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CL

Currently formed CL had attained the maximum size
(Figs. 6A-C). The luteal cells had foamy eosinophilic
cytoplasm (Fig. 6D). Most luteal cells were negative
for PCNA (Fig. 6E), and fibrous tissue were sometimes
detected in the center of CL. Previously formed CL were
vacuolated and fibrous tissue infiltration was advanced
(Fig. 6F).

The average numbers of follicles and newly formed
CL are shown in Table 2. Whereas the numbers of all
follicular types and newly formed CL varied, the counts
indicated some tendencies as follows: 1) small and medi-
um follicles were found at constant ratios in all stages; 2)
large follicles of Type 8 appeared at diestrus and reached
a peak in proestrus; and 3) newly formed CL were found
only in the estrus stage.

DISCUSSION

The present study demonstrated that the synchronized
combination of morphological findings in large follicles,
which are follicle stimulating hormone (FSH)-dependent
(Greenwald and Roy, 1994), and currently formed CL is
allowed as the ovary reliable clarification of each estrous
cycle stage. In particular, classification of CL into 2 types
appears very useful for staging. There were no morpho-
logical differences in either follicles or CLs between F344
and Donryu rats.

Our results for the estrous cycle are similar to those
reported previously except for the detailed description
of follicular changes (OECD, 2008; Westwood, 2008).
In brief, in proestrus, the most characteristic feature is
the presence of large follicles of Type 8 (Graafian folli-

cles). In addition, cytoplasmic similarity of granulosa
cells to luteal cells is characteristic of the Type 8 follicle.
The increase in atretic change of Type 7 follicles indi-
cated withdrawal of this type of follicle on the morning
after ovulation. While currently formed CL at proestrus
resembled those at diestrus, they appeared to be much
more regressive. Estrus is the easiest stage to recognize
due to newly formed CL. Confirmation of angiogenesis
in CL in this stage is important to avoid misdiagnosing
them from the edge of the Graafian follicles. A lack of
large follicles of Types 7 and 8 is also a feature at estrus.
Many large follicles of Type 6 might reflect the start of
growing large follicles toward next ovulation (Watanabe
et al., 1990; Freeman, 2006). At metestrus, currently
formed CL typicaly had luteal cells with basophilia and
prominent nucleoli. This morphology might reflect pro-
gesterone production in rats classified into an ultrashort
CL species (Freeman, 2006; Stouffer, 2006). At die-
strus, currently formed CL were still characteristic. They
reached the maximum size and contained luteal cells with
eosinophilic and foamy cytoplasm. CL are not able to
produce active progesterone at this stage (Watanabe e al.,
1990; Freeman, 2006).

CLs with cavities were encountered at metestrus in the
present study. Their interpretation differs between OECD
(2008) and Westwood (2008). Whereas OECD diagnoses
them as ovarian luteal cysts which failed ovulation but
undergoing luteinization of Graafian follicles in young
adult rats (2008), Westwood described them as CL still
containing occasional central fluid-filled cavities (2008).
In domestic animals, CL with cavities have been accepted
not to be confused with cystic follicles or luteinized cysts
(Kenndey and Miller, 1993). On the other hand, the distinc-

Table 2. Follicular and newly formed CL counts per unilateral ovary (a) in F344 rats

Estrous cycle

Follicle/CL Proestrus Estrus Metestrus Diestrus

No. of rats examined 13 B 12 12

Follicles

Small 159 £25® 158 £ 3.3 17.0 £ 2.0 204 £ 44

Medium 22 %05 22 +0.5 2.0£0.5 27 +04

Large © 16.7 + 1.7 209 = 0.1 18.0+ 14 18.8 +£2.2
Type 8 25+03 0 0 0.8+ 0.3

Atresia 10.8 = 1.1 85+ 14 11919 145+ 1.6

CL

Newly formed 0 1.6 £ 04 0 0

(a), the transverse section dissected to obtained maximum cut surface

(b), mean £ S.D.
(c), Including Type 8 follicles
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tion between CL with cavity and luteinized cyst is some-
times difficult in rodents, multiovulated species. There
are various description of similar morphology showing
luteal tissue with cavity, such as CL containing cavities
(Westwood, 2008), luteal cyst (OECD, 2008) or cystic
CL (Yuan and Foley, 2002). In general, luteinized cysts
are easy to distinguish from cystic follicles, which are
very large atretic follicles and reflect impair of large folli-
cle growth. They are caused by many chemicals and hor-
monal disturbances (Bogovich, 1991; Raste ef al., 2001;
Baravalle ef al., 2006). In typical luteinized cyst arising
from failure of ovulation and undergoing luteinization,
the luteinized cells with angiogenesis formation are found
in a thin cell layer or uneven distributed in crescent area
in cows (Kenndey and Miller, 1993) and rats (Tamura et
al., 2009). The rupture of follicles at ovulation is mainly
controlled by progesterone and prostaglandin, and disrup-
tions of these hormones induce unruptured follicles with
or without luteinization or formation of luteinized cysts
(Davis ef al., 1999; Gaytan et al., 2003; Shirota ef al.,
1998; Tamura ef al., 2009; Tsubota ef al., 2009; Yuan and
Foley, 2002). The CL containing small cavities seems to
be normal range in normal cycling rats, because the cavi-
ty will be replaced to fibrous tissues next day, at diestrus.
However, the toxicological significance of CL with cav-
ities remains to be fully undetermined. We should pay
attention an increase of CL containing cavities in treated
groups. Further investigation or information is required.
Sequential vaginal cytology might be very informative to
check ovulation.

Detection of damage to small follicles is very impor-
tant for detection of ovarian toxicity in preclinical stud-
ies. Small follicle counts using single ovarian sections are

challenging and evaluation may be misleading (Meredith
et al., 1999; Bolon et al., 1997). However, FSH-inde-
pendent small and medium follicles (Greenwald and
Roy, 1994) were observed in all sections examined in the
present study and at a constant rate with the estrous cycle
stage. The result indicates that lack or only a few visi-
ble small follicles in a single ovarian section might give a
pointer to alarm for small follicular damage. In addition,
PCNA immunohistochemical staining and microscop-
ic observation of bilateral ovaries are helpful to increase
the reliability of detection. The STP Ovarian evaluation
workshop group (Regan ef al., 2005) recommended a
qualitative morphological approach for ovarian sections
by toxicologic pathologists familiar with normal repro-
ductive cycle as the first tier approach for detection of
ovarian toxicity.

