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The market of hypnotic and sedative drugs is being updated due to the high toxicity of barbiturates and the limitations of their use.
Currently, safer drugs such as Z-drugs, Doxylamine, and some benzodiazepine derivatives are often prescribed for the treatment of anxiety and
insomnia, but they can cause acute poisoning if overdosed or in case of nonmedical use.

To establish an affordable express thin-layer chromatography (TLC) technique for preliminary screening detection of Doxylamine, Phenazepam and
Zaleplon in order to diagnose acute poisoning.

Thin-layer chromatography (TLC) and gas chromatography with mass selective detection (GC-MS) methods were used. Urine
samples from patients with symptoms of acute Doxylamine, Zaleplon, Phenazepam poisoning, and model urine samples were prepared by liquid-liquid
extraction at pH 9.0 with chloroform for TLC analysis, with ethyl acetate-diethyl ether mixture (1:1) for GC-MS.

We developed the TLC method of Doxylamine, Zaleplon and Phenazepam detection which helps reveal their presence in the patient’s urine, as
well as distinguish one from another in case of similar toxic symptoms. The GC-MS method was used for confirmatory analysis. Compared to
confirmatory methods, the developed technique of TLC screening is expressive, does not require expensive high-tech equipment, while allowing to
differentiate Doxylamine, Zaleplon and Phenazepam from each other and from other toxicologically significant psychoactive substances detected in
general screening.
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GC-MS - gas chromatography-mass spectrometry Rf - retention factor

TLC - thin layer chromatography Z-drugs - a generic name for 3rd generation sleeping pills
UV - ultraviolet light (zaleplon, zopiclone, zolpidem)
INTRODUCTION

Poisoning with hypnotic and sedative drugs is a rather urgent problem today. This is due to both the
treatment for insomnia and the non-medical use of such drugs. Many of them, even administered for therapeutic
purposes, can be addictive and develop tolerance [1-3] which leads to their constant intake, sometimes in ever-
increasing doses. This results in overdose and acute poisoning.

After significant limitation of the use of barbiturates and first-generation benzodiazepines for the treatment
of insomnia, non-bezodiazepine hypnotics began to be widely used - the so-called Z-drugs, such as zaleplon, an
antihistamine drug with a sedative effect - doxylamine, relatively new members of the benzodiazepine class, in
particular, phenazepam [2-6]. However, these drugs, when administered for suicidal [7-9] and other non-medical
purposes, cause acute poisoning. There have been cases of their abuse in high doses among people suffering from
drug addiction, which lead to acute poisoning [7]. It should also be noted that the most well-known complications
of taking benzodiazepine tranquilizers even at therapeutic dosing are the development of drug dependence,
withdrawal syndrome, daytime sleepiness and mental confusion in some groups of patients. For example, in
elderly and senile patients, a high risk of falls due to the therapy is possible [10-12]. Zaleplon produces a rapid but
short-lived hypnotic effect and does not result in daytime sleepiness or decreased performance in most patients
[13]. However, the literature mentions cases of both fatal and non-fatal poisoning with zaleplon and other Z-
drugs, despite their low lethal toxic index compared to benzodiazepines [7, 14, 15]. It should be noted that during
chemical and toxicological analysis, difficulties arise in the identification of these drugs, especially when they are
present together.

Previously, approaches were proposed for the separate detection of doxylamine, zaleplon, and phenazepam in
screening procedures using thin layer chromatography (TLC) [7, 16-21]. However, the proposed mobile phases
and detection methods are non-selective for detection of the present substances. Inmunochemical methods for
doxylamine and Z-drugs have not been developed and are not used. Existing test systems for 1,4-benzodiazepine
derivatives have group specificity and do not always detect phenazepam [22-25]. Thus, the development of
comprehensible informative screening methods for the detection of these drugs in biological media in cases of
acute poisoning is relevant.

The aim of the research is to develop a TLC technique for the preliminary screening detection of doxylamine,
phenazepam and zaleplon in order to diagnose acute poisoning by these drugs.

