Sty
cob @olc VoY B AY Slodo NYAAJL /Y o5l Y& als /0l pole (sla singly a piil odigy (sode allie

Animal Science Ressarches

2o SLagh g didas il o Slas g UALL 53 (i gS 9 Slasad Jude (le jaa I pae Ol il
&L

TShs 530 9T lacd 5 e 9 plse s 3 BALS S gl

AAYNY : o dy &b RANARSS ISy IS
j'.’.)"" aK..L.’:l) ué&ﬂlb am\b M.iL_{ r}lﬁ “ﬁj§ ‘LS“'L“;' CA.BLJ ul?u L‘)L_f'JL:.ANI\
J'.’.J"‘" AL{..:«J.\J LL;X/.JJ:A\J om‘} L‘fﬂt\n:' CA.QL Jw.;')‘ wujlsv

RS &Lsls ‘v’<"i'}:."’\° 0 dSES s ‘AJ“L.L (:_51.9 U; ‘L;"':"j‘}':'.' Jl>u bt v
Email: kianifard@tabrizu.ac.ir :455 J s’

oussa

@lopopal 5 wan @8l Lo (Shnas e b ol a5 sas Gaelide] cliiie B cluii s Sladlas die)
> OB Ss Aie ol asle 158 ol Gusies o caline JIKaI L S sl o ab JKIT K 05 K0l o yon
slaso, 518 Cipme 4 Gl K oladidte by Shae ol ) sulite) idua ol sud (3515 335 55l el
@il o Slae 5 HbaLl 5o OSSO 5 Slasd e Glosas G suas 3l dalllas (pl 5o aaspe GRS, G5 SS ssls
Gda s Saeds (pSLS/a S e £) (85K 5 (pSHS/p S eV ) Slanddiie IS g, a8 s dd
058 Llr © oblps ad sl b plsis (hge s €0 L0 Glodea b llaa gl Slhs Jabs o) sots
aalllas SlgBl o W S G5 SO+ olaid e 5 656K wlanddiie (JHUS 89S Jold (855 58 53 Oloa V1)
5ok ASHLul LG go Gur ool Jae 4 sSlanciSl Gusiad Ghaies 5 (Sseon 5alUT cga @bl s 5 65853
g mba gl Gladisal 5 (ssie 850 sl Slalllae cya iy w8l gladisal e S ol ladan 5 O OO
2 oSl 5 oAl Slinis sl wa pe 555K 5 Sladd e 31 suliiod i b (s 3lueole] oyl 0T
soliiinl ad saaliie Gloss il slas s S Ho ladiay o 55 GRS 00,8 YIS 05,8 L danlie 5o s il
o3 a8 LH G508 (2alS 5 FSH (sa,58 (o o (il d) cmgo 13ae sk (3580 5 olais e )
Ol 38l Sl 53 cpl le e euiSmdl ju 858 5 JHES 6 S b diwlie 5o Gy iw siad (Son mha 5 S0 slass S
Sl wliaedl olallas 5o ol Gl ploys Sad slagise arw 59 silinS] Gusial sedld il
RalS 5 Sl asali ol Pl GralS Glsa sal (sladd gl Jhd (ralS (gaiian J s celiis (il suls o AL
Glagadls ol saaline (5SS 5 olaid Jile sl @il yo slass S o B3 ske sl (88 Sao slagadls
Ploss) 5 SHa3 was s g asrl cures (BAKS Glhe (pidn el GalS Gloss el slas s S s asal 5G]
SoSdadis o S ol (5K 5 olidile Glodas saii mdlya 858 5 86K a0 8 Lo S
0% ok GRS (55 S (e I3 8 S 5 claidaie Glesas B yas 85lse ol LS dalllas () mli kg
il bl iy @il o Slac 5 ol L ol s 555

