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Sufficient evidence has accumulated in the last
two years to indicate the importance of various
drugs as etiological agents in the development of
agranulocytosis. Although multiple factors are
probably operative in a given case, it is apparent
that the administration of a drug, usually amido-
pyrine, has frequently been the determining fac-
tor. First to suggest the possibility tnat certain
drugs, particularly those containing a benzol ring,
might be etiological agents was Kracke (1).
Madison and Squier (2) presented the first clean-
cut clinical evidence indicating the relationship of
a drug, usually amidopyrine, to the disease.
These observations were followed by numerous
clinical reports, all of them incriminating such
drugs as arnidopyrine given either singly or in
combination with barbiturates (allonal, peralga,
etc.), phenacetin, arsphenamine, neo-arsphena-
mine, and dinitrophenol. Many of these reports
were inconclusive, definite evidence for the drug-
disease relationship being very scanty. Reznikoff
(3), and more recently Jackson and Parker (4)
examined the evidence for this relationship, and
concluded that certain drugs undoubtedly played
an important part in the causation of the disease,
although the exact mechanism was unknown.
Madison and Squier (2), Benjamin and Bieder-
man (5), Sturgis and Isaacs (6), Rawls (7),
Zinberg, Katzenstein, and Wise (8) and others
were able to produce varying degrees of granulo-
cytopenia by the administration of amidopyrine to
patients who had recovered from the disease. All
of these authors speculated regarding the mecha-
nism of the ensuing granulocytopenia, and most
of them concluded that some form of hypersensi-
tivity to the drug was present.

The present communication deals with the
study of a group of four patients who recov-
ered from the disease. In all of them a his-
tory of the use of amidopyrine prior to onset of

1This is the fifth of a group of studies on agranulo-
cytosis.

the disorder was present. In two of these indi-
viduals the administration of amidopyrine by
mouth resulted in reproduction of the original
disease in all its clinical and hematological char-
acteristics. Skin tests with amidopyrine by the
scratch method were negative in all four cases.
The intradermal injection, however, of a mixture
of blood serum and a solution of amidopyrine in
three patients resulted in strikingly positive reac-
tions, and in two instances was followed by the
development of the disease in all its hematological
and clinical aspects. The results obtained in the
study of these four cases are the subject of the
present report.

MATERIALS AND METHODS

The four patients selected for special study were
part of a larger group of twelve cases of agranu-
locytosis in which the history relating to the use
of drugs had been definitely ascertained. The
various possible etiological factors in these cases
have been tabulated (Table I). The drug fac-
tor appears to be especially important because
it was present in each case and was the only con-
stant one among the many diverse elements pres-
ent. Amidopyrine had been used prior to the
disease in six cases; amidopyrine in combination
with a sedative in the form of " allonal " in two
other cases. In two cases dinitrophenol had been
administered; and in one case "pantopon" in
large dosage had been given postoperatively.
Most of the patients had suffered from some
chronic disease, and in two instances there was
definite evidence of previous involvement of the
bone marrow (pernicious anemia, in Case 6;
hypoplastic anemia following the use of Fowler's
solution in Case 11). In addition, various excit-
ing causes such as acute infections were fre-
quently present, together with other questionable
elements as alcoholism, inadequate diet, etc. Each
case probably represented a diversity of etiologi-
cal factors, the only constant one being that of a
drug, usually amidopyrine.
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TABLE I

Possible etiological factors in a consecutive series of cases of agranulocytosis

Case Age Sex Drug Acute disease Chronic disease Other factors End
number result

years
1 49 M Arsphenamine Secondary syphilis, Diabetes, hyperten- Death

pneumococcus sion
pneumonia

2 49 F Amidopyrine Cold, sinusitis Asthma, sinusitis ?Allergy Recovery

3 45 F Amidopyrine Infections of throat, Migraine Cycles of granulocyto- Recovery
fingers, toe penia; oophorectomy

and hysterectomy

4 47 M Amidopyrine Extraction of tooth. Recovery
and sedatives Maxillary sinusi-

tus

5 27 F Amidopyrine Rheumatic fever Rheumatic heart Hemi-thyroidectomy Recovery
disease

6 42 F Amidopyrine Abscessed teeth Pernicious anemia Alcoholism; debility Recovery

7 46 F Dinitrophenol Obesity Inadequate diet Death

8 33 F Pantopon Operation, acute Chronic pelvic Vomiting; Recovery
salpingitis inflammation ?peritonitis

9 43 F Amidopyrine, Anal infection Recovery
allonal

10 40 F Dinitrophenol Obesity Inadequate diet Recovery

11 50 F Allonal External otitis Psoriasis, hypoplas- Death
tic anemia

12 58 M Amidopyrine Headache ?Allergy Death

Eight of the twelve cases recovered after
vigorous therapy with certain of the nucleic acid
derivatives, either a mixture of the pentose
nucleotides (" pentnucleotide ") or the more
simple adenine sulphate being used.