MATERIAL AND METHODS

The following substances were used in the study: phenazepam powder substance (Usolye-Siberian Chemical
and Pharmaceutical Factory, purity 99.0%), Donormyl 15 mg effervescent tablets (Bristol-Myers Squibb, France,
valid until 11.2022) and Andante 10 mg capsules (Gedeon Richter PLC, Hungary, valid until 05.2022).

The initial standard solution of phenazepam with a concentration of 0.5 mg/ml was prepared by dissolving the
precisely weighed quantity of 5 mg of the substance in 10 ml of ethanol.

The initial solution of doxylamine with a concentration of about 1.5 mg/ml was prepared by dissolving an
Donormyl 15 mg effervescent tablet in distilled water with extraction of the substance by double chloroform
extraction at pH equal to 9 (pH regulator — 10% ammonia solution) [18]; the resulting chloroform layer was
separated by centrifugation, the combined chloroform extracts were evaporated to dryness in a stream of
nitrogen; and the dry residue was redissolved in 10 ml of ethanol. To determine the limit of detection, solutions
of doxylamine with concentrations of 0.5 mg/ml and 1.0 mg/ml were obtained by appropriate dilution of the stock
solution with ethanol.

An initial solution of zaleplon with a concentration of 0.5 mg/ml was prepared from the contents of an
Andante 10 mg capsule; zaleplon was extracted from the powder by double chloroform extraction at pH equal to
10 [21], the chloroform layer was separated by centrifugation, the combined extracts were evaporated to dryness
in a stream of nitrogen; and the dry residue was redissolved in 20 ml of ethanol.



The initial mixed solution was prepared by mixing 2 ml of each solution with concentrations of doxylamine
1.5 mg/ml, zaleplon 0.5 mg/ml and phenazepam 0.5 mg/ml. The resulting concentration of the substances is
presented in Table 1.

To prepare a model urine sample, 9 ml of intact biological fluid was added to 1 ml of the initial mixed solution.
The resulting concentration of the substances is shown in Table 1.

Table 1
The concentration of Doxylamine, Zaleplon and Phenazepam in standard samples

Substance name Concentration, mg/ml

Initial solutions

Initial mixed solution

Model urine sample

Doxylamine 0.5;1.0;1.5 0.5 0.05
Zaleplon 0.5 0.17 0.017
Phenazepam 0.5 0.17 0.017

TLC SilicaGel 60 F254 plates on a flexible aluminum substrate (Merck) were used as the stationary phase in
TLC. The following mobile phases were compared: ethyl acetate-ethanol-25% ammonia solution (10:30:1),
toluene-acetone-methanol-25% ammonia solution (45:45:7.5:2.5), ethyl acetate-methanol-25 % ammonia
solution (17:2:1), methanol-diethylamine (9.5:0.5) and chloroform-methanol-diethylamine (9.5:0.5:0.25).
Ultraviolet (UV) light with a wavelength of 254 nm, Dragendorff's reagent, and azo dye formation reaction were
used for detection. To obtain an azo dye, the chromatographic zones were treated with a solution of sulfuric acid
in ethanol (1:1) and subjected to hydrolysis at a temperature of 130°C for 20 minutes; then a 0.1% sodium nitrite
solution and a 0.1% solution of (N-1-naphthyl)-ethylenediamine dihydrochloride were sequentially applied to the
plate; and the coloring of the chromatographic zones was observed. To determine the retention factor (Rf) values,
the samples were evaluated in the selected system in triplicate.

GC-MS was used as confirmatory methods in the analysis of urine samples from patients with acute
poisoning.

GC-MS analysis conditions: Thermo Trace GC Ultra gas chromatograph with DSQ II mass spectrometer. TR-
5MS column, length 30 meters, inner diameter 0.25 mm, film thickness of the stationary liquid phase - 0.25 ym.
The carrier: helium. Column temperature program: 50°C - 3 minutes, heating 100°C/min to 100°C, 100°C - 1
minute, heating 15°C/min to 280°C, 280°C - 20 minutes. The injector temperature: 220°C. Total ion current
detection at m/z 45-650, electron impact ionization with an energy of 70 eV. The duration of the analysis was 18
minutes.

