Liquid Chromatography in Pharmaceutical Analysis III:
Separation of Diuretic—Antihypertensive Mixtures
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Abstract 00 High-pressure liquid chromatography was used to op-
timize the resolution of therapeutic agents commonly found in an-
tihypertensive preparations. Seven widely prescribed drugs were
investigated. The compounds were chromatographed on reversed-
phase octadecyltrichlorosilane (Cis) or diphenyldichlorosilane

" (phenyl) columns, using mixtures of acetonitrile or absolute meth-
anol and distilled water buffered with ammonium acetate, ammo-
nium chloride, or ammonium carbonate. By calculating approxi-
mate resolution values, the separation of selected drug mixtures
can be predicted.
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High-pressure liquid chromatography (HPLC) has
been successfully applied to the analysis of multi-
component pharmaceutical dosage forms in this labo-
ratory (1, 2). In a continuation of the study of multi-
component dosage forms, this paper reports an inves-
tigation of the parameters associated with the sepa-
ration and detection of diuretic—antihypertensive
agents.

The compounds studied are included in listings
of most prescribed drugs used singly or in combi-
nation for the treatment of hypertension. The drugs
are chlorothiazide, hydrochlorothiazide, triamterene,
hydralazine hydrochloride, guanethidine sulfate,
methyldopa, and reserpine. A preliminary report on
the sequential quantitative analysis of a chlorothia-
zide-reserpine mixture was published (2).

Chlorothiazide and hydrochlorothiazide in single
entity and combination dosage forms have been ana-
lyzed by many methods including absorption spec-
troscopy (3-5), colorimetry (6), amperometry (7),
bromatometric and bromo-chlorometric titrimetry
(8), complexometric titrimetry (9), and nonaqueous
titrimetry (10, 11). Triamterene can be measured by
absorption spectroscopy, fluorescence, and TLC fluo-
rometry (12-14), while hydralazine and guanethidine
have been assayed by various titrimetric methods
(15, 16). Fluorescence methods have been utilized for
the determination of methyldopa (17) and reserpine
(3, 18). Other procedures reported for these latter
drugs include polarography (19) and colorimetry (20,
21).

The HPLC operating parameters investigated were
limited to solvent composition, pH, and stationary
phase polarity. The use of these data can be readily
applied to the separation of selected multidrug dos-
age forms. This use has been exemplified by the sepa-

ration and quantification of chlorothiazide-reserpine
at unit-dosage levels (2).

EXPERIMENTAL!

Reagents and Chemicals—Powdered samples of chlorothia-
zide2, hydrochlorothiazide2, triamterene3, hydralazine hydrochlo- .
ride!, guanethidine sulfate?, methyldopa?, and reserpine? were
used in the analytical procedure. All other chemicals and solvents
were the highest grade commercially available.

Mobile Phases—The mobile phases consisted of various con-
centrations of acetonitrile or absolute methanol mixed with
ageuous solutions of 0.1 or 1% ammonium acetate, 0.5 or 1% am-
monium chloride, and 0.2 or 1% ammonium carbonate. The solu-
tions were prepared fresh daily.

Drug Solutions—Each drug was prepared as a 0.5% solution
using the appropriate mobile phase.

Chromatographic Separation—The degassed mobile phase
was pumped through columns containing either monomolecular
layers of octadecyltrichlorosilane (Cyg) or diphenyldichlorosilane
(phenyl) chemically bonded to a high-efficiency pellicular packing,
consisting of solid glass cores with a porous silica surface®. A flow
rate of 1.4 ml/min (1000-2000 psig) was used until a stable base-
line was obtained. The column and solvents were kept at ambient
temperature. Replicate 20-ul injections of the sample solutions
were made using a 25-ul syringe®. The chart recorder provided a
record of the elution of the drugs from the column as peaks on a
chromatogram.

RESULTS AND DISCUSSION

The purpose of this study was to determine the operating condi-
tions for HPLC that would optimize the resolution of chemically
unrelated therapeutic agents most commonly found in antihyper-
tensive preparations. Three operating parameters were studied:
(a) variations in solvent composition containing acetonitrile or ab-
solute methanol with changing concentrations of distilled water;
(b) variations in pH within the 5.5-9.0 range using ammonium ace-
tate, ammonium chloride, or ammonium carbonate as inorganic
buffers; and (c) variations in the nonpolar (reversed phase) sta-
tionary phase in which the pellicular packing differed in polarity.

The effects of these parameters on retention times and peak
widths of the drugs are shown in Table I. In addition, multiple
entries in Table I indicate those solvent systems (Table II) that
generate multiplets for a component. These multiplets may arise
from decomposition of the drug and/or the varied species of the
drug possible at the mobile phase pH used. Significant tailing of
single-drug entities is also noted.

The following generalizations can be inferred from the data in
Table I. Retention time for many of the drugs increases as the po-
larity of the mobile phase increases. This generalization can be ob-
scured when the solute travels as a multiple species such as meth-
yldopa. It is also difficult to observe this effect for drugs that trav-
el close to the void volume of the column and for which it is diffi-
cult to measure small differences in retention time. This situation
is exemplified by chlorothiazide and hydrochlorothiazide. When

1 A Waters Associates liquid chromotograph (model ALC 202), equipped
with a M-6000 pump, UV (254 nmy and differential refractive index moni-
tors, and Waters packed columns, 1.22 m long X 2.3 mm i.d., was used.

