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Formation of Antibody to a Protein Antigen in Adult Rabbits Given 
Salmonella Lipopolysacaharide. (32289) 

ARNOLD J. SPURGASH* AND Lours R. SIBAL~ 
(Introduced by Mary Alexander Fink) 

Department of Microbiology, University 

Intravenous administration of Salmonella 
somatic polysaccharide to adult rabbits has 
been shown to induce the production of large 
numbers of plaque-forming cells specific for 
this antigen in the spleen. Significant num- 
bers of such cells were also detected in the 
peripheral blood and thymus( 1-3). Whether 
the presence of plaque-forming cells in the 
thymus was related to the unique antigenic 
properties of this polysaccharide or the 
physiological changes elicited by this group 
of toxic substances was not determined. 
Therefore, the present work was undertaken 
to study the effect of the administration of 
Salmonella Fipopolysaccharide (LPS) on the 
pattern of response of rabbits to an unrelated 
protein antigen, bovine serum albumin (BSA) . 
The results showed that significant levels of 
antibody to LPS were found in the spleen and 
thymus, antibody formation to BSA in the 
spleen was accelerated and increased by LPS 
and antibody was found in the thyrnus when 
BSA was given simultaneously with LPS. 

Materials and methods. Seventy-nine adult 
New Zealand rabbits of both sexes and 
weighing 1.8 to 2.3 kg were divided into 3 
experimental groups: ( I )  BSA alone, 10 mg/ 
kg body weight (KBW); (11) LPS of 
Salmonella abortus equi alone, 5 pgJKBW; 
(111) BSA, 10 mg/KBW plus LPS, 5 Fg/ 
KBW, simultaneously. The LPS ( Pyrexal) 
was prepared in the laboratory of Dr. Otto 
Westphal(4). All materials for injection were 
prepared in pyrogen free saline and given in- 
travenously in 1 .0 ml amounts. Representative 
rabbits were bled or sacrificed and tissue re- 
moved at  daily intervals for 10 days after 
an tigenic stimulation. 

Preparation of organ extracts. Immediately 
after removal from the animal, the spleen or 
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thymus was rinsed in cold 0.85% NaCl, 
blotted, and weighed. Each organ was gently 
minced and pressed through a monel-metal 
wire cloth (150 mesh). The resulting cells 
were collected in Hanks’ balanced salt solution 
and washed 3 times. Then the cells were sus- 
pended in 2.0 ml of distilled water which had 
been adjusted to pH 7.6 with NaOH. They 
were then frozen and thawed 5 times(5). To 
the final cell lysate 20% NaCl solultion was 
added until the concentration was 0.85%. 
Following the removal of cellular debris by 
centrifugation, the supernatant fluid was 
kept at  -7OOC until tested. 

Antibody titrations. The anti-BSA content 
of serum and organ extracts was determined 
by the tanned cell hemagglutination technic 
( 6 ) ;  anti-LPS was measured by a modified 
hernagglutination technic originally devel- 
oped by Neter et a l ( 7 ) .  LPS antigen for 
sensitization of sheep erythrocytes (SRBC) 
was prepared as follows: S. abortus equi was 
cultured in Difco brain heart infusion agar for 
24 hours a t  37°C. The growth was harvested 
in 25 ml of sterile phosphate buffered saline 
(PBS), pH 7.2, and heated for 90 minutes a t  
100°C. Following centrifugation at  14001 X 
g for 30 minutes, the supernatant fluid was 
diluted with PBS to a final volume of 30 ml 
and kept a t  -20°C. For sensitization, an 
equal volume of washed 2.5% SRBC was 
added to a 1 : 100 dilution of the LPS antigen 
and incubated for 15 minutes at 37°C. The 
sensitized SRBC were washed 3 ti= in PBS 
and resuspended to a final concentration of 
2.5%. 

