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Variation in  Epiphyseal Maturation of iMedial Epicondyle of Humerus 
in Inbred Strains of Mice. (25569) 

L. SOK.OLOFF, G. E. JAY, JR. AND L. K. K A N L W L P ~ ~  (Introduced by E. Lerner, IT) 
Lab. of Pathology and Histochemistry, Nut .  Inst. of Arthritis and Mrtabolic DisPases 

and Nut .  Cancer Inst., D H E W ,  Bethpsda, M d .  

In  previous studies, patterns of develop- 
ment of epiphyses of knee and head of femur 
of mice during second year of life were de- 
scribed ( 1,2 ) . These studies were carried out 
to determine sources of difference in occur- 
rence of spontaneous degenerative joint dis- 
ease in various inbred strains; and more par- 
ticularly, whether development of osteoarth- 
ritis of the knee in various strains paralleled 
progression of epiphyseal closure as animals 
aged. No such relationship was observed. 
The present studies deal with ossification and 
closure of epiphyses during first 2 months of 
life rather than the second year. It was thus 
hoped to learn (1) whether there is a corre- 
spondence between rates of early and late epi- 
physeal development within individiual strains 
and (2) whether there is a relationship be- 
tween early skeletal maturation, and later de- 
velopment of osteoarthritis. 

Materials and methods. Two experiments 
were carried out: Exp. A .  Development of 
epiphyses at distal end of right humerus was 
traced histologically in 2 groups of mice dur- 
ing the first 2 months of life as follows: Two 
male and 2 female littermates were killed a t  
daily intervals during the first month and, 
non-littermates following weaning a t  intervals 
of 2 days uintil day 62. In  the first group were 
strains A/HeN, A/LN, C3H/HeN and 
BALB/cAnN, born in February, and housed 
in groups of 4 or 5. All animals received Pur- 
ina Lab. Chow and water ad lib. In the sec- 
ond group were C3H,/HeN and DBA/2JN 
mice, born July and August, housed initially 
following weaning, in groups of 12 to 15  in 
large cages containing 2 food hoppers and 
water bottles, rather than shoebox type cages 
as in the previous group. As space became 
available, they were separated into smaller 
groups as in the preceding. Tissues were fixed 
either in neutral formalin or Bouin’s solution. 
Decalcification and staining procedures were 
as previously described. Serial sections were 

made in a coronal plane. Exp. B .  Specific 
ages of mice were chosen for comparing ossi- 
fication of medial epicondyle with osteoarth- 
ritis of the knee, since some strains varied 
largely in these 2 measurements. The experi- 
ment included strains having earlier and later 
maturation times of the medial epicondyle 
and knee, as well as differences in occurrence 
of the joint disease (A/LN, I)BA/2 JN, STR/ 
1N and C57BL/6JN). An attempt was made 
to obtain 15 pairs (littermates) of males for 
each strain. Tn each pair, 1 animal was killed 
a t  60 days of age for examination of elbow, 
while the other was killed a t  16 months for 
evaluation of arthritis. Intercurrent diseases 
reduced the number of animals in several in- 
stances (Table I )  . Production difficulties 
made consistent use of littermates impossible 
in STRjlN and precluded use of certain other 
strains, such as C57L/HeT\; which might have 
been desirable because they have a high de- 
gree of epiphyseal closure of the knee( 1) .  
Knees were macerated with papain and evalu- 
ated for osteoarthritis according to criteria 
described previously. The following scheme 
was employed for grading degree of epiphyseal 
maturation: 0 = no ossification of epiphysis; 
4+ = complete ossification and union of epi- 
physis. It was possible to estimate the extent 
of ossification and of closure to the closest J/z 
in units of 1 to 4+. “Degree of epiphyseal 
maturation” was computed by dividing the 
sum of the grade of ossification and of closure 
by 2. It was noted, as observed by others, 
that foci of degenerated cartilage were often 
present in the epiphyseal plate without imme- 
diate vascular penetration or bony union. 
These were disregarded, and only vascular re- 
sorption of the plate or communication of 
hematopoietic tissue between diaphyseal and 
epiphyseal spaces recorded. 

