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SC-18862: AN EVALUATION OF EMBRYOTOXIC AND TERATOGENIC POTENTIAL
IN THE RABBIT; P-T 1201

J. F. Vondruska, R. E. Schroeder* and A. L. Mitchell

Department of Pathology-Toxicology
Searle Laboratories

INTRODUCTION

The purpose of this study was to determine the embryotoxic and
teratogenic potential of SC-18862 (asrartame) when administered by gavage
to the pregnant rabbit during the period of fetal organogenesis. L-phenyl-
alanine and L-aspartic acid, dietary amino acids which are the principal
constituents of SC-18862, were administered to two additional groups of
pregnant rabbits. The doses of L-phenylalanine and L-aspartic acid were
75% and 134%, respectively, of the amounts present in the highest dose of
SC-18862. Such a study is commonly referred to as a Segment II study of
the Teratology-Reproduction profile. This study was conducted to provide
additional rabbit teratology data with SC-18862 and to compare the embryo-
toxic and teratogenic impact of the two amino acids which are the products

of hydrolysis of SC-18862.

METHODS

Material evaluated.

SC-18862 is a fine white powder with the chemical name of L-aspartyl-
L-phenylalanine methyl ester. Lot No. 59687, Q.C. C0075, was employed in
* This author left Searle in June, 1975. He performed/supervised a

significant portion of the study and therefore deserves recognition as
an author, but was not available for final review of the report.



this study and was considered 100% pure for the purposes of dosage calcula-
tion. This lot actually did contain 0.29% of SC-19192 (a diketopiperazine),
which is a conversion product of SC-18862. L-phenylalanine, Lot No. 79190,
and L-aspartic acid, Lot No. 98040, were both obtained from Ajinomoto

Company, Inc., Tokyo, Japan. Both products were considered to be 100% pure

for purposes of dosage calculation.

Animals, housing and diet.

Three hundred two mature nulliparous female New Zealand White
rabbits of the Leuenberg strain, obtained from Pel-Freez Biological, Inc.,
Rogers, Arkansas, were employed in this study. These rabbits had a mean
body weight of 3.97 kg and were approximately eight months old at insemi-
nation. Twenty proven males of the same strain were used as semen donors

for artificial insemination.

Animals were housed individually in stainless steel cages and ac-
climatized to the laboratory environment for at least one month prior to
being placed on study. The animal quarters were air-conditioned, with
thermostats set to maintain 72°F temperature continuously; fluorescent

1ighting was provided daily as a 12 hour dark/light photoperiod.

Basal diet (Rabbit Chow Special No. 5430, Ralston Purina Co., St.

Louis, Mo.) and chlorinated tap water were continuously available.

Experimental design.

Prior to insemination the 302 female rabbits were distributed among
six experimental groups by a simple randomization procedure.] Daily dosage

levels administered are presented on the following page.



Dose
Treatment Compound Level No. of Females Female Identi-
Group Administered (g/kg) Inseminated fication Nos.

Control None -- 50 101-150
Low Dose SC-18862 0.5 50 201-250
Medium Dose SC-18862 1.0 52 301-350
High Dose SC-18862 2.0 50 401-450
L-Phe L-pheny1l-

alanine 0.82 50 251-299,201R
L-Asp L-aspartic

acid 1.10 50 351-399,301R

Compound and/or vehicle was administered intragastrically twice daily
in two divided doses, separated by an interval of at least three hours. Treat-
ment began on gestation day 6 and continued through gestation day 18, a thirteen-

day period. The females were sacrificed and autopsied on gestation day 28.

Compound formulation, administration and dosage calculation.

Compound was suspended in a solution of 0.5% carboxymethyl cellulose
(w/v) and 1% Tween-80 (v/v) in the low, medium, and high dose groups at
concentrations (w/v) of 2.5%, 5% and 10%, respectively. L-phenylalanine
and L-aspartic acid were prepared at concentrations of 4.0% and 5.5% re-
spectively, in the same vehicle. Solutions were prepared fresh daily. Con-
trol animals received vehicle only in comparable volumes (20 m1/kg body
weight daily). Compound and/or vehicle was administered by gastric intuba-
tion in two equally divided daily doses, separated by a three-hour interval.
Treatment began on gestation day 6 and continued through gestation day 18,
a thirteen-day period. Individual dosages were adjusted to body weights on

post-insemination day 13.



Insemination procedures.,

Artificial insemination procedures were employed and the day of
insemination considered day 0 of gestation. Semen was cb]]ected from proven
males by using an artificial vagina. First and second ejaculates were col-
lected when possible. A small amount of each ejaculate was placed on a slide,
coverslipped, examined microscopically, and rated qualitatively on the basis
of apparent sperm motility and density. Semen collections with high ratings
were then pooled and diluted with nine parts of Sodium Chloride Injection,
U.S.P. Females were inseminated with 0.7-1.0 ml of diluted pooled semen

containing not less than 20 million sperm.

Ovulation was induced by a 2.0 mg dose of pituitary luteinizing hor-
mone (PLH, Armour-Baldwin Labs., Omaha, Neb.) administered intravenously via
the marginal ear vein. Each female received PLH immediately following in-

semination.

Insemination procedures were performed on seventeen separate days.
Usually three females from each experimental group were inseminated on each
day, though in exceptional cases additional replacement animals were insemi-
nated. On the last insemination day, only two animals from each group were

inseminated.

Observations and records on inseminated females.

