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Summary

Palatal primordia of day-12.5 mouse fetuses
cultivated in a chemically-dclined
medium by a suspension culture technique,
and their growth and differentiation in vitro
were compared with those of the fetal palates
in vivo at the corresponding gestational
stages. The maxillary explants cultivated in
vitro for up to 72 hr did not grow in size and
remained almost in the same size as those in
day-12.5 fetuses. However, the palatal shelves
elevated and grew faster towards the midline
until 24 hr in culture as compared with in vivo
development. In day-14.5 fetal palates in vivo.
the opposing palatal shelves have contacted
with each other in about 8% of cases and
73% of the palates have begun to fuse, while
the corresponding rates in vitro were 19% and
6%. respectively, suggesting that in vitro
palatogenesis is delayed by 48 hr in culture.
At 72 hr of culture, the rate of completely
closed palates was 89% against the 100%
closurc rate for day-15.5 fetuscs in vivo.
Although the comparison showed that the in
vitro development of the fetal mousc palate is
somewhat slower than that in vivo. the pro-
cess of palate fusion in vitro was found to
simulate the in vivo palatogenetic process,
and suspension organ culture appears superior
to the conventional static organ culture.
Suspention organ culture of fetal mouse pa-
lates should be uscful in the study of normal
and abnormal palatogenetic processes.
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Introduction

Organ culture techniques have been used to
study the mechanisms of secondary palate
formation, and the fctal palates of mice''®
and rats'""'" have been most [requently used
for in vitro studies. When [cetal rodent palates
were cullivated, palates of day-13 mousc
fetuses or days-14 and -15 rat fetuses are
usually used, which are not young enough to
observe early stage of sccondary palate for-
mation. Furthermore, most such studies em-
ployed static culture techniques, in which
palatal explants were placed on filter paper or
membrane filters in a culture dish and culti-
vated in a CO, incubator. In such convention-
al static culture, the growth of cxplanted
palates was often significantly delayed as
comparcd with the normal palate growth in
vivo and the process of palatal closure did not
necessarily simulate that occurring in vivo.

Receently, we developed a novel technique
to cultivate fetal mouse palates in a chemical-
ly-defined serumless medium by suspension
culture in rotating bottles'™. In this system,
cxplanted fetal palates successfully closed
within 72 hr, and the in vitro fusion of the
palatal shelves simulated the palatogenetic
process in vivo both macroscopically and
histologically. Howcever, the size of the ex-
plants was significantly smaller at the end of
the 72 hr culture period as compared with the
size ol the fetal palate in vivo at the corres-
ponding developmental stage'™.

In the present study, day-12.5 fetal mouse
palates were cultivated for up to 72 hr using
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the same method'®. and the growth and
differentiation of the cxplanted palates were
compared with those of the fetal palates in
vivo at the corresponding gestational stages to
clarify the merits and limitations of palate
organ culture.

Materials and Methods

Animals

Slc:ICR mice, 6 weeks old, were purchased
from SLC (Shizuoka, Japan) and kept in an
animal room. The room temperature was
maintained at 22+2°C and the relative humid-
ity at 55£5%. The lighting was on a 12:12 hr
light: dark cycle. At the age of 8 to 13 weeks,
cach virgin female was mated overnight with a
male, and the day on which a vaginal plug was
found was designated as day 0 of pregnancy.
Commercially available laboratory chow
(Oriental Ycast Co., Tokyo, Japan) and tap
water were given ad libitum.

In vitro organ culture

Between 10 and 12 hr on day 12 of
gestatioon. pregnant female mice werc killed
by cervical dislocation and their uteri were
aseptically removed. The fetuses were trans-
ferred into a Petri dish and their maxillary
region was dissected with a pair of scalpels.
They were then cultivated in a chemically-
defined medium for 24, 48 or 72 hr according
to the mecthod described previously'™. No
serum or antibiotics were added to the
medium. The palatal explants were cultured
in 50 ml penicillin bottles with 8 ml of culture
medium which had been sterile-filtered. Three
or four explants were put into one bottle and
each bottle was sealed airtight with a rubber
stopper and a metal clamp. The bottles were
flushed for approximately 2 min with a gas
mixture of 50% O,, 5% CO,. and 45% N,,
and then incubated at 38°C on a roller device
(20-25 rpm) for 24, 48 or 72 hr. During the
culture period, the bottles were flushed every
24 hr with the same gas mixture. The medium
was not changed for up to 72 hr. After 24, 48,

and 72 hr in culture, the explants were
harvested and washed in physiological saline
solution, fixed overnight in Bouin’s fluid, and
stored in 70% cthanol until further examina-
tion.

