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ABSTRACT  
 
 Artemisinin has received considerable attention in the last few decades as the 
current drug of choice for treatment of malaria and a number of other diseases. Because of the 
development of resistance against other malarial drugs, the demand for artemisinin has 
rapidly increased during the past decade. However, the supply of artemisinin is troublesome 
as neither total nor semi-synthesis is economically feasible and the only plant species known 
to produce artemisinin, Artemisia annua L., contains only low amounts of this compound 
ranging from (0.01-0.6%) of dry weight. The wish to improve the overall supply of 
artemisinin at a reduced market price has encouraged interest to hit upon novel plant sources 
for artemisinin production as alternative to A. annua. In our current study a fingerprint profile 
method was developed for the detection and quantification of artemisinin and its related 
analogues in the methanolic extract of Artemisia monosperma and Artemisia herba alba using 
a high-performance liquid chromatography (HPLC) with diode-array detector (DAD) and ion 
trap mass spectrometry. Artemisinin, dihydroartemisinin (α and β isomers), artemisitene, 
dihydroartemisinic aldehyde, dihydroartemisinic acid, dihydroartemisinic alcohol were 
detected and quantified in the methanolic extract of Artemisia monosperma using LC-MS 
peak at concentrations of 3.6, 1.9, 0.27, 0.06, 0.08 and 1.95 % of dry plant weight 
respectively in addition to the detection of arteannuin B and artemisinic acid at a trace levels. 
While artemisinin, artemisitene, dihydroartemisinic acid, and artemisinic acid were detected 
and quantified in the methanolic extract of Artemisia herba alba at concentrations of 4.9, 0.35, 
0.08 and 0.04 % of dry plant weight respectively . The high unexpected concentration of 
artemisinin and some of its related analogues detected in this study reported Artemisia herba 
alba and Artemisia monosperma for the first time as a novel potential plant sources for 
artemisinin and some of its related analogues that may be helpful for its commercial 
pharmaceutical production and could lead to the improvement of the overall supply of 
artemisinin at a reduced market price offering an acceptable price for most patients.especially 
that these Artemisia species are abundant in distribution in Egyptian desert. 
 
 
Keywords: Artemisinin, Artemisinin Intermediate precursors involved in its biosynthesis 
pathway; Artemisia monosperma; Artemisia herba alba, High performance liquid 
chromatography–Mass spectrometry; Quantification. 

 INTRODUCTION 
 
 Malaria is one of the planet’s deadliest diseases and one of the leading causes of sickness 
in poor developing countries. The World Health Organization reports that there are 300–500 
million clinical cases of malaria each year resulting in 1.5–2.7 million deaths, particularly of 
children below the age of 5 years in African Countries (far more than AIDS) (Avula et al., 2009; 
Hartl, 2004; ElSohly, 2002). 
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 The first effective antimalarial drug was quinine, which 
was isolated from the barks of several South American species of 
Cinchona. For a long time this was the ideal drug for prophylaxis 
since it is not toxic, works fast and efficiently and has also a long 
half-life time. However, Plasmodium parasites have built 
resistance against this drug. Emergences of multi-drug resistance 
of the Plasmodium strains to the cheapest and most widely used 
antimalarials such as chloroquine, mefloquine and sulfadoxine-
pyrimethamine is one of the biggest challenges in the fight against 
malaria (White, 1992). The interest in plants as potential sources of 
new antimalarial drugs has been stimulated by the isolation and 
clinical use of the endoperoxide sesquiterpene artemisinin, the 
active principle of the Chinese medicinal herb Artemisia annua 
(Phillipson and Wright, 1991). 

