AORTIC ROOT INJECTION — DOG #9
T e =

il

e ot ) s (TS ot Ml el e

FIG. 3. Direet recordings of radioactivity of ex-
pired gas after inj. of Kr* at aortie root.

Discussion. When Kr® in solution is intro-
duced directly into the pulmonary artery, it
appears in expired air within 2 seconds. Thus,
expired air closely reflects presence of the iso-
tope in pulmonary arterial blood and obviates
the need for sampling blood from the pulmon-
ary artery. Detection of a left-to-right shunt
by this method depends upon appearance time
In expired air. An accurate estimate of this
time is best obtained by continuous recording
of radioactivity in expired air (Fig. 3).

When Kr® is injected into the left heart or
aorta of a normal animal, appearance time is
10 seconds or more; when a left-to-right shunt
is present the gas reaches the pulmonary ar-
tery almost immediately and appearance time
is 5 seconds or less. A basis is thus established
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for detecting the presence of a shunt. By se-
lective injection at various locations in the left
heart and aorta, the site of the shunt may be
determined.

Preliminary clinical experience with this
method in patients with congenital heart dis-
ease indicates that it may offer distinct advan-
tages over present methods of detecting left-
to-right shunts.

Summary. Left-to-right shunts were con-
structed in 8 mongrel dogs by anastomosis of
left subclavian artery to left pulmonary ar-
tery. When solutions of krypton®® were in-
jected into the root of the aorta proximal to
a functioning shunt, the krypton gas could be
detected in the airway by a Geiger-Miiller
tube in less than 5 seconds. When similar in-
jections were made in the absence of a shunt,
the appearance time was usually 10 seconds or
more. Thus, by monitoring expired gas it is
possible to detect the presence of a shunt re-
sulting in early appearance of Kr% in pul-
monary arterial blood following injection into
the left side of heart or the aorta.
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Although the characteristic striated fibrillar
structure of cells of the conduction bundle of
mammalian heart suggests that these fibrils
contain protein similar to those of other mus-
cle tissue, the identity of the contractile sub-
stance in this area has not been investigated.
By means of Coons fluorescent antibody tech-
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nic Finck, Holtzer and Marshall(1) and
Klatzo, Horvath and Emmart(2) have shown
that myosin is localized in the A band of stri-
ated muscle fibers of both skeletal and heart
muscle. Using this immunological technic
rabbit antimyosin globulin conjugated to
fluorescein has been applied to sections of the
conduction bundle of beef heart to determine
presence of this contractile protein in the
fibrils. The chemical isolation and identity
of muscle proteins of the conduction bundle
will be reported elsewhere.
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Materials and methods. The antigen. Myo-
sin from calf heart was prepared from ven-
tricles of heart after fat, connective tissue and
vessels were removed. In addition, the con-
duction system was dissected away as far as
this could be followed macroscopically. The
hearts were obtained while still warm and
chilled at once to 0°C and kept cold under dis-
section. The tissue was ground twice, washed
once with water and twice with 0.05 M KCI.
It was then extracted twice while stirring with
2 volumes 1.1 M KI plus 0.1 M phosphate
buffer, pH 7.4(3). The supernatant fluids
were recovered by centrifugation after each
extraction and combined. These latter ex-
tracts were diluted with water to concentra-
tion of 0.025 M to precipitate the myosin.
The precipitate was dissolved by adding M
NaCl to final concentration of 0.75 M. This
solution was then centrifuged to remove im-
purities, and further purified by 3 precipita-
tions. The final myosin precipitate was dis-
solved in 0.67 M NaCl and stored, refriger-
ated, at 4-2°C. 1In this solution nitrogen con-
tent was determined by either biuret or Kjel-
dahl methods and protein concentration held
at about 3 mg/ml. Mpyosin prepared from
skeletal muscle was identical with that previ-
ously used(2). Production of antisera. Myo-
sin prepared from heart muscle was adminis-
tered intravenously to rabbits 3 times weekly
in doses of 8 mg in 2.6 ml of 0.67 M NaCl.
After 8 weeks of administration antimyosin
sera was obtained. The potency of the anti-
serum was determined by precipitin reaction
in vitro, and the globulin fraction reassayed
after conjugation to fluorescein isocyanate.
Procedure of staining. When serum of suf-
ficiently high antimyosin titer was obtained,
the y globulin fractions were conjugated to
either fluorescein isocyanate or isothiocyanate
and purified as previously described(2,4).
The fluorescent antibody solution was applied
for 20 minutes directly to the frozen, freshly
cut tissue sections without previous fixation.
The excess antiglobulin solution was quickly
washed away with 4 or more changes of cold
.15 M saline adjusted with phosphate buffer
to pH 7.4 and the tissue mounted in neutral
glycerin diluted 50% in .15 M saline and ex-
amined under ultra violet light. Fluorescent
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normal rabbit globulin was prepared and used
for control “staining.” In addition, freshly
cut sections of all tissues were mounted di-
rectly in glycerin without staining and exam-
ined for native fluorescence and these fluores-
cent areas identified by comparison with for-
malin fixed tissue sections stained by various
methods. Tissue of conduction bundle. The
so-called “bundle of His” or conduction bun-
dle in these studies, was dissected from be-
neath the endocardium of right ventricle of
beef heart within 15-20 minutes after death
and frozen immediately in isopentane chilled
to —140°C with liquid nitrogen. Frozen tissue
was stored in vials packed in dry ice until
sectioned. Sections were cut at 7 p in a cryo-
stat at —18°C.

