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Pharmacokinetics of Quinine and Doxycycline in Patients
with Acute Falciparum Malaria: A Study in Africa
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Summary: The pharmacokinetics of quinine was investigated in patients with
acute falciparum malaria treated with quinine alone or in the presence of doxy-
cycline. Twenty-six patients divided into two groups of equal number were
enrolled in the study. In the absence of doxycycline, the volume of distribution
of quinine (mean * SD) was estimated to be 1.32 + 0.32 L/kg, and its clearance
was 0.125 = 0.47 L/b/kg, which was only in partial agreement with previously
published data. No effect of doxycycline on the pharmacokinetics of quinine
was observed. Key Words: Acute falciparum malaria—Quinine—Doxy-

cycline—Pharmacokinetics.

Malaria is a major health problem in the world
(1). One-third of the population lives in areas where
the importance of the disease is growing (2). The
situation is further complicated by frequent resis-
tance to chloroquine, common now in Southeast
Asia, Central and South America, and Eastern Af-
rica. Quinine has for a long time been considered
the treatment of choice for severe chloroquine-
resistant falciparum malaria (3). Coadministration
of tetracycline antibiotics has been proposed for
many years to improve quinine efficacy (4). En-
couraging results have not been obtained until re-
cently (5). The potential benefit that may result
from such a combination must not be offset by an
increased risk of toxicity.

Quinine has a relatively low therapeutic range,
with a risk of deafness and cardiac arrhythmias in-
creasing as concentrations rise above 10 pg/ml
(6,7). The desirable plasma concentrations range
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between 5 and 10 pg/mi (8). However, quinine tox-
icity has probably been overemphasized in severe
malaria, and the benefit of high plasma concentra-
tions (up to 20 pg/ml) in the acute phase could out-
weigh the risks (9). Definitive information on the
subject is crucial but still lacking (10), and open to
discussion (11,12). Nevertheless, demonstration of
the absence of pharmacokinetic interaction be-
tween tetracycline antibiotics and quinine seems
desirable before the combination of these drugs can
be further recommended in acute falciparum ma-
laria.

The pharmacokinetics of quinine has been inves-
tigated on multiple occasions and is therefore well
known in healthy subjects (13-15), but only rela-
tively few studies have been conducted in patients
with acute falciparum malaria (9). It is obvious that
a complete pharmacokinetic study of quinine in pa-
tients treated for acute falciparum malaria in devel-
oping countries raises multiple practical problems.
A compromise between the theoretically desirable,
ethical, and practical considerations has to be
found. The present study was primarily conducted
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in order to demonstrate the absence of a potentially
hazardous pharmacokinetic interaction between
doxycycline and quinine.

MATERIALS AND METHODS

Patients

Patients were admitted to the Service of Internal
Medicine and Infectious Diseases, CHU de Kamen-
gue, in Bujumbura, Burundi, for acute falciparum
malaria, diagnosed from clinical examination and
laboratory tests including parasitemia. The protocol
was accepted by an Ethics Committee. Patients
themselves or their relatives gave informed consent
to participate in the study.

Patients younger than 15 years or more than 4
months pregnant were excluded from the study.
Cardiovascular disease and allergy to any tetracy-
cline were also considered as exclusion criteria, as
well as a recent history (7 days or less) of quinine
treatment. Thirty-five subjects were included and
divided into two groups. Enrollment was stopped
after 13 subjects in each group had completed the
study. Patients in group A received quinine alone,
and those in group B received quinine + doxycy-
cline. All patients were febrile; their characteristics
are given in Table 1. Following admission and con-
firmation of the diagnosis, each patient was
weighed and treatment was begun as soon as pos-
sible.

TABLE 1. Demographic characteristics and clinical
parameters (mean * SD) for study groups at time
of treatment initiation

Group B
Group A (quinine +
(quinine alone) doxycycline)
Age 26 £ 10 27 + 11
(years) (16-47) (17-61)
Weight 539 53+9
(kg) (44-74) (45-175)
Sex
Males 9 7
Females 4 6
Parasitemia, range
(infected cells/pl) 7-19,589 3-10,440
Hematocrit 42+ 10 39+9
(%) (26-64) (22-47)
Albumin 37.5+38 359 + 3.8
(g/L) (32-46) (30-43)
Orosomucoid 1.55 = 0.59 1.39 *+ 0.45
(g/L) (0.54-2.67) (0.73-2.23)

Ranges are in parentheses.

