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Pa3paborana M BanmuaAMpOBaHA METOAWKA ONPEAETICHHsS NPOTHBOTYOEPKYIE3HOTO Iperapara
THO30HHJIA B MJ1a3Me KpoBU. [IpoOOTIOATOTOBKY IPOBOIMIIM OCAXICHHEM OCJIKOB alleTOHUTPH-
noM. KonuuectBeHHOE onpezeneHue nposoauian MerogoM BOXXX ¢ mMacc-ceneKTUBHBIM Jie-
TekTopoM. PaspaboranHas mMeTopnka ObUla BajlMIMpOBaHA IO CIEAYIOMIMM BaIUAALMOHHBIM
XapaKTePUCTHKAM: CEISKTUBHOCTb, TMHEHHOCTbD, MPABMIILHOCTD, IPEIIM3UOHHOCTD, TPEIEI KO-
JIMYECTBEHHOTO OIPEIENEHH s, IEPEeHOC MPOOBI, CTaOMIBHOCTh PACTBOPOB. AHAIUTHYECKUI
nuarnazoH Metonuku cocrtaui 1 —1000 Hr/mi THO30HKAA B 11a3mMe KpoBH. [ToydeHHbIH aHa-
JUTUYECKUH TUaNa30H O3BOJISET IPUMEHATH Pa3pad0TaHHYIO METOAUKY VISl JalbHEHIINX UC-
cie0BaHul (apMaKOKMHETHKH WHHOBAIIMOHHOTO Tpernapara THO30HH/I.

KuroueBble ciioBa: THo30HKT; Banuaaius; BOXX-MC; mia3ma.

OCHOBHOHW TENBI0 TOCYJAPCTBEHHOW MOMUTHKH Poc-
cuiickoit dexepanyn B 06macTu GpapMUHIYCTPUH SIBIISICT-
csl peanm3anus mporpaMmel “Crparerus pa3BuTHs papma-
[IEBTUYECKON MPOMBIIIIEHHOCTH Ha miepuoxa a0 2020 r.”,
OIHUM W3 KJIIOYEBBIX HAIMPABICHUNA KOTOPOU SIBISETCSI
pa3paboTka W IMPOHM3BOICTBO WHHOBAI[MOHHBIX JIEKAPCT-
BEHHBIX IPEraparoB, 00JIAJAIOIINX MaKCHMAIbHOH dap-
MaKOTepareBTHYeCKor d(PHEKTHBHOCTHIO U MUHHUMYMOM
HEXKENATeNIbHBIX JICKAPCTBEHHBIX peaknuii [1].

CornacHo noknany BO3 “O robanbHoit 6opbde ¢ Ty-
6epxyne3om” (32 2012 1) 8 2011 1. OBLIO 3aperucTpUpPOBa-
HO 8,7 MMJUTMOHA ClTydaeB 3a00JieBaHUs TyOepKysae30M U
1,4 MuIIMOHa ciyyaeB CMEPTH OT HETO CpeaM JIML, He
umeBnmx BUY-undeknun, u eme 430 ThICSY ciydacs
cmeptu ot BUY-acconmupoBanHoro tybepkynesa [2 — 5].
CBs13aHO 3TO € TEM, YTO B HAIllK JHUA HAOIFOAETCS IUPO-
KO€ PacIpoCTpaHeHHE TyOepKylie3a U YacTOe BBISBICHUE
(opm TyOepKyses3a, He BOCIPUUMYHUBBIX K TPaJUIIMOHHO-
My JICYCHUIO, HECMOTPSI Ha €KETOAHBIC TEMIThI CHIDKCHUS
3200IIeBaEMOCTH.

CornacHo kimaccuukauu, npeiokeHHon MexyHa-
POIHBIM COFO30M OOpBOBI ¢ TyOEpKyae30M, MPOTHBOTY-
OepKyiie3Hble (aHTUMHUKOOAKTEpUIHBIE) JIEKapCTBEHHBIE
CpPENICTBA TOIPA3ACISIIOT Ha 3 TPYIIIIBL:

1) IeKkapCcTBEHHBIC CPEJICTBA BHICOKOU 3(h(DEKTUBHOCTH —
W30HUA3UI, PH(DAMITHITIH;

