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ABSTRACT -
Electrophoretic mobilities of salmetercl and phenyipropanclamine in capillary zone electrophoresis
were determined using acetate buffer in mixed solvents containing different concentrations of
water, methanol and  acetonitrile. Maximum  electrophoretic mobilities for salmetercl  and
phenylpropanolamine were observed with water-methanol-acetonitrile ratios of 5:50:45 w/v and
3:60:37 w/v, respectively, and mimmum mobilities of both compounds occurred in methanol-
acetonitrile ratio of 30:70 w/v. The generated expenmental data have been used to evaluate a
mathematical model to compute the electrophoretic mobility of the analytes in a ternary solvent
electrolyie system. The proposed model 1s;

g, = filng + flng, + KL +M £ Mo A +M L +M L+ M,
+M, 17 S+ MO

where |15 the electrophoretic mobihity, subsenipts m, 1, 2 and 3 refer to mixed solvent and solvents
-3, respectively, [1s the volume fraction of the solvent in the mixed solvent svstem and M;-M5 and
E are the model constants calculated by a least squares analvsis. The generated experimental data
fitted to the model and the back-calculated mobilities were emploved to compute the average
percentage deviation (APD) as an accuracy criterion. The obtained APD for salmeterol and
phenylpropanolamine are 3.10 and 2.21 %, respectively and the low APD values indicate that the
model 1s able to calculate the mobilities within an acceptable error range.

Kevwmdﬁ F]cctrophmelm mobility, Mathematical modelling, Temary solv ent. Salmeterol.
Phenylpropanolamine

INTRODUCTION

. 3 . CH20H e
Salmeterc] (1) is a long acting beta () adrenergic i I ;I :]
drug which 15 used 1o manage nocturnal asthmatic \é\ EEd ™
crisis. It has a basic functional group and is " o
tormulated as xinafoate salt for lung delivery, ; b et o et |
Phenylpropanclamine (11) is an alpha (o) adrenergic | e
drug, which 15 regularly used in nasal deconges-
tant formulations. Because of the low solubihity of OH
salmeterol m water (1), for their assav by capillary

electrophoresis (CE) the vse ol mixed agueous
orgame modifiers s desirable and in this study
these drugs were used as models to caloulate
electrophoretic mobility of the analytes in an
electrolvte  system.  Agquecus and  non-aguecus
mixed solvent buffer systems have been used in
many validated CE methods. The main advantage
of using these mixed solvent buffer systems are 1o

O o

improve the selectivity, efficiency and resolution
of the separation m developing a CE method (2-
4. The binary muxed solvent buffer systems have
been used in many scparations, however, they are
not able to solve every problem and sometimes
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addiion of a third solvent is required. Several
ternary  mixed solvent  buffers have been
emploved in validated capillary electrophoretic
methods (5-6). These mixtures possess different
characteristics in comparison with aqueous or
non-agueous buffers. The most impartant reasons
for the changes in the electraphoretic behaviors of
lons  in mixed solvent runming  buffers  are
differences in; pKa values, viscosities, dielectric
constants, clectroosmotic behavior and conducti-
vity of the electrolytes and analvies. Generally g
combination of these effects is responsible for any
changes in the electrophorctic mability and also
separation efficiency of the system. In establish-
ment the condition for a scparation a trial and
error approach is often used by the analyst 1o
optimize the concentration of the orgamec modi-
fiers in running buffer, However, this procedure
may take a long time and is therefore costly, In a
recent paper (7)., a mathematical model was
proposed 1o calculate the electrophoretic mobility
in binary solvent clectrolyte systems. By develop-
ing such an equation, the trial and error approach
can be replaced by a more rational method and
also the generated experimental data can be
evaluated to determine possible outliers when re-
determination is required, In this article an
extended form of the model for computation of
the electrophoretic mability in temary solvent
systems 15 described. The applicability of the
proposed model to real data has been investigated
by the use of the generated experimental mobility
data of salmeterol and phenylpropanolamine in
waler-methanol-aceionitrile mixtures.

