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Abstract: Objective Utilize metabolomics techniques to analyze the changes in chemical components of raw and steamed Rhei
Radix et Rhizoma and the differences in their blood-entering components, and to reveal the impact of processing on the material basis
of Rhei Radix et Rhizoma. Methods UPLC-MS/MS technology was used to collect the chemical composition information of raw and
steamed Rhei Radix et Rhizoma in vitro and in vivo. ldentification was carried out by combining the characteristic fragment ions and
fragmentation pathways of the compounds. Multivariate statistical analysis was combined to screen for differential markers. Results
A total of 201 components were identified in both raw and steamed Rhei Radix et Rhizoma, including 45 anthraquinones, 43 tannins,
52 flavonoids, and 21 stilbenes, 12 phenolic acids, seven phenylpropanoids, three chromones, two aromatic aldehydes, and 16 other

compounds. After steaming, 23 common components showed significant changes. Among them, seven components such as
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aloeemodin, gallic acid, and catechin were significantly upregulated (P < 0.05), and 16 components such as aloeemodin-1-O-f-D-
glucopyranoside, sennoside A, and proanthocyanidins were significantly downregulated (P < 0.05). A total of 36 prototype components
and 58 metabolites were identified in the drug-containing serum. 11 common components showed significant changes in raw and
steamed Rhei Radix et Rhizoma compared with raw Rhei Radix et Rhizoma, the blood drug concentrations of some prototype and
metabolite components in steamed Rhei Radix et Rhizoma increased. In particular, the blood concentration of the tannin monomer
gallic acid, which is a prototype component entering the blood, and the blood concentration of prototype aglycone-type components
increased. The relative content of some phase-II metabolites of anthraquinones significantly increased. Conclusion The in-vitro and
in-vivo metabolic profiles of raw and steamed Rhei Radix et Rhizoma have changed significantly. The differential components are
mainly in anthraquinones, tannins, etc. Compared with raw Rhei Radix et Rhizoma, in steamed Rhei Radix et Rhizoma, most conjugated
anthraquinones were converted into free anthraquinones, hydrolysable tannin polymers were decomposed into tannin monomers, and
there was a dynamic transformation between condensed tannin components and flavonoid aglycone components. These conversions of
components can provide a scientific basis for clarifying the material basis of the “different treatments for raw and steamed Rhei Radix
et Rhizoma ™.

Key words: raw Rhei Radix et Rhizoma; steamed Rhei Radix et Rhizoma; LC-MS/MS; multivariate statistical analysis; aloeemodin;
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Fig. 2 Structural diagrams of quinones in raw and steamed Rhei Radix et Rhizoma
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Fig.3 Structural of tannins in raw and steamed Rhei Radix et Rhizoma
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a-negative ion flow chromatogram of blank blood; b-negative ion flow chromatogram of raw Rhei Radix et Rhizoma; c-negative ion flow chromatogram

of processed steamed Rhei Radix et Rhizoma; d-positive ion flow chromatogram of blank blood; e-positive ion flow chromatogram of raw Rhei Radix et

Rhizoma; f-positive ion flow chromatogram of steamed Rhei Radix et Rhizoma.
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Fig. 4 Serum total ion chromatograms of raw and steamed Rhei Radix et Rhizoma under positive and negative ion modes

320 BECSKARA RIS IR SCIRIGE,

KRR B B R R A A BB, 2GR BE A
AT PAHEAT H AR U315), G0 K By Co LA HH AR AT
ClhE AL I 1 AR T A e, IRt
AN, LIS REIRK AL KR T EE Cy
7 () F SRR e e SR AR T2, 2k 1 01 B
MTIEA KR KEIREE R NRZE 175

T CO» FALN KRB R, KRN SEABLR. A
PCSE AR I, 00 Ji 7R s 2 T /R A Y
Ja, 2 MR, A RRE R o 5
BT —x 2. ZX—HIR R (& 5. Hit
AW FUEE T AR LB 1) R 2 R 73 18 B AN 7] iR
MR 2 ISR R sl R 7 S A o i M
M2 73RN REIR KBy A4, BAARIE



