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Application of thin layer chromatography in the analysis
of efavirenz

Aim. To carry out the integrated study of visualization conditions of efavirenz on TLC-plates with aplication of standard
and particular colored reagents, and the chromatographic behavior of efavirenz using standard mobile phases.

Results and discussion. It has been shown that such widely used color reagents as UV-light, Erdmann rea-
gent, Froehde reagent, Liebermann reagent, sulfuric acid, Marquis reagent, Mandelin reagent, acidified iodoplatinate
solution, iodine vapor can be used for efavirenz detection on chromatographic plates. Efavirenz gives the positive
detection results with reagents used in the TLC-screening of extracts from the biological material for substances of
basic, acid and neutral nature. The chromatographic mobility of efavirenz has been studied in 17 solvents systems;
the systems are used as standard mobile phases according to the recommendations of the International Association
of Forensic Toxicologists for TLC-screening of organic compounds of acid, neutral and basic nature, and as well as in
the general TLC-screening of organic substances in the Ukrainian forensic toxicological laboratories.

Experimental part. The chromatographic plates Sorbfil® PTLC-IIH-UV and Merck® TLC Silica gel 60G
were used as thin layers.

Conclusions. The behavior of efavirenz when developing on TLC-plates with two types of a substrate
(plastic and glass) and with/without a luminophor with commonly used colored reagents has been studied. The R,
values of efavirenz under chromatographing conditions in the standard solvent systems used for TLC-screening
of organic compounds of acid, neutral and basic nature have been set.
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" lsaHO-®paHkKiecbKuli HauioHanbHUl Medu4HUl yHieepcumem, YkpaiHa

2 HaujioHanbHul ghapmayesmuyHull yHisepcumem, YkpaiHa

3acTtocyBaHHSA TOHKOLWApPOBOi xpomaTtorpadii B aHanisi echaBipeHuy

MeTa. [NpoBecTn KOMMNEKCHe AOCNIMKEHHSA YMOB Bidyanisauii edpasipeHuy Ha TLUX-nnactuHax i3 3acTocy-
BaHHAM CTaHOAPTHUX | OKPEMUMX KOFNIbOPOBUX PeareHTiB, a TakoxX XpomartorpadiyHoi NoBeaiHKM edaBipeHLly 3 BUKO-
PUCTaHHSAM CTaHAAPTHUX pPyxoMux das.

Pe3ynirati Ta ix o6roBopeHHs. [oka3aHo, Lo Anst BUSIBNEHHs edbaBipeHLly Ha XxpomaTorpadivyHnX nnacTrHax
MOXHa BMKOPWCTOBYBaTU Taki LULMPOKO BiJOMi MPOSIBHWKK, K YP-CBITNO, peaktvB Epamana, peaktvB ®pene, peaktvs
JliGepmana, cynbthatHa kmucnoTa, peaktne Mapki, peaktne MaHgeniHa, NigKMCNeHnn Po3|MH MoaonnaTnHary, napm mnogy.
EdpasipeHy gae nosuTuBHI pe3ynsrati BUSIBNIEHHS 3 peakTuBamu, WO BUKOPUCTOBYOTb B TLUX-CKpuHIHTY BUTSAriB
3 BionoriyHoro MaTepiany Ha Pe4oBWHY OCHOBHOTO, KUCTIOTO | HEMTPArIbHOrO XapakTepy. XpomartorpadiyHy pyximBicTb
edaBipeHLy AocnimkeHo B 17 cucteMax po3dYMHHIUKIB, cepes Sknx pyxoMi ¢hasu, Lo 3aCTOCOBYIOTb SK CTaHAAPTHI 3ria-
HO 3 pekoMeHaauigsMy MixkHapogHOro KOMITETY 3 CUCTEMATUYHOIO TOKCMKOIONYHOMO aHanidy MixxHapogHoi acouiavii
cynoBux Tokeukonori Ans TLX-CKpUHIHTY opraHiYHMX pe4YOBUH KUCIOro, HEMTParbHOrO Ta OCHOBHOMO XapaKkTepy, a Ta-
KOX y 3aranbHomy TLLX-CKpUHIHTY OpraHiqH1X peHOBWH Y Cy[OBO-TOKCUMKOMOTi4HMX flabopaTtopisix YkpaiHu.

