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Abstract
Microemulsion is a stable, isotropic clear solution consisting of oil based substance, water surfactant and cosurfactant. There are two types of microemulsion which are used as a mobile phase; water in oil (w/o) and oil in water
(o/w).Microemulsion has a strong ability to solubilize both hydrophobic and hydrophilic analytes, therefore reducing
the pre-treatment of the sample which is needed for the complex sample. Recent reports found that separating the
analytes by using microemulsion high performance liquid chromatography can be achieved with superior speed and
efficiency compared to conventional HPLC modes. In this work, Oil in water (o/w) microemulsion has been used
for the determination of nifedipine in pharmaceutical preparation. The effect of each parameter on the separation
process was examined. The samples were injected into C18, analytical columns maintained at 30°C with a flow rate 1
ml/min. The mobile phase was 87.1% aqueous orthophosphate buffer 15 mM (adjusted to pH 3 with orthophosphoric
acid), 0.8% of octane as oil, 4.5 SDS, and 7.6% 1-butanol, all w/w. The nifedipine and internal standard peaks were
detected by UV detection at λ max 237 nm
The calibration curve was linear (r2=0.9995) over nifedipine concentrations ranging from 1 to 60 µg/ml (n=6). The
method has good sensitivity with limit of detection (LOD) of 0.33 µg/ml and limit of quantitation (LOQ) of 1.005 µg/
ml. Also it has an excellent accuracy ranging from 99.11 to 101.64%. The intra-day and inter-day precisions (RSD
%) were <0.45% and <0.9%, respectively.
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Introduction
Microemulsion is thermodynamically stable liquid solution
composed of water, oil, surfactant and medium chains of alcohol [13]. Microemulsions have many distinctive features including high
solubilisation capacities for both polar and non-polar compounds, low
interfacial tensions, fine microstructures, and spontaneous formation
[2,4-26].
Different types of microemulsions can be formed, however only
two of these, water in oil (w/o) and oil in water (o/w), have been
used as mobile phases for separation by high performance liquid
chromatography (HPLC). Previous studies have shown that W/O
microemulsions are suitable as mobile phases for normal-phase
chromatography, while O/W microemulsions are useful eluents for the
reversed phase HPLC. Recent reports have found that separations can
be achieved with superior speeds and efficiencies using microemulsion,
when compared to conventional HPLC modes. Microemulsions also
offer unique selectivity with excellent resolution and the capability for
quantitative and stability-indicating analyses [4,27,28]. Recently, O/W
microemulsion has been widely used for the separation of mixtures
of test solutes and pharmaceutical compounds [10-13]. Many of the
previous studies employed non-ionic surfactants for the preparation
of microemulsion mobile phases; however, it was reported that this
type of mobile phase lacks the ability to separate highly hydrophilic
compounds that have very similar chemical properties [15].
The reported methods for the analyses of nifedipine used
conventional mobile phases that were based on the use of a large
volume of organic solvent. The main drawback of the conventional
mobile phase is that the organic solvent waste increases the burden on
the environment, as well as being costly to dispose of [4,7]. However,
the microemulsion mobile phase has an excellent solubilisation
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capability for both hydrophobic and hydrophilic analytes [8-10], and
would be suitable for the determination of nifedipine in pharmaceutical
preparations.
In this work, it has been proposed to extendour previously
published method [17] to quantify nifedipine in pharmaceutical
preparations. The effects of the operating parameters on the separation
performance will be studied and the method will be validated for the
determination of nifedipine in pharmaceutical preparations.

