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Traditional cancer therapy can be successful in destroying tumors, but can also
cause detrimental side effects. Doxorubicin (Dox) is a potent antitumor agent
whose activity is severely limited by a cumulative dose-dependent chronic
cardiotoxicity. Therefore, combination chemotherapy is considered to be the
backbone of cancer treatment. Thus, the aim of the present study was to
investigate the antitumor effect of gallium trichloride (GaCls) and to evaluate the
possible role of combination of GaCl3 with Dox fractionated dose in reducing
cardiac injury. Gallium trichloride (300 mg/kg b.w./day) was orally administered
daily during 3 weeks either alone or combined with (Dox) that administered
intraperitoneally (4 mg/kg b.w./day) once a week for 3 weeks, in solid Ehrlich
carcinoma (EC) bearing mice. Biochemical analysis as well as histopathological
examination were performed. The results demonstrate that 3-weeks course of
sequential administration of GaCl; either alone or combined with Dox leads to
substantial inhibition of tumor growth, enhancement of antioxidant enzymes
activity, induction of apoptosis. These findings were well appreciated by the
histopathological examination of solid tumor in the treated groups. It could be
concluded that GaCl; may be a useful synergistic chemotherapeutic agent with
other anticancer drugs. Further studies should be done to ascertain these findings
on clinical level.

Introduction

apoptotic signaling mechanisms ™.

Cancer has become a hot topic in medicine since it is a
major cause of death in both the developed and
developing countries and it is now only secondary to
that of myocardial infarction ™. The most effective
antitumor  treatment is currently achieved by
chemotherapeutic agents that abrogate tumor cells, but
can also cause dangerous side effects, in that they don't
only affect the proliferated cells, but also the normal
cells 1. With this in mind, novel strategies for treating
malignancies are being developed on the experimental
level in order to be applied in clinical setting.

The anticancer drug (Dox) has been widely used for the
treatment of a broad spectrum of cancers ¥l. A major
adverse side effect associated with Dox usage is the
onset of cardiomyopathy and heart failure. Several
reports suggest that Dox-induced apoptosis in
endothelial cells plays an important role in its
cardiotoxicity that is linked to formation of reactive
oxygen species (ROS) derived from redox activation of
Dox *®! Recent studies have focused on Dox-induced
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Over the past two to three decades, gallium compounds
have gained importance in the fields of medicine and
electronics 1. Gallium, a metal from group 13 (Illa) of
the periodic table, has been reported to be active against
various tumor cells, both in vitro and in vivo %% In
clinical medicine, radioactive gallium and stable gallium
nitrate are used as diagnostic and therapeutic agents in
cancer treatment. Gallium (Ill) and subsequently
developed gallium (Ill)-containing complexes have
shown promising antineoplastic effects when tested in a
host of malignancies, specifically in lymphomas and
bladder cancer. However, the molecular mechanism
responsible for their anticancer effect is yet to be fully
understood. Foster et al. ™ cited at least five reasons to
continue evaluating this antitumor candidate: (a) it has
been shown to concentrate in human tumors; (b) it has a
broad spectrum of preclinical activity in massive solid
tumors; (c) it does not produce significant
myelosuppression in humans making it an attractive
candidate for combination chemotherapy; (d) the risk of
renal toxicity can be reduced by 30% according to mode
of drug delivery, without impairing antitumor activity
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and (e) it has exhibited clinical antitumor activity
especially in patients with refractory lymphomas and
cancer related hypercalcemia.

The anti-proliferative mechanism of gallium action
could be related to its competition with iron atom from
the circulation, thus causing disruption of normal
cellular iron homeostasis ™. It modifies three-
dimensional structure of DNA and inhibits its synthesis,
modulates protein synthesis; also, it inhibits the activity
of a number of enzymes, such as ATPases, DNA
polymerases, ribonucleotide reductase and tyrosine
specific protein phosphatase. It is worth mentioning that
Ga salts are taken up more efficiently and more
specifically by tumor cells when gavage orally 2.
Moreover, scientists tended to combine gallium salts
with other chemotherapeutic drugs hoping that this will
improve the results of the treatment %1,

The application of gallium in clinical medicine may be
advanced by a better understanding of their mechanisms
of action, drug resistance, pharmacology, clinical
efficacy, and potential side-effects of gallium
compounds as drugs.

