
Synthesis and biodistribution study of a                 
chlorotoxin derivative peptide labeled with 131-

iodine for tumor therapy 
 

S.P. Shirmardi1,3, M. Shamsaei1*, M. Gandomkar2, M. Ghannadi Maragheh3 
 

1 Nuclear engineering and physics, Amirkabir University of Technology, Tehran, Iran 
2 Nuclear Science Research School, Nuclear Sciences and Technology Research Institute, Tehran, Iran 

3 Nuclear Fuel Cycle Research School, Nuclear Sciences and Technology Research Institute, Tehran, Iran 

 

*Corresponding author:  
Dr. Mojtaba shamsaei, 
Nuclear Engineering and Physics, Amirkabir               
University of Technology, P.O. Box 4413-15875,               
Tehran, Iran. 
Fax: +98 21 66495432  
E-mail: pysham@aut.ac.ir  

Background: Chlorotoxin is a 36-amino acid          
peptide found in the venom of the Leiurus quinques-
triatus which blocks small-conductance chloride 
channels. Chlorotoxin binds preferentially to glioma 
cells that allow development of new methods for the 
treatment and diagnosis of several types of cancer.  
Thus chlorotoxin derivative was labeled with 131I for 
further investigation. Materials and Methods: A 
chlorotoxin derivative was synthesized on a solid 
phase using a standard Fmoc strategy. Labeling with 
iodine-131 was performed through chloramine-T 
method and radiochemical analysis involved 
sephadex G-25 and HPLC methods. The stability of 
radiopeptide was checked in the presence of PBS 
and human serum at 37 °C up to 24 h. The            
biodistribution was studied in mice. Results: The 
chemical purity of synthesized peptide as assessed 
by analytical RP-HPLC was 95%. Labeling of peptide 
resulted in a radiochemical yield of 80% with radio-
chemical purity of > 95% with specific activity of 
0.740 GBq/µmol. Result of in vitro studies demon-
strated acceptable stability of compound in human 
serum and PBS solution. Biodistribution data showed 
moderate blood clearance, with concentration of           
radioactivity in the kidneys, liver, intestine and            
stomach. Conclusion: Results indicates that the           
labeled Chlorotoxin derivative might be useful in          
determining tumor extent and also, tumor therapy of 
gliomas or possibily other cancers. Iran. J. Radiat. Res., 
2011; 8(4): 243­248 
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INTRODUCTION 
 

Chlorotoxin is a peptide derived from 
the venom of the scorpion Leiurus Quin-
questriatus which have four disulfide bonds 
and a single tyrosine residue. This                      
neurotoxin can be produced and purified 
from E. coli by recombinant DNA and          
protein purification techniques. A synthetic 
peptide version of chlorotoxin (TM-601) is 

available commercially (1). 
It was reported that the crude venom, 

extracted from the scorpion Leiurus           
quinquestriatus inhibits small-conductance 
of Cl− channels isolated from rat brain (3). 
Chlorotoxin is the first reported high-
affinity peptide ligand for Cl- channels and 
it blocks small conductance chloride          
channels. Each chloride channel can be 
closed by only one ligand molecule (2,3).           
Using a recombinant chlorotoxin it was 
demonstrated that chlorotoxin specifically 
and selectively interacts with matrix            
metalloproteinase-2 (MMP-2) isoforms 
which are specifically unregulated in          
gliomas and related cancers, but are not 
normally expressed in brain (4-11). 

Gliomas are among the most deadly 
forms of cancer for which effective            
treatment strategies are currently lacking. 
Indeed, despite the overall advances in 
chemo- and radiation-therapy regimens, the 
median survival of glioma patients has been 
unaltered in the last 20 years (12-14). This 
lack of success in treatment of gliomas 
seems to be due in part to their high             
resistance to radiation and chemotherapy 
but additionally to their unusual ability to 
disperse and invade healthy brain tissue. 
Because of the lack of glioma specific             
markers, unequivocal diagnosis of gliomas 
requires tissue biopsy and relies primarily 
on histopathological criteria. Correlation 
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between glioma chloride channels (GCC) 
expression and tumor suggests that GCC 
may be a candidate protein to serve as a 
glioma-specific marker and may be useful 
for diagnostic and therapeutic purposes (14). 

