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[ Abstract] Based on the metabolomics, this paper systematically analyzed the metabolic substance basis of Zuogui Pills and Yougui
Pills in syndrome differentiation and treatment of diminished ovarian reserve ( DOR), so as to provide a scientific basis for the
traditional Chinese medicine (TCM) syndrome differentiation and treatment of DOR. Patients with DOR of kidney-Yin deficiency
syndrome were collected from outpatient department of hospitals and treated with Zuogui Pills for 12 weeks. And kidney-Yang
deficiency syndrome were treated with Yougui Pills for 12 weeks. Based on the non-targeted metabolomic research techniques, the
potential biomarkers of Zuogui Pills and Yougui Pills in the treatment of DOR with kidney-Yin deficiency and kidney-Yang deficiency,
respectively, were screened out, and metabolic pathways of biomarkers were analyzed. The pregnancy rate, basic serum hormone levels
[ basal follicle-stimulating hormone (bFSH) , basal-luteinizing hormone (bLH), basal-estradiol (bE,), and anti-Miillerian hormone

(AMH) ], TCM syndrome type score, and Kupperman score were recorded and statistically analyzed after treatment. The results
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showed that 23 patients with DOR of kidney-Yin deficiency syndrome and 25 patients of kidney-Yang deficiency syndrome were
collected. Twenty-six differential metabolites, including L-carnitine, acetyl-CoA, coenzyme A, and coenzyme Q,,( CoQ10), were
mapped to 12 metabolic pathways in patients with kidney-Yin deficiency treated with Zuogui Pills. Twenty-two differential metabolites,
such as adipoyl-CoA, L-lysine, lysine arginine, and a-tocopherol, were mapped to 11 metabolic pathways in patients with kidney-Yang
deficiency. After treatment, bFSH and bLH of patients with DOR were significantly lower than those before treatment ( P<0.05).
Although the comparison of bE, and AMH had no significant differences, there was a improvement trend. The TCM syndrome type
score and Kupperman score of patients with DOR after TCM treatment were significantly lower than those before treatment ( P<0.05).
[ Key words] diminished ovarian reserve; kidney-Yin deficiency syndrome; kidney-Yang deficiency syndrome; Zuogui Pills; Yougui
Pills ; metabolomics
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E NG B/ V 2 500 2500 X et < "
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HEALHLE/V 2 25 IR AR 2 41, DOR & FH HE2H 26 il , i 5630 (7]
HEFL T/ Lh 50 10 A1 B, %, DOR B Bk 40 A 2% 5¢ i 23 1Al
I AT 0.2 0.2 DOR ' BH BEAT 356, 25 9], W% 3.
BRI/ C 120 100
FIEHIRH#/L-h 800 600
B EH (m/z) 50~1 500 50~1 500 #3 ZEF RN
PEREIARRL WL 2 2 Table 3 Case collection of examinee 14
20531 A % R S,
Yy, ok HAEL 53 BT 1. H MetaboAnalyst X} 22 % Egg :%E;g iz (1) ? zz
e N » N TN v 5] =
PRI 13 PO B A BT, GEVE OB R SPSS g 23 0 . "

Version 19. 0 414, P<0.05 B ERA R ¥ E XL,
FL I 257 HL B AR 240 IE B 855K (POS) Fi i B 1
B (NEG) ,2 AR A T A A G 4 B 5
# VERETT @, 6 22 QC KI5 Atk 2 FhgEX
BapiliETi B
2.7 Stk

BT 45 B 2% A SPSS Version 19. 0 #4743 #r .
I B2 45 2% (CRF) BN ROR A, $ ok v o0 A
PR AT B A6 AN O GE 2R AE e s R A
RIT L A IFER BEA 2 A RAE | PR
fli ANRFHM, G K25 AT E L 22 5
[ 95% B A IX ) (CI) R, IE 2 40 1 K 56
Shapiro-Wilk #5577 20, BE4HIRYT AT 5 45 R 22 5+
A R Wilcoxon ( & AR 38 ) 9E S B0 X K
B KB K ME a=0.05,P<0.05 2% 5% BA 52
=Y, guiT s P A 2 ( median, M) [ R Y43
HE(P25) , EIU K (PT75) | Row, Rk gt
—fRI5 N M(P25,P75) .,

K4 BFIBITHT JS ML PERGR bFSH bLH bE, AMH f4 lLEL
Table 4 Comparison of serum sex hormones of bFSH, bLH, bE,, and AMH before and after treatment of patients

TE:DOR. B L IREWGE (£ 4 .5 W) .

