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SUMMARY

The palatal regions of days-12.5 and -13.5
mousc fetuses were cultivated in a chemically-
defined medium, and their in vitro develop-
ment was compared at intervals during in-
cubation.

After a 24-hr culture of day-12.5 palates,
palatal shelves became elevated and grew
towards the midline, which was faster than in
vivo palatogenesis between day 12.5 and day
13.5 of gestation. After a 48-hr culture of
day-12.5 palates, the opposing shelves came
into contact and/or fused with each other in
19% of the cases and partially {used in 6%
after a 24-hr culture of day-13.5 palates,
contact and/or fusion of the shelves occurred
in 88% and partial fusion in 6%. After a 72-hr
culture of day-12.5 palates, palatal shelves
completely fused in 89%:; after a 48-hr culturc
of day-13.5 palates, shelves completely fused
in 31%. After a 96-hr culture of day-12.5
palates, the [usion ratc was similar to that of
the 72-hr culture, suggesting that the ratc
rcached the maximum after 72 hr. By a 72-hr
culture of day-13.5 palates. all the shelves
completely fused. Although the in vitro de-
velopment of day-12.5 fetal mouse palates was
somewhat slower than in vive palatal develop-
ment, the process of palate fusion in vitro
simulated the in vivo palatogenctic process. In
conclusion, the 72-hr culturc of day-12.5 fetal
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mousc palates may be most suitable for
studying normal and abnormal palatogenesis
in vitro and for in vitro teratogen screening.

INTRODUCTION

Many studies have been conducted on in
vitro development of fetal mouse palates'™"
and the effects of various chemicals on cul-
tured fetal palates*™. In most of these stu-
dics, they employed a static culture technique
and succeeded in inducing the fusion the
palatal shelves in vitro by cultivating day-13 or
day - 14 fetal mouse palates. Howcever. in vitro
fusion of day-12.5 fetal mousc palates has not
always between possible; a 72-hr culture failed
to induce the complete fusion of palatal
shelves", while a 96-hr culture with exchanges
of the culture medium succeeded in inducing
the fusion ol palatal shelves”.

Recently, Shiota ct al." devcloped a novel
technique to cultivate fetal mouse palates in a
chemically-defined  serum-free  medium by
suspension culture. In their study. the secon-
dary palate of day-12.5 mouse fetuses closed
successfully after a 72-hr culture and the in
vitro palatogencsis was cssentially similar to
the in vivo development. A lurther study
where day-12.5 fetal palates were cultivated
for 24, 48, or 72 hrs showed that although the
process of the palate fusion in vitro was found
to simulate the in vivo palatogenetic process,
the explants cultivated in vitro did not grow in
size and the in vitro development was slower
than that occurring in vivo.'".



In the present study, palatal primordia of
day-12.5 and day-13.5 mouse fctuses were
cultivated for up to 96 hr and 72 ir, respec-
tively, and the in vitro palatal development
was compared at intervals during incubation.

MATERIALS AND METHODS

Animals

Sle:ICR mice were purchased from Japan
SLC, Inc. (Shizuoka). At the age of 8 to 13
wceeks, cach virgin female was mated over-
night with a male from the same stock, and
the day on which a vaginal plug was found was
designated as day 0 of pregnancy. The mid-
night (0:00) of day 0 of pregnancy was
considcred as the start of gestation. Mice were
given food pellets (MF, Oricntal Yeast Co.,
Tokyo. Japan) and tap water ad libitum.

Organ culture method

Between 10:00 and 12:00 on day 12 or 13 of
gestation. pregnant females were killed by
cervical dislocation and their uterus was asep-
tically removed. The fetuses were transferred
into a Petri dish and their maxillary region was
dissected with a pair of scaipels and forceps.
The dissected maxillary regions including
palatal primordia were then cultivated in a 50
ml pcnicillin bottle containing 8 ml of the

filtcred. The composition of the culture
medium was the same as that described
clsewhere'”. No serum or antibiotics were
added to the medium. Three or 4 explants of
day-12.5 [ctuses or 2 or 3 explants of day-13.5
[etuses were put into onc bottle. Each bottle
was sealed airtight with a rubber stopper and a
mctal clamp. The bottles were flushed for
approximately 2 min with a gas mixture of
% O,. 5% CO,. and 45% N, using syringe
needles. Day-12.5 fetal palates were then
cultivated for 24, 48, 72, and 96 hr and
day-13.5 palates for 24, 48. and 72 hr at 38°C
on a roller device (20-25 rpm). During the
culture period, the bottles were flushed every
24 hr with the same gas mixture. The medium
was not changed during the culture period.

