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Immunomodulatory and anti-tumor effects of Nigella
glandulifera freyn and sint seeds on ehrlich ascites

carcinoma in mouse model
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Aim: This study investigated the immunomodulatory and anti-tumor effects of Nigella glandulifera
Freyn and Sint seeds (NGS) on Ehrlich ascites carcinoma in a mouse model. Materials and Methods: DOI:
Kunming mice with transplanted Ehrlich ascites tumor cells (EAC) were treated with NGS by oral
administration. On the 11t day after the EAC implant, mouse thymus, liver, spleen and kidney
tumors were removed for histopathological analysis. Blood samples were taken for hematological
and biochemical analyses. Results: The results indicate that NGS treatment leads to an increase
in TNF-o, IL-18, and IL-2 blood serum levels. Absence of viable EAC and presence of necrotic
cells were observed in the tumor tissue of the NGS-treated animals. Conclusions: The study
results indicated that a water extract of NGS had the highest anti-tumor effect. Moreover, NGS
treatment also showed an increase in the immune system activity.
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INTRODUCTION

Nigella glandulifera Freyn and Sint seeds (NGS), a traditional
Uyghur medicine, has shown anti-tumor properties in
Uyghur people. This study attempts to confirm these
effects in vivo. The genus Nigella (Ranunculaceae) comprises
of about 20 species. The seeds of N. glandulifera are
commonly added to many Uyghur food preparations
and NGS are reported to possess diuretic, analgesic,
spasmolytic, galactagogue, and bronchodilator effects.
They have been used in the treatment of tumor, edema,
urinary calculus, and bronchial asthmal™ They also aid
in improving the blood circulation as well as brain and
kidney functions. N. glandulifera is mainly produced in the
Xinjiang Uyghur Autonomous Region and the plant has
been included in each edition of the Pharmacopoeia of the
People’s Republic of China since 1977. Previous studies
have shown that N. glandulifera contains many chemical

Address for correspondence:

Dr. Dilinuer Maimaitiyiming, Herat internal medicine center, The
first affiliated hospital of Xinjiang Medical University,137 liyushani
Road, 830054 Urumgi, Xinjiang, China.

E-mail: 115149469@qqg.com

Pharmacognosy Magazine | July-September 2013 | Vol 9 | Issue 35

components including damascenine, thymoquinone,
niqullon, quercetin, and saponins.

On the basis of its traditional use in tumor treatment,
we deemed it appropriate to test the effects of NGS
on the development of tumors in an animal model. In
this study, mice with exogenously implanted Ehrlich
ascites tumor cells (EAC) were treated with NGS water
extracts (NGSWE) or NGS ethanol extracts (NGSEE).
Subsequent tumor growth was assessed. Since immunity
plays a major role in protection against cancer,P
the EAC-implanted mouse models were examined to
determine the effect of NGS extracts on three immunity
markers: Tumor necrosis factor-ot (TNF-o), interleukin-
1B (IL-1P), and IL.-2. The effects of the NGS treatments
were compared to those of cyclophosphamide (CY), a
standard comparator for EAC.

MATERIALS AND METHODS

Chemicals and reagents

The N. glandulifera seeds were provided by the Xinjiang
Uyghur National Hospital. Cyclophosphamide was
putrchased from Jiangsu Hengrui Medicine Co., Ltd.
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(Lianyungang, China) under the State Food and Drug
Administration (Batch H32020857). Mouse IL-1B ELISA
(Batch 56069011), Mouse 1L-2 ELISA, (Batch 55708025)
and Mouse TNF-ow ELISA, (Batch 55674004) kits were
purchased from Bender MedSystems, Vienna, Austria.

Animals and treatment

Kunming specific pathogen-free mice (4—6 weeks old,
average body weight 19 * 2 g) were provided by the
Laboratory Animal Center (LAC) of Xinjiang Medical
University. The mice were bred under regular laboratory
conditions (i.e., room temperature, 12/12-hour light/dark
cycle, and with free access to standard rodent chow and
water). The Animal Care and Use Committee of LAC
approved all experimental protocols.

Fifty mice were randomly divided into five groups of ten
animals each: Normal group: No intervention no NGS
treatment (normal saline 20 puL/kg orally daily), Model group:
EAC injected, no NGS treatment (normal saline 20 pL./kg
orally daily), CY group: EAC injected, daily CY injection 20
mg/kg, NGSWE group: EAC injected, oral NGSWE 2 g/kg
daily and NGSEE group: EAC cells injection, oral NGSEE
2 g/kg daily. The EAC was supplied by Wuhan University.

With the exception of the normal group, 0.2 mL (1 X
107 cells/mL) of seven-day-old EAC was transplanted into
the right axilla of each mouse. The transplant operation
was completed in 30 mins. Treatments were started 24 h
after tumor inoculation, and were administered once a day
for 10 days.

Animal observation

Animals were observed and graded daily for activity,
thinness, appearance of skin and hair, appetite, and
irritability. Tumor size was measured daily with a ruler.
Tumor size was plotted against time to determine the
tumor growth rate.

