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ABSTRACT

BACKGROUND: Intranasal administration of oxytocin is an effective method for delivering the hormone to the central nervous
system, bypassing the blood-brain barrier. This approach holds significant promise for psychiatric clinical applications.
Previous studies have demonstrated that simultaneous oxytocin administration in both nostrils induces lateralized changes
in monoamine metabolism in the mouse brain.

AIM: To investigate the lateral characteristics of oxytocin penetration in the brain following intranasal administration.
MATERIALS AND METHODS: Experiments were conducted on 12 male outbred white mice. The experimental group received
intranasal oxytocin (5 1U/1 mL, 10 pL per nostril), while the control group received an equivalent volume of saline. Oxytocin
levels were measured 15 minutes post-instillation in the hypothalamus, olfactory bulbs, striatum, and hippocampus on both
sides of the brain using an enzyme-linked immunosorbent assay (ELISA).

RESULTS: In the control group, oxytocin distribution was symmetric in the olfactory bulb and striatum. However, in the
hippocampus, control mice exhibited asymmetry with a higher oxytocin concentration on the right side (p = 0.0192). In the
experimental group, oxytocin levels significantly increased in the left hippocampus (p = 0.0223) and hypothalamus (p = 0.0036),
with a trend observed in the left olfactory bulb (p = 0.0572).

CONCLUSION: Intranasal oxytocin administration enhances oxytocin penetration into the left side of the brain, primarily through
the left olfactory bulb and hippocampus, ultimately reaching the hypothalamus.
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JlatepanbHble 0c06eHHOCTU pacnpeaeneHusl OKCUTOLMHA
B FOJIOBHOM MO3re MbiLLe NpU UHTPaHa3aIbHOM
BBeJeHUU nentuaa

.B. Kapnosa, M.B. Jluteunosa, 1.10. Tuccen, E.P. bbiukos, M1.[1. LLlabaHoB

WHCTUTYT 3KcnepuMeHTanbHol MeauumHbl, CaHKT-TeTepbypr, Poccus

AHHOTALIMA

AxTtyanbHocTb. MHTpaHasanbHbIA criocob BBEAEHUS OKCUTOLMHA paccMaTpuBaeTcsl Kak 3ddeKTuBHbIN crocob ero goctas-
KM B LiEHTPanbHYl0 HEpBHYI0 CUCTEMY, NO3BONSIOLLMIA MMHOBaTb reMaToaHuedanuyeckuin bapbep, YTo fenaeT ero nepcrex-
TUBHBIM A5l MPUMEHEHNS B NMCUXMATPUYECKON KNMHUKE. PaHee Bbino NokasaHo, YTo 0JHOBPEMEHHOE BBELEHUE OKCUTOLMHA
B 00e HO3ApK BbI3bIBAET YHUNaTEpabHble U3MEHEHUA 0OMeHa MOHOAMWUHOB B FOJIOBHOM MO3re MbILLEV.

Lienb — u3yunTtb natepanbHble 0COOEHHOCTV NMPOHUKHOBEHUS OKCUTOLMHA B FOJIOBHOM MO3T NMpU MHTPaHa3aibHOM BBEJEHUM.
Matepuanbl n MeTogbl. IKCNepUMEHTBI NpoBefeHbl Ha 12 caMuax benbix 6ecnopogHbix Mbiwen. UBOTHBIM 3KCMEpUMEH-
TanbHOM rpynMbl MHTpaHasanbHo (5 ME/1 Mn, no 10 MKN B KaKayl HO3ApI0) BBOAWIN OKCUTOLMH, @ MbILLIAM KOHTPOJIbHOM
TPynMbl — 3KBMBANIEHTHbIN 06bEM (M3MONOTMYECKOr0 pacTBopa. YpoBEHb OKCUTOLWMHA Yepe3 15 MUH nmocie MHCTUANALMKM
onpefensaiv B runotanamyce, a Takxe B 00OHATENbHbIX NYKOBULAX, CTPUATYMax W rMNNoKaMnax neBoi U NpaBoW CTOPOHbI
MO3ra, UCMoMb3yst MeTod, UMMyHO(MEPMEHTHOIO aHanu3a.

