584

+ 0.32 mm (36 observations; P — >.1)
compared with 2.46 4 0.27 mm (36 observa-
tions) for controls. Cortisone administra-
tion resulted in a reduction of body
weight to 14% below that of untreated con-
trols by the end of 6 weeks which was quickly
regained following cessation of treatment.
There was no significant difference at au-
topsy, 6 weeks following cessation of treat-
ment, between weights of the adrenals of
treated and control rats.

Discussion. It has been reported(1,3) that
hypophysectomy in the rat produces a severe
retardation in rate of eruption of the incisors
and that growth hormone is ineffective in re-
storing the normal rate. The reduction in
rate of eruption observed following thyroidec-
tomy in the rat is not so severe as that re-
ported for hypophysectomy(3). This would
indicate that factors other than absence of
thyroid hormone may be involved. The de-
pression observed in eruption rate following
adrenalectomy and the stimulation in rate
noted following cortisone administration in-
dicates that the adrenal must be considered
in any theory involving a hormonal control
of incisor eruption rate. Whether the corti-
sone-induced acceleration in eruption is due
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to a direct stimulation of the incisor, as has
been reported for thyroxin(3), or whether it
is due to some other factor or factors remains
to be determined.

Summary. Adrenalectomy in young fe-
male rats resulted in a significant reduction in
rate of eruption of incisors which averaged
28% below that of unoperated controls during
6 weeks of measurement. Daily administra-
tion of cortisone produced a significant accel-
eration in rates of adrenalectomized rats to
levels above that of nontreated intact controls.
It is suggested that the severe reduction in
rate of eruption of the continuously erupting
incisor observed by others following hypo-
physectomy is due to loss of effect of both thy-
roid and adrenal hormones.
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Specificity of Allergic Reactions. II. Azoproteins in the Anamnestic

Response.

S. B. SAaLviN anNDp R. F. SMitH

(25916)

(Introduced by Carl L. Larson)

Dept. of HEW., Rocky Mountain Lab., Hamilton, Mont.

Delayed and Arthus hypersensitivities dif-
fer in their immunologic specificity(1.2).
Guinea pigs sensitized with 5-15 ug of a con-
jugate of picryl-hen egg albumin in Freund's
adjuvant (without mycobacteria) develop de-
layed hypersensitivity and ultimately circu-
lating antibody to the whole conjugate or the
protein moiety, but only circulating antibody
to the hapten. Delayed hypersensitivity can
differentiate widely different antigens, such
as hen egg albumin from bovine gamma globu-
lin, but cannot readily distinguish a conju-

gated protein from the same unconjugated
protein. Antibodies can differentiate between
minor chemical differences in antigens(3).
For example, an antigen composed of a pro-
tein diazotized to ome acid radical, when in-
jected into animals, formed antibodies which
did not cross-react with the same protein dia-
zotized to a different -acid radical. An im-
mune serum to para-aminobenzoic acid-horse
serum formed precipitates with the homolo-
gous antigen, but not with horse serum conju-
gated to the heterologous haptens such as
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para-sulfanilic acid, para-arsanilic acid, or
aniline radicals(4). Antibody even differen-
tiated between ortho, meta, or para position
of a carboxyl radical on a benzene ring. In
previous experiments(2,5), an anamnestic ef-
fect was produced in guinea pigs after a pri-
mary injection of a homologous protein in
quantities sufficient to produce delayed hy-
persensitivity but not circulating antibody
and after a subsequent injection of hapten-
homologous protein conjugate. In animals
given a primary injection of a homologous
hapten-heterologous protein, an anamnestic
response was not detected on subsequent in-
troduction of conjugate. The haptens studied
were picryl chloride and 1, fluoro, 2-4 dinitro-
benzene; the proteins, purified hen egg albu-
min and bovine gamma globulin. Results ob-
tained with various combinations of proteins
and haptens indicated that the basic protein
might be modified (denatured) to varying
extents depending upon the hapten. There-
fore, to obtain information on relative speci-
ficities of delayed and Arthus reactions with
more uniformly conjugated proteins, further
experiments were conducted with antigens
composed of specific diazotized radicals cou-
pled to purified crystalline proteins. The pres-
ent paper is concerned primarily with anam-
nestic responses wherein induction of delayed
hypersensitivity to a homologous protein or
azoprotein prior to a secondary injection of
azoprotein plus a hapten caused enhancement
of antibody formation to hapten.

