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HANS O. LOBEL 

Division of Parasitic Diseases. National Center for Infectious Diseases. Centers for Disease Control and Prévention, 
Atlanta, Georgia; Medical Service. Royal Netherlands Navy. Hilversum/Utrecht. The Netherlands 

Abstract. Because of the widespread presence of chloroquine-resistant Plasmodium falciparum malaria, meflo
quine is now the recommended drug of choice for long-term malaria prophylaxis in these areas. Although several 
studies have compared plasma and whole blood concentrations of either mefloquine or its carboxylic acid metabolite, 
we report the first comparison of serum and whole blood levels in 86 Dutch marines taking 250 mg of mefloquine 
weekly for 18 weeks while deployed in western Cambodia. All samples were taken during steady-state and at 4 2 -
48 hr after the most recent dose. The concentration of mefloquine in serum (mean = 979 ng/ml') was significantly 
greater than in whole blood (mean = 788 ng/ml) (P < 0.00001, by paired Mest) with an overall mean ratio of 1.28. 
The concentration of the metabolite in serum (mean = 3,039 ng/ml) was also significantly greater than in whole 
blood (mean = 1,390 ng/ml) (P < 0.00001, by paired r-test) with an overall mean ratio of 2.25. These findings are 
similar to previous reports of plasma-to-whole blood levels. Furthermore, we report that the within-individual ratios 
of the metabolite concentration to the mefloquine concentration were also found to be significantly different in serum 
(3.79; P < 0.00001, by paired r-test) and in whole blood (2.02; P < 0.00001, by paired r-test). Appropriate attention 
must be given to these differences when comparing serum and whole blood concentrations of either mefloquine or 
its metabolite to avoid misinterpretation of their respective levels. Also, the determination of the relative mefloquine 
ratios in various blood fluids, as well as the documentation of the metabolite levels and their ratios, is critical to the 
appropriate interpretation of both chemoprophylaxis and chemotherapy, especially in the presence of resistant strains. 

The widespread presence of chloroquine-resistant Plasmo
dium falciparum malaria' makes the selection of drugs for ef
fective and safe long-term malaria prophylaxis more difficult 
for travelers and nonimmune individuals.13 Mefloquine is the 
recommended drug of choice for malaria prophylaxis in most 
parts of the world with chloroquine-resistant P. falciparum ma
laria.4 5 The collection of blood samples in the field for the 
determination of antimalarial drug concentrations is often lim
ited by practical problems associated with sample procurement. 
storage, and shipping. Although heparinized whole blood sam
ples are generally preferred, field or operational conditions 
sometimes make that impractical. Occasionally, only serum is 
available for analysis. Most studies of mefloquine concentra
tions have used either whole blood or plasma,6 and to date, few 
investigators have compared mefloquine whole-blood concen
trations directly with mefloquine-plasma concentrations in the 
same sample,7"10 and fewer have included the carboxylic acid 
metabolite concentration" or mentioned the whole blood-to-
plasma concentration ratio of the metabolite." Thus, we de
cided to evaluate the relationship between whole blood and 
serum levels of both mefloquine and its carboxylic acid metab
olite in a group of marines on long-term prophylaxis. Further
more, we wanted to compare our determined serum ratios with 
the published plasma ratios in case there were marked differ
ences, and also to to document the metabolite to mefloquine 
ratios for possible evaluation of chemoprophylaxis compliance 
issues. 

A recent study assessed the efficacy, compliance, and in
cidence of adverse effects during long-term mefloquine che
moprophylaxis of Dutch marines stationed in western Cam
bodia.1-' Paired samples of whole blood and sera were ob
tained from these persons for this report. 

1993 during the United Nations peacekeeping mission. One 
week before departure, personnel of this battalion took one 
250-mg tablet of mefloquine daily for three days as a loading 
dose" and continued with weekly prophylaxis throughout 
deployment and for four weeks after return to The Nether
lands. Mefloquine had been taken for 18 weeks at the time 
of return. All participants gave written informed consent and 
the surveillance and testing was approved by the Dutch Na
val Medical Review Board. 