Females were examined daily for morbidity, mortality and behavioral
irregularities. These observations were generally performed in conjunction
with recording food consumption and handling the animal to administer com-
pound. Food consumption was recorded daily during gestation by weighing
the food containers at the beginning and end of each 24 hour period. The

difference in weight represented the food consumed during that interval.



Due to the construction of the food containers, the amount of food spillage
was negligible. Body weights were recorded on gestation days 0, 3, 6, 10,

13, 15, 18, 22 and 28.

A necropsy was performed on the maternal animals that died or were
sacrificed during the study. Each female that completed the study was sacri-
ficed by air embolism and the following tissues examined grossly in situ:
heart, Tungs, liver, kidneys, stomach, small intestine, large intestine,

uterus and ovaries.

Terminal observations.

On gestation day 28 all females were sacrificed and the abdominal
cavity opened. The ovaries and uterine horns were exposed, and the number
of corpora lutea, fetuses and resorption sites recorded. Additionally, the
relative position of each implantation along the uterine horns was recorded.
Subsequently, fetuses were removed from the uterus and fetal viability was
determined by respiratory movements, skin color, and movements of the extremi-

ties and head.

Fetal external examination. The weight and length (crown-

rump distance, CRD) of each fetus were recorded., Each fetus was then
given a thorough gross examination for external malformations prior to
being euthanized and preserved intact in a fixative solution. Fetuses
designated for soft-tissue examination were preserved in Bouin's solution.
Fetuses designated for skeletal examination were preserved in 95% (v/v)

aqueous ethyl alcohol.



Fetal soft tissue examination. Approximately one-half of

the fetuses from each litter were fixed in Bouin's solution for subsequent

examination by the free hand sectioning technique of wﬂson2 as follows:

Head: Five parallel tissue slices, approximately 5 mm thick,
were prepared in a transverse plane and were examined for malformations of

the palate, nasal cavities, eyes and brain.

Thorax: Five parallel slices, approximately 2 mm thick, were
made in a transverse plane starting at the shoulders and proceeding caudally
to the diaphragm. These slices were examined for malformations of the thymus,

heart, lungs, esophagus, trachea, diaphragm and major blood vessels.

Abdomen: One slice was made approximately 8 mm caudal to the
diaphragm and was examined for malformations of the liver, stomach and
spinal cord. The next slice was made at the level of the right kidney and
was examined for malformations of the kidney, liver, stomach, spleen and
spinal cord. A final slice was made at the level of the left kidney and was
examined for malformations of the spinal cord, aorta and renal pelvis. Struc-
tures found in the pelvic cavity (i.e., ureters, bladder and reproductive tract)

were examined in situ after removal of the intestine.

Tissue slices were examined under a dissecting microscope (7X).
A1l tissue slices from control and treated fetuses were then transferred to

amber glass bottles filled with 70% (v/v) aqueous ethyl alcohol for temporary

storage.

Fetal skeletal examination. The remaining fetuses (approximately

one-half of each litter) were preserved in 95% (v/v) aqueous ethyl alcohol

for subsequent skeletal staining by the Alizarin Red S staining technique.



Following gross examination of the internal organs, these fetuses were
eviscerated, and the remaining soft tissues macerated and cleared in 5,0%
aqueous potassium hydroxide solution. Skeletal structures were then stained
with Alizarin Red S and the stained preparations were stored in 100% glycerin
(to which several crystals of thymol were added to reduce microbial growth).
Such preparations were examined under a dissecting microscope (7X) for mal-
formations. Additionally, the number and size of sternebrae, degree of closure
of cranial ossifications, number of metacarpals, metatarsals and corresponding

phalanges, etc., were recorded. Al1 treated and control skeletal preparations

were then placed in temporary storage.

Statistical procedures employed.

The means and standard errors (S.E.) of measured parameters were

calculated for each experimental group.

The two-tailed Student's t-test4 was used to compare maternal body weight,

maternal food consumption, litter size, fetal body weight and fetal CRD data.

The following parameters were compared by the Chi-Square Test5: ma-

ternal survival and conception rates, the incidences of litters consisting of
fetuses only, of both fetuses and resorption sites, or of resorption sites only,
the incidences of abortions and premature deliveries, the fetal sex ratios, and
the incidence of certain anatomical variants. The univariate Wilcoxon Rank

Sum Test6 was employed to compare the mean number of fetal resorptions in the
control and each treated group. The Permutation Test7 was used to evaluate

the distribution of litters containing one or more fetal resorptions.

The incidences of major and minor malformations were compared on a

Titter incidence and fetal incidence basis using the two-tailed Fisher Exact
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Test.” The level of significance in all tests was set at p € 0.05, except

in the case of the Fisher Exact Test, in which p< 0.01 was also used.

RESULTS

Maternal observations.

Survival and conception data. Survival rates during the period

from insemination to post-insemination day 28 did not differ significantly be-

tween the control and each treated group. Survival data are summarized below:

Treatment Group

Number of Low Medium High

Females Control Dose Dose Dose L-Phe L-Asp
Inseminated: 50 50 52t 50 50 50
Surviving to post-

insemination day 28: 46 46 49 46 45 48
Dying: 4 4 1 4 5

Removed from study: 0 0 2 0 0
Maternal Survival

Rate* (%): 92 92 98 92 90 96

= X _ No. of females alive at post-insemination day 28
Maternal Survival Rate = §o™—;f—FemaTes inseminated - No. of females re- Fog:

moved from study
+Inc'ludes two females subsequently removed from the study.

