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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 A’-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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The plant Cannabis sativa has long been used for
medical purpose throughout human history. The
first record can be traced back to ancient China
around 5000 years ago, where extracts of the plant
were used for relief of cramps and pain. The widely
uses of Cannabis sativa included antinociception,
anti-inflammatory, and anti-convulsant effects

[1,2]. Not until a half century ago, the first light was

shed on the myth of the versatility of Cannabis
sativa by the discovery of A°-tetrahydrocannabinol
(THC) [3]. There are a number of factors relevant
to the chronic diseases that pertain to the
cannabinoid system. Endocannabinoid molecules
are produced by breakdown of phospholipids, and
may constitute the endogenous anti-inflammatory

pathway [4]. Furthermore, a wide range of

© 2020 Bull. Georg. Natl. Acad. Sci.
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behavioral studies have shown that cannabinoids
produce antinociception in animal models of acute
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

pain, the naturally occurring THC

of endocannabinoid ligands anandamide is also an
effective against in more persistent nociceptive
processes, since its administration results in redu-
cing thermal and mechanical hyperalgesia and me-
chanical allodynia following peripheral inflamma-
tion [7]. Cannabinoid (CB1) receptors are expre-
ssed in key nociception areas including the peria-
queductal grey, the dorsal horn of the spinal cord
and dorsal root ganglion neurons [8]. It has been
discovered that cannabinoid receptors are expre-
ssed 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 + 2°C, 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 intra-
muscular 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 15-
20 min to get familiar with the testing protocol and
experimental environment. During this time, the stylet
was removed and 14 mm-long stainless steel micro-
injection 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 0.05pg in 0.5 pl solution (100 pg
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 pl,
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(GalichPharm, Ukraine) and manner in a separate

group of rats for controls. Solutions were

microinjected in about 10-15 seconds.

Behavioral testing. Twenty minutes post micro-
injection of TCH or saline into the CeA 10-min
before the peak of the drugs’ effect is normally
reached, rats were tested for antinociception. For
the TF test the distal part of the tail was stimulated
with a light beam induce TF reflex (33 Tail Flick
Analgesia Meter, IITC, USA), and the latency
measured until the tail was reflexively flicked away
from the beam. The holding temperature was 45°C
and the cut-off time was 20s. Only a single
stimulus to the tail was applied daily for each
animal. For the HP test, the rat was placed on a
55°C hot plate (39 Hot Plate Analgesia Meter,
IITC, USA) and the latency of paw lick or jump was
measured. The cut-off time was 20s. The Paw
Pressure (PP) test nociceptive withdrawal threshold
was estimated by wusing the Randall-Selitto
(digital
pressure meter, #37215, Ugo Basile. Italy). Before

electronic  algesimeter analgesia-paw
testing, each animal received 5 min of handling to
get used to manipulation; then it was carefully
immobilized by hand used to hold the tested paw.
The test consisted of the application of an
increasing mechanical force, in which the tip of the
device was applied onto the medial portion of the
dorsal surfaces hind paws until a withdrawal
response resulted. Each rat was tested for all

latencies and threshold in the same session.

Histology. At the end of each set of experiments,
the microinjection sites were marked with 2 pl of
saturated solution of Pontamine Sky Blue (Sigma-
Aldrich, USA) and the animal was euthanized with
pentobarbital. After fixation by immersion in 10%
formalin, the brain was sectioned and counter-
stained with Cresyl Violet. The microinjection sites
were histologically verified and plotted according
to Paxinos and Watson (1997) stereotaxic atlas

coordinates [16].

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 3, 2020

Statistics. All mean control and experimental
groups’ values are presented as mean + S.E.M. One-
way analysis of variance (ANOVA) with post-hoc
Tukey-Kramer or Dunnett’s multiple comparison
tests were used for statistical evaluation of compa-
risons between treated and saline groups. The
Kolmogorov-Smirnov test was applied to verify
normality. The statistical software utilized was
InStat 3.05 (GraphPad Software, San Diego, CA,
USA). Differences between means of saline control
and treated groups with TCH, were acknowledged
as statistically significant if P <0.05.

