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Abstract: The study aimed to further understand the changes in steroid hormones and their related
substances at different stages of follicular development in Holstein cows, and to provide a theoretical
basis for exploring the process and mechanism of follicular development in cows. In this study, based
on liquid chromatography-tandem mass spectrometry (LC-MS/MS) technology, Holstein cows (n=
18) were used as research subjects. Targeted steroid metabolomics analysis was performed on
follicles of three sizes at different developmental stages, with exploration and group comparison
conducted on small (Small follicle, SF, <5 mm, n=6), medium (Medium follicle, MF, 5-8 mm,
n==6), and large (Large follicle, LF, >>8 mm, n=6) follicles. A total of 24 steroid substances were
identified. Among them, 8 differential metabolites (6 down-regulated, 2 up-regulated) were found in
the comparison between SF and MF; 6 differential metabolites (2 down-regulated, 4 up-regulated)
were found in the comparison between MF and LF; and 6 differential metabolites (4 down-regulated,
2 up-regulated) were found in the comparison between SF and LF. Subsequent analysis of differential
metabolites based on the KEGG database revealed that in SF and MF, the endocrine resistance
pathway (P=0.04) and prostate cancer pathway (P=0.03) were significantly enriched. In conclusion,
this study confirmed significant changes in steroid hormones and their related substances during

follicular development in Holstein cows, providing a theoretical basis for in-depth understanding of

H O OB BE ¥ i 57 %

changes in the cow reproductive system.
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Table 1 Main composition and nutritional levels of TMR for experimental Holstein cows

JUkH i /kg B i
Ingredient Content Nutrient level Content

7K Water 5.47 +4# 5/ % Dry matter 55. 60
Hi## Cottonseed 1.03 TYIFCRE /% Dry matter intake 23.50
K Soybean hulls 1. 50 JEM/ % Starch 22.70
MEAZ B Oat grass 0.50 HMLEE /% Crude protein 16. 00
EE Afalfa 2.50 Ji i/ % Fat 5.60

HIF Silage 25.37 5 /g Calcium 180. 00

T K Corn 3.00 /g Phosphorus 116.00
M1 Soybean meal 1.30 Hhor e 45 4E / % Neutral detergent fiber 39.10

JE A 2K Flaked corn 2.00 FRME VR MR £ 4k / % Acid detergent fiber 20. 30
B2 Molasses 1. 00 FEWS AR/ (MJkg ' DM) Net energy for milk 7.32
FLAIFE Dairy booster 1.20

= e 4 High-production concentrate 4.09

L2 RBWFE FoE AT, SRR 100 pl iy 4l F RSV L A i
L2.1 By AR AL RSN 5min57E4°CT 12 000 remin ' B0 3 min, 5 B

—80 “CYKA B F K i v, 58 M VR e, PRI
50 mg Ff 5 BTl A — WU/ R B B R L
30 Hz 2) 3% 4 W, B R 30 s ¥4 20 3% Jm O RE 5 A
400 pL (1 F 42 BOR L i i€ 10 min, FF T ok - #FE
10 min,4 °C'F 12 000 r*min "B.0>» 5 min, B I35
370 pL T 1.5 mL .08 P 78 20°CHY S5 1 T e 4

80 pL. EiH WA T LC-MS/MS _EHLA .

1.2.2 LC-MS/MS 43 ¥t LC-MS/MS # 4 &
A FE RO AR 43 (ultra performance liquid
chromatography, UPLC) , (ExionLC™ AD), https://
sciex. com. en/) AR T (tandem mass spectrometry,
MS/MS) (QTRAP® 6500+ , https: //sciex. com. cn/)
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DL} 4 3% A (Phenomenex kinetex C18 (1.7 pm,
100 mmX2. 1 mmi.d.)). FahtH AAHIEE RN 30%
W ZREF70% K, & A 0.04% N R . WishAH B
I E N 50% B9 B MR 50% i SN BE, & A
0.04% W) LR o VEMEBE L : 0 min A/B g 95: 5
(V/V),1min A/B}95:5(V/V),10 min A/B K
10: 90 (V/V) , 12.5 min A/B & 10: 90 (V/V) ,
12.6 min A/B } 95:5(V/V),15 min A/B 4 95:5
(V/V). W 0.35 mLemin ', FE iR 40 °C, #ERE & N
5 pLo il 2 X o I X, B omE % E F A
(electrospray ionization, EST) i & 550 °C, Ji i H J&
5500 V, 5 7F A (curtain gas, CUR) 35 psi, fE —H
U A% AT rp A B R R R R O A 0 2 R L
(declustering potential, DP) #l fif ## HE (collision
energy, CE) ¥ 47 £ #§ £ W o 2 T 45 o 5 1 2
MWDB (metware database) £ 85 &, %F it 1% K6 I 14
B AT RS B o A R R) = D AT
1) 22 & R W A% =X (multiple reaction monitoring,
MRM) 73 #7158 1l

