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PRELIMINARY TRIALS TO ATTEMPT TO DETERMINE THE MODE OF ACTION
OF ADJUVANT AND IMMUNITY-STIMULATING SUBSTANCES

Bevue d4'Immunology
(Review of Immunology) R. Richou (*) and Mme. R. Richou
Vol. 29 No. 4=5 pages 222;231
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It 1s well known that certain substances injected into
human beings or animals, elither simultaneously or in a mixture
with an antigen, can act on the development of the immunity
produced by this antigen.

In 1925, G. Ramon (1) demonstrated the principle of ad-
Juvant and immunity-stimulating substances, showing that an
increase of immunity can be induced by adding to the antigen,
prior to its injection, nonspeciflic substances such as taplocae.
Because of it, augmentation of the rate of antlbodies 1s pro-
the ad-

duced by means of the local inflammation developed by t
juvant substance at the point of injection of the antigen.
Other substances, such as the antiblotics (penicillin,

streptomycin, etc.) have no influence on the appearance and
development of the specific antitoxin grodnced by diphtheria,

tetanus, and staphylococcus toxoids (2

On the other hand, we know that injection of the tetanus
toxoid-antitoxin mixture with a great preponderance of anti-
toxin does not confer immunity (3) and that human gamma globu-
1lin of placental origin injected in mixture with staphylococcus
toxold interferes with the production of the specific anti-

toxin (4); these latter two examples constitute very partjicular
cases.

Pinally, various authors have asked themselves what

(*) Director of Research, National Institute of Health and of
Medical Research.
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influence a hormone such as cortisone, whose action is above

all anti-inflammatory, could exert in the production of anti-
bodies. .

In the case of animals, cortisone would be capable of
inhibiting the formation of antibodies /Germuth and Ottinger
(517; in the case of rabbits previously immunized, it would
cause a fall in the proportion of antibodles [?1schel and
colleagues (6)/. In the case of man, it would not entail nota-
ble changes in the production of diphtheria antitoxin [ﬁevens
and Schaffer (7)/ and in that of pneumococcus antibodies,
/Miwick (8)/ where 1t would have rather a tendency to favor
the development.

Faced with these results, which are truly quite incon=-
:istent, it has seemed interesting to us to study the influ-
ence of cortisone (9) on the production of staphylococcus
antitoxin, produced in the rabblt, by injectlions of specific
toxold. We have established in such a case that cortisone in-
hibits partly the development of staphylococcus beta antitoxin
and especlally that of alpha antitoxin, which could be caused
- - We suggest - = by the anti-inflammatory action of this
hormone.

These results have led us to study the repercussions
that another type of anti-inflammatory agent: proteolytic
enzymes, could have on the development of immunity when intro-
duced into the organism of a subject in the course of immuni-
zation.

We have chosen alpha-chymotrypsin as proteolytic enzyme
and staphylococcus toxold as antigen, because of the ease of
experimentation and the simplicity with which we can evaluate
the proportion of specific antitoxin in the serum of the im-
munized subjects.

In a first series of experiments, we have used staphylo-
coccus toxoid alone, and in a second and third, staphylococcus
toxold alone or mixed with an adjuvant and immunity-stimulating
substance.

FIRST SERIES OF EXPERIMENTS

Twenty-four rabbits, whose serum contained no trace of
staphylococcic antitoxin of natural origin, were divided into
four series of six animals each (10).

The animals of series I, II, and III received, at four
day intervals, three subcutaneocus injections respectively of
1, 2, and 4 milliliters of a toxoid titrating 8 antigen units




to the milliliter.

In addition, in the course of immunization, the animals
of series II and III each received 12 intraperitoneal injec-
tions of alpha-chymotrypsin: 1 milligram per kilogram for
series II, 5 milligrams per kilogram for series III.

The animals of serles IV received three subcutaneous in-
Jections of 1, 2, and 4 milliliters of staphylococcus toxold
suppleme ced extemporaneously with an amount of alpha-chymo-
trypsin so that, at the time of each injection of toxoid, the
animals received 25 milligrams per kilogram of alpha-chymotryp-

sin.

