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Resumo 

 

A dor é uma sensação relacionada a um atual ou potencial dano tecidual, 

podendo estar associada ao sintoma de uma doença ou definida como a própria 

doença, no caso de dor crônica. O tratamento mais recomendado para o alívio 

da dor, principalmente a dor física, são os analgésicos. No entanto, o uso destes 

fármacos apresenta efeitos adversos como tolerância e dependência quando 

utilizados de maneira contínua. Uma das alternativas para o desenvolvimento de 

novos medicamentos é o investimento em estudos de venômica. O presente 

trabalho teve como objetivo isolar e caracterizar uma molécula de baixa massa 

molecular presente no veneno de Crotalus durissus terrificus (C.d.t.) e avaliar 

seu potencial efeito antinociceptivo. Para tanto foram utilizados métodos de 

purificação e isolamento por HPLC-RP seguidos de testes biológicos como o 

teste da formalina, retirada de cauda e rota-rod, a fim de identificar a molécula 

com a respectiva propriedade. Os métodos utilizados para separar os 

componentes de baixa massa foram eficazes e foi possível identificar um 

composto no veneno de C.d.t de massa molecular aproximada de 412 Da, que 

apresentou atividade anti-inflamatória e analgésica por via oral e intraperitoneal. 

Ensaios futuros deverão ser realizados para a sua identificação e mecanismo de 

ação, bem como avaliação de possíveis efeitos tóxicos e colaterais. 

 

 

 

 

 

 

 

 

 



Abstract 

 

Pain is a sensation related to current or potential tissue damage and may 

be associated with the symptom of a disease or defined as the disease itself, in 

the case of chronic pain. The most recommended treatment of pain, especially 

physical pain, is analgesics. However, the use of these medications presents 

adverse effects such as tolerance and dependence when used continuously. One 

of the alternatives for the development of new drugs is to invest in studies of the 

toxinology of animal venoms. The present study aimed to isolate and characterize 

a low molecular weight molecule present in the venom of Crotalus durissus 

terrificus (C.d.t.) and to evaluate its potential antinociceptive effect. For this 

purpose, purification and isolation methods by HPLC-RP were used, followed by 

biological tests such as the formalin test, tail flick and rota-rod, in order to find a 

molecule with the respective property. The methods used to separate the low-

mass components were effective and it was possible to identify a compound in 

the C.d.t venom with an approximate molecular mass of 412 Da, which presented 

anti-inflammatory and analgesic activity by oral and intraperitoneal routes. Future 

tests should be performed to identify its mechanism of action, as well as to 

evaluate possible toxic and side effects. 
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6. Conclusão

Com base nos resultados obtidos, o presente estudo sugere a presença 

de pelo menos um novo composto presente no veneno da serpente Crotalus 

durissus terrificus com efeito antinociceptivo em modelos in vivo diferente do 

que já foi estudado, sendo um possível candidato a tornar-se um 

fármaco. No entanto, ainda restam experimentos exploratórios a serem 

realizados para constatar a real eficácia da molécula, se esta é ausente de 

efeitos tóxicos e qual o seu real mecanismo de ação.

7. Referencias

1. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The

revised International Association for the Study of Pain definition of pain:

concepts, challenges, and compromises. Pain [Internet]. 2020 Jul

16;161(9):1976–82. Available from:

https://doi.org/10.1097/j.pain.0000000000001939

2. Raffaeli W, Arnaudo E. Pain as a disease: an overview. Journal of Pain

Research [Internet]. 2017 Aug 1;Volume 10:2003–8. Available from:

https://doi.org/10.2147/jpr.s138864

https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.2147/jpr.s138864


158 
 

3. Sessle BJ. Unrelieved Pain: A Crisis. Pain Research and Management 

[Internet]. 2011 Jan 1;16(6):416–20. Available from: 

https://doi.org/10.1155/2011/513423 

4. Aguiar DP, De Queiroz Souza CP, Barbosa WJM, Santos-Júnior FFU, De 

Oliveira AS. Prevalence of chronic pain in Brazil: systematic review. 

