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ABSTRACT
Introduction: Radiation has adverse effects on brain tissue. Natural products have anti-
inflammatory and anti-inflammatory properties. This study investigates the protective effect of
alginate extract from matcha against gamma radiation damage. Methods: We isolated and char-
acterized arabinogalactans (AG) from matcha powder. We randomly divided thirty-two male rats
into four equal groups (n = 8 rats/group). The first group served as the control, while the second
group administered MAG orally to the rats for 14 days. The third group of rats underwent a sin-
gle dose of 10 Gy of head-localized irradiation (Rad). The fourth group, rats, received MAG for 7
days before and after 10 Gy γ irradiation (B &A). We examined the brain for markers of oxidative
stress and inflammation. We used immunohistochemistry to monitor tumor necrosis factor alpha
(TNF-α ), interleukin 1 beta (IL-1β ), interleukin 6 (IL-6), and apoptosis-regulating proteins BAX and
BCL2. We measured levels of glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and
malondialdehyde (MDA) in brain tissues as indicators of oxidative stress. Western blot analysis as-
sessed apoptotic markers like cleaved caspase-3 and neurotrophic factors, including Brain-derived
neurotrophic factor (BDNF). Additionally, Double Delta Ct QPCR was employed to evaluate gene
expression changes in monoamine oxidase (MOA), acetylcholinesterase (AChE), and nuclear factor
kappa B (NF-κB). Histopathological testswere performed to verify the effects of therapy, elucidating
neuronal damage and inflammation. Results: Radiation exposure elevated oxidative stress indica-
tors, pro-inflammatory cytokines, and apoptotic proteins, while diminishing antioxidant and BDNF
levels. The MAG therapy (B & A) decreased MDA levels and pro-inflammatory cytokines (TNF-α ,
IL-1β ). MAG lowers SOD and GSH levels while enhancing catalase activity. It also altered the con-
centrations of apoptosis-related proteins such as BAX, BCL2, and cleaved caspase-3. QPCR results
indicated that MAG reinstated the modified MAO-A, AChE, and NF-κB genes. Histological analyses
validated the protective properties of MAG, demonstrating decreased tissue injury and inflamma-
tion. Conclusion: This study demonstrates that matcha-derived arabinogalactans may protect
neurons from radiation-induced cerebral injury. This is likely attributable to their antioxidant, anti-
inflammatory, and anti-apoptotic characteristics.
Key words: Gamma radiation, Neuroprotection, Oxidative stress, Inflammation, Apoptosis,
Antioxidants

INTRODUCTION
In recent years, the potential health benefits of natu-
ral plant extracts have received increasing attention in
medical research. Among these compounds, arabino-
galactans, a polysaccharide abundant in plant species,
seem to have promising therapeutic effects1. The
finely ground powder of mature and processed tea
leaves is particularly recognized for its high content
of bioactive compounds, including matcha arabino-
galactans, making it important to investigate potential
radiosafety compounds2,3.
Gamma rays, an ionizing radiation, are widely used in
medical research and cancer treatment. However, ex-
posure to gamma rays carries a high risk of oxidative
stress, inflammation, and damage to biological tis-
sues, especially the brain4,5. The central nervous sys-

tem is extremely sensitive to radiation damage due to
its complex cellular structure andmetabolic demands.
Proteoglycans, or arabinogalactans, are a class of poly-
mers associated with plant growth and development.
They are found in many tissues of higher plants, such
as the outer cell matrix, cell walls, and plasma mem-
branes, and the larch tree (Larix sp.) is considered the
most abundant source in the USA6. Larch-derived
arabinogalactan is recognized as a source of dietary
fiber, but it is also believed to have potential ther-
apeutic value as a stimulant in immune and can-
cer programs7. The molecular weight of arabino-
galactans typically ranges from 10 kDa to 4000 kDa.
Their protein content is usually less than 10%, con-
sistingmainly of proline/hydroxyproline, alanine, ser-
ine, and threonine. More than 90% of arabinogalac-
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tans are polysaccharides, primarily β -(1-3)-galactan
chains with a β -(1-6)-galactosyl side chain, usually
terminated by an arabinyl residue8. The structural
investigation of arabinogalactan-proteins, which are
crucial signaling molecules of the plant cell wall,
has been widely studied in angiosperms. How-
ever, there is a scarcity of information on gym-
nosperms9. Polyphenolic compounds have been
shown to affect pro-inflammatory signaling, pro-
inflammatory cytokines, and radiation-induced dam-
age. Anti-inflammatory properties of certain com-
pounds, such as anthocyanin, curcumin, and resver-
atrol, have also been identified as significant radio-
protectors10,11. Arabinogalactans possess antioxi-
dant, anti-inflammatory, and immunomodulatory ac-
tivities that can mitigate the detrimental effects of ra-
diation on cerebral tissue. Moreover, scaffold-derived
arabinogalactans offer the advantage of being a simple
natural source without adverse effects12.
Our goal in this studywas to investigate the neuropro-
tective potential of arabinogalactans extracted from
matcha against gamma radiation-induced brain dam-
age. Rats are an established model for studying the
physiological and pathological effects of radiation on
brain function. Using a mouse model, we can bet-
ter mimic the response to human brain exposure to
gamma radiation.

METHODS

AG Extraction and Characterization

Matcha, a powdered green tea, was graciously pro-
vided by Hangzhou Shandi Tea Industry Co., Ltd.
(Hangzhou, China). The AG was obtained using the
Bartle13 approach. The dried plant material was sub-
jected to a 24-hour aqueous extraction process at a ra-
tio of 1:10 (w/v) with continuous shaking at 4 ◦C.The
solid plant material was then extracted and heated at
92 ◦C for 10 minutes. The extract was held overnight
at 4 ◦C to facilitate the precipitation of proteins while
ensuring that the AG remained soluble. The pro-
teins were removed by centrifugation at 15,000 g and
4 ◦C for 10 minutes. To separate a high molecular
weight (HMW) fraction rich in polysaccharides and
AG proteins, the extract was mixed with cold 100%
ethanol until it reached an 83% (v/v) concentration.
The precipitate was then subjected to centrifugation
at 15,000 g and 4 ◦C for 20 minutes. The HMW frac-
tion was freeze-dried. The AGP was isolated from
the HMW fraction through selective precipitation us-
ing β -glucosyl-Yariv reagent (βGlcY), as described by
Classen et al.14 and Paulsen et al.15.

High-Performance Liquid Chromatography
(HPLC) Analysis
HPLC analysis was performed using an Agilent 1260
series system equipped with a Zorbax Eclipse Plus C8
column (4.6 mm× 250 mm, 5 µm particle size). The
mobile phase consisted of two components: A (water)
and B (0.05% trifluoroacetic acid in acetonitrile). The
separation was carried out using a linear gradient elu-
tion at a flow rate of 0.9 mL/min as follows: 0–1 min:
82% A, 1–11 min: 75% A, 11–18 min: 60% A, 18–22
min: 82% A, and 22–24 min: 82% A (re-equilibration
phase).
The column temperature was maintained at 40 ◦C.
Detection was performed at a wavelength of 280 nm
using a multi-wavelength detector. The injection vol-
ume for each sample was 5 µL. Standards of gallic acid
and chlorogenic acidwere prepared at known concen-
trations to generate calibration curves. Sample solu-
tions were then analyzed under identical conditions,
and their concentrations were determined by interpo-
lating peak areas into the standard calibration curves.

