Annu. Rev. Pharmacol. 1969.9:457-482. Downloaded from www.annualreviews.org
by RENSSELAER POLY TECHNIC INSTITUTE on 12/16/11. For personal use only.

<> aews Further

Quick links to online content

ALLERGY AND DRUG SENSITIVITY OF SKIN*

By D. JosepE DEMIS

Department of Dermatology, Albany Medical College of Union University,
Albany, New York

Adverse drug effects are currently receiving urgent attention, in part be-
cause of their apparent increase in frequency and severity. Tabulation of
reactions is being undertaken by an American Registry of the Section on
Adverse Reactions recently formed by the Council on Drugs of the Ameri-
can Medical Association (1, 2). Many compilations of drug effects exist
(3-9, 24, 25) and the Annual Review of Phamacology (10) and others
(11) have previously considered the problems of Drug Allergy and Drug
Induced Diseases (12-14). Cutaneous manifestations are often prominent
in drug reactions and are far and away the most frequently reported ad-
verse reactions. This review will attempt a discussion of the types of aller-
gic responses and drug reactions occurring in the skin and will be limited
by space almost exclusively to these.

Human skin will be emphasized in this discussion for a number of rea-
sons. The skin is thought to be the most highly evolved organ of man and is
reputed to be primarily responsible for his wide habitat. Human skin is in-
deed different from animal skin: large areas, relatively devoid of hair, with
abundant predominantly eccrine sweat glands coupled with the virtual ab-
sence of apocrine sweat glands and a vast network of thermosensitive re-
sponsive blood vessels, are among the most distinctive features not regu-
larly shared by animal skin. The gross characteristics are obvious, as are
microscopic differences in both the epidermis and corium (15). As a conse-
quence, no reliable animal model is readily available. Although many of the
commoner skin diseases occur in domestic and wild animals (16, 17), their
relationship to human disease is presently uncertain. Young white pigskin is
currently felt to approximate most closely human skin, yet it is a poor and
sometimes capricious model.

In this review, distinction and classification of the numerous types of
currently recognized drug-induced skin lesions will be undertaken. In the
first sections to follow, the classic allergic responses of skin will be dis-
cussed, with a brief definition and synonymous terms based on standard
reference. (18-20). Subsequently, nonallergic and allergic reactions of
skin, primarily human skin, will be enumerated with a brief description of
both gross and histologic features.

! The survey of the literature pertaining to this review was concluded in August
1968.
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Drugs are usually thought to act as haptenes and thus the route of ad-
ministration often influences the type of cutaneous reacion which will de-
velop, e.g., contact dermatitis requires direct application to the skin,
whereas erythema multiforme rarely follows percutaneous absorption. Limi-
tations of space preclude a discussion of the effect of route, but interested
readers are referred to existing summaries (21, 22), and Herxheimer (23)
has previously outlined, in the Annual Review of Pharmacology, methods of
applying drugs locally for study.

ALLERGIC RESPONSES OF SKIN

Arthus phenomenon.—Following the subcutaneous injection of an anti-
gen into a rabbit previously positively sensitized with a specifically related
antibody, a local inflammatory reaction appears within 6 to 8 hr. Necrosis
often develops and histologically an area of hemorrhagic necrosis with cap-
illary thrombosis, karyorrhexis, and related nonspecific inflammatory
changes can be detected (26). The reaction requires vascular tissue and oc-
curs best in rabbit skin. Antigen is not fixed to the blood vessel wall, but
complement participates with a precipitating antibody (26, 27). For a dis-
cussion of the role of complement in allergic injury see (28, 29). Like ana-
phylaxis, the Arthus reaction can be transferred with serum and with cells
(27); the chemical mediator responsible is unknown, although evidence
suggests that histamine is not involved (30). The occurrence of the Arthus
phenomenon in human skin is uncertain, although fragmentation of nuclei
of neutrophils (karyorrhexis), a prominent finding in the arthus phenome-
non, is characteristic of allergic vasculitis in human skin (31). Drugs are
often implicated in allergic vasculitis (32) and the necrotic skin lesions
sometimes associated may represent the Arthus phenomenon. Occasionally
injections or drug ingestion may be followed by purpura and necrosis with
a histologic picture and time course suggestive of the Arthus phenomenon
(28, 29). Isolated reports have appeared of this reaction following many
drugs, but recently coumarin congeners in particular have been associated
(33, 34).

The Schwartzman phenomenon.—Hemorrhagic necrosis at the siteof a
preparatory injection of the skin is the hallmark of the localized
Schwartzman phenomenon. Classically, it is produced in rabbits by subcuta-
neous injection of a bacterial filtrate followed in 24 hr by intravenous injec-
tion of the same bacterial filtrate. The hemorrhagic necrosis reaches a max-
imum intensity at 24 hr and is characterized by an acute inflammatory infil-
trate followed by capillary and venous thrombosis (35, 36). The coagulation
mechanism plays an essential role in the development of the local.
Schwartzman reaction, and heparin (37) or coumarin (38) can prevent the
phenomenon. A specific immunologic mechanism has not been established
for the local Schwartzman reaction, and in fact, immunologically unrelated
substances can be used for the preparatory injection or the provoking intra-
venous dose (30, 35, 36, 39).
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The occurrence of the Schwartzman reaction in any form in man, al-
though long suspected, has never bcen fully established. Purpura fulminans
(an acute, severe hemorrhagic illness of children following acute infce-
tions, especially streptococcal and meningococcal and associated with ex-
tensive infarction and necrosis of skin) is thought to illustrate best the
local Schwartzman phenomenon in man. Like the Schwartzman phenomenon
in rabbits, administration of heparin seems helpful (40). Injections of drugs
on rare occasions are followed by necrosis reaching a maximum in one day,
and are thought to represent illustrations of the local Schwartzman reaction
(assuming an antigenic component) or more often the dermal Schwartzman
reaction (41).

The dermal Schwartzman reaction is the term applied to the local in-
flammatory response elicited by injection of endotoxin into skin (35). Al-
though many believe that this reaction represents delayed hypersensitivity,
the absence of a requirement for a provoking dose, and the absence of an
antigenic component in the endotoxin preparation (42), suggest another
mechanism. Lysosomal activitation, particularly by endotoxin, is one sug-
gested mechanism of injury (43) although attention (36) remains focused
on the ability of endotoxin to induce clotting (44) and to interfere with
reticuloendothelial phagocytic function (45). This reaction has often been
implicated in pyoderma gangrenosa (25) and lepra reactions (46).

Only the rabbit is known to be susceptible to the generalized
Schwartzman reaction (both injections given intravenously lead to hemor-
rhagic necrosis of renal and spleen cortices), but the phenomenon is
strongly suspected in man (41) and several deaths following typhoid vac-
cine accidents have been interpreted as a generalized Schwartzman reaction
(35). Some relation to the Waterhouse-Friderichsen Syndrome is also sus-
pected (35, 41).

