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' ABSTRACT

The purpose of thils study was to evaluate the teratogenic potential of
the propylene glycol butyl ether {(PGBE) and isooctyl (I0) esters of 2,4-
dichlorophenoxyacetic acid (2,4-D). Accordingly, groups of pregnant CD
rats received daily oral doses of PGBE or I0 equivalent to 0, 6.23, 12.53,
25,0, or 87.5 mg/kg/day of 2,4-D from day 6 through day 15 of gestation,
and fetuses were observed for gross, soft tissue, and skeletal defects. In
addition, a postnatal study wes performed on rats receiving 0, 12.5, or
87.5 ME/kg/day PGBE or 10 to determine the effect of treatment on growth
and survival of pups. No adverse effects ware observed on maternal
welfare, nor was there any evidence of embryo or fetal lethality in any
of the treatment groups. Of the anomalies observed, the incidence of
lumbar (l4th) rib buds was found to be statistically increased in the
groups given the 87.5 mg/kg/day doses of both PGBE and IQ. No other anomaly
reached a level of statistical or toxicolegical significance.

The number of pups per litter was significantly reduced on postpartum
days 4 and 7 in dams receiving 87.5 ME/kg/day I0. However, mean body
weight remained normal. Postnatal growth and survival of pups receiving
PGBE ware not adversely affected. It was concluded that PGBE and IO
caused minor embryotoxicity which was not deleterious to growth and
survival, and therefore was not teratogenic to offspring of treated rats.



FOREWORD

The many benefits of ocur modern, developing, industrial society are
accompanied by certain hazards. Careful assessment of the relative risk
of existing and new men-made envirommental hazards is necessary for the
egtablishment of sound regulatory policy. These regulations serve to
enhance the quality of our enviromment in order to promote the public
health and welfare and the productive capacity of our Nation's population.

The Health Effects Research Laboratory, Research Triangle Park,
conducts a coordinated enviromnmental health research program in toxicology,
epidemiology, and c¢linical studias using human volunteer subjects.

These studies address problems in alr pollution, non-ionizing radiation,
environmental carcinogenesis and the toxicology of pesticides as well as
other chemical pollutants. The Laboratory participates in the development
and revision of air quality criteria documents on pollutants for which
national ambient air quality standards exist or are proposed, provides
the dara for registration of new pesticides or proposed suspension of
those already in use, conducts research on hazardous and toxic materials,
and is primarily responsible for providing the health basis for non-
ionizing radiation standards. Direct support to the regulatory function
of the Agency is provided in the form of expert testimony and preparation
of affidavits as well as expert advice to the Administrator to assure

the adequacy of health care and surveillance of persons having sufferad
imminent and substantial endangerment of their health.

This study was undertaken to reevaluate the taratogenic potential of
2,4~D isooctyl (I0) and 2,4-D propylene glycol butyl ether (PGBE). These
ester derivatives ¢f the herbicide 2,4-dichlorophenoxyacetic acid(2,4~D)
are commonly used for brush and weed control.

F.G. Hueter, Ph.D., Director
Health Effects Research Laboratory
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I. INTRODUCTION

The herbicida, 2,4-dichlorophenoxyacetic acid (2,4~D). and several
of its ester derivatives are commonly used for brush and weed coatrol. The
taratogenic potential of these compounds has been investigated in laboratory
animals. TFetal patholegy and an increased incidence of skaletal anomalies
were observed in Wistar rats that received 100 to 150 mg/kg of 2,4-D on days
6 to 15 of gestationm.! In addition, am increased frequency of sksletal de~
fects was also observed in rats that received butyl, isooctyl, butoxyethamol,
and dimethylamine derivatives of 2,4~D.1

In another texatology study, dosas of 2,4-D up to a maximum tolex-
ated dose of 87.5 mg/kg/day or molar equivalents of 2,4~D iscoctyl (IO) es~
texs or 2,4-D propylene glycol butyl ether (PGBE) esters were administered
to Sprague-Dlawley rats on days 6 to 15 of gestation.? The only anomalies
which could be related to treatment were decreased fetal body weight, sub-
cutaneous edema, delayed ossification of bome, lumbar ribs, and wavy ribs.
Since treatment did not affect fetal or neonatal development and survival,
these obgervations were classified as signs of embryotoxicity and fetotox-
icity. Teratogenic effects, which were defined as embryotoxicity which
seriously intarfered with normal deavelopment and survival of the offspring,
were not observed.?

The prssent study was undertaken to reevaluate the taeratogenic
potential of IO and PGRE. The doses of IO and PGBE were salected as the .
molar equivalents of 0, 6.25, 12.5, 25, and 87.5 mg/kg of 2,4<D.%2 Accord-
ingly, pregnanct rats were treated with I0 or PGBE on days 6 to 15 of gesta-
tion, and their fetuses were examined for defects. In addition, dams from
some groups were allowed to deliver, and the growth and development of their
pups were monitored. '

II. YETHODS

A. Animals

CD® rats ware obtained from the Charles River Breeding Laboratory
(Wilmington, Massachusetts) and housed in our animal quartars for at least
7 days prior to use., These quartars are maintained at 22 & 4°C with a rela~-
tive humidity of 40 to 60% and a 7 AM to 7 PM photoperiod. The animals wers
given free accesa to rodent chow (Wayne Lab~Blox, Allied Mills, Inc., Chicago,
Illinois) and tap watar, \

B. Doss

1. Source of test materials: Samples of tachnical grade 2,4~
dichlorophenoxyacetic acid (2,4-D) estars wers obtained from the U.S.
Environmental Protaction Agency, Health Effects Research Laboratory, Research
Triangle Park, North Carolina. These ssters were 2,4-D isooctyl (IO) esters,

1
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(96.6% pure, Dow ARG 172357) and 2,4-D propylene glycol butyl ether (PGBE)
estars (97.15% pure, Dow ARG 172358). The samples were received at Midwest
Research Institute on May 9, 1980.

