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Increased serum aldolase ( 1,2 ) and gluta- 
mic-oxaloacetic transaminase (3) (SGO-T) ac- 
tivities have been observed in human progres- 
sive muscular dystrophy. Elevations in se- 
rum aldolase activity have also been reported 
in hepatitis(4,5), prostatic carcinoma( 6,7), 
and acute myocardial infarction (8) of man. 
Only recently, enzyme studies in mice which 
show a hereditary muscular dystrophy, re- 
vealed increases in serum aldolase activity 
(9 ) .  These studies indicated an unchanged 
muscle aldolase activity in reference to non- 
collagen protein nitrogen of the tissue. Suc- 
cinoxjdase activity of dystrophic muscle tis- 
sue was not significantly affected, while cyto- 
chrome oxidase and cathepsin activities were 
markedly increased (9) .  In  human patients 
with muscular dystrophy, it has been reported 
that serum GO-T activity increases while mus- 
cle GO-T activity, in reference to non-collagen 
protein nitrogen, remains unchanged ( 10). 
Weinstock et al. (9) have tentatively con- 
cluded that in human clinical muscular dys- 
trophy or atrophy from neurotomy, glyco- 
lytic enzyme activity generally decreases and 
respiratory enzyme activity is not affected. In  
contrast to this, respiratory enzyme activity 
tends to increase and glycolytic enzyme activ- 
ity remains relatively unchanged in muscular 
dystrophy induced by Vit. E deficiency or the 
hereditary type observed in inbred mice. Myo- 
cardial infarction( 11) and hepatic necrosis in 
dogs( 12) has recently been found associated 
with increased SGO-T activity in serum. It 
has also been observed that in bovine (13) and 
ovine( 13,14) white muscle disease, a marked 
increase in SGO-T activity was present. Kut- 
tler and &tarble( 14) observed increases in 
SGO-T activity in experimental white muscle 
disease of sheep as early as 12 days prior to 
development of clinical signs of the disease. 
They observed that levels of SGO-T roughly 
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paralleled severity of clinical symptoms. Nor- 
mal values concerning plasma and tissue ac- 
tivity of GO-T in chickens and other domestic 
animals have been reported by Cornelius et al. 
( 1 2  ) . Asmundson and Julian ( 15) described 
an inherited muscular abnormality in New 
Hampshire chickens. Gross and microscopic 
pathology of muscles appeared comparable to 
some of the muscular dystrophies of man. 
They reported that the affected birds exhib- 
ited wider breasts and shorter bones than nor- 
mal individuals and were homozygous for 
autosomal recessive gene. Continuing with 
these investigations in chickens, the present 
study was undertaken to determine the fol- 
lowing: 1. Plasma aldolase and GO-T activi- 
ties in normal homozygous and heterozygous 
non-dystrophic male and female New Hamp- 
shire chickens; 2.  Plasma aldolase and GO-T 
activities during clinical onset of inherited 
muscular dystrophy in New Hampshire chick- 
ens of strain 3 of the Univ. of California flock; 
and 3. GO-T activities in tissues of normal 
and strain 3 dystrophic New Hampshire 
chickens. 

Materials and methods.  Individual hepar- 
inized blood samples were collected by veni- 
puncture of right jugular vein and centrifuged 
soon after bleeding. Plasma GO-T activity 
was measured by the method of Cabaud et aZ. 
( 16) . Tissue glutamic oxaloacetic transami- 
nase activity was determined by modification 
of procedure of Tonhazy et aZ.( 17). Samples 
were incubated 20 minutes a t  25°C rather 
than at  10 minutes a t  37°C as in original 
procedure. Accordingly, both plasma and tis- 
sue samples were incubated similarly. The 
technic for assaying glutamic-oxaloacetic 
transaminase activity is based upon transfer 
of the alpha-amino group of aspartic acid to 
alpha-ketoglutaric acid. The oxaloacetate 
which results from transamination is con- 
verted to pyruvic acid by aniline citrate. A 
pyruvate-dinitrophenylhydrazone is prepared, 
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TABLE I. Mraii Plasnia, Aldol:!sc. Activitit’s, :I\ Expressed in Dihydroxgacetone’ ’ Units, in 
Hystro1)liic :ind n ’ o m n l  13ii .tI\  of  1:otlr Seses Rlcd :it 4 Successive Ages. 

