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ABSTRACT: Venoms from snakes of the Bothrops genus are proteolytic, coagulant, 

hemorrhagic and nephrotoxic, causing edema, necrosis, hemorrhage and intense 

pain at the bite site, besides systemic alterations. Many adjuvants have been added 

to the venom used in the sensitization of antiserum-producer animals to increase 

antigenic induction and reduce the envenomation pathological effects. Gamma 

radiation from 60Co has been used as an attenuating agent of the venoms toxic 

properties. The main objective was to study, comparatively, clinical and laboratory 

aspects of goats inoculated with bothropic (Bothrops jararaca) venom, natural and 

irradiated from a 60Co source. Twelve goats were divided into two groups of six 

animals: GINV, inoculated with 0.5mg/kg of natural venom; and GIIV, inoculated with 

0.5mg/kg of irradiated venom. Blood samples were collected immediately before and 

one, two, seven, and thirty days after venom injection. Local lesions were daily 

evaluated. The following exams were carried out: blood tests; biochemical tests of 

urea, creatinine, creatine kinase (CK), aspartate amino-transferase (AST) and 

alanine amino-transferase (ALT); clotting time; platelets count; and total serum 

immunoglobulin measurement. In the conditions of the present experiment, irradiated 

venom was less aggressive and more immunogenic than natural venom. 
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INTRODUCTION 
Envenomation by snakes, especially accidents caused by Bothrops jararaca, is 

common and of great importance for the Brazilian medicine and veterinary medicine. 

About 20 thousands ophidian accidents occur in Brazil every year, leading to 100 

annual deaths (7, 30, 39, 42). 

Venoms from snakes of the Bothrops genus present coagulant, proteolytic and 

hemorrhagic actions (39, 48) but many of their characteristics are not completely 

known yet. 

The use of animals has been indispensable for anti-ophidic serum production; 

however, they may be injured by the venoms toxic effects (2). Therefore, there is the 

necessity to research into mechanisms that would reduce the venoms effects 

maintaining the capability to induce an adequate immune response for serum 

production. Many adjuvants have been added to venoms used in the sensitization of 

serum-producer animals, intending to increase the antigenic stimulus and reduce the 

envenomation undesirable effects (28). 

Gamma radiation from 60Co has been used as an attenuating agent of the venoms 

toxic properties (14, 37, 38). Irradiation of biological materials from a 60Co source is 

the most used method because it does not require heating the venom which is 

susceptible to high temperatures (18). 

Just few Brazilian governmental or private institutions dedicate to producing 

antivenom used in accidents by venomous animals. For such production, those 

institutions have to maintain large farms to raise hundreds of serum-producer horses. 

The raising of such animals is expensive because of their size and demanding 

physical characteristics (55). Goats are little-demanding animals that survive in wild 

environments such as the arid Brazilian northeast region (40) and thus can be 

inexpensively raised in areas not considered good enough for farming or even for 

bovine raising (40). 

The objective of the present paper was to study, comparatively, clinical and 

laboratory aspects of goats inoculated with bothropic (Bothrops jararaca) venom, 

natural and irradiated from 60Co. 
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MATERIALS AND METHODS 
Experimental Animals 
Twelve goats (two males and ten females) of no specific breed from Miguelópolis 

region, São Paulo State, Brazil, were used. They were older than one year old, 

weighed between 16 and 23kg, and presented good clinical conditions, according to 

Radostits et al. apud Gay (16). Four weeks before the experiment, animals received 

50ml 1% ivermectin (Merck-Sharp-Dohm, IVOMEC®), in a single 0.2mg/kg dose (44), 

and were kept isolated and under clinical observation. These animals had not 

received any vaccination and had not been kept isolated before. 

 
Experimental Conditions 
The animals were kept in collective rooms (six animals in each room) at the Uberaba 

Veterinary Hospital, Uberaba city, Minas Gerais State, Brazil. Rooms were about 

16m2 of concrete pavement covered with sawdust (which was changed every day) 

and masonry walls painted with latex paint; they were naturally illuminated during the 

day and by electric light at night. Each animal received water ad libitum through a 

masonry water trough and was fed with triturated elephant grass from the farm of the 

Associated College of Uberaba (FAZU) and 200g of concentrated Purina, 25kg, 

CAPRINOTECH®, proper to goats, daily. 

