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bstract

With the objective of reducing analysis time and maintaining good efficiency, there has been substantial focus on high-speed chromatographic
eparations. Recently, commercially available ultra-performance liquid chromatography (UPLC) has proven to be one of the most promising
evelopments in the area of fast chromatographic separations. In this work, a new isocratic reverse phase chromatographic method was developed
sing UPLC for primaquine phosphate bulk drug. The newly developed method is applicable for assay and related substance determination of
he active pharmaceutical ingredient. The chromatographic separation of primaquine and impurities was achieved on a Waters Acquity BEH C18,
0 × 2.1 mm, 1.7 �m column within a short runtime of 5 min. The method was validated according to the regulatory guidelines with respect to

pecificity, precision, accuracy, linearity and robustness. Forced degradation studies were also performed for primaquine phosphate bulk drug
amples to demonstrate the stability indicating power of the UPLC method. Comparison of system performance with conventional HPLC was
ade with respect to analysis time, efficiency and sensitivity.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Though high-performance liquid chromatography (HPLC)
s a well-established reliable technique used in controlling the
uality and consistency of active pharmaceutical ingredients
API’s) and dosage forms, it is often a slow technique because of
he complexity of some of the samples, it could still be improved.

Ultra-performance liquid chromatography (UPLC) is a new
ategory of separation technique based upon well-established
rinciples of liquid chromatography, which utilizes sub-2 �m

articles for stationary phase. These particles operate at ele-
ated mobile phase linear velocities to affect dramatic increase
n resolution, sensitivity and speed of analysis [1]. Because of
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ts speed and sensitivity, this technique is gaining considerable
ttention in recent years for pharmaceutical and biomedical anal-
sis [2–5]. In the present work, this technology has been applied
o the method development and validation study of related sub-
tance and assay determination of primaquine phosphate bulk
rug.

Primaquine phosphate is used for causative treatment of
alaria [6]. It is highly effective against the gametocytes of

ll plasmodia, and thereby prevents spread of the disease to the
osquito from the patient. It is also effective against the dor-
ant tissue forms of P. vivax and P. ovale malaria, and thereby

ffers radical cure and prevents relapses [7].
Reports on the bioanalytical methods for primaquine are

vailable in the literature [8–11]. Few methods are available

or assay determination of primaquine phosphate [12,13]. Euro-
ean Pharmacopeia [14] describes the HPLC method for the
mpurity analysis, while few reports are also available on the
someric impurity of primaquine [15,16]. However, there are no
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eports available on stability indicating analytical method for pri-
aquine phosphate API. It is, therefore, felt necessary to develop
new stability indicating method for the related substance deter-
ination and quantitative estimation of primaquine phosphate.
e intend to opt for a faster chromatographic technique, UPLC,

or the said study.
In this work, we show how the HPLC method for primaquine

nd its impurities has been transformed to UPLC. An attempt
as made on determining whether UPLC can reduce analysis

imes without compromising the resolution and sensitivity.

. Experimental

.1. Materials and reagents

Samples of primaquine phosphate and its two impurities
ere received from Chemical Research Division, Ipca laborato-

ies Ltd. Mumbai, India. The chemical structure of primaquine
hosphate and impurities are shown in Fig. 1. HPLC-grade
cetonitrile and trifluroacetic acid (TFA) were purchased from
erck India Ltd. High-purity water was obtained by Millipore
illi Q water purification system.

.2. High-performance liquid chromatography

The HPLC system used for initial chromatographic devel-
pment was Waters Alliance separation module with a 2487
V detector. A Kromasil C18, 250 × 4.6 mm, 5 �m column was
sed for separation. Chromatographic separation was achieved
n both the modes (isocratic and gradient). Mobile phase con-
isting of a mixture of A: 0.01% aqueous trifluroacetic acid and
: acetonitrile in the ratio 75:25 (v/v) for isocratic mode while
timed gradient programme T (min)/%B: 0/25, 15/25, 25/80,

0/80, 35/25, with the flow rate of 1 ml/min was employed. The
njection volume was 10 �l while detector was set at 265 nm.
he column was maintained at 35 ◦C.

