
Received: June 12, 2007 
Accepted: November 20, 2007 
Abstract published online: November 21, 2007 
Full paper published online: March 8, 2008 

J. Venom. Anim. Toxins incl. Trop. Dis. 
V.14, n.1, p.100-112, 2008. 

Original paper. 
ISSN 1678-9199.

 
KINETICS OF VENOM AND ANTIVENOM SERUM LEVELS, CLINICAL 

EVALUATION AND THERAPEUTIC EFFECTIVENESS IN DOGS INOCULATED 
WITH Crotalus durissus terrificus VENOM 

 

SANGIORGIO F. (1), SAKATE M. (1), NOGUEIRA R. M. B. (2), ARAÚJO JR J. P. 
(3), CHAVEZ-OLORTEGUI C. (4) 

 

(1) Department of Small Animal Medical Clinic and Toxicology, School of Veterinary 
Medicine and Animal Husbrandy, São Paulo State University , UNESP, Botucatu, 
São Paulo State, Brazil; (2) Department of Small Animal Medical Clinic, University of 
Western São Paulo, UNOESTE, Presidente Prudente, São Paulo State, Brazil; (3) 
Department of Microbiology and Immunology, Botucatu Institute of Biosciences, 
UNESP, Botucatu, São Paulo State, Brazil; (4) Department of Biochemistry and 
Immunology, Institute of Biological Sciences, Federal University of Minas Gerais-
UFMG, Belo Horizonte, Minas Gerais State, Brazil. 
 

ABSTRACT: This work evaluated the clinical and therapeutic aspects as well as 
serum levels of venom and antivenom IgG by enzyme-linked immunosorbent assay 
(ELISA) in experimental envenomation of dogs with Crotalus durissus terrificus 
venom. Twenty-eight mixed breed adult dogs were divided into four groups of seven 
animals each, Group I: only venom; Group II, venom + 50 ml of anti-bothropic-crotalic 
serum (50mg) + fluid therapy; Group III, venom + 50 ml of anti-bothropic-crotalic 
serum + fluid therapy + urine alkalination; Group IV, 50 ml of anti-bothropic-crotalic 
serum. The lyophilized venom of Crotalus durissus terrificus was reconstituted in 
saline solution and subcutaneously inoculated at the dose of 1mg/kg body weight. 
The dogs presented clinical signs of local pain, weakness, mandibular ptosis, 
mydriasis, emesis and salivation. The venom levels detected by ELISA ranged from 
0 to 90ng/ml, according to the severity of the clinical signs. Serum antivenom ranged 
from 0 to 3ug/ml and was detected for up to 138h after treatment. ELISA results 
showed the effectiveness of the serum therapy for the venom neutralization.  
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INTRODUCTION 
There are, worldwide, about 3,000 snake species, from which 10% to 14% are 

considered venomous. The World Health Organization (WHO) estimates that 

1,250,000 to 1,665,000 accidents with venomous snakes occur annually with 30,000 

to 40,000 deaths (21).  

Ophidic accidents are a serious problem for humans and animals, specially in tropical 

areas (19). Venomous snakes existent in Brazil belong to the genera Bothrops, 

Crotalus, Lachesis and Micrurus, which are responsible for more than 20,000 

accidents annually notified to the Ministry of Health. Most accidents are caused by 

snakes of the genera Bothrops (90.5%), followed by Crotalus (7.7%), Lachesis 

(1.4%) and Micrurus (0.4%) (8).  

Crotalic venom is considered highly toxic in comparison with that of the genus 

Bothrops (7) and has three main actions: neurotoxic (25, 26), myotoxic (3, 4, 18) and 

coagulant (2). Accidents caused by Crotalus durissus lead to death in 74% of 

untreated and 12% of treated patients (21).  

The clinical features of the crotalic accident are characterized by local and systemic 

manifestations. The local alterations are discreet, which distinguishes this type of 

accident from the bothropic and lachetic ones. On the other hand, systemic 

manifestations are severe (17).  

