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node, submaxillary gland, thymus, liver, and 
plasma. The changes in lysozyme activity in 
some of the organs are probably associated 
with trans plantation of gr anulopoietic ele- 
ments. Biochemical significance of lysozyme 
is not known, but it may reflect immunological 
activity. In  some of our lymphatic tissue 
homogenates examined microscopically not all 
cells were disrupted, so that the experimental 
procedure of freezing and thawing the homo- 
genate, then rehomogenizing, was carried out. 
This increased the enzyme activity yield in 
nearly every organ studied. 

We are grateful to Dr. D. G. Doherty for his help 
during this investigation. 
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Production of 7s and 19s Antibodies to the Somatic Antigens of 
Salmonella typhosa in Rabbits." (Zaoso) 

ROBERT M. PIKE AND MARY LOUISE SCHULZE (Introduced by S. E. Sulkin) 
Department of Microbiology, University of Texas Southwestern Medical School, Dallas 

Numerous reports indicate that antibodies 
to most antigens appear in both the 19s and 
7s globulins. These two molecular species of 
antibodies have been demonstrated in rabbits 
immunized with erythrocytes ( 1,Z) , bovine 7- 
globulin ( 3  ) , human serum albumin (4), hemo- 
cyanin (4), diphtheria toxoid (4) and bacterio- 
phage (5) .  Chickens produced both kinds of 
antibody to bovine serum albumin(6) and to 
bacteriophage ( 7 ) .  In frogs and goldfish both 
rapidly and slowly sedimenting antibodies 

' were found(7). In human serum, antibodies 
to diphtheria toxoid( 8) and BruceEEa suis (8) 
and certain antibodies to erythrocytes (9,lO) 

*This work was supported by a grant from Nat. 
Science Foundation. 

have been found in both 19s and 7s globulins. 
Although both 7s and 19s antibodies to Sal- 
monella flagella an tigens were demonstrated 
in human serum( 1 1 ) and in rabbit serum(4) , 
antibodies to the somatic antigens of S. t y -  
phosa appeared only in the 19s fraction of 
human serum after immunization with TAB 
vaccine( 11) and only in the 19s fraction of 
rabbit serum after foot pad inoculation ( 4 ) .  
Since the implication that antibodies to lipo- 
polysaccharide antigens may be entirely 
macroglobulins is a matter of considerable 
significance, we have studied further by cellu- 
lose chromatography, mercaptoethanol sensi- 
tivity and ultracentrifugation the 0 agglutin- 
ins in the serum of rabbits hyperimmunized 
with S. typkosa. Evidence that 7s as well 
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FIG.  1. Distribution of 0 agglutinins in frac- 
tions of rabbit anti-Sal?nonella typliosa serum 
eluted from DEAE cellulose. Rabbit 2, Table I. 

as 19s antibodies are formed under these con- 
ditions is presented. 

Materials and methods. The vaccine used 
was prepared from a smooth, motile strain 
of S. typhosa isolated from a patient in 1948. 
The method was similar to that described by 
Roschka( 1 2 )  and successfully used by Ed- 
wards( 13). Bacteria grown on agar plates 
were suspended directly in absolute ethanol, 
heated at  56°C for 4 hours and at  37°C over- 
night. The ethanol was replaced with acetone 
and the suspension again left at  37°C over- 
night. After washing the bacteria twice with 
acetone, the acetone was decanted and the 
bacteria were dried and weighed. Rabbits, 
4 to 5 lb., were immunized by intravenous or 
by toe pad injection. For the latter the in- 
oculum was divided among several toes of 
both hind feet. The antigen used in agglu- 
tination tests was prepared from the same 
strain of S. typhosa by suspending the 24- 
hour growth on agar plates directly in 95% 
ethanol(l4). After heating for 4 hours a t  
56”C, the suspension was centrifuged and the 
bacteria were resuspended in saline contain- 
ing 30% ethanol. For use, this heavy stock 
suspension was diluted in saline to give 80% 
light transmittance on a Coleman model 9 
Nepho-colorimeter using a 10 mm cuvette. 
Agglutinin titers were determined by adding 
0.5 ml of this suspension to each 0.5 ml of 
a series of doubled dilutions of serum or of 