THEORETICAL TREATMENT
In the earlier work (7), a solution model was
proposed to compute the clectrophoretic mobility
of analytes in binary solvent electrolyle systems.
It showed accurate results for correlation of the
mobility of 16 analytes in water-organic modifier
mixtures (7). The model was:

Ing, = filng + flng +J A f+ L F2 (D

where p 15 the electrophoretic mobility, subscripts
m, 1 and 2 refer to the mixed solvent, solvents |
and 2, respectively, T 1s the volume fraction of the
solvent in the mixed solvent system and I.-1; are
the model constants caleulated by a least squares
analysis. When electrophoretic mobility in pure
solvent 2 electrolvte system (U:) 15 not available
or nat appheable (for example insolubility of
buffering agents in pure solvent 23, a madified
version of the model may be employed, where C

and I:=Jz are the model constants,
Ing, = filng +CHL+Jf f + I 2 (D)

In the case of a ternarv solvent system, it is
possible to include similar bmary interaction
terms for the solvents (i.e. fify, f,°f, L6656 2} and
a temary interaction term (065, and as a result
an extended form of the model could be expressed
as;

In g1, = 10 + fy 0 gy 4 KS + M, f,
+M, 1T M1, f, '_quflzfz
= "1“‘{%.:{.*:.-{3 & "w:;.-{?:zfs +M, AT
({1

m which subscript 3 refers to solvent 3, K, M,-M;
arc the model constants calculated by fitting
(Inp-fixInp-foxInis) against £, fifs, 06, Bfs,
£°f, 0°f, 76 and 66 using a no mtercept least
squares analysis, The model could be derived
from an criginal solutton model to calculate the
solubility in terary solvent mixtures proposed by
Williams and Amidon (8),

EXPERIMENTAL

Inatrumentation

All - experiments  were performed  using  a
programmable  capillary  electrophoresis  instru-
ment (model F/ACE 5510, Beckman Instruments,
High Wycombe, UK) and a 75 pm i.d.=x37 em
length (30 ¢m to detector) fused silica capillary at
25°C. Samples were injected by pressure mode
for 1 sec and analytes were detected by UV at 214
nm. The applied voltage was 24 kV. The CE
mstrument was interfaced with a microcomputer
using Gold software (version 1.0% for the data
collection and analvsis.

Chemicals

Phenylpropanolamine hydrochloride and mesityl
oxide were purchased from Aldrich Chemical
Company (Dorset, TTK). Salmeterol xinafoate was
a gifi from Glaxo Welleome (Ware, UK).
Methanel, sodium acetate and placial acetic acid
were purchased from BDH (Poole, UK) and
acetonitrile from Riedel-de-Haen (Germany). De-
ionized water was used in the preparation of the
butfer and sample solutions,

Methad

A stock aqueous acetate buffer was prepared in a
L00ml volumetric flask by dissolving 3.2% g of
sodium acetate and 3.8 ml of glacial acetic acid in
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pure water and‘or methanol. The running bufTers
with binary and/or ternary solvents were prepared
by mixing approprate volumes of the stock
buffer, deionized water, methanol and acetonitrile.
The bullers were unadjusted for pH in this work.
It was ensured that all buffers that we used
contained the same volume of glacial acetic acid
(.38 ml100ml) and sodium acetate (0,328
g 100ml). The expected pH for agqueous buffer
was 4.7 based on Henderson-Haslbalch equation.
The sample solutions were prepared in diluted
running buffer solutions. Mesity] oxide was added
to the sample solulions as a neutral marker.

Flectropharetic procedure

When a new capillary was wsed, the capillary was
washed consccutively with 1M sodium hydroxide
solution (1.0M), de-tonized water and munming
buffer for 30 minutes. The experiments were
performed afier preswashing the capillary with
sodium hvdroxide solution (0.1M) for 1 min and
munning buflfer for 2 min, All messurements were
repeated at least thres times. Each sample was
injected for 2 seconds.

