Effect of carboplatin and Nigella sativa oil on human breast
cancer cells in vitro and Ehrlich ascites tumor bearing
mice in vivo
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i ABSTRACT |

Carboplatin is a synthetic antineoplastic agent used for cancer treatment and is considered to
be the analogous of cisplatin. Nigella sativa oil is a herbaceous plant, it has been used for thousands
of years for culinary and medical purposes. This study aimed to evaluate the effect of carboplatin
and Nigella sativa oil alone and in combir ation together on human breast cancer cells (MCF-7) in
vitro and Ehrlich ascites fumor bearing female mice (in vivo). The in vitro experiment on MCF-7
cells illustrated that ICsp of carboplatin was 11.8 ug/ml, also ICsy of Nigella sativa oil was 39 ug/ml
on MCF-7 cells. In addition, ICsp of the cormbination between carboplatin and Nigella sativa oil was
Jound to be 3.78 and 40 ug/ml, respectively. The in vivo experiment illustrated that carboplatin
(10mg/kg) increased the enzyme activity of aspartate amino transferase (GOT) and aniline amino
transferase (GPT)by 56.52% and 51.14%, respectively as compared to both healthy control (non-
tumor transplanted mice) and negative control. Also, the activity of GOT and GPT was increased by
14.75% and 19.84%, respectively as comp.ared to healthy control under the effect of Nigella sativa
oil (12ml/kg). While the activity of GOT and GPT was decreased as compared to negative control.
The combination of carboplatin and Nigella sativa oil appeared to increase the enzyme activity of
GOT and GPT by 62.41 and 49.39%, respectively as compared to both healthy control and negative
control. Also, carboplatin induced DNA damage of liver tissue was performed by agarose gel
electrophoresis and comet assay, while Nigella sativa oil showed intact DNA without any damage.
The combination of carboplatin and Nige'la sativa oil appeared to decrease the DNA damage as
compared to carboplatin alone.

Key words: Carboplatin, Nigella sativa oil, cvtotoxicity, breast cancer cells (MCF-7), Ehrlich
ascites tumor.
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arcinoma is a type of cancer that
Crepresents 80-90% of cases and

originates in epithelial tissue, which
includes the skin, the covering, lining of the
organs and internal passage ways (Murphy et
al., 1997). Ehrlich Ascites Tumor (EAT) is a
type of tumors originates from the carcinomas
tumors. Carboplatin (cis-diammine (1,1-cyclo-
butanedicarboxylato)-platinum (IT), CBDCA) is
an anti-neoplastic drug presenting an activity
profile similar to cisplatin but a reduced
toxicity and  especially a  reduced
nephrotoxicity, which is the limiting factor to
cisplatin therapy. Carboplatin is also submitted
to cellular responses leading to a resistance. For
example, carboplatin presents some cross-
resistance with cisplatin in different cell lines
and GSH can be associated with these
phenomena (Jansen et al., 2002). Carboplatin a
second generation platinum-containing anti-
cancer drug is currently used clinically against
lung, ovarian, head, and neck cancers (Fujiwara
et al., 2003). Carboplatin is more water-soluble
and produces fewer adverse reactions than its
analog cisplatin, but its DNA-damaging activity
is equivalent to cisplatin at similar toxic doses

(Alberts, 1995). Carboplatin induced bone
marrow  suppression with diminution of
leukocytes, neutrophils, lymphocytes and

erythrocytes with  subsequent immuno-
compromised related infection may be the
explanation for high mortality in carboplatin
treated mice (Feng ef al., 2008). Although
carboplatin related cardiomyopathy has seldom
been reported in clinical conditions,
nevertheless, its frequent use in combination
with doxorubicin and cyclophosphamide that
causes cardiomyopathy (Zver ef al., 2007).
Nigella sativa seeds (Black seed) have been
used traditionally in Middle Eastern folk
medicine as a natural remedy for various

diseases for over 2000 years (Phillips, 1992). It,
comroonly known as black seed, belongs to the
botarical family of Ranunculaceae. Recently,
the plant has been subjected to a range of
phannacological investigations justifying its
broad traditional therapeutic value. Also, it was
repoited to inhibit eicosanoid generation in rat
peritoneal leukocytes and ox brain membrane
lipid peroxidation and ox brain membrane lipid
perozidation (Houghton er al., 1995). Nigella
sativa oil is an effective free radical scavenger
showing antioxidant activity and protecting
agairst the damage caused by free radicals.
Ther:fore, the oil is useful in diseases in which
free radicals are invoived, e.g. anoxia and
ischemia of brain and heart as well as
arter osclerosis, rheumatism and cancer
(Hovghton ez al., 1995 and Al-Ghamdi, 2001).