serum fraction. Tests were incubated a t  50°C 
overnight. Titers were recorded as the recip- 
rocal of the highest final dilution of serum 
or fraction that showed definite macroscopic 
clumping when viewed with a strong light 
against a dark background. Five ml portions 
of serum were chromatographed on DEAE 
cellulose as previously described ( 1 5 )  eluting 
twenty 10 ml fractions with each of 4 phos- 
phate solutions with decreasing pH and in- 
creasing molarity (Fig. 1 ). Ultracentrifuga- 
tion at  35,000 rpm for 1 5  hours in a sucrose 
gradient was done as described by Edelman 
et al(16) .  Treatment with 0.1 M 2-mercap- 
toethanol was according to Grubb and Swahn 

Results. Table I summarizes the results 
obtained with 4 rabbits inoculated intraven- 
ously and 3 rabbits that received the vaccine 
by toe pad injection. Rabbits 13, 14, 1 5  
and 16 are strictly comparable since all 4 
received the same amount of vaccine and 
were injected and bled according to the same 
schedule. The amount of antigen injected and 
time of injection is shown in relation to the 
0 agglutinin titers a t  various times. The maxi- 
mum titers observed in the two groups of 
rabbits show no advantage for either method 
of inoculation. In  those rabbits that received 
the vaccine intravenously, there was a ten- 
dency for maximum agglutinin levels to be 
reached promptly with a subsequent decline 
in titer in spite of continued antigenic stimu- 
lation. More time was usually required to 
reach maximum antibody levels in the rabbits 
injected in the toe pads. 

All serum samples were chromatographed 
on DEAE cellulose. Two typical chromato- 
grams obtained on the first 2 serum samples 
from rabbit 2 are shown in Fig. 1 .  The 0 ag- 
glutinin titer of each fraction was determined. 
By taking the sum of all the titers for indi- 
vidual 10 ml fractions as representing the 
total amount of agglutinin recovered from the 
column, it was then possible to estimate, as 
a percentage of the total, the amount of ag- 
glutinin eluted by each of the phosphate solu- 
tions designated respectively as A, B, C 
and D. 

These antibody distributions for all sera 

( 1 7 ) .  
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TABLE I. Distribution of 0 Agglutinin in Chromatographic Fractions of Sera of Rabbits Iiniriiinized 
with Acetone Dried Salmonella typlaosa. 

% of 0 agglutinin in Total mg 
Amt of antigen injected antigen Day of (- fractions" -> 

Rabbit and day of injection injected bleeding Titer A B C D 

R 2  .25, .5, 1.0 and 2.0 mg 
on days 0 , 4 , 8  and 12  

2 , 4 , 8  and 1 3  mg on days 
22, 25, 30 and 35 

16 ,30 ,30  and 30 mg on 
days 45,49,53 and 57 

.01, .04, .16, .75 and 3.0 nig 
on days 0, 3, 5, 7 and 10 

.02, .1 and .5 mg on 
days 0 , l O  and 18 

2.5 and 12.5 mg on days 
29 and 42 

.02, .1 and .5 mg on 
days 0 , l O  and 18 

2.5 and 12.5 rrig on days 
29 and 42 

R 112 

R 1 3  

R 1 4  

R 1 5  .02, .1 and .5 mg on 
da.ys 0 , 1 0  and 18 

2.5 and 12.5 mg on days 
29 and 42 

.02, .1 and .5 mg on 
days 0 , l O  and 18 

2.5 and 12.5 mg on days 
29 and 42 

.5, .5 and .5 mg on 
days 0,12 and 19  

.5 mg on day 34 

R 16 

R 111 

Rabbits in j ec ted intravenously 

3.75 18 5,120 

30.75 42 5,120 

136.75 64 1,280 

3.96 1 7  10,240 

.62 29 40,960 

15.62 49 2,560 

.62 29 10,240 

15.62 49 5,120 
Rabbits injected in toe pads 

.G2 29 2,560 

15.62 49 5,120 

.62 29 5,120 

15.62 49 20,480 

1.5 25 10,240 
2.0 41  5,120 

5 

50 

66 
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" Fractions A, B, C and I) were eluted with 0.01, 0.05, 0.1 and 0.3 M phosphate respectively. 

are shown in Table I. Rabbits inoculated in- 
travenously eventually developed sera in 
which from 10 to 66% of the agglutinins 
appeared in fraction A. The relative amount 
of agglutinin in fraction A increased as im- 
munization was continued in rabbits 2 ,  13 
and 14. In the sera of rabbits immunized by 
toe pad injection from 1 to 6% of the ag- 
glutinins appeared in fraction A suggesting 
that the route of injection may influence the 
types of antibody produced. In most in- 
stances, relatively small amounts of agglutinin 
were detectable in fractions B and C. 

