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Monoaminergic effects of the unilateral blockade
of orexin receptors (OX1R) in the extended amygdala
under psychostimulant action

Inessa V. Karpova, Eugeny R. Bychkov, Andrei A. Lebedev, Petr D. Shabanov

Institute of Experimental Medicine, Saint Petersburg, Russia

BACKGROUND: The search for new drugs potentially effective in stopping the development of pathological addictions is an
urgent task of experimental psychopharmacology.

AIM: To examine the participation of brain monoaminergic systems in the mechanisms of the blocking effect of SB-408124 on
the self-stimulation of the lateral hypothalamus activated with the psychostimulant B-phenylisopropylamine (PIPA) treatment.

MATERIALS AND METHODS: Male Wistar rats pre-administered with psychostimulant (PIPA, 1 mg/kg intraperitoneally)
were unilaterally injected with an orexin antagonist SB-408124 (1 pg in 1 pL) into the central nucleus of the amygdala or
the bed nucleus of the stria terminalis (BNST). High-performance liquid chromatography with electrochemical detection was
used to determine the levels of monoamines and their metabolites: norepinephrine (NA), dopamine (DA), serotonin (5-HT),
dioxyphenylacetic (DOPAC), homovaniline (HVA), and 5-hydroxyindolacetic (5-HIAA) acids on the left and right sides of the
prefrontal cortex, hippocampus, striatum, and olfactory tubercle.

RESULTS: Under the action of PIPA, microinjections of SB-408124 into the right central nucleus of the amygdala induced
the following effects: prefrontal cortex, an increase in the levels of HVA and 5-HT on the right side and 5-HIAA on the left;
hippocampus, bilateral increase in the levels of NA and HVA and 5-HT on the right; striatum, bilateral increase in the level of
DA and the left-sided increase in HVA, 5-HT, and 5-HIAA. Microinjections into the left central nucleus of the amygdala caused a
right-sided decrease in NA levels, an increase in 5-HT levels, and a left-sided decrease in DA and DOPAC levels in the striatum
and a left-sided increase in HVA level in the olfactory tubercle. Microinjections into the right BNST caused a left-sided decrease
in the levels of NA and DA in the prefrontal cortex, bilateral decrease in DOPAC levels, a right-sided increase in 5-HT levels,
and a left-sided increase in 5-HIAA levels in the striatum; and a left-sided increase in HVA levels in the olfactory tubercle.
Microinjections into the left BNST caused increased 5-HT levels in the left striatum and decreased DOPAC and 5-HIAA levels in
the left olfactory tubercle.

CONCLUSIONS: Right-sided microinjections cause a greater number of changes in monoamine metabolism than left-sided
ones. The introduction of SB-408124 into the right structures of the extended amygdala increases 5-HIAA levels in the left
striatum, whereas microinjections in BNST lead to increased 5-HT levels in the ipsilateral striatum and in the contralateral in
the central nucleus of the amygdala
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MoHoaMuHepruyeckue 3pdeKTbl yHUNaTepanbHOU
6nokaabl opekcuHoBbIx peuentopoB (OX1R)

B CTPYKTYpax pacLUMPEHHOU MUHAASIUHDI

Ha (hoHe CMCTEMHOro AenCcTBUA NCUXOCTUMYNATOPA

.B. Kapnosa, E.P. bbiukos, A.A. Jlebeges, M1.[. LLlabaHos

MHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHkT-etepbypr, Poccus

AxTtyanbHocTb. oucK HOBBIX MpenapaToB, MOTEHLMANBHO CMOCOOHBLIX KYMWMpOBaTh Pa3BUTME MAToONOMMYECKUX 3aBUCH-
MOCTEN, — aKTyanbHas 3ajja4a 3KCNePUMEHTaNbHOM NCUXohapMaKonoruy.

Lenb — u3yuntb yyacTme LEHTpanbHbIX MOHOAMMHEPrMYECKUX CUCTEM B MeXxaHW3Max OmoKupyloLlero fencTeus npe-
napara SB-408124 Ha camMoCTMMyNALMIO NaTepanbHOM0 rUnoTanamyca, aKTMBMPOBAHHYK MCUXOCTUMYNSTOPOM B-deHun-
usonponunammHom (GUMA).

Marepuans! u MeTogbl. Kpbicam-camuam ivHumn Buctap Ha doHe npeaBapuTensHo BBeAeHHOM0 neuxoctumynstopa (OUMA,
1 Mr/kr B/6p) B LieHTpabHOE AAP0 MUHAANMHBI MK B AP0 NoXa KoHeuHol noocku (bed nucleus of the stria terminalis —
BNST) yHunatepanbHo BBOAWM aHTAroHMCT opekcuHa SB-408124 (1 MKr/MKn). MeTonoM BbICOKO3(HEKTUBHOM KUAKOCTHOM
XpoMatorpaduu ¢ aNeKTPOXMMUYECKOW LeTeKumel B npedpoHTanbHOM Kope, runnokamne, 0boHsTensHOM Byropke u cTpua-
TyMe JIeBOW W MPaBOi CTOPOH MO3ra OTAENBbHO OMPefensnu CoAep:aHue MOHOaMUHOB U X MeTabonuToB: HOpaLpeHanuHa
(HA), podamuua ([A), cepotoHmHa (5-IT), amokcudenunykcycHon ([ODYK), romosanmnuuoBoi (MBK) u 5-ruppokcu-
uHonykeycHoi (5-TMYK) kucnor.

Pe3synbratbl. Ha doHe OUMA MukpouHbekummn SB-408124 B npaBoe LieHTpanbHoe SAPO MUHAANMHDI Bbi3biBanK Ceayto-
wme apdeKTbl: B NpedpoHTanbHo Kope — nosbieHne ypoBHa BK u 5-IT cnpaga, a 5-TUYK — cneBa; B runnokamne —
bunartepanbHoe BospacTahue cogepxkanua HA u TBK, a 5-I'T — cnpaBa; B cTpuaTyMe — bunatepanbHoe NoBbILIEHWE YPOBHA
[A v nesoctopoHHee nosbiwenue [BK, 5-I'T u 5-TUYK. MukpomHbeKLmMM B fieBoe LieHTpasbHOe S4P0 MUHAAMMHDI BbI3bIBaM:
B CTpUaTyMe — MNpaBOCTOPOHHee CHUXeHWe ypoBHA HA u Bo3pactanue 5-IT, @ TakKe NEBOCTOPOHHEE CHUMXEHWE YPOBHS
IA n [I0OOYK; B 000HsATENEHOM OYyropKe — neBocTOpoHHee noBbileHne BK. MukpomHbeKumn B npaBoe BNST Bbi3biBanu:
B NpedpoHTaNnbHON Kope — NeBOCTOPOHHee CHIKeHWe ypoBHA HA u [1A, B cTpuatyMe — 6bunatepansHoe CHUMEHWE YPOBHS
[OOYK, npaBoctopoHHee nosbiwenue 5-IT n nesoctopoHHee — 5-TNYK; B 0boHsTeNnbHOM byropke — neBOCTOPOHHee Mo-
BbilleHne ypoBHA BK. MukponHbekumm B nesoe BNST Bbi3biBanu B 1€BOM CTpUaTyMe NOBbILLEHWe YpoBHS 5-IT; B NIeBOM
0b0oHsATENbHOM byropke — cHikeHue ypoBHa JODYK n 5-TUYK.

