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Doxorubicin (Dox) is an anthracycline antibiotic that is primarily used for treating various solid tumors
including that of pulmonary, ovary, breast, uterine, cervix, and several blood cancers. However, nephro-
toxicity associated with Dox treatment limits its clinical use. Administration of Dox in combination with
compounds exhibiting antioxidant properties are being used to minimize the side effects of Dox. Diosmin
is a flavonoid glycoside with numerous beneficial properties that is found in the pericarp of many citrus
fruits. Diosmin has demonstrated antioxidant, anti-inflammatory, and anti-apoptotic effects in response
to various insults, although the exact mechanism remains unknown. Therefore, this study was designed
to evaluate the effect of diosmin in preventing kidney damage in response to Dox treatment. Male Wistar
rats were randomly divided into four groups: control group, Dox group (20 mg/kg, i.p.), Dox plus low-
dose diosmin group (100 mg/kg orally), and Dox plus high-dose diosmin group (200 mg/kg orally). A sin-
gle intraperitoneal injection of Dox resulted in kidney damage as evidenced by significant alterations in
kidney markers, histological abnormalities, and the attenuation of antioxidant defense mechanisms (GSH,
SOD, and CAT). Moreover, Dox treatment significantly altered the expression of oxidative stress, inflam-
matory, and anti-apoptotic protein markers. Diosmin pretreatment alleviated Dox-induced nephrotoxic-
ity by ameliorating the antioxidant mechanism, decreasing inflammation and apoptosis, and restoring
kidney architecture. In conclusion, our results indicate that diosmin is a promising therapeutic agent
for the prevention of nephrotoxicity associated with DOX.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Doxorubicin (DOX) is an anthracycline antibiotic that is primar-
ily used to treat various solid tumors including lung, ovary, breast,
uterine, cervix, and several blood cancers (Khames et al., 2019).
Dox exerts its cytotoxic effect through DNA intercalation and
topoisomerase II (TOP2) inhibition in rapidly dividing cancer cells
(Sanajou et al., 2019). Dox produces a quinone moiety that is
reduced to a semiquinone, thus contributing to the production of
radical superoxide (O2
��). These O2

�� molecules steadily destroy cell
components as the concentration of reactive oxygen species (ROS)
increases (Kamble and Patil, 2018). Although Dox has been consid-
ered an effective anticancer medication due to its unprecedented
potency and broad therapeutic effects, organ toxicity, especially
nephrotoxicity, restricts its overall usefulness. While the specific
mechanism of nephrotoxicity induced by Dox remains unknown,
published reports suggest that Dox induces free radical generation,
oxidative damage to biological macromolecules, and peroxidation
to membrane lipids that result in the degradation of the cell mem-
brane (Tulubas et al., 2015). Moreover, several recent studies have
shown that apoptosis and inflammation play an important role in
Dox-mediated nephrotoxicity (Khames et al., 2019, Entezari
Heravi et al., 2018).

Inflammation is an immune reaction triggered by many factors
including harmful chemicals, pathogens, and cells that are injured
(Chen et al., 2018). Macrophages are immune cells that perform
various functions during inflammation including altered produc-
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tion of pro-inflammatory and anti-inflammatory cytokines, inter-
leukins, tumor necrosis factor-alpha (TNF-a), and inducible nitric
oxide synthase (i-NOS) (Rehman et al., 2014). Several studies have
reported a relationship between Dox and nuclear factor kappa B
(NF-kB), a transcriptional factor that regulates genes that encode
apoptosis and inflammatory cytokines (Imam et al., 2018).

Flavonoids are polyphenolic tricyclic secondary metabolites
that are abundant in plants. Diosmin (Fig. 1) is a flavone glycoside
that is present in the pericarp of many citrus fruits (Rashid, 2019,
Kumar and Pandey, 2013, Eraslan et al., 2017). It has many biolog-
ical properties, such as antioxidant (Ağır and Eraslan, 2019), anti-
apoptotic (Shalkami et al., 2018), anti-mutagenic (Bear and Teel,
2000) and anti-inflammatory activity (Abdel-Daim et al., 2017).
Several reports indicate that diosmin has preventative effects on
liver damage, kidney injury, myocardial infarction, hepatocarcino-
genesis, and hypertension (Shalkami et al., 2018, Bear and Teel,
2000, Ağır and Eraslan, 2019, Abdel-Daim et al., 2017, Perumal
et al., 2018, Silambarasan and Raja, 2012).

