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A LLERGIC reactions to penicillin are a major clinical problem.‘, 2 Use of peni- 
cillin itself as a skin test antigen is not adequate to evaluate clinical sensi- 

tization, since a negative test does not exclude the existence of penicillin allerg! 
and the possibility of a reaction to a subsequent administration.” 

The identity of the antigenic components of penicillin which determine 
sensitization is of prime importance for the selection of reagents to diagnose 
sensitivity states accurately. 

The molecular “nucleus” of penicillin is 6-aminopenicillanic acid (Fig. 1) . 
It can be isolated in pure form from penicillin fermentations, and its formation 
from penicillin by enzymatic hydrolysis has been demonstrated.* 

The purpose of this investigation was to evaluate the antigenicity of 6- 
aminopenicillanic acid in rabbits and to determine its cross-reactivity with peni- 
cillin, by use of the tanned-cell hemagglutination and passive cutaneous ana- 
phylaxis techniques for measurement of antibody activity. 

MATERIALS AND METHODS l 

Immunization Procedure.-Eight New Zealand albino rabbits weighing 
approximately 3000 grams each were used in this study. Half were immunized 
with 6-aminopenicillanic acid (lot No. 16033 Pfizer), the other half with crystal- 
line potassium penicillin G. 

Rabbits given 6-aminopenicillanic acid (6-APA) were immunized as fol- 
lows. The animals were injected intramuscularly daily for 5 days with 10 mg. 
of 6-APA dissolved in 1.0 ml. isotonic phosphate-buffered saline. Twenty-five 
milligrams of 6-APA in 2.0 ml. of complete Freund’s adjuvant (Difco) was 
then injected intramuscurlarly and repeated ‘7 days later. Following a rest 
period of 3 weeks, a booster dose of 24 mg. of 6-APA in 1.0 ml. of complete 
Freund’s adjuvant was injected intramuscularly. All materials for injection were 
prepared fresh at the time of injection. 

Rabbits immunized with penicillin G (Pnc G) were given 25 mg. dis- 
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Fig. l.-Structural formulas of penicillin and 6-aminopenicillanic acid. 

solved in 1.0 ml. isotonic phosphate-buffered saline intramuscularly daily for 
5 days, followed by 3 intramuscular injections of 125 mg. Pnc G in 2.0 ml. 
of complete Freund’s adjuvant administered at 7 day intervals. Two of the 
animals died before the last injection. The rabbits were rested for 3 weeks, 
after which they were injected with Pnc G (50 mg. dissolved in 2.0 ml. isotonic 
phosphate-buffered saline intravenously) daily for 10 consecutive days. Trial 
bleedings were obtained at appropriate intervals. 

Hemagglutination Technique.-The tanned-cell hemagglutination technique 
of Boyden as modified by Feinberg,6 was used. 

Erythrocytes.-Fresh sheep red blood cells were stored at 5O to loo C. in 
sterile Alsever’s solution for at least 3 days before use. These cells were found 
to be usable over a period of 6 weeks. 

Tannic Acid.-A 1:220 solution (w/v) of tannic acid (Baker C. P.) was 
sterilized by passage through a Millipore filter. This stock solution was stored 
at 5O to loo C. and proved stable and active for at least 4 weeks. Dilutions 
were made with isotonic phosphate-buffered saline, pH 7.2. 

Antigens.-Crystalline potassium penicillin G (lot No. OX051 Pfizer) and 
6-aminopenicillanic acid (lot No. 16033 Pfizer) were used for test reagents. 
Thirty milligrams of 6-APA was dissolved in 0.5 ml. of 5 per cent sodium 
bicarbonate solution and diluted with buffered saline, pH 7.2. Penicillin G was 
dissolved in buffered saline, pH 7.2. 

#era.-The rabbit serum samples were heated at 56O C. for 30 minutes. 
The sera were subsequently adsorbed by thrice-washed normal sheep red blood 
cells for 12 hours at a ratio of 0.05 ml. packed red blood cells per milliliter of 
serum. 

