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ABSTRACT Objective: To explore the protective effect and its mechanism of the protein and peptide extracts from the muscle of
Chinese giant salamanders (SP) on the protection of bisphenol A (BPA)-induced sperm disorder in mice. Methods: Forty male C57BL/6
mice were divided into four groups, Control group, BPA group, BPA+CS group and BPA+SP group. BPA group was injected with 50
mg/kg/d of BPA, which dissolved in corn oil. Control group was injected with corn oil only. The BPA+CS group was given compound
substances, which have been proved to be beneficial for spermatogenesis, and were used as controls. The BPA+SP group was given the
above mentioned compounds plus SP dissolved in physiological saline. Mice received the compounds plus SP by gavage. The doses were
4 g/kg/d for both groups. The model was established continuously for 28 days, during which the body weight of mice was measured
weekly. Testicular volume and testosterone-body ratio were measured after establishment of animal model. Epididymal sperms were
collected to measure sperm number and sperm motility by using the computer aided analysis system (CASA). The amount of testosterone
in the serum was determined by ELISA. HE staining and TUNEL staining were used to analyze testicular histopathology. Finally,
immunofluorescence staining and Western blotting were used to analyze the expression of metastasis associated protein 2 (MTAZ2), and
Oil Red O staining was used to observe the phagocytosis of Sertoli cells in vitro and in vivo. Results: Compared with the control group,

the testicular volume (P<0.05), testicular weight (P<0.05), testosterone-body ratio (P<0.05), sperm number (P<0.05), sperm motility
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(P<0.05), and the amount of testosterone in the serum of mice (P<0.01) in BPA group were significantly decreased. Testicular morphology

was damaged and the number of apoptotic spermatogenic cells in BPA group was increased compared with control group(P<0.01). At the

same time, the expression of MTA2 and the phagocytosis of Sertoli cells in BPA group were decreased compared with control group

(P<0.01). There was no difference between BPA + CS group and BPA group. Surprisingly, the above changes in BPA group were signifi-

cant difference by using SP(P<0.05). Conclusion: SP has obvious protective effect on BPA-induced sperm disorder in mice, and the mecha-

nism of action may be related to enhanced phagocytosis of Sertoli cells by improving the expression of MTA2.
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Table 1 A compound substance of a strong and fertile effect with the protein and peptide extracts from muscles of Chinese giant salamanders

Ordinal The formula name The amount of formula

1 Zinc glucose 02¢g

2 Vitamin B12 0.45 mg

3 Vitamin E 03g

4 Icariin 05¢g

5 Schisandra chinensis 20¢g

6 Dogwood 20g

7 SP( BPA+CS group was not added) 20¢g

8 Compound sweeteners, seasoning powders, etc. Appropriate amount
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Fig.1 Effects of stimulation with BPA and treatment with SP on the morphology of testis in mice

Note: (A): Comparison of testicular volume in each group; (B):Testicular weight of mice in each group; (C): Body weight changes of mice in each group

during modeling; (D): Relative weight of testicular tissue in each group.
* Compared with Control group, P<0.05; ns Compared with BPA group, P>0.05; * compared with BPA+CS group, P<0.05, n=5.
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Fig.2 Effects of different treatments on sperm number and sperm motility in mice

Note: (A): Representative diagram of mouse sperm motility using CASA; (B): The effect of the number of various types of sperm, Rapid progressive (PR);
No progressive (NP); Immobile (IM); (C): Effects of sperm motility velocity, Straight line velocity (VSL); Curvilinear velocity (VCL); Path velocity (VAP).

*Compared with Control group, P<0.05; ns Compared with BPA group, P>0.05; *

compared with BPA+CS group, P<0.05, n=5;

*** Compared to the Control group, P<0.01; ns Compared with BPA group, P>0.05;* compared with BPA+CS group, P<0.01, n=5;
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Fig.3 The content of testosterone in serum of mice in each group
Note: *** Compared to the Control group, P<0.01; ns Compared with BPA
group, P>0.05; * compared with BPA+CS group, P<0.01, n=5.
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Fig.4 Pathological differences of testis in each group
Note:(A): HE staining of testis in each group, Sertoli cells (Ser); Spermatogonium (Sga); Pachytene spermatocyte (Pachy); Round spermatid (Rsd);
Elongated spermatid (Esd); (B): TUNEL staining of testis in each group, the green fluorescence is TUNEL positive, as shown with red triangle; (C):
Johnson score of HE staining and statistical analysis of TUNEL staining.
*Compared with the Control group, P<0.05; ns Compared with BPA group, P>0.05; * compared with BPA+CS group, P<0.05, n=5;
*** Compared to the Control group, P<0.01; ns Compared with BPA group, P>0.05; # compared with BPA+CS group, P<0.01, n=5;
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Fig.5 Difference of MTA2 protein expression in testicular tissues in each group.
Note: (A): Immunofluorescence staining of MTAZ2, the red fluorescence is MTA2 positive, and the blue fluorescence is nuclear localization with DAPI;
(B): The expression of MTA2 protein by Western blotting. (C): Statistical analysis of Immunofluorescence staining and Western blotting.
*#** Compared to the Control group, P<0.01; ns Compared with BPA group, P>0.05; * compared with BPA+CS group, P<0.01, n=5.

