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A RECENT study by Becker1 described t,he action of penicillinase on cir- 
culating penicillin in vivo in guinea pigs and in human beings. It was 

found that parenteral administration of penicillinasc inactivated all circulat- 
ing penicillin, both in guinea pigs and in human beings. The therapeutic use 
of purified penicillinase for inactivation of circulating penicillin in patients 
suffering allergic reactions to penicillin was sugg&ed. 

After repeated injections of penicillinase in guinea pigs neither toxic. 
hypcrsensitivc, nor anaphylacbic responses were observed.’ However, sensi- 
tization of rabbits with penicillinase was reported earlier by Perlstein and 
Liebmann,’ as well as by Housewright and Henry.z These authors found con- 
siderable amounts of specific precipitins in the scra of immunized rabbits. 

The purpose of t,he present study was to re-examine t,he antigenicity of 
penicillinase in guinea pigs and rabbits and, if sensitization was produced, to 
determine the immunologic properties of their sera. 

EXI'ERIMENTAL TECHNIQUES 

dntigen.-Injectable pcnicillinase” is obtained from cultures of BmiZZus 
cereus, strain NRRL-B 569. It is a purified, nonpyrogenic grade of enzyme in 
lyophilized form. Its potency is expressed in Schenley units: 1 unit of peni- 
cillinase will inactivate 1 unit of penicillin within one minute and 60 units of 
penicillin within one hour at 25O (1. at a pH of 7.4. Our determinations have 
shown that l,OOO,OOO units of penicillinase contain 3 to 5 mg. of phospho- 
tungstic-prccipitablc nitrogen. 

Sensitization.--Male albino guinea pigs, each weighing 350 to 400 grams, 
and malt albino New Zealand rabbits, each weighing 2,500 grams, were used 
for sensitization. 

Group I: Nine guinea pigs and two rabbits were injected with two anti- 
#ens-pcnicillinase and human albumin-diluted in saline and blended homog- 
enously into Freund’s adjuvant. All animals in this group were given one 
intramuscular injection of a solution composed of 300,000 units of penicillinasc 
and IO mg. of human albumin in 0.5 ml. of saline blended with 1 lul. of 
Freund’s adjuvant containing 0.5 mg. of Mycohteriunz butyricum (Bacto- 
Adjuvant-Complete, Difco I,aboratories, Detroit> Michigan). 

From The Roosevelt Hospital, Institute of Allergy. 
Received for publication May 20, 1957. 
*The penicillinase for this work was supplied to us by Schenley Laboratories, Inc. 
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This injection was followed for a periotl oF two weeks l)y scl,liwclekly 
intramuscular administration of the satnc quantitic>s of the two antigc>ns in 0.5 
ml. of saline blcndcd with 0.5 ~111. of I~‘rrund’s adjutant without Irl~(~ohacteGa 
(Bacto-Adjn~ant-lnc~olnl)lc~tc~, 1)ifco l,ahor,;ltol,icls). 

Group II: Kine guinea pigs and t,wo rabbits were injcctcd with two 
antigens, as in Group 1, but without E’rc~und’s atl.ju\rant. 

Group ZZZ: Nine guinea pigs ant1 t,wo rabbits were injected with peni- 
cillinase only; 300,000 units of pcnicillinase in 0.5 ml. of saline were mixed with 
1 ml. of Freund’s adjuvant with t~l~~ObiU~t~~i;l. ‘I’hc initial injection was fol- 
lowed by semiweekly intramuscu1a.r Rdministration of the same amount of 
penicillinase in 0.5 ml. of saline and 0.5 ml. of E’rcund’s adjuvant without. 
mycobactcria, over a pcriotl of two wcc~lts, 

Group IV: Nine guinea pigs ant1 two rabbits were injected with peni- 
cillinasc in saline (as in Group JIJ) but without b’w~~ml’s a,djuvant. 

Skin Testing.-Seven days before blcctling, all of the sensitized animals 
were tested by intradermal injcct,ion of 25,000 units of penicillinase in 0.1 nil. 
of saline. (Skin tests on normal animals failed to produce reactivity upon 
injection of the same and double the concentration of pcnicillinasc.) The 
reactions were read several t,imes within forty-eight hours after testing ant1 
were considered positive if, within the first hour, an erythema and ctkma dc- 
veloped at t,he test,ed sites. .If this immediate reaction progrcssctl to central 
blanching, infiltration, and central necrosis, the reactions were recorded forty- 
eight hours later as Arthus’s phenomena. 

#era.-Three weeks after complet,ion of the injection course, and seven 
days after skin test,ing, 1.0 ml. of blood was withdrawn from each animal and 
the sera were individually tested for precipitins and anaphylactic reactivity. 
Then equal volumes of the sera obtained from each of the animals were pooled 
by groups and the pooled sera were tested by quantitative immunologic proce- 
dures for precipitins, agglutinins, anaphylactic property (guinea pig smooth 
muscle-sensitizing property) ,li and human-skin-sensitizing property (Table I). 

Passive Cutaneous Rnaphylaxis in Guinea Pig (PCrl)“.-Male albino guinea 
pigs, weighing 350 grams ea.&, wore ~xxv~. Shaved abdominal skin was cm- 
ployed for passive transfer of 0.1 ml. pear site of antisera or antisera dilutions 
in 0.85 per cent saline. Six hours later an intracardial challenge with a mis- 
turc of 300,000 units of penicillinase and 1 ml. of 1 per cent Evans lduc was 
given. The antiserum-saline dilution responsible for a minirnal (7 mm. di- 
ameter) effusion of dye established the titration end point, that is, the rnaxi- 
ma1 dilution of antibody capable of inducing a PCA reaction. The titration 
by dilution permitted the estimation of the sensitizing pot,ency of the investi- 
gated sera and quantitative comparisons. 