Passive cutaneous anaphylaris—Passive cutaneous anaphylaxis results
from intracutaneous injection of antiserum into the skin of a normal guinea
pig, followed 6 hr later by the intravenous injection of antigen. Tissue dam-
age, with fluid transudation from blood vessels, appears to result primarily
from fixation of local antibodies (47). Complement is required in this
highly sensitive test, which is essentially a form of local anaphylaxis (30,
48). Attempts to use this test with passive transfer of sera between differ-
ent species have been generally unsatisfactory, as results are frequently
contradictory., The Prusnitz-Kustner phenomenon (18, 19, 30), in which
serum of patients with atopy is injected intracutaneously, followed by intra-
cutaneous injection of the suspected antigen in the same site in normal
human skin, appears to be analogous (49), although differences, particu-
larly in time course, are well recognized. No other clinical counterparts of
passive cutaneous anaphylaxis appear to be currently recognized.

Anaphylaxis—Following a sensitizing dose of antigen (administered
parenterally or possible orally), antibodies are formed during an incubation
period of varying length and the subsequent administration of the same an-
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tigen (challenge or shock dose) leads to a severe and often fatal systemic
reaction. Ordinarily the challenging dose is given intravenously, although
any parenteral form can lead to anaphylaxis in man and oral agents are
now well known (18, 19) to produce anaphylaxis. Austin (50) has recently
summarized the data on systemic anaphylaxis. The primary target cell and
the mediator vary from species to species. In man, where the term “anaphy-
lactoid response” may be preferable (2), mast cells are considered to be
prime targets, but the mediator released is unknown. In other species (e.g.,
guinea pig), histamine and kinin appear to play predominant roles. The
manifestations of systemic anaphylaxis also vary with the species (see 48):
in man severe respiratory distress with subsequent vascular collapse charac-
terizes anaphylaxis; laryngeal edema often occurs as a unique and fre-
quently fatal component (50). Patients also develop cutaneous manifesta-
tions including generalized urticaria, angioedema, and pruritus, which are
usually assumed to be the result of release of mast cell histamine ; however,
no substantial evidence exists to support this contention and limited clinical
experience with antihistamines has not been rewarding (see 51). However,
at least three immunologic mechanisms capable of releasing histamine from
rodent mast cells have recently been classified by Austin & Becker
(52-54).

The immunologic basis of anaphylaxis has long been studied and a great
deal of information exists (see 18, 19, 30). Over the years many drugs have
been reported (see 51) to produce anaphylaxis with cutaneous manifesta-
tions, but few are as well understood as penicillin; unfortunately space pre-
cludes a thorough discussion. There have been a number of recent reviews
of penicillin allergy (see 2, 55, 56), but to recapitulate, benzyl penicilloyl
has been implicated as the major antigen (57), which in skin testing ap-
pears to have useful predictive value (58). With sensitization, abundant an-
tibodies have been observed in rabbits and guinea pigs (55, 59), and re-
cently in man (55, 60) hemagglutinins and reagin (58, 61) have been de-
tected. Similar antibody detection with anaphylaxis induced by other drugs
has not yet been generally achieved but such success would seem imminent.

Serum sickness.—Clinical serum sickness develops in man within 2 to 14
days after the administration (usually by injection for the first time) of a
serum or drug. It is manifested by arthralgia, lymphadenopathy (sometimes
associated with splenomegaly), and a large variety of skin lesions. Urticaria
or macular erythema is perhaps most common, but erythema multiforme
with vesicles, bullea, and even hemorrhages may occur. Often there is pro-
found angioedema with swelling of the eyelids, hands, feet, and genitals.
Lesions are prone to relapse and often are followed by desquamation. Ex-
perimental serum sickness has been extensively studied in the rabbit (62),
but appears to differ from human serum sickness by the development of ar-
thritis and glomerulonephritis, both of which are rare in man. The clinical
manifestations, including the skin lesions, appear while the antigen is still
circulating but before detectable circulating antibody appears. Conversely,
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the manifestations disappear when the drug is eliminated despite a high
titer of circulating antibody. Lesions are thought to result from deposition
of soluble antigen antibody complexes from the circulation (63), again per-
haps mediated by immunologic release of mast cell histamine (52-54).
Complement fixation with depletion appears to occur and in both drugs and
heterologous protein-indicated serum sickness, complement activity and in
particular the C”3 (beta,, third component of complement) component is re-
duced (64, 65); this can be a very helpful clinical finding. A vast number
of biologics, administered parenterally to man, have in the past led to serum
sickness. The drugs now most commonly implicated include sulfonamides,
penicillin, barbiturates, and anticonvulsants (24, 25, 30), but with current
enthusiasm for horse-antihuman lymphocyte serum for renal transplantation
(66), and with other seras on the horizon, an increase in serum sickness is
predictable.

Drug fever—Drug fever (12, 18, 19, 30), in contrast to serum sickness,
may occur following the readministration of a drug and is usually not per
se associated with an eruption, although the clinical distinction may become
semantic since many of the classical clinical reactions (e.g., erythema multi-
forme) are often associated with fever. Although fever can be mediated by
serum antibodies (67) in rabbits or delayed hypersensitivity (68) in guinea
pigs, little is known of the mechanism and mediators responsible, particu-
larly in man (69, 70).

NONALLERGIC REACTIONS OF SKIN

Side effects.—Side effects can probably be best defined as pharmacologic
effects other than those sought in therapy (71). Examples include straie in-
duced by systemic steroid therapy, blanching of skin by parenteral epineph-
rine, or flushing from atropine. In general, cutaneous reactions are not im-
portant side effects and in view of the frequency with which the term is
misused in relation to skin lesions, it might almost better be ignored.

Toxtc effecis.—Toxic effects usually refer to undesirable pharmacologic
actions which interfere with normal physiologic function and imply exces-
sive pharmacologic activity. As such, there are few bona fide illustrations in
relation to the skin, although industrial and environmental hazards are
often considered toxic effects and topically applied fats are alleged to be
toxic in several species (74). However, the real problem resides with pri-
mary irritant responses (84-86) which are often considered toxic reactions
in that they lead to damage to epidermal cells and connective tissue. Unlike
cutaneous allergens, first exposure leads to damage in most subjects. Or-
ganic solvents, weak alkalies, and detergents gradually remove the surface
lipid film and denature proteins, which leads to dry skin (asteatosis) and
even ichthyosis (fish scales) in susceptible individuals, but without true al-
lergic sensitization (see 72, 82). Similar changes can be induced by soaps,
particularly those containing hexachlorophene (83); some cosmetics also
carry these liabilities (73). Many other irritants are known and extensive
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compilations are available (see 82). The mechanism of their effect is poorly
understood as few detailed studies have been attempted. In general, a con-
centration threshold is required; occlusion and repeated exposure enhance
the effect. Many primary irritants often act also as allergens, thus compli-
cating patch testing procedure (see contact dermatitis).

Cumulative effects—Cumulative effects of drugs on the skin are well
documented for several drugs. Examples include pigmentation (p. 474) in-
duced by chronic exposure to certain drugs and heavy metals, arsenic-in-
duced keratoses (p. 473), steroid-induced changes including acne (p. 472)
and striae (p. 473), hyperkeratosis induced by hypervitaminosis A, and a
few others. In addition, primary irritant responses are often cumulative and
may be termed cumulative insult dermatitis (87). A reversible stage with
increased percutaneous absorption and a chronic stage with epidermal (and
dermal) damage are recognized (87). Differentiation from allergic contact
dermatitis may be virtually impossible,

Drug intolerance—Drug intolerance, whereby unusually small doses
lead to typical pharmacologic effects (5), and drug idiosyncrasy or unchar-
acteristic pharmacologic responses (5) are not now of real importance in
the skin.