Sample preparation for TLC analysis. 5 ml of the test urine sample or model sample was alkalinised with
10% ammonia solution to pH 9; 5 ml of chloroform was added; and then extracted for 3 minutes; the layers were
separated by centrifugation for 5 minutes at 3500 rpm. After centrifugation, the organic phase layer was
evaporated to dryness under nitrogen. The dry residue was redissolved in 0.5 ml of ethanol. 50 ul of the sample
and 30 pl of each of the initial solutions of individual substances were applied to the start line of the plate.

Sample preparation for GC-MS analysis. 1 g of sodium chloride, 50 pl of 25% ammonia solution, 50 pl of
diphenylamine solution (internal standard at a concentration of 100 pg/ml), and 2.5 ml of ethyl acetate-diethyl
ether mixture (1:1) were added to 3 ml of urine; extracted for 10 minutes with stirring in a shaker, then the layers
were separated by centrifugation for 10 minutes at 3500 rpm. The organic layer was transferred to glass vials,
evaporated to dryness under vacuum and the residue was dissolved in 100 pl of ethyl acetate. 2 pl of the resulting
solution was injected into a chromatography detector.

RESULTS AND DISCUSSION
The choice of the mobile phase was made taking into account the influence of the composition and polarity on

the mobility of the substances and the resolution of the chromatographic system. Rf values of doxylamine,
zaleplon and phenazepam in the compared systems, established during the experiment, are presented in Table 2.



Table 2

Rf values of Doxylamine, Zaleplon and Phenazepam in compared mobile phases for thin layer chromatography

Rf value in the TLC developing solvent
Substance name Ethyl acetate-ethanol Toluene-acetone- Ethyl acetate - Chloroform-
Y o K methanol - 25% methanol - 25% Methanol- methanol-
- 25% ammonia . . . . . . . .
solution (10:30:1) ammonia solution ammonia solution diethylamine (9.5:0.5) diethylamine
o (45:45:7.5:2.5) (17:2:1) (9.5:0.5:0.25)
Doxylamine 0.29+0.02 0.46%0.02 0.47+0.03 1.0 0.96%0.04
Zaleplon 0.85+0.04 0.52%0.02 0.78+0.05 0.88 0.88+0.04
Phenazepam 0.87+0.04 0.63%0.03 0.88+0.04 0.91 0.85%0.05
Duration of chromatography, min 27 15 20 25 26

Based on the data in Table 2, among the systems studied, we chose the toluene-acetone-methanol-25%
ammonia solution (45:45:7.5:2.5) system, since it provides complete separation of all three substances under
analysis, because the chromatographic zones have clear contours. The duration of chromatography was 15
minutes, which satisfies the requirement of rapidity. This system is recommended for TLC studies of some other
toxicologically significant substances basic in nature [26], which makes it possible to detect those substances
without disturbing the general course of the research. In other systems, Rf values of all the substances or the pair
of zaleplon and phenazepam had similar values, which, in case of their simultaneous presence, did not allow
researchers to clearly separate them.

The applied methods for detecting the chromatographic zones of the studied substances and the minimum
detectable concentrations are presented in Table 3.

Table 3
Evaluation of different detection methods for Phenazepam, Zaleplon and Doxylamine

Detectors

Substance name,

I A mixture of
detect limit i
etection tmi uv, 254 nm concentrated sulfuric UV’;ZtoTziiﬁer Azo dr);cf;)i;mnatlon Dragendorff's reagent
acid and ethanol (1:1) yaroty
Doxylamine 10 mcg Fluorescgnce - Bright orange - Orange coloring
quenching fluorescence
Zaleplon 10 mcg fﬂg?:;czl::e Light green coloring Green fluorescence Pink coloring Orange coloring

