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Abstract: Salmeterol xinafoate (SalX) is one of the ideal drugs used for the treatment of noc-
turnal asthma attacks and daily maintenance. The molecular structure of SalX contains a chiral
carbon atom, and thus, SalX has two enantiomers, viz. (R)-SalX and (S)-SalX. It is clinically
administered in the racemic form. Related studies have shown that the two enantiomers of SalX

are quite different in pharmacology, toxicology, and other aspects. Therefore, it is of great sig-
nificance to establish an analytical method for the chiral separation and determination of the
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SalX enantiomers to guarantee their quality and ensure their safety and effectiveness in clinical
use. In this study, a chiral nonaqueous capillary electrophoresis ( NACE) method, using a
L(+)-tartaric acid-boric acid complex as the chiral selector, was established to determine the
enantiomers of SalX in salmeterol fluticasone powder inhalant. The L ( +)-tartaric acid-boric
acid complex was synthesized in situ by the reaction of L( +)-tartaric acid and boric acid in
methanol solution. The ion pair principle was considered the enantioseparation mechanism, and
the non-aqueous system was found to be more favorable for ion pair formation, which is useful
for chiral recognition. Chiral separation is based on the reversible formation of diastereomeric
ion pairs between the negatively charged L( +)-tartaric acid-boric acid complex and the posi-
tively charged salmeterol enantiomers. Due to the difference in ion-pair binding ability between
different enantiomers, the apparent electrophoretic mobilities of different enantiomers were
also different, resulting in chiral separation in NACE. To achieve good resolution, the effects of
L( +)-tartaric acid concentration, boric acid concentration, and apparent pH (pH" ) on the
chiral separation were investigated. The optimized buffer solution (pH" 0.93) contained 120. 0
mmol/L L(+)-tartaric acid and 120. 0 mmol/L boric acid in methanol. Other experimental con-
ditions were as follows: uncoated fused-silica capillary with an I. D. of 50. 0 pm, a total length
(L,,) of 64.5 cm, and an effective length (L) of 55.5 cm, along with gravity injection of
17.5 ecmx10. 0 s, detection wavelength of 225 nm, room temperature, and operating voltage of
20. 0 kV. Under these experimental conditions, the two enantiomers of SalX achieved a resolu-
tion of 2. 18 within 18. 0 min. Both enantiomers showed a good linear relationship of the peak
area in the concentration range of 27. 5-800. 0 mg/L, the correlation coefficient (7) being grea-
ter than 0. 999 0. The detection limit (S/N=3) and quantitative limit (S/N=10) were 7.5 mg/L
and 25. 0 mg/L, respectively; the standard recovery was 98. 1% —101. 9%, with relative standard
deviations (RSDs) of 1.2% —1. 9%. The intra- and inter-day precisions were examined, and the
RSDs of the peak area and migration time were found to be below 4. 9% and 1. 9%, respective-
ly, indicating good repeatability (inter-day) and reproducibility (inter-day) of the method. The
established chiral NACE method was used to determine the two SalX enantiomers in a random
salmeterol fluticasone powder inhalant purchased from a local market. The results showed that
the percentage of labeled quantities was 98. 7% for both enantiomer 1 and enantiomer 2, with
RSDs of 2. 5% and 2. 7%, respectively. Thus, this method is simple, feasible, accurate, and
inexpensive, and can be applied for the determination of SalX enantiomers in commercially
available salmeterol fluticasone powder inhalants.

Key words: nonaqueous capillary electrophoresis ( NACE) ; L( +)-tartaric acid-boric acid com-

plex; enantiomer; salmeterol fluticasone powder inhalant
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Fig. 1 Structural formula of salmeterol xinafoate ( SalX)
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Fig. 2 Effect of L( +)-tartaric acid concentration
on chiral resolution (n=3)
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Fig. 3 Effect of boric acid concentration on

chiral resolution (n=3)
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Fig. 5 Schematic diagram of the separation mechanism for SalX enantiomers with L( +) -tartaric acid-boric

acid complex as chiral selector in NACE
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Fig. 6 Chromatograms in system suitability test by NACE
Peak identifications; 1. enantiomer 1; 2. enantiomer 2; 3.
fluticasone propionate.
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Table 1 Validation results of the NACE method using L( +) -tartaic acid-boric acid complex as the chiral selector

Regression

Linear range/

RSDs/%

LOD/ LOQ/

Anal, Intra-d: =6 Inter-d =15
alyte equation T (mg/L) (mg/L)  (mg/L) ra-day (n=6) nter-day (n=15)
A t A
Enantiomer 1 Y=114692X+2546.1 0.9992 27.5-800.0 7.5 25.0 1.1 3.0 1.9 4.7
Enantiomer 2 Y=113497X+3106.4 0.9991 27.5-800.0 7.5 25.0 1.3 3.2 1.9 4.9

The concentration of each enantiomer was calculated as a half of its racemate. The characters of ¢ and A represent the migration time

and peak area of the enantiomer, respectively.

FE H RS ® R B RUERE 3 IR, S FE 5 K, IE
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RSD 4314 1.3% 1 1. 1% , W i ALY RSD 43 51 4
3.9% F1 4. 5% , YL HTZ AR SR WRTE 24. 0 h WARE T
R4r,
2.4.5 AR E kR

K 183. 5 mg/L BYRESATE 0.2 mL 29
B, 31530 3 A (R SRR AR 2 B 15,0,
17.5 F1 20.0 wL £ ZE 1R VD 36 K8 & X IR Aifh 55 TR
(2.0 g/L) ,ARAHIK  h AR 3 AL nbrase s i, R
3 FEa  TEDLARRY IR SR T AR | B 00 TR
SEATIN 3 YR, T SRR R BRI AR, angk 2
TN, HZRIRYD SRS X AR 1 AR A 2 By g [a]
W43 R 99. 3% ~ 100. 1% 1 99. 8% ~ 100. 4%,
RSD 7E 1.2% ~ 1. 9% Z [], i BH 1% J5 ¥ 1) o o B2
R4f,
2.5 EERESNE

BUE B SRS BRI A 6 1y, it
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i, MRAE A AR i E S = (AR /AR R
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Table 2 Recoveries of SalX enantiomers in salmeterol
fluticasone powder inhalant (n=3)

Background/ Added/ Found/ Recovery/ RSD/

Analyte ng ng ng % %
Enantiomer 1 36.7 30.0 66.8 100.1 1.8
36.7 35.0 71.5 99.4 1.2

36.7 40.0 76.4 99.3 1.8

Enantiomer 2 36.7 30.0 66.9 100.4 1.9
36.7 35.0 71.6 99.8 1.4

36.7 40.0 76.8 100.2 1.7
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TR 2. 5% F1 2. 7% , I 45 R0 B 2 M R AT

3 it
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