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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ANTINOCICEPTIVE TOLERANCE TO CANNABINOIDS IN ADULT MALE MICE: A PILOT STUDY

12Tsagareli M., 2Kvachadze 1., 3Simone D.A.

!Beritashvili Center for Experimental Biomedicine, Laboratory of Pain and Analgesia, Thilisi;
’Tbhilisi State Medical University, Department of Physiology, Georgia;
SUniversity of Minnesota, Department of Diagnostic and Biological Sciences, Minneapolis, MN, USA

The Cannabis sativa plant has been used for medicinal pur-
poses for thousands of years by different cultures. The first docu-
mentation of cannabis as a medicine appeared in China 5000
years ago when it was recommended for malaria, constipation,
rheumatic pains and, mixed with wine, as a surgical analgesic. In
India, more than 1000 years BC, the plant was used for various
functions, such as a hypnotic and a tranquilizer in the treatment of
anxiety, mania and hysteria [19]. The Assyrians inhaled cannabis
to relieve symptoms of depression. A Greek physician, Pedacius
Dioscorides, between 50 and 70 AD classified different plants, in-
cluding C. sativa, and described the benefits derived from its use in
his book De Materia Medica [30]. Cannabis was introduced into
Western medicine in the 19th century for its analgesic, anti-inflam-
matory, anti-emetic and anticonvulsant properties.

In the early 20th century, cannabis extracts were used for the
treatment of psychiatric disorders, and were especially utilized
as sedatives and hypnotics. After the 1930s, medical use of can-
nabis significantly decreased as it was considered to be an il-
legal substance, and its use in psychiatry was limited. However,
after the identification of the main components of cannabis and
the discovery that the endocannabinoid system (ECS) is able to
modulate different processes in pain medicine and psychiatric
disorders, interest in the use of cannabinoids has been renewed
[10,12,13,18,26]. The medical use of cannabis extracts was ap-
proved in June 2010 by ten European countries [7].

In the past two decades, numerous tools to perturb the ECS
have been developed and demonstrated its potential efficacy for
pain relief and in treatment of neurological disorders. However,
global targeting of the ECS is also associated with undesirable
results, including deleterious effects on memory, cognition,
mood, and the development of tolerance and dependence in hu-
mans [5,15,27,25,37]. Similarly, laboratory animals also exhibit
both tolerance and dependence subsequent to the chronic admin-
istration of cannabinoids [2,15,20,29].

Cannabinoids are classified based on their origin into three
categories: endocannabinoids (present endogenously in hu-
man tissues), phytocannabinoids (plant-derived), and synthetic
cannabinoids (pharmaceuticals). Cannabinoids exert an anal-
gesic effect, peculiarly in hyperalgesic conditions associated
with neuropathic and inflammatory pain [22]. Components
of the cannabinoid system are expressed almost ubiquitously
throughout nociceptive pathways, and thus targeting the system
via exogenous cannabinoid ligands, or enhancement of endog-
enous communication can modulate nociceptive signaling at
multiple sites including the periphery, dorsal horn of the spinal
cord, and supraspinal structures associated with pain processing
[31,32,37].

The first cannabinoids to be chemically characterized, delta-
9-tetrahydrocannabinol (THC), and cannabidiol (CBD) were
the most abundant members of this class of natural products in
the dried and heated flowers of C. sativa varieties that are used
for the production of marijuana and hemp, respectively [24].
Accordingly, THC is responsible for the psychoactive effects
of marijuana whereas CBD was found to be non-psychotropic
[6,20]. Initially, research on cannabinoid acids received little at-
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tention, but cannabinolic acid (CBNA), like CBD, has recently
been reported to have anti-nausea and anti-anxiety activity and
to reduce depressive-like behavior in two genetic animal models
of depression [24]. CBNA, a non-psychoactive cannabinoid is
formed during storage and aging of plant samples by degrada-
tion of tetrahydrocannabinolic acid (THCA), a major compo-
nent of cannabis resin [3]. Nevertheless, the potential clinical
uses of cannabinoids remain strongly limited by the unaccept-
able adverse effects of cannabis including its psychotropic ac-
tion [1,13] or tolerance, dependence, and withdrawal symptoms
upon drug cessation [15,28,33].