Brazilian Journal of Pain [Internet]. 2021 Jan 1; Available from: 

https://doi.org/10.5935/2595-0118.20210041 

5. Thurston KL, Zhang SJ, Wilbanks BA, Billings R, Aroke EN. A Systematic 

Review of Race, Sex, and Socioeconomic Status Differences in 

Postoperative Pain and Pain Management. Journal of PeriAnesthesia 

Nursing [Internet]. 2022 Dec 1;38(3):504–15. Available from: 

https://doi.org/10.1016/j.jopan.2022.09.004 

6. Prego-Domínguez J, Khazaeipour Z, Mallah N, Takkouche B. 

Socioeconomic status and occurrence of chronic pain: a meta-analysis. 

Rheumatology [Internet]. 2020 Oct 29;60(3):1091–105. Available from: 

https://doi.org/10.1093/rheumatology/keaa758 

7. Feldman CH, Dong Y, Katz JN, Donnell-Fink LA, Losina E. Association 

between socioeconomic status and pain, function and pain catastrophizing 

at presentation for total knee arthroplasty. BMC Musculoskeletal Disorders 

[Internet]. 2015 Feb 6;16(1). Available from: 

https://doi.org/10.1186/s12891-015-0475-8 

8. Principles of Pharmacology [Internet]. Google Books. Available from: 

http://books.google.ie/books?id=WM7rvNUcrdsC&pg=PR4&dq=978-1-

60831-270-2&hl=&cd=1&source=gbs_api 

https://doi.org/10.1155/2011/513423
https://doi.org/10.5935/2595-0118.20210041
https://doi.org/10.1016/j.jopan.2022.09.004
https://doi.org/10.1093/rheumatology/keaa758
https://doi.org/10.1186/s12891-015-0475-8
http://books.google.ie/books?id=WM7rvNUcrdsC&pg=PR4&dq=978-1-60831-270-2&hl=&cd=1&source=gbs_api
http://books.google.ie/books?id=WM7rvNUcrdsC&pg=PR4&dq=978-1-60831-270-2&hl=&cd=1&source=gbs_api


159 
 

9. Kim J, Ham S, Hong H, Moon C, Im HI. Brain Reward Circuits in Morphine 

Addiction. Molecules and Cells [Internet]. 2016 Aug 10;39(9):645–53. 

Available from: https://doi.org/10.14348/molcells.2016.0137 

10. Listos J, Łupina M, Talarek S, Mazur A, Orzelska-Górka J, Kotlińska J. The 

Mechanisms Involved in Morphine Addiction: An Overview. International 

Journal of Molecular Sciences [Internet]. 2019 Sep 3;20(17):4302. 

Available from: https://doi.org/10.3390/ijms20174302 

11. Mohammadzadeh L, Alizadeh AM, Feiz MS, Jamali S, Abedi M, Latifi H, et 

al. Acute morphine administration, morphine dependence, and naloxone-

induced withdrawal syndrome affect the resting-state functional 

connectivity and Local Field Potentials of the rat prefrontal cortex. 

Behavioural Brain Research [Internet]. 2022 Mar 23;427:113859. Available 

from: https://doi.org/10.1016/j.bbr.2022.113859 

12. Potter JS, Hennessy G, Borrow JA, Greenfield SF, Weiss RD. Substance 

use histories in patients seeking treatment for controlled-release 

oxycodone dependence. Drug and Alcohol Dependence [Internet]. 2004 

Aug 5;76(2):213–5. Available from: 

