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Study the effect of star anise extract and the
pulp of Kiwifruit on mice infected with cancer
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The antitumour activity of kiwifruit juice (K), star
anise decoction (SA) and their mixture as nutritional
treatment was studied in mice with Ehrlich ascites
carcinoma (EAC). Female Swiss albino mice were
treated by oral feeding with kiwifruit juice (1 ml/
mice), star anise decoction (1 ml/mice) and their mix-
ture (1 ml/mice) for 14 consecutive days. Cisplatin
drug was injected two times (10 mg/mice i.p.) on the
fifth and seventh days. The results showed that kiwi-
fruit and star anise as nutritional sources helped to
bring back serum levels of AST and ALT enzymes and
creatinine activities. Kiwifruit and star anise de-
creased tumour cell count and brought back the hae-
matological data to near normal levels, arresting the
cell cycle at normal phases.
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CANCER is considered as one of the most fatal diseases in
the world'. It is the second cause of death worldwide, the
first being cardiovascular diseases’. Clinical cancer
treatment — whether surgery, chemotherapy or radiothe-
rapy — varies appropriately based on the clinical find-
ings”.

In 2007, the World Cancer Research Foundation re-
ported that 35% of all cancer incidence worldwide is re-
lated to factors of lifestyle like physical activity, food and
nutrition habits®. Recent studies have emphasized that
consuming more spices, vegetables and fruits reduces the
incidence of cancer™®.

Vegetables and fruits are rich in various antioxidants
(ascorbic acid, polyphenol, tocopherols and carotenoids).
Antioxidants have beneficial effects on human health’.
Phytocompounds are bioactive components in fruits.
They play an important role as a protective shield for the
human body against all chronic diseases®. Actinidia fruits
species belong to the Actinidiaceae family. They are dis-
tributed throughout the world, especially in eastern Asia.
Kiwifruit is classified as Actinidia species and has now
become popular worldwide’. Fruits of Actinidia species
are rich sources of vitamin E, flavonoids, minerals,
vitamin C (ascorbic acid), pigments, chlorophylls and
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carotenoids'®"?. Kiwifruit has preventive effects against
certain cancers through its antioxidant activities. Recent-
ly, kiwifruit was used for the treatment of different kinds
of lung and liver cancers'”.

Star anise /llicium verum Hook (Illiciaceae), is an aro-
matic, evergreen tree. It is found in Asian countries,
mainly China and Pakistan. In 2002, the Ministry of
Health of China classified /. verum as both medicine and
food. This classification of /. verum ensures low toxicity
to humans'®. Padmashree ez al.'> and Cheng Hong et al.'®
reported that star anise — both plant and its extract — is an
effective source of natural antioxidants. It contains high
amounts of polyphenols such as anethole'’. Compounds
like phenolic acid derived from the plant have shown good
effects in many anticancer and antioxidant models'®.

The present study evaluates the antitumor activity of
star anise (SA), kiwifruit (K) and their mixture (K + SA)
as a natural and safe source of food in reducing the risk
of Ehrlich ascites carcinoma (EAC) as a tumour model in
mice.

Material and methods
Mice

Female CD-1 mice (weighing 18:22 g), eight weeks of
age, were used as experimental animals. The animals and
ration diet were obtained from Taif University, Taif, Saudi
Arabia. The Public Health Guide for the Care and Use of
Laboratory Animals was followed in all animal proce-
dures. To adapt to the laboratory conditions, the animals
were kept in our laboratory for a week before starting the
experiments'’.

