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The biological effects of cannabinoids, the major constituents of the ancient medicinal plant Cannabis
sativa are mediated by two members of the G-protein coupled receptor family, cannabinoid receptors
1, CB1 and CB2. It has been discovered that cannabinoid receptors are expressed in the amygdala,
and their activity contributes to the dissociative effect of cannabis on pain perception. There are
many studies examining the effects of cannabinoids in relief of acute and chronic inflammatory pain,
and many researches try to prove high efficiency and demonstrate new capabilities of these drugs in
pain treatment, but much less is known about their side effects like tolerance after repeated
administration for long-term treatment. Therefore it was very interesting to figure out if repeated
microinjections of cannabinoids into the central nucleus of amygdala would induce tolerance effects
to them. Here we found that microinjection of Δ9-tetrahydrocannabinol (THC) into the central
nucleus of amygdala produced antinociception, as detected by increased latency as compared to the
baseline and to the control group with saline. On subsequent four days THC microinjections caused
progressively less antinociception, so that by day 4 there was no effect. In this paper, thus, we have
shown that a long-term use of THC cause development of tolerance toward it, which is one of the side
effects of cannabinoids, and drugs used for treatment should be limited. © 2020 Bull. Georg. Natl.
Acad. Sci.
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behavioral studies have shown that cannabinoids
produce antinociception in animal models of acute
pain, the naturally occurring THC inhibited
responses to noxious thermal and mechanical
stimuli in the hot‐plate (HP), tail‐flick (TF) and
paw pressure tests [5,6]. It has been shown that one
of endocannabinoid ligands anandamide is also an
effective against in more persistent nociceptive
processes, since its administration results in reducing thermal and mechanical hyperalgesia and mechanical allodynia following peripheral inflammation [7]. Cannabinoid (CB1) receptors are expressed in key nociception areas including the periaqueductal grey, the dorsal horn of the spinal cord
and dorsal root ganglion neurons [8]. It has been
discovered that cannabinoid receptors are expressed in the amygdala [9,10], and their activity
contributes to the dissociative effect of cannabis on
pain perception [11]. Pain having a strong affective
and emotional dimension and the amygdala,
especially its central nucleus (CeA), has also
emerged in the last twenty years as key element of
the pain matrix. The CeA receives nociceptive
information from the brainstem. Hyperactivity in
the latero-capsular division of the CeA also termed
as the “nociceptive amygdala” [11,12]. In our
investigations also have shown the role of CeA in
pain perception, microinjections of NSAIDs into
the CeA induced antinociception, and repeated
administration led to development of tolerance to
these non-opioids [13,14,]. In the other study,
administration of CB1 receptor antagonist AM-251
into the CeA blocked developing of antinociception
to NSAIDs [15].
There is now considerable evidence supporting
a role for cannabinoids in antinociception,
however, much less is known about cannabinoids
side effects like tolerance, hence, studying the
mechanisms of cannabinoid actions is very actual
and important for pharmacological and clinical
practice. Here we report antinociceptive tolerance
effects induced by THC injected into CeA for four
consecutive days in rats.
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Materials and Methods
Animals. The research was carried out on adult
male Wistar rats weighing 200-250 g, bred at the
Beritashvili Center for Experimental Biomedicine
(BMC). The animals were kept under standard
housing conditions (22 ± 2ºC, 65% humidity, and
light from 7:00 a.m. to 8:00 p.m.) and kept on a
standard dry diet with water freely available. Every
effort was made to minimize both the number of
animals used and their suffering. Six rats were used
for each experimental and control groups. The local
Bioethic Committee of the BMC approved the
experimental protocols, adhering to the Guidelines
of the International Association for the Study of
Pain regarding investigations of experimental pain
in conscious animals.
Surgical procedures. Under anesthesia with intramuscular administration of ketamine (100 mg/kg,
“KharkovPharm”, Ukraine), a 12-mm-long stainless
steel guide cannula (Small Parts, Inc., USA) was
stereotaxically implanted bilaterally into the CeA
according to the coordinates in the atlas of Paxinos
and Watson [16]. The guides were anchored to the
cranium by dental cement. The guide cannula was
plugged with a stainless steel stylet. Thereafter, the
animals were handled every day for 2-3 days for 1520 min to get familiar with the testing protocol and
experimental environment. During this time, the stylet
was removed and 14 mm-long stainless steel microinjection cannula was inserted into the guide cannula
to reach the CeA, but no drug was injected. Five days
after surgery the microinjection cannula, attached to
Hamilton syringe (Hamilton, Inc., USA), was joined
to the guide cannula, and the drug was introduced
through it while the rat was gently restrained.
Drugs. TCH 0.05 μg in 0.5 μl solution (100 μg
dissolved in 1 ml heptanes, Sigma Aldrich.USA)
was injected through the microinjected cannula as
we used previously [13-15]. The guide cannula was
then plugged with a stainless steel styled. Isotonic
saline was injected in the same volume 0.5 μl,
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(GalichPharm, Ukraine) and manner in a separate

