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DETERMINATION OF QUIFENADINE BY HPLC METHOD
IN BLOOD

Topicality. Quifenadine hydrochloride (phencarol) - quinuclidinyl-3-diphenyl carbinol hydrochloride - first genera-
tion H,-histamine receptor blocker. The drug reduces the content of histamine in tissues due to the activation of the enzyme
diamine oxidase, which breaks down up to 30 % of tissue histamine. Quifenadine hydrochloride is superior to diphenhy-
dramine in duration of antihistamine action. Unlike diphenhydramine and diprazine, quifenadine does not inhibit the CNS,
is characterized by weak sedative properties. Quifenadine hydrochloride can be used in the development of tolerance
to other sedative antihistamines. Quifenadine hydrochloride is used to treat anaphylactic shock, urticaria, hay fever,
Quincke’s edema, dermatoses, allergic rhinitis, food and drug allergies. In case of overdose of quifenadine hydrochloride
causes dryness of the mucous membranes, headache, vomiting, stomach pain and dyspepsia. At high doses, it can affect
the cardiovascular system, gastrointestinal tract, liver and kidneys. Detection and quantification of quifenadine hydro-
chloride in pharmaceuticals and biological matrices during treatment are based on the choice of highly sensitive and
selective research methods, which is an urgent task for monitoring the effectiveness of treatment of the population with
antihistamines and diagnosis of drug intoxication.

Aim. To develop an algorithm for directed analysis of quifenadine in biological extracts from blood using a unified
method of HPLC research.

Materials and methods. The extraction of quifenadine was carried out with chloroform at pH 9.0. The extracts
were purified from impurities by a combination of TLC and extraction with hexane. TLC purification and identification of
quifenadine were carried out under optimal conditions: system of organic solvents - chloroform-n-butanol-25 % solu-
tion of ammonium hydroxide (70:40:5) and chromatographic plates - Sorbfil PTLC-AF-A. For the detection of quifena-
dine, the most sensitive location reagents were used - UV light (A = 254 nm) and reagent Dragendorff in the modification
of Mounier. Chromatographic analysis has been carried out on a microcolumn liquid chromatograph “Milichrome A-02”
(EkoNova, Closed Joint-Stock Company, Novosibirsk, Russia) using standardized HPLC conditions: reversed-phase variant
with the use of metal column with non-polar absorbent Prontosil 120-5C 18 AQ, 5 um; mobile phase in the mode of linear
gradient - from eluent A (5 % acetonitrile and 95 % buffer solution - 0.2 M solution of lithium perchlorate in 0.005 M
solution acid perchloric) to eluent B (100 % acetonitrile) as during 40 min. Regeneration of column has been conducted
during 2 min with mixture of solvents; the flow rate of the mobile phase has been formed 100 ul/min, injection volume
- 4 pl. Multichannel detection of the substance was carried out using a two-beam multi-wave UV spectrophotometer at
8 wavelengths of 210, 220, 230, 240, 250, 260, 280, and 300 nm; the optimal value of column temperature - 37-40 °C
and pressure of pump - 2.8-3.2 MPa.

Results and discussion. Isolation of quifenadine from blood has been carried out according to the developed method,
including extraction with chloroform at pH 9.0; extraction purification of extracts with hexane from impurities; TLC
purification and identification of quifenadine. By using a unified HPLC method, quifenadine was identified by retention
parameters and spectral ratios. For quantitative determination, a calibration graph or a straight line equation corresponding
to this graph were used. The obtained results indicated the reliability and reproducibility of the method. It was found
that the relative uncertainty of the average result in the analysis of quifenadine in blood was £ =% 6.65 %, the relative
standard deviation of the average result was RSDx = 2.25%.

Conclusions. Quifenadine was extracted with chloroform at pH 9,0 from blood. Purification of extracts from co-
extractive compounds was performed by combining TLC and extraction with hexane. It was established that when iso-
lating quifenadine from blood according to the developed methods it is possible to allocate 32.5-37.6 % of substance
(£ = £ 6.65 %, RSDx = 2.25 %). The method of TLC purification and identification of quifenadine in biogenic extracts
was tested under optimal conditions: system of organic solvents — chloroform-n-butanol-25 % solution of ammonium
hydroxide (70:40:5), location reagents - UV light, reagent Dragendorff in the modification of Mounier, R;,znqqine = 0.25-0.30
(Sorbfil PTLC-AF-A). The unified HPLC method for identification and quantification of quifenadine has been tested in
biogenic extracts from blood according to the developed algorithm of directed analysis. It was found that quifenadine
can be identified by retention time - 20.27 + 0.03 min; retention volume 2026.9 + 0.34 pl; spectral ratios - 0.634; 0.255;
0.041; 0.022; 0.027; 0.001; 0.001. Equation was used to determine the quifenadine content S = 0.42:107 C + 0.94-107 the correla-
tion coefficient was equal to 0.9985.Chromatographic techniques can be recommended for implementation in practice
of the Bureau of Forensic Medical Examination, poison control centers, clinical laboratories regarding the study of me-
dicinal substances in biological objects.
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BusHavyeHHs xi¢peHaauny BEPX-MeTog0M y KpoBi