 

Venom Obtainment 
Venom (200mg) was collected from B. jararaca specimens from the Center for the 

Study of Venoms and Venomous Animals, CEVAP-UNESP, Botucatu, São Paulo 

State, Brazil. After lyophilization, half of the venom collected (100mg) was conserved 

and another 100mg was used in the irradiation process. 

 
Venom Irradiation 
Venom (100mg) was diluted with saline solution (NaCl, 150mM, pH 3.0), subjected to 

irradiation from a 60Co source (2000Gy at a dose rate of 5.7KGy/hour) and kept 

under refrigeration, according to Rogero and Nascimento (45). Such procedures 

were carried out by the Institute of Energetic and Nuclear Research (IPEN). 
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Animals Envenomation 
Goats were divided into two groups: one group inoculated with natural venom (GINV) 

and another group inoculated with irradiated venom (GIIV). Both groups received B. 

jararaca venom at the dose of 0.5mg/kg, as recommended by Araújo et al. (3). The 

venom was diluted in 2mg/ml saline solution and administered by deep intramuscular 

injection into the semimembranosus muscle. 

 
Blood Collection  
Blood samples were collected from the jugular vein in ethylenediamine tetraacetic 

acid (EDTA) potassium salt for blood analysis, and without anticoagulant for 

biochemical evaluation, immediately before and one, two, seven and thirty days after 

the venom injection. 

 

Physical Examination 
The animals were examined immediately before and daily after the venom injection, 

according to the protocol recommended by Radostits et al. apud Gay (16) . While 

persisting, lesions at the inoculation site were examined for the presence of edema, 

redness, wound, hemorrhage and necrosis; temperature and pain were assessed 

through palpation. To evaluate the intensity of local alterations, values from zero to 

four were attributed, where zero represented absence of lesion and four, the most 

intense lesion. 

 
Laboratory Tests 
For blood analysis, a CELM counter (CELM CC530®) was used for erythrocyte and 

total leukocyte counts and serum hemoglobin measurement; a centrifuge at 

11000rpm during five minutes (Fanen, Centrimicro®) was used for microhematocrit 

measurement. For differential leukocyte count, one hundred cells were counted in 

glass slides stained with Romanowsky-type (23). 

Serum urea was measured through ultraviolet enzymatic method using Urea 

Liquiform® kit (Labtest); creatinine through colorimetric method of final point using 

Creatinine Liquiform® kit (Labtest); CK through ultraviolet kinetic method using CK 

NaCl Liquiform® kit (Labtest); AST through ultraviolet kinetic method using AST/GOT 

Liquiform® kit (Labtest); ALT through ultraviolet kinetic method using ALT/GPT 
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Liquiform® kit (Labtest); all of them were read under a semiautomatic 

spectrophotometer (Bioplus, Bio-2000®) (26). 

Clotting time (minutes) was assessed by observing total blood at room temperature 

(26). Platelets were counted using Fônio’s indirect method (43). Total serum 

immunoglobulin was measured through electrophoresis using CELM equipment 

(CELM, FEA 250®) (43). 

 
Results Analysis 
The results were noted in individual cards, tabulated and analyzed to verify 

significant variations in the clinical signs and laboratory standards among animals of 

the same group and between groups. 

 
Statistical Procedures 
Comparison between groups was carried out through analysis of variance for entirely 

randomized design with multiple comparisons using the Tuckey method at 5% 

significance level (58). 

 
RESULTS AND DISCUSSION 
After the venoms injection, apathy and anorexia developed together with local 

alterations characterized as edema, pain, hotness and redness (Figures 1 and 2). 

Lesions that could be characterized as hemorrhage or necrosis were not observed, 

which disagreed with the statements by Rosenfeld (46), Rosenfeld et al. (47, 48), 

Araújo et al. (3), Murtaugh and Kaplan (35), Jorge et al. (24), and Oliveira (39), who 

reported that bothropic accidents were characterized by edema, necrosis, 

hemorrhage, blisters, bacterial contamination and intense pain at the bite site. 

