EWIEEAAEAIGRE & LIz 80 A A2 S OBEE | LB (TD1) W5E08 2 icDunT 5

T O Fo b RIS & R PTAIC EE AT T T o,

lEaT &G, TDINEOMFES & 22 FAko Btk
LA BT RLOO TN f2 8012 Faqi 5 4 Ohsako 51 O]
R BUR I BB AL BUEO) & T B 5 <, 19994
DFANED TDT REITMIC T 1T Geay 5228 155U Gehes 5
WO TRIMIC TCOD 25 LG &I R RS
NBGHNRIELE , B8RRI TR 0D | M4 G 28 As I
ORI EBEEONIR RGO S E Rk BRI & © 86ng/
kg BHAESE LT TDIZTET B3 LIZRETLRYUTH
BEEALNS.

B8 3Tk :

1) WHO-IPCS(1998)WHO European Centre for Environment
and Health International Programme on Chemical Safety
FEXECUTIVE SUMMARY Assessment of the health risk
of dioxins: re-evaluation of the Tolerable Daily Intake (TDI)
WHO Consultation, May 25-29 1998, Geneva, Switzerland
(1598)

2} BRAPVDXAFOME 1 BERE (o) ©D
WT, PREFEFMSEIERENS , EEREFRS,
BREENES, PR 1I1E6A

3) Cooke, G.M,, Price, C.A., Oko, R.J. (1998) Effects of in
utero and lactational exposure to 2,3,7,8-tetrachlorodibenzo-
p-dioxin {TCDD) on serum androgens and steroidogenic en-
zyme activities in the male rat reproductive tract, J, Steroid
Biochem. Molec. Biol.,67, 347-354

4) Loeffler, LK., Peterson, R.E. (1999) Interactive effects of
TCDD and p,p’f-DDE on male reproductive tract develop-
ment in utero and lactationally exposed rats. Toxicol. Appl,
Pharmacol., 154, 28-39

5} Dienhart, M.X., Sommer, R.J., Peterson, R.E., Hirshfield,
AN, Silbeirgeld, E.K. (2000) Gestational exposure to
2,3,7.8-tetrachlorodibenzo-p-dioxin induces developmental
defects in the rat vagina. Toxicol. Sci., 56, 141-149

6) Hamm, J.T., Sparrow, B.R., Wolf, D., Bimbaum, L.S. (2000)
In utero and lactational exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin alters postnatal development of
seminal vesicle epithelium. Toxicol. Sci., 54, 424-430

7) Wolf, C.I., Ostby, 1.S., Gray, L.E. (1999) Gestational expo-
sure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) severely
alters reproductive function of female hamster offspring,
Toxicol. Sci., 31, 259-264

8) Faqgi,A.S., Dalsenter, P.R., Marker, H.J., Chahoud, I. (1998)
Reproductive toxicity and tissue concentrations of low doses
of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male offspring rats
exposed throughout pregnancy and lactation. Toxicol Appl.
Pharmacol., 150, 383-392

9)  Ohsako, 5., Miyabara, Y., Sakaue, M., Kurosawa, §.,

263

Nishimura, N., Aoki, Y., Tohyama, C., Sone, H., [shizuka,
M., Jana, N.R., Sarkar, S., Yonemoto, I. (1999a) Effects of
2.3.7.8-tetrachlorodibenzo-p-dioxin (TCDD) on the develop-
ment of male reproductive vrgans in the rats. Qrganohalogen
Componnds, 42, 19221

10). Ohsako, S., Nishimura, N., Miyabara, Y., (shizuka, M., Aoki,
Y., Tohyama, C,, Sone, H., Yonemoto, J. (1999b) Changes in
the reproductive organs of the male rats cxposed maternally
to 2,3,7 8-tetrachlorodibenzo-p-dioxin (TCDD). Toxicol. Sci.,
48 (1-5), 148

11) Ohsako, S., Miyabara, Y., Nishimura, N., Kurosawa, S.,
Sakaue, M., Ishimura, R., Sato, M., Takeda, K., Aoki, Y., Sone,
H., Tohyama, C., Yonemoto, J. (2001) Maternal exposure to
a low dose of 2,3,7 8-tetrachlorodibenzo-p-diexin (TCDD)
suppressed the development of reproductive organs of male
rats: dose-dependent increase of mRNA levels of 5f;-reduc-
tase type 2 in contrast to decrease of androgen receptor in the
pubertal ventral prostate. Toxicol. Sci., 60, 132-143

12) Nohara, K., Fujimaki, H., Tsukumo, S., Ushio, H., Miyabara,
Y., Kijima, M., Tohyama, C., Yonemoto, J. (2000) The ef-
fects of perinatal exposure to low doses of 2,3,7,8-
tetrachlorodibenzo-p-dioxin on immune organs in rats. Toxi-
cology, 154, 123-133

13) BhUEG, sELTH, 8% F (2000) #> v otk
TSN 52,3,7, 8- IR XA A v v DRAEER
URBURRCL3HE, £ 3 EENILE S ELH
KRFESTEEHE p. 225

14) SKyti=, BLF&E, BIEMESE, AEB— (2001) 4
RHI2,3,7,8-TCODRE 5 v F OB MK, 574 G5
B IVE S EERRELESE b, T

15) Markowski, V.P., Zareba, G, Stern, S., Cox, C., Weiss, B.
(2001) Attered operant responding for motor reinforcement
and the determination of benchmark doses following perina-
tal exposure to low-level of 2,3,7 8-tetrachlorodibenzo-p-di-
oxin. Environ. Health Perspect., 109, 621-627

16) US Environmental Protect Agency (EPA) (2000} Dioxin re-
assessment (draft documents on "Exposure and human health
reassessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and related compounds"”. September 2000

17) EC Scientific Committee (SCF) (2000) Opinion of the SCF
on the risk assessment of dioxin and dioxin-like PCBs in food.
SCF/CS/CNTM/DIOXIN/S Final, 23 November, 2000.

18) EC Scientific Committee (SCF) (2001) Opinion of the SCF
on the risk assessment of dioxin and dioxin-like PCBs in foed
Tupdate based on new scientific information availbale since
the adoption of the SCF opinion of 22nd November 2000-.
SCF/CS/CNTM/DIOXIN/20 Final, 30 May 2001.

19} JECFA (2001t) Summary of the fifty-seventh meeting of the



6 @ i ;i w i W22 s (2004)
Joint FAO/WHO Expert Commitiec on Food Additives. Toxicol. Appl. Pharmacol., 114, 108-117
Rome, 5-14 Junc 2001. 25) Mably, T.A., Moore, R.W., Peterson, R.E. (1992a) /n utero
20) UK Food Standards Agency (2001) Statements on the toler- and lactational exposurc of male ‘rats to 2,3.7,8-
able daily intake for dioxins and dioxin-like polychlorinated tetrachlorodibenzo-p-dioxin 1. Effects on androgenic status.
biphenyls. Committee on toxicity of chemicals in food, con- Toxicol. Appl. Pharmacol., 114, 97-107
sumer products and the environment. October 2001, COT/ 26) Gray, L.E., Wolf, C., Mann, P., Ostby, 1.S. (1997b) /n nrero

200177,
Mably, T.A., Bjerke, D.L., Moore, R.W., Gendron-Fitzpatrick,
A., Peterson, R.E. {1992¢) In utero and lactational exposure

21}

of male rats to 2,3,7,8-tetrach]orodibenzo-p-dioxin 3. Effects
on spermatogenesis and reproductive capability. Toxicol, Appl.
Pharmacol., 114, 118-126

Gray, L.E., Ostby, 1.8, Kelce, ER. (19972) A dose-response
analysis of the reproductive effects of a single gestational

22)

dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male Long
Evans hooded rat offspring. Toxicol. Appl. Pharmacol., 146,
11-20

Gray, L.E., Kelce, W.R., Monossomn, E., Ostby, 1.5., Bimbaum,
L.S. (1995) Exposure to TCDD during development perma-

23)

nently alters reproductive function in male Long Evans rats
and hamsters: reduced ejaculated and epididymal sperm num-
bers and sex accessory glands weights in offspring with nor-
mal androgenic status. Toxicol. Appl. Pharmacoi., 131, 108-
118

Mably, T.A., Moore, R.W., Goy, R W, Peterson, R.E. {1992b)
In utero and lactational exposure of male rats to 2,3,7,8-

24)

tetrachloradibenzo-p-dioxin 2. Effects on sexual behavior and
the regulation of Juteinizing hormone secretion in adulthood.

