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Abstract: In the current work, the effects of curcumin on testicular
tissues in Ehrlich Ascites Tumor (EAT) model developed in Balb/C
mice. EAT cells (1x10%) received from stock of animals were
injected intraperitoneally to animals. 25 mg/kg and 50 mg/kg of
curcumin were administered intraperitoneally. Testicular tissues
obtained after all the experiment were evaluated for
histopathological and biochemical parameters. Histopathological
results showed that 50 mg/kg curcumin group had less EAT cells
around testicular tissues than tumor control group. Superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx)
activities and reduced glutathione (GSH), oxide glutathione (GSSG),
total antioxidant status (TAS), total oxidant status (TOS),
interleukin-1beta (IL-1B), interleukin-6, interleukin-17, tumor
necrosis factor-alpha (TNF-a) levels were measured in testis tissues.
Oxidative stress index (OSI) and GSH/GSSG ratio were calculated.
Findings clearly suggested that antioxidant parameters (except CAT
and GPx) had higher value in animal models treated with 25 and 50
mg/kg curcumin groups associated to tumor control group. There
was a statistically noteworthy variance between the groups in all
parameters. Antitumor effect of curcumin on ascites tumor cells
produced by EAT cells evidenced with histopathological while
antioxidant and anti-inflammatory biochemical parameters
evidenced with biochemical parameters. © 2020 NTMS.
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1. Introduction

Testicular cancer is a common case in young people
and is increasing day by day. As a common tumor,
testis cancer is influenced by genetic and epigenetic

One of these plant extracts is curcumin. It is a yellow
herbal product with anti-inflammatory, anti-
carcinogenic and anti-oxidant properties, used as spice,
food coloring and preservative among the public.

factors. Additionally, oxidative stress played central
role in development and progression of cancer. In
addition to chemotherapy and radiotherapy,
complementary medicine is also used in cancer
treatment and the use of plant extracts is increasing
gradually (1, 2).

Curcumin, also called Curcuma longa, is a perennial
plant native to South Asia (3, 4). There are many
articles in the literature that demonstrate the
antineoplastic mechanism of curcumin. It is stated that
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curcumin has anticarcinogenic effects on various
tumors with a variety of mechanisms.

Many studies show that curcumin suppresses many
tumor genesis types including skin, mammary gland,
mouth, esophagus, stomach, intestine, colon, lung and
liver (5). Curcumin has captured appreciation because
of its extra-ordinary pharmacological properties and
experimentally verified ability to inhibit and/or prevent
cancer. Wealth of information has highlighted potential
of curcumin as an effective antioxidant, anti-
inflammatory and an antidiabetic agent. Curcumin has
been reported to exert inhibitory effects on interleukin-
1B, TNF-a, superoxide ion and hydrogen peroxide
production (6). It has been reported that curcumin
significantly enhanced apoptosis in drug-resistant
cancer types (7). Plant extracts have been tested on
many cancer models while, one of which is the EAT
model. EAT first appeared as a spontaneous breast
adenocarcinoma in a female mouse, and tumor
fragments were transplanted subcutaneously from
mouse to mouse into an experimental tumor. After
obtaining the liquid growing form in the peritoneum of
mice, ascitic fluid was formed in addition to cells in the
peritoneum, therefore the tumor was named as EAT (8,
9). In the current literature, the efficacy of curcumin on
EAT tumor model was examined histologically but not
in terms of biochemical parameters.

Copper, zinc-superoxide dismutase (Cu, Zn-SOD),
Catalase (CAT) and Selenium-dependent glutathione
peroxidase (Se-GSH-Px) are the main antioxidant
enzymes of all aerobic cells (10). Cu, Zn-SOD (EC
1.15.1.1) catalyzes the dismutation of superoxide
anions to hydrogen peroxide (11). CAT (EC 1.11.1.6)
catalyzes the degradation of H,O, to H,O and O (11).
Se-GSH-Px (EC 1.11.1.9) is a biocatalyst that
metabolizes H.O, and lipid hydroperoxides (12).
During this reaction, glutathione (GSH) is used as
hydrogen donor and GSH is oxidized (GSSG) (13).
Glutathione is the most important nonenzymatic
antioxidant molecule inside the cell (14). GSH is also a
hydroxyl radical and singlet oxygen scrounger (15).
GSH  (reduced  glutathione)/GSSG  (oxidized
glutathione) ratio is one of the important determinants
of oxidative stress in the body (10). The amounts of
total antioxidant status (TAS) and total oxidant status
(TOS) were useful for calculation of oxidative status
(16). IL-1B, IL-6, IL-17 and TNF-a are among the pro-
inflammatory cytokines (17, 18).