Fourier Transform Infrared (FTIR) Spec-
troscopy
FTIR analysis was performed to identify the func-
tional groups present in the extracted arabinogalac-
tans. The spectra were recorded using a Bruker VER-
TEX 80 FTIR spectrometer equipped with a Platinum
Diamond ATR accessory. The analysis was conducted
in the range of 4000–400 cm-1 with a resolution of
4 cm-1. The sample was placed directly on the ATR
crystal, ensuring full contact, and spectra were ob-
tained after 16 scans to enhance the signal-to-noise
ratio.
The characteristic absorption bands were analyzed to
determine the presence of functional groups, includ-
ing hydroxyl (O-H), carbonyl (C=O), ether (C-O),
and glycosidic bonds (C-O-C).The results were com-
pared to known spectra of arabinogalactans for struc-
tural confirmation.

Assessment of total phenolic content
Zilic et al.16 assessed the total phenolic content us-
ing the Folin-Ciocalteumethod. The extract (100 µL)
was placed in a test tube, and distilledwaterwas added
to make it 3.5 mL. Next, 250 µL of Folin-Ciocalteu’s
reagent was added to start the oxidation process. We
added 1.25 mL of 20% aqueous sodium carbonate
(Na2CO3) solution to the mixture after the reaction
to stop it. After waiting for 40 minutes, we measured
the absorbance at 725 nm, using the blank as a refer-
ence. We quantified the total phenolic content from
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the calibration curve using gallic acid and expressed
the results in milligrams (mg GAE) per gram of the
sample.

Determination of total flavonoid content
The total flavonoid content was determined using the
aluminum chloride (AlCl3) colorimetric method as
outlined by Zilic et al.17. In summary, 300 µL of 5%
sodium nitrite (NaNO2) was mixed with 100 µL of
extract. After 6 minutes, 300 µL of a 10% AlCl3 solu-
tion was added, and the total volume was adjusted to
2.5 mL with distilled water. After 7 minutes, 1.5 mL
of 1 M NaOH was added, followed by centrifugation
at 5000 g for 10minutes. The absorbance of the super-
natant was measured at 510 nm for the solvent blank.
The total flavonoid concentration was determined us-
ing a calibration curve derived from catechin and rep-
resented as µg CE/g sample.

Radical DPPH scavenging efficacy
Using the stable 1,1-Diphenyl-2-picryl-hydrazyl
(DPPH• ), we evaluated the capacity to scavenge free
radicals. For this ATR-FTIR study, we used a Bruker
VERTEX 80 (Germany) coupled with a Platinum
Diamond ATR. A diamond disk with a refractive
index of 2.4 and a resolution of 4 cm−1 acts as an
internal reflector in this device, operating in the
4000–400 cm−1 range.
The overall reaction volume was 4.0 mL, and the final
concentration of DPPH• was 50 µM. After 60 min-
utes, we measured the absorbance at 517 nm (A) in
comparison to a pure methanol blank. The following
equation was used to obtain the % inhibition of the
DPPH free radical:
Calculation of inhibition (%) = 100 × (Acontrol −
Asample) / Acontrol .
The antioxidant activity was measured in micrograms
of Trolox equivalent (TE) per gram of material, ac-
cording to a calibration curve set up with Trolox.

Assessment of ABTS radical scavenging ac-
tivity
The ABTS radical scavenging activity was evaluated
by making stock solutions of the reagent according
to the method described by Hwang and Do Thi18.
This involved mixing 7 mM of aqueous ABTS* with
2.45 mM of potassium persulfate in equal volumes,
then incubating the mixture for 16 hours at room
temperature (25 ◦C) in the dark. To create a work-
ing solution, 1 mL of ABTS* solution was mixed
with 60 mL of a 50:50 (v/v) ethanol and water mix-
ture. This mixture was tested using a Spectro UV-VIS

Double Beam spectrophotometer (Model UVD-3500,
Labomed, Inc., La Cienega Blvd., Los Angeles, CA
90034, U.S.A.) to ensure an absorbance of 1.0 ± 0.02
units at 734 nm. For one hour in the dark, 50 µL of
the extracts were allowed to react with 4.95 mL of the
ABTS* solution. Using a spectrophotometer, the ab-
sorbance was determined at a wavelength of 734 nm.
A standard curve was created using Trolox. Data were
shown as micrograms of Trolox equivalents (TE) per
gram.

Determination of LD50 of MAG in rats
In drug screening, the measurement of LD50 (the
dosage lethal to 50% of the tested animal population)
is typically a first step in evaluating the hazardous
properties of a chemical. This initial toxicity eval-
uation offers insights into potential health risks as-
sociated with short-term drug exposure and is one
of the initial screening tests conducted on all sub-
stances19,20. The examined substances were deliv-
ered in incremental dosages, and the LD50 was ascer-
tained21. We estimated the optimal dose for assessing
the in vivo antitumor efficacy of the examined drugs
to be one-tenth of their LD50 value.

Gamma Irradiation
A Canadian gamma cell 40 (137Cs) at the Na-
tional Center for Radiation Research and Technology
(NCRRT) in Cairo, Egypt was used to irradiate the
rats’ head only exposure at dose 10 Gy, while the rest
of the body was shielded with 5-mm-thick lead. The
dose rate was 0.585 rad/sec. Rats were anesthetized
via intraperitoneal (IP) injection of sodium pentobar-
bital (50 mg/kg) to maintain immobility during the
irradiation period. The animals were irradiated indi-
vidually rather than concurrently. Each rat was sepa-
rately anesthetized, positioned in the gamma cell, and
exposed to the radiation source under controlled con-
ditions.

Animal Experiments
We recruited mature male albino rats ranging in
weight from 180 to 200 g from the NCRRT’s animal
house in Cairo, Egypt. We fed the animals a reg-
ular pellet diet and provided water ad libitum. We
kept them in a controlled environment with a 12-hour
light-dark cycle, at room temperature and pressure.

Experimental Groups and Treatment Proto-
col
A total of 32 male Wistar albino rats, weighing be-
tween 180 and 200 grams and aged 6 to 8 weeks, were
randomly divided into four groups (n = 8):
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• Group 1 (Control): Rats received an oral gavage
of 0.9% sodium chloride solution (saline) daily
for 14 days.

• Group 2 (MAG): Rats received oral gavage of
Matcha-derived arabinogalactans (MAG) at a
therapeutic dose daily for 14 days.

• Group 3 (Localized Irradiation): Rats were ex-
posed to 10 Gy gamma radiation targeted to the
head using a precise collimator to minimize ra-
diation to other body regions22.

• Group 4 (Pre-MAG + Radiation + Post-MAG):
Rats received MAG at the therapeutic dose
for 7 consecutive days prior to 10 Gy head-
localized gamma radiation, followed by contin-
ued administration of MAG for 7 days post-
irradiation.

On day 15, animals were anesthetized using intraperi-
toneal injection of sodium pentobarbital (60 mg/kg)
to ensure minimal stress. Blood samples were col-
lected via cardiac puncture. Following blood collec-
tion onday 15, animalswere humanely euthanized us-
ing an overdose of sodium pentobarbital (150 mg/kg)
administered intraperitoneally, followed by cervical
dislocation to ensure death.
The study was conducted following approval by
the Institutional Animal Care and Use Committee
(IACUC) of the National Centre for Radiation Re-
search and Technology (NCRRT), Cairo, Egypt, un-
der approval number (permission No P/35A/24) on
May 2, 2024. All procedures complied with the eth-
ical guidelines outlined by the National Institutes of
Health (NIH) Guide for the Care and Use of Labora-
tory Animals.

