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INTRODUCTION
Chemotherapy is a widely used treatment modality 

for cancer. However, its use is challenging because it damages 
both cancerous and healthy tissues [1]. Since the type, dose, and 
duration of chemotherapy critically influence patient health and 
treatment outcomes [2], there is an increasing focus on exploring 
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ABSTRACT
A variety of toxicities can result from treatment with chemotherapeutic drugs, including hepatotoxicity and 
impaired immunity. This study investigates the use of biobran as an adjuvant treatment against toxicity caused 
by the chemotherapy medication etoposide. 40 rats were divided into 4 groups to study the effects of etoposide (1 
mg/kg body weight/day) and biobran (40 mg/kg body weight/day) over a duration of 6 weeks. Rats treated with 
etoposide exhibited elevated liver enzymes-aspartate aminotransferase and alanine aminotransferase indicating 
impaired liver function, decreased immunoglobulins M, G (IgM, IgG) revealing reduced immunoglobulin levels 
(IgM, IgG), indicating diminished antibody production, and elevated oxidative stress markers-malondialdehyde and 
nitric oxide compared to the control and biobran groups. Biobran supplementation in etoposide-treated rats partially 
mitigated these effects. In addition, etoposide decreased antioxidant markers-superoxide dismutase-catalase, and 
reduced glutathione, while biobran increased them significantly. Etoposide also increased the cytokines (IL-4, IL-6, 
IL-8, and IL-17) while decreased IL10, but biobran reversed these changes. Immunohistochemical analysis revealed 
elevated levels of pro-inflammatory cytokines-interleukin-1 beta-tumor necrosis factor-alpha and transforming 
growth factor-beta in etoposide-treated rats, which biobran restored to normal levels. Histopathological analysis also 
revealed liver damage in rats treated with etoposide, but not in those rats receiving biobran. Flow cytometry indicated 
that etoposide increased the activity of apoptotic markers caspase-3 and annexin, while Bcl-2 was decreased, 
effects that were reverted by biobran treatment. Results also showed that immune cell expressions of T cell surface 
molecules-CD4, CD8, and CD3 in etoposide-treated rats are mitigated by biobran. Collectively, the results of this 
research demonstrate that biobran can be an effective adjuvant agent to counter the toxic effects and immunological 
decline resulting from etoposide in cancer chemotherapy. 
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to improve their condition and mitigate the adverse effects 
associated with chemotherapy.

MATERIALS AND METHODS 

Drugs and chemicals
Etopul 100 mg/5 ml sol (etoposide) solution for 

infusion vial was purchased from EIMC Pharmaceuticals 
Company (Cairo, Egypt) (Product Code: 11204). All the other 
chemicals used were of the highest purity and analytical grade 
purchased from commercial suppliers. 

Biobran/MGN-3
Biobran is a natural compound derived from the 

processing of rice bran with hydrolyzing enzymes sourced 
from Shiitake mushrooms. Its principal chemical composition 
features an arabinoxylan with a xylose constituent in its primary 
chain and an arabinose polymer in its side chain. Biobran was 
freshly prepared prior to each administration by dissolving it in 
0.9% saline solution and was administered every other day for a 
duration of 6 weeks. The supply of biobran for this investigation 
was procured from Daiwa Pharmaceuticals Co Ltd, based in 
Tokyo, Japan. 

Animals 
A cohort of 40 healthy adult male Wistar albino rats, 

aged 6–7 weeks and weighing about 130 ± 5 g, were obtained from 
the National Research Center’s Animal House in Dokki, Cairo, 
Egypt. The rodents were acclimated in a specific-pathogen-free 
environment, housed in clean plastic cages, and provided ad 
libitum access to tap water and a typical diet of pellets. The 
animals were kept in room temperature conditions of 24°C ± 
2°C, a relative humidity ranging from 60% to 70%, and a 12-
hour light–dark cycle for a duration of 2 weeks preceding the 
commencement of the experiment. This study protocol received 
ethical approval under the designation (DMU-SCI-240101) 
from Scientific Research Ethics Committee, Faculty of Science, 
Damanhour University, Egypt. 

Experimental design 
A random classification was applied to divide 40 rats 

into 4 primary experimental groups, each comprising 10 rats. 
The groups consisted of (G1) Control Group: baseline control 
receiving neither etoposide nor biobran; (G2) Biobran Group: 
intraperitoneal injections of biobran every other day at a dosage 
of 40 mg/kg body weight for a period of 6 weeks [18]; (G3) 
Etoposide Group: intraperitoneal injections of etoposide at a 
dosage of 1 mg/kg body weight/day for a period of 6 weeks 
[19]; and (G4) Dual Group: intraperitoneal injections of both 
biobran at the same dosage as Group G2 and etoposide at the 
same dosage as Group G3. 

Preparations for sample collection 
Following the completion of the experimental 

period, rats underwent an overnight fasting period and were 
subsequently anesthetized using inhalant anesthesia with 
isoflurane. 

adjunct therapies that can enhance cancer patients’ health while 
imposing fewer side effects [3]. Etoposide is a chemotherapeutic 
drug for the treatment of various malignancies, including 
small-cell lung cancer, testicular cancer, and lymphomas [4]. 
In addition, etoposide is commonly used to treat Hodgkin’s 
lymphoma and AIDS as well as ovarian, uterine, bladder, and 
prostate cancers [5,6]. Etoposide exerts anticancer effects by 
inhibiting topoisomerase II, a key enzyme in DNA replication 
and repair [7]. Specifically, etoposide inhibits the re-ligation 
step of the enzyme’s catalytic cycle, causing the accumulation 
of DNA double-strand breaks. This DNA damage triggers 
apoptosis in rapidly dividing cancer cells [8]. Several studies 
report that etoposide frequently elevates liver enzymes, and 
high doses can induce acute liver injury, including sinusoidal 
obstruction syndrome [9]. Furthermore, after receiving treatment 
for 1–5 months, etoposide has been connected to occurrences of 
acute hepatitis that have often been mild but can occasionally 
become severe [10]. It has been shown that topoisomerase 
II inhibitors like etoposide are known to undergo substantial 
metabolism in the liver, and this process has been linked to 
significant hepatocellular damage. Etoposide treatment has been 
associated with a notable increase in serum levels of alkaline 
phosphatase, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT) marked decrease in serum albumin 
levels [8]. Additionally, hepatotoxicity and immunomodulation 
are major adverse effects of etoposide chemotherapy [11]. 
Adjuvant therapies—natural or synthetic compounds—are 
increasingly used alongside chemotherapy to mitigate adverse 
effects. Biobran/MGN-3 is an arabinoxylan obtained from rice 
bran and altered by hydrolyzing it with shiitake mushroom 
enzymes. Biobran consists of arabinose monomers linked to a 
xylose backbone, and its molecular weight ranges from 30 to 
50 kDa [12]. Several in vivo, in vitro, and human investigations 
suggest that biobran can enhance the performance of innate and 
adaptive immune cells, such as B cells, T cells, natural killer 
cells, dendritic cells, and macrophages [13]. It is noteworthy 
that previous research demonstrated that biobran could 
sensitize metastatic breast cancer cells to paclitaxel in vitro 
and enhance the apoptotic effect of a low dose of paclitaxel on 
tumor cells. Biobran can also make human breast cancer cells 
more sensitive to the chemotherapy drug daunorubicin [14]. 
Furthermore, biobran has chemo-preventive action against the 
chemical induction of glandular stomach cancer in rats [15]. 
Preclinical findings suggest biobran may help manage terminal 
hepatocellular carcinoma through increased immunity and anti-
inflammatory effects, potentially improving quality of life as 
well as supplementing standard therapies [16]. 

