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Artemisinin, an antimalarial drug, has anticancer activity and possesses protective
effects against several tissue injuries. The aim of the present study was to investigate
the effects of artemisinin on doxorubicin-induced renal and testicular toxicity in rats.
Doxorubicin was administered to rats at a single dose of 10 mg/kg body weight (b.w.)
as a single intraperitoneal injection. Application of artemisinin was by using oral gavage
feeding needle for 14 days at different specified doses (7 mg/kg and 35 mg/kg b.w.).
At the end of the experiments, kidney and testis samples were collected and used
for histopathological and immunohistochemical examinations. At histopathological
examination, while hyperemia was the marked finding in kidney and testis of rats
treated with doxorubicin only, no evidence of structural abnormalities showed in other
groups. Immunohistochemical examination of the testes and kidneys demonstrated
significantly increased expression of caspase-3, TNF-α, iNOS and NF-κB in rats treated
with doxorubicin only. Artemisinin decreased the doxorubicin-induced overexpression
of NF-κB, iNOS, TNFα and caspase-3 in these tissues of rats. Artemisinin can protect
the kidney and testis against doxorubicin-induced nephrotoxicity and testotoxicity,
probably through a decrease of caspase-3, TNF-α, iNOS and NF-κB expressions. It
may be concluded that artemisinin has a potential for clinical use in the treatment of
kidney and testis damage induced by doxorubicin. Further researches are required to
determine the appropriate combination of artemisinin with doxorubicin.
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INTRODUCTION
Cancer is a major public health problem and the second leading cause of death worldwide.
Many chemotherapeutic drugs are used to cure various types of cancer. There are a
lot of chemotherapeutic agents used either alone or in combination with each other.
*Corresponding author: e-mail: hidayettutun@gmail.com
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Among antitumor agents, doxorubicin, classified as an anthracycline antibiotic, is one
of the most highly effective agents against a wide variety of malignancies including
ovarian, breast and lung [1,2]. Despite major advances, many challenges remain in the
treatment of cancer. Certain chemotherapy agents such as doxorubicin and cisplatin can
cause serious systematic complications. Similar to the side effects of other antitumor
drugs, long-term use of doxorubicin causes cumulative and irreversible cardiotoxicity
defined as the most prominent adverse effect [3,4]. The cardiotoxicity may limit its
use. The mechanism of doxorubicin-induced toxicity remains unclear and is likely to
be multifactorial. Production of reactive oxygen species (ROS) by inhibiting redox
cycling and topoisomerase II, mitochondrial dysfunction, apoptosis and dysregulation
of autophagy are involved [5-7]. In addition to cardiotoxicity, doxorubicin can cause
damage in many tissues including liver [8,9], kidney [10], brain [11], lung [12] and testis
[13,14].
Natural products like plants have a critical role in the development of medicinal agents.
The plants and their active ingredients exert beneficial pharmacological effects such
as antibacterial, antitumor, and antioxidant [15-18]. Artemisinin is a sesquiterpene
lactone isolated from a plant called sweet wormwood (Artemisia annua L.) which has
been used in Chinese herbal medicine as a remedy for malaria and fevers [19]. Several
derivatives of artemisinin including artesunate, arteether and artemether have been
synthesized in attempts to enhance its effectiveness and utility [20,21]. Artemisinin
and its analogs, which are commonly used in the treatment of severe and complicated
drug-resistant malaria strains, have also antitumor activity in cell lines [22]. Although
artemisinin was first used for malaria, many researches have shown that artemisinin
and its derivatives have other beneficial effects such as antitumor [23], antiviral [24],
antifungal [25], antiparasitic [26,27], antiinflammatory [28] and antioxidant [29]. The
precise mechanism of the biological actions and primary target of artemisinin remains
largely ambiguous. It has been reported that an endoperoxide bridge in artemisinin
is responsible for its antimalarial and antitumor effects. Artemisinin acts either by
inducing DNA damage or by targeting several critical biological pathways including
hallmarks of malignancy and leads to cancer cell death [22]. The endoperoxide bridge
reacts with free heme [Fe(II)] released during degradation of host hemoglobin by a
range of protease enzymes. The breaking of the endoperoxide bridge results in the
generation of unstable free radical intermediates such as hydroxyl radicals causing
parasite damage. The activity of artemisinin against malaria is probably due to this iron
catalyzed formation of free radicals [30]. Also, it has been reported that artemisinin
and its derivatives have cardioprotective [31,32] and hepatoprotective [33] effects.
Artemisinin may have protective effects against tissue injury induced by different
etiologies. Therefore, the objective of the present study was to investigate the effects
of artemisinin on doxorubicin-induced renal and testicular toxicity in rats.
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MATERIAL and METHODS
Animals

