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Abstract: The present study was carried out to assess the antitumor effect of venom from
snake, Hydrophis spiralis on the Ehrlich Ascites Carcinoma (EAC). Four groups of albino
Swiss mice were treated with three doses of the sub lethal dose of venom, viz., 0.418,4.18
and 6.27 pg kg~ body weight (intraperitoneal injection) along with the standard drmg 5
flurouracil (20 mg kg™ b.w.). The biochemical analysis and rest was left to calculate the
mean survival time. In EAC bearing mice, mean life span tumor volume, hemoglobin, red
blood cell and lymphocytes were significantly decreased when compared to the normal
ammals. Whereas, body weight, neutrophils and viable tumor cell count was increased in the
EAC bearing mice. These changes were brought back to near normal levels in different
treatment groups. The macromolecule concentration of peritoneal cells, such as, DNA, RNA
and protein, were altered in the EAC bearing mice and observed to be near normal in the
treatment groups. The caspase 3 activity was sigmficantly increased in the peritoneal cells
of the treatment groups when compared to the EAC bearing mice. The role of apoptotic
cascade in EAC cell death was confirmed by the DNA fragmentation on agarose gel. Apart
from the antitumor effect, snake venom reduced the tumor burden on the liver and altered the
changes in the activities of alanine transaminase (ALT), aspartate transaminase (AST) and
alkaline phosphatase (ALP). Hence the venom from H. spiralis has a potential antitumor
effect onthe EAC bearing mice.
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INTRODUCTION

Cancer contimies torepresent the largest cause of mortality in the world and claims over 6 million
lives every yvear Abdullacv er af. (2000). An extremely promising strategy for cancer prevention today
is chemoprevention, which is defined as the use of synthetic or natural agents (alone or in combinatiorn)
to block the development of cancer in humans.

The anticancer agents search has aroused the interest of scientists since the beginning of this
century and anticancer effect of the venom of Naja sp. on adenocarcinoma cells was observed by
Calmette e af. (1933). From that time on, a number of papers have been published on the subject
(Calmette ef al., 1933; Yeh et al., 2001, Sun et al., 2003; Mora ef al., 2005). Particularly, when used
in combination of venoms, snake venom has greatly improved the treatment of several tumors cell lines
(Lipps, 1994). Snake venom is effective against tumors iz vive and in vitro, but causes less toxicity
in normal cells (Araya and Lomaente, 2007).

The aim of the present study is to investigate the antitumour effect of the crude venom of snake
on the Ehrlich ascites caricinoma and the metabolic changes in serum and peritoneal fluid of the tumor
bearing mice in response to the treatment with different sublethal dose of the venom.
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MATERIALS AND METHODS
Venom
Sea snake Hydrophis spiralis was collected during January 2006 from Kalpakkam to Cuddalore
waters of Coromandel Coast (India). The identification of live snake was carried out in the zoological
survey of India. Venom from live snake was squeezed out manually by milking method, lyophilized
immediately and stored at 4°C until further use (Ali ef af., 1999).

Lethality and T oxicity Assay

The toxicity of the Crude Venom (CV) was quantitatively assayed by intraperitoneal injection
(i.p.) in albino rats (10 per dose) using 5-10 mg of crude venom in 0.9% NaCl {(w/ v). LD,, was
determined at five dose levels and observed for period of 24 h following i.p. injection.

Animals and Ascites Tumor

The inoculum for inducing Ehrlich™s Ascites Carcinoma (EAC) was kindly provided by the
Amala Cancer Research Institute, Thirissur, Kerala (India). EAC was thereafter propagated by weekly
intraperitoneal injection of 0.3 mL freshly drawn ascites fluid (diluted 1:5 in sterile saline) from a donor
mice bearing ascites tumor of 6-8 days old into each Swiss albino mice. Transplantation was carried
out using sterile disposable syringes under aseptic conditions.

