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Abstract
Probiotics are referred to species of living microscopic organisms may help conserve the normal balance of the digestive 
system and/or manage diseases. A number of autoimmune, psychiatric, cardiovascular and cerebrovascular disorders may 
be associated with the imbalance of gut microbiota. This study examines the effect of 21 days consumption of multistrain 
probiotics on hippocampus injury, spatial and learning memory and some potential molecular mechanisms in a mouse model 
with cerebral hypoperfusion. Cerebral hypoperfusion was established in the mouse model by bilateral common carotid 
artery occlusion (BCCAO) for 20 min and 24 h reperfusion. Mixtures of several probiotic bacteria at concentrations of  107, 
 108 and  109 CFU/day were orally administrated for 3 weeks before the BCCAO. Spatial and learning memory, histological 
damage and apoptosis were assessed in the CA1, CA3 and dentate gyrus (DG) of the hippocampus 24 h after ischemia. The 
malondialdehyde (MDA) content and brain-derived neurotrophic factor (BDNF) level were measured by ELISA technique. 
Prophylactic of probiotic considerably reduced the number of apoptotic cells and neuronal death in the CA1, CA3 and DG 
of the hippocampus at all three concentrations (P < 0.001). In addition, probiotics reduced spatial memory impairment and 
neurological dysfunction only at the  109-CFU/day (P < 0.01). Nonetheless, probiotics did not change the levels of BDNF 
and MDA in the hippocampus (P > 0.05). According to the findings, the daily prophylactic ingestion of probiotics reduced 
hippocampus damage and prevented the spatial learning and memory deficit by suppressing apoptosis in the mouse model 
with cerebral hypoperfusion. Probiotic supplementation may be suggested as a useful preventive dietary strategy for groups 
susceptible to cerebrovascular diseases.
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Introduction

Probiotics are referred to species of living microscopic 
organisms that have a positive impact on the health of the 
host, when used in sufficient quantities [1]. Most of the 
probiotics are bacteria producing lactic acid, especially lac-
tobacillus species. But today, different species of bacteria 
belonging to the genus Bifidobacterium, Saccharomyces, 
Enterococcus, Pediococcus, Leuconostoc, Streptococcus 
and Bacillus are also used as probiotic [1, 2].

The results of recent studies indicate that probiotics 
are likely to affect the host health through modifying the 
physiological and immune systems [1, 3]. Probiotics, such 
as lactic acid bacteria and bifidobacteria, can create their 
protective effects by producing organic acids, hydrogen 
peroxide, carbon dioxide and some other antimicrobial 
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compounds [2]. Moreover, probiotics may modulate host’s 
immune system through regulation of the balance of pre-
inflammatory and anti-inflammatory cytokines that, in 
turn, reduce inflammation [3].

Although the effects of probiotics have not yet been 
fully understood in human health, in the last few decades 
there has been growing evidence to indicate that probiotics 
might have a positive effect on human health. For example, 
several previous studies have shown that lactobacillus and 
Bifidiobacterium genus (main probiotics) are effective in 
the prevention and management of various diseases such 
as intestinal abnormalities, allergy, inflammatory bowel 
syndrome, ulcerative colitis, Crohn’s disease, diarrhea, 
cancers and some mental disorders [4, 5].

Interestingly, it has been shown that multispecies pro-
biotics have more beneficial effects than monostrain pro-
biotics, most likely via enhancing chance of colonization, 
adhesion and creating synergistic, and additive effects [6].

Recently, many researchers have focused on clarify-
ing the influence of gut microbiota on the central nerv-
ous system function [7–9]. Numerous animal and clinical 
trials studies have shown that probiotic are beneficial to 
brain function in healthy humans [10] and have a thera-
peutic potential for some central nervous system disor-
ders [11, 12]. It has been reported that changes in the gas-
trointestinal microbiota (pre/probiotics manipulations) 
increased brain expression of brain-derived neurotrophic 
factor (BDNF) in the normal and pathological conditions 
[13–17]. It is well established that BDNF have a key role 
in neuronal cell survival, synaptic plasticity and post-
stroke recovery [18, 19].

