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CHAPTER I
INTRODUCTION AND STATEMENT OF PROBLEM

Cleft palate is a congenital anomaly occuring once every
700~800 births. Despite this frequency, literature describing
research on the embryology of cleft palate as well as normal
palate development has been inadequately documented. Further-
more, the majority of this literature has been written within
the last fifteen years.

As a result of this renewed interest, it is no longer
sufficient to pass off the cause of cleft palate merely as a
lack of growth of the palatine processes, or as a mechanical
obstruction resulting from a failure of the tongue to drop at
the proper time. Recent investigations have seriously question-
ed these theories, and now the role of acid mucopolysaccharides
in the connective tissue of the palatine shelves is of primary
interest.

Thru histochemical and autoradiographic studies, various
authors suggest a decrease in the acid mucopolysaccharides of a
cleft palate mouse compared to a mouse with normal palatal
development. Although some evidence has been advanced support-

ing this theory, the evidence is "semi"~quantitative and has




been based on subjective interpretation of the various
investigators.

It is commonly accepted that the cells produce the acid
mucopolysaccharides. The purpose of this investigation is
therefore two-fold: to determine if there is either a signifi-
cant difference in the mitotic activity labeling index in the
palatine shelves of the control and the treated mice; or if
there is a corresponding increase in cellular density relating
to the decrease of the acid mucopolysaccharides in the inter-

cellular material.




CHAPTER II

REVIEW OF THE LITERATURE

I. Normal Palatal Development

Polzl (1904) postulated that the palatine processes
undergo horizontalization by regression of their ventral
extremities and concomitant new shelf growth from their medial
surfaces at approximately the level of the tongue. Pons-
Tortella in 1937 substantiated this theory of palatal closure.

Peter (1924) proposed the concept that the lateral
palatine processes assumed a horizontal position from a
ventrally directed position by undergoing a medial rotation.
Lazarro (1940) reaffirmed this theory and postulated the
following ideas to explain the mechanism of palatal shelf move-
ment: 1, external preesure such as muscular pressure from
the tongue; 2. growth changes involving regression of the ven-
tral portion and an outgrowth in the horizontal plane; 3.
rapid rotation of the shelves due to some 1ﬁﬁ£inuiu forces.

| Lazarro favored the idea of rapid movement, and his
studies indicated that rotation resulted from an increase of
intercellular substance within the lateral palatine processes.

Thus the increased interxcellular material (swelling of the




shelves) caused the lateral palatine processes to rise once the
obstruction of the tongue wzs removed. Lazarro thought that
the release of the tonqgue had to take place before anything
else, even if the mechanlsm of release was "slightly obscure”.
He suggested the following mechanisms for the release of
tha tongue:
1. lowering of the mandible and tongue
2. forward displacement of the tongue
3. 1lifting of the roof of the oral cavity
4. changes in form of the tongue due to muscular
development
5. muscular movements of the tongue
According to Reed (1933) , the vertical palatine processes
are rotated into a horizontal plane either by unegual growth or
by muscular contraction and growth in the horizontal plane
continues until the palatal plates come in contact and fuse.
Walker (1954) stated that the literature on the embryonic
development of the secondary mammalian palate appears reliable
except for the stage of closure from the vertical to the
horizontal position.
Walker described sevan (7) stages of palatal closure.

Stage 1: The primary palate and alveolus have already




been formed. The medial portion of each palatine shelf lies in
a vertical plane while laterally the shelf lies in a horizontal
plane. At first, the tongue lies completely between the
shelves, but later as the tongue increases in width it spreads
out across the shelves. From a ventral position, the posterior
ends of the shelves cannot be seen.

The tongue, therefore, is ventral to the shelves posteri-
orly and medial to the shelves anteriorly. At the point where
the tongue goes from ventral to medial, it makes a grooved
impression on the sides of the shelves.

Posterior to the groove, the shelves slope at an obtuse
angle away from the roof of the nasal cavity so that the medial
surfaces are visible when viewed from the ventral. Anterior to
the groove the shelves slope at an acute angle and thus tend to
cup the tongue between them, and when the tongue is removed,
the medial sides of the shelves ara not visible from the ventral.

Stage II: The groove has moved to a pcint midway along
the shelves.

Stage IIXI: S8Shelf activity is not necessarily synchronized
bilaterally and at times a condition is seen where one shelf is
completely dorsal to the tongue (horizontal) and the other is

not.




Stage IV: Both shelves have now assumed a dorsal position
to the tongue. The shelves are at first separated by a small
space which is bridged by a further flattening of the shelves.

Stage V: Fusion of the shelf epithelium begins.

Stages VI and VII: Epithelial fusion spreads anterior and
posterior until the shelves are fused throughout their length,

Thus Walker says that at the point of transition, where
the tongue goes from a medial to a ventral position relative to
the shelves, the shelves curve around the tongue in a twisting
fashion. This twisting of the shelves over the tongue proceeds
in a wave-like manner anteriorly until the whole shelf lies
dorsal to the tongue. Walker further states that this horizon-
talization of the shelves occurs without any active participa-
tion of the tongue. This is emphasized in histologic szections
in which one shelf is horizontal while the other shelf is
vertical. He says there is no sign of the tongue having drepped
to allow the shelves to become horizontal as suggested by Petar
(1924) and Lazarro (1%40).

