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pansion will continue until the two compartments
are isosmotic. In this case report the patient in-
gested, in addition to the salt, a large amount of
jam, which resulted in another osmotically active
solute in the extracellular space. Using the for-
mula summarized by Loeb, we calculated that
the serum osmolarity reached 414 mOsm per liter
as opposed to the normal 285 to 295 mOsm per
liter with the salt contributing approximately 84
percent of the elevation, the sugar 16 percent.9
Therefore, a greater shift of water from the intra-
cellular space to the extracellular space could be
expected due to the salt plus the glucose than
from just the salt alone. The role of the glucose
ingestion in this particular patient was probably
more significant since carbohydrate metabolism is
known to be altered in the Prader-Willi syndrome.
The rapid shift of water from the cells to the
extracellular space produces "shrunken" cells and
an expanded vascular space. In the brain, this
leads to distended cerebral vessels and subarach-
noid, subdural and intravascular hemorrhage.
Evidence of passive congestion may also be seen
in the lungs and kidneys.'0 Acidosis has been de-
scribed in hypertonic states and is ascribed to the
shift of free hydrogen ions to the extracellular
space."

Acute salt poisoning has occurred under various
circumstances including eating salt directly.2 This
report is unique in that a woman, because of her
condition (Prader-Willi syndrome) and not age,
ate a large amount of table salt with jam. The
insatiable appetite and mental retardation com-
monly present in the Prader-Willi syndrome were
the major contributory factors responsible for the
ingestion.'2"13

It is worth noting that there is no record of this
patient's having vomited after the ingestion of the
table salt. This supports the efforts of other
authors to condemn the use of salt water as an
emetic to treat acute poisoning.2'4'5'7 To emphasize
this point, it should be noted that within the year,
five additional deaths consequent to the use of
saline as an emetic have been reported; in one
patient the serum sodium level was recorded at
227 mEq per liter.'4-'6 Recommendations for the
use of saline emetics must be expunged from first
aid manuals.

Summary
A 45-year-old woman with Prader-Willi syn-

drome ate an excessive amount of jam and table
salt. She became comatose and died within six to

seven hours of the ingestion. Laboratory data con-
firmed hypernatremia, hyperchloremia, hypergly-
cemia, hyperosmolarity and acidosis. Once again
this ubiquitous substance is documented as hav-
ing lethal potentials. Its possible use as an emetic
agent is decried.
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ALLOPURINOL is a xanthine oxidase inhibitor and
is used in the treatment of hypercuricemia. The
drug is well tolerated, with mild skin rash and
gastrointestinal upset being the most common
side effects.'-3 Rare occurrences of alopecia,4
agranulocytosis,5 xanthine stones,6 granulomatous
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hepatitis7 and toxic epidermal necrolysis8 have
been reported. We describe three patients with
severe reactions to allopurinol that included hep-
atocellular necrosis, hepatic granulomata, renal
failure and exfoliative dermatitis secondary to a
hypersensitivity vasculitis. A subsequent con-
trolled challenge to allopurinol in one patient
elicited a positive response. Since most hepatic
reactions that occur during therapeutic drug usage
are not accompanied by renal failure, the signifi-
cance of a history of allopurinol ingestion may
not be appreciated in patients like those described
below.

Reports of Cases
CASE 1. A 29-year-old black man, a security

guard, had been followed at Los Angeles County-
University of Southern California Medical Center
(LAC-USCMC) since 1973 for exogenous obesity,
idiopathic hypoventilation and cardiomyopathy.
Medications taken since 1973 were digoxin, furo-
semide and chloral hydrate. The patient was
readmitted to LAC-USCMC in August, 1974 for
difficulty in breathing felt to be secondary to a
viral pneumonitis. A uric acid level of 14 mg per
100 ml prompted the use of allopurinol, 100 mg
three times per day, beginning on August 28. He
was then transferred to another hospital for long-

term weight reduction and convalescence. Admin-
istration of the furosemide, digoxin and allopuri-
nol was continued.
He did well until September 29 when a tem-

perature of 103°F (39.4°C) developed. The
fever was followed by deteriorating hepatic and
renal tests, as listed in Table 1. Generalized pru-
ritus was first noted on October 3 and the patient
was transferred back to LAC-USCMC on October 4.
On readmission the patient was febrile to

