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Effect of long-term administration of 4,4'-thiobis(6-tert-butyl-m-cresol)
in Wistar Hannover rats

Shigehiro TACHIBANA', Mami FURUYA', Hiroyasu KATO', Tsukasa NEGURA',
Yutaka TAKAOKA', Yoshiyuki TAZURA®, Takayuki SEKI', Shinji HORIUCHT®,
Hiroko INADA®, Katsuhiko SAEGUSA®, Takaho WATANABE®, Makiko KUWAGATA’

4,4'-Thiobis(6-tert-butyl-m-cresol, TBC), the existing chemical substances, is the similar structure
of diethylstilbestrol having estrogenic activity. Previously, data for the 28-day repeated dose
toxicity, the reproductive and developmental toxicity and the carcinogenesis study of TBC in rats
has been reported.

In this study, to estimate sub-chronic and chronic toxicity of TBC, 3- and 6-month repeated oral
dose toxicity study has examined. Wistar Hannover rats (Crl:WI(Han)) was administered 0 (5%
gum arabic: vehicle), 100 or 500 mg/kg of TBC orally. At 3- and 6-month after treatment, animals
were dissected, and a sperm analysis, organ weight, hematology and biochemistry analyses, urinary
analysis, ophthalmologic and histopathological observations were examined.

No animals died. A Loose feces was observed in the both TBC groups.

In the 500 mg/kg group, liver weight was increased from 3-month treatment. A single cell necrosis
of hepatocyte in the mid-lobular zone and hyperplasia of mucosal epithelial cells in the intestine
were observed by histopathologically at 3- and 6-month treatment. By hematology and biochemistry
analyses, a rate of monocyte was increased without change for the total number of white blood cell
in the 500 mg/kg group at 3- and 6-month treatment. In this group, prothrombin time and activated
partial thromboplastin time were prolonged, and total cholesterol level, alanine aminotransferase
and aspartate aminotransferase activities were also increased.

With a progression of treatment period, renal involvement was detected such as degeneration
of renal tubules, dilation of renal lumen in the 500 mg/kg group (6-month treatment). The
concentration of urinal protein was also increased in this group. In addition, histopathological
changes of intestine, liver and kidney were observed in the 100 mg/kg group at 6-month treatment.

However, there were no remarkable changes on sperm motility, the number of epididymal sperm,
and gonadal histopathology after TBC treatment.

Thus, by a long-term exposure of TBC, effect on intestinal tract and lipid metabolism were
deteced, and these change were similar to changes of the 28-day repeated dose toxicity study. In
addition, it was revealed that TBC has ability of damage of liver and kidney, and effect on blood

coagulation system.
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WAL E CTH H 4,4 -F F ¥ R (6-tert-7
FNV-m-7 L =) PUFTBC & W&9) I3 KK T
AREH T L OMALBAIEAI & LTORSEH ST
BY, RUVZFLUyBIUOR) 7u¥lL ryoxft
BilkAl e LTHHHERTwDE, /2, =2t
FUVEHAETAEARAT7 2 ) — VAR T ZF IV A
FIURZ o —VolEEHPYTHS. A
0% v 2R EEEERBRY Tl A7/ — LA
(1.4 x10°M) & IZIZFEHREE (1.8 X 10°M) 12T,
TBCIZZ A M VA —VIZHEH LTI A by
VRFRICHEET A ENMEEIN TS, T/,
IRHLAG Y~ 7 2 T o 4 H ¥ 57 Rk st Y
Tld, 60 mg/kg/dayh FoHGREICL ) F=HE
BABMIMLTWAZ 25, TBCHEANICE
WTHZAMaFr ViERERTIEDPHL L
LhoTWh,

28 0 M AR 5B Y Tld, 250 mg/
kg D55 CT/NERED ILE B X OS] R 5 o i
Bk, B oME, BB X ORI T oM
=, IPEER OB X OVNEEdU ORI R
KOPEE IR TWD, 2 H ERMPG v A: 5
MRV TIE, 155~230 mglkg DE5-= Tl
P2 B X OCRIA S ER OB, KT EER
KBHRERDH ) 01 TAEER) DT R
PR 2L L U CRME oFIHE - B, [
faDZEfa b L BB AED b Tnwb. 7z,
P 5l 5 A it v MR 3B T, 500 mg/kg @
TBC# 512 & 0, {HILERED I ELE S 7z
B, BIHREANOEBIIRD LN TR, 248
TRET B 59 3 ER Y T, TBC 100~120 mg/
kg D H T b IR HALE %2 & O K4 B (5
HELIEHE STV,

BHEOE A7/ —VADRT Y bO1HKETF
ARREB L OHRERY -V 01 HE A%
KT EERLOWMELHHZ 0L, TBCOM
PEAFEZR DR ENIF &I NS, TBCO#HMRE
filie UC, 28 H#G-mtEallhr, AR50 sl bR
BLOEEHRBIERIN TS 00, Hig
B X BB OV TORHRIZ V. 2T,
TBC»3» HB XU 6 H O RKERORS-#51E
RBREATV, BRI T B2 RET L7z,

MHRBELUOHE

TRTOBWFEBERIEL, [ EIEA &SR
WAt vy — R FE AT B FE R B 5 5 4RET]
WD WTHEE L 7.

