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Abstract: With the advancement of industrialization in modern society, exposure to endocrine disrupting
chemicals (EDCs) in daily environments is increasingly prevalent. These substances can interfere with
physiological functions by activating nuclear receptors. The constitutive androstane receptor (CAR), a crucial
member of the nuclear receptor family, serves as a key regulator in detoxifying endogenous substances and sensing
exogenous EDCs, participating in the regulation of drug-metabolizing enzyme expression and energy metabolism.
This study employed TCPOBOP (TC), a highly specific and potent agonist of CAR, to investigate the impact of
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exogenous EDC-activated nuclear receptors on mammary gland development and estrogen homeostasis in pubertal
female mice. Using 3-week-old female mice as models, TC was administered via intraperitoneal injection at
0.5 mg-kg"' twice weekly. Mammary gland developmental morphology was observed, and serum estrogen levels
were measured (all animal experiments conducted in this study were approved by the Institutional Animal Care and
Use Committee of the Animal Experiment Center of Wuhan University, ethics number: WAEF-2023-0077). Results
demonstrated that TC exposure significantly inhibited the developmental progression of the mammary ductal
system through CAR activation. The underlying mechanism involved downregulating the expression of key
estrogen-synthesizing enzymes while promoting estrogen metabolic conversion and inactivation, ultimately leading
to reduced systemic estrogen levels. This study reveals the mechanism by which TC-activated nuclear receptor
CAR suppresses mammary gland development and disrupts estrogen homeostasis in pubertal female mice. It
provides insights for understanding how EDCs affect mammary development and endocrine balance in adolescent
females via nuclear receptor pathways, and offers new research clues for exploring CAR's role in mammary
development regulation.
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(17-beta-estradiol, 17f-estradiol) Hff B¢ 50 72 Wi B A% 1 4K
A& (b B ZREMREARA A, #65: ST1056.



- 3624 - 22224 Acta Pharmaceutica Sinica 2025, 60(12): 3622-3630

C1006+ PE223); /N B3 i J84 2K L K F -o (tumor necrosis
factor-alpha, TNF-o) Jf 1% G 955 W B A 90 771 4« /) B
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PL5E R LUK, B Je 4 FLIRH 28 T IR A 41 4
RI2 K. G seiia, B KRN 70%-90% F
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AR SE RGE .
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KW JE 1% ShERWTAS 434k 3~5 s, T A AR 40 Yeili et
2 min. B/ BB A E R B F L.
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i) Fr 7E 0.5% Triton X-100 H13% 4k 30 min, §8 J5 76
3% W PEME 37 °CHF M 1 he BEJS BT 1:50 F B 10
/N ERa B SERE HUR R B 4 CI . )
BB BT DAPLIOXT BN —HiM Bl b, =5
HEE I H 90 min, B YGIE VRS [ B R E R BB T
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RFZ ARG TR RN o A o X ¢ 't
THHEA RN PR RIGIRE (mean) = 1Z X IRHOG R E
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30 min 22 1%, 0.1 mol- L™ B R84 == I A1 10 min. A
3% L1 =F L3755 05 B 1 30 min, BE 5 BT 11500 5 B 1)
/N BrdU B Te B Fi AT 4 cC B i . E ¥ S
PIR B F &1 DAPLIIX B Hfs B, = I 8t
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SR EE PCRAM A TRNzol F2HU/N &R
H AR RNA JG, #% I8 Vazyme J #5568 77 & Ul B 1
HEAT W ¥ 545 3] cDNA. #% [/ Vazyme ChamQ Blue
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Table 1  Gene-specific forward and reverse primer sequence.
Cyp3all: Cytochrome P450 3A1l; Cyp2bl10: Cytochrome P450
2b10; Car: Constitutive androstane receptor; Sultlel: Sulfotrans-
ferase 1E1; Sult2al: Sulfotransferase 2A1; Ugtlal: Glucuronosyl-
transferase 1A1; Cox-2: Cyclooxygenase-2; /I-1f: Interleukin-14;

Inos: Inducible nitric oxide synthase; Tnf-a: Tumor necrosis factor-

alpha
Target gene Sequence (5'-3")