During the first two days of treatment (post-insemination days
6 and 7) two females from the medium dose group suffered broken backs and were
sacrificed and removed from the study. Both of these females were pregnant.
Two additional females were inseminated and added to the medium dose group as
replacements for the two females which were removed. No data were recorded
for those two females removed from the study and they are not included in any

of the subsequent tables.

The causes of death for those females dying spontaneously during

the study are summarized on the following page.



Treatment Group

ga:iﬁ of Low Medium High

€ Control  Dose Dose Dose  L-Phe  L-Asp
Pneumonia: 1 0 0 2 1 1
Pneumonia and

pyothorax: 1 2 0 0 2 0
Pneumonia, pyothorax

and peritonitis: 0 0 0 1 0 0
Tracheal obstruction: O 0 0 0 0 1
Faulty administration

of test compound: 1 2 1 0 2 0
Undetermined: 1 0 0 1 0 0
Total: 4 4 1 4 5 2

Detailed gross autopsy reports for those females dying during the
study are presented in Appendix II. A1l of these animals had been pregnant
with the exception of female No. 397 of the L-aspartic acid group, which

died of pneumonia.

Conception rates did not differ significantly between the control

and each of the treated groups. Conception data are summarized below:

Treatment Group

Number of

emales Control Egge Mggi:m 33?2 L-Phe  L-Asp
Inseminated: 50 50 527 50 50 50
Ovulating*: 48 50 51 49 46 47
Pregnant: 42 46 48 37 39 44
Not pregnant: 8 4 4 13 n 6
Conception Rate(%)**: 87.5 92.0 94.1 75.5 84.8 93.6

*As indicated by the presence of corpora lutea in at least one ovary.

*“Conception Rate = §2—OT Brednant femeles 10,
+Includes two females subsequently removed from the study.
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Aborted pregnancies and premature deliveries. Aborted preg-

nancies were diagnosed by the presence of fetal-placental remnants and/or
blood spots in the cage or the sub-floor cage pan prior to gestation day 26.
Occurrence of an abortion was confirmed at sacrifice on post-insemination
day 28 or following a spontaneous death, by the presence of sites of former
placental attachment visible to the naked eye. No abortions were detected
in the control, medium dose or L-aspartic acid groups. Two abortions were
detected in the low dose group, 24 in the high dose group and four in the
L-phenylalanine group. Two of the high dose and one of the L-phenylalanine
animals that aborted subsequently died. The proportion of pregnancies

which terminated in abortion was significantly greater in the high dose group
than in the control group (p < 0.01). The abortion incidence of the remain-
ing treated groups did not differ significantly from that of the control

group.

Premature delivery is defined as the delivery of viable and/or
nonviable fetuses between gestation day 26 and sacrifice on gestation day 28.
Premature delivery was observed in three control, one medium dose and two
L-phenylalanine dose group animals. Premature delivery did not occur in
the low dose, high dose and L-aspartic acid dose groups. The incidence of
premature deliveries did not differ significantly between the control group

and each of the treated groups.

The combined incidence of abortions and premature deliveries
was significantly greater in the high dose group than in the control group
(p < 0.01). The combined incidence of abortions and premature deliveries in
the remaining treated groups did not differ significantly from that of the

control group.
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Data for all pregnant females which aborted or delivered their litters
prematurely are presented in Appendix I, Table 3. This table also includes
pertinent observations made during the gestation period and at autopsy.
Autopsy reports for those females which aborted and then died spontane-
ously prior to sacrifice on post-insemination day 28 are presented in
Appendix II. The term hemorrhage as used in Appendix I, Table 3, as evi-
dence of loss of a 1itter, includes the finding of blood in the cage, the

sub-floor cage pan or in the perineal area of the animal.

Body weight and food consumption data are being presented and
discussed in the following sections in detail. The purpose of this ex-
panded presentation is to demonstrate the relationship of the decreased
food consumption to the body weight losses and abortions and subsequent

effects abserved in the fetuses.
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Body weight data. Group mean body weight data for the pregnant

rabbits are summarized in Figure 1. Individual and group mean female body
weight data, including statistical analyses, are presented in Appendix I,
Table 1. Only body weights of females determined to have been pregnant are
included in the mean and individual values. The number of pregnant females
in each group at gestation day 28 is less than at day O due to spontaneous
mortality, though data for females which aborted are included through day

28. Mean body weights for the low, medium, L-phenylalanine and L-aspartic
acid dose groups did not differ significantly from those of the control group
at any of the intervals at which they were measured. In the high dose group,
a notable decrease in the mean body weight of the pregnant females was noted
on gestation day 10, compared to the control and other treated groups. The
mean body weight of the high dose group further decreased on gestation day
13 and was significantly less than that of the control group on gestation
days 13, 15, 18, 22 and 28. A similar pattern of weight loss was noted in
the L-phenylalanine group, though the weight losses were not as large and

the mean weights did not differ significantly from those of the control group.

