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= Abstract =The causes of human neural defect (NTD) are not clarified yet and there is a
multitude of theories on the morphogenesis of this malformation.

This experiment was carried out to develop a model for NTD in animal and elucidate the
morphogenesis of NTD with particular emphasis on the relationship between exencephaly and

anencephaly.

With exposure to 150,000 1U of vitamin A on various periods of gestation, ranging from the
7th to the 10th days, not only NTDs but a variety of other systemic malformations such as
anophthalmia, exophthalmia, anotia, maxillary and/or mandibular hypoplasia, tail and/or genital
agenesis, anal atresia and limb defects were produced.

Occurrence of these malformations was more related to the time of exposure than the dose
of vitamin A, ie. NTD could be induced only with exposure on the 8th and 9th days of

gestation.

It was also possible to mention that the critical period of ex-/anencephaly is the

8th day of gestation and that of spina bifida the 9th day in rats.
In addition to the teratogenicity 150,000 IU of vitamin A caused marked increase in fetal
mortality and growth retardation if administered before the 10th day of gestation.
Observations of the degenerative changes and necrosis in the exencephalic brains in vari-
able extent made it possible to conclude that the classical anencephalic features result from
the spontaneous necrosis of the exencephalic malformation.
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INTRODUCTION

By far the most frequent malformations of the
central nervous system in the human fetus are
‘neural tube defects’ (Dekaban 1963). Neural tube
defects (abbreviated as NTDs) present a wide vari-
ety of clinical and pathological manifestations rang-
ing from spina bifida occulta to anencephaly (War-
kany 1971). Even though there is a diversity of
clinical and pathological conditions of NTDs, it is
generally assumed that the pathogenesis of these
entities is closely related (Caldarelli et al. 1985).
The presence of various associated defects and the
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morphological heterogeneity of these defects,
however, suggests a variety of factors are impli-
cated (Warkany 1971; Wilson and Fraser 1979;
Khoury et al. 1982). So far, nutritional deficiencies
such as folic acid or pantothenic acid, metabolic
imbalances, irregularities in physical environment
and a variety of chemical and pharmacological
teratogens have been implicated in the pathogene-
sis of NTDs (Warkany 1971; McCormick 1971; Lar-
roche 1984).

Since Cohlan (1953) introduced hypervitaminosis
A as a model for the experimental production of
NTDs, excessive administration of vitamin A to pre-
gnant animals has proven one of the most effective
means for the induction of these defects as well as
many other types of malformations in various ex-



perimental animals (Cohlan 1953; Kalter and War-
kany 1961;Marin-Padilla and Ferm 1965; Langman
and Welch 1966; Morriss 1972; Shenefelt 1972;
Theodosis and Fraser 1978; Smith et al. 1978: Sel-
ler et al. 1979; Smith et al. 1981; McLone et al.
1983; Caldarelli et al. 1985). There already have
been reported over 70 types of congenital mal-
formations including ex-/anencephaly and spina
bifida by means of maternal administration of large
doses of vitamin A to rodents (Shenefelt 1972).
Most of the investigators agreed that the nature of
the hypervitaminosis A induced malformations
seemed to depend more upon the stage of
embryonic development at the time of exposure to
this teratogen than it does upon the species of
animal or the dosage of this teratogen (Kalter and
Warkany 1961; Langman and Welch 1966; Cal-

darelli et al. 1985).

Only a few articles described specific malforma-
tions associated with NTDs in detail, and many of
these anomalies simulated congenital malforma-
tions known to occur in human NTD cases. There-
fore it seemed worthwhile to report briefly upon the
production of such developmental defects in ex-
perimental animals. This experiment was carried
out to develop a model for NTDs in animals and
elucidate the morphogenesis of NTD with particular
emphasis on the relationship between exencephaly
and anencephaly as well as the morphologic char-
acteristics of those malformations associated with
NTDs.

MATERIALS AND METHODS

Experimental animals

Female virgin Sprague-Dawley rats were housed
under standard conditions and allowed a standard
laboratory diet and water ad libitum until they
weighed 180-250 gm, when they were mated with
proven breeder males of the same strain. The pre-
sence of sperm on the vaginal smear, which was
performed on the next morning, was used to de-
note the day O of gestation. A single dose of
150,000 IU of vitamin A high concentrate (manu-
factured by MUCOS Emulsionsges. mbH 8192
Geretsried, West Germany) was administered per
specially designed gavage tube to groups of impre-
gnated rats in the morning hours of the 7th, 8th,
Oth and 10th day of gestation. Control group of
animals were administered equal volume of corn oil
instead of vitamin A high concentrate.