Experimental Design

In this experiment, 72 mice were randomly assorted into 6 groups (12 animals per group). Group
1:Normal (received 100 pl of sterile saline by i.p), Group 2: EAC control (received 100 pl. of sterile
saline by i.p), Group 3: EAC induced mice + 1% of LD., dose of venom in 100 L of sterile saline
(0.418 ug kg~ bw. by i.p-Low dose: LD), Group 4: EAC induced mice +10% of LD., dose of venom
in 100 pL of sterile saline (4.18 mg kg™ bw. by i.p-Medium dose: MD), Group 5:EAC induced mice
+15% of LD, dose of venom in 100 L of sterile saline (6.27 mg kg™ bw. by i.p-High dose: HD}),
Group 6; EAC induced mice + Standard 5-floururacil (20 mg kg=' bw.).

Total experimental period was 10 days and after administering the last dose, 6 ammals in each
group were fasted overnight, anaesthetized and sacrificed by cervical decapitation. The liver tissues
of animals were stored in 20°C for firther analysis. The remaining animals were left to calculate the
mean survival time.

Antitumor effect of venom was assessed by observing the following changes with respect to body
weight, ascites tumor volume, packed cell volume, viable and non-viable tumor cell count, Mean
Survival Time (MST) and percentage Increase in Life Span (%ILS). MST of each group containing six
mice was monitored by recording the mortality daily for six weeks and ILS (%) was calculated using
following equation described by Abu-Sinna ef af. (2003).

Day of frist death +Day of last daeth
2

MST =

ILS (%) = Mean survival time of treated group 100

Mean survival time of control group

Hematological Study

Hemoglobin content, Red Blood Cell (RBC) and White Blood Cell (WBC) counts were measured
from freshly withdrawn tail vein blood (Wintrobe ef af., 1961). Differential counts (Dacie and Lewis,
1953) were analysed in Leishman stained blood smears from normal, EAC control and venom treated
groups.
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Biochemical Parameters

Aspartate transaminase (AST) and Alanine transaminase (ALT) activities were determined by
the method of Reitman and Frankel (1957) using Qualigens (Mumbai, India) reagent kit. Alkaline
phosphatase (ALP) was assayved by the method of King and Armstrong (1988) using Qualigens
(Mumbai, India) reagent kit.

Assay for Total Protein, DNA, RNA and Caspase-3 Activity

The peritoneal fluid in heparinised tubes was centrifuged at low speed, washed in stenle saline
and the cells were suspended in saline. The cells were then stained with 0.32% trypan blue and counted
microscopically in a hemocytometer. The number of viable and dead cells were determined by the
dve exclusion method of Maclimans e# /. (1957). Total protein was assayed by the method of
Lowry ef af. (1951). Nucleic acid was extracted by the method of Schneider (1945). DNA and RNA
were estimated by diphenylamine (Dische, 1951) using orcinol reaction for RN A (Dishee and Shwartz,
1951). Packed peritoneal cells lysate were used to measure Caspase-3 activity using sigma (St Louis,
MO, USA) reagent kit (Nicholson, 1995). Total Genomic DNA was extracted and analyzed on agarose
gel (Sambrook and Russell, 2001).

Statistical Analysis

Values are expressed as means+SD of 6 animals in each group. Data within the groups were
analyzed using paired t-test to determine the significance. A value of p<0.05 was considered
statistically significant.

RESULTS

Effect of Snake Venom on Mean Survival Time and Tumor Growth

The toxicity assay of Hydrophis spiralis venom on the albino mice was used to arrive at sublethal
concentrations required for the present study. Based on the values, three different concentration of the
snake venom was fixed (1, 10 and 15% of LD, values as given in the experimental design). The EAC
bearing mice showed increased body weight due to the increased ascites volumes by actively
proliferating peritoneal cells. Whereas, the bodyweight was decreased from 40.20 to 30.16 g in treated
groups. In the EAC control group, the mean survival time was 16.0 days, whereas, it increased
significantly in all treated groups. A better effect was observed in medium dose treatment with an
increase in the life span by 182.81%, when compared to the carcinoma control group. Increased life
span and decreased bodyweight resulted in the decrease tumor volume, packed cell volume and viable
tumor cell count in a dose dependent manner (Table 1).