Male Sprague-Dawley rats (n=49, age 12-15 weeks; weight 200-220 g) were used in
the present study. The rats were provided from Adiyaman University Experimental
Animal Unit in Turkey. The rats were acclimatized to laboratory conditions for 7 days
before the beginning of the experiments and were housed under a 12-h light-dark cycle
at constant temperature (23±1 °C) and relative humidity of 55-65%. The animals were
fed a standard diet and were allowed free access to food and water. The present study
was carried out after the approval of the Adiyaman University Animal Experiments
Local Ethic Board (2018/011).
Experimental design

Artemisinin (99%, J&K Scientific) and doxorubicin (Doxtu, Onko) were dissolved
in sterilized and apyrogenic NaCI 0.9% solution. Application of artemisinin was
by means of oral gavage feeding needle for 14 days at different specified doses.
Doxorubicin was administered to rats at a single dose of 10 mg/kg body weight as
a single intraperitoneal injection. Forty-nine animals were divided into 7 groups. The
first control group (group I) received no treatment. Second control group (group V)
was treated with only NaCI 0.9% (1ml/kg) orally for 14 days. Group II was treated
with only doxorubicin. Group III received doxorubicin and artemisinin (at a dose of 7
mg/kg for 14 days). Group IV received doxorubicin and artemisinin (at a dose of 35
mg/kg for 14 days). Group VI was treated with only artemisinin at a dose of 7 mg/kg
for 14 days. Group VII was treated with only artemisinin at a dose of 35 mg/kg for
14 days. At the end of the experiment, kidney and testis samples were taken from each
sacrificed rat and fixed in 10% neutral buffered formalin.
Histopathological examinations

Formalin fixed tissue samples were routinely processed for histopathological and
immunohistochemical examination. For tissue processing automatic tissue processor
equipment (Leica ASP300S, Wetzlar, Germany) was used and samples embedded in
paraffin wax. Thereon, tissue sections were cut 5μm in thickness by Leica RM2155 rotary
microtome (Leica Microsystems, Wetzlar, Germany). Five serial sections were obtained
from each block; one was stained with hematoxylin & eosin (HE), coverslip with a
mounting media and examined under a light microscope. Histopathological changes
were graded and the remaining four sections were used for immunohistochemistry.
Immunohistochemical examinations