AxTyanbHicTb. XideHaauny rigpoxnopus (penkapos) - XiHykaiauia-3-audeHinkap6iHouy rifpoxaopus — 6a0ka-
TOp penenTtopiB H,-ricraminy nepmoro nokosinas. [Ipenapat 3HMXKye BMICT rictaMiHy B TKaHHHAX, 110 06YMOBJIEHO
aKTHBaIli€0 eH3UMYy JliaMiHOKCH/a3H, IKUH po3ienioe A0 30 % TkaHUHHOTO ricTaMiny. XipeHaguHy riapoxaopuj
nepeepiuye AudeHripamid 3a TpuBalicTo npoturicraminHoi Ail. Ha Biaminy Bij audeHrigpaminy Ta gunpasuHy Xi-
¢denaaunn He npurhiuye LJHC i xapakTepusyeTbcs €1a6K0 BUPaXKeHUMU CeJaTUBHUMU BJIAaCTUBOCTAMU. XideHa uHy
TiZIpOXJIOpH/| MOKe BUKOPUCTOBYBATHUCS IPU PO3BUTKY TOJIEPAHTHOCTI /10 IHIIMX CeJaTUBHUX aHTUTiCTaMiHHMX Ipe-
napartis. XipeHafHHY riJpoX/J10pUJ 3aCTOCOBYETHCS /JIs JIIKYBaHHSI aHAIIAKTUYHOTO LIOKY, KPOIMBHMUIL, CIHHOI JINXO-
MaHKH, Habpsiky KBiHKe, lepMaTO3iB, asiepriuHUX pUHITIB, XapyoBoi i sikapcbkoi anepril. [Ipu nepeo3yBaHHi xide-
HaJJUHY TipOXJ0pHUJ BUKJIHUKAE CYyXiCTh CJIM30BUX 060JI0HOK, FOJIOBHUH 6iJib, 6JI0BOTY, 6i/1b y LJIYHKY i AUCTIENICUYHI
aBua. [Ipy 3HaYHUX Zl03aX MOXKe BpaXkaTH CeplLieBO-CYAUHHY CUCTeMy, LIyHKOBO-KUIIKOBUHM TPAKT, NeYiHKy Ta HUP-
KH. BusiBJIeHHs Ta KiJIbKicHe BU3HAaYeHH XipeHaAUHy ripoxaopuy B GapMaleBTUYHHUX NpenapaTtax i 6i0/orivHux
MaTPHUIAX Mifl 4ac JiKyBaHHA TPYHTYIOThCA Ha BU6OPi BUCOKOYYT/IMBHUX i CeJIEKTUBHUX METOAIB JOCIiP>KeHHH, 1110
€ aKTya/IbHOIO 3a/iayelo /s IPOBeJJeHHsI MOHITOPUHTY e)eKTHUBHOCTI JiKyBaHHS HacesJleHHsl aHTUTiCTaMiHHUMU JIi-
KapCbKUMHU 3ac06aMHU Ta AiarHOCTUKY iHTOKCHUKALil JliKaMHU.

MeToM0 JOC/Ti)KEeHHs € po3po6Ka aJIFOPUTMY CIPSIMOBAHOI0 aHa/li3y XideHafuHy y 6i0JI0TiYHUX eKCTpaKTax i3
KpOBI IpY 3acTOCyBaHHi yHidpikoBaHOI MeToAUKY JociipkeHHss BEPX- meTomoM.

Marepianu Ta MeToau. Ekcrpakiito xideHaguHy npoBoauiu xaopopopmoM npu pH 9,0. O4ncTKy eKCTpaKTiB Bif
JloMiLIoOK BUKOHYBasu npu cnosydeHHi TIIX i ekcrpaxkuii rekcanom. THIX-ouucTKy Ta ifeHTHdiKanio XideHaguHy npo-
BOZAMJIM B ONTHMAJbHUX YMOBaX: CHCTEMH OPraHiYHUX PO3UUHHHUKIB - XJI0poPOpM-H-6yTaHOI-25 % pO3YHH aMOHiI0
rigpokecuy (70:40:5), Ry iseaouy, = 0,25-0,30 i xpomaTorpadivni muactunku - Cop6din [ICTX-AD-A. [lna feTeKTyBaH-
HA XidpeHaIMHY BUKOPUCTOBYBA/IM HAUGIIbLI YyTIUBI NPOSBHUKU — YD-cBiTi0 (A = 254 HM) i peakTuB /lparengopda
y Mozaudikanii 3a Mynbe. XpomaTorpadiuHuil aHasi3 NpoBOJUBCS Ha MiKPOKOJIOHOYHOMY PiJUHHOMY XpoMaTorpadi
«Misixpom A-02» (EkoNova, 3AT, HoBocu6ipchk, Pocist) 3 BUKopucTaHHAM cTaHAApTH30BaHUX yMoB BEPX: 06epHeHo-
¢$a3oBui BapiaHT i3 3aCTOCYyBaHHAM MeTaseBOi KOJIOHKU 3 HENOJAPHUM cop6eHToM Prontosil 120-5C 18 AQ, 5 MKM;
pyx/auBa ¢asa y pexxuMi JiHiiHOrO rpafiieHTy - Bif entoeHTy A (5 % aneTtoHitpun i 95 % 6ydepHuit posuus - 0,2 M
po3uuH JiTtito nepxsopaty B 0,005 M po3yuHi KMCaA0TH XJ0pHOI) 0 entoeHTy B (100 % aueToHITpuUIYy) BIPOAOBK
40 xB. Perenepaliito KOJIOHKH IIPOBOJMJIM BIPOJOBXK 2 XB CYMIIILII0 PO3YMHHHUKIB; WIBUAKICTb MOTOKY pyxoMoi ¢pasu
ckJazana 100 mki/xB, 06'eM Mpo6H - 4 MKJI. BaraTokaHa/ibHe leTEKTYBaHHS peYOBUHU IPOBOAMIIN 3 BAKOPUCTAHHSAM
JIBOIIPOMEHEBOT'0 MyJILTUXBUJILOBOI0 Y®-criekTpodoTomeTpa 3a 8 3HaUeHHSIMU L0BXKUHU xBUJi 210, 220, 230, 240,
250, 260, 280 i 300 HM; onTHMaJIbHE 3HAYEHHS TeMIlepaTypH KoJOoHKH - 37-40 °C Ta THCKy Hacocy - 2,8-3,2 MIla.

Pe3ysbTaT Ta iX 06roBopeHHs. [IpoBe/ieHO i30/110BaHHSA XidpeHaJMHy 3 KPOBi 32 po3p06JIeHOI METO/UKOI,
110 BKJIKOYAE eKCTpakKiiw ximopopopmom npu pH 9,0; ekcTpakLiiHy OYMCTKY BUTSXKOK I'eKCaHOM Biz pomimmok; TIHIX-
OYMCTKY Ta ileHTUdiKanito xibeHauny. [Ipu BukopucranHi yHipikoBaHoi BEPX-MeTouku npoBeeHo iieHTUdiKaLi0
xidpeHa/iMHy 3a TapaMeTpaMH yTPUMYBAHHS i CIEKTPaJIbHUM BifIHOLIEHHAMH. [|J151 KiJIbKiCHOrO BUSHA4Y€HHS BUKOPHC-
TOBYBAJIM I'pa/JiyloBaJbHUM rpadik a6o piBHAHHSA NpsIMoi, 1o BiAnoBizae nbomy rpadiky. OTpuMaHi pe3yIpTaTH BKa3y-
BaJ/IM Ha HaliMHICTB i BiATBOpIOBaHICTh MeTOMKHU. BCTaHOBJIEHO, 1110 BiAHOCHA HEBU3HAYEHICTb CePeIHbOT0 pe3yJbTa-
Ty NpU aHaJi3i XideHaAMHY y KpOBi cKJajjana £=% 6,65 %, BifjHOCHE CTaH/JApTHE BiIXWUJIEHHS CepeIHbOr0 pe3ybTaTy
J0piBHIOBa/I0 RSDX = 2,25 %.

