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: Folic acid 300 mg/kg s.c. once a week (0.3 M NaHCQg)

: Vehicle (0.3 M NaHCQO3)

: 5iEERBFF 1000 mg/kg DBP 1% 5 —1285fE)#% $RBk - 110 5 rats x 2 groups
- 938#%1@RF 1000 mg/kg DBP %5 — 12851 4%k - $RIL 5 rats x 2 groups

T M3E - B - $ERFODBP, MBPOIREE [REM  BHMAY EFEEEAT (NS hRHER) ]
|BF - #20 8-glucuronidase jETE (Western, mRNA )

S

SO,

=1
Final Body and Kidney Weights, Urine Specific Gravity, and Serum BUN
Folic D Exper. No.of Final BW. Kidneys Urine Serum BUN
acid week rats (9) (%) specific gravity (mg/dl)
_ + 5 3 248.0 0.69 1.0487 20.30
—(v) + 5 6 246.2 0.72 1.0405 21.52
3 + 5 6 236.8 0.79 1.0358 25.80
—) + 9 6 282.2 0.65 1.0487 20.58
+ + 9 6 279.0 0.71 1.0338 * 2555 ™

*: Significantly different from control group (group 4) at P<0.05



*K2

MBP Contents in the Urine of Rats Pretreated

with Folic Acid
(Forced Urination 12 hrs After the Administration of DBP)

. No. Urine MBP {mg/ urine}
Folic DBP
Group acid Wks.  of  volume (e g/ml} Untreatment  Treatment Coni ;
rats (@ with Enzyme  with Enzyme Conjugate Onj(LcJ)/g)a tion
1 — 5 3 0632015 300+1B4(2a 9592473 1274 4+1.20 316 1.20 26.2 +6.85
2 —(v) 5 6 0272022 645:574(4)a 499:384 9054178 P a02:178 P 3274600
3 4 5 6 023018 237:266 387 +1.77 # 562+158#050 144.1858 O 199+15205p
4 —(v) 9 B 010:006 464:x554(5a 8902332 11.17:063 WP se4s063 WP 2244 s40p
5 4+ 9 6 015:015 2862305(5)a 6462274 653074 110:074%* 40 46412111 (4
b : Not tested due to insufficient of sample
* kw Significantly different from control group (group 4) at P<0.05, respectively.
# : Significantly different frormn control group (group 1) at P<0.05.
%3 MBP Contents in the Urine of Rats Pretreated
with Folic Acid (1)
(4-hours collection)
' No. Urine MBP (mg/ urine)
Folic DBP
Group acid Weeks of Volume (1 g/ml)
rats (9} 9 U_ntreatment '_rreatment Conjugate  Conjugation
with Enzyme  with Enzyme (%)
1 — 5 3 1.28+068 — (O)a 1.96 +2.20 2.80+£0.40 0.84 £0.27 29.7x 55
2 —{V) 5 6 1.72 +0.80 2.40{1)a 221 +0.54 299 +071 0.78 £+ 0.31 256+ 8.2
3 4 5 6 1921097 020(1)a 170065 255x076 0.85+036 3402146
4 —(V) 9 6 1.00x043 — (©)a 339091 4491100# 110027 249+ 63
5 + 9 6 1.62+096 — (Oa 238 +1.24 3.48 +1.67 1.12+0.73 31.0x+175

a : Other samples were ND (not detected).
# : Significantly different from control group (group 1} at P<0.05.
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The Amount of MBP in the Blood of Rats
Pretreated with Folic Acid

Glucuronidated

Folic No. of DBP MBP
Group  _.d  Rats (e g/ml) (1g/mb ( illﬂgB/I:n‘)
1 — 3 — (O)a 203+ 40 6.4 1.2 (2)
2 —(v) 6 010 — (0)a 241 +39.1 59143
3 + 6 010 — (2a  282+703# 186x116 *
4 —(v) 6 0.17+0.12 ()a 226 +435 14.8 +6.5
5 + 6 0.10+0.00 (3)a 249 +36.7 9.4 +4.0 (5)

a : Other samples were ND (not detected).

# : Significantly different from control group (group 1} at P<0.05.
* : Significantly different from control group (group 2} at P<0.05.