Reagents and cell lines

Cisplatin (cis-diamminedichloroplatinum) was purchased
from Sigma—Aldrich, Co, USA. The source that provided
us with EAC was the National Cancer Institute at Cairo,
Egypt. EAC was kept in the laboratory by transplanting
females CD-1 mice in the ascitic form. Tumour cell sus-
pensions were prepared in phosphate buffer saline (PBS)
at 2x 10° viable cells/ml and intraperitoneal injection
(i.p.) 0.25 x 10° tumour cells/mice suspended in 0.1 ml
(ref. 20).
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Preparation of plant materials

The plant materials, viz. star anise and kiwifruit were
bought from traditional markets selling herbal medicine.
Five grams of star anise was put in 200 ml of cold water.
The solution was covered and brought to a boil, and sim-
mered for 10—15 min on low heat. Then it was left to cool
for 10—15 min, and was passed through a tea strainer for
use. Kiwifruit was peeled and compressed directly into an
electric mixer as fresh juice for daily use.

Experimental design

Animals were classified into six groups (nine mice per
group). Group I mice were injected with PBS (10 mg/
mice i.p.) as negative control. Groups II-VI consisted of
mice injected with EAC at a dose of 0.25 x 10° cells/mice
i.p. Group II served as positive control with EAC only.
Group I1II served as a reference. Mice were injected with
a chemical drug cisplatin (10 mg/mice i.p.), two times on
the fifth and seventh days of injection of EAC in the (0)
day. Nutritional treatments were classified as follows:
Group IV mice were treated with a single oral administra-
tion of pure kiwifruit juice (1ml/mice) on an empty sto-
mach daily. Group V mice were treated with a single oral
administration of star anise decoction at a concentration
of 2.5% (1 ml/mice) on an empty stomach daily. Group
six mice were treated with a mixture of kiwifruit juice
and star anise decoction as a single oral administration
(1 ml/mice) on an empty stomach daily. Animals in all
groups were treated for 14 consecutive days.

At the end of the experimental period, mice were fasted
overnight. They were weighed and sacrificed by cephalic
dislocation. Blood samples were drawn from the optic
vein and separated into two parts, one in EDTA tube for
CBC analysis and another in an Eppendorf tube which
was centrifuged at 3000 rpm for 15 min to obtain clear
serum for biochemical analysis.

Biological evaluation

Vital organs such as liver, spleen and kidney were re-
moved aseptically, washed with saline solution, dried
using filter paper and weighed according to the method
described by Drury and Wallington?'. They were kept
frozen at —80°C for molecular and immunological analyses.

Biochemical analysis

Fresh serum was used for biochemical analysis. Aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) activities were determined according to the
method of Reitman and Frankel”. The serum creatinine
concentration was estimated by alkaline picrate method
according to method of Roy and Hertha®.
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Complete blood count

Whole blood samples were used to assay the total count
of peripheral blood leukocytes (PBL). The total number
of leukocytes in peripheral blood was enumerated using
an automated instrument for CBC (VetScan HM2™
Hematology System, Abaxis”, CA, USA)*.

EAC cells — cell account

After the mice were sacrificed, ascetic fluid was indivi-
dually withdrawn from EAC-bearing mice, both treated
and untreated, using a 10 ml plastic syringe containing
5 ml of cold saline. EAC cells were first separated from
the ascetic fluid by centrifugation at 300 g for 2 min and
the supernatant was discarded. The cells were washed
twice with PBS to completely remove the blood cells.
Washed and packed cells were then resuspended in a
fixed volume of saline. The viability of tumour cell sus-
pensions was counted using trypan blue dye exclusion
assay and a hemocytometer”.

Preparation of single-cell suspension from spleen

Sacrificed mice spleens were placed into a tissue culture
dish and torn apart into a cell suspension by pressing with
the plunger of a 3 ml syringe. Cells were grouped in
10 ml PBS and cell suspension was passed through a cell
strainer to remove clumps and debris. The cell suspension
was put in a conical tube. It was centrifuged for 5 min
(400 g) at 4°C and the supernatant was discarded. The
pellet was resuspended in lysis buffer 5 ml/spleen. The
cell suspension was kept at room temperature for 5 min
with occasional shaking. The reaction was terminated by
diluting the lysis buffer with 20-30 ml 1X PBS. The cells
were centrifuged (400 g) at 4°C and the pellets were
resuspended in complete RPMI or PBS till cell count and
viability analyses were performed?®.