102°F (38.8°C) and obtunded. An erythematous
scaling rash was present on his face. He was
icteric but the liver could not be palpated. Urine
output was maintained at 1,000 to 1,200 ml per
day. Findings on analysis of urine included 2+
protein, 5 to 8 leukocytes, occasional red blood
cells, and numerous hyaline and granular casts.
Mild leukocytosis (12,000 cu mm) without eosin-
ophilia was present. The prothrombin time, ini-
tially 30 percent, rose to 89 percent following
an intramuscular injection of vitamin K.
A liver biopsy was done on October 8. The

hepatocytes were swollen and there was moderate
hepatocellular necrosis, more pronounced cen-
trally (Figure 1). Kupffer cell hyperplasia was
present and the portal areas were widened with
a mixed inflammatory cell infiltrate with a few
eosinophils.

TABLE 1.-Laboratory Values in Three Cases of Allopurinol Hypersensitivity
Creatinine Serum Bilirubin§ Alkaline Albumin/Globulin

Date mg/lOOml SGOTt/SGPTt mg/lOOml Phosphatasefi gm/lOOml

Patient Number I
8/21/74 ..... 1.3 30/15
*8/28
10/5 ......... 2.4 1300/940
10/16.5.7 1020/623
10/31 ........ 1.2 68/87
2/13/75 ..... 0.9 20/5

Patient Number 2
*5/18/73 ..... 1.7 28/24
6/23 ........ 3.5 135/165
6/26 ........ 7.0 128/93
6/30 ........ 6.7 ....7/5 ......... 7.8 53/31
7/11 ........ 9.1 49/35

Patient Number 3
8/12/74 ..... 1.7 35/30
*1/4/75
2/14 ........ 11.3 40/35
2/21 ........ 8.4 ....2/24 ........ 5.7 110/150
3/16 ........ 2.0 35/60
5/12 ........ 1.5 35/12

*Date allopurinol begun.
tSerum glutamic oxaloacetic transaminase (5-40 units).
$Serum glutamic pyruvic transaminase (5-35 units).

1.4/0.2

14.4/11.9
52.0/30.0
4.8/2.4
0.6/0.1

0.4/0.1
1.8/0.9
1.8/0.9

0.4/0.2

3.1/1.6
. . .

2.8/1.2
1.0/0.4
0.3/0.1

2.2 2.8/4.3

4.0
3.4

2.0
7.5
3.5

2.7/5.0
3.7/4.2

4.1/4.5

3.5/3.9
3.7/4.4
2.3/3.0

* ...

* ...

* . .

2.4 3.3/7.0

6.3

8.5
3.4
1.6

2.4/3.5

3.0/4.0
3.2/3.9
3.4/3.9

§Total/direct.
flBessy Lowry units (1-3).
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Figure 1.-Needle liver biopsy specimen in case 1
showing centrilobular necrosis with numerous acido-
philic bodies. Paraffin section with hematoxylin and
eosin stain; reduced from original magnification X140.

Despite discontinuation of all medications the
skin, hepatic and renal lesions progressed and
therefore administration of prednisone, 60 mg per
day, was begun on October 16. Concomitant with
the use of prednisone, findings on the hepatic and
renal tests showed improvement and the skin
rash resolved. Administration of prednisone was
discontinued after one month without a relapse
of the clinical illness.
The patient was readmitted to hospital in Feb-

ruary 1975 for a controlled challenge with allo-
purinol. He was taking no medications and results
of repeat hepatic and renal tests were within nor-
mal limits. After obtaining informed consent, 100
mg of allopurinol was given orally. Three hours
later generalized pruritus and a temperature of
102°F (38.8°C) developed. The fever subsided
within 24 hours, but a mild exfoliating dermatitis
developed four days later. The rash cleared in
one week without treatment. Results of serial
hepatic and renal function tests were within nor-
mal limits, with the only laboratory abnormality
being a leukocytosis without eosinophilia.

