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Abstract: Objective To establish HPLC fingerprints of Rheum palmatum from different altitudes, clarify the influence of altitude on
the laxative effect of R. palmatum and screen the laxative activity-related components associated with altitude, providing a reference
for the quality evaluation of R. palmatum. Methods R. palmatum samples from artificial cultivation at different altitudes in Li County,
Gansu Province were collected. HPLC was used to construct their fingerprint profiles. Principal component analysis (PCA) and

orthogonal partial least squares discriminant analysis (OPLS-DA) were combined to screen the differential chemical components of R.
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palmatum at different altitudes. The number of fecal pellets excreted by mice within five hours was used as the pharmacodynamic
evaluation index to compare the laxative activities of R. palmatum at different altitudes. Grey relational analysis (GRA), partial least
squares regression analysis (PLS-RA), and variable importance in the projection (VIP) analysis were used to correlate the HPLC
fingerprint profile data with the laxative activity data and screen the key quality indicators regulating the laxative effect of R. palmatum.
Results The HPLC fingerprint profile of R. palmatum was successfully established, with a total of 29 common peaks identified.
Among them, 12 peaks were identified as corresponding components: peak 6 catechin, peak 7 epicatechin, peak 9 rhein-8-O-B-D-
glucoside, peak 10 sennoside B, peak 18 emodin-8-B-D-glucopyranoside, peak 20 chrysophanol-8-O-B-D-glucopyranoside, peak 21
emodin-6-O-glucoside, peak 25 aloe-emodin, peak 26 rhein, peak 27 emodin, peak 28 chrysophanol, and peak 29 physcion.
Chemometric analysis showed that 19 batches of R. palmatum samples could be clearly divided into high-altitude and low-altitude
groups by PCA, and the OPLS-DA results were consistent with the PCA classification, further verifying the influence of altitude on
the chemical components of R. pa/matum. The laxative effect experiments indicated that the laxative effect of R. palmatum in the high-
altitude group was significantly better than that in the low-altitude group (P < 0.05). The comprehensive analysis of the spectrum-effect
relationship showed that peaks 14, 17, and 25 (aloe-emodin) had the strongest correlation with the laxative effect of R. palmatum and
were the key potential components regulating the laxative effect. Conclusion The HPLC fingerprint profile of R. palmatum
established in this study was stable and reliable. Through the spectrum-effect relationship, the core components related to the laxative

effect and the influence of altitude on the efficacy were clarified, providing an important reference for the quality control, quality

evaluation, and rational application of R. palmatum.
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S14  HIRAALEET 2 £ M 2 200~2 800
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Fig.1 HPLC fingerprints of 19 batches of R. palmatum samples and control fingerprints (R)
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Table 2 Characteristic peak values and their variance
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ERS  FHIEE FZEWRERER% RFATTHR /%
1 12.021 41.453 41.453
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4 1478 5.008 82.176
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6 1.014 3.498 89.724
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Fig.3 Principal component analysis gravel diagram
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®3 HEmEOERE

Table 3 Component matrix of samples

BS  PC1 PC2 pPC3 PC4 PC5 PC6

g5 PC1  PC2 PC3 PC4 PC5 PC6

1 -0.224 0.883 0.182 -0.152 0.038 0.205 16 0364 0.072 -0544 -0.039 0.693 -0.018
2 -0.304 0.684 -0.181 0110 0.451 0.354 17 0.628 0.151 0.171 0.489 0.113 -0.286
3 0.674 —0.500 0.352 —0.156 0.140 -0.061 18 0.919 0.212 0.156 —-0.044 -0.110 -0.061
4 0.623 0.351 0419 -0.100 0.230 —0.106 19 0911 -0.068 —0.090 0.156 -0.007 -0.265
5 0.385 0.336 0522 -0.141 0.576 0.043 20 0906 -0.248 -0.019 -0.26 -0.013 0.048
6 0.145 0.916 0.209 -0.203 -0.037 0.076 21 0.900 0.016 0.048 -0.275 -0.083 0.012
7 0.345 —0.047 0.271 0.531 -0.020 0.667 22 0937 -0.112 0.159 0.064 0.031 0.072
8 0.711 0.665 —0.080 0.027 -0.041 0.062 23 0.810 -0.443 0.057 -0.301 -0.128 0.039
9 0184 0941 -0.121 0.164 -0.052 -0.083 24 0.893 -0.062 0.207 0.022 -0.033 0.105
10 0.171 0.723 0.156 0432 -0177 -0.253 25 0.700 0.328 —0.499 0.097 -0.086 0.140
11 0.396 0.740 -0.033 -0.353 -0.114 0.033 26 0.563 0.096 —0.648 0.015 0.092 -0.012
12 0.015 0.851 -0.234 0.064 0148 -0.216 27 0.838 -0.382 -0.179 0.022 -0.197 -0.026
13 0.107 0940 -0.092 -0.062 -0.134 0.005 28 0.893 -0.226 -0.222 -0.137 -0.143 0.076
14 0.835 -0.273 0.156 0405 0.024 —-0.09 29 0.918 0.000 -0.230 0.040 0.001 0.202
15 0.047 0.920 0.193 -0.137 -0.222 -0.081
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6 v J1. 2t 200 EHAGK (B 6), 0 ALk 5 4
4 B PIARAS SN T 0, REZEE R e AR, AMEELL
2 19 06 \ - . e g _
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Fig. 4 PCA score plot of 19 batches of R. palmatum HE 19 AZERMERIY, PRI 12, W 2, 0§ 27
samples CRIEFR). I3, g1, 1§23, I 9 CRIHIR-8-0-B-
DB EHEL ). 1§ 13, 1§ 20 CKIEH)-8-O-B-D-MLIR
| s e bLe
6 HIEREFD 16 JLATER). U§ 14, 15 28 CKEEM)).
4 0 1o "7 | o
= 2 "o 1.0
2 10 -.08 150 ey
& 0 ol 13 05
3 5%7 04 1 o)
g2 30%2 180006 ! & 0
4 "4 j::ﬁ 05
-6 = 10 L
-8 -1.5 1
108 6 4 -2 0 12 4 6 8 sol_ i - - )
1001 554(1] —02 0 0.2 04 0.6 08 1.0

