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General Mechanism of Allergic Drug Reactions

IT HAS long been recognized that proteins, glycopro-

teins, lipopolysaccharides and polysaccharides are effec-

tive inducers of immune responses (85). More recently,

it has been found that other macromolecules such as

nucleic acids and even relatively small molecular weight

polypeptides have the capability of inducing an immune

response either spontaneously or after immunization,

although special efforts such as repeated administration

of them in substantial quantities in an immunologic

adjuvant or conjugation to a protein may be needed to

promote a response. Some of the important variables

effecting the immunogenicity of a macromolecule include

degree of antigemc foreignness, structural complexity,

molecular size, degree of polymerization, overall charge,

and rate of biodegradability or elimination. Genetic fac-

tors also exert a significant influence, particularly when

the immunogen closely resembles an endogenous antigen

in the host or is relatively simple structurally. While the

immune system is capable of producing antibodies to a

wide variety of small molecular weight organic chemicals

of pharmacologic value, allergic symptoms to these

agents are much less common than they are to proteins,

particularly the whole serum preparations that were used

originally for passive immunization (76, 78, 82). It is

generally believed that a small molecular weight organic

chemical is not immunogenic unless it forms a stable

bond with a macromolecule, usually a protein or glyco-

protein. The necessary stability can be provided by co-

valent, coordination and in rare instances multiple salt

linkages, surnmating along a long polymer whereas the

reversible ionic and hydrophobic interactions most drugs

undergo with albumin and other serum proteins appar-

ently are ineffective (57, 74, 79, 90). This was suggested

originally by Landsteiner (57) and confirmed and ex-

tended by Eisen and his colleagues (88). The term “hap-

ten” was used to describe such substances which were

not immunogenic to themselves but became immuno-

genie in the presence of a carrier macromolecule. Peni-

cfflin allergy is the most carefully studied and best un-

derstood of the allergic human drug reactions. Based on

the classic studies of Landsteiner and Eisen, it was antic-

ipated that drugs would be effective immunogens only if

they formed stable bonds with proteins or other endog-

enous macromolecules. This concept was directly verified

for human penicillin allergy in a large survey of individ-

uals with penicillin allergy by our group, which included

myself, Herman Eisen, Milton Kern, Main de Week, and

Jack Shapiro (87, 89). Allergic skin reactivity was present

frequently to the penicffloyl group, a breakdown product

of penicillin capable of existing in covalent linkage with

proteins introduced by the direct reaction of penicillin

with protein amino groups or through a pemcillenic acid

intermediate (75, 86, 89). It was also shown that anti-

bodies present in the serum of individuals receiving pen-

icillin were not directed toward penicillin itself but to

various breakdown products of penicillin that can com-

bine with proteins, particularly the penicffloyl group

(122). Levine and his colleagues independently drew sim-

ilar conclusions (59, 61). The formation of these break-

down products and their reactions with proteins can be

explained by the unusual chemical reactivity of the pen-

icillin molecule itself and some of its metabolites.

While other drugs presumably conjugate to macro-

molecules to produce allergic manifestations, very few

have direct protein reactivity and it is necessary to as-

sume that reactive metabolites are formed in vivo (78).

In the attachment of penidilloyl groups to proteins, the

fl-lactam ring of the parent penicillin is opened and its

carbonyl moiety forms an amide bond with amino groups

primarily on lysyl residues on the protein (fig. 1). There

are two possible mechanisms for formation of protein-

bound penicffloyl groups: 1) by direct reaction of penicil-

lin with amino groups, or, 2) by initial rearrangement to

penicillemc acid, a highly reactive acid anhydride. Pem-

cillenic acid reacts very rapidly with protein amino

groups (fig. 1) although other reactions also are possible

including the formation of penicifienate mixed disufides

(78). When penicilloyl groups are produced by the peni-

cifienate rearrangement a mixture of penicilloyl diaster-

eoisomers is formed, whereas in the direct aminolysis

reaction the D-a-conflguration of the original penicillin
molecule is retained. Initially the penicifienate rearrange-

ment was thought to be the principal pathway by which

protein-bound penicffloyl was formed in vivo; this raised
the possibility that poorly allergic penicilhins that did not

undergo this rearrangement readily but were therapeu-

tically effective might be identffied. However, subsequent

studies indicated that the direct conjugation reaction is

of at least equal importance (7, 75, 77, 110, 111, 131).

Most ofthe antibodies present in the serum of individuals

with penicillin allergy were directed toward ther D-a-

penicffloyl group and acid stable penicillins that formed

little or no pemcfflenate spontaneously were apparently

as immunogenic as benzylpenicillin itself in animals.

The pattern of potential allergic reactivity in penicfflin

allergy is actually quite complex in that penicillin, in
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FIG. 1. Alternative pathways for the formation of protein-bound pemcilloyl groups in human penicillin allergy. The asterisk indicates

asymmetric carbons. The formation of penicilloyl groups through pemcfflenic acid leads to a mixture of pemcilloyl diastereoisomers. Whereas

when pemcilloyl is formed directly from penicillin the Da-configuration of the parent penicillin is retained.

addition to being reactive with proteins itself, gives rise

to a variety of breakdown products with protein reactiv-

ity in addition to penicifienic acid, including penicillam-

ine and pemcffloic acid. Virtually everyone who is treated

with penicillin develops an immune response to the pen-

icilloyl group, as determined by hemagglutinin testing

(75, 122) but, in addition, antibodies are sometimes de-

monstrable to pemcfflenate (or its oxidation products),

penicifiamine, penicilloate, penamaldoyl, penicilloalde-

hyde, and polymers of 6-aminopenicillanic acid (23, 61,

89, 122) or other poorly characterized penicillin deter-

minates suggested by different patterns of allergic reac-

tivity in different individuals (21, 23, 61, 89, 112, 122). All

of the determinants that have been conclusively identi-

fled have the capability of forming covalent bonds with

proteins.

The most effective and practical method of detecting

the form of penicillin allergy likely to be associated with

anaphylaxis is by immediate skin testing although solid

phase immunoassays for IgE antibodies are also useful,

at least for penicilloyl specific antibodies. Some of the

penicillin haptens crossreact immunologically with one

another. Others, like the pemcfflenate molecule, appear

to represent largely or entirely distinct antigenic deter-

minants. Interesting, individuals who have an allergic

response to one penicillin hapten frequently have reac-

tivity to other penicillin determinants as well, for reasons

that are not altogether clear. Routine skin testing is

usually carried out with a combination of test materials

including penicffloyl-polylysine, penicillin, and in some

instances penicffloic acid. Penicffloyl-polylysine is a pre-

formed multivalent conjugate of penicffloyl attached to

a relatively small molecular weight homopolymer of the

amino acid, lysine. It was used originally by our group to

minimize the danger of sensitization that would have

been incurred if penicffloyl proteins had been used for

testing (75, 87, 89, 91). Reactivity to penicffloyl-polylysine

is present in about 75% or more of individuals with

recently documented penicfflin allergy. Testing is also

carried out with penicillin and pemcilloic acid, which

together detect nearly all of the remaining individuals

with penicillin allergy who do not react to penicilloyl-

polylysine alone.

In contrast to immediate skin testing or measurements

of IgE antibodies in vitro, serologic tests for IgG or 1gM

antibodies are of little or no value in the diagnosis of

penicillin allergy, since antibody responses to the drug

are frequent in individuals who have not had allergic

symptoms. The absence of allergic responses in many of

these individuals indicates that the right types of anti-

bodies were not present or conditions were not otherwise

favorable for the appearance of allergic manifestations

(84). Among the contributing factors are a requirement

for the formation of multivalent conjugates in the elici-

tation as well as in the induction of allergic reactivity and

the ability ofunconjugated drug or nonparticipating anti-

bodies (IgG antibodies in IgE-mediated reactions) to

competitively inhibit the allergic response.

Antibodies to structurally complex haptens such as the

benzylpemcffloyl group may be present in any of the five

immunoglobulin classes and vary in their overall affinity

and degree of adaption to different portions of the hapten

molecule. Heterogeneity of this sort has also been ob-

served with model haptenic determinants such as the 2,4-

dinitrophenyl group in experimental animals. All penicil-

lins contain the 6-aminopenicillanic acid nucleus and are
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therefore potentially crossreactive immunologically.
Benzylpenicilloyl-polylysine and 2,6-dimethoxybenzyl-

penicilloyl-polylysine (the pemcffloyl polylysines derived

from penicillin G and from methacillin (staphcillin), re-
spectively) are almost equivalent as elicitors of cutaneous
allergic responses in some individuals with benzylpenicil-
hi allergy, but show little or no crossreactivity in others
(90, 125). Thus the extent of adaptation of the antibody

to the 6-aminopenicillanic nucleus and the R group at
the 6-amino position varies considerably from one indi-
vidual to another. Judging from studies in inbred animals

such variations are at least in part genetically mediated.

Since the biologic effectiveness of an antibody in vivo is
dependent on its binding affinity for antigen, these dif-

ferences in antibody affinity may strongly influence the
development of an allergic response.

Most drugs do not have direct protein reactivity, and
it is necessary to assume that a reactive metabolite is

formed in vivo. A requirement for metabolic processing
and conjugation to a macromolecule can explain a num-
ber of otherwise puzzling features of drug allergy includ-

ing the frequent localization of clinical manifestations to

a single organ or cellular system. However, direct verifi-

cation in man that metabolites or spontaneous break-
down products of drugs are involved in the initiation of

drug allergy is limited. Tentative or suggestive identifi-

cation of active metabolites in drug allergy has been
made in reactions to aminonucleoside antibiotics, acet-

aminophen, mesantoin, phenylbutazone, phenacetin, hal-
othane, and amidopyrine (30, 65, 82, 84, 96). For most
drug allergies the formation of the presumed reactive

intermediates and their conjugation with protein can
only be inferred. Identification of the presumed protein-
reactive metabolites formed in vivo may present major

problems because of the many different metabolites form

from drugs, and the possibility that the reactive metab-

olite might be a quantitatively minor product or a suffi-
ciently labile chemical that isolation and identification

are difficult (77, 81). For these and other reasons, the
determination of possible reactive intermediates in drug

allergy is a challenging problem that has rarely been
pursued to a successful conclusion. The approach most
likely to provide real dividends in drug allergy should
begin with a thorough consideration of the chemical
properties of the drug, its minor as well as major me-

tabolites, and any contaminants that might be introduced
during its manufacture. Information on metabolites

formed in man, ifavailable, is ofparticular value. Possible
reactive intermediates are then synthesized either chem-
ically or enzymatically and studied for their reactivity
with functional groups on macromolecules. Hapten mac-
romolecular conjugates and reactive intermediates are

then injected in sufficient quantities to immunize am-

mals, a variety of immunologic detection systems are
used for evaluation, and the specificities of any inunune

responses are examined in detail. At this point, human
beings who have had adverse reactions to the drug can

be studied with some degree of confidence that suitable
and sensitive assay systems are being employed. Even

this approach has its limitations because of the impor-
tance of genetic and environmental influences on drug

metabolism and immune responsiveness and the very

real possibility that the most effective multiple antigenic
determinants might differ from one animal species to

another or even one human being to another.
In the absence of extensive preliminary studies to

identify possible antigemc determinants in drug allergy,

a variety of screening procedures may be attempted (85):
1) A variety of assay systems are available for the detec-

tion of serum antibodies. However, many serologic assay

systems such as hemagglutination require that the can-

didate haptens be rendered multivalent by attachment

to soluble or insoluble macromolecular carriers before a
positive response can be expected. Serum antibodies

involved in hematologic reactions to drugs are sometimes

detected by using the patients serum, the drug, and the

cell involved in the reaction in combination (see below).
Seeing whether radiolabeled drug is bound specifically
by immunoglobulins in the serum of individuals with

drug reactions has occasionally been helpful in the ap-
parent substantiation of allergy (105, 113). However,
success with this approach requires that the drug have

considerable structural similarity to the actual immuno-
gen which may or may not be the case. Also a haptenic

marker of reasonably high specific activity is needed, as

are rigorous controls to exclude nonspecific binding to
other serum proteins. 2) Occasionally a drug may elicit

an immediate hypersensitivity response during cuta-

neous testing in vivo although unless appropriate controls
are performed in normal subjects the results are difficult
to interpret. 3) Frequently a delayed hypersensitivity

response is produced but again the appropriate controls
are needed. Moreover, the possibility must be considered
that delayed hypersensitivity responses may be entirely

negative in face of a vigorous humoral immune response.