Herxheimer reaction—Herxheimer reaction (Jarisch-Herxheimer) is
usually regarded as one of the classic cutaneous reactions (75). It may be
broadly defined as a treatment-induced general reaction (fever) and local
reaction with exacerbation of existing lesions (76) sometimes associated
with headache, sore throat, and malaise. A classic illustration is the fever
and flare-up of lesions of secondary syphilis shortly after therapy. Release
of toxic products as a result of destruction of organisms has been thought
to be responsible. While the local Herxheimer reaction is familiar to clini-
cians who recall arsenical therapy, it does not seem to occur as readily with
penicillin despite a greater treponemicidal effect. This has led to speculation
of another mechanism, possibly involving a direct drug effect, and to occa-
sional doubts concerning the existence of this reaction as a real phenome-
non. However, recent publications (77, 78) have emphasized the usefulness
of fever (general Herxheimer) following penicillin or arsenicals as a con-
firmatory finding in early syphilis.

Altered ecology.—Altered ecology of the skin and mucous membranes,
with resultant infection or superinfection, is being reported with increasing
frequency. The bacterial and fungal flora of the skin can be altered by a
number of mechanisms. A long-postulated effect is Milan’s biotropic mecha-
nism (2) whereby a drug which is toxic to certain microorganisms is stimu-
lating to others; there is, however, little objective evidence to support this
concept. Lessened resistance to infection is well known occasionally to pro-
duce cutaneous infections, especially after prolonged therapy with systemic
steroids or chemotherapeutic agents. Complicating factors are the altered
immunology frequently associated with the underlying disease, especially
lymphoma (e.g., 79, 80), and the prolonged therapy required; these often
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make interpretation of individual cases difficult. Long-term antibiotic ad-
ministration, particularly with broad-spectrum agents, may lead to bacterial
overgrowth of nonsensitive organisms (e.g., 12, 81) but more commonly
produces yeast and saprophyte overgrowth with resultant oral thrush, monil-
iasis of skin, and vulvovaginitis (12, 25, 81). Tetracyclines (apparently by
a direct effect) may also produce clinical changes identical with monilial
vulvovaginitis but without recoverable organisms.

Engymatic interference—Many drugs are well known to interfere with
enzyme activity but surprisingly few skin lesions can presently be attributed
to inhibition of cellular enzyme systems.

Releasing agents.—A vast number of drugs are now known to act as
chemical liberators of stored biogenic amines and other active compounds.
In skin, as elsewhere, these are direct-acting agents, not mediated by anti-
gen or initiation of complement cascade. Mast cells occur in the skin of
most species and in some of these the skin is responsive to histamine. As a
consequence, histamine releasers have been considered to be of prime im-
portance. Extensive compilations of histamine releasers are available (88,
89) and direct degranulation may result from some common drugs includ-
ing opiates, atropine, and antibiotics (89) and indeed even foods such as
strawberries and citrus fruits (90). Histamine release will largely mimic id-
iopathic urticaria (but with some differences) ; bradykinin will also but to a
lesser extent (91), as will serotonin (92) but largely because it releases en-
dogenous histamine. A possible role for prostaglandin has been suggested
(93).

Genetically induced drug reactions.—Genetically induced drug reactions
(12) may have cutaneous manifestations. Illustrations include skin pallor in
the hemolytic anemia of glucose-6-phosphate dehydrogenase deficiency in-
duced by primaquin, sulfonamides, and other drugs; barbiturate-induced
porphyria ; megaloblastic anemia induced by anticonvulsants. To date, cuta-
neous manifestations of these diseases have remained but a minor compo-
nent.

CLINICAL ALLERGIC (PPROVEN OR SUSPECTED) REACTIONS OF SKIN

Clinical characteristics of allergic reactions have often been summa-
rized: prior tolerance to the drug, severe eruptions induced by small doses,
recurrences with readministration, responses unrelated to pharmacologic ac-
tion and varying with individuals (94).

Atopic reactions—Atopy with its associated asthma and hay fever, and
to a lesser degree urticaria, cataracts, and other components, is beyond the
scope of the present discussion (see 18, 25, 95). The Annual Review of
Pharmacology (96) has previously considered the antibodies and immunol-
ogy of atopy. The dermatitis is per se indistinguishable from eczema, both
clinically and histologically (97).

There is a great body of compelling, but not conclusive, evidence that
skin-sensitizing antibodies (reagins) are responsible for many of the mani-
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festations (see 30). Careful immunologic studies have been undertaken in
the guinea pig and mouse (98), but the dog may be the best model for this
disease, in that he spontaneously develops symptoms (pollinoisis) resembling
asthma, hay fever, and eczematous dermatitis (99), which appear to be pol-
len allergies. Atopic patients may develop reagins to any one of a number
of drugs. In their mild form these may manifest themselves only as eczema-
tous dermatitis, but occasionally administration of a drug, particularly by
injection, will lead to a severe explosive reaction (atopic reaction) charac-
terized by asthma, urticaria, nasal symptoms of hay fever, and occasionally
vascular shock. The reaction can at many times mimic the anaphylactic re-
sponse (18, 30).

The drugs most commonly implicated in these reactions have included
particularly antibiotics (and especially penicillin), streptomycin, topical
neomycin, novobiocin, sulfonamides, procaine, promethazine, meprobamate,
and chlorpromazine (see 1, 2, 30). The incidence of drug reactions in atopic
patients is uncertain; the older cautions concerning an increased incidence
of drug reactions, especially to penicillin, may not have been well founded
(100-102).

Contact dermatitis.—Acute contact dermatitis with erythema, induration,
edema, and later formation of vesicles is personally familiar to most read-
ers. The chronic eruption tends to be dry and scaly rather than edematous
and vesicular. Histologically a nonspecific dermatitis with spongiosis and a
prominent inflammatory infiltrate is usually seen (%97). A great deal is
known about the immunologic changes occurring in association with contact
dermatitis (18, 19, 30, 103-105, 107). Briefly recapitulated, an antigen, usu-
ally a simple chemical from the environment, such as 3-pentadecylcatechol
(poison ivy), comes in contact with the skin and forms covalent irreversible
conjugates with skin proteins, particularly epidermal proteins. These protein
conjugates form principally in the epidermis, and migrate down to the
upper corium, where a poorly understood reaction occurs with lymphocytes
and leads to local sensitization. Generalized skin sensitivity requires the
participation of local lymph glands, so that early spread of sensitivity is via
the lymphatics, but later sensitization is accomplished through the blood.
Circulating antibodies appear generally after the ninth day. Cell transfer of
contact sensitivity can be accomplished in man but with variable success,
depending on the antigen, Transfer of sensitivity to 3-pentadecylcatechol is
relatively easy (19, 30, 103, 105) as is transfer of sensitivity with several
other chemicals used experimentally in man. A high failure rate has how-
ever been experienced by most investigators attempting passive transfers of
most substances in man (106). Experimental sensitization in man can be
blocked by simultaneously sensitizing with a stronger sensitizer, e.g., dini-
trochlorobenzene will block paranitrosodimethylaniline (108). Immunologic
unresponsiveness to simple chemical sensitizers can also be developed, usu-
ally by simply feeding the chemical to sensitized animals (109). The pio-
neer studies of contact sensitivity by Landsteiner & Chase (see 104, 107,
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110) have been pursued (111) and an immense literature has accumulated.
Contact sensitivity develops in laboratory animals, although not all animals
can be sensitized (e.g., rabbits and dogs are nonresponsive) and others ani-
mals show varying degrees of sensitivity (see 16, 17); guinea pigs, pigs,
chickens, and monkeys are most frequently studied although mice can be
sensitized without difficulty.

