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RESUMO 
 

Estudo comparativo dos efeitos do veneno bruto de serpentes Crotalus 
durissus terrificus (Laurenti, 1768) e Crotalus durissus collilineatus (Amaral, 
1926) em lesões teciduais ocasionadas pela intoxicação experimental em ratos 
wistar 
 
Crotalus durissus é a única espécie do gênero que habita o Brasil e é responsável 
pelo maior número de mortes por acidentes ofídicos. O veneno crotálico é uma 
mistura complexa de proteínas ativas, enzimas, toxinas e polipeptídeos. Esses 
componentes possuem ações neurotóxicas, miotóxicas, nefrotóxicas, hepatotóxicas 
e coagulantes, no entanto, estudos mostram variações no efeito do veneno. O 
objetivo deste estudo foi quantificar, qualificar e diferenciar as lesões teciduais 
sistêmicas produzidas pelo veneno das serpentes Crotalus durissus terrificus e 
Crotalus durissus collilineatus em ratos Wistar. Utilizou-se ratos machos Wistar (n = 
60). Os animais foram alocados em três grupos (n = 20 cada): Grupo Controle (GC); 
Grupo C. durissus terrificos (CdtG); e, grupo de serpentes C. durissus collilineatus 
(CdcG). Após a eutanásia, cérebro, pulmão, coração, fígado, jejuno, cólon, baço, 
rins, músculo esquelético e testículos foram coletados para análises histopatológicas 
e um escore de lesão por animal foi estabelecido. No sistema nervoso central, 
escores significativos das lesões (p <0,05) foram observados no CdcG e no CdtG. O 
maior escore lesional foi observado no CdtG. No tecido muscular, o CdcG 
apresentou maior escore de lesão no coração, enquanto no músculo esquelético o 
maior escore foi encontrado no CdtG. No rim, lesões significativas foram observadas 
no CdcG e no CdtC com o escore lesional médio mais alto no CdcG. O maior escore 
de lesão hepática foi no CdtG. No pulmão, maior lesional elevado foi observado 
apenas no CdcG. No baço, baixos escores lesionais foram evidenciados. Nos 
intestinos, o cólon apresentou baixos escores de lesão, porém diferenças 
significativas (p <0,05) foram observadas. O único órgão que apresentou diferença 
significativa (p <0,05) entre os três grupos foi o jejuno. Nos testículos escores 
lesionais significativos foram encontrados em ambos os grupos. Nossos resultados 
mostram que o veneno crotálico tem um efeito deletério em todos os sistemas 
orgânicos. Ao abordar um paciente com suspeita de picada de cascavel, o clínico 
deve considerar variações nos sinais clínicos em virtude da composição, bem como 
diferenças no desempenho de cada subespécie em diferentes tecidos. Os dados 
obtidos em nosso estudo fornecem subsídios para novas pesquisas sobre a 
toxicidade do veneno crotálico das diferentes subespécies do gênero Crotalus 
durissus. 
 
Palavras-chave: Escores Lesionais, Cascavéis e Histopatologia 

  



 
 

ABSTRACT 
 

Comparative study of the effects of the raw venom of snakes Crotalus durissus 
terrificus (Laurenti, 1768) and Crotalus durissus collilineatus (Amaral, 1926) on 
tissue injury caused by experimental intoxication in wistar rats 
 
Crotalus durissus is the only species of the genus that inhabits Brazil and is 
responsible for the highest number of deaths from ophidian accidents. Crotalic 
venom is a complex mixture of active proteins, enzymes, toxins, and polypeptides. 
These components have neurotoxic, myotoxic, nephrotoxic, hepatotoxic and 
coagulant actions, however, studies show variations in the effects of the poison. The 
objective of this study was to quantify, characterize and differentiate the systemic 
tissue lesions produced by venom of Crotalus durissus terrificus and Crotalus 
durissus collilineatus snakes in Wistar rats. Male Wistar rats (n = 60) were used. The 
animals were allocated into three groups (n = 20 each): Control Group (CG); C. 
durissus terrificus group (CdtG); and C. durissus collilineatus group (CdcG). After 
euthanasia, brain, lung, heart, liver, jejunum, colon, spleen, kidneys, skeletal muscle 
and testes were collected for histopathological analysis and a lesion score per animal 
was established. In the central nervous system, significant lesion scores (p <0.05) 
were observed in the CdcG and CdtG. The highest lesion score was observed in the 
CdtG. In muscle tissue, the CdcG presented a higher lesion score in the heart, 
whereas in the skeletal muscle the highest score was found in the CdtG. In the 
kidney, significant lesions were observed in the CdcG and CdtC with the highest 
mean lesion score in the CdcG. The highest hepatic injury score was in the CdtG. In 
the lungs, a higher lesion score was observed only in the CdcG. In the spleen, low 
lesion scores were evidenced. In the intestines, the colon presented low lesion 
scores, but significant differences (p <0.05) were observed. The only organ that 
presented significant differences (p <0.05) between the three groups was the 
jejunum. In the testis, significant lesion scores were found in both groups (p<0,05). 
Our results show that crotalic venom has a deleterious effect on all organic systems. 
When addressing a patient whit a suspected rattlesnake bit, the clinician should 
consider variations in clinical signs by virtue of the composition as well as differences 
in the performance of each subspecies in different tissues. The data obtained in our 
study provide subsidies for new research on the toxicity of crotalic venom of the 
different subspecies of the genus Crotalus durissus. 
 