Materials and methods. Animals. Guinea
pigs of the Hartley strain weighing 400 to 450
g were used for studies on hypersensitivity.
White or albino guinea pigs not necessarily of
the Hartley strain weighing 300 to 400 g were
employed in the passive cutaneous anaphyl-
axis (PCA) tests for determination of anti-
body in test sera. Once guinea pigs had been
skin tested, they were not used again. Anti-
gens. Proteins were prepared as described
previously(2). Diazotization and coupling
of proteins were carried out with modifications
of basic methods previously described(4,6).
As an example, the method used for coupling
of para-aminobenzoic acid (PABA) with hen
egg albumin (HEA) is given. Other simple
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chemicals used for coupling were employed in
quantities equivalent to that of the PABA.
1.37 g (0.01 Mole) of PABA were dissolved
in 150 ml of distilled water and 26 ml (0.026
Mole) of N HCI. Diazotization was carried
out with 0.011 M sodium nitrite at a tem-
perature of 0°C. Diazotized protein was
then precipitated by acidification to litmus
paper with 10% trichloroacetic acid. The
precipitate was centrifuged, resuspended in
19 ml saline, and dissolved with 0.IN NaOH.
Seven additional reprecipitations were carried
out. Finally, the precipitate was dissolved in
20 ml saline adjusted to pH 7.0 with 0.IN
NaOH. Other preparations were treated in a
similar manner. Thus, aniline (An), p-amino-
sulfonic acid (PASA), p-aminoarsonic acid
(PAAA) or m-aminobenzoic acid (MABA)
were diazotized and coupled to HEA, bovine
gamma globulin (BGG), human gamma glob-
ulin (HuGG), or bovine plasma albumin
(BPA). Sensitization. Antigens were dis-
solved either in physiologic saline plus 1%
guinea pig serum or in Freund’s adjuvant
(Difco) without mycobacteria, and a total
volume of 0.5 ml injected intracutaneously
into the digits of the feet. Skin tests. Guinea
pigs were tested on the flanks by intracu-
tanecus injection of 0.1 ml of a solution con-
taining 50 pg protein/ml saline. Reactions
were observed and diameters of areas of in-
duration measured at intervals up to 4 hours
after sensitization and between 18 and 24
hours. Amntibody determination. Guinea pigs
were bled prior to being skin tested, and the
resulting sera assayed for antibody by the
passive cutaneous anaphylaxis (PCA) reac-
tion(7). By this technic, as little as 0.002-
0.003 pg AbN can be detected. In these
tests, 0.1 ml antiserum was injected intrader-
mally in the back or sides. About 3 hours
later, 350 ug protein in 0.5 ml physiologic
saline and 0.5 ml 1% Evans blue in physi-
ologic saline were administered intravenously.
Fifteen to 30 minutes later, areas of blueing
pigmentation were measured and recorded.
Results. Hypersensitivity to proteins cou-
pled to diazotized acid radicals. Guinea pigs
were sensitized in the footpads with 15 pg of
hen egg albumin (HEA), hen egg albumin



586

TABLE I. Cross-Reuactions in Guinea Pigs Sensitized with 15.0 yg PABA - HEA in Adjuvant.®

Skin tested with 5 ug

BGG

PABA- PAAA.
BPA

* BGG

PABA

An -
BPA BGG

GG

fored

~~

HEA

HEA An-HEA

PASA -

PAAA -
HEA

PABA - HEA

No. of

Day

guinea

Ab

Ah D Ab

A

D

D Ab

Ab

A

D

A Ab

D

A Ab

D Ab

Ab

A

Ab D

tested A

pigs
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coupled to diazotized p-aminobenzoic acid
(PABA - HEA), to p-aminoarsonic acid
(PAAA - HEA), or to p-aminosulfonic acid
(PASA -HEA), bovine gamma globulin
(BGG), or bovine gamma globulin cou-
pled to diazotized p-aminobenzoic acid
(PABA - BGG) in Freund’s adjuvant without
mycobacteria. In animals sensitized with 15
pg HEA in Freund’s adjuvant, delayed hy-
persensitivity could be detected not only to
HEA itself but also to any of the HEA con-
jugates, such as HEA coupled to diazotized
(a) aniline (An-HEA), (b) p-aminosulfonic
acid (PASA -HEA), (c) p-aminoarsonic acid
(PAAA -HEA) or (d) p-aminobenzoic acid
(PABA-HEA). Delayed hypersensitivity
could not be discerned in any of the guinea
pigs skin-tested with the foregoing diazotized
radicals coupled to heterologous proteins such
as BGG, human gamma globulin (HuGG), or
bovine plasma albumin (BPA). However,
from the 9th to 20th day, when Arthus type
hypersensitivity and circulating antibody
could be detected, reactions occurred only
with the homologous HEA, and not with any
of its conjugates. Antibody to a closely re-
lated conjugate such as An-HEA could not
be detected.

