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ABSTRACT

SEATO f.vledic Study Ilfo. 105:
Chloroquin Levels and Excre'Gion
P..ates in 'Thai and lunerican Volunteers

c'" P!'ojec.t ilo. 3A 02)601 A- 811:
!iQlitary fiiedical Research Program
s. E~ Asia

Task 01: ~lili tary Medical Research Program
S. E. Asia

Subtask 01:
Mili tarI Medical Research Program
S -.~SIA ( 'I'h .1 ' ) .,.""A al ana ,"c !, ...

Reporting INstallation: u.s. Arm:r-S~ATO Medical Research
Labora-tory, APO 146, San Francisco,
California

Division of Special Pl~ojects

Department of Biochemistry-¥~aria

Period Covel.ed by Report: 1 f~pri1 1963 to 31 March 1964

Principal Investigator: Katchrinnec

Pinswasdi, 

M.D.

Associate Investigators: Udaya Sandhinand, M.D.
William L. t-Iarr, Captain, I"IG

Assistant Investigators;
Barnyen Permpanich
~ori ta V. Castillo *

Reports Control Symbol: :t-1EDDH-288

Security Classification: UI'lCLASo:-IFIE1J

The purpose of -Ghis study was to determine the eL'facti veness of chloro-

quin as a therapeutic and propl!ylactic agent against malaria inlections in

Thailand. Serum was obtained from healthy 'rhai and .irnerican personnel
taking various doses of the drug at tl!erapeutic or prophylactic levels. The
serum chloro~luin levels of Ghese individuals were determined at intervals to

*

Dept. 

of Pharmacy, University of the Philippines
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determine the rate of absorption and excl~etion of the dl~g. In addition,
sera were obtained from patients with proven active cases of falciparum
malaria, and serial counts of the parasite levels in the blood were compared
with serum levels of chloro.:}uin. A sigluficant number of these patients
were found with malignant tertian infections which appeared to be resistant
to chloroquine l~rphological differences '1ere detected between E. i'alci DarYm
parasites from resistant and~usceptible infections. n1~r~ also appeared to
be differences in the ra-l;es of cerebral infections seen from various parts
01~ Cholburi Province. Detailed studies were made on a member of the Labora-
to~ s~Gaff who contracted malaria despite what should have been more than
adequate chloroquin prophyl~s. His infection proved to be highly resis-
tant to cllloroquin and ~imethamine, but susceptible to quinine. Similar
observations were made on a 'rhai national. Cllioroquin resistance aiJpearS
to be an important problem in some parts of Southeastern lhailand, and the
cul~rently recommended prophylactic schedule of the U.S. Armed Forces will
not p~qtect all individuals from E. falcinarum infections.
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DescriDtion: Biochemical methods I spectrophotofiuorometry) were used to
determine the levels of chloroquin attained in "the serwn of humans after
ingestion 01' t.he drug, and the duration of these levels. Baseline studies
were conducted on normal (non-malarious) individuals, and on per~ons natu-
rally infected with malaria. During the stuCy an opportunity also arose for
investigation of an individual naturally infected ,~ith a strain of f. falci-
parum which proved to be y;esiBtant to chloroquine Initially an extraction
procedure utili sinG ethylene dicllloride as a solvent was used to prepare
the serum samples for the spectrophotofluorometer. 'fhe recovery obtained
was not satisfactory, and the procedure of McChesney, Banks and IvlcAuliff
(Antibiotics and Chemotherapy, 1962) was substi-Guted. The method presently
used is a lUrther modification of that technique. Serwn samples" were ob-
tained from several ~roups of participating Thais and Americans, according
to schedules which will be outlined below. Fresh ser~ was extracted when
possible, but some samples were frozen before extraction'. '~e parasite
counts refered to were made qy counting the nwnber of parasites in a stained
(Giemsa thick smear, in relation to a standard count of 500 leucocytes.

Prof!res~: The serum obtained for analysis fell into a number of categories
during -t.he year, and for purposes of clarity these will be discussed sepa-
rately below.

