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 Introduction: Visceral pain, originating from internal organs, represents a challenging 
aspect of pain management due to its intricate mechanisms and often debilitating 
nature. Understanding the underlying pathways involved in visceral pain perception is 
crucial for developing effective therapeutic strategies. The current study aimed to 
delve into recent advancements in the understanding of cannabinergic modulation of 
visceral pain perception, focusing on findings from interventional studies utilizing 
animal models, particularly rats.  

Materials and methods: A total of 30 male rats aged 3 months, with an average weight 
of 220 g were randomly divided into 3 groups. The groups contained the control group 
which received an intraperitoneal injection of normal saline, the second group 
received an intraperitoneal injection of anandamide (2 mg/kg), and the third group 
received an intraperitoneal injection of tramadol (20 mg/kg). The pain in all groups 
was assessed by an acetic acid test.  

Results: The data obtained from the intraperitoneal injection of anandamide to the 
rats of the experimental group showed a significant decrease in the amount of 
perceived visceral pain compared to the control group. In addition, the results showed 
that tramadol injection significantly decreased visceral pain in experimental group 2 
compared to the control group. A comparison of the mean experimental groups 1 and 
2 showed tramadol as an opioid agonist reduced visceral pain perception to a greater 
extent than anandamide.  

Conclusion: The current study provides evidence for the involvement of cannabinoid 
receptors in the modulation of visceral pain sensation in rats.  
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1. Introduction

Pain, an intricate physiological response, serves as a 
crucial indicator of tissue damage or dysfunction within the 
body. It is a multifaceted phenomenon, encompassing 
various sensory and emotional dimensions, deeply 
entrenched in the intricate web of neurobiological 
mechanisms1. Understanding the mechanisms underlying 
pain perception is pivotal for developing effective 
therapeutic interventions, particularly in conditions where 
pain becomes chronic and debilitating2. 

Pain perception is facilitated by a complex interplay of 
signaling pathways involving specialized receptors 
distributed throughout the body3. The cannabinergic 
system has garnered substantial attention among these 
receptors due to its modulatory role in pain sensation4. 
Cannabinoid receptors, notably CB1 and CB2, are integral 
components of this system, exerting profound effects on 
pain processing within the central and peripheral nervous 
systems5. 
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The visceral pain, which originates from the internal 
organs, and the involvement of cannabinergic receptors 
remains a subject of intense investigation6. Visceral pain 
presents a unique challenge in clinical management due to 
its diverse etiology and complex underlying mechanisms. 
Unlike somatic pain, which arises from the skin, muscles, or 
joints, visceral pain often manifests as a diffuse, poorly 
localized sensation, making it particularly challenging to 
diagnose and treat7. Furthermore, visceral pain can be 
categorized into distinct subtypes based on its underlying 
pathology, ranging from inflammatory to neuropathic 
mechanisms8. Inflammatory visceral pain arises from the 
activation of immune cells and the release of pro-
inflammatory mediators within the visceral organs, 
contributing to hypersensitivity and heightened pain 
perception9. On the other hand, neuropathic visceral pain 
results from nerve injury or dysfunction, leading to 
aberrant neuronal signaling and chronic pain states10. In 
this context, elucidating the role of cannabinergic receptors 
in mediating visceral pain sensation holds significant 
promise for developing targeted therapeutic strategies11. 
By dissecting the intricate interactions between 
cannabinoids and pain pathways, researchers aim to 
uncover a novel approach for pain management, 
potentially offering relief to millions suffering from visceral 
pain-related disorders12. 

Expanding upon the distinct types of visceral pain, it's 
important to note that nociceptive pain, another category, 
arises from the activation of specialized receptors known 
as nociceptors in response to harmful stimuli13. This type 
of pain is typically acute and serves a protective function, 
alerting the organism to potential tissue damage14. 
However, when nociceptive signaling becomes 
dysregulated, it can contribute to chronic visceral pain 
conditions, further complicating clinical management1. 

