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Pesome. OnHOI U3 aKTyaJdbHBIX MPOOJEM MPU pa3pabOTKe CUCTEM JIEKAPCTBEHHOM TOCTAaBKU SIBIASIETCS
MMMYHOJIOTUYECKasi 6€30MacHOCTh HAHOYACTHII, MPUMEHSIEMbIX B KAU€CTBE OCHOBBI JIJISI CO3[aHUs JaHHbBIX
cucteM. Kykypout[n]ypuiasl (CB[n]) — MonekysipHble HAHOKOHTEIHEPBI, CITOCOOHBIE MHKAICYIUPOBaTh
pa3nyHbIE JIEKAPCTBEHHbIE MPENnapaThbl U CIY>KUTh OCHOBOH JIJISI CUCTEM TOCTaBKU. KyKypOUTYpUIIbI SBJISI-
IOTCSI MAJTOTOKCUYHBIMU COCTMHEHUSIMU, B YCIOBUSIX M Vitro TIPOSIBJISIIOT claOble UMMYHOMOIYJIUPYIOIIE
CBOICTBa, HE 001a1asi MPU 3TOM UMMYHOTOKCUYHOCTHIO.

Llenbio nTaHHOTO UCCea0BaHMS ObliIa OlIEHKA NeHCTBUS KyKypOUTYPUIOB B YCIIOBUSIX M ViVo Ha KOJIMYE-
CTBO U CyONOMYJISLIMOHHBIN COCTaB JIEUKOLUTOB NepUGepuIeCcKO KPOBU.

B pabore 6butM McTioNb30BaHbl MbIu JuHuu BALB/c B Bo3pacte 2-4 mec. Jist ipoBeeHUs TaHHOTO
HUCCeIOBaHUSI KyYKypOUTYPUIIbI pa3BOAMINCH B (pocaTHO-coieBOM Oydepe M BBOAUIUCH JTJAOOPATOPHBIM
SKMBOTHBIM BHYTPUOPIOIMIUHHO (TPEXKPATHO B TEUCHUE HEJIEIN ).

ITpu ouieHKe BIMSHUSA KyKypOUT[7]ypuia Ha moKa3aTeau KPOBU MOCJIE TPEXKPATHOTO BBEIEHUS B TEUEHUE
HeJeJIU BHYTPUOPIOIIMHHO J1ab0OpaTOPHBIM XXMBOTHBIM CTATUCTUYECKU 3HAUMMBbIX U3BMEHEHWI OOHApYyKEHO
He 6pu10. OHAKO MPU MEPBOM BBEACHUHU Y JaOOPATOPHBIX XKMBOTHBIX OTMEYAIOCh HEOOJIbIIOE YBEINUEHUE
OTHOCUTEJIbHOTO KOJIMUeCTBa TMMMOIIMTOB TTOcJie IepBoro BBeaeHust CB[6] u yBennueHue 1071 HelTpohu-
J0B nociie riepsoro BeeneHus CB[8]. B To e Bpems mocje BTOPOro U TPEThETo BBEACHUS KYKyPOUTYPUIIOB
JOJIU TUMMOLIMTOB U HEUTPODUIOB HAXOAUIUCh B TIpenesax HOPMbl U HE UMM CTaTUCTUYECKU 3HA4u-
MBIX Pa3JIMYUii O CPAaBHEHUIO C KOHTpOoJeM. Jlanee mpoBoanIach OLIEHKA BIAWSIHUS HAa CYOITOMYISIIMOHHbBIA
cocTtaB JIUMGOIUTOB neprudepruIeckoil KpOBU J1aOOPATOPHBIX XKUBOTHBIX. BbUIO 0OHApYyXeHO, YTO Mocye
BeeneHust CB[6] B mepudepryeckoii KpoBU HaGIIOAATOCh CHUKeHUEe T-TUM@OOIIMTOB, U OMHOBPEMEHHO
yBesmdeHue 1oy CD19"B-numdouunTtos 1o cpaBHeHUIo ¢ KoHTpojeMm. CB[7] u CB[8] He Biusiin Ha cyoIio-
OYyJSILAOHHBIA cOCTaB IUMMOLIMTOB MeprudepruIecKoil KpoBU.

