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The processes of growth and differentiation of tissues are stimulated to a considerable degree by thyroid hor-
mones, in association with their action on metabolism and, in particular, on the processes of oxidative phosphoryla-
tion [3]. It has recently been shown that thyroxine also stimulates the incorporation of amino acids into the tissue
proteins of mammals in vivo and in vitro [8, 14]. The direct action of thyroxine and of triiodothyronine on growth
of the bone anlagen of 4-8-day chick embryos has been demonstrated by organ culture. The action was dependent
on the presence of the bone anlage and on the degree of its differentiation. These hormones inhibited growth of
bones which in vivo and in vitro possess a high rate of growth, the femur and the tibia and,conversely, they sti-
mulated growth of bones with a slower rate of growth, the radius and ulna [6, 7, 11, 12). The degree of stimulation
of growth of the bone anlagen was largely dependent on the concentration of triiodothyronine in the culture medium
[13].

Several hereditary anomalies of the skeleton in man and animals are due to inhibition of the growth of cartil-
age and bone tissue at different stages of ontogenesis [9]. The object of the present investigation was to study the
effect of triiodothyronine on growth of genetically injured bone anlagen in vitro.

The investigation of the action of the gene brachypodism-H (gene symbol bpH) on growth of the anlagen of
the long bones of the hind limbs of mouse embryos at the 13th-18th day of development showed that the main ef~
fect of the bpH gene consisted of inhibition of the growth and differentiation of the fibula. The effect of this gene
was also shown in vitro, and the strongest inhibition of growth was observed during cultivation of the fibula of 13~
day embryos [2].

EXPERIMENTAL METHOD

Experiments were carried out on mice of the mutant line brachypodism-H, discovered in Harwell (England) as
a repeated mutation of the brachypodism gene. The effects of the bp! gene were described by Landauer [10].

The anlagen of the femur, tibia, and fibula of bpH bpH embryos of the 13th day of development were grown
in culture. Cultivation was by Fell's method [5], as modified by Chen [4] in a wet chamber on a liquid medium in
watch glasses at 37.2°, The composition of the culture medium was described previously by the authors [1], The
length of the bone anlagen was measured on drawings made by means of a drawing apparatus, and their relative
growth after 2 and 4 days of cultivation was determined. Subculture, with complete replacement of the medium in
one series of experiments was carried out after 48 h and in another series after 12 h. The 3,5,3" ~trifodo-1 ~thyronine
(T3) was dissolved in 0.1% NayCO, solution and the concentration was adjusted to its final level by addition of
medium No, 199, The following concentrations of T were used: 0,02, 0.2, 0.4, 0.8, 2.0, and 7.0 pg/ml of medium.
For the histological investigation the bone anlagen before cultivation and on the 4th day of cultivation were fixed
in Zenker's solution and sections were stained with Delafield's hematoxylin.
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TABLE 1. Effect of T3 on Growth in Vitro of Anlagen of Limb Bones of bpt pr Embryos
at the 13th Day of Development

Cone. of |Puration Relative increase in length (in percent)
Ty (in  |of cultiva- femur tibia fibula
pg/ml  |tion (in |
medium) days) n M+m n Mxim n ! Mim
0,02 2 18 1541,1 17 284-2,1 16 4+1,5
4 18 1641,0 17 36+1,4 16 5+1,6
0,2 2 24 1440,9 21 31+1,5 24 174+1,0
4 24 18+0,8 21 34+1,3 24 18+1,2
0,4 2 22 15+1,2 23 30+1,5 16 194-2,1
4 22 184+1,0 23 33+1,5 16 21+1,6
0,8 2 14 16+1,2 13 38+1,7 14 19+1,0
4 14 18+1,2 13 40+1,4 14 20+ 1,0
2,0 2 22 15+0,9 23 2941,2 19 1140,%
4 22 16+0,8 23 3440,8 19 1241,0
7,0 2 20 13+0,9 19 21+1,5 19 0
4 20 164-0,7 19 27+1,5 19 0
Conirol 2 23 14+0,8 18 3041,7 23 0
(with- 4 23 17+1,1 18 36+2,0 23 0
OutT3)
Length of bone anla-
gefi before cultiva-
tion (in mm)
J' 143 1,0040,006 | 134 0,9240,010 131 {0,5540,005

TABLE 2. Effect of T4 on Growth in Vitro of Anlagen of Limb Bones of ++ Embryos
(C57BL/61) at the 13th Day of Development