Walker also says that the idea of rotation of the shalves
{reter, 1924; Read, 1933; Lazarro, 1940) is unsatisfactory
because the relationship of the tongue to the shelves does not

suggest such a movement since an intermediate shelf condition




not involving rotation has been shown (bulging of the shelves
along their dorso-medial surface, and a regression of the
ventral protrusion).

Walker indicated that the time required for shelf movement
(stages 2, 3, and 4) is 3 hours and the time required for fusipn
(stages 5 and 6) is 6 hours. By experimentally indueing shelf
movement, Walker showed that the shelves can change position
within a minute when the tongue is manually displaced. Resist-
ance of the tongue accounts for the lengthy period required for
shelf movement. This discounts the proponents of a growth
mechanism (Reed, 1933 and Pons-Tortella, 1937) although they
were close to being correct in their theory of how the shelves
by-passed the tongue (resorption of the vertically aligned
ventral portion and an outward "growth" of the medial wall).

Walker and Praser (1956) stated that the metachromasia and
affinity for aldehyde-fuchsin of the shelf connective tissue
suggests two possible mechanisms for shelf mobility:

l, Lazarro's theory of tissue turgor could implicate
hyaluronic acid as a water barrier and the acid could account
for the metachromasia, (Walker ruled this out however because
the dehydrating effect of 70% alocohol on shelf movement was

ineffective.) 2, Almso, he suggested that shelf movement is




due to the tensions of a developing network of elastic fibers.
(They thought that the metachromasia was consistent with an
interpretation of elastic fibers.)

By 1960, Walker had discarded his "elastic fiber™ theory
of shelf movement and suggested the force for palatine shelf
movement is contained in the sulfated acid mucopolysaccharides
of the mesenchymatous ground substance. By using autoradiographs
derived from embryos rogeiving 835, walker (1961) showed a
greater intensity of palatine tissue radioactivity in embryos
receiving 835 from day 14/8 to 14/18 than from embryos receiving
835 from day 12/10 to 14/8. This can be considered as evidence
indicating a sulfated acid mucopolysaccharide synthesis causing
a build up of palatine shelf force since palatal closure is
known to take place from day 14/8 to 14/20, It should also be
noted that sulfation increases the viscosity and gelation of
acid mucopolysaccg;ridoa (Toto) .

In 1961, Larsson proposed the theory that : 1) the elas-
ticity of the ground substance permits a change in the fibro-
blast zones, and that it can be presumed that, 2) changes in
the polymerizgtion and/or aggregation of the high molecular
weight mucopolysaccharides, and/or binding of water to them

gives rise to tensions or changes in pressure in the tissue




resulting in development of a force which causes changes in
shape. Larsson therefore considers the presence of chondroitin
sulfuric acid, a sulfated acid mucopolysaccharide with powerful
synthesis in the ground substance of the fibroblast zones, as
responsible for the internal force.

Larsson also agrees with Walker's theory of palatal
closure and says the internal force is sufficiently strong to
cause the palatine shelves to bulge over the tongue.

Asling et al (1960) said that the lateral processes of
normal rat fetuses rotated from a ventromedial to a horizontal
plane in the rostral region of developing palate; however
palatal closure caudal to the choanae was not described. They
thought that the elavated position of the tongue in the floor
of the mouth in fetuses with cleft palate acted as a barrier to
the palatal processes.

As late as 1965, Coleman said that the rostral segment of
rat palate closes in accordance with the rotational theory of
Peter (1924) and Lazarro (1940) and the caudal segment in
accordance with the mechanism of transformation described by

Polzl (1904) and Pons-Tortella (1937).

Cortisone Induced Cleft Palate

In 1950, Baxter and Fraser discovered that cortisone




10

could induce cleft palate in developing mice. Two strains of
mice were used in their investigation, and in neither strain
was claft palate found to occur spontaneously, except in con-
junction with cleft lip. The alveolar ridge was not disturbed
in the cortisone induced cleft palate.

By giving varying doses of cortisone for wvarying lengths
of time to pregnant female mice, Praser and Fainstat (1951)
showed that the A/Jax strain was the most susceptible to cleft
palate formation. Cortisone injections started on the l0th
or 1llth day showed the highest incidence of cleft palate in the
offspring. FPraser et al (1954) and Isaccoson (1962) showed a
100% incidence of cleft palate in A/Jax mice treated with 2.5 mg.
cortisone for four days beginning on the 10th or llth day. The
incidence of cleft palate declines markedly when treatment is
started after 11 days (i.e. 29% on the 12th and 13th days)
Fraser and Fainstat (1951).

Ingalls and Curley (1957) reported that 5 and 10 mg. doses
of hydrocortisone injected at llk days of gestation produced
47% and 100% cleft palates respectively in albino mice. However,
there were more fetal resorptions when 10 mg, was injected in a
eingle dose.

