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BusnaueHHA CepOTOHIHY B CYIiJbHIM KPOBi
CIIEKTPOPIyOPOMETPMYHUM METOTOM

CepoToHin — 6GioreHHHUI aMiH IIMPOKOTO CIeKTpa mii i MapKep eHTepo-
xpomad)iHO-CEePOTOHIHOBOI CCTEMU, AKA € OCHOBHOIO CKJIA/I0OBOIO HEMPOEHIO-
KpuHHOI perysdarii opraunismy. Bepe yuacts y GyHKITIOHYyBaHHI KpoB0oobGiry,
ueHTpaJIbHoi HEepPBOBOI, JUXAJIBHOI, TpaBHO'l' CEUOBUIIIBLHOI CICTEM, a TAKOMK
y peryaamii HOPMAaJIbHIX (1)1310JIOI‘1LIHI/IX i ncnxo@usmnomqnnx npouecm,
meTabomismi CIIOJIYYHOI TKAHWH, B 1MyHoreHesl ¥ samaJjieHHi, AK MegiaTop
0o0ii0, TepMoperyadIii, cHy, mamM’aTi # iH. 3a JedKUMHU OaHUMHU, MOYKe
OpaTu y4JacThb y aJIepriuHMX PeaKIifX, OCKiJIbKMN B HEBEIUKUX KIIBKOCTIX
CUHTEe3yeThCA B omacueTux KiaituHax [1, 10, 12]. Is ornaxy Ha 1e, Bu3HA-
YeHHSA PiBHS CEPOTOHIHY B OpraHisMi Mae BasKJuBe KJIHIKO-IiarHOCTUUYHE
3HAYEHHS JJIS JiarHOCTUKU Ta KOHTPOJIIO e()eKTUBHOCTI JiKyBaHHS HUBKU
MaTOJIOTIYHMX CTaHiB i 3aXBOpIOBaHb. {OIiIbHICTL BUBHAUEHHSA CEPOTOHIHY
caMe B CYIIiJIBHIN KpoBi moB’s3aHa 3 HOro BUCOKMM BMiCTOM Yy TPOMOOIIM-
TaxX, AKi 3AiHCHIOIOTH TPAHCIOPTHY (PYHKIIiI0 OCTaHHLOIO.

IcHye mexinbKa MOCTYMHUX Y BUKOHAHHI (DIYOPOMETPUUYHUX METOIUK
BUMipIOBaHHSA KOHIIEHTpPAIlil cepoTOHiHY B KpPOBi, pospobiaenux y 80—90-x
porax XX cr. [6, 8, 11, 13]. OcHOBHiI HemOJIKM IIMX METOAWK — BUCOKAa
cyMapHa ImoxXuOKa BUMipIOBaHHS, HU3bKa BiATBOPIOBAHICTH Pe3yJIbTaTiB.

Mera mociaigskeHHs. Po3poOUTH MeTOAMKY BU3HAUEHHS KOHIleHTpaIlii
CEepOTOHiHY B KPOBi, sKa 3a0e3lleuye AOCTATHIO TOUHICTH BUMipIOBaHHSA, a
TaKoK 3°sCyBaTU METPOJIOTIiUHI XapaKTepUCTUKM IMOXUOKM BUMIipIOBaHHS
1 HOpMaTHUBU KOHTPOJIO BiAIIOBIAHO A0 Cy4YaCcHUX BUMOT.

Marepianu i meroagu gociaimkeHHa. BuBuanu ¢isuxo-ximiumi BracTu-
BOCTi CepoOTOHiHY, mOOMpaau aHAJITUUYHUHA MeTOJ BU3HAUEHHS PEUOBUHIU,
OymyBaJu TpaAyioBaJbHy 3ajJeKHICTh aHAJiTUUYHOTO CHUTHAJIy Bim Macu
pevoBUHM B pos3umHi 3rigHo 3 mepskcrampapravu (I'OCT 8.10-99, INCTY
T'OCT UCO 5725-2:2005, ICTY-H PMTI 61:2006) [2, 5, 9].

PesyasraTu mocraimskeHHsa Ta ix ooroBopeHHA. Ceporonin (5-rizpokcu-
Tpunramin, 3-(f-aminoeTms)-5-TiAPOKCiiHA0M) — cHONYyKa, AKa HAJEKUTH
I0 MOHOaMiHiB panxy immoay [7]. PeuoBuna 3a GisuuHUM cTAaHOM € OiaumM
KPHUCTAJTIiUHUM IIOPOIIMKOM, HOOpe PO3UMHAETHCA y BoAi. BimHocHa MoJe-
KyJdapHa maca peuoBuHU 176,2 v/MoOab, emnipuuHa dopmysa N,OC, H;,,
CTPYKTYpHa (popMyJia IIpeacTaBieHa Ha PUCYHKY.

