
414 ENDOTOXIN AND ANTIBODY PRODUCTION 

(Group 11) or sub-lethal doses (Group 111) 6 
weeks prior to challenge. The only suggested 
differences were: 1) an almost 2-fold greater 
number of positive liver and spleen cultures 
between 16 to 30 weeks in Group I11 as com- 
pared to the other 2 groups; this could prob- 
ably be attributed to the residual viable or- 
ganisms from the inoculation made 6 weeks 
prior to challenge. 2 )  A relatively higher 
concentration of organisms in the liver and 
spleen between 6 to 10 weeks in Group I as 
compared to the other 2 groups. When com- 
pared to the concentrations of organisms ob- 
served between 1 to 5 weeks, there was a 
definite trend downward in the previously in- 
fected or ..immunized" mice as compared to 
the relative rise a t  6 to 10 weeks in the pri- 
mary challenge group. 

Summary. Yeast phase H .  capsdatum 
when inoculated, intraperitoneally, into white 
Swiss male mice may be recovered frequently 
from reticuloendothelial tissues as late as 45 
weeks after infection. The lungs and heart's 
blood usually clear within 16 weeks post- 
inoculation. Mice surviving previous sub- 
lethal challenge or those previously given 1 
dose of heat-killed organisms show little 
variation in these respects, when challenged, 
from those receiving primary challenge. 
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When Gram negative bacterial endotoxins 
are repeatedly administered by vein over 
short periods of time, resistance to the reac- 
tions normally produced by these toxic com- 
plexes rapidly develops( 1). Quantities of 
endotoxin originally productive of vigorous 
systemic adjustments no longer produce un- 
toward reactions( 2,3). For example, febrile 
responses normally produced are either oblit- 
erated completely( 2 )  or modified. Hemor- 
rhagic and necrotizing phenomena normally 
produced in tumor tissue and skin prepared 
for the local Shwartzman reaction do not oc- 
cur(3,4) after intravenous injection of toxin 
in refractory rabbits. The generalized 
Shwartzman reaction is no longer produced 
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by paired spaced intravenous injections of 
toxin, and the leukopenia producing action of 
endotoxin is obliterated( 5). In addition, re- 
fractoriness to the lethal effect of endotoxins 
occurs (6). Refractoriness to most of these 
reactions develops very soon after intravenous 
injections of endotoxin are begun. Resistance 
to the lethal effect of toxin may be demon- 
strated as early as 24 hours following the first 
intravenous injection ( 7 ) .  Refractoriness to 
each of the other effects of endotoxin occurs 
within a few days(2-4). This development 
has been dissociated from the classical im- 
mune response primarily by its lack of speci- 
ficity(8), rapidity of development( 7 )  e short- 
ness of durationl(2), and lack of correlation 
with appearance and level of circulating anti- 
body( 9,lO). Further, agammaglobulinemic 
patimts unable to produce demonstramble cir- 
culating antibody develop refractoriness to 
febrile and intoxicating actions of endotoxins 
just as readily as do normal persons( 1 1). On 
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the other hand, refractoriness is promptly re- 
versed following intravenous injection of cer- 
tain colloidal substances(8,12), an effect at- 
tributed to the capacity of these colloidal sub- 
stances to produce “blockade” of the reticu- 
loendothelial system ( 13). Our recent studies 
have shown that the reactions produced by 
administration of Gram negative bacterial en- 
dotoxins resu2t in profound disturbances in 
defense mechanisms of the host ( 14). Menin- 
gococcal endotoxin in quantities which pre- 
pare rabbits for the generalized Shwartzman 
phenomenon decreases the ability of rabbits 
to clear colloidal materials from the b l d  
presumably by interfering with the function 
of the reticuloendothelial system( 13). Fur- 
ther, endotoxin seemed to enhance certain 
bacterial infections in rabbits. For example, 
when toxin was given prior to establishment 
of a pneumococcal skin infection, bacteremia 
and death resulted whereas in control rabbits 
given no endotoxin the organism produced 
only local skin infection( 14). In contradis- 
tinction. endotoxin did not enhance suscepti- 
bility to inlfection when injected irrtraven- 
ously in rabbits previously made refractory 
to the endotoxin( 14). Indeed, refractory rab- 
bits appeared to resist pneumococcal and 
streptococcal infection more vigorously than 
did controls. These observations provoked 
investigation of’ the effect of meningococcal 
endotoxin on the immune response in rabbits 
as revealed by immunochemical study. In 
confirmation of observations of Johnson et at?. 
(15) we found that when toxin was given to- 
gether with bovine serum albumin, enhance- 
ment of antibody production against the for- 
eign serum protein resulted ( 16). 