Several methods of study were utilized in the
four selected cases: (1) Amidopyrine was ad-
ministered orally in dosage of 5 to 50 grains daily.
(2) Scratch tests were made on the forearm with
a 5 per cent solution of amidopyrine in distilled
water. (3) Patch tests were made by applying
a paste of moistened amidopyrine to the forearm,
the results being noted at the expiration of 24
hours. (4) In two cases, a small amount of the
subject's serum was injected intradermally into a
normal person's forearm simultaneously with a
solution of amidopyrine. (5) Intradermal tests
with a 5 per cent solution of amidopyrine in dis-
tilled water were made, about 0.02 to 0.03 cc. of
solution (1 to 1.5 mgm. of amidopyrine) being

injected. (6) Following the principle of Hors-
fall (9) who worked with formaldehyde and who
found that a combination of blood serum with the
drug gave positive intradermal results, whereas
solutions of formaldehyde in water gave negative
readings, mixtures of 5 per cent amidopyrine solu-
tion with varying quantities of human blood
serum were prepared and allowed to remain in the
refrigerator for several days, after which intra-
dermal tests were made on the above subjects, and
on a number of normal controls.2 Control tests

2 The data obtained in the normal subjects together
with other studies regarding possible allergic factors will
be detailed in another report.

Of 34 normal controls (patients with normal leukocyte
counts and without history of previous agranulocytosis),
four showed striking reactions to the " serumized " amido-
pyrine solution. All of these individuals admitted having
used amidopyrine on various occasions for relief of such
complaints as headache, etc. One patient, when given
amidopyrine 0.3 gram (10 grains) by mouth developed
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were made with a 5 per cent aqueous solution
of amidopyrine and with the same blood serum
kept in the refrigerator for an equivalent length
of time.

REPORTSOF CASES

Case 1.3 Female, 49 years. Asthma and "sinusitis"
for years; two relapses of agranulocytosis with recov-
ery; amidopyrine in relapse 1; no drugs -in relapse 2;
third and fourth relapses initiated experimentally with
amidopyrine.

Emily D. T., a housewife with a previous history of
repeated attacks of tonsillitis, brdnchitis, and asthma, and
" sinus trouble," developed frontal sinusitis in November
1929 following an acute upper respiratory infection.
Headache was quite severe, and she took a " great deal "
of "pyramidon." In a period of about two weeks, she
consumed " several " tubes containing ten 5 grain tablets
of the drug. Two weeks after onset of sinusitis, she felt
tired and weak, and soon developed severe sore throat
and sores in the mouth. She continued to use pyramidon.
Finally, she became desperately ill, almost moribund.
Necrotic ulcerations were found in various parts of the
buccal mucous membranes and throat. On December 24,
the blood showed the following: white blood cell count
1,500; polymorphonuclears 1 per cent; lymphocytes 99.
Recovery occurred after a transfusion and the use of
whole boiled milk intramuscularly.

Relapse II. The patient was well until May 1932, when
she again developed one of her attacks of " sinusitis"
following a "cold." She took much "aspirin" but no
amidopyrine or other medication. Weakness, fever, and
finally " sores " in the mouth and throat developed. She
became prostrated and developed necrotic ulcerations of
the throat and mucous membranes. She was found to
have a leukocyte count of 2,400 with complete absence
of granulocytes. Immediate treatment with pentnucleo-
tide was instituted, and the patient made a satisfactory
hematological, then clinical recovery.

Only one factor other than the drug amido-
pyrine appeared to be present in the first relapse,
i.e. possible sinusitis. An allergic predisposition
is suggested because of the repeated attacks of
"bronchitis " and asthma in the past. Since
amidopyrine was not taken in the second relapse,
doubt may be cast on the importance of a drug as
a factor, although it is possible that aspirin may
have been of etiological significance.

severe malaise and nausea, generalized erythema, and on
the following day, herpes labialis. Other studies are
being done in this group of patients and in a group of
children.

3 This case has been previously reported in another
paper (10).

The patient remained entirely well from April
1932 to August 1934. At several different times,
leukocyte and differential counts were found nor-
mal. After a preliminary period of frequent ob-
servation in July and August 1934, during which
leukocyte and differential counts were taken
twice weekly, the patient took 0.6 gram (10
grains) of amidopyrine (" pyramidon") on Au-
gust 16, 1934 at 7 p.m. At 8:30 p.m. she devel-
oped severe headache, nausea, marked flushing of
the face, malaise, vague pains in all the joints,
and weakness. She slept poorly that night. On
the following morning, August 17, she felt worse
but again took amidopyrine in the same dosage
(0.6 gram). She developed slight fever that day.
On August 18, she felt very badly, and com-
plained of severe headache similar to the " sinu-
sitis " of previous attacks. On August 18, she
fainted on arising from bed. Her mouth and
throat were dry. Leukocyte count was 1,400 per
c. mm. and only 2 per cent polymorphonuclear
cells were present. On August 21, she felt ex-
tremely weak and continued to have intense head-
ache. Leukocyte count was somewhat higher
with more polymorphonuclear cells (Figure 1).
On August 24, altlhough the white blood cell count
was 7,500, the granulocyte count was 1 per cent
( !), and sores were noted on the tongue and the
lips. On August 26, she had herpes and a red
throat; again, although the leukocyte count was
normal, she had only 1 per cent polymorphonu-
clear cells. On August 29, 14 per cent granulo-
cytes were present. On September 11, she felt
somewhat better and 25 per cent granulocytes
were present. On September 26, the polymorpho-
nuclear count was 50 per cent, and the patient felt
almost as well as before administration of amido-
pyrine on August 16.