brimo obHapyxeHo, uTo BBeaeHue CB[n] He BIMsUI0 Ha MoKa3aTean KPOBU J1a0OPATOPHBIX KMBOTHBIX,
YTO MOKET CBUIETEJIbCTBOBATh O 6E€30MAaCHOCTHU JaHHBIX COeAMHEHMI B yeIoBusiX in vivo. [1pu atom CB[6]
CITOCOOEH OKa3bIBaTh CTUMYJIMPYIOIIEe BO3IeiCTBUE Ha TyMOpPalbHbIA UMMYHUTET, TTOBbIIIAsi OTHOCUTEIb-

HO€ KOJIM4ecTBO B-nmuMdbonunTos.
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EFFECT OF CUCURBITURILS ON THE NUMBERS AND
DIFFERENTIAL COUNTS OF PERIPHERAL BLOOD
LEUKOCYTES IN LABORATORY ANIMALS AFTER IN VIVO
PARENTERAL ADMINISTRATION

Pashkina E. A2, Aktanova A.A.2, Kovalenko E.A.*, Kozlov V.A.2

@ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b A. Nikolaev Institute of Inorganic Chemistry, Siberian Branch, Russian Academy of Sciences, Novosibirsk, Russian
Federation

Abstract. Immunological safety of nanoparticles is an urgent problem for development of drug delivery
systems used as the basis for creating these systems. Cucurbit[n]urils (CB[n]) are molecular nanocontainers
that can encapsulate various drugs and serve as the basis for delivery systems. Cucurbiturils are low-toxic
compounds: under in vitro conditions, they exhibit weak immunomodulatory properties, without sufficient
immunotoxicity. The aim of the present study was to evaluate the in vivo effects of cucurbiturils on the number
and differential leukocyte counts in peripheral blood.

BALB/c mice aged 2-4 months were used in the work. For this study, cucurbiturils were diluted in phosphate-
buffered saline and administered to laboratory animals intraperitoneally (three times a week).

When evaluating the effect of cucurbit[7]uril on blood parameters of the animals after three intraperitoneal
injections weekly, no statistically significant changes were registered. However, at first administration, the
animals showed a slight increase in relative number of lymphocytes after the first injection of CB[6], and an
increased proportion of neutrophils after the first administration of CB[8]. Meanwhile, the proportions of
lymphocytes and neutrophils were within normal ranges after the 2" and 3™ injections of cucurbiturils, and
did not show any significant differences against the controls. Moreover, the impact upon the subpopulation
composition of peripheral blood lymphocytes in laboratory animals was assessed. After injection of
CBJ6], there was a decrease in T lymphocytes in the peripheral blood, along with increased proportion of
CD19"B lymphocytes compared with the controls. CB[7] and CB|8] injections did not affect the subpopulation

profile of peripheral blood lymphocytes.

We have found that intraperitoneal administration of CB[n] did not affect the blood parameters of laboratory
animals, thus, probably suggesting the in vivo safety of these compounds. At the same time, CB[6] is able to
exert a stimulating effect on humoral immunity by increasing relative contents of B lymphocytes.

Keywords: cucurbiturils, drug delivery, immunosafety, blood cells, blood test

BrinmonHeHo npu ¢puHaHCOBOM Tognepxke Poc-
CUIICKOro HayyHOro (poHaa B paMKax Hay4HOTO Mpo-
ekta PH® Ne 19-15-00192.