Cell-cycle analysis

Spleen cell suspensions were counted using a hemocyto-
meter with trypan blue dye exclusion assay*’**. Cell sus-
pensions were treated with PBS and fixed with 70%
ethanol on cold ice for 24 h. Fixed cells were treated
with 25 mg/ml of RNAase-A at 37°C for 30 min and then
with propidium iodide (5 mg/ml, Sigma, USA) solution
for 30 min in the dark”. Cell-cycle analysis was per-
formed using a flow cytometer (Becton Dicknson BD
FACS Calibur, USA) equipped with a pressed air cooked
low power 15 mW air-cooled argon laser ion beam
(488 nm). The average number of tested nuclei per
specimen was 10,000 and the number of nuclei checked
was 120/s.
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Statistical analysis

Data were summarized in tables as means * standard dev-
iation (SD). Data were analysed using one-way test of
variance (ANOVA) by LSD test; P value <0.05 was con-
sidered significant. The data were implemented in SPSS
computer program (v. 16), according to Armitage and
Berry™.

Results
Biological evaluation

Table 1 shows the relative weight of liver, spleen and
kidney to body weight in mice injected with EAC and
treated by CIS, K, SA and a mix of K + SA. Compared to
the normal group, relative significant increase was obser-
ved in the weight of spleen (P <0.05) in the EAC + SA
group. No significant change in weight of organs was ob-
served in any of the treatment groups.

Biochemical analysis

Table 2 showed results of liver enzymes as asparate ami-
notransferase (AST) (U/L) and alanine aminotransferase
(ALT) (U/L) and kidney function indicator as creatinine
(mg/dl) of all groups compared to EAC control group.
The levels of AST and ALT enzymes and creatinine rec-
orded a significant increase (P < 0.001) in the CIS group
(35.00+3.74U/L, 37.83+1.16U/L and 1.55%
0.06 mg/dl respectively) as compared to the EAC control
group.

Groups treated with star anise and the K + SA group
showed significant decrease (P <0.001) in the level of
liver enzyme and creatinine compared to the EAC control
group.

The levels of AST and ALT enzymes and creatinine
showed significant decrease (P < 0.05) (P <0.001) in the
K group (15.83+1.72U/L, 13.83+2.31U/L and
0.97 £ 0.05 mg/dl respectively) compared to the EAC
control group. The kiwifruit treated group showed maxi-

mum decrease of AST and ALT enzymes compared to
other groups, while K+ SA group showed maximum
decrease in creatinine compared to other groups.

Haematological analysis

Table 3 shows the results of CBC of CIS, K, SA and
K + SA groups compared to the EAC control group.

Treated groups of CIS and K showed a significant
increase (P < 0.05) in RBCs compared to the EAC con-
trol group.

The kiwifruit treated group showed significant de-
crease (P <0.001) in granulocytes levels (Gra), and in-
duced a significant increase (P < 0.05) in platelet levels
(PLT) compared to the EAC control group. White blood
cells (WBCs) and lymphocyte (LYM) levels of the mix
(K + SA) group showed significant decrease (P < 0.001)
(P <0.05) respectively, compared to the EAC control

group.

EAC cells — cell account

The tumour cell count of mice injected with EAC i.p.
0.25 x 10° cells/mice and treated with CIS, K, SA and
K+ SA was recorded. The results illustrated that all
treated groups are less than the EAC group. All treated
groups induced a significant increase at (P <0.001) and
(P < 0.05) compared to CIS group (Table 4 and Figure 1).