Horp, 107 mol/L ) BPA a5 i SCHF AL S s A AR ik RS ARMI 5 SRR A M o0 B DR RS 2R AL, DT el SRR BB MR v A8
KMZAR: 5350, BPA Al RECH MM R OREERMEOR, A= ;104 , BPA Rl S Rp2R i A4 S RE 1 T I, AT B HS 40



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.11 JUN.2022 + 2025 -

BPA+SP
) RPN R U RS CERNTRNONE T TR, TR T L, TR

(B)
2
* kK ] 810
(] = -
© Ew_ g * %k
gw- 'g B #
© 6
g z s
= x4
gm- g
S
32 10- S 24
8 B
< o0- S o4
N N <]
p 060 qu xc? V?Q < p &so qu xo “OQ
S & & ¢ & &

6 SHENREABLARSTIHFAMEIMETTMLI O L E
Fig.6 Oil Red O staining of testicular tissue and Sertoli cells cultured in vitro in each group.
Note: (A) Oil Red O staining of testicular tissue, the red lipid droplets are positive for Oil Red O staining ; (B): Oil Red O staining of Sertoli cells in vitro,
the red lipid droplets are positive for Oil Red O staining;
(C): Statistical analysis of Oil Red O staining with Image J.
*#+% Compared to the Control group, P<0.01; ns Compared with BPA group, P>0.05; * compared with BPA+CS group, P<0.01;
# compared with BPA+CS group, P<0.05, n=5.

B TR0, (R, SCRPAM A — DN AR AR AT T BR ISR A AR S EON T A LR S P, DI, SCRp A I g At
PR TSRS, AR IE 3 R RS A0 LE B B A /N IS N B IR0 T Rp L (90 1 kA 2. MTA2 R
BERaES, PR FEBZ SR B e R DGR (L BERE S S W A2 R FE IR e h R FE 2RI, ©
RS MBS X Z A4 -B (RXRR)) /N, SRt ARFTERI], MTA2 e I RR s VRIS TR 0, ik



- 2026 -

DEYES#HE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.11 JUN.2022

it 5 SRR AN M A S PR L P FRAT A I 5 I

MTA2 Fk B E LR AEL O Y @A RAUE] T BPA Jeai/ M

SEOL SR AR AT W s , 7E3E B ORBILA S AR, SR

AT PRI o RN ST AR A W ) T BRI, 8 5

R A0 FETE AN B R B AR W I TSR AR L (TR 25

L IHAL O Yt T LUWLSE 3 325 20 I 20 i 5 b A7 7 K AR

T, JX— PRSP EG R R 1 LA 25 1 ORI AT AR T

SCRFE A R DRI — S

FATHITTE A B, HASULPA 2 1 BT e

A WA P e A A R, SO HIRET BPA K TR A 14

PR H AT T RBE P O WFFE R B, st Y A I AT A

P RE TR AR TG P, JACHGE P TEHAR: T 05 100 25 B 2R T 11 R 5

A, RGPS VERR 8 R12 S D RETORE, iX SE45 AR

W 7 RIS B R IR S 0 A 36 R R I A M0 EhBe . FLA, 7

BT BPA BUEAE I RERAF RIS, HARHIBLH 24 h T4t

ﬂ%ﬁﬁi@ﬂﬁ%ﬁ?m*ﬁﬁﬁéﬂ@mw 2R BA

PUARALIE, HREAIENT BPA i A A B R LA 3 AL

FEARICY. FRA TR B PA RO T A A P A PR 4 P e

5 HATAAC R AT G o (FURFEEAARAE AL B Ars AT

R TAERA PRt — PR AR R HAE R 73 THLEE
25 b ARWTFE R RIS PA 2 AT o s S R A

TRWEAEHIRIT BPA Boks 7 & ERhE, A SO E— W58 K

JUL PR SR SR S 4 R 8 P LA B T i EL AT e T R 1A 2 24 )

P i PR A EIARYE

% # 3 #f(References)

[1] Maftini M V, Rubin B S, Sonnenschein C, et al. Endocrine disruptors
and reproductive health: the case of bisphenol-A [J]. Mol Cell
Endocrinol, 2006, 254-255: 179-186

