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19 Tubule Differentiation Index
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! Steroidogenesis



P (-5t il Sl S, Jo)giunsd 9 1S, g8 1909 s 13l

2855 ) o odalidie Joiyw (sla Jolu dlass jials asecs )0 (YY) wil )bf).ub i sl Jolw 5 )Slos
ook cnl sl bl elitel (pyed Sl Sphn (g pegind gudy (B S| (LU sl (Ses pSl

(PAEF VYY) ol g (15 SL3 1S ol b Jsi e sl Jsbo shass LialS jogas )

tag0jl 9 s Sl G logd jgagian (o piol )y 3 fuilisl Blyol 5 (a8l 3) g

o/+d WL Jime
Sig. df t S 09,5 C og)5 ERE
¥ F YIFA YAFREVYD  FY/Ye £ 5ITA (ML) &y JymS Canliess
VAY F e/Ved YFEIFC YISV FRMSYEAND  (MH)she eyl soaly) a3
WY F Y VNSYEIAYY AYNEEENY (ML)l e g agali ! £
YA F AT VBVBAEYTYE  AFVEVI VST (M)jhs oyl s} S5 ag) B
NTSIR ST Vet At oy ) Slee sl gy sl
(@« M glas &
JEDF eIAF 112 ) Voo ke 2R ) S sl sl
(& umM glaui
R VR 07 PN YR N PRI ot C ot et
(oo po! A p2 45 Slass
ey F VV/Ee OSISYEYIVA AVYOE /D (/) TDI
eerd £ ANSY  OVISYEYIOY  AF/SV % +/5Y (1) sl
eerd  F AYIYY  OYEVSE AV EY00 (ORI

S Jlail 5 995 00 (Slidy cCunl Llj sla sl 0aiS 035 a5 S5 ladsls bwgs 3555yl
ol o (¥F) a2 g0 St g sl slo gy (sl (S35 10 Spin(Sg3 d Iy sla sl oy
5 o 69k 9 555l sl malins i o 4 and )15 b Cou b waais 1y oy sl Job 3,Shos oS
3 (610 rul 5l 390 3555l sl Jobo )3 e Szl B ylaz Sl (sl (gt (Y0) A8 e J S ),
Sladls (il wugo i (Y7) oyl (3l g alo pl = (Jg oo (Sisnod r0 g Sg> o
il g ye Jgim gla sl 3 Slee JMST Coles 53 5 (9 ygind (aalS L 355l sl RI o SITDI

! Blood-testis barrier



199 glinls g Jlgs /S0 9 o 6 lasih /s jobi Jlw /63 121 )9 6 J9e2 28 dobiiusg z 5 96

5 A5 Jl)3 398 00 (g gt lie (RS el aliul (pyed o8 0 (LS (6503 adlllas il
(VVYA) ol 013 20l 505 lalllas bawgs 4l ol L(YV) 39 05 055 FSH g LH s )3 (6l sxe
oS A FSH Oseos (il st Vs J1 (S35 (eiagis ()15 5 (VAAY) ollen 5 'Sl
w55 e 42538 ldllan gy b (1) sl 03,8 s Jgipes (sl Johos (53, Skae VS | ol
b Ol 2 Slg ey Cnl g WS (o0 i ()08 w3 9 D CenlS &y (g9 gl (190)98 Tskaw )5
S Sl 5 e

ol 035 odnlive _oldiwl (gl ;3 Siigilopoml Jolw 03y (sla oo slaxi jials g cildllas jo
LS o100 Loyl Ltals8l b s el el 4 il 363 adlllas )5 (Y- +F) olSan 5 bls
(Ve 0Y) o an 5 T055l5 (13) 395 o0 5355l sl a3 10 NST el o3l 51 (550 5 (i (sloig0)92
395 Sty () (3l Jelge b ol (San a5 wlod S ()55 1) (3509 cllab 5 51 gyl Syents
posbical €Wyl 5> (59li5 (TDI) jlup sl posbicol slacisd) slass (Eals 3529 L pols adllas )5 (¥+)
Gl 0313 &y 35555l pul 03y (sl Jolis poea T30l 3100 LTl day o HlaS &y 030,50 samliio Sl pa!