Computational analysis
The clectrophoretic mobility of analvies  was
calculated by:

kil |“ 1 1}

E \fw To)
where L and L, are the total capillary length and
capillary length to the detector window in meters,
E is the applicd voltage, & and & are migration
times (in second) for the analytes and the
electroosmotic flow,

The accuracy of the calculated mobilities was then
examined with respect to the average percentage
deviations (AP which were computed from the
CXPTCSsion:

(av)

¥

4rp- 1%

N

|Cf‘.r.-.’{:u.-,"mﬁd -~ b Erveu’i
[ ke iy Qo)
observed

where N s the number of experimental data points
in each set. The mean value of APD was then
calculated as an owverall accuracy criterion. All
caloulations were carried out by the use of the
statistical package for social sciences (SPSS),

RESULTS AND DISCUSSION
Table 1 shows the averape electrophoretic
mobilities and standard deviations of salmeterol
and phenylpropanolaming in the solvent systems
containing  different  concentrations  of  water,
methanol and acetomitrile. Minimum and maxi-

o4

mum mobilities of salmeterol were observed with
water-methanol-acciominle ratios of G:30:70 wiv
and 5:50:45 wiv, respectively, The corresponding
ratios for phenylpropanclamine were (:30:70 wiv
and 3:60:37 whv, respectively, A non-linear
relationship exists between In w,, and the solvent
compasition. The electrophorctic mobilities in
pure agquecus and methanolic munning  buffers
have been reported here Because of solubility
problem with sodium acetate, pure acctonitrle
running buffer was not used in this work.

The experimental mobility data (Table 1) were
fitted to Eq. 111 and the resulting traincd model] for
salmeterol | is:

Ing, =2.57f, +2.66f, —0.55/, -2.93/, 1.
+14.350, £, +9.590, 1, #1972 1,
~1322/7 f, —6.28 00 £ 18510, 4

(1)
R=0.999, F=1226, N=29, APD=3.10 %, p<0.0005

and for phenylpropanolamine [0 1s:

Inge, = 2571, + 2667, +038f, ~238f 1,
+1288/, /. +8057,f, + 14217,
—1166f) f, —49711 f, 16641 1. 1,

(Vi)
R=>0.999, F=3566, N=29, APD=2 21 %, p<0.0005

In these calculations, the robusiness of the
relationship  between In py, and  the volume
fractions of the solvents was indicated by higher F
and lower po values. The resulting  average
percentage  deviations lie in the cexperimental
uncertainty. Therefore; by using the proposed
model, it is possible o comrclate the electropho-
relic mobility data in ternary solvent mixtures,
The mean APD for two scls was 2.66 %, which is
an acceptable error range where the relative
standard deviation between repeated cxperiments
is ~ 4 %. Figures | and 2 show the computer
generated  three-dimensional  plots of  the
clectrophoretic mohility  at  different  solvent
compositions cmploving equations V1 and V11, As
it is seen from these graphs one cannot easily
recognize the concentration at which a mixture of
the analvtes could be resolved, The graphical
representations and recognition of the possibility
of resolution is even impossible in the case of the
use of a quaternary solvent system. However, by
using mathematical models it is possible to
calculate the mobility values. A small computer
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Table 1. The experimenta! electrophoretic maobility (10 m*v"'s'") data for salmeterol and phenylpropanolamine in
different solvenl compositions

: Wolume fraction Salmeterol Phen}'lpmpanoiﬁn{!ﬁc: B

No | Water | Methanol Acetonitrile Mean SD Mean sD_ |

1 0.00 0.30 0.70 743 018 | e b 0.08

9 0.00 0.50 0.50 1331 | 006 | 22.59 0,24

3 0.00 0.70 0.30 1526° | 0.24 25,74 0.22

4 0.00 .90 0.10 1512 0.05 25.19 0.07

5 0.00 1.00 0.00 14,23 0.21 23 66 0.34

6 | 0.03 0.60 0.37 15,93 0.11 26.35 0.03
7 1 0.05 0.50 0.45 16,17 0.07 2597 (.25

8 0.07 0.53 040 1427 | 0.11 24.00 0.28

9 0.10 045 0,43 15.02 0.00 24.75 0.00

10 0.10 T 0.43 14.57 0.13 | 2439 0.18

11 0.10 | 0.60_ 0,30 1419 | 0.06 | 23,82 0.11

12 | 017 1 033 0.50 1490 | 0.00 24.87 (.00

13 | 020 040 040 13.28% 0.06 23.14 0.04 .