Green-blue

Phenazepam 10 mcg - fluorescence

Yellow coloring Purple coloring Orange coloring

Note: YO — ultraviolet light

According to the results presented in Table 3, it can be concluded that zaleplon has its own fluorescence, and
doxylamine quenches the fluorescence, thus, they can be detected. After hydrolysis, doxylamine and phenazepam
form products that can be detected by the characteristic fluorescence in UV light. Subsequent treatment of the
chromatographic zones of zaleplon and phenazepam with 0.1% sodium nitrite solution and 0.1% solution of (N-1-
naphthyl)-ethylenediamine dihydrochloride led to the formation of colored products. For phenazepam, this is a
known azo-coupling product [16, 26], and for zaleplon, the structure of the product has not been determined,
which requires further study. The Dragendorff’s reagent was a universal detector for all three substances, since it
was used without preliminary hydrolysis. Rf had stable values in the analysis of both solutions of individual
substances and their mixed solution.

During chromatography of the sample containing all three compounds under study, the Rf values practically
did not change compared to those during chromatography of the initial solutions of the individual substances,
falling within the calculated and given in Table 2 deviations.

To assess the applicability of the technique for detecting substances after extraction from the biological fluid
(urine), model urine samples containing a mixture of doxylamine, zaleplon, and phenazepam at the indicated
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concentrations were subjected to extraction (see Table 1). The experiment was performed in triplicate. Extraction
and development of samples was carried out according to the method described above. The deviation of Rf did not
exceed 10% of the values established for solutions of the individual substances.

The technique developed by us was used in the study of urine samples from patients with suspected
doxylamine, phenazepam, or zaleplon poisoning. In all the experiments, the spots corresponding to the studied
substances on the chromatograms of extracts from the urine of patients with acute poisoning had coloring and Rf
values similar to those established in the model experiment. The results are shown in Table 4.

Table 4
The results of analyzing biological samples of patients with suspected Doxylamine and Phenazepam poisoning
Sample # Detection of other substances
TLC GC-MS Ethanol in blood, g/L Ethanol in urine, g/l Other substances Notes
! doxylamine, doxylamine, n/d n/d bisoprolol, verapamil
phenazepam phenazepam
2 doxylamine, doxylamine, 237 465
phenazepam phenazepam
3 n/d doxylamine 1.85 2.48 low concentration in
the sample

Notes: '’X-MC — gas chromatography with mass selective detection; H/o — not detected; TCX — thin layer chromatography

The results obtained were confirmed by GC-MS analysis of biological samples.

As can be seen from Table 4, using the TLC technique developed by the authors, doxylamine and phenazepam
were detected in two analyzed samples. Moreover, their detection was not complicated by the presence of other
toxicants in the sample. In one of the samples examined, the proposed TLC technique gave negative results for
doxylamine, while it was found during the confirmatory testing. The reason for the false-negative result, most
likely, was the low concentration of the drug in the sample. Since ethanol (1.85 g/l in blood and 2.48 g/1 in urine)
was also found in the biological media of this patient, the severity of the patient's condition was probably due to
the combined synergistic effect of the therapeutic dose of doxylamine and ethanol.

Compared to confirmatory methods, the developed TLC technique is simple, fast, and does not require the use
of expensive high-tech equipment, while it allows researchers to confidently detect doxylamine, zaleplon, and
phenazepam in one mixture, which can be observed in acute poisoning.

CONCLUSION

The proposed method for the detection of doxylamine, zaleplon and phenazepam by thin-layer
chromatography, including chromatography in the system toluene-acetone-methanol-25% ammonia solution
(45:45:7.5:2.5), use as a detector of ultraviolet light with a wavelength of 254 nm, followed by treatment of the
plate with Dragendorff's reagent, as well as the formation of colored products by azo coupling reaction after the
hydrolysis of zaleplon and phenazepam on the plate, can be used for screening in acute poisoning with
doxylamine, phenazepam and zaleplon due to its rapidity, informative value, sufficient sensitivity, relative
simplicity and reliability.

