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ABSTRACT 

A high-performance liquid chromatographic method with electrochemical detection is described for quantification of pamaquine, 

primaquine and carboxy primaquine in calf plasma. After the proteins had been precipitated with acetonitrile, the drugs were separated 

on a 5-nrn C,, -modified polymer gel column with an isocratic mobile phase. The detection limit was 0.01 ng/ml in plasma for all three 

compounds. The applicability of the method in pharmacokinetic studies was demonstrated by determining the plasma concentrations 

of the three substances in calves administered a single dose of pamaquine or primaquine. 

INTRODUCTION 

Primaquine (PRQ), N4-(6-methoxy-%quinoli- 
nyl)-1,4_pentanediamine, and pamaquine (PAQ), 
N1 ,N’-diethyl-N4-(6-methoxy-%quinolinyl)-1 ,4- 
pentanediamine, are 8-aminoquinoline deriva- 
tives used as antitheilerial agents in cattle [l-3]. 

PRQ and its major metabolite carboxy prima- 
quine (CPRQ) have been quantified in human or 
rat plasma by gas chromatography (GC) [4,5], 
gas chromatography-mass spectrometry (GC- 
MS) [6], high-performance liquid chromatogra- 
phy with UV detection (HPLC-UV) [5,7-91 and 
HPLC with electrochemical detection (HPLC- 
ED) [lo]. Zubrod et al. [l I], and Hughes and 
Schmidt [ 121 determined plasma concentrations 
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of PAQ in humans, dogs and monkeys by spec- 
trophotometry, which is not sufficiently specific 
or sensitive for studying the pharmacokinetics. 
More sensitive and selective methods to distin- 
guish these 8-aminoquinolines have thus to be es- 
tablished prior to pharmacokinetic studies in cat- 
tle. 

The purposes of the present work are to devel- 
op an HPLC method capable of quantifying 
PAQ, PRQ and CPRQ in calf plasma samples, to 
determine whether CPRQ occurs as a metabolite 
in calf plasma, and to ascertain the applicability 
of the method to the determination of these com- 
pounds in plasma from calves treated with PAQ 
or PRQ. 

EXPERIMENTAL 

Chemicals and standards 
PRQ diphosphate was obtained from Aldrich 
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(Milwaukee, WI, USA), and PAQ was a gener- 
ous donation from Toshin Chemical Industry 
(Tokyo, Japan). CPRQ was provided by Dr. J. 
D. McChesney (University of Mississippi, USA). 
The molecular structures of PAQ, PRQ and 
CPRQ are shown in Fig. 1. The internal standard 
(I.S.), 2-methoxy-5-methylaniline (MMA), and 
ethylenediaminetetraacetic acid disodium salt 
(Na*EDTA) were obtained from Tokyo Kasei 
Kogyo (Tokyo, Japan). Acetonitrile, hydrated 
disodium hydrogenphosphate (Na2HP04 . 

1 2Hz0) and potassium dihydrogenphosphate 
(KH,P04) were obtained from Wako (Osaka, 
Japan). 

Stock solutions of 100 pg/ml were prepared for 
the following compounds: PAQ and MMA in 
acetonitrile; PRQ in water; and CPRQ in aceto- 
nitrileewater (50:50, v/v). The solutions were 
stored in the dark at 4°C. 

Instrumentation and HPLC conditions 
The HPLC system comprised a Model 635A 

pump (Hitachi, Tokyo, Japan), a Model SIL-6A 
autoinjector (Shimadzu, Kyoto, Japan), a Model 
L-ECD-6A electrochemical detector (Shimadzu) 
with a glassy-carbon electrode set at + 0.75 V vs. 
the Ag/AgCl reference electrode, and a Model 
C-R3A integrator (Shimadzu). A model SPD- 
M6A photodiode-array detector (Shimadzu) set 
at 195-380 nm was used instead of the electro- 
chemical detector for the identification of the 
CPRQ peak. The column was a Asahipak 
ODP-50 stainless-steel column (15 cm x 4.6 mm 
I.D.) packed with 5-pm particles of Cl*-modified 
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Fig. I. Structures of primaquine (PRQ), carboxy primaquine 

(CPRQ) and pamaquine (PAQ). 

polymer gel, obtained from Asahi Chemical In- 
dustry (Tokyo, Japan). The mobile phase was 
acetonitrile-70 mM phosphate buffer (pH 5.8) 
(23:77, v/v), containing 10 mg/l Na2EDTA. The 
injection volume was 20 ~1, and the flow-rate was 
0.8 ml/min. The column temperature was 40°C. 
The chromatograms were recorded with a chart 
speed of 5 mm/min. 

