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B Potential effect of Nigella sativa against Diethylnitrosamine-induced

hepatocarcinogenesis in rats
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B Mehé g emidpaong g Nigella sativa o€ apovpaiovs, 6Tovg 0moiovg siye
TTPOKAN O£l TEPUNATIKA KOPKIVOS TOV NTTATOS HETA OTO YOP1 YN ON

oefviovitpolapivng

Ahmed S.E.!, Mapéliov I.2, Gameel A.A.3, Aovkomovdrog I1.2, BAéppag 1.2
'Department of Molecular Biology, Veterinary Research Institute, Khartoum, Sudan.
’Epyactipio [laboroyikiic Avarouriis, Tuiuo Ktyviatpixie, Zyoli Emotnuav Yyeiog, Apiototéieio Iovemiotiuio
Ocooolovikng, Osooaloviky.
3Department of Pathology, Faculty of Veterinary Medicine, University of Khartoum, Sudan.

ABSTRACT. Objective of the investigation was the study of potential protective effects of the watery extract of Nigella sativa
against diethylnitrosamine induced hepatocarcinogenesis in rats. N. sativa was administered to rats for protection against dieth-
ylnitrosamine-induced hepatocarcinogenesis. It was administered prior to, simultaneously with or after injection of diethylnitro-
samine. Five groups of Wister rats were used. Group A was administered diethylnitrosamine and N. sativa simultaneously, group
B was administered only diethylnitrosamine and group C received only N. sativa. These three groups were maintained for up to
eight weeks. Group D received N. sativa six weeks after administration of diethylnitrosamine,while group E (“protective group”)
received N. sativa on day 1 and diethylnitrosamine six weeks later. These two groups were maintained for up to 12 weeks. All
rats were subjected to partial hepatectomy to enhance carcinogenesis. P-isoform of glutathione s-transferase (GST-P) was detect-
ed in the cytoplasm and nuclei of hepatocytes. The number of GST-P positive foci was significantly smaller in test groups (A,
D, E), particularly in groups A and E, when compared with to those in group B, indicating that N. sativa has protective effects
against diethylnitrosamine induced liver cancer in rats, even in the very early stages of hepatocarcinogenesis.
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HMEPIAHWH. Ztdyog g perétng nrav n depedvnon g mhovig TPooTaTEVTIKNG dpAong eKYVAIGHOTOC TOV PuTov Nigella
sativa 6€ apovpaiovs, Tov epeavifav Kopkivo Tov Yratog Aoym £kbeong tovg ot deBvhovitpolopivn. Apovpaiot ™G GLANG
Wistar yopiotnkav cg mévie opddes oTig omoieg yopnyndnkav, avtictorya, N. sativa tavtdypova pe dteBviovitpolapivn
(opdda A), povov dieBvrovitpolapivn (opdda B), povov N. sativa (opdda C), N. sativa €€ eBdopddeg petd and tnv éveon
SteBvrovitpolopivn (opdda D) 1 dieBviovitpolapivn €€l efdonddeg petd ) Aqyn N. sativa (opada E). To meipapo dujpkece
okT® €Rdopnadeg Yo ta (oo tov opddwv A, B kot C kou 12 €fdopddec yio avtd towv opddwv D ko E. EmmAéov, epappoctn-
KE NTOTEKTONT 6TO0 GVVOLO TV Tepapatdlmov. H a&loldynon g e&éMéng g Kopkivoyéveons otnpixdnke ot perétn g
£Kppaong g wopopeng P g npwteivng yhovtabeiovn-S-tpavopepdon (GST-P). o tv aviyvevon g, pappoésTKay avo-
GOIGTOYMNIKES EDODOL G€ 1GTOAOYIKEG TOUES NIOATOG KAl SOTIGTOONKE 1) TOPOLGia TOL TapaTdvm eviOHOV GTO KLTTUPOTAUGHLO
/KoL TOV TUPTVE TOV NTOTIKOV KOTTAPOV. ATO T1 HEAET TOV 1GTOAOYIKAOV TOPACKEVUGHATOV TPOEKLYE OTL 0 aplONdg TV
£0TIOV oT1G omoieg aviyvevdnke n GST-P Nrav peyarivtepog ota (da tov opddwv A, D kot E, daitepa oe ekeiva tov opddov A
kot E, ouykprrikd pe v opdda B. Ta amotedéopata g HEAETNG avThg dglyvouv TmG T eKYVAGHA N. sativa dpo TPOGTOTEVTIKA
GTOVG 0POLPOIOVS EVOAVTL TOV KOPKIVOL TOL NTATOG HETG TNV Xopnynon deBvrovitpolapivn, akdpa Kot ote ToA) TpdIe 6Tddo
G KOPKIVOYEVECTG GTO NTTaLp.

