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Abstract

Background: Cyclophosphamide (CP) is a commonly used chemotherapy agent ac-
knowledged to have hepatotoxic effects. Olive oil, which is high in antioxidants, may
offer protective benefits against damage caused by such drugs.

Aims: This study aims to search the potential protective effects of olive oil on liver tox-
icity induced by cyclophosphamide in a rat model.

Materials and Methods: A total of nine male albino rats were allocated into three dis-
tinct groups: A Control group, a CP group receiving 150 mg/kg, and a CP group receiving
both 150 mg/kg of CP and 200 mg/kg of olive oil. The doses were administered on days
one, three and five. On day seven, liver tissues were harvested for histopathological
evaluation.

Results: Histopathological analysis showed that CP treatment resulted in extensive liv-
er damage, especially affecting the portal tracts and central veins. The addition of olive
oil appeared to reduce some of the toxic effects detected with CP, mainly in the portal
tract and sinusoidal regions. Nonetheless, some degree of liver injury persisted in the
group receiving both CP and olive oil. These results imply that olive oil may offer a pro-
tective benefit against CP induced liver toxicity in rats.

Conclusion: The administration of CP led to significant histopathological alterations
in the liver tissues of rats. The concurrent use of olive oil seemed to alleviate some of
these detrimental effects, likely attributable to its antioxidant properties. These find-
ings suggest that incorporating olive oil could be beneficial as a protective measure
during CP chemotherapy.

Keywords: Olive oil, Cyclophosphamide, Histopathological changes, Protective effect.

1.Department of Histology, Faculty of Medicine, University of Benghazi, Benghazi, Libya.
2.Department of Basic Medical Sciences, Faculty of Medical Sciences, LIMU, Benghazi, Libya.
3.Department of Pathology, Faculty of Medicine, University of Benghazi, Benghazi, Libya.
4.Department of Cytotechnology, Faculty of Biomedical Sciences, University of Benghazi, Libya.
*Corresponding author: Abeer H. Amer, Email: abeer.amer@uob.edu.ly.

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0
license. ISSN: Online 3005-7450, ISSN:Link 3005-7442 Page 129
https://www.journals.uob.edu.ly/BUME] DOI: https://doi.org/10.37376/benuivmedjviiz



VOLMUE:2 ISSUE:1

Introduction:

Cyclophosphamide (CP)
is part of the oxazaphosphorine
family which are alkylating agents.
It is a common chemotherapeutic
medication used to treat various
neoplastic diseases and was ap-
proved for use in the US in 1959
(1). It is commonly used to treat a
variety of malignancies, including
breast, lung, ovarian, endometri-
al, neuroblastoma, leukemia, and
neuroblastoma in a combination
with other chemotherapy drugs.
CP is also usually used as an im-
munosuppressant to treat chron-
ic autoimmune diseases such as
multiple sclerosis, systemic vas-
culitides, rheumatoid arthritis,
autoimmune skin diseases, and
systemic lupus erythematosus (2).
The administration of CP is typi-
cally intravenous, depending on
the condition being treated. CP is a
prodrug whose therapeutic effects

depend on the liver’s metabolic
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activities for activation and in-
activation (3,4). CP introduces an
alkyl-group into DNA when it is
activated, it works by attaching an
alkyl-group to the guanine base
of the DNA at the imidazole ring’s
seventh nitrogen atom. This leads
to permanent cross--linkages in
the DNA strands at the phases G2
and S of the cell cycle, which ulti-
mately ends cell death (5). How-
ever, side-chain oxidation which
results in neurotoxic metabolites
inactivates CP (3,4).

