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Abstract 

A selective and sensitive high-performance liquid chromatographic method with electrochemical detection is 
described for the simultaneous quantitatiori of primaquine and carboxyprimaquine, its primary metabolite, in 
plasma. After addition of internal standard, plasma was deproteinized by addition of acetonitrile. Nitrogen-dried 
supernatants, resuspended in mobile phase were analyzed on a Cs reversed-phase column. Limits of detection for 
primaquine and carboxyprimaquine were 2 and 5 ng/ml with quantitation limits of 5 and 20 ng/ml, respectively. 
None of 47 tested antimicrobial agents interfered. In contrast to previously reported methods, the assay sensitivity 
and specificity are sufficient to permit quantitation of primaquine in plasma for pharmacokinetics following low 
dose (30 mg, base) oral administration of primaquine, typically used in the treatment of malaria and Pneumocystis 
carinii pneumonia. 

1. Introduction 

Primaquine is the drug of choice for radical 
cure of Plasmodium vivax malaria [1], and has 
been used to treat chloroquine-resistant malaria 
[2]. It also has proven an effective prophylactic 
against Plasmodium falciparum and Plasmodium 
vivax [3]. More recently, primaquine when com- 
bined with clindamycin was found to be effective 
in both the t reatment  and prevention of pneumo- 
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nia due to Pneumocystis carinii in immuno- 
suppressed animal models [4-6]. This combina- 
tion, which may be less toxic than t r imethopr im-  
sulfamethoxazole or pentamidine, has been util- 
ized successfully as primary therapy in individ- 
uals suffering from acquired immune deficiency 
syndrome (AIDS) and Pneumocystis pneumonia  
of mild to moderate  severity [7-9]. Pr imaquine-  
clindamycin therapy also has proven effective as 
salvage therapy for Pneumocystis pneumonia 

unresponsive or intolerant to conventional drug 
regimens [9,10]. 

reserved 
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The effectiveness of the primaquine-clin- 
damycin combination against Pneumocystis 
carinii led us to investigate analytical methods 
for therapeutic drug monitoring and pharma- 
cokinetic investigations following low-dose 
primaquine administration. Gas chromatograph- 
ic (GC) methods for primaquine analysis utilize 
electron-capture detection (ECD) [11], nitrogen- 
selective detection (NSD) [12] or mass spec- 
trometry (MS) [13]. Despite complicated sample 
preparation including drug derivatization, the 
sensitivity of these methods is insufficient for 
plasma analysis of primaquine at a dose typical 
for treatment of malaria or Pneumocystis carinii 
pneumonia. High-performance liquid chromato- 
graphic (HPLC) methods utilizing ultraviolet 
(UV) detection [3,12,14] or electrochemical de- 
tection (ED) [15] also have been reported. 
HPLC-UV methods exhibit inadequate sensitivi- 
ty for plasma analysis following low-dose 
primaquine administration. The HPLC-ED 
method, while exhibiting excellent sensitivity for 
primaquine and the metabolite carboxyprima- 
quine, provides inadequate specificity for the 
study of human subjects receiving multiple drug 
therapy. Accordingly, we have developed an 
HPLC-ED assay for primaquine and carboxy- 
primaquine with sensitivity and specificity 
adequate for clinical and experimental use fol- 
lowing low-dose (30 mg, base) primaquine ad- 
ministration in combination with other chemo- 
therapeutic agents used in the management of 
patients suffering from AIDS. 
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Fig. 1. Molecular structures of primaquine, carboxy- 
primaquine and the internal standard, WR6026. 

(WRAIR) (Washington, DC, USA). All other 
drugs were obtained from commercial manufac- 
turers. HPLC-grade methanol and acetonitrile 
were from Baxter Scientific Products (McGaw 
Park, IL, USA). Decanesulfonic acid was from 
Sigma (St. Louis, MO, USA). Plasmanate, a 
plasma protein fraction prepared from pooled 
human plasma, was obtained from Miles 
(Etobiocoke, Ont., Canada). 