Artemisinin, an endoperoxide-containing sesquiterpene 
lactone of the cadinane type, a first naturally occurring 1,2,4-
trioxane: Fig.(1).with an endoperoxide moiety, a functionality rare 
in natural products is the antimalarial principle isolated by Chinese 
scientists in 1972 from Artemisia annua L., (sweet wormwood), an 
herb of the Asteraceae family (Compositae), is an effective 
antimalarial drug against both chloroquinine-resistant and 
chloroquinine- sensitive strains of Plasmodium falciparum, as well 
as against cerebral malaria (Liu et al., 1979; Luo and Shen, 1987; 
Klayman, 1985). It has also been found to be a potential agent for 
treating skin diseases (Thornfeldt, 1991) and as a natural herbicide 
(Chen et al., 1987; Duke et al., 1987). This novel compound has a 
unique structure among antimalarial agents, lacking the nitrogen-
containing heterocyclic ring which is found in most antimalarial 
compounds. The endoperoxide sesquiterpene lactone moiety of this 
class of compounds is found to be indispensable for the 
erythorocytic schizontocidal activity and reacts with the 
intraparasitic heme and form free radicals. These free radicals 
appear to damage intracellular targets and perform their 
antimalarial activity. However, artemisinin and its derivatives or 
analogues are currently regarded as the most promising and potent 
antimalarial drug weapons against malaria as part of the ideal 
strategy for malaria in Africa by WHO, which meets the dual 
challenge posed by drug-resistant parasites and rapid progression 
of malarial illness (Cheng et al., 2002; Perez-Souto et al., 1992; 
Robert et al., 2002; Yikang, 2002). The supply of this promising 
antimalarial compound is troublesome as neither total nor semi-
synthesis is economically feasible and the only plant species 
known to produce artemisinin is Artemisia annua L., which 
contains only very low amounts of this compound making the 
production of this promising antimalarial compound, remains 
expensive and is hardly available on a global scale (De Vries and 
Dien, 1996). 

The significant biological activity, novel chemical 
structure, and low yield from natural sources have prompted efforts 
directed at the isolation of related compounds with similar 
activities (Klayman, 1985). Several research programs have been 
set up trying to identify artemisinin in other Artemisia species 
(Klayman et al., 1984; Samuelsson, 1999). Many Artemisia species 
have been examined to find the sesquiterpene lactone, artemisinin, 

or any of its related analogues. Which so far has been isolated only 
from A. annua growing in China in very minute amounts ranging 
from (0.01-0.6%) of dry weight (Klayman et al., 1984; Perez-
Souto et al., 1992). Making the production of this promising 
antimalarial compound remains expensive and is hardly available 
on a global scale .Although its total synthesis has been achieved, 
the synthesis gives low yields and is uneconomical due to its 
complex structural properties. Therefore, the isolation of 
artemisinin from the plant still represents the best alternative (De 
Vries and Dien, 1996; Klayman, 1985; Samuelsson, 1999). 
However, according to the outcomes obtained from previous 
researches on ten Artemisia species (A. santonicum L., A. taurica 
Willd., A. spicigera K. Koch, A. herba-alba Asso, A. haussknechtii 
Boiss., A. campestris L., A. araratica Krasch., A. armeniaca Lam., 
A. austriaca Jacq. and A. abrotanum L.) collected from different 
localities throughout Turkey. However, these studies showed that 
artemisinin or any of its related analogues were not detected in all 
investigated Artemisia species of Turkish origin (Nurgün et al., 
2007). 

The ability to detect artemisinin and its known analogues 
in plant extracts is as critical as the isolation of new compounds. 
This task is especially difficult when these compounds are 
unstable, sensitive to acid and base treatment (Lin et al., 1985), 
thermally labile and lack UV or fluorescent chromophores (Fig. 1.) 
and are present at trace levels in a complex matrix making the 
standard UV detection methodology ineffective in the 
identification of these compounds. Rapid methods of detection at 
trace levels that are applicable to mixtures are still needed. Tandem 
mass spectrometry (ms/ms) (Busch et al., 1988) is a powerful tool 
for rapid identification of target chemical constituents in complex 
matrices, including plant extracts (Ranasinghe et al., 1993) and 
biological fluids (Richter et al., 1983).  The high sensitivity of MS 
as an LC detector facilitates to discover new minor constituents, 
which are difficult to obtain by conventional means.  The tandem 
mass spectrometric fragmentation behavior of compounds has been 
investigated extensively, which allows the characterization of 
unknown compounds even without the reference standards (De 
Rijke et al., 2003; Fabre et al., 2001; Hughes et al., 2001; Ma et 
al., 2000; Stevens et al., 1997). 

In the present study, we successfully developed a very 
simple extraction method followed by HPLC–DAD–ESI-MSn to 
study the content of artemisinin and its related analogues in the 
methanol extracts of Artemisia herba alba and Artemisia 
monosperma for the first time. Identifications were performed by 
comparing mass spectra of samples with earlier publications. To 
our knowledge, we report the first MS/MS detection of artemisinin 
and its related analogues in the selected Egyptian Artemisia 
species.  
 
