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(EAC) stress in experimental mice was assessed. EAC loading mice
were treated with hyperthermia or ZSC fruit extract doses (100, 300
mg/ Kg B.W) or with combination between them once/ two days
alternatively, for 14 days. Combination treatment of ZSC fruit extract
and hyperthermia significantly improve the damage.

EAC load had increased the activities of serum GOT and GPT but
decreased the concentration of albumin and total protein. Different
treatment with hyperthermia or ZSC fruit extract or combination
reduced the level of SGPT and sGOT but not significantly. A non-
significant increase in the level of serum albumin and total protein
was observed too.

Moreover, levels of the renal biomarkers, creatinine and urea were
highly elevated in EAC-bearing mice, urea level increase after
different treatments not significantly where creatinin levels had slight
affect except in high dose combination treated group.

Taken together, results from this study suggest that addition of ZSC
fruit extract to hyperthermia slightly reduce the hepatic and renal
damage induced by EAC load in experimental animals.
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Introduction:-

Hyperthermia has been used as one of the therapies for cancer treatment since the early 1970s.It is a therapeutic
procedure used to raise the temperature of a region of the body affected by cancer about 6 degrees above body
temperature, is elevated to 43°C, causing the destruction of the tumor mass. Although hyperthermia alone is not very
harmful for the normal cells, hyperthermia alone is not potential therapy for breast cancer, however combination
with different therapies like radiation or chemotherapy significantly improves the therapeutic outcome.

Despite the wide use of chemotherapy in breast cancer (BC) treatment but current methods such as chemotherapy
have their limitations due to their toxic effects on non-targeted tissues causing human health problems (Ochwang’l
et al., 2014). Therefore, the chemoprevention with natural phytochemical compounds is highly demanded for
alternative treatments emerging strategies to enhance BC treatment. The use of natural products has been the single
most successful strategy in the discovery of novel therapies (Tulp and Bohlin, 2002).Plants provide important
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resources for a large number of natural compounds with anti-tumor activity (Evans, 2002 and Kaur et al., 2011). In
recent years, a significant percentage of anti-cancer drugs are in clinical trials that are dependent on natural
resources (Cragg et al., 2000).

ZSC belongs to family Rhamnaceae, which is common in the subtropical and tropical regions. ZSC is known in
Egypt as ‘Nabq’ or ‘Sidr’ (Ta 'ckholm, 1974), and it is one of 40 species in Rhamnaceae family characterizes by
being small trees and spiny shrubs. Cytotoxic activity of plants from family Rhamnaceae has been shown in several
studies (Kaur et al., 2011 and Mervat and Gendy, 2010). ZSC was selected as a research target species because it
had been used in alternative medicine for the treatment of fever, pain, dandruff, wounds and ulcers, inflammatory
conditions, asthma and to cure eye diseases. Moreover ZSC has recently been shown to have antibacterial,
antifungal, antioxidant and anti-hyperglycemic activities (Abalaka et al., 2011). Flavonoids, alkaloids and saponins
are the main phytochemical constituents that are reported from this plant (Adzu et al., 2003).However, limited
studies have shown that crude extract of ZSC had cytotoxic effect on tumor cell lines.

Liver and kidney tissues come in direct touch with the ascites. Thus, we focused on the liver and kidney tissues and
their functions as indicators for recovery from the EAC loading. The histological study confirmed the relative
healthy features of the liver and kidney. The present study aimed at evaluating the potency of combination between
hyperthermia and ZSC fruit extract to improve the biochemical and histological injuries induced in the liver and
kidney by EAC-load in the experimental mice.

Little is known about the effectiveness of combination of hyperthermia and natural phytochemical compounds. Our
results may open the gate for further optimization studies to get the best benefits from this combination and
introduce preclinical approach to improve breast cancer therapies.

Materials and Methods:-

Extract preparation:-

ZSC fruits were collected from Aswan, Egypt, and dried away from the sun. The extraction occurred through several
steps, including, (1) Grinding dried fruits by electrical Miller. (2) Adding solvent (80% ethanol) to the grinded fruits
in a flask, leave them about 2 days. (3) Filtration: using conical and filter paper. (4) Distillation: by using rotary
evaporator. Finally, the extract Left days for drying from the excess alcohol and water, thin saved at room
temperature. The extract was then prepared for injection by dissolving in 70% ethanol at concentrations of
(100mg/kg) for low dose and (300mg/kg) for high dose.