Assessment of tumor weight and thymus, liver and
spleen indices

Twenty-four hours after the last treatment administration
on day 10, the mice were sacrificed by cervical dislocation.
The thymus, spleen and liver tumors were removed and
weighed. Anti-tumor activity 7z vivo was expressed as an
inhibitory rate calculated by using [(A-B)/A] X 100%,
where A and B were the mean tumor weight of the model
control and experimental groups, respectively. The spleen,
liver, and thymus were evaluated by using the organ index
formula: Organ weight (g)/body weight (g).

Histological investigation
A portion of the tumor~kidney, thymus, spleen and liver
was fixed in a 10% buffered formalin for histological
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investigation and the remaining tissue was used for
biochemical measurements. The histological tissues were
fixed in solutions of ethanol: 70% for 3 h, 80% for 2 h,
90% for 1.5 h, 95% tor 2 h, and 100% for 1 h. Subsequently,
the tissues were embedded in paraffin and at least four
cross-sections were taken from each tumor in the kidney,
thymus, spleen and liver. Sections were 4-5 um thick and
were stained with hematoxylin and cosin. Two xylene
treatment changes (2 min each) were performed and the
final tissue sections were mounted with DPX mountant.
The slides were observed for histopathological changes,
and microphotographs were obtained by using an Olympus
Bx50 microscope system (Olympus, Tokyo, Japan).

Evaluation of cytokines

According to the tube manufacturer’s protocol, blood
was immediately transferred into test tubes and kept at
room temperature for 30 minutes. The blood was then
centrifuged at 3000 rpm for 20 minutes. This was followed
by serum assays for TNF-o, 11.-18, and I1.-2 using the
ELISA method, according to the kit manufacturer’s
instructions.

Statistical procedures

SPSS Version 17.0 IBM, Armonk, NY, USA) was used
to test normality and variance homogeneity. Mean and
standard deviation values were calculated, followed by
single-factor variance analysis and card side examination of
the results. The group results were compared by ANOVA.
P < 0.05 was considered statistically significant.

RESULTS

Influence of mice daily activities

Following treatment, mouse behavior, including drinking,
defecation, and urination, as well as general appearance was
monitored daily. No secretions from the eyes, eats, nose,
or mouth were observed.

In the NGSWE group, the mice exhibited normal activity,
a good mental state and had clean fur (better than in the
NGSEE group). In addition, in the NGSWE group, the
Tumor growth incubation period (TP) was 3 d; however,
Tumor growth speed (TS )was slower than in the NGSEE
group. The NGSEE group exhibited normal activity, had a
good mental state, and clean fur (better than in the model
group). In the CY group, there was normal activity, a good
mental state, clean fur (better than in the NGSEE group),
and a TT of 4 d. The CY group had the slowest TS of all
of the groups. The model group (saline treatment only)
showed decreased activity, had greater tumor growth,
unclean fur, and exhibited listlessness with a TT of 2 d
and the fastest TS of all of the groups.
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Inhibition of transplanted EAC tumor growth and
effects on organ weight ratio

The anti-tumor effects of NGS treatment on the
EAC-bearing mice are summarized in Tables 1 and 2.
Treatment with CY and NGS resulted in marked
suppression of tumor weight gain. Compared with the
model group, the inhibitory rate for the NGSEE, NGSWE
and the CY groups in the EAC-bearing mouse were
47.50%, 62.69%, and 51.65%, respectively. The NGSEE
and NGSWE groups showed a significant inhibition
of tumor weight gain when compared to the CY group
(P <0.05). Moreover, the spleen, liver, and thymus indices
for the NGSEE and NGSWE groups did not decrease
significantly compared to those in the model group [Table 2].
The results indicated that 7z vivo NGS treatment did not
result in any significant toxic effects on the immune
systems of the EAC-bearing mice.

Treatment effects on IL-1p3, IL-2, and TNF-o

Effects of NGS treatment on IL-1f, IL-2, and TNF-o
concentrations are shown. The IL-1B, I1L-2, and TNF-o
concentrations were lower in the model and CY groups than
in the control group. Animals treated with NGSWE and
NGSEE had significantly higher TNF-at concentrations (P
< 0.05) than the control groups. Compared with the model
group, the NGSWE and NGSEE groups had significantly
higher IL-1, IL-2 and TNF-0 concentrations.

Pathological examination

Compared to the model group [Figure 1], there was
more obvious tumor tissue damage in the CY group
[Figure 2]. The tissue specimens from the CY group
showed large areas of necrosis, mainly eosinophilic
necrosis. In the NGSEE group, [Figure 3] there were
small areas of tissue necrosis while in the NGSWE
group [Figure 4] there were large areas of tissue necrosis.

