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‘Food and Clhe'miicd Toxioology 42 (2004) 465470
‘ Www.elsevier. com}lomlcfl‘oodchemtox

Evaluatlon of developmental toxicity. of B~ thu]aphcm (hmokltlol)
| followmg oral admlmstratlon dunng organogenesxs in rats

“National Fustitute afHed:h Scicnees, Osaka Branck. 1 1-43 Homaka Chuo-ku, Oaaka 540, Jupan '
: 'Sqfcly Rcsmrdl !n.mtulc far C)(cmfad Cnmprmnd.r Co, L!d ?6&24 S'h!n-d Kfyom-ku Sapporo, Hokkafda 004-0839, Japan = '

The objective of this study was to evaluate the devaopmemal tmumty of [S-thu_laphcm (’I‘P) in rnts Prcgnanl mls were given TP ,

by gastric intubation at 15, 45, or 135 mi/kg on days 6-15 of pregnancy. The maternal hindy wiight gain duting sdministration at

" 45and 135 mg/kg and after adshinistration at 136 mgfkg and adjusted weight gain at 45 and 135 mg/kg were significantly reduced.
: A slgmhcunt decrease in food consumption dl.mn,g and after administration was fourid at 45 and 115 mg/kg. A :1gmﬁunl. iniyease ’

in female fetuses at 45 and 135 mgfkg and in m.alc fetuses at 135 mg/kg. Although a mgmﬁcantly increased incidence of fetuses with
. skeletal variations and decreaged degree. of ossification were found at.135 mg{kg, ne significant increase in external, skeletal and -
inlernal mslformatiom was detected after admininmuon of TP. The data demons:rated that TP had adverse effects on cmbryomc,’ ,

- Dased on the sigaificant dccrcasca in miaterrial body wmght gain ahd weight of female fetusés at 45 mgfkg and higher, it is concluded:
that the no-observed-adverse-efect levels (NOAELs) of TP for both (lams and fetuses are considered to be 15 mg/kg in rats.
) 2003 Elgevice Ltd; All rights reserved. - 0 00 R SR

Keywani: ﬂ-Thu_mpluw). Hinokitiol; Dwelupmenud lunuly. Temogemuly' Rat .

1. lnﬁoﬂﬁcﬁhh - N | R Sé#era] reﬁiifts dn'ihe toxicity of TP are available. In

B—Thu;apl:cm (TP, CAS No. -499-44-5; Hinokitiol; - obtained in a Rec-assay with §9 mix at 1.0 mg/disk and
4-isopropyltropolone) " is - a phenolic component’ of chromosome aberralion test in vitro at 0.002-0.003 mg!_'

essential oils extracted from cypress trees. TP has been’ ml, but not in the Ames test or 2 micronoclens test in-
- found to act as an antibacterial agent (Sacki <t al., 1989, . micc (Sofuni et al.,.1993). The DNA damaging activity of -
Quwa et -al., 1990; Tonari, 1998) and an antitumor -~ TP was weak in a spore Rec-assay (Ucno und Ishizaki, -
agent (Yamato et al., 1984; Inamerni et #l, 1993). In 1992). The values of LD50 have been reported 10 be 504
. addition, - it - possesses- phytogrowth-inhibimry effects - mgfkg in male ddy mice and 469 mg/kg in female ddy
(Tnamori et al., 1991). TP is vsed as a natural food ‘mice after oral gavage of TP (Shimizu et al., 1993).

: preservauve inJapan. -~ - .. ... ‘ ) : -Reoently. Ogata- et al.- (1999) reported -a. sxgmﬁcant; o
' ' increase in the incidence of fetuses with malformations
“after oral administration of TP at 560 mg/kg and higher.

on day 9 of pregnancy in ICR mice and that TP induced”

* Abbrevigtions: TP, Phujaplicin; LOAEL, lowesl-abserved- dysmorphogenieity in. cultited moust | embryos | at.
adversecflect level; NOAEL. no-observed-adverse-cffect level. - concentrations of 625 and 12.5 pg/ml. However, there
_ * Corresponding author al present address; Division of Risk is no-information on the developmental toxlclty of T

Assessment, Biological Safety Research Center; National Institnte of - 7 - 5 w0t o B0 e T T

Health Sciences, 1-18-1 Kamiyogs, Sctegaya-ki, Tokyo 1588501, in rats. Therefore, the present’ study was conducted
Tapan. Tel.: +81.3-3700-9878; fax: + 81-3-3707-6950 . 1o evaluate the potentia} teratogenicity of TP after
- E-mail uddress” ema@Mihs.go jp (M. Era). - o " administration throughout organogenesis in rats. '