The animals were bled seven days after the last injec-
tion of toxolid and the staphylococcus antitoxin titrated, by
the hemolytic method, in the mixtures of the serums of each
series and in each serum separately.

The results of these titrations are recorded in table I.

TABLE I
SERIES NUMBER OF ANTITOXIN TITER
THE RABBITS (in units)
Vi +0.2 = 0.5
Series 1 13 +3 -5
29 +2 -3
Toxold alone « « o « » 31 +7 -10
37 +10 =15
mixed serums +5 -7
Series II 17 +2 -3
Subcutaneous toxoid; 4s + 7 -« 10
intraperitoneal alpha- 69 +10 - 15
chymotrypsin (1 mg/kxg). 27 +7 -10
b1 +7 - 10
57 +15 - 20
mixed serums + 7 - 10
Series III 7 +1 -2
Subcuteneous toxoid; 61 +15 - 20
intraperitoneal alpha- 59 +1 -2
ichymot 8in kg). - mixed serums +?
75 +5 -7
Series IV 23 +2 =3
Toxoid + alpha- 4 + 0.2 - 0.5
chymotrypsin (mixed). 3 + 3 -
mixed serums +3
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Contrary to cortisone, although alpha-chymotrypsin also
possesses anti-inflammatory properties, when administered in-
traperitoneally, 12 times to the animal in the course of immune
ization in the amount of 1 or of 5 milligrams per kilogram, it
in no way damages the development of antistaphylococclc immun-
ity, the titers of specific antitoxin obtained being practi-
cally the same.

On the other hand, immunity is, in this experiment, a
little weaker in the case of animals which received subcutane-
ously the mixture of toxoid and alpha-chymotrypsin. This can
be very simply due to the often considerable differences of re-
activity of the experimental animals.,

These results have been moreover confirmed in another
experiment based on thils one and of which we will not give de-
talls here.

SECOND SERIES OF EXPERIMENTS

Twenty-five rabbits, not possessing any natural anti-
staphylococcic immunity were divided into five serles of five
animals each.

They were immunized according to the record below, re-
ceiving each, at four day intervals, three injections of
staphylococcus toxoid No. 4325, titrating 12 antigen units to
the milliliter.

SERIES I

1st injection: 2 ml of a mixture of 6 ml of toxold +
6 ml of water for injection.

2nd injection: 3 ml of a mixture of 12 ml of toxoid +
6 ml of water for injection.

3rd injections 4 ml of a mixture of 18 ml of toxoid +
6 ml of water for injection,

SERIES II

1st injections 2 ml of a mixture of 6 ml of toxold +
0.2 ml cf 3 percent saponin (11) solution + 5.8 ml of water
for injection.

2nd injectiont 3 ml of a mixture of 12 ml of toxoid +
0.4 ml of 3 percent saponin solution + 5.6 ml of water for
injection.

3rd injection: 4 ml of a mixture of 18 ml of toxoid «
0.8 ml o percent saponin solution + 5.2 ml of water for
injection.

- —————— e - go—




SERIES III

1st injections: 2 ml of a mixture of 6 ml of toxoid +
0.2 ml of a 3 percent ssponin solution + 50 mg of alpha-
chymotrypsin (12) dissolved in a volume of 5.8 ml.

2nd injectiont 3 ml of a mixture of 12 ml of toxoid +
0.4 ml of a 3 percent saponin solution + 50 mg of alpha-
chymotrypsin dissolved in a velume of 5.6 ml.

3rd injection: 4 ml of a mixture of 18 ml of toxold +

0.8 ml of a 3 percent saponin solution + 50 mg of alpha-
chymotrypsin dissolved in a volume of 5.2 ml.

SZRIES IV

1st injection: 2 ml of a mixture of 6 ml of toxoid +
0.2 ml of a 3 percent saponin solution, heated before addition
to the toxold for five hours at 37° with 50 mg of alpha-chymo-
trypsin in a volume of 0.8 ml, this latter being neutralized
with 1 million units of iniprol in a volume of 5 ml.