https://doi.org/10.1016/j.drugalcdep.2004.05.001 

13. Gallego AO, Barón MG, Arranz EE. Oxycodone: a pharmacological and 

clinical review. Clinical & Translational Oncology [Internet]. 2007 May 

1;9(5):298–307. Available from: https://doi.org/10.1007/s12094-007-0057-

9 

14. Anamaria.Cobucci. Relatório Mundial sobre Drogas 2023 do UNODC 

alerta para a convergência de crises e contínua expansão dos mercados 

de drogas ilícitas [Internet]. Available from: https://www.unodc.org/lpo-

https://doi.org/10.14348/molcells.2016.0137
https://doi.org/10.3390/ijms20174302
https://doi.org/10.1016/j.bbr.2022.113859
https://doi.org/10.1016/j.drugalcdep.2004.05.001
https://doi.org/10.1007/s12094-007-0057-9
https://doi.org/10.1007/s12094-007-0057-9
https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior


160 
 

brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-

unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-

mercados-de-drogas-

ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20

superior%20ao%20ano%20anterior 

15. Americas NLRH–. Opioid crisis: addiction, overprescription, and 

insufficient primary prevention. The Lancet Regional Health - Americas 

[Internet]. 2023 Jul 1;23:100557. Available from: 

https://doi.org/10.1016/j.lana.2023.100557 

16. Anamaria.Cobucci. Relatório Mundial sobre Drogas 2018: crise de 

opioides, expansão no abuso de medicamentos sob prescrição; cocaína 

e ópio atingem níveis recordes [Internet]. Available from: 

https://www.unodc.org/lpo-brazil/pt/frontpage/2018/06/relatorio-mundial-

drogas-2018.html 

17. Alhassan JAK. Where is the pain? A qualitative analysis of Ghana’s opioid 

(tramadol) ‘crisis’ and youth perspectives. PLOS Global Public Health 

[Internet]. 2022 Dec 21;2(12):e0001045. Available from: 

https://doi.org/10.1371/journal.pgph.0001045 

18. Bastos FI, Krawczyk N. Reports of rising use of fentanyl in contemporary 

Brazil is of concern, but a US-like crisis may still be averted. The Lancet 

Regional Health - Americas [Internet]. 2023 May 9;23:100507. Available 

from: https://doi.org/10.1016/j.lana.2023.100507 

19. Botz B, Bölcskei K, Helyes Z. Challenges to develop novel anti‐

inflammatory and analgesic drugs. Wiley Interdisciplinary Reviews 

https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior
https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior
https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior
https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior
https://www.unodc.org/lpo-brazil/pt/frontpage/2023/06/relatrio-mundial-sobre-drogas-2023-do-unodc-alerta-para-a-convergncia-de-crises-e-contnua-expanso-dos-mercados-de-drogas-ilcitas.html#:~:text=%C3%89%20o%20que%20aponta%20o,18%25%20superior%20ao%20ano%20anterior
https://doi.org/10.1016/j.lana.2023.100557
https://www.unodc.org/lpo-brazil/pt/frontpage/2018/06/relatorio-mundial-drogas-2018.html
https://www.unodc.org/lpo-brazil/pt/frontpage/2018/06/relatorio-mundial-drogas-2018.html
https://doi.org/10.1371/journal.pgph.0001045
https://doi.org/10.1016/j.lana.2023.100507


161 
 

Nanomedicine and Nanobiotechnology [Internet]. 2016 Aug 31;9(3). 

Available from: https://doi.org/10.1002/wnan.1427 

20. Gutiérrez JM, Calvete JJ, Habib AG, Harrison RA, Williams DJ, Warrell 

DA. Snakebite envenoming. Nature Reviews Disease Primers [Internet]. 

2017 Sep 13;3(1). Available from:https://doi.org/10.1038/nrdp.2017.63  

21. De Castro Figueiredo Bordon K, Cologna CT, Fornari-Baldo EC, Pinheiro-

Júnior EL, CerniFA, Amorim FG, et al. From animal poisons and venoms 

to medicines: achievements,challenges and perspectives in drug 

discovery. Frontiers in Pharmacology [Internet]. 2020 Jul 24;11. Available 

from: https://doi.org/10.3389/fphar.2020.01132  

22. Williams JA, Day M, Heavner JE. Ziconotide: an update and review. Expert 

Opinion on Pharmacotherapy [Internet]. 2008 Jun 1;9(9):1575–83. 

