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ABSTRACT 

 

Present work has been carried out to study the identification and purification of chlorogenic acids in 

Artemisia annua L. Thirty-six chlorogenic acids were identified from this plant. Among these fifteen 

viz. two monocaffeoylquinic acids (Mr354), five dicaffeoylquinic acids (Mr516), one feruloylquinic 

acid (Mr368), three caffeoylferuloylquinic acids (Mr530), two ferulylquinic acids (Mr544), one 

dimethoxy-cinnamoylquinic acid (Mr382) and one p-coumaroylquinic acid (Mr338) were reported first 

time in present study by LC/MS
n
. Cis-isomers of these chlorogenic acids were also identified. 

Furthermore, column chromatography was used for the separation and purification of these chlorogenic 

acid;  by the use of petroleum ether and ethyl acetate decolorization methods as mentioned in the 

literature, thus separation and purification process carried out at the same time. Polyamide and dextran 

were also used to purify Dicaffeoylquinic acid and purity level reached 85.7% with a yield of 53.4% 

after the secondary purification by Sephadex LH-20. Result of study revealed that A. annua can not only 

used for the production of artemisinin, but also yielding different kinds of chlorogenic acids, thus 

making comprehensive utilization of this plant. 
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1 Introduction 

 

Recently, much attention has been paid by world research 

community for the exploitation of medicinal plants. Artemisia 

annua L. is a functional plant used as a natural resource of 

Chinese herbal medicine in the production of artemisinin. This 

plant is widely used for the treatment of malaria and fever from 

many centuries due to its important antimalarial ingredient 

artemisinin (Clifford, 2000). It is believed that medicinal 

effects of artemisinin can be enhanced to treat parasitic 

diseases and cancer if it simultaneously delivered with 

flavonoids analogs extracted from A. annua (Clifford et al., 

2006). Furthermore, remarkable anti-HIV activity of A. annua 

plant was also reported by various researchers (Mueller et al., 

2000; Clifford et al., 2003). In addition, A. annua leaves 

contain variety of chlorogenic acids (Willcox et al., 2011), 

known as potential and nontoxic HIV-1 Integrase Inhibitors 

(Ferreira et al., 2010; Lubbe et al., 2011). Therefore, 

chlorogenic acids may be potential candidates in anti-HIV 

treatment.  

 

Chlorogenic acids belongs to a large family of esters 

condensed by quinic acid (such as shikimic acid, queenie 

methyl or butyl 4-deoxy-quinic acid ) and trans-cinnamic acids 

(such caffeic, ferulic, p-coumaric, sinapic and 

dimethoxycinnamic acid)( Robinson et al., 1996; Lai et al., 

2007; Gu et al., 2007). In IUPAC system (-)-quinic acid is 

defined as 1L-1(OH), 3,4/5-tetrahydroxy-cyclohexane 

carboxylic acid and this same nomenclature is used throughout 

this paper (Han et al., 2008).  

 

Crude acetone, water and methanol can be used to determined 

phenolic compositions of A. annua by HPLC-DAD-ESI/MS
n 

(IUPAC, 1976; Carbonara et al., 2012; .Gouveia & Castilho, 

2013) but these compounds have not been fully studied so far. 

For this reason, it is necessary to develop a rapid and sensitive 

method to identify these components in A. annua. Therefore, 

present study has been conducted to develop a rapid and 

sensitive method for isolation and identification of chlorogenic 

acids from A. annua.  

 

2 Materials and Methods 

 

2.1 Chemicals and reagents 

 

HPLC-grade acetonitrile was purchased from Merck 

(Darmstadt, Germany). All aqueous solutions were prepared 

with pure water produced by Milli-Q system (Bedford, MA, 

USA). Other organic solvents and chemical reagents were 

analytical grade were purchased from Tingbest Co. (Nanjing, 

China). 5-caffeoylquinic acid, caffeic acid and 4,5-

dicaffeoylquinic acid (>98% by HPLC for all) were obtained 

from Chengdo Biopurify Phytochemicals, Ltd China (Sichuan, 

China). Polyamide and dextran were purchased from Al Essex 

Bio-Technology Co., Ltd. Chengdu. A. annua and its residue 

(Chongqing, P. R. China) were smashed into 40 mesh by a 

pulverizer and then stored at room temperature.  

