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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITUIO HEOOXOMUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps 1omkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUISIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas dyepe3 MoJITopa HHTepBaJjia Ha OHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonbs3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKCTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOIDKEH
651TH IprTO’keH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHee IECSATH 1 He OoJiee 1BaALATH CTPAHUI] MALTHOIINCH,
BKJIIOYAsl yKa3areJib JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3UHCKOM SI3BIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTyalbHOCTh JAHHOTO MaTepHalla, METO/IBI U PE3YIIbTaThI
WCCIIeIOBaHUS U X 00CyKACHHE.

[Ipu npencTaBiIeHNHN B IleYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIMICHHUS (B XOJI€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH NIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BKJIIOYAIOLIEE CIEeLYIOLINE pa3aesbl: Lielb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBbIX cioB (key words).

5. Tabnunpl HEOOXOIUMO NPENCTABIATE B IedaTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0/KHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbu. Tabiuibl U rpad)uKu TOTKHBI OBITH 03aryIaBIICHBI.

6. doTtorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIMHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paeHuH. PUCyHKH, yepTeXu U IuarpaMmbl ClIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsx k MukpogotorpagusaM CieayeT yKa3blBaTh CTEICHb yBEIMUCHHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB IIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennn u HarpaBneHun crared B xypHanm MHI nmpocum aBTOpOB cobmronars
NpaBUIIa, U3JIO0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PyKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHaJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHorpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKM B TeKcTe. CIHCOK COCTaBISETCS B
andaBuTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyphl CHavYajia IPUBOIATCS PabOThI, HAIMCAHHBIE 3HAKaMU TPY3WHCKOTO anaBuTa, 3aTeM
Kupwuien u naruauneid. CChUIKM Ha MUTHUPYEMble PabOThl B TEKCTE CTAaThbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOM pabOoThI B CIIMCKE TUTEPATypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a MOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YYPEKJICHUS BU3Y U COINPOBONUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIe Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHbIe koopAuHaTel. KomuuecTBo aBTOpPOB (COABTOPOB) HE NOJDKHO MPEBBIIIATH IISATH YEJIOBEK.

11. Penakuus ocraBisieT 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. KoppekTypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HalpaBiieHHE B peldaklMIoO padoT, MpeACTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNICHUH YKa3aHHbIX IIPaBUJI CTATbU HE PAaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Autism spectrum disorder (ASD) is associated
with increased levels of oxidative stress and decreased
antioxidant capacity. The present study aimed to investigate
the effects of different types of herbal antioxidant supplement
Folium (F) - F. Relax, F. P53, F. pX, and F. Immuno (BAO
Health Resources Corporation, USA) on reducing the severity
of oxidative stress in a rat model of ASD induced by prenatal
administration of valproic acid (VPA).

Methods: The study was conducted on male outbred white
rats. Rats in the VPA treated groups (group - VPA), at 2 months of
age, received intraperitoneally (17 mg/kg, for 21 days) dif-
ferent types of Folium. At the end of treatment, measurements were
taken in both the control and experimental behaviorally charac-
terized groups, including systemic blood pressure, heart rate, as
well as oxidative (d-ROM) and antioxidant (PAT) statuses.
Statistical analysis was performed using SigmaStat statistical
software. Data for all parameters were analyzed statistically
by one- or two-way ANOVA followed by post hoc comparisons.
Student's t-test was used to compare the mean values of two
independent groups.

Results: The results of behavioral studies showed that prenatal
VPA treatment reduced social exploration, impaired social
novelty preference, decreased anxiety, and increased locomotor
activity. High blood pressure [systolic (SBP) and diastolic
(DBP)] was observed in rats of the VPA group, along with an
increased heart rate. VPA rats also showed elevated levels of free
radicals (d-ROMs) and a higher oxidative stress index (OSI),
indicating the presence of oxidative stress. Notably, treatment
with different types of Folium revealed that: (i) administration of
all these supplements restored blood pressure (systolic SBP and
diastolic DBP) to the normal range; regarding heart rate, only
F. Immuno did not produce a decrease; (ii) d-ROMs levels and the
OSI in the VPA group were not significantly different from those
in the VPA + F. pX group.

Conclusion: Taken together, we provide evidence that prena-
tal administration of VPA to rats can induce ASD-like behavioral
patterns accompanied by increased oxidative stress, as reflected
by elevated levels of free radicals (d-ROMs) and a higher oxi-
dative stress index (OSI). Based on the data obtained, it can be
assumed that three of the four antioxidant supplements tested - F.
Relax, F. P53, and F. Immuno, which showed positive effects on
oxidative stress markers, may be suitable for use in individuals
with ASD to alleviate oxidative stress and regulate blood pres-
sure. However, to draw definitive conclusions, further research in
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collaboration with scientific research institutions and medical
schools is required.
Key words. Folium, ASD, ROS, Oxidative stress, VPA. Intro-

duction.

