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INTRODUCTION

The presence of a genetic defect resulting in absence of growth hormone in the mouse
offers a unique opportunity to study the effects on growth of total absence of growth
hormone and its dependent hormones. Dwarfism in the mouse is the result of a
recessive non-sex linked Mendelian character at a single locus, dw (Snell, 1929).
Heterozygotes are phenotypically normal. Dwarfism in the homozygous animals
appears at about 14 days after birth (Snell, 1929), although some workers have
reported that the dwarf trait is evident earlier than this (Boettiger & Osborn, 1938).
Much greater variation in length, weight and general activity exists in dwarf mice
compared to normal mice.
Cytological and histological studies have shown that, in the normal mouse anterior
hypophysis acidophils are the prevailing cell type and are the source of growth
hormone (Bartke, 1964). In the dwarf mouse there is an almost complete lack of
acidophils (Elftman & Wegelius, 1959), small numbers being found at 5 days and a
complete absence at 47 days (Francis, 1944). The consequence of this is that the dwarf
mice are unable to produce growth hormone.
The anterior hypophysis consists mainly of gonadotrophic hormone-producing cells
(Bartke, 1964; Elftman & Wegelius, 1959) so the gonads of the dwarf mouse do not
show aplasia. Because of the absence of growth hormone the thyroid gland is small
and poorly developed and thus the dwarf mouse is unable to produce normal amounts
of thyrotropin. The somatotrophic polypeptides known as the somatomedins, which
are believed to act directly on endochondral growth sites, are also totally absent
(Holder & Preece, 1981).
The greatly reduced size of the dwarf mouse is, in part, due to the failure of normal
cartilaginous growth in the craniofacial, axial and appendicular skeleton.
This paper investigates the effect of the dw gene on the cartilages of the cranial
base.
MATERIALS AND METHODS

Somatic growth
The animals used were dwarf mutants of the house mouse, Mus musculus, reared at
the institute of Child Health and The Royal Dental Hospital. The control mice were
either normal + / + or heterozygous dw/ +.
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Dwarf mice were bred by two methods:
(1) Heterozygotes were mated, previous matings at random having shown that these
mice carried the gene for dwarfism. This produced a ratio of dwarf (dw/dw) to
phenotypically normal animals (dw/ +) or (+ / +) of 3: 1.
(2) Homozygous male dwarfs, treated with thyroxine, growth hormone and
prolactin to induce fertility, were mated with heterozygous females. This produced a
50: 50 ratio of dwarf (dw/dw) to phenotypically normal (dw/ +).
At 16 days the litters were reduced to 6 animals. Dwarf and normal animals were
separated at 21 days when weaning took place. Temperature was kept at 27 °C with
a relative humidity of 60%. A light/dark cycle of 12 hours was maintained. All
animals were weighed daily until 16 days and subsequently every other day. Animals
were killed using chloroform inhalation, decapitation or thiopentone injection at 0, 4,
8, 16, 32, 48, 64 and 80 days. Even at 16 days there was some doubt over which animals
were dwarf and which normal so that the 0, 4, 8 and 16 day litters were mixed litters
of dwarf and normal animals, whereas for 32, 48, 64 and 80 day animals there was one
selected group of phenotypically normal animals and one of dwarf animals. For each
selected group the mean weight, standard deviation, weight gain per day (velocity) and
percentage gain per day were calculated and growth curves plotted.
Histology
Groups of six animals were killed at 0, 4, 8, 16, 32, 48, 64 and 80 days. The heads
were sectioned parasagittally to include the cranial base on the larger portion and the
following processing schedule carried out. Fixation was with buffered formal saline.
Decalcification was with EDTA followed by dehydration, impregnation with 1 %
celloidin, clearing in chloroform (twice) and embedding in paraffin wax.
Sections in the parasagittal plane were cut at 5,um, stained with haematoxylin and
eosin and mounted in Ralmount. The last hypertrophic cell of each of five randomly
selected columns was measured in the direction of growth using a graticule eyepiece
in a Zeiss research microscope.
The following information was sought: a general appraisal of the histology of the
cranial base cartilages of the Snell dwarf mouse compared with those of normal litter
mates; the caudo-rostral length of cranial base bones; cell size (height) in the direction
of growth in the hypertrophic zone.
Three animals were studied at 0 day, 3 at 4 days, 6 at 8 days, 4 at 16 days, 6 at 32
days, 4 at 48 days, 6 at 64 days and 3 at 80 days.
Autoradiography
Mixed litters of normal and dwarf mice were killed at 0, 4, 8 and 16 days. A group
of normal and one of dwarf litter mates, each of 6 animals, were killed at 32, 48, 64
and 80 days postnatally.
Each animal was injected with 05,uCi/g body weight of [3H]thymidine intraperitoneally one hour before killing. The animals were injected between 12.00 and
14.00 hours. One hour after injection the animals were killed and specimens processed
as for histological examination. For autoradiography, working conditions were
standardised in a dark room at a temperature of 15-20°C and a relative humidity of
40-50 %. 25 ml of Ilford K5 emulsion diluted with 12 ml distilled water plus 0-25 ml
of glycerine to prevent splitting of the emulsion layer on drying was used. The
emulsion was warmed in a jar kept in a water bath at 43 'C. After stirring for 1 minute
and allowing bubble dispersal, the experimental slides were dipped. The slides were
dried on a cool metal plate and left in darkness for 15-20 minutes and subsequently
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Fig. 1. Weight gain and standard deviation from birth to 80 days.

