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ABSTRACT
Objective: To identify active compounds and establish the chemical fingerprint of Artemisia annua L. for the 
quality control.   
Methods: Thin-layer chromatography (TLC) conditions were developed to screen for 2 common flavonoids (apigenin 
and luteolin). Three mobile phases were used to isolate these flavonoids in 80% ethanolic extract of A. annua.  
Hexane : ethyl acetate : acetic acid (31:14:5, v/v) and toluene : 1,4-dioxane : acetic acid (90:25:4, v/v) were used in 
normal phase TLC (NP-TLC), and 5.5% formic acid in water : methanol (50:50, v/v) were used in reverse phase TLC 
(RP-TLC). Chromatograms were visualized under visible light after spraying with Fast Blue B Salt. Apigenin and 
luteolin bands were checked by comparing their Rf values and UV-Vis absorption spectra with reference markers.  
Results: Apigenin and luteolin were simultaneously detected with good specificity in RP-TLC condition, while 
only apigenin was detected in NP-TLC condition. Apigenin band intensity was higher than luteolin band intensity 
in both conditions. 
Conclusion: This knowledge can be applied to the development of quality control assessments to ensure product 
efficacy and consistency.
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INTRODUCTION
	 Artemisia annua L., commonly known as sweet 
wormwood, is an annual plant in the Asteraceae (Compositae) 
family. This herb is native to Asia and throughout much 
of China. It flourishes in the temperate zone, and also 
grows wild in central Europe. Aqueous preparations 
of dried A. annua have traditionally been used to treat 
fever, malaria, skin diseases, jaundice, and hemorrhoids 
in China. In Thailand, A. annua has been used to treat 
fever, asthma, skin disease, circulatory disorders (e.g., 
dizziness), and as an expectorant and an anthelmintic.1  
A. annua is also used as an herbal ingredient in some 

Thai herbal recipes that are published in The National 
List of Essential Medicines.2 Several previous studies 
reported that A. annua possesses various pharmacological 
activities, including antimalarial, antinociceptive, anti-
inflammatory, antioxidant, anticancer, and antimicrobial 
actions.3-10 Moreover, the essential oil from this plant is 
postulated to inhibit the growth of Gram-positive bacteria, 
Gram-negative bacteria, and yeast, and to depress the 
central nervous system.11-13 These reported findings 
support the historical claims and traditional belief that 
A. annua is an effective herbal medicine for treatment of 
different diseases. The chemical component of A. anuua 
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that makes it effective for treating the parasitic diseases 
of malaria is artemisinin, a sesquiterpene lactone.4-5  

A large number of flavonoides, including apigenin, 
luteolin, kaempferol, quercetin, casticin, and artemetin, 
have also been reported to be present in A. annua.14-15 

Reported vital pharmacological activities effectuated by 
flavonoids in A. annua include antioxidant, inhibition 
of immune mediators of angiogenesis, prophylactic 
effects in malaria and related fevers, and antimalaria 
parasite.8,16-20    
	 Luteolin and apigenin are flavonoids that are 
commonly found in different plant species that are 
associated with a broad spectrum of pharmacological 
activities, including antimalarial, anti-inflammatory, 
antioxidant, and anticancer.20-23 However, the efficacy 
of drugs that contain flavonoids can vary according to 
environmental conditions and season of harvest or growth 
stage.24-26 Thin-layer chromatography (TLC) is currently 
the method of choice for identifying a wide variety of 
substance classes, because it is a simple, rapid, inexpensive, 
and substances are identified visually. A new method for 
simultaneously quantifying apigenin and luteolin using 
reverse-phase TLC in some medicinal plants was recently 
reported.27 The development of a screening method that 
could reliably identify the presence of apigenin and luteolin 
in A. annua, and then a chromatogram fingerprint of 
A. annua would facilitate quality control assessments 
of harvested A. annua to ensure the reproducibility of 
ingredients and the consistent efficacy of the product. 
Accordingly, the aim of this study was to develop a 
screening method to identify apigenin and luteolin in  
A. annua, and then establish a chromatogram fingerprint 
of A. annua. 

MATERIALS AND METHODS
Chemicals and plant materials 
	 All reagents used were of analytical grade. Methanol, 
ethanol, and hexane were purchased from Scharlau 
(Barcelona, Spain), and toluene, formic acid, and acetic 
acid were purchased from Merck (Darmstadt, Germany). 
Ethyl acetate was purchased from Riedel-de Haen (Seelze, 
Germany), and 1, 4 dioxane was purchased from Carlo 
Erba Reagents, (Val de Reuil, France).  Apigenin, luteolin, 
and Fast Blue B Salt were purchased from Calbiochem  
(San Diego, California, USA), Extrasynthese, (Genay, 
France), and Sigma-Aldrich (St. Louis, Missouri, USA), 
respectively. HPTLC Silica gel 60 F254 (NP-TLC) and TLC 
Silica gel 60 RP-18 F254S (RP-TLC) were purchased from 
Merck (Darmstadt, Germany). Pulverized aerial plant 
material of A. annua, was obtained from the Manufacturing 
Unit of Herbal Medicines and Products, Center of Applied 

Thai Traditional Medicine (CATTM), Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, Thailand. 

