
From: The Department of Anatomy (Head: 
Professor Ture PetrCn, M.D.), Karo- 
linska Institutet, 
and the Department of Metabolic Re- 
search (Head: Docent Harry Bostrom, 
M.D.), The Wenner-Gren Institute for 
Experimental Biology, Stockholm, 
Sweden. 

STUDIES ON THE CLOSURE OF THE SECONDARY 
PALATE 
V. ATTEMPTS TO STUDY THE TERATOGENIC ACTION 

OF CORTISONE IN MICE 

'1 Y 

K. S. I A ~ ~ ~ s s o x  

INTRODUCTION 

An account of different ways of inducing congenital malforma- 
tions has been given in a review by Kalter & Warkang (19). 
Cortisone has proved to be one of the most effective teratogenic 
substances as far as cleft palate without cleft lip in mice is con- 
cerned (11, 13, 14). 

In autoradiographic and histocheniical studies of mouse em- 
bryos, cortisone has been shown to interfere with the sulpho- 
inucopolysaccharide metabolism in the palatine shelves (22).  The 
present writer suggested that this is one of the causes of develop- 
ment of cortisone-induced cleft palate (22) ,  whereas Kalter sug- 
gested the protein-catabolic action of cortisone as the cause (16). 
I therefore considered that a study of the effect of a protein- 
anabolic steroid hormone on embryonic development would allow 
these theories to be tested in greater detail. 

It has been reported that the incidence of cortisone-induced 
cleft palate can be reduced by administration of certain B vita- 
mins (29). This has been further investigated, since it would 
have been valuable to study the sulpho-mucopolysaccharide me- 
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tabolisni during developnient of the secondary palate, using the 
isotope technique described earlier, when the cleft palate-in- 
ducing action of cortisone was inhibited. 

ESI’EI~IZIENTAL 

Priniiparous mice of the A/Jax strain (21) were used, as in 
earlier experiments (21, 22) .  An account of their diet and of the 
equipment of the aninial rooni was given in a previous paper 
(20) .  They were mated a s  described earlier ( 2 l ) ,  the day on 
which vaginal plug was observed being taken a s  the zero day of 
pregnancy. (Some pregnant females not exhibiting plug were in- 
cluded, since the day of iiiating was known.) 

Totally 97 mothers were used; their distribution in the 7 
experiiiiental groups is shown in ‘Table 1. They were given in- 
jections of one or several of the following solutions (for the doses, 
see Table I ) :  

1. Cortisone acetate. 25 nig/iiil. CortodrinQ 1 )  

2. Methyl androstenediol. 25 mg/nil. NeosteronB 2 )  

3. Methyl androstenediol-free vehicle used in NeosteronCB3) 
4. Vitamin Bg. 0.1 mg/ml 4 )  

5. Vitnmin BIZ. 0.025 mg/iiil. Hepagon @ 5 )  

All the solutions were :idniinistered daily a t  10 a.m. on the 
1 lth-14th day of pregnancy inclusively. They were injected in- 
tramuscularly in  the thigh, with the exception of vitamin BE?, 
which was given a s  a subcutaneous injection in the back. 

The mothers were killed by dislocation of the atlas a t  10 8.111. 

1) Kindly supplied by Astra AB, Sodertalje, Sweden. (Composition : cor- 
tisone acetate 25 mg, sodium chloride 9 mg, benzyl alcohol 9 mg, sodium car- 
boxymethyl cellulose and Tween 80 q.s., sterile watcr to 1 ml.) 

2) Kindly supplied by AB Pharmacia, Uppsala, Sweden. (Composition : 
methyl androstenediol 0.025 g. dextrose 0.04 g, phenol 0.005 g, sodium phos- 
phate and polyoxyethylene Sorbitan mono-laurate q.s., sterile water to  1 ml.) 

3) Kindly supplied by AB Pharmacia, Uppsala, Sweden. 