In conclusion, the present results demonstrate that
ovarian morphology are allowed each estrous cycle stage
by combination of morphologic changes in large follicles
and CL undergoing development and/or regression (Fig.
7). In the classification of CL into 2 categories, morpho-
logical changes in currently formed CL appear particular-
ly useful for staging. In addition, a single ovarian section
might be sufficient for analyzing each estrous stage. Our
results indicate that any morphological deviation in fol-
licles and CL from the synchronized combination might
be the first indicator of ovarian toxicity. PCNA immu-
nohistochemical staining is useful to detect small folli-
cles. Vaginal cytology is also informative for detection of
endocrinological condition.

(Proes’rrus ] l Esfruﬂ] Metestrus ‘rDies‘rrus ]

Type 8
Majority of s Type 7
Growing
follicles o\
Graafian Antral
Type of
follicles
absent Type7 Typ€7 8 Typg 8
Currently &
formed CL
Degeneration/ Newly formed  Basophilia :
vacuolation Basophilic Not foamy LZ;i?n/:T.T}W
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/fibrous tissue Jspindle cells p

Fig. 7.
follicles was referred to Pedersen and Peters (1968).
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Non-clinical Data Needed for the Conduct of Microdose Clinical Study

Yasuo OHNO

National Institute of Health Sciences
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Microdose clinical study was introduced to Japan in June 2008 for the purpose of promoting new drug
development. However, the upper dose of the study is below 100 #g and the application of findings to drug
development is limited. On the other hand, the ICH-M3 guidance “Non-clinical safety studies for the conduct of
human clinical trials for pharmaceuticals” was revised in June 2009, which introduces other approaches to
exploratory clinical studies. The guidance describes five approaches (two microdose approaches, one sub-
therapeutic single dose approach, and two up to therapeutic dose range repeated-dose approaches). Because the
highest doses of these studies are limited to within the anticipated non-toxic dose ranges, requirement of toxicity
tests is decreased compared to the classic phase 1 study. The rationales for the reduction of toxicity tests are

explained.

Key words : microdose clinical study, safety test, ICH, exploratory clinical study
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ZRER L B RBEROHRENLEL ST 5.
3) ICH M3(R2)ICEEHiEh/=MD B¢ 77/0—F2
ZOBED, BEDEHIANTVWEHERSNIH
B COBMKRBT, 1 D720 OBEEERS 813 100 ug
DT, EFHED 1/100 DTFTB L UEHED 1/100
UT&&Eh, BHEERIE500pg LTFICHBERTY
5. B, THEIRERH (EBDLIETFESRS
FWHO 6 ELE) ZBRITIT, ZRXSEFTLINT
Wh, —EENREBRE LT, 18 GBE, o)
2B 5 7 HHORERGHEERER (TK -z &)
% FREBRENED 5 \VIZEIRNES- CEBL, mEs
72 B NIRRT & BB & USERR B A
EETHUEND L. BERFEBORE, EEFH
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REBOEM, %6 TICERIEEWE~OR BT 7
U—F 1 DEELHEETH S.

3. HRREUBAEIG S S MR

CHUER DB 5 M R I B & B E
HZzBmLzboThh, EMEAY, FDA®, BXUH
RO MD REBRHAVICHEBEINRTEY, 2RA5EWT
NHFEUHABRTHS. Thbb, WRAEERKRSSE
HERICBWTR, BRSBOHSIMIZ2ABEL, &
HEEoMEME, BE, B, BB XUk
OWTC, HEBIUHMEOEECEELIHTS.
¥/, BULRE BF BREERBIU2:EEOEH
LR THE) I, Ml bERED X O
HHEBEOBREZTY. &b, REARFENHREICS
WTiE, BHERICHERENEI 2T E, SHIE#
BIOBHEROMMTI L CELXARV. B,
HA® MD #Egs Tid, BIRD 2 SHOMHFICD
WT, WEMBENRELZITI L IRkOohTES
T, BEBEWEOREPLHREERICE VT, R
o MM EIRL, EiTAZETIEZIRTY
2% B, BEBHCHSETAORAMIHEN2
BHBIIIEEL, M TE R LA MEREZZEL
72720THh5s. &5 2HMBOBER, EEHEOH
ECEENEZFETA27-0TH 5.

Bt 1 FEEOMIBEOME S vy, WEEEZ R
7)) ZCERT A, SHRBROERICE Y, MR
WEOEREW I T AR AEHSER (NOAEL) B
IUBRNEBRRBELZELT LD, Told~vA 0
F— BGRB8 5 YR EORS-BICH T
5Bt 2 &4, (margin of safety ; @, HA® MD
REBRS CIIARERIEETI00HDL) 2HY T 5.

HTEREEIZOWTIE, MD BB Tl Y5
BHOMD RERICBIT 5 FERSEE L ENTWER,
ICH M3 (R2) #BEICIIHRNESDIRD TS, &
B, YZHEBEYWEO MD RBRICB T AFEREICHY
L, BEERRETZD 1,000 8% HTHFEED
B LNARVGE, M 1,000 8% BIER M ER S
FHERBOLRAZE LTHELZZBWE SR TY
5. :

4. E bTOEDRERESE

b FEMARHEE HEICOWTIE, MD RERigsIC
DT D200 EFREEINTVS.
1) BRIRAE

BB A EBFEBEL D L ITERKERBRE TS

ZEIZEY, b FTORMEHAELZHETHDDT,
FDA OMEHRGEREEDOTA ¥ v AR ERY
INDFZEICE T A 54 ¥ v AN BWCHBRAIRT
w5, ¥7:, EMEA ® MD RERICHT ARV Y g~
R= =9 THRAINTWS. L L, MD RExig
S, TCOFHHEEHL T THRBRATH Y, 1
BEoBwFillELisvwiEvy. 8% H vz in vivo
T—% RU'e MBS E Wz in vitro F— 7 %
THREWICEHE L CHERMMFRESFRTRR AN
i, X0BEOBVWEE] LT, DToOHEIHE
SNTwW5,

