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GROWTH AND FORMATION OF THE FORELEG SKELETON IN INBRED MICE AND RATS UNDER
CONDITIONS OF HYPO-, NORMAL AND HYPERDYNAMIA

By B. I. Kogan, Yu. S. Antipov, Scientific Research Institute of Physiology
of Children and Adolescents, USSR Academy of Pedagogical Sciences, Vinnitsa
Medical Institute

Inbred 1 month old males of C57B 1/6. CBA, CCS57Br/Mw
interlinear hybrid mice of the first generation and

rats of the August and Wistar lines were subjected to
conditions of hypo, normo~and hyperdynamia for 2 months.
The statistically reliable dependence is shown between
mechanical underloadings and overloadings and macro
microscopic changes in the hind limb skeleton of animals.
Genetic determination of growth and formation of the fore-
limb skeleton is estaolished. Hereditary susceptibility
and the phenamenon of heterosis are preserved under all
motor conditions.

The growth in the skeleton of the foreleg of rodents under conditions /67*%
of limited mobility has been studied by L. I. Avdyunichev (1965' and Riesenfeld
(1966) . However their experiments are incamplete since they are linked to
the amputation of one of the extremities, or extirpation of muscles and dener-
vation of the latter which results in disruption in the functions of the
organism as a whole as a result of surgical intervention. Especial attention
should be given to the works in which studies are made of the consequences
of immobilization of the extremity by application of plaster, or limitation

in the mobility of the animal by placing it in a small-sized cage (Seireg

*Numbers in margin indicate pagination in original foreign text,




et al,, 1969; Mateef et al,, 1971, 1971 a, 1972; Jankovich, 1972). Theix
essence is reduced to the fact that the hypofunction limits the growth of
bones, alters their structure and results in atrophy of the bone tissue.
Experimental data on the effect of the hyperfunction on the growth of the

bones of the foreleg are fairly ocontradictory (Chernyy, 1950; Bunak, Klebanova,

1960; Donaldson et al., 1935; Mateef et al., 1971, 1971 a, 1972). The
optimal and ultraoptimal loads, in our opinion, play a morphogenetic role.
The studies made on the inbred, or so-called line rodents who have undergone
many brother-sister interbreedings and have reached a high level of homo-
geneity, with a certain genotype inherent to each line prove the genetic
programming of the growth and structure of the skeleton (Cruneberg, 1957,
1958; Deol et al., 1957, 1958; Stein, 1957). Therefore it is logical to
assure that the same load has a different effect on the growth and formation
of the skeleton with regard to the individual-genetic peculiarities of the

organism.

. Experiments were conducted on mice in the line C57Bl1/6, CBA, CC57Br/MNv,

hybrids of the first generation F] and rats in the lines August and Wistar

(only one-year-old males). Thirty mice and 45 rats of each line were taken
which were divided into three groups of 10 mice and 15 rats in each. For
the first group of animals conditions of hypodynamia were created by placing
them in box cages of small size. The second group of animals were main-
tained urder normal conditions of a vivarium (conditions of normal dynamics).
For the third group of animals conditions of hyperdynamia were created by
training them to run on a track designed by us. The training of this group
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of animals started with a 3-minute run, daily increasing its duration by
1 minute. At the end of the experiment we had reached 60 minutes., For
animals of all groups and lines a standard food ration was observed. The
experiment lasted two months and encawpassed a period of intensive growth
of the animals. The animals were killed by injection with a needle into the
medulla oblongata, after which the bones of the fore left extremities were
macerated by chemical means in 1.5% solution of potassium alkali at temper-
ature 45°. The macerated bones were studied according to Duerst (1926).

The program of osteametry included study of the scapulae and humeral
bones with determination of their weight, greatest length and width (in the
humerus in the widest place of diaphysis, proximal and distal epiphysis).

All the numerical materials were processed by the method of variation statis-
tics with the use of the tables of N. N. Samoylov (1970) on the camputer
"Mir."

