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Teratogenicity study of N-methylphenyl-N’-methylphenyl-p-phenylenediamine

(MMPD) in rats by oral administration

Kazue Sakemi*, Makoto Usami, Hideo Kurebayashi and Yasuo Ohno

Teratogenicity of N-methylphenyl-N -methylphenyl-p-phenylenediamine (MMPD), a rubber antioxidant, was
examined in Wistar rats. MMPD was given to pregnant rats by gavage once a day from day 6 through day 15 of
pregnancy at doses of 0, 2, 4 and 8 mg/kg/day. The pregnant rats were sacrificed on day 20 of pregnancy and their
fetuses were examined. MMPD was not maternal toxicity at any dose. MMPD did not affect growth or morpho-
logical development of fetuses. MMPD caused early embryonic death at 8 mg/kg. It was concluded from these
results that the no-observed-adverse-effect level was 2 mg/kg/day for rat fetuses, and 8 mg/kg/day or higher for
pregnant rats. The teratogeniciy of MMPD was inconclusive due to its embryo-fetal lethality.

Keywords: N -methylphenyl-N -methylphenyl-p-phenylenediamine, rubber antioxidant, Wistar rat, teratogenic-

ity, developmentatl toxicity

# B

N-AFNT 2= N -AFAT 2= p-T =P
7 v (MPD) i, = ADBIEBSIEIER I TV S HUEREA]
ThHbdH. TIVEATORBILANL, FUINRERSIZ—
BFEERGZEZ LHBREIER Z 75 MPDOF FE IS
TRHREFRVD, EERDTHD NN -Di-(o-Tolyl)-—p
—phenylenediamine ¢ LDL, {Ei% 300mg/kg (= 7 & , REFEN)
Thd. ALTIVZA4 70RBIEROFRERECBELT
R, N-Tz=lp T 2= PT I (PPD) & N-A Y T
AN -Txzzm-p-Tz=b P72 (IPPD T2 T
DEENRH D . PPD ZIEIE 6 ~ 15 BD T v KT 50,100, 200
mg/kg BOBELERTIL, BEBLIUREOKE, £
I, BRONSHEB I CEBICER XL, - JRIREE
ERLRO ARV ERFEINTVDY. £/, IR 3
HoO=1U b UYPNZ IPPD A L7 EERTIX 0. 041 imol/egg
SLETHOKIE, RERD, RigE X UCAKORIBEOHE
MEEXF ,EDs {1 0. 11 pmol/egg THDH Z LB BEEN
TWAD, LHirL7ed b, MMPD ORAZBHICE L TIIlEH»
R bRW., T CABBRTE, 3RT v F~0ORD&E
1Z & Y MMPD DEFFAEIZ DWW TRET L .

# To whom correspondence should be addressed:Kazue Sakemi;
Kamiyoga 1-18-1, Setagaya, Tokyo, 158-8501, Japan;

Tel: 03-3700-1141; Fax: 03-3707-6950,

E-mail: sakemi@nihs.go.jp

BHBELUFE
1. HBYME

MMPD i3S TALFHRAR S L U AR L R BN
KT, BRI L AL 5% L L TH o7 . LRI 80
CTULT, TE brBIORVBUIESITHEREL, Kicik
RETH B .CAS No. i,3081-14-9TH 5.

2. MR UCEHAERMG

VA RE—%F vy b (AEF¥—LRY—) O (10
) BLURE (11 8&) AV . RREOHETHEL K
KEE S Y, BHRETICETIRD b b0 2R BRI
Uiz R ORBIIEFREEAZEIR 0O R L L.

