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Abstract

Introduction: Primaquine (PQ) diphosphate is an 8-aminoquinoline antimalarial drug with unique therapeutic properties. It 
is the only drug that prevents relapses of Plasmodium vivax or Plasmodium ovale infections. In this study, a fast, sensitive, 
cost-effective, and robust method for the extraction and high-performance liquid chromatography with diode array ultraviolet 
detection (HPLC-DAD-UV ) analysis of PQ in the blood plasma was developed and validated. Methods: After plasma protein 
precipitation, PQ was obtained by liquid-liquid extraction and analyzed by HPLC-DAD-UV with a modified-silica cyanopropyl 
column (250mm × 4.6mm i.d. × 5μm) as the stationary phase and a mixture of acetonitrile and 10mM ammonium acetate buffer 
(pH = 3.80) (45:55) as the mobile phase. The flow rate was 1.0mL·min-1, the oven temperature was 50OC, and absorbance 
was measured at 264nm. The method was validated for linearity, intra-day and inter-day precision, accuracy, recovery, and 
robustness. The detection (LOD) and quantification (LOQ) limits were 1.0 and 3.5ng·mL-1, respectively. The method was used to 
analyze the plasma of female DBA-2 mice treated with 20mg.kg-1 (oral) PQ diphosphate. Results: By combining a simple, low-
cost extraction procedure with a sensitive, precise, accurate, and robust method, it was possible to analyze PQ in small volumes 
of plasma. The new method presents lower LOD and LOQ limits and requires a shorter analysis time and smaller plasma volumes 
than those of previously reported HPLC methods with DAD-UV detection. Conclusions: The new validated method is suitable 
for kinetic studies of PQ in small rodents, including mouse models for the study of malaria. 
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INTRODUCTION

Primaquine (PQ) diphosphate is a prototypical drug in the 
8-aminoquinoline group of antimalarial agents. It has unique 
therapeutic properties and is the only drug in use that prevents 
relapses of infections arising from the reactivation of dormant 
forms of the malaria parasites Plasmodium vivax or Plasmodium 
ovale (also called hypnozoites) in the liver. Moreover, PQ is 
active against all developing malaria parasites in the liver and 
mature gametocytes of P. falciparum in the blood1,2. Despite 
weak activity against asexual blood stages of P. falciparum and 
other malaria parasites, PQ is the only drug capable – when 
used in combination with a schizonticide agent – of radically 
curing P. ovale and P. vivax infections. Notwithstanding its 

unique place in the physician’s armamentarium to treat malaria, 
the use of PQ in clinical practice is limited because it (like 
pamaquine, tafenoquine, and some other drugs) may trigger 
severe hemolytic anemia in individuals bearing glucose-6-
phosphate dehydrogenase deficiency. PQ may also cause 
methemoglobinemia but this toxic effect seldom causes overt 
symptoms and, in most cases, tends to be self-limiting1-6.

Moreover, the therapeutic response to PQ varies depending 
on the dose and the drug-metabolizing enzyme phenotype. 
In the last 10 years, studies have consistently shown that PQ 
is a pro-drug converted by CYP2D6 enzymes into oxidized 
metabolites responsible for activity against dormant forms of P. 
ovale and P. vivax in the liver. The CYP2D6 enzyme is highly 
polymorphic in human populations, and a subgroup of patients 
with a CYP2D6 poor metabolizer phenotype does not respond 
to PQ therapy7-10. Additionally, the PQ dose must be adjusted 
in overweight patients to cure malaria11. Accordingly, sensitive 
and reliable methods to analyze PQ in the blood plasma are 
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TABLE 1
 Summary of HPLC methods for PQ analysis in biological matrices described in the literature.

Matrices Detector Mobile phase/conditions/LOQ, LOD ng·mL-1 Column Ref

Plasma

Urine

DAD-UV MeOH: H2O (50:50, v:v), with 1% triethylamine/isocratic; flow rate 3mL.min-1/
LOQ = 500; detection limit not described.

Rad-Pack modified-silica-
phenyl column

12

Plasma DAD-UV Mobile phase composed of (A) methanol and a (B) buffer of orthophosphoric 
acid (0.57%), sodium hydroxide (0.087M), and triethylamine (0.13mM); pH 
2.70 (orthophosphoric acid)/ gradient: initial with 30% (A), increasing to 62.8% 
in 8 min, then 80% (A) between 10 min and 12 min, then decreasing to 30% (A) 
between 12 min and 14.5 min, and finally remaining constant at 30% until 24 
min.; flow rate 1mL·min-1/PV = 500mL/LOQ = 45.5nM; LOD = 0.89nM.