In severe conditions of
aplastic anemia and other im-
mune conditions, high doses of CP
have shown successful results (6).
Conversely, CP can induce a range
of side effects due to its cytotox-
ic effects on rapidly proliferating
cells. Adverse effects of CP in-
clude nausea, alopecia, sickness,
thrombocytopenia,  pulmonary
fibrosis, facial abrasions, leuko-

penia, hematuria, increased skin
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pigmentation, diarrhea, hemor-
rhagic cystitis and others (3). With
CP, numerous adverse medication
responses are possible. Addition-
ally, a tiny percentage of people
have severe reactions that can be
fatal or cause congenital defects,
birth defects, or diseases that re-
quire prolonged hospitalization
(7). To prevent drug-induced liver
injury, it is essential to understand
the pathological processes of liver
damage, patient-related risk fac-
tors and drug-related risk factors.

Hepatotoxicity is one of
the major side effects that can be
caused by the application of CP.
Several kinds of cytotoxic metab-
olites could be formed as a result
of the metabolic conversion of CP
(8). Phosphoramide mustard and
acrolein are the two primary ac-
tive metabolites that result in ox-
idative stress and harm cellular
macromolecules such proteins,

lipids and nucleic acid (9). When
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glutathione S-transferase is pres-
ent, Acrolein is a highly reactive
metabolite of CP with a short bio-
logical half-life, can easily interact
with glutathione. Glutathione, a
protein with thiol, plays numer-
ous vital roles, including detoxi-
fying electrophiles and reducing
oxidative stress (10). Conversely,
when glutathione levels are re-
duced, the reactive o, f unsatu-
rated aldehyde acrolein increases
the ability to interact with cellular
nucleophiles, as the thiol-groups
in cysteine within proteins, and
the nitrogen atoms found in his-
tidine and lysine. This interaction
can lead to a loss of protein func-
tionality and may induce oxida-
tive stress, potentially resulting in
significant damage to hepatocytes
(11). Currently, various therapeutic
strategies have been developed to
mitigate the side effects associat-
ed with cyclophosphamide. These

include combining multiple che-
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motherapeutic agents at reduced
doses and utilizing alternative
analogues of cyclophosphamide
(12). However, the clinical out-
comes have not been encouraging,
as a significant portion of patients
receiving these treatments still
experience liver dysfunction (13,
14). Components of olive oil have
been shown to possess anticancer
properties by reducing DNA oxi-
dation, halting the cell cycle, and
inducing apoptosis in tumor cells
(15,16). Incorporating olive oil into
the diet has been proposed as a
factor in protecting DNA and low-
ering cancer incidence.

The aim of study:

To examine the protec-
tive effects of olive oil against
cyclophosphamide-induced his-
topathological changes in liver
tissue of Swiss albino rats.
Materials and Methods:

Nine male albino rats were

divided into three groups (n=9): a
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control group receiving saline, a
cyclophosphamide group receiv-
ing 150 mg/kg cyclophosphamide
only (ip), and a cyclophosphamide
+Olive Oil group receiving 150 mg/
kg cyclophosphamide (ip) fol-
lowed by oral gavage 200 mg/kg
olive oil. The doses were on day 1, 3
and 5. On day 7, rats were human-
ly sacrificed, and liver tissues were
collected, fixed in formalin, pro-
cessed using customary histolog-
ical techniques, and stained with
Hematoxylin and Eosin (H&E).
Histopathological changes were
assessed by a blinded pathologist
using light microscope. Student
t-test was done on the histo-
pathological parameters by Excel
Microsoft office professional plus
2016.
Results:
The liver sections from the control
group:

Demonstrated a nor-

mal lobular architecture typical
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of healthy liver tissue. The lobule,
the functional unit of the liver,
displays a well-organized struc-
ture that is critical for proper liv-
er function. Within the lobules,
the hepatocytes are arranged ra-
diating from the central-vein,
developing anastomosing plates
of hepatocytes. The hepatocytes
displayed several notable charac-
teristics: They appeared polyhe-
dral, which is a typical morphol-
ogy for liver cells. The cytoplasm
was acidophilic, indicating a high
presence of proteins and organ-
elles. Each hepatocyte contained a
round central nucleus, consistent
with normal nuclear morphology.
The portal tracts, or triads, ob-
served in the sections contained
several normal structures which

is crucial for normal liver function

(Figure 1).
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The liver sections from the group
treated with cyclophosphamide only:

Histopathological analysis
of liver tissue of the rats treated
with the CP only were character-
ized by the alteration of the nor-
mal liver structure with hepatic
necrosis of the cells and degener-
ation adjacent to the central-veins
of the liver. Furthermore, present-
ed were eosinophilic cytoplasm
of the hepatocytes with pyknotic
nucleus. Inflammatory cell infil-
tration was also present (Figure 2
A). Figure (2) B showed, a region
of congested hepatic cords, occu-
pied with erythrocytes called red
venous congestion and a region
of congested hepatic cords, a large
dilated central vein also packed
with erythrocytes. However, pre-
sented was the portal-triad and
surrounding tissue with dilated
congested portal tract packed with
RBCs and inflammatory cells,
and a thicker than normal wall
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of portal vein with inflammatory
cells and surrounded by fibrotic
area and periportal early fibrotic
changes and mild inflammatory
cellular cuffing. Furthermore, the
liver tissue showed with dilated
sinosoids with cytolysis and py-
knotic nuclei of hepatocytes ad-
jacent to a congested portal tract
show focal necrosis and dilated
sinusoids, with megakaryocytic
effect of hepatocytes was observed
(Figure 3).

The liver sections of the group treat-
ed with Cyclophosphamide and Olive
Oil:

Histological changes in
the tissue sections showed an area
of mild deteriorated liver cells (he-
patocytes), and a slightly congest-
ed central-vein, mild lymphocytic
infiltration. The loss of hepatic ar-
chitecture is demonstrated at the
portal tract and a mild portal ves-
sels congestion with less fibrotic

and inflammatory changes. Also
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found are the normal structure of
the bile duct, with normal hepatic
nucleus structure (figure 4). Also
shown in (figure 5). solitary in the
center focal necrosis, with cytoly-
sis and pyknotic nuclei of hepato-
cytes, eosinophilic hepatocytic
granules are noticed, with monot-
onous nuclei with fine chromatin
distribution.

Table .(1). shows the histopatho-
logical parameters of livers of rats
administrated by cyclophospha-
mide vs cyclophosphamide with
olive oil. The control group showed
no significant histopathological
modifications. The group treat-
ed with cyclophosphamide only
higher pathological change but in
the group treated with the cyclo-
phosphamide and olive oil there is
aless effect on the portal tract area
and the sinusoids region. Student
t-test showed a significant dif-
ference between the parameters

of the control group vs the cyclo-

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :34

BUM]



Benghazi University Medical journal i:%%
Faculty of Medicine, University of Benghazi
Bl ’M ' VOLMUE:2 ISSUE:1 June: 2025 ‘ »

phosphamide group and between tween the cyclophosphamide vs

the control group vs the cyclo- cyclophosphamide with olive oil
phosphamide with olive oil group. group, p<0.05.

But no difference was shown be-

Figure .(1): Micrograph of control hepatic tissue. H and E stain. (A): Shows
hepatocytes with normal central vein structures. (X200). (B): Shows nor-
mal portal-spaces, and normal structured hepatocytes. (X400).

Figure. (2): Micrograph of hepatic tissue treated with Cyclophosphamide.

H and E stain. (A): Displays a congested central vein and adjacent tissue
with an area packed with erythrocytes (X100) (B): Demonstrates the portal
triad and neighboring tissue with dilated congested portal tract packed
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with RBCs, with a thickening wall of portal-vein and periportal early fi-

brotic alterations and mild inflammatory cellular cuffing. (X200).

- -
3

Figure .(3): Micrograph of hepatic tissue treated with Cyclophosphamide.

