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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 
COCAINE AND ITS MAIN METABOLITES IN 

BIOLOGICAL SAMPLES: A REVIEW 

K. CLAUWAERT, W. LAMBERT, AND A. DE LEENHEER 
Laboratorium voor Toxicologie 

Harelbekestraat 72 
B-9000 Gent, Belgium 

ABSTRACT 

The HPLC determinations of cocaine and its main metabolites 
are critically reviewed with special attention to the matrices 
analysed. A comparison of the different extraction methods is 
given and the chromatography, internal standardization and 
detection modes are discussed. 

INTRODUCTION 

Cocaine, the major alkaloid of Erythroxylum coca, has a 

long history of human use and abuse. More than four thousand 

years ago the coca leaves were already chewed. In the beginning 

of our century cocaine was an ingredient of tonics and soda's. 

Nowadays cocaine is almost exclusively associated with abuse, it 

is snorted, injected or smoked as "freebase" or "crack" (1,2). 

The instantaneous and overwhelming effect of such applications 

explain the popularity of cocaine among drug users. The extreme 

danger and high mortality rate attract attention of the phy-
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sicians and analysts. This results in an increasing amount of 

scientific effort with respect to the neuronal activity of 

cocaine, to the effects on the human organism and of course to 

the various ways and techniques for analysis of this compound. 

Cocaine is a local anaesthetic and vasoconstrictor : it 

blocks the sodium transport across the membranes which forms the 

basis of its medical application in otorhinolaryngeal surgery 

(1,2) . 

The effects of cocaine on the central nervous system are 

well known. It blocks the reuptake of norepinephrine, dopamine 

and serotonin, mono-amines which are implicated in memory 

function. The high synaptic concentrations of mono-amines and 

especially of dopamine result in physiological and psychotropic 

effects such as an increased sense of alertness, well-being and 

euphoria. Subsequent mono-amine depletion in the presynaps 

results in a crash with depression and physical discomfort. 

This cycle is responsible for the reinforcing properties of 

cocaine : drug-users prevent the crash by taking new and higher 

doses (1,2). Much effort is put into the search for cocaine 

antagonist but at present no such compound is available and 

today cocaine intoxication can only be treated symptomatically 

(3) • 

METABOLISM 

Cocaine is rapidly and almost completely metabolized and 

deactivated. Benzoylecgonine is one of the main degradation 

products formed by either an hepatic carboxyesterase or sponta

neous hydrolysis (4), (Fig.1). Another important metabolite is 

ecgonine methyl ester, which is formed by hepatic 

cholinesterase. Al though they have no pharmacological activity, 

both metabolites are of great toxicological and analytical 

importance : due to their long half-life in biological matrices 

(four to six times longer than cocaine) they remain much longer 

detectable than the parent compound, cocaine. Unfortunately, 

their hydrophylic nature renders them difficult to extract. 
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Benzoylecgonine as well as ecgonine methyl ester are then 

further hydrolysed to the inactive ecgonine. 

N-demethylation of cocaine to norcocaine has been iden

tified as a minor metabolic pathway in humans. Norcocaine is 

one of the few cocaine metabolites found to have in vivo 

pharmacological activity in animals and to block amine re-uptake 

in vitro. Norcocaine appears to be unimportant as a determinant 

of cocaine's behavorial effects in humans. However, metabolites 

of norcocaine such as N-hydroxy norcocaine and norcocaine 

nitroxide have been suggested as mediators of cocaine's 

hepatotoxicity in animals (1). Norcocaine can be hydrolysed to 

benzoylnorecgonine, a metabolite causing seizures in rats and 

accumulating in the guinea pig foetus following maternal cocaine 

administration. Large concentrations of benzoylnorecgonine are 

reported in the urine of pregnant cocaine users, suggesting a 

similar accumulation in the human foetus (5,6). 

The anhydroecgonine methylester, a pyrolytic product of 

cocaine, is formed as a result of thermal degradation when 

cocaine free base is smoked and can be found together with 

anhydroecgonine in the urine of crack smokers (7). 