Chlorotoxin has been explored as a         
candidate for targeting gliomas (15-17). This 
peptide can cross blood-brain and tissue   
barriers (14, 15) and binds to a phosphatidyl 
inositide, a phosphorylated lipid on lamelli-
podia of tumor cells (18) Preclinical and             
clinical studies demonstrated the stability, 
safety, and efficacy of radioiodinated chloro-
toxin (15). 

In  the  present  study we have                  
synthesized a chlorotoxin derivative and 
have attached Iodine-131 to the molecule 
that subsequently allowed its detection. We 
evaluated radiochemical and biological  
characteristics of this iodinated derivative 
to be used as a molecule with diagnostic and 
therapeutic potential. 
 
MATERIALS AND METHODS 
 

All chemical materials were purchased 
from commercial sources and used without 
additional purification. Rink amide MBHA 
(4-Methylbenzhydrylamine) resin and all of 
the Fmoc-protected amino acids were          
commercially available from NovaBiochem 
(Germany). 

The reactive side chains of the amino 
acids were masked with one of the following 
groups: Arg, 2, 2, 4, 6, 7-pentamethyl-
dihydrobenzofurane-5-sulfonyl ;  Asn, 
triphenylmethyl; Gln, triphenylmethyl; Lys, 
t-butoxycarbonyl; Tyr, t-butyl; Thr, t-butyl; 
Cys, acetamidomethyl; Asp, t-butoxy; His, 
trityl; . For sterility filtration, 20-µm Millex-
GS filters from Millipore were used. Sodium 
Iodine (131I) obtained from Radioisotope 
Group, AEOI (Atomic Energy Organization 
of Iran).  

Analytical reverse phase-high perform-
ance liquid chromatography (RP-HPLC) was 
performed on a JASCO 880-PU (Japan)           
intelligent pump HPLC system equipped 
with a multiwavelength detector and a         
flow-through Raytest-Gabi γ-detector. 
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CC250/4 Nucleosil 120-3C18 column from 
Macherey-Nagel were used for HPLC. The 
gradient systems consisted of 0.1% 
trifluoroacetic acid (TFA)/water (solvent A), 
acetonitrile (solvent B), flow: 1 mL/min, λ = 
280 nm. Quantitative gamma counting was 
performed on ORTEC Model 4001 M 
(England) γ-system well counter. 

 
Synthesis 

The peptide was synthesized by         
standard Fmoc solid-phase synthesis on 
Rink amide MBHA resin with substitution 
of 0.69 mmol/g. Coupling of each amino acid 
was performed in the presence of 5 molar 
excess of Fmoc-amino acid, 5 molar excess of 
Nhydroxybenzotriazole (HOBT), 5 molar 
excess of diisopropylcarbodiimide (DIC), and 
5 molar excess of N-etthyldiisopropylamine 
(DIPEA) in N-methylpyrrolidone (NMP) for 
2 h. Completeness of coupling reactions was 
monitored by the Kaiser test and the Fmoc 
groups were removed by adding 20% 
piperidine/N,N-dimethylformamide (DMF). 
After deportection and precipitation, the 
products were purified by RP-HPLC. 

 
Labeling and radiochemical analysis 

Labeling of product was performed by 
chloramine-T method. Peptide (40 µg) was 
dissolved in PBS buffer (50 µl, 0.25 M, 
pH=7.5) then was added to a solution of 200 
µci Na131I (in 0.1 N NaOH), followed by 50 
µl chloramine-T (4 mg/ml in PBS 0.05 M, 
pH=7.5). The component was mixed by a 
shaker for 3 min and the reaction was           
terminated by 100 µl sodium metabisulfite 
to suppress oxidation reaction (2.5 mg/ml in 
PBS 0.05 M, pH=7.5). For more purification 
labeled peptide was loaded on a gel chroma-
tography (sephadex G-25) column and 1 ml 
fractions were collected. All those volumes 
corresponding to labeled peptide fraction 
were mixed. After reducing the volume,           
radiochemical yield of labeled peptide was 
determined by RP-HPLC on C18 column. 

