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SUMMARY

An high-performance liguid chromatographic assay for quinidine and dihydro-
quinidine sulphates in pharmaceutical dosage forms has been developed. The method
makes vse of a reversed-phase system with a C,; bonded column and theophylline as
an internal standard. Recovery of both compounds is quantitative and the method
compares favourably with that of the United States Pharmacopoceia with regard to
speed and precision. The method should also be suitable for the control of quinine
salts in pharmaceuticals.

INTRODUCTION

The cinchona alkaloids quinidine and quinine are in widespread therapeutic
use throughout the world and are most commonly used in solid dosage forms as the
sulphates and bisulphates. The possibility of impurities in these drugs has been rec-
ognised for many years and official compendia such as the British Pharmacopoeia
(B.P.) and the United States Pharmacopoeia (UJ.S.P.) previously. controlled these
impurities by mecans of scmiquantitative thin-layer chromatographic (TLC) tests for
“other cinchona alkaloids™ (primarly cinchonine and cinchonidine). Cinchonine and
cinchonidine do not normally occur in commercially available quinine and quinidine
salts for therapeutic use. More recent pharmacopoeial monographs have included
tests for the dihydro impurities which are commonly present in quinine and quinidine
and are formed by saturation of the 5-vinyl function in the parent compounds. The
Eunropean Pharmacopoeia (E.P.) monographs for quinine hydrochloride, quinine
sulphate and quinidine sulphate substances include an assay for the dihydro impurities -
which is based on the bromination of the viny! functions. This method, while suitable
for the drug substances, is of rather low specificity and cannot be applied to formu-
Iations coataining salts of quinine and quinidine. The U.S.P. test for dihydro impuri-~
ties, which is applied both to the drug substaaces and the tablet and capsule formu-
lations, involves 2 TLC separation followed by removal of the appropriate spots and
subsequent spectrofiuorimetric analysis. This procedure, which follows the work of
Smith er al !, has suitable specificity with regard to the TLC system, but in our hands
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_ suffers from a number of disadvantages. Besides possibie problems inherent in removal
of the spots, the assay is subject to interfezrence from substances in the TLC adsorbants
“available in this country. This necessitates a prior. washing procedure which increases
the length and tedium of the assay. Improvement of the method by on-plate scanning
is a possibility” but is not feasible for an official method because of lack of availability
of equipment and difficulties in suitable specification of the apparatus.

From the point of view of official requirements for therapeutic goods, it is
desirable to have a rapid, specific method for determination of impurities in quinine
and quinidine salts. It is also appropriate to have the same general impurity limits for
all quinidine salts and also separate common limits for all quinine salts. The situation
with respect to pharmacopoeial standards is somewhat inconsistent as regards limits
for dihydro impurities. The B.P. at present has no limit for the contents of dihydro-
quinidine or dihydroguinine, while the limits of the E.P. are 15 and 109/, respectively.
The U.S.P. limit for dibydroquinidine in quinidine is 209/ of the stated content wlnle
the correspondiag value for dihydroquinine is 10 %4.

In addition, there are at present no official standards in Australia for some
quinine and guinidine salis and formulations. Levels of dihydro impiurities in products
available in this country are typically between 1 and 7% in quinine saltsand 3and 219
for quinidine salts® although a dihydroquinidine content as high as 359, has been
found®. In general, the impurity levels in quinidine salts r&cemhle those reported by
Smith er al! and by Harvey er al 5.

In the development of 2 method for control of dihydro impurities in prepa-
rations containing quinidine and quinine salts consideration was given to the use of
nuclear magnetic resonance (NMR) following Huynh-Ngoc and Sirois® and to gas—
liquid chromatography (GLC), following Smith ef ¢l.'. The use of NMR was not
feasible because of sensitivity and precision difficulties with the apparatus available
and because of the minor usage of this techanique by pharmaceutical industry in
Australia. Gas chromatography using 39 OV-225 met with some success, but
gave inadequate resolution and reliability for an official method: It was therefore
decided to proceed with the development of an high-performance liquid chromato-
graphic (HPLC) method. A number of HPLC procadures for quinidine, guinine and
their impurities have been described. Pound and Sears? used a silica gel column with a
tetrahydrofuran (THF,-ammonium hydroxide maobile phase to analyse these com-
pounds in commercial formulations. HPLC apalyses of quinidine and dihydroquini-
diue ia plasma samples have in general been carried out using reversed-phase systems,
such as those used by Crouthamel er gl.%, Kates et al® and Powers and Sadee'. Low
and Keanedy® used ion-pair reversed-phase chromatography in surveying the quinine
and quinidine products available in Australia. The actual resolution of the components.
and ihe time required for each analysis however limit the general application of the
procedure. The proceduze reported here is an ion-pair reversed-phase methed which
has been found to be of use in overcoming some of the problems mentioned above.