BucHoBKU. [IpoBesieHO0 ekcTpakiito xideHaguHy xjaopodopmom npu pH 9,0 3 kpoBi Ta cedi. OYUCTKY BUTSKOK
Bi/| CMIIBEKCTPAKTUBHUX CIOJYK BUKOHYBaJIM Npu crnoay4eHHi Meto/iB THIX Ta ekcTpakuii rekcanoM. BctaHoBJieHo,
110 MpH i30/110BaHHI XipeHaJuHY 3 KPOBi 3a po3po6JIeHUMH METOAMKAMHU MOXKHA BUAIIUTH 32,5-37,6 % pedoBUHU
(£ = £ 6,65 %, RSDx = 2,25 %). Onpanposano MeToAuKy TLIX-0oumcTkH Ta ineHTHdiKaLiT XideHasuHy y GioreHHUX eKc-
TpaKTax 3a ONTUMaJbHUMHU YMOBAaMH: CUCTEMA OPraHiYHUX PO3YUHHUKIB — XJI0pOoOPM-H-0yTaHOJ-25 % pOo34HH aMo-
Hito rigpokcuay (70:40:5), nposBHUKM - Y®-cBiT/I0, peakTus [lparenaopda 3a MyHbe, R, a0y = 0,25-0,30 (Cop6din
[ICTX-A®-A). OnpauboBaHo yHidikoBaHy BEPX-MeTonuky ileHTHdiKaLil Ta KiJibKicHOro BU3HaueHHs xipeHaiuHy y 6i0-
TeHHHUX eKCTPAKTax i3 KPoBi 3Ti/HO 3 P03p06JIeHUM aJITOPUTMOM CIIPIMOBAHOI'0 aHasli3y. BcTaHoBJIeHO, 0 XidpeHa uH
MOXHa ieHTHdiKyBaTH 32 YacoM yTpuMyBaHHs — 20,27 + 0,03 xB; 06'eMoM yTpuMyBaHHs 2026,9 + 0,34 MKJI; CIEKTpasib-
HUMHU BifHOomeHHAMH - 0,634; 0,255; 0,041; 0,022; 0,027; 0,001; 0,001. /i1 BU3HAYEHHS BMICTY XipeHaAMHY BUKOPHC-
TOBYBaJH piBHsIHHSA S = 0,42:10° C + 0,94-10°%; koedinieHT Kopesswii gopiBHioBaB 0,9985. XpomaTorpadiuHi MeTogUKH
MOXYTb 6YyTH peKOMeH/[0BaHi /IJ1s1 BIPOBa/XKeHHS y IPAKTUKY 610pO CYA0BO-MeIUUHOI eKCIepTHU3H, TOKCUKOJIOTYHUX
LEHTPIB, KJIiHIYHUX JIa60paTOPili CTOCOBHO BUBYEHHSI JIIKAPCHKUX PEYOBUH Y 610JI0TYHUX 06'€KTaX.

Kawuoagi caoea: xiggenaduny 2idpoxaopud (penkapon); ekcempakyis x10podopmom; o4ucmka ekcmpakmis io
domiwok TILIX i ekcmpakyiiiHum memodamu; idenmudpikayis ma kinvkicHe susHaveHHss BEPX memodom; kpos
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OnpepesieHue xupeHaguda BIXKX-meTogom B KpoBH

AkTyanbHOCTB. XubeHaJuHa THAPOXIopU, (beHKapos1) — XUHYKJIUANWI-3-JudeHNIKap6HHOIIa THAPOXJIOPH] — 6J10-
KaTop perienTopos H,-rucramMmuHa nepsoro nokoJieHust. [I[penapar CHIKaeT coZiepkaHue TMCTaMHUHA B TKAHSIX, YTO 06YCJI0B-
JIeHO aKTHUBaluel ¢pepMeHTa JUaMUHOKCUAA3bl, KOTOPbIX pacuenseT A0 30 % TkaHeBOro ructaMuHa. XupeHaanHa
TUAPOXJIOPU, TPEBOCXOAUT AUPEHTHPAMIH MO MPOAODKUTENTBHOCTH aHTUTCTAMUHHOTO JIENCTBYS. B omiidne ot fuden-
rujpaMrHa u junpasuna xudeHaanH He yraetaet LIHC, xapakTepusyeTcs c1abo BbIpaXKeHHbIMU CeJaTUBHBIMH CBO#-
cTBaMU. XvdeHaZHA IUAPOXIOPH MOXKET UCIOJIb30BAThCS IPH PA3BUTHUHU TOJEPAHTHOCTU K JPYTUM CeAaTUBHBIM
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AQHTUTUCTAMUHHBIM ITpenapataM. XudeHaJuHa TUAPOXI0PHUA NPUMEHSIeTCs AJs JledeHUs] aHaHUIaKTUYEeCKOro II0Ka,
KpaluBHUIIbI, CEHHOH JIMXopaAKy, oTeka KBUHKe, epMaTO30B, a/l/lepruyecKUX PUHUTOB, IUIIEeBOH U JIeKapCTBEHHOH
ayutepruu. [Ipy nepej03upoBKe XUpeHaJMHA THAPOXJIOPH/] BBI3BIBAET CYXOCTh CIM3UCTHIX 060JI049€K, FOJIOBHYO 6OJIb,
PBOTY, 60JIH B >KeJIyJKe U JUCIIeNICHIeCcKye siBIeHus. [Ipy 3HAYUTeNbHBIX [J03aX MOXKET I0PaXKaThb CEPAEeYHO-COCYANUCTYIO
CUCTEMY, XKeJlyJOYHO-KUIIeYHbIH TPaKT, Te4eHb U MOYKH. BbIsiBIeHHe U KOJIMUeCTBEHHOe onpe/iesieHre XudeHauHa
ruipoxjopu/a B papMaleBTHUECKUX IpenapaTax ¥ 610J0ruyecKux MaTpuLax Npy JledeHUH OCHOBbIBAIOTCS Ha BbI6O-
pe BBICOKOUYBCTBUTEJIbHBIX U CeJIeKTUBHBIX METO/0B HCCJIe/lOBaHUSA U IBJIAIOTCA aKTya/IbHOM 3aiauel [/1s1 IpOBeJleHUs
MOHHUTOPHHTA 3G PEKTUBHOCTH JIeUeHUsI HaceJeHUs] aHTUTHCTaMUHHBIMH JIEKapCTBEHHBIMU CPe/ICTBAMH U JJUarHO-
CTUKHM MHTOKCHKaLMH JIeKapCTBaMHU.