Available from: https://doi.org/10.1517/14656566.9.9.1575 

23. ClinicalTrials.gov [Internet]. [cited 2025 Mar 10]. Available from: 

https://clinicaltrials.gov/study/NCT00047749 

24. ClinicalTrials.gov [Internet]. [cited 2025 Mar 10]. Available from: 

https://clinicaltrials.gov/study/NCT06541184 

25. Brazil. Do emprego da peçonha em terapêutica. Biologia Médica. 

1934;1:7–21. 

26. Frare BT, Resende YKS, De Carvalho Dornelas B, Jorge MT, Ricarte VAS, 

Alves LM, et al. Clinical, Laboratory, and Therapeutic Aspects of Crotalus 

durissus (South American Rattlesnake) Victims: A Literature Review. 

BioMed Research International [Internet]. 2019 Aug 5;2019:1–7. Available 

from: https://doi.org/10.1155/2019/1345923 

https://doi.org/10.1002/wnan.1427
https://doi.org/10.3389/fphar.2020.01132
https://doi.org/10.1517/14656566.9.9.1575
https://clinicaltrials.gov/study/NCT00047749
https://clinicaltrials.gov/study/NCT06541184
https://doi.org/10.1155/2019/1345923


162 
 

27. Giorgi R, Bernardi MM, Cury Y. Analgesic effect evoked by low molecular 

weight substances extracted from Crotalus durissus terrificus venom. 

Toxicon [Internet]. 1993 Oct 1;31(10):1257–65. Available from: 

https://doi.org/10.1016/0041-0101(93)90399-4 

28. Picolo G, Giorgi R, Bernardi MM, Cury Y. The antinociceptive effect of 

Crotalus durissus terrificus snake venom is mainly due to a supraspinally 

integrated response. Toxicon [Internet]. 1998 Jan 1;36(1):223–7. Available 

from: https://doi.org/10.1016/s0041-0101(97)00048-2 

29. Melani RD, Araujo GDT, Carvalho PC, Goto L, Nogueira FCS, Junqueira 

M, et al. Seeing beyond the tip of the iceberg: A deep analysis of the 

venome of the Brazilian Rattlesnake, Crotalus durissus terrificus. EuPA 

Open Proteomics [Internet]. 2015 Jun 7;8:144–56. Available from: 

https://doi.org/10.1016/j.euprot.2015.05.006 

30. Schenberg S. Geographical pattern of crotamine distribution in the same 

rattlesnake subspecies. Science [Internet]. 1959 May 15;129(3359):1361–

3. Available from: https://doi.org/10.1126/science.129.3359.1361 

31. Johnson EK, Kardong KV, Ownby CL. Observations on white and yellow 

venoms from an individual southern Pacific rattlesnake (Crotalus viridis 

helleri). Toxicon [Internet]. 1987 Jan 1;25(11):1169–80. Available from: 

https://doi.org/10.1016/0041-0101(87)90135-8 

32. Lourenço A, Creste CFZ, De Barros LC, Santos LDD, Pimenta DC, 

Barraviera B, et al. Individual venom profiling of Crotalus durissus terrificus 

specimens from a geographically limited region: Crotamine assessment 

and captivity evaluation on the biological activities. Toxicon [Internet]. 2013 

https://doi.org/10.1016/0041-0101(93)90399-4
https://doi.org/10.1016/s0041-0101(97)00048-2
https://doi.org/10.1016/j.euprot.2015.05.006
https://doi.org/10.1126/science.129.3359.1361
https://doi.org/10.1016/0041-0101(87)90135-8