A clinical study showed that the administration of pro-
biotics for 21 days modified immunological imbalance, 
decreased the use of antibiotics and shortened intensive 
care unit stays in patients with traumatic brain injury 
[20]. Also, our recent studies showed that using probiot-
ics could have a positive impact on ischemic tissue and 
reduced myocardial and cerebral injury in rodents [12, 21]. 
However, it is not clear whether long-term administration 
of probiotics can help to prevent the neural damage and 
spatial memory deficits in a stroke mouse model induced 
by cerebral hypoperfusion.

The present study was done to determine the effects of a 
3-week intake of mixture of seven different strains of pro-
biotic bacteria, including Lactobacillus caseiZT-Lca.106, 
Lactobacillus acidophilus ZT-Lac.51, Lactobacillus rham-
nosus ZT-Lrh.54, Lactobacillus bulgaricus ZT-Lbu.90, 
Bifidobacterium breve ZT-Bbr.22, Bifidobacteriumlongum 
ZT-Lca.106, and Streptococcus thermophilus ZT-Sth.20 
at different concentrations on hippocampus ischemia rep-
erfusion (I/R) injury, spatial memory and some potential 
mechanisms in mice.

Materials and methods

Animals

In this research, male Swiss albino mice (35–40  g, 
2–4 months old) were supplied from the animal center of 
Semnan University of Medical Sciences (SUMS) in Sem-
nan, Iran. The mice were housed under standard condi-
tions (a temperature of 22–24 °C, humidity of 40–60% 
and 12/12 h light/dark cycles) with free access to food 
and water. The entire experiment was performed accord-
ing to the national guidelines for the care and use of labo-
ratory animals for medical research. This research was 
approved by Ethic Committee (Code No.: IR.SEMUMS.
REC.1396.151), Semnan University of Medical Sciences, 
Semnan, Iran.

Probiotics strain, preparation and administration

This study used commercial probiotics (LactoCare cap-
sule,  109 CFU, ZIST TAKHMIR, Tehran, Iran), which are a 
mixture of seven probiotic bacteria strains, including Lac-
tobacillus caseiZT-Lca.106, Lactobacillus acidophilus ZT-
Lac.51, Lactobacillus rhamnosus ZT-Lrh.54, Lactobacillus 
bulgaricus ZT-Lbu.90, Bifidobacterium breve ZT-Bbr.22, 
Bifidobacteriumlongum ZT-Lca.106, and Streptococcus 
thermophilus ZT-Sth.20.The  107,  108 and  109 CFU/ml pro-
biotic concentrations were obtained by dissolving 500 mg 
LactoCare capsule  (109 CFU) in 100, 10 and 1 ml of saline, 
respectively. Mice received daily probiotic solution at half 
a millimeter (twice, with a 2 h interval) for 21 days through 
gastric gavages. Two hours after the last ingestion of probi-
otic on day 21, an ischemic or surgical procedure was per-
formed, which was followed by behavioral or memory testes 
24 h later.

Experimental design and protocol

To determine the effects of various concentrations of pro-
biotics on apoptosis, neuronal damage, spatial memory 
dysfunction and neurological disorder, 50 mice were ran-
domly divided into five equal groups as follows. In Group 
1 (n = 10), the sham-operated group, the surgery was per-
formed without ischemia (no BCCAO). Group 2 (n = 10), the 
control group (saline + BCCAO), received saline (1 ml/daily, 
gastric gavages) for 3 weeks before ischemia. Groups 3 to 
5, the pretreatment groups, received probiotic supplementa-
tion at  107 (n = 10),  108 (n = 10) and  109 CFU/day (n = 10) 
concentrations for 3 weeks before BCCAO. In all of the 
groups, after the behavioral testing, the brain was removed 
for assessing its histological changes and apoptosis.
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Second experiment was done to evaluate the effect of 
various concentrations of probiotic supplementation on 
hippocampus MDA content and BDNF level, 30 mice were 
randomly divided into five equal groups as follows. In Group 
1 (n = 6), the sham-operated group, the surgery was per-
formed without ischemia. Group 2 (n = 6), the control group 
(Saline + BCCAO), received saline (1 ml) as a vehicle by 
oral gastric gavages daily for 21 days. Groups 3 to 5, the 
pretreatment groups, received probiotics at  107 (n = 6),  108 
(n = 6) and  109 (n = 6) CFU/day concentrations for 3 weeks 
before BCCAO.

