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ABSTRACT

Background: Autism spectrum disorder (ASD) is a developing neuronal disorder with hindered social correspondence
and repetitive behaviors. Hereditary and ecological factors have been related to this problem, including the introduction of
valproic acid during pregnancy. Dysbiosis is the most common comorbid condition in autism, numerous probiotic strains
have been known to forestall social impairments in autism.

Method: Prenatal autism model was done on 12" embryonic day of pregnancy in Wistar rats with the valproic acid dose
400 mg/kg, i.p. Those offspring exhibiting autistic symptoms were selected for study and were treated with polyphenols,
probiotics and their combination for the study period of postnatal day (PND) 08-50.

Results: Prenatal model showed significant autistic and dysbiotic symptoms in the animals. With the probiotic and polyphe-
nols treatment combination it was understood that bio-activation of polyphenols are crucial in the correction of neurochemical
abnormality, oxidative stress, behavioral deficits and neuroprotection. Probiotic complex with acetyl-I-carnitine combination
was also essential for the growth of gut bacteria, functionality of brain. Through this combination study behavioral and
biochemical alterations were recovered.

Conclusion: Establishing a good ecosystem in the gut with good probiotics and polyphenols-like compounds is essential,
gut targeted brain functionality is a remarkable way to challenge autistic disorder, advice on this combination may be helpful

in the right way of accessing the gut-brain-axis and useful in amending of autism.
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1. INTRODUCTION

The human microbiome encompasses multiple genomes
of symbiotic microbiota such as bacteria, inhabiting the
human body.! Prospective association of many diseases
with microbiotic behavior is currently being investigated
for resolving the disease conditions through positively
altering the microbiota.?

Asindicated by the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5), children and individu-
als experiencing issues in communicating with others,
limited interests or impaired interaction and repetitive
behaviors that affect the capacity to work appropriately
have been recognized with a neurodevelopmental con-
dition identified as Autism Spectrum Disorder (ASD).3
Globally, it was recorded that 1 in 160 children are
being diagnosed with ASD.4 ASD begins during early

childhood with major altered social behaviors in the
subject.>®

Among numerous different causes, research has
reported about 70% of autistic individuals having
gastro-intestinal (GI) related issues like diarrhea, con-
stipation and inflammatory bowel disease, playing
a significant role in the advancement of autism. An
association between precise gut health and reduction
of symptoms in autism has been reported in patients as
well.” Specifically, valproic acid (VPA) when adminis-
tered during pregnancy has a higher risk of developing
ASD /1011

At present, there is no single best treatment known
for ASD. As a matter of concern, the emerging attention is
given to microbiota gut-brain-axis with an aim in improv-
ing conditions of ASD. Recent studies have bestowed a
hope to improve autism through the healing advantages
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of various herbal molecules and probiotic strains with
fewer side effects.?

Polyphenols are organic chemicals utilized in curing
neurodevelopmental disorders, by safeguarding neurons
against injury. Researches have demonstrated that poly-
phenols, such as resveratrol, can control mitochondrial
dysfunction associated with ASD patients.”> Curcumin
re-established psychological manifestations by destroy-
ing reactive oxygen species (ROS) and inflammatory
medjiators in autism in rats."*

Amino acid such as acetyl-I-carnitine is also essen-
tial for energy production in gut bacteria, which can be
helpful for the growth and production of metabolites
(SCFA) in bacteria. Acetyl-l-carnitine also crosses BBB
helps to energize the brain, brain and nerve support and
also provide substrate for synthesis of acetyl choline in
the brain. Amino acid such as acetyl-I-carnitine improves
the psychological symptoms in animal models and shows
gainful impacts in other behavioral abnormalities such
as irritability, anxiety and mental function.!

Alarge number of probiotics have also been analyzed
for their potential effects on gut-brain-axis in animal and
human models. Lactobacillus strains exert a neuroprotec-
tive effect with the recovery of psychological behavior
associated with gut microbiota remodeling in traumatic
brain-injured mice.' Treatment with Bifidobacteria strains
attenuated depression and anxiety behaviors in anxious
animals and significantly improved the immune system.
1718 Consumption of Streptococcus thermophilus has ben-
efits in the management of many neurological disorders."
Saccharomyces boulardii exerts therapeutic effects in a
wide range of neurologic conditions including autism.?’

