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Fig.1 (a) HOMO and LUMO orbitals of artemisinin"'’’;
(b) Raman spectra of artemisinin (Insert: Raman spec-

tra of artemisinin integral from 700 to 1 780 cm™"')
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Fig. 2 Raman spectra of artemisinin/flour binary mixtures
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(a) Raman spectra of flour binary mixtures;

(b) Raman spectra of 50% artemisinin/flour binary

mixtures (Insert: Raman spectra of 50% artemisi-

nin/flour integral from 700 to 1 780 cm™")
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Table 1 The data of the Raman spectra of artemisinin/flour
binary mixtures with different mass percent
%%%)ﬁiﬁﬁ}ﬁ/% A724 A1736 A7Z4/A1736
0 0 0 —
2 139 1236 0.11
2 196 1012 0.19
2 203 1125 0.18
2 164 1025 0.16
2 160 997 0.16
5 308 1925 0.16
5 336 1768 0.19
5 322 1641 0. 20
5 276 2 300 0.12
5 294 2 261 0.13
10 631 3016 0.21
10 705 3 205 0.22
10 629 3 494 0.18
10 516 3969 0.13
10 631 3 944 1.16
20 2 724 10 250 0. 27
20 2 485 10 355 0. 24
20 3116 10 386 0. 30
20 2 856 10 200 0.28
20 2 605 10 020 0. 26
30 4 087 11 868 0. 34
30 4136 11 489 0. 36
30 4072 11 312 0. 36
30 3927 10 333 0. 38
30 4115 11 430 0. 36
40 31 745 72 196 0. 44
40 31 116 72 363 0.43
40 33 006 73 346 0.45
40 32 111 72 980 0. 44
40 31 846 72 377 0. 44
50 33 999 62 803 0. 54
50 30 026 60 052 0. 50
50 28 777 59 952 0.48
50 30 149 61 529 0.49
50 33 633 62 283 0.54
70 51 336 77 782 0. 66
70 49 292 78 241 0.63
70 46 699 76 555 0.61
70 51 862 76 268 0. 68
70 49 005 79 040 0.62
98 74 184 89 167 0. 82
98 71 222 87 928 0. 81
98 73 826 88 947 0. 82
98 74 058 89 226 0. 82
98 76 187 89 632 0. 83
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Table 2  Calculated data of the mean of Raman peaks areas

ratios (M), Standard Deviation (SD) and Relative

Standard Deviation (RSD) in artemisinin/flour bina-

ry mixtures with different mass percent

ILEY S P M SD RSD
0 0 - -
2 0.16 0.030 8 19. 25
5 0. 16 0.003 5 2.18

10 0.18 0.003 7 2.06
20 0. 27 0.022 4 8.30
30 0. 36 0.014 1 3.92
40 0. 44 0.007 1 1. 61
50 0.51 0.028 3 5.55
70 0. 64 0.029 2 4.56
98 0. 82 0.007 1 0. 87
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Fig. 4 Relationship between Raman peaks areas (As,, /A, 73 )
and the mass percentage of artemisinin

(a): The intercept is constant; (b): The intercept is zero
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artemisinin-piperaquine tablets integral from 700 to 1 780 cm

(a) Raman spectra of artemisinin-piperaquine tablets; (b) Raman spectra of
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Table 3 The data of the Raman spectra of artemisinin-piperaquine tablets

and artemisinin content determined by Raman analysis method

e FLSE/ % Az Al 736 Azzi/Ar 136 s 1/ % RE%1 fE5AE 2/ % RE%2
1 14. 29 1 855 9275 0. 200 0 11. 88 16. 86 12.95 9. 38
2 14. 29 1822 8 969 0.203 2 12.19 14.70 13.21 7.56
3 14. 29 1 847 9 258 0.199 5 11. 83 17. 21 12.91 9. 66
4 14. 29 1 899 9 205 0.204 3 12. 30 13.93 13. 31 6. 86
5 14. 29 1872 9 327 0.200 7 11. 95 16. 38 13.01 8. 96
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Quantitative Measurement of Artemisinin Content in Chinese Traditional
Compound Medicine by Raman Spectroscopy
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MENG Qing-hua', LI Rong-xi’

1. College of Pharmacy, Shaanxi University of Chinese Medicine, Xianyang 712046, China

2. First Affiliated Hospital, Shaanxi University of Chinese Medicine, Xianyang 712046, China

3. School of Earth Sciences and Resources, Chang’an University, Xi’an 710054, China

Abstract Artemisinin is a kind of sesquiterpene lactone drug containing peroxide groups, which is extracted from Artemisia an-
nua L. Now it has become an antimalaria drug recommended by the world health organization. The compound preparation of
Chinese material medica containing artemisinin has strong anti-malarial, antibacterial and immunomodulatory effects. However,
there is no measurable and generalized standard for controlling and evaluating the quality of the compound preparations. Current-
ly, the main researches of artemisinin compound preparations focus on the qualitative analysis of the active ingredients, and only
less work is aimed at how to quantitatively analyse the artemisinin content. Therefore, it is urgent to develop a convenient, rapid
and nondestructive method to monitor the production and use of artemisinin. Laser Raman spectroscopy is a kind of molecule
scattering spectroscopy, which is characterized by frequency excursion that is caused by interactions of molecules and photons, to
obtain information on molecules. Laser Raman spectrometry is a potential method for quantitatively analyzing artemisinin con-
tent. In this study, we demonstrate that LLaser Raman spectroscopy is a suitable and non-destructive technique to qualitatively
analyze artemisinin. The spectral characteristics of artemisinin will provide standard Raman spectra for identification and analysis

1

of artemisinin in Chinese traditional compound medicine. It is found that the vibrational mode at 724 cm™' is related to the vibra-

tion of peroxide groups, and also it is the key to verifying its anti-malarial function, in Artemisinin. In addition, the phonon

1

mode at 1 736 cm ' is not affected by the surrounding vibrational modes and its intensity is strong. The vibrational mode at

1 736 cm™ ! corresponds to the vibrational mode of lactone bond, so it could be used for detecting artemisinin. Hence, this paper

1

attempts to adopt the characteristic vibrational modes at 724 and 1 736 cm ™' simultaneously to analyze Artemisinin qualitatively

and quantitatively. A series of artemisinin/flour binary mixture with different artemisinin mass percentage were synthesized with
the aim of obtaining Raman spectral parameters at 724 and 1 736 cm '. The average of Raman peak area ratios in accordance
with the abscissa, the ordinate artemisinin content for result analysis. Afterwards the results are analyzed through nonlinear
regression in order to get the function between the artemisinin content and Raman peak area ratios. The quadratic function is y=
0.907 222 +0. 465 93x(0<x<C0.9), and its correlation coefficients is 0. 992 65. In addition, measurements of artemisinin con-
tent in Chinese traditional compound medicine by Laser Raman analysis were carried out on artemisinin-piperaquine tablets. The
values of artemisinin content obtained by Laser Raman spectroscopy technology and true values (14. 29 %) are in good agreement
with each other (relative errors <10%). This research provides a fundamental analysis tool for determining artemisinin content
quantitatively by using Laser Raman spectroscopy. Experiment results demonstrate that this method has the potential for obtai-

ning artemisinin content in Chinese traditional compound medicine.
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