5
The Amount of MBP in the Testis of
Rats Pretreated with Folic Acid
. Testis Content of
Group Z(;::;; Week er.tsc.)f Weight (EZZ’) (:fg/p) MBP

(9) g {1 g/ testis)

1 — 5 3 0.77 =0.02 - ()a 46.70 = 1.60 36,0+ 2.0
2 —(Vv) 5 6 0.70 £0.11 — (0)a 56.80+ 663# 40.2x 96
3 4 5 6  0.70 £0.06 0.90+1.13 (2)a 697222534  49.3+19.8
4 —(v) 9 6 0.74 =0.08 ¥, 0.20 — (Ma 46.68 = 13.62 3372 7.2
5 + 9 6 0.64 £0.09 0.23 +0.23 (3)a 56.68 = 15.46 355+ 8.8

a : Other samples were ND (not detected).

* : Significantly different from control group (group 4) at P<0.05, respectively.
# : Significantly different from control group (group 1) at

P<0.05.
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# : Significantly different from control group (group 2) at P<0.05.
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BEAEBRFHEEMBS (LEMEY A I TREE)
TJINE/ TP BIATIIVEOARERECIET 2
—REHTNUAFRRREIZL S P —

IR R E
BEIC LS 2ENM
SHPIEE O B B8 GEERFAERES A G A s A 805)

HFEES  H# S v b A® MEHP (600-1000mg/ke/day) 5% D& 558k B
) Tl 800mg/kg/day T, FH#H~< ™ A~D MEHP (500-900mg/kg/day) gk
BE5RB (3 ) Tid 700mg/kg/day T, ¥ LEEIIBITS7H b—2 A/
BB KR ER- T2, FILE Y hA® MEHP (2000mg/kg)m 2 4% 5338 (3%
5.3, 6,9 ReFABIZEA) T, RERMEFERNC Y R - AR OB ANRD 5
Niz. ZEHINYF, v b, BLUENEY b OKEREEREESR~D MEHP
(1x10° — 1x10°nmol/mDERMEER (5 1,3, 6, 9 RFEIRIZERMN T, BEKE
B, BEMERERIC Y R b= AR ORINSER I N, WTNOERICH
WTH, b MIHOZER. RBHROBRENEEI N,

AFREEER)

I AT 4y IR E LTI
ELFA XN TWS DEHP [Di2-
ethylhexyl)phthalate ] O 17K 73 f A
THo, HEEREETITNS MEHP

{ Mono(2-ethylhexyl)phthalate ] D¥EH I
XY BEENITEEIIOWTHEAE NS
glranokEtd a0, LITOROERS
BT 5 N B SR BB R OIRIGR
L Vo N Al

B. WL hiE
1) BEET v hAO MEHP g0
Be5illig (Fg 1)

2 8 ABD S DHET v Mz 600~
1000mg/kg/day %, 5 H FhEHHREL%
AL, 6 HEHIZEERZEM, 4%/

—45-

574V AT VT E BEEERD,

BEONIEBEE B LU Tunel LS

7R b= ARROBIERIZ, 5%

N —=INT7 T FEEEAITENE

BHEIT W=, :