Sections of 5µm thickness were placed onto polylysine-coated microscope slides.
Streptavidinbiotin immunoenzymatic antigen detection system (EXPOSE Mouse and
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Rabbit Specific HRP/DAB Detection IHC kit (ab80436), (Abcam, Cambridge, UK))
was used as a second antibody. Tissue samples were immunostained with primary
antibodies. For immunohistochemistry, kidney and testis samples were immunostained
with Caspase-3 [Anti-Caspase-3 antibody ab4051)], iNOS [Anti-iNOS antibody
(ab15323), NF-κB [Anti-NF-κB p65 antibody (ab16502)] and TNF-α [Anti-TNF alpha
antibody (ab6671)] by streptavidin biotin technique. All primary serums and secondary
antibodies were purchased from Abcam (Cambridge, UK) and all primary antibodies
used at 1/100 dilution. Primary antibodies were incubated for a period of 60 min,
and immunohistochemistry was carried out using biotinylated secondary antibody
and streptavidin-alkaline phosphatase conjugate. The secondary antibody was used
according to manufacturer’s instructions. For negative controls the primary antiserum
step was omitted. Positive controls were also used for all markers. All examinations
were performed on blinded samples. To evaluate the percentage of immune-positive
cells for each marker 100 cells were counted in 10 different fields for every section at
a magnification under X40 for all groups. Statistical analyses were subjected of the
results obtained from the image analyzer. Morphometric analyses were performed
using the Database Manual Cell Sens Life Science Imaging Software System (Olympus
Co., Tokyo, Japan).
Statistical analysis

Immunohistochemistry results were analyzed with the SPSS package (version 20.0,
USA). The variables were assessed by Bonferroni test and one-way analysis of variance
(ANOVA) was used to compare groups. Statistical significance was set at p values<0.05.
RESULTS
Microscopical examination revealed marked hyperemia in the kidneys in group II, while
the other groups were normal (Fig.1). Similarly, testes were normal at microscopical
examination except in group II, in this group, the testes were hyperemic and edema
was also seen in some testes (Fig.2).
At the immunohistochemical examination, a marked increase in caspase-3 expression
in kidneys was observed in group II and artemisinin treatment decreased the expression
in group III, negative expression was seen in the other groups (Fig.3). Similarly, a
marked expression was detected in testes in group II while no expression was recorded
in the other groups (Fig.4).
TNF-α expression in the kidneys between the groups revealed that marked expression
was in group II, and a negative expression was recorded for the other groups at
immunohistochemical examination (Fig.5). In testes a marked increase in group II was
observed while negative expression was observed in the other groups (Fig.6).
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Figure 1. Histopathological appearance of the kidneys between the groups. (A) Normal tissue
architecture in Group I, (B) Marked hyperemia (arrows) in Group II, Normal kidney histology in
(C) Group III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, HE, Bars= 20 µm.

Figure 2. Microscopical appearance of the testes between the groups. (A) Normal tissue
architecture in Group I, (B) degenerated cells (arrows) in Group II, Normal testes histology in
(C) Group III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, HE, Bars= 20µm.

Figure 3. Caspase-3 immunoreaction in kidneys between the groups. (A) Negative
immunoreaction in Group I, (B) Marked expression in tubuler cells (arrows) in Group II, (C)
negative expression in Group III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group
VII, Streptavidin biotin peroxidase method, Bars= 20 µm.
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Figure 4. Caspase-3 immunoreaction in testes between the groups. (A) Negative
immunoreaction in Group I, (B) Marked expression in Sertoli cells (arrows) in Group II,
negative expression in (C) Group III, (D) Group IV, (E) Group V, (F) Group VI and (G)
Group VII, Streptavidin biotin peroxidase method, Bars= 20 µm.

Figure 5. TNF-α immunoreaction in kidneys between the groups. (A) Negative immunoreaction
in Group I, (B) Increased expression (arrows) in Group II, negative expression in (C) Group
III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, Streptavidin biotin
peroxidase method, Bars= 20µm.

Figure 6. TNF-α immunoreaction in testes between the groups. (A) Negative immunoreaction
in Group I, (B) Increased expression in Sertoli and Leydig cells (arrows) in Group II, negative
expression in (C) Group III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII,
Streptavidin biotin peroxidase method, Bars= 20 µm.
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The immunohistochemical examination of the iNOS expression in kidneys revealed
a marked increase in the kidneys in group II, while negative expression was observed
in the other groups (Fig. 7). Similarly, a marked increase in group II and decreased
immunoexpression were observed in group III, while negative expression was
observed in the other groups (Fig.8).