0278-6915/8 - we fron! mster 2003 Flnevler L!d All rlghls rcsem:d
doii10.1016/.0c1.2003,10.00Y
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W:star rats (Jcl Wlstar Clea Cc, Ltd Tokyo
Iapan) were used. throughuut this stody. Anunals were -

~ reared on a basal dlet (F- l kunabashl Fa:m Co.,

o malnlamcd in ah air<onditioned’ roont at 2441 ¢,

with a rc]atwc hum:d:ty of 55:!:5%. undcr a controlled

244 g, were mated ovem:ghn wn.h male rats. ‘The day

‘when sperm were detected. in’ the vapinal smear- was
- considered to be day 0 of pregnancy. The pregnant rats

were distributed on a random basis into four groups of
16-17 rats each and housed mdlvndual!y

The fcmale rnts wcrc dosed onoc daily by gastnc a
. intubation with TP (punty >98%, SEIWA ‘Technolo- . .
: g:cal Laboratoncs Lid.,

Tokyo, Japan) at a dosc of 0

-of pregnancy caused maternal deaths nnd decreased
- maternal body weight gain and caused -an increasé in

postimplantaiion loss and decrease in fetal weight mt 125 '

. mg/ke and higher in rats TP was: d:sso!vcd in olive oil
" (Wako Pure Chemical Industncs Ltd., Osuka, Japan).

. The volume of each dose was adjusted to 5. mi/kg of -
" body weight based on daily body weight, The control
rats received olwc oil only. The formulations were kept . .

ina coo] and dark place for no mOrc than 7 days

were recorded daily, The pregnant rats were euthanized
by ether overdose on-day 20 of preghancy. The perito: -
nenl cavity and uterus were opened, and the numbers of

 live and dead [etuses and of resorptions. were counted. -

The gravid uterus was removed and the. dams welghed

- again. The adjusted weight gain, i.c. maternal weight -

gain throughout pregnancy correcled for gravid utetine
weight, was calculated. To confirin the dam's pregriancy
slatus, the uteri were immerscd in 2% sadium hydroxide

~ implantation traces were séen to be stained ‘yellowish-

brown (Yanada ct-al.’ 1935). The live fetuses removed

~ from the uterus were sexed; weighed, and inspected for

extema] malformauons and malformations within the

each huer were randomly se]ec_te_d and ﬁxe‘d‘m aleohol,
stained with alizarin red 5 {Kawamura et al.; 1990).and

cxammcd for skelctal malformations. The remammg
live fetuses in each litter were fixed in Bouin's solution
prior to dissection. To detect internal malformations,
fetal heads were exammed by the free-hand razor-blade - -
sectmnmg melhod of Barrow and Taylor (1969) and the .

- thoracic areas- were- cxammcd ‘hy ‘Nishimura’s micro-

dissecting method 11974) Y modlﬁcanon of Barrow and ‘
Taylor ] melhod

- 24 Datg anafysr’s o

The htter was conmdered the cxpcnmental unit. Thc o

body wexght of live fcluses were evaluated by ana!ys:s of

- variance, followed by Dunnett’s ‘multiple comparisen -

test if differences were found. The incidences of post- .
xmplnntntmn loss and - fetal malformat:ons per. litter . -
were analyzed by the Kruskal-Wallis test to assess the
overall effects. Whencver a significant trend was noted, .
pairwise mmpansons weie made using the Maon~

~ Whitney test. Fisher's exact test was used when the

mc:dence in thc comrol group wns zero 'I'he 0 05 level ‘

T1ch l shows the mdlcrnal ﬁndmgs in ra:s gwen TP :
dunng oorganogenesis, One preguant rat was dead on .
day 20 of pregnancy at 135 mg/kg. The body we:ght
goin on days 6-16 at 45 and 135 mgfkg and on days
16-20. at .135. mg/kg was_reduced _ significantly, The .
adjustnd we:ght gain, which indicates the net welght ’

. gam of prcguant rats, was mgmﬁumlly Iuwcr in the 45

‘ lowest-observod adverse-effect Ievel .(LOAEL] cand - -

no-observed-adverse-effect leve]l (NOAELL) of ‘TP for
pregnant rats are 45 and 1§ mglkg, respectively. - ’
Prcgnuncy outcome in rats given TP during organo-

genesis are pn:senled in Table 2. Litters totally resorbed -

were found in three of the .16 pregnant rats at 135 mg/f
kg. A significant increase in the nuniber of resorptions
per lmer and incudcnce of posbmplantanou loss per
fetuses per -la-l.tcr were also noled at 135 mg/kg The
weighly of live fetuses were significantly decreased at 45

mg/kg and higher in females and a1 135 mg/kg in males.
A summary of morpholqucal findings in _hve fgtn_:s_e;