Hemagglutination Tests.-Sheep red blood cells were washed 3 times with 
isotonic saline and resuspended in buffered saline, pH 7.2, to a concentration 
of 2.5 per cent. An equal amount of tannic acid diluted 1:22,000 was added and 
the mixture incubated in a water bath at 37O C. for 10 minutes. The cells were 
then washed with buffered saline, pH 7.2, with unbuffered saline, and resus- 
pended to a concentration of 2.5 per cent in buffered saline, pH 6.4. Antigen 
was added to the cells (4 volumes of antigen solution to 1 volume of cell sus- 
pension, i.e., 3 mg. of 6-APA or 20 mg. of Pnc G per each milliliter of 2.5 per 
cent tanned cells) and the mixture incubated for 15 minutes at 37O C. After 
incubation, the tanned cells with adsorbed antigen were washed twice in normal 
rabbit serum (NRS) diluted 1:200 in saline. Cells were resuspended to a final 
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concentration of 1.5 per cent in 1:200 NRS. Centrifugation speed o-f 1000 to 
1500 r.p.m. was used for preparations throughout the entire experiment. 

Titrations were done on twofold serial dilutions of test serum starting at 
1 :lO, with NRS diluted 1:lOO in saline as diluent. W ith the same 1 ml. pip&cl, 
0.05 ml. of the 1.5 per cent suspension of antigen-coated ~11s was added to 
each tube. Tubes were left at room temperature for 2 hours and observed for 
agglutination. The dilution in the last tube showing visible agglutination was 
interpreted as the titer of a test sample. appropriate known negative and known 
positive controls were included in each experimrnt as follows: (1) normal 
erythrocytes in NRS diluent, (2) unmodified tanned erythrocytes in KRS 
diluent, and (3) antigen-treated tanned erythroc.vtcas in NRY dilucrrt in sc&l 
dilution. 

Hemagglutination cross-reaction tests were done, using 6-APh with anti - 
Pnc G serum, and Pnc with anti-6-APA sera. 

Hemagglutination-Inhibition Tests.-Pnc G and 6-APA were alternately 
used to inhibit both anti-Pnc G and anti-6-APA antisera. Five-llundrrtltlls 
milliliter of each dilution of inhibitor was pipetted into 0.5 ml. of each scarial 
dilution of antisera. These tubes were incubated at 37” (‘. for 1 hour anal al 
5’ to 10’ C. for 12 hours. Appropriately sensitized sheep cryt~hrocgtes ~‘CIY~ 
added according to the method of hemaggultination test described aborcl. Tlrr 
tubes were left at room temperature for 2 hours. and prescncc of visible a~- 
glutination was noted. 

Pas&e Cutaneous Ana@yZazis.-Passive cutaneous anaphylaxis (WA 1 
determinations were done, exactly following the procedure described by Ovary.’ 
Albino guinea pigs weighing 200 to 300 grams were injected int,radermally with 
0.1 ml. of a 1:5 dilution of either anti-6-APA or anti-Pnc G rabbit antiserum. 
Dilutions were made in Hank’s balanced salt solution. For positive control. 
anti-bovine gamma globulin (anti-BGG) was employed in 1 :lOO dilution. Aft*>r 
5 hours, these animals were challenged intravenously with 2 to 3 ml. of t>it h\xr 
a solution of 20 mg. of R-APA or 50 to 100 mg. of Pnc G, each with 10 rug. 
BGG (positive control) per milliliter of Erans blue solution. The 6-MA, 
Pnc G, and BGG solutions were prepared separately in isotonic phosphate-buf- 
fered saline. pH 7.2, and mixed with the Evans blue solution immc~dinto’l~- 

TABLE 1. HEMAGGLUTINATION TITERS AND PCA REACTIONS OF RABBIT ANTI-t?-:WA &RI-M 

I I~EMAGGLUTIXATION TITERS CRECIPR~CA I’CA REACTIONS ( CI X.1” 