4 )  Obtained from hlilitlrapotcket, Stockholm. (Composition : pyridoxine 

5 )  Kindly supplied by Astra AB, Sodertalje, Sweden. (Composition : cyanoco- 
balamin (vitamin BIZ) 0.025 mg, sodium chloride 9 mg, benzyl alcohol 15 
mg, hydrochloric acid diluted to pH 5-5.5, sterile water to 1 ml.) 

chloride 0.1 mg, sodium chloride solution to  1 ml.) 
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on the 18th day of pregnancy. The embryos, lying in the uterus, 
were fixed in Bouin’s fluid and then transferred to 70 % alcohol 
(33, 22) .  After reiiioval of the lower jaw and tongue, the embryo 
was examined under a dissecting microscope (Hensoldt Wetzlar) 
a t  a magnification of 10 X .  Of the embryos that were judged to 
have been alive, those with a closed palate were assigned to one 
group, those with cleft palate without cleft lip to another ( C P ) ,  
and those with both cleft palate and cleft lip to a third group 
(CLP). Photographs illustrating these three types were published 
in an  earlier paper (22) .  Finally, embryos with all degrees of re- 
sorption were collected in a separate group. 

RESULTS 

The results of examination of the embryonic material are 
shown in Table I. ”Student’s” t test (28) was used for a statistical 
comparison between the groups with respect to the incidence of 
cleft palate without cleft lip (CP) and the incidence of resorp- 
tion; the results are given in Table 11. 

It was found that when A/Jax niice were given 1.25 nig of 
cortisone daily on the 11th-14th days of pregnancy, the inci- 
dence of cleft palate without cleft lip (CP) was 100 % (Group 1, 
Table I ) .  In this group - as in Groups 3, 4, 5 and 6 - cleft palate 
combined with cleft lip (CLP) was also observed (in 14 of 600 
living embryos = 2.3 %, ). 

When 1.25 iiig of iiiethyl androstenediol and 1.25 nig of corti- 
sone were given daily on the 11th-14th days of pregnancy to 5 
niice, all the embryos were resorbed (Group 2, Table I ) .  In Groups 
3 and 4, in which methyl androstenediol only was given in daily 
doses of 1.25 and 2.5 mg, respectively, 8 of 130 living embryos 
had cleft palate without cleft lip (Table I ) .  The higher dose 
produced a significant increase in the incidence of resorption 
( p  < 0.001) as compared to the lower dose, whereas no difference 
was present between the incidence of C P  ( c f .  Groups 3 and 4, 
Table 11). CI’ was not observed in any of the embryos from the 
5 mice given the methyl androstenediol-free vehicle used in 
Neosteron @ on the aforementioned days of pregnancy, and the 
incidence of resorption was only 8.1 % in this group (Group 5, 
Table I ) .  In a comparison between Groups 3 (1.25 Ing of methyl 
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androstenediol) and 5 (vehicle of methyl androstenediol), a signi- 
ficant difference ( p  < 0.05) could be demonstrated between the 
incidence of CP, whereas no such difference was present between 
Group 4 (2.5 1116 of methyl androstenediol) and Group 5 (vehicle 
of methyl androstenediol); see Table 11. Both groups showed a 
significantly higher incidence of resorption as compared to group 
5 ( p  < 0.01 and p < 0.001, respectively; Table 11). 

Table I1 

dence of cleft palate and of foetal resorntion: results of >Student’s) t test 
Statistical comparison between groups listed in Table I with respect to inci- 

I Incidence of cleft Incidence of foetal 
palate: CI’ resorption I 

I -~ <igZi&iicelp I Siunifica lice’ 
~~ - ~ -  _ _ ~ -  

Groups compared 

1 - 2  
3-4 
3-5 
4-5 
1 -G 
1-7 
6-7 

*** 
0 

0 
0 
0 
0 

* 

*** 
*** 
** 
*** 
* 
0 
0 

 not significant: *=almost significant, p<O.o5; *“=significant, p<o.O1: 
***=highly significant, p<O.OOl. 