Hence, the current study was focused on the use of
polyphenols in combination with probiotics for the res-
titutionof ASD symptoms, by targeting gut-brain-axis in
valproic acid-induced autism in rats.

2. MATERIALS AND METHODS

2.1. Chemicals

Probiotic strains (Bifidobacterium longum-UBBL-64,
Bifidobacterium bifidum-UBBB-55(MTCC 5398), Lactoba-
cillus rhamnosus-UBLR-58 (MTCC 5402), Streptococcus
thermophilus-UBST-50 (MTCC 5382), Saccharomyces bou-
lardii-28 obtained from Unique Biotech Ltd., Hyderabad,
India; Inulin obtained from Natures Velvet Life care
(India); Acetyl-L-Carnitine (Alcar) - West-Coast Phar-
maceutical Works Ltd, Gujarat, India; Resveratrol — Sami
labs, Hyderabad. India; Curcumin capsules were obtained
from Himalaya Pharmaceuticals (India); Sodium
Valproate was acquired from Sun Pharmaceuticals,
Hyderabad (India); ELISA Kits for IL-6, TNF-a, BDNE,
5-HT and AChE was obtained from Elab Sciences (India).

2.2. Experimental Animals

Female Wistar rats were procured from the National
Institute of Nutrition, Hyderabad, Andhra Pradesh, India.
Females with controlled fertility cycles, were mated over-
night, and the morning when spermatozoa were found
was designated as the first day of gestation. The experi-
mental protocol was permitted by Institutional Animal
Ethics Committee (IAEC) and care of the animals was
done according to the guidelines of CPCSEA (Protocol
No: I/TAEC/AGI/019/2018 WR o). Animals were kept up
on standard laboratory pellet diet with water ad libitum.
They were maintained in polypropylene cages and held
under standard conditions of 12hr light/dark cycle,
23-25°C temperature and 35-60% humidity.

2.3. Experimental Design

The dose for curcumin, acetyl-l-carnitine and resvera-
trol was selected based on previous studies.’* During
pregnancy, on embryonic day (ED) 12, VPA was adminis-
tered at a dosage of 400 mg/kg, i.p.2* The well-being and
weight of pregnant rats were examined recurrently up
to delivery. The day on which pups were delivered was
recorded as postnatal day (PND) 0. On the 8" postnatal
day, male pups were divided into 8 groups, each group
with eight pups (n=8) namely,

Group I Vehicle treated group (Inulin 3mg, p.o daily)

Group Il  Autistic Group (VPA 400 mg/kg, i.p)

Group Il Treatment with Probiotic Complex (NLT
1Billion CFU/m], p.o)

Group IV Treatment with Curcumin (100 mg/kg, p.o)

Group V Treatment with Acetyl-I-carnitine (200 mg/
kg, p.o)

Group VI  Treatment with Resveratrol (20 mg/kg, p.o)

Group VII  Treatment with Probiotic Complex + Cur-
cumin (50 mg/kg, p.o)

Group VIII Treatment with Probiotic Complex + Acetyl-
l-carnitine (100 mg/kg, p.o)

Group IX  Treatment with Probiotic Complex + Res-

veratrol (10 mg/kg, p.o)

Probiotic complex was prepared with mixing of equal
proportions of Lactobacillus acidophilus, Lactobacillus rham-
nosus, Bifidobacteria longum, Bifidobacteria bifidum, S. ther-
mophiles and Saccharomyces boulardii strains to the Inulin
vehicle. The treatment duration for this study was 08-50
PND days with daily supplementation of probiotic strains
not less than (NLT) 1 Billion colony forming units (CFU)/
mL, p.o with the guidelines of administration and storage
details provided by Unique Biotech Ltd. Further cur-
cumin, acetyl-l-carnitine and resveratrol were mixed with
Inulin vehicle and administer via oral route. Animals
were exposed to various behavioral testing such as eye-
opening, T-maze test, negative geotaxis, morris water
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maze test and social interaction studies. These behavioral
tests were performed on different postnatal days up to
PND 50 with the directions of standard protocol.

2.4. Behavioral Studies
2.4.1. Eye Opening

Eye-opening was observed consistently every day after
birth from PND 12-16. Eye openings were recorded and
ranked 0 when both eyes closed; 1 when only one eye
opens and other closed and 2 for both eyes opened.”