RABBIT NO. / I 1 11 1 111 1 ,V- /j V -1 -%‘:’ /--I 1 IT I-T11 1 .Lr / V i 1.1 , 

219 <lO 5120 10240 5120 1280 5120 0 - 2.0 --r:i----ii 
278 <lO 10240 10240 2560 640 10240 0 - 2.0 1.2 1.4; 
280 <IO 20480 20480 10240 1280 2560 0 - 1.8 1 Tr. 1.2 
286 <lO I:)230 5120 2560 610 1280 0 - 1.5 - Tr. 1.2 -.--___.- 

I. Preimmunization sera. II. Serum after intramuscular injections of R-APA in saline. 
III. Serum 7 days after flrst injection of 6-APA in Freund’s adjutant. IV. Serum 7 days aftw 
second injection of B-APA in Freund’s adjuvant. V. Serum after 3 weeks’ rest period. VT. Swum 
after booster injection of 6-APA in Freund’s adjuvant. 

*Antisera diluted 1:s ; antigen (6-APA), 20 mg. 
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prior to injection. After 30 minutes, test sites were observed for maximum 
skin reactions. The animals were then sacrificed, the skin was reflected, and the 
reactions on the inner surface were measured by diameter and intensity of color. 

RESULTS 

Hemagglutination Reactions.--It was apparent that antibody response to 
6-APA was rapid and strong (Table I). After the series of 5 daily intramuscular 
injections of aqueous 6-APA (without Freund’s adjuvant), an antibody titer 
of from 1:5,120 to 1:20,480 was measurable. These titers were maintained 7 
days following the first. booster injection of 6-APA with Freund’s adjuvant. 
Titers continued to drop (period V, Table I) after a rest, period of 3 weeks, 
but an anamnestic response was obtained 7 days after a booster injection of 
25 mg. 6-APA in Freund’s adjuvant. 

The antibody response of rabbits immunized with Pnc G was not as marked 
as in those injected with 6-APA. The initial series of intravenous injections of 
25 mg. aqueous Pnc G for 5 days did not evoke measurable antibody response. 
Titers of 190 were obtained only after 2 weekly injections of 125 mg. of Pnc 
G in Freund’s adjuvant. In an attempt to increase the titer, 2 rabbits were 
given an additional series of daily intravenous injections of 50 mg. aqueous 
Pnc G for 10 days after being rested for 3 weeks. Titers measured 7 days after 
the last intravenous injection were at 1:1280 levels. (Table II) 

TABLE 11. HEMAGGLUTINATION TITEBS AND PCA REACTIONS OF RABBIT ANTI-PNC G SERA 

IHEMAGGLuTINATIoN TITERS (RECI~R~CAL~I PCA REACI’IONS (CM.1 * 
RABBIT NO. 1 1 1 11 ) 111 1 IV 1 V 1 VI 1 1 1 11 1 111 1 IV 1 V 1 VI 

223 <lO <lO <lO ;; s3 1280 0 - - 0 0 253 <lO <lO <lO Died - 0 - - 0 - t 
260 <lO <lO <:: 80 Died 0 - - 0 
290 <lO <lO 10 160 128” O - - 0 0 0 

I. Preimmunization serum. II. Serum after intramuscular injections of Pnc G. III. Serum 
1 week following intramuscular injection of Pnc G in Freund’s adjuvant. IV. Serum 1 week 
following second intramuscular injection of Pnc G in Freund’s adjuvant. V. Serum 1 week fol- 
lowing third intramuscular injection of Pnc G in Freund’s adjuvant. VI. Serum 1 week after 
restimulation with aqueous Pnc G (given daily for 10 days intravenously). 

*Antisera diluted 1:5 ; antigen (Pnc G), 50 mg. 