Table 3. No fetus with oxtcmnl mnll'ormnt:ons was

observed in any group. Skeletal examination revealed
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variations in the vertchrae, ribs, andjor sternebrae were

found in all groups. The incidences of feiuses with

skeletal variations and fetuses with bipartite sternebrac

and with radimentary 14th ribs were significantly higher

in the 135 mg/kg group than the control group, The
numbers of ossification centers of the caudal vertebrae
_ and of the sternebrae were significantly decreased at 135
: mgﬂcg Hypoplasm of the spleen occurred in two fetuses
in one dam at 135 mg/kg. A few fetuses w1th thymic
remaant in the nick and/or. left. umbilical artery were
found in the control group and TP-treated gmups.
However, there was no- significant difference in the

incidence of fetuses with internal malformations and

variations between: the Tlf-uca.tcd__gijo_\lps_'_qnd ‘the
Gndings

control group These

4 Diseumion

: M,mqar.jnioa and Cherical Toxicology 42 (2004) 465470 461.
Table 1 .
Matérmal findings in rats gwen ﬂ lhujaphmn (TP) by gastnc intubation dn days 6—15 of preguancy
Dose(mefe) = . . o - 0 (comtrol) S 48 oo
No. pregoapt mats 16 16 16 17
No. of dedd rals RO b 0 ]
Initial body weight ‘ © 22748 22797 - 1513 L2276

" Body welght gain during pregnancy (g)"' : : v o R
Dzys 0-6 17158 174 1642 1723
Days 6-16 454 396 2B L 13x9*

- Days 16-20. 43+6 485 D428 21 +13¢
Adjusted weight gain dumzpregrmmy (g)” 3947 . 368 28410* 24450
Foud wn.rumplion durh:g pregﬁunc;v (g)" - o
Days0-6 =~ - 103£7 . 10146 PLES L 101£5.

_ Dayi6-16 15712 14713 129120 103411+

. Daysl&-zo 7245 7044 637 66£6%

e mmnﬁmisn .....................................

. Adjmeﬂ weight gain refers Lo maternal body w:nghl guin exctudmg the grrmd uterus,

’ Mgmﬁeamly d;rrmm from tI:e control, ¥ <0.05.. S o e
: Table 2 :
Reproductive ﬁnd.mgs in rats gvenﬁ—lhujaphem (T P} by gastric mmbmon on days 6~ls of prcgnan.cy _
Dost (mg/kg) T ogeontro) TR as . as
No. litlers - T 16 . - 16 - - 16 - N | .
No. hdrj)dﬁlh&dﬁefﬁtﬁf*' 16313 - T 163£13% 157:I:I4—_—' 16, 3:!:09
Nuo. implantations per litter® L 154%1.4 155+12 148x17 | 156413

. No, of litters tolally resorbed ~ . =~ 0 e . R R
No. Tesorpiiony per litber* ‘ 13414 1312 20110 9.9+14.6%
No. dead fetuses per litter” 0.1£03. 0. .0 L
% Postimplantation foss per livrer”. 8.3 : - -840 136 - 63.5% -

~ No. live feruacs per litrer® 14114 l4.3t1._5 128%18 57446
Sex ratio of live fetuses (male/female) Ha “116f112 s /35
Budywe&htofkufﬂu&w (g)" e S o B e o

- Male - 339019 3264019 . 325018 . . 2.114021%
Femiale 3.19&0.18 3134018 3022019 2624011

. vﬂuelmgwﬂ,“ menn£SD, - . v - e N L . o
b {No. resorptions and dead l‘etnm[No implanmﬂnnn)xlm
. Smﬁc.am'.r diftreat from theontrol, P<0IS: L
" one fetus with' ‘sic}ﬁdséhx'slé at-135 mg{kg. keletal lo'w'eét'-dhséﬁréd éd\'rc'rs'c'-éffeét' l'e"cél (L'O'AEI',)' dnd