PesynbTatbl. Y MbiLLEN KOHTPONLHOW FPYNMbI COAEPXaHNEe OKCUTOLMHA B 0BOHATENBHOI TYKOBULE M CTpUATYMe Bbino cMMe-
TpU4HbIM. OfHaKO B rMNNOKaMMe Y KOHTPOJbHBIX MblLLEl Obliia 0TMeYeHa aCUMMETpUSA ¢ NpeobnafaHeM OKCUTOLMHA cripaBa
(p = 0,0192). Y }MBOTHBIX, KOTOPLIM BBOAMIM OKCUTOLMH, €F0 YpOBEHb 3Ha4MMO BO3pacTas B JIeBOM runmnokamne (p = 0,0223)
u B runotanamyce (p = 0,0036); B neBoi 060HATENLHOM NyKoBUMLE ObiNa 0TMEYeHa cooTBETCTBYHOLan TeHaeHUma (p = 0,0572).
BbiBoabl. MoxHO NpeAnoNoXUTb, YTO NPW UHTPaHa3aNbHOM BBEJEHUW OKCUTOLMH aKTUBHEE MPOHUKAET B MO3r C NIEBOIA CTo-
POHbI, NPOXOLS Yepes3 JIeBYl0 0O0HATENBHYIO JYKOBULY M NIEBbINA MMMNMNOKAMM, @ B KOHEYHOM MTOre — B rUnoTanaMyc.

KnioueBble cnoBa: OKCUTOLMH; MHTPaHa3anbHOE BBEAEHME; TMMMNOKaMM; aCMMMETPUA Mo3ra.
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BACKGROUND

The intranasal administration of pharmacological
compounds is considered a potentially effective method for
delivering substances to the central nervous system (CNS)
while bypassing the blood-brain barrier (BBB) [1]. This route
of administration appears to be particularly promising for
the use of oxytocin as a therapeutic agent for treating
psychiatric disorders in humans [2]. Experimental studies
in laboratory mice have confirmed that intranasal oxytocin
administration can reduce anxiety-like behavior [3] and
intraspecific aggression [4-7]. Following intranasal
instillation, oxytocin distribution in the brain is uneven,
with higher concentrations in the hippocampus than
in the striatum [3]. Studies investigating the pathways
of neuropeptide distribution, particularly oxytocin, following
intranasal administration indicate that these substances
can reach the brain directly via olfactory and trigeminal
nerve projections [8, 9]. In rodents, oxytocin accumulates
in the amygdala and hippocampus [10], and its concentration
increases in other forebrain regions rich in oxytocin
receptors [11, 12]. Previously, we demonstrated that in mice,
simultaneous oxytocin administration into both nostrils
induces unilateral changes in monoamine metabolism
in the forebrain, affecting either the left or right hemisphere
[4-7]. However, no studies have systematically examined
lateral differences in the distribution of intranasally
administered oxytocin across the left and right sides
of the forebrain.

AIM: To investigate the lateral characteristics of oxytocin
penetration in the brain following intranasal administration.

MATERIALS AND METHODS

Experiments were conducted on 12 sexually mature
male outbred white mice weighing 20-22 g, obtained from
the Rappolovo breeding facility (Leningrad Region, Russia).
The study adhered to ethical guidelines for the humane
treatment of laboratory animals in accordance with the Rules
of Laboratory Practice in the Russian Federation.” Before the
experiment, the mice were housed in standard vivarium
conditions with ad libitum access to food and water for two
weeks.

On the day of the experiment, the animals were randomly
assigned to two groups. The experimental group (EG, n = 6)
received intranasal oxytocin, 10 uL of an ampoule solution
containing 5 IU/mL was instilled into each nostril. The control
group (CG, n = 6) received an equivalent volume of saline
(Dalchimpharm, Russia). Fifteen minutes after instillation, the
animals were decapitated.

