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Abstract
The toxic effects that occur in many patients receiving chemotherapy seriously affect the liver.

Cisplatin used in many types of cancer causes hepatotoxicity by increasing oxidative stress in
the liver. Curcumin is a compound with antioxidant, antifibrogenic and anticarcinogenic
features. Due to these healing effects of curcumin, it is recommended in many areas as an
antioxidant. In this study, the effect of the antioxidant properties of curcumin on the liver of
rats given cisplatin was investigated. For this purpose, 26 adult male Wistar Albino rats were
divided into 4 groups. Control group rats were given DMSO for 6 days. Curcumin group rats
were given intraperitoneally 200mg/kg curcumin for 6 days. In the Cisplatin + Curcumin
group, 200 mg/kg curcumin intraperitoneally was given daily for 6 days and a single dose of
20 mg/kg cisplatin intraperitoneally was given on the 3rd day only. On the 7th day, after the
animals were sacrificed, liver tissue was taken for light and electron microscopy analysis. As
a result, it showed that cisplatin causes steatosis in hepatocytes, congestion in sinusoids and
portal areas even when administered acutely. Cisplatin is thought to cause these effects by
increasing oxidative stress in the liver. Curcumin was observed to be alleviating hepatotoxic
effects cisplatin which was revealed by both light and electron microscopic findings.
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Introduction cells and eliminates them. Cisplatin
Cisplatin is an antitumor agent containing reaches its highest level in plasma within
heavy metal platinum. It specifically one hour after intravenous administration.
inhibits cell proliferation and also has It can reach high concentrations in the
antibacterial properties (1, 2). It is used in liver, kidneys, and intestines. Although the
various cancer types such as ovarian, minimum lethal dose of cisplatin is
testicular, head and neck cancers (3, 4). It unknown, taking  180-480  mg/ml
is known that in the molecular mechanism intravenously, although not lethal, may
of cisplatin, it binds to the purine bases in cause significant toxicity (5). The most
the DNA of cancerous cells and causes important side effects of cisplatin are
DNA breaks and stop dividing of these hepatotoxicity and nephrotoxicity (3).
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Even the treatment dose used as tumor
suppressor can cause hepatotoxicity (6).
Although the damage inducing mechanism
of cisplatin is not well known, some
evidence suggests that cisplatin induces
hepatoxicity by oxidative stress (7).

Curcumin, which is generally used as a
food color or spice, is grown in many
Asian countries, especially India and
China. Curcumin, known as turmeric in
Turkey are natural organic substance
derived from the plant Curcuma longa (8,
9). Curcumin is a hydrophobic substance
containing two phenolic rings. Curcumin
cannot be dissolved in water and ether, but
soluble in ethanol, chloroform,
dichloromethane, acetone and DMSO (10).
Studies on curcumin have reported that
curcumin has antioxidant, anticancer, anti-
inflammatory and antiseptic properties (11,
12). Different studies have shown that
curcumin reduces the level of cholesterol
in the blood, prevents HIV replication,
suppresses the symptoms of diseases such
as Type2 diabetes, rheumatoid arthritis,
multiple  sclerosis and  Alzheimer's,
accelerates wound healing, increases bile
secretion and prevents liver damage (8).
The liver is a vital organ for the body and
is responsible for maintaining metabolic
functions. Liver diseases are one of the
major diseases seen in worldwide. Many
factors such as certain chemotherapeutic
agents, xenobiotics, immunosuppressants,
heavy metals and alcohol can cause liver
damage (13). Cisplatin, which is used in
the treatment of various cancer types, is a
chemotherapy drug with many side effects.
One of the important side effects is
hepatotoxicity. It causes oxidative stress to
increase by increasing free radicals,
especially in the liver (7). In this study,
liver damage caused by cisplatin, a
chemotherapeutic agent, was
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demonstrated. At the same time, when
curcumin was given to rats exposed to
cisplatin, the changes in their livers were
demonstrated by light and electron
microscopy.

Materials and methods

Ethical approval

All procedures performed during the
experiment were approved by the Animal
Experiments Local Ethics Committee of
Kahramanmaras Siit¢ii Imam University
with the ethics committee decision dated
21.10.2014.