2.2 Sample preparation 

    

Extract of A. annua was obtained by dissolving 1 g of standard 

sample into 100 mL ethanol: water (70:30, v/v) under 

ultrasonication for 1 h at 50°C. After extraction, the sample 

was centrifuged at 6000 g for 3 min, and stored at -4 °C for 

analysis. Before HPLC analysis, the sample was filtered 

through 0.45 µm filter. 

 

2.3 Analytical method 

    

Ethanolic extracts of A. annua are used for isolating phenolic 

compounds while 0.05% (v/v) acetic acid was used as 

additives to adjust the pH value of the mobile phase.  

 

2.3.1 Liquid chromatography 

     

The chromatography was performed on Ultimate AQ-C18（

250 mm×4.6 mm, 5 µm). The mobile phase consisted of 0.05% 

(v/v) acetic acid in water (A) and acetonitrile (B). The gradient 

program was used as follows with a total analysis time of 45 

min: (88% A - 60% A. The column temperature was 

maintained at 30°C. The flow rate was 0.6 mL/min
 
and the 

injection volume was 10 μL. UV-DAD detection was 

performed at λ=327 nm. 

 

2.3.2 Mass spectrometry 

      

HPLC system interfaced with an Agilent 6460 triple 

quadrupole mass spectrometer (Agilent technologies, MA, 

USA) was used to carry out the HPLC/ DAD/ESI-MS/MS 

analysis, with the same column, elution program and flow rate 

of HPLC analysis. The conditions of ESI source were set as 

follows: source voltage: 3.5 kV; the flow rate of drying gas 

(N2) was 11.0 L/min; the drying gas temperature was 365°C 

and nebulizer pressure of 45 psi. The mass spectrometric data 

was acquired from m/z 50 to 800 in negative ion modes. As 

necessary, MS
2 
fragment-targeted experiments were performed 

to focus only on compounds producing a parent ion at m/z 353, 

515, 367, 529, 543 or 677. The first level of impact energy was 

5 ev; the second level of impact energy was 5 ev, 10 ev, 15 ev, 

20 ev. 

 

2.4 Separation and purification of dicaffeoylquinic acid 

 

Polyamide (for initial purification) and dextran (for secondary 

purification) were used to purify dicaffeoylquinic acid and then 

eluted with different concentrations of ethanol. Finally, the 

content of dicaffeoylquinic acid was determined by HPLC to 

calculate the purity and yield. 

 

3 Results and Discussion  

 

Total thirty six chlorogenic acids were isolated from the leaves 

of A. annua. HPLC results of all isolated chlorogenic acids 

from A. annua leaves and A. annua residue were represented in 

Figure 2 and Figure 3. The identification of each compound 
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was made based on the main fragment ions obtained in the 

MS
n
 experiments. Table 1 showed the analytical data: retention 

time (Rt), deprotonated molecular ions (MH
+
)

-
, and the most 

important MS
n
 fragment ions for each peak. Thirty-six peaks 

were separated and out of which fifteen were reported for the 

first time on the total ion chromatogram (TIC). The TIC of 

representative A. annua extracts was shown in Figure 1. 

 

Table 1 Varities of chlorogenic acids detected in A. annua 

 

No. Rt (min) (M-H)
-
 Fragment ions(intensity) Identification 

1* 10.2 353.0 MS
2
: 190.9(100), 353.0(11) 1-CQA 

2 11.0 353.0 MS
2
: 191.0(78), 179.0(63), 352.9(100) 3-CQA 

3 12.8 353.0 MS
2
: 191.0(100), 352.9(7) 5-CQA 

4 13.4 353.0 MS
2
: 172.9(100), 179.0(76), 190.8(44), 353.0(88) 4-CQA 

5 14.2 366.9 MS
2
: 193.0(100), 366.9(47) 3-FQA 

6* 14.5 353.0 MS
2
: 191.0(100), 352.9(10) cis-5-CQA 

7* 14.8 515.0 MS
2
: 191.1(100), 179.0(89), 352.9(84) 1,3-diCQA 

8 15.2 179.0 MS
1
: 179.0(100) CA 

9* 15.7 337.0 MS
1
: 336.9(100), 162.7(66) 3-pCoQA 

10 16.7 366.9 MS
2
: 191.0(100), 366.9(34) 5-FQA 

11 17.3 367.0 MS
2
: 173.0(100), 192.8(10), 367.0(33) 4-FQA 

12* 17.9 367.0 MS
2
: 191.0(100), 367.0(25) cis-5-FQA 

13* 18.1 529.0 MS
2
: 366.5(15), 193.0(100), 173.0(5) 1C-3FQA 

14* 19.6 381.0 MS
1
: 380.9(100) DQA 

15 20.8 515.0 MS
2
: 191.0(100), 352.7(5) 1,5-diCQA 

16* 21.2 515.0 MS
2
: 190.8(100), 353.0(11) cis-1,5-diCQA 

17 21.7 515.0 MS
2
: 191.0(100), 178.9(81), 172.9(62), 334.7(18) 353(95) 3,5-diCQA 