Scratch tests with a 5 per cent solution of
amidopyrine were negative, as were patch tests.

Intradermal tests with a 5 per cent solution of
amidopyrine in distilled water were negative, but
tests made with the same solution of amidopyrine
which had been mixed with blood serum for sev-
eral days were strongly positive (Figure 2). The
intradermal test with blood serum alone was nega-
tive.

These intradermal tests were made at 11 a.m.
on February 18, 1935, after a period of five
months of good health. Five tests were made:
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FIG. 1. THE EFFECT OF ADMINISTERING AMIDOPYRINE (1) ORALLY IN 0.6 GRAM(10 GAINS) DOSAGE
AND (2) INTRADERMALLYIN ABOUT10 MGM. (1/6 GRAIN) DOSAGEON THE LEUKOCYTEAND GRANULOCYTE
COUNTSOF PATIENT EMILY D. T.

Note the striking leukopenia and granulocytopenia produced in both instances.

one with blood serum, one with amidopyrine in
5 per cent solution, and three with " serumized "
amidopyrine solution of various dilutions. The
total quantity of amidopyrine injected did not ex-
ceed 10 mgm, (1/6 grain), and was probably
more nearly 5 mgm. (1/12 grain). At 1:30 p.m.
of the same day, 21/2 hours after the tests, the pa-
tient developed headache which gradually became
more and more intense. That night she was un-
able to sleep. The next morning (February 19)
she was too weak to get out of bed and had ex-
cruciating headache. She was extremely weak,
somewhat feverish, and nauseated. At 5:30 p.m.,
the patient was found lying in bed complaining of
severe headache. Temperature was 100.20 F.,
pulse 80. Leukocyte count was 1,400 per c. mm.,

and differential count showed 28 per cent polymor-
phonuclear cells. On February 20, headache was
intense, and the patient was prostrated. Tempera-
ture was 1000 F. The leukocyte count was now
lower (Figure 1). On February 21, a cluster of
small lesions, possibly herpetic, were present at
the margins of the lips and the buccal mucous
membranes. On February 22, many small super-
ficial ulcerations were present on the buccal mu-
cous membranes, and on the following day, a
necrotic lesion was seen on the posterior pharynx.
The headache continued to be very severe. On
February 27, for the first time the patient was able
to arise from bed, although headache was still in-
tense. On March 1, headache continued, al-
though the mouth lesions were healing. There
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FIG. 3. THE SPONTANEOUSCHANGESIN TOTAL LEUKOCYTEAND GRANULOCYTECOUNTSIN PATIENT R. S.
The irregular cyclical character of the leukopenia and granulocytopenia is evident.

was definite rise in the leukocyte count, although
the polymorphonuclear count was still low. On
March 8, the patient felt fairly well although slight
headache and weakness were still present.

Case 2.' B.I.H. 11,575, female, 45 years. Many ill-
nesses, migraine for many years; cyclical granulocyto-
penia; constant use of amidopyrine; many bouts of
agranulocytosis associated with various types of infec-
tion; treatment with nucleic acid derivatives; question-
able experimental result with use of large dosage of
amidopyrine.

Rose S., a single clerk, had always been " high-strung"
and subject to frequent attacks of " indigestion " and
migraine. In the past 8 or 10 years, she had used
" aspirin" 10 grains and "pyramidon" 5 grains fre-
quently for her attacks of migraine, which were present
usually at weekly or more frequent intervals. This
combination of medications was often repeated several
times daily. In 1920 and 1929, she had pneumonia. In
1925 hysterectomy and oophorectomy were performed
for fibroid uterus. In July 1931, December 1931, Febru-
ary 1932, and September 1933, she developed severe bouts
of agranulocytosis associated respectively with pneumonia,
necrotic ulceration of the tongue, depression, and an in-
fection of a toe. Leukocyte count during the attacks
varied between 800 and 2,400 per c. mm. with complete
absence of granulocytes. The amount of amidopyrine

4 This case is reported fully in a previous paper (10).

taken prior to these attacks could not definitely be
determined since she took this medication (together with
aspirin) frequently for migraine. All her attacks ap-
peared to respond well to nucleic acid derivatives. Care-
ful study after the attacks had subsided indicated a
cyclical leukopenia, which occurred every 5 to 8 weeks
(Figure 3) even when all drugs were discontinued.