Drug levels. At medical screening upon repatriation to 
The Netherlands, blood was collected 42 -48 hr after the 
most recent dose of mefloquine was given to 86 marines who 
had been stationed in Sok San. Cambodia. The samples were 
then either stored (whole blood) or allowed to clot, then 
separated and stored (serum) at -20°C until analysis. Con
centrations were determined by high-performance liquid 
chromatography (HPLC)U with all whole blood analyses us
ing whole blood-spiked samples for the standard curve, 
while all serum analyses were done using serum-spiked sam
ples for the standard curve. 

Statistical analysis. Drug concentrations were expressed 
as the mean with both the standard deviation and ranges. 
The ratios of both the serum-to-whole blood concentrations 
and the metabolite-to-parent mefloquine concentrations were 
determined as the mean of all the individuals' ratio values 
with 959c confidence limits. All differences were compared 
using the Student's r-test for paired data. Pearson's correla
tion r coefficients were calculated by standard linear regres
sion. 

SUBJECTS AND METHODS 

Study population. A battalion of 770 Dutch marines 
served in western Cambodia from June 1993 to mid-October 

Se rum- to -uho le blood comparison. Results for the 86 
paired whole blood and serum samples are shown in Tabic 
1. The mean steady-state concentration, defined to be their 
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TABLK I 

Concentrations of mefloquine and ils carboxylic acid metabolite in 
whole blood and scrum of 86 Dutch marines* 

Whole blood Rano 

Mefloquine 

Mefloquine 788 - 279 979 1 3 6 0 1.2S 
(159-1,671) (242-1.918) (0.54-3.61) 

(P < 0.00001) 

Mefloquine acid 1 .390-452 3.039 ±1.199 2.25 
metabolite (328-2.763) (1.044-7.178) (1.14-6.48) 

(P < 0.00001) 

Ratio metabolite/ 2.02 3.79 
mefloquine (0.51-7.69) (0.83-20.71) 

(P < 0.00001) (/> < 0.0000!) 

All P \alues were obtained using a paired i-leü 

individual plateau level after the 18 successive weeks of pro
phylaxis, for mefloquine in whole blood was 788 ng/ml ver
sus 979 ng/ml in serum. The mean of all 86 individual me
floquine serum-to-whole blood ratios was 1.28 and the dif
ference was significant (P < 0.00001). A wide range of me
floquine concentrations was seen for both the whole blood 
and serum (159-1,671 ng/ml and 242-1,918 ng/ml, respec
tively). The mean steady-state concentration for the meflo
quine carboxylic acid metabolite was 1,390 ng/ml in whole 
blood versus 3,039 ng/m! in serum. The mean of all 86 in
dividual metabolite serum-to-whole blood ratios was 2.25 
and this difference was also significant (P < 0.00001). A 
wide range of metabolite concentrations was found for 
whole blood and serum (328-2,763 ng/ml and 1,044-7,178 
ng/ml, respectively). 

Figure 1 shows a plot of all 86 individual values for the 
comparison of serum versus whole blood concentrations of 
mefloquine. The correlation coefficient (r) was 0.77 (P < 
0.00001) with the equation being y = 0.990X + 198 ng/ml. 
Figure 2 shows a plot of all 86 individual values for the 
comparison of serum versus whole blood concentrations of 
the mefloquine metabolite. The correlation coefficient (r) 
was 0.72 (P < 0.00001) with the equation being y - 1.92X 
+ 374 ng/ml. 

Metabolite-to-mefloquine comparison. Table 1 also in
cludes the calculated ratio of all 86 individuals' steady-state 
mefloquine metabolite concentrations compared with their 
parent mefloquine concentration. For whole blood the mean 
metabolite to mefloquine ratio was 2.02, while for serum it 
was 3.79. Both paired sets of data were significantly differ
ent (P < 0.00001). 

