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ABSTRACT

The clinical outcome of chemotherapy in cancer treatment is limited due to severe side
effects. There has been a mixed response in experimenting with combination of
conventional chemotherapy with dietary agents to improve therapeutic outcome. The
study was aimed to explore the anti-tumor potential of a spice-derived phytochemical,
anethole singly and in combination with cyclophosphamide. Various doses of anethole
(10, 20 and 40 mg/kg) was administered orally on alternate days to sarcoma-180 solid
tumor bearing Swiss albino mice on appearance of palpable tumor. Cyclophosphamide
(100mg/kg) was injected into anethole treated or untreated tumor bearing mice for 3
consecutive days before sacrifice. Results demonstrated that anethole and
cyclophosphamide, singly as well as in combination, reduced tumor load to a significant
extent. Cell cycle analysis revealed that  cyclophosphamide  and
cyclophosphamide+anethole exhibited significantly more tumoricidal activity than
anethole alone. AnnexinV/PI assay suggested that necrosis was the principal means of
tumor reduction when cyclophosphamide was used alone or in combination contrasting
to the induction of apoptosis in anethole groups. The necrotic cell death was also
reflected in tumor histology. Although no additive effect in tumor reduction was
observed with combinatorial treatment, but use of anethole was instrumental in reducing
the side-effects namely myelosupression, hepatotoxicity and urotoxicity of
cyclophosphamide treatment. The hepatoprotective effect of anethole was further proven
by its ability to reduce CCly induced hepatotoxicity. This study indicates that anethole
pre-treatment protected the bone marrow, liver and urinary bladder from the toxic side-
effects of cyclophosphamide without interfering with its anticancer effect.

Key Words: Anethole, Cyclophosphamide, anticancer, apoptosis, necrosis, side-eftects
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INTRODUCTION

Chemotherapy of cancer has evolved considerably in the past few decades leading to
improvements in the treatment of different malignancies. With the advent of aggressive
chemotherapy, however, incidences of adverse side-effects in cancer patients have also
increased’. These anticancer drugs not being target specific, also damage healthy cells,
especially those with rapid turnover such as gastrointestinal, hematopoietic and immune
cells®. Thus, often it is seen that though a chemotherapeutic agent or regime successfully
counters tumor growth, the treatment is abrogated principally because of severe toxic
side effects’. The toxic side-effects of anticancer drugs can be a major limitation to the
clinical efficacy of various chemotherapeutic regimens. Moreover, treatment of solid
tumors by conventional chemotherapy is still a formidable challenge. Solid tumors are
generally resistant to chemotherapy due to the inability of the drugs to access hypoxic
region4. This attenuated success with conventional chemotherapy creates scope for the
exploration of safer and more effective alternative treatment approaches. Natural
product repertoire is a potential source for novel drugs. Especially important in this
regard are the naturally occurring phytochemicals present in foods such as vegetables,
fruits, spices and plant roots’. This knowledge has inspired the use of plant products as
complementary and alternative therapies both as direct and adjuvant remedy. A growing
body of literature suggests the cancer preventive and therapeutic potential of
phytochemicals6‘7 and a lot of research has focused on the cellular mechanisms by which
these phytochemicals interfere with the carcinogenic process®. With the ability to target
a variety of signaling pathways, phytochemicals are considered to be promising
therapeutic agents against tumors with limited toxicity to normal cells. In addition, many
studies have reported that phytochemicals can sensitize cancer cells to conventional
cytotoxic agents. Thus, phytochemicals can exert their anticancer effect either in
monotreatment or in association with conventional chemotherapeutic agents as co-

chemotherapeutic drugs.
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In view of this, here we have made an attempt to elucidate the anticancer potential of the
spice-derived phytochemical, anethole, as single anticancer agent and/or in association
with a conventional chemotherapeutic agent, cyclophosphamide. Anethole, 1-methoxy-
4-(1-propenyl) benzene, is the major component in anise oil, fennel oil, and camphor’
and is known to exhibit antioxidative, chemopreventive, anticarcinogenic and anti-
inflammatory properties'’. Recently a few studies have also stressed on the anti-
metastatic and pro-apoptotic activity of this spice-derived phytochemical. However, all

11-14

these activities have been studied in vitro in cancer cells without proper in vivo

experimentations. Till date there is only one report on the anticancer effect of anethole

. . . . . 15
in vivo in a murine carcinoma model ".

There were two major objectives of the present study: First, to elucidate the in vivo anti-
cancer potential of anethole and secondly, to investigate whether pretreatment with

anethole increases the efficiency of the conventional anticancer drug, cyclophosphamide

(cyclo).

To test our objectives we have investigated the effect of anethole in Sarcoma-180 (S-
180) transplantable tumor model in Swiss albino mice. It is generally believed that
combinations of cytotoxic agents with phytochemicals retard cancer growth more
effectively than when used singly'®. Hence, in this study, we have also tested whether or
not anethole together with, cyclo, can inhibit tumor growth more effectively than
anethole or cyclo alone and/or is able to overcome the non-specific cytotoxicity of
conventional chemotherapy towards normal cells.

