
INTRODUCTION

Doxorubicin, a quinone-containing
anthracycline antibiotic, is an important agent
against a wide spectrum of human neoplasms.
However, its toxicity limits usage in cancer
chemotherapy (Singal, et al., 1987; Fadillioglu,
et al., 2003). It has been shown that free radicals
are involved in doxorubicin-induced cytotoxicities
(Quiles, et al., 2002;Yagmurca, et al., 2004;
Gajewski et al., 2007). The chemical structure of
doxorubicin causes the generation of free radicals
and the induction of oxidative stress that correlates
with cellular injury (Saad, 2001). Doxorubicin causes
an imbalance between free oxygen radicals (ROS)
and antioxidants. The disturbance in oxidant
antioxidant systems results in tissue injury that is
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ABSTRACT

 The anthracycline antibiotic Doxorubicin  is one of the most effective antitumour agents used
to treat human malignancies. Long term treatment with DOX is limited by its hepatotoxicity. The purpose
of the present investigation was to evaluate the hepatotoxic effect of the drug when used alone or
combined with the iron-chelating agent Dexrazoxane (DXZ) as protective effect. Twenty four adult
male rats were divided into 3 groups: Control group, group2A, Doxorubicin 1 week (DOX 1wk), group2B,
Doxorubicin  2 weeks (DOX 2wk) and  group3, Doxorubicin +Dexrazoxane (DOX+DXZ 1 wk. and 2
wk.). Ultrastructural damage showed hepatocytes injury after 1week and more severed after 2 wk as
Hepatocyte cell appears with vacuolated with damage mitochondria structures and vacuolated in
nucleus. Liver cell disappear some cytoplasm organelles such as rough endoplasmic reticulum , smooth
endoplasmic reticulum and lysosomes.
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demonstrated with lipid peroxidation and protein
oxidation in tissue (Karaman, 2006). Endogenous
antioxidant enzymes such as superoxide dismutase,
catalase and glutathione peroxidase enzyme in liver
tissue can limit the effects of ROS but quickly
become overwhelmed by large quantities of ROS
(Bagchi et al., 1995 and Durk et al., 1998). Several
studies have demonstrated that together with
inflammatory processes, free radicals, oxidative
stress and lipid peroxidation are frequently
associated with liver damage induced by toxic
agents such as doxorubicin. Regulation of these
mediators has been considered a therapeutic
necessity to prevent doxorubicin induced toxicities
in various organs (Yagmurca, et al., 2007; Abd El-
Aziz, et al., 2001; Fadillioglu, et al., 2004).



Doxorubicin increases the urinary
excretion of a number of aldehydes (acetaldehyde,
formaldehyde and malondialdehyde) with
concomitant increase in hepatic lipid peroxidation
(Bagchi  et al., 1995 and Pierscinski et al., 1994).
With respect to the liver, other effects include
doxorubicin induced hepatic mRNA induction
(Fardel, et al., 1997), nuclei changes (Merski et al.,
1976 ), reduction in glutathione (Rapozzi et al.,
1999), increases in microsomal UDP-
glucuronosyltransferase activity (Lear et al., 1992),
inhibition of oxidative phosphorylation (Shinozawa
et al., 1991) and inhibition of NADPH cytochrome
c. reductase activities (Mungikar and Gothoskar,
1985). The involvement of metal ions in doxorubicin
toxicity has led to the development of various
cytoprotective agents such as the
bisdioxopiperazine compound dexrazoxane (ICRF-
187) (Hasinoff et al., 1991; Kvetina et al., 1997 and
Zima et al., 1998).

Liver cancer, in particular, hepatocellular
carcinoma (HCC), is one of the major cancer killers
(Liovet, 2005). There is not first line option for
patients with advanced HCC. Systemic doxorubicin
provides partial responses, but no clear survival
advantages, and well-known treatment-related
complications (Liovet, 2005).

The indications of oxidative injury of
mitochondria include membrane lipid peroxidation,
inhibition of respiration and oxidative
phosphorylation, decrease mitochondria ATPase
activity, breaking of mitochondrial DNA helix and
slow down mitochondrial DNA synthesis (Ji and
Mitchell, 1994). Thus, protective strategies to
prevent cytotoxicity without reducing the antitumour
effect of anthracyclines including : augmentation of
endogenous antioxidant defences (De Atley et
al.,1999) alpha- tocopherol (Geetha, 1993) and iron
chelating agents as Dexrazoxane  ( ICRF-187).