163 
 

Feb 1;69:75–81. Available from: 

https://doi.org/10.1016/j.toxicon.2013.01.006 

33. Konno K, Picolo G, Gutierrez VP, Brigatte P, Zambelli VO, Camargo ACM, 

et al. Crotalphine, a novel potent analgesic peptide from the venom of the 

South American rattlesnake Crotalus durissus terrificus. Peptides 

[Internet]. 2008 Apr 18;29(8):1293–304. Available from: 

https://doi.org/10.1016/j.peptides.2008.04.003 

34. Giardini AC, Evangelista BG, Sant’Anna MB, Martins BB, Lancellotti CLP, 

Ciena AP, et al. Crotalphine Attenuates Pain and Neuroinflammation 

Induced by Experimental Autoimmune Encephalomyelitis in Mice. Toxins 

[Internet]. 2021 Nov 22;13(11):827. Available from: 

https://doi.org/10.3390/toxins13110827 

35. Antunes A, Robin P, Mourier G, Béroud R, De Waard M, Servent D, et al. 

Rattlesnake Crotalphine Analgesic Active on Tetrodotoxin-Sensitive Na+ 

Current in Mouse Dorsal Root Ganglion Neurons. Toxins [Internet]. 2024 

Aug 15;16(8):359. Available from: https://doi.org/10.3390/toxins16080359 

36. Wolz-Richter S, Esser K h., Hess A. Antinociceptive activity of crotoxin in 

the central nervous system: A functional Magnetic Resonance Imaging 

study. Toxicon [Internet]. 2013 Aug 2;74:44–55. Available from: 

https://doi.org/10.1016/j.toxicon.2013.07.019 

37. Zhang HL, Han R, Chen ZX, Chen BW, Gu ZL, Reid PF, et al. Opiate and 

acetylcholine-independent analgesic actions of crotoxin isolated from 

crotalus durissus terrificus venom. Toxicon [Internet]. 2006 May 

3;48(2):175–82. Available from: 

https://doi.org/10.1016/j.toxicon.2006.04.008 

https://doi.org/10.1016/j.toxicon.2013.01.006
https://doi.org/10.1016/j.peptides.2008.04.003
https://doi.org/10.3390/toxins13110827
https://doi.org/10.3390/toxins16080359
https://doi.org/10.1016/j.toxicon.2013.07.019
https://doi.org/10.1016/j.toxicon.2006.04.008


164 
 

38. Moreira LA, Oliveira LP, Magalhães MR, Oliveira S a. M, Oliveira-Neto JR, 

Carvalho PMG, et al. Acute toxicity, antinociceptive, and anti-inflammatory 

activities of the orally administered crotamine in mice. Naunyn-

Schmiedeberg S Archives of Pharmacology [Internet]. 2021 May 

20;394(8):1703–11. Available from: https://doi.org/10.1007/s00210-021-

02103-4 

39. Mancin AC, Soares AM, Andrião-Escarso SH, Faça VM, Greene LJ, 

Zuccolotto S, et al. The analgesic activity of crotamine, a neurotoxin from 

Crotalus durissus terrificus (South American rattlesnake) venom: A 

biochemical and pharmacological study. Toxicon [Internet]. 1998 Dec 

1;36(12):1927–37. Available from: https://doi.org/10.1016/s0041-

0101(98)00117-2 

40. Zimmermann M. Ethical guidelines for investigations of experimental pain 

in conscious animals. Pain [Internet]. 1983 Jun 1;16(2):109–10. Available 

from: https://doi.org/10.1016/0304-3959(83)90201-4 

41. Dubuisson D, Dennis SG. The formalin test: A quantitative study of the 

analgesic effects of morphine, meperidine, and brain stem stimulation in 

rats and cats. Pain [Internet]. 1977 Oct 1;4(Supp C):161–74. Available 

from: https://doi.org/10.1016/0304-3959(77)90130-0 

42. Ta LE, Schmelzer JD, Bieber AJ, Loprinzi CL, Sieck GC, Brederson JD, et 

al. A Novel and Selective Poly (ADP-Ribose) Polymerase Inhibitor 

Ameliorates Chemotherapy-Induced Painful Neuropathy. PLoS ONE 

[Internet]. 2013 Jan 10;8(1):e54161. Available from: 

https://doi.org/10.1371/journal.pone.0054161 

https://doi.org/10.1007/s00210-021-02103-4
https://doi.org/10.1007/s00210-021-02103-4
https://doi.org/10.1016/s0041-0101(98)00117-2
https://doi.org/10.1016/s0041-0101(98)00117-2
https://doi.org/10.1016/0304-3959(83)90201-4
https://doi.org/10.1016/0304-3959(77)90130-0
https://doi.org/10.1371/journal.pone.0054161