2) IeKapCTBEHHBIE CPEICTBA CpeqHeH d(PPEKTUBHOCTU —
CTPENITOMUIINHA CYITB(AT, KAHAMUIIMHA CYTb(aT, hIopuMHu-
[IHA CYIb(]aT, IUKIOCEPUH, STHOHAMUI, STaMOyTOM U IIp.;

3) JeKapCTBEHHBIC CPEICTBAa YMEPEHHOH A deKkTHBHO-
ctu — [TACK, Ttnoanera3on [6].
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OnHako y MpOTUBOTYOEPKYJIE3HBIX MPEnaparoB, KOTO-
pBIC SIBISIIOTCSI B HACTOSIIEE BpPeMs HEOThEMIIEMOW dYa-
CTBIO JJISI STHOTPOIHOTO JICUCHHS M MPOPHUIAKTUKH TY-
OepKyIie3a, UMeeTCs PsiJl CEPbE3HBIX TOOOYHBIX YPPEKTOB
Y MIPOTHBONIOKa3aHuil. B cBsi3u ¢ yem HeoOXomumo paspa-
0aTpIBaTh HOBBIE, 0OJICe COBEPIICHHBIC JICKAPCTBEHHBIC
CpeICTBa C MHHHMAJIBHBIM DPHUCKOM pPa3BHTHS HEXela-
TENBHBIX PEaKIHUi W MaKCHMAJIbHO BBICOKOW TEpareBTH-
4ecKoil 3P PEKTUBHOCTHIO [7].

Bcé aT0 nmemaer HEOOXOAMMBIM TIOMCK H pa3paboTKy
HOBBIX, OoJiee 3(P(PEKTUBHBIX U 0€30MaCHBIX MPOTUBOTY-
OEpKYJIe3HBIX JIEKAPCTBEHHBIX CPEACTB, U OJHUM U3 Tep-
CIICKTHBHBIX WHHOBALMOHHBIX JICKAPCTBCHHBIX CPEICTB
SIBIISIETCSI THO3OHUT .

[IpoBonunu nccnenoBanus (papMaKOKHHETHKH Ipera-
para THO30HUA Ha MUHUCBUHBAX CBCTJ'IOFOpCKOf/i TIOITYJIsA-
oyu: onpeaciisiini KOHICHTPAUUK THUO30HHA IIPU OJHO-
KpaTHOM II€POpaAJIbHOM BBEACHUU B IJIa3ME KPOBU METO-
nom BOXX-MC, nmpenen KonnuecTBEHHOTO OTPEIeICHUS
METOJIMKH COCTaBIISLI 2 HI/MII [8].

3Kcnepwweuma/lbuaﬂ uacmo

AHanmu3 TpPOBOAWIM HA SKUAKOCTHOM Xpomarorpade
Agilent 1200 ¢ Macc-CIIEKTPOMETPHUCCKUM IETEKTOPOM
MS 6120 (Agilent Technologies, CILIA). /lannsie 06pada-
TBIBAIM TIPU TIOMOIIM IPOTPAMMHOTO OOECITICUuCHHUs
ChemStation (ver. B.03.01-SR1), Agilent Technologies,
CLIA.

Jrnst mpoOOoIOAroTOBKH HCIOJIB30BAH BCTPSIXUBATEIb
tuna Boprekc ELMI, (JlarBus), uentpudyry Eppendorf
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Puc. 1. Xpomarorpamma Iuia3Mel, He COAEpIKalle pacTBOp CTaH-
naptHoro obpasma Tnozonuna. Ilo ocu abcuuce — Bpemsi, MUH; 110
OCH OpIMHAT — IUIOMIAAb TOA XPOMATOrpadMIecKuM IHKOM
(mAU).

5415D (I'epmanusi). B3situe HaBecOK OCYIECTBIISIIM € TIO-
Mmoo BecoB aHanuTuueckux OHAUS DV 214C (Ku-
taif). pH pacTBopoB moaBMKHON (ha3bl ompenensiin npu
nomoiu nopratusHoro pH-merpa 728 pH lab, Metrohm
AG (IBeinapus). Jlo3upoBaHue peakTUBOB U OHOMAaTe-
puana no o0bEMy OCYIIECTBISUIM C IOMOIIBIO 103aTOPOB
Jlennuner Jlaiit 10— 100 mxn u 100 — 1000 mxn (Poc-
cusi).