While etoposide demonstrates efficacy as an 
anticancer medication, it is crucial to systematically monitor for 
hepatotoxicity and consider the potential for immunomodulation 
when incorporating it into chemotherapy protocols. Therefore, 
the exploration of therapeutic strategies to counteract these 
detrimental effects is crucial in improving patient outcomes 
during chemotherapy [17]. 

This study investigates biobran’s potential to mitigate 
etoposide-induced hepatotoxicity and immunosuppression, 
which could revolutionize adjuvant chemotherapy strategies. 
This combination holds promise for patients, offering a pathway 
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Blood collection 
Blood was collected from the tail vein using a 

sterile needle, with an emphasis on avoiding bone injury. The 
collected blood was directed into sterile tubes or microtubes for 
subsequent analysis, with the volume tailored to experimental 
requirements. 

Liver tissues 
Animals were dissected and the selected organ, the 

liver, was quickly taken from all experimental groups. To 
eliminate red blood cells, the dissected livers were washed in 
a phosphate-buffered saline (PBS) solution. Subsequently, the 
organs were divided into multiple parts for various analyses. 
For the histopathological analyses, liver pieces were fixed 
in 10% neutral formalin. For apoptotic markers, caspase 3, 
Annexin, and Bcl2 determinations, the second portions of the 
livers were kept at −80°C for storage. The third sections for 
measuring cytokines, antioxidants, and indicators of oxidative 
stress in tissues were frozen at −80°C. 

Tissue homogenate preparation
Frozen liver tissues were homogenized in cold lysis 

buffer (100 mM potassium phosphate, containing 2 mM EDTA), 
centrifuged for 15 minutes, and stored at −20°C for further use 
after homogenization.

Histopathological examination 
Fixed liver in 10% buffered formalin from the normal 

and experimental rats were dehydrated through a graded series 
of ethanol and embedded in paraffin according to standard 
procedures. Paraffin sections (5 m thick) were mounted on glass 
slides and used for hematoxylin and eosin stains as a routine 
method after [20]. 

A semiquantitative grading system was employed 
blindly by a pathologist for the assessment of liver injury 
[21], examining the following parameters: Hepatocyte (HC) 
degeneration/vacuolation –Inflammatory cell infiltration–
Venous Congestion–Necrosis–Presence of bile duct 
proliferation. Each parameter was graded on a 0–3 scale: 
0>Normal (no abnormality) – 1>Mild changes (<25% of area) 
– 2>Moderate (25%–50% of area) – 3>Severe (>50% of area).

Quantitative assessment of hepatic biomarkers (liver function) 
in rat serum 

Serum AST and ALT levels were determined using 
standardized enzymatic assays based on the International 
Federation of Clinical Chemistry reference procedures. These 
assays monitor the oxidation of NADH to NAD⁺ at 340 nm [22]. 
The bromocresol green binding method was used to determine 
albumin levels [23], and the modified Jendrassik–Grof diazo 
method was used to determine total bilirubin [24], with the 
bilirubin–diazotized sulfanilic complex’s absorbance measured 
at 540 nm. All assays were carried out using commercially 
available diagnostic kits (Sigma Diagnostics, India) in a 
calibrated automatic biochemistry analyzer (Cobas Integra, 
Roche), following the manufacturer’s instructions. Each 

analytical run included internal quality controls and calibrators 
to ensure precision and accuracy.

Quantitative analysis of Immunoglobulin M (IgM) and 
Immunoglobulin G (IgG) levels in rat serum using ELISA 
assay

IgM and IgG serum concentrations were determined 
using MyBioSource rat-specific ELISA kits (IgM: Cat. No. 
MBS9135900; IgG: Cat. No. MBS261432; San Diego, CA) 
following the manufacturer’s instructions. Standards and 
serum samples were loaded onto pre-coated 96-well plates and 
incubated with enzyme-linked antibodies. They were washed 
before the addition of 3,3’,5,5’-Tetramethylbenzidine  substrate 
and stopping the enzymatic reaction using a stop solution. 
Absorbance was measured at 450 nm using a microplate reader 
(BioTek ELx800, USA). Immunoglobulin concentrations were 
calculated from standard curves. Each sample was tested in 
duplicate, and internal quality controls ensured the reliability 
and reproducibility of the results [25]. 

Determination of oxidative stress and antioxidant biomarkers 
in liver tissue homogenate

Malondialdehyde (MDA), nitric oxide (NO), 
superoxide dismutase (SOD), catalase (CAT), and reduced 
glutathione (GSH) levels were determined in homogenized rat 
renal tissues using commercially available Abcam (Cambridge, 
UK) assay kits with catalog numbers ab118970, ab65328, 
ab65354, ab83464, and ab138881, respectively. The tissue 
samples were homogenized in the appropriate buffers and 
centrifuged to produce clear supernatants. The assays were 
carried out in accordance with the manufacturer’s instructions, 
with each analyte producing a distinct colorimetric response. 
Absorbance was measured with a microplate reader, and 
concentrations were determined using standard curves. All 
samples were run in duplicate with internal controls to ensure 
accuracy.

Determination of inflammatory status in liver tissue 
homogenate

The concentrations of cytokines in liver tissue 
homogenates from all experimental groups were measured 
using rat-specific ELISA kits from Boster Biological 
Technology (Pleasanton, CA, USA) and Biocompare 
(Cambridge CB4 0GJ, UK) according to the manufacturer’s 
procedure. IL-4 (Cat. No. EK0406), IL-6 (Cat. No. EK0412), 
and IL-10 (Cat. No. EK0418) were tested using Boster kits, 
whereas IL-8 (Cat. No. abx052099) and IL-17 (Cat. No. 
EKF57850) were tested using Biocompare kits. Tissues 
were homogenized in ice-cold PBS with protease inhibitors 
and then centrifuged to extract supernatants. Standards and 
samples were inserted in pre-coated 96-well plates, incubated 
with detection antibodies specific to each cytokine, and then 
treated with substrate. The reaction was stopped, and the 
absorbance was measured at 450 nm. Cytokine concentrations 
were calculated from standard curves, and all measurements 
were performed in duplicate with appropriate quality controls 
[26].
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Immunohistochemical staining of interleukin-1 beta (IL-
1β), tumor necrosis factor-alpha (TNF-α), and transforming 
growth factor-beta (TGF-β) in liver tissue 

The specimens were fixed in 10% neutral-buffered 
formalin, then paraffin-embedded and cut into 5-μm sections. 
For the immune-histochemical study, liver sections were 
deparaffinized in xylene, then rehydrated through a graded 
series of ethanol, and antigen retrieval was performed by heating 
in citrate buffer (pH 6.0) at 95°C for 20 minutes. Sections were 
allowed to cool to room temperature and further washed in 
PBS, pH 7.4.