2. Calculation of dose: Doses of estars were calculated to be
the molar squivalents of 4.25, 12.5, 25, and 87.5 mg/kg of 2,4-D. The molec~
ular waights of 2,4-D, IO, and PGBE are 221, 333, and 358, respectively.
Accordingly, for IO the doses of pure ester were 9.44, 18.9, 37.8, and 132
mg/kg, and the doses of technical grade material were 9.77, 19.6, 39.1, and
137 mg/kg. Likewise, for PGBE the doses of pure ester were 10.1, 20.2, 40.5,
and 142 mg/kg, and the doses of technical grade material were 10.4, 20.8,
41.7, and 146 mg/kg. Since all doses were given orally in a volume of 2.5
ml/kg, the concentrations of the dosing solutions were calculated accordingly:

nical grade kg

. mg tech
Concentration = kg 2.5 a1

For convenience, all doses will be referred to in terms of their equivalent
mg/kg level of 2,4-D.

3. Praparation of dose: All doses ware prepared by weighing the
required amount of corm oil into a bottle, adding the required volume of
technical grade ester and mixing. The amount of corn oil and volume of tech~
nical grade ester required to prepare 100 ml of the various dosing solutions
are presentad in Table 1.

C. Experimental Design

In this study mated rats were divided into nine groups. One group
was the control, four groups raceived IO, and four groups recsaived PGBE.
The treated groups received doses of esters which were the molar equivalants
of 6.25, 12.5, 25 and 87.5 mg/kg of 2,4-D. All doses were administersd f£rom
days. 6 to 15 of gestation. Dams from each group were sacrificed on day 20
and the fetusas examined for defacts. In addition, dams from the control,
12.5 and 87.5 mg/kg, groups were allowed to deliver and the growth and
development of their pups were monitored. The study was accomplished in
two trials.

D. Teratology Study

o v . Mating: Sexually mature virgin female CD® rats were housed
overnight with a proven male brseder. In the morning rats were examined
for sperm-positive vaginal smears. The morming when evidence of mating was
obtained was identified as day 0 of gestatiom. Matad animals were weighed,
identified by ear tag and randomly assigned to a treatment group.

2. Trmatment: All doses wers admigistered orally io a velume of
2.5 ml/kg on days 6 to 15 of gestation. The control group received corn



TABIE 1

PREPARATION OF DOSING SOLUTIONS FOR 2,4-D ISOOCTYL (I0) ESTERS
AND 2,4~D PROPYLENE GLYCOL BUTYL ETHER (PGBE) ESTERS

Preparation of

Dose (amountgkg)a 100-m1 Dosing Solution?
b Technicachrade Corn 811. Technicaleﬁrade

Ester Equivalent (mg) () (ml)

I0 6.25 9.77 91.67 0.36
12.5 19.6 91.34 0.72
25.0 39.1 90.67 1.44
87.5 137.0 87.36 5.04

PGBE 6.25 10.4 91.66 0.37
12.5 20.8 91.32 0.74
25.0 41.7 90.564 '1.48
87.5 146.0 87.22 5.18

a Required dose in 2.5 ml corm oil.

b Groups that receive the molar equivalent of 6.25, 12.5, 2§, and
87.5 mg/kg of 2,4~D.

¢ Technical grade (mg) = mg ester/purity of tachnical grade.
Molecular weights (MW) are 2,4~D (221), I0 (333), and PGBE (358).
Ester (mg) = mg 2,4~D (MW ester/MW 2,4-D).
Purity of I0 is 96.6%; of PGBE, 97.15%.

d Density of coran oil is 0.92 g/ml.

& Dengity of I0 techmical grade is 1.085 g/ml.
Deasity of PGBE techmical grade is 1.126 g/ml.



0il and the experimental groups received doses of I0 or PGBE which were the
molar equivalents of 6.25, 12.5, 25, and 87.5 mg/kg of 2,4-D, as caiculated
abova,

3. Maternal obsarvations: Dams were obsarved for toxicological
signs. In addition, thay wers weighed ou days 0, 6, 13 and 20 of gestation.

4. TFetal observations: Pregnant rats were sacrificed on gesta-
tional day 20, a laparotemy was performed, and uterine horns were exposad.
The number and position ¢f live, dead, and resorbed fetuses were recorded,
Live fatuses were removed, weighed, and immediately examined for external
anomalies as described by Wilson.?3

One-«half of the viable fetusas from each litter were dissectad
and examined for soft tissue anomalies by the frea-hand slicing method of
Wilson.® Each fetus was fixed iz 20 to 25 ml of Bouin's fluid for 2 weeks.
The hardened fetuses wers examined for sxternal anomalies and serially cut
from the head through the trunk using a sharp razor blade. No slices were
made beyond the kidneys, and the intestines were carefully removed from the
pelvic cavity. The cross-sections of the fetuses and the genitourinary or-
gans on the pelvic floor wera carefully examined by experiencsd personnel.
The remsining viable fatuses from each litter were processed for skaletal
examination. Fetuses wers fixed in 70% alcohol for 2 weeks and eviscerated.
The featuses were stored in 1% KOH for 2 days and then stained with alizarin
red.4 After differential decolorizatiom, the skeletons were sxamined by
experienced personnel] for anomalies.

E. Postnatal Study

1. Mating, treatment, and matsynal observations: The methodol-
ogies for these portions of the study were jdeatical to those described
above upnder Section D, "Teratology Study." Rats for the postnatal study
were taken from groups that received 0, 12.5 ot 87.5 ME/kg/day PGBE or IO
and allowed to deliver.

Z. PBup observations: Pups wers observed for toxicological sigms
and on postnatal days 0, 4, 7, 14, and 21.

F. Data 4nalvysis

Quantitative data are reportad as the mean & standard error.
These data were analyzed by Bartlett's test for homogeneity.® Homogeneous
data wers analyzed hy Dunnett's procadure or Tukey's omega procedure.S
Heterogeneous data were analyzed by a nomparametric rank test.® The leval
of statistical significance was selected as p < 0.05 unlass indicated other-
wise. The littar was considered the experimental umit. The percentage of
fatuses with a given anomaly was calculated for each litter, and these val-
les waere averaged to provide a measurs of the affected fatuses per littar.