The nephroprotective effects of diosmin against some
chemotherapeutic agents and other toxicants have been demon-
strated previously (Abdel-Daim et al., 2017, Elhelaly et al., 2019);
however, to our knowledge, there is no evidence that shows the
protective effect against Dox-induced kidney damage. Hence, this
study was conducted to investigate the protective properties of
diosmin against Dox-induced nephrotoxicity. In this study, we
report that Dox treatment resulted in increased expression of kid-
ney damage markers, depletion of antioxidants, elevation of
inflammatory and apoptotic mediators, and alteration of kidney
histology. Diosmin pretreatment diminishes these harmful conse-
quences and results in nephroprotection.
2. Materials and methods

2.1. Drugs and chemicals

Doxorubicin and diosmin were 98% pure and were purchased
from AK Scientific, Inc. USA and all other chemicals used in the
study were purchased from Sigma Aldrich St. Louis, USA, E. Merck,
Darmstadt, Germany were highly pure.
2.2. Animals

The animals used in this study were obtained from the animal
facility of the College of Pharmacy, King Saud University (KSU),
Riyadh, Saudi Arabia. All the animals were kept under standard
room temperature (25 ± 1 �C) with 12 h of light/dark cycle and
were given free access to water and standard diet. All procedures
and protocols used for the animal studies were approved by the
KSU Local Institutional Study Ethics Committee (REC) (approval #
KSU-SE-19-121).
Fig. 1. Structure
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2.3. Experimental design

In this study, 4–6 week old male Wistar rats (n = 32, 180–200 g)
were randomly divided into four groups (eight rats per group).
Experimental design and groups are illustrated in Fig. 2. The ani-
mals were allowed to acclimatize for 1 week prior to the start of
the experiments. Animals in group I received a vehicle (normal sal-
ine) orally. Group II received a single dose of Dox (20 mg/kg i.p.) on
day 17. Groups III and IV were treated with diosmin (100 and
200 mg/kg p.o., respectively) for 18 days and a single dose of Dox
(20 mg/kg i.p.) on the 17th day (Rehman et al., 2014, Mahgoub
et al., 2020).

At the end of the study, blood was collected and both kidneys
from each rat were detached and directly placed into liquid nitro-
gen for biochemical assays and western blot analysis. The remain-
ing kidneys were perfused with ice-cold PBS followed by 4%
paraformaldehyde (PFA) and fixed for histological analysis. No
mortality occurred in any group.
2.4. Assessment of kidney markers

Blood samples obtained at the time of sacrifice were centrifuged
at 5000 g for 10 min using a cooling centrifuge for serum isolation.
The serum was then used for the measurement of creatinine, albu-
min, and nitrogen urea in the tissues (BUN). The values were calcu-
lated by the autoanalyzer (Dimension� RXL MAXTM, Siemens,
USA.)
2.5. Measurement of lipid peroxidation

Lipid peroxidation was measured in tissues using the method
described by Ohkawa et al. (Ohkawa et al., 1979). Briefly, tissue
homogenates containing thiobarbituric acid (TBA) and trichloroa-
cetic acid (TCA) were incubated in a shaking water bath at 90 �C
for 30 min. The samples were placed on ice for 10 min and then
centrifuged for 15 min at 3000 g in a refrigerated centrifuge. The
absorbance of the supernatants was measured at 540 nm. The
resulting values were expressed as nmol of MDA formed per mg
of protein.
2.6. Measurement of reduced glutathione (GSH)

The amount of GSH in tissues was measured by the method of
Sedlak and Lindsay (Sedlak and Lindsay, 1968). Briefly, 5,50-dithio
bis(3-nitrobenzoic acid) was added to the reaction mixture and
the absorbance was immediately recorded at 412 nm. The GSH val-
ues were expressed as nmol/mg of protein.
of diosmin.



