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(PMRP) by HPLC, so as to evaluate its quality in combination with chemometrics method. Methods The fingerprints of PMR and
its processed products were established by HPLC and the content of six components was determined. Clustering analysis (HCA),
principal component analysis (PCA) and orthogonal partial least squares-discrimination analysis (OPLS-DA) were used to evaluate
the quality difference of different batches of PMR, and find the main components of the quality difference between different processed
products. Results There were 20 common peaks in the fingerprints of 30 batches of PMR, BPMR and PMRP, and six common peaks
were identified, the peak area ratios were all above 75%. The mass fractions of gallic acid (peak 1), stilbene glycosides (peak 8),
emodin-8-0O-glucoside (peak 14), emodin methyl ether-8-O-glucoside (peak 16), emodin (peak 19), and emodin methyl ether (peak 20)
ranged from 0.59—5.86, 4.64—25.83, 0.03—3.11, 0.01—0.59, 0.07—1.98 and 0.25—1.81 mg/g, respecitively. The results of
methodological investigation showed that the components had a good linear relationship (» > 0.999 7), and the average recoveries
ranged from 97.80%—101.51%. The results of the similarity of fingerprints showed that the similarity of 10 batches of PMR, BPMR
and PMRP were all above 0.99, while the similarity between different types of processed products decreased. HCA can cluster PMR
and its two processed products into three categories, PCA results extract three main components, OPLS-DA can effectively distinguish
the three kinds of decoction pieces, and six main kinds were screened out according to the principle of VIP greater than 1. Four chemical
components with strong correlation with the quality of processed PMR were identified, including emodin methyl ether-8-O-glucoside,
emodin-8-0-glucoside, gallic acid and emodin methyl ether. Conclusion In this study, the HPLC fingerprint of PMR and its processed
products combined with chemometric method is simple and accurate, which can provide a reference for the quality control and quality
evaluation of the characteristic decoction pieces of BPMR.

Key words: Polygoni Multiflori Radix; Jianchangbang braising method; pharmacopoeia method; HPLC; fingerprint; multi-index
components; chemical pattern recognition; gallic acid; stilbene glycosides; emodin-8-O-glucoside; emodin methyl ether-8-O-
glucoside; emodin; emodin methyl ether; clustering analysis; principal component analysis; orthogonal partial least squares-

discriminant analysis; quality control; quality evaluation

MEEATRAL, G Air 'R, RENR A,
M Z T A FEEE R AN F I S 22 A

75 S BRI E SR E S Polygonum
multiflorum Thunb. [} TR, 77T 77K, SEM.

PSR, (CRFRIE) B ERMIE R U3, ]
BRI BUE. H B ST
MUt Ja TERR . DHRCR AR, TANIT, adAs i,
SR, SRR, HCHREEE, RE T AR K
KR TS TS RN, AT AR AL SR
Iy R EAE TP A2 R IR, (H T TR DA A A
T AL AT AT B 5 A 5 B AR 24 R A AE 2 1Y
%}%’A_M-S]o

BT SR “EEH” frttkhz— 5§
PO PR SO EWCR T (LA 210
MR 2008 SERRO, (& 3 b 25 i 4 -45) 1)
W “TE S R R BRI I EE R
BE 555N 2 77, T RERE SR IR AN 2 77 7. B H AU
B SAEE R R ERAE R AR ST FT /D, Ja L
A CREZH) 2020 FRA R LM
AN B RO S K R e b, i (TL P
50 MHRINE ) 2008 SRR AN BL = 2K LA NS
TEbR, BEESRAS AR AR IR (0T U
A R A JE 1k -

LG R EHE, BRI AL
VIR BRI . FRSUEIE TR AR X P 2l Sy

77 ()5 B PPAN A SR 100, RN O AN [R] 7 ) 4]
5 HTE S TR SR R S 2 E AT, HR
DLASUART T S AN R A ] At B SR S 22 Bl o0
JE IR ELRCAIT T 131 AR 8 AE TSR BT 15 1 4
AN 5 0 1) oty # o M o W A 1 Bk A B0, aE o
HPLC #R4IEE . AR & EIE S5 ZRER
7 1 Cclustering analysis, HCA ). = i 4> 73 ¥t
(principal component analysis, PCA) Fl1FE A2 fhi #¢/)s
- #5743 H1 Corthogonal partial least squares-
discriminant analysis, OPLS-DA) 254t 241 A iR
AR 3 ANEFERL, 3 30 H S A H AR M
i R AT LR T T, 2 4RI B AR B 2
E 5T SUEEAH S G I T EVEU AT S AN R M)
RS RIS, R H A A 25 A R
il it BT B VA SR R SR
1 {EEMH
L1 {YEF

