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Abstract: Objective To discuss the rationality of the ancient (nine-time repeating steaming and sun-drying) and modern
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in the material basis and its correlation with the processing technology. Methods HPLC was used to characterize the overall chemical
profile characteristics of RRR decoction pieces, and to determine the content of 15 main active components including chrysophanol-
8-0-B-D-glucoside, chrysophanol and gallic acid. combined with chemometrics of ancient and modern methods of RRR decoction
pieces, glycoside, tannin composition content and quantity ratio of analysis, the main components of different RRR decoction pieces
to orthogonal partial least squares-discriminant analysis (OPLS-DA) and hierarchical cluster analysis (HCA), with variable weight
importance projection (VIP) value > 1, selected statistically significant differential markers. Results The chemical composition of the
ancient and modern methods is similar, containing 14 chemical components such as chrysophanol-8-O-f-D-glucoside, chrysophanol
and gallic acid, but the content and proportion of the above components are significantly different. The OPLS-DA results showed that
the RRR decoction pieces prepared by both ancient and modern methods were distributed in different quadrants, and the HCA results
showed that different rhubarb slices could be clustered separately. The content and proportion of various components of the ancient
and modern methods are significantly different. The gallic acid, resveratrol-4"-O-B-D-(6"-galloyl)-glucopyranoside, rhein-8-O-p-D-
glucoside, catechin, aloe emodin-8-O-B-D-glucoside, and emodin can be used as markers to distinguish ancient and modern methods.
Conclusion Through the ancient and modern two methods after RRR chemical composition and quantity ratio difference analysis,
the effect of the processing method on the formation of the quality attributes of RRR decoction pieces was revealed, and the material
bases of the nine-time repeating steaming and sun-drying RRR and pharmacopoeia method ripe RRR were clarified, laying the
foundation for further combining the pharmacodynamic studies to comprehensively understand the differences between the two.
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Fig.1 Changes of characteristic map before and after RRR processing
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Fig.2 Comparison of characteristic maps of RRR decoction pieces prepared by ancient and modern methods
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Fig. 3 Chromatogram of control (A) and test (B) using

chromatographic condition 1 (280 nm)
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Fig. 4 Chromatogram of control (A) and test (B) using
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chromatographic condition 2

FhEMGE, BHREHZMT, 2ak% A 80%H
fE% 25mL, %38, FOEME, BRI 2h, B304,
B, HIEE, LL80% HHEEAN & I A 1 &
Ay, PRk, EXEREW, LA 0.22 pm ALIERLIE,
BPAS L i A

244 ZMERRFE ORI 1S Floo I E R,
Sy AEERE 1.0 5. 104 154 20, 25puL, Gl. G2. G7-
G5, FERIER. K. KiExR. KM, Ko
K O PR IE “2.4.17 TN il 44t 1 k4T
R, CARERE SN AL PR (X0, WETIAU N AR (V)
xHIbRAEN LR, HHATERYERNS, FR S R TR A
A G1Y=1129835.51 X—4143.83, R2=0.9997,
2R V5 H 16.400~410.000 ng; G2 Y=1 166 589.59
X—4 843.54, R2=0.999 9, Z&MEVEHl 20.104~

502.600 ng; G7 Y=1566373.46 X—1584.92, R*=
0.999 9, ZEVYEJEE 9.704~242.600 ng; G5 Y=
646 464.11 X—1 080.18, R2=0.999 9, £Vt
14.200~355.000 ng; 725 KIEEHE Y=2 655 755.60
X—3898.75, R*=1.000 0, Z&£5 [ 20.000~500.000
ng; KIEEZ Y=2 383 813.20 X—31 300.45, R*=
0.999 8, £V 27.000~675.000ng; KiEEK Y=
2411001.42.X—108200.57, R?=0.9995, Z:iulH
78.000~1 950.000 ng; K¥EMy Y=1 263 925.57 X—
25731.33, R?=0.9992, Z&P:7EHl 34.400~860.000
ng; KR Y=1958043.52.X—9490.67, R*=
0.999 9, Z&PEVEH 22.200~555.000 ng.