Description of epiphyses of distal humerus : 
Configuration and seyuence of epiphyseal os- 
sification of the distal humerus of mice corre- 
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sponded closely to that described in the rat 
by Becks and coworkers(3). There was ii 
main center of ossification in the trochlea that 
united with the diaphysis of the hunierus im- 
mediately distal to the olecranon fossa, and 
a secondary center in the medial epicondyle. 
The  plate of the latter was perpendicular to 
the former. The  earliest changes in formation 
of the secondary center were a vesicular en- 
largement of lacunae of cartilage cells and 
peDetration of blood vessels from the peri- 
chondriuni into them. Epiphyseal plates Lvert. 
intact for a short time, focal disruption IJJ- 
penetrating blood vessels taking place before 
the epiphysis had completely expanded or os- 
sified. The present method of grading degree 
of epiphyseal maturation has taken into ac- 
count both degrees of ossification and of clos- 
ure of the plate. The  epiphyses of the distal 
end of the hunierus of mice have been studied 
previously by Johnson (4)  and Dawson ( 5 ) . 
Secondary centers in the capitellum a n d  troch- 
lea were found by the former a t  5 days, 1 1  
hours of age: the niedial condyle center a t  (1 
days: and one in the lateral condyle a t  10 
days. Dawson observed the distal epiphj,si.; 
to close at 2 1  days. 

Results. Exp. A .  I n  first and second 
groups, there was little variation between ani- 
mals in rate of development of the distal epi- 
physis of the humerus within individual 
strains. Development was completed a t  2s 
days of age in the X T X  mice: 32 days in 
BALBIcAnN; and a t  36 days in A/HeN. 
Development of the medial epicondyle epiphv- 
sis was uniform in most strains ( 
H e S ,  HALB cAnS:  also D B X  2JN and 
STR ' 1K in Exp. B ) ,  but less so i n  2 (-4 H e S  
and, in experiment B, in C'57BL 6JN. There 
was considerable variation between strains in 
degree of maturation achieved by the medial 
epicondyle by day 62. Tn strain A/LN, there 
was virtually complete ossification with fusion 
in all animals 52  or more days of age (Fig. 
1A) while in others, as DBA/  2 J N  (Fig. 1 B  ) . 
no fusion had taken place. The findings in 
the C3H/HeN animals were comparable re- 
gardless of whether animals were born in  
February or July. Tn neither trochlear nor 
medial epicondyle was an  unequivocal dif- 
ference in rate of maturation found between 
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A/IiN 15 4.0 2 .2 14 0 

STR/1N 14 2.1 2 .03 15 8.1 2 . 3 1  
DEA/2JN 15 2.0 13 .8 2 .18 

C’57RL/GeJN 15 1.4 t- 2 3  11 .2 k . 2 6  

:+ 60 days old. t 16 1110 old. 

the sexes; the process was more rapid in 
males, if anything. 

Exp. B .  Development of the epiphyses of 
the A/LN and DBAj2JN a t  60 days was 
identical with those noted in Exp. A, and de- 
gree of osteoarthritis of the knees of the 4 
strains quite comparable to that observed in 
the same strains several years earlier (2 ) .  

Our findings are summarized in Table I. 
The 2 strains having a low degree of osteo- 
arthritis, A/LN (0) and C57BL/6JN (0.2), 
which are not significantly different with re- 
spect to this measurement ( t  = .6, p - S ) ,  
had, however, highly significantly different de- 
grees of epiphyseal maturation (A/LN was 
4.0; C57BL/6JN was only 1.4; t = 7.67, 
p<.Ol). The STR/lN and DBA/2]N mice 
had nearly identical degrees of epiphyseal 
maturation (2.1 and 2.0 respectively) but dif- 
ferences in severity of osteoarthritis (2.1 and 
0.8) were highly significant ( t  = 3.58, p<  
. O l )  although there was wide variation within 
a strain. 

Discussion. Our studies demonstrate that 
early closing epiphysis of the medial epicon- 
dyle of the humerus develops a t  different rates 
in various strains of mice. These rates are 
quite constant in these strains over many gen- 
erations. They were not affected, within lim- 
its of experiments, by season in which animals 
were born or numbers housed together. Al- 
though infantile diarrhea occurred in the 
C3H/HeN colony in Exp. A, first group, the 
mice studied here were selected to be unaf- 
fected by it and had bone changes comparable 
to those in Exp. A, second group, where they 
had normal weight curves. 

No distiinct sex differences in rate of epi- 
physeal maturation of the elbow were ob- 

served. This is in contrast to findings in late 
closing epiphyses of hip and knee( 1,2) in 
which ossification is more advanced in males. 
The findings are at some variance with the 
observations of Silberberg and Silberberg (6 ) ,  
that during early development the female 
mouse skeleton is physiologically older than 
the male, although the male thereafter may 
overtake and exceed the female. Comparison 
of humeral maturation with that of the knee 
of the same strain indicates that there is no 
consistent relationship between rate a t  which 
epiphyses mature early in life in mice and 
ultimate progression of those that remain open 
till late age (Fig. 2) .  

