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MRS ) M 1T (BT B ) Ak 15 ) ] TAP A ES AR R ECE MR X 23 RAF(R=0.999 4) 45 5F . A8
M E AR I RSD 3/ T 2% (n=6) ; F ¥ A = M F 4 98.95% ~ 103.81%,RSD # 0.61%~2.75% (n=6) ; & 5 3| 4
0.031~0.106.0.267~0.824.0.089~0.144 ,1.344~2.091,0.089~0.178 ,1.328~2.028 .0.040~0.150 mg/g, %51 Ffik 549 HPLC 3%
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Fingerprints, chemical pattern recognition analysis, and multi-index content determination of Jianpi hewei
formula

HE Dongdong', ZONG Hui', WANG Chongyang', WAN Juanjuan', MAO Xuepu', HUANG Chuansheng’, WANG
Xinchun®, WANG Liping' (1. School of Pharmacy, Shihezi University/Key Laboratory of Xinjiang Phytomedicine
Resource and Utilization, Ministry of Education, Xinjiang Shihezi 832002, China; 2. Dept. of Pharmacy, the
First Affiliated Hospital of Shihezi University, Xinjiang Shihezi 832008, China)

ABSTRACT OBJECTIVE To establish HPLC fingerprint for Jianpi hewei formula (JPHWF) , conduct chemical pattern
recognition analysis, and determine the contents of seven components in the formula, aiming to provide a scientific basis for
quality control and further research of JPHWF. METHODS Taking 15 batches of standard decoctions of JPHWF as samples, the
HPLC fingerprint was established using the Similarity Evaluation System of TCM Chromatographic Fingerprint (2012 edition).
Subsequently, similarity evaluation, as well as identification and attribution analysis of chromatographic peaks, were conducted.
Using the common peak areas from the 15 batches of samples as variables, chemical pattern recognition analyses were performed
on the samples through hierarchical cluster analysis, principal component analysis, and orthogonal partial least squares-discriminant
analysis. The contents of adenine, 5-hydroxymethylfurfural, tetrahydropalmatine, naringin, dehydrocorydaline, neohesperidin and
glycyrrhizic acid in 15 batches of samples were determined by HPLC. RESULTS There were 19 common peaks in the characteristic
chromatograms for 15 batches of samples with the similarities of more than 0.95. Results of chemical pattern recognition analysis
showed that 15 batches of samples could be clustered into 3 categories, and 3 differential compounds were found [peak 7 (5-
hydroxymethylfurfural ), peak 17 (neohesperidin), and peak 15 (naringin)]. The 7 components were linearly good in the respective
concentration ranges (R*=0.999 4); RSDs of precision, stability and repeatability tests were less than 2% (n=6) ; the average
recovery rate of 98.95%-103.81%, RSD of 0.61%-2.75% (n=6) ; the contents of them were 0.031-0.106, 0.267-0.824, 0.089-
0.144, 1.344-2.091, 0.089-0.178, 1.328-2.028, 0.040-0.150 mg/g, respectively. CONCLUSIONS Established HPLC fingerprinting
method coupled with multi-index content determination is validated to be accurate and reliable, and its combination with chemical
pattern recognition analysis can be applied to the quality
control of JPHWF.

KEYWORDS Jianpi hewei formula; fingerprint; chemical
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PPk B AR —Fh BR8P SO RE YO , &Rl
il 52 2% , V5 B WA T TRRAT R IR A R 2 15t S A% [
REZEIFHREY, ZNIEieH: Lol RN B RS
a5, FEAERE A L R A A S R A SR AR AR RAE
B Y A S R R, X g bE I gk, B R
I 1 i 2 X TR T 5, R R A
TEREANAY . P 2T A 280GV E AL, BT A4
LA SO LA , B EERIVER/IN, A KR T,

TR M E R )R T E e B R AR, A
R g0 I R TE BN R B YRR A X
JI9 S B 5 LS AN, SR AR IS 2 DR AL
AT LLR BT B R AE Y RN ' A e T
K2 — s = e b B RHAYT TS B R IGIRZ R T,
HAES AR ARE AR EEZZE il g
7o JESHRFH 10 bR P 2548, HAT AR AN P 5
SRR % BRI AR IESE X e R AT R
RITRCR R B R IB A T B R B TR AT AL
W3, H HRTERHZ O B B 1 JC RS, S8
Hd AR G —

