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A Study Guided by Drug Regulatory Philosophy on the Authenticity Discrimination of Artemisiae Argyi Fo-

lium Based on the Combination of Near-Infrared Spectroscopy and Machine Learning

ZHANG Kaixiao"*, XIONG Jing’, GUO Tao'*, WANG Xiaowei’, WANG Haibo®, LI Yanchao’, ZHANG Wen-
jingz , SHI Yan™* (1. College of Medicine ,Henan University of Chinese Medicine, Zhengzhou 450046, China; 2. NMPA Key Labora-
tory for Quality Control of Traditional Chinese Medicine ( Chinese Materia Medica and prepared slices) , Henan Institute for Drug and

Medical Device Inspection( Henan Vaccine Issuance Center) , Zhengzhou 450008, China; 3. National Institutes for Food and Drug Con-
irol, Beijing 102629, China)

ABSTRACT : OBJECTIVE To establish a method for identifying the authenticity of Artemisiae Argyi Folium suitable for use in drug
regulatory work. METHODS The near-infrared spectra of samples of Artemisiae Argyi Folium and counterfeit were determined, and
the experimental data was processed using feature engineering related techniques, such as feature screening and feature derivation. The
training set and test set were divided randomly, and the logistic regression model, a classic model in the field of machine learning, was
trained in 2-class mode and evaluated with the training set data and the test set data used, respectively. RESULTS The discrimina-
tion accuracy of the samples in the test set was 97% , and the other evaluation indicators were also above 92% with the logistic regres-
sion model. In addition, the results of discrimination between genuine and counterfeit mixed samples were also relatively accurate.
Compared with traditional chemometrics methods, the machine learning used in the study had higher discrimination accuracy.
CONCLUSION  The logistic regression model established in this study can achieve the authenticity identification of Artemisiae Argyi
Folium, providing technical support for actual drug regulatory work.

KEY WORDS: Artemisiae Argyi Folium; near-infrared spectrum; machine learning; logistic regression; feature engineering
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Tab.1 Sample information of genuine and counterfeit Artemisiae Argyi Folium