H and E stain. (X400) Shows a congested portal tract at the upper right

Figure .(4): Micrograph of hepatic tissue treated with both the Cyclophos-
phamide and Olive Oil. H and E stain. (A): Displayed, an area of slightly
congested central vein. (X200) (B): Portal tract with a mild portal vessels
congestion with normal bile duct structure and normal hepatic nucleus

structure. (X200)
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Figure.(5): Micrograph of hepatic tissue treated with both the Cyclophos-

phamide and Olive Oil. H and E stain. Eosinophilic hepatocytic granules are

noticed, with monotonous nuclei with fine chromatin distribution. (X1000)

Table .(1): Histopathological parameters of livers of rats administrated by

cyclophosphamide vs cyclophosphamide with olive oil

Groups Control CPA CPA & 00
Hepatic vacuoles (steatosis) | - - -
Hepatocytes cellular changes
Cytolysis Pyknotic changes - et .
Congestion ++ bt e
Portal tract region Inflammatory changes - 4 +
Fibrotic changes - + /[ ++ + [ +/-
Inflammatory changes - - -
Sinusoids and/or ducts Dilatation ———- e ———tt
Necrosis - ++/(FN) +/(FN)
(+/++) Mild to moderate fibrotic changes
(+ / +/-) Mild to focal fibrotic changes
++/(FN) Mild to focal necrosis detected
++/(FN) Moderate to focal necrosis detected.
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Discussion:

This study was designed
to assess the histopathological ef-
fects of CP on the hepatic tissue
of albino rats and to estimate the
potential protective effects of olive
oil against the damage induced by
CP. CP is known to effect different
tissues especially when taken in
large doses, the most histological
studied tissues are the liver, kid-
ney and testis. the studies showed
large histopathological hepat-
ic and nephrotoxic effects (17,18,
19). Also, when the olive oil was
administered to the group with
CP and olive oil it showed that
the olive oil has a defensive effect
against the toxic effects of the CP
hepatotoxicity (20).

In this study the liver tis-
sue from the control group dis-
played normal lobular architecture
with well-organized hepatocytes,
central veins, and portal tracts. In

contrast, the liver sections from
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the CP-treated group showed sig-
nificant alterations, including he-
patocyte necrosis, congestion of
hepatic cords, and inflammatory
cell infiltration. CP treatment has
been associated with disturbances
in hepatic blood flow and cellular
integrity, leading to the observed
necrosis and degeneration of he-
patocytes. According to a study
by Talebpour et al. (2018), cyclo-
phosphamide can induce oxidative
stress and inflammation, contrib-
uting to hepatocyte injury and
death (21). The presence of pyk-
notic nuclei within the hepato-
cytes further indicates cell death,
a hallmark of necrosis (22). The
infiltration of inflammatory cells
within the liver tissue is indica-
tive of an immune response to the
damage inflicted by CP. The ac-
cumulation of inflammatory cells
can aggravate liver injury through
the release of proinflammato-

ry cytokines and reactive oxygen
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species, which further exacer-
bate hepatocyte damage (3). This
aligns with findings from various
studies that highlight the role of
inflammation in drug-induced
liver injury (17).

The histopathological
analysis revealed areas of red ve-
nous congestion characterized by
dilated hepatic cords filled with
erythrocytes. This occurrence is
frequently observed in situations
where hepatic blood flow is com-
promised, leading to increased
pressure within the central veins
(23). The observed red venous
congestion and thickening of the
portal vein walls are consistent
with reports of CP-induced he-
patic injury, further underlining
the drug’s potential to cause sys-
temic toxicity (24). Additionally,
the dilated portal tracts occupied
with erthrocytes and inflamma-
tory cells suggest portal hyperten-

sion or impaired venous drainage,
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which can occur as a consequence
of hepatocyte damage and inflam-
mation (25). Furthermore, the
presence of periportal inflamma-
tory cellular cuffing suggests con-
stant inflammation that can lead
to fibrosis if the noxious stimu-
lus persists (26). The progression
from inflammation to fibrosis is
a well-documented pathway in
liver pathology, emphasizing the
significance of early intervention
to prevent irreversible damage.
Moreover, the dilated sinusoids
with cytolysis and pyknotic nuclei
adjacent to congested portal tracts
reflects severe hepatic injury. This
finding is consistent with studies
indicating that sinusoidal dilation
often accompanies liver injury and
can lead to impaired hepatic func-
tion (27, 28). The megakaryocytic
effect noted in some hepatocytes
may suggest an adaptive response
to stress or injury, potentially in-