After that, the sections were incubated for 10 minutes 
with 3% hydrogen peroxide to block the endogenous peroxidase 
activity. To prevent nonspecific binding, the sections were 
incubated in 5% bovine serum albumin (BSA) in PBS at room 
temperature for 30 minutes. Later, liver sections were incubated 
overnight at 4°C with the respective primary antibodies, which 
included: Anti-IL-1β antibody: (Catalogue No. PB9025), anti-
TNF alpha antibody (Catalogue No. PA1079), and anti-TGF-β 
1 antibody (Catalogue No. A00019-2) BOSTER BIOLOGICAL 
TECHNOLOGY, 3942 B Valley Ave, Pleasanton, CA. 
Following the application of primary antibodies, liver sections 
were washed three times with PBS and incubated with a 
biotinylated goat anti-rabbit IgG secondary antibody suitable 
for each primary antibody for 30 minutes at room temperature. 
Then, they were incubated with streptavidin–horseradish 
peroxidase complex for another 30 minutes.

The sections were developed with 
3,3′-diaminobenzidine as a chromogen, yielding positive 
staining as indicated by the brown coloration. Slides were 
counterstained with hematoxylin, then dehydrated and mounted. 
The controls were prepared by omitting the primary antibodies. 
Staining intensity and distribution of IL-1β, TNF-α, and TGF-β 
were observed under a light microscope [27,28]. 

Flow cytometric analysis of apoptotic markers and T cell 
surface molecules 

Flow cytometry was applied to analyze apoptotic 
markers (Caspase-3, Bcl-2, and Annexin V/PI) [29], in addition 
to T cell surface molecules CD4, CD8, and CD3 [30] in the liver 
from the four experimental groups. 

Approximately 100 mg of rat liver tissue was taken 
from each rat, washed in ice-cold PBS to drain off residual 
blood, and finely minced with sterile scissors. Tissue fragments 
were enzymatically digested in 0.2% collagenase IV (Sigma-
Aldrich, USA) in PBS and incubated for 30 minutes at 37°C 
under gentle agitation. The digested suspension was filtered 
through a 70 μm nylon cell strainer to obtain a single-cell 
suspension. Cells were centrifuged at 300 × g for 5 minutes at 
4°C. Red blood cells were lysed with red blood cells lysis buffer 
(BioLegend, USA) at room temperature for 2 minutes, washed, 
and resuspended in flow cytometry staining buffer (PBS with 
1% fetal bovine serum).

For intracellular staining, cells were fixed 
and permeabilized first with the eBioscience Fixation/
Permeabilization Kit (Thermo Fisher Scientific, USA) and 
blocked with 10% normal goat serum to reduce nonspecific 

antibody binding. Cells were stained with the following primary 
antibodies: rabbit anti-Caspase-3 (Cat. No. PB9188, Boster 
Biological Technology; 1 µg/10⁶ cells) and mouse anti-BCL-2 
(Cat. No. 13-8800, Invitrogen). After washing, cells were 
incubated in the dark at 4°C for 30 minutes with secondary 
antibodies labeled with fluorophore: Alexa Fluor® 488 goat 
anti-rabbit IgG (anti-Caspase-3) and Alexa Fluor® 647 goat 
anti-mouse IgG (anti-BCL-2).

Annexin V- and propidium iodide (PI) staining (Cat. 
No. 786-1544, G-Biosciences, USA) was performed to obtain 
early and late apoptosis as per the manufacturer’s instructions. 
Both staining analysis allowed the separation of viable 
(Annexin⁻/PI⁻), early apoptotic (Annexin⁺/PI⁻), late apoptotic 
(Annexin⁺/PI⁺), and necrotic (Annexin⁻/PI⁺) cells.

For the identification of liver-resident and infiltrating 
T cell populations, single-cell suspensions of liver tissues were 
labeled with fluorochrome-conjugated monoclonal antibodies 
against the surface markers of T cell subsets. CD4 cells had 
been stained with a PE-conjugated anti-mouse CD4 antibody 
(Clone GK1.5, Rat IgG2b, κ; Cat. No. 100407, BioLegend, 
USA) at 0.25 µg per million cells. For CD8, we used 200 µg/
ml of Alexa Fluor® 647-conjugated anti-mouse CD8 (Clone 
32-M4, Mouse IgG2a; Cat. No. sc-1177 AF647, Santa Cruz 
Biotechnology, USA) diluted in PBS with 0.1% gelatin. For 
CD3ε, FITC-conjugated anti-human/mouse CD3 (Clone 
UCHT1, Invitrogen™ (eBioscience), Thermo Fisher Scientific, 
Waltham, MA; Cat. No. AB_2043831) 5 µl/test usage. This 
antibody has an excitation/emission maximum of 498/517 nm 
and was stored at 4°C in PBS containing 0.09% sodium azide.

Antibody staining was accomplished by incubating 
the cells with the specified antibody for 30 minutes at 4°C in 
the dark. Cells were washed twice with staining buffer (PBS 
+ 0.1% BSA) and then resuspended in the same buffer before 
being extracted. To determine nonspecific binding, isotype 
controls of each fluorochrome-conjugated antibody were used, 
Rat IgG2b-PE for CD4 and Mouse IgG2a-AF647 for CD8. 
Following staining, cells were washed twice in staining buffer 
before being resuspended in the same volume of buffer for flow 
cytometry analysis.

Data was collected using a BD Accuri™ C6 flow 
cytometer (BD Biosciences, USA) and analyzed with BD 
Accuri C6 software. A minimum of 10,000 events per sample 
were acquired. FSC versus SSC gating was performed initially 
to select viable single cells and to exclude debris and clumps 
of cells. Fluorescence Minus One control and isotype controls 
were employed for each antibody to ensure the accuracy and 
specificity of the gate boundaries. These controls allowed 
background and nonspecific fluorescence to be excluded so that 
only populations of true-positive cells were being quantified. 

Statistical analysis 
Statistical analysis was done using SPSS program 

(version 26). The data are calculated and presented as means 
associated with the standard deviation (SD). The normality 
was tested using Kolmogorov–Smirnov test and the data were 
normally distributed. The difference among the groups has 
been determined using one-way ANOVA (F test) and post hoc 
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(G3), there was a significant increase (p < 0.05) in both MDA 
and NO levels compared to the control and biobran groups. 
Additionally, in the dual treatment group (G4), dual treatment 
with biobran and etoposide decreased MDA and NO levels 
non-significantly compared to the etoposide group. The biobran 
group did not show any significant differences in MDA and NO 
levels compared to the control.

Quantification of antioxidants SOD, CAT, and GSH in rat 
liver cells homogenate from different experimental groups

To investigate the antioxidant activity, SOD, CAT, and 
GSH peroxidase were measured in rat liver cells homogenate 
as demonstrated in Table 4. The biobran group did not show 
any significant differences compared to the control group for 
any of the three enzymes. In contrast, SOD, CAT, and GSH 
showed a significant decrease (p < 0.05) in the etoposide group 
compared to the control group and the biobran group. The dual 

Duncan’s test. p-value less than 0.05 was considered statistically 
significant.

