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A previous study( 1) performed on rats 
with experimentally induced skin burns, dem- 
onstrated formation of agglutinins directed 
against syngeneic erythrocytes. These hem- 
agglutinins could be demonstrated in the 
thoracic duct lymph but not in blood serum. 
Erythrocytes of some animals gave a posi- 
tive direct Coombs test. The serological find- 
ings were interpreted by postulating that 
the -burned animals form auto-hemagglutinins 
which are removed by red blood cells from 
the blood circulation but not from the lym- 
phatic circulation. 

Attempts were also made to demonstrate 
formation of heterophile antibodies directed 
against erythrocytes of foreign species. How- 
ever, such antibodies were not found in 
burned rats. In considering the possibility 
that another species may be a better svb- 
ject for studies on heterophile antibodies, 
the present experiments were performed on 
guinea pigs. In addition to the search for 
hetero-hemagglutinins, sera of burned guinea 
pigs were studied for the presence of anti- 
gamma globulin factors resembling the rheu- 
matoid factor. These studies were. later ex- 
tended to rabbits, and a few sera from human 
patients with severe burns were also examined. 

Materials and methods. Sera. Non-inbred 
~ 
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male albino guinea pigs of the Hartley strain, 
weighing 300 to 350 g ,  were purchased from 
Stuart Banta, Hagaman, N. Y. Thirty-nine 
guinea pigs were subjected to full-thickness 
skin burns by a procedure described previous- 
ly ( 1,2). A thermally-regulated metal surface 
maintained at 2510°C was applied to 20% 
of the body surface area of the animals under 
ether anesthesia. After the first burn, 27  
animals received 5 additional skin burns on 
a 1 sq cm area at  weekly intervals. The 
repeatedly burned guinea pigs were exsan- 
guinated by cardiac puncture one week after 
the last injury. The remaining 12 animals 
were exsanguinated at  different times from 
1 to 56 days after their first and only burn. 

Sequential serum samples were obtained 
from 4 rabbits which received 3 skin burns 
in a manner similar to that used for guinea 
pigs. The rabbits were bled before injury 
and one week after the first, second, and 
third burning. 

Human sera were obtained from 5 patients 
suffering from severe skins burns, hospitalized 
at  the New York University Medical Center. 

Erythrocytes. Human and animal blood 
was drawn into ACD solution and preserved 
for not longer than one week at  4OC. Be- 
fore use, the erythrocytes were washed 3 
times with phosphate-buff ered saline solu- 
tion, pH 7.2. 

Serologic tests. Hemagglutination tests 
were performed by a procedure described 
previouly ( 1 ) . For detection of anti-human 
gamma globulin factors, the latex slide test 
(3) ,  and a hemagglutination test with sensi- 
tized human red blood cells (SHC) (4), were 
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TABLE I. Anti-Rat Hemagglutinins in  Sera of Burned Guinea Pigs. 

Number of sera with titer of 
Sera obtained from: s 8  16 32 64 128 256 2 5 1 2  Total 

I. Guineapigsburned6 times 4 1 0 4 8 6 4 27 
11. Group I before injury 1 5 1 0 0 0 0 0  16 
111. Guinea pigs burned once 4 5 2 1 0 0 0  12 
IV. Normal guinea pigs 7 3 2 0 0 0 0  12 

TABLE 11. Hemagglutination Tetsts with Sensitized Human Erythrocytes and Sera of Burned 
Guinea Pigs. 

Number of sera with a titer of 
5 2  4 8 16 32 2 6 4  Total Sera obtained from: - 

I. Guinea pigs burned 6 times 13 4 5 3 1 1 27 
11. Group I before injury 16 0 0 0 0 0 16 
111. Guinea pigs burned once 12 0 0 0 0 0 12 
IV. Normal guinea pigs 11 1 0 0 0 0 12 

employed. The latex test was performed with 
RA reagent of Hyland Laboratories, Los 
Angeles, Calif, For the SHC test, human 
erythrocytes were sensitized by an incomplete 
anti-Rh (anti-CD) serum “Ri.” Serum “Ri” 
was kindly supplied by Dr. Marion Waller 
of the Medical #College of Virginia, Rich- 
mond. The procedure used has been described 
in detail(5). 