Neurological signs were not observed, corroborating the statement that bothropic 

venom cannot reach the nervous system (48), but disagreeing with the reports by 

Pinho and Burdmann (41), Souza et al. (54), and Mosquera et al. (31). 

The clinical signs presentation probably varied due to the dose of venom inoculated 

(0.5mg/kg), which was recommended by Araújo et al. (3) as enough to result in 

clinical signs of envenomation without causing death. The local and systemic 

changes observed were more intense in GINV than in GIIV, indicating that the 

irradiated venom was less aggressive. 
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Four weeks before the experiment, the animals of both groups were kept isolated 

under clinical observation and showed no changes. However, they were more active, 

ingested more food, gained weight and showed good hair characteristics, compared 

with their features thirty days after venom injection. Apparently, the venoms 

stimulated the goats’ organisms or combated some unknown aggressor agent 

already present before venom injection. Such hypothesis is possible considering the 

results of using venom or its components with therapeutic objectives reported by 

Fenard et al. (13), Bailey and Wilce (5), Correa et al. (11), Silva et al. (52, 53), and 

Gonçalves et al. (17). 

The levels of erythrocytes and serum hemoglobin as well as globular volume 

gradually decreased until the seventh day after inoculation; however, on the thirtieth 

day, they were above the values observed before inoculation (Figure 3), 

corroborating data reported by Barraviera (7) – an increase in the globular volume 

and hemoglobin levels – but disagreeing with the results obtained by Sano-Martins et 

al. (51) – no changes in red cells. The increase in erythrocytes and hemoglobin 

levels as well as in the globular volume on the thirtieth day suggested a probable 

stimulation or combat to some possible unknown aggressor agents by both venoms. 

Decreases in such values were more intense in GINV, and increases were 

predominant in GIIV, indicating natural venom caused more injury. 

The levels of total leukocytes increased on the first day after inoculation, similarly to 

the reports by Barraviera (7) and Sano-Martins et al. (51), and decreased from the 

second day until the thirtieth day, when they were inferior to the levels observed 

before inoculation (Fig. 4A). This fact demonstrated the immunogenicity of both 

natural and irradiated venoms. The low number of leukocytes noticed on the thirtieth 

day may indicate that the animals were more resistant to unknown injuring agents or 

that such agents were destroyed or attenuated by the venoms. Increase in total 

leukocyte count was more significant and persistent in GIIV, demonstrating higher 

immune-system activation induced by the irradiated sample. 

Band neutrophils were absent in leukocyte differential count. However, they were 

present in both groups on the first day after inoculation (Figure 4A), confirming the 

results obtained by Barraviera (7). This was more significant in GIIV than in GINV. 

Band neutrophils were not found in the leukograms done on the second and seventh 

days after inoculation, but on the thirtieth day they were present in the counts of both 
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groups (Figure 4B). The presence of band neutrophils was an expected reaction to 

the local inflammatory processes installed in all the animals; however, GIIV animals 

showed larger increase, which indicated higher immune-system-activation capacity 

by the irradiated venom. 

Venom injection stimulated the immune response in both groups, increasing blood 

concentrations of neutrophils, which corroborated the reports by Barraviera (7) and 

Sano-Martins et al. (51). On the first and second days after inoculation, the increases 

in neutrophils count were more significant in GINV animals, probably due to the 

intense inflammatory process in these animals. From the seventh day until the 

thirtieth day, neutrophils count was within normal standards and was similar between 

groups, reflecting the healing of the inflammatory process in both groups (Figure 4C). 

Before venom injection, the number of lymphocytes was lower in GIIV animals; on 

the first day after inoculation, a proportional decrease was observed in GINV and 

GIIV (Figure 4D), corroborating data obtained by Barraviera (7). On the second day, 

the number of lymphocytes increased, mainly in GIIV. On the seventh day, the 

number of lymphocytes was similar between groups since it kept constant in GINV 

and decreased in GIIV. Such numbers decreased until the thirtieth day in both groups 

(Figure 4D). 

The number of eosinophils was higher in GINV than in GIIV before venom injection 

but decreased in both groups on the first day after inoculation, mainly in GINV. From 

the second day, such number kept constant and similar between groups (Figure 4F). 