1. HERME

TBC(CAS No. 96-69-5, #fiE99.4%) A1k
M TR 220 A L, fEHKEE CER,
FTFTHRE L. TBCIZ5% 7 I ¥ T I LKEH
WEE L, &5 FCcmE, LT ORELL B
i o TBCHEE I HPLC THlsE L, #fkdo
WEME, GRBIUOY—MEMHRL.
2. B

W 1 © Wistar Hannover (Crl:WI(Han)) 7 v k
X, HRF ¥ — VR - UN—(HFfFHAFL 7 —,
WHE) X0 5 BEBTATL, 1EB ORI
%, e CHRBICHH L. Wi, &REE
MR — VWP L CEE L, AR
CE-2(HAZ L7, HH) &KEAK (T AKE
K Z HHICERESE2. 72, iE21.0~
25.0C, #)/¥40.0~75.0%, 5 [0%% 1510
SRR, FEBH12BER A 7 v (THRE~19BF 554T)
IZHlE SN -fEECcHY % fE L7
3. BEHELHSE

B, PRG-BHIAET H O E 2 IR
MR AT HEIC XD MEHEE B 3REICHT, 0(5%
75 ET TLAKEW), 100H 5\ id500 mg/kg
DTBC % 6 H BR85S L7z (K 9VL/#E).
¥ 72, XPHETE (0 me/kg) B L V500 mg/kg 51
5% 3% H TP 2% 77V —T %5k
E L7 (% 9VL/H). £WOPS5 %3135 mL/kg
EL, Iy FHEERZHVER (7TH/GE) %5 L
7z BB VT, IR, MEB X OO
B BN DB 155~250 mg/kg D H & THE
DHENTWAS. 500 mgkg D TBCHK L T, #*
HBH PO 2 23 28R S, HLE
BEORELBEINTVWE I EDD, KRBROS
HEMFIEITBC OB HEFEICHEIHAT HEEZEZ S
5500 mgkg & L7z, 72, H5- MBI ELY
TH b L E2FE L TRHERIZES VB ROS A
BOLNHEEZ LS 100 mgkg #iXE L7,
4. B#EIEB

o —RIRBLXHEHBIZL, KEL LUHE
flEZHRG5%3y HECl3EE1N, 2R
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2 1M OB CTHE L7 IRFHERAE % 5 5
#aB L e HIZHEM L, MIREISREE (Vantage,
Keeler, Windsor) B X "2 v b5 » 7 (SL-14,
WAL #WE) 2w, BiiRE, hEELERE
JUREZBIgE L 7-.

Rtz G#H3B L6y HICER L. 8
WafEr—JICNAELT, 48 X024 KR
IR 72 ARFMIRCTT FopE €y ey,
bk, #m, pH, ¥y EBXUYRYE
V=R ARG EE(F—Ya A L
7V AE-4020, 7—27 LA, HHER I THIEL,
i, WEBLORELBIZ L. 24K RO
REBXUCREZGHIL, RYERERELZSH
BB M E (EA05, =—7 ¥ N7 1, AfE)
TRl L7,

BeL5 3B Xer HIZ, B % 18~24K5
HMESELH RVMNLVESY—ILF MY YA
JRIE T CRE R KR & 0 I3 A e A (B e [
#l: EDTA-2KB X U7 = VBF M) 7 2) B
X O AL S A (Brde &l - ~ %) V) ICH
VB IR 2 2RI 72, B % o Eost
%, FEHEEARREHZ R, K E8hRET > A
7 4 (HTM-IVOS, Hamilton-Thorne Research,
Beverly, MA) # W CH @B REMm AL L O
KB E % AT - 72, MEFAMATIE, AR EREL
(RBC), HIMEREL(WBC), HIMLERSHE, MR
MERIEE, MM, ~~ ~27 1)y ME, ~NES
O v E, CPERIMERER, P RImERIn a3 &
B X ORI ER i o 3505 B & 1R H BT 208
(XT-2000iV, YA A v 7 A, fE) 2 CTHlEL,
7o by R (PT) B X OEEIEE S o
YERT T AT VM (APTT) % 4 H B I ik 5% [l
EHE (CA-1000, YA A v 7 A, FE) 12Tl
E L7z AL, By VoS 7 g 7
VT I VR OAGH, SVva—REE Ral
ATU—)VgE, M) 7)Y I4 NEE, &)
VY VR, REEHRREBUN), 7L 7F=
VURRE, HERRY VUREE, AV AJREE, T AN
FSEUVBT I NI AT 2T —Y(AST)iHME,
TS5 T73I) NI AT7 25— (ALT) G,
TVHY) T+ AT 7% —F(ALP)IEMEB L Oy -
VY INVKTUVARTFF—E¥(y -GTP) iHMk:
% HE) AT 3 E (JCA-BM 6010, HAE T, IRE)
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WCHlE U, e A R R A A H B R R S0
PTEEE I CTRlE L 72,

B e L 72, W, FEER, BETROET
Wz at), HRB(EEMEE &), Kl O
Figk, M, JFERE, CEFME, bR, RIS, RS, RGgE (&
B Z2 &), FBE LA Az (EMEE), S
BIOFEZMELTHEEZMEL, 8 THE
EAH G ER) 28 L 2Tz <, 54,
MREk, HN—F—M, ks 548, & &8 H
RN, =W, W, B, Wb, B, BT
VU UONER, BRI Y vooSH RE R BB IO
T RS B X OME), THREERE T, ALt
R, KEMR, PEHREB X OARERHEBL, 0.1
MY ¥ B 10% BV~ ) VSIS EE L7z,
BHEBIOHBE KT 77 ICEZE L7z, Ll
ETOWE - Mkt Y774 AL, HULA
%, AN bFFVY Y ATV HE)REERL,
FUAR IR AT 2 SE 0 L 72,