2nd injectiont: 3 ml of a mixture of 12 ml of toxoid +
0.4 ml of a 3 percent saponin solution, heated before addition
to the toxoid for five hours at 370 with 50 mg of alpha-chymo-
trypsin in a volume of 0.6 ml, this latter belng neutralized
with 1 million units of iniprol in a volume of 5 ml.

3rd injection: 4 ml of a mixture of 18 ml of toxoid +
0.8 ml of a J percent saponin solution, heated before addition
to the toxold for five hours at 37¢ with 50 mg of alpha-chymo=-
trypsin in a volume of 0.2 ml, this latter being neutralized
with 1 million units of iniprol in a volume of 5 ml.

SERIES V

1st injections 2 ml of a mixture of 6 ml of toxoid +
50 mg of alpha-chymotrypsin, in a volume of 1 ml, neutralized
after being heated for five hours at 37° with 1 million units
of inliprol in a volume of 5 ml.

2nd injection: 3 ml of a mixture of 12 ml of toxold +
50 mg o pha-chymotrypsin, in a volume of 1 ml, neutralized
after being heated for five hours at 37° with 1 million units
of iniprol in a volume of 5 ml,.

3rd injections 4 ml of a mixture of 18 ml of toxoid +
50 mg of pha-chymotrypsin, in a volume of 1 ml, neutralized
after being heated for five hours at 37° with 1 million units
of iniprol in a volume of 5 ml.

The following reactions were recorded.

Series I $ no reaction

Series II : marked reactions

Series IIIst reactions still more marked than in Series II
Series 1V &t reactions identical with those of Series II




Series V ¢ no reaction

All the animals were bled seven days after the last
injection of antigen and the staphylococcic antitoxin titrated,
by the hemolytic method, in the mixtures of the serums of each
series and in each serlies separately.

The recorded results appear in table II.

TABLE IT _
SERIES NUMBLR OF ANTITOXIN TITER
[HE RABBITS (in units)
1 + 7 =10
Series I 3 + 0.5 - 1
35 + 1 - 3
Toxold alone « « « « 49 + 7 =10
73 + 3 - 5
mixed serums + 3 = 5
39 + 7 =10
Series Il 13 + 10 - 15
87 oo+ 7 =10
Toxcld + saponin . . « 53 .+ 1 - 3
17 : 15
mixed serums ., + 7 =10
Series II1 | + 3 « 5
Toxoid + saponin + alpha- 21 '+ 7 =10
chymotrypsin (in mixture) 51 +20 - 30
69 P+ 5 - 7
27 v +20 - 30
mixed serums_  + 15 - 20
SERIES IV 79 T+ 1 = 3
Toxold + saponin treated | 65 I+ 3 - §
*in vitro® with alpha- P71 [ + 5 = 7
chymotrypsin and neutral- 67 | ?
1zed then with iniprol mixed serums ! _5
T 43 7 =10
SERI&S V 5 f + 7 « 10
Toxoid + alpha-chymo- 23 T+ 3 - §
trypsin neutralized with 33 I+ 3 = 5
iniprol (1in mixture) ? o+ 1 - 3
mixed serums | + 5 - 7

Examination of this table permits certain statements:

- = As 1t usually did, saponin performed well here in
its role of adjuvant and immunity-stimulating substance
(Series II).

- « The addition of alpha-chymotrypsin to the saponin
further increased the role of adjuvant and immunity-stimulat-
ing substance performed by saponin (Series III). It is8 to be

6
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noted in this series, where the animals possess the highest

titers of antitoxin, that the local reactiong at the point of
injection are the most marked.

= = Addition to the toxold elther of saponin treated
in vitro with alpha-chymotrypsin, then neutralized afterwards
with iniprol (Serles IV), or of alpha-chymotrypsin neutralized
with iniprol (Series V) does not appreciably increase the rate
of immunity.