The present study was undertaken to de- 
termine whether refractoriness to the febrile, 
toxic, and necrotizing effects of endotoxin 
would interfere with the adjuvant effect of 
this material on the immune response. 

Materids and methods. 14nimals em- 
ployed were 2 kg albino rabbits obtained 
from one breeder and maintained through- 
out the experiment on a diet of Purina rabbit 

$ Strain 44-B, generously supplied by Dr. Gregory 
Shwartzman, Mount Sinai Hospital, New York. 

pellets. Endotoxin was prepared from lots 
of a culture-free meningococcalt filtrate of 
high Shwartzman activity. Different lots 
were combined, spun a t  15,000 rpm, the su- 
pernatant quick-frozen and stored at  -30°C. 
Details of preparation have been described 
previously ( 17). The refractory state was in- 
duced using a regimen which had pruved to 
be effective in quickly producing a high de- 
gree of resistance in a short time, including 
refractoriness to fever, lethal effect, necrotiz- 
ing action and production of leukopenia. This 
schedule consisted of 11 daily intravenous in- 
jections of 2 cc of endotoxin in increasing 
amounts, beginning with a dilution of 1: 10,- 
000 and extending to a dilution of 1 : l O  on 
the 11th day. Toxin solutions were pre- 
pared daily from the fruzen culture free fil- 
trates and dilutions made up with pyrogen 
free saline. Attempt to provoke the Shwartz- 
man reaction was used as the test for resis- 
tance since it had previously been shown that 
this was a delicate index of susceptibility to 
the action of endotoxin. This reaction was 
ordinarily produced by an intradermal pre- 
paratory injection, of 0.25 ml of 1:2 dilution 
of endotoxin, followed in 18 hours by an in- 
travenous injection of the same material. In 
the stock of rabbits used and with the endo- 
toxin employed, the Shwartzman reaction de- 
veloped in an incidence between 95 and 
100%. All injections, with the exception of 
the intradermal preparation for the local 
Shwartzman reaction, were made by way of 
the marginal ear vein. Crystallized bovine 
serum albumin (BSA), lot #67009 (Armour 
and Co., Chicago, Ill.), was employed as the 
antigen. Immediately prior to injection, solu- 
tions cuntaining 15 mg BSA were made up to 
2 ml with either pyrogen free saline or 1 : 100 
dilution of the endotoxin depending upon the 
experimental group. Prior experiments es- 
tablished that this quantity of toxin repre- 
sents the optimal dose for producing enhance- 
ment of antibody formation with the quanti- 
ties of antigen used. Rabbits were divided 
into 3 groups; Group I normal, non-refrac- 
tory rabbits given BSL4 together with endo- 
toxin intravenously, Group I1 refractory rab- 
bits given endotoxin and BSA antigen intra- 
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venously, and Group I11 normal rabbits given 
BSA intravenously. 

Blood was collected by cardiac puncture on 
the 11 th day following antigenic stimulation, 
since previous studies had established that a t  
this time circulating antibody to BSA is a t  
its highest level. Clots were broken up after 
standing 24 hours at  4OC, the tubes centri- 
fuged for 20 minutes at  1000 RPM, the 
serum decanted into lusteroid tubes, frozen at  
-70°C, and stored at  -30°C until antibody 
determinations were performed. 

