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4. No quantitative specifications have been presented to control when reprocessing will
» occur, that is; if the actives/inactives are too low/high. A maximum and minimum limit
should be specified at which no reprocessing occurs, for both actives and inactives.

5. An in-process test should be developed to measure for completeness of
solution/presence of microscopic particles in solution. USP test <641> would be
appropriate. a

6. The to-be-marketed formulation W1133-M-08-A contains al pverage of 4-
hydroxyanisole. Overages for losses during manufacturing are acceptable provided a
rationale is presented; however, overages are not allowed for losses during storage.

7. The photostability studies, which resulted in the label statement "store in carton", were

performed under ambiguous conditions. The Photostability studies should be
performed according to ICH guidelines.

PHARMACOLOGY/TOXICOLOGY:

If a comparison of the impurity profiles between the new and previous suppliers of 4- s
hydroxyanisole reveals new unqualified impurities, it may be necessary to perform additional
testing prior to approval.

CLINICAL:

1. Safety concerning cutaneous adverse events needs to be demonstrated in population
subsets other than Caucasians. This is important information for labeling.

2. Lack of data concerning| ) given the different
mechanisms of pathogenesis of these lesions, would preclude its addition to the current
indication.

Since the time available to complete the review of this application is limited, we will appreciate
your prompt attention to the above issues. A final action on this application will follow the
resolution of these issues, or may follow at any time if it becomes clear that all remaining critical
issues can not be adequately resolved within this review cycle.
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If you have any questions, contact Frank H. Cross, Jr, M.A., CDR, Senior Regulatory
Management Officer, at (301) 827-2020. You are encouraged to discuss with us the issues
identified above before investing resources in additional studies.

Sincerely,

13/;_3/:?_%’

Robert DeLap, M.D., Ph.D.
Director

Office of Drug Evaluation V
Center for Drug Evaluation and Research

APPEARS TiIS WAY
ON ORIGINAL




o

.

v

Public Health Service

. ‘-
-/@ DEPARTMENT OF HEALTH & HUMAN SERVICES
} = Food and Drug Administration
: . Rockville MD 20857
Date: December 1, 1998 DEC (o=
To: NDA 20-922 file . .
/S/ 1 D%

From: William C. Timmer, Ph.D4
Review Chemist, HFD-54

Through: Wilson H. DeCamp, Ph.D. N
Chemistry Team Leader, HFD-540 I W

Subject: Addendum to Chemistry Review #1, dated 13-Nov-98

This addendum concerns the CMC issues presented on pg. 4 and again in the 'Draft Letter
to the Applicant ' (The CMC issues are identical in both places in the review).

The CMC issues are to be re-grouped into two sections: NOT APPROVABLE and

APPROVABLE.

NOT APPROVABLE:

No information regarding the manufacture of the 4;hydroxyanisqle drug substance was
available. Manufacturing information must be made available for review, whether it is
“ included in the NDA itself or incorporated into a drug master file (DMF).

The container/closure DMFs were reviewed and found to be deficient. ) The DMFs are:

. 15MFD, held by the{_ J{for the cap, wiper,
applicator rod and tip.
Jfor the high-density

DMK Jheld by{

polyethylene bottle.

APPROVABLE:

A range should be specified for the quantities of the individual excipients of the drug

product.
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Bristol-Myers Squibb

No quantitative specifications have been presented to control when reprocessing will
occur,; that is, if the actives/inactive are too low/high. A maximum and minimum limit
should be specified at which no reprocessing occurs, for both actives and inactives.

An in-process test should be developed to measure for completeness of solution/presence
of microscopic particles in solution. USP test <641> would be appropriate.

The to-be-marketed formulation W1133-M-08-A contains C]overage of
4-hydroxyanisole. Overages for losses during manufacturing are acceptable provided a
rationale is presented; however, overages are not allowed for losses during storage.

The photostability studies, which resulted in the statement label "store in carton" were

performed under ambiguous conditions. The photostability studies should be performed
according to ICH guidelines. -

cc: Orig. NDA 20-922
HFD-540/Division File
HFD-540/Division Director
HFD-540/PM/F Cross@ Directiomo ‘(\W:e

HFD-540/MO/DCook v
HFD-540/Pharm/ANostrandt

HFD-540/BioPharm/VTandon

HFD-805/Micro/PStinavage

HFD-540/Chemistry/WTimmer

HFD-540/ChemTmLdr/WHDeCamp

HFD-830/DD/CWChen
HFD-830/DDD/BDunn
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Printed by Frank Cross, Jr.
Electronic Mail Message

Date: 10-Feb-1999 08:58am
From: Dan Boring

BORINGD ’
‘Dept:" "~ "HFD-530 " CRP2 S447

TelNo: 301-827-2396 FAX 301-827-2510
Subject: Re: NDA 20-922

Bill,

The proposed proprietary name SOLAGE' was found fully acceptable
by the Committee.

thanx,
dan
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Printed by Frank Cross, Jr. )
- Electronic Mail Message

Sensltivity: COMPANY CONFIDENTIAL Date: 05-Mar-1999 04:53pm
- From: William Timmer
TIMMERW
Dept: HFD-540 CRP2 N224
Tel No: 301-827-2048 FAX 301-827-2075
TO: Frank Cross, Jr. ‘ { CROSSF )
TO: Wilson DeCamp ( DECAMP )

Subject: Mequinol to 4-HA

Frank: On the label, for the package insert, and carton-container labeling, and medication guide,
mequinol is 4-hydroxyanisole. Please replace, in the description section, FROM;

The chemical name for 4-HA, the ............... hydroquinone, Is 1-hydroxy
TO:
Mequinol is 4-HA, the e hydroquinone or 1-hydroxy

OK? (Don't forget to remove the comma). s

Accordingly, 4-hydroxyanisole should be replaced by mequinol throughtout the rest of the lableing,
contingent upon approval from the other disciplines.

Bill

APPEARS T.IS WAY
ON ORIGINAL
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

h

DATE:

TO:
COMPANY:
FAX #:

MESSAGE:

FROM:
TITLE:
PHONE #:
FAX #:

- _ Food and Drug Administration
. Rockville MD 20857

Division of Dermatologic and Dental Drug Products
- Office of Drug Evaluation V
Center for Drug Evaluation and Research
Food and Drug Administration
9201 Corporate Boulevard, HFD-540
Rockville, MD 20850

FACSIMILE TRANSMISSION
March 30, 1999

Donald Handley, Manager, Worldwide Regulatory Affairs
Bristol Myers Squibb <
716-887-3638 . 7

Please find attached to this facsimile transmission a copy of the Action Letter for !
NDA 20-922, Solagé (mequinol, 2%/tretinoin, 0.01%) Topical Solution.

Thank you.

Frank H. Cross, Jr., M.A., CDR

Senior Regulatory Management Officer
301-827-2063

301-827-2075/2091

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION
THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER APPLICABLE LAW. If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
based on the content of this communication is not authorized. If you have received this document in error, please immediately notify us by telephone.
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s -( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville MD 20857

NDA 20-922 MAR 30 1995

Bristol-Myers Squibb Pharmaceutical Research Institute

Attention: Donald J. Handley, Manager, Worldwide Regulatory Affairs
100 Forest Avenue

Buffalo, New York 14213-1091 -

Dear Mr. Handley:

Please refer to your new drug application (NDA) dated December 30, 1997, received December
30, 1997, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for
Solagé (mequinol, 2%/tretinoin, 0.01%) Topical Solution.

Please also refer to our Information Request Letter dated December 23, 1998. s

We acknowledge receipt of your amendments and correspondence dated January 8 (two), .
February 5 (two), 10, 18, 22, March 2 (two), 4, 5, 9, 16, 22, 23, 25 (two) and 26, 1999. The user
fee goal date for this application is March 30, 1999.

This new drug application provides for the use of Solagé (mequinol, 2%/tretinoin, 0.01%)
Topical Solution for the treatment of solar lentigines.

We have completed the review of this application, as submitted with draft labeling, and it is
approvable. Before this application may be approved, however, it will be necessary for you to
submit the following:

Draft labeling for the drug product revised as recommended in the enclosed revised draft labeling
(text for the package insert, text for the patient medication guide, immediate container and carton
labels). Should additional information relating to the safety or effectiveness of this drug become
available, revision of the labeling may be required.

We note that the product labeling issues that have not yet been resolved to our mutual
satisfaction primarily concern reproductive toxicology and the product pregnancy category. We
have discussed with you the potential value of additional preclinical research to help address
some of these issues. Please contact us if we can provide further assistance, and submit for
review any protocols you may develop for such additional studies.