Chloroauin Serum Levels in Normal Individuals

Before attempting to correlate serum levels of chloroquin with .:InaIaria
infections, information was sought on the serum levels of the drug which
would be reached in healthy 'fhais and Americans.' 'rhis was designed to ob-
tain baseline data where the problem of treatment and severe illness did
not interfere with the drug administration and blood sampling. Several
treatment schedules were used, and the three phases OI the study of normal
individuals were as' follows:

Phase I: Fifteen ~ai adults were given a full therapeutic dose of
1500 mg. of chloroquin base. fhe drug was administered orally as a phos-
phate salt in two doses of 450 mg. (four hours apart) on the first day, and
300 mg. on each of the two following days. The i~irst day dosage schedlile
is slightly different from the world Health Organization recommendation.of
600 mg. followed by 300 mg. after an intervai of six' hours. It had been
observed qy a number of workel~s that 'fhais sho\{ed slight side effects from
the initial 600 mg. dose. fhese side efl'ects (headache, dizziness) ware
minimized qy the schedule used. Blood was drawn jl~St before the first inges-
tion of drug and at 2, 4, l2~ 24, 48,72,96,216 and 336 hours thereafter.
Figure 1 illustrates the mean serum level of chloroquin for this group, at
the times indicated. 'l'he highest level of chloroquin in the serum was

540



reached a-t:, hour 12. ,At that time 90!Jmg. of the drug had been ingested; and
8 hours had elapsed since the last dose. 'l'he subsequent admin~stration of
two 300 :mg~ doses 'established a maintenance level of chloro\..luiIi'in excess
of 20}J.g/L. 'This level persisted i'or-14 day-so 'A serum c~loroquin cOncen-
tration of lO-20}~ is adequate for supression of malaria parasites accor-
ding to Berlineret ale (Journal of Clinical Investigation, 1948).-,"

Phase II: Fifteen U.6. r..lilitary ~rsonnel'wereplaced on a therapeutic
schedule of 1500 mg. chloroquin base. l'he initial dose was 600 mg., followed
~ 300 mg. six hours later. .tn additional 300 mg. dose was administered on
each of the suceeding two days. '.i.'he participants were observed for any
possible side effects, but these were minimal, and all ~)articil)ants carried
on their normal military duties. Blood was drawn on the same time schedule
as in Phase I. l'he i.'ull series was completed on two participants, but tech-
nical difficulties were encountered in obtaining readings at the required
fluorescent wavelengths of 390-400 ~ during the processing of the remaining
thirteen samples. Attempts to obtain reading on these sera after repair of
the instrument were hampered by hemolysis of. the sera which had be:en:frozen
in the interim. ,This phase of the study will be repeated using a large
enough number of participants to assure significant results.

Phase III: 'Thirteen 'Thai adults were administered a single tablet
containing 300 mg. of chloroquin base and 45 mg. or primaqUin base. A blood
sample was obtained just before administration of the drug and additional
samples -were obtained at 24 hour intervals until chloroquin .serum levels had
decrec).sed below 10;1:;!I-,~ This is the standard u.s. Army prophylactic drng,
designed to be taken once a w3ek. .ihe avera.ge chloroquin serum leve1 in
these individuals was 15 jlg/L at 72 hours and o~/L at: 168 hours. ,T,hus,
no protecti\~e chloroquin was present in -t.he blood on the seventh day~!.on
which the next prophylactic <lose should have been taken. .: :-::::

Most of the observations on normal individuals ~ill be repeated to obtain
additional data on theralJeutic and prophylactic' effects. .However, certain
facts are already apparent froT' the data at hand. The differen:t dosages
and time schedules of chloro'-luiliin the therapeutic doses establi$~d:..dif-
ferent serurll levels and maintenance "r)eriods. Some modification of th-e pre-

..-Co

sen-t recommend~tions for treatment may be indicated after further'" study.
The e:ssential absence' of chloroquin from -i:,he serum of participants 1n the
trial of chloroquin-primaquj.n prophylactic drug combination before the end
of one week may indicate the necessity for chan[;es in the regime. '

Chloroouin SeruL Levels and t1alaria Paras;!. te Densi tv

Clinical data, blood specimens for chloroquin determination and finger
tip blood smears for parasite counts were obtained from a g'roup of patients
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admi tted to Cholburi Provincial Hospi tal ~ri th a confirmed diagnosis ofmalaria. 
l'he sturly ~las c:,nducted with the cooperation of the Director of

the Hospital. The ,hospital is located southeast of Bangkok on the Gulf of
'rhailand. It serves a region which contains a number of highly malarious
areas. One of these, Khao Mai Kaeo, is the site of the epidemiological
and entorological investigations rel)Orted in Studie~ liJumber $1 "~'1d 52.
During the first part of the study (1 October -16 t~o~ember) forty, Qne
patients were studied, whiledurinc the second part (19 February -1 April)
nineteen were examined. 'these patients were from many parts of the Province.

