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Development of high-performance  
thin-layer chromatography method for herbals identification  
in extemporaneous oral solution
K. O. Khokhlova, O. A. Zdoryk
National University of Pharmacy, Kharkiv, Ukraine

The preparation of extemporal medicines in store includes carrying out intrapharmacy quality control and stability studies. 
Since there is no single analytical method that ideally suited for all drugs, for each formulation depend on its composition and 
analytical goal, appropriate quality control methods should be developed. The object of analysis was pediatric oral solution 
with sedative action that contains Valerian tincture, Motherwort tincture, and sodium bromide.
The purpose of research was the development of simple, specific and reproducible methods of active herbal ingredients 
identification formulated into oral solution.
Materials and methods. The high-performance thin-layer chromatography (HPTLC) was used as the method for analysis. 
It was performed on 200 × 100 mm silica gel 60 F 254 HPTLC glass plates (Merck, Germany). Standard solutions and 
samples were applied onto the plate as bands 8.0 mm wide using spray-on technique with Automatic TLC sampler ATS 4; 
the development was made in saturated Automatic developing chamber ADC 2, temperature and the relative humidity were 
23 °C and 33 % respectively; the derivatization was performed using Chromatogram Immersion Device; the documentation 
was conducted using Visualizer with visionCATS software (CAMAG, Switzerland).
As a result two HPTLC identification methods have been developed for valerenic acids that are specific for Valerian tincture 
and flavonoids that are specific for Motherwort tincture. Thus, the sample preparation has been developed, the optimal 
chromatographic conditions have been chosen, the acceptance criteria have been proposed, and the reference chromatograms 
have been shown. Valerenic acids of oral solution were determined in mobile phase: cyclohexane, ethyl acetate, acetic acid 
(60:38:2); the derivatization of plates was performed through dipping with Anisaldehyde-sulfuric acid reagent and heated to 
100 °C for 3 min; documentation was performed after derivatization under white light and UV 366 nm. Flavonoids of oral 
solution were determined in mobile phase: ethylacetate, methyl ethyl ketone, formic acid, water (5:3:1:1); the derivatization 
of plates was performed through dipping with Natural Products/PEG reagents, heated to 100 °C for 3 min before dipping; 
documentation was performed after derivatization under UV 366 nm.
Conclusions. The developed methods can be used for identification of oral solution, and for stability study with the purpose 
of determination of its storage conditions and shelf-life.

Розробка методики високоефективної тонкошарової хроматографії  
для ідентифікації рослинних компонентів в екстемпоральній мікстурі
К. О. Хохлова, О. А. Здорик

Виготовлення екстемпоральних лікарських засобів про запас включає проведення внутрішньоаптечного контролю 
та дослідження стабільності. Оскільки немає універсальних аналітичних методів, що придатні для аналізу всіх ліків, 
для кожного пропису, залежно від складу та мети, повинні бути розроблені належні методи контролю якості. Об’єктом 
дослідження стала дитяча мікстура заспокійливої дії, яка містить настойку валеріани, настойку собачої кропиви та 
натрію бромід.
Мета роботи – розроблення простих, специфічних і відтворюваних методик ідентифікації активних рослинних ін-
гредієнтів, які входять до складу мікстури.
Матеріали та методи. Для аналізу обрали метод високоефективної тонкошарової хроматографії (ВЕТШХ). Аналіз 
здійснили на ВЕТШХ пластинках розміром 200 × 100 мм на силікагелі 60 F 254 (Merck, ФРН). Випробовуваний розчин 
і розчини порівняння наносили смугами завдовжки 8 мм розпиленням, застосовуючи пристрій для автоматичного 
нанесення ATS 4; хроматографування виконали в насиченій хроматографічній камері ADC 2 при температурі 23 °C і 
відносній вологості 33 %; проявлення здійснювали, використовуючи пристрій для занурення; документування проводили 
у візуалайзері з програмним забезпеченням visionCATS (CAMAG, Швейцарія).
Результати. Розроблено дві методики ідентифікації для визначення валеренових кислот, специфічних для настойки 
валеріани, та флавоноїдів, специфічних для настойки собачої кропиви. Підібрана пробопідготовка, оптимальні умови 
хроматографування, запропоновані критерії прийнятності та наведені хроматограми-порівняння. Валеренові кис-
лоти у складі мікстури визначали в рухомій фазі: циклогексан, етилацетат, кислота оцтова (60:38:2); для виявлення 
використовували анісового альдегіду розчин, нагрівали пластинку при 100 °C протягом 3 хв; задокументовували у 
білому світлі та УФ 366 нм. Для визначення флавоноїдів у складі мікстури використовували рухому фазу: етилацетат, 
метилетилкетон, мурашина кислота, вода (5:3:1:1); при визначенні занурювали пластинку в реагенти аміноетилового 
ефіру дифенілборної кислоти та макрогол, попередньо нагрівали пластинку при 100 °С протягом 3 хв; документування 
проводили в УФ 366 нм.
Висновки. Розроблені методики можуть використовуватись для ідентифікації мікстури та під час вивчення її стабіль-
ності з метою визначення умов і терміну зберігання.
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Разработка методики высокоэффективной тонкослойной хроматографии  
для идентификации растительных компонентов в экстемпоральной микстуре