We also acknowledge your Phase 4 commitments specified in your submission dated March 26,
1999. These commitments are described below:




NDA 20-922
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L. Conduct an open label study with 200-300 subjects in ethnic groups of Asian,
Latin/Hispanic, and of African descent with skin types II-V, to determine the safety of
Solagé regarding pigmentary changes in the skin within 30 months of approval of
NDA 20-922. Please submit the protocol to your IND for this product for our review
| three months prior tg initiation of the study.
2. Conduct a 4-week bridging study in rabbits to demonstrate equivalency of the new

mequinol to that used in previous studies within one year of approval of NDA 20-922.
Alternatively, if analysis of reserve test article from long-term nonclinical studies
reveals similar levels of the same impurity(ies) to4hat found iri the new matenal, then
those studies may be considered sufficient to qualify the impurity(ies). Please submit
the protocol to your IND for this product for our review three months prior to initiation
of the study.

Under 21 CFR 314.50(d)(5)(vi)(b), we request that you update your NDA by submitting all

safety information you now have regarding your new drug. Please provide updated information

as listed below. The update should cover all studies and uses of the drug including: (1) those
involving indications not being sought in the present submission, (2) other dosage forms, and (3) .
other dose levels, etc. b

- .

|

Within 10 days after the date of this letter, you are required to amend the application, notify us of
your intent to file an amendment, or follow one of your other options under 21 CFR 314.110. In
the absence of any such action FDA may proceed to withdraw the application. Any amendment
should respond to all the deficiencies listed.
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We will not process a partial reply as a major amendment nor will the review clock be
reactivated until all'deficiencies have been addressed.

Under 21 CFR 314.102(d) of the new drug regulations, you may request an informal or telephone
conference with this Division to discuss what further steps need tc be taken before the
application may be approved.

The drug product may not be legally marketed until you have been notified in writing that the
application is approved.

If you have any questions, contact Frank H. Cross, Jr., M.A., CDR, Senior Regulatory
Management Officer, at (301) 827-2020.

Sincerely, . , L
ST s/

Robert J. DeLap, M.D., Ph.D.

Director

Office of Drug Evaluation V
Center for Drug Evaluation and Research .

Enclosure
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heaith Service

Food and Drug Administration
Rockville MD 20857 -

Division of Dermatologic and Dental Drug Products
' Office of Drug Evaluation V
Center for Drug Evaluation and Research
Food and Drug Administration
9201 Corporate Boulevard, HFD-540
Rockville, MD 20850

FACSIMILE TRANSMISSION

DATE: March 26, 1999 Number of Pages (including cover sheet) - 1

TO: Donald Handley, Manager, Worldwide Regulatory Affairs
COMPANY: Bristol Myers Squibb
FAX #: 716-887-3638

MESSAGE:  Please commit to the following Phase 4 commitments for NDA 20-922, Solagé
(mequinol, 2%/tretinoin, 0.01%) Topical Solution:

1. Conduct an open label study with 200-300 subjects in ethnic groups of Asian,
Latin/Hispanic, and of African descent with skin types [1-V, to determine the
safety of Solagé regarding pigmentary changes in the skin within 30 months
of approval of NDA 20-922. The protocol will be submitted to your IND
for this product for our review three months prior to initiation of the study.

2. Conduct a 4-week bridging study in rabbits to demonstrate equivalency of the
new mequinol to that used in previous studies within one year of approval of
NDA 20-922. Alternatively, if analysis of reserve test article from long-term
nonclinical studics reveals similar levels of the same impurity(ies) to that found
in the new material, then those studies may be considered sufficient to qualify
the impurity(ies). The protocol will be submitted to. your IND for this product
for our review three months prior to initiation of the study.

Thank you.
FROM: Frank H. Cross, Jr., M.A,, CDR
TITLE: Senior Regulatory Management Officer
PHONE #: 301-827-2063
FAX #: 301-827-2075/2091

3 TION
THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMA
THAT 1S PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER APPLICABLE LAW. Il you are not the sddressee, ot 8
person authorized 1 deliver the docurment wo the addressee, you are hereby notificd that any review, disclosure, dissemination, copying, or other action
based on the content of this comsnunication is not authorized. If you have received this document in error, please immediately notify us by (clephone.
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Teratogenicity of N-(4-hydroxyphenyl)-all-trans-retinamide in rats and rabbits.

Krayer-JH; Merz-EA; Pritchard-JF
SOURCE (BIBLIOGRAPHIC CTTATION, ——

Teratop-Carcinog-Mutagen. 1988; 8(1): 1-11.

-
y

~

INTERNATIO! S DARD SERIAL NUMBER
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LANGUAGE OF ARTICLE
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ABSTRACT

N—(4—hydroxyphcnyl)-all-u'ans-retin;mide (HPR) has potential efficacy in the reatment of *
dermatologic, arthritic, and neoplastic disorders. The teratogenicity of such 8 compound is of

special concern in light of the known adverss

conceptus. In these studies, Sprague-Dawley rats and New Zealand White rabbits

orally from gestation days 6 to 15

metabolite (N-[4-methoxyphenyl] retinamide

groups of similarly-treated rats 3 h following the last dose

effects of retinoids, in general, on the developing

were treated

and 6 to 18, respectively, with 0, 20, 125, or 800-m day of
HPR. In rat fetuses, low incidences of hydrocephaly (mid- kg/dny
observed. Fetal tissue (ng/g) and maternal plasma (ng/ml)

and high-dosage groups) were
concentrations of HPR, its major
retinol were determined in separate
on gestation day 5. Fetal tissue

[MPR]) and

concentrations of HPR and MPR were approximately one-half maternal plasma concentrations. A

dose related reduction in maternal plasma and fetal tissue
observed. In mid- and high-dosage rabbit fetus

concentrations of retinol were also
8. a dose-related increase in the incidence of

dome-shaped he

ossibcation and 2 widening of the frontal and

observed in two high-dosage fetuses. A dose-d

was observed. Subsequent skeletal evaluation revealed delays in skull bone

frontoparietal sutures. Microphthalmia was also
cpendent and statistically significant reduction in

maternal plasma retinol levels was observed across all dosage groups.

MEDLINE ACCESSION NUMBER
88236321
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Early Embryonic Cell Response in
Retinoid-Induced Terafogenesis

D. M. Kochhar and H. Jiang

Thomas Jefferson University. Philadelphia. Pennsvivania

_D.R. Soprano and D. C. Harnish

Temple University, Philadelpiia. Pennsylvania

INTRODUCTION

The occurrence of a distinct patiern of dysmorphogenesis in human infants
after prenatal exposurc 1o therapeutic doses of 13-cis retinoic acid (Accu-
tane, isotretinoin)-has stimulated renewed efforts to search for mecchanism
and mode of action of this tcratogern’. Salient-features of the_retinoid syn-

drome include distinctive craniofucial and cardiovascular defects, absent or

hypoplastic thymus. hydrocephalus. malformations of the derivatives of the
rhombencephalic alur platc: and a small incidence of unusual limb defects
(Table 1). Somé of thé surviving children. including (hOSE WhO have €s-
caped disfigurement. appear to sustain intetlectual deficits in later develop-
ment (Adams. 1990)--- -

All-trans retinoic acid (RA) and 13-cis retinoic acid are inierconvertible
isomers, both of which occur normaily- in the-body us metabolites of vita-
mﬁ‘ﬂ’(retinol) and certain carotenoids. Endogenous RA has been sug-

.7 “gésted 10 participate in organogenctic pattern formation in normaul verte-

brate embryos through transcriptional control of important development
genes such as the homeobox (HoX) génes. dnd this action is most likely

.mediated by its.nuclear receptors (see review in Tabin, 1991). In utero
- exposure of early mouse embryos 1o a moderate dose of RA resulted in

homeotic transformations in the axial skeleton and in a disorganization of
- 83

“ty oy




384 Kochhar et al.

lable 1 Teratogenicity of Accutane (13-cis
RA) in Human Embryos

System Defect

Craniofacial P
Malformed cxternal ears ¥~ i ; g
Midfacial and mandibular underdevelppment
Widc cleft palate I \

Absenl thymus oo s

Cardiovascular o o
Various arch and septation anomalics :

)
H
{

CNS Co ;
Hydrocephalus, derivatives of - E \/g PERNES
rhombencephalic alar plate malformed :

Limbs g B

‘Two cases of bone dysplosia : .
4 M

Note: 0.5-1.5 mg/kg daily for variable pe}iml. diring ) S
the first 10 weeks after conception. . . R

‘Source: Lammer et al. (1985); l.ammer and Arm- ! .
; ! -

strong (1991). . : -

.the hindbrain segmentation, both of which were accompanied by cctopic or
heterotopic expression of certain Hox genes (Kessel and Gruss, 1991;
Morriss-Kay et al., 1991). Introduction of exogenous RA into the anterior
margin of the chick embryo wing bud als c_qtopically ng:tl_yailcd members of
the Hox-4 gene cluster, and this occurred in a precise spatiotemporal pat-
tern which corrclated with the subscquent mirror-image duplication of the
digits (Eichcle, 1989; |zpisuu-;BcImonu'.‘l ét al., 1991; Nohpo ct al., 1991).