The cerebral hypoperfusion model

Under chloral hydrate anesthesia (400 mg/kg IP), cerebral 
hypoperfusion was created by BCCAO for 20 min and 24 h 
of reperfusion.

TUNEL assay

Terminal deoxynucleotidyl transferase dUTP Nick-End 
Labeling (TUNEL) staining is a well-known technique that 
was commonly used to detect apoptotic cells [22]. TUNEL 
staining was carried out using an in situ cell death detec-
tion Kit, Fluorescence (Cat. No. 11684795910, Diagnostic 
GmbH, Roche Applied Science, Germany) in accordance 
with the manufacturer’s guidelines. The TUNEL assay 
identifies and quantifies apoptotic cells by labeling the 
DNA strand breaks. In short, after brain fixation and par-
affin-embedding, a coronal brain section (5-µm thick) was 
provided for TUNEL assay. The paraffin-embedding tissues 
were deparaffinized according to the protocol, washed in 
phosphate buffer saline (PBS), immersed in proteinase K, 
permeabilized with penetrancation solution, washed in PBS, 
incubated in TUNEL solution and finally washed with PBS. 
The TUNEL-positive cells were counted in three non-over-
lapping visual fields of the hippocampus for each area (CA1, 
CA3, and DG) by a blinded researcher using fluorescence 
microscopy (Olympus Corporation, Japan) at the magnifica-
tion of × 400. Data were analyzed in Image J software. The 
total number of nuclei stained by propidium iodide (PI) was 
calculated to assess the total cell number, and the number of 
TUNEL-positive cells was expressed as a percentage of the 
total number of PI-stained nuclei.

Cresyl violet staining

Based on the protocol, coronal brain sections (5-µm thick) at 
the hippocampus level were prepared and stained by cresyl 
violet to identify the normal and damaged neurons in the 
CA1, CA3 and DG regions. Briefly after deparaffinization 
and hydration in xylene, ethanol and distilled water, the 
brain sections were immersed in cresyl violet 0.1% (Sigma, 

St. Louis, MO) for 10 min at room temperature. The sections 
were quickly washed with distilled water and dehydrated in 
serial diluted ethanol and mounted with Entellan. Histologi-
cal neuronal cell damage and percent of cell dead assessed in 
the CA1, CA3 and DG regions of the hippocampus.

Spatial learning and memory and behavioral test

The Radial Arm Water Maze (RAWM) is a modified Morris 
water maze that contains six swim paths (arms) extending 
out of an open central area with an escape platform located 
at the end of one arm (the target arm). In this study, RAWM 
testing was performed over 5 consecutive days, including a 
learning phase lasting for 4 days, during which the animals 
received five trials/day with a 30 s inter-trial interval, and 
the last day made up the memory phase (the probe test). At 
the beginning of each trial, the mice were gently immersed 
in water, facing the wall, at one of five start positions. The 
start locations were randomized. Each animal was allowed 
60 s to escape onto the platform; if it failed to escape within 
this time, it was guided to the find of platform. Once the 
mice reached the platform, they remained there for 30 s and 
were then immersed in water for the next trial, which used 
the same platform location and a different start position. 
At the end of the five trials, the mice were towel-dried and 
returned to their home cage. On the probe day, the platform 
was removed, and all the animals were immersed in water 
from the same area and were allowed to swim for 60 s to 
escape onto the platform. During the probe test, the latency 
to reach the platform location and the time spent swimming 
within a zone (the target zone) were recorded. The analysis 
of the latency to reach the platform location and the time 
spent within a specified radius (zone) are consistently more 
sensitive measures of performance in the RAWM probe test 
in terms of detecting group differences. The performances 
on each trial or probe test were videotaped and analyzed 
in image tracking software (Noldus Etho Vision XT7, the 
Netherlands).

