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The effect of Saffron aqueous extract on hepatocellular carcinoma rat model
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ARTICLE INFO ABSTRACT

Article history: The aim of this study was to investigate the tumor suppressive effects
of saffron in an experimental hepatocellular carcinoma (HCC) model
in rats. Thirty rats were included in this study and divided into:-
Control group : Rats which receive distilled water only. HCC group :
induced by diethylnitrosamine (DEN) and CCl, only. Saffron group :
Rats were administered orally saffron respectively 2 weeks prior to
HCC initiation and continued for 6 weeks. The effect of saffron on
ALT and AST activity and albumin level were studied also TGF-beta
level and the TAC level were estimated and induction of apoptosis
was determined by histopathological studies. Treatment with saffron
was significantly decreased the activities of ALT and AST also
increased the albumin level, decreased the TGF-beta level and
increased the TAC level, it also reduced the elevation in the number
and the incidence of hepatic dyschromatic nodules. Moreover,
treatment with saffron extract brought significant restoration of the
hematological parameters to values that were comparable to those of
the negative control group, it also enhances the liver and kidney
health, this study provides evidence that saffron exerts anti-oxidant,
chemoperventive effect against liver cancer through induction of
apoptosis as appeared in histopathological studies
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INTRODUCTION

Hepatocellular carcinoma is the fifth most belonging to The Iridaceae Family

common cancer and the third leading cause
of cancer mortality in the world[1]. Most
cases of HCC as a result of either viral
hepatitis infection (hepatitis B virus or
hepatitis C virus), metabolic toxin such as
alcohol or aflotoxin[2]. Other factors that
contribute to the formation of HCC
include  exposure to environmental
carcinogens, Iron overload and fatty liver
disease[3]. Current studies have shown the
dietary factors such as carotenoids and
antioxidants play a key role in the
development of cancers[4]. Anticancer
activity and protective effects of natural
products has extensively been studied such
the activity of the saffron against cancer
has been also reported[5]. Saffron, the
dried stigma of Crocus Sativus L.

cultivated in Iran, Europe, Turkey, Asia,
India, China and Algeria[6]. Saffron has
been widely used as a herbal medicine,
Spice, food coloring and a flavoring agent
since ancient times. It can increase the
bioavailability and enhance absorption of
other drugs[6]. Over along period of time,
many health benefits of saffron have been
known in traditional medicine and it has
been used in various aliments including
bronchospasms, asthema menstruation,
insomenia, pain relief and cardiovascular
disease[7]. In the last years, scientists have
focused on pharmacological activity of
saffron and its purified constituents.
Results of these in vivo and in vitro studies
have demonstrated anticancer, anti-
oxidant, anti-convulsant, anti-depressent,
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anti-anxiety and memory improvement
properties of this golden spice[8]. In this
study, the potential antitumor effect of
saffron was tested.

Materials and Methods :-

Chemicals :

Diethylnitrosamine (DEN), carbontetra-
chloride (CCls) were purchased from
Sigma Alderish .

Plant material :

Crocus sativus L. stigmata (saffron) were
purchased from the local market at Cairo,
Egypt. The plant sample were Kkindly
identified and proved by Herbarium unit of
Potany Department faculty of Science
Zagazig University.

Aqueous extract preparation :

270 gm of saffron soaked in 4.5 liter
distilled water for 3 days in the fridge and
then filtered for 24 hours, this agqueous
extract was lyophilized ( freez-drying) by
lyophilizer[5].

Animals:

Adult male Spraguse-Dawely rats
weighing 150-200 gm were purched from
Animal House of the National Research
Centre ,Dokki, Giza, Egypt . They were
kept individually in stainless steel wire
bottomed cages at room temperature. Rats
had free access to food and water.

Experimental design :-

Animals were randomly divided to three

groups of thirty rats as follow :

Group 1: Control group , Rats were treated
with distilled water (5ml/kg weight)

Group 2: HCC group, Rats induced by
DEN and CCl, (DEN group).

Group 3: Saffron group, Rats were treated
by oral gavage with saffron ( 300 mg
/kg) daily[9] 2 weeks prior to HCC
initiation and continued for 6 weeks
(saff. Group) .