Fraser et al (1954) suggested that congenital palatine
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clefts may be caused by two different mechanisms: one acting
before the palate closed, causing delay in rotation of the
palatine shelves, and one causing a regressive change in the
palate after it closed.

Walker (1954) stated that when A/Jax mice received a
particular schedule of cortisone injections, there was a delay
in the average time and rate at which palate shelf movement
occurred. He considers this without doubt, the primary cause
of cleft palate in newborn mice from a cortisone treated mother.
He said that stage three (3) of palatal closure (one shelf
vertical, one horizontal), which is normally infrequent, is
found repeatedly throughout a wide range of morphological and
chronological agos'in treated embryos.

The measurements of the palatal region did not show any
sign of growth retardation at time of palatal closure due to
cortisone treatment (Walker 1954)., He also said cleft palate
develops in treated embryos with retarded shelf movement because
fusion of the shelves is apparently necessary to stimulate shelf
growth beyond the size seen during normal palate closure., The
degree of delay of horizontalization of the shelves is variable
and the shelves that changed shape late in development (day 15/8)

were only as wide as normal shelves starting to fuse. Head
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growth is not noticeably affected by cortisone during this
period, so that the late moving shelves are drawn apart by
increasing head width and when the shelves finally become

horizontal, they are too far apart to touch and fuse.

Walker (1954) suggested that if cortisone treatment were
affecting the shelves directly, there would be an inhibition in
the build up or the release of the force causing shelf movement,
Walker thought that cortisone was inhibiting the growth of
fibers, or the plasticity (acid mucopolysaccharides) of the
tissue, or even the spatial relation (pattern) of fibers and
tissve masses that lead to a change in the type of configura-
tion, giving maximum stability.

Larsson (1961-62) shows that cortisone administration
lowers the sulfate incorporation into the sulfated acid muco-
polysaccharides of mouse embryos. He agreed with Walker and
Fraser (1956), that the shelves are retarded in horizontaliza-
tion and that cortisone in the palatine shelves can interfere
with substances presumed to be responsible for the internal
force (acid mucopolysaccharides). He also presumes there are
changes in polymerization and/or aggregation of the high
molecular weight mucopolysaccharides and that there is a change

in pressure in the tissues. In 1961, Walker also attributed
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the decrease in acid mucopolysaccharides as the cause for
' retardation of the build up of the shelf force.

Ralter (1957) stated the elements so far discovered that
interact to determine a particular fregquency of cortisone
induced cleft palate are: dose of hormone, gestation tiwme,
mouse strain, maternal genotype, fetal genotype, maternal weight
and fetal weight. He showed that the frequency for control
litters to be completely resorbed was 2.7% compared to 28.6% in
treated litters. Cortisone decreased litter size by approx-
imately 30%, and the cleft palate newborn weighed less than
their normal litter mates., The heavier the mother or the more
advanced the parity, the lower th§ cleft palate frequency.

Leovy (1962) injected 1.25 mg. cortisone daily from the
1lth to the l4th day and achieved 100% cleft palate formation
with low fetal resorption. She said it is unlikely that the
tongue plays an active role in the process of cleft palate
formation and unlikely that horizontalization is a significant
factor, and furthermore stated that it was unlikely that con-
nective tigsue plays an important role in the development of
the cléft. She says that if there was an inhibition of connec-
tive tissue growth at the moment when the palatine shelves were

in close proximity, the delay could be fatal to normal
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development because further development of the head would
preclude a later fusion of the shelves. 3he states she has
observed a breakdown in basement membrane in early stages of
fusion, while in later stages the basement membrane has become
reorganized. In two (2) of the experimental animals, an intact
basement membrane was seen at 15 and 16 days, when shelves were
contiguocus. ILoevy says these shelves would not have fused and
that they would have pulled apart. This theory is not well

documented however.

Cortisone Action

The exact machanismvof cortisone action on the palatine
shelves is at present unexplained. It is not known whether
cortisone acts directly on the shelves or whether there is an
intermediate step before the action is manifest, For the above
reasons, a review of the effects of cortisone on connective
tissue is indicated.

Layton (1951) said that high doses of cortisone appeared
to inhibit the synthesis of chondroitin sulfate from the
tissues. He said this effect may be secondary to the altera-
tion in protein metabolism indicated by a large negative sulfur

balance. A failure tc form hexosamines could be partly
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raesponsible for the disappearance of chondroitin sulfate from
~ the tissue; a simultaneous decrease in all mucopolysaccharides
would then he expectad. '

Bullough (1932) suggested that cortisone had a general
antimitotic action. Bullough 4id state, however, that the
disturbance in carbohydrate metabolism may be a factor in
dapressing cell division. 1In another investigation it was
found that the affact of cortisone on mitosis varies from one
type tissue to anothar and that it does not seam likely that
one of the fundamental, universal actions of cortisone is to
inhibit mitosis. Roberts et al (1952).