264

exposure to low doses of 2,3,7,8-tetrachlorodibenzo-p-diexin
alters reproductive development of female Long Evans
hooded rat offspring. Joxicol. Appl. Pharmacol., 146, 237-
244
27) Theobald, H.M., Peterson, R.E. (1997) In utero and tacta-
tional exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin: effects
on development of the male and female repreductive system
of the mouse. Toxicol. Appl. Pharmacol., 149, 124-135
Rier, S. E., Martin, D. C., Bowman, R. E., Dmowski, W. P,
Becker, J. L. (1993) Endometriosis in rhesus monkeys

28)

(Macaca mulatta) following chronic exposure to 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin. Fundam. Appl. Texicol., 21,433-
441 ’ :
29) Schantz, S. L., Bowman, R. E. (1939) Learning in monkeys
exposed perinatally to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(TCDD). Neurotoxicol. Teratel., 11, 13-19

GEhI:S, B.C., Riddle, M.M., Williams, W.C., Smialowicz, R.J.

(1997) Alterations in the developing immune system of the

30)

F344 rat after perinatal exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. | .Effects on the pup and adult.
Toxicology, 122, 229-24



Bull. Natl. {ust. Health Sci 122, 37-42 (2004) Notes

OECD {L AW ETR DT (45 5 10
5 12 [BCOH 13 fal OECD Wik B{C2AHY LTI AT 227 (2001 45)
FIRRSR « SEEIEET ¢ AR - IR - BRI — - BB — - LE A
Progress on OECD Chemicals Programme

Mika Takahashi, Mutsuko Hirata, Mariko Matsumoto, Akihiko Hirose, Giichi Kamata,
Ryuichi Hasegawa and Makoto Ema #

The twelfth SIDS, the Screening Information Data Set, Initial Assessment Meeting (STAM 12) was held at the
Organisation for Economic Co-operation and Development {OECD) headquarters in Paris, France and SIAM 13
was held in Bern, Switzerland, hosted by the European Commission. Two substances at SIAM 12 (CAS No:91-
15-6, 123-77-3) and 4 substances at SIAM 13 (CAS No:91-76-9, 112-85-6, 868:77-9, 1477-55-0were submitted
by the Japanese Government and/or International Council of Chemical Associations (ICCA). These substances

were agreed at the meetings. In this report, the human health effects of 6 substances above-mentioned are intro-
duced. '

Keywords: OECD, HPY program, SIAM, SIDS Initial Assessment Meeting

LB '

BEBIR RS (Organization for Economic Cooperation
and Development : OECD) MMAEEIZ B 55 EE RN
# (High Production Volume Chemical : HPV) D&2tkiL,
1992 FITHEE - 72 OECD BAERIEEMESHR T oS T 4
(HPV program) IC L - TEMENT VB Y. MAEETHE
ER BIFDOHET— 2 2 E 50T OECD HPV Chemicals
List DIE R UM SEIERT A TbhizY. \BIEW,
MARE & BFA, £ LMo MY 2RISR
BRET> TAEIEERA T E, R, ZNSOXHAFA
AHMEi% (SIAM : SIDS, Screening Information Data Set, Ini-
tial Assessment Meeting) TFIEE N T 3. BARHIYIE
LM EERHELTEY, B 6 AFE T 2TWEDITE
NELDWTEERR . B 7EAMSEIIEDSIAMICE
WTHABRIAES L, HRRUEISHAERE N (L EmR
OFAIHE B ORI DWW TIRBHI BN hse
)

SIAM TAHIE E N7 MEMII2000E £ T EM20EE (B
%31, &P 8) THoTA, SIAM 11 001 ) hSlEFE -
7= ICCA (International Council of Chemical Associations, EFE
(LR TEBMSWEIRE) I X 3 M B ORI, 20015
ICIEERTY (SIAM 11-13) L REEENCERmE AL 7.

AT, SIAM 12RU 13 TEBICE - H{L2MEE &
BABYUMEOVIMHIESORREERTCOWTEAN

* To whom correspondence should be addressed: Makoto Ema;
Kamiyoga I-18-1, Setagaya, Tokyo 158-8501, Japan; Tel: 03-
3700-1141 ext.570; FAX: 03-3700-1408; E-mail: ema@nihs.go.jp
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T5.

SIAMICBU 8B FW X LP L LTRENS FW
= The substance is a candidate for further work. LP = The sub-
stance is currently of low priority for further work.) . FW id

SHRUENMOBEMEEENRETHS) LV LESE
%Y 5. LPid MRKDOEAKRCEOTRBIERDONE
w5 T eRERL, Ko ko TIBMEREA S
Beadumit® 8. HE, SIAMTEW L TR0
10018, LPIZFI300MEATHS.

SIAM 2 BT 13 TABREh{EEMES L BREYMED
TIHARHEAN S

SIAM 12122000 6 RIiC7 5 A (2\Y) THIEZH,
(EEMEOVIEIOX RN RMtEN, £ 1 KRT UHED
VIFEHERS R R UBSENEEI N, SIAM 13432001 £11
AICAAR (VL) TRlEE N, (EEMEOVHEMTSE
MEEtEh, &R 2 ISR 6 MEONIHIERRUBSEA
FEIh BFRMANEY L/t E O MRS T
D FADREEEICONT, MELUTIRRT.
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Table 1. Chemical substances discussed at SIAM 12 and their out- Si=Zy FOBEEALN AT,
comes RS B TR 3 2P & S e o 1o g REAL:
CAS No. Nume of ahstance Sponsor onmiry__Guene. WP B R 0 T2
0nt Ml arnehie i Fw RS - ST B DE AR (OECD TG 422) T
P A e v 12.,0,1,6,30 ng/kg/day AREEDS » M7 £ 6 12 A
liaare  Epstun Caprelsciam pECeA r RIGGHIARCIRS L7z .30 nyg/kp/day OOMELET U T o
Barrs Tl e o o RUBESORD, BTRET L AT O— LR G RE L0
B60 10 Hosmeinlens diwesmte  DRACCA P I, DIESREHZDBD, IR, SRR URRESOMN, 5
181503 Nonplobam U R B EAEROBD, M T2 PIAEIRR IS8R T
st b o Fw Ufe. 7,30 ng/kg/day DS 35U TRERED MRS

Note. Abbreviations show DE: Germany, FR: France, IT: ltaly,
JP: Japan, NL: Netherlands, UK: United Kingdom, and US: United
States of America. ":en” indicates the document was based on
the risk assesment in European Communities.