MATERIALS AND METHODS 
Plant material 

 Artemisia herba alba and Artemisia monosperma aerial 
parts were collected from western desert of Egypt, in spring of 
2010 and authenticated by the author according to its 
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morphological and taxonomically aspects. Voucher specimens 
were deposited in the Herbarium of Faculty of Pharmacy, 
Damanhour University, Damanhour City, Egypt.  

 
Chemicals 

All solvents and reagents from various suppliers were of 
the highest purity needed for each application. Methanol and water 
were of HPLC grade (J.T. Baker, Phillipsburg, NJ, USA). Absolute 
methanol and formic acid were purchased from Merck (Darmstadt, 
Germany). 
 
Preparation of Extracts 

An aliquot of 15 gram of grinded air dried aerial parts of 
Artemisia herba alba and Artemisia monosperma aerial parts were 
separately exhaustively extracted with 750 ml of methanol in a 
Soxhlet apparatus at 60 °C then filtered through 0.45 µm 
membrane prior to use. The collected methanolic extracts were 
evaporated via rotavapour at 40-50 ◦C under reduced pressure 
yielding 3.1 and 2.98 gm respectively. The residue of each extract 
was dissolved in HPLC grade methanol in a concentration of 
10mg/ml. Aliquots of 10µl of each were injected into the LC-
DAD/MS analysis system 
 
HPLC conditions  

Analyses were performed using a Hewlett-Packard 1100 
(Waldbronn, Germany) composed of a quaternary pump with an on 
line degasser, a thermostatted column compartment, a photodiode 
array detector (DAD), an auto sampler, and 1100 ChemStation 
software. The HPLC separation was performed on Eclipse XDB 
C18 column (50 mm×2.1 mm, 1.8 µm, Agilent Company, USA). 
Mobile phase consisted of two solvents, (A) methanol and (B) 0.2 
% formic acid. Separation of compounds was carried out with 
gradient elution profile: 0 min, A: B 10:90; 36 min, A: B 100:0; 40 
min, A: B 100:0. Chromatography was performed at 30 °C with a 
flow-rate of 0.2 ml/min. UV traces were measured at 290, 254 and 
350 nm and UV spectra (DAD) were recorded between 190 and 
900 nm. 
 
Mass spectrometric conditions 

The HPLC–MS system consisted of electrospray 
ionization (ESI) interfaced Bruker Daltonik Esquire-LC ion trap 
mass spectrometer (Bremen, Germany) and an Agilent HP1100 
HPLC system equipped with an autosampler and a UV-Vis 
absorbance detector. The ionization parameters were as follows: 
positive ion mode; capillary voltage 4000 V, end plate voltage 
−500 V; nebulizing gas of nitrogen at 35.0 p.s.i.; drying gas of 
10 l/min nitrogen at 350 °C. Mass analyzer scanned from 15 to 
1000 u. The MS–MS spectra were recorded in auto-MS–MS mode. 
The fragmentation amplitude was set to 1.0 V. MS2 data were 
acquired in positive mode. 
 
Standard-Free Relative Quantification by Peak area of LC-MS  

In classical chromatography, reference standards are              
not only used for correct amount determinations, but they are also 

essential for compound identification. Thus, an analytical solution 
free from reference standards must also have structural information 
to identify the analytes of interest.  Here, high-resolving MS is a 
valuable tool for providing elemental composition by exact mass 
determination, and for structure elucidation by fragmentation 
(Dionex Corporation, 2011).  

The structural information provided by a high-resolution 
mass spectrometer for compounds , offers the highly attractive 
opportunity of an easy quantitation without a large number of 
reference compounds based on the relative peak areas that delivers 
both qualitative and quantitative results within one run and without 
the need for extensive external calibration becomes feasible. 
However, obtaining calibration curves for each single component 
is time consuming, expensive, or simply not possible because of 
the lack of most standards (Lisa  et al., 2007; Lisa and Holcapek, 
2008). 

In LC-MS, an ion with a particular m/z is detected and 
recorded with a particular peak area and intensity, at a particular 
time. It has been observed that signal intensity and peak area from 
electrospray ionization (ESI) correlates with ion concentration 
(Voyksner, 1999). The label free quantification of compounds via 
peak area in LC-MS was first studied by LC/MS/MS (Chelius and 
Bondarenko, 2002). When the chromatographic peak areas of the 
identified compound were extracted and calculated, the peak areas 
were found to increase with increased concentration of injected 
compounds. The results of quantitative profiling were further 
improved by normalizing the calculated peak areas (Chelius and 
Bondarenko, 2002; Bondarenko et al., 2002). 
 