Results. The histology of the conduction
bundle of the mammalian heart has been de-
scribed in detail by Todd(5), Schiebler(6,7)
and others(8,9). Area of the bundle of beef
heart in this study includes only the region
close to the atrioventricular node and part of
bundle of right ventricle. Preparations of
this part of the bundle stained with phospho-
tungstic acid haematoxylin reveal part of the
remaining endocardium with dense strands of
collagen, reticulin and elastic fibers of the sub-
atrial tissue. Below this compact area these
fibers form a dispersed mesh imbedded in
ground substance within which blood vessels,
nerves and root-like fibers of the Purkinje
system are immeshed. Near the node, where
branching is extensive, the fibers may be 8 or
more cells thick while smaller fibers are only
2 or 3 cells wide (Fig. 1). Sections of this
area “stained” with fluorescent antimyosin
globulin solution show that only the fibrils of
the bundle absorb and retamn the fluorescent
antibody (Fig. 3). This indicates the speci-
ficity of the antibody for the protein of myo-
fibrils of the bundle.

Morphology of the Purkinje cell differs
markedly in various areas of the conduction
bundle but the basic integrity of the cellular
pattern, the characteristic cytoplasmic struc-
tures and the structural pattern of the cross
striated myofibrils have been clearly defined
by means of electron microscopy(10,11,12).
These studies suggest that myofibrils com-
posed of fine fibrils are dispersed mostly in
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the peripheral area of the cytoplasm. When
sections of the bundle were stained with fluor-
escent antimyosin solution the center of cell
surrounding the nucleus remains essentially
unstained (Figs. 3 and 4) with an occasional
myofibril penetrating between or near the
nuclei in multinucleated cells (Fig. 4-B).

In sections of the conduction bundle of
beef heart fixed in 109% formalin and stained
with peracetic aldehyde fuchsin, following
staining procedure of Fullmer and Lillie(13),
the cross striations of myofibrils are clearly
discernible (Fig. 2-C). “Staining” of similar
sections with fluorescent antibody to myosin
demonstrated cross striations of myofibrils
(Fig. 4-E), and show clearly the similarity of
myofibrils of the conduction bundle and those
of the cardiac muscle(2). When fibrils are
in a contracted state the bands of myofibrils
which extend under the sarcolemma give the
cells a scalloped border (Fig. 4). Purkinje
cells of the fibrils are intercepted at intervals
by intercalated discs with foliated borders
which are composed, in part, by transverse
myofibrils, and which stain positively with an-
timyosin solution (Fig. 4-D).

In freshly prepared tissue, strands of col-
lagen, outside the fiber have a native blue
fluorescence which, like all fluorescence, ap-
pears white in the print (Fig. 4-A). This
fluorescence, native to the tissue, fades rap-
idly and is not seen in frozen tissue kept for
several days. In all preparations other fibril-
lar elements of connective tissue show no evi-
dence of antibody tagging, indicating that
such impurities as may be present either in the
antigen or fluorescent antibody solution do not
interfere with immunological binding or spe-
cificity of antibody for myosin.