Experimental Animals:-

72 Adult female Swiss albino mice (20-25gm) were obtained from the animal house of the Egyptian Company for
Vaccines production, Helwan, Egypt. Mice were acclimatized to the environment prior to the experimental use.
They were kept in cages under standard conditions of temperature, pressure and humidity and they were maintained
on standard pellet diet and tap water.

EAC-bearing albino mice (tumor donor animals) were obtained from tumor national institute, Cairo, Egypt. Ehrlich
tumor cells (2x10°) were intraperitonealy injected into the normal experimental mice.

Animal grouping:-

After two days of Ehrlich tumor cell injection, female mice were grouped as follows:

Groupl; EAC bearing mice, Normal mice were I.P injected with tumor cells.

Group2; hyperthermia treated group

Group3; low dose ZSC-receiving group (100mg ZSC)

Group4; low dose ZSC + hyperthermia-receiving group (100mg ZSC + Hyperthermia)
Group5; high dose ZSC-receiving group (300mg ZSC)

Group6; high dose ZSC + hyperthermia-receiving group (300mg ZSC + Hyperthermia)

mTmMooOw>»

Treatments:-
Extract treatment:- ZSC ethanolic fruit extract was injected inter peritoneal (i.p) into mice day after day,
alternatively with hyperthermia treatment.
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Hyperthermia:-For treating the animals with hyperthermia, adjusted at the 43.5°C water bath was used where
abdominal part of mice body impeded in water for the desired time (45 - 90 minutes). After two weeks of
experiment animals were sacrificed.

Serum biochemical analysis:-

After the animals were sacrificed, blood from each animal was collected in Eppendorf and centrifuged at 300 rpm
for 15 minutes. Biochemical analyses including (SGPT and sGOT activities, Albumin concentration, Total protein,
Urea and Creatinine) were determined by colorimetric methods using ready-made kits produced by instrumentation
Laboratory SpA, Inova diagnostics, Milano, Italy.

Histological Examination:-

Parts of liver and kidney tissues obtained from animals were directly fixed in 10% neutral formalin (PH 7.0),
dehydrated in ascending series of ethyl alcohol, and embedded in molten paraffin wax at 58-62 ¢C. Tissue sections,
Sum in thickness were obtained and stained with Hematoxylin and Eosin and evaluated to study any histological
changes in the liver and kidney structures under a bright field microscope.

Statistical Analysis:-

The data were expressed as mean + standard error and were analyzed by means of One-way ANOVA using Minitab
software for windows to find if there was any significant difference among control and treated groups. Tabulation
and graphics of data were done using Microsoft Exel2010.

Results:-

Biochemical Assay:-

Hepatic biomarkers:-

The changes in the serum liver biomarkers are shown in figure 1(A & B). EAC load in albino mice induced
hepatotoxicity which is represented as increase in liver biomarkers serum sGOT and sGPT activities. Different
treatments with ZSC or with hyperthermia or with combination did not show significant changes in sGOT and sGPT
levels as in figure A & B. Moreover, albumin levels increase in all treated groups not significantly. Total protein
levels increase only in low dose treated group and high dose combination treated group not significantly (Figure C&
D).
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Figurel:-Effect of different treatments of hyperthermia or ZSC or combination on the alteration of liver
biochemical markers induced by EAC-load, (A) sGOT, (B) sGPT, (C) total protein and (D) albumin levels.
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Renal biomarkers:-

EAC-bearing albino mice induced renal damage which is represented as disturbance in renal biomarkers (Urea and
Creatinine). As shown in figure 2, treatment of EACs-bearing mice with different treatments caused increase in urea
levels significantly in high dose treated group. However, there were no significant changes in creatinine levels as
illustrated in figure 2A and B.
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Figure2:- Effect of different treatments of hyperthermia or ZSC extract or combination on the alteration of renal
biochemical markers induced by EACs-bearing mice, (A) Urea, (B) Creatinine levels.