3akuitouenue. [IpaBoCTOPOHHME MUKPOMHBEKLMM BbI3bIBAKOT DOJIbLLEE YMCIIO M3MEHEHWI NOKa3aTeniell 06MeHa MOHOaMK-
HOB, YeM NieBoCcTopoHHMe. Beenenne SB-408124 B npaBble CTPYKTYpbl pacLUMPEHHOW MUHAANUHBI YBENIMYMBAET COAEPIKaHMe
5-TUYK B neBoM cTpuatyMe, Npu 3ToM MUKpouHbekumn B BNST npuBoasT K Bo3pacTaHuio ypoBHA 5-IT B uncunatepansHoM
CTpUaTyMe, a B LEHTpaNbHOE AP0 MUHAANMHBI — B KOHTpasiaTepasibHoM.

KnioueBble ci10Ba: aHTaroHUCT OPEeKCUHa; BNST; LieHTpanbHOe AAP0 MUHAA/IUHBI; MOHOAMUHbI; aCUMMETPUA rOJIOBHOIMO MO3ra.
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EXPERIMENTAL NEUROPSYCHOPHARMACOLOGY

BACKGROUND

The search for new drugs that can stop the development
of pathological addictions is one of the urgent tasks of
experimental psychopharmacology. One model of addictive
behaviors in animals is the self-stimulation of the lateral
hypothalamus using pre-injected electrodes, which is
significantly enhanced by intraperitoneal administration of
a psychostimulant [1, 2]. This effect is blocked by the local
injection of the SB-408124 antagonist of the orexin type 1
receptor (OX1R) into the extended amygdala, i.e., its central
nucleus [3] and the bed nucleus of stria terminalis (BNST) [4].

The study aimed to investigate the involvement of
central monoaminergic (MA-ergic) systems in blocking
SB-408124 mechanisms on the self-stimulation of the lateral
hypothalamus activated by beta-phenylisopropylamine (PIPA)
psychostimulant.

MATERIALS AND METHODS

Experiments were conducted using 25 sexually
mature male Wistar rats weighing 350-400 g. Before the
experiments, the animals were divided into 11 rats that were
not subjected to surgical treatment and 25 animals modeled
under conditions in which the effect of orexin antagonist on
enhanced self-stimulation was previously examined [3, 4].
Under nembutal anesthesia, monopolar nichrome electrodes
in glass insulation were implanted bilaterally in the lateral
hypothalamus of rats, and 0.2-mm diameter stainless steel
guide cannulas were implanted unilaterally in the extended
amygdala. Coordinates for implantation were determined
according to the atlas [5]. Thus, electrodes were implanted
2.5 mm back from the bregma (AP), 2.0 mm lateral to the
sagittal suture (SD), and 8.4 mm from the cranial surface
(H) [6, 7]. The guide coordinates in the central nucleus of
the amygdala were 2.8 mm posterior from the bregma (AR),
3.9 mm lateral from the sagittal suture (SD), and 8.2 mm
from the cranial surface (H) [3]. In BNST, implantation was
performed 0.5 mm posterior from the bregma (AR), 1.5 mm
lateral from the sagittal suture (SD), and 6.7 mm from the
cranial surface (H) [4]. After the surgery, the animals were
kept in individual cages until the end of the experiment.

Experiments were conducted at least 10 days after the
surgery. On the day of the experiment, 5 unoperated and all
20 operated animals were injected intraperitoneally (ip) with
the PIPA psychostimulant (1 mg/kg/ip). At 10 min later, 8 rats
were injected through the implanted cannulas (4 to the left
and 4 to the right) into the central nucleus of the amygdala,
and 11 rats were locally injected in the BNST (5 to the left
and 6 to the right) with SB-408124 (Sigma-Aldrich, MO, USA)
at a dose of 1 ug/1 pL per rat for 30 s [3, 4]. The lateral
hypothalamic area was not stimulated in this experiment.
Six operated rats that did not receive microinjections were
used as the control group of sham-operated animals exposed
to the psychostimulant. At 15 min after microinjection, rats
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were decapitated. Sham-operated and intact rats receiving
only PIPA were decapitated 25 min after drug administration.
Five intact rats that did not receive PIPA injections were also
decapitated.

The prefrontal cortex, olfactory tubercle, striatum, and
hippocampus were isolated from the left and right halves of
the rat brain. The levels of noradrenaline (NA), dopamine (DA),
serotonin (5-HT), and their metabolites, i.e., dioxyphenylacetic
(DOPAC), homovanilinic (HVA), and 5-hydroxyindoleacetic
(5-HIAA) acids were determined by reversed-phase high-
performance liquid chromatography with electrochemical
detection on a Beckman Coulter chromatograph (Beckman
Coulter Inc., CA, USA) [8]. The chromatographic system
included a Rheodyne 7125 injector (Rheodyne LLC, CA, USA)
with a 20-pL loop for sample application, a Phenomenex
column (4.6 x 250.0 mm) with a Sphere Clone 5 sorbent
and 0DS(2) column (Phenomenex Inc., CA, USA), and an LC-
4C BAS amperometric detector (Bioanalytical Systems Inc.,
IN, USA). The concentrations of the investigated substances
were determined at a potential of +0.70 V. The mobile phase
contained 5.5 mM citrate-phosphate buffer, with 0.7 mM
octanesulfonic acid, 0.5 mM ethylenediamine tetraacetic acid,
and 7.5% acetonitrile (pH 3.0). In the mobile phase, the elution
rate was 1 mL/min, and the time required for analyzing one
sample was approximately 20 min.

The indices measured in the left and right structures
were analyzed separately. Overall, at least 72 variables were
subjected to statistical analysis. Of these variables, 48 were
completely independent (concentrations of the substances
analyzed), and 24 represented metabolite/mediator ratios.

The results were processed using GraphPad Prism
version 6.0 (GraphPad Software Inc., La Jolla, CA, USA).
The Kolmogorov—-Smirnov test was applied to determine
the normality of the distribution, combining all data relating
to a particular index measured in each brain structure on a
particular side. Between-group differences were assessed
using one-factor analysis of variance (ANOVA) by applying
Fisher's least significant difference test as a posteriori.
Similar data corresponding to the left and right sides of
the brain were compared using Student’s paired t-test.
Differences were considered statistically significant at p <
0.05.

The efficiency of right- and left-sided microinjections was
assessed based on the proportion of detectable differences
between groups receiving the psychostimulant out of the
total number of independent variables (n = 48). Differences
in the efficiency of left- and right-sided microinjections were
estimated by comparing the probabilities of two binomial
distributions.

RESULTS AND DISCUSSION

The study showed no differences in monoamine metabolic
parameters in the non-operated and sham-operated group
that received PIPA. Therefore, all PIPA-injected groups that
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did not receive SB-408124 microinjections were combined
into one group. Amphetamine-type psychostimulants
predominantly affect the catecholaminergic systems [10].
However, PIPA did not affect the NA levels in any of the brain
regions in our experiments, and its effect on DA concentration
was manifested only in subcortical structures (Tables 1-8).
Moreover, DA levels were bilaterally increased only in the
olfactory tubercle (p < 0.05; Fig. 1 and Tables 3 and 7),
whereas the striatum showed this effect only on the left side
(p < 0.05; Fig. 2 and Tables 4 and 8). Since the HVA/DA ratio
was decreased in the left striatum (p < 0.01; Fig. 2 and Tables
4 and 8), the increased DA levels may be associated with a
left-sided reduction in the release of the mediator.

In the prefrontal cortex, PIPA significantly decreased the
levels of 5-HIAA (p < 0.05; Fig. 3 and Tables 1 and 5). In
the hippocampus, PIPA did not induce statistically significant
changes in monoamine metabolism indices but led to the
right-sided asymmetry with a predominance of DA, 5-HT, and
5-HIAA levels (p < 0.05; Fig. 4 and Tables 2 and 6).