BeeneHue

KykypOoutypmibl — 3TO HaHOpa3MepHbIe KaBU-
TaHObI, WMeEIOIINE (GOPMY TBHIKBBI, CIOCOOHBIE K
BKJTIOUEHUIO B CBOIO ITOJIOCTD Pa3IMYHBIX THAPO(hO0-
HBIX MOJICKYJI WY UX (pparMeHTOB, a TAaKKe CBSI3bIBa-
HUIO TIOJIOKUTEIBHO 3apsDKEHHBIX TPYIIT B 00J1aCTH
noptanoB [3]. biaronapsi mogoOHbBIM CBOCTBAM Ky-
KYpOUTYPUIIBI CITOCOOHBI MHKAIICYIUPOBATh pa3iny-
HBIC JICKapCTBEHHBIC TIpeITapaThl 1 CIIY:KUTh OCHOBOI
JIUISI CUCTEM JOCTaBKM. B CBsI3M ¢ 3TUM aKTyaJabHO
SIBJISIETCSI OLIEHKA OMOJIOrMYeCKO 0€30MaCHOCTH Ky-
KypoutypuiioB. B HacTosiee BpeMsI M3BECTHO, UTO
KYKYpOUTYpUJIbI B psiic UCCAEAOBAHUI in vitro U in
Vivo TIpPOJEMOHCTPUPOBAIN HU3KYIO TOKCUIHOCTH [4,
5,6,7,8, 10, 12]. [Ipu npuMeHEHUN KyKypOUTYpH-
JIOB B OUYE€Hb BBICOKHUX J103aX BO3MOXKHBI ITPOSIBICHUS
MUOTOKCUIHOCTA U HEHPOTOKCUIHOCTU, OOHAKO B
CTaHIAPTHBIX KOHIIEHTPALIMIX, MCIOJIb3YeMbIX ITPU
KOMIUIEKCOOOpa30BaHUN C JIEKAPCTBEHHBIMM IIpe-
nmaparaMu, MPU3HAKOB TOKCHMYHOCTH HeT. OmHako
KpOMe UMMYHOTOKCUYHOCTU HEOOXOMMO TaKXKe UC-
cJIeIoBaTh M BO3MOXHBIC WMMYHOMOIYIUPYIOIIE

CBOICTBAa CUCTEM JOCTaBKM, TaK KaK UMMYHOCTUMY-
JIMpyollire JU00 MMMYyHOCYTIpeccupylolire 3 dex-
TBI CCTEMBI MOTYT KaK YCUJINBaTh, TaK U OCIa0JISITh
NIeCTBUE TOCTABJISIEMOI0 JISKAPCTBEHHOTO CPEACTBA.

IMTockoabKy KyKypOouT[n]ypuiasl — 3TO psii TOMO-
JIOTOB, OTJIMYAIOIINXCS YMCJIOM TJIMKOJBYPIIBHBIX
¢parmMeHTOB, HOPMUPYIONIMX JAHHYIO MOJIEKYIY, a
3HAYUT, U pa3MepoOM II0JIOCTU, HAMU JIJISI CCIeloBa-
HUI ObUTK BIOpAaHbI KyKypOUT[6|ypui, KykKypouT|7]
ypui u Kykypout|8]ypuia (CB[6], CB[7] u CB[8] co-
OTBETCTBEHHO), KaK objagalolire Hanbdoaee momaxo-
JSIIIMMU TSI KOMTTJIEKCOOOpa3oBaHUsI pa3MepamMu 1
qJale ApYruxX IMpUMEHSICMBIC TSI CO3MAaHUSI CUCTEM
JIEKAPCTBEHHOM TOCTaBKU.

B mpenbiaymux uccaeqoBaHUSIX Mbl OLICHWIN
BO3MOXHOE MMMYHOMOIYJIUpPYIOIee ICUCTBUE KY-
KypourypuioB [1, 2, 9], ObUTO mOKa3aHO, YTO IIpU
KylabTuBUpoBaHUM B npucyrctBun CB[n] ycunusa-
Jlach MpoJindepaTUBHYIO aKTUBHOCTh KJIETOK W TIO-
BeIIIAJIach 3Kkcrpeccruio HLA-DR nHa nuMmdonurax,
YTO TOBOPUT O UMMYHOCTUMYJIUPYIOIIEM ACUCTBUM.
BaxxHO OTMETHTB, UTO KyKYPOUTYPIIIBI B YCITOBUSIX
in vitro IpaKTU4IECKN HE OKa3bIBAIM MMMYHOCYIIpEC-
CUBHOTO ACUCTBUSI, 32 MCKIIOYCHUEM HE3HAYUTEIb-
Horo cHkeHus akcnpeccun HLA-DR u npoaykuyu
aKTUBHBIX (opM Kkuciopona T-xenmepamMu B CTH-
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Effect of cucurbiturils on blood tests