.3. Ultra-performance liquid chromatography

UPLC was performed using a Waters Acquity system
quipped with binary solvent delivery pump, an auto sampler
nd tunable UV detector. The chromatographic separation was
erformed using a Waters Acquity BEH 50 × 2.1 mm, 1.7 �m,

18 column. The mobile phase containing a mixture of 0.01%
queous trifluroacetic acid and acetonitrile in the ratio of 75:25
v/v) at a flow rate of 500 �l/min was used. The detection was
btained at a wavelength of 265 nm. The injection volume was

(
t
o
i

able 1
Comparison of system performance of HPLC and UPLC

omponent Elution time (min) Resolution

HPLC UPLC HPLC UPL

mpurity I 8.580 0.87 – –
rimaquine 9.739 0.99 1.24 1.57
mpurity II 25.17 (46.02)a 1.80 6.12 8.47

a In an isocratic HPLC mode.
ig. 1. Chemical structures of primaquine phosphate and impurities. (A)
rimaquine phosphate (B) impurity I: 8-(4-amino-4-methylbutyl amino)-6
ethoxyquinoline (C) impurity II: 8-nitro-6- methoxyquinoline.

.8 �l; mobile phase was used as a diluent while the column was
aintained at 35 ◦C.
Forced degradation studies were carried out with a 2996

hoto diode array detector.

.4. Preparation of solution

A standard and test solutions of primaquine phosphate

200 �g/ml) were prepared using diluent for assay determina-
ion. System suitability solution was prepared by dissolving 5 mg
f impurity, I and II each, and 20 mg of primaquine phosphate
n 100 ml of diluent.

Tailing factor USP plate count

C HPLC UPLC HPLC UPLC

1.83 1.20 3242 3915
2.43 1.71 973 1724
1.62 1.01 14443 (3642)a 6125
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Fig. 2. Comparison of chromatograms of primaquine phosphate and impurities obtained from (A) HPLC and (B) UPLC.

Fig. 3. UPLC chromatograms of primaquine phosphate bulk drug sample and stressed samples.
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Fig. 4. PDA peak purity (A) reductiv

The test solution (500 �g/ml) was prepared by dissolving
ppropriate amount of primaquine phosphate in diluent for
elated substance analysis. A stock solution of mixture of impu-
ities was prepared by dissolving 25 mg each of impurity I and
I in 50 ml of diluent. The standard impurity solution contain-
ng 0.5 �g/ml each of impurity I, II and primaquine phosphate
as prepared using the stock and test preparation. This standard

olution was also used as system suitability solution for related
ubstance.

.5. Validation procedure

The newly developed UPLC method was validated in terms
f precision accuracy and linearity according to International
onference on Harmonization of Technical Requirements for
egistration of Pharmaceuticals for Human Use (ICH) guide-

ines [17]. Assay method precision was carried out using six
ndependent test solutions and a standard preparation. The stan-

ard impurity solution was used for determination of precision
or related substance method. The intermediate precision of the
ssay and related substance method was also evaluated using
ifferent analyst on three different days. The accuracy of the

o

p
h

radation (B) oxidative degradation.

ssay method was evaluated in triplicate using three concen-
ration levels 160, 200 and 240 �g/ml. Standard addition and
ecovery experiments were conducted to determine accuracy of
he related substance method. The study was carried out in tripli-
ate using three concentration levels 0.75, 0.50 and 0.25 �g/ml
f impurity I and II. Linearity test solutions for related sub-
tance method were prepared by diluting the impurity stock
olution. The limit of detection (LOD) and limit of quantifi-
ation (LOQ) for Impurity I and II were estimated by injecting
series of dilute solutions with known concentration. The limit
f quantification was estimated from standard deviation values
f replicate response of impurities (signal to noise ratio 10:1).
recision study was also carried at the LOQ level. To deter-
ine the robustness of the method experimental conditions were

urposely altered and the resolution between primaquine and
mpurities was examined by injecting system suitability solu-
ion for related substance. The flow rate was changed to 475 and
25 �l/min. Column temperature was varied by (±)2 ◦C. The

rganic strength was varied by (±)1%.

Forced degradation studies of the bulk drug sample were also
erformed using the following conditions: acid hydrolysis (0.1N
ydrochloric acid), base hydrolysis (0.1N sodium hydroxide),
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Fig. 5. The LOD and LOQ demonstra

eat (105 ◦C for 48 h), photolytic (UV and sunlight for 48 h),
xidation (30% hydrogen peroxide) and reduction (10% sodium
etabisulphite). Peak purity test was carried out for primaquine

eak by using photodiode array (PDA) detector in stress samples.