Protein extraction and purification
Rats were sacrificed, and brain tissues were dissected
to prepare 10% tissue homogenates in ice-cold phos-
phate buffer for analysis of oxidative stress and in-
flammation markers. The TriFast technique (Peqlab,
VWR) was used for protein extraction, allowing the
simultaneous isolation of RNA, DNA, and protein.
Tissue samples (50–100 mg) were homogenized in 1
mL of TriFast using either aGlass-Teflon or power ho-
mogenizer, ensuring the sample volume did not ex-
ceed 10% of the TriFast solution. After the addition of
0.2 mL of chloroform per 1mL of TriFast, themixture
was vigorously shaken for 15 seconds and incubated
at room temperature for 3–10 minutes. The mixture
was then centrifuged at 12,000× g for 5 minutes. The
protein-containing phase was separated and precipi-
tated with 0.5 mL of isopropanol per 1 mL of TriFast,

incubated on ice, and centrifuged at 12,000× g for 10
minutes at 4◦C.
The precipitated protein pellet was washed three
times with 0.3 M guanidinium hydrochloride in 95%
ethanol, incubated at room temperature for 20 min-
utes, and centrifuged at 7,500 × g for 5 minutes. The
pellet was then mixed with 2 mL of 100% ethanol, in-
cubated for 20 minutes, centrifuged, vacuum-dried,
and reconstituted in buffer. Residual insoluble ma-
terial was removed by additional centrifugation at
10,000 × g for 10 minutes at 4◦C. The protein-
containing solution was stored at−20◦C.

Protein Quantification
Protein concentration was determined using the
Bradford method. Each sample (50 µL) was mixed
with 50 µL of distilledwater and 200 µL of Coomassie
Brilliant Blue G-250 reagent. After a 5-minute incu-
bation, absorbance was measured at 595 nm. Protein
concentrations were calculated using a BSA standard
curve prepared under the same conditions.

Gel Electrophoresis
Acrylamide-bisacrylamide gels were prepared with
12% resolving and 4% stacking layers, following the
method of Bamdad et al. Protein samples (30 µg)
were loaded onto the gel and separated at 75 V for the
stacking layer and 125 V for the resolving layer over
2 hours. The gel was stained with 0.1% Coomassie
Blue R-250 in a methanol-acetic acid solution (1:3:6)
and destained to visualize the protein bands. Pro-
tein bands were visualized using the Geldoc-it system
(UVP, England) and analyzed with TotalLab software
to determine molecular weight and protein expres-
sion.

Molecular Assessments
We prepared blotting buffers for the blotting tech-
nique, which consist of 25 mM Tris, pH 7.4, 0.15 M
NaCl, and 0.1% Tween 20. We prepared a blocking
solution using 2–5% nonfat dry milk, adjusted to a
pH of 7.4. We produced an antibody solution in the
blotting buffer using dried milk (1–5% fat), then ad-
justed the solution according to the proteins separated
by SDS-PAGE.We transferred these proteins ontoHy-
bondTMnylonmembranes (GEHealthcare). β -actin
was used as the control protein and was incubated
at ambient temperature in the blocking solution for
one hour. Next, the membrane was placed in a so-
lution containing an anti-BDNF antibody [EPR1292,
Abcam, USA, 15 kDa] and left at 4 ◦C overnight.
Following incubation, the membrane was rinsed with

7249



Biomedical Research and Therapy 2025, 12(3):7246-7264

at least five consecutive replacements of blotting
buffer for 30 to 60 minutes at room temperature. Af-
ter that, the membrane was placed in a solution of
an HRP-conjugated secondary antibody diluted ap-
propriately for one hour at room temperature. The
antibody concentration was systematically adjusted
within the range of 0.05 to 2.0 µg/mL until the de-
sired signal strength was achieved. Finally, the mem-
brane was rinsed again (five or more times) with blot-
ting buffer for 30–60 minutes.

QPCR Analysis Using Double Delta Ct MAO-
A gene expression

TRIzol Reagent (15596026, Life Technologies, USA)
was used for total RNA purification from blood sam-
ples according to the manufacturer’s protocol. TRI-
zol Reagent’s unique combination of phenol, guani-
dine isothiocyanate, and other components enables
the sequential precipitation of RNA, DNA, and pro-
teins from a single sample. After homogenization
with TRIzol, chloroform was added to separate the
solution into three layers: an aqueous RNA layer,
an interphase, and a red organic layer containing
DNA and proteins. RNA was then precipitated
with isopropanol. DNA was separated from the or-
ganic/interphase layer with ethanol, and protein was
obtained by isopropanol precipitation.
For RNA extraction, the sample was transferred to
a centrifuge tube and treated with RBC Lysis Buffer,
then centrifuged. The pellet was washed and re-
suspended in DPBS, then centrifuged again. TRI-
zol reagent was added, and the sample was stored at
−80◦C. After incubation, chloroform was added, and
the mixture was centrifuged at 12,000 × g at 4◦C for
15 minutes. RNA in the aqueous layer was precipi-
tated with isopropanol, washed with 75% ethanol, air-
dried, and resuspended in RNase-free water or buffer.
The QuantiTect Reverse Transcription Kit was em-
ployed to convert RNA into cDNA, ensuring removal
of genomicDNAcontamination. Thematerial was in-
cubated at 42◦C for reverse transcription, followed by
95◦C, and the cDNA was used immediately for PCR
or stored at−20◦C.

Preparation of quantitative PCR reaction

TheRotor-GeneQ (Qiagen, USA)was utilized to con-
duct real-time PCR for the evaluation of mRNA lev-
els of AChE and MAO-A genes. β -actin was used as
the housekeeping gene. Amplifications were carried
out using theMaxima SYBRGreen/Fluorescein qPCR
Master Mix (2X), which contains SYBR Green I dye,

fluorescein passive reference dye, and dUTP for op-
tional carryover contamination control. After thaw-
ing andmixing, the required components were added
to make a reaction master mix for each 25 µL reac-
tion. Template DNA (≤100 ng/reaction) was added,
and the thermal cycler was programmed for an initial
heating step of 95◦C for 10 minutes, followed by 45
cycles of 95◦C for 10 seconds, 60◦C for 15 seconds,
and 72◦C for 15 seconds. Melting curve analysis was
performed between 72◦C and 95◦C at a rate of 1◦C
per second.
One microgram of total RNA was converted into
single-stranded complementary DNA (cDNA) using
the QuantiTect Reverse Transcription Kit (Qiagen,
USA). The gDNA Wipeout solution was used to re-
move genomic DNA. Random hexamers served as
primers. Amplification began with 30 ng of total
cDNA and ended with 300 nM of each primer pair
(Table 1). Each sample underwent triplicate real-time
PCR, and the average results were used for further
analysis. Ubiquitin 5 (UBQ5) served as the reference
gene. Data were generated automatically based on
threshold Cycle (Ct) values. The ∆Ct values for each
sample were calculated by adjusting to the average Ct
value of the reference genes.
Following Livak and Schmittgen23, the relative ex-
pression of the target gene was determined using the
2−∆∆Ct method. The control group served as the cal-
ibrator, and the other dietary groups served as exper-
iments. The fold change was calculated as (2−∆∆Ct ).

Detection of cytokines
Commercially available kits fromR&DSystems, USA,
were used to quantify the levels of cytokines in rat
blood, including Interleukin-6 (IL-6), Interleukin-
1 beta (IL-1β ), and Tumor Necrosis Factor-alpha
(TNF-α). The manufacturer’s instructions were fol-
lowed precisely. The standard cytokine curve was on
the same sample plate as the measured cytokine con-
centrations.