Milli QB &4k 1k 548, 32 E Millipore 2
A ; Waters 2695 A4S R0BAH (354X, 35 [ Waters 2
7], Empower thilk T/E¥k; KQ5200B & 5 i v
&, R ANERARA R AE240 B+T50 2



FER 20224FE87 $53% HI15H  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

* 4655 »

—HF R, FEE Mettle A7 ; OHAUS B iz
— R, BEHEPRR S (R ARAFE.
1.2 ik

HE TR ('S CHB-M-037). —F Z1F (it
5 CHB210107). K#i3 (#t'5 CHB201201). K&
ZHEF (GitS CHB201204). K &K-8-0-% &M tF
({it5 CHB201203). K5 % HEE-8-O- & B 1 (it
5 CHB201206) ¥ [ AR se i 3 AR A TR 2
AL, RSB =98%; AN E B IRAREAK, HEE
(5 63Y1706TE). W& (k5 H2020219) #44
weali, B EEE ACS BEMELEAT .
1.3 R

E SR BESRETILAEEERH I
AIRAT, ZVLHEH R 2K T 2 B B0t = X8 m)
RBUZEEE, HAERMTE S EEMEY P
multiflorum Thunb. ] TR . T RHEY KT
Glycine max (L.) Merr. [t T8 sl AR o BRI 5
AT 2 43 ) BT PG 48 o 2R Ml B ) 2008
FERRVFD (R EZG ) 2020 A RR A SR SE I )
PRI, FEmE R 1.

#z1 [ESRAFHEAMSER

Table 1 Origin and batch number information of PMR

decoction pieces
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pg/mL. KIEZHEE 132.6 pg/mL R A X I8 5
w, &H.
23 @EXHG
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Fig. 1 HPLC fingerprints of 30 batches of PMR, BPMR and PMRP
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Fig. 3 HPLC chromatograms of black bean juice, PMR and their processed products
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Table 2 Similarity of chromatograms of 30 batches of PMR,
BPMR and PMRP samples

. AR " AR i ARACLEE
- 10 fit 30 #it N 10 fit 304 7 10 fit 30 ik
SI  0.998 0913 W1 0994 0.799 Z1I  0.997 0.986

S2 0999 0.894 W2 0993 0.887 Z2  0.998 0.984
S3 0999 0.893 W3 0999 0.828 Z3  0.999 0.988
S4 0999 0908 W4 0992 0.892 Z4  0.992 0.994
S5 0999 0900 W5 0.998 0.870 Z5  0.998 0.990
S6  0.997 0.907 W6 0.997 0.816 Z6  0.998 0.990
S7  0.998 0.888 W7 0.998 0.865 Z7  0.999 0.991
S8 0.997 0909 W8 0.996 0.803 Z8  0.997 0.993
S9 0997 0925 W9 0999 0.841 Z9 0.995 0.976
S10  0.998 0.925 W10 0.999 0.816 Z10 0.995 0.982
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Fig. 4 Cluster analysis dendrogram of fingerprints of PMR
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r=0.999 7, VLG 1.424~6.408 ng/mL; KE{E-
8-O-F & B y=64764x+9284, r=0.9997, it
L 0.049~0.164 pg/mL; K2 H EF-8-O-7 % i
1 y=57 128 x—1 792.7, r=0.999 7, Z1JElH
0.035~0.157 pg/mL; KFE y=908 059 x—4 178.2,
r=0.9999, Vi 0.210~0.994 ug/mL; K%
H y=377 077 x—23 826, r=0.999 8, Z&M:ulH
0.224~1.008 pg/mL.
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TR ORI ER-8-O-F A FETE . K E-8-
O-FBEIMETT . KIHE. KEEHEEN RSD 43518
2.11%- 1.59%. 0.23%. 2.48%. 0.15%-. 0.20%, %
AN 28 K 55 B R 0T

293 faEMRiE BTEZAM (SD, %M
“2.2.17 TR J7 i 2 HE A, BB IR “2.37 TR
NIRRT T, AT 00 20 40 8. 12, 24
h R, RS IETR, GRETTIR. =K
LR RIEER-8-O- B HEH K3 K HE-8-0-Hi
R KB E . ORBE & HEER) RSD 4371108 1.21%.
0.40%- 1.04%- 2.36%- 1.02%- 1.87%, 7R
TVRAE 24 h WAREPE R I .