Initial studies on experimental animals
(Torre et al., 1999) and human showed that
Dexrazoxane (ICRF-187) is a promising agent to
decrease doxorubicin cytotoxicity because it neither
interferes with anthracycline distribution, metabolism
or excretion nor it reduces the antitumour potency
of anthracyclines. In addition, it imposes limited
damage on mitotically active tissues such as bone

marrow, liver, testes and G.I.T.epithelia.

The aim of the present study was evaluate
ultrastructurally changes in the liver of the normal
rats and  rats treated  with Doxorubicin as toxic
effect and Dexrazoxane as protective effect.

MATERIAL AND METHODS

Animal
The present study was carried out on 24

adult male albino rats weighing 150-250 g each and
aged 2 months. They were kept in clean ventilated
cages and fed on a commercial laboratory diet.

Drugs  and treatment schedules
The animals were divided in 3 groups:

Control group (8 rats), Doxorubicin group (DOX
group) 8 rats subdivided into 2 subgroups (A,B) each
4 rats according to the duration after DOX injection.
DOX: 1 week (group 2A), DOX: 2 weeks (group2B)
and group receiving DOX + DXZ for the same
duration 1week and  2 weeks. DOX was
administrated as a single an ip dose injection 1.5ml/
150gm and Dexrazoxane (DXZ) was administrated
30 minutes prior to injection of DOX and the dose
administrated was 3.3ml/150gm.as a single an ip
dose. These doses of the used drugs are more or
less equivalent to the human doses used in the
management of acute leukaemia and malignant
lymphomas.

Electron microscopy
The liver tissues were first washed in

deionized water to separate blood then cut liver
tissues into small cubes of 1-2mm³ and immersed
in perfusion fixative for two hours. Fixation was
continued in 2.5% glutaraldehyde in 0.1 M Sodium
cacodylate buffer pH 7.4. After rinsing in cacodylate
buffer, specimens were postfixed in aqueous 1%
OsO

4 for two hours at 4°C. Washing in the same
buffer about  three times , 5min each. Specimens
were dehydrated in a graded series of 30 to 100%
ethanol-100% propylene oxide and then infiltrated
in a 1:1 mixture of propylene oxide- epoxy resin  for
one hour, then embedded in pure  epoxy resin,
followed by hardening at 60°C for two days. Ultrathin
(60-70nm) sections were collected on 200-mesh
copper grids and stained with 0.5% aqueous uranyl
acetate for one hour , followed by 0.5 % lead citrate

552 Abu-Zinadah & Abdu, Biosci., Biotech. Res. Asia,  Vol. 5(2), 551-557   (2008)



for 20 min. by Leica autostainer. Sections were
photographed using a JEOL JEM 1011 transmission
electron microscope at 80  kV with Gatan CCD
Camera.

RESULTS

General examination
The animals received DOX demonstrated

general weakness, loss of appetite and weight,
diarrhea, redness around nose and mouth, yellowish
colouration and loss of hairs in certain areas of the
body.

Electron microscopic Examinations
Control group

Electron micrographic examination of the
control rat liver sections showed the normal
ultrastructure. The hepatocytes contained rounded
nucleus and surrounded by the ground cytoplasm
which containing different cell organelles including,
mitochondria which are round and oval outlines with
their mitochondrial ridges and rough and smooth
endoplasmic reticulum , Golgi-apparatus were
present near the nucleus. Glycogen particles could
be also detected in the  cytoplasm of the
hepatocytes. (Fig.1).

Group 2
Electron Microscopy ultrastreuctural of

hepatocyte the subgroup A (DOX 1wk) shows the
nucleus had changed in shape, the outer and inner
membranes fused together and shows oval in
shape. The chromatin material was condensed into
small deeply staining. Hepatocyte cell appears with
vacuolated in cytoplasm and Rough endoplasmic
reticulum (RER) adhering and rounded with nucleus.
liver cell appears with dense rounded and oval
mitochondria. Lysosomes like small rounded dense
stained granules were observed in the cytoplasm
masses. (Fig. 2)

Electron Microscopic examinations of
subgroup 2B (DOX 2 wk) observes the nucleus had
changed in shape, the outer and inner membranes
fused together and shows oval in shape,  with  small
condensed patches of chromatin and disappear
nuclei. Hepatocyte cell appears with vacuolated with
damage mitochondria structures. Liver cell
disappear some cytoplasm organelles such as
rough endoplasmic reticulum , smooth endoplasmic
reticulum, Golgi apparatus. Lysosomes like small
rounded dense stained granules were observed in
the cytoplasm masses. (Fig. 3 )

Fig.1: Photo electron micrographs of hepatocytes
of control rat, the cytoplasm contains numerous
mitochondria (M), rough endoplasmic reticulum