7- 1)Txtrol)liic- l j i  nI\------- -7 Normal birds 

6 9 3 0 8 9 
Group A Group  N h  

24 4.776 (5) t  1.8Oi (5)  .980 ( 3 )  1.325 (7 )  .955 (5 )  .957 ( 5 )  

50 3.581 * ’  2.014 ” 2.;328 .’ 2.799 ( 7 )  . i28  ” .789 )’ 

34 5.636 ” 4.198 ” 2.1 18 ” 3.334 ” .427 ” .646 ” 

42 2.844 ” 1.730 ’‘ 2 . 4 7 i  ’’ 3.350 (8) .741 ” .678 ” 

Avg 4.209 2.437 1 .!)7(i 2 . i O 2  . i l 3  .768 

extracted with toluene, and measured colori- 
metrically a t  490 mp. Enzymatic activity is 
expressed as pg of pyruvic acid liberated i n  
20 minutes a t  25°C ml of serum or n ~ q  oi 
dry tissue. Plasnia aldolaqe was determined 
by standardization with dihydroxyacetone as 
recommended by Friedman and Lapan ( 18 ) . 
Aldol a se 1 i b e r a t es both gl y c e r a1 d e h y de - 3 -13 h o - 

phate and dihydroxyacetone phosphate from 
fructose- 1. 6-diphosphate. Both trioses ex- 
hibit similar color development in a 60 minute 
period( 19) .  Since both dihydroxyacetone and  
glyceraldehyde produce iden tical chromogen ic 
derivates (methylglyosal-2. 4-dinitrophenvlo- 
sazone and pyruvic-2. 4-dinitrophenyl hydra- 
zone), either triose may be used as secundarv 
standard in place of the more complex analjrsis 
for alkali-labile phosphate previously used. 
In our study. aldolase activity is expressed i n  
terms of “dihydroxyacetone units” in which 
1 unit equals amount of color developed bv 
0.01 mg dihydroxyacetone under the experi- 
mental conditions. All data were subjected to 
statistical analysis by means of analysis of 
variance. Transformations were made of al- 
dolase data to correct for heterogeneity of 
variance ( 20). 

Results. Plasma uldoluse uctizitics: A 
summary of results of individual aldolase de- 
terminations in plasma from both normal and 
dystrophic chickens is presented in Table I .  
Group A consisted of birds which exhibited 
clinical signs of muscular dystrophy a t  onset 
of study, while birds in Group N were free 
from abnormality at that time. All birds ap- 
pearing clinically normal exhibited similar 
normal aldolase activities. Group N,  how- 
ever, showed muscular abnormality a t  second 
sampling, associated with increased serum al- 

dolase activity. The data indicate that a 
pronounced elevation of aldolase activity oc- 
curs in all birds exhibiting dystrophy. Group 
S exhibited no aldolase elevations 7 days 
prior to occurrence of clinical symptoms of 
dystrophy. Elevation in activity of this en- 
zyme in plasma in dystrophic birds may rep- 
resent a change in cellular permeability and/ 
or necrosis. Detailed statistical analyses of 
variances indicated that in dystrophic birds, 
aqe had a highly significant effect, F<0.01 
(Table I ) .  

Furthermore, interaction between groups 
alid ages. and groups and sexes in dystrophic 
birds was also significant a t  same level of 
1)robability. This would indicate, therefore, 
that age and sex of birds as well as presence 
of muscular abnormality influenced the level 
of aldolase activity in plasma. 

Additional data were obtained from 24 dys- 
trophic and 31 normal birds varying in age 
from 64 to 365 days. Considering these birds 
and those reported in Table I, aldolase activi- 
ties were 2 .h20 and .652 “dihydroxyacetone” 
units respectively. Differences due to age 
were significant with a reduction in aldolase 
activity in birds over 7 weeks old. It was of 
special interest to note that when data from 
older birds were examined by analysis of vari- 
ance. the effects of sex showed no statistical 
significance. Considering all aldolase data, 
the major factors affecting plasma activity 
were the phenotype and age of bird. The 
data showed that effect of sex was a factor 
during early growth of birds but not after 
birds had passed the age of 7 weeks. 

Plaswza GO-T activities. Mean plasma 
GO-T activities in normal and dystrophic 
birds are presented in Table TI. Dystrophic 
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birds exhibited elevated serum GO-T activi- 
ties. This difference between dystrophic and 
normal birds was highly significant (P< 0.0 1 ,) 
but no source of variation, main effect or in- 
teraction, was significant except in the case of 
sex difference in the year-old group of dys- 
trophic birds. Furthermore, analysis of data 
for each of the four 36.5-day-old groups, nor- 
mal and dystrophic (Table 11) showed sex 
genotype interaction, significant a t  the Sy2 
level of probability. I t  should be noted that 
fewer determinations of plasma GO-T activity 
were performed on samples from young birds 
than in aldolase activity determinations. Had 
more ages been represented in the plasma GO- 
T series, an effect of age and/or sex might 
have been found. This possibility is substan- 
tiated by the observation that correlation be- 
tween plasma aldolase and GO-T activities 
was highly significant ( r  = 0.69). This cal- 
culation was based upon data from 39 sam- 
ples in which both aldolase and GO-T activi- 
ties were determined. Both sexes and groups 
of birds a t  3 different ages were represented. 

Tissue G O - T  activities. GO-T activities in 
various tissues of mature birds are presented 
in Table 111. In nearly all tissues analyzed, 
GO-T activitylmg dry tissue was higher in 
dystrophic birds. These data show consider- 
able variation in activity of this enzyme 
among tissues. Statistical analysis revealed 
that variations among tissues, as well as dif- 
ferences between normal and dystrophic birds 
were highly significant (P  = < . O l ) .  This 
does r,ot mean that GO-T activity was higher 
in all tissues of dystrophic birds but only in 
the majority of tissues. Higher activities in 

TABLE T I .  Mean Plasma GO-T Activities in Dys- 
trophic and Sormal Birds of Both Sexes a t  Var- 

ious Ages (Ppruvatc Liberated/ml Plasma). 

