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It is generally recognized that energy absorbed from ionizing
radiation (gamma rays) can inactivate biological material in two
ways. A direct effect occurs when the primary event, i. e., ionization,
is produced in the molecule itself. This is the case when a compound
is irradiated in dry state. When a compound is irradiated in a solution,
the indirect effect joins the direct().

Since water is the most abundant constituent of biological material, it
is important to consider the species produced by excitation and
ionization of water itself, and the reaction of these species with the
target molecules of biological importance.

This indirect effect results from the reactions among the studied
molecules and the products of radiation interaction with water or
other solvents. Highly reactive compounds, the so-called free
radicals, which are formed undergo many reactions among
themselves, with the dissolved gas, and with other molecules in the
solution. With water, the excitation is less important than ionization
which is followed within picoseconds by the formation of free hydroxyl
radicals and hydrated electrons(z,4,1s).

Alexander & Hamilton(1) showed that irradiation of proteins has
revealed damage to aminoacid side chains, production of new groups,
splitting of peptide bonds and formation of intramolecular and
intermolecular cross-links.
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With these results, it would be possible to use of ionizing radiation to
change those protein molecules in order to improve some of their
properties according to the necessity.

On the other hand, it is recognized that venoms in general are poorly
immunogenic, yet fairly toxicws). This causes problems because
serotherapy is the treatment of choice in snakebite envenomations,
and horse antivenom availability is dependent upon immunogenicity.
H KEY WORDS: Detoxification of snake venom, ionizing radiation,
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To improve antivenom production and extend the useful life of
immunized horses effort has been devoted to decrease chronic venom
toxicity(s,s,7,8,11,12,17,18, 20,22).

Thus, once snake venoms are rich in proteins, Lauhatirananda et
al.(15) and Salafranca(zi) tested the effects of ionizing radiation on
cobra venom. They reported that irradiated venoms presented low
toxicity, and that when the samples were in a dry state, the suitable
irradiation dose to attenuate toxicity was higher than that used to
samples in aqueous form.

In addition, Kankonkar et al.(14) showed that in Naja naja venom
solution, the irradiation dose to detoxification is dependent upon
solution concentration, while Baride et al.(3) found some changes in
biochemical properties of Naja naja, Bungarus cheruleus, Echis
carinatus and Vipera russelli observing aggregation of venom
proteins.

Few years later, Herrera et al.(13), using gamma rays to detoxify
Lachesis muta and Bothrops atrox venom, observed that enzymatic
activities have different sensibility among themselves under
irradiation conditions.

Based on these studies and considering that around 20,000
cases/year of envenomations involving snakes are notified in Brazil,
gamma rays have been employed in our laboratory to detoxify
Brazilian snake venoms in order to improve antivenom production.

Murata et al.(19) irradiated Crotalus durissus terrificus venom with
gamma rays using different doses and found that 2,000 Gy was a
good compromise in irradiation dosage for venoms solution, which
promoted significant venom detoxification, yet maintained many of



the venom original immunological properties, as tested in mice,
rabbits and horses.

Following these studies Guarnieri (10), used gamma rays to detoxify
Bothrops jararaca venom. As found to Crotalus durissus terrificus
venom, 2,000 Gy was the necessary dose to get the detoxification
with maintenance of immunological properties observed through
results of immunodiffusion, immunoblotting, immunoprecipitation,
immunization of mice and rabbits and neutralization tests.

In addition, it was observed through proteolytic, hemorrhagic,
coagulant and edema-forming activities, gel filtration and
electrophoresis some conformational and structural alterations,
protein aggregate formation and attenuation of tested activities.
Furthermore, the animals immunized with irradiated venom
presented no cutaneous lesion which is very common when Bothrops
jararaca venom is injected.

More recently, Nascimento (manuscript submitted to Toxicon) has
worked with crotoxin, main toxin of Crotalus durissus terrificus
venom, in order to study the effects of gamma rays on purified toxin.
Irradiation of crotoxin resulted in an aggregation and a generation of
lower molecular weight breakdown products.

The high molecular weight aggregates were isolated by gel filtration
and its immunological, biological and biochemical properties were
analyzed.

The aggregates presented no toxicity, no phospholipase activity and
no ability to promote creatine kinase (CK) release into muscle tissue.
On the other hand, these aggregates were highly antigenic and were
able to induce antibody formation in mice which cross-reacted with
non irradiated crotoxin. In addition, mice immunized with aggregated
immunogen survived a challenge of 15 LD50 of non irradiated
crotoxin.

When biodistribution experiments were developed in mice, using
labeled crotoxin with 1251, it could be observed that irradiated
crotoxin was poorly retained in tested organs (liver, muscle, spleen,
kidneys, lungs, heart and brain), mainly in kidneys where no
retention was observed.

Nascimento suggests that this results indicate ionizing radiation as a
good tool in the detoxification process, highlighting out the
aggregates as the ideal immunogen to be used during the
immunization process to get snake antivenom without damage to the
serum-productor animals.



Considering these promising results, other snake venoms have been
studied in our laboratory such as Bothrops jararacussu, Lachesis
muta venom and some experiments also were made with bee venom
with good results of attenuation of toxicity when submitted to the
effects of gamma rays.