MYJUPOBAHHBIX KyJabTypax [2, 9]. CnemoBarteibHO,
MPENCTABISICTCSI aKTyaIbHBIM U3ydyeHe MMMYHOOe-
30ITaCHOCTU ¥ BO3MOXXHOTO MMMYHOMOTIYJIMPYIOIIIE-
ro NEeNCTBUSL KYKYPOUTYPUIOB B YCIOBUSIX in Vivo.

Matepuans! n MeTogbl

B paGorte ObLIM MCIOAB30BaHbI MBI JUHUU
BALB/c B Bo3pacte 2-4 mec. 115 TipoBeieHUS JaH-
HOTO UCCJIEA0BaHUS KyKYypOUTYPUJIbl Pa3BOAVIIUCH B
dochaTtHO-cojieBOM Oydepe U BBOAMIUCH Jlabopa-
TOPHBIM KMBOTHBIM BHYTPUOPIOTITMHHO.

KuBOTHBIE OB pa3iesieHbl Ha TPYIITbI 0 6-7
MBIIIE, KOTOPHIM BHYTPUOPIOIIMHHO TPEeXKpPaTHO
B T€UEHUE HENEJM MPOBOAWIM UHBEKIUU: TEePBOM
rpyrre — 0,25 mi ¢pocaTHo-coieBoro oydepa, BTO-
poii rpyrmne 4M pactBopa CB[6], TpeTbeit — BTOpoOit
rpynne 4M pactBopa CB|7], yeTBepTOii — BTOpOIA
rpynne 4M pactBopa CB[8]. Ilocne kaxmoro BBe-
JIEHUs Ha CJIeYIOINUI J1eHb JJaOOPAaTOPHBIM KUBOT-
HBIM MTPOBOAWIICS aHAINU3 00Pa31l0B KPOBU B MUKPO-
NpOOUPKHU C TermapuHOM. 3a60p KPOBU MPOBOIUICS
yepe3 CyTKU Mocjie ouyepenHol nHbeKIu. KpoBb B
KosmyectBe 10 MKJT moiydaiu mocjie Haape3a KOH-
YyuKa XBOCTA, IIOCJi€ MPOBEACHUS MAaHUMNYJISLUAN
paHy TIpVXXUTadd pacTBOpoM iopa. Masku KpoBU
(UKCUPOBAJIN, OKpAIIMBAIN a3yp-303UHOM, TTOCIE
Yero NpOBOAUJIU MTOJACYET KOJIUYECTBA JICMKOILIUTOB.

Ha crnenyromue cyTky nmocjiie TPeThero BBEACHUS
JKUBOTHBIE YMEPIIBIISIUCH AeKAalUTAlMEe, Tocie
4yero TPoOBOAWJICS Habop Mpobd rmnepudeprudeckoi
KpOBU 00beMOM | MJI. BoiziesieHre MOHOHYKJI€apHBIX
KJIETOK KPOBU TMPOBOAWIN C MOMOIIBIO LEHTPUDY-
TUPOBAHUS HA TPANUEHTE TUIOTHOCTU (PUKOJI-YpO-
rpacdvuHa. MOHOHYKJI€apHble KJIETKU OKpalllWBaJIU
C MOMOIIBI0O MOHOKJIOHAJIBHBIX aHTUTEN C ryopec-
ueHtHoil metkoii (CD45-FITC, CD3-APC, CDI16-
PE/Cy7 u CDI19-PE, Biolegend, CIIIA), mocne
Yero MpOBOIUIN IUTOMETPUIECKUN aHATU3 C TIOMO-
mpio FACS CANTO I1.