2) EYBBRFHERZEDHE

COHER, HROFRE (Co T3
R AR TR (AUC) 2 R ICHETHIDTH Y,
ELLERBATANICOVTIE, BIRBOIEHEFE
BV RLD. Counk BBICHBT L HETE, [
¥, BB COEDRBEE B ARAMPEE
(Coumy) BRD B, IMAEY VNI EHEEIZOWT, B &
L FEOEERMEL, L NTOENRERICBITS
Coax (B MERE Coae) ZHEET B, ZOHE, B
Db FHIMHESY 237 LA L Tl ilesER c3sh
EHEBRTHEREL TS, 2B, BEER BeRlz
NENOERABHANOEFESPARHOBEITIE, & o8
IREEEMELZBEE LEVWBAEOWMEZFEL
IVEWEZHRETS. BIZ, BB A0GAR
BUEEO e MBI AIEES V7 EEEHRE D
LI MIBITAHHAETRE (Vo) HET L. REIC,
B MEE Cond ViORED S, N TCORYNBHER
FHET 5 (MD REBRIgEH | AUC # EHoigEs L
THWAEED, FREIIT).

5. RHARRFRAVERIRAER ICHERIERRRFERICDWLT

1) MD HBRICHELIERRAEROEE

Table 1 IZR L7z X 912, MD REICLER—kE
HHBRGMRREEBZERBOATLIWE ST
5., I, DTIRABRLZEHIZL S,

FEORAIZINZ, B FEIFYWE THIEE S
MD #HABOHEOH 100 TH A5 0.2mg/kg LT D
WHEEAS W, LIS, 2ug/kg BT O#id TCDD
(2, 3, 7, 8-tetrachlorodibenzo-p-dioxin) 8 & O botuli-
num toxin P& TH o 72, 2-20 ng/kg i abrin toxin
& saxitoxin, tetrodotoxin DA TH o7z, 20-200 ug/
kg I& amanitin, dinophysistoxin, okadaic acid, methyl-
phenidate, digoxin, B & O digitoxin DA THo72. &
NHICLB2BHOS I, FlERBEL &, BF
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Table2 BWKSTOHEBOEE (mg/kg)

oo | 1ba | 1a | 1va | W9/E}
Botulinum toxin A* 2.14 81.4 96 44 .86
Abrin A toxin 0.007 6638 948286
Digitoxin 0.071 56 0.5 789
Cantharidin 0.28 1 60 214
Colchicine 0.4 5.886 2.5 15
Methadone HCI 0.5 70 9% 190
4-Aminopyridine 0.59 658 1050 3700 6271
Alphaprodine HCI1 1.4 68 90 64
Arcenic (1) oxide 1.429 40 28
Fluoroacetamide 2 5.75 2.9
Sodium metaarsenite 2 41 21
Thallium (1) sulfate 2.166 35 16 16 16
Emetine 2.941 12 12 4.1
Warfarin 6.667 323 1.6 48
Barium carbonate 11 418 38
Aconitin 28 1 0.04
Chlordane 29 283 9.8
* @ Unit/kg

OHEEZREENRED 5 V3R HEBEREBR THRIET
EL. LAL, MAEYSICHRT S MY VESORD
2iE, BN 2ug/kg DTOHETHNLAY DS,
Tz, R OERBIE TR LAV - B - i
BESICLERSENLILNH L. O XD IR
B A2, MR b N LR
HERRBBZIE, S OHEENREILETH .

kB, HEPHRS O RIREGERRABII LR B
BEHEBEREBICETVTT) T EPHFEINLM,
DA, GLP (Good Laboratory Practice) 1227 ¢
BEEOBWF - PLETHD. B, FIHEEF
EEETRETEEW. T N FFr 09—
THELRZETICOWTIE, RHNDEIANLE NI L
25, MD RS T, [HEWHREGIUIERN M
7% 5 % BAEYPBEES T 5082 MEFE LTV
WL DR EREEOERFTEZELERLABETEICX
LEBERZ R LAEY RS T AHEICDOVT
X, B FOREREIZOVWTOEENLETH Y,
AKHA T/ A ZDFFHEATHILIITERN] &
SNz, ICHM3 (R2) 8t Th [N FF7 ./ nd—
ISAEEMICOWTIE, 445 A, BREREC

B
—

B3 % JEMIR B O E I L T A DR L
hH] LEhi

2) ERBBELANILD 1,000 EETOREBSUERIEH
SFECIRERSNALZWESFTOBET -2 I2Lh
X, MDREBRCTHEESNS 100pug &\ HETEE
REERZHETESTFILEWIFI LAY VWL, ¥
72, Holrt LTbFNOLoFERIIEEFEHEERER
THRHWTELZLOTH S, —F, ROKSGOHEERE
REECOBEROMEAIT 100 E2BR LI L0H 508
(Table 2), %< D%, HEERD 1/100 L5 HE
DHRETCHEEZEMFRIERTELLEbRS. L
L, B bEEWEORBIZ 1,000 %A 2HEERD -
7z fialuridine 2 X ABTEHHI R b H =7 4 F
EDRNZY) Y REROFUSHEIC K X R EMD o 72 CD28
XS A7 T2 A PHAR TGN1412 12 & ) BE L EIE
AZHRBELEER 23D, BTLLEBRRAR
ZHEARBED 1,000 5282 2EHEE TERL 20
LEWoTTFRITELRVWEAELDH A, BWMICHEER
BRAFERT 5727 ThRL, BBRYEHOLFEECTEHE
TEROR#Z +oER L, LHEIS U TERAER SR
BROFERP b HEERRZ AW mE, EEEROE
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ELLTORMER b &0, BRFNERLEICLE
BTHWTALEND B,

L2L, b CoHEEZEFICTHEL, shEfFE
LTBL DI, %5, BEhsENHHELILE
LTHELZENRET LW, —7, HEXRSHEERBRO
WRIZBMEOL L LT, BIMORM, ERMREC
FYRELESEDLTEDPMONTWES, IRHD
b, B MO TRE T 2R OIRE KA 55
HREOREHEIIL FRBTORZEED 1,000 5%
THRGTAHAZENRDOLNZDDTHD. ZOB, &
ARG CTORBEEB D ICHRERBERE CHRESI NS
2, BRARE DS IFERETEHE SR A,

B, BRNRSRBO/BRLE, BORSOEREL
B, e bANOFHHRLIIEVEZEZORLZ LM
5, ICHM3 (R2) $géI CRERMKGHBRTIT) 2 &
bERE SN

Fialuridine (FIAU) O#ZB&

NIH 7584 BRI ABER L LTHBLL OT, £
BE CORB I, B OBES, HE~OFEIIRS
bIhhoizl e, 199343 A2 5, 0.10-0.25mg/
kg/day 24 E#HE, 128 ICBE Lo Tunra—
T6HABKRRAEE LROBBTHBLALLZA, 138
T lactic acidosis (LA) L FFAREVERFEIL, 7 ZILEST
W LA, BEE/L FBREELEZEL, 3£LPREONS
Has Lz BEL NEEE SERELREL, BE
ik L7 FH4E6-8 BOMIZ, I BREETS 2%
L, 2% LY.

