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ABSTRACT:The crude venom of Mesobuthus gibbosus which is widely distributed in the Mediterranean region 
of Anatolia were investigated for its cytotoxic and gelatinolytic activities in vitro. Cytotoxic effects of the crude 
venom were examined in three different cell lines by MTT assay. 5RP7 is H-ras activated mouse fibroblasts, 
CO25 is N-ras activated mouse myoblasts and A549 is human adenocarcinomas cells. For the gelatinolytic 
activity, lyophilized crude venom was solubilized in bidistilled water, then run on a SDS/PAGE-gelatin. The gel is 
then stained with R-250 Commassie blue and gelatinolytic activity was detected as colorless bands. Effects of 
the venom on the morphology of 5RP7 cells were also examined by Giemsa staining. The number of viable 
5RP7 cells was significantly decreased after incubation with the venom for 48 hours and IC50 was found 200 �g 
/ml, whereas any effect of the venom on the viability of CO25 was not observed. The number of viable A549 
cells was inhibited % 40 at the lowest dose (10 �g /ml) after 24 h incubation and the rate of this inhibition was 
elevated up to % 60 dose-dependent manners. Mesobuthus gibbosus crude venom and components showed a 
significant gelatinolytic activity. The 5RP7 cells treated with 200 �g /ml and 400�g/ml of venom were smaller 
rounded in shape; especially nuclei were stained more densely than their normal counterparts. Cytoplasmic 
blebs around the cells and also vacuole formation were observed. We suggest that this study will lead to 
identification of active peptides in M. gibbosus venom and following its use in cancer treatment. 
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INTRODUCTION 

Scorpions are arachnids of wide geographical distrubition and possess venom containing numerous toxic and 
pharmacologically active peptides with different activities. Their venoms have various neurotoxic (1), hemolytic 
(2) and muscular effects in humans (3). Furthermore, anti-bacterial, anti-fungal (4, 5), anti-insect (6), antitumor-
analgesic (7), cytotoxic and apoptotic (8, 9) effects of scorpion venoms on various organism have been reported 
by several investigations. Evidences show that some of these peptides exert their activities by affecting the 
selective membrane-permeability or -stabilizity for ions or inducing Ca2+ ion (10-14). Monoamine oxidase 
inhibitory activities of venom peptides from Mesabuthus gibbosus (Buthidae) were recently reported (15). 
Scorpion venoms have been found to contain some enzymes, such as phospholipase A2, acetylcholinesterase, 
alkaline phosphatase and proteolytic enzymes with gelatinolytic activity. It was suggested that proteolytic 
enzymes cause necrosis, hemolysis and gangrene following scorpion stings (16-19). Identification of new 
proteases for many purposes such as treatment of cancer or is also very important (20, 21).  
Here, we have investigated some biological activities of the crude venom of Mesobuthus gibbosus which is 
widely distrubuted in the Mediterranean region of Anatolia (15). Inhibitory effect of the venom on the growth of 
cancer cell lines was determined by MTT assay and gelatinolytic activity of the venom was shown by SDS-PAGE 
with co-polymerized gelatin assay. 
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MATERIAL VE METHODS 

Cell culture:  
Human lung adenocarcinoma (A549) and H-ras active rat fibroblast cells (5RP7) were obtained from Institute for 
Fermentation Osaka (IFO), Japan. Mouse myoblasts (CO25) bearing a steroid inducible mutated human N-ras 
gene (22) were gift from Dr. Ian Gibson (University of East Anglia, Norwich, UK). A549 cells were maintain in 90 
% Nutrient mixture F12 (Ham’s) suplemented with 10 % fetal bovine serum (FBS, Gibco), 5RP7 cells in DMEM 
with 10 % of FBS and CO25 cells in DMEM (Sigma) with % 10 horse serum (HS, Gibco). All media were 
supplemented with penicillin/streptomycin at 100 units/ml and 2 mM L-glutamine and cells were incubated at 
37oC under 5 % CO2/95 % air in a humidified atmosphere. To activate the N-ras oncogene, CO25 myoblasts 
were cultured in the presence of 1 �M dexamethasone. 
 