The present study had two objectives. The first was to
investigate the antitumor effect of gallium trichloride
against Solid Ehrlich carcinoma induced in mice. The
second objective was to evaluate the coadministration of
gallium trichloride with doxorubicin (Dox) to reduce the
adverse effect associated with Dox usage such as heart
failure in vivo.

Materials and Methods

Chemicals

Gallium trichloride, product no. G450898, was
purchased from Sigma-Aldrich company, dissolved in
water. Seven days after tumor transplantation, every
mouse was orally supplemented by 300 mg/kg b.w./day
daily for 3 weeks.

Doxorubicin hydrochloride, available commercially as
Adriblastina® (Pharmacia, Italy), was provided as a
stock solution (10 mg/5 ml (HCI)). Seven days after
tumor transplantation, every mouse was i.p. injected by
4 mg/kg b.w. /day once a week for 3 weeks.

Animals

Adult female Swiss albino mice weighing 22-25¢g
purchased from the breeding unit of the Egyptian
Organization for Biological Products and Vaccines
(Cairo) were used in this study. The animals were
maintained on a commercial standard pellet diet and tap
water ad libitum. Animal maintenance and treatments
were conducted in accordance with the National Institute
of Health Guide for Animal, as approved by Institutional
Animal Care and Use Committee (IACUC).

Tumor Transplantation

A cell line of Ehrlich Ascites Carcinoma (EAC) was
used in this study. The parent line was supplied from
Egyptian National Cancer Institute (NCI), Cairo
University. The tumor cell line was transplanted in the
experimental female Swiss albino mice by weekly
intraperitoneal injection of 2.5 million cells per mouse

until the end of the experiment. The EAC cells were
counted before intraperitoneal injection using the bright
line (hemocytometer) and dilution was done using
physiological sterile saline solution. The desired
numbers of cells were injected in a volume of 0.2 ml. To
achieve Ehrlich Solid Tumor, 0.2 ml EAC cells (2.5 x
10° cells/mouse) were inoculated intramuscularly in the
right thigh of the lower limb of female mice.
Determination of LDsg using experimental animals

In screening drugs, determination of LDs, (the dose
which has proved to be lethal to 50% of the tested group
of animals) is usually an initial step in the assessment
and evaluation of the toxic characteristics of a substance.
It is an initial assessment of toxic manifestations
(provides information on health hazards likely to arise
from short-term exposure to drugs) and is one of the
initial screenin? experiments performed with all
compounds ™. The studied compounds were
administered orally in graduated doses and LDsy were
determined ™. The optimum selected dose for
evaluating the in vivo antitumor activity of the tested
compounds was calculated approximately as (1/10) of its
LDg, value.

Experimental design

Sixty animals were randomly divided into five equal
groups as follows:

Group (1): Normal healthy control animals.

Group (2): Ehrlich Ascites Carcinoma inoculated mice
(EC): Animals were inoculated intramuscularly in the
right thigh by 2.5X10° Ehrlich Ascites Carcinoma cells.

Group (3): EC bearing mice were treated i.p. with Dox (4
mg/kg/day) once a week for 3 weeks.

Group (4): EC bearing mice were gavage with proper
dose of GaCls (300 mg/kg/day) daily for 3 weeks.

Group (5): EC bearing mice were i.p. injected with Dox
as described in group (3) followed by gavage with proper
dose of GaClsas described in group (4).