Figure 7. iNOS immunoreaction in kidneys between the groups. (A) Negative immunoreaction
in Group I, (B) Increased expression (arrows) in Group II, negative expression in (C) Group
III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, Streptavidin biotin
peroxidase method, Bars= 20 µm.

Figure 8. iNOS immunoreaction in testes between the groups. (A) Negative immunoreaction
in Group I, (B) Increased expression (arrows) in Group II, negative expression in (C) Group
III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, Streptavidin biotin
peroxidase method, Bars= 20 µm.

NF-κB immunohistochemistry of the kidneys revealed a marked increase in group
II and negative immunoreaction in the other groups (Fig.9). Similarly increase in
NFK expression in the testes was also seen and a decreased reaction in group III and
negative expression in the other groups were observed (Fig.10).
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Figure 9. NF-κB immunoreaction in kidneys between the groups. (A) Negative immunoreaction
in Group I, (B) Increased expression (arrows) in Group II, negative expression in (C) Group
III, (D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, Streptavidin biotin
peroxidase method, Bars= 20 µm.

Figure 10. NF-κB immunoreaction in testes between the groups. (A) Negative immunoreaction
in Group I, (B) Marked expression (arrows) in Group II, negative expression in (C) Group III,
(D) Group IV, (E) Group V, (F) Group VI and (G) Group VII, Streptavidin biotin peroxidase
method, Bars= 20 µm.

Doxorubicin caused pathological lesions in the kidney and testes of rats treated with
doxorubicin only (group II). Histopathological examination of the kidneys and testes
showed no evidence of structural abnormalities in rats of other groups. Alleviation
was observed in pathological findings treated with artemisinin by both histopathology
and immunohistochemistry. Results were statistically significant between group II and
the other groups (Table 1 and 2).
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Table 1. Statistical analysis results of positive cell percentage of kidneys
Groups

Caspase-3

TNF-α

iNOS

Group I

1.85±1.21

1.71±1.11

Group II

38.14±6.44c

Group III

b

NF-κB
ab

3.71±0.95bc

29.44±1.51d

40.28±3.72d

22.00±4.32e

5.85±2.54

18.00±2.94

c

6.28±1.97

8.57±1.13d

Group IV

2.00±1.15a

5.00±3.10b

3.85±1.06b

4.42±2.29c

Group V

1.71±1.38a

1.85±0.89a

2.00±0.81ab

2.28±0.95abc

Group VI

1.71±1.11

1.71±0.75

ab

2.42±1.13

1.57±0.97ab

Group VII

0.42±0.20a

0.57±0.20a

0.57±0.20a

0.71±0.28a

a

a

c

a

a

1.85±0.89

Values are expressed as means ± SD. The relationships between groups and results are assessed by
one-way ANOVA, p<0.05, p<0.001. (a,b,c,d,e) Different characters indicate statistically significant
differences in the same column (p<0.05, p<0.001)

Table 2. Statistical analysis results of positive cell percentage of testis
Groups

Cas-3

Group I

8.00±1.41

TNF-α

iNOS

8.85±1.34

b

NF-κB

c

11.71±2.28

11.14±1.67a

c

Group II

74.14±11.03

83.14±5.84

52.57±3.77

48.42±17.59c

Group III

9.42±0.97b

45.42±4.03d

18.14±7.60d

42.42±2.14c

Group IV

6.14±1.21ab

10.14±1.06c

9.00±0.81bc

26.28±9.16b

Group V

4.85±1.67ab

8.14±1.06bc

8.85±1.34bc

9.85±1.34a

Group VI

4.57±0.53

5.14±0.89

b

6.71±2.05

7.57±0.97a

Group VII

1.28±1.11a

1.42±0.97a

1.85±1.46a

4.14±2.47a

c

ab

e

b

e

Values are expressed as means ± SD. The relationships between groups and results are assessed by
one-way ANOVA, p<0.05, p<0.001. (a,b,c,d,e) Different characters indicate statistically significant
differences in the same column (p<0.05, p<0.001)