ExkcnepuMeHTanbHa YacTuHa. Sk TOHKi wapun BukopucTtoByBanu nnactuHy Sorbfil [ITCX-1I1B-Y® ta Merck
TLC Silica gel 60G.

BucHoBku. [JocnigxeHo noBefiHky edasipeHLUy Npu NposiBreHHi 3aranbHOMPURHATUMUN XPOMOrEHHUMU pe-
areHTamy Ha nnactuHax ans TWX 3 ggoMa Tvnamu nignoxku (nnactuk Ta ckno) Ta 3 Y®-ingukatopom i 6es
Hboro. BcTaHoBneHo 3HavyeHHsa R, edaBipeHUy 3a yMOB XxpomaTtorpadyBaHHs B CTaHOAPTHUX CUcTeMax pos-
UYMHHWKIB, LLO BUKOPUCTOBYIOTLCS ANs TLUX-CKPpUHIHITY pe4oBUH KMCNOro, HEMTParnbHOro Ta OCHOBHOIO XapakTepy.

Knrouoei croea: echaBipeHL,; TOHKOLAPOBa XpomaTtorpadisi; KonbopoBi peakuii

0. L. Cnabsk', U. M. UBaHuyk', J1. 0. KnumeHko?, E. E. MukuteHko?, O. B. AHTOHEHKO?

" leaHo-®paHKo8CKUl HauUOHasIbHbIU MeOUUUHCKUU yHusepcumem, YkpauHa

2 HauuoHanbHbIl ¢hapmauesmuyeckull yHusepcumem, YkpauHa

MprumMmeHeHne TOHKOCNOMHOM XpomaTorpacdum B aHanu3se acpaBupeHLa

Lienb. [NpoBecTy KOMNMEKCHOE NCCrefoBaHne YCroBuiA Busyanusaumm adasmpeHLa Ha TCX-nnactuHax ¢ npu-
MEeHeHneM CTaHAapPTHbIX U YaCTHbIX LBETHbIX peareHToB, a TaKkxe xpomaTorpaq)mquKoro nosegeHund ScbaBI/I—
peHua c ncnonb3oBaHUeM CTaHAaPTHbIX NOABMXHbIX d)as.

Pesynkratbl u ux o6eyxaeHue. MNokasaHo, YTo Asis 0GHapyKeHUs achaBrpeHLIa Ha XpomMaTorpadyeCckmX nnacTum-
Hax MOXHO MCMOSb30BaTh TakuMe LUMPOKO NpUMEHSIEMbIE NPOSIBUTENM, Kak YP-CcBeT, peakTneB pamMaHHa, peakTus
®pene, peaktvB IlnbepmaHa, cepHast kucnora, peaktme Mapku, peaktves MaHgenuHa, NoaKUCIIEHHBIV pacTBop ofdonna-
TUHaTa, napbl nogda. AdaBmpeHL, AaeT NONOXUTENbHbIE pe3yrnbTaTbl 0BHaPYXeHWs C peakTuBaMu, NCNonb3yeMbIMM
B Xofe TCX-CKpUHUHIa 13BreYeHuin 13 GUONOrMYecKoro MarTepmara Ha BeLLeCcTBa OCHOBHOIO, KUCTIOrO 1 HEMTParibHOTO
xapakTepa. Xpomarorpaduyeckasi NoABUXHOCTb adhaBMpeHLia uccrefosaHa B 17 cuctemax pactsopuTeneil, cpeam
KOTOPbIX NoABMXHbIE (*)a3bl, npuMmeHdemMble B Ka4yeCcTBe CTaHAapTHbLIX COMMacHO pekoMeHaaunam Me>|<,uyHapop,Horo
KOMUTETa NO CUCTEMATUHECKOMY TOKCUKOMOrMYeckoMy aHanuady MexayHapoaoHow accoumaumm cyaebHbIX TOKCH-
konoroB Ansi TCX-CKPpUHUHIA OpraHUYEeCKUX BELLECTB KMUCIIOT0, HENTPArbHOMO M OCHOBHOMO XapakTepa, a Takke
B 06LLieM TCX-CKpUHUHIE OpraHNYecKuX BELLECTB B CyAeBHO-TOKCMKOIOrMYecknx nabopatopusix YkpanHbl.
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AKcnepuMeHTanbHas YacTb. B kauecTBe TOHKMX CrioeB ucnonb3oBany nnactuHbl Sorbfil TTCX-IB-Y® n Merck

