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This article presents the results of the standardized conditions elaboration for detection and identification
of sulfonylureas derivatives (SUD) such as glibenclamide, gliclazide and glimepiride obtained by
chromatographing of their extracts from the liver tissues using TLC method. The isolation of SUD from
a biological object has been conducted with the help of general methods for chemico-toxicological
analysis of drugs such as extraction with water acidified by oxalic acid according to Vasileva method
and extraction with ethanol acidified by oxalic acid according to Stas-Otto method. The chloroform
extracts obtained have been examined according to the methodology of TLC-screening of drugs in
two stages. At the first stage ethyl acetate as the common mobile phase was used, and at the second
stage — the special systems for the substances studied such as ethyl acetate — glacial acetic acid
(49.5:0.5) and methylene chloride — ethyl acetate — glacial acetic acid (50:50:1). For detection of their
adsorption zones the specific reagents were used: 1% solution of vanillin and 5% solution of chloral
hydrate. It has been found that the chloroform extracts of SUD previously introduced in the model
sample of the liver in the concentration of 20 mg per 50 g of the biological object and isolated from this
sample by Stas-Otto method have satisfactory Rf values that meet the chromatographic parameters
of Rf values of the standard substances. However, when chromatographing the chloroform extracts
of SUD introduced in the biological object in the same concentration and isolated from it by Vasileva
method the absorption zones in the thin layer have not been found. With increase in concentrations of
the compounds studied to 50 mg per 50 g of the biological object and subsequent chromatography of
the corresponding chloroform extracts obtained by Vasileva method, their Rf value did not correspond
to the chromatographic parameters of the standard substances. Thus, the application of Vasileva
method to obtain the extracts of the SUD under study from the liver tissues has a negative impact on
their detection sensitivity and parameters of the chromatographic mobility in the thin layer. It has been
determined that the proposed and standardized conditions for detection and identification of SUD
drugs by TLC are suitable for chemico-toxicological analysis of chloroform extracts obtained from the

liver tissues by Stas-Otto method.

Sulfonylurea derivatives (SUD) — glibenclamide, gli-
clazide and glimepiride form the base of treatment for
type 2 diabetes mellitus [1, 8, 10]. The features of their use
are specificity of the group (older patients), OTC avai-
lability, polypragmasia and other factors, which form their
toxicological hazard. These factors cause development
of side effects, which lead to the acute or lethal poison-
ing. As a rule, side effects of the toxic nature are deve-
loped with the doses that are higher than the therapeutic
ones, while the lethal poisoning occurs most frequently
due to intentional (suicide) drug overdose with further
development of hypoglycemia, lactic acidosis, cardio-
vascular events, and other pathological complications
[9-14]. Thus, the websites of FDA and patientsville.com
highlight 182 cases of lethal poisoning with this drug in
the world during the period from 2010 to 2013.

Thin layer chromatography (TLC) is one of the most
applied instrumental methods used at different stages
of the chemico-toxicological analysis (CTA) when poi-
soning with drugs for their detection and identification
in the extracts from biological objects [2, 3, 6]. The ex-
tracts obtained after isolation of toxicants from biologi-
cal objects are commonly contaminated with different
impurities. Their presence in the extract can affect the
chromatographic mobility of these substances. In such
cases, it is necessary to conduct pre-standardization of
the chromatographic conditions proposed using stan-
dard samples of the toxicants.

In our previous chromatographic investigations of
glibenclamide and gliclazide the general and specific
chromogenic reagents for their identification were de-
termined [4], as well as the conditions for selective sepa-
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ration of these substances in a thin layer of the sorbent
were developed and standardized [5].

Therefore, the aim of the work was to develop the
standardized conditions for detection and identification of
glibenclamide, gliclazide and glimepiride by TLC using
their extracts from biological objects obtained by gene-
ral methods for chemico-toxicological analysis of drugs.

Materials and Methods

The method for preparation of test solutions of gli-
benclamide and glimepiride. Place approximately 20.0 mg
of the standard sample of glibenclamide or glimepiride
(for isolation by Stas-Otto method) and 20.0 mg and
50.0 mg of the standard sample glibenclamide or glime-
piride (for isolation by Vasileva method) into a 10 ml
volumetric flask, add 3.0 ml of methanol — methylene
chloride mixture (1:1) and mix.

The method for preparation of test solution of gli-
clazide. Place approximately 20.0 mg of the standard
sample of gliclazide (for isolation by Stas-Otto method)
and 20.0 mg and 50.0 mg of the standard sample of gli-
clazide (for isolation by Vasileva method) into a 10 ml
volumetric flask, add 3.0 ml of chloroform and mix.

