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Abstract: Acetone semicarbazone (a Schiff base) has been
synthesized and characterized. Its antineoplastic activity has
been studied against Ehrlich ascites carcinoma (EAC) cells
in Swiss albino mice by monitoring parameters like tumor
weight, survival time, tumor cell growth inhibition and
haematological characteristics. It was found that the compound
at dose 2.0 mg/kg/day i.p (intra peritoneal) significantly
decreases tumor weight, increases life span and reduces
tumor cell growth rate in comparison to those of EAC bearing
mice. The compound also alters the depleted haematological
parameters like red blood cells (RBC), white blood cells (WBC),
haemoglobin (Hb) % and differential counts (i.e. lymphocytes,
neutrophils, monocytes) of EAC bearing mice towards normal.
The compound enhances the number of macrophages in normal
mice. The toxic effects of the compound on the host are not
very high and the host recovers gradually towards normal
within a few days after treatment. The compound can therefore
be considered as a new potent antitumor agent. The efficiency
is more or less comparable to that of a standard drug like
bleomycin (0.3 mg/kg/day, i.p.).

Keywords: Acetone semicarbazone, antineoplastic activity,
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derivatives also possess potential anticancer activities.
Anticancer activity of hydroxysemicarbazide against
L1210 murine leukemia cells showed higher inhibitory
effect than hydroxyurea'?. Some thiosemicarbazones
have been shown to have anticancer and antiviral
activities'>. Nickel (II) complexes of semicarbazone
derivatives showed potent anticancer activity against
MCEF-7 cell lines'*. Semicarbazones, thiosemicarbazones
and acetyl-hydrazones of phthalimide, o-benzosulfinide,
napthalimide and diphenimide demonstrated potent
cytotoxicity against different cancer cell lines'.The
antitumoric activity of pyridine-2-carboxaldehyde
thiosemicarbazones and a series of di-2-pyridyl ketone
thiosemicarbazone ligands have also been reported in
literature!®”. Most of these semicarbazones possess large
structures and are mostly insoluble in common solvents.
Much difficulty has been encountered to solubilize
them for use. As acetone semicarbazone is a water
soluble compound, it was selected for evaluation of its
antineoplastic activity against Ehrlich ascites carcinoma
(EAC) cells in Swiss albino mice.

INTRODUCTION

Cancer continues to represent the second largest cause
of mortality in the world and claims over six million
lives every year'. An extremely promising strategy for
treatment of cancer today is chemotherapy. Schiff bases
have been reported*!! to have antibacterial, antifungal,
antiviral, anti-inflammatory, anti-tubercular, anti-
HIV, antileprosy and herbicidal activities. Because
these bases appear to have such wide applications,
many investigators are now focusing attention on the
possibility of developing chemotherapeutic agents from
Schiff bases. Schiff bases of semicarbazone and their

METHODS AND MATERIALS

a) Chemicals and reagents: All chemicals and reagents
used throughout the investigation were of reagent grade.

b) Synthesis of acetone semicarbazone (ASC): The
procedure described by Vogel'® was used for synthesis
of this compound. Semicarbazide (1.0 g) and Na-acetate
(1.50 g) were mixed in a reagent bottle and dissolved
in 10 mL of pure distilled water. Acetone (1.0 mL) was
added to the mixture. The resulting solution was shaken
vigorously for several minutes and allowed to stand for
a few minutes untill a white crystalline product was
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obtained. The precipitate was washed with a little distilled
water, recrystallized from aqueous medium and dried in
an oven at 105° C. The melting point of the compound
was found to be 187° C. The compound was stored in a
desiccator over silica gel.