The notion that during cmbryonic |development a.disruption’ in the
homcobox gene fungtion culminates in p-distinct patterg of malformations
was strengthened by a recent report (j;iiSuka and Cgpc’c{:vhi,. 1991). New-
born homozygous t{ansgenic micg in shich the hox-1.§ geric was ablated
through gene largeling presented a number of abnormalities in craniofacial

and heart developnient and dicd shortly:after birth (Table 2). Thetissues
derived from all pharyngeal arches, including the thymus, werc defective;
collectively, the pailcm of defects reminded the authors of equivalence
with the featurcs of; the DiGeorge syndrome in humans. It is also interest-
ing to note that there arc many similaritics between components of the

DiGeorge syndmm'p and thosc of retinoic acid embryopathy. Such similari-
ties, however, may only be superficial and require cautious interpretation.
It has Leen noted that the DiGeorge syndrome is autosomal dominant,
whercas the mouse fox-1.5 phenotype is recessive, and that the human
syndrome is associated with deletions and translocations of chromosome 22

Retinold-Induced Teralogenesls - 385

Table 2 tlox-1.5 Gene Ablation in the Mouse (Chromosome 6)

Congenital Defects Normal expression
(?m:\_loluci;llidc(ccls, multiple defects in de- Hindbrain and spinal cord, spinal gangli
rivatives of the pharyngeal arches, heart, and i , o

: ! d » heart, _ pharynx, aortic trunk i
great vessels, patterning of tissues in the ach )l,(idncys »hyreid,bungs. stou-

neck, throat, and tonguc. Nconatal death.
Autosomal recessive.
Likely cquivalent to DiGeorge's syndrome I
. . . "
Rcscrvmu)ns. Autosomal dominant. Chromosome 22 deletions and
translocations. Human homologue to hox-1.5 maps to Chromosome 7)

Source: Chisaka and Capecchi (1991).

rulh.cr than the chromosome 7 where the homolog to hox-1.5 is mapped
(Clusz':ka and Capccchi, 1991). Also, the pattern of expre.ssi;m of ho,‘r)-pleS
gene in normal mouse embryos is much morc widespread in tissues ar;d
organs, and thercfore incongruous with the more restricted pattern of d
fects found after its ablation (Gaunt, 1987). Apparently, there are olhe-
- molecules and other factors in the embryo that inﬂucl;ce or (Ielermier
whether or not an initial disruption in the function of onc of the homeobnc
genes wi.ll culminate in a teratogenic outcome. X
In this c.ha'plcr. we summarize our attempts to study the process of
teriatogenesis in mice upon cxposurc to an oral RA dosc. First, we ha:')e
g()mpzlr.ctl the teratogenic potency of RA with a few synthetic rcli'noids in:
,slafu!nnzcd teratology protocol to discern the dependence of teratoge i
activity on the chemical structure of the retinoid molecule and to dclcr%n'mc
.l|.1g cxtent to which pharmacokinctic parameters arc responsible for llln ‘
hlg.h potency of certain synthctic compounds in the mammalian embr (I)C-
Usmg. the s;:'!mc tcratology protocol, we further investigated the minimzrr;
duration of in utero exposure to RA required for the irreversible defective
development of the target organ; this information would delimit the
postexposure period during which to seek the earliest susceptible event
lh:fl. precede teratogenesis. Second, we describe our recent results o lr;ls
nln'lny of transplacentally derived RA to rapidly induce transcription orf‘on:
of its own receptors (RAR-B,) in the target organs, specifically in the limb
!)ud :md.lhc craniofacial region, raising the likelihood that this recept
isoform isa mediator of the onsct of teratogenesis. Finally, based onpll(:r
assumption that there may be a common denominator nmor;g a cascade ot:'
receptor-mediated events in multiple target organs of the retinoid-exposed
cml'xryp, we present preliminary results on changes induced in the a(I:’li\;'t
ol tissiié Wansglutaminasc in the potentially abnormal limb buds duri tlhy
early susgepliblc phases of development. e e
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TERATOGENIC POTENCY OF RETINOIDS

The pattern of defects in animal embryos is depcndent on the dcvlclluy')mfl?é
tal stage at which RA is administered; a fact not yet (Iemonsl:a : ¢ ;335)
Accutane-exposcd human fetuscs (Shcncfclt: 1972, Lammc.r <.:| a ..,Iu'“im;
The teratology protocol we have used compriscs m:)(rlpholo[g:'c]a rcc\:;|n o.id on
3 i d to a single oral dosc of the
of ncar-term fetuses of micc cxposc. ' . i o
the morning of day 11 of gestation; incidence of tc.sorpuon. gl:ow'lh rcl(;n;;li:-
tion (fctal weight), palatal cleft, und limb reduction dcl’orquly;nrc :; o
tent and reliable endpoints with which logcoml[;aremrclantv:l crl:; 84% ic
i 73: Kochhar et al., .
mpounds (Kochhar, 1973, .
potencies of these co ; ‘ phar et 2. 1 ereas
i -fold morc active thun .
this assay, RA was about four thar nereas
lelrahydroletrnmclhylnnplnhulcnyl-propcnyl benzoic acid (TTNPB) v
most 700-fold more active than RA (Table 3).. . ( retinoic
In resolving mechanisms of morphogcnef:c activty of retinoi acid.
would be instructive to know the basis for differential tcrmogfng ac |":"3:
inoid : lanations have been proposed. One, the
of the retinoid analogs. Two cxp ave been Propasad. e, tear
ans fepend on its binding affinity ;
the potency of an analog may depe :
recel[:lors lylARs and RXRs. In addition to the nuclear receptors, there are
two distil;cl cytoplasmic proteins, cellular retinoic acid-binding proteins

acid, it

Table 3 ‘Feratogenic Potencies of Synthetic Retinoids Relative to RA in

Pregnant ICR Mice
TERATOGENIC
RETINOID STRUCTURE POTENCY
700 X
Ro 13-7410
(TTNPB)
COOH 40X
Ro 13-6307 W
1X

{ Retinolic Acid, all-trans))

CH,OH y
vitamin A W 2 0.25
(Retinol)

Source: Kochhar (

1973), Kochhar (1987), Kochhar et al. (1988), Kochhar and Peancr (1992).

Relinoid-Induced Teralogenesis 387

(CRABP) Iand 11, that specifically bind to RA, but their functions are not
entircly clear (Balling, 1991). In this regard, recent investigations have
shown that although an active analog must possess an acidic end group in
its structure to bind to the nuclear and cytoplasmic components, there
appeared to be no dircct correlation between binding and teratogenicity
(Sani and Hill, 1976; Crettaz et al., 1990; Howard et al., 1990; Willhite,
1990). For cxample, the affinity of TTNPB for RAR-a, RAR-8, or
CRABP was only 50-70% of that for RA (Crettaz et al., 1990; Howard et
al., 1990). Thesc findings suggest that other factors must account for the
relative higher potency of the arotinoid. The arotinoids are known.to be
less labile to metabolic degradation than are the natural retinoids (Loeliger
et al., 1980). It is also possible that their ability to activate receptor func-
tion may be, for some unknown rcuson, greater than that of RA.

A second explanation for diffcrences in potency of retinoids deals with
factors that detcrmine the access 1o the mammalian embryo of pharmaco-
logic agents dclivered to the mother. It is now well established that adminis-
tration of RA to pregnant animals results in its rapid transfer across the
placenta to the developing embryo (Kochhar, 1976; Kochhar et al., 1987;
Satre and Kochhar, 1989). The fact that 13-cis RA was less teratogenic than
all-rrans RA in rodents was shown to be associated with pharmacokinetic
differences between isomers. Transplacental passage of 13-cis RA in the
mousc was less cfficient than all-trans RA. This resulted in exposure of the
cmbryo to effcctively lower concentrations of an otherwisc active teratogen
(Crcech-Kraft ct al., 1987). On the other hand, the high potency of
arotinoids such as TINPB remains to be explained.