Among the 100 impregnated vitamin A treated or
corn oil administered animals only 60 remained at

the time of sacrifice, which constituted this study.
All the animals were sacrificed by cervical disloca-
tion on the 20th day of gestation, one day before
the expected time of delivery. After opening the
abdomen, the resorption sites and dead fetuses
were counted immediately. Live fetuses were
weighed and fixed in Bouin’s solution for about 2
weeks. After adequate fixation the fetuses were
cleaned thoroughly, observed for external mal-
formations, if any, and were subjected to measure-
ments of crown rump length (CRL), biparietal dia-
meter (BPD), tail length (TL), limb lengths and
weight. Discrimination of sex was performed by ex-
ternal observation.

The vitamin A treated fetuses were grouped into
4 units according to the time of exposure to this
teratogen and corn oil administered fetuses were
considered as a single control group regardless of
the time of exposure. Observations of the gross
malformations were done in a systematic manner
from the head to the tail with naked eye or under
dissecting microscope. After examining the external
malformations all of the fetuses were cut in slices
according to the method of Warkany with razor
blades in 1-2 mm thickness to observe the visceral
malformations. After thorough examinations under
dissecting microscope, these specimens were pro-
cessed for histological examination.

In this study the ‘fetal mortality’ was expressed
as the percentage of the number of resorption sites
and dead fetuses divided by the total implantation
sites. The ‘incidence of fetal malformation’ was
expressed as the percentage of the number of the
malformed fetuses divided by the total number of
implantation sites. The percentage of the mal-
formed fetuses over live fetuses represented the
‘rate of malformed fetuses’.

RESULTS

Table 1 contrasts the treatment results of the
control with those of the experimental groups.
Eleven impregnated rats of group | which were ex-
posed to 150,000 U of vitamin A on the 7th day of
gestation produced 82 implantation sites in total
including 31 resorption sites, one dead fetus and
50 live fetuses, all were without gross malforma-
tions. 10 pregnant rats of group It which were ex-
posed to vitamin A on the 8th day of gestation
produced 72 implantation sites in total including 26
resorption sites, 3 dead fetuses and 43 live fetuses
of which 32 had gross malformations including ex-
encephaly or anencephaly. The total implantation
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Table 1. Pregnancy outcome of vitamin A administered and control groups

No. of Total No. No. of  No. of No. of No. of Fetal*  Incidence**  Rate of***
Groups dams  of implan- resorp- dead live malformed morta-  of fetal malformed
tation tion fetuses fetuses  fetuses lity(%)  malforma- fetuses
tion (%)
Group | 11 82 31 1 50 0 39.0 0 0
Group Hl 10 72 26 3 43 32 40.3 44.4 74.4
Group I 9 89 20 1 68 60 23.6 67.4 87.0
Group IV 10 100 5 0 95 83 50 83.0 87.4
Control 20 245 9 0 236 0 37 0 0
* Fetal mortality: No. of resorption + No. of dead fetuses/Total no. of implantations
** Incidence of fetal malformation: No. of malformed fetuses/Total no. of implantations
*** Rate of malformed fetuses: No. of malformed fetuses/No. of live fetuses
sites of the 9 impregnated rats of group Il which
were exposed to vitamin A on the 9th day of gesta- [] retot mttomation tnctdence
tion were 89 including 20 resorption sites and 68
live fetuses. The total implantation sites of 10 pre-  1gg s et % ™
gnant dams of group IV which were exposed to 67.4 65.0
vitamin A on the 10th day of gestation were 100 in | —

number including 5 resorption sites and 95 live
fetuses of which 83 fetuses were grossly mal-
formed. 20 control dams produced 245 implanta-
tion sites in total including 9 resorption sites and
236 live fetuses without any demonstrable mal-
formations.

The fetal mortality was 39.0% in group |, 40.3%
in group I, 23.6% in group lll, 5.0% in group IV
and 3.7% in control group, which were of high
statistical significance (Zi, Zii, Zii = 8.37, 8.40,
5.62, all were in probability below 0.01) except for
group V. The incidences of fetal malformation were
44.4% in group Il, 67.4% in group Hll, and 83.0%

in group [V, which were statistically significant in
comparison with control group as well as each

other among the treated groups (Zii-iii, ii-iv, iii-iv
were 2.93, 5.30, 2.49, in probabilities below 0.01).
The ‘rate of malformed fetuses’ among the treated
groups were 74.4% in group Il, 87.0% in group !lI
and 77.4% in group IV.