A modified Neurological Severity Score were used to 
examine behavioral test, as described previously [23]. The 
neurological scoring is as 10–14 severe; 5–9 moderate; and 
1–4 mild injury. Neurological test was carried out by a stu-
dent who was unconscious to experimental groups.

Measurement of the hippocampus MDA, FRAP 
content and BDNF level

The mice brains were quickly removed and both hippocampi 
were removed to measure the MDA content (as an oxidative 
stress biomarker), ferric reducing/antioxidant power FRAP 
(as an antioxidant power) and the level of BDNF (as a neu-
rotrophic factor). Twenty-four hours after BCCAO, both 
hippocampi were isolated and homogenized (1:10 w/v) in 
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cold KCl 1.15% and centrifuged at 20,000×g at 4 °C for 
10 min. The supernatant was used for assaying the MDA, 
FRAP and BDNF level. The MDA content was measured 
using the thiobarbituric acid method, as previously described 
[24]. The level of total protein in the supernatants was deter-
mined by the Bradford method using bovine serum albumin 
as the standard. The BDNF level was measured using an 
enzyme-linked immunosorbent assay (ELISA) and mouse 
BDNF ELISA kit (CK-E20084, EASTBIOPHARM CO. 
LTD, USA).

Statistical analysis

The one-way analysis of variance (ANOVA) and Dunnett’s 
post hoc test were used for the comparison of the groups 
in terms of TUNEL positive cells (apoptotic cells), BDNF 
and MDA. A two-way repeated measures ANOVA (Treat-
ment—training days) was used to analyze the escape laten-
cies during training. Data of spatial memory (time spent in 
the target zone and platform location latency) were analyzed 
by two-way ANOVA. The Kruskal–Wallis ANOVA on rank 
and Dunn’s method as a post hoc test were used to ana-
lyze the neurological scores. The results are presented as 
mean ± standard error of the mean (SEM). Differences were 
considered significant at the level of P < 0.05 (Sigmastat 2.0; 
Jandel Scientific, Erkrath, Germany).

Results

The effects of probiotic supplementation on TUNEL 
positive cells (apoptosis) and neuronal death 
in CA1, CA3 and DG areas of the hippocampal 
after hypoperfusion

Blocking both the common carotid artery for 20 min and 
reperfusion for 24  h in the control (saline + BCCAO) 
group enhanced the TUNEL positive cells (apoptotic 
cells) in the CA1 (60 ± 3.3%), CA3 (72 ± 1.5%) and DG 
(71 ± 2.1%) regions significantly compared to the sham 
operated group (CA1 = 8±1%, CA3 = 7.7 ± 1.5, DG = 6±0.9) 
(P < 0.001, Fig. 1a–c). Administration of probiotics at  107 
(P7 + BCCAO),  108 (P8 + BCCAO) and  109 (P9 + BCCAO) 
CFU/day concentrations for 21 days reduced the number 
of apoptotic cells considerably in all three regions, i.e. the 
CA1, CA3 and DG compared to saline + BCCAO group 
(P < 0.001, Fig. 1a–c).

Also, the BCCAO for 20 min and 24 h reperfusion in 
the control (saline + BCCAO) group significantly increased 
the percentage of dead cells in the CA1 (63 ± 1.6%), CA3 
(73 ± 1.56%) and DG (38 ± 1.3%) area compared to the 
sham operated group (CA1 = 19 ± 2.3%, CA3 = 26 ± 1.75, 
DG = 11 ± 0.5) (P < 0.001, Fig. 2). In cresyl violet staining, 

most of the neuronal cells in the saline + BCCAO group had 
been destroyed and shrunken in all three regions at 24 h 
after ischemia (Fig. 2). Application of probiotics at  107 
(P7 + BCCAO),  108 (P8 + BCCAO) and  109 (P9 + BCCAO) 
CFU/day concentrations significantly declined the percent-
age of dead cells in all three regions, i.e. the CA1, CA3 and 
DG compared to saline + BCCAO group (P < 0.001, Fig. 2).