28 SIS T DAL A T 7 U SR AIE v 2 2 2
A2z /L Are " J2 R B 2543 B (hierarchical cluster analy-
sis, HCA) | =E i, 43 43 ¥ (principal component analysis,
PCA) Fl 1E 3¢ fi f /) — 7 - #4151 43 #7 (orthogonal partial
least squares-discriminant analysis, OPLS-DA ) %5 fk 2% #&
AR ARG AT SIS E ) 2 T2
PR R, ASAIF ST SR RO A 3
(HPLC) i #E S7 {d 4 A0 15 O 145 SCELE |, 45 B b 2A A
SO AR ST S, ) s et e rfpr 7 Fofr = 2 Rl 43 (i N
W& | 5-F% H MR HERH 2R 28 b R I SUER L BT
B AR H R ) A T I, B e R R L R
By il 79 2 FTII PR L FH SRl S 4% .
1w
.1 FEUHE

AHIEFE I 0 BAL SR A « 1260 Infinity 11 % HPLC
X ([ Agilent 23 7)) \KH-300DE U 7 i v v s (B 1L
T AR A BR A F]) \BAS224S BIJT 43y 22 —HL o3 Hr K
T [B8 2 FITRF2EAE (650 A BR2S F]] . XW-80A g
IR A (LI FE A FR/A ] ) (Fresco 21 &8
HREONLFERR R BHE (rh DA FRA R
12 FEHRBSKA

Xof R R M A (5 MUST-23103001) | 5-3 H Jpe
fi (41t 5 MUST-23102711) | ZE#] R 2 & (it 5 MUST-
24022721) Al Ez (415 MUST-24033001 ) it % 25 2 55
( #it % MUST-23071017) . %7 8 B 7 ( #it % MUST-
23100812) . H 2 (L5 MUST-23110110) ¥l [ & 3
F5 OB A= IR A BR A T, 4l AR T 98% ;5 LA
FH PSR R 35l € 20

2GS 2025 4F5 36 45 15 1]

1.3 HHKRAE

3% (45 DS231101 . DS231002, P Hi H il ) L AR
(L5 BZ231002, 7= #4155 BZ240101, 7= Hupu Il
AT (5 MX231101 . MX221001, 7= = 55 ) AHFE (3L
5 ZK231001, FEHB YTV ;s L5 ZK240101, F=ibpu il ) (3%
A (5 EZ230701, 7= #u ) P 5 b5 EZ230201, 7 H Y
JI) LB (4L 5 IMY210101, 77 Hb 22 8 4t 5
IMY 220901, 7= Hu pUJi| ) A p i (k5 ISQ210701, 77 1
s ik ISQ231001, 77 M U Il ) | AR A (it
JSZ210401, P Hi Ll AR s #t 5 JSZ230901 , = Huif Ik ) \SE W
R (L5 YHS230602 . YHS230703, F= by ) FiH &2 (4
5 GC231001, = 1 H it ; #ib5 GC231201 , 77 Hb i i ) ¥
WA ] 2 N o 3 22 e v 250K R 2w e D | L e v 25K R
OS] AT R — B B B 25 253 % 34 24
Y EL
2 AEEHER
2.1 Bifg&H

K JHl Waters Symmetry Cis £ (250 mmX 4.6 mm, 5
um) , LA ZJE (A)-0.19% BEFR Y (B) R Ik shAH A 746
Ve W (0~15 min, 2%A—10%A; 15~30 min, 10%A—
35%A; 30~40 min, 35%A—80%A ; 40~50 min, 80%A—
2%A) 5 K I 1 Tl 254 nm AF 3R R 35 °C 5 Wi 1
mL/min; #EAEE A 10 pl,