Tl:us study was desxgned to screen for general ¢ devel-'
opmental toxicity in rats. Doses of TP expected to
mduoe mat:rnal and dcvclopmenlal to:umty. such &s o

characterize the effects of TP oni embryonic/fetal devel-

7 opment Maternal tox:clty, as ev:dcnced by a significant
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Tab]e
_ Momhnloglcn.l cxammanons in femsa of rats given - lhujaphan (TP) by gastric mrubahon on days 6 15of pregnn.ncy """""
Dose (mg/kg) - O{comtrol) 15 - 45 135
External examination
No. fetuses (ilters) examined -~~~ - - 25016) CZasy o 204018) sy
No, fetuse (litters) with malformations 0 0 : B e
Skdela!cmnmaﬂon - N IR [ ‘_ K : R
No. fetuses (titters) examined 1N&LH 117%16) 105(16Y 45(19)
. No, feruses (listers) with ltm]furmalwnu ‘ [} o 0 Blesh
. Sternoschisis -~ . IR | ¢ - S0 1)
No. of fetuses (]m.ers) wuh vmauons 1] §(4) 167) 21{11)
Cervioalrib - o . 42y U4 ) S )] 21(‘1)
Splitting of lhoraqnverlebral bodies S Uy - o "o ‘
- l4th by - o P : :
Ex‘m T 0 T X 0 N G . - 4(3) LRI
Rudimentary ‘ (1} R14)) LAY U0
Bipartite steraebae oo o - 1) 0% 1) U
Asymmolry of sternetres 55 KD ¢ ) I gy
. Degree of csrification® o o . S e
. Mo, of ossification centers ol'caudal vcrlcbru- 33104 31404 12404 2.8:0.3%*
No, of sternebraa : 48304 4906 48105 3.920,7%
fnkrﬂé! 'txw'm'm'rfou """ e O - S e e
Na, fetuges (littere) eXxamined . o . 1016y 111(16) 99(16) 42(12)
. Na. fetuses (litters) with malrorma!inml T N 0. - 17) I
Hypoplasia of spleen : : : 0 K ‘ e & 2(1)
. Nao, of fetuses (fittere) with varistions . . - . o . 5(3) . . L AD 2
mmlo“mnlmncck. ------- - 4(3) ....... 1(1).- Lt X 2(2) . - . - 2(2) .
Left umbilica! artery 1(1) plv) I . 0 . .0

: M Ema et a!.[Fbodand Chenrical Taxicolagy _4'2 czowj 465-470

* Values are given as mead$ ST,
* Slgmhcnntly dlﬂ'emnl frmn the conlrol, P < 0 05

“during. thc admmvatratmn permd was fnund at 45‘ .

mg/kg and h)gher Allhough prcgnant rats in the

.45 mgfkg . group . recovered - with. respect . 1o ‘body. .

’ welght aﬂer ccssation of adm:mstrat.mn of TP such

organogcucsls in-rats.

" Developmental endpo:h& should mclude the number' -

. and percent of pre-and postimplantation loss, morpho-

logical alterations in fetuses, and decreased fetal weight .

(Klmme! ‘and Price, 1990; Schardein, 2000; OECD,

2001). - Schardein (2000) stated that felal size is an

important in the assessment of potcnnal teratogen us
an 1nd:cator of developmemal toxicity, and reduction ih
size' or growth retardation commonly occurs amang
fetuses of dams given dosnges that sre toxi¢ to the
dam, to the offspring; or both. In the present study, a
signiﬁcant increase in the incidence of postimplantauon

decreased weight of female fetuses was found at 45 mg/

lembryolet.hal a 13§ mg;’kg and 1onc 10 fetal growth atj
45 mgfkg and higher when admlmstered during the .
-period of organogenesis.

As for morphological ex'anul‘lauons in lhe feluses of '

 exposed mother, o few retuscs with ske]etal or internal |

(Kameyama et al., 1930; Mor:la et al., 1987, Nakatsuka :

et al, 1597). Scvera!l ‘types of skeletal and intersal
variations were also found in both the control group

- -and TP-trcated groups: These vanatmn.s are frequently

1973, Kameya_ma et al,.

observed in fetuses of rats at term (Kunmc[ and Wilson,

Nukatsuka ec al, 1997) In the 1335 mg{kg group, 2

) sigmﬁcant increase in’ the Incidence of fetusds. with

skclctal vanatmns and rctusm wuh bnpamtc stcmcbrac'

‘significant decrease in the degree of -ossification were

kg and higher. These findihgs indicatéd that TI'is'-

111

accompamed by a significant decrease m the fetal_'

these morphological alterations and growth retardation -
io felusés. AltHough a skelefal variation; i.e. supcr-

1980; Morita et al., 1987;
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numerary exzra 14th nbs ls a wammg sign of poss1ble

varjations, and bilobed centra, of the vertcbm.l column

are 4 normal varation (Kinmel and  Wilson, 1973),
Chahoud et al. (1999) noted that variations are unli-

~kely. to adversely affect survival or . heslth and this-

mlght result from a delay in growth or morphologen-
esis that has otherwise followed a normal pattern of
" development. Consideration of these findings together

suggests. that the morpholog:cal changes obseived m"

the present study do not mdu.ale a teratogemc
e
-Ioa deVelopmenml onlcxty study in mice in whwh a
single administration of TP was given at 420, 560, 750,
or 1000 mg/kg 'by gastnc mtubatlon on day 9 nf
. resorbed, and. a s:gmﬁcant mcr_ease,m embryolethality
“were found ‘at 750 mg/kg and. higher (Ogata et al,

1999). A mgmﬁcant increase i the incidence of fetuses '

- - with malfomnnons was accompapied by & s1gmﬁeam
~ decrease in fetal weight at 560 mg/kg and higher, Two

highest doses, 750 and . 1000 mg/kg, were maiernally. .