4) Drugs sometimes stimulate lymphocyte proliferation

or lymphokine release with peripheral blood lymphocytes
in vitro (64). These responses are of considerable interest
in that they suggest that reactive metabolites are being
produced in situ in the cell culture leading to the forma-

tion of an effective antigen (81). Indeed the possibility
must be seriously considered that the major site of re-

active metabolite formation is in the lymphoid system
rather than the liver, even though the liver is the major
drug-metabolizing organ. Regardless of the screening
procedure that is used a negative result is hard to inter-
pret and in the long run elucidation of antigen structure
through a detailed analysis of the chemical properties of

the drug, its mode of organic synthesis or biosynthesis

and the nature and immunogenicity of its metabolites is
a much better approach (79).

Even when an immune response to a drug is demon-

strated the possibility that it might be an ancillary man-
ifestation rather than actual cause of the tissue damage
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must be seriously considered (76, 80). It is necessary to

show not only that there are immunologic alterations but
also that there is a reasonably consistent relationship

between the altered immunologic reactivity and the drug-
induced disease. In addition, since the immune process is
dynamic and changes with time after sensitization, it
cannot be assumed that testing will always be successful,

particularly when there has been a long time interval

since the reaction. FaLse negative results may also be
obtained when active symptoms of hypersensitivity are
stifi present, particularly if the reaction is of the serum

sickness type. This is presumably because most or all of
the circulating antibody is already complexed to antigen

in sufficient antigen excess that the further addition of

antigen does not lead to the fixation of complement.
As far as the evaluation of new drugs for immunogen-

icity in animals is concerned, it seems to me that conven-

tional immunologic screening procedures should be re-
tamed. However, I also feel that drugs should be evalu-
ated for protein reactivity in vitro before and during

treatment with drug-metabolizing enzymes. This should

permit the drugs with the greatest immunogenic poten-

tial to be identified and perhaps eliminated at any early

stage if they do not possess unique therapeutic advan-
tages. Obviously screening procedures in animals may be
inadequate to detect unusual types of reactions that

might be prone to occur in man, although, as our under-

standing increases of the mechanism of certain reactions,
such as drug-induced lupus, the most appropriate animal

models may become easier to identify.

Genetic and Environmental Influences on Drug
Allergy

While drug allergies are not linearly related to drug
dose, in general, higher drug levels are associated with

an increased risk of allergy (80, 82, 84). This is particu-

larly evident in systemic lupus erythematosus (SLE)
induced by hydralazine or procainamide where the rate
ofmetabolism ofthe drug as well as the dose and duration

of drug therapy are an important influence. As was
demonstrated initially for hydralazine toxicity it is mainly

the half of the population with a low level of hepatic

acetyl transferase activity (and therefore higher drug

levels) that is susceptible to clinical toxicity (93). The
importance of drug levels is also illustrated by penicillin-

induced hemolytic anemia where high sustained levels of
the drug are needed to produce this particular form of
allergic response. For drugs taken in high doses over
sustained periods of time, such as penicillin, one might
question whether high antigen dose tolerance would be
induced. This has been suspected during long term treat-
ment with penicillin for serious blood stream infections

(60, 79) but the data are not completely convincing. Any
congenital or acquired disease or inherited enzyme ab-
normality which alters the rate of absorption, metabo-

lism, excretion, binding of a drug may affect the like-

lihood of an allergic drug reaction. In addition, drugs

taken concomitantly which induce or compete for the

cytochrome P-450 drug-metabolizing system in the liver
may exert an influence either through changes in the

overall rate of drug metabolism or possibly because the
metabolites themselves are needed to form immunogenic

drug conjugates. For drugs taken over long periods of

time the most susceptible individuals often develop al-

lergic reactions relatively early in the initial course of
therapy and in the remainder the risk of an allergic
reaction is considerably diminished. Nonetheless since
an allergic reaction to a drug may occur for the first time

after many previous courses of therapy, or in the late

stages of a prolonged single course of treatment, any

underlying disease which must be repeatedly or contin-

uously treated obviously increases the risk of an allergic
reaction. A critical factor when repeated treatments are
given may be the timing of the subsequent courses of

therapy. While allergy may persist for many years if the

results in penicillin allergy are any indication the risk is

normally greater during the first few months after a
preceding course of treatment than at later times. Un-
derlying chronic connective tissue diseases such as SLE

or Sjogren’s syndrome have been reported to consider-
ably increase the risk of allergic drug reactions. Since

multiple autoantibodies and circulating immune com-
plexes are present in both diseases one might speculate

that the immune system is already compromised, increas-
ing its susceptibility to further immunologic insult. On

the other hand, there is overlap in the clinical manifes-
tations of drug allergy with these autoimmune diseases
and further documentation is needed. Individuals with
hyperuricemia, infectious mononucleosis, and lympho-
cytic leukemia have an extraordinary incidence of mac-

ulopapular rashes during treatment with ampicillin (16)

but the role of allergy in these rashes is open to consid-

erable doubt. Allergy to respiratory antigens in the en-

vironment is associated with increased serum levels of
various IgE antibodies and affected individuals might be

expected to have a greater overall incidence of IgE-me-
diated drug reactions. Some studies do in fact suggest
that cutaneous skin reactivity to penicillin antigens is
more frequent in allergic individuals (106) although other
studies do not support this [reviewed by Parker (84)].

The route of therapy and nature of the drug prepara-
tion undoubtedly exert an influence on drug allergy.
Anaphylaxis is much less common with oral than with

parenterally administered drugs (117) although elicita-
tion by oral exposure certainly does occur. The frequency
of other types of allergic reactions may also be somewhat
decreased to oral drug preparations although the data
available are rather limited. With penicillin, for example,
there is generally a lower incidence of allergic reactions
with oral, than with intramuscular preparations. How-
ever, it is hard to know whether this is due to differences
in the purity, or chemical types of penicillins given by

the two routes, to differences in blood levels, or even to
differences in types of diseases being treated. In guinea
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pigs the oral administration of contact skin sensitizers

such as picryl chloride induced partial immunologic tol-

erance to later attempts at cutaneous sensitization (17)
and it is conceivable that a similar process may occur

during oral treatment in man (84). Vehicles administered
with drugs to delay absorption have sometimes acted as

immunologic adjuvants and promoted the development
of allergy (80). With some drugs such as the antihista-

mines and penicillin, topical administration on the skin

is particularly likely to sensitize. One would suspect that

drugs that cross the placenta might produce partial im-

munologic tolerance in the fetus but the available data
are too limited to permit firm conclusions.

Under special circumstances an underlying genetic de-

fect may apparently protect against an allergic drug

reaction. This appears to be the case in the Bernard-
Soulier syndrome (56) where a surface macromolecule

normally present on platelets is absent and the cells are

no longer susceptible to damage by serum antibodies

from patients with quinine- or quinidine-induced throm-

bocytopenia (56). While this condition is very rare it does

illustrate the potential critical role of normal cell surface

macromolecules in antibody or cell-mediated cytotoxic

responses involving drugs.

Based on the known role of the major histocompati-

biity antigen complex in immune responsiveness one

would predict that different HLA types would be corre-

lated with an increased or decreased risk of drug allergy.

There is a limited amount of experimental data to sup-

port this possibility. There is one study in guinea pigs
that indicates that the ability to undergo cellular and

humoral immune responses to hydralazine is markedly

different in two highly inbred strains (32). Since these
same strains show impressive differences in their ability

to respond to polypeptide and protein antigens (50, 66),
it seems likely that innate differences in immune respon-

siveness per se are involved rather than quantitative or

qualitative differences in drug metabolite formation. In

an extensive study of humans with rheumatoid arthritis
treated with gold or penicifiamine, the susceptibility to

drug-induced nephropathy was markedly affected by

their HLA DR type. With both drugs individuals with
the HLA DR3 phenotype have a markedly increased risk

of developing nephropathy. The relative risk of protein-
uria during treatment with aurothiomalate was 32 times
higher in patients who are HLA DRW3 positive than in
HLA DRW3 negative patient group. No significant as-
sociations were seen between any HLA antigens and

cutaneous or hematologic complications. Hughes has ob-
served recently that the HLA DR4 phenotype markedly

increases the risk of hydralazine-induced lupus through

an effect independent of the rate of acetylation (47).

Pathogenesis of Allergic Tissue Damage

Anaphylactic sensitivity to drugs, like anaphylactic

sensitivity to macromolecular antigens is largely or en-

tirely mediated by IgE antibodies. IgE antibodies sensi-

tize by attaching to the surface of basophils and mast

cells in a reversible reaction involving high-affinity recep-

tors [reviewed by Sullivan and Kulczycki (1 19)]. Once

the tells are sensitized antigens can trigger them to

release their histamine and other allergic mediators such

as slow reacting substance (SRS). Secretion is initiated

when granule membranes fuse with the plasma mem-

brane opening a channel to the outside of the cell. At this

point preformed or newly formed mediators are released

into the mediumand produce changes in vascular perme-

ability and smooth muscle contraction. SRS, a potent

mediator of hypersensitivity produced by mast cells, has

been characterized recently by our laboratory (49) as a

product of arachidonate metabolism through the lipoxy-

genase pathway. The cell surface receptor for IgE is a

glycoprotein with a molecular weight of about 50,000

which reacts with IgE with an association constant of

about 10’#{176}liters/mole. The attachment takes place

through the Fc portion of the IgE molecule. We have

recently obtained highly purified active IgE receptor

from a rat basophilic cell line by affinity chromatography

and are attempting to determine the structural basis for

its interaction with IgE (55).

