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THE DETERMINATION OF CLIOQUINOL IN BIOLOGICAL MATERIALS
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SUMMARY

Clioguinol, or 3-chloro-7-iodo-8-hydroxyquinoline (Vioform®), and the in-
ternal standard, S5,7-dichloro-8-hydroxyquinoline are extracted from biological
material in the form of their tetrahexylammoniom salts into dichloromethane, where,
in the presence of a methylating agent, both clioguinol and the standard are spon-
tancously transformed into their O-methyl derivatives. These derivatives can be puri-
fied by base-specific extraction and subsequently determined by gas chromatography;
concentrations down to 10 ng per sample may be assayed. The method is compared
with a previously reported procedure based on the C-acetyl derivatives.

INTRODUCTION

Earlier methods for measuring unchanged clioquinol in biological materiall-?
have involved successive steps of extraction, formation of the O-acetyl derivative and
gas-liquid chromatography, 5,7-dichloro-8-hydroxyquinocline being used as interaal
standard. The methodological improvement reported in this paper is acaieved by using
the principle of extractive alkylation introduced into quantitative drug assay by Ervik
and Gustavii’,

PRINCIPLE AND CONDITIONS

Clioguino!l and the internal standard 35,7-dichloro-8-hydroxyauinoline (I} can
be extracted in the form of their tetrahexylammonium salts (If} from aqueous alkaline
medium into a dichloromethane phase, where, in the presence of iodomethane (or
another methylating agent, such as dimethyl sulphate), the G-methyl derivatives (II1)
of clioguinol and the standard are formed almost spontaneously as outlined in Fig. 1.
The over-all yields of the procedure are dependent on the pH of the aqueous phase,
as demonstrated in Fig. 2. The yields of the alkylation reaction alone are about 889
(as determined by using *C-labelled compounds). The structures of the O-methyl
derivatives have been verified by mass spectrometry. For purification, the derivatives
can be extracted from the organic solvent into acidic aqueous phase at pH ~ 0 and
can be re-extracted with hexane at a pH above 2 as shown in Fig. 3. The methyl
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Fig. 1. Formation of the methyl derivatives of clioguinoc! (I; R = I} and internal staadard (I; R =

0 /
' o/

&

% recovery

7 0 1 o2 B e

forad
Fig. 2. Dependence on reaction pH of the recovery of clioquinol {(§—@) and internai standard
{A—4), as methyl derivatives, from plasma. 600 ng of clioguinol and 960 ng of internal standard
in 0.5 m! of porcine plasma were each processed, and the total yield of methyl derivatives was deter-

mined by gas-liquid chromatography.

derivatives have excellent gas chromatographic properties and can be measured sensi-
tively by use of an electron-capture detector.

It is known that, in animals and in man, cliocquinol is transformed into hydro-
philic conjugates, which, on hyvdrolysis, vield unchanged clioquinocl®>. To asceriain
whether or not clioquino! conjugates in blood plasma are hydrolysed under the con-
ditions of extractive alkylation, plasma samples from in vivo experiments were ana-
lysed for unchanged clioquinol both by the procedure describad in this paperand by &
modification that involved saparate extraction of clicquino! and the standard at pH 7
with dichloromethane—diethyl ether (1:4). The resulis were found tc be in good agree-
ment, showing that unintended cleavage of clioquinol conjugates is not likely fo be
caused by the extractive-alkylation process.

The extractive-alkylation technique can be used not only for analysis of plasma
and urine, but also for assaying unchanged clioguinol in tissue homogenates; some of
the conditions under which plasma and tissue can be analysed are as follows.

For determinations in plasma, no more than .5 ml of sample should be used;
larger amounts tend to change the siope of the calibration curve.
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Fig. 3. Partiticn of O-methylated clioguino! (@ —&) and O-methylated standard (A—4) between
hexane and buffered aqueous phases as a function of the pH of the aqueous phase.

Tissue samples shouid be processed by preparing an agueous homogenate (up
to 500 mg per 5 mi), up to I mi of which may be sukiecied to the procedure described
for plasma. The calibration curves prepared with plasma and with tissue homcgenate
are equivalent.

The determination of clioquinol in fat samples requires 2 modified procedure.
Instead of preparing an aqueous homogenate, a dichloromethane homogenate is
prepared using the same quantities as for tissues. An aliguot (I ml) of the dichloro-
methane homogenate is added to the reaction mixture, which is prepared in the same
way as for plasma. A calibration curve prepared with fat must be used in the analysis
of fat samples, as the slopes of the calibration curves prepared with fat and with plasma
are not the same.

EXPERIMENTAL

Reagenis and solvents
All reagents and solventis were of analytical grade and were tested for purity
by carrving out blank runs.

