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Betaferon or interferon beta-1b (INFB-1b) is
a drug that used for multiple sclerosis (MS)
treatment, this drug demonstrated an efficacy
in relapse MS, but it can cause hepatotoxicity
or liver injury, which present as brief
elevations in liver  aminotransferase
enzymes.  Quercetin  which acts as
antioxidant, anti-apoptotic and anti-
inflammatory was used as a hepatoprotective
in the current study.

This study aimed to investigate the histopathological changes of the liver tissue by betaferon and

study the effect of different doses of quercetin on the liver pathological changes.

Methodology: (36) male rats were divided into 6 groups include the negative control group (given

only normal saline i.p), betaferon or induction group (given only betaferon 250ug/kg i.p),

treatment groups (quercetin 25,50,100 mg/kg + betaferon 250ug/kg) and silymarin group
(silymarin 100 mg/kg i.p). In the current study, liver histopathological changes were examined by
Hematoxylin and Eosin staining.

Results: In the control group the histological appearance of the liver showed normal tissues (no

histopathological changes). Betaferon group the histopathological appearance of the liver
showed sever hepatitis with multiple focal necrosis, sever dilation of central vein and marked

cellular swelling (Ballooning cells) of hepatocytes. Histopathological examination of the groups

pretreated with different doses of quercetin reflected dose-dependent hepatoprotective effects.

Pretreatment with (25mg/kg) quercetin mildly improved the histopathological appearance of the

liver. When the dose was increased to (50mg/kg), the score improved additionally, with the

hepatic injury resolving at (100 mg/kg) of quercetin pretreatment as in silymarin group.

Conclusions: Quercetin can improve histopathological changes on the tissue of the liver of male

rats indicates that it possesses advantageous properties in reducing the histopathological damage

induced by betaferon.

Keywords: Quercetin, interferon beta 1b(betaferon), liver injury, multiple sclerosis (MS).
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Introduction shown that oxidative stress plays an

Betaferon (IFNp-1b) is a prescription important part in the liver damage produced
medication utilized for treating the signs and by IFNB-1b. Although most individuals with
symptoms of multiple sclerosis (MS) with the multiple sclerosis (MS) benefit from these
aim of reducing the occurrence of clinical immunomodulatory effects, this medicine
exacerbations . IFNp 1-b is a member of the can also exacerbate or worsen other
immunomodulator drug class @ that can autoimmune disorders, such as thyroid
induce liver injury (DILI) or hepatotoxicity problems  and  hepatitis .  The
@), patients treated with betaferon have been immunostimulant activities of betaferon may
shown to undergo significant liver damage, potentially trigger autoimmune disorders ©.
such as instances of liver failure, some of Women generally have more severe

which have been related to autoimmune
hepatitis “. The precise process by which
betaferon induces hepatic damage remains
unclear. However, it is hypothesized that
betaferon either directly destroys hepatocytes
or induces an immunological response
targeting the liver ®,

The enhanced suppressor cell activation,
suppression of cytotoxic T-cells, cytokine
alterations, and effects on the blood- brain
barrier may all contribute to IFN's
immunomodulatory effects ©®. Research has
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hepatotoxicity compared to men ©. The
etiology of these gender-based differences
remains uncertain, however, it has been
postulated that susceptibility to
hepatotoxicity may be influenced by a
reduced body mass index and a greater level
of treatment compliance ©®.  Co-
administration of this drug with other
pharmaceuticals or herbal treatments elevates
the likelihood of betaferon-induced liver
injury ®), Quercetin (3.,3',4,5,7-
pentahydroxyflavone) a prevalent flavonoid
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in the human diet @9, its commonly found in
fruits and vegetables, including: onions,
broccoli, blueberries, and leeks 9. It has the
potential to be utilized for protecting human
health especially for limiting liver disorders.
It is generally known that quercetin has a
wide range of bioactivity, including
antioxidative, lipid lowering, reactive oxygen
species scavenging, anti-inflammatory, and
anti- fibrotic properties 2.

