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Abstract

Stroke is an acute cerebrovascular disease, noted as the second leading cause of global mortality after ischemic heart
disease. An understanding of the brain-gut axis has shed light on the role of the immune system in the pathogenesis of stroke.
Currently, the use of probiotics in overcoming intestinal microbiota imbalances is very broad, including in vascular disorders. This
study aimed to assess the effect of probiotic (Lactobacillus acidophilus) intervention on changes in Short Chain Fatty Acid (SCFA)
serum levels in acute ischemic stroke clinical outcome. This study were pre and posttest control group design. A total of 35 samples
were collected consecutively and divided into two groups which is the intervention group given probiotic for 14 days as add-on with
the standard therapy and the control group only given standard therapy. Intervention group showed alteration of serum SCFA level
higher than control group (A 10.19 vs A 4.23). NIHSS Score after 14 days showed a significant result on both groups but the
alteration on intervention group were highly changed (A -3.77 vs A -1.23) . Based on the Spearman Correlation test, there is a
negative correlation between Serum SCFA Level with NIHSS score on intervention group(p< 0.05; r = -0.494). Probiotic
intervention plays an important role on increasing SCFA levels and thus improve the outcome of acute ischemic stroke seen by
lower NIHSS score after 14 days.
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1. Introduction
Stroke is an acute cerebrovascular disease,

in the world. Ischemic stroke represents the most prevalent
type [1,2]. The pathophysiology of stroke is quite intricate,

ranking as the second leading cause of death globally after
ischemic heart disease, and the third most common cause of
disability worldwide, following heart disease and cancer [1].
In Indonesia, stroke-related deaths have reached 252,473,
accounting for 14.83% of total mortality and ranking seventh
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involving various processes such as energy failure,
excitotoxicity, oxidative stress, blood-brain barrier
disruption, inflammation, necrosis, apoptosis, and more,
summarized within an ischemic cascade [1,2]. Of all stroke
patients, around one-third can make a full recovery, one-third
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experience mild to moderate functional impairments, and the
remaining third suffer severe functional deficits, confining
them to bed. Current research predominantly focuses on
identifying risk factors, elucidating the pathogenesis, and
enhancing stroke outcomes. The involvement of the immune
system in stroke pathogenesis elucidates the activation of
adaptive immunity, which is initiated and directed towards
the brain within hours to several days after a stroke. These
immune cells can be modulated by the gut microbiota [3,4].
The role of the immune system in the pathomechanism of
stroke has been extensively studied. Cerebral blood vessel
occlusion initiates acute ischemic damage, followed by the
activation of local immune cells and peripheral immune cell
trafficking. Initially, innate immune cells mitigate brain
damage by clearing cellular debris and neutralizing
neurotoxins. However, the impact of amplified adaptive
immune responses contributes to the progression of ischemic
brain injury. Consequently, immunomodulation
(immunotherapy) has become a promising stroke
management concept. Systemic immune responses occurring
during the attack contribute to increased mortality and long-
term disability. Recent studies have demonstrated that stroke
outcomes can be influenced by gut microbiota composition,
although the beneficial mechanisms of gut microbiota
manipulation remain unclear.

Li et al (5) conducted a study evaluating gut
microbiota characteristics through fecal samples of stroke
patients, revealing significant gut microbiota dysbiosis
associated with the production of short-chain fatty acids
(SCFAs). Research into commensal microbiota and their
contributions to health and disease is a dynamic and
burgeoning field, particularly in stroke pathogenesis and
progression. Microbiota impact ischemic stroke outcomes by
modulating antigen-specific immune responses in the central
nervous system through the involvement of SCFAs [6,7].
Several current studies focus on the relationship between gut
microbiota, specifically in the gut, and the incidence of acute
ischemic stroke, further elucidating the bidirectional
communication of the gut-brain axis. The gut and brain are
interconnected through various mechanisms, including
neuronal, immunological, metabolic, and endocrine
pathways [8]. Gut microbiota dysbiosis is a risk factor for
hypertension, vascular dysfunction, diabetes mellitus, and
obesity [9]. According to Chen et al and Benakis et al [10]
and [11], this dysbiosis is also a risk factor for ischemic
stroke, and conversely, central nervous system dysfunction
affects gastrointestinal function through the vagus nerve,
neurotransmitters, endocrine pathways, and immune
responses. Cerebral ischemia leads to gut microbiota
dysbiosis, increasing intestinal permeability, disrupting the
gut barrier, and promoting microbiota translocation. Studies
in animal models show that gut microbiota can regulate
neuroinflammation processes and influence brain recovery.
Stroke can alter the gut bacterial composition, causally
related to proinflammatory T cell polarization and worsened
ischemic stroke outcomes [12,13]. To date, clinical outcomes
of acute ischemic stroke remain unsatisfactory, with high
mortality rates and long-term disabilities posing significant
challenges. Difficulties in controlling risk factors, long-term
treatment, along with economic and social factors, often
hinder the improvement of clinical outcomes.

