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Cisplatin (CP) is the most effective chemotherapeutic drug used to treat various types of solid tumors.
Morin is a natural flavonoid having a wide range of pharmacological properties. This investigation was
aimed to explore the curative effect of morin against CP persuaded mitochondrial dysfunction in renal
tissues of rats. Adult male Sprague-Dawley rats (n = 24) were randomly distributed into four groups
for this experiment; control group, CP administered group, CP + morin administered group, and morin
administered group. The results showed adverse effects of CP on renal biomarkers by elevating and
reducing the level of urea, creatinine, and creatinine clearance sequentially. The antioxidant enzymatic
and non-enzymatic activities, including superoxide dismutase (SOD), catalase (CAT), glutathione perox-
idase (GPx) and glutathione (GSH) levels were significantly decreased in renal mitochondria of CP-
exposed rats. CP administration significantly elevated the ROS and TBARS levels. CP administration
remarkably reduced TCA cycle enzymes activity, including succinate dehydrogenase (SDH), malate dehy-
drogenase (MDH), isocitrate dehydrogenase (ICDH) and alpha-ketoglutarate dehydrogenase (a-KGDH).
Moreover, mitochondrial electron transport chain (ETC) enzymes, such as succinic-coenzyme Q, NADH
dehydrogenase, Cytochrome c-oxidase, and coenzyme Q-cytochrome reductase activities, were also
reduced after CP treatment. CP-induction significantly reduced the mitochondria membrane potential
(DWm). Nonetheless, morin supplementation significantly ameliorated the damaging impacts of CP in
isolated mitochondria from renal tissues of rats. Thus, the present study revealed that the morin has con-
spicuous potential to attenuate the CP-instigated mitochondrial injuries in the renal tissues of adult male
Sprague-Dawley rats.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Cisplatin (CP) is a highly effective chemo-therapeutic drug with
a broad range of antineoplastic activities used to treat various can-
cers such as lung, testicular, bladder, ovarian, head, neck and breast
(Dasari and Tchounwou, 2014). CP produces free radicals (FR),
including hydroxyl radicals, hydrogen peroxide and superoxide
anions in kidneys. These FR can interact with membrane lipids
and cellular proteins, by injuring their structures (Ma et al.,
2017). Several researchers have observed that lipid peroxidation
(LPO) and FR are responsible for CP-induced nephrotoxicity. Fur-
thermore, CP inhibits renal antioxidants activities such as CAT,
GPx and SOD, by increasing the TBARS level (Yousef and Hussien,
2015).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2021.101655&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jksus.2021.101655
http://creativecommons.org/licenses/by/4.0/
mailto:Umar.ijaz@uaf.edu.pk
mailto:smarazi@ksu.edu.sa
https://doi.org/10.1016/j.jksus.2021.101655
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


Muhammad Umar Ijaz, S. Shahzadi, Z. Zahra et al. Journal of King Saud University – Science 33 (2021) 101655
Mitochondria are basic cellular-organelles that perform a key
role in the production of energy by oxidative phosphorylation as
well as it regulates various physiological process, including cell
death, proliferation and calcium homeostasis (Osellame et al.,
2012). Moreover, these organelles are considered one of the most
dynamic ROS producing site due to the respiratory chain
(Ishimoto and Inagi, 2016). It has been observed that excessive
ROS production is linked to the mitochondrial dysfunction. Mito-
chondrial damage can induce a series of biological actions such
as inflammation, cell death and oxidative stress (OS). In the past
few decades, several investigators have revealed that mitochondria
dysfunction due to CP is an important underlying cause of renal
impairment (Yang et al., 2014).

