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ABSTRACT
Background and Objectives: GIfosfamide (IFO) is a highly effective chemotherapeutic agent used for treating a variety of 
cancer but has reported to cause certain side effects such as hepatotoxicity. Being antioxidant and anti-inflammatory agents, 
omega-3 fatty acids (ω3 FAs) were effective in the treatment of various medical conditions. This study aimed to elucidate the 
possible hepatoprotective role of ω3 FAs against IFO-induced liver injury.
Methods and Results: A total of 42 adult male albino rats were divided into 4 groups; the control group (Gp I) of 12 rats, and 
3 groups each of 10 rats. Omega-3 group (Gp II) received 300 mg/kg/day of omega-3 plus orally. IFO group (Gp III) received 
intraperitoneal injection of IFO 50 mg/kg, which was subdivided equally into IFO subgroup (Gp IIIa) and IFO recovery 
subgroup (Gp IIIb). IFO + Omega-3 group (Gp IV) received omega-3 plus as pretreatment and combined treatment with IFO. 
Liver sections were stained with Hematoxylin and Eosin (H&E), Periodic acid Schiff (PAS) and immunohistochemical stain 
for caspase-3. The mean area percent (%) of glycogen & optical density of immunopositive cells were measured. IFO had 
degenerative effects on rat hepatocytes with marked depletion of glycogen, inflammatory cells infiltration, dilatation and 
congestion of blood sinusoids, prominent Kupffer cells (KC), besides, a significant increase in caspase-3 immunoexpression. 
However, these alterations were far less pronounced in IFO + Omega-3 group.
Conclusions: Administration of omega-3 FAs as a pretreatment and combined treatment with IFO ameliorated the liver injury 
induced by IFO indicating its hepatoprotective effects.
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INTRODUCTION                                                                 

Being the predominant site for the biotransformation 
of drugs, the liver is a primary target of adverse drug 
reactions[1]. Liver injury is triggered by offending drugs, 
or more commonly, drug metabolites. The injury could 
be propagated by subsequent cell stress, accumulation of 
reactive oxygen species (ROS) and/or specific immune 
reactions, or directly by binding of metabolites to enzymes, 
lipids, nucleic acids or other cellular structures[2].

Ifosfamide, a highly effective chemotherapeutic agent, 
is often used for treating a variety of pediatric and adult 
solid tumors[3]. However, it can have serious adverse effects 
such as hepatotoxicity[4] and nephrotoxicity[5].

Omega-3 fatty acids are long chain polyunsaturated 
fatty acids of plant and marine origin. They are of value 
in the treatment of various medical conditions as arthritis, 
asthma, inflammatory bowel disease and cardiovascular 
diseases[6]. They are capable of alleviating chemically 
induced acute hepatitis[7], reversing hepatic steatosis and 

ameliorating pathophysiological features of non-alcoholic 
steatohepatitis such as hepatocellular damage and lobular 
inflammation[8]. Omega-3 FAs have been suggested to act 
as anti-oxidant and anti-apoptotic agents[9].

In the current research, we aimed to elucidate the 
possible hepatoprotective role of omega-3 FAs against 
IFO-induced liver injury.

PATIENTS AND METHODS                                      

Drugs:

Holoxan 1g (sterile Ifosfamide) (Baxter Oncology 
GmbH, Germany): in the form of a vial containing a white 
crystalline powder that was dissolved in 25 ml sterile 
distilled water. It was given at a dose of 50 mg/kg once 
daily by intraperitoneal injection[10].

Omega-3 Plus (SEDICO, 6 October City, Egypt): 
used as gelatinous capsules, each contains 1000 mg fish 
oil (eicosapentaenoic acid “EPA” & docosahexaenoic acid 
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“DHA” 30%). Each capsule was evacuated by syringe 
carefully and was given orally at a dose of 300 mg/kg 
Omega-3 plus once daily by an intra-gastric tube[11].