'.~most all of the patients were charity cases, and many of them left
the hospital before the entire series of bleeding and other observations
could be completed. 'fhere was considerable resistance to the number of
bleeding required, especially among those patiellts who showed a rapid res-
ponse to chloroquin treatl!lent~ Under the circumstances, a number of' ele-
ments in the original design could not be completed. These included:
colle'ction of urine samples, observations on relapse following apparently
successi'ul treatment, and blood samples on all p.';itients 48 hours ~,ter. com-
pletion "of the full COUl'se of 1500 mg chloroquin base. ivIany of t~--pa:tients
left the hospital before the end oJ: the 48 hour period. Originally, blood
was ob-~ained at the time of institution of treatment and ~~t 12, 24, 48, 72
and 96 hours thereafter. Later, the bleedine schedule was changed to 0,
72, 96 ~-:1d 120 hours, in the hope that the reduced number of bleedings would
encourage more ::)atients to complete the series. 1'11e serum-:-was separated at
the hospital and fro zen- until it could be delivered to the main laborato~
in Bangkok for chloroquin determination. At each bleeding peripheral blood
smears (thiak and thin films) were made for parasite, counting ~~d identifi-
cation. ~mny of the sera were stored for a considerable period of time due
to the malfunction of the spectrophotofluorometer refered to above. Deter-
mination of chloroquin level were made on all the sera possible, but full
series were not completed on ,- ,~- of the patients in the study. The
following observations were made:

a. ~~modium X~~»~~- is the pre:lomiriant parasite species in
the Province and all of the selected cases were par::i-::itized by tr.c.:; species.
Apparently, the less serious cases caused qy E. ~~Z do not appe~r for
l1ospi talization in ver'J great numbers. Of Jc.he cases eJ~ined, 47% were
parasitized by presumptively chloroquin resistant strains of r.. falciparum,
based on the persistence of asexual ~rasites in JGhe peripheral blood 48
hours after the ingestion of a full therapeutic dose of 1500 mg. of the
drug. The serum chloroquin levels qt t.his time were much higher th3.n the

reported therapeutic level of 10-20 pg/L
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b. In the October-I'Jovember pe:r-iod 26% of the patients had circu-
lating gametocytes on admission; in the J."ebruary-April period the gameto-
cyte rate was 37~. 'rIle n~ber of patien"t.s with heavy infections (1000".4500
asexual pa11asites/500 wEC) was also higher in th~ it"ebruary-April ~eriod.

c. Over halr of the patients had received some treatment before
adInission to the hospital. Some of theIn"t~ad SerU11l chloroquin levels '-as high
as 280 }lg/L on admission. ~~;:.:,:

d. About 15% of the patients showed an increase in parasite densi-
ty after administration !}:f:the__.d~ig;.~e rest.:.showed the expected decrease.

e. Parasi-t,es from patients with chloroql.o.':'!1 resistant strains
appeared to dii.'fer in morphology from -susceptible strains. -j

','Further modification of the study plan will be made in.order to keep
patients with chloroquin resistant strains of malaria .in the hospital for
longer periods for additional drug studies. In addition, an effdrt-\.fd;ll be
made to follow the course of parasitemia in those patients who show"'..gameto-
cytes in the blood followin;;:; clinical cure by chloroquine A much larger

group of patients will be examined to determine the validity of the. prelimi-
nary observation on the morphological differences among strains.

An additional clinical observation .was made durin~ the Cholburi Hospital
study which has important implications,' and deserves further st.udy. There
appeared to be a correlation between the locality in the Province where
malaria was contracted and the organ affected in pernicious attacks. In
some parts of the Province tl"le malignant tertian a;tacks took a cereb1'al
form, but in other areas sev:ere parasite attacks seemed to affect the liver,
with a corresponding decrease in cerebral attacks. Plans have been made
for a more detailed study of this apparent difference.