2.4.2. T-maze Test

To assess repetitive and restricted behavior, T-maze is
used. It is a spontaneous alteration test, which was per-
formed on PND 29-31. Five trials were executed for each
animal. For each trial, the primary choice of the rodent
in the free decision arms was surveyed i.e, whether or
not the rat at first entered the left or right arms. The limi-
tation examined was the degree of alterations between
the left and a right arm, which was continual, assessed
compared to the arm visited in the past meeting. This
model relies upon the characteristic proclivity of rodents
to switch to and fro between the visited target arms in
each trail over a movement of progressive trails. In this
manner, a more elevated level of change between the
arms was measured as typical rat behavior, while fewer
alterations demonstrated psychological rigidity and
repeated behavior. These data have been scored as; 0 for
no alterations (consistently visiting similar arm for each
of the five sessions), 1 for one alteration, 2 for two altera-
tions, 3 for three alterations, and 4 for four alterations.?

2.4.3. Negative Geotaxis

Negative geotaxis was performed in an environment
under regulated temperature by setting the mouse face
down along a 45° slope. Inactivity to rotate 180° to such
an extent that the head was mounted along the slope was
noted with a limit of 30 seconds for each trial.?

2.4.4. Morris Water Maze Test

Morris water maze apparatus was used to evaluate the
memory and this test was performed on PNDs 48-50.
The aquarium was made up of 4 quadrants demonstrated
by various hues for visual clues, it was loaded up with
normal water and covered with milk, and a removable
hidden stage was put at one quadrant. Each animal was
placed and the escape latency period was recorded and
repeated the same for next day PND 49. On PND 50, the
platform was evacuated and an escape latency period was
observed.?

2.4.5. Social Interaction Test

Social interaction test was conducted on PND 36-40.
Before the experiment, the animals were isolated and

housed separately overnight. Two animals from the iden-
tical group, but diverse litters were placed into a circular
cage provided by ambient light and temperature for 20
minutes. Frequency of the parameters such as allogroom-
ing, anogenital inspections, pinning’s, play behavior and
social exploration was assessed.?®

2.5. Biochemical Parameters

Rat brains were isolated and cleaned with ice-cold phos-
phate buffer (0.1M; pH: 74) to clear blood from brain. The
brain was homogenized with phosphate buffer saline
solution. The obtained supernatant was utilized for
biochemical estimations of interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a), 5- hydroxytryptamine
(5-HT), brain derived neurotrophic factor (BDNF) and
acetylcholinesterase (AChE).

2.5.1. Estimation of IL-6, TNF- a, BDNF and
5-HT levels

The estimation of IL-6, TNF-a, BDNF and 5-HT were
performed according to the instructions of ELISA kits
procured from Rhetoric Life Sciences Pvt. Ltd., Banga-
lore, India.

2.5.2. Estimation of Acetylcholinesterase (AChE)
Activity

The AChE concentration in the sample was estimated
in brain tissue by the response of thiocholine with
dithiobisnitrobenzoate ions. The pace of development
of thiocholine from acetylcholine iodide was estimated

utilizing a spectrophotometer at 412 nm.?

2.6. Histopathology

The isolated brains were placed in 10% neutral formalin
solution, processed and embedded in paraffin. Sagittal
sections of the cerebellum (5 pm thick) were stained
with haematoxylin and eosin (H&E) and analyzed using
a light microscope for changes in the cerebellum.*

2.7. Statistical Analysis

All data are presented as Mean +S.E.M. The significance
of difference among the groups was assessed using a
one-way analysis of variance (ANOVA) followed by
Kolmogorov-Smirnov test, Bonferroni’s Multiple Com-
parison Test using GraphPad Prism 5 software and P<0.05
was considered significant.