While the mechanism by which mast cells are stimu-

lated by antigen is not completely clear it is apparent

that IgE antibody molecules on the cell surface must be

crosslinked by antigen for a reaction to be initiated (120).

This requirement for crosslinking explains why univalent

penicillin haptens can inhibit allergic responses in peni-

cilhin allergy (87, 89).
Two of the earliest intracellular responses during me-

diator release from rat mast cells are increased phos-

phorylation of the IgE receptor (45) and a rise in cAMP

(120). In view of the established role of protein phospho-

rylation in the control of enzymatic and transport pro-

cesses it is tempting to speculate that the increase in

receptor phosphorylation is cAMP related and is part of

the stimulus for secretion although both postulates re-

main to be demonstrated directly. In addition the recep-

tor’contains a 30,000 molecular weight protein associated

with it that probably resides on the cytoplasmic side of

the plasma membrane and may be involved in the trans-

mission of the extracellular signal into the cell interior.

The stimulated cells also generate hydroxylated fatty

acids, some of which are capable of promoting secretion

(118).

Serum sickness like anaphylaxis is an antibody-me-

diated reaction. The antibodies involved probably are

largely of the IgG class, as judged primarily by studies of

immune complex disease in experimental animals, and to
a lesser extent by studies in human drug and foreign

protein reactions. IgE antibodies may play an indirect

role by leading to the release of histamine and other

mediators of immediated hypersensitivity that appar-

ently promote the deposition of immune complexes in

blood vessel walls. Some of the small molecular weight

antigens that produce serum sickness also produce ana-
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phylaxis; this suggests the existence of direct protein

reactivity or rapid metabolic conversion to antigenic
products. Penicillin, for example, conjugates readily to

serum proteins such as albumin in vivo during penicfflin

therapy, apparently without markedly affecting their
metabolic half-life (84). Under these circumstances hap-

ten substituted proteins are available in the circulation
at the time antibody begins to be secreted. Multivalence
of the initiating antigen is required in serum sickness

reactions, just as it is in anaphylactic reactions. Tissue
damage occurs when multiply substituted serum protein
molecules form aggregates with antibody in moderate

antigen excess (84). This leads to the fixation of comple-
ment. The aggregates then deposit in blood vessel walls
including the glomeruli and attract leukocytes which

release lysosomal enzymes and chemotactic factors cre-
ating a local inflammatory response. In contrast to serum
sickness and anaphylaxis, Arthus reactions are very

rarely produced by drugs, probably because neither the
antigen nor the antibody concentration is high enough to
produce the very intense local inflammatory response

that characterizes this lesion. Many allergic drug reac-

tions are probably due primarily to cellular immune
reactions. This is certainly true of contact and other

forms of eczematous dermatitis produced by drugs and
very probably for some systemic drug reactions charac-

terized primarily by fever. In addition, cellular immunity

is almost certainly involved in some of the organ directed
drug reactions described below, particularly those in
which mononuclear cells are prominently represented in

the inflammatory response.
In addition to anaphylaxis, serum sickness, and febrile

reactions due to generalized cellular hypersensitivity re-
actions, all of which are systemic allergic drug reactions

and characteristically affect multiple organ systems si-
multaneously, immunologic reactions to drugs may result
in damage to individual organs or tissues. Some of these

reactions simply represent the localized expression of
systemic allergy as in a localized urticarial response that
is IgE mediated, but in which not enough antigen is

present systemically to produce a generalized response.
However, others apparently represent a truly selective

form of allergic tissue damage. Reactions of this type are

much more frequent with small molecular weight thera-
peutic agents than they are with macromolecular prod-

ucts. Commonly affected target sites include the liver,
kidneys, formed elements of the blood, lungs, heart,

muscle, skin, and nervous system (80). Several possible

mechanisms for organ direct immune tissue damage in

this situation appear possible: 1) The drug may react

chemically with the target, introducing haptemc groups
on the cell surface and rendering it susceptible to anti-

body or cell-mediated cytotoxicity. One straightforward

example of such a mechanism is penicillin-induced he-

molytic anemia; another probable example is quinidine-
or quinine-induced thrombocytopenia, where the two
drugs apparently interact reversibly with a receptor pres-

ent on the platelet surface. The basis for localized tissue

damages in visceral organs such as the liver is less clear.

One possibility is that an enzymatic reaction leading to

conjugation of an otherwise unreactive drug to protein is

primarily localized in that tissue. This could result in a

higher concentration of antigen in that tissue than else-
where, making it the most likely target in a hypersensi-

tivity response. Sensitization of the tissue would be par-

ticularly likely to occur if the metabolite became conju-
gated to the cell surface, since antibodies and sensitized

lymphocytes have immediate access to antigen at this

location. In addition to providing a possible basis for

localized organ damage in drug allergy, a requirement for

metabolic processing and conjugation of a drug with a
macromolecule can explain the generally low incidence
of drug allergy and its marked variation in frequency

depending on the drug. 2) As a second possible explana-
tion for selective cell damage, antigen-antibody com-
plexes may be formed in the fluid phase, react with

complement, and secondarily localize on the cell surface,
either nonselectively or through Fc or complement re-

ceptors. Under these circumstances the cell may be dam-

aged as an innocent bystander. Alternatively soluble
products ofimmune activation produced by lymphocytes,
mast cells, monocytes, or polymorphonuclear leukocytes

may damage nearby cells and tissues. Obviously reactions

of this type are likely to be less intense and selective than
reactions where the localization is hapten directed. 3)

Chemical or toxic reactions of drugs with cells may
increase the immunogenicity of organ specific macro-

molecules or otherwise increase the accessibility of these

macromolecules to the immune system promoting an

organ directed autoimmune response. Alternatively the

hapten might fortuitously crossreact immunologically
with a cellular antigen or interfere with normal homeo-

static mechanisms involved in the control of autoimmu-

nity with the same end result.

One way in which a drug might promote the immu-

nogenicity of a normally poorly immunogenic macromol-

ecule such as DNA would be by a reversal of the normal

relationship between the immunologic carrier and the

hapten. if both hapten protein and hapten DNA conju-
gates were formed, the more immunogenic protein con-

jugates would be better able to initiate an immune re-
sponse (82). As antibodies to the hapten developed, the

hapten might then initiate antibody formation to DNA.

Unfortunately, while this mechanism is attractive, there
is no really good information on the extent to which

drugs that induce anti-DNA antibodies conjugate to

DNA under normal conditions of pharmacologic use.

Clinical Features of Drug Allergy

Allergic drug reactions are represented by a vast array

of clinical syndromes some of which are difficult to
distinguish from other forms of human disease. Many
have an uncertain mechanism and must be classified as

possibly or probably allergic rather than definitely al-
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lergic. Subsequent sections will discuss some of the most
representative or interesting and perplexing reactions

without attempting to be fully comprehensive.

Anaphylaxis

Systemic anaphylaxis is an acute life-threatening al-

lergic reaction characterized by hypotension, broncho-

spasm, angioedema, urticaria, diffuse erythema, pruritus,

pharyngeal or epiglottal edema, cardiac arrhythmias,

nausea and vomiting, dyspnea, uterine and intestinal

cramping, and hyperperistalsis and it occurs alone or in

various combinations (80). Symptoms usually develop

within seconds to minutes, reaching a maximum within

5 to 20 minutes. Occasionally, if a repository preparation

has been given, the delay is considerably longer. The
reaction occurs during the initiation of a new course of

treatment with a previously used drug. Approximately

10% of overt anaphylactic reactions are fatal. Death,

when it occurs, is usually due to hypotension, laryngeal

edema, cardiac arrest, or bronchospasm (84). Anaphylac-
tic symptoms are most frequently produced by parenteral

injections, but in highly sensitive persons, oral, percuta-

neous, vaginal, or even respiratory exposure may produce

this response.

Penicfflin and structurally related drugs are probably
stifi the most common causes of drug-induced anaphy-

laxis. At one time it was estimated that there were
approximately 500 deaths per year in this country (73),

but at the present time the figure is probably lower.

There is a long list of other drugs that have been reported

to cause anaphylaxis (80). While some of them undoubt-

edly do, most of them probably act through other mech-

anisms (see below). The infrequency of drug-induced

anaphylaxis is almost certainly due to the relatively low

imrnunogenicity of most nomnacromolecular drugs as

well as the requirement that a drug must create a mul-

tivalent or conjugate with a soluble macromolecule or

cell to elicit an anaphylactic response.

Serum Sickness

Serum sickness is a systemic allergic reaction produced

by circulating antigen-antibody complexes characterized

by fever, urticarial or maculopapular rash, lymphadenop-

athy, edema, arthralgia or arthritis, nephritis, neurop-

athy, and vasculitis. The term was originally applied to

foreign serum reactions, but drugs are now the most
frequent cause, producing an apparently identical clinical
syndrome. In the initial exposure to the causative agent,
clinical manifestations normally develop one to three

weeks after the initiation of therapy; this reflects the
time required for primary sensitization. After a previous

sensitizing exposure, accelerated serum sickness may oc-

cur within one to two days. Symptoms usually last 10
days or less after the drug is withdrawn, but occasionally

a reaction persists for several weeks. Low molecular
weight drugs that produce serum sickness include the

penicillins, sulfonamides, thiouracils, hydantoins, p-ami-

nosalicylic acid, phenylbutazone, thiazides, and strepto-

mycin (4, 68, 77, 123). Nirvanol (5,5-phenylethylhydan-

tom), a drug used in the past as a sedative and hypnotic,

was associated with an exceptionally high incidence of

clinical manifestations strongly suggestive of drug al-

lergy, particularly drug fever and serum sickness (15).

This substance is formed when mesantoin is demeth-

ylated and probably is an important intermediate in

allergic reactions to mesantoin. Phenytoin also corn-

monly produces serum sickness, sometimes in the form

of a pseudomononucleosis syndrome similar to that of p-

aminosalicylic acid hypersensitivity.

Hematologic Reactions

Immunologically mediated destruction of erythrocytes,

leukocytes, and platelets must be distinguished from

direct cytotoxic damage that results in diminished cell

synthesis, distribution, or life span (84). Many of the

latter reactions involve toic or idiosyncratic suppression

of hemopoietic stem cells in bone marrow although ac-

celerated destruction due to untoward effects on cellular

metabolism may also occur. Problems in interpretation

are particularly prone to arise with inherited abnormali-

ties of metabolism in which otherwise latent enzymatic

defects create undue susceptibility to certain drugs. For

example, individuals with congenital glucose-6-phos-
phate dehydrogenase deficiency develop acute hemolytic

anemia during the administration of analgesics, such as

aspirin, sulfonamides, antimalarials, and several other
agents. Taking reactions of this general nature into ac-

count as well as the extent to which cytotoxic drugs that

affect formed elements of the blood are now used in the

chemotherapy of malignancy and autoimmune disease,

there are many more cases of drug-induced thrombocy-

topenia, anemia, and granulocytopenia due to cytotoxic-

ity than to immunologic reactions.

