
The effect of alum-precipitated pyridine 
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II. Comparison of passive cutaneous anaphylaxis with Arthus 

reactivity after single low dose 
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To investigate further the enhanced antigenicity of alum-precipitated pyridinc 
(APPR) as compured lo aqueous ragweed extract (ARE), passive cutaneous 

anaphylaris (PCA) experiments were performed using sera obtained from the 
guinea pigs prior to the studies for ArthzLs reactivity previously reported.1 The 
APPR immunized animals produced a greater total number of Arthzls reactions, 
rahether moderate or maximum, and the sera from these same animals gaue a large? 
total percentage of positive PCA tests, 39 of 110 (36.5) per cent, than did the ARE 
immzlnizcd animals, 5 of 36 (13.8 per cent). Chi square for this difference was 4.737 
and is significant at the 5 per cent level. The APPR immunized animals appeared to 
develop two types of antibodies more consistently than the ARE immunized. Thei? 
sera gave positive PCA reactions earlier after immzlnization and with lower single 
doses of APPR than did ARE immunized animals. With immunizing doses of 10 cg 
of protein N or below, antibodies persisted longer in APPR immunized anzimals. On 
day 136, 10 of 10 animals immzlnizcd with this dose of APPR gave positive Arthur 
rcmtions and their scra produced 7 of 10 positive PCA tests. On the other hand, 
none of the ARE’ immzmizcd animals developed Arthus reactions nor did their scra 
p,,oduce positire PCA tests. 

I n a preceding paper’ the Arthus reaction was used as an index of the com- 
parative cft’ect of single minimal immunizing doses of 0.01 to 100.0 pg protein 
nitrogen of alum-precipitated pyridine ragweed extract (APPR) and aqueous 
ragweed extract (ARE) in similar groups of guinea pigs. Intradermal challenge, 
done at regular intervals from 5 to 136 days, consisted of 0.1 ml. containing 0.1, 
1.0, and 10.0 pg protein N of ARE and diluent controls. An analysis of the 
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results showed that the Arthus reactions obtained with the APPR immunized 
animals were larger and occurred more frequently than those in animals im- 
munized with ARE. Furthermore, it was pointed out that a single immunizing 
dose of APPR as low as 0.1 pg protein N could induce this reaction and a 
response could be demonstrated even 136 days after immunization. Just prior to 
the skin testing of these animals, blood was collected by cardiac puncture and 
the separated sera were stored at -20’ C. 

This report presents the results of passive cutaneous anaphylaxis (PCA) 
experiments done with these sera, to investigate further the degree of anti- 
genicity of APPR as compared to ARE. Because many animals from both 
antigen groups developed PCA reactions in addition to these Arthus reactions, 
it is evident that at least two immunological components were induced. 

Others22 3, ’ have indicated that the Arthus reaction and the passive cutaneous 
anaphylaxis reaction arc produced by different antibodies. This report suggests 
t,hat the APPR immunized animals are capable of developing these two types of 
antibody responses more consistently. The ARE immunized animals showed 
markedly less tendency both to develop a good Arthus reaction and to give a 
positive PCA test with serum from the same animal. 

MATERIALS 

Introduction 

The animals used, the method of immunization, and the procedure for col- 
lecting and preserving the antisera obtained prior to skin testing have been 
described.l 

Antigens* 

The stock solution of alum-precipitated pyridine ragweed co~nples (APPR) 
(Lot 2-S), as reported by Fuchs and Strauss,j and the 50 per cent glycerinated 
aqueous extract of defatted ragweed pollen (ARE) have been described.’ 

A phenolated aqueous ragweed extract (AREP) (Idot, QF 11-2)) containing 
50 per cent high and 50 per cent low ragweed, 0.4 per cent phenol, and 630 ,ug 
protein K per milliliter was used for all dilutions of antigen in passive cutaneous 
anaphylaxis. Dilutions were made with 0.85 per cent saline. 

Control 

Normal guincxa pig serum, diluted I :2 with 0.85 per cent saline solution, 
served as the control intradermal test material used on each animal for PCA 
tests. 

