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W E HAVE repeatedly obserl-ed’ in experiments on mice that a consequence 
of the administration of Hemophilus pertussis phase I organisms given in 

conjunction with a protein antigen is the enhancement of anaphylactic sensi- 
tization to the foreign protein antigen. A concomitant increase in the 
sensitivity of the pcrtussis-inoculated mouse to serotonin and histamine results 
also.2-4 The former effect is probably related to an increase in antibody titer. 
fixed or sessile, even though neither circulating precipitating nor univalent 
antibodies have been detected.l Since the use of extraneous substances, 
including bacteria, for the intensification of antibody responses is well known 
in other species,” it was deemed of interest to investigate the adjuvant effect 
of a variety of agents in the mouse primarily to correlate anaphylactic sensi- 
Czation with an increase in antibody titer and a &crease in resistance to thta 
lethal effects of histamincl. 

JIATERIALS 

Mice.-Female white mice of the Swiss-Webster strain, each weighing about 
20 grams at the time of the experiments, were obtained from Tumblebrook 
Farm and were used exclusively. 

H. pertus&--A concentrated paste of phase I organisms containing Mer- 
t,hiolate 1: 1,000 was supplied by Merck Sharp & Dohme, Inc. This was washed 
and diluted as required. The semisynthetic, cell-free culture filtrate of Kuma- 
jima and associates” on \\hich H. pe,rtussis had been grown was used in certain 
of the experiments in the place of II. pertzrssis vaccine.* This was dialyzed 
and concent rated. 

ddjuuants.-The following adjurants were eltifilo>-cd : I&in inX:, (*ommcr- 
cial Higgins American India Ink, black; gelatin (Bacto-Gelatin, Difco), 5 per 
cent solution in 0.85 per cent saline; ngar (Bacto-Agar, Difco), 0.25 prr cent 
solution in 0.85 per cent, saline; kaolin (5 per cent suspension of Infnsorial 
Earth, B & A), in 0.85 per cent saline; destrnn (I’la~ol~~s, Wyeth), 6 per dent 
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W/V; polyvinylpyrrolidone (PT’P) (20 per cent solution of Plasdone, (ieneral 
Aniline and Film Corp.), in 0.85 per cent saline, diluted as needed to make a 
10 per cent solution; zymosan, concentrations ranging from 0.2 to 1.0 per cent 
suspension in 0.85 per cent, saline. The zymosan had been either prepared in 
this laboratory according to the method of Pillcmer and Ecker’ or purchased 
from Standard Brands. 

METHODS 

Sensitization.-Sensitization was effected by a single intraperitoneal injec- 
tion of a mixture of a given antigen (either 0.03 ml. of horse serum or 1.0 mg. 
of thrice-recrystallized ovalbumin) and the appropriate “schlepper” or adju- 
vant agent in a 0.5 ml. volume. 

TABLE I. EFFECT OF ADJUVAXT ON HISTAMINE AND AXBPHYLACTIC SENSITIZATIOX 

SENSITIZING HISTAMINE 
AUJUVANT+ ANTIGEN t PHOSPHATEi 

- - 
l/loll 

- Ea o/m 

En (I.V.) -. 
- HS 3/19 __- 

H. pertussis __~__ Ea 24/25 
6 x 109 cells HS lO/lO - 

Filtrate concen- HS 5/6 

trate Ea - 
Ea. 

India ink --~ 
HS O/19 

Gelatin 5yC 

Agar 0.25% 

Kaolin 5% 

Kaolin 5% 

De&an 6% -. 
PVP 10% 

20% 
Zymosan 1 mg. 

3 mg. 

5 mg. 

Ea 
HH 

Ea 

HS 

Ea 
H8 

Ea (I.V.) 
HSr- 

Ea 
H8 

HR - 
HR 

HS 

3/19 

2/19 

2/18 

l/l9 

3/19 

O/20 
I .- 

3 rng. / - 

*Contained in 0.5 ml. volume. 

l/l0 - 

CHALLENGE ANTIGEN$ 

HORSE SERUM OVALBUMIN 
~ 

o/11 
l/10 
o/20 - __.. -- 

5/35 
16/16 

5%/5% 
9/9 - 

9/10 
IO/10 

19/19 
1 /lO 

3/15 ~__ ...~~ ___ 
o/10 

a/17 
IO/10 

13/u 
12/12 

X/18 
“/lO 

4/16 
9/17 

27/40 __- -~~ 
2i/44 --__ ~~ ~-- 

o/10 

to.03 ml. horse serum (HS) or 1 mg. ovalbumin (Ea) given intraperitoneally except 
where otherwise indicated. 