Sample preparation 
To a calf plasma sample (0.5 ml), in a lo-ml 

glass or polypropylene centrifugation tube, 0.5 
ml of acetonitrile solution containing 0.2 pg/ml 
MMA was added and mixed with a mixer (Labo- 
mixer NS-8, Iuchi, Tokyo, Japan). The tube was 
shaken by hand for 2 min, allowed to stand for 15 
min with occasional shaking and centrifuged at 
1200 g for 15 min. The supernatant was filtered 
through a 0.45-pm membrane filter, Ekicrodisk 
13-CR (Gelman Sciences Japan, Tokyo, Japan), 
and subsequently injected into the HPLC system. 
All procedures were done under protection from 
light. 

Recovery 
Recovery values were evaluated by comparing 

peak-height ratios of each compound extracted 
from spiked plasma samples with standard 
curves obtained from unextracted standard solu- 
tions. 

Calibration curves and calculations 
Calibration standards were prepared by add- 

ing known amounts of PAQ, PRQ and CPRQ to 
blank plasma samples. Solutions were analysed 
by the method described above. Peak-height ra- 
tios of the test compound to the I.S. were plotted 
against known concentrations for each com- 
pound. At least four to seven points were used to 
construct a calibration line. Values for unknowns 
were calculated from the slope and intercept by 
linear regression of the calibration curves. 

Precision and accuracy qf assays 
Blank plasma samples were spiked with known 

amounts of PAQ, PRQ and CPRQ (0.02-l .O ,ug/ 
ml), and quantified by comparison of the peak- 
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height ratios with the calibration curves. The in- 
tra-day and inter-day precisions were deter- 
mined. The coefficient of variation (C.V.) was de- 
termined by dividing the sample standard devia- 
tion by the mean and expressing the quotient as a 
percentage. 

Application 
Three Holstein calves weighing 130-300 kg 

body weight were used. They were kept indoors 
and provided with a hay and concentrate diet 
twice a day. Water was available ad libitum. 

Calf 1 was injected with a single dose of 2 mg/ 
kg PAQ base as an oily solution by the intra- 
muscular route, calf 2 had a single dose of 1.0 
mg/kg PRQ diphosphate (corresponding to 0.57 
mg/kg as PRQ base) as an aqueous solution by 
the subcutaneous route, and calf 3 was given a 
single dose of 0.5 1 mg/kg PRQ diphosphate (cor- 
responding to 0.29 mg/kg as PRQ base) by the 
intravenous route. Blood samples were collected 
from the cervical vein in heparinized tubes at ap- 
propriate intervals. Plasma was obtained by cen- 
trifugation for 15 min at 1200 g, and kept frozen 
at - 20°C and protected from light until analysis. 

RESULTS AND DISCUSSION 

Sample treatment 
Parkhurst et al. [9] used acetonitrile for depro- 

teination because of the highest recovery values 
of the five deproteinizing agents tested for the 
extraction of PRQ and CPRQ from human plas- 
ma. It also gave good recoveries of PAQ, PRQ 
and CPRQ from fortified calf plasma in our ex- 
periments. Table I shows the recovery data for 
the three compounds. Mean recoveries from calf 
plasma fortified with 0.02-1.0 pg/ml of PAQ, 
PRQ and CPRQ ranged from 100.8 to 107.2%, 
89.5 to 92.8% and 68.3 to 94.8%, respectively. 

Chromatography 
Reversed-phase liquid chromatography was 

used for the determination of PAQ, PRQ and 
CPRQ, on the basis of previous HPLC studies of 
PRQ and/or CPRQ [5,7-lo]. The Asahipak 
ODP-50 column, containing an octadecyl poly- 

TABLE I 

RECOVERY OF PAQ, PRQ AND CPRQ FROM CALF 

PLASMA (n = 3) 

Compound Concentration Recovery, c.v 

added (mean f S.D.) (%) 

(&ml) (%) 