When a daily dose of 10 p g  of vitamin B6 was injected con- 
currently with 3.25 nig of cortisone (llth-14th days of preg- 
nancy), only one of 240 living embryos had a normally closed 
palate (Group 6, Table I) .  The incidence of resorption was signi- 
ficantly lower (p  < 0.05) in this group than in Group 1 (1.25 mg 
of cortisone only), whereas no difference was present between 
Groups 6 and 1 with respect to the incidence of cortisone-induced 
cleft palate (Table 11). 

In Group 7, in which 5 p g  of vitamin BIZ were given on the 
1 lth-14th days of pregnancy, in addition to daily intramuscular 
injections of 1.25 mg of cortisone and 10 p g  of vitamin B6, cleft 
palate was induced in 100 % of living embryos, and resorption 
in 19.6 % of iinplanted embryos. No significant difference in the 
incidence of cleft palate or of resorption could be demonstrated 
in a comparison with Group 1 (1.25 mg of cortisone) and Group 6 
(1.25 xng of cortisone and 10 p g  of vitamin Bg) ; see Table 11. 



DISCUSSION 

The results of the present investigation do not substantiate the 
view that  the teratogenic action of cortisone takes place by protein 
catabolisin. They can, on the contrary, be cautiously interpreted 
a s  further evidence in support of the theory that congenital mal- 
formations are correlated to a decrease in sulpho-mucopolysac- 
charide nietabolism. No reduction in  the incidence of cortisone- 
induced cleft palate by vitaniins BG or Hi2 could be observed. 

Daily doses of 2.5 iiig of cortisone on the 11th-14th days of 
pregnancy have generally been used earlier to produce cleft palate 
without cleft lip in  niice (12, 22, 27, 29). A difference has  been 
demonstrated between the incidence of cleft palate in different 
strains (13) .  In a n  attempt to study the :ibility of various sub- 
stances to reduce the incidence of cortisone-induced cleft palate, 
I considered it appropriate to administer a "miniiiiuiii dose" 
of cortisone, which would still result in a 100 % incidence of 
this ma1forni:ition. In  the A/Jax strain, a daily dose of 1.25 nig 
of cortisone acetate proved to be suitable (Group 1, Table 1). 

By means of autoradiography, it was demonstrated in a n  earlier 
study (22) that cortisone produces a marked decrease in the 35S- 

labelled sulphate incorporation into the sulpho-inucopolysaccha- 
rides of the palatine shelves a t  the time of pn1:ital closure in 
mice. It was concluded that the ground substance of the shelves 
was changed in this way, so that their upward iiioveiiient into 
the horizontal plane was retarded, with cleft palate as  a result 
(22) .  

In addition to cortisone (2, 3, 4, 24, 25, 81), other factors - 
hydrocortisone ( 3 5 ) ,  salicylates (1, 8 5 ) ,  A-avitaminosis (51, A- 
hypervit:riiiinosis ( l o ) ,  and roentgen irradiation (6)  - have been 
found in in vivo and/or in vitro studies to reduce the sulphate 
incorporation into the sulpho-~nucopolysaccharides of various tis- 
sues. Since these factors have :ilso proved to be teratogenic, it 
can be surmised that it is the actual effect on sulpho-niucopoly- 
saccharide ~net:ibolisiii which is the cause of several different 
congenital innlformations, among them cleft palate (15, 18, 19, 
30, 34, 36) .  
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Stimulation of sulpho-niucopolysaccliaride synthesis in the 
palatine shelves would be a conceivable way of decreasing the 
incidence of cortisone-induced cleft palate. A t  present, the pos- 
sibilities of such stimulation in uivo are limited. The growth hor- 
mone is one of the few substances which stimulate the synthesis 
of sulpho-niucopolysaccharides ( 7 ) .  In  view of the tissue-stimulat- 
ing action of the growth hormone, it has been administered to 
counteract the damaging effect of cortisone in experiments on 
chick embryos, and found to have a positive result (32) .  Nishi- 
hara et  at. (27)  gave the growth hormone to Webster-Swiss mice, 
concurrently with 4 daily doses of cortisone (2.5 mg),  and 
achieved a decrease in the incidence of foetal resorption, but not 
in the incidence of cortisone-induced cleft palate. 

