it would not be surprising if these
doses produced intracellular concentra-
tions of DMSO sufficient to inhibit
ADH. Dimethyl sulfoxide is hepatotox-
ic in experimental animals (8) and in
humans (9). Its use has been associ-
ated with hyperbilirubinemia and ele-
vated serum transaminase levels. Under
certain circumstances, DMSO can po-
tentiate the toxic effects of ethanol
(10). 1t is not known whether inhibi-
tion of liver ADH underlies these ef-
fects or any of the other biological
activities of DMSO.

ROBERT L. PERLMAN

J. WOLFF

National Institute of Arthritis and
Metabolic Diseases, National Institutes
of Health, Bethesda, Maryland 20014
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Microcirculation: Loss of an Enzyme Activity in Chickens with

Hereditary Muscular Dystrophy

Abstract. Histochemical localization of an alkaline phosphatase, with o-naph-
thyl phosphate used as substrate, shows that activity in breast muscle from nor-
mal chickens is restricted to the microvasculature. In chickens with hereditary
muscular dystrophy, this enzyme activity disappears from capillaries and small
arterioles before degeneration of muscle fibers is detectable. This loss is retarded
in myopathic chickens that have received oxygen therapy.

Continuous oxygen therapy results in
a functional improvement during early
stages of myopathy () in chickens with
hereditary muscular dystrophy. Birds
which show a functional improvement
have muscle which appears more nor-
mal than dystrophic, as viewed histo-
logically (2). Patterns of soluble protein
and lactic dehydrogenase isoenzymes
are also shifted toward normal (3). Be-
cause of apparent vascular abnormalities
in dystrophic muscle, as seen both
grossly and histologically (2), we further
investigated the microcirculation in this
myopathy. Normally, the control of
blood flow to skeletal muscle is under
greater control and is more closely
associated with local metabolic activity
than it is in any other organ except the
heart (4). It has been suggested that an
alkaline phosphatase located in the
microvasculature of skeletal muscle may
function in the autoregulation of blood
supply (5). Our results show that there
is an early loss of this enzyme activity
in the microvasculature of dystrophic
muscle, and they support the concept
that an early vascular lesion contrib-
utes significantly to the progress of the
myopathy.

We used the modified azo dye tech-
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nique of Gomori (6), since its use in the
study of this enzyme activity in muscle
arterioles and capillaries has been thor-
oughly described (5, 7). The enzyme
(or enzymes) that hydrolyzes a-naphthyl
phosphate in skeletal muscle is localized
almost entirely in the endothelial cells
of small arterioles and capillaries (5, 7).

Normal chicks and those with heredi-
tary dystrophy (8) were raised in a 70
percent oxygen environment from 1 day
of age (I, 2). At least three chicks of
each genotype raised in such an en-
vironment, and an equal number raised
in the normal atmosphere, were exam-

Fig. 1. Alkaline phosphatase activity in
the microvasculature of breast muscle
from a 4-week-old normal chicken
(X 390).

ined at 1, 2, 3, 4, 5, 7, and 11 weeks
of age. Pieces of breast muscle (1 cm?)
were dissected from the midsternal
region and rapidly frozen in a mixture
of dry ice and acetone. In some cases,
sections were also taken through the
distal third of the gastrocnemius. The
samples were then cross-sectioned at
16 u in a cryostat at —20°C and incu-
bated for 30 minutes at 20°C (9).

Throughout the age range studied,
there appeared to be no quantitative or
qualitative differences in enzymatic
activity between normal chickens raised
in 21 percent oxygen and normal chick-
ens raised in 70 percent oxygen. At 1
and 2 weeks of age, two types of stain-
ing were visible, A very dark, but
sharply defined, stain was present at
the location of small arterioles and
capillaries between muscle fibers. Sec-
tions containing larger vessels showed
that the stain was confined to the endo-
thelial cells. Some vessels were not
stained, but these were venules or the
distal ends of capillaries (5, 7). Sections
from 1-week-old and some 2-week-old
chicks had, in addition to the vascular
reaction, a somewhat lighter, but very
diffuse, stain between and around the
muscle fibers. This stain was usually
heaviest around areas of connective
tissue. Newly formed collagen fibers
have a high alkaline phosphatase activ-
ity (10), as do proliferating cells and
those with high metabolic activity (11).
This diffuse stain, which was seen for a
short period of time right after hatching,
likely resulted from either or both of
these sources. After 2 weeks of age, the
reaction consisted only of the type
which was confined to the blood vessels
(Fig. 1).

