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. CHAPTER I
INTRODUCTION AND STATEMENT OF PROELEM

Cleft palate iz 2 congenital anomaly ocurring once;every
70C to 800 births in humans. ‘ithin the last twenty years,
there has been increased investigation of cleft palate embry-
oloiry. As & result of this research, cleft formation is gen-
erally attributed to & disturbance of the normal synchronous
srowth of the naso-oral complex which leads to & failure of
the normal union of the palatine shelves,

One of the most common methods of studying cleft palate
embryology involves the use of mice embryoes in vwhich cleft
palates are induced by the injection of cortisone into preg-
n:nt female mice during the critical period of embryonic pa-
late formation., There exists, however, a great deal of cont-
roversy as to the manner in which the cortisone acts to induce
the malformation, and whether it acts directly on the palatal
chelves, at a8 site in the fetus cther than the palate, or on
the maternal physiology, and thus indirectly on the palate.

The purpose of this investigation is (1) to determine if
a radioactive label can be detected sutoradiographically in
the placenta and fetal maxillary proéésa~~palata1 shelf tissues
after injection of tritiated cortisol 'into the pregnant female
Ajax mouse and (2) to attempt to establish parameters for

optimum labelling,




This investigation is the preliminsry chase of a larger
study the ultimate aim of which is to determine whether corti-
sone injected into a pregnant female mouse acts directly on
the palatal shelf tissue of the fetal mouse during the critical

period of palate formation.




CHAPTER 1
REVIEW OF THb LITEKATURE

I. Normal Development of the Balate

Polzl (1904) theorized that the palatal shelves achieve
horizontalization by regression of their ventral surfaces with
simultaneous new growth from their medial surfaces at approx-
imately the level of the tongue. In 1537, this concept was
reaffirmed by Pons-Tortella.

Peter (1924) put forth the idea that horizontalization
occurred as a result of medial rotation of the ventrally di-
rected palatal processes, while Lazarro (1940) advanced the
notion that such rotation was due to a rapid increase of in-
tercellular substance within the palatine processes with a
concomitant removal of the tongue from the plane of horizonta-
lization due to local differentizl growth changes or actual
muscular movement of the tongue. )

Reed (19%3) felt that the palatsl processes horizontalize
by differential growth or muscular contraction and grow me-
dially until they contact each other and fuse.

In 19%4, Walker stated that the literature then available
dealing with the formation of the mammalian secondary palate
was reliasble except for the stage of closure from the vertical.
to the horizontal position and then went on to describe seven

siaves of closure, beginnin: with the tengue lying between the




vertically rositioned palatine shelves 2nd eniing with the an-
tero-pocterior fusion of the medial rortions of the shelves,
~alker further proposed that the t:ngue played no active part
in pal:te formation, since histolozic sections had been viewed
in which one shelf was horizontal and one shelf waz vertical,
even though the tongue had not dropred to allow horizontaliza-
tion.

walker found that the time recuired for .helf movement is
three hours and the time for fusion six hcurs in an undisturbed
embryo. By experimentally inducing shelf movement, ¥Walker
showed that the position of the shelves can chanze within a
minute if the tongue 1s manually displaced, and hence he feels
that the resistance of the tongue accounts for the amount of
time needed for shelf movement,

In 1958, Walker and Praser found that the palatul shelf
connective tissue exhibited both metachromasia and an affinity
for aldehyde~fuchsin and formulated the idea that shelf move-
ment could be due either to the presence of hysluronie acid
acting as a water binder, and thus regulating tissue turgor,
or to the tensions czused by a developing network of elastic
fibers,

By 1960-G1, however, Walker had discarded both these theo-
ries in favor of the idea that an increase in the synthesis of
sulfated acid mucopolysscch:rides causes a2 buildup of palstal

shelf .orce,




Larsson (196l1) prepoced that chondreitin sulfuric acid
produced by the mesenchymal cells in the shelf connective tisaué
was responsible for the internal force due to its ability to
chanrte its state of agsregation and water-binding capacity.
Larzson further agreed with Walker that the internal force is
strong enough to cause the palatine shelves to bulge over the
tongue, rather than wait until the tongue moves out of their
way.

1I. Cortisone-induced Cleft Palate

Isolated cleft palate (cleft palate in which there is
no involvement of the alveolar process of the maxilla) was
first induced experimentally by Baxter and Fraser (19%0) by
the injection of cortisone into two strains of mice. opon-
taneous clefts were not found to cccur in either strain.