For both tests, serial 2-fold dilutions of in- 
activated serum and extracts were carried out 
in duplicate. To each tube containing 0.5 ml 
of material to be tested, 0.05 ml of SRBC sen- 
sitized with either BSA or LPS were added. 
The tubes were shaken and allowed to settle 
a t  room temperature; agglutination patterns 
were read after 3 hours. Evidence for speci- 
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I0 1 

DAYS AFTER INJECTION 

FIG. 1.  Serum antibody response of rlabbits given 
eithe'r (A) 10 mg BSMKBW, (B) 5pg LPS/KBW, 
or (C) 10 mg BSA/KBW plus 5pg LPS/KBW, 
intravenously. 

ficity was obtained by inhibition of the 
specific reactions. Appropriate controls con- 
sisting of standard positive and negative 
serums and cell controls were included in each 
assay. Serum titers are expressed as the log2 
geometric mean of thre highest dilution of 
serum showinlg complete hemagglutination or 
as the log2 geometric mean of the number of 
hemagglutinating unitsJg od tissue extracted. 

Results. The results of preliminary experi- 
ments showing the adjuvant effect oE LPS on 
the primary response of rabblits to BSA, as 
measured by this technic, are given in Fig. 
1. Antibody to BSA appeared in the serum of 
LPS-stimulated rabbits on the 6th day after 
injection, 2 days earlier than in controls given 
BSA alone. The an'ti-BSA titers were masked- 
ly higher in the LPS-stimulated animals. Anti- 
body to LPS appeared in the sera of animals 

TABLE I. Log, Geometric Mean Hemagglutina- 
tion Titers of Serum and Organ Extracts of 23 
Rabbits Given 10  mg BSA/KBW, Intravenously. 

~ s y s  Serum Spleen Thymus 
af ter in- anti- Anti- Anti- 
jection BSA Wt,g* BSA Wt,g* BSA 

6 ,O 1.0 0 4.2 0 
7 0 1.1 1.6 4.6 0 
8 1.9 1.0 3.3 3.9 0 
9 4.0 1.2 4.0 4.3 0 

10 4.5 1.4 5.1 3.7 0 

given LPS alone and LPS plus BSA on the 
2nd day after injection. The titers of both 
groups were identical, reaching a plateau oa 
the 4th day after LPS stimulation. 

The content of antibodies in the spleen and 
thymus was then determined and the results 
of these experiments are presented in Tables 
I, 11, and 111. Rabbits given BSA alone 
showed antiboldy in spleen extracts on the 7th 
day, 1 day earlier than the serum. The ex- 
periment was terminated on the 10th day 
before peak levels of antibody formation were 
alttained. No antibody could be detected in 
thymic extracts at any of the times studied 
(Table I). As seen in Table 11, antiblody to 
LPS was detected in spleen extracts on the 1st 
day and in thymic extracts on the 3rd day 
after stimulation. The content of anrtibdes 
increased in both organs on succeeding days, 
but the m o u n t  of anti-LPS was considerably 
greater per unit weight of spleen bhan oif 
thymus. Maximal levels of anti-LPS in the 

TABLE 11. Log, Geometric Mean Hemagglutina- 
tion Titers of Serum and Organ Extracts of 23 

Rabbits Given 5 pg LPS/KBW, Intravenously. 

Days Serum Thymus 
after in- anti- Anti- Anti- 
jection L P S  Wt,g* LPS  Wt,g* LPS 

1 0 1.0 1.8 2.3 0 
2 1.6 1.3 3.2 2.8 0 
3 4.9 1.1 5.9 3.1 1.1 
4 6.0 1.2 6.5 3.5 2.6 
5 6.6 1.3 6.7 4.0 4.3 

* Average wet wt in g. 

