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Abstract

A rapid method has been described for separation and determination of Vitamins A and E using micellar liquid chromatography (MLC).
Influence of temperature of column and addition of organic modifiers on separation efficiency was investigated. A temperature of 30◦C and
1-butanol modifier was selected. Optimization of the parameters affecting the separation including percent of organic modifier, pH of the
mobile phase, concentration of surfactant, and flow rate of the mobile phase was performed simultaneously using the super-modified simplex
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SMS) procedure. Results showed that 11.7% 1-butanol, 76.9 mM sodium dodecyl sulphate (SDS), pH of 6.73 and a flow rate of 1.3−1

re the best conditions for separation of these compounds. The analytical parameters including linearity,r > 0.9990; limit of detection 1.7
nd 4.52�g ml−1 for A and E, respectively; precision of the method, R.S.D. < 2.85%; and recovery, more than 90%, show that the m
seful for measuring these compounds in pharmaceutical preparations.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Vitamins are a diverse group of compounds, both chem-
cally and analytically, because they comprise a range of
iomolecules whose common properties reside solely in the

act that they are essential dietary components. These com-
ounds are needed in relatively small amounts to sustain life
nd good health. Vitamins have been broadly divided into

at-soluble and water-soluble groups. Each of these groups
as been further subdivided, mainly based on their func-

ionalities [1]. Due to nutritional importance of fat-soluble
itamins, several high-performance liquid chromatographic
HPLC) methodologies have been reported for their determi-
ations in foods, pharmaceuticals and body fluids [2–13]. In
ost of these methods, large amounts of organic solvents are
sed as the mobile phase, which result in an environmental

mpact.

∗ Corresponding author. Tel.: +98 311 7932748; fax: +98 311 6689732.
E-mail address:j.h.kho@chem.ui.ac.ir (J.H. Khorasani).

In spite of its low efficiency, low sensitivity and relative
high detection limit, micellar liquid chromatography (ML
has been recently developed as a useful chromatogr
method. This is due to the ability of MLC for simultan
ous separation of ionic and nonionic compounds, possi
of direct injection of biological fluids, such as serum
plasma, the enhancing effect of micelle formation on lu
nescence intensity, its low cost, low volatility of mobile-ph
constituents and much less amount of toxic organic solv
(environmentally benign) [14].

The primary step in the development of MLC separat
is to optimize the chromatographic performance through
justment of the experimental parameters, such as tem
ture, and type and amount of the organic modifier [14]. HP
separations are mainly affected by varying the compos
of the mobile phase. The principal parameters in MLC
concentration of organic modifier, pH, and concentratio
the surfactant [14]. Ordinarily, only one factor is varied
fixed values of the other parameters. The one factor at a
method requires a very large number of experiments. W
there are many parameters and especially if the facto
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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teract, the true optimum may not be achieved. A number of
different experimental designs have been developed to re-
duce the number of experiments and amounts of chemicals.
One of the most efficient optimization designs is the simplex
method. Simplex optimization was first introduced in HPLC
separations by Morgan and Deming [15,16]. The modified
simplex procedure was developed to overcome the disadvan-
tages of the original simplex [17]. The super-modified sim-
plex (SMS) procedure, which was introduced by Routh et al.
[18], is a modified version of the modified simplex method.
Recently, we examined the performance of SMS method for
optimization of separation of water-soluble vitamins using
MLC [19].

In the present work, we report a method for separation and
determination of fat-soluble Vitamins A and E using MLC.
The method is rapid, facile and more environmentally be-
nign because of using much lower amounts of toxic organic
solvents. The effects of the dependent parameters including
sodium dodecyl sulphate (SDS) concentration, pH, 1-butanol
percent and flow rate of the mobile phase were optimized by
the SMS method. The optimized method was applied to the
analysis of these vitamins in a multivitamin syrup sample.

2. Experimental
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analytical column (5�m, 100 mm× 3.9 mm) from Uni-
cam (Cambridge, UK) and a RP-18 guard column (7�m,
15 mm× 3.2 mm) from Applied Biosystems (San Jose, CL,
USA). The analytical column was water-jacketed and ther-
mostated with a NB-33722 Ultra-Thermostat (Colora, Lorch,
Germany). The chromatographic calculations were per-
formed using a Unicam 4880 data handling system.