Keywords: Lesion Score, Rattlesnake and Histopathology. 
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SUMMARY 18 

Crotalus durissus snakes are responsible for the highest number of snakebite deaths 19 

in Brazil and countries in South and Central America. Crotalic venom is a complex 20 

mixture of active proteins, enzymes, toxins, and polypeptides. These components 21 

have neurotoxic, myotoxic, nephrotoxic, hepatotoxic and coagulant actions, however, 22 

studies show variations in the effects of the poison. The objective of this study was to 23 

quantify the systemic tissue lesions produced by venom of Crotalus durissus 24 

terrificus and Crotalus durissus collilineatus snakes in Wistar rats. Wistar males were 25 

divided into three groups (n = 20 each): Control Group (CG); C. durissus terrificos  26 

group (CdtG); and C. durissus collilineatus group (CdcG). After euthanasia, brain, 27 

lung, heart, liver, jejunum, colon, spleen, kidneys and skeletal muscle were collected 28 

for histopathological analysis and a lesion score per animal was established. 29 

Circulatory changes, inflammatory, degenerative and necrotic processes were found 30 

in the tissues analyzed. Cdt venom presented higher lesion scores in brain, skeletal 31 

muscle, liver and spleen. More severe lesions caused by Cdc venom were found in 32 

the heart, kidneys, lung, jejunum, and colon. Our results show that crotalic venom 33 

has a toxic effect on all organic systems. When addressing a patient with a 34 

suspected of rattlesnake bit, the clinician should consider variations in clinical signs 35 

by virtue of the composition as well as differences in the performance of each 36 

subspecies in different tissues. The data obtained in our study provide subsidies for 37 

new research on the toxicity of crotalic venom of the different subspecies of the 38 

genus Crotalus durissus as well as other vipers with similar venom composition. 39 

KEY WORDS: Lesion Score, Rattlesnake and Histopathology. 40 

 41 

 42 
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INTRODUCTION 43 

Crotalus durissus is responsible for the highest number of deaths due to ophidian 44 

accidents, constituting a problem both in public health and animal production, with 45 

more than 27.000 notifications registered in Brazil in 2014 [1-3]. This species is 46 

divided into seven subspecies of which Crotalus durissus terrificus (Cdt) and Crotalus 47 

durissus collilineatus (Cdc) stand out as they inhabit areas of greater population 48 

density in Brazil [4-6]. Crotalic venom is a complex mixture of active proteins, 49 

enzymes, toxins, and polypeptides. These components have neurotoxic, myotoxic, 50 

nephrotoxic, hepatotoxic and coagulant actions, however, studies show variations in 51 

the effect of venom according to subspecies, diet, habitat and the age of the snakes 52 

[3, 7-10]. 53 

The aim of this study was to quantify and qualify the systemic tissue lesions 54 

produced by the venom of the snakes Crotalus durissus terrificus and Crotalus 55 

durissus collilineatus in Wistar rats. 56 

 57 

MATERIALS AND METHODS 58 

Ethics Statements  59 

This research was approved by the Ethics Committee and for Use of Animals (CEUA) 60 

of our institution in accordance with the National Council of Control and Animal 61 

Experimentation of Brazil (CONCEA), protocol nº 3220. 62 

Animals 63 

Sixty six-month-old male Wistar rats (350g) were used in the present study. The 64 

animals were housed in a ventilated environment in clean and sanitized cages with 65 

free access to food and water ad libitum, under a 12-h light: 12-h dark cycle and 66 

controlled temperature (22±2 Cº). 67 



13 
 

 68 

Venoms 69 

Crotalus durissus terrificus and Crotalus durissus collilineatus lyophilized samples 70 

were kept frozen at -20ºC until the moment of use and reconstitution was performed 71 

at the concentration of 1.0mg / kg with saline solution 0.9%, according previous 72 

studies [12]. The venom management was in accordance with WHO Guidelines for 73 

the Production Control and Regulation of Snake Antivenom Immunoglobulins [13]. 74 