Animals:

Forty two adult male albino rats weighing 150 – 200 gm 
were divided into 4 groups. The animals were bred in the 
Animal House of Faculty of Medicine, Cairo University. 
Each group was housed in separate hygienic wire cage, 
in well ventilated room, fed ad libitum and allowed for 
free access to water. All procedures were held under the 
guidelines of animal care of Cairo University.

Group I (Control group):

Twelve rats were divided into:

- Subgroup Ia: 4 rats, each given 0.1 ml saline daily 
orally using an intra-gastric tube for 20 days.          

- Subgroup Ib: 4 rats, each given 0.25ml distilled 
water by intraperitoneal injection from day 16 to day 20 of 
the experiment.

- Subgroup Ic: 4 rats, each given combined oral 
saline using intra-gastric tube and intraperitoneal injection 
of distilled water as subgroups Ia and Ib.

Three rats were sacrificed with each experimental 
group (II, IIIa, IIIb and IV)

Group II (Omega-3 group):

Ten rats, each received a single daily oral dose of 
Omega-3 plus 300 mg/kg/d for 20 days.

Group III  (Ifosfamide group):

Ten rats each received, starting on day 16, a single daily 
intra-peritoneal injection of ifosfamide at a dose of 50 mg/
kg for 5 consecutive  days.

They were divided into the following subgroups:

- IIIa: 5 rats were sacrificed 24 hours after stopping 
the drug.

- IIIb (recovery group): 5 rats were sacrificed 4 
weeks after stopping the drug.

Group IV ( Ifosfamide + Omega-3 group):

Ten rats, each received a single daily oral dose of 
Omega-3 plus for 15 days, followed by both intraperitoneal 
injection of ifosfamide and a single oral dose of Omega-3 
plus for 5 consecutive days, in the same doses as groups 
II & III.

A) Histological Study:

All animals were sacrificed using isoflurane inhalation 
24 hours after stopping the drug except group IIIb in 
which the rats were sacrificed 4 weeks after stopping IFO. 
Liver specimens were obtained by midline laparotomy 
and immediately fixed in 10% formol saline for 24 hours. 
Paraffin blocks were prepared and 5μm thick sections were 
subjected to hematoxylin and eosin (H&E) staining[12].

B) Histochemical Study:

Periodic acid-Schiff (PAS)[13] reaction with hematoxylin 
counterstain for demonstration of glycogen content was 
performed.

C) Immunohistochemical Study:

Immunohistochemical staining[14] using caspase-3 to 
detect apoptotic cells[15]. Ready to use rabbit polyclonal 
caspase 3 (CPP32) Ab-4 IgG (RB-1197-R7, Thermo Fisher 
Scientific; Fremont, USA) was used. Application of the 
primary (1ry) antibodies was followed by incubation in the 
humidity chamber for 60 min at room temperature. Tonsil 
was used as positive (+ve) control specimens. On the other 
hand, one of the liver sections was used as a negative (-ve) 
control by passing the step of applying the 1ry antibody.

D) Morphometric Study:

Using "Leica Qwin 500 C" image analyzer (Cambridge, 
UK), assessment of mean area % of PAS positive (+ve) 
reaction and optical density of caspase-3 immuno-
expression were performed in 10 non overlapping high 
power fields.

E) Statistical Analysis:

Quantitative data were summarized as means and 
standard deviations and compared using analysis of 
variance. The probability value <0.05 were considered 
statistically significant. Calculations were made on 
Statistical Package of Social Science software (SPSS), 
version 16 (Chicago, CA).

RESULTS                                                                                

In the current study, no deaths were recorded.

H&E stained liver sections:

Control subgroups (Gp I) revealed normal liver 
parenchyma with preserved architecture of hepatic 
lobules containing hepatocyte cords radiating from 
central veins with the portal tract at corners of ill-defined 
classic hepatic lobule.  Hepatic cords were separated 
by blood sinusoids. Hepatocytes displayed eosinophilic 
cytoplasm and vesicular nuclei with prominent nucleoli 



136

EFFECT OF OMEGA-3 FATTY ACIDS ON IFOSFAMIDE-INDUCED LIVER INJURY

(Fig. 1a). Omega-3 group (Gp II) revealed picture nearly 
similar to that of Gp I (Fig. 1b).

