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SUMMARY 

A high-perfonnanee Liquid cbromatographic separation of proguanil, cyeloguanil and 
4chlorophenylbiguanide is reported using a hydrophobic stationary phase and lauryl SUE- 
phate as pairing ion. It is suggested, on the basis of the behaviour of phenylbenzoate ss an 
undissaciated solute and tie variation of retedion with lauryl sulphate and sad&n ion con- 
centrations that the macbankm of separation is one of ion exchange_ The biid~ can be 
detected in serum at concenkations in the region of 60 ng ml-’ and pre- resrrlts a 
presented to show the variation of praguanil in serum over a 24-h period fdlIowing ingestion 
of 200 Lug o&y. 

INTRODUCTION 

Proguanil hydrochloride (Paludrine, ICI) is widely used as a prophylactic 
agent against malaria. It is usually adminis~red once daily as a IOO-mg tablet 
although a 200-mg daiiy dose is recommended for parts of West Africa. _ 

Proguanil is reported to be partially excreted unchanged from the body (4U- 
60%) and partially metabc+ised to give cycIoguanil as the main metabolite [I] _ 
This me&&o&-has apparent antimakzial activity and it;rather than the parent 
drug, is *&ought to possess the prophylactic a&vie 129. Subsequent metab- 
olism results in the for&ation of another metabolite - 4-chlorophenylbiguanide 
[iI_ 

Pro@ occasionally f&s to provide a prophylactic effect despite strict ad- 
h&rence ~XX the recommended- dosage regime. This lack of prophylaxis has been 
a&rib&d to aCc@ed resi&mce by tie plasmodia responsible [3]. In recent 
years &pp&ent lack of t&h&y or apparent toxitiiw of several drugs in htians 
has be&n-well correlated with their bhtiacokinetic parameters. The long-term 



use of several drugs has been shown to result in the alteration of these param- 
eters especially those relating to metabolism 141. Since proguanil is admin- 
istered on a daily basis over long periods of. time and since metabolism appar- 
entap pI.ays an important part in its actiiiitg there is a need for a detailed study 
of *he pharmacokinetics of this drug and its metabolites. 

The only pharmacokinetic data available [5] depend on re!ativeIy nonspe- 
cific chemical assay. The method of high-performance liquid chromatography 
(HPLC) with its relative ease of sample preparation appears to offer the most 
suitable assay method for such a study. It is proposed to develop a chromato- 
graphic separation of these biguanides and to assess its suitability for serum 
assay of these compounds. 

Since the advent of reversed-phe ion-pair chromatography IS-91 separa- 
tions using this technique have been tidely applied. Despite this, the me&a- 
nism of retention on hydrophobic phases using hydrophobic pairing ions is still 
under discussion [IO-l21 and relatively few data have been reported distin- 
guishing between the ion-pairing concept and the alternative ion-exchange 
int2rpretation of retention 113-151. Lt is proposed to examine the effect of 
lauryl sulphate and sodium ion concentrations on the separation of these com- 
pounds to obtain additional information on the mechanism of retention. 

EXPERIMEbiiAL 

Appamtus and materials 
The liquid chromatograph used consisted of an Applied Chromatography 

System syringe pump linked to a Pye Unicam IX-3 ultraviolet detector. 'Fhe 
chromatugraphic column (100 mm X 4.6 mm I.D.) was slurry packed at 200 
bar with 5qrn Hype& ODS (Shandon Southern, London, Great Britain). 
Syringe injection was used for the m easurement of column capacity factors and 
for quantikkive measnre ments a kheodyne Model 7120 injection valve fitted 
with a ZOO-*l loop was used- The wavelength of me asurement was optimised 
for proguanil at 247 nm and all measurements were made at ambient tempera- 
ture. Acetcnitrile was HPLC grade (Rathburn Chemicals, Walkerbum, Great 
Britain). All other chemicals used were obtained from BDH Chemicals (Poole, 
Great Britain). Proguanil, cycloguanil and 4-chlorophenylbiguanide were 
donated by ICI (Maccksfield, Great Britain). 