The effects of SB-408124 injection into the central nucleus
of the amygdala were dependent on the side of injection and
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are most frequently manifested on only one side of the brain.
The only “mirror-symmetrical” response to this exposure was
an increase in 5-HT levels in the contralateral striatum (left,
p < 0.05; right, p = 0.0524; Fig. 5 and Table 4). Moreover,
two opposite effects were reported in the striatum and
hippocampus when SB-408124 was injected into the left and
right central nuclei of the amygdala. In the striatum, DA levels
decreased (p < 0.05) on the microinjected side during left-
sided injection and increased bilaterally during right-sided
injection (p < 0.05; Table 4). Injection into the left central
nucleus of the amygdala tended to decrease 5-HIAA levels
in the contralateral (right) hippocampus (p = 0.0728), whereas
right-sided injection increased the corresponding index in the
contralateral (left) hippocampus (p < 0.05; Table 2).

Other effects of right- and left-sided microinjections
into the central nucleus of the amygdala, although not
opposite, were only observed on one side. Left-sided SB-
408124 injections induced changes in the monoamine levels
in forebrain structures. NA levels decreased in the left cortex
(compared with intact rats, p < 0.05; Table 1), whereas
DOPAC (p < 0.01) and DA (p < 0.05; Table 4) levels decreased

Table 1. Levels of monoamines and their metabolites (ng/mg of tissue) in the prefrontal cortex in male Wistar rats upon unilateral injection

of SB-408124 into the central amygdala nucleus

Tabnuua 1. ComepaHue MOHOAMMHOB M MX MeTabOMMTOB (HF/Mr TKaHW) B NpedpoHTaNnbHOM Kope Y CaMLOB KpbiC MHMM Buctap npm
yHunatepanbHoM BeeaeHun npenapata SB-408124 B ueHTpanbHoe 4p0 MUHAANMHDI

Psychostimulant
effects

1 mg/kg B-phenylisopropylamine, intraperitoneally

Microinjected
side’

Ipsilateral | Contralateral | Contralateral | Ipsilateral

1 pg/uL SB-408124 into the

1 pg/pL SB-408124 into the

Animal groups Intact B-phenylisopropylamine left central nucleus of the | right central nucleus of the
amygdala amygdala

Side of the brain Left Right Left Right Left Right Left Right

NA 0.516+0.050 (,2;\3;5:006%7778 0.4177£0.061 0.357+0.060 0.173+0.134* 0.368+0.251 0.495+0.117%  0.523+0.103

DA 0.438+0.114  0.396+0.112  0.424+0.076 0.352+0.076 0.244+0.145 0.294+0.210 0.472+0.202  0.409+0.176

DOPAC 0.443+0.142  0.461+0.126  0.392+0.097 0.404:0.085 0.246+0.197 0.339+0.279 0.674+0.232  0.569+0.187

DOPAC/DA 1.045+0.114  1.294+0.235 0.885+0.108 1.097+0.149  0.675+0.249  0.812+0.169  1.194+0.123  1.205+0.244

HVA 0.042+0.028 0.003+0.003 0.018+0.012  0.012+£0.011  0.099£0.099  0.011+0.011% 0.060+0.060 0.083+0.053"*
HVA/DA 0.425+0.380 0.087+0.086 0.081+0.052 0.034+0.031 0.717£0.717  0.097+0.097 0.988+0.988 0.429+0.254

5-HT 0.110£0.026 0.085+0.012 0.097+0.0177 0.084+0.005 0.119£0.030 0.125+0.044 0.175+0.061 0.149+0.039*¢
5-HIAA 0.293£0.088 0.206+0.039 0.125+0.017* 0.125+0.015* 0.192+0.113  0.256+0.161 0.407+0.140% 0.320+0.149

5-HIAA/5-HT 277190572  2.585:0.604 1.745+0.390  1.555+0.217 1.309+0.489  1.760+0.526 2.014+0.324  2.730+1.078

*p < 0.05, differences from the corresponding index measured in intact animals; &p < 0.05differences from the corresponding index measured
in beta-phenylisopropylamine-treated animals; *p < 0.05, reliable differences of ipsi- and contralateral SB-408124 effects (difference between
the index measured on a given side of the brain after microinjections into the central nucleus of the amygdala on the same side of the brain
and the same index after a similar exposure on the opposite side) by ANOVA; #Cp = 0.0578, manifestations of asymmetry (differences between
the corresponding indices of the left and right sides of the brain) according to paired Student's t-test. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT,

serotonin; BNST, bed nucleus of the stria terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine

! In relation to the studied side of the brain.

DOI: https://doi.org/10.17816/phbn321621



EXPERIMENTAL NEUROPSYCHOPHARMACOLOGY Vol 14 (1) 2023 Psychopharmacology and biological narcology

0.5 DA
*
*
0.4 -
[<5)
2
2 031
o
g T
S 021 <
& —
0.1
0 & ; \ :
L R L R
CONTROL PIPA

Fig. 1. Changes in the level of dopamine (DA) in the olfactory tubercle under the action of B-phenylisopropylamine. Animal groups: control,
received physiological solution; PIPA, received B-phenylisopropylamine. The shaded bars (L) show the value of the corresponding parameter
in the left hemisphere and the unshaded (R) in the right hemisphere. *p < 0.05, significant differences from the corresponding parameter
measured in intact animals by Student'’s ¢-test

Puc. 1. U3ameHenmne ypoBHa podamuHa ([JA) B oboHsTeNbHOM byropke Mo AedcTBueM B-eHnnusonponmnamuHa. fpynmbl MUBOTHbIX:
KOHTpOJIb — MoJydaBLumne duanonornyeckuit pacteop, ®UMA — nonyyaslve B-eHnM3oNponunaMuH. 3alLTpUXoBaHHBIMM CTONBMKaMM
(J1) nokasaHo 3Ha4yeHWe COOTBETCTBYIOLLETO MapaMeTpa B JIEBOM MONyLIapuM, HesalTpuxoBaHHbIMK (1) — B npasoM. *p < 0,05 — po-
CTOBEPHbIE OT/IMYMA OT COOTBETCTBYIOLLLETO NOKa3aTeNs, U3MEPEHHOIO Y MHTAKTHBIX XUBOTHBIX M0 t-KpuTeputo CTblofeHTa

Table 2. Levels of monoamines and their metabolites (ng/mg of tissue) in the hippocampus of male Wistar rats with the unilateral injection
of SB-408124 into the central nucleus of the amygdala

Tabnuua 2. CogepaHue MOHOAMUHOB U UX METADOSMTOB (HI/MI TKaHM) B TMMMNOKaMIIe Y CaMLOB KpbIC IMHUM Buctap npu yHUnatepanbHoM
BBEAEHUM npenapata SB-408124 B LeHTpanbHOe AP0 MAHAANMHBI