Data about the role of eosinophils in bothropic envenomation were not found in 

literature. The reduction in the number of eosinophils observed in both groups and 

the increase noticed in GINV were proportional to the intensity of the inflammatory 

process at the inoculation site; therefore, inflammation was more intense in GINV. As 

eosinophil values kept inferior to those observed before inoculation, the venoms 

could have eliminated or reduced the eosinophil-inductor factor. 

The decreases in the lymphocyte and eosinophil levels, as well as the increases in 

neutrophil numbers reflected normal inflammatory responses (23). 

Monocytes were above the values obtained before the venom inoculation at all 

posterior moments evaluated (Figure 4E), confirming the report by Sano-Martins et 

al. (51). Although significant differences between groups were not observed, the 

increase in the number of monocytes was very significant since these cells are 
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important antigen-presenting cells to lymphocytes B, which are immunoglobulin 

producers (23).  

After the venoms inoculation, clotting time increased in both groups, gradually 

decreased until the seventh day, and again increased on the thirtieth day (Figure 5A). 

Such pattern corroborated the data obtained by Rosenfeld et al. (47, 48), Nahas et 

al. (36), Marlas et al. (29), Zingali et al., (59), Kamiguti and Cardoso (25), Barraviera 

and Pereira (8), Oliveira (39), Sano-Martins et al. (51), and Oliveira (39), who 

reported coagulant action by the bothropic venom, interfering in hemostasis. On the 

first and second days after inoculation, clotting times were higher in GINV and on the 

seventh and thirtieth days they were similar between groups. A little alteration in 

clotting time observed in GIIV animals demonstrated that the irradiated venom 

sample exerted little influence on clotting factors. 

On the first and second days after inoculation, both groups showed marked platelet 

aggregation, making the counts impossible, similarly to the report by Usami et al. 

(56). They attributed this property to jararagin C, and Andrews et al. (1) and Usami et 

al. (57) indicated botrocetin as the responsible for such aggregation. On the seventh 

day, platelet numbers increased in both groups (Figure 5B), disagreeing with the 

reports by Sano-Martins et al. (51), who noticed low platelet numbers in bothropic 

envenomation cases. On the thirtieth day, platelet counts were similar between 

groups and to those values obtained before inoculation. The venom irradiation with 
60Co source seemed to cause no influence in the platelets behavior. 

On the first day after venom injection, serum levels of urea increased in GINV and 

did not change in GIIV. From the second day, such levels decreased, and on the 

thirtieth day, they were similar to those observed before inoculation in both groups. 

(Figure 6A), partially corroborating the reports by some authors (6, 9, 21, 22, 39), 

who affirmed that the nephrotoxic action of the bothropic venom leads to severe renal 

failure. The increase in the urea serum level may not be due to renal failure but just 

to an increase in pre-renal causes such as low renal pressure. GIIV animals showed 

lower urea levels, which indicated the little capacity of the irradiated venom sample to 

induce pre-renal uremia. 

Serum levels of creatinine showed moderate alterations during the experiment in 

both groups (Figure 6B), demonstrating there was no or insufficient renal lesion to 
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induce renal failure, disagreeing with the reports by Hudelson, Hudelson (22) and 

Oliveira (39). 

The muscular enzymes evaluated were creatine kinase (CK), aspartate amino-

transferase (AST) and alanine amino-transferase (ALT). They demonstrated similar 

behavior, increasing on the first day after inoculation, gradually decreasing, and 

showing levels similar to those observed before inoculation on the thirtieth day 

(Figure 6), which corroborated data obtained by Gutierrez et al. (19), Assakura et al. 

(4), Barraviera (7), Hudelson and Hudelson (22), Oliveira (39), and Calil-Elias et al. 

(10). These authors reported the existence of a proteolytic action due to the enzymes 

present in the bothropic venom, destroying the tissue and causing severe local 

necrosis. However, GINV animals exhibited serum levels of these enzymes higher 

than those observed in GIIV animals. Such local inflammatory signs indicated little 

proteolytic capacity by the irradiated venom. On the other hand, the possible 

existence of concomitant liver lesions should be considered, since these enzymes 

are not specific to muscular lesions and may indicate liver lesions. 