From a clinical point of view, essentially any substance which is anti-
genic can produce contact dermatitis in man. It has often been said, with-
out rigorous proof, that damaged skin is more easily sensitized and for
this reason drugs used for topical application to wounds are reputed to have
a greater liability.

Extensive discussions of the problem (see 18, 19, 30, 105) and many
compilations of sensitizing drugs (24, 30, 105) and listings of the common-
est sensitizers by body region are available (see 94, 105, 112).

Production of contact dermatitis requires contact with the skin; sensi-
tive persons can eat poison ivy leaves without developing contact sensitiza-
tion and classic photographs show a contact dermatitis developing on the
chin in the drool areas after poison ivy ingestion. Nonabsorption from mu-
cous membranes or aberrant distribution or even immunologic unrespon-
siveness (generally believed unlikely) has been suggested. On the other
hand, individuals who have developed contact sensitization of the skin to
drugs may develop an eczematous contact eruption following oral ingestion
of the same agent or a cross sensitizer (30, 105, 113); for a recent case
report see (114). Although many commonly used drugs produce eczematous
contact eruptions when handled topically (e.g., streptomycin contact derma-
titis of the hands of nurses) and systemic administration may reactivate a
contact sensitization, to date it has generally not been possible to demon-
strate circulating antibodies (penicillin is one exception). Laboratory detec-
tion of contact sensitization is, with the exception of patch testing, of little
value.

In general, contact dermatitis can be suspected on the basis of the distri-
bution, history, and often the characteristic shape and distribution of skin
lesions. Frequently patch testing (105) with suspected contactants is under-
taken in attempts to determine the etiology, and this is the most reliable test
now available. Yet patch testing has not gained great favor because of false
positive tests (nonimmunologic responses usually thought to be primary ir-
ritant reactions) and false negatives, sometimes due to absence of general-
ized sensitization but often occurring for reasons not presently understood.
Consequently, recommendations for careful protocols have been established
(see 105, 115). Despite elaborate precautions, false positive patch tests, in-
cluding primary irritant reactions (82), are often difficult to distinguish.
There seems to be uniform agreement that reliable positive patch tests
occur (a) when the patch test aggravates the existing dermatitis, or (b)
when the dermatitis recurs (as a result of renewed contact with the aller-
gen) and the former patch test site is also involved.
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Eczema.—Eczematous (contact-type) drug eruptions may be clinically
and histologically (97, 113) indistinguishable from contact dermatitis, atop-
ic dermatitis, or even primary irritant rcactions in that they are character-
ized by erythema, pruritus, scaling, and edema, sometimes with vesicle for-
mation. Many drugs are capable of producing eczematous eruptions (see 1,
2, 30) : particular liability has been associated with penicillin, streptomycin,
sulfonamides, certain broad-spectrum antibiotics, chloral hydrate, mercu-
rials, and quinine. Clinical observations suggest that many cases result from
topical sensitization followed by systemic administration of the agent or an
immunologically related drug (113), yet this is often difficult to establish in
a given case. An atopic mechanism may be involved in some cases, but al-
though the mechanism is often assumed on clinical grounds to be allergic,
there is presently little data allowing justified conclusions.

Drug eruptions.—The clinical morphologic entities commonly grouped as
drug eruptions include erythema, urticaria, erythema multiforme, papular
drug eruptions, exfoliative dermatitis, fixed drug eruptions, erythema no-
dosum, and persistent erythemas. Some would also include eczema. Lichen-
oid drug eruptions, drug purpura, and drug photosensitivities are additional
illustrations. Bona fide cases of drug eruptions are, for unknown reasons,
rare in childhood.

Erythema—Drug erythema is usually acute, pruritic, macular, and wide-
spread, involving particularly the trunk. In general, a rash is synonymous
with these exanthemas (as are scarlatinaform or morbilliform eruptions).
Histological changes are minimal with only slight dilation of the blood ves-
sels of the corium and an occasional light inflammatory infiltrate (97). Vir-
tually any drug can be responsible for an eruption of this type, and exten-
sive tabulation has been undertaken (see 1, 2, 30) but in particular antibiot-
ics (especially penicillin and streptomycin), sulfonamides, barbiturates,
chlorothiazides, and phenothiazines are most often responsible. The immu-
nologic basis for these eruptions is tenuous at best; evidence for allergy is
primarily clinical. Some, like penicillin (2), may be allergic in nature but
many others, e.g., those due to insulin (1, 30) are probably not the results
of hypersensitivity phenomena. Not infrequently they represent the first ad-
ministration of a drug or its known cross-sensitizer, Of all eruptions, these
are probably most often misdiagnosed as drug eruptions when they result
from other causes, particularly viral infections (116).

Urticaria and angioedema—Urticaria is often regarded as closely re-
lated to erythema but with a more severe pathophysiologic vasodilation re-
sulting in fluid transudation through blood vessels. There are a number of
recognized mechanisms capable of increasing the fluid content of the skin;
these include both immunologic and nonimmunologic processes. Releasing
agents (p. 463), particularly those which liberate histamine, can produce
wheals which rather closely, but not precisely, simulate urticaria. Much con-
troversy exists concerning the role of histamine and other biogenic amines,
particularly serotonin, bradykinin, and slow-reaction substances (89, 117,
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118). In susceptible individuals, physical factors such as cold in cold urtica-
ria, (119, 120), warmth in heat urticaria (121), and pressure in derma-
graphism (89) are thought to release the chemical mediator easily (pre-
sumed to be histamine, possibly in conjunction with an unknown substance)
to produce urticarial lesions. Certain diseases associated with cryoglobulins,
cryofibrinogens, and cold hemolysins, fix the first components of comple-
ment and initiate complement cascade (122-126) resulting in fluid transu-
dation. In hereditary angioneurotic edema, Landeman et al. (127) and Don-
aldson (128) showed that deficiency of C! esterase inhibitor led to angi-
oedema. Although the esterase is biologically active (129) the exact mecha-
nism involved is somewhat uncertain, since deficiency of inhibitor (possibly
the same inhibitor) for kallikrien is also present (127).