RESULTS

Anethole inhibits tumor growth in S-180 tumor bearing mice

Measurement of tumor weight after the experimental duration showed that anethole
caused a dose-dependent reduction in tumor weight as compared to the sarcoma control

group. The tumor weights recorded were 4.40+0.215, 3.69+0.56 and 2.94+0.27 gms for
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the anethole 10, 20 and 40 respectively as compared to 5.63+0.44gm in the sarcoma
control group (Fig. 1 A).
Histopathological evaluation of the tumor tissues also showed diffused zones of necrosis
caused by anethole treatment as compared to the untreated tumors (Fig 1B).
Anethole induces apoptosis in S-180 cells
To ascertain and quantify the nature of cell death brought about by anethole, we
performed comet and Annexin V/PI assay in the tumor cells. Apoptosis was confirmed by
both the experiments and a dose dependent occurrence of the phenomenon was observed.
As compared to a negligible 3.0%=1.5 annexin positive cells in the sarcoma control
tumors, treatment with anethole 10, 20 and 40 caused an increase of 18.77%=+1.17,
48.16%+0.6 and 62.8%+3.7 respectively (Fig. 2A&B). The low occurrence of PI positive
cells in all the anethole treated groups reveals that necrosis was not a significant player in
reducing the tumor load (Fig. 2B). The phenomenon of apoptosis was further confirmed
by ‘comet assay’ showing halo around the nucleus and a consequent decrease in nuclear
DNA content'’(Fig. 2C&D).
Effect of Anethole on other organs
After testing the antitumor potential of anethole, we examined its side effects, if any, on
vital organs viz. liver, kidney and bone marrow. Histopathological analysis of liver (Fig.
3A&B) and kidney (Fig. 3D&E) suggests a dose dependent increase in the toxic
manifestations of anethole. Measurement of hepatic LPO showed an increased oxidative
stress in liver (20.2+2.07) by the highest dose of anethole as compared to the normal liver
(9.4+1.24) (Fig.3C). Interestingly, anethole 40 was not found to be toxic to the bone
marrow (Fig. 3F). As anethole was dissolved in 50% alcohol (administered 50ul per
dose), its effect on liver and kidney was also studied. However, no notable or significant
change was noticed in any of the parameters (Fig. 3A-E).
In the next phase of experiments, the effect of combinatorial treatment with

cyclophosphamide and different doses of anethole was studied.
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Effect of combination treatment on S-180 tumor growth

Fig. 4A&B reveals the comparative reduction of tumor load by treatment with cyclo
singly or in combination with anethole as compared to sarcoma control. The tumor weight
did not show much variation in the different treatment groups recording 2.96+0.18gms,
3.16+0.185gms, 2.82+0.07 and 2.69+0.265 in the cyclo and consecutive combination
groups respectively. However all the treatments yielded significant decrease in tumor
mass as compared to sarcoma control group (5.63= 0.44gm). A similar trend was also
observed in case of tumor volume reduction.

The significant reduction in tumor mass was also evident from tumor histopathological
assessment which revealed extensive zones of necrosis (Fig. 4C) in all the treatment
groups. Interestingly, however, the necrotic zones were far more in the cyclo and
combination groups than in anethole only treated groups (Fig.1B). This inspired us to
look more deeply into the nature of tumoricidal activity of the different treatment
regimes.

Differential modes of cell death induced by the different treatment regimes

Despite causing similar reduction in tumor weight and volume, cell cycle analysis of S-
180 cells isolated from tumor tissues of various treatments groups reflected a different
picture. All the treatment groups yielded significantly greater hypoploid tumor cell
population than the sarcoma control group, the highest proportion being recorded in the
combination groups (Fig.5 A&B). To further expand on the nature of cell death induced
by each of the treatment regimes, we performed Annexin V/PI assay. Interestingly,
anethole 20 yielded the greatest population of annexin positive cells (48.11%=+0.6) as
compared to 10.47%=+3.11 in cyclo and 20.7%+0.91, 37.6%=3.13 and 17.98+1.6% in the
consecutive combination groups. PI positive cells were, however significantly more in the
cyclo (67.17%=+2.63) and combination groups (52.93%+1.83, 42.87%=+1.42 and
66.9%=+1.49 respectively in cyclotanetholel0, 20 and 40) (Fig.5C-E). Except

cyclot+anetholel0, in terms of total killing, the other two combinations were more
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effective than cyclo. However, all doses of anethole combined with cyclo yielded superior
tumoricidal activity than administration of the phytochemical alone.
Effect of combination treatment on tumor tissue protein expressions
In order to elucidate the molecular mechanism of the cell death induced by various
treatment regimes, we detected the expression of some protein markers of cell death and
proliferation in the tumor tissues. Expression of proteins p53, p21 and cleaved PARP-1
was almost identical in the cyclo and combination groups (Fig. 6A-C). Pro-apoptotic Bax
caspase-3 and caspase-8 expression (Fig. 6D, G, H) was higher in cyclo+anethole
combination followed by anethole 20, 40 and then cyclo. Consequently, Bax/Bcl-2 ratio
(Fig.F) was also found to be higher in the cyclo+anethole treated tumor tissues followed
by anethole 20 and 40 which probably is consistent with the higher percentage of
apoptotic cells in these groups than the cyclo group. Simultaneously, expression of the
proliferation marker PCNA was considerably downregulated in all treated groups with the
highest reduction being observed in the combination groups (Fig. 61). Equal loading of
protein was confirmed by GAPDH expression (Fig.6J).
Effect of combination treatment on myelosuppression, hepatotoxicity and
Urotoxicity
Having confirmed the antitumor effect of cyclo+anethole, we proceeded to investigate
whether or not combinatorial regime could moderate the myelosuppressive, hepatotoxic
and urotoxic effect of cyclo.
According to Fig. 7A-B, combination treatment could recover the depression in bone
marrow cell population to a significant extent as compared to cyclo. The huge hypoploidy
peaks in cyclo treated groups (52.55%=+0.098) could be successfully contained to 45+0.34,
34+0.23 and 35+0.67 with cyclo+anethole 10, 20 and 40 treatment respectively. The
ameliorative effect of anethole on bone marrow is also reflected in the results of comet

assay (Fig.7C&D).