Praser and Fainstat (1951) showed that the A/jax strain
was the most susceptible to cleft induction, and that the high-
est incidence of clefts was noted when the cortisone injections
were initiated on the tenth or eleventh day of gestation,

Froger et al (1954) and Isaacson (1962) were asble to obe
tain a one hundred per cent incildence of cleft palate in A/jax
fetuses when pregnant females were administered 2.5 mg of cor-
tisone for four consecutive days beginning on the tenth or
eleventh day of pregnancy. Ingalles and Curley (1357), however,
used other doses of hydrocortisone injected at 11% days of ges-
tation to produce cleft palates in mice, but found that more

fetal resorptions occurred when a dose of 10 mg was injected




asg a single dose,

It was proposed in 1954 by FPraser et al that two different
mechanisms may be operational in the causation of induced
clefts: one which causes 2 delay in the rotation of the pala-
tal cshelves before palatal closure, and one which causes a
breakdown in palatal tissues after they have fused,

walker (1954) felt that the primary cause of induced cleftq
was a delay in the average time and rate at which shelf move-
ment occurred, and cites as evidence the fact that he observed
numerous specimens of embryoes in which one palatal shelf had
horizontalized while the other remained vertical, a finding
which he ztated was not often encountered in untreated embryoces|
He further found that there was no significant difference in
the size of the palatal shelves in treated and untreated ani-
mals prior to the time of palatal closure, although he felt
that fusion of the shelves is necessary to promote growth of
the shelves beyond the size prior to closure.
wWalker (195+) sugmested that if cortisone acted upon the
shelves directly, there would be a decrease in the force
available to cause shelf movement and that such decrease in
availzble force might be due to:
1. inhibition of fiber formation
2. 4inhibvition of acid mucopolysaccharide synthesis
%2, cnanze in the ratiern of tissue arrangement -

i.e, fibers, muconolysaccharides




Larsson (1961-62) demonstrated that cortisone injection
lower:s the amount of sulfate incorporated into the mouse embryo
acid mucopeclysaccharides and upheld the idea of Walker snd rra-
ser (19%6) that shelves in cleft animals are retarded in hori-
zontalization and that cortisone inhibits the formation of subs-4
tances necessary to produce the force for horizontzlization -
i.e. acid nucopolysaccharides.

In 1957, Kalter enumerated some of the factors which deter-
mine the frequency of appearance of animals with clefts in a
cortisone-~treated litter. Among these were: dose of cortiﬁcneﬂ
gezstation time, strain of mouse, maternal genotyre, fetal geno-
type, maternal weight, and fetal w«eight., Kalter also showed
that fetuzes f{rom cortisone-~-treated litters tended to be conmp-
letely resorbed much more often than untreated litters, Treat-
ed litters had 3C% fewer animals, and the individual cleft pa-
late newborn weighed less than his normal counterpart, A lower
fre-uency of clefts was noted where there were heavier mothers
or more advanced parities.

loevy (196:2) felt that it was unlikely that the tongue
plays an sctive role in cleft formation, and that horizontalizad
vion wis not a major considerstion. She further felt that the
role of the connective tissue in cleft development has been
overemphasized. Her findings were based upon an investigation
in which she injected 1.25 mg. of cortisone dally from the 1llth )
to the l4th cay in Strong A mice and achieved 1C0+f cleft forma-

tion. ILeevy attributed cleft formation o a basement menbrane




which cannot be penetrated by connective tissue when the shelveg
are contiguous and ready to fuse.
¥1l. Cortisone Action

Although some investigation has been done, the exact man-
ner in which cortisone acts to induce the formation of cleft
palate has yet to be elucidated. It i3 not known whether cor-
tisone acts directly on the palatine shelves or causes cleft
formation through some intermediate action elsewhere in the
fetus or mother,

According to Krantz and Carr (1961), cortisone is a gluco-
corticoid which causes a decrease in circulating eosinophils,

a decreasze in lymphocytes, and an increase in the total white
cell count due to an incressed number of polymorphonuclesnr
leukocytes., They state that it also elicits & mild hyperglyce-
mia and an lmprovement in overall capillary tone, resulting in
diminished exudation of plasma into the tissues,

Cortisone per se is not found in adrenal venous blood or
peripheral blood and is probsbly a precursor for hydrocortisone
(cortisol) which is found in the peripheral circulation. It is
metabolized mainly in the liver,

Hyarocortisone exnibits an anti-inflammatory action nos~
sibly owing to its ability to suppress the cell's activity in
producing the chemical agents responsible for inflammation;

Krantz and Carr (196l1).
Goodman and Gilman (1965) state that in addition to causing

a lymphocytovenia, cortisone also is re:-cnuible for a decrease




in lymphoid tisvue mass snd an increase in the number of red
blood cells (rolyecytemia). Furthermore, cortisone aids in the
re uluiion of fat, orotein, and carbohydrate metabelism.

Dougherty et al (1961) have stated ithat the anti-inflam-
matory action of corticosteroids is a focal one and does not
decend upon metabolites created at distant sites. They feel
further that the influences which corti&ol.ex&rts on connective
tissue are primarily due to modifications of fibroblast func-
tion, since the fibroblast (sic) iz the cell responsible for
the majority of structures present in connective tlssue - i.e.
ground substance matrix and fibers. JCortisone inhibits fibro-
blastic proliferstion, decreases collagen deposition, and
decreaves the secretion of polysaccharides,

Dougherty further states that in tissue culiure cortisol
causes a pulling in of the proceuges of the {ibroblasts result-
ing in an epithelioid-appearing cell. Such cells also develop
nunerous vacuoles filled with reducing substances as shown by
various biocchemical reactions. These epitheliocid fibroblasts
have been shown cinemicrographically to be very quiet in their
movement. Tinocytosis is completely absent, and the epithe-
licid cells persist intact in spite of enormous damage to
neighboring fibroblasts even when the tisuue is extensively
infiltrated by polymorgshonuclear leukocytes.

