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ABSTRACT

Paired ion high pressure liquid chromatography has been shown to 

be a useful technique for the separation of intact catecholamines: 

epinephrine hydrochloride, isoproterenol hydrochloride, levodopa and 

methyldopa from some of their products of decomposition. Furthermore, 

it has been shown that methyl dopa can be separated either from hydrochloro

thiazide or from levodopa using paired ion chromatography. Under identical 

conditions, without the presence of 1-heptane sulfonic acid (the counter 

ion for paired ion ch'romatography) in the mobile phase, these separations 

are not possible. The phenylephrine hydrochloride has also been separated 

from phenylpropanolamine hydrochloride, brompheniramine maleate and 

sodium benzoate successfully using the counter ion. Moreover, paired 

ion chromatography has been applied to the quantitative determination 

of isoproterenol hydrochloride, levodopa, methyl dopa and phenylephrine 

hydrochloride in some, commercial dosage forms. The results obtained 

by the developed method have been compared with other literature methods. 

The comparison is very favorable.
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CHAPTER I

INTRODUCTION

The sympathomimetic drugs, epinephrine, isoproterenol and phenyle

phrine are some of the most extensively studied pharmacological agents 

employed in chemotherapeutics (1). The catecholamines, epinephrine and 

isoproterenol, are considered direct acting adrenergics in that both a 

and 8 receptors are stimulated to various degrees (2). Methyldopa is 

extensively used as a hypotensive agent (3) and levodopa is used in 

Parkinson's disease (4). Phenylephrine has an action similar to that 

of norepinephrine, but is less potent and has a longer duration of action

(5) . All of these catecholamines have wide acceptance, which is re

flected by the many marketed formulations and the variety of pharmaceu

tical dosage forms.

The catecholamines, epinephrine, isoproterenol and methyl dopa are 

structurally related. Epinephrine, isoproterenol, methyldopa and levo

dopa have OH groups substituted in the 3 and 4 positions of the benzene 

ring. Since 0-dihydroxybenzene is also known as catechol, amines with 

these OH substitutions in the aromatic ring are termed catecholamines

(6) . Methyldopa is an analog of 3-(3,4-dihydroxyphenyl) alanine (levo

dopa). Phenylephrine is not a catecholamine as it lacks the 4-hydroxyl 

group on the benzene ring; otherwise, the structure of phenylephrine is 

similar to epinephrine (5). The catecholamines and phenylephrine under 

these investigations have the following structures (7):



2

OH

ch2nhr
R = CHg Epinephrine

R = CH(CHg)2 Isoproterenol

Methyl dopa

Levodopa

Phenylephrine

Literature Survey

Numerous methods (Table I) have been described for the analysis of 

epinephrine, isoproterenol, methyl dopa, levodopa and phenylephrine in 

pharmaceutical dosage forms.

Epinephrine *

The United States Pharmacopeia (8) procedure for the assay of epine

phrine in commercial formulations is based on the formation of a triacetyl 
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derivative by reaction with acetic anhydride and then the determination 

of the specific rotation of tri acetylephrine. This method, involving 

several extractions, is tedious and time consuming (1). Also, this 

method requres at least 30 mg of epinephrine for the assay and is thus 

not applicable to low dosage epinephrine solutions (9). The quantitative 

determination of epinephrine using a colorimetric assay method has also been 

reported (10). This., method is based on a reaction with semicarbazide in 

an alkaline medium. In this case, the absorbance is measured at 396 nm 

(wavelength of maximum absorption for epinephrine) and 485 nm (wavelength 

of maximum absorption for norepinephrine). The development of the color 

reaches its maximum after 30 minutes at room temperature. Sodium chlo

ride, chlorobutanol and sodium metabisulfite, which are usually present 

in injectable dosage forms, do not interfere with the assay method. The 

authors, however, did not try this method on other catecholamines and 

their products of decomposition.

James (9) reported the fluorometric determination of epinephrine in 

low dosage injections and in lidocaine hydrochloride-epinephrine combina

tions. The method isolates unchanged epinephrine from its sulfonic acid 

salt and from lidocaine hydrochloride by utilizing ion-pair formation 

and partition chromatography. It also involves column packing and thus 

is time consuming. Also, this method does not describe the column chroma

tographic variables, such as the tightness of the packing of the station

ary phase in the column and the rate of elution. Choulis (11) reported 

separation of adrenaline from noradrenaline and dopamine and its quanti

tative determination using thin layer chromatography. The quantitative 

determination of the^eparated adrenaline is achieved by two methods, 

(a) by using a densitometer and (b) by elution of the spots and 
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measuring the ultraviolet absorption of the eluents. For the densitometer 

method, a linear relationship between the spot area and the weight of the 

compound is found when silica gel or alumina plates and either solvent 

system (butanol:acetic acid:water, 4:1:5 v/v or phenol:water, 8:2 w/w) 

are used. This relationship shows the dependence of the spot upon the 

amount of the sample used. Although the size of the spot varies with 

the thickness of theilayer, the temperature of the experiment and the 

purity of the solvent used, the observed results are reproducible within 

+ 5%. For the elutiqji method, the recovery of the compounds is 93 and 

97%, respectively, for thin layers of alumina or silica gel. A recovery 

of below 85% is observed when cellulose layers are used.

Prasad et al. (12) reported an improved spectrofluorometric method 

for the assay of epinephrine. This method depends on the initial oxida

tion of epinephrine with iodine to a reddish pigment, adrenochrome, which 

is subsequently cyclized with an alkali to adrenolutin, which is respon

sible for the fluorescence. This method has the disadvantage of interfer

ence from sodium bisulfite which is used as an antioxidant in many com

mercial liquid formulations. Since sodium bisulfite interferes with the 

development of fluorescence, the removal of sodium bisulfite by oxidation 

with excess potassium ferricyanide (0.58%) and zinc sulfate (0.58%) was 

attempted. The authors concluded that the interference of sodium bisul

fite could not be eliminated.

Boon et al. (13) reported a gas chromatographic determination of 

adrenaline in pharmaceutical dosage forms. This method involves deri- 

vatization with N,d-bis(trimethylsilyl) acetamide. The authors state 

that this method has*a problem of reproducibility at lower concentrations 

of epinephrine (less than 0.05%) and is not valid in preparations where 
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more than 50% decomposition of the compound has occurred. Fu et al. (14) 

reported a quantitative high pressure liquid chromatographic method for 

the determination of epinephrine is pharmaceutical formulations. They 

used a column packed with a cationic exchange resin. The mobile phase 

consisted of 0.05 M KF^PO^ at pH 4.5, which was degassed by using vacuum 

suction. The authors did not try this method on other catecholamines.

Isoproterenol and Phenylephrine

According to the United States Pharmacopeia (15), both isoproternol 

and phenylephrine hydrochloride are extracted quantitatively from pharma

ceutical solutions or tablets by ion-pair formation with bis(2-ethylhexyl) 

phosphoric acid in ether, followed by partition chromatography of the 

solution through a buffered (pH 5.80 +0.05) siliceous earth column. 

Isoproternol sulfonic acid, if present, reportedly remains adsorbed on 

the stationary phase (16). The National Formulary (17) employs a colori

metric assay method for the analysis of isoproterenol sulfate in tablets 

and in aerosol spray preparations. This procedure would be inadequate 

where the product has undergone oxidative decomposition or is contami

nated with other ultraviolet light absorbing substances (1). Levine et^ 

al. (18) have described a method similar to the USP (15) for the deter

minations of phenylephrine in combination with other drugs. This parti

tion system is effective in the analysis of phenylephrine in combination 

with acetaminophen., dextromethorphan, dihydrocodeinone and the antihis

tamines. Phenylpropanolamine is not completely removed by this treat

ment. This compound is separated from phenylephrine by passing the 

bis(2-ethylhexyl) phosphoric acid complex of both compounds through a 

sodium hydroxide colfmn. The sodium hydroxide column is prepared with 

3 g of diatomaceous earth and 2 ml of 0.5 N NaOH solution and mounted 
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directly below the sample column. This traps only the phenylephrine, 

which subsequently is released when the column is neutralized.