3.1.2 AR flER4L 28 Bl 4RI M(P25,P75) 1 H
34(31,36) % ; DOR 5 B g 41 23 4], 4F % [ M (P25,
P75) 124 36(30,38) % ; DOR ' FHIEZH 25 4], 4B [ M
(P25,P75) 124 33(31,38) %, Mkt AL 76 1,

3.2 ZIFALAYY DOR BFHIE A7 0 ALIRYT DOR B
FH R 11f5 PRI 7 5%

3.2.1 i E bFSH bLH JERl M B2 (bE,) |
AMH A BEIRITRT G X BT & B, DOR B
FEEZH . DOR ' FH K 41 83 IR 223 3L A7 F AL 12
JJE 1 bFSH 5 bLH 7KV S80S 7 AT FEAR, 25 57
AGit2# 5 L (P<0.05) ;{HIL{E bE, 5 AMH /K-
BIRGRIT R 22 RIS L, A5 REH] AL
AVEAL AT B 3% DOR B FHEE . DOR 5 BH i /B %
M3 bFSH  bLH 7K F-, B4R bE,  AMH 7K ¥ 22 % T
iit=# 7 X, {2 DOR ¥ FH HE bE, A1 DOR ' FH K
AMH S B I3k 4,

M(P25,P75)

251 FEAS /1] i ] bFSH/IU-L™

bLH/IU-L™

bE,/pmol - L AMH/ng-mL™!

DOR ‘& B 23 JRITHET 11.53(10.41,15.43)
WIPE 8.71(7.99,11.55)"
DOR & [H & 25 WBITRT 13.50(11.15,18.64)
BITIE 8.89(6.97,13.75)"

5.78(3.59,10.43)
4.03(3.79,6.41)"
6.18(3.62,11.22)
4.02(2.95,7.27)"

131.35( 106. 37,176. 50)
148. 48(87.94,180. 85)
154.00(77.29,229. 69)
150. 47(74.25,215. 55)

0.16(0.04,0.28)
0.09(0.01,1.01)
0.21(0.05,0.99)
0.56(0.14,1.29)

T SARLEITRT " P<0.05(F 5 ) ,
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3.2.2 PEIERIPES M Kupperman PE43 HLEE AR
FARSTHI X BT A B, DOR ' FAEE \DOR ' FH
M IR 22930 A VHAL 12 J8 S Kupperman 343
e EUERIPE R BOR T AT A W T, 2 5 B

25 BEBITHT U5 EUEALPES> FT Kupperman P43 HE 3

Gt E L (P<0.05) . ZREW, 22 A
A LLWT A 2 DOR B HE L DOR W BH 2 & 3
Kupperman P43 Fl i B& IE U DT 43, 46 55 B35 A0 AR T
ikt WA S,

Table 5 Comparison of traditional Chinese medicine syndrome type score and Kupperman score before and after treatment of patients

M (P25,P75)
25 51 FEA R/ ] i) 1] o BEIEEE S A Kupperman #43/ 43
DOR 5 BH i 23 TRITHT 16.00( 11. 00,22. 00) 4.00(3.00,8.00)
BITIE 5.00(2.00,10.00) " 2.00(0,3.00)"
DOR & FH & 25 BRI 15. 00( 8. 00,20. 50) 5.00(2.00,8.00)
RIT IR 5.00(2.00,7.50)" 2.00(0.50,4.00)"

3.2.3 ARV ZEEIEN  DOR BB EH
AR FHZE 09 30 . DOR B BH AR 835 AR A U3 AL 1) oK &
ARG WK TS BB AN RO, I HL A3 A
T ZAE R YT AR YT R B0 H T IR R T
(6100 = ) | i e o o4 A 1 O W i e B N
S
3.3 A vA R R

FEAS_EAUR I ) 3 A g T REAS dE 2 i
[, ST B st S BRI A ke ) T, e B S s A )
R RS P AR UE B It (9 T Sk, AR SR AR
1E B AU QC AR S HEA T & 43 HT, ARRIIE
IXES AR E PERIUERA M . 45 RAE IE B R0 67 B 1A
R B QC HE i (LT A5 5 e [0 5 85 AR B Bsf [i) 438
o P R, U ASCER AEAG I I T A AR i R v,

ALEETREGB . AE TR,
1 AU QC ¥l LC-MS EIC F (n=3)
Fig. 1 LC-MS EIC of the QC detection of human serum (n=3)