  
Stability study 

A volume of 1 ml (200 µci) of the labeled 
compound was incubated at 37°C with 1 ml 
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of fresh human serum. Radiochemical       
stability was determined by taking samples 
of 10 µl at different times up to 24 h for 
analysis by sephadex G-25 column. Stability 
in PBS was also determined by incubation 
of 50 µl of the labeled compound with 1 ml 
PBS solution storing in room temperature 
for 24 h.  

 
Animal studies  

Animal experiments were performed in 
compliance with the regulations of nuclear 
science and technology research institute 
(NSTRI), and with generally accepted      
guidelines governing such work. Male mice, 
weighing 25-30 g, were injected with 0.37 
MBq of radiolabeled peptide in saline into 
the tail vein. For ex vivo counting, mice 
were sacrificed after 1, 4 and 24 h and           
various organs were dissected, weighed and 
counted for radioactivity. Data were           
expressed as the percentage of injected dose 
per gram of tissue (%ID/g).  
 
RESULTS AND DISCUSSION 
 

A chlorotoxin derivative with sequence 
of M-C-M-P-C-F-T-T-D-H-Q-M-A-R-K-C-D-D
-C-C-G-G-K-G-R-G-K-C-Y-G-P-Q-C-L-C-R, 
without disulfide bounds was synthesized by 
Fmoc strategy with an overall yield of 
nearly 50% (figure 1). The purity was 95% 
as confirmed by RP-HPLC method (figure 
2). Labeling was performed by the electro-
philic substitution of iodine-131 in the tyro-
sine ring using chloramine-T as the oxidant. 
After purification by sephadex G-25 column, 
the overall radiolabeling efficiency was 
about 80% at a specific activity of 0.740 
GBq/µmol (figure 3).  For collected labeled 
compound fractions radiochemical purity 
was >95% as obtained by RP-HPLC. The 
elution times were 3.44 min for free iodine 
and 14.56 min for 131I-peptide (figure 4).  
After 24 h incubation in human serum and 
PBS the radiochemical purity remained 
>57% and >65%, respectively. 

A number of common methods are 
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available for radioiodination of peptides. 
The choice of a radioiodination method         
depends on the structure of the peptide. 
Peptides that have an unsubstituted tyrosyl 
or histidyl residue available for oxidative 
iodination can be iodinated using the                
chloramines-T method (19). This is an             
oxidative method that involves reacting 
chloramines-T (p -toluene sulfonochlora-
mide) with 131I. For peptides which their 
structure is not consisted of tyrosine or             
histidine, or in which labeling of these 
amino acid residues may interferes with   
biological activity, 131I may be added onto 
primary amino groups (lysine residues and 
the peptide N-terminus) by using Bolton-
Hunter reagent. This is a non oxidative            
procedure that can be used for peptides that 
contain methionines or other residues which 
that must remain in a reduced state to be 
bound to their respected receptors. Another 
method that is less likely to oxidize          
methionines or other residues in the            
molecule is the use of iodogen reagent.          
Although iodination of tyrosine or histidine 
residues using iodogen is one of the most 
convenient method,  but employing 
chloramine-T method may give higher          
recoveries when working with small                 
quantities of peptide. Besides the water-
soluble chloramine-T provide a more easily 
controlled iodination reaction than the           
reagent iodogen (20). Based on these facts, we 
used chloramine-T method for iodination of 
above mentioned peptide.  In previous stud-
ies Mamelak et al. have used iodogen 
method to prepare 131I-chlorotoxin (15). 

In vitro stability of the rodioiodinated 
peptide under physiological conditions is an 
important parameter in the evaluation of in 
vivo dehalogenation (21). Thus, the stability 
of the labeled peptide was assessed in the 
presence of human serum and PBS solution 
up to 24 h. Results showed that above            
labeled peptide could resist against dehalo-
genation in which more than %57 of its 
structure was remained intact in both PBS 
and human serum up to 24 h. 
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Figure 1.  Structural formulae of 131I labeled synthesized chlorotoxin derivative. 