165 
 

43. Janssen, Niemegeers, Dony. The inhibitory effect of fentanyl and other 

morphine-like analgesics on the warm water induced tail withdrawl reflex 

in rats. Arzneimittelforschung [Internet]. 1963 Jun 1;13:502–7. Available 

from: https://pubmed.ncbi.nlm.nih.gov/13957426/ 

44. Gama KB, Quintans JSS, Antoniolli ÂR, Quintans-Júnior LJ, Santana WA, 

Branco A, et al. Evidence for the Involvement of Descending Pain-

Inhibitory Mechanisms in the Antinociceptive Effect of Hecogenin Acetate. 

Journal of Natural Products [Internet]. 2013 Feb 25;76(4):559–63. 

Available from: https://doi.org/10.1021/np3007342 

45. De Oliveira LA, Ferreira RS, Barraviera B, De Carvalho FCT, De Barros 

LC, Santos LDD, et al. Crotalus durissus terrificus crotapotin naturally 

displays preferred positions for amino acid substitutions. the Journal of 

Venomous Animals and Toxins Including Tropical Diseases [Internet]. 

2017 Nov 27;23(1). Available from: https://doi.org/10.1186/s40409-017-

0136-5 

46. Hoffmann E, Stroobant V. Mass Spectrometry; Principles and Applications. 

3. Ed. Wiley. 2007. 

47. Hanton SD. Mass spectrometry of polymers and polymer surfaces. 

Chemical Reviews [Internet]. 2001 Jan 27;101(2):527–70. Available from: 

https://doi.org/10.1021/cr9901081 

48. Fischer M, Carli G, Raboisson P, Reeh P. The interphase of the formalin 

test. Pain [Internet]. 2013 Nov 27;155(3):511–21. Available from: 

https://doi.org/10.1016/j.pain.2013.11.015 

https://pubmed.ncbi.nlm.nih.gov/13957426/
https://doi.org/10.1021/np3007342
https://doi.org/10.1186/s40409-017-0136-5
https://doi.org/10.1186/s40409-017-0136-5
https://doi.org/10.1021/cr9901081
https://doi.org/10.1016/j.pain.2013.11.015


166 
 

49. Sawynok J, Liu XJ. The Formalin Test: Characteristics and Usefulness of 

the Model. Reviews in Analgesia [Internet]. 2003 Jan 1;7(2):145–63. 

Available from: https://doi.org/10.3727/000000003783992982 

50. Park JY, Hang B DO, Lee JS, Yang HC, Nguyen AN, Krupa M, et al. 

Antinociceptive and Anti-Inflammatory effects of recombinant crotamine in 

mouse models of pain. Toxins [Internet]. 2021 Oct 6;13(10):707. Available 

from: https://doi.org/10.3390/toxins13100707 

51. Nicastro G, Franzoni L, De Chiara C, Mancin AC, Giglio JR, Spisni A. 

Solution structure of crotamine, a Na+ channel affecting toxin from 

Crotalus durissus terrificus venom. European Journal of Biochemistry 

[Internet]. 2003 Apr 11;270(9):1969–79. Available from: 

https://doi.org/10.1046/j.1432-1033.2003.03563.x 

52. De Sousa E Silva MCC, Gonçalves LRC, Mariano M. The venom of South 

American rattlesnakes inhibits macrophage functions and is endowed with 

anti-inflammatory properties. Mediators of Inflammation [Internet]. 1996 

Jan 1;5(1):18–23. Available from: 