Flavonoids are the naturally occurring polyphenolic phyto-
chemical compounds, with their universal existence in almost all
vegetables, nuts, seeds, dietary plants and fruits. Among these fla-
vonoids, morin (20,3,40,5,7-pentahydroxyflavone) is a well-known
flavonoid, isolated from the Maclura pomifera, Maclura tinctoria,

and Psidium guajava leaves (Kuzu et al. 2018). Morin shows a broad
range of curative and pharmacological properties such as anti-
inflammatory, free radical scavenging, anticancer and genoprotec-
tive activity (Hussain et al., 2014). However, the potential curative
effects of morin on CP induced mitochondrial toxicity has not been
studied until now. Therefore, this experimental study was
designed to examine the efficiency of morin against CP-induced
mitochondrial toxicity in rat kidney.

2. Materials and methods

2.1. Chemicals

CP and morin were purchased from Sigma-Aldrich (Merck
KGaA, Darmstadt, Germany).

2.2. Animals

Sexually mature Sprague-Dawley rats (180–220 g) were kept in
an animal house of the University of Agriculture, Faisalabad. Rats
were provided with natural light (day cycle). Temperature and
humidity levels were maintained at 22 ± 1 �C and 40–60%, respec-
tively. Standard feed and tap water were provided. Rats were han-
dled in obedience to International Guidelines for the use and care
of experimental animals.

2.3. Experimental design

CP was dissolved in NaCl solution and administrated at a dose of
10 mg/kg (bw). Morin was suspended in physiological saline and
then administrated to the rats orally for 30 days. Before starting
treatment, all rats were allocated into 4 equal groups, having 6
rats/group. The following administration schedule was followed:
the first group was served as control. The second group received
a single injection of CP (10 mg/kg) intraperitoneally on the first
day of trial (Bishr et al., 2019). The third group was administered
with CP (10 mg/kg) injection on the first day of the trial and morin
(50 mg/kg orally) daily until the completion of the trial. The fourth
group received 50 mg/kg bw of morin prepared in distilled water

(Kuzu et al. 2018). Following the completion of experimental pro-
tocol, the rats were made anesthetized by using chloroform. Retro-
orbital venous plexus was used for the collection of blood samples.
Blood aliquot was collected in Eppendrof tube and separated the
serum by centrifuging for 5 min at 12000 rpm and stored at
�20� C for further study. After one month treatment rats were
humanely euthanized, and kidneys were isolated, weighed,
washed using normal saline, and then homogenate (10% w/v)
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was produced in phosphate-buffered saline (0.05 M) at pH 7. The
homogenate was centrifuge for 1 h at 12000 � g at 4 ℃. The Super-
natant was extracted and kept at temperature �20℃ till applied in
additional assays.
2.4. Isolation of renal mitochondria

Mitochondria from the renal tissues were isolated by the
Mingatto et al., (1996) method. The renal tissues were removed
quickly and then used a medium labeled I (1 mM EDTA, 10 mM
HEPES, 50 mMTris-HCl, 250 mMmannitol, 70 mM sucrose, 120
mMKCl and also pH 7.4) to homogenized it. Centrifuge the homo-
genate for five minutes at 755 � g, and the resultant homogenate
was again centrifuged at 13300 � g for fifteen minutes. The med-
ium labeled II (10 mM HEPES, 50 mMTris-HCl, 70 mM sucrose,
250 mMmannitol, and pH 7.4) was used to suspend the obtained
pellets and then washed twice with the same buffer, via centrifug-
ing for fifteen minutes at 13300 � g. The obtained pellets of mito-
chondria were resuspended in the same media and then employed
for more observations.
2.5. Assessment of kidney markers

For the assessment of urea, creatinine, and creatinine clearance,
the standard Randox lab kits Crumlin, Co. Antrim, UK were
employed.
2.6. Assessment of biochemical markers

CAT activity was assessed by the method of (Aebi, 1984). SOD
activity was evaluated by following the technique of (Sun et al.,
1988). GPx was evaluated by following the process of Paglia and
Valentine, (1967). GSH was assessed by spectrophotometric assay
following Ellman, (1959) method. TBARS was evaluated by follow-
ing the process of Ohkawa et al., (1979). The concentration of reac-
tive oxygen species (ROS) was measured with total ROS kits
(Thermo Fisher Scientific Co. Ltd., USA) in compliance with manu-
facturer instructions.
2.7. Evaluation of TCA cycle enzymes