2.2. Preparation of standards and controls 

2. Experimental 
2.1. Chemicals and reagents 

Primaquine (PQ), 8-(4-amino-l-methyl- 
butylamino)-6-methoxyquinoline (Fig. 1) was 
purchased from Aldrich (Milwaukee, WI, USA). 
Carboxyprimaquine (CPQ), 8-(3-carboxy-1- 
methyl-propylamino)-6-methoxyquinoline (Fig. 
1) was provided by Dr. James D. McChesney, 
University of Mississippi [16]. WR6026 (Fig. 1), 
WR238605 and WR242511 were provided by the 
Walter Reed Army Institute of Research 

Stock standards of primaquine, carboxy- 
primaquine and WR6026 were prepared in 
methanol at 1 mg/ml as free base. Working 
standards and controls were prepared in plasma- 
nate from separate stock standards. Stock stan- 
dards, working standards and controls were 
stored at -20°C protected from light. WR6026 
(internal standard; 10 /xg/ml) was prepared in 
methanol. 

2.3. Patient samples 

The participation of human subjects in this 
study was reviewed and approved by the Institu- 
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tional Review Board, Indiana University School 
of Medicine, and was consistent with the Hel- 
sinki Declaration of 1975, as revised in 1983. 
Plasma samples were obtained at 0, 0.25, 0.5, 
1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 12, 16 and 24 h 
following oral administration of 30 mg 
primaquine as two 26.3 mg primaquine phos- 
phate tablets (Sterling Winthrop). Plasma sam- 
ples were stored in the dark at -20°C until 
assayed. 

2.4. Sample extraction 

Five hundred /zl of patient, standard and 
control samples were combined with 100 /~1 of 
internal standard in a polypropylene tube. Fol- 
lowing addition of 750 /xl acetonitrile, each 
sample was sealed, mixed and placed in the dark 
at 4°C for 60 min. Supernatants, prepared by 
centrifugation at 9500 g for 5 min, were trans- 
ferred to a polypropylene tube and dried under a 
stream of nitrogen for approximately 45-60 min. 
The concentrates were reconstituted with 100/xl 
mobile phase and centrifuged at 9500 g for 5 
min. The supernatants were transferred to a 
polypropylene sampling vial and a 10-/zl aliquot 
was injected onto the HPLC system. 

the electrode necessitated cleaning following 
every 100 injections. 

2.6. Assay validation 

Absolute recovery (extraction efficiency) from 
plasmanate was determined by quadruplicate 
analysis of high (1000 ng/ml) and low (100 ng/ 
ml) concentration controls. Peak heights for high 
and low controls were compared to peak heights 
for standards prepared to equal 100% recovery. 
Within- and between-run precision was deter- 
mined by repeated analysis of high and low 
concentration controls in a single run and in 
repeated separate day runs, respectively. Cali- 
bration curves were constructed by plotting the 
ratios of peak heights for primaquine and car- 
boxyprimaquine to the peak height for the inter- 
nal standard vs. concentration. The limit of 
detection was defined as a discernable signal at 
least 3-fold greater than that of the baseline 
noise. The limit of quantification was defined as 
the concentration at which quadruplicate within- 
run analysis of standards had a coefficient of 
variation less than or equal to 20%. Specificity 
was examined by assessing the potential interfer- 
ence produced by 47 drugs prepared at a con- 
centration of 100 gg/ml.  

2.5. Apparatus and chromatographic conditions 2. 7. Pharmacokinetics 

Analyses were performed on an HP 1090 
liquid chromatograph with an HP 3396A inte- 
grator from Hewlett-Packard (Eventual, PA, 
USA). The column, an Ultrasphere C 8 column 
(15 cm × 4.6 mm I.D., 5 /~m) from Beckman 
(San Ramon, CA, USA), was maintained at 
35°C. Electrochemical (ED) detection was 
achieved using a CC-4 electrochemical cell and 
an LC-4B controller from Bioanalytical Systems 
(West Lafayette, IN, USA). The ED detector 
was operated at + 0.82 V. The mobile phase was 
7.0 mM monochloroacetic acid, 0.5 mM 
1-decanesulfonic acid-acetonitrile-methanol 
(56:24:20, v/v). The flow-rate was 1.4 ml/min. 
Equilibration of the HPLC-ED system required 
30-45 min. The potential of the ED detector was 
optimized with the mobile phase. Passivation of 