https://doi.org/10.1155/s0962935196000038 

53. Da Silva NG, Sampaio SC, Gonçalves LRC. Inhibitory effect of Crotalus 

durissus terrificus venom on chronic edema induced by injection of bacillus 

Calmette-Guérin into the footpad of mice. Toxicon [Internet]. 2012 Dec 

13;63:98–103. Available from: 

https://doi.org/10.1016/j.toxicon.2012.12.003 

54. Cruz AH, Navarro LB, Mendonça RZ, Petricevich VL. Inflammatory 

Mediators Release in Urine from Mice Injected withCrotalus durissus 

https://doi.org/10.3727/000000003783992982
https://doi.org/10.3390/toxins13100707
https://doi.org/10.1046/j.1432-1033.2003.03563.x
https://doi.org/10.1155/s0962935196000038
https://doi.org/10.1016/j.toxicon.2012.12.003


167 
 

terrificusVenom. Mediators of Inflammation [Internet]. 2011 Jan 1;2011:1–

11. Available from: https://doi.org/10.1155/2011/103193 

55. Picolo G, Giorgi R, Bernardi MM, Cury Y. The antinociceptive effect of 

Crotalus durissus terrificus snake venom is mainly due to a supraspinally 

integrated response. Toxicon [Internet]. 1998 Jan 1;36(1):223–7. Available 

from: https://doi.org/10.1016/s0041-0101(97)00048-2 

56. Castro-Junior CJ, Milano J, Souza AH, Silva JF, Rigo FK, Dalmolin G, et 

al. Phα1β toxin prevents capsaicin-induced nociceptive behavior and 

mechanical hypersensitivity without acting on TRPV1 channels. 

Neuropharmacology [Internet]. 2013 Apr 17;71:237–46. Available from: 

https://doi.org/10.1016/j.neuropharm.2013.04.001 

57. Tonello R, Trevisan G, Luckemeyer D, Castro-Junior CJ, Gomez MV, 

Ferreira J. Phα1β, a dual blocker of TRPA1 and Cav2.2, as an adjuvant 

drug in opioid therapy for postoperative pain. Toxicon [Internet]. 2020 Oct 

7;188:80–8. Available from: https://doi.org/10.1016/j.toxicon.2020.10.007 

58. Zeidler M, Kummer KK, Kress M. Towards bridging the translational gap 

by improved modeling of human nociception in health and disease. 

Pflügers Archiv - European Journal of Physiology [Internet]. 2022 Jun 

3;474(9):965–78. Available from: https://doi.org/10.1007/s00424-022-

02707-6 

59. Yezierski RP, Hansson P. Inflammatory and neuropathic pain from bench 

to bedside: What went wrong? Journal of Pain [Internet]. 2018 Jan 

4;19(6):571–88. Available from: 

https://doi.org/10.1016/j.jpain.2017.12.261 

https://doi.org/10.1155/2011/103193
https://doi.org/10.1016/s0041-0101(97)00048-2
https://doi.org/10.1016/j.neuropharm.2013.04.001
https://doi.org/10.1016/j.toxicon.2020.10.007
https://doi.org/10.1007/s00424-022-02707-6
https://doi.org/10.1007/s00424-022-02707-6
https://doi.org/10.1016/j.jpain.2017.12.261


168 
 

60. Shen L, Lv X, Yang X, Deng S, Liu L, Zhou J, et al. Bufotenines-loaded 

liposome exerts anti-inflammatory, analgesic effects and reduce 

gastrointestinal toxicity through altering lipid and bufotenines metabolism. 

Biomedicine & Pharmacotherapy [Internet]. 2022 Aug 8;153:113492. 