29.4 HEMAK BUTESZ4MSD, 17 6 1,
FEIE“2.2.1 70N Tk £ Rl i i, 1 ik «2.3”
R G AT 0 AT, DS RO TR, 2R
BEFIR. RO RER-8-O-ME M. K
TR EE-8-O- A M . R a. KK IR
BEOBIIEMK K AN 078 1714, 2.20. 0.45.
0.17- 0.32 mg/g, RSD 437N 2.45%- 0.28%- 1.05%-
1.89%- 0.48%- 1.49%, KIAIEEFTHERIF.
2.9.5 JNFEMEIERIRES KRR OE CIE Fa b o
BRI DM R (SO, 2R EIANS
FE it R AR A C S A 241 0.5+ 1,04 1.5 £
ARSI, BB EETAT 3 4, 3% “2.2.17 T
TR I, T “2.37 TRt SR
S, ILREE TR KA. KiER-8-0-Hi &b
. KE R HEE-8-O- M A M. KiEzEw. KHERH
Tk T AR, FEUE B RI0RE I ER 737308 100.92%
98.94%. 101.51%- 97.80%. 100.11%. 98.63%, RSD
TN 1.77%-2.20%1 2.03%- 3.05%+ 2.70%- 1.62%.
29.6 FERIE B30 #HUATE S B E S A
H MR “2.2.17 BUR T iER &AM IE T, 1%
“2.37 TN G FAREATINE, THES TSR (K
T THED, S5 R IR 3.

29.7 AT BRES. ES. Sl S
% 10 #LH 6 AN pesr B B E 45 55 O\ SPSS 21.0 i
ITREMNT, 3 B S B B8 2 R A A
E N 4.

29.8 WEHEL KA. BUTE S, %
10 #E/ 6 Fh R o Ve A AR N, THEE AT b g T A
L], WA 5. HU 6 P (e 30 ff e S A
il ity BT AR, THEILAIT b7 S g T AR A E Y b
#il, W3k 6.

R3 HRABWEER n=3)

Table 3 Determination results of sample content (n = 3)

R EU (mg-g™)

G5 B L KHEEK-8-0- KEE TEE-8- - KR

TR GH  WERT  o-MENT AT
S1 0.77 15.78 2.06 0.40 0.15 033
S20.79 21.02 2.29 0.47 0.15 031
S30.59 16.97 2.03 0.40 0.07  0.26
S4 0.78 1837 1.73 0.35 0.14 031
S5 0.77 1525 1.86 0.38 0.07  0.25
S6  0.66 16.88 2.16 0.46 0.15 032
S7 0.71 21.17 2.19 0.44 0.10  0.30
S8 0.83 24.96 2.92 0.46 025 038
S9 091 2220 2.12 0.44 026 044
S10 1.05 25.83 2.98 0.67 0.47 056
W1 414 488 0.04 0.01 122 1.14
W2 476 9.17 0.05 - .17 1.10
W3 4.68 6.85 0.05 - 1.34 126
W4 298 5.00 0.03 - 0.59  0.67
W5 394 7.17 0.04 0.01 1.04 1.02
W6 325 4.64 0.03 0.01 .02 0.99
W7 4.64 7.89 0.04 0.02 1.17  1.08
W8 5.68 7.65 0.12 - 1.80  1.67
W9 570 7.54 0.12 - 1.80  1.67
W10 586 9.15 0.15 - 1.98 181
Z1 147 10.80 1.75 0.36 042 051
Z2 1.84 16.66 2.15 0.41 0.53  0.59
Z3 151 1345 1.90 0.37 0.50 0.56
Z4 179 19.11 223 0.45 1.06  0.95
Z5 212 18.86 2.55 0.54 0.85 0.83
Z6 143 10.90 1.57 0.30 0.67 0.71
Z7 1.80 16.01 2.18 0.43 0.67  0.70
Z8 199 17.35 1.72 0.37 0.67  0.69
Z9 1.67 20.55 3.11 0.60 0.70  0.74
Z10 1.67 21.96 2.44 0.59 0.72  0.77

