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SUMMARY 

CIiaquinal, or 5chlara-i-iada-S-hydraxyquinaiine (Viafarm@), and the in-. 
termai standard, 5,?-dichlora-S-hydraxyquinoline are extracted from biological 
mzzterial in the form of their tetrzhexy~ammonium salts into dichloromethane, where, 
in the presence of a methyl&n g agent, both cffoquinot and the standard are spon- 
taneously rransfarmed into their O-merhyf derivatives. These derivatives can bc pwi- 
fitd by base-specific extraction and subsequently determined by gas chromatography; 
concentrations dawn to EO ng per sample may be assayed. The method is compared 
with a previously reported procedure based an the C-acetyk derivatives. 

Earlier methods far measuring unchanged cliaquinal in biological material’*’ 
have involved successive steps of es&action, formation of the O-acetyl derivative and 
_--liquid chramatagraphy, 5,‘7-dichlara-S-hydraxyquinaline being used as internal 
standard. The methadaiogiczl improvement reported in this paper is achieved by using 
the principle af extractive alky!atian izltrodwed into quantitative drug assay by Ervik 
and Gus’fivii3. 

PRINCIPLE AND CONDI-FEONS 

CIiaquinal and the inter& standard 5,‘7-dichlara-S-hydraxyquinofine (1) ca~z 
be extracted in the farm of their tetrzhexyIammanium saits (EL) from aqueous alkaiine 
medium into a dichIoramethane phase, where, in the presence of iodomethane (or 
another meihylzting agent, sucfi as dimethyl sutphate), the G-nre&yl derivatives (HI) 
of c!iaqrrinai and the stsndzrd are farmed ztmast spantzneausiy as autlined in Fig. I _ 

The ovei-4 yields of the procedure are dependent an the pK of the aqueous phase, 
as demaiistrated in Fig. 2. The yields of the alkylatian reaction atone are about SS % 
(as determined by using L4EC-labetIed compounds). The structures of the O-methyl 
derivatives have been verified by mass spectrametry. Far purification, the derivatives 
can be extrzcted from the organic solvent into acidic zqueaus phase at pff ‘Y 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 methy1 derivatives of clioquixot (r; R = I) and in:e& s’adzrd (f; R = 
Cl). 
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Fig. 3. De_pendeoce on reaction pH of the recovery of clioquinol (&-@) and internai standard 
(A-A), as methyl derivatives, from plasma. 600 ng of clioquinol ad 960 ng of iz~t~ma.! standard 
in 0.5 ml of porcine plasma were each processed, and th= total yie!d of methyl derivatives wzs deter- 

mined by gas-iiquid chromarogrzphy. 

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

ft is known that, in animals and ir? man, clioquinoZ is transfo_rI;red into hydro- 
Dhilic conjugates, which, on hydrolysis, yield unchanged clioquinoF5. To ascertain 
whether or not clioqninol cor?jugates in biood pfasmz are hydroIysed under the cot-~- 
ditions of extractive a!kylation, p!asma samples from i9 Gvo experiments were ana- 
lysed for unchanged clioqumol both by the procedure described in t-his paper and by a 
moditication thzt involved separate extractiog of clioquirro! and the standard at pH 7 
with dichloromethane-diethqrl et&x (I:+. The results were found to be in good agree- 
ment, showing that unintended cleavage of clioquinot conjugates is not like+ to be 
caused by the extractive-alkylation process. 

The extractive+Jky!ation technique can be used not only for anaEysis of plasm2 
and Gne, but also for assaying unchanged ctioo_uinol ia tissue homogenates; some OF 
the conditions uoder w_hich plasma and tissue can be analysed are as r”olIows. 

For determinations In p&.sma, no more than 0.5 mZ of sanpre shouEd 5e used; 
larger amounts teod to change the slope of the caribration curve. 



Fig 3. Fzztition of O-metby!ated clioquinol @&-@) ar,d O-methyl&xi standard (A-A) between 
hexme 2nd bunkered zqueous phases as 2 function of the pH of the aqueous phase. 

Tissue samples should be processed by preparing an aqueous homogenate (up 
to 330 mg per 5 ml), up to I ml of which may be subjected to the procedure described 
for plasma. The calibratioil curves prepared with plasma and with tissue homogesnate 
are equivalent. 

The determination of clioquinol in fat samples requires a modified procedure. 
Instead of preparing an aqueous homogeenate, a dichloromethane homogeenate is 
prepared using the same quantities as for tissues. An aliquot (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 sampIes, as the slopes of the calibration curves prepared with fat 2nd with p!asma 
are not the same. 

EXPERIMENTAL 

All reagents and solvents were of analytical _-de and were tested for puriQ 
by carrying otie blank runs. 