Discussion. Identification of the contractile

841

protein, ir myofibrils of the Purkinje cell as
myosin, is dependent upon the antigenicity of
myosin and the immunological reaction of the
antimyosin globulin solution for specific pro-
teins composing the myosin molecule. Kami-
kozawa (1923) demonstrated that positive
seriological reactions could be obtained with
crude extracts prepared from the His bundle
of beef heart and rabbit sera immunized
against this extract(14). However, His prep-
arations were too crude to justify any con-
clusions as to identity of proteins present. It
was not until 10 years later that the contractile
protein of muscle tissue became known as
myosin(15,16,17).  Within the last 10
years it has been demonstrated that myosin
isolated from either skeletal or cardiac muscle
is antigenic in animals of different species(18,
19). Since it has been shown that myosin is
composed of actin and tropomyosin(20,21,
22) it seems probable that antisera from rab-
bits injec:ed with myosin possess multiple an-
tibodies to the contractile protein and that in
our study these antibodies probably function
as a unit in binding to the antigen. Holtzer
and Abbott(23) using fluorescent antimyosin
globulins on embryonic muscle cells iz vitro
have shown that appearance of cross stria-
tions of myofibrils is concurrent with con-
tractility. Changes in contractile proteins
which may occur in cell division and matura-
tion need to be followed in greater detail.
Variation in histology of different areas of
the conduction bundle together with its large
cellular unit and dispersed myofibrils affords
a unique opportunity for the study of local-
ization of contractile proteins. The results of
such experiments will be reported elsewhere.
Summary. 1) Positive binding of fluores-
cent antimyosin solution to myofibrils of the

FIG. 1. Fibers of econduetion bundle (beef heart) stained with phosphotungstie acid haema-

toxylin (A), X 150.

FIG. 2. Several Purkinje cells of fiber stauined with peracetic acid aldehyde fuchsin, Halmi
stain (Fullmer and Lillie): (A) nuelei, (B) cell wall, (C) myofibrils showing cross striation,

X 300.

FIG. 3. Fluorescence photograph of fibers of conduction bundle—*‘stained’’ with fluores-
cent antimyosin globulin. (A) area surrounding nucleus, regative; (B) positive staining (flu-

oreseence) of myofibrils in Purkinje cells, X 150.

FIG. 4. Fluorescence photograph of several Purkinje cells ‘‘stained’’ with fluorescent anti-
myosin globulin. (A) collagen fibers in surrounding eonuective tissue possess a blue fluores-
cence; (B) area of nucleus; (C) myofibrils in outer cytoplesm; (D) interealated dise; (E) stri-
ated myofibrils; (F') contracted myofibrils along outer sarcoplasm give scalloped appearance,

X 500.
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Purkinje cell demonstrates presence of myo-
sin in myofibrils of the conduction bundle of
beef heart. 2} Antibody to myosin whether
prepared from skeletal muscle or heart tissue
is capable of binding heart muscle antigen.

We wish to acknowledge our indebtedness to Dr.
Koloman Laki for the opportunity for this research
and many helpful suggestions.
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The physico-chemical features of amniotic
fluid in last third of pregnancy are very simi-
lar to those found in interstitial fluid(1), par-
ticularly in animals in which the allantoic sac
is still present during this period, e.g., goats
and sheep(2). Amniotic fluid could therefore
be produced by an ultrafiltration process.
This production requires an organ with large
surface supplied by many capillaries, in which
hydrostatic pressure is higher than colloid-
osmotic pressure of plasma proteins (14-20
mm Hg in goat fetus(3)). Two organs pre-
sent such properties: kidneys and lungs. Hy-
drostatic pressure in pulmonary capillaries
should be higher than colloidosmotic pressure,
as pressure in pulmonary artery is relatively
high, due to the nature of fetal circulation.

Pressure in the pulmonary artery is higher
than that found in the aorta and peripheral ar-
teries, where pressure reaches values of about
70-80 mm Hg(4) at end of pregnancy. The
kidney cannot be the only source of amniotic
fluid inasmuch as amniotic fluid is present
also when the fetal urethra is not patent and
the urine must pass through the urachus into
the allantoic sac, as in goats and sheep, to
100-120 days pregnancy, i.e., to its last third.
This research investigated the possible pro-
duction of fluid by the lungs of fetus and to
measure its rate of flow.

Methods. Experiments were performed on
goats and guinea pigs during last third of
pregnancy. The goats lightly anesthetized
with chloralose (70 mg/g intravenously) were