OB S plome (B ge landiie day iguals 81y



WWAA Lo /Y 0yl YA ils [ gol> pole (sba yimg sy d i

w9 )l:.w Sowgo s.))BL;:LS ay

o b @loae slagise Ho iy cdl o Slae

s S

Lagdiy, 9 9l

OSilhe b b olmis (Ghse sow £ dalllas gl o
OIS dallbe @al Gia cuda caeds o S \YO S0
Ol Sllga aled a5 5 (5lagS Ll s <
Srae ol 5 sadidl aly b oblpa ool g
slgtse waf ol et Jsare o 5 Ly
9 S0l 4a,n YY Y ojla dans su e
Sl el VY 5 olidg, el VY Ll oyl cas
058 Ll Bulal b ollpa ad ()l
ek aad Hlad a5 8 4w 5 JAS o5 S Jela
wluisdiie sui€ @ib,a 058 Jold Hlas slasy S
suiiS mdlys 858y OSSS eaiS mily 8y S
o JOTS 058 5 0 OB SS 5 Slasidie Gleses
G olad slasy S L Gl ana b (55l
NP

p oSS s lole a Sl Ve e 4 olaiddse
5 LS) wo S suliinl Flhs JAls osget G 009
Sigma-Aldrich, St ) ;5 S cuiaan (Vo0 ),1S0a
613 & a8l ¢ Sliaets (Louis, MO 63178 USA
soliinl s JAls oosets Gu OOy pSslS e
i) aallae gleml 5o (Y1 ohlKea 5 an) a
2B O eSS a5 80k GBagn 5 L ollse
gobe oSeolal o s sladise s S alsdl
0% OSSSiel G558 5 (sodspa LA 3 salS
PP VN R IWPRRVE. AR KVL AP PRI R v D
Lo sadlan s 5l ga 5 ol)y glacay wllpa
Bl Gog a S sl b b 55158 51 soliil
Al s pslieds daslS 58 O Gw
o sy 3l olindss wan il gladshes
o ohle sl o) e diline piule)] slas s <

FSH ((Diaplus Inc. USA) ¢ i s slag, so 558

douds

Sl w8 S dan @il 5o aspel il wy,
sladsle nla 5 88 51 glambgledla 5 sway
© o 9 s s oladi b oS ol ol
S5) S8 by e g Job soladin slaxs
ool sLacily 5l ean @il (Y- \V gKaa 5 oL
Ol 59 0 S e wsmne Jaine HhA Jolge lys o
6osobl e 3l as s €0 aS sl sud (31X ey
Oes 5 JIs KT) wilbioe Sie Guin @ by
saSlae 5 olale &Y 5) AlAs #l ) (YA
L, 5o 45 was o ) 355k sl 80, sladsles o
(YA s s oSBl) adbie ool oae
Sloss @l 5 sus Celite] il 31 olas e
SR Glass sl 55 5 OS0S Madin aodis
ol oMWAT 5 (Soseidl (S SE aui i
N GLSaa 5 Gugl ) WS oo LB suliinl 550
5 VY OhlSea 5 g sSiuge VA0 LlSaa 5 cnld
oo oluad e B solaial (YY) LKaa 5 senla
osae 9 Slae Ho P Case ol slagise
obaa 5 Sb,al) wuS e ol - hussua —3ie
b wan ail L) dubg @il o Slee (Y1
e Gl o8 S RS SSUS Jelse
HMosass (@Y casal 51 (g sua slagu 55 5ulS
O50058 5Lualdl 5o S5 saelyss slasue ki
5 Kgslaaw) wjls 58 Lo 550l suni€ul)yl
(VN OlLKaa

case Wl € ol e a8 IKIT S o5 Ko
0 f Lol slieus Lo gustie guSlee =YY
Sl sad GEHIS (YN LK 5 5 saea- 1] )
case oluddie pli Soae ob&5 5 soliial
S ) soliiad) & HEeS i eme Bl il
SIS aalllas col o (Y oA OLKaa 5 553 55) w9 S e
s obale 5 B8 K0 § claiddie cae SV sk B yae



L popl sla Slupspl gladd gl s (535 sae sl
5 ShosrSis) wd wlae sl BU sladyl
Sl6T cga (Yoo OLKea 5 3a 5 VAAA Gl lKen
29 sl a9 5 st lis assatnl 31 ks @8 sl
dabiaald cplle Jlop Salbe 59 ol Glusssiy
sl Silhe w4 Jslas paa Gupe 5 sud
YV oL 50 Jslae Gl o515 4880 Ve 51 Gy
DL aY 5 soliiil b oasucl slasd ioled e
S (VAT GhKea 5 Sonls) waS wulas
Olase Ve olaad Laayewl Soad s g
S, fpaad ed S 18 s S (o sSin s S
Sose oS00 Ghas b lasawl Slesss)
sols Jslae OF SidgSae Voo pslie Cpas o8 ndy
05200585 5 o) Jslas 5 soluwe paa bapl
Voo olaad ulys £0r plaid,e Loy sad bglas
OEe 5 Sgimls) ad (s G 58 L3 oyl
L oy sadpls mean £ SD o gnds Lasuls (VAAY
4. GraphPad PRISM (s ,1580a 58 e 51 soliinl
ey twlis  cga SwaS o o)t
aalllas o 90 slas s S o Loy dewlie 5 suelemads
Gsedlom 5 BobSs bl SalbT ol G se)T 3
(P <0.05) ,luie . soliieal S5 (a3 (5031
G S Ll 5o Lae s S G sol e s a1