RSC Advances
8

Hepatic histopathological assessment (Fig.7E&F) and liver function test (Table 1) from
treated and control groups reveal that anethole pre-treatment reduced cyclo-induced
hepatic stress. As anethole 20 provided maximum protection to the liver, this dose was
selected for further study on its effect against carbon tetrachloride (CCly) induced
hepatotoxicity. Pretreatment with anethole 20 significantly lowered the degree of CCly
induced hepatic necrosis as compared to carbon tetrachloride administered singly (Fig.
7G&H). The significant increase in the serum biomarkers of hepatotoxicity with CCly
treatment was also considerably reduced by anethole pre-treatment (Table 1). This
confirms the hepatoprotective effect of anethole. Comet assay also fortified the
histopathology findings. (Fig7 1&J)
Cyclo is known to induce haemorrhagic cystitis, necrosis and edema to the urothelium
during its excretion. Combining anethole with cyclo could effectively reduce the
degenerative changes in the transitional epithelium and inflammation induced by the latter
as can be seen in the histology sections of the urinary bladder of different experimental
groups (Fig.7K&L). Renal function test results also support this observation (Table 2).
DISCUSSION
This study was conducted to investigate the in vivo antitumor potential of the spice-
derived phytochemical anethole in a murine transplantable tumor model. Moreover, in this
study we have also explored the effect of various doses of anethole in combination with a
widely used chemotherapeutic agent cyclophosphamide. Several studies suggest that
phytochemicals from dietary plants are important as adjuvant therapy conjunction with
conventional chemotherapy to contain the adverse side effects of the latter'®. On the other
hand, there are also arguments against using dietary supplements during chemotherapy
because they supposedly interfere with the cytotoxicity of chemotherapeutic agents'’.
Though the anticancer property of anethole has been documented in a few earlier studies®
and one study has also reported the synergism of anethole with platinum drugs against

cancer’’, however, all of these are in vitro studies which need to be confirmed in vivo.
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Results obtained from the present study demonstrate that treatment with cyclo or anethole
singly and in combination reduced the tumor volume and weight significantly as
compared to the untreated tumor bearers. Despite identical reduction in tumor load in
cyclo and the various combination groups, data from tumor histology, cell cycle and
annexin assay suggests that combination treatment was more effective. The apparent
contradiction in the extent of tumor volume reduction and percentage cell death induced
by cyclo and combination treatment regime in this study is in line with earlier studies
which have reported discrepancies between volume change and histopathological
assessments>>>.

Another interesting observation as revealed by the results of AnnexinV/PI assay in this
study is the increased apoptotic induction by anethole treatment and necrosis by cyclo. In
all the combination groups also, there is a distinct shift in the population of cells from
necrosis to apoptosis. It is generally considered that apoptotic cell death is less harmful
than necrosis as the former process minimizes inflammatory reactions®*. The shift in the
cell death from predominantly necrosis in cyclo to apoptosis in the combination and
phytochemical only treatment regime might be due to a reduction in oxidative stress by
anethole treatment®. In similar lines with this finding, an earlier study provided the first
in vivo evidence of a shift from necrosis to apoptosis without reducing total cell death
following GSH administration®®. Thus, in the present study, induction of cell death, both
in terms of nature as well as quantity, is different among the various treatment groups.
Administration of cyclo together with anethole exhibited higher antitumor activity than
cyclo or corresponding anethole doses administered singly. However, no synergistic or
additive antitumor effect was observed in the combination groups.

Consistent with the higher anticancer activity in the combination groups, expression of the
apoptotic marker Bax and the Bax/Bcl-2 ratio and caspase-8 expression was higher in
cyclot+anethole 20 and 40 groups as compared to cyclo. There are studies which have

reported that apart from inducing apoptosis by the extrinsic pathway, caspase-8 inhibits
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necrosis®”?’

, which plausibly explains the decreased percentage of necrotic cells in this
group as compared to the other experimental groups. Expression of other proteins like
p53, p21°°, caspase-3°" and cleaved PARP-1°? which can be implicated both in apoptotic
as well as necrotic cell death mechanisms, was, however, correlative to death induction
rather than to the phenomenon of apoptosis.

Exploration of the effect of these treatments on other organs suggested that the advantage
of anethole pre-treatment, also lies in its ability to reduce cyclo induced adverse side-
effects, viz. myelosuppression, hepatotoxicity and urotoxicity. Histopathological scoring
of liver tissue indicates that anethole was able to protect the hepatocytes from the toxic
effect of cyclophosphamide. The hepatoprotective effect of anethole was reaffirmed by its
ability to ameliorate CCly induced hepatotoxicity. It is reported that hepatocyte death is
the main event that leads to liver injury>. Results of comet assay in liver cells suggested
increased cyclo induced hepatocyte death. This could be prevented by treatment with
anethole administered either singly or in combination as compared to the control or cyclo
treated groups. The significant suppression in bone marrow was also restored in the
cyclot+anethole groups suggesting the protective effect of anethole on the primary
lymphoid organs as well. Cell cycle analysis revealed that the marked increase in the
hypoploid region of bone marrow cells due to cyclo treatment was significantly restricted
by combining it with anethole.