In a recent study, we investigated how the transplacental transfer and
cmbryonic concentrations of one of the potent synthetic retinoids com-
pared with that of RA. We employed Ro 13-6307, an aromatic retinoid
with a tricne side chain, since it has been shown to posscss lower toxicity
than TTNPB (Locliger et al., 1980; Howard ct al., 1987). Reduced toxicity
incrcased the likelihood of obtaining a sufficient number of viable embryos
for quantitative analysis. Using the same teratology protocol as above, we
found that this retinoid was 40-fold as active as RA (see Table 3) (Kochhar
and Penner 1992). In view of the fact that Ro 13-6307 was much more
teratogenic than RA, we inquired if pharmacokinetic parameters such as
time- and dosc-dependent concentrations reaching the embryo could ac-
count for this increased activity. We employed HPLC 1o identify and quan-
tify the analog in the embryo for a period of 4 h after oral administration of
teratogenic doses. We found that after a low oral dose of 1 mg/kg Rol3-
6307, embryonic concentrations did not rise above S ng/g—our limit of
detection, yet this treatment severely malformed more that in 60% of the
exposed Tetibes. This finding sets Ro 13-6307 quite apart from conven-
tional retinojds such as RA, retinol, and acitretin, which are known to
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precipitate teratogenesis only if \heir concentrations in the cmbryo cx-
cceded several hundred nanograms per gram valuc (sce chap. 40). Since
the morphogenctic activity of Ro 13-6307is disproportionatcly in cxcess of
its levels in the mouse cmbryo, obligatory mediation by the rcceptors and/
or binding proteins is likely involved. 1t will be interesting in future studics
to analyze the binding activity of Ro 13-6307 to the nuclear receptors and
to CRABPs. .

i

EARLY EMBRYONIC RESPONSE s

in searching for causative mechanisms of teratogenesis, detailcd studies on
fetal phenotype are useful but less informative than those analyzing cm-
bryos shortly after RA exposure. The earliest changes that have been
described were in cell cycle parameters of susceptible cell populations such
as in the neural tube, facial processes, and the limb bud (Langman and
Welch, 1967; Kochhar, 1968, 1977); this effect triggered other events, in-
cluding unscheduled cell death, which disrupted the program of ccll differ-
entiation and organogencsis. Morphological evidence has also implicated
aberrant devélopment of the cranial ncural crest cells, and derangements in
cell-cell and cell-substratum interactions (Morriss, 1973; Kwasigroch and
Kochhar, 1975; Morriss and Thorogood, 1978; Webster et al., 1986; Yasuda
et al., 1989; Allcs and Sulik, 1990). Since some of these carly microscopic
changes may be reversible owing to regulatory mcchanisms that operate in
carly cmbryogencsis, the true significance of some of the altered cvents in
teratogenesis is not fully established. ' o
As a prercquisite (o distinguishing primary causative mechanisims, we
attempted to define the minimum duration of RA exposurc necessary for
irreversible determinative events to oceur. We chosc limb bud as the target
orgin, since our standard teratology protocol results in atmost!100% inci-
dence of limb reduction (phocomclia) anomalics (Kachhar, 1973, 1977).
Pregnant DBA/2) mice were killed at hourly intervals after an oral RA
dose of 100 mg/kg on day 11 of gestation, and embryos were removed and
their limb buds explanted in organ culture where their growth and develop-
ment were monitored-(Kochhar and Aydelotte, 1974). Using parameters of
growth, aberrant morphogenetic pattern, and frequency of occurrence, an
indcx of limb deformity was obtained which was plotted as a function of the
duration of the in utero RA cxposure (Fig. 1) (Kochhar 1982, and unpub-
lished). It became evident that the limb bud sustained only a minor
morphogenetic cffect during the first 2 h of exposurc; the cffect was pro-
gressively morc scverc with further exposure, so that the limb deformity
index was S0% at 6 h. A 10-t0 12-h exposure resulted in full phenotypic
cffect (Index = 100%), which could be cquated with phocomclic appear-
ance of the limbs at birth (Fig. 1). Hence, we concluded that developmen-
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Figure 1 The index of limb deformit
. y (growth, morphogenetic pattern, f
;;f:c'cuncncc) |s(l)1lr;»ucd as a function of time ctapsed between lhzndn:i':\.islr::::‘il::?[
o pregnant DBA/2J mice (100 mg/kg RA, day 11 of gest ti
of embryos from the mother. The limb bud ' e 'Qﬂ) o cuteure o
. ' . s were explanted in organ cultu
monitor their developmental potential. The develo 5 e 1o
' pm rote . pmental events susceptib!
change by RA were initiatcd within 2 h of exposure and required about leol:;;; :::’
exposure to produce the abnormal phenotype observed at birth. (From Kochh:
and Aydelotte [1974] and Kachhar |1982].) "

tal cvents susceptible to change by RA were initiated within 2 h of ex

: : posure
::‘:l,i:;:,u"(:d no more than 12 h of exposure to produce the defect observed

This time frame of tcratogenic action is coincident wi ineti
appearance and attainment of peak RA conccmralionls wli:ll:iahrh:'l?::t')cls) (11[
following the teratogenic dose of RA (Fig. 2) (Satre and Kochhar, 1989) ul
fllso fplluws closely the profile of RA generated in the embryo aft;:r adm.' l
istration of a teratogenic dose of retinol, a fact that supports the conte l’m.
that metabolic conversion of retinol to RA is obligatory in inducinn “t:n
tcr?rt:gclqic response (Fig. 3) (Kochhar et al., 1988). e fe
he discovery of rctinoic acid receptors and the findi

!{A in fnf:usumhlc quantitics in the devcloping tissues I:zscogfrzz:joﬁ:‘:ius
in providing ncw insights into tcratogenic mechanisins. All three gel:tes th::
f:ncode the nuclcar receptors (RAR-a, -g, and -y) are actively transcribed
in the en'tbtyo and their mRNAs show distinct spatial and tcmpora; distrib
tion durm|g development (see Tabin, 1991, for review). Although nor;p::
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Figure 2. Concentrations of RA in the limb buds (ng/n:gdpmlc[iull‘)";)l e;:lg)r');(l)\s_
i i i ime after an oral dosc 0 mg
CR mice are plotted as a function of time o "/
:::':;:y 1t of gcslul':m\. The peak concentration occurred hy(2 h and declined to
basal level by 6 h of exposure. (From Satre and Kochhar {1989].)
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Figure 3 Concentrations of RA in the whole embryo (ng/g wet weight) are

lotted as a function of time after an oral dose of retinol (200 mp/kg) administered
{)o ICR micc on day 11 of gestation. {From Kochhar et al. [1988].)
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cific insights into the role of any of the receptors in teratogenesis have
emerged from the in situ localization studics, it has been reported that a
teratogenic dose of RA resulted in a transicnt incrcase in RAR-8 mRNA
in the embryo without inducing any change in the basal level of RAR-a
mRNA (Harnish ct al., 1990). Since RAR-8 has been suggested to have a
rolc in morphogenetic cell death, and is now known to exist in three major
isoforms, we inquircd in an ongoing study if any of the RAR-8 isoforms
were prefercntially activated in potentially abnormal limb buds during the
determinative period of teratogenesis. ' "
Total RNA extracted from control and RA-treated limb buds was hybrid-
ized with isoform-specific cDNAs in an RNase protection assay, and the
signal was quantitated by densitometer (Harnish et al., unpublished data).
While no cffect of RA exposure was detected on the levels of 8, ; mRNA,
:B, MRNA showed a rapid increase in the limb bud by 3 h of exposure to a
level that was 16-fold greater than the control (Fig. 4). This increase was
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Figure 4 RAR-fiy mRNA levels in the limb bud, craniofucinl organs (CF) and
brain, and the remaining body (Trunk) arc plotted os o function of time after an oral
dose of RA (100 mg/kg on day |1 of gestation). The levels of RAR-8, mRNA were
determincd by RNase-protection assay and quantitated by densitometry. The rela-
tive level of transcripts in each tissue was calculated with the control level at time 0
h sct arbitrasily at 1. The treated limb buds show an induction response which is
about 16-fold higher than the untreated limb buds at 3 and 6 h after dose. The B,
mRNA levels return to busal level by 12 h after the dose. (From Harnish et al.,
unpublighed.), .