Hypersil-C18

(250mm × 4.6mm × 5μm)

13

Plasma DAD-UV (A) 50mM Ammonium acetate buffer (pH 6.0); (B) Acetonitrile + DMOA/
gradient elution: initially 55% A and then 90% in 15 min (hold for 2 min); then 
decrease to 55% in 2 min; flow rate 1mL.min-1/PV = 500mL/LOQ = 20; LOD 
= 10.

Spheri-5-Ciano

(220mm × 4.6mm × 5μm)

14

Plasma

Blood cells

DAD-UV Acetonitrile: MeOH: perchloric acid: H2O (30:9:1:95, v:v)/ isocratic; flow rate 
1.5mL.min-1/PV = 500mL/LOQ and LOD not described.

Bondapak-C18

(300mm × 3.9mm × 5μm)

15

Serum DAD-UV Acetonitrile: potassium hydrogen phosphate buffer (pH 6.0): THF (60:39:1, 
v:v), with 0.5mL.L-1 of DMOA/isocratic; flow rate 0.7mL.min-1/PV = 500mL/
LOQ = 10; LOD = not described.

C18

(100mm × 4.6mm × 5μm)

16

Plasma MS/MS MeOH: H2O (80: 20, v:v) with 0.1% of formic acid/ isocratic; flow rate 0.25 
mL·min-1/ PV = 500mL/LOQ = 2; LOD = 1.

Luna C18

(100mm × 4.6mm × 3μm)

17

Plasma ECD 70mM Potassium hydrogen phosphate buffer (pH 5.8): 10mg.mL-1 Na2EDTA: 
acetonitrile (74.5:25.5:5; v:v)/ isocratic; flow rate 1.0mL.min-1/ PV = 500mL/
LOQ and LOD not described.

Shodex ODSpak-C18

(250mm × 4.6mm × 5μm)

18

Plasma MS/MS 20mM Acetonitrile: ammonium acetate (pH 6.0) (50:50; v:v)/ isocratic; flow rate 
1.0mL.min-1/PV = 100mL/ LOQ = 3.91; LOD = 2.

LC-LC - Shiperi – Ciano, 
two connected columns

(30mm × 4.6mm × 5μm)

19

HPLC: high performance liquid chromatography; LOQ: limit of quantification; LOD: limit of detection; DAD-UV: diode array detector--ultraviolet; PV: plasma 
volume; DMOA: N`N`-dimethyloctylamine; Condition: isocratic or gradient and flow rate; MeOH: methanol; H2O: water; MS/MS: tandem mass spectrometry; 
ECD: electron capture detector; Na2EDTA: disodium ethylenediaminetetraacetate dihydrate; LC-LC: two-dimensional liquid chromatography.

essential to monitor drug levels in patients under treatment and 
to study the kinetics of this antimalarial agent in animal models. 

Table 1 summarizes the main characteristics of high-
performance liquid chromatography (HPLC) methods for the 
analysis of PQ in biological matrices (such as whole blood, 
serum, plasma, liver tissues, and blood cells) published to date. 
Most methods for PQ analysis in plasma involve a liquid-liquid 
extraction procedure followed by protein precipitation (PP), 
and some use solid phase extraction (SPE) or a combination 
of liquid-liquid extraction and SPE procedures. PQ recovery 
rates are generally higher when PP and SPE techniques are 
used. As shown in Table 1, the mobile phases differ among 
existing methods. A combination of organic solvents (methanol 
or acetonitrile) with water (acid/basic or neutral) or a buffer 
solution is generally used and organic modifiers are often added. 
Isocratic elution is the most common mode, but some methods 

employ the more time-consuming gradient mode of elution. 
With respect to the stationary phase, most methods use reversed 
phase C18 columns with different lengths, internal diameters, 
and particle sizes, while a few methods employ other silica-
modified stationary phases, such as phenyl and cyanopropyl. 
All methods require large sample volumes (≈500µL of 
plasma), thereby limiting their use in studies of small rodents, 
such as mice and hamsters (Table 1)12-19. The long retention 
times of PQ imply relatively long analysis times (≥8 min) for 
these chromatographic methods. Moreover, the detection and 
quantification limits using a DAD-UV detector are high. 

