture diminishes cold and mechanical allodynia in chronic constriction injury (CCI) rats.

• Probiotics mixture reduces thermal hyperalgesia in CCI rats as well as gabapentine.

• Balancing in oxidant/anti-oxidant system is key pathway in neuropathic pain reduction.

Plain Language Summary 

Currently, neuropathic pain is an underestimated socioeconomic health problem affecting millions of people world-
wide. Neuropathic pain occurs when a health condition affects the nerves that carry sensations to the brain. With neu-
ropathic pain, the pain isn’t typically triggered by an event or injury. Instead, the body sends pain signals to the brain 
unprompted. Neuropathic pain tends to get worse over time. As neuropathic pain could result from an imbalance in the 
oxidative/antioxidative system, antioxidant supplementation may be a treatment option. Oxidative stress is known to 
result in the occurrence of molecular mechanisms of diabetes, atherosclerosis, inflammatory bowel disease, and dam-
age to the heart, brain, or transplanted organs. Probiotics are made of good live bacteria and/or yeasts that naturally live 
in the body and have various health benefits. Consumption of probiotics alone or foods supplemented with probiotics 
may reduce cell oxidative damage. Incorporating probiotics in foods can provide an excellent strategy to supply dietary 
antioxidants. This study subjected rats to sciatic nerve ligation to induce neuropathic pain. The oral probiotics mixture 
was administered for 21 days post-surgery. The result showed that the probiotics mixture administration could reduce 
oxidative stress and pain in neuropathic pain rats. Therefore, probiotics can prevent and treat many systemic diseases 
in animal and human studies.
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ing inflammation and increasing antioxidant enzymes, for 
instance, glutathione peroxidase and superoxide dismutase 
(D’Souza et al., 2010). Shen et al. showed that Bifido-
bacterium effectively cleans free radicals, increases anti-
oxidative enzyme activities, and reduces MDA content 
and monoamine oxidase activity in serums and livers of 
aging mice (Shen et al., 2010). Amdekar and Singh clearly 
showed that Lactobacillus rhamnosus inhibits carrageen-
an-induced paw edema and reduces the acetic acid-induced 
writhings by down-regulating pro-inflammatory cytokines 
(Amdekar & Singh, 2016). In another study, these authors 
reported that Lactobacillus casei and Lactobacillus aci-
dophilus have a powerful protective effect against rheuma-
toid arthritis because of their anti-inflammatory and anti-
oxidant properties (Amdekar et al., 2013).

It appears that gut flora and probiotics can influence 
issues such as oxidative stress and neuroinflammation, 
seen in neuropathic pain. So, in the present study, we de-
scribed for the first time the effect of probiotic mixture 
administration on neuropathic pain and oxidative stress 
factors in a rat model of chronic constriction injury of 
the sciatic nerve.

2. Materials and Methods

Animals

This experimental study was performed on healthy and 
young male Wistar rats. Animals were housed in a tem-
perature- and humidity-controlled animal house on a 12 
hours light-dark cycle. Food and water were available ad 
libitum. The rats were distributed into four groups (n=10 
in each): Sham-operated (SM) and CCI-operated groups 
that received saline (0.9%) (CS), probiotics mixture (CP), 
or gabapentin (CG). 

Surgery

The CCI of the sciatic nerve model was induced as de-
scribed earlier (Bennett & Xie, 1988). The rats were anes-
thetized with ketamine/xylazine (100/10 mg/kg, intraperi-
toneal) (Alfasan, The Netherlands). The hairs of the middle 
area of the left leg thigh were removed. Near the trochanter, 
just distal to the branching site of the posterior bicep’s semi-
tendinosus nerve, the common sciatic nerve was uncovered 
and detached from the surrounding tissue. Four loose liga-
tures with a 4.0 chromic gut were tied around the nerve with 
1 mm spacing so that the circulation through the superfi-
cial epineuria vasculature was not interrupted. In the SM 
animals, the sciatic nerve was bared, and the wound was 
closed without ligation. All the animals were housed in an 
individual cages after the surgery.

