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Influences of ancient processing method steaming with black bean and drying
and pharmacopoeia processing method continuous steaming with black bean
decoction on 12 components of Polygoni Multiflori Radix
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Abstract: Objective To explore the influence of ancient processing method black bean “nine cycles of steaming and drying” and
modern pharmacopoeia processing method continuous steaming with black bean decoction on the main components of Polygoni
Multiflori Radix (PMR). Methods Simulating the time arrangement of “nine cycles of steaming and drying”, samples were prepared
using three processing methods: ancient method that raw PMR (rPMR) and black bean were steamed in layers and then dried, modern
method that lPMR were steamed with black bean decoction and then dried, the method recorded in Chinese Pharmacopoeia that PMR

were steamed continuously with black bean decoction; The determination method of 12 components in rPMR and processed PMR
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(pPMR) was established using ultra-performance liquid chromatography with triple quadrupole mass spectrometry (UPLC-QqQ-MS/
MS), and 12 components in all samples processed by different methods were determined; The results was analyzed combining with ¢
test, principal component analysis (PCA) and orthogonal partial least square-discriminant analysis (OPLS-DA). Results A reliable
UPLC-QqQ-MS/MS method was established for the determination of emodin, physcion, rhein, emodin-8-O-B-D-glucoside,
physcion-8-O-B-D-glucoside, cis-2,3,5,4'-tetrahydroxylstilbene-2-O-B-D-glucoside (cis-THSG), trans-2, 3,5,4'-tetrahydroxylstilbene-
2-0-B-D-glucoside (trans-THSG), polydatin, resveratrol, epicatechin, rutin and hyperoside. With the prolongation of steaming time,
the content of 12 effective components changed obviously: the content of free anthraquinone was decreased first and then increased;
The content of anthraquinone glycoside, cis-THSG, polydatin and hyperoside was increased first and then decreased; The content of
trans-THSG, resveratrol, epicatechin and rutin was decreased; The components content were closely related to the auxiliary
materials, steaming operation methods and processing time, the influence of operation methods was greater than that of auxiliary
materials on the quality of pPMR. Conclusion The ancient processing method steaming with black bean and drying could not be
equated with the modern pharmacopoeia processing method continuous steaming with black bean decoction in terms of the content
of effective components. The result provides experimental basis for inheriting and developing the traditional processing method of
PMR.

Key words: Polygoni Multiflori Radix; nine cycles of steaming and drying; black bean decoction; UPLC-QqQ-MS/MS; effective
components; dynamic change; principal component analysis; partial least squares discrimination analysis; emodin; physcion; rhein;
emodin-8-O-B-D-glucoside; physcion-8-O-B-D-glucoside; cis-2,3,5,4'-tetrahydroxylstilbene-2-O-B-D-glucoside (cis-THSG); trans-2,
3,5,4'-tetrahydroxylstilbene-2-O-B-D-glucoside (trans-THSG); polydatin; resveratrol; epicatechin; rutin; hyperoside; anthraquinone
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Table 1 MS/MS parameters of 12 components
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e CasH3s04Sis  +56  +58  285.0/139.1 ESI™ |trans-THSG CaH209 —44 22 404.8/242.9 ESI”
KL C15HsOs -24 =30 282.8/210.9 ESI” [EHLE C0H20s -16  —26 389.3/227.1 ESI
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Fig. 1 Representative multiple reaction monitoring (MRM) chromatograms of standard references (1—12), mixed standard
references (S), raw (A-undiluted, B-diluted) and processed (C-undiluted, D-diluted) Polygoni Multiflori Radix
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Table 2 Linear regression equation, linear range, limits of detection and limits of quantification of 12 components

