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STUDIES ON THE MECHANISM OF

MULTIPLE DRUG ALLERGIES.

STRUCTURAL BASIS OF DRUG

RECOGNITION

N. H. Pham,
1
B. A. Baldo,

1,
* and R. M. Puy

2

1 Molecular Immunology Unit, Kolling Institute of
Medical Research, Royal North Shore Hospital of Sydney,

St. Leonards, NSW 2065, Australia
2 Department of Allergy and Clinical Immunology, Alfred

Hospital, Prahran, Victoria 3181, Australia

ABSTRACT

The multiple drug allergy syndrome, that is, allergic recogni-
tion of a variety of drugs that may be both pharmacologically
and structurally different, has been little studied and, conse-
quently, the underlying mechanism(s) is unknown. The mol-
ecular basis of drug recognition by IgE antibodies found in
the sera of subjects exhibiting multiple allergic drug sensitiv-
ities was studied by direct binding and quantitative hapten
inhibition assays in experiments employing a wide range of
carefully selected drugs and other chemicals.

Drug recognition was shown to be related to the presence of
tertiary and quaternary mono-, di- and trialkyl amino groups,
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but only if the alkyl groups were ‘small’ viz., methyl or, per-

haps, ethyl. Primary, secondary, and tertiary (with R =

‘large’ alkyl) groups showed no direct antibody binding or

antibody inhibitory activities. Near-neighbour effects of

amide and hydroxyl groups appeared to promote weaker anti-

genic recognition.

Results indicate that the antibody recognition and clinical

drug allergy spectra of at least some subjects with multiple

drug allergies are due to wide ranging immunological cross-

reactivities with drugs containing tertiary amino and quatern-

ary ammonium groups which are present in many different

pharmacologically active agents. Separate populations of

antibodies to other non-cross reacting drugs, for example,

�-lactam antibiotics, may also be present in the sera of such

subjects.

INTRODUCTION

It seems that some individuals are at an increased risk of reacting to a

variety of drugs that are both pharmacologically and structurally different.

For example, some studies have shown that patients with a history of allergy

to penicillin or other antimicrobial drugs are more likely to have allergic

reactions to other drugs,(1-7) but this was not supported in a recent ex-

amination of penicillin-allergic subjects showing multiple drug reactions.(8)

The mechanism(s) underlying the so-called multiple drug allergy syndrome

remains unknown, although the weak suppression of immune responses to

hapten has been suggested to account for the diversity of haptens recognized

and reaction patterns seen.(2)

In our studies, some patients displayed allergic sensitizations to a

variety of drugs that, on superficial inspection, appeared to be immuno-

chemically and, sometimes, pharmacologically distinct. In these patients,

in vitro tests for drug-reactive IgE antibodies showed that morphine was

one of the most commonly and strongly recognized agents. In an attempt to

distinguish whether such allergic sensitivities are due to separate sensitiza-

tions by individual drugs or recognition of a small, common feature on the

different drugs, the drug recognition spectra of IgE antibodies from patients

were studied qualitatively and quantitatively using hapten inhibition

methods.
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EXPERIMENTAL

Drugs and Chemicals

Compounds used, and the suppliers, were: trimethylamine hydrochor-

ide, triethylamine, ethanolamine, choline chloride, naloxone hydrochloride,

benzylpenicillin sodium, ampicillin sodium, cephalothin sodium, cepha-

lexin, cefaclor, pipemidic acid, flumequine, cinoxacin, ofloxacin, human

serum albumin (HSA) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

(EDC) [ Sigma Chemical Co., St. Louis, MO, USA].

Methylamine hydrochloride, ethylamine hydrochloride, dimethy-

lamine hydrochloride, diethylamine hydrochloride, dipropylamine, di-

butylamine, dimethylethylamine, diethylmethylamine, tripropylamine,

tributylamine, ethylethanolamine, propylethanolamine, dimethylethanola-

mine, diethylethanolamine and dibutylethanolamine [Aldrich Chemical

Co., Milwaukee, WI, USA].

Methylethanolamine and butylethanolamine [Fluka Chemika-

BioChemika, Buchs, Switzerland]. Thiopentone sodium [Abbott

Australasia Pty. Ltd., Sydney, Australia]. Naltrexone hydrochloride

[Commonwealth Serum Laboratories, Vic, Australia]. Fentanyl citrate

[Janssen Pharmaceutica Pty. Ltd., NSW, Australia]. Alcuronium chloride,

sulfamethoxazone and trimethoprim [Roche Products Pty. Ltd., NSW,

Australia]. Bupivacaine hydrochloride, lignocaine hydrochloride, pancuro-

nium bromide and suxamethonium chloride [Astra Pharmaceuticals Pty.