In vivo procedures

On days 12, 13, 14, and 15 of gestation,
pregnant female mice were killed by cervical
dislocation between 10:00 and 12:00. The
fetuses were removed from the uteri and
placed in Tyrode’s solution in a Petri dish.
The palates were dissected under a disscction
microscope as described above. They were
fixed overnight in Bouin's fluid and then
stored in 70% ethanol.

Observation and measurement of the palates

Each palate obtained as above was mea-
sured under a disscction microscope equipped
with an ocular micromcter and the head
width, the head length, and the palatal shell
length were recorded. The length of the fused
portion of palatal shelves was also measurcd
in cases where palatal shelves were fusing.
The narrowest gap between the opposing
palatal phelves was also measured when palat-
al shelves have not contacted with cach other.
The stages of palate fusion were classified as
“fused”. “contacted but not fused”. or “not
contacted.”™ Palates were classified as “con-
tacted but not fused” if the contacted shelves
were readily separated at the midline with
forceps. The lused palates were further clas-
sified into “completely fused” or “partially
fused.” The term “completely (used™ was
applicd when more than 1/2 of the total length
of the palatal shelf was fused. and “partially
fused™ was appliecd when less than 1/2 of the
total length of the palatal shelf was fused.

The frequency or average value of cach
parameter was obtained for each cx-
perimental group and the data were compared
with thosc of the corresponding in vivo
controls. The mean values were compared
using Student’s t-test. and the frequencies
were compared by using chi-square test with
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Yates' correction.

Results and Discussion

The palatal explants were measured and the
palatogenetic process, i.e. the contact and
fusion of the opposing palatal shelves, was
evaluated after 24, 48, and 72 hr culture. Data
arc shown in Tables 1 and 2 in comparison
with in vivo palatogenesis at the correspond-
ing gestational stages.

In fctal mice in vivo, the palatal shelves
grow to bring about palate (usion. and their
head width, head length and palatal shelf
length increase as gestational age advances.
However, the size of the palate cultivated in
vitro remained almost unchanged cven after
72 hr in culture. Therefore. the palates culti-
vated for 24, 48 or 72 hr in vitro were
significantly smaller than their respective in
vivo controls.

The gap between the opposing palatal
shelves was significantly smaller in the palates
cultured in vitro lor 24 hr than that in day-13.5
fctal palates grown in vivo. Within 24 hr in
culture, contact of the palatal shelves occur-

red in 1 of 18 explatns (5.6%), whilc palatal
shelf contact had occurred in none of day-13.5
palates in vivo. Of 16 explants cultured for 48
hr, partial fusion was observed in | (6.3%)
and contact in 2 cases (12.5%), but palatal
shelves had not contacted with cach other in
the remaining 13 cascs (81.2%). On the other
hand, among day-14.5 fetuses grown in vivo
(N=48), complete palate fusion was observed
in 27 (56.3%), partial fusion in 8 (16.7%),
contact without fusion in 2 (4.2%). and no
contact in 11 (22.9%). The length of the fused
portion and the [used portion/palatal Iength
(LFP/LPS) ratio at this stage significantly
smaller in vitro than the corresponding figures
in vivo. By 72 hr in culture, palatal shclves
fused with each other in about 95% ol the
cases and most of these were completely
fuscd. All the fetal palates had fused in vivo
on day 15.5 of gestation. Thus, the in vitro
development of palatal shelves appears to be
faster during the first 24 hr in culture than in
vivo, but in vivo palatal development cxceeds
in vitro development during the later half of
the culture period. The fusion rate after 72 hr
culture was 95% . which was lower than but

