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Pamaquine (6-methoxy-8-amino [N-diethyl-
aminoisopentyl] quinoline) is recognized to be a
potentially dangerous drug. However, a definitive
appraisal of its hazard had not been achieved at a
time when the further exploration of the antima-
larial activity of the 8-aminoquinolines was con-
sidered advisable. Pamaquine toxicity can in-
volve the gastro-intestinal tract, the central nerv-
ous system, and the circulating blood. Symptoms
referable to the gastro-intestinal tract and the cen-
tral nervous system may be annoying, but there
is no evidence that they constitute a hazard to life
or persist beyond the termination of therapy.
Effects on the blood do constitute a serious hazard
and are considered in this paper.

MATERIALS ANDMETHODS

Most of the patients utilized as subjects either were
having malaria at the time of the observations or had had
the disease from one to six weeks previously. None of
the patients had malaria long enough to be considered
likely subjects for the development of blackwater fever.
Most subjects were suffering from asymptomatic neuro-
syphilis and many had received prior antiluetic therapy.

1 The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
Development and New York University.

2 portion of this work was presented at the meetings
of the Federation of the American Societies for Experi-
mental Biology, March 11-15, 1946, Federation Proc.,
1946, 5, 176 and 217.

8 The authors express their thanks to the Malaria
Study Section of the National Institute of Health for
editorial assistance and for arrangements in regard to the
publication of this paper. They are also grateful to the
Abbott Laboratories, E. I. du Pont de Nemours and
Company, Inc., E. R. Squibb and Sons, Eli Lilly and
Company, Sharp and Dohme, and Wyeth, Inc., for con-
tributing toward the publication costs.

4 Captain, MC, AUS.

However, whenever indicated, sufficient data were col-
lected in normal subjects.

Plasma pamaquine levels were estimated by the method
of Brodie, Taggart and Udenfriend (1). A modification
of the method of Horecker and Brackett (2) was utilized
for the measurement of methemoglobin.

Special blood studies:
(a) Isoagglutinins. Fresh suspensions of group A, B,.

and 0 erythrocytes were prepared each test day. The
same donors were used throughout the study. The cells
were washed once with sterile physiological saline and a
2 per cent solution in saline prepared. Test serum was
obtained by allowing the whole blood to clot and centri-
fuging the sample. Half milliliter samples of the cell
suspensions were added to 0.5 ml. of serial dilutions of
the test serum in small glass test-tubes. The tubes were
placed in a water-bath at 370 C. for three hours. The
tubes were then removed, agitated gently, and observed
for macroscopic agglutination in a well-lighted, white
viewing box. Agglutination was recorded on a scale of
1 to 4 plus. The final titer was taken as the greatest
serum dilution that caused agglutination.

(b) Serum hemolysins. The tubes containing the group
O erythrocytes described in the isoagglutinin technique
were examined for the presence of hemolysis.

(c) Cold hemagglutinins. Titers of cold hemagglu-
tinins were measured by a technique based on that of
Favour (3). Indicator cells were derived from a group
O donor whose serum contained no cold hemagglutinins.
The titers were recorded as the maximum dilution of
saline plus cell suspension at which visible agglutination
occurred after 18 hours at 40 C.

(d) Autoagglutination was looked for by microscopic
examination of a small drop of freshly drawn blood in a
large drop of saline. If cold hemagglutinins were pres-
ent, the slide was kept warm until the examination was
completed.

(e) Fragility of erythrocytes to hypotonic saline. A
2 per cent suspension of erythrocytes in sterile physiologi-
cal saline was prepared from blood containing one drop
of saturated potassium oxalate per 5 ml. of blood. 0.5
ml. of the cell suspension was added as soon as possible
to 2 ml. each of 0.9 per cent sodium chloride (control),
to distilled water (total hemoglobin), and to a series of
sodium chloride dilutions usually ranging from 0.48 per
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cent to 0.30 per cent in steps of 0.02 per cent. The
tubes were placed in a water-bath at 37° C. for two
hours. The samples were then centrifuged at slow speed
for ten minutes. The hemoglobin content of the super-

natant fluids was determined on a Coleman Junior Col-
orimeter. The galvanometer was set at 100 per cent
transmission with the supernatant fluid from the 0.9 per

cent sodium chloride tube. All readings in each test
were made in the same cuvette. The results were ex-

pressed in per cent hemolysis at the various saline dilu-
tions uncorrected for the addition of the cell suspension.
The highest sodium chloride concentration resulting in 5

per cent hemolysis was arbitrarily chosen as the point of
beginning hemolysis.