Owing to the limitations of existing methods (Table 1), we 
developed and validated a fast, sensitive, cost-effective, and robust 
HPLC-DAD-UV method for analysis of PQ in the blood plasma. 
This method requires small plasma volumes and therefore is 
particularly suitable for use in studies of PQ kinetics in small rodents.
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METHODS

Reagents

All chemicals were of analytical reagent grade or a higher 
purity. HPLC-grade methanol and acetonitrile were purchased 
from Tedia (Rio de Janeiro, Brazil) and Lichrosolv ultrapure 
acetonitrile was used to evaluate robustness (CAS 75-05-8; Merck 
Millipore, Darmstadt, Germany). Ammonium acetate (CAS 631-
61-8, CH3COONH4), zinc sulfate heptahydrate (ZnSO4·7H2O), 
and acetic acid (CAS 64-19-7, CH3COOH) were obtained from 
Merck Millipore. PQ diphosphate standard was supplied by Genix 
Indústria Farmacêutica Ltda (PP3016PQRJ, 98-102%; Anápolis, 
Brazil). Sodium heparin (5,000IU/mL-1) was purchased from 
Hipolabor (Belo Horizonte, Brazil). Ultrapure water was provided 
daily by a Milli-Q purifying water system (Merck-Millipore).

Solutions

Aqueous solutions of PQ diphosphate, equivalent to  
200μg.mL-1 PQ base, were prepared by dissolving 17.6mg of 
the salt in ultrapure water to a final volume of 50mL. Stock 
solutions were kept in amber flasks stored at -20°C. Under these 
storage conditions, PQ is stable for at least 7 days (as determined 
by the signal area of a standard solution in an HPLC-DAD-
UV analysis). The working solutions were prepared daily by 
serial dilution of the stock solution. Ammonium acetate buffer 
(10mM) was prepared by dissolving 0.77g of ammonium acetate 
in 1L of ultrapure water. The solution pH was adjusted to 3.8 
using a 10% w/v acetic acid solution.

Animals

Quantitative analyses of PQ using the new method were 
performed with blood plasma samples obtained from female 
DBA-2 mice. Animals were supplied by the Oswaldo Cruz 
Foundation Central Animal House (CECAL-FIOCRUZ, Rio de 
Janeiro, Brazil) and were 7 weeks of age when they arrived at 
the laboratory. All mice were housed in standard mouse plastic 
cages with stainless steel lids and white Pinus wood shavings 
as bedding (5 mice per cage). Animal cages were kept under 
controlled environmental conditions (22 ± 2°C, approximately 
70% relative humidity, and a 12-h light/dark cycle with lights 
on at 8 a.m.) and were provided ad libitum access to filtered tap 
water and a commercially available pelleted food for rats and 
mice (Nuvital; Nuvilab, Curitiba, PR, Brazil). 

Ethical considerations

The experimental protocol was approved by the Ethics 
Committee on Animal Use of FIOCRUZ (2012, P-84/10-7).

Treatment

Mice (n = 6) were treated with freshly prepared PQ solutions 
in ultrapure water (2mg of PQ base·mL-1 equivalent to 3.551mg 
of PQ diphosphate·mL-1). PQ concentrations are expressed in 
terms of PQ base per mL-1. Aqueous solutions of PQ were kept 
under refrigeration (4°C) and protected from light until use 
within 24h of preparation. PQ diphosphate dissolved in water 
was administered by was administered by oral gavage at doses 
equivalent to 20mg PQ·kg-1. Heparinized mouse blood samples 

were collected by cardiac puncture 15, 30, 60 and 90min after 
PQ administration.

Plasma samples

Plasma was separated from the heparinized whole blood by 
centrifugation at 12,000 rcf for 15 min. After separation, plasma 
samples were immediately transferred to Eppendorf tubes and 
stored at -20°C until analyses, which were carried out within 7 
days of PQ administration.

PQ extraction procedure

Owing to its simplicity and low cost, PP followed by drug 
extraction from the plasma was used. PP conditions were 
empirically optimized and standardized as follows. Samples of 
50µL of plasma were transferred to 1.5-mL Eppendorf® vials 
into which 50 µL of acetonitrile acidified with 2% acetic acid 
(w/v) was added. The tubes containing plasma plus acetonitrile 
were carefully vortexed, avoiding any contact of the mixture 
with the tube tip, for 30 sec. Then, 25µL of an aqueous 12.5% 
zinc sulfate solution (w/v) was added to each tube, followed 
by vortexing for 30 sec. The suspension was then allowed to 
stand for 30 min for full precipitation of the plasma protein. 
The tubes were then centrifuged at 12,000 rcf for 15 min and 
the supernatant was analyzed by HPLC-DAD-UV.