Aboul-Ela (2002) reported that in vivo
experiments show that treatment of mice with
Nigella sativa or thymoquinone induced
insignificant cytogenetic effect on the
chro-nosomal aberration of bone marrow cells
comparing to control values. Exposure of
MCY-7 breast cancer cells to aqueous and
alcohol extracts alone or in the presence of
desc:nding potency for H;O, completely
inactivated growth of these cells (Swamy and
Tan, 2000), suggesting that N. sativa alone or
in combination with an oxidative stress is
effec tive anti-cancer agent.

The active principle fatty acids derived
fromr N. sativa, completely inhibited the
growth of Ehrlich ascites carcinoma and
Dalton’s lymphoma ascites cells (Salomi et al.,
1992).

This research aimed to evaluate the
cytooxicity of carpoblatin and N. sativa fixed
oil and their combination on breast carcinoma
cells MCF-7 (in vitro), and on Ehrlich ascites
tumor bearing female mice (in vivo).
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Chemicals

Carboplatin (cis-diammine (1,1-cclo-
butanedicarboxylato)- platinum (ID)
(manufactured in Korea by KUP packed by
EUP), N. sativa oil was extracted by El-
Captain company  (CAP PHARM),
Dimethylsulphoxide (DMSO) (Sigma), RI’'MI-
1640 medium (Sigma) and Trypan blue
(Sigma) were used.

Animals and tumor maintenance

Inbred female albino mice (Mus
musculus), weighing 25-30g, 10-12 week:; old
were used. Animals were obtained from the
anmimal house of National Research Center,
Giza, Egypt. They were kept under
environmental and nutritional conditions 1or 2
weeks. The tumor was maintained in female
Swiss albino mice by weekly interapertoneal
(i.p) transplantation of 2.5 X 10° cells in the
National Cancer Institute (NCI), Cairo, E xypt.
Tumor cells were taken from transpl:nted
animals after 7 days of transplantation and
resuspended by appropriate volume of s:line,
then 2 X10° cells (approximately 0.2 ml) of
this suspension were injected (i.p) in each
female mouse. :

Experimental design

This study was carried out on 50 female
albino mice, each one was injected (i.p) with
2.5 X 10° (0.2 ml) of Ehrlich ascites carcir oma
cells (EACCs) except the first group which
represented as healthy female mice (non-tumor
transplanted). Afier 6 days of tumor
transplantation; animals were divided into 5
groups, each group contained 10 animals:
Group (1): the healthy female mice (non-tumor
transplanted) were injected (i.p) with distilled
water once, it represented the negative control.
Group (2): the mice were injected (i.p) with
distilled water once, it represented the positive
control,

Group (3): the mice were injected (i.p) with a
single dose of carpoblatin “10mg/kg” (which
is 1/5 of the maximum tolerable dosage, Feng
et al., 2008).
Group (4): the mice were orally administrated
with Nigella sativa oil “12ml/kg” for 6 days
(Hhan et al., 2005)
Group (5): the mice were orally administrated
with Nigella sativa oil “12ml/kg” for 6 days
and a single dose of carpoblatin “10mg/kg”.
After 24 hours of the administration of
carpoblatin, blood was collected to separate
serum for determiation the activity of GOT
and GPT. Liver tissues were isolated to
determine DNA fragmentation by single cell
gel electrophoresis (Comet assay) and running
on agarose gel electrophoresis.

