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ABSTRACT

Background: Cisplatin, as a strong chemotherapy drug, has many side effects, including nephrotoxicity,
which is due to the accumulation of the drug in the cells of the proximal tubule of the kidney. One of the
causes of cisplatin toxicity is the production of reactive oxygen species, which leads to oxidative stress,
and eventually, kidney damage. Due to the importance of the topic, the present study aimed to investigate
the modulating effects of Yarrow ethanolic extract, as an antioxidant compound, on cisplatin-induced
toxicity in adult male Wistar rats.

Methods: Animals were divided into four groups: (1) control group (received normal saline for 10 days,
i.p.), (2) cisplatin group (6 mg/kg on the fifth day, i.p.), (3) Yarrow group (250 mg/kg Yarrow ethanolic
extract once a day for 10 days, gavage), (4) Cis-Yarrow group (250 mg/kg Yarrow extract once a day for
10 days [gavage] and 6 mg/kg cisplatin on the fifth day [i.p]). On the 11th day, all mice were anesthetized
by diethyl ether, and plasma was collected to estimate urea, creatinine, uric acid, albumin, and TNFa. The
right kidney was placed at -70 to study biochemical parameters.

Results: Renal toxicity caused by cisplatin was evident from high levels of creatinine, urea, uric acid,
MDA, and TNFa, as well as decreased levels of SOD, CAT, GPX, GSH, and albumin. Administration of
Yarrow extract significantly moderated the parameters of nephrotoxicity.

Conclusion: The results of the present research indicate that Yarrow extract has protective effects against
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cisplatin-induced nephrotoxicity; however, further studies are needed for clinical applications.
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Introduction

Cisplatin is an effective drug that is prescribed for the
treatment of types of cancer [1-3]. Cisplatin can cure up
to 90% of cancers [4]. In addition, what has been observed
about testicular cancer has up to 90% treatment power [5].
This drug is one of the best-selling anti-cancer drugs that
was approved [6]. However, due to its important side
effects as neurotoxicity, its administration is limited [7-9].

The risk of nephrotoxicity is between 20% and 35%,
and the use of cisplatin in patients with acute kidney
injury (AKI) leads to death [10-12]. This drug causes
kidney toxicity in children [11, 13, 14]. Patients with
AKI are clinically characterized by acute renal failure,
which limits the antitumor effects of cisplatin [15, 16].
Cisplatin reabsorption by the proximal tubules is due to
increased reactive oxygen species (ROS) [7, 11, 17].
Cisplatin activates apoptosis pathways and causes cell
death [7, 8, 14, 17].

The structure of lipids, proteins, and DNA is destroyed
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under the influence of ROS. Xanthine oxidase in
mitochondria and NADPH oxidase system are involved
in ROS production. ROS are formed through these
mechanisms in the presence of cisplatin and cause
kidney damage [18, 19]. By activating hexokinase and
glucose 6-phosphate dehydrogenase enzymes, cisplatin
increases the production of free radicals and decreases
the production of antioxidants [20, 21]. In general,
antioxidant enzymes, including superoxide dismutase,
glutathione peroxidase, and catalase, are inhibited by
cisplatin, and then renal function is reduced [21-23].
Cisplatin activates complex signaling pathways in
nephrons, and in a strong inflammatory response,
nephron death and eventual kidney tissue damage
occur [12, 18].

In the studies carried out so far, no effective drug that
can be prescribed as a drug for the prevention or
treatment of kidney damage caused by cisplatin has
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been presented. According to the literature, some natural
compounds have been proposed as drugs with high
efficiency and low toxicity to protect against AKI caused
by cisplatin [15]. For instance, natural compounds, such
as curcumin, ginseng, and pomegranate, as antioxidant
and anti-inflammatory compounds can increase the
decreased level of antioxidant enzymes caused by
cisplatin and thus protect cells against oxidative stress
[24]. Some researchers indicated that the administration
of vitamin E and riboflavin (vitamin B2) decreases serum
urea and increases the expression level of antioxidant
enzymes in children with steroid-responsive nephrotic
syndrome [25].