III. RESULTS

A. I0 Teratology and Postnatal Studies

1. Teratology study

a. Maternal welfare and reproduction: No mortality was ob-
served in rats treatad with up to 87.5 ME/kg/day of I0 for 10 days (Table
2). Body weight gain of dams treated with IO was normal throughout gesta-
tion. While thers was a statistically significant increase in the percent
of viable fetuses occurring in the 12.5 ME/kg/day lavel, the percents of
nonviahle fetuses were not correspoundingly affscted in this or any other
treated group. In addition, the numbers of fetuses per dam and the fetal
body weights were not significantly different from the control group.

b. Gross anomalies: The results of gross observations are
summarized in Table 3. External hematomas were present in all groups.
Mottled skin was observed in the 6.25, 12.5, and 25.0 ME/kg/day dose levels.
Raised cranium was found at the 6.25, 25.0, and 87.5 ME/kg/day levels. In
addition, single incidences of raduction anomalies such as reduced lower
jaw, shortened digits, and reduced hindquarters were fournd in fetuses of
the 25.0 ME/kg/day dosa level. None of the anomalies observed in rats
treatad with I0 occurred at an incidence which was statistically sigmificant.

c. Soft tissue anomalies: Table 4 summarizes the results
of the soft tissue examinations of rats treated with I0. While thers was
no statistically significant increase in any of the observed anomalises,
hydronephrosis, both marked and slight, was obsarved only in the treated
animals. The incidence of occluded trachea occurred at a relatively high
frequency, but showed no dose-related response and was not significantly
increased at any of the treatment levels. In addition, thers were single
incidences of lateral hydrocespkalus and microphthalmiz observed in the 6.25
ME/kg/day dosa lavel, and a single incidence of cryptorchid testicls ssen
at the 87.5 ME/kg/day level. Malformations of the heart, including dextzo-
cardia and/or valvular anomalies, wers obgerved in the 6.25, 12.5 and 25.0
ME/kg/day levals.

d. Skeletal anomalies: The skeletal anomalies observed in
fetuses of dams treated with [0 are presented in Table 5. ¥Yor the most part,
these anomalies represent minor variaticns in the degree of ossification of
developing fetuses 3t the time of cesarean section. Of these minor ancma-
lies, there was a significantly increased incidenca of lumbar (l4th) rib
buds in the 87.5 ME/kg/day dose group. In addition, there was a single in-
cidenca of major bone malformations including fused ribs, fused centxi, and
vertical fusion of vertebrae cbserved in an 87.5 ME/kg/day lsvel litter.

2. Postnatal study: Table 6 prasents data on the postnatal growth
and survival of pups exposed in utaro to I0. There was a significant in-
crease in the postpartum Body weights of dams treated with 12.5 mg/kg/day
I0 from day 0 co day 14 postpartum. This effect, however, reflects an in-

" creased body weight of thesa dams on day 0 of gestation (data not shown).




TABLE 2

EXFECT OF IO ADMINISTERED DURING ORGANOGENESIS ON
MATERNAL WELFARE AND REPRODUCTION IN RATS

10 (MB/kg/day)?

. 0 6.25 12,3 25 87.5
Nemhar Treated 37 34 36 28 21
egnaat 33 32 34 27 21
Alive 33 2 3 27 21
Nonpregnant 4 2 2 1 -
Alive 4 2 2 1 -
Body Weight {g/rat) b
Day 0 246 £ 3 242 3 266 = 3 246 £ 3 246 £ 3
é 278 = 3 271 £ 3 274 £ 3 274 % 4 277 £ 3
13 09 4 306 = 3 309 £ 3 09 5 305 £3
20 83 86 2 4 926 97 ¢ 7 383 £ §
Bregnant Survivors a3 R 34 27 21
Implants/Dam 13.22 0.5 13.420.6 12.7% oes 13.7 £ 0.7 12.8 £ 0.5
Viable Fetuses (%) 9% = 1 95 % 1 98 = } 96 £ 1 97 21
Daad Fetuses (%) 0 0 Q Q 0
Early Resorptions (%) Sx1 s21 21 S$t1 31
Late Resorptions (%) 1£1 0 0 0 121
Dams with Completa Rasorptions 0 0 Q 0 Q
Liva Littars 3 32 k3 27 21
etugas/Dag i2.5 £ 0.5 12.7 2 0.5 12.5 2. 0.5 13.1 £ 0.7 12.4 £ 0.6
Males (%) 522 &1 2 57 £ 3 823 50 %4
Fetal weight {(g) 3,95 £ 0.05 3.96 £ 0.05 4&.18 £ 0.14 3.93 £0.09 3.833+£0.0

Molar Equivalent.s (ME) of 0, 6.25, 12.5, 25, or 87.3 mg/kg of 2,4-D. -
Mean * S.E.
3ignificantly differsnt from control (Dunnett's test).

0O oe
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TABLE 3
GROSS ANOMALIES IN RATS TREATED DURING GESTATION WITH IO

10 _(ME/kg/day)® .
3 .28 12.5 73 87.5

Number of
Littars Affacted/Examined (%) 14733 (42) 14732 (44) 12/34 (35) 16/27 (39) 11/21 (52)
Fetuses Affected/Examined (%) 247414 {6) 167409 (&) 267424 (&) 28/354 (8} 264/263 (9)

- Gross Anomalies

o

Immature Skin 0.3 (1) 0.2 (1} 0 (0) 1.1 (3) 9.4 (1)
Hematoma 3.9 (11) 3.1 (11 4.4 (11) b.b4 (14) 4.9 (8)
Mottled Skin. g {0) 4.2 (1) 1.0 (3) 0.7 (1) Q (0)
Light Color to Fetus 9.2 (1) 9 (0) 0.4 (2) 0.5 (2) 9 (9)
Crescsnt Shaped Varicose 0 (0) Q (0) 0.2 (1) 0 (0) 0 (0)
Vein on Side .

Raised Cranium o (0) 0.2 (1) g (0) 0.8 (1) 0.3 (1)
Exencephalocele 9 (0) 0 (0) 0 (0) 0.2 (1) o (0)
Eye Bulges Absent or Reduced 0 (9) 0.2 (1) 0 (o) 0 (0) 0 (0)
Reducad Loway Jaw a (9) 0 (0) g (o) 0.3 (1) 0 (a)
Protruding Tongus 0 (0) 0 (2} a (0) 0 {9) 0.3 (1)
Brachydactyly 0 (0) 9 (0) 0 (0) 0.3 (1) 0 (0)
Hindquarters Reduced 0 (0) 0 (0) g {0) 0.3 {1) 0 (0)
Tail Shert 0.3 (1) 0 (9) o {0) 0.3 (1) 0.4 (1)
Tail Kinked 0.2 (1) 9 (0} 0 (0) 0.3 (1) 0.4 (1)

1.5 (6) S 0.2 (1) 0 (0) 1.6 (%) 1.8 (4)

Runt Small or Dwarf

a2 Holar Equivalents (ME) of 0, 6.25, ‘12.5, 25, or 87.5 mg/kg of 2,4=D.
b Mean of the percent of fetusas with the indicated anomaly calculatad oz a litter
basis. The number in parsathesis is the nupher of affected litters.



