¢ $ % Chinese Traditional and Herbal Drugs 35 50 %% 25 19 #] 20194 10 A *+ 4697 ¢

ET Z 532 Logistic B3R TAVERFR IR

IRE xR, AT, BEERT, RE&X, 2 %, mERY F Y Mmook, Ko

1. BRPEHREEZGRSE, BB R EF AL A O, REAFFERIEH AT R ERESLEE GFF) /B E$d
Pl FTRE, BRPE BB 712083

2. BEVERERZ R MIRER BT B 712083

3. PG E PR 5B B RBH 712046

4. BEFESKHIZAR AR B P54 710075

W OE: B8 G A AR IS M A 2 B SR e, SRR T R B SRR R
SRR, R R BRI . R RABEBORAE GIEE (UPLC), @SLFE A & = E J7i%, B
DPPH F1¥2 [ H 2975 Bk 5250 5K [ MU B 25 M AR S i A s 1, KA Logistic 59%, ¥ TR AR AT A AL T8 45 2E 47 0B 43
M, BJE B THEAR r 9210 7T Logistic [FIARIRY . 455 #0720 fHLEERRE MY UPLC $840 &, FEx Hpid b
EHEEATIGE . RAFRS AL T 4 MREEhRs & OR. AR, R, BEERE, JFXHET LR
WE. RIBENVASFE, VI 20 HAERZM A ht. Ry Py Z 4R i FET 20 Logistic 1] A5 R R A7 1R
R S R R B WS R R AR FTAT I, 7T DA S 3 s SR B R 3 it s Dy v 24 B J5 5 T b 44 )
SESRME T HTI .

KEA: MR FEFEY: EWNETE; UPLC; Logistic [MH; FE R, MR, WER; &R

HESHKE: R2862 YEARERD: A YEHS: 0253 - 2670(2019)19 - 4697 - 08

DOI: 10.7501/5.issn.0253-2670.2019.19.023

Prediction of Cinnamomum cassia grade based on binary Logistic regression
analysis

JIANG Da-hai', LIU Yan-ru', WANG Mei’, TANG Zhi-shu', SONG Zhong-xing', LIU Feng’, CHEN Yan-bin®,

XU Gang', CHEN Lin', SU Rui'

1. Shaanxi Province Key Laboratory of New Drugs and Chinese Medicine Foundation Research, Shaanxi Collaborative Innovation
Center of Chinese Medicinal Resources Industrialization, Shaanxi University of Chinese Medicine, Xianyang 712083, China

2. The Affiliated Hospital of Shaanxi University of Chinese Medicine, Xianyang 712083, China

3. Shaanxi Institute of International Trade & Commerce, Xianyang 712046, China

4. Shaanxi Buchang Pharmaceutical Co., Ltd., Xi’an 710075, China

Abstract: Objective In this study, a two-classification model based on the idea of “ingredient-efficacy” was established for the
quality classification of Cinnamomum cassia with considerations to quality control components and biological activities. Methods A
method to determine quality control components was proposed by UPLC. The in vitro anti-oxidant activity of C. cassia was reflected
by DPPH and hydroxyl radical scavenging experiment. The quality control index and anti-oxidant index were correlated by a Logistic
algorithm. Finally, a binary logistic regression model for classification of C. cassia was established. Results UPLC fingerprints of 20
samples of C. cassia were established, and their anti-oxidant activities were determined. Four quality control components (coumarin,

cinnamyl alcohol, cinnamic acid, and cinnamaldehyde) were screened out by principal component analysis, and their methodological
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validation was carried out. According to the regression equation, 20 batches of C. cassia were divided into four grades: excellent, good,

medium, and poor. Conclusion The binary logistic regression model can describe the mapping relationship between the grade of C.

cassia. It can better express the classification standard for the prepared C. cassia. This study provides a new idea for quality evaluation

of C. cassia.