192 Kochhar et al.

maintained until 6 h before declining to the low, stcady-state level by 12 h
of exposure. The increase was also detected in the cmbryonic brain and
craniofacial complex, which amounted to about eight-fold induction over
the control. Only a2 minor increase was found in the rest of the embryonic
body (Fig. 4). This transicnt incrcase in B MRNA in the susceptible tissucs
occurs at the time before a major increase in the limb deformity index is
observed and coincides with the time of onset of detectable levels of ceil
death in the affected tissues, suggesting a critical role for this rcceptor
isoform in teratogenesis. We have now also found a similar magnitude of B,
mRNA induction in the target organs of embtyos exposed 10 a teratogenic
dose of retinol. Since the receptor is RA specific, we believe that this
induction must have occurred through metabolic conversion of retinol to
RA.

In certain cell types, investigators have observed a specific and early
effect of retinoic acid on transcriptional activation of the gene for the
peptide cross-linking enzyme transglutaminase (Uhl and Schindter, 1987,
Chiocca et al., 1988). Tissue transglutaminase is known to be active in
cells that undcrgo morphogenctic cell death, where it apparently cross-
links membrane proteins, and thus prevents nuclear debris from leaking
out and disrupting normal developmental program. Induction and activa-
tion of tissue transglutaminasc (TGase) has been previously observed ip
hepatocytes undergoing programmed cell death (apoptosis) and in reti-
noic acid-induced differentiation of peritorical macrophages and scveral
mycloid cell lines in culture (Fesus ct al., 1987; Chiocca et al., 1988;
Piacentini et al., 1991). Since RA as a teratogen perturbs cell differentip-
tion and induces cell death in affected embryos, this study was undertaken
to determine if it also altercd TGase activity in embryonic target tissu#:s
(Jiang and Kochhar, 1992). In a preliminary study, pregnant 1ICR mice
were given an oral dose of RA (100 mg/kg) or vehicle alone on day 11 of
gestation (plug day = day 0); maternal liver and embryonic limb buds
were obtaincd at 1.5, 3.0 and 12.0 h after treatment. The TGase activity
was assayed in tissuc homogenates as the Ca?*-dependent incorporation of
{*H]putrescine into dimethy! cascin. The TGase activity in the materal
liver was very high (>900 pmol/min/mg protein) and remaincd unaffccted
by RA. The TGase activity in the limb buds (66.4 = 21.5 pmollm!n/ﬂng
protcin) expericnced a threc-fold increase to 210.7 x 59.0 pmol/min/mg
(p <0.05) by 3 h after RA trcatment (Fig. 5). The enzymc activity re-
wwrncd to the level of control limb buds by 12 h after treatment (7120 =
19.2 pmol/min/mg; p >0.5). The peak TGase activity corresponds in time
to the peak accumulation of RA in the limb bud RA exposurc (2-3 h) as
well as to the first onsct of cell death in the limb bud core mescnchyme
(2-4 h). The induction of TGase activity in the limb bud was found to be
dose-dependent (r = 0.879, 0 <0.005); upon cxposurc to the lower RA
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The purpose of this study was to establish the timing
of the onset of implantation in both the Harlan Porcel-
lus Dutch and New Zealand White rabbit and the Han

. Wistar rat. Implantation was initiated on Day 5 (rat)
and 7-(rabbit) and established by Day 7 and 8 of gesta-.
tion in the rat and rabbit, respectively. Recent guide-
lines on toxicity testing during embryo-fetal devolop-
ment studies require that maternal exposure to phar-
maceutical compounds does not occur until after
implantation has talken place. In order to ensure tbat
this is the case, female Harlan Poreellus Dateh and
New Zealand White rabbits and Han Wistar rats were
sacrificed on different days of gestation, over the ex-
pected periods of implantation. The presence of preim-
plantation blastocysts in the uterus was investigated,
and evidence of established implantation sites was as-
gassed.  © 1998 Acndemic Prems, Lac.

INTRODUCTION

The International Committee of Harmaenisation hag
issued current guidelines on the detection of toxicity to
reproduction (Commision of the European Committee

for Propriety Medicinal Products, 1993). These require

that when studying the effects of medicinal products
on embryo—fetal development, maternal exposure is
initiated after implantation. It was therefore consid-
ered pertinent to establish the tiring of implantation
in the strains of rabbit and rat routinely employed in
these studies.
Implantation in the rabbit is reported to occur
around Day 7 of gestation (Lutwak-Mann, 1962) and
in ths rat to be late Day 5§ (Hebel and Stanberg, 1986).
Hence the period investigated in these studies was be-
tween Days 6 arn 8 of gestation for the rabbit and Days
5 and 7 in the rat. The decidual reaction of implanta-

tion is normally induced by the implanting blastocyst

(Krehbiel, 1937) and is characterized by increased uter-

*To whom correspondence and reprint requests should be ad-

Gressed.
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ine vascular permeability and stromal edema. This in- -

creased permeability can be detected using the vascu-
lar leakage of the macromalecular dye, Pontamine biue
(Psychoyos, 1971). The Pontamine blue reaction (PBR),
therefore, results in the blue staining of all implanta-
tion sites present in the uterus within a day of implan-
tation initiation. . .

This method has been widely used in the rat.(Lund-
kivst and Ljungicivst, 1977), but there appears to-be oo
published data om its use in the rabbit. Additicnally,
therefore, we investigated the use of Pontamine blwe
in the detection of implantation sites in the rabhit. ~

- MATERIALS AND METHODS .
Rabbdit

Nine Harlan Porcellus (Firgrove Farm, Sussgx)

" Dutch and nine Harlan Porcellus New Zealand White

rabbits of at least 3.5 months old were housed singly.
The females were fed appraximately 120 g/animal/day
of rabbit diet (Special Diets Services Ltd.) and water
from the normal demestic supply ad L¥ituzn. Room
temperature was maintained at 19°C and 45-70% rela-
tive humidity with a 12-hr light:dark cycle.

The females were mated with stock males and on -

confirmatian of a positive mating (Dsy 1 of gestation),
randomly allocated to three groups as follows:

Number of Number of '

Dutch NZW Gestational day
Group females females of sacrifice
1 3 3 6
2 3 3 7
3 3 3 8

Each female in each group was given 2.0 ml, 1.0%
Pontamine blue in 0.9% sodium chloride, iv, 60 min
prior to the time of sacrifice. The timing of sacrifice

coincided with the normal dosing time for routime swd-
ies. As indicated above, the groups were sacrificed on

QT3 200%6 $18.00
Capyrizht © 1096 by Academmic Press. Inc
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FIG. 1. Unattached embrycs (srrowhends) presest in ths rabbit
blastocyet stage of development, and lacated ta both strains of rabbit.

different days of gestation, thereby covering the esti-
mated period of implantation in the rabbit.

All females were sacrificed by an iv injectian of go-
dium pentobarbitone and as socn after death as possi-
ble, the reproductive tract was removed. The internal
luminal surface of both uterine horns was exposed by
cutting langitudinally along the antimesometrial Line,
and the number of implantation sites (stained blue)
was counted. The number of curpora lutea present on
the corresponding ovaries was also noted.

Rat

Fifteen female Han Wistar rats (Glaxo, Herts) of at
least 8 weeks old were caged in pairs, on a 12:12 hr
light:dark cycle with a temperature of 21°C and relative
bumidity of 45-70%. Rat and mouse Expanded No. 3
Diet (Special Diets Services Ltd) and water from the
normal domestic supply were provided ad Libitum. The
females were mated with stock males and on eopfirmg-
tign of a pogitive maty jon) randomly
allocated to three groups as follows:

S i

Gestational day

Number of Ban
Group females of sacrifice
1 ) 5 3
2 S 6
3 h 6 7

All females were killed by inhalation of carban diox-
ide, at a time in the morning coinciding with the narmal
dosing time for routine studies. However, to confirm
whether implantation is initiated late on Day § of ges-

tation, two females sacificed on this day were done so

wterine Jumen on Dey 7 of gestation (x100). These were all at the

at 1600 br. Additionally, this procedure was repeated
for those sacrificed ean Day 6. As soon after death ag
possible, the reproductive tract was removed and Ppro.
cessed as described for the rabhit. For those females
sacrificed an Day 5, the uteri were flushed with physio-
logical saline prior to processing to ensure collection &
tmattached embryos.

RESULTS
Rabbit

The presence of embryos and implantation sites on
different days of gestatian, for the two strains, is shown
in Table 1. Corpara lutea were present in all females,
except one in Groap 3, which was presumed not to be
pregnant.