Kaistha (19) has described a modified method for the determination 

of isoproterenol and isoproterenol sulfonic acid in pharmaceutical dosage 

forms. The chromatographic method (15), based on ion-pair formation with 

bis(2-ethylhexyl) phosphoric acid, has been modified to a simple shake 

out procedure. Though this method is simpler than the USP (15) method, 

it still involves several extractions. Shotton et al. (20) reported an 

assay method for phenylephrine applicable to stability studies. The 

procedure depends on the separation of the active ingredients by a cation 

exchange resin and subsequent determination of the UV absorbance at two 

selected wavelengths. This method does separate the intact drug from 

its products of decomposition, but it is time consuming. Prasad et al. 

(21) have described an improved spectrofluorometric method for the assay 

of isoproterenol hydrochloride injection. The method depends on the 

initial oxidation of 'isoproterenol hydrochloride with iodine-potassium 

iodide solution in a pH 4.0 buffer. The fluorescence is stabilized with 

an alkaline ascorbate solution.

Dombroski et al. (22) have described the gas-liquid chromatographic 

determination of phenylephrine hydrochloride in human plasma. In this 

procedure, the plasma components that interfere with the assay are re

moved using ion-exchange chromatography. Derivatization of the isolated 

phenylephrine hydrochloride with trifluoroacetic anhydride produces a 

sharp symmetrical peak when chromatography is carried out using a QF-1 

column (fluorosilioone) and is monitored with an electron-capture detec

tor. Doulakas (23) l^s reported a colorimetric method for the determina

tion of phenylephrine hydrochloride in eye drops. In this method, the 
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sodium hypobromite reagent reacts with phenylephrine to form a yellow 

color with an absorbance maximum measured at 385 nm. According to the 

authors,"this method is effective for the intact drug, but it is not 

effective in the presence of degradation products. Koshy et al. (24) 

reported a colorimetric determination of phenylephrine using 4-amino- 

antipyrine. The method involves controlled oxidation of phenylephrine 

with potassium ferricyanide in a borate buffer and then coupling with 4- 

aminoantipyrine. The color developed is measured at a wavelength of 

500 nm using a spectrophotometer.

Methyl dopa

The United States Pharmacopeia (25) describes a colorimetric assay 

method for methyl dopa in tablets. The method involves reacting methyl- 

dopa with ferrous tartrate solution in an ammonium acetate buffer (pH 8.5) 

and determining the absorbances of both standard and sample solutions at 

a wavelength of maximum absorbance of about 520 nm with a suitable spectro

photometer, using the blank in the reference cell. The investigations 

in our laboratory showed that this method is effective for the intact 

drug, but is not effective in presence of its decomposition products. 

Watson et^al_. (26) have reported a gas-liquid chromatographic method for 

the analysis of methyldopa in commercial tablet dosage forms. The method 

involves the trimethylsilylation of the drug or drug mixture with N,0- 

bis(trimethyl silyl) acetamide in acetonitrile at ambient temperature for 

90 minutes. The derivatives are eluted isothermally at 170° C from a 

methylsilicone column. The quantitation of the components is affected 

by simple computation, relative to di benzyl succinate as the internal 

standard using a flaffe ionization detector. This method separates closely 

related foreign amino acids which could be associated with the parent 
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drug. Chu (27) separated methyldopa from other components in commerical 

mixtures using a cation exchange resin and then measured the eluted 

methyldopa spectrophotometrically at 280 nm. This method lacks specifi

city in the presence of other phenylalanine amino acids (26).

Levodopa

The United States Pharmacopeia (28) employs the spectrophotometric 

assay method (maximum absorbance at 280 nm) for levodopa tablets and 

capsules. The investigations in our laboratory showed that this method 

is effective for the intact drug, but is not effective in the presence 

of its decomposition products. Imai et al. (29) measured urinary and 

plasma levodopa levels by derivatization of the purified extract of the 

drug to N-trifluoroacetyl-n-butyl ester, using a gas-liquid chromatograph 

with an electron-capture detector. Watson (30) has reported a gas-liquid 

chromatographic method for the quantitative determination of levodopa in 

commercial products. The procedure involves silylation of the drug or 

drug mixture with N,O-bis(trimethylsilyl) acetamide in acetonitrile at 

room temperature for 30 minutes prior to isothermal chromatography on a 

methyl silicone column with flame ionization detector.

Persson et al. (31) have reported the application of high perfor

mance ion-pair partition chromatography for the separation of biogenic 

amines and their metabolites. This study includes catecholamines, sero

tonin and 5-hydroxy-indol-3-acetic acid. The amino compounds and amino 

acids have been separated as perchlorate ion-pairs and the carboxylic 

acids as ion-pairs with tetrabutyl ammonium ions. These authors used 

normal phase high pressure liquid chromatography with organic solvents, 

such as butanol, eth>l acetate and tributyl phosphate in solution with 

methylene chloride and hexane as the mobile phases. The authors, in 
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conclusion, gave some directions to future research. In their opinion, 

the practical utility of their method must be established, and selectivity 

as a function of mobile phase composition and counter ion must be studied 

in order to permit.a reasonable prediction of separation conditions neces

sary to resolve particular mixtures.
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TABLE I

LITERATURE METHODS AVAILABLE FOR THE QUANTITATIVE

DETERMINATIONS OF SOME CATECHOLAMINES AND PHENYLEPHRINE HYDROCHLORIDE

Drug Assay Methods With References

Epinephrine HC1 Polargraphic (8)

Colorimetric (10)

Fluorometric (9,12)

Thin Layer Chromatography (11)

Ion Exchange High Pressure Liquid 
Chromatography (14)

Gas Chromatography (13)

Isoproterenol HC1 Colorimetric (17)

Fluorometric (21)

Ion-Pair Partition Chromatography (15) .

By Ion-Pair Formation (19)

Levodopa Spectrophotometric (28)

Ion-Pair Partition High Pressure Liquid 
Chromatography (31)

Gas Chromatography (29,30)

Methyl dopa Colorimetric (25)

Ion-Pair Partition High Pressure Liquid 
Chromatography (31)

Gas Chromatography (26)

Phenylephrine HC1 ? Colorimetric (23,24)

Ion-Pair Partition Column Chromatography (15,18)

Ion-Exchange Column Chromatography (20)

Gas Chromatography (22)
a , ..  ------ -----  —
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CHAPTER II

INTRODUCTION TO HIGH PRESSURE LIQUID CHROMATOGRAPHY

Liquid chromatography refers to any chromatographic process in which 

the moving phase is a liquid in contrast to the moving gas phase in gas 

chromatography. The difference between modern high pressure liquid chro

matography and traditional column chromatography or thin layer chromato

graphy includes details of equipment, materials and technique (32). The 

modern liquid chromatograph offers major advantages in convenience, 

accuracy, speed and the ability to carry out difficult separations. To 

appreciate the unique value of modern liquid chromatography, it will 

help to draw two comparisons: (a) liquid chromatography versus gas chro

matography and (b) modern liquid chromatography versus traditional liquid 

chromatographic procedures (33).

(a) The ability of gas chromatography to separate and analyze complex 

mixtures is now widely appreciated. However, many samples cannot be 

handled by gas chromatography, either because they are insufficiently 

volatile and cannot pass through the column or because they are thermally 

unstable and decompose under the conditions of separation. It has been 

estimated that only 20% of known organic compounds can be handled satis

factorily by gas chromatography without prior chemical modification of 

the compounds. Liquid chromatography, on the other hand, is not limited 

by sample volatility or thermal stability. Thus, a wide variety of com

pounds of biomedical interest can be separated by liquid chromatography. 

Chromatographic separation is the result of specific interactions or an 

equilibrium distribution of sample molecules between the stationary and 

moving phases. These interactions are essentially absent in the moving 
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gas phase of gas chromatography. Thus, liquid chromatography provides 

an additional variable for controlling and improving separation. Chroma

tographic separation is generally enhanced as the temperature is lowered, 

because intermolecular interactions then become more effective. Since 

the liquid chromatograph is operated at room temperature, this favors 

the distribution equilibrium (33).