TABLE 4
SOFT TISSUE ANOMALIES IN RATS TREATED DURING GESTATION WITH I0

I0 (ME/kg/dav)?

9 6.23 12.5 25 _87.5

Number of
- Litters Affsctad/Examinad (%) 25/33 (78) 29/32 (78) 26/34 (78} 20/27 (74) 14721 (67)
‘J Fetuses Affected/Examined (%) 57/198(28) 59/196(30) 63/205(31) 54/170(32) 34/125(27)

oft Tissue Anomalies

Hydrocephalus Lateral 0 (0)]’ 0.5 (1) 0 (0) 0 (0) 0 (0)
Blood in Ventricles (Brain) 0.6 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Brain Malformed 0.6 (1) 0 (0) 9 (9) a (@ a (0)
Blood in Tissue by Nasal o (0) 1.5 (2} 0 (0) 0 (@) 2.8 (1)
Passage
Reduced Eye Bulges Q (0) 0.4 (1) g (0) g (0) 9 (0)
Microphthalmia 0 (0) 0.4 (1) 0 (0) 0 (9) 0 (0)
Hemorrhage in Tongue 0 (0) 0 (0) 0.5 (1) 0 (0) 0 (0)
Tongue Protruding from Mouth g (0) 9 (0) 0.4 (1) 0 (9) ¢ (9)
Trachea Occlided 15.2 (15) 19.8 (17) 13.2 (15) 15.3 (12} 13.0 (10)
Displacad Lung 1.3 (2) 1.0 (1) 2.7 () 2.1 (2) 0.7 (1)
Small Lung 0.5 (1) 0 (0) 0.5 (1) 0 (0) 0 Q)
Dextrocardia ¢ (0) 0 (0) 0.5 (1) g (0) 0 (0)
Levorotation to Heart a0 (0) 0.6 (1) q (0) 0.8 (1) 0 (0)
Deflated Lung 0 (0) 0 (0) 1.1 (2) 0o (0) g (0)
Agenesis of Left Atrium 0.5 (1) 0 (0) o (0) o (0) 0 (0)
Ventricular Valves Not 0 (0) 0.5 (1) 6.5 (1) 0 (@) 0 (0)
Fully Formad
Aortic Valve with Oniy Two Qd (0) ¢ (0) 0 (0) 0.8 (1) g (0)
Cusps
Hemorrhage in Liver 1.3 (2) 0.5 (1) 1.7 (2) 4.1 (&) 0.6 (1)
Hemoxrhage in Abdomen 0 Q) 8.5 (1) ¢.7 (1) 1.3 (2) 0.7 (1)
Liver Earzd 0.5:(1) 0 (a) 9 (O ¢ (9) a (0)
Hydronephrosis 0 (0) 1.8 (3) 1.4 (2) 8.6 (1) 1.5 (2)
Slight Enlargment of Kidney 0 (0) 1.0 (2) 1.2 (2) 0.6 (1) 1.6 (2)
Palvis
Hypoplastic Kidney 3.4 (8) 0.4 (1) 3.7 (%) 2.0 (3) 3.0 (3)
Ectopic Kidney 0 (0) 0 (0) o (0) 0.6 (1) 0 (0)
Small Kidnay a.% (1) 9.4 (1) a (0) ¢ {0) 0.6 (1)
Hematoma in Kidney g (0) Q (0) 0.5 (1) 0.5 (1) 0 (0)
Hydrouratar 1.2 (2) 2.6 (4) 2.1 (3) 0 (®) 0.7 (1)
Distanded Urinary Bladder 2.6 (5) 1.5 (3) 3.4 (3) 1.2 (2) 2.4 (3)
Cryptorchid Testicle 0 (0) 0 (0) 0 (0) 0 (0) 0.8 (1)
Malpiacad Testicle 1.0 (2) 0.5 (1) 0.4 (1) 1.1 (2) 0.8 (1)
Malplacad OQvary 0 (9) 9 (9) 0.4 (1) g (0) a (0)
Small Fetus 0.4 (1) 3.6 (1) 0 (0) 1.2 (2) 0 (@)
Subdarmal Hemorchage 0 {9 9.3 {2) o (0 9 () 1.6 (2)

2 Molar Equivalents (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4=D.
b Mean of tha percent of fetusas with the indicated amomaly calculated on a litter
basis. The number in parenthesis is the number of affectad littars.



TABLE 5
SKELETAL ANOMALIES IN RATS TREATED DURING GESTATION WITH IO

10 (ME/kg/day)? —
9 6.25 12.5 25 7.3

Numbar of :
Litters Affectad/Examined (%) 32/33 (97) 32732 (100) 32/34 (94) 23727 (92) 21/21 (100)
_" Fetuses Affactad/Examined (%) 157/213(74) 1527212(72) 130/217(60) 138/184(75) 107/134(30)

