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[ Abstract | Objective; To analyze and identify the metabolites of major components of Shaoyao
Gancaotang in urine and feces of normal and polycystic ovary syndrome (PCOS) rats, and to explore the effect of
PCOS on the metabolism of Shaoyao Gancaotang. Method: Female SD rats were randomly divided into normal
group and PCOS group. PCOS rat model was prepared by administration of letrozole solution for 21 days, and the
estrous cycle of rats was observed. UHPLC-QTRAP-MS/MS technique and LightSight 2. 3 software were used to
analyze and identify the metabolites of major components of Shaoyao Gancaotang in urine and feces of normal and
PCOS rats. The mobile phase was water-methanol for gradient elution, the flow rate was 0.3 mL + min ™",
electrospray ion source was employed under negative ion mode. Result: Phase [ and phase I reactions mainly
occurred in drug metabolism. A total of 27 metabolites were detected in urine of normal rats, and 34 metabolites

were detected in urine of PCOS rats. A total of 29 metabolites were detected in feces of normal rats, and 27

metabolites were detected in feces of PCOS rats. Conclusion: The metabolites in the urine of PCOS rats are more
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diverse than those of normal rats, and the disease status of PCOS may affect the in vivo metabolic pathway of active

ingredients in Shaoyao Gancaotang.
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feces; intestinal flora
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Table 1 Metabolites of 7 main components of Shaoyao Gancaotang in urine and feces