The method of isolation of glibenclamide, gliclazide
and glimepiride by method Vasileva. Place 50 g of the
chopped pig liver in a flask, add 3 ml of the test solu-
tion of the corresponding drug of SUD. Stir the mix-
ture carefully and allow to stand for 24 h. The isolation
of the drugs studied from the mixture obtained is done
with water acidified by oxalic acid according to the me-
thod [2]. Further the chloroform extracts obtained are
studied by TLC.

The method of isolation of glibenclamide, gliclazide
and glimepiride by Stas-Otto method. Place 50 g of the
chopped pig liver in a flask, add 3 ml of the test solu-
tion of the corresponding drug of SUD. Stir the mix-
ture carefully and allow to stand for 24 h. The isolation
of the drugs studied from the mixture obtained is done
with ethanol acidified by oxalic acid according to the
method [2]. Further the chloroform extracts obtained are
studied by TLC.

The chromatographic conditions. The study was per-
formed on Merck silica gel 60 F,5, chromatographic pla-
tes (Germany) and Sorbfil (Russian Federation) with
the size of 10x10 cm. Before eluating the samples the
chromatographic plates were previously washed with
methanol and activated in a drying cabinet at 110-120°C
for half an hour. The following systems of solvents were
used as mobile phases: 1) ethyl acetate; 2) ethyl acetate —
glacial acetic acid (49.5:0.5); 3) methylene chloride —
ethyl acetate — glacial acetic acid (50:50:1). Among them:
system 1 is the system for common TLC-screening of
drugs of the acidic nature recommended by the Interna-
tional Association of Forensic Toxicologists (TIAFT); sy-
stems 2 and 3 are special systems proposed by the authors
for identification of the substances of SUD studied. For
detection of the adsorption zones of the substances un-
der research such reagents as 1% solution of vanillin
and 5% solution of chloral hydrate were used.

The chromatographic procedure. The analysis was
performed in a standard chromatographic chamber pre-

viously saturated with eluent vapours for 30 min. The
chloroform extracts of SUD (1-2 ml) obtained from the
liver tissues were evaporated to the minimal volume
of 0.05 ml. At the starting line of the chromatographic
plate previously activated 5 puL of the corresponding
extracts of the drugs studied was applied with a glass
capillary. Five uL (1 pg in the sample) of the test solu-
tions of the corresponding drugs was applied at the dis-
tance of 1 cm. The chromatographic plate was placed
into the chamber with the corresponding mixture of sol-
vents and eluated. When the solvent front passed 8 cm
from the starting line, the plate was removed from the
chamber, air-dried, examined under UV-light at 254 nm
and treated with the corresponding reagents.

Results and Discussion

According to the literature sources [9, 12-14], lethal
poisonings with drugs of SUD are primarily associated
with suicidal overdose in the doses that are 5 to 10 times
higher than the therapeutic ones depending on the cir-
cumstances. When taking per os and after absorption these
drugs undergo biotransformation in the liver with for-
mation of active and inactive metabolites. According to
the pharmacokinetic data the half-life of glibenclamide
and glimepiride is from 5 to 8§ hours, and gliclazide —
from 20 to 40 hours [1]. Therefore, in the first hours
after death in the liver tissues of an injured person a
certain concentration of SUD in a native (unaltered)
form can be detected at the level of concentrations of
the corresponding metabolite; based on the data of the
sources [9, 12-14] it can be up to 20 mg equivalent to
50 g of the biological object. It is this concentration of
glibenclamide, gliclazide or glimepiride that we pro-
posed for their introduction into the model sample of
the biological object selected. Considering the physical
and chemical properties of SUD (solubility in organic
solvents and insolubility in water, pKa 5.3-6.2) their
isolation from the liver tissues was performed by gene-
ral methods for CTA of drugs, namely extraction with
water acidified by oxalic acid according to Vasileva
method and extraction with ethanol acidified by oxalic
acid according to Stas-Otto method [2]. The chloroform
extracts obtained were studied in the conditions stan-
dardized by authors [5] according to the methodology
of TLC-screening of drugs in two stages [7]. At the first
stage of our research ethyl acetate (system 1) was used
as the common mobile phase for the substances of the
acidic and neutral character, and at the second stage —
the special systems 2 and 3 for the substances studied
such as ethyl acetate — glacial acetic acid (49.5:0.5) and
methylene chloride — ethyl acetate — glacial acetic acid
(50:50:1), respectively.