14 | 020 0.47 | 0.33 12.95 022 2260 027

15 | 023 | 020 0.37 14.48 0.00 24 82 0.00

16 030 | 033 035 12.82 0.08 22.30 0.04

17 030 0.70 0,00 %38 0.09 15.82 0.09

18 | 0.33 0.33 0.33 12.67 0.05 22.35 012

19 0.47 0.20 0,33 12.61 0.12 22.82 0.27

20 0.50 0.25 0.25 1151 0.03 2088 0,10

21 | 050 0.33 0.17 1006 | 0.04 18,50 007 |

22 1 050 0.50 0,00 §.29 003 | 15.53 no7 |

23 | 0.70 0.15 0.15 11.25 | 0.08 2062 0.06

24 01,70 0.20 0.10 10.46 0.03 19,14 0.07
128 0.70 0.30 0.00 9,52 0.10 17.56 0.13

26 0,90 0.03 0.05 12.25 0.07 22.36 0.15

27 0.90 0.07 0.03 12.00 0.13 21.87 0.18

28 0,90 0.10 0.00 11.78 0.01 21.35 0.12

29 1.00 0.00 0.00 13.04 0.02 23 81 0.20

The experiments were carried out al least m {riplicate with a 37 cm (30 em effective length) = 75 pm 113, fused silics
capillary. The electrolyte was 106 mM acetate buffer contaning different concentrations of the organic modifiers. The
applicd voltage was 24 k¥, Temperature was 25 °C and the wivelenpgth was 214 nm.

program is able to predict the possibility of such a
resolution. In CE operation the clectrophoretic
mobility in mixed solvent running buffers may be
influenced by changes in the size of the solvated
ions, variations in the dielectric constant of the
electrophoresis medium and changes in pKa values
of analytes in mixed solvents (9.

The solvation of the solutes in the electrophoresis
medium and hetero  conjugation of  buffer
electrolvies  with the analytes can affect the
mobility in mixed solvent running buffers (10).
Differences in the viscosity and altered electro
osmotic bchaviour are the other effects of the
mixed solvent. The curve-fitting parameters of the

models represent the overall effects i the solution.
To  estimate these overall effects, one may
determing the mobility in a limited nomber of
different compositions of the solvent mixture to
compute the model constants and then to predict
the mobility at all other possible combinations of
the solvent concentrations. It should be noted  that
electrophorctic mobility is one aspect of the
method optimization process and other aspects
such as pil, ionic strength, voltage, concentration
of analyvtes in the sample solution and temperature
should be fine tuned to give the best separation
efficiency

As a general conclusion, the proposed model
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Fig. 1. Electrophoretic mohility of salmetercl in
different percents of water and methanol in the ternary
mixtures (The experiments were carried oul st lesst in
triplicate with & 37 cm (30 cm effective length) = 75 pm LD,
fused silica capillary. The electrolvte was 106 mM acetate
buffer contsining different concentraticns of the organic
madifiers. The applied voltage was 24 kY, Temperature was
25°C and the wavelength was 214 nm).

showed accurate results o calculate electropho-
retic mobility in ternary mixed solvent running
buffers. Concerning the general use of the model,
it 1s proposed that in developing CE methods the
model could be emploved to optimize the solvent
composition when a termnary mixed solvent system
15 required.

By using this mathematical procedure, it would be
possible to avoid the lenpthy trial and error
approach and thus save the time and reduce the
cost of development of an analytical method in CE.
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Fig. 2. Electrophoretic mobility of phenylpropanol-
amine in differeni %% of water and methanol in the
ternary mixtures. (The expenments were carried out at least
in triplicate with 2 37 em (30 om effective lenpth) = 75 pm
LI} fused silica capillary. The clectrelyvte was 106 mM scetate
bulTer containing different concentrations of the organic
maslifiers, The applied voltage was 24 k. Temperature was
25°C and the wavelength was 214 am)
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