Experimental Procedures 75 

The animals were submitted to the following treatments (20 rats/treatment): Control 76 

group (CG) inoculated with saline solution 0,9% intramuscularly; C. durissus terrificus 77 

group (CdtG) inoculated with 1,0mg/Kg of venom intramuscularly; and, C. durissus 78 

collilineatus group (CdcG) inoculated with 1,0mg/Kg of venom intramuscularly. The 79 

animals remained intoxicated for six hours according to previous clinical studies [14] 80 

and were subsequently submitted to inhalation anesthesia with isoflurane to induce 81 

unconsciousness verified by the absence of tail, interdigital and corneal reflexes and 82 

then euthanized by exsanguination [15]. 83 

Histological Assessment 84 

After euthanasia, samples of brain, lung, heart, liver, jejunum, colon, spleen, kidneys, 85 

and skeletal muscle were collected and fixed in 10% buffered formalin solution, 86 

dehydrated in alcohols and embedded in paraffin. Sections of 3 µm were stained with 87 

Hematoxylin and Eosin (H&E), Masson trichrome and Periodic Acid-Schiff (PAS) for 88 

histopathological evaluation. 89 

Histopathological analyzes were performed throughout the histological section. A 90 

histological score adapted from previous studies [16-18] was used to compare 91 

morphological changes and lesions between the treatments (Table 1). 92 



14 
 

Table – 1: Lesion score-endpoint* used to evaluate histologic lesions in rats 93 
experimentally inoculated with Crotalus durissus terrificus or Crotalus durissus 94 
collilineatus venom 95 
 96 

Tissue Type of Lesion Severity Factor Maximal Score 
Brain Red Neuron 3 45 
 Gliosis 2  
 Central Chromatolysis 3  
 Malacia 3  
 Wallerian degeneration 2  
 Congestion 2  
Lung Alveolar edema 2 21 
 Congestion 2  
 Interstitial inflammatory infiltrate 2  
 Hemorrhage 1  
Heart  Congestion 2 45 
 Inflammatory infiltrate 2  
 Interstitial edema 2  
 Hemorrhage 2  
 Myocyte degeneration  2  
 Myocyte hypertrophy 2  
 Necrosis 3  
Liver Apoptosis 2 36 
 Cytoplasmic vacuolation 1  
 Disorganization of hepatocytes 

cords 
1  

 Inflammatory infiltrate 2  
 Megalocytosis 2  
 Nuclear vacuolations 1  
 Necrosis 3  
Jejunum Cubic enterocyte 1 

39 

 Enterocyte vacuolation 2 
 Interstitial edema 2 
 Lymphatic vessel dilatation 1 
 Villi apical necrosis 3 
 Villus fusion 2 
 Villus flattening 2 
Colon Cubic enterocyte 2 

24  Interstitial edema 2 
 Lymphatic vessel dilatation 1 
 Necrosis  3 
Spleen Apoptosis 1 36 
 Germinal center depletion 1  
 Germinal center proliferation      1  
 Histiocytosis 2  
 Inflammatory Infiltrate 2  
 Mitosis 1  
 Necrosis 3  
 Reactivity 1  
Kidneys Congestion 1 

33 

 Cytoplasmic vacuolation 1 
 Inflammatory infiltrate 2 
 Hemorrhage 2 
 Necrosis 3 
 Nuclear vacuolation 1 
 Tubular casts 1 
Skeletal 
muscle 

Congestion 2 45 

 Inflammatory infiltrate 2  
 Interstitial edema 2  
 Hemorrhage 2  
 Myocyte degeneration  2  
 Myocyte hypertrophy 2  
 Necrosis 3  
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*The score for each lesion was obtained by multiplying the severity factor by the 97 
extent of the lesion. The organ score was then obtained through the sum of each 98 
lesion score. Severity factor (degree of severity): 1-mild lesions, 2-moderate lesions 99 
and 3-severe lesions. The extent of each lesion (intensity or observed frequency) 100 
was evaluated and scored as 0-no lesion, 1-low extent (25% of the tissue affected), 101 
2-intermediate extent (50% of the tissue affected) and 3- large extent (75% or more 102 
of the tissue affected). 103 

Statistical Analysis. 104 

The normality and homogeneity of data ware previously analyzed using the Shapiro-105 

Wilk and Bartlett tests respectively. When these two assumptions were met, the 106 

analysis of variance (ANOVA) with Duncan’s test contrast was used to determinate 107 

statistical differences between groups Statistical significance was set at P>0.05 [19]. 108 

 109 

RESULTS 110 

Six hours after venoms exposure, the rats presented discrete to severe histological 111 

lesion compared with the control (Table 2). 112 

Table – 2: Lesion scores obtained in different tissues of Wistar rats inoculated 113 
with Crotalus durissus collilineatus or Crotalus durissus terrificus venom. 114 