dicating altered hematopoiesis or
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thrombopoiesis in the context of
liver dysfunction (29). The soli-
tary focal necrosis observed, along
with cytolysis and pyknotic nuclei
in hepatocytes, indicates localized
areas of cell death. Focal necro-
sis can be a common feature in
drug-induced liver injury and is
often associated with areas of sig-
nificant oxidative stress or meta-
bolic disturbance (30). The pres-
ence of eosinophilic hepatocytic
granules suggests alterations in
protein synthesis or storage with-
in hepatocytes, potentially linked
to the liver’s response to injury
(30).

In the group treated with
both CP and olive oil, the histo-
pathological changes in the liver
were less prominent, the tissues
displayed only mild degeneration
of hepatocytes, slight congestion
of the central vein, and limited
lymphocytic infiltration. More-

over, the preservation of bile duct
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structure and normal hepatic nu-
clei suggests that olive oil provided
some level of hepatoprotection.

This protective effect
could be accredited to the an-
ti-inflammatory and antioxidant
properties of olive oil, which may
help to neutralize ROS and reduce
inflammation, thereby protecting
hepatic cells from severe damage
(31) this protective effect is also
shown in other tissues (20). The
existence of mildly degenerated
hepatocytes suggests that while
CP exerts hepatotoxic effects, the
degree of damage is relatively
moderate compared to the group
treated with the CP only. Degen-
eration may manifest as cellular
swelling, fatty change, or necrosis,
which can be attributed to oxida-
tive stress induced by CP (21). The
protective effects of olive oil, rich
in antioxidants such as oleic acid
and polyphenols, may alleviate

some of this damage, as suggested
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by studies indicating that dietary
antioxidants can reduce oxidative
stress in liver tissues (32,33,34).
The beginning of slight conges-
tion in the central vein and mild
portal vessel congestion may indi-
cate early vascular changes due to
impaired hepatic blood flow. This
can be a consequence of inflam-
mation or cellular injury leading
to increased pressure within the
hepatic vasculature (23). The rela-
tively mild nature of these chang-
es suggests that the combination
of CP with olive oil may have a
protective effect that limits the
extent of vascular compromise.
Mild lymphocytic infiltration is
indicative of an immune response
to hepatocyte injury. While CP is
known to induce inflammation
and immune-mediated damage,
the presence of olive oil may help
modulate this response. Studies
have shown that certain dietary

fats can influence inflammatory
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pathways and reduce the severi-
ty of inflammation in liver injury
(3). The reduced fibrotic modifica-
tions detected in this group could
also point to a lower chronic in-
flammatory response, which is
crucial for preventing long-term
liver damage. These findings un-
derscore the importance of di-
etary components in modulating
drug-induced liver injury and
suggest potential avenues for fur-
ther research into protective strat-
egies against hepatotoxicity.
Conclusion:

The results of this study
indicate that CP causes consider-
able histopathological damage to
the hepatic tissue of albino rats by
demonstrating significant hepato-
cellular injury, inflammation, and
alterations in vascular architec-
ture. On the other hand, the histo-
pathological changes observed in
the liver sections from the CP and

olive oil-treated group indicate a
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moderate degree of hepatotoxic-
ity characterized by mild degen-
eration, vascular congestion, and
localized necrosis. The protective
effects of olive oil appear to mit-
igate some of these changes, pre-
serving bile duct structure and re-
ducing inflammation and fibrosis.
Recommendations:

These findings emphasize
the need for careful monitoring
of liver function in patients un-
dergoing CP therapy and suggest
potential pathways for therapeu-
tic intervention to mitigate liver
damage.

Ethical approval: All pro-
cedures were done with high eth-
ical standards minimizing pain
and distress and ensure humane
treatment. All protocols are re-
viewed by the Faculty of Biomed-
ical Sciences at the University of
Benghazi scientific committee for

compliance.