0 [M_H]- - ‘ o I8

No. L o Ay MS/MS ¥ H 15 B R . oy
Mi-1 14. 54 686. 8 CpoHy 0y 511,479,121 A2 +20 + GluA P -
M1-2 14.12 703. 1 Cy9Hy6 0y 527,495,479 ,121 AT +30 + GluA P N,P
M1-3 6. 30 495. 1 CpHpg Oy 465,401,137 A4 + 0 N,P N,P
M1 -4 2.32 559.2 Cp3Hy 0,8 357,201,121 A7 254 + Sul N,P p
M1-5 4.26 575.2 Cy3Hyg 0,58 479,449 ,217,201 AJE§TF + 0 + Sul p -
M1-6 7.91 598.3 CyeHyy NO S 446 357,121 A24F + S + Cys - N
M2-1 6.20 495.1 Cy3Hys 0y 449 137 AJNTRTE + O N,P p
M2-2 2.35 559.2 CyyHyg 0, S 479 201,137,121 A5 2§ ] EETT + Sul N,P P
M2-3 4.29 575.0 Cy3Hyg 0458 479,217,137,121 ATZATRTT + O + Sul p -
M2 4 9.24 655.0 CpoHa Oy 611,567,479 435,259 A 25N EEFF + GluA P -
M2-5 14.53 687.0 CyoHi6 04 511,479,343 A5 R +20 + GluA p -
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gE1
g [M-H]" . e L gon - AR
No. i s Iy ¥ MS/MS fif F 15 1, ™9 [y iy
M2-6 14. 14 511.3  CypHyOy 467,293 ,267,93 AT NS E +20 - p
M2-7 14.08 527.3  Cyp3Hy O, 479 137 AT NS E +30 - p
M2-8 13.07 703.3  CyH300y 527,479,137 A2 N EETF +30 + GluA - N,P
M2-9 7.88 598.3  CyHy;3NO,5S 479,254,121 AT NESEE + S + Cys - N
M3-1 6.89 511.2  CypHyOy 495,319,153,137 BIATE + 0 N N,P
M3-2 9.22 671.2 CyoHig O 495,319,137 BRIATHHE + GluA p -
M3-3 3.06 703.1 CpgHio 0y 527,495 345 BN +20 + GluA p N,P
M3-4 13. 83 575.3 Cyy Hyg 0458 495,137 BRIEATLH + Sul - N
M3-5 8.65 614.3  CyeH33NO,S 495,256 FIEATTF + S + Cys - p
M4-1 2.53 433.1 Cy Hy 04 417,255,151,135,119 91 HHAF+0 N,P N,P
M4-2 1.09 609. 1 Cy,Hyy Oy 433,255,151 H#4F + 0+ GluA N -
M4-3 9.75 513.2 Gy Hy, 0,58 513,255,151,135,119 HEH +0 +Sul N,P N,P
M4 -4 14.29 688.9  CypyHy 0,48 417,255,151 H#H + 0 +Sul + GluA P -
M4-5 3.97 593.0  CypHy 044 417 ,401,255,113 H #4F + GluA N,P N,P
M4-6 4.91 497.2  Cy Hp0,8 417,255,135 H &4 + Sul N,P N
M4-7 6. 69 536.0  CyH,NO, S 417,255,135,119 H®H +S+Cys P -
M4-8 8.72 465. 1 Cy Hy 04, 417,135 H#4F +30 - N,P
M5-1 6.54 271.2 CsH,, 04 255,151,119 HEZ+0 N,P N,P
M5-2 11.87 287.2  C;5sH,0,4 167,151,135 91 H®ZE +20 N,P N,P
M5-3 5.87 303. 1 C,sH,,0, 255,183,167 ,151 H#2 +30 N N,P
M5 4 3.82 351. 1 C,sH,, 048 271,255,151,135,119,91 H#EZ +0+Sul p p
M5-5 4.53 447.1 Cy Hy 0, 271,151,135,119 HEZE +0+GluA N,P N,P
M5-6 9. 04 527.2  Cy Hy0,,S 351,335,151, H % + 0+ Sul + GluA N,P N,P
M5-7 6.17 463.2  CyHy 0y, 287,255,167,151, HEZ +20 + GluA N -
M5-8 2.15 479.2 Cy HygO4y 303,255,183,119 HHEZE +30 + GluA N,P -
M5-9 15. 04 335.3  C;5H,0,8 267,255,199,131 H#ZE + Sul N,P N,P
M5-10 4.44 431.0  Cy H, 0y 255,175,135,119 H# % + GluA N,P N
M5-11 12. 82 510.7  Cy H,0,5S 493,425 ,335,255 H 2 + Sul + GluA N -
M5-12 4.16 374.2  CgH;;NOS 255,254 ,135,119 H®ZE +S+Cys N,P N
M5-13 15.94 607.3  CpHy Oy 589,255 H#2 +2GluA - N
M6-1 2.99 837.2  C,Hg,O0,, 821,351 HEf +0 N,P N,P
M6-2 3.70 940.2  CuHg NO S 821,470 H®RR +S + Cys N,P N,P
M7-1 6. 86 485.3  CyHyeOs 469,280 H#k R + 0 N,P N,P
M7-2 1.92 549. 1 C3oHys 0,8 355,255,135 HE R + Sul N,P N
M7-3 7.45 645.0  C3Hg 0y 525,476,469 ,457 H B W + GluA - N
M7-4 6. 86 565.3  C3H,04S 469,435,355 H K ER + 0 + Sul P N,P
M7-5 1.05 741. 1 CyHy, 0,,S 469,425,355, H# KR + 0 + Sul + GluA P -
M7-6 1.72 725.2  CyHs, 0,58 549,469,355 135 H # KR + Sul + GluA N p
M7-7 1.17 821.0  Cy,Hg Oy 469,453,355 ,237 HHR R +2GluA N,P N

TF : GluA. 74 75 Bl % 82 ; Sul. i % 3k 5 Cys. 21 R 2082 s N. IE 7 41 ; P. PCOS 41,
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Fig.2 Metabolic pathways of paeoniflorin, albiflorin and hydroxypaeoniflorin in rats after oral administration of Shaoyao Gancaotang
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AT R (M2) /Y 1, =7. 92 min, 53 F 5 1§
m/z479.2 [M -H] (C,H,,0,, ), = 2% i K W5
F m/z121,215,327,449 1175 F1& ., AR M2-1
WA T8 F i m/z 495. 1 HAT m/z 137 e R i,
FH OHHE I M2-1 R A5 25 9 IR S 484 7= . M2-2 1fE
AT B RN m/z 559. 2, B m/z 137,121 Z54%4F
A U6 HLLE AT 251 K 80 Da, i IGHEN M2-2 Sy A5 24
PTG HF B R AL P2 . M2-3 HESr TR TSN m/z
575.0 [M -H] ™ HEA m/z 137,217 FHiF i B 14,
H M2-3 [t M2-2 K 16 Da, i b #EI M2-3 g~ 25 N
B A A R BR AL 7= W . AR M24 53 B
W m/z 655.0 [ M — H] ™ FoAT 2 N Fig 1 AH XS 43 i
K176 Da, 256 Z 90 {5 B HEW A5 25 P9 R 11 1 A
ERERERR AL =4 . AR M2-5 5> T3 10 m/z
687. 0 577 25 AH 2% 208 Da, iy L HE M2-5 AT 24
P TG 445 A 7 A I SR AR Y = 9