Sensitization of guinea pigs with PABA -
HEA resulted in delayed hypersensitivity
from the 5th to at least the 10th day (Table
I). This hypersensitivity was directed only
against HEA and conjugates containing HEA.
On the 10th day, following appearance of cir-
culating antibody and Arthus reactions, speci-
ficity was no longer directed against the pro-
tein but against the hapten PABA conjugated
to any of the proteins (HEA, BGG, BPA).
Two of the 30 sera from these animals did
cross-react with PAAA -HEA in the PCA
test. Since, however, they did not react with
PAAA - BGG, their specificity was presuma-
bly directed toward the HEA portion of the
conjugate.

Similar results were obtained in 38 guinea
pigs sensitized with PASA - HEA 23 sensi-
tized with PAAA-HEA, and 33 sensitized
with PABA - BGG. In all cases, the animals
first showed delayed hypersensitivity to any
conjugate containing the homologous protein
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TABLE TI. Anamnestic Response to PABA -HEA in Guinea Pigs Administered a Primary
Dose of 1 yg PABA-HEA in Saline and a Secondary of 5 yg PABA .HEA in Adjuvant.
(10 days between inj.)

Detectable antibody by PCA test

Antigen
No. of Day PABA- PABA. PABA- MABA. MABA. PAAA. PAAA-.
guinea pigs tested HEA BGG BPA HEA BGG HEA BGG
4 4 N N N N N N N
4 5 A N N N N N
4 6 P % P % 2 N N
4 7 5 % 3 8 A N N
4 8 P P 24 ” 24 N N
4 9 P B b 7 " N N
4 10 P P P P EA N N
4 11 P P P P ” 24 N
4 12 P P P P ” N N
3 14 P P P P P 2 N
3 16 . P P P P 24 N N
3 18 P P P P P 24 N

See Table I for legend.

and then Arthus hypersensitivity to any con-
jugate containing the homologous hapten. Sen-
sitization with these conjugates further indi-
cated (a) that PASA - HEA was a weaker an-
tigen than the others in that Arthus reactions
did not appear until the 12th to 13th day
after sensitization and areas of induration and
erythema were smaller; and (b) that PAAA -
HEA induced delayed hypersensitivity to
HEA and to its conjugates PABA - HEA and
PASA - HEA up to the last skin tests on the
16th day, although Arthus reactions appeared
on the 10th day to PAAA coupled with HEA,
BGG, or HuGG.

Azoproteins in an anamnestic response. A
primary injection of 1.0 pg PABA -HEA in
serum-saline was administered in the footpads
of guinea pigs. This dosage was used since
typical delayed hypersensitivity develops, but
circulating antibody can not be detected by
PCA tests. Ten days later, the animals were
injected with 5.0 ug PABA - HEA in Freund’s
adjuvant (Table IT). On the 5th to 6th day
after secondary sensitization, antibody to the
homologous PABA *HEA was detected. In
contrast, animals given a single injection of
5.0 to 15.0 pg PABA-HEA in adjuvant
usually develop antibodies on the 10th or 11th
day (Table ITI). The antibody formed to
PABA +HEA in animals given a secondary
stimulation also reacted with PABA - BGG
and PABA-BPA, but not with An-HEA,
PASA -HEA or HEA. Six sera reacted with

PAAA - HEA, but not with heterologous pro-
tein conjugate PAAA - BGG. The cross-re-
action was apparently associated with the
protein portion of the conjugate or with the
conjugate as a unit.

Guinea pigs sensitized with a primary dose
of An-HEA, HEA, or PAAA-HEA, suffi-
cient to develop delayed reactions but not de-
tectable antibody, produced an anamnestic
response to a subsequent injection of PABA *
HEA (Table I11). Delayed hypersensitivity
to HEA after primary injection must have
served as a basis for the anamnestic response,
since the protein was the only common anti-
genic factor in 2 injections. The capacity of
homologous protein to induce an anamnestic
effect was particularly significant in that en-
hancement occurred in rate of antibody pro-
duction against a hapten (PABA) which was
not contained in the primary injection.

When secondary stimulation with PABA -
HEA was preceded by injection of a homolo-
gous hapten-heterologous protein (PABA
BGG), an anamnestic response did not fol-
low (Table III). Antibody to PABA -HEA
appeared at the same interval after the sec-
ondary injection as did antibody in control
animals that received only a single injection
of antigen. Reintroduction of hapten on a
heterologous protein therefore did not accel-
erate antibody response to the hapten.