Table 2. Chemical substances discussed at STAM3 and their out-

comes
CAS Nu. Name of substance Spunsur countny Outeome
58-55-9 Thwewphylline DE/JACCA LF
65850 Bunzoic ucid NUJICCA LP
68-12-2 N.N-Dimethylformamide DEANCCA Fw
71-36-3 n-Butyl aleohel usiacea LF
74839 Muthyt bromide USACCA Le
75014 Vinyl chinride USICCA Ly
75387 Vinylidune Nuoride US/ACCA Le
75-56-9 Methy? exirane UK'eu Fw
7910-7 Acrylic acid DEeu Fw
20y Methyl acetate DEen Fw
88-73-3 1-Chloro2-nitrehenzene | DEACCA Fw
B3 144 2-Nitrvaniline FRJICCA .r
91-76-9 2.4-Diamino-6-phenyl-1,3,5-triazing  JPMICCA Lr
95-50-1 1.2-Dichlorohenzone Aux |k
100-31-8 Benzyl aleahol NLACCA Lp
103-84+4 Acelanilide KO Lp
107-15-3 Ethylenediamine USICCA Lp
107415 Hexylene glycol UK/ICCA LP
108770 Cyanuric chlvride CHACCA Lr
] 109-56-0 n-Tentane NO:eu Lr
112-57-2 Tetraethylenepentaniine US/ICCA LP
112-856 Daensannic acid JPACCA LP
123-54-6 2.4-Pentanedione DEACCA FW
123-86-4 a-Butyt acetate Us/CCA LP
127195 N.N-Dimethylacctamide IT Lr
5i2-32-1 Sndium henzoale NLU/ICCA LP
S82-26-2 Polassium henzoate NLACCA LP
616386 Dimethyl carbunate ITACCA Not finalized
868779 2-1{ydruxyethy! methaerylate JPICCA Ly
1319:58-3 Pulagsium hydruxide EE/ICCA LP
1477-55-0 1.3 -Bislnmitnomethylhenzene JPICCA Lp
5392-40-5 Citral JP Lr
6336-38-5 Metilox CH Lp
6864375 2.2-Dimethyl-d 4" methylenehis DEACCA LP
feycluhenylumine)
T447-40-7 Potassivm chloride NUACCA Lr
TEB1-374 Disodium diyutphite KOICCA Lr
16470-24-% Flunrescent Brightener 220 DE/ICTA FW

Note. Additional abbreviations to table I, Aus: Australia, CH:
Switzerland, NO: Norway, KO: Korea, and BE; Belgium, Health
effects of citral have already described in STAMI1,

o-Phthaledinitrile (91-15-6) {(ICCA BERU K4 V2
) (SIAM 12)

LML 7 407 R, MHORERE LTA
WHENTWVS

ﬁﬂ#il:lﬁt’iﬂ;iﬁﬁ % (QECDTG401) T, vt
FEEE & 442 60 mg/kg LLEDRETIEL , {82, LI
NMFB S, 240 mg/kp LA LS T B FERRINMLF, IIAGL,
F7 S —EMBIRE N, FEOILDwEES np/kg Tdh - 7.

W AFFPERCEATIE, 20°CT 8 IFIMoRIRE RUEIC R

HIRGHBAR, ENEODEAIFRAE ERIC BU I Fi5rE, #
BEEMRUME LEOERAOHREFBEBR ST HOR
DHEIRE NI, 6ng/kg/day 5 Tlattit & & BUMRLE
HENIEH> DT, TORRCHBIT IR/ GHHOME
G (NOAEL) {F 6ng/kg/day Tdhol:.

90 HRRERORESEHMIR (OECD TG 408) RUKE
EPA #IRBHEERAA A K5 A i, M5 v MiC0,3,8,
25 mg/kg/day, #t> > I 0,3, 10,30 mg/kg/day DHE%E
13EMBEERESE LI EC S, BREVEOE ARG
AS, PR R MZEETEIC B8 L I i R U S i rE ey
HhidERENzh 57, M 25 ng/kg/day, £ 10 ng/
kg/day THEB DI HONT e b, COERICETS
RiEF2 050 NOAEL (i 5 v F Tl 8ng/kg/day, H
5w + Tt 3mg/kg/day THo7x.

ChoDBERM»S, RIEEORSE1ED NOAEL I 3mg/
kg/day LEZ LN

LihoRERSEE - EREREELHERRICBVT, &
T MCRRENED 4 EMT O R0 R LS 428
f, 1w MCIEZCESET 14 BRI SWHE 3 B T.0,1.6,
30 mg/kg/day ZIENIFE OIS Uiz, 30 mg/kg/daylc BT
HTRRBEESHEN, T8, TATOEERET v FAELE
Ll bR TF— 23155 i o /. 6mg/kg/day B4
TORARTHERREIHTIEE HZEN NS L
o, EHBEBMEONOAELIE Gug/kg/day L EX oz,

HEZAWITRZEAT RSB ORI Sonmix FAETR
UFFETOVWTNTERETH /. FrA=—X N4
A 4 — RPN P éi*?l*%?éﬁm'm. WO
IR T LIREKOME R SNaho e, PHNE
(0.40 mg/ml) &Uﬁ%rnﬁihm\’ci AR ENC. X
7z, S9mix TEIE TRUIEFIE T OWFhORMMETE
RaROERTIZRDONEL 2728, Somix TT{_E-FH{
UHFFLETOWT NOREHLH T S RATEREN, T

NOOEBREDBHE LR E NI L LSS, invieT
D7 7 A0TSR RN 45 5 20 ma/kp 0048
BHENTH T e, A MEIL i vive TS
SHEERRMU b E SRS

.‘TE?'JV\J’[']’J'_ M 2t it e 7t .
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Azodicarboxamide (123-77-3) { Fo Y EIFR U B ABUTFE
RE) (S1AM 12)

AT, TS5 XF 1 v 20T LB SERa, KE
DEFTEMY GEEAD ELTHVSI TS,

BT o B A SR T A L2 PRI 34%AY, FECIRLE
TI0-33% AN EN B AT, AL TIOM D ORI TG
WTWILENT, FL &Ll s, A{LSEHENIIWIL
ZPAME biurea (CAS 110-21-4) IC{CHTE 41, T2 ISRILL
P FISRAUC it E NS | .

MRS EL ., BTy FTO 2 DDRERTIE 2,500
mg/kg THERFUIASNT, FIOKIR T LDsw i3 4,000
mg/kg DAL (HEEE Alderly Park T v 1) , 5,000 mg/kg LAE (&
Wistar 7 ) Thoifz.

HEsES v B QRS IC) BRG- 2R A SRR T,
LCi ©3 6,100 mg/m* LLE: (ATFRATETE, KiFH 0 X 5.8 pn)
THolz. 4 BHRTIE, 6,100 ng/v* T 10Firh 8 HAHNER
HitERL N, ECAHSNE > 1. RBZ4ETO
FRHARRE TRV ERAZON M 1.

TE Y b TORAFIRHRATIE, MBEcEEIHoh
9,097 ng/w’ (1 0FLD) ¥ TORBICEWTRAR M EE
WTHoto. :

SERE BTN 5 DS v M S00 mg/kg BB
LTiIhh, SEREPECEI NG o7,

| TEO”EY +F122,000 ng/kg ZRTH LAY~ F
HHMT L MR R N 1.

VY FDREAOFHMEIL AR SN T, BRI L TI3RMAg
LAIRORAOBIRSH SN, & FOERER v F
FAMYBETH /12 5, BHERELOTEEMENTRE
hi-.

2 MC100, 500, 2.500 mg/kp/day (i), 200, 1,000, 5.000
mg/kg/day (Hff) ZEMEECIE LI-00 AR IEHEORS S
PERASRT L, HED 2,500 ng/kg/day & #ED 5,000 mg/kg/day
() TRRCEHMZoNl-H, —FHEOMIREZSNT,
HEAMEMRETHIERENHZ 56N/, NOAELE 500
mg/kg/day (#f) ,1,000 mg/kg/day (Hff) TH-o1z.