(b) In classical liquid chromatography, a column can not be used 

repeatedly because of contamination of the column packing due to adsorbed 

solute, and it has.tq, be discarded. Therefore, a new column has to be 

packed for each separation, and this represents a significant expense 

of both manpower and material. The application of the sample also needs 

some skill. The solvent flow in classical liquid chromatography is 

achieved by gravity feeding of the column, and individual sample fractions 

are collected manually. Since typical separations require several 

hours in classical liquid chormatography, this is a tedious and time 

consuming operation. The detection and quantitation are achieved by 

the manual analysis of individual fractions. In modern high pressure 

liquid chromatography, closed reusable columns are employed, so that 

hundreds of individual separations can be carried out on a given column. 

Precise sample injection is achieved easily and rapidly in modern liquid 

chromatography using either a syringe injection or a sample valve. Sol

vent flow is achieved by means of high pressure pumps. Controlled flow 

results in a more reproducible operation. Detection and quantitation are 

achieved by continuous detectors (refractive index, ultraviolet, etc.) 

of various types (^4). Four separate mechanisms or proceses exist for 

retention of sample Molecules by the stationary phase. These, in turn.
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give rise to four basic liquid chromatographic methods (35).

(a) Liquid-liquid or partition chromatography:

It involves a liquid stationary phase whose composition is different 

from that of the moving phase. Sample molecules distribute between the 

moving and stationary phases, just as in liquid-liquid extraction within 

a separatory funnel. The moving and stationary phase liquids may be im

miscible, or the stationary phase may be chemically bonded to the parti

cles or support.

(b) Liquid-solid or •absorption chromatography:

This involves high surface area particles as the stationary phase, 

with retention of sample molecules occurring by attraction to the surface 

of the particle (35).'

(c) Ion-exchange chormatography:

Ion-exchange chromatography is based on the differing affinities of 

ions in solution for .sites of opposite polarity in the stationary phase. 

It is a process largely confined to media of high dielectric constant, 

in which ionic species are stable. Most ionic separations are carried 

out in aqueous media (36). The column packing contains fixed ionic 

groups, such as -C00~, along with counter ions of opposite charge, Na+. 

The counter ions are also present in the moving phase in the form of a 

salt like NaCl. Ionic sample molecules of the same charges as the 

counter ion are retained by ion-exchange (35).

X+ + -COO" Na+ + -COO" X+

(d) Gel permeation chromatography:

The column packing is a porous material with pores of different 

sizes. Large molecules are excluded from all the pores because they 
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are too large to enter, while small molecules penetrate most of the pores. 

Thus, large molecules move through the column quickly and small molecules 

are retained by the packing. Usually separation in gel chromatography 

is determined strictly by molecular sizes. Thus, for a good separation, 

the difference in molecular size of compounds is essential.

Parameters of Liquid Chromatography

I. Capacity Factor:-; K'

Where n$ = total moles of sample in
n ” ... .

t/i  s stationary phase
nm

nm = total moles of sample in 

moving phase

This can be related to retention time tD and t , K 0

Where tD = time required for the elution
t - t K

K' = ----- -- of sample band
‘'o

t„ = time of elution of non-retained o

component

The capacity factor is the net retention time relative to the time of 

elution of non-retained compound (37).

II. Separation Factor: a

Since the main aim of liquid chromatography is separation of two 

or more components, the relative capacity factors of two components be

come a measure of the column's ability to separate them. This is ex

pressed as the separation factor:
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If the separation factor is unity, the peaks coincide and no separation 

occurs (38).

III. Efficiency: N

The width t in liquid chromatography is commonly expressed in terms 

of theoretical plate number N of the column:

Where tn = time required for the
/ t \2 R

N = 16 I t— j elution of sample band
xrw

t, = band width in time units w

The quantity N is app'roximately constant for different bands in a chro

matogram for a given set of operating conditions (a particular column, 

solvent, flow rate and temperature). Therefore, N is a useful measure 

of column efficiency which is the relative ability of a given column to 

provide narrow bands and improved separation (37).

The quantity N is proportional to column length L:

Where L = Column Length

N = p- H = Height equivalent of

theoretical plate

A central goal in liquid chromatography is the attainment of a small H 

value and a maximum N value. The value of H for a given column is the 

result of various band broadening processes, such as eddy diffusion, 

stationary and mobile phase mass transfer and longitudinal molecular 

diffusion (37).

IV. Resolution:

The usual goal in liquid chromatography is the adequate separation 

of compounds. In achieving this goal, there should be some quantitative 
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measure of relative separation or resolution. The resolution R$ of two 

adjacent bands is expressed as:

R = ^RZ " ^1 

^^wl + ^2^

The quantities t^^ and t^ refer to the retention times of bands A and 

B, respectively, and t and t 2 refer to their band widths (Fig. 1). 

Lager values of R$ mean better separation and smaller values of R$ show 

poor separation (37).

Normal and Reverse Phase Liquid Chromatography

A successful affinity separation is achieved by establishing the 

proper balance between attraction of the solvent and the packing, for 

the sample. In a liquid chromatography column, solvent and packing 

both compete for the sample. If the sample is more like the solvent 

than the packing in terms of polarity, there will be little retention. 

When this occurs, it is necessary to change the polarity of the solvent 

system. An alternative is to change the packing to a type similar to 

the sample. In normal phase liquid chromatography, polar packing, such 

as silica, is used with non-polar solvents such as chloroform or isooctane.

Figure 1. The Resultant Chromatogram
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In reverse phase liquid chromatography, the packing is very non-polar 

while the solvent is relatively polar. Compounds of a very polar nature 

can be separated successfully by reverse phase, when the major differences 

between the components are in the non-polar portions of the molecules. 

Conversely, the separation of very non-polar compounds can best be achieved 

on normal phase polar packing if the differences between the non-polar 

compounds are in the:polar groups. Thus, the separation of many compounds 

can be made by either normal or reverse phase systems (38).

INSTRUMENT: Basic Components

The schematic diagram of a high pressure liquid chromatograph is 

shown in Figure 2. The mobile phase reservoirs hold solvents and are 

sometimes provided with magnetic stirrers for degassing the solvents. 

Degassing is required to eliminate dissolved gases, particularly oxygen, 

which may react with the mobile phase or the stationary phase in the 

column. Degassing also prevents formation of air bubbles in the tubing 

and the detector. Pumps force the mobile phase through the columns. 

The pumping system is one of the most important parts of modern liquid 

chromatography, since the resistance to flow of the long, narrow columns 

packed with small particles is relatively high, and high pressures are 

required. Mechanical reciprocating pumps are extensively used. While 

solvent is being pumped through the column, a dilute solution of the 

sample is introduced into the moving solvent, generally by microliter 

syringe injection through a self sealing elastic diaphragm or septum. 

The different compounds separate into their respective bands while pass

ing through the column (39).
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The Schema’tic Diagram of a Modern High Pressure Liqiud 
Chromatograph

Drain

well designed instrument, dead volume, the volume of the tubing 

between the injector and column, column outlet and detector and flow 

channels in the detector must be minimized to prevent band spreading. 

Chemically bonded columns are thermally and hydrolytically stable and 

available with several types of functional groups and provide for separ

ation of many type's of compounds. As the separated sample components 

elute from the column, they pass through one or more detectors. The most 

widely used detectors are based on change in the refractive index or if 

applicable, absorption at a wavelength of ultaviolet radiation. Since 

every compound has a refractive index, this property serves as a univer

Back 
pressure 
valve

Fraction 
collector

Figure 2.

In a
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sal indicator. Differential refractometers have typical detection cap

abilities of 1 ppm. Absorption at a specific ultraviolet wavelength is 

a more selective detection mode for UV absorbing compounds. This detec

tor is very sensitive, with detection capabilities as low as 0.06 ppm. 

