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After utilizing chloroquine as a treat- 
ment for 18 years, rheumatologists still ex- 
press differences of opinion about the safe- 
ty  and efficacy of the drug. Accumulated 
data from studies of patients and in the 
laboratory now permit 2 conclusions: (1) 
chloroquine has useful antirheumatic 
effects (2) tested guidelines exist which 
assure reasonably safe chloroquine admin- 
istration. An improved understanding of 
the numerous and seemingly disparate ac- 
tions of chloroquine is now emerging. The 
anti-inflammatory action of quinoline de- 
rivatives is clearly different in quality from 
the actions of corticosteroids, phenylbuta- 
zone and indomethacin (I, 2). 

Antimalarial drugs of the 4-aminoquino- 
line class were first reported to suppress 
rheumatoid synovitis by Page in 1951 (3) a 
finding confirmed by Freedman in 1952 
(4). World War I1 experience with these 
synthetic compounds had demonstrated su- 
perior safety records (5). Accordingly, use 
of these drugs became widespread in the 
treatment of connective tissue disorders 
during the decade 1950-1959. I t  was not 
appreciated then that daily dosage for ma- 
laria prophylaxis is one tenth of that used 
to treat arthritic patients (5). In 1957 (6) 
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and 1959, (7) the first of many (8,9) 
reports described central retinal-destructive 
lesions resulting from chloroquine treat- 
ment. Although serious ocular complica- 
tions are rare (7, lo), permanent central 
scotomata are especially grievous to a per- 
son with incapacitating arthritis. More- 
over, the retinal lesion may progress after 
chloroquine is discontinued (7, 11) al- 
though excessive daily dosage seems clearly 
implicated in such instances. 

Different experiences and attitudes soon 
polarized opinions about chloroquine re- 
sulting in a situation much like the digital- 
is controversy of 2 centuries ago. The edi- 
ors of Annals of Internal Medicine (12) 
focused attention on 2 crucial questions to 
which this paper is directed: “To what 
degree is chloroquine effective in the treat- 
ment of rheumatoid arthritis?” and “How 
small or how great is the danger of irrever- 
sible retinopathy from such treatment?” 

Area of Dispute 
Rheumatologists who have had extensive 

experience with chloroquine administer 
low daily doses (125-250 mg/day chloro- 
quine phosphate) over a period of years. 
They report (12-17) very useful but mod- 
erate efficacy and a very low (ca 1:lOOO) 
(10) frequency of retinal abnormalities. 
Most notably, significant vision loss is rare 
(8, 18,23) . Hollander (19) takes this posi- 
tion: the risk is acceptably small while the 
benefits are significant. 

However, reports of serious ocular toxici- 
ty occurring with unacceptable frequency 
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have been numerous. Four good reviews 
(20-23) discuss these reports. These obser- 
vations, however, may not be representa- 
tive, for the series are small and selection 
errors include an excessive representation 
of systemic lupus erythematosus (8). More- 
over, dosage is either not reported in rela- 
tionship to body weight or it is obviously 
excessive (11,24) in comparison with the 
above guides. A number of reports of ret- 
inal damage have cited impressions of poor 
efficacy of the drug based on uncontrolled 
studies. Rothermich (25) recommends that 
chloroquine be abandoned in the treat- 
ent of patients with rheumatoid arthritis 
because the onset of retinal toxicity is in- 
sidious and its early detection is difficult. 

Efficacy of 4-aminoquinoline Compounds 
in Treating Rheumatoid Arthritis 

Several tested quinoline derivatives- 
quinacrine ( 3 ) ,  chloroquine (27), hydroxy- 
chloroquine (28), amopyroquin (26), and 
amodiaquin (29) -appear to possess defi- 
nite but moderate antirheumatic properties. 
These compounds all appear to exert simi- 
lar (30) antirheumatic effects although no 
critical comparisons are available. Differ- 
ences in side actions and toxicity have been 
reported (26). In only 4 studies (26,31-33) 
have double blind methods been employed 
to evaluate chloroquine (31, 32),  hydroxy- 
chloroquine (33) and amopyroquin (26). 
Only in these studies have adequate meth- 
odology, careful controls, and sufficient 
scope and duration (5-12 months) been 
incorporated to yield objective evaluations. 
In all 4 drug trials, clear improvement was 
shown using objective grading for disease 
activity, functional capacity and rheumatoid 
factor. Confidence in results was expressed 
as being greater than 95%. The control 
group showed progressive deterioration of 
functional capacity, while the drug treated 
groups showed a greatly diminished rate of 

