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Abstract: The study aims to investigate the metabolic process of the antidepressant component (BS-60E)
from Paeoniae Radix Alba in rats, and to compare the differences in the disposition of its metabolites between
normal and depressed states. In this study, a chronic unpredictable mild stress (CUMS) depression model was
established in rats. Normal and depressed rats were orally administered the BS-60E aqueous solution, and serum
and urine samples were collected. The prototype constituents and metabolites were identified using UPLC-Q-TOF/
MS combined with UNIFI software, and multivariate statistical analysis was employed to compare the differential
constituents between normal and depressed rats. Animal experimental procedures were approved by the Animal
Ethics Committee of the Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences &
Peking Union Medical College (approval No.: SLXD-20211105019). The results showed that 9 and 28 prototype
constituents, as well as 33 and 60 metabolites, were detected in serum and urine samples, respectively. The main
metabolic pathways included phase I reactions such as hydroxylation and desaturation, and phase II reactions
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including glucuronidation and sulfation. Compared with normal rats, the levels of monoterpene constituents such

as paeoniflorin and 1-O-f-D-glucopyranyl paeoniflorone were decreased in both serum and urine of depressed rats,

while the levels of polyphenolic constituents such as methyl gallate and ethyl gallate were decreased in serum but

increased in urine. These results indicate that the depressed state significantly alters the metabolic disposition of the

main constituents of BS-60E in rats. This is manifested as reduced absorption of monoterpene constituents, leading

to decreased exposure of prototype constituents in serum and urine, suggesting that their pharmacological effects

may primarily depend on metabolites and are excreted via the kidneys in metabolized forms. Meanwhile, the renal

excretion of polyphenolic constituents is accelerated, resulting in decreased serum concentrations and increased

urinary excretion, suggesting that their prototype constituents may directly participate in the pharmacological

process and are excreted in urine both as prototypes and metabolites.
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normal group rats and the depression model group rats. Control: Normal group; Model: Chronic unpredictable mild stress (CUMS) model

group; n =0, x+s."P<0.05;"P<0.01; P <0.001 vs control
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Figure 2 The base peak ion (BPI) chromatogram in negative ion mode of serum (A) and urine (B) samples from normal rats after oral

administration of BS-60E

Table 1
detected). U: Urine; S: Serum; SN: Serial number

Identification prototype and metabolite results of BS-60E in rats (+: The sample source of metabolites; /: No metabolites were

. . . Structural Negative ion  Error Source
No. SN f/min Prototype composition Metabolic pathway mlz
formula fragment (ppm) U S
I A0 2.86 Desbenzoylpaeoniflorin  Parent C,H,0, 375.1312 165 56+
2 Al 2.43 Sulfation C,H,0,.S 456.093 8 275,345 10 +
3 BO 4.74 Galloylglucose Parent C,H,O, 331.066 1 125,211 -1.3 + /
4 Bl 3.25 Glycoside hydrolysis+glucuronidation C,H,0, 345.0440 125,169 -69 + /
5 B2 3.83 Glycoside hydrolysis+glucuronidation+ C,H,,0,, 521.076 8 169, 246 =3.1 + /
glucuronidation