Migraine, previous hysterectomy and oophor-
ectomy, cyclical granulocytopenia at 4 to 8 week
intervals, much use of amidopyrine and aspirin,
infections of various types-all these factors
probably contributed to the development of the
numerous bouts of agranulocytosis. It was noted
on several occasions that an infection or a trau-
matic lesion such as a cut finger occurring when
the leukocyte count was normal failed to result in
a bout of the disease. Mild agranulocytosis is
frequently present in this patient and is associated
with such mild symptoms as lassitude and depres-
sion. Clinical agranulocytosis probably does not
develop in this case unless there is (1) marked
leukopenia (cyclical) together with (2) the use
of amidopyrine plus (3) the development of some
such condition as a sore throat, "grippe," or a
cut toe. These three factors together probably re-
sult in the fulminating disease.
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On April 8, 1934, this patient entered the hos-
pital for study of the effect of amidopyrine on the
leukocyte count. Hourly counts of the white cells
and granulocytes were made on three successive
days; on the first day no medication was given;
on the second day amidopyrine, grains 10 (0.6
gram) was given every two hours for five doses
(total 50 grains); on the third day again no
medication was given. No essential change in
white blood cells occurred during this period of
observation. The patient was discharged home
on April 10. Approximately two weeks later, she
began to feel weak and feverish. On April 29,
numerous lesions appeared on the lips, and the
patient was prostrated. She again entered the
hospital on April 30 with a temperature of 1030 F.
Several herpetic lesions were present on both lips,
which were moderately swollen. The remainder
of the examination was negative. The leukocyte
count was 2,000 to 2,900 per c. mm. with 50 per
cent of polymorphonuclear cells. On the second
day of admission, the patient's temperature was
1000, on the third day, 99.50. The herpetic le-
sions of the lips gradually cleared. No definite
change in the leukocyte count occurred. She was
discharged on May 4, 1934 feeling much im-
proved.

On October 29, 1934, scratch and patch tests
with amidopyrine were made with negative re-
sults. On February 23, intradermal tests with
amidopyrine in aqueous solution, and in mixtures
with blood serum were made. The results of the
tests are shown graphically in Figure 2, and dem-
onstrate that the tests with " serumized " amido-
pyrine were strongly positive, although those with
amidopyrine alone were negative. The patient
developed neither constitutional nor definite
hematological effects following these intradermal
tests.

Case 3. B.I.H. 20,812, female, 27 years. Severe rheu-
matic heart disease; hemithyroidectomy; rheumatic fever;
administration of amidopyrine; granulocytopenia; recov-
ery following treatment with adenine sulphate; relapse
initiated by amidopyrine.

Helen K., a housewife, had had several attacks of
rheumatic fever as a child, and had suffered from severe
valvular heart disease. She had had several bouts of
cardiac decompensation, and was also subject to attacks
of severe anginal pain. On January 16, 1934, complete
hemithyroidectomy was performed as a therapeutic pro-
cedure. Early in March 1934, she began to have rheu-

matic pains and slight feever. Leukocyte count at this
time was 5,700 to 6,000 per c. mm., with 76 per cent
polymorphonuclear cells. On March 7 and March 9 she
was given amidopyrine 40 grains daily; on March 9
after a dose of 10 grains, the drug was omitted because
of nausea. On March 12, leukocyte count was 5,500.
On March 14 and 15 she was again given amidopyrine in
daily 'dosage of 40 grains; the drug was omitted on
March 16, when leukopenia was discovered. On March
15 the white blood cell count was 3,450; on March 16
it was 2,700; on March 22, 1,800 with 7 per cent poly-
morphonuclear cells. At this point adenine sulphate was
administered in dosage of 1.0 gram intravenously. The
following day the temperature was higher, leukocyte
count was 1,000 and there was sore throat, a few tender
cervical lymph nodes, and a papulopustular eruption of
the skin. On March 27, there was clinical improvement
and the leukocyte count was 2,450 with 15 per cent poly-
morphonuclear cells. On April 5, 6, and 7, leukocyte
count was about 8,000 and the granulocytes rose to 50
to 75 per cent.

Rheumatic fever, rheumatic heart disease, hemi-
thyroidectomy, massive doses of amidopyrine.
Of these factors, the last seemed most important
since there was no disturbance in leukocyte count
until after continued use of the drug.

When the leukocyte count had remained at a
normal level (8,000 per c. mm.) for three days,
she was given amidopyrine in doses of 0.6 gram
(10 grains) every three hours. Shortly after ad-
ministration of the third (and last) dose, she
complained of headache, nausea, epigastric dis-
tress, and she vomited. On the following morn-
ing, marked swelling of the lips (angioneurotic
edema) was present. Leukocyte count was 4,300
per c. mm. with 63 per cent polymorphonuclear
cells. On the following day it was 6,400; two
days later, 5,400; three days later, 6,900 per c.
mm. Scratch and patch tests with amidopyrine
as well as passive transfer (Prausnitz-Kiuster)
tests were negative. The patient was shortly dis-
charged from the hospital and further testing
seemed undesirable.