Animals

A total of 26 adult male Wistar Albino rats
weighing between 200- 250 grams were
used in the study. In Kahramanmaras Siitcii
Imam University Experimental Animals
Laboratory, where the animals were kept in
12 hours light and 12 hours dark
environment, proper nutrition and free
drinking were provided in suitable cages.
Animals were divided into 4 groups as
control group, cisplatin group, curcumin
group and cisplatin + curcumin group. In
control groups (n=5) DMSO 2cc/kg was
given intraperitoneally (i.p) for 6 days. In
Curcumin  group  (n=7),  curcumin
200mg/kg was given intraperitoneally (i.p.)
as a single daily dose for 6 days. Cisplatin
group (n=7) was given a single dose of
cisplatin 20mg/kg i.p. on the 3rd day of the
experiment. Curcumin + Cisplatin Group
received a single dose of curcumin
200mg/kg i.p. for 6 days and a single dose
of cisplatin 20mg/kg i.p. on the 3rd day.
On the 7th day of the experiment, all rats
were sacrificed.

Preparation of Tissues for Light
Microscopy

Liver tissues taken after dissection were
fixed in 10% formaldehyde. The fixed
tissues were passed through increasing
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alcohol series after standing in running
water for overnight. Tissues held in xylene
for transparency were embedded in
paraffin blocks. Then, sections of 5 pum
thickness were taken from these blocks and
hematoxylin-eosin staining was performed.
The stained sections were examined with a
light microscope (Leica DM 750) and
photographed with camera (Olympus

DP71).

Preparation of Tissues for Electron
Microscopy

The liver tissues were cut in 1 mm3

volumes and immediately taken into 5%
glutaraldehyde solution for primary
fixation. Tissues were kept in osmium
tetroxide for 2 hours for secondary
fixation. The tissues, which were then
washed with buffer and passed through the
increased alcohol series, were kept in
propylene oxide and resin. Finally, the
tissues were placed in suitable embedding
capsules after overnight in resin and fresh
resin was poured over the tissues. Thus, the
tissues were made able to be sectioned in
the ultramicrotome. 10-20 nm thick
sections were taken from the tissues placed
in the ultramicrotome. The sections were
placed on copper grids and stained with
uranyl acetate. The prepared tissues were
examined under the electron microscope
and images were photographed.

Results

Light Microscopic Evaluations

In light microscopic images of the control
group liver tissue, organized hepatocyte
cords and a normal liver tissue were
observed. Portal areas around the vena
centralis were seen properly. It was
observed that the sinusoids were of normal
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width (Figure 1A). Similar findings were
found in the liver tissue of the curcumin
group as well as the control group. There
were regular hepatocyte cords and normal
sinusoids around the portal areas (Figure
1B). A large amount of micro vesicular
steatosis was observed in the liver tissue of

the cisplatin  group, especially in
hepatocytes around the portal area.
Enlargement and congestion in the

sinusoids and congestion in the central
vein were observed (Figure 1C). Similar
findings were found in the Cisplatin +
Curcumin group as well as in the control
group. Steatosis was seen  within
hepatocytes, with only a small amount
around the central vein (Figure 1D).
Electron Microscopic Evaluations

In the electron microscopic images of the
control group, hepatocytes were observed
with a normal nucleus in the center and a
polygonal structure with well distinct cell
borders. Numerous endoplasmic reticulum
and mitochondria were found in
hepatocytes, which seem to be rich in
organelles. Small amounts of lysosomes
were observed in some areas. Bile
canaliculi were observed normally among
the hepatocytes. Erythrocytes and plasma
cells were seen in the sinusoid (Figure 2A).
Electron-microscopic  images of the
curcumin group showed areas similar to
the control group. Regular round nuclei
and properly structured GERs and
mitochondria were observed in the center.
Sinusoid walls were seen together with flat
sinusoid endothelial cells in the sections.
Occasionally, lysosomes were found in the
cytoplasm (Figure 2B). In cisplatin group
electron microscope images, hepatocyte
nuclei were generally irregularly shaped.
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Figure 1: Liver tissue H&E staining. Scala bar:10um. A. Control group B. Curcumin group C. Cisplatin group
D. Curcumin + Cisplatin group. 1. Portal area, 2. Hepatocytes, 3. Sinusoids, 4. Steatosis.

Figure 2: Liver tissue, electron microscopic photograph. A. Control group; 1) Bile canaliculus, 2)
Hepatocyte nucleus, 3) Lysosome, 4) Granular endoplasmic reticulum, 5) Erythrocyte, 7) Plasma cell
B. Curcumin group; 1) Hepatocyte nucleus, 2) Mitochondria, 3) Lysosome, 4) Granular endoplasmic
reticulum, 5) Sinusoid endothelium, 6) Sinusoid C. Cisplatin group; 1) Hepatocyte nucleus, 2)
Mitochondria, 3) Granular endoplasmic reticulum, 4) Lysosome, 5) Kupffer Cell, 6) Lipid Droplets D.
Curcumin + Cisplatin group; 1) Hepatocyte nucleus, 2) Mitochondria, 3) Granular endoplasmic
reticulum, 4) Lysosome.
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While the granular endoplasmic reticulum
was more in the control groups, it was
observed to be less in the cisplatin group.
Swelling and vacuolization were observed
in mitochondria. Kupffer cells rich in
lysosomes were observed. Increased lipid
droplets observed (Figure 2C). Electron
microscopy images of the curcumin +
cisplatin group showed similar findings to
the control and curcumin groups. Usually,
smooth  round nucleii GER and
mitochondria were seen in the center.
Glycogen particles and a small amount of
lipid droplets were observed. Increased
lysosomes were seen compared to the
control and only curcumin group (Figure
2D).