Observation and measurement of explants
At the end of the culture period. the palatal
cxplants were washed gently with physiologic-
al saline solution, fixed overnight in Bouin's
fluid, and stored in 70% ethanol until further
examination.  Each  palate was  mcasurcd
under a disscction microscope cquipped with
an ocular micrometer; the length of the
palatal shelf was recorded. and the length of
the fused portion of palatal shelves was also
measured in cases where palatal shelves were
fusing. The ratio of the length of fused portion

culturc medium which had been sterile-  to the length of palatal shelf (LPS/LFP) was
Fable 1. Types and frequencics of pulatal closure of day-12.5 and day-13.3 fctal mouse
Age of Time of Number of  Length of palatal  Length of fused LFP/LPS®
fetuses incubation palates shelf (mm): portion (mm): (%)
(day) (hr) examined mean+S.1. mean®S.1. mean®S.0D.
2.5 24 18 0.99+0.19 \] U]
48 16 0.99£0.06 0.0420.08 35+ 7.7
72 19 1.24+0.2] 0.88+0.23 75.3+13.8
96 18 [15%0.12 0.72+0.39 60.7+31 .4
13.5 24 16 1. 41x0.09 0.0220.09 1.3% 5.9
48 13 1.20+0.11 0.3420.48 27.2%38.1
72 9 1.47+0.07 145009 984+ 3.6

a) LEP/LPS: Length of fused portion of palatal shelvesiLength of palatal shelf.
b) No contact of the shelves,

¢) Contact but no [usion ol the shelves.

d) Partial fusion (<12 of patatal length) of the shelves.

¢) Complete fusion (>1/2 of palatal length) ol the shelves.
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calculated. The stages of palate fusion were
classified as “fused”. “in contact but not
fuscd™. or “not in contact™. Palates were so
classificd as “in contact but not fused™ if the
shelves in contact were readily scparated at
the midline with forceps. The fused palates
were further classificd into “complctely fused™
or “partially fuscd™; “completely fused™ was
applicd when more than 172 of the total length
of the palatal shelf was fused, and “partially
fused” was applicd when lcss than 1/2 of the
total length of the palatal shelf was fused.

RESULTS AND DISCUSSION

Cultured palates were observed and evalu-
ated after culture for 24, 48. 72, and 96 hr tor
day-12.5 fetal palates and after culture for 24.
48. and 72 hr for day-13.5 palates. Tablc |
summarizes the results.

The stages of the sccondary palate develop-
ment of day-12.5 or day-13.5 fetal mousc
palates werc assessed according to the scoring
system proposed by Walker and Frasser'?
and Biddle'?. On day-12.5, fetal mousc pa-
lates were at stage 1 or carlier stages of palate
development, in which palatal shelves were
_vertical with straight medial edges and the
shelf elevation had not begun. Day-13.5 fetal
palates were cither at stage 2 when the
postcrior ends of the palatal shelves were

palates cultured i visro for various incubation periods

Type of palatal closure (%)

Contact*?
and‘or fusion

No contact™ Fusion

Partial”  Complete®!

94.4 5.6 0 0
81.2 18.8 6.3 0
0 100.0 5.3 89.4
0 100.0 1.1 72.2
12.5 87.5 6.3 0
15.4 84.6 7.7 30.8
0 100.0 0 100.0

horizontal or at stage 3 when one ol the
shelves was completely horizontal. After a
24-hr culture of day-12.5 fetal palates. oppos-
ing palatal shelves were in contact with cach
other in | of the 18 cxplants (6%:). but not in
the remaining 17 explants. Although those in
vitro fetal palates corresponded to the in vivo
day-13.5 fetal palates in the normal coursc of
development, the contact of palatal shelves
did not occur in any of the in vivo day-13.5
fetal palates'®.

After a 48-hr culture of day-12.5 fetal
palates (16 cxplants), contact and/or fusion
occurred in 3 explants (19%) (onc of them
was partially fusing), but palatal shelves werce
not in contact with each other in the remain-
ing 13 explants (81%). After a 24-hr culture of
day-13.5 fetal palates which corresponded to
the 48-hr culture of day-12.5 fetal palates.
contact and/or fusion occurred in 14 explants
(88%) (one of them was partially fusing). and
no contact occurred in 2 explants (13%).
indicating that they grew faster than the
day-12.5 fetal palates cultured for 48 hr.