The treatment of choice to neutralize the ophidic venom action is the use of 

heterologous serum therapy. Also, supportive care such as fluid therapy and use of 

sodium bicarbonate is needed to alkalize the urine, since acid urine potentiates the 

intratubular myoglobin precipitation (5).  

The selection of specific antivenom for the treatment of snakebite victims is based on 

the identification of the snake and on the clinical signs presented by the patient. 

However, in some cases, the clinical signs of envenomation are not sufficient to 

determine the genus responsible for the accident, which makes immunodiagnostic 

tests useful to determine the involved snake species (11). Laboratory confirmation of 

the accident can be made by using crotalic venom antigens, which may be detected 

in the blood using ELISA (21). This technique presents vantages over other tests 

because of its simplicity, rapidity, sensitivity and specificity for the detection of low 

concentrations of venom in the serum and urine (6). It is considered the ideal method 
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to detect and quantify the venom and antibodies in the serum of humans and animals 

(16). 

In several studies involving ELISA assays, cross reaction among antigens of several 

snake species was observed, mainly due to the use of partially purified polyclonal 

antibodies. Based on that, there is a need to prepare species-specific antibodies to 

obtain reliable results. Selvanayagam & Gopalakrishnakone (22) and Chávez-

Olorteghi (11) used high affinity chromatography to eliminate cross-reaction of equine 

hyperimmune serum immunoglobulins, obtaining species-specific IgG for the 

detection of bothropic or crotalic venom using ELISA.  

The present study aimed at evaluating the clinical aspects of dogs experimentally 

envenomed with crotalic venom as well as at using ELISA to quantify serum levels of 

crotalic venom and antivenom.  

 

MATERIALS AND METHODS 
This experiment was approved by the Ethics Committee of São Paulo State 

University-UNESP, Botucatu, São Paulo State, Brazil. 
 
Animals 

Twenty-eight young adult dogs, male and female, were used. They had no defined 

breed, were clinically healthy (13) and weighed between 4 and 7kg.  
 

Experimental Groups 
Four experimental groups (Groups I, II, III and IV) were constituted of seven animals 

each. Group I was inoculated with Crotalus durissus terrificus venom; Group II 

received the venom and six hours after inoculation was treated with 50ml (50mg) of 

anti-bothropic-crotalic serum (Vencofarma®), intravenously, associated with fluid 

therapy with sodium chlorate (0.9% NaCl, dose 50ml/kg); Group III was inoculated 

with venom and six hours after inoculation was treated with 50ml (50mg) of anti-

bothropic-crotalic serum, intravenously, and fluid therapy (0.9% NaCl, dose 50ml/kg) 

containing 8.4% sodium bicarbonate (dose 4mEq/kg); Group IV was inoculated with 

50ml (50mg) of anti-bothropic-crotalic serum, intravenously.  
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Venom 
Crotalus durissus terrificus venom was provided by the Center for the Study of 

Venoms and Venomous Animals, CEVAP-UNESP, Botucatu, São Paulo State, 

Brazil.  
It was obtained by compressing the venom glands and was further lyophilized and 

stored at -20ºC, being dissolved in sterile saline solution at the moment of 

administration to obtain the concentration of 40mg/ml. The dose of 1mg/kg was 

administered to the middle third of the lateral face of the thigh, after local trichotomy 

and antisepsis. 
The ELISA technique used in this study was developed by Chávez-Olortegui et al. 

(11).  
 