Three immunologic mechanisms are now known to be capable of releas-
ing histamine, at least in rodents. These include homocytotropic antibody
(53), soluble antigen-antibody complexes (54, 130), and a cytotoxic comple-
ment-fixing antibody (131). Of practical importance is the observation that
complement activity as clinically measured may be decreased in certain
forms of urticaria and angioedema, and in particular, decreased components
of complement activity have been reported in hereditary angioneurotic
edema (132) and the dysprotenemias (64). Many drugs are capable of pro-
ducing urticaria and angioedema; several lists of these drugs have been
prepared (e.g., 7, 25, 30, 89) and commonly include penicillin, streptomycin,
sulfonamides, barbiturates, salicylates, iodides, quinidine, phenylbutazone,
mercurials, and arsenicals. Unfortunately, most drug-induced urticaria can-
not yet be detected in the laboratory.

Erythema multiforme.—Precise definition of this term is somewhat dif-
ficult because of variations in clinical usage. The classical, mild, clinical pic-
ture of slightly elevated erythematous rings on palms and soles (iris le-
sions) is as familiar to clinicians as is the severe form, described originally
in children by Stevens & Johnson, with widespread multiforme and vesicu-
lar lesions of the skin and mucous membranes in association with severe
systemic illness (25, 133, 134). Between these two classic, well-accepted
extremes a vast number of cutaneous eruptions have been inserted under
the term erythema multiforme (135) ; at present there are no reliable or ac-
cepted criteria for further diagnostic differentiation (136). Severe er-
ythema multiforme is regularly associated with fever, pulmonary lesions,
and renal manifestations (137) and less commonly with gastrointestinal and
cardiac abnormalities. Histologically (97), striking but nonspecific changes
are seen involving primarily the blood vessels with edema, inflammatory in-
filtrate, and in severe cases subepidermal vesicles and ultimately purpura.

An apparently new entity, toxic epidermal necrolysis, is sometimes
viewed as a severe, often fatal variant of erythema multiforme and may
also be associated with drugs (25, 138). A vast and seemingly endless num-
ber of causes are recognized, including primarily viral (e.g., see 116) and
bacterial infections, malignancy, and drugs. Many lists of drugs inducing
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erythema multiforme have been compiled (1, 7, 9, 24, 25, 137, 138). In gen-
eral, antibiotics (particularly penicillin) and short-acting sulfonamides
(138) are most commonly implicated; phenolphthalein, phenothiazines, bar-
biturates, chlorpropamide, and the thiazides are also known to carry a great
liability. Although some reports mitigate against an allergic basis (apparent
absence of induction period and high incidence of reactions), clinical suspi-
cion is strong (30, 135) that an allergic mechanism is involved. There is
presently available little objective documentation, although recent studies by
Levine & Fellner (138) have been interpreted as constituting immunologic
proof of an allergic mechanism (11). Erythema multiforme is often re-
garded as a more severe variant of the basic pathophysiologic processes
which produce erythema and urticaria (q.v.) and for this reason some of
the immunologic studies cited above may be directly applicable.

In general, erythema multiforme follows ingestion or parenteral admin-
istration of a drug, although cases following topical application (135) and
an outbreak preparation of a volatile chemical (139) have occurred.

Papular drug eruptions are considered by many to represent erythema
multiforme. This ill-defined term is commonly used clinically to describe a
heterogenous group of eruptions characterized by pruritic, small, elevated
lesions (papules) generally involving the trunk and usually widespread in
distribution. Histologically, the lesions reveal only nonspecific dermatitis
(97). Essentially, the same group of drugs has been implicated as for er-
ythema multiforme, which is one of the lines of evidence suggesting a close
association.

Vesiculobullous.—Vesiculobullous drug eruptions are usually thought to
represent severe variants of erythema multiforme associated with promi-
nent fluid transudation leading to subepidermal vesicles. The diagnosis of
erythema multiforme is usually made in the presence of other findings (see
above) but patients who develop prominent blisters on a relatively nonery-
thematous base without constitutional symptoms are apt to be categorized as
having a vesiculobullous drug eruption (1, 2, 25, 134). The histopathologic
changes are virtually identical with erythema multiforme.

The drugs most commonly listed include rather a different group from
those resulting in classic erythema multiforme, and this is one reason for
the clinical distinction (1, 2, 7, 9, 30). Halogens and especially bromides
and iodides, as well as heavy metals including mercury and arsenic, are
most commonly implicated. Salicylates are often implicated (2), but sub-
stantial documentation of the role of salicylates is lacking. With very few
exceptions (97, 140), little is known about the mechanism of formation of
vesicles in the skin.

Erythema wnodosum.—Erythema nodosum is one of the classic clinical
reactions of the skin. It is characterized by red, elevated, tender (often
painful) nodules usually of the leg (particularly the shins), which appear
in crops and last a few days. Mild constitutional symptoms including low
grade fever, malaise, and muscle and joint pain are often associated. Histo-
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logically, the changes are primarily in the subcutaneous layer with a peri-
vascular infiltrate and evidence of blood vessel involvement often including
medium-sized veins (97). Many causes of erythema nodosum appear to be
well established and include primarily infectious diseases and especially
streptococcosis, although a number of drugs have been implicated (7, 9, 24,
25, 134, 144) including oral contraceptives (145).

Most regularly associated with erythema nodosum are sulfone prepara-
tions when used in the treatment of lepromatous leprosy, and indeed since
the advent of sulfones there has been a substantial increase in erythema no-
dosum in lepromatous leprosy (46). Erythema nodosum in relation to infec-
tious disease is usually thought to result from hypersensitivity of the skin
vessels to the organism or its products (239) but a number of reports have
appeared implicating other drugs when there was no clear evidence of under-
lying infection (24, 30, 134). The most commonly listed drugs include halo-
gens (especially iodides and bromides), sulfonamides, penicillin, and antipy-
rine.

As with many of these eruptions, evidence of allergy is almost exclu-
sively clinical and many reports attest to recurrence with readministration
and apparent cross-sensitivity, yet the immunologic basis of erythema no-
dosum is obscure and in fact there appears to be no real understanding of
the mechanism involved. It has long been thought that erythema nodosum
was closely akin to erythema multiforme, but this view seems to be grad-
ually losing ground.

Exfoliation—Exfoliative erythroderma, which is sometimes drug-in-
duced, is characterized by extensive (usually universal) scaling, pruritus,
and erythema commonly associated with diffuse loss of hair. Histologically,
a subacute or chronic dermatitis is usually observed (97). Many causes, in-
cluding particularly skin disease, lymphomas, and drugs, are well recog-
nized. A number of drugs have been associated (1, 2, 25, 30) and frequently
include gold compounds, arsenicals, mercurials, antibiotics (particularly
penicillin), sulfonamides, and phenothiazines.

The mechanism of drug-induced exfoliation is unknown, but an allergic
basis is perhaps less frequently suspected here than with many of the other
common drug eruptions. Exfoliative dermatitis resulting from psoriasis has
been shown to be associated with markedly increased turnover time and
metabolic activity of the cells of the epidermis (141, 142) ; a similar release
of the biochemical brake (chalone) on metabolism of epidermal cells and the
rate of keratinization (142, 143) presumably is responsible for exfoliation
from other causes. Direct data on this point should be shortly forthcoming.
Chalone has been shown to be extractable from epidermis and other tissues;
the epidermal chalone is tissue-specific (240), exhibits a diurnal cycle (241)
and can be accelerated and decelerated by epinephrine (242).