Lles1b10 MCCIeAOBAHUA SIBJISIETCS pa3paboTKa a/IFOPUTMA HaNpaBJIeHHOT0 aHa/In3a XudeHaiMHa B 6U0JIOTUYECKUX
3KCTpaKTax U3 KPOBU MPU IPUMeHEHUU YHUPUILMPOBAHHOU MeTOAMKU UccienoBaHus BEXKX meTozmom.

MaTepuasbl U METOABL. JKCTPAKIMI0 XUbeHauHa NPoBoAUIM XaopodopmoM npu pH 9,0. O4KCTKY 3KCTPAKTOB
OT NpUMeced BbINOJHSIU NpU codeTaHU TCX U akcTpakuuu rekcaHoM. TCX-ounCTKY U U eHTUPUKaLUIO XUbeHa-
JIMHa IPOBOAMJIM B ONITHMAJIbHBIX YCIOBUSAK: CUCTEMA OPraHUYeCKUX PacTBOPHUTeNEN — XJI0podopM-H-OyTaHo1-25 %
pacTBop aMmMouus ruzpokcuza (70:40:5) u xpomarorpadpuyeckue mnactuHku — Cop6dui [ICTX-AD-A. 115 neTeKTH-
poBaHus xMdeHaZNHA UCT0JIb30BaJM Hanbosiee YyBCTBUTEIbHbIE TposiBUTENN — YP-cBeT (A = 254 HM) U peakTHUB
Jparengopda B Moandukanuu no MyHbe. XpomaTorpadpuyeckuii aHaIu3 MpoBOIHJICS HA MUKPOKOJIOHOYHOM KHU/JKOCTHOM
xpoMaTtorpade «Munuxpom A-02» (3koNova, 3A0, HoBocubupck, Poccust) ¢ ucnosib30BaHWEM CTaHAAPTU3UPOBAHHbIX
ycsnoBuit BXKX: o6paieHHO-pa3HbIi BapUaHT € IPUMEHEHHWEM MeTaJJIN4eCKOW KOJIOHKH C HENOJIIPHbIM COPOEHTOM
Prontosil 120-5C 18 AQ, 5 MkM; no/iBI>KHasl Gpasa B perKMMe JIMHEHHOTr0 rpaZiieHTa — oT a/10eHTa A (5 % aleToOHUTPUIT
u 95 % GydepnsIit pactBop - 0,2 M pactBop sntua nepxyopara B 0,005 M pacTBope KHUCJIOTHI XJIOPHOH) A0 3JII0€H-
Ta B (100 % aneronutpusia) B TedeHue 40 MUH. PereHeparyio KOJOHKH IPOBOJUJIN B Te4eHHe 2 MHH CMeCh0 pacTBO-
puUTesel; CKOPOCTb MOTOKA MOJBIXKHOM ¢asbl cocTaBisaa 100 Mki1/MUH, 06'beM NPO6LI — 4 MKJI. MHOroKaHa/lbHOe
JleTeKTHpOBaHue BelllecTBa IPOBOJU/IHU C UCII0JIb30BAHUEM JIBYXJIy4eBOT0 My/JbTUBOJHOBOr0 YP-cnektpodoToMeTpa
o 8 3HaYeHUsAM JJIMHBI BosiHbl 210, 220, 230, 240, 250, 260, 280 1 300 HM; onTUMa/IbHOE 3HaYEHHE TeMIlepaTypbl
KoJIoHKH — 37-40 °C u maBieHus Hacoca - 2,8-3,2 MIla.

Pe3ynbTaThl ¥ MX 06CyXKAeHHUe. [IpoBe/ieHO H30IMpOBaHNe XUpeHaJMHA U3 KPOBH 10 Pa3paboTaHHON METOAMKe,
BKJIIOYAIOIeH 3KCTpaKLuio xjopodpopmoM npu pH 9,0; sKCTPAKLIMOHHYIO OYUCTKY BBITSXKEK F€KCAHOM OT IPHUMeceH;
TCX-0oyucTKy U uAeHTUPUKALMIO XHdeHauHa. [Ipu ucnosb3oBaHUM yHUGHUIIMPOoBaHHOM BIXKX-MeToAnKY TpOBejeHa
njeHTrdUKanuA XupeHaAHHA 10 NapaMeTpaM Y ep>KUBAHUS U CIIeKTPaJbHbIM OTHOLIEHUAM. /[JI1 KOJIMueCTBEHHOTO
oInpeje/ieHUs] UCIO0JIb30BaIN KaJM6POBOYHbBIH rpadUK WM ypaBHEeHHe NIPSIMOM, COOTBETCTBYIOLEN 3TOMY IPadUKY.
[ToslyyeHHbIe pe3ybTaThl yKa3blBaJIM HA HaZle)KHOCTb U BOCIIPOU3BOJHMMOCTb METOAUKH. YCTAaHOBJIEHO, YTO OTHOCH-
TeJIbHAs HeONpe/IeJIeHHOCTh CPE/IHEr0 PesyJIbTaTa PH aHaIu3e XHbeHa/HHa B KPOBH COCTABJIsA £ = % 6,65 %, OT-
HOCHTE/IbHOE CTaHJAPTHOE OTKJIOHEHHE CPEJHEro Pe3y/ibTaTa GbLIo paBHbIM RSDX = 2,25 %.