B pabote ncnonszoBamu Tnozonna — {1R,2S + 1S,2R }-
1-(6-6poM-2-XTOPXHUHOIWII-3-1T)-4-(TUMETHIIAMHUHO )-2-
(ma¢pramue-1-un)-1-penmndyran-2-om — I, cyOcraHmms-
nopomok (3AO “®apm-Cuntes”, Poccust); aneTOHUTPHIT
Super Gradient, Lab-Scan Analytical Sciences; MmypaBbu-
HYFO KHCIIOTY (X.4.), BOAY OYHIICHHYI0; Bomy Milli-Q.

CrangapTHele pacTBOPHl | XpaHIIN B XONOAMIBHUKE
npu Temmeparype ot 2 jo 8 °C. [1nazma kpoBu OblIa B3s-
Ta U3 GpapMaKOKMHETHYCCKUX UCCICAOBAHUI U HE comep-
JKaJla KaKuX-JIH00 JIEKapCTBEHHBIX IIPEIIapaToB.

IIpoGonoaroroBka

K 500 Mk rma3Mel KpoBH, He coneprkareit I, mpubdas-
s 500 MKIJT alleTOHUTPHIIA, BCTPSXUBAIA HA BUXPEBOU
MelIajKke B TeueHue 1 —2 MHH, HEHTPU(PYTHPOBAIH TIPU
13200 06/MuH B Teuenue 10 MUH ¥ OTOENISUIM HAOCAL0U-
HYIO KUIKOCTH. [loydeHHyr0 HaqOCaI0YHYIO KUAKOCTH
MIePEeNTUBAI B MUKPOIIPOOUPKH BMECTUMOCTBIO 1,5 MII 1
[IOMEIIAI B ABTOMAaTHYECKUI MPOOOOTOOPHHUK XPOMATO-
rpada.
Ycnosust xpomarorpagupoBaHusi

KonmgecTBeHHOE OIpeneneHNe MPOBOAWIN METOIOM
B2XXX/MC. B kayecTBe OABHKHOHN (a3bl UCITOIB30BAITN
MpeJBapuTeNbHO Jera3upoBaHHblii pactBop 0,1 % my-
PaBBHHON KHCIIOTHI B BOIE C AllETOHUTPUIOM B COOTHO-
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Puc. 2. Xpomarorpamma Iuia3mbl, COAEpKallei pacTBOp cTaHIapT-
HOro 00pas3iia THO30HKAa ¢ KoHIeHTpauued 50 ur/mi. ITo ocu abe-
LIMCC — BPEMsI, MHH; 10 OCH OPJIMHAT — IUIOIIA/(b IO/l XpOMATorpa-
¢uaeckum mukom (mAU).

meHnn 40:60. CxopocTh MOTOKa MOABMXHOW (hasbl —
1,1 ma/mun. Hemonsuxknas asa: xpomaTorpaduueckas
rononka Agilent Eclipce XDB-C18 4,6x50 mm; 1,8 MkM,
npu temneparype 30 °C. O6beM BBOAMMON NPOOBI —
10 Mk, Bpemst xpoMarorpadupoBanus — 4 MuH. JleTeKTH-
POBaHKE TPOBEICHO C MOMOIIBI0 MacC-CHEKTPOMETpHIE-
CKOTO JICTEKTOPAa, TUI MOHU3AIIMN — MCHONB30BAIHCEH OJI-
HoBpeMmeHHO 2 pexxuma: ES + APCI, pexxum nonuzanum —
10 TIOJIOKUTENIBPHOMY HOHY; PEXHM cKaHupoBaHus: SIM
pexxuM 1o uony ¢ m/z =>561,1 (I). Bpems ynepxxuBaHus
aHaJIuTa — OKOJIO 2 MUH.

Pesynomamut u ux obcyscoenue

Banujnauuio MeTonuKy MPOBOAMIN COTIACHO TpeboBa-
HusM  “PykoBopcTBa IO JKCHEpTU3E JIEKAPCTBEHHBIX
cpenctB” [9], a Takke HA OCHOBAaHUHM PYKOBOJICTBA 10 Ba-
nufanuu onoananuTuueckux metonuk FDA [10] u EMA
[11] mo crnemyromum XapakTepruCcTUKAM:

— CEJIEKTUBHOCTb;

— JIMHEHHOCTE;

— NIPaBUIIBHOCTH (Ha YPOBHsIX inter-day u intra-day);

— IPEIM3UOHHOCTh (Ha YpOoBHSX inter-day u intra-day);

— Mpefie KOMUIECTBEHHOTO ONPE/ICICHNUS;

— IIepEeHOC NPOOkI;

— CTa0MIILHOCTH PACTBOPOB.