Observations on Chlorouuin Resistant Malaria

As noted in the report of the clinical study at Cholburi .Provincial
Hospital, a n\imber of cases were seen whial"l were classed as presumptive
chloroquin resistal"lt malaria, based on finding paras"ites ir~ the blood 48
hours after completion of t.herapy. Additional cases wei~e seen among the
U:S. and 'rhai l)erS~nnel oJ: .t~s Laborator-:r en8,9,{S"ed .in fi.eld .:.s~udies ef mala-
rJ.a further south J.n the ProvJ.nce (see Study 52). Blood.specJ.mensfor
isolation of the suspected chloro..J.uih'fe~istant malaria :strairts were 6btained
frOm five cases during the year, .frozen;; \and i.'orwarded to WRA!R.for"'i:1irther
study. Chloroquinlevels weren6t run on these cases since quini~ehad been
administered to most of them prior-to:bleeding. Collection ofaclditibhal
samples is still in progress at the :Cholburi Hospital. A report was.
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received from \'lRAIR that the blood of one of tl.e U.S. team membars who
contracted malaria at Khao i'bi Kaeo had been. successfully transl'el~red to
prisoner volunteel~s at Stateville Prison, Illirlois. 11. the volunteer the-E. 

falciDarYm strait. was l~esistant to chloroquin, but responded readily to
pyrimethamine. The donor (a visiting scientist from m'...Affi) had contracted
his infection at Khao i~i Kaeo despite chlorocluin prophylaxis. Later in
tne year another hiember of the U.S. staff contracted malaria despite chlo-
roquin and combined chloroquj,n-primaquin propl.ylilxis. In thi~ case it was
possible to make biochemical as well as parasi,tologi"cal obsel"Vations, and
these are presented below:

Case Report -Druf! Resistant 1/Ia1al~ia

The patient (J}li1) is a caucasian, 24 years of age, an of;'icer of the
fikdical Service Corps, .U~s. Army. Two days bel'ore entering the Khao t~i
Kaeo study area he ingested two standard issue chloroquin phosphate tablets.
On the first day in the area he took an additional combined chloroquin-
primaquin tablet. Two nights were spent observing mosquj, to collections in
ti.he area, after which l'1e returned to Bangkok, a non-malarious area. Four-
teen days after enterinG" the st1J.dy area he experienced prodl~omal symptoms
of headache and, slight fever. He was admi-tted to -the hospital six days
after onset of syrnptoms, and blood for isolation attempts \las obtained on
the second and third day after admission. lie was treated 1...ith camoquin,
a tabrine and intr~~uscular quinine and 01'1 leaving the hospital r-ecei ved a
fourteen day treatment of 15 mg. of primaquin daily. He remained s~nptom-
less, and aparasitemic for a period of three weeks. The first relapseoccured
two days after completion of -the primaquin treatment. Clllo1~oql~in treatment
was instituted (1800 mg. orallj- in two d~ys) in conjunction with parasite
counts and bleeding i'or chloroquin serum determi!'1ations. Parasi tes decreased
sl'1~ply as the chlorocluin Sel'UIn level rose, but parasi"t,es persisted fbr six
days, at which tirne t~1e Gou..~ts began to rise. The pa"tient was then given
oral p"";lrimethamin.e (200 mg. in a four day period). The initial response to
pyrimetl1amine was a sharp rise in the numbe...' of ::Jarasi tes to levels higher
than in "the fir~t re~apse. The number of p3.r~sites slowly 'lecreased, but
large numbel~s were IJresent four days after comple"t,ion of the pyrimethamine
tr~atment. As l'1oted above, a strail-j isolated i.'rom another U.S. member of
the team had been rel~lOrted as being sensitive to pyrimethaIr.ine. To confirm
th~ lacl~ of effectiveness in the case of Jt'll'J,~ al10ther course of pyrimethamine
was given. Again, the parasite count, increased sha:r-ply, followed by a drop
in nU(llbers. When it became obvious -that neither drug woulG affect a radical
cu;r-e th~ patient \-las given (luinine. ::luilllne dihyrlrocllloride was admihistered
intravel1ously (800 L1p;. in 1000 ml of 5% glucose-nol--mal saline), followed by
13, co~rse-of six oral tablet~ (2000 mg.) daily lor tBn days. The parasite
Qount drop,-)ed sharply, but a low parasites were pl~eSel1t four_days later, so
the intravenou~ co:urse was repeated. His blood W,.lS i.'ree of a~exua1 para-
sites after compl,etion of the quinine treatment.Observati9n on the case
is still in progress and lIe remains parasilie free at present (some 50 dayspost-treatment).
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A. similar history was noted by a reco~nizedThai scientist in a.'rhai
'adult inoculated with blood from a chloroql.1in resistarJ.~- E. raicip~rum
infection. Uaily blood films beca.lle l1Osi'c.ive on the th~rd d.:;i,y ~fter inocu-
_~~;t.ion of blood from a febrile patient who had f.'ailed to !eSl~,~d ,t9 chloro-
,quin. The patie~1t becarne 'luite ill on ti+e ,s_:i;~p: c;l':l-y P9st-,~~19_~111a~~pn and
a total dose of 3000 mg. o:f Ghloroquin base was ~_ni$:ter~~ .p~~J,ly. Blood
from this case was made av~l~ble to this ,Laboratory fQ-lj,~iq,cqe~c~ study.