5. HWeatEEMT

LI EL L OEERFREZER L, 5
HWH L o2B o LKL, FREXIT - 721,
Student Dt & & % I3 Aspin-Welch D t 1 &
ZATo 72, SEEMOIL#EIE, Bartlett ® F 12 &
DD —FREICOVWTHREEZ 1T - /2%, —IC
Bl iE 7 D 53-8 AT & 5 W id Kruskal-Wallis O JIE
MR E X AT > 72. € D%, Dunnettitd %\ i
Dunnett BlOMRE T EIIK A 1T - 72, SHEEHL
WA CIE, 7L — F4rF L7275 — % 13 Mann-
Whitney ® UMZEIZ L ), FBEEITL—-FD
& FHE 13 Fisher D R MER O fIBEIC XD,
HREANELRAIT-72. B, WTIhOMEIIB W
THHBEAKEZS% T & L7,

TS

1. —fRIREE, KRES L VEHENDEL

G MRh, BEE BRI N R, o7, K
HA500 mg/kg P GHEOMHEB X UM TEFNLEN
BHHE0H0BIOHETHNS, H5 UM Z@EL
T S N7z, BRAE O BB R AR5 R A £E g
B2 BEINAH D, 100 mg/kg G- HEOMET D
i E IR\ HRAE HSBIEE S 7

P2 54 H 12500 mg/kg % 5- 1 o M HE & 3
EOPABIRA L7223 (B1), ZhDBEoHEA &



X1 TBC%#3bLU6» BEFEOHRSEL /M (A)
HLUMB) T v FDOEHEHTE

Symbols represent average.
"p<0.01, compared with the control group.

WKCAHEEBEETIALON o7 72, TBCIG#
ORI Z P G-I % 8 U CR IR & MARICHER L
7-(R2).
2. R¥FZREFRR

5437 ABLU6» HE HIZ TBCHKG- D%
BIIFRDO LN h o 7.
3. RIREFR

JRIAKE R A2 RAITR L2, 500 meg/kg ¥ 5-8F
OWERETIR Y 287 ORI A% 5% 6% HD
AITFRD B NIz, F DM, 500 mg/kg % 5-H Ol
THG%3% HIZF M) o 2 HE R OF B 2R
AR HNT=AS, FREOEALIZKG-H6» H Tl
BN hoi.

4. MBRFARERZR

IR 2P AR AT G R &2 F 2128 L 72, 500 mg/kg
BH5HOHEDO AT, H5%3» HIZAPTTOH
BRERPAOLN, &5#64 HIZEPTB IV
APTT OIE LM A58 S N7z, HIMEREE T,

X2 TBC%#3HXLU6» AEZEOHRSEL /-
Z v b DEEHE
Symbols represent average.

#, final administration day of 3- and 6-month of
administration period.

500 mg/kg B G-HEOHETH 5% 67 HIZ, FHEHO
MECHG 3B X6 r HICHERILRO A E AR L
ADBHRSNTT D, METIEHGHEes HIZ) v
ERILROGE LT B X OFhER R oo 84 b i)
DR LN AMEREE 2O E 5L 5 EH
ZHM L THRYT 5 &, 500 mg/kg 5 FEOMET,
P5-%3» FICHIRSSEIML, #5567 HIZUF
HERB X OVHLERDSHI I L T e,
5. MEELFRERER

MR AL AR R 2 F3ITR L7z, 500 mgkg
BEBEOMEHE TG #3B X067 AICALTB XU
ASTHEEO A E R EA-H A vid EAMERDA SR,
FREOHETIZHEE Y VU VBRI 7.
F72, WAV AT O— VIBEOAHEREMA500
mgkg Pt GHOME TR 5 %3B L U67 HIZAD
N, FHEOMTLI G4 6x HIZHIML7z. Zoft,
500 mg/kg ¥ G-HEDOHETH G143 HICAh ) 7 A8
X ORI IS L 72285, $h5t%6» T
FRBROZELIZBD SN h o7z T, FEEO
MECHe G267 HICHER ) Y IREEOMINB L O +
)7 AR O HBT IS A EITIED SN,
WIENRL b IFDRELTH - 72
6. IBEFREGR

T MAREEZR4ITOR L. H5B3BI D
67 HE DI, K EBREL X ORE LRBRHE
HH 72 ORTEUK IR & TBCH G- & O
THEEIED LN Do 7.
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x1 TBCZ23H5&LUV6» AEEOKREL T v PORBRERZR
Male
3-month 6-month

Dose (mg/kg) 0 500 0 100 500
Number of animals 5 5 5 5 5
Urine volume (mL/24hr) 14.0+ 4.3 15.7+ 5.2 112+ 6.2 126+ 3.8 149+ 29
Specific gravity 1.062+ 0.009 1.051+ 0.010 1.067+ 0.017 1.059+ 0.006 1.060+= 0.009
Na (mEq/24hr) 1.58+ 0.31 0.98+ 0.38" 1.26+ 0.61 121+ 0.45 1.36= 0.19
K (mEq/24hr) 245+ 0.74 2.39+ 0.64 291+ 0.91 294+ 1.07 3.44+= (.36
Cl (mEq/24hr) 1.83+ 0.27 1.94= 0.29 1.40+ 0.65 1.52+ 0.74 1.97+ 0.23
Protein — 0° 0 0 0 0