BETE. JLKRE. G6. G3. G4, FHFI5FH A6
Pl I8 “2.4.17 TR R 2644 2 EATHRI, DA
HFERCONB AR (X0, WEIIFUNPALSR (V) iR
e 2R, FATLMEEDR, HrEEE RSN
TR Y=2219535.10 X—143 104.27, R*=0.9990,
2R ME VOl 64.200~1 605.000 ng; LK R Y=
423 38523 X—376.07, R*=0.999 2, ZM:yiH
198.304~4 957.600 ng; G6 Y=2 534 277.90 X—
110977.55, R*=0.999 8, k3t [ 68.800~1 720.000
ng; G3 Y=1552986.50 X—18426.91, R?=0.999 8,
2R Y5 70.904~1772.600 ng; G4 Y=1010378.20
X—30 311.15, R*=0.999 9, ZkM:VEilE 126.600~
3165.000 ng; HI5H A Y=1604380.49 X—8 125.70,
R*=0.999 5, Z&VEJEF 17.200~430.000 ng.

SRR, B 15 o RS B R
WG R R .

245 FEEBEER ORI “2.43” TN DH 4t
TRV 10 uL, EE PR 6 I, G1. G2, G7. G5,
FERER. KER. KR KA. KExaH
AR “2.4.17 TR el ok | TR, 250
W TRIAR () RSD 43518 1.30%41.30%+0.67%- 1.37%-
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AN 1.09%- 1.28%- 1.96%- 1.79%- 1.84%- 1.25%;
RUNZAIAG 2 R .

24.6 FOEMEES FEEWEL “2.43” T DH it
RATATR 10 ul, [8FE 0. 2. 4. 8. 12. 24 h ¥4t
MW5E, Gl G2. G7. G5. M KR, KNER.

KRR KW, KEEFBHZE “2417 DU A
TR 1 AT, S5 R FEARK RSD 23908
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0.67%0.31%-0.75%- 0.29% 1.87%- 1.48%- 1.26%
1.55% 1.42%; WEBTIR. LR G6. G3. G4,
TVEH A 518 “2.4.17 TR A0 2 BHTRI,
g5 IR HIE AR RSD 235124 0.40%-0.33%-0.25%
0.79%-+ 0.37%- 1.55%; FIPRMERIE 240
Fe e PR R AT

247 EEMFZE B DH BAK GI 40 Hif) 4
05g, o6y, HEWE, %W| “243” TUNHE
S I B AR, A A I 10 pL, G

G2. G7. G5, FEERTER. KM, KiExR. K
By, KIEZKHERZIE “2.4.17 TN ik 44 1 35T
R, g5 RH T E 2 HY RSD 73518 0.52%-

0.44%-0.39%- 1.24%- 1.90%- 1.98%- 1.65%- 1.67%-
1.45%; "ETI. JLFEE. G6. G3. G4, HIEIF
AFERR “2.4.17 TUN RS 2 dE TR, S5
JRESDEUY RSD 25108 0.29%. 0.34%. 0.20%-

0.22%- 0.20%- 1.83%; K ZEERTHERIT.

248 NFEENEFZL WOWHA 15 Fsas & &
) DH ¥ K %) 025 g, 3t 6 13, KRR, HIRFE

E A dl & HHR AR, Gl G2+ G7. G5 %%
KEZR. KHIR. KR, KEM. KR Pl
HRO“2.4.17 BUR RS 1 HHATHRI, 45 P
TOREIETCR 43 5N 99.28% - 104.37%- 100.67%-
102.92%-. 99.57%- 103.60%-. 102.37%. 99.67%-
102.24%, RSD 735124 1.25%.0.71% 1.76%- 1.40%-
0.69%- 0.98%- 0.51%-. 0.80%-. 0.50%; % & 1.
JLZRE. G6. G3. G4. HIHH A %I “2.4.17 W
SRR A 2 TR, 25 RICPI AL RN 4y
BN 103.97%+ 103.00% . 100.68% . 101.50% -
100.17%- 100.06%, RSD 4354 1.20%- 0.82%-
0.52%-+ 0.72%- 0.54%- 0.87%; =] W[\ 7E
95%~105%, RSD ¥J/NT 2.0%.