Liver sections of IFO subgroup (Gp IIIa) revealed 
marked vacuolated cytoplasm of swollen hepatocytes 
with small dark (pyknotic) nuclei, disturbed sinusoidal 
architecture in-between and dilated central vein                   
(Fig. 1c). Inflammatory infiltration around the portal 
tact was noted with sporadic small foci of inflammatory 
cells. These changes were more evident in the periportal                   
(zone 1) and midzonal (zone 2) areas (Fig. 1d).

In IFO recovery subgroup (Gp IIIb), most of 
hepatocytes displayed normal arrangement with 
acidophilic cytoplasm and vesicular nuclei. Some blood 
sinusoids were dilated and showed marked congestion 
with interstitial hemorrhage (Fig. 1e).

Ifosfamide and omega-3 group (Gp IV) showed 
apparently protected liver structure. The hepatic lobular 
architecture was preserved with apparently normal 
hepatocytes showing acidophilic cytoplasm and central 
vesicular nuclei. Mild dilatations of sinusoids were 
noted (Fig. 1f).

By higher magnification, Gp IIIa revealed 
hepatocytes exhibiting obvious vacuolated cytoplasm 
with dark pyknotic nuclei and some cells are devoid  
of nuclei (karyolysis) (Fig. 2a). Some pericentral areas 
(zone 3) still retain more or less normal hepatocytes and 
sinusoidal arrangement but with dilated lumen harboring 
prominent Kupffer cells (Fig. 2b). In Gp IIIb, some 
hepatocytes showed pyknotic nuclei or devoid of it, few 
necrotic areas were still evident. Multiple binucleated 
cells were seen (Figs. 2c&d). Gp IV revealed numerous 
binucleated cells and Kupffer cells with few hepatocytes 
devoid of nuclei (Figs. 2e&f).

PAS stained liver sections:

Strong PAS +ve reaction was seen in the cytoplasm 
of the hepatocytes throughout the different zones of the 
hepatic lobules in control rats (Fig. 3a). Gp II revealed 
a picture nearly similar to that of Gp I. While Gp IIIa 
showed marked depletion of PAS +ve glycogen granules 
in most of hepatic lobules sparing a small area around 
the central vein where liver cells were mildly affected 
(Fig. 3b). The recovery subgroup (Gp IIIb) showed mild 
to moderate PAS +ve reaction (Fig. 3c). Gp IV showed 
preservation of the glycogen contents in the cytoplasm 
of hepatocytes throughout the different zones of hepatic 
lobules (Fig. 3d).

Higher magnification of different zones of hepatic 
lobules in Gp III revealed that diminished PAS positivity 
in the hepatocytes was more evident away from the 
central vein (Fig. 4a). Besides, the depleted cells 
in midzonal areas and periportal areas showed fine                                        
PAS +ve granules in the cytoplasm mostly at the hepatic 
cell boundaries. The nuclei of hepatocytes showed 
abnormal PAS +ve reaction (Figs. 4b&4c).

Caspase-3:

Liver sections of Gp I revealed almost negative 
immunoreaction for caspase-3 with few immunopositive 
cytoplasmic expressions in different zones (Figs.5a 
& b). Gp II showed similar picture to Gp I. Gp IIIa 
revealed intense predominant cytoplasmic and few 
nuclear caspase-3 immunoreactivity of the hepatocytes. 
The vacuolated cells showed the strong brown 
immunoreactions in the cytoplasmic remnants and in 
few nuclei (Figs.5c & d). While Gp IIIb showed mild 
caspase-3 +ve cytoplasmic immunoreactions (Fig.5e). 
In Gp IV, weak cytoplasmic caspase-3 immunoreactivity 
was noted (Fig.5f).