®1z, T AIZ0,78, 156,312, 625. 1.250 mg/kg/day (£,
0, 156, 312, 625, 1,250, 2,500 mg/kg/day (B A3EHIEIIE
5L 90 BMREZORSBHEUAMTE, REABTLER
BRE L BB i RS Mot | A

—HfCEREBIEARS (OECD TG 415) Tid, T FICO,
100, 300, 1L,OOO mg/kg/day DRI R Ti&EHRORE L. S
v MEEGHTSITLETHIA O NG o 28, RS v
R T 1000 ag/kg/day TH ROIRE, RIE OV 7 Ki3T
TOEREADEENH SN, NOAELIE 300 ng/kg/day T
Hotz.

TAVD SRR S | AR CHE 59 NOAEL i3 500
we/kp/day (HE) L300 ng/kp/day (BB &Ehis.

13 MR AR B0 T, Ty P RU= Y RI20, 50, 10,
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200 mg/m* OLYLA | 6 RER OW 5 1) TRMEURL
T A, WREIAIZO 200 mp/mt TEHSLGIEEMIARA SN
T fo 13 MR REREIRMC D&, MARERRO
NOAEL (3 200 mg/w (v bk, ¥ R) THot=.

O~ GBI T, M v Mz 08 AR,
HEZ v MBI 14 BAA SEE 200 & T, #hEFho,
100, 300, 1,000 mg/kg/day Hoshiliz RS Ui . B&EREH
D 1,000 mg/kg/day THEMREADHBERZEH LT,
EHIFEEBIED NOAEL 1 1,000 ng/kg/day L EZ 5.
Ty FETD %200 ng/m DiSEE TRE Lz LD 13
HEE A RIS BT L A BRSO FORRE, BEEmIC
BEEEBo bz,

HIE 2 AW BRI RARO R Somix FIET R
UEFETOWTNTLRBETH 272 FrA=—Z - 1L
A R — SRR O R EABEHRTE, WThosss
AIER U S9mix FFE FRUIEFE T OV KBS R
THLREKOHERFERUEBEBOFREBR I, -
el ehs, REFBERRIELPRIE AL, '

ROAMICRT 3 OIEEI oo 1.

Docosanoic a¢id (112-85-6) (ICCA B Z/ERK) (SIAM 13)

FLEMBIAECHSOER L LTRSS TNE.,

FEoafixFa 7 AT BRI e - 1=,

HEZORSEMHIAR (OECD TG 401) T, BRERS
TD2.000 ng/kg THT v FDFECRHBSNT, $i, —H
KEE, BEROKEOHBRUSIHMRENOWT I EIREIC
EET 3 LEX SN2 TLIFEETNT, 20 LDs ik 2000
ng/kg AL THo M.

R BCURRICH 9 280, SRl Eicfad 3 MMt
A ARSY el

Risak - Fuptattifaid® (OECD TG 422) T
i, Sy M2 428, 1D v MOREEEE 14 BRI S
WE 3 HET, FNTNO0, 100,300, 1,000 ng/kg/day %35
OIS Ul BTV hoOREIFICBOTEIECRY
—BREORBIEHE I od. S, EBEERE
HOR R, WIEBEEARE, MiEERERUMIKRELYR
BETL, REOBELERSTIARAELEEEHRIZEHON
Tholo #fTEWTNDEEHICE N TEECRU—ARIR
REORBIRBEINEM o/, kit 4 BOSGRUHER
HAERBCBWTEREOEEERET IFARIEED
Shighhof . KIEROR S0 NOAEL £ 1,000 ng/kg/day
EEZoN.

ERoREREHEL - EMBEESEESERICBNT, B
BT 501,000 ng/ke/day T b 2 RAR P RAETIC 40
Hofaiode. £, BIOMEIAR, iR, Silk
HEN UM IRAEIC 2 S O 8 s T B TR I B Lk
Motz DRI, KT OERRIC, 15 0MEE T
g 2 (bt Shlnmo e, F-, EROMBIER I
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4 3] i
WITNOBRERICLEREINah o0 ERBELETHED

NOAEL {3 1,000 mg/kg/day £ EZ 617z,

B E AV ERERTRABROERIT Somix FETR
UFFETOWINTLEETH 2. FrAZ—X L
AZ—BEMNZAVICRERREERTE, LhomlE
WIER U S9mix FE T RUEFEE T OWTNOEHRINE
TLREEDIERN RUSEHBOFRREMIRE S s
MoleDT, REAREHBIBE LI hr,

ROSAALICEAT 2t a1z,

2, 4-Diamino—6-pheny!-1, 3, 5~triazine (91-76-9) (ICCA
BARERIER) (STAM 13)

FEEMERAR VI TFIr—RIVALT LT Fom
EELTERENS.

FERaFrs 4 7 AT BERII .
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Abstract Differential mRNA display revealed that s ¢DNA
encoding the major urinary protein 2 (MUP2) that belongs to
the lipocalin superfamily was absent in livers of mice treated
with 3-methylcholanthrene (MC). The expression of MUP2 is
known to be stimulated by growth hermene (GH), through the
GH receptor (GHR), Janus kinase 2 (JAK2) and signal trans-
ducer and activator of transcription 5 (STATS) signal trans-
duction pathway. Since MC is an aryl hydrocarbon receptor
(AhR) ligand, the effects of MC treatment on the expression
of GHR, JAK2 or STATS in the livers of wild-type or AhR-null
mice were examined. The result indicated that the expression of
GHR and JAK2 mRNA was greatly decreased by MC in wild-
type mice but not in AhR-null mice. In addition, the binding
activity of STATS bound to STATS-binding element was re-
duced after MC treatment in wild-type mice but not in AhR-
null mice. Based on these results, we conclude that the suppres-
sion of MUP2 mRNA expression by MC is caused by the AhR-
medisted disruption of the GH signaling pathway. Possible
mechanism(s) by which exposure to aromatic hydrocarbons
causes a decrease in the body weight of mice, which has been
referred to as wasting syndrome, will also be discussed.

© 2004 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V, All rights reserved.

Key words: Aryl hydrocarbon receptor; Growth hormone
receptor; 3-Methylcholanthrene; Janus kinase 2;

Major urinary protein; Signal transducer and activator of
transcription 5; Wasting syndrome

1. Introduction

Exposure to halogenated aromatic hydrocarbons such as
2,3,7,8-tetrachiorodibenzo-p-dioxin {TCDD) and related poly-
cyclic aromatic hydrocarbons (PAHs) results in a variety of
biological responses including wasting syndrome, epithelial

*Corresponding author, Fax: (81)-11-706 4978.
E-mail address: kamataki@pharm.hokudai.acjp (T. Kamataki).

Abbreviations: AhR, aryl hydrocarbon receptor; Arnt, AhR nuclear
translocator; CIS, cytokine-inducible SH2-containing protein; CYP,
cytochrome P430; EMSA, electrophoretic mobility shift assay; GAS,
y-interferon-activated site; GH, growth hormone; GHR, growth hor-
mane receptor; JAK2, Janus kinase 2; MC, 3-methylcholanthrene;
MUP, major urinary protein; PAH, polycyclic aromatic hydrocar-
bon; PCR, polymerase chain reaction; RT, reverse transcription;
STAT, signal transducer and activator of transcription; TCDD,
2,3,7 8-tetrachlorodibenzo-p-dioxin; WAP, o-whey acidic protein;
WT, wild-type; XRE, xenobiotic-responsive element

hyperplasia, teratogenesis, tumor promotion and the induc-
tion of enzymes responsible for the metabolism of xenobiotics,
such as cytochrome P450 (CYP) [1-5). It is the consensus view
that most of the biological responses to TCDD and related
PAHs are mediated by a cytosolic protein designated the aryl
hydrocarbon receptor (AhR), which exists in the cytosol as a
part of a complex that has a molecular mass of about 280
kDa [6,7). Upon binding of TCDD with AhR, AhR dissoci-
ates from the above complex and translocates to the nucleus
where it heterodimerizes with a structurally related protein,
called the AhR nuclear translocator (Arnt) [§]. The heterodi-
meric AhR/Arnt complex binds to a 5-bp sequence, named -
xenobiotic-responsive element (XRE) (5'-GCGTG-3"), located
within the 5'-flanking region of the AhR target genes,
CYPIAI, CYPIA2 and CYPIBI [9).

