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INTRODUCTION 

Infraseptal nasal glands of the mouse are situated in niesen- 
chyme below the septa1 cartilage of the nose, in front of and bet- 
ween the sockets of developing upper incisor tooth germs (Fig. 1) .  
There is an anterior and a posterior gland on each side of the 
mid-line opening into the nasal cavity, below and behind the 
orifice of the nasal lacrimal duct. The glands found in normal 
inice have been described in detail by Brornan (1916 a, b, 1921). 

During an investigation of fused upper incisors in exenkepha- 
lie mouse embryos (Knudsen, 1965) it was observed that the 
inf raseptal glands exhibited variations in volume and position. 
Frequently, there seemed to be a considerable reduction of glan- 
dular tissue. Furthermore, the shape and size of acini varied. An 
examination of the glands was undertaken to elucidate some of 
these changes. The present paper describes the quantitative and 
morphologic variations of the infraseptal glands in exencephalic 
mouse embryos with fusion or agenesia of the upper incisors. 
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TABLE I 

The normal and exencephalic embryos studied have been diuided into 5 groups.  
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Number of Groups 
embryos 

18 I normal embryos 
18 I1 exencephalic embryos with two separate upper inci- 

21 111 exencephalic embryos with fusio partialis or fusio 

42 IV exencephalic embryos with fusio totalis of the upper 

12 V exencephalic embryos with bilateral agenesia of the 

sors 

subtotalis of the upper incisors 

incisors 

upper incisors 

MATERIAL AND METHODS 

Exencephalic (93) and normal mouse embryos (18),  all included 
in previous studies (Knudsen, 1965 a, b) formed the material 
of the present investigation. Selection and grouping of the exen- 
cephalic embryos was determined on the basis of the incisor ano- 
malies (Table I). Glandular volume was calculated using the 
measure- and weigh method in the following manner: frontally 
cut histologic serial sections were projected on the screen of a 
Reichert Visopan microscope and the outline of the acini drawn 
on tracing paper (x 70 linear magnification). When section thick- 
ness was 7 p, every 7th section was drawn, and when it was 10 p, 

every 5th. From each sheet of paper 100 sq. cm. were cut for 
control weighing. All acini belonging to the same embryo were 
drawn on paper from the same sheet, which was cut into smaIler 
pieces, so that each piece contained only acini drawn from one 
section. The weight of each piece of paper was determined before 
and after having cut out the acini, and the results recorded on a 
special form. The glands were divided into a predental and an 
interdental part and the volume was calculated for each of them. 
The t-test was used to determine the significance of differences 
between pairs of mean volumes. 

In embryos with fusio dentium, the size of the space between 
the nasal capsule and the incisor germ was evaluated by measu- 
ring the distance in millimetres between the two structures in the 
mid-line, using the same sections as in volume measurement. 
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By plotting the values in a system of co-ordinates, a "triangle" 
was constructed, the area of which was calculated by planiinetry. 
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J<ESULTS 

GROI-P I 

Few iariations in location or extent of the infraseptal glands 
were seen. Generally, the number of acini increased with increa- 
sing glandular volume whilst the size of the individual acini re- 
mained unaltered. The interdental part of the glands was enclo- 
sed by the alveolar bones of the incisor germs and the nasal cap- 
sule (Fig. 1).  These structures limited the vertical and transver- 
sal extent of the glandular tissue. 

The total volume") of the glands was 57.8 (s 10-4) cu. 111111. The 
volume of the yredental part was 6.7 (x 10-4) cu. nini. (Table 11). 
Variations in total volume were mainly due to variations in the 
interdental part of the glands (Text Fig. I ) .  

GROUP I1 
This group coniprised exencephalic embryos where the distance 

between the upper incisor germs was the same as  

-4  
x 10 cu.rnm 

40 

20 

2 4 6  
I 8 ~ 

10 12 14 16 

in normal 

18 
Number 

Fig. I. Volume of the infraseptal nasal glands in 18 normal mouse embryos 
(18 days).  Black: predental glands. Unshaded: interdental glands. 