Although the biologically active form of the steroid is

cortisol, Dougherty feels that cortisone is reversibly




transformed to cortisol and hence acts as s votential reserve
for cortisol when it iz needed.

Bullcugh (1932) .nd .ayeed et al (1962) _ug-ested that
cortisone can suprress mitosis. In another investication it
was found that the effect of cortisone on mitosl. viries lrom
one type of tissue to another, anc that it does not seem likely
t.at one of cortivone's fundamentzl actions 1. to suprreas mi-
tesis., Roberts et al (1952) and Mott (19¢8), however, concluded
that coriisone affected the palatine shelves of embryonic A/jax
mice by a suppression of mitosis, thereby causing a deficiency
in the nurber of cells with a subseguent decrease in the amount
of intercellular substance, \

Layton (1951) felt that high doses of cortisone inhibit
the synthesis of chondroitin sulfate in connective tissue,
Cavallero znd Braceini (1951) found that metachromatically
stainable material had practically disappeared from ithe inter-
fibrillar ground substance while Lattes et al (1853) also
stated that there is & reduction in the metachromasia normally
seen, suygesting that the mucopolysaccharides of cortisone-
treated tissue do not undergo the same chenmical changes as in
untireated specimens.

Larsson (1962) also feels that cortisone interferes with
the zynthesis of the usual sulfated mucopolysaccharide content
of connective tissue, and Jacobs (1966) concluded that there

is more water present in the palates of cortisone-~treated




oloe il B

embryoes anéd that this edema 1s most striking during the criti-
cal period of palate closure, Jaccbs attributes this edema to
a change in the sulfated mucopolysaccharides,

Paff and ztewart (195%) noted a reduction in the number of
mast cells with cortisone treatment, while Birke (1953) found
that it inhibits both hyaluronidase and streptococci,

In skin wounds, Kagan et al (1949) found the development
of granulation tissue wa:s markedly delayed by cortisone, Kivi-
rikko (1%6%) stated that cortisone caused an increase of hyd-
droxyproline and a decrease in the amount cf alkali-soluble
and neutrsl-salt soluble collagen in the chicken and attribu-
ted to cortisone the ability to slter collagen metabolism,

Fruser et al (1967) determined that the administration of
cortisone to a pregnant female mouse caused & reduction in the
volume of the amniotic fluid (oligohydramnios) of the mouse
embryo at the time of palatal closure, but the amount of the
Jecrease 1s exactly the same in normal embryos as in embryoces
with o cleft. He therefore concluded thst the amniotic fluid
reduction cannot be the factor that deternines which embryoes
develop cleft palate after cortisone treatment. Fraser and his
cohorts thought originally that the reduced volume of amniotic
fluid might cause a constriction of the embryo with subseguent
flexion of the neck pressing the lower Jaw against the chest,
thus Jarmming the tongue between the ralatal shelves and pre-

venting their closure.




Karppala and Pitkenen (19¢0) learned ithet cortisconeirhibitg
thie uptake of oxygen by rat liver pitocliondria, reduces the ac-
tivity of ihe enzyse cytochrome oxidase, und uncouples ithe pro-
cess of oxidative phosphorylation which occurs in the mito-
chondria,

LeVenuto et al (1968) by the use of cell fractionation and
steroids which were labelled with radicactive tritium and
Carbon-lé, showed that corticosterone and cortisone exiibit a
definite interasction with the nuclear and mitochondriel frac-
tions of rat liver cells.

Rasjleti et al (19¢7) administered a single intramuscular
10 mg. injection of tritium—laballad cortisone to pregnant fe-
male A/Jax mice at 12% days of gestation. Blood samiles were
withdrawn from the animals at various time interv:ls while
they were 2till alive and these were analyzed by licuid vecine
tillaution as were varicus msternal tissues after the animsls
were pacriliced., Autoradiopgrams ounterstusined with hematoxylin
and eosin were prepared from the embryoes :nd placentas which
were obtained by Caesarean secticn. The investigators found
that the maternal rlacms radicactivity resched a peak 40 minutes
after the injection of the tritiated cortisone and that redio=-
setivity could be found in the adrenal glsnd, liver, kidney,
spleen and thymus as well., Autoradiopgranhic examination of the
placentas and enbryoes revealed that labelling was present on
the maternal -ide of the »lacenta and in the bloocd channels

£ the exzbryonic liver ani hesrt 5% hours after the injection




was administered. Nasjleti wa: not able to find labelling in

the embryonic palate or maxillary tissue; (private communication

IV. Autoradiography and Tritium-labelling

Radioisotopes may be localized to a given area in é his~-
tologic section, or even to individual cells. The tissue to
be studied is placed subjacent to a photographic emulsion for
an adequate time to allow exposure of the emulsion which: thén-
is .developed as in ordinary prhotography. The processed emul-
sion is referred to as an autoradiogram and consists of accu~
rul:ztions of black granules which overlie the areas in the
tissue which contain the radioisotope. The rapidly moving
charged particles emitted from the radioactive material cause
ionization of the silver bromide crystals contained in the
photographic emulsion, and it is this ionization which enables
us to record the presence of the radioisotope; Fitzgerald
(196%), Schoenheider (1960).