187.0400, 125.024 3

6248 « PER 2026E8H $57% 5168 Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16
Fz1 &, RARIUERBIRK S RIE
Table 1 Characterization of prototype components in serum of raw and steamed Rhei Radix et Rhizoma
5 te/min LA AFR R SR Wl% ZYWR BT AR
(mfz) (mz)  (x10°9)
Pl 1896 AEE CisHioOs  269.0455  269.0456 037  241.0508, 225.0557, [M—H] AQ
210.032 8, 197.060 5
P2 962 PEAEER CisHioOs 2690455  269.0450  —1.86  269.045 0, 240.042 4, [M—H AQ
197.061 3, 189.055 6
P3 1973 REKHE CisHoOs 2850403 2850405  —0.38  269.0454, 241.052 4, [M—H] AQ
225,055 6, 183.045 2
P4 1763  KHEZE-8-FIK CisHiOs 2830611 283.0619  2.83  269.0455,240.042 8, [M—H] AQ
241.046 1, 183.045 2
P5 1891  KEEWRE CiHi0s 2830611 2830616 177  269.0437, 255.0659, [M—H  AQ
225,055 0
P6 1533  KHEE-8-p-D-HAIMET CaHaOn 4310983 4310982  -0.23  269.0456, 240.042 1, [M—H  AQ
225.055 7
P7T 1285 S CaHz0s 4171191 4171191 000 283.0642,227.0713, [M—H] AQ
181.065 7
P8 1501  KIM-8-O-p-D-Hi &Mt CuHxOs 4151034 4151035  0.24  295.062 0, 253.050 6, [M—H]  AQ
225.0511
PO 1926 KT CiHioOs  297.0404 2970402  -0.67  283.062 1, 253.050 4, [M—H  AQ
203.086 6
PI0 2195 KEE CisHeOs 2830248 283.0256  2.83  257.0454,239.1285, [M—H] AQ
229.050 6, 183.044 8
P11 1490  KHEEY CisHwOs 2530506  253.0504  —0.79  225.0555,210.030 1, [M—H  AQ
1820373
P12 1683  1-hydroxy-6-hydroxymethyl- CisHioOs 2530506  253.0504  —0.79  225.0554, 195,044 3, [M—H] AQ
anthraquinone 182.036 9
PI3 2197 2-BMEK#E CisHioOs 2850404  285.0394  —351  257.0451,241.0500, [M—H] AQ
185.050 9
P4 1117  FHEREE-8-OMARH" CauHaO1 4310983 4310969  -3.25  431.0958, 269.046 3, [M—H  AQ
225053 1
P15 287 BRETE C/HeOs 1690142 1690139 -1.78 169.0139,125.0216, M—H T
124.0134,97.0291
PI6 721  (2R4R5R)-346-trihydroxy-5-(4- CaoH2Or2 4510881 4510868  —2.89  289.0713,278.9709, M—H T
hydroxybenzoyl)oxyoxan-2-yl] 201.0710
methyl 3,4,5-trihydroxybenzoate
PL7T 767  L-O-RBTHEE6O-WHREE-%4 CuoHzOn 4611089 4611086 —0.65 299.056 6, 255.066 7, [M=H T
it 169.014 2, 125.024 4
PI8 276 %R TH 3-O-p-D-Mtmi%H &N CisHiOo 3310671 3310666  —-151 271.0444,211.0251, [M=H T
169.013 6, 125.024 3
P19 7.02  16-Z-O-WETHAEEIHY CaHxOu 4830780  483.0783 062 287.0756,169.014 1, M—H T
125.024 3
P20 668  RILKE CisHuOs 2890717 289.0720  1.04 245.0826,221.0823, [M—H] F
1250451
P21 785  LEE CisHuOs 2890717  289.0714  -104  245.002 6, 227.0720, [M—H] F
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1 &
FE  tmin et prst ol KRR RE S BTHR R
(mfz) (mz)  (X10°9)
P22 1364 MiEE CisHi20s 2710611 2710612 037  254.0550, 151.004 2, [M—H] F
119.0499
P23 1327  pinobaksin CisH120s 2710611 2710624 480  248.960 4, 174.956 0, [M—H] F
112.9857
P24 1767 AKREZ CisH1006 285.0404 2850404 0.00 269.032 4, 257.046 3, [M—H]" F
2410495, 211.040 7
P25 1441 KT CisHioOs 2530506 2530506 0.0 237.0556,227.0702, [M—H] F
203.087 2
P26 1499 52-"RAEHE CisHioOs 2530506 253.0505 -0.39  237.6213,225.056 0, [M—H] F
165.545 3, 131.051 2
P27 546 JLAFE-T-O-FAIMEE CaH2:011 4511245 4511243 -044  289.0714, 2450815, [M—H] F
203.0704,125.024 5
P28 1767 ILIZEW CisHio0s 285.0404 2850400 -140 269.0457,241.0454, [M—H] F
183.0452
P29 853  3-O-FALHi I F-4-O-i AW CoH201 4771038 4771031 -147 4351291, 397.1135, [M—H F
289.0715, 227.071 2
P30 971 EEE 4-0-(6"-0-R B TH)- CotHae012 5411351 5411351 0.00 241.0345,227.0711, [M—H]" ST
R R 169.014 1
P31 1342 HEME CuaH120s 2270713 2270711 -0.88 185.7606,143.250 1, [M—H]- ST
117.0348
P32 1108 FRHRIEEH-3-O-HEME CtH2409 4191347 4191348 0.24 393.1188,257.0819, [M—H]" ST
231.066 0
P33 1171 HMA%EEE-3-0-p-D- CaoH220s 4051191 4051185 -148 282.0407,211.106 2, [M—H]" ST
O 7 185.764 3
P34 677 INA-FHERR-4-AE R CisH150s 3250928 3250930 0.62 289.0715,245.082 6, [M—H B
187.0398
P35 763 HEELE CoHsOs 179.0338  179.0338  0.00 136.0470,133.0292, [M+H* B
109.028 8
P36 1793  4-(4-FRFEHRIE)-2- T TH-O-HE B BE- CaHz0r 6071820 6071823 050 459.1256, 443,098 1, [M—H] C
B TR R 169.014 2