Serum antibody content was determined 
using a modification of the quantitative pre- 
cipitin method described by Kabat and 
Mayer( 18). The method involves two pre- 
cipitations. The first, a preliminary run, re- 
quires only small quantities of serum and is 
used primarily to determine the optimal anti- 
gen concentration to be used in the final pre- 
cipitation. With the preliminary precipita- 
tion, a surprisingly accurate estimate of anti- 
bady content can be made merely by analysis 
of the supernatant for the presence of excess 
antigen. Known concentrations of antigen 
were prepared from standard stock solution 
of BSA prior to each precipitation. Serum 

samples were thawed at 37°C for 10 minutes, 
mixed and centrifuged in the cold (4OC) for 
1 hour at  3000 rpm. Aliquots of each serum 
sample were then precipitated with 4 concen- 
trations of antigen prepared from the stand- 
ard BSA solution. Precipitin tubes were in- 
cubated a t  37°C for 1 hour and stored in the 
cold 7 days to insure complete precipitation 
with agitation each day. Tubes were then 
centrifuged at  4OC for 1 hour a t  3000 rpm 
and supernates saved for analysis. Excess 
antigen was determined by capillary tube pre- 
cipitation with a potent anti-BSA rabbit 
serum. The tubes were incubated 1 hour a t  
37"C, placed in the cold and read for pre- 
cipitate a t  36 hours. Final determinations 
were performed in a similar manner except 
that nitrogen content of the precipitates was 
determined. Precipitation was carried out 
with antigen concentrations known to fall in 
the equivalence zone of each serum sample. 
Precipitates were washed twice with 0.145 
molar saline (4°C) and precipitate nitrogen 
was determined colorimetrically using Heidel- 
berger MacPherson modification of the Fdin- 
Ciocalteau reaction ( 19). Optical density, 
read at  650 mp on a Coleman Universal Spec- 
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trophotometer Model 14, was converted to 
mg nitrogen using a standard calibration 
curve prepared with a highly purified human 
gamma globulin.0 Nitrogen content of the 
stock solution was determined by the micro- 
Kjelidahl method. 

Resistance was developed to a 
high degree in rabbits receiving daily intra- 
venous injections of meningmoccal entdotoxin. 
Six of the 7 r&bbits of Group I1 showed no 
evidence of a positive local Shwartzman re- 
action. Lack of usual febrile responses to a 
standardized pyrogenic dose of endotoxin 
was characteristic of the resistant rabbit. 

The results of the quantitative precipitin 
determinations are shown in Table I. When 
meningwoccal endotoxin was given together 
with BSA, a significant enhancement of anti- 
body formation resulted. The mean level of 
circulating antibody to the BSA on the 1 lth 
day following antigenic stimulation was 6 
times that of the control animals of Group 
111 which received BSA alone. The proba- 
bility that this might result from chance 
distribution is <0.02 which indicates that 
there exists a highly significant difference be- 
tween these groups. The quantity of endo- 
toxin employed, 2 ml of 1: 100 dilution, was 
in that range recently reported to be optimal 
for producing an adjuvant effect resulting in 
increased levels of circulating antibody 
against apparently unrelated foreign SerUm 
protein ( 16). 

Resistant animals of Group I1 received the 
same antigenic stimulation that resulted in 
greatly elevated levels of circulating anti- 
body in the rabbits of Group I. However, 
serum antibody levels of the resistant animals 
on the 1 1 th day following antigenic sbimula- 
tion were not elevated. The difference be- 
tween Groups I and I1 were also significant 
while statistical analysis revealed no differ- 
ence between Groups I1 and 111. 

I t  is shown in these experi- 
ments ‘that resistance to the adjuvant effect 
of endotoxin was readily induced by repeatled 
daily intravenous injections of increasing 

0 Generously supplied by Dr. John T. Edsall, Har- 

Results. 

Discussion. 

vard University, Boston. 

amounts of this material. A solution consist- 
ing of bovine serum albumin and meningococ- 
cal endotoxin produced significantly mure 
antibody when given to normal untreated rab- 
bits then when injected intravenously into re- 
fractory animals. 