$0.03 me. per gram mouse nf 0.2 per cent solution given intraperitoneally. 
00.1 ml. HS or 1 mg. Ea in 0.1 ml. 0.85 per cent saline given intravenously. 
IlNumber of animals dead per number of animals challenged. 

Histamine Sensiti&ty.-On the fourth day after sensitization the mice re- 
ceived 0.03 mg. of histamine phosphate per gram of animal intraperitoneally 
as a 0.2 per cent solution. This is approximately the LD,,, dose for pertussis- 
inoculated mice. The results of the challenge are recorded as number of animals 
dead per number of animals injected. 
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Anaphylactic XensitiGty.-On the tenth day after sensitization mice wcw 
challenged by the intravenous injection of the homologous antigen, 0.1 ml. of 
horse serum or 1 mg. of ovalbumin in 0.1 ml. saline. The results are reeordcd 
as number of animals dead per number of animals challenged. 

RESULTS 

As can be seen from Table I, only II. pertussis was found capable of dc- 
creasing the resistance of the white mouse to histamine. On the other hand, all 
of the adjuvants were found capable of enhancing sensitization to some vary- 
ing extent. The particulate substances-India ink, kaolin, and zymosan- 
engendered the highest degree of sensitization, and the more soluble agents 
produced the least. These findings are quite compatible with the concept of 
enhancing antibody formation by particulate matter onto which soluble a.nti- 
gen has been adsorbed. 

4 -4 -2 0 --- 
HS” zt 

HS- Z ~~.- 
,HS Z 

TABLE II. TIME RELATIOXSHIP BETWEEN ZYMOSAN AND AKTIGEN ADMINISTRATION AXI) 
ANAPHYLACTIC SENSITIZATIOK 

__~.T 
DAY OF ADMINISTRATION _ 

2141 6 I 8 I IO I 12 I 11 i 16 

_. 

-----piiF ----1/16----~- -- ---__ 
0/20 -o/19 __- 

I/co- o/20 .--- ________ -.--- -.__ 
24/40 

_. 

- I - - - - .  - - -  

z I.V. 
HS I.P. --- 
z 

---I-- z 

-. 
- 

-‘i/20 
- -... 

HS 7/20 -.- ~ 
HS -4/t6 -w---- --- ~ __- _______.__- 

HH 0/1X 8/16 __.___---- 
-6/78----- 

*Sensitization by 0.03 ml. horse serum (HS) given intraperitoneally. 
73 rug. symosan given intraperitoneally in 0.5 ml. volume. 
Untravenous challenge by 0.1 ml. horse serum; number of animals dead per number of 

animals challenged. 

The optimal time relat.ionship for the administration of antigen and adju- 
vant resulting in maximal sensitization was studied by means of the zymosan 
system. Antigen (horse serum) was given intraperitoneally to mice at vari- 
ous time intervals before and after the intraperitoneal inoculation of 3 mg. 
of zymosan as well as concurrently. About half of the mice of each time 
group were challenged by the intravenous injection of 0.1 ml. of antigen on 
the tenth day following the initial inoculation of the sensitizing antigen. The 
other half of the group of mice in each series were challenged on the tenth 
day following the inoculation with zymosan. Table II shows the results, given 
as number of animals dead from anaphylactic shock per number of mice chal- 
lenged. Sensitization is seen to be best accomplished by administering the 
antigen toget,her with the zymosan. Antigen given prior to zymosan does 
not enhance sensitization ; no increase in the number of ana.phylactic deaths 
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is noted with administration of the challenge dose either ten days after the 
sensitizing dose or ten days after the zymosan, even when the sensitizing dose 
precedes the zymosan by only two days. Antigen given up to six days after 
the administration of zymosan results in a relatively high degree of sensitiza- 
tion when the challenge dose is given ten days subsequently. As the interval 
between the sensitizing a.nd challenge dose is decreased, the number of ana- 
phylactic deaths decreases. Within the limits of the experiment, it can be 
said that the minimal time interval between the sensitizing and challenge 
doses for maximal anaphylactic response is ten clays. The relationship bc- 
tween the time of zymosan administration and sensitizing antigen adminis- 
tration does not appear to be critical, provided that the latter is given con- 
currently or following the adjuvant. The studies further revealed that the 
intravenous administration of zymosan does not engender a higher degree of 
sensitivity and that repeated inoculations of zymosan have no greater effect 
in enhancing sensitization. 