Psycl:f)fs:g;ulant - 1 mg/kg B-phenylisopropylamine, intraperitoneally
Mm:;:iﬁded - Ipsilateral | Contralateral | Contralateral Ipsilateral
1 pg/pL SB-408124 into the ) . .
Animal groups Intact B-phenylisopropylamine left central nucleus of the 1 Hg/pL SB-408124 into the right
central nucleus of the amygdala
amygdala
Side of the brain Left Right Left Right Left Right Left Right
NA 0.397+0.141 0.250+0.092 0.393+0.108 0.452+0.072"¢ 0.383+0.088 0.445+0.096* 0.952+0.314*% 0.894+0.112%***8&
DA 0.311£0.106 0.253+0.086 0.229+0.056 0.307+0.061%C 0.272+0.083 0.339+0.088  0.473+0.369 0.495+0.052
00120372  S2020.253
DOPAC 0.435+0.183 0.354+0.182 0.334+0.079 0.445+0.074 0.367+0.059 0.458+0.177 & ;- *)p = 0.059
p = 0.0658 @,
p =0.0895
DOPAC/DA 1.096+0.272 1.254+0.438 1.277+0.191  1.963+0.326 1.462+0.181  1.195:£0.249  2.200+0.000 1.792+0.446
HVA 0.090+0.031 0.134+0.054 0.069+0.020 0.074+0.014 0.136+0.042 0.105+0.055" 0.201+0.048*%% 0.376+0.107#**8&
HVA/DA 0.477+0.160 0.450+0.108 0.273£0.097 0.320+0.111  0.509+0.140 0.291+0.183*  0.546+0.308  0.907 +0.100"&
5-HT 0.098+0.028 0.082+0.026 0.085+0.018 0.121+0.022%¢ 0.122+0.021 0.086+0.021*  0.131+0.038 0.287 +0.098"#**8&
AC 0.139+£0.027##+® i
5-HIAA 0.234+0.038 0.247+0.034 0.177+0.019 0.217+0.012*¢ 0.212+0.047 P = 0.0728 0.289+0.021  0.282+0.058
#AC 1.271+0.278
5-HIAA/5-HT 3.063+£0.689 3.386+0.741 2.778+0.480 2.697+0.602 1.754+0.281  1.88+0.50 1.832+0.257 p = 00780

*p < 0.05, ***p < 0,001, ®p > 0,05 differences from the corresponding index of intact animals; &p < 0.05, ¥&p < 0.01, ®p > 0.05, differences from
the corresponding index of B-phenylisopropylamine-treated animals; #p < 0.05, *p < 0.01 significant differences in the ipsi- and contralateral SB-
408124 effects by ANOVA; #p < 0.05, #4Cp < 0.01differences between the corresponding indices of the left and right sides of the brain according
to paired Student’s t-test; 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST, bed nucleus of the stria terminalis; DA, dopamine; DOPAC,
dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine.

! In relation to the studied side of the brain.
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Fig. 2. Changes in dopamine (DA) level and the homovanilinic acid-to-dopamine ratio (HVA/DA) in the striatum under the action of
B-phenylisopropylamine. Animal groups: control animals received saline, whereas ®UMA animals received B-phenylisopropylamine.
The shaded bars (L) show the value of the corresponding parameter in the left hemisphere and the unshaded (R) in the right hemisphere.
*p < 0.05, **p < 0.01, significant differences from the corresponding parameters measured in intact animals by Student’s ¢-test

Puc. 2. N3meHeHne ypoBHA podamuHa ([A) M COOTHOLUEHMS TOMOBAHWIMHOBOM KucnoTbl M podamuHa (TBK/LA) B cTpuatyMe
nop, felicteueM B-deHnnmsonponuiamMuta. [pymnnbl UBOTHbIX: KOHTPOSb — Mosy4aBLLMe Guanonordeckui pactaop, ®UMA — nonyyasLume
B-tbeHnnm3onponunamuH. 3alTpuxoBaHHbIMK cToibuKamu (/1) MoKasaHo 3HaYeHWe COOTBETCTBYHLLEro NapameTpa B JIEBOM MOMTyLLapuy,
HesawTpuxoBaHHbIMK (1) — B npaBoM. *p < 0,05, **p < 0,01 — [0CTOBEpPHbIE OT/INYWS OT COOTBETCTBYIOLLENO MOKa3aTeNs, U3MepeHHOro
Y MHTaKTHBIX XUBOTHbIX M0 {-KpuTeputo CTbloneHTa

Table 3. Levels of monoamines and their metabolites (ng/mg of tissue) in the olfactory tubercle in male Wistar rats with the unilateral
injection of SB-408124 into the central nucleus of the amygdala

Tabnuua 3. CojepxaHue MOHOAMUHOB M MX METabonMTOB (HF/Mr TKaHW) B 00OHSATENLHOM OYropKe y caMLOB KpbiC AMHUW Buctap npu
yHWUnaTepanbHoM BBefeHW npenapata SB-408124 B LieHTpanbHoe AP0 MUHAANMHBI

Psychostimulant

effects - 1 mg/kg B-phenylisopropylamine, intraperitoneally

Mlcr:;:]‘isded Contralateral | Contralateral

- Ipsilateral Ipsilateral

1 pg/uL SB-408124 into the | 1 pg/pL SB-408124 into the

Animal groups Intact B-phenylisopropylamine left central nucleus of the | right central nucleus of the
amygdala amygdala
Side of the brain Left Right Left Right Left Right Left Right
0.525+0.062** .
NA 0.184+0.037 0.096+0.026 0.344+0.054 0.283+0.074  0.417+0.144 ®p = 0.0690 0.396+0.055 0.455+0.172
DA 0.192+0.049  0.136+0.023 0.398+0.042* 0.358+0.059* 0.392+0.175 0.475+0.133** 0.396+0.114  0.387+0.071*
1028.+0.072* 0.854+0.187
DOPAC 0.556+0.102  0.475+0.110  0.800+0.097 0.669+0.120 0.736+0.250 (5 " 0.671+0.149  *#A%% = 0.0584
p=0.0789 *p = 0.0887
DOPAC/DA 2.732+0.682 2.409+0.438 2.081+0.204 1779+0.239 1.719+0.279 3.989+2.182 1.835+0.388 2.156+0.253
HVA 0.060+0.038 0.103+0.052 0.050+0.027 0.124+0.038 0.250 +0.142 #*& 0.161+0.087 0.034+0.028* 0.131+0.044
HVA/DA 0.759+0.491 0.794+0.366 0.182+0.107 0.408+0.175 0.794+0.472 0.333+0.123  0.164+0.149  0.313+0.115
5-HT 0.142+£0.031  0.138+0.027 0.193+0.025 0.191+0.018 0.176+0.046 0.158+0.024 0.169+0.025 0.183+0.038
5-HIAA 0.304+0.031 0.261+£0.052 0.362+0.040 0.316+0.019  0.339+0.068 0.401+0.044* 0.313+0.035  0.375+0.073
5- HIAA /5-HT 1.665+0.398  2.126+0.521 1.896+0.245  1.783+0.171 2.057+0.243 2.685+0.405 1.926+0.266  2.153+0.28

*)p = 0.0887, *p < 0.05, ***p < 0.001, differences from the corresponding index of intact animals; &p < 0.05, ®p > 0.05 (pronounced trends and
specific p-values are shown), differences from the corresponding index of beta-phenylisopropylamine-treated animals; #p < 0.05, differences
in the ipsi- and contralateral SB-408124 effects by ANOVA; #20 p = 00584, differences between the corresponding indices of the left and right
sides of the brain according to paired Student’s t-test. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST, bed nucleus of the stria
terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine

! In relation to the studied side of the brain.
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Fig. 3. Change in 5-hydroxyindoleacetic acid (5-HIAA) level in the prefrontal cortex under the action of B-phenylisopropylamine. Animal
groups: control animals received saline, whereas PIPA animals received B-phenylisopropylamine. The shaded bars (L) show the value of
the corresponding parameter in the left hemisphere and the unshaded (R) in the right hemisphere. *p < 0.05, significant differences from
the corresponding parameter measured in intact animals by Student'’s t-test