(AR ARG TR H 4, DL 1,
3.4 R EAR A RS 3 B
3.4.1  FEWSrHT(PCA) 1S B A AR 2
SR EE S —Fh Z e EUiE 4, PCA SR IE 22 78 4
GETT I, il X R 2 AT < 5 TR
(22 e AR AR B L IR IRAS 4 JE R s A S AR
TR PCA FEHY SCRBEAY S e T 508 17 S bk
A RTFIX A2 a2 5, AT AR P REDE T X
EAE R

IEBFBCT, fd 41 f DOR B B & 413677
A5, fEEERLLF DOR B BH B ALIA YT R | J5 REA B
PCA 43 HUs e LA 2, S5 K W B A ke
ARIEARLT 95%C1 N, {@FR415 DOR & B 41 /&
FIRITH 5 RE AR BOE i R S R A e, fi
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HE41Y DOR ' BRI ALIAYT BTR ISR, 1R)7 5
FEACKCHR ) T e, AR AR R 1 ST 2, T

A7 U PR A R A2, Je ) it — 200t
FEHRIEIA

control. fatE4 ;ShenyinxuH. DOR B BA R AIEYT G ;ShenyinxuQ. DOR "B B HE 4L IR YT R ShenyangxuH. DOR B BH 4RI )R ShenyangxuQ. DOR

B BH K 2H 357 R (1 3 )
B2 A4IRYTHT G PCA BUS A

Fig. 2 PCA scatter plots of each group before and after treatment

3.4.2  IERmE/DFE-F5153 8 (OPLS-DA) 5
B U2 R A WE £ o0 B OPLS-
DA X LU T AT, N B iy R e A0 A AR YT
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Table 6 Related metabolites of Zuogui Pills in the treatment of DOR of kidney-Yin deficiency

No. B4 Fx tg/min m/z FC vip it BT
1 3-hydroxytetradecanedioic acid 6.47 313.139 7 2.14 4.47  C,HyOs EEF
2 L-carnitine 0. 47 162.1128 4 806. 16 1.96  C,H;sNO, EETF
3 CE[18:2(97,127) ] 12. 89 687.547 3 53.62 3.31  CuHy0, EET
4 tetrahydrocortisone 12.97 347.221 0 4.02 1.28  Cy HjO0s EET
5 Cer(d18:1/23:0) 13. 00 658.606 8 2 965.55 1.45  C,Hg NO, EET
6 thiamine pyrophosphate 12.73 873.0819 2.45 L74  C,H,,N,0,P,S" EET
7 bisnorcholic acid 12.93 761.515 5 3.02 1.41 CyyHy6 O EET
8  coenzyme A 12.99 750. 110 2 7.53 3.31 Gy HyuN,0,P,S EET
9 alpha-tocopherol 12. 69 453.367 1 3.78 1.68  CyHsy0, EEF
10 oleamide 8.73 304. 261 0 2.55 7. 41 C,sH35NO EEF
11 hexanoyl-CoA 10.97 866. 194 2 7.67 .32 CyHEN,0,P,S EEF
12 acetyl tributyl citrate 6.98 425.214 8 10. 05 6.73  CyHy, 04 EEF
13 doristerol 12. 65 369.351 4 2.20 7.42  CyH,O EEF
14 4alpha-carboxy-4beta-methyl-5alpha-cholesta- 12. 84 445,364 1 13. 04 118 CyHuOs EETF
8-en-3beta-ol

15 CerP(d18:0/16:0) 10.76  1239.996 9 15. 02 2.89  CyHyNOGP EEF
16 LysoPE[18:1(9%)/0:0] 11. 66 462.295 3 3.60 1.55  CypyH,NO,P EETF
17 11-beta-hydroxyandrosterone-3-glucuronide 12.76 465.250 0 5.41 2.62 Cy5H3304 EETF
18 PI[18:2(97,127)/18:0] 12. 96 863. 566 4 2.08 3.77  CuHg 0P EET
19 heptadecanoyl carnitine 12. 89 849. 690 2 54.77 2.90 CyyHyy NOy EBT
20  gamma-glutamyl-beta-cyanoalanine 8.21 531.177 3 2.49 1.15  CyH;3N;04 Uit
21 coenzyme Q10 9. 04 883.677 8 2.03 6.33  CsHooO, T
22 stearic acid 10. 39 283.262 1 2.02 .32 CHy0, -
23 cholesterol sulfate 10. 44 465.303 8 2.81 1.15  C,HyO0,S B
24 3-hydroxymugineic acid 3.82 717.229 4 3.28 1.22  C;,HyN,0, U
25 cholic acid glucuronide 6.15 583.308 6 2.15 1.57  C4HgO0, e F
26 megestrol 6. 68 701. 410 4 2.43 1.22 C, HyO, BT
#:FC. fold change( 3 7 [[]) ;P=0,