Sulphorhodamine-B
cytotoxic activity
This method was carried out according to
that of Skehan et al. (1990). The sensitivity of
the human tumor cell lines to thymoquinone
was determined by the SRB assay. SRB is a
bright pink aminoxanthrene dye with two
sulphonic groups. It is a protein stain that
binds to the amino groups of intracellular
proteins under mildly acidic conditions to
provide a sensitive index of cellular protein
content. Cells were wused when 90 %
confluence was reached in T25 flasks.
Adherent cell lines were harvested with 0.025
% trypsin. Viability was determined by trypan
blue exclusion using the inverted microscope
(Olympus 1x70, Tokyo, Japan). Cells were
seeded in 96-well microtiter plates at a
concentration of 5x10*-10° cells/ well in a
fresh medium and left to attach to the plates
for 24 hrs. After 24 hrs, cells were incubated
with the appropriate concentration ranges of
drugs, completed to total of 200 ul
volume/well using fresh medium and
incubation was continued for 24, 48 and 72
hrs. Control cells were treated with vehicle
alone. For each drug concentration, 4 wells

(SRB)  assay of
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were used. Following 24, 48 and 72 hrs
treatment, the cells were fixed with 50 pl cold
50 % trichloroacetic acid for 1 hr at 4°C. Wells
were washed 5 times with distilled water and
stained for 30 min at room temperature with
50 pl 0.4 % SRB dissolved in 1 % acetic acid.
The wells were then washed 4 times with 1 %
acetic acid. The plates were air-dried and the
dye was solubilized with 100 ul/well of 10
mM tris base (pH 10.5) for 5 min on a shaker
(Orbital shaker OS 20, Boeco, Germany) at
1600 rpm. The optical density (0.D.) of each
well was measured spectropho-tometrically at
564 nm with an ELIZA microplate reader
(Meter tech. ¥ 960, US.A). The mean
background absorbances was automatically
subtracted and mean values of each drug
concentration was calculated as Survival
fraction = O.D. (treated cells)/ O.D. (control
cells).

Determination of aspartate aminotran-
sferase (GOT)

Aspartate aminotransferase was
determined in serum according to Murray
(1984).

Determination of aniline aminotransferase
(GPT)

Aniline aminotransferase (GPT) was
determined in serum according to the method
of Murray (1984).

Determination of alkaline phosphatase
(ALP)

Alkaline  Phosphatase (ALP) was
determined in serum according to the method
of Marsh et al. (1959).

Determination of DNA fragmentation on
agarose gel electrophoresis
Genomic DNA was isolated from liver

tissue according to the technique of Duke and
Cohen (1986).

Determination of DNA fragmentation by
single cell gel electre phoresis (Comet assay)

DNA fragmentation by single cell gel
electrophoresis of liver tissue was determined
according to the method of Singh, er al
(1938). Evaluation of DNA damage was
evauated by a Komet 5 image analysis
software developed by Kinetic Imaging, Ltd.
(Liverpool, UK) linked to a CCD camera to
assess the quantitative and qualitative extent of
DNA damage in the cells by measuring the
length of DNA migration and the percentage
of migrated DNA. Finally, the program
calculates tail moment. Generally, 50 to 100
randlomly selected cells are analyzed per
samrple.

Statistical analysis

Data were subjected to statistical analysis
according to Fisher and Yates (1957) and
Snedecor and Cochran (1967).

[ RESULTS AND DISCUSSION |

1. Cytotoxicity induced by carbeplatin, N.
sativa oil and their combination on human
breast cancer cells MCF-7 (in vitro)

The in vitro experiment on MCF-7 cells
illustrated that carboplatin with multiple doses
5, 12.5, 25 and 50 pg/ml decreased the
surviving fraction of MCF-7 cells, so ICsy of
carboplatin was 11.8 pg/ml as shown in Figure
(1a’. Also, Nigella sativa oil with multiple
doszs of 50, 100, 150 and 200 pg/ml decreased
the surviving fraction of MCF-7 cells, so ICso
of Nigella sativa o1l was 39 ug/ml as shown in
Figiure (1b}. IC50 of the combination between
carboplatin and Nigella sativa oil was 3.78
pg/nl and 40 ug/ml, respectively as shown in
Figare (lc), also all ICSO’s of carboplatin,
Nigella sativa and their combination oil were
collected in Figure (1d).