The agglutinins in fraction A, eluted with 
0.01 M phosphate were presumed to consist 
almost entirely of 7s 7-globulin while the ag- 
glutinins eluted in fraction D with 0.3 M 

phosphate should consist largely of macro- 
globulin ( 18-20). To support this assumption 
fractions were examined for stability in mer- 
captoethanol (ME)  and for sedimentation in 
a sucrose gradient. Pools, designated as frac- 

tions A, B, C and D, were made from the 
10 ml fractions containing detectable agglu- 
tinins in each of the 4 sections of the chrom- 
atograms. Each pool was concentrated by 
dialysis against polyethylene glycol ( 2  1 ) fol- 
lowed by dialysis against saline. The eluate 
from each section was thus reduced to about 
one-tenth its original volume. The effect of 
ME on the agglutinins in fractions A, B, C 
and D from the serum obtained from rabbit 
2 on the eighteenth day is shown in Table 11. 
The titer of fraction A was unchanged while 
the agglutinins in fraction D were almost 
completely destroyed. The agglutinins pres- 
ent in fractions B and C were also at least 
partially destroyed by ME. The globulins in 
these fractions are undoubtedly mixtures and 
presumably include the P2*- ( 2 2 )  or yIA- (20) 
globulin. 

Table I11 shows the distribution of agglu- 
tinins a t  various levels after sucrose gradient 
centrifugation of chromatographic fractions A 
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TABLE 11. Effect of Mercaptoethanol on 0 Ag- 
glutinins in Various Chromatographic Fractions. 

Fraction* Treatment Titer 

A Untreated 16 
ME 16 

B Untreated ti4 
M E  8 

C Untreated 32 
M E  O t  

D Untreated 256 
ME 4 

* Serum from rabbit 2 after 18 days. 
t No agglutination in  a 1:4 dilution. 

and D from 2 rabbits. The titers were influ- 
enced by the manner in which the levels were 
sampled after centrifugation but in both in- 
stances the agglutinins of fraction A were con- 
centrated in the middle area while those of 
fraction D were concentrated near the bottom 
of the tube. 

Discussion. There have been a number of 
reports indicating that a t  least the major por- 
tion of the antibodies for the somatic antigens 
of the typhoid bacillus is present in the 19s 
7-globulin. Enders( 23) found nearly all of 
the 0 antibody in the Cohn fraction 111-1 of 
pooled human plasma while Deutsch et a1 (24) 
reported that the yl fraction of human plasma 
contained the major portion of the typhoid 
0 agglutinins. Studying the destruction of 
agglutinins by sulphydryl compounds Grubb 
and Swahn( 17) found that human anti-sal- 
monella IX agglutinin was destroyed by ME. 
Typhoid 0 agglutinins in human sera result- 
ing from TAB immunization were found by 
Lospalluto et aZ( 11) to be exclusively 19s by 
chromatography and sensitivity to ME. Using 

TABLE 111. 0 Agglutinin Titers of Chromato- 
graphic Fractions After Centrifugation in  a 

Sucrose Gradient. 

