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Abstract
Introduction: Endocannabinoid system is involved in neuropsychiatric disorders such as major depression. The bilaterally olfactory 
bulbectomized rat is widely used as an animal model of depression. The removal of the olfactory bulbs produces behavioural, physi-
ological, and neurochemical alterations resembling clinical depression. There is increasing evidence that highlights the important role 
of cannabinoid signalling in depression and nociception.

Aim: To investigate the effect of CB1 receptor agonist HU 210 and CB1 receptor antagonist SR 141716A administered icv subchroni-
cally (for 7 days) on nociception of rats with model of depression - bilateral olfactory bulbectomy (OBX).

Material and methods: Experimental model of depression - bilateral olfactory bulbectomy (OBX). Bilaterally olfactory bulbecto-
mized rats were used as an experimental model of depression. HU 210 (5 µg) or SR 141716A (3 µg) were infused icv for 7 consecutive 
days, starting 15 days after the olfactory bulbectomy. Nociception was examined by applying paw pressure test (analgesy-meter) evalu-
ating the rat pain threshold. On day 7, five minutes after the last microinjection, the rats were tested in an analgesy-meter and their 
mechanically evoked pain responses were measured in arbitrary units (AU).

Results: Microinjections of HU 210 (5 µg) significantly decreased the pain threshold in olfactory bulbectomized rats, while SR 
141716A (3 µg) exerted antinociceptive effect by increasing the pain threshold.

Conclusions: Data point to an involvement of CB1 receptors in depression-like behaviour and nociception in olfactory bulbectomized 
rats and support the data for the association between depressive disorder and pain pathways.

Original Article

Key words

CB1 cannabinoid receptors, depression, nociception, olfactory bulbectomy, rat

INTRODUCTION

Clinical data are present about close association of depres-
sive disorders and pain. Interactions between pain percep-
tion and depressive symptoms in patients have been de-

scribed.1 Most of the patients with depression and pain do 
not respond to the pharmacological treatments.2

The bilateral olfactory bulbectomy (OBX) syndrome in 
rats has been proposed as an animal model of depression.3 
OBX is associated with changes in behaviour, and in the 
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endocrine, immune, and neurotransmitter systems, which 
simulate many of these seen in patients with major depres-
sion.4

Recently, the endocannabinoid system has attracted 
much attention in relation to involvement in neuropsychi-
atric disorders such as major depression.

The endocannabinoid system is a biological system com-
posed of endocannabinoids, cannabinoid receptors and the 
enzymes involved in the synthesis and inactivation of the 
neurotransmitters.5,6 Endocannabinoid signalling system 
has an important regulatory role throughout the nervous 
system that makes it potential therapeutic target for a wide 
range of disorders, including chronic pain, nausea, inflam-
mation, cancer, cardiovascular disease, spasticity, epilepsy 
and immunomodulation.7

The biological effects of cannabinoids are mediated via 
binding to type 1 (CB1) and type 2 (CB2) cannabinoid re-
ceptors which belong to the family of G-protein-coupled 
receptors.5 The effects of cannabinoids in the central nerv-
ous system are mediated mainly by CB1 receptors. They are 
expressed at high density in different brain areas, where can 
be found mainly on the presynaptic nerve terminals.8 Can-
nabinoid CB1 receptors are present also in brain regions 
involved in nociceptive perception, such as the thalamus, 
amygdala and brainstem.9,10 Numerous literature data pro-
vide evidence that cannabinoids produce antinociception 
by acting at peripheral, spinal, and supraspinal sites.11

In the last few years, it has been found that the brain 
endocannabinoid system is involved in neuropsychiatric 
disorders such as major depression. There is increasing evi-
dence that highlights the important role of the cannabinoid 
signalling in depression and nociception.12,13

The synthetic cannabinoid derivative HU 210 shows 
high potency to the CB1 receptors, whereas SR 141716A 
acts as a CB1 receptor antagonist.

AIM

The aim of the present study was to investigate the effect of 
CB1 receptor agonist HU 210 and CB1 receptor antagonist 
SR 141716A administered icv subchronically (for 7 days) 
on nociception of rats with experimental model of depres-
sion - bilateral olfactory bulbectomy.

MATERIALS AND METHODS

The experiments were carried out on 42 male Wistar rats 
(200-240 g at the time of surgery). The experiments were 
performed according to the Guide to the Care and Use of 
Experimental Animals of the Ethics Committee of the Insti-
tute of Neurobiology, Bulgarian Academy of Sciences.