RESULTS

Liver function analysis via evaluation of liver enzymes AST 
and ALT and biochemical marker albumin and T. bilirubin

As shown in Table 1, ELISA assay results revealed 
significant differences in biochemical and physiological 
markers in rat plasma among various treatment groups. In 
G3 (etoposide), there was a substantial increase (p < 0.05) 
in AST and ALT levels compared to G1 (control) and G2 
(biobran). However, no significant changes were observed 
in G2 (biobran) or G4 (dual treatment) compared to the 
control. Regarding albumin levels in rat plasma, the results 
demonstrated a slight non-significant decrease in the etoposide 
group (G3) compared to the control and the other two treated 
groups, whereas the biobran group (G2) and dual treatment 
group (G4) did not show any significant changes in albumin 
levels when compared to the control group. The analysis of 
total bilirubin (T. bilirubin) in rat plasma also exhibited a 
highly significant increase (p < 0.05) in the etoposide group 
when compared to the control and the other two treated 
groups, while there were no significant changes observed in 
T. bilirubin levels in the Biobran or dual treatment groups 
compared to the control group. 

Quantitative measurement of serum immunoglobulins IgM 
and IgG 

Results in Table 2 show a significant reduction in both 
IgM and IgG levels in the etoposide group (G3) compared to 
the control and Biobran groups (p < 0.05) but not with the dual-
treated group (G4). The dual treatment and biobran groups did 
not exhibit any significant changes in IgM and IgG levels when 
compared to the control group.

Quantification of oxidative stress markers MDA and NO in 
rat liver cells homogenate from different experimental groups

The results for the oxidative stress markers MDA and 
NO in rat liver are depicted in Table 3. In the etoposide group 

Table 1. Shows liver enzymes AST and ALT and biochemical 
markers albumin and total bilirubin in rat serum across experimental 

groups. 

Serum 
biomarker

(G1) 
Control

(G2) Bio 
bran

(G3) 
Etoposide (G4) Dual 

AST (U/l) 138.6 ± 4.1c, d 141.6 ± 14.1c, d 186.6 ± 
9.2 a, b 164.0 ± 10.1 a, b

ALT (U/l) 37.3 ± 2.5 c 40.3 ± 3.0 c 56.0 ± 2.0 
a, b 44.0 ± 4.5

Albumin g/dl 4.2 ± o.2 4.4 ± 0.1 3.3 ± 0.1 4.2 ± o.3 

Total 
bilirubin 
(mg/dl)

0.22 ± 0.03 c 0.28 ± 0.02 c 0.57 ± 0.04 
a, b, d 0.31 ± 0.03 c

Data is presented as Mean ± SD (n = 7). Significance is indicated at p < 0.05 
for the mean difference of (a) group 1 control, (b) group 2 biobran, (c) group 3 
etoposide, and (d) group 4 dual treatment.

Table 2. ELISA assay showing immunoglobulins IgM and IgG in rat 
serum across experimental groups. 

Immunoglobulins (G1) 
Control

(G2) 
Biobran

(G3) 
Etoposide

(G4) 

Dual 

IgM (ng/ml) 72.3 ± 6.0 c 72.3 ± 4.0 c 51.0 ± 6.2 a, b 62.3 ± 6.0

IgG (ng/ml) 42.3 ± 4.5 c 45.9 ± 3.0 c 24.0 ± 5.2 a, b 35.0 ± 3.0

Data is presented as Mean ± SD (n = 7). Significance is indicated at p < 0.05 
for the mean difference of (a) group 1 control, (b) group 2 biobran, (c) group 3 
etoposide, and (d) group 4 dual treatment.

Table 3. Evaluation of oxidative stress markers (MDA and NO) in rat 
liver homogenates among experimental groups. 

Oxidative 
stress 

markers

(G1) 
Control

(G2) 
Biobran

(G3) 
Etoposide (G4) Dual

MDA nmol/g 
protein 17.3 ± 4.5 c, d 23.0 ± 4.0 c, d 43.0 ± 4.0 a, b 32.0 ± 3.0 a, b

NO nmol/g 
protein 32.3 ± 4.5 c, d 28.0 ± 3.6 c, d 58.0 ± 3.6 a, b 45.3 ± 4.1 a, b

Data is presented as Mean ± SD (n = 7). Significance is indicated at p < 0.05 
for the mean difference of (a) group 1 control, (b) group 2 biobran, (c) group 3 
etoposide, and (d) group 4 dual treatment.

Table 4. Comparative analysis of antioxidant markers (SOD, CAT, 
and GSH peroxidase) in rat liver homogenates. Groups. 

Antioxidants (G1) 
Control

(G2) 
Biobran

(G3) 
Etoposide (G4) Dual

SOD nmol/g 
protein 59.3 ± 4.0 c, d 61.0 ± 4.5 c, d 29.3 ± 2.5 a, b, d 43.6 ± 4.5 

a, b, c

CAT nmol/g 
protein 6.5 ± 0.8 c, d 5.2 ± 0.4 c 2.3 ± 0.2 a, b 4.0 ± 0.4 a

GSH nmol/g 
protein 4.2 ± 0.4 c, d 4.6 ± 0.5 c, d 1.5 ± 0.2 a, b, d 2.9 ± 0.2 

a, b, c

Data is presented as Mean ± SD (n = 7). Significance is indicated at p < 0.05 
for the mean difference of (a) group 1 control, (b) group 2 biobran, (c) group 3 
etoposide, and (d) group 4 dual treatment.
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treatment group showed a substantial reduction in comparison 
to the control group for CAT, GSH, and SOD. The results 
indicated a significant increase (p < 0.05) for SOD and GSH 
but not CAT parameters in the dual treatment compared to the 
etoposide group.

Inflammatory status of the liver: comprehensive evaluation of 
cytokine profiles

An ELISA assay was used to assess the liver’s 
inflammatory status by measuring interleukins (IL-6, IL-17, IL-
10, IL-4, and IL-8) in rat liver (Table 5). The results clearly 
demonstrated that biobran treatment alone had no significant 
effect on the inflammatory profile as compared to the control 
group, whereas the dual treatment produced varying results. 

Etoposide treatment significantly increased the 
proinflammatory cytokine IL-6 (p < 0.05) compared to the 
control and biobran-treated groups. While, the dual treatment 
showed a modest decrease in IL-6 levels compared to the 
etoposide group, but no significant difference was found for 
dual treatment when compared to the control or biobran groups. 

IL-17 levels increased significantly (p < 0.05) after 
etoposide treatment compared to the control, biobran, and 
dual-treated groups. Interestingly, the dual treatments showed a 
significant decrease in IL-17 compared to etoposide. However, 
IL-17 was still significantly higher (p < 0.05) in dual treatment 
compared to control and biobran groups.

In contrast, etoposide treatment significantly reduced 
the anti-inflammatory cytokine IL-10 (p < 0.05) compared to 
all other groups. 