Chromatographic fraction 
Sucrose 
gradient r------A-- yD- 

fraction R.2" R.112t R.2* R.112t 

1 (top> O $  0 0 32 
2 0 0 0 32 
3 64 64 0 32 
4 16 0 0 256 
5 (bottom) 8 0 64 256 

* Sucrose gradient fractions removed from top. 
t Sucrose gradient fractions removed from 

4 No agglutination in  a 1 : 4 dilution. 
bottom. 

paper electrophoresis, Laurell ( 2  5)  achieved 
partial separation of the H and 0 anti-Sal- 
monella typhimurium agglutinins in the 7- 
and p2-globulins respectively. Laurell ( 2  5) 
also obtained a similar separation of anti- 
typhoid H and 0 agglutinins in rabbit immune 
sera although there was some overlapping. A 
single rabbit anti-salmonella IX serum was 
treated with ME by Grubb and Swahn( 17) 
thereby reducing the titer from 160 to 80. 
Failure to destroy completely the agglutinins 
in this rabbit serum by this procedure suggests 
that the serum may have contained both 7s 
and 19s antibody. Bauer and Stavitsky(4) 
also examined the typhoid 0 agglutinins in 
the sera of immunized rabbits and charac- 
terized these agglutinins as yl by electro- 
phoresis and as heavy globulins by ultracen- 
trifugation. Until the present report there has 
apparently been no conclusive demonstration 
of 7s antibodies for Salmonella somatic anti- 
gens. 

There can be little doubt that the rabbits 
used in this study produced 7s agglutinins for 
the somatic antigens of S. typhosa as shown 
by elution from DEAE cellulose, resistance 
to ME and sucrose gradient centrifugation. 
Thus it appears that rabbits produce both 7s 
and 19s antibodies to this lipopolysaccharide 
as well as to other antigens( 1-5). The change 
from the early appearance of 19s to the later 
production of 7S, however, takes place more 
slowly and less completely in the case of the 
somatic agglutinins. Sera from only one of 
our rabbits showed a predominance of 7s 
and this occurred only after very large 
amounts of antigen had been injected intra- 
venously. Several factors may have contrib- 
uted to the failure of other investigators to 
find 7s somatic agglutinins in human sera. 
The total amount of antibody in pooled nor- 
mal plasma or in human serum after im- 
munization is certainly not as great as the 
amount in the serum of hyperimmunized rab- 
bits and the 7s agglutinins may not have been 
detectable by the methods used. The route of 
inoculation is probably a factor also since 
rabbits injected intravenously produced some- 
what higher proportions of 7s than did the 
rabbits receiving toe pad inoculation. 



HYPOGLYCEMIA AFTER ENDOTOXIN 833 

Summary. Seven rabbits immunized with 
acetone dried Salmonella typhosa produced 
both 19s and 7s agglutinins for the typhoid 
somatic antigens although the 19s antibodies 
predominated in most serum samples even 
after repeated injections of vaccine. The re- 
sults suggest that the route of injection and 
amount of antigen injected may influence the 
relative amounts of 19s and 7s antibodies 
appearing in the serum. 
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Hypoglycemia Following Endotoxin Administration in Animals with 
Liver Damage. (29051) 

W. EDMUND FARM, JR. AND J. GARY WATSON (Introduced by L. S. Baron) 
Department of Applied Immunology, Walter Reed Army Institute of Research, Washington, D. C .  

Previous studies in this laboratory( 1,2) 
have demonstrated that guinea pigs pretreated 
with a sublethal dose of carbon tetrachloride 
(cc14) are remarkably susceptible to the 
lethal action of bacterial endotoxin. Endo- 
toxin susceptibility is greatest when hepatic 
necrosis is maximal (about 48 hours after 
cc14 administration). It was also observed 
that CC14-treated animals became prostrate 
and died sooner than normal animals given an 
endotoxin dose of comparable lethality. These 
findings suggested that a different type of re- 
sponse to endotoxin might occur in these ani- 
mals with severe liver damage. This study 
documents the occurrence of progressive and 

profound hypoglycemia in CC14-treated guinea 
pigs given a lethal dose of endotoxin, a phe- 
nomenon which was not seen in normal ani- 
mals. 

Materials and methods. Female Hartley 
strain of guinea pigs weighing between 300 
and 400 g were used. Endotoxin of E. coli 
026-B6 (Boivin type) was obtained from 
Difco Laboratories. The intravenous route 
was used for all endotoxin injections. CC14 
treatment consisted of the subcutaneous in- 
jection of 0.15 ml 48 hours before endotoxin 
challenge. This dosage caused severe centri- 
lobular hepatic necrosis but was not lethal (2 ) .  
The animals were either allowed Purina rabbit 