Cavallero and Braceini (1951) found that metachromati-
cally stainable material had practically disappeared from the
connective interfibrillar tissue. Paff and Stewart (1953)
found that the mast cells were reduced in number. It is known
that cortisone inhibits new formation of connective tissue,
Asboe Hanszen (1952) found fibroblasts in healiné wounds of
treated (cortisone) individuals are smaller and more pynknotic
than in wounds of untreated individuala. He also found a
decrease in the numbar of mast cells.

Prolonged treatment with cortisone inhibits both

hyaluronidase and streptococci. Birke (195%53).
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Lattes et 21 (1953), found that in injured mesenchymal
tissues treated with cortisone, the metachromasia of the ground
substance is reduced, surgesting that the mucopolyeaccharides
of the connective tissue do not undergo the same chemical
changes as in untreated uninjured animals, Ashton and Cook
(1952) found generalized vaszcular constriction and depression
of capillary permeability in rabbit ear chambers after cortisone
administration,

In skin wounds, development of granulation tissue was
markedly delayed in all cases where cortisone was administered.
Ragan et al (1949), There was no significant influvence on the
composition of the existing granulation tissue, or evidence of

lysias of the granulation tissue. 8pain et al (1950).

Autoradiography:

With the use of autoradiography, radioisotopes may be
localized to an organism, an organ, an area in a histologic
section, or even to individual cells. The object (tissue) to
be studied is placed against photographic emulsion allowing
sufficient time for exposure and then developed as in ordinary
photography. The processed photographic emulsion is called an

autoradiogram and consists of accumulations of black granules
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overlying those areas in the tissue section which contain the

- radioactive material. The photographic emulsion records in its
crystals of silver bromide the ionisation produced in the
emulsion by rapidly moving charged particles or radiation.
(Pitzgerald, 1953; 8choenheider, 1960).

*The chemical behavior of a labeled substance is identical
with that of its stable counterpart. This is also txue of its
biological behavior provided (1) the amount of radioactivity
administered is small enough not to have a significant radio-
chemical effect, and (2) the amount or weight of material
injected be sufficiently small not to produce a significant
increass in the amount of the substance in the ecirculation.

The labeled substance will then truly act a8 a "tracer" of
normal metabolism." Schoenheidex (1960).

In 1959, Leblond, et al investigated the possibility of
using tritiated thymidine for studying renewal of cell popula-
tions utilizing the mouse tongue. Also in 1959, Cronkite, et
al utilized autoradiograms in the study of DNA synthesis, and
cell turnover in hemopoietic tissues. They stated that
"although thymidine is apparently not a normal precursor of
DNA, it can enter the synthetic chain and label DNA at the time

of DNA doubling prior to mitosis., Thus if the label is




18

sufficiently intense and parmanent, one can, by autoradiography,
- follow cells from the time of DNA synthesis to uluimate death,”
Hughes et al (1958) stated that: "In oxder to distingulish
cell renewal from the renewal of cellular constituents, the
iabel must be incorporated into a fixed component of the cell
which is not lost during the cells life time; and present
knowledge suggests that a label incorporated into DNA should be
most useful for this purpoae. The specific advantage of
labeled tritium lies in very high resolution which can be
obtained because of the very weak enerxgy and consequently short
range of its beta radiation, The maximum range in tissue of a
beta ray from tritium is only eix microns and half of the betas
will travel less than one micron. Consequently, the activated
silver grains to an autoradiogram should largely lie within one
micron of their source.  Tritiated thymidine is apparently
rapidly absorbed by all cells when injected into mice. The
concentxation of tritium hydroxidé reaches a maximum within one
hour following intraperitoneal injection. %Therefore, tae
precursoxr pool of DNA synthesis must simultaneousiy become
exhausted suggesting that all labeling of nuclei occurs during
the lst hour after injection. This also means a similar rate

of exhaustion of thymidine from DNA synthesizing cells as from
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tissue as a whole."

Lajtha et al (1959) also showed thymidine was a specific
component of DNA and that it labels only DNA. They noted an
eight micron maximum and an average of 1.5 microns, Tritium
has a half life of 12.26 years and a disintegration rate of
0.016% a day.

Leblond et al (1959) stated that it is known that mitosis
is preceded by a synthesis of DNA. 1If a radiocactive DNA pre-
curgsor is administered at the time of DNA synthesis, the
nucleus Lecomes radiocactive and may be recognized by autoradio-
graphy prior to mitosis. The labeled nuclei pass the label on
to the daughter cells. The danger of radiation damage seems
to be reduced with tritium, and it is possible to use doses
which allow cells to be traced over periocds of months in the
body without apparent signs of damage to these or other cells.
Furthermore, the sections need not be subjected tc chemical
extractions since DNA is the only labeled substance present in
significant amounts in the sections following H3 administration.
DNAase treatment eliminates all autoradiographic reactions,

The photographic grains produced by tritium containing
structures are found within two or three microns, due to the

low beta-~ray energy of tritium, and most of them within one
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micron from the source as measured within NTB-3 emulsion., "It
may be concluded that thymidine H3 is an adequate tool for the
autoradiographic direction of newly formed DNA and therefore,
may be used to locate the sites of cell formation."