Tissue Control CdcG Cdt 
Brain 3.04±1.62a 9.63±6.01b 14.10±0.85b 
Skeletal muscle 0.70±0.97a 12.0±4.51b 14.88±2.2b 
Heart 6.90±1.65a 13.58±3.74b 11.75±3.40b 
Kidney 2.42±0.60a 13.78±3.58b 11.50±2.46b 
Liver 3.68±0.67a 10.63±1.46b 13.72±2.96b 
Lung 4.20±1.70a 9.05±2.14b 3.60±2.01a 
Spleen 1.12±0.34a 3.35±0.93b 3.47±1.12b 

Jejunum 0.10±0.30a 10.47±2.96b 7.47±2.91c 
Colon 0.85±0.93a 4.88±2.11b 4.64±2.34b 
Different letters on the same line (a,b and c) denote significant differences (p<0.05); 115 
CdcG: Crotalus durissus collilineatus group; CdtG: Crotalus durissus terrificus 116 
group. 117 

 118 

In the central nervous system, significant lesion scores (p <0.05) were observed in 119 

the CdcG and CdtG groups in relation to the control group. The lesions presented a 120 

discrete distribution characterized by Wallerian degeneration, red neurons, central 121 

chromatolysis, gliosis and congestion (Figure 1A). 122 
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In the muscle tissue (heart and skeletal muscle), the CdcG group presented a higher 123 

lesional score-endpoint in the heart whereas in the skeletal muscle tissue the highest 124 

score was found in the CdtG group. In the CdcG and CdtG groups the lesions in the 125 

heart observed were inflammatory infiltrate with mononuclear predominance, 126 

interstitial edema, hemorrhagic foci, degeneration and myocyte necrosis with discrete 127 

distribution (Figures 1B and 1C). 128 

In the renal parenchyma, the most frequent lesions were degeneration and tubular 129 

necrosis followed by circulatory changes (vascular congestion and hemorrhage) and 130 

nuclear vacuolization (Figure 1D). 131 

In the liver, the main histological lesions were cytoplasmic vacuolization, hepatocyte 132 

cord disruption, nuclear vacuolization and coagulation necrosis (Figure 1E). In the 133 

lungs, an elevated lesional score-endpoint was observed only in the Cdc group. The 134 

changes with moderate distribution in the CdcG constituted circulatory changes such 135 

as vascular congestion and hemorrhage (Figure 1F). 136 

Low lesion score-endpoints were observed in the spleen, however, significant 137 

differences (p <0.05) were observed in the CdcG and CdtG groups in relation to the 138 

control group. Only germinal center depletion was evidenced with discrete intensity 139 

(Figure 1G). 140 

In the intestines, the colon presented low lesion scores, however, significant 141 

differences (p <0.05) were observed between the CdcG and CdtG when compared to 142 

the CG. In this organ, only necrosis and dilatation of lymphatic vessels with discrete 143 

distribution were observed in both inoculated groups (Figure 1H). In this experiment, 144 

the only organ that presented significant differences (p <0.05) between the three 145 

groups was the jejunum. The CdcG group presented a higher lesional score-endpoint 146 

with lesions in the villi (apical necrosis, flattening and fusion of villi), dilatation of 147 
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lymphatic vessels and cubic enterocytes. In the CdtG group, only villous changes 148 

and dilation of lymphatic vessels were observed (Figure 1I). 149 

 150 

 151 

Figure 1: Photomicrographs of different tissues of Wistar rats inoculated with 152 
snake venom Crotalus durissus sp. (H&E, Bar 100 µm) (A) Brain (CdtG) 153 
showing red neurons (black arrow); (B) Heart (CdcG). Hemorrhagic areas 154 
(black arrow); (C) Skeletal muscle (CdtG). Interstitial mononuclear inflammatory 155 
infiltrate (black arrow) and fibers with coagulation necrosis (red arrow); (D) 156 
Kidney (CdcG). Areas with hemorrhage and tubular cells with pyknotic nuclei 157 
and karyolysis; (E) Liver (CdtG) showing marked cytoplasmic vacuolization and 158 
pyknotic nuclei; (F) Lung (CdcG) with marked circulatory changes (black arrow); 159 
(G) Spleen (CdtG) with discrete lymphoid germinal center depletion (black 160 
arrow); (H) Large intestine (CdcG) showing dilatation of lymphatic vessel (black 161 
arrow); (I) Small intestine (CdcG) showing fusion of the villi (black arrow). 162 
 CdcG = Crotalus durissus collilineatus group; CdtG = Crotalus durissus 163 
terrificus Group. 164 