1.2.3  Hds sk B R PE Analystl. 6. 3 #K {4 X}
T A B BT A bn B A HE AT B A B fE
MultiQuant3. 0. 3 #4431 57 335 B dhs , 275 bR e i (19
PR B8 I ] 5 30 0 YA L, X A U A0 A S (] R AR o
I 1) f € 35 0 R A 7 AR 0 8 TE D DR TR A T P
ROMERATE . Bcl 0.01.0.02.0.05.0.1,0.2.0.5.1,
2.5.10,20.50,100,200,500 ng-mL 'K [a] ¥ J& ¥y
T VR it VRS VR, AR BB - VIR J3E s A it ) 0T 1 2 15 114
0, 3% U6 512 B B4R 5 A bR 5 9 BR R LG (concentration
ratio) 4 A A5, A 5 AR I 1T X LE (area ratio) i
AR S

1.2.4 o br VA6 T 3] 4 BT A RE A 1 AR
WA TET AR P AT A B AR o il A e v Oy R R R B
LRG3 T S BR AR A R B o B . R AR AR
) LC-MS/MS %48 J B 3 A #I] Metware Cloud -
& (https://cloud. metware. cn) #1750 45 20 7, £l
H = A% 43 43 B (principal component analysis, PCA)
PRATRE & 10 88 R 43 A 45 D0, T s >R FH 1E 32 i A /)
Fe 7 - 1 5l 43t (orthogonal projections to latent
structures-discriminant analysis, OPLS-DA) >k A
B X o AR R B DA S U 25 R AR . OPLS-
DA AR5 R0 B f 1 38 1 200 VKB A8 56 1 5 X0k 3
fili o AR A 22 B EAT B 1Y QA 5 RPY E #E 47 H1 51
FEAL B A R, Horh QM s 2 A 455 AU A X A4l

22 HEAT TUIN A LE A, BTN R 92 K R R IR
AU T RE 7B s RPY (B o B AL By R AR 7 254, 45
24 AR B ] o Kl O 22 B S R AT R RE Y L4, 1D
il B R R R A BRBE bk o D) 22 SR A R
(fold change,FC) value<<0. 58 >2 48 & % 5% & %
P (variable importance in projection, VIP) value>>1
Ry b o O 1 2 S AR O T KEGG Bis e X 22
S AT RS T

2 &F B
2.1 &It am

il JE W B 1) PCA X RE AR 1) S A4 43 A i A7 0
Z(E1A-C) . MEERNFE 3 4L BEAS 1Y P 1 L 5 45 21
W, SF . MF Fl LF = 41 B A A7 75 8 3 19 43 55, 1 B
SHRWY AR ENZHEEES . ME ., E8dH
Wi OPLS-DA X 45 20 =z 6] (i A CHRRAE 247 20 B
(E1D-F) . JF7E4H H — 4k J5 4 2 OPLS-DA #
LI NP 845 I S S B s el [T SR = 5
TEF B 3 AR | SF 5 MF ) OPLS-DA #5i 1
9 R*ME M 0. 990, QM 4 0. 638, MF 5 LF ) R* (& Fil
Q* {43 1} 0. 998 1 0. 953, SF 5 LF Y R*(H Al Q*
{E 3 %1 4 0. 992 F1 0. 862, 15 W # A 45 1 Fa 5 n] ¢
(F1G-D.
2.2 ERKiEHIHIE