(f ) The resistance of erythrocytes to mechanical trauma
was measured by the technique of Shen, Castle and
Fleming (4).

Section I

METHEMOGLOBINEMIADUE TO PAMAQUINE

It is well known that methemoglobinemia is a

common result of pamaquine therapy (5, 6). The
present study is concerned with the degree of
methemoglobinemia achieved on various regimens
of pamaquine, alone and in combination with quin-
acrine or quinine. More detailed studies of this
phenomenon in relation to blood pigment metab-
olism will be reported elsewhere.

Observations. Serial methemoglobin determi-
nations were made in patients given various doses
of pamaquine, alone or in combination with quin-
acrine or quinine. These data are summarized in
Table I. Methemoglobinemia gradually increases
on serial dosage with pamaquine and achieves a

fairly stable level by the fifth or sixth day of treat-
ment. For this reason only subjects who had re-

ceived pamaquine for five or more days are in-
cluded in the data presented in Table I. The
methemoglobins recorded in the table are the
maximum values achieved. Although there is

TABLE I

Methemoglobin per cent in patients after five to seven days of
various pamaquine regimens

Nu-MeanNum- per Stand- Range
Treatmentgroupeo cent ard per centTreatment group of met- devia- methemo-sub- hemo- tion globinjects globin

Pamaquine, 90 mgm. daily 24 12.2 7.0 0.9-28.7
Pamaquine, 60 mgm. daily 13 8.9 4.5 1.9-20.8
Pamaquine, 30 mgm. daily 29 4.4 2.4 0.7-10.0
Pamaquine, 30 mgm. daily,

plus quinacrine 6 12.2 4.6 6.0-19.3

marked variation in methemoglobinemia among
individuals on any given regimen, the mean value
for each group is proportional to the daily dose of
pamaquine, except in the group that also received
quinacrine. The mean methemoglobin value
achieved by this group on 30 mgm. of pamaquine
daily is equal to that of the subjects given 90 mgm.
of pamaquine daily but without quinacrine.

Approximately half of each of the first three
groups recorded in Table I received 2 grams of
quinine daily along with the pamaquine. There
was no statistically, significant difference between
the methemoglobin values achieved by those given
quinine and those not given quinine. Very high
concentrations of pamaquine, -far greater than
those achieved in the plasma on therapeutic dos-
age,' are required to produce methemoglobin in
erythrocytes in vitro. Probably for this reason
there was only a rough correlation between
methemoglobinemia and plasma drug levels
among the patients given pamaquine. However,
it was noted that the occasional individual who de-
veloped excessively high plasma pamaquine levels
on low dosage also had relatively high methemo-
globin percentages. Cyanosis was noted in most
white individuals who had methemoglobin values
greater than 10 per cent.

Weakness and intolerance to exercise were
prominent among the patients given 90 mgm. of
pamaquine daily, and were also noted among those
given 60 mgm. daily. These symptoms were only
roughly parallel to the methemoglobin levels and
were probably due to some other action of the
drug.

Section II

THE PAMAQUINEHEMOLYTICREACTION

Acute hemolytic anemia constitutes the most
serious hazard incidental to the administration of
pamaquine. A report of 260 such reactions
treated in the Gorga~s Hospital in 1942 (7) sub-
stantiates this view.

A study of hemolytic anemias occurring among
patients given pamaquine was undertaken with the
hope that the clarification of the mechanism of
their production would be of value in the use of
pamaquine or of related synthetic compounds. It
was also hoped that the collection of the clinical
information necessary for the study of the mech-
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anism of the hemolytic phenomena would yield in-
formation on premonitory signs and symptoms
of the hemolytic event. Should signs or symptoms
be uncovered which would permit the early pre-

diction of the probable occurrence of a hemolytic
event, then the termination of pamaquine therapy
prior to the appearance of frank hemolysis would
constitute a further safeguard during the adminis-
tration of this agent. Unfortunately, no specific
premonitory signs were established.