Code Origins Producer/ Collection Note || Code Origins Producer/ Collection Note
(in Chinese) place(in Chinese ) (in Chinese) place(in Chinese )
1 Artemisiae Argyi Folium( 3n}) Anhui (2418 56 Artemisiae Mongolica Folium( 2 H-) Henan (1[5 )
2 Artemisiae Argyi Folium(3IH) Anhui (Z2#%) 57 Artemisiae Mongolica Folium (5 #5H:) Henan (1)
3 Artemisiae Argyi Folium(3£H-) Anhui (221 58  Artemisiae Mongolica Folium ( 52575 0) Henan (J1] )
4 Artemisiae Argyi Folium( 3n}) Henan (1[5 ) 59 Artemisiae Mongolica Folium( 2 5MH-) Henan (1[5 )
5 Artemisiae Argyi Folium(3£IH) Henan (1) 60  Artemisiae Mongolica Folium( 5% Shandong( 1LIZ3)
6 Artemisiae Argyi Folium(3£H) Guangdong (%) 61  Counterfeit indeterminate species( REFAS)  Shaanxi ([FEFY)
7 Artemisiae Argyi Folium( 3n}) Gansu ( HH) 62 Artemisiae Mongolica Folium( 52 5H-) Henan (1)
8 Artemisiae Argyi Folium(3IH) Gansu( Hi#) 63 Counterfeit indeterminate species( AEFAT)  Henan (i)
9 Artemisiae Argyi Folium( 3£H-) Hainan (VARG ) 64 Counterfeit indeterminate species( REFAS)  Henan(J]Fg)
10 Artemisiae Argyi Folium( 3n}) Heilongjiang ( PR IpT) 65  Artemisiae Mongolica Folium( 2 #5H-) Henan (1)
11 Artemisiae Argyi Folium(3IH) Hubei (#14t) 66 Counterfeit indeterminate species( AEFIAT)  Henan (i)
12 Artemisiae Argyi Folium( 1) Hubei (#dt) 67  Artemisiae Mongolica Folium (52575 0) Henan (J1] )
13 Artemisiae Argyi Folium( 3n}) Hubei (753t 68  Artemisiae Mongolica Folium( 52 75H-) Henan (1)
14 Artemisiae Argyi Folium(3IH) Henan (1] ) 69  Artemisiae Mongolica Folium( 5% Henan (1)
15 Artemisiae Argyi Folium( %) Jiangxi (VI74) 70  Counterfeit indeterminate species( REFAS)  Anhui (2280
16 Artemisiae Argyi Folium( 3n}) Yunnan( =) 71 Counterfeit indeterminate species( REFMA)  Shandong( 111%5)
17 Artemisiae Argyi Folium(3IH) Henan (1) 72 Counterfeit indeterminate species( AREFMAT)  Henan (i)
18  Artemisiae Argyi Folium( 1) Neimenggu ( N5 1) 73 Counterfeit indeterminate species( REFAS)  Henan(JA[Fg)
19 Artemisiae Argyi Folium(3n}) Ningxia( T &) 74 Counterfeit indeterminate species( AREFMA)  Henan (i)
20 Artemisiae Argyi Folium( paliy) Qinghai ( 3 75 mix 52 & 61
21 Artemisiae Argyi Folium( %) Sichuan( pg)I|) 76 mix 53& 66
22 Artemisiae Argyi Folium( 3}) Henan (1) 77 mix 55 & 66
23 Artemisiae Argyi Folium( 3£1H) Henan (1] ) 78 mix 55, 61 & 69
24 Artemisiae Argyi Folium( %) Henan (i[5 ) 79 mix 54 & 69
25  Artemisiae Argyi Folium( ¥}) Shanghai ( i) 80 mix 56, 57 & 58
26 Artemisiae Argyi Folium( 3£1H) Yunnan( =) 81 mix 58 & 59
27  Artemisiae Argyi Folium( %) Chongqing (FEK) 82 mix 58 & 60
28  Artemisiae Argyi Folium( ¥n}) Anhui (2418 83 mix 59 & 60
29  Artemisiae Argyi Folium(3£1H) Anhui (Z21%) 84 mix 64 & 65
30 Artemisiae Argyi Folium( %) Anhui (2210 85 mix 63 & 64
31  Artemisiae Argyi Folium( ¥}) Anhui (2418 86 mix 63 & 65
32 Artemisiae Argyi Folium(3{IH) Anhui (Z21%) 87 mix 62 & 67
33 Artemisiae Argyi Folium( %) Anhui (221 88 mix 62 & 68
34 Artemisiae Argyi Folium(3n}) Anhui (2418 89 mix 67 & 68
35 Artemisiae Argyi Folium(3£IH) Anhui (Z2#%) 90 mix 70 & 74
36 Artemisiae Argyi Folium( 1) Anhui (221 91 mix 70 & 71
37  Artemisiae Argyi Folium( 3n}) Anhui (2418 92 mix 71 & 74
38 Artemisiae Argyi Folium( 3n}) Anhui (241 93 mix 72 & 73
39 Artemisiae Argyi Folium(3£0) Xinjiang (G ) 9% mix 73 & 74
40  Artemisiae Argyi Folium(31H-) Anhui (221 95 mix 56 & 74
41 Artemisiae Argyi Folium(3£n) Hubei (#1dt) 9% mix 56 & 72
42 Artemisiae Argyi Folium(31H-) Gansu ( HH) tl mix 13 & 74(1:9)
43 Artemisiae Argyi Folium( 3{IH-) Zhejiang ({1 ©2 mix 13 & 74(2:8)
44 Artemisiae Argyi Folium(31H-) Jiangsu(7T.75) 3 mix 13 & 74(4:6)
45  Artemisiae Argyi Folium( 3L) Zhejiang (#771) 4 mix 13 & 74(1:1)
46  Artemisiae Argyi Folium(31H-) Guizhou ( 5 ) 5 mix 13 & 74(8:2)
47 Artemisiae Argyi Folium(3£n) Beijing (b 50) [ mix 13 & 74(9:1)
48  Artemisiae Argyi Folium (1) Zhejiang (W) t7 mix 13 & 56(1:9)
49  Artemisiae Argyi Folium( ) Fujian( ) 8 mix 13 & 56(2:8)
50  Artemisiae Argyi Folium( 1) Zhejiang ( #HT.) 9 mix 13 & 56(3:7)
51 Artemisiae Argyi Folium(3£IH) Henan (1) t10 mix 13 & 56(9:1)
52 Artemisiae Mongolica Folium (5% &) Henan (i[5 ) tll mix 17 & 52(1:1)
53  Artemisiae Lavandulaefolia Folium( BF3Z#5M)  Gansu(HH) t12 mix 23 & 52(1:1)
54 Artemisiae Mongolica Folium (52 &) Henan (i[5 ) t13 mix 17 & 53(1:1)
55  Artemisiae Mongolica Folium (52 Henan (1) tl4 mix 23& 53(1:1)

T ~51 IER MR 52 ~ 74 Ju Pl OMRER 575 ~ 96 S Dl SO BMERRIR AR Al s 1L ~ 14 S IE & S-S5 Oh 3OS [ LR 43 R o

Note:1 =51 — genuine Artemisiae argyi folium samples; 52 —74 — counterfeit Artemisiae argyi folium samples; 75 —96 — randomly mixed samples of counterfeit Artemisiae ar-

gyi folium samples; tl —t14 —mixed samples of genuine and counterfeit Artemisiae argyi folium in different proportions.
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Fig. 1 Near-infrared spectrograms of genuine and counterfeit Artemisiae Argyi Folium samples