The signals from the detectors are recorded as deviations from a base

line. Either the area of the peak or the height of the peak is related 

to the concentration of the drug injected. The area of the peak is 

calculated either by the equation of the area of the triangle, cutting 

and weighing the peak, by planimeter or more accurately by an integrator. 

The integrator provides values of both retention time and area of the 

peak (38).

Intoduction to Paired* Ion Chromatography

Permanently bonded reverse-phase liquid chromatography is widely 

used for the quantitative analysis of pharmaceutical compounds. However, 

this technique has been most effective in the analysis of non-ionic com

pounds, since separations are achieved on the bases of differential af

finity for a lipophilic stationary and a hydrophilic mobile phase (40).

For ionic compounds, the following equilibrium exists:

0 0

R C OH R CO" + H+ 

Non-ionic Ionic

Weakly ionic compounds (acid and bases) are generally separated by ionic 

suppression. In this technique, the mobile phase is buffered to drive 

the above equilibrium to the left so that the sample is in the less polar, 

non-ionic form. The’operating range of the permanently bonded columns
*

is from pH 2 to 8. Thus, acids with pKa greater than 2 and bases with 
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pKa less than 8 are routinely separated by reverse phase using the ion 

suppression technique.

Theory of Paired Ion Chromatography

Stronger acids and bases are ionic in the pH range 2 to 8, and thus 

are poorly retained or elute as skewed peaks in the systems (40). These 

highly ionic compounds can be analyzed using paired ion reverse phase 

high pressure 1 iquid’’chromatography. When a small amount of an appro

priate counter ion.is added to the mobile phase, retention for ionic 

compounds is consider>ably 

phenomenon:

Non-ionic form ' 0
II 

of sample R' C

xl

Ionic form of R1 C 
II 

sample , 0

The increase in retention time depends upon the concentration of the 

counter ion used. Thus, in contrast to ionic suppression, the pH of the 

mobile phase in a paired ion chromatographic separation is adjusted to 

maintain maximum ionization of both the sample and counter ion. The 

above reaction is thus forced to ionic conditions. The ionic form of 

the sample and the-' ionic form of the counter ion combine to form a sample

counter ion pair, and the retention time of the sample is considerably 

increased. The counter ion should be chosen so that its pKa will be 

very high or low. Th*us, the counter ion will be in an ionic form at 

any pH required to drive the sample to its ionic form so that is 

improved. The following scheme explains this

OH R-N Non-ionic form of
in counter ion

K, Y.®

■ + R„N+ HF=^ R* CO": +NHR0
J IXn d

U ||

Ionic form 0 +
of counter ion Sample:Counter 

ion pair
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negligible. For basic samples, alkyl sulfonates (pKa less than 1) are 

used and quaternary amines for acidic samples. Thus, by changing the 

solvent polarity, pH, type and concentration of counter ion and to a 

certain extent the.stationary phase, the capability of the reverse phase 

system can be increased. Paired ion chromatography is an effective means 

of separating ionic compounds for analysis. This system provides an 

alternative to the conventional ion-exchange system. Paired ion chroma

tography can be used to separate (40):

(a) Ionic compounds: acids and/or bases: e.g., FD & C sulfonic acid 

dyes with quaternary amine as the counter ion.

(b) Mixtures of ionic and non-ionic compounds: e.g., hydrocortisone in- 

jectables and certain, nasal sprays.

(c) Zwitter ions: e.g. Phenylephrine (40).

Ion-pair partition has, during the last decade, been extensively 

used for the isolation and determination of many organic compounds in 

photometric and fluorometric methods (41). An early technique of the 

analysis of compounds employed ion-pair extraction using an "acid dye" 

procedure for spectrophotometric determinations (40). These studies 

gave rise to a number of chromatographic applications (42,31,43) in

volving liquid-liquid partition systems, where aqueous solutions of 

counter ions were used as the stationary phase. Karger et al. (42) used 

this chromatographic method for the separation of thyroid hormones and 

sulfa drugs. Persson et al (31) used it for the separation of biogenic 

amines and their metabolites.

Levine (43) developed a method where the counter ion is added to 

the mobile phase, as^opposed to the previous procedures where the counter 

ion was in the stationary phase. Wittmer et al. (44) developed a reverse 
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phase system employing a permanently bonded stationary phase with the 

counter ion added to the mobile phase. They used this system for the 

analysis of FD & C dyes, such as tartrazine, using tertiary or quater

nary amines as the-counter ions in the mobile phase. Kopri et al. (45) 

used reverse phase paired ion chromatography for the simultaneous analysis 

of hydrocortisone and hydrocortisone phosphate. The mobile phase con

tained a solution of--tetrapentyl ammonium hydroxide with methanol and 

the pH was adjusted to 7.5 with 10% formic acid. Sood et al. (46) used 

the reverse phase ion,-pairing approach for the simultaneous determina

tion of niacin and niacinmide in multi-vitamin preparations. The mobile 

phase contained dioctyl sodium sulfosuccinate and methanol and the pH 

was adjusted to 2.5 with 10% formic acid solution.
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Objectives

The following are the objectives of the present study:

(a) To apply paired ion chromatography to the separation of intact 

catecholamines (epinephrine, isoproterenol, levodopa and methyl dopa) 

and phenylephrine from some of their products of decomposition.

(b) To determine if paired ion chromatography can be effectively used 

to separate methyl dopa either from a structurally related drug, 

levodopa, or hydrochlorothiazide (the combination of methyldopa and 

hydrochlorothiazide is available in tablet dosage form under the 

brand name Aldoril).

(c) To apply paired'ion chromatography to the quantitiative determina

tions of some catecholamines and phenylephrine in pharmaceutical 

dosage forms (Isuprel Injection, Adlomet tablets, Laradopa capsules, 

Dimetapp tablets and Dimetapp elixir).

(d) To compare the results obtained by using paired ion chromatography 

with some of the methods reported in the literature or by using 

different chromatographic conditions.
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CHAPTER III

EXPERIMENTAL

Chemicals and Reagents

All chemicals and reagents were either U.S.P., N.F. or A.C.S. grade 

and used without further purification. The sodium salt of 1-heptane sul

fonic acid was obtained from a commercial supplier^ and used as such. 

The lot numbers of important powders used and the dosage forms tested 

are 1isted in Table II.

Apparatus
2

pH Meter: -All pH values were measured using a pH meter (repro

ducibility + 0.05) .
3 

Spectrophotometer: - A double beam spectrophotometer was used for 

all measurements in the ultraviolet region. The colors were measured
4 

using a single beam spectrophotometer .

5Chromatograph: - A high pressure liquid chromatograph capable of 

operating at an inlet pressure of up to 6000 psi was used. A multiple
6 

wavelength detector was used. The absorbances were measured at a wave

length of 280 nm for all catecholamines and phenylephrine was

measured at a wavelength of 273 nm. These are wavelengths of maximum

^Eastman Kodak Co., Rochester, N.Y. 14650

^Model 4500 Digital pH meter, Beckman Instruments, Inc., Scientific 

Instruments Division, Irvine, Ca.
3 
Model Coleman 124, Perkin-Elmer, Coleman Instruments Division, Maywood, 
Ill. 60153

4 *
Spectronic 20, Bausc/i & Lomb, Rochester, N.Y. 14625

5 •Waters ALC 202, equipped with U6K Universal Injector, Waters Associates, 
Milford, Mass.
c
Schoeffel Spectroflow Monitor SF 770, Schoeffel Instrument Corp., West
wood, N.J.
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absorption. For phenylephrine in combination with other drugs (Dime- 

tapp?), the fixed wavelength of 254 nm was used. The detector was con-

8 9nected to an integrator and the integrator to a recorder .

Chromatographic Conditions

The following chromatographic conditions were used:

A. A 20% v/v solution of methanol in water containing 2% glacial acetic 

acid with or without 0.005 M 1-heptane sulfonic acid sodium salt was 

used. The pH value of both solvents was 2.6 (+ 0.05). The flow 

rate was 1.6 ml/min (at an inlet pressure of approximately 1500 psig) 

and the absorbance unit for full scale deflection was 0.04. A column^ 

(30 cm x 4 mm i.d.) of a very non-polar packing material consisting

of a monomolecular layer of octadecyl tri chiorosilane permanently 

boned by silicon-carbon was used in conduction with the above sol

vent. The temperature was ambient and the chart speed was 30.5 cm/hr.