Quercetin  (Qt) demonstrates antioxidant
protection by scavenging free radicals and
inhibiting the oxidation of certain compounds
(13), Therefore, it serves as a beneficial agent
in reducing oxidative stress in several brain
cells 4. The primary mechanism behind the
protective effect of Qt is its antioxidant
defense against oxidative damage *®. When
male albino rats were pre- treated with the
highest dose of IFNP, which caused liver
damage, Qt was found to have a protective
effect on the liver. This is because the
flavonoids in Qt are known to protect against
drug-induced adverse effects, particularly
oxidative stress 3, The aims of the current
study were to evaluate the hepatoprotective
role of quercetin against histopathological
changes in the liver of male rats caused by
betaferon.

Materials and Methods:

Animals:

Thirty-six healthy, male Wister rats of

approximately (9-13weeks old) with weight

of (160 -185 g) were used in this research.

The Mustansiriyah University College of

Pharmacy's Ethical Community granted its

permission  according to the Ethical

Committee on Animal Care (File No.7 on 13

November 2022).

Animals were divided randomly into 6

groups each group contain six animals. the

study continued for 17 days. Pilot study was

carried out for 10 days to detect the

hepatotoxicity caused by betaferon:

) Control group (n=6); rats were
administered distilled water 1.P. for 16
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days.

I1) betaferon group or induction group
(n=6); rats were administered betaferon
in a dose of 250 pg/kg (maximum dose)
I.P for 16 days.

[11) Quercetint IFNB-1b (betaferon) [Qt
(25mg)] treated group (n=6); rats were
pre-treated with a dose of 25 mg/kg/day
of Qt solution I.P. for 6 days, then
continued administering the same dose
of Qt plus a maximum dose of IFNB-1b
(betaferon 250ug/kg) daily for 10 days.

IV) Quercetint IFNB-1b (betaferon) [Qt
(50mg)] treated group (n=6); rats were
pre-treated with a dose of 50 mg/kg/day
of Qt solution I.P. for 6 days then
continued administering the same dose
of Qt plus a maximum dose of IFNB-1b
(betaferon 250ug/kg) daily for 10 days.

V) Quercetint IFNB-1b (betaferon) [Qt
(100mg)] treated group (n=6); rats were
pre-treated by a dose of 100 mg/kg/day
of Qt solution I.P. for 6 days then
continued administering the same dose
of Qt plus a maximum dose of IFNf-1b
(betaferon 250ug/kg) daily for 10 days.

VI) Silymarin (S100) group (n = 6); rats were
pre-treated with a dose of 100 mg/kg/day
of silymarin suspension I.P. for 6 days,
then continued administering the same
dose of silymarin plus a maximum dose
of IFNB-1b (betaferon 250ug/kg) daily
for 10 days. Silymarin is used as a
reference drug because it has well-
known hepatoprotective effect 9,

Histopathological study
Histopathological analysis after fixation
involves the following steps (9

A-Embedding

Following fixation, the tissue samples have
been immersed in higher concentrations of
ethanol to prevent excessive tissue
stiffening and prepare the sample for the
subsequent steps.
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B-Sectioning

Paraffin blocks were produced for sectioning
into 4um-thick pieces using a semiautomatic
microtome. One section measuring 4 pum in
thickness was taken from each block. This
section was then affixed to a standard slide
for histological investigation in order to
identify any pathological alterations
occurring in the liver tissues.

C-Hematoxylin and Eosin staining

After de-waxing step, tissue sections were
passed through descending grades of ethanol
(99.9%, 95%, 80%, and 70% for 2 minutes
for each one), washed with tap water for
fifteen minutes, stained with hematoxylin for

N ,‘%,’_Qj;gg:‘ s
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1%minutes, then washed again with tap water
for fifteen minutes, and then plunged four to
seven times in acid alcohol. After that, tissue
sections were stained by eosin for 45
seconds, dehydrated in raised grades of ethyl
alcohol (70%, 80%, 95%, and 99.9% for 2
minutes for each one), then cleaned in
xylene. The slides rapidly covered with cover
which fixed with disteren plasticizer xylene
(DPX) (1-2 drops), then left the slide to dry
overnight to be ready for light microscopical
examination.

Results of histological assessment

- '~"¥7 ., ‘
o & E 3.