~ letha, and the dose level of 560 mp/kg was very close to
. (he matemally lethal ‘dose. This,  fetal malformations;
' omurred aﬂer a smgle admimstrauon of TP at hlgh doses

- toxieity _nf' TP.in cnnven_tmnal‘e_xpenmcntal conditions..

We demonstrated here that TP possesses no adverse .-

. effects on. morphological development in rat fetuses

- when - admlmswred during -
. organogéenesis at doses which caused a decreased fetal

. weight, increased mcxdcnce of posumplantauon Ioss -

.md materml lmuuly

cmbryomc/rctal survival and growth only at maternally.

toxie doses i rats. Based on the significant decredses in -

maternal body weight gain and weight of female fetuses
at .45 mg/kg and higher, it is. concluded . that - the
no-observed- advcrsc-cﬂect levels (NOAELs} ‘of TP for
both dams and fetuses are considered to be 15 mgﬂcg in
rats.
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found to act as an antibacterial agent (Saeki et al., 1989;
- Csawa el -al,; 1990; Tonari, 1998) and. un gntilumor .

agent (Yamato et al., 1984; Inamori et al,, 1993)..In

" addition, it -possesses -phytogrowth-inhibitory ‘effects -

- (Inamori et al., 1991). TP is used as a natural food
. preservalive in Japan, . . ... L Tl T

. adverse-effect level; NOAFEL, no-observed-adverse-effect level, .-
* Cuorresponding amthor au_present eddress; Division of Risk

. Assegsment, Biological Safety Roscarch Center, Nationa! Institute of

" Health Sciences, 1-18B-1 Kemiyoga, Sewagaya-ku, Tokyo i58-8501,
Japan. Tel: +81-3-3700-9878; fax; +81-3-3707-6950, - - e

0278-691/S - sec [rant matter © 2003 Elsevier Ltd. All rights ceserved.

doi:10.1016/j:fct.2003.10.008

mice (Sofuni et al., 1993). The DNA damaging activily of -

- TP was weak in 4 spore Rec-assay (Ueno and Ishizaki, -
1992). The values of LD50 have been reported to be 504 .
- mg/kg in male ddy mice and 469 mg/kg in female ddy -

mice after oral gavage of TP (Shimizu et al., 1993).

Recenitly, Ogata ct al. (1999) reported a. significant . |

increase m the incidence of fetuses with malformations

. after oral administration of TP at 560 mg/kg and higher

ori day 9 of pregnancy in ICR mice and that TP induced -

* concentrations-of 6.25 and 12.5 juig/ml. However, there

1s no information en the developmental toxicity. of TP
in rats, Therefore, "the present study was conducted |
to evaluate the polential (eratogenicity of TP after -
adininistration throughout organogenesis in rats. -

113



466 : . - . M. Ema et al. [ Food and Chemical Toxwo!oy 42 (2004 } a5 470

2 Matcnals and mctbods
2! A'mmah'

Wistar rats (Jcl Wlsv.ar, Clea Co Ltd Tokyo,

Japan) were used th;o_ughout‘tms‘study An_:mals were
" reared on a b'as;al diet (F-1; F-.mabashi l-"a'rm Co
mainlained n an dll’-ll-brlldll-.l(-)ncd room at 24+1 °C,
with 2 relative humidity of 55+ 5%, under a controlled
12°h light/dark cycle. Virgin female rats, weighing 216—
244 g, were mated overnight with male rats, The day
when ‘sperm were detected in”the vaginal smedr was
considered to be day 0 of pregoancy. The pregnant rals
were distributed on a random basis into four groups of
16-17 rats each and housed mdw:dually

...........

post:mplantauorx loss and decre_a_se in fetal weight at 125

" mg/kg and higher in rats. TP was dissolved in. olive oil
(Wako Pure Chemical Industries, Ltd., Osaka, Japan).
The volume of each: dosc -WAS- adjustcd to 5 ml/kg of
body weight based on daily body weight. The control

rits received olive oil only. The formulations were kept

" inacoo] and dark place for o more thin 7 days.