Cannabinoid-based medications possess unique multimodal
analgesic mechanisms of action, modulating diverse pain tar-
gets in the nervous system. However, more clinical and preclini-
cal studies are needed to address the issues of the tolerance and
dependence associated with cannabinoids. Characterizing and
modifying drug tolerance is important in the development of
and optimization of analgesics in order to relieve pain with re-
peated use. Some behavioral tolerance effects of cannabinoids
have been reported in rodents. For example, tolerance to vari-
ous effects of THC and synthetic cannabinoid agonists (WIN
55,212-2, CP 55,940) develops readily upon repeated drug ad-
ministration, and the development of tolerance may depend on
sex differences. For example, female rats developed more anti-
nociceptive tolerance to THC than males [34,35].

Because most previous studies examined antinociceptive tol-
erance to cannabinoids in rats, the present study examined the
development of antinociceptive tolerance to repeated adminis-
tration of THC and CBNA in mice.

Material and methods. Studies were conducted in male mice
weighing 30-50 g that were bred at the vivarium of the BMC.
The mice were housed under standard conditions (22+2°C, 65%
humidity, light from 7:00 a.m. to 8:00 p.m.), and maintained
with food and water freely available. Training sessions were car-
ried out five days per week during the daylight hours. Through-
out the experiments, animals were treated in accordance with the
Guidelines for the Care and Use of Mammals in Neuroscience
and Behavioral Research (National Academy of Sciences, 2003)
and all experimental protocols were approved by the local Bio-
ethics Committee of the BMC. We adhered to the Guidelines
of the International Association for the Study of Pain regarding
investigations of experimental pain in conscious animals [38].

Drugs. Delta-9-THC (250 pg/kg, Cerilliant, Sigma-Aldrich) and
CBNA (2.5 mg/kg, Cerilliant, Sigma-Aldrich) (in a volume 0.03-
0.05 ml) or the same volume of vehicle (10% DMSO (Sigma) in sa-
line) were injected intraperitoneally (i.p.). For studies of tolerance,
these drugs were administered repeatedly over five consecutive
days (Monday—Friday). Concentrations and volumes of drugs were
calculated according to corresponding data in rats [8,35].

Behavioral measures of nociception. Experiments were con-
ducted using three behavioral plantar nociceptive tests: thermal
paw withdrawal test (Hargreaves method) (#390, IITC Life Sci-
ence, Inc., Woodland Hills, CA, USA), mechanical paw with-
drawal test using with IITC Electronic von Frey (#3900 rigid tip
90 g range), and Hot Plate Analgesia Meter (#39, IITC).
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Thermal paw withdrawal (Hargreaves) test: Mice were first
habituated over three successive daily sessions to stand on
a glass surface heated to 30+1 °C within a ventilated Plexi-
glass enclosure. Before formal testing, baseline latencies for
paw withdrawals evoked by radiant thermal stimulation were
measured three times/paw, with at least 5 min elapsing be-
tween tests per each paw. A light beam was focused onto the
plantar surface of the hindpaw through the glass plate from
below, and the latency from the onset of light application to
brisk withdrawal of the stimulated paw was measured. To
prevent potential tissue damage, a cutoff time of 20 s was
imposed if no paw movement occurred.

Mechanical paw withdrawal threshold (von Frey) test: Mice
were placed on a mesh stand (#410, IITC) inside plexiglass en-
closures and trained for three consecutive daily sessions to accli-
mate them to the testing environment. The electronic von Frey
device registered the force (g) at the moment that the

hindpaw was withdrawn from the semi flexible polypropylene
filament. Prior to testing, each paw was tested for baseline me-
chanical withdrawals at least three times, with a minimum of 5
min between successive measurements per each paw.