RESULTS AND DISCUSSION 
 

Selection of optimal chromatographic conditions 
Optimal chromatographic conditions were obtained after 

running different mobile phases with different reversed-phase C18 
columns. Indeed, the crude methanolic extract of the studied 
Compositae plant was found to contain a wide range of compounds 
ranging from water-soluble to lipid-soluble components. It is well 
established that for the separation of different compounds, choice 
of column, mobile phase and an appropriate gradient elution 
sequence are critical. The use of methanol-water (0.2 % formic 
acid) as mobile phase with a C18 column was found to be the most 
effective procedure for analysis showing a satisfactory separation 
for compounds of interest (Justesen et al., 1998; Justesen., 2000). 

In our study the best results were observed with Eclipse 
XDB C18 column (50 mm×2.1 mm, 1.8 µm, Agilent Company, 
USA) using methanol and water containing 0.2 % formic acid as 
mobile phase. Variation of the column temperature between 25 and 
40 _C did not cause significant change in the resolution, however 
changes in retention time were observed. The column was used at 
30 _C at a flow rate of 0.2 mL min-1 for LC–DAD–ESI method. 
This method allowed for the separation of all compounds in 40 min 
(Fig.2). Separation of compounds was carried out with gradient 
elution profile. All the peaks of interest were further confirmed by 
LC–MS. 
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HPLC-DAD and HPLC-MS analysis of the extracts 
The developed analytical system made it possible to 

separate artemisinin as well as its related analogues clearly. 
However the ability to detect artemisinin and its known analogues 
in plant extracts using UV detection methodology at 215, 254, 290 
and 334 nm was ineffective because these compounds lack UV or 
fluorescent chromophores showing poor extinction coefficients in 
the ultraviolet (UV) regions in comparison with the registered base 
peak chromatogram (BPC) profile that allows the identification of 
artemisinin and its known analogues. Artemisinin and its related 
compounds are known to produce significant fragments even under 
soft ionization conditions. ESI was chosen for the study of 
artemisinin because it has proven effective in generating                  
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

molecular ions of a variety of compounds without   causing   much  
fragmentation (D’Acquarica et al., 2010). Because it is a rapid 
heating technique, thermal degradation is also minimized.  

Chemical structures of the identified compounds are 
shown in (Fig. 1).  

A typical HPLC/DAD and MS chromatograms of the 
methanolic extract of Artemisia monosperma is shown in (Fig. 2), 
and their Extracted ion chromatogram, mass spectra, and MSn 
fragmentations pattern were shown in Table 1.  

A typical HPLC/DAD and MS chromatograms of the 
methanolic extract of Artemisia herba alba is shown in (Fig. 3), 
and their Extracted ion chromatogram, mass spectra, and MSn 
fragmentations pattern were shown in Table 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Chemical structures of artemisinin (A), dihydroartemisinin (B),  arteannuin B  (C),  artemisitene (D),  and four possible intermediate precursors involved in 
artemisinin biosynthesis pathway : artemisinic acid  (E), dihydroartemisinic alcohol (F), dihydroartemisinic aldehyde (G)  and dihydroartemisinic acid (H). 
 

 



Journal of Applied Pharmaceutical Science 02 (07); 2012: 77-91 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. (A): HPLC-DAD chromatogram of the crude methanolic extract of Artemisia monosperma monitored at different wave lengths (215, 254, 290, and 334 nm) 
showing a poor extinction coefficients in the ultraviolet (UV) regions of artemisinin as well as most of its first generation analogs. (B): LC-positive mode ESI-MSn base 
peak chromatogram (BPC) profile allows the identification and confirmation of all peaks of interest. 
 