Discussion. 1In previous work(1,2), hap-
tens such as picryl chloride were connected
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TABLE III. Anamnestic Response to PABA+« HEA and Variants. (10 days between inj.)

Detectable antibody
Anﬁgen No. of Antlg(*n
guinea  Day PABA:- PABA. PAAA. PAAA- Ans
Primary Secondary  pigs  tested HEA BGG HEA BGG HEA  HEA
1ug An-HEA 5,2 PABA. 3 6 N N N N N N
in saline HEA in 3 7 2y 14 N N N N
adjuvant 3 8 P P N N N N
3 9 P P N N N N
3 17 P P 2% N N N
3] 20 p P N N N N
1 wg HEA in Idem 3 6 N N N N N N
salme 3 7 1 N N N N N
3 8 p 15 N N N N
3 9 P P N N N N
3 10 P P N N N N
3 20 P P o4 N N N
3 22 P P N N N N
L ug PAAA. v 3 7 N N N N N
HEA in 3 8 P P N N N
saline 3 ] P P N N N
3 11 P P 14 by N
3 12 P P ” ” N
3 17 P P 24 94 N
3 25 p P Y N N
3 27 p p % % N
I ug PABA. " 4 7 0 0
BGG in + 8 0 0
saline 4 9 1y 0
4 10 " Y
+ 11 ' ”
4 12 P P
4 14 P P

See Table I for legend.

directly to proteins. Each hapten is probably
different in its chemical reactivity and there-
fore, in the process of conjugation, could have
altered the basic nature of the protein in a
different way. To minimize the differences
produced in the protein molecule by conjuga-
tion, haptens were first diazotized and the
protein conjugated under similar chemical en-
vironments. Comparisons in immunologic ac-
tivity of haptens could then be made with the
knowledge that what differences existed were
probably due to the hapten and not to modifi-
cations in the basic protein molecule.

The observation to be emphasized concerns
accelerated production of antibody to the hap-
ten of a conjugated protein when immuniza-
tion is preceded by injection of the protein
alone. This phenomenon can best be ex-
plained by the assumption that an early step
in antibody production is a state of delayed
hypersensitivity to the protein as a whole, and
that this step is superseded by production of

circulating antibody if enough antigen is pres-
ent or if a booster dose is administered. The
specificity of the circulating antibody is, how-
ever, directed toward small chemical config-
urations which may be present only in the
booster antigen.

Earlier observations suggested the possi-
bility that delayed hypersensitivity might rep-
resent an early stage in production of circu-
lating antibody(8). Administration of egg
white or horse serum to tuberculous guinea
pigs produced a state of hypersensitivity
characterized by delayed and prolonged skin
reactions, absence of demonstrable antibodies
in the blood stream, failure of passive transfer
with serum, and insusceptibility to anaphylac-
tic shock after intravenous injection of the
specific antigen. Others(9-12) subsequently
noted that repeated skin-testing of man or
animals caused the subjects to develop a 24-
hour inflammatory reaction of the delayed
type, which, when the series of intradermal



SpECIFICITY OF ALLERGIC REractions. II.

injections were continued, was replaced by a
hypersensitivity of the early type. Histologi-
cal evidence has also indicated(13,14) that
early in the course of immunization a delayed
reaction develops characterized by mononu-
clear cells and absence of serum antibody, but
that maturation of mononuclear cells to
plasma cells occurs simultaneously with de-
tection of circulating antibody.

Delayed allergy was further implicated as
a possible phase in the immune process when
a single intradermal injection of a minute
quantity of highly purified soluble protein
(e.g., 1 Li diphtheria toxoid) in Freund’s ad-
juvant was found to induce typical delayed
reactions. Antitoxin could not be detected
by the rabbit intracutaneous test, which can
detect 0.0024 pg AbN, and hypersensitivity
could be transferred passively by washed
lymph node cells(15). Duration of delayed
hypersensitivity varied with amount and type
of antigen, but was eventually masked by
the appearance of circulating antibody and
the concomitant Arthus reaction. However,
if the amount of antigen injected is lowered
sufficiently, delayed hypersensitivity may be
produced which is not masked by circulating
antibody(5). Evidence that the delayed re-
action may be the basis for the anamnestic
response has also been presented((15,16,5).