2) FH T AND MEHP HEHFEC
R

2 8HEmDC 5 7 BHE D AT 500~

00mg/kg/day %, 3 HEIEEHRORS

L. 4 OBIBREZEM. 4%/1X57

ANALATNTEe REEZBL., 8%

ONVEERER B I Tunel L2 7R

k= ZHIBOBER 25 =,

3) #FHEEITEw bAD MEHP &k
FEOHL AR

3 5 HEOTEI T b (Hartley F)IZ

MEHP2000mg/kg Z#EITIRE L, #&5




3, 6, 9 WFIRICKE R 2506, 4 %/35
T3 NWATINTE FEEEARIL, &
OB L Tunel JEICL B
R bh— 2 AN OBRIZ, 5%
V=7 IVT b FEEEAILER

BEITHW =,
4) NV EFRBBERERAN
@ MEHP FEhIERER

25 ABOINYFREGERESR
IZ MEHP (100, 1, 1x10°, 1x10% O
nmolm) ZHINL. #IN 1, 3, 6, 9 Kl
BIZEM, 5% TNVIY—NVT VTR
REEH. B TEEREL.
5) HWT v MERBRERERANO
MEHP FEhAER
20BHOSD Ty NEREREREE
12 MEHP (100, 1, 1x10% 1x10% 0
nmol/m) ZHML. #IN 1, 3, 6, 9 K
BICEM., 4A%NT T IVAT VT
b FREEEAIZ, B OJHERS
LA Tunel L BT R b—3 A
DB, 5% TNVI- VT ITE
R B AT EBIEREI V.
6) HHEINTY MNEREFEEER
~ MEHP #hmdiEk
3 5 AMOENT Y b (Hartey )5
BABRET e 2 MEHP (100, 10, 1,0
nmol/mi) ZFIL ., ¥sh 3, 6,9 KR
IZEM, 4 %NT T NLT I TE
REEEAL, BEDONHEERBX
7K Tunel JEIZ & B 7R b2 AHIBOS
27, 5% TN -INTIT e FEER
AT BFHRRIZH W =,
(R EEE A~ ORLE)
R OEMIZERL L, S b

—46-

PIIVEY =N K AEFEEREL . B
MELIDNVREET T > 2.

C. WIFEHESR

1) #FEiZw hA® MEHP EFHRO
$ 55488
HMEERIT 700mgkgday LA EO#RS
FIZBNT, MEHEELEX AR
EWEZR L (Fg2). JCHEEE.
EEREFIICR LR ORENAL
7= (Fig3), 7 b— ARRENL
800mg/kg/day G THR®E ., X
B SR, FEAEMZRL
(Figs.4, 5). BMBREIIBWTL ©
VR U BT RO,
Bl OlEIC L A28 LERNICBET
HEXREROEBINRD SN, i
7R b= AR mA TR O—
2 ERTEIL R UM, RS
BN (Figs6, 7o
2) EESTTIAAGD MEHP HHHEL
Gk
BERERICHL T, 28BN
HOMTHEEZIRD a2
(Fig8) . 7 & b — I Z #l K Eid
700mg/kg/day G TRHE <, &
AR, FEAREMZRLE
(Figs.9, 10).
3) FHmT)Ty MO MEHP =ff
RO SR
B 512 6 BRI Tl ERIE OIS,
9 BFRIE TSR ORI IC K 2
b OB SR RETHE ORI
e L REEAREARE I N
(Figs. 11, 12}, 7 b—2 ZAMRa#E



B ERNTIEIN L7 (Figs.13, 14),
BHEG TV MU MR OZ TG
BHRD 5Tz,

4) FEWmINTVHBEFERERN
> MEHP #hmadER (Fig.15)
g 3R I BT, TR
-2 2AZRTREMR (FOvF2
B, BEROREZEDR VI
BERELRT), 70— A%R
TR (B, mELAI b
K17, WEEOEHRELZRT)., 7
A= AZBRTEIL UM (%
MOBH, HEOBRBEEZRT) B
KR O A %R UM
M RGeS U&7 OxF 2,
JEALRRER U =il N B S 2R T)

MR 572 (Figs.16-20).

5) HETy MERBEERERAD

MEHP #0EAER (Fig.21)

TR b= AHIEEGT. REER,
R R L 72 (Table 1,
Fig22). EEEBZICBWTE, 4) ®
FEBEEFIRR, T b= ABRTHE
Ak, =L hUMK, 20—
ERTREME, VUSSR
B3I (Figs. 23, 24).

6) FHEpEINEY NBREERERER
~D MEHP #RhHER (Fig.25)
)L b URIBEN OZEH R, R
OREINRBD SNz, TH b=
MRV, MR, REEKFERIC

WMLz (Figs.26-29).