Both the chemical and biological behavior of a substance
labelled with a radioisotope are identical to that of its
stable counterpart provided that the amount of radiocactivity
contained in it is small enough not to have a significant ra-
diochemical effect and the amount of material injected is small
enough not to produce a significant increase in the amount of
substance in circulation. The labelled substance can then be
considered a true "tracer" of normal in vivo metabolism;

Schoenheider (1960),

|




Radioactive tritium is an excellent substance to use as
a label because its beta radlation has a very weak energy and,
therefore, a very short range., A beta ray will travel a max-
imur distance of six microns in tissue and half of the par-
ticles will travel less than one micron. Conseguently, the
majority of che activated silver grains in an autoradiogram
should lie within one micron of their source within the tissue.
Hughes et al (19%8)

It can readily be seen from the foregoing that the use of
tritium s8 a tracer substabce to make autoradiograms is a use-
ful adjunct in attempting to determine the presence of a gi-

ven chemical substance or its metabolites in histolozic tis-

sue sections,




- CHAPTER 111
MAL ZHIALS AND METHODS

Mice:

Thirty A/jax mice (20 female, 10 male) were obtaiﬁe& from
the Jackson Laboratory in Bar Harbor, Maine when they were fif-
teen weeks old., This strain was chosen because of their pre-
vious use in studies of cortisone-~induced cleft palate,

Mating: |

During the period that the mice were being mated, males
and females were placed tagétber in cages overnight and the fe-
males checked for vaginal copulation plugs the following morn-
ing between 8:00 and 11:00 a.m, Pemales demonstrating copu-
l:stion plugs were isolated. The date was marked on the isola-
tion cage and designated as day zero of the pregnancy. The
sanimal's weight on day zero was also recorded. The remaining
animals were then segregated according to sex until the evening
of the same day at which time they were again integrated and al-
loved to mate. In the beginning the breeding ratio was 1 male
for every 3 females, but this ratio became larger as females

suspected of being pregnant were removed and placed in isolation.

Cortisone Injections:

On the twelfth day of pregnancy as estimated from the va-
ginal plug, each female suspected of being pregnant was again
weighed, If a weight gain of two or more grams was noted, thé

assum;tion was made thot the animal was nregnant and suitable
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for further use in the experiment. Although this weight gain

method was nct found to be infallible for determining pregnancy)|
it did turn out to be quite reliable. Unfortunately, no fi-
gures were kept on its degree of accuracy as this wa&s not the
primary purpose of the study.

Cortisone acetate S.A.5. (sterile aqueous solution) was
obtained from the Upjohn Company in 20 ce. vials containing
25 mg. of cortisone acetate per cc. of sclution, All pregnant
animals were ziven a 2.5 mz. (0.1 cc.) loadinz dose of this
solution intramuscularly in the hamatbing muscles of the left
hind leg on the twelfth-day of pregnancy followed 3C minutes
later by an injection of a lsbelling dose of cortisol (hydro-
cortisone) = 1, 2-tritium. The tritiated cortisol was nur-
chased from the Ruclear Chicago Corporation in 1 ml. vials con-
taining 1 millicurie of radioactivity per milliliter of 5C:150
benzene: ethanol solution, A total of nine animals were used,
one of them receiving 500 microcuries of radiocortisol in the
right hamstiring muscles, one receiving 500 microcuries in the
subcutaneous tissue of the back, the remaining sevwen each re-
ceiving 50 microcuries in the right hamstring muscles.

All radiocortisol injections were preceded 0 minutes by
the 2.5 ng. injections of cortisone acetate because it was as-
sumed necessary to overload the pregnant female mouse's normal
cortisone metabolism lest the animal metabolize the minute

amount of cortisol which would be present in the tritiated
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dose, rendering it useless as & tracer material f{for fetal cor-
tisone distribution. Nasjleti (19¢7) reported that the mater-
nal plasma radicactivity level reaches a peak 40 minutéa after
tracer injection., It was therefore felt trhat thirty minutes
would be enouzh time for sufficient absorption of cortisone to
overload the maternsl system of cortisone catabolism. Thus
the subsecguent inJection of tritiasted cortisone would not be
Cxtabslizea and could pass into the fetal circulation in ade-
guate levels for labelling, if, indeed, cortisone is able to
cross the placental barrier.

One animai receiving 5C0 microcuries of radiocortisol was
sacrificed by decapitation & hours after the tracer material
waez Injected, All others were sacrificed five hours after
tracer injection., Nasileti (19675 has rerorted that tritiated
cortisone injected into & pregnant female mouse was visible
autoradiogzraphically 5% hours léter in the blood vessels of
the embryonic liver and heart.

Following the sacrifice of the mothers, the uteri were re-
xoved with the embryonic sacs intact and allowed to fix for
4 hours in a solution of ten rercent neutral formalin. Each
embryo and its placenta were then dissected from the uterus.
Kecords were kept of whether the embryo was removed from the
right or left uterine horn and what position it had in relation
to the cervix for ros:«ible use liter in determining whether
nositien in the uterus had any effect on the labelling of the

embryo with tritiated cortisol.
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Histoloric Preparastion and Auboradiographic Technicue:

The embryo heads were detached from the bodies under a bino-
cular dissecting microscope, embedded in paraffin, and sectioned
at 5 nmicrons as were the placentas. Each tenth slide wés
stained with hematoxylin and eosin Jlor cellular snd area iden-
vitication., The staining procedures uzed were those described
by McManus und Mowry (13¢C).