FINDINGS

1.  We developed a thin-layer chromatography technique for the detection of doxylamine, zaleplon and
phenazepam in a biological fluid (urine), suitable for rapid diagnosis of acute poisoning with these drugs.

2. The proposed method is easy to use, affordable, not requiring complex equipment and reagents, allowing
the detection and differentiation of doxylamine, zaleplon and phenazepam in their joint presence.

3.  Sufficient sensitivity and informative value of the developed technique as a stage of preliminary research
is confirmed by the results of parallel analysis of urine samples of patients by gas chromatography-mass
spectrometry.




REFERENCES

1. Okovityi SV, Titovich IA. Pharmacotherapy treatment principles for insomnia. Medical Council. 2018;(6):26-32. (In Russ.)
https://doi.org/10.21518/2079-701X-2018-6-26-32

2. Shavlovskaya O. Specific Features of Therapy for Insomnia in the Elderly. Vrach. 2012;23(9):46-49. (In Russ.)

3. Kurushina OV, Barulin AE, Bagirova DY. Modern approaches to the management of insomnia in general therapeutic practice. Medical Council.
2019;(6):20-26. (In Russ.) https://doi.org/10.21518/2079-701X-2019-6-20-26

4. Burchakov DI, Tardov MV. Insomnia in general practice: the role of doxylamine. Medical Council. 2020;(2):40-48. (In Russ.)
https://doi.org/10.21518/2079-701x-2020-2-45-53

5. Levin YI. Insomnia: clinical experience with Zolpidem (Sanval). Neurology, Neuropsychiatry, Psychosomatics. 2010;2(3):87-90. (In Russ.)
https://doi.org/10.14412/2074-2711-2010-108

6. Kovrov GV, Posokhov SI, Shavlovskaia OA. The efficacy of Phenazepam in the treatment of insomnia in outpatient practice. Consilium
Medicum. 2017;19(9):31-36. (In Russ.) https://doi.org/10.26442/2075-1753_19.9.31-36

7. Musina MG, Kilin VV, Mingazov AA. Smertel’noe otravlenie Zaleplonom. Problemy ekspertizy v meditsine. 2010;(1-2):45-46. (In Russ.)

8. Derinoz-Giileryiiz O. Doxylamine succinate overdose: slurred speech and visual hallucination. Turk J Pediatr. 2018;60(4):439. PMID: 30859772
https://doi.org/10.24953/turkjped.2018.04.015

9. Skrebov RV, Misnikov PV, Kuz’michev DE, Vil’tsev IM. K probleme suitsidov. In: Izbrannye voprosy sudebno-meditsinskoy ekspertizy. Is. 20.
Khabarovsk-Yuzhno-Sakhalinsk; 2021:133-135. (In Russ.) Available at:
http://asme.nichost.ru/attachments/article/241/75947871.177047760351117017.1.2.pdf [Accessed Apr 22, 2022]

10. Avedisova AS. K voprosu o zavisimosti k benzodiazepinam. Psikhiatriya i psikhofarmakoterapiya. 1999;1(1):24-26. (In Russ.)

11. Onegina EYu. K voprosu bezopasnosti primeneniya fenazepama v obshchemeditsinskoy praktike. Poliklinika. 2014;(4-2):39-41. (In Russ.)

12. Sychev DA, Zhuchkov AV, Bogova OT, Ilyina ES. Falls of elderly and senile patients: The contribution of medicines. Clinical gerontology.
2017;23(3-4):56-64. (In Russ.)

13. Paul MA, Gray G, Kenny G, Pigeau RA. Impact of melatonin, zaleplon, zopiclone, and temazepam on psychomotor performance. Aviation,
space, and environmental medicine. 2003;74(12):1263-1270. PMID:14692469

14. Gunja N. The clinical and forensic toxicology of Z-drugs. ] Med Toxicol. 2013;9(2):155-162. PMID:23404347 https://doi.org/10.1007/s13181-
013-0292-0

15. Buckley NA, McManus PR. Changes in fatalities due to overdose of anxiolytic and sedative drugs in the UK (1983-1999). Drug Safety.
2004;27(2):135-141. PMID: 14717623 https://doi.org/10.2165/00002018-200427020-00004

