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A HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC METHOD
FOR THE SIMULTANEOUS ASSAY OF ASPIRIN, CAFFEINE,
DIHYDROCODEINE BITARTRATE AND PROMETHAZ INE
HYDROCHLORIDE IN A CAPSULE FORMULATION

S.L. Yang*, L.0. Wilken and C.R. Clark
Department of Pharmacal Sclences
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ABSTRACT

A method for the simultaneous quantitation of aspirin, caf-
felne, dihydrocodelne bitartrate and promethazine HC| was devel~
oped using reversed-phase, solvent-programming high-performance
l1quid chromatography. Llinear gradient elution with acetonitrile
In phosphate buffer (from 15:85 to 56:44) allowed all compounds
to elute from a C-18 column within 7 min with adequate resolution.
This method also allowed the resolutlion and quantitation of sall~
cylic acld, the principle decomposition product of aspirin. CV%
of elght determinations each of aspirin, caffeine, dihydrocodeine
bitartrate and promethazine HCI are 0.64, 1.25, 3.37 and 1.72,
respectively, and percent recoverles from spiked preparations
were 100.25, 100.03, 100.45 and 98.00, respectively. This assay
method was shown also to be suitable for dissolutlion studies
with water or acetate buffer as the dissolution medium.

AINTRODUCT 10N
Some oral combination pharmaceuticals designed for symptomatic
rellef from the dlscomfort associated with common colds contain
drugs having analgesic, antihistaminic, antitussive, and stimulant
effects. Some of the nonprescription analgesic preparations or

pain rellevers contain aspirin and caffeine whereas some of the

prescription products contain codeine phosphate or dihydrocodeine
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bitartrate and promethazine hydrochloride In combination with
aspirin or acetaminophen (1,2), Several such commercial preparations
have been avallable and are now marketed. The simultaneous assay

of mixtures of these and related drugs presents many difficultles

and can be very time consuming, especlally if the NF procedures
are fol lowed (3).

The Instablility of aspirin and 1ts ready hydrolysis to salicylic
acld, the major decomposition product, cause difficulty with
some proposed assays for the analgesic, A fluorometric method
(4) and a colorimetric method (5) for aspirin determinations
depend upon hydrolysis of asplrin fo sallcylic acld. These methods
lack specificity for aspirin.

Other Investigators have reported the application of HPLC
techniques for the separatlion and quantitation of asplrin-containing
combination drug dosage forms (6-9). One of these methods was
reported to be very successful In the simultaneous quantitation
of six active Ingredients without interference from salicylic
acld (8). The method reported hereln Is a reversed-phase gradlent
elution procedure applied to the assay of a capsule formulation
containing dihydrocodelne bitartrate, caffelne, aspirin and prome-
thazine hydrochloride. The formulation Ingredients, salicylic
acld and acetani|ide (internal standard) were eluted and detected

with adequate resolution in a reasonably short period of time.

EXPERIMENTAL
Apparatus
A Varlan 4200 |Iquid chromatograph conslsting of two constant

dlsplacement pumps and controllers, a mixer module, a multl|inear
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solvent programmer, a septumless Iinjector and a Varlan UV-50 varl-
able wavelength UV detector was used in this study. The retention
times and peak areas were obtained wlth the aid of a Varlan (DS-111
data system and the chromatograms were recorded with a Varian

9176 recorder.

Chemicals and Reagents

Acetonitrile was HPLC grade. Aspirin. caffeine and phoshoric
acld were U.S.P. or N.F. grade. Glacial acetlic acld, sodlium
acetate, salicylic acid and potassium phosphate (monobasic) were
A.C.S Reagent grade. The acetani|ide, promethazine hydrochloride
and dihydrocodeine bitarirate were used as received from Amend
Drug and Chemical Co., Sigma Chemical Co. and Mallinckrodt Chemical
Works, respectively. Double distilled water was used for solution

preparation at all times.