The autoradiosrpshic technicue used was modified from that
cescribed by FPitzgerald (19¢l),
l. Under darkroom conditions, a wratten #1, Red Safelite

> watt bulb was used. A humidity of 70% and below was

-
("\

maintained.
2. The slides were dipred in Kodsk NTB3 lisuid emulsion.

5o The slides were alr-dried for 10 minutes,

“, Ten slides were placed in a black lightrroof exrosure
box section sides un, Lithium chloride was placed in the bdbox
for maintaining a low humidity, ond black masking tape was
used vo seal the box,

5. 7The box wa: exposed for 5 weeks at low humidity and
temperature., During the exposure time the box must be main-
tained in a position which keeps the sections upright.

©., After 5 weeks, the slides were placed in a staining
rack and developed for 5 minutes at &C°F, (18%.) in Kodak
0196 developer.

7. The slides were rinsed in distilled water for *C

seconds and then placed in acid fixer for 1C minutes.
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8. The slides were rinsed in running tar water for 30
minutes. |

3. The slides and staining dish were covered witi tissue
paper to prevent dust from settling on them «nd allowed to dry
in & stream of zir.

The processed autoradio;rams were then stzined with nuclear
fast red and countersteined with indigo carmine.

Grain Counts:

The autoradiograms were examined microscopicelly and grain
counts made of areas on the zllde overlying tissue sections
and areas with no underlying tissue cections (to determine
background radiation effects). If the area with subjacent
ticsue sections had significantly more grains than the area
containing no tissue section, the difference in the number of
groins wus attributed to the presence of tritium-labelled cor-

tizel or a labelled metabolite of the labelled cortisol.,




- CHAFTLR IV
FIRDINGS

o~

Figure 1A demonstrates a low power gutoradiographic sectio
of placenta for area identification, while figure 1B illustrate
an autoradiopgram of the same area with nxﬁosad black silvergraing
in the emulsion clearly vizible.

Pigure 2A shows a low power cection of the fetal hesd with
the maxillary processes well defined. Becsuse of the extremely
small size of the 12% day old A/jax mouze fetal h@aﬁ: it was
not always possible to obtain a perfect coronal section «ith
readily defined ralailsl shelves, In séctionﬁ where the palatal
shelves were not available, prain counts were made in the maxi-
llary proce:zses rather than in the palatal shgéyes proper.,
Yigure &3 is an asutorsdiogram of such an area, showing exposed
black silver grains overlying the tissue.

Figure > ig a diagrammatic illustration showing the manner
in which fetal positione in the uteri were recorded. JFor fe-
tuses in succeedini uteri, the next numbers were given in nu-
merical order. All fetuses were numbered from left to rizht,
For example, i{ the last fetus in the right uterine horn of a
given uterus was designated number nine, the first fetus in
the left uterine horn of the next uterus would be labelled

mnunber ten,
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Tmbryo

2

3

9

22
27
28
3%
38
L1
46
32
&0
61
&7

Dose and Route of
Tritisted Cortisol

500 ue » I » 2 Hr,.
SO0 ue - IM - 2 Hr,
300 uc « IM « 2 Hr,
500 uceSubcu,s5 Hr,
50 uc « I » 5 Hr,
50 uwe « IM - 5 Hr,
50 uc - IX - § I,
50 ue » IM » 5 Hr,
30 ue » I¥ « 5 Hr,
30 ug - IM » 3 Hr,
50 ue « IM « 5 He,
50 uc » 1% « % Hr,
0 uc - IM « 8 Hr,
50 ue « I « § fir,

530 uc « 1 - 3 Hr,

Fesn Grain Count +
Standard Deviation (=10

37.1 % 9,35
44,0 * 2,00
66,9 14,21
G4,2 * 9,77
3.5 % 2,73
2,2 * 3,71
0.5 £ 0,67
2.3 * 2,65
4.8 2 2,37
1.6 + 2,32
0.7 £ 1.27
9.1 * 3,08
Bal 2 4,20
6.5 * 3.38
13.4 £ 3.70

and Secrpifice Tiwe — Ilasue — Backsround

11.1 & 2,95
7.3 2 4,22
9.3 * 5,18
Tol # 2,16
7.0 * 6,30
0.7 * 0,93
0.6 * 1.02
2,2 & 1.86
1.5 2 2.2
2.6 £ 2,49
2.7 % 4,12
5.9 + 4,20
T2 & 3,37
2.5 * 3.64
49 * 2,84