left to dry for a further hour on a work bench. After being placed in exposure boxes
overnight, the boxes were closed and left for 5 weeks at 4 'C.
The autoradiographs were developed using Ilford Phenisol (1 part Phenisol, 5 parts
water) for 8 minutes at 18 'C, rinsed in distilled water and fixed in 30 % sodium
thiosulphate for 10 minutes. They were then washed thoroughly and dried at room
temperature.
Slides were prepared for controls to test for length of exposure and were found to be
adequately exposed after 5 weeks. Additional slides were used to test for negative and
positive chemography. The autoradiographs were examined using a Zeiss standard
research microscope with oil immersion objective at x 1000. Three sections were
examined for each specimen and the proliferation zone (PZ) in each of the
cartilaginous growth sites was studied. In some specimens the rostral end of the
presphenoid bone was not in the section. Two animals at 0 day were studied, 4 at 4
days, 5 at 8 days, 3 at 16 days, 4 at 32 days, 4 at 48 days, 3 at 64 days and 4 at 80
days.
The labelling index (L.I.) for the proliferative zone was calculated by taking the
number of labelled cells Cl, as a percentage of the total number of proliferative cells,
labelled or unlabelled, Ct.

Cl

L.I. =-x 100.

The background level of silver grains was always less than 2 grains per nucleus, so only
cells overlain by more than 5 silver grains were counted.
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Fig. 2. Sagittal section through basi-occipital basisphenoid synchondrosis showing the five cell zones.
Neonatal. x 200.

RESULTS

Somatic growth
The dwarf mice consistently showed lower mean weight, mean velocity and
percentage gain than the normal mice at all ages. There was no significant difference
in weight between dwarf and normal animals at birth. At 14 days there was a
significant difference in body weight (P < 0-05), although at this age and up to 16 days
the dwarf mice were phenotypically indistinguishable from their normal litter mates.
The curves show (Fig. 1) that the dwarf mice grow at a reduced rate compared with
normals. Growth is initially rapid, being greatest at 7 days in both groups. The dwarf
mice showed a period of weight loss from 17-21 days, the so-called critical period
(Boettiger & Osborn, 1938) and then gained weight from 38 days. The loss varied from
15-29 % of the body weight and occurred at or before weaning at 21 days.

Histology
At birth the 5 sites of future endochondral ossification were clearly seen (Fig. 2).
Each is made up of 5 cell zones (Roberts & Blackwood, 1983, 1984): the central or
covering zone (CZ), the zone of cellular proliferation (PZ), the zone of matrix
production or matrixogenic zone (MZ), the zone of chondro-lacunar hypertrophy and
matrix calcification (HZ) and the zone of vascular erosion and invasion (EZ). In
normal mice columnar organisation, particularly of the proliferative and matrixogenic
zones, was regular at 8 days.
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Fig. 3. Sagittal section through basi-occipital basisphenoid synchondrosis at 32 days. Specimen is
from a normal mouse and shows well organised columnar architecture (arrow). x 80.

Fig. 4. Sagittal section through basi-occipital basisphenoid synchondrosis at 32 days. Specimen is
from a dwarf mouse and shows loss of columnar architecture (arrowed) in addition to the diminished
size x80.
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Table 1. Cell size (jm) in the direction of growth of each of the five sites of
endochondral ossification. The last complete hypertrophic cell before the zone of
erosion was measured
32 days

Basi-occipital
Basisphenoid
(caudal)
Basisphenoid
(rostral)
Presphenoid
(caudal)
Presphenoid
(rostral)

48 days

64 days

80 days

nml

dw

nml

dw

nml

dw

nml

dw

15-3
15-3

90
90

15-3
15-7

11-0
11-0

12-8
13-2

16-0
14-3

11-0
11-5

16-75
17-0

10-5

8-8

13-17

11-0

11-0

11-0

9-0

17-5

11-3

9 75

11-8
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10-8
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Fig. 5. Sagittal section through basi-occipital endochondral growth site at 32 days in a dwarf mouse
showing new bone being laid across the face of the former erosive zone (arrowheads). x 200.

At 32 days, definite differences between normal and dwarf animals were apparent
in terms of size and histological appearance (Figs. 3, 4: Table 2). A caudo-rostral
gradient of cell size was evident. Although the figures were not statistically significant,
they indicate a trend worthy of further investigation (Table 1).

