
Archives of Iranian Medicine, Volume 15, Number 11, November 2012696

Introduction

Oncologists continue to search for new anticancer drugs that 
are more potent and have less side effects.1,2 Most current 
anticancer agents do not greatly differentiate between can-

cerous and normal cells, leading to systemic toxicity and adverse 
effects.3–5 With the aim of avoiding cancer therapy failure, several 
approaches such as the design of new anticancer drugs, chemical 
engineering of conventional drugs, and development of drug de-
livery systems have been proposed.6    

A report of a clinical trial of marine-derived anticancer peptide 
VKRZHG�WKH�VLJQL¿FDQW�UROH�RI�QDWXUDO�SHSWLGHV�WKDW�FRXOG�EH�FRQ-
sidered as a future hope in cancer treatment.1 Most contemporary 
research in the development of anticancer therapeutics from ani-
mal venoms have focused on investigating the molecular mech-
anism by which an agent induces cytotoxicity and apoptosis in 
cancer cells.7–11 

Our previous studies have proven that ICD-85 (venom-derived 
peptides) can inhibit the growth of various cancer cell lines, in-
cluding HL-60 (in press) and MDA-MB231.12,13 In another in vivo 

study ICD-85 was able to prevent further growth of breast tumors 
and expand the life expectancy of mice with breast cancer.13 How-
ever, the action of ICD-85 on HeLa cancer cells is unclear and its 
cytotoxic effects on normal lamb kidney cells (LK) is unknown. 
In the present study we aim to determine the cytotoxic effect of 
ICD-85 on HeLa cells in a comparison with LK, as normal cells.

Materials and Methods

Materials
The cell culture medium (DMEM), fetal bovine serum (FBS), 

penicillin and streptomycin were purchased from Gibco BRL 
(Life Technologies, Paisley, Scotland). LK cells and the cervi-
cal adenocarcinoma cell line (HeLa) were obtained from a cell 
bank (Razi Vaccine and Serum Research Institute, Karaj, Iran). 
3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) was obtained from Roche Diagnostics GmbH (Germany).

ICD-85 (venom-derived peptides)
The active fraction of ICD-85 is a combination of three pep-

tides, that range in size from 10000 to 30000 Da and are derived 
from the venom of the Iranian brown snake (Agkistrodon halys) 
and  yellow scorpion (Hemiscorpius lepturus). The ICD-85 pep-
tides were selected based on a study of crude venom cytotoxicity 
DQG�LVRODWLRQ�RI�F\WRWR[LF�SHSWLGHV�E\�WZR�VWHS�SXUL¿FDWLRQ�WKDW�
LQFOXGHG�JHO�¿OWUDWLRQ�DQG�+3/&�12,13

Abstract 
Background:

Methods:

Results:

Discussion:
cells.

Keywords:

Cite this article as: Sarzaeem A��=DUH�0LUDNDEDGL�$��0RUDGKDVHOL�6��0RURYYDWL�+��/RW¿�0��&\WRWR[LF effect of ICD-85 (venom-derived peptides) on HeLa cancer 
cell line and normal LK cells using MTT assay. Arch Iran Med. 2012; 15(11): 696 – 701.

Original Article

Cytotoxic Effect of ICD-85 (Venom-derived Peptides) on HeLa Can-
cer Cell Line and Normal LK Cells using MTT Assay
Ali Sarzaeem MSc1��$EEDV�=DUH�0LUDNDEDGL�3K'�1, Saeed Moradhaseli MSc1, Hasan Morovvati MSc2��0RKVHQ�/RW¿�3K'2

$XWKRUV¶�$I¿OLDWLRQV� 1Department of Venomous Animals and Antivenom Pro-
duction, Razi Vaccine and Serum Research Institute, Karaj, Iran, 2Quality Control 
Department, Razi Vaccine and Serum Research Institute, Karaj, Iran.
�&RUUHVSRQGLQJ�DXWKRU�DQG�UHSULQWV��Abbas Zare Mirakabadi PhD, Depart-
ment of Venomous Animals and Antivenom Production, Razi Vaccine and Serum 
Research Institute, Karaj, Iran. Tel: + 98-261-4502865. 
E-mail: Zareabbas83@gmail.com
Accepted for publication: 4 July 2012

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

ncologists continue to search for new anticancer drugs that 

Arch
ive

 of
 SID

ncologists continue to search for new anticancer drugs that 
are more potent and have less side effects.