The activities of ICDH, SDH, and MDH were sequentially deter-
mined according to the following methods described by (Wieland,
1965), (Slater and Bonner, 1952), (Mehler et al., 1948). Moreover,
the activity of a-KGDH was evaluated via following the process
of (Reed and Mukherjee, 1969).
2.8. Analysis of the activity of respiratory chain complexes in the renal
mitochondria

In order to determine the mitochondrial respiratory chain com-
plexes activity, the mitochondrial respiratory-chain assay kits
(Suzhou Comin Biotechnology LTD, China) were used.
2.9. Evaluation of mitochondrial membrane potential (DWm)

The DWm was evaluated initially through mitochondrial
absorption of Rhodamine 123, a cationic-fluorescent dye. The test
tubes were lightly agitated for ten minutes at 37 0C with Rh 123
(1.5 lM) to incubate mitochondrial suspension (0.5 mg protein
ml-1). At the wavelength of 490 nm and 535 nm, the luminescence
fluorescence spectrophotometer (Elmer LS-50B) was employed for
the evaluation of fluorescence (Baracca et al., 2003).
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2.10. Statistical analysis

The entire results are displayed as Mean ± Standard error in all
figures. Statistical analysis was performed in Minitab software
using one way analysis of variance which followed by Tukey’s test.
The p < 0.05 was set as the significance level.

3. Results

3.1. Effects of morin on kidney markers

CP exposure resulted in a substantial (p < 0.05) rise in urea as
well as level of creatinine, nevertheless, a substantial (p < 0.05)
decrease in the creatinine clearance was detected in CP-treated
group. However, morin cotreatment with CP substantially
(p < 0.05) declined the levels of creatinine and urea, while
enhanced the creatinine clearance in comparison to CP-
administered group. Only morin-treated rats showed a normal
level of markers which were comparable to the control group
(Fig. 1).

3.2. Effects of morin on antioxidative enzymes, TBARS and ROS in CP-
exposed rats

CP exposure substantially (p < 0.05) reduced the activities of
antioxidant enzymes such as CAT, SOD, GSH, and GPx while consid-
erably (p < 0.05) increased the concentration of TBARS and ROS.
However, the antioxidant status was substantially (p < 0.05)
increased along with substantial (p < 0.05) reduction in TBARS
and ROS levels after the co-administration with morin, compared
to CP administered rats. In the morin alone treated group, antiox-
Fig. 1. Effect of Morin on serum (a) urea, (b) creatinine and (c) creatinine clearance in th
(p < 0.05) different from each other.
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idants, ROS, and TBARS values remained near to the control group
(Fig. 2).

3.3. Effects of morin on TCA cycle enzymes

Figure 3 shows that the CP-induction substantially (p < 0.05)
decreased the activities of TCA cycle enzymes such as ICDH,
MDH, SDH, a-KGDH in CP-treated rats as matched with the control
rats. However, in the cotreated (CP + Morin) rat’s morin substan-
tially (p < 0.05) restored the activities of the TCA enzyme as con-
trasted with CP administered group. Only morin administration
rats displayed non-significant changes in the activities of the TCA
cycle enzyme when perform a comparison with control rats.

3.4. Effect of morin on mitochondrial respiratory chain complexes (I-
IV)

As stated in Fig. 4, CP-induction substantially (p < 0.05) reduced
the mitochondrial complex (I-IV) activities in the CP intoxicated
rats as compared with control rats. On the other hand, morin co-
treatment with CP substantially (p < 0.05) elevated the activities
of the kidney’s mitochondrial complexes as contrasted with the
CP-exposed rats. Morin only treated rats exhibited routine activi-
ties of mitochondrial complexes as compared to control rats.