In this study we hypothesized that curcumin could play
critical role on normalizing oxidative and inflammatory
parameters which upregulated by EAT cells. Therefore,
we aimed to evaluate the effect of low and high dosages
of curcumin on testis tissue after investigated with EAT
cells.

2. Material and Methods

2.1. Animals, management and experimental design
Studies with experimental animals were carried out in
accordance with the decision of Ethics Committee of
Animal Ethics Local in Erciyes University (2014
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HADYEK-29). 25-30 grams and 8-10 weeks old Male
Balb/C type mice were used for each group. The
number of groups was 4, with 7 mice in each group. 4
animals were also used to create stock animals outside
the groups. Mice were maintained in specially
prepared, automatically air-conditioned rooms with
constant temperatures of 21 °C and 12 hours of
light/dark periods during the study. Before the groups
were formed in the study, we first created the stock
mouse to obtain enough EAT cells. The ascitic fluid
from the stock animal was suspended in 0.1 ml PBS and
counted on the thoma slide and 1x10° EAT cells were
injected intraperitoneally to form a liquid tumor in
mice.

2.2. Dissolution and sterilization of curcumin extract
Curcumin was supplied as powder from Sigma Aldrich
and curcumin was dissolved in different volumes to
provide the desired concentrations for the experimental
groups and sterilized by filtration. Curcumin was
freshly prepared on each injection day to being
dissolved completely.

2.3. Formation of Experimental Groups

Group 1/Negative control group: Cancer formation and
animals were fed with normal diet for 10 days. 0.1 ml
of physiological saline solution (PSS) was administered
intraperitoneally for 10 days.

Group 2/Positive control group: In this group, 0.1 ml of
ascitic fluid containing 1x10® EAT cells was
administered intraperitoneally to the abdomen on day
0. Mice were injected intraperitoneally with 0.5 ml of
physiological saline solution (PSS) for 10 days from
day 0.

Group 3/Treatment group (25 mg/kg curcumin): In this
group, 0.1 ml ascitic fluid containing 1x10% EAT cells
was administered intraperitoneally to the abdomen on
day 0. Mice were injected with curcumin 25 mg/kg; day
intraperitoneally for 10 days from day 0

Group 4/Treatment group (50 mg/kg curcumin): In this
group, 0.1 ml ascitic fluid containing 1x10% EAT cells
was administered intraperitoneally to the abdomen on
day 0. From day 0, the mice were injected with
Curcumin 50 mg/kg per each day intraperitoneally
during 10 days.

2.4. Sample collection and preparations

All animals were sacrificed on day 10 under general
anesthesia by ketamine and xylazine with
concentrations of 75 mg/kg and 15 mg/kg respectively.
One testis from each subject was fixed in 10% cold
formaldehyde for routine histopathological
examination, the other was transferred to sterile plastic
bags and immediately transferred to the laboratory in
cold conditions and stored at -80 °C temperature until
biochemical experiments.

2.5. Preparation of testis homogenates
Testis tissue of each mouse were arranged and studied
distinctly. Tissues were homogenized in 2 mL +4 °C
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temperature phosphate-buffer saline in ice. At the end
of the homogenization process, the mixture was
centrifuged at 3000 g for 10 min and the supernatant
was composed. Supernatant was deposited at -80 °C
until analysis.

2.6. Biochemical Analysis

The protein content of each tissue was determined in
each sample with Bio-Rad reagents (Bio-Rad
laboratories GmbH, Miinchen, Germany) using bovine
serum albumin as the standard. Activities of CAT and
Se-GSH-Px and the levels of GSH and GSSG were
measured in tissues by the modified methods of Ozturk
et al.” (18). TOS, TAS levels and SOD activity were
measured using commercially available kits (Relassay,
Turkey). OSI was defined as TOS to TAS ratio was
calculated as follows: OSI (arbitrary unit) = [(TOS,
umol H,O; equivalent/mg protein)/(TAS, pmol Trolox
equivalent/mg protein] x 100). The levels of IL-1p, IL-
6, IL-17, TNF-o were studied from the blood samples
collected with enzyme linked immunosorbent assays
(ELISA) method (Elabscience, Wuhan, China) as
specified in the protocol by the manufacturer.