Puc. 3. ViamMeHeHve ypoBHS 5-ruapoKcmnHaonyKeycHoi kucnotbl (5-T1YK) B npedpoHTanibHOM Kope o AeicTereM B-deHnnmsonponmunaMmHa.
[PYNMbl XWBOTHBIX: KOHTPOSL — Mony4yaBLUKe usnonornyeckuii pacteop, ®UMA — nonyyasLme B-peHnnn3onponunaMuH. alTpuxoBaH-
HbIMU cTonbrKamm (JT) NoKasaHo 3HayeHWe COOTBETCTBYIOLLIET0 NapaMeTpa B IEBOM MofTyLUIapWK, He3aLWTpUXoBaHHbIMK (1) — B npaBoM.
*p < 0,05 — pocToBepHble OTINUMSA OT COOTBETCTBYHILLENO NOKa3aTeNs, U3MEPEHHOTO Y UHTAKTHBIX UBOTHbIX MO t-KpuTeputo CTbloeHTa

Table 4. Levels of monoamines and their metabolites (ng/mg of tissue) in the striatum of male Wistar rats with the unilateral injection of
SB-408124 into the central nucleus of the amygdala

Tabnuua 4. CopeprkaHue MOHOaMUHOB U UX MeTaboaMTOB (Hr/Mr TKaHK) B CTPUATYMe Y CaMLIOB KpbiC MHUM Buctap npu yHunatepansHoM
BBeAeHuM npenaparta SB-408124 B LeHTpanbHoe A4p0 MAHAANMHBI

Psycl:f:fs: ::rtl;ulant - 1 mg/kg B-phenylisopropylamine, intraperitoneally
M'cr:i':;::}lded - Ipsilateral Contralateral | Contralateral Ipsilateral
) . 1 pg/pL SB-408124 into the
Animal groups Intact B-phenylisopropylamine 1 Hg/uL SB-4081ZA into the left right central nucleus of the
central nucleus of the amygdala
amygdala
Side of the brain Left Right Left Right Left Right Left Right
0.230+0.083 0.489 +0.051
NA 0.497+0.095 0.467+0.078 0.434+0.050 0.473+0.063 0.356+0.130 #p = 0.064 0.471£0.084 (-
¥y = 2 p = 0.0640
p=0.0633
DA 0.353+0.040 0.381+0.095 0.614+0.061* 0.530+0.039  0.253+0.073%& 0.609+0.209 0.952+0.286%**% 1.069 +0.496*%
DOPAC 1.338+0.198  1.269+0.178 1.251+0.109 1.295+0.107 0.556+0.156*#**&& 0493+0.255 1.700+0.182"  2.392+1.008
DOPAC/ DA 2.670+£0.244 3.461+0.780 2.274+0.313 2.626+0.337 1.625+0.730 1.179+£0.353**%  2.060+0.366  2.381+0.175
HVA 0.342+0.027 0.344+0.046 0.233+0.050 0.247+0.047  0.262+0.017* 0.315£0.070  0.550+0.113**&& 0,376 +0.107
#
HVA/DA 0.959+0.189 1.558+0.620 0.400+0.084* 0.569+0.111  1.563+0.341"%8&  0.498+0.284 0.703+0.224 [](;5;76210%22
0.165+0.026 0.194+0.029* 0.259+0.033*%# #C
5-HT 0.168+0.024 0.098+0.033 0.125+0.030 0.112+0.021 ) = 0,0583 ®p = 0.0524 p=0.0583 0.177+0.036
5-HIAA 0.361+0.136*

0.268+£0.028 0.206+0.027 0.231£0.022 0.231£0.018  0.188+0.016* 0.238+0.023 0.241+0.080%C

@®)p = 0,0533

5-HIAA/5-HT 1.661+£0.132  3.251+£0.827 1.772+0.419 2.218+0.354 1.215+0.190 1.260+0.311* 1.738+1.233  1.283+0.154*

*p < 0.05, **p < 0.01, ®p > 0.05, differences from the corresponding index of intact animals; o < 0.05, #p < 0.01, %%y < 0.001,
®p > 0.05, differences from the corresponding index of beta-phenylisopropylamine-treated animals; *p < 0.05, #p < 0.01, ##p < 0.001,
®p > 0.05, differences in the ipsi- and contralateral SB-408124 effects by ANOVA; *Cp < 0.05, differences between the corresponding
indices of the left and right sides of the brain according to paired Student’s t-test. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin;
BNST, bed nucleus of the stria terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine.

! In relation to the studied side of the brain.
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Fig. 4. Asymmetry in the levels of dopamine (DA), serotonin (5-HT), and 5-hydroxyindoleacetic acid (5-HIAA) in the hippocampus
under the action of B-phenylisopropylamine. Animal groups: control animals received saline, whereas PIPA animals received
B-phenylisopropylamine. The shaded bars (L) show the value of the corresponding parameter in the left hemisphere and the unshaded
(R) in the right hemisphere. #%p < 0.05, *4Cp < 0.01, manifestations of asymmetry (differences between similar parameters on the left
and right sides of the brain) by Student’s t-criterion

Puc. 4. MosBneHne acumMMeTpumn copepxanus fodammda ([1A), cepotonuHa (5-IT) u 5-ruppokcumHaonykcycHoii kucnotbl (5-TUYK)
B rUnnokamne nop AeicteueM B-dequnusonponunamuua. [pynnbl KUBOTHBIX: KOHTPOb — NoAyYaBLUMe (U3MONOrMYECKMIA pacTBop,
OUNA — nonyyaslumne B-deHnnu3onponunamMmH. 3alUTpUXoBaHHbIMU cTondKKaMu (J1) NoKasaHo 3HaueHMe COOTBETCTBYHOLLErO napa-
MeTpa B /IeBOM nofyLapuu, HesaluTpuxosaHHbiMu (1) — B npasoM. *%p < 0,05, #*%p < 0,01 — nposBneHns acuMMeTpum (pasnnums
MeX [y aHanorMyHbIMKU NoKa3aTeNsMM JIEBON M NPaBO CTOPOHbI Mo3ra) — o t-Kputepuio CTblofeHTa

Table 5. Levels of monoamines and their metabolites (ng/mg of tissue) in the prefrontal cortex in male Wistar rats with the unilateral
injection of SB-408124 into the bed nucleus of the stria terminalis

Tabnuua 5. CopepxaHue MOHOaMMHOB M UX MeTabonuToB (Hr/Mr TKaHu) B mpedpoHTanbHOW Kope Y CaMLOB KpbiC MHWM Buctap npm
YHUnaTepanbHoM BBefeHuUM npenapata SB-408124 8 BNST

Psyc:tf:ofs: irtr;ulant - 1 mg/kg B-phenylisopropylamine, intraperitoneally
Micr:iigjeelcted - Ipsilateral | Contralateral Contralateral Ipsilateral
Animal groups Intact B-phenylisopropylamine 1[(5?/;';1321 fngﬂ:ﬁslgtfoﬂtlte L:ﬂ{_ﬁ:‘ rﬁii::g‘;ﬂ::‘;:;g:gg‘
amygdala

Side of the brain Left Right Left Right Left Right Left Right

NA 05160050 0.335:0.07 0417+0061 0.357+0.060 0.331+0.031 0.425+0.051 0.063+0.044H+85& ?g;,ﬁiu%%%%#
DA 0.438+0.114 0.396+0.112 0.424+0.076 0.352+0.076 0.450+0.192* 0.472+0.104  0.078+0.049"%  0.267+0.142
DOPAC 0.443+0.142  0.461+0.126 0.392+0.097 0.404+0.085 0.524+0.138% 0.492+0.084 0.100+0.068" 0.334+0.162
DOPAC/ DA 1.045£0.14 1.294+0.235 0.885+0.108 1.097+0.149 1.080+0.217  1.149+0.232 0.926+0.278 1.131+0.266
HVA 0.042+0.028 0.003+0.003 0.018+0.012 0.012+0.011 0.065+0.065 0.083+0.080 0.026+0.026 0.024+0.021
HVA/DA 0.425:0.380 0.087:0.086 0.081+0.052 0.034+0.031 0.187+0.187 0.102+0.097 0.000+0.000 0.189+0.116
5-HT 0.110+0.026 0.085+0.012 0.097+0.017 0.084+0.005 0.154+0.069 0.116+0.041 0.085=0.021 0.091+0.041
5-HIAA 0.293+0.088 0.206+0.039 0.125+0.017* 0.125+0.015* 0.180+0.046 0.154+0.042  0.049+0.015**  0.088+0.023*