deterioration. Roentgenograms of bone 
lesions showed slow progression in both 
groups despite chloroquine. Little change 
in hemoglobin level was observed, but 
serum globulin levels tended to return 
toward normal. Rheumatoid factor de- 
clines on prolonged chloroquine treatment 
(34). Two additional studies (35,36) have 
also been carefully executed but the con- 
clusions are weakened by the brevity of the 
trials. Both studies, nevertheless, demon- 
strated drug-placebo differences which fa- 
vored the drug. 

No controlled study has indicated the 
proportion of rheumatoid patients which 
respond to antimalarial therapy. Uncon- 
trolled (16, 17, 37) series suggest that 65- 
90% of the patients respond favorably. 

All other chloroquine studies have proce- 
dural or interpretative defects sufficient to 
exclude them from consideration. None of 
the controlled studies fails to show a clearly 
beneficial action of chloroquine. 

In  spite of the results of objective stud), 
some physicians may have concluded that 
chloroquine is not a useful treatment. In 
some patients, there is no perceptible re- 
sponse to the drug. About 1% develop a 
cutaneous allergy necessitating discontin- 
uation of chloroquine. Errors of interpreta- 
tion result from the expectation that chlo- 
roquine is analgesic; a lack of awareness of 
time lag (17), anxiety generated by side 
effects including transient presbyopia (21) , 
mild ileus (36) or irritable bowel. 

Efficacy in Other Diseases 

The efficacy of chloroquine in treating 
patients with disorders other than rheuma- 
toid arthritis has not been satisfactorily 
established using double blind studies. Sys- 
temic lupus erythematosus (38), lupus ery- 
thematosus in childhood (39), juvenile 
rheumatoid arthritis (40), and Sjogren’s 
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syndrome (41) have been treated using 
chloroquine with the general impression 
that such treatment is beneficial. 

Mode of Action of Chloroquine 
The etiology of rheumatoid arthritis re- 

mains unfathomed, and its pathogenetic 
mechanisms are mostly speculative (42, 
43). Still, chloroquine does ameliorate the 
disease, and chloroquine in vitro inhibits 
certain cellular (44, 45), enzymatic (46, 
47), and humoral immunologic (48) activ- 
ities. Some of these suppressed functions 
may be contributory to rheumatoid disease. 

The described actions of chloroquine 
may be considered under 2 general head- 
ings (49,50) : chloroquine has chemical 
affinity for many body components notably 
nucleoprotein (51), skeletal muscle (52), 
smooth muscle (53), melanin (54), various 
serum proteins (55), and parenchymatous 
organs (56) . Chloroquine concentrates in 
membrane bounded organelles (57,58), 
and lysosomes (59). Lysosomal membranes 
are rendered resistant to rupture (59). 

First property. Chloroquine readily 
forms a complex with deoxyribonucleic 
acid (46, 51) inhibiting the reaction cat- 
alyzed by deoxyribonuclease and other en- 
zymes (60, 61). In unicellular organisms, 
this mechanism inhibits DNA and RNA 
biosynthesis, which inhibits protein synthe- 
sis (62). Perhaps inhibition of DNA repli- 
cation accounts for both the antibacterial 
and the antimalarial activity of chloro- 
quine, although morphological studies sug- 
gest that membrane actions in plasmodium 
(30,63) may predominate. In addition, 
chloroquine protects DNA against heat 
denaturation (64) . Chloroquine hinders 
numerous thiol-containing enzyme reac- 
tions (47). Chloroquine may attach to a 
molecule (61) sterically excluding an en- 
zyme (eg, DNA-DNASE, apparently com- 
peting with attachment sites) (46). The 
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chloroquine DNA complex retards DNA 
function as a primer for DNA and RNA 
polymerase reactions (60) apparently by 
reducing effective contact, although this 
effect could result from distortion of the 
molecule as well (46). 

