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Abstract. Bone marrow and peripheral blood from patients who had received
chloroquine phosphate were studied to determine the effect of this drug on the
ultrastructure of cytoplasmic granules in leukocytes. Neutrophils from ap-
proximately one-half of the patients who were treated developed abnormal
cytoplasmic granules. Vacuolar, lamellar, and particulate components within
abnormal, large granules were present in myelocytes from certain patients
who received chloroquine therapy. Mature neutrophils and lymphocytes
from these patients showed variable numbers of large, membrane-bounded
structures containing myelin figures. Cytoplasmic granules in eosinophilic
myelocytes from patients treated with chloroquine did not contain the usual
crystalloid structure, but instead contained small whorls of osmiophilic ma-
terial. The granules in abnormal mature eosinophils were replaced by large
vacuoles which contained amorphous material. The abnormal granules seen
in these various white cells after chloroquine therapy may either reflect
defective granule formation or autophagy.

Introduction

Previous work by others has helped to establish
the true nature of cytoplasmic granules normally
found within leukocytes. Extensive biochemical
and functional studies have demonstrated that such
cytoplasmic granules are lysosomes (1, 2).

Although stained smears of human leukocytes
have been studied for approximately 100 years,
very little is known about abnormal leukocyte
granulation. Abnormal granules in human leuko-
cytes have been observed in both hereditary and
acquired disorders. In the case of the latter, the
etiology is diverse and the leukocyte abnormality
is often reversible. In preparations stained by the
Wright-Giemsa method normal human neutrophil
granules are pink-to-purple structures approx-
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imately 0.3 ,u in diameter, whereas the so-called
"toxic" granules appear as 0.5-1 /x basophilic
granules. The ultrastructure of any type of ab-
normal acquired leukocyte granulation has not
been described and the pathophysiology of the
changes is unknown.

During the course of a study on human marrow,
abnormal, large basophilic granules in neutrophilic
leukocytes were noted on a smear from a patient
who received a course of chloroquine phosphate,
7-chloro-4- ( 4-diethylamino - 1 -methylbutylamino)
quinoline phosphate, therapy for sarcoidosis.
"Toxic" granules have been noted previously on
blood smears from patients who have been treated
with chloroquine (3). This communication will
describe the ultrastructural changes in marrow and
peripheral blood leukocytes from patients who
received chloroquine phosphate therapy.

Methods and Materials
Administration of drug. Six patients with sarcoidosis

were given 250-500 mg chloroquine phosphate (Win-
throp Laboratories, N. Y.) orally, daily for periods of
2-6 months. Diagnosis was confirmed in all patients in
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the study by positive Kveim tests and clinical history com-
patible with sarcoidosis.

Six patients with sarcoidosis who received no therapy
were also studied.

Preparation of tissue specimens. Serial samples of
1)eril)heral blood were collected from all patients before,
(luring, and after treatment with chloroquine and were
prepared for electron microscopy in the following manner.
Blood was collected into heparinized capillary tubes
(Yankee, Clay-Adams, N. Y.) and centrifuged at 2500 g
for 15 min. The glass capillary tube was broken above
the buffy coat layer; the buffy coat was then expressed
into fixative.

Bone marrow was aspirated from the posterior iliac
crest of one patient during and 2 months after a course
of chloroquine therapy. The marrow was collected into
a syringe coated with normal saline which contained
heparin (Panheparin, Abbot, Chicago, Ill.) in a final
concentration of 1.5 mg/ml. The marrow suspension was
then centrifuged at 250 g for 5 min. Small particles
of marrow which contained fat rose to the top of the
plasma, were aspirated, and then were either prepared
for light microscopy or fixed for electron microscopy.

Light nmicroscopy. Smears of both peripheral blood
and bone marrow particles were air-dried and stained
with Wright-Giemsa stain.

Fixation for electron microscopy. Specimens were
either fixed 1 hr at room temperature or overnight at
40C in 2.5% glutaraldehyde in 0.1 NI phosphate buffer pH
7.4, made by diluting 1: 20 a stock solution of 50% glu-
taraldehyde (Fischer Scientific Company, Pittsburgh,
Pa.) The specimens were then washed twice in cold
isotonic saline for 30 min and postfixed in 1% osmium
tetroxide in 0.1 3ir phosphate buffer for 1 hr in the cold.
Blocks were washed twice in cold isotonic saline before
being dehydrated in graded alcohols and embedded in
Epon (4). The micrographs which appear in this paper
are from cells which have been fixed by the above
method. Some specimens were also fixed in 1% osmium
tetroxide in 0.1 mr phosphate buffer pH 7.4 for 1 hr at 40C
and then received three 15-min washes in cold isotonic
saline before dehydration and embedding.

