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Endocannabinoids are endogenous lipid based retrograde
neurotransmitters that as natural ligands bind to corresponding
cannabinoid receptors [7, 8, 9, 28, 45]. Endocannabinoids (ECS)
include [17, 19, 22, 24, 27, 56] arachidonoylethanolamide
(anandamide), 2-arachidonoylglycerol (2-AG) and palmitole-
thanolamide (PE). Anandamide is a partial agonist for CB, and
CB, receptors providing more affinity for CB, receptors, while
2-AG reveals agonistic properties to both of them in contrast
to PE, which may bind to a unidental “CB,-like”receptors [8,
17, 27, 31, 45, 46]. CB, receptors are distributed in the central
and peripheral nervous system. They have been identified in the
greatest amount in the cortex, basal ganglia, spinal cord, cer-
ebellum, hippocampus and olfactory areas owing for the modu-
latory action of cannabinoids on cognitive function, memory,
behaviour, emotion and locomotor activity [2, 8, 9, 11, 12, 13,
34, 35, 51, 56, 60]. Their existence in the periaqueductal grey
matter (PAG) and dorsal horn of the spinal cord may explain
their involvement in pain-sensation and modulation [3, 4, 6, 55,
63, 64, 66, 70], while lack of respiratory depression after the
administration of cannabinoids may due to CB, receptors low
density in the brainstem [68, 74]. CB, receptors are overlapping
with the oroxinergic projection system colocallized for example
in the lateral hypothalamus where the CB, and orexin receptor
(OX1) joining together form the CB - OX| receptor heterodimer
[54, 67, 68] indicating about their implication in feeding behav-
iour [68]. CB, receptors were found in the cells of immune sys-
tem [53], especially in the spleen and macrophages [15, 45, 46].
ECS are also involved in the regulation of fertility and pre- and
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postnatal development [65]. It was shown that aside from CB,
and CB, receptors certain orphan receptors may bind endocan-
nabinoids [4, 6, 17]. It was also shown that anandamide is a
vanilloid receptors (VR1) agonist [6, 57, 66].

Cannabinoid receptors have been discovered on the pre-syn-
aptic membrane belonging to G-protein coupled receptors [7, 8,
19, 27, 28, 68]. Their stimulation results in decrease in cAMP
concentration via inhibition of adenylylcyclase (AC) and an in-
crease in the concentration of mitogen-activated protein kinase
(MAPK). Diminished amount in cAMP is accompanied by pho-
sporylation and subsequent activation along with MAPK also
the PI3/PKB and MEK/ERK signalling pathways [19, 55, 59].
At the same time the stimulation of CB, receptors is associated
with an increase in the activity of transcription factors like c-Fos
and Krox-24 [7, 9, 10, 11, 12, 27, 42, 68].

The activation of CB, and CB, receptors through inhibition
of cAMP production modulates channel activity (27, 28, 46),
leading to neurones hyperpolarisation by activating K* channels
and by closing voltage-dependent Ca*" channels [7, 20, 22, 59].
Experimental studies showed co-localization of CB, receptors
with a family of potassium channels such as GIRK and Kv14
indicating about their physiological interaction [68]. CB, recep-
tors are involved in neuronal excitability by decreasing synaptic
input [12, 17, 19]. The underlying mechanism implies retro-
grade transmission and presynaptic inhibition when postsynap-
tic neuron produces endocannabinoids that bind on the presyn-
aptic terminal resulting in reduction of neurotransmitter release
and consequently diminished effects on the postsynaptic neuron
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[22, 27, 28, 29]. A number of studies suggests the involvement
of CB, receptors in non-ion channel mechanism of regulation of
neurotransmitter release by reduction in AC and protein kinase
A activity through Gi/O-protein associated inhibition [7, 9, 10,
14, 17]. Recent evidence shown the possible concomitant impli-
cation of glutamate NMDAR ionotropic and mCLUR metabo-
tropic receptors along with CB1 receptors in antinociceptive
modulatory reactions which underlying mechanism requires to
be clarified [23, 48, 55, 61]. ECS synthesis is associated with in-
crease in intracellular Ca2+ during which 2-AG and anandamide
are not co-synthesized. It was found that in the bed nucleus of
the stria terminals calcium influx through voltage sensitive Ca**
channels results in L-Type current leading in 2-AG release,
while stimulation of metabotropic mGLUR /5 receptors facili-
tates the synthesis of anandamide [20, 21, 22]. The first step of
ECS synthesis involves conversion of membrane phospholipid-
phospatidylethanolamine into N-acyl-phosphatidylethanol-
amine (NAPE), which is cleaved by phospholipase D, leading
to anandamide formation mediating by bile acids [41]. The re-
leased Anandamide and 2-AG are removed from the extracel-
lular space by saturable uptake process presenting in neurons
and astrocytes [13]. ECS after taken up by a transporters on the
glial cell undergo to breakdown by fatty acid amide hydrolase
(FAAH) with resulting cleavage of anandamide into arachidonic
acid and ethanolamine or monoacylglycerol lipase (MAGL),
and 2-AG into arachidonic acid and glycerol. It is suggested that
FAAH has significant role in clearance and inactivation of ECS
after their reuptake [7, 19, 69].