The protocols for animal experimentation

and the handling of animals were in

accordance with the animal welfare act and
the guide for the care and use of
laboratory animals established by Zagazig
university, Zagazig-Egypt

Preparation of HCC model :-
Hepatocarcinogenesis was induced in rats
by injection of a single intraperitoneal dose
of diethylnitrosamine at a dose of 200
mg/kg body weight followed by weekly
subcutaneous injections of CCl, at a dose
of 3ml/kg body weight for 6 weeks[10].

Sampling of blood :-

At the end of the experiment, the blood
samples were collected from the retro-
orbital venous plexus and direct cardiac
puncture, under ether anesthesia samples
for biochemical analysis into plain sample
tubes.

Serum was separated by centrifugation at
600x g for 10 min and were stored in the -
80 °C freezer before they were analyzed.
Whole blood used for haematogram was
collected into tubes containing the
anticoagulant, ethylene diamine tetra-
acetic acid (EDTA)

Biochemical analysis :-

1- Determination of plasma aspartate and
alanine aminotransferases activities (AST
&ALT) by Young[ll] Reitman and
Frankel[12], serum albumin level by
Satoh [13], total antioxidant capacity level
(TAC) by Koracevic et al., [14] and
transforming growth factor -beta (TGF-
beta) level by Oki et al[15] and
haematological parameters were
determined by auto haematology analyzer
(Diatron Abacus 380)

Histopathological analysis :-

The harvested liver tissues were fixed in
10% formaline then the specimens were
dehydrated in a graded series of ethanol
cleared in xylene and embedded in paraffin
wax. Tissue blocks were sectioned into 4.0
pm thick using rotary microtome.
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Sections were stained by hematoxylin and
eosin. Stained sections were examined by
light microscope[16].

Statistical anaylsis :-

Statistical analysis of data was performed
by using SPSS 14.0 version T-test (2-
tailed) was applied to compare between
groups and one-way analysis of variance
(ANOVA) followed by post-hoc test using
Graphpad Prismm-5 software.

Numerical data were expresses as mean *
SD, P values< 0.05 were considered to be
statistically significant[17].

Results :-

-Extraction of plant:

Saffron (270 gm) after undergoing
extraction yielded deeply red paste of 33
gm.

-Effect on ALT, AST activities &Alb
levels:

Serum levels of alanine aminotransferase
and aspartate aminotransferase are usually
used as indicators of hepatocellular
damage.In this study, the changes in their
serum level in the different test groups
were measured to assess the effect of DEN
alone and DEN with saffron on liver
integrity. Due to the hepatocellular
damaging effect of DEN, significant
increase in rat serum ALT & AST levels
was detectable in DEN- treated group
compared to the healthy control group. On
the other hand, saffron treatment of
animals that adiminstered DEN resulted in
a significant reduction of the DEN-
induced elevation of ALT / AST serum
levels ,as well as elevation in Alb level as
presented in table (1) and fig.(1) and fig.

).

-Effect on total antioxidant capacity and
tumor growth factor -beta

In the current study, the DEN with CCl,
induced HCC showed significant decrease
in TAC in comparison to control group
and overexpression of TGF-beta as
presented in table (2) and fig.(3).

-Hematological result :

There was significant differences in
RBC,WBC and platlets counts and Hb
concentration when comparing DEN-
treated group compared to the DEN with
saffron group as presented in table (3) and
fig.(4) and fig.(5).

-Histopathological study :
Histopathological examination for normal
liver tissue showed central normal
hepatocytes with central nuclei and
eosinophilic cytoplasm

Whereas dysplastic foci have cellular
atypia and tissue disorganization were seen
scattered with hepatic paranchyma in rats
treated with DEN- CCl,; alone, the
formentioned dysplastic cells were large
with vaculated nuclei. The latter were
hyperchromatic with fragmented periphery
situated chromatin and prominent nodules
beside mitotic figure, the remaining
hepatic  parenchyma  suffered  from
different types of cell injuries varied from
acute cell swelling diffuse steatosis to
coagulative necrosis. Congested blood
vessels, focal hemorrhage and
hemosedrosis were evident. However, in
saffron-treated group , a few scattered
hepatic foci from dysplastic cells with
inflammatory reactions were observed. the
majority of cells which exhibited
neoplastic ~ features  suffered  from
apoptosis. Focal microsteatosis of some
hepatic cells have periphery lobular zone
distributions without necrotic changes in
the hepatic parenchyma were common A
few strands collagen deposits containing
mononuclear cells and bile canaliculi
could be seen in portal area and
interlobular  tissues as presented in
figs.(6,7 and 8) and by comparing the
histopathological studies of kidneys of
DEN group and saff. Group treatment with
saffron reduced most of the pathological
alterations occurred .
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Discussion:-

