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ulcer in rabbits.-’ Recent evidence fro111 this 
laboratory has shown that both vasoconstric- 
tionj and venous stasisG may aid and abet the 
ulcer diathesis by producing anoxic areas 
which then fail to resist the digestive action 
of the peptic mixture. Inasmuch as the effect 

5 Baronofsky, 1.. niit l  IS’;ing:c~istc‘c~n. 0. H., Bit71. 

Baronofsky, I.. :tnd W:iiig~~iistt~cn. 0. 11., I’KOV. 
Avi. Col l .  Si tr! / . ,  194.5. 30, .XI. 

8oc. LXP. BIOJ.. ASD NED., l!G. 59, 234. 

of histamine is directly on the parietal cell, 
in the gastric tubule, the results of these 
csperiments are not to be interpreted as a 
criticism of the application of vagotomy to 
the problem of ulcer in man. 

(‘onclusions. 1. Bilateral vagotomy (infra- 
and supradiaphragmatic) failed to protect 
against ulcer or erosion (gastric and/or du- 
odenal) produced by chronic histamine action 
in the dog, cat and rabbit. 

15392 

Hemagglutination by Amniotic Fluid from Normal Embryonated 
Hen’s Eggs.* 

During studies on the detection of influenza 
virus in throat washings’ an agglutinin for 
guinea pig erythrocytes was noted in the 
amniotic fluid from certain inoculated eggs. 
Chicken red cells were not agglutinated by 
these fluids. This suggested that the fluids 
might contain the “0” form of influenza virus 
described by Burnet,2 which grows only in 
the amniotic sac and which agglutinates guinea 
pig cells to higher titers than chicken cells. 
Subsequent study of amniotic fluid from un- 
inoculated eggs, however, revealed that nor- 
mal fluid also contained an agglutinin for 
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guinea pig erythrocytes but not for chicken 
red cells. The phenomenon was unrelated to 
and independent of the presence of influenza 
virus. 

The agglutinin was cnpable of clumping the 
erythrocytes of a wide L-xiety of animals. It 
was present in tke egg white of non-embry- 
onated eggs and the albumin sac of embry- 
onated eggs, gaining access to the amniotic 
sac after the establishment of the communica- 
tion between it  and the albumin sac which 
normally takes place between the 11th and 
13th days of i n~uba t ion .~  It was associated 
with the globulin fraction of the egg white, 
xas  therniolabile, and was adsorbed to ery- 
throcytes during agglutination. The charac- 
teristics of the hemagglutinin are described 
in this report. 

( L ~ ~ r g e  1’. k d g c r ,  J. W. Beard, Norman L. Cressy, 
.\. K. Fcller, lrving Gordon, Alexander D. Lang- 
miiir, Cliarles €1. Rammelkamp, Jr., E l i s  Straws. 
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TArm-c I. 
Agglutination of Erytlirocytcs of I)iffele~it Species hy Aniiiiotic Fluid from Normal 14- to 

l7-l):ty Embryos, Sornial Adult  (Xickrn Scrum, :ind NOITII.!~ 17-Dsy Ernbyro Serum. 

Final agglutinativc titer 
\ 

Adult c h i c k en Chick embryo 
Erytlirocytcs Amniotic fluid pool scruni pool seruni pool - ____ - ____  _ _ - ~  

Mouse (Swiss) :3 2 16 <s 
Habbit 32 
Dug 1 6 32 or > <2 
Guinea pig 8 32 o r  > <s 
(’otton rat  8 <2  
IIors? 8 1 ti  <:! 
Humin Group 0 8 

” h 4 
’’ n 4 
” AB 2 

4 

? 9  

9 ,  

9 ,  

C% i m pa nz ti e 
IIariistcr (Syrian) 4 
Cat 4 8 < 2  
Mule 4 <2* <1! 
Pigeon 4 32 or > <s 
Monkcy (Rhesus) 2 
Ferret <2* 
Sheep <2* 8 < 2  
cow <2* 3 <2 
Toad <2* 8 <2 
(’hicken <2 < 2  <z 

* Agglutination doubtful in  1 :2 dilution. 