6 B3 3.97 Reduction C,H O, 333.0809 125 -5.8 +

7 B4 4.34 Glycoside hydrolysis+glucuronidation+ C,H,,0, 301.0540 125,204,301 -8.6 +

decarboxylation

8 BS 4.6 Glucuronidation C,H,,0,, 507.0952 331 =79  + /
9 CO 5.71 Galloylsucrose Parent C,,H,0, 493.1244 137,211 9.1 + +
10 ClI 4.58 Hydroxylation C,H,,0,, 507.098 6 445 -0.1 +
11 C2 4.70 Hydroxylation+desaturation+methylation ~ C, H, O, 521.1150 124,168, 183 0.2 / +
12 C3 6.97 Hydroxylation+acetylization C,H,0,, 549.1122 197,261,373 5.5 + /
13 DO 4.21 1-O-f-D-Glucopyranosyl Parent C,H,,0, 359.1323 179,197 =53 + +
14 DI 2.34 paeonisuffrone 3xHydroxylation C,H,0,, 405.107 1 405 9.3 +
15 D2 4.16 Hydroxylation+desaturation CH,0,, 373.1102 315,359 -8.8 + /
16 D3 5.22 Desaturation C,H,,0, 357.116 5 233 -7.1 +
17 EO 6.03 Procyanidin C Parent C,H, 0, 865.1955 243,407,695 -3.5 +
18 FO 6.59 Digalloylglucose Parent C,,H,,0,, 483.0812 151 6.6 / +
19 Fl 7.20 3xHydroxylation+demethylation C,H,0,, 545.076 8 444,511 -2 + /
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Continued
. . . Structural Negative ion  Error Source
No. SN tf/min Prototype composition Metabolic pathway m/z
formula fragment (ppm) U S
20 GO 6.68 6-O- Parent C,H,0, 361.1516 355 47  +
21 Gl 1.09  Glucopyranoglucoside ~ -C, H,,O,+reduction+glucuronide C,H,,0, 341.1086 119 -1 +
conjugation
22 G2 3.74 Hydroxylation+desaturation C,H,0, 375.126 0 376 -84 + /
23 G3 4.83 Hydroxylation CH, 0, 377.1444 113,359 24 + +
24 HO 6.79 Parent C,H,,0, 343.1392 292 -0.3 +
25 HI 3.77 Mudanpioside F Hydroxylation+desaturation C,H,,0, 357.118 6 357 0 +
26 H2 7.28 Hydroxylation C,H,,0, 359.1347 348 1.3 / +
27 H3 8.93 Reduction+acetylization CH,.0, 387.1649 387 -1.6 + /
28 10 6.94  Strictinin Parent C,,H,,0 ¢ 633.0729 152,300 -08 + /
29 JO 7.04 Catechin Parent C,H,0, 289.0744 121,125 100 + /
30 )1 7.05 Glucuronide C,H,0, 465.1077 123,289 82 / +
conjugation
31 KO 7.20  Catechin glucoside Parent C,H,0, 451.124 6 137,289, 311 0r  + /
32 Kl 6.47 Hydroxylation+desaturation C,H,0, 465.1070 108, 123,152 6.7 / +
33 K2 7.54 Hydroxylation+desaturation+methylation ~ C,,H,,0,, 479.1222 122,137,303 5.4 + +
34 K3 7.93 Hydration+acetylization C,H,.0,, 511.1435 169 -4.5 + /
35 K4 1155 Dehydration C,H,0,, 4331116 151,271 -54  + o+
36 LO 7.81  Oxypaeoniflorin Parent C,H,0,, 495.1498 165,177 -1.0  + +
37 LI 4.98 -C,H,0,+hydration C,H, 0, 377.1447 113 -7+ o+
38 L2 5.96 -C,H,0,+hydration+reduction CH, 0, 379.1584 375 =70  + /
39 L3 6.38 Glucuronide conjugation CH, O 671.180 6 160,265 =35 + /
40 L4 6.53 -C,H,0,+reduction C H,0, 377.148 0 113,359 69 / +
41 L5 7.41 Glucosylation C,H,,0,, 6572034 137,177 -0.3 +