Such a study is conditioned by the fact that
hemolytic anemias are observed in only some 5 to
10 per cent of individuals receiving pamaquine.
Such a situation is compatible with the view that
pamaquine per se is a precipitating factor capable
of producing an anemia when certain predisposing
factors are present rather than the sole etiological
agent. Such predisposing factors might be at-
tributable to prior experience with malaria, or

some metabolic defect that causes a diversion from
the normal in the metabolism of pamaquine. The
latter may result in the production in significant
amounts of one or more highly noxious agents
which in turn are responsible for the hemolytic
episode. The studies reported in this section do
not settle this problem, although it is apparent that
negroes are more prone to develop acute hemolytic
anemia than are white subjects. It is possible that
prior quinacrine therapy is also a predisposing
factor.

Observations. Hemolytic anemia occurred in
seven of 157 patients given pamaquine naphthoate
in repeated doses for two to 14 days. The race of
each patient who developed hemolytic anemia and
the preceding events are summarized in Table II.

Five acute hemolytic anemias occurred in ne-

groes and one in a Chinese. A slowly develop-
ing hemolytic anemia occurred in a seventh pa-

tient who was white and who received 90 mgm.

of pamaquine and 2 grams of quinine daily for the
treatment of vivax malaria. The plasma pama-

quine level and the hemoglobin concentration in
relation to pamaquine dosage and onset of symp-

toms are recorded in Table III. Jaundice, 'dark
urine, or symptoms of acute blood loss were first
noted on the third to fifth day of drug adminis-
tration. A significant loss of hemoglobin was usu-

ally noted on the same day as the onset of symp-

toms. The lowest hemoglobin values occurred
one day after the onset of symptoms in four pa-

tients, and four and five days after the onset in
the other two patients with the acute reaction.
Maximal hemoglobin losses varied from 3.7 to
7.9 grams per cent. Serum bilirubin determina-
tions were done during the period of clinical jaun-
dice in three patients. Direct bilirubins were 1.5,
0.5, and 0.8 mgm. per cent, while the indirect val-
ues were 3.5, 1.0, and 1.5 mgm. per cent.

Evidence has been adduced (8) to favor the
view that concurrent administration of pamaquine

TABLE II

Race and preceding events in hemolytic anemia due to pamaquine

Interval Interval Fever
Duration of between ls Typhoid Prior between end

Patient Race Species paastemia paraite and vaccine therpy Of prior ptaun
pamaquine infusions therapy and theraqpynpamaquine thrp

days days number days
Dal Negro P. malariae 14

P. fakiparum 23 10 8 quinacrine 3 yes

Fra Negro P. fakiparum 5 0 0 none yes

Mat Negro P. fakiparum 23
P. malariae 77 6 8 quinacrine no

Mor Negro P. fakiparum 31 4 3 q~uinacrine 0 no

Yat Negro P. fakiparum 16 7 2 quinacrine yes

Chi Chinese P. vivax 10
P. fakiparum 19
P. malariae 26 4 3 quinacrine j no

Fle White P. vivax 4 0 0 quinine 0 no
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TABLE III

Hemoglobin loss and onset of, symptoms in hemolytic anemias due to pamaquine
The underscored values for hemoglobin indicate the days on which pamaquine was administered.

The day the first symptom was noted is indicated by an asterisk.