MBRATRIFOBIEENED o hz2%, FFizos
FRTEER LI b THTH oA, BFHEMENE CIFHIN
DI bay FYTEREERBERFBO LN, —F
Richardson & (1994, 1999) ™22k hid, ¥EF—F X Y
EORS CoORKHE MTD) E5 v b 70 HEKRS T
510 mg/kg/B, 4 X 90 BE¥#%5C3mg/kg/H, ¥V 30
HE#&x5 T2 mg/kg/HEHEL TS, T2, Fv M
500 mg/kg/day % 90 HFE, v v FF % v 712 7.5 mg/kg/
day = 90 HH#EE LT B WEOA LARD LR
ol Thbh, RERSTOBEERIZLIET Y M E
DLBCIZ 2,000 E, 4 XETIRI0MBLE, S ET
X10048, 7y FF v v 7 TR 0EDLEOERS 7.

FOBOEIZE Y, FIAU I hENTL BT b
aY FYTHICEZE ISR A, <7 X ENTL X FIAU %
T A, Ibary Y 7RSAHET, vy AFESS
AMLAZI Py FYTRFIAU ZERLRWT & 05H
LR,

3) FIEAMBROMLERIEH
—REBFUERBRTRLTLOIRASI N VEEND

5. 22T, BEERPLEBESOERBHFOBRICITIE
P o—HREERNR (ZeUFHoRE®RAL, ek
IARE L HIER) OERBIRD SN TV, MD R
BROFEHRIC, TRTOREMRBEBRLZIZT 8T
BLZERBLTLLDETIERWD, Bk in vive/
in vitro RERIZ L D, WHHEENICHEE L -EBERS
BnpSiF 2 WEEERLZ L2 RN, HBRWEOELS
BHERHICOWTHLPIZLTBLLENDH L. F
7z, BIEBEEEZPALILLTBLL LI VETHS.
CHIEMD RERICB T2 REHAEDORERLHEEEH
DIEREL LTHNLBEMER 2 T T A0 R I
. 72, COERBTERERARBEOEELTFHCE
i, BYAEHEGRBREWEDORIRICLET S,
ICHM3 86+ TH, M, 188, PRMER~NO/EH
PEMCESTEIREETHLI RS, & MW
DTHEGT AR, FROITHT BB EOER %
FEWEBEABE LTGLP TTERT AL & 2KD
T&72. —7%, TGN4I2 OFRABR CTTFH T hEE
HREENEE L7222 2, EMEA (2007) 9
M REBEESERED DI MABEL (Minimal Antici-
pated Biological Effect Level) #E2 #1272, ZhiZ,
TRCOFFEWREL: in vitro B X U in vive @ PK/PD
F=FERETFTY T ITU—FTT LD, LEILE
T, REREFHEA L CHEHSEBZRETHHDT
Hh INEBLELZRPK/PDF—%E LTI BB
LUOEY EWREBEEOENHRE Bz 1) in -
tro DEWENA~OWREL L USEREEF— ¥, 2)
in vitro ME-FUSMT— 7, 7, #EYLEWET
D 3) invivo REB/BBE-FILBHET—%, BLU4)
HHEHARARTORBT—IPBITONT VWS,
TGN1412 ot b T MBREERE OB/NERhIRE (0.1
ng/mL) ®FHFIFET DL, HET70kg DBUTHHE
5213 0.003mg/kg & 5. INICRERELE
BL, SHIEWERARTITIRETHoLE &N
TWw5®, ICHM3REPETIE, FBEEA%Z invivo B
XU VERZE T invitro BREBSRTHE L, PK/PD
BfREZELCe M CORBEHEIBELEEL,
FNICREREZ MR L CHERS B2 EDLE L
D%z 56, ICHM3 (R2) 88 Tid MD RERicBw
Td, invitro TOENIELLZEZBE~DELE
EEHOPLOTARDL I LI ARMEN LT T ¥
AV Z & FoTBLL I, F/z, EBHEEY
ETFNVERCCEREROBRBZHLMITAZ L
HEIEL /2
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Table3 BEHFEAMWOBKRHEFEEE TORFEE (vg/day)

2 B B M
i 2H-14 8 14H-1H 1H-3A8 3A-6H 6 H-12 B 12AME
Miiller et al (2006) 120 120 120 40 20 10 1.5
FDA % (2008) 120 120 60 20 10 5 1.5
EMEA Q&A (2008) 120 60 60 20 10 5 1.5

TGN1412 OFREE"®
TGMI412 XA : BEREEBKRELTENET S
CD28 7 IT=_AMEBA*2ETAE) 7 a—FVHEKETH
Y, A=A FNTE0me/keg # 4 BEERS L CHARNH
BEDHLNTZ Eh b, 20064 3 B 13 HO FIM BRAR
L CREEEEE (64) 120.1 mg/kginfusion (%5813 MD
RKEROM 50 15) %, ERCEDTEELEERABREL

7. Cytokine release syndrome or Cytokine storm (%2,

BILE, £HEHAE) Thh, ERRBETZTL.