In vitro and in vivo studies indicate that
both the oil and the active ingredients of N.
sativa seeds possess anti-tumor effects. By
investigating the effect of the volatile oil of N.
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sativa seeds on different human cancer cell
lines, the oil expressed marked cytotoxic
effects against a panel of human cancer cell
lines (Islam er al., 2004). Exposure of MCF-7
breast cancer cells to aqueous and alcohol
extracts alone or in the presence of descending
potency for H202 completely inactivated
growth of these cells (Swamy and Tan, 2000),
suggesting that N. sativa alone or in
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Fig. (1): Cytotoxicity induced by carboplatin alone (a), N. sativa oil alone (b) and their combination
{c and d) on human breast cancer cells MCF-7.

(Medenica et al., 1997), angiogenic protein-
fibroblastic growth factor (Swamy and Tan,
2000), tissue-type plasminogen activator,

urokinasetype plasminogen activator, and
plasminogen activator inhibitor type 1 (Awad,
2005). Because tumor cells to ensue their
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metastasis produce these factors, it can be
suggested that the anti-tumor effects of M.
sativa oil might be mediated through anti-
angiogenic effects through inhibition of local
tumor invasion and metastasis in vivo.

2. Effect of carboplatin (10mg/kg), N. sativa
oil (12ml/kg) and their combination on
GOT and GPT activities in serum of
Ehrlich ascites tumor bearing female mice
in vivo

Data in Table (1) showed that the
enzyme activity of GOT and GPT was
increased by 24.15% and 29.84%, respectively
in negative control as compared to healthy
control. On the other hand, the treatment of

carboplatin  (10mg/kg) revealed that the
activity of GOT and GPT was increased by
:36.52% and 51.14%, respectively as compared
10 both healthy control and negative control,
N, sativa oil (12ml’kg) showed that the
enzyme activity of GOT and GPT was
increased by 14.75% and 19.84%, respectively
as compared to healthy control, while the
enzyme activity was decreased as compared to
negative control (Table 1). The effect of
combination of carboplatin and N. sativa oil on
3OT and GPT activities appeared to be
increased by 62.41% and 49.39%, respectively
us compared to healthy control and negative
control (Tablel).

Table (1): Effect of carboplatin (10mg/kg), N. sativa oil (12ml/kg) and their combination on GOT and
GPT activities in serum of Ehrlich ascites tumor bearing female mice.

Parameters
Treatments GOT:;]:ﬁVity GPT: ;:ltivity ALP activity (I p /L)
Healthy Control 48.48+2.70 36.29+5.66 117.00=8.26
Negative control % change gg}g;ﬂ*iZ 421;;3;?*49 Not detected
Carboplatin % change ;gggoi/f*z_? gfllfliioi/f*.z(] Not detected
N sativ il 9 changs s550 P
Carb.+ N, sativa oil % change et B Not detected

* and ** indicate significance at (.05 and 0.01 probability level:, respectively

Alkaline phosphatase (ALP) activity in
serum was measured, there was no observed
activity, On the other hand, ALP activity in
healthy mice was appeared as 117 [U/L. The
active principle fatty acids derived from N,
sativa, completely inhibited the growth of
Ehrlich ascites carcinoma and Dalton’s
lymphoma ascites cells (Salomi et al., 1992).
Moreover, oral feeding with N. sativa extract
suppressed hepatic tumor in rat induced by
diethylnitrosamine or by partial hepatectomy
(Iddamaldeniya et a/., 2003). Our present
study revealed that GOT and GPT were

increased in the negative control as compared
to healthy group, also there was no ALP
sctivity in all groups except the healthy group,
this may be due to the effect of tumor
transplantation in female mice. Furthermore,
. sativa oil suppressed colon carcinogenesis
induced by methylnitrosourea (Mabrouk et al.,
2002), or by 1,2- dimethylhydrazine (Salim
énd Fukushima, 2003). Mahmoud et al,
(2002) reported that the liver functions were
improved by a decrease of the elevated serum
Izvels of ALT, GGT, ALP and by a
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normalization of albumin under the effect of
N sativa oil.