5-HIAA/5-HT 2.779+0.572  2.585+0.604 1.745+0.390 1.555+0.217* 1.937+0.824 1.658+0.506 0.930+0.290* 1.303+0.293"

*p < 0.05, **p < 0.01, ***p < 0.001, differences from the corresponding index of intact animals; ®)p = 0.0530, &p < 0.05, %4p < 0.001, differences
from the corresponding index of B-phenylisopropylamine-treated animals; *p < 0.05, differences in the ipsi- and contralateral SB-408124
effects (the difference between the index measured on a given side of the brain after microinjections into the BNST on the same side of the
brain and the same index after a similar exposure on the opposite side) by ANOVA. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST,
bed nucleus of the stria terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine.

! In relation to the studied side of the brain.
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Fig. 5. Changes in serotonin (5-HT) levels in the striatum following unilateral microinjections of SB-408124: (a)in BNST (ipsilateral effects) and (b)in
the central nucleus of the amygdala (contralateral effects). Animal groups: int, intact; ®UMA, after intraperitoneal injection of phenylisopropylamine
(1 mg/kg weight); ipsi-, after microinjection of SB-408124 on the corresponding side of the brain; and contra-, after microinjection on the
contralateral side. *p < 0.05, **p < 0.01, significant differences from the corresponding index measured in intact animals; ®p = 0.0524,
&0 < 0.05, &&p < 0.01, differences from the corresponding index measured in animals receiving phenylisopropylamine, based on analysis
of variance

Puc. 5. N3meHeHus copepxaHus cepotoHuHa (5-I'T) B cTpuaTyMe Nof BAMAHWMEM YHWMATepanbHbIX MUKpOMHbeKUM SB-408124:
a — B BNST (uncunatepanbHble 3gdekTbl); b — B LieHTpanbHoe AP0 MUHAANMHDI (KOHTpanaTepasbHble 3ddeKTbl). [pynnbl XMBOTHbIX:
MHT — uHTaKTHble, ®UMA — nocne BHYTpUOptOLWMHHOO BBeaeHus OUMA (1 Mr/kr Beca), Uncu- — nocne MUKpouHbekumn SB-408124
Ha COOTBETCTBYIOLUEH CTOPOHE MO3ra, KOHTPa- — MOCNe MUKPOMHBEKLMM C MPOTUBOMOMOMHOW CTopoHbl. *p < 0,05, **p < 0,01 —
[I0CTOBEPHbIE OT/IMYMA OT COOTBETCTBYIOLLIETO NOKA3aTeNs, N3MEPEHHOro Y MHTaKTHBIX X1BoTHbIX; ®)p = 0,0524, &p < 0,05, %&p < 0,01 —

OT/INYMA OT COOTBETCTBYIOLLErO NOKa3aTens, U3MEPEHHOr0 Y KMBOTHbIX, NonydaBLmx GUMA — no pesynbtatam ANOVA

in the left striatum. In addition, left-sided injection of the
orexin antagonist into the left olfactory tubercle increased
the levels of HVA (p < 0.05) and 5-HIAA (p < 0.05) in the right
olfactory tubercle, and similar trends were observed for HA
(p = 0.0690) and DOPAC (p = 0.0789; Table 3).

SB-408124 injections into the right central nucleus of the
amygdala induced other changes. The levels of HVA (p < 0.05)
and 5-HT (p < 0.05) increased in the right (ipsilateral) cortex,
whereas 5-HIAA levels (p < 0.05; Table 3) increased in the
left (contralateral) cortex. In the hippocampus, right-sided
injections resulted in bilateral HA increases (right, p < 0.05;
left, p < 0.01) and right-sided increases in 5-HT (p < 0.01) and
HVA (p < 0.01) levels (Table 2). A similar trend was evident for
DOPAC levels (p = 0.0895).

Importantly, this exposure increased 5-HIAA levels in
the left (contralateral) hippocampus, whereas symmetrical
exposure obtained opposite results. In addition to the above-
mentioned increase in 5-HT levels, right-sided injection into
the central nucleus of the amygdala resulted in increased
5-HIAA (p = 0.0533) and HVA (p < 0.01) levels in the left

(contralateral) striatum (Table 4). In the olfactory tubercle,
this exposure led to increased levels of NA and a tendency
for a right-sided asymmetry in DOPAC content (p = 0.0584;
Table 3).

Overall, SB-408124 microinjections into the right central
nucleus of the amygdala showed significant differences
in 25.00% of the measured indices and only 4.17% when
injected in the left central nucleus compared with rats
receiving phenamine only (labeled “¢” in Tables 1-4). In the
comparison of the probabilities of the two corresponding
binomial distributions, right-sided microinjections induced
significantly more effects than those on the left side
(p < 0.0001).

The results of the analysis of the parameters of MA-ergic
systems in rats after unilateral SB-408124 microinjections
into the BNST along with PIPA administration are presented
in Tables 5-8. As described above, quantitative indices of
MA-ergic systems did not change significantly in the
hippocampus because of PIPA; however, an asymmetry
appeared with the predominance of DA, 5-HT, and 5-HIAA on
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the right side (p < 0.05; Tables 2 and 6). In the hippocampus,
the only effect of SB-408124 injection into the BNST that was
independent of the microinjected side was the disappearance
of PIPA-induced asymmetry (Table 6). Levels of 5-HT levels
also increased (p < 0.05) and the 5-HIAA/5-HT ratio decreased
(p < 0.05) in the ipsilateral striatum under the influence of
the orexin antagonist (Table 8 and Fig. 5). The effects of
SB-408124 injection into the BNST were dependent on the
injection side, which was most commonly manifested on only
one side of the brain and were not mirror-symmetrical.

Left-sided SB-408124 injections increased the DOPAC/DA
ratio in the hippocampus (p < 0.05; Table 6é) and decreased
the levels of DA (DOPAC) and 5-HT (5-HIAA) metabolites in
the olfactory tubercle on the microinjected side (p < 0.05;
Table 7). No such effects were observed when SB-408124
was injected into the right BNST. Right-sided SB-408124
injections caused a bilateral NA decrease in the prefrontal
cortex (p < 0.05) and a DA decrease in the left cortex (p <
0.05; Table 5). In the left olfactory tubercle, the exposure
significantly increased HVA (DA metabolite) levels, which
may indirectly indicate an increase in DA release in this
structure (p < 0.05; Table 7).

In the striatum, parameters of MA-ergic systems were
mostly similarly changed after microinjections into the right

Tom 14, Ne 1, 2023
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BNST, with bilateral decreases in DA metabolism (DOPAC and
DOPAC/DA, p < 0.05; Table 8) compared with intact rats and
PIPA-treated rats. In addition, right-sided microinjections
affected the 5-HT-ergic system of the striatum, i.e.,
asymmetry with predominance of 5-HT on the left side
(p < 0.05; Table 8) occurred.