Е. А. Хохлова, А. А. Здорик

Приготовление экстемпоральных лекарственных средств про запас включает проведение внутриаптечного контроля и 
исследование стабильности. Поскольку не существует универсальных аналитических методов, пригодных для анализа 
всех лекарств, для каждой прописи, в зависимости от состава и целей, должны быть разработаны надлежащие мето-
ды контроля качества. Объектом исследования была детская микстура седативного действия, содержащая настойку 
валерианы, настойку пустырника и натрия бромид.
Цель работы – разработка простых, специфичных и воспроизводимых методик идентификации активных раститель-
ных ингредиентов, входящих в состав микстуры.
Материалы и методы. Для анализа выбран метод высокоэффективной тонкослойной хроматографии (ВЭТСХ). 
Анализ проводили на ВЭТСХ пластинках размером 200 × 100 мм на силикагеле 60 F 254 (Merck, ФРГ). Испытуемый 
раствор и растворы сравнения наносили полосами длиной 8 мм распылением, применяя устройство для автомати-
ческого нанесения ATS 4; хроматографирование проводили в насыщенной хроматографической камере ADC 2 при 
температуре 23 °C и относительной влажности 33 %; проявление осуществляли, используя устройство для погруже-
ния; документирование проводили в визуалайзере с программным обеспечением visionCATS (CAMAG, Швейцария).
Результаты. Разработаны две методики идентификации для определения валереновых кислот, специфичных для 
настойки валерианы, и флавоноидов, специфичных для настойки пустырника. Была подобрана пробоподготовка, 
оптимальные условия хроматографирования, предложены критерии приемлемости и приведены хроматограммы-срав-
нения. Валереновые кислоты в составе микстуры определяли в подвижной фазе: циклогексан, этилацетат, кислота 
уксусная (60:38:2); для обнаружения использовали анисового альдегида раствор, нагревали пластинку при 100 °C в 
течение 3 мин; документирование проводили в белом свете и УФ 366 нм. Для определения флавоноидов в составе 
микстуры использовали подвижную фазу: этилацетат, метилэтилкетон, муравьиная кислота, вода (5:3:1:1); обнаруже-
ние проводили погружением в реагенты аминоэтилового эфира дифенилборной кислоты и макрогол, предварительно 
нагрев пластинку при 100 °C в течение 3 мин; документирование проводили в УФ 366 нм.
Выводы. Разработанные методики могут быть использованы для идентификации микстуры, а также при изучении 
ее стабильности с целью определения условий и срока хранения.