AQ-REFRE: AR-EMIZE: TS, F-RlE: STORZMZE: PA-MIMRSS: B-ANFE: C-OJFNE: QI7EMEds; U-HAhS: *Zxidmtix.
AQ-anthraquinones; AR-anthrones; T-tannins; F-flavonoids; ST-stilbenes; PA-phenolic acids; B-Phenylpropanoids; C-chromones; Q-aromatic aldehydes;

U-others; *-identified by comparison with reference standards.

®2 . BRARMBRE IR

Table 2 Characterization of metabolites components in serum of raw and steamed Rhei Radix et Rhizoma

s Ot e gy R MEERE iz R AR
5N (miz) Mz (x107)

ML [MAH CuHuOr 1173 KER 2310651 2310652 043 TBHEABARE+HKR (Co0p+(H)  227.1252,223.0636,217.047 1

M2 [MHH] CuHiO:  1L75 K 810651 2310650 043 WEHMABHEHBRAELKN  -(C)HH) 203,064 2, 217043 3, 190.086 2

M3 [M—H]" CuHisOn 1867 K 50776 450773 -0.67  BRMLHEREEL +(CoHwOr)  434.9496, 260,045 4, 242,176 1

M4 [M—H]" CuHuOs 1710 KEFWE 225057 2250562 220 MEEA R (CH02) 225,056 2, 163.688 4, 83576 1

M5 [M—H]" CuHuOs 2199 KEZWEE 570455 2570453 077 BBEERELREN -(CaHy) 239.035 1,211,040 9, 183,045 0

M6 [M—H]~ CuHuOs 2195 K&R BI055 570458 Ll6 BEEHBE {COJ+(H)  239.0352,211.0396, 183.0449
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2 &
B wipls SRl EE
S AFA wmin FHES ; o b ) iz i BRET
iy (mfz) mz) (X109
M7 [M—H~ CuHsOn 1523 KR 490827 4290822 -L16 R +(CHu0s)  239.0335, 211,039 4, 183.045 4

M8 [M—H]" CuuOs 2488 K¥ 2730404 2730404 000 FEREMFHHE

M9 [MHH]" CuHiOs 775 KEEWRE 2200859 2290851 349 [HSEHBEMENL
MIO M—H" CuHiOr 2099 KHZE 2390349 239.0349 000 REAAE+EER -CH:0) 21,0400, 203.086 7, 183.0450
ML [M—H]" CusOs 2200 KEZRE 2390349 2300349 000 FRERHBHRESZEN  (CHO) 211,040 1,203,086 7, 174.955 8

1)
(
(
(
M2 [M—H]" CiHgOs 1944 K& 2550298 2550294 -156  EFHEA -(CHy) 227.0350,186.9295, 143,039 9
(
(
(

+(0y) 248.960 4, 242.923 4, 238.931 6
-(Co02

202) 2110752, 183.080 2, 165.069 9

MI3 [M—H]~ CisHeOs 1006 KEXPRE 2680377 2680376 <037 BOK+EREMHEEL -(CHy) 245,048 6, 203.086 6, 165.999 8
M4 [M—H]" CisHoOs 155 KM 2680377 2680376 -0.37 BRI T 0)+H) 2450122, 203.001 7, 129.005 7
MIS  [M—H]" CisHwOsS 1261 K3 %-8p-D- 3490023 3490022 027 JtHE+Fidtk «(CsHu0s)+(S0s) 333.007 4, 285.040 4, 248,960 4