TABLE III. HE~~AGGLUTINATION CROSS-REACTIONS OF RABBIT ANTI-6-APA SERA 
AGAINST PNC G 

RABBIT 
ANTI-6-APA SERA 

HE~v~AGG~~INA~~N CR~S~-REACTY~K~ (ECECIPR~OAL OF TITER) 

I I II I III I IV I v 1 VT 

219 
278 -2,” 2: 

40 - 80 
40 160 

280 <lo 20 80 - 320 
286 <10 

‘ii 
20 40 - 80 

I. Preimmunization sera. II. Serum after intramuscular injections of 6-APA in saline. III. 
Serum 7 days after first injection of 6-AP-4 in Freund’s adjuvant. IV. Serum 7 davs after 
second injection of 6-APA in-Freund’s adjuvant. V. Serum after 3 weeks’ rest period. Vi. ~Serum 
after booster injection of 6-APA in Freund’s adjuvant. 



Volume 34 
Number 6 

ANTIQENICITY AND CROSSREACTIVITY OF 6-APA 19:3 

TABLE IV. HEMAGGLUTINATION CROSS-REACTIONS OF RABBIT ANTI-PNC G SERA AGAINST 6-APX 

RABBIT HEMAGGLUTINATION CROSS-REACTIONS (RECIPROCAL OF TITER) 

ANTI-PNC G SERUM 1 I 11 I III __ I IV I v 1 ..!!-L 
223 <lO 8>0 X,:r 88:) - 160 
253 210 IO 10 40 l)i?ci 
260 

$i <:"o 
"II 320 - Dim1 

290 <lO <IO -- 20 __._---.- 
I. Preimmunization. II. Serum after intramuscular injections of Pnc G. III. Serum 1 week 

following intramuscular injection of Pnc G in Freund’s adjuvant. IV. Serum 1 week following 
second intramuscular injection of Pnc G in Freund’s adjuvant. V. Serum 1 week following third 
intramuscular injection of Pnc G in Freund’s adjuvant. VI. Serum 1 week after restimulation 
with aqueous Pnc G (given daily for 10 days intravenously). 

TABLE V. INHIBITION OF RABBIT ANTI-PNC G SERUM BY PNC G AND 6-APA 

INHIBITOR 
( MG./ML.) 

Pnc G 
2.5 
1.25 
0.625 
0.312 

6-APA 
0.312 
0.156 
0.078 
0.039 

None 

Control (NRS) 

HEMAGGLUTINATION TITERS* 

1 : 1JO I 1:20 I 1:40 I 1:80 

*Serum sample used from rabbit No. 223 ; anti-Pnc G titer, 1:1280 

Hemagglutination Cross-Reactions.-Cross-reactivity of 6-APA with anti- 
Pnc G sera and Pnc G with anti-6-APA sera was clearly demonstrable. With 
Pnc G as the antigen against anti-6-APA sera, cross-reaction titers up to 1:320 
were noted (Table III). With 6-APA as the antigen against anti-Pm G sera, 
cross-reaction titers up to 12320 were measured (Table IV). 

Hemagglutination Inhibition.-In order to determine specificity of anti- 
body produced by immunization of rabbits to 6-APA and Pnc G, hemagglu- 
tination-inhibition studies were done with homologous and heterolgous antigens 
for test inhibitors. The Pnc G-anti-Pnc G reaction was found to be inhibited 
both by Pnc G and 6-APA. Either 0.05 ml. of a 2.5 mg. per milliliter solution 
of Pnc G or 0.05 ml. of a 0.312 mg. per milliliter solution of 6-APA completely 
inhibited the reactivity of 0.5 ml. anti-Pnc G serum at 1 :lO dilution (Table V) . 

The 6-APA-anti-6-APA reaction was also inhibited both by 6-APA and 
Pnc G. The reactivity of 0.5 ml. anti-6-APA serum at 1 :lO dilution was com- 
pletely inhibited by 0.05 ml. of a 20 mg. per milliliter solution of 6-BPA, 
while 0.05 ml. of a 100 mg. per milliliter solution of Pnc G was able to inhibit 
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Fig. 2.-PCA reactions decreasing in intensity with increasing dilutions of anti-6-APA sera. 