IL-4 and IL-8 levels significantly increased (p < 
0.05) in the etoposide group compared to the control, biobran, 
and dual-treatment groups. Notably, the dual treatment had 
significantly increased IL-4 and IL-8 levels (p < 0.05) than the 
control and biobran groups. 

Histological and histopathological observations of liver tissue: 
a comparison of treatments with etoposide, biobran, and dual 
treatment with both, compared with normal liver

Photomicrographs from both control G1 (Fig. 1A) 
and biobran G2 (Fig. 1B) depicted normal hepatic architecture, 
which consists of cords of HC with acidophilic cytoplasm and 
centrally located round basophilic nuclei (N) radiating outward 
from a central vein (CV) to the periphery of the lobule. These 

cords of HC were separated by blood sinusoids (BS) (Fig. 1A 
and B). Liver sections from rats treated with etoposide (G3) 
(Fig. 1C–1E) revealed hepatocellular injury in specific areas, 
evidenced by disorganized hepatic cellular structure and loss of 
the normal tissue architecture. Some HC exhibited ballooning 
degeneration and displayed marked vacuolated cytoplasm 

Table 5. Comparative analysis between experimental groups of pro-inflammatory cytokines (IL-6, IL-17), 
anti-inflammatory cytokine (IL-10), a key immune regulatory mediator (IL-4), and a chemoattractant 

mediator (IL-8) in rat liver using ELISA assay. 

Inflammatory cytokines (G1) Control (G2) Biobran (G3) Etoposide (G4) Dual 

IL-6 (pg/mg protein) 14.3 ± 3.2 c 10.6 ± 1.5 c 26.6 ± 5.1 a, b 15.6 ± 2.0 c

IL-17 (pg/mg protein) 38.3 ± 3.5 c, d 36.6 ± 1.5 c, d 89.0 ± 8.1a, b, d 62.0 ± 6.0 a, b, c

IL-10 (pg/mg protein) 517.3 ± 6.0 c, d 512.3 ± 3.5 c, d 312.0 ± 4.5 a, b, d 407.6 ± 7.3 a, b, c

IL-4 (pg/mg protein) 220.6 ± 8.0 c, d 218.0 ± 8.0 c, d 549.3 ± 8.0 a, b, d 316.3 ± 4.7 a, b, c

IL-8 (pg/mg protein) 209.3 ± 2.5 c, d 213.0 ± 5.5 c, d 454.0 ± 8.5 a, b, d 317.3 ± 5.0 a, b, c

Data is presented as Mean ± SD (n = 7). Significance is indicated at p < 0.05 for the mean difference of (a) group 1 control, 
(b) group 2 biobran, (c) group 3 etoposide, and (d) group 4 dual treatment.

Figure 1. Histopathological examination of liver tissues stained with 
hematoxylin and eosin (H&E) under light microscopy (400× magnification). 
(A–F) Representative photomicrographs showing liver architecture across 
different experimental groups. (A) Control group (G1): Normal hepatic 
architecture with radiating cords of polygonal HC around a CV, normal N, 
and regular BS. (B) Biobran-treated group (G2): Well-preserved liver structure 
similar to control, with normal HC, CV, and intact BS. (C–E) Etoposide-treated 
group (G3): Severe histopathological alterations observed. (C) Congested and 
dilated portal vein. (D) HC vacuolation and cytoplasmic degeneration with 
loss of normal architecture. (E) Diffuse inflammatory cell infiltration around 
the portal area (asterisk), HC swelling, and disruption of lobular organization. 
(F) Dual treatment group (G4): Improved hepatic architecture compared to the 
etoposide group, showing restoration of HC structure, normal N, and CV, with 
reduced inflammation and congestion. Scale bar = 50 μm.
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and pyknotic N, along with dilated and congested veins (Fig. 
1C and D). Diffuse and periportal inflammatory leukocytic 
infiltrations were observed as indicated by an asterisk, along 
with proliferating bile ducts in Figure 1E. Additionally, 
activated Kupffer cells were present. Liver sections from the 
dual treatment (G4) showed a noticeable improvement in HC 
and liver architecture (Fig. 1F). Histopathological examination 
indicated mitigation of hepatocellular injury, and a restoration 
of a more normal liver architecture compared to rats treated 
with etoposide alone. These histological findings were further 
supported by the semiquantitative scoring of liver injury 
parameters presented in Figure 2, which complements the 
findings from the histopathology in Figure 1. The etoposide 
group (G3) had increased scores for all the parameters evaluated, 
including HC degeneration, veinous congestion, necrosis, 
inflammation, and bile duct proliferation, which confirmed the 
extensive liver damage observed microscopically. In contrast, 
the G4 dual treatment group showed significantly reduced 
pathology scores, consistent with the histological improvement 
seen in Figure 1F. The biobran-treated group (G2) had scores 
that were essentially indistinguishable from the control group 
(G1), reflecting preserved hepatic structure. These results 
collectively demonstrate the hepatotoxic effect of etoposide and 
the protective potential of biobran when given.

Immunohistochemical analysis of proinflammatory cytokines 
IL-1β, TNF-α, and TGF-β in HC 

Figure 3 presents light micrographs that demonstrate 
the effect of biobran treatment on the expression levels of 
proinflammatory cytokines IL-1β, TNF-α, and TGF-β after 
etoposide treatment in rat liver tissues. For the control group (Fig. 
2 A1–A3), few HC exhibited positive staining for IL-1β (A1), 
TNF-α (A2), and TGFβ (A3), indicating low basal expression 
in healthy liver. Similar to the control group, biobran treatment 
alone (Fig. 2 B1–B3) resulted in minimal staining for all three 
cytokines, suggesting no difference compared to control. The 
etoposide group (Fig. 2 C1–C3) showed obvious increased 
staining intensity for IL-1β (C1), TNFα (C2), and TGF-β (C3) 
compared to the control and biobran groups (indicated by 
arrows). Rats treated with both etoposide and biobran (Fig. 
2 D1–D3) show a clear decrease in the staining intensity for 
IL-1β (D1), TNF-α (D2), and TGF-β (D3) compared to the 
etoposide group. 

Flow cytometric assessment of apoptotic markers: analysis of 
caspase-3, Bcl-2, and annexin activities following treatments 
with etoposide, biobran, and both in liver cells

Flow cytometry analysis was conducted to assess the 
impact of different treatments in apoptosis including caspase3, 
Bcl2 annexin-V/PI activities in liver cells (Fig. 4). The flow 

Figure 2. Semiquantitative histopathological grading of liver tissue changes among experimental groups. Liver sections were evaluated for five main parameters: 
HC degeneration, inflammation, venous congestion, necrosis, and bile duct proliferation. Each parameter was scored on a 0–3 scale based on the severity (0 = none, 
1 = mild, 2 = moderate, 3 = severe). The sum of 4 animals per group is shown. The etoposide group showed the highest pathology scores in all the parameters, 
indicating severe hepatic injury. Combined treatment with Biobran reduced the pathological changes, while the Biobran-alone group showed normal structure-
like control.
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cytometry analyses were performed four times, and the data 
reported here reflect an average percentage of the four outcomes.