A solution (20 gg ml’j in acetonitrile of the three biguanides was prepared 
containing phenylbenzoate (40 pg ml-‘) as a non-ionisable reference compound. 
The retention times of the four compounds were measured as a function of an- 
ion concentration over the range o-1).909% w/v by adding volumes of 10% w/v 
sodium lauryl sulphate @IS) solution in buffer together with an equal volume 
of acetonitrile to an eluent of acetonitril mter (50:50) containing 0.175 M 
phosphoric acid and O-0125 M sodium dihydrogen phosphate as a buffer. The 
pH cf the eluent was l-5. The retention times were also measured as a function 
of sodium coun~%r ion concentration using a fixed SLS concentration of 0.7% 
w/v adjusted to pH 1.5 with sulphuric acid to which sodium sulphate solution 



(1.33 M) was added together with an equal volume of acetonitrile to provide a 
range of sodium ion concentration from 0.07 to 0.313 M. 

@alibmtin procedures for biguunides 
Calibration curves for the three biguanides were run both in water and in 

bovine serum by spiking to provide concentrations in the range 80-450 ng 
ml-’ for each compound. The solutions in water were injected directly. The 
spiked serum was deproteinated by adding 0.25 ml of per&lo& acid (60% 
w/v) to 1 ml of serum, shaking and centrifuging for 15 min. The clear super- 
natant was then injected. For quantitative measurements the elueut strength 
was modified to acetonitrile-water (75:25) and the SLS concentration to 2.5% 
w/v. 

Determination of partition coefficients and dissociation constmts 
The partition coefficients for the three biguanides and phenylbenzoate were 

determined using au octanol-water system by measuring the absorbance of 
each compound at an appropriate wavelength in acid aqueous (adjusted to pH 
-1.5 with sulphuric acid) solution before and after equilibrating with a suitable 
volume of I-octanol. The dissociation constnnts of the biguanides were deter- 
mined by a spectrophotometric method [l6]. A plot of pH agaiust change in 
absorbance over that in the fully protonated form enabled the pK, to be deter- 
mined from the point of inflexion. 

RJZSULTS AND DISCUSSION 

Fig. 1 shows the separations obtained of the three biguanides and phenyl- 
benzoate in the presence and absence of surfactant. It was noted that the order 
of elution of cycloguanil and 4chlorophenylbiguanide was reversed on addition 
of surfactant. 

Sutfactant concentmtion 
The results of increasing SLS concentration are shown in Fig. 2. The ca??ac- 

ily ratios for the three biguanides are seen to increase linearly with increase m 
SLS concentration (R30.956). The slopes of the lines are markedly different 
and are in the same order as the octanol/water partition coefficients, measured 
iu acid solutions, for cyclogusnil, 4+zhlorophenylbiguanide aud proguanil as 
0.05, 0.11 and 0.33 respectively. The primary pK, values of the bases at 20°C 
were determined as 4.2, 1.9 and 3.0 respectively and it is assumed that in the 
euent used these compounds are appreciably protonated. The behaviour of the 
uncharged phenylbenzoate, showing decreased capacity ratio with increasing 
SLS concentration indicates that the surfactant is interacting directly with the 
stationary phase rather than in solution with the mobile phase. 