Cell-cycle analysis

Cell-cycle analysis was performed for spleen cell suspen-
sions using a hemocytometer and trypan blue dye exclu-
sion assay. The per cent distribution of Sub G1, GO/1, S
phase % and G2/M of the EAC cells before and after
treatment by CIS, K, SA and K+ SA was measured.
Group 2 was injected with EAC cells only. Data demon-
strated to (sub G1%), (G0/1%), (S phase%) and (G2/M%)

Table 2. Liver enzymes and creatinine of normal, EAC and treated

mice groups

Table 1. Relative organ weight of normal, EAC and treated mice
groups

Group Liver Spleen Kidneys
Normal 5.61 £0.60 0.50 £ 0.06 1.21+0.14
EAC control 4.60 £ 0.29 0.43+£0.24 1.09 £0.21
EAC + CIS 4.60 £ 0.88 0.39 £0.09 1.02 £0.12
EAC +K 5.00 £0.30 0.41£0.13 1.01 £0.11
EAC + SA 4.93 +1.06 0.80 £ 0.22* 1.09 £ 0.26
EAC + K + SA 5.35+£0.95 0.58 £0.08 1.07 £0.30

Groups AST (U/L) ALT (U/L)  Creatinine (mg/dl)
Normal 12.16 £2.31 6.00 £ 1.41 0.68 £0.10
EAC control 19.83 £2.78 19.50 + 1.64 1.30+£0.14

EAC + CIS 35.00 £3.74*%* 37.83 £1.16%* 1.55+0.06%*
EAC+K 15.83 £1.72*% 13.83 £2.31** 0.97 £0.05%*
EAC + SA 16.83 + 1.47 14.67 £2.58%*  0.90 £ 0.01**
EAC+K+SA 19.00£1.67 24.16 £2.31** 0.85%0.07**

Data are mean £ SD of nine mice. *Significant P value < 0.05 com-
pared to normal group with LSD post-test. EAC, Ehrlich ascitic carci-
noma; CIS, Cisplatin; K, Kiwifruit and SA, Star anise.
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Data are mean = SD of nine mice. *Significant P value < 0.05 and
**significant P value <0.001 compared to EAC control group with LSD
post-test. EAC, Ehrlich ascitic carcinoma; CIS, Cisplatin; K, Kiwifruit
and SA, Star anise; AST, Asparate aminotransferase; ALT, Alanine
aminotransferase.
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Table 3. Complete blood cell count (CBC) of normal, EAC and treated mice groups

Group WBCs (10°/ul) LYM (%) MON (%) Gra (%) PLT (10°/ul) RBCs (10%/ul) Hb g/dl

Normal 6.83 0.95 41.82 +2.81 0.85+024  40.68 +1.31 6.48 + 1.04 7.30 £ 0.26 14.17 £0.32
EAC control 9.97 +1.79 47.35+3.79 1.55+0.13  49.67+1.27 4.73 +£0.67 6.18 £ 0.88 11.97 £0.90
EAC + CIS 7.03 % 1.61 37.65 +2.87 135+0.15  40.87+3.49 5124 1.06 6.65 + 0.39* 11.98 +0.44
EAC +K 7.57+1.73 44.83 +3.70 128+0.15  34.88+3.15%%  6.52+1.08* 7.01 £ 0.71* 12.35+0.82
EAC + SA 743 +0.54 40.97 +3.76 130+0.17  43.90  1.67 5.66 % 0.84 6.87 0.52 12.57 £0.80
BEAC+K+SA 693+ 1.64*% 4132+2.44% 0.77+0.12 4525+226 5.27+0.46 7.02 +0.55 12.80 £0.22

Data are mean + SD of nine mice. *Significant P value < 0.05 and **significant P value <0.001 compared to EAC control group with LSD post-
test. WBCs, White blood cells; LYM, Lymphocytes; PLT, Platelet; RBCs, Red blood cells; Hb, Haemoglobin.