Electron microscopic localization of acid phosphatase.
10 ml of heparinized blood was sedimented for 1 hr. The
white cell-rich plasma was separated off and centrifuged
at 400 g for 5 min. The cell pellet was fixed by suspend-
ing the cells for 15 min in 1.251% glutaraldehyde in caco-
dylate buffer, washed twice in 0.25 AI sucrose, and then
incubated for 1 hr at 370C in 5 ml of prewarmed Gomori
substrate pH 5.0, which had been freshly prepared with
,3-glycerophosphate (Eastman Kodak, Rochester, N. Y.)
The cells were then washed once and postfixed for 30 min
in 1%c osmium in cacodylate buffer. After osmium fixa-
tion the cell pellet was washed twrice for 30 min in cold
saline before dehydration and embedding. Cells incu-
bated with inhibitors or without substrate failed to show
reactivity.

All blocks were sectioned on a Porter Blum microtome
with a diamond knife, stained with uranyl acetate and
lead citrate (5), and examined in a Siemens Elmiskop I.

Results

Abnormal granules in peripheral blood leuko-
cytes occurred in three out of seven patients with
sarcoidosis who received 250-500 mg of oral
chloroquine phosphate daily for 2-6 months.
Seven patients with sarcoidosis who received no
therapy did not exhibit any abnormality in leuko-
cytes. In one patient the ultrastructural changes
were present in peripheral blood and bone marrow
leukocytes during two successive 3-month courses
of chloroquine therapy. After cessation of chloro-
quine therapy the numbers of abnormal cells in
peripheral blood progressively diminished. 1 month
after the drug was discontinued, the ultrastructure
of all leukocytes in blood and bone marrow was
normal. During the course of therapy the white
blood cell count in the peripheral blood of one pa-
tient decreased from 5200 to 2800 and became
normal after cessation of therapy. The other two
patients had normal blood counts during therapy.
The patients who were receiving cholorquine
phosphate and who demonstrated cytologic changes
in leukocytes were not observed to have increased
numbers of infections, gastrointestinal distress, or
difficulties with vision.

Neutrophils. Mature neutrophils from blood
or bone marrow of sarcoidosis patients who had
received no therapy were identical in ultrastructure
to cells obtained from normal persons (Fig. 1).
The cytoplasmic granules appeared as round, ob-
long, or biconcave electron-opaque structures
which varied in size and shape. They were mem-
brane bounded and for the most part did not
possess any internal structure, but occasionally
contained a crystalloid inclusion. Variable amounts
of glycogen, sparse amounts of rough endoplasmic
reticulum, and occasional mitochondria were pres-
ent in the cytoplasm. On a stained smear the
mature cells showed typical small 0.2-0.5 u pink-
to-purple granules (see insert, Fig. 1). The ultra-
structure of an abnormal mature neutrophil from
peripheral blood of a patient treated with chloro-
quine is seen in Fig. 2. Many of the cytoplasmic
granules were normal in appearance hut there
was striking alteration in the ultrastructure of
other cytoplasmic granules. The abnormal gran-
ules were larger than the normal ones, and they
presented an internal structure of layered mem-
branous elements (myelin figures). These myelin
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figures were also observed after the fixation with
osmium alone. Identical changes were seen in
mature neutrophils from bone marrow. Mature
circulating neutrophils contained occasional, large
abnormal granules which were positive for acid
phosphatase after enzyme histochemistry was per-

formed at the ultrastructural level. The increased
size and intense staining of the cytoplasmic gran-
ules on a smear is demonstrated in the insert in
Fig. 2.

Bone marrow myelocytes from sarcoidosis pa-
tients who did not receive chloroquine and from

. ... ... .. ,

O. . .. N
* W: : -:B:.. ..'::;......',,.. ... . , .,

* i;. ...... ........,.f:~~~~~~~~~~ : : .:..:;. ..