Thrombocytopenia

The most common proved or strongly suspected causes
of immunologically mediated thrombocytopenia are qui-

nine, quimdine, digitoxin, gold, meprobamate, chlorothia-

zide, rifampin, stibophen, and the sulfonamides (95). In

the past allyl-isopropyl-acetylcarbamide was a leading

cause (1), particularly in the United Kingdom, and the

initial studies elucidating the mechanism of the throm-

bocytopenia involved this drug. However, with restric-

tions in use this drug is no longer an important cause. At

present, quinidine and quinine probably are the most

frequent precipitating agents, at least in the United

States. Bleeding and petechial hemorrhages in the skin,

related directly to the fall in circulating platelet levels,
are the most important symptoms, although rash, fever,

arthralgia, and other manifestations of allergy can occur.

Bleedingis usually not seen until the platelet count falls

to below 50,000. However, bleeding occurs occasionally

at higher platelet counts. I� has been suggested that a

capillary abnormality may exist in this situation due to
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loss of a sustaining effect of platelets on endothelial cells

or immunologic crossreactivity between these cells and
platelets in the presence of the drug (2). While the initial

clinical manifestations referable to thrombocytopenia

usually develop during treatment, they may be delayed

for a week or considerably longer if gold is the inciting

agent. In sensitized persons who are challenged with the

drug, the blood platelet count usually falls within minutes

to a few hours after drug readministration; this strongly

suggests peripheral destruction of platelets. Manifesta-

tions of bleeding may be preceded by fever, chifis, and

other constitutional symptoms in this situation and sup-

port a role for allergy in the response (1). Examination of
the bone marrow usually reveals that the megakaryo-

cytes are normal or elevated; this suggests that platelet

formation is not decreased. A marked diminution in

megakaryocytes in the early phases of a reaction is

usually considered to be indicative of a toxic rather than

immunologic reaction. However, decreased platelet syn-

thesis and release may also occur to a limited extent in

immunologically mediated thrombocytopenia, particu-

larly when the reaction is prolonged. Discontinuation of

the drug ordinarily results in a return of the platelet

count to normal within several weeks and sometimes

within a few days (69). Blood or platelet transfusions or
glucocorticoid administration is usually not necessary

but may be helpful, as an interim measure, if bleeding is
a problem or the platelet count is below 10,000/mM3 in

the blood.

The immunologic nature of the reaction has been
demonstrated both by passive transfer and in vitro stud-

ies primarily in thrombocytopenia produced by apronal-
ide, quinine, and quinidine (1, 2, 114). The sera and Ig

fractions of affected patients contain antibodies that, in

the presence of the drug, produce platelet lysis or agglu-
tination, depending on the antibodies and whether com-

plement is present. Not surprisingly, the antibody can

also be detected by changes in platelet function such as
altered platelet release reactions, diminished serotonin

uptake or delayed clot retraction (1). In all of these assay

systems, both the drug and the antibody must be present

for a reaction to occur; this indicates that the specificity
of the antibody is directed either toward the drug or a

drug-platelet complex rather than the platelet per se.

Most of the antibodies that have been characterized are

members of the IgG class. The response is highly specific
in that although quinidine and quinine are closely related

structurally, the immune reactivity is limited to one or

the other drug, but not both.

In other apparently immune drug-induced thrombo-

cytopenias, in vitro assays for antibodies may sometimes

fail probably because a metabolite of the drug is recog-

nized rather than the drug itself. For example, based on

in vitro studies, a sulfate-containing metabolite of acet-

aminophen isolated from the urine has been suspected to

be responsible for sensitization in a patient with throm-
bocytopenia induced by this drug (30). A metabolite of a

drug has also been implicated in a case of p-aminosali-

cylic acid-induced thrombocytopenia (31).

This basis for the cooperative interaction between drug

(or drug metabolite), antibody, and platelet which leads

to platelet damage has been the subject of much specu-

lation. In both quinidine and apronalide sensitivity the

cells become susceptible to injury by a reversible reaction

of the drug with platelets (24). Quinidine has been shown

to affect the susceptibility of platelets to nonspecific

aggregation. Moreover, quinidine and quinine can sensi-

tize normal platelets but not platelets from individuals
with the Bernard-Soulier syndrome, an inherited disor-

der characterized by prolonged bleeding time, moderate

thrombocytopenia, reduced platelet adherence to endo-

thelial surfaces, and giant circulating platelets (56). The

simplest interpretation is that these abnormal platelets

apparently lack a surface constituent that is present on

normal platelets and is critical for binding of these two

drugs to the cell surface. It can be assumed that normal

individuals undergo a similar reaction between platelets

and drug in vivo sensitizing their cells to antibody and

rendering them susceptible either to complement-me-
diated lysis or phagocytosis by the reticuloendothelial

system. While the bond is weak, complex formation

between the platelet and the drug may be responsible for

the initial immunization by the drug as well as for the

immune platelet destruction.

There is no useful animal model for drug-induced

immune thrombocytopenia. Antibodies have been pre-
pared in animals to apronalide by conjugating it in diazo

linkage to protein (18). However, administration of the

drug or even the immunizing hapten-protein conjugate

did not result in thrombocytopenia. Nor did the antibody

react with human or rabbit platelets in the presence or

absence of the drug.

Agranulocytosis

The subject of immunologically induced agranulocy-
tosis has been reviewed recently (84) . Proved or sus-

pected immunologically mediated granulocytopenia has

been produced by amidopyrine, phenylbutazone, oxy-

phenbutazone, the sulfonamides, phenothiazines, gold,

the thiouracils, antihistamines, anticonvulsants, indo-

methacin, arsenicals, antidepressants, chioramphenicol,

tolbutamide, barbiturates, dipyrone, p-aminosalicylic

acid, semisynthetic penicfflins, and cephalothin (95). For-

merly, amidopyrine was the commonest cause of drug-

induced agranulocytosis but with decreased use of this

drug, because of this potentially fatal complication, the

phenothiazines and semisynthetic penicilhins are proba-

bly now the most frequent cause of this condition, at

least in the United States (128). The estimated incidence

of agranulocytosis in association with a single course of

amidopyrine therapy is about 1%. For propylthiouracil

and methimazole the incidence may be a little higher (44,

70, 97). Leukopenia is a complication of chlorpromazine
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(and related drug) therapy occurring in about 1 in 10,000

treated individuals (44, 83, 94, 97).

As a rule, the agranulocytosis develops between the

second and eighth week of drug therapy, but rarely may

not occur until after a year or more of continuous ther-

apy. The dominant clinical manifestations are usually

those of infection due to the markedly decreased granu-

locyte count with associated ineffective host resistance.

However, skin rash, fever, and other noninfectious symp-

toms may be present. Initial symptoms are usually those

of severe oropharyngitis with severe edema and ulcera-

tion. Not infrequently the initial clinical manifestations

are in the anogenital area, which may create difficulty in

making the diagnosis. Symptoms usually do not appear

until the polymorphonuclear count in the peripheral

blood drops to below 800 to 1000 mm3. In severe cases

there may be a reduction in the number of monocytes

and lymphocytes but ordinarily these blood elements are

unaffected. Bone marrow studies usually reveal a marked

diminution in mature granulocytes with a shift to the

left, but in severe cases there may be an apparent loss of

granulocytic stem cells. Withdrawal of the drug is usually

followed by rapid recovery (within one to two weeks)

although the disease still has at least 5% to 10% mortality

and recovery may require many weeks to months. Man-

agement primarily involves withdrawal of the drug, the

use of antibiotics, and other supportive measures. Leu-

kocyte transfusions are potentially of value as a tempo-

rary measure if suitable facilities are available and trans-

fusions have not been given previously. Androgens and

somatotrophin are probably of no value.

The granulocytopenia appears to involve both penph-

eral destruction of leukocytes and a maturational arrest

at the level of bone marrow stem cells. In individuals

who have recovered from the reaction and been rechal-

lenged the leukopenia may redevelop rapidly, with

changes occurring as early as a few minutes, indicating

peripheral destruction of leukocytes (94). This has been

most frequently observed with amidopyrine or phenyl-

butazone induced agranulocytosis. In this situation as

little as a few milligrams of the responsible drugs may

produce a severe exacerbation of the leukopenia, and if

an ordinary therapeutic dose is used fever, chills, arthral-

gia, and even shock may occur (84). These symptoms

may be due to acute leukocyte lysis and the systemic

release of leukocytic pyrogens and lysosomal enzymes.

However, even in amidopyrine induced agranulocytosis

leukocyte precursors in the bone marrow may be de-

creased suggesting that decreased leukocyte formation is

probably contributing to the leukopenia, at least in some

individuals (70).

The involvement of serum antibodies in at least some

of these reactions is evident from successful passive

transfer experiments in which the passive administration

of blood, serum, or plasma and drug to another human

being or experimental animal has resulted in rapid leu-

kopenia (84). This was originally shown by Moeschlin

and Wagner (71), who found that 300 ml of blood from a

patient who had had amidopyrine agranulocytosis and

had received a further dose of the drug three hours

previously, produced acute agranulocytosis in two normal

recipients. Subsequent passive transfer studies have

yielded variable but sometimes successful results, as have

attempts to demonstrate antileukocyte antibodies in vi-

tro by techniques such as leukocyte agglutination. Un-

fortunately, the usefulness of these assays in vitro for

diagnostic purposes is limited since they are difficult to

perform and agglutinating activity may not be observed

unless the drug has been given within hours to a few days

before the blood sample is taken (97). This may involve

a requirement for metabolic processing of the drug before

it can react with the antibody. Unfortunately, because of

the seriousness of the reaction deliberate readministra-

tion of the drug for diagnostic purposes is rarely if ever

justified. The greatest success in identifying a serum

antibody in vitro has been in the study by Weitzman et

al. (128) who demonstrated an antineutrophil antibody

in the sera of 16 neutropenic patients by using an opsonic

assay. The largest number were taking semisynthetic

penidilhins and in these reactions opsonic activity was

only demonstrable when the drug was present, suggesting

that penicillin was participating as a hapten. In two other

patients receiving antithyroid medications complement

was required for opsonic activity. In one it appeared that

a true autoantibody to the neutrophil had developed.

Serum effects on leukocyte metabolism in the presence

of the drug have also been described (8). It was postulated

by the authors that the serum contained an antibody or

drug antibody complex that was toxic to the leukocytes.

Drug and serum effects on granulocyte colony formation

in vitro have been reported in a patient with amidopyr-

me-induced agranulocytosis; this raises the possibility of

a direct effect on granulocyte maturation (6). Cellular

immune responses were observed in vitro with propyl-

thiouracil and methimazole in five of six patients studied

two months to 10 years after these reactions (126).

In contrast to amidopyrine, drugs such as phenothia-

zine, sulfonamides, and thiouracil often fail to produce

acute manifestations when the drug is readministered

and the agranulocytosis tends to develop somewhat later

in the course of therapy. In addition, anemia and throm-

bocytopenia are frequently present and the prognosis for

complete recovery is not as good. These features suggest

that the major site of damage is in the bone marrow.