Introduction
A quality control in store compounded preparations must 
include some levels of analytical testing. The goal in ana-
lytical testing is to produce results as accurately, efficiently 
and quickly as possible. Any analytical method should have 
accuracy, speed, reproducibility and specificity. No single 
analytical method is ideally suited for all drugs; each method 
has its own strengths and weaknesses, and there are a 
number of factors that determine the reliability of results [1].

Compounding pharmacies have two options regarding 
analytical testing. Some relatively simple analytical me-
thods can easily be performed in-house (in the pharmacy), 
but some need to be outsourced to a contract laboratory. 
Analytical methods that can be outsourced to a contract 
laboratory include chromatography: high-performance liquid 
chromatography (HPLC) and gas chromatography (GC); 
mass spectroscopy (MS), hyphenated methods (HPLC-MS) 
and GC–MS, ultraviolet (UV) and visible spectroscopy and 
other sophisticated methods [1]. Also these methods could 
be used for stability study of preparations.

One of the widely used compounded preparations with 
sedative action that often is prescribed for pediatric treat-
ment in Ukraine is oral drops with herbals. It is prepared in 
the compounded pharmacy “Leda”, Kharkiv, Ukraine. The 
compounded oral solution has such composition: Leonuri 
cardiaca tinctura 7 mL; Valerianae officinalis tinctura 7 mL; 
Sodium bromide solution 2 % to 200 mL.

The purpose of this paper was to develop simple, spe-
cific and reproducible methods of active herbal ingredients 
identification formulated into oral solution.

Materials and methods
Chromatography. HPTLC analysis was performed on 
200 × 100 mm silica gel 60 F 254 HPTLC glass plates 
(Merck, Germany). Standard solutions and samples were 
applied onto the plate as bands 8.0 mm wide using CAMAG 
spray-on technique with Automatic TLC sampler (ATS 4). 
The development was made in saturated CAMAG Auto-
matic developing chamber (ADC 2). The temperature and 
the relative humidity within the developing chamber (ADC 
2) were 23 °C and 33 % respectively. The derivatization 
was performed using CAMAG Chromatogram Immersion 
Device. The documentation was conducted using CAMAG 
Visualizer with visionCATS software. Other apparatus were 
used: Tube Mill control (IKA); Centrifuge EBA21 (Hettich, 
Germany); Ultrasonic Bath SW 3H (Sono Swiss); Analytical 
Balance MS 205 DU (Mettler–Toledo).

Results and discussion
According to the numerous publications published in 
peer-reviewed journals and books the main method which 
is used for identification of herbals or herbal combinations 
is TLC or its modern version HPTLC [2–6]. The TLC/HPTLC 
methods are used for pharmacopoeia identification of initial 
herbal raw material of oral drops, such as Valerian root 
and Motherwort herb and its tinctures [7–9]. The general 
procedure of TLC/HPTLC development of methods for iden-
tification of herbals includes selection of marker compounds 
and evaluation and optimization of existing methods [2,6]. 
With respect to the development of identification methods 
for the active ingredients of oral drops the chromatographic 
conditions for TLC/HPTLC identification for Valerian and 
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Motherwort from different world leader pharmacopoeia were 
compared. The results are shown in the Table 1–2.

As we can see from the Table 1, the sample preparation 
from European pharmacopoeia (EPh) is cumbersome and 
includes time-consuming steps, while the desirable aspects 
of practical method are its simplicity and clarity [8]. The refe-
rence substances which are used in EPh are not specific. 
The conventional TLC plates are used, the relative humidity 
are not controlled. As specific components of Valeriana offi-
cinalis are sesquiterpene carboxylic acids [8,10,11] – mobile 
phase: cyclohexane, ethyl acetate, acetic acid (60:38:2) for 
valerenic acids was considered as appropriate for further in-
vestigation. That is why the next step was the development 
of sample preparation and optimization of the method from 
the United State Pharmacopoeia (USP).