42 L6 8.03 -C,H,0,+2xhydroxylation+desaturation+  C, H,0,,S 467.053 7 183,196, 359 77+
sulfation
43 L7 8.32 Deglucose+hydroxylation+desaturation+  C H O, 405.0810 207,273 -4.3 / +
hydroxylation+acetylization
44 L8 8.39 -C,H,O,+reduction C,H,0, 361.1533 113,301 78 o+
45 L9 10.74 Decarboxylation+desaturation C,H,0, 449.143 5 446 -4.0 + /
46 MO 9.04 Diglucopaeoniflorin Parent C,H,,0,, 803.2641 121,179,383 32 + /
47 M1 11.84 -C,,H,,0,+desaturation+glucuronide C,H,,0,, 653.1677 111,475,543 -7.0 + /
conjugation
48 NO 9.33  Glucosylpaeoniflorin Parent C,,H, 0 641.2117 121,165, 489 5.5 + /
49 NI 17.44 Deglucose+decarboxylationt+hydration C,H,,0, 453.1753 149,219 =32 / +
50 00 9.64 Albiflorin Parent C,,H,,0 479.1550 123,196, 370 32+ 4+
51 Ol 5.57 -C,H,0,+hydration C H,O0, 377.1470 113,133,359 44 / +
52 02 6.89 -C,H,O+hydroxylation C H,0, 407.1222 181,203,373 6.6 / +
53 03 7.36 -C,H,O+glycoside hydrolysis+ C,H, 0, 371.1012 146 77/ +
glucuronidation+-H,0
54 04 8.14 -C,H,O+oxidation+-CO C,H,0, 361.1528 121,175 64 + /
55 05 15.31 -C,H,O+oxidation+decarboxiylic C,H,0, 345.1556 164 0.1 / +
56 PO 10.28 Paeoniflorin Parent C,,H,,0, 479.1550 121,196, 211 32+ o+
57 Pl 8.52 Demethylation+hydroxylation C,,H,,0,, 479.111 6 479 -4.9 + /
58 P2 9.39 Glucosylation C,,H, O 687.2191 121,211, 409 7.3 / +
59 P3 10.31 Oxidation+decarboxylic C,H,0, 449.1415 449 -7.4 / +
60 QO 10.54 Ethyl gallate Parent C,H, O 197.046 8 124 9.1 + +
61 QI 4.48 -C,H,+sulfation C,HOS 248.968 7 125,169 -94 + /
62 Q2 5.47 -C,H,+glucuronidation C,H,0, 345.0438 125,169 =73 +
63 Q3 6.18 Demethylation+sulfation C,H,0,S 262.9872 168,183 38+ o+
64 Q4 8.45 Glucuronidation C.H,O, 373.080 6 124,197 79 o+ o+
65 Q5 9.97 Sulfation C,H, 0,8 277.0020 124,197 06 + +
66 Q6 10.69 -C,H,+glucuronidation+-H,0 C;H,,0, 327.1077 121 =27 +
67 RI 5.40 Methyl gallate Decarboxylation+sulfation C,H,OS 2189950 109,138,188 -85 + /
68 SO 11.39 Tetragalloylglucose Parent C,,H,0,, 787.101 5 123,195, 409 1.9 + +
69 S1 11.01 3xHydroxylation+sulfation C,H,0,S 915.0376 897 =37 +
70 TO 12.99 Malloylpaeoniflorin Parent C,,H,,0,4 631.1672 121,160 1.4 + /
71 Tl 8.29 Reduction+demethylation+ C,H,,0, 767.208 6 628 6.6 + /
decarboxylation+glucuronide conjugation
72 T2 10.11 2xHydroxylation+demethylation+ C,H,0,, 797.179 4 659,797 2.2 / +
decarboxylation+glucuronide conjugation
73 T3 11.25 Glucuronide conjugation C H, 0, 807.1975 613,631 -1.8 + /
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Continued
. . . Structural Negative ion  Error Source
No. SN  t#/min  Prototype composition Metabolic pathway m/z