Chromatographic Conditions

A reversed-phase MBondapak C1g column (Waters Assoc., Mijlford,
Mass.}), dp = 10 um, 300x4mm, preceded by a Whatman (Clifton,
NJ) guard column contalning a similar stationary phase but of
dp = 40 um, was used for all analyses. The moblle phase was delivered
to the column by two pumps and a solvent programmer.

Solvent A was 0.01M KH9PO4 In double distilled water, adjusted
to pH 2.30 with phosphoric acid (approximately 1.3 ml Is required
per 2 Ilters) and filtered through a 0.45 um membrane filter (Milli-
pore Corporation, Bedford, MA). Solvent B was a 60% mixture of

acetonitrlie In Solvent A. The solvent programmer was adjusted
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so that the Initial concentration of solvent B In the mobile phase
was 25% (equivalent to 15% acetonlitrile) and the final concentration
of solvent B was 93% (equivalent to 56% acetonitrile), with a Iinear
gradient slope of 9.5% of solvent B per minute. The flow rate
was 2 ml/minute.

The Injection volume was 5.0 Wl for the determination of
dlhydrocodeine bitartrate, caffelne, and promethazine hydrochloride;
1.0 ul for the determination of aspirin.

The UV detector was operated at a wavelength of 247 nm and
a sensitivity of 0.1 AUFS., The entire HPLC system was operated

at amblent temperature at all times.

Preparation of Stock and Standard Solutlions

The stock solutlion of the Internal standard, acetanillide,
was prepared at a concentration of 1.0 mg/mi in a 10% mixture
of ethanol in water. The stock solution of promethazine hydro-
chloride In water was prepared at a concentration of 0.625 mg/ml.

The standard solution was prepared by dissolving 357.0 mg
aspirin and 50.0 mg of sallcylic acid In 15 m! of ethanol, then
exactly 10 m! of the stock solution of the internal standard
and exactly 10 ml of the stock solution of promethazine hydrochlo-
ride were each pipetted into this aspirin solution. Then 16.0 mg
of dlhydrocodeine bitartrate and 30.0 mg of caffeine were dissolved
Iin the resulting solutlon which was then diluted with water to
approximateiy 70 mi and quantitatively flltered through a sintered
glass filter of medlum porosity. The filtrate was combined with

all rinsing solutions and diluted to exactly 100 ml with water.
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This resulting standard solution should contain 0.16 mg/mi
of dihydrocodeine bitartrate, 0.30 mg/ml of caffelne, 3.57 mg/ml
of aspirin, 0.50 mg/ml of sallcylic acid, 0.0625 mg/ml of promethazine
hydrochloride and 0.10 mg/ml of Internal standard 1f there Is
no loss of Ingredients during filtration.

Similar solutions containing known quantities of each of
the ingredlients and Internal standard were prepared without flltration
and analyzed by the HPLC procedure. No significant differences
In the Integrated results were observed as compared with the
filtered standard solution, Indicating that filtration does not

remove the ingredients from the solution.

Preparation of Sample Solutions From Capsules

The powder In each of the randomly selected capsules was
quantitatively transferred and dissolved in a mixture of approxi-
mateiy 10 ml of ethanol and 50 m! of water into which 10 ml of
the stock solution of the Internal standard was added. This
mixture was quantitatively filtered through a sintered glass
filter of medium porosity and the filtrate was diluted with water
to exactly 100 ml. The solution thus prepared from a capsule
with 100% of label amounts should contain the same concentrations
of each Ingredient as those of the standard solution except that

no salicyllc acid would be present.

Preparation of Placebo Solution
Powdered excliplents of the amounts contalned in one capsule

were placed in 70 ml of a 10% mixture of ethanol in water. This
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mixture was then filtered and diluted to exactly 100 m|l in a
manner similar to that of the preparation of the sample solutions.
No interference from this blank solution was detected under

the chromatographic conditions previously described.