Drug supplementation

The probiotic powder was a mixture of Lactobacillus 
plantarum, Lactobacillus delbrueckii, L. acidophilus, 
L. rhamnosus, and Bifidobacterium bifidum (Probiot-
ics International Ltd, United Kingdom). Each gram of 
supplement contained a total CFU of 2×109.The pro-
biotic suspension was made by adding 500 mg of the 
probiotics mixture to 1 mL saline and supplementation 
was administered through intragastric gavage (Hadidi 
Zavareh et al., 2020) lasting for 21 days post-surgery. 
Gabapentin dose was 100 mg/kg and administered 
through intragastric gavage 30 minutes before the be-
havioral tests (Amin et al., 2018).

Behavioral studies

Behavioral tests were performed by a blind person on 
post-surgery days 1, 4, 7, 14, and 21 as follows:

Mechanical allodynia (von-Frey test)

This test was done to evaluate withdrawal to an in-
nocuous mechanical stimulus that consisted of von-Frey 
filament (ranging from 2 to 60 g, Stoelting Inc., Wood 
Dale, IL). The rats were placed in a chamber with a mesh 
floor and given 15 minutes to adapt. Each hair was ap-
plied to the left hind paw’s mild plantar until the rat with-
draws its paw or the hair is bent. The stimulation was 
repeated three times with a 1 min inter-stimulus interval. 
The withdrawal threshold was the smallest hair size that 
stimulated at least two withdrawal responses to the three 
hair stimulus repetitions. 

Cold allodynia (acetone test)

Acetone spray test (evaporation-evoked cooling) was 
used to assess the cold sensitivity. Rats were placed in a 
chamber with a mesh floor. Using a propylene tube at-
tached to the syringe, one drop of acetone was squirted 
into the hind paw’s plantar surface. The acetone appli-
cation was repeated five times at 5 min intervals, and 
the frequency of withdrawal response was reported as a 
percentage.

Thermal hyperalgesia (hot-plate test)

To evaluate thermal hyperalgesia, a radiant heat (tem-
perature: 52°C) was applied under the mid-plantar sur-
face using plantar test apparatus (UgoBasile, Varese, 
Italy), and paw withdrawal latency was measured. The 
times (seconds) between heat application and paw with-
drawal were considered the latency. To avoid tissue 
damage, a cut-off time of 22 sec was used. Three mea-
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surements were made on each paw, and the minimum 
interval of the stimulus was about 5 min. Hyperalgesia 
score was reported as the mean of withdrawal latency.  

Tissue collection

The rats were euthanized on day 21 post-surgery after 
the behavioral tests were completed, and the 1 cm around 
the ligation of the left sciatic nerve was promptly cut and 
snap-frozen in liquid nitrogen. The samples were then 
placed in a freezer at -70°C for biochemical evaluation.

Biochemical studies

Evaluating oxidative stress parameters, the sciatic 
nerve tissue was homogenized with PBS buffer and cen-
trifuged for 10 minutes at 3000 g. Thiobarbituric acid 
(TBA) reaction was used to determine the MDA con-
tent, the end-product of lipid peroxidation. The amount 
of 0.5 mL of homogenate supernatant was mixed with 1 
mL trichloroacetic acid (20%) and centrifuged at 2500 g 
for 10 minutes. Then, 1 mL of TBA 0.067% was added 
to the 0.5 mL of the supernatant. The resulting mixture 
was heated at 100°C for 25 minutes and centrifuged at 
3000 g after chilling in ice. Finally, a spectrophotometer 
was used to measure the absorbance of the transparent 
supernatant at 532 nm. The amount of MDA was ex-
pressed as nmol/mg protein. The modified Lowry meth-
od (Wilson & Walker, 2010) was used to determine the 
protein content of the samples. The FRAP method was 
used to assess total antioxidant capacity (TAC) in the 
rat’s sciatic nerve. This method’s basis was the ability 
of the homogenized tissue to reduce ferric ions to fer-
rous ions. FRAP reaction mixture was prepared by mix-
ing acetate buffer (300.0 mmol/L), TPTZ solution (10 
mmol/L), and FeCl3 solution (20 mmol/L) in a 10:1:1 
ratio. Then, 200 µL of this solution was mixed vigor-
ously with 10 µL of the sample, and the maximum light 
absorption of the complex was measured at 593 nm. Us-
ing standard laboratory ELISA kits (ZellBio, Germany), 
superoxide dismutase (SOD) and glutathione peroxi-
dase (GPx) activity were measured.