(&5 % Ltk m A2 LMEVEE/(ngmL ™) R* BIFR/(ngmL™) E&2ZR/(ng'mL™")
KEHR Y=5882.11 X+106 954.02 15.60~1000  0.999 2 0.23 0.65
s il Y=833.30 X+65.04 7.80~500 0.999 7 1.25 3.80
KA Y=5534.77 X+5 755.17 3.12~200 0.999 8 0.56 2.20
KK -8-0-B-D-7i H HELF Y=310.86 X—8 039.50 312.50~40 000 0.999 0 3.30 11.10
K EK HBE-8-0-B-D-T E HELF Y=5830.40 X+612 126.44  250.00~16 000 0.999 0 2.90 9.75
cis-THSG Y=23729.93 X+33 908.60 3.91~500 0.999 6 0.32 0.84
trans-THSG Y=21621.80 X+745321.46  62.50~8000  0.999 9 4.12 12.48
PEALH Y=17427.00 X+418229.89  31.25~2000  0.999 1 0.35 0.12
SE-ay i Y=932.11 X—614.86 25.00~1200  0.999 8 6.25 20.00
TILER Y=10 658.68 X+10 837.01 1.56~100 0.999 8 0.21 0.75
T Y=6549.92 X+1 800.00 3.12~200 0.999 8 0.50 1.56
SRE Y=5741.33 X+12291.95 12.50~800 0.999 5 0.15 0.50
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&2 TG, . mRERER T HNFH
(B RE%5 FE 1) RSD 23 1A 1.23%- 2.45%, 1.53%.
2.38%, 1.46%-2.03%, 1.88%-2.24%, 1.01%- 1.33%,
1.44%.2.82%, 0.89%- 1.65%, 0.81%-+ 0.93%, 1.78%-
1.83%, 1.39%- 2.69%, 0.73%- 4.58%, 2.19%+2.14%,
BT 3%, RCEREEE RIS
2,63 EEM. EMER BUTESENRR,
R “2.27 TR 7 A4 6 M A SRR, 3ERE Sy
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) RSD 23514 3.63%-0.88%-0.85%+3.82%-
2.77%-1.19%- 4.83%- 3.62%- 2.99%. 2.38%- 1.40%.
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S I0 7 VR R R AT

EAAT 5 A i K A RAE 04 24 44 8. 12,
24 h SRR, THEETIAE RSD 435

3.57%-3.10%- 1.92%- 2.85%- 2.22%- 3.57%- 2.20%-
2.08%- 1.66%- 1.62%-. 3.58%-. 3.39%, HI/bFN
4%, FIHHAMIEIRALE 24 h WA E I R I
2.6.4 INFEEIWCERFELE FRELCHN 12 D&
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TR E K RS AR AN TR 12 AN X Bt i 240
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(D e ¥R “2.27 TR 7, 4 Al i ia i,
FEFRFEACTPAT RIS 3 4, RABEATARAE &R T
FE i R A B IS &, THE 12 AN 1S3
FERICE o 12 SRS BN b Jo3 AR it A
Sy EAR . HORT A TS R R % (RSD)
3R E 2 100.33% (2.30% )+ 100.18% (0.25% )+
99.67% (0.54%), K ZHEE 101.74% (5.24%)
101.81%(2.46%)+ 101.79%(4.61%), K# R 97.33%
(0.92%). 99.51% (3.06%) 100.55% (6.27%), K
T2 -8-0-B-D-H &M 101.10% (5.09%)+ 103.30%
(0.24%)+ 102.51% (0.53%), K# % H k-8-0-B-D-
AT 103.82% (2.26%)+ 102.84% (0.24%)-
102.03% (0.53%), cis-THSG 95.74% (3.55%)
99.44% (4.97%). 100.26% (3.12%), trans-THSG
102.30% (1.82%). 102.48% (2.35%). 102.21%
(2.63%), JRALFF 98.50%(6.18%)+97.80%(1.56% )+
95.83% (0.38%), HZEFEE 104.83% (1.25%)
106.75% (1.74%). 108.32% (1.04%), FTILAKK

fEn b
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103.98%(2.07%)96.85%(1.21%).96.52%(3.48%),
T 102.43% (3.25%) 100.30% (4.94%). 98.07%
(3.57%), E2HH 10025% (4.75%)+ 99.09%
(4.25%)+ 99.69% (4.94%). {&. FRATE LI F
BIIIRE R R VG N 95.74%~104.83%. 96.85%~
106.75%7+1 95.83%~108.32%, RSD #I/N T 6.30%,
F W5 R R AT .
27 RS EENESHETIER

Pl «2.2” TR A SIS A5 s il
“2.17 TN BTA FE L AR A, R 4247 U

S ERE AT, SRABEAT AR R ik, tH
3B R 281 732 5 28 B TR ) B S5 R 12 Nk
SRR, AERNE 3. ISR KM T
KR KEEHEE. KR, K3 HE-8-0-B-D-Hi
EIRELE . K H K HEE-8-0-B-D-H & B 1F | cis-THSG.
trans-THSG. FERLEF. AZEFEE. RILKER. & T,
2P R E AN 670.58~2 058.74 .
275.75~482.53. 0.17~0.94. 29525~ 811.25.
57.40~174.06. 102.85~2526.62. 5 870.05~36
203.43. 13.38~40.98. 6.41~19.50. 73.76~210.13.