2.3. Sample preparation

Five millilitres of multivitamin syrup (Amin Pharmaceu-
tical, Isfahan, Iran) was quantitatively transferred to a 25 ml
volumetric flask. Two and a half millilitres of a 10 mg ml−1 �-
tocopherol was added to this solution as an internal standard
and the resulting mixture was diluted with water. This solu-
tion was filtered through the 0.45�m membrane and stored
below 4◦C, protected from light.

3. Results and discussion

3.1. Temperature effect on efficiency

Although it is not generally possible to set valid rules
for the influence of temperature on HPLC separations, but
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.1. Reagents

Analytical-grade retinol palmitate (Vitamin A) and t
opherol acetate (Vitamin E) were supplied by Ro
Basel, Switzerland). HPLC-grade methanol and aceton
nalytical-grade�-tocopherol and reagent-grade etha
-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methy
utanol, 1-pentanol, 2-pentanol, SDS, sodium dihydro
hosphate and sodium monohydrogen phosphate, all
urchased from Merck (Darmstadt, Germany). Doubly

illed, deionized water was used in all experiments.
Stock standard solution of each vitamin and�-tocophero

ere prepared in 1-butanol containing 1% of ascorbic
o provide a concentration of 30 mg ml−1 for all the com-
ounds. These solutions were freshly prepared each tim
tored below 4◦C and protected from light. The solutio
ere diluted with ethanol to the desired concentration le

ust before performing the analysis. A 500 mM stock solu
f SDS was prepared in filtered water. Organic solvents
hosphate buffer were added to the mobile phase where
ssary. All mobile phases and solutions were filtered u
.45�m Nylon membranes (Millipore, Bedford, MA, USA

.2. Apparatus

The chromatographic measurements were carried
ith a crystal 200 series HPLC pump (ATI Unicam, Ca
ridge, UK) equipped with a Rheodyne (Cotati, CA, US
odel 7125 manual injector with a 50�l loop, a PU4225
V detector (Philips, Cambridge, UK), a Spherisorb O
he column temperature affects pressure, analysis tim
eparation [20]. The lower efficiency of MLC as compa
o conventional reversed-phase liquid chromatography
C) is due to higher viscosity of micellar mobile phase.
fficiency of column could be improved at higher temp

ures due to faster mass transfer of solute between m
nd stationary phases. However, the efficiency may dec
ith temperature due to several reasons, such as deco
ition of sample or mobile phase, risk of bubble format
ffect on temperature-dependent chromatographic equ
nd increasing of silica solubility [20]. The influence of c
mn temperature on two basic parameters [21] includin
umber of theoretical plates,N; and asymmetry factor,B/A;
as investigated in the range of 25–40◦C. The results ar
resented in Table 1. It can be seen that the most app
te temperature is 30◦C for separation of these compoun

t is worth to mention that due to high lipophilisity of the
ompounds no peak was observed for micellar solution i
ence of modifier, even at high surfactant concentration
00 mM).

able 1
ffect of temperature on chromatographic performance of vitamins

emperature (◦C) tR (min) B/A N
A E A E A E

5 40.0 12.3 1.20 2.60 235 63
0 36.0 12.0 1.21 1.70 348 370
5 32.0 11.2 2.20 2.10 127 160
0 29.5 11.2 2.27 1.90 126 177

onditions: mobile phase was 50 mM SDS and 10% (v/v) 1-but
0�l sample; flow rate, 2 ml min−1; λ, 285 nm; AUFS, 0.05; colum
00 mm× 3.9 mm spherisorb ODS (5�m).
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Table 2
Effect of organic modifiers on chromatographic performance of vitamins

Modifier tR (min) B/A N

A E A E A E

1-Butanol 36.0 12.0 1.21 1.70 348 370
2-Butanol 40.3 11.3 2.20 2.10 79 79
2-Methyl-2-butanol 53.2 15.6 1.90 16.0 33 43

Conditions: 50 mM SDS and 10% (v/v) of organic modifier as mobile phase
and column temperature was 30◦C. Other conditions same as Table 1.

3.2. Effect of organic modifier on efficiency

Addition of alcohols to the micellar mobile phase reduces
the film thickness of the surfactant molecules covering the
stationary phase and thus, produces an enhancement in effi-
ciency [22]. The presence of an alcohol in the micellar mobile
phase also alters the retention mechanism by shifting equi-
libria of the solutes from the stationary phase, and from the
micelle toward the bulk aqueous phase. This leads to a reduc-
tion in the capacity factors [23,24].