Ltd., NSW, Australia].

Procaine hydrochloride, atracurium besylate and morphine sulfate

[David Bull Laboratories, Vic, Australia]. Promethazine hydrochloride

and gallamine triethiodide [May & Baker Australia Pty. Ltd., Vic,

Australia]. Rocuronium bromide and vecuronium bromide [Organon

Teknika Pty. Ltd., Sydney Australia]. Methadone hydrochloride, nalor-

phine hydrochloride and d-tubocurarine chloride [Wellcome Australia

Ltd. Pty., NSW, Australia].

Tetracycline hydrochloride and minocycline hydrochloride

[Cyanamid Australia Pty. Ltd., NSW, Australia]. Codeine phosphate and

doxycycline hydrochloride [the Pharmacy, Royal North Shore Hospital,

Sydney, Australia]. Ciprofloxacin hydrochloride [Pentex-Miles Inc.,

Kankakee, Illinois, USA]. Pefloxacin [Mediolanum Farmaceutici

S.p.A., Milan, Italy]. Epoxy-activated (EA) Sepharose 6B [Pharmacia

Biotech AB, Uppsala, Sweden] and 125I-anti-human IgE [Bioclone, NSW,

Australia].
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Subjects and Sera

Studies were undertaken on sera from 7 patients who showed marked
clinical reaction to one or more drugs. Reactions ranged from rashes, flush-
ing, sneezing, urticaria, and swelling of lips to anaphylaxis. Clinical details
of these subjects are summarized in Table 1. Tests for serum IgE antibodies
to the suspected provoking drugs and to variety of other drugs, often unre-
lated structurally and pharmacologically, were found to be positive. Control
sera were obtained from ‘normal’ non-allergic adult subjects, from patients
clinically diagnosed as allergic (rhinitis and/or asthma) to house dust mite or
pollens and from subjects with a high total IgE level but non-allergic to
drugs. Cord serum was provided by the Department of Obstetrics, Royal
North Shore Hospital, Sydney, and used as an IgE-‘free’ control. All sera
were stored at –208C.

Preparation of Drug–Sepharose Covalent Complexes

The preparation of Sepharose solid phases complexes of alcuro-
nium,(9) d-tubocurarine,(10) choline, triethylcholine and ethanolamine,
(11,12) morphine,(13) vecuronium,(14) thiopentone,(15) trimethoprim,
(16) and cephalothin(17) have been described elsewhere. The general
method used for producing these drug-Sepharose complexes is similar to
the procedure applied for new preparations described below, with the excep-
tion that Sepharose 4B activated with divinyl sulphone at pH 10 was
employed with d-tubocurarine.

For the development of drug-Sepharose covalent complexes via bis-
oxirane coupling, optimum preparations were selected after investigating
IgE antibody binding of complexes prepared at different pHs. Conditions
selected for the preparation of solid phase complexes of dimethylethanola-
mine, tetracycline, cephalexin, cefaclor, pipemidic acid and ofloxacin were as
follows: Drug (120 mg, but 1 mL for dimethylethanolamine) was dissolved
in suitable diluent (about 10–20 mL of distilled water for dimethylethano-
lamine and tetracycline, 0.1 M NaOH for cephalexin and cefaclor, and
sodium carbonate-sodium bicarbonate buffer pH 10.8 for quinolones) and
then mixed with EA Sepharose 6B (1 g). The pH was adjusted to 12.0 with
2.5 M NaOH and the mixture gently shaken at 258C for 24 h. After washing
with water, 0.1 M borate buffer pH 8 and 0.1 M acetate buffer pH 4, the
remaining free activated groups on the gel were blocked by incubation with
1 M ethanolamine pH 9 at room temperature overnight. The gel was washed
again as above, finishing with a final wash of distilled water and then
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resuspended in distilled water. The drug-EA Sepharose 6B complex was
stored at 48C.