The use of probiotics for stroke is currently limited and
mainly in the in vivo experimental stage. Singh et al [12]
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concluded that probiotics have cerebroprotective effects
mediated by high levels of short-chain fatty acids (SCFAs),
enhancing the immune system and improving clinical
outcomes. This study aim to evaluate the clinical outcome
using National Institute of Health Stroke Scale (NIHSS) of
acute ischemic stroke with supplementation of probiotic
compare to standard therapy.

2. Methods
2.1 Study Design and Subjects Recruitment

This was an experimental research with pre and
posttest group design involving the first acute ischemic stroke
patients which was conducted at Wahidin Sudirohusodo
hospital and some satellite teaching hospitals. Patients with
first attack acute ischemic stroke with an onset of 0 - 7 days
diagnosed based on history, physical examination and CT-
Scan of the head, aged 40 - 60 years, and willing to be
included in the study by signing a letter of consent. All the
protocols in this study were approved by the Ethic committee
of the Faculty of Medicine, Hasanuddin University (No.
333/UN4.6.4.5.31/PP36/2022). All the participants were
divided into two groups after met the inclusion criteria, those
are intervention group and control group. All groups were
given standard therapy include anti aggregation (aspilet 80
mg), neuroprotector  (citicholin 250 mg/12 hour
intravenously) and mecobalamin 500 mcg/24 hour. For
intervention group will be given supplementation of probiotic
(Lactobacillus acidophilus) 2x 107 CFU for 14 days.

2.2 Serum SCFA level

SCFA level were measured by collecting blood
sample from respondents twice, at admission and at day 15
on both groups. Serum level of SCFA were measured using
Human Short-Chain Fatty Acid (ScFA) ELISA kit.

2.3 NIHSS Score

Outcome of Stroke were measured using National
Institute of Health Stroke Scale (NIHSS). This Scale were
measured twice on both groups, at admission and at day 15.
This Scale composed of 13 item, each of which scores a
specific ability between 0 — 4. For each item, a score 0
typically indicates normal function in that specific ability,
while a higher score is indicative of some level of
impairment. Total score is 0 — 42 which categorized by mild
stroke when NIHSS < 5, Moderate stroke (NIHSS 5 — 15) and
moderate to severe stroke (NIHSS 16 —25), and severe stroke
(NIHSS> 25).

2.4 Statistical Analysis

The collected data was processed through statistical
analysis using the SPSS ver. 25. By using Wilcoxon test, the
serum SCFA level analyze in both groups since the datas
were not normally distributed. The correlation between the
change of serum SCFA level and NIHSS score were analyze
using Spearman Correlation test.