Venom Quantification by ELISA 
ELISA was carried out in flat bottom microplates (Nunc-Maxisorp®) sensitized with 

100µl of 0.8µg/ml anti-crotalic IgG diluted in 0.05M carbonate-bicarbonate buffer, pH 

9.6, and incubated at 4ºC for 12h. After three washes with phosphate-buffered saline 

(PBS), pH 7.2, containing 0.5% of Tween 20 (PBST), 200µl of blocking solution (PBS 

containing 10% of nonfat dry milk powder) were added to each well and the plate 

was incubated at 37ºC. After one hour, the plate was washed and 100µl of dog 

serum were added to each well, diluted (v/v) in PBS containing 10% nonfat dry milk 

powder and 0.5% Tween 20 (PBSTL), in duplicate. The standard curve with crotalic 

venom in dilutions between 250 and 1.95ng/ml was also determined. After incubation 

at 37ºC for one hour and new washes, 100µl of anti-Crotalus durissus terrificus 

serum marked with peroxidase conjugate in a 1:1000 dilution in PBSTL were added 

and the plate was again incubated at 37ºC for one more hour. After washes, the 

reaction was revealed by adding 100µl of substrate and chromogen (100µl of 

10mg/ml tetramethylbenzidine and 10µl of  a 30% H202 solution in 10ml acetate-

citrate buffer, 0.05mol/l, pH 5.0) remaining 15 minutes at room temperature, when it 

was interrupted by adding 100µl of 1M HCl per well. Reading was carried out in an 

ELISA automatic reader (Multiskan EX – Labsystems®) using a 450nm filter. In order 

to determine the quantity of venom, the standard curve linear tendency of each plate 

with correlation coefficient R2>0.97 was used. 
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Antivenom (Horse IgG) Quantification by ELISA 
ELISA was carried out in flat bottom microplates (Nunc-Maxisorp®) sensitized with 

100µl of crotalic venom at 1µg/ml diluted in 0.05M carbonate-bicarbonate buffer, pH 

9.6, and incubated at 4ºC for 12h. After three washes with PBST, 200µl of blocking 

solution (phosphate-buffered saline containing 10% of nonfat dry milk powder) were 

added to each well and the plate was incubated at 37ºC. After one hour, the plate 

was washed and 100µl of dog serum were added to each well in a 1:3 dilution in 

PBSTL, in duplicate. The standard curve with anti-Crotalus durissus terrificus IgG in 

dilutions ranging from 10 to 0.07µg/ml was also determined. After incubation at 37ºC 

for one hour and new washes, 100µl of equine anti-IgG marked with peroxidase 

conjugate in a 1:1500 dilution in PBSTL were added and the plate was again 

incubated at 37ºC for one more hour. After washes, the reaction was revealed by 

adding 100µl of substrate and chromogen (100µl of 10mg/ml tetramethylbenzidine 

and 10µl of  a 30% H202 solution in 10ml of acetate-citrate buffer, 0.05mol/l, pH 5.0) 

remaining 15 minutes at room temperature, when it was interrupted by adding 100µl 

of HCl 1M per well. The reading was carried out in an ELISA automatic reader 

(Multiskan EX – Labsystems®) using a 450nm filter. In order to determine the 

quantity of anti-Crotalus IgG, the standard curve logarithmic tendency of each plate 

with correlation coefficient R2>0.97 was used. 
ELISA and clinical evaluations were performed at different moments. 
 
Clinical Evaluation 

M0: control moment; M1: 6h after venom inoculation; M2: 24h after venom 

inoculation and 18h after treatment; M3: 48h after venom inoculation and 42h after 

treatment; M4: 72h after venom inoculation and 66h after treatment; M5: 144h after 

venom inoculation and 138h after treatment (Table 1). 
 

Venom Quantification by ELISA 
Venom was quantified at six moments in Groups I, II and III; M0: control moment; 

M1: 2h after venom inoculation; M2: 6h after venom inoculation; M3: 8h after venom 

inoculation and 2h after treatment; M4: 24h after venom inoculation and 18h after 

treatment; M5: 48h after venom inoculation and 42h after treatment (Table 1).  
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Antivenom (horse IgG) Quantification by ELISA  

Antivenom was quantified at six moments in Groups II, III and IV; M0: control 

moment; M1: 8h after venom inoculation and 2h after treatment; M2: 24h after venom 

inoculation and 18h after treatment; M3: 48h after venom inoculation and 42h after 

treatment; M4: 72h after venom inoculation and 66h after treatment; M5: 144h after 

venom inoculation and 138h after treatment (Table 1).  