Recovery of Drugs from the Capsule Formulation in the HPLC Assay

The exciplents and drug ingredients of 100% of the label

amounts In one capsule were mixed with 10 ml of ethano! and 50
m| of water to which was added 10 ml| of the internal standard
solution. This mixture was then flltered and diluted to 100
ml In a manner similar to that in the preparation of the standard
solution. The resulting spiked solution was Injected and the
recovery rate of each Ingredient was calculated by comparling

the chromatographic results with those of the standard solution.

Application of Assay to DiIssolutlon Study

The recovery of each drug ingredient in the HPLC analyses
for a proposed dissolution study was investigated. Double distillied
water and 0.05M acetate buffer of pH 4.50 (10) were each used
as the dlssolution media.

The standard solution was prepared by dissolving the label
amounts of the drug ingredlents of one capsule in 500 ml of a
2% mixture of ethanol in water. An aliquot of 7 ml of this
mixture was filtered through a 0.22 pum membrane filter (MIl|ipore
Corp.) and exactly 5 ml of the filtrate was mixed with 1 ml of
the Internal standard solution, which was prepared at 0.1 mg/ml,

and d!luted to 10 m! with water.
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Spiked solutions were prepared In a similar manner except
that the capsule excipients and an empty gelatin capsule were
Included in the preparation, and water and acetate buffer were
each used as diluents. The spiked solutions were assayed chromato-
graphically with the injection volume being 40 ut. The results
were compared to those of the standard solution which contained
simtlar concentrations of all Ingredients. Placebo solutions of
500 m! each were prepared from the exciplients and an empty gelatin
capsule both in water and in acetate buffer. No assay Interfer-
ences from these placebo solutions were detected under the chroma-

tographic conditlions previously described.

RESULTS AND DiSCUSSION

The Assay Method

The HPLC method described herein for the simultaneous assay of
aspirin, caffeine, dlhydrocodeine bitartrate and promethazine hy-
drochloride in a capsule formulation is rapid, simple, reproducible,
accurate and convenient. The use of the gradient elution technique
resulted in definite advantages over the isocratic method of Das
Gupta (8). The gradlent elution method reduced total assay time
from more than 30 min. to 7.5 min. and, at the same time, greatiy
narrowed the promethazine peak. Also the resolution of all peaks
was excellent and the degradation of aspirin to sallcylic acid
could be followed by quantitating the salicyllic aclid peaks.
This method enables the simultaneous measurement of small quanti-

ties of sallcylic acld (0.5mg/capsule) in such formulation.
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This HPLC method elutes dihydrocodeine in approximately
2.4 min, caffeine in approximately 2.9 min, acetani!lde In approxI-
mately 4.1 min, aspirin In approximately 4.6 min and promethazine
in approximately 6,7 min. Sallcyllc acld, the princlpal known
decomposition product of aspirin Is eluted In approximately 5.3
min, The low pH (2.3) of the moblle phase !s Important for satis-
factory resolution between aspirin and sallcylic acld (8).

Quantitation of small amounts of sallcyllc acid Is possible
due to its high UV absorptivity which Is almost 4 times that of
aspirin. Promethazine was found to have a much stronger affinity
to the stationary phase of thlis column material than the other
drug ingredlents. Isocratic elution of thls formulation with
mobile phases of different acetonitrile strengths was not success=~
ful. In order to quantitate all Ingredients simultaneously.,
gradlent elution techniques were necessary. FIGURE 1 shows the
chromatogram of a standard solution and Identical chromatograms
were obtalned from solutions of placebo formulation splked wlth
drug ingredients. FIGURE 2 shows the chromatogram of a sample
solution prepared from a capsule taken from a contalner which

was exposed to 75% relatlve humidity at 350C for four weeks.