-ige, Dystrophic birds 9ormal birds 
days 8 9 8 9 

28 648.7 (6) * 649.1 (6) 226.7 (16) 238.2 (17 )  
50 542.0 ( 5 ) t  295.5 (5 ) t  170.0 ( 5 ) t  233.6 (5) t  
87 837.8(13) 771.0(12) 169.5 (5) t 263.7 (4) t 

189 
365 1475.7( 10)  819.3( 15) 346.4( 14) 299.9 (12 j 

Avg 789.6 559.0 228.2 258.9 

443.9 (5) t 260.0 ( 5 )  t 

~ 

* Figures in parentheses refer to S o .  of samples 

t Eoth plasma GO-T and aldolase activities de- 
in iiieaii. 

ter.miiiei1 in  these samples. 

TA1:TiE 111. Meaii GO-T Activitics in  Tissues of 
1 3- to 18-Month-Old 1)ystrophic and Normal Chick- 

ens (Pyruvate Liberated/ml Plasma). 

1) ps t r o phic Normal 

‘T’issiit’ 8 (2)”  9 (4) 8 (3 )  9 (4) 

Buperfici:il I)ector.:rl 134 45 89 71  
Deep pectoral 114 62 80 76 
Biceps 83 123 90 91 

~~1~ 

Gastrocnemius 228 230 138 103 
Gizzard 184 159 129 127 
Heart 547 594 453 48(i 
TJiver 178 321 187 205 
Kidney 243 307 202 228 
Splecri 97 89 78 68 
Brain 144 234 223 203 

* KO. of birds in parentheses. 

these tissues were not just a chance occur- 
rence. Much more data are needed to obtain 
statistically valid inferences for each tissue of 
dystrophic and normal birds. No other source 
of variation, including comparison of paren- 
chymous and muscular tissues, significantly 
influenced this variability. Muscle GO-T ac- 
tivity in human dystrophic muscles was shown 
to be unchanged when referred to non-collagen 
protein tissue nitrogen or lower than in nor- 
mal muscles when related to basis of wet or 
dry tissue( 10) as in our investigation. It was 
of special interest that muscle GO-T activity/ 
mg dry tissue of dystrophic chickens was in 
comparison significantly elevated. Since 
nearly all tissues of dystrophic birds revealed 
elevated GO-T activities in this investigation, 
interpretation concerning increased or de- 
creased transaminase activity in dystrophic 
muscle should be viewed with uncertainty. 
Relationship of tissue transaminase activity in 
chickens to protein anabolism and catabolism 
as reported by Beaton et  al. ( 2  1 ) in rats mer- 
its further investigation. 

Summayy. New Hampshire chickens with 
onset of inherited muscular dystrophy exhib- 
ited elevated plasma aldolase and glutamic 
oxaloace tic- t r ansaminase ( GO-T ) activities. 
Age and sex of birds influenced plasma aldo- 
lase activity in both normal and dystrophic 
groups. GO-T activities varied in different 
tissues and were greater in a majority of tis- 
sues examined from dystrophic birds when 
compared to normal birds. 
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Few of the reports in the literature dealing 
with alcohol intoxication and alcoholism as a 
medical problem are concerned with its influ- 
ence on water and electrolyte metabolism. In- 
vestigations have been confined to studies of 
response of normal individuals imbibing alco- 
hol under control conditions, in specific 
amounts for short periods. Nicholson and 
Taylor (1) in one of the earliest reports showed 
that, despite a water diuresis after alcohol ad- 
ministration, Na, K and C1 ions were retained. 
Only 50% of the retained K could be ac- 
counted for in the extracellular fluid of these 
individuals. Subsequent studies (2,3) have 
largely complemented the earlier work except 
that the mode of action of alcohol in produc- 
tion of diuresis has been more accurately de- 
lineated (3,4). More recently reports have 
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appeared concerning effects of alcohol on salt 
and water metabolism in the dog(5,6). Ap- 
parently the nature of response to alcohol in 
this animal is dose-linked. The present report 
concerns plasma and erythrocyte alterations 
in 64 human chronic alcoholics associated with 
malnutrition and generalized debilitation. 

Methods.  The 64 subjects (56 male, 8 fe- 
male) were chronic alcoholic patients a t  the 
Alcoholic Rehabilitation Center. Their ages 
ranged from 25-67 years with a mean age of 
44. All were in poor physical condition with 
approximately one-half having previous deliri- 
um tremens. Nost showed signs of poor nutri- 
tional background. Ninety % had been drink- 
ing heavily for a t  least 10 years; most had a 
history of 20 years of alcoholism. While it 
was difficult to obtain reliable information 
from the patients, we were reasonably certain 
that the patients had been continuously drink- 
ing from 3 days to 12 months before admis- 
sion. Beverages consumed consisted of one 