Aééers evpernpiacns: deboviovitpolapivn, kapkivog Nratoc, GST-P, Nigella sativa

INTRODUCTION In adult rats, GST-P is strongly expressed dur-
Cancer is a major cause of death in both devel- ing the early stages of chemically induced hepato-

oped and developing countries and it is now cacinogenesis (Iddamaldeniya et al., 2003). For rapid
only second to myocardial infarction in the former  detection of carcinogenic agents in bioassays, GST-P
(Gruddy, 1991). A great majority of human cancers  Positive foci can be measured as end point lesions
(about 80%-90%) is attributable to environmental ~ (Sato et al., 1984; Tatematsu et al., 1985). However,

factors (Benjamin et al., 1990). Many investigations it is known that only a small proportion of such foci

have been carried out to discover naturally occur-  actually progresses to liver tumors (Ogiso et al.,
ring compounds that can suppress or prevent carci- 1990) and is clearly of interest to determine which
nogenesis (Wargovich et al., 1988; Thapliyal et al., foci are the most likely progenitors of neoplasms.

2002), while several plant-base remedies have been The seeds of NS are very rich and diverse in

traditionally used for treatment of cancer in many  chemical composition. Among the chemical compo-
countries. These are usually cheap, widely avail-  nents of these seeds, thymoquinone (TQ) is the most

able and easy to use preparations. One such example  abundant active principle and the most extensively

is a decoction prepared from Nigella sativa (NS),  investigated. The preparations from this plant have
Hemidesmus indicus roots and Smilax glabra rhi-  been demonstrated to have significant antineoplastic
zome. Previous studies have demonstrated that short-  activity against various tumor cells in vitro (Salomi

term (10 weeks) or long-term (Iddamaldeniya et al., et al., 1991; Salomi et al., 1992). The antineoplastic
2006) treatment of rats with this decoction could  activity of TQ in particular have been demonstrated
protect them against DEN (a chemical that induces  against several cancers such as hepatocellular car-
hepatocarcinogenesis in rats)-mediated expression  cinoma, albeit only in vitro (Ahmed et al., 2008),
of GST-P, an enzyme strongly expressed during the ~ human pancreatic adenocarcinoma, uterine sarco-
early stage of chemically induced hepatocacinogen-  ma, Ehrlich ascites carcinoma and Dalton's ascites

esis (Iddamaldeniya et al., 2003). lymphoma, while exerting minimal cytotoxicity to
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normal lymphocytes (Worthen et al., 1998). In the
present study, the anti-carcinogenic potential of NS
seed extract was assessed on DEN-mediated GST-P
expression in rat liver cancer. DEN was used as car-
cinogen because it is an established and specific car-
cinogen for hepatocarcinogenesis (Morimura et al.,
1993).

MATERIALS AND METHODS
Preparation of Nigella sativa extract and diethylni-
trosamine

Three hundred grams of dry seeds of Nigella
sativa (NS) were boiled in 1.6 L of distilled water and
the final volume was reduced to 200 mL by boiling.
Diethylnitrosamine (DEN) was dissolved in normal
saline (1 g in 25 mL). A single dose of 200 mg/
kg-body weight was given to each animal to initiate
hepatocarcinogenesis (Ito et al., 1988).