FRFEATHHF (M3) 1Y 1, =7. 89 min, #E53 F B 1
W m/z495.1 [M-H] (C,H,,0,), “ iR -
WMELH) m/z 137,165,465 55 7%, (LY M3-1
WEAr F B Flle m/z511.2 [M-H] ~,MS/MS &1
FLH) m/z 137,153 g 706, % ¥ 6L 8 P ik 45 36 3 4%
A BB A A SR AL B, HE TN M3-1 Ay 58 B AT 24 1 B4R
k. i M3-2 B m/z671.2 [M-H] ™ 5+
B, LR AT 25 AT AR X 4> F i K 176 Da, #
TN M3-2 Ay 32 HEAT 25 1 4 oM IR Ak 7 W . AR
M3-3 S kA T AH R 5 & AR T A g 0 AR 35 ™
Y, BA m/z703.1 [M-H] 77870, HIL M3-
2 AHXS 4 F i K 32 Da, iy BRI M3-3 Dy 3% B AT
251 LA I 7 W T PR 1L 7 ) o
2.7.2 HEFMEREZOMRE o B EI
FVH B 20 H Y B S R Ry, H R TR A
3 HH OC AR i L 4 H REE (M4) 1 1y =
8.38 min, s T B FIgE m/z417.1(C,, H,,0,) [ M -
H] ™7 MS/MS [ 3% I W52 2] m/z 91,119,135 %¢
TE B T o R P ARG A A v 0 45 A v %) R
Ty oK A 2 R A 4 B R B OT AR MS A M4
/> 162 Da, 5 3CHE[S5 ] i — 50, Aoy H R AR
Y M4-1 B4 m/2433.1 [M-H] ST B TIEH
HHEAF K 16 Da, #EW I8 H 5 AR .
Y38 4 M4-2, M43, M4-4 4> 5 B m/z 609. 1,
513.2,688.9 [M —-H] 4> 75 Tk H4 m/z 151
(B T U, 43 il b M4-1 A X 43 F i i K 176, 80,
256 Da, HCHfE il M4-2 ~ M4-4 43 5l Sy H 54 (9 B4

T 7 g T TR A ) L PSR A N B TR AL 7 L P4
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Fig.3 MS/MS spectra of liquiritin (A) and liquiritigenin (B)
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Fig.4 Metabolic pathways of liquiritin and liquiritigenin in rats after oral administration of Shaoyao Gancaotang
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Fig.5 MS/MS spectra of glycyrrhizic acid (A) and glycyrrhetinic
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Fig.6 Metabolic pathways of glycyrrhizic acid and glycyrrhetinic acid in rats after oral administration of Shaoyao Gancaotang
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TSN R m/z 511.3,527. 3,43 55 M2 422 32,
48 Da, BUHEN =35 43 51 4 A5 25 14 B 11 09 SUEAR ™ 1
=44 7 , F BAUAEAE T PCOS 2 KEL S
¥ M2-8 #E 4 T B F e h m/z 703.3
[M-H] ", 5 M2-5 #5> 75 7 W4 22 16 Da, HUif
I M2-8 Sy A5 2 P4 TR = 48k i A A 6 R R 1L
Yo M5 m/z598.3 [M -H] s+ & 10, 9%
- 110 -

JE R B m/z 121,254,479 T B i HfE ) M2-9 1] fig
RATEH MRS G . R M34 B m/z
575.3 [M -H] 4 T8 F W, tk M3 AHXF 4 F I
K 80 Da, i I Ay 2 HE AT 25 H A R 1k 7= ), HLAUAT
ETIEHHR BB FEME b, A% M3-5 B m/z
614.3 [M-H] 4FEFI&, L M3 & 119 Da,MS/
MS A m/z 256 FEAEE e, BRI R 72 KR AT 2
LR ER L AT