+ 0 0 1 0 0

+ 5 5 1 3 1

2+ 0 0 3 2 2

3+ 0 0 0 0 0

4+ 0 0 0 0 2

Female
3-month 6-month

Dose (mg/kg) 0 500 0 100 500
Number of animals 5 5 5 5 5
Urine volume (mL/24hr) 9.8+ 5.8 18.0+ 8.6 104+ 4.0 14.8+ 75 11.8+ 6.8
Specific gravity 1.052+ 0.018 1.041+ 0.026 1.043+ 0.021 1.037+ 0.024 1.055+ 0.018
Na (mEq/24hr) 1.00+ 0.46 0.96= 0.74 0.64x 0.34 0.54+= 0.39 0.99+ 0.45
K (mEq/24hr) 142+ 0.90 1.68+ 0.74 1.24+ 047 1.67= 1.26 233+ 1.10
Cl (mEq/24hr) 1.17+  0.63 1.30+ 0.86 0.61+ 0.43 0.78+ 0.74 1.52+ 0.77
Protein - 1 1 1 2 0

+ 2 1 3 1 0

+ 2 3 1 1 4

2+ 0 0 0 0 0

3+ 0 0 0 0 0

4+ 0 0 0 1 1

* Values represent average * S.D.
® Values represent as number of animals.
*p<0.05, compared with the control group.

7. REEERR
mEEEMCHETRSIIR L. &5%37
A Tl&, 500 mg/kg $%-5-1F o M i T Mk o> AH k)
BOFBREINDSA S, MR OM E &
WMLz, 567 HIZBWTH 500 mg/kg
B G BEOMEMECHIEE R ORINASA S, MTiE
BEALTH 572, 500 mg/kg P G-HETHH-#%
37 HIZTEERDOBRDDVARBIIED LN,
BRI C B RO N, K5 H%en
HTREBOZEIZA LN L7 72, 500
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mg/kg $£5-HE OMETH G- 6 » H I i) H i
DA BT L7228, I ERICEEALNT,
PR AR I TR SN o 72,
8. EZIRFTR & & ORIEMEGEFHIFRR

54238 L1064 HOHMT, 500 mg/kg ¥ 5-#f
DOMEHET/INERE R X OSKIRE D BUE A IS S 7z,
REAAR AT L2 RE6 B L O 7R L2
H#%3B X6 HEHIZ, 500 mgkgk5-HD
MEMEC T80, 22, W, B WEEB L0
s DRI R O\ AR Bz, X5



®k2 TBCZz3HLV6» AEEAREL ATy MOMBFHRERER

Male
3-month 6-month

Dose (mg/kg) 0 500 0 100 500
Number of animals 9 8 9 9 9
RBC (x10'/uL) 949+ 71 926+ 61 886+ 62 908+ 43 884+ 51
Hemoglobin (g/dL) 16.2+ 0.9 16.1+ 1.1 15.3= 0.8 152+ 0.7 146+ 0.7
Hematocrit (%) 47.0+ 2.1 478+ 2.8 439+ 2.1 43.6+x 2.0 43.0+ 1.9
Reticulocyte (%) 26 0.3 28 0.3 2.7+ 05 2.7+ 0.3 27+ 0.2
WBC (x10*/uL) 39.8+ 8.9 41.0= 14.2 33.5+ 15.3 326+ 9.6 39.8+ 9.8
Differential leukocyte count (%)

Neutrophil 23.0 7.2 27.1+= 144 38.3+ 17.9 29.8+ 6.3 35.3+ 17.6

Eosinophil 1.7+ 0.4 1.9+ 1.6 25+ 2.0 2.1+ 0.6 2.1+ 1.0

Basophil 0.0+ 0.0 0.0 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0

Monocyte 2.8+ 0.8 3.1+ 1.0 2.7+ 0.8 3.7+ 0.5 3.8+ 1.2%

Lymphocyte 725+ 75 67.9+ 16.4 56.4+ 20.1 645+ 6.1 58.8+ 18.5
Platelet (x10*/uL) 78.7+ 10.3 83.7+ 9.2 72.5+ 10.6 784+ 9.1 86.0+ 13.6
PT (sec) 16.8+ 2.3 19.7+ 4.0 211+ 7.0 224+ 5.8 255+ 9.8
APTT (sec) 232+ 1.8 27.8+ 5.2% 226+ 24 23.1+= 25 26.3+ 4.7

Female
3-month 6-month

Dose (mg/kg) 0 500 0 100 500
Number of animals 8 7 9 9 7
RBC (x10'/uL) 816 = 49 810 60 782+ 34 773+ 30 786 = 44
Hemoglobin (g/dL) 148+ 0.6 14.7+ 0.8 15.0= 04 14.7= 0.6 149+ 0.8
Hematocrit (%) 43.7+ 14 434+ 22 419+ 09 41.3+= 1.7 421+ 1.8
Reticulocyte (%) 3.2 0.5 3.3 0.8 3.1+ 04 3.1+ 0.5 3.2 05
WBC (x10°/uL) 248+ 4.8 355+ 17.2 19.8+ 3.1 20.3+ 3.8 28.0+ 12.1
Differential leukocyte count (%)

Neutrophil 23.9+ 15.5 30.7+ 244 26.8+ 8.0 38.0+ 16.2 452+ 17.7

Eosinophil 24+ 2.8 3.8+ 3.1 2.1+ 05 3.2x 1.0 1.5+ 0.5

Basophil 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0

Monocyte 24+ 0.6 3.9+ 1.6" 29+ 1.0 3.3+ 0.9 4.9+ 14"

Lymphocyte 71.3+ 18.0 61.6+ 24.1 68.3+ 8.9 55.5+ 16.7 48.5+ 18.4*
Platelet (x10'/uL) 75.6+ 8.9 88.6 = 15.2 60.8+ 9.4 68.7+ 11.0 69.5+ 12.9
PT (sec) 11.7+ 0.8 11.2+ 0.2 126+ 0.4 125+ 0.4 122+ 0.3
APTT (sec) 177+ 0.9 16.7+ 2.7 16.8+ 1.5 16.6+ 1.0 16.3+ 1.6

Values represent average £ S.D.

