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Comparison of Muscle Tissue from Normal and Dystrophic Chick at 
Different Stages of Development.* (30445) 

D. FAY MORGAN AND HEINZ HERRMANN~ 
Institute of Cellular Biology, University of Connecticut, Storrs 

Explants of pectoralis muscle from hatched 
dystrophic chick show a greater deterioration 
of histological structure and a more pro- 
nounced spreading of cells than similar ex- 
plants from normal chick muscle of the same 
age( 1) .  These results, as well as biochemical 
analyses by Kaplan and associates (2 ) ,  Cos- 
mos(3) and Perkoff (4 ) ,  indicate that in dys- 
trophic chick muscle maturation is delayed. 
Tn the experiments reported here, it was in- 
tended to define further the beginning of this 
apparent developmental retardation in dys- 
trophic muscle. Since the DNA level has 
been found to be higher in muscle of newly 
hatched dystrophic chick than in that of nor- 
mal animals( 5 ) ,  determinations of the DNA 
content were carried out in the normal and 
dystrophic muscle a t  different stages of de- 
velopment. As a second index of the state of 
maturation, the rates of amino acid incor- 
poration into muscle proteins were measured 
in vitro using muscle preparations immedi- 
ately after dissection of the tissue or after 
explantation of muscle for several days. 

Materials and methods.  The origin of the 
normal and genetically dystrophic chick 
muscle tissue and the explantation technique 
were described previously ( 1 ) . Only pecto- 
ralis muscle was used in the present tissue 
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culture experiments. An explantation period 
of 5 days was chosen because only small 
changes occur in the measured incorporation 
on further in vitro maintenance up to 11 
days. For the measurement of amino acid in- 
corporation about 7 to 10 mg of a mince or 
of a single bundle of fibers (strap) were incu- 
bated in a Dubnoff shaker for 2 hours in 10 
ml beakers with 1 ml of a tissue culture me- 
dium(6) from which glycine-C12 was omitted, 
adding 1 pC of g 1 y ~ i n e - l - C ~ ~  (Spec. Act. 5.49 
mc/mM) to each sample. The freshly dis- 
sected material was suspended in the incuba- 
tion medium. The tissue incubated with gly- 
cine- l-C14 after explantation remained at- 
tached to the coverslips on which it was ex- 
planted ( 1).  The  explants were washed before 
adding g 1 y ~ i n e - l - C ~ ~  by 2 ten-minute incu- 
bations in a Dubnoff shaker with 2 ml ali- 
quots of the glycine-free medium in order to 
remove glycine present in serum. After incu- 
bation, soluble material was removed by 2 
washings with cold 5% trichloracetic acid 
and one washing with hot alcohol ether (1: 1).  

The DNA was extracted with hot per- 
chloric acid and its quantity determined ac- 
cording to the method of Burton(7). The 
residue was collected in 3 ml centrifuge tubes 
and 0.2 ml each of HCl and acetic acid were 
added. The centrifuge tubes were capped and 
kept at 95". After 5 hours the acid mixture 
was driven off with jets of air while main- 
taining the tubes at about 110°C. The now 
easily soluble dry residue was taken up in 
water, plated on aluminum planchets, and 
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TABLE I. Contents of DNA and Protein aiid Iiieorporation of Glycine-l-CJ4 into Protein in  
Mime of Pectoralis M L ~ s c ~ ~  from Normal arid Dystrophic Chick at Different Stages of Develop- 

ment. 

DNA, PN, 
Day Fg/mg pg/mg PN/DNA Cts/pg DNA Cts/pg PN C t d m g  F W  

11 E N ( 5) 2.1 k .I 3.7 2 .1 1.8 2 .1 419.3 k 49.7 228.8 2 22.6 842.3 k 87.8 
1 6 E  N ( 6) 2.8 2 .04 5.7 2 .2 2.0 k .I 731.9 2 13.1 87.8 2 19.7 368.4 k 34.4 