22 BEHE
2.2.1 (@M S bR R

4210 g FAIAR 10 g AKFF3 g B 10 g A=Al
(FEZz 28 fEphih E1LAE) % 10 g FEAR 6 g JEHHZR 26 g\
HH 3 g, i85 /K, kiR 2 0.5 h, JiZ& 1 h, 204 it
U8 5 2 A 6 %5 5K, RIS 40 min, 20 A1 50 5 5 91 2
RUER , R M 45 25 500 mL, BVESa e A1 S iz i),
£ Mo 15 HEURAE MR 5 B i (45 S1~S15) Hi 4%
TR R R H BEMLEGR VA A A i (EAR A A5 BT 4
ARSCE T YRR AR DT A AR R 1) .
2.2.2  TRAX R IR %

R AR IR IERS 575 H IR IEHH R & R Ml
TSR AR R R R R R RE Y FH 509
T i i) BB R R 435 R 0.51.5.04,5.12,5.08.,5.20
0.52.5.02 mg/mL F) BA— X HE SR, 43 il kG 2 R B L
T A% B — 3o BE S PR RGE 1, FH 50% H IR BT 25 2 W)
— 5 mL A 45 B3R 7R TR B 43 R 50.47
199.27.198.69.396.26,99.77 .297.61 ,199.40 wg/mL Y1k
A IR
2.2.3 MRS E A

i 2 et A AN 1 5 B MEZ5R) 750 L, il 750 pL
FI ., #4575 10 min, ) 14 000 r/min £5.0> 10 min, B 157K
280.22 wm SALIERRDE LS , BRELIEWE , B15.

China Pharmacy 2025 Vol. 36 No. 15 - 1877 -



2.2.4  FABRIRA X BTV B B A v R o A%

B J7 B AR A, $462.2.1 7 300 R J7 B £ B AR
X VA TR RIS A B A I R
2.3 EYEIEHNEIIRSHT
231 IktEEER

(1RG5 3  BUEENGRN B J7 FE & (45 S3) L #62.2.3”
TR Ikl AR SR, F 2.1 IR (i 4 e sk
FEAE 6 YK, LA 15506 Chlt B2 1 ) S 2 BR | 1 45 R AIE
WA AFTXCF P B s [] AN X 0 [T AR, L RSD 43511/ 0.6 1%
11.94%(n=6) , R JT ENG % R AT

(2)FasE P g A B A (Ji5 S3) , ##42.2.37
TR 5 il A8 i W FE SR T A 0.2.4 .6
8.10.12.24 hif, #2170 A% SRR E . DA 15
I (Rl iz ) SR 2 BRI | B A5 RR IR DG AR T (4L £ st [ 1
AN T A, HERSD 2R 5/N T 1.10% F12.93% (n=8) , 3
I S VA RO S IR B 24 h N FRE M Lo

(3)E N HUE g A B A (S5 S3) , ##42.2.37
TR 5 2 AT 4 6 O B v, F 2. 17T R (i 4%
PEEREINISE o LA 15508 (e fe 4 ) 2 BRI T H 4 AIE
UEE R XS A s ) FTAR XTI TR AR, HE RSD 43 517N T 0.61%
M1.71%(n=6) , R IIEEEER LT
2.3.2  FREUERE ST KA AN

15 b AR B 5 R b (4% S1~S15) , 43 il &
“2.2.37T00 T Jr ik A R A TR, 42 2. 1 IR g AR
PR 22, 12 5 HPLC ik & o B A S il B 5 A
(P25 ISR SO RS U PR R 58 (2012 i) ) , e B
5 S3 AL 1 B 1S Sk s B R N R 6 SE R 0.1
min, SR 0, AT 2 SR IE AL L, A2 AR 15
HURE b 10 B s S0 R RS R R TR LR 1. A
X BRI R S 08 5 15 A A B R 5 S A A
U, 530N, 15 HERESILPRE 19 AT 15 4bRE
i P 15 55 6] HE T35 R A9 AL BE 7 0.956~0.998 2 [1], %)
KT 0.95, RUIARRHLUAE S ALEA m A RIE

5000+ 7 o
asood Hie se s Pl ¥ ®
1000 _ils ] ] sri
2 500 = 513
3500 :‘%‘ T N i o
“ - t4 S11
3000 e o) R s
E 2500 S
IS} S8
2000 i I S . o
1500 gl T T s
i
1000 : YV N = 3
[~ - W S
500 1 :
0 T T T T T T T T T T T T T T T T T T T T
0 5 0 15 20 25 30 35 40 45 50
t/min