TLC Silica gel 60G.

BeiBoabl. ViccnegosaHo nosefeHve achaBmpeHUa npu NposiBrieHnn obLLEenpuHATEIMU XPOMOTEHHbIMU pe-
areHTaMun Ha nnactuHax ansa TCX ¢ AByMSA Tunamu NOAMOXKM (MAacTuK U CTeKNo) u ¢ YP-nHgmkatopom u 6e3
Hero. YCTaHOBneHbl 3Ha4YeHns R, achaBmpeHLa B yCnoBUsiXx XpoMaTtorpadmpoBaHisa B CTaHOAPTHbIX CUCTEMAaXx
pacteBoputenen, ncnomnbdyembix ana TCX-CKpYHUHIa BELLLECTB KUCMOro, HEMTParnbHOro 1 OCHOBHOIO XapakTtepa.

Knrovesnble croga: ahaBMpeHL,; TOHKOCMONHAs XxpomaTtorpadus; LBETHbIE peakumm

HIV infection is usually treated with drug com-
binations consisting of at least three different anti-
retroviral medicines. Essential components of this highly
active antiretroviral therapy are non-nucleoside and
nucleoside reverse transcriptase inhibitors [1, 2].
The group of non-nucleoside reverse transcriptase
inhibitors are currently presented by five medicines
(nevirapine, delavirdine, efavirenz, etravirine and ril-
pivirine) approved by the Food and Drug Administra-
tion; four of them (nevirapine, efavirenz, etravirine
and rilpivirine) have been approved by the European
Union [3-5].

Efavirenz is recommended currently as a prefer-
red first-line medicine with a low pill burden, once daily
dosing, a long half-life allowing for relatively stable
plasma concentrations and some forgiveness for doses
not taken exactly on the schedule [6, 7].

Efavirenz therapy accompanies with quite a num-
ber of side effects showed by psychiatric symptoms,
including insomnia, nightmares, memory loss, depres-
sion, and anxiety. Efavirenz is characterized by defi-
nite neuropsychological symptoms in 50% of cases;
its neurotoxicity exceeds other antiretroviral medi-
cines [8-10]. The studies of efavirenz showed that
in 20-50% of cases the toxic concentrations of the me-
dicine in the blood were fixed [11-12]. There are cases
of acute poisoning due to administration of efavirenz,
including cases of suicide attempts [13]. Therefore,
in our opinion, efavirenz may be approved as a po-
tential toxic compound in forensic toxicology.

The method of thin layer chromatography (TLC)
is widely used in the process of forensic toxicological
examinations for screening and confirming investi-
gations - with the purpose of analyte detection and
identification, respectively [14, 15]. The main focus
is the chromatographic behavior of the substances
using standard mobile phases (or solvents systems),
as well as the conditions of analyte spots visualiza-
tion using standard colored reagents [14, 15].

The aim of our work was the integrated study of
visualization conditions of efavirenz on TLC-plates
using standard and particular colored reagents, as well
as the chromatographic behavior of the substances
using standard mobile phases.

To fix the results of visualization of the substances
to be analyzed 4 developing modes of TLC-plates with
two types of a substrate (plastic and glass) and with/
without a luminophor (or UV-indicator) were chosen:

1) immediately after processing the substances
with a reagent and after drying the plates at the am-
bient temperature;

2) in UV-light at two wavelengths - 254 nm and
365 nm;

3) after heating the plates for 15 min at 110°C
(the plates are covered with glass);

4) in UV-light at two wavelengths - 254 nm and
365 nm - after heating.