After a 72-hr culture of day-12.5 fetal
palates, all the 19 explants had either come
into contact or were fused (contact in 1
cxplant (5%), partial fusion in 1 (5%). and
complete fusion in 17 (89%)). By the corrcs-
ponding 48-hr culturc of day-13.5 fetal palates
(13 cxplants) contact or fusion occurred in 11
explants (85%). partial fusion in 1 (8%),
complete fusion in 4 (31%). and no contact in
2 (15%). The fetal palates of ICR strain mice
were completely fused in vivo on day 15.5 of
gestation, which corresponds to day-12.5 for
fetal organs cultured for a 72-hr and day-13.5
{or fctal organs cultured for 48 hr. The fusion
ratc was 94.7% after a 72-hr culturc of
day-12.5 fetal palates and as low as 38.5%
after a 48-hr culture of day-13.5 fetal palates,
suggesting that in vitro development of fctal
mouse palates is significantly retarded as
compared with in vivo palatogencsis.

At the time of explantation of palatal
regions in the present study, fetuses werce
selected by discarding those with significantly



advanced or delayed growth. Howcever, the
stage of palate closure was variable among the
cxplants at the time of observation. which
might be due to a variation in growth rate of
fetal palates among individuals even within a
given litter.

After a 96-hr culture of day-12.5 fetal
palates (18 explants). the fusion occurred in
I5 explants (83%) and in the remaining 3
(17%). contact of shelves but no fusion had
occurred. This suggests that the fusion rate of
cultivated palates of day-12.5 fetuses reaches
a maximum after a 72-hr culture. On the other
hand, all of the 9 explants of day-13.5 fetal
palates had become completcly fused after a
72-hr culture, and the LFP/LPS ratio was
Y8% . indicating that the complete [usion was
delayed by ca. 24 hr as compared with the in
vivo day-15.5 fetal palates and in virro de-
velopment of day-12.5 fetal palates. The
length of the palatal shelf. which is an index of
palatal growth. was not significantly different
between day-12.5 and day-13.5 palates cven
when the incubation period was extended.
However, the length of the fused portion of
palatal shclves and the LFP/LPS ratio in-
creused as the incubation period was ex-
tended.

Vargas' removed fetal palates from mice of
days 12.5, 13.5. and 14.5 of gestation, and
cultivated the palates for 24, 48, or 72 hr in a
scmi-defined medium with a static culture
mcthod (medium replaced daily). In day-12.5
fetal palates, 25% of the explants showed the
partial fusion within 72 hr and complete tusion
was not observed. In day-13.5 fetal palates, a
2d-hr culture resulted in partial fusion in 90%
and in complete fusion in 10%: a 48-hr culture
resulted in partial fusion in 25% and in
complete fusion in 75%; a 72-hr culturc
resulted in complete fusion in all explants. In
day-14.5 fetal palates, all explants showced
complete fusion within 72 hr.

Abbott et al.” cultivated day-12.5 fetal
mousc palates for 96 hr by replacing the
medium cvery 24 hr and obtained complcte
fusion in 93% and partial fusion in 7% of the

control.

Thus, the suspension organ culture method
using a roller device'"'" is considered to be
supcrior to static organ culture techniques.

We compared the in vitro development of
day-12.5 and day-13.5 fetal mouse palates.
and higher fusion rates were obtained in
day-13.5 fetal palates than in day-12.5 fetal
palates which were cultured for 24 hr longer.
Rapid growth of palatal shelves occurred
between the 48 and 72 hr after culture both in
days-12.5 and -13.5 fetal palates. This suggests
that a certain length of time is required for
palatal shelves to become adapted to the in
vitro environment and begin to develop.

Normal development of the secondary pa-
late follows the 4 distinct stages. (1) growth of
the palatal shelves. (2) reorientation of the
shelves, (3) contact of the medial edge. and
(4) tusion of the shelves'™. Many drugs are
thought to induce cleft palate by interfering
with any one of these 4 stages'. Our organ
culture mcthod to cultivatc dav-12.5 fetal
mouse palates for 72 hr might be useful to
study the mechanisms of chemically-induced
cleft palate formation and screen the develop-
ment toxicity of new chemicals.
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