Fig. 2. Illustration of the experimental design.
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2.7. Measurement of catalase activity (CAT)

The post-mitochondrial supernatant (PMS) from kidney tissue
was used to estimate CAT activity by the Claiborne method
(Claiborne, 1985). Briefly, the reaction mixture consisted of
1.95 ml (0.1 M, pH 7.4) phosphate buffer, 1 ml (0.019 M) hydrogen
peroxide, and 0.05 ml PMS for a total volume of 3 ml. The absor-
bance was recorded at 240 nm for 5 min at an interval of 1 min.
A difference in the absorbance was used to calculate the activity
of CAT as the amount of moles of H2O2 changed per min per mg
of protein.
2.8. Western blot analysis

Western blot analysis was done as previously described
(AlAsmari et al., 2020). Protein extracts were prepared from kidney
tissues and equivalent amounts of protein (20–50 lg) were
resolved on 10–12% SDS-PAGE gels and transferred to PVDF mem-
branes. The membranes were blocked with 5% non-fat dried milk
for 1 h and incubated with primary antibodies specific to iNOS,
Nox-4 (Novus Biologicals, USA, dilution 1:1000), NfkB p65, IL-6,
IL-10, TNF- a (Santa Cruz, USA, dilution 1:500), SOD, Bax, Bcl-2,
cleaved caspase-3, and b-actin (ABclonal Technology, USA, dilution
1:1000) proteins overnight at 4 �C while rocking. The membranes
were then washed and incubated for 1 h with the appropriate sec-
ondary antibody conjugated with HRP (ABclonal Technology, USA,
dilution 1:5000). The membranes were visualized using ECL
reagent (ABclonal Technology, USA) and images were collected
using a Bio-Rad gel imaging instrument.
2.9. Histopathology studies

The PFA-fixed kidney tissues from each group were processed
and embedded in paraffin to prepare blocks. A microtomewas used
to cut 3 mm sections. The paraffin from the kidney sections was
removed and the slides were stained with hematoxylin and eosin
(H&E) and visualized under an optical microscope. The images
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were recorded using an Olympus BX microscope fitted with DP72
camera.

2.10. Statistical analysis

The data are presented as the mean ± SD for the individual
groups. The differences among groups were determined by one-
way analysis of variance (ANOVA) followed by the Tukey compar-
ison test using GraphPad Prism software 5 (CA, USA). p < 0.05 was
considered statistically significant.

3. Results

3.1. Diosmin attenuates Dox-induced kidney damage

To confirm that Dox treatment is associated with kidney injury,
serum BUN, creatinine, and albumin were measured. As expected,
a single dose of Dox resulted in a significant rise in BUN, creatinine,
and albumin levels (Fig. 3A–C). However, diosmin pretreatment
diminished the increase in BUN, albumin, and creatinine levels
suggesting that it protected against Dox-induced kidney damage.

3.2. Diosmin attenuates Dox-induced lipid peroxidation and oxidative
stress

To determine whether diosmin treatment can mitigate oxida-
tive stress and antioxidant status caused by Dox, we measured
MDA levels, GSH content, and CAT activity in kidney tissue. The
results indicated that a single Dox injection (20 mg/kg) resulted
in a significant increase in MDA and a decrease in GSH content
and CAT activity in kidney tissues compared with the control
group. However, in rats pretreated with diosmin at 100 and
200 mg/kg, the observed increase in MDA and decline in GSH con-
tent and CAT activity were restored in a significant and dose-
dependent manner. These results demonstrated the potential
antioxidant activity of diosmin (Fig. 4A–C).

3.3. Diosmin mitigates Dox-induced alterations in inflammatory
mediators

Studies published by Shalkami and co-workers have demon-
strated the antioxidant and anti-inflammatory properties of dios-
min (Shalkami et al., 2018). Therefore, to evaluate the
antioxidant and anti-inflammatory properties of diosmin, the
expression of SOD, NfkB, IL-10 IL-6, TNF-a, iNOS, and Nox-4 pro-
teins were measured by western blot analysis. After Dox injection,
the expression of SOD and IL-10 decreased, whereas the expression
of NfkB, IL-6, TNF-a, Nox-4, and iNOS were significantly increased
(Fig. 5A–I). Interestingly, the rats treated with diosmin exhibited a
restoration of the Dox-induced alterations in protein expression
involved in maintaining antioxidant status (SOD), oxidative stress
(NfkB), and regulating inflammation (TNF-a, IL-6, iNOS, Nox-4,
and IL-10) (Fig. 5A–I). These results demonstrate the antioxidant
and anti-inflammatory properties of diosmin.

