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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 Fetal Lung, A Source of Amniotic Fluid. (25115) 
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(Introduced by J. S. Nicholas) 

Instituto di  Fisiologia Umana, University of Milan, Italy 

The physico-chemical features of amniotic 
fluid in last third of pregnancy are very simi- 
lar to those found in interstitial fluid( l ) ,  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 feta1 circulation. 

Pressure in the pulmonary artery is higher 
than that found in the aorta and peripheral ar- 
teries, where pressure reaches values of about 
70-801 mm Hg(4) a t  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 
100-1201 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 mgJg intravenously) were 
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TABLE I. Fluid Production from Lung of Goat Fetuses and Physico-Chemical Features of Bronchial 
and Amniotic Fluid. 

Osmotic pressure, Protein, 
mOsmol yo content Period of Vol of 

Fetal Fetal fluid pro- fluid pro- Flow, Bronchial Amniotic Bronchid Amniotic 
age, days wt, g duction, hr duction, ml ml/kg/hr fluid fluid fluid fluid 

158 755 2 .ll .073 302 304 .1 .2 
2 .59 280 304 289 .2 .2 
* 310 293 .2 .2 

117 1070 

* 295 300 .2 
118 1460 
105 900 

* Flow of liquid from the trachea was large in first 10 min. ( to  20 ml), and then ceased. 

placed, in supine position, in a bath of Ringer 
solution a t  38°C. After opening the abdomen 
the position of the fetus was found, and the 
head delivered. Keeping the head under 
Ringer solution, the trachea was cannulated. 
These operations were performed under water 
to prevent air from entering into airways of 
fetus. The tracheal cannula was connected to 
glass tubing by a polyethylene catheter filled 
with saline. The glass tubing was positioned 
at  the same level of liquid in which the fetus 
was placed, to counterbalance the hydrostatic 
pressure of the saline solution above the fetus. 
After replacing the head of the fetus, the 
uterus was sutured. Loss of amniotic fluid 
during the operation was reduced to a small 
amount. At end of experiment the osmotic 
pressure of amniotic fluid and of the liquid 
contained in the bronchi, was measured by 
freezing point technic, and protein content 
was determined by a refractometric method. 
Guinea pigs were anesthetized with sodium 
pentobarbital (40 mg/kg intraperitoneally ) . 
A small incision was made in wall of uterus 
above the fetal trachea. The trachea was 
cannulated and connected to a glass tube with- 
out delivering the head of the fetus. Uterus 
and abdomen were then sutured. All these 
operations were performed under saline solu- 
tion. Displacement of liqclid in the respira- 
tory apparatus could be measured by move- 
ments of the meniscus in the glass tubing. 

Results. Four experiments were performed 
on goats.* In  2 experiments fluid came 
out of the trachea continuously for 2 hours. 
In  the other 2 ,  the flow stopped after about 10 
minutes. During this time a large amount of 
fluid was produced (Table I) .  Liquid com- 

*These experiments were performed in the Dept. 
of Physiology of Yale Medical School. 

ing out of trachea was clear, colorless and the 
osmotic pressure and protein content was 
similar to those found in amniotic fluid. 

Ten experiments were performed on the 
guinea pig, and there was no evidence of fluid 
entering the trachea. The flow of liquid out 
of the trachea during first 5 minutes was dis- 
regarded as probably due to a change in lung 
volume. 

In  4 experiments the flow of liquid from the 
trachea was negligible (01 to 0.05 ml) and 
hence has not been reported. In  the remain- 
ing 6 experiments the liquid came out for 30 
to 240 minutes with a flow of 1.3 to 6.7 ml/ 
kgJh. 

In  some experiments on the 
guinea pig the amount of liquid that flowed 
slowly and continuously from the trachea was 
larger than total amount of fluid that could 
be contained in lungs at  beginning of experi- 
ment. This finding demonstrates that the 
fetal lung produces fluid which is similar to 
amniotic fluid. 