2.4.9 FESIE 2 BIFREDH MoK BT . A
Y Fr ZDH9. SDH &, bl s, ¥
RO FE AN VAR S 10 pL, VEATR
ATl e, BRI 1. 5 DH AL,
T A 2 FOTEMR B BT R 15 B i
BYRAERENE, HA e o B,

dn T SR SIS B 1D 1~1 1 15 B Ee A, BETRSEEM, ILRREERD. & S5k
IrAREE NS R, 420 “2.437 TURTT RSB ML, SRS R A A .

F1 KED. SEHRAFPEERSEENELER (n=2)
Table 1 Determination results of main components of RRR (1 = 2)
B2 E/(mgg™)

B o

Gl G2 G3 G4 G5 G6 G7 HEWA KER HERHEER KER KER KERHM B TR ILER

DH-1  1.297 1.089 2.855 5.030 0.446 2.720 0.421 0.997 3.163 0.697 1.430 1.690 1.137 2576 11.881
DH-2  1.297 1.098 2.843 5.022 0.451 2.723 0.421 0.996 3.217 0.713 1.434 1.674 1.154 2.580 11.904
DH-3  1.302 1.098 2.842 5.039 0.454 2.727 0.423 1.013  3.213 0.703 1.426 1.674 1.154 2568 11914

ZDH9-1 0.736 0.412 0.564 1.411 0.283 0.466 0.342 0.000 2.534 0.588 0.989 1.168 0.860 3777 0.257
ZDH9-2 0.623 0.350 0.612 1.398 0.257 0.493 0.296 0.000  2.267 0.512 0.828 1.006 1.011 3.759  0.267
ZDH9-3 0.775 0.436 0.547 1.422 0.318 0.457 0.369 0.000  2.595 0.607 1.026 1.202 1.259 3.781 0.285
SDH-1 0.745 0.372 0.701 1.627 0.270 1.109 0.308 0.000  3.115 0.636 0.834 1.476 1.053 4.692  0.176
SDH-2 0.314 0.314 0.707 1.697 0.228 1.101 0.262 0.000  2.656 0.539 0.814 1.238 0.847 4.714  0.175
SDH-3 0.665 0.334 0.715 1.672 0.253 1.111 0.275 0.000  2.681 0.572 0.768 1.327 1.307 4.715  0.162

2.5 HERAUFHEFSH

251 SR BTEET A EMHE RN
ANB], WK IE A A f /s 3 ik - A o
(orthogonal partial least squares-discriminant analysis,
OPLS-DA)Xf K3 it A T7id M 0 Hh HeAx 14 F
A 2 AT B R 73 BT . OPLS-DA 5 2 [1) B AR fi#
BERES IS5 R2e 1 R?y 353104 1.000 AT 1.000, T
Re1Z8 025 0.988, R2F1 Q*¥IKT 0.5, KT
M AR B AW, . A 2 PO i ROk

B AAEA R RIR, w] DU X 4 I (&
6) . 1% HEAB A v AR B i B VE 5 (variable importance
projection, VIP) it 7> FRINAE K 97 ide tH HA Geit 2
S SRR EY), BIEH VIP>1.0 (22 S EY N
BETE. G6. G4, LXK, G3. KR (M D,
ATDME RN IX 3t A 7 i i R B O B br &
Y. RGEFK DM (hierarchical cluster analysis,

HCA) &R (B 8) IR, KEARKA W% HE
XK, Mo REEE T 2 0, 3 MR N 2K, DH
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S 2 ZDH9-3* @ ® SDH-2’
ZDH9-2 -
SDH-3’
-6 -2 2 6

t[1]
6 . SHEEHHNARAKRAFEERLSTSEN
OPLS-DA
Fig. 6 OPLS-DA of major components in RRR decoction

pieces prepared by ancient and modern methods

VIP[1+340]

EEIMOMBEBEY S o NE
W gr "B KRR
&« =2 RX X 2 1
2 g

i K

E7 &, SHEASNARARRFPFEELSSEN
VIP &
Fig.7 VIP value of content of main components in RRR

decoction pieces prepared by ancient and modern methods
eSS
0 1 2 3 4 5

DH-1

DH-2

"_l__'_l‘

DH-3

ZDH9-3
ZDH9-1

ZDH9-2

SDH-2

SDH-1

SDH-3
8 H. SHEEHMAXRRADEERTSE HCA
Fig.8 HCA content main components in RRR decoction

pieces prepared by ancient and modern methods

%N—3%, SDH il ZDH9 . H—3%K.