Case 4. B.I.H. 22,060, female, 43 years. Infection
about the anus; administration of amidopyrine and "al-
lonal "; agranulocytosis; recovery following use of ade-
nine sulphate.

Ruth L., a housewife, complained of pain about the
anus and developed fever two months before admission
to the hospital. An abscess of the anal region was
discovered and drained. Later, hemorrhoidectomy was
performed. She continued to have pain and a burning
sensation about the anus, for which she took allonal and
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amidopyrine in small doses. In the week before admis-
sion to the hospital she took 10 " pyramidon " tablets and
6 tablets of allonal. She developed fever, sore mouth,
nausea, and headache. Examination disclosed a tempera-
ture of 103° F., herpetic lesions about the mouth, gingi-
vitis, a small punched-out area at the tip of the tongue,
and tenderness in the anal region. Routine blood findings
on admission April 14, 1934 showed the following: hemo-
globin 85 per cent; red blood cell count 4.45; white blood
cell count 1,800; polymorphonuclear cells 8 per cent;
lymphocytes 70 per cent; monocytes 2 per cent. On
April 15, leukocyte count was 1,225; on April 16, the
white blood cell count was 400 with complete absence of
granulocytes. On April 15, she was given adenine sul-
phate in dosage of 1.0 gram intravenously; this was
repeated for five doses. On April 17, leukocyte count
was 700 with 3 per cent polymorphonuclear cells. On
April 18, 60 hours after the first administration of the
drug, the white blood cell count was 1,500 with 24 per
cent granulocytes, most of which were myelocytes and
metamyelocytes. From that time on, rapid clinical and
hematological improvement took place. On April 23,
leukocyte count was 19,800 with 49 per cent granulocytes.
Subsequently, the leukocyte count came to normal, and
the patient was clinically well.

The patient was observed at intervals for sev-
eral months and was always found to have a
normal blood picture. The leukocyte count varied
between 7,000 and 8,600 per c. mm. and the
polymorphonuclear cells between 53 and 63 per
cent.

On September 8, 1934, after a period of two
weeks of frequent observations, scratch and patch
tests with amidopyrine were performed. On the
following day, the area of skin below the surface
of the amidopyrine patch was light pink, the cen-
tral portion being raised and whitish. On Sep-
tember 10, the raised central portion was more
prominent. On the 11th there was definite fad-
ing but on the 15th, seven days after the patch
test was performed, the area of the test was
purplish red and surrounded by a slight white
halo. The leukocyte count on this day was 5,650
with 45 per cent polymorphonuclears, many of
them very mature forms. On September 15, she
was given amidopyrine grains 5 (0.3 gram) by
mouth without any appreciable effect either gen-
erally or on the leukocyte count. On September
17, the white cell count was 6,100 and on Sep-
tember 18, 6,200 with 58 per cent polymorpho-
nuclear cells.

Except for sensations of weakness from time to
time and aching in various joints, the patient was

well for the next several months. Occasional
leukocyte counts gave normal figures. On Feb-
ruary 25, 1935, intradermal tests with solutions
of amidopyrine in distilled water and in blood
serum were done. The reactions to the amido-
pyrine solution in water were negative, but strik-
ingly positive reactions to the amidopyrine-serum
mixtures occurred (Figure 2). About 10 mgm.
of amidopyrine had been injected. The patient
was asked to return on March 1 for further test-
ing. At this time, intradermal tests were done
with the blood serum control and with a 5 per cent
aqueous amidopyrine solution (containing about
1 mgm. of amidopyrine). The leukocyte count
on February 25 was 6,400 per c. mm. with 63 per
cent polymorphonuclears. On March 1, the date
of further testing, the leukocyte count was 4,500
with 55 per cent polymorphonuclears.