*An-;- A- ¢ ' b w = :. -. : ..a. .~~~~~~~~~~'..6f'
.X i.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I:

-@i, dyI'-,-7::§s..'.Y

FIG. 1. MATURENEUTROPHILFROMA PATIENT WITH SARCOIDOSIS WHORECEIVED NO THERAPY.
Shown are two lobes of the nucleus and abundant cytoplasmic granules which vary in size and
shape. The appearance is identical with that of neutrophils from normal persons. X 21,000.
The inset depicts the light microscopic appearance of a normal human neutrophil which was
stained by the Wright-Giemsa method. The lobulated nucleus and pale-staining granules are
seen. X 1900.
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FIG. 2. MATURENEUTROPHIL FROM A PATIENT WITH SARCOIDOSIS WHOWAS RECEIVING

CHLOROQUINEPHOSPHATETHERAPY. The cytoplasm shows many large granules containing
myelin figures (arrows). Apparently normal granules are also present. X 22,000. The
inset depicts the light microscopic appearance of a neutrophil from a patient during treat-
ment with chloroquine phosphate. Lobes of the nucleus are visible as well as the large, in-
tensely staining cytoplasmic granules. Method of preparation and stain is identical with that
in Fig. 2. X 1900.

normal persons contained membrane-bounded cyto-
plasmic granules which did not have any internal
structure (Fig. 3). Smooth and rough endo-
plasmic reticulum, often showing dilated cisternae,
was widely distributed in the cytoplasm. The
Golgi complex occupied a relatively small area in

human myelocytes; vesicular, vacuolar, and lamel-
lar elements were seen. A myelocyte from a pa-
tient who was receiving chloroquine therapy is
shown in Fig. 4. The affected granules were
abnormally large and contained internal structure
which consisted of vacuolar, lamellar, and par-
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FIG. 3. NORMALHUMANMYELOCYTE. There are cytoplasmic granules which are membrane
bounded and without inclusions. Scattered elements of rough and smooth endoplasmic reticu-
lum (RER) are present in the cytoplasm. X 33,000.

ticulate inclusions. In some instances these com-
ponents appeared fused to the periphery of the
abnormal granule. Another abnormal myelocyte
is shown in Fig. 5. Several granules had incor-
porated vacuolar elements and there was some
evidence of early myelin figure formation.

Eosinophils. Normal mature eosinophils from
untreated patients with sarcoidosis or from normal

persons contained cytoplasmic granules with the
characteristic internal crystalloid (6). Normal
eosinophilic myelocytes contained two types of
granules: those without any internal structure and
those with a crystalloid inclusion.

The ultrastructure of mature, circulating eosino-
phils from certain sarcoidosis patients treated with
chloroquine was profoundly affected. The abnor-

1936



EFFECT OF CHLOROQUINEON HUMANLEUKOCYTES 1937

FI A YLCT RMPTETWT ACIOI H A RAE IHCLR

QUNE Ntete ueru ctolsmcgrnle aros)Whc cnai ariult

laelradvcoa opnnsX370
ma oiopissoedmn auoe otinn otindomohui hrs fmtral(i.6

amorphous mterial andonl6aenra rnlsaddltdruhedpamcrtclm h p
conaiin te harctriti iteralcrstllid peraceofeoinohis ro teatd ndunrete

Theabnrml vcuoesin atre osiopilswer ptietswasnoralon taiedsmers
not psitiv foraci phshts.Bsnpii ooulercls h ypoye nbn

mylcye ro aiet eciig hooqiemarwan eipea bodfrmptinstrae

shoedinaditontosoe oral rauls it- it clooqine alo hoed ulratrctra

outnyiternlstuctueaborma grauleswhih chnges Theabnomal ellscontinedmembane



MARTHAFEDORKO

...i## >

RER'.
.

, er
.. ..

.z:: ... z* ; ,, * .. : ... ....... ..... ... * A
... jik,'i; .v b'
h:, .. .....

sie ge,. ;, ,T' Si < . SS 5' ' t',,- , .- .:, ...... rtt < R 2s ' :$ .rr::.
e :. ji ,$ ::F ;

v ''. <: -s. " .. 3 - ;;, ,,,. g e S.S t . , S W. .,
t x ss ) A , .t as B 's S.,, {.'% .#' t '+9. >' ............................. "S ". 5. ', . ' '

W3#t s reSt . ...s.i;3.Bs:lE,:-,S': ,S-f *-tS:., ....... S ., ,l <. .ws i ........................ .. :
,glF , 4 *.: *:: *:.>r-: ::,.+

0S ->§ ;9'r

* *x .>; *.~~~~~-,; - lc. :M F, :. "s.