Most medicinal plants have aromatic and phenolic
compounds, which are considered rich sources of
antioxidant and anti-inflammatory compounds [26, 27].
These natural products can be used as supplements to
reduce  cisplatin-induced  nephrotoxicity. =~ Some
researchers have reported the relationship between some
foods and drinks and their beneficial effects against
various diseases [27, 28]. Due to the important role of
foods containing phenolic compounds as antioxidants and
free radical scavengers, and also because of their
protective roles against various diseases, including
cancers, consumption of these substances is
recommended [27, 29]. Yarrow belongs to the Asteraceae
family, which has been used as a medicinal plant for more
than 3000 years [30-32]. Yarrow contains phenolic acid
and flavonoid compounds [33, 34] and is used medicinally
in many cases, including spasmodic diseases, headaches,
wounds [35], influenza, diabetes, asthma, and external
bleeding [35-37].

Previous works indicated that Yarrow has anti-
inflammatory, antioxidant, antiseptic, antispasmodic, and
antibacterial properties [38-40]. Among the other
therapeutic uses of this medicinal plant, its use in treating
liver and biliary disorders, skin inflammation, indigestion,
and bronchitis can be mentioned [41, 42]. In addition,
research has demonstrated that yarrow extract reduces
blood pressure due to its antioxidant activity, and as a
diuretic, it reduces urinary tract infections and relieves
uterine and menstrual complications [38, 43-45].

No study has so far investigated the valuable effects of
yarrow as a medicinal plant containing phenolic
compounds on cisplatin-induced nephrotoxicity. The
present study aimed to investigate the biochemical side
effects of nephrotoxicity caused by a single dose of
cisplatin injection and the inflammatory response caused
by the injection of this drug in various vital organs of adult
male rats. In addition, the antioxidant and protective
effects of Yarrow ethanoic extract on cisplatin-induced
nephrotoxicity were investigated.

Materials and Methods

In order to prepare Yarrow ethanolic extract, the flowers
of this plant were collected from Khorramabad (Iran),
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dried at room temperature, and then powdered. Then,
this powder was placed in 70% alcohol and placed in
an Erlenmeyer flask (with continuous shaking) at a
temperature of 40°C for three consecutive days. The
mixture was passed through a strainer to separate the
insoluble materials, and finally, the extract was
dehydrated in a dry heat oven at a temperature of 50°C.
Before the gavage of the animals, the dried extract was
dissolved in distilled water daily to prepare the desired
concentrations. In the present study, Cisplatin was
obtained from Milan Pharmaceutical Company.
Moreover, common kits available on the market were
used to measure biochemical factors.

Animals

A total of 24 healthy adult male Wistar rats (6 weeks
old and weighing 200+20 gr) were obtained from the
animal house of Dezful University of Medical
Sciences, Dezful, Iran, and were divided into four
groups of six rats each.

Animals were housed in clean polypropylene cages
with free access to standard rat chow and water under
controlled conditions of humidity (65+5%),
temperature (25+2°C), and air conditioning (12 h
light/dark cycle).

The animal care protocol was approved by the animal
ethics  organizational committee (Code: IR.
DUMS.REC1396.17) of Dezful University of Medical
Sciences, Dezful, Iran.

Animal Grouping

First group (control group): 1 ml of normal saline
was injected intra-peritoneal (IP) daily for ten days.

Second group (cisplatin group): Received an
injection dose of cisplatin with a concentration of 6
mg/kg on the fifth day of the study.

Third group (Yarrow group): For 10 consecutive
days, the animals received Yarrow ethanolic extract
with a dose of 250 mg/kg by gavage.

Fourth group (cisplatin-Yarrow group): The animals
of this group received 250 mg/kg ethanol extract of
Yarrow by gavage for 10 consecutive days. They also
received a single injection dose of cisplatin (i.p) with a
concentration of 6 mg/kg on the fifth day of the study.
The dose of cisplatin and Yarrow extract was
determined according to Karwasra et al. and Eslamifar
et al. [46, 47].

All animals were anesthetized with diethyl ether on
the 11th day, and then blood samples were collected
from the heart in heparinized vials. Serum was used to
estimate biochemical parameters (urea, creatinine, uric
acid, albumin, and TNFo using commercially available
diagnostic kits). The kidneys of the animals were
removed and frozen at -70°C to check the biochemical
parameters after homogenization.