Treatments

In group A, quinine was administered as Quini-
max (Labaz Laboratories, France) at a dose of 20
mg/kg (equivalent to 11.86 mg/kg of quinine base)
infused over 4 h (i.e., an initial infusion rate R, =
2.97 mg/kg/h of quinine base). This was followed by
15 mg/kg infused over the following 20 h (equivalent
to 8.90 mg/kg of quinine base, i.e., an infusion rate
R, = 0.445 mg/kg/h of quinine base). Finally, 25
mg/kg/day was infused (equivalent to 14.83 mg/kg/
day, i.e., a final infusion rate R, = 0.618 mg/kg/h of
quinine base) for the following 2 days. This dosing
regimen was adapted from the usual regimen to op-
timize pharmacokinetic analysis. In particular, in-
travenous administration was maintained for 3
days, because early switching to oral dosing would
have limited pharmacokinetic interpretation.

In group B, quinine was administered exactly in
the same way as previously described (group A).
Doxycycline was given intravenously as Vibramy-
cin (Pfizer Laboratories, New York, NY, U.S.A)
at a dose equal to 200 mg every 24 h. The duration
of the doxycycline injection was 1 min. The infusion
of quinine was started simultaneously with the first
injection of doxycycline.

The drugs were dispensed in plastic syringes.
Quinine was administered via a Braun perfusor
pump to insure a constant rate of infusion. Intrave-
nous fluids were given as required through the same
cannula and blood samples were taken from the op-
posite arm. Acetylsalicylic acid and/or metoclo-
pramide were administered orally if necessary. Oral
treatment with quinine was started 72 h after begin-
ning the study.

Blood Collection and Treatment

Blood was taken before treatment and whenever
possible at 2, 4, 12, 24, 36, 48, and 72 h after begin-
ning treatment for quinine measurements. Blood
was collected into two heparinized Vacutainers,
one stored directly at —20°C for measurement of
blood concentrations, and the other one immedi-
ately centrifuged at approximately 1,500 g for 10
min; plasma was separated using the Seraclear de-
vices (Technicon), transferred to tubes resistant to
liquid nitrogen (Nunc, Bioblock Scientific), and
stored in a freezer at —20°C, for a time period rang-
ing between 1 and 4 months. Samples were then
transported by air freight in nitrogen liquid (Cryo-
storage system) to France for assay.
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Assays
Quinine

Quinine was assayed in plasma samples by high-
performance liquid chromatography (HPLC) with
fluorimetric detection, according to a published
method (16), with minor modifications. The limit of
quantification of quinine was 0.25 pg/ml. Calibra-
tion plots were straight lines over the studied range
of concentrations (0.25 to 20 pg/ml). Coefficients of
variation for the method were 13.1 and 7.5% at
plasma concentrations of 1 and 10 pg/ml, respec-
tively. Results are expressed as quinine base.

Doxycycline

Doxycycline was assayed in plasma samples by
HPLC with ultraviolet (UV) detection, according to
a published method (17), with minor modifications.
The limit of quantification of doxycycline was 0.5
pg/ml. Calibration plots were straight lines over the
studied range of concentrations (0.5 to 10 pg/ml).
Coefficients of variation for the method were 2.9
and 3.2% at plasma concentrations of 1 and 10 pg/
ml, respectively.

Pharmacokinetic and Statistical Analysis

Because of the limited number of data points and
for reasons further discussed (cf. the Discussion
section), only plasma concentrations measured 4,
48, and 72 h after treatment initiation were used for
calculations of pharmacokinetic parameters charac-
teristic of quinine as follows.

Pharmacokinetic parameters characteristic of
quinine were calculated assuming instantaneous
distribution and first-order elimination (9). The vol-
ume of distribution (V,) was estimated according to

dose 1 — eI

Vd=—C_T—'Tf_ 1

where dose is the dose administered during the ini-
tial 4-h infusion (11.86 mg/kg), T the duration of the
initial infusion (4 h), and Cy the plasma concentra-
tion measured at the end of infusion.