The sensitivity of rat embryos to the teratogenic
effects of vitamin A expressed by the sum of ‘fetal
mortality’ and the ‘incidence of fetal malformation’
on different days of gestation is shown in Fig. 1.
These sensitivities were 39.0% in group |, 84.7%
in group 11, 91.0% in group Il and 88.0% in group
IV. From this finding it could be said that the sensi-
tivities of rat embryos to the vitamin A occurred
rather regularly throughout the period between the
8th and 10th day of gestation, although the in-
creasing tendencies of ‘fetal mortality’ and the ‘inci-
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Fig. 1. Sensitivity of rat embryos to vitamin A 150,000 U
as the percentage of fetal mortality and fetal mal-
formation incidence.

dence of fetal malformation’ had opposite direc-
tions during this period.

Discrimination of sex was possible in most of the
cases but some fetuses with urogenital anomalies
associated with spina bifida. There were no differ-
ences in sex ratios between treated and control
groups except with group Il, where female pre-
ponderance was observed owing to the abundance
of female ex-anencephalic fetuses by 2 to 1 over
male ones.

Fetal measurements of Wt., CRL, BPD, TL, and
FLL & HLL were used to denote generalized or
localized retardation of fetal growth (Table 2). With
this finding it could be said that 150,000 U of
vitamin A administered on the 7th, 8th and 9th day



Table 2. Fetal measurements and sex ratio (260)

No. of

Groups fetuscs BPD(mm)  CRL(mm) FLL(mm) HLL(mm) TL(mm) Wi(gm)  Sex ratio
Group | 50 7974035 2847+125 8054025 7.92+047 10.82+065 248+0.33 50 : 50
Group |l 43 6.87+0.63 27.64+3.54 7.83+0.70 7.74+084 1033+1.25 230+0.79 42 .58
Group Il 68 7944057 2817+291 827+0.68 6.16+2.30 * 2.88+0.70 52 .48
Group IV 47 9.49+0.87 3596+4.22 833+1.95 885+1.95 1294+331 4934096 48 :52
Control 52 7.61+060 3461+260 827+043 827+041 12654099 4.29+0.60 50 : 50

BPD: biparietal diameter, CRL: crown rump length, FLL: forelimb length, HLL: hindlimb length, TL: tail length
*TL in group lll: Most of the group 1l fetuses are without tail.

Table 3. Varieties and incidence of gross malformations related to the time
of vitamin A administration

. Group 1l Group I Group IV
Malformation type (43) (68) (95)
Ex-/Anencephaly 27 (62.8%) 5 (7.3%) 0
Spina bifida 2 (4.7%) 59 (86.8%) 1(1.1%)
Microcephaly* 5 (11.6%) 3 (4.4%) 0
Exophthalmos 4 ( 9.3%) 47 (69.1%) 61 ‘64.2%)
An-/Microophthalmia 16 (37.2%) 7 (10.3%) 17 (17.9%)
An-/Microtia 3(7.0%) 60 (88.2%) 2 (2.1%)
Low set ears 0 0 23 (23.1%)
Msx'”a'y/ Mandi- 21 (48.9%) 25 (36.8%) 14 (14.7%)

ular hypoplasia
Cleft mandible 1 (23%) 22 (32.3%) 14 (14.7%)
Tail agenesis 1(23%) 53 (77.9%) 10 (10.5%)
Anal atresia 2 (4.7%) 59 (86.8%) 7 (7.4%)
Genital agenesis 2 (4.7%) 27 (39.7%) 1(1.1%)
Club foot 1 (23%) 26 (38.2%) 1 (1.1%)
Caudal regression 0 7 (10.3%) 0
Micromelia 0 0 6 ( 6.3%)
Sirencmelia 0 5( 7.4%) 0
Microstomia 0 0 5( 5.3%)
Umbilical hernia 1(23%) 3 ( 4.4%) 0
Atresia of UGS** 0 20 (29.4%) 0
Renal agenesis 0 9 (13.2%) 2 (2.1%)
HAP or Cleft palate 6 (14.0%) 5(7.4%) 15 (15.8%)
Others 1 (2.3%) 9 (13.2%) 1(1.1%)

* Microcephaly was defined by below 2 SD from average BPD/CRL of control.