BeiBoAbI. [IpoBesieHa skcTpakLus xupeHaguHa xjaopopopmoM npu pH 9,0 u3 kpoBu. OUUCTKY BBITSKEK OT CO-
9KCTPAKTUBHBIX BelleCTB BbIOJHSIM IPU coueTaHUU MeToA0B TCX U 3KCTpaKL MU FreKCaHOM. YCTaHOBJIEHO, UTO NpHU
M30JIMPOBAaHUU XUpeHaJUHA U3 KPOBU 110 pa3paboTaHHbIM METO/MKaM MOXHO BblJIeNIUTb 32,5-37,6 % BeliecTBa
(¢ = £ 6,65 %, RSDx = 2,25 %). Anpo6upoBaHa MeToAuKa TCX-04UCTKH U HAEHTUDUKALMK XUDEHaJUHA B GHOTeHHbIX
9KCTPAKTax ITPU ONTHMAaJIbHBIX YCIOBUSAX: CUCTEMA OPraHUYEeCKHX PAaCTBOpPUTEEH — X10podopM-H-6yTaHoI-25 % pacTBOp
aMMoHuMs TuApokcuza (70:40:5), npossutenu - YP-ceet, peakTus /[parengopda no Myube, R, semaiua = 0,25-0,30
(Cop6dun IICTX-AD-A). AnpobupoBaHa yHUbULIIMPoBaHHas BIXKX-MeToanKa naeHTUPHUKALIMK U KOJIMYECTBEHHOTO
onpejeneHus xudeHaJuHa B GUMOreHHBIX SKCTPAKTaX U3 KPOBH COIJIACHO pa3paboTaHHOMY aJrOPUTMY HallpaBJIeHHO-
r'o aHa/1M3a. YCTaHOBJIEHO, YTO XU EeHaJIUH MOKHO UJIeHTUGUIIMPOBATD 110 BpeMeHH yjepxkuBanus — 20,27 + 0,03 muH;
06beMy yaepxuBaHus - 2026,9 + 0,34 MKJI; cieKTpaJbHBIM oTHoweHUsIM - 0,634; 0,255; 0,041; 0,022; 0,027; 0,001;
0,001. Jlnst onipefiesieHust cofiepanus AudeHrn paMrHa ucnoib3osanu ypasuenue S = 0,42:10% C + 0,94-107%; koad-
bunmenT Koppessanuu coctasisa 0,9985. Xpomarorpaduyeckrie METOAUKH MOTYT GbITh pEKOMEH/J0BaHbI JIJIs1 BHeApe-
HUsl B IPAKTUKY 610po Cy/1e6HO-MeAUIIMHCKON 9KCIIePTU3b], TOKCUKOJOTHUYeCKUX IIeHTPOB, KIMHUYECKUX JabopaTo-
puii 10 U3yYeHHUIO JIeKapCTBEHHBIX BellleCTB B 6M0JI0THYeCKHX 06'beKTaX.

Kamwouessle cnoea: xugenaduna eudpoxaopud (genkapos); skempakyusi X10poHopMoMm; o4UCmKa IKCMpakmos om
npumeceli TCX u akempakyuoHHsIM Memodamu; udeHmugdukayus u koaudecmseHHoe onpedeseHue BI)KX memodom; kposs

INTRODUCTION
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[60]

Quifenadine hydrochloride (phencarol) - quinucli-
dinyl-3-diphenyl carbinol hydrochloride - first genera-
tion H,-histamine receptor blocker. The drug reduces
the content of histamine in tissues due to the activation
of the enzyme diamine oxidase, which breaks down up
to 30 % of tissue histamine. Quifenadine hydrochloride
is superior to diphenhydramine in duration of antihis-
tamine action. Unlike diphenhydramine and diprazine,
quifenadine does not inhibit the CNS, is characterized by
weak sedative properties. Quifenadine hydrochloride can
be used in the development of tolerance to other seda-
tive antihistamines [1, 2].

The drug penetrates poorly through the blood-brain
barrier, reduces the possibility of spasms of intestinal
smooth muscle, reduces the hypotensive effect and the ef-
fect on capillary permeability, has a moderate antisero-
tonin and weak cholinolytic effect. Quifenadine hydro-
chloride is used to treat anaphylactic shock, urticaria, hay
fever, Quincke’s edema, dermatoses, allergic rhinitis, food
and drug allergies [3].

In case of overdose of quifenadine hydrochloride cau-
ses dryness of the mucous membranes, headache, vomi-
ting, stomach pain and dyspepsia. At high doses, it can
affect the cardiovascular system, gastrointestinal tract,
liver and kidneys. Quifenadine hydrochloride does not
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enhance the inhibitory effect of ethanol and hypnotics
on the CNS, but has weak m-anticholinergic properties,
reduces gastrointestinal motility and enhances the ab-
sorption and cumulative properties of other drugs [4].

Detection and quantification of quifenadine hydro-
chloride in pharmaceuticals and biological matrices du-
ring treatment are based on the choice of highly sensi-
tive and selective research methods, which is an urgent
task for monitoring the effectiveness of treatment of the
population with antihistamines and diagnosis of drug
intoxication.

According to toxicological studies, one of the leading
places among drug poisonings is occupied by intoxica-
tion with antihistamines, due to the multi-vector phar-
macological effects, uncontrolled use of many combined
drugs for the treatment of seasonal diseases [5, 6].

According to the literature, systematic studies of most
antihistamines of the first generation are absent, insuffi-
ciently studied methods of their isolation, identification,
quantification in biological objects, which determines
the relevance of such studies using modern highly sensi-
tive and selective methods of analysis [6, 7].

The development of the analytical service in the di-
rections of monitoring the effectiveness of treatment of
the population with antihistamines and diagnosis of in-
toxications with the use of these drugs is based on the crea-
tion of databases of effective, economical and express
methods of drug analysis in biological objects using a uni-
fied HPLC study method [7, 8].

The aim is to develop an algorithm for directed ana-
lysis of quifenadine in biological extracts from blood using
a unified method of HPLC research.

MATERIALS AND METHODS

Quifenadine is determined in drugs and biological
objects by highly sensitive methods: spectrophotomet-
ric [9], extraction-photometric [10], spectrofluorimetric
[11], electrochemical [12], chromatographic methods -
thin layer chromatography (TLC) [8, 13], high perfor-
mance liquid chromatography (HPLC) [8, 14, 15].

The most common highly sensitive and selective chro-
matographic methods of chemical and toxicological ana-
lysis of first-generation antihistamines are HPLC and TLC.
These methods, in contrast to the spectral and electro-
chemical methods, are widely used for the separation
of mixtures of drugs, for the detection of impurities and
purification from them.

The literature presents HPLC methods for the study
of antihistamines using different conditions (options for
detecting the test substance, the use of isocratic and gra-
dient modes of elution, the use of different composition
of mobile phases, sorbents, buffer solutions).