0.5 ml. of a 1:20 dilution of the antiserum (Table VI). The titer of this anti- 
6-APA antiserum to the homologous antigen was 1:2560. 

Passive Cutaneous Anaphylaxis.-Antibody response of rabbits to injections 
of 6-APA and Pnc G  was also measurable by the passive cutaneous anaphylaxis 
technique. An almost uniform skin response was observed with sera from rab- 
bits immunized with 6-APA (Table I). It was also found that the degree of 
test site skin reactivity, as measured by the diameter of reaction and intensity 
of blueness, paralleled the hemagglutination titer. By increasing the dilution of 
antisera, concomitant diminution in degree of intensity and size of the skin re- 
action was noted (Fig. 2). 

Attempts to elicit PCA reactions with sera from rabbits immunized with 
Pnc G  were unsuccessful. 

Attempts also were made to cross-react anti-6-APA and anti-Pnc G  sera 
with Pnc G  and 6-APA, respectively, by means of the PCA technique. Anti-6- 
APA sera did not give positive reactions with Pnc G, even when undiluted 
antisera and as much as 100 mg. of Pnc G  were employed. One anti-Pnc G  
serum produced a weak reaction with 6-APA. Sample VI, rabbit No. 223, at 
1:2 and 1:4 dilutions reacted weakly (maximum, 0.75 cm.) with 50 mg. of 
6-APA. 

Precipitin Reactions.-Though considered a priori as unlikely to be positive, 
precipitin tests were carried out by the ring and Landsteiner precipitin and 
the Ouchterlony gel diffusion techniques. Each attempt to demonstrate pre- 
cipitating antibodies in sera of rabbits immunized with 6-APA and Pnc 
G  proved unsuccessful. 
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DISCUSSION 

The intramuscular injection of small amounts of 6-APA in rabbits elicited 
strong antibody response measurable by both tanned-cell hemagglutination and 
passive cutaneous anaphylaxis techniques. In contrast to this, antibody I’+ 
sponse to the whole penicillin molecule could be obtained only after repcat(hd 
injections of the drug incorporated in complctr F’reund‘s adjuvant. The YEW- 
ificity of these reactions was shown by inhibition studies. I~‘urthermorc, it was 
demonstrated that 6-APA can inhibit the reactivity of anti-Pnc G  ant,ibod~- 
to Pnc G. Also, Pnc G  was capable of inhibiting the reaction of anti-6-APA to 
6-APA, although a large amount of Pnc G  was required for inhibition. (Iross- 
reaction between 6-APA and Pnc G  was also demonstrated; namely, rabbit. 
anti-6-APA serum agglutinated Pnc G-coated red cells, and rabbit anti--Pnc 
G  serum agglutinated 6-APA-coated red cells. 

The ability of 6-APA to induce strong antibody response, to cross-rt:act 
with Pne G, and to inhibit the hemagglutination reaction of rabbit anti--Pup 
G antibodies with Pnc G  clearly demonstrated its antigenic specificity in the> 
laboratory. These facts, in addition to the observation that these properties arc’ 
shared to a. much lesser degree by Pnc G, suggest t,hat Gl-APA might be onr oi 
the major antigenic determinants in penicillin hypersensitivity. 

Penicillin, in vivo, undergoes degradation to 6-APA. When penicillin was 
given orally and intravenously to mice and orally Tao man, dogs, rabbits, anti 
rats, 6-APA was subsequently detected in the urine.8 

The isolation of 6-APA led to the commercial preparation of various “syn- 
thetic” penicillins by combination of the nucleus with various side chains. 
Allergic reactions to these preparations have been reported, as well as the ability 
to evoke positive cutaneous reactions in penicillin-sensitive subjects.” Subsc- 
quently, it was shown that 6-APA is cross-reactive with Pnc C and synthetic 
penicillin by skin testing techniques. lo The fact, then, that 6-APA is c~ommon l-o 

TABLE VI. INHIBITION OF RABBIT ANTI-6-APA SERUM BY GAPA AND PNO G 

INHIBITOR 
( MG./ML. ) 

6-APA 

- --...- _ 

I 

HEMAGGLUTINATION TITERS* ----_ 
1:lO 1 1:20 ) 1:40 1 1:80 1 I:160 

Pm G  
100 

None + + + + i 

Control (NRS) - - - - 

*Serum sample used from rabbit No. 286 ; anti-6-APR titer, 1:2560. 