The effects of probiotic supplementation on spatial 
learning and memory and neurological dysfunction

In all the groups, the mice learned to find the platform over 
the four consecutive days of training (Fig. 3a). In the training 
learning phase, the data escape latency showed that mice that 
received probiotics  (109 CFU/day) for 21 days significantly 
had better learning outcomes on the third and fourth days 
of training compared to the other groups (P < 0.01; Fig. 3a). 
In the probe trials, after ischemic event, time (s) to finding 
the location of the platform significantly prolonged and time 
spent in the target zone diminished compared to sham oper-
ated (no BCCAO) group (P < 0.01, Fig. 3b, c). Duration of 
time spent in the target zone was significantly higher in the 
mice pretreated with probiotics  (109 CFU/day) compared to 
the other treatment and control (saline + BCCAO) groups 
(P < 0.01; Fig. 3b). Moreover, platform location latency was 
significantly lower in the probiotics  (109 CFU/day) group 
compared to the control (saline + BCCAO), P7 + BCCAO 
and P8 + BCCAO groups, which shows that pretreatment 
with probiotics reduced deficits in spatial learning and mem-
ory and enhanced memory retention only at the  109 CFU/day 
concentration (P < 0.01; Fig. 3c). No significant differences 
in duration of time spent in the target zone (14.94 ± 0.63 vs. 
14.08 ± 1.19) and platform location latency (220.07 ± 2.65 
vs. 22.98 ± 1.54) between sham and P9 + BCCAO groups 
(P > 0.05, Fig. 3b, c) were observed.

Creating ischemia by BCCAO caused a significant 
increase in the score of neurological deficit compared to 
the sham operated group (P < 0.001; Fig. 3d). To recover 
the spatial memory performance, the mice pretreated 
with probiotics  (109  CFU/day) showed a significantly 
improved neurological function compared with the control 
(saline + BCCAO) group, while the other doses did not alter 
the neurological outcome (P < 0.001; Fig. 3d).

The effects of probiotic supplementation 
on the hippocampal BDNF and MDA levels

MDA is biomarkers of oxidative stress and FRAP a marker 
of total antioxidant capacity and both are widely used in 
clinical and animal studies. The induction of ischemia in 
control groups (saline + BCCAO) increased the MDA con-
tent significantly in the hippocampus tissue compared to 
the sham-operated group (P < 0.001, Fig. 4a). Pretreatment 
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with probiotics did not significantly change the MDA 
and/or FRAP levels in the hippocampus ischemic tissue 
at any of the three doses at 24 h after BCCAO (P > 0.05, 
Fig. 4a, b). The ELISA assessment showed that probiot-
ics did not significantly alter the BDNF protein level in 
the hippocampus ischemic tissue compared to the con-
trol (saline + BCCAO) group in either of the three doses 
(P > 0.05, Fig. 4c).

Discussion

In this research; the efficacy of long term application of 
probiotic on hippocampus neuronal damage, spatial learn-
ing and memory and some molecular mechanisms were 
investigated in mice. The important findings of the current 
study were, (1) Administration of probiotic  (109-CFU/day) 