Table 1: The mean area % of PAS +ve reaction and the optical density of caspase-3  immuno-expression (± SD) in the control and experimental 
groups 

Mean Optical Density of  
Caspase-3  ± SD

Mean Area % of 
PAS +ve reaction ± SD

Groups

0.42  ± 0.0275.08  (± 3.8)Gp I

0.45  ± 0.0474.24  (± 2.1)Gp II

1.15  ± 0.05*38.05  (± 4.5) *GpIIIa

0.90  ± 0.0753.77  (± 4.2 )GpIIIb

0.48  ± 0.03Ɵ60.02  (± 3.1)Gp IV

* Significant increase compared to other groups.
Ɵ Significant decrease compared to Gp IIIa and IIIb.
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Fig. 1: Liver sections of control rats (a) showing normal architecture of hepatic lobule with hepatocytes arranged in plates radiating from the 
central vein (CV) and the portal tract (PT) at corners of ill-defined classic hepatic lobule. Hepatic cords were separated by blood sinusoids.  
Hepatocytes showed eosinophilic cytoplasm and vesicular nuclei with prominent nucleoli. Gp II (b) showing hepatic lobule containing  
hepatocytes arranged in plates radiating from CV. The plates are separated by sinusoids (S). Gp IIIa (c) showing vacuolated hepatocytes 
with pyknotic nuclei  radiating from dilated CV and (d) around PT (zone 1) and in midzonal area (zone 2). Inflammatory cell infiltration is 
present around the portal tract and in the midzonal area (→). Gp IIIb (e) showing preserved arrangement of hepatocytes around CV while 
parts of sinusoid are dilated and appear congested (→). Gp IV (f) showing CV and radiating plates of hepatocytes that displayed acidophilic 
cytoplasm and vesicular nuclei. Mildly dilated blood sinusoids in between the hepatocytes can be detected (S). (H&E x 200).
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Fig. 2: Rat liver sections of GpIIIa (a) showing zone 1 revealed hepatocytes exhibiting obvious vacuolated cytoplasm with dark pyknotic 
nuclei and some cells are devoid  of nuclei (karyolysis) (→) and (b) showing the pericentral area (zone 3) still retain less vacuolated 
hepatocytes and normal sinusoidal arrangement. The hepatocytes away from CV show marked cytoplasmic vacuolation and having pyknotic 
nuclei (→). Dilated blood sinusoids (S) open into CV and harbor prominent Kupffer cells (K). GpIIIb (c) showing PT and hepatocytes with 
vesicular nuclei. Some hepatocytes show pyknotic eccentric nuclei (→) or devoid of it (*). Numerous binucleated cells could be noted 
(B). Gp IIIb (d) showing dilated CV and necrotic areas (→). Note the presence of numerous binucleated cells (B). Gp IV (e) showing PT 
with surrounding hepatocytes displaying vesicular nuclei. Few hepatocytes devoid of nuclei (→). Gp IV (f) showing CV with radiating 
hepatocytes and blood sinusoids (S) in between, lined by prominent Kupffer cells (→). The hepatocytes displayed acidophilic cytoplasm and 
vesicular nuclei.Note the presence of numerous binucleated hepatocytes (B). (H&E x 400).
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Fig. 3: Liver section of Gp I(a) showing uniform distribution of PAS +ve reaction in the cytoplasm of hepatocytes  surrounding PT and CV. 
(b) Gp IIIa showing diminished PAS +ve reaction  in hepatocytes surrounding PT. PAS positivity is slightly seen in hepatocytes radiating 
from CV. (c) Gp IIIb showing hepatocytes with mild to moderate PAS  reaction. (d) Gp IV showing preservation of the uniform distribution 
of glycogen in hepatocytes radiating from CV and surrounding PT. (PAS x 200).