Histopathological Assay:-

Liver sections from EAC-loaded mice and treated mice are shown in figure 3A-3F. Loading mice by EAC showed
the proliferation of malignant cells on the surface of the liver and changes in liver cells. Also, kidney sections from
EAC-loaded mice and treated mice are shown in figure 4A-4F. Loading mice by EAC showed marked proliferation
of malignant cells at surface of kidney tissue showing marked cellularity and pleomorphism. An improvement and
decrease of neoplastic cells number on liver and kidney surface in EAC-loaded mice after treatments with
combination treatment was clearly observed.

Hyperthermia 100mg Z5C+ hyperthermis 300mg Z5C + hyperthermis

Figure 3:- Representative liver sections of mice 15 days after loading by EAC cells after different treatments.
Stained by H&E.
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Histological section of liver of EAC-bearing mice shows the proliferation of malignant cells on the surface of the
liver (Figure 3.A; red arrow) and changes in liver cells as mentioned (yellow arrow). Figure 3.B shows section
from liver in hyperthermia treated group showed marked hydropic degeneration of liver cells (yellow arrow).
Residual malignant cells were forming islands within liver tissue (red arrow). Figure 3.D shows section of liver in
low dose combination group. There is moderate effect of treatment appears as moderate decrease in tumor cells with
few viable residual cells seen on liver surface showing large nuclei and infiltration of liver (red arrow). There is
moderate hydropic degeneration of liver cells (yellow arrow). Figure 3.E shows section of liver from high dose
treated group. There is moderate effect of treatment appears as moderate decrease in tumor cells with few viable
residual cells seen on liver surface showing large nuclei and infiltration of liver (red arrow). There is marked
hydropic degeneration of liver cells (yellow arrow). Figure 3.F shows section of liver in high dose combination
treated group appear as marked decrease in tumor cells with only very few viable residual cells seen on liver surface
(red arrow). There is marked hydropic degeneration of liver cells (yellow arrow). Figure 3.C shows section of liver
in low dose treated group. There is no effect. Tumor cells are seen on liver surface seen as multiple layers with large
nuclei and infiltration of liver (red arrow). There is marked hydropic degeneration of liver cells (yellow arrow).
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Figure 4:- Representative kidney sections of mice, 15 days after loading by EAC cells after different treatments,
stained by H&E.

Figure 4.A shows a representative section of kidney of EAC-bearing mice which show marked proliferation of
malignant cells at surface of kidney tissue showing marked cellularity and pleomorphism (red arrow), and kidney
tissue showed moderate cloudy swelling of tubular epithelial cells as degenerative change and effect of tumor
(Yellow arrow). Figure 4.B shows a section of kidney in hyperthermia treated group. There is moderate effect of
therapy as regards tumor cells decreased in thickness and number with presence of necrotic cells (red arrow) with
few residual changes in kidney tissue presented as mild hydropic degeneration of tubular epithelial cells (yellow
arrow). Figure 4.D, shows a section of kidney from low dose combination group. There was moderate decrease in
tumor cells with viable residual cells seen on kidney surface forming multiple layers with large hyperchromatic
nuclei (red arrow). There is a marked congestion (black arrow) and cloudy degeneration of tubular epithelium
(yellow arrow). At figure 4.E, section of kidney in high dose treated group which shows moderate effect of
treatment appears as decrease in tumor cells with viable residual cells seen on kidney surface forming multiple
layers with large hyperchromatic nuclei (red arrow). There is a moderate tubular cloudy swelling seen in kidney
tissue (yellow arrow). Figure 4.F shows a representative section of the kidney from the high dose combination
treated group where there is a marked effect of treatment appears as marked reduction in tumor cell number with
only very few viable residual cells seen on kidney surface (red arrow). Sight tubular cloudy swelling is seen in
kidney tissue (yellow arrow). Figure 4.C shows a section of kidney in low dose treated group There is no decrease
in tumor cells on kidney surface forming multiple layers with large hyperchromatic nuclei (red arrow) and cloudy
degeneration of tubular epithelium(yellow arrow).
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Discussion:-

Natural Products have been the most significant source of drugs and drug leads in the history. Their dominant role in
cancer chemotherapeutics is clear with about 74% of anticancer compounds being either natural products, or natural
product-derived. The biodiversity of the world provides a resource of unlimited structural diversity for bio
prospecting by international drug discovery programs.