TABLE III. ANTIBODY TITRATION OF MOUSE ANTISERUM BY BOYDEN TECHNIQUE 

ZYMOSAN I.V. 
SERUM DAY ON WHICH HORSE SERUM GIVEN IN RELATION TO ZYMOSAN HORSE SERUM 1.P. 

DILUTION -6 -4 -2 0 2 4 6 BOTH ON DAY 0 

1:5 ++ i+ ++ 

1:lO ---- 
~- 

++ ++ ++ 

1:20 ++ ++ ++ 

1:40 -- - 
~___ ~~ 

++ ++ ++ ______ 
1:80 ++ ++ ++ 

1:lGO -‘-I---y - t+ ++ t 
1:320 -+f-- + ~___ 
I:640 -7 - 2 + 

1:1,280 r 

1 :2,560 -7-y I + : I 
-L-- 

Control, un- 
coated cells 

Anaphylaetic l/16 
deaths - 

Sera withdrawn on tenth day after intraperitoneal zymosan, prior to challenge. 
Reactions : ++. positive ; ?, questionable : -, negative. 

The specific effect of zymosan on the titer of antibody was further studied 
because of the relationship of zymosan to the immune system8 and the above 
observations that it possesses the marked ability to enhance sensitization. 
Blood was withdrawn from the ophthalmic sinus ten days after zymosan ad- 
ministration, just prior to challenge. Blood samples from mice within each 
group were pooled and allowed to clot, and the expressed serum was re- 
moved. Antibody studies were carried out by the Boyden tanned-red-cell 
technique,g using human red blood cells of type A in the titrations. The re- 
sults of these studies are seen in Table III. A direct correlation is observed 
between maximal anaphylactic sensitization and highest antibody titer. How- 
ever, anaphylactic deaths (25 per cent) did occur in one group in the absence 
of any titrable antibody. 



Volume 30 
Number 5 

ADJUVANTS IN SENSITIZATION OF MOUSE 391 

DISCUSSION 

Anaphylactic sensitization by the use of H. pertussis may be attributed to 
the adjuvant capabilities of bacteria in general. They have this capacit) 
in common with a variety of extraneous and unrelat,ed substances as foreign 
proteins, lipids, carbohydrates, metallic salts, inert adsorbents, etc. One of 
the criteria of a classical adjuvant is demonstrated by H. pertussis in that 
adsorption of a soluble antigen may take place on its cellular surface, thus 
allowing for increased retention of antigen in the tissues and providing for 
a slower and more gradual release of antigen for prolonged stimulation 01 

antibody-forming sites. In addition, there is the possibility of wider dissemi- 
nation of the antigen in the body with its inevitable greater accessibility to 
the antibody-forming sites as a result of phagocytosis of particulate matter 
by the cells of the reticuloendothelial system. 

Most of the experimental data, however, seem to mitigate against the ac- 
ceptance of the classical definition of adjuvant as applied to the mode of H. 
pertussis action. Previous studies1 utilizing Freund’s adjuvant in the white 
mouse have shown that although anaphylactic sensitization does occur, it neither 
appears as rapidly nor reaches the high degree of sensitization as it does with 
H. pertussis. AdlerlO has shown appreciable titers of antibody to antigens in 
the mouse, using an incomplete Freund’s adjuvant at a time (twenty-eight 
days) beyond which maximum anaphylactic sensitization is known to OCCUI 

(ten to fifteen days). Freund’s adjuvant does not enhance histamine scnsi- 
tivity.l’ 