E1 15#tE R HPLC S Miss B R 3T R ELE R
2.3.3 IHENIRIAKLIT)E

P PERN B 7 AR A W (G5 S3) i SR A X%
W VA R PR (BL“2.2.27 T YR % IR S T, 62,17
TR 3 S5 R RE I 5 T A ) PEA T LU X, JEHE A 746
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T, 3R 1S W R NGRS 7 50 B0 FH LB (105
UESEBH 2 £, 25 15 5 WAl K 1 L 16 5 e ol S0 4% el L 17
U R R HERN 19 S B R L RN B T
VTR (G5 S3) I35 PRIR IR F ol R A P i | e B e
FE A VA TR 1 (3 BIHR2.2.47 T50 R BARR A X BR VAR
R B PR SRR 2.1 7 TN (i SRR I i T A )
HEATLURTAT L, 1 ~4 508 R 25K K B A 5 7 5 8
8 I AR A CFEZE 28 il AR L) 5 9 ST
J&FFHA;10.11,13 .14 F1 16 ST )& THEH K ; 12 Fl
19 S8 T H /5 15 17 F1 18 ST & A5 ;5 50
HEFAARFARE ;6 FIEHEFRSMAR, 45580
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3000 7 5:55
34 s6 s UL 18 15 P
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133 s f° R
200097 2 I 8 = Al
E 1500 1234 |sun 18 e
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10001234 2 [ A
152 N Y ok
5004 3 s %5
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0 T T T T T T T T T T T T T T T T T T T T
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#/min
1 JRIEENG 7 535 Y KEHEIE 5 10 SEWIZR 225 15 Al B 1 5 16 B AL
SR 17 TR B 5 19 H R
E2 #iXmAR BAXMBMmARRSAKRKHF TR
A% HPLC E/mE

15
o, 1 1211617
2500 34 s YRer il 18 19
7 7 15717
1 IM 56 A 912 A A 18 19
b 7 1
2000 H 012 1411617
34 56 90113 A A 18 19
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1012,
9».1113”A M 18 !
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BHE R FR IR il i
BT IR G
Al = AR S i
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E ! |234 56 V 8 9“)1113“!;6.1”7 18 I S FERE Sh
= 7.
S 10004 ! l“ 56 8 9,01112”111;1”7 18 19 AR B RE ST
2 7
N PPN Y Y R
2 7 15
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B3 ik SARMBERREE M RA R HPLC &
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2.4 WEEIRF ST
2.4.1 HCA

H4 15 HEFE 5 0 AT I TRV R S A SPSS 22.0 #
K AL A% 7 BRI B e E AT HCA . 2551 (&1 4)
YR, S RREGRE B3R 15 B, 15 HERE S T 58 ok 3 A
i Hky S4~S5  S7T~S8.S11~S12 . S15 kL B R4 1
I G5 R SO IRE SRS 2 255 4o S1~S3.86.,810,
S13~S14 ByREEL IR A 325, ZAERER M, A HEUCRE
A — R 25 5%
2.4.2 PCA

DL 15 Jtb R i A i e g B AR O A
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B4 15#tHERAHCABPRE
A5 5 54~ ko, H SR AU 22 BTkl 85.446% (55 1
T 0T 2 BT K 32.350% , 45 2 AT 2 T
HRFE N 21.295% , 55 3 51 J7 22 DTk R 12.310%,
554 TR TT 22 BTN 10.394% , 55 5 AT 24
TTHRZE R 9.097%) , Al F il 15 #bAE 5 i R ZA 5 B . I
oL 5 1~5 LA T 25 TUBR AR = 1 LA 3 ) D W
16 (JIi S0 28 S ) 06 6 I 18 U 17 (T 2 ) g 19
(HH8R) . PCASE(E5) Bon, 15 4t 40k 3
2 Y5 N S1~S2.S5.S11~S12 FHRE B N 125 4
5 S6~S9 WAL i R N EE 2255 S5l S3~S4.S10,
S13~S15 WAL RO EE 395, X455 HCA 45 3t
o o, PCA Y A5 H AR AR i L[] DTk, HCA 25