Equipment and chromatographic conditions

Analyses were performed by HPLC-DAD-UV using the 
Shimadzu Class-VP (liquid chromatographer coupled to 
a Shimadzu UV detector with the diode array SPD M10A 
VP equipped with a SCL 10A VP controller, DGU14A 
degasser, 10ADVP LC binary pump, CTO 10ASVP oven, and 
SIL10AF auto injector). The chromatograms were evaluated 
using Shimadzu Class VP® software, version 6.1. Various 
combinations of acetonitrile, methanol, and ammonium acetate 
buffer were used as mobile phases. All buffer solutions were 
filtered through a 0.45-μm pore PVDF filter (Merck-Millipore) 
before use. HPLC columns were silica-based C18 (250mm × 
4.6mm i.d. × 5μm, ODS Hypersil, Thermo, Waltham, MA, 
USA) and modified-silica cyanopropyl (250mm × 4.6mm i.d. 
× 5μm, Supelcosil LC-CN; Supelco, St. Louis, MO, USA). The 
injection volume was 20μL for all analyses.

Validation

The newly developed method was validated based on 
regulatory guidance documents, i.e., the manual for validation 
RE 899/2003 issued by the Brazilian Health Surveillance 
Agency (ANVISA)20, guidance on the validation of analytical 
methods (DOQ-CGCRE-008/ 2007) of the National Institute 
of Metrology, Quality and Technology–Brazil (Inmetro)21, 
ICH technical requirements for validation of analytical 
procedures (1995, 1996)22,23, and HPLC analysis manuals and 
handbooks24-26. The parameters used to evaluate analytical 
performance were (a) selectivity, (b) linearity, (b) intra-day 
precision, (c) inter-day precision, (d) accuracy, (e) recovery, 
(f) robustness, and (g) limits of detection and quantification. 
Calibration curves for nine concentrations (13, 30, 50, 100, 
250, 500, 1,000, 1,500, and 2,000ng.mL-1) were generated 
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using standard solutions of PQ in ultrapure water. Linearity was 
evaluated by three calibration curves obtained on three distinct 
days. Selectivity was determined in an analysis with blank 
mouse plasma and with mouse plasma spiked with a PQ solution 
of 250ng.mL-1. Differences between experimental and estimated 
values obtained by fitting a linear model to calibration data 
were used to determine homoscedasticity. Intra-day precision 
was evaluated for five different PQ concentrations (13, 100, 
250, 500, and 2,000ng.mL-1) assayed in triplicate three times 
during a single day. Inter-day precision was evaluated at these 
five concentrations determined in triplicate once a day on three 
distinct days. Accuracy was assessed using calibration curves 
(13, 100, 250, 500, and 2,000ng.mL-1) according to the following 
formula: accuracy = (EAVR/TC) × 100, where EAVR is the 
experimental average and TC is the theoretical concentration. 
Recovery was determined for spikes of high, intermediate, 
and low concentrations of PQ (250, 500, and 1,000ng.mL-1,  
(Table 2) respectively). Robustness was determined using 
Youden’s test with seven chromatographic variables: buffer 
concentration, acetonitrile percentage in the mobile phase, flow 
rate, mobile phase pH, oven temperature, precipitation time, and 
brand of commercially available acetonitrile (Table 3). 

These seven factors were combined in eight random 
chromatographic experiments (nominal condition + seven 
variants) performed with a PQ concentration of 500ng.mL-1 
(corresponding to an intermediate point along the standard 
analytical curve)27-29. The limits of detection (LOD) and 
quantification (LOQ) were obtained from three calibration 
curves using the following equations: LOQ = DPa (standard 
deviation of intercept Y) × 10/IC (curve slope) and LOD = 
DPa × 3/IC20,21.

Statistical analysis

Data are presented as means ± standard deviation. 
Differences between two means were analyzed by one-way 
ANOVA followed by Bonferroni post-hoc tests. Differences 
were considered statistically significant when p < 0.05. Statistical 
analyses were performed using GRAPHPAD PRISM6®.