From 0. I to 0.5 ml of plasma is mixed with 0.5 rnE of internal standard (500 ng 

of 5,7aichioro-8-hydro~y~~~~o~~~e~ in 0.1 N hydroc’nlork acid, 2 ml of 2 N sodium 

hydroxide and 0.1 ml of 0.05 AT tetr2hexylamxonium hydrogen sulphate (M.W. 
$5E), and the mixrure is shaken (at SO rpm OR a mechanica! rotary shaker) with 2 mf 
of 1 M iodomethane in dichloromethane for SO tin at room temperature and theri 
centrifuged. A m&mum aliquot of the organic phase is evaporated to dryness in a 
stream of nitrogen, and ‘&e residue is dissolved in 2 mi_ of hexane and shaken with 
I.5 ml of 5 M pezchloric acid for 10 min 2t I50 &Trn. To 1 ml of the acidic phase 2re 
added 4 ml of saturated t&odium phosphate solution in water, and the mixture is 



shaken with 2 ml of hexane for 5 min at I50 rpm: a 5-,~11 aliquot or^ the final organic 
Thase is injected into the gas chromatograph. 

@GS chromafogi-qhj 
The instruments used were a Pye Unicam Model 74, Series I&S, gas chromato- 

graph with a pulsed (150,usec) electron capture detector (“Ni; f0 mCi), BEL AUEO- 
jector S4 automatic injectios unit and an lnfotronics Model 208 integmtor. The cot- 
umns used were Pyrex @ass, 5 ft_ x 2 mm I.D., packed with 3 o/0 IXR on Gas-Chrom 
Q, the carrier gas was nitrogen (30 m!/min) and the temperatures were: injecfion port 

200'; column oven 185” and detector 330’. 
Three typical chromatograms obtained with extracrs from human plasma 2re 

shown in Fig. 4. 

In order to calibrate the relative over-all yield of clioquinol in relation to the 
standard, pfaSma samples with known concentrations were analysed, and the mea- 
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Fig. 4. Gas ~hro_mato_gaxs obtzinezi from 0.5-m: pizssma sanples containing no dioqtinoi (A). 
50 fig of clioquinoi (3) and Xi3 zg of ciioquino! (C); exfi sample conti.irrld 30 ris of internal S&II- 
,32rd. T5e amounts injezted acre about IT& of these ori_&aEy present in the szmpk The at-rows 
indicate :he -peak for the me&yI dedra:ive ofcl~ooqrtino!. 



sured peak 2re2 r2tio w2s pIotted agziinst the BIPIOU~E of cEioquinol origifnafly present 
in the sample. To demonstrate that ctioqtio~ czn be detehmfned by this method 
even in samples of fzt, the same caiibrztion process wzs cari& out with porcine fat. 
The respective calibration curves are shown in Fig. 5. 

Fig. 5. Caiibntion cwves for clioquinol in (A) 100 mg of porcine fzt 2nd (B) 0.2 ml of humor plzsmz. 
Eazir sz_mp!e conlai~ed 5,7-dichIoro-8-~yy&-oxyquiootine as intern& standard (5(?0 ng per sample of 
fat; 300 ng per sampIe of pizsm~.). Exz is the ntio of the peak area for the ciioquinol derivative to that 
for the inter& s’G?xk+rd derivatix 

The method was tested by analysing prepared samples of plasma and tissue 
{canine liver) homogenates contzrining clioquinol concentrations urLknown to the 
analyst. The resufts in Table I and IE show that th, p sensitivity and precision ae 
suEciectly good to permit the technique to be used for deterinining clioquinol at 
the levefs reported for pharmacokinetic studies’. 

In addition, a number of samples were anaiysed by the proposed method in 
compa.rison with the O-acetylation method; the results are shown in Table Hi. 



25 21 2 1.0 4.2 
50 52.5 2 3.5 6.7 

IOO 98.4 5 3s 
200 mm 4 :-; 
4OO 391.0 4 6:7 

2.7 
I.? 

500 520.0 I - - 

TAELE iii 

CQMPARE3ON OF RESULTS FOR KN M-rid OF HWMAN 
BY ACZTYLATION BY EXTRACTWE 

Samples contined intern2ist2ndzrd fort& 2cetytation methodand 250ngf+3r&eextrzc- 

tive aIky7ztion zetiod. 

ZO.4 12.5 
Il.3 

24.8 28.0 

30.0 
53.6 62.0 

64.0 
166.7 172.0 

192.0 
375.0 392.0 

Mi6.0 

11.8 
10.7 
24.8 

24.1 
51.8 
52.5 

!53.5 
162.0 
370.0 
368.0 

TABFEE N 

COME’.~SQN OF RESWLTS FOR UNCHANGED CLKOQUINOL I% Ir!%ag SAMPLES OF 
FAT BY TWO METSODS. 

125 125 L5Q 0.0 f20.0 
Z30 125 I 4.0 0.0 
115 135 - 8.0 + 8.0 

SO 245 27s - 2.0 +11.2 
275 270 f 10.0 f 8.0 
270 270” t 8.0 t11.2 
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