Group 1: Females socrificed on Doy 6 of gestation.
In ail females, no changes were detected to the uterine
lumen by Pontamine blue. Additionally, the Fallopian
tubes ware flushed with physiological saline and em-

TABLE 1 - -
Presence of Embryos (Blastocysts) and Implantation
Sites in the Rabhit on Days 6-8 of Gestation

Dutch rabbitc NZW rabbit:
day of gestation  day of gestation
Utarine cbeervation 6 7 ] 6 K4 8
Embrycs presant No Yes Yes No Yes Yes

Inplsnistim sitespresent Mo No Vs Mo Mo Ves
J
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FIG. 2. Anbhith)stmnwvue’d&mthentamnncyfdmwmmdiscm)(xlw).

bryos at the morula stage of development were recov-
ered.

Group 2: Females sacrificed on Day 7 of gestation.
No implantation sites were observed by Pontamine
blue staining. Embryoe at the blastocyst stage of de-
velopment were located in the uterine lumen, but
these were unattached to the uterine epithelium (Figs.
1 and 2).

Group 3: Fernales cacrificed on Day 8 of gestation.
Implantation sites were apparent by Pontamine biue
staining (Fig. 3) in all females except one, which was

FICG. 3

EESBHOIL

presumed not to be pregnant as corpora lutea were not

present. All sites were estahlished implantations, éach.
supporting embryos developing normally. The average,
implantation site diameter was 0.5 cm. R

Rat g

The Mee of embryos and implantation sites on
different days of gestation, is shown in Table 2. Caorpora
lutea were present ir: all females.

Group 1: Females killed on Day 6 of gestation. In
all ferales, implantation sites were not present and no

)
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TABLE 2
Presence of Embryos (Blastocysts) and Implantation
Sites in the Rat an Days 5-7 of Gestation

Day of gestation
Utarice cbservation § 6 ?
Exbryos preseat Yes Yes Yes
Implantation fites present No Yes Yes

changes were located in the uterine lumens examined.
On flushing, embryos were recovered at the blastocyst
stage of development, which is the embryo stage neces-
sary to coincide with implantation. Blastocysts recov-
ered from rats killed on the morning of Day §

an intact zona pellucida (outer shell) (Fig. 4). Blasto-
cysts recovered from rats killed in the afternoon were
expanded and showed no evidence of a zona pellucida
(Fig. 5). This is consistent with blastocyst physiolegy
at the time of attachment to the endometrium (Cole,
1967; Kaufman, 1992). )

Group 2: Females killed on Day 6 of gestation. Im-
plantation sites were present in all females. These were
obvious macroscopically in all females killed in the af-
ternoon, but were cnly visible in thoge Idlled in the
marning when the uterine lumen was exposed (Fig. 6).
At the site of all implantations, there was a concentra-
tion of endometrial blood vessel network, indicating the
initial stages of implantation.

Group 3: Females killed on Day 7 of gestation. In
all females implantation sites were obeerved, which
were established sites of implantation, supporting

5 AL R ¢
= TR E AT

FIG.4 Unattached rat blastcyst present in the uterine lumen
cn the morning o Day 5 of gesttion (x2001. The zona pelluida (1
isitact

o e S
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FIG. &

Unattached rat b
lata afternoon of Day S (x200). The 2002 pellucida is no longer pres-
ent.

lastocyst present in the wtering lumen

early embryos possessing developing amniotic cavities

(Fig. 7). -

DISCUSSION AND CONCLUSIONS

Implantation is initiated on Day 7 of gestation and
established by Day 8 in both the Harlan Porcellus NZW
and Dutch rabbits. This is comparable with previous
reports (Enders, 1976; Wimsatt, 1975) which indicate
that anplantation in the rabbit begins on Day 7 and is
completed by Day 10 of gestation.

In the rat, implantation is initiated late on Day 5
and is completed by Day 7 of gestation. This is compa-
11.;%122). to previous reports (Pincus, 1936; Nichalas,

Additionally, it is reparted that implantation in the
rabbit consists of two phases. The first occurs on Day
7-8 and is characterized by blastocyst adhesion to the

FIG.S. Lnplantaton sites (1) present in the ot uleris on Lhe
afternoon of Day 6 of gestation.

o
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FIG. 7. Lmplantation sites (1) present in the rat uterus en Day
7 of gestatioa.

uterus and actual penetration of the uterine capillaries.
The second phase covers the period from Days 8.5 to
10, during which time the formation of a definitive
charicallentoic placenta is established.

The data presented here indicate that PBR is able
to identify these two phases of implantation in the rab-
bit, as it does in the rat. This is evident by the fact that
there was no staining present early on Day 7, when
only blastocyst alignment in the uterus bad occurred,
but PBR was present on Day 8. At this time, blastocyst
penetration of the capillaries had taken place, allow-
ing vascular leakage of the dye and therefore a blue
staining,

Implantation in the rabbit is obvicusly a complex
series of events, taking place over a period of 2 days,
which can be identified successfully with Pontamine
blue. However, it must be noted that normal implanta-
tion in both the rat and the rabbit can exhibit variation,
within as well as between individual females.

In conclusion, providing that dosing is started on or
after Day 8 of gestation in both the Harlan Porcellus
NZW and Dutch rabbits, and on or after Day 7 in the

Han Wistar rat, matunal/embryvnic exposure to me-
dicinal products will not occur until after implantatian.

ACENOWLEDGMENT

Tbe authors thank the technical staff of the department for help
with azamal care and procedures.

REFERENCES

Cole, B J. (1967). Cincmicrographic observaticas en the
and zoza pellucida of the mouse blastocyst. J. Emdryol. Exp. Mor-
phol 17, 451-490.

Commisien of the European Commirtes far Propriety Medicinal Prod-
ucts (1993). RefIT1/3387/93. Detection of Toxicity to Reproduction
for Mediciral Products (Guideline prepared within the Irtarna-
tional Conference on Haneonisatica (ICH) process).

Enders, C. E. (1976). Anatomical aspects of implaststioa. J. Reprod.
Ferril 25, 1-18.

Hebel, R, and Stanberg, M. W. (1986). Anatomy and Embryology of
the Laboratory Raz. BioMed Verag, Warthsee. )

Kaufman, M. H. (1932). Assessmant of developmental stage of pre
and postimplastation mouse embryes. In Atlas of Mouse Develop-
ment, Academic Press, San Diego.

Krehbial, R K. (1937). Cytological studies of the docidual reaction
in the rat during early pregnancy snd in the producticn of deciduo~
mata Physiol. Zool. 10, 212-234. .

Lundkivet, O, asd Lijungkivet, L (1977). Morphology ¢f rat endomse.
trial gtroma at the sppearance af the Pantamine blue reaction
doring implanution sfler experimental dalsy. Cell Tissue Rer
184, 453466.

Lutwak-Mann (1962). Glucase, lactic-acid and bicarbonate in rabfit
blastocyst faid. Nasure 183, 653-664.

Nicbolas, J. S. (1962). Experimental methods and rat embryos. La
The Rat in Loborazory Investigations (E. Ferris and J. Griffith,
Eds), Hafner, New York.

Pincas, G. (19361 The ecpe of mammais. Exp. Biol. Monagr.

Psychoyes, A. (1971). Methods for studying changes in eapillary per
meability of the rat endometrium. In Methods in Mammalian
ydeogU.C.DnieL Ed.), pp. 334-338. Freeman, San Fran-
dsxn.

Wimsasts, W. A, (1975). Some comparative aspects of implaatatien.
Biol Reprod. 12, 1-40.




Handbook of
leratology

Edited by

JAMES G. WILSON
The CAldren's Haspital Retecrch Foundesion

F. CLARKE FRASER s
. " Depevemenes of Blology end Pacdiarrics
i MGl Universiey end The Monereal Children's Haspitat e
Montreal, Cangda

4 ResearchﬁProcedures
and Data Analysis

§ T4E scuBa insTiTgee -
FOR \
‘ MEDICAL RESEARGH :

NEw SRuUNSw, CK. w, 4, ) :

! mmzn—é&.& f : !

| : { AuGs g o

- : § Q. Z- 3 /g -
- % -

FLENUM PRESS - NEw YORK AND LONDON .




Methods and Concepts of 14
| Biometrics Applied to
Teratology‘.

D. W. GAYLOR ' 11

L INTRODUCTION 12
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Frequendy, compounds are not administered unj] after implantaton, in
which case only the number of live fetuses would serve as a measure of
lechaliey,

Letey, m,, and £, be the nurber of corpora lutea, implants, and five fequses -
for the jch litter, where j = 1,.2.....n‘ is the number of pregnant mothers

The average number of implants and live fetuses perlinter are computed in 3
similar manner. _ :
The sample standard deviation for corpora lutea, s,, is calcylatad by

“l=rSe-al

Similar calculations apply for the sample standard deviaton for imoplants and
live fetuses.

