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ABSTRACT

A simple, rapid and reliable high performance liquid chromatographic method for simul-
taneous determination of compounds typically found in complex cold medicines (i.e. aceta-
minophen, bromvalerylurea, bucetin, caffeine, chlorpheniramine maleate, dextromethorphan
HBr, ethoxybenzamide, guaifenesin, methylephedrine HCI, noscapine HCl) has been devel-
oped. Isocratic separation was performed using an Inertsil ODS-3V column (5 pm, 25 cm x 4.6
mm i.d.) with a mobile phase: 0.2% triethylamine, 2% tetrahydrofuran in 0.1% H;PO,:
CH;CN (85: 15; pH=2.70), flow rate 1.0 mI/min. An ultraviolet spectrophotometer was used as
the detector at the wavelength of 205 nm. The precision and accuracy were satisfactory. The
system can be used to assay the above compounds at typical cold medicine dosage forms.
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INTRODUCTION

Department of Health in Taiwan, ROC has
announced that it will allow ten types of over-the-
counter drugs in our country to be imported with-
out product inspection, which will be replaced
with documentation review by related authorities.
The quality of these over-the-counter drugs will
be controlled by inspection as normally conducted
for commercial products. Complex cold medi-
cines, commercially available and widely used to
alleviate the symptom of colds("), have been listed
as one of the over-the-counter drugs. Most cold
medicines contain some combination of antipyret-
ics or analgesics (e.g. acetaminophen, brom-

valerylurea, bucetin, and ethoxybenzamide), anti-
tussives (e.g. dextromethorphan hydrobromide,
guaifenesin, and noscapine hydrochloride), bron-
chodilators (e.g. methylephedrine hydrochloride),
antihistamines (e.g. chlorpheniramine maleate)
which usually causes somnolence, and some
amount of central nerve system stimulant (e.g.
caffeine) for reducing this side effect. Several ana-
lytical methods for some of the above compounds
have been reported in literature? 3 4. Those meth-
ods, however, are not suitable for the simultane-
ous determination of our formulations by chro-
matography. This paper describes a rapid and
accurate reversed-phase HPLC method using ter-
tiary amine as a competing base for simultaneous
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determination of the ten compounds frequently
found in combination cold medicine formulas.

MATERIALS AND METHODS

HPLC analysis was carried out by using a
Waters HPLC system equipped with a Waters
Model 600E System Controller, a Waters Model
510 pump, a Waters Model 717 autosampler, a

Table 1. Validation of HPLC assay methods
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Waters 486 Tunable Absorbance detector, and a
Leo 486 DX2-33 computer. The separation was
performed on a GL Sciences Inertsil ODS-3V col-
umn (5 pm, 250 X 4.6 mm i.d.). A Milli-Q SP
Reagent Water System (Milli-pore) was used to
filter the mobile phase. The mobile phase was pre-
pared as follows. We transferred 20 ml of tetrahy-
drofuran, 2 ml of triethylamine, and 1 ml of phos-
phoric acid to a 1 l-volumetric flask, and diluted

Chromatogram Standard curve Precision
k'3 Between day (n=5)  Within day (n=3)
Compounds Rs Conc. range  Regression line® ¥ Added MeantSD. CV. MeantSD. C.V.
LOD (ug/ml) (ug/ml)  (ug/ml) (%) (ug/ml) (%)
(ug/ml)

. 227 20 1996:0.13 064 19962004 0.19
Methylephedrine 360 10-70  Y=0011X+0012 09998 50 50138034 068 50624000 020
HCI 0,050 60 599140.14 023 59824012 020

2.99 10 10058007 071  10.1260.04 037

Acetaminophen 1.63 5~30 =0.0247X40018 09999 20  1991+0.17 087  19.69+0.02 0.10
0.025 30 3007:0.26 088  59.8240.12 0.23