Hemoglobin, grams per cent, on various days subsequent to First symptomMean initiation of pamaqulne therapy
Patient plsaDyo

(14-IL) ~~~~~~~~~~~~~~~~~~~~Typeappear-'
1 2 3 4 s 6 7 8 9 12 ancel

Fra 77 13.0 14.3 12.0* 9.8 6.1 5.4 5.5 5.5 7.4 8.9 dark urine 3
Yat 217 - T10.6 9.7* 8.3 7.3 8.3 7.3 6.9 7.0 8.2 icterus 3
Dal hightf 10*3 9.1 7.4* 5.6 7.3 6.8 8.8 8.8 9.0 weakness 4
Mor high 8.6 - - * 2.9 4.8t 6.7 6.5 6.2 8.1 weakness 4
Mat 270 11.3 10.0 10.3 9.1 8.1* 5.9 6.9 5.9 6.2 8.0 icterus 5
Chi high - 14.0 14.0 7.8* 5.6 6.5 6.5 8.8 icterus 5
Fle 201 13. 13.7 14.8 14.5 12.6 14.0 13.9 12.7 11.9* 10.3 weakness 8

t Level assumed to be greater than 200 t'g. per liter since quinacrine present in body.
t Transfusion, 500 ml. blood.

and quinine causes some slight destruction of
hemoglobin which can be detected only by special
techniques. The acute hemolytic process under
consideration in this paper is obviously quite dif-
ferent. Furthermore, no significant reduction in
hemoglobin content is observed in the blood of
patients given pamaquine who do not develop
acute hemolytic anemia. For instance, frequent
estimations of hemoglobin concentration were

made in 54 patients receiving pamaquine follow-
ing the termination of malaria. The mean hemo-
globin concentration of these 54 patients was 11.0
grams per cent before and 11.1 grams per cent
after four to six days of pamaquine administra-
tion. There were five patients among these who
lost one or more grams per cent of hemoglobin dur-
ing pamaquine administration (1.0, 1.1, 1.5, 1.7,
and 2.0 grams per cent). The situation is in con-

trast to the six patients with acute hemolytic epi-
sodes who lost from 3.7 to 9.9 grams per cent of
hemoglobin, the onset of these episodes being
three to four days after beginning therapy.

Special studies. An examination of factors that
might possibly affect the occurrence of hemolytic
anemia during pamaquine administration was un-

dertaken. This included consideration of race,

dosage, plasma drug level, prior treatment,
methemoglobin, agglutinins and hemolysins, and
the resistance of the erythrocytes to hypotonic
saline and to mechanical trauma.

No hemolytic anemias occurred among 20 pa-

tients (15 negroes, five whites) given 4 to 20
mgm. of pamaquine daily.

Pamaquine was administered in serial dosage
in amounts of 30 mgm. or more daily to 157 pa-
tients. The incidence of hemolytic anemia during
the administration of pamaquine to these patients
according to color, prior quinacrine therapy and
plasma pamaquine levels is summarized in Table
IV. The most definite correlation achieved by
these analyses was that between race and oc-
currence of hemolytic anemia.

It may be noted that all six acute hemolytic
anemias occurred among 76 pigmented individ-
uals, while only one subacute anemia was observed

TABLE IV

Incidence of hemolytic anemia due to pamaquine according to
race, quinacrine therapy, and plasma

pamaquine level

Pigmented White Total
patients patients patients

Num- Hemo- Num- Hemo Num- Hemo-ber beyti lytic - ber lyticgiven ane-c given an-given as
pama- mane parna- mane pama- mane
quinie qume quie

Quinacrine so 5 20 0 70 5
No quinacrine 26 1 61 1* 87 2

High plasma pama-
quine 51 5 44 1* 95 6

Low plasma pama-
quine 25 1 37 0 62 1

Total 76 6 81 1* 157 7

* Slowly developing hemolytic anemia.

124



EFFECT OF PAMAQUINEON THE BLOODCELLS OF MAN

among 81 white subjects. In addition, five of the
acute anemias occurred among patients who had
received prior quinacrine therapy.

No significant relationship between previous
or concurrent malaria fever and the incidence of
hemolytic anemia could be established for the
group as a whole or among the pigmented pa-

tients alone.
Serial methemoglobin determinations were made

during the administration of pamaquine to 60
patients. Two of these patients developed acute
hemolytic anemia, and one, a slowly developing
anemia. The methemoglobin in these patients
was 7.2 per cent and 19 per cent before the onset
of anemia. However, comparable or greater
methemoglobinemia (as high as 28 per cent) was

observed among the patients who did not develop
a hemolytic anemia.