The prevalence of alcoholism in cocaine abusers is about 

twice that seen in heroin abusers. The cocaine addicts state 

that ethanol improves and prolongs their euphoria and reduces 

the crash that occurs upon cessation of cocaine use. Cocaethy

lene, a pharmacologically significant analog of cocaine, formed 

by transesterification of cocaine with ethanol when the two are 

present together, might be responsible for this. Its formation 

is catalysed by the hepatic carboxyesterase which is also 

responsible for the formation of benzoylecgonine. Although the 

psychomotor stimulant effects produced by cocaethylene and 

cocaine are similar, cocaethylene is less potent than cocaine in 

production of such effects. At the same time the lethal dose of 

cocacethylene is much less than that of cocaine in mice. These 

findings suggest that there may be increased risk of morbidity 

and mortality as users titrate their cocaine intake based on the 

weaker stimulant effects of cocaethylene, during which time 

additional cocaine may be converted to the more toxic cocaethy

lene (8,9). 



COCAINE AND ITS METABOLITES 2101 

Arylhydroxy and arylmethoxy metabolites of cocaine have 

also been identified as minor metabolites in urine of cocaine 

users. Meta-hydroxybenzoylecgonine is a metabolite that is also 

present in meconium and the fact that it is not a routine analyte 

in commercial meconium testing laboratories is in some cases 

responsible for misdiagnosis (10) (Fig.2). Interestingly, 

ethyl ester homologs of these compounds have also been detected 

in urine of individuals using cocaine and ethanol concurrently 

(11-13) • 

MATRICES OF INTEREST 

Urine and blood are the most popular biological fluids for 

drug research. As cocaine is rapidly hydrolysed to benzoylecgo

nine many stUdies are performed on its stability in these two 

matrices. It was proved that in refrigerated blood samples and 

in alkaline buffers the cocaine concentration decreases as a 

function of time when no precautions are taken. Degradation can 

be prevented by lowering both pH and temperature (14-18). In 

blood, cocaine is also hydrolysed to ecgonine methylester when 

the enzymes responsible for this are not deactivated by an 

anticholinesterase agent (16,17). 

Several other matrices are also examined by HPLC. In liver 

(19), high concentrations of cocaine and its metabolites are 

found. In brain (20), cocaine levels are higher than in blood 

and cocaine is stable in frozen brain tissue up to three months 

post-mortem. vitreous humour (21,22) has also been examined for 

the presence of cocaine: it is a fairly simple matrix and is not 

influenced by any post-mortem alteration. The lack of post

mortem metabolic activity in this matrix suggests that drug 

levels found in vitreous fluid may give a quite accurate 

indication of body drug concentrations at the time of death. 

The analysis of meconium (7,23), the first passed stool of 

newborns, is an increasingly prevalent method for detection of 

substances which were present in the mother uterus. Meconium 

begins to form between ten to twelve weeks of gestation and 

continues to be formed throughout intrauterine life. It may 
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Meta-hydroxycocaine 

Para-hydroxycocaine 

3'-hydroxy-4'methoxycocaine 

4'-hydroxy-3'methoxycocaine 

Figure 2 Minor metabolites of cocaine. 

serve as a reservoir for substances taken by the mother, and 

therefore it is a record of fetal drug exposure for up to the 

last twenty weeks of gestation. The concentrations of cocaine 

in meconium are relatively high. Amniotic fluid (24) is also 

examined as an alternative to meconium, because it is present 

during the entire pregnancy. 



COCAINE AND ITS METABOLITES 2103 

Hair (25-27) affords also an interesting matrix for HPLC 

analysis of cocaine. Drugs pass from the body fluids into the 

hair and remain bound in this matrix. Hence, hair analysis may 

provide information regarding the past use of drugs. Taking 

growth into consideration, hair can be divided into single 

strands for estimating the timespan at which the drug was taken. 

Saliva (28,29) has already been analysed for cocaine with 

GC and concentrations have been found exceeding those in plasma. 

In this way HPLC analysis of saliva can become important in the 

cocaine abuse investigation. 

EXTRACTION 

A sui table sample preparation is an important prerequisite 

for applying liquid chromatography to biosamples. The isolation 

is usually performed by liquid-liquid extraction at a pH at 

which the analyte is non-ionized, or by Solid Phase Extraction. 

a. Liquid-liquid extraction 

A first group of liquid-liquid extraction procedures was 

developed for the extraction of cocaine and of the active 

metabolites such as norcocaine and cocaethylene. The coextrac

tion of those three compounds is due to their similar lipophili

city. 