Results and Discussion

Microinjection of THC into the CeA produced
antinociception, as detected by increased in the
latency as compared to the baseline and to the
control group with saline microinjections in CeA.
ANOVA revealed statistical significant values for
the THC in the TF [ANOVA, F(4,25) = 35.309,
P <0.0001, n=6], the HP [ANOVA, F(4,25) =
22.237, P<0.0001, n=6], and mechanical (PP)
(Randall-Selitto) [ANOVA, F(4,55)=284.603,
P <0.0001, n = 12] tests, respectively, but not for
the saline-control group in the TF [ANOVA,
F(4,25)=0.1453, P=0.9634, not significant,
n=06], in the HP [ANOVA, F(4,25)=1.607, P =
0.2036, not significant, n=6], and in the PP
[ANOVA, F(4,55)=1.171, P=0.3338, not signi-
ficant, n = 12] tests, respectively.

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),
and the second experimental days (t=6.089,
P <0.01) (Fig. A); for HP test in the first (t=7.786,
P <0.01), and the second experimental days (t=
3.923,P <0.01) (Fig. 1B); and for PP test in the first
(t=14.780, P<0.01), the second (t=7.937, P<0.01),
and the third days (t=2.596, P < 0.05) (Fig. 1C). On
subsequent days THC microinjections into CeA
caused progressively less antinociception, so that by
day 4 there were not analgesic effects of THC, i.e.
developed tolerance in all three tests (Fig. 1).
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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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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 CBI
antagonist AM-251 [14], thereby confirm that

spinal nociceptive reflexes in rats are mediated

receptor

via descending opioid and cannabinoid

modulatory system with key functions of
periaqueductal grey matter and rostral ventro-
medial medulla [13,17]. Recently we also have
found that CB1 receptor antagonist AM-251 [15]
and opioid receptor antagonists, naloxone and
CTOP [18] NSAIDs-induced

antinociceptive anterior

attenuated
tolerance in the
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.
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bs93mObsgrm 939bs00ol, 35656306 (Cannabis sativa) dmozs@o 9850099690 333mbgbEgdols,
3965006mo@gdol dommmyom®o 989JGJO0 33630HMBIGPRMEos G-3oEsbmsb dgmmegdmmo CB1
@5 CB2 3565306m0@nM0 (9393G™Mmg00l g35dB039000m. bsBggbgdos, GmI sd0yEasl 39bE®s-
@6 doGmzdo Jsbsdobmor®o Mg3g3GHMMPDOL 3ssgE039ds (33e0l GH3ogowol dgaMdbgdsl.
sbg39 3bmdowos 33939 ©s JOMbozmmo sbmgBdomo BH3ogomol sMrm3zsdo 396sd0bmowgdols
0505000 9BJJHMOMDds, 550 I30Mgs 3BMdIdo Fsmo 0lgmo 390 9BJJEHOL Tglisbgd,
OHMRMOOES GHMEYOHIBEHMBS. 590056 358mBEobotmyg, dsgosh LsobEHgMglim ogm odol 533939,
ofigo3l 00 5Ms 5805l 39bEHGINMEO doMmgdo 356580bmeols 3963gmMgdomo dozmmobgd-
30990 GHMEgMB6EHMdOL 5630m0MgdsL. Bzgh s0dmgsBobgm, Gmd A%-EgEMms30EMH™m3s65806meols
(THC) 9036006930 580305¢sL 396@Msem® doMcm3do 0fj393ws s630bm3o3gg33ost, Moy gsdm-
0bs®OMs GH3030¢0ol d9aMdbgdols ems@gbd o 3gMomobs s 99ds603M0 sfimemol buw-
3eol 35BMEOom, LdEEIEo 3000533900l B3BOLYYH IMbs3gdgOLS s Bs3MBbEHGMEM sbmggmgdol
X295B06 90050M9000. ImdEg3bm mmbo ®OL 356353¢®d580, THC d036Hmobgdzoom 3sdmfigg-
Mo 36GH06mE0393300 3OHMaMabrws® d3oMEIdmEs oy, Mmd gdudg®odgb@ol dgmmby Mgl
WAIBEBHMO0 3g9H0mEOL bsba®derogmds s 393960390 4500B0sbgdoL BLYIMdIO YEHME©Y-
3m@>5 35BOLNM s Bs3MbEMMenem 35839690 gdl. [s®ImEagbowo 33693000 sLEBHMM©YdS, M
J6mbogmmo #3030l 399Mbsemdsdo THC -ob gs9mygbgds bsFommgdl dolo a396Momo 9i39d-
30U, 390dmE, BHMEIOIBEHMBOL BgomIghols gomgzseolifobgdst.
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