Because of the statistically significant decrease in mean body
weight of the high dose group beginning on gestation day 13, and the signi-
ficantly high number of abortions occurring in that group, the high dose
group animals were divided into those surviving until sacrifice on gestation
day 28 with pregnancy intact, and those surviving until post-insemination
day 28 without pregnancy intact (post-abortion). Those high dose animals
not pregnant or dying prior to post-insemination day 28 were not included in
this tabulation. These data are summarized in Figure 2, along with the data

for the control and L-phenylalanine groups from Figure 1. Group mean female
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body weight data, including statistical analyses, are presented 1in Appendix
I, Table 1. Those high dose pregnant females that did not abort their
litters lost a slight amount of weight in the early portion of the dosing
period, but the mean body weights for this group did not differ significantly
from those of the controls at any of the measurement intervals. Mean body
weights for these non-aborting high dose females also did not differ signi-
ficantly from those of the control group at any of the measurement

jntervals. Those high dose pregnant females that survived until post-insemina-
tion day 28 but aborted their litters weighed significantly less than the
control group animals from post-insemination days 13 to 28 and significantly
less than the non-aborting high dose females from post-insemination days

18 to 28. Since the decrease in body weight in those females subsequently
aborting occurred several days before the actual evidence of abortions was
detected, the maternal body weight losses are not a result of the abortions.
Instead, the losses of maternal body weight and the abortions are both mani-
festations of the same insult to the maternal rabbit during a critical phase
of gestation, and abortion is contingent upon significant and rapid body

weight 1oss.9
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Food consumption data. Group mean food consumption data for

the pregnant rabbits are summarized in Figure 3. Appendix I, Table 2 con-
tains daily mean food consumption data during the treatment period from
gestation days 6 through 18 and representative data before and after the
treatment period, plus all individual daily food consumption data. Statis-
tical analyses are also reported with the mean food consumption data.

Only food consumption data of females determined to have been pregnant are
included in the mean and individual values. The number of pregnant females
in each group at gestation day 28 is less than at day 0 due to spontaneous
mortality, though data for females which aborted are included. Mean food
consumption for the low, medium and L-aspartic acid dose groups did not
differ significantly from that of the control group at any of the measure-
ment periods. Food consumption for the control, low, medium and L-aspartic
acid dose groups did decrease to approximately 75 to 90% of their respective
pretreatment values as a result of the twice daily gastric intubation pro-
cedures. Food consumption for the high dose group females from gestation
days 6 through 18 was decreased to about 25 to 35% of their pretreatment
mean values and was significantly less than that of the control group on
each day of treatment. Similarly, food consumption for the L-phenylalanine
group females from gestation days 6 through 18 was decreased to between 50
to 60% of their pretreatment mean and was significantly less than that of
the control group on each day of treatment, though their food consumption

was generally greater than that of the high dose group.

After the treatment period, the food consumption of the high
dose group gradually increased and was normal by gestation day 22. Food

consumption for the L-phenylalanine group returned to normal on gestation
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day 20. On gestation day 27 food consumption for both the high dose and
L-phenylalanine groups was significantly increased compared to the control

group. No other significant differences in food consumption were noted.

Because of the statistically significant decrease in food con-
sumption and the high incidence of abortions in the high dose group, the
high dose group animals were subdivided into two groups: those surviving
until sacrificed on gestation day 28 and retaining their litter; and those
surviving until post-insemination day 28 but aborting their pregnancies.
Those high dose animals not pregnant or dying prior to post-insemination
day 28 were not included in this tabulation. These data are summarized in
Figure 4 accompanied by data for the control and L-phenylalanine groups
representing all of the pregnant animals in these latter groups. The mean
values and the statistical analyses are presented in Appendix I, Table 2.
The data are presented on a daily basis over that period when significant
decreases in food consumption for the entire high dose group were noted
(gestation days 6 through 20). Before and after this period, only representa-

tive days are presented.

Examination of the data for gestation days 6 through 20, during
which period food consumption for the entire high dose group was significantly
less than for the control group, indicates that food consumption for the high
dose aborting females was significantly less than for high dose non-aborting
females on nearly one-half of these days. Similarly, while food consumption
for the high dose non-aborting females was generally lower than that of the
controls, it was significantly lower on only 69% of the days during this

period, as compared to a significant reduction on 100% of the days for the

high dose aborting females.
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Therefore, the conclusion to be drawn is that the body weight
may be a result of decreased food consumption, which may be a result of
gastric intubation of high levels of L-phenylalanine, either by itself or
as part of the aspartame molecule. A decrease in food consumption, if severe
enough, causes a reduction in body weight. If the reduced food consumption
and body weight losses are of sufficient magnitude, they prompt the pregnant
females to abort, and as a result only the in utero litters may be lost, and
the females will have a better chance of surviva].9 Decreased food consumption
and reduced body weights were also present in the L-phenylalanine group,
but these changes were not as severe as in the high dose group, and a signi-
ficant number of abortions did not occur. The amount of L-phenylalanine
received by this group was equivalent to only 75% of that received by the
high dose group and less severe weight losses and a lower incidence of

abortions would be expected.
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Hysterotomy data. A total of 46 control, 46 low, 49 medium,