"'p<0.05 and *p<0.01, compared with the control group.
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x3 TBC%3HLUV6» AEEAOREL 27 v MOMBELFIEERR

Male
3-month 6-month
Dose (mg/kg) 0 500 0 100 500
Number of animals 9 8 9 9 9
Total protein (g/dL) 5.3+ 0.1 52+ 0.4 54+ 0.2 55+ 0.2 55+ 0.2
Albumin (g/dL) 3.6 0.2 3.5+ 0.1 3.4+ 0.3 3.5+ 0.1 3.5+ 0.3
A/G ratio 2.02= 0.21 2.08x 0.26 1.73+ 0.26 1.75+ 0.07 1.76 + 0.33
Glucose (g/dL) 127+ 18 137+ 15 138+ 20 136+ 26 137+ 12
Total cholesterol (g/dL) 38+ 7 56 9** 49 + 9 49+ 7 88+ 56**
Triglyceride (g/dL) 44+ 14 41+ 16 38+ 20 38+ 11 58+ 50
Na (mEq/L) 141.6+ 0.7 141.1+ 0.7 143.7+ 0.9 143.2+ 0.7 144.0+ 0.8
K (mEq/L) 4.34% 0.25 4.73+ 0.35" 3.81= 0.24 4.00+ 0.36 4.23% 0.62
Cl (mEq/L) 106.2+ 0.9 107.6= 1.3* 107.2+ 1.4 107.5+ 1.7 108.8+ 1.3
ALP (U/L) 188+ 36 177+ 41 183+ 36 170+ 42 155+ 26
ALT (U/L) 25+ 2 88+ 103 26+ 5 27+ 4 65+ 36"
AST (U/L) 54+ 5 133+ 133 52+ 11 58+ 9 88+ 39"
y-GTP (U/L) 0+ 0 0+ 0 0+ 0 0+ 0 0+ 1
Total bilirubin (mg/dL) 0.04= 0.01 0.06 = 0.04 0.05= 0.01 0.05% 0.01 0.06 = 0.02
BUN (mg/dL) 25+ 2 27+ 2 22+ 2 23+ 3 25+ 4
Creatinine (mg/dL) 05+ 0.1 0.6+ 0.1 05+ 0.1 0.6+ 0.1 0.7+ 0.2
Inorga. Phos. (mg/dL) 6.6 1.3 6.8t 1.6 3.8+ 1.1 4.3+ 0.4 4.8+ 1.0
Ca (mg/dL) 9.1+ 0.3 9.0+ 0.2 7.8+ 2.9 8.8+ 0.2 9.1+ 0.3
Female
3-month 6-month
Dose (mg/kg) 0 500 0 100 500
Number of animals 9 8 9 9 9
Total protein (g/dL) 51+ 0.3 4.8+ 0.5 56 0.2 5.7 0.3 5.7+ 0.5
Albumin (g/dL) 3.6t 0.4 3.3 0.4 3.8 0.2 3.8+ 0.3 3.8 0.3
A/G ratio 2.37% 0.50 2.06 = 0.30 2.10% 0.17 2.01% 0.30 2.09% 0.27
Glucose (g/dL) 104+ 11 106+ 17 115+ 11 111+ 14 105+ 15
Total cholesterol (g/dL) 40+ 16 44+ 10 40+ 6 53+ 17 58+ 15"*
Triglyceride (g/dL) 24+ 12 18 4 18+ 8 26+ 22 30+ 21
Na (mEq/L) 1444+ 1.3 1444+ 1.8 142.7+ 1.6 141.7+ 0.9 140.2+ 2.6"
K (mEq/L) 3.99+ 0.29 4.28+ 0.50 3.73% 0.26 3.90% 0.42 4.02% 0.36
Cl (mEq/L) 110.0+ 1.2 111.9+ 3.5 107.7+ 1.2 108.4+ 1.4 108.8+ 3.2
ALP (U/L) 87+ 31 89+ 27 92+ 32 69+ 27 70+ 20
ALT (U/L) 20+ 3 42+ 17%F 29+ 17 21+ 4 57+ 23
AST (U/L) 49+ 7 76+ 16" 61+ 17 48+ 8 81+ 27
y-GTP (U/L) 0+ 0 1= 1 1= 2 0+ 1= 1
Total bilirubin (mg/dL) 0.05= 0.02 0.08= 0.02** 0.06 = 0.01 0.07= 0.01 0.55+ 0.41%*
BUN (mg/dL) 26+ 3 26 6 31+ 4 28+ 5 30+ 4
Creatinine (mg/dL) 0.5+ 0.1 0.5 0.1 0.4 0.1 0.4 0.1 0.3+ 0.1
Inorga. Phos. (mg/dL) 6.4+ 1.8 6.6+ 1.5 3.5+ 1.0 3.9+ 0.9 4.8+ 0.6*F
Ca (mg/dL) 8.7t 0.5 7.9+ 1.2 9.1+ 0.2 8.9+ 0.2 9.0 0.4
Values represent average = S.D.
*p<0.05 and **p<0.01, compared with the control group.
%4 TBCZ3HLV6r ABBEAKREL Ty FOBTFHRERR
3-month 6-month
Dose (mg/kg) 0 500 0 100 500
Number of animals 5 5 5 5 5
Motile sperm (%) 91.6= 3.7 924+ 3.3 81.6+ 33.2 90.3+5.4 90.6= 4.6
Progressive sperm (%) 63.4+ 10.0 63.3 94 51.5%+ 25.7 51.4+13.5 50.6+ 11.3
Sperm counts/cauda epididymis weight (x10°/g) 1091.3+ 362.7 1077.3+ 287.9 851.9+ 405.2 1089.1 +£423.5 956.5+ 265.2