METHODS 

Passive cutaneous anaphylaxis 

All available sera collected from gninca pigs immunized with ARE or APPR 
were analyzed for antibody content by the m&hod described by Ovaly.” Twent,v- 
four hours before Wsting, guinea pigs weighing 250 grams were shared with an 
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aster clipper No. 40 blade. Ten intradermal injections of 0.1 ml. of a 1:2 dilu- 
tion of all test antisera were made in the flanks of the guinea pigs. The sera 
obtained from the animals that had given maximum Arthus reactions’ were 
diluted twofold until a negative end point was reached. Each serum dilution was 
tested on 3 or 4 guinea pigs. Each animal had a control intradermal injection of 
normal guinea pig serum diluted 1~2. After a latent period of 5 hours the 
animals were challenged intracardially with 1.25 ml. of a mixture containing 
520.0 pg protein N of AREP in 1 ml. of 0.85 per cent saline and 0.25 ml. of 1 
per cent Evans blue dye. The reactions were read in 15 to 30 minutes after 
challenge and the cross diameters of the “bluing reactions” were recorded and 
photographed. In all tests failing to show gross bluing in excess of 5 mm., the 
skin was reflected on the sacrificed animal. If the bluing was present on the 
undersurface of the skin and was in excess of 5 mm., it was considered positive 
and also was photographed, Inasmuch as concentrated sera (even before im- 
munization) have been known to cause bluing reactions, the reactions were 
graded as zero if the difference in the diameters between the control (normal 
guinea pig serum) and the antisera, both diluted 1:2, was less than 5 mm.6, 7 

Code for classifying intradermal reactions 

Four-hour skin reactions resulting in an average of cross diameters of less 
than 10 mm. erythema and 8 mm. of induration were considered negative. 

10 to 16 
Moderate reactions ranged from 8 to 14 erythema/induration, in millimeters, 

with a change in skin thickness ranging from 7 to 17 x 10-l mm. Maximum 

reactions ranged from 17 to 35 
15 to 32 

erythema/induration, in millimctcrs, with the 

change in skin thickness ranging from 18 to 28 x 10-l mm. 

EXPERIMENTAL RESULTS 

I. Passive cutaneous anaphylaxis 

A. Photograph of representative PCA test. The results of a representative 
passive cutaneous anaphylaxis experiment are presented in Fig, 1. In this experi- 
ment PCA was done to demonstrate the antibody content of an antiserum col- 
lected on day 50 from a guinea pig immunized with 30.0 pg protein N of APPR. 
The control test is on the left and then in sequence from left to right are the 
blue reactions produced by 1:2 and 1:4 dilutions of antisera. The 1:8 through 
11256 were also positive for this same antiserum. 

K. PCA tests done on sera collected prior to Arthus reactiom from guinea 
pigs iwlmunized with APPR and ARE. 

1. INTRODUCTION. In Table I are presented all the PCA results obtained on 
sera collcctcd from 266 guinea pigs prior to t,he production of Arthus reactions 
in these same animals. The test sera were separated into groups depending l~J'O~1 

the Arthus reaction size. I’(:;\ results were likewise c~ml~a~~~d with Arthus 
reaction size. The results of t I~ese Art,hus reactions, although previously rc 
ported,’ arc prcscnted in this table in order to compare the t,ypes of reaction 
produced. 



Fig. 1 
PCA reactions that followed AREP intracardially, with the use, intradermally, of day 50 
swum from a guinea pig immunized with 30.0 gg protein N of APPR. Left, normal serum 
1:2; middle, antiserum 1:2; right, antiserum 1:4 dilution. 

2. DAY 7. APPR srra gave one positive PCA test from an animal with 
an immunizing dose as low as 0.1 pg of protein N, but 2 of 5 sera gave a 
positive PCA when the immunizing dose was at the upper limit, 100.0 pg. With 
the 100.0 pg immunizing dose of APPR there was one animal that gave a nega- 
tive Arthus but a positive PCA. When ARE was the immunizing antigen, all 
sera produced by these animals gave negative PCA tests regardless of im- 
munizing dose. 