% %%

These results have led us to carry out a third serles
of experiments, in order to verify if it is accurate

1. that alpha-chymotrypsin added to the specific anti-

en has only a weak action on the development of immunity

1st serles of experiments, Series No. IV; 2nd series of ex-
periments, Serlies No. IV and V, with several variants, since
in this case the alpha-chymotrypsin had been neutralized with
iniprol);

2. that, on the contrary, alpha-chymotrypsin mixed ex-
temporaneously with saponin clearly increases the adjuvant and
stimulating power of this latter (2nd series of experiments,
Series IIg§.

THIRD 3ERIES OF EXPERIMENTS

Twenty-five rabbits not possessing any natural anti-
staphylococcic immunity, were - - as in the preceding experi-
ment -~ - divided into five series of five animals each.

They each received at four day intervals, three injec-
tions of staphylococcus toxoid No. 4340, titrating 8 antigen
unitsto the milliliter.

Series 1

18t injection: 2 ml of a mixture of 6 ml of toxoid +

6 ml of water for injection.

2nd injection: 3 ml of a mixture of 12 ml of toxoid +
6 ml of water for injection.

rd injections 4 ml of a mixture of 18 ml of toxoid +
6 ml of water %or injection.

SERIES Il

18t injections 2 ml of a mixture of 6 ml of toxoid +
50 mg o pha=chymotrypsin dissolved in a volume of 6 ml.

2nd injectiont 3 ml of a mixture of 12 ml of toxoid +
100 mg of alpha-chymotrypsin dissolved in a volume of 6 ml.

7
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3rd injection: & ml of a mixture of 18 ml of toxold +
100 mg of alpha-chymotrypsin dissolved in a volume of 6 ml.

SERIES III

1st injection: 2 ml of a mixture of 6 ml of toxoid +
0.2 ml of 3 percent saponin solution + 5.8 ml of water for
injection.

2nd injection: 3 ml of a mixture of 12 ml of toxold +
0.4 ml of 3 percent saponin solution + 5.6 ml of water for
injection.

rd injection: 4 ml of a mixture of 18 ml of toxoid +
0.8 m1 of 3 percent saponin solution + 5.2 ml of water for
injection.

SERIES 1V

1st injection: 2 ml of a mixture of 6 ml of toxoid +
0.2 £l of 3 percent saponin solution + 50 mg of alpha-chymo-
trypsin dissolved in a volume of 5.8 ml.

2nd injection: 3 ml of a mixture of 12 ml of toxoid +
0.4 ml of 3 percent saponin solution + 100 mg of alpha-chymo=-
trypsin dissolved in a volume of 5.6 ml.

3rd injection: 4 ml of a mixture of 18 ml of toxoild +
0.8 ml of 3 percent saponin solution dissolved in a volume
of 5.2 ml.

SERIES V

The animals of this series were lmmunized exactly like
those of Serles III. In addition, each recelved, in the course
of immunization, intraperitoneally, 12 injections each of
2.5 mg of alpha-chymotrypsin.

The reactions recorded, at the point of injection of the
antligen, were the following:

Serles I: no reaction.

Series 1I: marked reactions.

Series III: marked reactions.

Series 1IV: the most marked reactions.

Serles V: reactions clearly less marked than in

Series 1I, III, and IV.

On the third day after the injections, there was an
lmportant decrease of the reactions for the 2nd, 3rd, and 4th
series. There was practically no more reaction on this day for
the 5th serles. In Series Il we observe several scabs.

All the animals were bled seven days after the last in-
Jectlon of antigen, and the staphylococcic antitoxin titrated,
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by the hemolytic method, in the mixtures of serums of each
series and in each serum separately.

Table III summarizes the results obtalned.