¢) Characterization of the compound (ASC): The
formation and purity of the compound was verified with
the help of infra red (IR) spectra (given in Figure 1) and
also by comparing the melting point of the compound
with the literature value' (187° C). The principal new
bond formed was—N=C<.Other characteristic active
groups present in the compound were -NH, >C=0, -CH,
etc. All these groups were ascertained from IR spectral
analysis. The peak in the region 1670-1606 cm™ had
appeared due to the formation of C= N bond. This peak
was broader than expected because the peak was coupled
with other peaks due to C=0 stretching at 1690-1650 cm'!
and v, ; (bending) (1650-1620) from the H,N-CO- group
present at one side of the molecule. The vy, , (stretching)
from the -NH, end appeared at 3400-3300 cm™. The
two methyl groups were present on the other side of the
molecule peaks at 1448 and 1417cm'[ ., bending]. The
other peaks appearing in the spectrum were due to the
combined effect of the whole molecule.

d) Animals: Adult Swiss albino male mice (20-25 g)
were used throughout this study. They were obtained
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from the International Center for Diarrheal Diseases
Research, Bangladesh (ICDDRB). Animals were fed
with standard mouse-pellets (collected from ICDDRB)
and water was given ad libitum.

e) Tumour cells: Ehrlich Ascites Carcinoma (EAC)
cells were obtained with the courtesy of Indian Institute
for Chemical Biology (IICB), Kolkata, India and
maintained by weekly i.p. inoculation of 10° cells/mouse
in the laboratory.

f)  Ethical clearance: The protocol used in this study for
the use of mice as animal models for cancer research was
approved by the University Animal Ethical committee.

g) Determination of median lethal dose (LD,): The
LD,, value was determined following conventional
methods?. The test compound was dissolved in distilled
water and injected intraperitoneally to 6 groups of mice
(each containing n=6) at different doses (10, 20, 30, 40,
50 and 60 mg/kg). LD,, was evaluated by recording
mortality after 24 h.

h) Cell growth inhibition: In vivo tumor cell growth
inhibition was carried out by the method as described
in a previous study?!. For this study, 5 groups of mice
(6 in each group) were used. For therapeutic evaluation
14 x10° cells/mouse were inoculated into each group

Figure 1: IR spectra of acetone semicarbazone
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Figure 2: Effect of ASC at the dose 0.5 mg/kg (i. p.), | mg/kg (i. p.)
and 2 mg/kg (i. p.) on tumor weight in mice

Numbers of mice in each experiment were 6. The results are shown
in mean £ SEM and compared with control, where significant values
are,*p<0.05,**p<0.01 and ***p<0.001.

of mice on the first day. Treatment was started after
24 h of tumor inoculation and continued for 5 d. Group
1 - 3 received the test compound at the doses 0.5 mg/kg,
1.0 mg/kg and 2.0 mg/kg respectively, per day per mouse.
In each case the volume of the test solution injected
(i.p.) were 0.1 mL/day per mouse. Group 4 received
bleomycin (0.3 mg/kg, i.p.) and group 5 was treated
with the vehicle (normal saline) and was considered as
untreated control. The mice were sacrificed on the 6" day
after transplantation and tumor cells were collected by
repeated intraperitoneal wash with 0.9% saline. Viable
tumor cells per mouse of the treated group were compared
with those of the control.

The cell growth inhibition was calculated by using the
formula,

Tw
% Cell growth inhibition = (1— Ci) %100
w

Where, Tw = mean number of tumor cells of the
treated group of mice and Cw = mean number of tumor
cells of the control group of mice.

i) Bioassay of EAC cells (Transplantation ability of
EAC cells): The effect of ASC on transplantability of
EAC cells was carried out by the method described in
the literature??. In this experiment 2 groups of mice
(n=4) were inoculated with 115x10° EAC cells. Group
1 was treated with the test compound at the dose of
2.0 mg/kg (i.p.) for 5 consecutive days and group 2 served
as the control. On day 7, tumor cells from the mice were
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Figure 3: Regression line of log dose of acetone semicarbazone
against brine-shrimp nauplii after 24 h of exposure

harvested in cold (0.9 %) saline, pooled, centrifuged and
re-inoculated into 2 fresh groups of mice (n=4) as before.
No further treatment was done on these mice. On day 5,
they were sacrificed and viable tumor cell count/mouse
was estimated.