3. DAY 15. Worthy of note on this day was the fact that at. the 0.1 pg dose 
level 2 of 12 of the APPR animals gave a positive PCA. One of the two sera 
giving a positive PCA came from an animal that had given a moderate Arthus 
reaction and one from an animal that had given a negative Arthus reaction. 
On the other hand, with the ARE immunized animals at this low dose, there were 
none that gave a positive Arthus and none whose sera produced a positive PCA. 
When the immunizing dose of APPR was 10.0 pg of protein N, 4 of 13 sera 
produced a posit.ive PCA test and 3 of these 4 came from animals that had 
given a maximum Arthus reaction and the other strum came from an animal 
that, Iliad given a modcrat,e Arthns reaction. At this Pamc dosage level of antigen, 
6 of 6 ARE animals ~~i~otlu~rcl seril ihat gave a posil.ivc PCA, and 5 of t,liesc 
animals lliltl a nrgativr AtThus rtlac*tion whiltb one had a moderatcl Arthus reac- 
tiotl. \\‘11(It1 tl1c1 closc~ 01’ atltigtan \ViIs :10.0 pg ol’ protein N, 3 of 5 ol’ the API’H 
iinmunizetl animals ~~l’otluc~~%l SVrit 11LilO gave a positive P(IA and all of’ these :J 
animals also had dcvcloped positive Arthus reactions, two of which were maximal 
in size. However, when the immunizing tlosc of ARE was 30.0 pg of protein K, 
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Table I. Comparison of Arthus reaction size with PCA results produced with sera 
from same animals immunized with a single low dose of either APPR or ARE 

I I Immunizing antigens 

Alum-precipitated pyridine ragweed Aqueous ragweed extract 

Immunia- Arthus Passive cutaneous Arthus 
ing dose reaction to reaction to Passive cutaneous 

IO pg pro- anaphylaxis 10 pg pro- anaphylaxis 
tein N ARE Positive I Negative tein N ARE Posit& / Negntivc 

Day 7 
0.1 

1.0 

10.0 
30.0 

50.0 

100.0 

Day 15 
0.1 

1.0 

10.0 

30.0 

100.0 

Day g8 
1.0 

10.0 

Day 34 
30.0 

Day 50 
1.0 

10.0 

30.0 

Mod. 2* 
Neg. 3 
Max. 3 
Mod. 3 
Max. 4 
Max. 2 
Mod. 11 
Max. 3 
Mod. 1 
Max. 3 
Mod. 2 
Neg. 1 

Mod. 5 
Neg. 7 
Max. 2 
Mod. 2 
Neg. 2 
Max. 9 
Mod. 4 
Max. 4 
Mod. 1 

- 

Max. 1 
Mod. :i 
Neg. 1 

Max. i 
Mod. 1 

Max. 3 
Mod. 1 
Neg. 2 

Max. 5 

Neg. 1 

2 
1 

1 

11§ 

11 

11 
11 
2 

- 

13 1:s 

1 
- 

1 
12 1:32 
12 1:256 

2 
3 
3 

(A: 
(1;) 

1 
2 
2 

- 

1 
3 
1 

- 

7 

9 
1 

- 

3 

-t - 

Neg. 4 

Neg. 5 
Neg. 6 

Neg. 5 

4 

5 
4 
2 qns 
5 

Neg. 4 4 

Neg. 6 6 

Neg. 5 
Mod. 1 
Neg. 5 
Max. 2 
Neg. 3 
Max. 1 
Mod. 1 
Neg. 4 

Mod. 1 
Neg. 4 

Max. 2 
Mod. 1 
Neg. 2 

Max. 2 
Mod. 3 
Neg. 2 

Neg. 6 

Max. 2 
Mod. 2 
Neg. 2 

Max. 1 

Mod. 1 
Neg. 3 

1 
12 
5 

11 

2 

12 1:16 

1 

1 

32 

4 

2 

s 

i: 

1 
2 

2 
1 
2 

3 
3 
1 

5 

2 
2 
1 

1 

1 

“Figures are nunher of animals. All reactions in each group are listed. If no negatives, 
there mere none. 

tMeans no animals WCIW Arthux tested in this category. Only the suit front animals on 
Tvhich eonlparable Arthus rcaac+ons WWB p,rrforrnrd are included in this table. 