PAQ 0.02 

0.10 

1 .oo 
PRQ 0.02 

0.10 

1.00 

CPRQ 0.02 

0.10 

1.00 

107.2 f 15.5 14.5 

100.8 * 8.9 8.8 

103.0 f 2.0 2.0 

89.5 f 7.1 7.9 

92.8 f 1.7 1.8 

91.6 f 3.2 3.4 

68.3 f 16.0 23.4 

89.2 * 8.5 9.5 

94.8 f 1.7 1.8 

mer gel obtained by the introduction of Cl8 
groups at the hydroxyl groups of vinyl alcohol 
copolymers, gave better peak shapes and separa- 
tion of the three compounds from plasma com- 
ponents than did the Nucleosil-5 Cl8 column 
(Macherey-Nagel, Diiren, Germany), the Nucle- 
osil-5 CN column (Macherey-Nagel) and the Li- 
Chrosorb RP-select B column (E. Merck, Darm- 
stadt, Germany), the Cg column that is specially 
made for the separation of basic compounds. ED 
was used because of its better sensitivity and se- 
lectivity. Under the present HPLC conditions, 
the detection of the three compounds with the 
electrochemical detector set at +0.75 mV was 
two to nine times more sensitive than that with 
the UV detector set at 267 nm, which was shown 
to be the maximum absorption wavelength. Fig. 
2 shows the hydrodynamic voltammograms for 
PAQ, PRQ and CPRQ. We used +0.75 mV for 
detection because the response of three com- 
pounds reached a plateau at this value. 

Chromatograms of PAQ, PRQ and CPRQ 
standard solutions (0.025 pg/ml), and of extracts 
from blank, PAQ-administered and PRQ-admin- 
istered calf plasma are shown in Fig. 3. Under the 
conditions used, PAQ, PRQ, CPRQ and MMA 
were well separated, and no interfering plasma 
components appeared in any chromatogram. A 
chromatogram of a plasma sample 3 h after ad- 
ministration of PAQ is shown in Fig. 3C. The 
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Fig. 2. Hydrodynamic voltammograms of PAQ (m), PRQ (0) and CPRQ (e). Abscissa, applied potential (V) v,s. Ag/AgCl reference 

electrode: ordinate, ratio of response to nlaxilnal resposne at a given potential. 

PAQ peak appeared at the retention time (tR) of Calibration CUYV~S and the detection limit 
17.3 min. A chromatogram of a plasma sample 3 The calibration curves of PAQ, PRQ and 
min after intravenous administration of PRQ di- CPRQ were linear and reproducible over the in- 
phosphate is shown in Fig. 3D. The tR of PRQ, vestigated concentration range of 0.01-l .O pg/ml 
CPRQ and MMA peaks were 8.3, 13.4 and 22.1 (r 2 0.9996, y1 = 7). They were constructed using 
min, respectively. linear regression, where x was the peak-height ra- 

TABLE II 

INTRA-DAY PRECISION AND ACCURACY OF THE ASSAY OF PAQ, PRQ AND CPRQ IN CALF PLASMA (n = 5) 

Compound Concentration 

added 

@g/ml) 

Concentration found 

(mean f SD.) 

(&ml) 
____~_. 

C.V. 
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TABLE III 

INTER-DAY PRECISION AND ACCURACY OF THE ASSAY OF PAQ, PRQ AND CPRQ IN CALF PLASMA 

Compound Concentration Concentration found C.V. M.D.” II 

added (mean $: S.D.) W) W) 

@g/ml) G&ml) 

PAQ 0.02 

0.10 

1.00 

PRQ 0.02 
0.10 
1.00 

CPRQ 0.02 

0.10 

1.00 

0.019 f 0.004 19.9 -5.5 5 

0.100 zlz 0.001 1.4 -0.3 5 

0.980 f 0.019 1.9 -2.0 4 

0.021 Lt 0.003 12.0 3.0 5 

0.099 I 0.006 5.9 -0.8 5 

1.009 f 0.023 2.3 0.9 4 

0.020 f 0.003 13.9 2.0 5 

0.099 jc 0.004 3.8 -1.0 5 

1.041 f 0.051 4.9 4.1 4 

a Mean percentage difference, M.D. (%) = (mean - added)/added x 100. 

Fig. 3. Typical chromatograms of PAQ, PRQ, CPRQ and MMA 

(IS.): (A) standard solution containing 0.025 pg/ml PAQ, PRQ 

and CPRQ; (B) extract of blank plasma; (C) extract of a plasma 

sample from calf 1 3 h after intramuscular administration of 2 

mg/kg PAQ base; (D) extract of a plasma sample from calf 3 3 

min after intravenous administration of 0.51 mg/kg PRQ di- 

tio and y was the fortified concentration of the 
compounds (pg/ml). The calculated regression 
equations for PAQ, PRQ and CPRQ were +r = 
(0.312 f 0.006)x + (2.40 f 1.35) ’ 1O-3 (r = 
0.9999), y = (0.187 f 0.005)x + (2.93 rf: 6.38) ’ 

10e3 (r = 0.9997) and y = (0.600 f 0.007)~ - 
(5.08 rt 3.70) . 10e3 (r = 0.9996), respectively. 
The detection limit was 0.01 pg/ml for all com- 
pounds (signal-to-noise ratio of 2-3). 