On March 2, the patient complained of pain in
the lower right quadrant of the abdomen; a phy-
sician who saw her found no elevation of tempera-
ture and no abnormal physical signs. On March
6, she took to bed feeling weak and feverish and
complaining of sore throat and sore gums; the
abdominal pain had ceased. Temperature was
1000 F. On March 8, in addition to these symp-
toms, there was photophobia, pains in the region
of the right ear, and extremely sore throat and
gums. Examination disclosed dulling of the
sensorium, ridges of raised, dry, necrotic-looking
material on either side of the buccal mucous mem-
branes, "dry " appearing gums with beginning
areas of necrosis, marked dusky redness of the
entire fauces, and large lymph nodes at the angles
of the jaws. The leukocyte count was 4,200 per
c. mm. Differential count showed only 1 per cent
of mature polymorphonuclear cells; 2 meta-
myelocytes and 5 myelocytes were present. The
lymphocytes numbered 60 per cent, the monocytes
32 per cent. On March 9, the symptoms of weak-
ness, headache, pain in the right neck were still
present, and in addition there was nausea. The
leukocyte count was substantially the same (Fig-
ure 4). The necrotic areas of the buccal mucous
membranes and gums gradually healed, and there
was a gradual increase in the number of granulo-
cytes. On March 17, weakness and slight head-
ache were still severe, but the temperature was
normal, and there were no abnormal physical
signs. On March 22, the patient felt better al-
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FIG. 4. THE EFFECT ON THE LEUKOCYTEAND GRANULOCYTECOUNTS IN PATIENT R. L. OF (1) A PATCH
TEST WITH AMIDOPYRINE AND (2) INTADERMAL TESTS WITH AMIDOPYNEAND CONTROLSOLUTIONS

The total amount of amidopyrine present in the testing solutions was about 10 mgmn (1/6 grain).

though still somewhat weak. Leukocyte count
was 5,000 and 66 per cent polymorphonuclear
cells were present.

DISCUSSION

Analysis of results

The results obtained in the four cases selected
for special study are recorded in Table II. It is
seen that in three of the four cases (1, 2, and 3)
a reaction occurred following oral administration
of amidopyrine. In Case 2 this reaction was de-
layed and therefore not conclusive. In Case 1
severe constitutional symptoms characterized by
headache, nausea, vague generalized pains, etc. oc-

curred within 90 minutes after ingestion of the
drug. In two and a half days there was almost
complete agranulocytosis. In Case 3 constitu-
tional symptoms of headache, nausea, and epi-
gastric distress appeared about six hours after the
first administration of the drug. There was halv-
ing of the leukocyte count in 12 hours. Case 4
failed to react definitely to 5 grains of amidopyrine

given orally, although a definite but slight leuko-
penia occurred. It is, to be sure, possible that the
amount of drug given was too small to produce
definite effect, for a severe reaction occurred later
following intradermal tests.

The scratch and patch tests were uniformly
negative, although in Case 4 there was a delayed
reaction to the patch test which occurred in 4 or 5
days. Tests in which an attempt was made to use

the rabbit as a reactor in a modified passive trans-
fer reaction were inconclusive although first re-

sults proved suggestive.
Intradermal tests using an aqueous solution (5

per cent) of amidopyrine were entirely negative,
but when the solution of amidopyrine was allowed
to remain in contact with blood serum for several
days and intradermal tests again performed, the
results were striking. Marked local reactions oc-

curred in all three patients tested with the serum-

amidopyrine mixtures. In a large series of nor-

mal subjects, only a few reacted to the serum-

amidopyrine mixtures. Striking general and
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TABLE II
Summary of the reactions induced by the administration of amidopyrine to a group of 4 patients who had recovered from

agranulocytosis

Intradermal tests-local reaction

Amidopyrine Amidopyrine (5 per cent
number Oral administration Srtect Ptetch (aqueous solution)-blood serum Effect of intradermal tests on W.B.C.number test test ~~~~~~solution) mixtures

5 0.5 3- 2-5 _
per cent per cent 1-.

1 (1.2 gram) 0 0 0 0 + + + ++ + +++ W.B.C. 2200. Polys. 0
W.B.C. 1400
Polys. 2 per cent

2 (3.0 gram) 0 0 0 0 +++ + + + + No definite reaction
W.B.C. 2000
Polys. 50 per cent

3 (1.8 gram) 0 0
W.B.C. 4300
Polys. 63 per cent

4 (0.3 gram) 0 + 0 0 +++ +++ +++ W.B.C. 2750. Polys. 0
No effect

dermatological reactions have occurred in the first
two positively reacting subjects following the oral
administration of amidopyrine. This part of the
work is still in progress. In two of the cases of
agranulocytosis, as noted above, the entire clinical
and hematological picture was unexpectedly re-
produced following these intradermal tests. Case
1 reacted in striking fashion to both the oral and
intradermal administration of the drug, about 10
mgm. given intradermally creating as much dis-
turbance as 10 grains (0.6 gram) given orally.
Case 4 is more instructive in this respect since 5
grains (0.3 gram) given orally failed to produce
a definite reaction, although about 10 mgm. given
intradermally produced a striking hematological
and clinical effect. This suggests a definite gastro-
intestinal " barrier " to the extent of at least 30
times. The fact that intradermal tests with an
aqueous solution of amidopyrine were negative
whereas similar tests with the same solution
"aged" in blood serum were strongly positive
suggests a drug-protein linkage in the hypersensi-
tivity to amidopyrine. This is in line with the
observations of Landsteiner and Van Der Scheer
(11) who demonstrated that linkage of single
chemicals to protein molecules gave rise to new
antigenic substances whose specificity was deter-
mined by the non-protein portion of the resultant
compound.