To demonstrate the utility of this analytical 
method, data obtained by analysis of human 
plasma following oral administration of 30 mg 
primaquine were fitted to an open, two-compart- 
ment, pharmacokinetic model assuming first 
order drug absorption and elimination and 
providing for lag time in drug absorption. The 
program utilized, PCNONLIN (Version 3.0), em- 
ploys iterative, nonlinear least-squares regres- 
sion. It was obtained from SCI Software (Lex- 
ington, KY, USA). 

3. Results and discussion 

The HPLC-ED assay described in the present 
study combines the optimal features of previous 
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methods for primaquine and carboxyprimaquine. 
This approach provides advantages over previ- 
ously reported methods. The absolute recovery 
(extraction efficiency) of primaquine and car- 
boxyprimaquine by acetonitrile extraction was 
previously reported to be 98% [3]. We were 
unable to achieve these very high absolute re- 
coveries and found extraction efficiencies for 
primaquine and carboxyprimaquine in the range 
73-80% and 87-95%, respectively. Neverthe- 
less, the extraction efficiencies using acetonitrile 
were consistently higher than those achieved 
with other solvents, and the analytical recoveries 
(corrected for recovery of internal standard) for 
primaquine and carboxyprimaquine were con- 
sistently greater than 98%. Moreover, acetoni- 
trile extraction provided easy sample preparation 
with simultaneous deproteinization. In addition, 
acetonitrile extraction using polypropylene ma- 
terials avoided the need to silanize the glassware 
as required by other methods [11,14]. 

The calibration curve for primaquine was 
linear from 5 to 500 ng/ml (Fig. 2). The slope 
and y-intercept -- standard error were 1.6 -+ 0.02 
and -5.8-+ 16.3, respectively. The coefficient of 
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Dig. 2. Assay linearity for primaquine. The coefficient of 
determination (r 2) over the dynamic range (5-500 ng/ml) for 
the primaquine calibration curve was 0.997. The slope and 
y-intercept are listed under Results. The points represent the 
mean-+ the standard error (n = 5). No vertical bars around 
the mean indicates that the standard error is within the limits 
of the mean symbol. The solid and dotted lines represent the 
regression line and 95% confidence interval, respectively. 

determination (r 2) was 0.997. The calibration 
curve for carboxyprimaquine was linear from 20 
to 1000 ng/ml  (Fig. 3). The slope and y-inter- 
cept --- standard error were 5.7 --. 0.02 and - 7 2  +-- 
160, respectively. The coefficient of determina- 
tion (r 2) was 0.997. The within- and between-run 
assay precision and analytical recovery for low 
and high concentration primaquine and carboxy- 
primaquine controls are shown in Table 1. Use 
of the 8-aminoquinoline WR6026 as an internal 
standard served to maintain assay precision and 
analytical recovery over a broad concentration 
range. 

The limits of detection (sensitivity) for 
primaquine and carboxyprimaquine were 2 and 5 
ng/ml,  respectively. The limits of quantification 
for primaquine and carboxyprimaquine were 5 
and 20 ng/ml,  respectively. The sensitivity of this 
assay was greater than that achieved by gas 
chromatography with electron-capture [11], ni- 
trogen-selective ionization [12], or mass spec- 
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Fig. 3. Assay linearity for carboxyprimaquine. The coeffi- 
cient of determination (r 2) over the dynamic range (20-1000 
ng/ml)  for the carboxyprimaquine calibration curve was 
0.997. The slope and y-intercept are listed under Results. 
The points represent the mean--- the  standard error (n = 5). 
No vertical bars around the mean indicates that the standard 
error is within the limits of the mean symbol. The solid and 
dotted lines represent the regression line and 95% confidence 
interval, respectively. 
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Table 1 
Within- and between-run analytical precision and recovery 