It is known that the toxicity of cyclo is induced mainly by oxidative stress’*. There are
various studies which support the notion that chemotherapy induced toxicity may be
moderated by administration of antioxidants®™. Anethole has been shown to possess
antioxidant activity by many authors®®>’. Therefore, the protective effect of anethole
against cyclo-induced toxicity may be due to its antioxidant activity.

Amongst all the treatment regimes, cyclo+anethole20 combination was found to be the
most effective both in terms of its ability to ameliorate cyclo induced toxicity to vital

organs as well as its tumoricidal action.
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EXPERIMENTAL

Reagents and materials

Annexin V-FITC Kit was purchased from (Biovision, USA), Anti-mouse anti-bodies
against p53, p21, Bax, Bcl-2, caspase-3, caspase-8, Poly (ADP-ribose) polymerase
(PARP-I), PCNA, were procured from Santa Cruz Biotechnology (USA). Trans-
Anethole (97% pure; Sigma Aldrich, St. Louis, MO), cyclophosphamide, Carbon-
tetrachloride, 1-chloro-n inhibitor, bacitracin, leupeptin, pepstatin A, PMSF, phos-
phatase inhibitor cocktails, RNase and NBT were purchased from Sigma (St. Louis,
MO). NP-40 was purchased from Merck Germany. The supported nitrocellulose
membrane, and filter papers were obtained from Gibco BRL, USA and Millipore, USA
respectively. The remaining chemicals and materials were purchased from local firms

(India) and were of highest grade.

Animal model

Male Swiss albino mice were maintained in plastic cages (~6 mice / cage) at an ambient
temperature of 22-25°C on a 12 hour light / dark cycle with access to drinking water and
pellet diet (NIN, Hyderabad, India) ad /libitum. All the animal experimentations were
approved by the Institutional Animal Ethical Committee (IAEC), registered under
Committee for the Purpose of Control and Supervision of Experiments on Animals
(CPCSEA), Ministry of Environment, Forests & Climate Change, Govt. of India. The
experiments were performed in compliance with the relevant laws and guidelines of the
CPCSEA.

Solid tumor production

The murine Sarcoma-180 cells used in this study were maintained in vivo by
intraperitoneal passage of 2x10° cells in male Swiss albino mice. Solid tumors were

produced by subcutaneous inoculation of 1x10° S-180 cells on the dorsal surface of right
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hind leg of Swiss albino mice. Viability was assessed by the Trypan blue dye exclusion
method.
Treatment
After seven days of tumor inoculation, anethole (10, 20 and 40 mg/kg body weight),
dissolved in 50% ethanol, was administered orally by gavage every alternate day for 21
days after tumor inoculation.
Cyclophosphamide (100mg/kg b.w.) was administered intraperitoneally on alternate
days from day 17 onwards.
Experimental groups
All the animals were randomly divided into five groups of 6 animals each: i) saline
treated normal mice ii) Tumor bearing control mice (Sarcoma control) iii) Tumor
bearing mice treated with 50% alcohol (alcohol control) iv) Tumor bearing animals
treated with three doses of anethole (anethole 10, 20 and 40 mg/kg) iv) Tumor bearers
treated with cyclo considered as the standard reference drug and v) Tumor bearers
treated with a  combination @ of  cyclophosphamide and  anethole
(cyclotanethole10/20/40mg/kg). Two additional experimental groups were also set up to
prove the hepatoprotective effect of anethole, viz., vi) Mice treated with a standard
hepatotoxic agent, CCly vii) Mice pre-treated with anethole followed by CCly
administation. The weights of all the animals belonging to different groups were
recorded weekly throughout the experimental period.
Sera Isolation
Mice were anesthetized with diethyl ether, and the blood was removed from the tail vein
into tubes. Serum was separated from freshly collected blood by allowing it to clot at a
slanting position for 45mins then centrifugation at 1,500 % g for 30 min at 4°C. Finally,
serum samples were stored in aliquots at —20°C for later use. All serum samples were

thawed once at the time of assay.
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Measurement of Serum Biochemical Parameters
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (AP), urea and creatinine levels were measured from collected sera using
Autospan liver function test kit, Span Diagnostics Ltd., Surat, India.
Measurement of tumor volume and tumor weight
The antitumor activity was assessed by measuring tumor weight and the changes in
tumor volume. Changes in tumor size over time after tumor transplantation was assessed
in all the experimental groups. The length and width of the tumor were measured using
calipers. Tumor volume was calculated by the following formula:
Tumor volume (mm’): 0.5 x a x b® where a is the largest diameter and b its
perpendicular.
Dissection and Tissue collection
All the mice were euthanized after the last dose of anethole treatment. Liver, kidneys,
urinary bladders, femurs and tumor tissues of the animals from all the experimental
groups were collected, washed in 0.9% saline, soaked in filter paper and processed for
cellular, biochemical and histological studies.
Bone Marrow cell count
Femurs were aseptically removed from the treated and untreated tumor bearers. The
bone marrow was then flushed with 26 gauge needles. Single cell suspensions were
made with repeated aspirations. The cells were resuspended in RPMI-1640. The viable
cell count was made in a hemocytometer by the Trypan Blue exclusion method.
Histopathological assessment
Tumor, liver, urinary bladder and kidney tissues were fixed overnight at 4°C in freshly
prepared 4% paraformaldehyde and then dehydrated in graded alcohols and embedded
in paraffin. Sections of 5 #m thickness were cut from representative paraffin blocks.
Tumor tissues were cut right through the middle of the tissues to obtain the central core