Development of sample preparation for sesquiterpene 
carboxylic acids. Since the oral formulation is a water solution, 
which is a very polar solvent and cannot be applied directly 
onto the plate the modern function of CAMAG ATS 4, which 
is called “nozzle heating” was used. Four different volumes 
of compounding preparation’s sample were applied onto 
the plate: 10.0 µL, 20.0 µL, 35.0 µL and 40.0 µL and results 
were compared. The obtained zones of fingerprints of different 
volumes after the usage of “nozzle heating” had wrong shapes 
and tails, thus results were considered as not appropriate.

Hence, the next step of sample preparation develop-
ment included comparison of different solvents: methanol, 
butanol, toluene and different application volumes of each 
solvent: 5 µL, 10 µL, 15 µL. The plate after derivatization 
with Anisaldehyde-sulfuric acid reagent under the white light 
with different sample preparation of oral solution has been 
shown on the Fig. 1.

As we can see on the Fig. 1 the best results were 
obtained with 5 µL of butanol solvent. With this solvent ses-
quiterpene carboxylic acids which are specific for Valerian 
root and Valerian tincture are moved to compounding oral 
solution and can be used as specific markers.

In final method the optional reference substances (hy-
droxyvalerenic acid, acetoxyvalerenic acid and/or mixture 
of herbal tinctures, prepared from authentic raw materials) 
and optional detection mode comparing to the method from 
USP [8] can be used.

As we can see from the Table 2, according to the EPh 
for identification of Leonurus cardiaca herb iridoid’s chro-
matographic profile is used; the reference substances 
naphtol yellow and catalpol are not specific [7]. According 
to the State Pharmacopoeia of Ukraine (SPhU) there are 
two monographs: for Leonurus herb and Leonurus tincture 
[9]. The same mobile phase and the same derivatization 
reagent as in EPh are used in SPhU. But specific and cum-
bersome sample preparations in SPhU give the possibility 
to determine not just the iridoids but also the flavonoids 
profile with the usage of typical markers for flavonoids. The 
conventional TLC plates are used in both methods from 
SPhU and EPh, the relative humidity are not controlled.

As flavonoids are the specific components for Leonurus 
cardiaca and could help to differentiate it from other ingre-
dients in oral solution [10], this class of substances were 
chosen for identification of oral solution. As mobile phase 
a typical system for flavonoids from EPh: ethyl acetate, 
methyl ethyl ketone, formic acid, water (5:3:1:1) and typical 
flavonoids’ markers (hypersoside, rutin) were used.

Development of sample preparation for flavonoids. 
During development of HPTLC method for flavonoids 
the same approach as for valerenic acids was used. The 
application of different volumes of water solution with “noz-
zle heating” function was considered as not appropriate. 
The obtained zones of flavonoids fingerprints had wrong 
shapes, tails, and change positions comparing to markers 
in fingerprints of Motherwort herb and tincture that were 
used as reference standards.

Thus, further development of sample preparation for 
flavonoids included comparing of different solvents: metha-
nol, butanol, toluene and different application volumes of 
each solvent: 5 µL, 10 µL, 15 µL (Fig. 2).

As we can see on the Fig. 2 the best results with 
“clear” fingerprints on the plate after derivatization with  

Table 1. Comparison of thin-layer and high-performance thin-layer chromatographic 
conditions for Valerian

Pharmacopoeia USP EPh
Standard solutions Valerenic Acid

Powdered Valerian Extract
Fluorescein
Sudan red

Sample solution 0.1 g/ml valerian solution  
in methanol

– Extraction, filtration
– Dilution
– Evaporation
– Reaction with alkali solution
– Two times extraction
– Separation of layers
– Heating, cooling
– Reaction with acid solution
– Two times extraction
– Separation of layers and filtration
– Evaporation
– Dissolution

Adsorbent HPTLC plates TLC plates
Mobile phase Cyclohexane, ethyl acetate  

and acetic acid (60:38:2)
Glacial acetic acid, ethyl acetate, 
hexane (0.5:35:65)

Derivatization reagent А. Mixture of glacial acetic acid  
and hydrochloric acid (1:4);  
heat at 120 °C for 5 min, white light
В. Anisaldehyde reagent,  
heat at 100 °C for 3 min, white light