Hot plate test: For the hot plate (HP) test, mice were habituat-
ed to the testing environment for three successive daily sessions.
Mice were placed on an anodized aluminum plate (275mm x
263mm x 15mm) supplied with a Plexiglass enclosure. The
plate was heated to 55°C and the latency to the first hindpaw lick
or time to first jump was determined. The cut-off time was 20 s
for HP latencies.

Behavioral testing. Mice were randomly divided into experi-
mental and control groups. Prior to testing, baseline values for
thermal and mechanical tests were assessed. Baseline values
were defined as the mean of three measurements for the left and
right hindpaws, with 5 min intervals between tests. Each animal
was tested with these three tests in the same session. Similar pro-
cedures were followed for the repeated microinjection of THC
(250 pg/kg) and CBNA (2.5 mg/kg) for four consecutive days.
Mice were tested 15 min after drug administration.

All data are presented as mean = SEM. Paw withdrawal la-
tencies to heat and mechanical paw withdrawal thresholds were
compared using One-way analysis of variance with repeated
measures (rMANOVA). Post-hoc comparisons between vehicle-
treated and THC- or CBNA-treated mice were made using the
Tukey-Kramer or Dunnett’s multiple comparison tests. The sta-
tistical software utilized was InStat 3.05 (GraphPad Software,
USA). Differences between groups of mice were considered sta-
tistically significant if P<0.05.

Results and discussion. In this first series of experiments,
we studied whether tolerance would develop in mice following
systemic (i.p.) administration of 250 pg/kg THC. Our results
showed that THC induced strong antinociception in all three
behavioral tests on the first day of the experiment (Fig. 1). The
latency of thermal paw withdrawal (Hargreaves test) was sig-
nificantly increased during five days of testing, [[MANOVA: F
(16,55)=150.85, P<0.0001, n=12]. Dunnett’s comparison post
hoc test between baseline control and experimental data clearly
showed significant increases in thermal withdrawal latency for
the first (t=23.699, p<0.01), the second (t=15.985, p<0.01), the
third (t=12.329, p<0.01), the fourth (t=7.179, p<0.01), and the
fifth days (t=3.156, p<0.05) (Fig. 1A). As can be seen from this
Fig., from the second day of testing the latency of the reflex is
progressively reduced, indicating the development of tolerance
to repeated systemic administration of THC.

We obtained similar results for the hot plate test TMANOVA:
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F (10,25)=23.596, P<0.0001, n=6]. In this test, withdrawal la-
tency was significantly increased in the first three days of the
experiment, on
the first (t=7.475, p<0.01), second (t=4.377, p<0.01) and third
days (t=2.710, p<0.05). However, antinociception was gradually
reduced over the five experimental days (Fig. 1B). Mechanical
paw withdrawal thresholds (von Frey test) also increased after
THC [rMANOVA: F (16,55)=63.725, P<0.0001, n=12]. The
Dunnett post hoc test confirmed this effect on the first (t=14.505,
p<0.01), second (t=10.177, p<0.01), third (t=6.464, p<0.01) and
fourth days (t=2.938, p<0.05). As for the antinociceptive effects
on withdrawal responses to heat, tolerance to THC was evident
(Fig. 10).
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Fig. 1. Antinociceptive tolerance to systemic injections of
THC. Latency of thermal paw withdrawal on the Hargreaves
test (A), latency of paw withdrawal on the hot plate (B), and
mechanical withdrawal threshold (von Frey test) (C) increased
after THC. It is noteworthy that as a result of repeated injections
of THC over a period of five days, there is a progressive reduc-
tion in withdrawal latencies and thresholds indicating develop-
ment of tolerance

In the second series of experiments, we explored the sec-
ond cannabinoid — cannabinolic acid (CBNA), which, unlike
THC, has no psychotropic action. Systemic (i.p.) administra-
tion of CBNA (2.5 mg/kg) produced stronger antinociception
and, to some extent, more rapidly developed tolerance than
THC. In all these three behavioral tests, ’IMANOVA showed a
significant increase in withdrawal responses to thermal (Harg-
reaves), [F (16,55)=49.245, P<0.0001, n=12], and hot plate [F
(10,25)=56.47, P<0.0001, n=6], and mechanical stimuli (von
Frey) [F (16.55)=142.07, P<0.0001, n=12].