ECS may produce the different central effects including an-
algesia. In animal models of acute pain using radiant heat tail-
flick test, nerve damage or administration of inflammatory sub-
stances, cannabinoides reduce behavioural response to noxious
stimuli. A number of evidence suggests that cannabinoids medi-
ate their antinociceptive effects by stimulation of CB, and CB,
or CB,-like receptors [4, 6, 55]. Activation of CB, receptors may
inhibit nociceptive stimuli on the level of spinal cord and supra-
spinal level involving ventro-postero-lateral (VPL) nucleus of
the thalamus, which was proofed by prevention of the analgesic
action of different cannabinoid receptor agonists after blocking
of the CB, receptors with its antagonist SR141716A [59]. It was
established the existence of CB, receptors on the central and
peripheral terminals of small and large diameter primary affer-
ent sensory neurones. Because large diameter primary afferent
fibers are more densely populated with cannabinoid than with
p-opioid receptors, CB, receptors agonists in comparison with
opioids may produce more efficacy to inhibit neuropathic than
acute pain [3, 6].

Some studies have revealed the participation of a,-
adrenoceptors in analgesic effects of cannabinoids, because in-
jection of a,-adrenoceptors antagonist yohimbine into the lum-
bar region of the spinal cord reduced tail-flick latency which
was increased after intravenous injection of 6-9THC (Tetrahy-
drocannabinol) [6, 55, 58]. It should be noted the synergistic
antinociceptive interaction of cannabinoids with opioid receptor
agonists including both-spinal and supraspinal components un-
dergoing to attenuation with cannabinoid and opioid receptors
blocking agents [17, 50, 55]. Cannabinoids at the spinal cord
may inhibit responses of neurons in the dorsal horn induced by
noxious stimulus by modulating descending norepinephrine in-
put from the brainstem [6]. Because many of these fibers are
primarily GABA-ergic, cannabinoid stimulatory action in the
spinal column leads to disinhibition followed by increase of
norepinephrine production, resulting in reduction of noxious

138

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

stimuli associated events in the periphery and dorsal root gan-
glion [73]. Recent evidence showed that for PE which is the
most investigated ECS regarding its antinociceptive action the
significant receptors are the PPAR-alpha, TRPV and GPR,; re-
ceptors in contrast to early conception implying that antinoci-
ception producing by PE is mediated by its predominant binding
with CB, and CB, receptors [4, 6, 55, 62].

Some analgesic and anti-inflammatory effects of cannabi-
noids instead of their action on cannabinoids receptors is associ-
ated with predominant inhibition of cyclo-oxygenase-2 (COX-
2) rather than COX-1 [25]. In experimental studies performed in
rats that have been made hyperalgesic after intradermal injection of
capsaicin cannabinoids have revealed ability to suppress responses
induced by thermal and mechanical irritation, as well as in a model
of neuropathic pain they reversed mechanical allodynia, cold and
thermal hyperalgesia caused by chronic constriction of the sciatic
nerve [6, 25, 32, 55]. In this experiments antagonists of CB, recep-
tors by reducing response thresholds on the injured but not the con-
tralateral side have exacerbated the nociception suggesting about
modulatory antihyperalgesic action of cannabinoids during differ-
ent models of pain initiation [3, 51, 71, 72, 76].