EXPERIMENTAL

Apparatus :
AL HPLC work was carried outon 2 Wau:ts Assoc. pBondapak Cis 30cm X

4 mm column using an Altex 110A pamp and 20-ul loop injector. The detector was a
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Chromatronix Model 230 fitted with an 8-ul flow cell. Peak areas were measured using
a Hewlett-Packard Model 3380A reporting integrator.

Fluorescence measurements were made with a Perkin-Elmer Model MPF 44A
spectroflucrimeter. TLC plates were prepared from Kieselgel H (Merck, Darmstadt,
G.F.R.).

Materials
Reference materials used in this work were obtained from the following

sources: quinidine sulphate, Sigma (St. Louis, Mo., U.S.A.); dihydroguinidine,
LC.N. Pharmaceuticals (New Yeork, N.Y., US.A)); quinine, BDH (Poole, Great
Britain); cinchonine and cinchonidine, Aldrich (Milwaukee, U.S.A.); theophylline,
R.P. Scherer (Tempe, N.S.W_, Australia). Dihydroquinine was prepared from quinine
by hydrogenation®’.

All solvents used were analytical-reagent grade (Merck).

Chromatography conditions

Mobile phase: methanol-water—acetic acid (25:75:1). Separation of cincho-
ninecinchonidine was carried out using methanol-water-acetic acid (20:80:1).
Pressure: 3000 p.s.i. Flow-rate: 1.5 mi/min. Detector: 254 nm, 0.08 a.u.f.s. attenuation
with 16 on the integrator.

Internal standard solution
A 100-mg amount of theophylline was dissolved in 100 ml of the solvent

mixture used for the mobile phase.

Recovery experiments
Samples for recovery experiments were made as single tablets using the follow-

ing formulation: quinidine sulphate, 100 mg; dihydroquinidine, 83.5 mg (equivalent
to 100 mg sulphate); maize starch, 19 mg; lactose, 148 mg; alginic acid, 2 mg; mag-
nesium stearate, 8 mg; povidone, 3 mg.

Each tablet was prepared by shaking the weighed mixture of excipients and
active substances in a sealed vial and compressing the mixture in a hydraulic press by
application of 23.1 MPa. The tablet was weighed and the amount of available active
substances calculated.

HPLC assay procedure for tablet samples

Twenty tablets were weighed accurately and ground to a fine powder. A
quantity of this powder equivalent to approximately 50 mg of quinidine sulphate was
weighed into a 100-ml volumetric flask, shaken for 15 min with a quantity of methanol-
water—acetic acid (80:20:1) and then made up to volume. A 10.0-m! volume of this
solution was transferred to a 50-m! volumeiric flask, 5.0 ml of the internal standard
solution added, and the solution made up to the mark with the aforementioned solvent.
This solution was then chromatographed using the HPLC conditions described above.

Aralyses carried out
Three sets of comparative data were obtained. In the first instance, a series of
solutions of quinidine sulphate reference substance in mobile phase were prepared and
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analysed both by the HPLC procedure and the method of the U.S.P. to provide &
direct comparison between the methods. Samples from three recently imiported
batches of quinidine sulphate were then assayed by the HPLC procedure and those of
the U.S.P. and E.P. to provide a further comparison. In the sccond stage of the work,
the HPLC method was applied to three commercially available samples of quinidine
sulphate tablets, 250 mg, which had been previously tested using the procedures of the
B.P. 1973 as part of the ofiicial sampling program. Finally, the HPLC method was
used to check the recovery of the extraction/work up procedure. The extracts from the
single-tablet assays were also analysed by the method of the U.S.P.

RESULTS AND DISCUSSION

A chromatogram of a mixture of guinine, dihydroquinine, cinchonine and
cinchonidire is shown in Fig. 1 while Fig. 2 shows a chromatogram of a mixture
containing the above compounds plus quinidine and dihydroquinidine. It can be seen
that the chromatographic system used successfully resolves all components except
dihydroquinidine and quinine, whick would not be expected to be present together in
a formulation. Theophylline has a convenient retention volume for internal standard
purposes. From the point of view of selectivity, therefore, the HPLC procedure is
considered suitable for control of pharmaceutical dosage forms. Fig. 3 shows a
chromatogram from one cf the commercial samples of quinidine sulphate tablets and
shows the adequate separation of quinidine and dihydroquinidine and the absence of
other cinchona alkaloids.
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Fig. 1. Separation of a mixture of cinchona alkaloids. l——theophyﬂmcz anci:onmc,?a cm-
chonidine; 4 = quinine; 5 = dihydroquinine.-