 

 
Fig. 3. (A): HPLC-DAD chromatogram of the crude methanolic extract of Artemisia herba alba monitored at different wave lengths (215, 254, 290, and 334 nm) showing 
a poor extinction coefficients in the ultraviolet (UV) regions of artemisinin as well as most of its first generation analogs. (B): LC-positive mode ESI-MSn base peak 
chromatogram (BPC) profile allows the identification and confirmation of all peaks of interest. 
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When plant sample of Artemisia monosperma (10μl) were 
analyzed by HPLC–MS, dihydroartemisinin epimers (α-DHA 
eluted at 12.4 min and β-DHA eluted at 12.8 min), 
dihydroartemisinic aldehyde eluted at 15.2 min, arteannuin B 
eluted at 15.5 min (not shown; trace amount), dihydroartemisinic 
acid eluted at 15.7 min, dihydroartemisinic alcohol eluted at 18.8 
min, artemisitene eluted at 36.6 min and artemisinin eluted at 37.7 
min, (Fig. 2). Their MS/MS product spectra and their molecular 
weights, obtained by mass selecting corresponding parent ions 
generated from the plant extract are shown in TABL.1. 

When (10μl) of plant sample of Artemisia herba alba 
monosperma (10 mg/ml) were analyzed by HPLC–MS, arteannuin 
B eluted at 15.5 min (not shown; trace amount), dihydroartemisinic 
acid eluted at 15.7 min, artemisinic acid eluted at 23.7 min, 
artemisitene eluted at 36.6 min and artemisinin eluted at 37.7 min, 
(Fig. 3). Their MS/MS product spectra and their molecular 
weights, obtained by mass selecting corresponding parent ions 
generated from the plant extract are shown in TABL.2. 
 
Identification of compounds 

Both electrospray (ESI) and atmospheric pressure 
chemical ionisation (APCI) have been used previously for 
identification and quantification of artemisinin and its derivatives 
in both plant extracts and biological fluids (Gu et al., 2008; 
Hanpithakpong et al., 2008; Naik et al., 2005; Rajanikanth et al., 
2003; Souppart et al., 2002; Xing et al., 2006; Xing et al., 2007). 
Previous investigations revealed that (ESI) was superior to APCI 
mainly because of improved linearity (Hanpithakpong et al., 2008). 
MS/MS analysis performed using electrospray ionization technique 
in positive mode was used for the detection of artemisinin (m/z 
283→219 + 229 + 247 + 265), arteannuin B (m/z 249→185 + 189 
+ 203 + 231), artemisitene (m/z 281→217 + 227 + 245 + 263), 
dihydroartemisinin (m/z 284→267) and artemisinic acid (m/z 
234→217 + 201 + 199 + 189). The fingerprint profile and mass 
spectra of the analyzed compounds were consistent with published 
data (Avula et al., 2009; Ranasinghe et al., 1993; Van 
Nieuwerburgh et al., 2006). 

In addition to other Possible Intermediate Precursors 
Involved In Artemisinin Biosynthesis Pathway, including 
dihydroartemisinic acid   (m/z 235→219 + 201 + 175 + 161 +162 +  

 
 
 
 
 
 
 
 
 
 
 
 
 

147 +133 +121 +107), dihydroartemisinic aldehyde (m/z 220→218 
+ 205 + 187 +175 + 164 + 163 + 162 + 147 + 135 + 121 + 91), 
dihydroartemisinic alcohol (m/z 222→204 + 191 + 161 + 149 + 
133 + 119 + 107 + 91). Their Peak identification was performed   
by   comparing  their  molecular  weights,  fingerprint  profiles  and  

MS/MS product spectra obtained by mass selecting 
corresponding parent ions generated from the plant extract with 
published data (Li et al., 2006; Brown, 2010; Avula et al., 2009; 
Teoh et al., 2006).  

 
Identification of Dihydroartemisinin (present only in Artemisia 
monosperma) 

The mass spectrum of the peaks eluted at 12.4 min and 
12.8 min corresponds to the dihydroartemisinin epimers (α-DHA 
and β-DHA) respectively are shown in Fig. 4. According to 
previous studies (Cabri et al., 2008; D’Acquarica et al., 2010) on 
the equilibrium between α-DHA and β-DHA showed that 
interconversion of the two epimers occurred in a chromatographic 
time scale which is known as the on- column epimerization process 
of DHA during the analysis. The conversion of the lactone 
carbonyl group at C-10 of artemisinin into the hydroxyl 
(hemiacetal) group in DHA yields a newsterically labile centre in 
the molecule, which, in turn, provides two lactol hemiacetal 
epimers, namely, α and β (Fig. 4.). 