Tumor volume monitoring

The change in tumor volume was measured regularly
twice weekly using Vernier calipers and calculated by
the following formula: Tumor volume (mm®) = 4z A®B,
where A is the major axis and B is the minor axis °.
Blood collection and tissue sampling

Two days after the last treatment in each group, the
animals were weighed and dissected under light ether
anesthesia. Blood samples were collected and
centrifuged to separate serum. Serum was separated for
the un-delayed analysis of total creatine phosphokinase
(CPK), aspartate aminotransferase (AST) and lactate
dehydrogenase (LDH) activities. At autopsy, animals
were thoractomized, tumors and the hearts were excised
and parts of tumors and whole hearts were kept in a
plastic vial containing sterile saline at -20°C until
biochemical analysis, while the other parts of tumors
were fixed in 10% formalin for histological examination.
Preparation of tissue homogenate

The heart and parts of tumor tissues were homogenized
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in ice-cold 50 mM Tris-HCI/0.25 M sucrose buffer (pH
7.4) to prepare al0% (w/v) tissue homogenate for
determination of malondialdehyde content, glutathione
peroxidase and catalase activities. An aliquot of the
whole tissue homogenate was centrifuged at 10,000 rpm
for 15 min at 4°C and the cytosolic supernatant was used
for the determination of inflammatory cytokines,
interleukin-10 and tumor necrosis factor-alpha.
Biochemical parameters

Serum total CPK and LDH activities were measured
according to Rosalki M for CPK and Buhl & Jackson
8 for LDH by the kinetic method using commercial
assay kits (Stanbio, USA). Serum AST activity was
measured colorimetrically by the method of Reitman &
Frankel ™! using a commercial assay kit (QCA, Spain).
Iron concentration was determined in serum according
to Dreux . Lipid peroxide concentrations were
determined in heart and tumor tissues by measuring the
malonaldialdahyde (MDA) end product as described by
Yoshioka et al. ®. The glutathione peroxidase (Gpx)
and catalase (CAT) activities ware assayed in heart and
tumor tissues by using colorimetric assay for cellular
glutathione peroxidase ?% and spectrophotometric assay
for catalase ) respectively. Heart and tumor tissues
homogenate of each group was assayed for TNF-alpha
level using mouse TNF-alpha ELISA kit purchased from
KOMA Biotech Inc. (South Korea) catalog no.
K0331186. IL-10 was determined in heart and tumor
tissues homogenate using mouse IL-10 platinum ELISA
kit purchased from Bioscience company (USA) catalog
no. BMS614/2.

Histopathological examination

After fixation of tumor tissues in formalin (10%) for 24
hours, certain steps were performed to get the paraffin
blocks. Sections of 5 microns thickness were cut and
stained with (hematoxylin) and eosin (24) and examined

by light microscope for histopathological investigation.
Statistical analysis

All values are reported as the mean + SE. Data were
analyzed wusing a one-way analysis of variance
(ANOVA). The level of significance between mean
values was set at P < 0.05. All statistical analyses were
performed using SPSS software (Version 20.0).

Results

Tumor volume

EC size monitoring is illustrated as shown in Figure 1. It
is clear that the inoculation of 2.5 million of EC cells in
the thigh region of healthy normal female mice produced
a tumor with a mean size of 723.6 + 6.7 mm® on the 10"
day after tumor inoculation. EC size proceeded by days
reaching 2805 + 10.5 mm?® on the 21 days after tumor
inoculation. Gavages of the experimental animals with
GaCl; and/or Dox 7 days after EC tumor cell inoculation
caused a marked suppression of tumor growth where the
tumor volume was significantly decreased compared to
corresponding EC group. Also, groups of animals treated
with EC+GaCl; or EC+Dox+GaCl; showed suppression
of tumor volume when compared with EC+Dox group.
Biochemical analysis

The results obtained in the present study revealed that
the inoculation of EC in mice induced a significant
decrease in catalase and glutathione peroxidase activities
accompanied with a significant increase in MDA content
in heart tissue compared to their corresponding control
values (p<0.05). Treatment of animal bearing tumor with
GaCl; and /or Dox induced a significant increase in
antioxidant activities (CAT & GPx) with a normalization
of MDA in the other three treated groups compared to
tumor group (Tablel). There was a significant decrease
in MDA level accompanied with a significant increase in
GPx activity in groups of animals treated with EC+GaCl;
and EC+Dox+GaCl; compared to EC+Dox group.

mEC wmEC+Dox

EC+GaCl3 m EC+Dox+GaCl3

3000

2500

2000

1500

1000

Tumer volume (mm?)