A number of the reagents studied (hydrogen per-
oxide solution, Nessler reagent, perchloric acid, FPN
reagent, hydrochloric acid vapor, 1% H,[Si(W,0,)]
solution, 1% H,[P(Mo,0,),] solution, 1% H,[P(W,0,)]
solution, 1% Hg[Si(Mo,0,),] solution, formaldehyde/
sulfuric acid, Forrest reagent, Dragendorff reagent,
5% ferric chloride solution, iodoplatinate solution)
do not color efavirenz either before or after heating
the plates, and also quench the initial fluorescence
both at 254 nm and at 365 nm.

The total results of efavirenz visualization on chro-
matographic plates are presented in Table 1.

Such commonly applied developers as UV-light,
Erdmann reagent, Froehde reagent, Liebermann rea-
gent, sulfuric acid, Marquis reagent, Mandelin reagent,
acidified iodoplatinate solution, iodine vapor can be
used for the detection of efavirenz on chromatogra-
phic plates.

The positive results were recorded when develo-
ping efavirenz with the reagents used in the analysis
of barbituric acid derivatives [14] - the mercuric chlo-
ride/diphenylcarbazone reagent and cobalt nitrate/
ammonia vapor; the spots of various tints of violet
color appeared, and they disappeared when heating
the plates; in UV-light the spots were not visualized.

The most of reagents used for detection and identi-
fication of substances of basic nature, including the so-
called “generally alkaloid reagents”, allows to visua-
lize efavirenz on the TLC-plates. It is colored with
the concentrated sulfuric acid, Marquis reagent and
the mixture of formaldehyde and the concentrated
sulfuric acid, Erdmann reagent, Froehde reagent,
Liebermann reagent, Mandelin reagent, acidified iodo-
platinate solution.

We also processed efavirenz according to the scheme
of TLC-screening of the substances of basic nature.
Developing the plates with acidified potassium per-
manganate solution leads to the formation of brown
spots; and after heating the plates the spots are brown.
Application of ninhydrin solution in traditional modi-
fication for TLC-screening (acidified ninhydrin spray)
results in brown spots. Overspraying the plates with
FPN reagent and Dragendorff reagent followed by aci-
dified iodoplatinate solution does not change the pre-
vious results.
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Table 1