region. The sections were rehydrated and stained with hematoxylin and eosin. Stained
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sections were observed under light microscope (Olympus CX41). The degree of liver
damage on microscopic cross-sections was scored by a pathologist in a blinded fashion
following a modified Brunt System®®. Four histologic features: steatosis, hepatocyte
ballooning, portal inflammation, and lobular inflammation were primarily taken into
consideration to score the grade of liver damage. Sections of urinary bladder were
evaluated to study the effect of anethole on urotoxicity induced by cyclo. Kidney
sections were also scored by the pathologist based on presence or absence of tubular
inflammation, glomerular changes and hyalinization.
Assay of Hepatic Lipid peroxidation (LPO)
The extent of LPO and liver homogenates was determined quantitatively by performing
the method as described by Ohkawa et al., 1979°°. The amount of malondialdehyde
(MDA) was measured by reaction with thiobarbituric acid at 532nm using
spectrophotometer (Eppendorf BioSpectrometer Kinetic). MDA levels were calculated
using the standard curve of MDA and its level expressed in nM/mg of protein.

Bone Marrow and Tumor Cell cycle distribution analysis

For the determination of cell cycle phase distribution of nuclear DNA, cells from bone
marrow, spleen and tumor tissue (I1x10°ells) were harvested from tumor bearing
untreated and treated mice. After making a single cell suspension, cells were fixed with
3% p-formaldehyde, permeabilized with 0.1% NP-40, and nuclear DNA was labeled with
propidium iodide (PI, 125 pg/mL) after RNase treatment. Cell cycle phase distribution of
nuclear DNA was determined on FACSVerse using FACSuite software (Becton-
Dickinson). Histogram display of DNA content (x-axis, PI fluorescence) versus counts (y-

axis) has been displayed. Cell Quest statistics was employed to quantitate the data at

different phases of the cell cycle.
Detection of Mechanism of Cell Death

Annexin V Assay
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Apoptosis assays were carried out based on the instruction from the Annexin V
Apoptosis Kit. Briefly, PI and Annexin V were added directly to the single cell suspen-
sion of the tumor tissue. The mixture was incubated for 15 min at 37°C. Cells were fixed
and then analyzed on FACS Verse (Becton Dickinson). Electronic compensation of the
instrument was done to exclude overlapping of the emission spectra. Total 10,000 events
were acquired, the cells were properly gated and dual parameter dot plot of FL1-H (x-
axis; Fluos-fluorescence) versus FL2-H (y-axis; PI-fluorescence) shown in logarithmic
fluorescence intensity.
Single cell gel electrophoresis (SCGE, the Comet assay)
The alkaline version of the comet assay was performed in sarcoma, bone marrow and liver
cells according to the method of Singh et al. 1988, with slight modifications. In brief,
25uL of the single suspension of the cells of interest are suspended in low melting agarose
(LMA) 0.5%, in phosphate-buffered saline (PBS) and layered onto fully frosted
microscope slides pre-coated with 480 uL. of standard agarose 0.75% in PBS. A final
layer of 100 ul of 0.5% LMA was added on top. Slides were immersed in a jar containing
cold lysing solution (1% Triton X-100; 10% DMSO; 10mM Tris; 2.5M NaCl; ImM
NaEDTA with pH 10 at —4°C for 1h). Slides were pretreated for 20min in unwinding
buffer (300mM NaOH; 1mM Na,EDTA/pH 13. Electrophoresis was carried out using the
same solution buffer for 20min/25V and 300 mA (0.8V/cm). Pre-incubation and
electrophoresis were performed in an ice bath. Afterwards, the slides were washed three
times in 0.4M Tris/pH 7.4, and DNA was stained by adding 20uL of ethidium bromide
(10pg/mL). The slides were examined under a fluorescence microscope (Dewinter
Victory Prime TR) at 400X magnification to count the number of comet cells per field in
the samples of different experimental groups.
Western blot analysis
Cell lysates were obtained and equal amounts of protein from each sample were diluted

with loading buffer, denatured, and separated by 10% sodium dodecyl sulfate-
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polyacrylamide gel electrophoresis (SDS-PAGE) followed by protein transfer to
polyvinylidene fluoride membranes (PVDF). The effect of treatment on the expression of
certain proteins such as p53, p21, caspase-3, PARP-1, Bax, Bcl-2, caspase-8 and PCNA
was determined. Proteins were detected by incubation with corresponding primary
antibodies (anti p53, anti-p21, anti-capsase3, anti-PARP-1, anti-Bax, anti-Bcl-2, anti-
caspase-8 and anti-PCNA) antibodies followed by blotting with HRP-conjugated
secondary antibody. The blots were then detected by using a chemiluminescence kit
(ImmunoCruz Western Blottimg Luminol reagent, sc-20489). This analysis was
performed three times.
Statistical analysis
The experiments were repeated three times and the data were analyzed statistically.
Values have been shown as standard error of mean, except where otherwise indicated.
Data were analyzed and one-way ANOVA was used to evaluate the statistical
differences. Tukey’s multiple comparison test was then used to compare the difference
between each pair of means. Statistical significance was considered when p< 0.05.
CONCLUSION
The results of this investigation indicate that anethole is a potent antitumor agent when
administered singly or in combination with cyclo. The principal mechanism of cell death
induced by cyclo was found to be necrosis while in case of anethole it is apoptosis.
Interestingly, in the combination groups, the ratio of apoptosis to necrosis increased as
compared to cyclo suggesting a change in the nature of cell death. Based on cell cycle,
annexin V and protein expression studies, the cytotoxicity of the three treatment regime
towards tumor cells was found to be in the following order:
cyclotanethole>cyclo>anethole. The results further prove that anethole is an effective
protective agent against myelosuppression, liver damage and urinary bladder damage that
resulted from the treatment with cyclo. The hepatoprotective activity of anethole was