Even though the number of corpora lutea, implants, or live fetuses are
not normally (Gaussian) distributed, the Central Limit Theorcm states that

For example, suppose that the numbers of live fetuses in a group of 16

liversare: 9, 12, 10, 8,7,12,11,18,8,7, 11, 12,10,10,12,and 8. Theaverage .

licer size is 10 and

o= [%[(9— 107 +(12-1004+ ... 4 (g 10)']]! = 1.97

The 95% confidence interval for the mean number of live fetuses is 10.0 =
2.13(1.97)/\/I§ = 10.0+ 1.05.

The median sample size necded to achieve a given Predision of = d is given

. 8
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by n = t5%d?, where ¢ has the desired level of confidence and n -1 degrees of
freedom. The exact degrees of freedom, n ~1, cannot be detexmined until the
sammple size, n, is determined. Asa first appraximation the ¢-value with infinite
degrees of freedom can be used. For example, if it is desired to determine the
average number of live fetuses within =05 with 95% confidence, then ¢ =
1.96. Using the estimate of the standard deviacion for lirter size of 5, = 1.97,
the approximate median number of licters required is

(196197 .
n= O5F =59.6 or 60 litters
This proceduré provides an estimare of sample size which is adequate to
achieve the desired predision about half of the dme.

To be more certain that the sample size is adequate, the required number
of licters is calculated by

,n__:(‘l";:t)"'

where t, is the t-value with n — 1 degrees of freedom corresponding to the
desired level of confidence, and ¢, is 2 one-sided t-value with n — | degrees of
freedom corresponding to the probability that the sample size will be

adequate 1o achieve the desired predsion. ‘As a first approximation, t-values

with infinite degrees of freedom can be used. In the previous example, if 2
probability of 90% is desired that the sample size is adequate to estimate the
average liver size within =05 with 95%-confidence, then the estimated
number of litters is

- o o (L96+1.2921.977

05" = 163 Etters

"The disciisiisn above on measures of lethality applies to the simple situa-
Gon where 2 group of n pregnant animals is created similarly under a given sec
of conditions at some point in time. The wal oumber of animals available for
experimentation at that time may be randomly assigned to different groups
(e.g., different dosage levels, different routes of administration of a chemical).
The estimates of the average responses and confidence limits apply only w0 the
existing set of laboratory conditions.

If an experiment is replicated (repeated) at 7 different tdmes or at r
different laboratories, a broader base for inferences is provided. Iff, repre-
sents the average for the mean oumber of fetuses per litter from the kth

icate (& = 1, 2, .. 7), then an overall esumate of the average sumber of
fetuses per Euer is given by

431




- — ———.

432

D.w.GAYLOR

This estimate off gives equal weight 1o each replicare, 1¢ the ample sizes,
"x V&TY cansiderably among replicates and if ¢fe difference in the average
TESPORses among replicates 15 relatively smal], j, M3y be desirable 1o use 25
estimate of the average weighted by the aumber of liers per replicate, The

lutea, expressed a5 5 Percentage of all corpora lutea, or as the Percenmge of
corpora lutea which resyly jn implants,

The percentage of implants thae resord is an 2ppropriate measure of
cmhryoletha.ﬁty when 2 compound is administered after implantadon
However, this quantity may not be appropriate if 3 compound is ini
before implantation, 3 an increase in the Percentage of resorptions may
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Where the number of licers is 10 or more, a reasonably good approximadon

for a confidence interval on the gue Percentage of resorptions is given by.R = s -
52/Vn, ‘where ¢ has the chosen level of significance and n ~ | degrees-of -
freedom. Similarly, approximate confidence ifitervals can be ealculated for

the percentage of preimplancation loss or the percentage of dead feruses. A .

there may be no fetal deaths, giving D, = 0 for al] liters and 5, = 0. A
confidence interval then could be based oa the binomial distribution (sec, e.g.,
Mood, 1950) for zero deaths out of 3 =, implancs,

In an experiment raplicated » dmes, an estimate of the overall average
percentage of resorptions per kirter is given by

R='}T.§Iﬁ. Cadee et~

where R, represencs the average for the keh replicate. Alternatively, an est- ;
mate of the average weighted by the number of litters per replicate may be '
used. The variances of these estimators are discussed’ by Anderson and i
Crump (1967. :
The overall average for the average percent of live fetuses or dead fetuses

uer from replicated experiments can be computed in a similar manner.

C. Perceat of Liters with Resorptions or Dead Fetuses
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T MEASURES OF TERATOGENTC EFFECTS
A. Percent of Abnorm,] Fetuses

Leta, represent the number of fetuses in the jeh licter Ppossessing a certain
tyPe of anomaly. This anomaly may be a specific YPe, such as cleft pajace, Or,
% mmay represent a group of anomalies, such as skelega) malformations. Or, g
2y represent the number of feruses in the Jth Lter with any anomaly, In
clculadng the percenaage of abnormal feryses per lirer, it js necessary to

Tequired, or for skeleta] anomalies special staining is required. It is commogn
practice to select part of 2 lizter for special Staning for skeleta) defects. Thus,
the number of fetuses examined for a particular anomaly or group of 2nomakes
is often less than the Bumber of live fetuses in the licer. Thus, the Percentage
of animals with anomalies for the jth lirver is calculated by

q
A = s X
= 100%

Unless an equal number of fetuses are examined for soft tssue anomalies ang
skeletal anomalies, the value of n, will not be the same for each type of defect.
The average perceatage of anomalies per licter is

'—
Ma

- A= Ay

¥

2

Where at least one ferys from each of n litt&s is examined for the anomaly.
The sample standard deviation for the Percentage of anomalies per lirer is
Galculated by . . - ..

S

“_ = l" ,‘_} _:glf‘_l -JPP s

For 10 or more litters, fairly good approximate confidence kimits are given by

42 5,Nn, where ¢ bas the desired confidence level and n - ) degrees of

Om. A sityation thac My arise is that there may be 8o anomalies of 2

Particular type, giving 4, = 0 for all licrers and s, = 0. A confidence igterval

then could be based on the binomial distribudion (see, e.g,, Mood, 1950) for
ero anomalies out of S 7, feruses examined,

In general, observing the percentage of abnorma) fecuses per Huer and

the percentage of resorbed and dead fetuses per [izar should give a sufficient

indicition of the fetotoxdiciry of 2 cormpound. However, it is quite possible thag
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there is 2 correlation between the percentage of abnormal fetuses and re-
sorbed or dead fetuses. For example, the abnormal fetuses may tend to have a

higher death race. Thus, the percentage of abnormal fetuses per litter may

not appear to be unusual. Therefore, it also is advisable to indude the per-
centage of normal life fetuses per licer in any stadstical analyses.

For experiments replicated » dmes, the overall average percentage of
anomalies per licter is

d=13a,
L)

where A, is the average number for the kth replicate. Again, weighted aver-

ages could be considered for percentages of aboormal fetuses (Anderson and
Crump, 1967).

B. Percent of Litters with Abnormal Fetuses

1n addidon to calculating the average percentage of abnormal fetuses per
lirter, itis of incerest to determine if anomalies occur throughout the liters or
if they are concentrated in a few Litters. This is accomplished simply by cal-
culating the percentage of litters containing at least one abnormal fetus. This
calculation can be based on a spedfic type of anomaly or can include all
anomalies. Crude confidence limits could be obtained by applying the bino-
mial disgribution, but these limits are only rough approximadons, as the prob-
ability of observing an anomaly in a liter changes, depending on the number
of fetuses examined for that anomaly.

IV. FETAL WEIGHT

Whereas reduction in fetal weight due to tweatment by 2 compound may
be difficuk to interpret biologically, fecal weight appears o be a very sensidve
measure of toxicity. This may be due in part to the face thar weight is 2
continucus variable, as opposed to a discontnuous variable such as observing
only whether or not a fequs is dead or possesses a partcular anomaly. There is
more statistical informadon in a continuous variable such as feal weight. In
general, it is advisable to keep male and female weights separate. If wy repre-
sengs the fetal weight for che ith live male (or female) fetus in thejth licer, the
best esdmate of the average male fetal weight for the jth Hirteris -

Ry
W= ;,-E‘ wy

where n, is the number of male fetuses in the jth Grter. If a liter does not
conain any live male fetuses, that lier is not included in the calculadon. Ifn
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licters contain Live male fetuses, an estimate of the Iverage male fetal 'weigbt
for that group of litters js '

o=l S

YR

If an experiment is replicated r times, 3 estimate of the overall average

male fetal weighe i Qleulated by

(3

-
=

'Q'v-o
i

where dy represens the average male fetil weighe for the 4ch replicate.
Again, weighted estimates could be considered (Anderson and Crump, 1967).