Table 1. Comparison of in vive and in vitro development of fetal mouse palates
Age of fetuses (day) 12.5 13.5 14.5 15.5
Time of incubation (hr) 0 24 48 72
Number of palates in vivo 46 41 48 24
examined in vitro 18 6 Y
Head width in vivo  2.91£0.16" 3.6040.11 4.55+0.13 5.02+0.16
(mm) in vitro 2.58+0.26" 2.5710.079 2640179
Head length in vivo  3.08+0.29 3.93+0.13 5.03+0.26 3.76x0.69
(mm) in vitro 2.82+0.40 2.66+0,13% 2.77+0.36"
Narrowest gap in vivo  (.4620.06 0.40£0.05 0.24+0.22 0
(mm) in vitro 0.16£0.13 0.09+0.05 0
Gap/head width in vivo 15.9+1.8 I I+1.7 5744 0
(%) in vitro 6.7+6.2 2.7+1.9 0
Length of palatal  in vivo 1.15+0.07 1.57+0.11 2.17+0.14 2.62£0.09
shelf (mm) in vitro 0.99:+0.199 0.99+0.06" 1.24%0.21
Length of fused in vivo 0 0 1.35£0.49 2.62+0.09
portion {(mm) in vitro 0 0.04£0.08 0.88+0.23"
LEPM/LPSY in vivo 0 0 60.0£18.3 100.0£0.0
(%) in vitro 0 358770 75.3+13.8Y

a) McanxSD.

b) LFP: Length of the fused portion of palatal shelves.

¢) LPS: Length of the palatal shelf.

d) Significantly different from the in vivo group (p<0.01).
e) Significantly different from the in vivo group (p<).05).
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Table 2.

Types and frequency of in vivo and in vitro closure of the fetal mouse

palates
Age of fetuses (day) 12.5 13.5 14.5 15.5
Time of incubation (hr) 0 24 48 72
Number of palutes in vivo 46 41 48 24
examined in vitro 18 16 19
Palate closure (%)
No contact™" In vivo 100 100 229 0
n vitro 94 .4 81.29 0
Contact™ or In vivo 0 0 77.1 100
fusion In vitro 5.6 18.8! 100
Fusion
Partial? In vivo 0 0 16.7 0
In vitro 0 6.3 5.3
Complete®! In vivo 0 0 56.3 100
In vitro 0 0 89.4

a) No contact of the shelves.

b) Contact but no fusion of the shelves.

<) Partial fusion (< 172 of the palatal length) of the shelves.
d) Complete fusion (2 112 of the palatal length) of the shelves.
¢) Significantly different from the in vive group (p<0.01).

not significantly different from the corres-
ponding rate in vivo. The opposing shelves in
cultured palates elevated and grew towards
the midline faster than in vive during the first
24 hr probably because the removal of the
tongue may have facilitated shelf elevation.

Palate fusion occurred in about 95% of
cases in our suspension cullure. In vitro
culture of fetal rodent palates has been
attempted previously by many investigators,
but the rates of palate fusion in their system
were poorer compared with the present re-
sults. For example, Varges' dissected the
palates from fetal mice on days 12,5, 13.5 and
14.5 of gestation and cultivated them for 24,
48, or 72 hr in a semi-defined medium by a
static culture method. In this previous study.
no complcte fusion was observed in day-12.5
fetal palates cultured for 72 hr. while com-
plete fusion occurred in those of day-13.5 and
-14.5 fetal palates cultured for 24-72 hr. Thus,
the present suspension culture method secems
to be superior to conventional static organ
culture, although the palate fusion rate is not
as good as the corresponding rate in vivo.

Although the palatogenetic process in the
present suspension organ culture system simu-
lated the i1 vivo process, some necrosis was

observed in the nasal septum and the deep
portion of the maxillary processes'™. This was
probably duc to the insufficient supply of
nutrients and/or oxygen to the deeper tissuc in
cxplants, since these are provided only by
mcans of dilfusion in organ culture.