** UGS: urogenital system

gestation caused significant retardation of general
fetal growth (Zi 18.77, Zii 13.95, Zii =
11.62, which were all in probabilities below 0.001).
The ratio of BPD/CRL was used to denote selective
retardation of brain growth and was significantly
low in group Il (Z = 4.29, p value below 0.01). In
group I, TL and HLL were significantly different
from other treated groups (Z = 6.53, p value be-

low 0.01).

Types and percentages of malformations induced
with 150,000 1U of vitamin A on various gestation
days are shown in Table 3. No grossly malformed
fetus was observed in group | and control group.
There occurred over 30 types of gross malforma-
tions including several forms of NTDs.

NTDs occurred only in group 1l and group Ill and



most of the NTDs of group Il were in the form of
exencephaly or anencephaly in contrast to most of
the group Il NTDs which were spina bifida.

Exencephaly or anencephaly

There were 32 ex-/anencephalic malformations
of which 27 were in group Il and 5 in group Ill. In
group I, exencephaly was the most frequent gross
malformation (62.8%). There was no significant
morphological difference between exencephaly and
anencephaly except for the amount of exposed
brain tissue and the degree of degenerative
changes. As it were, the exencephalic brains
ranged from entirely exposed brains with little de-
generative changes, to moderate or marked degen-
erative changes eventually to become typical
anencephalic brains (Plates 2,3,4,7,8 and 9).

One of the exencephalic fetus was associated
with spina bifida in group Il. There was a case of
craniorachischitic fetus with marked retardation of
general growth (Plate 6). As a whole, most of the
NTDs in group Il were exencephalic fetuses with
few examples of anencephalic ones. In group |l
there were only 5 ex-/anencephalic fetuses (7.3%),
a much lower incidence than that of group Il and
this difference was very significant statistically (Chi
square was 94.13, df = 2, p value was below
0.001).

A variety of malformations associated with ex-/
anencephaly, of which maxillary/mandibular hypo-
plasia and an-/microphthalmia were of high statis-
tical significance (Chi square value were 33.48,
24.76, df = 2, p values were below 0.005). Ex-
cluding the exencephalic or anencephalic fetuses
there were only 5 microcephalics according to the
criteria of 2 SD below average in BPD/CRL ratio in
group Il only with a high statistical significance (Chi
square was 10.80, df = 2, p value below 0.005).

Spina bifida, a caudal counterpart of ex-/
anencephaly was observed exclusively in group |l
fetuses, which was very significant statistically (Chi
square was 155.22, df = 2, p value below 0.005).
All the malformations of spina bifida were observed
In the lumbosacral area in varying extent except a
case of craniorachischitic fetus with an opened
whole neuraxis. A variety of malformations such as
anotia, anal atresia, tail and genital agenesis and
club foot deformity were observed in association
with spina bifida in statistically meaningful percen-
tages (Chi square were 142.57, 138.44, 108.80,
60.75, 65.99, df = 2, p values were below 0.005).
Though the incidences were not very high, the
association of sirenomelia or symmelia, where both

hindlimbs were fused like a tail of a siren, with
spina bifida, was of highly specific significance. A
complex of multiple malformations, involving the
caudal part of the fetus simulating ‘caudal regres-
sion syndrome’ in humans, was noted in the inci-
dence of 10.3% associated with only severe forms
of spina bifida (Plate 11, 12).

Exophthalmos, either bilateral or unilateral, was
the most frequently observed malformation among
the treated groups regardless of the time of expo-
sure. In spite of this high incidence(Table 3) there
was no significant critical period as in the cases of
ex-/anencephaly or spina bifida. Except for the
protrusion of unilateral of bilateral eyeballs there
was no significant abnormality of eyeball itself
(Plate 18, 20).

Anophthalmia or microphthalmia, either bilateral
or unilateral, was observed less frequently than ex-
ophthalmos among all of the treatment groups, but
showed a strong tendency of association with an-/
exencephalic malformation (Table 3, plate 19, 20),
which was very significant statistically (Chi square
was 14.46, df = 2, p value below 0.005). Small
low set ears, another type of ear anomaly, were
observed only in group IV with a high statistical
significance.

Maxillary and/or mandibular hypoplasias were
observed in moderately high incidences in group Il
and Il but with a lower incidence in group IV.
Though there was no significant critical period,
their association with ex-/anencephalics was of
high statistical significance (Chi square was 19.54,
df = 2, p value below 0.01).