, 332 , 5 4981005 091 5054001 026
Caffeine 9.08 325 Y=0.0392X-00003 09999 10 10062007 0.66 10058001 0.12
Anhydrous 0015 20 19994010 049 20044002 .10
T 6.04 20 20004011 056 20015009 046
Chlopheniramine ¢ 19 10-100  Y=00112X:00021 09999 60 59988013 022  60.026005 008
Maleate 0.070 80 79.94+0.04 006  79.96+0.07 0.8
9.65 20 19724019 095 20.0020.10 051

Guaifenesin 843 20~100  Y=00171X+0.0034 09998 S0  S0.0740.19 0390  S00140.17 034
0.050 80 80141039 048 8031006 0.08

14.19 20 19988015 077 20004008 041

Noscapine HCI 5.03 10~80  Y=0.0347X-0.0054 09999 40  40.0240.19 048 40004005 0.13
0.050 60 60051006 0.1  60.1240.04 007

1852 20 20031013 064 19931004 0.8

Ethoxybenzamide 421 1060 Y=00577X+0.006 09999 40  40.04+0.07 0.8 40.03£0031 0.03
0.050 60  60.09t0.19 031  60.1740.05 0.08

24.90 50 4996:0.19 038  50.15:0.04 0.8

Bromvaleryulurea 273 25~300  Y=00117X-0.0012 0.9999 150 150084046 031 149.5040.13 0.09
0.500 300 3003210.63 021  299.534020 0.07

29.68 50 49.99t0.18 037  49.9240.12 024

Dextromethorphan | ¢ 25~150  Y=0.0141X+0.0002 09999 100  100.05:0.53 053  99.684021 0.22
HBr 0.500 150 150.5140.67 045 150384127 0.85

# System suitability k' Capacity factor. Rs: Resolution. LOD: Limited of detection. Y: Correlation coefficient.
b Bucetin (50 pg/ml) as internal standard.
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with water to volume, then mixed well. We mixed
850 ml of resulting solution with 150 ml of ace-
tonitrile, and adjusted with phosphoric acid to a
pH=2.70 *+ 0.05, and then filtered through a Milli-
Q filtration system and degassed with an ultrason-
ic bath.

HPLC grade methanol and acetonitrile were
purchased from BDH. An analytical grade triethy-
lamine and a reagent grade sodium hydroxide
were of Merck brand. Phosphoric acid (reagent
grade) and tetrahydrofuran (HPLC grade) were
purchased from Kanto Chemical Co. and Lab-
scan Co., respectively.

Acetaminophen standard was supplied by
Hen-Ta Chemical Co. (Taiwan). Bromvalerylurea
and caffeine anhydrous were purchased from
Knoll (Australia). Bucetin, chlorpheniramine
maleate, dextromethorphan hydrobromide, guaife-
nesin and methylephedrine hydrochloride were
obtained from Sigma (USA). Ethoxybenzamide
standard was supplied by National Laboratories of
Foods and Drugs and noscapine hydrochloride
was obtained from Narcotics Bureau of
Department of Health.

Test samples A~E contained the following
active ingredients as each label claims.

I. Sample A

100 mg of acetaminophen, 12.5 mg of caf-
feine anhydrous, 1.25 mg of chlorpheniramine
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maleate, 5 mg of dextromethorphan hydrobro-
mide, 83 mg of ethoxybenzamide, and 4 mg of dl-
methylephedrine hydrochloride.

1. Sample B

200 mg of acetaminophen, 30 mg of caffeine
anhydrous, 2.5 mg of chlorpheniramine maleate,
166.6 mg of ethoxybenzamide, 4 mg of dl-
methylephedrine hydrochloride, and 10 mg of
noscapine hydrochloride.

III. Sample C

300 mg of acetaminophen, 25 mg of caffeine
anhydrous, 2.5 mg of chlorpheniramine maleate,
15 mg of dextromethorphan hydrobromide, and
14 mg of dl-methylephedrine hydrochloride.