Calculation of the Unknown In the Sample Solution

The amount of each Ingredient In the sample solutlion was
calcuiated by a programmable chromatographic Integrator. A Relatlive
Response Factor (RRF) was determined for each Ingredlent by successive

Injections of the standard solution. The formula In the program lIs
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Conditions;
Moblle phase: Solvent A -
0.1 M KH2PO4 (pH 2.3)

Solvent B - acetonitrile CJ Lf
and 0.1 M KH2P04 (pH 2.3)
(60:40) P d

Gradient = 25 - 93%
IInear of Solvent B el
at 9.5%/min

Flow rate: 2 mi/min

Detection: UV @ 247 nm

Back pressure: 1500 ps|

injection volume: 5 i

Peak Identification:
a. solvent peak
b. dlhydrocode!ne

bitartrate 0.16 mg/mi
c. caffelne 0.30 mg/m|
d. acetan!lide 0.10 mg/m!
e. aspirin 3.57 mg/m!
f. sallcyllc acid 0.50 mg/ml
9. promethazine HCI  0.0625 mg/m!

Chart speed: 0.5 cm/min
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FIGURE t.

HPLC separation of standard solution on a yBondapak Cig
column (dp = 10 ums 300 X 4 mm).
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Conditlons:
Column: Bondapak Cyg
(dp = 10 m, 300 X 4 mm)

Y Mob!le phase: Solvent A - C O
3 0.1 M KHzPO4 (pH 2.3) d
g Solvent B - acetonitrile
and 0.1 M KH2PO4 (pH 2.3)

5 (60:40) P 'q
g Gradlent = 25 - 93%
= | Inear of Solvent B
s at 9.5%/min
o Flow rate: 2 mi/min
5 Detectlion: UY & 247 nm
g Back pressure: 1500 psi
g Injection volume: 5 ul
5 Peak Identiflicatlion:
2 a. solvent peak
Qi b. dlhydrocodelne
2 biltartrate 0.17 mg/mi
S c. catfelne 0.30 mg/mi
3 d. acetani|ide 0.10 mg/ml
bt e. asplrin 3.61 mg/m!
e f. sallcylic acld 0.03 mg/mi
%% g. promethazine HCI  0,0582 mg/m)
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FIGURE 2.

HPLC separation of a sample solution prepared from a capsule selected
from a container stored at 35°C and 75% relative humidity for 4 weeks.
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Area Counts

(interpal standard)

Amoun*(lnfernal standard) Amoun+(drug)

Area Counfs!drggl

X RRF

The calculated RRF of each ingredient was then programmed
into the integrator for the determination of the unknown amount

In the sample solution:

RRF X Area Counfs(druq) X Amoun‘l'([n,r |_standard)

Amount
(drug)
Area Counts(internal standard)

A minimum of triplicate injections was performed for each

determlination.

Standard Linearity

Injections of four different volumes, 2.5, 5.0, 7.5 and
10ul, were made from the standard solution. The amounts of drugs
contained in such injection volumes covered a range of 0.400 -
1.600 ug for dihydrocodeine bitartrate, 0.750 - 3.000 ug for
caffelne, 8.930 - 35,700 pug for aspirin and 0.156 - 0.625 ug
for promethazine hydrochloride. For each injection volume, a
minimum of triplicate injections were performed. Standard |inea-
rity was examined over these ranges.

High Iinear correlation was found for all Ingredients over
the ranges examined. The least square regression analysis of
the peak area responses gave correlation coefficients greater

than 0.999 for all four Ingredients.

Reproducibliity of the Chromatographic Procedures
Eight determinations of each of the Ingredients In the standard

solution were performed according to the chromatographic procedures
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described. The coefficient of varlability (CV) was calculated
as @
Cv = 100s &%
y

where s Is the standard deviation of the eight determinations
of each ingredient, ? Is the mean. The reproducibillity of this

HPLC assay Is shown In TABLE 1.