Persistent erythemas—This rather vague group of rare dermatoses is
characterized by persistent or recurrent reddening (toxic erythema) of the
skin (146). Few if any other changes are regularly present and these erup-
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tions are poorly understood, perhaps because so few cases are recognized or
reported (134). The redness is usually localized, recurrent, and asymptom-
atic. The most common causes are thought to be rclated to infectious pro-
cesses and insect bites (9, 25, 134), although the classic example is usually
erythema persistans produced by phenolphthalein. Almost nothing is known
of the mechanisms involved, and the group seems rather closely related to
fixed drug eruptions (25, 146).

Fixed drug eruptions—These lesions are usually circumscribed and per-
sist or recur persistently at exactly the same site for a matter of years.
Edema often forms, with occasional resultant blisters but otherwise they
are usually asymptomatic or mildly pruritic. Residual hyperpigmentation
often develops. Many drugs (1, 2, 7, 9, 25, 30, 147, 148) are well known to
produce fixed eruptions; the most common causes are phenolphthalein, anti-
pyrine, tetracyclines, sulfonamides, barbiturates, phenylbutazone, quinidine,
and gold. Patch testing is generally to no avail, although Jillson (see 149)
asserts that patch tests in the exact site may sometimes be positive. The
mechanism is usually assumed to be allergic, but few studies (150) have
ever been undertaken and little information, other than clinical observation,
exists,

Lichenoid eruptions—Lichen planus is a chronic, pruritic eruption of
unknown etiology characterized by violaceous flat-topped angulated pa-
pules distributed primarily over the wrists and ankles. The histologic pic-
ture is characteristic with hyperkeratosis, acanthosis, basal cell destruction,
and atypical infiltrate (97). A limited number of drugs can reproduce in
large measure the histologic and clinical appearance. Most commonly lich-
enoid drug eruptions occur following the oral ingestion of antimalarials,
especially quinacrine and chloroquine. The thiazide diuretics have also been
linked to lichenoid and lichen planus-like eruptions (7, 9, 30), as has quini-
dine., Some heavy metals, including particularly gold, have been reported to
produce similar changes (2). No valid explanations have yet been es-
tablished for the mechanism of lichenoid eruptions.

In addition, lichenoid eruptions may occur as (or after) contact derma-
titis, usually on the thumbs of individuals who come in contact with color-
developing solutions containing substituted paraphenylenediamine (177).
Patch tests, when positive, may go on to typical lichenoid patterns (177).

Purpura—Thrombocytopenic purpura may be related to many drugs in-
cluding quinidine, quinine, Sedormid, chlorothiazide, and sulfonamides, and
in some an allergic basis seems well established (151). A complement-re-
quiring serum factor induced by Sedormid, causing lysis of platelets, has
been demonstrated (152). Quinidine forms an antibody complex and in-
duces platelet lysis by complement fixation in the platelet membrane (153),
and a similar process may mediate stibophen (154) and digitoxin (155) he-
molysis. Adsorption of platelets by immune complexes of drug and antibody
seems to be the most likely pathogenic mechanism.

Nonthrombocytopenic purpura may be associated with any severe drug
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eruption, and has particularly been associated with erythema multiforme
(and depending on definition, urticaria and vesiculebullous eruptions). The
term purpuric drug eruption is often applied and in these instances any
drug capable of producing the primary eruption can lead to purpura. In ad-
dition, purpura without other skin lesions has been associated with a num-
ber of drugs (see 7, 9, 151) including especially antibiotics, steroids, and
barbiturates.

A particularly severe purpuric eruption, regularly associated with large
sloughs, has been associated with bishydroxycoumarin and other coumarins.
In a recent review Nalbandian (33) discussed 87 cases, largely literature
citations, resulting from coumarin congeners. Purpura with necrosis follow-
ing these drugs may not be a rare side effect, for Verhagen (156) was able
to accumulate 13 patients in Holland in one year, and new reports continue
to appear (34). The drug is believed to have a toxic effect on small blood
vessels, particularly at the capillary loop in the corium, perhaps at the pre-
capillary arteriol. Rupture occurs which leads to petechiae and ecchymoses
followed by stasis in larger vessels with thrombosis and ultimately necrosis
of the skin. This lenkocytoclastic response is quite similar histologically to
the typical Arthus phenomenon (p. 458) and has been interpreted as a man-
ifestation of the Arthus phenomenon in man(33).

Photosensitivity—Certain drugs produce eruptions only after exposure
to light, usnally sunlight (ultraviolet action spectrum 2800 to 4300 A°).
The resultant eruption is limited to light-exposed areas, even those receiv-
ing only small amounts of light, but generally involves the face, neck (V
area), arms, backs of the hands, and legs (in women), although odd unilat-
eral distributions may occur, e.g., limited to the left when driving an aute-
mobile. The reactions are comparable to a sunburn but may commonly be
clinically and histologically eczematous, urticarial, vesicular, or lichenoid
(97). Two mechanisms are known to exist (157). Phototoxic, which is non-
immunologic, occurs on the first exposure when adequate light and concen-
tration of the drug are present. An exaggerated sunburn followed by hyper-
pigmentation is the usual response, but vesicles may occur. Phetoallergy, in
contrast, is a form of delayed allergic hypersensitivity and produces clinical
and histologic changes comparable to allergic contact dermatitis. Distin-
guishing between phototoxic and photoallergic reactions may be difficult and
in any particular case may require detailed clinical investigation
(158-160). In general, smaller amounts of a drug are required to produce
a photoallergic reaction which occurs in but a small fraction of the popula-
tion, in contrast to phototoxic reactions which occur in almost every indi-
vidual; photoallergic reactions require an incubation period, show cross-
reactivity, exhibit flare-ups at unexposed sites, and can be passively trans-
ferred.

A number of listings of drugs causing photosensitivity are available (see
7,9, 157, 160). Among the best known topically applied phototoxic sub-
stances are furocoumarins (psoralens) found in plants (161), and these
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provide classic reports of blisters occurring in agricultural workers, espe-
cially carrot processers and celery pickers (162). These eruptions (phyto-
photodermatitis) require skin contact with the furocoumarin and subsequent
exposure to sunlight. Whether ingestion can lead to photodermatitis is as
yet not established. Certain perfumes, containing psoralen (and particularly
S-methoxypsoralen, oil of bergamot) have produced photodermatitis, so-
called berloque dermatitis (163, 164); some meadow grasses also contain
these psoralens and produce similar lesions. Another common topical photo-
toxic substance is coal tar (and derivatives), which may lead to an occupa-
tional dermatosis in workers exposed to tars and sunlight (165).

Photosensitizers are more likely to be photoallergic. In recent years the
commoner causes have been related to new additives to soap and especially
the antiseptics tribromosalicylanilide and tetrachlorosalicylanilide (160,
174-176) which provide the basis for advertisements of deodorant activity.
Other related salicyl anilides (e.g., dibromosalicylanilide) have also caused
allergic dermatitis (159, 166). Bithionol, formerly used extensively in toilet-
ries and skin creams, is also a photoallergin (167).