3.4. Diosmin attenuates Dox-induced apoptosis

To evaluate whether diosmin prevents apoptosis caused by
Dox, we measured the expression of pro-apoptotic and anti-
apoptotic protein markers. A single dose of Dox resulted in a sig-
nificant rise in the expression of pro-apoptotic proteins (Bax and
cleaved caspase-3) and a dramatic decrease in the anti-apoptotic
protein, Bcl-2, in renal tissues compared with the control group.
Rats treated with diosmin exhibited a significantly decreased
expression of pro-apoptotic proteins and increased expression of



Fig. 3. Pretreatment with diosmin mitigated the altered serum levels of BUN (A), creatinine (B), and albumin (C) resulting from Dox treatment. Data are presented as the
mean ± SD (n = 5) where ***p < 0.001, **p < 0.0, *p < 0.05, and NSp > 0.05. [CON, control; DOX, doxorubicin; DOX + DS100, doxorubicin plus diosmin 100 mg/kg; and
DOX + DS200, doxorubicin plus diosmin 200 mg/kg, n = number of animals].

Fig. 4. Pretreatment of diosmin diminishes the oxidative stress induced by Dox. Biochemical analysis of MDA (A), GSH (B), and CAT (C). Data are presented as the mean ± SD
(n = 5) where **p < 0.0, *p < 0.05, and NSp > 0.05. [CON, control; DOX, doxorubicin; DOX + DS100, doxorubicin plus diosmin 100 mg/kg; and DOX + DS200, doxorubicin plus
diosmin 200 mg/kg, n = number of animals].
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Fig. 5 (cont

Fig. 5. Diosmin reduces oxidative stress and inflammatory protein expression and
induces antioxidant proteins. (A & B) Immunoblot representation of SOD, IL-10, IL-6,
NfkB-p65, TNF-a, Nox-4, and iNOS. (C–I) Graphical representation of SOD, IL-10, IL-
6, NfkB-p65, TNF-a, Nox-4, and iNOS. Results are shown as the mean ± SD (n = 5)
where ***P < 0.001, **P < 0.01, *P < 0.05, and NSP > 0.05. [CON, control; DOX,
doxorubicin; DOX + DS100, doxorubicin plus diosmin 100 mg/kg; and DOX + DS200,
doxorubicin plus diosmin 200 mg/kg, n = number of animals].
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anti-apoptotic proteins (Fig. 6A–D). These results indicate that
pretreatment with diosmin attenuated apoptosis induced by
Dox in rat kidneys.
3.5. Diosmin restores kidney histology

To further confirm the biochemical and protein expression data
described above, we examined the histology of kidney tissues in
response to Dox treatment. Normal tubules and glomeruli were
observed in rats of the control group (Fig. 7A). Dox administration
caused damage to the usual architecture of the kidney as shown by
glomerular congestion and tubular damage (Fig. 7B). However,
treatment with diosmin reversed Dox-induced damage in a dose-
dependent manner (Fig. 7C & D).
4. Discussion

The kidney is a very complex and dynamic organ that takes part
in the elimination of waste material, helps to maintain homeosta-
sis, and controls acid-base balance. Toxicity to the kidney can
impair its function (M, 2019). Dox-induced kidney damage has
been well studied in the context of inflammation and apoptosis
resulting from oxidative stress (El-Sayed et al., 2017a, Zhang
et al., 2017). Naturally occurring nutritional substances are becom-
ing popular worldwide due to their medicinal benefits that include
antioxidant, anti-inflammatory, and anti-apoptotic effects (Wali
et al., 2020). The present study was done to assess the protective
effect of diosmin against Dox-induced kidney damage in rats.

Albumin, blood urea nitrogen (BUN), and creatinine are estab-
lished markers for kidney dysfunction as a healthy kidney does
not allow albumin to pass from the blood to urine, whereas BUN
and creatinine are filtered by the kidney from the blood into urine.
In the event of kidney dysfunction, however, these processes do
not work properly and albumin passes into the urine resulting in
inued)



Fig. 5 (continued)
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low levels of serum albumin. Similarly, creatinine and BUN are not
properly filtered by the kidneys, which results in high levels of
serum creatinine and BUN (M, 2019, Zhang et al., 2017, El-Sayed
et al., 2017b, Mansour et al., 1999). In this study, we observed a sig-
nificant decrease in serum albumin and an increase in BUN and
creatinine in the Dox-treated rat group. These variations correlated
with Dox-induced kidney injury and are consistent with previously
reported studies (Khames et al., 2019). Likewise, when rats were
pretreated with diosmin, albumin, BUN, and creatinine levels were
restored. This indicates that diosmin provides protection against
kidney toxicity caused by Dox exposure.