To prepare kidney tissue suspension, phosphate
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saline buffer (PBS) was added to the homogenized
tissue. Then, it was centrifuged at 12,000 g for 15 min at
4°C. The supernatant was used to measure
malondialdenyde  (MDA),  glutathione  (GSH),
glutathione peroxidase (GPX), superoxide dismutase
(SOD), and catalase (CAT). In the present study, the
level of MDA in kidney tissue was evaluated by the
thiobarbituric acid (TBA) method [48, 49]. Absorbance
at 532 nm was read by a spectrophotometer (Hitachi U-
2000 Double-Beam UV/Vis spectrometer). The GSH
level was determined according to Elman's [50] and
Rostami et al.'s methods [51]. To measure GPX activity,
tert-Butyl hydroperoxide and hydrogen peroxide (H205)
were mixed with kidney homogenate and then read at
420 nm by ELISA [52, 53]. The SOD activity was
measured by the method of Minami et al. [54] and
Naserzadeh et al. [55]. To measure the level of catalase,
0.7 ml of potassium phosphate buffer (pH: 7.0), 0.1 ml
of H2O,, and 100 pl of a homogenized kidney sample
were mixed and its absorbance was measured at 240 nm
by a spectrophotometer (Hitachi, U-2000 Double-Beam
UV/Vis Spectrophotometer) was read [56]. To measure
the level of TNFa in serum from the ELISA kit (Thermo
Fisher Scientific, Waltham, MA, USA) was used.

Statistical Analysis

Data were analyzed for normality using the Shapiro-
Wilk test. A one-way analysis of variance (ANOVA) was
used to determine the parameters that indicated normal
distribution. In case of significance between groups,
Tukey's comparison test was used, and data were
expressed as meanzstandard deviation (SD). Statistical
analysis was performed by GraphPad Prism (version 8.0).
A statistical probability of P-value<0.05 was considered
statistically significant.

Results
Effect of Yarrow Extract on Body Weight and Kidney
Weight

In this research, four groups of animals (the average
weight was close) were selected, then body weight and
kidney weight were evaluated on the sixth day after a single
dose of cisplatin. The Cisplatin group indicated a significant
weight loss compared to the control group (P<0.0001).
Yarrow extract treatment for 5 days before and 5 days after
cisplatin injection had modulating effects on cisplatin-
induced body weight loss (P<0.01, Figure 1A). However, it
was observed that the average weight of the Cis-Yarrow
group was significantly different from the average weight of
the control group (P<0.0001, Figure 1A).

In the examination of the average kidney weight, the
cisplatin group showed a significant increase compared to
the control group (P<0.0001). Yarrow extract treatment
for 5 days before and 5 days after cisplatin injection led to
an improvement in the kidney weight of the Cis-Yarrow
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group compared to the cisplatin group (P<0.01);
however, it was still significantly different from the
control group (P<0.0001) (Figure 1B).

Ameliorative Effects of Yarrow Extract on Renal
Parameters in Serum

The effects of Yarrow extract (250 mg/kg body
weight, gavage) on cisplatin-induced nephrotoxicity (6
mg/kg body weight, i.p) were investigated by studying
renal biochemical parameters in serum. The effect of
cisplatin nephrotoxicity was evident from the high
levels of serum renal markers, including creatinine,
urea, and uric acid, as well as the decrease of albumin
in the cisplatin group (Figure 2 A-D). The results
indicate that glomerular filtration is damaged. In
comparing the Cis-Yarrow group with the cisplatin
group (in all three indices of creatinine, urea, and uric
acid), although Yarrow extract significantly reduced
cisplatin-induced nephrotoxicity (P<0.0001), it was
observed that the difference was still significant
(Figure 2 A-C). During the examination of the albumin
level in the four studied groups, it was observed that
Yarrow extract could significantly compensate for the
damage caused by cisplatin (Cis-Yarrow group
compared to cisplatin group, P<0.01, Figure 2 D);
however, it could not completely improve the kidney
damage (Cis-Yarrow group compared to the control
group, P<0.01, Figure 2 D). The results demonstrated
that Yarrow extract had no nephrotoxic effect.

Ameliorative Effects of Yarrow Extract on Cisplatin-
induced Renal Lipid Peroxidation

Lipid peroxidation is measured based on
thiobarbituric acid reactive substances (TBARS)
expressed as MDA level. In this study, MDA in kidney
tissue of the cisplatin group increased significantly
compared to the control group (P<0.0001, Figure 3 A).
Administration of Yarrow extract significantly
improved the high MDA level caused by cisplatin (Cis-
Yarrow group, compared to cisplatin group,
P<0.0001); however, the reduction of MDA level did
not reach the level of the control group, and the
difference was significant (P<0.001, Figure 3 A).