Figure 2.  RP-HPLC analysis of chlorotoxin derivative. 
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The results of biodistribution in mice 
are summarized in figure 5. Distribution of 
activity showed that the initial blood level of 
0.63% at 1 h decreased to 0.19% after 24 h 
post injection, which was an indication of 
the moderate clearance of peptide from the 
blood circulation system. These Results also 
showed concentration of activity in kidney 
and stomach at 1 h post injection. Based on 
these results one could conclude that the 
kidneys were the main excretion pathway 
rather than liver and increase of stomach 
activity with time can be related with in in 
vivo stability of the compound. Also, brain 
activity was 0.05 % at 4 h post injection 
which  was  an  indication  that  our  labeled 

compound can cross the blood brain barrier. 
 

CONCLUSION 
 

Our results suggest that, this labeled 
chlorotoxin derivative might be useful in 
determining tumor extent and also tumor 
therapy of gliomas or possibly other cancers.  
 
ACKNOWLEGMENTS 
 

The authors wish to thank Mr.             
Mirfallah, Mr. Mazidi, Mr. Gourani and Mr. 
Porhosseini of the Radioisotope Division 
(AEOI) for their assistance. 
 

Figure 3. Gel filtration chromatography analysis with sephadex G-25 for 131I-chlorotoxin derivative. 

0.00 5.00 10.00 15.00 20.00 25.00 min

190

0.00 5.00 10.00 15.00 20.00 25.00 min

150

200

250

300

350

400

450 mV 

3
.
4
4

1
4
.
5
4

Figure 4. RP-HPLC analysis of 131I-chlorotoxin derivative after purification by sephadex G-25. 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

18
 ]

 

                               5 / 6

https://mail.ijrr.com/article-1-687-en.html


248  Iran. J. Radiat. Res., Vol. 8, No. 4, March 2011 

S.P. Shirmardi, M. Shamsaei, M. Gandomkar, et al. 

9 in human cervical and ovarian cancer cell lines by 
cytokines, inducers and inhibitors. Oncol Rep, 23: 605-
614. 

12. Kurpad SN, Zhao XG, Wikstrand CJ, Batra SK, 
McLendon RE, Bigner DD (1995) Tumor antigens in 
astrocytic gliomas. Glia, 15: 244-256. 

13. Burger PC (1995) Revising the World Health Organiza-
tion (WHO) blue book Histological Typing of Tumours of 
the Central Nervous System. J Neuro Oncol, 24: 3-7. 

14. Soroceanu L, Gillespie Y, Khazaeli MB, Sontheimer H 
(1998) Use of Chlorotoxin for Targeting of Primary Brain 
Tumors. Cancer Res, 58: 4871-4879. 

15. Mamelak AN, Rosenfeld S, Bucholz R, Raubitschek A, 
Nabors LB , Fiveash JB, Sui Shen, Khazaeli MB, Colcher 
D, Liu A, Osman M, Guthrie B, Schade-Bijur S, Hablitz 
DM, Alvarez VL, Gonda MA (2006) Phase I Single-Dose 
Study of Intracavitary-Administered Iodine-131-TM-601 
in Adults with Recurrent High-Grade Glioma. J Clin On-
col, 24: 3644-3650. 

16. Shen S, Khazaeli MB, Gillespie GY, Alvarez VL (2005) 
Radiation dosimetry of 131I-chlorotoxin for targeted ra-
diotherapy in glioma-bearing mice. J Neuro oncol, 71: 
113–119. 

17. Huys I, Waelkens E, Tytgat J (2004) Structure–function 
study of a chlorotoxin-chimer and its activity on Kv1.3 
channels. J Chromatogr B, 803: 67–73. 

18. Grimes CA, Gonda MA, Alvarez VL (2005) TM-601 tar-
gets human cancer cells via a phosphatidylinositol 
phosphate in lamellipodia. J Clin Oncol, 23: 850s, (abstr 
9556). 