IV. Sample D

80 mg of acetaminophen, 100 mg of brom-
valerylurea, 25 mg of caffeine anhydrous, and 200
mg of ethoxybenzamide.

V. Sample E

200 mg of guaifenesin.

Internal standard stock solution was prepared
by dissolving a suitable quantity of bucetin in 5
ml of methanol followed by mobile-phase diluting
to obtain a solution containing ca. bucetin of 1
mg/ml.

The standard stock solutions were prepared as

Table 2. Evalution of recovery and determination of the compounds in commercial products

Compounds Evaluation Commercial products
Recovery (%) Tablet A Capsule B Capsule C  Tablet D Tablet E

Methylephedrine HCI 100.4 4.0(104.1* 14.0(95.6)* 10.0(101.6)
Acetaminophen 100.0 100.0(93.1) 300.0(96.3) 200.0(99.2) 80.0(90.2)
Caffeine anhydrous 99.4 12.5(94.3) 30.0(104.5) 25.0(99.8)
Chloropheniramine Maleate 101.0 1.25(95.6) 25.0(109.5) 2.5(106.7)
Ethoxybenzamide 102.7 83.0(92.1) 166.6(103.1) 200.0(92.9)
Dextromethorphan HBr 100.5 5.0(99.7) 15.0(104.0)
Noscapine HCI 101.9 10.0(109.2)
Bromvalerylurea 101.9 100.0(109.3)
Guaifenesin 99.5 200.0(100.0)2

Bucetin (50 mg/ml) as internal standard.
a: Listed content in mg/tablet or mg/capsule (retrieved quantity in %).

15



WA

ELHT - BERER

[=]}

Journal of Food and Drug Analysis. 1999. 7(1)

SEE - FE [ JTBEBES ] www.angle.com.tw

OH 0 CH;
CH3 l\{
N I >
OH (fH3 ?H3 7
| 02 >N~ "N
CH—CH—N—CH; Il I
NH—C—CHj; CH3
Methylephedrine Acetaminophen Caffeine
Cl
,CH3 (I)H
CHCH.CHN OCH, —CH—CH,0H
N CH;
O o
CH;0
Dextromethorphan Chlorpheniramine Guaifenesin

7

—NH;
OCH,;CHj3

Ethoxybenzamide

A |

CH;—CH—CH—C—NH—C—NH,

Bromvalerylurea

H
CH3O‘@W@CH2$HCH3

Bucetin

Noscapine

Figure 1. The structures of compounds commonly found in cold medicines.

follows. We transferred an accurately-weighed
quantity of acetaminophen, bromvalerylurea, caf-
feine anhydrous, chlorpheniramine maleate, dex-
tromethorphan hydrobromide, ethoxybenzamide,
guaifenesin, dl-methylephedrine hydrochloride,
and noscapine hydrochloride each to a suitable
volumetric-flask respectively. Then, we dissolved
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them in 5 ml of methanol followed by mobile-
phase diluting to make each solution reach a fixed
concentration of 1 mg/ml.

Linearity was studied over the concentration
range as described in Table 1 with 50 pug/ml of
bucetin as internal standard. We separately inject-
ed equal volume (about 20 ) of above solutions
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condition: THF, TEA, 0.1%H;PO, in aqueous solution: CH;CN.

into the HPLC column and recorded the response
ratios of standard, and internal standard peak
obtained from chromatograms. The mathematical
expression of the curves and correlation coeffi-
cient of each individual curve were determined.

The precision of this method was assessed by
carrying out within-day and between-day assays.
The within-day assay was performed on three
replicate samples of three concentrations (as listed
in Table 1) of each drug through the entire proce-
dure in one analysis day. The same procedure was
carried out for five days to perform between-day
assay. Both standard deviation and coefficient of
variation for within-day and between-day assays
were calculated.