NH-

CTpyKTypHa (popmMyJia CEpOTOHIHY.
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Y pospobili MeTOAMKYN BUMipPIOBaHHA BUKOPUCTAHO PEaKIIiI0 YTBOPEHHSA
KOMILJIEKCHOI CIIOJIYKY CEePOTOHIHY 3 HiHTiApUHOM, 34aTHOI 10 (hIyopeciieH-
mii. 3 MeTOI0 YCYHEHHs HeJOJiKiB iCHyUMX MeTOAWK Ha eTalli aHaJisy
ONTUMi30BaHO YMOBH Bif0Opy Ta 30epiraHHA 3pasKiB KPOBi, YAOCKOHATIEHO
pollec eKCTPaKIlil peYoOBUHM B OPTaHIUHUM PO3UMHHHUK 1 peeKCTpakIrii
y BoOoHy (pasy.

I[Jm BUBHAYEHHSA rpa,ayloBaJIbHo'l' XapaKTePUCTHKY 3aJI€sKHOCTI BEIMUYUHUI
aHAJITUYHOTO curHauay npobu F,; Bix KOHueHTpauu cep0T0H1Hy C, (MKr/cm?)
TFOTYIOTH JeKiJibKa IpaAyoBaJbHUX PO3UNHIB i3 KOHIIEHTPAIIi€I0 PEUOBUHH,
MRP/CM3' 0,0 (Hy.TIbOBI/II/I po3q1/1H), 0,06, 0,10, 0,30, 0,6, 0,8, 1,0. Buxin-
HUAN I‘pa].'[yIOBaJIBHI/II/I PO3UHH i3 KoHIeHTpaIlieo ceporoHiny 100 MRI‘/CM3
TOTYIOTH i3 CEPOTOHIHTIAPOXJIOPUAY B IepepaxyHKy Ha CEepPOTOHIH Yy postmm
conauoi kucaoru c¢(HCI) = 0,01 mous/am? i 36epiraroTh 40 TPHOX THKHIB
3a temmeparypu 0-5 °C. ¥V Koj0u 3 IPUTEPTUM KOPKOM MicTKicTio 50
cm? BHOCATH 10 2 ¢M® KOMKHOTO IpaJyIOBaJbHOIO PO3UMHY, HOMAIOTH IO 2
cm?® posumny xjaopHoi Kucaoru 3 ¢(HCIO,) = 1,0 moab/aqm® Ta mpuban3HO
0,5 cm?® posumny Harpiro rizpoxcuay 3 ¢(NaOH) = 5,0 moun/nm? (3HaueH-
Ha pH posumuiB mpo6 mae 6yt B mexxkax 9,5—10,5, xouTposb — 3a mo-
IIOMOTOI0 YHiBepCaJbHOIO JIaKMYCOBOro mamipiis). IlepemimmaBiiiu BMmicT,
IOJAal0Th V KOMKHY KoJIOy mo 6 cm® Gyramosy Ta mo 2 I XJIOPHUAY HATPiio
I eKcTpakiii ceporoHiny. Ilicisa 15-XxBuUAIMHHOLI eKcTpakilii BMicT Ko0JO
IIePEeHOCATh y IeHTpudyKHI mpobipku Ta meuTpudyryioTh 20 XB y IeH-
Tpudysi 3i mBuakictio 3000 06./XB.

Iiss peeKcTpakiiii CepoTOHiIHY B COJISHOKWCJIE CEPEIOBUINE BEePXHIiN
OyTaHOJIbHUI IIAp i3 IMEeHTPUPYKHUX MPOOIpOK KiJIbKiCHO IIepeHOCAThL Yy
KOoJI0M 3 IpUTepTHM KOpKoMm MicTkictio 50 cm® Ta momarors mo 2,5 cm®
posunny couanoi kucaoru 3 c¢(HCl) = 0,01 moan/mm® i mo 4 cm?® remra-
Hy. Ilicaa 15-xBuamHHOI peeKcTpakiii cymimnri 3 K06 mepeHOCATh Yy Xi-
MiuHi mpobipKu Ta marmTh poamiapyBaTucsa (asam ympomoB:xk 10-15 xB.
I3 HmxHBOI BOoAHOI dasu BimbuparoTh mo 2 c¢M® PiAMHM Ta IEePeHOCATh
y rpanyiioBaHi mpoOipKM 3 IPUTEPTHMH KopKamu, gozaioTbh mo 0,7 cm?
docharaoro oydepa 3 pH 7 Ta mo 0,3 cm® 3 % posumHy HIHrigpHHY,
MmepeMillyoun IIicjasa KOKHOTO AoAaBaHHA peakKTuBiB. IIpobipxku satwm-
KaloTh KOPKaMHU Ta HarpiBaimoTh Ha BoaaHiil 6aHi 30 XB 3a TemiepaTrypu
75—-80 °C. Tasi 0X0J0mKYyIOTh yIIPomoB:K 30 XB, JOBOAATH 00°€M PO3UU-
HYy OigumcTHaBOBaHOI BOLOIO H0 3,0 cM® i MPOBOAATL BUMIipIOBAHHA IPU
OOBMKMHI XBUIi 30ymskeHHsa 365 HM i xBuiai guyopecmenmii 495 uMm Ta
IIPpY JOBMKUHI OINTHYHOIO IIJIAXY KBapioBoi KioBeTu 10 mMm. ¥ HaIomy
BUMOAAKy BHUMIipPIOBAaHHS IIPOBOAMJIM 3a AOIIOMOTOI0 CIIeKTpo(oTOMETpa
dayopomerpuunoro MRF-4 (flmouisa).