D.#&&
MEHP ®F v hBLINY I ANDHE

o O SBRORR, b B 5
L7=9w FTid 800mgkg/day T, 3 H
i 5 U7 700mg/ke/day Tk bRz
FOT7HR b3 A R A & o 7,
i, BEBIZHOFHERENS, INETO
Wi & BkE, MEHP #5—1t)V h U
ROZEN: (B —fEe (i
R D7 R M= A X B~
¥ LR OB B OER-RBEE
MONEIZEALHEFTT 5 T EAVRER N
77 IV bR OZHE S SR
Iz DWW TIE, MEHP #5112k 3¢
JVRUMIBRAOEASF T4 TA B
DREMERENTH DY, Bisas
HCBITBTIF T4 TA FORE
ORIEEHEBH 0, GBS SITRFIIWE
THh5. MEHP OF5RIFERERAD
BRI T, 7 b= AHiiatk 0z
LBIREE LIS, Sy hBXUEL
Tw MZBWT, BELZZENRD 5
Nz, b bl & BIZBEKRER,

IR A 7R b — 3 2 Mg o BN
DRI N, 5%, YU ABITYIL
OB RIERERANO MEHP I,
B, TILEy bAOERHE DR GRS
il FZEOBER @DERSICIBK
BHERROERD, L b UM & DRk
SHEDOZERMN) DN TE SIS %
HETETHD.

E. f&m

MEHP @ Z v b BIRT T AADHEL
AORGHBROER., v b TR
f0mgkg/day T . ~¥ 7 A T it
700mgkg/day THLEEHROTHR h—3
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ZHORIE SR A ETL o 77, Tunel 753BK
NEFEEIERIC L D, MEHP #5124 5
BROFEHT, L NIHROZEE (2
JaHBE) —kEHil (BICEEHR O
TR b AU K B LR O TEE
{—FEHE DZER I RER ORI ST
TBHIEMNRBING, MEHP O2
FBLUENEY MERBERERND
FIGAER T, WA & BTN,
BERUEIERIZ 7R b— 3 AMRRE D8
DR SNz,
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1} Andriana, B. B Tay, T. W,, Tachiwana, T,
Sato, T, Ishii, M, Awal, M A, Kana, Y,
Kurohmaru, M. and Hayashi, Y. Effects of
mono (2-ethylhexyl)phthalate (MEHP) on
testes in rats in vitro. Okajimas Folia Anat.
Jpn., 80:127-136(2004)

2) Andriana, B. B, Tay, T. W, Ishii, M.,
Awal, MA , Kanai, Y., Kurohmaru, M.
and Hayashi, Y. An ultrastructural study
on cytotoxic effects of mono(2-ethylhexyl)
phthalate (MEHP) on testes in Shiba goats
invitro.J. Vet. Sci.  $&REH

3) Awal, M. A, Kurohmaru, M., Ishii, M.,
Andriana, B. B, Kanai, Y., and Hayashi,
Y. Mono-(2-ethylhexyl)phthalate (MEHP)
induces spermatogenic cell apoptosis in
guinea pig testes at prepubertal stage in
vitro. Int. J. Toxicol. ket

4) Tay, TW., Andriana, BB, Ishii, M,
Matsui, T, Sato, T., Matoba, S.,
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2003.10.03. #H#
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3) Tay, TW, Andriana, B.B., Ishii, M.,
Kanai, Y., Kurohmaru, M. and
Hayashi, Y. Effects of mono(2-
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in prepubertal mice. 7" National Biology
Symposium, Genting Highlands,
Malaysia, May, 2004
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| SEMI-THIN
SECTIONS

L

Fig. 3.

Semi-thin sections of testes of rats fed
~# with various doses of MEHP (Toluidine
* blue staining) (Mag. x 100).

Ema)  spaces between

spermatogenic cells;

disruption of Sertoli cells;

degenerating spermatogenic

600m

T

g’kg

Fig. 4.

Sections of testes of rats fed
with various doses of MEHP
(TUNEL apoptosis kit)

(Mag. x 50). Arrows indicate
TUNEL-positive cells.
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TUMEL -positive cells
TUNEL-patitive cells
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-
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Fercertage of seminiferous hubues conlaining

Control 700 Contral
MEHP (mg/kg) MEHP {markg)

Fig. 5. Total apoptotic cells in 100 round seminiferous tubules and percentage of seminiferous
tubules with TUNEL-positive cells in rats treated with various doses of MEHP. Data are presented as
meant SEM and alphabets show Duncan grouping. Rats fed with 800mg/kg MEHP (a) are
significantly different (p<0.05) from those in rats fed with other doses (b).