DISCUSSION 

We found that the overall mefloquine drug concentrations 
for a group of Dutch marines on long-term prophylaxis with 
250 mg of mefioquine/week reached a mean of 788 ng/ml 
(whole blood) as shown in Table 1 This is in the desired 
range for steady-state mefloquine prophylaxis.1^ However, 
we also saw a large, range of individual steady-state levels 
(159-1,671 ng/ml as has been reported by other investiga
tors.6 1 1 Since our assay variability is consistent with that 
found in other reports, we can best account for this large 
range of steady-state concentrations as the normal variability 

Serum Concentrat ion (ng/ml) 

2,000 r 

r = 077 
p<0.00001 m • y 

• if ' 

/ •. .n = B6 

0 500 1,000 1,500 2,000 

Whole Blood Concentrat ion (ng/ml) 

FIGURE 1. Comparison of mefloquine concentrations in serum 
versus whole blood. 

among individuals, which has also been acknowledged in 
these other studies. This wide range, which included a few 
individuals with values below the desired prophylactic 
range, may account for the reported failures for some com
pliant individuals during their long-term prophylaxis.'-

This is the first study to report whole blood and serum 
comparisons for mefloquine and its carboxylic acid metab
olite, although plasma-to-whole blood levels have been pre
viously reported for mefloquine.?_!0 Previous single-dose 
studies found mefloquine plasma-to-whole blood ratios of 
1.15,8 0.871,10 or a time-dependent change,9 while a long-
term prophylaxis study found a mefloquine plasma-to-whole 
blood ratio of 1.25.' 

We report here a mefloquine serum-to-whole blood ratio 
of 1.28, shown in Table 1, which is similar to those reported 
for plasma-to-whole-blood.7 The serum concentration is sig
nificantly greater than the whole blood concentration for this 
group {P < 0.00001). Although there appears to be a wide 

Mefloquine Metabolite 

Serum Concentrat ion (ng/ml) 

8,000 

0 2,000 4,000 

Whole Blood Concentrat ion (ng/ml) 

FIGURE 2 Comparison of the mefloquine carbo\ 
oliic concentraiions in serum versus whole blood 
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range of steady-state mefloquine concentrations among in
dividuals, as shown in Figure 1 and Table 1, the serum-to-
whole blood ratio is reasonably consistent, having 95% con
fidence limits of 1.24 to 1.32. 

A ratio near 1.0 has been explained by the fact that while 
mefloquine can be concentrated multi-fold in red blood 
cells,16 this effect may be canceled out because mefloquine 
may also be retained in the plasma or serum extracellular 
fluid due to extensive binding to the plasma or serum pro
teins.9 In vitro determinations have also found this same ap
proximate ra t io ." Serum, which has essentially the same pro
teins as plasma except fibrinogen, should retain the same 
degree of drug binding as plasma and thus have nearly the 
same ratio as plasma to whole blood as we now report. 

Because the mefloquine carboxylic acid metabolite has no 
pharmacologic activity, it is not monitored in most clinical 
studies.7 9 " However, our results now indicate that the me-
tabolite-to-mefloquine ratio may be very useful in estimating 
compliance. Another reason the metabolite is not monitored 
is that it is much more difficult to chromatographically de
termine both mefloquine and its carboxylic acid metabolite 
simultaneously with one single extraction and HPLC meth
od.18 This is because the metabolite is a weak acid (pKa 4.5) 
while mefloquine is a weak base (pKb 8.5), and an ion-
pairing reagent must be used with extremely close monitor
ing of the extraction and chromatographic buffer pH.18 

Since the mefloquine metabolite has a pKa of 4.5, it would 
be expected to be about 99.9% ionized in the neutral pH of 
either blood, plasma, or serum. This would considerably de
crease its free exchange across the red blood cell membrane 
and force the metabolite, once formed and released into the 
whole blood, to remain in the blood's extracellular space 
outside the red blood cells. The mefloquine parent drug with 
a pKb of 8.5 would be about 90% ionized at neutral pH. 
Even though serum albumin has a pKa of 4.9, it is consid
ered to have a net negative charge at normal serum pH of 
7.4. Thus, it still has a relatively large number of binding 
sites for acidic compounds. It is reasonable then to expect 
that the acid metabolite, being about 100 times more ionized 
than the mefloquine at neutral pH, would be considerably 
greater bound to the serum albumin than mefloquine. Thus, 
one would predict an even larger value for the serum-to-
whole blood ratio for the metabolite than the ratio value seen 
for the parent mefloquine. 