Immunohistochemistry for BAX and BCL2
Rat brain tissue was either freshly collected or ob-
tained from a previously fixed specimen. For fresh
tissue, brains were immersed in 4% paraformalde-
hyde in phosphate-buffered saline (PBS) for 4 hours
at 4◦C. For frozen sections, tissues were fixed in
4% paraformaldehyde overnight, then cryoprotected
in 30% sucrose in PBS until they sank, typically
overnight at 4◦C. The tissue was embedded in OCT
compound, frozen using liquid nitrogen, and sec-
tioned (10–20 µm thick) using a cryostat. Sections
were mounted onto glass slides.
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Table 1: Primer primers for genes under study

Genes Primers References

AChE 5′-AAT CGA GTT CAT CTT TGG GCT CCC CC-3′ Xia et al. 2022

5′-CCA GTG CAC CAT GTA GGA GCT CCA-3′

GAPDH 5′-AAC GGA TTT GGC CGT ATT GG-3′ Xia et al. 2022

5′-CTT CCC GTT CAG CTC TGG G-3′

MAO-A 5’-GCCAAGATTCACTTCAGACCAGAG-3’ Alkhawaldeh and Bar-
daweel, 2023

5’-TGCTCCTCACACCAGTTCTTCTC-3’

Sections were incubated in blocking solution contain-
ing 5%bovine serumalbumin (BSA) in PBS for 1 hour
at room temperature to prevent non-specific bind-
ing and then treated with 0.1% Triton X-100 in PBS
for 15 minutes at room temperature for permeabiliza-
tion. Antigen retrieval was performed by heating sec-
tions in citrate buffer (pH 6.0) at 95◦C for 20 min-
utes, followed by cooling and washing. Sections were
incubated overnight at 4◦C with primary antibodies
against Bax (Rabbit anti-Bax, diluted 1:200) and Bcl-
2 (Rabbit anti-Bcl-2, diluted 1:200).
After washing three times with PBS, the sections
were incubated with appropriate secondary antibod-
ies conjugated to fluorophores for 1–2 hours at room
temperature in the dark. The sections were washed
again, and nuclei were counterstained with DAPI (1
µg/mL) for 5 minutes. Finally, the sections were
mounted in an anti-fade medium and examined un-
der a fluorescence microscope. Images were captured
with filters corresponding to the specific fluorophores,
and Bax and Bcl-2 expression patterns were analyzed
both qualitatively and quantitatively.

Oxidative Stress Parameters
Malondialdehyde (MDA) levels (a marker of lipid
peroxidation indicating oxidative injury), superoxide
dismutase (SOD) activity (a key antioxidant enzyme),
reduced glutathione (GSH) levels (amajor cellular an-
tioxidant), catalase activity (an antioxidant enzyme
critical for hydrogen peroxide clearance), and nuclear
factor Kappa-B (NFκB) (the key transcriptional reg-
ulator of the inflammatory pathway) will be deter-
mined in the brain tissues.
Western blot analysis will be employed to assess
the expression levels of apoptosis markers (cleaved
caspase-3) and neurotrophic factors (brain-derived
neurotrophic factor, BDNF). In addition, amyloid
precursor protein (APP) levels will be analyzed by
western blotting.

Histopathological analysis
We preserved skeletal muscle tissue samples in 10%
formol saline, then sectioned, cleaned, and dehy-
drated them in increasing concentrations of alcohol.
We cleared the dehydrated specimens in xylene, fixed
them in paraffin blocks, and sectioned them to a
thickness of 4–6 µm. We removed the paraffin from
the tissue slices using xylene and then stained them
with hematoxylin and eosin (H&E). An electric light
microscopewas used for histopathological analysis24.

Statistical analysis
The sample size for this study was determined accord-
ing to the 3Rs ethical principles (replacement, reduc-
tion, and refinement) in animal research. A post hoc
power analysis was conducted using G*Power (ver-
sion 3.1.9.7) to assess the sufficiency of the sample
size25. Based on an effect size (d = 0.7), an alpha level
(α) of 0.05, 80% power, and type II error, the analy-
sis indicated that a total sample size of 32 rats (8 rats
per group) was sufficient for detecting statistically sig-
nificant differences. Values for all parameters are pre-
sented as themean± SEM. To determine if there were
statistically significant differences among the groups,
we used SPSS 23.0 and a one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison
tests. We considered findings significant if p < 0.05.

RESULTS
FTIR analysis
We used Fourier transform infrared spectroscopy
(FTIR) to identify the functional groups of arabino-
galactans isolated from the scaffolds (Figure 1a). The
FTIR spectrum revealed several absorption bands in-
dicating different functional groups. The broaden-
ing of the 3242.40 cm-1 peak indicates O-H broad-
ening vibrations, which are associated with hydroxyl
groups. Phenolic compounds and polysaccharides
commonly contain these groups. The peak at 2921.27
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Figure 1: Characterization of MAG extract. a) Attenuated Total Reflectance – Fourier Transform Infrared Spec-
troscopy (ATR-FTIR) spectrum of MAG, illustrating key peaks corresponding to functional groups, including O-H
(3284 cm-1), C-H (2921 cm-1), C=O (1737 cm-1), and C-O-C (1075 cm-1), confirming the polysaccharide and phe-
nolic composition of the extract, b) Standard calibration curve for total phenolic content using Gallic acid as a
reference, showing a linear relationship between absorbance and concentration (R2 > 0.99), c) Standard calibra-
tion curve for total flavonoid content using catechin as a reference, demonstrating a linear correlation (R2 > 0.99),
d) DPPH radical scavenging assay calibration curve using Trolox as a standard (R2 > 0.99), quantifying antioxidant
capacity, e) ABTS assay calibration curve using Trolox as a reference (R2 >0.99), illustrating the extract’s antioxidant
potential.

cm-1 coincides with C-H stretching vibrations, in-
dicating the presence of aliphatic chains in the ex-
tract. The peak at 1739.94 cm-1 is caused by C=O
stretching vibrations, which are common in carbonyl
groups such as esters or carboxylic acids. The band at
1638.21 cm-1 is caused by C=C stretching vibrations,
which are likely related to the aromatic ring of phe-
nolic compounds. Moreover, there is a broad peak
around 3300–3500 cm-1, which could correspond to
O-H stretching (typical for gallic acid) orN-H stretch-
ing (typical for melatonin). There is a strong peak
around 1700 cm-1 (specifically at 1713 cm-1), which
could be the C=O stretching of carboxylic acid in gal-
lic acid or the amide C=O in melatonin. The 1414.24
cm-1 peak corresponds to C-H bending vibrations,
common in various organic compounds. The band

at 1243.67 cm-1 suggests the presence of ether or es-
ter functional groups (C-O propagation vibration).
The distinguishing characteristics of glycosidic bonds
in polysaccharides, which manifest as a strong band
at 1078.56 cm-1, are the C-O-C propagation vibra-
tions (1017.02 cm-1, 880.95 cm-1, 779.34 cm-1, 616.59
cm-1, 579.45 cm-1).

Total phenolic, flavonoid contents, and an-
tioxidants
The total phenolic content of the extract was found
to be 341.74 µg GAE/g (Figure 1 b). This indi-
cates a high content of phenolic compounds known
to have antioxidant properties. We also measured the
total flavonoid content, which was 95.00 µg CE/g.
Flavonoids are important for preventing oxidative
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stress. The total flavonoid content was determined by
means of a calibration curve prepared with catechins
(Figure 1c) and expressed as micrograms of catechin
equivalent (µg CE) per g. In our study, we tested
the antioxidant properties of arabinogalactans extract
using two different assays: DPPH and ABTS. The
DPPH assay (Figure 1d) showed an antioxidant activ-
ity of 317.43 µg TE/g, while the ABTS assay showed
a slightly higher activity of 352.96 µg TE/g. These re-
sults indicate that the scaffold has strong antioxidant
properties for the production of arabinogalactans wa-
ter from it. If the observed absorbance value exceeded
the linear range of the standard curve, further dilu-
tion was performed. The ABTS standard curve was
generated utilizing Trolox (Figure 1e). Results were
presented as µg Trolox equivalents (TE) per gram.