Tail agenesis, anal atresia and genital tubercle
agenesis were exclusively observed in group |l
especially in association with spina bifida, which
was very significant statistically (Chi square values
were 108.78, 140.36, 55.65, df = 2, p values
were all below 0.005).

Extremity malformations occurred in three types,
i.e., clubfoot deformity with hindlimb hypoplasia,
sirenomelia or symmelia and micromelia (Plates
13, 14, 16). Among these malformations the for-
mer two types were specifically associated with spi-
na bifida and the latter was observed only in group
IV, all of them were of high statistical significance
(Chi square values are 52.53, 10.4, 7.22 df = 2, p
values are below 0.01, 0.05).

Other malformations with low incidences such as
cleft mandible, cleft palate, cleft lip, umbilical her-
nia and cryptorchism occurred uncommonly with
little statistical significance.



Visceral malformations were observed in cut sec-
tions. With this method, renal agenesis or agenesis
of entire urogenital system was observed in associa-
tion with spina bifida with a high significance. In
brain cut sections, the exencephalic brain seemed
to arise from the diencephalon or mesencephalon
eventually to be everted like a mushroom cap over
the basal brain (Plates 21, 22). Degenerative
changes and necrosis were noted not uncommonly
in the exencephalic brains especially at the junctions
of everted brain and the normal brain (Plate 22).

In cases of spina bifida the malformed spinal
cord was transposed superficially from a higher
position of the vertebral and skin defect. As in the
case of anencephaly the exposed spinal cord
underwent some degenerative changes eventually
to be replaced by a scar tissue or rather un-
changed opened spinal cord in a opened book
fashion (Plate 23, 24).

MICROSCOPIC FINDINGS

The microscopic findings of exposed brains pre-
sented a very characteristic feature. The surface of
exencephalic brain was either covered by epen-
dymal cells or choroid plexus epithelium which was
in direct continuation with surface epithelium (Plate
25). In some cases of anencephaly or exencephaly,
the brain tissue was devoid of normal cellular
layering or differentiation in that part of exposed
brain mixed with hemorrhagic necrotic foci or de-
generative changes.

Although no characteristic abnormality was
observed in exophthalmic eyes, the microscopic
findings of anophthalmia or microphthalmia were
characterized by abortive lenz tissue and scattered
epithelial cell nests (Plate 26).

The photomicroscopic finding of spina bifida pre-
sented extensive abnormalities not limited to spinal
cord but a variable extent of mesodermal changes
such as notochordal degeneration, displacement of
spinal ganglia, degeneration and atrophic changes
of paraspinal muscles and defects of vertebra with
some degenerative changes (Plate 27). The surface
of the exposed spinal cord was lined by ependymal
cells in a open book fashion, which is very sugges-
tive of nonclosure of neural tube. There was also
loss of normal arrangements of gray and white mat-
ter in this exposed segment of spinal cord (Plate
28).

DISCUSSION
The critical periods for NTDs have been reported

as the 8th day of gestation in mice (Kalter and War-
kany 1961; Seller et al. 1979), in hamsters
(Marin-Padilla and Ferm 1965), and in rats (Morriss
1972). Some investigators reported the period be-
tween the 8th and 10th days of gestation as the
critical period for the NTDs (Smith et al. 1978,
1981). Langman and Welch (1966) reported the
same period in mice and rats. Shenfelt (1972) re-
ported the period between the 7 1/2 and 7 3/4 day
of gestation as the critical period for anencephaly
or exencephaly and between the 7 3/4 and 8 1/4
day for spina bifida.

In this experiment we administered a single dose
of 150,000 IU of vitamin A according to the data of
a preliminary study. The time of exposure to the
vitarniiit A was varied from the 7th to the 10th days
of gestation according to the result of a preliminary
study that showed NTDs occurred only during the
8th day and 9th day of gestation in the exposure
groups. The incidences of NTDs in the 8th (62.8%)
and 9th (86.8%) day of gestation were consider-
ably higher than those reported in the literature.
This high rate of NTDs in this study may be
ascribed to the higher dose of vitamin A which
caused higher ratio of resorption and dead fetuses.
The incidence of ex-/anencephaly was 62.8% in-
the 8th day exposure group in constrast to 7.3% in
the 9Sth day group. The incidence of spina bifida
was reversed in these two groups showing 4.7% in
the 8th day and 86.8% in the 9th day exposure
group, respectively. With above results, it was
possible to ascertain that the critical period of ex-/
anencephaly and spina bifida is the 8th day and
the 9th day of gestation respectively, which is in
accordance with most of the reports in the litera-
ture (Giroud and Martinet 1956; Kalter and Warkany
1961; Langman and Welch, 1966, Marin-Padilla,
1966; Smith et al.; 1978:; Seller et al. 1979). Re-
garding the critical period, care must be taken in
counting the gestational age. The presence of
sperm on the vaginal smear was used to denote
gestational day zero in this study, but several re-
ports in the literature do not specifically define the
first day of gestation (Marin-Padilla and Ferm 1965;
Kochhar 1967; Smith et ai. 1981). In addition to
the teratogenic effect, administration of vitamin A at
the dose of 150,000 IU caused significant retarda-
tion of general fetal growth when exposure occur-
red on the 7th, 8th and 9th days of gestation. This
finding is coincident with that of Steele et al.
(1983). It was also interesting to observe the
female preponderance in ex-/anencephalic fetuses