Arch
ive

 of
 SID

are more potent and have less side effects.1,2

Arch
ive

 of
 SID

1,2 Most current 

Arch
ive

 of
 SID

 Most current 
anticancer agents do not greatly differentiate between can-

Arch
ive

 of
 SID

anticancer agents do not greatly differentiate between can-
cerous and normal cells, leading to systemic toxicity and adverse 

Arch
ive

 of
 SID

cerous and normal cells, leading to systemic toxicity and adverse 
 With the aim of avoiding cancer therapy failure, several 

Arch
ive

 of
 SID

 With the aim of avoiding cancer therapy failure, several 
approaches such as the design of new anticancer drugs, chemical 

Arch
ive

 of
 SID

approaches such as the design of new anticancer drugs, chemical 
engineering of conventional drugs, and development of drug de-Arch

ive
 of

 SID

engineering of conventional drugs, and development of drug de-
livery systems have been proposed.Arch

ive
 of

 SID

livery systems have been proposed.6Arch
ive

 of
 SID

6    Arch
ive

 of
 SID

    
A report of a clinical trial of marine-derived anticancer peptide Arch

ive
 of

 SID

A report of a clinical trial of marine-derived anticancer peptide 
VKRZHG�WKH�VLJQL¿FDQW�UROH�RI�QDWXUDO�SHSWLGHV�WKDW�FRXOG�EH�FRArch

ive
 of

 SID

VKRZHG�WKH�VLJQL¿FDQW�UROH�RI�QDWXUDO�SHSWLGHV�WKDW�FRXOG�EH�FR
sidered as a future hope in cancer treatment.Arch

ive
 of

 SID

sidered as a future hope in cancer treatment.
research in the development of anticancer therapeutics from ani-

Arch
ive

 of
 SID

research in the development of anticancer therapeutics from ani-

study ICD-85 was able to prevent further growth of breast tumors 

Arch
ive

 of
 SID

study ICD-85 was able to prevent further growth of breast tumors 

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

��=DUH�0LUDNDEDGL�$��0RUDGKDVHOL�6��0RURYYDWL�+��/RW¿�0��&\WRWR

Arch
ive

 of
 SID

��=DUH�0LUDNDEDGL�$��0RUDGKDVHOL�6��0RURYYDWL�+��/RW¿�0��&\WRWR��=DUH�0LUDNDEDGL�$��0RUDGKDVHOL�6��0RURYYDWL�+��/RW¿�0��&\WRWR
. 2012; 

Arch
ive

 of
 SID

. 2012; . 2012; 15(11):

Arch
ive

 of
 SID

15(11):15(11): 696 – 701.

Arch
ive

 of
 SID

 696 – 701. 696 – 701.

www.SID.ir

www.sid.ir


Archives of Iranian Medicine, Volume 15, Number 11, November 2012 697

Cell culture
The cells were cultured in DMEM medium with the addition of 

FBS (10%, v/v), streptomycin (100 μg/ml) and penicillin (100 U/
ml). The cells (2 × 104) were seeded, in triplicate, in 96-well plates 
and incubated at 37°C in 5% CO2 atmosphere.14,15

Treatment of HeLa cell line and normal LK cells with ICD-85
Cultured cells from previous step were exposed to serial con-

centrations of ICD-85 (8 × 10-4 to 5.6 × 10 μg/ml) for 24, 48 and 
72 hours. The medium from all wells of the plate were exchanged 
with fresh medium, after which MTT and DMSO were added and 
the absorbance of each well was read by an   ELISA plate reader.16

MTT assay for cytotoxicity
After the medium were exchanged with fresh medium, 20 μl 

of MTT (5 mg/ml) dissolved in phosphate-buffered saline solu-
tion (PBS) was added to each well. The plate was covered with 
aluminium foil and incubated for 4 hours. After removing liquid 
SDUW�IURP�WKH�ZHOOV������ȝO�RI�'062�ZDV�DGGHG�WR�HDFK�ZHOO�WR�
solubilize the formazan which formed. Next, Sorensen’s glycine 
EXIIHU�����ȝO��ZDV�DGGHG�DQG�WKH�SODWH�ZDV�VKDNHQ�JHQWO\�IRU����
minutes. Immediately, the absorbance of each well was read at 
570 nm using an ELISA plate reader. A blank well that contained 
only culture medium and was used for background correction.17–19  