2 3 Ob.s'ervarmn.t

were Tecorded dax]y The pregnant rats were euthanized

by ether overdose on day 20 of preghancy, The perito-

neal cavity and uterus were opened, and the numbers of

live and dead fetuses and of resorptions were counted.

The gravid uterus was removed and the dams weighed
. ag.am The adjusted welght gain, ie. maternal weight
. gain throughout pregnancy corrected for gra.vxd uterine
,-welght, was calculated. To confirm the dam's pregnancy
" status, the uteri were immersed in 2% sodium hydroxide
solution for over.1 h. The utéri were cleared and thé
unplantatlon traces were seen to be stained yellowish-

brown (Yamada et al., 1985). The live fetuses removed

from the uterus were sexed weighed, and inspected for
e;;cma} Vma.ltfo‘rmat_:qn_s and malformauons within lhe
cach hucr were randomly scloctcd and fixed in alcohol,
stained with alizarin red 8 (Kawamura ¢t al,, 1990) and

cxammcd for skeletal malformauons Thc remaining
hvc fetuses in each litter were fixed in Bouin’s solution
prior to dissection, To detect internal malformations,

fetal heads were examined by the free-hand razor.blade
secuonmg melhod of Barrow and Taylor (1969) and the

_thoracic arcas were examined by Nishimura’s micro- .
" dissceting method (1974}, a modlﬁcatmn of Barmw and
Taylor’s mclhocl '

2. 4‘ Data analysis -

Thc httcr was consndcred the experimenta! unit. The
m:tla.l body weight; body weight gain and food con-
sumption of pregnant rals; numbers of implantations, -
postimplantation loss and. live fetuses per litter and -

o body weight of live fetuses were evaluated by analysis of
.. variance, followed - by Dunnett's - mult:ple comparison
~ test if differences were found, The incidences of post-

implantation loss and fetal ‘malformations per litter

were ana1ymd hy the Kruskal——Walhs test to assess the i

incidence in the control group was zero, The 0.05 level
of probabahty was usnd as thc crm:non i‘or slgmﬁcancc o

3 Results :-:-' R

- “Table.| shows the matcrnal findings in rats given TP

durmg OTgAnogenesis. Onc pregnant rat was dead on

: day 20-of pregnancy, at 135 mg/kg. The body weight

gain on days 6-16 at 45 and 135 mg/kg and on days

16-20' at 135 . mg/kg. was reduced significantly. The [ . .

adjusled wenght gain, wh:ch mdmates the net we:ght‘

and 135 ag/kg grops than in the control group. The

' food conSumpuon on days 6—16 and days 16-20 was

(L'OAEL) cand
no-observed-adverse-effect level (NOAEL) of TP for -

pregrant rats are 45 and 15 mgjkg respectively, -~ R

Prcgnancy outcome in rats given TP during organu- .
genesis are prescntod in Table 2. Lnttcrs totally resorhed
were found in three of the 16 pregoant rats at 135 mgf
kg. A significant increase in the number of resorptions
per litter and incidence of postimplantation loss per

. litter and a sxgmhcant decrease in' the number of live .

fctuses per litter were also noted at’ 135 mgfkg Thc
mg/kg and higher in females and at 135 mg/kg in males.
A summary of morpho]ogiul ﬁndings in live felu.scs

Table 3. No fetus with external malformations- was
obierved in any group. Skeletal examination revealed .
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Tuble |

. Mawrnal ﬁndmgs in, mts g:ven - thu_;nphmn (TP) by gasmc mtubauon on days 6—|$ of prcgnancy ‘‘‘‘‘
Doze (mgfkg]‘ . 0 (coniral) B | . 45 S . 138
No.preguantrats - o o oqgc 6 e i7
No,ordcadrals . . R S0 0. A | R |

" Initial body weight 22748 g 2746 2746

"~ Bedy wighrgab: durmgpregnancy rg)‘ ‘ I o o L

. Days0-6 175 1714 162 173
Days 6-16 4544 3046 RxEPH - 1349
Days 16-20 - 4316  4RES . 4246 - - PIESFAR
Adjuatcd wclghl gam dunng prcgnancy (g)" » 39£7 36x8 28410 2445
Faéd}:c)n.'m'mﬁri:oh &iu)-irqg prmy (g s - S - -
Duys 0-6 1057 101+6 985 10t+5
Days 6-16. . 1872 147413 1204120 1031t

: Days'l&-ZO 12£5 T4 (SR

3474

. Adjmmd welgh: gafn refers 10 malernal body welgm gam excludmg thc gravid ulerus ’