 

 
  Fig. 4: Chemical structures of the interconverting epimers of dihydroartemisinin: 
 

The α-epimer bears the hydroxyl group in the equatorial 
position (absolute stereo-chemistry at C-10: R), whereas the β-
epimer possesses an axial hydroxyl group (Cabri et al., 2008). 
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Samples of dihydroartemisinin were found to contain a 
decomposition product with a molecular weight of 238, as 
evidenced by MS analysis. This decomposition product was 
isolated and identified as 2-(3-oxobutyl)-3-methyl-6-(2-propanal)-
cyclohexanon (Fig.5.C.), known to be formed by thermolysis of 
dihydroartemisinin at 190 degrees C.   

However, during work-up of this compound a hitherto 
unknown decomposition product   of   dihydroartemisinin   with   a  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

molecular weight of 210 was obtained and identified by 1H, 13C 
and two-dimensional NMR spectroscopy as 2-(3-oxobutyl)-3-
methyl-6-ethyl-cyclohexanon. Most probably this product was 
formed by oxidation of the aldehyde functionality of the former 
decomposition product and subsequent decarboxylation. (Dhooghe 
et al., 2007). The fingerprint profile and mass spectra of the 
analyzed compound was consistent with published data (Mohamed 
et al., 1999; Rajanikanth et al., 2003). 

 

 
 

 
 

 
Fig.5. (A): Extracted ion chromatogram showing the interconverting epimers (α and β epimers) of dihydroartemisinin that occurs in a chromatographic time scale (on-
column epimerization). (B) mass spectra, (C) decomposition product and (D) fragmentation pattern of DHA.   
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Fig. 6. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of arteannuin B. 
 

 
 

 
Fig. 7. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of artemisitene. 
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Identification of Arteannuin B (present in Artemisia 
monosperma) 

The mass spectrum of arteannuin B eluted at 15.5 min is 
shown in Fig. 6. The largest ion (249) is consistent with [M+H] of 
arteannuin B showing the following fragments (m/z→249          
231+203+189+185). The structure of that compound is shown in 
Fig. 1. This compound is likely not present at a significant level. 
The fingerprint profile and mass spectra of the analyzed compound 
was consistent with published data (Avula et al., 2009; Ranasinghe 
et al., 1993; Van Nieuwerburgh et al., 2006). 

 
Identification of Artemisitene (present in both Artemisia 
monosperma and Artemisia herba alba) 

The mass spectrum of the peck eluted at 36.6 min 
corresponds to artemisitene is shown in Fig. 7. The largest ion 
(281) is consistent with [M+H] of artemisitene showing the 
following fragments:  

(m/z→ 281      263+245+227+217). The structure of that 
compound is shown in Fig. 1. This compound has UV absorbance 
showing a poor extinction coefficient comparable to artemisinin. 
The fingerprint profile and mass spectra of the analyzed compound 
was consistent with published data (Avula et al., 2009; Ranasinghe 
et al., 1993; Van Nieuwerburgh et al., 2006). 

 
Identification of Artemisinin (present in both Artemisia 
monosperma and Artemisia herba alba) 

However, artemisinin is not observed in HPLC-DAD 
chromatograms Fig 2 (A) showing poor extinction coefficients in 
the ultraviolet (UV) regions, it is well registered in the   base   peak  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

chromatogram (BPC) profile shown in Fig 2 (B) that allows the 
identification of artemisinin as well as some of its known 
analogues. Its mass spectrum and fragmentation pattern is shown in 
Fig. 8.  

The peak eluted at 37.7 min using LC-positive mode ESI-
MSn base peak chromatogram at m/z 283 corresponds to 
protonated artemisinin itself showing the following fragments: 

 (m/z →283 265+247+229+223+219). The fragments ions 
at mlz 265, 247, and 209 correspond to loss of H2O [M-18+H+], 
loss of H2O and loss of H2O and two CO, respectively. The most 
characteristic fragment occurs with the loss of a neutral 
molecule(s) of mass 60 producing the ion, mlz 223. The 223.14 ion 
gives a C13H19O3 molecular formula which would arise from a 
loss of C2H4O2 from artemisinin under both (ESI) and (APCI) 
conditions. The fingerprint profile and mass spectra of the analyzed 
compound was consistent with published data (Avula et al., 2009; 
Ranasinghe et al., 1993; Stevens et al., 1997 Van Nieuwerburgh et 
al., 2006).             