Effect of Snake Venom on Hematological Parameters
Table 2 shows that hemoglobin content was decreased by 2.9% and RBC count decreased
by approximately 1.7 fold in EAC control group when compared to normal group. The total WBC

Table 1: Effect of snake venom on body weight changes and survival time

EAC control SV I 8V (MD) SV (HD 5-Flurouracil

Parameters (10°cells mL™Y) + EAC + EAC + EAC + EAC

Bady weight (g™ 40.20+0.30 3825405  30.16+0.%¢  35.55%0.1 25.240,02
Mean survival time (day™") 16.00+0.10 20.50+£0.22  29.2540.060  25.25+0.3° 39.5+0.3
Tncrease life span (%6) - 12813 182.81¢ 157.81 246.88
Tumor volume (mL™) 4.50+0.07 2.99+0.06* 1.81+0.02* 2.23+£0.01* -
Packed cell volume (mL™!) 2.11+0.84 2.01+0.01° 1.45+0.02 1.9440.02¢ -

Viable tumor cell count (10'°cells L) 12.30+0.07 2.58+0.02*  1.5740.01* 3.014+0.03* -

Non viable tumor cell count (101%cell sL.”5  0.89+0.05 3.02+0.01*  1.02+0.03* 2.55+0.02° -

Values are mean+SD, n =6, *: p<0.01 vs EAC control group, Body weight of normal mice 2242 g
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Table 2: Effect of snake venom on Hematological parameters of EAC bearing mice

SV (LD) SV (MD) SV (HD) 5-Flurouracil
Parameters Normal EAC control +EAC +EAC +EAC +EAC
Hemoglobin (g%) 13.4040.10 9.2440.90° 10.2440.30° 12.01+0.40° 10.9540.20 13.00£0.1C°
RBC (10"°L™) 6.53+0.11 3.71+0.09° 4.01£0.05° 5.12£0.01° 4.984+0,02° 6.10£0.06°
WBC (1012L7Y) 4.73+0.04 17.20+0.09° 15.2440.20° 7.52+0.02" 10.85+0.01° 4.85+0.02°
Monocyte (%) 1.80:£0.01 1.10+0.01° 1.21+0.01* 1.54+0.03" 1.39£0.02° 1.80+0.01°

Neutrophil (90) 17.8+£0.150 65.40+0.17° 60.20+0.30 28.964+0.01° 51.24+0.01° 19.104+0.02°
Lymphocyte (%6) 80.4+0.220 32.50+0.02° 41.90+0.01 60.55+0.01° 50.20+0.02 78.20+0.06°
Values are mean+SD, n=6, ‘p<:0.05 normal group vs EAC control group ®p<0.05 treated vs EAC control

Table 3: Effect of liver marker enzymes AST, ALT and ALP in EAC group and treated groups compared to normal

control
ALT AST ALP
L& L e — Units dL.”* — Total protein (mg dL ")
Normal 24.35+1.00 79.94+7.00 1.52+0.30 8.50+0.20
EAC control 20.21+0.80¢ 108.98+6. 00F 6.37+0.7TF 13.80+0.90¢
EACHSV (LD) 30.24+0.50" 101.0042.80¢ 5.87L03 0P 12.85+=0.30"
EACHSV (MD) 26.58+£0.40° 90.10£0.90° 4.2120.20° 1.45+0.60°
EAC+8V (HD) 29.47+1.60° 05,4245 14 5.10+0.40F 12.05+0.50°
EACHt+5-Flurouracil 25.0640.02° 80.1240.07" 1.90+0.01° 9.05£0.02°

Unit 8 = pmoles product released per minute, Values are meantSD, n = 6, *p<<0.05 normal group vs EAC control group
*p<0.05 treated vs EAC control