There are controversial data concerning the influence of ECS
on cognitive function [30, 31, 32]. Some authors believed that
cannabinoids may suppress a long-term memory by worsening
of long-term potentiation in the hippocampus [32, 33], while
another ones suggest that cannabinoids exacerbate short-term
memory [34]. Knockout mices with the absence of CB, recep-
tors have showed improved memory and long-term potentiation
proofing the significant role of ECS in the disorders of old mem-
ories [74]. A number of evidence suggests the facilatory action
of ECS in the neurogenesis of hippocampal granule cells. Neural
progenitors (NP) in the hippocampus contain FAAH with the
expression of CB, receptors and utilizing 2-AG [8, 34]. Stimula-
tion of CB, receptors by cannabinoids facilitates to NP prolifera-
tion and differentiation, which disappeared by CB, antagonists
or CB, knockout animals [16, 59]. In some studies it was shown
that A>-THC-caused synaptic and memory impairment is medi-
ated through COX,, an inducible enzyme facilitating conversion
of arachidonic acid to prostanoids-prostaglandins and throm-
boxane-2 (TX,) utilizing CB, receptors dependent mechanism
in contrast to endogenous cannabinoid 2-AG, which provides
opposite action by suppression CB| receptors dependent COX,
activity and expression in response to proinflammatory and ex-
citotoxic insults [25]. The authors have concluded that such dif-
ferent action of exogenous and endogenous canabinnoids is as-
sociated with intrinsic properties of the CB, receptors coupled G
protein, because COX,, induction by A’-THC is linked with G by
subunits,whereas its suppression by 2-AG results from the ac-
tion on G, subunit [32]. These results are in consistent with data
showing that genetic or pharmacological inhibition of COX, ac-
tivity may reduce disorders in hippocampal long-term synaptic
plasticity and fear memory, as well as supports improving ef-
fects of A>-THC on neurodegenerative processes [17, 33, 38].
Such results indicate that COX, signaling pathways is involved
in beneficial effect of exogenous cannabinoid A°-THC on cogni-
tive function in case of suppression of this enzyme [38, 39, 41].

Previous investigations showed a rise of PGE, levels in the
brain and circulation of experimental animals in response to
A°-THC cannabinoid administration, which was antagonised by
nonselective NSAIDs. This data indicate about participation of
both COX-1 and COX-2 in A>-THC-associated elevation in PGE,
levels [32, 41, 75]. Such results are in agreement with other data
providing convincing evidence that pharmacological or genetic
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inhibition of COX, precludes or reduces cataleptic and locomo-
tor depressive responses induced by A°>-THC [8]. It was shown
that A>-THC induced increase level of extracellular glutamate
is associated with activation of COX-2 and resulting formation
of PGE,, which promotes synaptic and astrocytic production of
glutamate [25]. It was concluded that COX-2 and PGE, signall
may regulate glutamatergic synaptic transmission and plasticity
by possible involving of different subtype of PGE, receptors [23,
25]. By authors opinion A>-THC may stimulate COX-2 activity
via CB 1R-linked G by subunits with resulting implication of the
downstream AKt-ERK/MAPK-NF-KB signaling pathway lead-
ing eventually to enhance release of PGE, from neurons and as-
troglial cells [13, 27, 28]. Recent evidence shows a link between
CB,R expression in astroglial cells and memory impairment in
animals after exposure to cannabinoids [13, 32], suggesting that
PGE,-induced glutamate production and decreases its uptake
by glutamate transporters in astrocytes is responsible for ex-
tracellular glutamate accumulation. Such sustained increase in
glutamate level in response to repeated A°>-THC administration
may lead to down regulation and internalization of glutamate
receptor subunits, reduction in the density of dendritic spines
in hippocampal neurons with resulting impairment of long-
term synaptic plasticity and cognitive function [34]. The final
conclusion of authors regarding this data is that such unwanted
effects of cannabinoids can be reduced by concomitant admin-
istration of COX-2 inhibitors [26, 38, 39]. In animal model of
Alzheimer’s disease (AD) conducted in 5XFAD transgenic mice
it was observed the significant reduction in brain AB proteins
and neurodegeneration in response to A>-THC exposure, with
retaining of such beneficial effect in case of COX-2, inhibition
[25, 32, 61]. It was revealed that A>-THC faicilitates to marked
expression of an important endopeptidase neprilysin for AR deg-
radation [33, 34].