spleen and thymus were approached by the 
4th and 5th days, respectively. This response 
was similar in the groups given LPS alone and 
LPS plus BSA (Table I1 and 111). The ap- 
pearance and content of anti-BSA in LPS- 
stimulated animals is also shown in Table 
111. Antibody to BSA was detected in the 
spleen on the 4th day and in the thymus and 
serum on the 6th day. The colncentration of 
antibody in both organs and serum increased 
on succeeding days and the amounts of anti- 
BSA in the spleen were considerably greater 
per unit weight of spleen than of thymus. Also 
given in Tables I, 11, and I11 are the wet 
weights of the organs. Spleen weights were not 
markedly altered following the injection of 
BSA or LPS. However, an increase folllowing * Average wet wt in  g. 
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TABLE 111. Log, Geometric Mean Hemagglutination Titers of Serum and Organ Extracts of 23 Rab- 

bits Given 10 mg BSA/KBW and 5 pg LPS/KBW, Intravenously. 

Days after Y S e r u m ?  ,Spleen- -------Thymut3--------7 
injection Anti-BSA Anti-LPS Wt, g* Anti-BSA Anti-LPS Wt, g* Anti-BSA Anti-LPS 

4 0 5.9 1.2 1.9 6.4 3.2 0 2.6 
5 0 6.6 1.4 4.3 7.5 3.6 0 4.2 
6 2.6 6.7 1.5 5.3 7.5 4.1 .7 4.3 
7 5.7 6.7 1.9 6.5 7.6 4.4 2.2 4.3 
8 6.7 6.8 2.3 6.8 7.7 4.0 3.0 4.3 

* Average wet wt in g. 

the response to BSA in LPS-treated rabbits 
was noted on the 7th and 8th days after anti- 
genic stimulation. A diminution in thymic 
weights occurred during the first 4 days after 
LPS injection, after which there was a return 
to normal values. 

Discussion. The finding of antibodies to 
LPS and BSA in thymic extracts of adult rab- 
bits following simultaneous injection of these 
antigens provides evidence that involvement 
of this organ is not uniquely related to anti- 
genic properties of LPS. In these experiments, 
conditions were chosen which were optimal 
for the demonstration of enhancement of the 
primary antibody response to BSA. This was 
evident by the decrease in the induction 
period and marked increase in the antibody 
content of the spleen and serum. As expected, 
no response could be detected in the thymus 
following administration of BSA alone. The 
presence of antibody to LPS in both spleen 
and thymus extract supports the previous 
finding of plaque-forming cells in these organs 
by Landy and his co-workers (2,3). 

The presence of antibodies to both antigens 
in the thymus may be accounted for in several 
ways. One possibility is that immuncmm- 
petent cells present in the thymus participated 
in the immune response. The administration 
of LPS could either have permitted access to 
or substantially increased the amounts of 
these antigens reaching the thymus. H ~ Q -  
dynamic changes reIating to the toxic nature 
of the LPS or interference in the removal of 
injected material from the circulation by cells 
of organs not associated with antibody for- 
mation have been suggested as explanations 
for this response(8). Another possibility is 
that the presence of antibodies to BSA in the 
thymus was the result of infiltration of this 
organ by immunocompetent cells or their pre- 

cursors from other more active antibody- 
forming organs (e.g., spleen). The consistent 
appearance of antibodies to both antigens in 
the spleen at  least 2 days prior to their detec- 
tion in the thymus would support this hypo- 
thesis. The spleen weight increase and thymus 
weight decrease associated with the early anti- 
body response may be related to this. The 
present data do not permit a clear choice be- 
tween these two alternatives. 

Our findings demonstrate that LPS ad- 
ministration influences the distribution of 
antibody or antibody-forming cells to a 
protein antigen in the rabbit. Landy and 
Baker ( 3 )  have reported that when Salmonella 
somatic plysaccharide and SRBC were 
simultaneously given to rabbits by the intra- 
venous route, the numbers and organ distri- 
bution of plaque-forming cells for each anti- 
gen remained unchanged. Although direct 
comparison of the results of these two studies 
is difficult, it does not necessarily follow that 
a soluble protein antigen (BSA) and a cel- 
lular antigen (SRBC) would incite the same 
pattern of response. Our experiments do not 
suggest that the thymus plays an essential 
role in the adjuvant action of LPS since the 
contribution of this organ to the total anti- 
body response of the animal was minimal. 
Campbell et d(9) have recently shown that 
thymectomy of adult mice failed to diminish 
enhancement by endotoxin. 