Considering that the rate constant for elimina-
tion, k,, was equal to 0.04 h~!, which corresponds
to the mean value of the elimination half-life (¢,, =
18 h) previously reported in comparable situations
9), Eq. (1) becomes
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Cr
The dose was equal to 11.86 mg/kg, Cr was ex-
pressed in pg/ml, and V4 was expressed in L/kg.
Clearance (CL) was calculated from Eq. (3), con-
sidering that plasma concentrations of quinine mea-
sured at 48 and 72 h represented steady-state con-
centrations:

CL = R ?3)
CSS
R, is the final infusion rate previously defined (R; =
0.618 mg/kg/h) and C the steady-state plasma con-
centration obtained from the arithmetic mean of
concentrations measured at 48 and 72 h, expressed
in pg/ml. Clearance was therefore expressed in L/h/
kg.
The elimination half-life (¢,,) was obtained from
Eq. (4), and expressed in h:

|7
tip = 0.693 - CL ()]
A Student’s ¢ test was used to compare mean values
of quinine pharmacokinetic parameters, obtained in
patients treated by the drug alone (group A) and in
the presence of doxycycline (group B). An alpha
level of 0.05 was defined as a significant difference.

RESULTS

Mean + SD plasma concentrations of quinine cal-
culated in each group of patients are shown in Fig.
1. Quinine plasma concentrations measured at any
time in the two groups were virtually identical (8.76
+ 2,02 and 7.99 = 2.98 wg/ml, respectively). Phar-
macokinetic parameters calculated for quinine, in
the control phase and doxycycline phase of the
study, are presented in Table 2.

Mean = SD doxycycline plasma concentrations
are presented in Fig. 2, together with the curve sim-
ulated from parameters previously determined by
one of us in young healthy volunteers (18). This
figure illustrates the good agreement between mea-
sured and simulated data, especially at trough lev-
els.

DISCUSSION

Cotreatment with doxycycline had no effect on
quinine disposition as assessed from measurements
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of plasma concentrations. The two drugs may there-
fore be coadministered without increasing the risk
of toxicity related to high plasma levels of quinine.

Although pharmacokinetic parameters character-
istic of quinine were virtually similar in the pres-
ence and absence of doxycycline, they were only in
partial agreement with values previously estimated
in patients treated for acute falciparum malaria (9).
Estimates of the volume of distribution were only
slightly different, since White et al. calculated a V4
of 1.18 = 0.37 L/kg (mean = SD) in patients with
cerebral malaria (9), and we obtained a value of 1.32
+ 0.32 L/kg in patients receiving quinine alone (Ta-
ble 2). Conversely, estimates of clearance pre-
sented major discrepancies, although interindivid-
ual variation in this parameter was greater than that
in V4. We report a clearance value (CL = 0.125 =
0.047 L/h/kg corresponding to 2.08 = 0.78 ml/min/
kg) that is about twice that previously estimated (9)
in patients (0.92 = 0.42 ml/min/kg). As a conse-

36.0 48,0 60.0 72.0

Time (h)

12.0 24.0

quence, different estimates of half-life were ob-
tained. Our estimate of clearance was close to that
obtained by White et al. in healthy volunteers (14),
but further interpretation could be risky. Since a

-control group with healthy volunteers was lacking,

the effect of acute falciparum malaria on quinine
disposition was beyond the scope of this study.

Different approaches were used by White et al.
(9) and by ourselves in order to calculate the phar-
macokinetic parameters characteristic of quinine in
patients. This may account, at least in part, for the
observed discrepancies.

Inaccurate estimation of ¢,,, may have had con-
sequences for our estimation of V4. However, the
error was minimal. For example, even if ¢,,, were
only half of that expected (9 h instead of 18 h), Eq.
(2) would overestimate V4 by less than 10%, which
can be neglected for practical purposes.

We estimated CL from plasma concentrations of
quinine measured 48 and 72 h after starting treat-

TABLE 2. Pharmacokinetic parameters characteristic of quinine administered alone
and in the presence of doxycycline in patients with acute falciparum malaria

V48 crLt ty,
(L/kg) (L/h/kg) (h)
Group A: quinine alone
Mean + SD 1.32 = 0.32 0.125 = 0.047 7.99 + 3.08
Range (0.976-2.01) (0.073-0.213) (3.16-12.4)
Group B: quinine + doxycycline
Mean = SD 1.44 £ 0.48 0.145 = 0.085 7.79 = 4.20
Range (0.864-2.30) (0.070-0.333) (1.98-16.1)

¢ Estimated from data collected 4 h after treatment initiation.
& Estimated from data collected 48 and 72 h after treatment initiation.
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FIG. 2. Mean (SD) plasma concentra-
tions of doxycycline (O) in patients
treated by quinine plus doxycycline.
The curve (solid line) results from sim-
ulations with parameters previously
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ref, 18).
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ment, i.e., only 24 and 48 h after the final adminis-
tration was initiated. At that time, the steady-state
was not completely achieved and therefore our es-
timates of CL are probably slightly erroneous.