The teratogenic effect of cortisone was suggested by Frnser 
ef al. (12) to depend on protein cataholisni. Kalter (16) subse- 
quently elaborated a theoretical basis for this suggestion. It was 
therefore considered that the teratogenic action of cortisone 
would be counteracted by a protein-anabolic steroid hormone, 
which should not alone cause nialformations in the offspring. 
Consequently, methyl androstenediol was tested in  the present 
study, since i t  has been shown in other connexions to counteract 
protein catabolism by cortisone (8,  9 ) .  Concurrent injection of 
methyl androstenediol and cortisone (1.25 nig of each substance 
daily on the 11th -14th days of pregnancy) was, however, found 
to result in resorption of all the embryos in the 5 experimental 
litters. The embryonic damage was, in fact, considerably greater 
than when a corresponding aniount of each steroid hormone was 
given separately (Group 4, Table I, and ref. 22, Table 11). Test- 
osterone propionate (12) ,  progesterone (27 ) ,  and chorionic go- 
nadotropin (27)  have also been shown to produce Iiolent em- 
bryonic resorption or abortion, when given to pregnant mice 
concurrently with injections of cortisone. Moreover, the present 
investigation shows that cleft palate of the same type a s  that  
induced by cortisone can be produced by administration of a pro- 
tein-anabolic steroid hormone. Consequently, there is further 
reason to doubt the existence of a relation between protein cata- 
bolisin (by cortisone) and teratogenic effect. 

The most promising results of attempts to reduce the incidence 
of cortisone-induced cleft palate have been obtained by Peer e f  al. 
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(29), with injection of some B vitamins in Swiss albino mice. 
When 2.5 mg of cortisone only were given daily on the llth--14th 
days of pregnancy, the incidence of cleft palate was 85 %. When 
10 ,us of vitamin B6 or 10 ,us of folk acid were given concurrently 
with cortisone, the incidence was reduced to 43 ?& (5 litters) and 
26 % (9 litters), respectively. In 3 litters given a concurrent 
supplenient of both vitamin B6 and folk acid, the incidence of 
cortisone-induced cleft palate was reduced to 15 %. 

Peer et al. (29) discussed various ways in which the B vitamins 
could counteract the embryonic damage produced by cortisone. 
Summing up, they considered it probable that these vitamins pro- 
tect the synthesis of proteins and nucleic acids, which are neces- 
sary for growth of the embryo. The B vitamins are, in fact, present 
as co-enzymes in a number of important processes. 

Kalter (17)  could not verify this favourable effect of folk acid, 
even though it was given for a longer period and in larger doses, 
but he used a different strain of mice, as well as another mode 
of administration of the vitamin. Nor did he succeed in decreas- 
ing the incidence of cortisone-induced cleft palate by a supple- 
ment of riboflavin ( 1 7 ) .  

In view of the reduction in the incidence of cortisone-induced 
cleft palate achieved by Peer et al., I considered it of value to test 
supplementary adininistration of vitamin Be, as well as of vita- 
min Bls. The latter has been reported to counteract the pro- 
tein-catabolic action of cortisone (26). Vitamin B6 did not, how- 
ever, reduce the incidence of cleft palate in iny experiments, 
since only 1 of 240 living embryos had a normally closed palate 
(Group 6, Table I ) .  I t  must, on the other hand, be regarded as 
probable that this vitamin actually had an effect, manifested as 
a decrease in the incidence of resorption (Group 6, Table I ) .  
Administration of vitamin Bl2 concurrently with vitamin BG pro- 
duced no further reduction in the incidence of resorption, nor 
did it diminish the incidence of cortisone-induced cleft palate 
(Group 7, Table I ) .  