4) BEFERRICOVT
BEFBERBRIE MD HBICERS TR, C

X, BHBAWE TD Threshold of Toxicological Con-

cern (TTC :1.5ug/human/day, # 30 ng/kg/day)
UTOREIZOWTHE, —BICEFPADBRSIIERT
XBEENTVABZLIZLB™®), 72721, aflatoxin-like
compounds, N-nitroso-, azoxy-, steroids, TCDD-like
compounds {2 2WTiE, 0.15pg/day/human Td 4
EERT A EREPAVAZFV/ICL B ONE
LaL, ERFIZBWTIE, X274y bb#E)
L, EEIX 27 %2 /ICTHH T 200880 TH
7Y Fi:, TTCHEBBEOSRET (EHMEREE,
AR IR, BERORMY, EWEN, O ORE)
Tk 1.5pg/day B ETHRWEEZ H5NZY. 22
T, Miller 5(2006)?13) A2 FREBRICHHATZ L
D# 7 R & L7 Linear extrapolation model 12 &
DERERVFAVAZ % I/ICICR-2F F, BB
&L 72 (Table3). %72, FDA® % EMEA™IZ L&
WCARRESEAREE 2 Bk U 72 263 2 /R0 L 7225, ICH M3
OWE 7V —7TIZ FDA D% RAL, 5HF T
KAER S ThE, 100 ug DERGPFFE S NS LT
L72dDTh5.
6) BFTRESMERERICOWVT

BRI DWW T, MD REROFEHETICEHE L
TBLBERD S, 12721, BmEatrZE L, &K
LBV ERE PEMT A 720, HRIRELELE Y 5% R
BT ARG RETOBIEIC X Y BETHEEOFHE AT

l/)m)

EChE, SO THEBEERT 5 LE . ICH
M3 (R2) &8t TdH, MD REROFICEET 5 2 & &4
FTLORDTWARW, 72720, HROBEZEHRT S
BEIE, BAORMBEZFMETRE L EN TV A,

6. € D1t

BT ERAE A a5, BatRERo LV
L EDREWICHET Az BRI T LTBLLE
& 5. Accelerator Mass Spectrometry (AMS : il
WEEBHWE) 2HV MD BT, BEHEE
BEHREERILECTED N EET PE LD,
ERRT—72B5Z PR THS. F72, BB
5B #% 4 (ICRP : International Commission on
Radiological Protection) = X %1% (ICRP 1990)®C
REN: [RAROEBBIEHRERE] YT TE
WRRECH B, 72750, TUERBEEL#ET,
ZITANTL S S DIiE, ML LAEZZRERIC
B CHEYLREE/ ReEWFMEIT) iy, &
Bra ERICERT 2 BMiPHBRE 0Z2EICOVwTO
BAEFBRLTENET L,

NA FEEGE~OBAICE LT, FDA (2006) ®
e 1c L hUE, 30 nmol Tk 51F, AWEANIOW
TH MD BB EEATERETHS. L L, ZORMIL
AHEHETHY, ThUTORETIHRVWELZHTE
FERILH DD, 2T, MD REBIH T [£Y
FHSRELT SN T 722 5 S8R E-3 5 15
BHRMEON TRV OR ERROEER L IZE
CELZLERABFR L 2EBIERLIFLALEYE
BE5THHAETOWTCE, BN EoREREFICON
TOERPLETHY, KHVAF VA2 20% FEH
THIEETERW JELAEDDTHS, LrL, &
g, HFLdThSoWEICOWT MD REE iz
BRELTVWELDTIERL, 2ORERIZOVT, &
ERERPEHYEOREE THER LAY ZT, LY
BELREBERToNZIZTERMT AL L ERDIZD
D, Lal, BEOEERFROS (DS, N FEE
mCHAHILEEETHEL, ICHTOEHRERTZ,
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ENOORBOBVENFIREZRTLEN DL, 2B,

RTF K« 77 ED MD REOERICOVTIL,
EH LY ORFEBRINI V.

7. BbHi)IC

TA KT A o TYER S N FERR AR O R

2EIICHATILE, SHEPCBRZITEZY I B4
DOFEEZFRALY B, LAL, TRTOWEIZOWT,
v NCOFENLERICFHTLIZERTE W, £

o
s

Bz RV ERRZEMRERTIE, Ihilt,

BMEBRZTo TOHEMAIBOAEVEVI R
RddHn. BRI, BREBRICLERIERRRBRD

R, HBRWHORECREHE,

7, HBRED

LA NBIS LRV A ZERA 74y bP2BIRLE
Mo, BHOBEREIDTHAH. 72, ERIBELNL
WK, FEERR T — 7 Ick O %, REWEEAL 245,
BEMIIThbRAREDDTH B, 22T, ICH M3
(R2) OYENCHBLTIE, FHERABLDI I VT

BARTICHIZY, BRBBRESRT,

I, MAEVH 5

FTIE R, ABRIH, WREBREL RROMEIC
LYRp3hiz.

D

2)

3)
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5)
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X |

EAGHEEEERRFLEMERMM (2008) [v4 70 F—
ABRBBOERICET 254 ¥ 2] (EREFEEFE 0603001
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SUMMARY

This paper investigates an appropriate statistical design for an animal experiment to evaluate synergism of two
test chemicals. It assumes a certain number of animals are divided into groups, each of which is treated with a
combination of dose levels of two chemicals. A design is identified by the set of group size for each combination
of doses, including the case where the dose of either one chemical is zero. The power of 7-test to detect synergism
by positive surplus of response on a simultancous administration group from the additivity plane composed of the
responses on single administration groups is adopted as the criterion for the appropriate design. The applicable
design is investigated for the application to real cases of endocrine disrupter study conducted at the National
Institute of Health Sciences of Japan.

It revealed that the dose level of the simultaneous administration group should be located inside or on the boundary
of a triangular region and that the total number of animals should be the same as those for single administration
groups. Copyright © 2008 John Wiley & Sons, Ltd.

KEY WORDS: additivity; animal experiment; experimental design; endocrine disruptor; synergism; triangular
region

1. INTRODUCTION

In the past, environmental pollutants were regulated according to individual effects. However, recently,
there has arisen the problems of combinations of complex pollutants, and regulations that address
synergism have become necessary. As aresult, experimental researches have been conducted on pollutant
synergism. The investigation by Kanno, one of the authors (Kanno ef al., 2001) on the synergism of
endocrine disruptors, using the rodent uterotrophic assay, is an example of such researches.