Materials and Methods. Source of materials. 
The eggs from which the hemagglutinin was 
derived all came from New Hampshire Red 
chickens. Fertile eggs were incubated a t  
37.7”C (100°F). Egg white, albumin sac 
contents, allantoic fluid, and amniotic fluid 
were obtained using sterile technic and were 
stored at  4°C without preservative. Pools 
of amniotic fluid were made up of individually 
tested fluids known to agglutinate guinea pig 
cells. 

Preparation of erythrocytes. Erythrocytes 
were obtained from citrated blood. They 
were washed 3 times in buffered saline4 and 
packed for 15 minutes at  1500 R.P.M. in 
the horizontal centrifuge. A 1.5% suspension 
by volume of packed cells in buffered saline 
was used throughout except as indicated in 
the text. Erythrocytes were used within 24 
hours of the time they were obtained. 

Titration of hemagglutinin. All dilutions 
were made in buffered saline. To 0.1 ml 
of the test fluid in an 11 x 75 mm tube was 
added 0.1 ml of cell suspension. A control 
included in each test consisted of 0.1 ml of 

4 Eagle, H., The Diagnosis of Syphilis, St. Louis, 
C. V. Mosby Co., 1938. 

buffered saline mixed with 0.1 ml of cell sus- 
pension. After thorough shaking the mix- 
tures were incubated at  4-10°C except as 
indicated. They were observed at  frequent 
intervals for agglutination. The reciprocal 
of the highest dilution in which agglutination 
was observed was recorded as the titer, which 
was expressed in terms of final dilution. 

Experiments and Results. Description of 
the agglutination. The agglutination was first 
noted in amniotic fluids from 16-day embryos. 
Clumping was difficult to discern while the 
cells were settling, but after complete sedi- 
mentation had taken place the cells formed a 
characteristic pattern on the bottom of the 
tube. They clung to the entire curve of the 
bottom, covering it in a uniform, finely granu- 
lar sheet. Later they slid downward in ir- 
regular fashion from the upper and outer 
edges, the resulting pattern having a stellate 
configuration with its edges accentuated by 
the constant accession of cell masses. Eventual- 
ly the pattern became identical with that of 
the saline control, in which the cells settled 
in a homogeneous, compact, circular disc hav- 
ing a regular, sharply demarcated periphery. 

This pattern closely resembles that due to 
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N.T. 
0/36 
0/3G 
0/24 
0/33 
0/36 
0/36 
0/34 

* N.T. = not tested. 
Numcrntor z No. of 1miti7.e fluids. 
1)cnominntor = No. of fluids tested. 

influenza viruses ,A and H,qi-" vaccinia.7 and 
pneumonia virus of mice" when they are di- 
luted almost to their apylut inative endpoints. 
and is indistinguishable from that caused by 
metallic ions such as Ca+-L and 31g,++,.9*10 
Agglutination caused by these agents and by 
normal amniotic fluid likewise disappears 
when the tube is gently shaken and reappears 
when the cells settle again. 

The type of agglutination was the same ir- 
respective of the source of the hemagglutinin. 
but since there was a considerable variation 
in viscosity of the fluids tested, the erythro- 
cyte sedimentation rate varied accordingly. 
For this reason no time interval for reading 
agglutination was set: instead the settling 
process was observed frequently until com- 
plete. If the cells covered the bottom in a 
uniform sheet and later assumed a stellate 
pattern the amniotic fluid was considered to 
contain hemagglu tinin. Pat terns correspond- 
ing to those of the saline controls were con- 
sidered negative. Patterns which deviated in 
any particular from either of the 2 mentioned 
above were considered doubtful. 

GHirst, G. K., Science, 1941, 94, 22. 
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8 Mills, K. C., and Dochez, A. H., I ' R ~ .  S O P .  

E X P .  &OL. AND >h)., 1044, 67, 140. 
QNorthrup, J. H., and Frcund., J., J .  Ge,z. 

Physiol., 1924, 6, 603. 
10 Landstcincr, K., The Specificity of Serological 

Reactions, Cambridge, Harvsrd University Press, 
1945. 

Health J., 1941, 32, 530. 