Fig. 4: Liver sections of GpIIIa showing: (a) diminished PAS positivity in the hepatocytes, more evident away from the central vein.(b) 
mild PAS reaction at the hepatic cell boundaries and abnormal  PAS +ve reaction of nuclei.(c) diminished PAS positivity in the cytoplasmic 
remnants of the  hepatocytes and abnormal PAS reaction of the nuclei with disturbed sinusoidal arrangement. (PAS x 400).
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Fig. 5: Rat liver sections of Gp I showing (a) negative immune  reaction for caspase-3 in the hepatocytes surrounding PT with(b) few 
immuno-stained cells are observed (→). Gp IIIa showing (c) intense immunoreactivity for caspase-3 in the cytoplasmic remnants of 
the vacuolated hepatocytes surrounding PT and (d) radiating from CV (red arrows) with few +ve nuclei (green arrowheads). (e) GpIIIb 
showing PT with hepatocytes exhibiting mild caspase-3 cytoplasmic immunoreactivity with vesicular nuclei. (f) Gp IV showing a weak                                                          
cytoplasmic +ve caspase-3 immunoreactivity around PT. (Caspase-3 x 400).
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DISCUSSION                                                                  

This study was an attempt to detect the 
histopathological changes produced in liver by IFO 
and elucidate the possible protective effects of omega-3 
FAs as a pretreatment and a combined treatment on the 
changes which occurred in IFO-induced liver injury of 
adult male albino rats.

Histological examination of liver sections of 
omega-3 group (Gp II) revealed a picture similar to 
that of the control group; reflecting and confirming the 
lack of injury on the administration of omega-3 FAs 
solely.

Intra-peritoneal injection of IFO for 5 consecutive 
days produced markedly swollen vacuolated 
hepatocytes with pyknotic nuclei. Infiltration with 
inflammatory cells, dilatation of blood sinusoids, 
prominent Kupffer cells in addition to disturbed 
liver architecture. Alike, Takahashi et al.[16] reported 
that IFO induces acute liver injury whereas 45% 
of the therapeutic dose of IFO is metabolized into 
chloroacetaldehyde (CAA) which causes increased 
formation of ROS and enhanced lipid peroxidation 
rate. In addition, it collapsed the mitochondrial 
membrane, induced the release of cytochrome C to 
the cytosol and significantly reduced the cellular ATP 
level that triggered cell death.

Moreover, the metabolism of CAA leads to 
increased ROS formation which target mitochondria 
and lysosomes and causes oxidative stress membrane 
damages in both organelles. Finally, mitochondrial/ 
lysosomal toxic cross talk potentiates oxidative stress 
that accelerates CAA hepatocyte cytotoxicity[17]. Also, 
the relationship between IFO and ROS can explain the 
cell injuries; as the resultant oxidative stress readily 
damages the biological molecules and ultimately 
induces cell death either by apoptosis or necrosis[18].

The markedly swollen hepatocytes recorded in the 
current work might represent ballooning degeneration. 
Such swelling occurred as a result of dilatation of 
endoplasmic reticulum, which was the consequence of 
mitochondrial dysfunction  and ATP depletion, leading 
to loss of  ion homeostasis and plasma membrane 
integrity with massive influx of water and Na+. The 
cytoplasm is partially rarefied, particularly along the 
cellular periphery, and the cytoplasmic cytoskeleton 
clumps around the nucleus[19].

In present work, the distribution of degeneration  
mainly occupied the periportal (zone 1) and midzonal 
(zone 2) areas. This might be due to the fact that 
cells in zone 1 are the first to receive toxins from the 
sinusoidal blood and the first to show morphologic 
changes after exposure to drug toxins[20].

The inflammatory cell infiltration seen in the portal 
triads and the mid zonal area could be explained on the 
basis of that chemotherapy increased ROS generation 
and increased cell death which in turn initiate an 
inflammatory response[21].

In the present study, the prominent KC could be 
correlated with the amount of injury to the hepatic 
tissue induced by IFO intoxication and represents a 
defensive mechanism of detoxification. Kupffer cell 
hyperplasia was established as a contributor to hepatic 
oxidative stress[22].