Instruments  
	 The CAMAG TLC system (CAMAG Chemie-
Erzeugnisse & Adsorptionstechnik AG, Muttenz, 
Switzerland) consisted of a CAMAG Linomat 5 sample 
applicator, a CAMAG Automatic Developing Chamber 
(ADC2), and a CAMAG TLC Scanner 3. Densitometry 
documentation was performed under UV light (254 and 
366 nm) and visible light using Reprostar 3 densitometer 
with CCD camera. CAMAG winCATS software was 
used to control the system and analyze the data. 

Preparation of standard solutions 
	 One milligram of apigenin was dissolved in 2 milliliters 
of methanol, and 1 mg of luteolin was dissolved in 1 
milliliter of methanol. Stock solutions were maintained 
in a refrigerator at -20°C until use. 

Preparation of sample solutions 
	 To obtain the optimal solvent for the extraction of  
A. annua, three common solvents were used, including 
100% methanol, 100% ethanol, and 80% ethanol. Ten 
milliliters of each solvent was added to 1 gram of pulverized 
aerial plant material of A. annua and sonicated for  
60 minutes. The 3 mixtures were then centrifuged at 
4,000 rpm for 10 minutes at 25°C. The supernatant was 
separated and evaluated using the TLC systems.

TLC analysis
	 We employed 3 different mobile phase systems 
– two normal-phase (NP) and one reverse-phase (RP) 
TLC. The 2 NP-TLC mobile phase systems consisted 
of hexane : ethyl acetate : acetic acid (31:14:5, v/v) and 
toluene : 1,4-dioxane : acetic acid (90:25:4, v/v). The 
RP-TLC mobile phase system consisted of 5.5% formic 
acid in water : methanol (50:50, v/v). Sample volumes of  
A. annua extracts applied on HPTLC and RP-TLC plates 
were varied to obtain the best separation and the most 
obvious chromatogram fingerprints. One microliter 
(µL) of luteolin and 2 µL of apigenin were mixed and 
loaded alongside the sample as markers. Development 
duration was approximately 20 minutes or the solvent 
migration distance was at least 7.5 cm. Developed plates 
were dried in cold air for approximately 5 minutes. 
Extracted chromatogram fingerprints were visualized 
under both ultraviolet light (UV) (254 and 366 nm) 
and visible light after spraying with Fast Blue B Salt 
(FBS). Chromatograms were further sprayed with 10% 
NaOH to intensify the result. Presence of apigenin and/
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or luteolin was determined by comparing rate of flow 
(Rf) values and absorption spectra with those of their 
respective markers. 

RESULTS
	 Chromatogram fingerprints of ethanol, methanol, 
and 80% ethanol extracts of the aerial part of A. annua 
after FBS staining are shown in Fig 1. Eighty percent 
ethanol was determined to be the optimal extraction 
solvent. Chromatogram fingerprints of A. annua extract 
under UV light (254 and 366 nm) and visible light after 
FBS staining of NP-TLC and RP-TLC are shown in  
Fig 2.  The Rf values in NP-TLC (2 solvent systems) and 

RP-TLC (1 solvent system) were 0.21, 0.24, and 0.09 for 
apigenin marker, and 0.10, 0.13, and 0.15 for luteolin 
marker, respectively (Fig 3, Table 1). Bands identified in 
the chromatogram of A. annua using RP-TLC expressed 
migration distance, color, and absorption spectrum 
similar to that of apigenin and luteolin markers. Using 
NP-TLC, only bands of apigenin was identified (Fig 4). 
Accordingly, RP-TLC was found to be the most suitable 
method for simultaneously identifying both apigenin and 
luteolin in 80% ethanolic extract of A. annua. The band 
intensity of apigenin was higher than that of luteolin in 
both NP-TLC and RP-TLC.  

Fig 1. RP-TLC chromatogram of ethanol, methanol, and 
80% ethanol extracts of the aerial part of A. annua detected 
under visible light after spraying with FBS and intensification 
by spraying with 10% NaOH. 

Fig 2. Chromatogram fingerprint of A. annua developed in a NP-TLC plate with A) hexane : ethyl acetate : acetic acid (31:14:5 v/v);  
B) toluene : 1,4-dioxane : acetic acid (90:25:4, v/v);  and, C) in an RP-TLC plate with 5.5%  formic acid in water : methanol (50:50, v/v). 
Visualization was performed under UV light (254 and 366 nm) and visible light after spraying with FBS.