. S[gmﬁ:antl_v d:ﬂ'crcnt l‘rom lhe eonlrol ho 05

Tabile 2
- Repiodudtive Iiudmgs in raly gwmﬂ-lhu_]upl‘un (TP) by gastric lmubalwn on days 6-15 of pregnancy -
Dou(mg(kg) ...... Il{oontm]) S L U . A 1. A
~ Nn, litters . T - T 16 6 - - 16 -
- No. corpora luten petlnler‘ S 163%13 ]63#1,3 S LY F ) F R L 163209
No, implantations pér litter* C15.4£14 Is5£1.2 148217 156413
No. of litters (otally reswbed - -~ - 7 - - g 6 -~ - 0 : o
No. resorpiions per litter* -+ ‘ L3L14 L3kE2 20%10 0 0T 99446
No. dead fetuses per licer* . 0.1:£03 0 . . 0 . . ]
%% Postimplantation loss per litter® . . . . . [ . 85 T ¥ X 1)
No. live fotuses per litter® 14.1£14 14.3£1.5 128+1.8 574460
Scx ratio of live I‘cnm:s (malc{l"cmalc) 114811 - IR 10797 . 56/35
Body wefgm of five fenurs (g)‘ . . ) . . ‘ .
coMale o B & E1 N L D A26£009 . 3.25£0.18 2714021%
Female ' 3.13+0.18 2.0210.19¢

: 3.l9:£0.18 :

. % Values are given as mean:tﬁb
b (Mo. resorptions and dead I'clumfNo mplamanona)x 100,
* ngmﬁmnlly dﬂcrcnt fram the control P<0 DS :

vanauo_ns in the vertebrae, ribs, and/or sternebme‘were
found io 2l groups. The - incidences of fetbses with
skeletal variations and fetnses with bipartite sterpebrae

and with rudimentary. 14th ribs were significantly higher -

in the 135 mp/kg group than the control group. The
numbers of ossification centers of the caudal vertebrae .
and of the sternebrae were significantly decreased at 135
mgjkg Iypoplasia of the spleen bceurred in two fetuses

" in one dam at ]15 n1glkg A fcw fctuscs wnlh thymlc
found in’the control group- and’ TP-treated groups
However, there ‘was 1o sngmﬁqqm_dxﬂ'g;mqg in the
variations ‘between the  TP-trcated groups and the
control group: - These findings 'indicate that the

' lowest-observed-adverse effect Jevel -

- 2.6240.1% -

-{LOAEL) ‘and
no-observed -adverse-effect -level (NOAEL) of TP for :
fetal rats arc 45 and 15 mg/kg, respectively. : :

4. Discusslon

Th:s study wis dcsngncd to scrcen for gcnernl devel-'
opmental toxicity in rats. Doses 'of. TP cxpected 1o
mducc matcrnal and dcvelopmcntal tox;c:ty, such as a

characterize the eﬂ'ects of TP on embryomc,’feta] devel-
opment. Matcrnal tox1mly, as cvxdcnccd by a s:gmﬁcant :
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.. V:lnes are gwen A mean+ sn
L4 S:gmhmnﬂy dlﬂ'ercnt l'rom the control P <0 OS

during ‘the - administration hei‘ibd- was l‘bunﬂ ab 45
mg/kg and higher. Although pregnant rats in the

45 mg/kg group _recovered with respect .to body .

welght aﬁer cessation of ndmxmstrauon of TP, such

. These ﬁndmgs indicate that 'I'P exerts matemal tox:cuy
cal 4§ mg}kg and higher when administered durmg
organogenecsis in rats, - . -

Developmiental endpoints | should mcluclc thc numbcr
and percent of prc-and postimplantation loss, marpho-
logxcal alterations in fetuses, and decreased felal weight
(Klmmel and Frice, 1990; Schardein, 2000; OECD

2001). Schardein - (2000). stated that fetal size is. &n .

important in the asscssment of potential tcratogen as
ani indicator of dcvelnpmenla] tokicity, and reduction in
© sive ur gruwth rctardahun Lommunly ocn.urs among

decreased weight of female fetuses was. found at 45 mg/
kg dand higher. These findings indicitfed” that TP is

463 - M. Emaet nL I Faadand Cfaemtcnl Tax:wlazy 42 { 2004) 465—470
Tnb]eJ
Morpholopc.nl en.mmnt:ona in fclusca of nm gwcn B lhu}aphcm (TP) by gastric lntuballon on days 6——!5 of pregn.mcy - )
Dose (mg/kg) O(t‘-omml) 45 s . 135,
External examination’ ' ' ' :
No, fetuses (Jittess) exzmined 225(16) 228(16) 204{16) (1) .