“=7 FoRRTE R IR

“~" below the limit of quantitation

3 it
31 HREREGESeIEEHER

TEHT AR T, AR SEEG %52 T LU 4K 12 25%
50%- 75%- 100% FHEEAEASEH0A A, HA . R
PRI R, 30, 40, 50, 60 min $RELAS[E], 1 :
50, 1:30. 1: 104k, DAHIEANEL 8TE. o



« 4660 PER 202288 B53% HI15H  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15
x4 EE., UTES, SIESEETHEREENE (X£s,n=10)
Table 4 Average value and significance of content of PMR, BPMR, and PMRP (X + s, n =10)
. RSB/ (mg-g™)

i BETR ZROKE O REFE-8-O-FENEE RIEE TEE-8-O- & M KEHR KB T
I 0.79+0.13 19.84+2.76 2.23+0.41 0.4540.09 0.18+0.12  0.35+0.09
BT E S 4.56+£1.007%  6.99+1.67# 0.07+£0.01"# 0.01£0.00"# 1.31+0.43"% 1244036
HHTE S 1734022  16.57+3.84" 2.16£0.46 0.44+0.10 0.68+0.18"*  0.71+0.13*

S{g sgitbis: "P<0.05 TP<0.01; Sl E AL #P<0.01

“P<<0.05 "P<0.01 vs PMR group; #P<<0.01 vs PMRP group

"5 6 MRmMIEERNZ AL

Table 5 Proportion of sum of peak areas of six ingredients

(] B By U 5 B/ 0| LA 15 5 W5 o5 LU/ % | e B 5 0 5 EE/%
S1 75.47 Wi 83.81 Z1 87.02
S2 75.07 w2 84.23 z2 87.12
83 75.01 w3 88.45 Z3 89.03
sS4 77.09 w4 87.34 Z4 89.83
S5 75.62 w5 87.48 z5 87.20
S6 75.32 W6 88.62 z6 87.24
S7 77.64 w7 87.45 z7 90.22
S8 81.13 w8 86.81 z8 88.93
S9 79.94 W9 84.40 Z9 89.23
S10  80.13 WI0  87.08 10 90.61

&6 6 MSIERRIESL

Table 6 Proportion of mean value of peak areas of six

ingredients
D%y U 5 B/ % % I |5 L /%
WETR 475 KHHK-8-0- 9.82
TR 32.48 R
KER 24.05 KB FTE-8- 4.10
KB T 8.66 O- & HEH
HoAth 16.14

BORE . WA SRR, ERRIERA 100%H
B, [FIHEE 60 min, ERELLN 1150 PIFEEUT %
Bk, FEMCEERN b, EE T AR, DU EE-K,
FBE-0.1% B BRI . HEE-0.1% /KB &
{5-0.1% R K IS i shAl, 25, 30, 35 CHE
IR, 0.8, 1.0, 1.2mL/min AFRE, FFxH@iEdHT
AP KA, RKIN 280 nm ( 2K ZIETF L R TR
254nm CRBEFE. KRIEZEFERE. K¥ER-8-O-HE b
T KB Z PE-8-O-781 &) ) 78 FIE-0.1% 5 IR /K
WAE NN 30 CHEMR . 1.0 mL/min AAF &R
(S TR LT, IR E, RIS .

3.2 B EERARNIR A5 i

ARSI AR FR S EIE AR BURE VPN R A B, SR
HCA. PCA. OPLS-DA Mt it Sk L AP T
5 J L 2 PP SRR . EFR SRS A ALLEE
fIE S, BUATE S, BTE 5% E 10 e gUEis
FHALRESS>0.99, 1 BH IR R A AN [RI4H I D8] s 43
ZERANEE, MR G RA R 2R E; ES
30 4k, fTE S SURTE S HIAT S AR ARLRE 75
W4 0.893~0.925. 0.799~0.892. 0.976~0.993, ©J
DA RIS Y e ] ot RO ARABLRE FRAIC . AT 8 2 AT
5 B Ee A, TS0 E DA ZEROR, B
] 1 5 2 B0 e HoAk 2 o KA SR AR 4k .
HCA.PCA.OPLS-DA 25 J 5 MR A 25 1 — 2,
U T R TR 2 B R AR E
CIE
3.3 REMMTESAEES M

RO NTE SRR, NPT IEA,
FEH )RR = G 2 5 B G A U R R
RIPF R AR IR Gy SRS &
FLHH) A 10 AN A0, Hoel 2 2T aeiEidix 10
AN R PR M S E R, BT S S
] L s T AR A ZE e, X T RE S AR R
SHIMN AR K. J58E 0] R H 1E A2 B B [ S5
PRI M) 757 S FORHAT 1 5 4 25 s o0 1) B 5l
3.4 IEFRRSTROTRE