A

G g b
2l wan Gos s om Oos oSk V Jsaa
29 sola e AN aas e olas aliAs slasy S
s w3 glass S Gn ol®) 5 elal oo
o8 e 05 oSk () Jsua) ads saalie
el 5o (55K 5 Slanid e suiiS cidly s slasy S
28l5a 858 Lo GRAIS Gl nil (aalS IS 85 S L
s olagine JSIS 658 b danlie ju G5 6S0 saiiS

DRG ) LH 4 (DRG Instruments GmbH, Germany)
Ohey o) saldind L (Instruments GmbH, Germany
b 558850 palaid) laca 51 saliiad L 155Y)
ool 5o wadllgiglle oy ol (s Sa)lul
al Sosiobssaaallgaglle GSLS (i,
aallhe olieds  (VAVA DSG)  ad alasl
ehlie L Ol G an (SoRe st pe s
eofhnbuSglas (52l &, 5 K3l st
oS Sa 31 soliid b Sy Sao slandlad
L (LABOMED CxL, Labo America, Inc.) s,
Grwads pobad il dalllas (aline gla olais jo
ass S 4 (Dino-Lite) Jlsass Gussss b s sl
DinoCapture 2.0, Version ) Lislas 3uJGT )3l
aalllas 5o oS L5 ulal 5 43a3 e (15.28.A
Selas b pla)aSU an wdly SR8 e
gL, Slesa syl sladl ol (o la HhS (guiias JsunS
slaes S 50 Slawaseal gladyl LIy i o8l
S a0 S danlie aaly 5 osad g Sedlul Alia.
o8 53 DSlaasal Al ¥V ulaal (655058, 50 Slalllas
aalllas (55,5 58 (513 0 Al Yoo e pans) LBL G

%)
slad sl 5o 35 53ke el (g sSns Sae (2l50) Hobieds
s  (TD sl sl olas Gadli € 51 ¢ Sl !
(RI) curaa waas Gadls 5 (SPI)T 3335 s sl
deoys gl gl plad Ganld dualae (gl ok soliil
oy 4 51 Gt b 4 ol 4 Sl yaal sladd )
S8 $le sl 5 8Ll 533 53le saal 80, (slad sl
Sl 5 ol Sl pedls ol S Gulas wal,
Gslas (gl ol Slsa sl Al gulis slad b
S8 lespl glad sl s wonmen wasd adla
sladsl 5o Jlad e (oS sile sl sladsh 4 Jlas
s dslae Holieds s S dulae Slasp el

1-Tubular Differentiation index
2- Spermiogenesis Index
3-Repopulation Index
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Table 1- Mean of body and testicular weight in experimental groups

Traits Control Methylphenidate Nicotine Methylphenidate+Nicotine P- SEM
value
Initial body weight(q) 138+19.54 137.8+3.93 131.4+13.94 134.4+4.77 0.11 5.38
Final body weight(g) 163.6+£18.19 150.8+11.03 143.8+6.39 152+12.00 0.20 5.93
Testicular weight () 2.34+0.24% 2.14+0.16% 1.81+0.34° 1.90+0.25% 0.03 0.12
Testicular/body weight 1.43 1.41 1.25 1.25

ratio (%)

Data are presented as mean+SD. Means with different superscripts have significant difference (P<0.05). SEM: Standard

error of means
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Table 2- Serum level of pituitary gonadotropins, testosterone and oxidative stress index in experimental groups

Traits Control Methylphenidate Nicotine Methylphenidate+Nicotine P-value SEM
FSH (1U/ml) 0.37+0.122 0.78+0.02° 0.50+0.01% 0.30+0.012 0.002 0.02
LH (pIU/L) 20+0.95% 18.2+0.832 17.9+0.862 21.2+1.82° 0.008 0.59
Testosterone 0.25+0.172 1.20+0.142 2.95+0.77° 0.70+0.43? 0.0006 0.24
(ng/ml)

MDA 0.63+0.232 0.94+0.322 1.51+0.39° 1.03+0.32%® 0.031 0.17

(mmol/mg Prt.)