Table 4: Effect of snake venom on Total DNA, RNA, protein and Capsase-3 in the EAC bearing mice and treated groups

DNA RNA Total protein Caspase-3
Groups (ug 1075 cells) (ug 1075 cells) (ug 107 cells) (umol pNA min~' mL™)
Normal 1.95£0.03° 3.01+0.04° 39.5440.01° 3.02+0.07
EAC control 6.45+=0.05 11.26+0.61° 1219524 400 0.160.20
EAC+ SV (LD) 5.48+0.1(¢ 8.57+0.10r 71.52+0.45° 2.15+0.08
EACHSV (MD) 4.12+0.30° 7.25+0.50° 61.21+0.02° 4.58+1.58
EAC+ 8V (HD) 4.85+0.01° 0.58+0.10° 84,520,040 3.1240.05
EAC + 5-Flurouracil 2.05+0.01° 3.45+0.020 40.1040.02 3.05+0.16

Values are mean+SD, n = 6, ©p<0.05 normal group vs EAC control group®p<0.05 Treated vs EAC control

counts were found to be increased in EAC control group by 2.6 fold when compared to normal mice.
In differential count of WBC, neutrophils increased, in contrast lymphocyte count decreased in EAC
bearing mice. The above altered levels were brought back to near normal level and more significant
results (hemoglobin-12.01%, RBC-5.12x10% L™ and WBC 7.52x10% L) were observed with the
medium dose of venom when compared to the other treated groups.

Effect on Liver Marker Enzymes

The serum ALT activity was decreased in the EAC mice by 4 units whereas; the activities of AST
(by 29 units) and ALP (by 4.8 units) were increased when compared to the normal. The treatment with
different doses of snake venom effectively restored the activities of the above enzyme and reduced the
burden to the liver caused by the peritoncal EAC cells. In these parameters, again the medium dose
(ALT-increased by 3 units, AST-by 1 units and ALP-2units) was found to be more significant when
compared to the other treated groups (Table 3).

Effect of Snake Venom on the Total DNA, RNA and Caspase-3 Activity

The selective cytotoxicity of snake venom is demonstrated by a significant reduction of total
DNA (4.12 pg 1079 cells), RNA (7.25 pg 107° ¢ells) and protein content (61.2 ug 107° cells) of EAC
cells in the peritoneal cavity of the treated groups when compared to the EAC tumor control
(Table 4). But the caspase-3 activity (4.58 units in the medium dose) was increased in the cell lysate
of the treated groups when compared to the EAC mice. All the three treated groups showed good
changes in the above parameters and better change was observed with the medium dose of the snake
venom.
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Fig. 1. DHA fragmentation assay of EAC bearing mice and teated groupe. Lane 1 DA of EAC +
Snake verora (VDY Lane 2: DA of peritoreal cells fiora norral madce , Lane 3: DM A of EAC
+ S nake venor (LIN; Lane 4: DA of EAT + Snake venorn (HDO; Lane 5: 100 bp DR A ladder

DNA Fragmentation

Figure | shows the agarcee gel electrophioresis of cloormosornal DN & isolated from the EAC
cell of turnor and treated mice. Lane 5 shows the matker, 100bp DA ladder. Lave 1 shows the
fragraented D& of the medinrn dose of snake wvenom corpared to the tac t D& on the lane 2. Lane
3 and 4 shows the DHA of low and mediun dose treatment, respectively. Here lane 1 cleatly
dernonstrates the effective DA daraage cansed b the poedinrn dose of snake we norm when corapared
to the other two doses.