Schoenheidexr (1960).

Acid Mucopolysaccharides
The term polysaccharide is generally limited to those

polymers which contain ten or more monosaccharide units. The
size of polysaccharides is variable, but most natural poly-
saccharides are high molecular weight, containing some 100 to
1000 monosaccharide units. Mucopolysaccharides are most often
defined as compounds having a low, but significant protein
content but whose reactions are predominently polysaccharide.

The ground substance of connective tissue contains a
large amount of mucopolysaccharides and mucoproteins. The
acid mucopolysaccharides present in the connective tissue are:
hyaluronic acid, chondroitin sulfate A, B and C, heparin and
keratosulfate. All of these are sulfated with the exception of
hyaluronic acid. Most mucopolysaccharides do not exist as free
compounds, but are linked to protein. Dorfman (1961).

There are two theories regarding the source of the muco-

polysaccharides of the ground substance. Most investigators
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consider the origin to be from the fibroklasts. The presence
in fibroblasts of granules and vacuwoles having the histochemical
reactions of mucopolysaccharides and the occurence of large
amounts of mucopolysaccharides in certain types of fibrosarcoma
favors the fibroblast. (Gersh and Catchpole, 1949). 1In
scorbutus, where the fibroblasts remain immature and the forma~
tion of collagen from reticulum is interfered with, the meta-
chromatic substance persists long after its almost complete
disappearance from the completely healed wounds in the normal
animals. (Bunting, 1949). The other theory is that the mast
cell is the source of mucopolysaccharides, (Ashoe-Hansen, 1951).
The mast cell is known to store, if not synthesize, heparin.
Chondroitin sulfate A is of primary interest since it is
the main mucopolysaccharide of cartilage. These and other sul-
fated mucopolysaccharides occur in tissues which are normally in
a state of dehydration. They have been connected with fibro-
genasis and with the binding of cations, Karl Meyer (1954),
Dorfman (1954), states that the acid mucopolysaccharides
are flexible chain polymers of high nagative charge with a high
affinity for cations and water molecules and suggests they may
play a critical role in requlating the metabolism of inorganic

ions and water. A change in concentration or molecular size of
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such a substance would then Le of great importance in modifying

the capacity of connective tissue to bind water and salts.




CHAPTER IIX

MATERIALS AND METHODS

I, Animals

Mice:

Thirty A/Jax strain mice (20 female, 10 male) were
obtained from the Jackson Laboratory when they were 41 days old.
These mice have been inbred for over 114 generations and were
chosen because of their susceptibility to cortisone induced
cleft palate., Fraser and Fainstat (1951).

Mating:

During the period that the mice were being mated, males
and females were grouped in cages on Monday evenings, and wefe
removed on Friday mornings, The females were examined for
vaginal plugs each morning between 8:00 and 11:00 A.M. If for
some reason the females could not be checked on a given day,
the males were removed from the cages the day before., Due to a
limited amount of room, a specified method of mating was not
used. In the beginning, 2 males were placed in cages with 4
females. Later, as the number of virgin females was reduced,
the ratio of male to female varied from 2:3, 2:2, 2:1, and l:1,

When a vaginal plug was identified or suspected, the

23




female was isolated. The date the plug was found was written
on the isolation cage and identified as day zero of pregnancy.

2:00 A.M. was selected as zero hour in assigning ages to
embryos. 8nell et al (1940)., In order to insure proper timing
of the embryos, the morphological criteria of Gruenberg (1943)
were used to grade the embryos.

Cortisone Injections:

2.5 mg. (.1 cc.) of cortisone was injected into the flank
of the pregnant females at 12:00 P.M. on the llth, 12th, 13th
and l4th days of gestation as estimated by the vaginal plug.
The cortisone used was the Merck Cortone (R) preparation, a
saline suspension which contains cortisone acetate (25 mg./cc.)
with added suspending agents and 1.5% benzyl alcohol. The
control females were injected with .l cc. of sterile isotonic
galine solution at the same time as the cortisone treated
females.

Gross Anatonmy:

All pregnant females were injected with .5 cc. labeled
thymidine (sp ac. 1.9 ¢/mmole) peritoneally 1 hour prior to
sacrifice. The mice were sacrificed by ether overdose at 15k
and 16% days in utero. The uterus was removed and placed in

Bouin's fixative from 2 to 4 days. The embryos were then
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dissected out under a binocular disseccting microscope and the

heads ware detached from their bodies. The heads were then

stored in 75% alcohol. The lower jaw and tongue were removed

from several of the embryos in order to examine the palate

under the dissecting microscope.

Microscopic Anatomy:

Embryo heads with and without the lower jaw and tongue

were used for histologic study. The embryo heads were embedded

in paraffin and sectioned at 5 microns. Each 1l0th slide was

gstained with hematoxylin and eosin for cellular and area ident-~

ification.

McManus.