In recent years, preclinical studies utilizing animal 
models, particularly rats, have provided invaluable insights 
into the role of cannabinergic receptors in modulating 
visceral pain perception15. By employing various 
interventional techniques, such as pharmacological 
manipulation and genetic modification, researchers have 
been able to dissect the specific contributions of CB1 and 
CB2 receptors to different aspects of visceral pain 
processing16. These studies have not only elucidated the 
analgesic potential of cannabinoid-based therapies but 
have also shed light on the intricate mechanisms 
underlying their efficacy. 

The current study aimed to delve into recent 
advancements in the understanding of cannabinergic 
modulation of visceral pain perception, focusing on 
findings from interventional studies utilizing animal 
models, particularly rats. 
 

2. Materials and Methods 
 

2.1. Ethical approval 
 
All procedures were approved by the Animal Care 

Committee of Veterinary Medicine, Karaj Branch, Islamic 

Azad University. All principles of laboratory animal care 
and specific international laws for studding on animals 
were followed. 

 
2.2. Study design  

 
A total of 30 male Wistar rats aged 3 months, with an 

average weight of 220 g have been bought from Pasteur 
Institute, Iran, and kept in laboratory conditions with free 
access to water and commercial pellet food daily. 
Experimental animals have been kept in standard cages 
with a minimum of 50 percent humidity, 24°C temperature, 
and 12 hours of dark/light cycle with appropriate 
ventilation in a particular cage. The rats were divided into 
three groups accidently. The groups contained the control 
group which received intraperitoneal injection of normal 
saline plus pain assessment by acetic acid test. The second 
group received an intraperitoneal injection of anandamide 
plus pain assessment by acetic acid test. the third received 
an intraperitoneal injection of tramadol plus pain 
assessment by acetic acid test. 

 
2.3. Intraperitoneal injection 

 
For intraperitoneal injection, a 22-gauge needle was 

used. The skin of the site of the injection (abdomen) was 
first disinfected with 70% alcohol, and the animal's head 
was kept downward so that the intestines entered the 
anterior region of the abdomen and the injection was 
performed correctly. In this study, one hour before the 
start of the test, anandamide (cannabinoid agonist) was 
injected into the rats of the experimental group at 2 mg/kg 
by IP method17 and the rats of the control group were 
injected with the equivalent of normal saline. In the opioid 
test group, tramadol was administered intraperitoneal to 
the rats at 20 mg/kg18. 

 
2.4. Examining nerve reflexes 

 
To determine the effects of the cannabinergic system on 

visceral pain, an intraperitoneal injection of 0.6% acetic 
acid at a dose of 4 mg/kg19, was used and the number of 
reflex contractions, each of which lasted a few seconds and 
was completely recognizable, was observed and counted 
for 90 minutes. The data every 5 minutes were averaged 
and statistically analyzed as primary data20. 

 
2.5. Statistical analysis 

 
The obtained data from the histopathological study was 

analyzed by using SPSS software (version 19). The results 
were analyzed in one-way variance analysis (ANOVA) and 
reported as mean +_standard division. The statistical 
differences between the treatments and the control groups 
were checked via T-test at the significance level of p < 0.05.   
 

3. Results  
 
The data obtained from the intraperitoneal injection of 
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anandamide to the rats of the experimental group 1 and 2 showed a significant decrease in the amount of perceived  
                              Table 1. Visceral pain results in treated male rats aged 3 months 
 

Case number Control Opioid Cannabinoid 

1  133 112 128 

2  137 120 129 

3  130 119 125 

4  132 115 129 

5  135 115 123 

6  131 120 126 

7  136 117 125 

8  137 119 127 

9  136 120 123 

10  137 121 128 

Mean ± Standard deviation 134.40c ± 2.675 117.80a ± 2.936 126.30b ± 2.263 

P-value < 0.05 < 0.05 < 0.05 

 
visceral pain compared to control group, which indicated a 
decrease in nerve stimulation caused by the injection of 
acetic acid (p < 0.05). In addition, the results showed that 
tramadol injection significantly decreased visceral pain in 
experimental group 2 compared to the control group (p < 
0.05). A comparison of the mean experimental groups 1 
and 2 showed tramadol as an opioid agonist reduced 
visceral pain perception to a greater extent than 
anandamide (p < 0.05, Table 1 and Figure 1). 