Benghazi University Medical journal
Faculty of Medicine, University of Benghazi

June: 2025

References:

1.Zon G. Chemistry, Cyclophos-
phamide, Cancer Chemotherapy,
and Serendipity: Sixty Years On.
Substantia. 2021;5(1) : 27-42. doi:
10.36253/Substantia

2.Bestvina CM, Fleming GF.
Chemotherapy for endometri-
al cancer in adjuvant and ad-
vanced disease settings. Oncol-
ogist. 2016;21(10):1250-1259.
doi:10.1634/theoncologist.2016-0062.
3.Zhang]J, Tian Q, Zhou SF. Clinical
pharmacology of cyclophospha-
mide and ifosfamide. Curr Drug
Ther. 2006;1(1):55-84.

£4.0gino MH, Tadi P. Cyclophos-
phamide. In: StatPearls. StatPearls
Publishing; 2023. PMID: 31971727.
5.Khorwal G, Chauhan R, Nagar M,
Khorwal G. Effect of cyclophos-
phamide on liver in albino rats:
a comparative dose dependent
histomorphological study. Int ]
Biomed Adv Res. 2017;8(3):102-

107.

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :42

BUM]



BUM]

6.Andrés, C.M.C.; Pérez de la Las-
tra, J.M.; Munguira, E.B; An-
drés Juan, C.; Pérez-Lebefia, E.
Dual-Action Therapeutics: DNA
Alkylation
Peptides for Cancer Therapy. Can-
cers 2024, 16, 3123. https://doi.

0rg/10.3390/cancers16183123.
7.Teles KA, Medeiros-Souza P,

Lima FAC, Araujo BGD, Lima RAC.

and Antimicrobial

Cyclophosphamide administra-
tion routine in autoimmune rheu-
matic diseases: a review. Rev Bras
Reumatol. 2017;57(6):596-604.
8.Zhai X, Zhang Z, Liu W, Liu
B, Zhang R, Wang W, Zheng W,
Xu F, Wang J, Chen Y. Protec-
tive effect of ALDH2 against cy-
clophosphamide-induced acute
hepatotoxicity via attenuating
oxidative stress and reactive al-
dehydes. Biochem Biophys Res
Commun. 2018;499:93-98.
9.Singh C, Prakash C, Tiwari KN,
Mishra SK, Kumar V. Premna in-

tegrifolia ameliorates cyclophos-

Benghazi University Medical journal | ¢ §
Faculty of Medicine, University of Benghazi

VOLMUE:2 ISSUE:1

June: 2025 K‘ )

BUMJ

phamide-induced hepatotoxicity
by modulation of oxidative stress
and apoptosis. Biomed Pharma-
cother. 2018;107:634-643.
10.Conklin DJ, et al. Increased
sensitivity of glutathione S-trans-
ferase P-null mice to cyclophos-
phamide-induced urinary bladder
toxicity. J Pharmacol Exp Ther.
2009;331(2):456-469.
11.Singhal SS, Singh SP, Singhal
P, Horme D, Singhal J, Awas-
thi S. Antioxidant role of gluta-
thione S-transferases: 4-Hy-
droxynonenal, a key molecule in
stress-mediated signaling. Tox-
icol Appl Pharmacol. 2015 Dec
15;289(3):361-70. doi: 10.1016/j.
taap.2015.10.006. Epub 2015 Oct
23. PMID: 26476300; PMCID:
PMC4852854.

12.Zhang, Y., & Costin, C. Cy-
clophosphamide-induced  liver
injury during treatment of in-
terstitial lung disease in juve-

nile dermatomyositis. BMJ case

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :43



osversity Me,
§ S
g &

R

reports. 2023’16(8), €252592.
https: i.0rg/10.11 r-2022-
252592

13.A1-Malky HS, Al Harthi SE,
Osman AM. Major obstacles
to doxorubicin therapy: car-
diotoxicity and drug resis-
tance. J Oncol Pharm Pract.
2020;26(2):434-444.  https://
d0i:10.1177/1078155219877931.
14.Sherif 10. The effect of natural
antioxidants in cyclophospha-
mide-induced hepatotoxicity:
Role of Nrf2/HO-1 pathway. Int
Immunopharmacol. 2018;61:29-
36.https://d0i:10.1016/j.in-
timp.2018.05.007.