18 22.1 515.0 MS
2
: 178.9(100), 172.9(73), 190.9(87), 255.0(51), 352.8(83) 3,4-diCQA 

19* 22.3 515.0 MS
2
: 190.9(100), 179.0(43), 172.9(27), 352.5(37) cis-3,5-diCQA 

20 22.9 515.0 MS
2
: 172.9(100), 179.0(66), 190.9(25), 352.9(93) 4,5-diCQA 

21* 23.5 515.0 MS
2
: 173.1(100), 178.9(88), 190.7(42), 352.9(98) cis-4,5-diCQA 

22 24.2 529.0 MS
2
: 190.7(100), 172.8(43), 192.6(29) 1F-5CQA 

23 24.6 529.0 MS
2
: 191.0(100), 173.0(7), 366.9(21) 1C-5FQA 

24* 25.5 515.0 MS
2
: 172.8(100), 178.9(59), 191.0(51), 352.6(87) cis-4,5-diCQA 

25 25.9 529.0 MS
2
: 173.0(100), 192.7(24), 190.8(23), 367(32), 334.7(9) 3C-4FQA 

26* 26.5 542.9 MS
2
: 542.9(100), 380.9(58), 160.7(51) 3D-5CQA 

27 26.9 529.0 MS
2
: 173.0(100), 178.9(92), 190.9(67), 353.0(85) 4C-5FQA 

28 27.4 529.0 MS
2
: 172.9(100), 192.7(45), 366.5(37) 4F-5CQA 

29* 28.2 542.9 MS
2
: 380.8(100), 160.7(57), 179.0(25), 542.8(76) 3D-5CQA 

30* 28.9 529.0 MS
2
: 172.9(100), 178.9(29), 191.0(18), 352.8(26), 367(17) cis-4C-5FQA 

31 29.1 677.0 MS
2
: 515.0(100), 353.0(40), 179.0(10) 3,4,5-triCQA 

32* 29.3 543.0 MS
2
: 381.0(100), 178.8(52), 160.7(13) 4D-5CQA 

33 29.7 543.0 MS
2
: 193.0(100), 172.9(25), 367.0(37), 348.9(16) 3,5-diFQA 

34 30.1 543.0 MS
2
: 349.0(100), 172.6(72) 3,4-diFQA 

35 31.1 543.0 MS
2
: 172.9(100), 192.6(53), 366.9(40), 349.1(29) 4,5-diFQA 

36 36.9 173.0 MS
1
: 173.0(100), 126.6(12) Quinic acid 

*- denotes those identified for the first time in A. annua. 
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Figure 1 TIC chromatograms of chlorogenic acids extracted by ethyl alcohol in A annua extracts 

 

3.1 Characterization of Caffeoylquinic (Mr 354), 

Dicaffeoylquinic (Mr 516) and Tricaffeoylquinic acid (Mr 678) 

  

Compound 1, 2, 3, 4, 6 displayed a (MH
+
)

-
 ion at m/z 353.0 

and four of them were assigned using the hierarchical keys 

previously developed as the well-known 1-CQA (1), 3-CQA 

(2), 4-CQA (3) and 5-CQA (4) ((Jaiswal et al., 2010; Jaiswal et 

al., 2011)). One more peak (6) presented as a minor component 

and displayed the m/z 191.0 as the base peak in the MS
2
 

spectrum, identical fragmentation patterns to 5-CQA, and it 

was suspected that it might be the cis-isomer of the 

corresponding 5-CQA: cis-5-CQA (Clifford et al., 2005). 