These experimental results support the hy- 
pothesis of Jost and Policard( 5 ) .  These au- 
thors observed an increase of lung volume of 
rabbit fetus after tying the trachea, and they 
thought that amniotic fluid could be produced 
also by the lungs. 

This research can also explain the observa- 

Discussion. 

TABLE IT.  Fluid Production from Lung of 
Guinea Pig Fetuses. 

Fetal  fluid pro- Vol of fluid Flow, 
wt, g duetion, hr produced ml/kg/hr 

Period of 

100 4.0 1.10 2.8 
94 2.5 1.00 4.3 
90 1 .o . 3  2 1.3 
86 1.0 .12 1.4 

120 1.25 1.00 6.7 
100 .5 .15 3.0 



844 THE FETAL LUNG, A SOURCE OF AMNIOTIC FLUID 

tion of Reynolds(b), that 30 ml of liquid 
flowed from the nasopharyngeal oral cavity of 
a goat fetus in a 2 hour period, and confirms 
the observation and the hypothesis of Dawes 

Inasmuch as no liquid entered the trachea 
during experiments, the hypothesis that am- 
niotic fluid is absorbed by the lung seems im- 
probable. This hypothesis was proposed by 
Davis and Potter ( 8 ) ,  on the basis that radio- 
opaque material injected into the amniotic 
sac was found in the bronchi, but this result 
can be explained by respiratory movements of 
the fetus. If amniotic fluid were absorbed in 
the lung the corpuscles that normallv are 
present in the amniotic fluid would be col- 
lected in the lung causing impairment of res- 
piratory function a t  birth. 

The volume of liquid coming out in these 
esperimen ts represents likely minimal values. 
If the hypothesis of an ultrafiltration is cor- 
rect a decrease of hydrostatic pressure in the 
capillaries would be sufficient to decrease or 
discontinue the production of fluid. It seems 
quite probable that such a decrease takes 
place as a consequence of anesthesia and of 
surgical shock. 

The lung seems to be a source of amniotic 
fluid, and of particular importance in those 
animals in which the urethra becomes patent 
only late in fetal life. In  animal in which the 
urethra becomes patent earlier ( r . g .  man and 
guinea pig) the kidneys also contribute to 
production of amniotic fluid. This organ pro- 
duces a large amount of hypotonic fluid in the 
last third of fetal life, without waste products 
found in urine of extrauterine life. The 
amount of fluid produced by kidneys of the 
fetus is 6-10 mLkg:h in goats(9), 0.1-1 ml ’ 
kg, h in guinea pigs( 10).  and about 1 ml,’ 
kg/h in rats(l1).  

Both lungs and kidneys in the guinea pig 
can therefore produce amniotic fluid a t  a rate 
of 1-10 ml/kg/h.  This rate of production is 
about 10-100 times less than the rate of trans- 
fer of water to the amniotic fluid found in the 
guinea pig by Flexner and Gellhorn(l2). 
However, as shown by Paul, et QZ. (13), these 
results are mainly due to interdiffusion phe- 
nomena of water through the permeable bar- 
riers that enclose the amniotic cavity and are 

( 7 ) .  

therefore not the expression of a net transfer 
or a production of water. This production of 
fluid is likely small, inasmuch as there is not 
a continued and large flow of liquid after rup- 
ture of the amniotic sac. 

It is therefore important to distinguish be- 
tween interdiffusion and net production of 
fluid. Interdiffusion is a general phenomenon 
(less intense in the amniotic sac than in other 
parts of the organism ( 14) ) , resulting from 
thermic movement of molecules and taking 
place through every water-permeable mem- 
brane. The net production of fluid is caused 
by ultrafiltration or secretion, and requires 
energy expenditure and specialized organs. 
Only the net production of liquid can give 
rise to a collection of fluid in the organism, 
and the amniotic fluid is an example of this 
collection. 