B. The conditions were the same as described above under A, except that 

the flow rate was 1.2 ml/min (at an inlet pressure of approximately 

1000 psig) and the absorbance unit for full scale deflection was 0.1.

C. A 13% v/v solution of acetonitrile in water contianing 1.8% glacial 

acetic acid with or without 0.005 M 1-heptane sulfonic acid sodium 

salt was used. The pH value of both solvents was 2.6 (+0.05). The 

flow rate was 0.6 ml/min (at an inlet pressure of approximately 300 

psig), and after 12 minutes, 3.6 ml/min (at an inlet pressure of

^A. H. Robins Co., Richmond, Va. 23220
8 < "
Autolab Minigrator, Spectra-Physics, Santa Clara, Ca.

9 •Omniscribe 5213-12^ Houston Instruments, Austin, Tx.
^Waters yBondapak C,Q» Waters Associates, Milford, Mass.
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approximately 3000 psig). The absorbance unit for full scale de

llflection was 0.04. A column (30 cm x 4 mm i.d.) of an intermediate 

polarity packing material consisting of a monomolecular layer of 

cyanopropyl si lane permanently bonded by silicon-carbon was used in 

conjunction with the above solvent. The temperature was ambient 

and the chart speed was 30.5 cm/hr.

D. The conditions wore the same as described above under C, except that 

the flow rate was 1.0 ml/min (at an inlet pressure of approximately 

1000 psig) and the absorbance unit for full scale deflection was 0.1.

Stock Solutions

A 0.1% solution.in water of each catecholamine and phenylephrine 

hydrochloride, phenylpropanolamine hydrochloride and sodium benzoate was 

prepared using a simple solution method. In the case of methyldopa and 

levodopa, 3 ml and 10 ml of approximately 0.1 N I^SO^, respectively, 

was added per 100 ml of the solution in order to make clear solutions. 

A commercial 0.1% solution of epinephrine hydrochloride (Table II) was 

used in these studies. This solution also contained 0.9% sodium choride, 

0.5% chlorobutanol and 0.15% sodium bisulfite. None of these interfered 

in the assay procedure used. A 0.08% aqueous solution of brompheniramine 

maleate was prepared with the aid of heat (90° C for approximately 5 

minutes).

Standard Solution

All standard solutions were prepared by diluting 10.0 ml of the 

stock solution to 100.0 ml with water. A standard mixture containing 

brompheniramine maleate, phenylpropanolamine hydrochloride, phenylephrine

Waters yBondapak ON, Waters Associates, Milford, Mass.
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hydrochloride and sodium benzoate, was also prepared by mixing 10.0 ml 

each of the stock solution and then bringing it to volume (100.0 ml) 

with water.

Procedure for Decomposition of Catecholamines and Phenylephrine

A 5.0 ml quantity of the stock solution was mixed with 5.0 ml of an 

appropriate solution of sodium hydroxide (0.01, 0.1 or 1 N). The lower 

concentration was preferred if the mixture became discolored within a 

few minutes. A 0.1 N solution of sodium hydroxide was used for epine

phrine hydrochloride? levodopa and methyldopa. A 0.01 N solution of 

sodium hydroxide was'used for phenylephrine hydrochloride. After appro

priate time intervals (at least 4 in each case out of 10, 20, 30, 40, 45, 

60, 120 minutes and overnight), the reaction mixture was quenched by 

adding a 5.0 ml quantity of an appropriate solution of sulfuric acid 

(either 0.01, 0.1 or 1 N). The mixture in each case was brought to 

volumne (50.0 ml) with water and assayed as discussed below.

Extraction of Levodopa, Methydopa and Methyldopa in Combination with 

Hydrochlorothiazide from Solid Dosage Forms (Table II)

Twenty tablets or contents of 20 capsules were selected at random, 

weighed and finely powdered. An appropriate quantity of the powder equi

valent to 100.0 mg of the active ingredient was accurately weighed and 

transfered to a mortar. Ten ml (20 ml for levodopa) of a 1 in 350 sul

furic acid in water was added to the mortar and triturated for about 2-3 

minutes. The mixture was transfered to a 100 ml volumetric flask and 

brought to volume with water. The mixture was filtered, the first 10- 

15 ml of the filtrate was rejected and then 10.0 ml of the clear filtrate 

was diluted to 100.0»nl with water in a volumetric flask and assayed as 

disscussed below.
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Preparation of an Assay Sample from Isoproterenol Hydrochloride Injectable 

(Table II)

In the case of isoproterenol hydrochloride injection, 5.0 ml of the 

solution was transfered to a 10 ml volumetric flask, and the solution 

brought to volume with water. The diluted sample was assayed as discussed 

below.

Preparation of an Assay Sample of Phenylephrine Hydrochloride in Combina

tion with Other Drug?, e.g., in a Commercial Elixir (Table II)

A five ml (5.0) quantity of the elixir was transfered to a 50.0 ml 

volumetric flask and brought to volume with water. Based on the label 

claim, this solution contained the same concentrations of active ingre

dients as in the standard mixture.

Preparation of an Assay Sample of Phenylephrine Hydrochloride in Combina

tion with Other Drugs, e.g., in Commercial Sustained Release Tablets

Twenty tablets were selected at random, weighed and finely powdered. 

An appropriate quantity of the powder equivalent to the average weight 

of the tablet was accurately weighed and transfered to a 150 ml beaker. 

Forty ml of water was added to the beaker and the mixture was heated with 

stirring to about 90°C for approximately five minutes. It was then allowed 

to cool to room temperature, transfered to a 50 ml volumetric flask and 

brought to volume with water. The mixture was filtered and the first 15 

ml of the filtrate was rejected; then 10.0 ml of the clear filtrate was 

diluted to 30.0 ml with water. Based on the label claim, this dilution 

contained the same concentration of the active ingredients as the standard 
* 

mixture.
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Methods of Analysis

A. The Developed Methods

For each analysis a 10.0 yl quantity of the standard solution 

(standard mixture in case of phenylephrine hydrochloride in commercial 

dosage forms) was injected into the chromatograph using the chromatographic 

conditions described below. After the standard solution was eluted, a 

lO.O pl of the assay, solution was injected. For the purpose of compari

son, the procedure was repeated using a solvent without 1-heptane sul

fonic acid sodium salt. Furthermore, the standard solutions of methyl

dopa and levodopa (10.0 pl each) were injected together to determine if 

these two structurally related catecholamines could be separated. For 

methyldopa in combination with hydrochlorothiazide in a commercial dosage 

form (Table II), the sample solution (10.0 pl) was injected to determine 

if these two active ingredients could be effectively separated.

Chromatographic Conditions Used

For decomposed samples of individual catecholamines (except levodopa), 

methyl dopa in tablets and methyl dopa with hydrochlorothiazide, the chro

matographic conditions A (page 25) were used. For decomposed samples of 

levodopa, levodopa in capsules and levodopa in combination with methyl- 

dopa, the chromatographic conditions B (page 25) were used. For phenyle

phrine hydrochloride in dosage forms, the chromatographic conditions C 

(page 25) were used. The overnight decomposed sample of isoproterenol 

hydrochloride was also assayed by using chromatographic conditions D 

(page 26).
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Calculation of Results

Since preliminary investigations indicated that the quantity (range

0.5 to 1.5 pg) of each ingredient injected was directly related to the 

peak area (Figure 3 & 4), the results were calculated by comparing the 

peak areas of the standard (A.) and the assay sample (A,) as follows:S a

Aa
■a—x 100 = Percent of the claim
• s

The sample chromatograms are presented in Figures 5-13. The assay results 

on catecholamines an^ phenylephrine after decomposition are presented in 

Table III. The assay results on dosage forms are presented in Table IV.

The retention times of various catecholamines and phenylephrine are pre

sented in Table V.