Studies of immune reactions in guinea pigs
sensitized with conjugated proteins revealed
the specificity of delayed allergy to be asso-
ciated with the protein portion of the mole-
cule, while specificity of the circulating anti-
body was directed primarily toward the hap-
ten(1,2). If delayed hypersensitivity is an
early stage in antibody production, then de-
layed hypersensitivity should precede detec-
tion of antibody in the circulation. The fail-
ure to observe delayed hypersensitivity to
haptens prior to formation of antibody ap-
pears at first to indicate that delayed and
Arthus type hypersensitivities are indepen-
dent reactions, since antibody is formed to a
chemical group (the hapten) without previous
induction of a delayed hypersensitive state.
If delayed hypersensitivity to the protein and
antibody production to the hapten are com-
pletely unrelated, the 2 phenomena should
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have no effect on one another. The foregoing
data, however, indicate that there is an inti-
mate relation between delayed hypersensi-
tivity to the protein portion and Arthus hy-
persensitivity to the haptenic portion of a
conjugated protein. When an animal is in a
state of delayed hypersensitivity to a protein,
the immunological mechanism is primed to
produce antibody to antigenically specific
groups on that protein or to haptens attached
to it. The primed mechanism responds to the
second stimulus of the protein, but the re-
sulting antibody is apparently specific for
certain particular loci on the protein surface.
When, therefore, HEA, An* HEA, or PAAA -
HEA is used as the primary sensitizing anti-
gen, the primed cell responds anamnestically
to reintroduction of the homologous protein.
If a heterologous hapten such as PABA is
attached to HEA, response to the hapten is
simultaneously accelerated.

In experiments involving anamnestic re-
sponse, in which a protein was used as a pri-
mary dose and a homologous protein conju-
gate as the secondary dose to cause a typical
anamnestic response to the hapten, occasional
sera reacted with a heterologous hapten-ho-
mologous protein conjugate (Tables II and
III). When a conjugate with the same hetero-
logous hapten but a heterologous protein was
assayed with these sera, no reaction occurred.
Also, the homologous protein by itself failed
to react with the antiserum. Hence, the anti-
body is probably being oriented toward a
modified protein, such as may exist in the
conjugate, or more likely toward the whole
conjugate.

Summary. Injection of 15 ug of a hapten-
azoprotein, such as p-aminobenzoic acid dia-
zotized to hen egg albumin, in Freund’s adju-
vant, into footpads of guinea pigs produces
delayed hypersensitivity in 5 days and circu-
lating antibody in 10-11 days after sensitiza-
tion. Injection of 1 pg of such conjugate in
saline produces delayed hypersensitivity but
no detectable circulating antibody. Specifi-
city of delayed hypersensitivity is oriented
toward the protein; that of circulating anti-
body, toward the hapten. When a primary
dose of 1 pg in saline of protein, azoprotein or
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heterologous hapten-homologous protein is fol-
lowed by a secondary dose of hapten-homolo-
gous protein, antibody response to the hapten
is accelerated. A primary sensitizing dose of
hapten, such as p-aminobenzoic acid (PABA)
-} protein such as hen egg albumin (HEA).
followed by a secondary dose of the same hap-
ten attached to heterologous protein, does not
result in accelerated response to the hapten.
These phenomena are explained if delayed
hypersensitivity is considered an early step in
antibody synthesis.

Technical assistance of Jane Nishio, Aspascia Co-
bure, and Leroy F. Peel is gratefully ackncwledged.
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Previous studies in our laboratory (1) have
shown that saline extracts from rabbit tendons
combined with Freund’s adjuvant are anti-
genic to guinea pigs. Circulating complement
fixing (C.F.) and precipitating antibodies to
these connective tissue extracts could be dem-
onstrated(1). Growth of the majority of the
guinea pigs injected subcutaneously with ex-
tracts of rabbit tendon was markedly dimin-
ished as compared to growth of control ani-
mals injected only with saline and adjuvant.
This effect was not observed following injec-
tion of other tissue extracts (liver, leukocytes.
kidney) and serum. It was considered pos-
sible that the stunted growth was related to

* The authcrs are grateful to Lemuel Hall for
technical assistance and tc Medical Illustraticn Serv-
ice for preparing the photegraphs.

development of antibodies against components
of connective tissue. The present report deals
with demonstration of fixed antibodies in
various tissues of the sensitized animals.
Methods and materials. Preparation of ex-
tracts from rabbit tendon has been previously
described(1).  Since the previous study
showed connective tissue extracts (C.T.) from
old rabbits to be more antigenic than those
from young animals, only tissue extracts from
rabbits older than one year were used. Ex-
tracts from leg and foot tendons of guinea
pigs were prepared in the same fashion and
used as test antigen only. Guinea pigs of the
Hartley Strain weighing approximately 300 g
received weekly injections of C.T. suspended
in Freund’s adjuvant. The injection aliquots
contained 150 pg of connective tissue protein