DISCUSSION
Among chemotherapy drugs which are commonly used for tumor, doxorubicin, an
anthracycline drug, is a broad spectrum anticancer antibiotic used in treatment of
various cancers including both solid and hematological malignancies [1]. However,
there are limitations due to its side effects during cancer treatment. Considering the
side effects, cardiotoxicity is a well-known side effect related to the peak dose of
doxorubicin. The most presumable mechanism of the cardiotoxicity of doxorubicin
is associated with creating increased oxidative stress [8,34]. Besides the heart, it
accumulates in healthy tissues including the lung, kidney, testis and liver, which result
in structural and functional changes in these tissues [12,34,35]. At the histological
examination, hyperemia in the kidneys (Fig. 1) and testes (Fig. 2) was observed in
group II, while any significant lesions of pathological importance were not exhibited
in other groups. Similar findings of nephropathy and testopathy in rats treated with
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doxorubicin only were reported by Srdjenovic et al. [12], Lui et al. [36] and Shivakumar
et al. [35]. In the present study, artemisinin alleviated the toxic effect of doxorubicin
on testes and kidneys of rats in group III and IV. Also, at the end of the experiments,
histopathological examination of the kidneys and testes showed no evidence of
structural abnormalities in rats treated with artemisinin only (group VI and VII).
In organisms, both physiological and pathological conditions can trigger apoptosis
which is an important physiological process causing cell death as a consequence of
specific physiological stimuli and is essential for elimination of potentially harmful
cells and maintenance of normal cellular homeostasis [37]. Apoptosis may occur by
two main pathways in mammalian cells, the intrinsic (mitochondrial) and extrinsic
(death receptors) pathways. These pathways converge on the same terminal pathway
initiated by the cleavage of caspase-3, executioner caspase, which is important for
maintaining homeostasis via regulating cell death. Activation of caspase-3 leads the
controlled demolition of cellular components [38,39]. The extrinsic signaling pathways
involve tumor necrosis factor alpha (TNFα) which is a cell signaling protein secreted
mainly by hematopoietic cells and plays an important role in cell differentiation and
proliferation, inflammation, immunity, necrosis and apoptosis [40,41]. TNFα activates
the nuclear factor-kappa B (NF-κB) that is a transcription factor that regulates
multiple aspects of innate and adaptive immune functions, cellular growth, necrosis
and apoptosis [42-44]. NF-κB shows protective activity in apoptosis by activating the
expression of antiapoptotic proteins and antioxidant molecules [42]. The activation
of NF-κB by TNFα suppresses apoptosis by induction of NF-κB responsive genes.
Also, TNFα induces expression of inducible nitric oxide synthase (iNOS) through
the induction of NF-κB [43]. iNOS is one of the three key enzymes synthesizing
nitric oxide (NO) from the amino acid l-arginine. iNOS-derived NO has numerous
physiological and pathophysiological roles including wound repair, liver cirrhosis,
tumors, neurotransmission, and antiapoptotic effects [45]. Recent results have shown
that NO may have anti-apoptotic effects by inhibiting caspase-3 activity [46].
Doxorubicin is toxic to male reproductive organs and spermatozoa by inducing DNA
damage and mutations [47]. Doxorubicin-induced toxicity has been attributed to ROS
formation promoting necrosis and apoptosis in the kidney and testis tissues of rats
[10,14,48]. Several studies have reported that expressions of iNOS [10,49], TNFα [50],
NF-κB [51] and caspase-3 [52] were increased significantly in doxorubicin induced
nephrotoxicity. Also, it has been reported that doxorubicin induced a significant