50
” AR+ i
oy geepd « Genuine samples
L) . ° N
o MY '..J:_:pfi- CART * Counterfeit samples

gt ..' S
B ac

PC2(13.5%)

-50

.
20

*

@ s’ . ¢ oo * °

S s Slee .o e Bk

2 0 3l s “%e o . . s

:5 ':""':.'.:? e . ’.?:2'.' "z

S . -..%: .' e )\ .. .; -.. e

-20 . .
-100  -50 0 50 100 -50 0 50

PC1(81.2%) PC2(13.5%)

B2 EsGH&XHRIaEREETRSOMNE
PO

Fig.2 Scatter plots of genuine and counterfeit Artemisiae Argyi
Folium sample near-infrared spectral data by principal compo-

nent analysis

FUBNZERAT 1 O S AL R IE oA 28 4it
FI 3 58 4 TE A, WERA 3 (accuracy ) 35 97% o X4
Xof AT P A T SR L2 2

B R 1l ~ 4 S A9 15 8500 5 AS [ E TR
A RE R LT AN R 2. 3. 27 T T A A R
TR PO ARRAE T 26 7 2 B AN 2 B 0 il 080 1
WAL S EHEA T AL 3, A8 5 i B R U 2575 21 /932
IR, 255 14 SRS g 4 iLRE S
FIRIE §h 23 58 15 16 110 (111, AR5 32 4 [m] ) A5
UG A5 3 4 HERE S H R PR SRR 50 R T %
23% 11% 30% .

3 it i
3.1 YRI5t F 4 4h okl BOE R R T
B3 IE & S5 O AR Y R e e R,

T E 2R 2024 457 H 5 59 5 13 )

IELLAMDGTEFR B B — B, X i R B
L AR TSGR R . 22 27 8 i =
ST Xk A i B4 DI A0 A R A O A R R
(E2) ,1E95% LA 1 Rt Jr 28 00, 1E i 5 O i
Or AR E B AR, 1k — 2 R WA I TS P fo P AR i
UTLLANETE RS — SO A A BT R 1k
SRR AT O 5 T BE RO S B E R 0 i H Y,
X — R AR B3R 2 AR SNk S A LA S AR B3
IITEE R PR RIAE (3 ~5) o [ 3 R W, IE Ak
5 DI LU MG R I EEAT T AR EfL Ak B, 3R
FRIFAIER; B 4 R, RZHRER T LM
122 T8 BA AR SR A AR S 1, A 5 R B =58 IE
A A DR R GO 5 8 5 DRI, AL O 15 1E i 1) F- 34
ULLLAMETE R AR BLE 2290 A £E 0. 998 ~ 1. 00 Z
(6], e AR RLRE th2230r 0. 992, mI WL Bk i I 41 4%
5 IE A AR R AR B

DA X AT ER R A 25 AL 5 3 IE
FDh b T LA ETE R AS B 58— EPE AT ¢, T fig
AT 2 73 FAIE A K A R A A ) 3E
Db g —IA 0 1 A —E KR

b — RIS A AR R, SO
E A S DT ZLAN GG 2 A — B A, 22 IR A
B (LA BT B0 19 B3 T R TG V6 v )il 1
a5 DA o X — RSB FE AT O8G0 ol
B A B R UE C 3% ((distance match ) 8095, 45 &
Savizky-Golay % BV LM 22 JURURT AL IE st IE
AR e — B sl B TSR 2 AR TR BT, O
A 530 o iy 3 e o AN 82% 14 45 SR L AT LA A5 2
(LT

- 1241 -

Chin Pharm J, 2024 July, Vol. 59 No. 13



- —

9poo ajdueg

® Counterfiet samples
® Genuine samples

-

class
£
12

10968

CER R R F R E R E L R L R EE L
‘Wavenumbers/cm'!
3 E&SHBEEERIOALERESNHE

Fig.3 Cluster analysis heat map of genuine and counterfeit Artemisiae Argyi Folium sample near-infrared spectral data
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Fig. 4 Pearson correlation heat map of genuine and counterfeit Artemisiae Argyi Folium sample near-infrared spectral data
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Fig. 5 Scatter plot of similarity of counterfeit Artemisiae Argyi Folium sample near-infrared spectral data
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Tab.2 Discrimination results of test set by logistic regression

model
Number of Precision  Recall F1-score
Class
batches /% /% /%
Authentic drugs 17 94 100 97
Counterfeit drugs 12 100 92 96
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