The staining pattern was strikingly
different in the dystrophic muscle. The
diffuse stain seen in muscle from chicks
1 and 2 weeks old was much more
intense than normal and persisted in
most sections from dystrophic chicks
up to 4 weeks old. It was essentially
absent from muscle of chicks more than
4 weeks old, although some faint stain-
ing was occasionally seen in some local-
ized areas at later ages. The number of
blood vessels that stain in breast muscle
from 1-week-old dystrophic chicks ap-
peared to be less than that in normal
muscle, but this cannot be said with cer-
tainty because the heavy diffuse stain in
the dystrophic muscle may have masked
some staining of vessels. Staining of
small vessels was virtually absent from
muscle of chicks more than 2 weeks old
(Fig. 2). Larger arterioles did retain the
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Fig. 2 (left). Absence of alkaline phosphatase activity in the microvasculature of
breast muscle from a 4-week-old chicken with hereditary muscular dystrophy (X 390).
Fig. 3 (right). Alkaline phosphatase activity in the microvasculature of breast muscle
from a 4-week-old chicken, with hereditary muscular dystrophy, raised in 70 =5

percent oxygen (X 390).

enzyme activity in their endothelial lin-
ings. This was true at all ages and was
comparable to the activity of vessels of
the same size in normal tissue.

Cross sections taken through the
distal third of the normal gastrocnemius
at 5 and 6 weeks of age indicated that
the distribution of blood vessels was
directly correlated with the type of
muscle fiber. Red fibers were predomi-
nant on one side of this muscle, where-
as white fibers were in the majority on
the other. Whereas there was a high
concentration of vessels in the side with
red fibers, considerably fewer were
present in the other side.

Corresponding sections taken from
dystrophic gastrocnemii showed that
alkaline phosphatase activity was absent
on the side of the muscle where the
white fibers are located, but was present
in areas where red fibers are predomi-
nant. The white fibers in the gas-
trocnemius show the same degenerative
changes as breast muscle fibers, whereas
the red fibers are apparently not affected
12).

Muscle from all dystrophic chicks
treated with oxygen reacted more than
untreated dystrophic controls, but in
some cases this could be attributed to
more of the diffuse reaction rather than
to increased staining of the vessels.
There was always a direct correlation

between vessel activity and fiber mor-"

phology. In treated dystrophics, which
maintained good cellular structure, there
was a good phosphatase reaction in the
vessels (Fig. 3). By 5 weeks of age,
staining of vessels was diminished in
some treated dystrophic chicks, and
there were some degenerative changes.
After 8 weeks of age, the vessel reaction
was essentially absent in treated dys-
trophics. This finding agrees with the
report that the favorable response to
oxygen therapy is temporary (3).
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Apparently there is an enzymatic
alteration in the microcirculation of
dystrophic chicken muscle which pre-
cedes visible degeneration of muscle
fibers. It is likely, however, that this
change is secondary to the genetic de-
fect, since activity is maintained in birds
treated with oxygen and it is not lost
in the unaffected red muscle of dys-
trophic chickens. It would seem that
the enzyme in the vessels of dystrophic
muscle is either inhibited as a result of
some early biochemical change in the
muscle fiber, or alternatively, perhaps it
is not activated as some other alkaline
phosphatases are (13).

Dystrophic muscle may be hypoxic
(1, 14). Such a condition could result
from a circulatory insufficiency. After
finding changes in the rate of peripheral
circulation, Demos et al. (15) suggested
that the microcirculation of human pa-
tients might be abnormal. Simpson and
Sanderson (16) supported this hypothe-
sis after measuring small increases in
muscle strength of patients treated with
Laevadosin, a mixture of nucleotides
and nucleosides, which promotes vaso-
dilation. Feeding semisynthetic rations
containing high-quality protein and lipid
increased the life span and alleviated
some of the gross signs of dystrophy in
mice (/7). A defect in the normal cir-
culation of muscle would be expected to
impair its nutrition, and some compen-
sation may be afforded by diet supple-
mentation.

Romanul and Bannister (5) found that
the alkaline phosphatase of the muscle
vasculature is concentrated at the proxi-
mal ends of the arterioles. Although
this is not the area of the vascular tree
which has the highest permeability, it
does have the highest contractile activ-
ity. On this basis, it was suggested that
this phosphatase activity may be associ-
ated with regulation of blood flow.

An abnormality in a control mechanism
of the microcirculation could precipi-
tate local areas of hypoxia, or malnutri-
tion, or both, causing cell injury and
death.

Gordon and Dowben (I8) recently
reported substantial increases in cate-
cholamines in dystrophic mice; a
serotonin antagonist will prolong the
life span of dystrophic mice (19). Cate-
cholamines and serotonin are vasoactive
compounds. Data which show that oxy-
gen therapy temporarily retards the
progress of the hereditary myopathy
in chickens (I) and these data which
show the early loss of an enzyme located
in the microcirculation of affected
muscle support the concept that early
vascular alterations contribute signifi-
cantly to the progress of the degenera-
tive condition.

C. R. ASHMORE
L. DOERR
R. G. SOMESs, JR.
Department of Poultry Science,
University of Connecticut, Storrs
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