DISCUSSION

The present study was camied out to evaluate the antihwaor efficacy of the smake venom-
Hydrophis gpiralis. & reliable criteria for assessing the potential of any articancer agent is the
prolongation of Life span of the andrmals (Hogland, 1952). & decrease in taraor wolaree and wiable tarnor
cell count ohserved by us can be considered as an irmportant marker of reduced turaor borden and
enhanced the lifespan of ELAC bearing mice. Andreard ef @l (1953 has suzgzested thatan increase in the
lifespan of ascite s bearing anirnals by25%% is conside e d as indicative of significant drg ac ity This
suzgzests that the cylotoxie actiity of snake verom on the EAC cells raight be due to mechardsios other
than direct ¢ ylolytic efiect. In this context, several authors havee reported the anti cancer potential of
stiake venom and exact mechavisn of them are not still understood (Abn-Sinwa of 2, 2003). Lipps
(19943 hawve suggested that wenoms act directly on the twoor cells and cause their lysis. But
Ilarkland ef af. (2001} has suggested that venmtns act indivec tly by de stroying the rde roervrirorement
produced by the tomor cells,

Inorder to understand the mechanisrn of antitrnor effectby snake wenowy, the main apoptotic
marker, Caspase 3 was estitnated in the peritoneal cells. Caspases are the central executioners of the
apoptotic pathway, They bring dhout most of the vishle changes like cell sheinkage, blebbing of
plasma merdbrane, rclear condersation and cell death which characterize the apoptosis (Maneyand
Luzebnil, 1998}, Caspase is particularly activated during apoptosis, which cleswve substrates such as
poly (ADP-rboge) polymerase, actin and lamin (Hengarmer, 2000; Porer and Jamicke, 1009,
Caspase 3 activitywas increased in tornor cell Iysate of snake wenom treated mice when compared fo
the EAChearing rice. The increase was sighificant in the medinm dose of treatnent when corapared
to the other two doses. This suggests that, snake wenom can destroy the existing toraor cells by
actreating the apoptotic cascade ata specific conce ntration of .12 g kg™ bow of mice.
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Willey (1980) has suggested that, during apoptosis a specific nuclease cuts the genomic DNA
between nucleosomes to generate DN A fragments and the presence of this ladder has been extensively
used as a marker for apoptotic cell death. Nagata (2000) showed that, the DNA ladder nuclease (now
known as caspase activated DNase or CAD) pre-exists in living cells as an inactive complex with an
inhibitor subunit. Activation of CAD occurs by means of caspase 3 mediated cleavage of inhibitory
subunit, resulting in the release and activation of the catalvtic subumt. Hence present results, the
increased caspase 3 activity, decreased DNA, RNA, protein content and DNA fragmentation (Fig. 1)
of the peritoneal cells strongly suggest that snake venom activates the apoptotic cascade and
implements the antitumor activity on the EAC cells. However, further studies are warranted for better
understanding of snake venom activated apoptotic cascade.

In cancer chemotherapy, other major problems are myelosuppression and anemia (Price and
Greenfeild, 1954). The anemia encountered in tumor bearing mice is mainly due to reduction in RBC
or hemoglobin percentage or both, which occur either due to iron deficiency or due to hemolytic or
myelopathic conditions (Sinclair ez af., 1990). Treatment with diluted snake venom brought back the
hemoglobin content, RBC and WBC count to near normal. This indicates that snake venom posse’s
protective action on the hematopoietic system and the reduced tumor burden has reverted the blood
cell count to near normal levels.

Since liver is considered to be the main organ of drug activation, detoxification and other metabolic
reactions; activity of some liver marker enzymes and total protein content were measured in the
plasma. Innoculation of EAC cells into the mice significantly reduced the activity of ALT and increased
the activity of serum AST and ALP. Present findings are in line with the previous reports of
Greengard (1979). Yet no explanation has been given for such changes in the activities of these
enzymes. But Abu-Sinna ef of. (2003) has suggested that, the consumption of free amino acids in
building the proteins of rapidly dividing tumor cells might result in the disturbances of the enzyme
activity in the liver. Treatment with the snake venom ameliorated these changes to near normal levels
indicating the protective role on liver.

In conclusion, the diluted snake venom exhibited a significant antitumor activity against EAC cells
and detrimental toxicity on the liver of the treated amimals. Hence snake venom is an excellent
anticancer agent, which acts specifically on tumor cells by activating the apoptosis cascade.
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