I+ Is I+ 1+ 1+ |4

31,378 A%
12,173
16,115
11,116 #&%
14928 «w
1,177 ww
0.246 o
0096 ww
3.060 **
0,706 ww
2,086 -
1,861 we
0.301 «u
2.4615 *
3,221 %®

we W

Ho significant
* e 08)9p )02
e 0) p).00L
e p { L001

difference between tLissue snd background count,




Dose and Route of
;mbryo Tritiated Cortisol

Bumber  end Sacrifice Time Iissue Backgroupnd I-Value
2 500 uc = IM « 2 lr,, 41,3 * 7,37 5.1 % 6,54 12,532 #*
4 500 uc « IN - 2 Hr,  75.6 * 1B,46 11,4 * 44T 10,150 #i*
5 500 uc ~ IM « 2 Hr, 35,4 % 9,33 5.4 % 2,58 9,116 w**
9 500 uc - subou = 5 lir, 40,8 * 14,01 10.0 * 5,21 6,16 Wk

22 50 ue - IM « 5 Hr. 0.5 * 0,92 0.1 * 0.3 0.3915 --
27 50 uc - I¥ » 5 Hr, 0.0 * 0.0 0.1 * 0.3 1,000 --
34 50 uc - I¥ - 5 Hr, 4ol * 2,93 1.0 * 1,67 2,720 *

38 50 uc - I - 5 Hr, 13,9 % 3,91 1i2 + 1,54 0,069 i
41 50 uc - I - 5 Hr, 8.9 * 4,25 7.9 * 4,87 0,464 o=
46 50 uc - IM = 5 Hr, 13,0 # 3,22 3.0 * 3,66 64150 H¥E
52 50 ue - I¥ - 5 Hr, 10,7 % 2,19 4.9 * 3,67 4,065 W
60 50 uc - IM « 5 Fr, 17.5 * 3,77 5.2 ¥ 6,45 6,327 Fw*
61 50 uc -~ IN = 5 Ur,  10.8 *+ 4,21 4,9 + 2,70 3,537 w*
67" 50 uc - IM - 5 Hr, 13,8 * 4,06 7.2 * 2,35 4,230 5%

- = [o gignificent difference between tissue and background count,
* «02 ) P > 01
*% - .01 > P > uoﬂl

Uirie P < 001




Tebles 1 and II are statistical summaries of the tissue
vs. backsround grain counts for the fetal heads and placentas
respectively. The "student's t-test” was used to determine
ii there was a significant difierence in nusbers of grains
counted for the tissue and for the background for a given
slide specimen. A p -~ value greater than 0.0 was not con-
dered to be statistically zignificant.

All head and placenta specimens studied from mothers which
had received doses of 5C0 microcuries of tritiated cortisol
were shown to have highly significant differences‘in tissue
and background counte (p ( .C0l) regardless of the route of
acministration or sacrifice time,

Of the eleven he:d specimens {rom 5C uc mother:s in which
grain counts were made, only three specimens were shown to have
statistically significant differences in grain counts (p < .05)

Of the ten placenta specimens from 50 uc mothers in which
~Pain counts were made, seven specimens were shown to have
statistically significant differences in grain counts (p ( .02),
Of theue seven, five hid highly significant diiferences

(p < ‘(301) .
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CHAPTER V
DIsCUSSION

In 1967, Nasjleti et al found that tritiated cortisol, in-
jected into the pregnant female A/jax mouse in dosages previous—
ly reported to cause isolated cleft palate in the fetus, would
cause labelling of the placenta and the blood channels of the
embryonic liver and heart. Nasjleti and his cohorts, however,
were unable to find radioactive labelling in the fetal maxil-
lary process - palatal shelf region; (personal communication).

The present investigation showed that a dose of 500 mic-
rocuries of tritiated cortisol injected into the pregnant fe-
male A/jax mouse did cause labelling of the placenta and fetal
maxillary process - palatal shelf region (p { .001). In preg-
nant animals injected with 50 uc doses of tritiated cortisol,
seven out of ten placentas were shown to have mean grain counts
for the tissue which were significantly greater than background
grain counts (p ¢ .02). Five of these seven placentas showed
highly significant differences (p <{ .00l). The mean grain
counts in placental tissue (Table II) were higher, however, in
500 uc animals than in 50 uc¢ animals, indicating that 500 uc
is probably a more reliable labelling dose for the placental
tissue,

A 50 uc dose of tritiated cortisol was found to cause sig-
nificant labelling in only three out of eleven fetal heads
examined (in one of the three, p { .05, in two p ¢ .0l). It
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would, therefore, seem that 50 microcuries is not as reliable
a labelling dose for the fetal head maxillary process - palatal
shelf as it is for the placental tissues,

Other observations made during the course of this.investi-
gation also favor the use of a 500 uc dose rather than a 50 uc
dose in order to get consistently good labelling of the areas
studied. Three of the four 500 uc embryoes were sacrificed two
hours after the injection of the tritiated cortisol, the fourth,
five hours afterward. All these embryoes' mothers showed signs
of marked physiologic impairment and became almost comatose
shortly after receiving the tritiated cortisol injection. As
a result of this observation, a study was undertaken in which
it was shown that injection of 0.5 cc. of 50:50 benzene:ethanol
solution or Q.25 cc. of ethanol alone would cause a physiologic
impairment of the animals which appeared upon gross inspection
to be identical to the dépression caused by the injection of
the 0.5 ¢cc. of 50:50 benzene:ethanol solution ¢ontaining the
500 uc dose of tritiated cortiso. The depression in the mothers
of animals used for labelling studies was therefore attri-
buted to the benzene-ethanol vehicle of the tritiated cortisocl.