In our experiments using multiple test substances, dividing animals such as rats into multiple groups
of single administration and simultaneous administration, we estimated the response when there is no
synergism based on the response in the single administration group to investigate whether the response
in the simultaneous administration group exceeds the estimated response.
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For the data analysis method used in this type of animal experiment to investigate synergism, Kelly
and Rice (1990) proposed a method to evaluate the dose—response curve by smoothing method. Gennings
and Carter (1995) and Gennings et al. (1997), on the other hand, proposed a method to evaluate synergism
by using a model in which the response becomes flattened when there is no synergism. Using a similar
plan to that of Gennings er al. (1997), Matsunaga et al. (2003) proposed a method to evaluate the
difference in the responses with simultaneous administration of two substances from those estimated
by applying an additive model to the data of single administration of each substance. They applied their
proposed method to the actual data analysis. Other data analysis methods are also cited in Laska and
Meisner (1989) and Machado and Robinson (1994).

For the experimental design evaluating the synergism, Hasegawa et al. (1996) proposed the
experimental design of animal experiment for five or ten chemical mixture, and Straetemans et al.
(2005) investigated a fixed-ratio design on in vitro study. Abdelbasit and Plackett (1982) and Tan et al.
(2003) are also related to this issue. However, the situation of these researches differs from our case
study. Our interest is limited to simply checking whether the effects of the chemicals are additive or
not. And in the animal experiments, some assumptions and limitations are generated for the applicable
information and experimental conditions.

In this kind of research, we thought that the problem of the experimental design is to determine
appropriate dose levels for simultaneous administration and to select the appropriate number of
animals for allocation to the dose levels. However, in the past research, the research directly related
to this problem by the animal experiment was not found. Accordingly, based on the analysis methods
proposed by Matsunaga et al. (2003), we investigated what type of design would be appropriate.

The paper is organized as follows. Section 2 introduces the conditions in the case study that motivated
this paper, while Section 3 formulates the issues. Section 4 derived the appropriate design corresponding
to the case studies dealt with this paper. Finally, Section 5 provides Conclusions and Discussions for
future issues.

2. MOTIVATING CASE

According to the World Health Organization, an endocrine disruptor is defined as “an exogenous
substance or mixture that alters function(s) of the endocrine system and causes adverse health effects
in an intact organism, or its progeny or (sub)populations.”

The effect of endocrine disruptors is not stimulated directly at the site of the adverse effect, but is
mediated by the signal and occurs through nuclear receptor. Furthermore, there is more than one signal
transduction system in humans and animals. Because nuclear receptors and transcription factors are
redundant, there may be an interaction between different pathways, which leads to possible synergistic
endocrine disruption action. Here the definition of “synergistic” is that if two chemicals produce the
same endpoint, they bring about a larger response as compared to the anticipated response when these
chemicals are purely added. Consequently, it is very important to realize the synergism between two
endocrine disruptors such as “Genistein” and “bisphenol A (BPA)” through animal experiments for
explaining the mechanism of action.

Both Genistein and BPA bind to estrogen receptors and elicit estrogenic responses to an organism
including uterotrophic responses. Genistein is a phytoestrogen found relatively abundant in soybeans
and its derivative foods. BPA is the basic monomer of polycarbonate plastic and epoxy resins widely
used as a lining for food and beverage cans, in hard plastic baby and water bottles, toys, dental sealants,
etc. It has been reported that BPA monomer can leached out to food and drinks especially when the
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polymerization process is incomplete and/or the plastic is aged. These two estrogenic compounds can
be found very commonly in our food environment. Therefore, it is of great importance from the point -
of the safety regulations to examine whether the combined effect is additive or synergistic.

For the experimental design of the research based on this background, some assumptions and limita-
tions were generated for the applicable advanced information and experimental conditions. In the inter-
ests of simplicity, when explaining synergism research for two substances, the limitations are as follows.

First, before conducting the experiment that investigates synergism, advance knowledge can be
obtained to some extent on dose-response curves for the single administration from preliminary
experiments using each substance. Therefore, if the dose-response curve is nonlinear, by appropriate
transformation of variables for the dose and response, it is possible to assume the dose-response curve
to be approximately linear.

Second, the maximum dose of each substance used in the experiment is limited. We, for example,
recognize in our experiments that the signal transduction system amplifies the signal at significantly
smaller doses as compared to the dose used in normal toxicity studies. Other toxicities appear with
higher doses, so that the endocrine disruption effect to be investigated is concealed. Because these
maximum doses, D4 max and Dpmax, generally can be obtained through preliminary experiments, the
range of dose levels used in the experiments can be limited.

Third, because various kinds of test substances are to be investigated, the number of animals, 7, used
in each experiment is relatively small. In our actual experience, the number of animals is approximately
40-50.

Fourth, the fundamental form of the experiment for investigating synergism is roughly decided. In
an experiment using two substances A and B, we set single administration groups of Gog (at a dose level
of 0), G a2, and G p; (at the maximum dose levels of dg2 = D gmax and dpy = D pmax, respectively),
and groups G 41 and G g (at the middle dose levels of d4; and dp, respectively), and administer the
test substances after assigning the same number of animals n; in every group. Independent of this, we
set one or more simultaneous administration groups of G 45 with dose levels of the two substances at
d 4 and dp. We measure responses by performing the experiment with this type of design, and estimate
dose-response curves by forecasting synergism from the single administration group to confirm whether
the response obtained in the simultaneous administration group is larger compared to that estimated.

Fifth, the observed response is usually quantitative variable such as the uterine weight of rats, which
gencrally shows normal distribution, because it is difficult to define the additivity/syncrgism for the
response in qualitative values.

Under the above conditions, what should be questioned for the design is what the most appropriate
dose for simultaneous administration is, and whether to have more or less animals for the simultaneous
administration group as compared to the single administration group. In order to obtain guidelines
for these, this paper generalizes and formulates the above mentioned problems to make numerical
evaluations under some conditions.

3. FORMULATION OF PROBLEM

3.1. Definition of synergism

In order to simplify the discussion, hereafter, we assume that there are two test substances denoted by
A and B.

There have been many discussions in the past for how to define the terms additivity, synergism, and
antagonism. Synergism is not defined unconditionally (Hewlett and Plackeit, 1959; Berenberm, 1989).
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Table 1. Difference between factorial design and triangular design

Dose of A
Dose of B dao da dgs
(a) Factorial design
dpo 1) @ 3)
dpi € (6) N
dp (5) (®) &)
(b) Triangular design
dpo H (2) (3
dp €] ©)
dp &)

Single chemical is administered at (1)—(5), whereas combination of two chemicals is administered at (6)—(9).