A large number of autism spectrum disorders (ASD)
are the result of the interaction of genetic, epigenetic, and
environmental factors [1,2]. Clinical studies indicate that autism
is approximately four times more common in males than in
females, although the exact reasons for this sex difference remain
unknown. There is a concept - "autistic brain", under which
numerous brain structures involved in the pathogenesis of autism
are considered [3]. At the same time, the view that autism is not
limited to the involvement of certain, even numerous structures,
but involves the whole body, is increasingly established. In
particular, there are pronounced systemic changes in the body's
immune and metabolic functions [4,5]. Autism can appear at
any age, but in most cases, symptoms appear in the early stages
of postnatal development - within the first three years of life.
That is why it is considered a developmental disorder. Late
detection of autism is associated with regression of normal
brain development [6,7]. Individuals with autism primarily
exhibit difficulties in communicating and building relationships
with other individuals. They are also characterized by restricted
interests, repetitive behavior, sensory disturbances, disturbances
of the emotional sphere, gastrointestinal symptoms, seizures,
and a range of other issues that prevent the normal integration
of autistic individuals into society [8]. Because of this diversity,
these conditions are not regarded as a single specific disease but
are instead grouped under the term ASD.

Take in consideration that autism is a polyetiological disorder,
and only experimental animal models allow us to fully study
and gain new insights into its pathogenesis. One of the most
widely used models of ASD is the experimental rodent model
of fetal valproate syndrome (FVS), which involves prenatal
administration of valproic acid (VPA) [9]. The offspring of
such rats’ exhibit behaviors that share key features with the
main symptoms of autism, including deficits in social behavior,
communication disorders, stereotypies, and anxiety [10,11].
This model is recognized by scientists and clinicians worldwide
and is considered one of the most appropriate models of ASD to
date [12]. VPA has also been adopted in the present study for the
construction of an ASD rat model.

It is noteworthy that a key feature of many, if not all,
neurological disorders is the generation of reactive oxygen
species (ROS). Oxygen radicals have been shown to play a



fundamental role in the pathogenesis, progression, and severity
of Alzheimer’s, Parkinson’s, autism, and Huntington’s diseases
[13-16]. An imbalance between the production of reactive
oxygen/nitrogen species (ROS/RNS) and the body's ability to
neutralize their harmful effects through antioxidant systems
causes oxidative stress.

Oxidative stress results from the excessive production of
free radicals when the cell's antioxidant defenses are unable
to counterbalance this overproduction. Throughout evolution,
organisms have developed protective systems that operate
at various levels and through different mechanisms. These
defenses can be classified as endogenous and include enzymes,
antioxidants, and molecular mechanisms capable of repairing
cellular damage. When vitamins and other antioxidants are
obtained through food, they are classified as exogenous. It
is known that individuals with ASD have lower levels of
endogenous antioxidant molecules compared to healthy controls.
For these reasons, the intake of exogenous antioxidants may
help strengthen the body's defense system against endogenous
reactive oxygen species (ROS). Exogenous antioxidants
obtained through diet are also key factors in preventing or at
least reducing oxidative stress in humans. These compounds
may help protect cellular macromolecules from damage [17].
There is growing scientific consensus on the potential role of
dietary agents, particularly antioxidant-rich foods, in reducing
symptom severity and improving behavioral disorders in children
with autism [18]. Exogenous antioxidants include ascorbic acid
(vitamin C), which scavenges hydroxyl and superoxide radicals;
tocopherols and tocotrienols (vitamin E), which help limit lipid
peroxidation in cell membranes; and phenolic antioxidants
such as stilbene derivatives (e.g., resveratrol), phenolic acids,
flavonoids, as well as trace elements like selenium and zinc,
among others [19].

Among all vitamins, vitamin C (VC) is considered one of the
most extensively studied and potent antioxidants. It is found
in various plant cell types, organelles, and the apoplast, as a
major hydrophilic compound involved in reactive oxygen
species (ROS) detoxification. Due to its structure, VC can
effectively scavenge superoxide and hydroxyl radicals and
reduce H20: in water through the ascorbate peroxidase reaction.
Additionally, VC regenerates vitamin E (VE) from its radical
form (tocopherol, TOH), thereby contributing to membrane
protection [20]. Several recent studies have reported lower
blood levels of VC in children with ASD compared to healthy
controls [21,22]. It is the most important antioxidant in the lipid
phase. VE is classified as a chain-breaking antioxidant because
it can directly scavenge oxidative radicals, thus preventing lipid
peroxidation caused by PUFA oxidation. Consistent with these
findings, reduced blood levels of VE have also been reported
in children with autism and are associated with ASD-like
behaviors in these individuals [23].