93 

Compound Target Concentration C . V .  Analytical 
concentration found (mean -+ S.D.) (%)  recovery 
(ng/ml) (ng/ml) (%)  

Within-run 
Primaquine 

Carboxyprimaquine 

Between-run 
Primaquine 

Carboxyprimaquine 

50 50 --- 2 4.0 100 
400 409 +- 12 2.9 102 
100 98 +- 2 2.0 98 
800 794 --- 19 2.4 99 

50 53 --- 4 7.5 106 
400 399 +- 14 3.5 100 
100 109 --- 14 12.8 109 
600 805 -+ 70 8.7 101 

The mean and standard deviation (S.D.) are based upon replicate analysis of each control (n = 10). Analytical recovery is 
expressed as a percentage of the determined mean concentration relative to the target concentration. Precision is expressed as the 
coefficient of variation percent (C.V.%). 

trometric [13] detection. The sensitivity also was 
greater than that obtained by HPLC with UV 
detection [3,12,14] and comparable to that 
achieved by dual-electrode electrochemical de- 
tection [15]. This level of sensitivity was suffi- 
cient for pharmacokinetic analysis of plasma 
following single, low-dose (30 mg) oral adminis- 
tration of primaquine (see below). 

The chromatographic conditions for this assay 
produced clear resolution of primaquine, car- 
boxyprimaquine and the internal standard (Fig. 
4). Although the retention time (tR) for peaks 
corresponding to primaquine, carboxy- 
primaquine and the internal standard were stable 
within a given run, modest shifts in retention 
times were noted from run to run. Despite these 
shifts, the retention times of primaquine (PQ) 
and carboxyprimaquine (CPQ) expressed as a 
ratio relative to the internal standard (I.S.) were 
highly reproducible (tR(po)/tR(I.S) and tR(CPO)/ 
tR(LS.) ). Reversed-phase HPLC on a C 8 column 
and use of 1-decanesulfonic acid, an ion-pairing 
reagent, in the mobile phase reduced interfer- 
ences from unidentified plasma constituents, 
which we observed using a previously reported 
HPLC-ED method [15]. Example chromato- 
grams illustrate the resolution of primaquine, 
carboxyprimaquine and the internal standard 
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Fig. 4. Chromatographic separation of primaquine and car- 
boxypdmaquine. Carboxyprimaquine (1), primaquine (2) 
and the internal standard, WR6026 (3) were resolved using 
the HPLC system described under Experimental. Chromato- 
gram A is a plasmanate standard containing 200 ng/ml 
carboxyprimaquine and 100 ng/ml primaquine. Chromato- 
gram B is human plasma obtained prior to primaqnine 
administration. Chromatogram C is plasma obtained from 
the same individual 1.5 h following oral administration of 30 
mg primaquine. 
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from plasma constituents (Fig. 4). Potential 
interference by 47 chemotherapeutic agents (par- 
ent compounds) also was examined and none 
was identified (Table 2). The demonstrated 
specificity of this assay is important as it permits 
reliable quantitation of primaquine and carboxy- 
primaquine in patients receiving multiple drug 
therapy. 

The utility of this assay is demonstrated by 
pharmacokinetic analysis of plasma obtained 
from an AIDS patient following a single oral 
30-mg dose of primaquine (Fig. 5). This is a 
typical oral dose of primaquine for treatment of 
Pneumocys t i s  carinii and the lowest dose used to 
demonstrate the adequacy of a chromatographic 
method for pharmacokinetics studies. The plas- 
ma concentration vs. time profile for absorption, 
distribution and elimination of primaquine in 

man resembles that previously demonstrated 
following single, higher oral doses [3,14,15]. 
Moreover, absorption lag time (0.5 h), the 
absorption halflife (0.15 h), and the terminal 
elimination halflife (2.9 h) are consistent with 
that previously reported following administration 
of a single, higher dose of primaquine [3,17]. 
The area under the plasma concentration vs. 
time curve defined from zero to infinity (940 ng 
m1-1 h) was proportionally less than that previ- 
ously noted in individuals receiving higher doses 
of primaquine [17]. This latter observation is 
consistent with the high correlation between the 
area under the curve and the primaquine dose 
[18]. The maximum plasma concentration (149 
ng/ml) observed in the present study was essen- 
tially identical to that reported for an individual 
receiving primaquine as a single oral 45-mg (free 