Unfortunately, as with the other immunologically in-

duced blood dyscrasias produced by drugs, attempts to

develop a convincing animal model have met with limited

success at best (84). Animals immunized with protein

conjugates of diazotized 4-amino antipyrine (a metabolic

derivative of amidopyrine) did develop a leukopenia

when rechallenged with the immunizing conjugate, but

the response was transient and mild and the unconju-

gated drug itself had no effect on the leukocyte count

(43). Since leukopenia can occur transiently during any
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antigen-antibody reaction, whereas drug-induced agran-

ulocytosis in man is much more severe and prolonged, it

is apparent that the effects in animals do not mimic the

human disease.

Hemolytic Anemia

A variety of pharmacologic agents has been reported

to produce an immune hemolytic anemia, particularly

penicillin and a-methyldopa. Other agents include dipy-

rone, p-aminosalicylic acid, stibophen, quinine, quinidine,

and phenacetin (77, 84, 95, 123). a-Methyldopa produces

its effect on red cells by inducing an autoantibody and

will be discussed in the section on drug-induced autoim-

mune disease. Penicillin-induced hemolytic anemia is an

example of an immunodestructive response in which the

drug participates as a hapten. It is an occasional compli-

cation in individuals receiving prolonged high-dose pen-

icillin therapy (94, 124). For hemolytic anemia induced

by benzyl penicillin the dose of penicfflin is almost always

at least 10,000,000 units/day given over a period of 5ev-

eral weeks or more. At sustained high penicillin blood

levels the red cells become substituted with penicillin

haptens. In about 3% of individuals enough antihapten

antibody is produced to give a positive antiglobulin

(Coombs’) reaction on the red cells. Occasionally com-

plement components can also be demonstrated, but as a

rule the evidence for complement activation is minimal.

If enough of the right kind of antihapten antibody is

present, there is accelerated red cell destruction. If the

bone marrow cannot compensate, anemia develops. How-

ever, the anemia is usually mild and clinical improvement

is rapid after the termination of drug therapy since newly

synthesized erythrocytes have not reacted with penicillin

and, therefore, survive normally. The causative role of

penicillin in the hemolytic process has been demon-

strated conclusively in several cases by showing that

readministration of the drug after recovery caused reap-

pearance of hemolysis.

The red cell destruction is produced by a classical

antibody-hapten mechanism. The serum of affected in-

dividuals contains antibodies which react with normal

red blood cells sensitized with penicillin. The sensitiza-

tion involves the formation of stable bonds between

penicillin breakdown products, particularly the penicil-

by! group and the red cell surface (122). Virtually every-

one receiving penicfflin makes some antipenicfflin anti-

bodies but amount or type of antibody may not be

appropriate to produce red cell destruction or the red

cells may not contain enough hapten to serve as an

immunologic target.

A positive antiglobulin reaction occurs in a high per-

centage of individuals receiving cephalothin, but appar-

ently involves a nonimmunologic reaction in which the

cephalothin reacts with serum proteins (including im-

munoglobulin, complement, or fibrinogen) that become

nonspecifically absorbed to the red cell surface. Very few

patients treated with cephalothin have developed signifi-

cant anemia. As far as the other drugs that may produce

an immune hemolytic anemia are concerned, there are a

few well-studied individual cases supporting specific

mechanisms but the available data are limited. Some of

these reactions have been described as involving an “in-

nocent bystander” mechanism in which the red cells are

damaged nonselectively by circulating immune com-

plexes and perhaps by secondary binding to complement

receptors on the red cells that have taken up complement

but the documentation for this mechanism is very lim-

ited.

Drug-Induced Autoimmunity

Examples or possible examples of drug-induced auto-

immunity include SLE induced by hydralazine, procain-

amide, and isoniazid; hemolytic anemia by a-methyldopa;

polymyositis and hemorrhagic alveolitis by penicifia-

mine, hepatitis by oxyphenisatin, venocuran, and halo-

thane: scleroderma by vinyl chloride; Sjogren’s syndrome

by practolol; tubular nephropathy by penicillin; antifac-

tor VIII antibodies by penicillin (29, 53, 84, 121).

A clinical syndrome resembling SLE has been observed

during treatment with hydralazine (93), procainamide

(27, 104, 121), isoniazid, oral contraceptive pills, griseo-

fulvin, methyldopa, tetracycline, thiouracil, penicilla-

mine, antimalarials, practolol, and anticonvulsant agents

(3, 11). Clinical manifestations include polyarthritis,

polyserositis, fever, lymphadenopathy, dermatitis, leu-

kopenia, and hyperglobulinemia. A common feature of

drug-induced lupus is that the drugs involved had been

used over at least a six- to eight-week period before

symptoms appeared. As a rule the symptoms and labo-
ratory manifestations subside slowly over a period of at

least several months after the drug is withdrawn. The

sera of patients with this syndrome contain antibodies to

single stranded DNA and not infrequently LE cell pro-

ducing antibodies also are present (3). Antinuclear anti-

bodies may also be present in the absence of overt clinical

symptoms. Procainamide has the highest propensity for

causing drug-induced lupus. More than two-thirds of

patients taking procainamide in sizeable doses over a

several-month period develop antinuclear antibodies

(10). About 10% of patients with hypertension receiving

hydralazine in moderate to large doses over a period of

at least several months develop clinical symptoms of a

lupus-like syndrome, but a higher percentage develop

serologic abnormalities. Antinuclear antibodies have

been demonstrated in up to 20% of patients receiving

isoniazid therapy for active tuberculosis but overt clinical

manifestations are unusual. The other drugs produce

lupus-like syndromes much less frequently. For hydral-

azine, the frequency ofserologic abnormalities and symp-

toms is strongly correlated with the amount of drug

administered and individuals who metabolize the drug

slowly (slow acetylators) are particularly at risk.

Most or all of the responsible drugs appear to produce

a lupus-like syndrome de novo rather than activating
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latent SLE (84). 1) As already noted the majority of

persons receiving sustained procainamide therapy in sub-

stantial dosage develop antinuclear antibodies. In addi-

tion, in a prospective study of patients going on procain-

amide therapy most of the individuals developing anti-

nuclear antibodies during treatment had had negative

serologic reactions for these antibodies originally (10). 2)

In general, clinical patterns differ in drug-induced and

spontaneous SLE in that involvement of male patients is

relatively frequent and leukopenia, anemia, nervous sys-

tern, cutaneous, and renal involvement are less frequent

(42, 46). 3) Serum complement levels in drug-induced

SLE are normal in contrast to spontaneously occurring,

clinically active SLE (123). 4) The specificity of the anti-

DNA antibodies differs in that antibodies reactive with

native (double stranded) DNA are much more frequent

in SLE than in drug-induced lupus. Moreover, the spec-

ificity of the antibodies in drug-induced SLE may show

considerable selectivity. In hydralazine-induced lupus,

for example, the antibodies are primarily directed toward

histones, which is very unusual in spontaneous SLE.

a-Methyldopa produces an autoimmune hemolytic

anemia in which the antibodies are directed toward na-

tive antigens on the red cell surface and the drug is

clearly not required as a hapten in the reaction (130).

Clinically significant hemolysis develops in something

under 1% of individuals receiving the drug in substantial

dosage over a period of at least several months. However,

red cell bound antibodies (as indicated by direct Coombs’

antiglobulin reactivity) is demonstrable in as many as

10% to 15% of treated individuals (130); this indicates

that antibody formation is relatively frequent. a-M#{233}th-

yldopa induced hemolytic anemia is more common in

Caucasians than in blacks, Orientals, and Indians, sug-

gesting the importance of genetic factors. Evidence of

immunoglobulin binding to red cells is almost always

delayed for at least several months after the start of

treatment. This delay is not shortened when a patient

with a previous positive reaction that has subsided is

restarted on the drug. In addition to a-methyldopa, me-

fanamic acid (which is unrelated structurally to a-meth-

yldopa) has been reported to cause autoimmune anemia

involving autoantigens on the red cell whereas L-dopa (a

structurally related drug) causes a positive antiglobulin

reaction but very rarely produces overt hemolysis.

The antibodies involved in a-methyldopa induced au-

toimmune hemolytic anemia are IgG immunoglobulins

predominantly in the IgG1 subclass. They have specificity

for ordinary Rh determinants present in many individ-

uals and unlike penicillin-induced hemolytic anemia

there is no requirement that the drug be present in order

for a reaction to occur. In hemolytic anemia associated

with a-methyldopa administration, an antibody eluted

from the patient’s red cells when clinical manifestations

of hemolysis were at a maximum was stored and later

was shown to bind to the patient’s own red cells, well

after recovery when the antiglobulin test was negative.

Thus, a true autoantibody was present with reactivity for

autologous red blood cells synthesized when no drug was

available. After cessation of a-methyldopa therapy, din-

ical improvement usually occurs slowly over a matter of

months and positive antiglobulin reactivity may persist

for at least several years. The major difference from the

anti-Rh antibody in spontaneously occurring autoim-

mune hernolytic anemia is its lower affinity and greater

heterogeneity of specificity and structure (5). The lower

affinity may explain why individuals who receive the

drug frequently have a positive direct Coombs’ test, but

fail to develop anemia. There is a good correlation be-

tween the incidence of a positive antiglobulin reaction

and the dose of the drug administered.

Another possible relationship between a drug and an

autoimmune process is the hemorrhagic alveolitis simu-

lating Goodpasture’s syndrome, seen in association with

penicillamine therapy. Polymyositis has also been de-

scribed in individuals with rheumatoid arthritis treated

with penicillamine and while rheumatoid arthritis itself

may cause muscle inflammation, remission and exacer-

bation of muscle manifestations occurred in association

with withdrawal and reinstitution of the drug (19).

A clinical syndrome related to but distinct from drug-

induced SLE has been produced by venocuran, which is

a mixture of pharmacologically active substances used in

the treatment of venous disease in Europe. Affected

individuals developed symptoms very similar to those in

drug-induced lupus, including arthralgia, pleuritis, fever,

myalgia, and pericarditis, but the serum contained pri-

marily antimitochondrial instead of antinuclear anti-

bodies.
Another very interesting reaction to a drug simulating

a spontaneously occurring connective tissue disorder has

been seen in response to practolol, which was used at one

time therapeutically as a selective $-blocking agent. The

affected individuals developed eye manifestations similar

to those in Sjogren’s syndrome, a common autoimmune

disorder affecting the eyes, joints, and exocrine glands,

(33). Practolol and other fl-blocking agents also produce

a lupus-like syndrome.

Penicillin produces a tubular nephropathy in which

both hurnoral and cellular immune mechanisms have

been postulated. It appears possible that penicfflin-in-

duced nephropathy may initiate the development of au-

toimmunity to renal tubular antigens in this situation.