ROTRE L Ty 2 £, RA B A REER
AT AN o
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2 / 5:‘ L \\\
= 0 sie %2 ®s s'.l‘ o \
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—8 —6 —4 72 0 Z 4 6
t[1]
E5 15#tEmIPCARSE
2.4.3 OPLS-DA
DA 15 St RE i i g i e i AR AR O A
SIMCA 14.1 4 #£17 OPLS-DA., % 154 & P25
R'Y=0.794, il Z:%k 0"=0.615, Y3 K T 0.5, LW ¢t <7
1) OPLS-DA 5% 7 FL A7 5 w3 (4 e i 1 5 e 1 76 V) i
71, OPLS-DA 343K (& 6A) ion , 15 4ILRE 5] 434 3
K iS5 N S1.S3.810.S13~S14 FYRE S BN 12 4
54 2,86 . SO FUFE M RN ER 225 S 5ol S4~S5.ST~
S8.S11~S12.S15 MHEM R A4 32, X4 R 5 HCA
SEOLARIE
AW 5E LLAZ 5 8 SR 52 (variable importance in
projection, VIP) i >1 AR, ik 3 4> 22 5 1k
A3, ARG 7 (5-F5 HY BARERE ) (0 17 RIS K 1) i 15
(il B4, R I 6B
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10 o513 So@
= 0 o1 5@ o ol
= o510
—10 - os14 sl?:”f
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(1]
A. OPLS-DA 1543 &

)

7171516101 2199 1814 3135124 6 11 8

W

B. VIP13/3 [
6 15t SEA OPLS-DA B4 EF VIPB 5 E

25 ZBIEEEAEENE
251 LEHELE

HS LA (50% FR ) TR X Rl VA VR AN (430
W (IS S1) 43 A% “2.17 TR (% 25 (R R R 22 o
SEHL(EIT) o, A i A ORI 5 X6 RS VS P 7 A4
A3 R BA B ] — 30, 7 A 140 1 €0 1 e 5 A 4 €2 15 0
F] B4 43 5 FE Y R F 1.5, BB B LA A R0 g 43 e 1135
AMETF 5 000, HAs (HEFIA TG, SHIZ T k4 IE
PRI,

VIP{H
—_ o —_ oo w =

900

750

600

450 4

U/mV

300

150

#/min
L: RNZERS 5 72 535 LR 5 10: JEFHR K 5 15: M 41 5 16: AR
S 17 T BT 5 19 H R s 2 28 IR s b IRG X IR AT ¢
HER A
E7 =a@ad . BEeExBmagfidimain
HPLC &g

2.5.2 ZRMERAREE

i B 2.2, 27 T T YA X R S VAV, P P A
2.5.10,50, 100 1%, BRI A T e il RV v S 22 9 s AL
AyHIE 217 I N G AR iC SR i R . A4S
JIA T AR AR R (X)W T R N A A (V) A T2
PERLG . S5 5R (1) BR 45 B A8 FLE R 0T i ok B
FINAPE R R AT
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Rl BRONEMEXRERER

&g R B AHEG T (pgmL)
gy Y=20834-270 09994 050~5047
SRR Y=9.70¥+6.24 09999 1.99~199.27
%L E Y=2098X—1.05 09996 1.99~198.69

i T=8211+22.88 09994 3.96~396.26

WAL ER Y=2837X—6.86 09999 099~99.77

il Y=10.94X+16.46 09996 2.98~297.61

IR Y=490X-871 09996 1.99~199.40
2.5.3 KEEFEEL

FE R 2.2.27 T R IR AR RE VA TR, Y A e

SATJE #5217 W BB A R SL AR E 6 UK, TE Sk I
AR, S5 R, BRGNS 5-F H LR B R R .
R T O 55 R B R H R R U T ALY RSD
43 5 M 0.05% ., 0.08% . 0.73% . 0.63% . 0.32% . 0.69% FiI
0.83%(n="6) , RIUAHER L R I
254 Rt

U5 STRES, #4242.2.37 3 N Jr gl & ik i i
WA BITE IR TR 0.2.4.8.12.24 hi 422,170
RS IEREI E T SR T A, 25 SR R, IR IEERS | 5-
P2 R SORRIE IERHR K BT AU R T R
R B R 0 T R A% RSD 43514 1.11% .0.50% . 0.56% .
1.04% . 1.47% .0.48% F11.16% (n=6) , 32 B 3 5 v U
TEZ RIS 24 h NFAE R,
255 HEMEELE