When counting the total number of differences from the
groups receiving phenamine, right-sided injections in the
BNST changed 14.58% of the indices, whereas left-sided
injections changed only 6.25% (labeled “*” in Tables 5-8).
The comparison of the probabilities of the two corresponding
binomial distributions proved the greater effectiveness of
right-sided microinjections (p < 0.0001).

Since SB-408124 injection into both the BNST and central
nucleus of the amygdala induces a similar physiological
effect, i.e., inhibition of activated self-stimulation of the
lateral hypothalamus [3, 4], self-stimulation blockade may
be related to the changes that would appear to be common
to these two exposures. Such “coincident” effects included
changes in 5-HT metabolism in the striatum. Right-sided
SB-408124 injection into any of the examined structures of
the extended amygdala led to an increase in 5-HIAA levels in
the left (contralateral) striatum (Fig. 6). However, SB-408124
exposures to different regions of the extended amygdala

Table 6. Levels of monoamines and their metabolites (ng/mg of tissue) in the hippocampus of male Wistar rats with the unilateral

administration of SB-408124 in bed nucleus of the stria terminalis

Tabnuua 6. CopepiaHne MOHOGMUHOB W UX METABOMMTOB (Hr/MT TKaHM) B FMNNOKaMIe Y CaMLIOB KpbIC MHWM Buctap npy yHunatepasnsHoM

BBeAeHUM npenapara SB-408124 B BNST

Psychostimulant
effects

1 mg/kg B-phenylisopropylamine, intraperitoneally

Microinjected side' -

Ipsilateral | Contralateral | Contralateral | Ipsilateral

1 ug/pL SB-408124 into the | 1 pg/ulL SB-408124 into the

Animal groups Intact B-phenylisopropylamine left central nucleus of the | right central nucleus of the
amygdala amygdala

Side of the brain Left Right Left Right Left Right Left Right
NA 0.397+0.141  0.250+0.092 0.393+0.108 0.452+0.072%° 0.367+0.115  0.438+0.114 0.384+0.081 0.316+0.076
DA 0.311£0.106  0.253+0.086 0.229+0.056 0.307+0.061*¢ 0.250+0.080 0.202+0.060 0.268+0.053 0.257+0.065
DOPAC 0.435+0.183 0.354+0.182 0.334+0.079  0.445+0.074 0.398+0.125 0.364+0.108 0.424+0.094 0.391+0.116
DOPAC/DA 1.096+£0.272 1.254+0.438 1.277+0.191 1.963+0.326  1.883+0.078* 2.029+0.740  1.555+0.214  1.467+0.171
HVA 0.090+£0.031 0.134+0.054 0.069+0.020 0.074+0.014  0.012+0.010  0.116+0.047  0.053+0.044 0.077+0.039
HVA/DA 0.477+0.160 0.450+0.108 0.273+0.097  0.320+0.111  0.085+0.078 0.376+0.266  0.177+0.135  0.266+0.155
5-HT 0.098+0.028 0.082+0.026 0.085+0.018 0.121+0.022%4¢ 0.075+0.017 0.056+0.014* 0.094+0.013  0.089+0.014*
5-HIAA 0.234+0.038 0.247+0.034 0.177+0.019 0.217+0.012"4C 0.167+0.018 0.273+0.038  0.207+0.027  0.158+0.040
5-HIAA/5-HT 3.063+0.689 3.386+0.741 2.778+0.480 2.697+0.602 2.769+0.630 3.552+0.802 2.508+0.663 2.292+0.888

*p < 0.05, differences from the corresponding index of intact animals; *p < 0.05, differences in the ipsi- and contralateral SB-408124 effects (the
difference between the index measured on a given side of the brain after microinjections into the BNST on the same side of the brain and the
same index after a similar exposure on the opposite side) by ANOVA; #°p < 0.05, #A%p < 0.01, manifestations of asymmetry (differences between
the corresponding indices of the left and right sides of the brain). 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST, bed nucleus of the
stria terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine.

! In relation to the studied side of the brain.
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Fig. 6. Similar changes in 5-hydroxyindoleacetic acid (5-HIAA) levels in the striatum following unilateral microinjections of SB-408124 into
the bed nucleus of the stria terminalis (BNST) (a) and central nucleus of the amygdala (b), right-sided injection of an orexin antagonist
causes an increase in 5-HIAC levels in the left (contralateral) striatum compared with animals that received PIPA. Animal groups: int, intact;
PIPA, after intraperitoneal injection of phenylisopropylamine (1 mg/kg weight); ipsi-, after microinjection of SB-408124 on the respective
sides of the brain; and contra-, after microinjection on the contralateral side. *p < 0.05, significant differences from the corresponding
index measured in intact animals. &p < 0.05; ®p = 0.0533, differences from the corresponding index in rats receiving phenylisopropylamine
by analysis of variance

Puc. 6. AHanornyHble U3MeHeHWs COAEPKaHUs S-rUaPOKCUMHAONYKCYCHO! kucnoTsl (5-TNYK) B cTpuatyMe nop, BIMsSHYEM YHUNaTEPaNbHbIX
MUKponHbeKUmin SB-408124 B anpo noxa KoHeuHoi nonocku (bed nucleus of the stria terminalis — BNST) (a) v LueHTpanbHoe AApo MUH-
Januubl (b): npaBocTOpoHHee BBEJIEHWE aHTaroHUCTa OPeKCMHa Bbi3blBaeT noBbiweHue 5-TUYK B neBoM (KoHTpanatepanbHoM) CTpUaTyMe
M0 CPaBHEHMIO C KUBOTHBIMM, nofyyaBLunMn GUIMA. [pynnbl 3KMBOTHBIX: UHT — MHTaKTHbIe, ®UMA — nocne BHYTPUDOPIOLLIMHHOM BBEAEHMS
OUNA (1 Mr/kr Beca), uncu- — nocne MUKpoUHbeKLMM SB-408124 Ha cooTBETCTBYIOLLEH CTOPOHE MO3ra, KOHTPa- — MOCe MUKPOUHB-
€KUM C NMPOTUBOMOSIOKHOM CTOPOHBI. *p < 0,05 — A0CTOBEpHbIE OTAIMYMSA OT COOTBETCTBYIOLLErO NOKA3aTesNsi, U3MEPEHHOTO Y UHTAKTHbIX
#uBoTHBIX. &p < 0,05; ®p = 0,0533 — oTMuMA OT COOTBETCTBYIOLLEND NOKa3aTens y Kpbic, nonydaslumx ®UMA — no pesynstatam ANOVA

includes interactions between the right and left brain
halves; however, the participation of right and left brain

caused laterally specific 5-HT changes in the striatum.
Thus, microinjections into the BNST and central nucleus of

the amygdala resulted in high 5-HT levels in the ipsilateral
striatum and contralateral amygdala, respectively (Fig. 5).
Data on the blocking SB-408124 effect on activated
self-stimulation [3, 4] were obtained when the substance
was injected through a right-sided cannula. No data on
the effect of left-sided injections were found. Probably,
the authors of these studies believed that the effects of
injecting drugs into symmetrical points of the brain would
be similar. However, the present study favors that left-sided
injections would be less effective. Previously, an irritation
of the left hypothalamus was more likely to elicit proximity
responses and produce self-stimulation responses
compared with the right hypothalamus [10]. Moreover,
contralateral (right-sided) SB-408124 microinjections
caused an increase in 5-HT levels in the left hypothalamus
[11]. The obtained data indicate that positive reinforcement

structures is not equal. Thus, the key role in the blocking
mechanism of the orexin receptor SB-408124 antagonist
on PIPA-activated self-stimulation is played by its effect
on the 5-GT-ergic system of the striatum.

