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NpulAel de F7) Aol
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) AREAE

e fFEsle ez d=ix gioh HIel JEn)
FEA 9] stz A E di-(2-ethylhexyl) phtha-

B oof tfn rlo e 4w ofn

late DEHP)E= E228 A FE 34L& Azs F
7] 9% 7haA 24 193097 38 AbgHolA gom,
QA Al Use ANY A2 B e
I 3T FAF FHF B 28 SolE 2EF
o lomz QA =28 FPsAel e ¥ HTE
o]t} (Karle et al. 1997).

DEHPE HFFEENAM AL 2 &40 F29
71%e °dse Fu, JAls AF A ot AHAE A
AA71aL, 718 fEsA g 3 FAE vANR ez 3
M7= Ages xdsl= Aoz gelx 9oh(Tomita
et al. 1982; Goldman et al. 1990). =3} DEHP= o2 A
A5 A ZROIA HEAF) 24E dor]T, uE
2ol &AL F4E FLATIH, A' A 7
ore] W E& Z7MAZYE Bax Qv (Srivastava et
al. 1978, 1989; Richmond et al. 1996; James et al. 1998).
o] #lel= 2F o DEHPE Foi3t Z3}, kel 4] glucose
-6-phosphate dehydrogenase, phosphorylase, 18] 11
glucose-6-phosphatase®] #A4)2 7+AA|Zl o =28 714
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Tl Fe=A ALl Wihe Qorle Ao
2 ws] At} (Mushtagq et al. 1980; Muhlenkamp & Gill,
1998). DEHP:= 53] ZH-58E2 &4 A7l 7
% sHAEe dele oz deid e, 2AE
o Bl =247 A%, Bodd Axe 47h 24
3}9 1, gamma-glutamyl transpeptidase$} lactate
dehydrogenase, 18] 31 beta-glucuronidase] &A]o]
Z7}5}9] o1, acid phosphatase?] #AE Zr4sl= &,
E48AE 37 WF A (Mattison et al. 1990). =7
DEHP: AW o} (zinc)e] HHE of7|sls 7o
= 22 o, old Az o] B o A
2 3AE0 FAs HIE AW T4 FEURA o}
A9 Aol o8 zHEE Aoz A4, HFH
AAPA RS dAlz MiEe Aoz d3A U
(Thomas et al. 1982). =3t DEHP: &4°] A=
gk opel A4 EE (atrophy)S s, o] d
A BlAaEAHEE e RodFozy T
ATHE FAe] st oj# g Anbe o] BHFE ] Ao
Har g 29 A4S dATezn A dF8 o
29 W3}yl 24P A 8} (Parmar et al. 1987). o]
Az} zko]l DEHPS] HAo| #A% AFE % &9
iz At BAR W fol Bstel Fz dTHolx
$m, 93 ARe] Aol mlAE so] yyHes x
ARl ot @A7AA) 44Fe) 9718 9)4hen DEHP
HHE Roddle] i) Fao} RV =y A}
$4ds BAR ofe] AzEe wlAFEel wAE
g 2ARE uke A9 Qe Aot

2 dFo = fEH] wgEd< DEHP7F FAHA
el wlAE Hel 9 AsHel g BAs] S8
A, DEHPE 31#F 9] F7}ol utu-F3 &, DEHP) 9
3 Aao] Wzt B2 g9 HaxreEe §
23} A A Sertoli A Z, Leydig A 2 @ 23}l A4
Az vHFzA4 H3s FAFo =N, A5 A
o] N5A - FeA wss FEs A skl

I e g

of, off

a

e o Uy
LAREE 9 FEA=

2 Aol AHg® APFELS Sprague-Dawley A%
o g4 AH(YF 30 AF, AF BgH)EA, TE
APAYeA B3 AtRE HAH o2 FFHA FoF
3todc) Boke thoksl =w o] di-(2-ethylhexyl) phtha-
late (DEHP, Sigma, LDs: 30 g/kg)S corn oilel] £33}
o FHes ABTAHAG A2z A g
AU 2T SH) comoilhe FoiTt AU EE

2

]

oM

8. M

AAste] vlmsly e, AYLES DEHPE 1gkg, 2
gkg 28]1 3gkgs ZHZb corn oil 0.5mlel) £3) 3]
v 1314 159 Fot 7oz R, HE £
A 24X7r Fol|, AF& A, HYAA HLE [E

33 72 SYsdeh
2. %% 2 AN ERAZ

AEE Aoy AASEN (0.1M, pH 7.2) 22 24 E
4% glutaraldehyde 4802 A mAsigdch. etdn|H
222 ehpg) siety zojfA-E AX AHE Az
% hematoxylin®} eosin® 2 o]FGA3le] Fslgn}7
oA AR AAE SA%T, 2 Wt

g3l epon E R Zelslglc}. Epon £5-5 70-
90nm¢] FA=Z ZulAHE & uranyl acetate2} lead
citrate 2. ©]F JA3le] FIHAE v (JEM-1010)S
2 80kVatoll M H7A st}

