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K-ras mutation

Mutations in the ras oncogene have been identified in approximately 20%
of endometrioid carcinomas but not in serous tumors in women [39-43]. In
rodents, K-ras point mutations have also been detected in endometrial
hyperplasia and adenocarcinomas but not in normal endometrium in Donryu
rats [43], suggesting that alteration in the K-ras gene may be an important
initiating event in this strain of rats, comparable to the endometrioid carcinoma
in the human case.

P53 mutation

Mutations in the p53 tumor suppressor gene and accumulation of p53
protein have been detected in approximately 90% of serous carcinomas [45,
46], whereas they are comparatively rare in endometrioid carcinomas and AH
[47]. In Donryu rats, such changes are only features of poorly-differentiated
adenocarcinomas [11], although mutations have been detected in some well-
differentiated endometrial adenocarcinomas in F344 rats [48]. These results
suggest that p53 mutation might be late stage event of uterine carcinogenesis
or dedifferentiation in Donryu rats, but not in F344 rats, suggesting the profile
in former rat strain to be similar to the endometrioid type and the latter to the
serous one.

PTEN (phophatase and tensin homolog) mutation

PTEN is a tumor suppressor gene and its mutation as well as loss of PTEN
protein are suggested to be early events in uterine carcinogenesis in women
[49]. However, in Donryu rats, immunohistochemical results and/or mRNA
expression profiling of uterine proliferative lesions which were laser-.
microdissected from ethanol-fixed, paraffin-embedded tissues did not show
any decrease or loss of PTEN.[11], suggesting no relation with endometrial
adenocarcinoma development in this rat.

B-Catenin mutation

Nuclear accumulation of B-catenin in atypical hyperplasias and
carcinomas is more frequent than in simple/complex hyperplasias of the
endometrium in women [49] but in rats no nuclear accumulation of B-catenin
could be detected in any uterine proliferative lesions immunohistochemically
[11]. :
To conclude, findings for expression and mutation of various genes during
endometrial adenocarcinoma development are summarized in Figure 8.
Unfortunately, useful early endpoint markers based on molecular biology have
yet to be established for uterine cancer, and this needs to be a focus of future
research.

-668-



Uterine carcinogenesis in rat . 149

mRNA expression

K-ras mutation PTEN
PTEN Adenocarcinoma,
K-ras mutation Adenocarcinoma, / Paorly-differentiated
PTih:ypicm / Well-differentiated P53 mlutation
hyperplasia Positive for ERo. Negative for ERa
Positive for ERa Positive for PTEN Positive for PTEN
Positive for PTEN

Protein expression

Figure 8. Gene and protein expression profiles for different stages of uterine
carcinogenesis in the Donryu rat. ERa., estrogen receptor o.

References

1. Sherman, M.E. 2000, Modern Pathol., 13, 295. :

2. Katsuda, S., Yoshida, M., Kuroda, H., Ando, J., Takahashi, M., Kurokawa, Y.,
Watanabe, G., Taya, K., and Maekawa, A. 2002, Jpn. J. Cancer Res., 93, 117.

3. Maekawa, A., Takahashi, M., Ando, J., and Yoshida, M. 1999, J. Toxicol. Pathol.,
12, 1.

4. Nagaoka, T., Takeuchi, M., Onodera, H., Mitsumori, K., Lu, I., and Maekawa, A.
1993, In vivo, 7, 525.

5. Nagaoka, T., Onodera, H., Matsushima, Y. Todate, A., Shibutani M., Ogasawara,
H., and Meakawa, A. 1990, J. Cancer Res. Clin. Oncol., 116, 623.

6. Niwa, K., Murase, T., Mirishita, S., Tanaka, T., Mori, H., and Tamaya, T. 1993,
Jpn. J. Cancer Res., 84, 951.

7. Niwa, K., Tanaka, T., Yokoyama, Y. Mori, H., and Tamaya, T. 1991, Jpn. J.
Cancer Res., 82, 1391.

8. Maekawa, A., Onodera, H., Tanigawa, H., Furuta, K., Kanno, J., Matsuoka, C.,
Ogiu, T., and Hahashi, Y. 1986, Jpn J Cancer Res. (Gann), 77, 882.

9. Nagaoka, T., Takeuchi, M., Onodera, H., Matsushima, Y., Ando-Lu, J., and
Maekawa, A. 1994, Toxicol. Pathol., 22, 261.

10. Pecorelli, S., Benedet, J.L., Creasman, W.T., and Shepherd, J.H. 1999, Int. J.
Gynecol. Obst., 64, 5.

11. Yoshida, M., Shimomoto, T., Hatanaka, Y., Mihara,T., Maekawa, A., and Nakae,
D. 2004, 181 Joint international meeting of the Japanese Society of Toxicologic
Pathology & the International Federation of Societies of Toxicologic Pathology;
Co-sponsored by the International Academy of Toxicologic Pathology (Program
and abstracts).

12. Pertschuk, L.P., Masood, S., Simone, J., Feldman, J.G., Fruchter, R.G., Axiotis,
C.A., and Greene, G.L. 1996, Gynecol. Oncol., 63, 28.

13. Susumu, N., Aoki, D., Suzuki, N.,, and Nozawa, S. 2001, Jpn. J. Cancer

' Chemother., 28, 934-45 (Abstract in English),

14. Ando-Lu, J., Takahashi, M., Imai, S., Ishihara, R., Kitamura, T., lijima, T.,

Takano, S., Nishiyama, K., Suzuki, K., and Maekawa, A. 1994, Jpn. J. Cancer
Res., 85, 789.

-669-



150 Midori Yoshida & Akihiko Maekawa

15. Katsuda, S., Yoshida, M., Saarinen, N., Smeds, A., Nakae, D., Santti, R., and
Mackawa, A. 2004, Exp. Biol. Med., 229, 417.

16. Nishiyama, K., Ando-Lu, J., Nishimura, S., Takahashi, M., Yoshida, M., Sasahara,
K., Miyajima, K., and Maekawa, A.1998, In Vivo, 2, 363.

17. Yoshida, M., Kudoh, K., Katsuda, S., Takahashi, M., Ando, J., and Maekawa, A.
1998, Cancer Lett., 134, 43.

18. Abbott, D.H., Dumesic, D.A., and Franks, S. 2002, J. Endocriol., 174, 1.

19. Katsuda, S., Yoshida, M., Isagawa, S., Asagawa, Y., Kuroda, H., Watanabe, T.,
Ando, J., Takahashi, M., and Maekawa, A. 2000, Reprod. Toxicol,, 14, 119.

20. Yoshida, M., Katsuda, S., Ando, J., Kuroda, H., Takahashi, M., and Maekawa, A.
2000, Tox1col Lett., 116, 89

21. Yager, I.D., and Llehr J.G. 1996, Ann. Rev Pharmacol. Toxicol., 36, 6535.

22. Liehr, I.G., Ricci, M.J., Jefcoate, C.R., Hannigan, E.V., Hokanson, J.A., and Zhu,
B.T. 1995, Proc. Natl. Acad. Sci. USA, 92, 9220.