Quinoline derivatives appear to cause a 
rare vacuolar myopathy (52,65-67) with 
myasthenia. This syndrome proves gradual- 
ly reversible (52) after treatment is ceased. 
The mechanism of myasthenia is not 
known, but it may occur without micro- 
scopic abnormalities. The contractile mech- 
anism (68) appears to be inhibited to a 
greater extent than the myoneural junction 
(66). Perhaps the mitochondria1 metabo- 
lism is suppressed (65), or the glycolytic 
enzymes inhibited (66). Although motor 
and afferent nerve conduction studies have 
been normal during myasthenia in most 
patients, some electromyographic evidence 
for neuropathy has been reported (52, 66, 
69). Cardiac muscle is similarly depressed 
(65) by quinolines as by quinidine, a 
related compound (70). Depression of T- 
waves of the electrocardiogram has been 
noted (71) as well as intraventricular heart 
block (52), both abnormalities are reversi- 
ble. 

Chloroquine exerts a prompt, direct de- 
pressant effect on smooth muscles in the 
gut (72), arteries (73, 74), trachea (53) 
and ciliary bodies (21). Patients often re- 
port symptoms of mild ileus (36), incom- 
plete cycloplegia and transient presbyopia 
(21) shortly after beginning chloroquine 
therapy. Direct inhibition of the smooth 
muscles appears to be responsible. Nearly 
all patients adapt satisfactorily to these side 
effects within a few weeks. 

A single large dose of chloroquine (3-6 
g for an adult, 1 g for a child) may be 
promptly lethal. Children seem unusually 
sensitive to the dangerous effects of single 
large doses. Medication bottles must be 

rF 
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well labeled and safely stored (75). Typi- 
cally, when a 3-year-old child consumes a 
gram of his mother’s chloroquine, he be- 
comes weak, has difficulty breathing and 
swallowing, and grows hoarse. Arterial hy- 
potension, accompanied by lethargy, trem- 
ors, limpness or coma, is also observed. 
Apnea and convulsions usually occur si- 
multaneously, followed shortly by cardiores- 
piratory arrest (75, 76). It has been specu- 
lated that death results from depression of 
the central nervous system, but arterial 
hypotension is probably the result of direct 
action on arterial wall and cardiac muscle. 
Shock and acute myasthenia seem to 
precede coma or convulsions (70), and 
seizures may be related to cerebral anoxia 
(75). Acute intoxication appears to be 
reversible (76) if  life functions can be 
effectively maintained. Prompt treatment, 
using endotracheally assisted respiration 
and electrical cardiac pacing or mechanical 
cardiac assistance, might be lifesaving. 

Chloroquine has also been implicated in 
adult seizures and psychosis (78,79) . All 
such incidents, with the exception of some 
quinacrine psychoses, have occurred in the 
course of diarrheic states. 

Chloroquine binds to serum proteins 
(55) and to erythrocyte components (30, 
63) causing a “desludging” effect (80, 81). 
Surface lipids of erythrocytes, explored by 
Seeman and Weinstein (82), contained at- 
tachment sites for chloroquine as well as 
cblorpromazine, compounds which com- 
pete for binding sites to melanin (83). 

Chloroquine selectively inhibits thymid- 
ine incorporation into human amnion and 
,epithelial cells in culture, but shows little 
such activity when introduced to sheep 
lymphocytes (84). 

Chloroquine attaches firmly to melanin 
by a bond of uncertain nature, becoming 
densely concentrated (85) . Cutaneous hy- 

perpigmentation may develop in response 
(86), not only in areas exposed to sunlight, 
but also in such areas as the palate (87) . 