The samples are brought to an alkaline pH with a sodium 

carbonate buffer (30-34), a borate buffer (35,36), or sodium 

hydroxide (37), and then extracted with hexane-iso amylalcohol 

(98:2, byvol) (30,32,33), hexane-iso-amylalcohol (99:1, by vol) 

(37), diethylether (31,35), hexane (34) or chloroform (36). In 

some cases an additional aqueous back-extraction step is 

performed in hydrochloric acid (30,32,33,37), tetra

methylammonium hydrogen sulphate (35) or acetic acid (31). The 

aqueous acidic fraction can be directly injected onto the HPLC 

(30,32,33,35,37) or submitted to a second alkaline extraction 

comparable to the first one ; the organic phase is then evapor

ated to dryness and injected after redissolution in the mobile 

phase (31). 
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The extraction of lipophilic compounds such as cocaine, 

norcocaine and cocaethylene, can be performed with a simple 

liquid-liquid extraction, with a high extraction efficiency and 

resul ts in pure extracts. These determinations can be satisfac

tory for some clinical and pharmacokinetic tests but are 

insufficient for judicial testing or to establish the cause of 

death. Failure to detect the parent drug or the active 

metabolite in blood or urine does not exclude fairly recent use 

due to the short elimination life of those compounds. 

An evaluation of the different liquid-liquid extractions 

has confirmed that benzoyl ecgonine , containing both an amine and 

a carboxylic acid group, possesses high hydrophobicity but can 

be extracted simultaneously with cocaine from neutral or basic 

media with chloroform or dichloromethane. The extraction 

efficiency is further enhanced by addition of alcohols such as 

isopropanol or ethanol ; on the other hand, the extraction with 

diethylether, diethylether-benzene or butyl chloride is not 

effective for benzoylecgonine. The addition of alcohols, 

however, increases the recovery at the expense of the purity of 

the extracts of biological samples which negatively affects the 

detection limits (38). 

The samples are buffered at an alkaline pH with a sodium 

carbonate buffer, ammonium hydroxide (41,42), a phosphate (18) 

or borate buffer followed by extraction with chloroform

isopropanol (3:2, by vol) (6,39), (95:5, by vol) (43) or (9:1, 

by vol) (42), chloroform-ethanol (80:20, by vol) (40) or 

(82.5:17.5, by vOl) (44), dichloromethane-isopropanol (90:10, 

by vOl) (19) or dichloromethane-ethanol (50:50, by vOl) (41). 

This alkaline extraction can be preceded by an acidic extraction 

in which the organic phase is discarded (40) or followed by an 

acid aqueous extraction (39). None of these methods seems to be 

outstanding. The chromatograms shown are not convincing and due 

to the unspecific wavelength that is mostly used (around 230 nm) 

problems in UV-detection may arise with post-mortem matrices. 

Miller and DeVane (45) describe the extraction with 

acetonitrile after alkalinization of the plasma. After 

centrifugation the upper organic layer is evaporated, the 
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residue is redissolved in 0.1% hydrochloric acid and injected. 

The miscibility of acetonitrile and water will certainly result 

in very long evaporation times. 

The main advantage of the liquid-liquid extraction is its 

linearity over a wide range of concentrations the same 

extraction can be applied to clinical and experimental samples 

where the concentrations are low and also to post-mortem samples 

where the concentrations for cocaine and benzoyl ecgonine are 

often very high. 

b. solid phase extraction 

Solid phase extractions have become popular as a result of 

high recoveries, pure extracts and ease of automation. Solid 

phase extractions of cocaine and metabolites can be divided into 

three groups according to the nature of the sorbent. 

A first group is based on a non-polar sorbent, such as 

ethyl- (46), or octadecylphases (47,48). After conditioning of 

the column with methanol and an alkaline buffer, samples are 

applied. Subsequently, columns are washed and the compounds are 

eluted with a mixture of chloroform and methanol. Due to the 

strongly different polarity of cocaine and e.g. benzylecgonine 

a wide range of contaminants which will interfere in the 

chromatographic step will also be eluted. Probably, this is the 

reason why several authors do not include a chromatogram. 

Strong cation exchange columns are used (23,47,49) to 

extract positively charged basic compounds. After conditioning 

with methanol and an acidic buffer, the sample is diluted with 

the acidic buffer so that the amino-functions of the compounds 

are positively charged. After application the compounds of 

interest are eluted with a mixture of an alkaline buffer or 

ammonium hydroxide and methanol. 