Discussion

The liver is exposed to many toxic
substances such as chemotherapeutic
agents, heavy metals and alcohol due to its
important physiological functions such as
maintenance of metabolic homeostasis and
detoxification of harmful metabolites.
Therefore, it is a clinical condition with
liver toxicity all over the world (14, 15).
Oxidative stress plays an important role in
the emergence of liver diseases. It causes
many liver diseases such as cirrhosis,
especially by initiating fibrosis in the liver.
Antioxidants have an important role in
preventing liver fibrosis caused by
oxidative stress and diseases that will
develop as a result of fibrosis.
Chemotherapy drugs have been used for
cancer treatment for many years.
Especially high doses of cisplatin cause
hepatotoxicity. Since there is not enough
information about how cisplatin causes
hepatotoxicity, the mechanism of inducing
toxic effect is not known much. However,
recent studies suggest that cisplatin causes
hepatotoxicity by triggering oxidative
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stress (6, 16). Oxidative stress caused by
the increase of free radicals in the cell or
the reduction of antioxidant structures
triggers the formation of fibrogenesis in
the liver by increasing cytokines such as
transforming growth factor-p (TGF-p),
interlukin-6 (IL-6) and tumor necrosis
factor-o (TNFa) (15, 17). Cisplatin also
causes structural damage to mitochondria,
decreasing membrane  fluidity and
increasing mitochondrial ~ membrane
stiffness (18). In addition, oxidation of
cardiolipin  in  mitochondria  induces
apoptotic pathway in cells by increasing
cytochrome ¢ and caspase activation (19).
In a study by S.Palipoch et al., Liver
congestion, disorganization of hepatocyte
cords and tissue damage were observed in
rats exposed to cisplatin (20). In the
histopathological findings obtained as a
result of our study, congestion was
observed in the portal areas, vena centralis
and sinusoids in the cisplatin group. A
large amount of micro vesicular steatosis
was observed in hepatocytes around the
portal areas. Also increased Kupffer cells
were shown. These histopathological
findings support the literature. Curcumin
used in our study is a plant that has been
studied extensively due to its antioxidant,
anti-inflammatory,  antimicrobial and
anticancer properties. Despite this, the
molecular mechanism of action has not
been fully resolved (21, 22). However,
studies show that the antioxidant
mechanism of curcumin occurs by
inhibiting oxidative enzymes or by
affecting  oxidative  pathways  (23).
Curcumin is known to be nontoxic even if
taken in high doses. However, long-term
use of high doses in some mice and rat
species may cause hepatotoxicity (24).
Many in vitro studies show that curcumin
has a protective and healing effect against
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chronic liver diseases. In in vivo studies in
animals, it has been also said that it has
antifibrogenic properties by inactivating
some pathways in liver damage (22, 25). In
our study, a significant decrease was
observed in hepatocyte steatosis in the
group given curcumin with cisplatin
compared to the group given only cisplatin.
There was a significant decrease in
congestions occurring in the central vein
and portal area. Although congestion was
observed in sinusoids in some areas, it was
observed that congestion decreased
compared to the group that was given only
cisplatin. Similar to our study, Ying Wang
et al. showed the liver damage caused by
cisplatin. The liver structure was severely
affected in the cisplatin group, as in our
study. It has been stated that most of the
nuclei have a picnotic appearance, their
size is reduced, and an uneven distribution
of chromatin is observed. The cytoplasm of
many hepatocytes had a foamy appearance
due to dense vacuoles. In the curcumin +
cisplatin group, they observed less
abnormal nucleolus and less cytoplasmic
vacuolization (26).

Conclusion

In this study, it was shown that cisplatin
exposure affects parenchymal and non-
parenchymal cells in liver tissue and
curcumin can prevent these effects due to
its antioxidant properties. The findings we
obtained in our study also supports the
information in the literature. In addition to
our work in order to fully enlighten the
subject, further studies are needed to reveal
the molecular effects of curcumin on
different organs and metabolic pathways in
order to better understand the effects of
curcumin on the human body.
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