3.5. Effect of morin on mitochondrial membrane potential (DWm)

As shown in Fig. 5, the rats treated with CP displayed a substan-
tial depolarization of DWm in comparison to the control group.
Nevertheless, in the co-treated (CP + Morin) group, morin substan-
tially (p < 0.05) reversed the loss in DWm as compared to CP trea-
e kidneys of CP-intoxicated rats. Bars sharing different superscripts are significantly



Fig. 2. Effect of Morin on the mitochondrial antioxidant enzymes; (a) CAT, (b) SOD, (c) GPx, (d) GSH, (e) ROS and (f) TBARS in CP-treated rats. Bars sharing different
superscripts are significantly (p < 0.05) different from each other.
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ted group. Morin alone treatment displayed normal DWm as seen
in control rats.
4. Discussion

Mitochondria are the well-known powerhouse of the eukaryotic
cells. Besides ATP production, these organelles participate in differ-
ent cellular functions such as ROS production, calcium homeostasis
and biosynthesis of steroid hormones (Amaral et al., 2013). The
mitochondrial damage directly disturbs ATP production (Zanellati
et al., 2015). Excessive production of mitochondrial ROS suppresses
the antioxidant enzyme activities, resulting in cell damage
4

(Srivastava et al., 2014). The use of flavonoids is common in treat-
ing different diseases nowadays. Morin is a potent bioactive-
compound present in various herbs and fruits. Previous studies
have revealed that morin displays anti-carcinogenic, antioxidant,
anti-diabetic, neuroprotective, and anti-inflammatory properties
(Kuzu et al., 2018). Therefore, current experiment was planned to
ascertain the protective effects of morin against CP-instigated
mitochondrial damage in rats kidneys.

Our results revealed that serum creatinine and urea levels were
increased, however, creatinine clearance was decreased after CP
administration. Plasma levels of urea and creatinine reflects the
glomerular filtration rate (GFR), however, creatinine clearance is



Fig. 3. Effect of Morin on the TCA cycle enzymes activities; (a) ICDH, (b) a-KGDH, (c) SDH (d) MDH in the renal mitochondria of CP-administered rats. Bars sharing different
superscripts are significantly (p < 0.05) different from each other.
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a beneficial index of GFR (Higgins, 2016). CP induced nephrotoxic-
ity showed a reduction in renal functions due to the elevation of
urea and creatinine while decline in creatinine clearance (Ahmad
et al., 2019: Yang et al., 2020). Increased creatinine level and
reduced level of creatinine clearance are the markers for acute
oxidative damage in the renal tissues (Lopez-Giacoman and
Madero, 2015). However, the supplementation with morin exhib-
ited a decline in creatinine and urea levels while augmented crea-
tinine clearance. It may be due to the stimulating effect of morin on
the GFR.

Activity of antioxidant enzymes was measured to estimate the
oxidant/antioxidant stability in the kidney mitochondria. Out-
comes of the study demonstrated that CP exposure decreased the
activities of mitochondrial antioxidant defense such as CAT, SOD,
GPx, and GSH contents; while, raised the concentration of ROS
and TBARS levels. OS is an imbalance between the antioxidant
defense system and ROS, which attacks protein, lipids and bio-
membrane system, resulting in oxidative impairment (Deng
et al., 2019). GSH is a key scavenger of ROS while SOD, GPx and
CAT are the major enzymes of defense system that perform vital
role in improving cellular functions (Kurutas, 2015). SOD converts
O2 into hydrogen peroxide, then CAT and GPx convert hydrogen
peroxide into water (Nieskens et al., 2018). It has been narrated
that CP-treatment reduces the antioxidant enzymes activities
which results in the elevation of LPO (Yousef et al., 2015). TBARS
are the important biomarkers of LPO and previous observation
reveals that CP significantly increases the level of TBARS (Yousef
et al., 2009). Nonetheless, the morin treatment reduced the induc-
tion of ROS and TBARS via recovering antioxidant enzymes (CAT,
5

SOD, GSH, and GPx). Our results in line with (Çelik et al., 2020),
who proved that morin helps in reducing FR and participate in
increasing the activities of antioxidant enzymes.