500

10 day

& s -
= LE
LR — L
- .
: [l [

1ldday 21 day

Figure (1): Effects of gallium trichloride and/or doxorubicin (DOX) on tumor volume mm? of EC mice bearing

tumor. **; significant to EC
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Table 1: Effects of gallium trichloride and/or doxorubicin on the level of malondialdehyde (MDA), catalase (CAT)
and glutathione peroxidase (GPX) in heart tissues of EC bearing mice.

Parameters
Groups MDA (umol/g) Catalase (U/g) GPyx (mU/q)
Control 249.6 + 8.7 48.3 + 1.5 436.4 + 9.2
EC 316.6 + 8.8% 23.0 + 1.7% 128.8 + 5.1%%
EC+ Dox 289.5 + 8.1°¢ 32.6+ 1.8 256.7 + 9.5
EC+GaCl, 253.1 + 7.4 38.3+2.6% 342.2+ 6.6
EC+ Dox+ GaCl, 253.9 +7.8"™ 38.0+2.3® 359.4+ 8.0%°

Each value represents mean + SE. of eight values. ® Significance vs control group; ° Significance vs EC group; © Significance vs
EC+Dox group; ¢ Significance vs EC+GaCl, group;.® Significance vs EC+Dox+GaCls group.

The results presented in tumor tissue in Table 2 showed
that the treatment of EC bearing mice with GaCl; and/or
Dox caused a significant increase in the level of MDA,
while the levels of catalase and glutathione peroxidase
in tumor tissue were significantly decreased (p<0.05)
compared to their respective levels in EC tumor group.
More pronounced increase in GPx activity was detected
in group of animals treated with EC+GaCl; in
comparison with other treated groups.

Data presented in Table 3 showed a significant
elevation in serum AST, CPK and LDH activities in EC
and EC+ Dox groups in comparison with those of

controls. Administration of GaCl; alone or combined
with Dox significantly ameliorated the results close to
normal control. A significant decrease in serum AST,
CPK and LDH activities was observed in each of
EC+GaCl; and EC+Dox+GaCl; groups compared with
EC+Dox group. Serum iron concentration decreased
significantly (p<0.05) in all studied groups compared to
control group, this decrease is more pronounced in tumor
group treated with GaCl; and Dox. An elevation was
observed in a group of animals treated with Dox
compared to EC group.

Table 2: Effects of gallium trichloride and/or doxorubicin on the level of malondialdehyde (MDA), catalase (CAT)
and glutathione peroxidase (GPx) in tumor tissues of EC bearing mice.

Parameters
Groups MDA (umol/g) Catalase (U/g) GPyx (mU/g)
EC 95.3 £5.7° 36.7 £ 1.6™ 384.6 + 10.0™
EC+ Dox 139.1 + 8.0 27.1+£23° 256.8 + 9.53%
EC+ GaCls 125.0 + 7.5° 285+1.1° 350.0 + 8.6
EC+ Dox + GaCls 130.0 +9.7° 274+12° 231.1 £6.3%

Each value represents mean + SE. of eight values. ® Significance vs EC group; ? Significance vs EC+Dox group; ° Significance vs

EC+GaCl; group; d Significance vs EC+Dox+GaCl; group.

Table 3: Effects of gallium trichloride and/or doxorubicin on serum aspartate aminotransferase, (AST), creatine
phosphokinase (CPK), and lactate dehydrogenase (LDH) activities and iron levels of EC bearing mice.

Groups Parameters | st (/L) CPK (U/L) LDH (U/L) Iron (umol/L)
Control 435.3 + 8.6 214.4 + 83" 624.7 + 8.6™ 144.3 + 8.6™*
EC 603.0 + 26,27 549.0 + 5.8%% 749.5 + 11,27 117.7 + 7.2%%
EC + Dox 520.0 + 8.6%% 425.7 + 6.2%% 702.5 + 10.9%°% 126.3 +59%
EC + GaCl, 447.7 + 8.4 217.8 +10.1™ 640.0 + 11.8" 77.0 £ 5.8%¢
EC + Dox + GaCls 446.0 £9.2™ 226.4+7.7™ 645.7 + 9.0™ 71.2+ 6.2%°

Each value represents mean + SE. of eight values. ® Significance vs control group; ° Significance vs EC group; ¢ Significance vs
EC+Dox group; ¢ Significance vs EC+GaCl, group;.® Significance vs EC+Dox+GaCls group.