Statistics. All mean control and experimental

group of rats for controls. Solutions were
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microinjected in about 10-15 seconds.
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with a light beam induce TF reflex (33 Tail Flick
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Analgesia Meter, IITC, USA), and the latency
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measured until the tail was reflexively flicked away

as statistically significant if P < 0.05.

Tukey-Kramer or Dunnett’s multiple comparison

from the beam. The holding temperature was 45°C
and the cut-off time was 20 s. Only a single

Results and Discussion

stimulus to the tail was applied daily for each

Microinjection of THC into the CeA produced

animal. For the HP test, the rat was placed on a

antinociception, as detected by increased in the

55°C hot plate (39 Hot Plate Analgesia Meter,

latency as compared to the baseline and to the

IITC, USA) and the latency of paw lick or jump was

control group with saline microinjections in CeA.

measured. The cut-off time was 20 s. The Paw

ANOVA revealed statistical significant values for

Pressure (PP) test nociceptive withdrawal threshold

the THC in the TF [ANOVA, F(4,25) = 35.309,

was estimated by using the Randall-Selitto

P < 0.0001, n = 6], the HP [ANOVA, F(4,25) =

electronic

22.237, P < 0.0001, n = 6], and mechanical (PP)
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pressure meter, #37215, Ugo Basile. Italy). Before

(Randall-Selitto)

testing, each animal received 5 min of handling to

P < 0.0001, n = 12] tests, respectively, but not for
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the saline-control group in the TF [ANOVA,

immobilized by hand used to hold the tested paw.

F(4,25) = 0.1453,
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n = 6], in the HP [ANOVA, F(4,25) = 1.607, P =

increasing mechanical force, in which the tip of the

0.2036, not significant, n = 6], and in the PP
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[ANOVA, F(4,55) = 1.171, P = 0.3338, not signi-

dorsal surfaces hind paws until a withdrawal

ficant, n = 12] tests, respectively.

response resulted. Each rat was tested for all
latencies and threshold in the same session.

[ANOVA,

P = 0.9634,

F(4,55) = 84.603,

not

significant,

Dunnett’s multiple comparison test showed
significant increase latencies compare to baseline
values for TF reflex in the first (t = 9.533, P < 0.01),

Histology. At the end of each set of experiments,

and the second experimental days (t = 6.089,

the microinjection sites were marked with 2 μl of

P < 0.01) (Fig. A); for HP test in the first (t =7.786,

saturated solution of Pontamine Sky Blue (Sigma-

P < 0.01), and the second experimental days (t=

Aldrich, USA) and the animal was euthanized with

3.923, P < 0.01) (Fig. 1B); and for PP test in the first

pentobarbital. After fixation by immersion in 10%

(t=14.780, P<0.01), the second (t=7.937, P<0.01),

formalin, the brain was sectioned and counter-

and the third days (t = 2.596, P < 0.05) (Fig. 1C). On

stained with Cresyl Violet. The microinjection sites

subsequent days THC microinjections into CeA

were histologically verified and plotted according

caused progressively less antinociception, so that by

to Paxinos and Watson (1997) stereotaxic atlas

day 4 there were not analgesic effects of THC, i.e.