Lipid peroxidation is a marker of oxidative stress and several
published reports have documented that elevations in the amount
of malondialdehyde (MDA), a lipid peroxidation product, have
been reported following Dox treatment (Rashid et al., 2013,
Rehman et al., 2014, Khames et al., 2019). In this study, we
observed a dramatic alteration in the antioxidant status of the kid-
ney in Dox-treated rats. In the Dox-treated group, a significantly
high amount of MDA was observed. This suggests that Dox causes
the formation of free radicals, oxidative injury to biological mole-
cules, membrane lipid peroxidation, and protein oxidation (M,
2019). In contrast, diosmin pretreatment at both doses returns
these changes to baseline. Our results validate the same pattern
observed by Elhelaly et al. (Elhelaly et al., 2019).

Glutathione (GSH) is a low-molecular-weight tripeptide that
functions as an endogenous cellular antioxidant in the detoxication
of ROS generated by different stimuli that are required to maintain
homeostasis for the normal functioning of cells (Rashid et al.,
2017). Superoxide dismutase (SOD) is abundantly present in all
cells and protects against oxidative injury by ROS. It converts O2

��

to hydrogen peroxide (H2O2) that is later catalyzed by catalase
(CAT) and glutathione peroxidase (GPx), scavenging O2

�� is one of
the essential defensive mechanisms occurring in different diseases
(Mohan et al., 2010, Tu et al., 2010, Liu et al., 2007, Rašković et al.,
2011, El-Shitany et al., 2008). In this study, we observed a substan-
tial decrease in GSH levels, SOD protein expression, and CAT activ-
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ity in the Dox-treated group than in the control group, which is
consistent with previously reported findings (Rashid et al., 2013).
However, diosmin pretreatment mitigated the changes in GSH con-
tent, SOD expression, and CAT activity, which emphasizes the
renoprotective and antioxidant properties of this compound.

NADPH oxidase (Nox) is present in different isoforms in the kid-
ney. However, it has been reported that Dox activates the Nox
pathway that results in the production of ROS. This subsequently
creates a disturbance in the antioxidant defense that may be
responsible for the toxicity to various organs. Nox4 has been con-
sidered to be the most common of all Nox isoforms and is involved
in kidney pathophysiology (Sedeek et al., 2013). Our findings
revealed that the amount of Nox4 in the Dox-treated group
increased compared with the control group, which is consistent
with previously published reports (Elsherbiny and El-Sherbiny,
2014). Interestingly, diosmin pretreatment reduced Nox4 protein
expression indicating that diosmin protects against Dox-induced
nephrotoxicity.

Increased oxidative stress and depleted self-antioxidant status
activate the immune response (Elsherbiny and El-Sherbiny, 2014,
Ghosh et al., 2011, Zordoky et al., 2011). The generation of ROS is
an important process that protects against anticancer drug-
mediated toxicity. This occurs through the activation of NF-kB
pathways that initiate apoptosis and inflammation (Rashid et al.,
2017). Published data suggest that the activation of the inflamma-
tory pathway is one of the causes of Dox-mediated nephrotoxicity
(Zhang et al., 2017). Administration of Dox may create a microen-
vironment that supports the activation of NF-kB and pro-
inflammatory cytokines, such as TNF-a and IL-6, followed by inhi-
bition of anti-inflammatory cytokines such as IL-10 (Wali et al.,
2020, Chen et al., 2007). Furthermore, inducible nitric oxide syn-
thase (iNOS) is needed for the synthesis of nitric oxide (NO), which
is also involved in the inflammatory process that links Dox toxicity
with the level of NO (Sayed-Ahmed et al., 2001, Pacher et al., 2003,
Ayla et al., 2011). In this study, we observed significantly high
expression of NfkB, TNF-a, IL-6, and iNOS proteins and low expres-



Fig. 6. Effect of diosmin on pro-apoptotic and anti-apoptotic protein expression. Immunoblot representation of cleaved caspase-3, Bax, and Bcl-2 (A–D). Results are shown as
the mean ± SD (n = 5) where ***P < 0.001 and **P < 0.01. [CON, control; DOX, doxorubicin; DOX + DS100, doxorubicin plus diosmin 100 mg/kg; and DOX + DS200, doxorubicin
plus diosmin 200 mg/kg, n = number of animals].