The results of efavirenz visualization on chromatographic plates

No. Reagent Statlonelry Spot c_oIor/senS|t|V|ty,
phase mg in the sample
A violet/0.1
1 |UV-light (A =254 nm) B
2 |UV-light (A =365 nm) A B -
A violet (A =254 nm)/0.5
3 |formaldehyde vapor (for 5 min in the covered cell) yellow (A = 365 nm)/0.5
B —
A light blue (A =365 nm)/0.5
4 | phosphoric acid [14, p. 2464] pour on B El ( )
A bright yellow/0.1
5 |Erdmann reagent [14, p. 485] pour on B
A pink-brown/0.1
6 |Froehde reagent[14, p.478] pouron =
7 |Liebermann reagent[14, p. 480] pour on A B bright yellow/0.1
8 |glacial acetic acid [14, p. 2463] pour on A B yellow/0.5
mercuric chloride - diphenylcarbazone reagent .
2 |1, p. 2463] spray A B violet/0.5
10 |Cobaltnitrate spray, dry A B light violet/0.5
+ ammonia vapor for 5 min in the covered cell
11 | sulfuric acid [14, p. 488] pour on A B light yellow (15 min at 110°C)/0.5
. light yellow/0.5
12 | Marquis reagent [14, p. 480] pour on A light yellow (15 min at 110°C) / 0.5
13 |lodine vapor for 5 min in the covered cell A B brown/0.1
A light brown/0.1
. light brown (15 min at 110°C)/0.1
14 | Mandelin reagent [14, p. 480] pour on -
B pink brown/0.1
pink brown (15 min at 110°C) / 0.1
A light brown/0.1
15 formaldehyde vapor for 5 min in the covered cell light brown (15 min at 110°C)/0.1
+ Mandelin reagent pour on [14, p. 612] B pink brown/0.1
pink brown (15 min at 110°C)/0.1
acidified potassium permanganate solution
16 [14, p. 478] spray A B brown/0.1
17 |acidified ninhydrin spray [14, p. 2464] spray A B light brown (15 min at 110°C)/0.5
light brown/0.1
18 |+ FPN reagent [14, p. 478] overspray A B light brown (15 min at 110°C)/0.1
19 |+ Dragendorff reagent [14, p. 476] overspray A, B light brown/0.1
T ! light brown (15 min at 110°C)/0.1
- . . . light brown/0.1
20 |+ acidified iodoplatinate solution [14, p. 2463] overspray A B light brown (15 min at 110°C)/0.1
Van Urk reagent (acidified A bright yellow (15 min at 110°C)/0.1
21 |p-dimethylaminobenzaldehyde solution in ethanol) .
[14, p. 476] spray yellow (15 min at 110°C)/0.1
X . . A bright yellow (15 min at 110°C)/0.1
22 |+ 5% ferric chloride solution [14, p. 478] overspray -
B yellow (15 min at 110°C)/0.1
23 |acidified iodoplatinate solution [14, p. 2463] spray AB dark brown (15 min at 110°C)/0.1

Notes: * — A — Sorbfil® PTLC-IIH-UV; B — Merck® TLC Silica gel 60G
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Processing the plates directly with iodoplatinate
solution does not lead to visible results. Acidified iodo-
platinate solution after heating causes the formation
of dark brown spots.

Developing efavirenz according to the scheme of
TLC-screening of the substances of acid and neutral
nature leads to the positive results (yellow spots after
heating) with Van Urk reagent. Overspraying the plates
with 5% ferric chloride solution does not change the pre-
vious results.

The chromatographic mobility of efavirenz was
studied in 17 solvents systems (Table 2); the systems
1-9 were used as standard mobile phases according

Table 2
The R, values for efavirenz
R; of efavirenz
(n=3)
Mobile phase Sorbfil® M_?[‘ék®
PTLC-PH-| .
UV Silica
gel 60G
chloroform — acetone (8:2) 0.65 0.67
ethyl acetate 0.85 0.89
3 | chloroform — methanol (9:1) 0.76 0.71
3A* | chloroform — methanol (9:1) 0.70 0.72
ethyl acetate - methanol -
4 |25% NH, (85:10:5) 018 | on
5 |methanol 0.87 0.82
methanol - n-butanol (6:4)** 0.90 0.87
7 | methanol - 25% NH, (100:1,5) 0.84 0.89
7A* | methanol - 25% NH, (100:1,5) 0.76 0.74
cyclohexane - toluene -
8 | diethylamine (75:15:10) 005 | 007
« | cyclohexane - toluene -
8A diethylamine (75:15:10) 0.00 0.00
9 |acetone 0.84 0.85
9A* |acetone 0.90 0.92
chloroform - dioxane -
10 |acetone —25% NH, 0.35 0.39
(47,5:45:5:2,5)
toluene - acetone - ethanol -
111259 NH, (45:45:7,5:2,5) 082 | 08
chloroform - n-butanol -
121359 NH, (70:40:5) 090 | 093
13 | chloroform 0.00 0.00
14 | chloroform — methanol (1:1) 0.85 0.89
15 toluene - CH,COOH 0.10 015
conc. (3:1)
chloroform — methanol -
16| CH,COOH conc. (90:10:1) 025 | 029
toluene - methanol -
171 CH,COOH conc. (9:1:1) 085 | 083

Notes: * — 0.1 M KOH in CH,0OH, 110°C, 30 min; ** — 0.1 M NaBr

to the recommendations of the International Asso-
ciation of Forensic Toxicologists (TIAFT) for TLC-scre-
ening of organic compounds of acid, neutral and basic
nature [14]; systems 10-12 were used in the general
TLC-screening of organic substances in the Ukrainian
forensic toxicological laboratories; systems 13-17 were
studied with the purpose of choosing the optimal in-
dividual solvents systems for research of efavirenz.