Kaverina L. P. and co-authors developed a method
of HPLC analysis to study the pharmacokinetics of supras-
tin and phencarol in the blood plasma of rats [14]. HPLC -
method was based on the use of ion-pair and reversed-
phase chromatography (chromatograph model - Allech,

USA, 320) with a UV-detector (Allech, USA, 153). Detec-

tion of substances was carried out at a wavelength of

254 nm; Columns (250 mm x 4.6 mm) and Pre-Columns

(40 mm x 3.2 mm) Partisil - 10 ODS, 10 pm. Mobile phase:

methanol - water - acid propionic (90:10:0.2), the system

is saturated with ammonium dihydrophosphate at 20 °C.

The flow rate of the eluent in the column - 1.5 ml/min.

Time of chromatographic analysis - 15-20 min.

For HPLC separation of antihistamines, the use of dif-
ferent conditions is recommended:

e column with a Chromolith Fast Gradient RP-18 phase
(50 mm x 2 mm, 5 um). The mobile phase consisted
of two eluents: A - 0.1 % aqueous solution of acid
trifluoroacetic and B - 0.1 % solution of acid triflu-
oroacetic in acetonitrile. The linear gradient of the mo-
bile phase was from 5 % to 95 % of phase B. The flow
rate of the eluent in the column - 1.0 ml/min; volume
of the injected sample - 200 nl. Detection of the in-
vestigated compounds was carried out at 230 nm [15];

e column Spherisorb S5W (125 mm x 4.9 mm, 5 um);
mobile phase - 0.01 M methanol solution of ammo-
nium perchlorate with the addition of 0.1 M metha-
nol solution of sodium hydroxide to pH 6.7. The flow
rate of the eluent in the column - 1.0 ml/min; volume
of the injected sample - 1.0 pl. Detection of the sub-
stances was carried out at 230 nm [8].

The disadvantages of the above HPLC techniques are
the use of isocratic elution regime [8, 14], which limits
the ability to exit the column of all components of the samp-
le in the form of narrow zones and effectively separate
mixtures of drugs. Detection at one wavelength [8, 14, 15]
reduces the reliability of the results obtained in the iden-
tification and study of mixtures with other drugs, beca-
use it allows to use only the retention parameters without
the use of spectral ratios.

Modern HPLC methods for the analysis of quifena-
dine indicate the absence of systematic studies, which
does not allow the selection of optimal conditions for
the analysis of the drug in biological objects and pharma-
ceuticals.

To achieve these aims, need to solve the following tasks:

1. To carry out extraction of quifenadine according
to the developed technique isolation of organic substan-
ces of the basic character from biological objects.

2. To select the optimal conditions for TLC purifica-
tion and identification of quifenadine in biogenic extracts
(thin layers of sorbents, organic solvent systems, substan-
ce detection agent).

3. To approve a unified HPLC method for identifica-
tion and quantification of quifenadine in biogenic extracts
from blood according to the developed algorithm of di-
rected analysis in biological extracts using a unified HPLC
method.

Quifenadine hydrochloride (phencarol) was isolated
from tablets “Phencarol” (10 pcs) with 25 mg (OLFA,
Olainfarm, Joint-Stock Company, Latvia) as follows: the num-
ber of tablets, which contained 300 mg, were transferred
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to the porcelain mortar and were triturated to a homoge-
neous state. 100.0 ml of methanol was added to the mix-
ture and mixed thoroughly. The resulting mixture was fil-
tered through a paper filter in porcelain cup and evapo-
rated in water bath at a temperature not higher than 40 °C
to remove the organic solvent; the residue was dried.

It was added 0.1000 g of test substance to a 100.0 ml
volumetric flask, dissolved in methanol and the volume
of the solution was adjusted to the mark with solvent
(standard solution, concentration 1000.0 ug/ml).

Organic solvents corresponded to the qualification
of “PFA”: chloroform, methanol, hexane (Sigma-Aldrich,
USA). Reagents corresponded to the qualification of “PFA”:
10 % solution of acid trichloroacetic, 25 % solution of
ammonium hydroxide, 0.1 M solution of sodium hydrox-
ide (Chimmed, Moscow, Russia).

According to the algorithm for the study of biologi-
cal objects for the presence of drugs, the following steps
were performed: isolation of the substance from the bio-
logical object, purification from nutrients, identification
and quantification. Purification of extracts from co-ext-
ractive compounds was performed by combining TLC and
hexane extraction.

A model mixture of blood with quifenadine hydro-
chloride was used for the investigation. To 10 ml of the ap-
propriate biological fluid was added 1000.0 pg of quifen-
adine hydrochloride using an methanol solution of the drug
substance, which contained 1000.0 pg/ml, as well as cont-
rol samples. Samples were left for 24 h at room tempera-
ture. A day later, studies were performed according to
the developed extraction techniques.

Methods of isolation of quifenadine from blood
and extraction purification by hexane. To 10.0 ml of
a model mixture of blood with quifenadine hydrochlo-
ride, 5.0 ml of 10 % solution of acid trichloroacetic was
added for breaking bonds with proteins, mixed and chec-
ked with a universal indicator pH of the mixture - 2.0-2.5,
left for 2 h with constant stirring at room temperature.

The mixture was centrifuged at 3000-5000 rpm for
10 min, the the liquid over the precipitate was separa-
ted. Lipid impurities were extracted three times with
hexane in portions of 5 ml. Hexane phases were not in-
vestigated.

The aqueous layer was alkalinized with a 0.1 M solu-
tion of sodium hydroxide to pH 9.0 and the quifenadine-
base was extracted twice with chloroform in portions of
10.0 ml followed by centrifugation at 3000-5000 rpm for
10 min for the destruction of water-chloroform emulsions.
Chloroform extracts were combined and filtered through
a paper filter (“red tape”) with 1.0 g sodium sulphate anhy-
drous, TLC-purification of the extracts was performed.

Methods of TLC purification of biogenic extracts.
The purified chloroform solutions were evaporated at room
temperature to dryness, which was dissolved in 2.0-3.0 ml
of methanol, then quantitatively transferred to a volu-
metric flask with a capacity of 5.0 ml, brought to the mark
with methanol.