3. Testosterone 3% =3

Az 2 AL IFAE wFHAZ F A e
2E] HY¥sigod, 5000rpmol| A 1087 HA) 2] sl
Arzale] FAHE Alm= AFE-3}glt} Anti-testosterone
coated tube} 15[ total testosterone2 X &3l kit
(Diagnostic Products AP)& |83+ RIA (radioimmunoa-
ssay)H & A-83te] y-AF72 FA}UH-

o gl g

DEHP % o|A# 1547 T8 £ 3FH AFe
A% Ax, A o Algddz2e] S Fof Ao ]
sto] 80g W) AFo] Vsl AFHoz AR
g o 4 gl AFZY AF FrPt zeH ¥
Zate] AFF3] @A el ow, DEHP £ %7} ¥
ofd4= AFe] Z7l7F F3IEAUL, 3gked T A
%, 2818 AFo| Ztadte IS ot oHd AF
4] 29e A&EAHY FAFAR T 2EHY
4)¢l corn 0il®] ¢&Fo] o}v]a}, DEHPS} tjALA e} &
7} w59 7oz Hedzc(Table 1).

qzzd AH7Y H29AE A3 A3, DEHPS
Apxe FARRE Ao F7|7) d2ed vl& A
qHo g zeolxlE g Kgoze Y e
o, Aae) 2 xe AFe g ALTAY wEs
Nz w8 ¥R A Jehte Age Bddn
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Table 1. Changes in body weights of rats treated with

287

Table 3. Diameters of seminiferous tubule of rats treated

DEHP with DEHP
Body weight () Group Diameter (um)  Relative Length (%)
Group Initial Final 15 day’s weight Control 180.5+5.19a 100.0
increase 1g/kg DEHP 151.8+8.71 84.1
Control 91.00+4.00a 170.65+7.85 79.65+11.85 2g/kg DEHP 129.7+£10.10 719
1g/kg DEHP 98.00+3.39 154.63+16.35 56.63+13.20 3g/kg DEHP 118.3+12.83 65.5
2g/kg DEHP 92.00+5.00 116.2+14.60 24.2+9.60 aMean+S.D.
3g/kg DEHP 97.67+1.25 88.30+£12.67 -9.37+11.44
a MeantS.D. _
FEFAS 90 e} AFEE Aol & B} A
Z7de] vlwA F3 W HREA= K

Table 2. Changes in testis weights of rats treated with

DEHP
Testis weight
Group
g % of body weight
Control 1.08+0.01a 0.63+0.03
1g/kg DEHP 0.45+0.14 0.28+0.07
2g/kg DEHP 0.19+0.05 0.21+0.01
3g/kg DEHP 0.24+0.04 0.30+0.04
a Mean+S.D.

(Table 2). &3}, g = FozelMEe AL 277} 74
& #9k olel Faskzke) 1 R-9)e] -2 (conges-
tion)e] Yehls EAE BYEd, ofzd dAAe
DEHP7} A9ge] o} Has dor vepd
+F A el o) Aotz Y2} (Parmar et al. 1987).

DEHPe| 2J3t A 4o zA8hx] Hales 23 A3,
AP ZeA M AR bde] 2H o] dzFe] wis) =)
$ ZelAlE 7AgE el o} (Table 3). =3 A& )
2] AzZael M= HxFe] A$ Sertoli Al £}
A EEo] 4~8709 ZFoz Fxdzm glon}, A
ZollAE AT NEZ7E AAE] Fasigen
e AP FedME 2~3M9 AMEEgoz FHAF o)
Uit olAgt A= AAD AA9 Wil v uH:
ZA3elm, DEHP7} A A Te] Whdslhe A7)0 HlAEA
Bl 22l & JAsla, o] Qe Sertoli Al E2) 24
I 35 JAE7] WEs] Ae= By} (Thomas
et al. 1982).