Preparation of Drug-Protein Covalent Conjugates

Human serum albumin (HSA) conjugates of benzylpenicillin (penicil-
lin G), ampicillin, amoxicillin, cephalexin, and cefaclor prepared with water-
soluble 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), as well as
the control sample of HSA treated with carbodiimide in the absence of
drug, have been previously described.(18) Briefly, the drug (30, 30, 10, 10,
and 10 mg, respectively) in distilled water (4 mL) was mixed with HSA (20
mg) and EDC (30 mg) and the pH adjusted to 5.5 with 0.1 M HCl. The
reaction mixture was incubated at 25oC for 20 h with gentle rocking and
dialysed extensively against distilled water for three days.

The conjugates were then adsorbed to nitrocellulose (NC) 6 mm discs
(20 mg of complex per disc for 20 h at room temperature) and the remaining
free sites on discs were blocked with 0.1% Tween-20 in phosphate-buffered
saline (PBS). Control discs, adsorbed with HSA alone (i.e., without drug
and EDC), were also prepared and blocked in the same manner as described
above. The NC discs were blotted dry and stored at -20oC.

Detection of Drug-Reactive IgE Antibodies by Radioimmunoassay

and Inhibition Assay

Antibodies were detected as previously described(9, 17, 18) with some
modifications. Briefly, serum (25 L) was incubated for 3 h at room tempera-
ture with the drug-solid phase. Sedimented Sepharose conjugates or NC
discs were then washed three times with PBS containing 0.05% Tween-20
and 0.05% sodium azide before incubation overnight with about 30,000
cpm of 125I-anti-human IgE. After further washes as above, tubes were
counted in a Packard Auto-Gamma Spectrometer. The presence of specific
IgE antibodies was determined by the percent radioactive uptake of 125I-
anti-human IgE, i.e., percent of counts added.

For inhibition studies, inhibitor solutions were prepared in PBS
to keep the pH at about 6.5 - 7.5. Serum (50 mL), appropriately diluted,
was incubated for 1 h at room temperature with 50mL of a solution of
inhibitor before the addition of the drug-solid phase conjugate. The assay
was then continued as described earlier. All inhibition tests were performed
in duplicate.
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RESULTS

Multiple Drug Recognition by IgE Antibodies in Sera from Allergic

Subjects

Results of direct IgE antibody binding studies employing sera from 7
different patients, together with the �-lactam antibiotics amoxicillin, cepha-
lothin, and cephalexin, some other antibacterials, the anaesthetic agents
thiopentone and d-tubocurarine, the local anaesthetic procaine; prometha-
zine, a phenothiazine antihistamine, and the narcotic morphine, are shown
in Table 2. Almost all of the drug-solid phases tested gave positive reactions
with each of the sera, except for occasional negative results, for example,
promethazine, alcuronium, and vecuronium with serum Kea, thiopentone
with Hen and Hem, amoxicillin with serum Hem, and trimethoprim which
was positive only with sera Car and Dow. Overall, reactions were particu-
larly strong with morphine. Reactions with the control solid phases, etha-
nolamine-Sepharose and HSA alone were as expected viz. absent or very
weak positives but the EDC-activated-HSA used as a control for the drug-
HSA conjugates, prepared with EDC, showed clear, strong binding to IgE
antibodies in all 7 sera. Control sera, consisting of sera from cord blood
(used as IgE ‘free’ control), ‘normal’ healthy non-allergic subjects, subjects
allergic to pollens and/or house dust mite but not drugs, and subjects with
high total IgE levels, did not show positive reactions with any of the drug- or
control-solid phases.

Molecular Basis of IgE Antibody Binding to Drugs. Quantitative

Hapten Inhibition Studies

Examination of the structures of the drugs and other chemicals that
reacted with the IgE antibodies in the patients’ sera and demonstration of
antibody reactivity with the carbodiimide (EDC)-activated solid phases,
suggested that a common group(s) was being recognized, both on the
product of the EDC-activated-HAS, and on at least some of the drugs.
Carbodiimide coupling of a drug to protein produces drug-protein complex
and drug-acylurea derivatives (Scheme 1).(19) Likewise, activation of pro-
tein by EDC in the absence of drug produces protein-protein conjugate,
together with corresponding acylureas as side products (Scheme 2).(20)
While the drug-acylurea side products are water soluble and dialysable,
the larger protein derivatives of acylurea are retained in the reaction product
mixture. These acylurea side products contain a dimethylamino group which
is, thus, available for reaction with complementary antibodies. Since the
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Scheme 1. Reactions involved in the carbodiimide coupling of a drug to protein.