3. Results
As many as 35 acute ischemic stroke patients were
included in this study. There are 18 subjects in intervention
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group and 17 subjects as control group. The baseline
characteristic of all subjects were summarized in Table 1. The
mean age of subjects in the two groups was not much
different (51 and 52 years). However, this age does not
provide a meaningful relationship to the clinical outcome of
acute ischemic stroke (p > 0.001). Nineteen males were
recorded, 12 were in the intervention group and 7 subjects in
the control group. Of the 16 female subjects, 6 were in the
intervention group and 10 were in the control group. Based
on statistical tests, it was found that there was no relationship
between gender and clinical outcomes (p value = 0.171). The
mean serum SCFA level in the intervention group was 15.58
at the beginning of the measurement and increased to 25.77
after probiotic supplementation (p = 0.000) while in the
control group, SCFA levels also increased from 17.98 to
22.21 (p = 0.001). Both groups showed significancy of serum
SCFA level, however greater changes were seen in the
intervention group. The alteration of serum SCFA level on
both groups clearly showed in figure 1. Delta of both groups
counts from the substraction of the mean of post and pre test.
NIHSS score in both group showed decrease after
supplementation where in intervention group, alteration more
drastically compared to control group (p= 0.000; p = 0.001)
. Figure 2 above shows the alteration of NIHSS score
compared on two groups. The median of NIHSS score in
intervention group highly different after 14 days of probiotic
supplementation. Compared the two group, the NIHSS score
in intervention group were decrease 3.77 points, while in
control group decrease of NIHSS score were 1.23 points. This
change was significant in both groups (p = 0.001). By using
Spearman’s Rho Correlation, the relationship between
alteration of serum SCFA level and NIHSS score were
analyze. Table 2 showed a significant relationship was
obtained in the intervention group with a negative correlation
(r= -0.494; p<0.05)), compared to the control group (r= -
0.343; p = 0.177)). Thus it can be concluded that changes in
SCFA in the intervention group have a stronger correlation
than in the control group.

4. Discussion
4.1 Respondent Characteristics

In this study, the incidence of acute ischemic stroke
was found to be more common in men (54%) than women
(46%). Globally, the incidence of stroke tends to be higher in
men [14,15]. The incidence of ischemic stroke according to
[16] was also recorded more in men, namely around 57.38%
with a male to female ratio of 1.9:1, in line with the study by
[17] which states that acute ischemic stroke attacks are more
common in men. The risk factors for stroke that are more
dominant in men are hypertension and diabetes mellitus type
2 accompanied by bad lifestyles such as smoking and alcohol
which cause many vascular disorders such as small-vessel
occlusion and atherosclerosis. In the group of women aged
45-74 years, the risk of stroke is lower than men in the same
age range [18, 19] also reported that more than 60% of men
experienced ischemic stroke but what is interesting is that
women tend to have a higher severity level of acute stroke
than men.
In this study, it was found that the highest prevalence of
stroke was in the age range 45-54 years. Several studies show
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almost the same results, including [20] stating that the age
group that most often experiences strokes are those aged >50
years, however, it is not impossible that strokes can occur in
the age group <40 year. Other studies show the incidence of
stroke at a younger age, [21] shows that the incidence of
stroke, both ischemic and hemorrhagic, is around 28 per
100,000 people aged between 20 and 44 years. According to
[22] although the incidence of ischemic stroke is rare in the
young age group, individuals aged between 18 and 40 years
are still at risk of experiencing acute ischemic stroke due to
risk factors such as diabetes mellitus and dyslipidemia.
Aging is an irreversible risk factor associated with ischemic
stroke, and older patients experience higher rates of mortality
and health impacts, as well as the recovery process. poorer
functioning compared to younger individuals [23]. Stroke
severity levels in the mild, moderate and severe categories
tend to be higher in the male population compared to women.
However, in the very severe category, there is an increased
incidence in women compared to men [24]. The severity of
stroke in women ranges from an NIHSS score of 2-10, while
in men it ranges from an NIHSS score of 2-7 [25].

4.2 Changes in SCFA levels on clinical outcomes of acute
ischemic stroke after probiotic intervention

In this study, significant changes in SCFA levels
were found to reduce NIHSS scores as an indication of
improved clinical outcomes after 14 days of probiotic
intervention. This is in line with research using experimental
animals which shows that increasing SCFA increases clinical
improvement through immunological mechanisms [26]. This
is caused by the activation of microglia and inhibition of
axonal damage. In addition, SCFAs produced by probiotics
play arole in polarizing T cells in the intestinal compartment
and stimulating anti-inflammatory T cells. A study by [27]
found that high SCFA levels were associated with increased
pro-inflammatory markers such as IL-6, TNF-a, VCAM1,
IL-17, and MCP-1 but were not associated with baseline
NIHSS scores. the incidence of ischemic stroke, infarct
volume, and brain edema. This study was different because
it did not carry out probiotic intervention but only looked at
SCFA levels and NIHSS scores at the start of the stroke
event. High SCFA levels indicate high levels of fatty acids
produced from metabolites of the microbiota in the intestine.
According to Zhang X. et al [28] SCFA levels in stroke
patients are lower than those in the control group, especially
acetate and propionate. Acetic acid and propionate play an
important role in regulating the Gut-Brain Axis in post-
stroke patients by improving the immune system and energy
metabolism. Acetic acid, as the most dominant SCFA
metabolite, is metabolized by the liver and then transported
to peripheral tissues and will later play a role in cholesterol
metabolism and lipogenesis, easily penetrating the blood-
brain barrier and may have a role in the appetite regulation
center. Research on experimental animals shows that SCFA
metabolites, namely acetate, butyrate and propionate, can
increase tight junction proteins thereby improving the
integrity of the blood-brain barrier [29].
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Table 1: Subject Characteristics