Experimental animals

This project was approved by the Ethics
Committee of the Central Veterinary Research
Laboratory (Soba, Khartoum, Sudan). Seventy five
Wister rats were divided into the following five
groups.
Group A rats were dosed with a single dose of 200
mg/kg DEN each intraperitoneally at day 1 and were
then given NS extract orally at a dose of 6g/kg daily
for 8 weeks, starting twelve hours after the adminis-
tration of DEN.
Group B rats were administered with a single dose
of 200 mg/kg DEN at day 1 only and were kept for 8
weeks.
Group C rats were administered with 6 g/kg/day of
NS extract daily per os for 8 weeks.
Group D rats received a single dose of 200 mg/kg
DEN at day 1. After 6 weeks they received 6g/kg of
NS extract per os daily for another 6 weeks.
Group E rats were administered with 6 g/kg of NS

extract daily for 6 weeks, and were then dosed with a

single dose of 200 mg/ kg DEN. The rats were kept
for another 6 weeks.

In all groups, rats were subjected to partial hepa-
tectomy under anesthesia at day 14. The DEN-partial
hepatectomy model has been proven to be a consis-
tent bioassay for the detection of chemical hepatocar-
cinogenesis and for the assessment of the beneficial
potential of chemopreventive agents (Ito et al., 1988;
Moore et al., 1999). All animals were euthanized
at the end of the experiments and subjected to full
necropsy. Samples from the livers were collected and
preserved in 10% neutral buffered formalin for histo-

pathology and immunohistochemistry.

Histopathological and immunohistochemical
examination

Samples from the livers were embedded in par-
affin wax, cut in 5 pm thick sections and stained
with hematoxynlin and eosin (HE). Serial sections
from the same samples were mounted on positively
charged slides and used for the immunohistochemi-
cal detection of GST-P, employing the EnVision
method (Dako, Denmark). After deparafinization and
rehydration, the sections were immersed in 3% H,0,
in phosphate buffered saline (PBS) to block endog-
enous peroxidase, followed by incubation with the
primary antibody (GST-P rabbit anti-goat, Stressgen,
USA) diluted in PBS (1:1000). Subsequently, sec-
tions were incubated with peroxidase labeled poly-
mer (poly-HRP goat anti-mouse IgG, Dako) and 3.3
diaminobenzidine (DAB) was used as chromogen for
signal detection. The slides were counterstained with
Mayer's Hematoxylin. In the negative controls the
primary antibody was omitted. In preliminary experi-
ments, several antigen retrieval methods (citrate buf-
fer, Proteinase K, thrypsin) were evaluated and the
conclusion was drawn that no antigen retrieval was
required. Ten slides from each group were chosen
randomly to determine the number of foci in medium

magnification (x200).
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Statistical analysis

The chi-square test was used to compare the
number of cases with >3 or <3 GST-P foci in the
different groups, while the One Way Analysis of
Variance on Ranks was used to compare the number
of number of GST-P foci in the different groups.

RESULTS

On histologic examination, hepatocyte gran-
ular and vacuolar degeneration of hepatocytes
was observed that was more intense in the livers
of group B and lower in sequence in groups D,
A and E, while no changes were found in group
C (Fig. 1). Immunolabeling of GST-P anti-
gen was observed in single cells or foci that
varied in size and staining intensity (Fig. 2,
3, 4). The number of GST-P positive foci
observed per group is summarized in Table 1.
The lowest number of foci was observed in group C
while group B had the highest. Group D showed a
high number of foci, almost similar to that in group
B (55 and 56, respectively), however, the labeling
intensity of hepatocytes was stronger in the latter.
Both groups A and E had a similarly low number of
foci (27 and 23 respectively). GST-P was localized

in either the cytoplasm or the nuclei of hepatocytes.

Fig. 1. Group D, liver: vacuolar degeneration is evident in numerous
hepatocytes (HE, bar=50 pm).

v.,b" & L

Fig. 2. Group B, liver: immunohistochemical demonstration of
GST-P expression in the hepatocytes, with two small foci and
scattered single cells positive for GST-P (EnVision, HRP, Mayer's
hematoxylin counterstain, bar=100pum).

4 2 B Ao EL R
Fig. 3. Group D, liver: a single medium size focus with moderate
nuclear and cytoplasmic immunolabeling for GST-P (EnVision,
HRP, Mayer's hematoxylin counterstain, bar=25pum).