$Parrnthest~a around figures nlean the sera for that group Kerr pooled ~hrn tcixtrtl. 
$PCA tests ~erc positive in 3 of 3 animals unless nlarkrd by an exponent; 1 nlrxans one 

of three, 2 nleans t\vo of thrcte, and 3 nleans one of four PCA test aniruals gave positive 
lYWl1ts. 

IlEnd points of positive PCA tests acre jvith sera dilutions 1:2 unless othcruise specified. 



10.0 

30.0 

100.0 

Ikty IS6 
1.0 

10.0 

30.0 

100.0 

Mod. 4 11 3 
Nrg. 5 11 4 

Max. 

- 

Max. 4 4 
Mod. 1 1 
Max. 8 62 2 
Mod. 3 11 1 
Max. 8 51 3 
Mod. 1 12 1:32 
Max. 3 31 

8 (7)’ 1:4 1 

- 
Max. 
Mod. 
Neg. 
Mod. 
Nt?g. 
Max. 
Mod. 
Nrg. 

Neg. 

Mod. 
Nrg. 
Mod. 

Neg. 

- - 
4 4 
2 2 
2 11 
1 

5 4 3 f 
1 1 
3 1 2 

- 
6 6 

2 2 
4 21 2 
3 1’ 1 :lB 2 
2 12 

12 I:4 

5 of 5 of the sera gave a negative PCA and pet 2 of the 5 animals from which 
the sera came gave maximal Arthus reactions. 

A similar comparison of the Arthus reactions developed on days 28 and 34, 
and the PCA reactions to the sera that these same animals produced are pre- 
scntcd in Table I. 

Perhaps the most significant findings were in sera from day 50 when the 
immunizing dose of both antigens was 30.0 pg of protein N. Three of 6 of the 
APPR animals produced sera that gave positive PCA tests and in one of these 
3 the end point was at 1:256 dilution of the serum. An interesting fact, too, is 
that the animal that produced this serum gave a negative Arthus reaction and 
the 2 other sera came from animals that gave a maximum Arthus reaction. Three 
of 5 sera collected on day 50 from animals immunized with 30.0 ,.~g protein N 
of ARE gave a positive PCA and all 3 of the animals from which these sera 
were derived gave negative Arthus reactions. 

The findings for day 8% arc presented in Table I. Seven of 8 sera from APPR 
animals immunized with 30.0 pg of protein N that developed maximal Arthus 
reactions gave positive PCA tests. On the other hand, 6 of 6 sera from ARF: 
animals immunized with bhe same dose gave negative PCA tests. Five of these 
6 animals had had negative Arthus reactions and one was a moderate reaction. 
IIowevcr, when the immunizing dose of ARE was raised to 100.0 pg of protein 
N, 4 of 8 sera produced a positive PCA test and one of these came from an 
animal that had developed one of the only 3 maximal Arthus reactions in the 
ARE immunized group under discussion. 



l‘ll(> difl’crcnccls bctwecn the IYYA results f’or the AL’I’R imnlunizod a.nimals 
alt(l ARK inlmunizcd animals WWC: the lt>ast on day 136. The main diffcrencc 
~1s tllat \rhcn the immunizing tlosc of AIZE \vas as IOW as 10.0 /~g of prot,trin N, 
all of tllch H'l'il pl’Od1l(‘~‘d nctgati\.cb I’(‘A tc>sts ilIlt none Of the animills I’lvlll which 
thcsc sera came dcvclopcd positive &thus reactions. At the 100.0 pg protein 
N dosage level the differences hetwccn the PCA results obtained with APPR 
and ARE were the least (Table I ) . 