" Order of the Ministry of Health and Social Development of the Russian
Federation No. 708n of August 23, 2010, On the Approval of the Rules of
Laboratory Practice. Available at: https://www.garant.ru/products/ipo/prime/
doc/12079613/ (accessed December 5, 2024).
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Seven brain regions were isolated: the left and right
olfactory bulbs, corpora striata, hippocampi, and the
hypothalamus, which was extracted as a single fragment.
The brain tissue was immediately frozen and stored at
—70 °C until analysis. Tissue samples were homogenized
using a CryoMill vibrational grinder (Retsch, Germany)
at -198 °C with liquid nitrogen. The cryogenically milled
samples were suspended in 0.5 mL of phosphate-buffered
saline (PBS, pH = 7.4). Oxytocin concentrations in different
brain regions were measured using an enzyme-linked
immunosorbent assay (ELISA) with a high-sensitivity oxytocin
detection kit (Cloud-Clone Corp., USA), strictly following the
manufacturer’s instructions. After the reaction, optical density
was measured at 450 nm.

Total protein content was determined using the Bradford
assay [13]. Oxytocin concentrations were expressed
in pg/mg of protein.

Statistical analysis was performed using one-way
analysis of variance (ANOVA), followed by Bonferroni's
multiple comparisons test as a post hoc analysis. Additionally,
Student’s t-test was applied to assess paired comparisons
(differences between the left and right brain structures) and
unpaired comparisons (differences between CG and EG).

RESULTS

ANOVA analysis revealed significant differences in
oxytocin levels across the examined brain regions in CG
mice (FI6; 29] = 5.265, p = 0.0009; Fig. 1a). The lowest
oxytocin concentration was detected in the hypothalamus
(4.22 + 0.31 pg/mg of protein), while the highest level was
observed in the right hippocampus (13.61 + 0.68 pg/mg of
protein). Post hoc analysis indicated that the right hippocampus
exhibited significantly higher oxytocin levels than the
contralateral (left) hippocampus (p < 0.01), hypothalamus
(p < 0.001), and both the left and right corpus striatum
(p < 0.05 and p < 0.01, respectively; Fig. 1a).

In EG mice, ANOVA also demonstrated significant oxytocin
distribution differences across brain regions (F[6; 22] = 2.771,
p = 0.0368). The highest oxytocin levels were again found in
the hippocampus (left hippocampus: 15.69 + 3.02 pg/mg of
protein, right hippocampus: 15.59 pg/mg of protein). However,
multiple pairwise comparisons revealed no statistically
significant differences between the studied brain regions
(Fig. 1b). This indirectly suggests a more uniform oxytocin
distribution in the brains of animals that received oxytocin
intranasally.

The comparison of oxytocin concentrations between CG
and EG mice across brain regions is presented in Figure 2.

Fifteen minutes after oxytocin administration, a clear
trend toward increased oxytocin levels was observed in
the left olfactory bulb (p = 0.0572). In contrast, oxytocin
levels in the right olfactory bulb remained unchanged
(Fig. 2).
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In CG mice, a significant asymmetry in hippocampal
oxytocin levels was detected, with higher oxytocin levels
in the right hippocampus (p = 0.0192). Following oxytocin
administration, its concentration in the left hippocampus
increased compared to CG mice receiving saline (p = 0.0223),
and this asymmetry was no longer observed (Fig. 2).

In the hypothalamus, oxytocin levels were significantly
higher in EG mice than in CG mice (p = 0.0036; Fig. 2).

In contrast, no significant differences in oxytocin levels
were found between CG and EG mice in the corpus striatum
(Fig. 2).