J)  Average tumour weight and survival time: These
parameters were measured under similar experimental
conditions as stated in the previous experiment. Tumour
growth was monitored daily by measuring weight change.
The host survival time was recorded and expressed as
mean survival time in days and the percent increase of
life span was calculated®as follows:

¥ Survival time (days)

of each mouse in a group
Mean survival time (MST) =

Total number of mice

Percent increase
. MST of treated group
0o — -1
of life span (ILS) % [MST of control group J x 100
k) Haematological studies: The haematological

parameters viz, WBC, RBC, Hb content and differential
counts were determined?*? by standard methods using
cell dilution fluids and a haemocytometer. For this
purpose, blood was collected from the mouse by tail
puncture. Three groups of mice (with n=4) were used for
doses 0.5, 1.0 and 2.0 mg/kg (i.p.). of the test compound
(ASC). Treatment was started after 24 h of tumour
transplantation and continued for 10 consecutive days.
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On day 12, the blood parameters were assayed. Four
groups (n=4) of normal mice were taken for the purpose.
The blood from the 1st group of mice assayed on day
O(without any treatment). The 2™ and 3™ groups of mice
were treated with ASC at dose 2.0 mg/kg (i.p.) for 5 and
10 consecutive days respectively and analyzed as before.
The mice of 4" group were treated with 2.0 mg/kg (i.p.)
for 10 consecutive days and assayed on day 25.

1)  Determination of the effect of ASC on normal
peritoneal cells: Effects of the Schiff base on normal
peritoneal cells were determined? by counting the total
peritoneal cells and the number of macrophages. Three
groups of mice (n=4 in each) were treated with ASC at
doses 0.5, 1.0, and 2.0 mg/kg (i.p.) for 3 consecutive days
and the 4" (untreated) group (n=4) served as the control.
After 24 h of last treatment, each animal was injected
with 5 mL of normal saline (0.98%) into the peritoneal
cavity and then sacrificed. The intraperitoneal exuded
cells and the number of macrophages were counted using
a haemocytometer after staining with 1% neutral red.

Table 1: Effect of ASC on EAC cell growth inhibition (in vivo)
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m) Brine shrimp lethality bioassay: Cytotoxicity of
the compound was screened against Artemia salina in a
1-day in vivo assay?’. For the experiment 3 mg of the
compound was dissolved in 0.6 mL (600 uL) of distilled
water to get a concentration of 5 pg/ul and by serial
dilution technique, solutions of varying concentrations
such as 5, 10, 20, 40, 80 and 100 png/mL were obtained.
After 24 h of incubation, the vials were observed using
a magnifying glass and the number of survivors in
each vial was counted and noted. From these data, the
percentage of mortality of the nauplii was calculated for
each concentration and the LC,; value was determined
using Probit analysis as described in the literature®.

n) Statistical analysis: The experimental results were
expressed as the mean + SEM (standard error of mean).
Data were calculated by one way ANOVA followed by
Dunnett ‘t’ test using SPSS software version 10.

Experiment Nature of the drug Dose mg/kg/day No. of EAC cells in mouse % of cell growth
(ip.) on day 6 after tumour cell inhibition
inoculation

Control (EAC - - (4.03+0.57)x 10" -
cell bearing mice)
Bleomycin Standard 0.3 mg/kg (0.42 £0.05) x 107** 89.57
Acetone semicarbazone Synthetic 0.5 mg/kg (1.66 +0.29) x 107 8.80

1.0 mg/kg (1.06 £0.08) x 107* 73.69

2.0 mg/kg (0.65+0.13) x 107** 83.87
Number of mice in each case are 6; the results are shown as mean + SEM and compared with the control, where significant values are
*p<0.05 and
** p<0.01.