.f gglutinability of erythrocytes from differ- 
crit spct-ies. .\ survey of the agglutinability 
o f  the erythrocytes of 18 different species was 
niatle in order to determine whether a sys- 
tematic variation in this regard existed. A 
.;iiigIe positive pool of normal amniotic fluid 
w c ;  used for the experiment. The cells were 
also tested with normal adult and 17-day 
vtiihryo chicken serum, 

S o  systematic variation in agglutinability 
was apparent (Table I). Mouse and rabbit 
cells gave the highest 9-yglutinative titer. No 
apparent relation esI;ted between the ag- 
glutinative titer of normal amniotic fluid and 
that of normal adult chicken serum for ery- 
t hrtzytes of the respective species examined. 
The red cells of none of the species tested 
agglutinated in serum from normal 17-day 
chick embryos. 

Eflect of temperature of incubation on ag- 
glutinative titer. The titer of the hemag- 
glutinin depended on the temperature a t  which 
the agglutination reaction was carried out. 
I t  was considerably greater a t  low than at 
higher temperatures. For example, in a rep- 
resentative experiment the titer of an amniotic 
fluid pool for mouse erythrocytes was 32 
when the reaction was carried out at S"C, 8 a t  
3O'C, 2 at 37"C, and <2 at 56°C. As has 
been indicated, incubation of agglutination 
tests was routinely carried out a t  4-10°C. 

Relationship between the appearance of 
hemagglutinin and embryonic development. In 
order to determine whether the age of the 
embryos was correlated with the appearance 
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TABLE n r .  
Appmximatc 14ggluti~iin Titcrs for Mouse and Rabbit Erythrocytes of Fractions of Pooled 

Egg White and of Pooled Albumin Sacs f r o m  l2-Day Embryos. 

Titer* according t o  sourrc of hemugglutinin 
Fraction Egg whi tr Albumin sac 

7-- 7 F  - <  \ 

% (NII,),SO, Prccipitate or Iliouse Rabbit Mouse R;tbbit 

N o  fractionation 64 64 96 96 

saturation supernatant fluid erythrorytes vrytlirocytcs cr-ytlirocytes erythrocytes 
~ I 

"9 

48 

ppt. t G B 8 8 
super. 16 18 48 48 

PPt. 64 33 32 32 
super. <S <s < 19 <12 

<s <6 <G 
< 1" < 1s 

100 PPt. <4 
super. <s <s 

* Final titer (by weight of original specimen). 
t ppt. = precipitatc; super. supernatant fluid. 

of the hemagglutinin in the amniotic fluid, 
and also whether i t  appeared at any time 
in the allantoic fluid, embryo fluids were ex- 
amined daily with mouse, guinea pig, and 
chicken erythrocytes. Amniotic fluids from 
embryos incubated less than 12 days failed 
to cause agglutination (Table 11). The ag- 
glutinin for mouse cells was first detected on 
the 12th day, and for guinea pig cells on 
the 13th day, and was found in the majority 
of eggs from then on. Chicken cells failed to 
agglutinate in any fluid. 

There was a definite correlation between 
the viscosity of the amniotic fluid and the 
presence of hemagglutinin. Thin, watery flu- 
ids contained none; thick, viscous fluids 
usually agglutinated the red cells. This cor- 
relation may be considered simply another 
manifestation of that existing with the degree 
of embryonic development, since the amniotic 
fluid becomes thickened when the contents 
of the albumin sac find their way into it? 

N o  hemagglutinin for any of the 3 species 
of erythrocytes was detected in the allantoic 
fluid of embryos of any age, regardless of 
whether the amniotic fluid contained hemag- 
glu tinin. 

Nature of the hemagglutinin. The appear- 
ance of hemagglutinin in the amniotic but 
not the allantoic fluid at  the approximate 
time of rupture of the content of the albumin 
sac into the amnion, and the correlation be- 
tween increased viscosity of the amniotic fluid 
and hemagglutinative properties, suggested 

that the content of the albumin sac was the 
source of the agglutinin. The albumin sac 
contains inspissated egg white; therefore, both 
the white of non-embryonated eggs, and al- 
bumin sac contents of 10 11- to 12day 
embryos, were examined for the hemagglutinin. 
I t  proved to be present in all specimens tested. 
Thorough mixing of the specimens was es- 
sent ial . 