&3 FRZESIGEMEGNENTESS 12 THIHRESH (X£5,n=9)
Table 3 12 components content in Polygoni Multiflori Radix steamed by different methods and different time (x £ s,n=9)

BB (ngg™)

ZIORCIRER A (ngg )

e
Bl ame kmmem gmm oo O0F RARTAEES-O. ¢is THSG
DAL pD AT

A 0 1251.63+16.89 328.05+0.89 0.941+0.01 614.80*+ 2.14 163.11£0.95 24434+ 6.77
HEEY 8 954.55+18.92 275.75+£191 030+£0.01 629.74+ 4.38 163.42+0.12 557.05+ 2.73
ZR G 16 928.02+17.52 339.92+3.04 0.29+0.01 601.28+ 4.01 156.77+£0.30 473.04+ 3.06
24 851.83+14.53 342.21+1.13 0.29+0.01 595.76+ 4.48 144.2140.21 397.09+ 2.49

32 867.02+20.49 366.89+1.96 0.23+0.01 502.51%+ 3.38 126.38+0.32 242.16+ 2.72

40 1005.85+20.49 369.78+2.49 0.291+0.01 455.83%+ 3.30 117.55+0.13 20997+ 4.42

48 1073.57+25.89 395.50+2.43 0.371+0.01 398.17% 4.01 104.64+0.11 170.14+ 2.73

56 1239.434+4296 404.21+1.96 0.48+0.01 38241+ 4.29 100.10£0.22 167.42+ 3.06

64 1333.324+20.49 430.98+1.07 0.45+0.01 351.80%+ 4.77 98.811+0.28 136.13+ 2.60

72 1590.07+20.49 448.84+1.07 0.291+0.01 321.61%+ 4.48 95.051+0.17 102.85+ 2.42

Mg 8 670.58+15.14 311.73+4.65 0.17£0.01 616.83+11.19 174.06+0.58 750.65+ 9.54
G 16 695.85+16.27 326.51+2.44 0.28+0.01 684.19+ 2.14 155.47+0.52 743.03+ 3.62
24 697.96+15.14 350.68+8.06 0.36+0.01 597.38+10.11 148.27+2.42 612.18+16.11

32 849.581+44.68 374.78+3.03 0.39+0.02 581.38+ 2.42 139.52+0.67 600.07+10.12

40 1179911+15.14 388.371+2.44 0.401+0.01 530.85%+ 9.08 125.70£1.10 532.07t 4.02

48 1251.35+23.89 412.05+1.43 0.521+0.01 396.52+ 5.88 121.38+1.69 34528+ 9.53

56 1354.40+15.14 432.74+1.43 0.71+0.01 375.23+ 4.80 117.40+4.77 248.87+ 9.53

64 1 500.001+20.39 456.68+2.98 0.761+0.02 354.74+ 5.88 79.431+0.52 182.75+ 4.02

72 1383.60+14.76 482.53+1.96 0.66+0.01 334.75+ 2.31 67.881+0.84 172.17+ 3.62

i S 8 1472.63+24.01 295.46+1.07 0.56+0.01 811.25+ 4.39 164.27+0.21 2 526.621+10.58
T 16 1379.394+25.89 308.38+3.59 0.591+0.01 688.49+ 4.38 159.34+0.17 2 096.66+ 4.93
24 1116.61+18.92 334.67+1.47 0.61+0.01 622.35+ 2.69 141.57+0.22 1567.64+ 3.28