CeJIeKTUBHOCTH

[TpoBoaumu ananu3 9 oOpas3moOB YHCTOW TUIA3MBI, 00-
pas3la YMCTOH TUIa3MBI C TPHUOABICHWEM CTaHIAPTHOTO
pactBopa | B jmanasone koHmeHTparuit 1 — 1000 Hr/™moL.
Ha xpomarorpamMMax o0pa3sioB 4ucTo#l 1uiasmsel (puc. 1)
HE HaOIIONAIOCh MMUKOB CO BPEMEHEM YACPKUBAHUSI, CO-
OTBETCTBYIOIINM BPEMCHU yICPKUBaHU 1.

Tabnuma 1

OTKJIOHEeHUS KOHlIeHTpaIIPlﬁ KaJll/lﬁp()BO‘[]-lle pacTBoOpoB TUHO30HHAA OT q)aKTl/l‘-leCKl/lX 3HAYeHUit

C pax HI/MIT

Ilokazatenn 1 5 10 50 100 250 500 1000
0,86 4,50 9,04 23,42 47,29 99,93 238,04 539,55 988,47
OTHOCHUTEIbHAS 14,01 10,00 9,65 6,32 5,41 0,07 4,79 5,91 1,15
HOTPEeIIHOCTS (€), %
Hopwma, % He 6oxee 20 He 6oxee 15
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Puc. 3. KamnbpoBouHblii rpaduk 3aBUCIMOCTH IUIOIIAAN TTHKA THO-
30HH/A OT €r0 KOHLEHTpaluu B 11a3zme, Hr/mi. ITo ocu abeumee —

BpEMsi, MHH; [0 OCH OpJIMHAT — IUIOMIA/b 10 XpoMmarorpadude-
CKHUM TIMKOM (HT - u/MJI).

50000

JInneitHOCTH

[IpoBoaumyn aHammu3 9 00pa3IoOB YHUCTOM TITA3MBI C TIPH-
OaBlICHHEM pacTBOpa CTaHAapTHOTO 00pasma I 1o moryde-
Hus KoHUeHTpauui: 1, 5, 10, 25, 50, 100, 250, 500 u
1000 vr/mnt (puc. 2). Ilo momydeHHBIM 3HAYCHHSM OBIIT
[OCTPOEH KaauOpOBOUHEIH rpaduk (12> 0,999) comect-
HO C YpaBHEHHEM KalTMOPOBOYHOM KpUBO# (puc. 3).

OTKIJIOHCHHUSI KOHLCHTPALMI KAIHOPOBOYHBIX PACTBO-
POB, PACCYMTAHHBIX 110 YPABHEHHUIO JTUHEHHON 3aBUCUMO-
CTH, OT ()aKTUIECKUX 3HAYCHUI PUBEICHBI B Ta0M. 1.

[TonmyyeHHBIE OTKIIOHEHUS COOTBETCTBYIOT HOpMaM
FDA u EMA (ue 6onee 20 % niist HYUOKHEH TOYKH JIMHEH-
HOCTH, He Oonee 15 % — auist ocTanbHBIX Touek). Mcxons
13 MOJTYYEHHBIX JAaHHBIX, METOAUKY MOXXHO CUHTATh JIH-
HeltHo# B npenenax ot 1 qo 1000 Hr/mit.