B A

Flg 4. Gr(A)'up' C (control), liver: a large focus where the cytoplasm
and nuclei of hepatocytes are intensely stained with GST-P
(EnVision, HRP, Mayer's hematoxylin counterstain, bar=25um).
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Table 1. Number of immunohistochemically positive GST-P foci in the experimental groups studied.

Positive foci (n)

Slide no.

Group A Group B Group C Group D Group E

1 3 8 1 5 2

2 2 3 0 4 2

3 5 11 1 3 5

4 3 2 0 2 3

5 5 3 3 9 3

6 4 4 0 4 3

7 3 8 0 10 2

8 2 3 0 12 3

9 3 7 0 3 5

10 2 7 0 3 0

Total 32 56 5 55 28
xtse 3.2+0.34 5.6+0.90 0.5+0.29 5.5+1.05 2.8+0.44

Results obtained by counting total number of foci in 10 randomly chosen slides from each animal group.

Significant differences in the number of GST-P posi-
tive foci were observed between groups A, B, D and
E when compared to the control group C. Groups A
and E had a lower number of GST-P positive foci
compared to groups D and B. The results of the
statistical analysis of the differences in the number
of GST-P positive foci in the different experimental

groups are shown in Tables 2 and 3.

DISCUSSION

Much attention has been focused on the mor-
phological, histological and biochemical properties
of preneoplastic lesions such as enzyme-altered foci
and hyperplastic nodules induced at the early stages
of chemical hepatocarcinogenesis (Pitot et al., 1978;
Farber and Cameron, 1980). One of the enzymes
altered in early hepatocarcinogenesis is GST-P. The
rat GST-P, which is related to human GST-xn in enzy-
matic and immunological properties, is a detoxifying
enzyme in the liver and has many isoforms. GST-P is
present in small quantities and is weakly expressed

in rat tissues such as the lung, kidney, testis, spleen

and placenta, but is present only in trace, non-detect-
able amounts in normal livers (Sugioka et al., 1985;
Sato, 1988), although it is markedly and specifically
increased during the early stages of hepatocarcino-
genesis. It can be detected in single liver cells as early
as 2-3 days after the administration of a chemical
(Farber, 1984; Sato 1989). The induction of GST-P
occurs primarily at the transcriptional level (Suguoka
et al., 1985). Therefore, this enzyme has been used as
a reliable tumor marker for both chemically induced
and spontaneously arising precancerous lesions and
hepatomas in experimental carcinogenesis studies.

In the present investigation, the method of the
medium-term bioassay proposed by Ito et al based on
the two-step model of hepatocarcinogenesis was used
(Ito et al., 1988), modified appropriately. This system
was initially introduced in order to screen environ-
mental and naturally occurring carcinogens and was
later used successfully for identifying different anti-
carcinogens (Ito et al., 1989; Ogiso et al., 1990).

The high number of GST-P positive foci
observed in groups B and D was, to a degree, expect-
ed. In the former group, the carcinogenic agent was
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Table 2. Pairwise comparisons of the experimental groups studied for the number of samples with >3 or <3 GST-P positive foci per

group detected immunohistochemically (chi-square test).

Comparisons P
B versus D 1.000
A versus C 0.006
B versus C <0.001
D versus C <0.001
E versus C 0.019
B versus A 0.264
D versus A 0.264
A versus E 0.639
B versus E 0.121
D versus E 0.121

Table 3. Pairwise comparisons of the experimental groups studied for the number of GST-P positive foci detected immunohistochemi-

cally per case (one-way analysis of variance on ranks).