: ., .: a 't : -.' ,
"' t!4'.'0''C' , ,iz'.. ... . . . . . . .................. . ..5.............

A~~ ~ ~ ~ ~ ~ ~ ~

S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ok

FIG. 5. BONEMARROWMYELOCYTEFROMA PATIENT WHOWASRECEIVING CHLOROQUINE. The Golgi com-

plex (arrows) and scattered elements of rough endoplasmic reticulum (RER) are present. Granules
(Ge) and (Gs) appear to contain vacuolar components. Granule Gs contains particulate elements, whereas
G4 appears to be composed of lamellae. X 35,000.
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FIG. 6. EoSINOPHILIC MYELOCYTEFROMBONEMARROWOF A PATIENT WHOWASRECEIVING
CHLOROQUINETHERAPY. Normal cytoplasmic granules show either a crystalloid inclusion
(not illustrated) or a homogenous dense matrix (G.), whereas the abnormal granules con-
tain dense osmiophilic whorls (GC,-). X 27,000.
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FIG. 7. LYMPHOCYTEFROM A PATIENT WHOWAS RECI

PHATE THERAPY. A large membrane-bounded inclusion (
of lamellar and particulate components is present within t

bounded myelin figures of various sizes. Some
of the abnormal cytoplasmic structures were quite
large (Fig. 7). These structures were positive for
acid phosphatase. Except for these cytoplasmic in-
clusions, ultrastructural characteristics were those
commonly found in lymphocytes. Lymphocytes in
smears of blood and bone marrow from these pa-
tients contained occasional azurophilic granules.
Evaluation of structural changes in histiocytes and
monocytes was not included in this study because
of the difficulty in identifying their precursors in
bone marrow specimens on the basis of morphology
alone.

Discussion
The results presented here demonstrate that

chloroquine phosphate can exert a profound effect
on cytoplasmic granules in immature and mature
human leukocytes. The ultrastructure of acquired
abnormal leukocyte granulation produced by this
drug has been described. Previous work by others
would seem to indicate that chloroquine is incor-
porated into leukocytes (3). The ultrastructural

'EIVING CHLOROQUINEPHOS-

(arrow) which is composed
the cytoplasm. X 23,200.

changes are probably, therefore, a direct conse-
quence of a form of chloroquine which is incor-
porated into cells.

The gradual diminution in the numbers of
abnormal cells after cessation of chloroquine ther-
apy indicates that the drug effect is reversible but
gives no information on the mechanisms involved.
Evaluation of the reversibility of the chloroquine
effect on myelocytes under in vitro conditions is
not feasible, for there is ultrastructural evidence
of cell degeneration after 6 hr exposure to tissue
culture conditions.1 The lifespan of circulating
neutrophils and eosinophils has been shown to be
relatively short (4 days) (7, 8). On the basis of
the data reported here, the reversibility of the
chloroquine effect on granulocytes within the
weeks following withdrawal of the drug is likely
due to replacement of the abnormal cells by a
normal cell population. The presence of some ab-
normal granulocytes for weeks after drug with-
drawval is probably related to the fact that chloro-

1 Dr. M. Fedorko, Personal observations.
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quine is stored in body depots for variable periods
of time (9). On the other hand, lymphocytes,
longer-lived cells (10), may either be able to
reverse the cytologic effects of chloroquine or have
a shortened lifespan. In the latter case there could
perhaps be replacement by morphologically nor-

mal lymphocytes.
The hydrolases within lysosomes can digest

either exogeneous particles taken up by the cell
or endogeneous material within the cell. Previous
studies have demonstrated the function of hydro-
lytic enzymes within specific cytoplasmic granules
of neutrophils in attacking bacteria and other par-

ticles ingested by phagocytosis (2). Others have
shown that lysosomes in liver and other cell types
may engage in digestion of the cell's own aged or

defective organelles, a process which has been
termed autophagy and which probably involves
the formation of digestive vacuoles (secondary
lysosomes) (11, 12). It was probable that
autophagy could occur in leukocytes, but the con-

ditions under which the process could be induced
were unknown.