The serum of one patient with nephropathy occurring

during penicillin therapy contained antibodies reactive

with tubular epithelial basement membrane in a normal

kidney that had not been exposed to penicillin (12). The

presence of the antitubular basement antibodies suggests

a drug-induced autoimmune reaction in which renal tu-

bular cells exposed to high concentrations of penicillin

became chemically altered; this results in the interrup-

tion of immunologic tolerance (80).

An inhibitor of coagulation factor VIII which may or

may not produce bleeding manifestations has been de-
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scribed in association with penicillin therapy (53). The

inhibitor appears to be an antibody with specificity either

for factor VIII alone or for both factor VIII and penicillin.

In one study penicillin was reported to block the antifac-

tor VIII activity of the immunoglobulin, and a resin

containing bound penicillin removed it entirely. One pos-

sible explanation is that an antipenicillin antibody is

present which has fortuitous crossreactivity for an area

on the factor VIII molecule which is critical in its pro-

coagulant activity (84).

Induction of antibodies and sensitized lymphocytes

with specificity for a cell surface lipoprotein autoantigen

in hepatocytes has been suggested as a possible disease

mechanism in oxyphenisatin and a-methyldopa induced

chronic active hepatitis, where the disease progresses

after the drug is withdrawn (29). Some evidence is avail-

able to indicate that an autoimmune reaction to this

antigen may contribute to the acute liver damage in

halothane-induced hepatitis.

Some possible, but not necessarily mutually exclusive

mechanisms for drug-induced autoimmunity have re-

cently been presented (85): 1) direct substitution of the

hapten on a protein or other macromolecule altering it

immunologically and breaking immunologic tolerance; 2)

a direct effect of the drug on normal immune control

mechanisms, such as a direct toxic or pharmacologic

action interfering with normal suppressor T cell function

or blocking of the reticuloendothelial system leading to

ineffective immune complex disposal; 3) an immune re-

sponse to the drug with a fortuitous crossreaction be-

tween the haptenic determinant of a drug and a normal

tissue antigen; 4) a superimposition of an immunologic

response to a drug on a preexisting subliminal autoim-

mune process leading to overload of normal control

mechanisms; 5) denaturation or redistribution of a nor-

mal tissue constituent due to drug binding or drug in-

duced cytotoxicity; 6) activation of a latent viral or other

infection due to nonspecific immunosupression or a direct

metabolic action of a drug; 7) an action of the drug as a

direct polyclonal mitogen or some other form of immu-

nologic adjuvant.

As discussed above, the possibility that drug-induced

SLE is due to unmasking of latent classical SLE by the

drug now seems largely excluded by prospective studies,

the different spectra of organ involvement and certain

differences in the specificities of the autoantibodies

formed in the drug-induced and spontaneous forms of

the disease (84). One situation in which a drug appears

to be acting by affecting normal immune control mech-

anisms is the enhanced immunologic activity associated

with cytoxan and therapeutic radiation. While such treat-

ments can suppress autoimmune processes, under the

right circumstances they may also enhance them, as has

been clearly shown in the inbred mouse models for SLE.

This enhancement by cyclophosphamide is probably due

to a direct cytotoxic effect on suppressor T cells. Inter-

estingly IgE responses appear to be particularly suscep-

tible to control by suppressor T cells and, while docu-

mentation in man is limited, in animals cyclophospha-

mide has been shown to produce very marked increases

in IgE antibody formation. Exacerbations of SLE re-

ported in association with estrogen therapy (usually in

the form of contraceptive drug combinations) are pre-

sumably due to a direct hormonal action, perhaps at the

level of immune B cells or T cells since sex hormones

profoundly affect the course of SLE in animal models for

the disease. In regard to the lupus-like syndromes asso-

ciated with $-adrenergic blocking agent therapy, it

should be noted that T cells contain receptors for date-

cholamines and are altered functionally by adrenergic

agonists and antagonists. One of the drugs that produces

a lupus-like syndrome in man, procainamide, recently

has been reported to directly stimulate B cells in vitro.

Since polyclonal mitogens for B cells such as lipopoly-

saccharide can stimulate autoantibody formation in vivo

in genetically predisposed mice this observation is of

interest although convincing evidence that procainamide

can function as a polyclonal mitogen in vivo is not yet

available.

A number of the drugs that produce lupus-like syn-

dromes are nitrogen-containing compounds with one or

two benzene rings which are susceptible to oxidation (82,

84). Antibodies formed in response to these drugs might

fortuitously crossreact with one or more of the bases in

DNA. Indeed Hess, and Litwin, and associates (132) have

artificially conjugated hydralazine and a hydralazine me-

tabolite to serum albumin and induced antibodies in

rabbits that reacted with DNA as well as with haptens.

Moreover, patients with hydralazine-induced lupus have

antibodies that react with diazotized hydralazine coupled

to red cells and their lymphocytes undergo very weak

but possibly significant responses to the free drug, sug-

gesting that an immune response to the hydralazine may

have occurred (42). Moreover, direct evidence is emerg-

ing that hydralazine and procainamide give rise to read-

tive metabolites in vitro when the appropriate hepatic

enzyme systems are present (85). In addition, procain-

amide can be induced photochemically to react with

DNA increasing its antigenicity (9). If reactive metabo-

lites of procainamide and hydralazine interacted to dif-

fering extents with different macromolecules in the flu-

cleus this would explain the distinctive antinuclear read-

tivities seen with the two drugs which differ from one

another and from spontaneous SLE. While a nonselective

interruption of immunologic tolerance still has to be

considered, I find this possibility to be considerably less

attractive, at least for most of the drugs that produce

lupus-like syndromes.

The mechanism of the formation of the autoantibodies

in a-methyldopa-induced hemolytic anemia is unclear

(84). While there is no convincing evidence that the drug

is acting as a hapten, it might be denaturing the red cell

surface making the Rh antigens more immunogenic; a-

methyldopa is subject to autooxidation giving it potential
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reactivity with protein and it can even be used as a

substitute amino acid in a protein. A pharmacologic

effect on the immune system of affecting normal mech-

anisms of tolerance also has to be considered. In this

connection it is of interest that antinuclear antibodies

and rheumatoid factor activity are not infrequently de-

monstrable in patients with a positive Coombs’ test while

taking a-methyldopa. However, such antibodies are often

not demonstrable in other patients with a-methyldopa-

induced anemia or with mefenamic-acid-induced hemo-

lytic anemia making the significance of this finding un-

clear. Certainly the spectrum of autoantibodies is consid-

erably less impressive than it is in spontaneously occur-

ring SLE.

Organ-Directed Drug Reactions Suspected to Be
Allergic

The role of allergy in drug-induced inflammation of

the liver, kidney, lungs, and blood vessels is not well

delineated. Many of the reactions in the liver appear to

involve some form of direct toxicity, as suggested by a

higher overall reaction frequency, rapid induction of

symptoms in the absence of known previous exposure, a

reasonably consistent dose dependency in different mdi-

viduals, an inability to demonstrate marked fluctuations

in sensitivity in serial studies of the same individuals,

and an absence of pathologic features which suggest an

allergic response. Moreover, some of the offending agents

produce direct toxic effects on liver cells in vitro indicat-

ing that a straightforward mechanism exists for the pro-

duction of tissue damage that does not require the par-

ticipation of the immune system (78, 80). On the other

hand, some of these reactidns have features which

strongly suggest an immune mechanism. Drug-induced

hepatitis will be used for purposes of discussion since

drug reactions involving the liver are common and med-

ically important. Moreover, they illustrate some of the

problems in interpretation for all forms of organ directed

drug toxicity where allergy is suspected as a possible

mechanism.

The first drug to receive widespread attention as a

possible cause of allergic hepatitis was thorazine (chior-

promazine). Jaundice has been reported to occur in 1%

to 3% of all patients receiving chlorprornazine (135). The

clinical picture is that of a cholestatic jaundice closely

simulating primary biiary cirrhosis and extrahepatic bil-

iary obstruction (133). Clinical or laboratory evidence of

marked hepatocellular damage is rare, but mixed hepa-

tocanicular picture is not infrequent (135). Other phe-

nothiazines and chiordiazepoxide produce a similar din-

ical syndrome. Generally there is a latent period of one

to four weeks after beginning treatment before the onset

of jaundice. If jaundice does not occur within the first

few weeks of phenothiazine treatment, it is unlikely to

occur later although there are rare exceptions. As far as

extrahepatic manifestations suggestive of allergy are con-

cerned, rash or leukopenia is present in only about 5% of

patients but eosinophiia is present in about two-thirds

(48). Liver biopsy is very helpful in the differential diag-

nosis. The typical pathologic change is that of cholestatic

hepatitis, frequently with eosinophilic and lymphocyte

infiltration in the peripheral areas. In approximately 50%

of patients readministration of small doses of the drug

results in prompt recurrence of jaundice, other manifes-

tations of hepatic dysfunction or both. Hyposensitization

has been possible in a few individuals, usually by cautious

readministration after a period of drug withdrawal. How-

ever, further use of these drugs when a reaction is known

or strongly suspected is justified only rarely. In the

absence of further drug therapy the prognosis for corn-

plete recovery is very good-one-third of patients recover

completely within four weeks, another third in four to

eight weeks (135). The remainder require at least several

months to return to normal. Occasionally there is a

prolonged course with clinical, histologic, and biochemi-

cal features typical of primary biliary cirrhosis.

More recently the fulminating hepatitis induced by

halothane has been strongly suspected to have an allergic

etiology and has received particular attention. Halothane

(2-broma-2-chloro-1,1, 1 trifluoroethane), was introduced

into clinical pharmacologic use as a general anesthetic in

1956 and had since gained more or less general accept-

ance as the agent of choice for generalized anesthesia.

The clinical picture of the hepatitis is primarily that of

acute hepatocellular dysfunction, developing a few days

to several weeks after generalized halothane anesthesia.

Halothane-induced hepatitis typically occurs in an mdi-

vidual who has been exposed previously to the same

agent. In a recent study, 24 of the 26 patients with

hepatitis had received halothane more than once and 18

had it twice within a four-week period (72). Multiple

exposures to halothane within the same four-we�k period

appear to be particularly hazardous, although even here

the risk of jaundice is probably no greater than 1 to 3 per

6000 patients. When jaundice occurs after halothane use,

the prognosis is serious. In a review by Little in 1968 (62)

the mortality rate was calculated to be 35% in the 400
patients who had developed this complication. If recov-

ery occurs, however, it is almost always complete. In

nonfatal cases there is diffuse hepatocellular injury re-

sembling the pathologic picture found in acute viral

hepatitis. In fatal cases there is likely to be widespread

necrosis which may be particularly marked in the centri-

zonal areas, and resembles the lesion of acute carbon

tetrachloride poisoning.