formula fragment (ppm) U S
74 U0 15.54 Mudanpioside I Parent C,,H,.0, 479.1550 121,331 32 +
75 Ul 8.60 Glucosylation C,,H, 0, 687.2161 121,489 29 o+ /
76 U2 11.44 -C,;H,,0O +desaturation+sulfation C,,H,0,S 291.0173 123,166,196 -2.1 + +
77 U3 11.87 Reduction+demethylation+sulfation C,H,0,S 547.116 3 485, 547 75 +
78 U4 12.87 -C,;H,,0,+hydroxylation+desaturation+ C,,H,0,S 291.0199 123,166, 196 6.5 / +
sulfation
79 WO  12.38 Mudanpioside H Hydroxylation+glucosylation C,H,,0, 793.2155 433,491,613 -5.2 + /
80 X0 16.99 Digalloylpaeoniflorin Parent C,,H,0, 783.1729 183,465,631 -6.2 + /
81 YO  17.90 Benzoyloxypaeoniflorin Parent C,,H,,0,, 599.1783 137 22+
82 Y2 18.36 -C,H,0,+decarboxylation+glucosylation ~ C,.H, O, 597.218 8 283,445 -0.1 + /
83 Z0 18.54 Benzoylpaeoniflorin Parent C,,H,,0,, 583.183 1 121,217, 449 8+ +
84 71 12.38 Hydration+hydroxylation+glucuronide C,H,,0, 793.2155 433,491,613 -53 + 7
conjugation
85 72 17.53 2xHydroxylation C,H,,0,, 615.1722 169,217 06 + /
86 Z3 17.97 Glucosylation C,H,0,, 745.2343 169,313 -0.8 +
87 10 7.34  Procyanidin C Parent C,,H,0,, 577.1353 125,289 0.2 +
88 110 18.05 (2)-(1S,5R)-f-Pinen-10- Parent C,H,,0, 4452057 137 -3.8 + 7
89 1II1 7.71 yl-p-vicianoside -C, H (O +2xhydroxylation+glucuronide ~ C,H,,0, 359.1377 123 8.3 + /
conjugation
90 112 15.95 -C,H,O,+2*desaturation+sulfation C,H,,0,S 389.0895 235 -4.1 + /
91 113 17.78 Reduction C,H, 0, 447.2226 101,161,315 -2.2 +
92 114 18.00 Reduction+methylation C,H,,0, 461.2382 121,177,327 24 + /
93 1I5 9.36 -C, H, O +hydration+hydroxylation+ C,H,0, 361.1484 113,268 -5.6 + /
glucuronide conjugation
94 116 9.80 -C,H,O,+hydroxylation+desaturation+ CH,0, 369.158 6 124,197 8.2 + /
acetylization
95 117 7.10 2xHydroxylation+demethylation+ C,H,,N,0, S, 8482052 535,826 -1.6 / +
sulfationtglutathione conjugation
96  1II0 8.34 Mudanpioside E Parent C,H,0,, 525.166 0 167,359, 383 8.8 +
97 Il 5.32 -C,H,,0,+hydroxylation+glucuronide C,H,0, 359.0595 168 -6.9 + /
conjugation
98 1II2 6.69 -CH,0+2xdecarboxylation C, H,,0, 407.173 7 203,239 6.2 / +
99 13 7.29 Decarboxylation+dehydrate+sulfation C,H,0,,S 543.1227 132,212,446 9.1 + /
100 1114 8.22 Demethylation C,,H, 0, 511.1462 169 09 + /
101 IS 8.77 3xHydroxylation+glucuronide conjugation C, H,O,, 747.1617 747 -0.4 + +
102 1116  10.86 Hydroxylation+desaturation+ C,H,0,, 495.148 8 137,345 -4.1 + +
decarboxylation
103 II7  11.03 Decarboxylation+hydroxylation C,H,0,, 497.163 6 169,271 =5.7 + /
104 1Vl 8.80 Paeonimetabolin I Glucuronide conjugation CH 0, 373.0752 197 =5.1 / +
105 IV2 6.95 2xGlucuronide conjugation C,H, 0, 549.146 9 549 2.4 / +