Cyp3all Forward GGCAAGCCTGTTACTATGAAAG
Reverse ACTGAGAAGAGCAAAGGATCAA

Cyp2bl10 Forward TATGGAGATGTGTTCACAGTGC
Reverse CAGAGAGAATCTACGAAGGGTC

Car Forward GATCAGCTACAAGAGGAGATGG
Reverse TTGCATACAGAAACCGACTTTG

Sultlel Forward CTCGCTGACATCATCCTCGC
Reverse  GCGTTTTGTTGCCGTAGCA

Sult2al Forward GAGGCTTTTGACAGTGTTTACC
Reverse TTATTGTGAGGATCCTGGGTTG

Ugtlal Forward GCTTGCCTTCTTCCTGCTGCTC
Reverse GTCATGTCCTCGTTCGCTGAGATG

1-1p Forward GCAACTGTTCCTGAACTCAACT
Reverse  ATCTTTTGGGGTCCGTCAACT

Cox-2 Forward GTGAACAACATCCCCTTCCT
Reverse CCTTTTCCAGCACTTCTTTTG

Tnfo Forward ATGTCTCAGCCTCTTCTCATTC
Reverse  GCTTGTCACTCGAATTTTGAGA

Aromatase Forward CAC ACCAGAGAACCAGGCTACAAG
Reverse TGAATGTTGCTTTTCCACCTCC

B-Actin Forward CGGTTCCGATGCCCTGAGGCTCTT
Reverse CGTCACACTTCATGATGGAATTGA

FRENEERMNEBDRIEKE HRE AW
PBS I ¥k 5, H RIPA i b 3 5 IR IS 2 H L, H
BCA W7l &0 8 AT € 2= 70 #r . ¥ 88 B 14T SDS-
PAGE HLyk &K 7 &5, ¥ 2 PVDF . K H 5% 4=
HEH A1 h 5, I —$T anti-B-actin (1:5 000) Al anti-
SULTIEI (1:1000) 7E 4 °CUKFEER P Ed K . #
N5 —HUULEC ) Z B A iR 5T N #EAT 1~2 h i
% 6, 1 F ECL Ak 2 R 6k I3k AT 2 68, S 56 3
HE 3K,

St ZE o A0S 5, {5 3 GraphPad
Prism 9.0 Z 5 A IF R Gi it 70 AR, H 5 T g &
Ex A B 2R o SR ST ARE AR ¢ Ao 56 V25 Ll 4 1)
W, Bl LM + AR E (X £ 5) FITEFR. RS
bR, P<0.05 B G2 .

R
TCHE CARHIFIEEMNRIARSENLE
FHRAIARTE RGN E T RZZ N WAE ST

FEF IR 24 #2 . O T B TC & CAR X 5 & 1
FLIR KR G P52, AHE 7L 3% F 3 J& W #EPE C57BL/6T /)N
B, BSR4 T 0.5 mg-kg! TC (58 2 ), 43 Hlkk
P2 K5 (Bl 1A). 4 REM, 5XT R4, TC &b
HIEE LTRSS R BRSO R
H Y Car B JLBE JE [H 41 2 1 X P450 2b10
(cytochrome P450 2b10, Cyp2b10) 134K F (& 1B.
C), UFSE TC % 5 25 3 BOE T /N AR N CARAS Sl % .
TN BRUER 4 FURRZH SR A 4T Y oy AT, R IR TC &b
B R0 T/ BRI ORI R R g 2
(terminal endbuds, TEBs) # ik (& 1D~G). Pl 45 5%
F B, TC b B L B0E CAR 306 7 HFE W B IR
SERGNEKKRE.
2 TCREMFNRIBRSE LK MBRYIEE

NTH—SHMATCHEEMMRABRSERE
A RZIE, 5 TC AL BE 5 JA /) BR FL IR 4 2R 8 1T H&E %
. SR BN, X IRAI R SE b s
(& BEJE S YLt yR), 1 TC 4 T8 b 40 B2 76
B (5 BEAS T e 3%, Ui TC AL B S /N A L AR
SE LR R R (B 2A). 0@
BrdU % )6 4 (0 A0 I 5 & b B 40 B 189 5% 1, R L TC
Ak B 20 5% i B B S5 ek 5, R W LR S b R A0 R
M TE e 0 % 240 (B 2B). BL S5 IRAESE, TC # 8%
AR NRAR S ERE K XIEERE, [
I L2 PELAS L AR 58 1 7 200 P f 184 B 3 A
3 TCEEMRBIERNRBEHRRKEAFARLYE