46 high, 45 L-phenylalanine and 48 L-aspartic acid rabbits were sacrificed
near term (gestation day 28). Appendix I, Table 4 contains a summary of

the maternal disease incidence in those animals sacrificed on post-insemina-
tion day 28 and identifies the affected animals. The incidence of maternal
disease is not unusual for the laboratory rabbit and does not suggest

treatment-related causation.]0

Uterine implantation data for the control and treated groups
are summarized in Table 1. Implantation data for individual females are
presented in Appendix I, Table 5. There were no significant differences in
the proportions of pregnant females having litters consisting of fetuses
only, of both fetuses and resorption sites, or of resorption sites only,
among those females that survived to sacrifice and remained pregnant to
gestation day 28. Mean litter sizes of the treated groups did not differ
significantly from that of the control group. The mean number of resorption
sites in the high dose group was notably greater than that of the control
group, but because of the small number of litters surviving to term in
this group and the large amount of variability in these litters, the differ-
ence was not statistically significant. The number of resorption sites in
the L-phenylalanine group was significantly greater than that of the con-
trol group. In addition, the L-phenylalanine group had a disproportionately
high number of litters with large numbers of fetal resorption sites. The
increased fetal resorption incidence in both the high dose and L-phenyl-
alanine groups may be attributed to the reduced food consumption, and decreased
body weights of the maternal animals. Depending upon the degree of reduc-

tion of food consumption, a maternal animal may continue to maintain her
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pregnancy intact, resorb some of the fetuses, or abort or resorb the

entire litter. In this study abortion was the most likely outcome with the
degree of reduced food consumption experienced by the high dose group,
whereas the lesser degree of food consumption reduction experienced by the
L-phenylalanine group more frequently caused the resorption of several
fetuses, and preserved several until the time of sacrifice. The incidence
of fetal resorption in the low dose, medium dose and L-aspartic acid groups

did not differ significantly from that of the control group.

A total of eight nonviable fetuses were recovered at hysterotomy.
The distribution of the nonviable fetuses was as follows: one control, four
Tow dose (one litter), one L-phenylalanine and two L-aspartic acid (two litters).
The individual females whose litters contained a nonviable fetus(es) are

indicated in Appendix I, Table 5.

Fetal sex distribution, body weight and crown-rump distance data
are presented in Table 2. Fetal sex distribution in all treated groups was
similar to that of the control group except for the high dose group, which
had a significantly greater proprotion of female fetuses. This difference
probably reflects the comparatively small number of litters at this level and
thus in attributed to random variation. The mean male and female fetal body
weights and crown-rump distances for the SC-18862 low and medium dose and

L-aspartic acid groups did not differ significantly from those of the control

group.

The mean male and female fetal body weights and crown-rump
distances of the high dose and L-phenylalanine groups were significantly less
than the corresponding values for the concurrent control group. In com-
parison with the L-phenylalanine group, the mean crown-rump distance

measurements of the high dose group were not significantly reduced but the
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mean body weights were. These differences may be attributed to a marked de-
crease in food consumption in these two groups, resulting from the forced
ingestion of large amounts of L-phenylalanine, either alone or as part of
the SC-18862 molecule. As a result of the decreased maternal food consump-
tion, the fetuses which survived to term were smaller in length and lesser

in weight than the control fetuses.]]
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Fetal examination.

Fetal abnormalities have been categorized into major and minor
malformations and skeletal variants, using the Glossary in Appendix IV
as a guide. A1l fetuses were examined for externally evident abnormalities.
Approximately one-half of the fetuses of each litter were further examined
for soft tissue abnormah‘ties2 and one-half for skeletal abnormah'ties.3
The number of fetuses and litters examined for external, soft tissue and
skeletal abnormalities are presented in Appendix I, Table 6. In addition to
the fetuses listed in this table, several pups delivered prematurely and
fetuses recovered from a female dying near term were examined. The condition
of the pups and fetuses recovered from these females dictated the type of
examinations which could be performed, and in some cases only an external

examination was possible.

Major and minor malformations which were detected in this study are
listed in Appendix 1, Table 7. Included in this table are the litter
identification number, fetus identification number, litter size, a descrip-
tion of the malformation and an indication as to whether the malformation is
classified as major or minor. This table includes only malformations
detected in fetuses recovered at a scheduled, near-term hysterotomy, and
does not include prematurely delivered pups. Minor malformations have not
been tabulated when they are obviously the result of a major malformation
in the same fetus, such as split sternebrae as a result of an umbilical
hernia. Minor malformations occurring in a fetus with a major malformation
have been included in the table when they have no obvious relation to the

major malformation. These data are summarized in Table 3.
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Table 3

SC-18862: AN EVALUATION OF EMBRYOTOXIC AND TERATOGENIC POTENTIAL
IN THE RABBIT; P-T 1201

Treatment Group

Low Medium  High
Control Dose Dose Dose L-Phe L-Asp

Litters
Total Affected 5 5 8 6 9 7
Total Examined 35 40 44 9 26 43
Fetuses
Total Affected 7 6 9 9 14 14
Total Examined 279 339 344 75 186 336

Malformations Detected
(individual fetuses)

Hydrocephalus:

Cleft Palate:

Retinal Folding:

Cyclopia and Microencephaly:
Spina Bifida:

Umbilical Hernia:
Omphalocele:

Diaphragmatic Hernia:

Renal Agenesis:
Arthrogryposis:

Amelia:

Oligodactyly:

Short or Absent Tail:
Supernumerary Nasal Sutures:
Vertebral and Rib Defects:
Sternebral Defects:

Reduced Skull Ossification:
Split Interparietal Bone:

P IENPENW— =t ed f D) | =)
T AMNON S 1 = et | ) | =

= W 1= W

Ll ==t 1 1 1t =01 0
b 1T W—WwW i I 1 1 == &
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Note: Several fetuses were affected with one or more malformations.
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Comprehensive 1itter examination reports, which contain individual
fetal body weight, crown-rump distance and malformation data for all of the
fetuses in those 1itters which contained one or more fetuses with a major
or minor malformation, are presented in Appendix III. Certain minor skele-
tal malformations which are detectable only at detailed skeletal examina-
tion would not have been detected in those fetuses subjected to soft-tissue
examination. Similarly, certain malformations detectable only by soft
tissue examination would not have been detected in those fetuses subjected

to skeletal examination.