Table 2: Effect of ASC on survival time of EAC cell bearing mice

Experiment Drugs Dose Mean survival time (Days) % Increase of life span
mg/kg/day (i.p.) mean = SEM
Control (EAC bearing mice) 19.83 +£0.79
EAC+ Bleomycin Standard 0.3 38.50 +0.76 94.15%**
0.5 25.83+£0.79 30.25%*
Acetone semicarbazone Synthetic 1.0 30.83 +£0.47 55.47%%*
2.0 35.16 £ 0.60 77.30%**

Numbers of mice in each experiment were 6; the results are shown in mean + SEM and compared with control, where significant

values are,*p<0.05,**p<0.01 and***p<0.001

December 2010

Journal of the National Science Foundation of Sri Lanka 38 (4)



Antineoplastic activity of acetone semicarbazone 229
Table 3: Effect of ASC on blood parameters of tumour bearing and normal Swiss albino mice on day 12 of tumour inoculation

Experiment RBC WBC % of Hb % of % of % of
cells/mL cells/mL gm/dL Lymphocytes Neutrophils Monocytes

Normal mice (6.11 £0.40)x10° (10.4 £ 1.2)x10° 1.6+ 1.2 72+0.3 23+0.2 5+0.65

Control (EAC bearing (2.32+£0.2)x10° (25.7+0.4)x10° 5.0+ 0.70 51+0.65 36+1.2 13+0.6

mice

EAC+ 0.5 mg/kg (24 +0.35)x10° (17.0 £ 0.65)x10% 104+ 21 48 +£0.54 37+0.41 15+0.21

EAC+ 1.0 mg/kg (3.2 £0.14)x10° (15.0+ .31)x 10" 10.7+ .36™ 65+0.24™ 32+0.54" 3+0.18

EAC+ 2.0 mg/kg (42 += 31)x10 (13.0+ .34)x10°" 1. +£0.11" 69 +0.25™ 29 +0.45" 2+0.54™

Number of mice in each case were 4; the results are shown as mean + SEM and compared with control (EAC bearing), where significant values

are,*p<0.05,**p<0.01 and***p<0.001

Table 4: Effects of acetone semicarbazone on blood parameters in normal mice on days, 0, 5, 10 and 25 at dose 2.0 mg/kg body weight

Experiment Days RBC WBC % of % of % of % of
cells/mL cells/mL Hb Lymphocyte Neutrophil ~ Monocyte
Normal mice 0 (6.11 £0.40) x10° (104 +1.2) x10° 1.6+ 1.2 72+0.3 23+0.2 5+0.65
Mice treated with 5 (4.5 £0.71) x10°"  (6.71 £0.91)x10°" 52+ 0.10™ 61 +£2.0" 32+0.97" 7+£0.85
Acetone semicarb 10 (5.09 £0.82) x10°"  (6.92 +0.21)x10°" 7.2+ 0.19" 62+3.1" 29+ 1.2" 4+12
azone
25 (6.13+£0.54)x10°  (9.43 % 1.1) x10° 11.7+01.3 71£2.1 214092 8«14

Number of mice in each group were 4; the results are shown as mean + SEM and compared with control with normal mice (without treatment)

where significant values are,*p<0.05,**p<0.01 and***p<0.001

Table 5: Effect of the test compound on the enhancement of normal peritoneal cells in mice

Experiment Dose Macrophages Total peritoneal cells
mg/kg mean + SEM mean £ SEM
Control (normal) - (1.67£0.31) x 10° (7.97 £ 0.40) x10°
0.5 (2.15+0.5) x 10 (8.82 +0.34) x10°™
Normal + test compound 1.0 (2.35 +0.40) x 10" (8.92 + 0.44) x10°
2.0 (2.57 +0.55) x 10" (9.63 +0.43) x10°™

Number of mice in each case were 6; the results are shown as mean + SEM and compared with normal

mice (without treatment), where significant values are,*p<0.05,**p<0.01 and***p<0.001

RESULTS

In vivo tumour cell growth inhibition was observed with
ASC at various doses (0.5 mg/kg i.p., 1.0 mg/kg i.p., and
2.0 mg/kg i.p.) per mouse per day. Maximum cell growth
inhibition (about 83.87 %) was found after treatment with
2.0 mg/kg (i.p.). On the other hand bleomycin at a dose
of 0.3 mg/kg(i.p.) inhibited the cell growth by 89.57 %
(Table 1).