23. Liehr, J.G., and Ricci, M.J. 1996, Proc. Natl. Acad. Sci. USA, 93, 3294.

24. Hammond, D.K., Zhu, B.T., Wang, M.Y., Ricci, M.J. and Liehr, J.G. 1997,
Toxicol. Appl. Pharmacol., 145, 54. ‘

25. Badawi, A.F., Cavalieri, E.L., and Rogan, E.G. 2000, Carcinogenesis, 21, 1593.

26. Liehr, J.G. 2000, Endocrine Reviews, 21, 40.

27. Liehr, J.G., Fang, W.F., Sirbasku, D.A., and Ulubelen. 1986, J. Steroid Biochem.,
24, 353.

28. Newbold, R.R., and Lier, J.G. 2000, Cancer Res., 60, 235.

29. Yoshida, M., Katashima, S., Ando, J., Tanaka, T., Uematsu, F., Nakae, D., and
Maekawa, A. 2004, Carcinogenesis, 11, 2257.

30. Horn, T.L., Reichert, M.A., Bliss, R.L., and Malejka-Giganti, D. 2002, Biochem.
Pharmacol 64, 393.

31. Jang, E.H., Park Y.C., and Chung, W.G.,, 2004 Food Chem. Toxicol., 42, 1749.

32. Jongen, W. 1996, Proc Nutr. Soc., 55, 433

33. Bonnesen, C., Eggleston, .M., and Hayes, JD. 2001, Cancer Res., 61, 6120.

34. Bradlow, H.L., Michnovicz, J.J., Telang, N.T., and Osborme, M.P. 1991,
Carcinogenesis, 12, 1571.

35. Kojima, T., Takana, T., and Mori, H. 1994, Cancer Res., 54, 1446.

36. Meng, Q., Yuan, F., Goldberg, I.D., Rosen, E.M., Auborn, K., and Fan, S. 2000, J.
Nutr., 130, 2927.

37. Michnovicz, I.J., and Bradlow, H.L. 1990, J. Natl Cancer Inst., 82, 947.

38. Michnovicz, J.J., Adlecreutz H., and Bradlow, H.L. 1997, J. Natl. Cancer Inst., 89, 718.

39. Boyd,J., and Risinger, J.I. 1991, Mol. Carcinogenesis, 4, 189.

40. Caduff, R.F., Johnson, C.M., and Frank, T.S. 1995, Am. J. Pathol., 146, 182.

41. Enomoto, T, Inoue, M, Perantoni, A.O., Buzard, G.S., Miki, H., and Tanizawa, O.,
and Rice, J.M. 1991, Cancer Res., 51, 5308.

42. Ignar-Trowbridge, D., Risinger, J.I, Dent, G.A., Kohler, M, Berchuck, A.,
McLachlan, J.A., and Boyd, J. 1992, Am. J. Obstet. Gynecol., 167, 227.

43. Sasaki, H., Nishii, H., Takahashi, H., Tada, A, Furusato, M., Terashima, Y.,
Siegal, G.P., Parker, S.L., Kohler, M.F., Berchuck, A., et al. 1993, Cancer Res.,
53, 1906.

44. Taniguchi, K., Yaegashi, N., Jiko, K., Maekawa, A., Sato, S., and Yajima, A. 1999,
Tohoku J. Exp. Med., 189, 87.

-670-



Uterine carcinogenesis in rat 151

45.

46.

47.
48.

49.

Demopoulos, R.I, Mesia, A.F., Mittal, K., and Vamvakas, E. 1999, Int. Gynecol.
Pathol., 18, 233.

Tash1ro, H., Isacson, C., Levine, R., Kurman R.J., Cho, K.R., and Kedrick, L.
1997, Am. J. Pathol., 150 177.

Sherman, M.E., Bur, M.E., and Kurman, R.J. 1995, Hum. Pathol., 26, 1268.
Nagaoka, T., Miyajima, H., and Maekawa, A. 2004, 180, Joint international
meeting of the Japanese Society of Toxicologic Pathology & the International
Federation of Societies of Toxicologic Pathology; Co-sponsored by the
International Academy of Toxicologic Pathology (Program and abstracts).
Saegusa, M., Hashimura, N, Yoshida, T., and Okayasu, L., 2001, Br. J. Cancer, 84,

209.

-671-






i LR

| GREATLE
A5 iR

&) Springer .

SN TIPSR .

-673-



ﬂU@E;—%Wﬂﬁtof——

REALEMEA LD TN E P RFEE OMEERIC L ) BV E Y BROER
FOERILEY, B5VIEIHTS Z EAEHIRATALY. 2hb O
HO—ALITH L THE R 55 % b DAL B —HT, 1 25 8%
AL, ERETENERAETAZLOLTALE LTSN, ém HER
ZRANAUCKIIELZZ LIS BEbhr.

OB, 9 LIAREYOZEML %/ LB EKEE IO VT, Hiids
DR o HEREEAOFEL X LORDOERO PR { h o lhT,
PZEMERIVE Y - HE ARV E Y - 2 OMBOSSREYHE OB WHERR, 7
)= VRAAKRRZBEREEOCHBAZER Y 7 VoS Vv A4 F by 7 ZHE
fEf, 2EE, RAMBEOERVHSL Mo TEL. i CREDESRE
DFERIL, COBREOEBL/ v - V) IvrhBERICECHITS. 25 L
T, BRAAFUROL P OBEVHEBREORY) THERARICL YT 2
ZEHES PR o —F, EABORBYIREIC L 5 KR BEREO LR
B EBRNERIDLAEE o TE 7,

A, #of@ﬁ@ﬁﬁﬁzl%wx%wabu~wqm$kl5%#
DEMERNLER L Lo MR THOND FETakasugiZ BH L THBY, F7-,
REDHFEZ HTH, DIPEOEA OWRBOBRBICIIMMICOTZ LSV
SELVDOFH S, EFMEEDORFICBIT S ZOEBOFRICBVT, &
%&éﬁ&@%ﬁéhé%ﬂﬁ%é.t%&t#%ﬂﬁﬁ@%%m,mﬁwﬁ
BB L EUWE IOV THERRE COBEREDTWT 21707, # 2 THH
SNIEIE, EWEHBERMEL X REAS S % 2 AP Lo th b I L 7 SR
FRCLTAEN LR TH o2, DR SHEOBKSITE LT, & T

' +ﬁtuﬂbn&wi%$%%%ﬁﬁ,¢n~nw-7hxxyb®Wﬁwﬁ"

ABROMER L 5% OBEBRN E O LER~OBIE CH VD B ERICIE,
FRCHOI L o TRASRTWS L)1, KA EWREKTORIF/EEH
EABZLEME T, BADEYTERY ) ARFIOMGE LT S50
WEOERPERIC > TV E L BN,