HRE, RBRENA B LTIy — O CERIAR
EL, BFfE () = 28R, W) BLUYKEKEB
HICER S S, BMAEENORERR, RE25+2C, 8
RHTEE 55 = 5 %, HREHK 15 B/, BIREFA{R 12 B
(BA#A5 :00~17 :00) &L=,

3. BB L UHEHER

RABOREICHT=-T, 10,208 L Ut 40mg/kg/day D 3
BERAVWC, 1 H#2~4EDT v bEHOTTHRREE
WL, ZORE, RSICITEEREIEERD 6o
72728, 10mg/kg/day T 64% DL « BRIENRIET L 20mg/ke/day
UECHTRTOB-BANEE L. ZhbDFEREER
LT, ARBRICBIT D HEERIT, MPDIR SR L L T2,48B &
Uf 8mg/kg/day ® 3 FBRAREL , MEHELMLTH 4 8



48 3] hva 1 B o #1192 (2001)
L7, 1 BodRSMEIT 22 ~26CL L. # B
1. RS RIETEE
4. ®#EHiE 1. 1. —fxiREE
I ISR LICRBRDE R, 1R 6 ADKEIZE S WTNOBHZEWN TS, — RO RIZFE TR
TR 6 ~15ADI0BMH, A 1, Y 7F2ANWT LIV T2, TRTOE - BERMET LTV

HREMICTRRIRR N5 L. 5TV TRLOREILE
WTh 5ml/kgé 2B KD ICHAR LY. ﬁﬁgﬂi@di:‘VﬁE 5
ml/kg ZFRRICRORE L.

5. B8 ik

SREM ORERS L OMFEEA TR0, 1, 3,6, 9, 12,
15, 178X V20 BICBIE LK. $£/-, —RREZERBEL
7o EER20 BICHIRE A B L, IRFEER, BIFK,
EREB LU - RIERCEF . EFERIICOVWTIE,
HNEOREBI ORI EZFTR, FEEZAE L. O 2
S50 1 OEFRIBIZOWT Alizarin red S REFHRELR
FZEMUBKREBELEY. RV 2 50 1 0&FRIEI
OVWTINIRE ZEE L. NERE OB, BNk
FUBEERIZ OV TIEHLREI 0 %, BIERIC DV TITBRESAR
FEY R AW,

. BEEMER IR

#H)Eeﬁb%itli EEEARDBAL L LT, XEBEE L MMPD
BERLEOFREDOREEBI o1, BT —ZIit20T
IXFisher OEBRENEE W . 3HET—#IZo0 T,
Bartlett DELBREIL L W HHICHBICEN LN L %
PRI, OB L O Scheffeitd AW iz, T —¥
BIUOBEMTOBMICERSRBD bNHET—F 120 T,
Kruskal-Wallis ® HIREI L O Scheffe ihx AV iz .

8 mg/ kg /day B GEBE THBEIZHNTHELE -T2
(Table 1).

1.2. KEB I UEHE

HEICIT, MR L WPD R ER L ORICEEZIRD S
nighot (Fig. 1), BB & L8 LT 8mg/kg/day % 5-8F
ZEBWTEREEMOMEIER AR SNd, IHRTFEER
FERVVIEIR 20 A ORMIEEREICIE, MBHE MWPDIREHEL
OFICHBEZITRD 6N o (Tablel).

EEEEITIT, MPREE L MMPD B 5B L OBICE BTN
bhipd otz (Fig. 2).

Fig.1 Body weight of pregnant rats treated with MMPD
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Table 1. Clinical signs in pregnant rats treated with MMPD

Dose (mg/kg/day)

O (control) 2 4 8
No. of pregnant rats 22 22 23 26
No. of dead pregnant rats 0 0 0 0
No. of pregnant rats with live fetuses 22 22 22 18
No. of pregnant rats with death 0 (0.0%) 0 (0.0%) 1 (4.3%) 8 (30.8%)**

of all the embryo / fetuses (%)*

Initial body weight (g)" 2350+ 104 235.0 % 10.6 2352102 2342%11.6
Final bod); weight (g)° 416.8 £20.2 4112+27.8 407.0+38.4 376.7+524
Body weight gain (g)™ 181.8+17.7 176.2 +22.7 171.9 +33.6 142.6 £47.3
Corrected body weight (g)™ 3299+ 183 325.8+204 332.3+209 334.8+22.1

a: Incidence, b:Mean+S.D., c:Body weight gain from day 1 to day 20 of pregnancy, d:"Body weight minus uterine weight at day 20 of

pregnancy,

**: Significantly different from the control group at p<0.01
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Fig.2 Food consumption of pregnant rats treated with MMPD