Caspase-3 activity 
Figure 4 panel I shows caspase-3 data as histograms, 

with the x-axis showing the level of caspase-3 activity and 
the y-axis showing the number of cells at each level. The 
histograms are also overlaid with vertical lines that show 
the gates that were used to define the positive and negative 
populations. Figure 4A and B shows negative and isotype 
control. Results from the control group (Fig. 4 Panel I, C) 
illustrate baseline caspase-3 activity. The percentage of cells 
in the positive gate (i.e., the cells with caspase-3 activity) is 
24.5%, while the caspase-3 negative population is 75.5%, 
indicative of the normal physiological state of liver cells. In 
(Fig. 4 Panel I, D) representing the biobran group, caspase-3 
positive population was 25.3%. For the etoposide group (Fig. 
4 Panel I, E), the percentage of cells in the positive gate is 
56.6%, showing an increase compared to the control group. 
This elevation in caspase-3 activity suggests the induction of 
apoptosis in response to etoposide treatment, compared to the 
control and biobran-only treated group. Furthermore, liver 
tissue from rats treated with both compounds (Fig. 4 Panel 
I, F) demonstrated a decrease in caspase-3 activity (31%) 
compared to the etoposide-treated group. This reduction 
in caspase-3 activity indicates a potential protective effect 

Figure 3. Micrographs showing the effects of biobran treatment on rat liver tissues 
following etoposide-induced hepatotoxicity, showing IL-1β, TNF-α, and TGF-β 
expression in HC. Rats in the control group showed a few HC that were positively 
stained for IL-1β (A1), TNF-α (A2), and TGF-β (A3) expression. Biobran-treated 
rats also demonstrated that IL-1β (B1), TNF-α (B2), and TGF-β (B3) are expressed 
in a few HC. The etoposide-treated rats showed an increase of IL-1β (C1), TNF-α 
(C2), and TGF-β (C3) compared with the control group. Rats treated with both 
etoposide and biobran showed HC with a decrease in IL-1β (D1), TNF-α (D2), 
and TGFβ (D3) relative to the etoposide group. Magnification: 200×.

Figure 4. Flow cytometry analysis of apoptotic markers in liver tissues from experimental groups. Panel I: Caspase-3 expression was assessed using a rabbit anti-
Caspase-3 primary antibody followed by goat anti-rabbit Alexa Fluor® 488 secondary antibody (green fluorescence). Panel II: Bcl-2 expression was evaluated using 
a mouse anti-Bcl-2 primary antibody followed by goat anti-mouse Alexa Fluor® 647 secondary antibody (far-red fluorescence). Panel III: Apoptotic and necrotic cell 
populations were identified using Annexin V- and PI staining. (A–B) show negative controls and isotype controls used to establish gating boundaries and eliminate 
background signal. (C–F) represent samples from different experimental groups: (C): Control group. (D): Biobran-treated group. (E): Etoposide-treated group. (F): 
Dual treatment group (Etoposide + Biobran). Histograms in Panels I and II display the percentage of Caspase-3⁺ and Bcl-2⁺ cells. Dot plots in Panel III show quadrants 
representing viable cells (Annexin⁻/PI⁻), early apoptotic (Annexin⁺/PI⁻), late apoptotic (Annexin⁺/PI⁺), and necrotic cells (Annexin⁻/PI⁺). Notably, etoposide-treated 
livers showed an increased percentage of apoptotic cells (Caspase-3⁺, Annexin V⁺) and reduced Bcl-2 expression, while dual treatment mitigated these changes.
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Figure 5. Flow cytometric analysis of T cell surface markers (CD4, CD8, and CD3) in liver tissues of different experimental groups. (I) Representative histograms 
showing the expression of CD4, CD8, and CD3 surface markers in liver-derived single-cell suspensions from the following groups: negative control (unstained cells; 
N1–N3), control group (G1; A1–A3), biobran-treated group (G2; B1–B3), etoposide-treated group (G3; C1–C3), and dual treatment group (G4; D1–D3). Percentages 
of positive (+ve) and negative (−ve) cell populations are shown in red above each histogram. Staining was performed using fluorochrome-conjugated antibodies, and 
analysis was conducted using a BD Accuri™ C6 flow cytometer. (II) Bar graph summarizing the mean percentages of positively stained T cells for each marker across 
experimental groups. A significant increase in CD4⁺, CD8⁺, and CD3⁺ T cell populations was observed in the biobran and etoposide groups compared to control. Dual 
treatment with biobran and etoposide reduced these populations to near-control levels. Data are presented as means (n = 4); p < 0.05 compared to control (denoted 
by * above bars).
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Flow cytometric analysis of CD4, CD8, and CD3 molecule 
expression in rat liver under different treatment conditions 
including etoposide, biobran, and both

Flow cytometry was employed to examine liver-
resident or infiltrating T cell populations according to 
measurement of CD4⁺, CD8⁺, and CD3⁺ surface antigens in liver 
single-cell suspensions of rats treated with various regimens: 
control (G1), biobran (G2), etoposide (G3), and combined 
biobran plus etoposide treatment (G4). FSC versus SSC gating 
was initially used to gate the viable single cells and exclude 
cell clumps and debris. Percentage figures for CD4⁺, CD8⁺, 
and CD3⁺ cells were subsequently represented as a percentage 
of the SSC/FSC-gated viable single-cell population. Four rats 
(n = 4) were in each group, and statistical comparisons were 
accordingly made (Fig. 5II).

Representative histograms of CD4, CD8, and 
CD3 staining are shown in Figure 5I, and quantitative data 
corresponding to them are shown in Figure 5II. N1, N2, and N3 
are the respective CD4, CD8, and CD3 gates for the negative 
controls.

In the control group (G1), the baseline T cell 
proportions were: CD4⁺ 24.8%, CD8⁺ 25.1%, and CD3⁺ 
33.3%. These were utilized as controls to measure the effects 
of treatment. Administration of biobran alone (G2) resulted 
in highly significant elevation in proportions of all the T cell 
subsets with CD4⁺ reaching 49.6%, CD8⁺ at 56.7%, and CD3⁺ 
at 43.1%, which showed a significant immunostimulatory 
effect (p < 0.05 vs. control) as in Figure 5II. Etoposide (G3) 
treatment also led to higher CD4⁺ and CD8⁺ T cell levels, but 
these increased to 47.3% and 47.6%, respectively, and CD3⁺ 
increased to 54.6%, which also was significantly increased (p 
< 0.05 vs. control) in Figure 5II. The combined drug group 
(G4) also shared similar or lower T cell counts than the control 
group: CD4⁺ 24.4%, CD8⁺ 31.2%, and CD3⁺ 31.4%, suggesting 
that co-administration of etoposide and biobran would down-
regulate the single immunostimulatory effects exhibited with 
each drug individually.