Scheme 2. Reactions involved in the activation of protein by carbodiimide in the

absence of drug.
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participation of such groups as allergenic determinant structures involved in
IgE antibody binding is well established,(9, 13, 21, 22) preliminary investi-
gations were directed at the possibility that tertiary amino groups were a
common recognition feature on many, or some, of the IgE reactive drugs.

Employing EDC-activated-HSA on NC discs as the solid phase, pre-
liminary inhibition studies were undertaken, using sera from the multi-drug
reactive patients together with selected amines and drugs containing sub-
stituted amino groups. Figures 1, 2, and 3 show the results obtained in the
inhibition studies with four of the sera, Car, Hen, Ley, and Kea. With
substituted simple amines, trimethylamine was the most potent inhibitor.
Dimethylamine was clearly inhibitory in the range 100-1000 nmol/tube with
3 of the sera but poorly inhibitory with serum Kea, while methylamine was
without activity (Fig. 1 a–d). With ethanolamines as inhibitors, the order of
activity was dimethylethanolamine > methylethanolamine > ethanolamine
(Fig. 1 e–h).

The phenothiazine promethazine and local anaesthetic procaine (Fig.
2 a–d) and the narcotics morphine and nalorphine (Fig. 2 e–h) demonstrated
at least some degree of complementarity to the IgE combining sites,
although, again, inhibition was less marked with serum Kea (Fig. 2 d, h).

The NMBD atracurium proved to be a very potent inhibitor with all
four sera and, while another NMBD, alcuronium, and the quaternary
ammonium compound choline chloride, were good inhibitors of IgE in
serum Car, these compounds were only weakly active with sera Hen, Ley,
and Kea (Fig. 3 a–d). The quinolone antibacterials, ofloxacin and ciproflox-
acin, both showed clear-cut activity with sera Car, Hen, and Ley, while only
the former drug showed strong inhibition (24 nmol for 50 % inhibition) with
serum Kea. The broad spectrum antibacterial tetracycline showed much
weaker, but clear inhibition with sera Hen, Ley, and Kea in the range
100-1000 nmol/tube (Fig. 3 e–h).

On the basis of these preliminary results on the likely substituted
amino group specificity of the IgE antibodies, more comprehensive quanti-
tative hapten inhibition investigations were undertaken. Detailed findings
with one of the sera, serum Car, are presented in Figures 4-9. Of the simple
amines tested (Fig. 4), tertiary substituted amines with methyl or ethyl sub-
stituents were the most active. Substitution of trimethylamine with one or
two ethyl groups did not reduce the 50 per cent inhibitory potency (8 nmol/
tube) but triethylamine was significantly less active and activity decreased
markedly with increased alkyl chain length reflected in the results obtained
with tripropyl and tributyl amines.

The secondary dimethyl and diethyl amines were weakly inhibitory
and, again, increased alkyl chain length produced a marked fall in activity.
Primary amines were without activity. With the range of ethanolamines
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58 PHAM, BALDO, AND PUY

Figure 1. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in

sera (a, e) Car; (b, f) Hen; (c, g) Ley, and (d, h) Kea by [a, b, c, d] amines trimethy-
lamine, dimethylamine and methylamine; and by [e, f, g, h] ethanolamines dimethy-
lethanolamine, methylethanolamine, and ethanolamine. Serum Car, Hen, Ley, and

Kea were used at dilutions of 1:100, 1:50, 1:50, and 1:10, respectively.
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Figure 2. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase
in sera (a, e) Car; (b, f) Hen; (c, g) Ley, and (d, h) Kea by [a, b, c, d] antihistamine

promethazine, and local anaesthetics procaine and butacaine; and by [e, f, g, h]
narcotic analgesic morphine, and antagonists nalorphine and naltrexone.
Serum Car, Hen, Ley, and Kea were used at dilutions of 1:100, 1:50, 1:50, and

1:10, respectively.
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60 PHAM, BALDO, AND PUY

Figure 3. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in

sera (a, e) Car; (b, f) Hen; (c, g) Ley, and (d, h) Kea by [a, b, c, d] neuromuscular
blocking drugs atracurium and alcuronium, and structural analog choline; and by [e,
f, g, h] tetracycline, and quinolones ofloxacin and ciprofloxacin. Serum Car, Hen,