Determination of inhibitory concentration 50% (IC50) values and cell 
viability

The concentration that decreased 50% of cell proliferation [in-
hibitory concentration 50% (IC50)] was determined using serial 
dilutions of ICD-85 (typically 8 × 10-4  to  5.6 × 10 μg/ml). Control 
cells were treated with phosphate buffer solution (PBS) without 
ICD-85.

The percentage of inhibition was calculated using the following 
formula: 20,21

Inhibition (%) = [1 - (treated/control)] × 100
Viability (%) = 100 – inhibition (%)

 Morphological studies 
In order to compare the cell morphology in the presence and 

absence of ICD-85, an inverted microscope (Nikon) was used.

Caspase-8 assay
The extent of caspase-8 activation (also known as FLICE) in 

HeLa cells treated with ICD-85 was assessed by a commercially 
available colorimetric assay kit in accordance with the protocol 
VXSSOLHG� E\� WKH� PDQXIDFWXUHU� �%LR9LVLRQ�� 86$��� %ULHÀ\�� FHOOV�
were cultured (1 × 106 cells/ml) in 25 cm2� ÀDVNV� �1XQF��'HQ-
PDUN���DW�D�WRWDO�YROXPH�RI���PO�RI�PHGLXP�SHU�ÀDVN��DQG�LQFX-
bated with ICD-85 for 48 hours. At the end of treatment, the cell 
pellet was lysed by the addition of lysis buffer from the kit. The 
cell lysates were added to 96-well plates (Nunc, Denmark) and in-
cubated with caspase-8 substrate at 37°C for 2 hours. Absorbance 
in wells was measured at 405 nm. Fold-increase in FLICE activity 
was determined by comparing the results of treated samples with 
the level of the uninduced control.

Statistical analysis
Values are expressed as means ± S.D of six repeats in each 

group. Data were analyzed using student’s t-test with statistical 
VLJQL¿FDQFH�RI�P < 0.05.  

Results

Cytotoxic effect of ICD-85 on HeLa cancer cells  
The cytotoxic effects of cultured HeLa cancer cells treated with 

various concentrations of ICD-85, for 24, 48, and 72 hours were 
measured by MTT assay. The results showed that the growth of 
treated HeLa cells was inhibited compared to HeLa cells that were 
not exposed to ICD-85. As shown in Figure 1, the IC50 value of 
ICD-85 for HeLa cells at studied times was: 24 hours (26.62 ± 
2.13 μg/ml), 48 hours (27.33 ± 2.35 μg/ml), and 72 hours (28.13 
± 2.52 μg/ml). The results showed the highest inhibition (about 
80%) of cancer cells treated with ICD-85 was at a concentration 
of 5.6 × 10 μg/ml, whereas the least inhibition (about 0%) was 

Figure 1.
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noted at a concentration of 8 × 10-4 μg/ml. However, as seen in 
)LJXUH����QR�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�QRWHG�LQ�WKH�SHUFHQWDJH�
of inhibition observed between 24, 48 and 72 hours of HeLa cell 
exposure to ICD-85.       

  
Comparative cytotoxic ef fect of ICD-85 on HeLa cancer cells and 

normal LK cells
As shown in Table 1 the growth inhibition effect of ICD-85 on 

the HeLa cell line was about 80% at a concentration of 5.6 × 10 
μg/ml while its inhibitory effect on LK cells at the same concen-
tration did not exceed 30%. Additionally, the starting dose for the 
cytotoxic effect of ICD-85 in HeLa cells was 1 × 10-3 μg/ml in 
contrast with LK cells, which was 35 × 10-1 μg/ml. When the start-
ing dose of ICD-85 cytotoxicity was compared between LK and 
HeLa cells, we noted that the cytotoxicity of ICD-85 on LK was 

�����IROG�OHVV�WKDQ�+H/D�FHOOV��ZKLFK�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW�
(P < 0.001).