Available from: https://doi.org/10.1016/j.biopha.2022.113492 

61. Wang J, Xu D, Shen L, Zhou J, Lv X, Ma H, et al. Anti-inflammatory and 

analgesic actions of bufotenine through inhibiting lipid metabolism 

pathway. Biomedicine & Pharmacotherapy [Internet]. 2021 May 

28;140:111749. Available from: 

https://doi.org/10.1016/j.biopha.2021.111749 

62. Xu D, Wang J, Chen W, Yang X, Zhou J, Ma H, et al. Evaluation of 

analgesic and anti-inflammatory actions of indolealkylamines from toad 

venom in mice using lipidomics and molecular docking. Journal of 

Ethnopharmacology [Internet]. 2020 Dec 13;269:113677. Available from: 

https://doi.org/10.1016/j.jep.2020.113677 

63. Feitosa GIMC, Carvalho IF, Coelho EBS, Monteiro MRB, Medeiros RL, 

Carvalho EDF, et al. Potent nonopioid antinociceptive activity of 

telocinobufagin in models of acute pain in mice. PAIN Reports [Internet]. 

2019 Oct 10;4(6):e791. Available from: 

https://doi.org/10.1097/pr9.0000000000000791 

64. Muttenthaler M, King GF, Adams DJ, Alewood PF. Trends in peptide drug 

discovery. Nature Reviews Drug Discovery [Internet]. 2021 Feb 

3;20(4):309–25. Available from: https://www.nature.com/articles/s41573-

020-00135-8 

https://doi.org/10.1016/j.biopha.2022.113492
https://doi.org/10.1016/j.biopha.2021.111749
https://doi.org/10.1016/j.jep.2020.113677
https://doi.org/10.1097/pr9.0000000000000791
https://www.nature.com/articles/s41573-020-00135-8
https://www.nature.com/articles/s41573-020-00135-8


169 
 

65. Wang L, Wang N, Zhang W, Cheng X, Yan Z, Shao G, et al. Therapeutic 

peptides: current applications and future directions. Signal Transduction 

and Targeted Therapy [Internet]. 2022 Feb 14;7(1). Available from: 

https://doi.org/10.1038/s41392-022-00904-4 

66. Craik DJ, Fairlie DP, Liras S, Price D. The Future of Peptide‐based Drugs. 

Chemical Biology & Drug Design [Internet]. 2012 Dec 17;81(1):136–47. 

Available from: https://doi.org/10.1111/cbdd.12055 

67. Dingman R, Balu-Iyer SV. Immunogenicity of protein pharmaceuticals. 

Journal of Pharmaceutical Sciences [Internet]. 2018 Dec 30;108(5):1637–

54. Available from: https://doi.org/10.1016/j.xphs.2018.12.014 

68. De Groot AS, Scott DW. Immunogenicity of protein therapeutics. Trends in 

Immunology [Internet]. 2007 Nov 1;28(11):482–90. Available from: 

https://doi.org/10.1016/j.it.2007.07.011 

69. Baker M, Reynolds HM, Lumicisi B, Bryson CJ. Immunogenicity of protein 

therapeutics: The key causes, consequences and challenges. 

Self/Nonself [Internet]. 2010 Oct 1;1(4):314–22. Available from: 

https://doi.org/10.4161/self.1.4.13904 

70. Rangel-Santos A, Lima C, Lopes-Ferreira M, Cardoso DF. 

Immunosuppresive role of principal toxin (crotoxin) of Crotalus durissus 

terrificus venom. Toxicon [Internet]. 2004 Oct 5;44(6):609–16. Available 

from: https://doi.org/10.1016/j.toxicon.2004.07.004 

 

 

 

 

 

https://doi.org/10.1038/s41392-022-00904-4
https://doi.org/10.1111/cbdd.12055
https://doi.org/10.1016/j.xphs.2018.12.014
https://doi.org/10.1016/j.it.2007.07.011
https://doi.org/10.4161/self.1.4.13904
https://doi.org/10.1016/j.toxicon.2004.07.004


170 
 

 

 

 

 

 

 

 

 

 

 

 

 

Anexo 1 