Dunnett’s post hoc test on paw thermal stimulus revealed a
significant increase in withdrawal latency on the first (t=12.452,
p<0.01), second (t=8.505, p<0.01) and third (t=3.949, p<0.01)
days (Fig. 2A). A similar increase in latency was observed with
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the hot plate test during the first three days (t=13.324, p<0.01,
Ist day), (t=6.917, p<0.01, 2nd day), and (t=3.910, p<0.01,
3rd day) (Fig. 2B). Mechanical withdrawal thresholds test also
showed a significant increase on the first (t=23.208, p<0.01),
second (t=11.542, p<0.01), third (t=7.118, p<0.01) and fourth
days (t=3.029, p<0.05) (Fig. 2C).
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Fig. 2. Antinociceptive tolerance to systemic injections of
CBNA. Latencies of thermal paw withdrawal using the Harg-
reaves test (A), and the hot plate test (B), and mechanical with-
drawal thresholds (von Frey test) (C) increased after CBNA.
Repeated administration of CBNA over a period of five days re-
sulted in a progressive reduction in the antinociceptive effects of
CBNA, indicating the development of analgesic tolerance

Fig. 2 clearly shows that repeated i.p. administration of
CBNA resulted in a gradual decrease in the antinociception in
of the behavioral measures. Withdrawal responses to heat and to
mechanical stimuli returned to baseline by the 4th and 5th day
of testing, respectively. Thus, as for THC, tolerance developed
following repeated administration of CBNA.

Our results showed that while the two major components of
cannabis, THC and CBNA, produced potent antinociception to
heat and mechanical stimuli in mice, repeated systemic admin-
istration of them resulted in rapid tolerance. Indeed, within 4-5
days of administration, withdrawal responses returned to base-
line values. It has been found that chronic treatment of rodents
with THC results in tolerance to its acute behavioral effects,
such as analgesia, motor inhibition, and the memory-disruptive
effects of cannabis. Such tolerance depends on dose, duration
of treatment, species, and the dependent variable measured, and
there is significant consensus that the mechanism of such toler-
ance is pharmacodynamic and not pharmacokinetic [14]. Recent
functional magnetic resonance imaging (fMRI) and magnetic
resonance spectroscopy (MRS) studies in humans showed that
an understanding of the pharmacodynamic mechanism for the de-
velopment of tolerance to cannabis is needed in the context of the
long-term therapeutic use of cannabis-based medications [17].
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Evidence suggests that the effects of acute administration of
THC are less prominent in individuals with a regular pattern of
cannabis use compared to non-regular users. These studies indi-
cate that frequent cannabis users report impairments in a broad
range of cognitive functions upon acute THC administration. In
this regard, cognitive functions in humans (sustained attention,
psychomotor ability, distractibility, verbal learning, etc.) appear
to be the domain most likely to demonstrate tolerance upon re-
peated exposure, with some evidence of full tolerance indicating
a complete absence of an acute effect [4].

The adverse effects of repeated THC administration may oc-
cur through a combination of pathways involving cannabinoid
receptor activation, accumulation of cannabinoids and their
metabolites, and upregulation of neuroinflammatory cytokines.
Thus, tolerance may play a relevant role in the cascade of neu-
robiological events leading to disorders affecting brain chemis-
try and circuitry [4]. We suggest that this possibility should be
taken into account when prescribing cannabis medications for
pain therapy.

Numerous studies have demonstrated that: (i) cannabinoids
suppress nociceptive processing, (ii) this suppression involves
supraspinal, spinal and peripheral mechanisms, (iii) endogenous
cannabinoids suppress pain, (iv) cannabinoids suppress neuronal
hyperexcitability and central sensitization, (v) cannabinoids sup-
press hyperalgesia and allodynia through actions at CB1 and CB2
receptors, and finally (vi) cannabinoid receptors are anatomically
localized to modulate nociceptive transmission through actions in
the periphery and spinal cord [2,11,16,22,28]. Thus, cannabinoids
may be used as an alternative to opioids or as an adjunct medication
to reduce the doses of opioids required for analgesia.