Intervention Group (n=18) Control Group (n=17)
p-value p-value
Variables
Pre Post Pre Post
Age (years) mean+SD 51,59+6,51 52,65+8,10 0,73
Sex (male/female) 12/6 7/10 0,171
SCFA mean+SD 15,58 (+8,94) 25,77 (x£10,37) 17,98 (+11,71) 22,21 (+14,18)
0,000 0,000
NIHSS mean+SD 5,44 (£2,81) 1,67 (£1,57) 4,82 (£3,14) 3,59 (£2,93)
0,000 0,001

Wilcoxon test
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Figure 1: Boxplot comparison of changes in SCFA levels in the intervention and control groups
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Figure 2: Boxplot comparison of changes in NIHSS scores in the intervention and control groups

Table 2: Correlation between changes in SCFA levels and changes in NIHSS scores

Variable NIHSS
R p-Values*
SCFA
Intervention group -0,494 0,037
Control group -0,343 0,177

*Spearman Rho correlation

The immunomodulatory role of SCFAs is possible
through inhibition of histone deacetylase (HDAC) and
activation of G protein-coupled receptors (GPR) such as free
fatty acid receptor-3 FFAR3 (GPR41), FFAR2 (GPR43) and
hydroxycarboxylic acid receptor (GPR109A). In addition,
SCFAs play a role in T cell polarization in the intestinal
space by increasing the number of regulatory T cells (Treg)
and suppressing T helper cells 17 (Th17) and Th 1 cells and
directs the immune response towards anti-inflammatory
[13,26,30]. SCFA produced from probiotics, apart from
being a source of energy for cells, also influences the
maturity of microglia and influences neuron function. SCFA
can modulate levels of neurotransmitters and neurotrophic
factors such as Nerve Growth Factor (NGF), Glial Cell line-
derived Neurotrophic Factor (GDNF) and BDNF which
regulate the growth, survival and differentiation of nerve
cells and synapses in the central nervous system [31]. SCFA
can regulate Brain Derived Neurotrophic Factor (BDNF)
expression and also modulate the effects of increasing the
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pro-inflammatory neurotransmitters IL-17 and I1L-10 which
have neuroprotective properties [32]. In the study,
enrichment in certain bacteria was associated with functional
improvement after 3 months from stroke onset. SCFA as a
fermentation product from intestinal microbiota is a very
potential pro-regeneration modulator of post-stroke neuronal
plasticity at several structural levels through circulating
lymphocytes and microglial activation [26]. In the
correlation test, the two groups appear to have a negative
correlation but the intervention group has a stronger
correlation. Many things can confuse SCFA levels, including
nutritional status and dietary patterns. The large difference in
changes in SCFA levels after 14 days of probiotic
intervention proves the previous hypothesis that there is an
increase in SCFA levels which contributes well to the
outcome of acute ischemic stroke. In research by [26] it is
stated that SCFA supplementation can increase the
concentration of SCFA in circulation and can trigger
therapeutic effects in the recovery period after experiencing
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chronic stroke. In addition, SCFA produced by probiotics
can trigger neuroinflammation and play a role in helping
repair cognitive dysfunction and brain damage. Probiotics
can also improve negative emotions in ischemic stroke
patients including anxiety and depression that appear 3
months after stroke onset [33,34].

5. Conclusion

There is an improvement in the clinical outcome of
acute ischemic stroke with probiotic intervention by
increasing the serum level of SCFA especially in acute
ischemic strokes of mild and moderate degree.
Supplementation of probiatic will become promising therapy
for stroke and need further research especially as primary
prevention.
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