IpaBUABLHOCTH U MPENM3UOHHOCTH
[IpoBogunm aHanu3 4 OTAETHHO MPHUTOTOBICHHBIX 00-
Pa3IoB YHCTOW TUTa3MbI C MPUOABICHUEM CTaHIAPTHOTO

TaGunuma 2
IMpaBUILHOCTH U NPENM3NOHHOCTH MeTOANKH (intra-day)

2400
2300
2200
2100 &
2000
1900
1800
1700
1600

0,5 1,0 1,5 2,0 2,5 3,0 3,5
Puc. 4. Xpomarorpamma 11a3msl, COJEpIKaIeil THO30HU/ Ha yPOB-
He [IKO. Ilo ocu aGcuucc — BpeMs, MUH; 110 OCH OpAUHAT — IUIO-
manp 1moj xpomarorpaduaeckum koM (mAU).

pactBopa I no momyuyenust xkonueHtpauuit: 1, 10, 100,
1000 ur/mi. Kaxaplii pactBop xpomarorpadupoBaiiy 1o 5
pa3. HccrenoBanue MpOBOIMIN B TEUCHHE IEPBOTO IHS
(intra-day) u BTOpOTO jaHs (inter-day). JInsl moTy4eHHBIX
3HAYCHUI KOHIIEHTpAIMA OBUIM PAaCCUMTAHBI BEITHYMHBI
OTHOCHUTEJILHOTO CTaHIapTHOro oTkioHeHus (RSD, %) u
OTHOCHUTEJILHOW MOrpemHocT! (g, %), MpPUBEICHHbIE B
Tabm. 2 u 3.

[TonyyeHHbIe BETMYUHBI OTHOCUTEIILHOTO CTaHJAPTHO-
r0 OTKJIOHEHHUS (MIPELU3UOHHOCTb) U OTHOCHTENBHOM MO-
IPEMIHOCTH  (NPAaBUIBHOCTb) COOTBETCTBYIOT HOpPMaM
FDA u EMA (ue 6omnee 20 % st HYDKHEH TOUKH JTIHHEH-
HOCTH, He Ooitee 15 % — JIsl OCTaNIbHBIX TOYEK).

IIpenes ko/1M4ecTBEHHOTO ONPeIeICHHS

[Ipenen xonmuectBennoro omnpenenenus (IIKO) meto-
JIMKY Ha OCHOBAHUH JTAHHBIX JTHHEHHOCTH, PABUIBHOCTH
u npeuusuonHoctu. 3a IIKO meronuku npuHUMany Mu-
HUMAaJbHYIO KOHLIEHTpauuto | B rmasme, asst KOTOpoit BO3-

Tabnuua 3
I[IpaBUJIbHOCTH U NPEUU3HOHHOCTHL MeToANKH (inter-day)

Haiineno, Haiineno,
Beeneno, Haiineno,  Hr/mu, cpeanee RSD,, % Baeneno, Haiineno,  ur/mu, cpeanee RSD, o
HI/MJT HI/MJT 3HAYEHHE (n=135) e % HI/MI HI/MIT 3HaYeHUe % (n=15) & %
(n=15) (n=15)
1 1,13 1,126 8,11 12,60 1 1,17 0,93 16,13 2,70
1,15 1,04
1,20 0,77
0,97 0,84
1,18 0,82
10 10,56 10,496 4,31 4,96 10 12,27 5,74 10,22 5,25
9,78 10,34
11,01 10,72
10,45 11,33
10,68 8,11
100 104,66 101,13 3,29 1,13 100 98,51 100,33 5,74 0,33
98,57 99,17
102,45 87,41
103,21 108,41
96,76 104,11
1000 988,52 1005,5 2,50 0,56 1000 1024,5 1002,12 2,03 0,21
971,04 1005
1013,83 987,41
1022,54 991,04
1031,81 985,51
48 Xumuko-papmanesTuyeckuii xkypHaia. Tom 49, Ne 3, 2015
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Puc. 5. XpomarorpaMma 4uMCTOH IUIa3Mbl MOCJE BBOJAA NMPOOBI C
KxoHIeHTpauuei Tnozornaa 1000 ar/mi. Ilo ocu abemuce — Bpems,
MHH; TI0 OCH OpJMHAT — IUIONIA/Ib I0J] XpoMaTorpaduyeckum Iu-
koM (mAU).

MOXXHO ompenernenue | co 3HaueHmsIMu RSD u € He Oornee
20 % B nuanazoHe JuHEHHOW 3aBucuMocTH. [Ipenen ko-
JIMYECCTBCHHOT'O OHpe}:[eJIeHI/IH METOAUKU COCTaBUJI
1 °r/™MII.

Xpomarorpamma, gemoncTpupyromas [IKO meronukn,
TIpUBE/ICHA Ha puc. 4.

