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Application of Capillary Electrophoresis for Quality
Control Analysis of Complex Medicine

Yoo Jeong Heo and Kong-Joo Lee’
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

Abstract— Capillary electrophoresis (CE) is perceived as an attractive tool for the analysis of phar-
maceuticals and biological materials because of their high separation efficiency, easy separation and
low running cost. New concept of micellar electrokinetic capillary chromatography (MECC) expanded
the application of CE to the separation of neutral molecules. Validation of CE as an analytical tech-
nique for quality control of pharmaceuticals should be confirmed by quantitative analysis and the
peak confimation. In this study, the quantitative analyses of various types of neutral, acidic and
basic components (acetaminophen, caffeine, ascorbic acid, riboflavin, thiamine. chlorpheniramine.
phenylpropanolamine, dl-methylephedrine and dextromethorphan) in complex cold medicines have
been accomplished using CE. Combined methods of MECC using SDS and capillary zone elec-
trophoresis lowering the pH of running buffer were adopted to determine the ingredients in capsule
type or liquid formula complex medicines without particular sample pretreatment. The results indicate
that CE is a promising technique for quality control analysis of pharmaceuticals as a validation

method.
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dibasic, urea® H|E3 AFEL EFE Sigma
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B3 7719k MHEOSE  acetaminophen(AAP)$}
anhydrous caffeine(CA), riboflavine(VB,), ascor-
bic acid(VC), thiamine nitrate(VB,), dextrome-
thorphan-HBr(DM), chorpheniramine(CPA),
phebnylpropanolamine-HCI(PPA), methylephe-
drine-HCI(ME)& #4315t #3892 1A &
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cm)® FAFHS AHREIN e 25°CE ZMTY 5
£ fR)8ldtt. A E2E 40 mbare) YHOR 327 F
dasdct. CEx2E Aol 34 ZH#AE 50mM
NaOH$} 31 £H5+2 384 940 mbarel oz
flush3l9t}. Running buffer®] pHe 5=, 37149
FRY 228 WA oRE FY 2uE HHS A
o}, AA A 2L 12 A 1, Al e
A% w3 B4 W 2AEE 940 mbar YHOE 20
mM NaOHZ 15%, 32 EF+2 2&. running
buffer® 2¥7 flushdtfn A& 54 F 20kvVel A
g AT o Bol Hol Fof A|RE FE3 ¥ 265
nmolA A&899. Running buffer2t 40 mM
SDSE #+3l= 20 mM phosphate buffer(pH 8.0)
2 AHg3let BE4 29 A 2, AdAAl Hele)
2% i3 B4 A running buffer2 2%7t flushdtsd
od A& F¢ £ 15kve A BoFUn 205
nmolM &35tk Running buffer2% phos-
phoric acid2 #3¢ 75mM sodium phosphate
monobasic &% (pH 2.03)-& AH&-3}5 ).

Vol. 41, No. 5. 1997

Table I— Solubilities in water and pKa values of com-
ponents in complex cold medicines

Compound S(wg:lt)y pKa
acetaminophen(AAP) 0.1~1
caffeine(CA) 1~10
L-ascorbic acid(VC) 333.3 4.04. 11.3
riboflavin(VB,) 0.05~0.33 9.69
thiamine(VB,) 1000 4.80. 9.20
chlorpheniramine(CPA) 160
phenylpropanolamine(PPA)  33.3~10 9.44
dl-methylephedrine(ME) 100~1000
dextromethorphan(DM) 33.3~10
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ABH 1 QlE B 77 AAe gi-Fol sl A
¥ 2 AYRAM S 3 AE-L acetaminophen(AAP) T
anhydrous caffeine(CA). thiamine nitrate(VB)).
riboflavin(VB,), L-ascorbic acid(VC),
pheniramine malate{CPA), dl-methylephedrine
(ME). phenylpropanolamine hydrochoride(PPA).
dextromethorphan hydrobromide(DM)¢] solu-
bility$} pKat= Table I3 2t} 2 A& UV ab-
sorbance spectrum-< Fig. 1o} vehyiict.
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Fig. 1 — UV absorbance spectra of components in complex cold medicine obtained from photodiode array detection in

HP*CE.

ton X-100, CHAPS, cholic acid. deoxycholic acid)
ARG ANES ol g3l Ao BEXZHE 2oy
st o) Sol&A AEEAGAlY o] fo] I F