Conc. Duration Relative increase in length (in percent)
of T3(in |of cultiva femur tibia fibula
ug/ml  |tion (in
medium) days) n Mxrm n Mzm n Mim
0,02 2 15 22+1,0 19 30+1,2 13 31+1,3
4 15 24+1,2 19 36+0,8 13 3540,9
0,4 2 20 25+0,8 20 35+2,1 18 244-1,9
4 20 28+1,0 20 4041,4 18 284-1,9
2,0 2 20 22+1,3 22 31+1,4 20 20+1,6
4 20 25+1,2 22 37+1,5 20 2241,4
Control 2 13 2241,1 12 3241,2 11 31+1,9
{with- 4 13 25+1,2 12 36+1,2 11 36+1,5
out T3)
Length of bone anal|
gen before cultiva-
tion (in mm) } 68 | 1,0840,01 | 73 | 0,96+0,02 | 62 | 0,60:+0,02
1

Hypertrophy of the chondrocytes of the fibula of the bpt bpH embryos was determined after cultivation in a
medium with T, in a concentration of 0.2 yig/ml. For this purpose, 100 cells for each bone embryo were drawn by
means of a drawing apparatus in 10 cases. The outlines of the cells drawn on graph paper were cut out and weighed.
Knowing the weight of 1 cm? of paper and the linear enlargement of the section of the cell, the mean area was cal-
culated. The effect of T3 on growth of the anlagen of the long bones from the hind limbs of mouse embryos of in-
bred line C57BL/61 (gonotype ++) at the 13th day of development was also studied.

EXPERIMENTAL RESULTS

The results of the experiments of series I in which anlagen of the limb bones of bpH bpH embryos were culti-
vated with complete replacement of the medium after 48 h are given in Table 1.
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The femur and the tibia continued to grow and differ~

& entiate throughout the four days of cultivation in a medium
@ without T3. Meanwhile the fibula neither grew nor differen-
1 tiated. The relative increase in length of the tibia of the pptl
12 bpH embryos was the same as the increase in length of this

8 bone in ++ embryos. The increase in length of the femur of

4 the bpH bpH embryos was less than that of ++ embryos (Table
J 1 and 2). In a T; concentration of 0,02 yig/ml the relative in-
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Fig. 1. Growth in vitro of anlage of the fibula of
prpr mouse embryos atthe 13th day of develop-
ment. Along the axis of abscissas—duration of
cultivation {in hours); along the axis of ordinates—
relative increase in length of bone (in %). Re-
placement of medium with T4 in 2 concentration
of 0.8 ug/ml medium after 12 h (1) and 48 h (2),

and of medium without T after 12 h (3).

crease in length of the fibula of the bpH bpH embryos increased
by 5% during the four days of cultivation (P< 0,01). Maximal
stimulation of growth of the fibula was observed in T3 concen-
trations of 0.2, 0.4, and 0.8 pg/ml. With these concentrations
of Tj, the relative increase in length of the bone during four
days of cultivation was 18, 21, and 20% respectively (the dif-
ferences in the increase in length between these three series

of experiments were not statistically significant, P> 0,05). In
a medium with a Ty concentration of 2.0 yg/ml, growth of
the fibula was slightly less (P < 0,001), while with a T4 con-
centration of 7.0 ug/ml, the fibula, as also in the medium
without Tj, did not grow. The relative increase in length of

%t b the fermnur and tibia of the bpH bpH embryos in a medium with
&r = '.F-)—-ﬂa‘? T3 concentrations of .02, 0.2, 0.4, 0.8, and 2.0 ug/ml wasthe
8y -~ f___,-—-.l‘—‘—‘ '}'Z same as in the medium without Ty, Only when the T, concen-
as =" tration was 7.0 ug/ml was growth of the tibia inhibited by 25%
hr /y/’ {P = 0.001),

i The action of Ty on growth of the fibula on the + + em-
Z L ] : o bryos was opposite to its effect on growth of the analogous bone

g 17 i I 4w o 7 M %

Fig, 2. Growth in vitro of anlage of the femur of
prpr mouse embryos at the 13th day of devel-
opment. Legend as in Fig. 1.

in the bpH ppH embryos. Triiodothyronine in a concentration
of 0.4 pg/ml caused a decrease in the growth of the fibula of
the ++ embryos (P < 0.01). Still more marked inhibition on
growth was observed with a T3 concentration of 2.0 ug/m](the
difference in the size of the increase in length with T; con~
centrations of 0.4 and 2.0 yg /ml was statistically significant, P= 0.01), Growth of the femur and tibia of the ++
embryos, like growth of the corresponding bone anlagen of the bpH bpH embryos was unchanged with T, concentra-
tions of 0.02, 0.4, and 2.0 pg/ml (Table 2).