Commonly occurring anatomical variations detected at skeletal
examination are summarized in Appendix I, Table 8. This table includes
only those fetuses examined for skeletal malformations and in which skele-
tal development was not grossly affected as a result of a major malforma-
tion. The purpose of this tabulation of ossification data is to assess
the degree of skeletal maturation among test groups, and it is appropriate
that seriously malformed fetuses be excluded since it is already known
that their development has been markedly affected. Statistical analysis
of anatomical variant data in only those fetuses not having any major mal-
formations may be of value to indicate the existence of a trend in lower
dose groups when a significant incidence of major malformations is found
in a higher dose group. Minor malformations have been included in this
table only when they represent the primary malformation of an individual

fetus, but not when they are secondary to a major malformation.

Statistical analysis of the anatomical variation data derived as a

result of fetal skeletal examination is also included in Appendix I, Table 8.
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A significantly greater number of high dose fetuses were found to have 13
pairs of ribs, and a trend toward greater numbers of fetuses with 13 pairs
of ribs was seen in the L-phenylalanine group. This effect appears to be
related to the dose of L-phenylalanine administered to the maternal rabbits,
and has also been observed as a result of appropriately timed maternal

12 Skull ossification was also significantly reduced

fasting in the rat.
in five fetuses of the L-aspartic acid group, which is attributed to random
variation. These fetuses represent all of the fetuses examined for skeletal
defects from two litters which contained only extremely immature fetuses
(see Comprehensive Litter Examination Reports, L-Aspartic Acid females No.
373 and 374, Appendix 1II). In the high dose and L-phenylalanine groups,
the number of metacarpal and tarsal ossification centers was reduced signi-
ficantly and in the high dose group, the sixth sternebral ossification
center was absent and the second sternebral ossification center was small

in a significantly large number of fetuses. In the rat these differences

12 A fewer number of ossifica-

are an expression of slowed fetal development.
tion sites is consistent with the smaller mean fetal weight and length

measurements of the high dose and L-phenylalanine groups.

Statistical analysis of malformation data.

Malformations were categorized as major or minor using the Glossary
of Teratology Terminology in Appendix IV as a guide. Malformation incidences
in each of the treatment groups were compared with the malformation inci-
dences in the control group and are presented in Table 4. The malformation
incidences in the concurrent control group were also compared with those
of a historical control group representing data collected at our laboratory

13

over the past seven years. Comparisons were made on the basis of the

numbers of litters affected and the number of fetuses affected, using the
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Fisher Exact Test. Comparisons made included incidences of hydrocephalus
only, cleft palate only, ventral midline defects only, all major malforma-
tions combined, all minor malformations combined, and all major and minor
malformations combined. Since the only minor malformations detected in
this study were skeletal in nature, the group sizes of fetuses examined
for minor malformations consist only of the fetuses processed for skeletal
examination. If a fetus contained separate and distinct major and minor
malformations, it was counted only once and was placed in the major mal-
formation category. If a litter contained fetuses with both major and
minor malformations as primary malformations, then it was counted only once
in the category of all major and minor malformations combined, and once

each in the categories of all major malformations and all minor malforma-

tions.

There were no significant differences in malformation incidence in
the low or medium dose SC-18862 or L-aspartic acid groups on either litter
or fetal incidence bases when compared with the concurrent control group.
Likewise, the litter and fetal incidences of malformations in the concurrent

control group did not differ significantly from those of the historical

control group.

In the high dose group, the incidence of cleft palate was signifi-
cantly greater than in the control group when compared on both the incidence
per litter or per fetus bases. The incidence of all major malformations in
the high dose group on a fetal incidence basis was significantly greater
than that of the control group, which was principally due to the cleft
palates. The incidence of all major malformations combined for the high

dose group was not significantly increased over that of the control group
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when compared on a litter incidence basis. The incidence of minor malforma-
tions was significantly greater in the high dose group when compared to the
control on an incidence per litter basis but not when compared on an inci-
dence per fetus basis. The incidence of all major and minor malformations
combined was significantly greater in the high dose group than in the con-
trol group when compared on both the incidence per litter and per fetus

bases.

In the L-phenylalanine group, the incidence of ventral midline de-
fects was significantly greater than that in the control group when com-
pared on both the incidence per litter and per fetus bases. The incidences
of other major malformations or of minor malformations in this group were
not significantly increased over those of the control group when compared
on either litter or fetal incidence bases. As a result of the ventral mid-
Tine defects in this group, the incidences of all major malformations com-
bined and all major and minor malformations combined, when compared on both

litter and fetal incidence bases were also significantly increased.
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Examination of prematurely delivered pups, fetuses recovered from
females dying spontaneously, and late resorptions.

Five viable intact pups and one partially cannibalized pup were
delivered prematurely to control female No. 125 on gestation day 27. The
five intact pups were examined for external and skeletal malformations. No

remarkable findings were noted.

Eight viable intact pups were delivered prematurely to control female
No. 126 on gestation day 27. These pups were examined for external and

skeletal malformations. No remarkable findings were noted.

Five partially resorbed fetuses were delivered to medium dose female
No. 335 on gestation day 26. These fetuses were not suitable for examination

and were discarded.