DISCUSSION

The ability of intranasally administered oxytocin to
penetrate the hippocampal region, as demonstrated in
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this study, is consistent with findings reported by other
researchers. It has been established that in mice, oxytocin
administration selectively activates regional cerebral
blood flow in the hippocampus [14]. Additionally, direct
evidence suggests an increase in oxytocin concentration
in the hippocampus and corpus striatum in humans
39-51 minutes after intranasal administration [15, 16].
Furthermore, studies have documented elevated levels of
labeled peptides in the striatum of rhesus macaques [17].
However, in our study, intranasal oxytocin administration did
not result in significant changes in striatal oxytocin levels
(see Fig. 2), despite the relatively low baseline oxytocin
concentration in the corpus striatum of CG animals (see
Fig. 1a). This suggests that the corpus striatum may be
outside the direct pathway of oxytocin penetration into
the brain, and a longer post-administration time (beyond

ANOVA summary:
20- F(6;29) = 5.265; p = 0.0009
max Control (saline)
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% = Left hemisphere
5 107 " o 1 Right hemisphere
[=2]
£
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Cleft Right  Left Right ' Left Right
Olfactory bulb  Hippocampus Hypothalamus  Corpus
striatum
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ANOVA summary:
20- F(6;22) = 2.771; p = 0.0368
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g EZ Left hemisphere
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Fig. 1. Oxytocin levels in the mouse brain (pg/mg of protein): a, after saline administration; b, after oxytocin administration. Notes:
“Left”, left side of the brain; “Right”, right side of the brain. Brain areas assessed: olfactory bulb, hippocampus, hypothalamus, and striatum.
In fragment a, the bar representing oxytocin concentration in the right hippocampus is highlighted with a bold line and labeled “max”.
Bar heights represent mean values, with error bars indicating standard error (M + SEM). Significant differences from oxytocin levels in the
right hippocampus: * — p < 0.05; ** — p < 0.01; *** — p < 0.001 (based on ANOVA)

Puc. 1. ¥YpoBeHb OKCUTOLMHA B rONIOBHOM Mo3re MbilLeid (Nr/Mr 6esika): @ — nocre BBeAeHUs GU3NONOrMYecKoro pacteopa, b — nocne
BBeJEeHMA OKcuToLMHa. MpuMeyanms: Jles — neBas cTopoHa Mo3ra, [paB — npaBas CTOpOHa MO3ra; B HUXHEMN CTPOKe — 06M1acTi Mo3ra,
rzie U3MepsaNv YpoBeHb OKCUTOLMHA: 06. JiyKoBULLa — 06oHATeNbHas JIyKoBULA. Ha pparMeHTe @ KMPHOIA IMHME M HaANUCbI0 «MaXx» Bbl-
[eneH cTonbuK, NoKa3bIBaloLLMA COAEPIKaHNe OKCUTOLMHA B NPaBOM rvnnokamne. BricoTa CTONGMKOB COOTBETCTBYET CpeHEMY 3HaueHHIo,
[UIMHa BEPTUKasbHOTO LWTpUXa — olwnbke cpepHero (M + SEM). OTMeuyeHbl 3HAUMMble OTIIMYWA OT COLEPMaHWA OKCUTOLMHA B MPaBoOM
runnokamne: * — p < 0,05; ** — p < 0,01; *** — p < 0,001 (no pe3ynbtatam ANOVA)
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15 minutes) might have led to an increase in oxytocin levels
in the corpus striatum.

A key finding of this study is the importance of considering
lateralization when predicting the distribution of administered
substances in the brain. Unfortunately, most current research
protocols overlook lateral differences, assuming that the brain
is bilaterally symmetric by default. Our data indicate that mice
exhibit an inherent right-sided asymmetry in hippocampal
oxytocin levels, and after symmetrical intranasal instillation,
oxytocin levels selectively increase in the left hippocampus.
Therefore, the effects of intranasal oxytocin administration
may differ fundamentally between left and right homologous
brain regions.

Val. 15 (4) 2024
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Previously, we demonstrated that simultaneous oxytocin
administration in both nostrils selectively alters monoamine
metabolism in only one of the symmetric regions of the
forebrain—either on the right or left side [4—6]. Moreover,
monoamine metabolism in the left hippocampus (but not the
right!) correlates with aggressive behavior: in low-aggression
BALB/c mice, it correlates with dopamine turnover, while
in highly aggressive outbred white mice, it correlates with
serotonin turnover [7].