Experimental model of depression - bilateral olfactory 
bulbectomy (OBX)

Bilateral olfactory bulbectomy was performed according 

to the method previously described.3 The animals were an-
esthetized and placed in a stereotaxic apparatus (Stoelting, 
USA) and guide cannulae were implanted into ventriculus 
ventrolateralis dextra. One µl of drug solution HU 210 (5 
µg) or SR 141716A (3 µg) were infused icv for 7 consecu-
tive days, starting 15 days after the OBX procedure. On day 
7, five minutes after the last microinjection, the rats were 
tested in an analgesy-meter.

Analgesy-meter test (paw-pressure)
The changes in the nociceptive response were deter-

mined by the foot-pressure method. A constantly increas-
ing pressure was applied to the dorsal surface of the hind 
paw. The actual load applied was recorded in arbitrary units 
(AU) when the animal made its first escape attempt.

The animals were divided in two main clusters: cluster 
I consisting of group 1 - sham operated rats injected icv 
with saline; group 2 - sham operated rats + HU 210; group 
3 - sham operated rat + SR141716A; cluster II consisting of 
group 1 - OBX+saline; group 2 - OBX+HU 210; and group 
3 - OBX + SR141716.

Statistical analysis
Data were analysed by one-way ANOVA and further 

analysed by post hoc Student-Newman-Keuls (SNK) test.

RESULTS

Effects of HU 210 and SR 141716A infused icv in rats on 
nociception.

ANOVA demonstrated a significant effect for factor drug 
(F2,20 = 23,7311; p ≤ 0.001) on pain threshold. HU 210 sig-
nificantly increased (p ≤ 0.001) while the CB1 antagonist SR 
141716A decreased the pain threshold (p ≤ 0.05) as com-
pared to the saline treated sham operated controls (Fig. 1).

Effects of HU 210 and SR 141716A infused icv in OBX 
rats on nociception. 

ANOVA showed a significance for factor bulbectomy 
(F1,14 = 48,731; p ≤ 0.001). Post-hoc SNK test demonstrated 
that the olfactory bulbectomy increased the pain threshold 
(p ≤ 0.001) as compared to the sham operated controls. 
ANOVA demonstrated a significant effect for factor drug 
(F2,20 = 18,8280; p ≤ 0.001).

HU-210, administered icv for 7 days in OBX rats de-
creased the pain threshold (p ≤ 0.001), while SR 141716A 
increased it (p ≤ 0.05) as compared to the saline treated 
OBX rats (Fig. 2).

The comparison of the effects of the CB1 ligands in OBX 
rats to the effects exerted in the sham operated rats, re-
vealed that HU 210 increased pain threshold (p ≤ 0.002), 
while SR 141716A produced a significant antinociceptive 
effect by increasing the pain threshold in comparison to 
both sham-operated rats (p ≤ 0.001) and HU 210 treated 
OBX rats (p ≤ 0.001) (Fig. 2).
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Figure 1. Effects of HU-210 (5 µg) and SR 141716A (3 µg), microinjected icv for 7 days on pain threshold (AU). n = 7. *p ≤ 0.05; ***p 
≤ 0.001 – comparisons vs. saline-treated controls. Means (± S.E.M.) are presented.

Figure 2. Effects of HU-210 (5 µg) and SR141716A (3 µg), microinjected icv for 7 days on nociception in OBX rats. Asterisks indicate 
comparisons of pain threshold (AU) in HU-210-treated OBX rats or SR141716A-treated OBX rats vs. OBX saline-treated rats. *p ≤ 0.05; 
***p ≤ 0.001. Circles depict comparisons after OBX rats microinjected with HU-210 or SR141716A vs. sham operated saline-treated rats. 
n = 7. oo p ≤ 0.002; ooo p ≤ 0.001. Means (± S.E.M.) are presented.

DISCUSSION
The present study extended the understanding about the ef-
fects of cannabinoid ligands applied subchronically (7 days) 
icv on nociception of OBX rats. The CB1 receptors agonist 
HU-210 decreased pain sensitivity, i.e. exerted antinocicep-
tive effect in the paw pressure test, while the CB1 receptor 

antagonist SR 141716A increased pain sensitivity to me-
chanical pressure i.e., produced hyperalgesia. Many animal 
models of depression support the clinical relationship be-
tween depression and pain.14,15 The clinical data have been 
confirmed in various experimental models of depression 
and pain.15 Olfactory bulbectomy in rats is a widely used 
experimental model of depression which resembles major 
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depression.4 Removal of the olfactory bulbs leads to many 
behavioural, biochemical and cellular changes that are sim-
ilar to the ones found in depressed patients. The lesion of 
the olfactory bulbs results in neurodegeneration in the dif-
ferent brain regions (cortex, amygdala and hippocampus) 
as the bulbs send projections to these areas. OBX syndrome 
is believed to result from dysfunction in brainstem and lim-
bic areas accompanied by changes in many neurotransmit-
ter systems.3