Effect of ICD-85 on the morphologies of HeLa and LK cells 
0RUSKRORJLFDO�DQDO\VLV�VKRZHG�D�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�

HeLa cells unexposed to ICD-85 (control) and those treated with 
ICD-85. The microscopic cellular images indicated that ICD-85-
exposed HeLa cells (Figure 2-B) underwent rounding and granu-
lation compared with unexposed HeLa cells (Figure 2-A) which 
exhibited polygonal shapes with distinct boundaries and either 
homogenous or slightly granulated cellular contents. Addition-
ally, LK cells exposed to 2.8 × 10 μg/ml of ICD-85 (Figure 2-D) 
ZHUH�VLPLODU�WR�XQH[SRVHG�FHOOV��)LJXUH���&���ZLWK�QR�VLJQL¿FDQW�
alterations observed.   

ICD-85 concentration ( μg/ml) 8×10-4 1×10-3 1×10-2 8×10-1 35×10-1 1.4×10 2.8×10 5.6×10
Inhibitory effect on HeLa cells 
(%) 0 6±2.31 13±2.52 15±2.46 24±2.73 31±2.65 47±2.38 83±2.41

Inhibitory effect on LK cells (%) 0 0 0 0 7±2.55 11±2.36 18±2.64 29±2.71
P-value 0 0 0 0 <0.001 <0.001 <0.001 <0.005
Growth inhibition of HeLa cancer cells and LK normal cells exposed to ICD-85 at various concentrations (8×10- 4 to 5.6×10 μg/ml) as measured by MTT 
assay. Data are mean ± SD from three independent determinations, in triplicate.  Comparison was between HeLa and LK cell exposure to ICD-85 at the same 
concentrations.

Table 1.

Figure 2.
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Caspase-8 activity
Treatment of HeLa cells for 48 hours with various concentra-

WLRQV�RI�,&'����FDXVHG�D�VLJQL¿FDQW��P < 0.05) increase in cas-
pase-8 activity. At an ICD-85 concentration of 2.8 × 10 μg/ml, 
the caspase-8 activity was 1.7-fold and at a concentration of 5.6 × 
10μg/ml, it was approximately 2.3-fold (Figure 3). However, the 
ULVH�LQ�FDVSDVH���DFWLYLW\�ZDV�QRW�VLJQL¿FDQW�LQ�FHOOV�H[SRVHG�WR�
concentrations less than 2 × 10-1 μg/ml of ICD-85.

Discussion

The search for a cancer cure from natural products (animals and 
plants) has been ongoing for over a century and the use of puri-
¿HG�FKHPLFDOV�WR�WUHDW�FDQFHU�VWLOO�FRQWLQXHV�22,23 Gomes et al. have 
suggested that anticancer agent compounds may consist of (i) 
animal – animal, (ii) animal – plant, or (iii) animal – plant – syn-
thetic.24 The active fraction of ICD-85 used in the present study is 
a combination of three peptides derived from the venom of two 
separate species of venomous animals, which appears to have a 
synergistic effect to suppress the growth of cancer cells.12

In this study, we used a HeLa cell line and normal LK cells. The 
aim of the present study was to compare the cytotoxic effect of 
ICD-85 between HeLa cancer cells and normal LK cells by MTT 
DVVD\��7KH�HI¿FDF\�RI�WKLV�PHWKRG�KDV�EHHQ�H[WHQVLYHO\�GHPRQ-
strated.17, 25–29�,Q�WKH�FXUUHQW�ZRUN��WKH�077�DVVD\�FRQ¿UPHG�WKH�
growth inhibition of HeLa cells by ICD-85 through induction of 
apoptosis. This result was similar to that reported by Hanif et al.23 
in a study of colon cancer cells. Also, previous studies that utilized 
the MTT assay have determined that ICD-85 has a cytotoxic ef-
fect on the HL-60 cell line through the induction of apoptosis (in 
press). It has been proven that Mentha spicata oil has antiprolif-
erative activity on KB and P388 cell lines as shown by the MTT 
assay.30 In the current study, according to the MTT assay, ICD-85
had dose-dependent cytotoxicity rather than a time-dependent ef-
fect on the HeLa cell line which was in accordance with other re-

ports.31–33  Statistical interaction of ICD-85 concentrations showed 
QR�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�DOO�FRQFHQWUDWLRQV����î���-4 to 
5.6 × 10 μg/ml) at 24, 48 and 72 hours. Two studies have de-
scribed that the cytotoxic effect of n-hexane extract of Curcuma 
longa 16 and pure curcumin34 were dose-dependent and not time-
dependent on lung cancer cells at different times (24, 48 and 72 
hours), which was similar to the current study. 