increase in the expression of TNFα, NF-κB, caspase-3 in the testes of rats [53,54].
Similar to previous studies, TNFα, NF-κB, caspase-3 and iNOS immunoreactivities
were found to be significantly high in testes and kidneys of rats treated with
doxorubicin only in the present study. Doxorubicin-induced ROS overproduction
could enhance the expression of TNFα, NF-κB, caspase-3 and iNOS in testes and
kidneys in group II. Decreased immunoexpression of TNFα, NF-κB, caspase-3 and
iNOS was detected in testes and kidneys of group III and IV compared to group
II. Artemisinin and its analogs have shown protective effects against tissue damage
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induced by various etiology [31-33]. In this study, it was observed that artemisinin
decreased the toxic effect of doxorubicin on the testis and kidney of rats in group III
and IV by decreasing the expression of TNFα, NF-κB, caspase-3 and iNOS in these
tissues. The antiapoptotic effects of artemisinin supported by Zhoa et al. [33] who
reported that artemisinin could inhibit the activation NF-κB and iNOS.
A major challenge in the treatment of cancer is to develop an effective drug with
high specificity on tumor cells, without damaging normal cells. Natural anticancer
products are novel and powerful bioactive compounds with minimal side effects. One
of the promising compounds is artemisinin which has significant anticancer activity
and protective effects against various tissue damages. The use of artemisinin with
anticancer drugs may increase the effect of the anticancer drug on cancer cells and
reduce the side effects of the anticancer drug. Results from this study demonstrate
that artemisinin can protect the kidney and testis against doxorubicin-induced
nephrotoxicity and testotoxicity, probably through its antioxidative function and the
decrease of overexpression of NF-κB, iNOS, TNFα and caspase-3 in these tissues. It
may be concluded that artemisinin has a potential for the clinical use in treatment of
kidney and testis damage induced by doxorubicin. Further researches are required to
determine the appropriate combination of artemisinin with doxorubicin.
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ISPITIVANJE EFEKATA ARTEMISININA NA TKIVO TESTISA I
BUBREGA OŠTEĆENIH DOKSORUBICINOM
TUTUN Hidayet, ÖZMEN Özlem, AKTAŞ İbrahim, YALÇIN Alper,
TÜRK Ahmet
Lek protiv malarije, artemisinin poseduje antikancersku aktivnost i protektivni efekat
na ozlede nekoliko tkiva. Cilj studije je bio da se ispita efekat artemisinina na ozlede
i toksične efekte doksorubicina na bubrege i testise pacova. Doksorubicin je intraperitonealno aplikovan pacovima jednokratno u dozi od 10 mg/kg telesne mase (tm).
Aplikacija artemisinina je bila u vidu jedne oralne doze u trajanju od 14 dana pri čemu
su se razlikovale doze: 7 mg/kg i 35 mg/kg tm. Na kraju ogleda, uzorci tkiva testisa i
bubrega su uzimani u cilju histopatoloških i imunohistohemijskih ispitivanja. Hiperemija testisa i bubrega je bio osnovni nalaz kod pacova koji su primali samo doksorubicin. Histopatološka ispitivanja su pokazala da nije bilo morfoloških promena u drugim oglednim grupama. Imunohistohemijska ispitivanja testisa i bubrega, pokazala su
značajnu ekspresiju kaspase-3, TNF-α, iNOS i NF-κB kod pacova koji su bili tretirani
samo doksorubicinom. Artemisinin je u ovim tkivima, smanjivao doksorubicinom indukovanu prekomernu ekspresiju NF-κB, iNOS, TNF- α kao i kaspase-3. Artemisinin
može da zaštiti tkivo bubrega i testisa od nefropatija i testikulopatija izazvanih doksorubicinom, verovatno putem smanjivanja ekspresije caspase-3, iNOS i NF-κB. Može
se zaključiti da artemisinin ima potencijalnu kliničku primenu u tretmanu oštećenja
bubrega i testisa indukovanih doksorubicinom. Neophodno je da se ispitivanja nastave
radi određivanja odgovarajuće kombinacije artemisinina i doksorubicina.
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