Ehrlich ascites carcinoma (EAC) is a transplantable, poorly differentiated malignant tumor and one of the
experimental breast tumor model derived from spontaneous mouse adeno-carcinoma. Similar to other tumors
developing in body cavities, EAC cells fill the peritoneal cavity by rapid division of cells, accumulation of a fluid
named ascitic fluid and animal dies 17-18 days following EAC transplantation (Ulakoglu and Altun, 2004). EAC are
used as ascites or a solid form for different purposes (Zeybek, 1996 and Okay, 1998). In ascitic form, they have been
used as a transplantable murine tumor model to investigate the antitumor effect of several natural and synthetic
chemical substances (Segura et al., 2001). Inoculation of EAC cells results in appearance of the ascitic fluid which is
considered the direct nutritional source of the tumor cells (Gupta et al., 2004 a&b). The accumulation of ascitic fluid
in peritoneal cavity was either due to (1) a reduced lymphatic recovery system which is associated with the
obstruction of the lymphatic by the tumor cells, (2) angiogenesis which detected in ascites tumor bearing peritoneal
wall and (3) microvessels hyperpermeability of the peritoneal cavity (Fanasaka et al., 2002).

Presence of tumors in the human body or in experimental animals is known to affect many functions of the vital
organs especially the liver and kidney (Deways, 1982). These tissues come in direct touch with the ascites.
Hepatocytes are severely damaged in the animals with EAC cells (Ramadori et al., 1983). Liver and kidney toxicity
induced during tumor growth may be due to the excessive production of ROS that leads to oxidative damage (Pal et
al., 2005) and cytokines ( TNFa and IL- 6 ) produced by tumor growth (Lin and Karin, 2007). Borges et al., (2006)
had observed that oxidative damage represented as increased lipid peroxidation and inhibition of GSH content,
catalase and SOD activity, led to liver and kidney dysfunction.

In this study, treatment of EAC — bearing mice with ZSC or in combination with hyperthermia induce appreciated
changes in the levels of either sGOT or sGPT compared with EAC group as a positive control. Results of the present
study demonstrated that the liver activities of SGOT and sGPT had not been affected significantly, while EAC-load
led to some liver dysfunction. On the other side, the albumin level had increased in all treated groups except in high
dose combination treated group in which the Albumin level significantly decreased when compared with
hyperthermia treated group. This finding is in agreement with Abd EI- Aziz et al., (2014) who studied the inhibitory
effects of Rosemary (Rosmarinusofficinalis L.) on Ehrlich ascites carcinoma in mice. The improvement of albumin
levels after ZSC treatment may be due to the hepato protective activity of ZSC in EAC-bearing treated mice. These
results are in line with these findings by Natesan et al., (2007) and Senthilkumar, (2008) who showed that the
methanol extract of Careyaarborea bark (MECA) have a hepatoprotective activity from EAC-load in mice.

Urea and creatinine levels, which are considered as makers of kidney function (Robbins et al., 2001), revealed a
negative effect of ZSC extract treatments on the kidney as indicated by significantly increase in high dose treated
group, while creatinine level did not show significant changes. An elevation of urea may be attributed to an increase
in nitrogen retention or excessive protein breakdown (Geraci et al., 1990). These alterations induced by toxic
conditions, reflecting metabolic cellular dysfunction (Gaw et al., 2001).

Histopathological assay offers more evidence for improving the EAC-induced cytotoxicity by different treatments of
ZSC or hyperthermia or combination. Treatment with combination between hyperthermia and high dose of ZSC
showed marked decrease in tumor cells number with only very few viable residual cells seen on liver surface but
still there was a marked hydropic degeneration of liver cells. In addition, treating EAC-bearing mice with
combination between hyperthermia and high dose of ZSC shows marked effect of treatment appear as marked
decrease in tumor cells with only very few viable residual cells seen on kidney surface, however slight tubular
cloudy swelling seen in kidney tissue.

In conclusion, loading mice with EAC cells induce a hepatic and renal toxicity. The results of histopathological

examination of liver and kidney tissues after treatments concludes that a marked effect in case of combination
between hyperthermia and ZSC rather than hyperthermia or ZSC independently.
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