Ultrastructural studies of intracellular digestion
in other cell types have shown that secondary
lysosomes may take the form of residual bodies
consisting of membrane-bounded whorls of lamel-
lar material (myelin figures). Some of the cir-
culating neutrophils in peripheral blood from sar-

coid patients who were treated with chloroquine
showed myelin figures. From the observations on

peripheral blood alone the possibility existed that
the abnormal cytoplasmic granules were secondary
lysosomes, perhaps representing the end stage of
digestion of endogenous or exogenous material.

A study of the bone marrow leukocytes from
a patient with abnormal cytoplasmic granules in
mature, circulating neutrophils revealed that ultra-
structural changes occur in cytoplasmic granules
of immature as well as mature cells. In neu-

trophilic myelocytes the abnormal granules appear

to be forming, for there are visible vacuolar, lamel-
lar, and particulate components which are incor-
porated into cytoplasmic granules; mature neu-

trophils contain myelin figures.
On the basis of the findings in peripheral blood

and bone marrow there are three possible cell
mechanisms alone or in combination which could
produce the abnormal changes: phagocytosis, an

abnormality in cytoplasmic granule formation, or
autophagy. The cell process which contributes to
the change is likely one to which the myelocyte is
most susceptible. In that case, phagocytosis could
be excluded as the responsible process, since myelo-
cytes are known not to engage in phagocytosis of
exogenous material (13). On the other hand, the
changes seen in early myelocytes are compatible
with an effect of the drug on cytoplasmic granule
formation, but no direct evidence for such an
effect is available (14). The observed changes
could also arise by autophagy, perhaps occurring
in response to a damaging effect of the drug on
some cytoplasmic component.

In other words, the abnormal cytoplasmic gran-
ules in myelocytes and mature neutrophils may
represent either primary lysosomes arising from
defective granule formation or secondary lysosomes
resulting from an autophagic process. A mean-
ingful answer could be obtained only if a recog-
nizable organelle, such as mitochondrion, was
found within vacuoles observed in affected myelo-
cytes. Autophagy then could be clearly implicated
as the process involved. In the specimens ex-
amined there were no recognizable cytoplasmic
organelles within abnormal vacuoles or granules.
In the case of the neutrophil, electron microscopic
histochemistry for acid phosphatase is of little help
in distinguishing between primary and secondary
lysosomes.

Eosinophils from certain patients treated with
chloroquine also show structural abnormalities in
immature cells. Many cytoplasmic granules in
very early myelocytes are normal; abnormal cyto-
plasmic granules become prominent as the cells
mature. The more mature cells contain a marked
reduction in content of the characteristics, normal
cytoplasmic granule with an internal crystalloid.
Instead, the cytoplasm is filled with vacuoles which
contain amorphous material. The observed changes
may represent an arrest in granule formation or
alteration of normal cytoplasmic granules after
they are formed.

Normal lymphocytes are known not to take up
exogenous material by either phagocytosis or pino-
cytosis. In addition, these cells normally contain
few if any cytoplasmic granules. Histochemistry
at the ultrastructural level helped to establish that
the myelin figures which may appear in lympho-
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cytes of persons given chloroquine were positive
for acid phosphatase. Autophagy is then the most
reasonable explanation for the origin of these ab-
normal structures.

The influence of these ultrastructural changes
in cytoplasmic granules on cell function is un-
known. Clinically the patients were asymptomatic;
they did not report intercurrent infections, and
healing from skin biopsy sites was unimpaired.
Approximately one-half of the patients treated
with chloroquine phosphate did not show changes
in their leukocytes; the reason for this is not ap-
parent at the present time.

The morphologic changes produced by chloro-
quine in leukocytes and secretory cells of other
species as well as the characteristics of the chloro-
quine effect with in vitro cell systems will be de-
scribed in subsequent communications. The ultra-
structural changes described here characterize one
form of acquired abnormal ("toxic") leukocyte
granulation. The ultrastructure of other forms of
acquired leukocyte granulation is unknown. The
cell mechanisms responsible for abnormal leuko-
cyte granulations including those in such heredi-
tary disorders as the Chediak-Higashi syndrome
and Alders anomaly remain to be investigated.
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