Extraction ard derivatisation

From 0.1 to .5 ml of piasma is mixed with 0.5 ml of internal standard (500 ng
of 3,7-dichloro-8-hydroxyaquinoline} in 0.1 N hydrochloric acid, 2 ml of 2 N sodium
hydroxide znd 0.1 mi of 0.05 if tetrahexvlammonium hydrogen sulphate (M.W.
451), and the mixture is shaken (at 80 rpm on a mechanica! rotary shaker) with 2 ml
of 1 A iodomethane in dichloromethane for 30 min at room temperature and then
cenfrifuged. A maximum aliquot of the organic phase is evaporated to dryness in a
stream of pitrogen, and the residue is dissolved in 2 m! of hexane and shaken with
1.5 mi of 5 Af perchloric acid for 10 min a2t 150 rpm. To 1 mi of the acidic phase are
added 4 mi of saturated trisodium phosphate solution in water, and the mixzture is
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shaken with 2 mi of hexane for 5 min at 150 rpm: a2 5-z! aliquot of the final organic
ohase is injected into the gas chromatograph.

Gas chromatography

The instruments used were a Pye Unicam Model 74, Series 104, gas chromato-
graph with a puised (150 gsec) electron capture detector (°Ni; 10 mCi), an Auto-
Jector S4 automatic injection unit and an Infotronics Model 208 integrator. The col-
umns used were Pyrex giass, 5 1. X 2 mm LD, packed with 3% IXR on Gas-Chrom
Q, the carrier gas was nitrogen (30 mi/min) and the temperatures were: injection port
200°; column oven 185° and detector 200°.

Three typical chromatograms obiained with extracts from human plasma are
shown in Fig. 4.

Calibration curves

In order to calibrate the relative over-all yield of clioguinol in relation to the
standard, plasma samples with known concentrations were analysed, and the mea-
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Fig. 4. Gas chromatograms obtained from 0.3-m! plasma samples containing no clioguinol (A},
50 ng of clicquinoi (B) and 200 ng of ciicquino! {(C); each sample contained 256 ng of internz! stan-
dard. The amounts injected were about 1%, of those originally present in the sample. The arrows
indicate the peak for the methyl derivative of clioguinol.
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sured peak area ratio was plotted against the amount of clioguinol criginally present
in the sample. To demonstrate that clioquinsl can be determined by this method
even in samples of fat, the same calibration process was carried out with porcine fat.
The respective calibration curves are shown in Fig. 5.

ngfsample

Fig. 5. Calibration curves for clioguinol in (A) 100 mg of porcine fat and (B) 0.2 ml of human plasma.
Each sample contained 5,7-dichloro-8-hydroxyquinoline as internal standard (500 ng per sample of
fat; 3090 ng per sample of plasma). Fx is the ratio of the peak area for the clioquinol derivative to that
for the internal standard derivative.

Sensitivity and precision

The method was tested by analysing prepared samples of plasma and tissue
{canine liver} homogenates containing clioquino! coancentrations unknown to the
analyst. The results in Table I and II show that the sensitivity and precision are
sufficiertly good to permit the technigue to be used for determining clioguinol at
the levels reported for pharmacokinetic studiest.

In addition, 2 number of samples were analysed by the proposed method in
comparison with the O-acetylation method; the results are shown in Table IIL

TABLE!
DETERMINATION OF CLIOQUINOL IN 0.5-mi SAMPLES OF HUMAN PLASMA
Clioguincl concerzrarion (ng/mf) Number of Standard Coefficient
determinations  deviaion of variation

Present Found (mean) (ngjml} %)

25 23 3 1.0 43

50 464 8 43 24
160 102.1 8 28 28
200 203.9 ] 4.7 2.3
400 3803 6 226 5.8
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TABIEII
DETERMINATION OF CLICQUINOL IN 108-mg SAMPLES OF CANINE LIVER
Clioguinol concentration (nz/100 mg) Number of Standard Coefficier:
i determinations  deviation of variation
Preszit Found (meai) (re!100 me) (%)
25 24 2 1.0 42
50 52.5 2 3.5 8.7
100 68.4 5 3.0 31
200 200.6 4 5.5 27
400 391.0 4 6.7 1.7
500 520.0 1 - -
TABLE II1

COMPARISON OF RESULTS FOR CLICQUINOL IN 0.i-mi SAMPLES CFHUMANPLASMA
BY ACETYLATION AND BY EXTRACTIVE ALKYLATION

Samples contained 360 ng of internzal standard for the acetylation method and 259 ng for the extrac-
tive alkyiation method.

Clioguino! present Clicguiral found (ngi0.1 mi)

(rgl0.1 ) Pl
Acetylation methed  Extractive alkylation nietiod
0.4 12,5 11.8
113 10.7
248 28.0 24.8
300 221
536 62.0 51.8
64.0 52.5
156.7 i72.0 153.5
1926 162.0
375.0 392.0 370.0
405.0 368.0
TABLE IV

COMPARISON OF RESULTS FOR UNCHANGED CLIOQUINOL IN 160-mg SAMPLES OF
FAT BY TWO METHODS'

Clisguinol present Ciioguinol found (rg) Deviatior: {%)
(rg)
Exiractive  Metkod of Extractive  Methad of
alkylation  Tamura et cl? alkyiction  Tamurs et al’®
125 125 150 0.0 +-20.0
130 123 + 40 00
1is i35 — 80 + 86
250 245 278 — 290 +112
275 270 =100 + B.O
270 278 + 8.0 +11.2

The method of Tamura ef gl.*> was used 1o estimate clicquinol in fat biopsy
samples, and the results were compared with those of our technigque; Table IV shows
that agreement between the results of the two procedures was good.
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