In the examination of the changes in TNFa level, it
was observed that Yarrow extract was able to
significantly reduce the inflammation caused by
cisplatin (P<0.001); however, it could not reach the
level of the control group (Cis-Yarrow group,
compared to the control group, P<0.0001, Figure 3 B).

Administration of Yarrow extract alone did not
increase MDA and TNFa levels compared to control
rats. In fact, the levels of MDA and TNFa in the control
group and Yarrow group were not significantly
different. Figure 3 indicates the relevant results in the
four studied groups.
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Figure 1. Therapeutic effect of Yarrow extract on A: body weight and B: kidney weight in cisplatin-induced nephrotoxicity: Nephrotoxicity in rats
administered a single dose of cisplatin (6 mg/kg body weight, i.p) and Yarrow extract (250 mg/kg, gavage) was established 5 days before cisplatin treatment
and continued until the end of the experiment (5 days). The results are expressed as mean+SD (n=6). The results indicate that yarrow extract improves body
weight loss and kidney weight increase caused by cisplatin.
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Figure 2. Effect of Yarrow extract on serum indicators of cisplatin-induced nephrotoxicity. (A: creatinine, B: urea, C: uric acid, and D: albumin).
Nephrotoxicity was induced in rats by administration of a single dose of cisplatin (6 mg/kg body weight, i.p) and Yarrow extract (250 mg/kg body weight,
gavage) 5 days before cisplatin treatment and until the end of the experiment (5 days later). Values are expressed as mean+SD (n=6). The results demonstrate
that YYarrow extract reduces cisplatin-induced nephrotoxicity. (****P<0.0001 and **P<0.01).

Yarrow Extract Therapeutic Effects on Kidney Tissue enzymatic antioxidant defense parameters of kidney

Antioxidant Parameters tissue was investigated. Figure 4 indicates the effect of

In order to evaluate the role of Yarrow extract on the level Yarrow treatment on changes caused by cisplatin in

of oxidative damage caused by cisplatin, the effect of kidney tissue GSH levels and enzyme antioxidant

cisplatin and Yarrow extract on enzymatic and non- parameters, including SOD, CAT, and GPX. Compared
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to the control group, mice injected with cisplatin showed a
significant decrease in kidney tissue GSH (P<0.0001). This
study demonstrated that the reduction of GSH caused by
cisplatin was improved by Yarrow extract treatment
(cisplatin  group vs. Cis-Yarrow group, P<0.0001);
however, it could not significantly increase to the level of
the control group (Cis-Yarrow group compared to the
control group, P<0.05). In addition, Yarrow extract alone
did not significantly increase the level of glutathione in the
kidney tissue compared to the control group (Figure 4 B).
The activity level of antioxidant enzymes also
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TNFa

decreased significantly in animals treated with
cisplatin compared to the control group (P<0001).
Additionally, compared to the cisplatin group, the
level of all antioxidant enzymes increased in the Cis-
Yarrow group (SOD: P<0.001 and the level of CAT
and GPx: P<0.0001). Therefore, this research
indicated that gavage of Yarrow extract before and
after cisplatin treatment significantly improves the
reduction of antioxidant enzyme activity caused by
cisplatin (Figure 4 A, C, and D).
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Figure 3. Yarrow effect on A: MDA and B: TNFa. As described in Figure 1, cisplatin (i.p) and Yarrow extract (gavage) were administered to rats. Values
are expressed as mean + SD (n=6). The results show that treatment with Yarrow extract improves the increase in lipid peroxidation and inflammation caused

by cisplatin. (***P<0.001; ****P<0.0001).
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Figure 4. Effect of Yarrow extract on the reduction of antioxidant parameters caused by cisplatin in kidney tissue. (A: SOD, B: GSH, C: GPX, and D: CAT).
Mice were treated with cisplatin using Yarrow extract, as described in Figure 1. Values are expressed as mean+SD (n=6). The results indicate that treatment
with Yarrow extract ameliorates the decrease caused by cisplatin in SOD, catalase, GSH, and GPx (*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001).
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Discussion

Cisplatin is used as an effective and functional
antitumor drug; nevertheless, it is associated with
complications of AKI in 30% of patients [11, 57]. The side
effects of this anti-cancer drug are the inhibition of the
mitochondrial respiratory complex in renal tubular cells
and, as a result, the production of ROS, which ultimately
leads to kidney tissue damage.