* )  Mean volume is everywhere implied in the text. 
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TABLE I1 
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Mean uolume (5 10 - 4 )  in ca. mm of the infrasepfal nasal glands in mouse 
embryos, 

n = number, sd = standard deviation, m = mean. 

Groups 
Embryos 

Predental Interdental Total 

m k s d  n part part 
m-Csd m+sd 

I normal 18 6.7& 3.2 5 0 . 6 f 1 1 . 7  57.3211.3 
I1 exencephalic with separate in- 

cisors 18 6 . 4 2  4.1 3 2 . 9 f 1 2 . 2  39 .3t12 .6  
111 exencephalic with fusio subto- 

talis and fusio partialis 21 6 .4k 5.3 24.7-t l5 .3  31.2513.7 
IV exencephalic with fusio totalis 42 1 1 . 1 2  9.2 15.5k12.0 27.1k11.4 
V exencephalic with agenesia 12 25.5-Cl0.7 25.53~10.7 

embryos. The glands had a relation to the nasal capsule and the 
incisor germs similar to group I (Fig. 2).  The total volume was 
39.3 (x 10-4) cu. mm, which was significantly less than in normal 
embryos (P<O.OOl) . The predental glandular volume was almost 
unchanged, whereas the volume of the interdental part was 
strongly reduced (Text Fig. 11). The number, shape and size of 
the acini were similar to those of normal embryos with similar 
glandular volume. 
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Fig. 11. Volume of the infraseptal nasal glands in 18 exencephalic mouse 
embryos (18 days) with separate upper incisor germs. Black: predental 

glands. Unshaded : interdental glands. 
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Fig. 111. Volume of the infraseptal nasal glanda in 20 exencephalic mouse 
embryos (18 days) with fusio subtotalis and partialis of the upper incisor 

germs. Black: predental glands. Unshaded : interdental glands. 
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Fig. IV. In parts A + B the volume of the iufraseptal nasal glands in  42 
exencephalic mouse embryos (18 days) with fusio totalis of the upper 

incisor germs. Black : predental glands. White : interdental glands. 
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GROUP 111 

In this group of embryos, the fused incisor germs crossed the 
mid-line, thereby occupying, together with the alveolar bone, part 
of the space below the nasal capsule (Fig. 4) .  The total volume 
of the glands was 31.2 ( x  10-4) cu. inni (Text Fig. 111); it was 
not significantly different from the total volume in exencephalic 
embryos with two incisors (0.05<P<0.1). In groups I11 and I\’ 
there was an occasional occurrence of glandular tissue behind the 
incisors. As the amount was inconspicuous it was included in the 
interdental portion. 

- 4  
x 10 cu.mm 
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Fig. V. Volume of the infraseptal nasal glands in 12 rxencephalic mouse 
embryos with agenesia of the upper incisor germs. The glands are supposed 

to be placed in the ”predental” region. 

GROUP IV 

Exencephalic embryos with fusio totalis comprised the largest 
of the groups examined. The shape of the tooth germs varied, but 
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all germs crossed the mid-line, occupying, together with the alveo- 
lar bone, n considerably greater portion of the infraseptal space 
than in the preceding group (Figs. 3 and 5).  The total volume of the 
glands is 27.1 (x 10-4) cu. mm; it was significantly less than the 
total volume in group I1 (O.OOl<P<O.Ol). The average volume 
of the predental part, which was of the same order of magnitude 
in the preceding groups, was now almost doubled, being 11.1 
(x 10-4) cu. mni, i. e. on average 41 % of the glandular volume 
was located in the predental region (Text Fig. IV) .  

The predental part of the glands increased with decreasing 
infraseptal space as shown in Text Fig. VII. 

Besides the considerable change in the relative size of the two 
parts of the gland there was also a change in the appearance of 
the acini, in particular of the predental part, where many of the 
acini were larger and more irregular than in  the other groups 
(Text Fig. VI, middle). The large acini extended into the inter- 
dental part, where they were gradually replaced by small and 
more uniform acini; further back, only one or two were seen in 
each section. 