Cranial base of dwarf mouse
Table 2. Comparison of histomorphological differences at 32 days
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Dwarf

Normal

Average length of basi-occipital bones 2-3mm in
caudo-rostral direction
No delineation of cell zones
No columnar organisation in any cell zones
(Fig. 4)
Early signs of sealing off by bone at 32 days
(Fig. 5)
No caudo-rostral in gradient of hypertrophic
zone cell size

Average length of basi-occipital bones 2-8mm in
caudo-rostral direction
Clear delineation of cell zones
Columnar organisation in all cell zones (Fig. 3)
Active endochondral growth at 32 days
A caudo-rostral gradient of hypertrophic zone
cell size (Table 1)

Table 3. Labelling indices determined 1 hour after injection of tritiated thymidine
05 ,u Ci/gm body weight in the five sites of endochondral growth

Basi-occipital
Basisphenoid
(caudal)
Basisphenoid
(rostral)
Presphenoid
(caudal)
Presphenoid
(rostral)

80 days

64 days

48 days

32 days

nml

dw

nml

dw

nml

dw

nml

dw

45
11-5

0
0

3-16
4*9

0
0

3-2
25

0
0

2-3
192

0
0

5 15

0

75

0

3-9

0

195

0

6-6

0

2-16

0

17

0

15

0

2-9

0

0

0

0

0

0

0

Autoradiography
In the mixed dwarf and normal litters, the labelling index was greater at 4 days than
at birth, and in all sites of endochondral growth there was a further increase at 8 days.
From 8 days there was an age gradient with the labelling decreasing with increasing
age. Because of the small number of animals, a caudo-rostral gradient in the labelling
index could not be detected, although a slight trend was present (Table 2). Dwarf
specimens showed no labelling at all at 32 days, 48 days, 64 days, and 80 days, except
in the basisphenoid (rostral) in one specimen at 64 days (Table 3).
DISCUSSION

Dwarfism is apparent at approximately 14 days and up until this time dwarfs are
phenotypically indistinguishable from normal mice. The typical features of blunt nose
and short tail are the earliest dwarf characteristics and are both a result of retarded
skeletal development. The fur of the dwarf mouse is coarse and the general activity of
the dwarf is much less than that seen in normal litter mates. These findings agree with
Van Buul & Van den Brande (1978). On the day of birth there was no significant
difference between the body weights of normal and dwarf mice. The time at which
there were statistically significant differences coincided with the appearance of dwarf
traits. From birth, the growth curves of the dwarf mice follow those of normal mice,
although the former are growing at a reduced rate. They show a similar percentage
gain in body weight until 17 days, at which time the growth curves change
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dramatically with dwarfs consistently showing a period of weight loss. This relatively
normal period of weight gain may be explained by the fact that there is hypoplasia of
the anterior lobe of the pituitary appearing at 54 days after birth, which is very
pronounced by 12 days (Francis, 1944). The implication is that in early life the mildly
hypoplastic anterior lobe is producing small amounts of growth hormone. No
measurement of growth hormone prior to 12 days of age has ever been reported in
dwarf mice. Conversely, it may be that growth at this time is largely genetically
controlled, with hormonal influence playing a small part. In normal mice, there is an
increase in growth velocity at 20 days when growth hormone, adrenal androgens and
testosterone levels are all increased.
Dwarf mice are hormone deficient, with only small amounts of testosterone. The
lack of all these hormones explains the lack of growth at that age.
The critical period which occurs at 20 days in the dwarf mice is characterised by loss
of 15-29 % of body weight, which is regained at 40 days. This has been described by
other workers (Boettiger & Osborn, 1938; Hughes, 1975). No satisfactory explanation
has been offered, but it is thought that it might reflect competition for food with the
more vigorous litter mates, or it may be that hormone support from sources other than
the pituitary cease at this time.
The lengths of the cranial base bones in dwarf animals were found to be, on average,
75 % of those in normal animals. This is consistent with the findings of Hughes
(1975).
At 32 days there is a large difference in the size of hypertrophic zone cells between
normal and dwarf mice, which decreases with increasing age, until at 80 days the
average size of the hypertrophic cells of the dwarf is larger than that of normal mice.
In normal mice the cell size and labelling index both peak at 8 days, coinciding with
the growth seen at this time. At 16 days the labelling index drops and continues to do
so, indicating that there is less cell division with increasing age. In the dwarf animals
after 16 days there is normally no labelling in any site of endochondral growth,
although one 64 day specimen showed labelling in the basiphenoid site. From the
histological findings of increased cell size at 80 days, one might expect an increase in
proliferation at this time, but this was not found to be the case. Measurements of the
length of the cranial base bones showed that growth had stopped. This finding is
consistent with the absence of [3H]thymidine labelling after 32 days.
SUMMARY

The dwarf mice used in this study demonstrated severe growth retardation related
to the 5 endochondral growth sites of the midline cranial base. The principal defect
appears to be a dramatic reduction of activity as judged by comparing the histology
of the dwarf mice with their normal litter mates. The principal defect appears, from the
[3H]thymdine data, to be a complete cessation of mitotic activity in the proliferative
zone. It is not possible, from the present study, to say whether activity in the
matrixogenic zone is also reduced. The anomalous enlargement of hypertrophic cells by
80 days in dwarf mice is unexplained.
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