The possible role of allergy in halothane hepatitis has

been much discussed (127). Apart from the frequent

history of multiple exposures to halothane in affected

individuals, perhaps the most striking indication that

allergy may be involved is the description of an anesthe-

siologist who developed jaundice repeatedly after admin-

istering anesthesia with halothane. Also, jaundice occur-

ring after halothane use is sometimes accompanied by

eosinophilia. Fever is usually a premonitory manifesta-
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tion of the liver dysfunction, often appearing four to six

days postoperatively, followed by jaundice within the

next several days. After multiple recent exposures to

halothane the fever may recur within several hours. The

accelerated appearance of fever in a situation where a

prior sensitization may have occurred is certainly con-

sistent with an allergic reaction. On the other hand, some

of the suggestive features present in the hepatitis induced

by phenothiazine are absent.

The hepatitis induced by anticonvulsants, aminosalic-

ylates, sulfonamides, and a-methyldopa is similar to that

produced by the phenothiazines and to a less extent to

halothane reactions in that there is frequently one or

more features that suggest allergic inflammation includ-

ing fever, skin rash, eosinophiia, leukopenia, infiltration

of the liver with eosinophiles, lymphocytes or plasma-

cytes, lymphodenopathy, and recrudescence or appear-

ance for the first time of symptoms on reexposure to low

doses of the drug (82, 84, 115, 116, 134). Moreover, the

onset of hepatitis is typically delayed and some individ-

uals who have previously failed to tolerate the drug can

tolerate it in full dosage later. Other individuals taking

equal or even much greater quantities of these drugs may

show no evidence of hepatic damage, whereas some may

develop a recrudescence of symptoms when challenged

with very small quantities of drug. Finally, a number of

these drugs are recognized as causing allergic reactions

outside the liver thus increasing the possibility that he-

patic inflammation might occur on a similar basis. Man-

ifestations suggestive of allergy may also be present in

hepatic reactions to phenylbutazone, zoxazolamine, ni-

trofurantoins, iproniazid, indomethacin, isoniazid, chlor-

propamide, and erythromycin estolate (82, 84, 134).

Despite certain pathologic, clinical, and epidemiologic

features suggestive of allergy in these reactions, the only

definitive way of proving that the reaction to a drug is

immunologic is to demonstrate that there is altered im-

munologic reactivity (85). In view of the importance of

the liver microsomal cytochrome P-450 system in the

overall oxidative metabolism of drugs (100), one might

suspect that the formation of reactive metabolites pre-

sumably involved in drug immunogenicity would be par-

ticularly prominent in the liver, but at present there is

no real evidence directly implicating this pathway in

allergic responsiveness either within or outside the liver

(82). Even under circumstances in which large quantities

of active metabolites are known to be formed in the liver

and to produce direct hepatotoxicity, as in acute acet-

aminophen poisoning, there is no evidence for an asso-

ciated immune response. However, admittedly this pos-

sibiity may not have been subjected to careful analysis.

It is perhaps more significant that no real evidence

implicating an allergic mechanism in thorazine-induced

jaundice has been forthcoming even though this form of

liver disease has been presumed to be a major model for

drug-induced allergic hepatitis for many years.

Attempts to directly substantiate that an immune

mechanism exists in halothane-induced hepatitis have

been more suggestive, but as yet have to be considered

as inconclusive. Paronetto and Popper (92) reported that

positive lymphocyte transformation responses could be

obtained with halothane in 10 of 15 subjects with sus-

pected halothane hepatitis. However, with rare excep-

tions subsequent similar studies have been negative or

unconvincing (127). On the other hand Price et al. (98)

and Davis et al. (20) have reported that a high percentage

of patients show a modest but significant lymphokine

response [production of a factor that inhibits leukocyte

migration (LIF)] when their lymphocytes are stimulated

by halothane. Moreover, Eddleston and his colleagues

have observed that positive responses can sometimes be

obtained by administering the drug to rabbits, allowing

time (usually 12 hours) for the drug to be metabolized in

the liver, obtaining crude liver homogenates, and using

these preparations to stimulate lymphokine production

by lymphocytes from patients with halothane hepatitis

(29). Moreover, the serum of these individuals appeared

to contain antibodies which reacted with the liver cells

of halothane treated animals. However, not all individ-

uals with halothane-induced liver damage showed evi-

dence of altered immune reactivity and alterations were

sometimes absent when the patient was first examined

even though liver damage was already present and later

immunologic analysis was positive (25). Mathieu et al.

(65) have reported that trifluoroacetate, a metabolite of

fluroxene and halothane, can be conjugated to serum

proteins and animal liver cells and used to induce delayed

hypersensitivity in guinea pigs; this suggests that a spe-

cific metabolite might be responsible for the induction of

an immune response to halothane. Taking the results of

these various studies together, it appears that an immune

response can occur in association with halothane hepa-

titis. However, it remains to be demonstrated that allergy

plays a major role in the initial tissue destruction occur-

ring in this organ.

Reactions Involving Lymphoid Cells

Phenytoin- or mephenytoin-induced serum sickness

may be associated with or superseded by prolonged and

marked lymphadenopathy, occasionally simulating ma-

lignant lymphoma (107). Less frequently other drugs

such as sulfonamides, propylthiouracil, p-aminosalicylic

acid, and procainamide may produce this response (84).

This syndrome may also occur in the absence of an overt

serum sickness episode. As a rule clinical manifestations

improve considerably or subside completely within a few

weeks after the drug is withdrawn. In rare instances

patients with hydantoin-induced lymphadenopathy have

gone on to develop progressive manifestations of invasive

lymphoid disease with classic manifestations of Hodg-

kin’s disease or other form of lymphoma at autopsy.

Whether this represents the de novo development of

lymphoma related to drug use due to an unusually in-

tense inununologic stimulus without effective negative
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feedback, failure of immune survefflance, or a chance

association with spontaneously developing lymphomas is

not clear (116). Certainly these antiepileptic agents are

commonly used drugs and this particular complication is

rare. Nonetheless, it is of interest that sustained pheny-

toin therapy may be associated with decreased produc-

tion of immunoglobulins, particularly IgA, as indicated

by decreased serum levels, so it is possible that the drug

is sufficiently potent as an immunosuppressive agent to

interfere with normal immunologic survefflance. In a

study by Grob and Herold (40, 41) decreased IgA levels

were present in 5 of 20 patients who had received pro-

longed treatment with phenytoin in substantial dosage.

Only one of these individuals had lymphadenopathy.

Decreased complement levels were also frequent in this

study, as were negative reactions to delayed skin anti-

gens. Prolonged administration of phenytoin may also be

associated with altered peripheral blood lymphocyte

numbers and spontaneous incorporation of tritiated thy-

midine into these cells in vitro, suggesting that activation

may be occurring in vivo (63). Direct effects of phenytoin

in vitro on normal lymphocyte responses to mitogens

also have been described. Whether these effects explain

the depression of IgA levels and alterations in delayed

cutaneous sensitivity seen in vivo remains to be estab-

lished. The drug concentrations required for in vitro

effects are high and other mechanisms need to be consid-

ered.

A clinical syndrome possibly related to drug-induced
lymphadenopathy is iminunoblastic lymphadenopathy,

a frequently fatal, quasi-neoplastic condition character-

ized clinically by hyperglobulinemia and lymphadenop-

athy (38, 54, 99). The lymph nodes in this disease show

marked accumulation of immunoblasts, plasma cells and

lymphocytes, and extensive proliferation of small blood

vessels, frequently with destruction of nodal structure

(38). Extracellular deposition of an uncharacterized

amorphous acidophiic periodic acid-Schiff positive ma-

terial is frequently present. Less marked morphologic

changes are present in the spleen, liver, and bone marrow.

The disease usually occurs in patients over the age of 50,

beginning suddenly, frequently in association with ther-

apy with drugs such as penicillin or phenytoin or after a

recent acute infection. Other manifestations may include

fever, hepatosplenomegaly, Coombs’ positive hemolytic

anemia, leukocytosis, and thrombocytopenia. Fre-

quently, the clinical course is rapidly downhffl with more

than half of the patients dying within two years (99). The

hypergammaglobulinemia is usually of the polyclonal

type with increases in the serum concentration of several

imrnunoglobulin classes. Dysgammaglobulinemia may

also occur and monoclonal bands are occassionally pres-

ent. Autoantibodies of various types may be demonstra-

ble in the serum. Marked increases in the percentage of

B-lymphocytes, some of which have a plasmacytoid ap-

pearance, may be demonstrable in the peripheral blood.

Altered responsiveness of peripheral blood B cells to

lipopolysaccharide, a nonspecific B cell mitogen (39),

may be demonstrable (54).

The nature of the disease, taken together with the

ability of both drugs and acute infections to precipitate

it, suggests that the initiating event may be an antigenic

stimulus that is not handled appropriately by the im-

mune system presumably because normal mechanisms

for the control of lymphoid proliferation fail. This may

lead not only to encroachment by the proliferating lym-

phocytes on surrounding tissue but also to the release of

lymphokines that alter the response of otherwise unaf-

fected lymphocytes and act directly on small blood yes-

sels to induce their proliferation.

Acute Systemic Drug Reactions Simulating

Allergy

Many acute life-threatening systemic reactions to

drugs or diagnostic agents have an uncertain etiology

(85). Although systemic anaphylaxis is simulated clini-

cally and is difficult to exclude, most of these reactions

are probably nonallergic in etiology. Some may be due to

the nonspecific release of vasoactive amines or some

other form of activation of nonspecific immunologic ef-

fector mechanisms, although pharmacologic hypersensi-

tivity or allergy also must be considered. lodinated ra-

dioopaque dyes which cause severe reactions in about 1

in 1000 examinations release histamine nonspecifically

by a direct effect on mast cells or basophils, although

high concentrations are required (34, 102). Moreover, it

has been reported in dogs that contrast media produce

an elevation in plasma histamine in veins draining organs

with a high histamine content (58) and that histamine

levels may be increased in peripheral blood and may

occur during examination with contrast media (13). Since

the contrast dye solutions used clinically are markedly

hypertonic the possible importance of osmotic effects in

these responses have been repeatedly considered (34,

102). This is an attractive possibility since hypertonic

solutions of sucrose and glucose can also produce sys-

temic reactions and stimulate histamine release in vitro

(34). Another possible cause of iodinated dye reactions is

activation by the alternative pathway of the complement

system. This might result in the formation of histamine-

releasing peptides (anaphylotoxins) or other peptides

which act on small blood vessels. While a role for ana-

phylactic mediators in these reactions is attractive, his-

tamine itself may not be the major mediator. Moreover,

it should be kept in mind that increases in plasma his-

tamine can occur during contrast dye infusions in the

absence of any symptoms. Obviously further studies in

regard to possible mechanisms are needed.

Intravenous anesthetic agents that have caused acute

systemic reactions resembling anaphylaxis include al-

thesin, thiopentone, suxamethonium, d-tubocurarine,

propanidid, and methylhexitone (28, 35). In a recent

survey of 86 episodes of hypersensitivity to i.v. anesthetic

agents, althesin was responsible in 70 and thiopentone in
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12; all 4 deaths were due to thiopentone (28). Althesin

produced a serious reaction in about 1 in 15,000 admin-

istrations of the drug. While the incidence of reactions to

these agents is apparently increasing, this may be due to

increased reporting. Pentothal, a short-acting barbiturate

given i.v. for brief general anesthesia also occasionally

causes acute laryngeal or bronchial spasm. While the role

of allergy in these reactions is uncertain, it is suggested

by the frequency, reported to be as high as 90% (28), with

which serious reactions followed the use of an agent

which had caused a previous reaction. Most of these

agents have been reported to produce acute increases in

plasma levels of histamine, but the mechanism of the

increase is not clear (35).