A phenomenon known as wasting syndrome is observed in
wild-type (WT) mice treated with TCDD but not in AhR-null
mice treated with TCDD [10]. In addition, teratogenesis such
as cleft palate and hydronephrosis is seen upon treatment of
dams with TCDD [4,10], while AhR-null mice do not exhibit
teratogenesis after treatment with this agent [10). These find-
ings suggest that the toxicities seen with TCDD are mediated
by AhR. However, the AhR target genes involved in the wast-
ing syndrome and teratogenesis have not yet been elucidated.

To determine causal genes for the toxicity of dioxins and
PAHs, we examined molecular changes in gene expression
profiles caused by treatment of mice with 3-methylcholan-
threne (MC) by wsing differential mRNA display. We found
a ¢cDNA that disappeared upon treatment of mice with MC.
This ¢DNA encoded major urinary protein 2 (MUP2), which
is a group of closely related proteins secreted into mouse urine
[11] and known to be a member of the lipocalin superfamily of
proteins [12]. The expression of MUP2 is thought to be medi-
ated by the growth hormone (GH) [13,14). Signal transduc-
tion pathway binding of GH to the GH receptor (GHR) pro-
motes the association of the GHR with the lanus kinase 2
{JAK2} and tyrosyl phosphorylation of JAK2. Then activated
JAK2 phosphorylates the tyrosine residues of a signal trans-
ducer and activator transcription (STAT) protein. The homo-
dimer of the STAT or heterodimer of STAT protein with
ather factor(s) is found in the cytoplasm. The complex then
translocates to the nucleus, and then binds to target sequen-
ces. Supporting this idea, STATS has been reported to partic-
ipate in the GH-induced expression of MUP2, cytokine-induc-
ible SH2containing protein {CIS) or a-whey acidic protein
(WAP) [15-17).

In the present study, we found that the expression of GHR
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and JAK2 mRNAs was inhibited by MC, resulting in a de-
crease in the binding activity of STATS for the STATS-bind-
ing site. We discuss the possible mechanism{s) by which ex-
posure to PAHs leads to a decrease in body weight, which is
known as the wasting syndrome.

2. Materials and methods

2.1, Animal treatment

Male 7-week-old C57BL/6) mice (Sankyo Experimental Animals,
Tokyo, Japan) and AhR-null mice {18] were treated with MC (Sigma,
81, Louis, MO, USA) dissolved in corn oil at a dose of 80 mg/kg/day
intraperitoneally once daily for 2 days. Twenty-four hours afier the
last administration, the mice were killed, and the livers were removed
and immediately used for the following experiments.

2.2, Differential mRNA display

Total RNAs were prepared from the livers of mice by the guanidi-
nium/cesium chloride method [19]. Reverse transcription polymerase
chain reaction {RT-PCR)-based differential mRNA display was per-
formed by using a fAluorescence differential display kit (Takara, Kyoto,
Japan} essentially according to the mauufacturer’s instructions {20]
with minor modifications. Briefly, total RNA (0.5 ug) and the two-
base-anchored 5'-flucrescein-labeled oligo(dT) primer (5-T3-16AC-
3"y were used for RT reaction. ¢DNA was synthesized by means of
PCR using an arbitrary primer (5'-CTGCTTGATG-3’). The PCR
products were separated on a 6% DNA sequencing gel and analyzed
by autofiuorography (FLA2000, Fuji Film, Tokyo, Japan). Differen-
tially expressed cDNAs were recovered from the gel, and thea ampli-
fied wsing the same PCR primers. Amplified cDNAs were subcloned
into the pGEM-T* Easy Vector (Promega, Madison, WI, USA) and
trausformed into competent Escherichia coli cells. Plasmids which
contained inserts were subjected to sequencing. Using a Bigdye primer
¢ycle sequencing kit (PE Applied Biosystems, Foster City, CA, USA)
on an ABI 310 automated sequencer (PE Applied Biosystems), a se-
quence similar 1o the isolated cDNA was soughl by using the BLAST
2.1 program.

2.3. Northern blot analysis :

Total RNAs were prepared from the livers of WT mice or WT mice
treated with MC as previously reported [20}. A part of MUP2 cDNA
{11) (593-774, relative to the initiation codon) was used as a probe.
The entire coding regions of murine CIS and WAP cDNAs were
obtained by RT-PCR as described elsewhere {21.22]. Total RNA (20
ug) was electrophoresed in a 0.8% agarose gel containing 18% form-
aldehyde and was transferred to a nylon membrane (Nytran N,
Schleicher and Schuell, Dassel, Germany). The membrane was hybrid-
ized with *2P.labeled cDNA by using DNA labeling system (Nippon
Gene, Tokyo, Japan). Hybridization was carried out by the method as
previously described [23]. The membrane was washed twice with
1 X saline sodium citrate containing ¢.2% sodium dodecyl sulfate at
50°C for 30 min.

2.4, RT-PCR

Determining the expression levels of mRNAs for GHR, JAK2 and
STATS, RT-PCR using total RNAs prepared from the livers of mice
was carried out as follows. Briefly, total RNA (3 ug) was mixed with
50 pl of RNA-primer mixture {oligedeoxythymidylic acid primer (0.5
pg), a Moloney murine leukemia virus reverse transcriptase (20 U)
(Toyobo, Tokyo, Japan), RNase inhibitor (20 U) (Takara, Tokyo,
Japan), 0.5 mM each of four deoxynucleoside triphosphates), and
incabated at 37°C for 60 min. PCR was performed in 50 pl reaction
mixture (1.5 mM MgCly, 0.2 mM each of four deoxynucleoside tri-
phosphates, each primer {50 pmol), AmpliTaq Gold polymerase (2.5
U) (Perkin Elmer, Norwalk, CT, USA), 10X AmpliTaq reaction bufl-
er (5 pl) (Perkin Elmer)) containing ¢cDNA synthesized by RT (1 pl).
The reaction mixture was incubated at 94°C for 12 min. The reaction
was performed in 30-35 cycles at 94°C for 1 min, a1 55°C for 1 min
10 s, and at 72°C for 1 min 30 5. The PCR products were subjected 10
a 2% agarose gel, and then visualized by ethidium bromide staining.
The sequences of oligonucleotide primers were as follows. Forward
primers for murine STATS, GHR, JAK2 and P-actin were 5'-
GATCGGAATTCCCAGAAGGAT-Y, 5'-AATGCAGATGTTCT-
GAAGGGA-3Y, 5'-GACGTACAGTTATATTGTGAT-Y, and 5'-
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CAACTGGGACGACATGGAGAA-Y, respeclively |24] Reverse
primers for murine STATS, GHR. JAK2 and [-actin were §.T-
GCTGTTGTAGTCCTCGAGG-3, 5-ATACTTGCTGTCTCAGA-
CATCT-¥, 5-AACTGTAATGCTAATGCCAGG-¥, and §'-CATC-
TCCTGCTCGAAGTCTAG-3', respectively [24].