It was thought that malaria might cause changes
in the serum or erythrocytes of certain patients
that would predispose the cells to rupture to de-
struction. If such were the case, then pamaquine
or some metabolic product could be considered the
precipitating agent in the hemolytic reaction.
Only one hemolytic anemia occurred among the
patients subjected to these special studies. This
precludes a definitive answer to the problem.

The following factors were examined:

(a) Isoagglutinins. It has been reported that
malaria causes an increase in the titer of isoag-
glutinins, especially isoagglutinin a, and excessively
high titers have been reported in two patients with
blackwater fever (9). Were this a cause or a

predisposing factor in the precipitation of an acute
hemolytic anemia, the patient would necessarily
belong to Blood Group A or AB. The three pa-

tients in the present series who developed an

hemolytic anemia during pamaquine administra-
tion and who were blood typed, belonged to
groups A, A, and AB. However, no isoagglu-
tinins were found in the serum of the group AB
patient during the hemolytic episode. In addition,
no evidence of increased isoagglutinin titers was

found in 17 patients followed serially throughout
the course of their malaria (five vivax, 12 falci-
parum).

(b) Isohemolysins. No isohemolysins were

demonstrable among the patients described above
in section (a).

(c) Cold hemagglutinins. Serial examination
of the cold hemagglutinin titers was performed in
29 patients with malaria. There was an increase
in the titer of even patients, the maximal titer in
six of these without histories of recent respira-
tory infection being 1 to 40. The seventh pa-
tient had a maximum titer during malaria of 1 to
320. However, this patient had recently re-
covered from an undiagnosed pulmonary infec-
tion characterized by slight fever without leuco-
cytosis or cough, and a patch of rales at the right
lung base was found on several examinations at
the time of the high titer.

Cold hemagglutinins increased to a maximal
titer of 1 to 20 in the patient with falciparum ma-
laria who developed hemolytic anemia due to
pamaquine administration. However, this in-
crease did not take place until two days after the
onset of the anemia. In addition, pamaquine was
given to six patients with cold hemagglutinin
titers varying from 1 to 20 to 1 to 320 and in none
of these was there evidence of an hemolytic
anemia.

(d) Autoagglutinins. Autoagglutination, in the
absence of cold hemagglutinins, was noted in wet
drop preparations in three patients. Two patients
were receiving pamaquine but no hemolytic ane-
mia developed in either patient. Patient Fra ex-
hibited autoagglutination only after the onset of
his hemolytic anemia.

(e) Fragility of erythrocytes to hypotonic sa-
line. The resistance of erythrocytes to hypotonic
saline was examined serially in 25 attacks of P.
vivax and P. falciparum malaria. The data show
a moderate increase in hypotonic saline fragility
during the initial days of the parasitemia and then
a considerable decrease in fragility some seven
to 12 days after the onset of parasitemia. Simi-
lar results were obtained in nine patients with ac-
tive malaria during pamaquine administration.
These data will be presented in more detail else-
where.

(f) Resistance of erythrocytes to mechanical
trauma. Each "mechanical fragility" (M. F.) was
done in duplicate. The mean difference in the per
cent hemolysis between the duplicates in 75 tests
selected at random is 1.07 (a = 0.90). The mean
difference between two tests done on different
days in 27 subjects during control periods is 1.64
(va= 1.26). The mean M.F. in 38 patients (one
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to six tests per patient) during control periods is
8.0 (a = 1.95) per cent hemolysis.

The effect of malaria on the M.F. of erythro-
cytes was studied systematically in a series of
patients during eight attacks of vivax malaria and
14 attacks of falciparum malaria. The mean
M.F. during malarial attacks of varying duration
and severity was 8.3 per cent as compared to
8.2 per cent for prior and post malaria control
values. No increase in M.F. was noted in pa-
tients with malaria which was greater than 2.9
per cent (the mean difference between two con-
secutive tests in control subjects plus one a).

The effect of pamaquine alone on the M.F. of
11 patients was also examined. The mean M.F.'s
before and during drug administration were 8.4
and 8.8 per cent. There were no individuals with
increases greater than 2.9 per cent.