Scorpions:  
Scorpions belonging M. gibbosus species were collected under the UV light at night (6) from Saricakaya location 
of Eskişehir in Middle of Anatolia on 22 of July 2003. Then they were kept in the lab condition by feeding with 
grasshopers for several months.  
 
Venom preparation and isolation of its fractions:  
The venom of the scorpion was obtained by electrical stimulation at 20 V for 2-3 min, and then dissolved in 
double-distilled water, centrifuged at 15 000Xg for 15 min and the supernatant lyophilized as described by 
Kozlov et al. (23).  Major fractions of the venom were separated by HPLC using an analytical reverse phase C18 
colon (VYDAC, Protein) according to Possani et al. (24). All lyophilized venom samples were stored at -20oC. 
 
MTT assay: 
MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazolium bromide] assay depends on the mitochondrial 
enzyme reduction of tetrazolium dye to detect and determine cell viability.  Briefly, cells were plated at a density 
of 1 × 103 cells/well into 96-well plates.  After 24, 48 and 72 h exposure to the crude venom of M. gibbosus at 10, 
25, 50, 100, 200 and 400 �g/ml concentrations, 20 �l of a MTT stock solution (5 mg/ml, Sigma) were added to 
each well.  After 2 h incubation at 37oC, the medium was discarded and 200 �l of DMSO were added to each 
well.  Cells were incubated at 25oC for further 10 min and then the absorbance was read on a Bio-Tek (ELX 808 
IU) ELISA reader at a wavelength of 540 nm (25).  The signal generated is directly proportional to the number of 
viable (metabolically active) cells in the wells.  The values of the blank wells were subtracted from each well of 
treated and control cells, the % viability were determined as formulated below;  
   
      (The absorbance of the treated cells) -  (the absorbance of the blank)  
% viable cells =               x 100 
           (The absorbance of the control)    -   (the absorbance of the blank)        
 
 
Giemsa Staining:  
As most affected cells by the venom in MTT assay, 5RP7 cells were further investigated for their morphology. 
The cells were grown in the presence of 100, 200 and 400 �g/ml M. gibbosus crude venom for 24 hours and 
then stained with Giemsa as described in Freshney (26). Slides were examined and photographed using Leica 
DMIL inverted microscope. 
 
Determination of the gelatinolytic activity:  
The venom gelatinolytic activity was performed by electrophoresis in 12% SDS-PAGE with 0.1 %) of co-
polymerized gelatine. The venom and the fractions diluted in 0.05 M Tris-glycine buffer, pH 6.8, containing 10% 
glycerol, 0.025 M SDS and 0.5 mg/ml phenol red. After running 100 �g of crude venom and 100 �g of the 
venom fraction, the gel was incubated in 25 % Triton X-100 for 20 minutes and then further in a zymograph 
developing buffer at 37oC for overnight. The gel was developed for proteolytic activity with Coomassie Blue R-
250 (Sigma) for 30 minutes and destained with methanol: acetic acid: water (3:1:6; v: v: v) until the clear zones 
of proteolysis could be seen (19).  
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RESULTS AND DISCUSSION 

Major fraction of the venom: 
Fig 1 shows the chromotgram of the venom after HPLC isolation. Thirteen of them were obtained and further 
tested for their gelatinolytic activities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Chromotograph of the venom fractions obtained by HPLC. * Components with gelatinolytic activity. 

 
Cytotoxic effects of the crude venom on cancerous cells:  
Cytotoxic effects of the crude venom from M. gibbosus were investigated in vitro in three different cancerous cell 
lines. Effects of the different concentrations of the venom on the viability of cells lines are shown as graphs in Fig 
2. The number of viable H-ras active 5RP7 cells was significantly decreased after incubation with the venom for 
48 hours and IC50 was found 200 �g/ml (Fig 2a) whereas any effect of the venom on N-ras activated CO25 
cells was not observed. 
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Fig.2. Effects of M. gibbosus crude venom on 5RP7 (a), A549 (b) and CO25 (c) cell viability by MTT assay.  