None of the nine animals receiving 50 uc doses of tri-
tiated cortiscl exhibited any marked physiologic imrpairment,
and all nine of them were sacrificed five hours after injec-
tion of the labelling material. A 0.05 cc. dose of 50:50 ben-~

zene:ethanol solution containing 50 uc of tritiated cortisol




apparently is not large enough to cause marked depression of the
test animals by virtue of its toxicity.

Despite the fact that the animsls receiving 50 uc doses
appeared to be in much better physioloic conditlon and survived
lonzer (five vs. two hours) than their 500 uc counterparts,
l:belling was still better in the animals receiving 500 uc do-
ses. 500 microcuries was, therefore, considered to be superior
to 50 uc for labelling the placental and fetal tissues.

Further studies would be useful to determine whether some
intermediate dose between 50 uc and 5CC uc can be used for re-
liable labelling., Mention must be made here of the fact that
the animal receiving its 500 uc dose of tritiated cortiscl
subcutaneously showed mean grain counts (Table I and II) for
placenta and fetal head labelling which were of the same mag-
nitude as those 500 uc animals receiving intramuscular injec-
tions., It is possible, therefore, that tritiated cortisol can
be administered suhcutaneously to attain the same degree of
labelling in the fetus and placenta as is achieved with an intrg-
muscular injection., A subcutaneous injection is probably less
traumatic to the small A/jax mouse than is an intramuscular
one., Further studies in this area would be very useful,

It is possible that some tritiated cortisol did reach the
maxillary process - palatal shelf area of all 50 uc fetal heads
studied but was not there in sufficient quantities to adegquate-
ly expose the emulsion in a five week exposure period. Longer

exposure times must be attempted in the future to determine if




a significant amount of tritiated cortisol does indeed get to
the palate when administered in 50 uc doses, A 5C uc dose,
however, probably is not satisfactory for most future studies
since an exposure time of greater than five weeks would be
rather inconvenient for most investigators.

A final point must be made. Although at the proper dose
level, lahelling can be seen in the placenta and maxillary
process - palatal shelf region of the fetal head, it is not yet
certain that the lzbelled material is indeed tritiated cortisol.
Beside the normal cortisone metabolism whicn occurs in the
adult female animal, it has been shown byVillee (1968) that a
great deal of steroid metabolism takes place both in the pla-
centa and in the fetus. 1In view of this, it is not certain
whether the labelling seen represents tritiated cortisol, a
labelled metabolite of the tritiated cortisol, free tritium,
or other unrelated compounds which have received a tritium
label from association with the tritiated cortisol or one of itg
labelled metabolites. Nasjleti et al (1967) called attention
to the fact that the tritium label may be removed from the cor-
tisol by biological enolization. Biochemical assay studies,
therefore, are necessary to determine the exact chemical com-
position of the labelled substance represented by the grains

in the autoradiograms.




CHAPTER VI
SUMMAKY AND CONCLUSIONS

Pregnant female A/jax mice were injected with tritium-
labelled cortisol at 12% days of pregnancy and sacrificed two
to five hours after injection of the labelled steroids. Pla-
centas and fetal heads obtained from these animals were exam-—
ined autoradiographically to determine if any of the labelling
material could be found in these tissues subsequent to injecting
it into the mother,

Radiation significantly greater than that which could be
attributed to background racdiation was seen in the autoradiogramg
of the majority of the placentas and in the maxillary process -
palatal shelf region offsome of the fetal head sections, indica-
ting that the labelled cortisone or some labelled derivative of
the labelled cortisone was actually present in these tissues,

A dose of 500 microcuries administered either intramuscu-
larly or subcutaneously was found to be a reliable labelling
dose when the animals were sacrificed two or five hours after
injection. A less toxic vehicle for the tritiated cortisol must
be found. The present injection vehicle (50:50 benzene:ethanol)
\exhibits marked toxicity when injected in 0.5 cc. doses,

Further study is needed to determine the optimum dose, ve-
hicle route of administration and sacrifice time for the use

of tritiated cortiscl in A/jax fetal mouse labelling studies,




Biochemical aésay of the labelled material seen in the
autoradiograms is necessary for the determination of its exact

chemical composition.
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APPENDIX
GRAIN COUNTS

Dose and Route Head Placenta

‘ of Yfritiated Cor-
Embryo tisol and Sacri- Back- Back-
Number fice_ time Tissue ground Tissue Zround
2 500 microcuries 46 6 54 o
2 ég. 30 9 51 1
4 10 29 4
20 13 4] 2
37 10 40 10
42 14 %9
40 le- 42
43 11 26 2
26 8 45 8
55 14 36 15
4 500 microcuries 35 14 66 19
ST, 51 8 78 16
5 10 8% 5
28 12 36 4
43 10 75 11
35 0 3 10
49 5 79 10
29 8 98 16
5% o) 71 11
59 b, 107 12




 APPENDIX

GRAIN GOUNTS

Dose and Route Head Placenta
ENbryo %isgiizégtggcggf- Back- Back-
Number fice time Tissue ground Tissue ground