In other studies it was shown the possible involvement of mi-
croglial M1/M2 polarization in relapse and remission of schizo-
phrenia and major depressive disorder [5, 36]. M1 polarized
microglia may play significant role in the dysfunction of CNS
by facilitating to production of reactive oxygen species (ROS),
NO and proinflammatory cytokines-IL-1B, IL-6 and TNF-o,
while anti-inflammatory cytokines —IL-4,10,13 are associated
with activation and polarization of M2. Recent investigations
showed an increased levels of IL-1B, IL-6, 11-8 and THF-a in
the cerebrospinal fluid (CSF) or peripheral blood in patients
with schizophrenia as compared with healthy volunteers reflect-
ing their possible role in M1 microglia polarization in the CNS
[36, 37] and relapse of psychiatric disorders [37, 40]. It has been
also reported that TNF-a may promote glutamate release from
astrocytes resulting in upregulation of TNFa release by microg-
lia [36, 43]. Abovementioned indicate possible relationship be-
tween M1 microglia polarization and glutamate production [36,
37, 52]. Other findings reveal marked increase in IL-10and IL-
13 in the CSF and blood obtained from patients suffered with
schizophrenia. Such results may presumably indicate that the
release of anti-inflammatory cytokines can be associated with
M2 polarization of microglia in the CNS in patients with schizo-
phrenia [40, 43]. In clinical trials combine use of neuroleptic
drugs and COX-2 inhibitors in schizophrenia patients provides
the marked improvement of symptoms, while according ex-
perimental results, COX-2 inhibitor (celecoxib) decreases the
IL-1 B levels and the amount of polarized microglia induced by
centrally administered LPS (24). To summarize data concern-
ing influence of pro- and anti-inflammatory cytokines it can be
concluded that celecoxibe beneficial effect in schizophrenia is
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related to inhibition of pro-inflammatory cytokines production
by M1, while IL-10may account for M2 microglia polarization
resulting in remission in schizophrenia patients.

In clinical trial was demostrated that cannabinoids may im-
prove symptoms of schizophrenia [1] resulting from inhibition
of endocannabinoid-degrading enzyme by cannabidiol. On the
other hand it was shown the negative relationship between endo-
cannabinoids levels in the CSF and symptoms of schizophrenia
[18, 44] suggesting potential role of ECS and their correspond-
ing receptors in M1/M2 microglial polarization and probable
involvement in psychiatric disorders [36, 43]. As it was estab-
lished CB, cannabinoid receptor is in abundant in neural cells,
while CB, receptor is found predominantly in immune cells
[44]. It seems that CB, agonist mediates the pro-inflammatory
events of macrophages associating with ROS production, nega-
tively regulated by CB, receptors. It is believed that CB, ago-
nists facilitate the polarization of M| microglia. At the same time
it is thought that endocanabinoid-2 AG downregulates CB, and
upregulates CB, receptors suggesting the inhibitory interaction
between their function [45]. A number of evidence suggest that
2-AG-CB, axis in involved in polarization of M, microglia in
contrast to 2-AG- CB, axis facilitating to swith from M1 to M2
polarization of microglia [47, 48]. CB, activating agents cause
the phosphorilation of AMPK (AMP-activated protein kinase),
indicating about significant role of CB, in AMPK-induced anti-
oxidative and cytoprotective action [47, 49, 53].