There are multiple mechanisms by which cannabinoids pro-
duce antinociception. Morphological and physiological evi-
dence suggest that cannabinoids produce antinociception by
decreasing sensitization of primary afferent nociceptors and
through a presynaptic CB1R-mediated modulation of nocicep-
tive input to the spinal cord [2,21,29]. The attenuation of cap-
saicin-induced increase in excitability and depolarization of the
substantia gelatinosa cells suggests that the strong inhibitory ef-
fect of the cannabinoids is capable of reducing the nociceptive
input to the spinal dorsal horn [21,29]. This strong inhibitory ef-
fect is likely to be one of the mechanisms of the antihyperalgesic
and analgesic effects of cannabinoids in various animal models
of acute and chronic pain [21,29,33].

In the brain, low levels of cannabinoid receptors in brainstem
regions that control vital heart rate and respiratory function pro-
vide an anatomical basis for the low toxicity of cannabinoids.
However, the psycho-activity of direct acting CB1R agonists
proved to be a major barrier to their use as therapeutic tools in
the pharmacotherapy for chronic pain. More encouraging results
have arisen from a number of studies showing positive effects of
CB2R agonists, locally administered cannabinoids, inhibitors of
the anandamide-degrading enzyme or the putative anandamide
transporter, or the use of new atypical cannabinoids. Such novel
targets for pain pharmacotherapy represent important future di-
rections for research in this field [22,36].

Concerning the molecular mechanisms of antinociceptive
tolerance, it has been recently discovered that c-Jun N-terminal
kinase (JNK) signaling pathways delay tolerance to the antino-
ciceptive and anti-allodynic effects of THC, but not to synthetic
cannabinoid agonists (CP55,940 and WINS5,212-2) in wild-type
mice using the formalin test and in mice with cisplatin-evoked neu-
ropathic pain using the tail-flick assays. These results emphasize the
agonist-specific mechanism of cannabinoid tolerance [9].
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Further studies are needed to better understand the neuro-
nal and molecular mechanisms underlying the development of
tolerance upon repeated cannabinoid exposure regarding ago-
nist-induced downregulation of cannabinoid receptors and their
intracellular trafficking. Such information is required in order
to optimally develop effective cannabinoid agonists that lack
antinociceptive tolerance.
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SUMMARY

ANTINOCICEPTIVE TOLERANCE TO CANNABI-
NOIDS IN ADULT MALE MICE: A PILOT STUDY

L2Tsagareli M., 2Kvachadze 1., 3Simone D.A.

!Beritashvili Center for Experimental Biomedicine, Laboratory
of Pain and Analgesia, Thilisi; *Tbilisi State Medical University,
Department of Physiology, Georgia; *University of Minnesota,
Department of Diagnostic and Biological Sciences, Minneapo-
lis, MN, USA

Over the past two decades, numerous tools have been devel-
oped to study the endocannabinoid system. Studies show the
potential effectiveness of endocannabinoids for the relief of pain
and neurological disorders. However, global targeting of the en-
docannabinoid system has also been associated with unwanted
outcomes, including deleterious effects on cognitive and emo-
tional functions, the development of tolerance and dependence,
and withdrawal symptoms after drug cessation in humans. The
main objective of the present study was to determine whether
male mice develop tolerance to delta-9-tetrahydro-cannabinol
(THC) and cannabinolic acid (CBNA)-induced antinociception
with long-term treatment. Using behavioral tests of mechanical
and thermal nociception, we found that systemic (intraperito-
neal, i.p.) administration of THC and CBNA resulted in strong
antinociception on the first day of the experiment. However,
over the next four days, the behavior indices of antinociception
to mechanical and thermal stimuli gradually decreased, indicat-
ing the development of tolerance following systemic administra-
tion of these drugs. Thus, the two main components of cannabis,
THC and CBNA, are characterized by the development of toler-
ance in mice as a result of their repeated i.p. administration.