When using the mobile phases 34, 7A, 8A, 9A
the studies were carried out on the plates processed
previously with 0.1 mole/L KOH solution in methanol
and then dried at 110°C for 30 min. For the mobile
phase 6 application the plates were previously pro-
cessed with 0.1 mole/L NaBr solution.

The results are presented in Table 2.

Experimental part

Efavirenz was of pharmacopoeial purity. Chloro-
form (299%, anhydrous, contains 0.5-1.0% of etha-
nol as a stabilizer), ethyl acetate (99.8%, anhydrous),
methanol (299.8%, puriss. p.a., ACS reagent), ammo-
nium hydroxide solution (225% NH, in H,0, puriss.
p.a. plus) were purchased from Sigma-Aldrich Co. LLC
(USA). All other reagents were of analytical grade.

The reference solution 1 (1000 pg/mL) was pre-
pared by dissolving 50.0 mg of efavirenz in methanol;
the solution was diluted to 50.0 mL with the same
solvent. The reference solution 2 (100 pg/mL) was
prepared by diluting 5.00 mL of the reference solu-
tions 1 to 50.0 mL with methanol.

The color reagents were prepared according to [14].

The chromatographic plates Sorbfil® PTLC-IIH-UV
(silica gel STC-1HP, PETP, luminophor; silica sol, the frac-
tion of 8+12 um, the layer thickness of 100 pm) were
purchased from IMID LLC (Russia). The chromatogra-
phic plates Merck® TLC SILICA GEL 60 (silica gel 60,
glass, gypsum, the fraction of 9.5+11.5 um, the layer
thickness of 140+160 pm) were purchased from Merck
Group (Germany).

The part of plates was previously processed with
0.1 mole/L potassium hydroxide solution in metha-
nol and then dried at 110°C for 30 min. The part of
plates was previously processed with 0.1 mole/L so-
dium bromide solution [14].

To choose the developing color reagents in 10 mL
of the reference solution 1 were applied on the pla-
tes of both types, and then the reagents were sprayed
or poured onto the plates. The results were fixed vi-
sually at once and after drying the plate, then the pla-
tes were developed in UV-light with the wavelength
of 254 nm and 365 nm. At the next stage the plates
were heated for 15 min at 110°C (the plates were co-
vered with a glass plate), and after that colors of spots
were fixed in visible and UV-light one more time.

To determine sensitivity of the developing color rea-
gents the same experiments were carried out using 1
and 10 mL of the reference solutions 2 of the substances.
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Chromatographing was carried out in cells with
the volume of 500 mL; 50 mL of the corresponding
TLC-systems were placed into them. The cell was
saturated for 30 min. In 10 mL of the reference so-
lutions 1 of the substance to be researched were
applied on the start line in the distance of 1 cm from
the plate edge. The solvent path length was 8 cm.
After reaching the finish line by the mobile phase
the plate was taken out from the cell, dried at the am-
bient temperature and developed with the correspon-
ding reagents.

Conclusions

The behavior of efavirenz when developing with
commonly used colored reagents on TLC plates with

two types of a substrate (plastic and glass) and with/
without a luminophor (or UV-indicator) has been stu-
died. The results of efavirenz development with rea-
gents used for TLC-screening of organic compounds of
acid, neutral and basic nature are presented. The R, va-
lues for efavirenz have been determined using diffe-
rent types of TLC-plates for solvent systems used as
standard mobile phases according to the recommen-
dations of the International Association of Forensic
Toxicologists for TLC-screening of organic compounds
of acid, neutral and basic nature, and also in the ge-
neral TLC-screening of organic substances in the
Ukrainian forensic toxicological laboratories.

Conflict of interests: authors have no conflict of
interests to declare.
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