by 2 to 1, as is the ratio in human cases. The
study of Seller et al. (1979) have mentioned about
this point. Administration of 150,000 IU of vitamin
A on the 8th, 9th and 10th day of gestation in-
duced a variety of malformations including NTDs at
high rates indicating that vitamin A treatment can
be used in studying the morphogenesis of NTDs.
There was little difficulty in deciding whether a cer-
tain malformation was present or not in the 20 day
old fetus except for some visceral abnormalities in-
volving cardiac or pulmonary systems, if any.

The sensitivity of rat embryo to vitamin A was
expressed as the sum of the ‘fetal mortality’ and
the ‘incidence of fetal malformation’ in this study, a
little different from that used in the study of
Marin-Padilla and Ferm (1965). They used the ‘rate
of malformed fetuses’ instead of ‘incidence of fetal
malformation’. But it seemed irrational to follow
their instruction beause the sum may exceed
100% in our study. Moreover, the sensitivities were
observed rather evenly throughout the 8th, 9th and
10th days of gestation by 84.7%, 91.0% and
88.0% respectively (Fig. 1). Many of the malforma-
tions associated with ex-/anencephaly seemed to
share similar characteristics with clinical findings
occurring in humans (Anderson et al. 1967; War-
kany 1971; Larroche 1984). But the association of
an-/microphthalmia with NTDs in a rate over 50%
seems quite contrary to findings in human cases
(Anderson et al. 1967, Warkany 1971; Nakano,
1973). The intactness of eye development in cases
of anencephaly has been the morphogenetic clue
that the degenerative process of the brain tissue
starts after its differentiation into telencephalon and
diencephalon (Warkany 1971; Nakano 1973).
Few investigators have reported the association of
anophthalmia or microphthalmia with experimental
anencephaly or exencephaly induced by the hyper-
vitaminosis A model. Though comparison with
other reports seems to be impossible, significance
of the association of anophthalmia with ex-/
anencephaly remains to be clarified.

The association of facial skeletal abnormalities
such as exophthalmos, maxillary and/or mandibular
hypoplasia with tongue protrusion, cleft mandible,
cleft lips and cleft palates may be the result of the
effect of vitamin A on the chondromesoderm and
neural crest cells in the cephalic region (Shenefelt
1972; Fantal et al. 1977; Hendricks et al. 1980;
Newell-Morris et al. 1980; Yip et al. 1980). Ex-
ophthalmos was the most frequently observed sing-
le anomaly in 7th, 8th, 9th and 10th day of gesta-

tion groups without any significant critical period.
Being absent any morphological abnormalities ex-
cept for the smallness of orbits, it was postulated
as the result of effect of vitamin A on the cephalic
mesoderm. The low incidence of cleft palate, cleft
lip and microstomia in this study could be ex-
plained by the fact that the administration of vita-
min A was limited to within 10 days after concep-
tion. In fact, treatment at the 10 days after concep-
tion produced greatly different malformations from
those resulting from earlier treatments (Shenefelt,
1972). Most characteristic malformations produced
by the treatment at the 10th day of gestation were
low set ears (Plate 15) and micromrelia (Plate 16),
which is comparable to those of Shenefelt (1972).