Different compounds including methanol, acetonitrile,
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-
methyl-2-butanol, 1-pentanol and 2-pentanol were examined
as modifier. Among these solvents, only 1-butanol, 2-butanol
and 2-methyl-2-butanol could elute vitamins. Other modi-
fiers either did not show enough elution strength including
methanol, acetonitrile, ethanol, 1-propanol and 2-propanol,
or enough solubility in the mobile phase including1-pentanol
and 2-pentanol.

Here, again the two basic parameters,NandB/A, were used
for selection of the best organic modifier (Table 2). The results
show that a considerable improvement in chromatographic
efficiency was obtained by addition of the organic solvent to
micellar mobile phase. The efficiency was increased in the
following order for different modifiers:
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Table 3
The progress of SMS towards optimum in the analysis of vitamins

Experiment
number

SDS con-
centration
(mM)

1-Butanol
(%, v/v)

pH Flow rate
(ml min−1)

CRF

1 50.0 7.0 3.00 2.00 11.20
2 70.0 8.0 4.00 2.00 8.96
3 85.0 9.5 5.50 1.50 17.79
4 100.0 12.0 7.00 1.00 18.91
5 60.0 11.0 6.00 2.25 18.10
6 77.5 11.8 6.75 1.38 27.53
7 77.4 11.7 6.71 1.38 27.10
8 71.4 9.83 5.31 1.67 17.58
9 77.8 10.7 6.00 1.58 17.38

10 83.3 11.4 6.60 1.49 18.00
11 81.4 11.2 6.39 1.52 18.32
12 100.0 12.0 7.00 1.00 18.91
13 81.3 10.9 6.22 1.53 17.45
14 78.1 12.1 6.83 1.55 26.70
15 77.4 12.3 6.96 1.56 26.30
16 82.0 11.5 6.47 1.78 16.70
17 79.0 11.6 6.62 1.52 17.53
18 80.4 11.6 6.55 1.64 27.10
19 81.1 11.6 6.52 1.70 17.00
20 78.3 11.7 6.70 1.46 27.40
21 76.9 11.7 6.73 1.35 27.97
22 76.8 11.6 6.54 1.62 17.10
23 81.8 11.7 6.70 1.44 18.10
24 83.2 11.7 6.71 1.29 17.46
25 84.4 12.2 6.99 1.28 18.10

retention time (2 min in this work); anda, b andc operator-
selectable weights that were selected to be 2, 0.2 and 0.1,
respectively.

The super-modified simplex program was started by in-
troducing lower and upper boundary conditions for the
above four variables; 1-butanol, 7–15%; SDS concentration,
50–100 mM; pH, 3–7; flow rate, 1–2.5 ml min−1. The initial
simplex consisted of the first five vertices (one more than
the number of variables) that were chosen randomly. Exper-
iments 1–5 in Table 3 show the values of the four parameters
designated as the initial simplex conditions. The experimental
and calculated CRF values are also presented in Table 3. Ex-
periment number 21 indicates the optimum conditions with
the highest CRF value. All calculations were performed us-
ing worksheets. The simplex was halted at experiment 25, as
there was no further significant improvement towards max-
imization of the CRF value. The optimum conditions were
found to be 76.9 mM SDS, 0.02 M phosphate buffer, pH 6.73,
11.7% (v/v) 1-butanol and a flow rate of 1.35 ml min−1.Using
the optimized mobile phase, a good separation of the vitamins
was achieved within 20 min. Fig. 1 shows the chromatogram
obtained under the optimized conditions.

3.4. Analytical parameters

, col-
u M
S er at
1-butanol > 2-butanol > 2-methyl-2-butanol.

.3. Simultaneous optimization of 1-butanol percent,
DS concentration, pH and flow rate of the mobile phas

The SMS program, which was written using GW-Ba
as used for optimization of the variables considered t
ost effective for separation of the mixture of vitamins. Th

ariables were: modifier percent (1-butanol), SDS conce
ion, pH and flow rate of the mobile phase. The chrom
raphic response function (CRF), given by Eq. (1), was
en as the criterion for the optimization process [25]:

RF=
n−1∑

i=1

Ri + na − b|TA − TL | + c (T1 − T0) (1)

hereRi is the resolution between adjacent peak pairn
he number of peaks detected;TA a specified analysis tim
60 min in this work);TL andT1 the retention times of th
ast and the first peaks, respectively;T0 a specified minimum
The proposed method at the optimized conditions, i.e.
mn temperature 30◦C; a mobile phase containing 76.9 m
DS, 11.7% (v/v) 1-butanol and 0.02 M phosphate buff
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Fig. 1. Chromatogram obtained under the optimized conditions (vertex num-
ber 21). Conditions: mobile phase, 76.9 mM SDS, 11.7% 1-butanol (v/v),
0.02 M phosphate buffer pH 6.73; 20�l sample; flow rate l.35 ml min−1;
30◦C; λ, 285 nm; AUFS, 0.1.�-Tocopherol (1), Vitamin E (2), Vitamin A
(3).

pH 6.73 and flow rate of 1.35 ml min−1; UV detection at
285 nm and absorbance unit full scale (AUFS) of 0.1 has
been validated with respect to repeatability, linearity, limit of
detection, precision and accuracy by using standards and a
reference sample supplied by Amin Pharmaceutical, and the
results are presented in the following sections.

3.4.1. Repeatability
Complete analysis was performed in triplicate on two vi-

tamins to calculate the average deviations as a measure of
chromatographic reproducibility. The relative standard devi-
ations obtained in the analysis of the vitamins are presented
in Table 4. The results show relatively high precision of the
proposed method at the optimized condition, as the standard
deviations were <5% R.S.D.

3.4.2. Linear range
A series of five standard solutions at low- and high-

concentration levels were prepared. Each solution was in-
jected three times and regression analysis was performed by
the method of least-squares. Table 5 summarizes the param
eters of the calibration curves obtained by measuring peak
areas for each vitamin eluted with micellar mobile phase. Lin-
ear regression coefficients (r) were always more than 0.9990
f

T
Q

V

A
E

Table 5
The result of linear least-squares analysis of the calibration data in the mea-
surement of Vitamins A and E

Vitamin Linear range
(mg ml−1)

r Slope Intercept Detection
limit
(�g ml−1)

A 0.15–1.5 0.9990 2.3363 0.0317 1.71
E 2–8 0.9992 0.0183 −0.0394 4.52

3.4.3. Limits of detection
The detection limits were assessed using internal stan-

dards. According to the calibration graphs, detection lim-
its for each vitamin (3σ criterion), were calculated us-
ing Sy/x instead ofσ and intercept instead of blank sig-
nal [26]. The obtained values are presented in Table 5 and
were well below those required for the analysis of the vi-
tamins in pharmaceuticals. The method LODs are compa-
rable with other similar hydro-organic HPLC methods that
have been reported for the analysis of fat-soluble vitamins
[7,10].

3.4.4. Precision
Method precision was determined by measuring repeata-

bility (within-day precision) for each vitamin at the same
concentration levels using the same reagents and apparatus.
The precision of the method for determination of vitamins in
multivitamin syrup regarding the coefficients of variation was
excellent. The R.S.D. values obtained were 1.71 and 2.85%
for Vitamins A and E, respectively.

3.4.5. Accuracy
Method validation regarding recovery was achieved using

a standard vitamin sample and the results are illustrated in
T rage
R
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sed
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F ulti-
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f ions.
T c or-
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or the two vitamins.

able 4
uantification of Vitamins A and E

itamin Vitamin
content
(IUa 5 ml−1)

Amount
foundb

(IU 5 ml−1)

S.D.c

(IU)
R.S.D.
(%)

Recovery
(%)

3500 3521 146 4.34 94
15 16.00 0.16 1.00 90

a International unit.
b Values are the average of triplicate analysis.
c Standard deviation of triplicate analysis.
-

able 4. The recoveries are more than 90% with the ave
.S.D values not more than 2.90%.

.5. Real sample analysis

In order to evaluate the applicability of the propo
ethod, multivitamin syrup was analyzed and results w

ompared with those reported by manufacturer. As ca
een in Table 4, there is a good agreement between t
ults obtained by the proposed method and reported va
ig. 2 shows a typical chromatogram obtained for the m
itamin syrup.

In conclusion, application of the SMS optimization pro
ure together with advantages of MLC resulted in succe
eparation and determination of Vitamins A and E with g
ensitivity, and less toxicity in a reasonable time. The re
f the work confirmed the usefulness of the proposed me

or analysis of these vitamins in pharmaceutical preparat
he method is green and uses minimum amount of toxi
anic solvent.
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Fig. 2. The chromatogram of Vitamins A and E in multivitamin syrup. Con-
ditions are the same as in Fig. 1.
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