GROLT’ V 

This group comprised exencephalic embryos with bilateral 
agenesia of the upper incisors, whilst the number of molar germs 
was noriiial. The total glandular volume was 25.5 (x 10-4) cu. mm 
(Text Fig. Y ) ,  and not significantly different from the total vo- 
lume in embryos with fusio totalis (P>O.l). Most of the acini 
were large and thus resembled those in the predental part of the 
glands in embryos with fusio totalis (Test Fig. \‘I (right). 

In normal embryos, as well as in exencephalic embryos with 
separate incisors and fusio totalis, the incisor germs started oppo- 
site that part of the nasal capsule where the floor plate (anterior 
transversal lamina) loosed its connection with the lateral walls. 
In bilateral agenesia of the upper incisors, the entire glandular 
mass lied in front of this spot and thus corresponded in posi- 
tion to the predental part of the glands in embryos with normal 
or fused incisor germs. Immediately behind the last acini the 
nasal capsule was covered by a bone mantle, almost filling the 
space where the glands were anticipated (Fig. 6). 
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Fig. VI. The outline and relative size of representative acini of the infraseptal 
nasal glands in a normal mouse embryo (left) ,  in an exencephalic embryo 
with fusio totalis of the upper incisor germs (middle) and in an exencephalic 

P = predental part of the glands. 
embryo with agenesia of the upper incisor germs (right). 

DISCUSSION 

When the incisor germs are fused or lacking, the amount and 
distribution of mesenchyme, bone and glands in the incisor re- 
gion are largely affected. It is difficult, however, to evaluate the 
changes of mesenchyme and bone by exact measurement, but due 
to the fact that the identification of the infraseptal glands is easy 
and the volume determination rather simple, it is possible to re- 
cognize even small changes in distribution and volume of the 
glandular tissue, as well as in the size and shape of the acini. 

It was anticipated that the total glandular volume would be 
reduced in fusio dentium, as the usual position of the glands 
about the mid-line is infringed upon by the tooth germs. The 
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Fig. VII.  'The size of the mesenchyme space between the nasal septum and the 
upper incisoi- germ in case of fusio totalis is expressed by the area of  a 
triangle constructed in the mid-line (ordinate). The amount ( in  per cent) 

of the infraseptal nasal glands located in  the predcntal region (abscissa). 

present investigation has clearly demonstrated, however, that the 
total volume of the glands is always reduced in exencephaly. It 
appears too, that there is no significant difference in the total 
voluiiie of the glands in exencephalic embryos with normal and 
in those with partly fused incisor germs. The difference is only 
significant when fusion of the germs is complete. The cause of 
the glandular reduction is unknown, and connection between the 
volume of the glands and vitamin A dosage could not be found. 
It is possible that the reduction is part of a general restrictive 
action on embryonic development due to the severe brain nial- 
formation. 

The infraseptal space is strongly reduced in embryos with 
fusio totalis, owing to the location and shape of the tooth germ. 
In  embryos lacking both incisor germs the space is reduced, on 
account of a thick layer of bone beneath the nasal capsule. In 
both cases the glandular tissue has  developed in  the ample pre- 
dental niesenchyme where the growth of the glandular tissue is 
supposed to be less restrained by mechanical factors, than in the 
narrow infraseptal space, partly bounded by rigid walls. It has  
not been possible to determine whether the development of large 
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acini in the predental region is also favoured by mechanical rea- 
sons or whether the presence of these particular structures is due 
to entirely different causes. 