A number of systemically administered drugs also produce photosensiti-
zation (160, 168). It has been estimated that 40 per cent of patients receiv-
ing demethylchlortetracycline will develop photosensitivity if given large
enough quantities of both drug and sunlight. Other tetracyclines do not
seem to share this liability. Sulfanilamide (171) can cause both phototoxic
and photoallergic reactions; surprisingly, other sulfonamide compounds ap-
parently are not photosensitizers (157). Phenothiazine and some deriva-
tives, including promethazine (169, 179), may lead to photosensitivity.
Cross-photosensitivity between promethazine and chlorpromazine has been
reported (170). A number of other drugs, however, can cause photoallergic
and cross-photosensitivity reactions: these include chlorpropamide, tolbuta-
mide, chlorothiazide, hydrochlorothiazide, and quinethazone (172, 173).

OtHER CLINICAL REACTIONS OF SKIN (SoME PossiBLY ALLERGIC)

Acneform eruptions—Certain drugs are able to produce lesions which
resemble but are not identical with acne vulgaris. Histologically they are
characterized by hyperplasia of sebaceous glands with an inflammatory in-
filtrate but generally without true comedone formation (25). These erup-
tions occur only infrequently and in response to a rather small number of
drugs. Steroid hormones and especially ACTH are best known and produce
the characteristic clinical picture of steroid acne. Halogens and particularly
bromides produce acneform lesions which may also be associated with the
formation of granulomas or tumors of the skin (2, 9, 25, 30, 178). A num-
ber of other drugs have occasionally been implicated (178) but the mecha-
nism by which any drug stimulates sebaceous gland hyperplasia is unknown.

Topical application of oils or tars, particularly insoluble industrial cut-
ting oils, is well known to lead to a distinctive acneform eruption (chlor-
acne), generally of the extremities, which is commonly regarded as an oc-
cupational dermatosis (72). The mechanism responsible is uncertain, but a
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relation to the high chlorine content of these oils has often been proposed.

Pustular eruptions, sometimes acneform, often follow bromides, iodides,
and chloral hydrate (7, 24), although ulcerations may occur, especially with
halogens, arsenic, and quinine (25).

Necrosis of skin may follow these eruptions, granulomas, extensive pur-
pura (p. 470) and other processes associated with ischemia.

Granulomatous lesions of the skin.—Granulomatous lesions of the skin,
generally characterized by firm, elevated, sometimes pruritic nodules and
plagues with the typical histologic characteristics of a granuloma (97), can
result from a number of drugs and from many other causes (25, 97). These
lesions are a fairly regular finding, however, with only a small number of
drugs, including primarily halogens and especially bromides and iodides but
usually bromine-containing sedatives. Exogenous foreign body reactions to
beryllium, coral, paraffin, calcium, and other heavy metals and salts are well
known to produce granulomas under both clinical and experimental condi-
tions (97). Topical application of zirconium has been particularly well stud-
ied and allergic hypersensitivity leading to a sarcoid-type granuloma re-
sults: nonallergic granulomas are induced only by colloidal suspensions
(179).

Acanthosis Nigricans—This distinctive, rare eruption of the neck, axil-
lae and groin has long been related to malignancy, endocrine abnormalities,
and other hamartomas (25, 134, 243). The observation that large doses of
nicotinic acid (3 g daily) can induce acanthosis nigricans (244) (at least
in hyperlipemic subjects) was quite surprising and suggests that this drug
alters metabolism in a manner analogous to the changes induced by the
known associated diseases.

Atrophy.—Atrophy may follow destruction of the corium by a lesion of
any type, and atrophic striae occur following profound weight changes. In
addition, steroids administered systemically may produce striae with or
without other manifestations of Cushing’s syndrome. Comparable local
striae result from topical application (with maceration) of fluorinated ste-
roids. The mechanism of this steroid effect on collagen is not understood
although Houck (180) has reported loss of skin collagen and activation of
enzymes including an apparently steroid-induced collagenolytic enzyme.

Tumors.—Chronic administration of certain drugs can lead to formation
of both benign and malignant tumors. Arsenic (Fowler’s Solution) in small
doses may be followed by keratoses of palms and soles, some of which be-
come malignant (usually squamous cell carcinoma), or superficial basal cell
carcinomas may develop on the trunk (25, 134, 97). Benign tumors may
also follow bromide or iodide ingestion (9, 24, 25). Lymphadenopathy can
follow hydantoin and other drugs (7, 9) and a syndrome resembling malig-
nant lymphoma with hepatosplenomegaly and exfoliation has followed di-
lantin and hydantoins (9, 181). Isoniazid and para-aminosalicylic acid may
also produce similar lymphoma-like syndromes (7).

Drug-induced diseases have previously been covered in the Annual Re-
view (12). In general, cutaneous manifestations of drug-induced diseases
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are of some importance in initially establishing a diagnosis, particularly of
a collagen disease (and especially of periarteritis nodosa or systemic lupus
erythematosis), as a consequence of drugs. But otherwise the cutaneous
manifestations seem of lesser import, and eruptions to date have fallen into
established clinical patterns.

Pigmentary changes.—A number of drugs are capable of producing hy-
perpigmentation of human skin. Several mechanisms are involved.

Metallic drugs are diffusely stored in the phagocytes of the corium and
change the color of the skin and mucous membranes as a result of optical
changes in refraction and scattering of light. The hyperpigmentation varies
from a gray to a blue-black and is usually generalized. Most commonly it
results from lead, silver, mercury, gold, arsenic, and bismuth (184, 185).

Chlorpromazine given in high doses (300 to 500 mg per day) for a long
time (3 to 5 years) often leads to a curious slate-gray hyperpigmentation
resembling a suntan. Greiner (186) reported 70 cases among several thou-
sand patients treated with large doses. With few exceptions all of the pa-
tients developing hyperpigmentation were females, an observation thought
to suggest female hormonal dysfunction in the pathogenesis. The pigment,
which appears to be melanin (187, 188), is deposited primarily around the
face and neck, thorax, and hands. A similar pigment was found in the retic-
uloendothelial system and in the parenchymous organs (189). The pigment
is distributed where phenothiazine metabolites tend to accumulate (190) but
phenothiazine is known to have a reversible affinity (191) for melanin
(192). To date, only chlorpromazine has been administered in sufficiently
high doses, but it is reasonable to assume that other phenothiazines can
cause a similar pigment abnormality.

Trophic hormones, particularly MSII and ACTI], regularly lead to pig-
ment dispersal and consequent darkening of frog skin (182) but show only
weak activity in man (183), primarily as a result of melanin deposition.

Antimalarials are well known to alter pigmentation. Quinacrine depos-
ited in the skin or mucous membranes results in the well-known yellowing
(192, 193) which fades from 2 to 6 months after discontinuation. Quinac-
rine also leads to bluish-gray deposits, particularly in the oral mucous mem-
branes, which are thought to result from melanin, hemosiderin, lipofuscin,
and a complex of the drug (194, 195). Reversible “pseudo-ochronosis” re-
sults on rare occasions from deposition of quinacrine in the cartilage of the
nose, ears, trachea, conjunctiva, and in the nail beds where it gives a bright
yellow-green fluorescence (196, 197). Whitening of the hair of the scalp,
eyebrows, eyelashes, pubic, and axillary areas (198) occurs occasionally;
blondes are most often affected, apparently as a result of interference with
formation of phenomelanin rather than melanin itself, since the drug has no
demonstrable effect on tyrosinase (199), although quinacrine is known to
have an affinity for tissues high in melanin (200).