Statistical analysis

All of the data was presented as Mean±SEM. Repeated 
measures analysis of variance (ANOVA) with Tukey 
post hoc was used to analyze data of behavior tests. The 
two-way ANOVA test was used to analyze the biochem-
ical assays, followed by Tukey’s test. GraphPad Prism 
software, version 7.05 was used for all statistical analy-
ses, and P<0.05 was considered a significant difference.

3. Results

Behavioral tests of neuropathic pain

The results of our study revealed that sciatic nerve 
ligation does not hurt motor activity, and the rats were 
healthy and well-groomed. The paw gesture of the surgi-
cal paw was somewhat altered, but this did not interfere 
with the rats’ usual life.

Mechanical allodynia

In comparison to the SM group, partial sciatic nerve liga-
tion resulted in a substantial reduction in the ipsilateral paw 
withdrawal threshold (P<0.001). It could be said that the ipsi-
lateral hind paw became so sensitive to stimulation as a result 
of partial sciatic ligation that it responded to a 2 g von-Frey 
filament (Figure 1A). Data analysis also showed that on all 
days of the experiment, the difference between the CG and 
CS groups was significant (P<0.001). Probiotics administra-
tion significantly increased the withdrawal threshold of the 
ipsilateral paw from day 7 of the experiment compared to 
the CS group (P<0.001). No statistical difference was evident 
between the withdrawal threshold of CP and CG offspring.

Cold allodynia

As shown in Figure 1B, the ipsilateral paw of nerve-
ligated animals (the CS rats) was more sensitive to ac-
etone application than the SM rats (P<0.001). Also, the 
sham operation did not cause any change in the noci-
ceptive response of rats’ paws. Gabapentin, as an ef-
fective treatment for neuropathic pain, significantly re-
duced withdrawal frequency compared to the CS group 
(P<0.001). Also, on days 7, 14, and 21 post-surgery, 
probiotics administration lowered withdrawal frequency 
significantly more than the CS group (P<0.001). The 
probiotics treatment reduced the withdrawal frequency 
of the CP animals to a gabapentin treatment level so 
that no significant was evident between the CP and CG 
groups (P=0.213).

Thermal hyperalgesia

On days 4, 7, 14, and 21 after surgery, partial sciatic 
nerve ligation reduced ipsilateral paw withdrawal la-
tency to the thermal stimulus compared to the SM group 
(P<0.001). Treatment with gabapentin increased the with-
drawal threshold on days 7, 14, and 21 post-surgery than 
the CS group (P<0.001). The experimental group’s with-
drawal latency also increased significantly by probiotics 
treatment compared to the CS group (P<0.001), although 
not to the degree of gabapentin treatment (Figure 1C).
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Oxidative stress factors

Lipid peroxidation

We used calorimetry to investigate the variations in 
MDA levels in the study groups. All the treatments af-
fected the level of malondialdehyde in different groups, 
as indicated in Figure 2A (FF(3, 36)=63.573, P<0.0001). 
According to the obtained results, the MDA level was 
significantly higher in the CS group than in the SM 
group (P<0.001). When compared to the CS group, re-
ceiving probiotics or gabapentin resulted in a significant 
reduction in MDA levels (P<0.001). It is noticeable that 
there was no significant difference between MDA levels 
in probiotics and gabapentin-treated groups (P=0.157).

SOD and GPx enzyme activities

According to the two‐way ANOVA results, there was 
a significant difference between SOD and GPx activity 
levels in the study groups (F(3, 36)=42.398, P<0.0001 and 
F(3, 36)=253.749, P<0.0001, respectively). There was also 
a significant reduction in SOD and GPx activity in the 
CCI-operated group that received saline in comparison 
to the SM group (P<0.001 for both comparisons). As 
shown in Figure 2B, the administration of a probiotics 
mixture increased, and gabapentin intake decreased the 
activity of SOD activity in CCI-model rats significantly 
(P<0.001 for both comparisons). The GPx activity el-
evated in CCI-operated rats after probiotics mixture in-
take (P<0.001) and administration of gabapentin did not 
change the GPx activity (Figure 2C).