CraduibHOCTD

CTaOuipHOCTh OBITA MMOATBEPIKICHA IS CTAHIAPTHBIX
pactBopoB | (mpu xpanenuu pactBopa B TeueHue 14 mueit
mpu Temneparype ot 2 no 8 °C), KpaTKOBpeMEeHHAs CTa-
OMIILHOCTH (711 TIPUTOTOBIICHHBIX MPOO B TedeHUe 24 u
48 4 mIpu aHaNIM3€e Ha CIEAYIOUINI ICHb MPU TeMIIepaType
15 °C), Ha ypoasx xoHreHTpanuii 1 u 1000 mr/mu. O6-
PpasIbl BEIICP)KUBAIN 3 IIUKIIA 3aMOPO3KH — Pa3MOPO3KH.
[Imomane muka mpu MOBTOPHBIX aHAJIM33aX HE MEHSIACH
6onee uem Ha 10 %.

Jns wmccienoBaHust JONTOBPEMEHHOH CTaOMIBHOCTH
o0pa3mpl m1a3Mbel Ha ypoBHE KoHIeHTparwu 100 Hr/Mi
OBUTH TTOMEIICHB B MOPO3HJIBHUK TIPH TEMIIEpaType OT
—75 no —80 °C st moCTeMyIOIETo aHanu3a CIycTs 1 Mec
mmocJe 3aMopo3KH. [1omanp nmuka mpu MOBTOPHBIX aHAJIH-
3ax He MeHsuIack Ooree ueM Ha 10 %.

ITepenoc npoosI

[Ipu nocienoBaTeILHOM BBOJIE TIPOOHI ¢ KOHIIEHTPAIIH-
eit 1 1000 HI/MJI ¥ YUCTOM IIA3Mbl HA XpOMarorpaMmme
YHCTOH TIa3MbI OTCYTCTBOBANIU ITHUKH, COOTBETCTBYIOIINE

I. ITepenoc nmpoOBI OTCYTCTBOBAJ, COOTBETCTBYIOIIAS XPO-
MarorpaMma MpUBEJEHa Ha pUC. 5.

Takum oOpasom, pa3paboTaHa W BaJIUIUPOBAHA METO-
JIMKa KOJIMYECTBEHHOTO ONPE/ICICHNUS HHHOBAIIMOHHOTO
MIPOTHBOTYOEPKYJIE3HOTO Tpernapara THO30HU B TUIa3Me
KpoBHU denoBeka metonoM BOXX c macc-cernekTHBHBIM
nerekropoM. /laHHas MeTOMKa 00J1aaeT BBICOKOW 4yBCT-
BUTEJIBHOCTBIO, TPABUIIBHOCTBIO U CEJICKTHBHOCTHIO (110
CPaBHEHHMIO C paHee OIMMCAHHBIMH) U MOXET OBITh HC-
T0JIb30BaHa JUISI KOJIMYECTBEHHOTO OMPEICIICHUs THO30-
HUJIa B TUIa3ME KPOBH Ha CTaJIUM KJIMHUYCCKUX U (papma-
KOKHMHETHYECKHUX UCCIIEAOBAaHMI JAaHHOTO Tpenapara.
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DEVELOPMENT AND VALIDATION OF THE METHOD OF QUANTITATIVE
DETERMINATION OF ORIGINAL ANTI-TB DRUG THIOZONIDE
IN BLOOD PLASMA FOR PHARMACOKINETIC INVESTIGATIONS

G. V. Rameskaya, I. E. Shokhin, L. A. Men’shikova*, A. Yu. Savchenko, V. V. Smirnov,

V. V. Smirnov, and E. A. Egorenkov

1. M. Sechenov First Moscow State Medical University, Moscow, 119991 Russia
* e-mail: lily-chka@mail.ru

A method for determining anti-tuberculosis (anti-TB) drug thiozonide in the blood plasma has been developed and verified. The samples are prepared by pro-
tein precipitation with acetonitrile. Quantitative analysis is performed by HPLC with mass selective detector. The proposed method was validated according
to the following characteristics: selectivity, linearity, accuracy, precision, limit of quantification, sample transfer, and stability of sample solutions. The analy-
tical range is from 1 ng/mL to 1000 ng/mL thiozonide in blood plasma. The proposes Method can be applied in further investigations of the pharmacokinetics
of thiozonide.

Keywords: thiozonide; determination; validation; HPLC/MS; blood plasma.
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