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against apoptosis-induction by Rusvinoxidase.



Fig. 1. A. Dose-dependent cytotoxicity of Rusvinoxidase and cytosine-b-D-arabinofuranoside hydrochloride (AraC) towards Colo-205 cells (1� 105 cells/ml) after 24 h incubation at
37 �C, 5% CO2. Data represent means ± standard deviation (SD) of three determinations. Significance of difference with respect to AraC under identical experimental conditions:
*p < 0.01. B. Phase-contrast microscopic observation of Colo-205 cells treated with different concentrations of Rusvinoxidase for 24 h at 37 �C. C. Concentration- and time-dependent
nuclear morphological changes induced by Rusvinoxidase in Colo-205 cells after Hoechst 33258 staining (400� magnification). D. Quantitation of dose- and time-dependent
apoptosis induction in Colo-205 cells by Rusvinoxidase. The percentage of apoptotic cells (control as well as Rusvinoxidase-treated) after Hoechst 33258 staining was counted
from four randommicroscopic fields at 60�magnification for each treatment. Data represent mean ± SD of three determinations. Significant differences with respect to controls: **,
p < 0.01.
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for 15min at 37 �C, the reactionwas terminated byaddition of 75 ml of
50% (v/v) acetic acid and the liberation of 4-nitroaniline was deter-
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observation of changes in cell morphology, as demonstrated by loss
of cell membrane integrity and clumping of cells (Fig. 1B). It was
reported that MCF-7 cells treated with a 2� IC50 value of Rusvi-
noxidase at 24 h had undergone secondary necrosis [1]; never-
theless, the same phenomenonwas not observed for Colo-205 cells
under the same experimental conditions. The changes in nuclear
morphology of treated cancer cells were evident from chromatin
condensation and formation of apoptotic cells (Fig.1C). By Hoeschst
33258 staining, the dose- and time-dependent apoptosis induction
in Colo-205 cells by Rusvinoxidase was determined (Fig. 1D). It was
observed that the percentage of apoptotic MCF-7 cells was more
pronounced [1] compared to induction of apoptosis in Colo-
205 cells (Fig. 1D) following Rusvinoxidase treatment. This likely
indicates that the apoptosis-induction potency of Rusvinoxidase
against MCF-7 cells is significantly higher compared to Colo-
205 cells, and that Colo-205 cells exhibit a higher level of resistance
to Rusvinoxidase.

DNA fragmentation is one of the hallmarks of apoptosis, and
fragmentation in Colo-205 cells post-Rusvinoxidase treatment
(Fig. 2A and B) was significantly less than that observed for MCF-
7 cells [1]. The flow-cytometric analysis (APO-BrdU TuNEL assay)
indicated that 24 h after treatment, Rusvinoxidase dose-
dependently augmented apoptosis induction (DNA fragmenta-
tion) in Colo-205 cells compared with apoptosis in control cells
(Fig. 2C); however, under identical experimental conditions, Rus-
vinoxidase induced significantly less apoptosis in Colo-205 cells
when compared to MCF-7 cells.

3.2. Rusvinoxidase decreases the level of cellular glutathione and
enhances the catalase activity of Colo-205 cells

Rusvinoxidase at its IC50 value progressively depleted the
cellular glutathione (GSH) of Colo-205 cells from 3 to 12 h post
treatment as compared to baseline values of control (untreated)
cells (Fig. 3A). However, under identical experimental conditions,
depletion in cellular GSH was significantly greater (p< 0.05) in
Rusvinoxidase-treated MCF-7 cells (1) as compared to Colo-
205 cells (Fig. 3A). Furthermore, Colo-205 GSH levels returned to
baseline values after 18 h of treatment, with a significant increase in
cellular GSH level observed 24 h after treatment (Fig. 3A).
Conversely, in Rusvinoxidase-treated MCF-7 cells, GSH levels were
found to be less thanwhat was observed in control MCF-7 cells 24 h
after treatment, suggesting that lower depletion of cellular gluta-
thione by Colo-205 cells (compared to MCF-7 cells) may be a
mechanism to counteract apoptosis-induction by Rusvinoxidase in
Colo-205 cells [2].

Rusvinoxidase (IC50 value) augmented Colo-205 catalase activ-
ity within 30min of incubation, and this enhanced level of catalase
activity was maintained up to 6 h following treatment (Fig. 3A).



thereafter the level of caspase-9 was same as that of control (un-
treated) cells. The activation of caspase-9 is associated with the
mitochondrial apoptosis pathway [17]. Caspase-9 activity of
Rusvinoxidase-treated Colo-205 cells was less enhanced compared
to MCF-7 cells under the same conditions [1], indicating the mito-
chondrial apoptotic pathway is induced at low levels in
Rusvinoxidase-treated Colo-205 cells.

Caspase-3 activation in Colo-205 cells exposed to Rusvinoxidase
was slightly enhanced at 6 of treatment; thereafter, caspase-3 ac-
tivity of Colo-205 cells started to decline and reached its baseline
value after 12 h of treatment (Fig. 3C). Nevertheless, at 24 h of
exposure to Rusvinoxidase, caspase-3 activity of Colo-205 cells
increased significantly. The activation of pro-caspase-3 to caspase-
3, the executer caspase of apoptosis, is associated with activation of
caspase-9, and to a larger extent of caspase-8 [18].
3.5. Colo-205 shows resistance to Rusvinoxidase-induced apoptosis
by changing the relative expression of pro- and anti-apoptotic
proteins

It is well known that the extent of expression of anti- and pro-
apoptotic proteins post treatment with anticancer agents is one
of the crucial mechanisms responsible for the decisive fate in the
apoptotic process of treated cancer cells. The cells undergo
apoptosis via regulation of expression of pro-apoptotic protein Bax
and anti-apoptotic protein Bcl-xL, and the relative expression of



Our work with the venom of D. r. russelii has demonstrated that
snake venoms contain a variety of proteins with potent biological
activities [1,2,7], many of which have therapeutic potential or serve
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