CEl i
M6 [M—H]" CisHuOsS 1261 K#E 3490023 3490021 -054 EiEfL +(509) 285,040 4, 248.960 4, 242.943 4
MI7 [M—H]" CishuOs 016 KEATRE 2540584 2540582 -0 BEELEHEAHEEL  -(CHO) 203.086 6, 192.064 4,163.040 0
MI8  [M—H]~ CisHsOr 1096 K% 200197 2990189 -2.67 BHEALHBK (H)+(0) 2830254, 239.0345, 183,044 1
MI9  [M—H]" CsHiOr 1489 K¥# 2990197 2990196 033 fk +(0) 283.0251,239.035.0, 188,763 7
M0 [M—H] CsHeO:S 082 KEZWAE 3319996 3319995 030 BHAHBUKHEAARIEL -(CH)H(0:S)  269.0453, 2030865, 165.999 9
M2l [M—H]" CHuO: 1395 KEEME 2660584 2660579  -187 BK+EE +(0) 253,005, 242.9433, 174,956 0
M2 M—H" CuHuO: 1842 K¥| 2670662 2670661 037 AL +(CHy) 2552913, 225,055 6, 181.065 3
M3 [MHH] CiuOs  18.08 K% 850757 2850754 -1.05 AL +(CHy) 242.0580,225.892 9, 168,057 1
M4 [M—H~ CisHsOr 192 KEZ 3110197 3110207 320 FRAMERE RN (H)+(CO)  31L0207,275.0232, 2430332,
A t+£mA 1780510
M5 [M—H]" CsHuOs 1655 KEZEWAE 2000561  299.0565 133 4 +(0) 260.0437, 25,0298, 2410445
M6 [M—H]" CuhuOr 916 KHZ 3250353 3250361 246 AlHERM+ LB +(C209) 2450820, 221.071 2, 185,061 3
M7 M—H CoHuOr 1869 K#Z 270511 370509 -030 EAMFIHH +(CH0) 2690453, 242.176 2
M8 [M—H~ CuHsOn 1540 KHE M50TT6 450775 021 HEIREREEAL +(CeHuOs)  417.1190,283.025 5,257.043 2,
239.1219
M2 [M—H CuMyOp 1040 KEZHE 4600647 4600626 456 EFEU+AUAEHEL +CHO)  450.0566,333.0073,283.024 6
M0 [M—H]" CuHiOn 1868 K¥% 50716 M50TT3 067 HIHEEL +(CeHs0s) 284996 4, 269.045 4, 197.0612
M3l [M—H CuHsOn 2037 KHZE 4610725 4610725 000 FEBRRILTEL +(CsHe07) 285.040 4, 2690455, 248.960 4
M2 M—H]" CuHiOn 2033 K¥# 4500568 4500566 021 HERAL +(CeHe0s) 2830403, 255,031 6, 203.086 7
M3 [M—H CuHoOuS 109 K% %-6pD- 511051 5110520  -6.06 FiMelh +(303) 349.002 1, 263.059 3, 225.040 3
I
M3 M—H CuHuOs 1455 KHEWRE 4161112 4161104  -192 BBEFEEELARENL  H(CHO,) 354989 2, 333.007 4, 253,050 5
M35 [M—H]" CsHuO:S 1441 KB 3330074 3330072 060 B +(503) 2530504, 203.0865, 45,0818, 112.985 7
M6 [M—H CoHuOn 1202 K¥Z 6201007 6201067 483 HAMMRL +2(CHa0s) 445077 1,269.045 3, 225,055 6
M37  [M—H CoMxOs 863 k¥ %-84-D- 589.1198  589.1199 101 kAL +(CeH0s)  445.0773,322.949 8, 286.973 1
HE
M38  [M—H]" CaMxOs  1L78 K # % -84-D- 6071304  607.1309 082 WL +(CoHi0s)  485.0456, 322,904 4, 248960 4
HE
M9 [MAH] CsHaNaOnS  7.19 KM 5761282 5761299 295 AR S +(CuoHsN3078)  503.1157, 305,175 7, 202.048 0