M.F. was studied during the administration of
pamaquine to ten patients with active malaria.
The mean M.F. of the group during pamaquine
administration was 11.4 per cent as compared to
the mean control values of 8.0 per cent. In three
instances the increases over control values were
6.6, 7.6 and 9.4 per cent, respectively, differences
that are statistically significant. The greatest
change occurred in a patient who subsequently
developed an hemolytic anemia.

However, additional studies on eight patients
with vivax malaria who were given large doses of
quinine indicate that the M.F. was also signifi-
cantly increased in this circumstance in four in-
stances. Increased M.F. occurred in three in-
stances when large doses of pamaquine were given
to these patients after the malaria was terminated
but while quinine therapy was still being given.
None of these patients developed hemolytic ane-
mia. These observations indicate that increased
M.F. is not useful as a premonitory sign of he-
molytic anemia due to pamaquine.

Section III

GRANULOCYTOPENIADUE TO PAMAQUINE

Hasselmann (10) noted one death due to agran-
ulocytosis and "toxic hepatitis" among 103 sub-
jects given 60 to 120 mgm. pamaquine hydroiodide
daily. However, granulocytopenia had not been
noted as a consistent manifestation of pamaquine
therapy. During the course of studies on the cura-

tive action of pamaquine against vivax malaria, a
striking effect on the polymorphonuclear neutro-
philic leucocytes was noted. Independently, and
at the same time that the present observations
were made, Schmidt (11) observed granulocyto-
penias among monkeys given large doses of pama-
quine.

Observations. Eight young adult white volun-
teers who had been infected by mosquitoes carry-
ing Chesson strain vivax malaria were given 3.0
grams of quinine sulfate over 24 hours, followed
by 0.65 gram every eight hours for 15 days, start-
ing on the fourth day of fever. Ninety mgm.
pamaquine base daily, in divided doses, were be-
gun two days after the first quinine dose and con-
tinued for 14 days.

Daily leucocyte counts were done on each of
these eight subjects. One patient, however, is
not included in this analysis since pamaquine ad-
ministration was stopped before the completion of
14 days of therapy. The total daily leucocyte
counts for the seven subjects were averaged and
presented in-Figure 1, in relation to the days of
pamaquine administration. This was possible as
the curve in each patient was almost identical. A
definite rise in leucocyte count occurred in each
subject and reached its peak on the sixth or

9000

am I

wOpr

Su. .
7Woo

.s o S to is X

Day of pamaquine administration

FIG. 1. MEANWHITE BLOOD CELL COUNTS (TOTAL)
IN SEVEN SUBJECTS WHORECEIVED 90 MGM. OF PAMA-
QUINE BASE DAILY FOR 14 DAYS
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TABLE V

Effect on the neutrophilic granulocytes of man of various
doses of pamaquine administered for 14 days

Neutrophilic granulocytes per
cubic millimeter

Num-
ber Aver-

Treatment group of Aver- age Av
sub- age after er- Range of
jects before 14 age minimum

pama- days de- counts
quine pama- ces

quine

Pamaquine, 90 mgm. daily 12 4762 1714 3048 900-3500
Pamaquine, 60 mgm. daily 4 3878 2920 958 1590-3840
Pamaquine, 30 mgm. daily 11 4650 2890 1950 1600-4600
Pamaquine, 30 mgm. daily,

plus quinacrine 6 5093 1493 3600 1150-2100

seventh day of pamaquine administration. There
was then a gradual fall in count which reached a

minimum 16 to 17 days after beginning pamaquine
dosage, or two to three days after stopping the
drug. Approximately five days after stopping
pamaquine, the leucocytes apparently began a slow
return toward normal numbers. The changes in
leucocyte counts were entirely due to variations in
the numbers of neutrophilic polymorphonuclear
leucocytes. No morphological changes were ob-
served in the leucocytes. The remaining neutro-
philic polymorphonuclear leucocytes showed a

younger distribution than normal. Platelets were

not counted, but appeared to be abundant in
stained blood films. No sore throats or other in-
fections were noted among the subjects during the
period of granulocytopenia. The effect of various
dosages of pamaquine is summarized in Table V.
Further studies showed that neither concurrent
quinine therapy nor a preceding malaria was neces-

sary for the granulocytopenia observed during
pamaquine administration, although quinacrine ap-

parently potentiates the effect. Compare groups

3 and 4 in Table V.