Silberberg and Silberberg observed that 
the rate a t  which epiphyseal cartilage under- 
goes the sequence of proliferation, regression 
and bony union, i.e., skeletal time curve, 
varies among different strains of mice. 
C57BL mice, showing slow skeletal growth, 
had more spontaneous degenerative joint dis- 
ease and responded to high fat diet with ac- 
celerated skeletal aging and more osteoarth- 
ritis than did DBA mice that had a rapid 
skeletal growth under ordinary conditions ( 7 ) .  
Furthermore, young mice were more suscep- 
tible to accelerated epiphyseal and articular 
cartilage aging, induced by high-fat intake for 
5 months, than were older ones( 8) .  Because 
previous studies( 1,2) failed to disclose a close 
relationship between late epiphyseal aging 
and articular degeneration in mice, we in- 
quired whether the differences in prevalence of 
spontaneous osteoarthritis in different strains 
of mice correspond to early changes in skele- 
tal development rather than late ones. We 
demonstrated that maturation of early closing 
medial epicondyle epiphysis does not bear any 
relationship to ultimate development of osteo- 
arthritis in the same strain. Thus, sources of 
differences in which spontaneous osteoarthritis 
occur with varying frequency in different 
strains of mice must be sought outside early 
or late rates of skeletal “aging” of these 
s t r ains . 

Summary and conclusions. Rate of ossi fica- 
tion and closure of epiphyses of the medial 
epicondyle of the humerus was studied in 7 
inbred strains of mice. The rate of develop- 
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nicnt varied sigiiificantly in different strains 
but horc no relationship to occurrence of clc- 
generative joint disease, or to ultiinatc epi- 
physeal development of knee or head of fe- 
mur previously found to occur late in second 
year of life. 

G r a t e d  acknowledgement io r  statistical comput:i- 
tions is made to Joan  Gurian. 
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Heterogeneity of Insulin-Antibody Coinplexes in Rabbits and Guinea Pigs. 
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Presence of insulin-binding antibodies i n  
human subjects treated with commercial mix- 
tures of beef, pork insulin (1 )  and in guinea 
pigs and rabbits immunized with beef or pork 
insulin(2) has been established with use of 
insulin-11’31 and paper chromatoelectrophoresis 
of insulin antiserum mixtures. Kinetic studies 
of rates of formation and dissociation of in- 
sulin-antibody complexes and analysis of 
equilibrium mistures have indicated the he- 
terogeneity of complexes formed in human 
antiserums( 3-6) .  Heterogeneity in this case 
appears to be due to presence of 2 (or more) 
distinct orders of antibody combining-sites 
rather than to differences in stoichiometric 
proportions of insulin and antibody in the 
complexes( 5 ,6) .  Since human antiserums 
contain antibodies to both beef and pork 
insulins, heterogeneity of insulin-antibody 
complexes might be due to antibodies 
directed against different antigenic deter- 
minants in beef and pork insulin or to sepa- 
rate antibodies directed against multiple dis- 
tinct antigenic sites in each insulin derived 
from a single species ( 6 ) .  In our study guinea 
pigs and rabbits have been immunized with 
either beef UY pork insulin. Tnsulin-binding 
antibodies in antiserums of these animals re- 
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act with insulin to form heterogeneous anti- 
gen-antibody complexes. 

M e t h o d s .  Analytic and technical methods 
follow procedures described by Berson and 
Yalow( 1.5,6). In “equilibrium state” studies, 
mixtures of antiserum and beef or pork insu- 
lin (containing trace amounts of same species’ 
insulin-P1) were incubated a t  3 7 O until equi- 
librium was reached (usually about 4 hours) 
and then analyzed by paper chromatoelectro- 
phoresis for insulin bound to antibody( B )  and 
unbound (“free”) insulin (F) . Considera- 
tions based on the law of mass action indi- 
cate that when antiserum concentration is 
kept constant while insulin concentration is 
varied, the ratio B /F  is a linear function of 
concentration of bound insulin ( B )  only if 
insulin is univalent and all antibody combin- 
ing-sites are of a single order( 5,6). A curvi- 
linear relationship is expected if insulin is 
multivalent and/or if there is more than a 
single order of antibody combining-sites. In 
5 guinea pig and 3 rabbit antiserums studied, 
plots of B F 11s. B were curvilinear (Fig. l ) ,  
a finding which is consistent with either of the 
last 2 alternatives. 

In  “transient state” studies, only 
dissociation experiments are analyzed. Fol- 
lowing attainment of equilihrium between 

Results. 