48 VIP E>1 50, AR T 6 MMX
AT 5 S I 2 P AR B . I S
MR EEXS, 164 144 1. 20 S5 5 K 3 &K H -
8-O-FI A FEFH . KIEHR-8-O-FIAFEFH . B TFIR.
KERFEBE. R OGBS S Rea s,
SORHELE BRI AN BURFR R 2K O
FEMRAORT . PIEE . BRIUNESE 7 A 22 A
ﬁﬂi[lS—H] R

RERAME S (PEZGH) fahalinrz—, B



FED 20224FE87 $53% H 158  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

* 4661 »

BB FEREAL . BUIIR . 2 S5 2 BR A RS20,
Ma 25215 i UPLC-MS/MS $ A XHA 1 2 25485) 1)
SHHTHIR, RIL IR, KR, KRR
fik . KoE2-8-O- T & M. Ko & I E-8-0-% 4 b
TR BE TR 9 P T E SN EZEANMRST
Hop 2R 2R, REERTE 1A, Hofth
WVERZI R BIAR YT . AT TR I 6 F [T FLE
FIE L SURE L $IE 2% 10 #E 0 & ik
F 75%0LA b B, 6 Bl 7R A 30 HEAT R B I
S O T AR A o5 HE A 83.86% . I RIX 6 Fih
FSC53 B2 M 25 SR TR | A T M S B i ==
35 BEMNESH

S5aE . HHTE AL, B ST
g, KREFMRERFREEDE S KL
Wt K R-8-O- B A EL . K2R HlE-8-0-1 &)
BELF 2 i 3 A . B A R SR AT, T
G 2K IR B R T IS AR S A 1 TR
ARGE, SRR 2K O T R DR
SEA TR TR R BEER Lo, RSt R
Hh 2 5 T TR R A KA A S 8 Y R T 320 3
BTREE LT, TR TIKMR AT HRET
T S (R 2 o 7 il ™ A R IR 5 R4 . B AE 11
AR Z A7 —TEF3A I0UE 7224 () HLAR R A
Ji AT 3 I0AE O S5 N LA AIE .
3.6 ET “Y-3-87 w0IEHIHHI 2

o] 1 ) S 288 FEEAE S A i e
FRAY BB DI . ARG TR, i S ]
R GRS E TR, SRS E L, 5
e AL, U A B A B A AR
(P<<0.01). B 78 R I SR o 75 RS R e 2wy
52 21 P9 B A ) e A T R AR AR A A RO
TG, AT S0 4K 54 B R W SO A ) 2 3 1 25
SABMMAEREEE, KER. KERXTPRE)
B S R TE 2 DA RRO, AR R ER S
S “HEIEHEN AR0E—EUN.

AR 25 3 2= 0 78R B K 3K R -8-0-B-D-7i % #
H . KIE Z FE-8-0- B-D-7H] &) Hl 25 BUBR 28 4
FER R A B S R R R B30 i 2R L
W T RE SRR BB EAT B 1R F i X P A i
J B B AR 2, (H SR B ] K
2 IR FE AT W R A G B A e U R A, G
KB MK i 5k -8-0- % % W 1 E R =400
umol/L A 7 AT BN FF2H 2377 A= — 5 4 A F B3,

AR 2% 2 B 1A B TR % B AR L 2 R
BREEVIMH, M EEYIVER, PARIEZUE
FH B R B AR

4 Z5ig
rh g h g i M e N 24 B 25 R L

—, JARI TZAE, J7RAR, REEAET M H]

(A FE RS R A AN R BE R e o WO YA 1 5 1)

y (Ll DR S vivk = e L) pTE o tF iy i eI N CIN S WIS

R R BRI BRI 2R . A 50 I o] B 5 K FL )

mn TR SIS 5 & ENEM S STk, JHaa

TEHTHEN HAS BAEE— PG M, IEWHZR

TSR E S 2 e, S TORHAT D M

MAHLRE R ZRRNE RS EINE ST

SUEITE A S5 W T2 N PR AT 2 AN [E A o o

RAEF RS, R A H At e 25 AN [ M ] b

T VA SR T R
FBAR FAVEHYFARFEAZFTR
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