M40 [M—H]~ CsHsOs 654 RBTH 1830298 1830298 000 HEH +(CHy) 183.029 8, 169.011 2, 125.0218
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F2 &)
&tk At A wmin  FERS Bl R it fRgHE HHET
B (mfz) mz) (X109
M4l [M—H]" CuHuOu 858 RETH 50463 3450465 057 HkERAL +(CsHs0s) 201.0712,164.0719, 118904 4
M4 [M—H]" CsHsOs 285 HHTH 1250244 1250245 090 ik -(C0y) 1110088, 103.040 2
M43 [M—H]" CHs0sS 382 BB UBITLO 2489711 040 THimML +(30y) 2331547, 2010711, 161,045 7
M4 [M—H]" CiHisOs 1525 KR 3030874 3030876 170 HHEA +(CHy) 253,050 4, 2250018, 203,086 5
M5 [M—H]" CuHaOn 9005 Lk % 4651038 4651042 158 HikER{L +(CsHs0s) 289.034 9,211,042 1,129,055 7
M6 [M—H]" CuHzOn 008 ®)LEE 4651038 4651042 158 HikER{L +(CsHs0s) 465.104 2, 397.1112, 211,042 4
M7 M—H]” CiHuOs 1390 RILER 330718 3130729 351 BOK+ZRH +(C) 2110752, 183.080 2, 169.064 5
M48  [M—H]" CrHuOs 1390 JLEZ 330708 3130729 351 BKHZEEK +(C) 203,085 9, 188,070 6, 169.064 5
M4 [M—H] CuHuOn 917 LR 4310983 4310082 003 MUKHEMMEEHERL +(CH0)  269.0456,254057,225.0556, 2100324
M5O [M—H]" CsHuOs 1358 JLK% 2070561 2870566 192 Effif (H) 272,038 2, 243,066 0, 225.055 5
MSI [M—H]" CuHzOu 765 LK% 4490089 4490084 -1l HEREEMLLL0H +(CeHi0s) 4509406, 397.113 5, 259.027 9
M2 [M—H]” CsHuOsS 622 IKE 390285 3690207 325 HiEfk +(509) 2800718, 221,071 4,125.02L5
M3 [M—H] CuHuOs 2200 R)LEKR 570455 2570444 427 FOKHEREL <CH:0) 2300349, 2110400, 183.045 3
M54 [M—H]" CuHz0pS 846 HMHESM- 4850759 4850759 000 B +(509) 3229498, 286.973 1, 203.086 7
3-0-p-DK
R B
M5 [M—H]" CaMoOn 772 HMAZSE- 4190983 4100976  -167 LMA+EL (H)+(0) 407.0957,339.108 1, 247.072 2
3-0-p-D-it
R B
MS6  [M—H]" CuHuOS 1428 BMAESE- 325087 3250888 030 BKE+HHEIL+IE -(CeHs02)+(S)  253.0505, 245,045 4, 174.956 0
3-0-p-D-i
R G
M7 [M—H]” CuHzOn 774 ERAEFE- Q1142 01181 213 44 +0) 245,081 9, 227.0708, 185.7615
3-0-p-D-i
W B
M58 [M—H]" CxHuOs 1008 HMLH%/E- 5811511 5811512 0.6 R +(CeHs0s) 5437519, 362.981 4, 283.024 7
3-0-p-D-1H
W B

4313 CisH100s, HAEIE PN BN AR, W
H AR B I A] 2351004 11,731 11.75 min, TR
T, R SR BRI AR
AR, HPE SRR AL, CHER 2 R
TR KB SE FEACH= . [FEE, M10. M11 B
AHIFR 7 CraHsOsr 1B PN AR R I
(AT, 23509 21.99 22.00 min; H R 5k A4
FHAT, BARSETARARE, AL TR E, M10 AHXT
SFRERDT 30, RKE 19T CH0, HEWT
KRB BB AR = 4; AR K
FHEE, M1 AN FRERCD T 44, FERKE 1

2T CHa I 1 737 CHO, 5 RIIE T RiER 5K
T 2R FHRAH EL LA R HERT . #3E Compound Discoverer
3.3 VLHCZs R 8 G AN U i i A, HEM M5 M6
ROR B AR 3 28 FRE R ) 3L IR P24, 1 M18.

M19 BARTES TR, IR ZE(E RN, (HRHARH
I [ A Z2 5008, #OnT Re 2 R ik . K3 3R-8-0-
B-D -] % A EF T DA EE T B 1 T B AR RROK B R
(6], &1 4R 3 =3 B AH R =9 (M5,

M16). M16 AHXTT- KB AN 7>+ B E3G N 1 80,
HEW FOEE AR SRR 4 &, 2B U IR EE AL
R KK -8-0-B-D-7 2 FEF @ ILTH (FR/K
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Fig. 5 In vivo metabolic transformation pathway of anthraquinones
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Fig. 6 In vivo metabolic transformation pathways of tannins
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Fig.7 In vivo metabolic transformation pathways of flavonoids
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B RERAE A ). L BRI — R Ry, AR RN, FERRER. KHEB. K
FIMA WIS A SEMBILRET KR HR RS TEEEEREERSENr, REAAR F 2E
¥ J C-C SEMWIEE, FALUARRL I IR SAL St ABHZESH, R T 2 TR,



- 6256 ¢ PER 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16
Mg b ES. SGEMER WAERS S 11 RSN ERER LXK —E, BREE

PR, Ak 38 2K -8-B-D-H &l 2 KK % -1-0-
B-D-HEIFEE, TEMHIE R TRt TR AAEH,
P2 KB R -1-0-B-D- E BE T 5 A KR, BRI
[ 25 K g H ot — P A I A R = T,
Ja FAEAR R O] SRR 2E A, AT BUE K 3 3R -8-
B-D-# & BEH S E ARG N, R T AR
P B 53 TV AEAE () B A AU .