Fig. (2): Genomic DNA of liver tissue on
agarose gel electrophoresis (2%), (1)
Marker (100 bp), (2) healthy control,
(3) neg. control, (4) caboplatin (10mg),
(5) N. sativa oil (12 mlkg), (6)
combination of carboplatin and N.
sativa oil.

3. Effect of carboplatin (10mg/kg), N. sativa
oil (12Zml’kg) and their combination on
genomic DNA on agarose gel electrophoresis
Fig. (2) illustrated the different lanes
profiling of the genomic DNA on agarose gel
(2%). As revealed from the figure of genomic
DNA of healthy control and N. sativa oil groups
showed no observed fragmentation, while the
other bands of different group’s revealed damage
and smear bands. This is due to the cytotoxicity
of CDDP and the protective effect of N. sativa
oil on genomic DNA. Carboplatin (CBP) is a
DNA-damaging agent that causes S-phase
blockade of dividing cells. Its DNA-damaging
effect may be mediated through the formation of
CBP-DNA adducts (Alonso er «f., 2006); N
sativa oil is an effective free radical scavenger
showing antioxidant activity and protecting
against the damage caused by free radicals.
Therefore the N. sativa oil is useful in
diseases in which free radicals are involved, e.g.
anoxia and ischemia of brain and heart as well as
arteriosclerosis, rheumatism and cancer (Al-
Ghamdi, 2001). Platinum-resistant cells may
have several chromosomal abnormalities (Abdel-
Latif et al., 2005). Telomere length, telomerase
activity, and telomerase mRNA expression were
reduced in cisplatin-resistant OC cell lines
(Kivozuka et al., 2000). Cytochrome P-450 has
the role in producing free radicals, which may
then react with molecular oxygen to form
superoxide anion radicals. The radicals thus

2072 bp

100 bp

formed may give rise to highly reactive species
such as hydroxyl radicals, singlet oxygen and
hydrogen peroxide (Pratibha et al, 2006).
Cisplatin induced hepatotoxicity was enhanced
by elevated expression of Cyp2El and may
involve increasing production of ROS and
oxidative stress (Lu and Cederbaum, 2006),

4. Effect of carboplatin (10mg/kg), N. sativa
oil (12ml/kg) and their combination on
quantitation of DNA incision by the alkaline
single cell gel electrophoresis (comet assay)
Data in Table (2) and Figure (3) illustrated
that the tail moment appeared to be high under
the effect of carboplatin as compared to each
group, while the tail moment appeared to be low
under the effect of N. sativa oil alone. On the
hand, the combination between carboplatin and
N. sativa oil appeared to decrease the tail
moment as compared to carboplatin alone.
Takagi et af., (2004) reportid that the
incorporation of thymidine and the taill moment
after treatment with carboplatin confirmed that
quiescent lymphocytes were proficient 1n
repairing DNA damage initiated by carboplatin
up to 150 mM. When carboplatin  was
administered at a dose range of 75-450 mM, the
peak concentration ranged from 40 to 230 mM.
Takagi ef al., (2004) suggested that lymphocytes
were able to accomplish DNA repair during 24
hr continuous exposure to carboplatin, DNA
incision reached a plateau after 3-6 hr
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incubation with carboplatin, indicating that on-
going induction of DNA damage and repair
reached an equilibrium. It is likely that F-ara-A
was incorporated into the repair patch and, in
turn, inhibited DNA repair. Therefore, F-ara-
AMP  incorporation and DNA  incision
accumulated in a time-dependent manner in
continuously treated-cells that induced major
cellular damage, but these lesions might be
insufficient in pulse-treated cells. From our

present study, carboplatin as anticancer drug
causes many deleterious effects not only on
tumor cells, but also on intact organs. On the
other hand, the combination with Nigella sativa
oil decreases the dangerous side effects of
carboplatin and enhances carboplatin activity
against tumor cells. We recommend that any
chemotherapeutic agent should be taken in
combination with antioxidant agent,

Table (2): Induction of DNA incision of liver tissue by carboplatin (10mg/kg), N. sativa oil (12ml¥kg) and

their combination.