2Tl Sertoli Al e} A2 A EALo]o) AN EZ}
FZte] AHe glo]l A™sA Ex:sla glglon), AP
AME Mz Fzte]l FAEHT vmd Avd T
(vacuole)E-o] Aol gli= 7o A o] 3k
TEEL Sertoli M EE2] 3Py} AP oz P24
xo] WS AR B3le] Yehie Aaz Y7y
g, DEHP 1g& T3t A9 A4 He o
2 A3 AR A=Y 5] g RS Az

&

A E2} Sertoli Nl E£Eo] T4 HEdlm glglov,
o]£]¢] REZoME AAZ PR WA ZE
78 EAEA] ekgkow, g e A ZAM FAFHAA
Ad FEE] AFS S8l e

A% v =3, v Adzow 24E A2E
o] At A e] H8 AlsA Yehe Aoz 3
o, F+9¥l DEHPY] sxo uje} W37} oL Fels)s)
Gehte 2 o 4 21915 (Figs. 1,2, 3, 4)
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S YeiilE Bd2 gEA gloy, oA s
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Azs 9 AZA7FEE FA o2 dlo] 04
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1ge e ANEET AAAZEY 7z 2 7
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A3 Aol YU AP EESe AT »
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=g o5 AEE A9 lAGADe] T2 B
%3 Qe 7Y d¢ T AR Az 2ol

e LR LT
EE32 e 53, g4
I e Aol AFFoH
o2 F vMF2A EAL o5 M} HAEAHES
agdos P45 A9 23E TrE2 44W5
(Cross & Mercer, 1993). t#, MAF WA A=} Al
AE A= AMEQ Sertoli M Z2] 7)AHE= AA
Wl Raeh AR AR Pasow 2
Zahn glodon, ARRe AAR Apole] MEAE
AN EES A8 =i FeE s U =
Aze) A delR, AGALe) el By
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Figs. 1-4. Light micrographs of rat testes. H-E stain. x 200.

Cross sectioned seminiferous tubules of control (1), and experimental groups treated with 1.0 g/kg(2), 2.0 g/kg (3),
and 3.0 g/kg (4), respectively. Note the decrease of diameters and the vacuolized appearances in the tubules of

experimental groups.

T 5 dglen zdaxA, 44 13 9
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Figs. 5-10. Electron micrographs of rat testes. Scale bar on each figure represents 2 um. (5) Sertoli cell (SC) and
spermatogonium (SPG) of control group. (6) Spermatid (SPT) and cross sectioned sperm tails (in inlet) of control
group. (7) Leydig cell of 1g/kg treated group. (8) Spermatocyte (SPC) of 1g/kg treated group. (9) Leydig cell of 2
g’kg treated group. (10) Sertoli cell (SC) of 2 g/kg treated group. Note the swellings of smooth endoplasmic
reticulum (SER) and perinuclear space, and the irregular outlines of basal lamina (arrowheads) and nuclear
envelope in most experimental groups. Ac: acrosome, Go: Golgi complex, Li: lipid droplet, Ly: lysosome, Mi:
mitochondrion, Nu: nucleus, Va: vacuole, arrow: clumped chromatin
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Table 4. Concentrations of testosterone in rat serum

treated with DEHP
Group Testosterone (ng/ml) Relative Conc. (%)
Control 1.60 100
1g/kg DEHP 0.56 35
2 g/kg DEHP 0.13
3g/kg DEHP 0.03
22 2 2ok AZA el FEEC) G5 £
Azt Ao FFAA. ol HANEZS] Sertoli A

]

zo} AAAEE] 9 AAE A3 M= A3
A A Ade A" Adeltt o] =
Sertoli Al Zujol] AW Eo] Azl Hl3 F7l8lde
™, Sertoli M| 22| M EA9] oFo] sty AU £
et 2530 FeHE ¥AE A ¥, 5= F
o Z2 Aee ulHTF2A Wiyt 24 vebdd F A
A oA Sertoli Al E o)9)e] AlxE 79 I
A gkskon, MEe}t HEAbele] FHE AT FEE
o] A8tz 3%}t =& Sertoli MlE2) WL #Hato)
At Fdsle] dslen] olddA o] A Frhst
of gA4A9] ®ef2] (clump)E o] F3 UKL, Sertoli Al
ZEE AAsH: 714 % (basal lamina)2 A 23
2 FdE vehllth 2% E FoTes Z4F AEE
oA F2A Hs gl Az &4 = Ak A=
Fele A Aoz nol, o]HF dH wlHF=A
#Ex DEHP| %o Fxo 2&EH Zez Y7
ok AR 3] Az mlal 72 g Bk ok
AzAel e Leydig HEES wldFz =¥
DEHPE F& AYgolre dzzol W 42
Apol g Bl Azl AERE iz P23}
I g o] MEEL AN E AzA dris
AN A=z Agert F4%1 s I nATE
o M= et 2FF o] EHT o) o|AFHAH
kol Azl wlE Fristalen MEAd FHiszA
o] el =A HdHE WAL BghFigs. 7, 8,9,
10). o|213 Leydig Al 20| vldl724 e W3} A
2 AR A Ackd L v|AE HaELH
29 A 9 Bl Vlsds Al g Aoz wo
Hel, AW dH222HZ] ¥=E 24T A
DEHPE 538 AYFelM e thzol nistey AW
HasrdEe] el A Zad Aoz ey
(Table 4).