Experimental
Materials and chemicals
Nifedipine ≥ 98% powder and Felodipine solid were purchased
from Sigma-Aldrich, china. Sodium n-dodecyl sulfate 99% and
1-butanol (HPLC grade 99%) and potassium dihydrogen phosphate
were purchased from Alfa Aesar, Heysham, England. Acetonitrile,
HPLC grade was purchased from Fisher chemical, United Kingdom.
nifedipine 10 mg capsules and nifedipine (nifedipress®) MR 20 mg
tablet were purchased from TEVA UK Limited, Esatbourn.
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The HPLC System was waters 2695 Separations Module which
provides quaternary solvent. Chromatographic separation was
performed using a 250 X 4.60 mm, 5 µm particle size (spherisorb C18)
column. The mobile phase was prepared by weighting 4.5% of SDS
as surfactant, 7.6% of butanol as co-surfactant , 0.8% of octane as oil,
which then dissolved in 87.1% of 15 mM phosphate buffer (adjusted
to pH 3 with Ortho phosphoric acid), all w/w (weight ratio of each
component to the total weight). The solution was then sonicated for
10 min. The mobile phase was filtered under vacuum through a 0.45
µm filter and degassed in an ultrasonic bath under vacuum for 10 min.
The nifedipine samples and felodipine (as an internal standard) were
injected into the system and separated at 30°C and at λ max 237 nm.
The mobile phase was delivered at a flow rate 1.0 ml/min and injection
volume was 20 µl.
The column was conditioned before each experiment using a
mixture of acetonitrile: water (50:50% v/v) for 30 min at flow rate of
1 ml/min. The microemulsion mobile phase was then flushed through
the HPLC system for 30 min before the first injection. Column cleaning
was performed by flushing the column a mixture of acetonitrile and
water (50:50, v/v) for 2 hour and followed by acetonitrile 100% for 1
hour.

droplets. (Figure 1) represents the effect of surfactant concentration on
retention time.
Concentration of the Co-surfactant: (Figure 2) shows the effect
of changing the concentration of co-surfactant on the retention time
of nifedipine. The findings of this study show that the retention time of
nifedipine decreases with increasing the concentration of co-surfactant
between 5.6 -8.6%w/w. The decrease in the retention time of nifedipine
is due to the fact that the solubilisation capacity of microemulsion
increases with the use of co-surfactant which in turn improves the
solubility of nifedipine in the microemulsion mobile phase [14]. On the
other hand, a further increase of butanol concentration has no marked
effect on the retention time and also concentration below 5.6w/w%
produced an unstable microemulsion system indicating that the cosurfactant has a very important role in the stability of microemulsion.
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Particle size measurement of the mobile phase
The particle size of the mobile phase was measured using Zetasizer,
the measurement was carried out at 25°C, by using special cuvette (low
volume disposable sizing cuvette) at count rate (kcps) of 153.2. The
majority of particles are less than 10 nm.
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Calibration standards in the concentration range of 2.5, 5, 10, 20,
40, and 60 µg/mL were prepared in the appropriate volumetric flasks
using internal standard solution. All standards/samples were filtered
through a 0.45 µm filter prior injection

Result and Discussion
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Figure 2: Effect of co-surfactant concentration on retention time.

Optimization of mobile phase
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Concentration of surfactant: The effect of surfactant concentration
on the retention time of nifedipine was examined over a range of 2.54.5%w/w. This range was selected because there was no microemulsion
formed below 2.5% w/w. On the other hand, high backpressure was
generated at concentration above 4.5%. It was found that the retention
time decreases as the concentration of surfactant increases. This relates
to the fact that the surfactant molecules adsorb on the surface pores
of the stationary phase and reduces the surface area of the stationary
phase and hence changes the efficiency of the column [5,11,12]. Also
an increase in the surfactant concentration leads to an increase in
the volume of microemulsion droplets flowing towards the detector
which in turn decreases the solute retention time [12,13]. This effect is
more significant for lipophilic solutes which have a high affinity to oil

4

Figure 1: Effect of surfactant concentration on retention time.