Key words: Cinnamomum cassia Presl; quality marker (Q-marker); biological activities; UPLC; Logistic regression; coumarin;

cinnamyl alcohol; cinnamic acid; cinnamaldehyde
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Table 1 Different batches of C. cassia
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i+ ACQUITY UPLC BEH Ci5 (50 mm X
21 mm, 1.7 pm): WSAHA 0.1%HBRKIER (A -
L (B, BEEBEML A4 0~10 min, 2%~100%
B; 10~13 min, 100%~2% B; 13~20 min, 2% B;
AR E 0.2 mL/min; #FFFEN 2 pl; AR 25 C;
R K 254 nm.
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Fig. 1
mixed standards solution (B) and blank solution (C)
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53 A B R IR A0 HEA R 0.254 0.5 1.0+
2.0, 3.0, 40mL, Z3ET 10mL &M, hot:
| M EOKIBERZIE, B 4% “2.17 DUk
AT, DX IR ST AR (), TR
FE AR (X, Z2hilbriEfh 4. & T R LM
N 30.0~150.0 pg/mL, RAHERRLZMETEHEY 20.0~
70.0 pg/mL, FE Bz B4 S B A 4.0~ 20.0
ng/mL, FE B2 B 28 P Y6 Bl 4 200.0 ~1 200.0
ng/mL, 3B 0T B8 7 S0 0T B AR R L P 2Rk
KEARL (R 2.
2.6 BEERE

HUE—4t (S12) HERFERL, 1% “2.37 BiTHJ7
g, IR 217 TEREAENE, ESLHFE 6
R, RGN IETFT RSD A 0.36%~
0.79%, HHXI LR EH IS ] RSD A 0.03%~0.07%,
TR E L R IF

UPLC chromatograms of C. cassia sample (A),
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Table 2 Linear equations, correlation coefficients and linear range of mixed standards solution
Xof HE it =] )4 75 74 R R H LR MEVE F/(pg-mL ™)
HFER Y=2X10" X—19910 0.999 7 30.0~150.0
WHERR Y=4X10" X+16 723 0.999 6 20.0~70.0
L Y=8X10" X—15 224 0.999 6 4.0~20.0
R Y=1X10" X—217 094 0.999 9 200.0~1200.0
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T PATH 6 R A, 4% “2.17 TiEGE %
R e, 45 B & LA I A G g T AA ) RSD A
0.22%~0.71%, XS EREERTE ) RSD A 0.01%~
0.02%, R\HFELERILT.
2.8 TREMIRAE

HE—Ht (S12) FERRES, 4% “237 TR
T PRI, $% “2.17 Tk AR E,
SYHIEE 04 4. 8. 12, 18, 24 h A& IFELgr ik, 45
TR AT WA XU THI AR 1K) RSD 24 0.53%~1.35%,
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Fig. 2 UPLC fingerprints of 20 batches of C. cassia at
254 nm
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Table 3 Determination of quality control components in 20

batches of C. cassia

RESH(mg g ")

ik — —

HER Ed PEEIR ER 3
S1 3.51 0.75 1.77 56.26
S2 2.96 0.53 2.09 37.38
S3 3.25 0.62 1.91 49.06
S4 2.74 0.36 1.77 27.57
S5 4.23 0.38 1.75 60.82
S6 211 0.23 1.33 33.22
S7 3.06 0.32 2.68 51.03
S8 3.69 0.63 1.76 5432
S9 2.97 0.56 1.95 44.67
S10 4.40 0.61 1.84 54.41
S11 2.94 0.42 1.63 33.93
S12 1.44 0.26 1.62 19.69
S13 3.75 0.71 2.12 60.32
S14 3.04 0.25 1.86 39.96
S15 2.81 0.25 1.39 23.55
S16 3.22 0.43 1.75 42.06
S17 1.80 0.21 2.15 32.84
S18 2.02 0.51 2.10 26.91
S19 3.58 0.49 2.15 55.28
S20 2.21 0.36 2.14 2497
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/KN 40 uL B R P8k N VR AE 2 1 45 B 20
pL RZEIK A 20 uL HyO, FRiE S I 40 pL ik
=N AR AbRAEL s B 20 pL WZE/KFI 20 pL
RPN 40 pL it R Sk 37 FH AR S it e
Hs B 20 pL AFIUAE SRR 20 pL AN N
N 40 pL B B 2k B A E il e 4. TRAT, 37 °C
SR 1 min J&, SHBIIN 200 uL A5 B
CIFE 550 nm AAIROEEE (4D, MR AT FE &
HEUEER SR B R IIRE ). S5 R 4.