ZDEIRFENOHT, FALV AL LTVERSEA SR TS AL, &
REYORRE - FER~OBETHD, LhdEOEKESS, ThbbilE
R, RIER, BLUABMRE Vo, BEBEHIATFLLELTORY T —
JBENOBETHY, ShICERTAREAADEEICOVWTORETH 2.
LA Ladts, SEEOTREIBEIC b b5 TREZEROWMEL L LA
BDEFLVWEBOEEICH S LI3VE, ST R EREN RO R

-674-



ERBRIIIRANDOEFRFUBEL THAEDT, ZOWRIZLPTVEDTHAS
CLEBEbh, BEOBPNTVAMESIFELTY, BEICEBINTE
R A BEEANSRE L LOBIRER TS L. Chikt LAKED
AL L THESN TWAEVWIIEEICEE SN, FHiROETHIZsSbhL
WEEE L Vo TES THZ V. BRMICKMOEKEIRT, Phdh b “BER
B L ORKOPTHREINTES, 20 L) LEEORT, HANEELER
T 2 LEWEOBRRI~DBEE, 550 ko s i om0

R RO, BENEROERL LY D0HLDTHS.

IO, PED L) 2EEFOHOKIZL ORFOWT, [EARKES AT
A EAGIEELIOBIEAERT 22 8L otz SOMBOBRIE, FIA M
BLHEEAE S, ASUMEROREEEL HE T 5 TiEL bo2VbY
BRTUWEEACEYWRE D EEAEEIZOWT, B, EERSEMICEAREE Y A
T AEMPEEICES R R EROTIROMBIEL T Lo, KEkE, EFRE
FHOZOFEROBBIHT T 5 FHWBLIEZS 2 E1I2d 5. WbWw 5P
WELFIEDS, D %2 o FERAMIC, »oRBEMICH) PSR TE 2T,
FTOEEHEH AT LE LTOBREGRTORSLEVICEB L, RMTHEBE
BOBIER SR E LT, ZOHEBOEBHEEI TR, S 2 I HA 7R
FRWIRICALRE Y, AETIR, ThEEDADYE, TOEBIFHNLT S
£ DREE TNENOEMNFEPSHL ML LD LA,

FFESEFHAZEOFRCIAT COMRICVE E2% ) L SREHLLOE
Bt 2L LT, WEICL s TIENOEDTH Y, F-38 10 D0
TEoBEFIBINTD, BuiE L TaLIALETS. 2LT, H
LWEFSEE 7= b OFEBOBFEAL, RED LI RBWTHH-ICSHT S
BAHL AR5, BEENVEVTH 5.

2005441

L B A A AT
M o

2B, FEOYEIIHzo T, WEEDS AT L OATHEE L EOER S Lisdo
o, BFAERIIE, ChEXRDL)IRERLTVAS.

‘NOUEEE L, BEREMTRZOTE, H5VIEARICBIT AP NROBREEZE
Eéﬁ,ﬁ%&%@&itéﬁéﬂﬂﬁwﬁ,ituﬁ%%v&aﬁ

Tz, FEOEBUCHTY, UTOSAOREFICIRE V2w, L TBILEL RT3,

BEHE—B ORI AR, RZRE G - BoM%k), ERE GRS,
BEEZ (ABRENI AL A0 ¥ =), HH R4 AR (ﬁk%%)

(t%@%%@%ﬁozma&otﬁm%,&eUkémmw~%u E&%@éﬂ%ﬁnﬁ”ﬁm
FEEHI3 - &5 - 013]IcE DIV T WV 3,)

-675-



Environ. Mutagen Res., 27: 133-137 (2005)

OECD %4 K54 Y IZBIT 5 EiEtt
NG

EBHEREMEE L Y & —BEFER T 2578523 M/ RREFHEE 7295

.

Animal welfare mind and achievement in the OECD Guidelines for Testing of
Chemicals

Hiroshi Ono
Hatano Research Institute, Food and Drug Safety Center, 729-5 Ochial, Hadano, Kanagawa 257-8523, Japan

Summary

The OECD established the Guidelines for Testing of Chemicals in 1981, which is the basis of the mutual
acceptance of data (MAD) system among the member countries to prevent unnecessary repetition of toxici-
ty tests, and consequently to reduce the number of animals used. The Guidelines was soon subjected to revi-
sion from the viewpoint of animal welfare besides its periodical updating with the state-of-art in the toxicolog-
ical sciences. Revision of the Test Guidelines is in progress according to the 3Rs principle, reduction, refine-
ment and replacement. The acute toxicity test and the skin and eye irritation/corrosion tests were assumed
to be the most problematic ones among the animal tests in animal welfare aspect. Three different test meth-
ods have been adopted for the alternative to acute oral toxicity test (Test Guideline (TG) 401), namely, the
fixed dose procedure (TG420), acute toxic class method (T'G423) and up-and-down procedure (I'G425), and
the reduction of animals was accomplished. Then the traditional acute oral toxicity test (TG401) has been
deleted from the Guidelines. Procedures for irritation/corrosion tests for skin (TG404) and eye (TG405)
were reorganized into tiertest system in order to prevent any corrosion or strong irritation to take place.
The tier system consists of survey of toxicities of the test chemical, structure-activity relationship, pH, and
testing with in vitro methods. Moreover, at the final tier animal testing should proceed by one animal. Three

YURVTALS

kinds of in vitro corrosivity tests have been adopted in the Guidelines.

Keywords: toxicity tests, alternative methods, guidelines, validation
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(TG425) TdH 5. TGA231X 3T D, TG4A25: 1L+ >
ORBE—FDOFETTTO, BERNIZREYORT- %
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Table 1 List of the OECD guidelines for testing health effects

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

419

420
421
422

423
424
425
426
427
428
429
430

431
432
435
451
452
453
471
473
474
475
476
477
478
479
480
481
482

483
484
485
486

BMZOZ M Acute Oral Toxicity (Deleted 20 Dec 2002)

BHEEFEN Acute Dermal Toxicity

SHBAZY Acute Inhalation Toxicity

SR S /B & ¥ Acute Dermal Irritation/Corrosion

SYERRBME /B AN Acute Eye Irritation/Corrosion

B B {FE Skin Sensitisation

R 28 B FE SO 5 5458k Repeated Dose 28-day Oral Toxicity Study in Rodents

W iEHE 00 H B O 551 8 Repeated Dose 90-day Oral Toxicity Study in Rodents

SERE AT 90 H K1EE O 5 58 Repeated Dose 90-day Oral Toxicity Study in Non-Rodents

21/28 B 151 R ¥ 5214 3t B% Repeated Dose Dermal Toxicity: 21/28-day Study

AR &M | 90 H 38 Subchronic Dermal Toxicity: 90-d Study

RiE 50 A &4 | 28 H/14 B 552 Repeated Dose Inhalation Toxicity: 28-day or 14-day Study