3. RESULTS

3.1. Behavioral Parameters

3.1.1. Effect of Probiotic Supplementation on
Opening of Eye

A significant (P<0.001) delayed opening of the eye was
observed in the autistic group on 12-16 PND when

International Journal of Applied Pharmaceutical Sciences and Research Vol 6 Issue 3 July-September, 2021

)
Page | 35



Katta Sunand et al.: Probiotic complex with phytopharmaceuticals in valproic acid induced autism

www.sierrajournals.com

compared with the vehicle group. Treatment with poly-
phenols alone, probiotic complex and combination of
polyphenols with probiotic complex has shown a sig-
nificant (P<0.001) improvement in opening of eye when
compared with the autistic group. Among the polyphe-
nols, a good score was observed in animals treated with
resveratrol alone and among the combination, probiotic
complex with resveratrol has shown highly significant
improvement (Fig. 1).

3.1.2. Effect of Probiotic Supplementation on
T-Maze Test

There was a significantly (P<0.001) decreased alteration
score observed in the autistic group by the T-maze test
on 29-31 PND, when compared with the vehicle group.
Treatment with polyphenols alone, probiotic complex
and combination of polyphenols with probiotic complex
has shown a significant (P<0.001) improved alteration
score, when compared with autistic group. Among the
polyphenols, an enhanced score was performed by the
animals treated with resveratrol alone and among the
combination, probiotic complex with resveratrol has
shown highly significant score (Fig. 2).

3.1.3. Effect of Probiotic Supplementation on
Negative Geotaxis

There was a significant (P<0.001) increase in time taken
to re-orient along the inclined plane in the autistic
group was reported on 9-21 PND, when compared to
vehicle group. Treatment with polyphenols alone, pro-
biotic complex and combination of polyphenols with
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probiotic complex has significantly (P<0.001) decreased
the time taken to re-orient, when compared with the
autistic group. Among the polyphenols, a minimum re-
orient activity was observed in the animals treated with
curcumin alone and among the combination; probiotic
complex with curcumin has shown highly significant
re-orient activity (Table 1).

3.1.4. Effect of Probiotic Supplementation on
Morris Water Maze

Morris water maze test is used to evaluate the mental
capability in subjects. There was significantly (P<0.001)
poor perception was observed in the autistic group as
the latency to identify the hidden platform was delayed
on 48-50 PND, when compared with the vehicle group.
Treatment with polyphenols alone, probiotic complex
and combination of polyphenols with probiotic complex
has significantly (P<0.001) increased the latency to iden-
tify the hidden platform when compared to the autistic
subjects. Among the polyphenols, a minimum latency
for identification was observed in the animals treated
with acetyl-L-carnitine alone and among the combina-
tion, probiotic complex with acetyl-I-carnitine has shown
highly significant result (Table 2).

3.1.5. Effect of Probiotic Supplementation on
Social Interaction

Social interaction test was employed to assess the differ-
ent patterns of behavior and communication. In the autis-
tic group, there was a significantly (P<0.001) decreased
level of social interaction observed when compared to the
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Fig. 1: Effect of probiotic complex with polyphenols combination on eye openings A) PND 12. (B) PND 14. (C) PND 16 were

evaluated as behavioural symptoms. Data expressed as mean *

wkk

SEM, n=6 for each group. ##P<0.001 compared to the vehicle.

P<0.001 compared with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).
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Fig. 2: Effect of probiotic complex with polyphenols combination on T-maze (A) PND 22. (B) PND 24. (C) PND 26 were evaluated
as behavioral symptoms. Data expressed as mean + SEM, n=6 for each group. ##P<0.001 compared to the vehicle. " "P<0.001
compared with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).

Table 1: Effect of probiotic complex with polyphenols combination on negative geotaxis

Negative Geotaxis

PND 15
2.20+0.37

13.80 + 0.37%#
5.60 % 0.24**

PND 17
1.80 +0.37

13.40 + 0.50%##
4.80 + 0.37***

PND 19
2.20+0.58

14.80 + 0.58"#
4.40 + 0.50***

PND 21
2.60 £ 0.60

15.60 + 0.67#
2.80 + 0.37**

Groups

Group | (Inulin)
Group Il (Autistic group)
Group Il (Probiotic complex)

Group IV (Curcumin) 9.80 £ 0.58*** 7.00 £ 0.31*** 5.20 £ 0.37*** 3.40 £ 0.24**

Group V (Acetyl-L-carnitine) 11.60 + 0.50* 8.20 £ 0.58*** 6.40 £ 0.50*** 4.00 = 0.44**

Group VI (Resveratrol) 11.40 £ 0.40* 8.60 £ 0.50*** 6.00 £ 0.31*** 3.80 £ 0.37***