Total antioxidant capacity

Data analysis showed a statistical difference between 
TAC levels in the sciatic nerve tissues of the study’s 
groups (F(3, 36)=118.265, P<0.0001). The TAC level in 
the sciatic nerve tissue was significantly lower in the 
CS group (0.32±0.02 µmol/mL) than in the SM group 
(0.91±0.03 µmol/mL, P<0.001). Moreover, the TAC 
level in the rats’ sciatic nerve (0.72±0.03 µmol/mL, 
P<0.001) was significantly elevated by treatment with a 
probiotics mixture. On the other hand, probiotics signifi-
cantly enhanced the total antioxidant capacity (P<0.001). 
Also, the TAC level in the sciatic nerve tissues of the 
gabapentin-received rats was significantly more than the 
CS group (P<0.001). 

4. Discussion

The CCI model is a common model that shows the 
number of symptoms seen in human cases that are as-

sociated with neuropathic pain syndromes (Bennett & 
Xie, 1988). Considering our results, intragastric gavage 
of a probiotic mixture of L. plantarum, L. delbrueckii, L. 
acidophilus, L. rhamnosus, and B. bifidum lasting for 21 
days post-surgery has anti-allodynic and anti-hyperalge-
sic effects compared to the SM rats. In this study, four 
days after chronic constriction injury of the sciatic nerve 
rats demonstrated a high level of hyperalgesia against 
the thermal and mechanical stimulus. Our results also in-
dicated that probiotics reduce allodynia and weaken cold 
and heat hyperalgesia in the CCI model rats. These find-
ings are consistent with previous findings that reported 
L. casei and L. acidophilus have potent anti-inflammato-
ry and analgesic properties (Amdekar et al., 2012; Am-
dekar et al., 2013; Amdekar et al., 2011).

 Scientists have shown that there are more than 1000 
species and 7000 strains, including bacteria, yeast, and 
viruses, in the gut, which is named the microbiome (Hut-
tenhower et al., 2012). The gut microbiome variety in 
patients with pelvic pain syndrome is significantly lesser 
than that in controls (Shoskes et al., 2016). Huang and 
et al. reported that oral administration of Lactobacil-
lus reuteri LR06 or Bifidobacterium BL5b supplement 
does not reduce pain in CCI model animals (Huang et 
al., 2019). The various probiotic mixtures and severity of 
the disease are the possible causes of the difference be-
tween the results of the two studies. Nevertheless, there 
is only a little research on the relationship between the 
microbiota of the gut and neuropathic pain, to the best of 
our knowledge.

 Several studies have shown high levels of reactive 
oxygen species (ROS) in the spinal cord of neuropathic 
pain animal models (Bittar et al., 2017; Gao et al., 2007). 
Previous studies showed that ROS mediates both neu-
ropathic pain and the analgesic effect of antioxidants in 
animal models (Kim et al., 2010; Yowtak et al., 2011). 
Under pathological stress, mitochondrial fission induces 
high-level ROS production that remarkably contributes 
to neuropathic and inflammatory pain (Guo et al., 2013). 
Besides, studies’ results have shown high ROS levels in 
the spinal cord of animal models of neuropathic pain can 
affect pain transmission (Bittar et al., 2017; Gao et al., 
2007) and that ROS might be a key factor in neuropathic 
pain pathogenesis. As discussed, an extreme and sus-
tained increase in ROS production and oxidative stress 
play a role in neuropathic pain development (Naik et al., 
2006). From this aspect, it seems that the analgesic effect 
of antioxidants on neuropathic pain treatment is useful.
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Figure 1. A) The mechanical withdrawal threshold (g) in response to stimuli applied via von-Frey filament in CCI rats treated 
by the probiotics mixture

B) The graphs show the withdrawal frequencies following using cold stimuli (acetone) to the rats’ hind paw

C) The thermal withdrawal latency (S) in response to applying noxious radiant heat to the CCI rats’ hind paw

The behavioral responses were determined on days 1, 3, 7, 14, and 21 post-surgery. Treatment by probiotics mixture for 21 days 
significantly reduced elevated cold and mechanical allodynia and thermal hyperalgesia in rats’ model of chronic constriction 
injury of the sciatic nerve. Results are expressed as Mean±SEM and n=10 in all groups. 