The association of a variety of malformations with
spina bifida was much more characteristic and im-
pressive than with anencephaly or exencephaly.
Anal atresia, anotia, tail agenesis, agenesis of exter-
nal genital tubercle, exophthalmos and club foot
deformity were associated with spina bifida in a
rate from 45% to 97% in decreasing order of fre-
quencies. Anotia might be the result of the effect of
vitamin A on the chondromesoderm and neural
crest cells reinforcing the mesoderm of the first
and second branchial arches (Yip et al. 1980).
Anal atresia, genital agenesis, tail agenesis and
club foot deformity associated with spina bifida in
this experiment had similar characteristics to those
occurring in humans (Warkany 1971; Sadovnick and
Baird 1986). Though the incidences were not so
high (7%, 10%), the association of sirenomelia or
symmelia and caudal regression syndrome with
spina bifida deserves special attention because few
investigators have demonstrated these malforma-
tions with the hypervitaminosis A model.

For the underlying mechanism of NTDs the
majority of investigators favor the hypothesis of von
Recklinghausen, the ‘failure of the neural folds to
close’ (Patten, 1953; Dekaban 1963; Marin-Padilla
and Ferm 1965; Langman and Welch 1966; Smith et
al. 1981). Controversy is still present, however, as
to whether the basic morphological abnormality
causing the failure of the neural folds to close is
the primary neuroectodermal lesion or the secon-
dary to the supporting mesodermal lesion. In the
study of the effect of vitamin A on development of
CNS, Langman and Welch (1965) postulated the
primary defect of neuroepithelium with the findings
of accumulation of dividing neuroepithelial cells
near the inner surface followed by disruption of
internal limiting membrane resulting in nonclosure



of the neural tube. Smith et al. (1981) identified a
microfocal necrosis located in the head fold epithe-
lium near the anterior neuropore in the 8 day
embryo. Subsequent to this initial neuroepithelial
lesion, they found the exencephalic malformation
developed as brain folds extending vertically from
the diencephalon.

On the contrary, Marin-Padilla (1966) asserted
the most prominent structural abnormalities en-
countered in the embryonic stages of exencephaly
are those involving the nonsegmented mesoderm
especially in the cephalic region. He postulated the
presence or absence of schisis (failure to close of
neural folds) will depend on the particular develop-
mental stage of the neural folds, affected by the
mesodermal insufficiency. He postulated the eleva-
tion of the neural folds depends on the progressive
accumulation of nonsegmented mesodermal cells
and closing process begins by the approximation
of the neural folds following the closure of surface
ectoderm and its adjacent mesodermal layer, after
which actual fusion and closure of the neuroec-
toderm occurs (Marin-Padilla and Ferm 1965).
Some investigators have observed mesodermal
changes consisting of ultrastructural widening of
extracellular space and concommitant cell shrink-
age and cell death, thereby, interfering with neural
tube closure (Morriss 1972).

A variety of hypotheses have been proposed as
to the basic pharmacological and biochemical
effects of vitamin A causing such numerous mal-
formations including NTDs. It would appear that
the maternally administered excessive dose of vita-
min A affects the embryonic cells directly, and the
lipoprotein membrane of cells has been postulated
as the site of action of this teratogen (Theodosis and
Fraser 1978). Vitamin A might interfere with mito-
sis, thus causing an accumulation of dividing cells
near the inner surface and may also interfere with
DNA synthesis resulting in a decrease in the num-
ber of cells, or may prevent the formation of
neuroblasts causing overproduction of neuroepithe-
lial cells (Langman and Welch 1966). Large amounts
of vitamin A may inhibit the synthesis of chon-
droithin sulfate and dissolution of that already
formed (Langman and Welch 1966). MclLone et al.
(1983) proposed that vitamin A interferes with the
synthesis of glycosaminoglycans, a complex car-
bohydrate essential for the biological processes re-
lated to the neurulation. Caldarelli et al. (1985)
postulated that vitamin A promotes an increase in
the glycosylation of the cell surface and decrease

the synthesis and production of glycosaminoglycan
such as chondroitin sulfate, which plays a major
role in bridging the gap between the neural folds
(McLone et al. 1983; Caldarelli et al. 1985).
Moreover the effects of increasing fetal mortality,
growth retardation and various malformations might
be the results of direct action of vitamin A on the
protein synthesis eventually leading to cellular nec-
rosis, interference of cellular interaction and
mechanical disruption of embryonal tissue (Koc-
hhar 1967, 1973; Morriss 1973, 1974; Wilson and
Fraser 1978; Nakamura 1978; Yip et al. 1980;
Steele et al. 1983; Goodman 1984).

Some investigators proposed all the abnormali-
ties involving the CNS, skeletal system, notochord,
musculature, neural crest-derived tissues and
other associated malformations are the results of
axial mesodermal insufficiency, characterized by
pronounced abnormalities of the skull base, verteb-
ral column and the notochord.