A rapid change in quinine clearance may not be
excluded as a confounding factor. Such a phenom-
enon may be observed during the initial days of the
acute episode, when patients are critically ill and
have unstable physiology. As an example, plasma
concentrations of a-glycoproteins rise during the
acute phase of malaria infection (19), with presum-
ably complex consequences on quinine disposition
because of extensive (19) and nonlinear binding
over the range of concentrations encountered dur-
ing therapy (20). Constancy of drug disposition
characteristics seems unlikely when conditions of
the patients deteriorate quickly, requiring fluid re-
placement and sometimes other treatments such as
intermittent dialysis (21). Although it is admitted
that quinine clearance is depressed during acute fal-
ciparum malaria, and increases in convalescent pa-
tients restudied 1 month after the acute episode (9),
there is virtually no information on the constancy or
variation of quinine pharmacokinetics in a shorter
period of time, when the most important changes in
physiopathologic status are observed. It was only
reported that the quinine elimination half-life was
lengthened in two patients during fever, and re-
turned to normal after fever (13).

In order to optimize the dosing regimen on a ra-
tional basis, the effects of V4 and CL on plasma
levels of quinine at different stages of treatment
have to be clearly distinguished, as was not always
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the case. For example, the fall in quinine plasma
levels observed in convalescent patients has been
erroneously attributed to an increase in both CL
and V4 (9), and is still perpetuated in the most re-
cent literature (22). In convalescent patients, qui-
nine plasma concentrations are independent of Vg4
[Eq. (3)]. An increase in that parameter would only
be responsible for a lengthening of ¢,,, and conse-
quently for lesser fluctuations of quinine plasma
concentrations during intermittent dosing, without
an effect on the mean concentration.

The time that elapses between the beginning of
the acute episode of falciparum malaria and the at-
tainment of effective plasma concentrations of qui-
nine is supposed to be of major prognostic impor-
tance (23). Therefore, correct estimate of V4 of qui-
nine at the initiation of treatment is crucial because
this parameter determines the optimal loading dose.
The interindividual variation in the value of V4 nor-
malized to body weight was relatively small (Table
2). Consequently, using a mean value of V4 equal to
1.3 L/kg for the loading dose calculation would al-
low achievement of plasma concentrations of qui-
nine at the end of the initial infusion close to the
desirable value in most patients, even with highly
variable and possibly unstable physiopathologic
status. This was observed experimentally since
plasma concentrations of quinine at the end of in-
fusion ranged between 6.5 and 11.9 pg/ml with a
mean * SD equal to 8.8 = 2.0 ug/ml in the control
group.

Precise knowledge of clearance seems to be less
important in clinical practice because clearance has
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virtually no influence on plasma concentrations of
quinine during the initial hours of treatment. How-
ever, it has recently been proposed to increase the
dose of quinine if parasitemia does not fall by 75%
within 48 h (21). Precise knowledge of clearance
should then be required since at this stage of treat-
ment this parameter should be solely responsible
for quinine plasma levels [Eq. (3)].

In conclusion, this study provided complemen-
tary information on the pharmacokinetics of quinine
in acute falciparum malaria, which are only in par-
tial agreement with previously published data (9).
Discrepancies are not totally explained, and be-
cause of experimental constraints, poor estimates
of clearance may have been obtained both by White
et al. (9) and by ourselves. Further experiments
would be necessary in order to elucidate that ques-
tion. Although these conflicting results would not
affect dosing recommendations for treatment initi-
ation, they would have practical consequences in
severe cases when an increase in the dose of qui-
nine may be required after several days of treat-
ment. Finally, it was demonstrated that doxycy-
cline has no effect on quinine disposition and that
consequently these two drugs may be used together
to treat cerebral malaria without increasing the risk
of toxicity.
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