Skelatal Acomaliss

Skull Collapsed Slight 0.6 (D° 2.1 () 0.8 () 0 (0) 0.8 (1)
Skull Collapsed Maried 0.5 (1) o (0) 0 {0) 0 (0) o (0)
Basisphenoid Malformed o {0) 0 (0) 0 (0) 0.6 (1) 0 (0)
Baasioccipital Incomplately 2.6 (3) o (0) 1.0 (1) 0 (0) 0 ()
Ousified
Squamosal Split 1.2 (1) 0.5 (1) 0 (e) 0 (0) 2.5 (3)
Jugal Incompletely Qasifiad g (0) 9 (Q) 0.9 (1) ¢ (0) 0 (0)
Hyoid Bone Unosgified 5.3 (9) 6.0 {5) 2.8 (&) 2.7 (%) 5.4 (6)
Hyoid Bone Incompletely 0.4 (1) 9 (0) 0.4 (1) 0.9 (2) 1.9 (2}
QOssified
Hyoid Bone Split Q {0) o (0) 0 (2) 0 (0) 1.0 (1)
Frontal Bones Incompletaly 0.4 (1) 0.9 (2) 0.4 (1) 0.5 (1} ¢ (0)
QOssified
Frontal Fontanel Enlarged 0 (0) g (0) 9 (1) 1.1 (2) ¢ Q)
Ocedipital Fontanel Ealarged 0 (0) 0 Q) 0 (6) 0.6 (1) 0 (%)
Parietals Incomplataly Ossified 2.0 (4) 0 (0) 0.8 (2) 1.0 {2) 2.1 (2)
Interpariatal Unossified 9 (0) 0 (0) a (o) 9.6 (1) a (0)
Interparietal Incompletsly 2.2 (3) 0 (0) o (0) 0 (0) ¢ (o)
Ossified
Intarpariatals Curved Medially 0 (0) 1.5 (3) 0 (0) 1.1 (1) 0 (0)
Supraoccipital Unossified 0 (0) 0 (0) 6 (0) 1.1 (2) 0 (0)
Supracccipital Incompletely 1.2 (1) 0.5 (1) 1.2 (2) 0.5 (1) 0 (0)
Ossified
Extra Ribs a (0) 9 (3) . 0.3 (1) ¢ (0) 0 (0)c
Rik Buda 1.0 (1) 3.0 (4) 5.1 (5) 0.5 (1) 9.2 (9)
Ribs Unossified 0 {0) g (0) 9 (a) 0 (0) 3.7 (1}
Incomplete Ossification of 9 (0) 0 (0) 0 (0) 0 ¢0) 0.6 (1)
Ribs
Vertically or Malfused Ribs WG] Q0 (0) ¢ (9) 0 (@) 9.7 (1)
Wavy Ribs 0 () 1.6 (1) o (8) 2 (o) 0 (o)
Centri Unossified 0 (0) 0 (9) 9 (0) 1.1 (2) 0 (Q)
Cantri Lobed 31.2 (2%) 16.7 {20) 23.1 (21) 32.9 (22) 18.9 (12)
Incomplate Ossification of 0.4 (1) g (1) 0 (0) 0 (0) 0 {0)
Centzi
Split Centzi 2.1 (5} 7.2 (11) 2.5 (4) 4.5 (7) 2.9 €3)
Vertical Fusion of Cantri 9 (0) o (@) & () a () 0.7 (1)
Vertsbrae Unoasified 0 (0) 0 (9) a (0) g (0) 0.7 (1)
Vartical Fusion of Vertesbrze 0 (0) g (o) 0 (0) 0 (0) 9.7 (L)
Unossification of Starnsbrae 21.4 (20) 21.8 (19) 10.0 (13) 18.0 (14)  33.2 (20)
Incomplete Ossification of 26.7 (23) 29.2 (25) 20.1 (25) 28.5 (19) 36.0 (18)
Starnabraas



TABLE & (concluded) -

10 (ME/ke/day)? .
0 8.2 12.5 25 87.5
Sternebrae Lobed 2.4 (2)b 5.8 () 0 (O 4.2 (6) 2.2 (3)
‘Split Sternsbrae 1.3 (2) 0 (0) o (0) 0.5 (1) 0 (0)
Sternebras Fused 0.4 (1) g (O 0 (9) 0 (0) 0 (O)
Malalignment of Fusion of 10.6 (11} 14,3 (13) 10.8 (12) 13.3 (11) 8.5 (M)
Starnebrae
Extra Ossification Between 0 (0) 0 (0) 0.3 {1) g (0) 0 (0)
Sternabrae
Incomplete Ossification of 0.5 (1) 0 (0) 0 (0) 0 (B 0 (0}
Ischium
Pubis Uncasified 0 (0) 0 (®) 9 (0) 0.5 (1) a (0)
Pubis Incompletaly QOssified 0.5 (1) 6.4 (1) 0 (09) 0.5 (1) 8.7 (1)
Paws Unoesified 9 (0) 0 (3 0 (0) 0.6 (1) 6 (0)
Phalanges Unossifiad 1.5 (2) 5.1 (3) 1.2 () 0.5 (1) 8.7 (8)

a Melar fquivalsnts (ME) of 0, 6.25, 12.5, 28, or 87.5 mg/kg of 2,4-D.

b Maan of the percent of fetussas with the indicated anomaly calculated on a litter
basis. The oumber in parsnthesis is the number of affectad littars,

¢ Significantly differant from coatrol (Tukey's procedure).
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TABIE 6

EFFECT OF IO ADMINISTERED DURING ORGANOGENESIS ON -
POSTNATAL GROWTH AND SURVIVAL

10 grmgkg/daﬁ)’

i) 12.5 87.5
No. Viable Litters’ b
0 9 9 9
4 9 9 9
7 9 9 8
14 9 9 8
21 3 9 8
No. Pups/Litter e
) 13.1 £ 0.4 12.8 £ 0.8 11.2 £ 1.0,
4 13.0. £ 0.4 12.8 % 0.8 9.7 & 1.2,
7 12.8 £ 0.4 12.7 £ 0.8 9.3 £ 1.5
14 12.3 = 0.4 12.3 £ 0.3 9.3t 1.5
21 12.2 £ 0.3 12.3 £ 0.8 3.3¢1.5
s Wey%t e 284 £ 3 d
307 £ 93 298 + 3
4 308 ¢ 6 332 £ 74 312 £ 5
7 321 & 7 350 £ 6, 331+ 6
14 329 £ 7 386 £ 9 43 £ 6
21 322 £ 10 343 £ 10 335 £ 9
Pup Weight (g)
0 6.8 £ 0.1 6.7 £ 0.2 6.7 % 0.2
4 10.4 £ 0.3 10.4 £ 0.4 10.4 £ 0.9
7 15.0 £ 1.0 15.0 £ 1.0 16.0 * 3.0
14 26.0 £ 1.0 27.0 £ 1.0 26.0 £ 4.0
21 40.0 % 2.0 42.0 £ 2.0 42.0 £ 7.0

Molar Equivalants (ME) of 0, 12.5 or 87.5 amg/kg of 2,4-D.
Numbar of litters with at least ons viable pup.

Mean * 3.E.

Significantly diffsrant from comtrol (Dunmnett's tast}.

a0 o

.....
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Although the number of viable littars was oot adversely affectad by treatment
with IO, the survival of pups from days 0 to 4 was significantly reduced in
the 87.5 ME/kg/day dose level; this was due primarily to the loss of cne
complete litter. In contrast, the growth of pups inm both groups treated
with I0 was normal.