Keywords: allodynia, analgesia, hyperalgesia, nociception,
pain, withdrawal reflexes.
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

PE3IOME

AHTHUHOIMUIEIITUBHASA TOJEPAHTHOCTb K
KAHHABAHOHUIAM Y B3POCJBIX MBIIIEA-CAM-
OB: NPEABAPUTEJIBHOE NCCJIEJOBAHUE

Mlarapeau M.I., ’Kauanze WU./1., *Cumone JI.A.

[lenmp skcnepumenmanvroi 6uomeduyunvt um. U.C. Bepu-
maweunu, Jlabopamopus 6onu u ananeesuu, Tounucu, *Tounuc-
CKULL 20CYOapCMEeHHbLIL MeOUYUHCKULL YHUSepcumen, Kageopa
Gusuonoeuu, I'pysus; *Vuusepcumem Munnecomei, oenapma-
MeHmM OUASHOCIMUYECKUX U 6uoroeueckux Hayk, Munneanonuc,
Munnecoma, CIIIA

3a mocnexHNUEe OBA ACCATHIETUS pa3paboTaHO MHOKECTBO
MOJAXOAOB U W3YYCHUS JHAOKAHHAOMHOMIHOW CHCTEMBI.
HccenenoBanuss TOKa3bIBAIOT IMOTCHIHAIBHYIO 3(PQeKTHB-
HOCTh SHJOKaHHAOWHOWIOB 1Js oOierdeHus Oomud u He-
BPOJIOTHYECKHUX paccTpoiicTB. OgHaKo rmobaibHOE HAlelu-
BaHUE HA YHAOKAHHAOMHOMIHYIO CHCTEMYy TaKXKe CBS3aHO C
HEe)XeTaTeNbHBIMU TIOCIEJCTBUAMH, BKIIOYAs yTHETaroIee
BO3ACHCTBHE HAa KOTHUTHBHBIE M SMOIMOHAIBHEIE (YHKIUH,
pa3BHUTHE TOJIEPAHTHOCTH M 3aBHCHMOCTH, a TaKXKe CHMIITO-
MBI OTMEHBI.

Llens  wuccrmemoBaHMs -  ONPEAENNTh,  PA3BHBAIOT-
Ci JH y CaMIOB MBIIIeH TOJNEPAHTHOCTh K JenbTa-9-
terparuapokanHadunony (THC)- n xkaHHaOMHOIOBOH KUCITO-
toit (CBNA)-uHAyIUpOBaHHOW aHTHHOLIWIEIINN TPH JITH-
TETbHOM JICICHNN.

Hcenonb3ys noBeaeHYECKHE TECThl MEXAHUYECKOW U TeM-
MepaTypHOl HOIMIENIHH, OOHApyXeHO, UYTO CHUCTEMHOE
(BuytpubpromunHoe) BBeneane THC u CBNA mpuBogut k
CHJIPHOW aHTHHOLMICTIIMU B TIEPBBIN JE€Hb 3KCIEPUMEHTA.
OnHako B TeUeHHE CIEAYIOMHMX YEThIpeX JHEH Mmokas3arenu
TIOBEJICHHS, CBSI3aHHBIC C AHTHHOIUIETIHEH K MeXaHHWde-
CKUM M TETIOBBIM Pa3Apa’kUTEIsIM, TOCTENIEHHO CHUKAICH,
yKa3bplBas Ha Pa3BUTHE TOJICPAHTHOCTH IIOCIE CHCTEMHOTO
BBEJICHHS YTHX IIPEIaparToB.

Taxum 00pas3oMm, 1Ba OCHOBHBIX KOMIIOHEHTa KaHHaOwHca,
THC nu CBNA xapakTepu3yloTcs pa3BUTHEM TOJIEPAHTHOCTH
y MBIIIEH B pe3ylnbTaTe UX MOBTOPHOTO BHYTPHOPIONIMHHOTO
BBEJICHHUS.
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Na, K-ATPase AND Cl-ATPase REGULATION BY DOPAMINE

Chkadua G., Tsakadze L., Shioshvili L., Nozadze E.