15.Fabiani A, de Bartolomeo P,
Rosignoli P, Servili M, Montedoro
GF, Morozzi G. Cancer chemopre-
vention by hydroxytyrosol isolated
from virgin olive oil through Gi1
cell cycle arrest and apoptosis. Eur
J Cancer Prev. 2002;11(4):351-358.
16.Gorzynik-Debicka M, Przycho-
dzen P, Cappello F, Kuban-Jan-

% % | Benghazi University Medical journal

A Faculty of Medicine, University of Benghazi
K‘ ’ VOLMUE:2 ISSUE:1

June: 2025

kowska A, Marino Gammazza A,
Knap N, Wozniak M, Gorska-Pon-
ikowska M. Potential health bene-
fits of olive oil and plant polyphe-
nols. Int J Mol Sci. 2018;19(3):686.
https://doi:1 ijms1
17.Elrashdy M. F., Benomran, R. A,
Gheryani N. A. and Amer H. A. A
histopathological study on the ef-
fects of cyclophosphamide on the
hepatic tissue of female golden
hamsters. International Journal of
Frontiers in Life Science Research,
2022;03(01): 022—-029. https://doi.
01g/10.53294/ijflsr.2022.3.1.0047
18.Benomran, R. A., Elrashdy M.
F., Gheryani N. A. and Amer H. A.
Nephrotoxicity of Cyclophospha-
mide on Female Golden Hamster:
Histopathological Study. Libyan
Journal of Science & Technology.
2022;14(1) 59-63.

19.Almugati AF. Cyclophospha-
mide-induced testicular injury
is associated with inflammation,

oxidative stress, and apoptosis in

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :4/4

BUM]



BUM]

mice: Protective role of taxifolin.
Reprod Biol. 2025;25(1):100990.
h : i:10.1016/j.rep-
bio.2024.100990.

20.Boshahma, F, Masoud A, Alfer-
jani N, Elfazani Z, Sassi H, Eldresi
S, Elharabi T, Amer A. Olive Oil’s
protective potential against cy-
clophosphamide-induced neph-
rotoxicity in Swiss albino rats.
Open Access Research Journal of

Life Sciences. 2024;8(2),001-007.

https://doi.org/10.53022/0ar-

jls.2024.8.2.0031.
21.Talebpour Amiri F, Hamzeh M,

Yaghubi Beklar S, Hosseinimehr
SJ. Anti-apoptotic and Antioxidant
Effect of Cerium Oxide Nanopar-
ticles on Cyclophosphamideln-
duced Hepatotoxicity. Erciyes Med
J 2018; 40(3): 148-54.

22.Radu-Ionita, F., Bontas, E.,
Tintoiu, I.C. Hepatocellular Death:
Apoptosis, Autophagy, Necrosis
and Necroptosis. In: Radu-Ioni-

ta, F., Pyrsopoulos, N., Jinga, M.,

Benghazi University Medical journal | ¢ §
Faculty of Medicine, University of Benghazi

VOLMUE:2 ISSUE:1

June: 2025 K‘ )

Tintoiu, L., Sun, Z., Bontas, E. (eds)
Liver Diseases. Springer, Cham.
2020.https://doi.org/10.1007/978-
3-030-24432-3_4

23.Wanless, LR. The Role of Vas-
cular Injury and Congestion in the
Pathogenesis of Cirrhosis: the Con-
gestive Escalator and the Paren-
chymal Extinction Sequence. Curr
Hepatology Rep. 2020;19, 40-53.
https://doi.org/10.1007/s11901-
020-00508-y

24,..Al-Salih H Al-Sharafi N Al-Qa-
bi S Al-Darwesh A. The Pathologi-
cal Features of Cyclophosphamide
Induced MultiOrgans Toxicity in
Male Wister Rats. Sys Rev Pharm
2020; 11(6): 45- 49.