Precision and uccuracy 
Intra-assay and inter-assay precision and accu- 

racy data are shown in Tables II and III. The 
method exhibited good accuracy and reproduc- 
ibility. In one case (PAQ, 0.02 pg/ml) we could 
not obtain an inter-assay precision of less than 
15%. We suppose that the presence of mechani- 
cal noise could interfere with accurate evaluation 
of this peak at very low concentrations. 

IdentiJication of CPRQ peak 
Photodiode-array detection of plasma extracts 

was performed in order to identify the CPRQ 
peak and to confirm the peak purities. The ex- 
tract of a plasma sample 6 h after subcutaneous 
administration of PRQ diphosphate was evapo- 
rated to dryness. The residue was dissolved in a 
volume of acetonitrile eight times less than the 
volume before evaporation, and analysed by 
photodiode-array HPLC. The concentration step 
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was necessary because the CPRQ concentration 
in plasma was too low for direct photodiode-ar- 
ray detection. The spectrum of the CPRQ peak 

200 220 240 260 280 300 320 340 360 380 

Wavelength (nm) 

Fig. 4. UV spectra of CPRQ peaks. (A) UV spectrum of CPRQ 

peak from a standard solution containing 10 pgiml CPRQ; (B) 

UV spectrum of CPRQ peak from the extract of a plasma sample 

from calf 2 6 h after a single dose of I .O mgjkg PRQ diphosphate 

(corresponding to 0.57 mgjkg as PRQ base) as aqueous solution 

by the subcutaneous route; (C) UV spectra of upslope (tR = 

13.24 min, -----), apex (& = 13.38 min, -) and downslope (tR 

= 13.56 min. ~. -) of CPRQ peak from the same extract as (B). 
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from plasma of the PRQ-administered calf was 
identical with the standard spectrum (Fig. 4A 
and B). No difference was observed in the UV 
spectrum of CPRQ from the PRQ-administered 
calf for upslope (fR = 13.24 min), apex (tR = 
13.38 min) and downslope (tR = 13.56 min), 
demonstrating that there were no impurities in 
the peak (Fig. 4C). We conclude that CPRQ, the 
major PRQ metabolite in human and rat plasma, 
also occurs in calf plasma. 

Application 
An attempt was made to determine whether 

the present method is applicable to the quantifi- 
cation of PAQ, PRQ and CPRQ in plasma of 
calves given the recommended therapeutic doses 
of PAQ or PRQ diphosphate. 

A plasma concentration V~YSUS time curve for 
PAQ after intramuscular administration is 
shown in Fig. 5. PAQ was detected up to 8 h, 
with a maximum concentration of 0.067 pg/ml at 
2 h. 

A plasma PRQ and CPRQ concentration I’EY- 
sus time curve after intravenous administration 
of PRQ diphosphate is shown in Fig. 6. The plas- 

0 L, 1 J 

0 2 4 6 8 10 

Time (h) 

Fig. 5. Plasma concentration of PAQ ~crsu.s time in calf I receiv- 

ing a single intramuscular dose of 2 mg/kg PAQ base as oily 

solution. 
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Time (h) 

24 36 48 

Fig. 6. Plasma concentrations of PRQ (0) and CPRQ (0) in calf 3 after an intravenous dose of 0.51 mg/kg PRQ diphosphate 

(corresponding to 0.29 mg/kg as PRQ base) as aqueous solution. 

ma concentration of PRQ at 3 min was 0.506 ,ug/ 
ml, which rapidly decreased to 0.011 pg/min at 2 
h. No PRQ could be detected at 2.5 h. CPRQ 
reached a maximum concentration of 0.654 ,ug/ 
ml at 8 h, after which it decreased gradually and 
fell below the detection limit at 96 h. 

CONCLUSION 

The present HPLC-ED method for the simul- 
taneous determination of PAQ, PRQ and CPRQ 
is rapid and sensitive, and was shown to be appli- 
cable to pharmacokinetic studies in calves. Our 
preliminary studies revealed the presence of 
CPRQ, the major metabolite in human and rat 
plasma, in the plasma of PRQ-administered 
calves. 
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