Figure 1. Histopathological changes in the liver sections. (a) Control group shows normal central vein
(V), hepatocytes (H), sinusoid (S) and kupffer cells (arrow). H and E stain.400x. (b) betaferon group
shows sever dilation and congestion of sinusoid with focal necrosis infiltration of mononuclear
leukocytes (black arrow), degeneration and necrosis of hepatocytes (red arrows). H and E stain. 400x.
(c) quercetin 25 mg+ betaferon group shows mild dilation with congestion of central vein (C) and
mild zonal hepatic cellular swelling (ballooning cells) (arrows). Hand E stain.100x. (d) quercetin
50mg+ betaferon group shows normal central vein (C) and normal hepatocytes (arrow). Hand E
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stain. 140x. (e) quercetin100mg+ betaferon group shows normal sinusoid (S) and normal hepatocytes
(arrows). Hand E stain. 400x. (f) Silymarin100mg group shows normal central vein (C) and mild
zonal normal hepatic degeneration (arrows). Hand E stain.400x.

Discussion

The current study design to assess Qt ability
to protect the liver from damage brought on
by IFNB-1b. Betaferon plays a significant
role in the treatment of MS @, but its
clinical use is severely restricted due to its
tendency to cause liver damage ®*. IFNB-
1b is not a model for hepatotoxic drugs
because the mechanism by which it causes
hepatotoxicity or liver injury is not fully
known. Drug-induced liver injury (DILI) is
divided into either non-idiosyncratic
(predictable) or idiosyncratic
(unpredictable) types @7. Idiosyncratic
drug-induced liver injury (DILI) refers to a
number of rare diseases that exhibit specific
clinical, histologic, and analytical
characteristics ®®. However, like other
medications, IFNB-1b has the potential to
induce liver injury due to an idiosyncratic
reaction, hypersensitivity, or by triggering
an autoimmune response in those who are
already susceptible ®®. These effects
frequently occur within a few weeks after
initial exposure to betaferon and can
continue for a significant period of time
even after discontinuing the drug @9,
Moreover, the wuse of concomitant
medication, namely ibuprofen, increases
the likelihood of betaferon-induced
hepatotoxicity 9,

In addition, it was found that betaferon
increased apoptosis, and inflammation in
the liver tissue, which consider one of the
possible mechanisms for this drug by which
it causes hepatotoxicity or liver injury
which in turn lead to histopathological
changes @Y. Hepatocyte apoptosis and
inflammation, as well asarise in AST/ALT
levels, are indicators of hepatocyte
necrosis. Increased apoptosis destroys liver
cells, releasing excessive levels of liver
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enzymes (ALT, AST) into the bloodstream,
which can be evaluated as indications of
liver injury @2,