To date, only a limited number of studies have investigated
the potential benefits of dietary polyphenols in patients with
ASD, some of which have aimed to alleviate ASD symptoms.
Resveratrol, for example, has been shown to inhibit mitochondrial
ROS generation in stimulated hippocampal astrocytes [24,25]. It
is important to note that not all polyphenols can cross the blood—

brain barrier and, for this reason, may have low bioavailability
in the brain despite being efficiently absorbed from the intestinal
lumen. However, they can still influence the composition of the
gut microbiota, which plays a critical role in ASD and is often
disrupted in individuals with the disorder, reflecting alterations
in the microbiota—gut—brain axis [26]. Overall, current evidence
suggests that polyphenols may be a class of natural compounds
with potential benefits for alleviating ASD symptoms [27].

As previously mentioned, exogenous antioxidants include
ascorbic acid (vitamin C), which scavenges hydroxyl and
superoxide radicals; tocopherols and tocotrienols (vitamin
E), which help limit lipid peroxidation in cell membranes;
and phenolic antioxidants such as stilbene derivatives (e.g.,
resveratrol), phenolic acids, flavonoids, as well as trace elements
like selenium, zinc, and others [19].

Present study aimed to investigate the effects of different types
of the herbal antioxidant supplement Folium (Folium Relax,
Folium P53, Folium pX, and Folium Immuno) on reducing the
severity of oxidative stress in behaviorally characterized rat
model of ASD. Folium is a plant-based nutraceutical product
distributed by BAO Health Resources (Los Angeles, California,
USA). It possesses powerful antioxidant properties. It should
be note that while there is currently no cure for autism, such
research is important to identify specific treatments and services
that reduce symptoms and improve people's ability to function.
We hypothesize that administration of different types of the
Folium in an animal model of autism will restore oxidative
stress markers to normal levels.

Folium possesses powerful antioxidant properties. Its
spectrum of action is not attributed to a single ingredient; rather,
its therapeutic effect results from the synergistic interaction of
multiple components. It contains a natural blend of potent exog-
enous super antioxidants, primarily derived from its two main
ingredients: pine bark extract and grape seed extract. These
ingredients are common to all four types of Folium and are com-
bined using a precise, high-tech process. In addition to the main
ingredients, each type of Folium contains additional ingredients
that differ from one another. A brief overview of the composition
of this compound is provided below.

Folium Immuno: Extracts of Pine Parts (needles, bark,
cones) and Grape Seed Extract. Other ingredients: Ginger
Extract, Turmeric Extract, Green Tea Extract, White Pepper
Extract, Mustard Extract, Pomegranate Extract (peel and
seed), Microcrystalline Cellulose, Hypromellose, Magnesium
Stearate, and Silicon Dioxide.

Folium Relax: Extracts of Pine Parts (needles, bark, cones)
and Grape Seed Extract. Other ingredients: Folate, Ginkgo
Biloba, Green Tea, Peony Root, Pomegranate Juice Powder,
Pomegranate Pulp, Rhodiola Rosea, and Valerian Root.

Folium pX: is composed of all-natural fusions of powerful
super-antioxidants derived from its two key ingredients: pine
bark extract and grape seed extract. These are combined through
a precise, high-tech process with other all-natural ingredients
from plants and flowers, resulting in one of the most powerful
and safest cleansing supplements available.

Folium p53: was created by combining the extract powders of
Folium Immuno and Folium Relax.



Materials and Methods.
Animals:

Outbred albino rats were procured from the Laboratory Animal
Division of the Ivane Beritashvili Center of Experimental
Biomedicine. All experimental procedures were conducted in
accordance with the European Communities Council Directive
Guidelines for the care and use of Laboratory animals (2010/63/
EU—FEuropean Commission) and approved by the animal
care and use committee at the Ivane Beritashvili Center of
Experimental Biomedicine. The rats were housed under
standard laboratory conditions, with controlled temperature (22
+ 2°C), relative humidity (25 + 5%), and a 12-hour light-dark
cycle, and provided with ad libitum access to food and water.
Measures were taken to minimize any discomfort to the animals
and to reduce the total number of rats used.

