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Material and Methods

Venom and reagents
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Table 1. Time to 50% blockade by Bothrops
neuwiedii pauloensis venom of twitches elicited
by field stimulation in chick biventer cervicis prepa-
rations.

Concentration Time to 50% N
(µg/ml) blockade (min)

1 >120 3
5 64.5 ± 4.3 4

10 46.5 ± 3.5 4
50 30.7 ± 3.0 3

100 24.0 ± 4.2 3

The venom concentration of 20 µg/ml (N = 7) was
not included in the Table because its effect was
not significantly different from those obtained with
the other concentrations. Data are reported as the
mean ± SEM of the number of experiments (N)
shown. All of the data reported in the Table were
significantly different from each other (P<0.05,
(Student t-test).
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Figure 1. Effect of low concentrations of Bothrops neuwiedii pauloensis venom (1, 5 and 10 µg/ml) on chick biventer cervicis nerve-muscle preparations
at 37�C. A, Concentration-time response curves for the neuromuscular blocking activity of the venom compared to Krebs solution alone (control). Each
point represents the mean ± SEM of 3-6 experiments. B, Twitch-tension responses by a control (Krebs solution alone) preparation. C and D, Venom-
treated preparations (5 and 10 µg/ml, respectively). B.n. pauloensis venom was added (arrow) after allowing the preparations to stabilize for 15 min.
Note the contracture induced by 10 µg of venom/ml. The responses to exogenous 110 µM acetylcholine (triangles) and 13.4 mM KCl (circles) were
obtained before and after the addition of venom. These results are representative of 3-6 experiments per venom concentration. *P<0.05 compared to
the control preparations (Student t-test).
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Figure 2. Effect of high concentrations (50-100 µg/ml) of Bothrops neuwiedii pauloensis venom on chick biventer cervicis preparations at 37�C. A,
Concentration-time response curves for the neuromuscular blocking activity of the venom compared to Krebs solution alone (control). Each point
represents the mean ± SEM of 3-6 experiments. B and C, Venom-treated preparations (50 and 100 µg/ml, respectively). B.n. pauloensis venom was
added (arrow) after allowing the preparations to stabilize for 15 min. Note that the contractions induced by the venom were concentration dependent.
The responses to exogenous 110 µM acetylcholine (triangles) and 13.4 mM KCl (circles) were obtained before and after the addition of venom. These
results are representative of 3-4 experiments per venom concentration. *P<0.05 compared to the control preparations (Student t-test).
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Figure 5. Effect of Bothrops neuwiedii pauloensis
venom on the twitches elicited by direct muscle
stimulation. A and B, Venom-treated chick biven-
ter cervicis preparations at 20 and 50 µg/ml, re-
spectively (arrow, time zero). Direct stimulation
(D) was applied after treatment with d-tubocura-
rine (7.3 µM d-Tc) and after several washes (W)
with Krebs solution. These results are representa-
tive of 3 and 5 experiments for A and B, respec-
tively.

Figure 4. Effect of Bothrops neuwiedii pauloensis venom (50 µg/ml) on chick biventer cervicis preparations at 20-24�C compared to 37�C. A,
Concentration-time response curves for the neuromuscular blocking activity of the venom compared to Krebs solution alone (control) are shown. Each
point represents the mean ± SEM of 3-6 experiments. B, Venom-treated preparations (50 µg/ml) at 37�C. C, A low incubation temperature (20-24�C)
prevented the neuromuscular action of the venom (50 µg/ml). B.n. pauloensis venom was added (arrow) after allowing the preparations to stabilize for
15 min. The responses to exogenous 110 µM acetylcholine (triangles) and 13.4 mM KCl (circles) were obtained before and after the addition of venom.
These results are representative of 3-4 experiments. *P<0.05 compared to the control preparations (Student t-test).

0.5 g

B

C
0 10 20 30 40 50 60 120 min

min

100

60

80

40

20

0

Tw
itc

h-
te

ns
io

n 
(%

)

0 20 40 60 80 100 120

Time (min)

Control

Venom 50 µg/ml at 37�C

A

Venom 50 µg/ml at 20-24�C

0 10 20 30 40 50 60 70 80 90 100 110 120

0.5 g

0 10 90 min

0 10 90

D D W D

D W DD
d-Tc

d-Tc min

A

B



623

Braz J Med Biol Res 36(5) 2003

Neuromuscular activity of B.n. pauloensis snake venom


���� ����������������=!D������������� ��!