35

1% 0 mg/kg/day(control)

2 mg/kg/day

304 4 mg/kg/day

8 mg/kg/day

25 -1

Food consumption (g/day)

Dosing period

T T T T T T T 1 T 17
8 91011121314151617 1813820

Pregnancy days

2. RIRICRIET R
2. 1. ETFIRIREL, Mk, RRIRRER X ORISR R SE
RRIKFNRIE R E?Eti)‘ﬁgéﬂﬂmg/kg/day&’q‘-ﬁ
KBWTIIAEFREZOFEELZBA B L UMHROETIZ
LHOFRER - RRECEOFERBMNRBD N
(Table 2). Fifs, BHREK, FERR, B LURBIRAE
IZiL, SHBRE S MMPD 58 L ORICAEERIR D bk
IR Y ral

2.2. JRIRSE
4mg/kg/day L FOBEIZB T 1 ~ 4 lEDIBRIZHE

LR D LA, 2PEREE L MMPD B 5.8 L ORIC T4
RIZFBEEIIRD SN h o 72 (Table 3).

2.3. RIRB#

BRI, B E 2B E RO KR, EHR D
BE, WBOXE, IE L ESOBESGEN, dBRESLV
2mg/kg/day IZBWTENEI 1 BIU 2 ILOIBEIZER
LTS, BARIIIXTRE L WPD B 58 L oRICAEE
13RS 5o 7= (Table 4).

BERERORAERICIL, MEFEE MMPD BE55 L OBICE
BEZEIRO N oT. E7z, BILOETEDIREL LT
PFARIABEHET, PREEBLUOHEE ORI LERSE
B oniehotz.

2.4. BRIRNEREBE

FHIZBNT 4 ~ 9 ORI EEDHFEHSTDH L
N8, BARICIIXBE L MPDEER L OBICEEED
B oA o7 (Table 5).

x =

MMPD D3RS v b~DEOKREIZEY , HET » MZHE
HEBEORD LNRVARIZE VTR - BBIRET oM
BHOLNB T LE WPDIIHE - RRBFEIEREETHLE
Zohs. TNHERINEE - BEECOIZLA LR, &
FRBLUBBEETH Y, FEREOBEWEHICHE - JRIEH

Table 2. Fetal growth in pregnant rats treated with MMPD

Dose (mg/kg/day)
0 (control) 2 4 _ 8
No. of litters 22 22 23 26
No. of corpora lutea 368 369 378 424
Mean + S.D. 16.7+1.9 168+14 164+ 1.9 163+ 1.7
No. of implants 347 349 359 413
Mecan + S.D. 158+24 159+1.6 156+22 159+ 1.8
Implantation rate (%) 94.1 94.7 95.2 97.4
No. of live fetuses 332 320 291 181
Mean + S.D. 15.1 20 145+26 127+£49 7.0 £7.2%*
Sex ratio (male/female) 0.98 1.40 0.84 0.68
Fetal weight (g)*
Male 3.91+0.17 3.96+0.22 3.96+0.19 3.81+0.29
Female 3.80+0.17 376 £0.28 3.81+£0.18 3.63+044
No. of dead implants 15 29 68 232
Early death® 15 28 66 232
Late death® 0 1 2 0
Mortality (%) 39 8.0 19.2 57.1%*
a:Mean £S.D.,, b: implantation sites and placental remnants,  ¢: macerated fetuses and dead fetuses,

**: Significantly different from the control group at p<0.01.
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‘l'able 3. Gross maltormations in the fetuses from pregnant rats treated with MMPD