BRSO IR R 38 BN AT Sy, 1
il R IR SR, TR S TR R
WEMIWE PR 4-0-(6"-0-5 & T Hidk)-B-D-Hi
BN R AETREKAE, B ERE TR, BuUf
HARX B . WAk, LR RRE TR, 5
H R B2 52 RN KB A0 B 0 E M
Ja N, BN T LR RS S E LR
ROT RS 46 G 4R I 5 G R ) 28 1 AR R R AR
IRV Ko XL KA TG e A i T 54
RGN LA R 5N 1 B PR AR B SE SR AR DY, AT
BNASTMEE EE R S R
34 H RARMBEBITERMERS S

W 3R A3 0 L35 B4l 34T A — b B BN
SIMCA 14.1 #f%, 3T PCA 5 OPLS-DA, UK

HAT S & BRI ZE S, I DA R N8R
PARFFFRE, TR 12, ik 7 Fhgi A 2 5
PERGSY, 4 R ZE RbE sy, b KHEIR. KiE
W BB TR 3-0-B-D-MEL g & i . 1-0-% 8T
Pk FE-6-O- PRIt A - A ME 4 Fh R R Ml s
NI F B2 25 R A, 1K 3 26 -8-O-B-D- % B
.\ K& -8-0-B-D-Hi £ M X &I 3 Fhlsi A
B M S TR & R e . R SR B K
Bl NGB S EIMER, KEM-8-0-B-D-7 % H
HAEMH S NILES & 52 B, RS KM
RN SR REL S A AEOE,  BLAME O STk TR
HE, RKEAFEEGLTESEM, X E a5
FIRES, AT AR R RS Y 0 B 20, A
BRFEMTENIE N AF B R K, 378 7 Mot i
TR A4S o (0 TORE A QUi A AR 21220, R
NIMLE B SRS KREAHE “5 T /128,
TN WE SR AH LA, 4 G2 etk
A4 o8 M16. M28. M30 Al M35, Hidt M16 5
M35 433 S K B 3% AR K Iy R B R A AR =4
M28 Fl M30 | 375 4 K B R AN K 8 2% (1) ] 260 W T
f b=y, BAEME S & EA A BTt

A . . W4k B BN
e WA 6] | BN
] / @ moc 41 ®
4
N ’ 8 J !
g ° ® ‘ R ° g
-2 24 N .
. ®
-4 _® ™ )
e -6
-6 T T r r - . - . . -
=30 =20 -10 0 10 20 =30 -20 -10 0 10 20
t[1] t[1]
C, or D ,
[ foz
0 I T I— -.--- -4 1.0 e e
05 _,_.AI" 05
0 - z 0
S - g
& g5 & 05
@
-1.04 -y e @ @
-1.5 T T T T T - -15 T T T 1 T T T T -
—0.2 0 0.2 0.4 0.6 0.8 1.0 -05 -04 -03-02 -0.1 O 0.1 02 03 04
200 permutations 1 components R2{1]1=0.904
A-PCA-X [; B-OPLS-DA H; C-BE#fi4:A; D-S-plot .
A-PCA-X plot; B-OPLS-DA plot; C-permutation test plot; D-S-plot.
11 %, BRREMERS S THIT S
Fig. 11 Multivariate statistical analysis diagrams of serum components of raw and steamed Rhei Radix et Rhizoma



PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

* 6257 »

1.5 104
1.0X 10 B
g ::.'
= ) .
0.5 10°1 --:f ..
N N N
NN \
X X

KL W-8-0-p-D- i H FEF
K EK-8-0-p-D-Hi L HEE

1-0-B & T B FE-6-O- UL B I - 2 Bl HF

EREN
g . NN
N & N N
N § X N
N N NN
N N N
< N N YD
SENENPNPN

A TR 3-0-B-D-ME I3 % B EF

12 ANMESMERSFERE D

Fig. 12 Bar chart analysis of differential components in blood

4 e

AL BOKEE R SRS e 201 PR, ik
W23 ANERES, HPRETR. JLERSE 7 F
OB B, AESEE 4-0-(6"-0-1% & TBL)-H
HREE . JRAE T RS 16 MR BE N, BEETER
5 52 T o R AL G, KR R s A B
PR RS AR B R R PG, 1T 2 B T v
PEoN AR AT CUAE 3 7K 55 T b B R T 5 % R
PR, BRSPS ER AN — UG
W, WRKE VBT B FEEERSY, B
K AR AR o] B K & il fE, S9SN
TER AR E R RO, SEEZE LA R RILEER
WAE R RTA, LSS RPN AE R =R
O, AARTFHILER ., RILERTERE A,
A Re SHHE AR g SRR R A LR R R
JUHFR AR o R T L oA . R TIRA
Rk aREY R, HSEAm TRt REtE
R 5 AT KRR TR 25 A TE SR N RS, TR
THARRGY, MG SR T OB S 2

A KRB MBS FAT Loy S48 94 B, Gk
11 Fh 22 St il 43, KB 3-8-O-B-D- 71 %1 i e 4
JE NI 2R B, TRe S KEMER N KA
TARARI A 5%, H5 SCRRFRIE , BB R 23 Hh () p
AT ARG T A /N K R S LA 3\ 265 5 »