In fact, in the general remarks of these studies, many ideas are introduced for discussing synergism such
as “independent joint action,” “potentiation,” “simple similar action,” “complex action,” and “dissimilar
action” We will first explain the definition of synergism that is adopted in this paper.

From the standard statistical viewpoint, the dosages set certain dose level for the respective two
substances as shown in Table 1(a). If the response at the simultaneous dose level is the sum of the
effects generated by single substances, then the effect is considered to be additive. On the other hand,
if it is large, there is a positive interaction and the effect is synergistic.

However, with toxic responses like endocrine disruption action, this point of view is not appropriate.
Because, for this toxic response, as pointed out by, for example, Hasegawa ez al. (1996), it is impossible
to establish response linearity at doses that exceed the maximum dose for the respective substances,
and thus it is impossible to determine whether a positive interaction is attributable to synergism or
nonlinearity. There{ore, the [ollowing definition that expresses the tenets of Hewlett and Plackett (1959)
by isobologram is adopted in this paper.

Label the expected response at dose d4 and dp (doses for A and B) as f(d4, dg). Also, label the single
administration dose of A that results in an arbitrary response E as Dy, so that (D4, 0) = E. Similarly,
label the dose of substance B that has expectation E as Dp. In the cases that motivated this study, A
and B generate their responses in a similar stimulation process, the expected effects are proportional to
the doses of A and B, and the effects of the two substances are additive. If these conditions hold, then
f(da,dp) = E whenever (da, dp) satisfies Equation (1).

d i
da 4B _, 1)
Dy Dp

The reason is that because a combination of dose levels like this represents simultaneous
administration of A and B at an arbitrary ratio, using the amount that brings about a response of the
same magnitude. If a response of magnitude E is consequently generated as expected, there is no special
combined effect between the two chemicals. In this paper, when this relationship holds, the effect of
the two substances is additive, or the two substances satisfy additivity.

On the other hand, if the two substances generate a synergistic response in different stimulation
processes, it is considered that f(ds,dp) > E is established with respect to an arbitrary (dg, dg)
that satisfies Equation (1). In this paper, when this relationship is established, the two substances are
synergistic, or satisfy synergism.
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3.2. Terminology, notation, and assumption

The two-dimensional plane by plotting d4 (dose of A) on the x-axis and dp (dose of B) on the y-axis
is referred to as the dose plane, and the three-dimensional space by plotting the response on the z-axis
above the dose plane is referred to as the response space.

In the experiment, the response is measured for each individual animal. The response that is measured
is called the response variable, and is generally expressed by the symbol Z. The response variable Z
measured for each individual is set as a random variable that follows a normal distribution independent
of other individuals. Since it is assumed that the endpoint is organ weight as a target for application
in the case study, such as endocrine disruptor study, it is considered that the assumption of the normal
distribution is empirically valid. When the dose of the two substances administered is (d4, dg), the
expected value is E{Z} = f(da, dp).

For single administration, that is, when the dose of one test substance is 0, Equation (2) can be
assumed concerning the dose—response curve f.

f(da,0) = iy +daBa, f(O,dg) = fo +dpPBs @

This assumes the dose—response curve for single administration to be linear. With this assumption,
f(da,dp) is expressed by Equation (3). The two substances are additive if the hypothesis Hp of
Equation (4) holds, while synergistic if the hypothesis H; holds.

f(da,dp) = Bo+dafa+dpBp -+ A(da,dp) 3
Hy: A(da,dp) =0, Hy : A(da,dp) > 0forall (da,dp) @)

The value of the dose used in the experiment is called the dose level, the collection of animals allocated
for the dose level is called a group, and the number of animals for each group is called the group size,
and the dose level of the group on the dose plane is called the group point. With this terminology, it is
defined that “design is the set of group point and group size.”

For numerical evaluation described in the next section, five groups of group size n; for single
administration and one group of group size n,, for simultaneous administration as described in Table 1(b)
are assumed as the design. For the single administration group, the group points are set to be (0, 0),
(da1,0), (da2, 0), (0, dpy), (0, dpp), and the response variables are distributed as normal with variance
o?. For the simultaneous group, the group point is set to be (d4, dp), and the response variable is
distributed as normal with variance 2

Let the sample mean of response variable in each group be Zog, Z41, Za2, Zp1, Zp2, and Z4p,
respectively. It is assumed that Zgy, . .., Zp2 are distributed as normal with the mean of Equation (2)
and the variance cr?‘ /ns, while Z4p is distributed as normal with the mean of Equation (3) and the
variance a,%, /1.

3.3. Criterion for the appropriate design

As criterion for the most appropriate design, it is natural to use the power in the hypothesis test of “Hy
versus H;." Because the model is a linear model and the hypothesis is a linear hypothesis, a one-sided
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t-test (or Welch test) with Equation (5) is naturally set as the test statistic.

>

T =

©)

=

(A

~—

Here, A is the least square estimator of A, and the denominator of the statistics is the square root of
the variance estimator.

The critical value of this test statistics is #(v, «), the upper 100« percentile of the ¢-distribution with
degree of freedom v, and the test is a one-sided test. In other words, A and B are judged to be synergistic
when T > (v, ).

This test, in short, detects the synergism when there is a statistically significant difference between
Zap and the estimate obtained from the single administration groups assuming the dose-response
surface under Hy.

4. EXAMPLES OF RECOMMENDED DESIGN

4.1. Real examples motivated the problem

We conducted many experiments and selected endocrine disruptor study as case study. This
study was performed using triangular design such as Table 1(b). This design consisted of seven dose
groups which included five group points for single administration and two group points for simultaneous
administration. The endpoint was uterine weight gain and the main purpose was to evaluate whether
the combined effect was synergistic or not. In order to explain the characteristic of the data, we took up
two real examples. The details of these data are as follows.

Example 1. Chemical A: genistein (mg/kg), chemical B: BPA (mg/kg)

. Group points for the single administration: (da, dp) = (0, 0), (12.5, 0), (25, 0), (0, 35), (0, 70).
. Group points for simultaneous administration: (d4, dp) = (6.25, 17.5), (12.5, 35).

. Group size: ng = 6, n,; = 6, n = 42.