In addition, there are the following facts: (1) H. pertussis also increases 
susceptibility to histamine2 and serotonin3s 4 in the mouse. (2) H. pertussis in 
various stages of growth other than phase I does not have the ability to sensi- 
tize.‘” (3) Heating H. pertussis causes a marked decrease in the capacity of 
the organism to sensitize.13, I4 (4) Other serologically related organisms, such 
as H. influenzae, fail to enhance either anaphylactie sensitization or suscepti- 
bility to histamine.15 

The results of this study indicate that the typical adjuvants which have 
been used previously to increase antibody titer in other species are capable 
of enhancing anaphylactic sensitization in the mouse. The zymosan studies 
indicate that an increased antibody titer is apparently responsible for this 
sensitization. However, anaphylactic deaths were noted even though circu- 
lating precipitins could not be detected in all the sera by the tanned-red-cell 
technique of Boyden. It is to be recalled that precipitins have not been dr- 
tected previously by either the ring technique or the Heidelberger-Kendall 
quantitative procedure in the sera of mice made highly sensitive.l This could 
mean that only very small, immeasurable quantities of circulating ant,ibods 
need be available for anaphylaxis to occur. Passive transfer studies’G~ I7 in 
pertussis-inoculated mice have indicated that about 4 to 8 mg. of antibody 
nitrogen per kilogram of the mouse’s weight would consistently sensitize the 
animal. If this remained as circulating antibody, it would be well wit,hin the 
limitations of the Boyden titration technique. Another possibility is that. the 
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type of sensitizing antibody produced cannot be measured by the techniques 
employed. Our previous studies l8 have suggested that H. pertussis is capable 
of enhancing the production of more than one type of antibody, depending upon 
the antigen with which it is administered. Thus, it was found that there were 
produced in the mouse a sensitizing antibody against diphtheria toxoid and a 
protective antibody in response to stimulation by tetanus toxoid.ls A final 
proposition is that fixed or tissue antibody is primarily responsible for ana- 
phylaxis. This concept is of considerable interest and will bear extensive in- 
vestigation. 

The mechanism for the enhancement of anaphylactic sensitization by H. 
pertussis is not understood, but there is a tendency to relate this phenomenon 
to the concomitant sensitization of the pertussisinoculated mouse to histamine 
and serotonin,l* a mechanism which also is not known. None of the adjuvant 
agents used in these experiments had any effect upon sensitization to histamine. 
In this the action of H. pertussis as a “schlepper” is unique in that both ana- 
phylactic sensitization and sensitivity to histamine and serotonin are enhanced. 
This speaks for a common mechanism for both phenomena rather than an ad- 
juvant action for anaphylactic sensitization with a distinct mechanism for 
sensitization to histamine. A recent reviewI discusses the available evidence 
for a common pathway, but experimental data at present are not sufficient to 
support any concrete theory. 

StudiesZo in the mouse comparable with those of Condie and associateszl* 22 
and Johnson and colleagues,23 who noted that endotoxin given together with 
bovine serum albumin to the rabbit enhances antibody production against 
the foreign protein, have given an impetus to the question of mechanism. 
The ultimate experiment for the elucidation of the “adjuvant” effect of H. 
pertussis probably lies in an understanding of the effect of its endotoxin on the 
cellular system responsible for antibody production, even as Condie and asso- 
ciatesZ1 have conjectured for meningococcal endotoxin. Experiments along 
these lines are currently in progress and will be the subject of a subsequent 
publication. 

SUMMARY 

Particulate adjuvants, such as India ink, kaolin, and zymosan, were capable 
of enhancing anaphylactic sensitization in the mouse to a foreign protein anti- 
gen. Sensitization by the above was as pronounced as with Hemophilus per- 
tussis. A lesser degree of sensitization was effected by gelatin, agar, dextran, 
and polyvinylpyrrolidone. Sensitization attained a maximum about ten days 
after the intraperitoneal inoculation of the sensitizing antigen, provided it 
was concurrent with or followed the adjuvant administration. The presence 
of circulating antibodies, titratable by the tanned-red-cell technique of Boyden 
at a time when anaphylactic sensitization is at its height, indicates the causal 
relationship. However, anaphylactic response can occur in the absence of 
titratable circulating antibody. None of the adjuvants was found capable of 
a simultaneous enhancement of histamine sensitivity. 
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The foregoing findings do not necessarily implicate the mode of action 
of H. pertussis as that of a classical “adjuvant.” 
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