The theory of hypersensitivity to various drugs
Understanding of the etiology of agranulocyto-

sis was greatly advanced by the publications of
Kracke and Parker (12) and of Madison and
Squier (2). Emphasis formerly placed upon in-
fections, hypothetical toxins, an inherent leuko-
penic tendency, the menstrual cycle, etc. became
completely shifted to certain chemicals which were
commonly used as therapeutic agents. The
mechanism by which these drugs brought about an
extreme reduction in granulocytes could only be
inferred since animal experimentation was for the
most part unsatisfactory. Most authors suggested
that certain patients were hypersensitive to the
various drugs which had been incriminated.
Kracke and Parker (12), however, postulated a
direct chemical action upon the bone marrow
through the medium of certain oxidation products
of the " benzamine " drugs.

It was obvious that if amidopyrine and certain
other drugs were the chief causes of agranulocyto-
sis, some other factor must be present as well
since so few cases of agranulocytosis occurred
among the many users of the drugs. Numerous
observers therefore suggested the factor of indi-
vidual idiosyncrasy, hypersensitivity, or " allergy."
That certain individuals are unusually sensitive to
certain drugs (arsphenamine, potassium iodide,
cinchophen, etc.) is well known. This hyper-
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sensitivity has been previously associated with
such organs as the skin and the liver; the bone
marrow has heretofore not been implicated.

Pepper (13) some years previously had sug-
gested that agranulocytosis might be on an " al-
lergic" basis; this suggestion was based simply
on the fact that certain patients with the disease
had a background or family history of allergy.
Madison and Squier. (2) emphasized the possibil-
ity of hypersensitivity to amidopyrine, and WVat-
kins (14) stated that there was a definite possi-
bility of idiosyncrasy to the drug, which together
with a "primary dysfunction of the bone mar-
row" resulted in the disease. Hoffman, Butt,
and Hickey (15) suggested that the disease might
be on the basis of individual susceptibility in the
nature of an allergic reaction. Groen and Gelder-
man (16) thought that idiosyncrasy to certain
drugs might be inherent in certain individuals,
and pointed to the case of deVries in which " a
few hundred milligrams of pyramidon" regularly
caused chill and granulocytopenia. Reznikoff
(3) stated that " it is obvious that one is dealing
with a question of sensitivity in certain patients
rather than with a universal action of the drug."

A recent survey5 indicates that about 30 mil-
lion prescriptions for the numerous preparations
containing amidopyrine are filled annually. This
figure does not take into account the large amounts
used in hospitals and other institutions or sold di-
rectly over the drugstore counter. Less than 500
cases of agranulocytosis have been reported in the
United States in the past five years. If it is as-
sumed that ten times as many cases were present
as were reported, then about 5,000 cases of the
disease might possibly have been present. This is
obviously an exaggerated figure, but even utilizing
this figure only one case of agranulocytosis de-
velops as the result of approximately 6,000 pre-
scriptions containing amidopyrine. If hospital
and over-the-counter usage are considered, the
case incidence becomes even smaller, possibly 1
case in 10,000 prescriptions. This figure alone
suggests that striking hypersensitivity to the drug
is probably present before the disease agranulocy-
tosis develops.

Benjamin and Biederman (5) attempted to de-

5These figures were kindly supplied to us by the
Research Division of the Winthrop Chemical Co.

fine more accurately the nature of this hypersensi-
tivity. Since patch tests, intracutaneous tests,
and passive transfer tests in their patient reacting
to the oral administration of amidopyrine were all
negative, these authors concluded that the reaction
was " not atopic " but " more in the nature of a
drug hypersensitivity with the hematopoietic sys-
tem acting as a shock organ."

Certain individuals appear to have an unusually
marked sensitivity to amidopyrine resulting in (a)
constitutional symptoms (fever, prostration, head-
ache), (b) dermatological manifestations (herpes
labialis, angioneurotic edema), and (c) leuko-
penia. The latter is presumably due to a direct
action on the bone marrow, more particularly on
the leukopoietic portion of the marrow. The ex-
act nature of this action on the marrow is not at
present understood. Fitz-Hugh and Krumbhaar
(17) postulated a " maturation arrest " in the dis-
ease, with failure of the myeloblastic cells of the
bone marrow to maturate beyond a given point.
One of us (W. D.) in a series of unpublished ex-
periments has recently been able to induce leuko-
penia in normal individuals by the continued ad-
ministration of drugs containing amidopyrine.
When these drugs were discontinued, most cases
showed pronounced leukocytosis (" release phe-
nomenon ") suggesting either that the drug had
induced an inhibition of cellular maturation or of
delivery of leukocytes from the bone marrow to
the blood stream. It is therefore possible that
certain individuals with an altered reactivity
("allergy," hypersensitivity) are profoundly af-
fected by minute doses of such drugs as amido-
pyrine with resultant effect either on cellular ma-
turation in the bone marrow or upon the delivery
mechanism from the marrow to the circulating
blood.