Table 4. Tumour cell count of normal, EAC and treated mice groups

Group Tumour cell count (10° cells/mice)
EAC control 14.87 £ 1.57

EAC + CIS 4.11£1.10

EAC +K 7.57 £ 1.56%*

EAC + SA 7.21 £0.34%*
EAC+K + SA 5.73 £ 2.84*

Data are mean £ SD of nine mice. *Significant P value <0.05 and
**significant P value <0.001 compared to EAC + CIS group with LSD
post-test.
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Figure 1. Tumour cell count of Ehrlich ascitic carcinoma (EAC) and

treated mice groups.

as 5.6%, 60.1%, 11.9% and 21.3% respectively, as shown
in Figure 2 which recorded high values compared to the
normal group. While the treated groups recorded the
highest percentage of sub G1% as 15.1, 23.3, 20.6 and
37.6 respectively. On the other hand, the curve of GO0/1
phase decreased as follows: 58.2%, 49.6%, 42.3% and
47.2%. The S phase % had the lowest value in K+ SA
and CIS groups (4.4% and 5.9% respectively) and
showed a gradual rise in K and SA groups (13.3% and
16.7% respectively). Also, the mitotic phase (G2/M) ob-
tained the same gradual in the values by recording lowest
values in K + SA and CIS groups (9% and 10.3% respec-
tively), which then increased to 13.4% and 19.1% in K
and SA groups respectively, compared to the EAC con-
trol group. These results suggest that kiwifruit, star anise
and their mixture may be inhibiting the cellular prolifera-
tion of EAC cells via GO/G1 phase arrest (Figure 2).
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Figure 2. Spleen cell cycle phase distribution of normal, EAC and
treated mice groups (sub G1 = apoptosis%, GO/1 prolife, S phase% pro-
liferation and mitosis G2/M. GI1, Normal mice; G2, EAC; G3,
EAC + CIS; G4, EAC + K; G5, EAC + SA; G6, EAC + K + SA.

Discussion

Liver, spleen and kidney are known to be affected by
anticancer drugs’'. In the treatment of a wide range of
tumours, cisplatin is the most commonly used cytotoxic
drug, either alone or in combination with other cytocidal
agents. However, due to its detrimental adverse effects,
including nephrotoxicity, its clinical uses are limited**.

In this study we evaluated the antitumor activity of
kiwifruit juice, star anise decoction and their mixture on
EAC tumour model. The results reveal that the relative
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organ weights of treated mice are close to normal values
more than EAC and CIS groups, especially for liver and
spleen relative weights. The organs with EAC and CIS
groups are slightly lower than normal values in relative
organs weight. On the other hand, the relative weights of
spleen in SA and K + SA treated groups were higher than
the normal group.

Oral feeding of kiwifruit juice and star anise decoction
after induced EAC showed the improvement of ALT and
AST enzyme level compared to the EAC and CIS groups.
These results indicate that ALT and AST levels are with-
in normal limits, as biochemical parameters, which rules
out hepatotoxicity.

Also, the nutritional treatment in serum creatinine level
did not pick up any adverse effect on the kidney of mice
groups’'. These results are in agreement with those of At-
tia et al.*, who reported higher levels of AST, ALT and
creatinine when treated the EAC group with honeybees.

In the EAC mice group, total WBC count was elevated
whereas haemoglobin and RBC count was reduced. These
results are in agreement with those of other studies®’.
This may be because of myelopathic conditions or iron
deficiency or haemolytic anemia’®. However, oral admin-
istration of K and K + SA induced significant increase in
RBC count and significant decrease in WBC count re-
spectively. This could be due to high levels of antioxi-
dants of vitamin C in kiwifruit that can improve iron
bioavailability’’, and indicate an important function in the
immune system®®.

Regarding tumour cell count results, significant in-
crease was observed in the treated groups K, AS and
K + AS, when compared to the CIS group. This finding
shows that treatments have an antitumor effect against
EAC cells when compared to the side effects of CIS. De-
spite the fact that cisplatin had better results in the treat-
ment, it lacks selectivity for tumour tissues which leads
to severe side effects™.