The exencephalic nature of the involved brain is
caused by the inadequacy of the cranial and spinal
cavities to lodge the developing brain and spinal
cord (Marin-Padilla 1966).

The predominance of exencephalic malforma-
tions over anencephalic ones in this study shares
common characteristics with other reports in the
literature (Cohlan 1953; Marin-Padilla and Ferm,
1965; Langman and Welch 1966: Shenefelt 1972;
Smith et al. 1978; Warkany, 1971; Larroche 1984;
Caldarelli et al. 1985). This is contrasted to human
cases of NTDs that the most distinctive morpholo-
gical feature is the advanced degenerative process,
together with the destruction of the unclosed and
exposed areas of the brain (anencephaly). This dis-
crepancy between the experimental NTDs and the
clinical ones could be ascribed to the short gesta-
tion period in experimental animals. Observing va-
rious degrees of degenerative processes and necro-
sis on the exposed (exencephalic) brains as well as
some typical anencephalic features, it was possible
to conclude that the classical anencephalic fea-
tures result from the spontaneous necrosis of the
exencephalic malformation. Exencephaly, therefore,
represents an early developmental stage of
anencephaly.
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Plate 1.
Plate 2.
Plate 3.
Plate 4.

Plate 5.

Plate 6.

Plate 7.
Plate 8.
Plate 9.

LEGENDS FOR PLATES

The control rat fetus, 20 days old.

An exencephalic rat fetus of Group II.

A typical exencephalic anomaly of Group Il. Note associated malformations such as
anophthalmia and maxillary/mandibular hypoplasia.

An exencephalic rat fetus of Group Il. Note anophthalmia, severe mandibular hypo-
plasia and oblique facial cleft.

An exencephalic rat fetus of Group Il with spina bifida, tail agenesis and hind

limb hypoplasia.

The craniorachischitic rat fetus of Group Il with marked growth retardation and maxil-
lomandibular hypoplasia.

A rather anencephalic rat fetus of Group II.

An anencephalic rat fetus with maxillomandibular hypoplasia and anophthalmia.
The severest form of anencephaly with association of spina bifida, stunted growth of
limbs and face in addition to anophthalmia.

Plate 10. A typical malformed fetus of Group lll showing spina bifida and tail agenesis.

Plate 11.

Plate 12.

Plate 13.

Plate 14.
Plate 15.

Plate 16.

Plate 17.
Plate 18.
Plate 19.
Plate 20.
Plate 21.
Plate 22.
Plate 23.
Plate 24.

Plate 25.

Plate 26.

Plate 27.

Plate 28.

A characteristic malformation of sirenomelia associated with spina bifida, exophthal-

mos and exencephaly.

Another characteristic malformation of caudal regression associted with-spina bifida

Note the absence of tail and hind limb.

Exophthalmos associated with cleft mandible, spina bifida and club foot deformity.

Sirenomelia associated with spina bifida, anophthalmia and anotia.

Exophthalmos and low set ear deformity of Group IV rat fetus.

A characteristic malformation of micromelic rat fetus of Group IV.

Dissecting microscopic view of control rat fetus.

Bilateral exophthalmos of Group Il rat fetus.

Bilateral anophthalmia of Group Il rat fetus.

Unilateral anophthalmia and exophthalmos of Group Il rat fetus.

Dissecting microscopic view of exencaphalic brain.

Exencephalic brain with some necrotic changes along the base.

Dissecting microscopic view of spina bifida,

Advanced degenerative change with cyst formation under the exposed spinal cord.

Photomicrograph of anencephalus, showing a minute amount of brain remnant on hypoplastic sphenoid
bone and nasal cavity (Nc). A few papillary projections suggestive of abortive choroid plexus are seer.
that are directly continuous to the skin surface (arrows in junctions). H&E X70.

Microscopic finding of coronal section of orbit, in a case of anophthalmos, showing abortive lens tissue
(arrow) and scattered epithelial nests. H&E X100.

Transverse section of spine in a case of rachischisis, showing abnormal development of vertebral bone
(V) and cartilage, associated with abnormally formed spinal cord (arrow) which is barely covered with
skin. H&E X70.

Photomicrograph of bifid spinal cord (Sc), exposing central canal as a opened book fashion. Note also
abnormal arrangement of neurons versus fibers in this abnormal segment of spinal cord. H&E X70.
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