PesynbTathl 1 06CyXaeHue

I1pu oueHke BIUSHUS KyKypOuT|[7]ypuia Ha mo-
Ka3zaTeJM KPOBU IMOCJE TPEXKPAaTHOTO BBEACHUS B
TeYEHUE HEeJeJIM BHYTPUOPIOIIMHHO JIAO0OPAaTOPHBIM
JKMBOTHBIM CTaTUCTUYECKU 3HAYMMBIX W3MEHEHU
oOHapykeHOo He Obuto. OmHAKO TP TIEPBOM BBEJIE-
HUU y JTaOOPATOPHBIX XXUBOTHBIX OTMEUYAIOCh HE-
0O0JbIII0e YBEIMYEHUE OTHOCUTEIBHOTO KOJIMYECTBA
JuMGOLIMTOB Tociie iepBoro BBeneHust CB[6] 1 yBe-

80 -
60 I I
40 4

20 4

0 4 1

1-e BBeieHNe  2-e BBeAeHWe  3-e BBEAEHUE
1t injection 2" injection 3¢ injection
M Koutpons / Control [ CB[6] [ CB[7] [] CB[8]

PucyHok 1. BniusiHve KykypGUTYpUNOB Ha OTHOCUTENBHOE
KONIMYECTBO HeUTPOUIOB B nepudiepnuieckoii KpoBH
NabopaTopHbIX XMBOTHbIX

Figure 1. The effect of cucurbiturils on relative number
of neitrophiles in the peripheral blood of laboratory animals

JIMYEeHUE JOJIU HEUTPOMUIOB 1Ocie IepBOro BBeAe-
Husa CB[8] (puc. 1). B To ke BpeMs mocie BTOpOro u
TPEThEeTO BBEICHUSI KyKypOUTYPUJIOB JOJU JTUMQPO-
IIUTOB U HEUTPODUIIOB HAXOIUIUCH B TIpeeiax Hop-
MBI U HE UMEJTU CTaTUCTUYECKU 3HAUUMBIX PA3TUIUA
M0 CPAaBHEHUIO C KOHTPOJIEM.

Hanee HaMu TIpoBOAMWIACH OLIEHKA BJIMSHHUS Ha
CyOnonynsIMOHHBIN cocTaB JMM@OUUTOB. bblIO
nokazaHo, yto CB[7] u CBJ[8] He BausiM Ha COOT-
HouieHue T-nmumdonuros, B-mumbouutoB u NK-
KJIETOK B KPOBU JJaOOPATOPHBIX XKUBOTHBIX (Ta0. 1).
ITpu sTom CB[6] npuBOaMI K YBETUYSHUIO OTHOCH -
TeAbHOTO KoandecTBa B-1uM@poLuToB 1 mponopum-
OoHaJIbHO cHMXan goyito T-kierok. ITockoJbKy Tipu
MIPOBEICHNM OLICHKU OOIINEro 4mciia JTUMQOIIUTOB
CB[6] He cHUXaNn AaHHBIA MoKa3aTejb y Jlabopa-
TOPHBIX MBIIIEN, a, HATPOTUB, MPUBOIUT K MOBBI-
LIEHUIO colepKaHUs JUMMOLIMTOB B mepudepuye-
CKOIi KpOBH IIOCJI€ TEePBOro BBEACHUS, MOAOOHBIE
M3MEHCHUSI B CYOITOMYJISIIMOHHOM COCTaBE MOTYT
OBITh CBSI3aHBI MPEXKIE BCETO C YBEIAWICHUEM IO
B-k7eTok, a He CHUXXEeHUEeM aOCOTIOTHOTO KOJIMYe-
crBa T-muMdOIUTOB.