 

Statistical Analysis  
The parametric variables were interpreted using analysis of variance of the 

differences among moments and the differences among groups at the same moment. 

The average values were compared using the Tukey test and the significance level of 

p<0.05 was adopted.  

 

RESULTS 
Clinical Effects of Crotalus durissus Venom in Dogs 
After crotalic venom inoculation, signs of discomfort were noticed in all animals. 

Discreet and unapparent edema was verified at the venom inoculation site. The 

envenomed dogs presented ataxia which progressed to paralysis and moderate 

sedation, ophthalmoplegia and mandibular ptosis. Sialorrhea (Figure 1) was noticed 

in some animals from 6 to 24h after crotalic envenomation. Other clinical signs such 

as bilateral mydriasis reactive to light and episodes of emesis and diarrhea occurred 

in animals from Groups I, II and III from 6 to 48h after venom inoculation (Figure 2). 

In animals that did not receive treatment (Group I), the recovery of the clinical signs 

ataxia and sedation took about 24h longer than that in animals that were subjected to 

treatment. However, no deaths occurred.  

In treated animals, there was no difference in the clinical recovery between those that 

were subjected to urine alkalination and those that received only serum therapy 

associated with fluid therapy without urine alkalination.  

 

Venom Quantification by ELISA 
Serum concentration of crotalic venom ranged between 5 and 90ng/ml. The 

maximum serum levels of venom were noticed 2h after envenomation in animals 

from Groups I, II and III. Venom concentrations were equal to those at the control 
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moment 8h after envenomation. Group I animals, which did not receive treatment, 

presented higher concentrations, between 8 and 48h after intoxication, in comparison 

with those from other groups (Table 2).  

 

Antivenom (horse IgG) Quantification by ELISA 
IgG serum concentrations in animals from Groups II, III and IV ranged between 0 and 

3µ/ml. The IgG levels reached maximum concentrations 2h after serum therapy, 

remaining high for 66h in the animals from all three treated groups, i.e. Groups II and 

III, which received crotalic venom and antivenom, and Group IV, which only received 

antivenom. In animals from Groups III and IV, IgG serum levels kept high up to 138h 

after treatment in comparison with the control moment. Group IV animals presented, 

at this moment, the highest IgG concentrations, compared with those of the other 

groups (Table 3).  

 
 
Table 1. Moments of clinical evaluation, venom quantification and antivenom 

quantification. 

MOMENTS 
 C AV AT AV AT AV AT AV AT AV AT AV AT AV AT 
 0 2h - 6h - 8h 2h 24h 18h 48h 42h 72h 66h 144h 138h

Clinical 

Evaluation 

x   x    x x x x x x x x 

Direct 

ELISA  

x x  x  x x x x x x     

Indirect 

ELISA  

x     x x x x x x x x x x 

C: control; AV: after venom inoculation; AT: after treatment. 
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Table 2: Average values of venom (ng/ml), obtained by ELISA, in dogs at control and 

different moments after crotalic venom inoculation. 

 

Moments 

Groups M0 M1 M2 M3 M4 M5 

I 6.35±5.70 

Ac 

63.27±35.63 

Aa 

39.47±23.12 

Aab 

25.24±12.26 

Abc 

12.12±7.25 

Abc 

5.06±2.31 

Ac 

II 7.26±7.79 

Abc 

89.52±60.36 

Aa 

50.75±37.26 

Aab 

1.45±1.32 

Bc 

2.23±1.99 

Bc 

1.08±1.38 

Bc 

III 4.40±2.86 

Ab 

81.55±55.37 

Aa 

49.95±36.89 

Aa 

4.18±2.68 

Bb 

2.81±1.71 

Bb 

0.56±1.07 

Bb 

Capital letters compare moments in each group. Lowercase letters compare groups at every 

moment. Means followed by the same letters do not differ significantly (p<0.05). 