Many highly divergent teratogenic substances can cause the 
same type of defect, e.g., cleft palate (19). These substances can 
presumably interfere with the metabolism of different consti- 
tuents and in different ways, but with the same visible develop- 
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mental anomaly as a result. It seems likely that better knowledge 
of the distribution and metabolism of the sulpho-mucopolysac- 
charides during different embryonic stages, as well as additional 
information on the effect of various substances on sulpho-muco- 
polysaccharide metabolism, would provide a firmer basis for dis- 
cussion of the pathogenesis of numerous congenital malforma- 
tions. 
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SUMMARY 

Cleft palate without cleft lip (CP) was induced in mouse eni- 
bryos of the A/Jax strain by injecting cortisone into the mothers 
on the 11th-14th days of pregnancy. When a protein-anabolic 
steroid hormone, methyl androstenediol, was given concurrently 
with cortisone, all the embryos were resorbed. Administration of 
methyl androstenediol alone resulted in cleft palate of the same 
type as that produced by cortisone, but in only 5-7 % of the 
embryos judged to have been alive on the 18th embryonic day. 

Administration of vitamin B6 was found to reduce the incidence 
of resorption, but not of cortisone-induced cleft palate. Vitamin 
BIZ gave no additional protection against the damaging effect of 
cortisone on the embryos. - The teratogenic mechanism of action 
of cortisone is discussed. 
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ETUDES SUR LA FERMETURE DU PALAIS SECONDAIRE. 
V. Tentative d’ktude de l’action tBratog8ne de la cortisone chez 

la souris. 

On a produit des divisions palatines sans bec-de-IiPvre chez le 
foetus de la souris, dans une souche A/Jax, par des injections de 
cortisone chez des meres ayant une grossesse de 11-14 jours. 
Quand on a donnd, en i n h e  temps que la cortisone, un stkroide 
protdinoanabolique, le iiikthylandrostendiol, tous les foetus se 
sont rdsorbks. On a pu aussi avec le iiikthylandrostendiol seul 
ddvelopper des divisions palatines du iiiCiiie type que celles ob- 
tenues par la cortisone, inais dans seuleinent 5-7 % des foetus 
qui ont kt6 estiniks vivants le 18knie jour de leur vie foetale. 

La vitamine BG diiiiinue la frbquence de rdsorption du foetus, 
inais non la frkquence d’induction de la cortisone sur les divi- 
sions palatines. La vitamine €312 n’a pas eu d’effet ultkrieurenient 
protecteur contre l’effet nocif de la cortisone. L’action tdratoghe 
de la cortisone fait I’objet d’une discussion. 

ZUSAMMENFASSUNG 

STUDIEN OBER DEN VERSCHLUSS DES SEKUNDAREN GAUMENS. 
V. Versuche iiber die teratogenetische Wirkung von Cortison an Mausen. 

Gaumenspalten ohne Lippenspalten ltonnten bei Mauseembryos 
des Stainnies A/Jax erzeugt werden, wenn iiian den Muttertieren 
wahrend des 11.-14. Graviditatstages Cortisoninjektionen gab. 
Wurde gleichzeitig ein proteinanabolisches Steroid, Methylandro- 
stendiol, gegeben, wurden sanitliche Embryos resorbiert. Alleine 
init Methylandrostendiol ltonnten Gaumenspalten voin gleichen 
Typ wie init Cortison hervorgerufen werden, jedoch nur in 5- 
7 ‘jh der Embryos, die ani 18. Enibryonaltag als lebend beurteilt 
wurden. 

Vitamin B6 verringerte die Frequenz der resorbierten Embryos, 
jedoch nicht die Frequenz der cortisoninduzierten Gaumenspal- 
ten. Vitainin B12 ergab keinen weiteren Schutz gegen die Cortison- 
schadigung. Der teratogene Wirkungsmechanisiiius des Cortisons 
wurde disltutiert. 
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