B4 2BE Yehite

tlo

20124 AIHEAA| SDST £2[0i DIXl= HE

MECCeIA 7+ &3] AME-Sie o2 AdgEd
A2l SDSE 414319t 20 mM phosphate buffer
(pH 7.0)°1X SDSE ##31x &g e VCE A9
3 BE AEo] EOF A$2 7 Jouz A9 £¢
g} egkm 100 mM7HA SDS WHEAIA 7o
A3 3¢ SDS T2t F71gel uhEt Al )5l
FdE ek, 28y 971449 aminefte] A9 BAT
FHE olygl SDS micelle® T ionic interaction®
sle 2 SDS9| F%7F 7 E migration time©]
W& =oix|8 peak”} broaddlsl DM} CPAE A
& 2297 &gtk 25 mM SDSE #Hdhs 4% 20
mM phosphate buffer® pHE 6~112 #¥3}A|7|9
4] patterns TESIIHFig. 2). pH7F Yold 7
% EOF7} =2ldo® peak’t AWt¥oz ¢
broadsiH il pH 6~8 AlololAls= AAP. CA, VB,
ME, PPA, DM/CPAY elution Tl a7t 9
t}. Running buffer?] pHE 92 Y 7% AAPY
CA7} Hai=lx] 9dx &7 uysgtow, pH 106AM=
CA7} AAPE T} HA ustn MESH PPA7F £6 o
z uUgtool CPA7F DMo 2 RE B 7] AZsid

L =%
TEE

mAU‘A

|
L

Relative Absorbance
PRSIV IO TN T

ca cra
AAP D
] l ME ppy M

s 0 ‘min

Fig. 2 — Effects of running buffer pH on the CE separa-
tion of seven components. Capillary elec-
tropherograms were obtained by using 20 mM
phosphate buffer containing 25mM SDS at
various pH: (A) 6.0, (B) 8.0, (C) 9.0. and (D)
10.0. CE conditions were following: the fused
silica capillary(50 pm i.d.X40cm length. 31.5
cm to UV detector) was used and kept at 25°C.
Sample was injected by pressure at 40 mbar
for 3 s and run under 30kV applied voltage,
and peaks were detected at 205 nm.
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] migration timeo] #olA7] Al&&kict. pH 114l
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Fig. 3 — Effects of running buffer pH and concentration
on the separation of basic components: VB
CPA. ME. PPA and DM. Running buffer was
(A) 20 mM phosphate buffer at various pH: (a)
4.0, (» 3.0, (¢) 25. (@) 2.0: (B) various con-
centrations of phosphate buffer at pH 2.03: (a)
20mM. (b} 50mM. (¢) 75mM, and (d) 100
mM. Other CE conditions same as in Fig. 2 ex-
cept 15kV applied voltage.
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zone electrophoresis(CZE)ol 91&ted Eeldlgict.
w2 AEEQ AAPS} CA, VC, VB2E SDSo| 9]¢t
MECCel 9J3led ¥A81t. 4744 8] &2 24
% pH 8914 running buffer9} SDS F =& WH3AIA
7he) oA HH3 skt Buffer 557F 20 mMeol
A FE7t ZolA42 migration timeo] 2|
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SDS &7 EolaAFE UeE Alzrel =8A 30
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), o opdelME o A Usitk(Fig. 4). wEbA
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Fig. 4 — Effects of SDS concentration in running buffer
on the separation of AAP, CA. VC and VB
(A) 10mM, (B) 25 mM, (C) 30 mM. and (D) 40
mM SDS in 20 mM phosphate buffer (pH 8.0).
UV detection was performed at 265nm and
other CE conditions as in Fig. 2.

X NRE E0E AeTE B2 37 %0 B
34 FH5Z ANl BE4 TAT AASRE R0

&3k

2 B X 2 Xy

FFEA S A8t Zzhe] BN 7 HRE9
HdE M ¢ AFdH 8L ZABIYG 50 um
W79 40 em Zo] ZAENAM AR E 40 mbarZ 3%
U+l Hagen-Poiseuille equationd] 283 2 4.5
nl¢ A7} =Y Table T4 of 349 7
& g 4 e BA 3] 1/4~24) E90lA
EX% peak area® F#AF(regression coef-
ficient)& YR v=0.991 o] T2 A XA S
YERATE Table HIAAE 2+ &) AEX-E e
W gdok. Migration timee within-run, between-
run®] A% 2% 1.2% ol3le] coefficients of vari-