HCC is the main form of liver cancer and
classified as the fifth leading cause of
cancer mortality due to it's bad
prognosis[18].

The common denominator in HCC of
different etiology is the induction of
oxidative stress by inflammatory cells
resulting in chronic hepatic injury and cell
death followed by oncogenic
transformation of surviving hepatocytes
and compensatory proliferation that lead to
tumorgenesis[19].

Diethylnitrosamine (DEN) is a
representive chemical of a family of
carcinogenic n-nitrosocompounds . N-
nitroso compounds can acts as alkylating
agents either directly or after metabolic
activation by cytochrome P450 enzymes
which are the key enzymes in
tumorgensis[20].

DEN plays an important role in induction
of hepatic carcinogenesis via increased
generation of ROS and decreased
antioxidant enzymes in liver[21].

ROS play a major role in tumor promotion
through interaction  with critical
macromolecules including lipids causing
lipid peroxidation and DNA causing DNA
adducts[22].

The current results were in accordance
with Femke [23] who showed that
treatment with DEN induced DNA
damage, mutation and induction of HCC.
It was revealed by Yan [24] that treatment
with DEN induced cell proliferation
associated with DNA adducts and lipid
peroxidation.

According to the study of Fengyuan[25], it
isn't recommended that researchers should
use DEN alone for the development of
HCC rat model, because the long modeling
time that DEN injection would increase the
process and increase both time and cost,
one of the ways to shorten the modeling
time is combining DEN with CCl, [12].
So, we combined DEN with CCl, to
induce HCC rat models.

CCl, which is well known hepatotoxin that
is widely used to induce toxic liver injury

in a range of laboratory animals, CCl,
induced hepatotoxicity is believed to
involve two phases, the initial phase
involves the metabolism of CCl; by
CYP450 to CClz and /or CCI300 which
lead to membrane lipid peroxidation and
finally to cell necrosis. The second phase
of CCl, induced hepatotoxicity involves
the activation of kupffer cells which is
accompanied by the production of
proinflammatory mediators[26]. In
agreement, Ghada et al, [27]
demonsterated the alteration of
biochemical markers,Hepatic antioxidant
status and hepatic nucleic acid content may
therefore manifestation of oxidative stress
and cellular DNA damage caused by CCl,.
Saffron , a spice and a food colorant
present in the dry stigmas of the plant
(Crocus Sativus L. ) has been used as a
herbal remedy for various aliments
including cancer by the ancient
Arabian,Indian and Chinese cultures[28].
Most investigations present verifications
that saffron exert an important
chemopreventive effect against liver
cancer due to inhibition of cell
proliferation and induction of
apoptosis[29].

The exact mechanisms underlying this
effect are largely unknown. Different
hypotheses for anticarcinogenic and
antitumor effects of saffron and its
ingredients have been proposed including
inhibition of DNA and RNA synthesis not
protein, ability of scavenge of free
radicals, involvement in the metabolic of
conversion of carotenoids to retenoids,
mediation of interactionof carotenoids with
topoisomerase 2 , an enzyme involved in
cellular DNA-protien interaction and
promotion of interaction mediated via
lectins[30]. Several studies demonstrated
the role of oxidative stress in liver
pathogenesis and proved the role of natural
antioxidants in its amelioration.

To assess such stress, some biochemical
parameters are being evaluated like ALT
and AST which give an indiction about
liver cell damage.In the present study, we
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showed that treatment with saffron
decrease the levels of ALT &AST .This
decrease suggests risk reduction of

oxidative  stress and  pathological
conditions  associated  with liver
damage[31].

