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Abstract

Etoposide is chemotherapeutic drugs that inhibit topoisomerase Il activity and long been used for treatment of

human malignancies. The present study was designed to investigate the possible protective effect of rosemary extract
against Etoposide-induced liver toxicity, injury and K167 alterations in rats. A total of 40 male Wister albino rats were
divided randomly into four groups (1% group was control; 2" group was treated with rosemary, 3™ group was received
Etoposide, and 4™ group was treated with both rosemary and Etoposide. The administration of Etoposide significantly
caused elevation in ALT, AST, ALP and liver damage while albumen, total proteins and KI67 expressions were
significantly decrease when compared with control group. Co-treated rat with rosemary and Etoposide maintained the
levels of the measured parameters. Finally, it could be concluded that rosemary has a promising role and it worth to be

considered as a natural substance for protective the liver toxicity and injury induced by Etoposide chemotherapy.
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1 Introduction

Chemotherapy drugs cannot distinguish between
the cancerous cells and the normal cells, which leads
to the side effects (Tousson et al., 2014a-d, 2016,
2018a; Basuony et al., 2015; Bayomy et al., 2017; Al-
Rasheed et al., 2017, 2018).

Etoposide is chemotherapeutic drugs that inhibit
topoisomerase 1l activity and long been used for
treatment of human malignancies, where it is a semi-
synthetic compound derived from the plant
podophyllum pelltatum (Bayomy et al., 2017; Shin et
al., 2016; Tousson et al., 2018a). Etoposide is
commonly used alone or in combination with other
anticancer agents in the treatment of lung or stomach
cancer, Hodgkin's lymphoma and AID's.

Many plant extracts and their products have been
shown to have significant antioxidant activity which
may be an important property of medicinal plants

associated with the treatment of several ill-fated
diseases including liver toxicity (Saggu et al., 2014;
Elmasry et al., 2017, 2018; Abd Eldaim et al., 2018;
Akela et al., 2018; Oyouni et al., 2018; Tousson et
al., 2018b).

Rosemary (Rosemarinus officinalis) is one of
household herbs that contains a number of
phytochemicals, including rosmarinic acid, camphor,
caffeic acid, ursolic acid, betulinic acid, and the
antioxidants carnosic acid (Akela et al., 2018). Star
anise fruits are traditionally used in Chinese medicine
to treat stomach aches, vomiting, insomnia, dermal
inflammation and rheumatic pain as well as a
common spice usage (El-Atrash et al., 2017).
Extracts of rosemary leaves possess a variety of

bioactivities in vitro including antioxidant,
antibacterial, anti-tumor, antinociceptive,
antiulcerogenic, antidiuretic, antidiabetic, anti-

inflammatory and antithrombotic agents
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(Habtemariam, 2016). Therefore; the present study
was conducted to examine the possible modifying
effects of rosemary aqueous extract against liver
toxicity, liver injury, and Ki67 alterations induced by
Etoposide in male rats.

2. Materials and methods
2.1. Animals

The experiments were performed on 40 male rats
weighing 130+10g and of 10 week’s age. The rats
were kept in our Faculty animal house for one week
before the experimental work and maintained on a
standard rodent diet and water available ad libitum.
After one weeks of acclimation, rats were equally
divided into four groups.

2.2. Experimental groups

The 1% group was control group included rats
received no treatment while the 2" group was star
anise group included rats received star anise
powdered suspension in distilled water (SA; 100
mg/kg BW) daily by oral gavages for four weeks.
The 3 group was the etoposide group included rats
that injected interprotinally with Etoposide (1mg/kg
B.W/2 day) orally for four weeks (Tousson et al.,
2018a). The 4™ group was the group which treated
with star anise plus Etoposide for four weeks.

2.3. Determination of Serum Enzymes

At the end of the experimental period, animals
were fasted overnight and for clinical chemistry,
blood samples were individually collected from the
inferior vena cava of each rat in non-heparinized
glass and allowed to stand for 30 min at room
temperature to clot before being centrifuged at 3000
rpm for 15 min.

Both alanine transaminase (ALT/GPT) and
aspartate transaminase (AST/GOT) activities in
serum were assayed by using commercial kit that
was supplied by Humann (Germany) according to
the method of Schumann and Klauke (2013);
alkaline phosphatase (ALP) activity in serum was
assayed by using commercial kit that was supplied
by Humann (Germany) according to the method of
Moss and Henderson (1999). Albumin concentration
in serum was assayed by using commercial kit that
was supplied by Diamond (Egypt) according to the
method of Doumas et al. (1971).