Table I— Linear correlations between concentrations
and peak areas and detection limits of com-
ponents in complex cold medicine. The op-
timum CE conditions same as in Fig. 3B<

or Fig. 4D
Linearity Detection
Compound Conc. range Regression limit
(ug/mi) coefficient (ng/ml)
AAP 0.500~4.00 0.999 0.623
CA 0.050~0.40 1.000 0.251
vC 0.042~0.33 0.991 5.200
VB:; 0.005~0.02 0.999 0.625
VB 0.010~0.20 0.998 0.390
CPA 0.013~0.25 0.997 0.255
PPA 0.625~1.25 0.998 0.313
ME 0.625~1.25 0.999 0.309
DM 0.075~1.50 0.998 0.250

ation (CV's)3t& 714 peak area® 3% VCE Al
#3hd CVakel within-rung 0.832~3.869%, be-
tween-rune 0.959~6.079% =24 W9 AHEANLS
wolgold 4 qltt. VCY 79 peak area?d] AMEA
o] £A X3l AFE A7t £ olf FE AollA
A Ea= h43] 23 UHAIE 5 s Mg 4]
& A8 gkok7) wiEel Aoz Ayzbeich

Als= ZHlNof HAIRI ) SEt 217|002 B2

Table VA& 159 =g} 9F9] Al
AEE PN 38 Jeln 9o, Fig 5+
2 capillary electropherograme]th. EA#e| thal
o] AAPY= 84~107%. CAY 84~104%. CPAE 43~
104%. PPAT 91~106%. ME+ 69~87%. DM=
30~89%2] sidao] FEHUD & Ay A 1A

Table Il — Reproducibilities of migration time and peak
area of components in complex cold medi-
cines at CE condition same as Table 2

C.V. of migration C.V. of peak area

Compound  within-run between-run within-run between-run

(n=7) (n=6) (n=7) (n=6)
AAP 0.781 0.105 0.832 0.983
CA 0.849 0.110 1.428 0.959
VvC 1.195 0.230 8.634 11.102
VB. 1.168 1.124 3.859 3.4%
VB, 0.318 0.452 1.344 3.849
CPA 0.342 0.502 1.913 6.079
PPA 0.426 0.645 1.025 3.512
ME 0.430 0.682 1.284 4.400
DM 0.519 0.845 1.883 4.453
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Table IV— The determination of components in com-
plex cold medicines. The ananlytical CE
conditions same as in Table 2

Amount Amount Found/
C indicated found mean, oun
°s’2§1°§2d/ on the label, mg/mi %  Indicated.
mg/m! (CV.. %) %
Acetaminophen
C1 2.000 2.136(0.663) 106.81
L1 10.000  10.198(1.855) 101.98
L2 5.000 5.107(1.081) 102.14
L3 10.000 9.930(1.031) 99.30
L5 10.000 9.184(0.794) 91.84
L6 15.000  12.630(5.431) 84.20
L7 2.670 2.276(3.437) 85.23
Caffeine
Cl 0.200 0.208(0.794) 103.92
L1 0.833 0.799(0.841) 95.88
1.2 0.417 0.392(1.250) 94.05
L3 1.330 1.264(1.861) 95.00
14 1.389 1.275(1.797) 91.77
L5 1.330 1.144(0.922) 86.03
L6 1.500 1.320(4.948) 88.00
L7 0.400 0.336(3.144) 83.92
L-Ascorbic acid
Cl 0.167 0.114(5.943) 68.20
Riboflavin
C1 0.020 0.020(3.824) 99.39
Thiami
Cl 0.040 0.052(1.124) 129.51
Chlorpheniramine
C1 0.050 0.044(0.811) 87.32
L1 0.083 0.058(6.146) 69.98
L3 0.080 0.059(5.888) 74.30
L4 0.222 0.179(3.561) 80.52
L5 0.080 0.057(2.981) 71.24
L6 0.125 0.100(0.527) 80.00
L7 0.033 0.014(10.94) 42.86
L8 0.040(Br)  0.041(1.365) 103.70
Phenylpropanolamine
C1 0.250 0.266(0.947) 106.40
14 1.667 1.523(1.152) 91.34
L8 2.500 2.477(0.625) 99.07
dl-Methylephedrine
Cl 0.250 0.173(1.073) 69.10
Ll 0.666 0.577(2.515) 86.65
L2 0.333 0.283(2.536) 85.10
L3 0.583 0.489(1.608) 83.90
L5 0.583 0.494(1.056) 84.81
L6 0.050 0.041(1.011) 81.00
L9 1.313 0.904(1.048) 68.85
Dextromethorphan
C1 0.300 0.263(0.414) 87.80
L1 0.533 0.433(0.939) 81.31
L2 0.267 0.176(5.497) 66.04
L7 0.200 0.100(4.328) 50.00
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Fig. 5— CE analysis of real medicines from various com-
panies: (a) standard mixture, (b) capsule type
complex cold medicine and (c, d) liquid for-
mular cold medicines. Running buffer: (A) 20
mM phosphate (pH 8) containing 40 mM SDS.
(B) 75mM phosphate buffer (pH 2.03). Other
running conditions same as in Fig. 3B and
Fig. 4D, respectively.
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