In these experiments the capacity of endo- 
toxin to enhance antibody production is again 
demonstrated and it is further shown that this 
effect is prevented by pnior treatment of rab- 
bits with endotoxin according to a regimen 
designed to produce refractoriness to the other 
known effects of the toxin. These observa- 
tions provide evidence that the enhancing ef- 
fect of meningococcal endotoxin on the pro- 
duction of immune bodies cannot be ex- 
plained simply as the synergistic effect of twa 
unrelated antigens or by an unsuspected anti- 
genic relationship between BSA and meningo- 
coccal endotoxin resulting in enhanced anti- 
body production against the former. 

It appears that expression of the “toxic” ef- 
fect of endotoxin is necessary for the stimula- 
tion of antibody production by endoltoxin ob- 
served in this and previous studies(l5,16). 
The nature of this adjuvant effect remains 
enigmatic. Such an action could be directed 
specifically at the mechanism of antibody 
synthesis at a cellular or subcellular level or 
might act indirectly by mechanisms involving 
alteration in vascular or cellular permeability, 
circulatory dynamics, phagocytic function or 
central nervous system function. Whatever 
be the mode of action, the adjuvant effect of 
endotoxin appears to be real and to depend 
on the “toxic” prqerties of the bacterial pro- 
duct. 

Summary and conclusion. 1. Using an im- 
munochemical system, inhibition of the adju- 
vant effect of endotuxin by development of 
refractoriness to the “toxic” properties of en- 
dotoxin is demonstrated. 2. The basis for 
enhancement of immune body formation by 
endotoxin is discussed. 
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Tullner and Hertz( 1) have previously 
demonstrated that 19-nor-progesterone is 4 to 
8 times as active as progesterone by injection 
in the Clauberg rabbit test. Hertz, Tullner, 
and Rafielt(2) also showed that 19-nor- 
ethinyl-testosterone is likewise about 5 times 
as active as ethinyl testosterone when tested 
for progestational activity by oral administra- 
tion in the Clauberg rabbit and that it is also 
highly active in the ovariectomized monkey 
pretreated with estrogen( 2,3). 

This report presents observations on the 
progestational effectiveness of 19-nor-ethinyl- 
testosterone’ upon oral administration in 4 
women. 

Casc I .- S.J.31. 14-year-old white female; 
proven by biopsy of ovarian anlagen to have 
ovarian apenesis (October. 1953). She was 
maintained on cyclic estrogen therapy with 
monthly withdrawal bleeding until January, 
1954. Then after 23 days on 0.1 mg ethinyl 
estradiol daily she received 10 mg 19-nor- 
ethinyl-testosterone+ twice daily for 12 days. 
Suction curettement of the endometrium 

*We are greatly indebted to  Chemical Specialties 
Co., S. T.. for supplies of 19-nor-ethinyl-testosterone. 

f Also called: “nor-et!histerone.” 

showed marked progestational effects with 
numerous polyhedral as well as spinldk cells 
in the stroma. Menses ensued 2 days after 
cessation of therapy. 

Case 2: ,4. H. 21-year-old white female; 
ovarian agenesis proven by biopsy of both 
ovarian anlagen in November, 1953. She was 
maintained on cyclic estrogen therapy until 
January, 1954, when she was given 5 mg of 
19-nor-ethisterone twice daily in addition to 
her usual daily estrogen dosage of 0.1 mg 
ethinyl estradiol for 2 days followed by 12 
days more of the nor-ethisterone alone. She 
began menstruating at  this point and all 
treatment was discontinued for 3 months. 
This bleeding indicated that although 5 mg of 
nor-ethisterone twice daily was sufficient to 
markedly prolong her usual latent period for 
withdrawal bleeding, nevertheless i t  was not 
sufficient to maintain the endometrium. Ac- 
cordingly, about 2 weeks later another course 
of estrogen followed by 10 mg of nor-ethister- 
one twice daily was given for 14 days and a 
suction curettement performed. The endo- 
metrium showed a marked progestational ef- 
fect with distinct decidual reaction in many 
areas. 