25.Aller, MA,, Arias, JL., Cruz, A. et
al. Inflammation: a way to un-
derstanding the evolution of por-
tal hypertension. Theor Biol Med
Model. 2007;4, 44 https://doi.

rg/10.1186/1742-£4682-/-

26.Alsaidi ZZ., Humaish HH.,
Alasadi A. Toxic effects of Cy-

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :45



ity Mg,
3 3
§ £ %
g

AR |

&7

BUMJ

VOLMUE:2 ISSUE:1

clophosphamide on Hepatic and
Kidney tissues in Albino Mice
Model. Research Journal of Phar-
macy and Technology 2022;
15(10):4655-9. d0i:10.52711/0974.-
360X.2022.00781
27.Brancatelli, G., Furlan, A,
Calandra, A.et al. Hepatic sinu-
soidal dilatation. Abdom Radiol.
2018;43, 2011-2022. https://doi.
0rg/10.1007/s00261-018-1465-8
28.Alshehri MA, Alissa M, Al-
ghamdi A. Resveratrol attenu-
ates cyclophosphamide-induced
hepatic apoptosis in association
with the inhibition of oxidative
stress and inflammation in a rat
model of acute liver injury. Tis-
sue Cell. 2025;93:102728. https://
d0i:10.1016/j.tice.2025.102728.
29.Koupenova M., Livada A., and
Morrell C. Platelet and Mega-
karyocyte Roles in Innate and
Adaptive Immunity. Circulation

Research. 2022;130(2); 288-308

https://doi.org/10.1161/CIRCRE-

Benghazi University Medical journal
Faculty of Medicine, University of Benghazi

June: 2025

SAHA.121.319821
30.Yuan L, Kaplowitz N. Mecha-

nisms of drug-induced liver injury.
Clin Liver Dis. 2013 ;17(4):507-18,
vii. doi: 10.1016/j.c1d.2013.07.002.
Epub 2013 Aug 1. PMID: 24099014;
PMCID: PM(C3793205.

31.Panigrahy S Jatawa S and Ti-
wari A. Therapeutic use of cyclo-
phosphamide and its cytotoxic ac-
tion: A challenge for researchers.
Journal of Pharmacy Research,
20113;4(8):  2755-2757.

32.Yiwei Ma, Xinyue Ding, Jie Gu,
Shengmin Zhou, Yuanrong Jiang.
Effects of olive oil on hepatic ste-
atosis and liver enzymes: A sys-
tematic review. Journal of Func-

tional Foods. 2023; 109:105815.

h : i.org/10.101
jff.2023.105815

33.Dayel SB, Ali AHA, Alajmi MM,
Alsubaie TS, Alswedan NH, Al-
rezehi M, Alarfaj NS, Alzuhairi MO,
Al-Otaibi EM, Al-Khanfoor AN,
Alharbi RS. Beneficial role of olive

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0

license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
DOI: https://doi.org/10.37376/benuivmedjviiz

https://www.journals.uob.edu.ly/BUME]

Page :46

BUM]



Benghazi University Medical journal { %"'”T‘i
Faculty of Medicine, University of Benghazi

B‘ JMJ VOLMUE:2 ISSUE:1 June: 2025 K‘ »

extract on cyclophosphamide-in-
duced skin cellular injury. Medical
Science 2023; 27: €131ms2934.
34.Afaf F. Almugati, Cyclophos-
phamide-induced testicular injury
is associated with inflammation,
oxidative stress, and apoptosis in
mice: Protective role of taxifolin,
Reproductive Biology, 2025;25,(1)
https://doi.org/10.1016/j.rep-
bi0.2024.100990.

ety Meg,
>

3
8 w4 B

BUMJ

Copyright©2024University of Benghazi.This open Access article is Distributed under a CC BY-NC-ND 4.0
license. ISSN: Online 3005-7450, ISSN:Link 3005-7442
https://www.journals.uob.edu.ly/BUME] DOI: https://doi.org/10.37376/benuivmedjviiz

Page :47