D ( 6 )  2.8 -t .1 5.8 2 .2 2.1 2 .1 134.5 I+ 20.3 79.6 2 22.4 374.1 50.5 
18 E N (11) 3.1 2 .1 7.6 t .3 2.5 2 .I 76.8 5 5.8 29.9 2 3.2 237.3 & 15.1 

D ( 7) 2.7 2 .I 7.1 k .5 2.6 .1 92.6 11.0 32.8 2 5.2 25m0.7 31.6 
21 E N ( 5) 3.0 & .2 8.9 .5 3.0 2 .I 66.1 k 5.8 22.0 2 1.3 194.5 2 14.9 

1) ( 5) 3.4 k .1 10.0 t .4 3.0 k .1 65.7 k 10.4 22.0 k 3.1 216.6 -1- 27.0 
2 13 N (10) 2 . 4 k  .1 8.6 -+ .4 3.6 I+ .2 94.6 4.1 27.3 k l . G  230.0 k 13.3 

D (10) 3.4 -+ 2" 8.8 .4 2.6 k .I+ 62.1 k 7.1" 23.4 2.3 203.2 2 16.1 
4 H  N ( 5) 2.6 k .1 9.7 2 .4 3.8 2 .3 83.1 t 11.1 21.4 1.1 210.4 & 16.9 

D ( 5) 3.8 k .4* 10.6 2 .8 3.0 k .4 66.2 e 13.3 25.5 2 2.9 268.4 & 33.3 
7 H N ( 8) 2.0 .1 14.1 rf: .8 7.5 k .8 49.2 t 6.1 7.3 2 1.3 97.6 k 13.8 

11 N (34) 1.2 k .1 17.8 k .5 16.6 2 .9 31.5 2.7 2.1 2 .2 35.9 & 2.8 

( 9) 2.7 e .2* 12.2 t .8 4.8 2 .5* 64.2 & 7.1 15.1 t 2.3" 175.4 23.1" 

D (28) 1.8 k .l* 14.7 k .4* 8.6 k .5* 60.0 k 4.4" 9.1 k 1.5" 105.5 t 7.7" 

Numbers in  parentheses indicate triplicatc analysis o n  tissue from individual chick for 18 
(E) to 11 (H) .  A t  11 (E) tissue from 3 embryos arid a t  16 (E) tissue from 2 embryos were 
pooled per sample. 

* Indicates significant differences (p  <.05) between normal and dystrophic muscle. 
E :  days of embryonic development; H:  days of post-hatching development; N :  normal 

All tabulated values shown are means 
muscle; D:  dystrophic muscle; P N :  protein nitrogen; F W :  freshweight; Cts: counts/min. 

standard errors in Table I <and 11. 

counted in a Nuclear Chicago counter (D47) 
with micromil window. PN was determined 
by Nesslerization. 

Results. The DNA contents were similar 
in muscle from normal and dystrophic chicks 
(Table I ) ,  both increasing slightly from the 
16th to the 21st day of development (E).$ 
Immediately after hatching ( 2 1  days of de- 
velopment) the DNA content of the normal 
muscle declined while the DNA level of the 
dystrophic muscle stayed at  a high level un- 
til 4 days (H).  After the 4th day (H) the 
DNA content of the dystrophic muscle began 
to decline but a difference of about 1 pg of 
DNA per mg of muscle was maintained up to 
11 days (H) of development. 

The protein content of the normal muscle 
tissue increased sharply during 1 1 - 18 days 
(E) and 4-11 days (H) of development. 
Values for the dystrophic muscle were simi- 
lar to those of normal muscle from the 16th 
day (E) to 4 days (H),  becoming slightly 
but significantly lower than normal muscle 
by the 11 day (H). 

$ (E) and (H) indicate days of pre-hatching and 
pos t-ha tching development respectively. 