Local anesthetics may produce a variety of systemic

symptoms including disorientation, urticaria, circulatory

or respiratory collapse, convulsions, and coma. A role for

allergy is suspected in some of these reactions but is not

well-documented experimentally. Fortunately, even

when a serious reaction has occurred it is ordinarily safe

to substitute a structurally unrelated local anesthetic if

future local anesthetic use is required (84).

Opiates produce nonspecific skin responses when in-

jected locally, probably because they are nonspecific

releasers of histamine and presumably other mediators

of immediate hypersensitivity (83). In vitro studies mdi-

cate that the addition of codeine and morphine to isolated

mast cells or basophils in vitro can directly stimulate

histamine release (52). The role of pharmacologic media-

tors of hypersensitivity in systemic reactions to opiates

is much more uncertain (83). Very large quantities of

opiates given i.v., particularly heroin, in addicted or

nonaddicted individuals may produce acute respiratory

distress, as well as respiratory depression and the clinical

and pathologic changes of acute pulmonary edema (26,

36, 37, 103). This has become an important cause of death

in teenagers and young adults in this country, particu-

larly in low income urban areas. Barbiturates which do

not resemble heroin structurally also cause pulmonary

edema when given in marked overdosage, although this

is considerably less common (37) . The acute pulmonary

edema syndrome can also occur after oral overdosage

with narcotics or nasal insuffiation; this indicates that

exposure via the i.v. route is not obligatory (26, 36, 37).

The syndrome of respiratory depression induced by her-

Omn and other addictive drugs is usually accompanied by

stupor and malaise, thus suggesting a possible role for

hypoxia in the response. However, occasionally the pul-

monary edema has not become clinically overt until after

the respiratory depression has subsided; this suggest that

hypoxia per se may not be crucial in the response. The

role for allergy in these reactions is doubtful. To my

knowledge systematic attempts to demonstrate IgE anti-

bodies to opiates by cutaneous testing have not been

reported but would be complicated by the nonspecific

irritancy of these drugs in the skin in any event. Although

bronchospasm may be induced by opiates, particularly in

a drug abuser who also has chronic bronchial asthma,

the usual clinical and pathological picture in the lung

following an overdose of heroin is not that of an acute

allergic reaction. Moreover, circulatory collapse is not a

prominent early clinical feature and it has been reported

that the entire clinical syndrome can be reproduced

during an initial exposure to the drug (103). It seems

possible that the change in pulmonary function involves

a combination of localized nonspecific histamine release

in the lung resulting in increased pulmonary capifiary

permeability, usually in combination with central respi-

ratory depression (83). Brashear et al. (14) have reported

that i.v. injections of heroin or morphine can produce

increased plasma histamine concentration in dogs.

While the acute pulmonary edema produced by heroin

abuse is almost certainly not an anaphylactically me-

diated reaction, there is evidence to indicate that anti-

body formation does occur during chronic opiate use in

man. Most opiate addicts studied in New Mexico (105)

showed increased levels of one or several immunoglobu-

lins in their serum. Moreover, many sera of these con-

tamed increased binding activity for radiolabeled mor-

phine. While a subsequent study did not confirm this

latter finding (120), a radioactive hapten marker of lower

specificity was employed that may have reduced the

sensitivity of the analysis. It is also quite possible that

regional differences in the drug preparations used by

addicts in the two studies might explain the variation in

results. The evidence for morphine immunogenicity in

man is supported by studies in experimental animals in

which it has been shown that antimorphine antibodies

are produced in rabbits when morphine is administered

repeatedly in adjuvant (101). Transformed lymphocytes

are not infrequently seen in the peripheral blood in opiate

addicts, providing possible further support for an in vivo

allergic drug reaction ( 109) . Nonetheless, there is some

evidence that the abnormality in lymphocyte morphol-

ogy may persist after all known use of the drug has been

stopped, so, it may not be related to an ongoing immu-

nologic response as such. Indeed, evidence is emerging

that opiates may exert a pharmacologic action on human

peripheral blood lymphocytes, particularly T cells.

In addition to possible allergic manifestations, a major
role for antimorphine antibody formation in induction of

tolerance to the pharmacologic actions of narcotic agents

has been suggested. While there is no doubt that anti-

bodies can partially block or reverse the effects of opiates

in experimental animals in vivo when limited amounts of

opiates are given, it is very doubtful that the usual

manifestations of opiate tolerance can be explained by

this mechanism (83). It is unlikely that enough antibody

could be produced to neutralize the very large quantities

of opiates that can be tolerated in individuals who are

chronically addicted. Moreover, tolerogenic effects of

opiates can be demonstrated locally at the level of the

responding cells in the central nervous system under

conditions in which the immune system cannot be impli-

cated.

Even though it is very doubtful that antiopiate anti-
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bodies can be implicated in opiate tolerance, as reported

originally in 1970 by Spector and Parker, conjugates of

morphine and related agents with proteins can be used

to raise antimorphine antibodies for use in radioimmu-

noassays and pharmacologic studies. Such antibodies

have been widely used in the detection and experimental

study of opiate addiction. As discussed elsewhere in this

symposium, suitably chosen antibodies readily discrimi-

nate between heroin, morphine, methadone, and other

drugs.

In susceptible individuals aspirin produces rhinitis,

acute bronchospasm, urticaria, or, even very rarely, sud-

den death. A few of these reactions appear to represent

IgE-mediated reactions to aspiroyl groups probably due

to the presence of aspiroyl anhydrides in commercial

aspirin (83). However, the vast majority probably have

some other mechanism which may involve an ability of

aspirin to nonspecifically release histamine and other

pharmacologic mediators of immediate hypersensitivity,

such as SRS. Some individuals with aspirin sensitivity

have a history of vasomotor rhinitis and asthma, often

present for many years before difficulties with aspirin are

identified (108). Aspirin also may cause symptomatic

exacerbations in individuals with urticaria, regardless of

the underlying cause. As a rule, respiratory symptoms

are absent when urticaria is prominent thus indicating a

different site or possibly even a different mechanism of

action than in aspirin sensitive asthma. When individuals

with adult onset idiopathic asthma who do not have

known aspirin sensitivity are challenged under controlled

conditions with aspirin, approximately 10% experience

an acute exacerbation of their respiratory symptoms that

appear from 10 minutes up to four hours after challenge.

When the challenge is repeated the response may be

much less marked, suggesting the depletion of an inflam-

matory mediator (67).

The mechanism of these reactions is not completely

clear. Organic chemicals such as tartrazine, a yellow dye

used as a food and drug additive, and other nonsteroidal

antiinflammatory agents (antipyrine, mefenamic acid, or

idomethacin), which do not resemble aspirin structurally,

also frequently cause reactions in these patients (108).

Most of these agents interfere with prostaglandin biosyn-

thesis. This suggests that sudden interference with the

cyclooxygenase pathway may underlie the symptomatic

exacerbations. Arachidonate metabolites with broncho-

dilator activity such as PGE2 or prostacyclin may be

present in increased amounts in the lung of these mdi-

viduals as a compensatory mechanism for some chronic

local inflammatory stimulus (83). When their synthesis

is suddenly inhibited an acute symptomatic exacerbation

occurs. Alternatively, these drugs may increase the for-

mation of SRS, a potent bronchoconstrictor shown by

our laboratory to be a product of the lipoxygenase path-

way. Both aspirin and indomethacin consistently en-

hance SRS biosynthesis in model animal systems. Part

of this effect is almost certainly due to their inhibitory

action on the cyclooxygenase pathway, which increases

the availability of free arachidonate substrate for SRS

synthesis. Moreover, these agents also inhibit the long

chain fatty acid peroxidase which metabolizes the im-

mediate SRS precursor, 5-hydroperoxyeicosatetraenoic

acid, providing an additional mechanism for enhanced

SRS release. We have recently studied the peripheral

blood leukocytes of three patients with aspirin-sensitive

asthma and in two it appears to increase the release of

SRS in response to the divalent cation ionophore,

A23187, as well as increased formation of other lipoxy-

genase products (85). These results suggest the possibility

that some aspirin-sensitive patients may have abnormal-

ities of lipoxygenase metabolism, but further studies are

needed.

New Approaches in Prevention and Treatment

Ordinarily, withdrawal of the causative agent and

treatment, if necessary with appropriate antiallergic

agents for severely symptomatic or medically important

complications of drug allergy, results in the rapid control

of allergic manifestations. Based on recent or earlier work

other approaches to the prevention or treatment are

theoretically possible including the use of univalent hap-

ten inhibitors (22, 78, 89), antiidiotype antibodies, and

tolerogenic drug-macromolecular conjugates (51). How-

ever, the everyday practicality, efficacy, and safety of

these approaches in man remains to be established. For

example, it has been evident for some time that univalent

penicilloyl haptens can be used to prevent and treat

anaphylaxis related to this hapten (22, 88, 89), but this

approach will not work if the allergy is primarily directed

toward other penicillin determinants and the possibility

of rare reactions to the hapten itself would have to be

considered (84). Many of the same comments could be

made in regard to the use of antiidiotypic antibodies or

tolerogens for preventive purposes. Nonetheless, it is

exciting to consider that one day approaches such as

these may be put to practical use.

Summary

The general features of allergic drug reactions in man

have recently been reviewed by Parker (85). By definition

allergic drug reactions are produced by specific immu-

nologic processes. Allergic drug reactions must be distin-

guished from adverse reactions due to overdosage, nor-

mal pharmacologic action, toxic metabolite formation,

idiosyncrasy, nonspecific release of pharmacologic effec-

tor molecules, or drug interactions. The clinical manifes-

tations of drug allergy are quite protean. In addition to

classical manifestations of allergy such as serum sickness,

anaphylaxis, contact dermatitis or urtica.ria, drug allergy

may produce hemolytic anemia, thrombocytopenia, gran-

ulocytopenia, hepatitis, nephritis, pneurnonitis, vasculi-

tis, or neuritis where a single organ or cell type is affected.

While many drugs produce reactions with features

suggestive of allergy, definitive experimental evidence

either for or against an allergic mechanism is usually not

available. Some of these reactions may involve allergic
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mediators released or produced nonimmunologically

through pharmacologic, osmotic, or toxic effects on cells

involved in immune inflammation (mast cells, basophils,

phagocytes, and lymphocytes) or through nonspecific

activation of effector molecules in extracellular fluid such

as the complement proteins. Drugs may also induce the

formation of autoantibodies through mechanisms that
are largely obscure, but may in some instances involve

the direct participation of the drug as a hapten and in
other instances occur indirectly through a pharmacologic

or toxic action on the cells responsible for immune ho-

meostasis.
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