Previously we have described an increased pain thresh-
old of OBX rats, as compared to the sham operated con-
trols, using Randall-Selitto analgesy-meter. Now we have 
found nociceptive effect of HU-210 by decreasing the pain 
threshold of OBX rats, while SR 141716A increased the 
pain threshold in OBX rats only compared to the sham-
operated controls. As far as olfactory bulbectomy reduces 
the nociceptive response of rats in the analgesy-meter test, 
the effect of HU- 210 could be interpreted as a tendency for 
an improvement of the nociceptive response.16,17

Previously we have found similar effects upon acute icv 
injection of HU-210 and SR 141716A.17 Recently, it has 
been shown that cannabinoids play a role in nociceptive 
processes although the exact mechanisms by which they in-
terfere in these processes are not well established.18-21

CONCLUSIONS

The results suggest an involvement of CB1 receptors in de-
pression-like behaviour and nociception in OBX rats and 
support the evidence of the association between depres-
sive disorder and pain pathways. The CB1 receptor ligands 
and especially the CB1 receptors agonists may be applied 
as potential antidepressant and analgesic agents although 
additional studies have to reveal their involvement in the 
mechanisms of depression and pain.

ACKNOWLEDGEMENTS

This study was supported by MU-Varna, Grant № AD-008-
1/06.04.2012.

REFERENCES
1. Scholich SL, Hallner D, Wittenberg RH, et al. The relation-

ship between pain, disability, quality of life and cognitive-be-
havioural factors in chronic back pain. Disabil Rehabil 2012; 
34(23): 1993-2000.

2. Gameroff MJ, Olfson M. Major depressive disorder, somatic 
pain, and health care costs in an urban primary care practice. 

J Clin Psychiatry 2006; 67(8): 1232-9.
3. Kelly JP, Wrynn AS, Leonard BE. The olfactory bulbectomized 

rat as a model of depression: an update. Pharmacol Ther 1997; 
74(3): 299-316.

4. Song C, Leonard BE. The olfactory bulbectomised rat as a 
model of depression. Neurosci Biobehav Rev 2005; 29(4-5): 
627-47.

5. Pazos MR, Núñez E, Benito C, et al. Functional neuroanatomy 
of the endocannabinoid system. Pharmacol Biochem Behav 
2005; 81(2): 239-47.

6. Mechoulam R, Parker LA. The endocannabinoid system and 
the brain. Annu Rev Psychol 2013; 64: 21-47.

7. Scotter EL, Abood ME, Glass M. The endocannabinoid sys-
tem as a target for the treatment of neurodegenerative disease. 
Br J Pharmacol 2010; 160(3): 480-98.

8. Freund TF, Katona I, Piomelli D. Role of endogenous cannabi-
noids in synaptic signaling. Physiol Rev 2003; 83(3): 1017-66.

9. Herkenham M, Lynn AB, Little MD, et al. Cannabinoid recep-
tor localization in brain. Proceedings of the national Academy 
of sciences. 1990; 87(5):1932-6.

10. Mackie K. Distribution of cannabinoid receptors in the central 
and peripheral nervous system. In: Cannabinoids. Berlin, Hei-
delberg: Springer; 2005 pp. 299-325.

11. Richardson JD. Cannabinoids modulate pain by multiple 
mechanisms of action. J Pain 2000; 1(1): 2-14.

12. Doan L, Manders T, Wang J. Neuroplasticity underlying the 
comorbidity of pain and depression. Neural plasticity. 2015; 
2015.

13. Huang WJ, Chen WW, Zhang X. Endocannabinoid system: 
Role in depression, reward and pain control. Mol Med Rep 
2016; 14(4): 2899-903.

14. Boettger MK, Grossmann D, Bär KJ. Thresholds and percep-
tion of cold pain, heat pain, and the thermal grill illusion in 
patients with major depressive disorder. Psychosom Med 
2013; 75(3): 281-7.

15. Li JX. Pain and depression comorbidity: A preclinical per-
spective. Behav Brain Res 2015; 276: 92-8.

16. Belcheva I, Ivanova M, Tashev R, et al. Differential involve-
ment of hippocampal vasoactive intestinal peptide in nocicep-
tion of rats with a model of depression. Peptides 2009; 30(8): 
1497-501.