Fig. 3 shows the effect of surfactant concentration on the reduced plate 
height (k). Data were obtained from chromatograms which allowed reliable 
measurement of column efficiency, i.e. where no overlap of peaks occurred. 
For proguanil and 4chlorophenylbiguanide k is initially very large and tends, as 
the surfa&mt concentration increases, to the low constant value shown for 
phenylbenzoate which is independent of surfs&ant conceutration. It would 
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Fig. 1. Rep~~~~chmsato~to~o~thee~~ofsodirunlauryls~phateonreten- 
tion. (a) No STs;@)O_654% w/v SLS. Conditions:ebzent acetonitril~ ter (50:50) * 
O_l?iWH,PO,+ O_O125MNaE&PO,_Fiow-rate,l.5ml1~m * -l;lO~lsyringeinjection.Solute 
cono~trationsappmximately2o~gml~_ F'uUs&eabsorbance0.0S.Peaks: A,cyclogud; 
B,4-&lorophenylbiguanide;C,proguanil; D,phenylbenzoak- 

l2- 

Pig_ 2_~~or^~~~co~~~onon~patifyratio(k')forcycloguar?il(o),4chlo~ 
phenylbigmnide(o), proguaniI (o)and phenylbenzoate(o). Chromatographic corxlitiolrsas 
irxFig_l. 

appear from these resulb that high concentrations-of t5urhdmtare advanta- 
geous in that they render the putative ionexchange mechanism of comparable 
efficiency to that obtained for xsmhrged soWe species on reversed-phase 
systems. This is interpreted as evidence of an ion-exchange mechaninm where 
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Fig. 3. Variation of reduced p-Me height (h) titb surfmtant concentration for cycloguanil 
(o), 4&ompbenyIbigtztide (o), proguanil (0) and phenJrrbenzo&e (0). Cbromatographic 
conditions BS in Fig. 1. 

an effectively low capacity resin is being formed at low surfactant concentra- 
tion producing minimal retention with consequent peak broadening due to 
overloading of the ionic sites available. In the present results there appears to be 
no evidence of the complex dependence of h on surfactant concentration 
demonstrated for tryptophan in a similar cbromatograpbic system [X7] _ The 
present results are similar to those obtained for sodium cromoglycate with 
alkylbenzyldimethylammonium chlorides [12] _ These results favour an equi- 
librium of the ion-exchange type represented by 

(PNaC)og f BH*~~ + (PT3HC),~ i- NaC,9 

where P- refers to the surfactant anion and BH+ to the protonated base, It has 
been shown [IS] that in such a system the distribution ratio of the drug 
between the organic and aqueous phases and thus the cbromatographic 
capacity factor k’ is given by an expression of the type 

K= being equilibrium constant for the ion-exchange reaction shown. 
If the surfackmt partitioned into the stationary phase is in equilibrium with 

that in the aqueous phase as is likely in the case of a surfactant where micellisa- 
tion forms an alternative to the removal of suzfactzmt from the aqueous phase 
then 

CPma+l erg 

k = [PXa+& 

where k is an overall distribution coefficient for SLS between the aqueous and 
the organic phases and 

(2) 
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which is the sWation observed in the present work_ This may not be the case 
where a pairing ion is unable to form mice&s in which case continuous pa&i- 
tioning of the surfactant into the stationary phase will occur and [P-Na+].g 
will be independent of [PXa+] aq 

Counter ion cmcentmtion 
Eqn. 2 shows that at fked (P-Na+)w cor.cenkation, k’ should vary as the re- 

ciprocal of fNa*]_ The results of varying the sod&m ion concentration are 
shown in Fig. 4. The phenylbenzoate is seen to be unaffected by sodium ion 
while the column capac* factors for tie protonated species are linearly re- 
late+ to l/[Na+] _ This result further supports the ion-exchmge interpretation of 
retention and indicates competition for anionic sites between sodium and pro- 
tonatfzd base. It can ako be observed in Fig. 4 that in the presence of a large 
concentration of added sodium ion the retention of all bases is greatly reduced 
and the elution order of cycloguanil and 4-&lorophenyH&mnide reversed to 
that found in low suz&ctant concentrations, In these experiments 110 signifi- 
cant change in h as a function of sodium ion concentration was observed. 