2.5, Preparation of liver homogenaies and elcctrophoretic mobkility shift
assay (EMSA)

Livers (1 g) were homogenized with three strokes in 10 ml of ho-
mogenizing buffer (10 mM Tris-HC! (pH 7.4), | mM EDTA. 250 mM
sucrose, ] mM sodium orthovanadate, 10 mM sodium fluoride and
100 1M phenylmethylsulfonyl flucride) and centrifuged at 9000 X g for
15 min. The supernatant was used as liver homogenates for the fol-
lowing experiments. Protein concentration was delermined using a
protein assay kit (Bio-Rad, Hercules, CA, USA) [25]. EMSA was
performed with 20 pl of a reaction mixture containing 25 mM HEPES
{pH 1.9), 4% Ficoll, 40 mM KC!, 0.5 mM dithiothreitol, 0.1 mM
EGTA, 1 mM MgCh, poly[dl-dC] (1 pg), carrier DNA (1 ug), 5%
glycerol, liver homogenates ()5 pg) and *P-labeled probe DNA
(5% 10* cpm). The mixture was incubated at room temperature for
20 min, and then further incubated for 10 min on ice. The DNA-
binding complex was electrophoresed in a 4% polyacrylamide gel.
Oligonucleotide primers used as probes are as follows: STATS con-
sensus sequence (rat P-casein y-interferon-activated site {GAS) ele-
ment) [26], 5-GATCAGATTTCTAGGAATTCAATCC-3' and §'-
GATCGGATTGAATTCCTAGAAATCT-3'.

2.6. Antibodies

Antibodies against STAT5a or STATSb proteins were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). A supershift
assay was performed using these antibodies as follows. After incuba-
tion of probe DNA with liver homogenates as described above, anti-
bodies were added to the reaction mixture and incubated at room
temperature for (0 min. The mixture was then incubated for 10 min
on ice and the products subjected to EMSA.

3. Results and discussion

To monitor molecular alterations caused by treatment of
mice with MC, differential mRNA display using total RNAs
prepared from both the livers of WT mice and WT mice
treated with MC was performed (Fig. 1). A cDNA band
with the size of 1.35 kb (designated A45) was present in un-
treated mice but not in MC-treated mice. This band was re-
covered from a gel and subjected to sequence analysis. A data
base search using the BLAST 2.1 program revealed that the

MC - <+

Fig. 1. Loss of a cDNA band by treatment of mice with MC as de-
tected by differential mRNA -display. Male C57TBL/6) nmiice were
treated with MC dissolved in corn oil at a dose of 80 mg/kg/day in-
traperitoneally once daily for 2 days. Tweniy-four hours after the
last injection, these mice were killed, and the livers were removed to
prepare RNAs. Total RNA (0.5 pup) was converted to cDNA and
diflerential display was performed. Samples were run on a 6% poly-
acrylamide/S M urea gel.
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Fig. 2. Suppression of MUP2 expression by MC. WT and AhR-null
mice were (reated with MC and a portion (20 pg) of total RNA
was subjected to Northern blot analysis. The position of migration
of MUP2 mRNA is indicated by an arrow {upper panel). An identi-
cal blot was stained with ethidium bromide to verify equal RNA
loading {lower panel).

sequence of clone A45 was identical to that of the murine
MUP2 cDNA (data not shown). MUP2 is a member of the
major urinary protein (MUP) gene family [11}. MUPs are a
group of closely related pheromone carriers secreted into
mouse urine {27]. MUPs are a class of lipocalin proteins en-
coded by a family of about 35-40 genes that exhibit sequence
conservation of at least 85%, both in the transcribed and in
the flanking sequences [12.28]. In male liver, most MUPs be-
long to the group 1 MUP gene family. MUP2 is a major
isoform of group 1 MUP gene product in CS7BL/6 miice
[11] and is reported to be induced by GH [14),

To further confirm that the expression of MUP2 mRNA
was suppressed by MC, we carried out Northern blot analysis
using murine MUP2 ¢cDNA as a probe and total RNAs pre-
pared from the livers of untreated and MC-treated mice (Fig.
2). Consistent with the results shown in Fig. 1, the expression
of MUP2 mRNA was clearly decreased by MC. In addition,
to examine whether or not the decreased expression of MUP2
mRNA by MC was mediated by AhR, AhR-null mice were
also treated with MC (Fig. 2). The result showed that the
expression level of MUP2 mRNA was not reduced by treat-
ment of AhR-null mice with MC. Thus, it appeared that the
suppression of the expression of MUP2 mRNA by MC was
dependent on AhR. Since there is a possibility that the MUP2
cDNA probe can be hybridized with other group 1 MUP gene
products due to the high degree of homology, the band de-
tected using the MUP2 ¢cDNA probe may contain other MUP
isoforms [11,12].

It is of particular interest to note that expression of the
MUP2 gene is stimulated by the GH signal wransduction path-
way, through GHR, JAK2 and STATS [1,14]. GH is known
to induce the expression of CIS and WAP, which encodes a
negative regulator of signaling through cytokine receptor and
a group of milk proteins related to mammary gland develop-
ment, in addition to MUPZ [15,1621]. If the GH signal is
affecled by MC, then expression of other GH-regulated genes,
such as CIS and WAP, should be down-regulated by MC. To
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Fig. 3. Down-regulation of the expression of CIS and WAP by
treatment of mice with MC. Total RNA (20 pg) was subjected to
Northern blot analysis, The mRNAs encoding CIS or WAP are in-
dicated by arrows (upper and middle panels). An identical blot was
strained with ethidium bromide to verify the amounts of RNA
loaded (lower panel). :

explore this possibility, we compared the expression levels of
CIS and WAP mRNAs in livers from untreated and MC-
treated mice (Fig. 3). As noted in the expression of MUP2
mRNA, the expression of mRNA for CIS and WAP was also
down-regulated by MC. Due to the possibility that down-reg-
ulation of expression of mRNAs encoding CIS and WAP by
MC was mediated by AhR, the same experiment was per-
formed with AhR-null mice (Fig. 3). Indeed, the expression
of CIS and WAP mRNAs was unaffected by MC in AhR-null
mice. These results suggest that GH signal transduction may
be disrupted by MC dependent on AhR.

As noted above, JAK2 and STATS, through the GHR,
mediate the stimulation of the MUP2, CIS and WAP penes
by GH. Thus, we examined the effects of MC treatment on

— — — — PERI

Fig. 4. Effects of MC on the expression of mRNAs for GHR,
JAK2 and STATS. Total RNA (3 pg) was subjected 10 RT-PCR.
The mRNAs encoding GHR, JAK2 and STATS are indicated by
arrows. RT-PCR for f-actin was used to check equal loading of
cDNA samples.
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the expression levels of mRNAs encoding GHR, JAK2 and
STATS. As shown in Fig. 4, the expression of both GHR and
JAK2 mRNAs as determined by RT-PCR was inhibited by
MC, although the expression of STATS was unaffected. These
alterations in the expression of GHR and JAK2Z mRNAs were
not seen in AR-null mice. Thus, it appeared that down-reg-
ulation of the expression of GHR and JAK2 mRNA by MC
was also mediated by AhR.

It was reported that STATS activated by JAK2 mediated
tyrosyl phosphorylation to bind to a STATS5-binding site. As
shown in Fig. 4, we found that the expression of STATS was
not altered by MC. From these lines of evidence, it was ex-
pected that the amounts of STATS bound to the STATS-bind-
ing site were reduced by MC. Thus, we performed EMSA
using the STATS consensus sequence [26] as a probe and liver
homogenates from untreated and MC-treated mice (Fig. 5). A
band appeared using the STATS consensus sequence and liver
homogenates from untreated mice. This band was super-
shifted by the presence of antibodies to STATS5a or STATSb,
indicating that the band is derived, at least in part, from the
STAT5a/STATSb heterodimer, The binding of the homo-
dimer or heterodimer of STAT5a and/or STATSb to the
STATS consensus sequence was diminished by MC. To fur-
ther confirm that the reduced binding of STATS caused by
MC was mediated by AhR, liver homogenates from AhR-null
mice or AhR-null mice treated with MC were applied to
EMSA (Fig. 5). As expected, the binding of STATS to
STATS5-binding element was not altered in AhR-null mice.
Based on these results, we confirmed that the reduction of
the expression of GHR and JAK2 mRNAs by MC attenuates
the binding activity of STAT5 for the STATS-binding ele-
ment, thus resulting in down-regulation of the expression of
MUP2, CIS and WAP mRNAs.