TLC purification was performed under conditions -
chromatographic plates Sorbfil PTLC-AF-A, system of or-
ganic solvents - chloroform-n-butanol-25 % solution of
ammonium hydroxide (70:40:5), R; ,nqdime = 0-25-0.30,
impurities are located at the startline or at the finish line.
Detection of quifenadine was performed under uniform
conditions using the most sensitive developers - UV light
(A = 254 nm) - purple color of the spots, sensitivity -
0.3-0.5 pg in the sample, reagent Dragendorff in the mo-
dification of Mounier - orange color of the spots, sensi-
tivity of the developer - 1.0-3.0 pg of the substance in
the sample [16].

TLC purification of quifenadine in the extracts was
performed according to the following method: 1.0 ml of
methanol solution of quifenadine after extraction puri-
fication, evaporated to 0.3-0.5 ml. At the starting line of
the chromatographic plate at a distance of 1-2 cm from
the edge to the point was applied using a calibrated capil-
lary witness - 0.01 % methanol solution of quifenadine.
At a distance of 1-2 cm from the witness was applied
an extract from the control sample, the diameter of the stain
should not exceed 0.5 cm. Methanol solution of quifena-
dine after extraction purification was applied in the form
of a strip 1.0-1.5 cm long.

The chromatographic plate was placed in a chromato-
graphy chamber, which was a glass vessel with a ground
lid with a volume of 500 cm?, into which a system of sol-
vents for chromatography (50 ml) was introduced, the cham-
ber was carefully closed, followed by solvent vapor satu-
ration for at least 30-60 minutes. The length of the mo-
bile phase front was 7 cm. Chromatography was comple-
ted when the solvent reached the finish line. The chro-
matographic plate was dried at room temperature, after
which its part with spots of the witness and extracts from
control sample was developed using UV light and Dragen-
dorf reagent in the Mounier modification.

At the level of the spot of standard methanol 0.01 %
solution of quifenadine from the part of the plate that
was not treated with the developer, removed a layer of
sorbent with an area of 4-5 cm?, transferred to the filter.
The substance was eluted three times with methanol of
5.0 ml and the resulting solution was filtered through
a filter (“red tape”).

The resulting solutions were evaporated at room tem-
perature to dryness, which was dissolved in 2.0-3.0 ml
of methanol, and then quantitatively transferred to a volu-
metric flask with a capacity of 5.0 ml, brought to the mark
with methanol.

Methods of research of quifenadine by HPLC method.
Chromatographic analysis was carried out on a microco-
lumn liquid chromatograph “Milichrome A-02” (EkoNova,
Closed Joint-Stock Company, Novosibirsk, Russia) accor-
ding to the unified HPLC method developed by Baram G. Y. [17]:
reversed-phase variant with using of metal column with
non-polar absorbent Prontosil 120-5C 18 AQ, 5 pm; mo-
bile phase in the mode of linear gradient - from eluent
A (5 % acetonitrile and 95 % buffer solution - 0.2 M
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Table 1
THE RESULTS OF HPLC ANALYSIS OF QUIFENADINE IN BLOOD EXTRACTS (n =5, P =95 %)
The value of the | Quifenadine was isolated Metrological characteristics, %
area of the peaks - _ - - -
S mm? ug % X S RSDx Sx Ax £
0.0064 13.00 325
0.0068 13.92 34.8
0.0069 14.04 35.1 35.24 1.78 2.25 0.84 2.34 6.65
0.0070 14.48 36.2
0.0073 15.04 37.6

solution of lithium perchlorate in 0.005 M solution acid
perchloric) to eluent B (100 % acetonitrile) as during
40 min. Regeneration of column has been conducted du-
ring 2 min with mixture of solvents; the flow rate of the mo-
bile phase has been formed 100 pl/min, injection volume - 4 pl.

Multichannel detection of the substance was carried
out using a two-beam multi-wave UV spectrophotometer
at 8 wavelengths of 210, 220, 230, 240, 250, 260, 280,
and 300 nm; the optimal value of column temperature -
37-40 °C and pressure of pump - 2.8-3.2 MPa.

RESULTS AND DISCUSSION

Identification of quifenadine has been performed
by retention parameters and spectral ratios. It was fo-
und that the absolute retention time of quifenadine was
20.27 + 0.03 min, the absolute retention volume was
2026.9 + 0.34 pl. To obtain reliable identification results,
the spectral ratios of the optical density values at wave-
lengths from 220 to 280 nm to the optical density values
at 210 nm were determined - 0.634 + 0.005; 0.255 + 0.006;
0.041 +0.005; 0.022 + 0.004; 0.027 + 0,004; 0.001 + 0.006;
0.001 £ 0.008.

Peak symmetry coefficients and capacitance coeffi-
cients were determined to verify the choice of chromato-
graphy conditions. It was found that the values of the coef-
ficients of symmetry of the peaks were equal to 1.01 + 0.05
(less than 2.0-2.5) and the coefficients of capacity -
12.51 £ 0.02 (more than 0.5-2.0) showed the suitability
of the chromatographic system HPLC analysis.

The method of determination of quifenadine by HPLC
was validated by the parameters: range of linearity, limits
of quantitative determination (LOQ), accuracy and pre-
cision in the areas of low, medium and high concentra-
tions of the test substance [18]. To quantify quifenadine,
the absolute calibration method was used using the area
of the peaks of the substances.

The concentration of quifenadine in methanol solu-
tion (C, pg/ml), which was obtained after purification of
biogenic extracts by TLC and extraction methods, was cal-
culated using a calibration graph or the equation of the line
corresponding to the calibration graph.

The linearity of the calibration graph was observed in
the concentration ranges of 5.0-100.0 pg/ml, which corres-
ponded to the content of quifenadine in the sample (4 ul)
from 20.0 ng to 400.0 ng. The lower limit of determination of
quifenadine by HPLC was 5.0 pg/ml (20.0 ng in the sample).

The equation of the linear dependence of the area of
quifenadine peaks (S, mm?) on its concentration (C, ug/ml)
had the form: S = 0.42-102 C + 0.94-10°. The correlation
coefficient was 0.9985 [18].

When performing HPLC analysis of quifenadine in
model solutions using the proposed method, the relative
uncertainty of the average results did not exceed * 1.87 %,
which indicated the suitability of HPLC conditions for
analysis in biological objects [18].

The amount of quifenadine in samples of blood was
calculated by the formula:

- CV1V3k100

Cy av,

where: C,, ,, - mass fraction of quifenadine in 10 ml of
blood, in %; V, - volume of a volumetric flask with me-
thanol extract of the substance from blood after extrac-
tion purification (5 ml); V, - volume of methanol extract
of the substance from blood, taken for TLC purification
(1 ml); V; - volume of the volumetric flask with the ex-
tract after TLC purification using methanol (5 ml); k - coef-
ficient of recount, which is equal to the ratio of molecular
weights of salt/base; a — weight of the sample of quifena-
dine hydrochloride, which is made in 10.0 ml of blood
(1000.0 pg).