 165 

 166 
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DISCUSSION 167 

Studies involving the toxic effects of venom have been performed in isolated organs 168 

such as kidney and liver [7,9,20,21], or only in fractions such as crotamine, crotoxin 169 

or LAAO (L-amino acid oxidase) [8,10,22-25]. 170 

Crotamin is a major component of crotalic venom and has demonstrated toxicity and 171 

proinflammatory activity nervous and systemic [24]. In addition, preliminary studies 172 

indicate that thrombin-like enzyme isolated from Crotalus durissus terrificus venom 173 

induces in vivo neurotoxicity resulting morphological and behavioral in brain tissue 174 

[26]. These effects are consistent with the tissue lesions found. The C.d. terrificus 175 

venom resulted in late-to-endpoint scores above those of C. d. collilineatus. This 176 

corresponds to the low peripheral toxicity caused by the action of the crotamine-177 

negative fraction present in the venom of C. d. collilineatus where this fraction is 178 

responsible for analgesia in cases of accidents with this subspecies [21]. The 179 

muscular lesions in crotalic accidents are caused by the association of crotoxin-simile 180 

and phospholipase A2 (PLA2), being present in the venom of all subspecies [6,8]. 181 

Crotamine also acts on muscle degradation by presenting the capacity of cellular 182 

penetration and modifying cellular functions, mainly from mitochondria [28,29]. In our 183 

study, we demonstrated muscle lesions with higher lesion scores in animals 184 

inoculated with the venom of C. d. collilineatus, although elevated lesion scores were 185 

also shown in animals inoculated with venom of C. d. terrificus.  186 

Controversial findings of the inoculated venoms were observed in the heart, in which, 187 

greater lesions were seen in the animals inoculated with venom of C. d. collilineatus. 188 

These results indicate that cardiac lesions could be associated with lung lesions, 189 

since only the animals of the CdcG group demonstrated alterations in the lungs. 190 

Pulmonary changes in ophidian accidents are poorly described in the literature, 191 
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studies with the subspecies C.d. cascavela have shown that the action of crotamine 192 

with PLA2 can induce circulatory changes in the lungs [29]. Our results reveal the 193 

differences between the subspecies studied suggesting further studies are necessary 194 

on the respiratory dynamics in the crotalic poisoning of different subspecies. 195 

In the liver, hepatotoxicity from the venom of C. d. terrificus occurs as a consequence 196 

of vascular lesions resulting in increased serum hepatic enzymes and structural 197 

damage [9]. The results obtained in the present study indicate that the difference in 198 

venom composition may have direct effects on hepatocytes, since the CdtG 199 

presented a higher lesional score-endpoint  can due the greater intensity in the 200 

injured hepatocytes. Our results associated with previous studies may suggest that 201 

these morphological changes are due to the actions of crotamine in mitochondria, 202 

which depending on the concentration and time of exposure may induce apoptosis or 203 

result in cell death through oxidative stress [22,28,30].  204 

The majority of deaths due to crotalic accidents are attributed to acute renal failure 205 

caused by venom. Studies indicate that acute renal failure results from the effects of 206 

crotamine on the glomeruli together with changes in renal hemodynamics and 207 

vascular changes with decreased blood flow [20,21]. In both inoculated groups, high 208 

lesion scores were observed, being more pronounced in the animals inoculated with 209 

Crotalus durissus collilineatus venom. Studies have shown that Crotalus durissus 210 

collilineatus venom induces direct and indirect morphofunctional changes in the 211 

kidneys due to the synergism of crotoxin and PLA2 and the release of other 212 

substances such as myoglobin [31]. As shown in our results, there are significant 213 

differences between the subspecies, indicating that the composition of the venom 214 

directly influences the renal damages. 215 
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As described previously, crotalic venom has a broad performance in different organ 216 

systems due to its complex composition, which results in nonspecific clinical signs 217 

that make diagnosis difficult [3]. This study reports splenic and intestinal 218 

morphological changes caused by crotalic poisoning by the subspecies C. d. 219 

terrificus and C. d. collilineatus previously not described in the literature, noting 220 

significant differences between subspecies were detected in the small intestine. In 221 

the spleen, we may suggest that the changes are due to the suppressive action of 222 

crotamine demonstrated by previous studies [32].  223 

 224 

CONCLUSION 225 

In conclusion, our results show that crotalic venom has a deleterious effect on all 226 

organ systems. When approaching a patient with a suspected rattlesnake bite, the 227 

medical clinician should consider variations in clinical signs by virtue of composition 228 

as well as differences in the performance of each subspecies in different tissues. The 229 

data obtained in our study provide subsidies for new research on the toxicity of 230 

crotalic venom of the different subspecies of the genus Crotalus durissus. 231 
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Acute testicular toxicity of Crotalus durissus terrificus and Crotalus durissus 26 

