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Expression of retinoic acid signaling pathway in mouse damaged testes induced by
procymidone during adolescence XIN Bingyan, LI Rui, WANG Qing, ZUO Erjin, FU Hu, YAN
Zhengli, ZHU Yongfei (Department of Preventive Medicine, Medical School, Hunan Normal
University, Changsha, Hunan 410013, China)

Abstract:

[Background] Procymidone (PCM) exposure can cause damage to reproductive organs of male
mice, but whether its mechanism is related to the retinoic acid (RA) signaling pathway is unclear.

[Objective] To explore the possible mechanism of PCM-induced testes damage in adolescent
mice.

[Methods] Three-week-old ICR mice (n=64) were randomly divided into a control group and
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three dose groups (low, medium, and high), with 16 mice in each group. PCM was administered orally at 0, 50, 100, and 200 mg-kg*-d™*
for 21 consecutive days. Serum and bilateral testes in each mouse were collected to detect content of testosterone in serum and to
observe histological changes in testis section after the mice were sacrificed one week after cessation of drug administration. Real-time
fluorescence quantitative PCR and Western blotting were used to detect the mRNA expression abundances of genes related to the RA
signaling pathway and apoptosis genes Casp9 and Casp12, and the protein expression levels of CYP26A1, ALDH2, and CASP9 respectively.

Compared with the control group, there was no significant change in the overall appearance and testicular appearance of mice
in each dose group after the PCM exposure. According to pathological section observation, the testicular seminiferous tubules of mice in
the low-dose group showed slight atrophy and reduced sperm production; the testes of mice in the medium- and the high-dose groups
showed obvious pathological damage (e.g. dilated lumen of seminiferous tubules, damaged spermatogenic epithelium, decreased
number of spermatogonia, and partial absence of sertoli cells); as the concentration of PCM increased, the degree of spermatogenic
epithelial damage in mice gradually increased and the number of spermatozoa in the seminiferous tubules decreased. There were no
significant differences in the distance between the anus and the genitals, testicular mass, testicular volume, and testicular organ
coefficient among the four groups of mice (P> 0.05). The body weights of the mice in the low-, medium-, and high-dose groups were
(34.91+1.89), (34.88+1.75), and (32.94+1.37) g respectively, and that in the high-dose group was lower than that in the control group,
(35.93+1.99) g, (P<0.05); the serum testosterone concentrations were (313.77+5.32), (305.31%+3.47), and (304.80+5.28) pg:mL™
respectively, which were lower than that in the control group, (319.0541.92) pg-mL™ (P < 0.05); as the dose of PCM increased, the body
weight and serum testosterone concentration showed decreasing trends. The mRNA expression levels of Stra6 and Rbp1 in the high-dose
group were higher than those in the control group (P <0.05); the mRNA expression levels of Aldh2, Aldhlal, Aldhla3, Rara, Rar8, Rxra
and Rxr3 in the medium-and the high-dose groups were higher than those in the control group (P < 0.05); the mRNA expression levels of
Cyp26al and Cyp26b1 in the medium- and high-dose groups were lower than those in the control group(P < 0.05); the mRNA expression
levels of apoptosis genes Casp9 and Caspl12 in the medium-and the high-dose groups were higher than those in the control group
(P<0.05). The protein expression level of CYP26A1 in each exposure group was lower than that in the control group (P <0.05), and the
expression level decreased with increasing concentration of PCM; the expression level of ALDH2 protein in the medium- and the high-
dose groups and the protein expression level of CASP9 in each exposure group were higher than those in the control group (P <0.05),
and the levels increased with increasing concentration of PCM.