 

 
 

Figure 1. Comparison of visceral pain in treated male rats aged 3 months 

 
4. Discussion 

 

Based on the analysis of the data obtained from the 
intraperitoneal injection of anandamide to the rats, a 
significant reduction in visceral contractions caused by the 
pain induced by the injection of acetic acid was observed, 
which indicates the reduction of inflammation caused by 
the injection of acetic acid in the experimental group. In 
other it can be understood that by administration of 
cannabinoids, the inflammation in rat decreased. These 
results were in line with previous studies that 

demonstrated that cannabinoids can reduce pro-
inflammatory and increase anti-inflammatory cytokines in 
pathophysiological processes21,22. It is believed that the 
anti-inflammatory effects and other effects of cannabinoids 
on the immune system are due to the presence of CB1 CB2 
receptors (cannabinoid receptors 1 and 2) in the cells of 
the immune system, including lymphocytes23. Reducing the 
production of cytokines and chemokines and increasing the 
activity of regulatory T cells, which leads to the reduction 
of immune reactions, are the main anti-inflammatory 
mechanisms of cannabinoids24,25. The endocannabinoid 
system has a clear immune regulation effect and can be 
used to suppress immunity and treat immune-mediated 
injuries in organs such as the liver26,27. Also, the cytotoxic, 
anti-proliferative and immunosuppressive effects of some 
cannabinoid compounds have made these compounds to 
be considered as potential candidates for administration in 
malignancies and autoimmune diseases28,29. 

The results of this study also showed that the stimulation 
of cannabinoid receptors by the cannabinoid agonist 
anandamide had anti-inflammatory effects. This finding 
confirmed the results of other studies on the role of the 
cannabinoid system in pain relief 30,31. The anti-inflammatory 
properties of cannabinoids make these compounds clinically 
useful because they reduce both inflammation and 
narcolepsy at the central and peripheral levels32. 

The comparison between anandamide and tramadol 
highlights the differential efficacy of cannabinoids and 
opioid agonists in alleviating visceral pain. While both 
compounds demonstrated significant analgesic effects, 
tramadol exhibited superior potency in reducing pain 
perception. This disparity may reflect differences in the 
underlying mechanisms of action, with tramadol likely 
exerting its analgesic effects through opioid receptor 
activation and modulation of pain processing pathways33. 
Furthermore, the observed differences in efficacy between 
cannabinoid and opioid agonists may be attributed to their 
distinct mechanisms of action and receptor signaling 
pathways34. Cannabinoid receptors modulate pain 
signaling through the activation of G-protein-coupled 
receptors and subsequent regulation of neurotransmitter 
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release22, while opioids primarily act on μ-opioid receptors 
to inhibit pain transmission at the spinal and supraspinal 
levels35. Additionally, cannabinoid receptor activation may 
exert anti-inflammatory effects, contributing to the 
attenuation of visceral pain associated with inflammatory 
processes21. 
 

5. Conclusion 
 
In conclusion, the current study provides evidence for 

the involvement of cannabinoid receptors in the 
modulation of visceral pain sensation in rats. The observed 
reduction in pain perception following cannabinoid 
receptor activation highlights their potential as therapeutic 
targets for managing visceral pain conditions. Future 
research studies aimed at unraveling the intricacies of 
cannabinoid receptor-mediated pain modulation hold 
promise for advancing the understanding of pain 
mechanisms and developing novel treatments for visceral 
pain disorders. 

 

Declarations 
Competing interests 
 

The authors declare that they have no competing 
interests. 

 
Authors’ contributions 

 
Ramin Hajikhani, Seyed Mohammad Nabavi, and Ahmad 

Asadi Ardebili  designed the study and performed the 
sampling and practical procedures. Seyed Mohammad 
Nabavi wrote the draft of the manuscript. Mohammadreza 
Rahimnejad performed the statistical analysis, revise the 
draft of the manuscript, remove the language errors and 
check the final version of the article. All authors check the 
final draft of the article and the statistical results. 

 
Funding 

 
The current study was self-funded by authors. 
 

Ethical considerations  
 
This study is written originally without any copy from 

other published papers. The data are collected based on 
experimental rules and authors did not use a part of raw or 
analyzed data in other articles. 

 
Availability of data and materials 

 
All data and related findings of the thesis are prepared 

for publishing in the present journal. 
 