collilineatus venom in Wistar rats: A histological comparative study 27 

ABSTRACT: 28 

The species Crotalus durissus is responsible for the highest number of deaths due to 29 

ophidian accidents. Although widely researched, there are no studies on the effects 30 

of crotalic venom on the tissue morphology of the male reproductive system. Crotalus 31 

durissus terrificus and Crotalus durissus collilineatus crotalic venom  (1.0 mg / kg) 32 

resulted in significant tissue damage (p <0.05), mainly cytoplasmic vacuolization, 33 

basement membrane changes and spermatogonia necrosis. In conclusion, our 34 

results show that spermatogenesis is compromised by tissue damage caused by 35 

crotalic poisoning. 36 

Keywords: Rattlesnakes; lesional score, spermatogenesis. 37 

 38 

The species Crotalus durissus is the only one of the genus in South America, being 39 

found from Mexico to the North of Argentina. In Brazil, seven sub-species are found; 40 

Crotalus durissus terrificus, Crotalus durissus collilineatus, Crotalus durissus 41 

cascade, Crotalus durissus ruruima, Crotalus durissus marajoensis, Crotalus 42 

durissus dryinus and Crotalus durissus trigonicus (Uetz, 2006), which inhabit dry, 43 

sandy, rocky and rarely coastal areas (Houos and Almeida-Santos, 2016). The 44 

venom is a complex mixture of biologically active proteins, enzymes, toxins, and 45 

polypeptides that exhibits variation in toxic activity and composition both among 46 

subspecies and among individuals of the same subspecies due to variations in diet, 47 

habitat and age (Boldrini-França et al., 2010; Dos Santos, 2014; França et al., 2009; 48 

Lourenço et al., 2013; Oliveira et al., 2018). Studies show that crotalic venom has 49 

neurotoxic, coagulant, myotoxic, nephrotoxic, and hepatotoxic actions (Albuquerque 50 
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et al., 2013; Fernandes, 2008; França et al., 2009), in animals and humans, however, 51 

the deleterious effects on the tissue morphology of the gonads are unknown. 52 

Additionally, epidemiological data and governmental statistics indicate that crotalic 53 

accidents are responsible for the highest number of deaths in humans and animals 54 

(Bastos et al., 2005; Brasil, 2015; Estrada et al., 2014). Due to the complexity and 55 

variation of the composition of the crotalic venom, the objective of the present study 56 

was to evaluate the effents on tissue in the testes of rats, comparing two subspecies 57 

of Crotalus durissus. 58 

Sixty male rats ninety days old, of the Wistar lineage were used. The animals were 59 

kept in in an environment with a controlled temperature (22±2 Cº) and light / dark 60 

cycle of 12 hours. All protocols and behaviors involving the animals of the present 61 

study were approved by the Ethics Committee on the Use of Animals under protocol 62 

number 3220 (UNOESTE-Brazil). 63 

Lyophilized samples of venoms of Crotalus durissus terrificus and Crotalus durissus 64 

collilineatus were kept frozen at -20º C until the moment of use. 65 

The animals were randomly assigned to three treatments (n = 20): Control Group 66 

(CG) inoculated with 0.9% saline solution intramuscularly; Crotalus durissus terrificus 67 

(Cdt) inoculated with 1.0 mg / kg of venom intramuscularly and Crotalus durissus 68 

collilineatus (Cdc) inoculated with 1.0 mg / kg of venom (Motta et al. 2009). Six hours 69 

after inoculation, according clinical previous studies (Mise et al. 2018), the animals 70 

were euthanized by inhalation of anesthesia with isoflurane and subsequent 71 

exsanguination. 72 

The testes were collected and fixed in 10% buffered formalin solution for 48 hours. 73 

The tissue samples were embedded in paraffin and the blocks were cut in a semi-74 
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automated microtome than 3 μm sections were stained with Hematoxylin and Eosin 75 

(HE) and Periodic Acid Schff (PAS). 76 

For histopathological evaluation, a testicular histological score was used. (Gibson-77 

corley et al., 2013; Mann et al., 2012). The testicular lesion score was obtained by 78 

multiplying the severity factor by the extent of the lesion. The organ score was then 79 

obtained by the sum of each lesion score. The severity factor (degree of severity) 80 

was assessed as: 1-mild lesions, 2-moderate lesions and 3-severe lesions. The 81 

extent of each lesion (intensity or observed frequency) was evaluated and scored as 82 

0-no lesion, 1-low extent (25% of the tissue affected), 2-intermediate extent (50% of 83 

the tissue affected) and 3- large extent (75% or more of the tissue affected). Vascular 84 

congestion (Severity factor = 1), interstitial edema (Severity factor = 1), basal 85 

membrane integrity (Severity factor = 2), sperm cells cytoplasmic vacuolization 86 