further proven by its ability to reduce CCly induced liver necrosis in mice. Thus, anethole
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pre-treatment ameliorated the side-effects of cyclo treatment without impairing its
therapeutic activity in the S-180 transplantable tumor model.
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Figure Legends
Fig 1. Antitumor potential of various doses of Anethole A) Change in tumor weight.
Data represented in bar diagrams of mean + SD of three independent experiments.
Significant difference (p<0.05) is indicated with the following symbols “* when
compared with Sarcoma control; “®” when compared between Anethole 10 and 20;
“A”when compared between Anethole 20 and 40. B) Micrograph of representative H-E
stained sections tumor tissue showing diffused necrotic zone in the treated groups
(indicated by arrows).
Fig 2. Induction of Apoptosis by Anethole in S-180 cells A) Annexin V/PI Assay in S-
180 cells. In a double label system, unfixed S-180 cells from tumor-bearing treated and
untreated mice were labeled with PI and Annexin V and then fixed and analyzed on a
Flowcytometer. B) Graphical representation of percentage necrotic (white area) and
apoptotic cells (gray area) by indicated doses of anethole. C) Representative photo
micrographs of comet cells. Alkaline single cell gel electrophoresis was performed and
the number of ‘comet’ cells per field was counted under a fluorescent microscope. D)
Graphical representation of percentage comet formation in the indicated experimental
groups. The data represented as mean+ S.D. for the three different experiments

performed in triplicate. Significant difference (p<0.05) is indicated with the following
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symbols “* when compared with Sarcoma control; “@®” when compared between
Anethole 10 and 20; “A”when compared between Anethole 20 and 40..
Fig 3. Effect of anethole on other organs. A) Micrograph of representative H-E stained
sections of liver B) Graphical representation of liver histology scoring which was done
based on the extent of steatosis, hepatocyte ballooning, portal and lobular inflammation.
C) The levels of LPO in the tumor tissue homogenates as determined quantitatively by
reaction with thiobarbituric acid at 532 nm using spectrophotometer and expressed as
nM MDA/mg protein. D) Micrograph of representative H-E stained sections of kidney
E) Tabular representation of kidney histology scoring based on inflammatory
infiltration, hyalinization, glomerular changes and tubular swelling. NA signifies
mentioned features not observed and YES signifies presence of such features F)
Graphical representation of bone marrow cell count of different groups. Cells were
flushed from lcm femur with 26 gauge needles. The viable cell count was made in a
hemocytometer by the Trypan Blue exclusion method. The data represented as
meantS.D. for the three different experiments performed in triplicate. Significant
difference (p<0.05) is indicated with the following symbols “{”when compared with
Normal; “* when compared with Sarcoma control; “®” when compared between
Anethole 10 and 20; “A”when compared between Anethole 20 and 40 and “* indicates

p<0.05 when compared with Sarcoma control.

Fig 4. Antitumor activity of cyclo and combination groups. A) Change in tumor weight
B) Change in Tumor volume. C) Micrograph of representative H-E stained sections
tumor tissue showing necrotic zones in the treated groups (indicated by arrows). The
data represented as mean+S.D. for the three different experiments performed in
triplicate.  Significant difference (p<0.05) is indicated with the following

3o

symbols“*”when compared with Sarcoma control; “{” when compared with Cyclo; “y”
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when compared between Cyclo + Anethole 10 and Cyclo + Anethole 20 and “5” when
compared between Cyclo + Anethole 20 and Cyclo + Anethole 40.
Fig 5. Differential nature of cell death induced by cyclo and anethole: A) S-180 tumor
cell cycle phase distribution detected in a flowcytometer. Histogram display of DNA
content (x-axis, PI-fluorescence) vs. counts (y-axis) has been shown. B) Bar diagram
representation of cell cycle phase distribution of S-180 from different experimental
groups. C) Annexin V/PI Assay of tumor cells. Dual parameter dot plot of FITC-
fluorescence (x-axis) vs. PI-fluorescence (y-axis) has been shown in logarithmic
fluorescence intensity. In a double label system, unfixed S-180 cells from tumor-bearing
treated and untreated mice were labeled with PI and Annexin V and analyzed on a
Flowcytometer. D) Bar diagram representation of percent Annexin V positive, PI
positive and dual positive S-180 cells from different experimental groups. E) Graphical
representation of percentage necrotic (white area) and apoptotic cells (black area)
induced by the indicated treatment regimes. Data represented in bar diagrams of mean +
SD of 3 independent experiments. Significant difference (p<0.05) is indicated with the
following symbols*“*”when compared with Sarcoma control; “}” when compared with
Cyclo; “@” when compared between Cyclo + Anethole 10 and Cyclo + Anethole 20 and
“5” when compared between Cyclo + Anethole 20 and Cyclo + Anethole 40.
Fig. 6. Effect of all the treatment regimes on tumor tissue protein expressions by
Western Blot analysis. Representative blots of A) p53 B) p21 C) PARP-1 D) Bax E)
Bcl-2 F) Bax/Bcl-2 ratio G) caspase-3 H) caspase-8 [) PCNA. Equal loading of protein
in the lanes was confirmed by GAPDH (J). Densitometric analysis of the blots are
represented in bar diagrams of mean + SD of three independent experiments; Significant

sk

difference (p<0.05) is indicated with the following symbols“*”when compared with
Sarcoma control; “f” when compared with Cyclo; “®” when compared between

Anethole 10 and 20; “A”when compared between Anethole 20 and 40, “@” when
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compared between Cyclo + Anethole 10 and Cyclo + Anethole 20 and “5” when

compared between Cyclo + Anethole 20 and Cyclo + Anethole 40.