Iv. Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia

The neurotransmitter (NT)-dependent regulatory system of
Na, K-ATPase, and Cl-ATPase have been discovered in the syn-
aptic membranes of the rat brain. This regulation is implemented
with noradrenaline (NA), dopamine (DA), serotonin (SHT), and
acetylcholine (ACh). The action of NA, DA, and 5HT, in turn, is
regulated by the factor found in the synaptosomal cytosol frac-
tion (SFa). The addition of SFa abolishes Na, K-ATPase inhibi-
tion induced by the action of the above-mentioned NTs, leading
to the enzyme activation [9,6].

Regulation of the Cl-ATPase and Na/K-ATPase with an NT
and SFa has functional importance because it is specific for the
synaptic membranes, while SFa is localized exclusively in the
synaptic cytosol. The effect of NT and SFa action on the Na,
K-ATPase is characterized by tissue specificity [9,3]. The effect
is different in various regions of the brain and different types
of synapses [9]. The ratios of activatory/inhibitory mechanisms
and their depths at different stages of ontogenesis and in the ani-
mals of different habitats vary as well [10]. However, the mo-
lecular mechanisms of the NT and SFa action on CI-ATPase and
Na, K-ATPase are yet unknown. Clarification of these mecha-
nisms will provide more information on the functional role of
this regulation.

The material presented in this work is an endeavor to elucidate
the above problem; we have investigated the action of dopamine on
Cl-ATPase and Na, K-ATPase transport stoichiometry.

Material and methods. The synaptic fraction from rat brains
served as the Cl-ATPase and Na, K-ATPase preparation, which
was collected between the 1.2-0.9 M sucrose layers [2]. The pro-
tein concentration was evaluated by the Lowry method [14], the
inorganic phosphorus by the modified Fiske-Subbarow [4], and
the Kazanova-Maslova method [7]. The Na, K-ATPase activ-
ity (V) was assessed as the ouabain-sensitive part of the total
ATPase activity, in umolP, i’ (mg protein)”.

© GMN

The standard reaction medium for Na/K-ATPase assay con-
tained: 2 mM ATP, 2 mM MgCl,, 140 mM NaCl, 5 mM KCl and
50 mM Tris-HCI, pH 7,7. Assessment of the Mg-ATPase was
conducted in the incubation medium containing 0,2 mM oua-
bain, 2mM ATP, 2 mM MgCl,, 145 mM KCl, and 50 mM Tris-
HCI, pH 7,7. With respect to Mg-ATP, the dissociation constant
adopted was 0.085mM [1,10]. For CI-ATPase reagent medium
always contained 30 mM Tris—Malate (pH 7.65), 0.4 mM EGTA,
and 0.3 mM ethacrynic acid (the specific inhibitor of Cl-ATPase
[5,15]. CI-ATPase was measured as the difference between Cl -
containing incubation and ethacrynic acid-containing media.

The Cl-ATPase and Na, K-ATPase enzyme systems reaction
is a function of many physiological ligand sands. Each one may
exert an activating or inhibiting action on the enzyme. To ana-
lyze the enzymatic reaction’s initial velocity, it is required to get
V = (MgATP, Mg, ATP, CI) function for the Cl-ATPase and
V = f (MgATP, Mg, ATP, Na‘, K*) for the Na, K-ATPase to
the one variable function, where the values of other ligands are
constant.

In case the conditions are unchanged during the reaction, with
the enzyme functional unit structure being stable, the initial ve-
locity would be a one-variable function and would be reflected
by the following analytical formula:

n £z i
i=0

CEN
2 fx
i=0

V=e, S=n+m+p

where 0, and B, are the sum of products of individual velocity
coefficients and constant ligands’ concentrations. X is a variable
ligand concentration; e - is the enzyme overall concentration. n,
m, and p represent power parameters and are positive integers. n
is the number of sites for essential activators, m is the number of
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