TABLE III _ .
] NUMBER OF ANTITOXIN TIT:R |
' SERIES THZ _R.ABBITS (in units) !
: 11 + 10 =~ 15 |
i Series I ! 17 + 5 - 7 |
| 39 + 0.5- 1
Toxoid alone « « « o o ‘ 59 + 3 - 5
| 21 + 15 - 20
: ! mixed serums| + 7 - 10
i 41 + 0.2- 0-5
: Series II ' 55 + 0.5- 1
: ¢ 23 + 0.2- 005
Toxoid + alpha-chymotrypsin| 31 + 1 - 2
' (in mixture) X + 3 - 5
; - mixed Serums| + 2 = 3
! 53 + 15 = 20
Series III 19 +15 - 20
47 + 10 =~ 15
Toxold + saponin « « « » 37 + 7 =10
i 75 +20 =30
f mixed serums; + 15 - 20
! Series 1V + 3 - 5
Toxoid + saponin + alpha- 57 + 7 =10
chymotrypsin (in mixture) 25 + 13 - ig
-+ -
E mixed serums! + 7 =10
Serles V 77 + 7 =10
Toxoid + saponin + intra- 2 + 20 - 30
peritoneal alpha-chymo- 45 + 15 - 20
trypsin 25 + 15 «~ 20
: 73 +10 - 15
- mixed serumsj + 15 - 20

We observe on examination of this table:

- = that alpha-chymotrypsin injected in mixture with
anastaphylotoxin encalls a lessening of specific immunity,
whether this toxold had been mixed with saponin (Series IV) or
not (Series II);

- = that intraperitoneal injection of alpha-chymotrypsin
does not damage development of immunity (Series V).
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RESUIKE AND CONCLUSIONS

- « Alpha=-chymotrypsin, administered intraperitoneally
to experimental animgls, does not damage development of anti-
staphylococcic immunity {Exveriment No., I, Series II and III)
even when the toxoid is mixed with szponin {(Sxperiment No. 3,
Series V), although in this case it entalls a very definite
lessening of the local reaction at the point of injection of
the antigen.

- = When %8 inject into experimental animals ,the staphy-
lococcus toxold + alpha-chymotrypsin mixture, the immunity ob-
tained is a little weaker (in Experiment No. 1, Series IV) and
decidedly weaker (in Experiment No. 3, Series II) than in the
control experiment, nevertheless, in ths latter series of ex~-
periments, the reactions are cefinitely more marked than in
the control experiments.

- ~ Injection of the toxold + saponin mixture  (&xperi-
ment No. 2, Series II; Experiment No. 3, Series III).gives,
since saponin acts as an excellent adjuvant amnd immunity-stim-
ulating substance, a better immunity than toxold alone.

This immunity is in one case incressed (Experiment No.2,
Serles III) and in the other case decreased {(Experiment No. 3,
Series IV) when we add alpha-chymotrypsin to the toxoid mixed
with saponin, the mixtures thus obtained causing the most
marked local resctions. On the other nand, the immunity ob-
tained with toxold mixed with saponin previously treated 1in
vitro with alpha-chymotrypsin end subsequently neutrallzed
with iniprol, (Experiment No. 2, Series IV), althouzh the local
reactions stated are as mezrked as in Series II (toxo}l + sapo-

nin}, is practically the same as that produced by the toxoid
alone.

Likewise, the toxold mixed with alrha-chymotrypsin
neutralized with iniprol (Experiment No. 2, Serles V), an anti-
gen which entalls no local reaction, gives a rate of immunity

practically equal to that established in the control experi-
ments.

From this experimentation, whose purpose it was to find
precisely the mode of action of adjuvant and immunity-stimu-
lating substances, and in particular the influence of the local
reaction at the point of 1injection of the antigen by using
either generally or locally an anti-inflammatory, alpha-chymo-
trypsin, 1t sopears that the proportion of sntitorxin obtained
does not elwnvs seem relative to the loczl reaction involved at

the point of injection of the antigen. We have mareover made

the ssme statement in the course of previous research on
saponin 3. .

10
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(:> These tests, which employed staphylococcus toxold as
antigen, saponin as adjuvant immunity substsnce, end alpha-
chymotrypsin as antl-inflammatory, merit being pursued using
other antigens, for example: diphtheria toxold and tetanus tox-
oid, other adjuvant immunity substances, and other anti-in-
flammatories administered not only generally or mixed with the
antigen, but also in repeated local applications at the point
of injection of the antigen and under varying conditions.

{Work of the National Institute of
Health and of Medical Research).
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