Values represent average * S.D.
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x5 TBC%Z3HLU6» AEEARSLAEZ Y FOREEEHKR

Male

3-month 6-month
Dose (mg/kg) 0 500 0 100 500
Body weight (g) 372.6+ 415 354.6+ 20.6 413.1+ 38.2 428 .8+ 44.2 421.5+ 36.6
Absolute organ weight (mg)
Brain 1970.2+ 117.8 1907.3+ 82.1 1981.5+ 85.5 1960.8+ 99.1 1921.7+ 1064
Thymus 308.4+ 62.7 2874+ 424 209.8 = 57.3 213.6+ 34.6 199.6 + 67.1
Heart 984.5+ 148.2 896.4+ 62.3 988.4 74.8 973.0+ 131.5 995.1+ 101.0
Liver 8899.3+ 962.3 9645.6 = 591.0 9995.4+ 1098.9 9847.9+ 969.0 11111.9+ 1886.7
Kidneys 2059.6 = 292.9 2042.1+ 141.4 2173.7+ 160.1 2194.5+ 246.3 2219.5+ 383.1
Spleen 682.7+ 127.5 673.8+ 50.4 755.7+ 155.3 761.8+ 119.2 803.9+ 155.7
Testes 3360.7 = 261.0 3415.4+ 250.6 3346.3+ 1104.5 3543.3+ 237.0 3580.3+ 336.6
Epididymides 1205.6+ 64.6 1182.7+ 66.3 1206.1+  306.7 1329.3+ 107.4 1274.2+ 153.7
Prostate, ventral 492.1+ 83.5 520.9+ 110.6 4486+ 110.6 399.5+ 90.5 425.3+  106.4
Seminal vesicles 1122.1+ 914 1186.5+ 147.8 1235.0+ 284.0 1088.0+ 161.7 1125.1+ 214.9
Thyroid gland 244+ 6.2 19.8+ 3.2 19.6 = 3.5 19.7+ 3.7 19.3+ 3.2
Adrenal glands 55.0+ 10.2 525+ 5.3 48.2 + 7.7 43.0+ 6.6 474+ 6.2
Relative organ weight (mg/g)
Brain 5.319+ 0.351 5.393+ 0.358 4831+ 0.463 4.622+ 0.584 4581+ 0.358
Thymus 0.825+ 0.113 0.808 + 0.088 0.508+ 0.131 0.500+ 0.078 0.471+ 0.135
Heart 2.638+ 0.202 2.531+ 0.167 2.407+  0.247 2.265+ 0.123 2.363+ 0.157
Liver 23.911+ 0.922 27.230= 1.398"* 24,238+  2.200 22.993+ 0.984 26.329+ 3.473
Kidneys 5.516+ 0.256 5.763+ 0.309 5.281+ 0.389 5.121+ 0.284 5.265+ 0.749
Spleen 1.838+ 0.309 1.906 = 0.180 1.850+ 0.472 1.774+ 0.193 1.910+ 0.334
Testes 9.095+ 1.006 9.654+ 0.821 8.200+ 2.844 8.359+ 1.191 8.515+ (.684
Epididymides 3.258+ 0.244 3.341+ 0.195 2.934+ 0.730 3.119+ 0.300 3.028+ 0.327
Prostate, ventral 1.330+ 0.251 1.470+ 0.304 1.086+ 0.240 0.941+ 0.234 1.004+ 0.213
Seminal vesicles 3.029+ 0.254 3.353+ 0.433 2.992+ 0.641 2.548 + 0.359 2.665+ 0.425
Thyroid gland 0.066= 0.017 0.056 = 0.009 0.048= 0.010 0.046 = 0.008 0.046+ 0.005
Adrenal glands 0.147+ 0.020 0.149+ 0.021 0.117+ 0.020 0.101+ 0.019 0.113+ 0.014

Female

3-month 6-month
Dose (mg/kg) 0 500 0 100 500
Body weight (g) 2224+ 16.1 215.3+ 175 258.3+ 23.1 250.8+ 25.3 240.0 = 15.9
Absolute organ weight (mg)
Brain 17985+ 69.4 1822.2+ 56.2 1919.6 + 79.9 1863.3+ 64.2 1815.2+ 73.9%
Thymus 326.9+ 114.3 2795+ 41.2 236.9+ 68.7 219.5+ 27.6 198.5+ 43.1
Heart 684.8+ 63.7 638.9+ 72.1 743.1% 82.0 707.8+ 64.9 701.3+ 94.1
Liver 5628.2+ 561.0 6280.3 = 554.3% 5907.1+ 626.4 6274.2+ 759.6 6772.4=  629.7*
Kidneys 1426.4+ 138.8 1381.5+ 162.4 1514.6+ 154.3 1520.3+ 150.1 14375+ 145.0
Spleen 601.4+ 121.8 527.6+ 67.7 628.7+ 130.7 569.3+ 110.7 559.1+ 105.4
Ovaries 89.7+ 14.3 93.0+ 16.2 91.5+ 11.8 86.7+ 10.0 86.3+ 19.5
Uterus 529.6+ 1274 372.3% 134.3% 590.9+ 208.1 466.9+ 137.5 487.3+ 166.0
Thyroid gland 17.2+= 3.0 18.3+= 3.5 20.5+ 3.1 21.2+ 4.1 20.0+ 6.0
Adrenal glands 649+ 7.9 65.8+ 10.0 69.4 + 9.9 61.0+ 74 63.0 + 11.2
Relative organ weight (mg/g)
Brain 8.117+ 0.567 8.496 + 0.494 7.473+ 0.569 7.485+ 0.656 7.581+ 0.386
Thymus 1.455+ 0.465 1.299+ 0.177 0.906 = 0.193 0.879+ 0.113 0.828+ 0.168
Heart 3.080+ 0.182 2.969+ 0.260 2877+ 0.175 2.831+ 0.194 2912+  0.225
Liver 25.340+ 2.311 29.257+ 2.831%* 22.867+ 1.259 25.143+ 3.359 28.215= 1.778**
Kidneys 6.419+ 0.509 6.416+ 0.533 5.861+ 0.209 6.103+ 0.767 5.985+ 0.402
Spleen 2.701+ 0.495 2.456+ 0.294 2.430=  0.409 2.263+ 0.341 2.323+  0.363
Ovaries 0.404= 0.063 0.431+ 0.062 0.356+ 0.054 0.348+ 0.046 0.361+ 0.088
Uterus 2.394+ 0.603 1.724% 0.610* 2.331+  0.956 1.853+ 0.432 2.047+  0.746
Thyroid gland 0.078+ 0.011 0.085+ 0.015 0.079+ 0.009 0.085+ 0.015 0.083+ 0.023
Adrenal glands 0.294+ 0.047 0.307+ 0.054 0.269+ 0.030 0.243+ 0.016 0.263+ 0.048