AR WIFLIR K B S AU 2 Bl 73 WA 2 1 S [ 1
5, Forp R R PR 5 R G0 AT R IR 2 R T
REREE ., NIEHTCIIH IR S E R E K AEHEN
fill, %F TC AL EE 5 F J5 /N BRI 37 0 3 25 /K P dh A7 A il o
SE RO, TC AbFE 20 /)N BRI 375 o — i B oot R 4
BE R (K 3A). ML T, Ui 5 ER
F2 43 Vb MR 1 2 AR, L b O S ORI i A R
ME R E B TR, R, DA R R A
xR il 75 &AL B (aromatase) 7E YN 5 % & F iR 20
LU SE R RIE KT 45 SRR, TC AL ERZH /)N R P 5
I I R4 21 R aromatase 3E R 3R 1A KT 5.2 N (B
3B). FEFIH G 5 NIE L A =AW DI ERa (3£
1A m R, TC A EE ] i 3 BEAR LR 24N ERa 2R
HRIE . DA Egh FIESE, MEE N /il T34 TC il it
b1 55 A LB T MR A R, PRACH LR ME — Bk
I AR LR BRa & AR RIE 5 50 A, 401 2141
SEMEBCER o B, BT E E DR AR S ERE .
4 TCHEBMEENRAEREIEKTFE

ARSI 56 = /T AT 75 R B, TC % 85 W& CAR B
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Figure 1

Time/week 2 5

TCPOBOP (TC) activates CAR to inhibit mammary duct development in pubertal mice. A: Three-week-old female C57BL/6J

mice were treated with vehicle or TC (0.5 mg-kg, intraperitoneal injections, twice per week) for 2 or 5 weeks; B: Expression levels of Car

gene in ovarian and adrenal tissues of mice treated with TC for 5 weeks; C: Expression levels of Cyp2b10 gene in ovarian and adrenal

tissues of mice treated with TC for 5 weeks; D: Schematic representation of whole-mount mammary gland staining in mice treated with TC

for 2 weeks; E: Schematic representation of whole-mount mammary gland staining in mice treated with TC for 5 weeks. Scale bar: 5 mm; F:

Quantitative analysis of mammary ductal structures in mice treated with TC for 2 and 5 weeks; G: Quantitative analysis of terminal end buds

(TEBs) in mammary glands of mice treated with TC for 2 and 5 weeks. n = 8-10,x +s. P <0.05, "P < 0.01 vs vehicle
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-

HY N SR b S SO PR R KR PR 2Rk Kk
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Figure 2 TC suppresses mammary ductal epithelial cell proliferation in mice via CAR activation. A: H&E staining of mammary duct

tissue in mice treated with TC for 5 weeks; B: BrdU immunofluorescence staining of mammary duct tissue in mice treated with TC for

5 weeks and quantitative analysis. The arrows indicate the positive areas. Scale bar: 50 um. n = 10, X + 5. "P < 0.05 vs vehicle
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Figure 3 TC inhibits mammary gland development in adolescent mice by reducing estrogen levels. A: Serum 17f-estradiol levels in mice

treated with TC for 5 weeks; B: Gene expression levels of aromatase in ovarian and adrenal tissues of mice after 5 weeks of treatment; C:

ERo immunofluorescence staining of mammary duct tissue in mice treated with TC for 5 weeks and quantitative analysis. The arrows

indicate the positive areas. Scale bar: 50 um. n =10, X+ 5. P <0.05, "P < 0.01 vs vehicle
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Figure 4 TC attenuates systemic inflammation in mice. A: Serum TNF-a concentration in mice after 5 weeks of TC treatment; B: Serum
IL-6 concentration in mice after 5 weeks of TC treatment; C: Gene expression levels of inflammatory factors (Cox-2, II-1f, and Tnfa) in
mice liver after 2 or 5 weeks of TC treatment; D: Gene expression levels of inflammatory factors (Cox-2, iNOS, II-1f, and Tnfo) in mice
gonadal white adipose tissue (gWAT) after 2 or 5 weeks of TC treatment; E: Gene expression levels of inflammatory factors (Cox-2, iNOS,

II-1B, and Tnfo) in mice mammary gland after 2 or 5 weeks of TC treatment. n = 10, x +5. P < 0.05 vs vehicle
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