Western blotting findings BDNF, cleaved
caspase-3

Under different treatment settings, the expression lev-
els of the Brain-DerivedNeurotrophic Factor (BDNF)
antibody were analyzed (Figure 2). The control group
exhibited a BDNF expression level of 46.01%, serving
as the baseline for comparison. Exposure to radiation
significantly decreased BDNF expression, with a lane
percentage of 14.88%. This reduction highlights the
detrimental effect of radiation on BDNF levels. After
radiation exposure and MAG treatment, rats exhib-
ited a BDNF expression level of 30.37%.
The expression levels of anti-cleaved caspase-3 were
assessed in control and treated rat samples, with find-
ings displayed as lane percentages (Figure 3). The
control group had expression levels of 10.83% and
39.46%. The group exposed to radiation had sig-
nificantly reduced expression levels of 9.37% and
15.73%. Finally, the cohort that had a particular ther-
apy (MAG) exhibited expression levels of 10.69% and
27.69%. This indicates a potential protective role of
antioxidants against radiation-induced cellular dam-
age, as observed in the treated sample group with in-
termediate expression levels.

QPCRAnalysis for AChE, NF-κB, andMAO-A

The expression levels of theAChE, NF-κB, andMAO-
A genes were analyzed using the double delta Ct
(∆∆Ct) method (Figure 4). Four experimental con-
ditions were examined: Control, Antioxidant treat-
ment, Radiation exposure, and a combined Treatment
group. The housekeeping gene used for normaliza-
tion was GAPDH (Table 1 ).

The control group served as the reference, hence a
1.0-fold change. This established the basal expres-
sion level of the AChE gene. No change in the ex-
pression was observed for the AChE gene against the
control group (a fold change of 1.0), which suggests
that antioxidant treatment does not strongly influence
AChE gene expression. Radiation exposure strongly
reduced the expression of the AChE gene, with a fold
change decrease to 0.5. This strong reduction may in-
dicate that radiation exposure inhibited AChE gene
expression, possibly due to stress-induced changes in
gene regulation. The treatment group (MAG) exhib-
ited a fold change of 0.7, indicating a downregulation
of AChE gene expression compared to the control, but
less severe than that observed with radiation exposure
alone.
In the treatment group, the fold change in the expres-
sion of MAO-A was 1.4, indicating this gene was el-
evated compared with the control, but less than the
elevation following radiation alone.

Markers of Oxidative Stress in the Brain
The results of the effect of the administration of
Matcha Arabinogalactans on markers of oxidative
stress before and after radiation exposure are summa-
rized in Table 2.
The levels of MDA, indicative of lipid peroxidation
and oxidative damage, were markedly elevated in the
radiation-exposed groups compared to the control
group (4.00± 0.05 nmol/mg protein vs. 1.20± 0.005
nmol/mg protein). In the cohort of MAG (B & A-γ
rays) therapy, MDA levels were markedly decreased
compared to the radiation-only group (2.20 ± 0.05
nmol/mg protein, F (3, 28) = 1633.90, P < 0.001).
The activity of superoxide dismutase (SOD), a cru-
cial antioxidant enzyme, was markedly reduced in the
radiation-exposed group relative to the control group
(3.01± 0.05 U/mg protein vs. 5.18± 0.05 U/mg pro-
tein, respectively). In the group treated with MGA
(B & A-γ rays), SOD activity was significantly higher
compared to the radiation-only group (4.23 ± 0.04
U/mg protein, F (3, 28) = 501.41, P < 0.001), demon-
strating the potential of MAG to mitigate radiation-
induced oxidative stress.
When comparing the radiation group to the control
group, there was a substantial decrease in GSH levels
(4.36 ± 0.30 µmol/g tissue vs. 12.94 ± 0.06 µmol/g
tissue, respectively), which is themain cellular antiox-
idant. In theMGA+ γ-rays +MAGgroup, GSH levels
were significantly higher compared to the radiation-
only group (10.31 ± 0.28 µmol/g tissue, F (3, 28) =
377.56, P < 0.001), indicating the restorative effect of
MAG on GSH levels following radiation exposure.
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Figure 2: The Brain-Derived Neurotrophic Factor (BDNF) before and after treatments. a) Western blot of
BDNF expression, withmolecular weightmarkers (250–10 kDa) shown on the left. β -actin (~42 kDa) was used as a
loading control for normalization,b) Computerized analysis of Brain-DerivedNeurotrophic Factor (BDNF) antibody
protein expression level for samples, c) Densitometric analysis of BDNF expression across experimental groups
under different conditions, showing anti- Brain-Derived Neurotrophic Factor (BDNF) band calculation for samples,
d) A similar densitometric analysis to panel c, showing BDNF expression under slightly different experimental
conditions. The molecular weight markers are indicated on the left, while the relative expression levels of BDNF
are plotted in the treatment lanes.

Table 2: Effect of MAG before and after treatments on oxidative stress in rats

Treatment Group Control MAG Rad MAG+ Rad F-value P-value

MDA (nmol/mg) 1.20±0.005c 1.14±0.005c 4.00±0.05a 2.20±0.05b 1633.90* <0.001

SOD ( U/mg protein) 5.18±0.05b 5.36±0.05a 3.01±0.05d 4.23±0.04c 501.41* <0.001

GSH ( µmol/g tissue) 12.94±0.06a 13.10±0.07a 4.36±0.30c 10.31±0.28b 377.56* <0.001

CAT ( U/mg protein) 48.13±0.10a 48.95±0.09a 34.49±0.18c 40.23±0.39b 944.19 <0.001

Results are presented as the mean± SE, n= 8. One-way ANOVA followed by Tukey’s post hoc test was performed. The groups are statistically
significant (p<0.05) as compared with control. The same superscript in the same raw are not statistically different.

7254



Biomedical Research and Therapy 2025, 12(3):7246-7264

Figure 3: Analysis of cleaved caspase-3 expression via Western blot. a) Western blot of cleaved caspase-3
expression, with molecular weight markers shown on the left. β -actin served as the normalization control. The
molecular weight marker (M) is shown on the left, and lanes 1 to 4 represent different experimental conditions,
withproteinbands corresponding to cleavedcaspase-3. Themolecularweightmarker confirmedcleavedcaspase-
3 detection at ~17 kDa, b) Computerized analysis of cleaved caspase-3 expression across experimental groups,
with lanes labeled for each condition. The protein marker on the left indicates molecular weights ranging from
250 kDa to 10 kDa, c) Anti-cleaved caspase-3 band calculation for samples, d) Bar graph representation of the
relative percentage of cleaved caspase-3 expression in four experimental groups (G1, G2, G3, and G4).

CAT activity, vital for hydrogen peroxide clear-
ance, was significantly lower in the radiation-exposed
group compared to the control group (34.49 ± 0.18
U/mg protein vs. 48.13 ± 0.10 U/mg protein, re-
spectively). Treatment with MAG (B & A-γ rays)
significantly improved CAT activity compared to the
radiation-only group (40.23 ± 0.39 U/mg protein, F
(3, 28) = 944.19, p < 0.001), highlighting the poten-
tial ofMAG in enhancing antioxidant defenses against
radiation-induced oxidative stress.

Cytokines TNF-α , IL-1β , and IL-6 levels
The study results show significant changes in dif-
ferent cytokines across the various treatment groups
(Table 3). TNF-α levels were significantly higher in
the Rad group (25.75 ± 0.34 pg/ml) than in the con-
trol (12.20± 0.35 pg/ml). In the MGA (B & A-γ rays)
group, TNF-α was 16.61± 0.20, F (3, 28) = 525.74, p
< 0.001.
Similarly, IL-1β levels were the highest in the Rad
group (18.32 ± 0.31 pg/ml) compared to the control
(8.31 ± 0.26 pg/ml). Treatment with MAG (B & A-γ

rays) reduced IL-1β to 12.51 ± 0.19 pg/ml, F (3, 28)
= 405.21, p < 0.001.
IL-6 levels followed a similar trend, showing the high-
est levels in the Rad group (28.40 ± 0.33), compared
to the control (14.58 ± 0.18). In the MAG (B & A-γ
rays) group, IL-6 was 19.89± 0.28, F (3, 28) = 752.89,
p < 0.001.