2.4. Histopathological evaluation

Immediately after decapitation rats were
dissected, liver from different groups were quickly
removed, washed in 0.9 saline solutions and fixed in
10 % neutral buffered formalin. After fixation,
specimens were dehydrated, cleared and embedded
in molten paraffin. Kidney sections of 7 microns
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thickness were cut, mounted on clean slides and
stained  with  Ehrlich’'s  haematoxylin  and
counterstained with eosin as a routine method after
Bancroft and Stevens (1990).

2.5. Immunohistochemical detection of KI167:

Expression of Ki67 immunoreactivity (Ki67-ir)
in liver was detected using avidin Biotin Complex
(ABC) method according to Tousson et al. (2015).
The sections were incubated with anti- mouse Ki67
monoclonal antibody (dilution 1:50, DAKO Japan
Co, Ltd, Tokyo, Japan) for 1-2 hours at room
temperature.

2.6. Statistical Analysis

Data were expressed as mean values + SE and
statistical analysis was performed using one way
ANOVA to assess significant differences among
treatment groups. The criterion for statistical
significance was set at p<0.01 for the biochemical
data. All statistical analyses were performed using
SPSS statistical version 16 software package
(SPSS® Inc., USA).

3. Results
3.1. Serum markers of liver damage

Data presented in Table (1) showed that; GPT,
GOT and ALP activities were significantly increase
in serum of rats treated with Etoposide as compared
to control group (P < 0.05). A significant increase
with co-treatment rosemary with Etoposide as
compared with Etoposide treated group (Table 1).

On the other hand; total protein and albumin
levels were significantly decrease in serum of
Etoposide treated group as compared to control
group (P < 0.05) while rats co-treatment rosemary
with Etoposide showed a significant increase in total
protein and albumin levels as compared to Etoposide
treated groups.

3.2. Liver histopathology

Liver sections of control and rosemary groups
exhibited the normal architecture of the hepatocytes
with prominent round, vesicular basophilic nuclei
and eosinophilic cytoplasm, and few spaced hepatic
sinusoids arranged in-between the hepatic cords
(Figure 1A&1B).

Liver sections of Etoposide group exhibited
moderate  atrophied  vacuolar  degeneration
hepatocytes, some apoptotic cells with deep
eosinophilic cytoplasm and small deeply stained
pyknotic or fragmented nuclei, marked cellular
infiltrations and marked dilation or congestion in
central and portal veins, vacuolated hepatocytes
(Figure 1C) Liver sections in co-treated Etoposide
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with rosemary group exhibited a mild degree of
improvement in hepatocytes that exhibits moderate
vacuolated hepatocytes with  mild  cellular
infiltrations were observed, in addition to mild to
moderate congestion in central and portal veins
(Figure 1D).
3.3. Ki67 expressions in kidney:

The detection and distribution in Ki67
immunoreactivity (Ki67-ir) in liver sections in the

different groups under study were revealed in
Figures 2A-2D.
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Liver section in control and rosemary groups
shows strong positive reaction for Ki67-ir (grade 4)
in hepatocyte nuclei (Figures 2A&2B). In contrast
mild to faint positive reactions were detected for
Ki67-ir (grade 1) in the liver sections in Etoposide
rats group (Figure 2C).

On the other hand; Moderate positive reactions
for Ki67-ir (grade 3) were observed in liver sections
of co-treated Etoposide with rosemary (Figure 2D).

Table 1: Changes in liver function parameters in different groups.

Parameters Control Rosemary Etoposide Rosemary+Etoposide
GPT (UN) 24.9+0.87" 22.85+1.55 51.3+2.06° 44.4+1.96%
GOT (U/l) 127+3.55° 124+2.96° 216+7.28° 195+6.172
ALP (UN) 135+7.02° 12145.47° 203+6.05° 195+5.422
Albumin (g/dI) 3.81+0.15" 3.91+0.23 2.99+0.30° 3.43+0.31%
Total protein (g/dl) 7.45+0.60° 7.52+0.33° 4.65+0.212 4.85+0.33?

Data are expressed as mean = SE of 10 observations. Superscripts of different letters differ significantly (p<0.01) from
each other. Significantly different from Etoposide group. 2Significantly different from control group.