Anisaldehyde reagent, heat at 100-
105 °C for 5–10 min, white light

Relative humidity 33 % –

Table 2. Comparison of thin-layer chromatographic conditions for Motherwort  
and Motherwort tincture

Pharmacopoeia EPh SPhU SPhU
Monograph Leonurus herb Leonurus Leonurus tincture
Class of bioactive 
substances

Iridoids Iridoids, flavonoids Iridoids, flavonoids

Standard solutions Naphtol yellow, catalpol Hyperoside, rutin Hyperoside, rutin
Sample solution 1 mg/ml in methanol Steps:

– Extraction
– Heating
– Cooling
– Filtration
– Evaporation
– Filtration
– Extraction 1
– Extraction 2
– Evaporation
– Dissolution

Steps:
– Evaporation
– Dilution
– Filtration
– Extraction 1
– Extraction 2
– Evaporation

Adsorbent TLC plate TLC plate TLC plate
Mobile phase Glacial acetic acid, water, 

ethyl acetate (20:20:60)
Glacial acetic acid water, 
ethyl acetate (20:20:60)

Glacial acetic acid, 
water, ethyl acetate 
(20:20:60)

Derivatization 
reagent

Dimethylaminobenzal-
dehyde solution

Dimethylaminobenzal-
dehyde solution

Dimethylaminobenzal-
dehyde solution

Relative 
humidity, %

– – –

Вопросы фармации
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NP/PEG reagent under the 366 nm were obtained with 5 
µL of butanol solvent. With this solvent, flavonoids which 
are specific for Motherwort herb and Motherwort tincture 
are moved to compounding oral solution and can be used 
as specific markers.

The final HPTLC methods for identification of herbal 
ingredients in composition of oral solution are shown below.

Proposed High-Performance Thin-Layer Chromato-
graphic Identification Test

Preparations of sample solution
10 ml of compounding oral solution was evaporated 

on rotor evaporator to dry residue (pressure under the 76 
mbar, t = 50 °C). The dry residue was cooled and 2 ml of 
butanol was added. The resultant was allowed to stand for 
5–10 min and sonicated for 3 min. The supernatant was 
used as test solution for HPTLC analysis.

Method A. Sesquiterpene carboxylic acids (vale-
renic acids)

Standard solution A. The reference standard solution of 
valerenic acid was prepared at concentration of 0.25 mg/ml  
in methanol, and then submitted for HPTLC analysis.

Standard solution B (optional). 1 ml of valerian tincture 
and 1 ml of motherwort tincture was mixed thoroughly and 
centrifuged for 5 min at 5000 rpm. The supernatant solution 
was used for HPTLC analysis.

Mobile phase. Cyclohexane, ethyl acetate, acetic acid 
(60:38:2).

Application volume. 5 µL of sample and standard 
solutions.

Derivatization. The derivatization of plates was per-
formed through dipping (Speed: 5, time: 0) with Anisalde-
hyde-sulfuric acid reagent using CAMAG Chromatogram 
Immersion Device and heated to 100 °C for 3 min on 
the TLC plate heater. The plates were documented using 
CAMAG Visualizer after derivatization under white light and 
(optional) UV 366 nm with visionCATS software.

Acceptance criteria. Compare result with the reference 
images. The fingerprint of the test solution is similar to that 
of the sample of compounding preparation (Fig. 1, track 8). 
Additional weak zones may be present.

After derivatization with Anisaldehyde-sulfuric acid 
reagent under white light the test solution shows two major 
violet zones in the center part of chromatogram: one zone 
corresponding to valerenic acid and another zone below 
it corresponding to acetoxyvalerenic acid (blue arrows), 
between these two zones one or two violet zones of low 
intensity; a minor violet zone corresponding to hydroxyvaler-
enic acid in the lower third of chromatogram.