Group VII (PC + Curcumin)
Group VIII (PC + Acetyl L carnitine)

5.40 £ 0.40*** 4.40 = 0.40** 3.00 £ 0.31*** 2.20 £ 0.37**

5.60 £ 0.40*** 4.60 = 0.24** 4.80 = 0.20*** 2.60 £ 0.24***

Group IX (PC + Resveratrol) 5.80 £ 0.37*** 4.40 = 0.24* 4.20 £ 0.20*** 2.40 £ 0.24*

Data expressed as mean + SEM, n = 6 for each group. ##P <0.001 compared to the vehicle. ‘P <0.05, "P <0.01, ~"P<0.001
compared with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).

Table 2: Effect of probiotic complex with polyphenols combination on memory test (Morris Water Maze)

Morris Water Maze Test

Groups PND 48 PND 49 PND 50
Group | (Inulin) 53.67 £3.33 39.67 £1.92 15.80 = 1.15
Group Il (Autistic group) 134.2 + 6.63"# 147 .4 + 9.82%# 111.8 + 7.81%#

Group Il (Probiotic complex)

Group IV (Curcumin)

Group V (Acetyl-L-carnitine)

Group VI (Resveratrol)

Group VII (PC + Curcumin)

Group VIII (PC + Acetyl-L-carnitine)

58.80 + 3.33***
64.00 + 1.89***
60.60 + 1.965***
61.00 + 1.897***
60.60 + 1.69***
57.40 + 1.22***
59.00 + 1.87***

28.50 + 3.35"**
26.17 + 1.85"*
25.67 +0.76***
2517 + 1.24**
24.50 + 1.94**

22.33 +2.108***

23.00 * 1.82***

12.66 £ 1.43***
11.33 £ 0.84***
11.17 £ 0.90***
12.83 £ 1.07***
9.167 + 0.87***
9.00 + 0.89"*

9.33 £ 0.71**

Group IX (PC + Resveratrol)

Data expressed as mean + SEM, n=6 for each group. ##P<0.001 compared to the vehicle. *P<0.05, **P<0.01, ***P<0.001 compared
with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’'s Multiple Comparison Test).
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vehicle group on 36-40 PND. Treatment with polyphenols
alone, probiotic complex and combination of polyphenols
with probiotic complex has significantly (P<0.001) shown
improvement in all social interaction activities when
compared with the autistic group. Among the polyphe-
nols, a minimum latency for identification was observed
in the animals treated with curcumin alone and among
the combination, probiotic complex with curcumin has
shown significantly increased social activity (Table 3).

3.2. Biochemical Parameters

3.2.1. Estimation of IL-6 and TNF- a

Prenatal induction of autism resulted in significant
(P<0.001) increase in IL-6 and TNF-a levels when com-
pared with the control group. Treatment with poly-
phenols alone, probiotic complex and combination of
polyphenols with probiotic complex has significantly
(P<0.001) attenuated the increased IL-6 and TNF-a levels
when compared with the autistic group. Among the
polyphenols, animals treated with curcumin alone have
shown a much-decreased level and among the combi-

nation, probiotic complex with curcumin has shown
significantly decreased levels (Table 4).

3.2.2. Estimation of BDNF

Significantly (P<0.001) elevated levels of BDNF levels
were seen in autistic group when compared with the
vehicle group. Treatment with polyphenols alone, pro-
biotic complex and combination of polyphenols with
probiotic complex has significantly (P<0.001) ameliorated
the BDNF levels when compared with the autistic group.
Among the polyphenols, animals treated with resveratrol
alone have shown effective decreased level and among
the combination, probiotic complex with curcumin has
shown significantly decreased levels (Table 5).