The IC50�SDUDPHWHU�LV�GH¿QHG�DV�WKH�FRQFHQWUDWLRQ�RI�D�FKHPLFDO�
that attenuates cell survival to 50%. It is a useful parameter for 
TXDQWL¿FDWLRQ�RI� WKH�GUXJ�HIIHFW�RQ�FHOO�VXUYLYDO�35–37 This study 
has shown that ICD-85 was selectively cytotoxic against the HeLa 
FHOO�OLQH��ZLWK�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�,&50 values   obtained at 
various incubation times (24, 48 and 72 hours).  

One of the main obstacles to cancer therapy is the inability to 
successfully target cancer cells, yet not harm normal cells. Mod-
ern medicine desperately needs anticancer molecules that kill can-
cer cells and leave healthy cells alone.38,39 In a previous study by 
Zare Mirakabadi et al.,12 it was shown that normal MRC-5 cells 
treated with ICD-85 at low concentrations (5, 10 and 15  μg/ml) 
IROORZLQJ� D� ���KRXU� LQFXEDWLRQ� SHULRG� KDG� QR� VLJQL¿FDQW� FHOO�
GDPDJH�ZKLFK�FRQ¿UPHG�RXU�¿QGLQJV�RQ�QRUPDO�/.�FHOOV���

Numerous references point to the effects of cytotoxic agents on 
the cell morphology and proliferation pattern.28,29,40–43 In the pres-
ent study, ICD-85-induced cytotoxicity in HeLa cancer cells and 
was involved in the induction of morphological changes. These  
results were supported by our previous studies on the MDA-
MB231 cell line exposed to ICD-85 which showed the shrinkage 
of cells under light microscopy.12 Also, in this work, morphologi-
cal changes were consistent with an apoptotic mechanism of cell 
death. This phenomenon was supported by the results of caspase-8 
DFWLYLW\�LQ�WKH�SUHVHQW�VWXG\��$�VLJQL¿FDQW� LQFUHDVH�LQ�FDVSDVH���
activity by any anticancer agent in cancer cells indicates that the 
agent works through induction of apoptosis.44,45 However when 
LK cells were exposed to ICD-85 at a concentration similar to 
HeLa cells, no morphological changes were observed when com-

Figure 3.
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pared to unexposed cells. This was in accordance with morpho-
logical studies by Ardeshiry  lajimi et al. that have demonstrated 
Scrophularia striata extract   cause many cancer cells to undergo  
JUDQXODWLRQ�ZLWK����QR�VLJQL¿FDQW�HIIHFW�RQ���QRUPDO�KXPDQ�¿EURE-
last cell line.15 Therefore, the results of our morphological studies 
FRQ¿UPHG�GDWD�IURP�WKH�077�DVVD\�REWDLQHG�LQ�D�FRPSDULVRQ�RI�
the cytotoxic effect of ICD-85 on cancer and normal cells. These 
results indicated that the inhibitory effect of ICD-85 on HeLa can-
cer cells corresponded to the mechanism of inducing apoptosis. 

In conclusion, our present study suggests that ICD-85 has a sig-
QL¿FDQW�DQWLSUROLIHUDWLYH�HIIHFW��ZKLFK� LV�GRVH�GHSHQGHQW�RQ� WKH�
+H/D�FHOO�OLQH�LQ�FRQWUDVW�ZLWK�LWV�QRQ�VLJQL¿FDQW�HIIHFW�RQ�QRUPDO�
/.�FHOOV��,Q�YLHZ�RI�ERWK�RXU�SUHYLRXV�DQG�FXUUHQW�¿QGLQJV�LW�LV�
evident that ICD-85 functions by a mechanism of selectively in-
ducing apoptosis in cancer cells. Hence, ICD-85 may be consid-
ered as a promising chemotherapeutic agent in cancer treatment. 
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