- 
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all penicillins, including synthetic preparations, strongly suggests that modifica- 
tion of the benzyl side chain does not abolish the allergenicity of penicillin. 

Antigenicity of 6-APA in rabbits was first reported by Chisholm and as- 
sociates,ll who used the hemagglutination technique as described by Ley.l” 
Unmodified penicillin-coated erythrocytes were used to measure anti-6-APA 
activity. They found that efforts to conjugate 6-APA to erythrocytes resulted 
in little attachment of 6-APA to the surface of the red cell. Using the tanned-cell 
hemagglutination technique, we found that 6-APA can be attached easily to 
sheep RBC, making it possible to measure antibody activity of anti-6-APA or 
anti-Pnc G serum using 6-APA as antigen. By this method the sensitivity of the 
test was greatly enhanced, as can be seen by the significantly elevated titers that 
were measured. The specificity of the reaction was validated b’y the hemaggluti- 
nation procedure of Ley.12 Rabbit anti-6-APA sera gave strongly positive passive 
cutaneous-anaphylaxis reactions in the guinea pig, while negative reactions were 
noted with the anti-Pnc G sera. 

The observation that hemagglutination activity paralleled PCA activity 
in test sera was of considerable interest. This finding by no means proves that 
both reactions are due to a single antibody. 

Although the data in this study and those reported by DeWeck13 indicate 
that 6-APA is an important antigenic determinant in penicillin, it must be re- 
called that there are other known derivatives of penicillin, and perhaps unknown 
potential products of in vivo degradation, that might also function as antigenic 
determinants. DeWeck and Eisen I4 have demonstrated that benzylpenicillenic 
acid (a derivative of benzyl penicillin) conjugated to native protein is a potent 
antigen capable of inducing the formation of antibodies specific for penicillenic 
acid. Levine and Ovary I5 later showed that rabbit antipenicillin antibodies were 
directed against the diastereomeric mixture of N- (n-cY-benzylpenicilloyl) groups, 
predominantly the diastereomeric mixture of E-N- (n-cY-benzylpenicilloyl) -1ysine 
groups. Parker and co-workers,‘6~ I7 using penicillinate and penicilloyl deriva- 
tives conjugated with proteins to immunize rabbits, demonstrated antigenicity 
of these groups. They also showed that these deriatives of penicillenic acid are 
capable of eliciting wheal and erythema skin reactions in humans presumably 
allergic to penicillin. 

DeWeck and Eisen14 showed the inability of 6-APA to inhibit antipeni- 
cillenic rabbit antisera and suggested that the antibodies induced by benzyl- 
penicillenic acid conjugates might have slight specificity for the benzyl group. 
Because of the absence of inhibition by 6-APA, they felt that antipenicillenic 
antibodies do not have affinity for the P-la&am ring and the thiazolidine ring 
of penicillin. In conjunction with our data, this would indicate that penicillenic 
acid and 6-APA may well function independently as antigenic determinants. 

SUMMARY AND CONCLUSIONS 

1. 6-Aminopenicillanic acid is shown to be a potent antigen. When injected 
(with or without adjuvant) into rabbits, high specific antibody titers were ob- 
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tained, as determined by tanned-cell hemagglutination and passive cuta.neous 
anaphylaxis techniques. 

2. Cross-antigenicity of 6-aminopenicillanic acid with penicillin C: was dem- 
onstrated. 

3. 6-Aminopenicillanic acid was shown to inhibit the reactions mediated 
by both anti-6-aminopenicillanic acid and anti-penicillin G antibodies. 