Recently mixed-mode sorbents became quite popular (7,20,21, 

24,38,50) . These resins combine hydrophobic and cation-exchange 

properties and have the potential to retain analytes cover~ng a 

wide range of polarity. The mixed-mode isolation of benzoylec

gonine is clearly described by Mills et al. (52) and recoveries 

are from 60% (blended resin) to 95% (in a copolymerized resin). 
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The sample is diluted with a weak acidic phosphate buffer and 

columns are conditioned successively with methanol, water and 

with the phosphate buffer ; the columns are then washed with 

water, hydrochloric acid and methanol and elution is performed 

with a mixture of dichloromethane-isopropanol-ammoniumhydroxide 

(78:20:2, by vol). 

Sample preparations used for GC can be subdivided in the 

same categories, but we only focus on these extraction pro

cedures that were directly applied to HPLC. 

CHROMATOGRAPHY 

Most methods use non-polar phases chemically bonded to 

silica, octadecyl being the funtional group that is used pre

dominantly. The eluent applied to this stationary phase is a 

mixture of methanol and/or acetonitrile and a phosphate buffer 

pH 2.0-7.0 (7,19,21,23,31,36,40,42,43,46,48,50). End-capped 

columns (19,50) or a modifier such as tetrabutylammoniumhydro

xide (7,43), tetrabutylammonium phosphate (36), tetrabutylammo

niumbromide (42), diethylamine (23), dodecylsulphate (48) and 

butylamine (20,46) are used. The phosphate buffer is sometimes 

replaced by an acetate buffer (39,44). Evans and Morarity (5) 

elute the octadecyl column with water-acetonitrile and methanol 

containing 1 % acetic acid and 0.3 M methylenediamine-tetraace

tate. Bouis et al. (35) use a 0.1 % tetramethylammoniumhydro

geniumsulphate in water mixed with acetonitrile. 

Jatlow and Nadim (32) chromatographed the samples on an 

hexylsilica with a mixture of acetonitrile and phosphate buffer 

at pH 3, containing the sodium salt of hexane sulphonic acid as 

an ion pairing reagent. The same mixture is used by Bailey 

(29,32) on an octylsilica column while Logan and Stafford (22) 

omit the ion pairing reagent. Hackett and co-workers (37) 

chromatograph on a phenyl phase, the solvent being acetonitrile 

in an aqueous solution of 0.01 % phosphoric acid and 0.01 % 

sodium chloride. 
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Balikova and Ve~erkova (38) use a nitrile phase which is a 

medium-polar phase bonded to silica, whereas their eluent is a 

phosphate buffer-methanol-acetonitrile mixture. Puopolo and co

workers (34) use the same phase but elute with a phosphate 

buffer-methanol-triethylamine mixture. 
Lampert and stewart (47) describe a more complex HPLC assay 

of cocaine and his metabolites in serum. The compounds are 

chromatographed on tandem-cyanopropylsilica columns used in the 

reversed-phase mode. The mobile phase consists of an 

acetonitrile-phosphate buffer mixture. 

Miller and DeVane (45) elute ecgonine methyl ester from a 

polymeric styrene divinylbenzene column with a mixture of 

acetonitrile-phosphate buffer pH 8.8. The same column is used 

by Tagliaro et al. (25,26) who use a mobile phase of methanol

tetrahydrofuran and a phosphate buffer pH 3. Nishikawa and co

workers (49) use a chromatographic separation for liquid 

chromatography / atmospheric pressure chemical ionisation / mass 

spectrometry, on a column with a hydrophillic polymer used for 

aqueous steric exclusion chromatography and a gradient elution 

with ammoniumacetate and acetonitrile. 

INTERNAL STANDARDS 

There is a sUbstantial diversity in the internal standards 

used in the published procedures. The same compound, sometimes 

strongly deviating regarding to pKa value and lipophilicity, is 

used for the internal standardization of different substances. 

Most of the internal standards differ completely in structure 

from cocaine or its metabolites e.g. bupivacaine (20,39), 

lidocaine (5,6,43), protriptyline (34), tolazoline (47), 

tetracaine (21,25,31), methadone (50), benzoctamine (38) and 

desipramine (37). Lidocaine is a known adulterant of illegal 

street cocaine and thus not very useful for the determination of 

cocaine in those samples. 