16. Belova MV, Klyuyev EA, Melnikov ES, Yeliseyeva DM. Chemical and Toxicological Diagnosis of Acute Poisonings with Phenazepam. Russian
Sklifosovsky Journal Emergency Medical Care. 2018;7(4):319-324. https://doi.org/10.23934/2223-9022-2018-7-4-319-324

17. Pospelova AA, Karpova LN, Malkova TL. The Estimation of a Possible Use of Reversed-Phase Thin-Layer Chromatography in Chemo-
Toxicological Studies of Certain Groups of Pharmaceutical and Chemical Compounds. Toxicological Review. 2012;2(113):20-23. (In Russ.)

18. Kireeva AV, Vozheva AB, Bakhtina SM, Volchenko SV, Kuklin VN. Chemicotoxicological evaluation of doxilamine. Forensic Medical Expertise.
2007;(3):22-25 (In Russ.)

19. Kartashov VA, Chepurnaya GP, Chernova LV. Definition of Zaleplon, Zolpidem and Zopiclon in Biological Objects. Drug Development &
Registration. 2018;(1):206-214. (In Russ.)

20. Chepurnaya GP, Kartashov VA, Chernova LV. Izolirovanie i opredelenie Z-preparatov v trupnoy tkani zheludka i kishechnika. In:
Innovatsionnye tekhnologii v farmatsii: sbornik nauchnykh trudov. Is. 3. Irkutsk: IGMU Publ.; 2016: 174-180. Available at:
https://ismu.baikal.ru/src/downloads/

%D1%E1%EE%F0%ED%E8%EA%20%C8%ED%ED%EE%E2%E0%F6.%20%F2%E5%F5%ED%EE%EB% EE%SE3%E8%E8%20%E2%20%F4%E0%F0
%EC%E0%F6%E8%ES.pdf [Accessed Apr 22, 2022] (In Russ.)

21. Kratzsch C, Tenberken O, Peters FT, Weber AA, Kraemer T, Maurer HH. Screening, library-assisted identification and validated quantification
of 23 benzodiazepines, flumasenil, zaleplone, zolpidem and zopiclone in plasma by liquid chromatography/mass-spectrometry with
atmospheric pressure chemical ionization. ] Mass Spectr. 2004;39(8):856—-872. PMID:15329838 https://doi.org/10.1002/jms.599

22. Kerrigan S, Mellon MB, Hinners P. Detection of Phenazepam in Impaired Driving. J Analyt Toxicol. 2013;37(8):605-610. PMID:24022117
https://doi.org/10.1093/jat/bkt075

23. Rossi B, Freni F, Vignali C, Stramesi C, Collo G, Carelli C. Comparison of Two Immunoassay Screening Methods and a LC-MS/MS in Detecting
Traditional and Designer Benzodiazepines in Urine. Molecules. 2021;27(1):112. PMID: 35011344 https://doi.org/10.3390/molecules27010112

24. Saitman A, Park HD, Fitzgerald RL. False-positive interferences of common urine drug screen immunoassays: A Review. | Analyt Toxicol.
2014;38(7):387-396. PMID: 24986836. https://doi.org/10.1093/jat/bku075

25. Bertol E, Vaiano F, Borsotti M, Quercioli M, Mari F. Comparison of immunoassay screening tests and LC-MS-MS for urine detection of
benzodiazepines and their metabolites: results of a national proficiency test. | Analyt Toxicol. 2013;37(9):659-664. PMID: 23943436.
https://doi.org/10.1093/jat/bkt063

26. Belova MV, Lisovik ZhA, Klyuev AE, Koldaev AA. Khimiko-toksikologicheskaya diagnostika ostrykh khimicheskikh otravleniy. Moscow: Grafikon
Print Publ.; 2007. (In Russ.)

Received on 01.06.2022

Review completed on 20.03.2023
Accepted on 28.03.2023


https://doi.org/10.1093/jat/bkt063