Conclusion. Endocannabinoids as natural ligands for CB, and
CB, receptors are involved in the production of wide spectrum
of pharmacological effects. They participate in the: regulation of
neurotransmitters release, modulation of nociception in different
models of pain, cognitive function, synaptic transmission, plas-
ticity, relapse or remission of psychiatric disorders and diseases,
suggesting that their receptors site may become an interesting
targets for therapeutic intervention.
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SUMMARY

ENDOCANNABINOIDS RECEPTORS MEDIATED CEN-
TRAL AND PERIPHERAL EFFECTS (REVIEW)

Ghonghadze M., Pachkoria K., Okujava M., Antelava N.,
Gongadze N.

Thilisi State Medical University, Department of Medical Phar-
macology, Georgia

The present article is devoted to the action of endocannabi-
noids via stimulation of their corresponding receptors. It is well
established the existence of three type of endocannabinoids
(ECS) such as anandamide (AA), 2-arachidonoylglycerol (2-
AG) and palmitoylethanolamide (PE) providing their effects by
activation of CB, and CB, ECS receptors. AA is a partial agonist
for both receptors, having more affinity for CB, receptors, while
2-AG reveals an equal agonistic properties to both of them in
contrast to PE, which may bind to a unidental “CB,-like” recep-
tors. CB, receptors are distributed in the central and peripheral
nervous system being identified in the greater amounts in the
brain cortex, basal ganglia, spinal cord, cerebellum, hippocam-
pus and olfactory areas, owing for the modulatory action of ECS
on cognitive function, memory, behaviour, emotion and locomo-
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tor activity. Their location in the periaqueductal grey matter and
dorsal spinal cord may explain their involvement in pain sensa-
tion and modulation. Colocallization of the CB, receptors with
the oroxinergic projection system in the lateral hypothalamus is
responsible for their implication in feeding behaviour. CB, re-
ceptors were found in the cells of immune system (spleen, mac-
rophages). It should be noted that ECS may also play a role in the
regulation of fertility and pre-and postnatal development. The
stimulation of ECS receptors is associated with the activation
of MAPK, PI/PKB and MEK/ERK signalling pathways with in-
creased activity of different transcription factors. CB, receptors
are involved in neuronal exitability by decreasing synaptic in-
put, implying retrograde transmission and presynaptic inhibition
resulting in reduction of neurotransmitter release. In the article it
is also described an ionic mechanisms of release of ECS and the
steps of their synthesis as well as participation of a transporter in
ECS uptaken process in neurons and astrocytes. Aside from this
it is proposed the mechanisms of analgesic action of ECS espe-
cially concerning reduction in neuropathic pain in comparison
to opioids and possible involvement of a,-adrenoceptors in anti-
nociceptive activity of ECS. Some analgesic properties of ECS
is due to their inhibitory action on cyclooxygenase-2 (COX-2).
Recent evidences showed that regarding antinociceptive action
of ECS along with CB, receptors most significant receptors are
PPAR-alpha and TRPV receptors. There are controversial data
concerning the influence of ECS on cognitive function. Knock-
out mices with the absence of CB, receptors have showed im-
proved memory and long-term potentiation proofing the signifi-
cant role of ECS in the disorders of “old memories”. Some data
suggests that genetic or pharmacological inhibition of COX-2
activity may reduce disorders in hippocampal long-term synap-
tic plasticity and fear memory, as well as supports improving
effects of tetrahydrocannabinoids (THC) on neurodegenerative
processes such as Alzheimer’s disease, because THC facilitates
to marked expression of an important endopeptidase neprilysin
for degradation of AB proteins. A number of evidence indicates
the possible involvement of ECS in schizophrenia and major de-
pressive disorders. Assumingly such beneficial effect of ECS is
associated with M1/M2 microglial polarization process.

In conclusion it is suggested that ECS as natural ligand for
their corresponding receptors provide wide spectrum of phar-
macological effects may become an interesting targets for future
therapeutic intervention.