B. BGBE Teratology and Postmatal Studies

1. Teratology study

a. Maternal welfare and reproduction: No mortality was ob-
served in rats treated with PGBE (Table 7). Dams treated with 25.0 ME/kg/

day PGBE had significantly reduced body weights during gestation. Howaver,
since dams in this group had reduced body weights on day 0 of gestation,
this effect was datermined not to be treatment~-related. Morsover, neither
the number of implants per dam nor the number of fetuses per dam were af-
fected by treatment with PGRE. In addition, there was no evidencs of fetal
toxicity as monitored by percent viable fetuses and fetal body weight.

b. Gross anomalies: Thare were faw gross anomalies cobserved

in the PGBE group (Table 8). External hematomas were most frequently ob~
sarved and occurred at all dose levels including the control group.

c. Soft tissue anomalies: The soft tissue anomalies observed
in fatuges of dams treatsd with PGBE are presanted in Table 9. Hydronephrosis,
both marked and alight, as well as subdermal hemoxrrhage, though not dose~
ralated nor statistically significant, was observed in only the treatad
gzoups. In additiom, thers was a high frequency of the incidence of occluded
trachea. This anomaly as well showed po dose~related response nor was it
statistically significant. Other soft tissue snomaliaes occurring were in
low frequency and seemed to appear by random variation.

d. Sksletal zpemaliag: Tha skalaral anomalies are shown in
Table 10. The skeletal anomalies observed rspresent minor variations in
the degree of ossification at the time of caesarian section. Howaver, thers
was a significantly increased incidence of lumbar (14th) rib buds obsarved
in the 87.5 ME/kg/day treatment group. Nome of the other -anomalies occurred
at an incidence which reached a lavel of statistical sigpificancs, and no
major morphological malformations were observed.

2. Postnatal study: Pups from dams treated with PGBE during or~
ganogenesis grew at a normal rate during lactation (Table 11). Also, there
vere no significant differencss in the numbers of pups per litter. Matarmal
body weight in the treatad groups, whils significantly increased at parturi-
tion, were similar to the coutrulsthroughout the iemainder of the lactation
period.
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TABLE 7

EFFECT OF PGBE ADMINISTERED DURING ORGANOGENESTS ON
MATERNAL WELFARE AND REPRODUCTION IN RATS

PGBE g@("kg/day)a _
) 6-25 12.5 25 87.5
Number Treated 37 k¥ 36 28 19
Pregoant 33 - 36 34 28 15
Alive 3 36 a4 28 15
Nonpregnant & 1 2 9 [
Alive 4 1 2 0 4
Body Weight rat) b
Day 0 246 £ 3 240 £ 3 239 £ 3 236 3% 239 ts
6 275 £ 3 272 ¢ 4 268 = 4 -zsa:ac 269 £ S
13 - 309 £ 4 304 = 4 299 = 3 29 £ &4 3046 £ 3
20 286 £ 5§ 280 £ 3 78 ¢ § 365 £ 65 38138
Pregnant Survivors 33 36 34 23 15
Implancs/Dam 13.2+£0.5 12.4 £ 0.6 12.6 0.5 11.720.8 12.7 £ 0.8
Viabls Fetuses (%) 9.2 1.5 6 1.0 96 £ 1.0 91 £ 3.6 95 £ 1.2
Deaad Fetusas (%) 0 0 0 0 0
Early Resorptions (%) 5+1 4r1 421 7¢3 5+£1
Lata Resorptions (%) 121 0 0 a 0
Dams with Complete Resorptions 0 Q 0 0 g
Live Littars K § 36 34 28 15
Fetuses/Dam iz.5+ 0.5 11.9+0.6 12,0 £ 0.4 10.4 %2 0.8 12.1 * 0.7
Malas (%) e x2 .5 2 3 53 £ 2 Yis £ 4 b4 T 4
Fatal Weight (g) 3.95 £ 0.05 4.01 £ 0.06 4.02 £ 0.06 3.95 £ 0.06 3.84 = 0.09

a NMolar Equivalents (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4=D..
b Hean % S.E. . '
¢ Significantly differant from: comtrol (Dunpett's tast).
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TABLE &
GROSS ANOMALIES IN RATS TREATED DURING GESTATION WITH PGBE

___PGBE (ME/kg/day)® i
3 528 12.3 s 375

Numbar of
- Littars Affectad/Examined (%) 14733 (42) 15/36 (42) 16/346 (4T7) 9/28 (32) 7715 (47)
Fetuses Affactad/Examined (%) 24/416 (6) 367429 (8) 26/409 (&) 12/2%2 (4) 13/181 (7}

Gross Anomalies

Tometurs Skin 6.3 (1P 0 (0) 0 (0) 1.5 (2) ¢ (0)
Hematoma 3.9 Q11) 3.9 (11 5.3 (13) 3.6 (9) 2.6 (7
Mottled Skin 0 (0) 0.7 (3} 0 (0) 0 (0) 0 (0)
Light Color 0.2 (1) 0.2 (1) 0.5 (2) 0.2 (1) 9.9 (2)
Crescent Shaped Varicose 0 {0) ¢ (Q) 0.2 (1) o (0) g (0)
Vein on Side
Reduced Samout 0 (0) 0.2 €1) g (0) 0 (0) 0 (&)
Reduced Lower Jaw 0 () 0 {0) o {0) 1.2 (1) a8 {0)
Protruding Tongua 9 (0) 1.4 (1) 9 (9) Q3 (6} a (3
Tail Short 9.3 (1) g (0) 9 Q) g (0) 9 (8)
Tail Kioked 0.2 (1) 0 (0) g (0) g (0) 0 (0)
Runt 1.5 (6) 9.9 (3) 0.5 (2) 2.0 (4) g (o)

a Molar Equivalents (ME) of 0, 6.25, 12.5, 28, or 87.5 mg/kg of 2,4=D.
b Mean of the percent of fatuses with the indicatad anomaly calculated on a litter
basis. The number in parsnthesis is the number of affscted litters.