Cocaine propyl ester (19,30,32,33) or hexylbenzoylecgonine 

(50) are chemically more closely related to cocaethylene and 
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cocaine but they are completely inadequate to compensate for 

losses during the extraction of benzoylecgonine. 

Cocaethylene is used as an internal standard by Miller and 

DeVane (45) and Jatlow et al. (40). However, cocaethylene is 

formed in the body during concomitant use of cocaine and 

ethanol. Therefore its use as an internal standard should be 

restricted to certain well-controlled clinical cases where co

ingestion of the two compounds is excluded. 

In a great number of methods (23,26,35,45,48,49) no 

internal standard is used. This, however, is not acceptable in 

a quantitative analysis of compounds in biological matrices. 

DETECTION METHODS 

Although cocaine and most of its metabolites show UV

absorption at 200-230 nm, this unspecific wavelength is only 

suitable for detection after efficient prepurification as 

several matrix constituents are also absorbing at this wave

length. A second disadvantage of UV-detection is the inability 

to detect ecgonine me thy 1 ester and ecgonine since they lack a 

chromophore group and thus UV absorbancy. The UV-detection is 

mostly performed around 230 nm (6,19,21,23,30-36,38-40,43-

45,47,48). Higher wavelengths result in a decreased sensitivity 

fn cocaine but suffer less from interferences. 

Balikova and Vecerkova (38) and Puopolo and co-workers (34) 

apply a diode-array detector which specificity is much better 

than that of a single wavelength detector. Two independent 

parameters determine the final specificity: the retention time 

of the compounds and the UV spectrum. 

Tagliaro and co-workers (25,26) use the weak native 

fluorescence of cocaine (related to its phenyl ring) to develop 

a sensitive and specific HPLC-procedure for the determination of 

cocaine and benzoyl ecgonine in hair samples. The excitation and 

emission wavelengths are set at 230 and 315 nm, respectively. 

Attempts have been made to detect ecgonine methyl ester as 

well as the other metabolites of cocaine together with cocaine 
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by HPLC. Miller and DeVane (45) use serial UV and electrochemi

cal detection. Under the conditions described benzoylecgonine 

and cocaine are detected by UV absorbancy while ecgonine methyl

ester and cocaine are detected electrochemically. 

Roy et al. (50) proposed an HPLC method with fluorescence 

detection. This method was aimed specifically to the determi

nation of the non-UV absorbing metabolite ecgonine methyl ester 

and requires a complex system of on-line post-column ion-pair 

extraction and derivatization, in which benzoylecgonine and 

norcocaine are alkylated and ecgonine methyl ester is silylated. 

Nakashima et al. (42) developed a method with 3, bromo-6,7-

dimethoxy-l-methyl-2(lH)-quinoxalinone (Br-DMEQ), a highly 

fluorerescent labeling reagent for the determination of 

benzoylecgonine and ecgonine. The fluorescence of these 

derivatives is monitored at 455 nm with excitation at 370 nm. 

Recently, liquid chromatography/mass spectrometry (LC-MS) 

has gained widespread recognition as an analytical tool since it 

permits the separation and ionization of polar, non-volatile or 

thermally labile compounds without derivatization. In addition, 

LC-MS provides structural information. For the determination of 

cocaine and its metabolites in biological fluids it widens our 

possibilities since low UV sensitive compounds such as ecgonine 

methylester and ecgonine can easily be detected. Nishikawa and 

co-workers (49) published the analysis of cocaine and its 

metabolites by liquid chromatography/atmospheric pressure 

chemical ionisation mass spectrometry. 

CONCLUSION 

A survey of the different extractions, chromatographic 

conditions, internal standards and methods of detection is 

given. A lot of work has been already done on the liquid 

chromatographic determination of cocaine and its metabolites in 

biological samples. Yet, additional research is still necessary 

to find a good internal standard for the determination of 

benzoylecgonine ; other matrices than the classic ones should be 

examined and the detection of ecgonine and ecgonine methyl ester 

appears another important objective for future developments. 
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ABSTRACT 