Acknowledgments 
 
The authors would like to express their appreciation to 

the Faculty of Veterinary Medicine, Karaj Branch, Islamic 
Azad University, Karaj, Iran for their collaboration, and 

support during all procedures of this experimental 
research. 

References 

1. Świeboda P, Filip R, Prystupa A, and Drozd M. Assessment of pain: 
types, mechanism and treatment. Pain. 2013; 2(7): 2-7. Available at: 
https://pubmed.ncbi.nlm.nih.gov/25000833/ 

2. Pak DJ, Yong RJ, Kaye AD, and Urman RD. Chronification of pain: 
mechanisms, current understanding, and clinical implications. Curr 
Pain Headache Rep. 2018; 22: 1-6. DOI: 10.1007/s11916-018-0666-8 

3. Yam MF, Loh YC, Tan CS, Khadijah Adam S, Abdul Manan N, and Basir 
R. General pathways of pain sensation and the major 
neurotransmitters involved in pain regulation. Int J Mol Sci. 2018; 
19(8): 2164. DOI: 10.3390/ijms19082164 

4. Lowe H, Toyang N, Steele B, Bryant J, and Ngwa W. The 
endocannabinoid system: a potential target for the treatment of 
various diseases. Int J Mol Sci. 2021; 22(17): 9472. DOI: 
10.3390/ijms22179472 

5. Donvito G, Nass SR, Wilkerson JL, Curry ZA, Schurman LD, Kinsey SG, 
and Lichtman AH. The endogenous cannabinoid system: A budding 
source of targets for treating inflammatory and neuropathic pain. 
Neuropsychopharmacology. 2018; 43(1): 52-79. DOI: 
10.1038/npp.2017.204 

6. Pascual D, Sánchez-Robles EM, García MM, and Goicoechea C. Chronic 
pain and cannabinoids. Great expectations or a christmas carol. Biochem 
Pharmacol. 2018; 157: 33-42. DOI: 10.1016/j.bcp.2018.07.033  

7. Farmer MA. Pathophysiology of pain: Peripheral and central. In: 
Goldstein AT, Pukall CF, Goldstein I, editors. Female sexual pain 
disorders: Evaluation and management. 1st ed. Cham: Springer 
International Publishing; 2020. p. 15-30. DOI: 10.1007/978-1-119-
48259-8_3 

8. Giamberardino MA, editor. Visceral pain: Clinical, pathophysiological 
and therapeutic aspects. Oxford University Press; 2009. DOI: 
10.1093/med/9780199235193.001.0001 

9. Vergnolle N. Modulation of visceral pain and inflammation by 
protease‐activated receptors. Br J Pharmacol. 2004; 141(8): 1264-
1274. DOI: 10.1038/sj.bjp.0705750 

10. Zieglgänsberger W, Berthele A, and Tölle TR. Understanding 
neuropathic pain. CNS Spectr. 2005; 10(4): 298-308. DOI: 
10.1017/S1092852900022628 

11. Lowe H, Toyang N, Steele B, Bryant J, and Ngwa W. The 
endocannabinoid system: A potential target for the treatment of 
various diseases. Int J Mol Sci. 2021; 22(17): 9472. DOI: 
10.3390/ijms22179472 

12. Karimi SA, Zahra FT, and Martin LJ. IUPHAR review: Navigating the 
role of preclinical models in pain research. Pharmacol Res. 2024: 
107073. DOI: 10.1016/j.phrs.2024.107073  

13. Cervero F, and Laird JM. Understanding the signaling and 
transmission of visceral nociceptive events. J Neurobiol. 2004; 61(1): 
45-54. DOI: 10.1002/neu.20084 

14. Lamont LA, Tranquilli WJ, and Grimm KA. Physiology of pain. Vet Clin 
Small Anim Pract. 2000; 30(4): 703-728. DOI: 10.1016/S0195-
5616(08)70003-2 

15. Mallipeddi S, Janero DR, Zvonok N, and Makriyannis A. Functional 
selectivity at G-protein coupled receptors: Advancing cannabinoid 
receptors as drug targets. Biochem Pharmacol. 2017; 128: 1-1. DOI: 
10.1016/j.bcp.2016.11.014  