Ley, and Kea were used at dilutions of 1:100, 1:50, 1:50, and 1:10, respectively.
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tested, a similar pattern was observed. Presence of a tertiary methylamino
group was related to the highest inhibitory potency, and this decreased

progressively with increasing alkyl chain length and with the employment

of secondary and primary amino compounds (Fig. 5).
The importance of the dimethylamino and, to a lesser extent, the

diethylamino group in IgE recognition was further demonstrated with the
pharmacologically active neostigmine and promethazine, and local

anaesthetics tetracaine and procaine (Fig. 6), and with the narcotics and

narcotic antagonists (Fig. 7). Interestingly, lignocaine which, like procaine,
contains a diethylamino group, but an amide instead of a primary amino,

was without activity (Fig. 6). Marked decreases in inhibitory activity

were observed in the narcotic group by replacement of the N-methyl
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Figure 4. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in
serum Car by EDC and simple amines trimethylamine, dimethylethylamine, diethyl-
methylamine, triethylamine, dimethylamine, diethylamine, tripropylamine, tributy-

lamine, dipropylamine, and dibutylamine. Serum Car was used at a dilution of 1:100.
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substituent (morphine, codeine) with an N-allyl (nalorphine, naloxone), an
N-cyclopropylmethyl (naltrexone), or an N-phenylethyl group (fentanyl)
(Fig. 7).

NMBDs containing one or more methylammonium, dimethylammo-
nium, or trimethylammonium groups were very strong inhibitors, while
activity decreased when the quaternary ammonium group was changed to
allylammonium (rocuronium, alcuronium) and triethylammonium (triethyl-
choline, gallamine) (Fig. 8).

The pattern of preferential recognition of tertiary methylamino groups
was shown again with the quinolone antibacterials examined, where substi-
tution of methyl groups reduced inhibitory activity (Fig. 9).

62 PHAM, BALDO, AND PUY

Figure 5. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in
serum Car by EDC and ethanolamines dimethylethanolamine, diethylethanolamine,
methylethanolamine, ethylethanolamine, dibutylethanolamine, propylethanolamine,

butylethanolamine, and ethanolamine. Serum Car was used at a dilution of 1:100.
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Summary of Structure-Activity Relationships Derived from Antibody

Combining Site Specificity Studies. Quantitative Comparison of

Inhibition Potencies of Drugs and Other Chemicals

Inhibition potencies derived from detailed quantitative hapten inhibi-

tion experiments with serum Car (Figs 4–9) are set out in Table 3. Results

with selected key compounds used with sera Hen, Ley and Kea are also

included. These results, considered in conjunction with the findings shown in

Figs 4-9, emphasize the importance of tertiary methylamino and quaternary

methylammonium groups as complementary structures to the IgE antibo-

dies in the sera of the multi drug-reactive subjects.

Although procaine was a good inhibitor of IgE antibody binding (Figs

2, 6; Table 3), other local anaesthetics, containing an amide group, viz.,
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Figure 6. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in

serum Car by cholinergic agent neostigmine, antihistamine promethazine, EDC, and
local anaesthetics tetracaine, procaine, bupivacaine, butacaine, prilocaine, and lig-
nocaine. Serum Car was used at a dilution of 1:100.D
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lignocaine, prilocaine, butacaine, and bupivacaine were very weakly active
or inactive. This difference in inhibitory potencies was highlighted by results
with procaine and lignocaine, both of which contain a diethylamino group.
IgE antibody binding was also weak or absent with tetracycline, doxycy-
cline, and minocycline, each of which contains an N,N-dimethylamino
together with an amide group (Fig. 3; Table 3). Near neighbour effects
promoting weaker antigenic recognition may also account for apparent
anomalous results seen with some narcotics (Figs 2, 7; Table 3) and quino-
lones (Figs 3, 9; Table 3).

Although nalorphine and naloxone each contain a tertiary allylamino
group, naloxone also has a hydroxyl adjacent to the substituted amino
group. Likewise, although pipemidic acid and cinoxacin each have a tertiary
ethylamino group, it seems likely that the cinnoline nucleus present in the
latter quinolone contributes to its poorer inhibitory potency.

64 PHAM, BALDO, AND PUY

Figure 7. Inhibition of IgE antibody binding to EDC-activated–HSA solid phase in
serum Car by narcotic analgesics morphine, codeine, methadone, and fentanyl; and

antagonists to narcotics nalorphine, naloxone, and naltrexone; and EDC. Serum Car
was used at a dilution of 1:100.
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�-Lactam drugs, benzylpenicillin, ampicillin, amoxicillin, cephalexin,
and cefaclor did not inhibit binding of any of the sera to the EDC activated-
HSA solid phase. By contrast, these compounds, to greater or lesser extent,
inhibited binding of serum IgE antibodies to �-lactam solid phases such as
cephalexin-Sepharose, indicating a separate population(s) of antibodies to
the substituted amino group-reactive IgE antibodies.