Fig.7. Toxicities of various treatment modalities. A) Bone marrow cell count. B)
Graphical representation of flowcytometric cell cycle phase distribution of bone marrow
cells from different experimental groups C) Representative photo micrographs of comet
cells in bone marrow. D) Graphical representation of percentage comet formation in the
bone marrow of indicated experimental groups. E) Micrograph of representative H-E
stained sections of liver from cyclo and combination of cyclo+anethole F) Graphical
representation of liver histology scoring which was done based on the extent of steatosis,
hepatocyte ballooning, portal and lobular inflammation. G) Representative liver sections
from mice treated with CCly or carbon tetrachloride plus Anethole 20. H) Necrotic zones
were quantified by counting unit areas. A field was divided equally into 165 square
units. Necrosis or Viable zones were counted and represented as percentage. Mean = SD
were calculated from a survey of 20 fields from each slide and represented as histogram
bars. I) Representative photo micrographs of comet cells in liver. J) Graphical
representation of percentage comet formation in liver of indicated experimental groups.
K) Micrograph of representative H-E stained sections of urinary bladder L) Tabular
representation of urinary bladder histology scoring based on degenerative transitional
epithelium and inflammation. The data represented as mean + S.D. for the three different
experiments performed in triplicate. Significant difference (p<0.05) is indicated with
the following symbols “7”when compared with Normal, “*”when compared with
Sarcoma control; “}” when compared with Cyclo; “@” when compared between Cyclo +
Anethole 10 and Cyclo + Anethole 20 and “§” when compared between Cyclo +

Anethole 20 and Cyclo + Anethole 40.
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Tablel: Serum biochemical parameters of hepatotoxicity in different experimental groups

Sarcoma

Alcohol

Parameters Normal Control Control Cyclo Cyclo+A10 | Cyclo+A20 | Cyclo+A40 CCly CCl4+A20
Liver ALT 18.05+0.83 | 34.1142.45 | 36.35+1.88 | 44.26+1.69 | 33.615+3.07 | 23.027+0.76 | 84.65+1.74 | 105+3.22 | 91.8 £ 1.66
Function
Test AST 21.033+0.78 | 79.74+4.12 81£3.22 | 85.93+1.44 | 74.3242.44 | 76.06=1.87 | 79.6£3.89 | 120+2.11 | 95+ 1.88
(U/mL)

AP 31.2342.08 | 45.11+1.89 | 47+2.22 | 69.03+£2.05 | 59.96+1.23 | 54.79+0.77 | 50.65+2.43 | 93+ 3.22 |51 +£3.04

Data are given as means + SD.
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Table 2: Serum biochemical parameters of renal toxicity in different experimental groups
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Sarcoma

Alcohol

+ + +
Parameters Normal Control Control Cyclo Cyclo+A10 | Cyclo+A20 | Cyclo+A40
Renal
Function | Urea 29.25+0.95 | 32.75«1.71 |34<£1.5 48.254+2.50 | 33.75+1.29 | 37.50+1.29 | 41.25+0.96
Test
Creatinine | 0.98+0.03 1.14+0.06 1.16 £0.04 | 1.60+0.105 | 1.15+0.04 1.18+0.08 1.19+0.032
(mg/dL)

Data are given as means + SD.
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Tumor Weight (gm)
O R NWLHMUGON

Antitumor potential of various doses of Anethole A) Change in tumor weight. Data represented in bar
diagrams of mean + SD of three independent experiments. Significant difference (p<0.05) is indicated with
the following symbols “*”when compared with Sarcoma control; "®” when compared between Anethole 10

and 20; “A"when compared between Anethole 20 and 40. B) Micrograph of representative H-E stained
sections tumor tissue showing diffused necrotic zone in the treated groups (indicated by arrows).
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Induction of Apoptosis by Anethole in S-180 cells A) Annexin V/PI Assay in S-180 cells. In a double label
system, unfixed S-180 cells from tumor-bearing treated and untreated mice were labeled with PI and
Annexin V and then fixed and analyzed on a Flowcytometer. B) Graphical representation of percentage

necrotic (white area) and apoptotic cells (gray area) by indicated doses of anethole. C) Representative photo
micrographs of comet cells. Alkaline single cell gel electrophoresis was performed and the number of ‘comet’
cells per field was counted under a fluorescent microscope. D) Graphical representation of percentage comet
formation in the indicated experimental groups. The data represented as mean+ S.D. for the three different
experiments performed in triplicate. Significant difference (p<0.05) is indicated with the following symbols
“*"when compared with Sarcoma control; “®” when compared between Anethole 10 and 20; “"A”"when
compared between Anethole 20 and 40.
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Effect of anethole on other organs. A) Micrograph of representative H-E stained sections of liver B) Graphical
representation of liver histology scoring which was done based on the extent of steatosis, hepatocyte
ballooning, portal and lobular inflammation. C) The levels of LPO in the tumor tissue homogenates as
determined quantitatively by reaction with thiobarbituric acid at 532 nm using spectrophotometer and

expressed as nM MDA/mg protein. D) Micrograph of representative H-E stained sections of kidney E) Tabular
representation of kidney histology scoring based on inflammatory infiltration, hyalinization, glomerular

changes and tubular swelling. NA signifies mentioned features not observed and YES signifies presence of
such features F) Graphical representation of bone marrow cell count of different groups. Cells were flushed
from 1cm femur with 26 gauge needles. The viable cell count was made in a hemocytometer by the Trypan