The alkylating agent busulfan, when administered chronically, produces
mild hyperpigmentation of the covered areas of the body in 5 to 10 per cent
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of patients given a total dose of several grams (201). The pigment repre-
sents increased deposition of melanin and is reversed by cessation of ther-
apy.

Other drugs capable of occasionally producing hyperpigmentation are
reviewed by Moller (202). Oral contraceptives (203, 204) frequently pro-
duce melasma (chloasma, pigmented mask of pregnancy).

Tetracyclines, taken up and stored almost indefinitely as part of the hy-
droxyapetite molecule of teeth and bones, lead to a brownish-gray discolor-
ation which fluoresces bright yellow (205-207). Administration in the pre-
and neonatal periods stains only the deciduous teeth (208) but when given
between ages 2 months and 7 years, stains the permanent teeth and may be
associated with hypoplasia of tooth enamel (209).

Conversely, the interesting suggestion that pigmentation regulates vita-
min-D biosynthesis (210) presently finds little clinical application.

No drug given systemically, regularly produces hypopigmentation of
human skin, although melatonin (211) will lighten frog skin. Topical appli-
cation of a number of rubber antioxidants (in particular monobenzyl ether
of hydroquinone) is well known frequently to produce leukoderma (25, 72)
through inhibition of melanin formation by tyrosinase. Recently, depigmen-
tation of the eyelids (leukoderma) has been noted following ophthalmologic
application of eserine (physostigmine) (245) and the antibiotic, guano-
furacin.

Sweat abnormalities.—Very little information exists concerning the ef-
fects of systemic therapy on eccrine sweat glands (212, 213). Although dia-
pedesis with many drugs having cardiovascular and autonomic actions is
common (214), there appears to be no recent documentation of drug-in-
duced hyperhidrosis.

Conversely, diminution in sweating or even anhydrosis from systemi-
cally administered agents has only rarely been reported. Following the sec-
ond world war, atabrine-induced atrophy of sweat glands was described
(212, 215). This apparently irreversible degeneration of the sweat glands
and ducts seemed to be a consequence of a lichenoid dermatitis, induced by
atabrine. Hypervitaminoisis A has also been reported to induce anhidrosis,
as have vitamin deficiencies (212).

A number of topically applied agents decrease sweating by one of sev-
eral mechanisms (216). Formaldehyde appears to have a selective effect on
the secretory epithelium of the eccrine gland; aluminum salts damage eccrine
and apocrine glands (212).

Antidiuretic hormones and other pituitary hormones do not appear to in-
fluence sweating (217).

Alterations of hair—Diffuse, patchy, or total loss of hair, particularly
of the scalp hair, following administration of certain drugs is not uncom-
mon and several mechanisms seem to be involved. Antimetabolites, includ-
ing cytoxan, folic acid antagonists, mercaptopurines and most chemothera-
peutic agents are capable of producing diffuse alopecia which is usually re-
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versible. Hair growth is known to be associated with a high mitotic index in
the germinative layer of the matrix (142, 218), and inhibition of these mi-
totic processes results in alopecia, although the selectivity of the mechanism
is poorly understood.

Triparanol (MER 29), which blocks cholesterol synthesis at desmo-
sterol, also produces diffuse alopecia (219) in addition to dry scaly skin, pre-
sumably as a result of its ability to inhibit cholesterol synthesis by epider-
mal cells. Inhibition of cholesterol synthesis, by other mechanisms, is a com-
mon effect of many newer tranquilizing agents including some butyrophe-
none derivatives (220), and alopecia with asteatosis has been observed with
several of these agents also. Thus effective inhibition of cholesterol synthesis
seems to produce alopecia, although the mechanism is not presently under-
stood.

Anticoagulants, and in particular heparin, have occasionally been re-
ported to produce a patchy alopecia (1, 30), and certain metals, especially
thallium (from accidental ingestion of rat poison), have produced a patchy
alopecia (25) ; in neither case is the mechanism understood.

Although over the years a number of drugs, particularly anticonvulsants
(tridone) and heparin, have been thought to produce hypertrichosis, critical
review has failed to substantiate this impression (221). Recently diazoxide,
used in the treatment of hypoglycemia, has been found to produce increased
lanugo hair growth, particularly in children (222, 223) ; the effect is revers-
ible and a reasonable dose-response curve for the hair growth can be
achieved (224).

DEeTECTION 0F DRUG ERUPTIONS

With a few exceptions, such as penicillin (see anaphylaxis) and drug-
induced thrombocytopenic purura (see purpura), the laboratory diagnosis
of a drug eruption is unsatisfactory. Evidence of an allergic mechanism is
rarely demonstrable, presumably because drugs act as haptenes rather than
complete antigens. Measurement of complement may aid (see urticaria),
patch tests are occasionally helpful (see contact dermatitis), skin tests may
be ambiguous or even dangerous (225-227), eosinophilia is often sugges-
tive though nonspecific (228), basopenia is variable (229, 230), and the ba-
sophil degranulation test (231-234) remains to be established (235-237).
The clinical maximum that, for absolute proof, the eruption must clear
when the drug is stopped and reappear with readministration on three occa-
sions, finds few patients interested enough in the etiology of their eruption
to be willing knowingly to undertake this trail which is not recommended in
good clinical practice and may be hazardous (133). Few eruptions are sub-
jected to absolute proof or documentation (100). Undoubtedly drug erup-
tions are grossly overdiagnosed and overreported.

CoNSEQUENCES o¥ A DruG EruPTION
Certain drug eruptions (in particular acute severe erythema multi-
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forme) are well established as sometimes being associated with fever, pul-
monary and renal changes, and other lesions (25, 134), and may be fatal
(e.g., see 133, 238). Other eruptions which recur for years with reexposure
to the offending drug (e.g., fixed drug eruption to phenolphthalien) appear
to have no systemic liability, and some reactions, such as hyperpigmen-
tation, appear to be completely reversible by withdrawing the drug even
after administration for several years. Rarely, a drug eruption will lead to
permanent damage to the skin, as in the unusual lichenoid (atabrine)
damage to eccrine sweat glands (q.v.). There are few data which bear on
the question of the consequences, particularly to parenchymatous organs, of
an extensive or chronic prolonged drug eruption, not associated with fever
or constitutional symptoms ; examples would be an extensive erythema, pap-
ular eruptions, eczematous lesions, or vesicular eruptions. It is commonly
stated that failure to stop the offending drug when an eruption occurs will
lead to parenchymal damage, especially renal and hepatic. Yet phthisiolo-
gists when forced to continue antituberculous therapy in the face of drug
eruptions of this type (without constitutional symptoms) have found few
serious consequences, although systemic steroids were often administered.
We have never seen a patient develop severe sequelae following these erup-
tions, nor does there appear to be an unequivocal case report in the litera-
ture. Explanation of this apparent selectivity of the skin remains shrouded.
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