Total immunoglobulin serum levels kept constant, without significant differences 

throughout the experiment in both groups. The absence of previous sensitization in 

the animals probably led to the constancy of the total immunoglobulin serum levels 

during the experimental period. There was no decrease in total immunoglobulin 

serum levels (Figure 7). 

Bothrops jararaca venom, irradiated from a 60Co source, caused little systemic 

injuries to the goats of the present experiment, such as moderate local signs, and 

little alterations in clotting times, serum levels of urea and muscular enzymes, and in 

hematological parameters, confirming the reports by Salafranca (49, 50), Kankonkar 

(27), Gaitonde and Baride (15), Murata (32), Murata and Rogero (34), Costa and 

Rogero (12), Hati (20), Murata (33), Rogero and Nascimento (45), and Nascimento 

(37), who noticed a reduction in the toxic properties of venom irradiated by 60Co. 
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Figure 1. Clinical signs (A: local edema, B: hotness, C: pain, D: redness) in animals 

of the group inoculated with natural venom (GINV) and the group inoculated with 

irradiated venom (GIIV) before and after venom injection. 
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Figure 2. Photographs showing local inflammatory reactions two days after venom 

injection. A: one animal of the group inoculated with natural venom (GINV), B: one 

animal of the group inoculated with irradiated venom (GIIV). 
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Figure 3. Red blood cell measurements (A: erythrocytes, B: globular volume, C: 

hemoglobin) in total blood of animals of the group inoculated with natural venom 

(GINV) and the group inoculated with irradiated venom (GIIV) before and after venom 

injection. 
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Figure 4. Total and differential leukocyte counts (A: total leukocytes, B: band 
neutrophils, C: neuthrophils, D: lymphocytes, E: monocytes, F: eosinophils) in total 
blood of animals of the group inoculated with natural venom (GINV) and the group 
inoculated with irradiated venom (GIIV) before and after venom injection. 
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Figure 5. Total blood measurement (A: clotting time, B: platelet count) in animals of 

the group inoculated with natural venom (GINV) and the group inoculated with 

irradiated venom (GIIV) before and after venom injection. 
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Figure 6. Biochemical data (A: urea, B: creatinine, C: creatine kinase–CK, D: 
aspartate aminotransferase–AST, E: alanine aminotrasferase–ALT) in animals of the 
group inoculated with natural venom (GINV) and the group inoculated with irradiated 
venom (GIIV) before and after venom injection. 
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Figure 7. Mean values of total immunoglobulin (g/dl) in animals of the group 

inoculated with natural venom (GINV) and the group inoculated with irradiated venom 

(GIIV) before and after venom injection. 

 

CONCLUSIONS 
Under the conditions of the present experiment, intramuscular inoculation of natural 

or irradiated venom was similar to natural envenomation. Edema, hotness, pain and 

redness were observed at the inoculation site, but external hemorrhage and necrosis 

did not occur. 

In goats inoculated with irradiated venom, decreases in the values of hemoglobin, 

erythrocyte and globular volume were less intense; increases in total leukocyte and 

band neutrophil counts were more intense and persistent than those observed in 

animals inoculated with natural venom. Therefore, the irradiated venom could be 

considered more antigenic. Little alterations in neutrophil, lymphocyte and eosinophil 

counts in goats that received irradiated venom were proportional to the moderate 

local inflammatory process in such animals. 

Clotting time increased with the inoculation of both venoms, but such increase was 

inferior in animals that receive irradiated venom. Also, both venom samples led to 

platelet aggregation and increase in the platelet number. 

The irradiated venom caused no changes in the serum level of urea and little 

changes in that of creatinine, indicating there was no renal failure. However, it 

increased the serum levels of muscular enzymes CK, AST, and ALT, although 
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animals inoculated with natural venom exhibited higher serum levels of such 

enzymes. 

The single inoculation in goats, without previous sensitization, did not lead to 

alterations in the serum levels of total immunoglobulins. 
Irradiation of bothropic venom injected into goats reduced local and systemic injuries; 

making this type of venom more recommended than the natural venom for anti-

bothropic serum production. 
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