2 AFY) Ao Sl (ROS) T (5T s 28Ty (SloisS 255 ¢ 03 Sl (B pemo (y3pmST 21381 L
Ol ad st (3l lje wimd o plsl lagio ©ad b (13509 (el w3y 5k 41 &S ll o3
e Ll h5ys ol s & oin Jlo ol b sl ROS s gl b slis 4y 208 5y o
Sl el g (l38 ROS clale ol tus fso jsbo 4 ROS (o s 5l 4 0B S5 cdly
e JUB] 5 59l LY ) (S S lans| il Bl 00,8 o0 42 (FFY) ale pialS
5 (SOD) jgans souST pp (sl agus] T Coleb a8 ligios )5 (FYFF) Caul 5 i o)
Sl ye3 ¢ S pobo 0 (FOFF) Consl sl LialS e SV il o5 b llges 13 (GPX) jlansTys 9:56lS
Sl 4 e b (F)) Wgd (oo i > Sl 3l bl (el sl g b LS o (GY5b 15
&8 & S Gt (3 Pl (53,5 001 5 55lamST oyl Gl sl s alial colad
5l 3y90 ol 5 o8l 55 imads el 5 35555l peeed IS sl (3Siae (FDF+ FY) 355 o i

T390 Jstayse ml colld (el e (Vb 5 opeje (Sing Clled plnl S|y g

3 ol 5 (955 gloysl (F7) WS (oo i 55559, 1) Jsimysw SDH &8 bl 5l amo o ¢, (SDH)

IS, 55 B555ke sl 52 5 oo SDH 955 fFY) AiiS oo odlital (5531 Lol lie lgis & 958958 9 3S5lS
Zlg3la el 5599590 )3 533 48 sl “ODFL (359 0 )5 1,5 o9 btz yoi 58b o oS (6,03 Jale
oo (tls ODFL jLib cco (Yoo (giolitl (1555 Cllab b (FY) Caul p3 g oo Jluail 231,58 )3 0355
Aol g2 ogMe (BV)o9d oo Jiwo 355 ol (] @5 1 5 (o0 31 0 la sl ) (2Bl 33598 )50 41 oo
(YY) sl dyio DNA Gl alais (glz (55559 Cllad sy g0 515 & 535 ko pusl 2 pao

!'Vasankari

2 VVaamonde

3 Reactive Oxygen Species

4 Sorbitol Dehydrogenase

5 Outer Dense Fiber Protein 1
% Spermatozoa



55 (-5t 2 olihanl Sl S, Jo)giunsd 9 1S, yiog8 1909 13l

8.

9.

1

ONgd 4y 0 b dady Ve a8 sy )58 sl s ol b callbes (Y4Y) Ol)m9‘ln)9s

PS3 (xSgn culld il g glanaST o gl (il sl Sl 3598l el 3, Ske Wl o Jood 5 (59
Mol el Ll o g atam Vo a8 Wby lis 55 (YoOF) o) Ken g Tlijen (D)) dmd a8l aay

F344-,55 sy )3 oo o8y YUl (56 o (ol blie 53 5 9 (5)dSgie ) dbo Ol
SIS i) > M G5 5y S ing g sy 45 553 (5 4 a gl (OF) 5 Lo
i F Ole 4 (gladds FO  olitwl (glid a5 ol lis hagh cpl zols (00) o)l lose Jreddsi i
Dyden (Jgpe ok g Big5lo el RE g SITDI o aslis Jlo gine ials
S 35 Ao