b1 B SRR J1=(A A )4 ran— A 1) X 8.824 X 5X
RE SRR 5
2.12  HERREUKERR DPPH B R EEE N

FH FHEEEC A 0.2 mmol/L ¥ DPPH ¥, BEYE 1R
&M, AECH 2.0 mg/mL 4E4EZER C (Vo) il
%M, BRVETT AR ST RS s "™, B 150 uL
I, DO 150 uL frEAE R H 40 B 150 pL
A, I\ 150 uL DPPH YW/ J9f B 285 B 150 L
DPPH ¥, M 150 pL Ve VETRAE NbruEd]; B
150 uL DPPH 798, NN 150 pl #3500 AE A RE i A
DH o SRER P b AT e, S T R B
30 min, FEEFRGNE 517 nm 401K 4 14 . 1155 DPPH
H B R RRE

DPPH H 3% =1—(4s—A4b)/Ac
As NFFRIETRII A (E, Ab ASEENAE, Ac SHREM A8

F= 4 20 HHEEFRFES DPPH #1325 AR

Table 4 DPPH and hydroxyl radical inhibition rate of 20

batches of C. cassia

Ei1R/N DPPH &5 %/% F H B EREIHIR/ %
S1 64.47 87.09
S2 20.82 36.09
S3 90.63 28.31
S4 59.61 51.43
S5 61.40 65.48
S6 84.98 94.17
S7 62.16 56.88
S8 70.95 80.09
S9 90.53 70.16
S10 84.98 94.17
S11 59.73 8.65
S12 70.29 16.31
S13 57.14 95.10
S14 55.14 85.10
S15 49.41 23.94
S16 69.64 45.57
S17 72.99 58.71
S18 60.77 14.36
S19 79.51 82.96
S20 38.42 48.02

3 RYERERIRIEITN
R R G2 53 2 T 245 E iR AL P 3 A 0
FEPFIT R G (2012 it AD, DAIREUE LA AR
HOUXTHE, THEL 20 SLEERFE MO, SR
R 5o GIRERM, FAIHARE b 10 PR ARR AR E -
F=5 20 HEERBOESTER

Table S Similarity of common peaks for 20 batches of

samples

iR/ HAABLEE fx HRABLEE
S1 0.997 S11 0.996
S2 0.998 S12 0.983
S3 0.995 S13 0.986
S4 0.968 S14 0.995
S5 0.996 S15 0.982
S6 0.995 S16 0.998
S7 0.996 S17 0.991
S8 0.997 S18 0.984
S9 0.994 S19 0.997
S10 0.997 S20 0.985

4 FERXNDFHE
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IR, R ¥ s br g fi N Bs Ris A R e]
THELH T EE S AT L B s AR A R
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A A PR R P 85 2 5 5 e R 3% 2 T PR B S O
R, ESTHEERFCRMIO TN HeE R A . RIS
PEFEARMIAE, ZAR A AT DASEIURE R BORMI 732K
FrifE 5 RIA

X T AERCBORMA 7 S G0l 1) /8, R S5 0N
KHAE (L (D, B D, F1 (TID. 2 (V) 4
ANEEL], O R BT bR ESAR &, T IX P s:
A g B AR B 2 (A R EOR &, 1T LR Logistic
[ELEH T IEAT R . TR & 4ehr 2 W B A &
(A, BT Logistic #i%Y, T AE S E A
AR B EIphaReSE, Ak, 7EESL Logistic
[l R R 2 B, JesKH PCA FAARABAR 2 8] A 5%
P, W ZAIRRERE DB LA T 1) 3 %
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gy, MNITTE b 22 B LA 1 R KRy 281500, ¥ 20 HEZ5Mr T 5 2K, X
41 PCA — GRS HCA S5 REA 8. X & EL

PCA A %45 B 0 278 Sk A7 POd R AR
HHTA A B RRYE, A B SR A AR B Ry
SRS, FEAR IR ATELE E RS LT T )
L8, BIATRAEAFEREA P EAARE S BRI
W (n=3) WATHEIEX T B, PRI AR EE ),
SN Simca-p 14.1 #A4, LLEZM R ZAE A IAE (X0
HEAT PCA . MAF B HE 40 R Hh H s iy 22 b &
WEZMERT . HAHKREERE R 2R EE 7
ZETTHRE (R*y) MR Z TR B E S
2ANFE Y NS N 95.9%, 55 1 F k43 (PC1)