B. The Literature Methods Used for Comparison with the Developed Method

(See survey of literature. Chapter I)

Epinephrine Hydrochloride

The 10 minutes, 30 minutes and overnight decomposed samples (in 0.1 N 

sodium hydroxide solution) were assayed using the method reported by Fu

12et al. (14) using a cationic exchange column . The results are presented

in Table III.’ A chromatogram of the sample decomposed for 10 minutes is 

presented in Figure 14-A. For the purpose of comparison, the chromatogram 

obtained by using the developed method is presented in Figure 14-B.

12Zipax SCX column (100 cm x 2.1 mm i.d.), packed with sulfonated fluoro
carbon coated 1% by weight on "Zypax" by DuPont Instruments, Wilmington, 
Del. was used in these studies versus Vidac column (50 cm x 3 mm i.d.) 
by the authors (14). The longer retention times were obtained in this 
study, since the column used was longer than the one used in the re
ported method; otherwise, the chromatograms were similar.
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Isoproterenol Hydrochloride

The method reported by Kaistha (19) was used to assay isoproterenol 

hydrochloride in a commercial dosage form (Isuprel injection). The re

sult is presented in Table IV. Since the Kaistha (19) method was not 

sensitive for the decomposed samples, the overnight decomposed sample 

of isoproterenol hydrochloride was assayed by paired ion chromatography 

using the chromatographic conditions D (page 26). The result is pre

sented in Table III.

Levodopa

The U.S.P. method (28) was used to assay levodopa in a commercial 

dosage form (Laradopa capsules). The result is presented in Table IV. 

An overnight decomposed sample of levodopa was also assayed using the 

U.S.P. method (28). The result is presented in Table III. .

Methyl dopa

The U.S.P. method (25) was used to assay methyldopa and methyldopa 

with hydrochlorothiazide in commercial dosage forms (Aldomet and Aldoril 

tablets). The results are presented in Table IV. An overnight decomposed 

sample of methyldopa was also assayed using the U.S.P. method (25). The 

result is presented in Table III.

Phenylephrine Hydrochloride

The colorimetric method reported by Koshy et al. (24) was used to 

assay phenylephrine hydrochloride in commercial dosage forms (Dimetapp 

tablets and elixir). The results are presented in Table IV. An overnight 

decomposed sample pf phenylephrine hydrochloride was also assayed using 

the above method. The result is presented in Table III.



TABLE II

LIST OF POWDERS AND DOSAGE FORMS USED WITH LOT NUMBERS

No. Dosage Form or 
Powder Used

Active Ingredient(s) Manufacturer Lot Number

1*
• J

Adrenaline 
Chloride 
(Epinephrine 
injection U.S.P.)

0.1% epinephrine 
hydrochloride

' Parke Dcivi§ & Co\ 
Detroit, Mich., 48232

TJ 173

2 Isoproterenol 
hydrochloride 
U.S.P. Powder

— — Withrop Laboratories 
90 Park Ave., New York, 
NY 10016

N 451 LN

3 Levodopa U.S.P.
Powder

-- Hoffman La Roche
Nutley, NJ 07110

Ro 5-4759

4 Methyl dopa U.S.P.
Powder

-- Merck, Sharp & Dohme 
Research Labs, Division 
of Merck & Co., Inc., 
Rahway, NJ

L 585, 
762-01VI02

5 Phenylephrine 
hydrochioride 
U.S.P. Powder

-- Winthrop Laboratories 
90 Park Ave., New York, 
NY 10016

N 103 CJ

CO ro



TABLE II (Continued)

LIST OF POWDERS AND DOSAGE FORMS USED WITH LOT NUMBERS

No. Dosage Form or 
Powder Used

________ *■ rf*_____________

Active Ingredient(s) Manufacturer Lot Number

e

Isuprel Inject- 
tion (Isopro
terenol hydro
chloride, U.S.P.)

0.02% Isoproterenol 
hydrochloride

* *

Same as No. 5 129 OH

7 Aldomet Tablets 250 mg Methyl dopa 
per tablet

Merck, Sharp & Dohme 
Division of Merck & 
Co., Inc., West Point, 
Pa. 19486

A 3076 GO GO

8 Aldori1-25 
Tablets

250 mg Methyl dopa and 
25 mg Hydrochlorothi
azide per tablet

Same as above E 1862

9 Laradopa Capsules 250 mg Levodopa 
per capsule

Roche Laboratories 
Division of Hoffman 
La Roche, Nutley, NJ 
07110

0033-02066



TABLE II (Continued)

LIST OF POWDERS AND DOSAGE FORMS USED WITH LOT NUMBERS

N(^ .. Dosage Form or
Powder Used

Active Ingredient(s) . Manufacturer Lot Number

10 Dimetapp
Extentabs

Each tablet contains: A. H. Robins Co. NP 76 21514
Phenylephrine HC1, 15 mg; Richmond, Va. 23220
Phenylpropanolamine HC1,
15 mg; Brompheniramine **
Maleate, 12 mg

11 Dimetapp
elixir

Each 5 ml contains: Same as No. 10 76-1262-10
Phenylephrine HC1, 5 mg;
Phenylpropanolamine HC1,
5 mg; Brompheniramine
Maleate, 4 mg
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CHAPTER IV

RESULTS AND DISCUSSION

The results indicate (Figures 5-C,D to 8-C,D and 9-B,C) that paired 

ion high pressure liquid chromatography can prove very useful for the 

separation of intact catecholamines from some of their products of decom

position. On the other hand, under identical conditions without adding 

the counter ion, 1-heptane sulfonic acid sodium salt, to the mobile 

phase, there were no‘separations (Figures 5-A,B to 8-A,B and 9-A). 

Without the counter ion, the peaks of the intact drugs were eluted along 

with the solvent, and for decomposed samples, all of the decomposition 

products were eluted along with the intact drug as a single peak.

The development of the mobile phase and the type of column to be 

used are the important considerations for the development of an assay 

method for stability studies. The following solvents with varying con

centrations of different ingredients, 1-heptane sulfonic acid sodium 

salt, galcial acetic acid and methanol were tried without success:

(a) 0.005 M 1-heptane sulfonic acid sodium salt with 1% glacial acetic 

acid and 10% methanol (pH 2.7).

(b) 0.005 M 1-heptane sulfonic acid sodium salt with 1.5% glacial acetic 

acid and 10% methanol (pH 2.6).

(c) 0.005 M 1-heptane sulfonic acid sodium salt with 2% glacial acetic 

acid and 15% methanol (pH 2.6).

All of the above solvents were tried using both pBondapak C-jg and 

yBondapak CN columns.. pBondapak C^g is packed with non-polar packing 

material and pBondapak CN is packed with intermediate polarity packing 

material. These columns are extensively used in reverse phase high 
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pressure liquid chromatography. The chromatographic conditions A (page 

25) used in this study were determined after trying the above solvents 

where separations were very poor.

The literature search revealed that though there are other assay 

methods (14, 18, 22, 26, 30, 31) which could separate intact catecholamines 

from some of their products of decomposition, no single solvent-column 

system was successfully tried for all of the catecholamines under study. 

The cation exchange method reported by Fu et al. (14) for the separation 

of epinephrine from Hs decomposition products was tried in our laboratory 

on other catecholamines under investigation. The method did not prove 

to be useful for the separation of other intact catecholamines from their 

decomposition products. The advantage of the new method is that, with 

only one solvent-column system, all of the catecholamines, epinephrine 

hydrochoride, isoproterenol hydrochloride, levodopa and methyl dopa can 

be separated (for retention times, see Table V) from some of their pro

ducts of decomposition. As compared with other quantitative chromato

graphic techniques (14, 18, 22, 26, 30, 31), ion-pair high pressure 

liquid chromatography is more attractive since derivatives need not be 

formed prior to separation, which reduces the sample preparation time 

considerably.