DISCUSSION 
While chemotherapy remains a mainstay in cancer 

treatment, its efficacy is often hampered by adverse effects like 
liver damage and immune modulation. Etoposide, a common 
chemotherapeutic agent, exemplifies this challenge, presenting 
significant hepatotoxicity and compromising immune function. 
Biobran, a natural hemicellulose extract from rice bran, 
offers a promising strategy for mitigating etoposide-induced 
liver damage and immune suppression through its potent 
immunostimulatory effects [31]. Our earlier study examined 
the chemo-preventive role of biobran on liver carcinogenesis 
in rats and showed that biobran inhibits hepatocarcinogenesis 
by mechanisms that include inhibition of inflammation, and 
suppression of cancer cell proliferation [32]. Investigating the 
potential synergy between etoposide and biobran provides a 
great opportunity to improve patient outcomes and reduce side 
effects associated with cancer treatment.

Initially, we evaluated liver function by measuring 
AST, ALT, total bilirubin, and albumin in serum. The assay 

against etoposide-induced apoptosis when the compounds are 
both administered.

Bcl2 activity 
Figure 4 panel II shows a flow cytometry analysis of 

Bcl2 activity in rat liver cells. Bcl2 is a protein that helps to 
protect cells from apoptosis or programmed cell death. Figure 
4, panels II A and B illustrate the negative and isotype control. 
The experimental control group shows the basal level of Bcl2 
activity in untreated rat liver with a positive population of 
66.2% (Fig. 4 Panel II C). The biobran group, Figure 4 panel 
II D shows approximately the same BcL2 (70.2%) activity very 
close to the control. Etoposide group BcL2 activity diminished 
to (32.3%) as in Figure 4, panel II E, while the dual treatment 
group (Fig. 4, panel II F) shows a notable increase in Bcl2 
activity (39.4%) when compared to the etoposide only group. 

Annexin activity 
Figure 4, panel III shows scatter plots of annexin 

activity, representing the negative and isotype control (A and 
B) and four different experimental treatment groups (C, D, E, 
and F). Each plot has an axis “Annexin V-PE” for the measured 
binding of Annexin V dye to the cells (higher Annexin V-PE 
signal indicates a higher proportion of cells in early apoptosis), 
and an axis “PI” for the measured uptake of PI dye (higher PI 
signal indicates a higher proportion of cells in late apoptosis 
or necrosis). The lower left quadrant Q1 (Annexin V-/PI-) 
measures viable live cells with intact membranes and DNA. 
The lower right quadrant Q2 (Annexin V+/PI-) signifies the 
early stage of apoptosis, where phosphatidylserine is exposed 
but DNA remains intact. The upper right quadrant Q3 (Annexin 
V+/PI+) encompasses late apoptosis (both membrane changes 
and DNA damage). The upper left quadrant Q4 (Annexin V-/
PI+) represents cells with compromised membranes but without 
PS exposure. Its presence could indicate unhealthy cells with 
early membrane damage. Figure 4, panel III A and B, shows 
negative control. For the experimental control group (Fig. 4, 
panel III C), most cells (88.4%) are in Q1, indicating they are 
viable. A small percentage of cells are in Q2 (5.6%) for early 
apoptosis, Q3 (5.9%) for late apoptosis, and Q4 (0.1%) for 
necrosis. Likewise, for the biobran group (Fig. 4, panel III D), 
most cells (93.3%) are in Q1, indicating viability, the proportion 
of cells in Q2 (4.7%) and in the proportion of cells in Q3 (1.9%), 
while Q4 indicating necrosis was only 0.1%. As seen in Figure 
4, panel II E, the etoposide group had a decrease in viable cells 
in Q1 (38.8%) and an increase in Q2 (15.2%) and Q3 (45.0%) 
cells, indicating a higher proportion of cells in early and late 
apoptosis. The proportion in Q4 indicating necrosis was 1.0%, 
suggesting that etoposide treatment induces cell death in this 
cell population. The panel illustrating measurements for the 
dual treatment group as in Figure 4, panel III F showed that 
the majority of cells (75.5%) are in Q1, indicating viability. 
Compared to etoposide treatment, there is a decline in the 
proportion of cells in Q2 (9.5%) and in Q3 (14.6%), while Q4 
indicating necrosis showed 0.3%. These results suggest that 
dual treatment with biobran had a protective effect against 
apoptosis.
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defenses [43]. While still significantly lower than the control 
group, the dual treatment with etoposide and biobran showed 
a slight increase in SOD and CAT activity compared to the 
etoposide-only group. This suggests that biobran may offer 
some protection against etoposide-induced oxidative stress, but 
further research is needed to confirm its efficacy and underlying 
mechanisms. Interestingly, biobran supplementation alone 
maintained SOD, CAT, and GSH at levels similar to the control 
group. This highlights the potential antioxidant and protective 
properties of biobran, possibly due to its fiber content and 
bioactive compounds. The results of this research are largely 
consistent with and confirm the results of previous research 
[44].

Regarding liver inflammation, etoposide caused 
inflammation in the liver, but biobran helped to counteract the 
inflammatory status, as indicated by measurements of both 
proinflammatory and anti-inflammatory cytokines by ELISA 
in the liver. The amounts of proinflammatory cytokines (IL-
6 and IL-17) increased after treatment with etoposide, while 
decreased after using biobran together with etoposide in the 
dual treatments. A similar but oppositely oriented trend was 
clear in the case of the anti-inflammatory cytokine, IL-10. 
Both sets of results confirm the ability of biobran to mitigate 
the inflammatory actions resulting from etoposide. From our 
results and previous studies [45], we conclude that combined 
treatment with some natural ingredients such as biobran could 
serve as a complementary therapeutic agent in reducing the 
toxic and inflammatory lesions caused by etoposide. In addition, 
IL-8, a chemokine that primarily recruits neutrophils to sites 
of inflammation, increased in the liver from etoposide-treated 
rats indicating acute inflammation, a case of drug-induced 
liver injury. IL-8 elevation also indicates a strong neutrophilic 
response, which can lead to further liver tissue damage [46,47]. 
IL-4 is a key cytokine in promoting Th2 immune responses 
and is associated with fibrosis, allergy, and wound healing. An 
increase in IL-4 in the liver of etoposide treatment indicates 
a shift toward a Th2-dominated immune response, which can 
contribute to liver fibrosis through the activation of hepatic 
stellate cells [48].

The ELISA results measuring inflammatory cytokines 
in the liver were confirmed by immunohistochemistry results 
that showed an increase in the expression of proinflammatory 
cytokines (IL-1β, TNF-α, and TGF-β) in the etoposide-
treated group, indicative of hepatotoxicity. Co-treatment 
with biobran resulted in a decrease in the expression of 
these cytokines, suggesting a potential protective effect 
against etoposide-induced inflammation and liver damage. 
These results align with previous studies that have shown 
an increase in peripheral levels of TNF-α, IL-1β, and 
IL-6 following treatment with chemotherapeutic agents, 
doxorubicin, or cisplatin [49,50].