2.8.2 HREFMHERMQH ™Y Ry M4-8
S FE TR m/z465.1 [M—H] |k M4 X4y
FRE R 48 Da, #EW I8 H 5 H =AY
M5-13 (94> F B FER m/z2607.3 [M -H] ~, [t M5
AHXT 43 T 4 K 352 Da, #E I oy H 55 3R Y XU %5
VERERR 1L ™= 9, BAUAEAE T IE 5 AR R 28 s
2.8.3  HEPRME R MM AREY
M7-3 HA7645.0 [M - H] ™ 7r 75 7, lLH R
B2 K 176 Da, 4 DU H: hy H 20 0 W2 i 7 0 1 12 1k
Yo M7-3 2 H R R v e 0 TR A, (AR
FAAFAE T O0E % 241 K B 28 {8 b, 17 7 PCOS 41



5526 &5 6 1]
2020 4£ 3 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 26,No. 6
Mar. ,2020

R BRPR VB B 3 Mg ok R B, e 45 SR 5 Sk [ 8 ] 4t
3
3 itig

AW 5% 5% ] UHPLC-QTRAP-MS/MS 4> #7 3f: He
BIEH 5 PCOS Bk 4 F AT 25 H 537 76 K BUR W
T 2 AE v g AR = B, 5 SR R AT 25 H v A R R
FEAE R AR = =2 1A, T AH B g & AR
PR, H 2 FCIR A TR A 25T B AR AR W AR A
B 22 5, PCOS 41 K BUR W T A 2 T E %
A1 KRR, (E 28 A 3 U /0 T OE R ALK L.
SR PE, PCOS 5 R & AT 25 1 89 76 IR W
AR P B o BT 2 RE M, R PCOS i Ik &5 ]
RE 2 R AT 25 H w5 i 32 2 o AR R N R AR & A%
AR ) UHPLC-QTRAP-MS/MS R 4% 4 1
— T DU AT R LA TG AR S R RE T TR
MRM-EPT 9 ## 52 X B AT 55 R oM A s 54, vl A
B AR K OF B AR 4 LightSight 4% 0 2 &
PRAR A 0 e T B n] LB A g R AR Ak A SR 4
T BT A DU Y B RN RCER AR AR AL T A
P4

AT H A % ORG24 5 AN T Rk ) 5
B fuk, T B T8 PP RO TR AT LS 5 2R Bl
31 M B A3 AE 1 T TR RE AR T 2 AR 3 4
W % VA I B e AR A B R i 3 T R
AT BE 2 X AT 25 H B 0 A 5 A e A — s B R
ST R B, PCOS 4 Pk 8 3% I 1 b i AR ) 45
¥ A B G kA P B TR RE R R PCOS R AE VKR
A VIR, GUO 4 il 5 PCOS # 7 K K
E RSB E I, 5 IEH K EAH L, PCOS KR
B FLER AT R ARARZF BT R, R 2, A
e 4 1 A B AR I 3R 1 K R T R R AR 2
TP HEAT DR AT B I % A7 25 3 A = B k47 40 i, &
BRI T8 TR AT AT 254 AR B R E R . TR
I A RS e T I T T R R A
RN B A 225 o FHBLHED PCOS J5 BRZS F g i
R R 23 R HE RO T O AT 25 R i A o b
7= A W R R

A R A W58 & B PCOS £ 3% 5 55 41 fifg v 41
i (5.2 P450 (CYP450) i Kz isk 4 £k 4 il A< 184 5 0 15k
15 Z K-y (PPAR-y ) R BAK, CYP450 fiff 3% %
5 T AR, PPARs 0 DL §% i 48 22 11 401X 345 il
(4 22 38 (AN BR T ol T2 AT 2680 W T TR % A% I Lt DL
FoMG4E ), HEM 1E % K2 PCOS S R 25 TF £ i i 45 4
R 4 I3 28 38 7K - 1 S [6) o] B 23 5 AT 2 H RE 3 11

A (B B AAHLH A 72— B4R

— B LA, X T AT 2 H R R AR B AT O
TR IE B LA, 00 AR B IR AT B AU 22
FREFB A ROFEAHIFREE TATHH i T
Folt 2 3 P LA AE TE B B PCOS B A BRUR R B 3%
E B AR =2, AR T PCOS 2 5 R 245 6 A7 245
F RN R IR . BRAR SOR M PORIRZS T 3
Wi 1A P 25 9 A3 B R 3R R AR TR AR (EL AT
AN ARFEIE B RRRZS T 2454 1A A A6 22 S 4R 11t
2%, RS it — B E AT H R AR IR SRR
AT 227U, F485 PCOS K4 &k A
S AR %, LU S PCOS 19 25 iR 97 3 4 S0 50
e o

[ &% 30t

[ 1] 8z, W W, 4. kAT 25 H we 7 X £ 5% 59
IS AR ALK R T HUERI LT ] v B 5258 5 ) 2
Z%,2018,24(6) :139-144.