:fhe chloroquin level w~s higher, in this ,patient tha1:'l. in ,~:~'l ._~;,~'tLpersisted
at higher levels for a longer period. Ihe parasite~a w~:_~u.ppI:~~~yd tempo-
rarily, for 13 days. A relapse occured on the l'ourteentn-~day ,_. and the
number of parasites and l~ate of increase were much l1igher than in the initialattack. 

A course of pyrimethamine was stavted, but the high level of para-
sitemia required interruption of this treatment by quinine. ii total dose
of 21.6 g. of quinine was adminstered in a combined intravenous and oral
regime in a ten day period. Response to ~uinine was satisfactory, and com-
parable to that seen in JMl~. The parasites from J}rn, from the 'rhai pa.~ient
and from the patients suspected to have cllloro.{uin resistant strains ofE. 

falciDarum at Cholburi Hospital were similar in morphology.

SwnmarI: BiochemicaJ- procedures wel~e used to study the level of chloroquin
in the sara of 'rhai and U.S. personnel who were taking; various dosa[es o£
the drug. In normal individuals therapeutic serum levels of 20 pg/L
pel~sisted i~or as long as 14 days aLter ingestion o£ 1500 mg, of the drug.
When ussd as a prophyldctic drug (300 mg. chloroquin base plus 45 mg. prima-
quin base) thel~e was some evidence that protecGive levels in the serum may
disappear beL~ore the ei~d or JGhe weekly interval between doses. Further
observations will be required. vr~en chloro~uin levels were compared with
numbers o£ pal~asites in patients at t!le Cholburi Pl'ovincial Hospital a large
number of patients we,'e found whose inZ3ctions seemed to be resistant to
the drug. Tlere appeared to be a difference in the morphology of f. ialcipa-
l:\!m parasi-t.es of chloro'1uin l'esistant and susceptible strains. There also
appeared to be a ~eouraphical separation of clinical manifestation of per-
nicious attacks, with cerebral symptoms predominating in some a1~eas, and
apparent liver damage predominatin~ in o-Cher parts of the Province.

Infection of aU. S. member of the staif .~hile \~orking in the Zield
permitted det~iled observation on the course of a provan case of cllloroquin
resistant E. falciuarum. The parasite strain did not respond to chloroquin
or primaquin, but apparentl,y did respond to ql~inine. Chloroquin levels and
parasite counts w(~re determined dUl1ine the course of the patients illness.
Blood specimens were also obtained i'rom a Thai aJult with an inJuced
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infect.ion of a chloroquin l~esistant. st.rain of E. falcipal~um, and t.he responss
-to treatment was -the same as that. observed in the U.S. individual.

Conc1usion: 

Differences were Qetected in serum chloro~uin'levels reached
in individuals taking vdrious dosa:',es of 'r-he drug'. These obserVations wi::J.l
be extended to permit recommendations on therapeutic dosage and prophylac-
tic dosage. A significant number of rJattents were found \lith E. falciparum
in:fections which resisted treatment with chlororiuin. ObserVa.t.ions on
members of the sta:ff who contracted rtlI:l.1al~ia during i'ield studies confirmed
the L'act that neither chloroquin nor chloro:luin-primaquin tablets taken at
or above the recommended dosages protected all inQividuals from infection
wi th E. falciiJar1JJn.
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