coordinates [16].

developed tolerance in all three tests (Fig. 1).
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These findings are similar to our recent data
showing that antinociceptive tolerance effects of
NSAIDs injected into CeA are attenuated by
combined injection of opioid receptor antagonist
naloxone

and

cannabinoid

CB1

receptor

antagonist AM-251 [14], thereby confirm that
spinal nociceptive reflexes in rats are mediated
via

descending

opioid

and

cannabinoid

modulatory system with key functions of
periaqueductal grey matter and rostral ventromedial medulla [13,17]. Recently we also have
found that CB1 receptor antagonist AM-251 [15]
and opioid receptor antagonists, naloxone and
CTOP

[18]

antinociceptive

attenuated
tolerance

NSAIDs-induced
in

the

anterior

cingulate cortex of rats, the second important
pain matrix structure in the brain.
In conclusion, the presented work has shown
that four days using of THC causes development of
tolerance to this drug, therefore this undesirable
side effect of THC chronic pain should be taken
into account in clinical practice.
This research was supported by the grant from
Fig. Antinociceptive tolerance to THC injected into CeA
for the tail-flick (A), hot plate (B), and PP (Randall
Selitto) (C) tests. Note the progressively decrease in
latency and threshold for the consecutively four days
develops tolerance to NSAIDs.
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ადამიანისა და ცხოველთა ფიზიოლოგია

ამიგდალას ცენტრალურ ბირთვში კანაბინოლის
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(წარმოდგენილია აკადემიის წევრის ნ. მითაგვარიას მიერ)

სამკურნალო მცენარის, კანაფის (Cannabis sativa) მთავარი შემადგენელი კომპონენტების,
კანაბინოიდების ბიოლოგიური ეფექტები განპირობებულია G-ცილასთან შეუღლებული CB1
და CB2 კანაბინოიდური რეცეპტორების გააქტივებით. ნაჩვენებია, რომ ამიგდალას ცენტრალურ ბირთვში კანაბინოიდური რეცეპტორების გააქტივება ცვლის ტკივილის შეგრძნებას.
ასევე ცნობილია მწვავე და ქრონიკული ანთებითი ტკივილის მართვაში კანაბინოიდების
მაღალი ეფექტურობა, მაგრამ მცირეა ცნობები მათი ისეთი გვერდითი ეფექტის შესახებ,
როგორიცაა ტოლერანტობა. აქედან გამომდინარე, ძალიან საინტერესო იყო იმის გარკვევა,
იწვევს თუ არა ამიგდალას ცენტრალურ ბირთვში კანაბინოლის განმეორებითი მიკროინექციები ტოლერანტობის განვითარებას. ჩვენ აღმოვაჩინეთ, რომ Δ9-ტეტრაჰიდროკანაბინოლის
(THC) მიკროინექცია ამიგდალას ცენტრალურ ბირთვში იწვევდა ანტინოციცეპციას, რაც გამოიხატებოდა ტკივილის შეგრძნების ლატენტური პერიოდისა და მექანიკური დაწოლის ზღურბლის გაზრდით, საცდელი ვირთაგვების ბაზისურ მონაცემებსა და საკონტროლო ცხოველების
ჯგუფთან შედარებით. მომდევნო ოთხი დღის განმავლობაში, THC მიკროინექციით გამოწვეული ანტინოციცეპცია პროგრესულად მცირდებოდა ისე, რომ ექსპერიმენტის მეოთხე დღეს
ლატენტური პერიოდის ხანგრძლივობა და მექანიკური გაღიზიანების ზღურბლი უტოლდებოდა ბაზისურ და საკონტროლო მაჩვენებლებს. წარმოდგენილი კვლევით დასტურდება, რომ
ქრონიკული ტკივილის მკურნალობაში THC -ის გამოყენება საჭიროებს მისი გვერდითი ეფექტის, კერძოდ, ტოლერანტობის ფენომენის გათვალისწინებას.
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