2.7. Statistical analysis

Data were analyzed using the statistical package
program SPSS for Windows® 23.0 (SPSS, Chicago,
IL, USA). Normality of the all data was analyzed with
Kolmogorov-Smirnov D test to determine a test type
from both the parametric and non-parametric tests.
Distribution of OSI, GPx and IL-1p were non-
parametric. Data have a normal distribution
(Kolmogorov—Smirnov D test, p>0.05), parametric test
ANOVA (post-hoc: Tukey’s HSD and Tamhane) was
used for multiple comparisons. Kruskall-Wallis test
was used for non-parametric distribution data and
pairwise comparisons of groups were made.
Experimental data were expressed as the Mean£SD.
The P <0.05 were considered statistically significant.

3. Results

3.1. Histopathological Findings

According to histopathological experiments, control
groups' tissues showed normal histological properties.
In the EAT cell groups positive control groups which
has no treatment has more EAT cells as compared to
the 25 and 50 mg/kg curcumin treated groups (Figure
1). Around the testicular capsule dispersed EAT cell
assemblies were observed.

3.2. Biochemical Results

The results of oxidative stress parameters of all groups
are represented in figure 2-4. SOD activity, GSH level,
GSH/GSSG ratio and TAS levels, which are among the
antioxidant markers, were meaningfully lower in the
tumor group compared to group 1 (p<0.05). In groups
3 and 4 there was a significant dose-dependent increase
compared to the tumor group. However, the increase in
antioxidant activity in groups 3 and 4 did not reach the
control group (p<0.05). GPx activity was expressively
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higher in group 2 and 3 compared to group 1 and
pointedly lower in group 4 than group 2 (p<0.05). CAT
activity and GSSG and TOS levels were significantly
higher in the tumor group compared to group 1, and
dose-dependent significantly lower in group 3 and 4
compared to the tumor group (p <0.05). While the same
parameters were found to be significantly higher in
group 3 than in group 1, CAT activity was lower in
group 4 and GSSG and TOS levels were higher in
group 4 (p<0.05). OSI values were significantly higher
in group 2 and 3 than in group 1 and meaningfully
lower in group 4 than in tumor group (p<0.05) (Figure
2,3).

IL-17 and TNF-a levels were suggestively lower in the
treatment groups compared to the tumor group (p<0.05)
The values of group 3 were lower than group 4
(p<0.05). IL-6 and IL-1B levels were lower in the
treatment groups than in the tumor group (p<0.05).
There was no statistically significant difference
between the treatment groups (Figure 4).

Figure 1: Histopathological findings (H&E, 20X) of
the negative control, treatment and positive control
groups in testicular tissue. A) Healthy control group. B)
Tumor control group C) Tumor and 25 mg/kg curcumin
treated group D) Tumor and 50 mg/kg curcumin treated

group.

6—
TAS (mmol Trolox
& Equiv/mg)
2 = 0S|
0
o B3 GSH nmol/mg protein
E‘ =3 GSSG nmol/mg protein
£ 2 | “ B GSHGSSG
i I
cll‘ll"l 1 !".I !"ll !"l
N N &> &
& & & ¢
o ® N &
& c»oo q(’o
< o& N
x’ﬂ xx%
O' )
S

Figure 2: Measurements of oxidative stress and
inflammatory markers in the testis.
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Figure 3: The results of oxidative stress parameters of
all groups.
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Figure 4: Assessment of IL-6, IL-17, IL1p and TNF-a
levels of three groups.