Stimulating the cell cycle is one of the fundamental
ways to test the mechanism of action of anti-cancer drugs
was used to test which the drug*’. In the present study,
cells of the EAC control group showed a high percentage
in GO/1 phase, which revealed arrest in the cell cycle.
Compared to the other treatment groups, the cells were
diverse from normal phase into the apoptosis phase ac-
cording to the type of treatment. The above results have
been supported by Srivastava ef al.*', who used quercetin
which led to many cell cycle arrests in breast carcinoma
cell lines. Also, our results are supported by Safarzadeh
et al.*, who found that some natural ingredients induce
apoptosis pathways in cancer cells. Our results are in
agreement with those of Fukumasu et al.*® and Kabir et
al** who reported that many of the anti-tumour agents
induce apoptosis by stopping the cell cycle in the Gl
phase or S or G2/M. Collins et al.** showed that kiwifruit
extracts prevent cancer cell growth and exhibit cellular
protection against oxidative DNA damage in vitro.
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Dinesha er al.*® reported that star anise extract has
an effective protective ability against cell death caused
by H,O, and DNA from the protective activities of
polyphenols, proteins and flavonoids. Oxidative stress
causes many diseases, and antioxidants (natural and
artificial) help prevent these diseases’’. A high correla-
tion has been shown between antioxidant activity and
content of total polyphenols''. The richest sources of po-
lyphenols are spices and herbs. Spices such as star anise
have high amounts of phenolic flavours such as anethole'”.
Recently, a new analogy tocopherol was determined in
kiwifruit®. The studies showed that this compound
participates in the overall activity of antioxidants for
kiwifruits*.

The antioxidant properties of vitamin C are well docu-
mented. It crushes free radicals and other types of nitro-
gen and reactive oxygen. Also it has the ability to
regenerate other antioxidants®®*. Thus, it protects biomo-
lecules like DNA and lipids against oxidative dam-
age’®”!. Amongst many antioxidant species, the vitamin
C content of kiwifruit has the greatest correlation with its
total antioxidant activity™’.

The chelating activities and radical scavenging anti-
oxidant have beneficial effects against health problems
associated with radicals, such as coronary heart disease
and cancer™. Scientific data suggest that kiwifruit has the
potential to inhibit inflammation and oxidative pro-
cesses™’.

Without affecting the normal healthy cells, consump-
tion of kiwifruit works against cancer by being
cytotoxic to malignant cancer cells. Kiwifruit has been
proved to contain an antimutagenic component that helps
preclude the mutations of genes that can start the cancer
process. The biochemical composition of kiwifruit
like the plethora of antioxidants, carotenoids, vitamins
and fibres is effective in the healing or prevention of
cancers™’.

Methanolic extract of dried fruits of /. verum has anti-
oxidant activity. This demonstrates its potential role in
the prevention of oxidative stress*®. Bharat et al.”’, and
Yadav and Bhatnagar™® studied the effect of star anise on
the cell oxidation and showed the beneficial effects
of anethole to stop carcinogenesis. Due to the high per-
centage of anethole, star anise extract has antioxidant
activity™.

The conducting of K, SA and K + SA at daily oral
administrated doses preserved the relative organs
weight, decreased tumour cell count and brought back the
haematological analysis to near normal levels. In
addition, the nutritional treatment helped to bring back
serum levels of AST and ALT enzymes and creatinine
activities close to the normal level. The present study
recommends that daily consumption of kiwifruit juice,
star anise decoction and their mixture may induce a
positive effect on carcinoma patients, especially in asictic
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Conclusion

Thus kiwifruit juice, star anise decoction and their mix-
ture display antitumour effect against EAC cells by ar-
resting the cell cycle at GO/Glphase in protection against
EAC cell damage. They induced enhancement in relative
liver, spleen and kidney weight. Also, they brought the
serum liver enzyme level (AST and ALT) activities, crea-
tinine and haematological examination data into near-
normal levels.
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