The developed method appears to be accurate (Table IV) since the 

recoveries from the dosage forms were quantitative and compared well with 

the results obtained using the literature methods (Table IV). For sake 

of convenience, further discussion of the results is presented under in

dividual catecholamine and phenylephrine hydrochloride.
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Epinephrine Hydrochloride

The results on the decomposed samples of epinephrine hydrochloride 

compared favorably (Table III) with the cation exchange method (Table III) 

reported by Fu et al. (14). The chromatograms obtained (Figure 14-B) 

by the developed method on a sample decomposed for 10 minutes showed two 

additional peaks from the decomposition products versus only one using 

the cation exchange ijiethod (Figure 14-A). Moreover, the peak obtained 

by the developed method is very sharp (Figure 14-B) versus a broad peak 

obtained by the cation exchange method (Figure 14-A).

Isoproterenol Hydrochloride

The assay results on isoproterenol hydrochloride injection (Isuprel) 

using the developed method were 100% of the label claim (Table IV) versus 

99.6% using the method reported by Kaistha (19). The method reported by 

Kaistha (19) could not be used to assay the decomposed samples due to 

lack of sensitivity. The method using alternate chramatographic condi

tions D (page 26) showed no new peaks in the decomposed samples. The 

results on the overnight decomposed sample by the developed method were 

9.7% (Table III) versus 9.8% using the alternate chromatographic condi

tions (Table III).

Levodopa

The assay results on levodopa capsules were 100.7% by the U.S.P. 

method (28) versus-.100.3% by the developed method (Table IV). On the 

overnight decomposed sample, the results were 0% (Table III and Figure 

13-C) versus 174.6% by the U.S.P. method (Table III). It was not pos

sible to separate le^odopa from its decomposition products using alter

nate methods, e.g., fhe cation exchange method reported by Fu et al. (14) 

and using the chromatographic conditions C and D (pages 25-26). Therefore, 
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the possibility of an intermediate decomposition product being eluted 

at the same time as the intact drug cannot be discounted. Nevertheless, 

the developed method did separate some of the products of decomposition 

from the intact drug and proved better than the U.S.P. method (28), 

which is a legal standard. Also, it was possible to separate levodopa 

from a structurally related drug, methyldopa, using the developed method 

(Figure 10-D). This=separation was not possible without the presence 

of a counter ion (Figure 10-C).

Methyl dopa

Methyldopa was successfully assayed in tablets with or without 

hydrochlorothiazide (Table IV and Figure 10-B) using the developed method. 

The results with the "U.S.P. method (25) were similar (Table IV). The 

separation of methyl dopa from hydrochlorothiazide was better using a 

mobile phase with the counter ion (Figure 10-B) than without the counter 

ion (Figure 10-A). An overnight decomposed sample of methyldopa showed 

0% results (Table III and Figure 13-D) by the developed method versus 

56.4% by the U.S.P. method (Table III). It was not possible to separate 

intact methyldopa from its decomposition products using alternate methods. 

The cation exchange method reported by Fu et al. (14) and methods using 

chromatographic conditions C and D (pages 25-26) were tried without suc

cess. Therefore, the possibility of an intermediate decomposition pro

duct being eluted a^t the same time as the intact drug cannot be discounted. 

Nevertheless, the developed method did separate some of the products of 

decomposition from the intact drug, and proved better than the U.S.P. 

method (25), which is,a legal standard.
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Phenylephrine Hydrochloride

Phenylephrine hydrochloride was assayed in Dimetapp tablets and 

elixir which also contained other active ingredients, phenylpropanolamine 

hydrochloride and brompheniramine maleate (Table II). In addition to 

the active ingredients, the dosage form contained excipients and in 

the case of the elixir, sodium benzoate as the preservative. The phenyle

phrine hydrochloride-; was successfully separated from the other active 

ingredients and the preservative, sodium benzoate (Figures 11, 12). 

It was found necessary to use chromatographic conditions C (page 25) 

rather than those used for the individual catecholamines, because of 

the problem of separation of brompheniramine maleate, which was being 

eluted along with the. solvent.

The following solvents with varing concentrations of different 

components were also tried without success:

(a) 0.005 M or 0.006 M 1-heptane sulfonic acid sodium salt with 20% 

methanol and 2% glacial acetic acid (pH of both 2.6).

(b) 0.005 M or 0.004 M 1-heptane sulfonic acid sodium salt with 15% 

methanol and 2% galcial acetic acid (pH of both 2.6).

(c) 0.005 M 1-heptane sulfonic acid sodium salt with 15% ethanol and 

2% glacial acetic acid (pH 2.6).

(d) 0.005 M 1-heptane sulfonic acid sodium salt with 15% acetonitrile 

and 2% glacial acetic acid (pH 2.6).

The above solvents were tried using two columns, pBondapak C^g 

with non-polar packing material and pBondapak CN with intermediate polarity 

packing material. 'The chromatographic conditions C (page 25) used in 

this study were determined after trying the above solvents which yielded 

poor separations. The results on phenylephrine hydrochloride by the 
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developed method compared very well (Table IV) with the results obtained 

using the method reported by Koshy et al. (24). The results on the 

overnight decomposed sample by the developed method were 97.4% (Table 

III) versus 97.6 (Table III) using the method reported by Koshy et al. 

(24).

The phenylephrine hydrochloride proved to be extremely stable even 

when stored overnight in the presence of 1 N sodium hydroxide solution. 

The degredation of phenylephrine occurs less readily because it lacks 

the 4-hydroxyl group on the benzene ring and the required resonating 

quinoid structure (1). The developed method was not compared with the 

method using different chromatographic techniques because of insuffi

cient decomposition in the time period studied.

In this study, paired ion high pressure liquid chromatography 

was effectively used for the quantitative determinations of some cate

cholamines and phenylephrine in pharmaceutical dosage forms. However, 

none of the commercial dosage forms tested had decomposed. Therefore, the 

possibility of interference from the products of decomposition under 

shelf conditions cannot be discounted as the products of decomposition 

may be different from those obtained in this study.

Further investigations could be directed towards the identification 

of the decomposition products either by TIC, NMR and/or mass spectroscopy. 

Also, the results obtained on the decomposed samples of methyl dopa and 

levodopa could be confirmed using alternate chromatographic technique(s).



TABLE III

ASSAY RESULTS ON CATECHOLAMINES AND PHENYLEPHRINE HC1 AFTER DECOMPOSITION

TIME

% OF INTACT DRUG

Epinephrine HC1 "Isoproterenol HC1 Levodopa Methyl dopa Phenylephrine HC1

.DevelopecL- Lit.
: Method Method3

Developed
Method

Lit.
Method

Developed 
Method . M

Lit.
lethod

Developed 
.Method -

Lit.
Method

Developed
Method

Lit.
Method

10 75.1 76.5 -- -- 73.5 -- -- -- 99.6 —

20 -- -- 54.7 — — 83.1 -- 98.1 --

30 67.4 67.6 81.6 -- — — — -- -- -- —

40 -- -- -- 36.6 -- 72.4 -- 97.6 --

45 -- 78.1 -- — — — -- -- -- —

60 30.6 73.8 -- 33.8 — 63.5 — 97.6 — —

120 -- -- 13.4 — 18.3 -- — — —

overnight 0 0 9.7 9.8b 0 oc 0 od 97.4 97.6e

aUsing the method reported by Fu et al. (14).
bBy paired ion chromatography, using chromatographic conditions D (page 26).

cBy the U.S.P. method (28).
^By the U.S.P. method (25).

eUsing the method reported by Koshy et al. (24).
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TABLE IV

ASSAY RESULTS ON DOSAGE FORMS OF

CATECHOLAMINES AND PHENYLEPHRINE HC1

Name Dosage Form 
Assayed

% of Label Claim Found3

Developed Method Literature Method

Isoproterenol HC1 Injectable 100.0 99.6a b c

Levodopa Capsules 100.3 100.7C

Methyl dopa Tablets 98.4 98.4d

Phenylephrine HC1
Tablets

Elixir

99.6

98.6

98.8e

97.2e

Methyl dopa with 
iydrochlorothiazide Tablets 100.2 99.8d

aAverage of two results. The individual results did not vary more than 
1.5% from the average. In the case of phenylephrine HC1, average of 
three results (maximum variation +2%).

busing the method reported by Kaistha (19).

cUsing the U.S.P. method (28).