ISR A% ¢ 90 H 582 Subchronic Inhalation Toxicity: 90-day Study

WA BT 54 2 1 BUER Prenatal Developmental Toxicity Study

— LB FE A SER One-Generation Reproduction Toxicity Study

4% 855 3 4 3% Two-Generation Reproduction Toxicity Study

P ¥ ¥ aF 3 F 4 7 A Toxicokinetics

Eig) VLo atER AR O ERMEMEEN Delayed Neurotoxicity of Organophosphorus
Substances Following Acute Exposure

Hie) bW ERERREN | 28 H KB 5 38k Delayed Neurotoxicity of Organophosphorus
Substances: 28-day Repeated Dose Study

SMEOSHE - BEHAE B Acute Oral Toxicity — Fixed Dose Method

&4 5, 4 5l 55 4 4 BREE Reproduction/Developmental Toxicity Screening Test

B 5 EY R R A S % M 435 Combined Repeated Dose Toxicity Study with the
Reproduction/Developmental Toxicity Screening Test

SiErEt - £S5 %%E Acute Oral Toxicity — Acute Toxic Class Method

e s A E R ER Neurotoxicity Study in Rodents

EMEOSEMS - FWF P Acute Oral Toxicity: Up-and-Down Procedure

Fek T8 31 508k Developmental Neurotoxicity Study

In vivo 2 IR IX 8% Skin absorption: In Vivo Method

In vitro 222 RN &R E& Skin absorption: In Vitro Method

R | BETY v/ 5igkEk Skin Sensitisation: Local Lymph Node Assay

In vitro S IE Y | SR ERISHRER In Vitro Skin Corrosion: Transcutaneous Electrical
Resistance Test (TER)

In vitro A | © b BE €7 V38 In Vitro Skin Corrosion: Human Skin Model Test

In vitro Y6844 3V5% In Vitro 3T3 NRU Phototoxicity Test

Invitro G & | IEEEEHER Membrane Barrier Test

# B 3X8% Carcinogenicity Studies

18134 B Chronic Toxicity Studies

B4 E P 5E S 5RER Combined Chronic Toxicity/Carcinogenicity Studies

BT L A IR R B ER Bacterial Reverse Mutation Test

He gy e AR E 358 In vitro Mammalian Chromosomal Aberration Test

R M ER/MZ S E% Mammalian Erythrocyte Micronucleus Test

2 BE MRS /1% 3RE; Mammalian Bone Marrow Chromosomal Aberration Test

R R {E T AT R ER In vitro Mammalian Cell Gene Mutation Test

2 a Y a ST ST 58k Sex-Linked Recessive Lethal Test in Drosophila melanogaster

0 B 4 B 1t B FE SRER Rodent Dominant Lethal Test

M2 SR i e 6B SRS R 5RER In vitro Sister Chromatid Exchange Assay in Mammalian Cells

BERLR{ETFRERRER Saccharomyces cerevisiae, Gene Mutation Assay

B RN 4R IR % SRER Saccharomyces cerevisiae, Mitotic Recombination Assay

RGN DNABEE, 724 DNA & B8 DNA Damage and Repair, Unscheduled DNA
Synthesis in Mammalian Cells in vitro

¥ EGRG 2 A % SREZ Mammalian Spermatogonial Chromosome Aberration Test

<2 AAKRY b7 A b Mouse Spot Test

A {EHEE A5 Mouse Heritable Translocation Assay

TR 45 DNA & 5548, Unscheduled DNA Synthesis Test with Mammalian Liver Cells in vivo
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Table 2 Whole animal experiments in the OECD test guidelines

Yo 2 gk
Rigf5 54

RHHEERER
BIZFEHER
EREREEY

b G N cd

SRIEE/ e

B/ BmAu
MEEERR

@ 401 0, @402 Bk, @403 A, O 420,423,425 &0
@ 407 28 HAX[D, @ 408 90 B'EHE, @ 409 90 H g,
@410 21 HiRR, @411 90 B, @ 412,413 REBA

- @451 R, @452 BUEY, @453 181 - MRS

@ 474 MERER, @478 BRI, @ 483 BEYIALE Kk,
@484 T AAKy b, @485 EIZHEEREE, @486 fTUDS,
Q477 vawvawnsx

® 414 MARRLEE, @415 —H{CEH, @416 THAKHE,
© 421 HiBETRE, @422 REHRSEN/ EHBEES

O 404 FH, O405 BB

@ 406 EMBIEN, €120 BEFY v g

@417 b FaXFT 4 5 R, @427 Invivo BEBIL

© 124 WEEHESEN, @426 RANESHE,

O 418 BRBESLBHUBE, 049 EXRESEE BARERE
020,206,223 &, O203,210,212,215 &, 0207 33X,
0O213,214 3 v,3F 0202,211 3V v

O MAME AV 2RI, O RREHRE, OFWLEBWEACLRE

Table 3 Numbers of animals used in acute oral toxicity tests

HErE & # bk
- TG401 JEit (19814F)  1B5I, Wil SEE~ 50~100 ~
ok (19874E)  1BESPE, Kk, 58~ [10] 20~40
- TG420 JRE (1992%4)  1¥5@E, @ 1~2HES (10] 14~24
gk (20014E) 1EESIE, Bk, 1~2HE [ 5] 6~20
- TG423  JR#E: (19964) 183K, Wi, 2HE [ 6] 12~24
ik (20014F)  I1B6IL, K, 2B [ 6] 12~24
- TG425 JRE: (19984F) BRIE, K#, f=13 [ 6] 8~10 (18~30)
Wik (20014F)  EXRLIL, KiE, =32 [ 6] 8~15

L AUBEYRETA00THS. 272L, F0F
BEICh, BWAEEERTIRE CIRERER % R L CEY
TRERSEDIRLLEOEENDS. ThoDHHEICE
o T, EABYRIAECHRTE, BWOEELED
WD BRI EIF S5 (Table 3).

BYOERIOVTIE, AIKLY, 2EORRICE -
T, I-ERRENTEICL T, BREOMENS S,
HEE HH L CRESRL L0 & ki, REOHMW
EREMET LI L THENE, TORMIIELY, 2
T, AARNER R PR RTE%ES OECD 12 3 &
WT, et LTRITF LA, [EREYOBRERDE
W, B, FAOE  REMHENCHE T B AWK
DH e | (F541TE No.19) TH 5.