 
Identification of Artemisinic acid (present in Artemisia herba 
alba) 

The mass spectrum of the peck eluted at 23.7 min 
corresponds to artemisinic acid is shown in Fig. 9. The largest ion 
(236) is consistent with [M+H] of artemisinic acid showing the 
following fragments: 
(m/z235 →     217+199+189+177+157+145+133+123+105+91). 
The structure of that compound is shown in Fig. 1. The fingerprint 
profile and mass spectra of the analyzed compound was consistent 
with published data (Brown, 2010; Bertea et al., 2005).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 8. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of artemisinin . 
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Fig. 9. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of artemisinic acid. 
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Fig. 10. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of dihydroartemisinic acid. 

 

 
 

 
Fig. 11. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of dihydroartemisinic acid. 
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Identification of  Dihydroartemisinic acid (present in both 
Artemisia herba alba and Artemisia monosperma) 

The mass spectrum of the peck eluted at 15.8 min 
corresponds to dihydroartemisinic acid is shown in Fig. 10. The 
largest ion (237) is consistent with [M+H] of dihydroartemisinic 
acid showing the following fragments:  

(m/z→236 219+201+175+161+162+147+133+121+107). 
The structure of that compound is shown in Fig. 1. The fingerprint 
profile and mass spectra of the analyzed compound was consistent 
with published data (Avula et al., 2009; Brown, 2010; Teoh et al., 
2006; Wallaart et al., 1999). 

 
Identification of Dihydroartemisinic alcohol (present in 
Artemisia monosperma) 

The mass spectrum of the peck eluted at 18.8 min 
corresponds to dihydroartemisinic alcohol is shown in Fig.11. The 
largest ion (223) is consistent with [M+H] of dihydroartemisinic 
alcohol showing the following fragments: 

(m/z →223        204+191+161+149+133+119+107). The 
structure of that compound is shown in Fig. 1. The fingerprint 
profile and mass spectra of the analyzed compound was consistent 
with     published     data     (Brown,   2010;   Bertea  et al.,  2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Identification of  Dihydroartemisinic aldehyde (present in 
Artemisia monosperma) 

The mass spectrum of the peck eluted at 15.3 min 
corresponds to dihydroartemisinic aldehyde is shown in Fig.12. 
The largest ion (221) is consistent with [M+H] of 
dihydroartemisinic aldehyde showing the following fragments: 
(m/z 221→   218+205+187+175+164+163+162+135+119+91). 
The structure of that compound is shown in Fig. 1. The fingerprint 
profile and mass spectrum of the analyzed compound was 
consistent with published data (Brown, 2010; Bertea et al., 2005). 

 
Standard-Free Relative Quantification by Peak area of LC-
MS.  

Signal or peak integration of ions in the MS scans has 
been used in the quantification technique for decades by small 
molecule analytical chemists because theoretically the peak 
intensity of any ion should be proportional to its abundance. 
Quantification was based on the LC-MS peak area integration of 
artemisinin and its related analogues. The area inscribed by the 
peak is proportional to the amount of substance separated in the 
chromatographic system. The relative quantities of the components 
were determined from the relative areas under the peaks and 
expressed as a % of dry plant weight. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 12. (A): Extracted ion chromatogram, (B) mass spectra, and (C) fragmentation pattern of dihydroartemisinic acid. 
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CONCLUSION 
 

This study reported Artemisia herba alba and Artemisia 
monosperma for the first time as a novel potential plant sources for 
artemisinin and some of its related analogues. The quantification of 
artemisinin and its related analogues in plant samples yielded 
unexpected results. The high artemisinin concentration detected in 
both Artemisia herba alba (4.9 % of dry weight) and Artemisia 
monosperma (3.6 % of dry weight) compared with the low 
production yield of artemisinin from A. annua (0.01-0.05 % of dry 
weight), may be helpful for its commercial pharmaceutical 
production especially that these Artemisia species are abundant in 
distribution in Egyptian desert. Apart from artemisinin, the 
detection and quantification of other artemisinin precursors 
including: dihydroartemisinin, artemisitene, arteannuin B, 
Dihydroartemisinic alcohol, Dihydroartemisinic aldehyde, 
Artemisinic acid and Dihydroartemisinic acid as shown in table 1 
and 2 in a relatively higher concentration than that present in A. 
annua, could lead to the improvement of the overall supply of 
artemisinin at a reduced market price offering an acceptable price 
for most patients. 
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