21 EBEREXRUEMRHEEYNETE UGN
(C,,H,,0,,, 00) FIA 25 (C,,H,0,,, PO) M. 1EH K
B, 1 I BS-60E Ji Ao Ml 1 A5 24 P I 1 Ji 284 jle 23 #1 5 A
R =9 (01~05), bk O4 775 T R 4h, HoAth 4 4
=4 (01~03.05) FA7E T IMLiF ;158 KBRS
PRI A rp %5 5 B A 25 J5L B A 43 A 3 AR =4
(P1~P3), .t P2 F1 P3 P AMACH = W47 78 T 1L
PUAFLE T IR o HEM A AR iR 42 L 3.

O1 IHES T3 T & m/z 377.147 0 ((M-H]), i@ it
TG 3 20 A I 4y 12 0Ch € 1,0, (m/z 378.152 6) T
JE AL R 432> 102 Da, HEW AT Be AT 245 BRI 25 1 4
TARHER (CH,0,) & KAEIKE RN = A AR 7= 4,
02 IHESY T 85 T 0% m/z 407.122 2 ((M-H], C,H,,0,,),

bl J5 28 i 43 /1> 72 D, #HEW L TT B 1 AT 24 P4 B B 2%
153F C,H,0 J5 RAEPIRFR AR N = E; O3 HESD T
B m/z 371.101 2 ((M-H]", C,H,,0,,), HEMl #4524
PTG L BR 1 2 1 CH,0 Ja , il 45 255 5 78 Dk i 2] W
MERR B 5 KA — RANVE R R Z 2R 140 7 H,O M
FEAE AR, 04,05 HEMI AT 25 P BE 7 IR BR 19 7
C,H,O P It 2 5, B2 S AL Bk CO BB FETE 1k
R0, P1RIHE BT m/z 479.111 6 ((M-H]"),
TG A B 4 7 308 C,H,,0,,, SRR AT RE
A AR S I, I I S AT 25 R A e 2 H AR AL
Ja B =4, P2 [ HE 4> BS T m/z 687.219 1 ([M+
HCOOY), Lt JE AT 258 15 11 208 Da, 7] BE AT H K
A ] B R AL S B A A A, I ) O
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W) B1~B5 &5 ¥ 78 JR Rl 3, {3 i3 A 22 3
U= B4, £ BRI A F2HEA R AR RE R AL |
FEM NG, AU R WK 6.
3 HDERARR ¥t BS-60E A I0LAK 43 BY 5 i)

K FH 5 5 K BRI A5 A A (] 1R T A 3 % 1 ot
R A3 BT 70, R IR KBRS AR . 52 B a8k
FEQCFEA T 6 NRFAIE 25 1 R B3 I 1) o ey L 4T 2R
AR T g2, Hoh B 5 1 1) RSD AR AR [ 430 M
0.047%~0.595%- 0.002%~0.004%, F& 52 14 ) RSD 4%
38 43 991 N 0.451%~1.539%- 0.000%~0.065%,
Wz E S AR et R . Bl 2 e R ik T
15 HE BS-60E J 73 7 4V 55 1E & K BRI 7 AR 4
Z5. SR TA iR, PCA R T45 R EoR,
IR B -5 1E R B 2 24 I I AR 8 3R 22 e B R . %
B 747 A B 9 OPLS-DA #5851 4> #7 (& 7C,
R’X=0.653.RY=1.0"=0.673), B#A 5% (B 7E, n=
200) #5 SRR B R AR E v 5E, HAFAEL USRI,
K S-plot i #4341 (B 7G), FIH VIP > 1 7 i % 41 1.
TEEEARM Z 5 B0y, HERR IR TE ROy TG, S
1A Z 515, Forp R A R 43 2 S (DO.QO) AR 7= 4
94> (J1.K4.P3.Q4.Q5.U2.U4.IVI.IV2, %2). HIEH
K BRUAR EE, FRI K BRI A SR i 2R 4 DOWP3. U2, U4,

H
Dehydration I O
HO O 000 e =, HO O 0

IV1 & 2K, o, DO (P < 0.05).Q4 (P < 0.01).
IVl (P<0.01) BAREWNZER, 2L Q0.Q4 11
R R R (B18).
4  HPEB KR XF BS-60E 3 {4 A 43 b i HE itk 5 53 B9
E;un
SR AR AR R B PR VBURE A o 15 Hic 4, EL#E BS-60E i
I AEAIAR 5 IEH R BRI A ZE R . TR
£ QCFEA T 6 ANRFAE B+ 1) O B I 8] L J5 A LG 2R AT
A PEAIRRE 2 58, b A M RSD AR 4k ¥ 4 il
4 0.067%~0.522%-+0.002%~0.004%, £ & 7 ) RSD
AR AR VU HE 5 N 0.477%~1.032%+ 0.001%~0.032%,
R EESH R EERL. PCARESI4E
WE IR (K 7B), FAE K B A IE 5 KR & 245 IRV B4R
WG JBR 22 e i o N B 1HEAT AT B 1) OPLS-DA £
AR A0 #r (B 7D, RX = 0.781.R*Y = 1.0* = 0.976),
B AT (B TF, n=200) 45 RE BT E 5, T
A XS . 22 S-plot i 73 #r (& 7H), A VIP > 1
7 326 PR 2EL PR VR A 1) 22 S 14, FEBR PR 4y T
F, HEE W 15 DE R, K FEA 5> 34 (DO
J0.QO) AR ¥ =4 12 4~ (C3.D2.D3.G2.H1.J1.K4.
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Figure 7 Principal component analysis (PCA, A and B), orthogonal projections to latent structures discriminant analysis (OPLS-DA, C

and D), permutation analysis (n = 200, E and F) and the S-plot (G and H) of serum and urine samples from normal and depressed rats. A, C,