As shown in Table 1, we now report a ratio of 2.25 for 
the serum-to-whole blood for metabolite concentrations in 
this same group of individuals on long-term mefloquine pro
phylaxis. Again, this difference was statistically significant 
(P < 0.00001, by paired r-test) and consistent across indi
viduals with 9 5 % confidence limits of 2.17 to 2.33. This 
larger plasma-to-whole blood ratio for the metabolite of 
about 2.0 has been mentioned anecdotally. Figure 2 contains 
a plot of the metabolite serum-to-whole blood concentrations 
in these individuals. 

Even though the metabolite is inactive, we have continued 
to monitor and evaluate its concentrations, particularly dur
ing long-term prophylaxis, because it may be possible to use 
the concentration of the metabolite or the ratio of the me
tabolite to the parent mefloquine to estimate compliance. 
This is because the metabolite is slower to appear after dos
ing, is reported to have a longer half-life," and may also 

reach steady-state levels during long-term prophylaxis. How
ever, only a few studies7 9 " have simultaneously monitored 
both mefloquine and the metabolite and little information 
exists about the pharmacodynamics of the metabolite or 
about the relationship between the metabolite and mefloquine. 
Two studies7 " have reported that the metabolite concentra
tions in plasma were about double those of mefloquine after 
long-term prophylaxis, while another study9 reported a di
vided two-dose study in which the metabolite concentrations 
in plasma and whole blood simply exceeded mefloquine con
centrations after the second day. Thus, we also report the 
ratios of the metabolite to the parent mefloquine in both 
whole blood and serum in this same group of individuals. 

As shown in Table I, we found that the metabolite's whole 
blood concentrations within the same individual are consis
tently higher than their mefloquine whole blood concentra
tions by a factor of 2.02 and that this is statistically signif
icant (P < 0.00001). Furthermore, the tight 95% confidence 
limits of 1.90 to 2.14 suggest that this ratio is reasonably 
consistent across these individuals who were at steady-state 
concentrations. As might be predicted from the pharmaco
dynamic properties of the metabolite, such as the increased 
binding of the metabolite to serum albumin and concentra
tion outside the red blood cells, the metabolite-to-parent me
floquine ratio would be even greater for serum than for 
whole blood. We obtained a ratio of 3.79 for serum, which 
was also statistically significant (P < 0.00001) and had 95% 
confidence limits of 3.48 to 4.10. 

In summary, any comparison of serum, plasma, or whole 
blood mefloquine levels should take into account the relative 
concentration relationships reported here. This is even more 
true for the carboxylic acid metabolite of mefloquine, which 
has a larger serum-to-whole blood ratio. Furthermore, since 
the appearance of drug-resistant strains during compliance 
to recommended malaria chemoprophylaxis is a constant 
concern, the identification of noncompliant individuals is 
critical. The determination of the metabolite level, together 
with its ratio to the parent drug, may permit the determina
tion of noncompliance and allow for more effective moni
toring of the appearance of drug-resistant strains. The use of 
a single mefloquine level determination alone does not per
mit this evaluation. Thus, the use of the metabolite levels to 
assist in evaluating mefloquine compliance or mefloquine 
resistance issues should be further evaluated. 

Disclaimer: The use of trade names and commercial sources is for 
identification only and does noi constitute endorsement or suggested 
use by the Public Health Service or by [he U.S. Department of 
Health and Human Services. 
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