52



E. Kandil /Egy. J. Pure & Appl. Sci. 2016; 54(1):49-57

Data shown in table 4 revealed a significant increase in
heart and tumor TNF-alpha (TNF-a) in mice tissue
under different treatment conditions compared to EC
group and normal control group. The highest TNF-a

value in heart tissue was observed in the group of
animals treated with EC+Dox as compared with other
groups. Interleukin-10 (IL-10) recorded the highest
increase in EC+Dox group compared to the other groups.

Table 4: Effects of gallium trichloride and/or doxorubicin on the level of tumor necrosis factor-alpha (TNF-a) and
interleukin-10 (IL-10) levels in heart and tumor tissues of EC bearing mice.

Parameters | Heart tissue TNF-a. | Tumor tissue TNF- | Heart tissue Tumor tissue
Groups (pg/g) o (pg/g) IL-10 (pg/g) IL-10 (pg/g)
Control 129.5+54%% | .. 233.0x4.7%% | L.
EC 249.1 + 5.7%% 155.0 + 5.7 310.0 + 5.7°% 14.7 £ 1.6
EC+ Dox 466.3 + 9.2%% 232.2 + 5.7°% 318.3 + 4.4™® 64.6 + 3.3"*
EC+ GaCl, 205.4 + 8.6%° 981.8 + 6.0° 260.0 + 2.8%¢ 26.2 +1.7%
EC+ Dox+ GaCl, 226. 2+ 11.1%° 595.3 + 8.6" 270.0 + 5.7%° 32.4+2.1%

Each value represents mean + SE. of eight values. ? Significance vs control group; ® Significance vs EC group; ¢ Significance vs
EC+Dox group; ¢ Significance vs EC+GaCl, group; ® Significance vs EC+Dox+GaCl; group.

Histopathological examination

Histopathological examination of the solid Ehrlich
carcinoma (EC) under light microscope showed a group
of intact cancer anaplastic cells with criteria of anaplasia
were noticed in the subcutaneous tissue and skeletal
muscles of EC mice. Tumor cells are mostly spindle in
shape and acquire metastasis architecture (Fig. 2a).
Treatment of experimental animals bearing EC with
doxorubicin showed that, muscle fibers with normal
architecture occupy the peripheral contour. On the other
hand, Ehrlich tumor patches are mainly located in the
central areas. Small profiles of degenerated muscles
fibers are located within these tumor foci. Their
myofibrils and consequently their striations have
disappeared completely. Tumor areas are basically
formed of spindle-shaped cells and are intensively
invaded with inflammatory cells (Fig. 2b). Treatment of
animals bearing EC with gallium trichloride recorded
that, Ehrlich tumor lost its central orientation and is
disrupted by bundles of muscle fibers with signs of
regenerations, as well as many inflammatory cells.
Muscle fibers of these central bundles develop myofibril
striations, several necrotic regions with pyknotic nuclei
domain tumor foci (Fig. 2c). Treatments of animals
bearing EC with doxorubicin and gallium trichloride
revealed that, muscle fibers with myofibril striations are
more obvious in this group. However, several
degenerated muscle fibers are also present. Cells lying
deeply within the tumor foci are smaller than their more
peripheral counterparts. These tumor foci are also rich in
necrotic regions and inflammatory cells, and are usually
associated with wide areas of adipose tissues (Fig. 2d).
Discussion

The present study was performed to assess the potential
anticancer effect of gallium trichloride (GaCls) as
anticancer drug in vivo and also its possible role in
reducing cardiac damage induced by fractionated admin-

istration of doxorubicin (Dox).

Combination therapy, using agents that target the
microenvironment as well as the cancer cells, is common in
the treatment of cancer. Herein, 3-weeks course of
sequential administration of the cytotoxic drug Dox (4
mg/kg), combined with the antitumor agent GaCl; (300
mg/kg), caused substantial inhibition of tumor growth in
mice. The more pronounced delay in tumor volume was
recorded when experimental animals were treated with
GaCl; and Dox supporting the synergistic effect of such
treatment.