I[aJIi OTPUMAHI Pes3yabTaTu OOPOOJISIOTHL 3a METOAOM HAWMMEHIINX KBa-
IpariB, BU3HAUYalOUM mapaMerpu a Ta b JixiiiHOol rpa,u;yIOBaJIme byHKIi.
IIpu oMy BiJ BeIWUYMHU aHAJITUYHOTO CUTHAJY HpoOM BiAHiMaiOTh Be-
JUYUHY aHAJITUYHOTO CUTHAJNY HYJIbOBOTO PO3UUHY.

Ilns BU3HAUEHHS BMICTY CEpPOTOHIHY B KpoBi y mpobipxky 3 0,2 cwm?®
1,34 % posumHy OKcaJiaTy HATPilo BMIlyoTsh 2 cM® MoCIisKyBaHOro 3pasKa
CyILinTbHOI KpOBi Ta mepeMintyoTh. ocaigsKeHHsa cjif IpPoBOAUTH Bimgpasy
micaa Bimbopy Oiomarepiany. KpoB KilbKiCcHO HmepeHOCATH y IEeHTPUQYIK-
HY IPOOipKy, momarTb 2 cM® posumHy XjaopHol kuciaoru 3 ¢(HCIO,) = 1,0
MOJIL/AM? i mepemimryiors 2—3 xB. Uepes 15 XB npolbipku meHTpUPyIryoTh
yuponoB:x 30 xB y mentpudysi npu mBugkocti 3000 06./xB. OTpumany
IIPO30PY HAAOCAAOBY PiAMHY KiJbKiCHO IIEepPeHOCATH Y KOJIOY 3 MPUTEPTHUM
KopkoM micTricTio 50 cm?® Ta momaroTh mpubausao 0,3 cM® po3uMHy HATPiO
rigzpoxcuny 3 ¢(NaOH) = 5,0 moab/am?® (suauenusa pH posumuiB mpob mae
OyTu B Mexxax Big 9,5 mo 10,5, KOHTPOJL — 3a AOIIOMOTOI0 YHiBepCcaIbHOTO
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JIAKMYCOBOTO IaIipIid) i gJai mpoBogATHL 00POOKY Tpob AK IIPU BU3HAUYEHHI
rpagyoBagbHOi 3amesxkuocti F, Big C..
Konmenrparrito cepororiny B Kposi C (MKr/cm?®), AK cepeaHe 3HAUYEHHS
3 IBOX IIapajieJJbHUX IIPO0 KPOBi, 00UMCIIOIOTL 3a (DOPMYJIOIO
C — F ; a ,

me F — sHaueHHs aHAJITHYHOTO CHUTHAJY IIPOOU, IO MOCHiAKYETHCA; a4 —
mapaMeTp perpecii, 1o HOPiBHIOE MOBXKUHI Bipiska, AKMWU Bifcikae rpa-
IyIOBaJIbHA IIPAMa Ha oci opamHAaT; b — mapamerp perpecii, AKuii ToOpiBHIOE
TaHTeHCY KyTa HaxXWJIy I'paJyloBajJbHOI IIPAMOI.

Pospobiena meTonuKa 3abesieuye BUMipIOBaHHA KOHIETPAI[il CePOTOHIHY
B miamasoni 0,06—1,0 mir/cm® cyminpHoI KpoBi mpu Bimbopi 2 cm® 3paska
mpobu. CymapHa BimHOCHa moxmOKa BUMiplOBaHHA He mepeBuinye +23 %
mpu goBipuifi fimoBipuocTi P = 0,95, 36ikHicTh d cramoButh 6,4 %, Bin-
rBopioBauicte D — 7,8 %, moxuOka BumiproBanHa K (moxmbra mo0ynoBu
KamibpyBanabHOro rpadika) — 15 %.