REFERENCES

01 ALEXANDER P., HAMILTON LDG. Irradiation of proteins in the solid
state. II. Chemical changes produced in bovine serum albumin.
Radiat. Res., 1960, 13, 214-33. [ Links ]

02 BACQ ZM., ALEXANDER P. Fundamentals of Radiobiology,
Oxford: Pergamon Press, 1961. [ Links ]

03 BARIDE RM., JAIN SD., GAITONDE BB. Biochemical studies on the
toxoids of venoms of poisonous indian snakes. Indian J.Med. Res.,
1980, 72, 571-6. [ Links ]

04 BUTLER J., LAND EJ., SWALLOW AJ. Chemical mechanisms of the
effects of high energy radiation on biological systems Radiat. Phys.
Chem., 1984, 24, 273-82. [ Links ]

05 COSTA LM., TAKEDA AK., BARBOSA SFC., BERRA JAP., ADELINA
MGF., SOERENSEN B., PINTO JR., VANCETTO MDC. Study of immune
response in horse immunized with Crotalus durissus terrificus, in
natura, submitted to formaldehyde treatment and thermic action.
Vacinas Soros, 1985, 1, 24-29. [ Links ]

06 DANIEL JP., HENEINE LDG., TAVARES CPA., NASCIMENTO MCS.,
HENEINE IF. Generation of protective immune sera by Crotalus
durissus terrificus venom detoxified by controlled iodination. Braz. J.
Med. Biol.Res., 1987, 20, 713-20. [ Links ]

07 FLOWERS HH. Effects of X-irradiation on the antigenic character of
Agkistrodon piscivorus (cottonmouth moccasin) venom. Toxicon,
1966, 3, 301-4. [ Links ]

08 GRASSET E. Anavenoms and their use in the preparation of
antivenoms sera. Trans. R. Soc. Trop. Med. Hyg., 1945, 38, 463-
88. [ Links ]

09 GROSH DS., HOPWOOD LE. Biological effects of radiation - Ch.2
direct and indirect action on living matter. Biological Effects of
Radiations, 2.ed. New York: Academic Press, 1979, 2, 17-

28. [ Links ]


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

10 GUARNIERI MC. Estudo dos efeitos da radiacao gama de Co nas
propriedades bioquimicas, bioldgicas e imunoldgicas do veneno de
Bothrops jararaca. Doctoral Thesis in Nuclear Energy Technology,
Instituto de Pesquisas Energéticas e Nucleares, University of Sdo
Paulo, 1992. [ Links ]

11 GUIDOLIN R., DIAS DA SILVA W., HIGASHI HG., CARICATI CP.,
LIMA MLSR., MORAIS JF., PINTO JR., MARCELINO JR.
Hiperimunizacdo de cavalos soroprodutores com venenos botrdpico e
crotalico tratados por glutaraldeido. Mem. Inst. Butantan, 1989,
51, 85-90. [ Links ]

12 HENEINE LGD., CARDOSO VN., DANIEL JP. , HENEINE IF.
Detoxification of the T2 fraction from a scorpion (Tityus serrulatus,
Lutz and Mello, 1922) venom by iodination and some immunogenic
properties of derivatives. Toxicon, 1986, 24, 501-5. [ Links ]

13 HERRERA E., YARLEQUE A., CAMPOS S., ZAVALETA A. Efecto de la
radiacion gamma sobre la actividad biologica y propriedades
enzimaticas de los venenos de las serpientes Lachesis muta y
Bothrops atrox. Inf. Nuclear, 1986, 3, 1-14. [ Links ]

14 KANKONKAR SR., KANKONKAR RC., GAITONDE BB., JOSHI SV.
Irradiated cobra (Naja naja) venom for biomedical applications. In:
Int. Atomic En. Agency, Radiosterilization of medical products,
Viena: Proceedings, 1975, 253-62. [ Links ]

15 LAUHATIRANANDA P., GANTHAVORN S., HAYADOM V. Radiation
effects on cobra venom. In: Int. Atomic En. Agency, Radiation
sensitivity of toxins and animal poison, Viena: Proceedings,
1970, 107-12. [ Links ]

16 LEA DE. Action of Radiation on Living Cells,
London:Cambridge University Press, 1947. [ Links ]

17 MAGALHAES RA., RIBEIRO MMF., REZENDE NA., AMARAL CFS.
Rabdomidlise secundaria a acidente ofidico crotalico (Crotalus
durissus terrificus). Rev. Inst. Med. Trop. S. Paulo, 1986, 28,
228-33. [ Links ]

18 MOROZ C., GOLDBLUM N., DE VRIES A. Preparation of Vipera
palestinae antineurotoxin using carboxymethylcellulose - bound
neurotoxin as antigen. Nature, 1963, 200, 697-8. [ Links ]

19 MURATA Y., NISHIKAWA AK., NASCIMENTO N., HIGASHI HG.,
DIAS DA SILVA W., ROGERO JR. Gamma irradiation reduces the toxic
activities of Crotalus durissus terrificus venom but does not affect
their immunogenic activities. Toxicon, 1990, 28, 617. [ Links ]


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

20 OKONOGI T., HATTORI Z., OGISO A., MITSUI S. Detoxification by
persimmon tannin of snake venoms and bacterial toxins. Toxicon,
1979, 17, 524-7. [ Links ]

21 SALAFRANCA ES. Irradiated cobra (Naja naja philippinensis)
venom. Int. Appl. Radiat. Isot.,1973, 24, 60. [ Links ]

22 TEJASEN P., OTTOLENGHTI A. The effect of ultra-violet light on the
toxicity and the enzymatic and antigenic activities of snake venom.
Toxicon, 1970, 8, 225-33. [ Links ]

E CORRESPONDENCE TO:
J.R. ROGERO - IPEN/CNEN/SP - Travessa R, 400 - Cidade
Universitaria - CEP 05.508-900 - S3o Paulo - Brasil.


javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-79301995000100002&lng=en&nrm=iso