We describe here the simultaneous quantitation of diquat (DQ) 
and its two metabolites (DQ-monopyridone and -dipyridone) in 
serum and urine. Serum or urine was mixed vigorously with ten 
times volume of trichloroacetic acid and centrifuged at 12,000 rpm 
for 5 min. A 20,ul of the upper layer was injected into the 
HPLC. The major operating conditions of the HPLC were as 
follows: Column; Zorbax R C8 (24cm x 4.6mm i.d.), Mobile phase; 
5 % acetonitrile(v/v) containing ortho-phosphoric acid (0.2 M), 
diethylamine(O.l M), and sodium octansulfonate(7.5 mM) and flow 
rate; 1.0 mllmin and UV detection by combined two UV detectors: 
310 nm for DQ and 365 nm for DQ-monopyridone and DQ
dipyridone. Linear calibration curves for DQ, DQ-monopyridone 
and DQ-dipyridone were in the range of 0.1 - 10 ,ug/ml. In the 
serum and urine dosed intravenously DQ and its two metabolites 
were also detected. 
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INTRODUCTION 

Herbicides containing diquat (DO) only and combined with 

DO and praquat (PO) are widely used in Japan. An average of 

200-400 deaths per year in Japan were registered during the past 

five years due to these herbicide poisoning(l). 

Pharmacokinetic of DO is summarized as a slight absorption 

after oral ingestion and rapid elimination into the urine with 

unchanges(2). In vitro studies using rats liver homoginate, however, 

we have identified two metabolites of DO, DO-monopyridone 

and DO-dipyridone, as shown in Figure 1(3). 

There has been reported DO and PO determination in urine 

and serum using HPLC( 4-7), but not reported these metabolites. 

We describe here simultaneous determination of DO and DO

monopyridone and DO-dipyridone in serum and urine by HPLC 

after deprotenization by trichloroacetic acid. 

MATERIALS AND METHODS 

Reagents 

We purchased methyl viologen as PO(Sigma), DOBr2 (Sigma), 

organic solvents (HPLC grade, Wako). DO-monopyridone and 

DO-dipyridone were isolated and purified after incubation with 

rat liver homoginates with DOBr2 according to Fuke et al(3). 
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Diquat (DQ) DQ-monopyridone DQ-dipyridone 

FIGURE 1. Chemical Structures of Diquat(DQ), DQ
monopyridone and DQ-dipyridone. 

Sample preparation for HPLC analysis 

Serum or unne samples (0.2-1.0 ml) was deprotenized 

vigorously with ten times volume of 10 % trichloroacetic acid 

solution and centrifuged at 12,000 rpm for five minutes. A 20 .ul 

of the upper clean layer was injected into the HPLC. 

Operating conditions of HPLC 

The major operating conditions of the HPLC were as follows: 

Column; Zorbax R C8 (24 cm x 4.6 mm i.d.), Mobile phase; 5 % 

acetonitrile(v/v) containing ortho-phosphoric acid (0.2 M), 

diethylamine(O.l M), and sodium octansulfonate(7.5 mM) and flow 

rate; 1.0 ml/min and UV detection by combined two UV detectors: 

310 nm for DQ and 365 nm for DQ-monopyridone and DQ 

-dipyridone. 
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FIGURE 2. HPLC Chromatograms of Diquat(DO), DO-
monopyridone and DO-dipyridone in Rat Serum after 
Deprotenization by Trichloroacetic Acid Solution. 

RESULTS AND DISCUSSION 

Figure 2 shows typical HPLC chromatograms of blank serum 

spiked with DO (10 ,ug/ml), DO-monopyridone (5 ,ug/ml) and 

DQ-dipyridone (5 ,ug/ml). The retention time of DQ peak was 

6.8 min at 310 nm, but not detected at 365 nm. The retention times 

of DQ-monopyridone and DO-dipyridone peaks were 3.3 and 

10.6 min at 365 nm, but both peaks were not detected at 310 nm. 
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FIGURE 3. Calibration Curves of Diquat(DQ), DQ-
monopyridone and DQ-dipyridone in Spiked with Rat Serum after 
Deprotenization by Trichloroacetic Acid Solution. 

These peaks were clearly separated. The retention time of PQ peak 

at 10 ,ug/ml was 9.0 min at 310 nm (chromatogram not shown), 

but its peak was not detected at 365 nm in the analysis of 10,ug/ml. 

PQ solution. No interference by PQ was observed for the quantitation 

of DQ itself and its two metabolites in this method. Similar 

chromatograms were also obtained in the analysis of urinary samples. 