Values represent average for nine animals + S.D.

*p<0.05 and **p<0.01, compared with the control group.
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®6 TBC#%3»AEEORSL ATy MOREEBEIMER

Sex Male Female
Dose (mg/kg) 0 500 0 500
Findings Grade - = + 2+ 3+ - = + 2+ 3+ - = + 2+ 3+ - = + 2+ 3+

Liver
Single cell necrosis, midlobular 9 0 0 0 O 3 2 2 2 0F ## 9 0 0 0 O 3 3 3 0 0°F ##

Duodenum, Jejunum, Ileum

Hyperplasia, epitherial cell, mucosa 9 0 0 0 0 8 1 0 0 0 9 0 0 0 0 7 2 0 0 0
Cecum

Cellular infiltration,

mononuclear cell, lamina propria 9 0 0 0 0 6 3 0 0 O 9 0 0 0 0 7 2 0 0 0

Hyperplasia, epithelial cell, mucosa 9 0 0 0 0 4 5 0 0 0 # 9 0 0 0 0 5 4 0 0 0 #
Colon, Rectum

Hyperplasia, epithelial cell, mucosa 9 0 0 0 0 6 3 0 0 0 9 0 0 0 O 7 2 0 0 0
Kidney

Basophilic tubule, cortex 6 3 0 0 O 7 2 0 0 0 6 2 1 0 0 9 0 0 0 O

Dilatation, lumen, cystic 9 0 0 0 O 7 2 0 0 O g8 0 0 1 0 8 1 0 0 O
Testis

Atrophy, seminiferous tubule 7 2 0 0 O 9 0 0 0 O
Ovary 9 0 0 0 0 9 0 0 0 0

Notes) -:No abnormal changes =: Very slight +: Slight 2+: Moderate 3+: Marked
Numerals represent the number of animals.

#p<0.05 and ##p<0.01, compared with the control group by Fisher's test.

'p<0.05, compared with the control group by Mann-Whitney U test.

®7 TBC%6» ARREORS L7 v b OREMABFHNAER

Sex Male Female
Dose (mg/kg) 0 100 500 0 100 500

Findings Grade -+ 3+ -+ 2434 -+ 34 R L L R A RO XS
Liver

Single cell necrosis, midlobular 90000 45000#%#% 42210# 90000 62100 52200#

Swelling, kupffer cell,

containing a brown pigment 90000 90000 90000 90000 90000 45000 ¢#

Duodenum, Jejunum, Ileum

Hyperplasia, epitherial cell, mucosa 90000 90000 54000 ¢# 90000 90000 54000 ¢#
Cecum

Cellular infiltration,

mononuclear cell, Imina propria 90000 63000 54000 ¢# 90000 90000 63000

Hyperplasia, epithelial cell, mucosa 90000 63000 54000 ¢# 90000 90000 45000 ¢#
Colon, Rectum

Hyperplasia, epithelial cell, mucosa 90000 90000 54000# 90000 90000 54000 #
Kidney

Atrophy, glomerulus 90000 90000 71100 90000 81000 81000

Basophilic tubule, cortex 63000 54000 70200 81000 80010 80010

Degeneration, tubule 90000 90000 71100 90000 80100 80100

Dilatation, lumen, with hyalin cast 72000 81000 61110 90000 80010 80010
Testis

Atrophy, seminiferous tubule 80010 90000 72000
Ovary 90000 90000 90000

Notes) -:No abnormal changes = : Very slight + :Slight 2+: Moderate 3+: Marked
Numerals represent the number of animals.
#p<0.05, compared with the control group by Fisher's test.
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BE1 #5%6»RADEK (i)
A, xR, B, ADFLKRIE; C, TBC 500 mg/kg#5-5; D, C DILKE
TBC#% 55 T2 LRzl o @A g Sz, (HEGea)

FH2 %5%6» 8O (i)

A, GPHEEE; B, A D3R, C, TBC 500 mg/kg#x5-#; D, C DL KRG
TBCH#G-HETIE, M ICJHHIE OEEIEBIZE S 7.
LA L, MRS bk h oz, (HESHH)