BRMBEL VI b O, RREEL AEOFEES
LbODOTHRETEELZFEL LTIRIRSh2b0TH Y
FRERTRLERTZLOTE R, LaL, o0&
HHEEHBROBEE, TGOl IBECRSEROFR, B
EENBI L hol, RRSHI-REBESNERL LT
FIRASNRT, HRE LCERKMZ TG0 10 k 2 aitE
HHREN TR T2 5ThH 5. 2001 £12H17H
TG40l DHIBRIAE S h, 1502002 F£12H208 8L
BATb N2 TGA01IT & 2B T — 5 BHEES I ALD
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[ 1@k
HEI A Shns L & Shi,

5. K& - RS/ IR RO HEN

BRI Bt /TR At RER (TGA04) & BRI /B i 3t
5 (TG405) b ¥ =By WiG4L LMD S W & Sh-RB T
HY, BUBRECORERD S TEHWE BV 2 HEoH
REURBLPFEDET VIO L ARBRICEL R EOMAE
EVERIND, FRABRERET 500 RBE Tk
EREShTwz., 22T, OECDRERETIE, BR
RRBRFEZELY AN, BB CHIBMEA T v
P, HoTHEETHL I LOBELFT ) BAWRERE
THEXERALL. T2bbBWRBICE ORI HRY
Bomk, oM in vito RREICL > THEL
T, MOWHMERLREROTFEINS b DREBYRER-
ELTICERIEE S B EROWETHE LR LT
BLEWIFRTHS., BUWTORED FT 1MIzon
THERL, MVBREN L S BHYZEML TE3
THRTAIDTHA.

ABROBVWERBETEREED BV O)EELRET 5 0
vitro B2 & HESEREE A validation 2 B CHRIR s A Tn
5. 7y PORBRRERAVAIREERIEH R
Transcutaneous Electrical Resistance | (TG430), fz/&
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FAD=ZRTHEBCILIFEELLTo [ PEEET IV
A E% Human Skin Model Test](TG431), B U AIE
DIEE £ RA T 4 EREEEH ER Membrane Barrier Test |
(TG435) D 3FETH 5.

B. REBHEVADREE (validation) O
E 1) avs

B EBRRBREONFEOBBIIE T, HEEOD vali-
dation D HEVPHLINTELILIIAELETH -
7o ENIE, RERLGAEEMEL, A% Do TGERE
THIEERLCGREL, BEMOHIHARETDHLZ
EDOEEFHLPICLE. ZOFETHE, TH52E0HR
BYEIIOWT—EDOFEICH--TREBET AL &, HEK
DREBIHRI O OFERN, FORE—XT 55, BAK
VHAENZEFENCHEMETA2HDOTHAS. OECD
1990 4E4Z John Frazier (ZZWE L Tl In vitro HEWHARED
ERURITOREHEE |DFE) TS 7 21ER, BITL
7o, SRR, ZTOBEKM, KRETHIE SN, 1996
£ Solna THMPNO0ECD Y2 v avy I TELHLN
72, & 512 2002 4E 12 Stockholm T follow-up D& EME
sh, RERBERIEOFIEMNEL SN,

COFNE, Sl kb E0ELHIZ, BWMERARE
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7. OECD ERAETEOH LULAKR
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ABSTRACT — Influence of di-(2-ethylhexyl)phthalate (DEHP) on testicular development was studied
by oral administration of DEHP at doses of 500 and 1000 mg/kg/day to pregnant rats on gestational days
(G) 7 to 18. Ethinyl estradiol (EE) at dose levels of 0.25 and 0.5 mg/kg/day was used as a reference sub-
stance. Each 5-6 pregnant rats were sacrificed and their fetuses were examined on G12, 14, 16, 18 and
20. Fetal deaths averaging 20-36% were observed at every examination in the group receiving 1000 mg/
kg of DEHP. Increases of fetal deaths over 50% were also observed in the reference group that received
0.5 mg/kg of EE. Microscopic examination of the fetal testis in groups treated with DEHP revealed degen-
eration of germ cells in G16 fetuses and localized proliferation or hyperplasia of interstitial cells in G18
and 20 fetuses. Germ cells having more than two nuclei were observed in a few cases including the control
testes of G14 fetuses. These multinucleated cells were observed frequently in G20 fetuses treated with
DEHP. Examination of testes of naturally delivered offspring of dams treated with 1000 mg/kg of DEHP
at 7 weeks of age revealed scattered atrophy or dilatation of seminiferous tubules.

Another experiment was carried out to confirm the dose of DEHP affecting testicular development
and spermatogenesis. DEHP was given to pregnant rats at doses of 125, 250 and 500 mg/kg/day during
G7-18. Similar histopathological changes were observed in fetal testes of the group exposed to 500 and
250 mg/kg of DEHP, but not in those exposed to 125 mg/kg. In postnatal examinations, however, no
abnormality was found in the testes at 5 and 10 weeks after birth in any of the treated groups. Furthermore,
no abnormal findings were observed in the function of sperm, sperm counts and sperm morphology in the
offspring of the group treated with DEHP during the fetal period at 10 weeks of age. Thus, 125 mg/kg/
day is considered the no-observed-effect-level of DEHP on testicular development of rats by exposure in
utero during the period of organogenesis.

KEY WORDS: Phthalic acid ester, Developmental toxicity, Testicular toxicity, Sertoli cells, Sperm func-
tion, Rats
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INTRODUCTION

It has been shown that high doses of phthalic acid
esters exert testicular toxicity in animals (Calley et al.,
1966; Gangolli, 1982). Toxic effects on the testis were
similarly observed with a variety of phthalate esters
such as di-(2-ethylhexyl) phthalate (DEHP) (Gray et

al., 1977), dibutylphthalate, (Cater et al., 1977) and di-
n-pentylphthalate (Creasy et al., 1983, 1987). Among a
variety of phthalate esters, DEHP has been investigated
most frequently as a representative substance of
phthalic acid esters. The mechanism of the testicular
toxicity of phthalates is not yet wholly clear, although
the damaging effect on Sertoli cells and blood-testis
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barrier has been considered (Gray and Butterworth,
1980). We have conducted a series of experiments on
testicular toxicity of DEHP in rats, and have clarified
that ultrastructural changes were induced in seminifer-
ous tubules at stages from IX to I of the spermatogenic
cycle in 8 week-old Sprague-Dawley rats, 3 to 18 hr
after single-dose administration of 2,800 mg/kg of
DEHP (Saitoh et al., 1997). Noteworthy changes were
degeneration of spermatocytes, dilatation of rough-sur-
faced endoplasmic reticulum, especially those in the
vicinity of the tight junction of ectoplasmic specializa-
tion of Sertoli cells, and disintegration of the intercel-
lular junction between Sertoli cells. In a study utilizing
electron microscopic autoradiography, we have dem-
_onstrated the distribution of phthalic acid info the tes-

tis, especially to Sertoli cells (Ono et al., 2004). We -

have also observed that clear structural changes of tes-
tes were induced with single oral dose of 1400 mg/kg,
and that the non-toxic dose level of DEHP on testes
was 700 mg/kg in mature rats. Furthermore, we have
employed a lanthanum trace method to examine the
effects of DEHP on Sertoli cell function, especially on
the condition of blood-testis barrier in rats (Saitoh et
al., 1997). In this study, lanthanum particles were
observed 6 hr after administration at the tight junction
between Sertoli cells, which showed that the function
of Sertoli cells to maintain the blood-testis-barrier was
affected with DEHP as early as 6 hr after oral adminis-
tration, but had recovered by 24 hr. The fetal stage is
known to be vulnerable to chemical exposure, and the
effects on gonadal and endocrine systems are of special
concern. In this context, de Kretser and Kerr (1994)
described that the blood-testis barrier in rats was estab-
lished during 16~19 days of postnatal life. In the
present study, influence of in utero exposure to DEHP
on development of testes in rats was examined. Ethinyl
estradiol was used as a reference substance for estro-
genic activity of DEHP, if any.