Data are presented as mean+SD. Means with different superscripts have significant difference (P<0.05). SEM: Standard

error of means
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Table 3-Histomorphometry and microscopic indices of spermatogenesis in experimental groups

Traits Control Methylphenidate Nicotine Methylphenidate+Nicotine P-value SEM
Capsular 21.64+1.41 22.02+2.37 22.58+1.78 22.34+1.89 0.563 0.70
thickness (um)

Seminiferous 292.5+14.378 224.3+47.39° 209.2+44.57° 203.6+45.23° <0.0001 11.98
tubules

diameter (um)

Germinal 81.2045.732 71.27+9.03° 63.05+8.79° 64.37+7.73° <0.0001 2.47
epithelium

height (um)

Tubular 81.2+4.43? 65.2+7.49° 59.1+10.1° 61.5+9.21° <0.0001 2.46
differentiation

index (%)

Spermiogenesis 82.8+6.482 68+8.73P 63.6+9.21° 65+10.5° <0.0001 2.76
index (%)

Repopulation 81.145.512 70.7+8.48° 61.2+8.37¢ 66.1+7.48" <0.0001 2.35
index (%)

Data are presented as mean+SD. Means with different superscripts have significant difference (P<0.05). SEM: Standard

error of means
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Table 4- Sperm analysis

indices in experimental groups

Traits Control Methylphenidate

Nicotine

Methylphenidate+Nicotine  P-value SEM

Sperm 76.6+£11.22 64.2+12.8%
count
(108/ml)
Sperm
motility
(%)
Sperm
viability
(%)

81.7+9.62° 63.6+6.88°

80.1+7.522 63.5+6.66°

50.4+8.37¢

55.2+9.07°

53+8.37°

54.6+9.57% <0.0001  3.39

48.8+8.41° <0.0001  3.63

51.7+14.2° <0.0001  3.69

Data are presented as mean+SD. Means with different superscripts have significant difference (P<0.05). SEM: Standard

error of means
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Figure 1- Light micrograph of testicular tissue in experimental groups

(A) Control group. Seminiferous tubules (ST) are observed with normal architecture. (B)
Transverse section of seminiferous tubules in methylphenidate treated group. Atrophied tubules
(AST) with lacking cell (black arrows) observed with decrease of cell population and cell junction
impairment (asterisks). (C) Testicular tissue of nicotine treated group. Prominent cell population
decrement has been observed in seminiferous tubules (AST). (D) Cross section of seminiferous

tubules following simultaneous administration of methylphenidate and nicotine. Intensive decrease
of cellular population (black arrows) observed. Hematoxylin-Eosin staining. x400 Magnification.
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Introduction: Exposure to different xenobiotics can affect the male reproductive system by making
structural and functional changes in testicular tissue (Aitken and Roman 2008). The changes in the
cellular structure of testicular tissue are associated with varying degrees of infertility (Aitken and
Roman 2008). Methylphenidate is an amphetamine derivative which used for treatment of ADHD
syndrome (Kraus and Burch 1992 and Levin and Kleber 1995 and Doskoch 2002 and Cansu et al 2010).
Long-term administration of methylphenidate has been associated with changes in testicular tissue
and sperm population. Nicotine is a toxic alkaloid that available in a wide range of population
through different forms (Miranda-Spooner et al 2016). The negative effects of nicotine on
spermatogenesis and decreased sperm quality have been reported (Mosadegh et al 2017).
Experimental studies in humans and laboratory animals have shown that the use of stimulant
compounds such as methylphenidate and amphetamine derivatives increases the tendency to
consume nicotine-containing products (Wooters et al 2008). Given the importance of above
mentioned subject and the negative effects of nicotine (as a gonadotoxic composition) and
methylphenidate on the reproductive system, in this study the effects and the complications of the
long-term exposure to methylphenidate and nicotine in the form of simultaneous administration
were evaluated on the structure and the function of testicular tissue in animal model of adult rats.