CONCLUSIONS

1. The MA-ergic effects of unilateral microinjections of
the orexin SB-408124 antagonist into the structures of the
extended amygdala were dependent on both brain structures
into which the drug is injected and exposure side.

2. Right-sided microinjections into the central nucleus of
the amygdala and BNST have greater effects on monoamine
metabolism than left-sided ones.

3. Right-sided SB-408124 administration increases
5-HIAA levels (5-HT metabolite) in the left striatum.
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Table 7. Levels of monoamines and their metabolites (ng/mg of tissue) in the olfactory tubercle in male Wistar rats with the unilateral
administration of SB-408124 in bed nucleus of the stria terminalis

Tabnuua 7. ComepiaHve MOHOAMUHOB W MX MeTabonMTOB (Hr/Mr TKaHW) B 0DOHATENBHOM BYropKe y CaMLoB KpbiC MHMM Buctap npu
yHUnaTepanbHoM BBeAeHWUM npenapata SB-408124 8 BNST

Psychostimulant
effects

1 mg/kg B-phenylisopropylamine, intraperitoneally

Microinjected
side’

Ipsilateral | Contralateral

Contralateral Ipsilateral

1 pg/pL SB-408124 into the

1 pg/uL SB-408124 into the

Animal groups Intact B-phenylisopropylamine left central nucleus of the right central nucleus of the
amygdala amygdala
Side of the brain Left Right Left Right Left Right Left Right
NA 0.184+0.037 0.096+0.026 0.344+0.054 0.283+0.074 0.381+0.190 0.372+0.136  0.348+0.215 0.398+0.158
DA 0.192+0.049  0.136+0.023 0.398+0.042* 0.358+0.059* 0.265+0.110 0.366+0.144  0.302+0.084  0.456+0.130
DOPAC 0.556+0.102  0.475+0.110 0.800+0.097 0.669+0.120 0.406+0.117% 077540227  0.558+0.138 0.668+0.173
DOPAC/DA 2.732+0.682 2.409+0.438 2.081+0.204 1779+0.239 1493+0.370 2.022+0.472  1.910+0.099  1.150+0.093%*C
HVA 0.060+0.038 0.103+0.052 0.050+0.027 0.124+0.038 0.052+0.026* 0.094+0.055 0.234+0.136"%  0.148+0.050
HVA/DA 0.759+0.491  0.794+0.366 0.182+0.107 0.408+0.175 0.271+0.174  0.424+0.321 1.037 £0.695 0.417+0.204
5-HT 0.142+0.031 0.138+0.027 0.193+0.025 0.191+0.018 0.144+0.042 0.134+0.042  0.225+0.027 0.188+0.034
5-HIAA 0.304+0.031 0.261+0.052 0.362+0.040 0.316+0.019 0.206+0.032% 0.291+0.072  0.311+0.043  0.255+0.054
5-HIAA/S-HT 1.665+0.398  2.126+0.521 1.896+0.245 1.783+0.171  1.689+0.313  1.815+0.556 1.411£0.157 1.606+0.499

*p < 0.05, differences from the corresponding index of intact animals; %» < 0,05, differences from the corresponding index of beta-
phenylisopropylamine-treated animals; #p < 0.0, differences in the ipsi- and contralateral SB-408124 effects (the difference between the index
measured on a given side of the brain after microinjections into the BNST on the same side of the brain and the same index after a similar
exposure on the opposite side) by ANOVA; #4%p < 0.01, manifestations of asymmetry (differences between the corresponding indices of the left
and right sides of the brain) according to Student’s paired t-test. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST, bed nucleus of the
stria terminalis; DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine

! In relation to the studied side of the brain.

In this case, microinjections into the BNST and central
nucleus of the amygdala lead to high 5-HT levels in the
ipsilateral and contralateral striatum, respectively. Thus,
the ability of the orexin antagonist to block enhanced self-
stimulation is associated with its lateral-specific effects on
the serotoninergic system of the striatum.
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baHoB — pa3paboTKa 0bLLeV KoHLENUMK.

KoHdnmKT uHTepecoB. ABTOpPHI AEKIAPUPYIOT OTCYTCTBYE SIBHBIX
1 NOTEHLMaNbHbIX KOHGMKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LiMer HacToALLEN CTaTby.

UcTouHmnk dmHaHcUpoBaHms. ABTOpLI 3asBNAIOT 00 OTCYTCTBUM
BHELLHEro (pVMHaHCVPOBaHKA NPpY NPOBEAEHWM UCCeN0BaHMS.
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Table 8. Levels of monoamines and their metabolites (ng/mg of tissue) in the striatum of male Wistar rats with the unilateral administration
of SB-408124 in bed nucleus of the stria terminalis

Tabnuua 8. ConepxaHne MOHOAMMHOB M UX MeTabonMTOB (HI/Mr TKaHu) B CTpMaTyMe y caMLIOB KpbiC MHUM Buctap npu yHunatepansHoM
BBeAeHuM npenapara SB-408124 8 BNST

Psychostimulant

effects - 1 mg/kg B-phenylisopropylamine, intraperitoneally

M'cr:i':;ﬁded - Ipsilateral | Contralateral | Contralateral Ipsilateral

1 pg/pL SB-408124 into the 1 pg/pL SB-408124 into the

Animal groups Intact B-phenylisopropylamine left central nucleus of the right central nucleus of the
amygdala amygdala
S'dﬁr:ifnthe Left Right Left Right Left Right Left Right
NA 0.497+0.095 0.467+0.078  0.434+0.050  0.473+0.063 0.378+0.108 0.485+0.095 0.312+0.122 0.432+0.181
DA 0.353+£0.040 0.381+0.095  0.614+0.061*  0.530+0.039 0.563+0.112 0.622+0.229 0.511+0.080 0.580+0.084
#
DOPAC 136:0.98  1269:0.78 125150109 1295:0107  1582:0368° 1625:0350° ogusonss Q7T
DOPAC/DA 2.670+0.244  3.4641+0.780  2.274+0.313 2.626+0.337  2.902+0.408"  2.027+0.074  1.234+0.266"%  1.214+0.169*%
HVA 0.342+0.027 0.344+0046  0.233+0.050  0.247+0.047  0.340+0.056  0.363+0.077* 0.291+0.131 0.124+0.069"
HVA/DA 0.959+0.189  1.558+0.620  0.400+0.084*  0.569+0.111**  0.726+0.208 0.468+0.108 0.582+0.210 0.224+0.132
5-HT 0.168+0.024  0.098+0.033  0.125+0.030 0.112+0.021 0.227+0.020%4  0.167+0.021 0.147+0.017  0.213+0.022**%&
5-HIAA 0.268+0.028  0.206+0.027  0.231+0.022 0.231+0.018 0.215+0.019 0.209+0.037 0.317+0.033% 0.291+0.027¢
5-HIAA/5-HT 1.661£0.132  3.251+0.827 1.772£0.419  2.218+0.354*  0.936+0.119* 1.285+0.436 1.995+0.393 1.464+0.277*
#)p = 0.0589 #p = 0,0589

®)p =0.050, *p < 0,05, **p < 0.01, differences from the corresponding index of intact animals; &p < 0.05, #p < 0.01, differences from
the corresponding index of beta-phenylisopropylamine-treated animals; ®p = 0.0589, #p < 0.05, *p < 0.01, differences in the ipsi- and
contralateral SB-408124 effects by ANOVA. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; BNST, bed nucleus of the stria terminalis;

DA, dopamine; DOPAC, dioxyphenylacetic acid; HVA, homovanillic acid; NA, norepinephrine

! In relation to the studied side of the brain.
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