4. Discussion

The prevalence of cancer types causing deaths in men
and women varies. Testicular cancer has an increasing
rate in young men aged 15-35 years. Drug resistance
and metastatic spread have been recognized as major
stumbling blocks in decreasing the quality of clinical
outcome of wide ranging therapeutics. The presence of
frequent metastases in other organs has accelerated the
search for treatment in testicular cancer. In recent years,
complementary medicine has been used in addition to
medical treatments for cancer treatment. Some plants
have been shown to be useful in cancer treatment.
Bioactive molecules present in different Plants and
vegetables used by the people in various countries have
documented health promoting effects. More
importantly, certain high-quality bioactive constituents
have been shown to induce regression of tumors in
xenografted mice (19, 20). It has been shown that the
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natural chemicals contained in some of these plants
(resveratrol in red grapes, genistein in soybean and
curcumin in turmeric) have anti-cancer properties (21).
Curcumin has been reported to reduce toxicity caused
by anti-cancer agents, sensitize resistant cancer cells,
suppress proliferation, and induce apoptosis in tumor
cells (22-24). In the current study, anti-inflammatory
and antioxidant effects of curcumin in EAT model mice
were investigated histopathological and biochemically
on testicular tissue. Kanter et al. (25) investigated the
protecting properties of curcumin and amifostine
against gamma radiation-induced jejunal mucosal
damage and reported that curcumin's efficacy
diminished in high-dose radiation. Lopez (26) showed
that curcumin at a dose of 20 pg / mL stopped growth
of 50% in human chronic myelogenous leukemia cells.
Pan et al. (27) examined the therapeutic effect of
curcumin by forming an Alzheimer's model in mice.
They reported that Bax levels did not change in
hippocampal mice. Facchini et al. investigated the
effects of Pleurotus ostreatus (fungus) polysaccharide
fractions intraperitoneally in 5x108 EAT cells and gave
high tumor inhibition (28). Yilmaz et. al. (2019) studied
the antioxidant properties of curcumin and Cornus mas
L in mice forming EAT model and showed antioxidant
properties in tissues such as kidney and liver in vivo
and in vitro (29,30).

Activated  monocytes/macrophages allow  pro-
inflammatory cytokines, such as TNF-a, IL-1, and IL-6
that play an important role in inflammatory reaction.
Ketanserin has been shown BY Yank et al. (2019) in
literature to inhibit TNF-o and IL-1 production in
endotoxic shock (31). Ueki et al. examined the
therapeutic effect of curcumin in mice with cisplatin-
induced renal inflammation (32). They indicated that
serum TNF-a concentration decreased by 30% in the
group which has been given cisplatin (100 mg/kg) and
curcumin (100 mg/kg); decreased as well as healed
renal dysfunction. Cho (2007) found that curcumin
inhibited the expression of TNF-a-induced IL-1p, IL-6,
and TNF-a in TNF-a treated keratinocytes (33).

In this study, IL-1B, IL-6, TNF-a. and as a pro-
inflammatory cytokine IL-17 decreased in curcumin
treated groups compared to tumor control group. The
decrease in IL-17 and TNF-o was found to be lower in
the dose-dependent group compared to the 25 mg
administered group. IL-6 and IL-1p levels have been
found lower independent of dose. These findings
suggest that curcumin may have dose-dependent anti-
inflammatory effects in mouse testes with EAT.
Additionally, curcumin has been exposed to prevent the
production of superoxide and nitric oxide by
inflammatory cells, which could also donate to its anti-
inflammatory motion because of the significant role of
free radicals in inflammatory processes (34, 35). In
literature, we could not confirm a detailed study
investigating the effect of curcumin on oxidant and
antioxidant system in testicular tissues with EAT
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tumor. Khopde et al. (1999) showed that curcumin is a
more effective antioxidant than a-tocopherol and
inhibits lipid peroxidation (36). While Venkatesan et
al. (1997) investigated the effects of curcumin on
bleomycin-induced lung injury (BILI) in rats, they
showed that curcumin had anti-inflammatory and
antioxidant effects in BILI in the curcumin treated
group (37). Kuhad et al. (2008) found that curcumin
antioxidant parameters such as SOD, GSH and CAT
increased compared to diabetic rats in their study (38).

5. Conclusions

In this study, TAS and GSH levels, which are
antioxidant parameters, decreased in the testicular
tissues of the mice, while dose-dependent increase was
detected in the curcumin-treated groups likened to the
tumor group. Likewise, the oxidant parameters TOS
and GSSG levels increased in the testicular tissues of
the mice, while dose dependent decrease was detected
in the curcumin groups in proportion to the tumor
group. When the enzyme activities responsible for
oxidant defense were evaluated, it was evaluated that as
the cancer was formed, SOD enzyme activity, which
removes superoxide in the environment, decreased. We
observed that CAT and GPx activities, which are
responsible for the neutralization of H.O, to water and
oxygen, were increased in the next step. Dose-
dependent SOD activity increased while CAT and GPX
activity decreased with curcumin effect. The resulting
high amount of H,O; inhibits product inhibition on
SOD, while CAT and GPx may have shown more
activity to remove accumulated H,O,. Each tissue has
diverse volume against stress response for each oxidant
or antioxidant parameter (38). As a result of increased
GPx activity in cancer, GSH reserve in the environment
decreased and GSSG amount increased. In the
curcumin group, this was vice versa. These findings
support the antioxidant effects of curcumin in mouse
testicular tumor tissue in accordance with the literature.
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