Blue exclusion method. The data represented as mean+S.D for the three different experiments performed in

triplicate. Significant difference (p<0.05) is indicated with the following symbols “t"”"when compared with
Normal; “*”when compared with Sarcoma control; “®” when compared between Anethole 10 and 20;
“A”"when compared between Anethole 20 and 40 and “*” indicates p<0.05 when compared with Sarcoma
control.
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Antitumor activity of cyclo and combination groups. A) Change in tumor weight B) Change in Tumor volume.
C) Micrograph of representative H-E stained sections tumor tissue showing necrotic zones in the treated
groups (indicated by arrows). The data represented as mean+S.D. for the three different experiments
performed in triplicate. Significant difference (p<0.05) is indicated with the following symbols"*"”when
compared with Sarcoma control; “+” when compared with Cyclo; “@” when compared between Cyclo +
Anethole 10 and Cyclo + Anethole 20 and “s” when compared between Cyclo + Anethole 20 and Cyclo +
Anethole 40.
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Differential nature of cell death induced by cyclo and anethole: A) S-180 tumor cell cycle phase distribution
detected in a flowcytometer. Histogram display of DNA content (x-axis, PI-fluorescence) vs. counts (y-axis)
has been shown. B) Bar diagram representation of cell cycle phase distribution of S-180 from different
experimental groups. C) Annexin V/PI Assay of tumor cells. Dual parameter dot plot of FITC-fluorescence
(x-axis) vs. PI-fluorescence (y-axis) has been shown in logarithmic fluorescence intensity. In a double label
system, unfixed S-180 cells from tumor-bearing treated and untreated mice were labeled with PI and
Annexin V and analyzed on a Flowcytometer. D) Bar diagram representation of percent Annexin V positive,
PI positive and dual positive S-180 cells from different experimental groups. E) Graphical representation of
percentage necrotic (white area) and apoptotic cells (black area) induced by the indicated treatment
regimes. Data represented in bar diagrams of mean + SD of 3 independent experiments. Significant
difference (p<0.05) is indicated with the following symbols"*”"when compared with Sarcoma control; “+”
when compared with Cyclo; “w” when compared between Cyclo + Anethole 10 and Cyclo + Anethole 20 and
“+” when compared between Cyclo + Anethole 20 and Cyclo + Anethole 40.
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Effect of all the treatment regimes on tumor tissue protein expressions by Western Blot analysis.
Representative blots of A) p53 B) p21 C) PARP-1 D) Bax E) Bcl-2 F) Bax/Bcl-2 ratio G) caspase-3 H)
caspase-8 I) PCNA. Equal loading of protein in the lanes was confirmed by GAPDH (J). Densitometric

analysis of the blots are represented in bar diagrams of mean + SD of three independent experiments;
Significant difference (p<0.05) is indicated with the following symbols™*”when compared with Sarcoma
control; “#” when compared with Cyclo; “"®” when compared between Anethole 10 and 20; “"A"when
compared between Anethole 20 and 40, “@” when compared between Cyclo + Anethole 10 and Cyclo +
Anethole 20 and “s” when compared between Cyclo + Anethole 20 and Cyclo + Anethole 40.
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Toxicities of various treatment modalities. A) Bone marrow cell count. B) Graphical representation of
flowcytometric cell cycle phase distribution of bone marrow cells from different experimental groups C)
Representative photo micrographs of comet cells in bone marrow. D) Graphical representation of percentage
comet formation in the bone marrow of indicated experimental groups. E) Micrograph of representative H-E
stained sections of liver from cyclo and combination of cyclo+anethole F) Graphical representation of liver
histology scoring which was done based on the extent of steatosis, hepatocyte ballooning, portal and lobular
inflammation. G) Representative liver sections from mice treated with CCl4 or carbon tetrachloride plus
Anethole 20. H) Necrotic zones were quantified by counting unit areas. A field was divided equally into 165
square units. Necrosis or Viable zones were counted and represented as percentage. Mean + SD were
calculated from a survey of 20 fields from each slide and represented as histogram bars. I) Representative
photo micrographs of comet cells in liver. J) Graphical representation of percentage comet formation in liver
of indicated experimental groups. K) Micrograph of representative H-E stained sections of urinary bladder L)
Tabular representation of urinary bladder histology scoring based on degenerative transitional epithelium
and inflammation. The data represented as mean + S.D. for the three different experiments performed in
triplicate. Significant difference (p<0.05) is indicated with the following symbols “1t”when compared with
Normal, “*"when compared with Sarcoma control; “+” when compared with Cyclo; “@” when compared
between Cyclo + Anethole 10 and Cyclo + Anethole 20 and “s” when compared between Cyclo + Anethole
20 and Cyclo + Anethole 40.