Keywords: endocannabinoids, CB,, CB,-receptors, anan-
damide, arachidonoylglycerol, adenylylcyclase, neurotransmit-
ter, mitogen-activated protein kinase, cyclooxygenase-2, pain,
nociception, microglia

PE3IOME

HEHTPAJIBHBIE U NIEPUPEPUYECKHUE DODPEKTHI,
OINIOCPEJJOBAHHBIE 5HJIOKAHHABUHOUJIHBIMU
PEHEIITOPAMMU (OB30P)

Tl'onranze M.B., [laukopua K.3., Oxy1:xaBa M.B.,
AntenaBa H.A., I'onraaze H.B.

Tounucckuti 20cyoapcmeenHbill MeOUYUHCKULL  YHUgepcumen,
denapmamenm meOuyuHckou gapmaronoauu, I pysus

Crarbs mocesimaercsi 3GGeKTaM BOCIPOM3BOIUMBIX 3HIO-
KaHHAOMHOUAMH MyTEM CTUMYJISIIMK UX OMHOUMEHHBIX peIier-
TOpoB. B HacTosIee BpeMst HACHTU(GHUIIUPOBAHO HATMYHE TPEX
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

TunoB sH0kaHHaOHONI0B (DK), Takux Kak: aHanaamuza (AA),
2-apaxugoHo mmnepon (Al') n nansmutomnHatonamuy (PE),
peanusupyromux ceou 3ddekrsl myrem akrusauuu CB u CB,
OK penentopoB. AA mposiisieT Gosiee BhIpaxeHHYI0 apduH-
Hocth k CB| penenitopam, B To Bpemst kak 2-Al” obnanaer pas-
Hoit adpdunocTbio k 00euM - CB, u CB, penentopam, B oiinume
ot PE, KOTOpBIil B OCHOBHOM CBSI3bIBACTCS C YHHJICHTAILHBIMU
CB, «noxoxummn» peuenropamu. CB, penentopsl JioKanuszo-
BaHbl B IIEHTPaJbHON M nepudepruueckoil HEPBHOW cHUCTeMax
Oyny4ur MICHTHOULMPOBAHBI B OOJBIIOM KOJIMYECTBE B KOpE
TOJIOBHOTO MO3ra, B 0a3ajbHBIX FAHIIUSIX, B CIIHHHOM MO3Te, B
MOJKEUKe, B THIIIIOKAMIIE U B OJIb(AKTOPHOM TPaKTe, SIBISIICH OT-
BETCTBEHHBIMH B MOy IIMK DK KOrHUTHBHO# (QYHKIMH, HaMSITH,
TOBEJICHHUS, SMOLMU M JIOKOMOTOPHOH akTUBHOCTH. WX nokau-
3aIMell B epUaKeIyKTalbHOM CEpOM BELIECTBE U B JIOP3aJILHOM
CIIMHHOM MO3Te MOXKET ObITh 00bsicHeHO BoBieueHne DK B Mo-
OyJBIIAA W Tepleniyu OoneBbIx orryieHnd. Ko-yokanusanus
CB, peuenTopos ¢ OPOKCMHEPTHYECKOH CUCTEMOM JIATEPAILHOIO
TUIOTaNaMyca CBHUJIETEIILCTBYET 00 MX BO3MOXKHOM YYacTHUH B
nuniesoM noseneHud. CB, peuentopsl HACHTH(UIMPOBAHBI B
KJIETKaX MMMYHHOI cHucTeMbl (ceneseHka, Makpogaru). Crnemyer
OTMETHTB, 4yTo DK MOryT Hrparh OnpesieseHHyIO0 pojib B (epTui-
HOCTH U IIpe- ¥ MOocTHaTaibHOM pa3Butun. Crumyrsiuus K pe-
nenrtopoB accouupyercs ¢ aktuBauun MAPK, PU/PKB u MEK/
EPK curnanbHbIX IyTell ¢ yBeIMYEHUEM aKTUBHOCTH PA3IMYHbIX
TPaHKPUITOPHBIX (pakTopoB. CB, perentopsl Takske BOBICUEHb! B