TABLE ¢

~ SOFT TISSUE ANOMALIES IN RATS TREATED DURING GESTATION WITH PGBE

PGRE (ME/kg/day)?
0 6.25 12.5 . 25 37.5

Number of
Litters Affectad/Examined (%) 25%/33 (76) 26/36 (67) 26/34 (78) 22/28 (718) 10/15 (87) -
Fatuses Affec;ad/Exammd (%) 37/198(29) 48/206(22) 55/198(30) 47/138(34) 16/86 (19)

Soft Tissue Anomalies b '
Hydrocephalus Lataral 0 (0) 0.3 (1) 0 (0} 0 (0) 0 (0)
Supacior SJagittal Sinua 9 (0) 0 () 1.2 (1) 9 (0) 0 ()

Enlarged
Blood in Ventricles (Braia) 0.6 (1) 0 (0) a (0) 0 (0) 0 (0)
Brain Malformed 0.8 (1) 0 {(Q) 0 (0} 0 (0) 0 ()
Blood in Eye 0 (0) 0.6 (1) 0 (0) 0 (9) 0 (0)
Lans Abaent 0 (0) 0 (0) ¢ {0) 1.9 (1) Q0 (W)
Tongue Protruding from Mouth 0 (0) 0.4 (1) 0 (0) 0 (0) 0 (0)
Claf: Palate 0 (0) 0 (0) o {9) 1.9 (1} 0 (Q)
Trachea QOccluded 15.2 {1%) 16.1 (18) 16.4 (19) 22.6 (12) 10.4 (%)
Agenesis of Lung 0 (0) 0 (3) 0.4 (1) 0 (0) 0 (0)
Displaced Lung 1.3 (2) 0 (3) 0.4 (1) 2.0 (2) 0 (0)
Small Lung 0.5 (1) ¢ (9) 0 (9) 0 (0) o {0)
Daflatad Lung 9 (0) o {9) 9 (0) 1.4 (2) 2 (0)
Innominats Aztery Short 9 (9) 0.5 (1) 0 (o) 0 (0) 0 {0)
Agenesis of Laft Atrium 0.5 (1) 0 () o (0) 0 (0) 9 (0)
Hemorrhage in Liver 1.3 (2) 0.4 (1) 0.4 (1) 0.6 (1) 1.1 (1)
Hemorrhage in Abdooen 0 (Q) g (3) 0.5 (1) g (0) I.1 (1)
Livar Haxd 0.5 (1) ¢ (0) 0 (Q) 0.7 (1) 1.1 (1)
Biood in Scomach a (0} 0 (0) 0.6 (1) 0 (0) 0 (0)
Hydronephrosis 0 (0) 1.4 (2) 3.2 (%) 1.9 (3) 1.7 (1)
Slight Enlargement of Kidney a (0) 0.9 (2) ¢ {0} Q2.5 (1) 1.0 (1)
Pelvia
Kidney Pelvis Assymetrical 3.4 (%) 0.4 (1) 0.8 (2) 2.6 (3) 0 (0)
Small Kidney 8.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Hematoma in Xidney 0 (0) a (0) 1.0 (1) o (0) 0 {0)
Hydrourstar 1.2 (2) 0.9 (1) 0 (0) g (0) 0 (Q)
Slight Enlargement osf Ureter 0 (D) 0.9 (1} 0 (9) Q0 (0) o (Q)
Distanded Urinary Bladder 2.6 (5) 0.7 (2} 3.4 (&) 1.4 (2) 1.9 (2)
Monorchid o (0) 8.3 (1) 0 (0) o (0) 0 (0)
Malplaced Tasticle - 1.0 (2) 1.1 (3) 1.3 (3) 1.2 (2) 2 (0)
Misshapen Uterus ’ LI )] 9 (0) 0 (Q) 0.5 (1) g ()
Seall Fatus : 0.4 {1) 1.5 (2) 0 (0) 3.6 (&) Q (0)
Reducad Lower Jaw 0 (0) 9 () ¢ (0) 1.9 (1) 9 (0)
Subdermal Hemorrhage 9. (0) 0.3 (1) 1.9 (3) 0.5 (1) 1.0 (1)

a Molar Equivalents (ME) of 0, 6.2%, 12.5, 28, or 87.5 mg/kg of 2,4-D.

b Mean of the percent of fetuses with the indicated anomaly calculated om a litter

basis. The number in parsnthesis is the oumber of affected litters. -
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TABLE 10
SKELETAL ANOMALIES IN RATS TREATED DURING GESTATION WITH PGRE

PGBE QME/kg/day)’

0 6,23 12.5 2 87.%
Number of
Litters Affected/Examined (%) 32/33 (97) 34/36 (94) 32/34 (94) 27/28 (96) 15/13(100)

- Feruses Affected/Examined (%) 157/213(74) 187/223(70) 140/211(66) 107/153(70) 71/95 (75)

-

ﬁ— kelatal Anomalies
Skull Collapsed Siight

0.4 (P 0.3 (1) 0 (0) 0.6 (1) 1.0 (1)

Skull Collapsed Marked 0.5 (1) 0 (0) 0 (0) 0 (0) ¢ (0)

Basioccipital Incompletaly 2.6 (3) 2.5 (2) o (0) 1.8 (1) ¢ (0)
Ossified

Squamosal Split 1.2 (1) g (0) g {0) g (0) 1.9 (1)

Squamosal Incompletaly Ossified 0 (D) 0.5 (1) a4 (0) g (0) ¢ (0)

Hyoid Bone Unossified 5.3 (9) 2.4 (&) 5.6 (8) 4.9 {7) 7.5 (&)

Hyoid Bone Incompletaly 0.4 (1) 8 (0) 0.4 (1) 0 (0) 0 (0)
Ossified - :

Frontal Bones Incompletely 0.4 (1) 0.5 (1) 0 (0) 0 (0) 0 (0)
Oesifiad

Parietals Incompletaly Osaifiad 2.0 (4) 0.5 (1) 1.0 (2) 0 (0) 3.8 (1)

Iatarparietal Incomplately 2.2 {3) a (M a9 (M 0.7 (L) a9 (0)
Qssified

Interparietals Curved Medially 0 (0) 0 (0) 0 (0) 0 (0) 1.0 Q1)

Supraoccipital Incomplataly 1.2 (1) 0 (0) 0 (0) 0 (@) 1.9 (1)
Qasifiad

Extra Ribs 0 (0) 0 (0) g (o) 0.9 (1) 0 (0),

Rib Buds 1.0 (1) 6.3 (7) 2.2 (3) 2.1 (3) 13.3 (3)

Ribs Unossified o Q) 9.4 (1) 0 (0) 9 {0) 0 (0)

Wavy Ribs g {0) g (0) -0 (0) 9 (0) 1.9 (1)

Centri Lobed 31.2 (2%) 22.2 (23} 22.0 (18) 33.4 (18) 19.6 (8)