MUP plays important roles in individual recognition, terri-
* torial marking and sex behavior [29]. Since it is reported that
cognitive function and reproductive behavior are disrupted by
polychlorinated biphenyls and TCDD in humans and labora-
tory animals [30-32), the suppression of MUP expression by

Q¢ . D o° ®©
R S @
] 1 | B | 1 1 | 1§

MC = 4 = + — + — +
OSTATS8 — == =
OSTATSh == = =

§ AN

Fig. 5. Decreased binding of STATS to STATS-binding element by
treatment of mice with MC. A “?P.labeled double-stranded STATS
consensus sequence (rat B-casein GAS element) (28] was incubated
with liver homogenates (15 pg) prepared from WT or AhR-null
mice in the presence or absence of antibodies against STATSa
(STATSa) or STATSb (aSTATSb). S8, supershifted band. :
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PAHs may occur in the behavioral changes. The PAH-in-
duced repression of WAP may influence the process of mam-
mary gland development, because it is known that the devel-
opment and proliferation of terminal end buds is impaired by
exposure to AhR ligands in redents [33.34]. CIS encodes a
negative regulator of signaling through cytokine receplor.
Thus, the down-regulation of C1S expression may lead to
disruption of cytokine signaling.

The suppression of MUP2 expression by MC was appar-
ently mediated by AhR. However, there are no apparent
XREs within the promoter region up to 869 bp of the murine
MUP2 gene [!1]. In addition, XREs were also absent in the
promoter region of the CIS {!7) and WAP genes (GenBank
accession number U38816). Thus, these observations suggest
that the suppression of MUP2, CIS and WAP expression by
MC is due to the suppression of the expression of GHR and
JAK2 mRNAs.

Searching for a possible XRE sequence(s), we found several
possible XREs in the promoter regions (L1-L4) of the murine
GHR gene [35,36]. A possible XRE sequence was also located
within a V1 promoter region necessary for the liver-specific
expression of the human GHR gene [37,38]. Thus, AhR may

_ affect the liver-specific transcription of the human GHR gene
through XREs. The mechanism for the repression of GHR
expression is currently under examination. Unlike GHR, the
promoter region of the JAK2 gene [39] did not contain any
obvious XREs. Thus, the expression of JAK2 may be indi-
rectly regulated by AhR on the GHR. We identified possible
XREs in the 5'-upstream region of the STATSa and STATSb
genes. However, these XREs may not function as cis-acting
elements to modulate the expression of STATS genes, since
the expression of STATS was unaffected by MC.

The amounts of binding of STAT5a/STATS5b homeo- or
heterodimer were reduced by MC. This context should be
noted in that STATS5a- and STATSb-null mice showed a slow-
er growth rate than WT mice, and were smaller in size
[15,40,41]. It was reported that exposure to PAHs causes a
decrease in body weight, which is called the wasting syndrome
[4]. Thus, it is tempting to speculate that the decrease in body
weight by exposure to PAHs may be explained, at least in
part, by the AhR-mediated disruption of the GH signaling
pathway. The GH signaling pathway also plays an important
role in skeletal growth [42]. Interestingly, it was reported that
PAHs and TCDD inhibited GH-induced proliferation and
differentiation of osteoblasts via AhR [43,44]. Therefore,
AhR-mediated suppression of the GH signaling pathway
may also account for the abnormality of bone formation in-
duced by PAHs and TCDD.
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RECENT ADVANCES IN TCDD TOXICOLOGY

In utero and lactational exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin {TCDD) affects tooth
development in rhesus monkeys
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Introduction

The current tolerable daily intake (TDI} of dioxin and dioxin related compounds has been set at
4 pg TEQ/kg/day in Japan. This value was calculated from the lowest-observed-adverse-effect
level (LOAEL) in experimental animals, mostly rodents. Gray et al. reported that a single oral dose
of 200 ng/kg of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 10 pregna.nt rats on day 15 of
gestation resulted in abnormalltnes of reproductive organs in the offspring'. The maternal body
burden at this dose was measured to be 86 ng/kg. To attain this body burden level, human daily
intake was calculated to be 43.6 pg/kg/day. An uncertainty factor of 10 was applied to this value,
and the human TDI was established. However, due to great differences in the biological half life
of TCDD between human and rodents, the validity of this calculation is questioned. To obtain
more reliable LOAEL in the second generation, we initiated a long-term study in rhesus monkeys
in 1999.

In rodents, teeth are known to be targets of developmental toxicity of dioxin. In ufero and
lactational TCDD exposure affects rat incisor and molar developmet™. In humans also tooth
abnormalities were reported among populations exposed to dioxins’. In our monkey experiment,
some young were stillborn or died necnatally. These animals provided us with a unique
opportunity to study tooth development in primate young exposed to TCDD in wutero and
lactationally. By macroscopw observation we found some tooth abnormalities among died young
exposed to TCDD®. This prompted us to examine surviving young by radiography. This is an
interim report of our findings in these young,
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Methods and Materials

Animals:  Adult female rhesus monkeys at the age of 5-7 years and weighing 4-6 kg purchased
from China National Scientific Instruments & Materials Import/E\cpm“t Corporation (Beijin, China)
were used. Details of breeding conditions were given elsewhere®. Female monkeys were allowed
to cohabit with males for three days on days 12, 13, and 14 of the menstrual cycle. When
copulation was confirmed visually, the median day of the mating period was disignated as day 0 of
gestation (GD 0). On GDI18 or 19, pregnancy was confirmed by an ultrasound device. Pregnant
monkeys were divided into three groups each consisting of approximately 20 animals and allowed
to deliver naturally. The day on which delivery was detected was designated as postnatal day 0
(PDO).

Administration of TCDD: TCDD was dissolved in a mixture of toluene/DMSO (1:2, v/v) at a
concentration of 300 ng/ml. Pregnant females were given TCDD subcutanecusly into the back
region on day 20 of gestation at an initial dose level of 30 or 300 ng/kg. The control animals
received the vehicle in a volume of 1 ml/kg. For maintenance of a certain body burden, 5% of the
initial dose, i.e. 0.6 or 6 ng/kg, was given to dams every 30 days during pregnancy and lactation
until day 90 after birth.

Measurement of TCDD in maternal serum: Approximately 20 ml of blood was taken from the
femoral vein of the dams on day 80 of pregnancy, and centrifuged. The obtained serum was
subjected to high resolution gas chromatonraphy (FIRGC)/high resolution mass spectrometry
(HRMS) by the method of Patterson et al.”

Observation of teeth of the young: Stillborn and postnatally died young were autopsied, and the
upper and lower jaws were dissected for detailed observation. Surviving young were anesthesized
by intramuscular injection of ketamine at 10 mg/kg into the thigh before examination. Photographs
were taken by an intraoral digital camera {(Crystal Cam II, GC Co., Ltd., Tokyo). Conventional
intraoral radiographs were taken by a portable X-ray apparatus (KX-60, Asahi Roentgen Ind. Co.,
Ltd., Kyoto) with a charge coupled device (CCD) (Gendex Visualix, Dentsply International Inc.,
York, PA, USA).

Results and Discussion

Pregnancy outcome and postnatal development of the young: Table 1 summarizes the
pregnancy outcome and postnatal mortality of the young. Abortions, stillborns, and postnatal
deaths occurred fairly frequently even in the control group. To increase the number of surviving
young in the 300 ng/kg, we added 9 dams to the group approximately 2 years after the initiation of
the experiment. However, only two young survived more than a year due to a high incidence of
abortions. No significant differences were noted in the gestation length and birth weight among the
control and TCDD-treated groups, indicating the body burden of TCDD at 300 ng/kg did not
affected general growth of the young,
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Table 1: Pregnancy ouicome and posinalal mortality of rhesus monkeys exposed to TCDD.