The VPA rat model of autism:

For experimental purposes, male and female rats were
allowed to mate overnight. The morning following mating,
vaginal secretion was collected, and if spermatozoa were
present, it was designated as day 0.5 of pregnancy. On the
12.5" day of gestation, half of the pregnant rats received a
single intraperitoneal injection of 500 mg/kg sodium valproate
(Sigma-Aldrich) dissolved in 0.9% saline, while the other half
(control group) was administered by saline alone. Females were
left undisturbed to rear their offspring until postnatal day 20, at
which point the male pups were weaned.

Experimental groups:

Part of the VPA-treated rats at 2 months of age received
intraperitoneally (17 mg/kg, for 21 days) different types of
Folium - Folium Relax, Folium P53, Folium pX, Folium
Immuno. Subsequently, the 3-month-old male offspring from
both the saline and VPA-exposed dams were randomly assigned to
one of six experimental groups: (1) Contr — Control group with
prenatal saline injection; (2) VPA — Prenatally VPAinjected
group; (3) VPA+F. pX — Prenatally VPA-injected group with
administration of Folium pX; (4) VPA+F. Immuno — Prenatally
VPA-injected group with administration of Folium Immuno; (5)
VPA+F. P53 - Prenatally VPA-injected group with administration
of Folium P53; (6) VPA+F. Relax - Prenatally VPA-injected
group with administration of Folium Relax.

Behavioral study: apparatus and procedures:

Three chamber social interaction test: The three-chamber
social approach task was used to assess the level of sociability.
This task was adapted from Kim et al. [28,29]. The social
approach apparatus consists of a rectangular, three-chambered
box, with each chamber measuring 60 cm (length) x 40 cm
(width) x 40 cm (height). The dividing walls are made of
clear Plexiglas and contain small openings (15 cm wide x 10
cm high) that allow access between the chambers. The center
chamber serves as the starting location. The task consists of
three sessions. In the three-chamber assay, sociability and
social preference were measured. In the first session, the subject
was placed in the middle compartment and habituated for 10
minutes. After habituation, a stranger animal (Stranger 1 - of
the same age and strain, with no prior contact with the subject)

was randomly introduced inside a wire cage in either the left
or right compartment (stranger zone 1), while the other wire
cage remained empty (empty zone) for the 10-minute sociability
test. Time spent in the stranger zone 1 and in the empty zone,
also sniffing time of a stranger 1 animal and the empty cage
was measured. Social preference test was conducted for another
10 min directly after the termination of the sociability test.
Another stranger animal (a stranger 2) was introduced in the
wire cage of the opposite compartment (stranger zone 2) and
same parameters were measured as with the previous session
to find a preference of the subject animals to the novel over the
familiar animal in the wire cage.

Elevated plus-maze: Anxiety-related behavior was evaluated
using the elevated plus-maze test, which was adapted from
Holmes et al. [30] and Yang et al. [31]. The maze consists of
two open arms (50 x 10 cm), two closed arms (50 x 10 x 30 cm),
and a central area (10 x 10 cm). Rats were placed in the central
area and allowed to explore the maze freely for 5 minutes. To
eliminate odor traces, the apparatus was cleaned with a 70%
ethanol solution and then dried with a cloth after each test. Over
the subsequent 5-minute test period, the following parameters
were recorded: the number of entries into the open and closed
arms, and the time spent in both the open and closed arms.
Based on these measurements, the following variables were
calculated: the ratio of time spent in the open arms relative to
the total time spent in both the open and enclosed arms, and the
total number of entries into both the open and enclosed arms.
An entry was defined as the rat entering one of the arms with all
four paws. For each rat, the number of entries and time spent in
the open and closed arms of the elevated plus-maze, were scored
offline from video recordings using stopwatches. Scoring was
performed by an individual who was blinded to the treatments
and did not participate in the animal testing.

Oxidative stress assessment:

For the global assessment of oxidative stress in the body, we
used the FRASS (H&D) photometric analytical system, which
is designed to evaluate overall oxidative stress in biological
systems. This system allows for the determination of pro-oxidant
status in biological samples (heparinized blood plasma) using
the rapid d-ROMs test, and antioxidant status using the PAT test.
The principle involves measuring the absorbance of a sample
solution using a monochromatic light beam in a cuvette. Af-
ter obtaining the absorbance value, the instrument automati-
cally converts it to the appropriate measurement units using its
builtin software [32]. The rapid d-ROMs photometric test allows
for the assessment of pro-oxidant status in a biological sample
by measuring the concentration of hydroperoxides (ROOH). The
test is based on the principle of the Fenton reaction. By mixing the
biological sample with an acidic buffer (reagent R1), transition
metal ions (such as iron or copper) decompose hydroperoxides,
generating new radicals, including hydroperoxyl (ROO*) and
alkoxyl (RO¥*) radicals. By adding a chromogen (N, N-dieth-
ylparaphenylenediamine, reagent R2) to the sample—which can
donate an electron and changes color upon oxidation by free
radicals—it becomes possible to determine the amount of
hydroperoxides in the biological sample through photometric
reading using the FRASS analytical device. The d-ROMs test



results are expressed in Carratelli Units, where 1 CARR U is
equivalent to 0.08 mg/100 ml H20- [33].

