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AIM: To study whether or not the specific non-IgE
antibody response in mice can be induced by
benzylpenicillin in vive. METHODS: Antibody
response and antigenic cross reactions were
determined by enzyme-linked immunosorbent
assay (ELISA}. Antigen molecules recognized by
antibodies were tested by hapten inhibition assay.
RESULTS: During d 1— d 50 after immunization.
positive % of specific IgM. 1gG. and IgA to
benzylpenicillin were 100 %, 50 % — 100 % . and

17 % — 100 % . respectively. IgM and IgG to
benzylpenicillin also recognized ampicillin and
piperacillin. The positive % of lgM and 1gG to

ampicillin were 23 % —100 % and 50 % — 100 %,
to piperacillin 43 % — 100 % and 50 % — 100 %.
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respectively. Aged benzylpenicillin showed an
inhibitory effect on specific antibodies in a dose-
dependent manner, and inhibitory % of specific
oM and IgG were 29 % —87 % and 29 % —71 %.
However, freshly prepared benzylpenigillin had no
effect. CONCLUSION: Specific non-IgE antibody
response was successiully induced by benzyl-
penicillin in mice, in which the isotypes were
mainly IgM and then'IgG and IgA. Antibodies
recognized degraded products, not benzylpenicillin
molecule  jtself. Antigenic cross reactions
occurred between benzy|penicillin, ampicillin, and
piperacillin. Isotypes of antibodies responsible
for cross reactions were mainly IgG and then IgM.

Many adverse drug reactions { ADR)
described as immunclogical mechanisms!!™¥. A

arc
large proportion of ADR to penicillin is mediated by

the immune system. in which pemnicillin-reactive IgE

antibody is considered to be responsible for acute
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(63 However, in a number of

allergic reactions
cases, while symptoms suggested an anaphylactic
reaction, in vive and in witro studies failed 1o show
the presence of specific IgE antibody.
little is known about the role of non-IgE antibodies
such as [gG, [gM. and IgA against penicillins in
ADR.
developed a sensitive enzyme-linked immunosorbent
assay { ELISA ) for detection of Ig(G against

penicillins and found specific IgG in B of 13 subjects

At present,

Qur previous studies have successfully

who ~ were
(71

clinically suspicious of penicillins

allergy The object of this study was to
investigate whether or not the specific non-IgE
antibody response in mice could be induced by

immunization with benzylpenicillin.
MATERIALS AND METHODS

Reagents Bovine serum albumin (BSA} was obtained
from Sigma Chemical Co {USA). Horseradish peroxidase-
labelled sheep anti-mice klgiG, 1gM, and IgA were from Gibeo
BRL {USA). Protein 15 kDa of Campylobacter jejuni was
frem Shanghsi  Institurte of Immunclogy.  Polystyrene
microtiter plates { 96-well ) were from Coster { USA ).
Benzylpenicillin, ampicillin, and piperacillin were obrained
from Shanghai Third Pharmeceutical Factory.

Mice and immunization BALB ¢ mice { § and aged §
wk}, weighing 20 £ 2 g, were from the Department of
Experimental Animals, Shanghs: Medical University. They
were divided into 2 groups: experimental group { =z = 30) and
control { # = 8). Benzylpenicillin was dissolved in normal
saline and protein 15 kDa of Campwlobacter jejuni was added
into solution © 5 mg*L~!. The benzylpenicillin solution was
stored at 20 —22 T for 24 h.
group were immunized with ip benzylpenicillin ¢ kU (0.2
mL/mouse} fromm d 1 tod 6 and from d 15 1o d 17, while the

mice in control group were injected ip normal saline. Mice

The mice in experimental

were bled on d 10, d 20, d 35, d 50, and serum samples
were stored at — 20 T .

ELISA for detection of antibodies The ELISA was
performedm with modification. Bnefly, bhenzylpemellin
BSA, ampicillin-BSA or piperacillin-BSA comugates were
conted on microtiter plates. Prediluted sera (1:50) were
added to wells in ¢niplicare apd incubated at 37 T for 2 h.
Horseradish peroxidase-labelled sheep anti-mice 1gG. Igh or
IgA were added to wells and incubated.  After washing, the
substrate solution was added o wells and incubated ar 37 T
for 0.5 h. The absorbance { A) was read ar 492 nm using
EIA Reading { Bio-Rad, USA). The mean A value and
standard deviation of control sera were calculated as rhreshold
{¢=%+13 5}, above which the tested serum was considered
as specific antibody positive.  The level of entibody was
expressed as enzyme index.

Hapten inhibltion assay The assay was p-erformedlﬂ
Briefly, 50 plL of a prediluted mixed

serumn {1 © 25} from experimental mice on d 35 after

with modification.

immunization with henzylpenicillin was preincubared with 50
pL of fresh or aged benzylpenicillin solution which had been
stored at 37 U for 6 h and at 4 T ovemight. ELISA wes
then performed.

RESULTS

Antibody respense to benzylpenicillin In
mice injected with benzylpenicillin, serum IgM and
IgG against benzylpenicillin appeared rapidly on d
10 and then declined gradually, and were still
detectable on d 50. The level of specific IgM was
higher than that of IgG. The level of IgA against
benzylpenicillin remained undetectable or very low
until d 35 and then higher than those of IgM and
IgGond 50 (Tab 1, Fig 1).