SUWIZQY~. Fluid production by fetal lung 
of guinea pigs and goats has been demon- 
strated through cannulation of the fetal tra- 
chea in the last part of the pregnancy. This 
fluid is probably produced by an ultrafiltra- 
tion process because its physico-chemical fea- 
tures in the last third of pregnancy are very 
similar to those of the interstitial fluid. It is 
suggested that the fetal lung is an important 
source of amniotic fluid during this period of 
fetal life. 

We are grateful to Dr. Donald H. Barron for con- 
tinued interest, encouragement and suggestions 
throughout this study. 
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Biological Activities of Aggregated Gamma Globulin I. Skin Reactive and 
Cornplement-Fixing Properties of Heat Denatured Gamma Globulin.” 

(251 16) 

TERUKO ISHIZAKA AND KIMISIIIGE ISHIZAKA~ 
(Introduced by M. &I. &layer) 

Depts. of Microbiology and Medicine, Johns Hopkins School of Medicine, Baltimore, M d .  

In  earlier publications on skin reactivity 
and complement (C’) fixing potency of sol- 
uble antigen-antibody complexes, i t  was 
shown that these biological activities are de- 
pendent on 2 properties of the complexes, i e . ,  
their composition with respect to antigen/an- 
tibody ratio and the species from which the 
antibody was derived ( 1 ,2 ) .  When complexes 
were composed of immune reactants in the 
molar ratio Ag2Ab or when the antigen was a 
simple hapten, the biological activities of skin 
reactivity and C’-fixation were lacking. 
Moreover, it  was observed that formation of 
soluble complexes with biological activities 
was accompanied by increase in levorotation 
(3).  A mechanism for the observed changes 
in optical rotation was suggested, which postu- 
lated that the increase in levorotation might 
be due to interaction between antibody mole- 
cules brought into apposition by antigen. The 
possibility was also considered that this an- 
tibody-antibody interaction might result in 
induction of skin reactivity and fixation of C’ 
(3). These considerations were restricted to 
those complexes containing human or rabbit 
antibody which manifested the biological ac- 
tivities. It was therefore anticipated that the 

* These experiments were performed while the 
authors were in residence in Depts. of Microbiology 
and Medicine, Johns Hopkins School of Medicine and 
Public Health. This work was done under auspices 
of Commission on Cutaneous Diseases of Armed 
Forces Epidemiological Board, and supported by 
Office of Surgeon General, Department of Army, and 
National Science Fn. 

t Fulbright Fellow ; Permanent address: National 
Inst. of Health, Tokyo. 

interaction of human or rabbit antibody 
(gamma globulin) molecules, induced by re- 
agents other than specific antigen, might also 
be accompanied by a development of skin re- 
active and C’-fixing properties. Since it has 
been shown that the molecular configuration 
of gamma globulin changes on heating with 
formation of aggregates, this denatured pro- 
tein was used to test this possibility. The ex- 
periments described below indicate that hu- 
man gamma globulin aggregated by heat can 
provoke skin reactions in normal guinea pigs 
and can also inactivate C’. Aggregated bo- 
vine gamma globulin exhibits neither of these 
proper ties. 

Materials and methods.  Gamma globdin. 
Two preparations of human gamma globulin 
(HGG) were used, a pooled commercial hu- 
man Fr. I1 (Squibb) and a preparation ob- 
tained through the courtesy of Dr. W. L. 
Hughes.: The bovine gamma globulin (BGG) 
was Fr. I1 (Armour & Co.) . In  free boundary 
electrophoresis in barbital buffer (pH 8.6, p = 
O . l ) ,  the purified HGG (Hughes) showed a 
single sharp peak. The BGG contained ap- 
proximately 5% of a component with mobil- 
ity of -2.6 x cm” volt-1 sec-l. The tests 
for skin reactivity of gamma globulin were 
carried out in guinea pigs in the same manner 
previously described for testing activity of 
soluble antigen-antibody complexes (4). The 
gamma globulin preparations were injected in 

$ The authors are grateful to Dr. Asger Langlykke, 
Director of Squibb Inst. for Medical Research and 
Dr. Walter L. Hughes of Brookhaven National Labs. 
for these preparations. 