Immunohistochemistry for BAX

The control group showed weak BAX expression in
the neurons of brain tissue, and a similar result was
detected in the antioxidant group. Conversely, a sig-
nificantly higher increase in BAX expression was ob-
served in the gamma rays group compared to the
other experimental groups (Figure 5).

Immunohistochemistry for Bcl2

Thecontrol group showedweakBcl2 expression in the
neurons of brain tissue, and a similar result was de-
tected in the antioxidant group. Conversely, a signif-
icant decrease in Bcl2 expression was observed in the
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Figure 4: QPCR results using the Double Delta Ct method, which is commonly employed for relative
quantification of gene expression levels. a) Bar graph showing the relative expression levels of the acetyl-
cholinesterase (AChE) gene across four experimental groups (G1, G2, G3, and G4). b) The expression levels of
the NF-κB (Nuclear Factor kappa-light-chain-enhancer of activated B cells) gene across the same experimental
groups, c) Bar graph representing the expression levels of themonoamine oxidase A (MAO-A) gene across the four
experimental groups.

Table 3: Effect of MAG before and after treatments on cytokines in rats

Treatment
Group

Control MAG Rad MAG+ Rad F-value P-value

TNF-α (pg/ml) 12.20±0.35c 11.86±0.18c 25.75±0.34a 16.61±0.20b 525.74∗ <0.001

IL1β (pg/ml) 8.31±0.26c 8.14±0.18c 18.32±0.31a 12.51±0.19b 405.21∗ <0.001

IL-6 (pg/ml) 14.58±0.18c 14.19±0.10c 28.40±0.33a 19.89±0.28b 752.89∗ <0.001

Results are presented as the mean± SE, n = 8. One-way ANOVA followed by Tukey’s post hoc test was performed. The groups are statistically
significant (p < 0.05) as compared with control. The same superscript in the same raw are not statistically different.

gamma rays group compared to the other experimen-
tal groups (Figure 6).
Lesions were scored based on the severity of the histo-
logical changes observed. Brain tissue in the control
group was healthy and intact, with no signs of dam-
age or abnormality. The lesion score of this group was
0, indicating no histopathological lesions (Figure 7a).
Similarly, brain tissue from the antibiotic-treated con-
trol group showed cerebral atrophy, but muscle and
nerve cells were unaffected and maintained their nor-
mal structure. The lesion score was 0, indicating no
lesion (Figure 7b).
In contrast, the brain tissue of the gamma radiation
group showed more damage. The parenchyma exhib-
ited obvious blood vessels (indicated by arrows) and
numerous empty vessels (indicated by arrows). These

histopathological changes resulted in a ++ lesion
score, indicative of severe brain damage (Figure 7c).
Brain tissue from the group exposed to both gamma
radiation and antibiotics showed significant improve-
ment compared to the gamma ray–only group, with
an absence of parenchyma blood vessels and tissue
formation only weakly in muscle cells (indicated by
arrows). This group had a lesion score of +, indi-
cating a significant reduction in neurologic damage
(Figure 7d).

DISCUSSION
The results of this study demonstrated that the ex-
tracted compounds exhibit structural and functional
features consistent with polysaccharides, specifically
arabinogalactans. Both Fourier Transform Infrared
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Figure 5: Immunohistochemistry analysis for Bax protein expression in the brain of rats before and after
MAG treatment, using a magnification scale of 25 µm to assess apoptotic activity in the different experi-
mental groups. a) Control group showing baseline expression levels of Bax in the brain tissue, with sparse Bax-
positive cells, b) Photomicrograph of brain, control group showing weak Bax expression in the cerebral cortex, c)
The cerebral cortex in normal rats were received MGA, d) the hippocampus in normal rats were received MGA , e)
Photomicrograph of brain, gamma rays group showing higher Bax expression in the cerebral, f) The hippocam-
pus, gamma rays group showing higher Bax expression, g) Photomicrograph of brain, gamma rays + MGA group
showing moderate Bax expression in the hippocampus (Immune staining), h) Chart represents Bax expression as
mean area percent of positive staining. Data are presented as mean± SE. Significant difference is considered at P
< 0.05.

(FTIR) spectroscopy and High-Performance Liquid
Chromatography (HPLC) analyses provided comple-
mentary insights into the chemical composition and
bioactive potential of the extract.
FTIR spectra revealed key functional groups indica-
tive of polysaccharides. Peaks observed at 3284 cm-1

correspond to O-H stretching vibrations, character-
istic of hydroxyl groups typically present in polysac-
charides like arabinogalactans26. The peak at 1075
cm-1, attributed to C-O-C stretching, confirms the
presence of glycosidic linkages, which are a hallmark
of polysaccharide structures27,28. The C=O stretch-
ing observed at 1737 cm-1 and C-H stretching at 2921
cm-1 further support the presence of aliphatic and
carbonyl functional groups in the extract29–31. Ad-
ditionally, Wu et al.32 emphasized the utility of FTIR
in detecting glycosidic bonds and hydroxyl groups in
arabinogalactans, providing further validation of the

results.
HPLC analysis provided quantitative data on the
bioactive components of the extract. Notably, phe-
nolic compounds such as Gallic acid and Chlorogenic
acid were identified. These compounds are known for
their antioxidant properties, which contribute to the
therapeutic potential of arabinogalactan-containing
extracts33. The presence of these compounds sug-
gests that the extract is not only polysaccharide-rich
but also enrichedwith bioactive phenolics, whichmay
enhance its functional properties.
The retention times and peak areas obtained in
this study are consistent with those reported by
Saeidy et al.1, who quantified bioactive components
in polysaccharide extracts using HPLC. These re-
sults further corroborate the structural and functional
identity of the extract.
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Figure 6: Immunohistochemistry for bcl2 before and after treatments. a) Photomicrograph of brain, control
group showing higher Bcl2 expression in the cerebral cortex (Immune staining), b) Photomicrograph of brain,
control group showing higher Bcl2 expression in the hippocampus (Immune staining), c) Photomicrograph of
brain, MGA group showing higher Bcl2 expression in the cerebral cortex (Immune staining), d) Photomicrograph
of brain, MGA group showing higher Bcl2 expression in the hippocampus (Immune staining), e) Photomicrograph
of brain, gamma rays group showing lower Bcl2 expression in the cerebral cortex (Immune staining), f) Photomi-
crograph of brain, gamma rays group showing lower Bcl2 expression in the hippocampus (Immune staining), g)
Photomicrograph of brain, gamma rays + MGA (B& A) group showing moderate Bcl2 expression in the cerebral
cortex (Immune staining), h) Photomicrograph of brain, gamma rays + antioxidant group showingmoderate Bcl2
expression in the hippocampus (Immune staining), i) Chart represents Bcl2 expression as mean area percent of
positive staining. Data are presented as mean± SE. Significant difference is considered at P < 0.05.