Fig 3. Chromatograms of apigenin and luteolin in a mixed marker solution developed in a NP-TLC plate with A) hexane : ethyl acetate : 
acetic acid (31:14:5, v/v); B) toluene : 1,4-dioxane : acetic acid (90:25:4, v/v); and, C) in an RP-TLC plate with 5.5% formic acid in water : 
methanol (50:50, v/v). Bands were detected under visible light after FBS staining.
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TABLE 1. Rf values of reference markers by mobile phase

Fig 4. Detection of apigenin and luteolin in A. annua under visible light after spraying with FBS and intensification with 10% NaOH in 3 
condition systems: A) 80% ethanolic extract of A. annua; B) mixed marker solution; C) absorbent overlay of apigenin marker along with 
the sample; and, D) absorbent overlay of luteolin marker along with the sample. 

Mobile phase	 Marker	 Plate type	 Rf

Hexane : ethyl acetate : acetic acid	 Apigenin	 NP-TLC	 0.21

(31:14:5, v/v)	 Luteolin	 NP-TLC	 0.10

Toluene : 1,4-dioxane : acetic acid	 Apigenin	 NP-TLC	 0.24

(90:25:4, v/v)	 Luteolin	 NP-TLC	 0.13

5.5% formic acid in water: methanol	 Apigenin	 RP-TLC	 0.09

(50:50, v/v)	 Luteolin	 RP-TLC	 0.15
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DISCUSSION
	 Artemisinin is a potent antimalarial drug against 
Plasmodium falciparum that can be found at a range of 
concentration of 0.01-0.5% of dry weight of A. annua.4 

That study also reported for flavonoid compounds in this 
plant. Apigenin and luteolin were 2 of several flavonoids 
identified in the leaves and stems of A. annua. These 
compounds were isolated and characterized by comparing 
their UV, MS, and 1H NMR spectra with the literature 
and reference compounds.14 Luteolin and apigenin are 
reported to be associated with a broad spectrum of 
pharmacological activities, including antimalarial, anti-
inflammation, antioxidant, and anticancer.20-23 Thin-layer 
chromatography (TLC) is suitable for initial identification 
of substances prior to more advanced analysis using 
more sophisticated analytical instruments. The optimal 
yield of apigenin and luteolin found in 80% ethanolic 
extract allowed for further identification of apigenin and 
luteolin in A. annua using the three mobile systems. In 
this study, RP-TLC enabled simultaneous detection of 
apigenin and luteolin with specificity while NP-TLC 
could detect with specificity only for apigenin compound.  
A previous study reported the use of RP-TLC to identify 
various flavonoids, including apigenin and luteolin.27 

However and based on our review of the literature, no 
comparison has been made between the efficiency of 
NP-TLC and RP-TLC. Our finding showed that RP-
TLC can identify the two substances of interest and 
established that RP-TLC is more suitable for detecting 
the presence of apigenin and luteolin in A. annua. The 
superiority demonstrated by RP-TLC over NP-TLC can 
be explained by the low selectivity of NP-TLC. The UV-
Vis absorption profile of the similar in position band to 
luteolin reference compound under NP-TLC condition 
was not similar to that of standard. This indicates that 
the band might not be free of any interference that was 
present in the extract. In this study, the fact that the band 
of apigenin appeared more intensely than the band of 
luteolin suggests that the aerial parts of the A. annua used 
in this experiment contained more apigenin than luteolin. 
This result contrasts with the result of a previous study 
that reported the same amount of luteolin and apigenin 
isolated from ethyl acetate extract of the leaves and 
stems of A. annua (0.015% on dry weight).14 In addition 
to different types of sample preparations and different 
methods of analysis being the cause of variations in 
flavonoid content, variation may also be due to geographical 
area, season of harvest, or phenological growth stages. 
The previous study on the effects of geographical area 
and polluted environment on flavonoid contents in 
Artemisia vulgaris and Veronica chamaedrys by using 

TLC technique reported that apigenin in V. chamaedrys 
was increased at the alpine regions, while the content of 
quercetin 3,7,3’-trimethyl ether in A. vulgaris appeared 
to be independent of altitude, but it was influenced 
positively by environmental pollution.24  The study on 
the seasonal variation in 15 phenolic compounds of 80% 
ethanolic extract of Rhododendron tomentosum leaf 
found that the quantity of all fifteen phenolic compounds 
showed significant seasonal variation, but there was no 
seasonal variation of their total sum.25  The qualitative and 
quantitative flavonoid aglycones variations in relation to 
the different phenological stages were also observed in 
Artemisia absinthium and Artemisia vulgaris by using 
HPLC. The detected flavonoids in A. absinthium were 
stable in their qualitativem but different in their contents 
while the flavonoid profiles of A. vulgaris exhibited 
qualitative and quantitative variability during the life 
cycle.26 

CONCLUSION
	 This study found RP-TLC to be most suitable for 
simultaneously identifying both apigenin and luteolin in 
80% ethanolic extract of A. annua. This knowledge can be 
applied to the development of quality control assessments 
of harvested A. annua to ensure the reproducibility of 
ingredients and the consistent efficacy of the product. 
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