- Ne; fetuses (litters) with malformations VTN | DA e 0 U | RERURE
Skeletal examination - - S O S O P

. Nu. fetuses {filters) exumined ~1H6(16) ||1(|6) - 105(16) 49(13)
No. fetuses {lilters) with malformotions R R N . 0. (-
Sternaschisis. - - - - o - oo e D L - 0o T (4))
No. of t‘cluses{hlters) with vandllum 1 B(4) ' 17 210y
Cervical rib = - - : s () I 32y 1(I)
Splisting of thoracle vert'ebrétl 'bbdles L 14}) 0
14th ribs . o , o e ‘ ‘ o ‘ o
Extra . . . S N B A Ly
Rudimentary R : B 4)) It () S(7)*
Bipartite sternebrac BT 1N () - 1a) (N

© Asymmetry of sternebrae . . o " 5(5) C Yy 3y AN
Dregres of ossification® . . ‘ :
No, of osification centets’ o,l'qapdn! \_rer_tr,bm_e_ 3 3i04 ) . 3.,1:1:0.4 32304 o 28030
" Nb. of sternelirae - 49104 o 49406 4,810.5 CO3a0

. !ﬂ!t’nﬂltxdmfdﬂ ..... N . o - - e S e e e g R

No. fetuses (fitters) examined 109(16) 111{16) 9%16) 42(12)

No: feiuscs (ltters) with malformations 1+ 0~ S0 B S -V

" . Hypoplasia of pleen” o : A I 0 -0 xA
No, of fetuses (litters) with variations - 53 3(3) H2). L AD
. Thymi¢ rcmnantinneck - - - - - - - 4(3) oy - R v DENERIE 202y
i Lenumb:hcalarmy : : 1) A ‘ B N 0

cmﬁryo'lel..hé.! at 135 mg/fkg and toxic to fetal gfdwih at .
45 mg/kg and higher when admlmstered durmg tlw o

period of organogenesis.
As for morphological exammanons m thc fctuscs of

thought to be due to the admmistratlon of TP, becausc :
they occurred at a very. low incidence and are of types -

(Kameyama et al., 1980; Monla ct al., 198’1 Nakatsuka -

et al.,

'1997);-_ScVeraI types of “skeferal and internal -

variations were also found in both the control group -
and TP-treated groups, These variations are frequently .

observed In fetuses of rats at term (Kimmel and Wilson,
1973; Kamcyama ct al., 1980; Morita ¢t al., 1987%
Nakatsuka ct al,, 1997) In the 135 mg/kg groﬁp,

significant. increase in the incidence of fetuses with

skeletal varialions and feluses with blparutc sternebrae

and with rudimentary 14th ribs, but no extra ribs; and 2
sipnificant de¢rease in the degree of ossification were
accompanied by a significant decrease in the fetal

weight. These findings show & corrclation bctween
thcsc morphotogical altcrat:ons and growth retardation
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' numer.uy extm I4th nbs is a wammg mgn of possnble

teratogenicity, . the rudimentary I4th ribs, sternebral

R variations, and b:[obcd a:ntra ot thc vcrtcbra! cohmm

“might result from a delay in growth or morphologen-
esis that has otherwise followed a normal pattern’of

development, Consideration of these findings togcther
suggcsts that thc morphnloglca] changes observed in

response and that TP posscsses no tcratogemc potenual

In a developmental toxmlty study in mice in thch a

. smgle administration of TP was given at 420, 560, 750, -

or 1000 mg/kg by gastric intubation on day 9 of

.. prégnancy, maternal deaths, dims wnh litter totally
" resorbed, and a SIgmﬁcant increase in cmbryolcthahty '
© were found at 750 mg/ke . and Iugher (Ogata et al,

1999) A slgn:ﬁcant increase m thc mcxdcncc ot tctuacs

-in a single species. In _mhcr words, '!‘P_may be mpablc to
. produce fetal malformations ~under -extreme experi- -

mental conditions in mice. Studies in additional species

would be of great value in evaluaung developmental .

toxicity of I'P in conventional experimental condltmns

We demonstrated here. that TIT possesses no -adverse -
effects on’ morphological dcvc]opmcnt in rat fetuses
when administered” during . the . whole: pmod of .
organogenesns al doses whuh Lauu:d a decrcawd l'cul

" and matetrial toxicity

In conclus:on. 1he admmxslratnon of TP to pregnant ‘

of ,femse,s even at maternally toxic and embryolethal

- doses. The dota indicate that TP adversely affected the .

cmbryonic/fctal survival and growth only at matemnally

- toxic doses.in rats. Based on the significant decreases in - -

maternal body weight gain and weight of female fetuses
at 45 mg/kg ‘and’ higher, it is. concluded .that the &
no-observed-advcrse-cﬂ‘ect Icvcls (NOAELs) of TP for

rats,
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