In the recovery subgroup (Gp IIIb), partial recovery 
was evident in the form of normal arrangement of 
hepatocytes with acidophilic cytoplasm and vesicular 
nuclei. Multiple binucleated cells were increased but 
the blood sinusoids were dilated and congested with 
interstitial hemorrhage. Few spots showed necrotic 
areas. Some hepatocytes showed pyknotic nucleus 
or karyolysis. In context, Bortolin et al.[23] recorded 
binucleation as consequence of cell injury followed by 
regenerative growth after injury[23].

Approximately protected liver structure was 
detected in Gp IV. The hepatic architecture was 
preserved showing hepatocytes with vesicular nuclei in 
a part of few cells devoid nuclei. Numerous binucleated 
cells and KC were detected. Although mild dilatation 
of blood sinusoids was noticed, no congestion was 
recorded. The detected hepatoprotective effect of 
omega-3 could be explained by the fact that ω3FAs 
from fish are enriched in EPA and DHA which have 
anti-inflammatory, antioxidant, antiapoptotic effects 
and regulate cell death. These findings were in 
accordance with Hiwa and Falah,[10] who reported the 
protective role of fish oil against the side effects of  
IFO including hepatotoxicity, nephrotoxicity, changes 
in hematological parameters and the oxidative stress .

Naqshbandi et al.[24] attributed the hepatoprotective 
effects of fish oil against ROS to its intrinsic 
biochemical and natural antioxidant properties. 
Wassall and Stillwell[25] reported that when ω3FAs are 
consumed, they are incorporated into cell membranes 
in all tissues of the body. This has profound effects on 
cell functions because the membrane lipids serve as 
a source of precursors for the synthesis of important 
signaling molecules involved in cell growth and 
development as well as modulation of inflammation. 
Omega-3 FAs appeared to affect the membrane 
organization and functions by altering membrane 
fatty acid composition, activating the endogenous 
antioxidant defense mechanism and accelerating 
the repair and/or regeneration of injured organelles, 
such as mitochondria and peroxisomes[26]. Also, 
DHA affects the cell membrane contents especially 
the phospholipids fluidity and modulate the receptor 
functions[27].
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Concerning the apparent decrease of inflammatory 
cell infiltration in Gp IV, Oh,[28] confirmed that DHA 
interact with several receptors, functioning as either an 
agonist or an antagonist in signaling responses. These 
receptors include plasma membrane bound Toll-like 
receptors (TLR) that play a significant role in innate 
and adaptive immune responses and the G-coupled 
protein receptor (GPR) specifically, GPR120 which is 
highly expressed on pro-inflammatory macrophages. 
The activation of GPR120 in macrophages by DHA is 
responsible for the inhibition of both TLR and TNF-
alpha mediated signaling pathways.

Resolvins and protectins are anti-inflammatory 
lipid mediators derived from ω3FAs. They reduce 
tumor necrosis factor (TNF) expression and IFN-γ 
production, promotion of T-cell apoptosis reducing 
neutrophil activity and stimulating the uptake of 
apoptotic polymorphonuclear leukocyte[29]. In addition, 
they stimulate macrophage switching from the pro-
inflammatory M1 phenotype to the anti-inflammatory 
M2 phenotype[30].

Using PAS with hematoxylin counterstain, liver 
sections of Gp II revealed a picture nearly similar to 
that of Gp I whereas the hepatocytes possessed strong 
PAS +ve reaction in the cytoplasm, indicating the 
presence of glycogen.

In Gp IIIa, there was marked depletion of glycogen 
in hepatocytes away from the central vein. The mean 
area % of PAS +ve reaction  of Gp IIIa showed 
significant decrease compared to Gp I. Glycogen 
depletion noticed in the liver may be attributed to the 
oxidative stress and mitochondrial dysfunction caused 
by IFO. The oxidative stress leads to depression in 
the cytochrome oxidase and dehydrogenase enzymes 
activities[31] and this was reflected on the liver glycogen 
through enhancing glycogenolysis[32].