Incorporation rates were calculated as 
counts per mg freshweight, per pg protein 
nitrogen and per pg DNA. Incorporation of 
the labeled glycine followed a linear course 
during the 2-hour period of incubation. In a 
tissue-like developing muscle in which the 
proportion of cell constituents changes, an 
interpretation of incorporation data is facili- 
tated by the calculation for all 3 parameters. 
From Table I it can be seen that in the nor- 
mal muscle the incorporation rate declined 
sharply from the 11th to the 18th day (E) 
for each form of calculation. From the 18th 
day (E) until 4 days (H) there was not 
much change in the rates of incorporation 
calculated for freshweight and protein nitro- 
gen. From the second to the fourth day (H),  
significantly higher values were observed for 
the counts per DNA only in normal muscle 
in which a drop of the DNA level occurred. 
Incorporation rates per freshweight or per 
PN did not follow this drop in DNA content 
and were at this phase independent of the 
DNA content per freshweight. After the 
fourth day post-hatching incorporation rates 
dropped in both muscle types when calcu- 
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TARLF: T i .  1,XA n i i d  T'rotoiii Coiit.riit,s ;111(1 Jiicoi~~~ot~:itioi~ o f  Glyciiiti-1 - ( " I  i i i t o  Str:il)s ant1 
Mince of PwtnraLis Muscle from Nornial :ciid I)ystrophic 11-ljay Hatched C'liick. hleasurrmrnts 
were made ininiediwtcly after dissection of tissue ( 0  time) and after esplantation of tissue 

prqxiratioiis for  5 days. 

DNA, PN, 
S t rq ' s  p g / m g  ,ug/mg PN/l)NA Cts/pg DNA Cts/pg P N  Cts/mg FW 

~~ 

0 Time S (13) 1.4 k.1 17.4 * .5 13.4 f: 1.1 
D (12)  2.1 k .14 14.6 _t .6 7.4 2 .ti 

5 Day ex- N ( 9) .5 2.03" 10.9 IT .4 23.9 t 1.4 
plalit D ( 9) .8 &.US 8.3 & .8 11.8 f: 2.0 

0 Time X (31) 1.2 k.1 17.8 ..5 16.6 f: .9 
Mince 

1) (28)  1.8 k . 1  14.7 IT .-I 8.6 2 .5 

p1:Lllt 1) (12) .(i &.(I(; 7 . 2  +I.? I(i.8 ?.:< 
5 J ) : I J  C'X- S ( I ( ; )  .L' 5 . 0 4 "  10.(i ,? 51.:< f: 7.2 

43.7 I+ 7.4 3.2 f .3* 54.8 2 5.3" 

469.4 & 47.3 20.3 5 1.5" 218.3 & 17.1" 
598.3 & 46.U* 64.5 & 9.8 485.3 & .9 

71.4 11.2 9.5 2 1.0 133.7 & 13.4 

31.5 & 2.7 2.1 & .2* 35.9 & 2.8" 
60.0 t 4.4 9.1 & 1.5 105.5 t 7.7 

433.4 & 40.7 11.2 _t 1.8" 115.0 t 18.5" 
782.3  f: 52.4" 57.0 f: 6.2 453.8 2 43.8 

* Significant difference bctwc.en straps aiici niirice (p  <.05). 
See Table I for other symbols. 
Explants were maintained in sgiitlic4ic medium ( 6 )  with 5% holrse serum. 

lated for the 3 bases of reference but the de- 
cline in dystrophic muscle was slower than in 
normal tissue. 

Comparison of incorporation rates of gly- 
cine into proteins after in z d r o  culture for 5 
days was carried out with 11 day (H)  nor- 
mal and dystrophic muscle which were ex- 
planted as mince or straps. Comparison of 
the values given for the beginning and the 
end of the explantation period (Table 11) 
shows that DNA and protein were lost from 
the explants. Loss of DNA was greater than 
loss of protein. Also, in proportion to the 
initial values the loss of DNA was somewhat 
greater in normal than in dystrophic muscle 
explants and more pronounced in the minced 
samples than in the straps. Such differences 
were not apparent for the protein values. 