������ ������������
�����������������������
2�����=!D�������
���
���
$�
��!
����������
,-�!���
�������
���

����������
���������!
���
��
������ #�� ����
����� ��
�� ���=!D� ���

��� ��
���  ����� ��������� ����
���� ������
	����
�����
������
�������
���
��������
���
����������!��������
�������

������ 
��� ��������� �	� 
��� ���������� 
�
�������
��
��
��
��������
��,-�����$�������
��
�����������	����
���

����$����
������

��
��������
�����������
� �
����������� �� ��
���
�����
���
��
������
�����	���	�������
	�
�
�� ���������	
��

�

� ��������
���������!
������������D!��������
��� �����
�������
��
������
��

������������	����
��������������
2����
� �
������(�!/�� �����-7��,�������C�
5
������ 26�� ������� 26�� ������� 6C�
%� ����� :-�� @������ :7�� 6��������� �� ���
7�����
��!��������;��
��
�����������
�
���
������
��� �������������
������
�
��
������!

�	��
����

�
� ���������

������
���
��
������
��������
������
��	�������
	�
�� ��������������
��
�$�
��
��
� ����������
�����

���������������2����
!
��
�"�����-��
�"���� 
����������
��
�"����	
������������
������
��
�
���� ��������
�����

�����������������������������	�����
�
�������
	����������������	����
���������� ����������

������ ��
������������!�*�����������
��
��

����� ��� $�
�� �
���� ������ P!��
��
�"����
�
������P!�
�����
�"�����1!�G�����
�"�����B��


����"�����)����������
�"
���
�"��������'���#�
��
�������!������������� �!�
����������!
��
������������
�����
����"
������-�������!
���
��
����� P!�
�����
�"��� ������������ ���!
�
����������
����
�������
�������
�����	�
$�
����
����������	����$������������������	�����
�!

������������������������	�����������������
������ ������� '��� ���� 	�����
�
���� �		��
� �	

����� 
�"���� ��� ���������� ��� �!�
����
�������
����� ��� ����������
� �	� ���������!
�����2����
� �
���#�������
���������������
��
�
������	�
$�
���������
���������	��������

	�
��  ����� $��� ������
� �
� �)!�0E-�� ��!

��
��� 
��� ��
���
��
���� ��������� ��
���
������� '�� $��� ������
���� ���� 
����� �����
�������
���������� ��������������
�����	���
!
��
�����������������
�������P!��
��
�"���
�����������
������

����������
�����������
�	�-�������
�������
�������������������
��
�
�������������� 2�!�����
��� ���
�
�
���� �	
����������������������������
������ ��
��!
������������������
�����
� �
���	�P!��
��!

�"���� ��� ��
� �����	����
��� �������
��� $�
�

�����
�"���
����0����

����������
����	���
��
	
����"����������	���
��
�"�����
� �
�������
�
��������
������� ��
����
����
����*��

Acknowledgments

�����

�����
�����@��������������;��
�
	���
��������������
����������#��
�


���

��!

���	������ ������
��� ������������

References

1. Ribeiro LA, Albuquerque MJ, Pires de Campos VAF, Katz G,
Takaokam NY, Lebrão ML & Jorge MT (1998). Óbitos por serpentes
peçonhentas no Estado de São Paulo: avaliação de 43 casos, 1988/
98. Revista da Associação Médica Brasileira, 44: 312-318.

2. Bucaretchi F, Herrera SRF, Hyslop S, Baracat ECE & Vieira RJ (2001).
Snakebites by Bothrops spp in children in Campinas, São Paulo,
Brazil. Revista do Instituto de Medicina Tropical de São Paulo, 43:
329-333.

3. Zamuner SR, Prado-Franceschi J & Rodrigues-Simioni L (1996). The
screening of Bothrops venoms for neurotoxic activity using the
chick biventer cervicis preparation. Toxicon, 34: 314-315.

4. Borja-Oliveira CR, Soares AM, Zamuner SR, Hyslop S, Giglio JR,
Prado-Franceschi J & Rodrigues-Simioni L (2002). Intraspecific varia-
tion in the neurotoxic and myotoxic activities of Bothrops neuwiedii

snake venoms. Journal of Venomous Animals and Toxins, 8: 88-101.
5. Ginsborg BL & Warriner J (1960). The isolated chick biventer cervicis

nerve-muscle preparation. British Journal of Pharmacology, 15: 410-
411.

6. Harvey AL, Barfaraz A, Thompson E, Faiz A, Preston S & Harris JB
(1994). Screening of snake venoms for neurotoxic and myotoxic
effects using simple in vitro preparations from rodents and chicks.
Toxicon, 32: 257-265.

7. Soares AM, Guerra-Sá R, Borja-Oliveira CR, Rodrigues VM,
Rodrigues-Simioni L, Rodrigues V, Fontes MRM, Lomonte B,
Gutiérrez JM & Giglio JR (2000). Structural and functional character-
ization of BnSP-7, a Lys49 myotoxic phospholipase A2 homologue
from Bothrops neuwiedii venom. Archives of Biochemistry and Bio-
physics, 378: 201-209.