)l adp <8l 5 Biglol s9) 2 Geliitel (b5y9 Cullad (SisSe b snte S adlbe )l
ol 4ws38 Sldllas 5 imgh ol 53 sdelcund slagpSams a5 cusls 4y Lb (b ol b ams o
38lgd 3529 b )l )5 (ye cnyed s SSgn b Cov a4 Glje Jreng e oS Wind
B9yl sl gloy 5 () oSt ) (ol o394 (28559 Cllad (oMo sLilje 3590 ) (558
03y (oSS Slllae (> e & g el 0l oy plizmen (e e A 3Shas o ] b
syiso a4y 25V (69l sy stolital Cllad Jlazn ik BT ) (6 (sl JoSo sl Sal,

&
llacqua A, lzzo G, Emerenziani GP, Baldari C, Aversa A. Lifestyle and fertility: the
influence of stress and quality of life on male fertility. Reproductive Biology and
Endocrinology. 2018 Dec 1; 16(1):115
Safarinejad MR, Azma K, Kolahi AA. The effects of intensive, long-term treadmill
running on reproductive hormones, hypothalamus—pituitary—testis axis, and semen quality:
a randomized controlled study. J Endocrinol. 2009 Mar;200(3):259-71.

Jozkow P, Rossato M. The Impact of Intense Exercise on Semen Quality. Am J Mens
Health . 2017;11(3):654-62.

Durairajanayagam D, Agarwal A, Ong C. Causes, effects and molecular mechanisms of
testicular heat stress. Reprod Biomed Online . 2015 Jan;30(1):14-27.

Gaskins AJ, Mendiola J, Afeiche M, Jargensen N, Swan SH, Chavarro JE. Physical activity
and television watching in relation to semen quality in young men. Br J Sports Med . 2015
Feb;49(4):265-70.

Agarwal A. Is There a Link between Exercise and Male Factor Infertility? Open Reprod
SciJ. 2011;3(1):105-13.

Orio F, Muscogiuri G, Ascione A, Marciano F, Volpe A, La Sala G, et al. Effects of
physical exercise on the female reproductive system. Minerva Endocrinol . 2013
Sep;38(3):305-19.

Cannavo S, Curto L, Trimarchi F. Exercise-related female reproductive dysfunction. J
Endocrinol Invest . 2001 Nov 11;24(10):823-32.

Loucks AB. Physical Health of the Female Athlete: Observations, Effects, and Causes of
Reproductive Disorders. Can J Appl Physiol . 2001 Oct;26(S1):S176-85.

0. Farahani AV, Mansournia MA, Asheri H, Fotouhi A, Yunesian M, Jamali M, et al. The

I Torma

2 Joseph



199 gl g Jlgs /S0 9 o 6 lasis /e jobi Jlw /63 121 )9 G j9e2 jud dobisg z 5§V

effects of a 10-week water aerobic exercise on the resting blood pressure in patients with
essential hypertension. Asian J Sports Med. 2010;1(3):159-67.

11. Chase NL, Sui X, Blair SN. Swimming and All-Cause Mortality Risk Compared With
Running, Walking, and Sedentary Habits in Men. Int J Aquat Res Educ. 2008;2(3).

12. Tanaka H. Swimming Exercise. Sport Med . 2009;39(5):377-87.

13. Wang R, Tian H, Guo D, Tian Q, Yao T, Kong X. Impacts of exercise intervention on
various diseases in rats. Vol. 0, Journal of Sport and Health Science. Elsevier B.V.; 2020.

14. Zitzmann M. Exercise, Training, and the Hypothalamic—Pituitary—Gonadal Axis in Men.
In Springer, Boston, MA, 2011. p. 25-30.

15. Hackney AC. Effects of endurance exercise on the reproductive system of men: The “
exercise-hypogonadal male condition .” 2008;932-3.

16. Vaamonde D, Da Silva M, Poblador M, Lancho J. Reproductive Profile of Physically
Active Men After Exhaustive Endurance Exercise. Int J Sports Med . 2006 Sep;27(9):680—
9.