How Dox and GacCl;elicit these combined antitumor effects
remains to be established, but the individual mechanism of
action of the drugs is well established. Dox is an
(anthracycline) that inhibits topoisomerase Il and induces
DNA double-strand breaks, interferes with DNA unwinding
and induces differentiation and generates oxygen-free
radicals . Therefore Dox induces growth arrest and
Egggpoptotic cell death accompanied by DNA damage
The trivalent Ga cation is capable of inhibiting tumor
growth, mainly because of its resemblance to ferric iron. It
affects cellular acquisition of iron by binding to transferrin,
and it interacts with the iron-dependent enzyme
ribonucleotide reductase, deactivating the enzyme through a
conformational change resulting in reduced deoxy
ribonucleotide triphosphate (ANTP) pools and inhibition of
DNA synthesis. The abundance of transferrin receptors and
the upregulation of ribonucleotide reductase render tumor
cells susceptible to the cytotoxicity of gallium 22,

Oxidative stress and impaired antioxidant system have been
proposed as a potential factor involved in the
pathophysiology of diverse disease states, including
carcinogenesis . This study indicates that EC inoculated
in female mice have a marked depletion in tissue GPx and
CAT activities with a significant increase in lipid
peroxidation product (MDA) compared to the control
group. These findings are in agreement with the previous
studies which reported that EC induces excessive production
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(@)

of intracellular free radicals resulting in oxidative stress
causing antioxidant disturbances and acceleration in lipid
peroxidation 0%,

In the present investigations, the administration of GaCls
alone or combined with Dox showed a marked
amelioration in oxidative stress. The results revealed a
significant elevation in GPx and catalase activities in
heart tissue with a significant decrease in lipid peroxide
compared to EC bearing mice group as well as EC+Dox
group, This is in harmony with a previous study B¢
which reported that, gallium metal upregulate several
antioxidant enzymes such as catalase and superoxide
dismutase in order to cope with the pro-oxidant
properties of this metal. Moreover, GaCl; at 8 mg/l
decreased the malondialdehyde (MDA) production as
reported by 1. Banin et al. ¥ recorded that, gallium-
desferrioxamine caused a significant reduction, 2.56
fold, in lipid peroxidation in the cat retina, as reflected
by levels of malondialdehyde (MDA).

The treatment with GaCl; and/or dox caused a
significant increase in MDA in tumor homogenate
accompanied with a marked decrease in antioxidant

(b)

(d)

Fig. (2): Photomicrographs of sections in solid Ehrlich carcinoma (EC) stained by H&E. 2a, Section in EC; 2b,
Section in EC treated by doxorubicin; 2c, Section in EC treated with gallium trichloride; 2d, Section in EC
treated with gallium trichloride and doxorubicin.

agents (GPx & CAT activities). The aforementioned
results were in agreement with several studies which
mentioned that, Dox was reported to induce ROS
generation in various tumor cells *%*!. However, the
exact role of ROS in Dox-induced tumor cell killing is
still under investigation. Several reports suggest that Dox
induced apoptosis plays an important role in its
cardiotoxicity that is linked to formation of reactive
oxygen species (ROS) derived from redox activation of
Dox (39). On the other hand, In this regard, the present
results could be aApﬁJreciated by studies made by Yang
and Chitambar " who have shown that, Ga is
implicated in intracellular oxidative stress through the
generation of reactive oxygen species, with a decrease in
the ratio of cellular glutathione reduced form (GSH) on
glutathione oxidized form (GSSG). Cells exposed to
inorganic gallium salts, such as gallium nitrate, displayed
an increased generation of ROS. In addition, it was
documented that the new insights into the cellular
response to gallium could suggest a model in which the
initial exposure of cells to gallium results in an elevation
of intracellular ROS which, in turn, invokes a cytoprotective
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response (i.e., an increase in MT2A and HO-1 gene
expression) 3 Thus, cell death occurs only when these
cytoprotective responses are overwhelmed. These data
are consistent with the histopathological results
presented in this work.