Fig. 7. Light micrographs of kidney tissues using H&E staining. (A) The standard architecture of the kidney. (B) Disruption of the regular kidney architecture caused by Dox
administration was observed as indicated by arrows. (C & D) diosmin treatment exhibited beneficial improvement in the glomeruli and tubules and tubular epithelial cell
morphology at both doses.
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sion of IL-10 in Dox-treated rats. However, diosmin exposure at
two doses mitigated the altered expression of NfkB, TNF-a, IL-6,
IL-10, and iNOS, which suggests an anti-inflammatory property
of diosmin.
4381
Oxidative stress is considered an essential mediator that trig-
gers apoptotic pathways. Moreover, the mitochondrial membrane
is damaged in response to organ toxicity due to the enormous pro-
duction of ROS. This results in activation of the intrinsic apoptosis.



Fig. 8. Schematic representation of doxorubicin-induced renal toxicity and underlying nephroprotective mechanism of diosmin.
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Due to damage to the mitochondrial membrane, cytochrome c is
released into the cytosol, which in turn activates several biochem-
ical reactions that result in caspase-9 activation. Activated caspase-
9 subsequently activates caspase-3. Bax is a pro-apoptotic protein
that enhances the porosity of the membrane and facilitates the
release of cytochrome c that is present between the intermem-
brane space, thus initiating the intrinsic apoptosis pathway. In con-
trast, Bcl-2 is an anti-apoptotic protein that is present in the outer
mitochondrial membrane that maintains the integrity of the mito-
chondria and prevents the release of cytochrome c into the cytosol.
Thus, the survival of the cell primarily depends on the balance
between Bax and Bcl-2 (Kalyanaraman et al., 2002, Liu et al.,
2004, Sabbah, 2000, Kunisada et al., 2002, Li and Cohen, 2005,
Crompton, 2000, Elmore, 2007, Ibrahim et al., 2020). In this study,
Dox treatment resulted in a dramatic increase in cleaved caspase-3
and Bax expression and a significant decrease in Bcl-2 expression.
These findings are similar to the previously published data by Ibra-
him et al. (Ibrahim et al., 2020). The abnormal expression of apop-
tosis proteins was considerably restored by diosmin pretreatment.

To further confirm alterations in the biochemical parameters
and abnormal expression of inflammatory and apoptotic proteins,
we analyzed histological alterations in the kidney in response to
Dox. Dox treatment distorted the architecture of the tubules of
the kidney that is consistent with the earlier report by Rashid
et al. (Rashid et al., 2013). Nonetheless, diosmin pretreatment
restored the altered architecture of the kidney compared with
the Dox group.
5. Conclusion

The data obtained from this study demonstrated that diosmin is
a potential beneficial intervention against Dox-induced kidney
injury. This likely occurs by mitigating oxidative stress, reversing
the antioxidant imbalance, and ameliorating the damage in the
kidney by suppressing inflammation and apoptosis (Fig. 8).
4382
CRediT authorship contribution statement

Nemat Ali: Conceptualization, Methodology, Validation, Formal
analysis, Investigation, Writing - Original Draft, Writing - Review &
Editing, Supervision, Funding acquisition. Abdullah F. AlAsmari:
Conceptualization, Methodology, Validation, Formal analysis,
Resources, Writing - Review & Editing, Supervision, Funding acqui-
sition. Faisal Imam: Validation. Mohammad Z. Ahmed: Investiga-
tion. Faleh Alqahtani: Investigation.Metab Alharbi:Methodology.
Mohammed AlSwayyed: Methodology. Fawaz AlAsmari: Formal
analysis, Investigation. Mohammed Alasmari: . Abdulrahman
Alshammari:Writing - Review & Editing. Omer I. Fantoukh:Writ-
ing - Review & Editing. Mohammed M. Alanazi: Investigation.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors extend their appreciation to the Deanship of Scientific
Research at King Saud University for funding this work through the
Research Group (No. RG-1441-451).

Data availability statement’
All data used in this study have been included in the

manuscript.
References

Abdel-Daim, M.M., Khalifa, H.A., Abushouk, A.I., Dkhil, M.A., Al-Quraishy, S.A., 2017.
Diosmin attenuates methotrexate-induced hepatic, renal, and cardiac injury: a
biochemical and histopathological study in mice. Oxid. Med. Cell. Longev. 2017,
3281670.

http://refhub.elsevier.com/S1319-562X(21)00289-8/h0005
http://refhub.elsevier.com/S1319-562X(21)00289-8/h0005
http://refhub.elsevier.com/S1319-562X(21)00289-8/h0005
http://refhub.elsevier.com/S1319-562X(21)00289-8/h0005


N. Ali, A.F. AlAsmari, F. Imam et al. Saudi Journal of Biological Sciences 28 (2021) 4375–4383
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