The PAT test assesses the antioxidant capacity of plasma by
measuring its iron recovery capacity. Recovery of iron ions
at low pH results in a color change, which is also evaluated
photometrically using the integrated analytical device FRASS.
PAT test results are expressed in Cornelli Units, where 1 Cor=1.4
umol/L of ascorbic acid. During the PAT test, a small amount of
plasma (10 pl) is added to a colored solution obtained by mixing
a source of iron ions (reagent R2 — FeCl3 ferric chloride) with
a chromogen (reagent R1 — a chromogenic mixture containing
thiocyanate). After 1 minute of reading at 370C, the solution
will change color and the intensity of this chromatic change will
be directly proportional to the ability of the plasma to reduce
ferrous ions to ferrous ions. By photometrically evaluating the
intensity of bleaching, the amount of reduced iron ions can
be adequately estimated, allowing effective measurement of
antioxidant capacity [34].

One of the main features of the FRAS system is the integration
of the values of the d-ROMs test and the PAT test into one value
- the Oxidative Stress Index (OSI), which provides a simple and
convenient but comprehensive picture of the oxidative stress
status of the biological system. The value of the OSI index
shows the deviation of the oxidative balance from the normal
state (zero value); It is the perfect balance between the pro-
oxidant and antioxidant components of the oxidative balance.
The OSI index increases proportionally at any level of oxidative
imbalance; its increase can be caused by an increase in pro-
oxidant species (highlighted by the results of the d-ROMs test),
or by a decrease in antioxidant protection (highlighted by the
results of the PAT test). The higher the OSI index, the greater
the deviation from the normal state. The OSI index does not
replace d-ROM and PAT test results but complements and
enhances their value [35].

Arterial Blood Pressure:

Blood pressure was discretely measured by the "bloodless"
method using the «Neurobotics Sistola» device, with a small
cuff placed on the animal’s tail, which was warmed to 37°C.
The device’s software displayed the data on a computer monitor,
recording systolic and diastolic blood pressure as well as heart
rate.

Statistical analysis:

Statistical analysis was performed using SigmaStat statistical
software. All the data were expressed as a mean =+ standard error
of the mean (SEM). Differences were considered significant
when p < 0.05. Data for all behavioral parameters as well
as changes in markers of oxidative stress were statistically
analyzed by one- or two-way ANOVA followed by post hoc
comparisons. Student's t-test was used to compare the mean
values of two independent groups.

Results.

Elevated plus-maze:

The anxiety level in rats of all groups was assessed in the
elevated plus-maze. Two-way ANOVA showed significant
effect of group (F. , = 9.601; P <0.006), significant effect of
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arms (open, closed) (F, ,, = 463.557; P <0.001) and significant
interaction between groups and arms (F , = 28.562; P <0.001).
Post hoc (Holm-Sidak method) analyses revealed significant
differences between the time spent in open and closed arms in
control and VPA-treated rats (control: t = 19.931; P <0.000;
VPA: t = 10.958; P <0.000). There was a significant difference
in time spent in the closed arm between control and VPA-
treated rats (t = 5.970; P <0.000) and no significant difference
in the open arm (t = 1.588; P = 0.130; Figure 1A). After the
results were obtained, to more accurately identify differences in
anxiety between groups the following variables were calculated:
the ratio of time spent in the open arms relative to the total time
spent in both the open and enclosed arms, and the total number
of entries into both the open and enclosed arms. Statistical
analysis (Student's t-test) revealed significant differences
between groups in both cases: the ratio of time spent in open
arms was higher in the VPA group compared with the control
group (t=-2.447, P=0.037; Figure 1B) and the total number of
entries was higher in the VPA group compared with the control
group (t =-3.694; P=0.002; Figure 1C).