The reproducibility (accuracy and recovery)
was evaluated by standard addition method®. We
ground sample A as a placebo and spiked various
amounts of each active ingredient at approximate-
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ly 50%, 80%, 100%, 150% of normal dosage
level, respectively (as shown in Table 2). We dis-
solved them in methanol and followed by mobile-
phase diluting to achieve a series of suitable con-
centrations (the final concentration of internal
standard was 50 pg/ml), to be injected to a HPLC
column. The injection was performed in triplicate
and the active ingredients were quantified accord-
ing to the peak area ratio to internal standard.
Recovery was calculated on the basis of the
labeled amount of active ingredients in sample A
(as a placebo).

For the analysis of commercial products, we
weighed and finely powdered not less than 20 of
sample A~E tablets, respectively. We transferred
an accurately weighed portion of the powder,
equivalent to the labeled claim of active ingredi-
ents in test sample. We dissolved them in
methanol and the procedures were similar to the
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Figure 3. The chromatogram of ten compounds

tested.

1. Methylephedrine HCI 2. Acetaminophen

3. Caffeine anhydrous 4. Chlorpheniramine maleate

5. Guaifenesin 6. Noscapine HCI

7. Ethoxybenzamide 8. Bucetin (internal standard)

9. Bromvalerylurea 10. Dextromethorphan HBr

Column: Inertsil ODS-3V column (Spum, 250 mm x 4.6
mm).

Mobile phase: 2% Tetrahydrofuran, 0.2% Triethyla-

mine, 0.1% H3PO, in aqueous slotion: CH;CN (85: 15)

pH=2.70.

Detector: UV 205 nm.

Flow rate: 1.0 ml/min.

reproducibility test. The quantity of active ingre-
dients were calculated by measuring the peak
responses obtained from the chromatogram of
standard solution and sample solution, respective-

ly.

RESULTS AND DISCUSSION

The structures of these ten compounds are
shown in Figure 1. Most of them are amine drugs
except for guaifenesin. It is general known that
amine compounds give severely tailing peaks in
reversed-phase HPLC®), Residual silanol groups
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and metal impurities in column packing materials
can be the cause of peak tailing in reversed-phase
HPLC. Strongly tailing appears when we used
conventional Cg or C,g columns. To prevent this
problem, we used highly purified silica gel with a
low content metal impurities and full end-capping
column®. Thus, when an Inertsil ODS-3V col-
umn (5 um, 250 x 4.6 mm) was used for the test-
ing, the peak tailing problem could be prevented.

Optimization of the separation of the ten com-
ponents in HPLC was achieved by controlling the
difference in the capacity factor (k’) and resolu-
tion factor (Rg) of them. The effects of pH value,
organic modifier, and additives of mobile phase
on k£’ and Rg of the ten components were systemi-
cally studied by changing one of these parameters
in turn while keeping the others constant. Ternary
solvent system was performed to decrease reten-
tion time and improve resolution. THF demon-
strated to be a very selective organic modifier in
our preliminary test.

The pH value of the buffer normally plays an
important role in the separation since it deter-
mines the extent of ionization of each analytes.
Thus, manipulation of buffer pH value is usually a
key strategy for optimizing the separation in
HPLC. The pH value of the aqueous solution in
mobile phase was adjusted with phosphoric acid
from 2.5 to 3.65, while keeping the acetonitrile
and aqueous solution at the constant level of 15
and 85% (v/v) respectively. Similarly, the TEA
concentration was constant at 0.15% and the THF
concentration was maintained at 2% in 0.1%
phosphoric acid solution. The elution orders of
some components were observed to cause change
in the k&’ values. This is illustrated clearly in
Fig.2A. It is fair to conclude that the best HPLC
resolution for these ten components occurs around
pH 2.70.