Moreover, histopathological examinations provide 
valuable insights into the structural changes in liver tissues. 
Rats treated with etoposide displayed significant hepatocellular 
injury, inflammation, and architectural disruption. However, 
the co-administration of biobran with etoposide demonstrated 
a protective effect, leading to an observable improvement in 
HC and liver structure. These findings suggest the potential 

results reveal that etoposide induces significant hepatocellular 
injury in rats, as evidenced by elevated AST and ALT levels, 
increased total bilirubin, and decreased albumin. These findings 
align with previous studies on etoposide-induced hepatotoxicity 
[33,34]. In contrast, the group treated with both etoposide and 
biobran (dual treatment group) showed no significant changes 
in AST and ALT compared to the control, suggesting the 
potential protective effects of biobran against etoposide-induced 
liver damage. This protective effect may be attributed to the 
antioxidants in the dual treatment and the ability of biobran 
to mitigate oxidative stress, maintain bile flow, and preserve 
protein synthesis [35].

The assay results also indicated that etoposide 
markedly increased total bilirubin production, reflecting 
impaired bile flow or conjugation, while biobran treatment 
effectively mitigated these alterations. This highlights the 
potential protective role of biobran against etoposide-induced 
changes in bilirubin levels, offering a nuanced understanding of 
their differential impact on specific biochemical markers [36]. 
In addition, our results revealed that etoposide administration 
resulted in reduced albumin production, indicating potential 
liver dysfunction. However, biobran intervention effectively 
prevented such decreases, suggesting its protective role in 
maintaining normal albumin levels. These agree with previous 
research, where the administration of biobran led to a notable 
reduction in liver preneoplastic lesions, resulting in a restoration 
of normal hepatocellular structure. This effect was accompanied 
by the suppression of collagen fiber accumulation [37].

Several investigations have detailed the deleterious 
effects of chemotherapeutic agents on immune constituents, 
encompassing T and B cells, and components of innate immunity 
[38]. This is evident in the diminished levels of IgM and IgG 
immunoglobulins following etoposide treatment, whereas these 
levels were restored to normal with biobran. Elsaid et al. [39] 
illustrated that biobran serves as a potent biological response 
modifier, stimulating diverse immune system elements such 
as NK, T, and B cells. Our results corroborate this, confirming 
biobran’s capacity to modulate immune responses. Etoposide, 
an antineoplastic agent, exerts its anticancer effects by 
impeding DNA replication, interacting with topoisomerase, and 
inducing oxidative stress in tumor cells. Our results similarly 
demonstrate that etoposide induces oxidative stress, reflected 
by our measurements of heightened MDA and NO levels as 
previously mentioned [40,41]. Crucially, the dual treatment 
and interventions with biobran did not exacerbate oxidative 
stress, implying potential protection against etoposide-induced 
oxidative damage. Previous evidence indicates that biobran 
has the capacity to elevate oxidative stress in the liver while 
concurrently inhibiting biomarkers such as MDA, total free 
radicals, and NO levels in murine Ehrlich carcinoma. Biobran 
induces oncostatic activity by regulating lipid peroxidation, 
enhancing the antioxidant defense system, and safeguarding 
against oxidative stress [42].

In the current study, etoposide treatment significantly 
decreased the activity of all three antioxidant enzymes (SOD, 
CAT, and GSH) compared to the control group. This indicates 
that etoposide induces oxidative stress in the rat liver, leading to 
increased free radical production and depletion of antioxidant 
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presentation and cytokine release. The ability of biobran to 
enhance hepatic T cell infiltration can be attributed to its systemic 
immunomodulatory actions. Biobran has been shown to activate 
innate immune responses and cause maturation of dendritic cells 
and cytokine release, including interleukins and interferons, that 
can promote the recruitment and activation of T cells [55]. In 
addition, immunomodulators administered intraperitoneally are 
demonstrated to stimulate peritoneal immune cells, including 
macrophages and dendritic cells, which are capable of migrating 
to the liver and triggering hepatic immune response [56]. Thus, 
the increased T cell infiltration in the liver may reflect the direct 
systemic immunostimulatory effect of Biobran. Biobran’s 
antioxidant properties might also protect T cells from oxidative 
damage, promoting their survival and activity [57,58]. 

CONCLUSION 
We investigated the combined effects of biobran 

(a dietary fiber supplement) and etoposide (a common 
chemotherapeutic agent) on liver health and immune function. 
Our findings suggest that biobran holds substantial promise as 
a complementary therapy to protect against etoposide-induced 
liver damage and immune suppression. This potentially offers 
patients a safer and more effective path to overcome both the 
disease and its adverse side effects. The exploration of the 
synergy between etoposide and biobran represents a notable 
opportunity to enhance patient outcomes and minimize the 
complications associated with cancer treatment.
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hepatoprotective properties of biobran in the context 
of etoposide-induced liver damage. In an earlier study, 
histopathological alterations were noted following etoposide 
treatment, including parenchymal ruptures and HC vacuolation. 
Dilation of BS and congestion of amorphous material in central 
blood vessels were also observed [51,52].

Regarding apoptosis inducement related to the 
etoposide mechanism of action, the high percentage of late 
apoptotic/necrotic cells after etoposide treatment indicated by 
flow cytometry measurements of caspase 3, annexin, and Bcl2 
activities aligns with its known mechanism of action. Etoposide 
inhibits topoisomerase II, leading to DNA damage and 
triggering apoptosis via p53 and other pathways. This strong 
pro-apoptotic effect is consistent with its use in cancer therapy. 
The higher level of early apoptosis in the dual treatment group 
compared to the control and biobran groups is intriguing. 
It suggests that biobran might initially enhance etoposide’s 
apoptotic cascade. However, the lack of progression to late 
apoptosis/necrosis indicates that biobran might also interfere 
with downstream apoptotic events or promote cell survival 
mechanisms. The similar apoptotic profiles of the control and 
biobran groups suggest that biobran alone does not significantly 
trigger or inhibit apoptosis in liver cells. This strengthens the 
hypothesis that biobran’s potential effect on apoptosis might be 
limited to modulation when combined with etoposide [18,53].

This study also investigated the impact of etoposide 
and biobran on T cell infiltration in the liver. Flow cytometry 
was used to quantify CD4+ (helper T cells) and CD8+ 
(cytotoxic T cells) populations, alongside CD3+ (general T 
cell marker) expression. The results show significant elevation 
of CD4+, CD8+, and CD3+ cells after etoposide treatment in 
the liver compared to control. This suggests etoposide triggers 
liver inflammation and oxidative stress, inducing cytokine 
release and attracting T cells for immune response. Activation 
of Kupffer cells (liver macrophages) could also contribute to 
T cell recruitment. Distinctive elevation of CD4+, CD8+, 
and CD3+ cells even in the absence of etoposide implies 
that biobran might directly stimulate T cell proliferation and 
infiltration in the liver, potentially enhancing immune function. 
Biobran’s immunomodulatory and antioxidant properties 
might be mediated by multiple probable molecular pathways. 
One such important approach is the stimulation of the Nrf2 
(nuclear factor erythroid 2-related factor 2) pathway, which 
induces the antioxidant response and increases the expression 
of endogenous antioxidant enzymes such as SOD, CAT, 
and GSH. Biobran may also inhibit the NF-κB pathway and 
reduce the expression of pro-inflammatory cytokines such as 
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