[2] Jafari H, Mirzaiinajmabadi K, Roudsari R L, et al. The factors

EEZISErE

affecting male infertility: A systematic review [J]. Int J Reprod
Biomed, 2021, 19(8): 681-688

[3] Anway M D, Cupp A S, Uzumcu M, et al. Epigenetic transgenerational
actions of endocrine disruptors and male fertility [J]. Science, 2005,
308(5727): 1466-1469

[4] Wei Y, Li S, Han C, et al. Cuscuta chinensis flavonoids alleviate
bisphenol A-induced apoptosis of testicular cells in male mice
offspring[J]. Andrologia, 2019, 51(11): e13427

[5S] Olukole S G, Lanipekun D O, Ola-Davies E O, et al. Maternal
exposure to environmentally relevant doses of bisphenol A causes
reproductive dysfunction in F1 adult male rats: protective role of
melatonin[J]. Environ Sci Pollut Res Int, 2019, 26(28): 28940-28950

[6] Abdel-Maksoud F M, Ali F, Akingbemi B T. Prenatal exposures to
bisphenol A and di (2-ethylhexyl) phthalate disrupted seminiferous
tubular development in growing male rats [J]. Reprod Toxicol, 2019,
88: 85-90

[7] Velasquez M, Tanrikut C. Surgical management of male infertility: an
update[J]. Transl Androl Urol, 2014, 3(1): 64-76

[8] Li H, Huang H, Hou L, et al. Discovery of Antimycin-Type

Depsipeptides from a wbl Gene Mutant Strain of Deepsea-Derived

Streptomyces somaliensis S CSIO ZH66 and Their Effects on

Pro-inflammatory Cytokine Production [J]. Front Microbiol, 2017, 8:

678

[9] Graham E B, Knelman J E, Schindlbacher A, et al. Microbes as
Engines of Ecosystem Function: When Does Community Structure
Enhance Predictions of Ecosystem Processes? [J]. Front Microbiol,
2016, 7:214

[10] Pei J, Chen D, Jin W, et al. Structure and mode of action of a novel
antibacterial peptide from the blood of Andrias davidianus [J]. Lett
Appl Microbiol, 2019, 69(5): 312-317

[11] Pei J, Feng Z, Ren T, et al. Purification, characterization and
application of a novel antimicrobial peptide from Andrias davidianus
blood[J]. Lett Appl Microbiol, 2018, 66(1): 38-43

[12] Yin L, Dai Y, Cui Z, et al. The regulation of cellular apoptosis by the
ROS-triggered PERK/EIF2a/chop pathway plays a vital role in
bisphenol A-induced male reproductive toxicity [J]. Toxicol Appl
Pharmacol, 2017, 314: 98-108

[13] #Fa, 5058, H 4, 5. A0 LR &K% R R]. Tk
#H34, 2015, 36(24): 180-185

[14] Wang H, Wang H, Xiong W, et al. Evaluation on the phagocytosis of
apoptotic spermatogenic cells by Sertoli cells in vitro through
detecting lipid droplet formation by Oil Red O staining [J].
Reproduction, 2006, 132(3): 485-492

[15] Rochester J R. Bisphenol A and human health: a review of the
literature[J]. Reprod Toxicol, 2013, 42: 132-155

[16] Wang C, Zhang J, Li Q, et al. Low concentration of BPA induces
mice spermatocytes apoptosis via GPR30[J]. Oncotarget, 2017, 8(30):
49005-49015

[17] Tian J, Ding Y, She R, et al. Histologic study of testis injury after
bisphenol A exposure in mice [J]. Toxicol Ind Health, 2017, 33 (1):
36-45

[18] Morgan A M, El-Ballal S S, El-Bialy B E, et al. Studies on the
potential protective effect of cinnamon against bisphenol A- and
octylphenol-induced oxidative stress in male albino rats [J]. Toxicol
Rep, 2014, 1: 92-101

[19] Adegoke E O, Rahman M S, Pang M G. Bisphenols Threaten Male
Reproductive Health via Testicular Cells [J].
(Lausanne), 2020, 11: 624

[20] Wang L, Yan M, Wu S, et al. Microtubule Cytoskeleton and

Front Endocrinol

Spermatogenesis-Lesson From Studies of Toxicant Models [J].
Toxicol Sci, 2020, 177(2): 305-315

[21] Wu D, Huang C J, Jiao X F, et al. Bisphenol AF compromises
blood-testis barrier integrity and sperm quality in mice [J].
Chemosphere, 2019, 237: 124410

[22] Lv Y, Li L, Fang Y, et al. In utero exposure to bisphenol A disrupts
fetal testis development in rats[J]. Environ Pollut, 2019, 246: 217-224