In summary. the present study showed that
suspension culture of fetal mouse palates is
superior to static organ culture techniques and
has some advantages for the study of normal
and abnormal palatogenesis, although some
limitations of such in vitro technique should
be taken into account.

Acknowledgments

The author is grateful to Dr. Kohei Shiota
for helplul suggestions and critical reading of
the manuscripts.

Received: November 13, 1993 Accepted: June 15, 1994

References

) Vargas. V.I. (1967) Palatal fusion in vitro in the
mousc. Archs Oral Biol., 12, 1283-1288.

2) Lahti, A. and Saxén, L. (1967) Lffect of hydrocorti-
sone on the closure of palatal shelves in vivo and in
vitro. Nature, 216, 1217-1218.

3) Chaudhry. A P. and Siar. S. (1967) In vitro study of

— 180



fusion of pulatal shelves in AiJux mouse cmbryos. J.
Dent. Res.. 46, 257-260.

4) Smiley, G.R. and Koch, W.E. (1972) An in vitro and
in vivo study of single palatal processes. Anat. Rec.,
173, 405-416.

5) Lahti. A Antila. B, and Saxen, L. (1972) The elfect
of hydracortisone on the closure of the palatal shelves
in two inbred straing of mice in vivo and in vitro.
Teratology, 6. 37-42.

6) Saxén. 1. (1973) Lffects of hvdrocortisone on the
development in vitro of the sccondary palate in two
inbred strains of mice. Archs Oral Biol., 18, 1469-1479.

7) Baird, G. and Verrusio, A.C. (1973) Inhibition of
palatal fusion in vitro by f-2-thicnylalanine. Teratofo-
gy, 7, 3748,

8) Fairbanks, M.B. and Kollur, E.J. (1974) Inhibition of
palatal fusion i vitro by hadacidin. Teratology, 9.
169-178.

9) Newall. D.R. and Edwards, 1.R.G. (1981) The ctfect
of vitumin A on fusion of mouse palates [l Retinyl
palmitate. retinol, and retinoic acid i vitro. Teratolo-
gy, 23, 125-130.

10) Ferguson. M.W.J.. Honig. L.S. and Slavkin, H.C.
(1984) Differentiation of cultured palatal phelves from
alligator, chick, and mouse embryos. Anar. Rec., 209,
231-249.

1) Moriarty. T.M., Weinstein, S. and Gibson, R.D.

(1963) The development i vitro and in vivo of fusion of
the palatal processes of rat embryos. J. Embryol. Exp.
Morph.. 11, 605-619.

12) Konegni, 1.S., Chan, B.C.. Moriarty. T.M., Wein-
stein, 8. and Gibson, R.D. (1965) A comparison of
standard organ culture and standard transplant techni-
ques in the fusion of the palatul processes of rat
embryos. Cleft Palate ., 2. 219-228.

13) Pourtois, M. (1966) Onset of the acquired potential-
ity for fusion in the palatal shelves of rat. J. Embryol.
Exp. Morph.. 16, 171-182.

14) Reeve. W.L., Porter, K. and Lefkowitz, W. (1966)
In vitro closure of the rat palate. J. Dent. Res.. 48,
[375-1380.

15) Mycers, G.S.. Petrakis, N.L. and Lee. M. (1967)
Effect of 6-aminonicotinamide and of added vitamin A
on fusion of embryonic rat palates in vitro. J. Nutr., 93.
252-262.

16) Thompson. J.I-. and Schweisthal. M.R. (1969) Study
of closure of the embryonic rat palate in vitro with the
clfects of certain chemicals. J. Dent. Res., 48, 368-372.

17) Nanda. R. (1974) PEffect of vitimin A on the
potentiality of rat palatal processes 1o fuse in vivo and
in vitro. Cleft Palate J.. 11, 123133,

[8) Shiota. K., Kosazuma, 1., Klug. S. and Neubert, D.
(1990) Development of the fetal mouse palate in
suspension organ cullure. Acta Anat., 137, 39-64.

— 181 —