R AE T EOER0, Befr 7R BA )
Ry, MR ML S S A2 B s TR
fhs ARDL T RS RA VS SR XA R S 1 T
HART TR “ BB A& B & SR
V5T DRSS, RSO R o A7 A SRR
i, AEH IS 2R LR IE MR, TR
Wi AR R 25 2028 o A SGSCR AR, DR S A 2 it
PR RA BZERPIETER), IR O A
By HATTERR A A 2, RGO i FHEO,
FEIRTT R MLE AR O DB, BRI A
B “EIARS” ARG Th, b B S S i
EORTHURN A AEIE ] . PRSI RL J /b 45 5 T R g
R EE, RN SRS AR LRI
r IR 5 B, AT Dakat ) 2 b S B () 48 25k
RIRCR o ML TP AT 3L L ) 4 Bz Ve e sy
FHEORIE - KBRS oy AT A 4«
) S TR A R R AL S R R AL S WA AR A 12 2
AR AR S, X AT A2 24 B - RS
JSCy AR, T ol e JH I 09 £ 2 1R B
M28 Al M30 735 9 K B R AR B 2 ) 3 A M R TR
=, WHRRM, A2k rR AN RS B A7 A
or Al BERCI R SR S 25 3 AT 8, =2k L
s A P73 AT 5 R AU ) K B B ) W T TR AL
[N, BRI, (H ] B S B RAE



* 6258 »

PER 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

B, 5IRHRAEEY. TAEMIH] b3 5, SD K
B IL 7 R 3K K B 1) I R AL
BET, Dl 7 A RHRE R, AT 2R EE
TEM. BEFEERM], A RIS G, Atk
B A B VKA, BEMI SRR RS RIHIR SR
SIHIVERIAIRE, AT S R A L,
AEREDG SR ERB R N, 5 TERIR

Mo, FIREVIREZ MR, BIISHE. EHIE K

HMAFEECY, &R TSHE. #GIE. 20F, IKKE M

TARFUL S, MBS, 2. fWIREAHEY,

Kimae e, BR FIREGEHSPR R & &

e WM DI RE R, SRR 2 T, FEIHZERL

g, AT RS, HADII RS, Bk, R

XFEEMEE LE 7R RARR IS KR

H EIEFHRACKRE, BRI AE K T I

2Ty, ST IR T 1 2 B8, AR SR LC-

MS/MS AR, WA BORTEARSN 7> N ILREAT 1K

I B EE A R BOEHI AT S I ZE 5, W KB

oo AR M it R4 ) S A 1 Ha s SCH AT FU A

JE BT A SR N ZRIE S 2 I, RN

M BLA o

FBEAR PARVEHNFAREGEA G R

SE

[11  XISCEE, B, AT, S5 KSIOTERL. M D s
AR TR R [J/OL]. FherhBRZAT, (2025-
08-15) [2026-08-04]. https:/link.cnki.net/urlid/21.1546.
R.20250814.1623.008.

[2] HuangLQ, ZengY, Duan L1J, et al. Optimal timing of free
total rhubarb anthraquinones on immune regulation in rats
with severe acute pancreatitis [J]. J Ethnopharmacol,
2023, 308: 116266.

B8] AS=Wr, ABFIER, FIRNFF, &5 KBS i B PF A
KEomiR R [7]. TPRZG, 2025, 56(14): 5225-
5236.

[4] " EZ [S]. —#F. 2025: 25.

[6] BRJGIR, Fhasis, skERk, 5. W4Ty hORBMH] K RURIE
MIRZF [9]. HR B 25 K541, 2023, 40(6): 21-24.

[6] ki, BRIk, IRHHR, 25 KSKHAFEH] M 16
Tl 2 B B & BT L (0], PR E AR,
2022, 37(2): 1036-1040.

[71 £z, K, BREGE, . BB REK
NEF SRR [J]. AP SEER T R F 4k, 2018, 24(24):
219-226.

[8] Ede, 5k, 414, . 3T Q-Exactive-Orbitrap MS [
P B B R S 2K ) R BT T (0], P 2

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

&, 2025, 22(10): 1094-1099.

EWG. KBEAENE AD KRR AR Y AR BHAIT 52
[D]. dbmt: dEATRERZRE, 2017

INEH, RE, FE, & SR80 k- m BT
WA S E R R B AL R (0], B AR, 2021,
42(6): 1100-1112.

FKIZ. FET HRMS FK B A N R B 2535 B 7 7
IEWHFE [D]. Jbat: JERhBEZIR A, 2015,

TERUR, F/hgE, B, 45 S5 T LC-MS/MS 4tz
TR B AL 22 g (D], R 2R A, 2024,
59(9): 818-826.

WM, T/, EmiE, %. UHPLC-Q-Exactive-
Orbitrap HR-MS 7347 K B 28 FHRELE K BRI P4 FRO A4 7
Yy (7). FREEZ, 2021, 43(12): 3524-3531.