Dose (mg/kg/day)
0 (control) 2 4 8
No. of litters 22 22 22 18
No. of litters with malformed fetus 4 (18.2%) 3(13.6%) 1 (4.55%) 0 (0.00%)
No. of examined fetuses 332 320 291 181
No. of fetus with malformations® 4 (1.25%) 3 (1.14%) 1 (2.27%) 0 (0.00%)
General edema 1 (0.35%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Exencephaly 0 (0.00%) 1 (0.57%) 0 (0.00%) 0 (0.00%)
Rudimentary tail 1 (0.28%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Shorncted tail 0 (0.00%) 1 (0.57%) 0 (0.00%) 0 (0.00%)
Dwarf 2 (0.62%) 2 (0.57%) 1(2.27%) 0 (0.00%)
a : Total number and mean incidence are shown.
Table 4. Skeletal variations in the fetuses from pregnant rats treated with MMPD
Dose (mg/kg/day)
0 (control) 2 4 8
No. of litters 22 22 22 18
No. of fetuses examined 170 165 150 92
No. of fetuses with malformations® 1 (0.57%) 2 (1.70%) 0 (0.00%) 0 (0.00%)
Malformed vertebrae 1 (0.57%) 2 (1.70%) 0 (0.00%) 0 (0.00%)
Malformed rib 1(0.57%) 1 (1.14%) 0 (0.00%) 0 (0.00%)
No. of fetuses with variations® 44 (25.77%) 58 (35.12%) 62 (44.44%) 31 (48.77%)
Hypoplastic supraoccipital 12 (7.00%) 25 (14.67%) 25(18.32%) 15 (29.86%)
Cervical rib 4 (2.18%) 3 (1.70%) 2 (1.14%) 1 (0.62%)
Hypoplastic cervical vertebral arch 6 (3.51%) 11 (6.76%) 8 (5.29%) 8 (10.88%)
Deformed sternebrae 6 (3.49%) 5 (2.86%) 5 (7.18%) 4 (9.95%)
Dcformed thoracic vertebral body 8 (4.95%) 5(3.43%) 6 (3.99%) 4(5.32%)
Wavy rib 1 (0.65%) 3 (1.79%) 2 (1.82%) 2 (3.40%)
Lumbar rib 18 (10.51%) 24 (15.17%) 29 (17.29%) 14 (22.54%)
Extra 3 (1.70%) 4 (2.29%) 3 (1.79%) 3 (9.44%)
Rudimentary 20 (11.64%) 23 (14.66%) 28 (16.73%) 13 (19.76%)
Others 4 (2.35%) 1(0.65%) 1 (0.91%) 1 (1.11%)
No. of sacreo-caudal vertebrac® 8.19 +0.58 8.15+0.57 8.31+0.35 8.24 £ 0.64
No. of metacarpus® 7.80 +0.32 7.90 +0.48 7.84 +0.29 7.65 +£0.59
No. of metatarsus® 8.15+0.31 8.00 +0.08 8.06+0.19 8.04 +0.18

a: Total number and mean incidence are shown..

b: Mean £ S.D.
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‘l'able 5. Visceral malformations in the fetuses from pregnant rats treated with MMPD |
Dose (mg/kg/day)
0 (control) 2 4 8
No. of litters 22 22 22 ‘ 17
No. of fetuses examined 162 155 141 89
No. of fetuses with malformations® 9 (5.23%) 4 (2.61%) 8 (11.5%) 6 (21.98%)
Abnormal lung lobulation 1(0.57%) 0 (0.00%} 1 (4.55%) 3 (9.48%)
Diaphragmatic hernia 3 (1.87%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Dilatated renal pelvis 1 (0.57%) 1 (0.57%) 1 (0.65%) 0 (0.00%)
Dilatated ureter 2(1.07%) 1(0.57%) 4 (6.98%) 1 (5.88%)
Left-sided umbilical artery 2(1.22%) 3(2.05%) 4 (4.48%) 4 (18.4%)
Others 2(1.08%) 1 (0.57%) 1 (0.65%) 0(0.00%)
a : Total number and mean incidence are shown.
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