17. Vaamonde D, Da Silva-Grigoletto ME, Garcia-Manso JM, Vaamonde-Lemos R, Swanson
RJ, Oehninger SC. Response of semen parameters to three training modalities. Fertil Steril
. 2009 Dec;92(6):1941-6.

18. Lucia A, Chicharro JL, Pérez M, Serratosa L, Bandrés F, Legido. JC. Reproductive
function in male endurance athletes: sperm analysis and hormonal profile. J Appl Physiol
. 1996 Dec 1;81(6):2627-36.

19. Manna I, Jana K, Samanta PK. Effect of different intensities of swimming exercise on
testicular oxidative stress and reproductive dysfunction in mature male albino Wistar rats.
Indian J Exp Biol . 2004 Aug;42(8):816-22.

20. Manna I, Jana K, Samanta PK. Effect of intensive exercise-induced testicular gametogenic
and steroidogenic disorders in mature male Wistar strain rats: a correlative approach to
oxidative stress. Acta Physiol Scand . 2003 May 1;178(1):33-40.

21. Maimoun L, Lumbroso S, Manetta J, Paris F, Leroux JL, Sultan C. Testosterone Is
Significantly Reduced in Endurance Athletes without Impact on Bone Mineral Density.
Horm Res Paediatr . 2003;59(6):285-92.

22. Hill EE, Zack E, Battaglini C, Viru M, Viru A, Hackney AC. Exercise and circulating
Cortisol levels: The intensity threshold effect. J Endocrinol Invest . 2008 Jul 22;31(7):587—
91.

23. FitzGerald LZ, Robbins WA, Kesner JS, Xun L. Reproductive hormones and interleukin-
6 in serious leisure male athletes. Eur J Appl Physiol. 2012 Nov 1;112(11):3765-73.

24. De Souza M, Arce J, Pescatello L, Scherzer H, Luciano A. Gonadal Hormones and Semen
Quality in Male Runners. Int J Sports Med . 1994 Oct 14;15(7):383-91.

25. Viru A, Hackney A, Vilja E, ... KK-E journal of, 2001 undefined. Influence of prolonged
continuous exercise on hormone responses to subsequent exercise in humans. Springer .

26. Safarinejad MR, Azma K, Kolahi AA. The effects of intensive , long-term treadmill
running on reproductive hormones , hypothalamus — pituitary — testis axis , and semen
quality : a randomized controlled study. 1984;259-71.

27. Manna |, Jana K, Samanta PK. Effect of different intensities of swimming exercise on
testicular oxidative stress and reproductive dysfunction in mature male albino Wistar rats.
Indian J Exp Biol . 2004 Aug;42(8):816-22.

28. Arshadi S, Peeri M, Bakhtiyari S. The effect of 6 weeks swimming training on plasma
antioxidants activity in diabetic rats. 2013;3(4):230-5.

29. Kalantari Hesari A, Shahrooz R, Ahmadi A, Malekinejad H, Saboory E. Crocin prevention
of anemia-induced changes in structural and functional parameters of mice testes. J Appl
Biomed . 2015;13(3):213-23.



§A (-5t il Sl S Jo)giunsd 9 1S, g8 1909 s 13l

30. Manna I, Jana K, Samanta PK. Effect of intensive exercise-induced testicular gametogenic
and steroidogenic disorders in mature male Wistar strain rats: a correlative approach to
oxidative stress. Acta Physiol Scand . 2003 May 1;178(1):33-40.

31. Cumming DC, Wheeler GD, McColl EM. The Effects of Exercise on Reproductive
Function in Men. Sport Med . 1989 Jan;7(1):1-17.

32. Cano Sokoloff N, Misra M, Ackerman KE. Exercise, Training, and the Hypothalamic-
Pituitary-Gonadal Axis in Men and Women. In: Frontiers of hormone research . 2016. p.
27-43.