Calibration curves were produced using absolute peak area 

of DQ, DQ-monopyridone and DQ-dipyridone in the HPLC 

chromatograms versus concentrations in serum or urine samples. 

Figure 3 shows the calibration curves of DQ, DQ-monopyridone 
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FIGURE 4. Time Course Changes of Diquat(DQ), DQ-
monopyridone and DQ-dipyridone in Serum of a Rat Dosed 
Intravenously(lO mg/kg). 

and DQ-dipyridone. Each linear calibration curve of DQ, DQ

monopyridone and DQ-dipyridone was in the range of 0.1 - 10 

,ug/ml, respectively. Each detection limit of Pq-monopyridone, 

DQ-monopyridone and DQ-dipyridone was 0.05 ,ug/ml, respectively. 

The precision of the method was examined using six replicate 

analyses of spiked serum and urine at 1.0 ,ug/ml. The value of the 

within-day coefficient of variation of the method and the day-to-day 

were less than 6%. 

We applied this method to a rat intravenously injected DQ 

(10 mg/kg). Figure 4 shows time course changes of DQ, DQ-
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monopyridone and DQ-dipyridone concentrations in serum. In 

urine collected for 24 hours, DQ, DQ-monopyridone and DQ

dipyridone were also detected. These results suggest that DQ is 

metabolized in vivo to DQ-monopyridone and DQ-dipyridone as 

our previous in vitro report(3). 
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ABSTRACT 

We describe here the simultaneous determination of fenitrothion 
and its metabolite, 3-methyl-4-nitrophenol (MNP) , in biological 
fluids by HPLC after SepPakC18 cartridge extraction and its 
application to a human poisoning case. One ml of serum or urine 
mixed with an equal volume of 0.1 N HCl was applied to the 
SepPakC18 cartridge, which was preactivated using methanol (5 
mI), hexane/isopropanol (9/1 v/v, 10 mI), methanol (5 mI) and 

,distilled water (5 ml). After washing by O.IN HCI(5 mI), the eluate 
with 5 ml of hexane/isopropanol (9/1 v/v) was concentrated, and 
the residue was dissolved in 100 ,UI of methanol containing 
methaqualone (internal standard, 30 ..ug/ml). A 20 ,UI of the aliquot 
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was injected into the HPLC. Recovery yields of fenitrothion and 
MNP from serum and urine ranged from 78.5-93.3%. Linear 
calibration curves for fenitrothion and MNP were in the range 0.1 
- 10 jlg/ml. In a human poisoning case at 18.5 hrs after ingestion of 
Sumithion, concentrations of fenitrothion and MNP in serum were 
11.8 and 3.9 Jig/ml and those in urine were less than 0.01 Jig/ml 
and 2.8 jlg/ml, respectively. 

INTRODUCTION 

Fenitrothion (Figure 1), an organophosphate insecticide, IS 

widely used in the world. In Japan, an average of 54 deaths per 

year were registered during the past six years due to fenitrothion 

poisoning(I). 

There has been reported the determination of fenitrothion or 

its major metabolite, 3-methyl-4-nitrophenol (MNP)(2), using gas 

chromatography equipped with a flame ionization detector, a flame 

photometric detector or a mass spectrograph and HPLC(3-6), but 

reports of their simultaneous determination are few. 

We report here the simultaneous determination offenitrothion 

and MNP in serum and urine by HPLC after SepPakC18 cartridge 

extraction and its application to human poisoning cases. 

CHaO,~ -O:~ 
/p-O N02 

CHaO --
CHa 

FIGURE 1. Chemical Structure of Fenitrothion. 
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MATERIALS AND METHODS 

Reagents 

Fenitrothion (Sumitomo Kagaku) , MNP (Aldrich), SepPakC18 

cartridge (Waters), methanol (HPLC grade) and the other reagents 

(Wako Purechemical) were used as purchased. Serum and urine 

samples were collected from healthy volunteers. 

Extraction procedure using a SepPak CIS cartridge 

One ml of serum or urine mixed with an equal volume of 0.1 

N HCI was applied to the SepPakC18 cartridge, which was 

preactivated using methanol (5 ml), hexane/isopropanol (9/1 v/v, 

10 mI), methanol (5 ml) and distilled water (5 ml). After washing 

with O.IN HCI (5 mI), the eluate with 5 ml of hexane/isopropanol 

(9/1 v/v) was concentrated, and the residue was dissolved in 100}l1 

of methanol containing methaqualone (internal standard, 30 Jlg/ml). 