4. It is suggested that 6-aminopenicillanic acid may play an important rolr 
in the etiology of penicillin hypersensitivity states. 

The authors wish to thank Dr. Kenneth L. Burdon for his helpful encouragement and 
advice during the course of these experiments. 

REFEREWCES 

1. Editorial, J. A. M. A. 166: 927, 1958. 
2. Guthe, T., Id&e, O., and Willcox, R. R.: Untoward Penicillin Reactions, WHO Bulletiu 

19: 427, 1958. 
3. Tuft, L., Gregory, D. C., and Gregory, J.: Evaluation of Skin Test,ing Methods Employed 

in the Diagnosis of Penicillin Allergy, Am. J. M. SC. ‘236: 370, 1955. 
4. Rolinson, G. N., Batchelor, F. R., Butterworth, D:, Cameron-Wood, J., Cole, M., Eustacy? 

G. C., Hart, M. V., Richards, M., and Cham, E. B.: Formation of 6-Aminopem- 
cillanic Acid From Penicillin by Enzymatic Hydrolysis, Nature 187: 236, 1960. 

5. Boyden, S. V.: The Adsorption of Proteins on Erythrocytes Treated With Tannic Acid 
and Subsequent Hemagglutination by Antiprotein Sera, J. Exper. Med. 93: 107, 1951. 

6. Feinbera. R. J.. Davison. J. D.. and Flick. J. A.: The Detection of Antibodies in Hav 
Fe& Sera by Means of Hemagglutination, J. Immunol. 77: 279, 1956. 

7. Ovary, 2.: Immediate Reactions in Skin of Experimental Animals Provoked by Antibody- 
-Antigen Interaction, Prog. Allergy 6: 459; 1958. 

8. English, A. R., Huang, H. T., and Sobin, B. A. : B-Amino-penicil lanic Acid in Uriw 
After Oral Administration of Penicillins, Proe. Hoe. Exper. Biol. & Med. 104: 
405, 1960. 

9. Criep, L. H., and Frieman, H.: Allergy to Phenethicillin, Sew England .J. Med. 263: 
891, 1960. 

lo. Stewart, G. T.: Cross-Allergenicity of Penicillin G  and Related Substames, Laneet 1: 
509, 1962. 

11. Chisholm, D. R., English, A. R., and MacLean, N. A.: Immunologic Response of Rabbits 
to 6-Aminopenicil lanic Acid, J. Allergy 32: 333, 1961. 

12. Ley, S. B., Harris, J. P., Brinkley, M, Liles, B., Jack, J. A., and Cahan, A.: Circulating 
Antibody Directed Against Penicillin, Science 127: 1118, 1958. 

13. DeWeek, A. L.: Studies on Penicillin Hypersensitivity. 1. The Specificity of Rxbljit 
‘ ’ Anti-penicillin ’ ’ Antibodies, Internat. Arch. Allergy 21: 20, 1962. 

74. DeWeck? A. L., and Eisen, H. N. : Some Immunochemmal Propert.ies of Penicillenic 
Acid. An Sntigenic Determinant Derived From Penicillin, J. Exper. Ned. 112: 
1227, 1960. 

15. Levine, B. B., and Ovary, Z.: Studies on the Mechanism of the Formation of the Peni- 
cillin Antigen, J. Exper. Med. 114: 875, 1961. 

16. Parker, C. W ., DeWeck, A. L., Kern, M.? and Eisen, H. S.: The Preparation and Sorock 
Properties of Penicillenic Acid Derivatives Relevant to Penicillin Hypersensitivity, 
J. Exper. Med. 115: 803, 1962. 

17. Parker, C. W ., Shapiro, J., Kern, M., and Eisen, H. N.: Hypersensitivity to Penicillenic 
A&l :g);2ivatives in Human Beings With Penicillin Allergy, J. Exper. Med. 115: 

. . 
14. Kahat, E. A., and Mayer, M. M.: Experimental Immunochemistry, 

Tllinois, 1961, Charles C Thomas, Publisher. 
ml. 2, Springfield, 