UTTHRE N 95.9%, BAEFEERE, WA
LA BE 18T (B 3-A) 0 BLAT 2 N i B 3565,
ARjEsE (K 3-B). HIE 3-B ATLAVEH 20 #bkE

comp[1] comp[2]
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A-FRFTRIE  B-PCA HUs

PEHEAT HCA 208 (B 3-C). WK 3 /0L, FEAHE
H2ho N 535, HERGIE 5325 () 4G BH S 1 43 28 FE
2. SI15 M1 SI12 #i5r N—3, S17. S6. S18. S20.
S11 1 S4 #VAA—, S7. S14. S2 1 S16 #5rN
—2&; S13. S10 A1 ST #JH9—3: S8. S5. S19.
S3 A1 S9 #IAN—, 45 REM, KH PCA 1153
oM BT . R EAE (E 3-D)
ALVEH, HZEREERIAEEEEE (6.298 min).
PEERR (5.902 min). FEREE (5.703 min) FIF S
% (5.398 min), ¥IBHIX 4 ANEOENEIS L
JiEfabr . 585 PTG T B T O 5S4 B
N, SALEY)S DPPH IR F o JE i BR s A o 1
B (0.286 84 0.655 1),

B
nkl
"B
n i 3
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500 i P et
_ .
DR preet My - Sl TR
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03 & man
— 02 oy ®
I~ -
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t[1]
R*X[1]=0.937 R*X[2]=0.022

C-HCA ZEHE  D-kr il

A-model prediction chart B-PCA score plot C-HCA cluster graph  D-loading plot

3 AR HERIRIRF BT RES PCA HR

Fig.3 HCA and PCA analysis results of Cinnamomum cassia from different origins

4.2 Logistic %

BT BT PSS T R, AR
I8 25 AR B ) BB, R Logistic £6 1
SLEREAS N E R HARRER (FRAED) Z
] R BRI R 2R, IRIEAER AR BRI, RSN AL
TP ORI 52 45 R BEAT W0 0 . AR B o

W 20 S sz 00 HHE 4 43 ol SR AR 4L 2 H84
W 1 5 R I SRR A A S5 428 1l R A 0 v M 4 ik
ATEDA AT JE SRR, A8 5 R A A A
AT 3 ST

XA R EEAREREAFATIRAE, L (DL R (D,
(DL 2 (V) 73T RAE 4. 30 2. 1.
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LA SPSS #FSZEL Logistic #M S HISR A, 153
R LA .

P p=exp (32.543-0.974 X FLEAIENE ppput2.197 X P4
BT 0p—0.97 XA B S 7 5+ 10.158 X PURERE 5 5 +44.7 X
HE R RE S B —43.222 X FE RS 8)/[ 1 +exp(32.543-0.974 X #ii
FITEYE ppprT2.197 X PUAAIETE o097 X HE B &+
10.158 X PURERE &5 +44.7 X B RS S B —43. 222 X F 3 i)

P u=exp (—449.205-2.545 X HUEIE 1 pppi—0.744 X FTEEA,
TEME on0.827 X FE 7 5 2 5—35.909 X A HEEE & 5—91.409 X
TR A B+ 117.883 X FH R ErE) [ +exp (—449.205-2.545 X 1
EALIE T pppy—0.744 X FUEAIEME op—0.827 X E 7 B
35.909 X AR S E-91 409 X H R &+ 117.883 X HH K R)

P w=exp (—196.728+1.093 X HUAEMIGH: pppre—1.521 X Hi L
TEME onH1.343 X EE RIS S 8+31.391 X PURERE S8 +22.043 X HERY
fEEE+6.076 X HFE R EE)/[1+exp (—196.728+1.093 X Hi%
AIEME pppr—1.521 X HUAEALIGE 01343 X A SR RE +31.391 X
PRI B +22.03 X B S B+ 6.076 X B H R )

P x=exp (199.880—0.875 X HLAAALIE 1 pppry+0.892 X FLéA
PIEPE op—0.952 X HE I 5 FE-33.664 X PARERS 7 8-20.326 X
RS 0. 724 X HH RS T)/[1+exp (199.880-0.875 X H4
A PE pppr 0.892 X HTAAMIETE 05—0.952 X Y B 1 -33.664 X
PRI -20.326 X FE L IE 9. 724 X HE R &)

e = E =R AW s v N Ty = 8= A1 |
BT SERMMER, MMk O 59 (%
I 100%HI M) E 1% 5F ) . Logistic [A] AR}
FRFEARMIE AR SRR R w8, B
A DUR IR IAHORMR S5 0 7 R hRifE, &S5 H)
Wr W2 6.