Parameter Tail length (um)
Healthy Control 1.585
Negative control 5.254
Carboplatin 8.281
M. sativa oil 1.657
Carb.+ N, sativa oil 4.392

_DNAY i Tail moment
1.500] 02.38
4.521 3275
7216 50.76
1.454 02.48
3953 17.36

Fig. (3): Induction of DNA incision by carboplatin, (1) healthy conirol, (2) neg. control, (3)
carboplatin (10mg), (4) N. sativa oil (12 ml’kg), (5) combination of carboplatin and N,

sativa oil,
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S8l ALy (MCF-7) iyl el gyl LAl gle e yull dn Sg3 ityggpall eyl
Ehrlich as:ites tumor La#al dlelaJl

Rk adlh e ok R QLo Gl ook gk ) dala o % S ghaa Ggun g R gl G
a3 i8I g Baa o glell 5y ST Analan o gl iS5 gl 0SH
aad adl-Ased )30 S gl 38 se (il O gan dgaa*
raand il Aaall 35135400 gall gl g 408 51 Dpa il Aiggdh 3 Sadl G gall andl) dam Sk
_)a.a.a_i_')_._n_;jl_a._ic|_)_j:|1 3._5';_))'1 3\...»;..4.11 S gy dgmadokkk
aaab padld alall dada JAe) 5 0 A58 JASH Gl ?“‘5*****

Laplall Clatiall e 3l A Sy ey s el oA Aadiaall s el Balimall Ay 531 e (D g0 KU e
san e A8 Aus y )y s S (e JS LS o g Al 0 eda e Cingll OIS Y Bam Apmaa il yali 4 o3
Ehrlich ascites tumor L&l aldall o il &by ( MCF-7) Aaita pualt 45 500l LAY Ao Lagiy Jadad) i<,
surviving  Jaee <l Mefal ja g Sua50625¢12.565 (oo ol S Al < 38 1 o) adill Caaia gl Sua
50 oo 4013 5 CilSe A8l A ) Wl Mefal g Sae 11.8 il SU (ICsp) Badiall 38 530 IS fraction
39 A, A ey 3l Lafdl 1S 5l S surviving fractiondae JiE ) <l /el a5 Sae 200 <150 <100
(il e Aafal g Ka 40 ¢ 3,78 A8l dua 5y S g SH (g Jadall dafiall 38 j IS o8) ¢ Ale/ad a5 Sie
Ehrlich ascites tumor La1 Aalall 5l il o agiyg daadl g 33a o JS 38 5l daa Cuyjp 0 g SU L85 o Ll
! (GPT, GOT ) 28U daiil ey 3 plis ) 3 sl aaS/pl jadllsa 10 580 Dl SN ol gl Caacayl 8
ie ganall 5 Ehrlich ascites tumor WM Alala jedt dadudh o 53l 45 jlia o el (6 M il e %51.14 <%56.52
nil oy 33 palisd ) ool aaS/ M 12 38 534 38 0 4m <y Wt Bhrlich ascites tumor WAl Aldal dlajall
Ehrlich ascites tumor L&l ddall daliall de gaaddy Mol Je 9619.84 9514.75 A (GPT, GOT ) 284
%49.39 9662.41 M (GPT, GOT ) 280 Al ey 3y gl M sl A A 35 Db s S G Tl Ll
LAl dlalalt dalialt de ganally Ehrlich ascites tumor LMAI dlala el el off yally &6 jaa Mgl e
S duadll JMa e Genomic DNA o eSS a0 S8 38 5 o) Lagd Bhrlich ascites tumor
o=lall Genomic DNA 8 eSS Sigta pie 48 5l fa ) el S 28 LS (alill comet assay 5 5s e
O s SN Cuy Sidal Genomic DNA (o eSS JB 388 4800 Za Gy jy 0D g S Cp Jadlal Lo 21 DAy
. Ehrlich ascites tumor L&) dlda uall daludt ) il 45 Jda
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