CASE 2. A 59-year-old man was first admitted
to LAC-USCMC in May 1973 because of syncope.
He was known to be diabetic and taking insulin
and also took hydrochlorothiazide for mild hyper-
tension. The syncopal episode was thought to be
secondary to an idiopathic seizure disorder and
administration of diphenylhydantoin, 300 mg per
day, was begun. Mild heart failure was treated
with digoxin, and because of an elevated serum
uric acid (10.8 mg per 100 ml), administration

of allopurinol, 100 mg twice a day, was started
on May 18. The patient was discharged on May
30 taking insulin, digoxin, diphenylhydantoin and
allopurinol.
He returned to LAC-USCMC on June 23 with a

seven-day history of fever and a two-day history
of generalized pruritus. Ampicillin had been pre-
scribed three to four days before admission to
hospital. He was febrile to 102°F (38.8°C) and
a generalized macropapular skin eruption was
present. Findings on physical examination were
otherwise unremarkable. No further ampicillin
was given but there was continued administration
of allopurinol, diphenylhydantoin and digoxin.

Results of the initial and subsequent laboratory
tests are listed in Table 1. The leukocyte count
was 5,800 to 7,500 per cu mm with 2 to 8 per-
cent eosinophils. Urine output initially was greater
than 1,000 ml per 24 hours; however, toward the
end of his hospital course it fell to less than 500
ml a day. Analysis of urine consistently showed
1 + to 2 + proteinuria with occasional red blood
cells but no casts.

Fever persisted and the skin rash worsened,
with exfoliation. Administration of allopurinol
was discontinued on July 2 and the diphenylhy-
dantoin was stopped on July 9. A peritoneal dial-
ysis was done on July 8 and hydrocortisone ther-
apy begun on July 10. The patient died suddenly
on July 12 with no preceding change in clinical
status.
At the time of autopsy a generalized, bullous,

exfoliative dermatitis was present, involving the
skin, external genitalia and oral mucosa. Micro-
scopically skin changes were noted that were con-
sistent with toxic epidermal necrolysis. Dissemi-
nated intravascular thrombi with and without
vasculitis were seen in numerous organs. A sys-
temic vasculitis, characterized by fibrinoid ne-
crosis, perivascular round cell infiltration, subinti-
mal proliferation, sclerosis and hyalinization of
capillaries, arterioles, small arteries and venules,
was present in the breast, pancreas, liver, kidneys,
prostate, testes, spleen and adrenals (Figure 2).
Segmental glomerulonephritis was also present;
the liver showed minimal pathology.

CASE 3. 67-year-old black man was followed
at LAC-USCMC since 1964 for adult onset diabetes
mellitus, mild hypertension, organic heart disease
and glaucoma. He had received hydrochloro-
thiazide, digoxin, potassium chloride and alpha-
methyldopa for several years. Administration of
allopurinol, 300 mg a day, was begun on January
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Figure 2.-Section from case 2 with arterioles in the
periadrenal fat showing fibrinoid necrosis and peri-
vascular inflammatory cell infiltration. Paraffin section
with hematoxylin and eosin stain; reduced from original
magnification X 350.

4, 1975 by his private physician. He presented at
LAC-USCMC on February 3 with a three-day his-
tory of fever and deteriorating mental status. On
admission, body temperature was 100°F (37.7°C).
He was slightly obtunded; the liver was palpable
2 cm below the right costal margin and there
was an erythematous scaling rash on his face.
Administration of all medications, including allo-
purinol, was discontinued on admission. Analysis
of urine showed 1 + to 2+ albuminuria, occa-
sional leukocytes, and red blood cells and a few
granular casts. Neutropenia developed, with the
maximum depression occurring on the 11th hos-
pital day (absolute neutrophil count 513 per cu
mm). By the 14th hospital day the neutropenia
had spontaneously resolved. Eosinophilia was
never present.
A liver biopsy was carried out on the third

hospital day. The portal tracts were widened by
increase in connective tissue and infiltration by
round cells and polymorphonuclear leukocytes.
Epithelioid granulomata were present in the peri-
portal areas.