(see, e.g. Siegel, 1956) s recommended. This test makes no assurapdon as to

the mathematical distribution of the response and sull provides 5 fairly pow.

erful test for determining if differences exise. When there are 10 or more

i per group, the ordinary r-test provides essendally the same resylcs. A
id . s A :

Contral: 7,8,8,10,9,5,5,7, 9.9
Treated: 5,8,7,7,9g 47,96

The conerol Eroup averages 8 live feniges per licter and the treaced grc;up
averages 7 hive ferses per liver, The question is: Does this 12.5% reduction in

VA




AIOMETRICS APPLIED TO TERATOLOGY

licer size represent 3 sausdally significant reduction in iter size dye to the .

compound? -
For the Wﬂcoxan-Mann-Whimey U-test, the dat are ordered from
lowest to highest valyes.

Conwrol: 25,77, 12,12, 12,17, 17, 17,20
Treated: 1,254, 7.7,7,12,12,17, 17 .

where the average rank is assigned ¢o ded values The sum of the ranks for the
control group is 123.5 and 86.5 for the treated group.
The value of U is determined from

Ui, + 202D _ g
or

U'=m+n'—(n'-2;”-&

where—n, and R, are the sample. size and sum of the ranks for the control
group.and n, and R, for the.treated group. In this example,

S Vemtoxao e DM oy
or - ... :
Vemtox10+ DX _ g oo

In determining the level of signi @nce for 2 comparison of two groups, the
smaller value of U, or U, is used: 3

U=minimumofU.orU.

Cridcal values of U are given by Siegel (1956) to obain the level of signiicance.
The value of 31.5 indicates a one-tailed significance level of approximately
P<0.10. Thatis, thereisa 10% chance thac the observed differenceis not real
but is due only tw normal experimennl variation.

For the parametric t-test of the same bypothesis, the variance amoag the
¢oacral group is

:g:-;-[a-a)u(a-a)u---+(9-a)=]=zno
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andfori.beﬁ'eat:dgroupis
Aegle-mr@-nrs .. 467 = 267

An F-test with 9and 9 degrees of freedom, F = 2.67/2.00 = 1.33, indicates
that these two variances are notsignificantly different. Thus, a pocled variance
with 18 degrees of freedom an be used for the t-test:

18 + 24
$t= 9+9

=233
The t-test gives

=7 .
= Vassam = 146

employed (see, e.g., Anderson and Bancroft, 1952), .

One might ask the queston: How many litters wouid be required on the
average in order to demonstrate if 3 difference of d = 1 fews per kLeer is
significant at the 95% confidence level> The formula for the number of lirters,
n, for each group is

where as a firse approximation, ¢ is used with infinite degrees of freedom

which would be ¢ = ] 64 for a one-sided test. Thm

or 13 liuers in each group. e o
the number of liters, n, required 10 have 3 high

In order © determine
probability, P, of being able to detect a differencé of d, yse
n = 2 +e)y

where ¢, is the one-sided or two-sided t-value corresponding to the signifi-
Qnce level for thewtest and 4 is the one-sided s-value corresponding to a

-

—
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significance level of ] ~ P. As 3 firge 3pproximadon, ¢-values with mfnjte
degrees of freedom (normal deviates) can be used. :

A one-sided test is useq where it only is of interest to establish if the
treated group exhibis 3 change in one direction from the control group. A

either direction, increase or decrease, from the controls. For eample, the
two-sided normal deviate corresponding ¢o the 5% significance level i 1.96
and che one-sided normal deviate is 1.64,

In comparing data based o0 counts the square root of the counts are
somedmes used to scabilize variances

B. Percentages: Preimplantarion Loss, Resorptions, Dead ang Abnormal
Fetuses

For comparing perceatages, some investigators have combined all the
daa from all licters and Qlculated the percenage of abnormal fequses in the
and i

ltter. Obviously, such an assumption seldom would be warranted. Since
the compound s administered to the pregnmant mother, the mocher or
lirter is the experimenal unit. This topic has been addressed by 2 num.
ber of authors (Weil, 1970; Healy, 1979; Kalter, 1974; Saples and Hase
man, 1974; Becker, 1974),

A recommended Procedure is to compute Py, R, D, T;, and 4; ; the per-
centages of preimplantation loss, resorpdions, dead, resorbed and dead, and
abnormal feruses, respectively, for each Erer. Percentages berween control
and treated animals then can be compared by the Mann-Whimey-Wilcoxon
U-test (see, e.g., Siegel, 1956) or geaerally for sample sizas greater than 10 by
the ttest (see, ¢.8. Anderson and Bancroft, 1952). A transformadon com.
monly used for the r-test with Proportons, g, is 1o use the arcsin V' p, which
Bearly stabilizes the variances if the denominators of the Pproportions are of

To illustrate the Procedures for comparing percentages, consider the
following dam on resorptions in mice:
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Control Groap
Perecnt
Liner () Implans ¢w,) Resorpaions () reoTpGons (R,
1 7 0 0
2 9 1 1.1
1] 9 2 292
4 8 1 128
5 6 0 0
6 10 0 0
7 7 0 0
8 9 1 1.1
7.1 avenge
Treated Group
Percent
Licter ) Implang (m)) Resarptions (r,) resorptions (R,)
1 8 1 125
2 8 0 0
3 9 1 111
4 6 2 333
5 8 3 378
6 9 0 0
15.7 averape

The problem above serves to illuscrate the weakness of using too few
limers in teratological swdies. Even though the percentage of resorptions
more than doubled in the treated group, this experiment was unable t0 pro-
vide strong statistical evidence that the effect was real

The formula in the previous section could be used to determine approx-
imately the number of lictars required.In this case, using the transformacon
arcsin Vp, where p is the observed Pproportion, gives 5* = 0.0598 for the

2(0.64 + 0.84)%(0.0598) .
n="—'°-‘-—.( 35% =~ 0268 = 55 lirters

|
!




maybedisplayedbya2x2table.

Number of Licers
No defeces One or more defecs Toal
Coouob ] & ",
Treated '3 d n,
Toal (R X b+d .
The chi-square value is caleulated by
= b¢| - n/2)%
o = —ld = b

ncxn,x(c-t-:)x(b-(w.{)
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For example, suppose that 4 our of 20

rmal fetuses and 12 our of 30 (40%) of
or more abnormal fetuses. Thus,e = 16,4 =
and n = 50. Then,

(20%) control litcers contained
the treated liczers contained opne
4c=18,d= 12,n, = 20,n, = 30,

(16 x12 -4 x 18- 25 x 50 _
X = 20X 30 X34 X T1E = 1.3825

giving Vi¢ =

1.18, which is signifiant at approximately P < 0.12 for 3
on:-sidcc_! test.

= a‘ + ZQ)’
" 2(aresin VP, ~ arcsin VP, )2

where P, and P, are the expected piopom'ons in the treated and control

of 0.8 using a one-sided significance
level of 0.05,
(1.64 + 0.84)
n

" 2arcsn V0.4 = arcsin V0,27 ~ 03 litters per group
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D. Fecal Weight

The feual weights for the two sexes should be analyzed Separately. Feral.
weight data generace 3 three-level nesced cassification: con

groups, litters within BToups, and fetuses within liers. Since the aumber of
male or female feruses per liter will not be equal, the analyyis of variance

more consistent measure than the oumbers of implanes, resorpdons, etc., and
percentages of dead fetuses, abnormal fetuses, etc. Even though the bioclogical
significance of 2 reduction in fetal weight may be diffieule 1o assess, it gener-
ally is an indicaton of the presence of other toxic effects.

ple, a replicate may consist of 10 treated and 10 conmrol litters szarved on the
experiment on a given date. This process is repeatad ar Jater dates undl an
adequate number of Liwers are obtined,

The replicazed &xperiment has an inherent advanaage over 2 study con-
ducted ar one time. Considerable differences in responses have been noted
between groups of animals treated at the same la.bom9ry at different times

by extending the U-tesz to bonparametric analysis-of-variance techniques (see,




séveral dosagesin 3 biological experiment in order
unction of dose. The establishment of
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