It has been found that after chromatography of the
chloroform extracts of SUD obtained by Stas-Otto me-
thod and the treatment of the thin layer with reagents
specific for this group of substances the coloured spots
with the Rf values relative to standard substances were
clearly identified on the chromatographic plates. How-
ever, after chromatography of the chloroform extracts
of SUD obtained by Vasileva method the adsorption zones
corresponding to these substances in the thin layer were
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Table
Parameters of the chromatographic mobility of the substances studied
Rf values
glibenclamide gliclazide glimepiride
*
: Extracted Extracted Extracted
o]
Z | Standard bExtra;ted by Stas- Standard Extragted by Stas- Standard Extraqted by Stas-
c y Vasileva by Vasileva by Vasileva
sample Otto sample Otto sample Otto
9 method method method
2 method method method
= 3| =1 8|=]8|=|18|=]8|=|8|=|8|=|8|=]|38
047 |042|035|0.30|046|0.43|0.48 | 044|038 |0.36 | 047 | 0.46 | 0.46 | 0.40 | 0.36 | 0.34 | 0.45 | 0.41
2 10.64|063|0.57|056|065|0.65|0.73|0.74 | 0.67 | 0.64 | 0.70 | 0.70 | 0.66 | 0.67 | 0.60 | 0.59 | 0.65 | 0.63
3 10.56|0.56|0.50|050|055|0.56|0.66|0.68|0.57|057]|0.66|0.67|050]|0.52]|0.45]| 046 | 0.50 | 0.51

Notes. * - numbering of the systems according to the list presented above.

not identified. These results can be explained by a lower
degree of extraction of SUD acidified with water com-
pared to extraction acidified with ethanol due to the
peculiarities of physical and chemical properties of the
substances studied. With the purpose of improving de-
tection sensitivity of SUD isolated from the liver tis-
sues by Vasileva method the concentration in biological
objects up to 50 mg per 50 g of the liver weight was
increased. The results obtained are given in Table.

When chromatographing SUD extracts obtained by
Stas-Otto method in the solvent system 1 the Rf values
on Merck (0.45-0.47) and Sorbfil (0.41-0.46) plates were
correlative with the Rf values of their standard samples
(0.46-0.48 and 0.40-0.44, respectively). Such trend is
also observed when chromatographing the correspond-
ing extracts in the solvent systems 2 and 3. However,
when chromatographing extracts of SUD obtained by
Vasileva method in system 1 the Rf values of these sub-
stances on Merck (0.35-0.36) and Sorbfil (0.30-0.36)
plates did not correspond to the Rf values of the stan-
dard samples. It can be explained by the influence of
endogenous substances on the research results because
Vasileva method does not involve purification of ex-
tracts from the biological material from proteins. This
tendency is also observed when chromatographing the
corresponding extracts obtained by Vasileva method in
the solvent systems 2 and 3.

The colouring of the adsorption zones of the sub-
stances under study after treatment of chromatographic
plates with the reagents specific for SUD was correla-
tive with the results obtained by the authors in standar-
dization of the chromatographic conditions [5]. In parti-
cular, 1% solution of vanillin with glibenclamide for-
med a violet colour, with gliclazide — a dark blue colour
and with glimepiride — a brown colour, and 5% solution
of chloral hydrate — a green brown, dark brown and red
colour, respectively.

CONCLUSIONS

1. The elaboration of the standardized conditions for
detection and identification of glibenclamide, gliclazide
and glimepiride by TLC using their extracts from the
liver tissues obtained by general methods for CTA of
drugs, namely Vasileva and Stas-Otto methods, has been
performed.

2. It has been found that the application of Vasileva
method to obtain the extracts of the substances of SUD
under study from the liver tissues has a negative impact
on their detection sensitivity and parameters of the chro-
matographic mobility in the thin layer of the sorbent.

3. It has been determined that the proposed and stan-
dardized conditions for detection and identification of
drugs from SUD by TLC are suitable for chemico-toxi-
cological analysis of chloroform extracts obtained from
the liver tissues by Stas-Otto method.
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XPOMATOIPA®IYHE OOCNIOXEHHA BUNYYEHD MIBEHKINAMIAY, MIKNA3UAY

TA rMIMENIPUAY 3 BIONOIN4YHUX OB’EKTIB

T.B.Ky4ep, C.I. Mep3nikiH

Knrovoei cnioea: nikapcbki 3acobu; MoxiOHi CyribgbOHINCEH08UHU; XiMIKO-MOKCUKOMO2IYHUL aHani3;
bionoeiyHi 06’°ekmu; Memodu i3ommoeaHHs; Mmemod TLLUX