At the beginning of the explantation period 
the dystrophic muscle showed a higher rate 
of incorporation than the normal muscle (Ta- 
ble 11). In both muscle types a marked in- 
crease in incorporation rate occurred during 
the 5-day period of culture in vitro, and at  
the end of explantation the incorporation val- 
ues for dystrophic muscle were still a t  a sig- 
nificantly higher level than for normal muscle. 
This held when calculated for all 3 parame- 
ters in the case of the minced explants, while 
the difference between normal and dystrophic 
muscle straps was not statistically significant 
when calculated as cts/pug DNA. As pointed 
out before, a somewhat greater decline oc- 
curred in DNA content of the normal than 

in that of the dystrophic explants which led 
to a relatively greater increase in the counts 
per DNA for the normal muscle and hence to 
a smaller difference between the values for 
the normal and dystrophic tissue. 

Discussion. An increased DNA content has 
been observed in dystrophic chick and human 
muscle( 5 ) ,  in muscle from mice with heredi- 
tary dystrophy(8,9) and in rabbit muscle 
from tocopherol-deficient animals (9,lO). The 
present data indicate that during embryonic 
development the measured parameters are 
similar in normal and dystrophic muscle up 
to the 18th day of development, but after 
this stage of development the DNA content 
of normal muscle is lower than in dystrophic 
muscle. The decline in DNA content which 
begins in normal muscle immediately after 
hatching is delayed in the dystrophic muscle 
for 4 days. At the time of hatching the 
chicks used in these experiments, which were 
bred for early onset of abnormal symptoms, 
showed muscular weakness in the flip tests. 
The number of nuclei in the muscle fibers 
was increased, but otherwise the muscle fibers 
looked normal in the light microscope and 
there was no indication of cellular infiltration. 

The decline in amino acid incorporation 
into in vitro preparations of normal muscle 
begins 4 days after hatching. The dystrophic 
muscle maintains a high rate of incorpora- 
tion for a longer period. Values for muscle 
from 11-day (H)  old dystrophic chicks are 
similar to those for muscle from 7-day (H) 
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old normal chicks. Protein synthesis shows 
embryonic characteristics also in explants. 
When muscle from 11-day (H)  chick is ex- 
planted for 5 days the amino acid incorpora- 
tion increases sharply in strap and minced 
explants from both the normal and dystrophic 
muscle but reaches a higher value in the 
explants from the dystrophic muscle, similar 
to that of explants from embryonic muscle. 
A more rapid protein turnover in proteins 
from dystrophic muscle has been previously 
observed ( 1 1,12,13). In  view of the obser- 
vation of a more effective amino acid trans- 
port system in embryonic(l4) and in dys- 
trophic muscle ( 15,16) it remains undecided 
to what extent the elevated values for amino 
acid incorporation in embryonic and in dys- 
trophic muscle are due to this more rapid 
accumulation of tracer amino acids in the 
pool or to the more rapid utilization of 
amino acids in peptide synthesis. 

The data presented here corroborate earlier 
findings cited above which indicate a retarda- 
tion of muscle maturation in dystrophic chick. 
Evidence is increasing that the dystrophic 
muscle cell retains abnormal characteristics 
under in vitro conditions and therefore the 
defect leading to dystrophy resides most 
likely within the muscle cell itself rather than 
in an insufficiency of the extramuscular con- 
trols, such as hormones. It has been pointed 
out before(1) that the immature state is 
perhaps only a concomitant, and certainly not 
a sufficient, condition for development of the 
dystrophic state. Nevertheless, the possibility 
exists that both retarded maturation and dys- 
trophy are expressions of the same defect of 
the muscle cell. Therefore, mechanisms of 
muscle maturation may be pertinent to the 
problem of dystrophy as well. In  this con- 
nection it should be pointed out that per- 
sistence of DNA accumulation in the develop- 
ing leg muscle of the chick at 16 days (E)  
was found to result from the inactivation of 
the thyroid( 17) and pituitary( 18).  An effect 
on muscle development by steroid hormones 
has been demonstrated ( 19), and several ste- 
roids have been found to alleviate the dys- 
trophic condition in mice(20). A marked in- 
crease in amino acid incorporation into 
minced frog muscle of developing limbs from 

Rana catesbiana occurs in response to thy- 
roxin ( 2 1 ) .  