Each data represents the mean of two independent experiments. Standart deviatios is < %10.  Statistical 
analysis were done using one-way (ANOVA) (p<0.05). 

 
 
The number of viable human adenocarcinoma A549 cells was inhibited %40 at the lowest dose (10 �g/ml) after 
24 h incubation (Fig 2b) and the rate of this inhibition was elevated up to % 60 dose-dependent manners. On the 
other hand, the viability of the cells was recovered by longer incubation time with the venom. No data has been 
found about the cytotoxic for cancerous cells and proteolytic properties of M. gibbosus venom except its 
monoamine oxidase inhibitory activities (15). However, antitumor activity of a peptide (AGAP) isolated from 
Chinese scorpion (B. Martensii) were reported on mouse fibrosarcoma cells and in E. ascites tumor model (7).  
 
 
Morphological effects of the venom on 5RP7 cells:  
Effects of the venom on the morphology of 5RP7 cells were investigated at three different doses as seen in Fig 
3. The cells treated with 200 and 400 �g/ml of venom were smaller rounded in shape and their cytoplasm, 
especially nuclei were stained more densely than their normal counterparts. Also vacuoles were observed in 
some cells (Figures 3c and d). Cells grown in the lowest dose were larger and more flatened in shape than all 
others. We suggest that the venom contains some peptides which may affect the cell surface molecules, thus 
induce the binding of the cells to extracellular matrix at low concentartion. Cytoplasmic blebs around the cells 
were also observed (Fig 3b), similar to apoptotic morphology. Recently, Omran (9) reported that scorpion venom 
induced an early apoptotic effect on human 293T kidney and mouse C2C12 myoblast cell lines and suggested 
that this might be a result of intracellular Ca2+ elevation by venom (12). 
 
 
Gelatinolytic activity:  
 
To determine the proteolytic activity of M. Gibbosus crude venom and its major fractions, the samples were 
analysed by SDS-PAGE with co-polymerized gelatin. As shown in Fig 4, a major clear zone resulting from 
proteolysis of gelatine can be observed in both extract and its one major fraction whereas two other fraction 
showed very weak activity (data is not shown). No proteolytic enzymes from venoms of the genus Mesobuthus 
have ever been studied. A few enzymes with gelatinolytic activity were found for only Tityus genus by Almeida et 
al. (19). 
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Fig.3. Effects of the crude venom of M. gibbosus on the morphology of 5RP7cells.  (a) Nontreated cells in their 
normal fibroblastoid shape. (b) Cells grown in the lowest dose of (100 µg/ml) crude venom with larger and more 
flattened in shape, cytoplasmic blebs around the cells and vacuole formation are also observed. (c) 200 �g/ml 
and (d) 400 �g/ml of venom induced cells were smaller rounded in shape, nuclei were stained densely, and 
vacuoles are seen in some cells.  Magnification X200. 
 

 
 
Fig.4. The gelatinolytic activity of M. gibbosus crude venom analysed by SDS-PAGE with co-polymerized 
gelatine. A major clear zone resulting from proteolysis of gelatine was seen in crude venom (a) and the major 
fraction (b). 
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CONCLUSIONS 

Effects of the venom on the proliferation of cells show selectivity depending on the cell type and activation of 
different oncogenes. Growth of human lung adenocarcinoma cells were stronger inhibited than other rat 
transformed cells.  On the other hand, transformed cells with active H-ras were more sensetive to the venom 
than cells with active N-ras oncogene. This cytotoxic activity might be due to the proteolytic or apoptotic of the 
peptide fractions and remain to be further investigated. 
We are keeping working on the mechanism of these cytotoxic and proteolytic effects of the venom using different 
assay and also different type cells, to identify the active fractions. We suggest that this study will lead to 
identification of active peptides in M. gibbosus venom and following its use in cancer treatment. 
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