Group 1 (higher)

Group 2 (lower) P

C

CwWwW» OWwm o w >

A+B+D+E
A+B+D
A+B+D
A+B+D

mOoOQOmomm P> 000

C+E
B A+D+E

0.003
0.016
<0.001
0.062
0.022
<0.001
0.011
0.01
0.054
0.01
0.003
0.003
0.004
<0.001
0.022

given alone and its action was not controlled by the
NS extract. In the latter group (D) NS appears to have
no inhibitory effect on DEN-mediated GST-P expres-
sion. This is probably because NS was administered
late (6 weeks after DEN), allowing the early stages of
hepatocarcinogenesis to pass and foci to develop.
More importantly, our results revealed that NS
has a significant inhibitory effect on DEN-mediated
GST-P expression when administered a few hours
after DEN or when DEN was given following six
weeks’ treatment with NS. This indicates that NS
suppresses the early stages of DEN carcinogenesis

and that the residual effect of NS, when given for a
long period, may protect against DEN for some time
after the cessation of NS treatment.

Two studies in rats have demonstrated a sig-
nificant inhibitory effect against DEN by an indig-
enous medicine comprising NS, Hemidesmus indi-
cus and Smilax glabra (Iddamaldeniya et al., 2003;
Iddamaldeniya et al., 2006). Previous experiments
have also shown the anti-tumor effects of N. sativa
and Crocus sativus on chemical carcinogenesis in
mice (Salomi et al., 1991). In addition, NS was found

to be cytotoxic to several cancer cell lines (Salomi
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et al., 1992) and its active ingredients thymoqui-
none and dithymoquinone were found to be cyto-
toxic to several multi-drug resistant human cell lines
(Worthen et al., 1998). The findings of these studies
are in agreement with the results of our study and
support further investigations into the potential use
of this plant in the treatment of cancer.

Besides, the low degree of GST-P expression
observed after treatment only with NS (control group
C) raises the issue that certain components of this
plant may trigger subcellular events related to the
above enzyme. The absence of such findings in pre-
vious reports may be attributed to the enrichment
of treatment with other potent anticarcinogenic sub-
stances contained in plant extracts (Iddamaldeniya
et al., 2003; Iddamaldeniya et al., 2006). The above
hypothesis should be examined following further
investigations on the properties of the individual NS
components separately. Another explanation may be
the action of a latent stimulus or the administration
of NS itself (resulting in liver abnormalities) as has
been reported previously (Suguoka et al., 1985; Sato
1989) indicating that GST-P can be expressed in nor-
mal or non-precancerous livers.

Regarding the localization of the GST-P
enzyme, Guo et al (Guo et al., 2000) found that it is
located in the cytoplasm, mitochondria, lysosomes
and nucleus adjacent to the nuclear membrane of
colorectal cancer cells. Intracytoplasmic and intra-
nuclear presence of GST-P has also been detected in
bladder carcinoma (Chen et al., 1998), although the
latter has not been shown previously in liver cancer.
Positive nuclear immunolabelling of another GST
isotype, GST-O, has been shown in normal human
liver (Yin et al., 2001). The above observations are
consistent with our findings regarding the nuclear
and cytoplasmic localization of GST-P detected in
the present study, leading us to conclude that this
enzyme, may also be expressed in both the cyto-
plasm and nucleus of neoplastic hepatocytes, in addi-

tion to the cancer cell types reported to date (colorec-

tal cancer cell, bladder carcinoma). Further studies
will be needed to investigate the cellular localization
of GST-P in different cancer cell types.

The absence of histological findings compat-
ible with tumor development was expected since our
study was confined to the early stages of tumorigen-
esis (Iddamaldeniya et al., 2003). The mild to moder-
ate hepatocytic vacuolation and neovascularization
observed mostly in groups B and D is in concordance
with previous reports, albeit concerning the investi-
gation of long term carcinogenesis (Iddamaldeniya et
al., 2006). The fact that these investigators observed
the above lesions much later at the course of the
experiments (at the end of 16 months), while in our
study they were seen at 2 and 3 months is probably
due to the different therapeutic agents used in each

study.

CONCLUDING REMARKS

This study suggests that the administration of
NS alone, ie not in combination with other agents,
may have antineoplastic properties, that are both pre-
ventive and therapeutic, and warrants further inves-
tigations on the effects of the individual components
of NS on carcinogenesis. It also showed that GST-P
is expressed in both the cytoplasm and the nuclei of
hepatocytes during hepatocarcinogenesis, the latter
not shown previously.
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