5 19 #tXEHEmE OPLS-DA 1557 [E
Fig.5 OPLS-DA score plot of 19 batches of R. palmatum
samples

6 OPLS-DA 128 E I
Fig. 6 OPLS-DA model permutation test diagram
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i, FES R 25 mL, B O TREE S FRER
AR, fEK EZET/SE, T 105 CTHE3h, &
T A A 30 min, IREFEERE R E. SiH
S1~S19 #EEER 54 31.35% 25.14%- 32.76%-
30.14%- 30.69%- 32.46%- 33.16%- 32.19% 30.69%-
27.19%- 36.19%- 35.46%- 37.74%- 37.99%. 34.11%.
36.04%. 34.94%. 32.33%. 26.35%.

B S1~S19 #- Ik K, 73 iR =T 0.9%
SALENE W, I R RN 500 mg mL!
() AR VA s IR BRI BRI R T 0.9% AT
rHC ) R BV O 100 mg-mL! R BRAZ B FE TR

PS8

242 SHKRGY) BURRE 25~30 g (PR
BN 147 H, BENL A STRRZE (ZER 7800750
A SR BEL (BHPEZS) . AR TERE S (ST~S9)
. EEROCERER (S10~S19) 41, L2144,
H7 K Y HNREEEASIK 40, MR ig 55
RAENK, AR T LA 2R, & K RE
mn I E 2GR ig 45T 5.0 gkg '), BRACARIR
P ig 5T 1.0 gkg, BZHAEFREIN 0.3 mL.
243 S TRENESE KRB
P R NS, MEE NI, %I(E M
Ry AKMEL JEE BAE, IEREUY, FAH %
HHIUKE BERR, A RIS 25 Sh N
F /N RS HEERE, 3R B A AN R = R
OO IR /N RHHE 5 2 5

2.4.4 SEROHT HE 4 BIEATH, ERES AT
B/, B RA L AT KA A SR I @
M, HASIRIEERMN. FUHHNE, E1E

*4 AEXREHSNESPMRAENOEME (X £5,n=7)

Table 4 Effects of different R. palmatum samples on defecation in normal mice ( X *s, n=7)

A (g kg™ 5 h PN HHME R 4 75/ kg™) 5h A A HHE R %L
pait — 6.571£1.81 S10 5.0 8.67x2.07
i 1.0 9.86+2.27" S11 5.0 13.14+2.85™
S1 5.0 8.00+1.90 S12 5.0 11.29+3.40™
S2 5.0 9.86+1.95™ S13 5.0 9.00+2.00
S3 5.0 8.431+1.40 S14 5.0 10.29+3.04™
S4 5.0 10.29+0.49™ S15 5.0 11.17£3.76™
S5 5.0 9.00+2.71 S16 5.0 10.14£3.24™
S6 5.0 8.57+2.99 S17 5.0 12.57+4.86™
S7 5.0 6.861+3.85 S18 5.0 11.144+2.12™
S8 5.0 7.861+1.46 S19 5.0 8.86t2.12
S9 5.0 10.71+1.80™