PCM can damage the testis tissues of adolescent mice, where RA signaling pathway, Casp9 and Casp12 genes, and CASP9
protein are activated.

procymidone; adolescence; testis; retinoic acid signaling pathway; testosterone
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BIO-RAD) , (W F &M1& £ 45 (5500 &, ARE Tanon) o
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FREE R (RIPA RURR) . ZF 0] TE(BCA) IXFIE(HF
EFEZ=X), TRIzol 2 RNA 1EBUAFIZE(EE Invitrogen),
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MR F &, I EE PCR(GPCR) 314, BILFE RN
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1.5.4 HLAREZI SEBERSE [14], B LR
S4A 3 NN EEEENENALR, ZEMER, B
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HE REBEH A, RAXFEREMRSHNEEHA
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BHAETAE,

1.5.5 & RNAREUNREE PCRIG  FENIGE S AR
FF-80°C BUHALLALRENE 8 1N, Tk ERUREIFE, B
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Table 1 Primer sequences
2EH s >3) TR >3)
Rbp1 GCCTGTAAATGGCCTCTTCCT AGTGTTGAAAACGCGTCTCCTT

Stra6 TTCGGCAGGGCACCAA CAAAGTGGGCCCAAGATAACA

Aldh2 GCCATCGCATCCCATGA CCTCCGTGGAGCCTGTGA

Aldhlal CCGTCATGACCAGGTGCTTT CAACTAGTCCTCCTCACCAAATGAG

Aldhla3 ACCGGAGAGTGCGAACCA CCGGCTGTCCGTTTTCC

Rara TACTGCCGGCTGCAGAAAT CGTTTCGCACCGACTCCTT

Rarf AGCATCAGCGCGAAAGGT CATTGATCCAGGAATTTCCATTTT
Rxra GCCGGCCTCTGACTGTGA GCACCACAATGTCCCAGTGA

Rxrf3 CAAGTGTCTGGAGCACCTGTTC ~ CCATGAGGAAGGTGTCAATGG

Cyp26al CTCCAACCTGCACGATTCCT CGGCTGAAGGCCTGCAT

Cyp26b1 GATGGAACCCTGGAGTTGATCTT TTGCATGATCAAGGATGTGCTT
Casp9 TGCCCTCCCCTGTCTTTAAA AAGCAAAGAGTAGAGGAAACCAGAAA
Casp12

Gapdh TGGCCTCCAAGGAGTAAGAAAC  GGGATAGGGCCTCTCTTGCT

GCCAGGAGGACACATGAAAGA  CATGTCCTTGGCCAAACCTT

1.5.6 Western blotting I X BELARIEESR FH
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PAGE) B (10%) , L E39 10 ug- 7L BIXBE: K
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CYP26A1. CASP9. GAPDH —#1 4 °C X & B (— %
FE b 93 579 anti-ALDH2 &8 55 P& 11K 1:3000. anti-
CYP26A1 %52 [£H11K 1:3000. anti-CASP9 B 52 [ A
1:2000. GAPDH 28 5% FZ 11K 1:1000); 1x& 0.05%
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“HAERSEUYEE(HRP) IR, BB T AEKY
4208 60 min; 1xTBST J5ti4& 3 X, §/RBY K 10 min

FFRIBREEM ECL U F R AR, WF R A BB
RAEXREE R,
1.6 FHitFE9H

F8 GraphPad Prism 8.0.2 1 SPSS 20.0 ZR {4 X3 #5418
HITEIR, O, SRS EHET, ZHITERRLL
RAPARRFON, SNERSHSWRAMMLLR
K FH LSD-t #:59, #0307K #a=0.05,

2 #R
21 AE. SAKRE. MEZRSENTHL

PCM FFilfE, WHRAMBZFERSAH/)BEIEK
SAR. EFINIIG T E N T, FA/NRALTIFMETE
FIEHE. EAMRE. SHEBRY. EABTRNER
BEHITFERN(Y P>0.05), &FIERFSHNEEAK
5, SERsd/ N EiEERRERERTIRA
(P<0.05), fEE PCM FIEIE N, BFNEZRFH /) B
BEARERER THEBES, &K 2