DISCUSSION 

The technique of intravenous injection of a dye, trypan blue, to reveal the 
increased permeability of the minute vessels in the skin of the guinea pig during 
cutaneous anaphylaxis was first used by Ramsdell. Similar reactions were ob- 
served by Chase” in the skin of the guinea pig by simply injecting antibody and 
24 hours later injecting antigen in the same skin test site. It was the opinion of 
both Chase and Ovary lo that this change in the skin was produced by the 
release of histamine as a result of a localized cutaneous antigen-antibody inter- 
action. Subsequently quantitative studies were performed with transferred 
antibody which OvarylO in 1953 called passive cutaneous anaphylaxis (PCA). 

The PCA reaction requires a latent period between the injection of antibody 
and injection of antigen. Ovary and BierI attributed the latent period to the 
time necessary for the anchorage of antibody to the cells in the guinea pig skin. 
These authors also showed that the latent period was inversely proportional to 
the amount of antibody present. The average latent period was 4 to 6 hours. 
Because the immunization doses in the experiments presented here were 
minimal,l it was assumed that the antibody content of the sera might be low, 
so the latent period chosen for all experiments in this report was 5 hours. 

Since the great variability in the reactivity of different guinea pigs is well 
known, an average of 3 and sometimes 4 guinea pigs were used in the PCA test 
for each serum. 

Ovary28 I2 states that, if the aim is detection of antibody, it is necessary to 
use a large excess of antigen, and he showed that the amount of antigen neces- 
sary was inversely proportional to the amount of antibody present. Hel” further 
&ted that, since a great excess of antigen is not inhibitory, it is safe to use 10 
to 100 times more than necessary for maximal PCA reaction and that threshold 
amounts of antibody react faster with excess of antigen.13 Because of these facts 
accumulated by previous investigators of the effect of the amount of antigen 
in relation to maximal production of PCA, it was decided that in all these 
experiments it would be wise to use 520.0 pg protein N of AREP. Since sub- 
stances extracted from whole ragweed pollen have a relatively low molecular 
wcight14 and the avera.ge amount of antigen used in PCA by others for challenge 
is 200.0 to 300.0 pg protein N, it was believed that the amount used in these 
experiments would provide a great excess and therefore a maximal PCA for 
the amount of antibody that might be present. 

Ovary’2 has shown that PCA is a very useful method of detecting antibody 
because of the high degree of sensitivity of the test and the very small a.mount 
of antibody needed. Ovary 6, I1 has shown that this test in guinea pigs can detect 
0.003-0.01 pg antibody N in 0.1 ml. of serum. 



These experiments have indicated that there arc noticeable differences be- 
tween the immunological responses of the ARE and ,4I’PR immunized animals 
to the Arthus reaction’ and passive cutaneous anaphylaxis produced by the scra 
of these same animals at the various time intervals after single low dose immn- 
nixation. The findings produced by the PCA tests on all available sera diluted 
with saline 3 :2 or above from both APPR and ARE immunized animals suggest 
that, API’R induces, more consistently than ARE, two types of antibodies. One 
of these produces a much greater number of Arthus reactions (in this study 
120 in 142 animals as compared to 31 in 124 ARE immunized guinea pigs) and 
the other antibody is capable of inducing positive PCA reactions. Fort,y-seven 
of 142 PCA tests were positive when the sera used came from guinea pigs im- 
munized with AI’PR and 26 of 124 PCA tests performed were positive when 
the sera used were from the guinea pigs irnmunized with ARE. The APPR 
immunized animals had a significantly greater tendency to produce both a. 
maximum Arthus reaction and a positive PCA as compared to the ARE ani- 
mals. Thirty-one of 142 or 21.9 per cent of the APPR immunized animals 
developed both a maximum Arthus reaction and a positive PCA test, whereas 
only three of 124 or 2.4 per cent ARE immunized animals had a maximum 
Arthus and a positive PCA (Table I). 

The sera of 24 of 88 (27.1 per cent) of the ARE immunized animals with 
negative Arthus reactions produced sera that gave a positive PCA, and 7 of 22 
(31.8 per cent) of the sera from the APPR immunized animals with a negative 
Arthus reaction produced a positive PCA. Chi square for this is 0.1796, so there 
is no significant difference at the 5 per cent level in the ability of the negative 
Arthus reactors to produce a positive PCA whether immunized with ARE or 
APPR. Eighty-eight of the 124 ARE immunized animals (70.9 per cent) studied 
had a negative Arthus, whereas 22 of the 142 APPR immunized animals (15.4 
per cent) had a negative Arthus reaction. Seventy-seven of the 120 APPR 
immunized animals that gave a positive Arthus reaction gave one in the maximum 
range, and only 18 of 36 of the ARE immunized animals produced this. 