33. J6zkow P, Rossato M. The Impact of Intense Exercise on Semen Quality. Am J Mens
Health. 2017;11(3):654-62.

34. Skinner M, Griswold M. Sertoli cell biology .2004.

35. Mruk DD, Cheng CY. Sertoli-Sertoli and Sertoli-Germ Cell Interactions and Their
Significance in Germ Cell Movement in the Seminiferous Epithelium during
Spermatogenesis. Endocr Rev . 2004 Oct 1;25(5):747-806.

36. Smith LB, Walker WH. The regulation of spermatogenesis by androgens. Semin Cell Dev
Biol . 2014 Jun [cited 2019 Oct 29];30:2-13.

37. Fernandez-Garcia B, Lucia A, Hoyos J, Chicharro JL, Rodriguez-Alonso M, Bandrés F,
et al. The Response of Sexual and Stress Hormones of Male Pro-Cyclists During
Continuous Intense Competition. Int J Sports Med . 2002 Nov;23(8):555-60.

38. Hoogeveen AR, Zonderland ML. Relationships between testosterone, cortisol and
performance in professional cyclists. Int J Sports Med . 1996 Aug;17(6):423-8.

39. Vasankari TJ, Kujala UM, Heinonen OJ, Huhtaniemi IT. Effects of endurance training on
hormonal responses to prolonged physical exercise in males. Acta Endocrinol (Copenh) .
1993 Aug;129(2):109-13.

40. Vaamonde D, Garcia-Manso JM, Hackney AC. Impact of physical activity and exercise
on male reproductive potential: a new assessment questionnaire. Rev andaluza Med del
Deport . 2017 Jun;10(2):79-93.

41. Gomes M, Freitas MJ, Fardilha M. Physical Activity, Exercise, and Mammalian Testis
Function: Emerging Preclinical Protein Biomarker and Integrative Biology Insights. Omi
A J Integr Biol . 2015 Sep;19(9):499-511.

42. Neubauer O, Reichhold S, Nics L, Hoelzl C, Valentini J, Stadlmayr B, et al. Antioxidant
responses to an acute ultra-endurance exercise: impact on DNA stability and indications
for an increased need for nutritive antioxidants in the early recovery phase. Br J Nutr . 2010
Oct 28;104(8):1129-38.

43. Wagner H, Cheng JW, Ko EY. Role of reactive oxygen species in male infertility: An
updated review of literature. Arab J Urol . 2018 Mar;16(1):35-43.

44. Dutta S, Majzoub A, Agarwal A. Oxidative stress and sperm function: A systematic review
on evaluation and management. Arab J Urol . 2019 Apr 3;17(2):87-97.

45. Aksoy Y, Yapanoglu T, Aksoy H, Demircan B, Oztasan N, Canakgi E, et al. Effects of
endurance training on antioxidant defense mechanisms and lipid peroxidation in testis of
rats. Arch Androl . 2006 Jan 9;52(4):319-23.

46. Samanta PK, Manna |, Jana K. Effect of L-ascorbic add supplementation on testicular
oxidative stress and endocrine disorders in mature male rats exposed to intensive
swimming exercise. Reprod Med Biol.2006 Jun;5(2):145-53.

47. Gomes EC, Silva AN, Oliveira MR de. Oxidants, Antioxidants, and the Beneficial Roles
of Exercise-Induced Production of Reactive Species. Oxid Med Cell Longev .
2012;2012:1-12.

48. Powers SK, Jackson MJ. Exercise-Induced Oxidative Stress: Cellular Mechanisms and
Impact on Muscle Force Production. Physiol Rev . 2008 Oct;88(4):1243-76.