The current study compares the histological
features of the liver between the different
groups. It was found that there are very high
significant difference in the histological
figures of the liver between control and
induction group in that control group show
normal central vein, normal sinusoid ,
normal hepatocytes , normal hepatic cord
without  marked  cellular  swelling
(Ballooning  cells) of hepatocytes.
Conversely the histopathological study of
the liver of the IFNP induction group
supported the biochemical results by
revealing a marked hepatic injury by
showing sever dilation of central vein ,
sever dilation and congestion of sinusoid ,
necrosis of hepatocytes with marked
cellular swelling (Ballooning cells) of
hepatocytes also there are infiltration of
mononuclear leukocytes, sever hepatitis
with  multiple focal necrosis and
intravascular  hemolysis.  Additionally,
sections showed excessive necrosis,
apoptosis that appeared within the
cytoplasm of hepatocytes. apoptosis and
inflammation (sever hepatitis) are the main
factors contributing to the tissue damage
brought on by IFNB. By increasing the
production of ROS and lowering the
quantity of antioxidant enzymes, ROS
interact with membrane lipids to cause lipid
peroxidation and necrosis . Previous
study found that a reactive oxygen species
generated in addition to their direct
damaging effect on cell membranes, can act
as chemotactic agents for leukocytes.
mononuclear Leukocyte infiltration caused
by IFNB can by activated neutrophils
further aggravate tissue damage @¥. results
showed increased caspase 9 and caspase 3
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levels coinciding with histopathological
findings of increased apoptosis that’s why
IFN is regarded as a signaling molecule
with significant therapeutic promise in
cancer because IFNB - induced gene
transcription promotes antiproliferation and
cell death ®®. Also, apoptosis could be the
result of IFN upregulation of caspase 3 in
liver tissues (IFN-B also increases apoptotic
markers like Annexin-V and active
caspase-3 via Fas-receptor/transmembrane
activator and calcium modulator (CAML)
interactor (cyclophilin ligand interactor
TACI) signaling, resulting in decrease in
the memory B cells and interleukin @,
Pretreatment with Qt or silymarin had a
hepatoprotective  effects (%1419 By
examining the chemical structure of
quercetin, it found that it has an OH group
linked at positions 3, 5, 7, 30, and 40.
Quercetin's antioxidant mechanism is
mostly apparent in its effects on glutathione
(GSH), signaling pathways, reactive
oxygen species (ROS), and enzyme activity
@D It is well known that quercetin act as
antioxidants by reducing ROS; it can also
scavenge ROS to protect against drug-
induced oxidative injury and in the current
(stl;dy against betaferon-induced liver injury
28
Histopathological examination of the
groups treated with Qt reflected dose-
dependent hepatoprotective effects, which
supported  the  biochemical results.
Pretreatment with (25mg/kg) Qt mildly
improved the histopathological score.
When the dose was increased to (50mg/kg),
the score improved additionally, with the
hepatic injury resolving at (100 mg/kg) of
Qt pretreatment (histological figure of the
liver show normal central vein, normal
hepatic cords and normal hepatocytes) in
contrast to induction group. The
hepatoprotective effect of Qt could be
attributed to its antioxidant, anti-apoptotic
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and anti-inflammatory properties @9, The
group treated with (200 mg/kg) of
silymarin showed comparable results to the
negative control group owing to silymarins
known hepatoprotective effects including
anti-inflammation and anti- oxidation ¢,

Conclusions

The study revealed that Qt has a
hepatoprotective effect against IFNB -
induced hepatotoxicity by improving liver
histopathological changes. The highest
doses of Qt (50,100 mg/kg) produced the
best results.

References

1- Filipi, Mary, and Samantha Jack.
“Interferons in the Treatment of
Multiple Sclerosis: A Clinical Efficacy,
Safety, and Tolerability Update.”
International journal of MS care vol.
22,4 (2020): 165-172.

2- Bergamaschi, Roberto, et al
"Immunomodulatory therapies delay
disease  progression in  multiple
sclerosis.” Multiple Sclerosis Journal
22.13 (2016): 1732-1740.

3- Hamdan, Sarah Saad, Yassir Mustafa
Kamal, and Huda Jaber Waheed.
"Astaxanthin effect on apoptotic
biomarkers in methotrexate-induced
liver injury." Al Mustansiriyah Journal
of Pharmaceutical Sciences 22.3 (2022):
43-50.

4- John P. Cunha, DO,
FACOEP.betaseron. Last updated on
RxList: 9/20/2022.

5- Hervas-Garcia, J. V., et al. "Toxic
hepatitis after concomitant interferon
beta and aloe vera treatment in a patient
with multiple sclerosis: A case report."
Neurologia (Barcelona, Spain) 32.8
(2016): 546-547.

6- Balasa, Rodica et al. “Reviewing the
Significance of Blood-Brain Barrier
Disruption in  Multiple  Sclerosis

(%)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @—EA



https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.2

7-

8-

O-

10- Kelly,

Pathology and
Treatment.” International journal of
molecular sciences vol. 22,16 8370. 4
Aug. 2021.

LiverTox: Clinical and Research
Information on Drug-Induced Liver
Injury [Internet]. Bethesda (MD):
National Institute of Diabetes and
Digestive and Kidney Diseases; 2012-.
Autoimmune Hepatitis.

Saeedi M, Forughipour M,
Sasannezhad P, Shoeibi A. Interferon-
Beta-1b Induced Autoimmune
Hemolytic Anemia in a Patient with
MS: A Case Report. Iran Red Crescent
Med J. 2011 Mar;13(3):210-2. Epub
2011 Mar 1.

Guy, Jennifer, and Marion G Peters.
“Liver disease in women: the influence
of gender on  epidemiology, natural
history, and patient outcomes.

Gregory S.
"Quercetin." Alternative medicine
review 16.2 (2011): 172-195.