Preparation of nifedipine solution and internal standard
solution (felodipine)
A suitable amount of nifedipine (100 mg) was weighed into 1000ml
of volumetric flask which was covered by foil to protect the solution
from the light, because nifedipine is sensitive to the light (31). The
solute was dissolved using methanol HPLC grade. A stock solution
of nifedipine was prepared at concentration of (100 µg/ml)using the
internal standard solution. The internal standardsolution was prepared
beforehand at concentration of (100 µg/ml)in the mobile phase.
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Figure 3: Effect of oil concentration on retention time.
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Concentration of the oil: Different concentrations of oil (ethyl
acetate) were investigated in the range 0.25-1.0% w/w. (Figure 3)
shows that the retention time of nifedipine decreases with increasing
theconcentration of oil , nifedipine islipophilic solute and hasgreater
affinity tothe oil droplet rather than to the water phase t [17,18].
Effect of concentration of phosphate buffer: The effect of buffer
concentration on the retention time of nifedipine was studied over the
concentration ranges of 2.5-20 mM. It was found that retention time
decreases with increasing buffer concentration. These results are in
agreement with the findings reported by Mao et al. [23]. However, Mao
et al. have studied the effect of buffer concentration using conventional
mobile phase [20]. The consistency in both studies shows that in
reverse phase chromatography, the retention time of positively charged
analytes decreases with increasing the buffer concentration whether
the mobile phase contains microemulsion or not. This indicatesthat
there was an interaction between protonated analytes (nifedipine) and
the silanol group [17]. (Figure 4) also shows that the effect of buffer
concentration is minimal above 10 mM and therefore 10mM was
chosen for optimum separation.
Effect of column temperature: In conventional reversed phase
separation, the temperature has direct effect on the retention time and
hence the separation of basic drugs. It was reported that as temperature
increases the neutral form of basic drugs increases and the protonated
form decreases due to change in dissociation constant of basic drug
[21,22]. The neutral form interacts more strongly with the surface of
porous stationary phase, which is considered an important factor for
controlling the separation in reverse phase chromatography [20,23,24].
On the other hand, the temperature has very little effect on the
separation in a HPLC microemulsion system.In this system, there are
two different and simultaneous mechanisms, one of the mechanisms
states that the basic drugs become more neutral and hence they are
retained longer in the stationary phase. While the other mechanism
indicates that the neutral form has more tendencies to deposit in the oil
droplets and therefore the retention time decreases. (Figure 5) shows
that there is no marked effect on retention time when increasing the
temperature [17,25]. Nevertheless, better peak efficiency was obtained
at high temperature (Figure 6).
Optimum mobile phase: Considering the effect of surfactant,
co-surfactant, oil, phosphate buffer and temperature parameters
on microemulsion separation, and based on the above results, the
optimum microemulsion mobile phase for separation of nifedipine
and felodipine is shown in (Table 1) using λ max 237 nm, flow rate 1
ml/min and injection volume 20 µl (Figure 7) shows a representative
chromatogram using the optimum condition.
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Figure 5: Effect of column temperature on retention time.

Figure 6: Shows the difference in efficiency and resolution at different
temperature 25°C and at 45°C.

Method validation
The method was validated in accordance with the ICH guidelines [29].
Linearity: Seven concentrations of nifedipine (1, 2.5, 5, 10, 20,
40, 60 µg/ml) were prepared including the limit of quantification. The
calibrations standards were injected in duplicates together with the
blank samples. The detector response was shown to be linear over the
range of 1 to 60 µm/ml and gave a regression coefficient (R2) of 0.9998
and Y=0.0624x–0.0185
Sensitivity: The sensitivity was expressed as limit of detection
(LOD) and limit of quantitation (LOQ). The LOQ and LOD were
determined using the following equations:

Where (σ)the standard deviation of y-intercept and S is the mean
slope of the calibration curves (n=5). The limit of detection (LOD) was
0.332 µg/ml and limit of quantitation (LOQ) was 1.005 µg/ml
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Concentrations greater than 8.6% wouldn’t be viable due to the
increased column back pressure [15,16].
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Figure 4: Effect of phosphate buffer concentration on retention time.
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Selectivity: This method showed good selectivity for nifedipine and
internal standard (felodipine) (Figure 7). Although chemical structure
for felodipine and nifedipine is very similar, good separation was
achieved. Therefore this method has high selectivity for both nifedipine
and felodipine. Vidadhara et al. [30] reported the determination of
nifedipine in pharmaceutical dosage forms using conventional mobile
phase with reversed phase C18 column (Platinum EPS, 5 um, 250x4.6
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Surfactant (SDS)
w/w %

Co-surfactant
(butanol) w/w%

Oil (octane) w/w %

4.5

7.6

0.8

concentration

Column
temperature (°C)