MATERIALS AND METHODS

Materials

Di-(2-ethylhexyl)phthalate (DEHP) was pur-
chased from Wako Pure Chemical Industries Ltd. and
was diluted with corn oil (Nacalai Tesque Inc.) to a
concentration appropriate for administration at the
constant volume of 5 mL/kg. Ethinyl estradiol (EE,
Wako Pure Chemical) was suspended in comn oil on the
same principle and used as the reference compound.

Vol. 30 No. 3

Animals

Adult rats of Sprague-Dawley strain (Crj: CD
IGS) were purchased from Charles River Japan Inc.,
and were kept for a week to acclimatize them to the
laboratory condition. The animals were reared individ-
ually in a metallic cage sized 220x270x 190 mm, in a
room with conditioned temperature at 24~26°C and
relative humidity within 50~65%. Lighting was alter-
nated at 12 hr intervals (lights on 7:00~19:00). Appro-
priate bedding material such as White flake (Charles
River) was provided for pregnant and nursing rats. The
animals were fed with pellet food (CE-2, CLEA Japan
Inc.) ad libitum and were supplied with tap water.

A female rat was mated with a male and a vaginal
smear specimen was examined every morning. The day
when a vaginal plug or sperm in the specimen was con-
firmed was defined as gestational day (G) 0. The preg-

nant animals were allocated to groups in a random

fashion stratified by body weight on the day of admin-
istration (G7).

Dosage and administration

Preliminary dose-finding study showed that
administration of 2000 mg/kg/day DEHP to pregnant
rats from G7 to G18 caused high incidence of absorp-
tion of embryos and fetal deaths. Similar administra-
tion of 1000 mg/kg/day of DEHP caused a few fetal
deaths and some pathological findings in the testis.
Thus the doses of DEHP were decided on 1000 mg/kg
for the highest and 500 mg/kg for the Jowest in the first
experiment. The doses of DEHP in Experiment 2 were
selected to be 500, 250 and 125 mg/kg, considering the
results of the first experiment. The doses of EE were
set at 0.5 and 0.25 mg/kg referring to the study by
Yasuda et al. (1985) in mice. Oral administration by
gavage was started on G7 and continued till G18.

Experimental design

The study was designed in two phases; observa-
tion of the histopathological changes of testicular
development by intra-uterine exposure to DEHP was
made in Experiment 1, including the dose finding, and
in Experiment 2 a search for the no-effect level was
attempted, together with confirmation of the findings
in Experiment 1. .

In Experiment 1, 28-30 dams per group were
given oral administration of DEHP, EE or the vehicle
from G7 to G18. Each 6 of these dams were killed by
ether inhalation on G12, 14, 16, 18 and 20 to examine
their fetuses. In addition, each 5 dams of groups given
500 and 1000 mg/kg of DEHP were allowed to deliver
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spontaneously to examine postnatal changes in the tes-
tis and epididymis of their offspring. The male off-
spring were reared and kept until examination at 7
weeks of age.

In Experiment 2, each 11-12 pregnant females
were given oral administration of DEHP or vehicle.
Each 3 dams of the groups were submitted to Caesar-
ean section on G20 to examine their fetuses. Other
dams were allowed to deliver spontaneously and male
offspring chosen for examination at 5 and 10 weeks of
age. The day of delivery was defined as Day 0 of lacta-
tion.

Observations of dams

Dams were examined daily for general condi-
tions in all experiments and body weight was measured
occasionally. Delivery and nursing conditions were
observed and the numbers of fetuses delivered and live
offspring were determined. From these data and the
number of implantations counted at the necropsy, via-
bility of the offspring, namely, delivery index (fetuses
delivered/implantation sites, %), birth index (live off-
spring at birth/implantation sites, %), viability index
(live offspring on day 4 of lactation/live offspring at
birth, %) and weaning index (live offspring on day 21
of lactation/live offspring on day 4 of lactation, %),
were determined.

Examination of the fetuses and offspring

In Experiment 1, fetuses on G12 were collected
only for histopathological examination. Live fetuses
collected on G14, 16, 18 and 20 were weighed and the
external appearances examined. Whole bodies and tes-
tes from these live fetuses were submitted for histo-
pathological or electron microscopic examination. The
testes and epididymides of male offspring of the
DEHP-treated groups were collected at 7 weeks of age
for histopathological examination.

For histopathological examination, the speci-
mens were fixated in Bouin’s solution and then
immersed in a buffered neutral formalin solution. The
fixed tissues were embedded in paraffin and cut in 4
wm slices. These sections were stained with hematoxy-
lin and eosin (HE) and were examined under light
Microscopy.

For electron microscopic examination, the tissues
were immersed in an ice-cold mixture of 2% paraform-
aldehyde buffered with 0.1 M s-collidine and 1.25%
glutaraldehyde for 3 hr. The fixed tissues were cut into
small pieces and post-fixed with 2% osmium tetraox-
ide buffered with 0.1 M s-collidine. The post-fixed tis-
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sues were dehydrated in ethanol and embedded in
epoxy resin (Quetol-651, Nissin EM, Tokyo). Semi-
thin sections (1 um) were stained with toluidine blue
and observed under a light microscope. Representative
areas were selected from the testis preparations and
ultra-thin sections were prepared and stained with ura-
nyl acetate and lead citrate, and then examined with an
electron microscope (H-7100, Hitachi, Tokyo).

In Experiment 2, all of the live fetuses examined
on G20 were weighed by sex and examined for their
external appearance, and then testes were dissected
from live male fetuses for histopathological examina-
tion as described in Experiment 1, and for staining of
androgen receptors. The offspring were weighed and
reared until examination. Each 4 male offspring from
each group were killed at 5 and 10 weeks of age, and
testes with epididymides were dissected and HE-
stained thin sections prepared as described above. For
electron mjcroscopic examination, each 2 male off-
spring were used and fixation was performed by a sys-
temic perfusion of a mixture solution of 2%
paraformaldehyde buffered with 0.1 M s-collidine and
2.5% glutaraldehyde from the aorta to the body with a
perfusion pump under sodium pentobarbital anesthe-
sia. The testes were submitted to electron microscopic
observation. The other 4 offspring of each group were
killed by ether inhalation at 10 weeks of age to-obtain
their testes and epididymides for sperm examination.

Immunochistochemistry of androgen receptors

In addition, in order to confirm the development
of hormone receptors, expression of androgen recep-
tors in the testis was observed by an immunohis-
tochemical method (Dalgaard et al., 2001), using a
rabbit polyclonal antibody for N-terminal of the andro-
gen receptor (AR-20, Santa Cruz Biotechnology, Santa
Cruz, CA, USA).

