- 134 - WY D W ZE Cwind Pharm Anal 2024, 44 (1) @

MLER 5 5] S FE R AR A U 5 34 4L i T %
REIMS 5 5 [ 3 4 51 5 47 o ) 5 F 9 52

LR Lo

(L. P E R 25 SR E DR , AT 102629 ;2. b AT 25 A A IR W B , JLat 102206)

WE B ik XKL B T (REIMS) 48 50 B # 5 AU E 5 5T 48 X B R B B &5 69 3 W4 Fo 8 b
NABATRM Fe F) 5], Fik. @E FEWREHF DL ST RLEK, 51 AN REIMS ¥, i 2 4% ¢ B
m/z50 ~1 200,12 AEX A ZHAEX 2B E A 0.2 s, EFFEIXKRE, HKIEITFE A continuum £ X, , 0|
1A Sy REIMS 38 80 B3 2098 . @it sh BABHATR E0AT AR ESAHT AR ST L 2R A 5T, 17 2] 2
FERROEARE N, REGELZH e AAER A E T RAHEFS e )3 (12), A4 F F R FNF Mk
(Ibfgs) . Z55R: MAFA ot REIMS 35 40 B3 £ A s At £ 7 09 45 4014 | 35 48 =) J2 B A S8 SIS o ] 4K 4R B0 E
B FEIEE] 10, Tl EHTAM Ao PR A S b s Fr, 4518 REIMS H AR A E 53] £ F ARG B £
BRAM =T 4T M,

KRR b WA b M ik AR B TR S F I AR Z 8w )35 % 26547 A 55

hmE4S%S. RI17 SCHERERIDAD: A TERHD. 0254 - 1793(2024)01 —0134 — 10
doi: 10. 16155/j. 0254 —1793.2024. 01. 14

Research of machine learning in the application of authenticity
discrimination of Fritillariae Thunbergii Bulbus and
Fritillariae Hupehensis Bulbus in different form with

dry — process REIMS fingerpring
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(1. National Institutes for Food and Drug Control, Beijing 102629, China; 2. Beijing Institute for Drug Control, Beijing 102206, China)

Abstract Objective: To study and analyze rapid evaporative ionization mass spectrometry ( REIMS) fingerprints
of samples of Fritillariae Thunbergii Bulbus and Fritillariae Hupehensis Bulbus in different forms for authenticity
discrimination with machine learning. Methods: Aerosol formations from the samples by high temperature of dry
burning method were ionized and determined by REIMS with m/z 50 — 1 200 as scanning range in sensitive mode
and positive ion mode. The scanning time was 0. 2 s and data was recorded as continuous mode. Then the basic
situation of REIMS data distribution was studied and analyzed through the methods of cluster analysis, correlation
analysis, similarity analysis and principal component analysis. And then logistic regression model with ridge

regression (12) as penalty parameter and quasi — Newton method (lbfgs) as optimization algorithm was established.
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Results: The REIMS fingerprints of the samples showed the characteristics of variety differences. Both cross vali-

dation and test set validation had an accuracy of 1.0, and the logistic regression model could accurately predict

and distinguish the varieties of the samples. Conclusion: The application prospect of REIMS technique combined

with machine learning in the field of traditional Chinese medicine is very broad.

Keywords : Fritillariae Thunbergii Bulbus; Fritillariae Hupehensis Bulbus; REIMS; machine learning; artificial

intelligence ; logistic regression; analysis of traditional Chinese medicine; authenticity discrimination
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Tab.1 Information of samples

SMIIE S (form)

Ah b (variety)

5 (code) st ZEHb, ( collection place)
ZBM_01 ~ZBM_16 77t ( Hebei )
ZBM_17 ~ZBM_22 228 ( Anhui)
ZBM_23 ~ ZBM_35 WL ( Zhejiang)
7ZBM_36 ~ ZBM_45 At ( Hebei )
7ZBM_46 ~ ZBM_47 3% ( Anhui)

7ZBM_48 ~ ZBM_52 -
7ZBM_53 ~ZBM_74 WiiT.( Zhejiang)

HBBM_01 ~ HBBM_11 14t (Hubei)
HBBM_12 ~ HBBM_18 [t (Hebei)
HBBM_19 ~ HBBM_38 1 ( Anhui)
HBBM_39 ~ HBBM_44 Wt (Hubei)
HBBM_45 ~ HBBM_52 a3t ( Hebei )

HBBM_53 ~ HBBM_70 2 ( Anhui)

5 #4525 (complete bulb)

B 5EHE % 25 (complete bulb)

#7 D1 £): ( Fritillariae Thunbergii Bulbus)

BioK (powder)

1AL U1 B ( Fritillariae Hupehensis Bulbus )

A (powder)

1.3 it s

Python {1 B4 #2155 ( Python Software Founda-
tion, version:3. 8. 8) ,

2 FEEHER

2.1 FrigHdE R4

2.1 FRifAfF 100 ng - mL " SEERRINERK SN
WAV TR, T3 100wl - min™' KR 08 Bk TR
450 °C; B iE Bl m/z 50 ~ 1 2005 $#i B AN R
B TN B O 0. 2 s I B REACR A Bdliic

KN continuum R,

2.1.2 HEARALER RN E R TR e R g 2K Y it
BURE il , (8 AR 5 4 ik Sk 7E fb sl o e T R AT T
BB s % T8 AT A I R i, BB o R e
AR TERE B R AR gk TR, T
258 1 A R R I R U R O B LA
REIMS g 798, E 47 50 35 4= R R I, g LA o )
10 Y, RPN 292 2 s A 5 i REIMS J57 3% [&]
DL 2,