27 I DOR B BH R B AR A

Table 7 Related metabolites of Yougui Pills in the treatment of DOR of kidney-Yang deficiency
No. R4 tg/min m/z P FC VIP ST BT
1 CE[18:2(97,127)] 12.89  687.547 4 0 2.01 3.61 Cy5Hy0, EET
2 hydroxyphenyllactic acid 2.30 365.119 9 0 5.08 1.21 CoH,,0, EEF
3 tetrahydrocortisone 12.97 347.221 0 0 2.26 1.01 Cy H3, 05 EBT
4 Cer(d18:1/23:0) 13.00  658.606 9 0 2.53 1.41 Cyy Hg; NO, EET
5 heptadecanoyl carnitine 12.89  849.690 3 0 2.08 1.79 Cp HyyNO, EET
6  SM(d18:1/24:0) 9.72  816.7017 0 3.42 1.16 CyrHogN, O P EET
7 4alpha-carboxy-4beta-methyl-5alpha- 12.85 445.364 1 0 2.46 2.14 CagHyg04 EET

cholesta-8-en-3beta-ol

8  thiamine pyrophosphate 12.73  873.0819 0 2.74 1.37 C,,H,,N,0,P,8" E&ET
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5%yl
No. R 2 5% tg/min m/z P FC VIP 43 [
9 linoleamide 8.07  302.2455 0 2.80 2.01 CygHy;3NO EET
10 ceramide[ d18:1/24:1(152) ] 12.12 630.618 0 0 2.50 1.36 Cyp Hg; NO, ERF
11 adipoyl-CoA 12.58 934.124 8 0 2.16 1.45 Cy,HyuN;0,4P5S IX-=a
12 alpha-tocopherol 12.69  453.367 1 0 2.01 1.82 CpoHsgy0, EET
13 bisnorcholic acid 12.93  761.5155 0 2.47 3.86 CpyHy6 05 EET
14 doristerol 12.65 369.351 5 0 2.65 7.46 Cy,HyO EEF
15  gamma-glutamyl-beta-cyanoalanine 8.21 531.177 4 0.04 2.35 1. 66 CoH 3N; 04 e+
16  aspartyl-histidine 3.97  291.0806 0.03 2.18 1.05 CyoH 4N, 05 T
17 3-methylglutaconyl-CoA 10.97  874.137 8 0 11.20 1.35 CyHypN;0,0P,S T
18 stearic acid 10.39  283.2622 0 2.25 3.80 C1gH30, BT
19 L-lysine 8.36  339.2253 0 3.02 1.01 C¢H 5N, 0, BT
20  threoninyl-tyrosine 5.41 609. 244 7 0.03 2.29 1.39 C3H N, O T
21 phenylalanyl-isoleucine 5.75 601.321 0 0 2.01 1. 66 CsH,, N, 04 BT
22 lysyl-arginine 5.23 301.199 8 0 2.17 3.21 C 1, HyNg O ui-

K5 g AR 22 A Y LA

Fig. 5 Comparison of differential metabolites in serum samples
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REMBAEREEAEN, SRR SR T

B Fr-- BN BRI A 5 O A HE B | 538 3k AR 248 e Y
e 240 6 1) B B A K AR S ARSI 22, 0T 58
A A RO 2P I (ML) | S S20kS ks
o XA H B ) 2D 0 g5, A4 TORL 41 i 1
B 1 Fr 40 B R 5 A A A o) B AR THAE RE
(AR 2 A AR e 5 v ™ AR R B 1 ATP  3X A
iR B AR R B R AR R MO S S 0 BE N
R B-SA AR — DRSS, TEGRLAR A
NE PR A B L WS A (hexanoyl-CoA) 1 ATP, £,
T A MZORLIAREE BT P 0% i 10 R vh B2 52 40 fie , 9K
J5 R SRR = 5% R AR B A v, 1A% 188 B L) 7 R
ATP™ | A A 2 A B A B 1A SE AR T
L B BEAE Ry 2 [ A Y5 B A4, 75 A FF o
e B I [ Y B i n] DUV S B B 40 i
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Fig. 6 Analysis of metabolite pathway
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