Second property. Chloroquine has a 
reversible concentration in lysosomes (42, 
57, 88, 89). Its anti-inflammatory effect 
probably derives from the stabilization 
(42) of lysosomal membranes, an action 
which may partially inhibit the polymor- 
phonuclear leukocyte (43) contribution to 
rheumatoid inflammation. Chloroquine 
uptake by cells is not dependent upon 
active transport mechanisms (58) . 

Because chloroquine inhibits the dere- 
pression of stimulated lymphocytes (44), the 
hypothesis has been offered that chloro- 
quine prevents controlled release of au- 
tolytic lysosomal enzymes necessary in the 
lymphocyte undergoing transformation 
(90,91) . In short-term experiments, chlo- 
roquine does not inhibit adjuvant arthritis 
in the rat (1). Malfunction of phagosomes 
often with autophagy, is observed in many 
cell types (30,45,57, 58,91) . Rheumatoid 
factor production may decline (31, 32). 

Treatment with chloroquine protects the 
skin against damage from ultraviolet radia- 
tion in sunlight, probably by stabilizing 
lysosomes (59,92,93). Possibly the same 
mechanism minimizes cutaneous damage 
from ionizing radiation (94) and benefits 
polymorphous light eruptions (49) . 

Ward (45) showed that chloroquine di- 
rectly inhibits both chemotaxis and phago- 
cytosis in the polymorphonuclear leu- 
kocyte; however, it remains unknown 
whether chloroquine exerts action on the 
cell membrane or on cytoplasm. Inhibition 
of chemotaxis and phagocytosis of the poly- 
morphonuclear cell may be fully as impor- 
tant as stabilization of lysosomal (59) and 
phagosomal (30) membranes in obstructing 
the hypothetical (43) self-sustaining cycles 
of rheumatoid synovial phenomena. 
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The Eye Problem 
Corneal deposits of chloroquine salts are 

now known to be benign and entirely re- 
versible (13,21). A consideration of retinal 
physiology provides not only an hypothesis 
for the mechanism of chloroquine retinop- 
athy, but also a means for earlier detec- 
tion, and perhaps, prevention. Retinal 
photoreceptors are completely dependent 
upon the integrity of retinal pigment ep- 
ithelium (PE) (95). PE performs impor- 
tant nutritive functions for the rod and 
cone cells and also participates in the resto- 
ration of bleached photosensitive pigments. 
The melanin granules of the PE are black, 
numerous and studded with stabilized free 
radicals. The black layer serves as a spec- 
trally complete absorber of light. I t  is pos- 
sible that the stabilized free radicals serve a 
detoxifying function for photochemical 
products (96,97). Melanin is thought to be 
a dumping ground for unpaired photo- 
chemically generated electrons, apparently 
capable of sequestering electrons in an 
inactive form (98). As only about 501, of 
light subserves vision at ordinary illumina- 
tion, the remainder of the energy entering 
the eye must be removed in thermal, chem- 
ical, and perhaps, electrical forms (98). It 
has been established that in melanin gran- 
ules chloroquine is concentrated most in- 
tensely (54,85). Chloroquine’s affinity for 
melanin granules appears as a physical ad- 
sorption. Chloroquine fails to alter the 
electron spin resonance (99) of melanin 
indicating that the free radicals of melanin 
remain uninvolved. NMR spectroscopy a p  
plied to chloroquine alone and to the 
melanin-chloroquine complex yielded iden- 
tical patterns for each preparation (99), 
which indicates strongly that no chemical 
binding of any sort takes place between 
chloroquine and melanin. 

The histopathology of retinopathy clear- 
ly demonstrates that damage occurs initial- 

l y  in the PE (100-102), with nearly simul- 
taneous, but secondary degeneration of 
photoreceptors. This sequence is confirmed 
by extraoculographic studies cited by Potts 
(103), and fluorescein angiograms (104) 

showing initial djrsplasia of the PE. 
All of the commonly used quinoline de- 

rivatives are capable of causing retinopathy 
(105) . Any conclusion that one compound 

is less retinotoxic than another appears to 
be unwarranted. 