Passive Systemic Anaphylaxis (PXB).-Passive systemic sensitization of 
guinea pigs was accomplished by an intraperitoncal injection of 5 cm. of sensi- 
tive serum ; twenty-four hours later the animals were challenged intravenously 
with 300,000 units of penicillinase. The PSA was considered positive if 
anaphylactic dyspnea ended in death and ijutopsv rerea,led emphysematons lungs. 
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Precipitation.-The technique described as agar gel diffusion Oudin? and 
the classical test tube method were used. For the test tube method, sera were 
diluted twofold in series with saline, and an equal amount of antigen (100,000 
units penicillinase in 0.1 ml.) was added to each test tube. The mixture was 
incubated for two hours at 37O C. and at So C. overnight. Results were read 
the following day. 

Agglutination.-To increasing dilutions of serum was added an equal 
volume of a suspension of washed Bacillus cereus, grown on Bacto-brain-heart 
infusion broth and dextrose medium containing 10 international units of peni- 
cillin per one milliliter.8 The mixture was incubated for two hours at 37” C. 
iln(l at, room temperature overnight. Results were read the following clay. 

Pruusnitz-Kiistner Reactions (IjKR).-Seitz-filtered sera, undiluted and 
diluted in 0.85 per cent saline, were injected intracutaneously in a volume of 
0.1 ml. in normal subjects. The skin sites were challenged with 2,500 units 
of penicillinase in 0.05 ml. of saline forty-eight hours later. 

Controls.-Parallel tests with normal rabbit and guinea pig sera served as 
controls. These were negative except that agglutination of Bacillus cereus 
occurred with both normal guinea pig and normal rabbit serum in dilutions 
through 1 :lO but not higher. 

RESULTS BSD DISCUSSION 

Table I shows the result of an attempt to sensitize thirty-six guinea pigs 
with penicillinase. All animals became sensitive. This is demonstrated by 
various immunologic tests. The Freund adjuvant markedly potentiated the 
sensitization as shown by the results of skin Mting and by the increase in 
antipenicillinase precipitins, ngglutinins, and anaphylnctic reactivity (PCA). 
Although seven out of sixteen guinea pigs injected without adjuvant failed to 
reveal any skin reaction, antipenicillinasc precipitins (determined by the agar 
gel diffusion technique) and anaphylactic reactivity (determined by PCA and 
PCA end point titrations) were noted in their scra. 

All the antisera of the guinea pigs which were injected with both peni- 
cillinase and human albumin contained prccipitins and anaphylactic antibody 
against both antigens. Pooled antisera of these animals induced PCA reac- 
tivity to albumin in dilutions 1:1,600 (Group I) and 1 :lOO (Group II). 

Eight rabbits injected by the same technique as guinea pigs became sensi- 
tive to penicillinase as judged by tests for precipitins, agglutinins, anaphy- 
lactic reactivity, and human-skin-sensitizing property. The titer of antibodies 
in the rabbits’ pooled sera was found t,o be higher than in the guinea pigs’ 
pooled sera. (For instance, the PCA titers in the rabbits’ pooled sera was as 
high as 153,000 for Group I, 1 :1,000 for Group II, 1:16,000 for Group III, and 
1 :l,OOO for Group IV). 

Contrary to the negat,ive results of passive sensitization of human skin 
obtained with guinea pig antisera, the sera of two rabbits transferred sensi- 
tivity to human skin in dilutions of 1:40 and 1:20. The capacity of these two 
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SCM to induce human skin sensitivity was not proportional to their capacity 
to induce PCA, precipitation, ant1 agglutination (as reflected by PCA, precipi- 
tation, and agglutination titers). 

Thirty-six guinea pigs anti nine rabbits wwc given five scmiwcckly in- 
jections of penicillinasc. Some animals rcceivrd pure penicillinase, whereas 
others reccivcd it in combination with human albumin and/or F’reuncl’s adju- 
vant. All of the animals bccamc sensitive to penicillinase. The degree of 
sensitivity was mcasurcd quantitatively by ddcrmining levels of circulating 
precipitins, agglutinins, and anaphylactic reactivity. Freund’s adjuvant po- 
tcntiatcd the sensitizing activity of pcnicillinasc. 

REFlXRESCE:H 

1. Becker, R. X-.: Eflect of Penicillinase on Circulating Penicillin, New England J. Meal. 
254: 952, 1956. 

2. Perlstein, D., and Liebmann, A. J.: The Production of Anti-Penicillinase Immune Sera, 
Science 102: 197, 1945. 

3. Housewright, R. D., and Henry, R. .J.: Studies on Penicillinaxe. III. The Effect of 
Antipenicillinase on Penicillin-Resistant Organisms, J. Bact. 53: 241, 1947. 

4. Levy, B. G.: A Unit of Penicillinase, Nature, Lontlon 166: 740, 1950. 
5. Freund, J., and McDermott, K.: Sensitization to Horse Serum by Means of Atljuvants, 

Proc. Sot. Exoer. Biol. & Med. 49: 548. 1942. 
6. Fisher, .J. P., and Cooke, R. A.: Passive &taneous Anaphylaxis (PCA) in Guinea Pig, 

J. QLLERGY 28: 150, 1957. 
7. Munoz, J., and Becker, E. I,.: Antigen-Sntibody Reaction in Agar, J. Immunol. 65: 

47. 1950. 
8. Shenley’Laboratories, Jne., New York, N. Y.: Personal communication. 