 

Table 3. Average values of antivenom IgG (µg/ml), obtained by ELISA, in dogs at 

control and different moments after venom inoculation. 

 

Moments 

Groups M0 M1 M2 M3 M4 M5 

II 0.09±0.04 

Ac 

2.19±0.67 

Ba 

2.04±0.69 

Aa 

1.57±0.61 

Aab 

1.41±0.58 

Bab 

0.91±0.33 

Bbc 

III 0.08±0.33 

Ad 

3.01±0.45 

Aa 

2.09±0.65 

Ab 

1.93±0.37 

Ab 

1.89±0.43 

ABb 

1.16±0.29 

Bc 

IV 0,08±0 

Ad 

2.56±0.42 

ABa 

2.34±0.26 

Aab 

2.05±0.31 

Abc 

2.08±0.31 

Abc 

1.82±0.29 

Ac 

Capital letters compare moments in each group. Lowercase letters compare groups at every 

moment. Means followed by the same letters do not differ significantly. (p<0.05) 
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Figure 1. Animal from Group III presenting sialorrhea 6h after inoculation of crotalic 

venom.  

 

 

Figure 2. Percentage of animals that presented sialorrhea, mydriasis, vomiting and 

diarrhea at different moments after inoculation of crotalic venom. 
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DISCUSSION 
ELISA has been widely used in clinical and experimental studies to quantify venom 

and antivenom in human and animal patients due to its high sensitivity and specificity 

and low cost (9, 10, 14, 16, 23, 24). The present study shows the clinical alterations 

caused by crotalic venom and their correlation with serum levels of venom and 

antivenom IgG, proving the effectiveness of specific serum therapy associated or not 

with urine alkalination.  
The clinical effects noticed in this study were similar to those reported in previous 

ones (12, 15, 20). The results of direct ELISA were correlated with the clinical 

manifestations shown by the animals in each group. Between two and six hours after 

envenomation, crotalic venom levels were higher and the animals from all groups 

presented clear clinical signs. At moments when the quantity of venom was similar to 

that at the control moment, the animals no longer presented signs of crotalic 

envenomation.  
Amaral et al. (1) quantified crotalic venom in 37 patients bitten by snakes of the 

genus Crotalus and noticed that the longer the time interval spent between the bite 

and the blood collection, the lesser the quantity of venom detected by ELISA. They 

also found that the venom serum levels became undetectable in most patients when 

the time spent from the accident to the blood collection was longer than eight hours. 

These remarks are similar to the results of our experiment, in which eight hours after 

envenomation, the values of venom were similar to those at the control moment, 

even for untreated animals.  
The levels of antivenom IgG could be detected for up to 138h after serum therapy in 

the animals from Groups III and IV and for up to 66h after serum therapy in animals 

from Group II. These results partly agree with those reported by Amaral et al. (1), 

who collected blood samples of victims of crotalic accidents during 24h after serum 

therapy and detected high titers of antivenom IgG over this period.  
In animals from Groups II and III, which were inoculated with crotalic venom and 

treated with specific serum therapy, there was an interaction between IgG and the 

venom antigens, which explains the lower levels of circulating IgG in these two 

groups 138h after treatment, relative to animals from Group IV, which were not 

envenomed and therefore did not presented antigen-antibody binding.  
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CONCLUSION 
ELISAs are of great utility for the conclusive diagnosis of Crotalus durissus terrificus 

envenomation and for the kinetic assessment of the venom and antivenom in dog 

serum, also allowing the assessment of the effectiveness of different therapeutic 

protocols.  
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