Kubin (106) and I (99) independently 
suggested the hypothesis that light provides 
the energy which produces initial damage 
in the pigment epithelium and secondary 
changes in the retinal photoreceptors. 
Chloroquine, by its attachment to melanin, 
probably deactivates the normal retinal 
mechanisms of defense against light. This 
hypothesis may explain several features of 
the phenomenon of chloroquine retinopa- 
thy: 1. Damage occurs first at the macular 
and perimacular areas because the light is 
focused and concentrated in these areas. 
2. A graded series of insults to the eye 
become explainable. These insults range 
from red scotoma with edema (107), 
through pigment clumping without scoto- 
ma (24) to ocular catastrophe (11). Eyes 
showing each of these lesions have been 
observed. No theory of primary chloro- 
quine injury to photoreceptor cells has 
explained the dissociation occurring when 
the PE has lesions but the retina remains 
intact, a combination of events observed in 
the patients having pigment clumping 
without vision loss or scotoma (24). 3. 
Reversibility (21, 107, 108) of early retinop 
athy appears to be analogous to experi- 
ments (109, 110) with light alone, in which 
reversible or permanent damage to mam- 
malian photoreceptors results from pro- 
longed exposure to light of normal intensi- 
ties. 4. Late progression of retinopathy 
(1 1) after discontinuing treatment may 
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owe more to the incident light than to 
chloroquine residues on the melanin. 
Capricious timing of the lesion suggests 
some factor added to the slowly declining 
chloroquine deposits. 5. The rarity of the 
lesions suggests concurrence of 2 or more 
factors, each of which may be dose- 
dependent. No differences have been ob- 
served between patients developing retinop- 
athy and uninvolved persons, although 
those developing cutaneous pigmentation 
have been thought to have a greater risk of 
developing retinopathy (87). 6. No up- 
per limit for cumulative drug consumption 
can be demonstrated if the daily dose is 
modest (24). 7. Neither can an upper 
limit for duration of chloroquine therapy 
be demonstrated if the daily dose is modest, 
8. The daily dose of chloroquine shows a 
clear threshold for the development of 
retinopathy in large series of patients. This 
correlates with the nonlinear rapid increase 
of chloroquine binding to melanin (106) 
at increasing concentrations of drug. This 
nonlinearity of tissue binding has been 
challenged (56) ~ 

Threshold of Retinopathy 
Chloroquine phosphate at a dosage of 

1.0-1.7 mg/lb of body weight/day was 
taken for years with no measurable eye 
damage (24) by a series of 928 patients. 
Chloroquine phosphate at a dosage of 2.1 
mg f Ib of body weight/day was associated 
with a 6% incidence of pigmentary de- 
generation without scotoma or vision loss 
(24) in a series of 104 patients. These 
lesions did not progress after discontinua- 
tion of therapy. Chloroquine phosphate at 
dosages estimated to range from 5.0 to 15 
mg/lb of body weight/day ( I l l ) ,  is asso- 
ciated with a sharply rising incidence of 
scotomata, decreasing visual acuity, pig- 
mentary disturbance, irreversibility and a 
tendency to progress after therapy was dis- 

continued. Threshold of chloroquine phos- 
phate of 2 mg/lb of body weight,/day is 
an upper limit which should not be exceed- 
ed because the risk of retinopathy increases 
above that level (105). A similar threshold 
for hydroxychloroquine sulfate of 3.5 mg/ 
lb of body weightlday can also be dem- 
onstrated (24). Below these limits, very 
little or no risk exists. I do not regard the 
threshold for disease as optimal dosage, but 
rather as a ceiling limit which should not 
be exceeded even for a week. Sustained 
alertness is mandatory to detect patients 
who fail to use the medication as 
prescribed. 