The staining procedures are those described in

Staining materials used:

L.
2.
3.
4.

-

e

Hamatoxylin and eosin

PAS (Periodic Acid 8chiff)

Alcian Blue-Aldehyde fuchsin

Alcian Blue-PAS

Azure A extinction pH 0,5, 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,

The above histochemistry procedures were used to compare

differences in staining capacities during various stages of

palatal development. Larsson (1961) and Loevy (1962) could not
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show any differences in staining intensitiss batween cortisone
~ induced cleft palate mice and normal mice. Jacobs (1964)
showad striking differences in staining reactions in both
experimental groups during the period of palatal closure.

Autoradiographie Technique:
The technique used for autoradiography was modified from

that described by Fitsgerald. (1951)

1., Under dark room conditions, A Wratten #1, Red
S8afelite 10 watt bulb is used, A humidity of 70% and below is
recommended.

2., The slide is dipped in NTB3 liquid emulsion (Kodak).

3. The slide is air dried for 10 minutes.

4, Ten slides are placed in a black, light proof
exposure box, sectionssides up. Lithium chloride is placed in
the box for maintaining a low humidity and black masking tape
is used to seal the box. ‘

5. The box was cxposed for 30 days at low humidity
and temperature. During the exposure time the box must be
maintained in a position vwhich keeps the sections upright.

Developing:

1. The 3lides are placed in a staining rack and

developed for S minutas at 60°F., (18°9C. in Xodak D196 developer)
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2. The slide is rinsed in distilled water for 30
seconds.

3. The slide is then placed in acid fixer for 10
minutes.

4, The slide is rinsed in running tap water for 30
minutes,

5. The slides and staining dish are covered with
kleenex (to prevent dust from settling on the slides) and
allowed to dry in a stream of air.

Cell Counts:

In order to be consistent in the selection of sections
through the palate, only sections which included the nasal
septum were utilized for ceil counts. The base of the palatine
shelf was the region used for recording cell counts.

1. Mitotic Labeling Index: Under high dry magnifi-
cation the number of labeled connective tissue calls per 1000
cells at the base of the palatine shelf were counted. Three
or four black grains over a cell was the criteria for a labeled
cell., Four fetuses from each age group were utilized in the
counting. The number of labeled cells/1000 cells were counted
for each fetus.

2. Cellular density: The number of connective tissue
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2 were counted for each fetus. A micrometer

cells per .25 mm
was placed over the connective tissue at the base of the palatine

shelf and an average was obtained for each fetus.




CHAPTER IV

FINDINGS

Figure 1A demonstrates an H&E section of a 15% day normal
mouse palate. All sections used in counting included the nasal
septum for area identification. The palatine shelves have
undergone horizontalization and have fused at this stage of
development.

Figure 1B demonstrates an autoradiograph at the base of

the palate of a 15% day normal mouse palate.

Fig. 1A (40X)

29
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Fig. 1B (l00X)

Figure 2A demonstrates an H&E section of a 15% day mouse
with a cleft palate. The palatine shelves are still in a
vertical position and the tongue is interposed between the
palatine shelves. The tongue appears compressed due to the
pressure of the palatine shelves.

Figure 2B demonstrates an autoradiogram of a 15% day
mouse with a cleft palate. The palatine shelf has not under-
gone horizontalization, but appears at a more oblique angle.

The tongue is still situated between the shelves.




Fig. 2A (40X%)

Fig. 2B (100X)
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Figure 3A demonstrates an H&E section of a 16% day normal
mouse palate. Figure 3B demonstrates an autoradiograph of a

16% day normal mouse palate.

Fig. 3A (40X)
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Fig. 3B (100X)

Figure 4A demonstrates an H&E section of a 16% day mouse
cleft palate., The shelves have not vet undergone horizontal-
ization. The tongue is still interposed between the shelves,

but is lower and less compressed than in the 15% day mouse.
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Fig. 4A (40X)

Figure 4B also demonstrates an H&E section of a 16% day
mouse cleft palate in which one shelf is in a horizontal
position and the other shelf is still in a vertical position.
The tongue has not dropped at this point. The shelves appear
to be exerting pressure against the tongue as seen by its shape
(i.e. pressed laterally by the vertical shelf and inferiorly by
the horizontal shelf).

Figure 4C demonstrates an autoradiogram of a 1l6% day

mouse with a cleft palate.




Fig. 4C (100X)
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Four fetuses from each age group were used for the mitotic
labeling index and cellular density counts. The number of
labeled cells per 1000 cells in the 15% day normal mouse palate
was 229, 218, 210, and 223, 1In the 15k day cleft palate mouse,
the number of labeled cells per 1000 cells was 164, 155, 146, .
and 149, In the cellular density counts, the average number of
cells per .25 mm? was 10,13 for the 15k day normal palate and
12,96 for the 1l54% day cleft palate mousa,

The students "t" test was used to determine if there was
a significant difference in the number of labeled cells and in
the number of cells per .25 mm?, In both cases, the difference
was highly significant (p = ,001),.