624

Braz J Med Biol Res 36(5) 2003

C.R. Borja-Oliveira et al.

8. Vidal JC, Badano BN, Stoppani AO & Boveris A (1966). Inhibition of
electron transport chain by purified phospholipase A from Bothrops
neuwiedii venom. Memórias do Instituto Butantan, 33: 913-920.

9. Daniele JJ, Bianco ID & Fidelio GD (1995). Kinetic and pharmaco-
logic characterization of phospholipases A2 from Bothrops neuwiedii
venom. Archives of Biochemistry and Biophysics, 318: 65-70.

10. Daniele JJ, Bianco ID, Delgado C, Carrilo DB & Fidelio GD (1997). A
new phospholipase A2 isoform isolated from Bothrops neuwiedii
(yarará chica) venom with novel kinetic and chromatographic proper-
ties. Toxicon, 35: 1205-1215.

11. Geoghegan P, Angulo Y, Cangelosi A, Diaz M & Lomonte B (1999).
Characterization of a basic phospholipase A2-homologue myotoxin
isolated from the venom of the snake Bothrops neuwiedii (yarará
chica) from Argentina. Toxicon, 37: 1735-1746.

12. Brazil OV & Excell BJ (1971). Action of crotoxin and crotactin from
the venom of Crotalus durissus terrificus (South American rattle-
snake) on the frog neuromuscular junction. Journal of Physiology,
212: 34P-35P.

13. Hawgood BJ & Smith JW (1977). The mode of action at the mouse
neuromuscular junction of the phospholipase A-crotapotin complex
isolated from venom of the South American rattlesnake. British
Journal of Pharmacology, 61: 597-606.

14. Chang CC & Lee JD (1977). Crotoxin, the neurotoxin of South
American rattlesnake venom, is a presynaptic toxin acting like beta-
bungarotoxin. Naunyn-Schmiedeberg’s Archives of Pharmacology,
296: 159-168.

15. Hawgood BJ & Santana de Sa S (1979). Changes in spontaneous
and evoked release of transmitter induced by the crotoxin complex
and its component phospholipase A2 at the frog neuromuscular
junction. Neuroscience, 4: 293-303.

16. Chang CC, Chen TF & Lee CY (1973). Studies of the presynaptic
effect of ß-bungarotoxin on neuromuscular transmission. Journal of

Pharmacology and Experimental Therapeutics, 184: 339-345.
17. Strong PN, Goerke J, Oberg SG & Kelly RB (1976). ß-bungarotoxin, a

pre-synaptic toxin with enzymatic activity. Proceedings of the Na-
tional Academy of Sciences, USA, 73: 178-182.

18. Abe T, Alema S & Miledi R (1977). Isolation and characterization of
presynaptically acting neurotoxins from the venom of Bungarus
snakes. European Journal of Biochemistry, 80: 1-12.

19. Harris JB, Karlsson E & Thesleff S (1973). Effects of an isolated toxin
from Australian tiger snake (Notechis scutatus scutatus) venom at
the mammalian neuromuscular junction. British Journal of Pharma-
cology, 47: 141-146.

20. Cull-Candy SG, Fohlman J, Gustavsson D, Lullmann-Rauch R &
Thesleff S (1976). The effects of taipoxin and notexin on the function
and fine structure of the murine neuromuscular junction. Neurosci-
ence, 1: 175-180.

21. Kamenskaya MA & Thesleff S (1974). The neuromuscular blocking
action of an isolated toxin from the elapid (Oxyuranus scutellactus).
Acta Physiologica Scandinavica, 90: 716-724.

22. Su MJ, Coulter AR, Sutherland SK & Chang CC (1983). The presyn-
aptic neuromuscular blocking effect and phospholipase A2 activity of
textilotoxin, a potent toxin isolated from the venom of the Australian
brown snake, Pseudonaja textilis. Toxicon, 21: 143-151.

23. Barnett D, Howden MEH & Spence I (1979). Pre- and postsynaptic
neurotoxins in the venom of the common brown snake (Pseudonaja
t. textilis). Proceedings of the Australian Physiological and Pharma-
cological Society, 10: 240P (Abstract).

24. Lambeau G, Barhanin J, Schweitz H, Qar J & Lazdunski M (1989).
Identification and properties of very high affinity brain membrane-
binding sites for a neurotoxic phospholipase from the taipan venom.
Journal of Biological Chemistry, 264: 11503-11510.

25. Jeng TW & Fraenkel-Conrat H (1978). Chemical modification of
histidine and lysine residues of crotoxin. FEBS Letters, 87: 291-296.