Fig. 6. Sertoli cells in
control and treated
rats. [top left] Normal
Sertoli cell; [top right]
Presence of vacuoles
(white arrow) in
Sertoli cell indicating
necrosis; [bottom left]
Sertoli cell disruption
indicated by large
spaces (black arrow);
[bottom right)]
Necrotic Sertoli cell
with nuclear
membrane lysis (black
arrow) and presence
of vacuoles (white
arrow);




OO FE : R
Sk .

oo 24 . N R #é T .

Fig.7. Spermatogenic
“| cells in control and

| treated rats. [top left]

| Normal spermatogenic
1 cell (spermatogonium);
[top right] Necrotic
spermatogenic cell

| (black arrow) beside a
“.-i normal one (white

| arrow); [bottom left]
Apoptotic
spermatogenic cell
with vacuoles (white
arrow) and functioning
<| mitochondria (black
arrow); [bottom right]
Degenerating

| spermatogenic cell
showing
heterochromatin within
‘| the nucleus (black

L

| SPERMATOGENIC C

.| arrow).
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0.01

Cantrol
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Fig.8. Testis weight of mouse treated with various doses of MEHP. Data are
presented as mean® SEM and alphabets show Duncan grouping. The testes
weight of mouse treated with MEHP are not significantly different (p>0.05)

from that in control mouse.




TUNEL

- 500mg/k

Fig.9. Sections of
testes of mouse
treated with
various doses of
MEHP (TUNEL
apoptosis kit)
(x50). Arrows
indicate TUNEL-
positive cells.

:
; b H
jo ab 3 ab :
b
b
seminiferous tubules. with TUNEL-positive cells.

Fig.10. Total apoptotic cells in 20 round seminiferous tubules and percentage of
seminiferous tubules with TUNEL-positive cells in mouse treated with various doses of

MEHP. Data presented as mean® SEM and alphabets show Duncan grouping.




‘Guinea pig " [Hartley]. (invivo), 35-day-old
MEHP(2000mg/kg) administration

Fig.11. In control, seminiferous tubules of guinea
pig showed normal (A, arrows).
Lumina of efferent ductules almost revealed
an empty space (B, arrows)

Fig. 12. MEHP-induced testicular alterations in guinea pigs.

12A. Detachment of spermatogenic cells
( at 6 hr after MEHP treatment).

12B. Thin seminiferous epithelia due to sloughed
spermatogenic cells (at 9hr after MEHP treatment).

12C. Lumina of efferent ductules contained sloughed
spermagenic cells (at 9 hr after MEHP treatment).



Fig.13. TUNEL-positive apoptotic
spermatogenic cells from 3 to 9 hr
after MEHP treatment.

13A-D. Apoptotic spermatogenic cells
appeared at 3 hr in control (A).
Percentage (%) of apoptotic
spermatogenic cells gradually and
significantly increased from 3 to 9 hr
after MEHP treatment (B-D).

Apoptotic spermatogenic cells {3)

control 3h Bh 8h

Concentration of MEH

Fig. 14. Apoptotic spermatogenic cells increased in a
time-dependent manner (**P<0.01)



Fig.15. Shiba goat (Testicular Tissue
Culture):Materials and Methods

Culture Mode!

Cutting
18E "

Seeding

Testis of I mm?

2-month-old

Immature Shiba goat Filter pore ©

=3 um

The cultured medium contains:

-MEHP at dosage of 100, 1, 1x103, 1x10-¢

nmol.ml, and 0 (control)

-Treatment duration: 1, 3, 6, and 9 hr after
administration of MEHP

Fixation with 5 % glutaraldehyde for
ultrastructural study

The number of apoptotic testicular cells was counted in 25 randomly selected round seminiferous
tubules from 20 testicular tissue cultures. The data, calculated as a percentage, were expressed as

the mean & SD. The significance between each group (p<0.05) was determined by single factor
analysis of variance (ANOVA).

Fig. 16.
Light micrographs of testicular tissue culture
stained with toluidine blue.

a) Control, b) MEHP-treated (1 nmol.ml!).
Vacuolization (#) and degenerated cells
(black arrows)can be identified
(magnification 5 x 100). Red arrows
indicate a visible vesicle of multivesicular
nuclear body.