5 g
51 REGZERNER

ARSLIGEE | RIyE. A RIGE. R IR
EANRETE, MIREURI A . FRE e BRAE(ESE
YRS T7 T 25 eI Bk AR BRI . [R]INEXo $2 B 77k
17758, kst 7 AR E (50%. 70%.
90%- 100%) M. LEENFEEBUER], KILLL 100%
FEE AR BUA I, (g 2B P Aa . 1RICE
B~ AR, FIIERE 100% H EE AT
pasnlp
52 ®IEFHRK

ARSI T HEE-K . IR HEE-HERIK
W ONE-HRRKE . BRI -
TR /K VAT, S50 45 SRR I G- R R K I R ) 43
R, ARSI NG — P AL T 2 -0.05% TR

F6 20 HHERFRSLLER

Table 6 Classification results of 20 batches of samples

£ 7 5 S P/%
4 TR HFE R 2] 100.00
4 TR FRIRR 100.00
4 IR AR AR 100.00
3 T PE M/ A G 100.00
3 TR N 100.00
3 MBI R 100.00
3 IR A BT/ 100.00
2 J7ARARIRAR R 99.97
2 T ARITYR L/ R Ay 2 98.65
2 JTHE AR R 100.00
2 JTHERE /RS HR 96.77
2 TR R AR 100.00
2 TR A/ AR 100.00
1 IR TT /N 100.00
1 JTVEIE YT R 100.00
1 TR TR S 100.00
1 IR AR 100.00
1 B VG 25 KA 53 4] 100.00
1 JTVE R R S 100.00
1 LR Yo 100.00

KW CHE-01% FRRAKIEIR . LNE-0.2% FERIK
TRz, 45 TR IH 2,5 -0.1% R K IS AE i
BNAERT, VRIS RRE R LT, BRI AR S0 e 2 -
0.1% F R KIS AE AR BIAR « ZF G R HER B R
WK R SclkiaE, SR PDA A ZR4E 210~400
nm FH, AR K 210, 254, 270, 280, 325 nm
FIEAE R, 455K, 254 nm b F) ik (s B H:
TG B AT, TN, Ak ERE L,
Rk £5 254 nm AT .
5.3 FERUR A FRITN B

2R A 2R s IR A R IETT A B Ak
R, BB BO LA AT FEAS RE AT R L2
R, MR BRAR A AR TS S . L
KIS s MR B . Bk S e B0 A4S ARV
Yrepghrs it DY FRSUE S A 2 I E A
X T B B B 2 E T DR AR B R A
ORI E . BT ARV K BERA AT it (B AH AL
P, ORBEWIE Z SN, UL AR ESIN
Q-marker [, ERAFAET LM AR
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A5 BN Tl s A e RO . 5 2 Dy Re
PEEF VIR AT, AR 9 e B 2 22 Mg
RO R bR PR R AT I B i) ASHIT S AE R AL
Kt S A B 3EAT T PCA, BHERAS R R SR 2k
TEOLITEIE, #RH T R Th oT R BCR R sy, It
RN T H Q-marker (FE . WL, REERR A
WAHERE D . (H R AR 25 8 E 2ok 3 —Fh sy ic
P HATE AR A B, Bt ML EFERELeAb 22 1k
53 Er 5 e R DA 4 T S B R 250K ) . A SR
KW, FERBEY. R KA NIR R I
FERR, BAPMR. P, PiREZFEY =S,
FERILH B E WPTELae )1, FTLLVEF NAUES
R URERE. DURERRAN RIS ) & B4 S P LRE )
KRR S INA 2, IS —Fh =T
Logistic [FIJ#7, AT DABE 4T, B8 PR M AR R
SYOIATVER AT, L RE A IAN A 28 ST
PEpE— T K
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