3.2.3. Estimation of 5-HT

Autistic rats have shown significant (P<0.001) hyperser-
tonomia when compared with the vehicle group. Treat-
ment with polyphenols alone, probiotic complex and
combination of polyphenols with probiotic complex has
significantly (P<0.001) decreased serotonin levels when

Table 3: Effect of probiotic complex with polyphenols combination on social interaction

Social Interaction

Anogenital
Groups Allogrooming inspection Pinnings Play behavior Social exploration
Group | (Inulin) 13.17 £ 0.65 29.17 £1.30 22.83 +1.62 9.83 + 0.60 22.00 £ 0.57
Group Il (Autistic group) 3.00 + 0.51### 8.00 £ 1.065### 7.83 +1.19### 1.33 £ 0.33###  6.83 £ 0.74###
Group Il (Probiotic complex) 13.33 £ 0.55*** 25.67 £0.76 2250+ 0.76™* 11.67 £ 0.42**  23.33 + 0.66**

Group IV (Curcumin)

Group V (Acetyl-L-carnitine)\
Group VI (Resveratrol)
Group VII (PC + Curcumin)

9.83 £ 0.30"**
9.66 £ 0.33***
10.33 £ 0.71**
12.33 £ 0.33***

25.00 + 0.36***
26.67 + 0.49**
25.67 £ 0.42**

2717 £ 0.47***
28.83 £ 0.60***

23.00 £ 0.57***
22.00 + 1.09***
2317 £0.79*
25.17 £ 0.60***
26.50 £ 1.02***

9.167 + 0.30***
9.667 + 0.55***
11.83 £ 0.47***
12.67 £ 0.49**
13.17 £ 0.47***

22.83 +0.79**
25.00 + 0.44**
2417 £+ 047
24.83 £ 0.47*
27.83 £ 0.60***

Group VIII (PC + Acetyl-L-carnitine)  12.17 £ 0.40***
Group IX (PC + Resveratrol) 11.17 £ 0.47**

28.17 £ 0.60***

26.33 £ 0.42"* 14.83+0.65"* 25.50 + 0.42***

Data expressed as mean + SEM, n=6 for each group. ##P<0.001 compared to the vehicle. 'P<0.05, “P<0.01, ""P<0.001 compared
with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).

Table 4: Effect of probiotic complex with polyphenols combination on proinflammatory cytokines levels

Proinflammatory Cytokines

Groups

IL-6 (pg/mi)

TNF- a (pg/mi)

Group | (Inulin)

Group Il (Autistic group)
Group Il (Probiotic complex)
Group IV (Curcumin)

Group V (Acetyl-L-carnitine)
Group VI (Resveratrol)
Group VII (PC + Curcumin)

26.78 +1.14
47.58 + 1.07%#
27.35 + 1.28***
28.52 + 0.17**
34.95 + 0.69***
30.74 + 0.36***
27.10 + 0.36***
30.90 + 0.83***

90.80 + 2.68
134.61 + 1.85%#
100.1 + 1.56***

108.1 + 1.712***
113.8 + 2.311***
112.6 + 1.808***
97.87 + 20.81***
107.2 + 1.15***

Group VIII (PC + Acetyl-L-carnitine)
Group IX (PC + Resveratrol)

27.96 + 0.42**

104.6 £ 0.99***

Data expressed as mean + SEM, n=6 for each group. ##P<0.001 compared to the vehicle. ‘P<0.05, “P<0.01, “"P<0.001 compared
with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).\
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compared with the autistic group. Among the polyphe-
nols, animals treated with resveratrol alone have shown
effective decreased level and among the combination,
probiotic complex with resveratrol has shown signifi-
cantly decreased levels (Table 5).

3.2.4. Effect of Probiotic Strains on AChE Levels

In the autistic group, significant (P<0.001) increased ace-
tylcholinesterase activity was seen when compared with

the control group. Treatment with polyphenols alone,
probiotic complex and combination of polyphenols with
probiotic complex has significantly (P<0.001) attenuated
the increased enzyme activity when compared with
the autistic group. Among the polyphenols, animals
treated with acetyl-l-carnitine alone have shown effective
decreased level and among the combination, probiotic
complex with acetyl-l-carnitine has shown significantly
decreased levels (Table 5).