The question arose whether a greater increase in length of the fibula of the bpH bpH embryos could be ob-
tained by a more frequent replacement of the medium with the T concentration yielding maximal increase in
growth of this bone in the series of experiments described above. For this purpose, complete replaceinent of the
culture medium with a Ty concentration of 0.8 yg/ml was carried out every 12 h, The fibula of the bpH pr em-~
bryos neither grew nor differentiated following frequent replacement of the medium to which Ty was not added.
The relative increase in size of this bone following replacement of the medium with 0.8 pg/ml every 12 h was the
same as the increase in size when the medium with 0.8 pg/ml of T, was replaced every 48 h, P> 0.05 (Fig, 1).
More frequent replacement of the medium had a slight stimulant effect on growth of the femur of the bp! bpH em-
bryos. The relative increase in size of the femur after cultivation for four days with change of medium every 12 and
48 h was 22 and 18% respectively (P < 0.05). Meanwhile, as in the preceding series of experiments, no action of Ty
was observed on the growth of this bone (Fig. 2). The relative increase in the size of the tibia when the medium
was changed every 12 h with hormone and without hormone was the same as the increase in the size of this bone
when the medium was changed every 48 h (Fig. 3).

Triiodothyronine influenced not only the growth of the anlage of the fibula of the bpH bpH embryos, but also
its differentiation. Hypertrophy of the chondrocytes in the middle part of the anlage of this bone was on the aver~
age 80% when the T; concentration was 0.2 ug/ml. Meanwhile, no hypertrophy of the chondrocytes took place when
the fibula of the bpH bpH embryos was cultivated in a medium without Tj. It is interesting to note that T, in con-
centrations having no stimulant action on growth of the femur and tibia, caused some increase in the rate of
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[Py R — JZ differentiation of the anlagen of these bones. In particular, this
wr Yy i was shown by the appearance of signs of periosteal ossification,
g5t / 7 absent when cultivation took place in a medium without T3. In
I} (" all cases growth of the anlagen of the bones in a medium with
25k ey and without T3 was observed mainly during the first two days of
2t 'f /,’ cultivation. On the following days of cultivation the rate of
st '/ Y/ growth of the banes was appreciably slowed.
wh '/ Hence, the results of these investigations show that Ts, in

5_/ ' concentrations of 0.2-0.8 pg /ml of medium has a marked sti-
T mulant effect on growth of the fibula of bpH bpt embryos, Tri-
g 12 % % ¥ 64 7 & % iodothyronine in a concentration of 0,02 ug/ml stimulated growth

very slightly, while large concentrations of the hormone (2.0 and
7.0 ug /ml), on the contrary, slowed the growth of the fibula of
bpH bpH embryos. The relative increase in size of the femur
and tibia of the bpH bpH embryos did not increase in the presence
of T3. The stimulation of growth of the fibula of the bpH bpH
embryos cannot be attributed to a lower degree of differentiation of this anlage by comparison with that of the femur
and tibia. Triiodothyronine not only did not stimulate, but actually inhibited growth of the fibula of the ++ embryos,
which was also less well differentiated than the femur and tibia of these embryos.

Fig. 3. Growth in vitro of anlage of the tibia of
bpH bpH mouse embryos at the 13th day of de~
velopment. Legend as in Figs. 1 and 2.

The difference in the action of Ty on growth of the fibula, on the one hand, and of the tibia and femur on the
other hand, was evidently due to the different origin of the mesenchyme in the postaxial and preaxial parts of the
limb bud from which the anlagen of these bones are formed. This hypothesis is supported by the fact that in several
mutant lines of animals, anomalies affecting mainly either the tibia or the fibula are observed [9].

As already mentioned, triiodothyronine accelerates growth and differentiation of the cartilaginous anlagen of
the slowly growing bones of chick embryos [6, 7, 11, 12]. These results are in agreement with those obtained in
present investigation in which the stimulant effect of T3 was demonstrated on growth of the fibula of bpH pr em-
bryos. Addition of Ty to the culture medium leads to a partial correction of the genetic defect of the fibula, which
may be explained by a change in the primary action of the bpH gene.

LITERATURE CITED

. E. K. Ginter, Byull. éksper. biol. med., No. 3, 86 (1966).
. B. V. Konyukhov and E. K. Ginter, Folia Biologica, No. 4 (1966).

Ya. Kh. Turakulov, Biochemistry and Pathochemistry of the Thyroid Gland [in Russian], Tashkent (1963).
. ]. M. Chen, Exp. Cell Res., 7(1954), p. 518.

.

H. B. Fell, Meth. Med.Res., 4 (1950), p. 234,

H. B. Fell, and E. Mellanby, J. Physiol. (London), 127 (1955), p. 427.

Idem. Ibid., 133 (1956), p. 89.

. S.Gelber, P. L. Campbell, G. E. Deibler, et al, J. Neurochem., 11 (1964), p. 221.
. H. Griineberg, The Pathology of Development, Oxford (1963).

10.  W. Landauer, J. Hered., 43 (1952), p. 293.

11, K. Lawson, J. Embryol. Exp.Morph., 9 (1961), p. 42.

12, Idem. Ibid., p. 534.

13. Idem. Ibid., 11 (1963), p. 383.

14. R. Michels, J. Cason, and L. Sokoloff, Science, 140 (1963), p. 1417.

1
2
3
4
)
6
7
8
9

702