17. Marinov M, Ivanova M, Belcheva S, et al. Effects of acutely 
applied cannabinoid CB1 ligands on nociception in rats with 
a model of depression. Comptes rendus de l’Academie bulgare 
des Sciences. 2013; 66(6): 877-82.

18. Lichtman AH, Martin BR. Spinal and supraspinal components 
of cannabinoid-induced antinociception. J Pharmacology Exp 
Ther 1991; 258(2): 517-23.

19. Manzanares J, Julian MD, Carrascosa A. Role of the cannabi-
noid system in pain control and therapeutic implications for 
the management of acute and chronic pain episodes. Curr 
Neuropharmacol 2006; 4(3): 239-57.

20. Patel S, Hillard CJ. Role of endocannabinoid signaling in anxi-
ety and depression. In: Behavioral neurobiology of the endo-
cannabinoid system. Berlin, Heidelberg: Springer; 2009; 347-
71.

21. Fitzgibbon M, Finn DP, Roche M. High times for painful 
blues: the endocannabinoid system in pain-depression co-
morbidity. Int J Neuropsychopharmacol 2015; 19(3): pyv095.



544

R. Tashev et al

Folia Medica I 2019 I Vol. 61 I No. 4

Субхроническое центральное применение 
ноцицепции модуля каннабиноидного лиганда у 
бульбэктомизированных крыс
Роман Е. Ташев1, Галя Ц. Ставрева2, Маргарита Ст. Великова3

1 Кафедра патофизиологии, Медицинский университет - София, София, Болгария 
2 Кафедра  фармакологии и токсикологии, Медицинский университет - Плевен, Плевен, Болгария
3 Каферда физиологии и патофизиологии, Медицинский университет - Варна, Варна , Болгария

Адрес для корреспонденции: Роман Е. Ташев, Кафедра патофизиологии, Медицинский университет - София, ул. „Здраве” № 2, 1431 
София, Болгария, E-mail: romantashev@gmail.com; Тел: 0876 542700

Дата получения: : 07 ноября 2018 ♦ Дата приемки: 06 июня 2019 ♦ Дата публикации: 31 декабря 2019

Образец цитирования: Tashev R, Stavreva GT, Velikova MS. Subchronic central administration of cannabinoid ligands modulates nociception in 
bulbectomized rats. Folia Med (Plovdiv) 2019;61(4):540-4. doi: 10.3897/folmed.61.e47957.

Абстракт
Введение: Эндоканнабиноидная система связана с психоневрологическими расстройствами, такими как тяжёлая депрес-
сия. Двусторонняя ольфакторно бульбэктомизированная крыса широко используется в качестве животной модели депрес-
сии. Удаление обонятельных луковиц вызывает поведенческие, физиологические и нейрохимические изменения, сходные с 
таковыми при клинической депрессии. Появляется все больше доказательств в поддержку важной роли передачи сигналов 
каннабиноидов при депрессии и ноцицепции.

Цель: Изучить влияние агониста рецептора CB1 HU 210 и антагониста рецептора CB1 SR 141716A, вводимого интрацере-
бровентрикулярно (подкожно) (в течение 7 дней), на ноцицепцию крыс с помощью модели депрессии-двусторонней ольфак-
торной бульбэктомии (OБЭ).

Материалы и методы: Экспериментальная модель депрессии - двусторонняя ольфакторная бульбэктомия (OБЭ). В ка-
честве экспериментальной модели депрессии использовали двухсторонне ольфакторно бульбэктомизированных крыс. HU 
210 (5 µg) или SR 141716A (3 µg) вводили в течение 7 дней подряд, начиная с 15 дня после ольфаторной бульбэктомии. Ноци-
цепция была исследована с использованием paw pressure test (PPT) (анальгезиметр) для определения порога боли у крыс. На 
седьмой день, через пять минут после последней микроинъекции, крыс тестировали анальгезиметром, и их ответы на меха-
нически вызванную боль измеряли в произвольных единицах (arbitrary units (AU)).

Результаты: Микроинъекции HU 210 (5 µg) значительно снижали болевой порог у ольфакторно бульбэктомизированных 
крыс, тогда как SR 141716A (3 µg) оказывал антиноцицептивный эффект, увеличивая болевой порог.

Выводы: Данные указывают на участие рецепторов CB1 в депрессоподобном поведении и ноцицепции у ольфакторно буль-
бэктомизированных крыс и подтверждают данные о связи между депрессивными расстройствами и болевыми путями.
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