Our observation revealed that CP reduced TCA-cycle enzymes
such as MDH, SDH, ICDH, and a-KGDH. It has been well recognized
that enzymes (a-KGDH, SDH, ICDH and MDH) present in mito-
chondria, catalyze the oxidation of various substrates, which yields
reducing equivalent. The reducing equivalents are further directed
towards the respiratory chain where they yield ATP through oxida-
tive phosphorylation; therefore, they can afford the requirement of
energy for various cellular functions (Chandramohan et al., 2015).
CP induced ROS might be a one of the major factors in reducing the
activities of TCA cycle enzymes. Inhibition of TCA cycle enzymes
may disturb the mitochondrial substrate’s oxidation, which end
up in reduced transferring rate of reducing equivalents to the
molecular oxygen (Capetanaki, 2002). However, in the present
study, when rats were co-treated with morin, the activities of
enzymes were reversed. Decreased ROS production might be the
reason for the restoration of these enzyme activities.

We observed that administration of CP reduced the activities of
mitochondrial complex (I-IV) of ETC. Mitochondrial respiratory
chain complexes are the most important enzymes during the mito-
chondrial oxidative phosphorylation and are also considered as the
important condition to maintain mitochondrial activities (Rawat
et al., 2019). The respiratory chain on the inner membrane of mito-
chondria is the key site for the intracellular ROS generation. Ele-
vated oxidative stress in a cell may disrupt the mitochondrial
ETC, which leads toward mitochondrial dysfunction (Wang et al.,
2019). The previous investigation shows that ROS elevation can



Fig. 4. Effect of Morin on mitochondrial ETC complexes activities (a) Complex-I (b) Complex-II (c) Complex-III (d) Complex-IV of CP-treated rats. Bars sharing different
superscripts are significantly (p < 0.05) different from each other.

Fig. 5. Effect of Morin on mitochondrial membrane potential (MMP) of CP-treated
rats. Bars sharing different superscripts are significantly (p < 0.05) different from
each other.
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contribute to stoichiometric variations in mitochondrial ETC com-
plexes (Mapuskar et al., 2017). The results of our research are in
line with the study conducted by (Pan et al., 2015), who docu-
mented that the treatment of CP substantially decreases the activ-
6

ities of complex I-IV. However, co-treatment with morin
substantially recovered the activities of ETC complexes to the nor-
mal, which may be attributed to ROS reducing potential of morin.

The present investigation revealed that CP induces significant
depolarization of DWm. DWm plays an important role in main-
taining mitochondrial homeostasis and provides driving energy
for ATP production in mitochondria (Zorova et al., 2018). For mito-
chondrial movement, DWm plays a pivotal role and it has been
reported that the inhibition of ETC decreases proton efflux across
the inner membrane of mitochondria which is generally linked
with the depolarization of DWm (Forkink et al., 2014). The present
study revealed that CP treatment induced the loss of DWm, which
was effectively reversed by oral administration of morin.
5. Conclusion

Current observations emphasized that CP treatment led to
mitochondrial dysfunction in renal tissues of adult male Sprague-
Dawley rats. Outcomes of the present study showed that morin
treatment potentially alleviated the CP-instigated adverse conse-
quences on mitochondrial antioxidant enzymes, ETC complexes,
membrane potential, urea, creatinine, and creatinine clearance.
Morin regulated the renal mitochondrial functions via reducing
overproduction of ROS, TBARS levels and also restored the activi-
ties of ETC complexes or TCA cycle enzymes. Conclusively morin
ameliorated mitochondrial dysfunctions in renal tissues of the rats
might be due to its FR scavenging property.
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