Ten nonviable fetuses were recovered at the autopsy of high dose
female No. 421, who died on gestation day 28 as a result of purulent broncho-
pneumonia. External examination of these fetuses was unremarkable. Because
of the state of autolysis, the fetuses could only be saved in 95% ethanol
for skeletal examination. Skeletal examination of seven of the fetuses was
unremarkable. Supernumerary nasal sutures were noted in fetuses 42101M and
42108M and a split second sternebra was noted in fetus 42107F. These findings

are classified as minor malformations.

L-phenylalanine group female No. 269 delivered a total of five pups
prematurely on gestation days 27 and 28, and had one additional fetus in her
uterus at autopsy on gestation day 28. Because of autolysis and cannibaliza-
tion, only three of these specimens were suitable for external examination,
and were found to be unremarkable. These tissues did not stain properly and

skeletal examination could not be performed.
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L-phenylalanine group female No. 277 delivered five nonviable pups
on gestation day 28. Four of these pups were saved for skeletal examination
but the fifth was severely autolyzed and was discarded. Supernumerary nasal

sutures were noted in pup 22703M. No other remarkable findings were noted.

One late fetal resorption with an umbilical hernia was recovered
from L-phenylalanine group female No. 289. This was the only resportion in
the Titter and there were no other remarkable findings in the seven fetuses
of the 1itter. Because of the advanced state of autolysis, no further exam-

ination of this late resorption was attempted.

The above litters have been listed in the Uterine Implantation Data
table (Appendix I, Table 5), and those containing fetuses or pups with mal-
formations are presnted in the Comprehensive Litter Examination Report
(Appendix III1). Data derived from these examinations have not been included
in calculations of totals or means or in the statistical comparisons, since
these litters do not represent normal in utero litters. In some cases it is
possible that part of the litter was cannibalized and actual litter size
could not be determined, and in other instances the state of autolysis pre-

cluded meaningful fetal body weight and crown-rump distance measurements.
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SUMMARY AND CONCLUSIONS

This study was designed and conducted to eva1ua;e the embryotoxic
and teratogenic potential of SC-18862 (aspartame) in the pregnant rabbit.
SC-18862 was suspended in an aqueous solution of Tween-80 and methyl cellu-
lose, and was administered by intragastric intubation in two divided doses
daily to artificially inseminated rabbits from post-insemination day 6
through day 18. Dose levels of 0, 0.5, 1.0, and 2.0 g/kg were administered.
L-phenylalanine or L-aspartic acid, dietary amino acids which are the
principal constituents of SC-18862, were administered in the same manner
at dose levels of 0.82 and 1.10 g/kg respectively, levels equivalent to 75%
and 134% the amount of these same amino acids theoretically available to
the 2 g/kg SC-18862 group. Each treatment group contained fifty inseminated
rabbits. On post-insemination day 28 all surviving females were sacrificed
and autopsied. Fetuses were removed by hysterotomy and examined, weighed,
measured and preserved for either soft tissue or skeletal examination.
Appropriate statistical analyses were performed on the data obtained. The
fetal malformation data from this concurrent control group were also com-
pared to a historical laboratory control group consisting of 1,717 fetuses
from 233 litters.]3 The incidence of major and minor malformations did not

differ significantly between the concurrent and historical control groups.

Significant decreases in food consumption were observed in both the
high level (2 g/kg) SC-18862 and L-phenylalanine groups, beginning on the
first day of treatment (gestation day 6) and continuing throughout the treat-
ment period (gestation day 18). This decrease in food consumption was fol-
lowed by body weight loss, first apparent on gestation day 10. These body

weight losses were statistically significant in the high level group
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beginning on gestation day 13, and were more marked in those females that
ultimately aborted, which comprised well over one-half of the pregnant high
dose females. Examination of food consumption data demonstrated that food
consumption was lower in those high level animals that subsequently aborted
than in those that maintained their pregnancies to gestation day 28. It is
significant that most abortions occurred during the period from gestation
days 18 to 21, which is well after the decrease in food consumption and
resulting weight loss were first apparent. It is evident that SC-18862 at
a level of 2 g/kg, when administered to the rabbit by intragastric intuba-
tion during early-mid pregnancy, significantly reduces food consumption.
The degree of reduced food consumption varied between individual animals,
and resulted in correspondingly variable individual weight losses. 1In
certain animals this nutritional deprivation was not compatible with con-
tinued pregnancy, and abortion occurred about two weeks after the treatment
period began. Developmentally, this period coincides with the completion
of organogenesis and the onset of a period of rapid fetal growth.””15

It is known that stress of this nature and magnitude, when applied to a
pregnant animal, may result in abor‘tion.9 The total nutrient intake is no

longer adequate to maintain the needs of both the dam and the litter.

L-phenylalanine was administered at a level of 0.82 g/kg, which was
equivalent to 75% of the L-phenylalanine received by the high dose SC-18862
group. This dosage regime depressed body weight and food consumption signi-
ficantly, but to a lesser extent than did 2 g/kg of SC-18862. Abortions and
premature deliveries did occur in the L-phenylalanine group, but not in
statistically significant numbers. The decrease in body weight and food

consumption in the L-phenylalanine and high level $SC-18862 groups was
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approximately proportional to the amount of L-phenylalanine administered
and/or theoretically available, and was thus most marked in the high level
SC-18862 group. Likewise, and correspondingly, abortions were more frequent
in this latter group. It is apparent that most abortions may be a result of
maternal nutritional deprivation, and may not be due to a direct toxic effect

of SC-18362 or of L-phenylalanine.