Tang X Y, Zeng J X, Dai Z Q, et al. Identification and
characterization of chemical constituents in Qi-Lin Pills
and their metabolites in rat bio-samples after oral
administration using ultra-high performance liquid
chromatography with quadrupole time-of-flight mass
spectrometry [J]. J Pharm Biomed Anal, 2020, 188:
113402.

Huang M L, Cheng Z Z, Wang L, et al. A targeted strategy
to identify untargeted metabolites from in vitro to in vivo:
Rapid and sensitive metabolites profiling of licorice in rats
using ultra-high performance liquid chromatography
coupled with triple quadrupole-linear ion trap mass
spectrometry [J]. J Chromatogr B, 2018, 1092: 40-50.
StE, FAHE, A, % T UPLC-Q-Exactive
MS $ AR K 3 3 -8-0-B-D- 1 & 8 1 44 A AR F 7
[1]. #2544, 2021, 44(10): 2389-2395.

WA, FHRAM, FEERE, & LT PCA K CA [l F
RERIRR. R ARG ET 1] HET
22k &, 2019, 44(5): 920-926.

FEVLAR, XURER, Bhm, 5. S0 BRUROK sG] T 270
e R M Jm A s e & AR T ()], T E 25,
2025, 36(1): 44-50.

I, g, #EFEL, 4. JET UPLC-Q/TOF-MS
VR AU N R B2y 1) S R e 5 X A ) MG SR 2T
2024, 55(15): 5033-5049.

il REERFHAHXRAST [D]. K#8: B2
K2, 2012,

AR FH, EWA, . RET T RHEMARSNR R
THORL A 00 1) S 56 £ 1528 B4R 1 % rh P 7E JF 33 % B 20
5T [I]. VIVER AT AT, 2019, 42(4): 635-640.

Wu W J, Yan R, Yao M C, et al. Pharmacokinetics of
anthraquinones in rat plasma after oral administration of a
rhubarb extract [J]. Biomed Chromatogr, 2014, 28(4): 564-
572.



PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

* 6259 »

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

WHERE, M2, XIEEr, 5 WIS, bR
RS PR R (7], Peep R 4T, 2025,
43(7): 168-175.

i, WA, XU, S ORER MPGT B EAFIE S
14 bR SRR NSRRI (1], HEBZRE,
2020, 45(17): 4230-4237.

moeF, Iz e, B4, %. UPLC-ESI-HRMS [F
BF I 5 2 /N KB S H b 11 Ry (9], R
74, 2020, 51(22): 5730-5736.

EY, BRHGER, MRITG, 2. HRESRRIRF 2 T
FbRE [1]. PEZY, 2021, 52(7): 2134-2143.

B, X%, Tk, % 5 THRIE BRGS0t &2
53 AT DR B L 8 L P M 1) 5 ) Do At 1 A8 e A
[7]. " ESLE T AR A £, 2025, 31(15): 191-198.
FEE, dkAfF, FRUSM, &5 JWHIS 3 M ” dr2gismi i
WEFRHRERE [J]. W2y, 2023, 54(17): 5773-5785.

FU, BT, BRI, . HERSRAGE R AE R AL
Rt [7]. R Z, 2016, 19(7): 1369-1373.
BR/NRR, ST, moRE, & AR EER KL
Hl R (0], R AR RE, 2022, 41(12): 67-
76.

Wang D P, Wang X H, Yu X J, ef al. Pharmacokinetics of
plants [J]. Front

anthraquinones from medicinal

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Pharmacol, 2021, 12: 638993.
Ma J, Zheng L, He Y S, et al. Hepatotoxic assessment of
Polygoni Multiflori Radix extract and toxicokinetic study
of stilbene glucoside and anthraquinones in rats [J]. J
Ethnopharmacol, 2015, 162: 61-68.
Zhang J,FuY D, Li L, et al. Pharmacokinetic comparisons
of major bioactive components after oral administration of
raw and steamed rhubarb by UPLC-MS/MS [J]. J Pharm
Biomed Anal, 2019, 171: 43-51.
BERRAR, SRS, ANEREN. KSR KR L &[]
FHAAEEZ, 2019, 39(1): 28-31.
XEGER, WIoH]. REEWIR R FRLHIRTT R
[1]. FEEZE, 2025, 66(20): 2170-2175.
IR, 3k&h, XUB, 5. A, ARy RHE A
I3 BOVE XA P AR 2 A (9] o B S0 5 7R 2 2%
&, 2019, 25(11): 127-132.
Eefl, TR, Ve, 5 REIERIAZ. K
gy PR SIm RS SRR Fe g [J/OL]. Hhi e
FREEZ AT, (2026-02-09)[2026-08-04]. https:/link.cnk
inet/urlid/21.1546.R.20260208.1342.004.
W, K2, 0 Rt R a7 EM
WA R [J]. REAEESEEERE, 2021, 3509):
655.

[Fricsmit I AF]