Treatment with sulfhydryl reagent(6). 
Selected serum samples from repeatedly 
burned guinea pigs were diluted 1:4 and 
incubated with an equal volume of 0.2 M 
2-mercaptoethanol for 1 hour a t  37°C. Such 
samples were then immediately tested by the 
hemagglutination and SHC tests. 

Results. Sera obtained from burned guinea 
pigs, as well as control sera from normal 
guinea pigs, were tested against erythrocytes 
of various species including man, ox, sheep, 
pig, rabbit, guinea pig, rat, mouse, and 
chicken. In  these screening tests, i t  was 
noted that sera obtained from burned guinea 
pigs gave a high titer of agglutination with 
rat erythrocytes but not with erythrocytes 
from any of the other species tested. Titra- 
tion experiments were then carried out with 
rat erythrocytes. Results of these experi- 
ments are summarized in Table I. It may 
be noted that 2 2  of 27  repeatedly burned 
guinea pigs developed anti-rat hemagglu- 
tinins with titers of 64 or more. No sig- 
nificant differences in the hemagglutinating 
titers of the sera were observed by using 
erythrocytes of 4 different rat strains: Wistar, 

Fisher, Lewis, and Sprague-Dawley. In con- 
trast, normal guinea pig sera, including sera 
from the burned guinea pigs obtained before 
injury, generally exhilbited anti-rat erythro- 
cyte titers of 16 or less. Sera from animals 
exsanguinated a t  various times after the 
first burn did not show titers of anti-rat hem- 
agglutinins as high as those obtained with 
sera from the repeatedly burned animals. 

The serum samples were studied by the 
latex test for the presence of anti-human 
gamma glolbulin factors. Most sera obtained 
from repeatedly burned animals gave posi- 
tive latex tests. All serum samples were 
then tested by the SHC test after absorp- 
tion of the sera with human erythrocytes 
(Ta’ble 11). Definite positive reactions (a  
titer of 8 or more) were obtained with sera 
of 10 of the 27  repeatedly burned guinea pigs. 
None of the other serum samples gave a 
significantly positive reaction. 

In Table 111, results of an experiment 
are presented for which a serum was selected 

TABLE 111. Effect of Heat and 2-Mercaptoeth- 
anol (2-ME) on Serological Activity of Serum 

from a Repeatedly Burned Guinea Pig. 

Agglutination titer with 

serum tested erythrocytes erythrocytes 
Type of Rat  Sensitized human 

Un t mated 64 
Heated for  30 min a t  

56°C 64 
63°C <4 
70°C <4 

Treated with 2-ME <8 

16 

16  
16 
<4 
16 
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TARTIE IV. Hemagglutination Tests with Sera 
froiu 4 Repeatedly Burned Rabbits. 

Agglutination titer with 
Serum samples Rat  Sensitized buman 

o1)taiiied erythrocytes cry throcptcs 

Before injury <8,8, <8, <8 <S, <2, <2, <:! 
After first I~ur i i  16, 64, 64, 16 4, 2, < 2 ,  < 2  
After secoiitl burn 16, 64, 128, 16 4, 8, 2 ,  < 2  
After third l-)urii 16, 64, 128, 64 4, 32, 64, < 2  

that contained both anti-rat hemagglutinin 
and anti-human gamma globulin factor. I t  
may be noted that the hemagglutinin was 
destroyed by heating a t  63°C and by 2-mer- 
captoethanol, whereas the anti-human gam- 
ma globulin factor resisted these treatments. 
Analogous results were obtained in studying 
3 other similar sera. 

Sequential serum samples obtained from 
4 rabbits with thermal injury were studied 
by the rat cell hemagglutination and SHC 
tests (Table I V ) .  The experimental mate- 
rials were not sufficient for precise evalua- 
tion. However, there appeared to be very 
little doubt that a t  least some rabbits formed 
anti-rat hemagglutinins and anti-human gam- 
ma globulin factors. 

Finally, sera from 5 patients with severe 
skin burns were also examined. As may 
be noted in Table V, sera of 3 patients con- 
tained rather potent anti-rat hemagglutinins 
and sera of 2 patients gave definite latex 
tests. 

Discussion. Heterophile antibodies have 
attracted considerable attention in our labora- 
tories ( 7-9). Heterophile antibodies should be 
defined as antibodies combining with a quite 
different antigenic material than the one 
used for immunization. Forssman antibodies 
are classical examples of heterophile anti- 
bodies. The unexpected cross reactions given 

by Forssman antibodies were satisfactorily 
explained by demonstration that various, even 
biologically far-remote species, carry similar 
antigenic determinants in their tissues. 