Statistical analysis of the fetal resorption data indicated that
those litters with large numbers of resorptions were distributed dispro-
portionately, and occurred significantly more frequently in the L-phenyl-
alanine group than in other groups. As mentioned above, the incidence of
abortions was not significantly increased in the L-phenylalanine group, but
was increased in the high level SC-18862 group. These data are consistent
with the hypothesis that above a certain level, nutritional intake is in-
versely related to L-phenylalanine intake, and that fetal resorption or
abortion are maternal responses reflecting increasingly severe nutritional
deprivation. Thus, the number of fetuses resorbed per litter would be ex-
pected to increase, and the number of surviving fetuses decrease, as nutri-
tional intake was progressively reduced. Very severe nutritional depriva-
tion would be expected to induce abortion so as to conserve at least the

maternal animal.

Mean fetal body weight and length were significantly reduced in the
high level SC-18862 and the L-phenylalanine groups. These decreases were
approximately proportional to the reduction in food consumption, and were
thus more marked in the high level SC-18862 group. Similar effects have

been induced in rat progeny by dietary r*estr'iction.]5
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The number of tarsal and metacarpal ossification centers has been
shown to be a useful indicator of normal fetal growth in the rat, and is
known to be significantly influenced by the state of maternal nutrition at
certain critical periods of gestat1’on.12’]6 The number of both tarsal and
metacarpal ossification centers was significantly reduced in the rabbit
fetuses at the high level of SC-18862 and in the L-phenylalanine group in
this study. Additionally, a significant increase in the incidence of an
additional (13th) pair of ribs and a reduction in sternebral ossification
centers was observed in the high level SC-18862 group. 1In the rat, these
changes are known to be caused by appropriately timed maternal fasting and
retarded fetal development, r'espectively.]2 These changes in the develop-
ment of the rabbit fetus may be therefore attributed to maternal nutrition
being compromised during gestation, as a result of the intragastric intuba-
tion of L-phenylalanine, either as the pure amino acid or as derived by

gastrointestinal hydrolysis of SC-18862.

Comparisons based on either fetal incidence or litter incidence re-
vealed a significantly higher rate of total (major and minor) malformations
in both the high level SC-18862 group and the L-phenylalanine group, as com-
pared to the concurrent control group. The increases in major malformations
were due primarily to three instances of cleft palate in two litters in the
high level SC-18862 group, and five instances of umbilical hernia or omphalo-
cele in five separate litters in the L-phenylalanine group. The increases
in minor malformations were due in large part to various vertebral defects
and fused or split sternebrae. It is known that similar defects can be in-
duced in fetal mice either by total dietary restriction for as 1ittle as 24

hours]7 or by partial dietary restriction over a longer portion of the
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gestation per‘iod.'|8 It is sugcestive that dietarv restriction resulting
from high phenylalanine dosage may be responsible for the fetal mal-

formations in this rabbit study.

Data from the 0.5 and 1.0 g/kg levels of SC-18862 and from the L-
aspartic acid only group were compared to the concurrent control group,
and no significant differences in the following parameters occurred:
maternal survival rates; maternal conception rates; incidences of abortion
or of premature delivery; maternal body weights; food consumption; inci-
dences of litters consisting of fetuses only, of both fetuses and resorp-
tion sites, or of resorption sites only; mean litter sizes; mean number of re-
sorption sites per litter; mean fetal body weights or crown-rump distances;
incidences of major or minor malformations on a per litter or per fetus

basis.

In summary, intragastric intubation of 0.5 or 1.0 g/kg of SC-18862
or of 1.1 g/kg of L-aspartic acid in two divided doses daily by the pregnant
rabbit exerts no apparent adverse effects. These levels produced no signi-
ficant changes in any of the parameters measured. Statistically signifi-
cant effects were produced at the 2 g/kg level; malformations observed may be
a result of marked reduction in nutrient intake and resulting bedy weight
loss in the maternal rabbit. Similar effects were produced by the adminis-
tration of L-phenylalanine. Effects similar to those seen in this rabbit
study as a result of severe reduction of nutrient intake because of the intra-
gastric intubation of 2.0 g/kg of SC-18862 have also been observed by others
following severe dietary restriction in rodents. Therefore, it appears that
SC-183852 may be producing these effects by severely reducing nutrient intake, and
not as a direct toxic effect. It is important to recognize that intragastric

intubation is necessary to achieve these intake levels of SC-18362.
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BERNARD L. OSER ASSOCIATES, Inc.

FOOD AND DRUG CONSULTANTS
108-18 QUEENS BOULEVARD

FOREST HILLS, NEW YORK 11375

(212) 261-4100

October 24, 1975

Dr. W. Joseph Potts, Assoc. Director,
PreClinical Research & Development
Searle Laboratories

Division of G. D. Searle & Co.

Box 5110

Chicago, Illinois 60680

Dear Dr. Potts:

As requested, I have reviewed the protocol and the report of
your Path-Tox Project No. 1201S75 entitled "SC-18862: An
Evaluation of Embryotoxic and Teratogenic Potential in the
Rabbit".

The protocol appears to have been followed as described and

in my opinion the results of the study support the conclusion
reached by the authors, viz. that Aspartame at doses up to

1 g/kg was neither teratogenic nor embryotoxic to rabbits under
the test conditions employed. The effect at the 2 g/kg Aspartame
level was not clear owing to significant reduction in maternal
food intake.

rdially, &2?47
BLO:b Bernard L. Oser, ;E;E;Z;///
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