Compound 7, 15-21, 24 displayed a (MH
+
)

-
 ion at m/z 515.0 

and showed similar fragmentation patterns as (M-H
+
-162)

-
 ions 

at m/z 353.0. The diCQA isomers were identified according to 

the base peaks and the relative intensities of secondary ions 

formed from MS
2
 fragmentation of their parent ions at m/z 

353.0 (Jaiswal et al., 2010; Jaiswal et al., 2011).  

 

Compound 7 showed (m/z 191 (100); m/z 179 (89); m/z 352.9 

(84)) in the MS
2
 spectrum, so it was identified as 1,3-diCQA. 

Similarly, four diCQAs were assigned as 1,5-diCQA (15), 3,5-

diCQA (17), 3,4-diCQA (18) and 4,5-diCQA(20) according to 

their characteristic fragmentation pattern as discussed 

previously (Clifford et al., 2006). Four other isomers were 

assigned as cis-1,5-diCQA (16), cis-3,5-diCQA (19), two cis-

4,5-diCQA (21 and 24) based on their fragmentation pattern. 

However, it’s impossible to distinguish the difference between 

4-cis-5-trans-diCQA and 4-trans-5-cis-diCQA or cis-4,5-

diCQA under these circumstance. The unequivocally 

identification of these compounds could only be established by 

NRM studies (Clifford et al., 2006). 

 

Compound 31 displayed a (MH
+
)

-
 ion at m/z 677.0 and (M-H

+
-

162)
-
 m/z 515.0. In the MS

2
 spectrum, it displayed m/z 353.0 

(M-H
+
-324)

-
, m/z 179.0 (caffeoyl acid-H

+
)

-
. Based on the 

information available in literature, this isolated compound was 

identified as 3,4,5-triCQA (Jaiswal et al., 2011). 

 

3.2 Characterization of feruoylquinic acids (Mr 368), 

diferuoylquinic acids (Mr 544) 

 

Compound 5, 10, 11, 12 displayed a (MH
+
)

-
 ion at m/z 367.0 

and three of them were assigned 3-FQA (5), 5-FQA (10) and 

4-FQA (11) name by using the hierarchical keys previously 

developed (Jaiswal et al., 2010). 

  

Compound 12 displayed the m/z 191.0 as the base peak in the 

MS
2
 spectrum, identical fragmentation patterns to 5-FQA, and 

it might be the cis-isomer of the corresponding 5-FQA: cis-5-

FQA. The three isomers diferuloylquinic acid were identified 

as 3,5-diFQA (33), 3,4-diFQA (34) and 4,5-diFQA (35) based 

on the previous literature (Jaiswal et al., 2010; Jaiswal et al., 

2011).
  

 

3.3 Characterization of dimethoxy-cinnamoylquinic acid (Mr 

382). caffeoyl- dimeth-oxycinnamoylquinic acids (Mr 544) 

     

Compound 14 displayed a (MH
+
)

- 
ion at m/z 381.0 in negative 

ion mode ESI-MS ，  suggesting one dimethoxy 

cinnamoylquinic acid according to previous studies  conducted 

by Jaiswal et al. (2010). Compound 26, 29, 32 yielded 

molecular ion at m/z 543.0 and they produced an MS
2
 base 

peak at m/z 381.0, suggesting caffeoyl 

dimethoxycinnamoylquinc acids of 3D-4CQA (26), 3D-5CQA 

(29) and 4D-5CQA (32) (Jaiswal et al., 2010).  

 

3.4 Characterization of caffeoyl-feruloylquinic acids (Mr 530)  

Compound 13, 22, 23, 25, 27, 28, 30 displayed a (MH
+
)

-
 ion at 

m/z 529.0. All of these seven compounds showed MS
2
 base 

peaks at either m/z 353.0 (CQA-H
+
)

-
) or m/z 367.0 ((FQA-

H
+
)

_
).
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According to Jaiswal et al. (2010), the peak 13 yielded an MS
2
 

base peak at m/z 366.5, From MS
2 
, the base peak at m/z 193.0 

indicated the presence of feruloyl residue at the 3-position 

(Clifford et al., 2006). The lower intensity of the MS
2
 

secondary peak at m/z 173.0 suggesting that isolated 

compound was 1C-3FQA. According to hierarchical key, they 

were identified as 1F-5CQA (22), 1C-5FQA (23), 3C-4FQA 

(25), 4C-5FQA (27), 4F-5CQA (28), Cis-4C-5FQA (30).  