H3BectHO, uyto ™Mbl JuHuu BALB/c Gonee
CKJIOHHBI K Pa3BUTHUIO TYMOPAJIbLHOTO MMMYHHOTO
orBeta [11], MO3TOMY TTOMOOHOE YBEIWYEHUE IO
B-nuMmdouuToB Tak:ke MOXKET ObITh CBSI3aHO C OCO-
OEHHOCTBHIO pearnupoBaHUsSl AAHHOW JTMHUM XUBOT-

TABNALA 1. BMUAHWE KYKYPBUTYPUNOB HA CYBNONYNALUOHHbLIA COCTAB NUMOOLIMTOB B NEPUOGEPUYECKOW

KPOBU NNABOPATOPHbIX XXMUBOTHbIX

TABLE 1. EFFECT OF CUCURBITURILS ON THE SUBPOPULATION COMPOSITION OF LYMPHOCYTES IN THE PERIPHERAL

BLOOD OF LABORATORY ANIMALS

PBS CBI6] CBI[7] CBI8]
cD3" 54,50+4,67% 42,90%5,25%" 54,50+3,33 58,20+3,87%
cD19" 32,80+3,58% 50,10+5,86%* 37,60+3,34% 30,10£3,04%
CD16" 4,70+0,91% 5,00£0,67% 4,18+0,76% 4,80+1,77%

MpumeyaHue. * — gocToBEpPHbIE pa3nuyus No cpaBHeHuto ¢ PBS.

Note. *, significant differences compared to PBS.
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HbIX. OpHako nockoiabKy CB[7] u CB[8] nogobHOro
a(pdexTa B Buge yBeaudeHus: n1oau B-numdporuTon
HE OKa3bIBaJIM, MOXHO IIPEITONIOXuUTh, uto CB[6]
CIIOCOOEH aKTHMBUPOBATh T'YMOPAJIBHBIN MMMYHUTET
B YCJIOBUSIX in vivo. PaHee B yCIOBUSIX in Vitro ObLIO
npoaeMoHcTpupoBaHo, uto CB[6] crtocobeH BIusThH
Ha TYMOpPAJIbHBIM MMMYHHBII OTBET, YCHJIMBast aHTH-
TeHIIpEe3eHTUpYIoIIe cBoiicTBa B-nmumdbonutos [9].
CrenoBartelIbHO, KYKYPOUTYPWJIBI TP TTapEHTEPaTh-
HOM BBEICHUM HE MPUBONAT K CHIDKCHUIO KOJIUYe-
CTBa UIMMYHHBIX KJIETOK Y JJaOOPaTOPHBIX >KMBOTHBIX,
HO CIIOCOOHBI BJINSITH HA UMMYHOJIOTUUECKII OajlaHC.

ITonoGHBIE pe3yabTaThl MOTYT CBUIETEILCTBOBATH
0 0e30MacHOCTHU MCII0JIb30BaHUS KYKypOUTYPUJIOB B

KayeCcTBE CUCTEM OOCTAaBKM [N Vivo U BO3MOXHOCTH
IIPUMCHCHUA JAaHHbLIX HAHOPA3MCPHBIX KaBUTAHIOB
1A MOOYJIALIMM MMMYHHOI'O OTBE€Ta IIpM JICKap-
CTBEHHOM TOCTaBKE.

BbiBoapb!

broi1o o6HapyxeHo, uTo BBeneHue CB[n] He Biau-
SJI0O Ha TOKa3aTeIn KPOBU J1aOOPaTOPHBIX KUBOT-
HBIX, YTO MOXKET CBUIETEIbCTBOBATH O 0€30MaCHOCTU
JAHHBIX COeIMHEHUN B yCIoBUsIX in vivo. [lpu aTom
CBJ6] crocobeH okKa3blBaTh CTUMYJIMPYIOLIEE BO3-
IefiCTBUE Ha TYMOPAJIbHBIA MMMYHMTET, ITOBBIIIAS
OTHOCUTEJIbHOE KOJIMYeCTBO B-nmumMdboruTos.
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