Table 5: Effect of probiotic complex with polyphenols combination on BDNF, 5-HT, AChE

BDNF, 5-HT, AChE

Groups BDNF (pg/ml) 5-HT (ng/ml) AchE (uM/min/mg tissue)
Group | (Inulin 3mg, p.o daily) 4512 +£1.05 498 +0.27 1.58+0.15
Group Il (Autistic group) 59.74 + 1.07%# 26.84 + 1.31%# 6.40 + 0.36"#

Group Il (Probiotic complex)
Group IV (Curcumin)

Group V (Acetyl-L-carnitine)
Group VI (Resveratrol)
Group VII (PC + Curcumin)

Group VIII (PC + Acetyl-L-carnitine)

Group IX (PC + Resveratrol)

45.57 + 1.06***
47 47 £0.27*
48.28 £ 0.63***
46.83 £ 0.31***
45.26 + 0.55***
46.14 £ 0.50***
45.96 + 0.58***

8.39 + 1.74*
9.56 + 0.20***
10.22 £ 0.28***
9.00 £ 0.24***
7.84 £0.28"**
9.02 + 0.38***
6.24 + 0.35"**

1.64 £0.12**
1.66 + 0.05***
1.63 £ 0.01**
1.69 £ 0.014***
1.60 £ 0.05**
1.54 £ 0.02***
1.63 £0.03***

Data expressed as mean + SEM, n=6 for each group. ##P<0.001 compared to the vehicle. 'P<0.05, “P<0.01, ""P<0.001 compared
with Autistic group. (Kolmogorov—Smirnov test, Bonferroni’s Multiple Comparison Test).
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Figure 31

Fig. 3: Effect of Probiotic complex with polyphenols combination on histopathology of cerebellum.
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4. HISTOPATHOLOGY

Histopathology of brain areas has revealed normal
molecular layer and cerebellum areas in vehicle-treated
animals whereas damaged neurons due to apoptosis
were observed in animals treated with valproic acid.
The animals treated with polyphenols alone, probiotic
complex and polyphenols with probiotic complex have
shown a normal molecular level of cerebellum with mild
degeneration and recovering stages of neurons.Figure
3(A) Vehicle treated group, 3(B) Autistic group, 3(C)
Probiotic complex, 3(D) Curcumin, 3(E) Acetyl-I-
carnitine, 3(F) Resveratrol, 3(G) PC + Curcumin,
3(H) PC + Acetyl-I-carnitine, 3(I) PC + Resveratrol;
Black arrow: Normal molecular layer of cerebellum;
Red arrow: Capillary neurons appeared normal; Blue
arrow: Normal granular layer of cerebellum; Green
arrow: Apoptosis of many neurons; Yellow arrow:
Damaged neurons.

5. DISCUSSION

The adjustment of the microbiota-gut-brain alignment
with a perspective on forestalling and treating ASD has
emerged as a center of research for the present scientific
community. The mutual correlation between autism and
changes in the microbiota has been affirmed by numerous
animal and human studies.®' Literature has suggested the
use of probiotics and phytopharmaceuticals (polyphenols
and acetyl-l-carnitine) which have crucial roles in improv-
ing the behavioral conditions of ASDs. **

The present research study utilized the pre-natal
model of autism in which rats exhibited impaired behav-
ior associated with autistic people.*® The current investi-
gation evaluated the probiotic complex and polyphenols
alone and combination for improving the conditions
of autism and alteration of gut bacteria. Outright risk
and the hazard ratio (HR) of autism spectrum disorder
and childhood autism in children after introduction
of valproate in pregnancy have previously been dem-
onstrated.* Various behavioral parameters have been
assessed to measure the social and cognitive variations
with polyphenols and probiotic complex (L. acidophilus,
L. rhamnosus, B. longum, B. bifidum, S. thermophiles and S.
boulardir).

In this model autistic rats have generally exerted gut
problems such as lack of interest in eating food, irregu-
lar bowel movements, weight loss, fatigue, alopecia and
sometimes hyperactive behavior. All these gut-related
problems were recovered well in probiotic complex
treatment.

The opening of eye was observed to be postponed in
animals subjected to valproic acid alone on 12-16 PND

as also observed by Gottfried et al,, 2013 in his studies
to develop demonstrative animal model for autism by
exposing animals to valproic acid.!” Conversely, usual
eye-opening was seen in treatment groups. Comparative
outcomes were obtained from the studies conducted on
autism with curcumin by Bhandari & Kuhad, 2015; acetyl-
L-carnitine by Geethakrishnan et al., 2019 and resveratrol
Tekula et al., 2018. In the present study, combination of
probiotic complex and resveratrol has shown highly
significant improvement.

In the T-maze test, the absence of impulsive varia-
tions was observed in the autistic group. In the treatment
groups, the variation scores were restored to normal
with an enhanced activity seen in animals treated with
probiotic complex with resveratrol combination.