DISCUSSION

Direct binding and inhibition studies on the specificities of the IgE
antibodies found in the sera of subjects exhibiting allergic sensitivities to a

MECHANISM OF DRUG ALLERGIES 65

Figure 8. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in
serum Car by neuromuscular blocking drugs atracurium, d-tubocurarine, vecuro-
nium, pancuronium, suxamethonium, gallamine, rocuronium, and alcuronium;

structural analogs choline, and triethylcholine; and EDC. Serum Car was used at
a dilution of 1:100.
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variety of pharmacologically different drugs were undertaken in an effort to

elucidate the molecular basis of the multiple drug recognition. When struc-

tures of the drugs and other chemicals employed were closely scrutinized

and correlated with their antibody inhibitory activities, a clear correlation

between some small, common structural features on the compounds and

their inhibitory potencies emerged. Recognition of substituted amino and

ammonium groups appears to explain the wide ranging drug recognition of

IgE antibodies in the sera of the patients with multiple drug reactivities.

Tertiary mono-, di- and trialkylamino groups, and quaternary mono-, di-,

and trialkylammonium groups were all recognized, but only if the alkyl

groups were ‘small’, viz., methyl or, perhaps, ethyl. In other words, inhibi-

tory potencies of the compounds were found to be inversely proportional to

66 PHAM, BALDO, AND PUY

Figure 9. Inhibition of IgE antibody binding to EDC-activated-HSA solid phase in
serum Car by quinolones ofloxacin, pefloxacin, pipemidic acid, ciprofloxacin, flume-
quine, and cinoxacin; and EDC. Serum Car was used at a dilution of 1:100.D
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the size of the N-alkyl substituents. The observed relative degree of antigenic
complementarity to the antibody combining sites can be summarized as:

a. With tertiary amino groups:
>N(CH3) ; –N(CH3)2 ; N(CH3)3 > >N(C2H5) ; –N(C2H5)2 ; N(C2H5)3 >
>N(CH2CH=CH2)

b. With quaternary ammonium groups:
>N+(CH3)– ; >N+(CH3)2 > –N+(CH3)3 > >N+(C2 H5) 2 >

>N+(CH2CH=CH2)–

Primary amino (–NH2), secondary amino (–NHR) and tertiary amino
(–NR2 with R = ‘large’ alkyl) groups showed no inhibitory activity. The
presence of an amide group appears to diminish antibody recognition and
interaction (c.f. inhibition results of procaine and lignocaine) and such near
neighbour effects may also account for unexpected reductions in antibody
recognition seen with structurally similar narcotic and quinolone drugs.

This recognition specificity does not, however, explain antibody and
clinical sensitivities to a number of other drugs, in particular, the �-lactam
antibiotics. Failure of compounds such as benzylpenicillin, ampicillin,
cephalexin, etc., to inhibit binding of IgE antibodies to the EDC-activated-
HSA solid phase, but inhibition of antibody binding to �-lactams suggests
that separate populations of antibodies may coexist in the sera of the sub-
jects studied here. This finding accords with the results of Khoury and
Warrington(8) who concluded in their study of the multiple drug allergy
syndrome that the development of penicillin allergy and non-�-lactam
allergy are not associated and occur independently.

Our findings are consistent with the observations of Harris and
Harris,(5) who studied a patient who had allergic reactions to a number
of antibiotics during treatment of recurrent oral infection. The offending
drugs, erythromycin, tetracycline, lincomycin, diphenhydramine, and coles-
tyramine, but not cephalexin, all have methylamino or quaternary ammo-
nium groups.

In summary, findings reported here showed that IgE antibody recog-
nition of tertiary alkyl (in particular, methyl) amino groups occurred in
subjects with allergic sensitivities to a range of pharmacologically different
drugs. These results indicate that the antibody recognition spectra in sera
from at least some subjects with multiple drug allergies may include anti-
bodies with wide ranging cross-reactivity with many drugs by virtue of rec-
ognition of tertiary amino and/or quaternary ammonium groups which are
present in many different pharmacologically active compounds. In addition
to such cross-reactive IgE antibodies, separate populations of antibodies to
other non cross-reacting drugs may be present.
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