(Severity factor = 2) and sperm cells necrosis (Severity factor =  3) were considered 87 

to determine the maximum lesional score. 88 

The data obtained were evaluated for normality and homogeneity by the Shapiro-89 

Wilk and Bartlett tests, respectively. Subsequently, a non-parametric analysis of 90 

variance (ANOVA) was performed using the Kruskal-Wallis test with Dunn's test to 91 

determine the differences between the groups, with a significance level of 5% (p 92 

<0.05) (Dinno, 2017). All analyzes were performed with Software R Studio (Version 93 

3.4.0) (R Core Team, 2017). 94 

The testes (right and left) of the control, Cdc, and Cdt rats were collected and 95 

submitted to histopathological evaluation. Animals of the control group presented 96 

only mild peripheral interstitial edema and mild vascular congestion. Higher lesional 97 

score were observed in the Cdt, and Cdc when compared with the control group (Fig. 98 

1).  99 
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 100 

 101 

Figure – 1: Median of the lesion score-endpoint of the testis of rats inoculated with 102 
crotalic venom. The line in the center denotes the median, the upper and lower edges 103 
indicate the interquartile deviation and the outside lines indicate the maximum and 104 
minimum values. Equal letters (a) do not differ from each other (P> 0.05).  105 

 106 

In groups of poisoned animals, cytoplasmic vacuolization was observed in more than 107 

75% of the tubules. The integrity of the basement membrane (Fig. 2) was affected in 108 

approximately 50% of the tubules, as well as the frequency of spermatogonia 109 

necrosis. Peripheral interstitial edema and discrete vascular congestion were also 110 

observed in the Cdt and Cdc. 111 

 112 

Figure – 2: A: Seminiferous tubules, in A (Cdc) and B (Cdt) It is observed a basal 113 
membrane with irregular contour and weakly stained (arrow) (PAS, 400x). C (CG) 114 
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Seminiferous tubules with preserved and strongly stained basement membrane 115 
(PAS, 400x). 116 

 117 

Our results confirm those of a previous study (Fernandes et al., 2018) that 118 

demonstrated that the venom of Crotalus durissus sp. affects spermatogenesis 119 

resulting in increased morphological abnormalities and decreased sperm 120 

concentration. 121 

The effects of crotalic venom have been widely studied in recent decades and 122 

significant advances have been reported in both toxic tissue action (Dos-santos, 123 

2014) and the pharmaceutical use of substances that make up the venom such as 124 

crotamine (Batista da Cunha et al., 2018). The present study, in spite of all the 125 

investigations involving the actions and uses of rattlesnake venom of the species 126 

Crotalus durissus, is the first to describe the tissue damages caused in the testicles. 127 

Tissue lesions in the testicles by toxic agents may act by breaking the blood-128 

testicular barrier, inducing exfoliation of germ cells (Gao et al., 2016) or degenerative 129 

and necrotic processes of spermatogonia (Tabassum et al., 2017). Among the 130 

components of crotalic venom, crotoxin has edematogenic, inflammatory and 131 

necrotizing action and phospholipase (PLA2) presents important cytotoxic potential 132 

(Silva et al., 2012). In our study, the control group (CG) exhibited normal 133 

spermatogenesis, with an intact basement membrane and the presence of all cells of 134 

the spermatogenic lineage, as well as spermatozoids in the tubular lumen. In the 135 

poisoned groups (Gdc) and (Gct), degenerative and necrotic processes were 136 

observed at the same intensity (p> 0.05), indicating the effects of the crude venom on 137 

the testicular tissue. 138 

In the testicles, toxic agents penetrate the seminiferous tubules through a selective 139 

influx from the apical complex, acting rapidly on the cytoskeletal actin (Su et al., 140 
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2011). As observed in our results, the dose used and short time period (1mg/Kg for 141 

six hours) demonstrated that crotalic venom demostrates the properties of breaking 142 

the hematopoietic barrier and affecting spermatogenesis.  143 

The mechanisms involved in the degenerative and necrotic processes of 144 

spermatogonia may be associated with the penetrating capacity of crotamine, leading 145 

to damage to mitochondrial membranes (Batista da Cunha et al., 2018). In addition, 146 

exposure time and venom concentration are directly related to clinical severity (Mise 147 

et al., 2018), and may induce apoptosis or necrosis through the release of 148 

cytochrome C, oxidative stress and disruption of ATP synthesis (da Silva et al., 2018; 149 

Yan et al., 2006). 150 

Ischemic injuries result in severe testicular lesions leading to the detachment of 151 