BucsimneHi pe3yrbsmamu cmoco8HO orpauros8aHHs cmaHoapmu3o8aHUx asmopamu yMoe 8USI8NEeH-
Hs ma iBeHmudbikauii noxioHux cynegoHrinceqyosuHu (MCC): enibeHknamidy, anikna3udy ma animeni-
pudy, ski 6ynu odepxaHi npu xpomMamozpaghyeaHHi ix euslydeHb 3 MKaHUH rnedviHku memodom TLLX.
Ans isormoeaHHs [1CC 3 6ionoziyHo20 06°ekmy 3acmocogyearu 3a2asibHi Orisi XiMiKO-mOKCUKOoaiy-
HO20 aHarni3y niKkapcbKux pedo8uH mMemoou: nidkuceHo 80dor (Memod Bacurbegoi) ma nidkucrie-
Hum emaHornom (Memod Cmaca-Ommo). OdepixaHi xrnopogopmHi ekcmpakmu [NCC xpomamoepa-
¢ysanu 8 moHkomy wapi 8idnogidHo 0o memodosnoeii TLLIX-CKpuHiH2y JiKapCbKUX pe4o8uUH y d8a
emanu. Ha nepwomy emarni docnidxxeHb SK 3a2anbHy pyxoMmy ¢ha3y sukopucmosysasnu emunauye-
mam, a Ha Opya2omy — crneuianbHi 0515 0ocnidx)ysaHux CroyK cucmemMu: emunayemam-Kuciaoma
auemamHa nbodsiHa (49,5:0,5) ma memuneHxnopud-emunayemam-Kucrioma ayemamHa fibo0siHa
(50:50:1). [nsa susierieHHs1 30H ix adcopbujii sukopucmosysarnu crieyuidyHi peazeHmu: 1% po34uH
8aHiniHy ma 5% po34uH xnoparneidpamy. BcmaHoeneHo, wo npu xpomamozpaghysaHHi Xiiopoghopm-
Hux ekcmpakmig NCC, nonepedHbo yeedeHux y MoOesibHUl 3pa3oK NMevyiHKU 8 KoHUeHmpauii 20 me
Ha 50 2 6ionoaidyHo2o 06’ekmy ma gudineHux 3 ocmaHHb020 memodom Cmaca-Ommo, iX 3Ha4eHHs
Rf 3adosinbHo 8idnogidanu xpomamoepagiyHum napamempam g8idrnogidHUX cmaHOapmMHUX Peyo-
8uH. lMpome nipu xpomamozpaghysaHHi xropoghopmHux ekcmpakmie NCC, yeedeHux y bionoaidHul
06°ekm 8 aHaroeiyHill KoHUeHmpauji ma eudineHux 3 Hboeo MemodoM Bacunbeagoi, 3o0HuU ix adcopbuil
Y MOHKOMY wiapi He susieneHi. [pu 36inbweHHi KoHUeHmpauii docnioxysaHux cronyk 0o 50 me Ha 50 e
bionoziyHo20 06°ekmy ma xpomamozpaghysaHHi 8i0no8idHUX X/10POhOPMHUX eKcmpakmis, odep-
XXaHux memodomM Bacunbegoi, ix 3HadyeHHs1 Rf He gidnoesidanu xpomamoepaghiyHUM rnapamempam
8i0rnoesidHuUx cmaHAapmHux pedosuH. Omxe, 3acmocygaHHs MemoQOy Bacurbegoi 05151 i30/1108aHHSA
docnidxysaHux lNCC 3 mKkaHUH neYiHKU HeeamugHO 8r1/iueac Ha Yymiiugicms ix eusierieHHs1 ma rnapa-
Mempu xpomamozpagbidHOI pyxiueocmi 8 moHKOMy wapi copbeHmy. 3anpornoHosaHi ma cmaHdap-
mu3oeaHi yMogu 8usierieHHs1 ma ideHmudabikauii nnikapcbkux pedosuH NCC memodom TLLUX eusHaqeHi
npudamHumu 01151 XiMiKO-MOKCUKOT02i4HO20 OOCTIOXKEHHS iX X/I0pOGhOPMHUX eKcmpakmis, odepxa-
HUX 3 MKaHUH redviHku memodom Cmaca-Ommo.