The theory of direct action of the drug or its
oxidation products upon the bone marrow

Kracke and Parker (12) have been the chief
protagonists of the theory that agranulocytosis is
due to a direct toxic effect of various drugs or
their oxidation products upon the marrow. They
list gold salts, arsphenamine, amidopyrine, and
phenacetin as containing easily oxidizable benzene
rings, and suggest that oxidation products such as
catechol and quinon probably affect the marrow
directly to produce the disease. They also sug-
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gest that this oxidation takes place in the gastro-
intestinal tract. They state, " It is logical to as-
sume that rabbits as well as human beings have an
adeqtuate protective mechanism against the action
of drugs of this class. . . . It can be readily seen
that the injection of these drugs, whether it be
subcutaneous, intraperitoneal or intravenous,
would result in little opportunity for oxidation to
the more toxic products, whereas the oral ad-
ministration of the same drugs would . . . lend
them to easy oxidation in the gastro-intestinal
tract." The evidence given for these statements
appears to be inadequate and often speculative.
It has, furthermore, been demonstrated from our
two cases in which agranulocytosis followed the
intradermal injection of small quantities of amido-
pyrine that injection of the drug may produce the
disease and that "oxidation" by the gastro-in-
testinal tract is not a requisite.

That only certain individuals should develop
agranulocytosis with the same drug presupposes,
according to the theory of Kracke and Parker,
either excessive dosage or a defective marrow.
Judging from our cases, excessive dosage is prob-
ably not as important a fact as unusual sensitivity
to the ordinary dosage. That a defective marrow
may, however, be of importance is possibly dem-
onstrated in our cases of pernicious anemia and
hypoplastic anemia which developed agranulocyto-
sis. It is, to be sure, possible that all of these
conditions, i.e. hypersensitivity, excessive dosage,
and a defective marrow must be operative in
a given case before agranulocytosis develops.
Multiple etiological factors, while essential for the
development of certain cases, are doubtless not as
important as the factor of hypersensitivity to a
drug, usually amidopyrine. This factor appears
to be present in the great majority of cases of the
disease. Whether this "allergic" state is con-
genitally present or acquired during life will be
the subject of further investigation. There can
be no doubt, however, from these studies that cer-
tain individuals who are unusually sensitive to
amidopyrine develop a bone marrow reaction
which results clinically in agranulocytosis.

SUMMARYAND CONCLUSIONS

1. In twelve cases of agranulocytosis, although
many etiological factors seemed operative, the only
constant one was that of a drug, usually amido-

pyrine, administered either alone or in combina-
tion. Of eight recovered cases, four were se-
lected for special study of possible hypersensitivity
to drugs.

2. The subjects were tested with amidopyrine
which was given orally, by scratch test, patch test,
passive transfer test, and intradermal test. Fi-
nally, intradermal tests were performed with a
mixture -of an aqueous solution of amidopyrine
and blood serum.

3. One patient reacted strikingly (within 90
minutes) to the oral administration of 0.6 gram
(10 grains) of amidopyrine with the resultant

clinical and hematological manifestations of agran-
ulocytosis. Two other patients developed mod-
erate leukopenic and clinical reactions; the fourth
patient, given 0.3 gram (5 grains) of the drug,
developed no symptoms. The skin reactions to
various scratch tests, patch tests, passive transfer
tests, and intradermal tests with the drug alone
were essentially negative. However, intradermal
tests with a mixture of the drug and blood serum
were strongly positive in all three cases tried.

4. Two of three patients, shortly after the in-
tradermal administration of amidopyrine solutions
for skin testing, developed all of the clinical and
hematological features of agranulocytosis. The
total quantity of amidopyrine used in these tests
did not exceed 10 mgm. (1/6 grain).

5. Numerous reports demonstrate that the use
of drugs, particularly of amidopyrine both alone
and in combination is an important cause of
agranulocytosis. The widespread use of these
drugs and the relatively few cases of the disease
suggest an idiosyncrasy or hypersensitivity on the
part of certain individuals.

6. Our experimental observations present con-
clusive evidence of extreme hypersensitivity on the
part of certain individuals to amidopyrine. The
production of agranulocytosis following the intra-
dermal introduction of only a few milligrams of
the drug tends to disprove the theory that the drug
must be oxidized in the gastro-intestinal tract be-
fore it can become toxic.

7. The negative intradermal tests with an
aqueous solution of amidopyrine as contrasted
with the strongly positive tests with a " serum-
ized " solution suggest a possible drug-protein
linkage as the basis of the " allergic " or hyper-
sensitive reaction.
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8. The fundamental mechanism by which the
bone marrow becomes affected and agranulocyto-
sis results has not yet been demonstrated. These
observations together with others suggest that cer.-
tain drugs may cause suppression ("maturation
arrest ") of granulocyte production. In an indi-
vidual who is hypersensitive ("allergic") to a
given drug, a minute amount may initiate the
disease.
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