LxPHEALE:: P<<0.01.
**P <0.01 vs control group.
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ERZ IR IR 5B E T, o BE A A S 80
JEUE W& T AN RIS, ASRE h %45 25 2H S5 F0kE |
XA o S REZHAR L, ik SR HCRIE R 19
HORTERE M, SIREIGIN/NRZG )5 5 h IHEERL
£, UESR I BA RS MER . 3P i AN )
HFRPE 2802 ] WL 75 10 HE SRR
o, F 74k (S11. S12. S14~S18) KM BEE T
PR 9 UG E R A, A3 4tk (S2. S4.
S9) IEFNEZIEHEACT o 1245 FAM K I RO 3
(V5 N AE SR BEAR TR KB, SEARIILH mnfk
FEMERLIR A 2520 — Btk S e B i B .
A UEZH ) 22 57, B BT IR RE fh (S1~S9)
SRR (S10~S19) Y SE6HdE 2 Wl & 38 fa
BTG . S5 EoR, iR O 2H ) RS
TYER B TREERA (P<0.05), IERAHEH S
P AR M KBS S 20 s R R . AR 5.

x5 TRIBRKEFERITESR/)RAHEAFM
Table S Effects of R. palmatum samples at different

altitudes on defecation in normal mice

X FATFE IERDAMB T ZAFF AR, P2 xR
F Mann-Whitney U f&%5, 2 2H [8] >R F Kruskal-Wallis
K6, SERMLLX SRR, P<0.05 RRERELR
HES-3 &

2.6 IEMEFREMRE

2.6.1 KEKEEESHT (GRA) 5% GRA ik,
X R AR AT E BN AL EE, RV, DA%
/AN 5 h WEFHEREAE RS T, 53 B0
AR EE 1) HPLC B3 29 AL I i R i
IR REE R B IR 6 AT A1, 29 MEHIEZHE
PRI B OCER BERRIE 2 4851>0.9, [RBLE IR IEY
2R PR AR B A e, HOREREE R, A
PERRAE, R FEEROCEYS N ER I REANE,
KBS TAE 2 2 P 3L RE R 45

2.6.2 s/ —3f-[a1H 504 (PLS-RA)  BL29 4
HHWEETMBEN AL R, LS h NEHMEREE
NIEARE, FIH SIMCA 14.1 #44384T PLS-RA, #
SERIETE FEA PRSI R, A RIE
N: Y=-1.244 X;—0.829 X,+0.276 X3+1.270 X4—
0.290 X5—2.158 Xs—0.009 X7—0.015 Xg—0.911 Xo+

gkl (g kg™ 5 h N HHERIEL
- — 6574181 0.014 X10—2.383 X11—0.381 Xi2—2.511 X;3+2.142
TRA— W B 1.0 9.86+2.27 X14—1.762 X15+0.216 X6+ 1.413 X171+0.548 X5+
IR 5.0 9.09+1.41 1.915 X19+0.396 X20+0.876 X21+0.559 Xn+0.692
R 5.0 10.63+1.53" X23+0.456 X24+0.193 Xo5—0.050 Xo6+1.416 X7+
SRR ML TP<0.05. 0.620 X25+0.543 X9, [A1 A RBONIEAE U IZ LA 18

“P < 0.05 vs low-altitude R. palmatum group.

2.5 SGRitEFAIE

K IBM SPSS Statistics 25 #4374 14>
Hr, FRHEEAE 7 A0 PRI B Al A I8 v X
TG IS EAE, 240 HBCRHRE R
2T CANOVAD, L8] bLECR FHARAT. ¢ K50 s

SR IEAR, MENRR S A EFAHEK.

2.6.3 VIP 7387 KM SIMCA 14.1 BiFitH % H
g G SRARE (5h NEHER
O 1 VIP 1, 4R ILE 8. VIP fH et {4 &xt
A TR i R R AR AR S (1) DU MR B, B v T R R
K, LLVIPE>1 NBE, fEHiEe JLEFR).

F6 19 RAHRIFESETIERNXKE

Table 6 Correlation between common peaks and laxative action in 19 batches of R. palmatum samples

A KELEE Hr A KR ey A KEREE HF
U 1 0.965 26 U 11 0.969 23 I 21 0.978 13
g 2 0.691 29 I 12 0.983 3 I 22 0.980 8
I 3 0.966 25 I 13 0.926 28 I 23 0.974 17
I 4 0.980 9 I 14 0.970 22 I 24 0.983 5
U 5 0.976 14 U 15 0.953 27 & 25 0.979 12
& 6 0.986 2 I 16 0.973 20 & 26 0.973 19
U 7 0.975 16 U 17 0.973 18 g 27 0.968 24
I 8 0.988 & 18 0.980 10 I 28 0.976 15
& 9 0.983 4 & 19 0.972 21 & 29 0.980 7
1% 10 0.981 & 20 0.979 11
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Fig. 8 VIP values of common peaks for total number of fecal pellets in 5 hours
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