Meronuky anpo6oBaHO IIpW BU3HAUYEHHI PiBHIB CEPOTOHIHY Yy 30POBUX
nouopiB, axuit cranoBus 0,08-0,35 mxr/cm?® (mopma 0,02—-0,3 mir/cm?),
y mireli i3 Bamamu cedoBuainbHOI cuctemu — 0,06—0,20 mxr/cm®, y mirei,
XBOpHUX Ha obcTpyKTUBHUH 6ponxir, — 0,17-0,25 MKr/cm®, y BariTHUX Ki-
mox — 0,06—1,0 mxr/cm?, y oci6 i3 HapkoTuuHoio sanxexuicrio — 0,25-0,8
Mir/cm® [3, 4].

BucnoBku. PospobieHa meTromuka BOJIOAi€ 3aJ0BIILHUMU METPOJIOTIU-
HUMU Ta BaJifalifiHUMM XapaKTepUCTUKAMU Ta MOKe OyTU PeKOMEeH[IO-
BaHa OJA BIPOBAIKEHHS B NPAKTUUYHY MEOUIIMHY I BUKOHAHHS KJIiHi-
KO-JlarHOCTUYHUX OCJIigKeHb, 30KpeMa, IIPM AiarHOCTHUIL Ta JIIKyBaHHI
3aXBOPIOBaHb, SIKi CYIPOBOAKYIOTHCSA IMiABHUINEHHSIM PiBHSA CEPOTOHIHY B
CYIiJIbHINA KPOBI.
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Determination of Serotonin in Whole Blood
by the Spectrofluorimetric Method

T. ZAZULYAK, Yy. KUZMINOV
Danylo Halytskyi Lviv National Medical University

The aim of the present work was to develop a method of measuring the concentration
of serotonin in blood, which provides sufficient accuracy of measurement, and metro-
logical characteristics of measurement and standards of control in according to modern
requirements. The actual methods were developed in 80-90-s of the 20 century. The
main disadvantages of these methods are: accumulated error of measurement and low
data reproduction, which reduce the accuracy of measurement. The study carried out by
examining the physical and chemical properties of serotonin, selection of the analytical
method for determining the substance, constructing calibration curve of the analytical
signal from the substance mass in solution.

The reaction of formation a fluorescing complex of serotonin with ninhydrin has been
used during the development of measurement spectrofluorimetric method.

To resolve an imperfection of existing methods conditions for selection and storage
of blood samples were optimized, extraction phases of matter in an organic solvent and
re-extraction in the aqueous phasewere improved.

The findings were processed by the least squares method and also parameters a and
b of the linear calibration function were determined. At that the value of the analyti-
cal signal of null solution was subtracted from the value of analytical signal of sample.

To determine blood serotonin, 2 cm?® of the whole blood test sample was placed in
a test tube with 0.2 cm?® 1.84 % solution of sodium oxalate and mixed. Such research
should be carried out immediately after collection of biological material. Blood quantita-
tively transferred to the centrifuge tube, added 2 cm? solution of hydrochloric acid with
the concentration 1.0 mol/dm? and mixed for 2—3 minutes. After 15 minutes the tubes
were centrifuged for 30 minutes at 3000 rpm. The resulting supernatant fluid quanti-
tatively was transferred to 50 cm? glass-stoppered flask and approximately 0.3 cm?® of
sodium hydroxide solution with the concentration 5.0 mol/dm?® was added (pH of sample
solutions has to be in the range of 9.5 to 10.5, control — with a universal litmus paper).
Further processing of the samples was carried out as in establishing the calibration de-
pendence F; from C;.
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The method provides a measurement of concentration of serotonin in the range from
0.06 g/cm?® to 1.0 g/cm? of whole blood in the selection of 2 ¢cm?® sample piece. The total
relative measurement error does not exceed = 23 % at a confidence figure of P = 0.95,
convergence d is 6.4 %, reproducibility D is 7.8 %, measurement errors (error construct-
ing the calibration chart) K is 15 %.

The method was tested in determination of serotonin levels in healthy volunteers
and ranged from 0.08 mcg/cm?® to 0,35 mcg/cm?® (the norm is from 0.02 mcg/cm?® to
0.3 mcg/cm?);in children with the defects of urinary system — from 0.06 mcg/cm? to
0.20 mcg/cm?; in children with obstructive bronchitis — from 0.17 mcg/cm? to 0.25 mcg/
cm?; pregnant women — from 0.06 mcg/cm?® to 1.0 mecg/cm?; in individuals with drug
addiction — 0.25 mecg/cm? to 0.8 g/cm?.

The method has satisfactory metrological characteristics, accords with modern require-
ments for the validation of measurement methods and can be recommended to perform
clinical diagnostic studies.

Key words: serotonin, the whole blood, the method of measurement, accuracy.