- | Fig. 17. Ultrastructural appearance of necrotic Sertoli cell in
MEHP-treated (1 nmol.ml -!) testicular tissue culture
at 1 hr after treatment.

Transmission electron micrograph
showing seminiferous tubule of
testicular tissue culture from 2-month-
old Shiba goat. Sertoli cells dominate
a seminiferous tubule. (Control).

a) Low magnification. b) Higher
magnification. A large vesicle (red arrow) is
visible, and a ruptured membrane of
mitochondria (black |

arrow) is also identified.
It should be the first step of necrosis.

a)control

Fig. 18. Transmission
electron micrographs

b)Abnormal vesicles I
(arrow) after MEHP
treatment (1 nmol.ml -1 )

| for 3 hr (b).
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Fig."19. Transmission

Degenerated Sertoli cell. The

nucleus contains an abnormal vesicle

(arrow) and has some marginal
chromatins along the nuclear
membrane. Mitochondria distention
(*) and vacuolization (#) are also
visible. Treated with 1 nmol.ml
MEHP for 3 hr.

welectron micrographs. .

Degenerated spermatogonia at early stage. a)
Control. b) Spermatogonia reveal an
abnormal appearance {circle). Treated with 1
nmol.ml”' MEHP for 3 hr.

e W

Fig. 20.

1 x 10 nmol
%

¢) Sertoli cell nucleus after MEHP-
treatment (1x 103 nmol.mt!) for 6
hr. Abnormality of the nucleus can
be seen. Some chromatins along the
nuclear membrane (arrows) reveal
abnormal in appearance.

b) Apoptotic Sertoli cell,
control, seeded for 6 hr.

of testicular tissue culture.
a) Normal Sertoli cell, control.




Fig. 21. SD rat (Testicular Tli's.sAu:_‘e" Culture)

Cuiﬁ:re Model

Cutting - Seedmg
: = FHE

Testis of I mm?

20 day-old rat testes

(Sprague-Dawley) Filter pore @

=3 um
. The cultured medium contains:
1. Fixation with PFA for detection of -MEHP at dosage of 100, 1, 1x10?,
_apoptosis (TUNEL) 1x10°¢ nmol/ml, and 0 (control)
2. Fixation with 5 % glutaraldehyde -Treatment duration: 1, 3, 6, and 9 hr
for ultrastructural study after administration of MEHP

The number of apoptotic testicular cells was counted in 25 randomly selected round seminiferous j
tubules from 20 testicular tissue cultures. The data, calculated as a percentage, were expressed as

' the mean £ SD. The significance between each group (p<0.05) was determined by single factor
analysis of variance (ANOVA).

TIME Concentration of MEHP (nmol/mi)
Control 1x10-6 1x10-3 1 100
0.5% X 0.4% 0.9% =+ 0.5% 1.1% £ 0.4% 1.5% % 0.4% 1.7% £ 0.4% I
1hr
1% % 0.4% 1.4% + 0.4% 1.6% + 0.4 2% + 0.3% 2.5% =+ 0.3%
p ot = o, > i b
3hr :
1.2% £ 0.4% 2.3% + 0.6% 3% £+ 0.6% 6. 8% 1. 1%
6 hr ;
2.8% + 0.4% 6.1% + 1.1% 9.8% + 2.5% 14% + 5.0%
9 hr
SnEaa o




Fig. 22, Percentage of MEHP-induced apoptotic spérmat_ogenié éells

251 —— 1 hr in culture
g —_—— 3 hrin culture
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i Fig. 23. Ultrastructural appearances of control and MEHP-treated testicular cells at 1 hr after
seeding.

(a); In control Sertoli cell, vacuolization occurs, while mitochondria in normal shape are dominated (yellow
arrow), (b); Sertoli nuclear membrane is partly lysed (round marker). It should be the first step of apoptosis,
(¢); Normal spermatogenic cell in control, (d); Swollen mitochondria (red arrow). It might be the early stage
of necrotic spermatogenic cell after administration of 1 nmol/ml MEHP, (e); Apoptotic spermatogenic cell is
infrequently found at the highest concentration of MEHP, ScN = Sertoli cell nucleus.