32 1079.671+18.92 362.091+4.15 0.621+0.01 593.67+ 4.48 131.28+0.36 1284.08+ 2.49

40 1239.661+24.01 389.66+1.47 0.671+0.01 526.80+ 2.69 99.89+0.24 1007.09+ 4.19

48 1384.294+20.82 419.07+1.07 0.71+0.01 413.72+ 3.64 84.65+0.23 736.43+ 2.38

56 1590.80+17.52 432.24+5.21 0.88+0.01 379.82+ 1.46 70.681+0.23 609.86+ 2.38

64 1733.98+17.52 437.75+1.47 0.80+0.01 348.52+ 4.01 66.541+0.26 49473+ 3.47

72 2 058.741+18.92 459.394+0.74 0.77+0.01 295.25+ 3.56 57.401+0.13 356.95+ 2.49
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B S g TR OIHERIN (nggh) BRSO (ng g ™)
" il trans-THSG SR AEME RIUEE BT S
A 0 36203.43%+ 70.15 33.74%0.08 15.7940.38 210.13£2.70 0.49£0.01 2.93+0.13
LR T 8 24 170.361+142.85 34.73£0.09 14.77%0.50 193.071+2.56 0.17£0.01 6.63£0.11
75 16 24002.22+ 91.82 32.66%0.09 14.5340.32 184.261+2.74 0.18%£0.01 6.8610.11
24 22 445.001+142.85 29.0740.09 12.76+0.33 171.334+2.74 0.16£0.01 6.72£0.11
32 19 184.744127.80 27.96+0.16 12.68+0.30 159.66+2.81 0.16£0.01 5.78%0.11
40 17 783.904+127.80 25.7040.17 12.5940.31 133.4042.33 0.14£0.01 545+0.11
48 13227.924+ 91.82 23.9540.30 11.34%0.31 125.65+2.74 0.12£0.01 5.64+0.11
56 11895.144+125.21 22.3740.13 10.4940.31 114.16+3.29 0.12£0.01 5.67£0.11
64 8274.861+133.98 19.76 £0.31 9.10£0.31 109.624+3.29 0.10£0.01 4.86%0.11
72 5870.05+160.84 13.38£0.13 6.41+0.31 93.03%2.56 0.08£0.01 4.01%0.11
BEHE 8 31 508.66+281.55 37.89%0.18 14.1440.39 168.891+-4.30 0.32£0.01 8.1940.13
PG 16 30012.534+119.19 36.50%£0.09 16.231+0.44 160.48+2.52 0.26£0.01 7.50£0.11
24 22274.54+119.19 29.2640.12 13.09£0.44 130.60+6.45 0.19£0.01 6.39+0.11
32 17 663.51+ 99.76 26.8040.12 11.81%0.35 117.031+2.52 0.18£0.01 4.87%0.13
40 14 640.83 +281.55 26.7340.13 11.5440.39 111.8642.52 0.13£0.01 4.2340.15
48 12 066.28 =119.19 22.4040.13 9.41%0.34 103.884+2.52 0.12£0.01 4.23%0.14
56 10 693.89+ 53.69 22.0140.12 9.29+0.34 101.18+4.20 0.14£0.01 4.15%0.11
64 9 884.87+ 53.69 20.9340.13 9.06+0.32 88.20+6.45 0.11£0.01 4.19%0.15
72 970593+ 99.76 20.4140.13 8.79+0.35 73.76+2.52 0.11£0.01 4.13%0.11
MY 8 33976.78+:179.08 40.98+0.13 19.5040.31 189.774+2.96 0.26£0.02 8.651+0.11
bapz 16 2945558+ 56.43 39.19£0.09 17.3040.32 164.301+3.04 0.25£0.01 7.93+0.11
24 26 700.56+200.23 32.15%0.13 14.774+0.31 157.33+2.81 0.23£0.01 6.47+0.11
32 21776.771+234.69 30.02£0.12 13.384+0.32 143.34+2.81 0.19£0.01 6.18+0.11
40 14 252.944 55.46 25.7240.12 11.374+0.33 140.354+2.74 0.16£0.01 5.54+0.11
48 11553.124+141.96 24.2140.13 11.5140.31 124.424+2.74 0.14£0.01 527+£0.11
56 8429.234+133.98 21.2040.08 9.77%£0.30 114.08+2.74 0.11£0.01 4.12%0.11
64 8707.84+272.22 20.7940.09 9.24%0.30 106.111+2.56 0.11£0.01 4.07%0.11
72 7 686.57%= 91.82 16.58 £0.08 7.53£0.30 93.53+2.74 0.09£0.01 3.37+£0.11

0.08~0.49. 2.93~8.65 pg/g.
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Fig.2 Dynamic change trend of 12 components content in Polygoni Multiflori Radix steamed by different methods (D-samples
processed by ancient method steaming with black bean and drying, Z-samples processed by method steaming with black bean
decoction and drying, Y-samples processed by pharmacopoeia method continuous steaming with black bean decoction) and

different time (0, 8, 40 and 72 h)
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