252 HEMS N RORTEMERTE OO 7 R
A (102 AT I dse /N 3= 43 M7 (partial
least squares-discriminant analysis, PLS-DA), #&74[1]
RBURRERE )1 S5 R A R?y 5377124 1.000 £ 1.000,
TRINGE 1125 0* 9 0.999, R2A Q2 KT 0.5, %
B BT R A TR AT AT SR . 3 RPN S A EAS [ 1)
RIR, ATLAEF X T (B 9D iy A 5]
R 7 PP 2R o IR B LG O R 23 i
7N, ZDHO & sHE4 AT 4 RN G4+ Gl G3.
G6, 4 PR thlZ) 9 2 21 10.82 1 0.65; SDH
SEAAET 4 S ZDHY AHIE], {H 4 F
B LR A T R, 499 2.83 010 117 ¢
1.83; &R WE 1.

2
ZDH9-3
14 [ |
ZDHO-1 m
ZDH9-2
o 0 " DH-1 @ DH-3
spHPR ! DH-2
-1 A
SDH-2
72 4
N -
8 —4 0 4 8
t[1]
9 &, SFEEFINBRKXRIREPHLEESSE PLS-

DA
Fig. 9 PLS-DA analysis of glycoside content in RRR

decoction pieces prepared by ancient and modern methods

253 FIUE T 0 RKEE M H R S RO
H IG5 3T PLS-DA, 455 EIR, 3 K
R AAEAF R, AT DU U X 235 (BT 10D
254 BERA AT N KSR R O
WL R R & B HEAT PLS-DA, 45 R, 3 fhik
RO ATEAFI R, AT USRI 40 JF (B 11D,
LR BRA T R (R 2) Bor, . 2 for
M JE BOR T R A R TR =
b (P<<0.001), H:rvLl SDH F48 bl B i ol 5.3
%1% DH ¥ 1.83 5. ZDH9 ] 1.25 f&5; S
LR RS ELE N 42 Fonz e a5 52 %
ik (P<<0.001), = FFEIEFEARILT, {H SDH MK
+ ZDH9,
3 e

HPLC H#1ik Bl B AR . RRAE PR ST A
AT CAR S SR A FREA Z (B “ARAME” Fn “ 25
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' A SDH-1
1 SDH-3 A
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= | ZDH9:3 pi.1 @ DH-2
-0.5 - ZDH9-2 m m ®
{ ZDH9-1
-1.5
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t[1]
10 &, SHEBHNARRRAPETLRSSE
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Fig. 10 PLS-DA of anthraquinone cone components in
RRR decoction pieces prepared by ancient and modern

methods

ZDH9-1 B ZDH9-2

ZDH93
g 0 | DH-1 ® DH-3
SDH-3 4 SDH-1  DH-2
SDH-2
_1 4
-4 -2 0 4 8

t[1]

B SRR RARIKA P RRER S A R
PLS-DA

Fig. 11 PLS-DA of tanning ingredients in RRR decoction

pieces prepared by ancient and modern methods

®2 . SHEEHNARRRATERERSSES
r (n=3)
Table 2 Analysis of content of tannin components in RRR

decoction pieces processed by ancient and modern methods

(n=3)
v o B/ (mg-g™)
B > —
WETIR ILEE
DH 2.5744+0.006 11.900+0.017
ZDH-9 3.772+0.0117 0.270£0.014™
SDH 4.707+0.013""### 0.171 £0.008™

5 DH t%: ™" P<<0.001; 5 ZDH9 H#%: #P<<0.01 ##P<<0.001.
**P<0.001 vs DH; #P<0.01 *#P<0.001 vs ZDH9.

PE”, & 2 iR B, T E & A
AMLRETS R AL L EAR IR AN & &, (B
PRSI, IR FIREA R R R = hr
JERTEbR. BRI, WO 7RSSR Ay
I ZE S, ASER R HPLC 45 &4 5t B2 051,