. Mean = standard deviation of observed values

DD

(da,dp) = (0,0):84.0+7.1

(da,dp) = (12.5,0): 111.2+9.3, (da,dp) =(25,0):149.5+£33.7
(da,dp)=1(0,35):138.4+16.2, (da,dp)=1(0,70):181.0+24.4
(da,dp) = (6.25,17.5) : 141.1 £ 114, (d4,dp)=(12.5,35):180.2+26.8

W

. Estimated value of A: 15.6.
6. Result of r-test: Significant in one-sided Welch test with significance level 2.5% T = 2.19, v = 19,
p = 0.02.

Example 2. Chemical A: diethyistilbestrol (j1g/kg), chemical B: genistein (mg/kg)

1. Group points for the single administration: (d4, dg) = (0, 0), (0.1, 0), (0.2, 0), (0, 12.5), (0, 25).
2. Group points for simultaneous administration: (d4, dg) = (0.05, 6.25), (0.1, 12.5).
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3. Group size: ng = 6, 1, = 6, n = 42,
4, Mean =+ standard deviation of observed values

(da,dp) = (0,0): 91.2+16.2

(da,dp) = (0.1,0):923+£9.7, (da,dp) =(0.2,0):96.5 +5.4

(da,dp) = (0,12.5): 1654 £27.0, (da,dp) = (0,25) : 220.8 £ 27.5

(da, dp) = (0.05,625): 1418+ 12.8, (da,dp) = (0.1,12.5): 183.5+ 10.3

5. Bstimated value of A: 19.5.
6. Result of r-test: significant in one-sided Welch test with significance level 2.5% T = 3.98, v = 31,
p < 0.01.

From the above results, we suggested that the combinations for these two agents were synergistic.
The synergism was observed in the real situations such as endocrine disruptor study.

4.2. Recommended group point selection

The example introduced in the preceding section has two simultaneous administration groups. In this
section, we investigate the most appropriate dose level among several dose levels in the case of one
simultaneous administration group. The conditions in the investigation are as follows. The conditions
are set pursuant to the example in the preceding section except for assuming o = 1 without losing any
generality.

4.2.1. Fixed condition.

1. Group points for single administration: (d4, dg) = (0, 0), (1, 0}, (2, 0), (0, 1), (0, 2).
2. Group size: ng = 6, n, = 12.

3. Parameters in the dose—response curve: o = 1.0, 4 = 1.0, p = 1.0.

4. Variance o2: 02 = o2, = 1.0.

5. Nominal significance level of t-test: one-sided 2.5%.

4.2.2. Varied condition.

6. Group points for simultaneous administration: d4 = 0.1(0.1)2.0, dg = 0.1(0.1)2.0.
7. Strength of synergism A:

Case 1 (constant case): A = 1.0

Case 2 (square root case): A = 0.8./(ds + dp)

Case 3 (linear case): A = 0.6(d4 + dp)

Numerical calculations were performed to calculate the power under the above conditions. The
left-hand side of Figures 1-3 shows a three-dimensional display on the vertical axis above the
dose plane of the power in Cases 1-3, respectively. On the other hand, the right-hand side of
Figures 1-3 represents power functions when d4 = dp at the dose level for simultaneous administration

group.
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Figure 1. Power surface on the (a) dose plane and power function on the (b) dose for a simultaneous administration group
with a constant surplus case (Case 1)
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Figure 2. Power surface on the (a) dose plane and power function on the (b) dose for a simultaneous administration group

with a square root surplus case (Case 2)
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Figure 3. Power surface on the (a) dose plane and power function on the (b) dose for a simultaneous administration group
with a linear surplus case (Case 3)
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According to Figure 1, the power is high when the group point of the simultaneous administration
group is within the triangular region and the power is low when it is located outside that region.
Consequently, the design to evaluate synergism should have the group point within the triangle region.
Figure 2 shows the power reaches a peak near the boundary of the triangular region and decreases apart
from the triangular region as the dose increases. In consequence, the group point should be located on
the boundary of triangle region. Finally, according to Figure 3, the power achieves the steady state on
the boundary of the triangular region and reaches a peak slightly outside the triangular region when A
becomes larger linearly as the dose increases. In numerical example, recommended group point in Cases
1-3 is, respectively, (da, dp) = (0.6, 0.6), (0.9, 0.9), (1.4, 1.4) and the power is 81.4%, 80.4%, 88.4%,
respectively.

The sensitivity analysis was conducted to investigate the usefulness of location of the group point in
the real study, such as two group points {(d4, dg) = (0.5, 0.5) and (1.0, 1.0). In this section, only group
points for simultaneous administration were changed in the following way and all other conditions were
the same.

4.2.3. Group points for simultaneous administration.

(1) (da, dp) = (0.6, 0.6) (recommended in Case 1)
(2) (da, dp) = (0.9, 0.9) (recommended in Case 2)
3) (da,dp) = (1.4, 1.4) (recommended in Case 3)
@) (da, dp) = (1.0, 1.0) (on the boundary)

(5) (da, dp) = (0.5,0.5), (1.0, 1.0) (real study)

Here, the total sample size for simultaneous administration groups is fixed in all group points (1)—(5).
Then n,, for two groups’ simultaneous design such as (5) is half of that for one group’s design.

The numerical calculation was conducted under the above conditions. Table 2 summarizes the
reduction of power from a recommended group point. When the group point is located close to the
boundary of the triangular region, the reductions of power from a recommended group point are small.
Furthermore, in the situation of real studies, the loss of power is negligible compared to that in a
recommended group point. It is considered that the configuration of the group points in real study is
reasonable from the statistical viewpoint.

4.3. Recommended group size

In this section, under conditions in which the total number of animals is fixed and the effect sizes
are varied, we investigate the group size of the simultaneous administration group that maximizes the
power.

Table 2. Reduction of power from a recommended group point in three cases

Group point Case 1 Case 2 Case 3
(d4,dp) (constant case) (square root case) (linear case)
0.6, 0.6) 0.0 -10.2 —34.7
(0.9,0,9) -7.3 0.0 -9.3
(14,1.4) —-34.6 -9.7 0.0
(1.0, 1.0) —-12.2 —0.4 —5.1
0.5,0.5), (1.0, 1.0) -2.0 -2.6 —19.7

n,, for two group points is half of that for one group.
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