We propose that intranasal oxytocin administration
enhances oxytocin penetration into the left side of the
brain, primarily through the left olfactory bulb and
hippocampus, ultimately reaching the hypothalamus. These

Olfactory Bulb Hypothalamus
(*) ..
20 - p =0.0572 20-
§ 151 5 151
S S
o _|_ o
S 104 5 104 7
7
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0 : 0 : 777
saline solution oxytocin
Hippocampus Corpus striatum
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#

- 151 — - 151
2 2
e S
S ‘ £ T
g g T %
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2 2 /

Left Right Left Right Left Right Left Right

saline solution OKCUTOLIMH saline solution oxytocin

Fig. 2. Changes in oxytocin levels in different brain regions after intranasal administration of oxytocin. “Left”, left side of the brain (dark
bars); “Right”, right side of the brain (light bars). The hypothalamus (sampled bilaterally) is represented by light gray bars. Groups: “Saline”,
control mice receiving saline (solid bars); “Oxytocin”, experimental mice receiving oxytocin (hatched bars). Bar heights represent mean
values, with error bars indicating standard error (M + SEM). Differences between groups: (*) p = 0.0572 — a trend toward increased
oxytacin levels in the left olfactory bulb; * — p < 0.05; ** — p < 0.01; differences between oxytocin levels in the left and right hippocampus:
# — p < 0.05 (Student’s t-test)

Puc. 2. 3MeHeHuMe copepxaHus OKCUTOLMHA B Pa3fiMyHbIX 0011aCTAX FONOBHOMO Mo3ra Nocsie MHTPaHa3aibHOro BBELEHUS OKCUTOLMHA.
JleB — neBas cTopoHa Mo3ra (TeMHble cTonbuky), NpaB — npaBas CTOpoHa Mo3ra (CBeT/ble CTONBMKM); MMNoTanamyc, TKaHb KOTOporo
3abupanu bunatepanbHo, 0603HaueH CBETNO-CEPbIMU CTONBUKAMU; B HUMXHEN CTPOKE — FPYMMbl JKMBOTHBIX: GU3. pacTBOP — MbILLUM KOH-
TPOJILHOM rPYNMbl, KOTOPbIM BBOAUM (U3NONOrYECKWIA pacTBOp (FMaAKue CTONBUKM); OKCUTOLIMH — MBILUM OMBITHOM rPyNMbl, NoyYaBLUMe
OKCUTOLMH (3aLLTPMXOBaHHbIe CToNBMKYM). BbicoTa CTONBUKOB COOTBETCTBYET CpEAHEMY 3HAUEHMIO, A/IMHA BEPTUKANbHOTO LUTPUXa — OLLMOKe
cpepHero (M + SEM). Pasnuuus mexay rpynnamm: (*) p = 0,0572 — TeHAeHUMA K BO3pacTaHWUIO YPOBHA OKCUTOLMHA B 1EBOW 0DOHS-
TenbHON NyKoBuLe; * — p < 0,05; ** — p < 0,01; pasnnuma Mexy YpoBHEM OKCUTOLMHA B NIEBOM W NpaBoM runmnokamne: ¥ — p < 0,05
(no t-kputepuio CTblopeHTa)
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results provide a possible explanation for our previously
observed alterations in monoamine metabolism in the left
hippocampus following symmetrical intranasal oxytocin
administration in mice [4-7].

CONCLUSION

1. Oxytocin distribution in the mouse brain is uneven:
the lowest concentration of oxytocin was observed in
the hypothalamus, while the highest was in the right
hippocampus, indicating an inherent right-sided asymmetry
in hippocampal oxytocin levels.

2. When oxytocin is simultaneously administered to
both nostrils, it predominantly spreads along the left side
of the brain, targeting structures of the limbic system, as
evidenced by increased concentrations in the left olfactory
bulb, left hippocampus, and hypothalamus, but not in the
corpus striatum.

3. Research protocols based on the assumption of
symmetrical changes in left and right brain regions require
reconsideration.
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AOMO/THUTENIbHASA UHOOPMALIUA
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