Hapten inhibition response Aged benzylpeni-
cillin showed an inhjbitory effect in a concentration-

Tab 1. Positive % of serum amtibodies against benrylpenicillin, ampicillin, and piperacillin in mice immunized with
benzylpenicillin, n =30.
MNumber and positve % of mice
Days safter immunization d 10 d 20 d 35 d 50
IgM to benzylpemcillin 30 {100 %) 30 {100 %) 30 {100 %} 30 {100 %}
IgG to benzylpenicillin 30 (100 %) 30 {100 %) 15 (50 ») 33 {77 %)
IgA to benzylpenicillin 10 (33 %)} 5 (17 %} 10 {33 %) 30 {100 %)
IgM 1o ampicillin 20 {67 %) 30 {100 %) 15 (50 %) 7 (23 %)
IgG to ampicillin 30 (100 %) 30 {100 %) 15 (50 %) 23 (77 %)
Igh o piperacillm 30 {100 %) 30 {100 %) 13 {43 %) 13 {43 %)
1gG 1o piperacillin an {100 %) 30 {100 %) 15 (S0 %) 23 (77 %)
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Fig 1. Kinetics of IgM, IgG, and IgA antibodies against
benzylpenicillin in mice. n =30 mice, ¥ 5.

dependent manmner, in which the inhibitions of
specific IgM and IgG were 29 % —87 % and
29 % —71 % when benzylpenicillin concentrations
were 25-200 ng. Aged benzylpenicillin showed
more inhibition to IgM than to IgG. But freshly
prepared benzylpenicillin had barely inhibitory effect
{Fig 23.
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Fig 2. Inhibition of aged benzylpenicillin on IgM () and
IgG () ; inhibition of fresh benzyipenicilin on TgM { X )
and IgG ([]}). n=6 mice, £ts.

Antigenic cross reactions IgG and IgM from
mice immunized with benzylpenicillin recognized not
only benzylpenicillin but also ampicillin  and
piperacillin although the positive percentages of IgG
and IgM to ampicillin and piperacillin were lower
than those to benzylpenicillin. Positive percentages
of IgG 1o ampicillin or piperacillin were higher than

those of IgM (Tab 1)}.

DISCUSSION

According to the hapten hypothesis™* ~3+%)

. It is
believed that for a drug to generate an immunogen
in wive it must become covalently bound to an
autologous carrier macromolecule. thereby forming a
hapten and converting the carrier from an
immunologically tolerated macromolecule to one
recognized as foreign by the immune system.
Supporting the hapten hypothesis, the present study
demonstrated that benzylpenicillin induced strong
antibody response. We adopted effective measure to
enhance the antigenicity of benzyipenicillin: 1) mice
were repeatedly immunized with aged benzyl-
penicillin, because other studies have shown that
benzylpenicillin  was unstable in solution and
degradated w0 products

immunogenic and chemically reactive towards

which were more

proteins than the drug itself®’; 2} very minute
amounts of 15 kDa protein of Campwobacter jejuni
as impurity was added into benzylpenicillin solution,
other researchers also found that remowval of
macromolecular  impurities  from  therapeutic
antibiotics brought striking reduction in the
incidence of positive skin tests or PCA-eliciting
activities'® 3| The reason that the protein impurity
increased the antigenicity of benzylpenicillin might
be that impurity acted as carrier to activate T-cells
which was necessary for B-cells to produce antibodies
egainst benzylpenicillin. 'We noted that the levels of
IgM and IgG to benzylpenicillin were lower on d 20
than on d 10, which was due to the blocking effect
of secondly immunized benzylpenicillin on specific
antibodies.

Hapten inhibition results clearly indicated that
sera antibodies from 1mice recognized degraded
products, polymer or transformation products. not
itself,

benzylpenicillin showed highly inhibitory activity

benzylpenicillin - molecule because aged

while freshly prepared benzylpenicillin did not
These results differed greatly from
our previous studies in children in which at least

display effect.

some of IgG antibodies combined the benzylpenicillin

(7

molecule The most plausible explanation for the

difference was that children were injected with
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freshly prepared benzylpenicillin while mice were
In additron.
the aged benzylpenicillin showed highly inhibitory

immunized with aged benzyvlpenicitlin.

percentages to Igh than to Ig(G, suggesting that the
avidity of IgM to benzylpenicillin might exceed 1gG.

The molecular nucleus of benzylpenicillin is 6-
aminopenicillanic acid consisting of a f-lactam ring
and a thiazolidine ring. Because this nucleus is
present in all semisynthetic penicillins, it was not
surprising that strong immunclogic cross reactivity
existed

piperacillin . albeit to various degrees.

among benzylpenicillin, ampicillin = or
However,
pusitive percentages of IghM and IgG to ampicillin
than

lower those

that

and Dpiperacillin  were

a portion of

had *

benzylpenicillin, suggesting

antibodies  induced by  benzylpenicillin

crossreactivity and others specific to benzyl-

penicilin. The results therefore reinforced recent

[o-11>

findings that the side chain of penicillins was

an important determinant and that the side chain
specific beta lactam allergy should be paid more

altention.
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