The patient's initial hospital course was marked
by fever, decreasing renal function and oliguria.
Numerous antibiotics were given during his stay
in hospital for possible sepsis; however, several
blood and urine cultures revealed no growth. One
peritoneal dialysis was done on the 11th hospital
day. Administration of prednisone, 60 mg a day,
was begun on the 15th hospital day, and coincided
with a return of his temperature to normal. Two

days after beginning administration of prednisone
the urine output began increasing, renal function
improved and the skin rash disappeared. In early
May 1975 the prednisone was withdrawn without
relapse.

Discussion
Nine cases of hypersensitivity reaction to allo-

purinol similar to the current three cases have
been reported.9-'2 All of the salient clinical fea-
tures are present in our three cases. The onset of
illness was about four weeks after institution of
therapy with allopurinol and it began with fever
and pruritus or dermatitis-or both. Exfoliating
dermatitis and renal failure became the dominant
clinical features. Liver disease, although always
present, was more variable in its severity. Eosino-
philia was present in eight of the nine previously
described cases but was seen in only one (case 2)
of our patients.9-'2 The skin and renal disease
progressed despite discontinuation of allopurinol
administration and no improvement occurred
until steroid therapy was instituted. The dermatitis
and renal failure are secondary to a systemic
vasculitis and segmental glomerulonephritis.9" 0"l2
The hepatic lesion is not consistent and has varied
from mild portal inflammation to centrilobular
necrosis."1"2

In the cases being described and in the previ-
ously reported cases most patients were taking
several drugs, making it difficult to establish a
cause and effect relationship with allopurinol. The
frequent use of thiazide diuretics in these patients
(six out of nine) has led one author to suggest
that they may contribute to the development of
the allergic reaction.'2 The proven sensitivity to
allopurinol in case 1 shows that allopurinol alone
can cause two (fever and skin rash) and probably
all of the features seen in the above cases. The
failure to detect any abnormalities in hepatic and
renal tests after challenge with allopurinol prob-
ably reflects the brief exposure to the drug, as in
one reported case an inadvertent two-day chal-
lenge in an acutely ill patient resulted in worsen-
ing of his renal function."
The acquired hypersensitivity in these patients

could be directed against a metabolic product of
allopurinol. Allopurinol has a half-life of only
two hours while its major metabolic product, oxi-
purinol, has a half-life of 18 to 36 hours due to
renal tubular reabsorption.'3 The immunologic
role of allopurinol in the development of the
vasculitis and glomerulitis has received limited
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study. Gammaglobulin and complement have
been found in glomeruli'0 and no lymphocyte
transformation occurred upon exposure to allo-
purinol in the one patient studied.12

Allopurinol should be included with other
drugs capable of causing hepatocellular necrosis
and renal failure. It is unique in that the liver
leison can be similar to that caused by carbon
tetrachloride, methoxyfluorane and acetamino-
phen, but the renal lesion is glomerular instead
of the tubular necrosis seen with the other drugs.
The variable character of the liver lesion suggests
that it is not secondary to the systemic vasculitis
and may be a separate immunologic reaction to
the allopurinol.

Allopurinol is a safe and useful drug with few
side effects. It may, however, cause a severe hy-
persensitivity vasculitis that can be fatal. In a
patient in whom a skin rash or unexplained fever,
or both, develops when this drug is being given,
hepatic and renal tests should be done. In the
patient in whom the vasculitis develops cortico-
steroid therapy appears to be efficacious.

Summary
Fever, skin rash, renal failure and liver disease

developed in three patients three to four weeks
after treatment with allopurinol was begun. Two

of the patients recovered following therapy with
corticosteroids. After recovery from the initial
illness, allopurinol was readministered to one pa-
tient and fever and skin rash recurred. Allopuri-
nol hypersensitivity should be included in the
differential diagnosis of hepatocellular necrosis
and renal failure. Early diagnosis is essential be-
cause the continued administration of allopurinol
may result in a protracted illness and increased
mortality.
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