Fig. 1  Percent of TUNEL positive cells and TUNEL staining image 
in areas CA1 (a), CA3 (b), and DG (c) of the hippocampus in the 
sham-operated, control (saline + BCCAO) and probiotic pretreat-
ment at concentration  107 (P7 + BCCAO),  108 (P8 + BCCAO) and 
 109 (P9 + BCCAO) CFU/day. Saline as vehicle and probiotic were 
given at volume 1  ml/daily via gastric gavages daily for 21  days 
before BCCAO. The nuclei were stained by propidium iodide (PI) 
to evaluate total cell number, and the number of TUNEL posi-

tive cells was expressed as a percentage of the total number of PI-
stained nuclei (× 50 fluorescent microscope). *P < 0.001 compared 
to the saline + BCCAO group. Arrows indicate the TUNEL posi-
tive cells (apoptotic cells). &P < 0.001 compared to P7 + BCCAO. 
#P < 0.001compared to sham operated group. Data bars are presented 
as mean ± SEM (n = 10, for each experimental group). *P < 0.05 indi-
cates statistical significance
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limited hippocampus neuronal injury by suppressing apop-
tosis but not by upregulation of BDNF, (2) Decline of hip-
pocampus injury was linked with recovery and promotion 
of neurological outcome and spatial learning and memory.

Currently, probiotics are widely accepted as a safe (no 
significant side effects in human) and complementary 
therapeutic choice for the management of some chronic 
diseases and mental disorders [25, 26]. However, there is 
little information about the effect of long-term application 
of probiotics on cerebrovascular disease, which remains to 
be elucidated.

Result of the present search showed that pre-ischemic 
treatment with probiotics for 21 days reduced histological 
damage significantly in the CA1, CA3, and DG regions of 
the hippocampus. This therapeutic response to probiotics 

was associated with improved neurological and spatial mem-
ory performance. Important finding of the current study indi-
cated that pretreatment with probiotics only at  109 -CFU/day 
concentrations prevented the spatial learning and memory 
deficit that typically observed after cerebral hypoperfusion. 
Moreover, our data showed that the best efficacy of probiot-
ics in reducing brain injury and improving spatial memory 
performance could be achieved with  109-CFU/day concen-
tration. This finding has been supported by other recent stud-
ies [17, 27, 28].

The results of the RAWM test showed that the intra-gas-
tric administration of probiotics only at the  109-CFU/day 
concentration for 21 days significantly reduced spatial mem-
ory impairment in a mouse model of cerebral hypoperfusion. 
Moreover, the administration of the same dose of probiotics 

Fig. 1  (continued)
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for 21 days before ischemia improved learning performance 
in healthy subjects as indicated by decreased escape latency 
to find the platform, confirming other findings demonstrating 
the learning and memory enhancing effects of probiotic sup-
plementation [27, 29–34]. Moreover, memory performance 
of the P9 + BCAO group was similar to that of the sham 
group, indicating that probiotics pretreatment (at  109 con-
centrations) prevented the impairment of spatial memory 
typically observed after cerebral hypoperfusion.

In the second part of study investigated the molecular 
mechanisms involved in the neuroprotection offered by pro-
biotics against cerebral hypoperfusion. The TUNEL assay 
demonstrated that the administration of probiotics before 
ischemia leads to a significant reduction in the number of 
apoptotic cells in regions the CA1, CA3 and DG regions of 
the hippocampus. This finding is consistent with the results 

obtained through cresyl violet staining and the behavioral 
data, and has also been supported by some recent findings 
that showed how pre-ischemic treatment with Clostridium 
butyricum for 2 weeks decreases the expression of Caspase-3 
and Bax (as apoptotic-related proteins) significantly in the 
hippocampus tissue of mice [35].

In the present study, pretreatment with probiotics did 
not alter the BDNF and MDA levels in the hippocampus 
tissue significantly. The data obtained are supported by 
some clinical trials that have shown that consumption of 
probiotic for several weeks cannot alter the plasma levels 
of MDA significantly in healthy male athletes [36] and 
patients with rheumatoid arthritis [37]. Also in line with 
the present findings, some animal studies have shown that 
the use of probiotics Bifidobacterium longum  (1010 CFU/
day) and Lactobacillus fermentum  (109  CFU/day) for 