GENERALDISCUSSION

The adverse reactions due to pamaquine which
are referable to the blood include the production
of methemoglobin, the occurrence of hemolytic
anemia, and of neutrophilic granulocytopenia.
The occurrence of methemoglobin, per se, is rarely
a deterrent to the continued administration of
pamaquine since it is unusual, even with high
doses, for the oxygen capacity of the blood to be
reduced sufficiently to precipitate respiratory dis-
eases. Granulocytopenia represents a potential

danger to life, but this reaction has not been noted
at doses ordinarily used in therapy. Furthermore,
when it occurs, the process is not precipitous and
rapidly disappears on cessation of dosage.

It would appear that the hemolytic reaction is
the most seriously toxic hazard of pamaquine.
This judgment is based upon the information
available in the literature as well as on the ex-
perience of this service with the administration of
pamaquine under close clinical supervision to some
160 patients over a period of two years.

The mechanisms whereby pamaquine exerts its
effects on the formed elements of the blood have
not been established by these studies. However,
in the instances of the acute hemolytic anemias, it
appears that pamaquine or, more likely, one of
its metabolic products, acts as a precipitating fac-
tor capable of producing hemolysis when certain
predisposing factors are present. This hypoth-
esis is based on the observations that acute he-
molytic anemia occurs in only a small proportion
of individuals given pamaquine, that race has an
effect on the incidence of the hemolytic episodes,
and that there is probably no correlation between
plasma pamaquine levels and the hemolytic re-
action.

In contrast, methemoglobinemia and granulo-
cytic neutropenia regularly result when pamaquine
is given in sufficient dosage, both phenomena are
potentiated by quinacrine, which increases plasma
pamaquine levels (12), and both phenomena ap-
pear to be roughly correlated with plasma pama-
quine levels.

SUMMARY

1. The administration of pamaquine results in
methemoglobinemia which is roughly proportional
to dosage. The effect is potentiated by concurrent
quinacrine treatment.

2. Some 5 to 10 per cent of non-Caucasian pa-
tients given pamaquine develop acute hemolytic
anemia on the third to fifth day of dosage. The
incidence of hemolytic anemia among white pa-
tients given pamaquine is much lower.

3. The administration of 90 mgm. of pamaquine
for 14 days results in a significant reduction of
mature neutrophilic granulocytes. Pamaquine in
daily doses of 30 mgm. does not have this effect
unless quinacrine is also administered.
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CASE REPORTS

1. Acute hemolytic anemia due to pamaquine. One
patient (Fra), a negro, who had not received prior quina-
crine therapy, was studied more completely before, dur-
ing, and after his hemolytic episode than were the others.
This patient was born in Puerto Rico, moved to Panama
in his youth, and to this country about 15 years ago, but
had no history of previous malaria.

During the period of pamaquine 'administration this
patient had active falciparum malaria with considerable
fever each day and a parasite density in the peripheral
blood as high as 233,000 per cu. mm. Pamaquine dosage
was 5 mgm. (free base) every four hours, the mean
plasma drug level during therapy being 77 pxg. per
liter.

The first clinical sign of hemolysis occurred when the
patient voided deep red urine 56 hours after the first dose
of pamaquine. The color of the urine during the next
several days varied from dark brown to black. Plasma
samples obtained during this period were also brown in
color. The signs and symptoms observed during the
hemolytic episode were indistinguishable from those usu-

ally accompanying blackwater fever, although there was
no anuria or severe collapse.