Table 2 
Assay specificity 

Drug k' Drug k' 

Amikacin Erythromycin 
Amoxacillin Gentamicin 
Ampicillin Imipenem 
AzlociUin Kanamycin 
Aztreonam Lincomycin 
Carbenicillin 8.8 Methicillin 
Carboxyprimaquine 2.9 Minocycline 5.9 
Cefaclor Moxalactam 5.9 
Cefamandole 9.1 Nafciltin 
Cefazolin Neomycin 
Cefonicid Netilmicin 
Cefoperazone Oxacillin 
Cefotetan Penicillin 
Cefoxitin Piperacillin 
Ceftazidime Primaquine 7.5 
Ceftizoxime Rifampin 
Ceftriaxone Streptomycin 
Cephaiothin Sulfamethoxazole 
Cephalexin Tetracycline 
Chloramphenicol Ticarcillin 
Chloroquine Trimethoprim 
Ciprofloxacin WR6026 (ISTD) 20.7 
Clindamycin WR238605 >30 
Cloxacillin WR242511 >30 
Dicloxacillin 1 2 . 9  Zirovudine 

The drugs listed were prepared at a concentration of 100/.tg/ml and found not to interfere with the chromatographic analysis of 
primaquine and carboxyprimaquine. The capacity factor (k') was determined for the drugs which were detected. The remaining 
drugs were not detected. 
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Fig. 5. Plasma concentration of primaquine and carboxy- 
primaquine versus time. The time course for primaquine and 
carboxyprimaquine plasma levels in an AIDS patient was 
determined following oral administration of 30 mg 
primaquine. 

base) dose [14]. This relatively high maximum 
plasma concentration is likely due to more rapid 
absorption as reflected in the short time to 
maximum plasma concentration (1.2 h) when 
compared to the previously reported case (time 
to reach maximum concentration = 2.6 h) [14]. 
Finally, rapid metabolism of primaquine to car- 
boxyprimaquine was confirmed (Fig. 5) [12]. 

Although initially developed for analysis of 
primaquine and carboxyprimaquine in plasma, 
this method also can be used for quantitation of 
these compounds in other biological specimens. 
In particular, we have used this method to 
measure primaquine and carboxyprimaquine in 
homogenates of rodent tissues including lung, 
liver and brain. When applied to these other 
tissues however, it is critical that calibrators be 
prepared in the same tissues which are drug free 
and acetonitrile-treated. Finally, by using 
primaquine as an internal standard, this assay 
also can be used to measure WR6026, another 
8-aminoquinoline with activity against Pneumo- 
cystis carinii in rodent models [6]. WR6026 is 
currently being investigated in human studies for 
treatment of Pneumocystis carinii pneumonia 
and diseases caused by Leishmania donovoni 
[19]. 

The combination of primaquine and clin- 
damycin represents a promising therapy for 
treatment of Pneumocystis carinii pneumonia. 
Mucosal disease in the gastrointestinal tract, 
however, could potentially decrease the absorp- 
tion and, thus, the bioavailability of primaquine 
administered by the oral route. Accordingly, 
therapeutic monitoring of plasma primaquine 
may prove clinically important, identifying pa- 
tients that might not respond to this therapy. 
This concern is especially relevant to patients 
with severe Pneumocystis pneumonia, unrespon- 
sive or intolerant to conventional therapies. The 
present method provides analytical sensitivity 
sufficient for quantitation of primaquine and 
carboxyprimaquine in plasma following low dose 
primaquine administration, as used in treatment 
and prophylaxis for Pneumocystis pneumonia. 
Moreover, the specificity of this method permits 
therapeutic drug monitoring in AIDS patients 
requiring administration of multiple pharmaceu- 
tical agents. 
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