Sertoli cells from the basal membrane and degeneration of spermatogonia (Yazama 152 

et al., 2015). In addition, crotamine is a fraction of the crotalic venom that promotes 153 

platelet aggregation (Batista da Cunha et al., 2018), and in this context, vascular 154 

events should be considered as adjuvants in testicular injury caused by crotalic 155 

poisoning, since this polypeptide is present in the venom of Crotalus durissus 156 

terrificus and Crotalus durissus collilineatus (Oliveira et al., 2018). 157 

This study concludes that exposure to venom of the subspecies Crotalus durissus 158 

terrificus and Crotalus durissus collilineatus induced acute testicular toxicity and 159 

reduced spermatogenesis, indicating the need to monitor the fertility of humans and 160 

animals. 161 

Acknowledgements: Universidade do Oeste Paulista for financial support (Protocol: 162 
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Data references  

This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
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published article. 
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about available data visualization options and how to include them with your article. 

Supplementary material  

Supplementary material such as applications, images and sound clips, can be 
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descriptive caption for each supplementary file. If you wish to make changes to 
supplementary material during any stage of the process, please make sure to provide 
an updated file. Do not annotate any corrections on a previous version. Please switch 
off the 'Track Changes' option in Microsoft Office files as these will appear in the 
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make a statement about the availability of your data when submitting your 
manuscript. If you are sharing data in one of these ways, you are encouraged to cite 
the data in your manuscript and reference list. Please refer to the "References" 
section for more information about data citation. For more information on depositing, 
sharing and using research data and other relevant research materials, visit 
the research data page. 

Data linking  

If you have made your research data available in a data repository, you can link your 
article directly to the dataset. Elsevier collaborates with a number of repositories to 
link articles on ScienceDirect with relevant repositories, giving readers access to 
underlying data that gives them a better understanding of the research described. 
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There are different ways to link your datasets to your article. When available, you can 
directly link your dataset to your article by providing the relevant information in the 
submission system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to 
your published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the text 
of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN). 

Mendeley Data  

This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, and 
methods) associated with your manuscript in a free-to-use, open access repository. 
During the submission process, after uploading your manuscript, you will have the 
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets 
will be listed and directly accessible to readers next to your published article online. 

For more information, visit the Mendeley Data for journals page. 

Data statement  

To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your 
data is unavailable to access or unsuitable to post, you will have the opportunity to 
indicate why during the submission process, for example by stating that the research 
data is confidential. The statement will appear with your published article on 
ScienceDirect. For more information, visit the Data Statement page. 

 

 

Use of the Digital Object Identifier  
The Digital Object Identifier (DOI) may be used to cite and link to electronic 
documents. The DOI consists of a unique alpha-numeric character string which is 
assigned to a document by the publisher on initial electronic publication. The 
assigned DOI never changes. Therefore, it is an ideal medium for citing a document, 
particularly 'Articles in press' because they have not yet received their full 
bibliographic information. Example of a correctly given DOI (in URL format; here an 
article in the journal Physics Letters B): 
http://dx.doi.org/10.1016/j.physletb.2010.09.059 
When you use a DOI to create links to documents on the web, the DOIs are 
guaranteed never to change. 

Proofs  
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Instructions on how to annotate PDF files will accompany the proofs (also given 
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If you do not wish to use the PDF annotations function, you may list the corrections 
(including replies to the Query Form) and return them to Elsevier in an e-mail. Please 
list your corrections quoting line number. If, for any reason, this is not possible, then 
mark the corrections and any other comments (including replies to the Query Form) 
on a printout of your proof and scan the pages and return via e-mail. Please use this 
proof only for checking the typesetting, editing, completeness and correctness of the 
text, tables and figures. Significant changes to the article as accepted for publication 
will only be considered at this stage with permission from the Editor. We will do 
everything possible to get your article published quickly and accurately. It is important 
to ensure that all corrections are sent back to us in one communication: please check 
carefully before replying, as inclusion of any subsequent corrections cannot be 
guaranteed. Proofreading is solely your responsibility. 

Offprints and PDF files  

Authors submitting a manuscript do so on the understanding that if it is accepted for 
publication, exclusive copyright in the paper shall be assigned to the Publisher. In 
consideration for the assignment of copyright, the Publisher will supply 25 offprints of 
each paper or a PDF file of the article via e-mail. The PDF file is a watermarked 
version of the published article and includes a cover sheet with the journal cover 
image and a disclaimer outlining the terms and conditions of use. Further paper 
offprints may be ordered at extra cost at the proof stage. 
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• retain patent and trademark rights and rights to any processes or procedure 
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• include the article in full or in part in a thesis or dissertation (provided that this is not 
to be published commercially) 

• use the article or any part thereof in a printed compilation of your works, such as 
collected writings or lecture notes (subsequent to publication of your article in the 
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• prepare other derivative works, to extend the article into book-length form, or to 
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otherwise re-use portions or excerpts in other works, with full acknowledgement of its 
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