. Results and discussions

.1. LC method development and transfer to UPLC

Initially, the isocratic and gradient HPLC conditions were
ptimized for primaquine phosphate and impurities in API
ample. The main target of the chromatographic method was
o achieve separation of impurities and main component pri-

aquine. Impurity I is a regioisomer of primaquine and a
otential impurity in primaquine phosphate bulk drug sample.
he impurity II is an intermediate of primaquine, which may
arry forward during the synthesis of API. During LC develop-
ent study, it was observed that impurity I was closely eluting
ith primaquine, while impurity II was eluting at higher reten-

ion time. The response of impurities and primaquine was found
o be adequate at 265 nm.

The chromatographic separation was achieved on a Kromasil
18, 250 × 4.6 mm, 5 �m column maintained at 35 ◦C. In an

socratic mode using a mobile phase consisting of buffer (0.01%
queous TFA and acetonitrile in the ratio (75:25, v/v), there was
good separation between impurity I and primaquine, while

mpurity II was found to be eluting at higher retention time

around 50 min) with broadening of peak. To reduce the run time
nd achieve better peak shape, it was decided to switchover to
radient HPLC mode. A gradient programme for mobile phase
as optimized as mentioned in Section 2.2.

H
o
(

r HPLC (isocratic mode) and UPLC.

The basic chromatographic conditions like stationary phase,
olvents and UV detection, employed in HPLC were taken into
ccount while developing the new UPLC method. The detec-
ion wavelength, column temperature, buffer and solvent used
n HPLC were kept constant. The stationary phase C18 was cho-
en in order to have similar chemistry as that used in the HPLC.

BEH C18, 50 × 2.1 mm, 1.7 �m column was employed for
he separation. The injection volume was scaled to 0.8 �l from
0 �l as used in HPLC. At the beginning, an isocratic mode
as chosen with the same ratio of buffer to acetonitrile as used

n isocratic HPLC mode (75:25, v/v). The flow rate was scaled
o 200 �l/min. Using these conditions, a satisfactory separation
as achieved between primaquine and impurity I, while impu-

ity II was eluting around 4–5 min giving a total run time of
–8 min. A backpressure of 6000 psi was observed. Taking in
o account the capability of high operating pressure of UPLC,
ow rate was increased further to 500 �l/min with a backpres-
ure of 13,500 psi. At this flow rate, the runtime was decreased
o 4–5 min without affecting the separation of primaquine and
mpurity I.

An attempt was made by switching over to gradient mode
fter 1 min, wherein elution time of impurity II was observed
o be marginally decreased with interference of gradient peak.
ence, the isocratic mode was preferred for UPLC analysis.

.2. Comparison study of chromatographic performance
A comparative data on chromatographic performance of
PLC (gradient and isocratic) and UPLC (isocratic) has been
btained by injecting a solution of primaquine and impurities
impurity I and II 50 �g/ml each, and primaquine phosphate
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Table 2
System suitability report for UPLC related substance method

Component Resolution (USP) USP Tailing Factor USP Plate count

Impurity I – 1.13 4900
P
I
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Table 3
Accuracy of impurities

Level Amount added
(�g/ml)

Amount
recovered (�g/ml)

Recovery (%)

At 80% (n = 3)
Impurity I 0.201 0.210 104.26
Impurity II 0.200 0.215 107.48

At 100% (n = 3)
Impurity I 0.251 0.252 100.24
Impurity II 0.250 0.264 105.79

At 120% (n = 3)
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3.3.5. Linearity
Linear calibration plots for the related substance method

were obtained over the calibration range (LOQ to150%) at
six concentration levels in triplicate. For impurity I corre-

Table 4
Assay recovery of Primaquine phosphate

Level (%) Amount added
(�g/ml)

Amount recovered
(�g/ml)

Recovery (%) Mean

80 160.08 (n = 3) 161.03 100.59 99.92
159.43 99.59
159.38 99.56

100 200.1 (n = 3) 197.43 98.66 98.53
196.83 98.36
rimaquine 2.80 1.06 5308
mpurity II 10.99 1.02 7202

00 �g/ml). The performance parameters of both the systems
re shown in Table 1. It is observed that the elution time of impu-
ity II in UPLC was reduced by 10-fold to that of gradient mode
PLC and 20-fold to that of isocratic mode HPLC. The resolu-

ion and theoretical plates obtained for primaquine and impurity
in UPLC showed comparatively better separation efficiency

han HPLC. Theoretical plates obtained for impurity II in gra-
ient mode HPLC was obviously higher, but in case of isocratic
PLC mode (eluting at 46 min), it is lesser than UPLC. The

ypical chromatograms obtained from final HPLC and UPLC
onditions are depicted in Fig. 2.