[23] Sedes L, Desdoits-Lethimonier C, Rouaisnel B, et al. Crosstalk
between BPA and FXRa Signaling Pathways Lead to Alterations of
Undifferentiated Germ Cell Homeostasis and Male Fertility Disorders
[J]. Stem Cell Reports, 2018, 11(4): 944-958

[24] Chen W, Duan P, Tang S, et al. [Effects of bisphenol A on the
expression of N-cadherin, Vimentin and FSHR in rat Sertoli cells][J].
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi, 2017, 35(2):
101-105

[25] Wakayama T, Iseki S. Role of the spermatogenic-Sertoli cell

adhesion molecule-1 (CADMI1) in

interaction through cell



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.11 JUN.2022

- 2027 -

spermatogenesis[J]. Anat Sci Int, 2009, 84(3): 112-121

[26] Johnson L, Thompson D J, Varner D D. Role of Sertoli cell number
and function on regulation of spermatogenesis [J]. Anim Reprod Sci,
2008, 105(1-2): 23-51

[27] Mascrez B, Ghyselinck N B, Watanabe M, et al. Ligand-dependent
contribution of RXRbeta to cholesterol homeostasis in Sertoli cells
[J]. EMBO Rep, 2004, 5(3): 285-290

[28] Covington K R, Fuqua S A. Role of MTA2 in human cancer [J].
Cancer Metastasis Rev, 2014, 33(4): 921-928

[29] Zhu C J, Zhang S, Liang Y, et al. Elicitation of metastasis associated
protein 2 expression in the phagocytosis by murine testicular Sertoli
cells[J]. Biochem Biophys Res Commun, 2014, 445(3): 667-672

[30] Medubi L J, Akinola O B, Oyewopo A O. Low testicular zinc level,

p53 expression and impairment of Sertoli cell phagocytosis of
residual bodies in rat subjected to psychological stress[J]. Andrologia,
2021, 53(3): e13958

[31] APsen, & LR, Mhis 22, . K 50K 8 AR AL & S 9 & BT
] W2 LK 5 (A K AHFHR), 2020, 36(02): 81-86

[32] &4, # By, #0. K SUILA ACE 7 ] bk 89 ) & A H AL 1
[3]. & & Tk, 2020, 41(04): 123-127

[33] satuik, & T4, vi B @A AL K 81 P 7 MK ) & BB B AR A T A
[]. & &k 1k, 2014, 35(11): 175-178

[34] Olukole S G, Lanipekun D O, Ola-Davies E O, et al. Maternal
exposure to environmentally relevant doses of bisphenol A causes
reproductive dysfunction in F1 adult male rats: protective role of

melatonin[J]. Environ Sci Pollut Res Int, 2019, 26(28): 28940-28950

(3% 2090 TT)

[22] Zhang H, Gao Y, Wu D, et al. The relationship of lipoprotein-associ-
ated phospholipase A2 activity with the seriousness of coronary artery
disease[J]. BMC Cardiovasc Disord, 2020, 20(1): 295

[23] Yin YJ, Chen YC, Xu L, et al. Relationship of lipoprotein-associated
phospholipase A2(Lp-PLA2) and periprocedural myocardial injury in
patients undergoing elective percutaneous coronary intervention [J].
Int J Cardiol Heart Vasc, 2020, 28(15): 100541

[24] Sofogianni A, Alkagiet S, Tziomalos K. Lipoprotein-associated Phos-
pholipase A2 and Coronary Heart Disease [J]. Curr Pharm Des, 2018,
24(3): 291-296

[25] 3804k, 2408, &4 2, 5. LP-PLA2Hey,D-D K /£ &Pk 4t o
Ao el BB R A [T] e B ¥ 5k R, 2021, 18
(14): 2104-2106

[26] Xia YR, Li QR, Wang JP, et al. Diagnostic value of urinary monocyte

chemoattractant protein-1 in evaluating the activity of lupus nephritis:
a meta-analysis[J]. Lupus, 2020, 29(6): 599-606

27] Bk &, Ar & &, &b, B8 bW RSP &4 0 iE Hoy,
GAL3 MCP-1 & ik & s R &L [J]. ¥ B EIF & &, 2019, 21(6):
893-897

28] Bw, b, £A, 5. L3 AARBA T 3] 1L AT 4 S e b i
29 Jm A i NSE F= MCP-1 #9%#f [J]. 52 A & & 5, 2018, 32
(6): 531-534

[29] # =45, 2| KA, Rk, . & SAARBP4MCP-1 5 &k fo b4 i
b ARG AAR AR R R J] R R E FRE,
2018, 17(3): 255-258

[30] Georgakis MK, Gill D, Rannikmiie K, et al. Genetically Determined
Levels of Circulating Cytokines and Risk of Stroke [J]. Circulation,
2019, 139(2): 256-268