^Using the U.S.P. Method (25).

eUsing the method reported by Koshy et al. (24).
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TABLE V

RETENTION TIMES OF VARIOUS
CATECHOLAMINES AND PHENYLEPHRINE HC1

No. Compound Retention Time 
(Seconds) + 5

1 Epinephrine Hydrochloride 248a

2 Isoproterenol Hydrochloride 237^265d

3 Levodopa 274b

4 Methyl dopa 264a

5 Methyl dopa (in combination 
with levodopa) 360b

6 Phenylephrine Hydrochloride
337a
448c

aUsing the chromatographic conditions A, (page 25).
busing the chromatographic conditions B, (page 25).

cUsing the chromatographic conditions C, (page 25).
^Using the chromatographic conditions D, (page 26).
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Figure 3. Plot of?peak area versus quantity of catecholamine injected.
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Figure 4. Plot of peak area versus quantity of methyl dopa and 
phenylephrine HC1 injected.
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Figure 5. Sample chromatograms of epinephrine HC1. Peak 1 is from 
epinephrine HC1.

A: From a standard solution using a mobile phase without 
1-heptane sulfonic acid sodium salt.

B: From one hour decomposed sample using a mobile phase 
without 1-heptane sulfonic acid sodium salt.

C: From a standard solution using a mobile phase with 
1-heptane sulfonic acid sodium salt.

D: From one hour decomposed sample using a mobile phase 
with T-heptane sulfonic acid sodium salt.

The chromatographic conditions A (page 25) were used.
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Figure 6. Sample chromatograms of isoproterenol HC1. Peak 1 is from 
isoproterenol HC1.

A: From a standard solution using a mobile phase without 
1-heptane sulfonic acid sodium salt.

B: From one hour decomposed sample using a mobile phase 
without 1-heptane sulfonic acid sodium salt.

C: From a standard solution using a mobile phase with 
1-heptane sulfonic acid sodium salt.

D: From one hour decomposed sample using a mobile phase 
with T-heptane sulfonic acid sodium salt.

The chromatographic conditions A (page 25) were used.
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Figure 7. Sample chromatograms of levodopa. Peak 1 is from levodopa.

A: From a standard solution using a mobile phase without 
. 1-heptane sulfonic acid sodium salt.

B: From one hour decomposed sample using a mobile phase 
without 1-heptane sulfonic acid sodium salt.

C: From a standard solution using a mobile phase with 
1-heptane sulfonic acid sodium salt.

D: From one hour decomposed sample using a mobile phase 
with 1-heptane sulfonic acid sodium salt.

The chromatographic conditions B (page 25) were used.
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Figure 8. Sample chromatograms of methyl dopa. Peak 1 is from 
methyl dopa.

A: From a standard solution using a mobile phase without 
1-heptane sulfonic acid sodium salt.

B: From two hour decomposed sample using a mobile phase 
without 1-heptane sulfonic acid sodium salt.

C: From a standard solution using a mobile phase with 
1-heptane sulfonic acid sodium salt.

D: From two hour decomposed sample using a mobile phase 
with 1-heptane sulfonic acid sodium salt.

The chromatographic conditions A (page 25) were used.
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9. Sample chromatograms of phenylephrine HC1. Peak 1 in each 
case is from phenylephrine HC1.

A: From a standard solution using a mobile phase without 
1-heptane sulfonic acid sodium salt.

B: From a standard solution using a mobile phase with 
1-heptane sulfonic acid sodium salt.

C: From an overnight decomposed sample (in 1 N sodium 
hydroxide solution) using a mobile phase with 1-heptane 
sulfonic acid sodium salt.

The chromatographic conditions A (page 25) were used.
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Figure 10. Chromatograms of separation of methyldopa from hydrochloro
thiazide and methyldopa from levodopa.

A: Separation of methyldopa from hydrochlorothiazide 
using a mobile phase without 1-heptane sulfonic acid 
sodium salt. Peaks 1 and 2 are from methyldopa and 
hydrochlorothiazide, respectively.

B: Separation of methyl dopa from hydrochlorothiazide 
using a mobile phase with 1-heptane sulfonic acid 
sodium salt. Peaks 1 and 2 are from methyldopa and 
hydrochiorothiazide, respectively.

C: Separation of methyldopa and levodopa using a mobile 
phase without 1-heptane sulfonic acid sodium salt.

D: Separation of methyldopa and levodopa using a mobile 
phase, with 1-heptane sulfonic acid sodium salt. 
Peaks 1 and 2 are from levodopa and methyl dopa, 
respectively.

For chromatograms A and B: Chromatographic conditions A 
(page 25) were used.

For chromatograms C and D: Chromatographic conditions B 
(pages 25 and 26) were used.
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Figure 11. Chromatograms from a standard mixture similar to Dimetapp 
Elixir.

A: Using a mobile phase with 1-heptane sulfonic acid 
sodium salt.
Peak 1: Phenylephrine HC1
Peak 2: Phenylpropanolamine HC1
Peak 3: Sodium Benzoate
Peak 4: Brompheniramine Maleate

B: Using a mobile phase without 1-heptane sulfonic 
acid sodium salt.
Peaks 1 to 4 are the same as in A above.

The chromatographic conditions C (page 25) were used.
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Figure 12. Sample chromatograms obtained from Dimetapp Tablets and 
Elixir.

A: From tablets using a mobile phase with 1-heptane 
sulfonic acid sodium salt.
Peak 1: Phenylephrine HC1
Peak 2: Phenylpronolamine HC1
Peak 4: Brompheniramine Maleate

B: From elixir using a mobile phase with 1-heptane 
sulfonic acid sodium salt.
Peaks 1, 2 and 4 are the same as above. Peak 3 
is from Sodium benzoate.

The chromatographic conditions C (page 25) were used.
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Figure 13. Sample chromatograms of solutions kept overnight for 
decomposition. Peak 1 in each case is from the intact 
drug.

A: Epinephrine HC1
B: Isoproterenol HC1
C: Levodopa
D: Methyl dopa

The chromatographic conditions were A (page 25) for all 
catechglamines except for levodopa they were B (page 25).
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Figure 14. Chromatograms of epinephrine HC1 sample decomposed for 10 
minutes. Peak 1 in each case is from the intact drug.

A: Using the method reported by Fu et al. (14) with 
cation exchange column.

B: By the developed method (paired ion chromatography).

The chromatographic conditions A (page 25) were used for the 
developed method.
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CHAPTER V

CONCLUSIONS

From these investigations, the following conclusions can be drawn: 

i) Paired ion high pressure liquid chromatography can be used to 

separate intact catecholamines from some of their products of de

composition. ..Under identical chromatographic conditions, these 

separations are not possible without the presence of a counter ion.

i) The developed method can be used to separate two structurally 

related drugs, methyldopa from levodopa. It can also be used to 

separate methyl dopa from hydrochlorothiazide.

i) Paired ion chromatography can be used for the quantitative deter

minations of some catecholamines and phenylephrine hydrochloride 

in pharmaceutical dosage forms (Isuprel Injection, Aldomet Tablets, 

Laradopa Capsules, Dimetapp Tablets and Dimetapp Elixir). The 

developed methods are accurate since the catecholamines from the 

dosage forms can be recovered quantitatively. The results compare 

very well with those obtained by using the methods reported in 

the literature.

v) The advantage of the new method is that, with only one solvent

column system, all of the catecholamines (epinephrine hydrochlo

ride, isoproterenol hydrochloride, levodopa and methyldopa) can 

be separated from some of their products of decomposition. For 

the separation of phenylephrine hydrochloride from a complex mix

ture such as Dimetapp, if is necessary to use different chromato- 

grahic conditions other than those used for catecholamines.
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(v) Using different chromatographic conditions, phenylephine hydro

chloride can be quantitatively separated from brompheniramine 

maleate, phenylpropanolamine hydrochloride, sodium benzoate and 

excipients, such as coloring matter, flavors and diluents.
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