Ostecmetry of the scapulae and humeral bones of the experimental animals
revealed a direct dependence of weight, longitudinal and transverse dimen-
sion on the conditions of maintenance of the animals. Analysis of the statis-
tically reliable data indicated that with a transition of hypodynamia to
nommal and hyperdynamia the weight of the studied bones (table 1) increased
in the animals of all lines. One should note that under conditions of
limited mobility the weight of the bones was altered considerably greater
than under conditions of increased muscle activity. This is governed,
evidently, by osteoporosis that developed in the bones of the animals under
conditions of hypodynamia (Bykov, Novikova, Ivanova, 1970; Delling et al.,
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1970; Mateyev et al., 1970; Nikityuk, 1971; Mach, 1971). The growth of the

scapulae and huveral bones in length was delayed in the hypodynamic and stimu-

lated in the hyperdynamic animals of all lines (figure 1), It was estab-
lished that analogous statistically reliable changes are cbserved also in

/69

the transverse growth of the studied bones of the animals in limits of hypo,

normal and hyperdynamic groups (table 2).

TABLE 1. WEIGHT OF BONES OF FORELBEG (mg) IN ANIMALS OF DIFFERENT LINES
DEPENDING QN DYNAMIC PATTERN*

Noxrmal ) i
Animal : . ! Rumer Humeral
Bone Bone Bone
| i ' .

Mice ! 79 o"! 138 03“ 20,1£0,5] 167203 25,1203 o
7B 6 6.3:0-2 =V 80, P 1 0, W I Wy S — "’.;.,
g.f’a 1/ 34=02] 126%03 ls.t:o.a‘f 22,4+0,2] 185%0.2 26,0+02 * .
OCSTB/MV 00+02) 151202 | 132£03] 26,102} 201=02 273%02 .
F 14,1£03] 23,0+02| 226+03) 278+03| 254£03 309+02 -«
1 )
R:Lt;ust 393+09( 101,6+09' 62506, 1299+05| 72106 | 1366=05. .
Wistar 436+05; 117,7+04 68.5t0.5l 139,708 83907 | 149,008 «-

*he intralinear and interlinear difference in all cases is reliable.
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Figure 1. Scapulae and Humeral Bones of Inbred Rats Under Hypo-, Nommal-

and Hyperdynamia (From Right to Left):
Upper line--animals in August line; lower line--Wistar lines
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TABLE 2. MEASUREMENTS OF BONES IN FORELEG SKELETON (m) IN ANIMALS OF
DIFFERENT LINES DEPENDING QN DYNAMIC PATTERN*

Animal Width of
Diaphysis
of Humeral

Bone

Mégews 6,05::0.08 m::oml 6862004 1,1420,01 7222002 | 1,30+0,02

CBA -7.15£004] 1,1220,02 731002 I-2\10.0'-; 7.49+0,02 | 1,41+0,02

OC57Br/Mv 7.46+0011] 1,3320.02 ;3&?882 :gl 38'8; 7,78+0,03 | 1,6420,02

Fy 792002 1,462003 020,03} 1,540, 8,15+0,04 | 1,7840,02

Rats sl o67+0.01 §1,95+0,03¢ 2,21 0,02 12.32+0,01 | 2,35=0,01

August 09008 2 | 12374001 ] 2385001 ot | 251200

Wistar 12,01 20,02 e,mzomt 2, 011 2, | 12,6220,0 512001

*Intralinear and interlinear difference in all cases is reliable

At the same time one should stress that all the longitudinal and trans-
verse dimensions of the flat and tubular bones of the fore extremities of
the growing animals of different lines under conditions of hypo~, normal
and hyperdynamia reach their genetically predetermined limit, which is
indicated by the reliable interlinear differences of these signs (figure 2,
3). Taking into consideration the hamogeneity in the groups of hypo-, nommal
and hyperdynamic animals that we studied we are justified in explaining the /70
presence of interlinear variability of these indices due to the genotype
predisposition of the linear animals to the mechanical loads and underloads.
According to all the osteametric indices the hybrids of the first generation
F) exceed their parental forms of the linear mice CBA and C57Bl/6, which
indicates the manifestation of the phenomenon of heterosis in all the
studied motor patterns.
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length of Scapulae in Inbred Animals of Different Lines
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Figure 2.
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Length of Humeral Bone in Inbred Animals of Different Lines
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