F242.2.37 IR Jy - PAT A 6 O K a IS W ('
S1), 43l “2.17 TN (A ik S5 AE U REIN E | 10 SR TR,
FER MR LTS o Bt o S5 0oR , IRIEERS (5-
P2 SRR IERH R £ BT AR e BT
RN H R R 7 5 19 RSD 43 51124 0.71%.0.60% . 0.78%
0.57%.0.61% .0.87% F10.69% (n=6) , BWZ ik EE
PER I
2.5.6  JINFEMNSCREAEER

W2 B 6 10 2 HBL o3 1 1 (A FEERAL A B T A 771
(%5 S1), B4 2 mL, & hriE A 2 M & it 101
B4 B A 45 B — ok R S VS G o, #52.2.37 T T ik
il 8 A AR, H 2.1 T T gk S R R i
U TR, FETT A A B A B XM ARE iR, g5 R R,
PRGNS 5-F2 H eI IEHH R LR M A SR
Bl T R B R R R 1 S 4 0 A TR R Ay S
98.95% .100.72%.100.60% . 103.81% . 100.85% . 100.23%
1 99.23%, RSD 43 %Il 4 1.28% . 1.26% . 1.10% . 0.66% .
0.61%.0.73% f1 2.75% (n="6) , F& W] 1% J5 1 (1) o 1
25.7 FESEEIE

B LB LIAE S, 23 422 “2.2.37 11 R 5 il g ki i
VR, HE 2.1 I gk 2 R R R I 22, 10 SR TR AL, IR
FHAMR R4S o & i o BRI S P70 3, X
SEYE . SR 2) B, 15 HURE S IR IZERS | 5-¥% F 3
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BRIE IEBH R £ 38 AR T 205 S0 BT i 1A
R B L34 0.031~0.106.0.267~0.824 .0.089 ~
0.144.1.344~2.091.,0.089~0.178. 1.328~2.028., 0.040~
0.150 mg/g.

2 LHBERPERIHNEENELER(n=3,mg/g)
B5 BEM SETEBE ENECE WM REEEE MERT  IBR

S 0.036 0.722 0.126 1.788 0.121 1.821 0.058
S2 0.070 0.555 0.098 1418 0.101 1.359 0.040
$3 0.078 0.773 0.140 2,091 0.178 1977 0.099
$4 0.099 0.286 0.100 1972 0.148 1971 0.101
S5 0.073 0.267 0.144 1.590 0.113 1.766 0.150
S6 0.036 0.549 0.122 1413 0.137 1458 0.101
7 0.038 0.307 0.129 1.788 0.127 1.833 0.084
S8 0.101 0.327 0.116 1.702 0.155 1.562 0.079
89 0.087 0.514 0.090 1.582 0.142 1.655 0.082
S10 0.078 0.718 0.105 1979 0.160 2028 0.101
SI1 0.031 0.269 0.089 1.344 0.089 1328 0.083
S12 0.106 0.355 0.135 1.716 0.111 1717 0.103
S13 0.077 0.824 0.097 1.767 0.148 1773 0.100
S14 0,094 0.557 0.103 2043 0.169 1.983 0.092
S15 0.081 0.267 0.102 1.440 0.149 1.386 0.121
3 itit

3.1 EEing AR

EMATE TS AR ARE R B
2 AR AR L) ST ESH R A H R 10 B 254
B, R E R A RIFIEIARITR. b, e S
il 2% BeRMIE IR, b b 23 A R 255 R HR AR
B TR R RE AN T LAMRAG , SCRBARNE , KD FH AN A8
MR B Y, OB 2 R, AR
B a2 D™, Ry, FORBREE o R, B
HATA B E A R B R £ AR T KRR
T 38 W IR A T AR SRR HETIE B R i
ATHETH IR Z DAL s SE S 2R PRI, DR 0 SR T AR
TR Z W G N B2y, H R ANE 24, i
JFATAN, i 2, 10 bR 24 3022 (IR B | B
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