Benaccrraf, Ovary, Bloch, and Franklin,3 immunizing guinea pigs with 
purified antigens, have produced two distinct antibodies, both with sedimenta- 
tion coefficients of 7s but different electrophoretic mobilities, that is, guinea pig 
7S gamma-l and 78 gamma-2 globulin. Ovary, Benacerraf, and Blochlj state 
that guinea pig 7s gamma-l antibody has the capacity to transfer PCA activity 
in guinea pigs while 7S gamma-2 antibody will specifically block the PCA test 
in proper concentrations. Their immunological systems differed in that they 
used highly purified antigens, while the aqueous ragweed extract is known to 
contain 10 or more antigens. lG Although WC did not determine electrophoretic 
mobility on the sera involved in this study, it probably can be assumed that the 
APPR protlucc~l in the guinra pigs, in most instances, antibody to each of thcsc 
two .fractions. Hloch, Kourilsky, Ovary, and Kcna~crral’~ found 7S gamma-2 
antihotly cffcctivcl in c*oiil’t~rring l)assivcl Arthus rcbactivity iii the guinea pigs. 
l’rt~sutnal)ly tllc~rt~ was more of this antibod?. producrtl ii) the guinea pigs l)J 
APPR illlillullizatioil than by ARE since we had many more masimum A&us 
reactions in the APPR immunized group of animals than in the ARE im- 
nlunized. However, it would not appear that whatever had developed had been 
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sufficient to block the PCA react,ion which evidence suggests is produced by a 
different antibody.4 It is germane to point out though that Ovary, Benacerraf, 
and Blochl” in their inhibition experiments used specific concentrations in their 
mixtures of 7s gamma-l and 7s gamma-2 whereas in these experiments there 
was undoubtedly a biological variation in the amounts of each of these two 
fractions rather than a fixed amount of each type of antibody at the skin test 
site. The multiplicity of antigens in the ragweed immunological system also 
undoubtedly was a factor. 

On day 7, the APPR immunized animals were able to produce sera with 
sufficient antibody to give a positive PCA in 1~2 dilution in 3 of 5 tested with 
as low an immunizing dose as 0.1 pg of protein N. Two of these 5 animals also 
gave a positive Arthus reaction. 

It is of particular interest to note that the sera from animals immunized 
with 30.0 pg protein N of APPR produced PCA end points in 1:64 dilution 
on day 15, 1:256 dilution on day 50, and 1:32 dilution on day 136. On the other 
hand, all the sera from animals that gave a maximum Arthus reaction and were 
immunized with ARE gave negative PCA except on day 82, and they were 
from animals that received the highest immunizing dose. On day 136, 3 of 5 
sera from animals immunized with ARE gave a positive PCA; one in 1:4 dilu- 
tion (from a guinea pig that gave a negative Arthus reaction) and one in 1:16 
dilution, suggesting these animals had in their sera more of the fraction respon- 
sible for PCA activity and less of that fraction responsible for Arthus reactivit,y. 
There were only 3 in the total ARE immunized group of animals that developed 
a maximum Arthus reaction and only 5 of 124 ARE immunized animals that 
developed an Arthus reaction of any size. 

At an immunizing dose of ARE as low as 10.0 pg of protein N, antibody 
apparently did not persist for as long a duration as it did when APPR was 
the immunizing antigen. On day 136, 10 of 10 APPR immunized animals had 
moderate or maximum Arthus reactions and 7 of these 10 animals produced 
sera that gave a positive PCA, whereas with the same immunizing dose, or 10 
pg of protein N of ARE, 6 of 6 animals gave negative Arthus reactions and 
all the 6 animals produced scra that gave negative PCA tests. 
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