In agreement, Tawfic [32]demonstrated
that levels of ALT & AST were decreased
because of treatment with crocin which is
the main constituent of the saffron.
However, saffron treatment as described
before was yet not able to normalize ALT
& AST values as their levels were still
higher than these of the healthy control
group. [32].

In this context, When Reham et al., [33]
used acurcumin as an anticancer for HCC,
they reported that curcumin decreased
level of these enzymes and the decreased
the level of oxidative stress.

Significant decrease in serum albumin had
been associated with active cirrhosis and
biliary liver damages [34]. In our results
the level of albumin was decreased in
HCC group and shifted towards the normal
values by saffron treatment which reflect
the antioxidant activity and
hepatoprotective effect of saffron .

This is in agreemnet with Moustafa [35]
who stated that the pre-treatment by
coriander and silymarin restores serum
albumin level and maintained the
antioxidant status in rats with liver
fibrosis.

Also Nasir, [36] in another study stated
that treatment of aqueous leaf extract of
Cnidoscolus aconitifoliu can make the
restoration of the level of albumin
indicating the hepatoprotective nature of
Cnidoscolus aconitifoliu.

A communal connection among chronic
liver injury and hepatic fibrosis and liver
cancer might be linked to oxidative
stress.[31]

Living organisms have developed a
multiple antioxidant network to counteract
reactive species that are harmful to life.
So, it is important to measure antioxidants.
The possible interaction among different
antioxidants in vivo could also sort the

measurement of any singular antioxidant
less descriptive of the whole antioxidant
status.In the current study, the DEN with
CCly induced HCC showed significant
decrease in TAC in comparison to control
group, that finding came in accordance
with that of Mehmet[37], who stated that
TAC was significantly lower in fibrotic
group than in normal one.

As shown in Table (2) and Fig(3) TGF-B
has various profibrogenic and also anti-
inflammatory : immunosuppressive
effects. The constancy of these actions is
necessary for keeping tissue homeostasis
and an atypical expression of TGF-beta is
participated in a series of disease processes
in the liver, TGF- B is also an important
negative controller of proliferation and an
enhancer to apoptosis [38]. The
comprehensive pathophysiologic
significance of TGF-beta suggests its
measurement in blood as a diagnostic tool.
Abnormal expression of TGF- B is
accompanied by a number of diseases
processes including  fibrosis  and
cancer[39].

As liver cancer is accompanied by an

overexpression of TGF-beta[40], our
results in table(2) and fig.(3) revealed over
expression in TGF- B level in HCC group
as compared with control and saffron
groups.

Hematological studies carried out to make
clearer picture of any liver disease and it is
cleared from our results that saffron
restored the hematological markers nearly
to normal levels as presented in table (3)
and fig.(4) and fig.(5).

The histological studies were carried
basically to support the results obtained
from serum enzymes assays.

The histological results obtained in the
current study, showed that DEN caused
gross structural alterations in rat liver,with
dysplastic foci have cellular atypia and
tissue organization were seen scattered
with hepatic parenchyma.

In accordance, the study of Sivalingam
[41] showed that DEN induced necrosis.
This liver necrosis which has been found
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in many of animals causes collapse of the
paranchymal framework of the liver which
can resemble fibrotic changes.

Also Reham et al., [33] demonstrated that
administration of DEN induced
morphological deformation in the liver
pronounced  with  degeneration  of
hepatocytes and liver neoplastic cellular
alteration.

With regard to the Saffron, The present
study showed that the majority of cells
which exhibited neoplastic suffered from
apoptosis in the group of rats which treated
by saffron.

Apoptosis or programmed cell death
represents the regulated activation of a pre-
exisiting death program encoded in the
genome[42]. It is a highly orchestrated
form of cell death and plays a central role
in the control of tissue cell numbers in
organ development ,homeostasis and
normal  functioning such as cell
proliferation and differentiation[36].

This also can be explained by Susan [43]
who reported that the groups of rats were
treated with saffron have a significant
reduction in the number and size of the
nodules induced by DEN an large number
of regular hepatocytes were observed.