Negative geotaxis is used to evaluate vestibular
function and motor performance of cerebellar devel-
opment and function.”” Increase in the time taken to
reorient on the slanted plane was found in the autistic
group. Reorientation time was restored in treatment
groups from 15 PND onwards. The results were in
accordance with the studies performed by Tekula et al.,
2018 and Geethakrishnan et al., 2019. Probiotic complex
with curcumin combination has shown highly significant
score.

Morris’s water maze was utilized to assess the psy-
chological and cognitive function of an individual.*”” In
autistic group, delayed latency for identification of hidden
platform was seen. Among all treatment groups, probiotic
complex with acetyl-l-carnitine has shown improved
steering ability and memory performance might be
because of the cognition-enhancing effects.

One of the defects in autistic subjects is a discrepancy
in social interaction owing to the inability to recognize
and communicate signals in the brain.*® Among all
groups combination of probiotic complex with curcumin
has improved social behavior which is attributed to its
gut-brain communication. Results here obtained are in
confined with Bhandari & Kuhad, 2015; acetyl-L-carnitine
by Geethakrishnan et al., 2019; resveratrol Tekula et al.,
2018 and Schiavi et al., 2019.

The biochemical studies have revealed elevated levels
of IL-6, TNF-a, BDNF, 5-HT and AChE levels in autistic
subjects. IL-6 activates cellular responses to inflamma-
tion, neuronal growth & persistence, myelination and
demyelination.”” In the present study, higher concentra-
tions of IL-6 and TNF-a in the cerebellum was seen in
autistic rats. In the treatment groups there is significant
decrease in the proinflammatory cytokines by their
immune supportive mechanisms. Specifically treatment
probiotic complex with curcumin combination has given
superiority in recovery of elevated proinflammatory
cytokines.
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BDNF is a neurotrophic factor (NF) that helps in the
growth and endurance of neurons.*! Increase in BDNF
levels in autistic subjects was observed. In the treatment
group’s good correction of BDNF levels was seen after
ELISA estimation. In comparison other groups, probiotic
complex with curcumin has given significant results.

During CNS development, 5-HT plays important role
in the regulation of neuronal differentiation and migra-
tion, myelination and synapse formation.*? Increased
serum 5-HT levels were seen in the autistic group
resulting in behavioral abnormality. Treatment with
polyphenols alone, probiotic complex and in combination
have decreased 5-HT levels, among all groups probiotic
complex with resveratrol combination has good recovery
in elevated 5-HT.

In the CNS, acetylcholine is concerned with the learn-
ing and memory process, including attention, cognitive
function, social interactions and stereotypical behav-
iors.*® VPA exposure reduces the concentration of ace-
tylcholine in autistic animals. Among all study groups,
significant results have been with probiotic complex with
acetyl-l-carnitine in decreasing AChE levels.

Histopathology of the cerebellum revealed neuronal
degeneration and apoptosis in the autistic group as indi-
cated by the VPA triggered oxidative stress and degenera-
tion. Through this study it is understood that rather than
alone treatment, combination treatments are significantly
amended the VPA induced degeneration of neurons and
apoptosis in cerebellum. Although treatment significant
PC+ Curcumin, PC+Reseveratrol are superior in protect-
ing the VPA degeneration in neurons, might be due to
their hierarchy in therapeutic efficacy.

6. CONCLUSION

With our study;, it is emphasized that probiotic complex
with polyphenols (curcumin and resveratrol) and acetyl-
I-carnitine combination is synergetic, their combina-
tion augmented the modulation of the dysbiotic gut,
supported the gut-brain-axis. With the right duration
of treatment, it is observed that maximum recovery of
autistic symptoms has been seen. These functional foods
(probiotics and phytochemicals) can be able to deliver
more targeted benefits in multi etiological conditions.
Both the combination of probiotic complex with poly-
phenols are advisable, mutually they benefit each other
and establishes symbiotic relation with gut, making
healthier gut and amends the autism and its associated
dysbiotic conditions. The advice of this combination is a
novel approachable therapy for the safer and secure treat-
ment in autism. This combination has given diversified
benefits; recovery of autistic conditions is maximum as
previously explained.
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