4. Discussion

Chemotherapy involves the use of chemical
agents to stop the growth and eliminate cancer cells
even at distant sites from the origin of primary tumor
(Basuony et al., 2015; Hafez et al., 2017). However,
it does not distinguish between a cancer and normal
cells, and eliminates not only the fast-growing
cancer cells but also other fast-growing cells in the
body, including, hair and blood cells. The current
study aimed to study the possible modifying effects
of rosemary extract against liver toxicity induced by
Etoposide in male albino rats.

Chemotherapy-induced  hepatotoxicity is a
common cause of abnormal liver function test in
patients, this hepatotoxicity are usually begins with
vague clinical symptoms such as fatigue, anorexia,
nausea, dark urine, right upper quadrant discomfort
and jaundice.

In the current study; a significant increase in
GPT, GOT, and ALP in Etoposide group however,
this elevation decreased in treated group with
rosemary. On the other hand; a significant decrease
in albumin, and total protein in Etoposide group
however, this depletion decreased in treated group

with rosemary. Elevated levels of serum AST and
ALT enzymes are indicative of cellular leakage and
loss of functional integrity of cell membranes in the
liver (EI-Moghazy et al., 2014; Saggu et al., 2014).

This result is in harmony with Saleh et al. (2014)
and Basuony et al. (2015) who reported that,
Cisplatin increased during treatments. Also; this
current result is in harmony with Tousson er al.
(2014b, 2014c) who reported that; methotrexate-
induced hepatic and renal toxicity in male rats and
the increased in liver function associated with free
radicals trigger cell damage through binding to
cellular macromolecules.

Similar findings were reported by Abouzeinab
(2013); Nasr (2013); Abdel-Wahhab et al. (2014)
and Basuony et al. (2015) who reported that;
cisplatin-Induced hepatotoxicity in male rats. The
current results agreed with Juma (1984) and
McDonald et al. (2003) who reported that;
cyclophosphamide induced toxicity in human liver.
Also; these results are in agreement with the
previous findings of Kamboj and Sandhir (2011) and
Valentovic et al. (2014) who observed a significant
decline in serum biochemical parameters due to
cisplatin treatments.
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In the current study, our histopathological and
immunohistochemical results showed that, treatment
of rat with aqueous extract of rosemary showed
moderate to good degree of improvement in the liver
structure and functions as compared with Etoposide
group.

In the current study a moderate atrophied
vacuolar degeneration hepatocytes, some apoptotic
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cells with deep eosinophilic cytoplasm and small
deeply stained pyknotic or fragmented nuclei,
marked cellular infiltrations and marked dilation or
congestion in central and portal veins were observed
in liver after treatment with Etoposide.

Figures 1A-1D: Photomicrographs of rat liver sections in the different experimental groups stained with
Haematoxylin & Eosin. A&B: Liver sections in control and rosemary groups revealed normal liver structure
with hepatocytes (Hp). C: Liver sections in Etoposide group revealed exhibited moderate atrophied vacuolar
degeneration hepatocytes (White arrows), some apoptotic cells with deep eosinophilic cytoplasm, marked
cellular infiltrations (arrow heads) and marked dilation or congestion in central and portal veins. D: Liver
sections of co-treated Etoposide with rosemary revealed moderate vacuolated hepatocytes (White arrows) with

mild cellular infiltrations.
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Figures 2A-2D: Photomicrographs of rat liver sections in the different experimental groups stained with
Ki67-ir. A&B: Liver sections in control and rosemary groups show moderate positive reaction for Ki67-ir
(arrows) in hepatocytes. C: Liver sections in Etoposide rats group showed mild positive reactions in
hepatocytes were detected for Ki67-ir. D: Moderate positive reactions for Ki67-ir were observed in
hepatocytes in liver sections of co-treated Etoposide with rosemary (arrows).

Our results agreed with Tousson et al. (2014a,b) who
find that ginseng extract acts as a protective and
ameliorated effect on MTX-induced hepatic and
renal toxicity.

Proliferating cell nuclear antigen (PCNA) or
Ki-67 known as cyclin, is a non-histone nuclear
protein whose level of synthesis correlates directly
with rates of cellular proliferation and DNA
synthesis (Tousson et al., 2011). Antibodies to the
cell-cycle-associated Ki-67 protein have been widely
used for more than a decade as markers of
proliferative cells. In the current study; significant
decrease in KI67 expression in liver sections after
treatment with Etoposide when compared with
control. In contrast, co-treatment Etoposide with
rosemary extract increases the depletion of Ki67
expressions in liver.
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