Alkylamines act primarily by hydrogen bond-
ing to non-derivatized silanol sites, thereby reduc-
ing adsorption and/or ion-exchange effects. The
addition of an alkylamine to a mobile phase can
dramatically improve peak shapes with little loss
of retention. In addition to their ability to reduce
peak tailing, alkylamines are also useful as selec-
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tivity-enhancing agents. Short chain tertiary
amine modifiers like TEA are highly effective in
reducing or eliminating silanophilic interactions.
Triethylamine was added to the mobile phase to
improve the peak shape of these amine analytes
by reducing peak tailing. The effect of TEA con-
centration on &k’ values was studied from 0.1 to
0.5% (v/v) in 0.1% phosphoric acid solution while
keeping the other parameters constant: at 15%
acetonitrile, 2% THF in 0.1% phosphoric acid
solution, pH 2.70, and aqueous solution at the
constant level of 85% (v/v) respectively. The
effect of THF concentration on &’ values was
studied from 1 to 4% (v/v) in 0.1% phosphoric
acid solution while keeping the other parameters
constant : at 15% acetonitrile, 0.2% TEA in
0.1% phosphoric acid solution, pH 2.70, and
aqueous solution at the constant level of 85%
(v/v) respectively. These are illustrated in Fig.2B
and Fig.2C. No major changes in the k¥’ values of
the ten components were observed, but resolu-
tion(Rg) and shapes of peaks of the ten compo-
nents were improved.

As shown in Fig.2D, the effect of acetonitrile
on k’ was studied from 12 to 18% (v/v).
Significant decrease in the £’ values of all ten
components were found as the concentration of
acetonitrile was increased. The optimum acetoni-
trile concentration for the separation of these ten
components is about 15% (Fig.2D). As a result, a
suitable mobile phase of 2% THF, 0.2% TEA in
0.1% phosphoric acid solution: acetonitrile
(85:15) adjusted to pH 2.70 with phosphoric acid
was thus determined.

An analysis of drug formulas was accom-
plished in a reversed-phase Inertsil ODS-3V col-
umn (5 W, 250 x 4.6 mm), using as the mobile
phase 2% THF, 0.2% TEA in 0.1% phosphoric
acid solution : acetonitrile (85 : 15, v/v) adjusted
to pH 2.70 with phosphoric acid at a flow-rate of
1.0 ml/min, and a ultraviolet detector operated at
205 nm. Figure 3 showed a typical chromatogram
of the ten components, the capacity factors, reso-
lution factors, and limits of detection (LOD, sig-
nal to noise ratio=3) were described in Table 1.

The calibration curves showed linearity and

20
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the mathematical expression of the curves were |
showed in Table 1, respectively, using bucetin as
the internal standard. The correlation coefficient
of each individual curve was greater than 0.9998,
showing good proportionality between the con-
centration and detector response. The precisions
were also shown in Table 1. The within-day preci-
sion had the coefficients of variation (CV)
between 0.03% to 0.85% and the between-day
precision ranging from 0.06 to 0.95%. The evalu-
ation of recovery and application of this method
in commercial products were shown in Table 2.
The accuracy were from 99.4% to 102.7% for the
recovery test. The HPLC chromatograms of five
commercial products were shown in Figure 4 and
no interference was observed in these chro-
matograms by excipients from these commercial
products. It demonstrated that this method might
be applied to qualitative and quantitative analysis
of complex cold medicines.

In conclusion, a practical method has been
developed and validated for simultaneous qualita-
tive and quantitative determination of aceta-
minophen, bromvalerylurea, bucetin, caffeine,
chlorpheniramine maleate, dextromethorphan
hydrobromide, ethoxybenzamide, guaifenesin,
methylephedrine hydrochloride, and noscapine
hydrochloride in solid pharmaceutical dosage
forms. The method can be optimized for maxi-
mum resolution and minimum elution time for the
ten components in various matrices by adjusting
the key mobile phase parameters such as pH, TEA
and the organic modifiers. This procedure does
not involve any extraction or reaction steps. It can
be easily mixed with an internal standard solution
and analyzed via HPLC. The results indicate that
this analytical method is simple, specific, accu-
rate, sensitive, reproducible, and reliable.
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