Social interaction task:

Sociability: After a habituation session to check social
behavior, two types of social behavior tests were performed
using a three-chamber apparatus. In the second session, we
assessed sociability by measuring time spent in the chambers,
as well as the sniffing time of strangerl rat or an empty wire
cage. Statistical analysis (t-test) showed that control rats
spent significantly more time in the chamber with the stranger
lcompared with the empty chamber (t = -3.582; P = 0.007).
In contrast VPA-treated rats spent significantly less time in the
chamber with the stranger 1 rat compared with empty chamber (t
=17.059; P=<0.001; Figure 2A). Statistical analysis showed that
control rats in contrast to VPA-treated rats spent significantly
more time sniffing the stranger 1 (control: t = 2.591; P = 0.032;
VPA: t=-0.132; P = 0.899; Figure 2B).

Social preference. In the social preference phase, with the
introduction of an unfamiliar (stranger 2) rat into another wire
cage, statistical analysis (t-test) revealed that control rats spent
significantly more time in chamber containing stranger 2 than in
the chamber with stranger 1 (t = -2.734; P = 0.026). Differences
between time spent in chambers was not significant in VPA
treated rats (t = 0.0358; P = 0.972; Figure 2C). Statistical
analysis revealed the same results comparing sniffing times
spent with stranger 1 and stranger 2 in control (t = -2.576 P =
0.033) and VPA treated rats (t =-0.748; P = 0.476; Figure 2D).

Systolic blood pressure:

One-way ANOVA showed a significant effect of group (F,
= 90.947; P < 0.001). Post hoc (Tukey Test) analyses revealed
significant differences between VPA and Control, VPA and
VPA+F. Relax, VPA and VPA+F. pX, VPA and VPA+F.
P53, VPA and VPA+F. Immuno groups (P < 0.001, in all
cases). There were significant differences between Control and
VPA+F. Relax (P = 0.001), Control and VPA+F. Immuno (P =
0.010) groups, and no significant differences between Control
and VPA+F. pX (P = 0.550) and Control and VPA+F. P53 (P =
0.575) groups (Figure 3A).
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Figure 2. Sociability phase: histograms showing (4) the time spent in chambers and (B) sniffing time of strangerl or empty wire cage by control
and VPA-treated rats. Social preference phase: histograms showing (C) the time spent in chambers and (D) sniffing time of stranger 1 or stranger
2 by control and VPA-treated rats. Note: the results of behavioral studies showed that prenatal VPA treatment reduces social exploration, impairs
social novelty preference in the three-chamber task. Data are presented as mean + SEM; *P <0.05, ** P < (0.01.

10



180 -
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

3+ J ] 3+
& & O
RIS
TR
& 3

500
450
400
350
300
250

15

Heart rate per minute

s )
oo 8 o 8
3
I, |
I
]
|
|

[y

[

o
1

100 -

N B O
o o o Qg
1 1 1 1

[

B

o
J
*

[=]
|

Figure 3. Systemic arterial pressure: A — systolic blood pressure; * P < 0.001 - VPA vs all groups. B — diastolic blood pressure; * P < 0.001 - VPA vs
all groups. C— heart rate; * P < 0.001 - VPA vs Control, VPA vs VPA+F. Relax, VPA vs VPA+F. pX groups. Note: a 21-day intraperitoneal injection
of all four supplements led to the return of blood pressure (systolic SBP, diastolic DBP) to normal range; as for the heart rate, only injection of

F. Immuno did not show its decrease. Data are presented as mean + SEM.

Diastolic blood pressure:

One-way ANOVA showed a significant effect of group (F,,;
=102.766; P < 0.001). Post hoc (Tukey Test) analyses revealed
significant differences between VPA and Control, VPA and
VPA+F. Relax, VPA and VPA+F. pX, VPA and VPA+F. P53,
VPA and VPA+F. Immuno groups (P <0.001, in all cases).
There were significant differences between VPA+F. P and
VPA+F. px (P = 0.008), VPA+F. P and VPA+F. Relax (P =
0.010) groups, and no significant differences between Control
and VPA+F. P53 (P = 0.992) and Control and F. Immuno (P =
0.850) groups (Figure 3B).

Heart rate:

One-way ANOVA showed a significant effect of group (F, ;
= 20.257; P < 0.001). Post hoc (Tukey Test) analyses revealed
significant differences between Control and VPA and Control
and VPA+F. Immuno groups, as well as between VPA vs.
VPA+Folium pX and VPA vs. VPA+Folium Relax (P <0.001, in
all cases). Statistical analyses revealed no significant differences
between Control and VPA+F. P53 (P = 0.588), Control and
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VPA+F. Relax (P = 0.446) and Control and VPA+F. pX (P =
0.993) groups (Figure 3C).