Cancer cells undergo intensive cell division and need a
considerable amount of iron for their development. On
the basis of this information, it can be said that the
neoplastic process in the organism significantly
decreases iron concentration in the serum, probably
directing iron to the developing tumor ¥2. The unique
mechanism of antineoplastic action of gallium that
involves its ability to target and disrupt tumor cell iron
homeostasis sets it apart from other chemotherapeutic
drugs. In the present study, treatment of EC bearing
mice with GaCl; either alone or combined with Dox
caused a significant decrease of serum iron
concentration compared with EC group as well as
EC+Dox group. Gallium shares certain similarities with
iron that allow it to function as an iron mimetic, bind to
iron transport Joroteins, and thus inhibit iron-dependent
cell function . Inorganic gallium salts interfere with
physiological and intracellular procurement of iron, thus
causing its depletion .

Doxorubicin is used to treat a wide range of malignant
tumors. One limitation of this drug is an associated
dose-dependent cardiac toxicity. Olson and Capen
first showed cardiac damage in mitochondria and
endoplasmic reticulum following ADR treatment using
electron microscopy. Although it is perhaps one of the
mechanisms of ADR's efficacy, a free radical mediated
theory has been proposed to explain ADR-induced
cardiac injury. The quinone moiety of this compound is
reduced through enzymatic and non-enzymatic
mechanisms with concurrent generation of O, (391
Serum CPK, AST and LDH activities are used clinically
to evaluate and diagnose cardiac dysfunction and
disease. The present data showed that, serum AST, CPK
and LDH activities were significantly elevated in EC
and EC+ Dox groups compared to normal control group
and these results correlate well with others 44,

The data presented here showed that, the administration
of GaCl; alone or combined with Dox showed marked
decrease in the activities of serum AST, CPK and LDH
compared to both EC and EC+Dox groups. It is
suggested that, GaCl; tends to prevent heart damage,
suppresses leakage of enzymes through cellular
membranes, preserves the integrity of the plasma
membranes and hence restores these enzymes levels.
The possible explanation of the improvement of heart
marker enzymes in mice treated with GaClz and Dox is
that; GaCl; may alters the pharmacokinetics of
doxorubicin and therefore decrease its toxicity [*°].

In the present study, it has been observed that tumor
bearing mice showed a marked elevation in
inflammatory  markers as TNF-a and IL-10
concentrations in heart and tumor tissues homogenate
compared to control group. Cytokines as TNF-a either
produced from tumor cells themselves or due to ROS

formed during tumor growth have cytotoxic properties

that cause tissue injury 181 It is documented that a slight

increase in oxidative stress leads to increase in TNF-a
level ¥,

Cytokines like TNF-o has been recognized as an

important host defense cytokine that affects tumor cells.

TNF-a plays an inhibitory role in cancer progression, it

is rational to hypothesize that blockin% its activity may

result in increased cancer incidence 3% The IL-10

shows its antitumor property by enhancement of the

function of natural killer cells and macrophages . The
stimulation of type 1 helper T cells (Thl) cytokines
along with 1L-10 by spleenocytes can be exploited as an
adjuvant effect. IL-10 production associated with
increased Th1l cytokines explaine the immunostimulatory
gzi\;[ure which might involve in indirect tumor regression

The present study revealed that, treatment with GaCl;

alone or combined with Dox showed a significant

increase in the levels of TNF- a and IL- 10 in tumor
tissue homogenate compared to EC bearing mice group.

These observations are well agreed with previous

investigations conducted in human leukemic/lymphoma

cells which showing that, human leukemia/lymphoma
cells exposed to gallium nitrate or gallium maltolate
display an initial  translocation of inositol
phosphotidylserine to the cell surface, an early marker of

apoptosis .

Based on the results obtained in the present study it

could be concluded that, oral administration of GaCls;

synergizes Dox and allows a reduction of the tumor
growth in vivo. Due to this effect and the lack of toxicity,

GaCl; may be used as a synergistic chemotherapy with

other anticancer drugs which should be further evaluated

in a clinical study.
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