Material and methods: Methylphenidate (10 mg/kg b.w.) (Geha et al 2000) and Nicotine (4 mg/kg
b.w.) (Nesseim et al 2010) were administrated intraperitoneally once a day for eight weeks in adult
rats. The animals were divided into control and three treatment groups: 1) methylphenidate
administrated group; 2) nicotine administrated group and 3) methylphenidate+nicotine
administrated group. At the end of the eight weeks, the blood sampling was performed for
measurement of the blood levels of pituitary gonadotropins (follicle stimulating hormone and
luteinizing hormone) and testosterone. Plasma lipid peroxidation (malondialdehyde) assay was
performed on the blood samples Briefly, testicular tissues were homogenized in KCI. Measurement
of tissue and plasma malondialdehyde (MDA) levels were quantitatively carried out base on the
MDA-TBA (thiobarbituric acid) complex formation (Katoh et al 2002). The animals were euthanized
and the body and testicular weight were recorded. Testicular tissue samples were fixed in 10%
formaldehyde solution and paraffin embedded tissue were prepared for histomorphometrical study
and evaluation of microscopic indices of spermatogenesis. For morphometric assessment of
seminiferous tubules, the slides were studied at 200x magnification. To get extra precise results,
only the seminiferous tubules (STs) that sectioned transversely were studied and the shortest
diameter of seminiferous tubules was considered for measurement. For every one animal, three
microscopic slides from different parts of testicular tissue were prepared and 200 tubules were
studied. For estimation of spermatogenesis in testicular tissue, three different indices were used.
Tubular differentiation index (TDI), repopulation index (RI) and spermiogenesis index (SPI). To
determine the tubular differentiation index, the number of seminiferous tubules with more than
three layers of germinal cells derived from type A of spermatogonia was calculated. To find out the
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repopulation index, the ratio of active spermatogonia (with euchromatic nucleus) to inactive ones
(with dense heterochromatic nucleus) was evaluated. The ratio of the number of seminiferous
tubules with spermatozoids to the empty tubules, were calculated for spermiogenesis index
(Miskowiak et al 1998 and Shetty et al 2000). The sperm analysis was performed on the epididymal
tissue. For analyses of sperm, the cauda epididymis was separated from testis and cut into small
pieces into one milliliter of Ham’s F10 culture medium. The epididymal sperm count was evaluated
by hemocytometer with light microscope at x400 magnification. Sperm motility was assessed with
a phase contrast microscope at x400 magnification. In average 10 microscopic fields were observed
and the mean of counted sperms was considered as sperm motility for each rat (Wyrobek et al 1983).
The results were analyzed using the GraphPad PRISM® software version 5.04 (GraphPad Software,
Inc. USA). All data were reported as mean (SD). The comparison of the means between
experimental groups was evaluated by one way-ANOVA method followed by Tukey’s multiple
comparison tests. Differences were considered to be statistically significant if P< 0.05.

Results and discussion: The results showed that, the administration of methylphenidate and
nicotine separately or simultaneously induce various structural and functional changes in testicular
tissue compared to control group. There was no significant difference in body weight between
experimental groups (P<0.05). The mean of testicular weight was reduced in all treated groups in
comparison to control group. The ratio of testicular/body weight was decreased in treated groups
compared to control group. The separate administration of methylphenidate and nicotine was led to
elevation of the blood FSH levels (P=0.002) and decrement of the blood LH levels (P=0.008).
Whereas, the coadministration of these compounds led to increase of the blood LH levels. The
mean of the blood testosterone levels was increased in all treated groups in comparison to control
group (P=0.0002). This elevation of the blood testosterone levels was observed in separately treated
groups. The mean of the serum malondialdehyde was increased in treated groups compared to
control group (P=0.25). The most elevation of serum malondialdehyde levels was observed in
nicotine treated animals. Histomorphometrical studies indicate various structural changes in
testicular tissue such as increasing of the capsule thickness, reduction of tubular diameter, decrease
of the height of germinal epithelium. All microscopic indices of spermatogenesis were reduced in
treated groups in comparison to control group (P<0.0001). Accordingly, the lowest indices of
spermatogenesis were observed in nicotine administrated group. All sperm analysis indices were
reduced in treated groups in comparison to control group. The lowest mean of epididymal sperm
population and sperm motility and viability was observed in nicotine treated group and
methylphenidate+nicotine administrated group consequently (P<0.0001).

Conclusion: In conclusion, nicotine and methylphenidate induces testicular tissue damage with
different mechanisms. However, the results of this study showed that the simultaneous
administration of methylphenidate and nicotine could exacerbate the structural and functional
alterations of testicular tissue. Moreover, the comparison of the results between treated groups
expresses the greater and stronger portion of nicotine in inducing of alterations in testicular tissue
structure and function.
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