Summary. Experiments were designed to 
study the immune response of the rabbit 
spleen and thymus following systemic admin- 
istration of bovine serum albumin (BSA), 
Salmonella lipopolysaccharide (LPS) and 
BSA plus LPS. Significant amounts of anti- 
body to LPS were found in the spleen and 
thymus. The formation of ant ibdy to BSA 
in the spleen was accelerated and enhanced 
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by LPS; antibody was found in thymus when 
BSA was given with LPS. 
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A Fluorometric Method for Measurement of Sperm Capacitation. 
( 3 m )  

R. J. ERICSSON 
Research Laboratories, The Upjohn Co., Kalamazoo, Mich.  

The fact that rabbit sperm require several 
hours’ residence in the female reproductive 
tract befolre acquiring the capacity to fertilize 
ova was reported independently by two in- 
vestigators in 1951 (1,2). Termed capacita- 
tion, this phenomenon has since b’een in- 
vestigated in various species, in different 
anatomical structures of the female, and 
under the influence of several sex hormones 
(3,4,5). All work done to date has one thing 
in common, capacitation is measured by the 
ability of sperm to fertilize ova. Cleavage in 
recovered ova provides an accurate measure of 
capacitation, but this technique consumes 
time and, therefore, limits the number of ani- 
mals and s p i e s  which can be studied. Work 
in in vitro capacitation has been hampered 
for lack of a simpler method to measure ca- 
pacitation. 

In  this paper, we describe a method to 
identify capacitated sperm fluolrometrically. 

Materials and methods. This technique is 
based on the observation that sperm bind with 
a fluorescent compound, tetracycline HCl (T- 
HCl). Steps involved in this procedure and 
the reaction of mammalian sperm to it have 
been reported (6). Sixteen experiments were 
performed with rabbits over a 15-month 
period. General procedures folr these experi- 
ments were: 1) T-HC1 in Tyrode’s solution 
(3 mg/ml) mixed with semen at 6 &lo6 

sperm folr 10 minutes; 2 )  seminal fluid and 
excess T-HCl removed by centrifugathn at 
2900 r p n  for 10 minutes; 3 )  sperm rsus-  
pended in Tyrode’s solution for depmition in 
reproductive tract of estrous and peudo- 
pregnant does. Twenty to fifty X lo6 T-HC1- 
labeled sperm were injected through a 25- 
gauge needle into each uterine horn (.25 ml) 
and in solme experiments 101 x lo6 sperm in 
each oviduct ( . lo ml) . Laparotomy was per- 
formed under sodium pentobarbital and 
ether anesthesia. In one experiment 10% of 
the T-HCl bound to sperm was labeled with 
tritium. Sperm radioactivity was determined 
according to a procedure already describled 

Sperm recovery took place 6-7 ho’urs after 
incubation in vivo. Each uterine horn was 
clamped at both ends and 1.0 ml of Tyrode’s 
solution injected into the lumen and after 
manual manipulation the fluid was recovered 
in a syringe; oviducts were flushed with 0.25 
ml of Tyrode’s solution. Recovered sperm cells 
were checked for fluorescence, motility and 
number. Sperm fluorestcence was determined 
at 320 magnification with a Leitz Ortholux 
microscope equipped with a, high pressure 
mercury vapor lamp. The microscope was also 
fitted with a BG 12 fluorescence filter for UV- 
blue light and a darkfield condensoc. 

Experiments consisted of: 1) comparisoa of 

(7) - 