In the 16% day normal mouse palate, the number of labeled
cells per 1000 cells was 212, 218, 235, and 208, 1In the 16Xk
day cleft palate mouse, the number of labeled cells per 1000
cells was 136, 126, 148, and 130, The average number of cells

2 was 9.25 in the 16% day normal mouse palate and

per .25 mm
13,15 in the 16% day cleft palate mouse. The students "t" test
was also highly significant (p = ,.001) for both the mitotic
labeling index and the cellular density counts,

The increased cell density indicates that the cells are

packed closer together in the cleft palate mice compared to the
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normal mice, The fact that there are more cells per unit area
in the cleft palate mice indicates that conversely there is
less intercellular substance (acid mucopolysaccharides) within
the same unit area.

The palatine shelves consist of a core of loose connective
tissue surrounded by epithelium. There was bone present in the
base of the palatine shelves, but not in the shelf portion. 1In
the sections stained with PAS, the connective tissues of the
palatine shalves were PAS-positive, indicating the presence of
neutral mucopolysaccharides. The intercellular substance
stained a light magenta and the cvtoplasm of the cells stained
a darker magenta. The nuclel appeared to be light blue,

In the alecian blue-PAS sections, the intercellular
substance stained a light blue indicating the presence of acid
mucopolysaccharides, The cells in the base of the connective
tissue were a darker turquoise blue. The cell boundary is
deeply stained and the stain intensity decreases toward the
center of the cell. The bone being formed in the base of the
shelves was a dark purple.

In the alcian blue-aldehyde fuchsin sections, the inter-
cellular substance stained a light blue color. The cytoplasm

of the cells stained a darker blue compared to a very light




blue nucleus. DBoth the cartilage of the nasal septum and

Meckel's cartilage exhibited a bluish-violet color.
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CHAPTER V

DISCUSSION

This investigation shows there are significantly (p = ,001)
fewer labeled cells per 1000 cells in the palatine shelves of
cleft palate mice as compared to normal mice. Since the labeled
tritiated thymidine is picked up by the cells that are preparing
to undergo mitosis, the decreased amount of labeling in the
palatine shelves of cleft palate mice indicates that there are
less cells being produced in these mice.

Although gross or microscopic measurements were not done
in this investigation, it was observed that the palatine shelves
of cleft palate mice appeared smaller than those of normal mice.
This is substantiated by the fact that there were less cells in
the palatine shelves of the cleft palate mice than in the
normal mice. It has been shown however, that the palatine
shelves of cleft palate mice are smaller than those of normal
mice (Walker, 1954). It was also shown that the palatine
shalves of cleft palate mice (which undergo horizontalization
at day 15/8) are the same size as the shelves of normal mice
which undergo horigzontalization at day 14/8.

Due to the retarded growth of the palatine shelves of

39
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cleft palate mice, they are unable to keep up with the growth
in width of the head., Therefore, once the shelves bacome
horizontal, they are unable to fuse since they cannot come into
contact with each other,

The deficiency i{n the number of cells is also significant
gince the cells produce the acid micopolysaccharides. A
decreased numbey of cells therefore indicates there should also
be a corresponding decrease in the amount of intercellular
substance {(acid mucopolysaccharides) produced in the palatine
shaelves of cleft palate mice, This was substantiated by the
esllular density counts. The dacrease in the number of cells
per .25 mm? in the normal mouse palate compared to the oleft
palate mousa proved to be highly zignificant (p = .001),.

A deficient amount of intercellular substance (acid
mucopolysaccharides) at the time of normal horizontalixzation
can be considered a maior factor in the development of cleft
palate. The synthesis of sulphated aeid mucopolysaccharides is
considered responsible for the build up of an internal pressure
within the shelves. This agrees with Walker (1969) and Larsson
(1962) who have shown there iz a greater 835 uptake in the
palatine shelves from day 14/2 to 14/18 than there is from
12/10 to 14/8, They have also shown that there is 2
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considerably greater uptake of 535 in the normal mouse embryonic
- palatine shelves than there is in the cleft palate mice. This
increased $33 uptake indicates a sulphated acid mucopolysac-~
charide synthesis prior to horizontalization of the palatine
shelves in normal mice.

It was demonstrated that the upward movement of the
palatine shelves is retarded in mouse embryos who have been .
given cortisone at a prescribed time during gestation. This
correlates with the findings of Walker and FPraser (1956) and
Larsson (1962). The exact mechanism of cortisone action on the
connective tissues of the palatine shelves is unknown however,

Due to the decreased amount of labsled cells in the cleft
palate mice, it can readily be seen that cortisone depresses
the mitotic activity of the cells, This has also been shown by
Bullough (1952) and Roberts (1952).

The decreased amounts of intercellular substance in cleft
palate mice indicates that cortisone interferes with the
formation of acid mucopolysaccharides by the cells and/or the
decreaged number of cells is the reason for less intercellular
substance.

The process of sulphation increases the gelation and

viscosity of the acid mucopolysaccharides., The adhesive
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pronarties of the acid mucopolysaccharides (Toto and Grandel,
1966) are also responsible for the binding of H,0 and electro-
lytes, A decreased synthesis of acid mucopolysaccharides
and/or a chemical alteration (i.e., interference of sulphation)
due to the cortisone action would interfere with the binding
properties, elasticity and swelling capacities of the inter-
cellular substance. This interference causes a delay in the
build up of the internal shelf pressure and thus a delay in the
horizontalization of the palatine shelves.