FTg_4.Variationofthecapacity ratio (A’)with the reciprocal ofsodium ion concentration 
far cy&guad (0). 4~rophenyKgwnide (*). proguanil (0) and phenylbenzoate (0). 
ClvomatogrephicconditionsarLnFi~.l. 

Serum determinations 
The blank and spiked bovine serum after protein precipitation and injection 

produc& chromatograms as shown in Fig. 5. The three bzses are well resolved 
and, with the exception of cycloguanil, well removed from endogenous plasma 
conskitients. The calibration curves of peak height against concentration (6) 
were linear and the regression lines ~PESeQkCi aS 

C&hguad peak height (mm) = 0.268C (ng ml-‘) + 1.115 (R* = 0.990, SD. = 
5 - 10-3) 
4XZhlorophenylbiguanide peak height (mm) = 0.185C (ng ml-‘) + 0.53 (R* = 
0.990, SJ). = 6 - IO') 
Ekmguad peak height (mm) = O-129& (ngml-') + 0,294 (R* = 0.996,&D_= 
5 - 10") 



(a) 

Fig.5.Repxsentative chromatograms to ~o~~~er~~~onofb~anidesinseru;ra.(a) 
E&I& botie serum sample: (b) bovine serum sxnpIe containing 150 ng ml-' of each 
bigmmide. Peaks: A, cyc&uanil; B, hchioropbeny~biguanide; C, proguanii. Conditions: 
eluent,acetonitril~ ter(75:25)+ 2.5% w/v SLS + Q.17 M H,PO, + O.O125MNaH,PO,. 
Fu~s~eabsorbaace0.005,L00-~1valveandloopinje~ction. 
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Time (mm) 5 0 TtmeCmm) 5 0 

To estimate losses during the precipitation ‘of protein comparable concentra- 
tions in water were injected directly. From the relative slopes of the lines ob 
ta&d in water and in serum it was estimated that losses in the region of 10% 
were incurred during the deproteinating step. 

The limit of detection for the three compounds was estimated to be in the 
region of 60 ng ml -l_ Attempts to improve this detection limit by selective ex- 
traction and concentration before injection were unsuccessful. 

In viva measurements 
Since no information was available in the likrakre concerning human serum 

levels of progwkl following the ingestion of a prophylactic dose a Mal run was 
made on a human volunteer_ At varying timus after ingestion of 200 mg pro- 
guanil blood samples were taken by venipuncture. Five ml of each sample were 
centrifuged after clotting and serum obtained. This was assayed by the above 
method. Specimen chromatograms are shown in Fig. 6. In these samples only 
proguanil could be detected and no clear evidence of either of the two accepted 
metabolites was found. The variation of serum proguanil with timeis shown in 
Table I. This sssay method was also applied to whole blood after lysing by re- 
peated freezing and an increased praguanii concentration of 340 ng ml-’ was 
determined for the 1.5-h sample compared with 220 ng ml-” for the serum 
alone. 

In view of the paucacity of information on the pharmacokinetics of pr+ 
guanil it is intended to apply the method described in a complete study- It ap- 
pears that rerinement qf the method will be required if the presumably lower 
levels of the accepted metabolites are to be monitored. 



Abstiance 

Pig_ 6. Represenbtim chow of volunteer seruln sampres assayed after ing@dion of 

2~mgPe.(a)-- sample; (b) serum after 0.5 h; (e) serum after 2.5 h. 
m&0gr#h ccm&tioas as in Fig. 5. Peak C, pmguwil. . 

TABLE I 

REST”~ OF - SERuBd D- ATION OF PRGGUANE AT VARICXJS 
TIMRS A.FTER INGEZSTION OF 200 mg PR0GUANIF.a 

- w- 0 0.5 1.5 2.5 3.5 24 
fi~se~concerltation(ngd~) 0 95 220 280 275 70 

The practical assistvlce of Mr_ Raymond Reid is grateful& acknov&?dged as 
is the gift of materials from ICI Ltd., Phannaeutica?s Division. 
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