Incomplate: Onsification of 8.4 (1) 0 (0) g (0) Q9 {0) a (0)
Centzxi

Split Centri 2.1 (5) 1.2 (3) 3.6 (6) 4.7 (8) 3.0 (3)

Incomplete Qssification of 0 (9) 3.3 (1) 0 (0) 0 (9) g (0)
Vertabrae . :

Unossificacion of 21.4 (20) 19.0 (17} 14.6 (13) 22.3 (12) 4.1 (8)
Starnebrae '

Incomplate Qssification of 24.7 (23)  27.0 (25) 26.5 (28) 23.5 (17) 36.6 (11)
Starnebrae

Jtarnebraa Lobed 2.4 (2) 8.0 (M 1.9 (&) 5.3 (&) 3.3 (1)

Split Starnsbrae 1.3 (2) 0 (0) 0 (0) 8 (0) 0 (0)

Sternabrae Fused 3.4 (1) 9 () 9 (0) 0.4 (1) 0 (0)

Malalignment of Fusion of 10.6 (11) 10.3 {15) 10.1 ¢11) 12.5 (9) 8.9 (4)
Starnebrae

Iachium Incomplataly Ossified 0.5 (1) 0 (0) 8.5 (1) 0 (0) 0 (0)

Pubis Unossified a (3) 2.5 (1) 0 (0) g (0) 0 (0)

Pubia Incompletaly Ossifiad 0.5 (1) ¢.5 (1) 0 {0) 0.5 (1) 1.0 (1)

Phalanges of Paws Unossified 1.5 (2) 0.7 (1) 5.1 (8) 3.0 (1) 1.8 (2)

a Molar Equivalcnta (ME) of 0, 6.28, 12.5, 25, or 87.5 mg/kg of 2,4~D.

b Yean of the percent of fetuscs with the iadicatcd snomaly calculated on a litter

basis.
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The number in parenthesis is the number of affectsd littsrs.
¢ Significantly diffarsat from control (Tukey's procsdurs).



TABLE 11

EFFECT OF PGBE ADMINISTERED DURING ORGCANOGENESIS ON

POSTNATAL GROWIH AND SURVIVAL

PGBE_(ME/kg/day)?
12.5

No. Viable Litters®

Bay 0
4

7

14

21

000w
00 \0 O o

No. s/Litter
Day O 13.1 £ 0.4
4 . 13.0 £ 0.4
7 12.83 £ 0.4
14 12.3 £ 0.4
21 12.2 £ 0.3

Dam Weight (g) ’ d
Day 0O 284 *
4 308

7 321

14 329

21 322

Pup Weight (g}
Day @ 6
4 10

7 14

14 25

21 40

Wolar Equivaleats (ME) of 0, 12.5 or 87.5 mg/kg of 2,4-D.
Number of litters with at least one viable pup.

Yean £ S.E.

Significantly differsnt from control (Duncett's tast).

an Ue
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C. Discussion

Pragnant rats were expasad to 0, 6.25, 12.5, 25.0 or 87.5 ME/kg/day
of IO or PGBE for 10 days starting on day & of gestation. DMortality was
not observed in rats receiving up to 87.3 ME/kg/day IO or PGEBE. While rats
which received 25.0 ME/kg/day had significantly reduced body weights during
gestation, this was datermined pot to be treatment-related since this efifect
occurred before treatment began. Further, all other dams gained weight nor-
mally during gestation.

Embryo or fetal lethality, as measured by perceat viable fetuses,
percent early resorptions, number of dams with complete resorptions, and
fetal weight, was not observed with I0 or PGBE.

None of the gross anomalies observed in rats were increased to a
statistically significant level by treatment with either PGRE or IO.

Soft tissue anomalies observed in rats treated with either PGBE
or I0Q were not increased to a2 significant level. Howevar, hydronephrosis,
both marked and slight, was observed only in the treated animals. This
anomaly, though, occurred at very low incidences in all dose levels in rats
treated with both PGBE and IO, and showed no dose-relatad response.

Skeletal anomalies observed in rats treated with PGBE or IO con~
sisted mainly of minor variations in the degree of ossification. There was
a significantly increased number of fetuses with lumbar (14th) rib buds in
the 87.5 ME/kg/day dose lsvels of both IO and PGBE. Additionally, in one
pup treated with 87.5 ME/kg/day of I0 some major bone malformations of the
axial skeleton, including fused ribs, fused centri, unossified vertebrae,
and fusion of vertebrae, wers obsarved.

These scattared effscts are considered to be within normal bio=
logical variation. When the significance level is set at p < 0.05, it is
expected that one anomaly in twenty in each dose group will be significantly
differant by random variaticn. The differences observed here were not deose-
related and did not include clusters of related anomalies. Therefore, these
differsnces have been considerad toxicologically unimportant.

In addition, a postnatal growth and survival study was performed
on rats recsiving 0, 12.5, or 87.5 ME/kg/day PGBE or I0. Pup body weights
for both compounds were normal. In rats receiving 87.5 ME/kg/day 10, there
was a reduced aumber of pups per litter on days 4 and 7 pestpartum. This
affect, however, represents a whole litter loss by one of the dams at this
dose level. Since the survival of pups from other dams in this treatment
group was similar to the control, it was concluded that this affect was not
treatment-related.

In a previous study,? PGBE and 10 were given orally to rats in
similar doses on days 6 through‘ls of gestatiom, and an increased incidence
of fetuses with subcutaneous edema was observed. This anomaly was aot ob-
served in the present study in any of the dose lavels studied. However,
the same st reported a significant increase in the incidence of lumbar
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ribs in the 87.5 ME/kg/day dose lavels of both I0 and PGBE. An increase in
the appearance of lumbar ribs was alsoc reported in another study* using
Wistar rats at only slightly higher maximum doses of PGBE and IO.

Although the occurrence of lumbar ribs has no morphological or
functional consequence to the fetusas and appears spontaneously in control
animals, it falls within the scopes of embryotoxicity.? Since this effect
is not detrimental to the normal development and survival of fetuses, it is
got classified as a "taratogenic" effect.’

Iz summary, the results of this study indicate that (a) PGBE or
I0 produce no adverse effects on maternal welfare or pup viability; (b) PGBE
or 10 exhibit embryotoxicity of insignificant detrimental effect; and (<)
PGBE or I0 do not adversaly affect postmatal growth and survival of pups.

Accordingly, these results indicate that PGBE and IO are not tera-
togenic in CD® rats.
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