SUMMARY 

In exencephalic inouse embryos the volume of the infraseptal 
glands is significantly reduced even when the incisor germs are 
normal. The greatest reduction is found in embryos with fusio 
totalis and agenesia. The predental part of the glands dominates 
in fusio totalis, where the room left for the interdental part is 
strongly reduced. In embryos with agenesia the glands are loca- 
ted in the anterior part of the infraseptal mesenchyme, whereas 
the posterior part contains bone tissue. The largest acini are 
found in the predental area in embryos with fusio totalis. 
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ROSUMB 

LES GLANDES NASALES INFRA-SEPTALES CHEZ LES EMBRYOSS DE 
SOURIS EXESCOPHALES PAR SUITE D’HYPERVITAMINOSE A ET 

PRBSENTANT DES MALFORMATIONS DENTAIRES 

Chez les embryons de souris exenckphales, le volume des glan- 
des infra-septales est rkduit de manikre significative, m&me lors- 
que les germes des incisives sont normaux. La rkduction la plus 
importante a Ctk trouvCe chez les enibryons prksentant une fusion 
totale et une agknksie. La partie prkdentaire des glandes domine 
dans la fusion totale, oil l’espace restant pour la partie interden- 
taire est fortement rkduit. Chez les embryons pr6sentant une 
agknksie, les glandes sont localis6es A la partie antkrieure du m k -  
senchyme infra-septal, tandis que la partie postkrieure contient du 
tissu osseux. Les acinus les plus grands se trouvent dans la zone 
prkdentaire chez les embryons prksentant une fusion totale. 
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ZUSAMMENFASSUNG 

DIE INFRASEPTALDHBSEN BE1 MBUSEEMBRYOSES MIT 
ZAHNMISSBILDUNGEN UND EXENCEPHALIE DURCH 

VRERDOSIERUNG M I T  A-VITAMIN VERURSACHT 

Bei exencephalen Mauseeinbryonen ist das Voluiiien der Infra- 
septaldriisen (Glandulae nasales infraseptales) bedeutend redu- 
ziert, auch in  den Fallen wo die Schneidezahnkeime normal sind. 
Die grosste Reduktion findet inan bei Eiiibryonen init fusio totalis 
und Agenesie. Der pradentale Teil der Driisen doininiert bei fusio 
totalis, wo der Rauin des interdentalen Teiks  bedeutend reduziert 
ist. Bei Eiubryonen iiiit Agenesie sind die Drusen iiii anterioren 
Teil des infraseptalen hlesenchyms zu finden, wahrend der poste- 
riore Teil Knochengewebe enthalt. Die grossten Endstucken befin- 
den sich in dein pradentalen Gebiet bei Embryonen init fusio 
totalis. 
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PLATE 1 

Fig. 1. Normal mouse embryo (26 d 111/4). Frontal section. The infraseptal 
nasal glands (arrows) in mesenchyme between upper incisor germs (x 63) .  
SP = septal cartilage. 
Fig. 2. Exencephalic mouse embryo with separate incisor germs (234 d 1/3) .  
Sagittal section between upper incisor germs. Mesenchyme with infraseptal 
nasal glands. Note the extent of the glands (s 63) .  (Labial side to  the left). 
SP = septal cartilage. 
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PLATE 2. 

Fig. 3. Exencephalic mouse embryo (226 d I/3) with fusion of upper incisor 
germs. Sagittal section. Note the extent and size of the predental part of the 
infraseptal nasal glands and the limited space between the tooth germ and 

the septal cartilage of the nasal cavity (x  63). 
SP = septal cartilage. 
Fig. 4. Exencephalic mouse embryo with fusio partialis of upper incisor 
germs (106 d 1/2). Frontal section. Note the narrow space available for the 

infraseptal nasal glands; compare with Fig. 1 (x63). 
SP = septal cartilage. 
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PLATE 3. 

Fig. 5. Exencephalic mouse embryo with fusio totalis of upper incisor germs 
(70 d 1/3). Frontal section of the labial part of  the tooth germ. The infrasep- 
ta l  nasal glands and mesenchyme are separated from the incisor germ by 
bone (arrows). Note the narrow space available for the glands (x  1-60). 
T = tooth germ. 
SP = septa1 cartilage. 
Fig. 6. Exencephalic mouse embryo with agenesia (agenesis) of both upper 
incisor germs (211 d 1/2). Frontal section. A bone mantle (arrows) occupies 

the area where the infraseptal nasal glands are anticipated (x  63) .  
E = oral epithelium. 
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