K2 PCMASEFABRAEE. SAKRE. MEZMMAIELE (x+5)
Table 2 Comparison of body weight, testicular phenotype, and serum testosterone of male mice in
each group after PCM exposure (x * s)

- maz;l R 22 %éﬁ qﬂ?‘fﬂ%é{éﬁfﬁ ‘.%ﬁd%%sﬁfﬁ ; ,
(0 mg-kg™) (50 mg-kg™) (100 mg-kg™) (200 mg-kg™)
1KE/g 35.93+1.99 34.91+1.89 34.88+1.75 32.94+1.37° 8.62 0.000
AT AN A 5E 2855 B8 /mm 9.50+1.08 9.63+0.76 10.13#0.36 9.75+0.48 2.24 0.092
EANRE/g 0.28+0.08 0.27+0.04 0.26+0.04 0.24+0.04 1.67 0.184
SRR EYx107 7.880.76 7.84+0.74 7.790.56 7.7840.68 0.07 0.974
EXRFHR/mm’ 219.30+34.89 212.05+20.59 211.91+41.16 198.97426.91 1.13 0.345
MEERRERE/(pg-mL™) 319.05+1.92 313.77¢5.32° 305.31+3.47 304.8045.28" 21.22 0.000

CE]AE. AN AETERER. ENREMNSAHIE R =16, MEEE En=8, *. SWIRAELL, P<0.05

2.2 EHALANTK

HETEHDFIME 8 L/NBHNEATF, TR
ARNRIEREERRN 0%, K. P, BFIERSHNEN
RIS ERKR N 87.5%. 100.0%. 100.0%. XIFRLHSE
TR £ NEEHERERER, KB RiT, £15H
R, EFEN D ASHY EENET; BTEFR
FHA/ DR AEE HIBERES, B FERRLD; 5.
EBERsH/NRERNEERY K EETE, &
B EESING, 283N, ERAKRKEEF
TR, BB HEERMZBEENR, IIFAREIN
o ERe0; FEE PCM REFIZRIEM, SFE2REA
INEAERE ERIRGBRREZNINE, tAEE RIS T
ERERE(E. WE 1.
23 RAESEBEXERRATCERRAIFEEER

SN EBREH/E Ropl. Stra6 mRNA KA FEE

HETRERLA(Y P<0.05) . . BFI2RSFAH Aldh2,
Aldhlal. Aldhla3. RA #% 32 1K #8 % & & (Rar F Rxr)
mRNA FRIXFEFTFXERA(Y P<0.05), BYKE pCM
FIEIEINE LFH#EE, . SFEFSH/)NE cyp26a1.
Cyp26b1 mRNA A F E R FXERLA (39 P<0.05),
B9k pcm FISIEINE TEBE, P SFERS54H
INERUBTEEA Casp9. Casp12 mRNA RIAEE ST
XFHRLA(39 P<0.05), H¥YKE pcM FIEIEINE EFHiEd
&, WE 2,
2.4 CYP26 Al. ALDH2. CASP9 EAREAER
EFNEREH/NE cYP26Al EHRAEWRT
XFERZH(P<0.05), B3Ik pcM FIEILINHE TREEE,
. BF8REA/NE ADH, EARABNE SR
HH/NE cASP EHRAEWE T XHRA(P<0.05),
B9k pcv FIEIEIIE EAEE. IWE 3.
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& .' = o~ —! m_ 4 b '. 1 A
GE]A: 3FBRZA(0 mg- kg‘l) B: TR??JE”“EQH(SO mg-kg™); C: ‘:F‘?‘ 2REY H(1oo mg: kg Y); D: BFIE%RE

BIXEF, BEE PV ReSIERNE N, BAMEE PIE FHER EREK.
E 1 PCM REEHHBRENAR

Figure 1 The effect of procymidone on morphological and pathologlcal changes of mouse testis (HE staining)
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Figure 2 Changes in expression abundance of genes related to the retinoic acid signaling pathway and apoptosis genes in male mice
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