100 N . - ey
| e M ST D1
504 (more complete bulb of Fritillariae Thunbergii Bulbus)
0 il b b M ' .l j IL i
50 150 250 350 450 550 650 750 850 950 1050 1150
mz
100+
° WA e e
% B AT A5 it DLRR:
1 50 (powder morphology of Fritillariae Thunbergii Bulbus)
s
R Lilea i
2 50 150 250 350 450 550 650 750 850 950 1050 1150
° mz
2 100 e i 1 s
= B 5e B 2T A WL VLR
:"? 50 (more complete bulb of Fritillariae Hupehensis Bulbus)
4
z 0 b : : -
= 50 150 250 350 450 550 650 750 850 950 1050 1150
mz
100
AR A AL DLRE
50 (powder morphology of Fritillariae Hupehensis Bulbus)
0 |
50 150 250 350 450 550 650 750 850 950 1050 1150

2 #miY REIMS Rk E
Fig. 2 REIMS spectra of samples

HWEWHR L

m'z



JPA W O W 2 E ChinJ Pharm Anal 2024, 44(1) - 137 -
2.2 BAERAL RS 40 Hr #H.

2.2.1 BB FUE IR m/z 50 ~ 1200,
FES BHE K R 144 it Bod B 20 i 144 x 334
() 1) B SR B, 20 A E AR AL B S S esv A8 2

400 000

2.2.2 BT T Ward BARAE & RE 5 REIMS
TR S ) Y R P B R AT R AR I, R
U RNSECE SN SR

350 000

300 000

250 000 _"_\

200 000

#i I B (Fritillariae
Thunbergii Bulbus)

150 000

100 000

=
—

50000

HBBM 45
HBBM 46
HBBM 47
HBBM 39
HBBM 40
HBBM 43
HBBM 44
HBBM 51
HBBM 41
HBBM 42

4L D1 B (Fritillariae
Hupehensis Bulbus)

A

B3 RESWHIKE

Fig. 3 Cluster analysis dendrogram

2.2.3  Pearson FHICYE/MHT  REFESLH) REIMS 45 £¢
P H RERE i 2 B R 56 R EATFE T Pearson 411
FHICME AT, He IR S 22 ] REIMS $5 £ &3 AH S Mo
S92 H R, B A Dk R , UL 4.

2.2.4  FHRLEESAT K DUREARTSAG D1 AERY RE-
IMS $5 80 EEEE 73 0 3 B B 84543 2 28, 1]
RBES 4 o328, Bl g5y ZBM_01 ~ ZBM_35 11y
W DL RS Se #E  ZE 0 5 Y5 ZBM_36 ~ ZBM_74
PR DUBRR AR AL i s 4% HBBM_O1 ~ HBBM_38 [}
WAL DB A 50 % s 2K R s g5 o HBBM _39 ~
HBBM_70 {ifidt DIBEB AR AL o BFaxX 4 A3 25 5
1) REIMS $52¢ &1 3% ZHi 43 0 OF- 448, 715 2%
4 DGR S Y REIMS P2 48 o0 B3 5, 44 g e
AL BT A A S iR 4 4> REIMS -3
FRBUEITE I AH U , SR J5 42 BEORE 5 o b 1 AN ) 22+l

FHABLE B A 1 B Rz B B S o AR S v A
SRR S 6 T DUBEAE i ) R ARLE B o3 A
FUAP R AL B A i Xk 307 DL B A e Bl S5 e - 2
FRECETE A A ABLEE , SN AR 3 DA il 6T 37 DLBJ R oK
P AP 248 SUETE AU s B O A FBOR 20 A [BT Y
R BE L5 C DA fl 20Xk 1L DUBRAE: i RO AL JEE
A B, A R A B D R i X T3 L DL R B 58
RSN V- 374 SUETE AR LS , S\ AL D B
XTI DUREB ACKRE il F- P48 S0 B E RO ARUEE s D
C B i R L 1A
2.2.5 EROAT KA LR AL REIMS $5 20
TWRCEAE IR 95% FtT7 22KV BEAT 2 100 ik 2 i
Fy AR AT 2 5 A 80 (405 PCLLPC2 (PC3,
PC4 PCS) , SRR AEIX S A>T 73 X Dz 14 — 4 2
[ F) #5500 Af 1 DL AL 6.

RN S



. 138 - mY s RE

JPA

Chin J Pharm Anal 2024, 44(1)
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*x2

ZHE T 5 EAR BT M

Tab.2 Evaluation of classification prediction of Logistic Regression

e

(class)

Frsetk
('specificity )

FEJLES

( sensitivity )

BiESE A
(validation type)

Hih

( precision)

MRS

(accurancy )

Wi D1 £ ( Fritillariae Thunbergii Bulbus) 1. 00
W16 U1 £} Fritillariae Hupehensis Bulbus) 1.00
Wi D1 £ ( Fritillariae Thunbergii Bulbus ) 1. 00
WL U1 £} Fritillariae Hupehensis Bulbus) 1.00

1. 00
0.99
1. 00
1.00

1. 00 1. 00 28 XIEIE ( cross validation )
1. 00

1.00 1.00 TR (test set)

1. 00

0.15 —— Y5415 7 (train set error)
e RS T2 2 (test set error)
0.1+
0.05 h-\
m
12} 0
=
-0.05
0.1
-0.15

40 60 80 100

IR AR i K (samples in train set)
7 MSE Hil&&EEREXR
Fig. 7 Relation of MSE and samples in train set
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