REVERSED-PHASE HPLC OF CINCHONA ALKALOIDS 245

e s i )
P
-

B 1 | | -
MU Al

o 6 12 o 6 12
Time {minutes) Time {(minutes)
Fig. 2. Separation of 2 mixture of cinchona alkaloids containing both guinine and quinidine.
1 = Theophylline; 2 = cinchenine; 3 = cinchonidine; 4 = quinidine; 5 = quinidine and dihydro-
quinidine; 5 = dihydroquinine.
Fig. 3. Chromatogram from the analysis of a tablet containing quinidine sulphate. 1 — Theophylline;
2 = quinidine; 3 = dthydroquinidine.

TABLE]
ANALYSIS OF QUINIDINE SULPHATE—DIHYDROQUINIDINE SUBSTANCE
(c) Enrown solutions of auinidine sulphate

Concentration Dihydroquinidine : quinidine ratio ( X 100}

e,

(me/ml) HPLC USs.pP.

c.1 25.3, 254,260

0.2 259, 239, 23.2 280,304

0.3 23.9, 24.4, 23.7, 25.5 24.3, 26.9, 30.7

04 22.6, 2.7 23.1, 26.5, 23.0

0.5 23.1,236, 227 220, 30.3, 300

All results 241 1.2 268 £33

mean & S.D. (n = 15) (r=11)

(5} Samples from imported batches of quinidine sulphate

Sample Dihydroquinidine : quinidiree ratio ( x 100)
HPLC USs.p. EP.

1 232 20 i30

2 T 47 9.0 70

3 2238 273 172
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The resuits from the anafysis of samples of quinidine sulphate substance are
~ given in Table I, and are reported in terms of the ratios of the content of dihydro-
gainidine to the content of quinidine. Agreement between the HPLC and ¥1.S.P.
methods is reasonable overzll, but the total HPLC procedure is complete within
30 min, while the TLC-fluorimetric assay takes about 3 h. In the analysis of the three
szmples of imported material, agreement between the HPLC method and those of the
U.S.P. and E.P. was not very close. The E.P. method tended to underestimate the
dihydroquinidine content when this was appreciable.

Results from the analysis of commercially available tablets are given in Fable II.
The results using the B.P. assay, which makes use of 2 non-aqueous titration, are of
the same order as the HPLC assay results but are consistently higher.

TABLE I
ANALYSIS OF COMMERCIALLY AVAILABLE QUINIDINE SULPHATE TABLETS
All resuits are expressed as a percentage of the stated content of quinidine sulphate.

Tablet brard Dikydroguinidine Ovuinidine Total Total by

. sulphate sulphate B.P. assay
A 28 95.9 98.7 102.1
B 140 80.5 104.5 102.5
C 8.7 89.8 98.5 103.6

The results of the recovery experiments are given in Table IF and indicate that
quinidine and dihydroquinidine are quantitatively extracted by the procedure de-
scribed above. The precision achieved with the U.S.P. method in this experiment was
closely comparable to that of the HPLC procedure. However, the result reported for
tablet 4 is that of a repeat determination after a previous value of 0.746 obtained by

the U.S.P. method had been rejected.

TABLE 1
RESULTS OF RECOVERY EXPERIMENTS USING SINGLE-TABLET ASSAYS
Tablet No. Recovery of Recovery of Ratio of
quinidine { % dihvdroquiridine (%) dikiydroguinidine to quiridine
HPLC ) USP. B
1 96.4 $9.9 ‘ 1010 . 1.043
2 932 1046 1.024 - 1.007
3 93.4 1039 1.151 0.990
4 100.1 105.7 1.107 1.117
s 100.1 1010 1.020 - 0964
6 98.1 293.0 09%¢ 1113
Mezan + SD. 989 + 14 1022 + 3.0 1.051 + 0.063 1.039 + 0.064

Detailed fecovery experiments have not, as yet, been conducted with quinine
salis or with quinidine bisulphate. However, in view of the nature of the extracting
solvent, it is antxcxpated that the solubilities of these other campounds will be high and
that recoveries from the dosage forms will be quantitative.-
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= CONCLUS{ON

RIS An HPLC method has been developed for the analysxs of quinidine, dihydro-
'qmmdmc and cinchonine in formulations containing quinidine salis. The method is
- specific and compares favourably with that of the U.S.P. with regard to speed and
. precision. The method should also be suitable for the apalysis of formulations con-

taining quinine salts.
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