D-ROMs levels (U. CARR): One-way ANOVA showed a
significant effect of group (F, ;= 11.951; P < 0.001). Post hoc
(Tukey Test) analyses revealed significant differences between
VPA and Control (p < 0.001), VPA and VPA+F. Relax (P =
0.001), VPA and VPA+F. Immuno (P = 0.003) and VPA and
VPA+F. P53 (P = 0.023) groups and no significant differences
between VPA and VPA+F. pX (P = 0.940) groups. There were
significant differences between the Control and VPA+F. pX
(P < 0.001) groups and no significant differences between the
Control and VPA+F. P53 (P = 0.846) and Control and VPA+F.
Immuno (P = 1.000) groups (Figure 4A).

PAT levels (U.COR):

One-way ANOVA showed a significant effect of group (F,
= 3.569; P =0.014). Post hoc (Tukey Test) analyses revealed
significant differences between VPA and Control groups (p =
0.019). There were no significant differences between any other
groups (p > 0.05, in all cases; Figure 4B).
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Oxidative stress index (OSI):

One-way ANOVA showed a significant effect of group (F,
= 9.528; P <0.001). Post hoc (Tukey Test) analyses revealed
significant differences between VPA and Control (P = 0.003),
VPA and VPA+F. P53 (P = 0.002), VPA vs VPA+F. Immuno (P
< 0.01) and VPA and VPA+F. Relax (P = 0.004) groups. There
were no significant differences between any other groups (p >
0.05, in all cases; Figure 4C).

Discussion.

The present study is the first to test the effects of different types
of herbal antioxidant supplement Folium (Folium Relax, Folium
P53, Folium pX, and Folium Immuno) on reducing the severity
of oxidative stress in a behaviorally characterized rat model of
ASD. The results indicate that prenatal administration of VPA to
rats can induce ASD-like behavioral patterns accompanied by an
increase in the severity of oxidative stress.

The results of behavioral studies showed that prenatal VPA
treatment reduces social exploration, impairs social novelty
preference in the three-chamber task, and reduces anxi-
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ety while increasing locomotor activity in the elevated plusmaze
test. It should be noted that the elevated plus-maze is a behav-
ioral method used to assess anxiety-like behavior. In our study,
a reduced anxiety level in VPA-exposed rats compared with
control rats was observed in the elevated plus-maze test. Our
results are consistent with those of some other studies [36,37];
however, they differ from the findings of other reports [38,39].
Such discrepancies may have several causes, including differenc-
es in animal strain, age, and other methodological factors,
such as sample size. In the present study, the presence of behav-
ioral changes characteristic of the valproate model of ASD was
confirmed in experimental rats, which were then used in further
experiments.

The results of the present study showed that in rats with
autism spectrum disorder (VPA model), levels of free radicals
(d-ROMs) and the oxidative stress index (OSI) were increased,
indicating the presence of oxidative stress. Notably, treatment
with Folium Relax, Folium P53, Folium pX, and Folium
Immuno demonstrated the following: (a) Injection of all these
supplements led to the restoration of blood pressure (systolic



SBP, diastolic DBP) to the normal range; regarding heart rate,
only the injection of Folium Immuno did not result in a decrease.
(b) There was no statistically significant difference in heart rate
between the VPA group and the VPA+Folium P53 or VPA+Fo-
lium Immuno groups. (c¢) The d-ROMs level showed no signifi-
cant difference between the VPA group and the VPA+Folium
pX group. (d) The OSI in the VPA group was not significantly
different from that in the VPA+Folium pX group. It is notewor-
thy that Folium pX showed fewer positive effects compared to
the other substances, and, in general, the observed differences
warrant special attention. It can be assumed that the vary-
ing effects of these substances are due to Folium being a
multi-component supplement with different ingredient composi-
tions. Accordingly, its therapeutic effects likely result from the
synergistic interaction of multiple components.

A brief overview of the composition of the root and other
substances contained in the folium are provided below.

Pine bark extract powder (from pine bark and cones)
contains a unique combination of procyanidins, bioflavonoids,
and phenolic acids that combat oxidative stress and free
radical damage. These compounds help protect immune cells
from oxidative damage, supporting their optimal function.
The proanthocyanidins in pine bark extract powder enhance
the body's antioxidant defences by increasing the production
of enzymes such as superoxide dismutase and glutathione
peroxidase, which provide cellular antioxidant protection.

Grape seed extract is a powerful antioxidant. The exogenous
antioxidants it contains—such as procyanidins, resveratrol, and
vitamins E, A, and C—help eliminate free radicals from the
body and enhance immune function.