Also in Gp IIIa, the depleted cells showed fine PAS 
+ve granules in the cytoplasm mostly at the hepatic 
cell boundaries, in addition to abnormal PAS +ve 
reaction of the nuclei.  This could be explained by the 
toxic effect of IFO mustard and oxidative stress on 
the nucleic acid that breaks DNA strands and exposed 
the aldehyde groups on the DNA sugar[33], resulted in 
abnormal reaction with the Schiff’s reagent to produce 
red magenta color of the nucleus resembling the 
Feulgen reaction.

Group IIIb showed mild to moderate PAS +ve 
reaction that was significantly increased when 
compared with Gp IIIa, however it was less than that 
of Gp I. This could be explained by that during hepatic 
regeneration there was glycogen depletion[34].

Gp IV showed preservation of the glycogen content 
in the cytoplasm of hepatocytes. The mean area % of 
PAS +ve reaction of Gp IV was significantly increased 

when compared to Gp IIIa, which may be due to the 
hepatoprotective effect of the omega-3 FAs shown 
in this study. Such effect can be attributed to the 
antioxidant effect of omega-3 FAs which accelerated 
the repair and regeneration of injured organelles[26]. 
However, more time may be needed to restore the 
normal value of glycogen content.

Anti-caspase-3 antibody was used for 
immunohistochemical detection of apoptotic 
hepatocytes. The caspases form a caspase-cascade 
system that plays central role in the induction, 
transduction and amplification of intracellular 
apoptotic signals for cell fate determination, 
regulation of immunity, and cellular proliferation and 
differentiation[35]. Noteworthy, activation of caspases 
usually ranges between extrinsic (death receptor-
mediated) and intrinsic (mitochondria-mediated) 
pathways[36].

In Gp I, few cells showed +ve caspase-3 
immunoreactivity with predominantly cytoplasmic 
localization. These immunohistochemical results 
were consistent with Veit-Simon[37] who demonstrated 
that caspase-3 immunoreactivity could be identified 
in normal liver tissue. Immunohistochemical 
examination of liver sections of Gp II showed a picture 
nearly similar to that of Gp I.

Group IIIa revealed intense predominant 
cytoplasmic and/or few nuclear immunoreactivity of 
the hepatocytes. The vacuolated cells showed strong 
brown immunoreactions in the cytoplasmic remnants 
and/or in the nuclei. The mean optical density of 
caspase-3 immuno-expression in Gp IIIa increased 
significantly compared to Gp I.

Caspase-3 activation is considered as the 
central and final apoptotic marker enzyme for both 
mitochondrial intrinsic and death-domain receptor-
dependent extrinsic pathways. Chemotherapeutic 
agents induced apoptosis are always mediated by the  
mitochondrial pathway leading to activation of the  
initiator caspase-9, which in turn activates the effector 
caspases-3 and caspase-7[38].

In Gp IIIb, the Immunohistochemical examination 
of liver sections revealed mild caspase-3 +ve 
immunoreactivity in the cytoplasm of the hepatocytes. 
In correlation with H&E results, the observation of 
caspase-3 immunoreactivity in the absence of cell 
death could be referred to the nonapoptotic functions 
of caspase-3. During the compensatory proliferation 
healing process of tissues, caspase-3 provides the 
final shape and size to tissues to gain their original 
cell numbers and has a role in the modulation of cell 
growth[35].

Weak caspase-3 immunoreactivity was noted in rat 
liver sections of Gp IV in different zones of the hepatic 
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lobule. Gp IV mean optical density of caspase-3 
immunoexpression showed significant decrease when 
compared with Gp IIIa and IIIb.

The antiapoptotic effect of EPA was evident from 
its ability to counteract the main biochemical markers 
of apoptosis such as the activation of caspases and the 
DNA fragmentation[39].

CONCLUSION                                                            

Ifosfamide demonstrated serious hepatotoxic effects 
on the liver of adult male albino rats. The pretreatment 
and also the combined treatment of ω3 FAs with IFO 
ameliorated the liver injury of male albino rats indicating 
its hepatoprotective effects. Subsequently, ω3 FAs may 
be an effective supplementation to maximize the clinical 
use of IFO in the treatment of various malignancies with 
reduced hepatotoxicity.
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