 

Compound 9 displayed a (MH
+
) ion at m/z 337.0 and produced 

ions at m/z 162.7. According to Jaiswal et al. (2010)
 
this 

isolated compound was identified as 3-coumaroylquinic acid. 

 

The simple phenolic acids were also detected in the extraction. 

Compound 8 displayed a (M-H
+
)

-
 ion at m/z 179.0. In 

comparison to chemical marker, it was identified as caffeic 

acid. Compound 36 displayed a (MH
+
-H2O)

-
 173.0 and 

produced ion at m/z 126.6. According to the observation made 

by Jaiswal et al. (2010) it was identified as Quinic acid. 

 

A total of 18 chlorogenic acids compounds were identified or 

tentatively characterized in the methanol extract of A. Annua 

(Gouveia & Castilho, 2013).
 
Teresa Carbonara characterized 

and quantified 16 chlorogenic acids compounds in A.annua tea 

(IUPC, 1976). Furthermore, 40 hydrocinnamic acid derivatives 

and glycosylated flavonoids were isolated by the acetone 

extracts (Robinson et al., 1996). As chlorogenic acid has 

different solubility in different solvents, the numbers of peaks 

in methanol and acetone extracts were relatively less. Acetone 

found effective more for artemisinin, but it is ineffective for 

chlorogenic acids of A. annua. Optimized separation methods 

for extracting chlorogenic acids have been applied in this 

study. Ethanol : water (70:30, v/v) was chosen as the best 

solvent to improve the separation degree and solubility. This 

study found that the content of monocaffeoylquinic acids and 

dicaffeoylquinic acids in A. annua L. were much higher than 

other compounds. Therefore, the components which separated 

from the residue can be used for medicine, food and other 

purposes. 

 

3.5 Purification by Polyamide and Sephadex LH-20 

 

65.86 mg dicaffeoylquinic acid was obtained after 

concentration with 15g A. annua. residue and the extraction 

ratio is 43.90%. After first purification by polyamide,44.02mg 

dicaffeoylquinic acid was obtained with a recovery rate of 

66.84%.The purity was 45.7% after collecting dicaffeoylquinic 

acid liquid and then freeze drying it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 The desorption curve of polyamide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 HPLC of chlorogenic acids extracted by ethyl alcohol in A. annua residue extracts 
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Figure 4 HPLC of polyamide desorption of CQA from A. annua residue extracts 

 

 

Figure 3 shows that chlorogenic acids are rich in A. annua 

residue extracts, of which the single coffeoylquinic acid was 

mainly 5-coffeoylquinic acid, dicaffeoylquinic acid liquid was 

mainly 1,5- dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid 

and 4,5-dicaffeoylquinic acid. 

 

The adsorption rate of polyamide to dicaffeoylquinic acid 

liquid is 89.4% with its desorption rate 99.5%. The desorption 

rate of polyamide to dicaffeoylquinic acid liquid is higher than 

the single coffeoylquinic acid（80.9%.  So polyamide can be 

choosen as the most appropriate material to separate 

dicaffeoylquinic acid and single coffeoylquinic acid. 

 

Figure 5 shows that SephadexLH-20 can purify 

dicaffeoylquinic acid effectively and the purity reached 85.7% 

with a yield of 53.4% after the secondary purification by 

Sephadex LH-20.  On the basis of identification chlorogenic 

acids, dicaffeoylquinic acids isolated from A. annua residue, 

can produce artemisininand which is new sources of raw 

materials for the production of dicaffeoylquinic acids. It was a 

new way to get two types of high value-added products from 

the same raw material, especially for the production of high 

purity dicaffeoylquinic acids. It has great practical 

significances for making full use of A. annua and provides 

broad prospects for development for A. annua L. industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 HPLC of CQA from extracts of A. annua residue purified by Sephadex LH-20 
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Conclusions 

 

In this study, a reliable and powerful method was established 

for the comprehensive and accurate identification of 

chlorogenic acids in A. annua. The LC/MS
n
 system used in this 

work proved an excellent tool for identifying structures of 

different components, particularly for isomers. Thirty-six 

chlorogenic acids were successfully identified by MS spectra 

compared with standards or literature data. Fifteen were 

reported first time from A. annua. The purification method for 

dicaffeoylquinic acid provides effective use of chlorogenic 

acids, which were previously wasted in A.annua residue. 

Therefore, this work will promote the sustainable use of 

A.annua resources with great economic, social and 

environmental benefits.  
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