Table 1: Antitumor activity of the SNF in mice transplanted EAC tumor (" x+SD)

Group Dosage (g/kg) Tumor weight (g) Thymus weight (g) Spleen weight(g) Liver weight(g) Body weight(g)
Control 0 0.000+0.000*# 0.101£0.011# 0.093+0.009*# 1.211£0.060 29.994+1.694**
Model 0 0.592+0.030%* 0.910+0.0307 0.118+0.013%* 1.307+0.063" 32.335+1.4274
cYy 0.02 0.287+0.0174* 0.066+0.005%* 0.070+0.0074* 1.139+0.035* 25.829+1.476
SNFEE 2 0.311£0.043*# 0.104+0.014% 0.104+0.008*# 1.243+0.131 30.216+£1.927*#
SNFWE 2 0.220+0.0144*# 0.089+0.012% 0.114+0.0124% 1.375+0.3624% 29.81242.235*

* different from the model group, *p < 0.05; * different from the CY group, “p < 0.05, # different from the Control group, #p < 0.05

Table 2. Inhibition of SNF on the growth of transplanted tumors in EAC induced mice and organ weight

ratio (x = SD)
Group Dosage Thymus weight / Mouse Spleen weight / Mouse Liver weight / Mouse Inhibitory
(g/kg) weight (g/g) weight (g/g) weight (g/g) rate(%)
Control 0 0.0034+0.0004*# 0.0031+0.0004*# 0.0405+0.0033 0
Model 0 0.0028+0.0009* 0.0037+0.0005%* 0.0405+0.0032 0
CcY 0.02 0.0026+0.0003* 0.0027+0.0003** 0.0442+0.0027 51.65
SNFEE 2 0.0035+0.0007*# 0.0034+0.0003* 0.0412+0.0043 47.50
SNFWE 2 0.0030+0.0006 0.0038+0.0005* 0.0465+0.0127" 62.69
* different from the model group, p < 0.05; 2 different from the CY group, p < 0.05, # different from the Control group, #p<o0.05
IL-18 (pg/ml)
Model group CY group
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Figure 1: Histological section of EAC in Kunming mice Figure 2: The level of IL-1f; in serum
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Figure 3: The level of IL-2 in serum

The NGSWE group tissues exhibited obvious ischemic
necrosis along with phlogocyte infiltrate.

DISCUSSION

In this study, the anti-tumor effects of NGS were evaluated
in a mouse xenograft model. The results showed that
NGSWE treatment had the most potent anti-tumor
activity. These findings are compatible with previous
reports on NGSWE treatment, which have shown that
NGSWE can be applied as an anti-tumor adjuvant with
an immunomodulatory effect. Thus, NGSWE has the
potential to be ofgreat clinical significance.

The present study of EAC-implanted mice confirmed the
anti-proliferative effects of NGS treatment on tumor cells.
In addition, there was an increased spleen index following
NGS treatment. The NGSWE treatment also resulted in
an increase in 1L-10, I1.-2, and TNF- levels. Both 1L.-13
and IL-2 are important lymphokines and can promote the
proliferation of T cells. In anti-tumor immunity, which is
predominantly cellular, T cells are the main immune cells that
can be cytotoxic directly, or indirectly through the secretion
of cytokine TNF-0"® Many of the cytokines, including
IFN-y and 11.-2, can activate natural killer (NK) cellsP'% In
the absence of antibodies, NK cells can kill tumor cells 7z vivo.
Activation of NK cells induces lymphokine-activated killer
cells and cytotoxic T cell maturation, which in anti-tumor
immunity plays an important role in regulating lymphocyte
proliferation. In addition, activated NK cells can release
cytokines TNF-ot and IL-2 and can stimulate macrophages.
TNF-o has many effects on the immune system regulation
and response. It can promote blood clotting and increase
the adhesion and migration capabilities of leukocytes, adjust
the activation of macrophages and immune responses in
tissues, and regulates the generation of blood cells and
the development of lymphocytes!""*! These effects and
the NGSWE results indicate that NGSWE treatment can
improve immune functions and inhibit tumor growth in
the EAC-bearing mice. Our results show that NGSWE has
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Figure 4: The level of TNF-¢; in serum

inhibitory effects on neoplastic cells and the tumor inhibitory
effects may contribute to immunity enhancement.

Development of anti-tumor drugs from plants is an
important part of cancer research. Discovery of active
ingredients and anti-tumor mechanisms is of great interest
in this field of reseatrch. In this study, an anti-tumor trial
involving oral NGSWE treatment showed tumor inhibitory
effects. The results showed that NGSWE has an inhibitory
effect higher than the required level of inhibitory efficacy
in Chinese medicines (i.e., an inhibition rate of over 30%).
It was observed that NGSWE treatment can reduce the
tumor growth rate of the tumor-bearing mice and improve
the thymus and spleen indices, indicating the presence of
immunomodulatory effects.

This study confirmed that NGSWE could have
an anti-tumor effect without concomitant adverse
reactions. The treatment did not affect the normal
behavior, growth and development of our test animals.
We suggest that NGS extracts, particularly a water
extract, may have the potential for future anti-tumor
drug development; however, determination of NGS’s
active ingredient and its mechanism of action requires
further studies.
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