The term “heterophile antibodies” has 
been also frequently used in relation to anti- 
bodies detectable in serdiagnostic tests em- 
ploying antigens other than those derived 
from causative agents responsible for a given 
disease. Antibodies in infectious mononucle- 
osis sera which comtbine with sheep and 
bovine erythrocytes( 10) are frequently re- 
ferred to as heterophile antibodies. The ex- 
planation most frequently offered for the 
appearance of heterophile antibodies such 
as those encountered in infectious mononucIe- 
osis assumes that the causative agents (in 
this case a virus) share antigenic determi- 
nants with the antigen used for detection of 
antibodies (in this case sheep or bovine eryth- 
rocytes). Alternatively, it has been postu- 
lated that a morbid process may result in 
alterations of autologous antigens to the 
point where they resemble foreign antigens. 
These altered antigens would stimulate for- 
mation of antibodies which would combine 
with foreign antigens. The latter hypothesis 
was substantiated by studies on the nature 
of the rheumatoid factor. I t  was shown in 
previous studies( 11,121 that rabbits injected 
with denatured autologous gamma globulin 
form antibodies combining with foreign gam- 
ma globulin, first of all, human gamma globu- 
lin. This finding was explained by postulating 
that the denaturation brings about conforma- 
tional changes of the autologous gamma glob- 
ulin resulting in the appearance of novel anti- 
genic determinants which resemble those 
naturally occurring in a foreign gamma 
globulin. 

TABLE V. Rat  Cell Hemagglutination and T,ates Slide Tests with Sera of 5 Patients Suffering 
f roin Severe Skin Burns. 

’% of total Agglutination titer 

exposed to ohtained X days Ra t  RA 
with body surface s c ru111 sa 111 ples 

a f te r  injury erythrocytes latex 
Age 

Iiiitials in yr Sex burn Outconie 

A.M. 27 3 45 Recovery 141 256 <8  
C.T. 28 8 65 Death after 28 days 21,28 16 <s 
S.B. 61 9 30 Recovery 27 <8 <s 
J.H. 54 Q 22 Death after 13  days 7 256 256 
W.B. 28 8 38 Death after 30 days 7, 9 128 1024 
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It would appear that the anti-rat hemag- 
glutinins detectable in sera of burned guinea 
pigs, rabbits and humans were elicited by 
the autologous tissue antigens altered as a 
result of the injury. An alternative possibility 
should also be considered that these anti- 
bodies were engendered by bacterial infection 
complicating the wound healing. This inter- 
pretation, however, requires a rather unlikely 
assumption that all the animals suffered from 
an infection by microorganisms sharing anti- 
gens with rat erythrocytes. The final answer 
to this point was sought in experiments on 
germ-free animals. Thus far, however, the 
burned germ-free animals could not be main- 
tained alive long enough to conclude the 
experiments. Formation of anti-gamma glob- 
ulin factors might have been stimulated by 
denatured autologous gamma globulin in a 
similar fashion as was the case in the a8bove 
quoted studies( 11,12). 

Summary. Anti-rat hemagglutinins and 
anti-human gamma globulin factors were 
demonstrated in sera of guinea pigs and rab- 
bits exposed to repeated thermal injury. 
Similar factors were also found in sera of 

some patients with severe skin burns. 
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Increased vascular permeability is prob- 
ably an important and early response of the 
microcirculation to injury in an inflamma- 
tory response ( 1 ) . Bradykinin has been shown 
to induce several changes associated with ex- 
perimental inflammatory responses including 
vasodilitation ( 2-4), increased vascular perme- 
ability ( S ) ,  and margination of leukocytes 
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(6 ) .  I t  was therefore of interest to assess 
some of the synthetic analogues of brady- 
kinin in regard to their effect upon vascular 
permealbility, and to compare this action 
with some other pharmacologic properties of 
these compounds. 

Materials and methods. The synthetic 
bradykinin and analogues listed in Table I 
were synthesized by Nicolaides and his asso- 
ciates ( 7 ) .  Permeability properties were meas- 
ured in the skin of living, unanaesthetized 
guinea pigs by olbserving changes in perme- 
ability induced by intradermal injection of 
these compounds suitably diluted in buffer. 
This technique has been described by Miles 