o]2g]3 ZA3}: DEHP?| Foi7} Leydig AlZ 2] ulA]
FERES HIANTIZ E3A1717] w6l o] MEEY

AL B N lo

[

NEAE ZUddon] Aoz HAEAHES

3 AR5t AW HAaRaH 2] F
FE LSS A =3 A 22 Leydig
Mze} 71 ek AYLoR ZF4E FUsle A
< Holx= e Y HAEAHEY ek 4= 9
g vhg o2 A Leydig Ml 298] $4]o] fr=d ez A
Zhgle} oA AdgE AR Sertoli M 2] et
A W3 =3 das~HE2 deFA s o 7]el"
Aoz 7=, 0|23t Sertoli Al E2] HefH Wi
o} Azl o3 Ao NE HIRME= MM E
o} FAL A A FzA WIS Loz ARFHA
AAe QA8 oz WAL} (Liet al. 1989; Gray et
al. 1995; Murakami et al. 1995; Guillette et al. 1996;
Jobling et al. 1996). o]2{&F A2-2 DEHPe| 93k A
o) EHEEAE HARRHES T Fogozn o
A1 4 9lok= ¥ 1 (Parmar et al. 1987)8}, DEHP7}
ANrERA LA A}, 22N &2} 3
oJo g Vel xE 3ol B 3E (Zacharewski et al.
1998; Makoto et al. 1999)24 I "E 4= ¢ld). gy,
Sertoli M| Zell A &AZ Bolx EA o] YAMNEES
212 (apoptosis) S GX3}1, o] 33FEo] wjFFql
Sertoli Al 29} QA 272 Ee]AQl HEE Wage
24 AAFAARAE JAeE B TE (Richburg &
Boekelheide, 1996; Lee et al. 1997)3x ¥l wH= Az}
ot}

DEHP7} &AW ofd B3t H=zel3t 2H4-31e
w237t Jeh s ZQA, oW B2 Mz FA
235 veplie 2R daide obd =99 oA
7b ook w3k o] HFEL AA LS A sl
AR el A FA53, A ERoz A A
717t HE F lermz Al 2oz AT AL
e AZE FAZE HA ot HolxEg S AW
o TEHE Aol olide] WAY 4 glod, g
Aol = ofedgke] vteld 4 Qv Aol A4 el 4
o oo AFAER AAYAAHA ] wEE JAHL
DEHPel| ¢J8) Leydig ME7} &A= 1, 7% HA o] v}
i} BlaEsE 0] En)7h 7Aska, oje]A] Sertoli
AE7t E4ET AAAEY B3t AdEE Hleg
Q7Zge}, o)A} o] DEHP: Aol hg-3hAol A
A F2RA ] WMEE dodla, AHio Wi 7w
AAPAARAE JA e oz ddEH, o] 33HEY
2AMZ v 2471 Bl M o Ze] Al
AF7} ol FoiXof & Zloz Almd.
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Effect of Di~(2-ethylhexyl)phthalate(DEHP)
on Spermatogenesis in Rat Testes

Wan Jong Kim, Young Chun Kil, Jong Hwa Lee! and Kil Sang Shin
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of Natural Sciences, Soonchunhyang University, Asan, Choongnam, 336-745, Korea)

Abstract - Di-(2-ethylhexyl) phthalate (DEHP) is a plasticizer known as one of endocrine
disruptors. The present study was carried out to investigate the alterations of function and
ultrastructure in rat testes after oral intubation of DEHP in dosages of 1 g/kg/day, 2 g/kg/day or 3
g/kg/day in 0.5 ml of corn oil for 15 days. DEHP reduced the growth of body and testes, inhibited
spermatogenesis and induced structural changes on various cell types of the rat testis. Leydig
cells, Sertoli cells and the developing germ cells seemed to be impaired their differentiations in
terms of the structural changes of cell organelles. The increase of heterochromatin in amount
were common features in all 3 cell types. In addition, the Leydig cells were characterized by the
swelling of smooth endoplasmic reticulum and perinuclear space, the increases in number and
size of lysosomes. The Sertoli cells became irregular in nuclear envelope and the number of
lysosomes and vacuoles seemed to be increased. There were some indications of necrosis of the
germ cells, such as vacuolized nucleus and segregated nucleolus. And also, DEHP lowered the
level of testosterone in experimental rat serum. DEHP suppressed spermatogenesis decreasing
developing germ cells and these effects of DEHP on the rat testis were dose dependent. The
detrimental effect of DEHP on spermatogenesis and ultrastructure of rat testes seems to be
derived from the decreased level of testosterone by Leydig cells, followed by the abnomalities of
Sertoli cells and the germ cells. [DEHP, testis, ultrastructure, spermatogenesis].