The laboratory observations reflected the changes usu-
ally associated with acute hemolytic anemia. The hemo-
globin fell from an average control value of 13.3 grams
per cent to as low as 5.4 grams per cent. The mean
corpuscular volume rose during the first day of the reac-
tion but thereafter was normal. The mean corpuscular
hemoglobin and mean corpuscular hemoglobin concentra-
tion were normal throughout. The reticulocytes in-.
creased from a control value of 0.2 to 2.1 per cent the
day after the reaction and later to 4.5 per cent. The
erythrocyte sedimentation rate rose abruptly from 13 to
78 mm. per hour (Westergren). Corrected sedimenta-
tion rates (13) indicate that this increase was not due
to the anemia alone. There was a leucocytosis of 16,400
per cu. mm. on the second day of the reaction which
promptly returned toward normal. There was a definite
increase in the "indirect" bilirubin content of the plasma
to 3.5 mgm. per cent while the "direct" bilirubin did not
change. The resistance of the erythrocytes to hypotonic
saline showed a slight increase during the reaction but
this was probably due to the malaria and not to the
pamaquine or anemia (see above, saline fragility). The
erythrocyte mechanical fragility exhibited a marked
increase from an average control value of 7.3 per cent
to 22.9 per cent. Indeed, the morning before the hemo-
lytic anemia began the mechanical fragility had shown a
significant increase to 17 per cent. Increase in mechani-
cal fragility does not occur in malaria alone (see above,
mechanical fragility).

The per cent of total hemoglobin present as methe-
moglobin increased to 72, twelve hours before the first
evidence of intravascular hemolysis. No methemoglobin
could be demonstrated during the next two days, but it
reappeared and rose to a value of 10 per cent four days

after pamaquine dosage was stopped. It then gradually
disappeared. The pigment responsible for the brown
discoloration of the plasma just after the hemolytic epi-
sode was methemalbumin (8). Hemoglobin and an un-
identified pigment with an absorption band between 475
and 500 A were found in the black urine voided after the
reaction. The urine contained no methemoglobin or
methemalbumin.

The patient's blood group was AB (Rh positive, sub-
group 0) 6 and, therefore, there were no isoagglutinins
in his serum. There was a slight increase in the cold
agglutinin titer after the hemolytic episode. No cold
agglutinins were demonstrated before or on the first day
of the reaction but the titer was 1: 10 on the second and
1:20 on the fifth day after the episode. Autoagglutina-
tion was not present before malaria, but the phenomenon
was marked the day following the onset of the hemo-
lytic anemia and before the appearance of cold agglu-
tinins. The intensity of the autoagglutination reaction
gradually diminished but still persisted in the fourth
week of the follow-up period. The autoagglutination
and the presence of cold agglutinins made cross-matching
for transfusion difficult. However, good cross-matching
was obtained using washed red blood cells and the tube
technique at 370 C.

Serum hemolysins against compatible group 0 erythro-
cytes were not demonstrable. However, incubation of
group 0 erythrocytes for one hour with the patient's
serum (obtained the day after the hemolytic reaction)
increased the hypotonic saline fragility of the cells to
a significantly greater degree than did serum from a
normal subject. The erythrocytes showed no tendency
to sickle.

The treatment of the anemia in this patient consisted
of the oral administration of sodium bicarbonate in large
doses to maintain the urine at a high pH- and the giving
of two blood transfusions. Quinacrine was given by
mouth to control the malaria, even though it is known
to decrease the rate of pamaquine degradation.

2. Slowly developing hemolytic anemia. One of the
12 white subjects given 90 mgm. of pamaquine base and
2 grams of quinine daily during vivax malaria developed
evidence of a mild, slowly developing hemolytic anemia.
This represents the only hemolytic anemia observed on
this service during administration of pamaquine to 81
white subjects. This patient did not develop signs of
hemolytic anemia until the seventh day of pamaquine
administration and then the hemoglobin fell gradually
from 13.9 to 9.7 grams per cent over a period of six
days. Prior to the onset of the signs of hemolytic
anemia, this patient had a mean plasma pamaquine level
of 198 gg. per liter, methemoglobin rose to 18.7 per cent
of the total hemoglobin, and the resistance of the erythro-
cytes to hypotonic saline showed a slight but significant
decrease. There were no significant changes in the
erythrocyte mechanical fragility values.

5 Rh groupings were kindly performed by Dr. A. S.
Wiener, Pathology Division, Bellevue Hospital.
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