To determine which fraction contained the 
agglutinin, ammonium sulfate, first in half 
saturation, then in full saturation, was added 
to amniotic fluid having a titer of 16 for 
mouse erythrocytes. The precipitate re- 
sultant from half saturation (globulins), when 
dissolved in 0.85% sodium chloride solution, 
had a titer of 12, while that resultant from 
subsequent full saturation (albumins) had a 
titer of <2 .  

The experiment was repeated with egg 
white and albumin sac contents, using suc- 
cessively 29, 48, and 100% saturation with 
ammonium sulfate. Samples of the respective 
supernatant fluids were dialyzed at  4°C for 
2 days against distilled water, then for a few 
hours against 0.85% sodium chloride solu- 
tion. The latter was again used as a solvent 
for the precipitates. 

The results indicated that most of the 
hemagglutinin was associated with the frac- 
tion precipitated by 48% ammonium sulfate 
("pseudoglobulins") (Table 111). To verify 
the fact that the albumin fraction contained 
no hemagglutinin, a sample of purified oval- 
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bumin: was tested with mouse, rabbit. and 
guinea pig erythrocytes. -4gglutination did 
not take place. 

Thermolability of the hcmagglutinin. -4s 
would be expected in view of the properties 
described above, the hemagglu t inin was in- 
activated b!. heat. Fresh egg white having 
an agglutinative titer of 32 for mouse ery- 
throcytes was heated for various periods at 
different temperatures (Table I \ - ) .  I t  was 
completely inactivated a t  48°C in 20 hours. 
At higher temperatures inactivation proceeded 
more rapidly. Exposure to 37' C for 20 hours, 
however, did not decrease the titer. 

Adsorption of agglutinin to  ervthrocytes. 
To determine whether the agglutinin was 
adsorbed to erythrocytes, packed mouse red 
blood cells were added to a positive amniotic 
fluid pool to make a 27% suspension by vol- 
ume. The mixture was incubated at  4 'C and 
aliquots were drawn off a t  intervals after 
mixing, following which the cells were imme- 
diately separated by centrifugalization and 
the supernatant fluids set aside. The super- 
natant fluids were then tested simultaneously 
with mouse erythrocytes to determine the 
titer of residual hemagglutinin. The titer de- 
creased from 32 to 4 within 30 seconds and 
was <4 within 10 minutes, indicating adsorp- 
tion had occurred. Elution did not take place 
within 24 hours. 

The same experiment was done with chicken 
erythrocytes and the same amniotic fluid pool. 

$ A sniiiple of purificd ovalburiiiii. sliown to 1Jv 

homogeneous by means of elcctrc~pltoi~tic deter- 
minntions carried out by Dr. G. R. Cooper, was 
kindly furnished by Dr. A. R. Taylor, of the  
Department of Experimental Surgery, Duke Uni- 
versity, School of Medicine. 

The titer remained at  32 for the duration of 
the experiment, showing that the chicken 
cells did not adsorb the agglutinin. 

To determine whether the agglutinin eluted 
a t  37"C, the same amniotic pool was adsorbed 
to mouse erythrocytes a t  4°C for 10 minutes. 
The supernatant fluid was removed and found 
to have a titer of <4. An equal volume of 
0.85% sodium chloride solution was added to 
the erythrocytes and the suspension incubated 
a t  37'C.  Elution did not occur within 6 
hours. 

Discussion. The agglutination of red blood 
cells by egg white and extraembryonic fluids 
containing egg white, is not a unique phenom- 
enon. In  addition to specific antisera and 
the hemagglutinins which are present in cer- 
tain normal sera, numerous other agents which 
can cause hemagglutination have been de- 
scribed. Ricin, abrin, and crotin, and other 
substances derived from plants, have this 
ability.'" Influenza viruses A and B,EipG vac- 
cinkq7 and the viruses of Newcastle disease,ll 
fowl plague,'? mouse pneumonitis; and 
mumps'3 agglutinate red cells. Certain inor- 
ganic colloidal acids or bases, such as colloidal 
Filicic acid, and basic proteins such as prota- 
mines can induce hemagglutination.1° Numer- 
ous metallic have this property. These 
hemagglutinating agents, in common with the 
hemagglutinin in egg white, albumin sac con- 
tent, and normal amniotic fluid, are selective 
in their action, failing to agglutinate the 

11 Burnct, F. JC., Australiun J .  Exp. Biol. and 

12 Lush, D., J .  Cornp. Path. nnd Therap., 1943, 

13 Lrvcns, .J. H., :inn Etiders, J. F., Science, 

.Jf<'17. SC.. 1942, a), 81. 