16. Voicu V, Brehar FM, Toader C, Covache-Busuioc RA, Corlatescu AD, 
Bordeianu A, et al. Cannabinoids in medicine: A multifaceted 
exploration of types, therapeutic applications, and emerging 
opportunities in neurodegenerative diseases and cancer therapy. 
Biomolecules. 2023; 13(9): 1388. DOI: 10.3390/biom13091388 

17. Abdel-Salam OME, Sleem AA, Sayed MAEM, Youness ER, and Shaffie N. 
Neuroprotective Effects of low dose anandamide in 
pentylenetetrazole-induced kindling in rats. Biomed Pharmacol J. 
2019; 12(1): 25-40 DOI: 10.13005/bpj/1610 

18. Taylor BF, Ramirez HE, Battles AH, Andrutis KA, and Neubert JK. 
Analgesic activity of tramadol and buprenorphine after voluntary 
ingestion by rats (Rattus norvegicus). J Am Assoc Lab Anim Sci. 2016; 
55(1): 74-82. Available at: https://pubmed.ncbi.nlm.nih.gov/26817983/ 

19. Collier H, Dinneen LC, Johnson CA, and Schneider C. The abdominal 
constriction response and its suppression by analgesic drugs in the 
mouse. Br J Pharmacol Chemother. 1968; 32(2): 295-310. DOI: 

https://pubmed.ncbi.nlm.nih.gov/25000833/
https://doi.org/10.1007/s11916-018-0666-8
https://doi.org/10.3390/ijms19082164
https://doi.org/10.3390/ijms22179472
https://doi.org/10.1038/npp.2017.204
https://doi.org/10.1016/j.bcp.2018.07.033
https://doi.org/10.1007/978-1-119-48259-8_3
https://doi.org/10.1007/978-1-119-48259-8_3
https://doi.org/10.1093/med/9780199235193.001.0001
https://doi.org/10.1038/sj.bjp.0705750
https://doi.org/10.1017/S1092852900022628
https://doi.org/10.3390/ijms22179472
https://doi.org/10.1016/j.phrs.2024.107073
https://doi.org/10.1002/neu.20084
https://doi.org/10.1016/S0195-5616(08)70003-2
https://doi.org/10.1016/S0195-5616(08)70003-2
https://doi.org/10.1016/j.bcp.2016.11.014
https://doi.org/10.3390/biom13091388
https://doi.org/10.13005/bpj/1610
https://pubmed.ncbi.nlm.nih.gov/26817983/


Nabavi SM et al. / Journal of Lab Animal Research. 2024; 3(1): 1-5. 

 

5 

10.1111/j.1476-5381.1968.tb00973.x 
20. Wahdan SA, Elsherbiny DA, Azab SS, and El‐Demerdash E. Piceatannol 

ameliorates behavioural, biochemical and histological aspects in 
cisplatin‐induced peripheral neuropathy in rats. Basic Clin Pharmacol 
Toxicol. 2021; 129(6): 486-495. DOI: 10.1111/bcpt.13643 

21. Henshaw FR, Dewsbury LS, Lim CK, and Steiner GZ. The effects of 
cannabinoids on pro-and anti-inflammatory cytokines: A systematic 
review of in vivo studies. Cannabis Cannabinoid Res. 2021; 6(3): 177-
195. DOI: 10.1089/can.2020.0105 

22. Conti S, Costa B, Colleoni M, Parolaro D, and Giagnoni G. 
Antiinflammatory action of endocannabinoid palmitoylethanolamide 
and the synthetic cannabinoid nabilone in a model of acute 
inflammation in the rat. Br J Pharmacol. 2002; 135(1): 181-187. DOI: 
10.1038/sj.bjp.0704466 

23. Lie DC, Song HS, Colamarino A, Ming GL, and Gage FH. Neurogenesis in 
the adult brain: New strategies for central nervous system diseases. 
Annu Rev Pharmacol Toxicol. 2004; 44: 399-421. DOI: 
10.1146/annurev.pharmtox.44.101802.121631 

24. Howlett AC, Breivogel CS, Childers SR, Deadwyler SA, Hampson RE, 
and Porrino LJ. Cannabinoid physiology and pharmacology: 30 years 
of progress. Neuropharmacology. 2004; 47: 345-358. DOI: 
10.1016/j.neuropharm.2004.07.030 