.3. UPLC method validation

The validation study allowed the evaluation of the method
or its suitability for routine analysis. The API samples of pri-
aquine phosphate showed presence of impurity I (regioisomer

f primaquine) up to level of 0.2% while impurity II was not
etected. The assay values of different bulk drug samples were
ound to be in the range of 98–100%. The system suitability
arameters obtained for related substance method are given in
able 2.

Forced degradation studies were also performed for pri-
aquine phosphate bulk drug sample to demonstrate the stability

ndicating power of the newly developed UPLC method.

.3.1. Specificity
It is the ability of analytical method to measure the ana-

yte response in the presence of its potential impurities and
egradents. The specificity of the UPLC method was deter-
ined by injecting individual impurity samples, wherein no

nterference was observed for any of the components. During
he forced degradation study, a considerable degradation of drug
ubstance was observed in oxidative and reductive conditions
Fig. 3).

The chromatograms were checked for the appearance of any
xtra peak. Peak purity of these samples under stressed condi-
ions was verified using a PDA detector (Fig. 4). The purity of
he principle and other chromatographic peaks was found to be
atisfactory. This study confirmed the stability indicating power
f the UPLC method.

.3.2. Precision
The precision of the assay method was evaluated by carrying

ut six independent assays. The %R.S.D. of assay of primaquine

hosphate determination was within the acceptable limit of 2%.
he precision of related substance method was examined using
ix replicate injections of standard impurity solution. The R.S.D.
or impurity I and II were found to be 5.52% and 3.78%, respec-

1

Impurity I 0.301 0.311 103.22
Impurity II 0.300 0.320 106.74

ively. These values are well within the generally acceptable
imit of 10%.

The R.S.D. of assay results obtained in intermediate precision
tudy was within 2% and the R.S.D. of responses for impurity I
nd II were well within 10%, confirming good precision of the
ssay and related substance method.

.3.3. Accuracy
The accuracy of the method was determined for the related

ubstance by spiking known amount of impurities in primaquine
ulk sample (test preparation) in triplicate at levels 80%, 100%
nd 120% of the specified limit. The recoveries of impurities
ere calculated and given in Table 3. The accuracy of the assay
ethod was evaluated in triplicate at three concentration levels,

60, 200 and 240 �g/ml in bulk drug sample. The percentage
ecovery of primaquine phosphate in bulk drug samples ranged
rom 98.0 to 99.0% (Table 4).

.3.4. Limit of quantification and limit of detection
LOQ values for impurity I and II were found to be 0.02%

ach of analyte concentration (500 �g/ml). The LOD values
or impurity I and II were 0.01% each of analyte concentration
500 �g/ml).
197.29 98.59

20 240.12 (n = 3) 236.87 98.65 98.70
237.19 98.78
236.97 98.69
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ponding regression equation was y = 2397.5x − 22, with the
orrelation coefficient (R2) greater than 0.998. For impurity II,
orresponding regression equation was y = 9406.4x − 12, with
he correlation coefficient (R2) greater than 0.999. The results
howed excellent correlation between the peak area and concen-
ration of impurities.

.3.6. Robustness
In all the deliberately varied chromatographic conditions, the

hromatogram for system suitability solution for related sub-
tance showed satisfactory resolution between primaquine and
mpurity I (Rs > 2).

.4. Sensitivity of UPLC

Sensitivity of UPLC over HPLC was evaluated by compar-
son of LOQ values of impurity II obtained in isocratic mode
or both systems (Fig. 5). The LOQ concentration for UPLC
as found to be 0.1 �g/ml, with R.S.D. 2.9% at injection vol-
me 0.8 �l. The LOQ concentration for HPLC was found to be
.25 �g/ml, with R.S.D. 6.97% at injection volume 10 �l. The
ower LOQ values with higher precision are attributed towards
etter sensitivity of UPLC method.

. Conclusion

The newly developed UPLC method for related substance
nd assay determination of primaquine phosphate was found to
e capable of giving faster retention times maintaining good res-
lution than that achieved with conventional HPLC. The method
as completely validated showing satisfactory data for all the

arameters tested. This method exhibited an excellent perfor-
ance in terms of sensitivity and speed. It is a stability indicating
ethod suitable for rapid analysis of primaquine bulk drug and

ts impurities.
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