2B W TR A T~ o Bz 23l 2% & 1, 500 mg/kg ¥ 5-TF o> M Mk C i [ o B g 33
N7z (BE1). 100 mgkgH5HOMETH H5% ARSI FE5H6es» HTH, 1008 L U500
67 HICHBEDF RAA SN, TS DBET mg/kg ¥-5-HE D MERE T AT O BRI A3 B8 X
DEALDRE IG5 H 3B L 06 HRTH S H N(BEE2), 500 mgkgixG-Holfciigutaiz

HAETRO SNz, BOR L7227 v s—HllfghsBig s he.
I DR BRIk 2 b E LT, #5234 AT TR O LML AL L E LT, 564 H
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DRNHRERR DM, GFEIEVERME, TRAE O
ZVEB X O T-FIAE % £ - 72 IS O LR 2%
BITHDHHDD100 mgkgH5-HEOMEE X V500
mg/kg ¥ 5-BE DO MEMETBIZE S L7z,

a8, ¥ R BB X OHEICTBCH
G2k 5 LZE 2 5N LWIRME X ORI 72 52
HWIERDOON Lo 72 NRBI P FEZEZDT,
ZOMDOERE - MRRICEF IO b ho 7z,

ZR

TBCH 5-12 & 22 b & LT, #4500
mg/kg ¥ 58 TR G D S B 5 HAR % 538 U TR
SNz AE OSBRI T H oM IRk -
THZTBY, 100 mgkg 58T b i &l 2k AE
PEZEI N2 L2, HLENEY ORI X
D TBCOENm M LI-eE 2z o it
HREFZAL L U TSR LR o@E s L O
BRI E A R~ o BEMBREIBlIg S, &
MUETBC @ 28 H I AR 1% 53k BR Y B & O
RO G- S AR O R L —F L Tw i
TBC 25 BRIV L CHRBED A U, 2 o UGS
PEZALE L CGRIBEASEE L EEZ O L
ML, BUIES5CL ) IBE CoOBREEbAE S
M52 i3, TBCO%EEERER Clahisc
JEEMEZILIZBIE SN TRV E2 D, BIFK
VHESICHERETAZ Eid e Ez o 72,
MR AR T A MRS E B I A S e o 72
boo, AMERBEZOESHENSER L%
Bcid, hERE X OTHEREO BN AT500 mgkg
BGHCTHRG%3BLU6r HIZROLNTED,
AR U 72 Bk I A T~ o JAERIIE T & 2 BRI
iz & OREYE D % 2 S,

TBC O I D 72D S, Il
T OHMBEBIIEA 1008 X °500 mg/kg % 5-
BECBIgEIN, SHICHEE L2221 ke LT, &
5#%3» Ao SIFEERORN, mEHALT S X
AST 1EMED EH-HY500 mg/kg £ 5-HE O M T
M4 AR E D) OV & 2 3 BE o0 BN 25 17 B o M CRE
oM, FE5H6en ATHRBOZAIBILE SN
72. TBC @ 28 H M #1453k Y <k
ALT B X WWAST @ L 5.7 ENFHReRE & % /R 3 AF
AN L0 o728, Sl BERGICE-T
TBC S HERERE EAZ B E R I T2 LAVRIBE
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7o, Fie, R EELERLAS v oS-l
H500 mg/kgx GHEOMETBILE I N2 L2 b,
IRIMERD AR ¥E D 2 IR T O I AHESE S 7z
A3, M AARAT R R, B B o> s BRI W IC ]
Ifil % 7R3 % LR Pl T O HILIZA S Twi
W, X512, 500 mg/kg R GHEOHETIIPTE X
APTT DMEEDSFED Sz Z & h s, FFREEIC
X0 I e KT O A BB A A U T 2 W] e
b#Ez b

BH-%64r HORBAEIZBWT, 500 mgkgk
HRETIRY 2237 OHE» L B W 258 S
= NS OEAKRO B fiE o FE B AR R A T,
SRERIROZE, R EIRAE, RIS OB
X O T-FIAE % £ o 72 JRANAS ORI SH - I Bl 52
ENTBY, TBCAFIZHREKIK, FrB X O
MR ISR EE RIZTEEZ N, 2o
R 5 & R 2B I TBC D 37 A k5 Tl
B eho/-.

M A LA T, #iR L7z~ o 8%
IRRT B8 A—=F DA, IV AT a— ViR
FEDOBIMA 500 mg/kg ¥ 5- B O HETH5-3 4 A L
Belz, Mo cRkE%er Hicabhiz, &3
L AT O — ) VIEL & 7 O — B3R R 0 8 B
8, i) S WA SRS DS, AREBTALN
7RO NS & OB E CRAET 20 E ) »
BEMTHL. LrL, RIVATE—LVRED
BAINE 28 H R I #% 5k Y © b R
ENTWEIERPDL, AIL2DOFEICZL D TBC
PIRERH I ELZ RIZLTWAELDEEZION
7=.

Wistar 7 v M2 X % 2% H B 5HE kA 5
FEERER Y 2 SRR BB S SN A, SDT v
N O EEFIRE 1 512 X B 18 5 25l 2R T 1L Bl
FENOEBEIIALNT, KRB THHTEIED
S URE EARRSRERD 720 OR T EIc 2 bz 8l
Ba3Nhhro, T/, WHEBH~IZATOT
B SRR TR TBCAVERNIC B W T X b
07 R RS S E S SR Tw AR, M
HEE BB E OERB X OYFH A M 5
ICREIBE S o722 ens, L) EHD
TBCHFEIZ L o THAEHIHRNDZE TR DO
LTwekEz bhz.

L ORI 28 H B BAERE 18 5-35 1k 2k B
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