Examination of spermatogenesis

In Experiment 2 the seminiferous epithelium
cycle was examined on testis sections stained with HE
obtained at 5 weeks of age, and the spermatogenic _
stage was determined according to the simplified
method described by Matsui et al. (1996). Brieily,
seminiferous tubules on a specimen were classified
into four groups by spermatogenic stages I-VI, VII-
VIII, IX-XI and XII-XIV (Dym and Clermont, 1970).
One corresponding section of the testis was stained
with periodic acid Schiff (PAS) to confirm acrosomes
of spermatogonia. Each 5 seminiferous tubules belong-
ing to 4 groups were chosen and the numbers of germ
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cells and Sertoli cells in a tubule determined to calcu-
late a ratio of germ cells to Sertoli cells in each group.

Analysis of morphology and function of sperm

Sperm were collected through micropuncture of
the cauda epididymis of rats at 10 weeks of age, and
were examined as previously described (Sato ef al.,
2000). Sperm motility was measured using a com-
puter-assisted sperm motion analysis system (HTM-
IVOS ver 10.6, Hamilton-Thorne Research, Beverly,
MA, USA) and for morphological analysis of sperma-
tozoa as described previously (Sato et al., 2002a).
After the collection of sperm for motility analysis, the
cauda epididymis was dissected at the transition point
. to the vas deferens and at the middle of the cauda and
body of epididymis, weighed and then stored at —20°C.
- The frozen cauda epididymis was thawed to room tem-
perature and homogenized in distilled water. The
sperm heads in the homogenate were counted with
HTM-IVOS as previously described (Sato et al.,
2002b).

Statistical analysis

When uniformity of variance was confirmed
among the groups by the method of Bartlett, data
obtained were analyzed by ANOVA (Yoshimura,
1986). When the uniformity was not confirmed,
Kruskal-Wallis’s rank-sum test was applied instead
(Yoshimura, 1986). When significant differences
between groups were observed in either of the analy-
ses, Dunnett test was applied for a comparison between
. the control and treated groups of either DEHP or EE
(Yoshimura, 1986). A p value less than 0.05 was con-
sidered statistically significant. '

RESULTS

Effects of DEHP treatment on dams

Daily oral administration of DEHP at a level of
1000 mg/kg and EE at levels of 0.25 and 0.5 mg/kg
slightly suppressed body weight gain of pregnant rats
during the treatment period. Administration of the
lower dose levels of DEHP did not affect maternal
body weight (Tables 1 and 2).

Effects of maternal treatment with DEHP on
fetuses and offspring ;

Reproductive performance data, including fetal
weights on G14, 16, 18 and 20 in Experiment 1, are
summarized in Table 1. Oral DEHP treatment at 1000
mg/kg reduced fetal body weights at G14 and 18 sig-
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nificantly (p<0.01) as compared with those of the con-
trol group. Furthermore, 1000 mg/kg of DEHP
treatment increased intrauterine mortality to 20-36%.
DEHP treatment at 500 mg/kg did not cause increase in
fetal deaths and changes in fetal body weight signifi-
cantly. Treatment with 0.5 mg/kg of EE also increased
intrauterine mortality of fetuses, even to more than
50% on G16 and 20.

External observation of fetuses on G20 revealed
various malformations in treated groups. Two fetuses
with branchyury from a single dam given 500 mg/kg
DEHP were observed and each one fetus with general
edema, club foot or anal atresia and 3 fetuses with
kinked tail from a single dam given 1000 mg/kg of
DEHP were observed. In the group treated with 0.5
mg/kg of EE, one fetus with kinked tail was observed.
Two out of 5 dams given 500 mg/kg DEHP did not
deliver any offspring because of early embryonic loss.
However, 1000 mg/kg of DEHP did not cause any
abnormality in delivery.

In Experiment 2, DEHP-treatment up to 500 mg/
kg did not show any marked effect on fetuses (Table 2).
External malformations observed in the 500 mg/kg
group in Experiment 1 were not reproduced in Experi-
ment 2. Birth weights of the offspring were signifi-
cantly higher in the groups exposed to DEHP at 250
and 500 mg/kg than control. Viability and growth rate
of the offspring are summarized in Table 3. Differences
of body weight among the groups were insignificant on
the 4th day of lactation.

Histopathological findings of fetuses and offspring

Histopathological findings of fetal testes in
Experiment 1 are summarized in Table 4. Representa-
tive photographs are shown in Photos 1~3. The testis
was not distinguishable in the fetuses on G12, when a
few round germ cells with clear cytoplasm were scat-
tered in mesenchyma around mesonephros. The testis
was distinguished morphologically on G14, when the
germinal ridge was formed and a few germ cells, some
showing mitosis, were seen in the gonadal cord. On
G186, the testicular cord became prominent, containing
many round nucleated germ cells and Sertoli cells on
its margin (Photo 1a). On G18, the interstitium was
widened in the center of the gonad containing rich
interstitial cells (Photo 2a), when the density of germ
cells in the reproductive tract was increased. On G20,
the testicular cord developed further, although the
tubular structure was not yet formed (Photo 3a).

No abnormalities were observed in any group on
G14. On G16, degeneration of germ cells was noted in
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Table 1. Viability and development of fetuses exposed to di-(2-ethylhexyl)phthalate (DEHP) or ethinyl estradiol

(EE) during gestational days 7-18 (Experiment 1).

DEHP (mg/kg) EE (mg/kg)
0 500 1000 025 0.5
Gestational day 14 ©6) ©) 6) s) 6]
Maternal body weight (g) 3369 *+174 326.5 +£31.0 3202 + 14.9%* 295.7 £ 14.7% 2784 +£227%*
Implantations 170 + 14 150 + 1.7 162 + 12 156 + 1.1 13.6 + 47
Intrauterine mortality (%) 71 £ 59 30 £ 50 203 +184 38 + 56 69 £ 94
Live fetuses 158 + 2.1 145 + 12 128 + 29 150 = 14 126 = 45
Mean fetal weight (g) 0.16 0.02 0.15+ 0.01 0.12 = 0.02%%* 0.15+ 0.01 0.15+ 0.02
Gestational day 16 &) 6) ©6) ©) ®)
Maternal body weight (g) 3449 + 4.9 3443 +213 3114 £20.0%* 285.7 +30.4%*
Implantations 154 + 13 160 + 1.3 153 + 1.6 136 *+ 62
Intrauterine mortality (%) 13 + 28 124 + 76 331 *£313 72.0 £369
Live fetuses 152 + 1.3 140 + 14 102 + 4.8 42 + 54
Mean fetal weight (g) 044 + 0.02 043+ 0.02 037+ 0.04 042+ 0.02°%
Gestational day 18 ©) ©) 6) . 6] ) ]
Maternal body weight (g)  370.7 +36.5 360.0 *36.6 335.5 +20.2% 327.6 +424* 3217 £ 16.3%*
Implantations 145 + 14 T 152 £ 26 148 + 16 153 + 22 144 + 24
Intrauterine mortality (%) 36 + 63 1.0 = 24 356 £365 57 £ 179 13 + 30
Live fetuses 140 £ 1.8 150 £ 25 9.5 £ 56 143 + 10 142 + 24
Mean fetal weight (g) 135+ 007 1.32+ 0.06 1.03 + 0.13%* 133+ 0.05 125+ -0.10
Gestational day 20 6) 6) ©6) ) 2)
Maternal body weight (g) 4042 + 6.5 410.8 +£30.2 365.0 +25.4%%* 322.8
Implantations 147 + 1.6 148 + 26 145 + 15 15.5
Intrauterine mortality (%) 00 £ 0.0 27 £ 44 364 +£265 50.8
Live fetuses 147 + 1.6 145 £+ 29 9.0 + 35 7.5
Mean fetal weight (g) 368+ 0.20 352+ 0.14 282+ 0.11 2.90
External malformations 0.0 £ 00 222+ 544 6.25 + 15.31 7.14