The extensive cell death and the marked 
stimulation of amino acid incorporation in 
the explanted muscle show that the condition 
of the explants used in the present experi- 
ments limits a comparison between explants 
and intact tissue. I n  this connection i t  may 
be noteworthy that the differences between 
the mince and strap preparations in respect 
to loss of DNA and amino acid uptake at 
zero time and after 5 days of explantation 
are, even where significant, relatively small. 
This must mean that whatever changes are 
taking place in these tissue preparations can- 
not be the result of the more far reaching 
mechanical injury in the minced tissue. The 
nature of the cell alterations which lead to 
the loss of DNA and the increase in amino 
acid incorporation is obscure. Therefore, 
conditions will be explored for in vitro main- 
tenance of the muscle cultures in which loss 
of DNA and stimulation of protein synthesis 
are suppressed. 

Sumnzary. 1. Evidence is presented to sup- 
port the view that dystrophic muscle is re- 
tarded in its post-hatching maturation. DNA, 
PN, and incorporation levels were determined 
in developing chick normal and dystrophic 
pectoralis. By 11 days post-hatching, dys- 
trophic muscle has a higher DNA content, 
greater incorporation of glycine- 1 -CI4 into 
protein, and a lower PN content correspond- 
ing to the levels found in younger normal 
muscle. 2 .  After 5 days in vitro, normal and 
dystrophic muscle explants from 11-day 
hatched chick lost DNA and PN. In addi- 
tion, the rate of protein synthesis was in- 
creased. Again, in explants the dystrophic 
muscle showed properties similar to those of 
normal muscle of a younger age. 
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Mr. C. Anderson for expert assistance, and to Drs. 
W. Landauer and L. Pierro, Animal Genetics Dept., 
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of dystrophic chicks. 
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Spontaneous Leukemia in Gerinfree AK Mice.* (30446) 

&I. POLLAKD, AI. KAJIMA AND B. A. TEAH 
Loblind Laboratory, Ultivursiiy of Xoire Damp, N o t r e  Daiiiu, Ind.  

The strain AK mouse was developed, by 
selective breeding, for high incidence of spon- 
taneous leukemia( 1) ; most of them usually 
die of lymphatic leukemia by 12 months of 
age. The nature of the “trigger” which initi- 
ates the leukemic disease is unknown; how- 
ever, a virus has been clearly incriminated 
in pathogenesis of the disease. A virus re- 
covered from leukemic AK mice has been 
adapted by passages to other strains of mice 
and to rats, and is designated Gross strain 
A leukemia virus(2). The adapted virus in- 
duces lymphatic leukemia in mouse strains 
which under normal circumstances have a 
low incidence of spontaneous leukemia. Mice, 
as well as rats, are most receptive to the 
virus if they are inoculated shortly after 
birth. 

Lymphatic leukemia has been induced by 
X-irradiation in significant numbers of 6 
strains of germfree and of conventional coun- 
terpart mice( 3,4). They included Swiss-Web- 

* This investigation was supported by USPHS re- 
search grant CA-07721-03 and by a grant from 
United Health Foundations of Indiana. 

ster, ICR, C3H, C57 BL, CFW, and Balb/C 
strains. The incidence of induced leukemia is 
highest in the Swiss-Webster and lowest in 
the Balb/C mouse strains. The lesions ob- 
served in them were basically the same: en- 
larged thymus and lymph nodes, and lesser 
numbers of them with lymphoblastic infiltra- 
tion of visceral organs and blood. Virus-like 
inclusions were noted in and around thymus 
cells of the “normal” and of the leukemic 
germfree mice by electron microscopy. On 
this basis, these mice are designated “germ- 
free.” 

Leukemogenic virus is thought to be dis- 
seminated to progeny AK mice by congenital 
route(s), where it rests in quiescent but ob- 
servable condition until the spontaneous dis- 
ease appears. I t  is likely that a defect de- 
velops in the normal homeostatic “cell control 
system,” thereby permitting the disease to 
become manifest. The biochemical mecha- 
nism whereby spontaneous leukemia is initi- 
ated and is evolved in AK mice is unknown. 

The observations presented here concern 
spontaneous leukemia in germfree AK mice. 