RESULTS

A new method was developed based on analytical methods 
in use in the laboratory as well as previously reported 
HPLC methods for antimalarial drug analysis. We tested the 
performance of various mixtures of acetonitrile or methanol 
with acetate buffer as the mobile phase and RP-C18 silica 
or modified-silica cyanopropyl columns as the stationary 
phases24-26. Optimal HPLC conditions for the quantification of 
PQ in the blood plasma were obtained using a modified-silica 
cyanopropyl column (250mm × 4.6mm i.d. × 5μm, Supelcosil 
LC-CN) and a mixture of acetonitrile and 10mM ammonium 
acetate buffer (pH = 3.80) (45:55) as the mobile phase. The 
use of organic modifiers of the mobile phase proved to be 
unnecessary. The flow rate was 1.0mL.min-1, the temperature 
was 50 °C, and absorbance (UV) was monitored at 264 nm. The 
new method for the quantification of PQ in the blood plasma was 
characterized by a short analysis time (tR = 5.80 ± 0.20 min and 
a total analysis time of 7 min), a good signal symmetry (1.14), a 

high retention factor (k = 2.15), low detection and quantification 
limits. The selectivity and specificity of the method were 
determined by analyses of blank plasma samples and plasma 
samples spiked with PQ. Figure 1A, Figure 1B and Figure 1C 
show (A) the PQ signal from the plasma extract at 5.94 min, 
(B) blank plasma, and (C) overlapping chromatograms. No 
interference was detected for the PQ chromatographic window 
around tR 5.9 min, proving the method selectivity and specificity

A method for extracting PQ from the plasma was established 
for 50-µL plasma samples. Full PP was achieved by adding 
acetonitrile, followed by zinc sulfate (see Methods). The total 
time required for full PP and PQ extraction was approximately 
45 min.

PQ recoveries from plasma spiked with PQ diphosphate 
(expressed as PQ base) were 89.8 ± 5.1% at 250ng.mL-1, 97.7 ± 
1.1% at 500ng.mL-1, and 100.4 ± 4.6% at 1,000ng.mL-1. These 
results indicated that the extraction method developed for low 
sample volumes (50µL) was highly efficient, as evidenced 
by the recovery of 80% or greater added PQ at all tested 
concentrations20-23. 

The HPLC-DAD-UV method for the analysis of PQ in 
plasma matrices developed in this study was validated for 
linearity, intra-day and inter-day precision, accuracy, recovery, 
robustness, and detection and quantification limits (see 
Methods). The calibration curves obtained in the concentration 
range of 13 to 2,000ng.mL-1 demonstrated excellent linearity 
(r = 0.9997 ± 0.0003; average and standard-deviation of 
three different calibration curves). The difference between 
experimental and estimated values in the concentration range 
of 13 to 2,000ng.mL-1 indicated that the distributions of values 
were homoscedastic. The linear regression equation for PQ 
quantification in plasma samples was as follows: concentration 
= [(absorbance) + 185.58 (± 36.14)]/103.29 (± 0.67). 
Calculated LOQ and LOD were (see Methods) 3.5 and 1.0ng.
mL-1, respectively. Intra-day and inter-day precision as well 
as accuracy are presented in Table 2. Precision and accuracy 
values were within an acceptable range (85-115%)20-23. With 
respect to robustness, the method showed the highest variation 
in PQ content as a function of the mobile phase pH (13.7%) 
and, to a lesser degree, as a function of the acetonitrile brand 
(0.9%) (Table 3).

Blood plasma samples from female DBA-2 mice treated with 
20mg.kg-1 PQ diphosphate (oral route) were analyzed with the 
new validated method (Figure 2). PQ content showed a Cmax at 
15 min of 154 ± 23ng.mL-1.

DISCUSSION

Previously published HPLC-UV methods for PQ analysis 
in plasma require large sample volumes (100-500µL) and were 
developed and validated using human blood plasma (Table 1). 
We established a new extraction method that is suitable for PQ 
analysis in small volumes of plasma, which is consider necessary 
for studies in small rodents (such as DBA-2 mice), the most 
frequently used experimental model of blood stage malaria. 
DBA-2 mice are susceptible to Plasmodium berghei (ANKA) 
infection; they are widely used to study the physiopathology of 
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Precision 
PQ concentration (ng.mL-1)

13 100 250 500 2000

Intra-day Average (ng.mL-1)
RSD %

Accuracy %

14.7
7.4

113.4

100.9
1.7

100.9

245.0
2.1
98.0

489.8
2.2
98.0

1981.0
0.1
99.1

Inter-day
Average (ng.mL-1)

RSD %
Accuracy %

14.2
10.2
109.4

100.4
2.2

100.4

241.7
2.5
96.7

496.8
4.4
99.4

1986.8
0.6
99.3

TABLE 2
Accuracy and precision of the HPLC-DAD-UV method developed for PQ analysis in mouse blood plasma.