Also , Sara [44] showed that livers of rats
treated with crocin ( saffron) and CCl,
revealed better reservation of the normal
liver architecture and rare generalized
vacuolization of the cytoplasm of
hepatocytes , with apparently normal
nuclei  very few inflammatory cells
infiltration. Nicola et al., [45] reported that
curcumin treatment to HCC rats models
showed a considerable improvement in
liver morphology. This confirms that
saffron regulates multiple components of
the cell death pathway driving the cancer
cells towards apoptosis.

Generation of reactive oxygen species due
to induction of HCC rat model may cause
cytotoxicity associated with membrane
phospholipids peroxidation, which is the
basis for renal damage and necrotic renal
cells.

Control group kidney showing normal
renal tissue formed of numerous uniform
round glomeruli and renal tubules,whereas
DEN group kidney showing Focal
interstitial ~ nephritis  manifested by
aggregation of lymphocytes, macrophage
in renal cortex besides fibroblast
proliferation ,thickening of basement
membrane of some glomeruli were seen
treatment with saffron reduced most of the
pathological alterations as a result of HCC
model induction where in Saffron group
kidney showing normal renal tubules
lined by single layer of cuboidal
epithelium  with mild interstitial
inflammation,

Our study is confirmed by Bandegia et al.,
[46]who indicated that chronic stress-
induced oxidative stress damage of brain,
liver and kidneys can be inhibited by
saffron (crocin) due to the antioxidant
effects ,Crocin showed an antioxidative
activity and  decrement of lipid
peroxidation levels in these organs[47]

Conclusion:-
In summary, the data presented here show
that saffron dramatically inhibited the
number and the incidence of hepatic
nodules in livers of HCC rat model.This
inhibition was associated with appearance
of apoptosis, reduced cell proliferation,
decreased oxidative stress and
enhancement in total antioxidant capacity
restoration of the TGF-beta level
significantly restores the biochemical and
hematological parameters to normal levels
which revealed that the saffron extract is
rich in antioxidant compounds, which
clearly support the antioxidant and  other
related pharmacological properties
including hepatoprotective activity
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Table (1): ALT and AST activity and Albumin serum level in control, DEN and saff. groups

ALT (U/ml)

Control

42.33+4.16

309.67+79.97

221.66+37.75

AST (U/ml)

132.83£9.37

542.67£88.71

405.67+40.1

Ibumin (mg/dl)

4.32+0.07

Control

115.1+5.4

3.63+0.1

DEN

28.58+1.82

3.56+0.12

F-beta serum level in control, DEN and saff. groups

Saff.

64.13+3.41

P-value

28.46+1.59

171.146.7

69.85+3.0

(U/ml)
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Figure (1) ALT and AST activity in control, DEN and saff. groups
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Figure (2) albumin serum level in (control, DEN and saff.) groups
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Figure (3) TAC and TGF-beta serum level in control, DEN and saff. groups
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Table ( 3): Different hematological parameters in control, DEN and saff. groups
Control DEN Saff. P-value

Hb g/dl 15.36+0.41 11.40£1.6 14.38+0.26

RBCs *10°/uL 8.16+0.18 6.9+0.70 7.80+0.23

WBCs*10%/uL 19.36+2.19 25.88+8.50 21.33£3.07

Platelets*10%/uL 845.66+38.21 | 692.67/+78.57 | 720.63+42.02

30
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O Saff

25

20 A

15 A

10 A

Hb RBCs WBCs

g/dl *10%/uL *10%/uL
Figure (4)Different hematological parameters in (control, DEN and saff.) groups
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Figure (5)Platelet count control, DEN and saff. groups

L. a5, v Se y ey by < v R
Figure 6: Liver of control rats showing normal Figure 9: Kidney of control rats showing normal renal
hepatic parenchyma, normal hepatic cells cords and glomeruli and renal tubules. H&E(X1200).
sinusoids. H&E(X300).
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Figure 7 Liver of rat DEN group showing numerous Figure 10: Kidney of rat (DEN)showing thickening of
neutrophils and mononuclear cells within the vascular basement membrane of some glomeruli. Focal necrosis
wall (arrow) together with perivascular fibrosis and of tubular epithelium and regeneration attempts. H&E
diffuse fatty changes (steatosis) of the hepatic cells. (X1200).

H&E(X1200).

(arrow). interstitial nephritis