A I 5 Al £ P ot iy AR 28 L 28 U ) vk S
IAR 24 SIS0 28R 1 28K B M ) 7 V24T T X e A
SRR, KREELE A 2 R ) g s
BB, B EH Gl KER B TR
14 MUY, BT BRI R RS S T
FIEL B EH B £ R, ZDH9 # G4. G1. G3.
G6 LB 201 :0.8 1 0.6, 1fif SDH H_Eik 4 Ff
THIEEBI A 2.8 111 1.2 0 1.8 BARA T KT
e A 2 P 7 N P o A R SR R AN A
PERFAE, 87~ TR 2 U6 R 1 T il
(PRI, SRR T R B L 28 U i g v A
AU AR T ks, ot — PR ]
TESH I A PE B T 54l

R &S g K%, RN 4
2 PR 70t SR sg i, R T T 25
JRAERHI AR . BERRA AR K — R EH T
(YRR 7, ARSEER LI E 6 PR FR 25 5 Fhs
PR U &, 455K, ZDHY Ml SDH 5
DH AHLCARL 2, V5 FAE AR o R 2R
R 5y e B R 0 B R PR

H e, B B S TR S E L
Bl T 7, R BALG I 5 G o B R o 2
fifTi ke, B o beAgAE B ST T e T R TR
B BE . BT, HAERE A W
R S R AE S DY), 3 ZDHY HOK iR . K
TR S E IR TR S E R IE A SDH
WO WA DURIE R HA 2 U
LK MR S 5315 H 55 22 Bl 7 R s M 380840 R
a2, BRI R 240200, T FLAR L ik S 2 oK
HIH TR E LA ERENER, FHE
R, W REAT T B 2 PR R ) T g AT 21,
V5 AR AR R RR T R o IR B A, T ek 55 1 B
N

WAk, iy A TR R B B A
S LA R AR, B Ge 2R i3,
SDH ' G6 K& &4 ZDH9 K 2.3 1%, G6 J& —H
IEFRAED, SIBCBUR . SRR s s,
W A T RE R M, MR
B, HOSNFIFERNAR BN, SRR a2
B R 73 Al R . AREFUER I, B2 i A A I
JE21, Bée IR 123-241 K& dife L P E R 403 0 DR 554 S,
SDH #1 ZDH9 H H - H & B R E EZ R TS
H BB ESPFERREZ —,
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KEFFEHMEEEHETTRMILER
NEEAR B IUE G B G TR RINTAEY) . =ik
P, SRR 5O AR TR R 1)
Al e AR BT, MTSE0 ZDHY Al SDH
WETREEWEESN. RN, XHEE. 525
U TZANE, & &R ZDH9 M SDH 111
TEAMZE 125 %, WS TZ 5% 8 TR
J7 A AL - IR T SPETE CR A B R R LR
RNERE-3- TR AW, S ETE 2 ADNF R
T, RS TR S AR 22 AL AR R KA
WIREIRRS, X ZDH9 Al SDH LA RSB R
FEAR R R, H5%E TR AR,
JLZRZAE ZDH9 il SDH F AR L B R % 25, W
B, A 2 Rl T2 ) LAY R R B AL
UEAk, AT RS, KB R AN T 2 o0 %)
JHF WA TR R 3 R R VR, R F ) B
T 2 R RS R. . 42 PO IEMEHI
REE H E BN T 2R o0 IR & LA B B 2 5
AR H M ESEEE AR EER. 40
ATAL, SRS EU B2 5, A&
ZDH9 5 SDH <8k ¥, 12 53 ZDH9 5 SDH
M ERNIREZ —.

ARSEEE R A 2 ORI e KA
SO L S B LG R ZE S o HiT s e 1T
PO RBRR o B M N R R R, IR T
ZDH9 Y SDH H#) i 2t itk — 856 25 380t
FUAI 7 E 22 R 280w 7. R, ARSI
(R 70 485 J T ) S5 it 25 T 6 ol AR 48 i A )
B THEERE T, AR AR MR R T
%, WTERBEOR BIIm PR B AL 1 . 7k A
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