The CV values for dihydrocodelne bitartrate, caffeine, aspirin
and promethazine hydrochloride were 3.37, 1.25, 0.64 and 1.72%,
respectively. The higher CV of dihydrocodelne bitartrate Is the

result of its low UV absorptivity at 247 nm, which is even lower
at 254 nm. |f the peak areas are determined manually, It Is deslr-

able to change the detector wavelength to 285 nm during the elution

TABLE 1

Reproducibility of HPLC Assay

Mean of Elght Range of Eight
Ingredient Determinations Determinations Cv %
(mg/100ml) {mg/100m!)
+ Sba

Dihydrocodeline 15.99 + 0.54a 15.23 - 16,99 3.37

bitartrate
Caffeine 30.42 + 0.38 29,96 - 31,20 1.25
Aspirin 359,85 + 2.31 355,63 - 362.08 0.64
Promethazine 6.38 + 0,11 6.23 - 6,52 1.72

hydrochloride
aStandard deviation, n = 8
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of dihydrocodeline bitartrate In order to obtain a stronger absorption.
The other Ingredlents should still be detected at 254 nm or 247 nm
because of thelir poor absorptlvity at 285 nm. Ten capsules were ran-
domly selected from one lot and Individually assayed for thelr con-
tents with this procedure. A minimum of triplicate analyses was
performed for each determination. The results are listed In TABLE
2,
Recovery Rates

The recovery rates of each ingredient from the prepared solutions

for capsule contents assay and for dissolution study are shown

TABLE 2

Assays of 10 Capsules

Acceptable

Average Amount Range for Contents Range

per Capsuled of 10 (85-115%

Ingredlent (mg) Capsules of Label
+ SDb (mg) Amount) (mg)

Dihydrocodeine 16.19 + 0.87 14,83 - 17,63 13.60 - 18,40
bltartrate
Caffelne 31.37 + 0.92 30,69 - 33,64 25.50 - 34.50
Aspirin " 369.00 + 8.02 352,87 - 379.10 303.45 - 410,55
Promethazine 6.68 + 0,25 6.35 - 6.99 5.31 - 7,19
hydrochloride
@intmum of tripllicate determinations for each capsule.
bstandard deviation, n = 10
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TABLE 3

Percent Recovery from Prepared Solutions

Capsule Content

Ingredient Assay@sb b,c
Waterd Waterd Acetate Bufferd

(pH=4,50)

Dihydrocodelne 100.45 99.87 97.97

bitartrate

Caffeine 100.03 98.98 98.28

Aspirin 100.25 98.03 97.76

Promethazine 98.00 101.44 92.07

hydrochlor Ide

aSpiked solutions were prepgred from 100% [abel amounts and exci-
plents.

bEach value Is the mean of a minimum of triplicate determinations.

CSpiked solutions were prepared from 100% label amounts, exclpients
and an empty gelatin capsule.

dsolvent for the splked solutions,

in TABLE 3, Both water and acetate buffer can be used as the
dissolution media for the HPLC assay of the sample solutions.
If acetate buffer 1s chosen as the dissolution medium, the standard
solution must also be prepared In acetate buffer In order to
improve the recovery rate. Because aspirin is the dissolution-
rate-limiting ingredient in this formulation, the acetate buffer
as described In the monograph of Asplirin Capsules of USPXX may
be selected as the dissolution medium for this capsule formulation.

The solvent=-programming reversed-phase HPLC procedures reported
in this paper provided a rapid, simple and quantitative assay

method for the simultaneous determination of asplirin, caffeine,
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dihydrocodelne bltartrate and promethyazine hydrochloride In

a gelatin capsule formulation.

CONCLUSIONS

An HPLC method for the simultaneous quantitative determination
of aspirin, caffelne, dehydrocodeine bitartrate, promethazine
hydrochloride and sallicylic acld In a gelatin capsule formulatlion
was developed. The method uses acetanllide as an internal standard.

The advantages of the method include the following:
1. Excellent resolution of the six substances is ob-

tained with gradient elution.

2. The method 1Is rapld, requiring approximately 7

minutes for the completion of each assay.

3. The method allows the quantitation of salicylic

For personal use only.

acld, the major degradation product of aspirin,
in the presence of the other substances.

4, The recovery and preclsion data show that the method
Is suitable for the analysis of solid pharmaceutical

dosage forms.
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