Group No. Ne. No. No. No. of Gestation Birth
of of of of postnatal length wcight
dams abortions  stillbomns ;;::s dcaths (days) (2)
Control 23 2 3 18 5 161.8+7.8  426.1+38.6
30ng/kg 20 0 5 135 3 163.8£5.9  426.8+56.9
300 ng/kg 20 2 2 16 8 164.9£97  408.6463.7
300 ng/kg" 9 3 1 3 ! 165.043.0  466.0487.1

1) - Newly added group

Tooth abnormalities in the young: The incidence of tooth abnormalities in the young was shown
in Table 2. Tooth abnormalities in the stillborn and postnatally died young were described
previously’. No abnormalities were detected in the control and 30 ng/kg groups, whereas more
than half of the young in the 300 ng/kg had tooth abnormalities as listed in Table 3. The upper
permanent lateral incisors were most frequently affected. In contrast, among the deciduous teeth,
the central incisors seemed to be most sensitive targets of developmental toxicity of TCDD. The
permanent premolars were also affected frequently, while the canine and the first molar were
resistant to the adverse effect of TCDD. Probably these larger teeth have become resistant to
odontotoxic chemicals during the course of evolution.

Table 2: Incidence of tooth abnormalities among F1 exposed to TCDD.

Group Stillborns and postnatally died young Surviving young
No. of No. of specimens with No.of  No. of young with
specimens tooth abnormalities (%) young tooth abnormalities (%)
Control 4 0 ® 13 0 (0)
30 ng/kg 5 0 (0) 12 0 (0)
300 ng/kg 8 3 (38) 8 6 {75)
300 ng/kg? 2 0 (0) 2 1 (50)
1) Newly added group

Relationship between maternal serum TCDD concentration and occurrence of tooth
abnormalities: In the control maternal serum, the TCDD levels were below the detection limit. In
the 30 ng/kg group, the levels were fairly constant, ranging from 0.19 to 0.21 pg/g wet weight. In
contrast, the levels varied largely in the 300 ng/kg group, ranging from 1.1 to 8.9 pg/g wet weight.
The average of those without tooth abnormalities in their young was 1.4 + 0.6 pg/g wet weight,
whereas that with tooth abnormalities was 4.3 + 2.4 pg/g wet weight. The concentration-response
relationship is shown in Fig. 1,
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Table 3: Tooth abnormalities detected in the young exposed to TCDD at 300 ng/kg,

Young Sex Age(days)®  Abnormal Findings

542]04 missing |5 conical

3 Q 1430

39 3 1410 542245 missing

42 Q 1415 sk missiné [4. conical

44 3 1415 54 W5 missing 15 conical

60 3 1388 5421245 ST5 missing

66 3 1338 5212 T missing

34 B5 malaligned M5 conical

106" Q 688 AB 424 missing
1) Newly added group

2) Age at X-ray examination

Figure 1: Maternal serum concentration of TCDD and the incidence of tooth abnormalities.
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Validity of the current 'I'Dl: The above results indicate that the LOAEL body burden for
induction of tooth abnormalities in the rhesus monkey is at a certain level between 30 ng/kg and
300 ng/kg, probably not much different from the LOAEL body burden for rodents, 86 ng/kg.
Hence it is reasonable to conclude that the current TDI of dioxins in Japan needs no immediate
modification, '
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Introduction

Human populations exposed with highly dioxin were suspected to be caused immunological
dysfunctions, carcinogenesis, and developmental and reproductive dysfunctions. Because of
species resemblances, the dioxin effects have been investigating using monkeys as a model for
assessment of dioxin exposure on human health "*.  Since 1957 the limb malformations of
monkeys in Japan have been reported ™, The higher frequency of them was found in provisional
groups of monkeys who were given the same kind of food for human. The chromosomal
abnormalities are excluded from the factor for the congenital limb malformations ? that are still
producing in Japan. In this study, the relations between dioxin and the limb malformations of
macaque monkeys were estimated by the epidemiological and administered researches. The dioxin
levels in monkeys were measured at two districts that one has the provisional groups including
monkeys with limb malformations and the other has breeding groups never seeing the
malformations for a long time. TEQ was calculated by the levels of dioxin isomers in the monkeys
and the values show no difference between the two places and between the individuals with and
without the limb malformations. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) was administered
via subcutaneous to pregnant thesus monkeys from the day 20 of gestation to the day 90 after birth.
The exposed babies, including the offspring and died in neonatal, had observed normal limbs in the
range of 30-300 ng TCDD /kg of body weight.
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Methods and Materials
Chemicals. 2, 3,7,8-TCDD dissolved in toluene and DMSO (1:2, V/V) was purchased from
Draiichi Pure Chemicals Co., Ltd. Tokyo, Japan.

Animals. For epidemiological studies, blood samples were collected from Japanese monkeys living
in two different districts, provisional groups of semi-wild monkeys and breeding monkeys. Some in
the former are born with limb malformations and in the later no records of birth with malformation,
The monkeys captured and treated according to the animal control program and the giide for the
care and use of laboratory primates. Four samples including two abnormal monkeys were obtained
from the provisional group of monkeys at Arashiyama, Kyoto Japan. The other four samples were
obtained from the breeding facility at Primate Research Institute, Kyoto University, Inuyama,
Aichi, Japan. The ages of all the monkeys tested were conformed by records of birth. The samples
were collected after anaesthetization with Ketaral and kept in freezing until used. For exposure
studies, thesus monkeys purchased from China National Scientific Instruments & Materials
Import/Export Corporation (Beijing, China). The monkeys (6-9 years old and 4.5-6.5 kg in body
weight) were kept in Shin Nippon Biomedical Laboratories, Ltd, Kagoshima, Japan. The breeding
conditions were described previously '*. The rhesus monkeys were mated, and the pregnancies
were administered 2, 3,7,8-TCDD (30-300 ng/kg of body weight) via subcutaneous on day 20 of
their gestation, Every 30 days interval, 5% of the initial dose of TCDD was given to the
pregnancies until day 90 after birth for maintaining the body burden. Controls were given the
vehicle. -

Measurement of dioxin isomers in blood. The isomers of dioxins in 10 m! of blood samiples
from the monkeys was measured using a high resolution mass spectrometer by the methods of the
provisional manual for analyzing the dioxin in blood by the Ministry of Health, Labour and
Welfare (22 Dec, 2000).

Results and Discussion

Epidemiological analysis — In total four monkeys at the provisional groups, two monkeys had limb
malformations that were split hands as shown in figure . This type categorized in absence
deformities is the most frequentiy observed in the limb malformations that occurred under $% of
the groups at Arashiyama in 1972-1979 ®, The other monkeys including breeding monkeys had
normal llimbs. Among the measured dioxin isomers, polychlorinated dibenzofran and coplanar
polychlorobiphenyl were detected in major, and polychrolodibenzo-p-dioxine was detected in
‘minor in the bloods of monkeys living at both semi-wild and breeding. TEQ was calculated by the
amount of the dioxin isomers among the monkeys. Figure 2 show the values in the bloods of the
two malformation monkeys were pointed in the range of the values of the other normal monkeys.
The difference of TEQ between the two districts also was not detected in the values of their
averages, :

Exposure analysis — TCDD is the most toxic in dioxin isomers. In utero and lactational exposure,
TCDD affects morphological abnormalities that are reported on teeth development especially at
incisor and molar in rodents'? and monkeys’. But in the case of TCDD administration in the
range of 30-300 ng /kg of body weight, the babies exposed with TCDD had observed normal limbs
including the offspring and died in neonatal. The TCDD administration was started on day 20 of
gestation that is enough, if TCDD is teratogic on the limbs, to effect on the limb malformation in
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