199 gl g Jlgy /S0 9 o 6 lasis /s i Jlw /63121 i) g9 6 59e2 28 dobiusg jz 5 7 9

49. White BA, Harrison JR, Mehlmann L. Endocrine and reproductive physiology. 277 p.

50. Huang S-C, Wu J-F, Saovieng S, Chien W-H, Hsu M-F, Li X-F, et al. Doxorubicin inhibits
muscle inflammation after eccentric exercise. J Cachexia Sarcopenia Muscle . 2017 Apr
1;8(2):277-84.

51. Torma F, Koltai E, Nagy E, Ziaaldini MM, Posa A, Koch LG, et al. Exercise Increases
Markers of Spermatogenesis in Rats Selectively Bred for Low Running Capacity. PLoS
One . 2014;9(12):e114075.

52. Sharma A, Singh K, Almasan A. Histone H2AX Phosphorylation: A Marker for DNA
Damage. In: Methods in molecular biology (Clifton, NJ) . 2012. p. 613-26.

53. Liu M, Liang Y, Chigurupati S, Lathia JD, Pletnikov M, Sun Z, et al. Acute Kidney Injury
Leads to Inflammation and Functional Changes in the Brain. J Am Soc Nephrol . 2008
Jul;19(7):1360-70.

54. Joseph AM, Adhihetty PJ, Leeuwenburgh C. Beneficial effects of exercise on age-related
mitochondrial dysfunction and oxidative stress in skeletal muscle. J Physiol. 2016 Sep
15;594(18):5105-23.

55. Gholami S, Ansari-Lari M, Khalili L. Histologic and histomorphometric changes of testis
following oral exposure to methyl tertiary-butyl ether in adult rat. Iran J Vet Res .
2015;16(3):288-92.



Journal of Applied Exercise Physiology /Vol.16/No.31/Spring & Summer 2020

Histomorphometric and Histologic Effect of Endurance Swimming on
the Testis of Adult Wistar Rats

Mehdi Asadi, Mohammad Rahmanil*, Esmaeil Nasiri?, Ali Kalantari -Hesari?, Milad
Khosravi-Sadr!, Mehdi Ezzatifar®.

1 Department of Sports Science, Faculty of Humanities, Shahed University, Tehran, Iran
2 Department of Pathobiology, Faculty of Veterinary Sciences, Bu-Ali Sina University,
Hamedan, Iran.

*Corresponding author: Email: rahmani@shahed.ac.ir

Abstract

Background and Purpose: Exercise along with the desired effect on some physical systems
may be associated with the disorder of other systems. Although endurance training is a
"golden exercise" for general health, but based on the scientific studies, it can be associated
with reproductive system disorders; the purpose of the present study was to investigate the
effects of endurance swimming on the histomorphometric indices of testis in adult male
Wistar rats.

Methodology: For this purpose, rats (N=10) were randomly divided into control (C) (n=5)
and endurance swimming (ES) (n=5) groups. The rats in ES group were exposed to 45
minutes' endurance swimming, three sessions a week for 6 weeks. Forty-five hours after the
last swim session, rats were euthanized, research ethics considered. Their testes were placed
in 10% buffered formalin solution and sent to the laboratory for histomorphometric
evaluations. Data were analysed using independent t-test at a=0.05.

Results: Tubular differentiation indices (TDI) (p=0.001), cumulative coefficient (RI)
(p=0.00), spermiogenesis index (SI) (p=0.00) and number of Sertoli cells (p=0.01) of ES
group were significantly less than C group, but differences in Leydig cell parameters
(p=0.45), testicular capsule thickness (p=0.07), tube diameter Spermatogenesis (p=0.92),
sperm tube-forming epithelium height (p=0.117), number of spermatogenic tubes (p=0.51)
and inner tube lumen diameter Spermatogenesis (p=0.29) were not significant. The
histological profile of the testis of ES group showed severe spermatogenesis.

Conclusion: Endurance swimming protocol of this study can provoke reproductive and
infertility disorders, and given the role of endurance activity in public health, especially
cardiovascular health, complementary strategies should be considered to prevent the
occurrence of such complications.
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