***P<0.001 the CS group vs. the SM group,###P<0.001 the CS group vs. the CP group, †††P<0.001 the CS group vs. the CG group.
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Figure 2. A) The MDA level, B) SOD activity, C) GPx activity, D) TAC activity in animals’ sciatic nerve tissue in all groups of 
the study

Induction of neuropathic pain in rats’ sciatic nerve caused elevation in the MDA level and reduction in the SOD and GPx activ-
ity and total antioxidant capacity in nerve tissue. Treatment with a probiotic mixture for three weeks reversed these changes 
significantly. Values are expressed as Mean±SEM and n=10 in all groups. 

***P<0.001 the CS group vs. the SM group, ###P<0.001 the CS group vs. the CP group, †††P<0.001 the CS group vs. the CG group, 
^^^P<0.001 the CP group vs. the CG group.
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Probiotics have been used to prevent and treat many 
systemic diseases in both animal and human studies, in-
cluding rheumatoid arthritis (de Oliveira et al., 2017) and 
systemic lupus erythematosus (Esmaeili et al., 2017). 
The probable mechanism of probiotics treatment’s ef-
fects may comprise the elimination of pathogenic mi-
croorganisms and immune system modulation (Kwon 
et al., 2013). Our findings illustrated that the chronic 
constriction-induced sciatic nerve hurt reduces antioxi-
dant enzyme activities and increases the MDA level in 
the sciatic nerve tissue. Also, oral bacteriotherapy to 
these animals decreased the MDA level and increased 
antioxidant (TAC, GSH, and SOD) factors. Several 
studies indicated that probiotic bacteria have consider-
able antioxidant abilities in vivo and in vitro (Bittar et al., 
2017; Shen et al., 2011). The strain antioxidant attributes 
of lactic acid bacteria (LAB) are well-known and show 
antioxidant capability (Gaisawat et al., 2019). However, 
the number of their abilities and the mechanisms that 
they act is different (Lin & Yen, 1999). Probiotics ap-
pear to act as antioxidants through a variety of pathways, 
namely the production of antioxidant enzymes like 
SOD, GPx, CAT, and metabolites like lactate (Mishra et 
al., 2015; Wang et al., 2017). Moreover, probiotics sup-
press pathogen growth by modulating gut microbiota 
and acting as indirect antioxidants by diminishing the 
bioavailability of elements such as iron (Azcárate-Peril 
et al., 2011). 

It is indicated that LAB can resist ROS, including per-
oxide radicals (Stecchini et al., 2001), superoxide an-
ions, and hydroxyl radicals (Kullisaar et al., 2002). In 
humans, L. rhamnosus show intense antioxidant activity 
in situations of high physical stress. So, athletes who are 
subjected to oxidative stress may profit from the capabil-
ity of L. rhamnosus to enhance antioxidant levels and 
counteract the effects of ROS (Martarelli et al., 2011). 
Moreover, probiotics can also provoke the host’s anti-
oxidant system and increase antioxidants’ activities ef-
ficiently (Wang et al., 2017). Wang and colleagues have 
shown L. fermentum supplementation increases serum 
SOD and GPx and hepatic CAT, muscle SOD, Cu- and 
Zn-SOD in pigs compared to the control group (Wang et 
al., 2009). Thus, the present study strains may possess 
similar antioxidant mechanisms to produce analgesic ef-
fects on CCI‐induced neuropathy.

In conclusion, our results suggest that oral consump-
tion of a probiotics mixture for 3 weeks has analgesic 
effects on the CCI model of neuropathic pain via de-
creasing MDA content and increasing SOD and GPx 
activity and also the total antioxidant capacity of the 
rats’ sciatic nerve.
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