Method B. Flavonoids
Standard solution A. The reference standard solutions 

of rutin and hyperoside were prepared at methanol concen-
tration of 1.0 mg/ml, and then submitted for HPTLC analysis.

Standard solution B (optional). 1 ml of valerian tincture 
and 1 ml of motherwort tincture was mixed thoroughly and 
centrifuged for 5 min at 5000 rpm. The supernatant solution 
was used for HPTLC analysis.

Mobile phase. Ethylacetate, methyl ethyl ketone, formic 
acid, water (5:3:1:1).

Application volume. 5 µL of sample and standard 
solutions.

Derivatization. The derivatisation of plates was per-
formed through dipping (Speed: 5, time: 0) with Natural 

Products/Polyethylene glycol (NP/PEG) using CAMAG 
Chromatogram Immersion Device. The plate is heated at 
100 °C for 3 min on the TLC plate heater, then immersed 
while still hot in 5 g/L solution of diphenylboric acid ami-
noethyl ester in ethyl acetate, dried in a stream of cold 
air, then dipped in 50 g/L solution of macrogol 400 in 
methylene chloride. The plates were documented using 
CAMAG Visualizer after derivatization under UV 366 nm 
with visionCATS software.

Acceptance criteria. Compare result with reference 
images. The fingerprint of the test solution is similar to that 
of the sample of compounding preparation (Fig. 2, track 8). 
Additional weak zones may be present.

After derivatization with NP/PEG reagent under UV 366 nm  
the test solution shows orange fluorescent zone (red arrow) 
corresponding to reference substance rutin in the low third 
of chromatogram; four blue fluorescent zones (white ar-
rows) – two in the center part of chromatogram one above, 
other below the zone corresponding to reference substance 
hyperoside; one in the upper part of chromatogram close to 
the front position; another in the lower third of chromatogram 
below the zone corresponding to rutin.

Fig. 1. Development of HPTLC method for identification of sesquiterpene carboxylic acids. 
Developing solvent: cyclohexane, ethyl acetate, acetic acid (60:38:2); derivatization: anisaldehyde 
reagent; detection: white light. 

Tracks: 1 – valerenic acid, 5 µl; 2 – valerian tincture (1:10), 70 % alcohol, 5 µl; 3 – motherwort 
tincture, (1:10), 70 % alcohol, 5 µl; 4 – mixture of valerian and motherwort tinctures, 5 
µl; 5–13 – samples of compounding oral solution: 5–7 – solvent – methanol, 5, 10, 15 µl  
respectively; 8–10 – solvent – butanol, 5, 10, 15 µl respectively; 11–13 – solvent – toluene, 5, 10, 
15 µl respectively.

Fig. 2. Development of HPTLC method for identification of flavonoids. Developing solvent: 
ethylacetate, methyl ethyl ketone, formic acid, water (5:3:1:1); derivatization: NP/PEG; detection: 
366 nm. 

Tracks: 1 – rutin, hyperoside, 5 µl; 2 – valerian tincture (1:10), 70 % alcohol, 5 µl; 3 – 
motherwort tincture, (1:10), 70 % alcohol, 5 µl; 4 – mixture of valerian and motherwort tinctures,  
5 µl; 5–13 – samples of compounding oral solution: 5–7 – solvent – methanol, 5, 10, 15 µl respectively; 
8–10 – solvent – butanol, 5, 10, 15 µl respectively; 11–13 – solvent – toluene, 5, 10, 15 µl respectively.
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Conclusions
As a result two simple, specific and reproducible HPTLC 

identification methods of herbal ingredients of compounded 
oral solution were developed. For this purpose the choice 
of specific groups of bioactive substances/markers of oral 
solution has been done (valerenic acids and flavonoids), 
sample and standards preparations have been developed, 
chromatographic conditions have been chosen, acceptance 
criteria have been proposed, reference images of chromato-
gram have been shown. The developed HPTLC methods 
could be used for chemical stability study of compounding 
preparation to determine storage conditions and shelf-life 
of the oral solution.
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