2 Merck Sharp and Dohme, Rahway, N.J.

3 Smith Kline and French Labs., Philadelphia, Pa.

4 Ciba, Summit, N.J.

5 Corasil/C1a and Corasil/phenyl, 37-50 um, Waters Associates, Milford,
Mass.

6 Model B-110, Precision Sampling Corp., Baton Rouge, La.
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Table II—Solvent Compositions and pH

Mobile Solvent
Phase Components Ratio pH

A Acetonitrile 80 7.35
0.1% Ammonium acetate 20
Acetonitrile 60 7.35
0.1% Ammonium acetate 40

C Acetonitrile 50 7.35
0.1% Ammonium acetate 50

D Acetonitrile 40 7.35
0.1% Ammonium acetate 60

E Acetonitrile 20 7.35
0.1% Ammonium acetate 80

F Absolute methanol 50 7.10
1% Ammonium acetate 50

G Acetonitrile 80 6.10
1% Ammonium chloride 20

H Acetonitrile 50 5.57
1% Ammonium chloride 50

I Acetonitrile 20 5.56
1% Ammonium chloride 80

J Absolute methanol 50 5.60
0.5% Ammonium chloride 50

K Absolute methanol 20 5.60
0.5% Ammonium chloride 80

L Acetonitrile 50 8.80
0.2% Ammonium carbonate 50

M Absolute methanol 50 8.45
0.2% Ammonium carbonate 50

N Absolute methanol 50 8.70
1% Ammonium carbonate 50

the pH of the mobile phase is adjusted so that the unionized
species of the drug predominates, as calculated from its pKa value
(15, 22, 23)7, an increased retention time is noted for many of the
drugs. Guanethidine, methyldopa, and triamterene are exceptions
to this effect. A comparison of solvents containing equivalent
amounts of acetonitrile-water and methanol-water showed that
retention times are greater in the methanol-containing solvents.
This finding is consistent with the observation of the effect of mo-
bile phase polarity on retention time. The interplay of mobile
phase pH and polarity and their effects on either the ionizability of
the traveling solute or the ability to solvate the solute may evert
the outlined generalizations.

Modifications in the polarity of stationary and mobile phases
provided the following observations for the drugs examined. Chlo-
rothiazide and hydrochlorothiazide traveled close to the solvent
front in all systems. Triamterene could be separated from the thia-
zide diuretics in Solvent Systems E and K (Table IIT)8 The re-
maining solvent systems, such as exemplified by mobile phases I
and N, did not adequately resolve these compounds. The drug was
resolved best using the more polar mobile phases.

Hydralazine gave multiplets in most solvents. The exceptions
were Solvents A, B, E, J, and K. Solvents A and E gave symmetri-
cal peaks while B, J, and K showed tailing.

The aliphatic character of guanethidine precluded its detecta-
bility by UV absorption. Thus, differential refractometry was used
to monitor the column effluent. Sensitivity was in the range of
50-100 ug for guanethidine. Acetonitrile-water mixtures were
most effective in producing single symmetrical peaks for guanethi-
dine at pH 7.35. However, as the pH of the mobile phase was made
acidic, a doublet was observed.

Methyldopa was the most difficult to resolve from the other
drugs in this study. In systems where the retention time of methyl-
dopa was increased by the addition of water, excessive tailing was
obtained. In mobile phases with pH >8, multiple peaks were ob-
tained indicative of the several species of methyldopa possible in
basic media. At pH <7, no multiplets were observed. In solvent
systems where methyldopa eluted as a single peak, it could not be

7 Guanethidine pKa value supplied by Dr. J. Mollica, Ciba-Geigy, Suffern,
N.Y., personal communication, 1974.

8 It is possible to calculate the approximate resolution (Rs) of two compo-
nents by the equation: Rs = 2(¢2 — ¢;)/(w; + wy), where t, and ¢, are reten-
tion times, and w, and ws are base peak widths of Compounds 1 and 2, re-
spectively. Experience indicates that two components with an Rs value >1.5
show satisfactory resolution by this analytical technique.
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Table III—Calculation of Approximate Resolution (Rs)a
Values for Triamterene—Thiazide Mixtures

Mobile Phased

Drug Mixture E K I N
Triamterene 154c¢ 271 145 119
(38)d (152) (70) (27)
Chlorothiazide 99 113 98 98
(19) (25) (24) (20)

Rs= 1.9 1.8 1.0 0.89
Triamterene 154 271 145 119
(38) (152) (70) (27)
Hydrochlorothiazide 108 108 100 105
(26) (37) (24) (24)

Rs= 1.4 1.7 0.96 0.55

@ See footnote 8. b Letters refer to solvent compositions in Tabic
II. ¢ Retention time on phenyl column from Table 1. d Peak width
on phenyl column from Table I.

resolved from the thiazides. However, solvents systems such as D,
J, and K could resolve methyldopa from reserpine; D and K could
resolve methyldopa from both guanethidine and reserpine.

At high concentrations of acetonitrile, reserpine traveled with
the solvent front. Its retention time was increased as the polarity
of the solvent increased. In many instances, the retention time of
reserpine was much greater than that of the remaining drugs test-
ed and resulted in considerable band spreading. However, the re-
serpine peaks were symmetrical and would be suitable for quanti-
fication. In solvent systems with pH >8, several additional peaks
were detected in addition to the reserpine band. This finding may
be due to rapid decomposition of reserpine in alkaline media (24).
Table IV illustrates resolution values for the three-component
mixture of hydrochlorothiazide, hydralazine, and reserpine in
some mobile phases. Solvent Systems E and K seem most suitable
for separating the mixture, but E is better since hydralazine exhib-
its considerable tailing in mobile phase K. A flow programming
procedure (changing flow rate with time) would be necessary with
Solvent System E to decrease the retention time for reserpine.

Information contained in Table I presents operating parameters
for HPLC that can be used to optimize the resolution of the muliti-
farious drugs found in antihypertensive dosage forms. With the
calculation of approximate Rs values as described previously, the
separation of selected drug mixtures can be predicted.
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