The presence of glycosidic linkages and hydroxyl
groups, as confirmed by FTIR, strongly supports the
hypothesis that the extract contains arabinogalactans.
Arabinogalactans are known for their immunomod-
ulatory, antioxidant, and anti-inflammatory proper-
ties, as highlighted byWang et al.34. Furthermore, the
detection of phenolic compounds via HPLC suggests
a synergistic contribution to the extract’s antioxidant
activity 35,36. Baumann et al.9 identified similar gly-
cosidic structures in arabinogalactans that contribute
to their bioactivity, supporting our FTIR findings of
polysaccharide-rich MAG with glycosidic linkages.
The data clearly demonstrate that radiation exposure
significantly decreases the expression of BDNF, align-
ingwith earlier research that indicates a harmful effect
of radiation on neurological well-being37,38. The par-
tial recovery of BDNF levels in the treatment group,
however, suggests that the provision of antioxidants

lessens this impact. These data corroborate the con-
cept that antioxidants might confer neuroprotective
advantages in the setting of radiation exposure.
The expression of anti-cleaved caspase-3 in controls
and treated samples may present important informa-
tion on the responses of cells to different therapies.
Anti-cleaved caspase-3 is an apoptosis biomarker.
The degree of programmed cell death under diverse
situations is reflected by its expression levels39.
The baseline expression levels of 10.83% and 39.46%
in the control group serve as a reference for normal
physiological circumstances in rats. The group treated
with antioxidants exhibited amodest decrease in anti-
cleaved caspase-3 expression (10.71% and 34.12%),
indicating that antioxidants may mitigate apoptosis
under normal circumstances.
Radiation exposure significantly reduced anti-cleaved
caspase-3 expression levels to 9.37% and 15.73%, re-
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Figure 7: Histopathological of brain. a) Brain from control normal group showing normal brain parenchyma;
notice the normal neurons and nerve cells, (Lesion score: 0), (Scale bare 50 µm), b) Brain from control normal +
Antioxidant group showing normal brain parenchyma; notice the normal neurons and nerve cells, (Lesion score:
0), (Scale bare 50 µm), c) Brain fromGamma rays exposed group showing damaged brain parenchyma; notice the
blood vessel congestion (arrow head) and vacuolated nerve cells (arrows), (Lesion score: ++), (Scale bare 50 µm),
d) Brain fromGamma rays + Antioxidant exposed group showingmarked improved brain parenchyma; notice the
absence of blood vessel congestion with mild vacuolated nerve cells (arrows), (Lesion score: +), (Scale bare 50
µm).

spectively. This substantial decrease indicates that ra-
diation induces a strong apoptotic response, leading
to increased cell death40. The diminished expres-
sion of anti-cleaved caspase-3 may arise from signifi-
cant cellular damage and the onset of apoptosis, ulti-
mately culminating in caspase-3 cleavage and activa-
tion. The group administered both antioxidants and
an additional modality (perhaps a combined therapy
including radiation) had intermediate expression lev-
els of 10.69% and 27.69%. The findings indicate that
while radiation necrosis occurs, antioxidants canmit-
igate cellular damage and apoptosis to some extent.
These medicines help eliminate microorganisms that
exacerbate radiation-induced damage, thereby miti-
gating the adverse effects of radiation therapy. Future
medicine highlights the advantages41.
The reported results align with the idea that antiox-
idants might mitigate oxidative stress and decrease
apoptosis. The protective function of this antioxidant
against radiation-induced damage underscores its po-
tential therapeutic advantages in reducing adverse ef-
fects in clinical radiation treatment settings.
The results found align with the idea that antioxidants
might mitigate oxidative stress and decrease apopto-
sis. The reduction in anti-cleaved caspase-3 expres-
sion in the antioxidant-treated group substantiates the

notion that antioxidants contribute to cellular health
and functionality. Furthermore, the intermediate ex-
pression levels in the combined therapy group indi-
cate that antioxidants provide a degree of protection;
however, they are unable to fully mitigate the effects
of radiation42.
The expression levels of anti-cleaved caspase-3, a sig-
nificant apoptosis marker, were examined in control
and treated rat tissues to elucidate cellular responses
to various treatments. Our findings provide substan-
tial insights into the possible protective effects of an-
tioxidants against radiation-induced apoptosis43.
The expression levels in the base state were 10.83%
and 39.46% for the control group, representing a nor-
mal physiological state, which served as a background
against which later stages were compared. Antioxi-
dant treatment only marginally reduced the levels of
expression to 10.71% and 34.12%, respectively; this
represents minimal influence on the basal apoptotic
rates under normal conditions. A finding of this na-
ture could suggest that antioxidants preserved cellular
integrity by not significantly interfering with normal
cell mechanisms that lead to apoptosis.
Radiation exposure significantly down-regulated
anti-cleaved caspase-3 expression to 9.37% and
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15.73%, respectively, demonstrating a great increase
in apoptotic activity. The pronounced reduction
underlines the pro-apoptotic effect of radiation, most
likely as part of severe cellular stress and damage that
eventually leads to the induction of caspase pathways.
The cohort subjected to a combination regimen of
antioxidants and radiation had intermediate expres-
sion levels of 10.69% and 27.69%. These levels exceed
those recordedwith radiation alone but are lower than
those of the control and antioxidant-only groups. This
indicates that antioxidants provide a limited protec-
tive effect against radiation-induced apoptosis. The
moderate expression levels suggest that although an-
tioxidants cannot entirely negate the effects of radia-
tion, they substantially reduce the degree of apoptosis,
thereby providing some cellular protection.
These findings corroborate other research indicating
the protective function of antioxidants against oxida-
tive stress and apoptosis. The capacity of antioxidants
to diminish apoptotic markers in the context of radia-
tion highlights their prospective therapeutic utility in
clinical scenarios involving unavoidable radiation ex-
posure, such as cancer treatment44.
These results are important because they ensure that
the dual role of radiation in inducing apoptosis, as
well as the capacity of antioxidants to modulate this
response, is emphasized. The decreased anti-cleaved
caspase-3 expression noted in the combined therapy
group supports the synergistic role of antioxidants in
mitigating the adverse effects of radiation. The in-
adequacy of antioxidants to fully neutralize radiation
effects underscores the necessity for improving dose
and combination techniques to achieve better protec-
tive outcomes.
These data show that both radiation exposure and
combination therapy have a profound impact on
MAO-A gene expression, while antioxidant treatment
alone only minimally affects it. The increase induced
by radiation underlines the sensitivity of MAO-A ex-
pression to environmental stresses. The findings con-
tribute to our knowledge of the molecular processes
underlying stress responses and on the eventual ther-
apeutic benefits of antioxidants.
The differential expression identified here highlights
the importance of considering environmental and
treatment variables in studies concerned with gene
regulation. Further study will be required to explain
the specific mechanisms of these therapies on the ex-
pression of theMAO-A gene and further elucidate the
regulation of this important genewith respect to stress
and therapeutic interventional approaches.
TNF-α , IL-1β , and IL-6 are important cytokines
implicated in inflammatory and immune reactions.

These cytokines were significantly influenced by
MGA before and after irradiation, with remarkable
reductions in the levels of TNF-α , IL-1β , and IL-
6. This suggests a possible immunomodulatory im-
pact of MGA. Our findings indicate that radiation
markedly raises the levels of TNF-α , IL-1β , and IL-6,
but MGA therapy seems to alleviate these radiation-
induced elevations.
The increase in pro-inflammatory cytokines after ra-
diation exposure aligns with prior research. Najafi et
al.45 indicated elevated levels of TNF-α and IL-6 in ir-
radiated tissues, indicating that these cytokines are in-
tegral to radiation-induced inflammatory responses.
Wei et al.46 similarly discovered that radiation ex-
posure resulted in elevated IL-1β production across
several organs, hence contributing to both acute and
chronic inflammation.
The protective effect ofMGA in ourmodel is in agree-
ment with the well-documented anti-inflammatory
and antioxidant properties of melatonin and gallic
acid. In fact, it has been reported that melatonin may
control the expression of proinflammatory cytokines
in various experimental models. Gallic acid has been
mentioned to inhibit NF-κB activation—one of the
main transcription factors controlling the inflamma-
tory process—thus decreasing the expression levels of
proinflammatory cytokines47.
These observations might indicate that the combined
action of melatonin and gallic acid in our MGA
therapy is responsible for its potency in mitigating
radiation-induced inflammation. Since the levels of
pro-inflammatory cytokines were intermediate in the
MGA + Rad group compared to the Rad group, this
combination has the potential to have a considerably
stronger preventive impact than either drug alone.
Our findings include significant implications for
radiation protection and therapy. MGA’s capac-
ity to reduce radiation-induced elevations in pro-
inflammatory cytokines indicates its promise as a ra-
dioprotective agent. This may be especially benefi-
cial in radiation treatment contexts, where minimiz-
ing collateral damage to healthy tissues is a significant
concern47,48.
The findings indicate that radiation exposure
markedly elevates oxidative stress in rat brain tissues,
as seen by increased MDA levels and diminished
activity of essential antioxidant enzymes (SOD, GSH,
and CAT). Treatment with Matcha Arabinogalactans
(MAG) demonstrates protective potential, decreas-
ing oxidative damage and bolstering antioxidant
defenses. This points to the fact that MAG acts
protectively against radiation-induced oxidative
stress and could be of therapeutic use in disorders
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involving oxidative damage. The neuroprotective
and radioprotective potential of arabinogalactans has
been explored in studies using larch-derived arabino-
galactans. These studies demonstrated antioxidant,
anti-inflammatory, and immunomodulatory prop-
erties, which are consistent with our findings for
Matcha-derived arabinogalactans (MAG). Qi et al.49