Retinopathy Detection 
An early lesion may only be macular 

edema which can be very difficult to detect 
using standard ophthalmologic methods 
(13). Irregularity of pigment and loss of 
the foveal reflex in maculas known to be 
normal previously, with or without edema, 
are the earliest anatomic signs of toxicity 
(21). Interest in a variety of early detection 
technics has waxed and waned. Most of 
these technics have been discarded (21) as 
being inadequate. Percival (21) and Young 
(107) have studied the recording of central 

visual fields to small red targets. This offers 
considerable hope that premaculopathy 
can be detected in its reversible stage. 
When central or pericentral red scotoma, 
without an accompanying white scotoma is 
found, premaculopathy is diagnosed. The 
drug is discontinued, and the lesion proves 
to be reversible in a number of involved 
patients. White scotomas are somewhat less 
likely to prove reversible. I request that my 
patients be evaluated by an ophthalmolo- 
gist at least annually, more often, if ocular 
symptoms are perceived. 

Possible Prophylaxis 
If light can eventually be proven to 

contribute to retinopathy, sunglasses would 
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be prophylactic for the patient on mainte- 
nance therapy, and therapeutic for the 
patient having diagnosed premaculopathy. 
Therefore, I recommend that everyone re- 
ceiving chloroquine obtain and use a well- 
fitted pair of dark sunglasses, dark enough 
to reduce light transmission by about 50% 
in the visual wave lengths. These dark 
glasses should be worn outdoors, in bright 
light, and especially at the beach. This 
precaution is reinforced for suntanned pa- 
tients, those showing evidence of cutaneous 
melanosis related to chloroquine, and those 
with any sort of ocular lesions. There is no 
direct evidence that Negroes and Caucasians 
differ in risk of chloroquine retinopathy. 
-4 simple method for reducing the quantity 
of radiation entering an eye could be use of 
miotic drugs (1 12), or pinhole-pupil contact 
lenses. There are no published studies on 
the pupilIary size of patients with rheuma- 
toid arthritis, before and after initiation of 
chloroquine therapy. 

Safety Record 
More than 2000 of our patients have 

received chloroquine treatment for rheu- 
matoid arthritis (13, 37). Sixty-five have 
consumed more than a kilogram (24) ; six 
have pigmentary bullseye lesions without 
scotoma or vision loss (24). No patient has 
lost useful vision as a result of chloroquine 
administered with the described precau- 
tions taken into consideration. 

SUMMARY 

Chloroquine is an active pharmacologic 
agent which stabilizes lysosomal mem- 
branes and may inhibit the participation of 
polymorphonuclear leukocytes and lym- 
phocytes in the inflammatory processes of 
rheumatoid arthritis. Chloroquine exerts 
numerous other effects, but it is not anal- 
gesic. Virtually all adverse actions are dos- 

age dependent and reversible. At moderate 
dosage levels which have proven to be safe, 
chloroquine administration results in a 
very useful partial suppression of the 
imflammatory manifestations of rheuma- 
toid arthritis in humans. It may be safely 
combined with other therapeutic agents. 
Treatment of a patient experiencing a flare 
of rheumatoid disease calls for the addition 
of other measures, not an increase of chlo- 
roquine dose. 

Pigmentary retinopathy probably does 
not result from direct chloroquine intox- 
ication of the photoreceptors. More proba- 
bly high-dose chloroquine interferes with 
the ability of ocular melanin to defend 
sensitive structures in the PE from light 
energy. Thus, it appears that either high- 
dose chloroquine or exposure to excessive 
light may initiate retinopathy. However, 
chloroquine has an excellent safety record, 
even for extremely prolonged administra- 
tion, if low daily dosage is combined with 
light avoidance. 

Detection of premaculopathy has been a 
major concern in the past. It now appears 
that earlier detection of the lesion, at a 
reversible stage, is possible using periodic 
determination of red light thresholds. 

Guidelines for safe administration of 
chloroquine are: 1. The ceiling for a daily 
dose of chloroquine phosphate is 2 mg/lb 
of body weightlday. 2. Periodic ophthal- 
mic examinations using standard methods 
and measurement of red light thresholds, 
are necessary at least annually. 3. Light 
reduction, by means of sunglasses or miosis, 
may be prophylactic treatment for retinop- 
athy. 
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