E, and G: Serum samples of rats; B, D, F, and H: Urine samples of rats
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Table 2 Comparison of differential constituents of BS-60E in depressed and normal rats

t . . Structural Error  VIP Source
No. SN R Prototype composition Metabolic pathway mlz .
/min formula /ppm  vaule U S
1 C3 5.03 Galloylsucrose Hydroxylation+acetylization C,H, 0, 549.1096 0.7 126 + /
2 DO 4.30 1-O-B-D-Glucopyranyl Parent CH,,0, 359.136 4 6.1 262 + +
3 D2 6.94 paeoniflorone Hydroxylation+desaturation C H,0,, 373.1135 -4.0 1.14 + /
4 D3 8.13 Desaturation CH,,0, 357.1184 -0.6 1.77 + /
5 G2 5.32  6-O-Glucopyranoglucoside Hydroxylation+desaturation CH,0, 3751279 -32 145 + /
6 HI 3.77 Mudanpioside F Hydroxylation+desaturation CH,0, 357.1217 87 206 + /
7 10 7.09 Catechin Parent C,H,0, 289.0722 35 1.63 + /
8 I 7.04 Glucuronide conjugation C,H,0,, 4651022 -24 179 + +
9 K4 17.85 Catechin glucoside Dehydration C,H,0,, 4331116 -44 136 + +
10 L1 6.84 Oxypaeoniflorin -C,H,0,+reduction CH, 0, 377.1453 1.3 130 + /
11 L2 6.02 -C,H,0,+hydration+reduction CH, 0, 379.1580 -63 315 + /
12 P3  10.31 Paeoniflorin Oxidation+decarboxylic C,H,O, 449.1415 -74 1.64 / +
13 Q0 10.61 Ethyl gallate Parent CH, 0, 197.0460 5.1 277 + +
14 Q4 8.45 Glucuronidation C,H0, 3730737 -9.1 128 / +
15 Q5 9.97 Sulfation CH, OS 277.0010 -29 147 / +
16 RI 3.68 Methyl gallate Decarboxylation+sulfation CHOS 2189977 69 183 + /
17 U2 11.54 Mudanpioside I -C,,H,,0+desaturation+sulfation CH,0S 291.0168 -24 343 / +
18 U4 1298 -C,,H,,0,+hydroxylation+desaturation+sulfation C,H,0S 291.0153 -7.6 150 / +
19 11 5.70  (2)-(1S,5R)-f-Pinen-10- -C, H (O +2xhydroxylation+glucuronide conjugation C,H,, O,  359.137 4 89 7.00 + /
20 112 16.14 yl-f-vicianoside -C,H,O,+2xdesaturation+sulfation C,H,,0,S 389.0898 -2.1 3.00 + /
21 IVl  8.80 Paeonimetabolin I Glucuronide conjugation CH O, 3730752 -51 2.08 / +
22 IV2 695 2xGlucuronide conjugation C,H, 0, 549.1469 24 1.02 / +
2 1 0 Do w0y K4 T TR R BR, T B 288 B 70 £ PR VA T S B RLIE
KB . AN, BS-60E i it K e o Bl i
= = =
z] AR U 0 4 25, T 2 19 2K 43 I T s B J5R
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Figure 8 Comparison of the relative contents of differential
constituents in serum of normal rats and depressed rats after oral
administration of BS-60E. n = 6, x + 5. P < 0.05, "P < 0.01 vs

control
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Figure 9 Comparison of the relative contents of differential
constituents in urine between normal rats and depressed rats after
oral administration of BS-60E. n =6, x + 5. "P < 0.05, P < 0.01,

P <0.001 vs control
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