-53, 157. 

1945, 102, 117. 
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erythrocytes of certain species, and agglutinat- 
ing those of others a t  different titers. 

The resemblance in some respects of the 
behavior of normal amniotic fluid hemag- 
glutinin to that of influenza virus is striking 
and assumes practical importance because of 
the value of the amniotic route of inoculation 
for the primary isolation of influenza 
virus.1v14*15 Embryos of that degree of de- 
velopment in which the probability of finding 
normal amniotic fluid hemagglutinin is great- 
est are best for the isolation of influenza virus. 
Burnet‘ has described a form of influenza 
virus, the “0” form, which grows well only 
in the amniotic sac and which agglutinates 
guinea pig cells better than chicken cells. I t  
is readily apparent that the normal amniotic 
fluid agglutinin, which agglutinates guinea 
pig cells but not chicken cells, could be mis- 
taken for the “0” form of influenza virus 
if the identification were allowed to depend 
on the demonstration of hemagglutination in 
undiluted fluid and were not verified by other 
procedures. The phenomenon described by 
Burnet, however, was not due to normal 
amniotic fluid agglutinin. The titer of “0” 
influenza virus was usually higher than that 
of normal amniotic fluid agglutinin; in most 
instances there was concurrent agglutination 
of both guinea pig and chicken cells by “0” 
strains: and the strains were identified as 
influenza virus by serological methods. At- 
tention should also be called to the fact that 
human erythrocytes of all blood groups are 
agglutinated by the normal amniotic fluid 
factor. Human erythrocytes have been rou- 
tinely used for the agglutination reaction with 
influenza virus in some instances.16 

I t  appears that the hemagglutinin, which is 
associated with the globulin fraction of egg 
white, gains access to the amniotic fluid after 
the rupture of the albumin sac into the 

11 Burnet, F. M., Azdstralian J .  Exp. Biol. and 

15 Hirst, G. K., PROC. Soc.  EXP. BIOL. AND MED., 

16 Personnel of Naval Laboratory Research Unit 

Ye&. Sc., 1940, 18, 353. 

1945, 58, 155. 

No. 1, U .  S. Knval Med.  Bull., 1943, 41, 114. 

amniotic sac. This accounts for the fact that 
amniotic fluid is free from hemagglutinin un- 
til the 12th day of development, and that 
those fluids containing the hemagglutinin are 
of increased viscosity. The thermolability of 
the agglutinin is consonant with the fact that 
it is associated with the globulin fraction. The 
agglutinin is adsorbed to mouse erythrocytes, 
which are agglutinated by it, but is not 
adsorbed to chicken erythrocytes, which are 
not agglutinated by it. 

The agglutination of certain strains of 
Staphylococcus aureus by allantoic fluid from 
normal 10-day embryonated hen’s eggs has 
been reported by Shrigley.17Js In the earlier 
reportli he mentions that a limited number of 
observations suggest that amniotic fluid may 
also cause the reaction, but that albumin does 
not. This phenomenon therefore does not 
appear to bear any relationship to the hemag- 
glutination reaction. 

Summ~ry .  A hemagglutinin appears in the 
amniotic fluid of normal chick embryos be- 
tween the 11th and 13th days of incubation. 
The erythrocytes of 13 of 18 species tested 
are agglutinated. Mouse and rabbit cells are 
agglutinated to the highest titer. Guinea pig 
cells are also agglutinated, but chicken cells 
are not. Hemagglutination occurs best in 
the cold. 

The hemagglutinin is associated with the 
globulin fraction of egg white. It gains ac- 
cess to the amniotic fluid when the content 
of the albumin sac ruptures into the amniotic 
sac between the 11th and 13th days of de- 
velopment of the embryo. 

I t  is 
adsorbed by mouse but not by chicken 
erythrocytes. 

The hemagglutinin is thermolabile. 

17 Slirigley, J1:. W., S c i m w ,  1945, 102, 64. 
IgBlirigley, E. W., Pale J .  Biol. niid Mcd., 194.5, 

18, 81. 
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