Grape seed oil is rich in vitamins E, A, C, B1, B2, B3, B6, B9,
B12—and minerals such as potassium, sodium, calcium, and iron.
It possesses anti-inflammatory, regenerative, antithrombotic,
hypolipidemic, and anticarcinogenic properties. The resulting
hydrophilic extract powder, characterized by its content of
phenolic compounds, flavan-3-ols, and leucoanthocyanidins, is
rich in biologically active substances.

Curcuminoids (polyphenolic compounds) are powerful
antioxidants that neutralize free radicals and strengthen the
body’s antioxidant defense system.

Gingerol inhibits the formation of nitric oxide, which in turn
prevents the formation of the harmful free radical peroxynitrite
in the body.

Green tea is a powerful antioxidant due to its rich content of
polyphenolic compounds, particularly epigallocatechin-3gallate
(EGCG). The combination of caffeine and L-theanine in green
tea is believed to synergistically enhance mood and cognitive
performance.

Pomegranate is a powerful antioxidant. This is due to the
plant substances contained in its composition: polyphenols
(ellagic acid) and tannins - punicalagin and punicalin. However,
the spectrum of action of pomegranate is not associated with
just one ingredient, so the healing effect of pomegranate is due to
the synergistic interaction of many ingredients.

Mustard seeds are a rich source of fiber, selenium, magnesium,
manganese, and other nutrients. They also contain beneficial
plant compounds such as glucosinolates, isothiocyanates,
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sinigrin, and carotenoids, which offer important therapeutic
properties. Glucosinolates are known for their antioxidant and
anti-inflammatory effects.

Valerian root contains essential oils, the primary component of
which is a complex ester of borneol and isovaleric acid, along with
free valeric acid.

Ginkgo biloba, containing flavone glycosides and terpene
lactones, helps reduce the permeability of blood vessel walls
and prevents platelet aggregation. By regulating metabolism,
these compounds protect cells and tissues from damage caused by
oxygen deprivation. Ginkgo biloba also improves memory due
to its strong antioxidant properties, protects cell membrane lipids
from oxidative stress, and exerts a neuroprotective effect.

White peony root extract contains active compounds such
as paeoniflorin, paeonol, and polysaccharides. Studies have
shown that paeoniflorin in white peony extract powder can
significantly inhibit the production of inflammatory cytokines,
chemokines, and other pro-inflammatory mediators, thereby
helping to reduce inflammation. It also has analgesic properties.

As we can see, the spectrum of action of Folium is not limited
to a single ingredient. Its main components - pine bark and grape
seed extracts - are common to all four types of Folium. The
differences lie in the additional ingredients each formulation
contains. It is believed that the healing effects of Folium result
from the synergistic interaction of its various components.
However, the manufacturer does not provide a detailed list of
these additional ingredients, stating only that they are all-natural
plant- and flower-based substances. Therefore, the relatively
modest antioxidant properties of Folium pX may be attributed to
this limited transparency or variability in its composition.

Conclusion and Future Directions.

Taken together, we provided evidence that prenatal
administration of VPA to rats can induce ASD-like behavioral
patterns, accompanied by increased oxidative stress, as
evidenced by higher levels of free radicals (d-ROMs) and the
oxidative stress index (OSI), indicating the presence of oxidative
stress. The results of the experiments showed that treatment with
Folium Relax, Folium P53, Folium pX, and Folium Immuno
produced noticeably different effects—mostly positive in some
cases, and no effect in others. We assumed that the varying effects
of these substances result from differences in the composition
of the various types of folium. Their effects are not due to a
single ingredient; instead, the therapeutic benefits come from
the synergistic interaction of numerous components, including
all the substances mentioned above. In recent years, various
nutritional interventions have been developed for individuals
with ASD to improve their quality of life. Innovative treatments
targeting ASD symptoms and behavioral abnormalities may
benefit from antioxidant-based interventions, either as dietary
supplements or through food. Positive effects can be achieved
by providing specific antioxidants or by consuming foods rich
in bioactive nutritional compounds, which may exert additive
or synergistic effects. It is worth noting that we conducted
preliminary experiments to evaluate the effectiveness of these
supplements in improving metabolic imbalances, such as
total cholesterol, HDL-C, LDL-C, and triglyceride levels, and
obtained promising results. Accordingly, future research in



this area is planned. Finally, we suggest that further research is
needed to clucidate the underlying causes of the identified
discrepancies and to draw conclusions about the positive effects
of different types of folium on oxidative processes. This study
highlights the need for further research at scientific research
institutions and medical schools.
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