This agrees with Walker (1960) who s*ated the only
modification necessary to enable the intercellular substance
(acid mucopolysaccharides) to bring about movement of the
palatine shelves is that it should not be in its conformation
of maximum stablility prior to the actual movement. He thought
that the insgtability might be due to asymetrical deposition and
subsequent growth stresses, to growth pressures from outside
sources, or to chemical alteration of the material itself, It
i8 not known at present whether such mechanisms are possible,
or vwhether any of them exist in the embryo. However, an inter-
ference in the gynthesis of acid mucopolysaccharides due to
cortisone would not allow the intercellular substance in the

palatine shelves to be in the "state of maximum stability® at
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the time of normal horizontalization as declared by Walker.

Many cleft palate microscopic sections were seen in which
ona palatine shelf was horizontal and the other was vertical.
The tongue did not appear to have dropped since it was still
medial to the vertical shelf., This was described by Walker
(1954) who classified it as stage 111 of palatal closure, He
also sald there was no sign of the tongue having drooped, thus
allowing the shelves to become horizontal as suggested by Peter
(1926) and Lazarro (1942). Because this stage of palatal
closure appears so freguently, Walker felt that the tongue
played a passive role in the closure of the secondary palate.

It is doubtful that the tonque is entirely passive in the
process of palatal closure since it must at least change shape
to accomodate the changes in shelf position during nalatal
closure.

It wazs not possible to determine any difference in the
staining intensitiez of the palatine shelves in cleft ralate
and normal mice. A syatem of assigning plus signs according to
the degree of intensity was initiated, but was discarded,
However, the special stains were excellent in showing the

various staining capacities of the acid mucopolysaccharides,




CHAPTER VI
SUMMARY AND CONCLUSIONS

Pregnant female mice were injected with cortisone to
induce cleft palates in their offspring. 2.5 mg. of cortisone
acetate was injected in the flank of the pregnant female mice
on the 1llth, 12th, 13th, and 14th day of the gestation period.
The cortisone treated mice and the controls were sacrificed at
154 and 16)% days in utero (one hour after intraperitoneal
injection of .5cc tritiated thymidine).

The number of labeled cells per 1000 cells and the number
of cells per .25 mm? in the base of the palatine shelves were
counted.

There were significantly more labeled cells per 1000 cells
in the shelves of normal mice than in cleft palate mice. The
decreased number of labeled cells indicates there are less cells
preparing to undergo mitosis, and consequently, a decreased
cellularity in the shelves of cleft palate mice,

There is a greater cell density in the palatine shelves
of cleft palate mice than in normal mice. This results in a
deficient amount of intercellular substance (acid mucopoly-

saccharides). This deficiency in intercellular substance
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causes a delay in the horizontalization of the palatine shelves.
The anti-mitotic effect of cortisone and/or a chemical
alteration of the cells results in a deficiency in the number
of cells and therefore less intercellular substance.
It was not possible to determine any differences in the
staining intensities in the palatine shelves of cleft palate

and normal mice.
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Fetus No.

1-1

1-a

APPENDIX
TABLE 1
15% Day Normal
No. labeled cells/1000 cells

229

218

210

223

52

No. cellq/.ZSmmz

11l
10

9
11
10

10
9
12
10

9

10

12
11

10
12

10

10
12

9
13
11
10

9

11
11
10

10

10
11
10

8
10




Fetus No.

1v-1

iv-2

1v-6

iv-3

TABLE 2
l6% Day Normal
No. labeled cells/1000 cells

212

218

235

208

53

No. cells/.QSmm2

11
10
10

10
8
10
8
9

LR NN

11

10
10

10
10
11

12
13

7

9
8
9
9
13

10
10

10

10

12

10

10
8

9
11
10

9

8




Fetus No.

111-1

111-2

111-3

1l11-4

TABLE 3
15% Day Cleft Palate
No., labeled cells/1000 cells

164

155

146

149

54

No. cells/.25mm2

9
15
17
10

13
12
15

13

14
12
12
11
12

12
12
11

14

14
12
14

15

12
15
15
13
14

13
13
10
15
13

15
12
17
13
1l

16
14

13

16
13

13
13
14
12
1S

10
il
14
14

12

9
11
12
12

12
14
il

13

11
1l
14

13




Fetus No.

11-1

11-2

11-3

11-4

TABLE 4
16% Day Cleft Palate
No. labeled Cells/1000 cells

136

126

148

130

55

No. cells/,25mm?

14
15
15
11
13

i3
12
12
14
14

1S5
13
13
15
14

12
13
13
13
10

13
12
11
12
14

16
16
15
10
10

15
15
16
10
12

14
10
10
12

13
15
13
16
14

10
15
10
14
14

12
10
13
14
15

16
16
15
16
17

15
10
6
9
11

14
14
15
15
14
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