HEHPOHAJILHOE BO30YXKIICHHE ITyTeM HU3MEHEHHUsI CHHAIITHYECKOTO
BXOJ1a, MO/IPa3yMEBaIOLLEI0 PETPOrPaHyI0 TPAHCMUCCHIO U IIpe-
CHHAITUYECKYI0 MHTHMOUIMIO C YMEHbIICHUEM BbIJIEICHUS HEHpO-
TpaHCMUTTepa. B cTarbe Takoke aKIeHTUPOBAaHO BHUMAHHE Ha HOH-
Hble MEXaHU3MbI BblaeaeHus DK U cTafiuy X CHHTE3a, TAaKKe KaKk
U Ha y4yacTue TpaHcnoprepa B npouecce 3axBara OK HelipoHaMu
u actporuTaMu. [lomMumo 3TOrO, NpEAIaratoTCs MeXaHU3Mbl aHTH-
HOIMIIENITUBHOTO JiekicTBIs DK, 0COOCHHO MpH HEHPOIaTHYECKO#
6011, TIPU KOTOPOIl OHM TIOPOH MPOSIBISIIOT OoJiee BHIPAKEHHYIO
3¢ (HEKTUBHOCT B CPaBHCHHHU C OITMOWIAMH IIPH BO3MOYKHOM yda-
ctun anb(a-2 ampeHoperenTopoB. YacTh aHTHHOIMIICITHBHOM
axtuBHOCTH DK 00ycIioBIeHa X MHIHOMPYIONMM BIIMSHUEM Ha
LIUKJIOOKCHreHasy-2. HenaBHue nccnenoBaHus CBUACTENIBCTBYIOT
uto B boneyronstomem neiictun OK Bmecte CB, penenrtopamu
yuactBytoT TRPV u PPAR penentopsl. B oTHOmeHUn BIusHUA
OK Ha KOTHMTHBHYIO (DYHKIMIO MMEIOTCS IPOTHBOIOJIOXKHbIC
JaHHbIE. Y «HOKAayTUPOBAHHBIX» Mblilel ¢ orcyrcTeuem CB| pe-
LIENITOPOB YIIydIllaJlach MaMSTh U JUIMTEIbHAs OTEHLHALNSA CBU-
JIETEIbCTBYIOMIAs 0 3HaUMMOH ponu DK B paccTpoiCTBe «CTapoii»
namsaTi. Hekotopble JaHHBIC YKa3bIBAIOT, YTO I'€HETUYECKas I
(apmakonoruyeckasi MHTHOWIMS aKTUBHOCTH IIMKJIOOICHICHA-
3bI-2 CONpPSDKCHA C YMEHBLICHUEM PACCTPOMCTB B THUIIOKAMIIAJb-
HOM JUTUTENIbHON CHHANTUYECKOH IUIACTUYHOCTH U ITAMSTH, TAKKe
KaK M CIOCOOCTBYET MOICPIKKE MOJIOKUTEIBHBIX, YITyUIIAOIHX
3¢ (HEKTOB TeTparuIPOKaHHAOWHONIOB HA HEUPOIETCHEPATHBHBIC
MPOLIECChI, HaNpUMep 00JIe3HN AJIbLIreiiMepa, BCISICTBUM YBEIIU-
YEHHUS IKCIPECCUH SHIONENTHAA3b! erpaaupytomeil AB nporeu-
Hbl. YacThb MCCIEI0BaHNM YKa3bIBaeT Ha BO3MOXHOE yuyactue DK
B IIM30(PEHNH U JACTIPECCHBHBIX PACCTPONCTB MyTeM YITy4ILICHHUS
CHMIITOMOB 3THX 3a0oJieBaHuid. [IpeAnonoKuTenbHo 3T Oaaro-
npusitHele 3¢ drTel DK accormpoBaHsl ¢ mporeccaMu mojspu3a-
1 M 1/M2 MUKpOTIIHIA.

B 3akmroueHnn MOXKHO OTMETHTh,uTo DK sBistomuecs mpu-
POIHBIMH JIUTAHaMU cO0TBeTCTBYy oMK DK penentopos obna-
JIAI0T IIMPOKUM CIEKTPOM (apmakoiorudeckux 3pdexros, Ko-
TOpPBIE MOTYT CTaTh B OyAyLIeM MHTEPECHBIMH MHIICHIMH IS
TEparieBTUYECKOM HHTEPBEHIIHH.
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