Retention Time

weight

Phosphate buffer w/w%

Pressure of
column

87.1

15mM

30

4.82min

171

Table 1: Shows the optimum parameter of mobile phase.
Concentration of
nifedipine( µg/ml)

measure amount for one
capsule (mg)

Recovery%

High (40)

10.015

100.15

Medium(20)

10.04

100.34

Low(5)

10.07

100.74

Table 4: Shows the Recovery of the nifedipine capsule 10 mg.
Concentration of
nifedipine( µg/ml)

measured amount one
tablet(mg)

Recovery%
99.76

High (40)

19.95

Medium(20)

19.86

99.32

Low(5)

20.082

100.41

Table 5: Shows the Recovery of the nifedipine tablet 20 mg MR.

Figure 7: Representative chromatograph using the optimum microemulsion
mobile phase for separation of nifedipine and felodipine. Peak identities:
nifedipine 4.82 min, and felodipine 7.5 min.

Actual concentration
(µg/ml)

Observed concentration
(µg/ml)

% Accuracy

4

4.01

100.23

15

15.246

101.64

50

49.56

99.11

Table 2: Shows the range of accuracy for Nifedipine.

Nominal concentration (µm/ml)

% Relative Standard Deviation ( RSD)
Intra-day

Inter-day

low=4

0.26

0.87

medium=15

0.11

0.92

high=50

0.50

0.26

Table 3: Shows the range of %RSD for both intra-day and inter-day precision.

mm). Although the retention time is similar in both methods, the
conventional published method utilized high proportion of organic
solvents, 80% of the total mobile phase, which increases the burden on
the environment and the cost of waste disposal [13,14].
Accuracy: Three different solutions of nifedipine were prepared at
different concentrations to include three levels low (4 µg/ml), medium
(15 µg/ml) and high (50 µg/ml). Each level was repeated six times. The
accuracy percentage ranged from 99.11 to 101.64% (Table 2).
Precision: Precision was studied using five determinations at
known concentration levels corresponding to low (4 µm/ml), medium
(15 µm/ml) and high (50 µm/ml) levels in the calibration range. The
same study was repeated for 5 days to determine the inter-day variation.
The precision expressed by the percentage relative standard deviation
(%RSD).The %RSD for intra-day precision ranged from 0.25—0.49%
whereas the %RSD for the inter-day was 0.26 -0.91% (Table 3).
Recovery: The recovery of nifedipine from both capsule and tablet
dosage form were assessed by extracting nifedipine from the dosage
form according the British pharmacopeia 2012. The recovery was
assessed at three different levels low (5 µg/ml) and medium (20 µg/
Pharm Anal Acta
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ml) and high (40 µg/ml) (n=5 for each level). The extract solution was
diluted to give the required concentration for each level. Table 4 shows
the range of recovery of nifedipine capsule which was from 100.15
to 100.74%. The recovery for the nifedipine from 20 MR tablets was
ranged from 99.32 to 100.4% (Table 5). This suggests that this method
has excellent recovery for both capsule and tablet, even though the
tablet form was the modified-release tablets [26].
Robustness: The robustness of the assay method was examined by
introducing small deliberate changes in the HPLC conditions which
included wavelength (233 and 237 nm), concentration ofco-surfactant,
surfactant, and oil in the mobile phase (7.4-7.8%w/w, 4.3-4.7%w/w, 0.61%w/w respectively) and temperature (30-35°C). A resolution greater
than 2 between nifedipine and felodipine was maintained throughout
these experiments.
Stability: The reference solution was stored in the refrigerator at
2-4°C for 4 weeks, and re-analysed in an injection sequence and was
tested against freshly prepared standard solution. The concentration
after such storage conditions and on comparison with a freshly
prepared standard was 97%.

Conclusion
This study has shown that the O/W microemulsion mobile
phase using SDS surfactant was successfully applied and validated
for the determination of nifedipine in aqueous solutions and in the
pharmaceutical formulation. The method was robust over a range of ±
5% of the experimental condition and over a wide range of temperature.
Moreover, it was rapid, precise and accurate.
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