and Liu et al.50 reported that larch arabinogalactans
enhance immune responses and exhibit antioxidant
properties, which aligns with the observed reduction
in oxidative stress markers (e.g., MDA) and increased
antioxidant enzyme activities (e.g., SOD, GSH)
in our study. MAG contains bioactive phenolic
compounds, including Gallic acid and Chlorogenic
acid, which have been studied extensively for their
radioprotective effects. Gallic acid has been shown to
scavenge free radicals and reduce lipid peroxidation,
similar to the reduction in MDA levels observed
in our study. Studies by Hadidi et al.51 highlight
its anti-inflammatory properties through NF-κB
inhibition, which parallels the reduced cytokine levels
(TNF-α , IL-1β , IL-6) we observed. Chlorogenic
acid is known for its neuroprotective effects via
antioxidant and anti-apoptotic pathways. Zha et
al. 52 reported its ability to upregulate antioxidant
enzymes like SOD and GSH, consistent with our
findings.
These comparisons emphasize that MAG’s radiopro-
tective effects are likely synergistic, leveraging both
its polysaccharide and phenolic components. When
compared to a synthetic radioprotective agent such
as amifostine53, which is approved for clinical use,
MAG is particularly effective in reducing dry mouth
during radiotherapy. Its primary mechanism involves
scavenging free radicals and protecting normal tis-
sues from radiation damage. However, it has limi-
tations, including side effects such as nausea and hy-
potension54. MAG is a natural compound with oral
bioavailability, making it more suitable for preclinical
and possibly clinical use. Unlike amifostine, MAG’s
effects are multifaceted, addressing not only oxidative
stress but also inflammation (e.g., decreased cytokine
levels) and apoptosis (e.g., Bax and Bcl2)55. While
MAG does not yet match the well-documented effi-
cacy of amifostine, its natural origin and low toxicity
profilemaymake it a promising alternative or comple-
mentary radioprotective agent. Further direct com-
parisons in preclinical and clinical studies are needed
to determine its relative efficacy.
It is, however, important to clarify at the outset that
although our studies indicate the anti-inflammatory
function of MGA in a radiation context, more stud-
ies are required to determine the exact mechanism

by which such protection may occur. Furthermore,
long-term in vivo studies and clinical trials will be re-
quired to demonstrate efficacy and safety for the pro-
posed use ofMGAas a radioprotective drug in human
populations.
Histological examination after antioxidant therapy
shows its protective effect against gamma-ray-
induced damage in cerebral tissues. Control groups,
irrespective of the presence of antioxidants, had
normal brain parenchyma with no lesions, while
there was significant histological damage after ex-
posure to gamma rays. The addition of antioxidants
mitigated this damage, as revealed by a lower lesion
score and improved integrity of brain tissue in the
group Gamma rays + Antioxidant. These findings
are therefore a testament to the effectiveness of
antioxidants in maintaining cerebral health even
against oxidative stress.
The study represents a preclinical investigation using
a single-dose protocol in an animal model. Further
studies are necessary to explore the dose-response
relationship, long-term effects, and specific molecu-
lar targets of MAG, as well as its relevance in clini-
cal settings. Although this study focused on short-
term outcomes, extending observations over a longer
period would help determine whether the protective
effects of MAG are sustained and how they influ-
ence long-term neuroprotection. Beyond biochemi-
cal and histological assessments, future research could
include behavioral and cognitive tests to comprehen-
sively evaluate functional improvements, particularly
in memory and learning.

CONCLUSION
Our study sheds light on the potential of arabino-
galactans from matcha (MAG) to protect the brain
from gamma radiation damage. We found that MAG
appears to be a potent antioxidant. It reduced oxida-
tive stress markers and enhanced the natural antioxi-
dant defenses of the brain in irradiated rats. We also
observed strong anti-inflammatory effects. MAG at-
tenuated the elevation of several markers of inflam-
mation, which are typically exacerbated after irradi-
ation. MAG appears to help prevent cell death. It
is among the proteins involved in apoptosis (pro-
grammed cell death) and can keep many brain cells
alive. Interestingly, MAG also maintained BDNF lev-
els, which are key to maintaining brain health and
function. The treatment normalized several impor-
tant enzymes associated with neurotransmitters nor-
mally damaged by radiation.
Uponmicroscopic examination of the brain tissue, we
observedmore damage and less inflammation inmice
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treated with MAG before irradiation. Future studies
should dig deeper into the exact mechanism of action
ofMAG and investigate its possible release from long-
term adverse effects.

ABBREVIATIONS
ABTS• + (2,2’-Azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)); AChE (Acetylcholinesterase); AG
(Arabinogalactans); ANOVA (Analysis of Variance);
APP (Amyloid Precursor Protein); ATR (Attenu-
ated Total Reflectance); BAX (BCL2-Associated X
protein); BCL2 (B-cell lymphoma 2); BDNF (Brain-
Derived Neurotrophic Factor); B & A (Pre- and Post-
MAG treatment with radiation); BSA (Bovine Serum
Albumin); CAT (Catalase); cDNA (Complementary
DNA); CE (Catechin Equivalent); Ct (Threshold
Cycle); DAPI (4’,6-Diamidino-2-Phenylindole);
DPPH• (2,2-Diphenyl-1-picrylhydrazyl); ∆∆Ct
(Double Delta Ct); FTIR (Fourier Transform In-
frared Spectroscopy); GAE (Gallic Acid Equivalent);
GSH (Glutathione); Gy (Gray); G*Power (Statistical
power analysis software); H&E (Hematoxylin and
Eosin); HMW (High Molecular Weight); HPLC
(High-Performance Liquid Chromatography); HRP
(Horseradish Peroxidase); IACUC (Institutional An-
imal Care and Use Committee); IL-1β (Interleukin 1
beta); IL-6 (Interleukin 6); LD50 (Lethal Dose, 50%);
MAG (Matcha-derived Arabinogalactans); MAO-A
(Monoamine Oxidase A); MDA (Malondialdehyde);
NF-κB (Nuclear Factor Kappa B); NCRRT (National
Center for Radiation Research and Technology);
NIH (National Institutes of Health); OCT (Optimal
Cutting Temperature); PBS (Phosphate-Buffered
Saline); QPCR (Quantitative Polymerase Chain
Reaction); Rad (Radiation-only group); RT-PCR
(Reverse Transcription Polymerase Chain Reaction);
SDS-PAGE (SodiumDodecyl Sulfate-Polyacrylamide
Gel Electrophoresis); SEM (Standard Error of the
Mean); SOD (Superoxide Dismutase); SPSS (Sta-
tistical Package for the Social Sciences); TE (Trolox
Equivalent); TFA (Trifluoroacetic Acid); TNF-α
(Tumor Necrosis Factor-alpha); WB (Western Blot);
3Rs (Replacement, Reduction, Refinement); and
βGlcY (β -glucosyl-Yariv reagent).
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