A reduction in EAC cell growth as high as
75.06 % was observed, when 6 days treated EAC cells
were reinoculated into fresh mice (viable cell counts
were performed on day 5).

In vivo, the mean survival time (MST) of the
untreated tumour bearing mice was 19.83 days. With
the treatment of the ASC, this value increased markably.
About 77.30 % enhancement of MST was found at
2.0mg/kg (i.p.). Bleomycin at a dose of 0.3 mg/kg (i.p.)
increased the MST value to 94.15 % (Table 2 ).
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The treatment with Schiff base also reduced the rate of
tumour growth. It was found to be only 27 % at dose
2.0 mg/kg (i.p.) after 18 days as against 85.5 % without
any treatment. With bleomycin (0.3 mg/kg, ip. the
growth rate reduced to 21 % in 18 days (Figure 2).

The haematological parameters of both treated and
non-treated mice were examined. In EAC cell bearing
mice all the parameters such as haemoglobin, WBC,
RBC and differential counts (monocytes, lymphocytes,
neutrophils) were found to be significantly changed as
compared to those of the normal mice. These parameters
reverted towards normal values when treated with the
compound at dose 2.0 mg/kg (i.p.). In case of parallel
treatment of normal mice, these parameters were found
to be slightly changed from normal values, and after
25 days of the initial treatment they were found to be
restored to almost normal values (Table 3 and 4). The
compound at dose 2.0 mg/kg (i.p.) also enhanced both
the peritoneal cells and the number of macrophages to
some extent in normal mice (Table 5).

LD, value in Swiss albino mice was 30 mg/kg (i.p.).
The brine shrimp lethality bioassay was done to assess
the in vitro cytotoxic effect of the compound. Medium
lethal concentration (LC,) of brine shrimp lethality was
found to be 35.35 pg/mL (Figure 3).

DISCUSSION

The results presented above showed that the compound
acetone semicarbazone at dose 2.0 mg/kg (i.p.) can
inhibit cell growth of tumour bearing mice sufficiently,
reduce tumour growth rate markedly and increase
life span dramatically. All these are considered as
very important and promising aspects in justifying the
potency of a compound in cancer chemotherapy®.
One of the major problems usually encountered in
cancer chemotherapy is myelosuppression followed by
anemia®®3! due to the reduction of RBC and haemoglobin
contents. This is probably due to the deficiency of iron of
haemolytic or myelopathic condition®’. After treatment
with the compound under investigation, all the depleted
haematological parameters can be reversed towards
normalcy. The host toxic effect of the compound is not
very high. In addition, the treatment in normal mice
increases the macrophages and peritoneal cells which has
also been considered as a very vital event in acquiring
self destroying activity of the living being towards cancer
cells¥. Enhancement of macrophages might produce
some cytokines such as tumour necrosis factors (TNF)
and interleukins inside the peritoneal cavity, which in turn
may be responsible for killing of tumour cells*. Effect of
ASC on viability of EAC cells is found to be reduced
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significantly. In addition, since LD, value of ASC is
found to be 30 mg/kg (i.p.) as compared with the dose
(2.0 mg/kg ) used during treatment, ASC is expected to be
an effective anticancer agent with low toxicity (at doses
up to 2.0 mg/kg ). However, the information obtained
from the present investigation is insufficient for ASC to
be used as a novel anticancer agent in clinical practice.
Many more investigations have to be carried out with
this compound and also with its derivatives using various
other cancer cell lines and higher animal models, in order
to confirm it as a potent anticancer agent.
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