The results of the study are shown in Tab 1.

According to the results of research it is established
that when isolating quifenadine from blood according to
the developed methods it is possible to allocate 32.5-37.6 %
of substance (& = + 6.65 %, RSDx = 2.25 %).

According to the results of HPLC and TLC studies,
an algorithm for directed blood analysis for quifenadine
was developed (Tab. 2).

When comparing the developed algorithm for the ana-
lysis of quifenadine in the blood with the previously men-
tioned study [10], it was found that to break the bonds of
quifenadine with proteins used a 20 % solution of sulfuric
acid to pH 2.0; for extraction of quifenadine-base used chlo-
roform at pH 8.0 after adding 25 % ammonia solution.

Extraction-photometric method with bromothymol blue
was used for quantitative determination of quifenadine.
As aresult of application of this technique 56.89-57.11 %
of quifenadine were allocated from blood.

Thus, in the above algorithm of analysis there was no
stage of purification of extracts from impurities. Accor-
ding to the literature, the use of strong acids to break




ISSN 2311-715X (Print)

YKpaiHCbKni biodapmaLeBTUUHIIA kypHan, Ne 3 (64) 2020

Table 2

ALGORITHM FOR DIRECTED ANALYSIS OF QUIFENADINE IN BLOOD

Stage of the algorithm

Conditions of performance

Destruction binding of
quifenadine to proteins

To 10.0 ml of a model mixture of blood with quifenadine hydrochloride, 5.0 ml of 10 % solution
of acid trichloroacetic was added mixed and checked with a universal indicator pH of the
mixture—2.0-2.5, left for 2 h with constant stirring at room temperature

Extraction purification by
hexane

The mixture was centrifuged at 3000-5000 rpm for 10 min, the the liquid over the precipitate
was separated. Lipid impurities were extracted three times with hexane in portions of 5 ml.
Hexane phases were not investigated

Chloroform extraction of
quifenadine-base

The aqueous layer was alkalinized with a 0.1 M solution of sodium hydroxide to pH 9.0 and
the quifenadine-base was extracted twice with chloroform in portions of 10.0 ml followed by
centrifugation at 3000-5000 rpm for 10 min for the destruction of water-chloroform emulsions

TLC-purification and
preliminary identification
of quifenadine in extracts

System of organic solvents - chloroform-n-butanol-25 % solution of ammonium hydroxide
(70:40:5), developers - UV light, Dragendorff reagent modified by Munie, Ry, e = 0-25-0.30
(Sorbfil PTLC-AF-A)

Confirming HPLC-
identification of
quifenadine in extracts

Quifenadine was identified with the retention time of 20.27 + 0.03 min; retention volume
2026.9 £ 0.34 pl; spectral relations: 0.634; 0.255; 0.041; 0.022; 0.027; 0.001; 0.001

Quantitative determination
of quifenadine in extracts
by HPLC-method

The range of linearity of the calibration graph is 5.0-100.0 pg/ml, which corresponds

to the content of quifenadine in the sample from 20.0 ng to 400.0 ng, respectively. To determine
the content of quifenadine, the equation S = 0.42:1073 C + 0.94-1073, the correlation coefficient
was 0.9985

ISSN 2519-8750 (Online)

the bonds of the substance with proteins is the cause of

significant contamination of blood extracts with organic

impurities, and the results may be false positive [19].
The algorithm developed as a result of the presented

research had advantages:

e the use of a unified HPLC technique made it possible
to identify quifenadine by retention parameters and
spectral ratios, which made the results accurate, re-
liable and reproducible;

e the use of a linear gradient mode of elution of qui-
fenadine allowed to obtain symmetrical, sharp chro-
matographic peaks (peak symmetry coefficient did
not exceed 2-2.5) and to carry out their reliable pro-
cessing. The results of identification and quantification
by HPLC were calculated using a computer program
“Multichrome” (CJSC “Ampersend”, Moscow, Russia),
which was included in the chromatograph;

e high degree of purification of extracts from impuri-
ties allowed to obtain reliable and reproducible re-
sults in accordance with metrological characteristics.
The disadvantages of the developed analysis algorithm

were the low degree of quifenadine extraction from the blood -

32.5-37.6 % of the substance. These results were due to

losses in the multi-stage purification of extracts from im-

purities, as well as the use of a unified method of extrac-

tion of the substance without taking into account the in-
dividual properties of quifenadine.

Chromatographic techniques can be recommended
for implementation in practice of the Bureau of Forensic
Medical Examination, poison control centers, clinical la-
boratories regarding the study of medicinal substances
in biological objects.

CONCLUSIONS

1. Quifenadine was extracted with chloroform at pH 9.0
from blood. Purification of extracts from co-extractive
compounds was performed by combining TLC and
extraction with hexane. It is established that when
isolating quifenadine from blood according to the de-
veloped methods it is possible to allocate 32.5-37.6 %
of substance (& = * 6.65 %, RSDx = 2.25 %).

2. The method of TLC purification and identification of
quifenadine in biogenic extracts was tested under op-
timal conditions: system of organic solvents - chloro-
form-n-butanol-25 % solution of ammonium hydroxide
(70:40:5), location reagents — UV light, reagent Dragen-
dorff in the modification of Mounier, R, =0.25-0.30
(Sorbfil PTLC-AF-A).

3. The unified HPLC method for identification and quan-
tification of quifenadine was tested in biogenic extracts
from blood according to the developed algorithm of
directed analysis. It was found that quifenadine can
be identified by retention time - 20.27 + 0.03 min;
retention volume 2026.9 + 0.34 pl; spectral ratios -
0.634; 0.255; 0.041; 0.022; 0.027; 0.001; 0.001. Equa-
tion was used to determine the quifenadine content
S$=0.42-103 C + 0.94-107 the correlation coefficient
was equal to 0.9985.

quifenadine

4. Chromatographic techniques can be recommended

for implementation in practice of the Bureau of Foren-
sic Medical Examination, poison control centers, cli-
nical laboratories regarding the study of medicinal
substances in biological objects.
Conflict of interests: authors have no conflict of
interests to declare.
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