19.  Abel PW, Waugh D, Jeffries WB (1996) Radioligand 
Binding Using 125 Labeled Peptides. Neuropeptide 
Protocols, DOI: 10.1385/0-89603-399-6:323. 

20. Whiteaker P, Marks MJ, Christensen S, Dowell C, Collins 
AC, McIntosh JM (2008) Synthesis and Characterization 
of 125I- α -Conotoxin ArIB[V11L;V16A], a Selective α7 
Nicotinic Acetylcholine Receptor Antagonist. JPET, 325:  
910–919. 

21. Sadri K, Babaei MH,  Gandomkar M, Najafi R, Zakavi 
SR, Sadat Ebrahimi SE (2008) Radioiodine D Amino 
Acids Labeling of Rituximab, A New Method for Enhanc-
ing the Radiopharmaceutical Targeting and Biostability. 
Iran J Nucl Med, 16: 37-42. 

REFERENCES 
 
1. Hockaday DC, Shen S, Fiveash J, Raubitschek A, Colcher 

D, Liu A, Alvarez V, Mamelak  AN (2005) Imaging Glioma 
Extent with 131I-TM-601. J Nucl Med, 46: 580–586. 

2. DeBin JA and Strichartz GR (1991) Chloride channel 
inhibition by the venom of the scorpion Leiurus quin-
questriatus. Toxicon, 29: 1403–1408. 

3. DeBin JA, Maggio JE, Strichartz GR (February 1993) Puri-
fication and characterization of chlorotoxin, a chloride 
channel ligand from the venom of the scorpion. Am J 
Physiol, 264: 361–369. 

4. Deshane J, Garner CC, Sontheimer H (2003) Chlorotoxin 
Inhibits Glioma Cell Invasion via Matrix Metallopro-
teinase-2. J Biol Chem, 278: 4135-4144. 

5. Brehmer B, Biesterfeld S, Jakse G (2003) Expression of 
matrix metalloproteinases (MMP-2 and -9) and their 
inhibitors (TIMP-1and -2) in prostate cancer tissue. Pros-
tate Cancer P D, 6: 217-222. 

6. Wang LY, Qiao Z, Guan JM, Lv LY, Zhang CY (2005)  
Roles of MMP-2, MMP-9 and their inhibitors in progres-
sion of colorectal neoplasm into colorectal carcinoma. 
World Chin J Digestol, 3: 1514-1518. 

7. Pellikainen JM, Ropponen KM, Kataja VV, Kellokoski JK, 
Eskelinen MJ, Kosma VM (2004) Expression of Matrix 
Metalloproteinase (MMP)-2 and MMP-9 in Breast Can-
cer with a Special Reference to Activator Protein-2, 
HER2, and Prognosis. Clin Cancer Res, 10: 7621–
7628. 

8. Trudel D, Fradet Y, Meyer F, Harel F, Teˆtu B (2003) Sig-
nificance of MMP-2 Expression in Prostate Cancer: an 
Immunohistochemical Study. Cancer Res, 63: 8511–
8515. 

9. Roomi MW, Monttery JC, Kalinowsky T, Rath M, Niedz-
wiecki A (2009) Patterns of MMP-2 and MMP-9 expres-
sion in human cancer cell lines. Oncol Rep, 21: 1323-
1333. 

10. Klein G, Vellenga E, Fraaije MW, Kamps WA, de Bont 
ESJM (2004) The possible role of matrix metallopro-
teinase (MMP)-2 and MMP-9 in cancer, e.g. acute leuke-
mia. Crit Rev Oncol Hemat, 50: 87–100. 

11. Roomi MW, Monttery JC, Kalinowsky T, Rath M, Niedz-
wiecki A (2010) In vitro modulation of MMP-2 and MMP-

Figure 5. Biodistribution of 131I- chlorotoxin derivative in mouse at time of 1, 4 and 24 h post injection. 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

18
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://mail.ijrr.com/article-1-687-en.html
http://www.tcpdf.org