Fig. 1  (continued)
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2–4 weeks does not change the brain BDNF [38, 39]. Con-
trary to the present findings, a recent study has demon-
strated that long term (43 weeks) administration of a diet 
supplemented with Lactobacillus paracasei K71 (L. K71) 
recovered age-related cognitive impairments via enhancing 
the expression of BDNF protein and cAMP response ele-
ment binding protein (CREB) phosphorylation in the hip-
pocampus of female senescence-accelerated mouse prone 
8 (SAMP8) mice [16]. Also, other experimental studies 
have demonstrated that 6 weeks consumption of Clostrid-
ium butyricum [17] and/or 8 weeks lactobacillus strains 
(plantarum KY1032 and curvatus HY7601) [40] signifi-
cantly increased the BDNF levels in the brain of rodents 
with vascular dementia or age-dependent memory deficit. 
Importantly, these studies [16, 17, 40] were carried out on 

non-ischemic models. In the current study, if the BDNF 
levels were measured at longer intervals after ischemic 
injury, it would be more likely to observe the positive 
effects of probiotic on BDNF. In addition, the duration 
of probiotic intake in the present study was 3 weeks, but 
in the aforementioned studies, it was 6 weeks and even 
more. Thus, another possibility is that 3-week intake of 
probiotic is not sufficient to show the effect of probiotic 
on brain BDNF. This hypothesis somewhat confirmed by 
two experimental studies showing that administration of 
probiotics for 2–4 weeks did not alter brain BDNF [38, 
39]. Therefore, disparities between the present study and 
other studies [16, 17, 40] may be related to the design of 
the studies, the strains, and the concentrations used and/
or the duration of probiotic use.

Fig. 2  Percent of dead cells and cresyl violet staining illustration in 
areas CA1 (a), CA3 (b) and DG (c) of the hippocampus in the sham-
operated, control (saline + BCCAO) and probiotic at concentration 
 107 (P7 + BCCAO),  108 (P8 + BCCAO) and  109 (P9 + BCCAO) CFU/

day. *P < 0.001 compared to the saline + BCCAO group and #P < 0.01 
as compared with the sham operated group. Data bars are presented 
as mean ± SEM (n = 10, for each experimental group). *P < 0.05 indi-
cates statistical significance
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Some other mechanisms that may contribute to the pro-
tective effect of probiotics against ischemic damage were 
not investigated in this study. Recent studies have reported 
that probiotics can suppress the production of pro-inflam-
matory cytokines tumor necrosis factor alpha (TNF-α) and 
interleukin 6 (IL-6) following cerebral ischemia [12, 32, 
40, 41]. It is well recognized that enhanced pro-inflamma-
tory cytokines play a critical role in pathophysiological 
damage following cerebral ischemia [12, 21]. Therefore, 
part of the beneficial effects of probiotic bacteria could be 

due to the attenuation of the production of pro-inflamma-
tory cytokines.

In concussion, our study showed that daily prophylactic 
ingestion of multispecies probiotics reduced hippocampus 
neuronal damage and restored spatial memory performance, 
in part, by suppressing apoptosis in a mouse model of cer-
ebral hypoperfusion. Probiotic supplementation may be use-
ful as a preventive dietary strategy for groups susceptible to 
cerebrovascular diseases. Future clinical and animal studies 
on different strains and mixtures of probiotic bacteria with 
the longer duration are needed to provide more data on the 
subject of stroke.

Fig. 3  Illustrates data escape latency in during the 4  days of train-
ing in the RAWM (a), time spent in target zone (b), latency to 
reach the platform location (c) and neurological deficit score (d) in 
the sham-operated, control (saline + BCCAO), probiotics pretreat-
ment at concentration  107 (P7 + BCCAO),  108 (P8 + BCCAO) and 

 109 (P9 + BCCAO) CFU/day groups. *P < 0.05 as compared with 
the saline + BCCAO. #P < 0.01 as compared with the sham oper-
ated group. Data bars are presented as mean ± SEM (n = 10, for each 
experimental group). *P < 0.05 indicates statistical significance
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