25. Nakatomi H, Kuriu T, Okabe S, Yamamoto S, Hatano O, Kawahara N, et 
al. Regeneration of hippocampal pyramidal neurons after ischemic 
brain injury by recruitment of endogenous neural progenitors. Cell. 
2002; 110: 429-441. DOI: 10.1016/S0092-8674(02)00862-0 

26. Jin K, Xie L, Kim SH, Parmentier-Batteur S, Sun Y, Mao XO, et al. 
Defective adult neurogenesis in CB1 cannabinoid receptor knockout 
mice. Mol Pharmacol. 2004; 66: 204-208. DOI: 10.1124/mol.66.2.204 

27. Cravatt BF, Demarest K, Patricelli MP, Bracey MH, Giang DK, Martin 
BR, et al. Supersensitivity to anandamide and enhanced endogenous 

cannabinoid signaling in mice lacking fatty acid amide hydrolase.  
Proc Natl Acad Sci USA. 2001; 98: 9371-9376. DOI: 
10.1073/pnas.161191698 

28. Stella N, Schweitzer P, and Piomelli D. A second endogenous 
cannabinoid that modulates long-term potentiation. Nature. 1997; 
388: 773-738. DOI: 10.1038/42015 

29. Mechoulam R, Ben Shabat S, Hanus L, Ligumsky M, Kaminski NE, 
Schatz AR, et al. Identification of an endogenous 2-monoglyceride, 
present in canine gut, that binds to cannabinoid receptors. Biochem 
Pharmacol. 1995; 50: 83-90. DOI: 10.1016/0006-2952(95)00109-D 

30. Manzanares J, Julian MD, and Carrascosa A. Role of the cannabinoid 
system in pain control and therapeutic implications for the management 
of acute and chronic pain episodes. Curr Neuropharmacol. 2006; 4(3): 
239-257. DOI: 10.2174/157015906778019527 

31. Woodhams SG, Chapman V, Finn DP, Hohmann AG, and Neugebauer V. 
The cannabinoid system and pain. Neuropharmacology. 2017; 124: 
105-120. DOI: 10.1016/j.neuropharm.2017.06.015 

32. Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, 
et al. Isolation and structure of a brain constituent that binds to the 
cannabinoid receptor. Science. 1992; 258: 1946-1949. DOI: 
10.1126/science.1470919 

33. Quirion B, Bergeron F, Blais V, and Gendron L. The delta-opioid 
receptor; A target for the treatment of pain. Front Mol Neurosci. 2020; 
13: 52. DOI: 10.3389/fnmol.2020.00052 

34. Asadi Ardebili A. The effect of systemic administration of 
monoterpenes on visceral pain in an animal model. J Lab Anim Res. 
2023; 2(6): 100-103. DOI: 10.58803/jlar.v2i6.35 

35. Bán EG, Brassai A, and Vizi ES. The role of the endogenous 
neurotransmitters associated with neuropathic pain and in the opioid 
crisis: The innate pain-relieving system. Brain Res Bull. 2020; 155: 
129-136. DOI: 10.1016/j.brainresbull.2019.12.001 

 

https://doi.org/10.1111/j.1476-5381.1968.tb00973.x
https://doi.org/10.1111/bcpt.13643
https://doi.org/10.1089/can.2020.0105
https://doi.org/10.1038/sj.bjp.0704466
https://doi.org/10.1146/annurev.pharmtox.44.101802.121631
https://doi.org/10.1016/j.neuropharm.2004.07.030
https://doi.org/10.1016/S0092-8674(02)00862-0
https://doi.org/10.1124/mol.66.2.204
https://doi.org/10.1073/pnas.161191698
https://doi.org/10.1038/42015
https://doi.org/10.1016/0006-2952(95)00109-D
https://doi.org/10.2174/157015906778019527
https://doi.org/10.1016/j.neuropharm.2017.06.015
https://doi.org/10.1126/science.1470919
https://doi.org/10.3389/fnmol.2020.00052
https://doi.org/10.58803/jlar.v2i6.35
https://doi.org/10.1016/j.brainresbull.2019.12.001