XPOMATOIPA®UNYECKOE UCCNEANOBAHUE U3BITIEYEHUWU IMUBEHKNAMUIA,
MWKNA3WAA U TMWUMENPUOA U3 BUONMOITMYECKUX OBBEKTOB

T.B.Ky4ep, C.hU.Mep3nukuH

Knroveenle criosa: riekapcmeeHHble cpedcmea; Mpou3800HbIE CyribGhOHUIMOYE8UHbI; XUMUKO-
MOKCUKomo2u4Yeckul aHanu3s; buonoaudyeckue obbekmabl; Memoobl usonuposaHus; Memod TCX
OcseuweHbl pe3ynbmamsl 1o anpobuposaHuo cmaHlapmu3upo8aHHbIX asmopamMu ycriosuli 0bHa-
py>KeHust u ueHmudbukayuu npou3eo0HbIX cyrbghoHuUModesuHsl (NMCM): enuberknamuda, anuknasuda
u enumenupuda, Komopabie Obinu rosy4YeHbl Npu XpoMamoegpachupogaHuUU UX u3ernedeHul U3 mkaHed
nedyeHu memodom TCX. [ns usonuposaHusi [ICM u3 6uonosudeckoeo obbekma rnpumeHsnu obuue
0715 XUMUKO-MOKCUKOJT02U4YEeCKO20 aHaru3a JieKkapCmeeHHbIX 8eulecma Memoosbl: MOOKUCIEeHHOU
8odol (Mmemod Bacurnbesoli) u nodkucrieHHbIM amaHoroMm (Memod Cmaca-Ommo). [Nony4YeHHble
xropoghopmHbie skecmpakmbl [TCM xpomamozpagbuposariu 8 MOHKOM CrlI0€ 8 CO0M8emcmeuu ¢ Me-
modonozauel TCX-CKpUHUH2a rlekapCmeeHHbIX seuecme 8 08a amarna. Ha nepgeom amane uccrie-
QosaHuUl Kak obwyto ModsuUxHYto ¢hasy Ucronb3o8anu smunayemam, a Ha 8MmopoM — crieyuarsibHble
0nia uccnedyembix coeduHeHUl cucmeMsl: amunayemam-Kkucrioma ykcycHas nedsHas (49,5:0,5) u
MemurieHxopud-amunayemam-kucroma ykcycHas nedsiHas (50:50:1). [dns obHapyXeHuUsi 30H ux
adcopbyuu ucnonb3osanu cneyuguyeckue peaceHmni: 1% pacmeop eaHunuHa u 5% pacmeop
xmopaneudpama. YcmaHo8/1eHo, 4mo rnpu XxpoMmamozepaguposaHuu Xi0p0ohOpPMHbIX IKCMpPaKkmos
[1CM, npedseapumeribHO 88e0eHHbIX 8 MOOEeSIbHbIU 0bpasey nedyeHu 8 KoHyeHmpauuu 20 me Ha 50 2
buornoauvyecko2o obbekma u 8bideneHHbIX U3 nocrnedHe2o memodom Cmaca-Ommo, ux 3HadyeHus Rf
ydoeremeopumeribHO omeeyarsu Xpomamoepaghudeckum rnapamempam CoOOMmMeemcmayuUX cmaH-
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OapmHbix sewjecms. OOHaKo Mpu xpomamozpaguposaHuu XropohopMHbIX akcmpakmos [NCM, ese-
OeHHbIX 8 buosioauyeckull 06beKm 8 aHasl02u4YHOU KOHUEHmMpauuu U 8bi0efieHHbIX U3 He20 Memooom
Bacunbeegol, 30HbI ux adcopbuuu 8 MOHKOM crioe He 0bHapyxeHbI. [1pu yeenu4yeHuu KoOHUeHmpauyuu
uccnedyembix coeduHeHuli 0o 50 me Ha 50 e buonoau4eckoz2o obbekma u xpomamozpaghuposaHuu
€coomeemcmeyuwux Xr1opoghopPMHbLIX 3KCMPaKmMOo8, Mosly4yeHHbIX Memooom Bacunbesol, ux 3Haqye-
Husi Rf He coomeemcmeosarnu xpomMamozpaghudecKkuM rnapamempam cOOmeemcmeyowWux cmaH-
OapmHbix seujecms. Takum obpa3om, npumeHeHUue memoda Bacunbesol Onsi usonuposaHus uc-
cnedyembix [NCM u3 mkaHel neyeHU He2amugHO 8/lUsiem Ha 4y8cmeumesibHOCMb UX OOHapyXeHusi
U napamempsbl XpoMamozepagu4eckol nod8uUXHOCMU 8 MOHKOM crioe copbeHma. [pedrnoxeHHbIe
u cmaHdapmu3upo8aHHble ycri08usi 0bHapyxeHuUs1 u uGeHmuguKayuu 1eKkapcmeeHHbIX 8eu,ecms
F1CM memodom TCX onpedeneHsbl npuemnembiMu 051 XUMUKO-MOKCUKOI02U4eCcKo20 uccriedosaHusi
UX XI10pOhOPMHBIX 3KCMPaKmMos, rnoryYeHHbIX U3 mkaHel nedyeHu memodom Cmaca-Ommo.