2 Vehicle control (corn oil, 5 mL/kg). ® Data from 3 dams having live fetuses.
* Significantly different from control (p<0.05). ** Significantly different from control (p<0.01).

Table 2. Reproductive parameters on gestational day 20 in rats treated with di-(2-ethylhexyl) phthalate (DEHP) dur-
ing gestational days 7-18 (Experiment 2).

DEHP (mg/kg)
oz 125 250 500

Gestational day 20 :
Dams examined 3 3 3 3
Maternal body weight (g) 408.3 +32.6 4288 1425 3993 +434 4279 +50.8
Implantations 147 + 06 150 + 2.6 140 = 1.7 160 + 1.7
Intrauterine mortality (%) 22 + 39 0 28 + 48 41 + 36
Live fetuses 143 + 06 150 + 26 137 = 23 153 + 1.5

Males 53 + 12 70 £ 35 63 + 2.1 93 = 21

Females 90 £ 1.0 80 t 1.0 73 £ 06 60 £ 10 -

Sex ratio (%) 372 £ 16 447 £17.2 455 + 85 605 + 9.1
Fetal body weight (g) 140 + 1.8 150 + 25 95 * 56 142 = 24

Males . 377+ 0.13 3.86+ 0.40 402+ 0.13 357+ 0.14

Females 351+ 0.14 367+ 034 377+ 0.16 340+ 0.03
External malformations .0 ) 0 0 0
Values represent mean * S.D.
* Vehicle control (corn oil, 5 mL/kg).
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one of 12 examined fetuses of the 1000 mg/kg DEHP
group (Photos 1b, 1c). No such findings were noted in
other fetuses of the group exposed to DEHP at 1000
mg/kg and also at 500 mg/kg. On G18, interstitial cells
were increased in number and aggregated topically in
the 500 mg/kg DEHP group (Photo 2b), and the hyper-
plasia of interstitial cells was intensified in the 1000
mg/kg DEHP group (Photo 2c), while such findings
were not noted in any testes of fetuses exposed to EE.
Testicular size was smaller in the groups of 1000 mg/
kg DEHP and 0.5 mg/kg EE on G18 and G20. On G20,
germ cells having more than two nuclei were noted and
thickened seminiferous cords containing rich germ
cells were seldom observed in the 500 mg/kg DEHP
group. In fetal testes of the 1000 mg/kg DEHP group
hyperplasia of interstitial cells, multinucleated germ
cells were also seen (Photos 3b, 3c). Topically thick-
ened seminiferous cords due to aggregation of germ

cells were observed frequently in this group.

Table 5 summarizes histopathological findings in
the testis of the offspring in Experiment 1. Representa-
tive pictures are shown in Photos 4~6. In the offspring
at 7 weeks after birth prenatally exposed to DEHP at a
level of 500 mg/kg, no obvious abnormalities were
found except for multinucleated giant cells in the sem-
iniferous tubules and cell debris in the epididymal
lumens (Photos 4a, 4b). In the 1000 mg/kg-exposed
group, however, most of the animals had developed
abnormalities, such as branched seminiferous tubules
with atrophy and/or dilatation, multinucleated giant
cells and dilatation of rete testis (Photos 4c, Sa, 5b). In
addition to these findings, testes from several animals
in this group showed hyperplasia of the interstitial cells
(Photo 4c), necrosis and/or mineralization of testes,
foreign body giant cells, focal loss of seminiferous
tubules and malformed seminiferous tubules (Photos

Table 3. Reproductive data and development of the offspring treated with di-(2-ethylhexyl) phthalate (DEHP) during

gestational days 7-18 (Experiment 2).

DEHP (mg/kg)
0 125 250 500
Dams examined 8 9 8 8
Gestation length (days) 21.8+% 05 22.0+0.0 220+ 00 220+ 00
. Implantation sites 154+ 12 15.6 +2.4 154+ 1.1 149+ 12

At birth (Day 0 of lactation)

Live offspring 140+ 21 14626 144+ 1.7 141+ 1.2

Birth index (%) b 90.8+ 9.0 932+6.3 935+ 88 951+ 57

Sex ratio (%) 420+ 104 4577+ 8.9 429+12.3 505+ 123

Body weight, males (g) 65+ 03 6.7+0.5 70+ 05 7.1+ 0.3%

Body weight, females (g) 61+ 03 63+£0.5 6.7+ 0.6* 6.7+ 0.3*
Day 4 of lactation

Live offspring 139+ 22 143+£25 144+ 17 140+ 13

Viability (%) 9.0+ 2.7 98.6 + 2.8 100.0+ 0.0 99.1+ 25

Sex ratio (%) 423+ 10.1 463 £ 85 429+ 123 509+ 114

Body weight, males (g) 103+ 1.1 104+ 1.0 107+ 07 105+ 13

Body weight, females (g) 9.8+ 1.2 97+1.0 103+ 0.8 100+ 13

Body weight, preserved males (g) © 104+ 0.9 10.7 £ 0.7 110+ 05 107+ 0.1
Day 7 of lactation

Body weight, preserved males (g) 171+ 23 169+ 1.0 182+ 0.7 172+ 02
Day 14 of lactation

Body weight, preserved males (g) 361+ 2.8 345+15 375+ 0.8 3761+ 1.3
At weaning (Day 21 of lactation)

Body weight, preserved males (g) 587+ 4.7 - 57.1%+4.1 622+ 1.5 605+ 3.3

Weaning index (%) 1000+ 0.0 100.0 £0.0 1000+ 0.0 1000+ 0.0

Values represent mean + S.D.

* Significantly different from control (p<0.05).

2 Vehicle control (com oil, 5 mL/kg). * Live offspring/implantation sites.

¢ Bach 2~3 male offspring from dams were preserved.
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DEHP on rat testicular development.
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