11- Lakhanpal, Parul, and Deepak Kumar

Rai. "Quercetin: a versatile
flavonoid." Internet Journal of Medical
Update 2.2 (2007): 22-37.

12-Chen, Li, et al. "Quercetin and non-

alcoholic fatty liver disease: A review
based on experimental data and
bioinformatic analysis." Food and
Chemical Toxicology 154 (2021):
112314.

13- Liu, Hui, Lei Zhang, and Shaoping Lu.

"Evaluation of antioxidant and immunity
activities of quercetin in isoproterenol-
treated rats." Molecules 17.4 (2012):
4281-4291.

14- Costa, Lucio G., et al. "Mechanisms of

neuroprotection by quercetin:
counteracting oxidative stress and
more." Oxidative medicine and cellular
longevity 2016 (2016).

15-Heidarian, Esfandiar, and Ali Nouri.

"Hepatoprotective effects of silymarin

AJPS (2025)

(%)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @—EA

264

17- Alempijevic,

18- Arrif,

(Research article)

against  diclofenac-induced  liver
toxicity in male rats based on
biochemical parameters and
histological ~ study." Archives  of

Physiology and Biochemistry 127.2
(2021): 112-118.

16- Anthony L. Junqueira’s Basic Histology

text and atlas. Edition. McGraw-Hill
Education. 2016.

Tamara et al. “Drug-
induced liver injury: Do we know
everything?”” World journal of
hepatology vol. 9,10 (2017): 491-502.
Inam Sameh, et al. "Role of
miRNA in drug-induced hepatic injury."
AJPS (2022): 1.

19- Villani, Rosanna et al. “Autoimmune liver

disease and multiple sclerosis: state of the
art and future perspectives.” Clinical and
experimental medicine vol. 23,7 (2023):
3321-3338.

20- Rafiee Zadeh, Aryan et al. “Mechanism

and adverse effects of multiple sclerosis
drugs: a review article. Part 1.”
International journal of physiology,
pathophysiology, and pharmacology
vol. 11,4 95-104. 15 Aug. 2019.

21-Byrnes, V., et al. "Drug induced liver

injury secondary to interferon-beta

(IFN-B) in multiple sclerosis." Annals of
hepatology 5.1 (2006): 56-59.

22-Durelli, Luca, et al. "Liver and thyroid

function and autoimmunity during
interferon-B1b treatment for
MS." Neurology 57.8 (2001): 1363-
1370).

23- Ezhilarasan D. Hepatotoxic potentials of

methotrexate: Understanding  the
possible  toxicological molecular
mechanisms. Toxicology

[Internet].2021;458(162):152840.

24-Bryan N, Ahswin H, Smart N, Bayon Y,

Wohlert S, Hunt JA. Reactive oxygen
species (ROS) - A family of fate

deciding  molecules  pivotal in
constructive inflammation and wound
healing. Eur Cells



https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.2 (Research article)

Mater.2012;24(July):249-65. Mar. 2019.
25-Kazaana, Akira, et al. "Promotion of 28-Xu, Dong, et al. "Antioxidant activities
TRAIL/Apo2L-induced apoptosis by of quercetin and its complexes for
low dose interferonf in human medicinal application.” Molecules 24.6
malignant melanoma cells.” Journal of (2019): 1123.
Cellular Physiology 234.8 (2019): 29-Li J, Guo C, Wu J. Astaxanthin in liver
13510-13524. health and disease: A potential
26-Jakimovski, Dejan et al. “Interferon 3 for therapeutic agent. Drug Des Devel Ther.
Multiple Sclerosis.” Cold Spring Harbor 2020; 14:2275-85.
perspectives in  medicine vol. 8,11 30-Ghaffari AR, Noshad H, Ostadi A,
a032003. Ghojazadeh M, Asadi P. The effects of
27-Xu, Dong et al. “Antioxidant Activities milk thistle on hepatic fibrosis due to
of Quercetin and Its Complexes for methotrexate in rat. Hepat
Medicinal ~ Application.”  Molecules Mon.2011;11(6):464-8.

(Basel, Switzerland) vol. 24,6 1123. 21

AJPS (2025) 265

(%)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @‘—EA



https://creativecommons.org/licenses/by/4.0/