[2] LIUJ J,CHENG Y, SHAO Y Y, et al. Comparative
pharmacokinetics and metabolites study of seven major
bioactive components of Shaoyao-Gancao decoction in
normal and polycystic ovary syndrome rats by ultra high
pressure liquid chromatography with tandem mass
spectrometry [ J ]. J Sep Seci, 2019, doi: 10. 1002/
jssc.201900002.

[3] SHAOY Y,CHANG Z P,CHENG Y, et al. Shaoyao-
Gancao Decoction alleviated hyperandrogenism in a
letrozole-induced rat model of polycystic ovary syndrome
by inhibition of NF-«B activation[ J]. Biosci Rep,2019,
doi:10. 1042/BSR20181877.

[4] XEZ AHHMATLNBEH AWM RID]. AX
HE = 6 B B R 2, 2009.

[5] XIE P S,LEUNG A Y. Understanding the traditional
aspect of Chinese medicine in order to achieve
meaningful quality control of Chinese materia medica
[J].] Chromatogr A,2009,1216(81) :1933-1940.

[ 6] XIANG C, QIAO X, WANG Q, et al. From single
compounds to herbal exiract:a strategy to systematically
characterize the metabolites of licorice in rats[ J]. Drug
Metab Dispos,2011,39(9) :1597-1608.

(7] FEWEE, B, ¥, %. £ F UPLC-Q-TOF-MS" 4y
DRSS i N R NS LR AW Vit 7 AR L R )
A= 8,2016,22(20) . 77-81.

[8] FAN R, LI N, XU H, et al. The mechanism of
hydrothermal hydrolysis for glycyrrhizic acid into
glycyrrhetinic acid and glycyrrhetinic acid 3-0-mono-d-
glucuronide in subcritical water[ J ]. Food Chem,2016,

<111 -



5526 45 6 ] REXEGFFERE Vol. 26,No. 6
2020 4£ 3 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2020
190.912-921. [12] LINDHEIM L, BASHIR M, MUNZKER J, et al
[ 9] HUANG M, CHENG Z, WANG L, et al. A targeted Alterations in gut microbiome composition and barrier
strategy to identify untargeted metabolites from in vitro to function are associated with reproductive and metabolic
in vivo: rapid and sensitive metabolites profiling of defects in women with polycystic ovary syndrome
licorice in rats using ultra-high performance liquid (PCOS): a pilot study [ J]. PLoS One, 2017, 12
chromatography coupled with triple quadrupole-linear ion (1) :e0168390.
trap mass spectrometry [ J ]. J Chromatogr B Analyt [13] GUO Y, QI Y, YANG X, et al. Association between
Technol Biomed Life Sci,2018,1092 .40-50. polycystic ovary syndrome and gut microbiota[ J]. PLoS
[10] LI'Y Y, WANG H,ZHAO C, et al. Identification and One,2016,11(4) :e0153196.
characterization of kukoamine metabolites by multiple [14]  F[fh ik, hE 2 F 0, 4. KR UG W BT AT 25 1 44
ion monitoring triggered enhanced product ion scan AMU B AL RO B9 [ T]. o B rp 2 24 3, 2016, 41
method with a triple-quadruple linear ion trap mass (20) :3839-3845.
spectrometer[ J]. J Agric Food Chem,2015,63 (50): [15] e, ool Jp s s, 5. B 55 AR 78 AT 48 B8 35 R0 AT o 2
10785-10790. FhEE S S T ZE RO R, 2017,
[UL] T8, B, 2 60, 4. I3l B RE X v 2545 80 0 1Y 39(2):393-398.

YR ACAT SR R R () ] v S G O R 25 24 i, 2015,
21(2) :229-234.

- 112 -

[REHE XEX]