fdi ] VIP A =1 # FC A >2 8, <C0. 54F b o
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SRR RS TR 17 R TR 17 o FR SR 2 0 T
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Table 2 Targeted LC-MS/MS screening of differential metabolites among large, medium, and small follicles

filtcg\’zk(;i% group J% % /ﬂ: LET % vip {E % %2 1% ﬁ /’]I‘il‘/fekl’lidéo%h
comparison Number Metabolites VIP value Fold change change
SF vs. MF 1 Jz i C21H3005 1.63 0.18 v
2 £ C19H2802 1.18 0.30 v
3 17p-ME — B C18H2402 1.33 0.30 v
4 XU 2] C19H3002 1.93 0.31 v
5 s — i C19H2602 1.51 0.39 v
6 17a-FH 2 5 WE] C21H3003 1.16 0.48 v
7 7~ 3L B [ i C27H37D702 1.18 2.50 A
8 25-FRFE A [ i C27H4602 1.36 4.53 4
MF vs. LF 1 21— C21H3602 1.54 0.20 v
2 WERR C18H2202 1.29 0.32 v
3 WA E2 ] C19H3002 1.79 3.28 A
4 = C19H2802 1.02 3.30 A
5 7a,27- "R FLARFEE C27H4602 1.26 6.97 4
6 Ta,25- " F L IH [E B C27H4603 1.33 7.96 A
SF vs. LF 1 17p-ME — B C18H2402 1.03 0.11 v
2 f Bl C21H3005 1.73 0.13 v
3 Wi C18H2202 1.41 0.32 v
4 24— C21H3602 2.01 0.36 v
5 25-F2 JL I [ B C27H4602 1.18 2.84 A
6 7a,27- 3R LA FE B C27H4602 1.69 7.95 4

2 AT B T AR UE S VIP > 1, FC A >28<C0. 5

The screening criteria for differential metabolites are: VIP value>1, and FC value™>2 or<<0. 5

(2% AR DL K SF 5 LF (1922 AR K i 3%
B AR R gHE 8%, SF 5 MF 2 [8] 245 5 2%/ G
32 B W 35 AL Y 43 W HIK BT (P=0. 04) I i
1) i 9 3 % (P=0. 03) .

RIS & S

ARBFFE T LC-MS/MS $ A R i 357 38 475 4 11
K N 3PS TR & B B IR AT TR AR
[ 2§ [ s 0 S5 A 20 43 A, i — 20 B B 2R ) o A
WA= B & B o AR A AR AR A . i LC-MS/MS
R M B, Z oot 43 B f 22 AR 4 43
FE BT A 0 B A i o R T 24 b 2K T R I .
TE 45 20 rhok: T i 22 5 AR P 32 S A 4 P o RN
SRR TR HELE DR S P A A O
Y. H 78 SF 5 MF g rh &R B T 8 Fp 25 57
R, Horb 6 F A Y 7E SF hAH L T MF T M,
28 [ . #E MEF L LF B Hegeh &80 T 6 Fh 22 54t

Wy, Hod 2 R AR AE MF sP A T LF R, 4 Fb
L, TESFS LF MR KT 6 Fh 2z 5400
Yy, Hod 2 MR 7E SE A A L LF B384 80 R
M5, ot #F— 2 1 KEGG 43 #r & 3, SF 5 MF 1Y
ZRRMYEES S THAREEENAEL, 0
5 PN 43 U6 HK PU A R RS R O . DA L g5 SR
7N B 28 [ R M A DG ) T AE W AR BRI R B
RS BE AR

T I U IR g Hh RS I Y B Y AE R R R B B
v, g O P A KO- 2 B R 7 o B o B T
PRy, A 5 KB LA B & 255 X HURE
FE IR0 & R AR, B O AV B KO AR R B
I TR R 0 T 22 R OR U, B T
53 b T Fe 7 285 50 CR A A OC (B AR SERT Y
F 58 TR UE S, 7 51 19 & 7 4 AR vl 2 % B I
BB 20 A A B R B A HEAE T O B 7R B0 A Y
i R P B Fr 20 A b 2 R R R 7 A B 1 T R) AR R S
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Fig. 3 KEGG enrichment analysis of differential metabolites between the SF group and the MF group
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