(RER), smooth endoplasmic reticulum (SER),
lysosmes (L), Golgi apparatus (GA), Glycogen

(G) and nucleus (N). X 10000
Group 2

Control group

Fig. 2: TEM electron micrographs of
hepatocytes of treated rat with doxorubicin

after one week , showing cytoplasmvacuoles
(V), dense mitochondria (M)lysosomes

(L), nucleus (N). X 6000
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Group 3
Ultrastrurally examination the liver cell ,

subgroup 3A (DOX +DXZ 1wk)) showing slightly
changes in creastia of mitochondria and appear
different cytoplasm organelles like normal cell
(Fig. 4).M

The electron microscopic examination of the liver
of rat which treated with doxorubicin and
dexrazoxane after two weeks showing normal
structure of  hepatocytes included round nucleus ;
round and oval mitochondria; rough and smooth

endoplasmic reticulum; lysosomes and glycogen.
(Fig. 5).

Fig. 3: Electron micrograph of hepatocyte
from doxotubicin treated rat after two weeks

showing vacuoles and damaged mitochondria
structures and vacuoles in nucleus. X 5000

Fig. 4: Electron micrograph of liver cell from
Doxorubicin + Dexrazoxane treated rat after
1 week, m: mitochondria; L: Lysosomes and
RER: rough endoplasmic reticulum. X 25000

Fig. 5: Electron micrograph of liver cell from
Doxorubicin + Dexrazoxane treated rat after

2 week, m: mitochondria; RER: rough
endoplasmic reticulum; endoplasmic

reticulum; N: nucleus. X 8000

DISCUSSION

              Doxorubicin showed cardiotoxic and
hepatotoxic effects in animals. It is known that
antibiotics such as DOX cause weight loss (Durak
et al., 1998; Kalender et al., 2002). For this reason,
their prolonged use and over dosage cause death.
These drugs cause disruption in basal metabolism
by showing toxic effect especially in liver and hearth
tissues. Our electron microscopic findings showed
that DOX caused hepatotoxic effect.

Doxorubicin (DOX) is a widely used
chemotherapeutic drug for human hepatocellular
carcinoma. A major limitation to its effectiveness is
the development of multidrug resistance of cancer
cells (Irena Manov et al., 2007). Doxorubicin also
accumulates in the liver, which might damage
hepatocytes. doxorubicin impairs liver function in
rats with liver fibrosis and cirrhosis.

Murt, et al., 2007 found that, The tissue of
the doxorubicin group showed some
histopathological changes such as necrosis,
hepatocyte degeneration, sinusoidal dilatation,
hemorrhage and vascular congestion and
dilatation. In the doxorubicin plus erdosteine group,
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histopathological evidence of hepatic damage was
markedly reduced. Two different ways of free radical
formation by DOX have been described. The first
way implicates the formation of a semiquinone free
radical by the action of several NADPH-dependent
reductases that produce a one-electron reduction
of the DOX to the corresponding  DOX
semiquinone. In the presence of oxygen, redox
cycling of DOX-derived quinone–semiquinone
yields superoxide radicals. In the second way,
DOX free radicals come from a non enzymatic
mechanism that involves reactions with iron
(Kalender et al., 2005 and Yagmurca et al., 2007).
For example, Fe3+ reacts with DOX in a redox
reaction after which the iron atom accepts an
electron and a Fe2+ DOX free radical complex is
produced. This iron–DOX complex can reduce
oxygen to hydrogen peroxide and other active
oxygen species (Quiles et al., 2002). Damage at
the cell level by oxidants is attenuated by
antioxidant enzymes such as superoxide
dismutase, catalase and glutathione peroxidase.

Doxorubicin has several acute and chronic
side effects, par ticular ly a dose-depended
myocardial injury, which can lead to a potentially

congestive heart failure (Singal et al., 1998). Other
tissues like the kidneys, brain, liver and the skeletal
muscles, are also affected by Doxorubicin  (Kalender
et al., 2005). Adriamycin, anticancer drug, forms a
complex with DNA, inhibiting the synthesis of both
DNA and RNA. Its metabolism also results in ROS
formation (Halliwell and Gutteridge, 1989 and Trush
and kensler, 1991).

Electron microscopy studies showed that
DOX cause pathological changes in hepatocytes.
This effect was seen in mitochondria, nucleus and
endoplasmic reticulum of liver cells. However, DOX
+ DXZ treated group showed no pathological
changes in liver cells. As a result, in our study by
electron microscopy ultrastructure indicated that
Doxorubicin caused hepatotoxic effect was
prevented by Dexrazoxane.
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