The ROS production and oxidative stress lead to lipid
peroxidation, changes in the antioxidant system, and gene
expression [58-60]. Research has demonstrated that
dysregulation in kidney tissue and function is associated
with the production of oxidative stress and increased
inflammation. It has been reported that in cisplatin-induced
nephrotoxicity, apoptosis occurs in tissue [61, 62].

Researchers introduced some compounds that improve
the side effects caused by cisplatin, including vitamin E
and vitamin C [24, 63-65], selenium [66], some plant
compounds [26], nitric oxide modifiers, some factors
interfering with metabolic pathways with cisplatin and
anti-apoptotic [67-70] and melatonin [63].

Eslamifar et al. showed the ameliorating effects of gallic
acid on cisplatin-induced nephrotoxicity in male Wistar
rats [49]. In another study, Eslamifar et al. evaluated the
acute vascular damage caused by cisplatin in vital organs
and the protective effect of yarrow on these damages [47].

Previous studies have indicated that ferulic acid
compounds, similar to phenolic acid, have a protective
role against nephrotoxicity and hepatotoxicity caused by
cisplatin [71, 72]. In addition, the researchers reported that
the antioxidant property of Carrichtera annua ethanolic
extract counteracts liver and kidney poisoning caused by
cisplatin [73].

Yarrow, as a medicinal plant with antioxidant properties,
contains phenolic acid that can eliminate free radicals and
oxidative damage in tissues. Numerous studies have
reported that the Yarrow plant has significant antioxidant
and anti-inflammatory activities and can inhibit tissue
damage in oxidative conditions [44, 47, 74-76].

Research has demonstrated the protective role of
Yarrow against methotrexate-induced nephrotoxicity
[77], cyclophosphamide-induced testicular toxicity [78],
and cisplatin-induced ocular toxicity [79].

The ROS production, oxidative stress, MDA
accumulation, and reduction of antioxidant enzyme
activity caused by cisplatin injection are due to the
production of active free radicals in the kidney tissue. The
GSH is a ROS scavenger and plays an important role in
maintaining cell immunity. The protective role of two
antioxidant enzymes, CAT and GPX, is through H.0;
decomposition. Moreover, SOD plays a protective role by
changing the form of superoxide anion. Therefore, it can
be said that SOD, CAT, and GPX are antioxidant enzymes
that are essential for protecting and improving kidney
function [80].

A decrease in the activity of antioxidant enzymes in the
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kidney tissue, an increase in the level of creatinine, urea,
and uric acid, a decrease in serum albumin, as well as an
increase in the level of MDA and TNFa indicate kidney
damage caused by cisplatin [22, 80-82].

In the present study, nephrotoxicity was induced by
the injection of a single dose of cisplatin (6 mg/kg bw,
i.p). According to findings, Kkidney damage was
confirmed by changes in kidney damage parameters,
including creatinine, urea, and uric acid, an increase in
MDA, a decrease in albumin, an increase in TNFa level
as an inflammatory factor, and a reduction in tissue
antioxidant indices.

This study confirmed that the use of Yarrow extract
significantly improves kidney function by improving
enzymatic and non-enzymatic antioxidant markers.
Moreover, the antioxidant and anti-inflammatory
properties of Yarrow against cisplatin-induced
nephrotoxicity were confirmed; these properties can
play a key role in modulating toxicity caused by
oxidant compounds [44, 83, 84]. These preclinical
findings show Yarrow extract as a "nephroprotective"
agent against cisplatin toxicity in male Wistar rats.

Conclusions

Administration of cisplatin, as a drug with high
effectiveness, is a common method for cancer
treatment; nevertheless, the side effects of this drug,
including nephrotoxicity, have limited its use.

The present work revealed the modulating effect of
yarrow extract as a medicinal plant with antioxidant
properties in rat kidney tissue. According to the findings,
yarrow extract can provide a promising therapeutic
perspective in reducing oxidative stress and ultimately
reducing the severity of cisplatin-induced nephrotoxicity.
Since cisplatin can cause acute kidney damage by
affecting the reabsorption function of kidney tissue, the
results of this study can be placed in an important
position. Although the results of the present study
indicate that Yarrow extract protects kidney tissue from
cisplatin-induced toxicity by preventing oxidative stress,
further studies are necessary to show whether Yarrow
extract may also affect the "efficacy” of cisplatin therapy.
In the absence of such evidence, despite the clear renal
protection of yarrow extract, a definitive assessment of
the potential therapeutic importance of this plant as an aid
in chemotherapy cannot be practical.
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