5 500 mierocuries 25 14 23 6

2 éﬁ. 25 5 27 8

37 14 33 6

39 12 27 9

37 11 40 3

39 5 48 7

33 19 53 3

29 6 43 3

33 2 29 1

41 5 31 8

9 5C0 microcuries 52 8 16 6

subcgtﬁﬁfous 60 9 70 4

44 6 29 5

» 3 w2 2

47 6 55 5

53 1l 42 4

26 9 29 2

50 5 37 7

40 ? 47 8

33 i 31 5




APPENDIX

GRAIN COUNTS

Doze and Route
of Tritiated Cor-

Embryo tisol and Sacri- Back- Back-
Number fice Time Tissue ground Tissue ground
22 500 microcuries 4 3 3 0
5Igr. 5 5 0 0]

9 5 0 0
5 12 0] 1
4 2 0 O
0 7 0 0
3 15 0 O
0 0 1 0
0 8 0 0
5 13 1 0
27 50 microcuries 0 a 0 0
EIgr. 0 1 0 0
0 o o 0]
&4 0 .9 1
12 o) ¢ 0
C 0 G ¢
0 2 0 0
1 2 o] ¢
5 0 0]
0 o 0 o}




APPENDIX

GRAIN COUNTS

Dose and Route Head Placenta
of Tritiated Cor-

Embryo tisol and Sacri- Back- Back-~
Number fice Time Tissue ground Tissue ground
28 50 microcuries ] 0 - -

IM

5 hr. 0 1 - -

0 0 - -

0 3 - -

0 e - -

2 2 - -

1 0 - -

1 0 - -

1 0 - -

0 o) - -

34 50 microcuries 0 2 10 6
5Igr. 0 2 4 5
0 3 1 3

o] 5 2 0

0 2 8 0

4 1 1 2

B 2 2 0

3 0 3 0

3 ¢ 7 0

5 5 3 0




Embryo
[Bumber
1o}

41

 APPENDIX
GRAIN COUNTS

Dose atid Route
of Tritiated Cor~
tisol end Sacri-

“0 microcuries
I
5 Hr.

50 micerocuries
IN
5 Hr.

P

C O O F O N Ww W & N W N W P Y N RN

Head

Back~
Tissue groupd Iissue

1

O © & VW B O w N = w 0O 0O O 0O O O w W\

12

V4
12
16
13
15
14
10
21
12

11
10
11
12
15
11

Placenta
Back~

&ﬂQG'HmNPNOGQOG\BME

b e e
“.ﬁ;aﬂﬁk




APPERDIX
GEAIN COUNIS

Dose and Route Head Placenta
Embryo g§s§§izi§tggcggf- Back~ Back-
Number fice Time Tissue ground Tissue ground

46 50 microcuries o] 0 16 5
§Igr. 2 11 7

0 0 9 6

0 4 11 4

0 6 14 4

@ 5 1l 4

1 5 16 0

4 14 17 0

0 17 &)

0 8 o

52 50 microcuries 9 1 12 5
5Igr. 8 7 11 7

7 11 11 0

5 7 11 7

9 6 9

16 12 10 8

11 & 14 0

11 o 11 0

8

ft
o
o
O




APPENDIX
GHAIN COUNTS

Dose and Route Head Placenta
Embryo 2is§§i§:2§§%iggr- back~ back-
Number Time Tissue ground Tissue ground

€0 50 microcuries 3 - 10 13 9
5I§r. 18 5 18 4

11 21 1

6 0 22 0

10 9 21 5

3 4 22 4

7 15 13

10 4 18
? 9 13

11 10 12 12

61 50 microcuries 8 7 15 3
51‘21'. 9 4 17 1

4 3 13 9

5 0] 14 9

3 20 10 5
12 o 4 7

8 0 14 5

11 5

4

2 11 1




APPLNDIX
GHAIN CUUNTS

Dose and Route Head Placenta
of Tritiated Cor- "
smbryo tisol and Sacri- Back- Back-
Number fice Time Tissue ground Tissue ground
o7 5C microcuries 14 8 16 ?
IM
5 Hr. 15 2 11 5
2) 7 22 3
7 15 ()
15 3 15 8
18 5 9 7
14 2 13 12
15 4 11 10
17 10 15
12 1 9
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APPLNDIX

Dose, Route of Administration
Of Tritiated Cortisol
And Sacrifice Time

Numerical Designationg
Of Zmbryoes Obtained
Upon Sacrifice

5C uc - IM - 2 Hr.

5CC uec - Jubcu, - 5 Hr,

50 ue - IM - 5 Hr.

50 ue - IM - 5 Hr.

50 uc - IM - 5 Hr,

50 uc - IM - 5 Hr,

uc - IM - 5 Hr.

3

5. uc - IM - 5Hr-

50 ue - IM - 5 Hr.

Py 3 4
6 7 8
16 11 12
1l 14 15 16
17 18 19

20 21 22 23%
24 2% 26 27
25 29

30 51 32 33
4 35 36 37
38 39

40° 41 42 43
4y 45 46 47
48 49

50 51 52 53
54 55 56 57
58 59 €0

6l 62 6% o4
65 66 67

68 69 70 71
72 73 74 75
76 '
77 78 79
81 82 83

85

AR

W

g3
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