HPLC-DAD-UV: high-performance liquid chromatography with diode array ultraviolet detection; PQ: primaquine diphosphate;  RSD:  relative standard deviation.
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FIGURE 1 - Selectivity and specificity of the method for the analysis of PQ in mouse plasma: A: PQ signal from the plasma extract at 5.94 min. B: blank plasma. 
C: overlapping chromatograms. PL: plasma ; PQ:  primaquine diphosphate. 
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TABLE 3 
Robustness of the HPLC-DAD-UV method for PQ analysis in mouse blood plasma.

Parameters Nominal condition
PQ average content ng.mL-1

Variation
PQ average content ng.mL-1

Effect
(∆%)

Ammonium acetate 

Buffer molarity (mM)

10mM

502.6 

11mM

536.1 
-6.7

Acetonitrile concentration in Mobile phase (% 

acetonitrile)

45%

497.3 

46%

545.7 
-9.7

Flow rate (mL.min-1)
1.0 mL.min-1

539.3 

1.1 mL.min-1

499.4 
7.4

Mobile phase pH 3.8

557.4

4.0

481.3
13.6

Oven temperature (°C)
50°C

517.1 

45°C

480.5 
7.1

Precipitation time (min) 30 min

514.4 

45 min

524.3 
-1.9

Acetonitrile brand (®)
Tedia®

517.0 

Lichrosolv®

521.7 
-0.9

HPLC-DAD-UV: high-performance liquid chromatography with diode array ultraviolet detection; PQ: primaquine diphosphate.

severe and lethal malaria and to screen novel effective and safe 
antimalarial agents1,2. Furthermore, the extraction procedure is 
simple because it does not require solid phase extraction, the 
total analysis time is short (7 min), the mobile phase includes 
ultrapure water buffer and acetonitrile, without requiring 
organic modifiers. It is fair to assume that the method is more 
cost-effective than standard analytical methods used for PQ 
determination in blood plasma (Table 1).

The observed LOQ and LOD (3.5 and 1.0ng.mL-1, 
respectively) were very low, since a UV detector was used. In 
fact, LOQs reported in the literature12-14, 16-18 for PQ analyses 
using HPLC-UV are up to 10ng.mL-1. The excellent signal 
symmetry and linearity across a range of concentrations obtained 
using the new method led to markedly lower LOQ and LOD 
estimates than those previously reported for similar HPLC 
methods for PQ. 

With respect to robustness, variation ranged from 0.9% 
(acetonitrile brand) to 13.7% (mobile phase pH). Nevertheless, 
analytical determination of the PQ content was not altered 
substantially by variation in any of seven tested parameters 
(variation < 15%) (Table 3), thereby demonstrating that the 
method is reasonably robust20-23. Analyses of female DBA-2 
blood plasma in triplicate resulted in less than 5% relative 
standard deviation, demonstrating that drug plasma extraction 
and analysis are effective and reproducible.

0 15 30 45 60 75 90

0

50

100

150

200

a

b
b

b

Time (min)

n
g

/
m

L

FIGURE 2 - PQ concentration (means ± standard deviation) in DBA-2 plasma 
after oral administration. Mean values with different letters are significantly 
different (p < 0.05). PQ: primaquine diphosphate; 

By combining a simple and relatively low-cost extraction 
procedure with a robust and validated analysis method, it was 
possible to develop a new HPLC method  for the quantification 
of PQ in small volumes of plasma that is suitable for kinetic 
studies of this compound in small rodents, including mouse 
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models for the study of malaria. This new method exhibits 
good selectivity, linearity, intra-day and inter-day precision, 
robustness, accuracy, and recovery. Additional advantages of 
the analytical method over similar, existing HPLC-UV methods 
include a comparatively shorter analysis time, the use of smaller 
volumes of plasma, and lower LOD and LOQs.
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