A 20}l1 aliquot was then injected into the HPLC. 

Operating conditions of HPLC 

The major operating conditions of the HPLC were as follows: 

Pump; Waters M-600, Column; }lBondapakC18 (10 cm x 8 mm 

Ld.), Detector; Waters-M490, programmed at 310 nm from start to 

7 min and at 270 nm after 7 min, Mobile phase; methanol/water 

(6/4 v/v), Flow rate; 2.0 ml/min. 
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A poisoning case history 

A male (42 year-old-age) ingested Sumithion for suicidal 

purpose. He was found by his wife 3 hrs after ingestion and 

gastric lavage subsequently performed. He was then transmitted 

to our hospital 18.5 hrs after ingestion and given intensive medical 

treatment such as administration of atropine sulfate (At) and 

pralidoxime iodide (PAM), direct hemoperfusion (DHP), forced 

diuresis by dosing of Lasix (furosemide), etc.(7). He left the 

hospital 65.5 days after ingestion. 

RESULTS AND DISCUSSION 

Figure 2 shows typical HPLC chromatograms of blank serum 

(or urine) and of blank serum (or urine) spiked with fenitrothion 

(1.0 jlg/ml) and MNP (1.0 jlg/ml). There were no interference 

peaks for the determination of fenitrothion and MNP in the 

chromatograms obtained from blank serum (or urine) after 

SepPackC18 extraction. Each symmetrical peak of MNP, 

methaqualone (IS) and fenitrothion, which was detected at the 

retention times of 3.3, 5.2 and 8.4 min, respectively, was clearly 

separated. No peaks of At, PAM and furosemide were also detected 

in the chromatogram (data not shown). 

Calibration curves were produced using the ratio of peak 

area of fenitrothion and MNP to that of IS in the HPLC 
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FIGURE2. HPLC Chromatograms of Serum and Urine Spiked 
with Fenitrothion (1.0 pg/ml) and 3-Methyl-4-nitrophenol (1.0 
pglml) and of Blank Serum and Urine after SepPakC18 
Extraction. Peaks; 1:3-Methyl-4-nitrophenol 2: Methaqualone 
(IS) 3: Fenitrothion 

chromatograms versus concentration. Figure 3 shows the calibration 

curves of fenitrothion and MNP. Each calibration curve for 

fenitrothion and MNP was linear in the range of 0.1 - 10 ]lg/rnl, 

respectively. The detection limit of fenitrothion was 0.05 ]lg/ml 

and that of MNP was 0.01 ]lg/ml. These detection limits were 

lower than that obtained by gas chromatography equipped with a 
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FIGURE 3. Calibration Curves of Fenitrothion and 3-Methyl-
4-nitrophenol. 

flame photometric detector (4), but sufficiently sensitive for 

poisoning cases. 

Recovery yields of fenitrothion and MNP in serum and urine 

by SepPakC18 extraction are shown in Table 1. High recovery 

yields of both fenitrothion and MNP in the range 78.5-93.3% 

(n=5) were obtained. This extraction procedure is complete within 

10 min for the serum and urine samples. The precision of the 

method was examined using six replicate analyses of the spiked 

serum and urine at 1.0 pg/ml. The value of the within-day coefficient 

of variation of the method and the day-to-day were less than 6%. 

OUf quantitation method is relatively rapid and sufficiently sensitive 

to be useful for poisoning cases due to fenitrothion. 



TABLE 1. Recovery Yields of Fenitrothion and 3-Methyl-4-
nitrophenol by SepPakC18 Cartridge Extraction. 

Sample 

Serum (0=5) 

Urine (0=5) 

Fenitrothion 3-Methyl-4-nitrophenol 

92.1±3.0 (%) 90.0±2.9 (%) 

78.S±4.3 (%) 88.2±O.7 (%) 

Serum and urine spiked with fenitrothion and 3-methyl-4-nitrophenol (1.0 
}tg/ml) were used. 
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Methyl-4-nitrophenol in Serum and Urine of a Patient Ingested 
Sumithion. 
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We applied this method to a poisoning case as shown in 

Figure 4. Fenitrothion and MNP concentrations in serum at 18.5 

hrs after ingestion were 11.8 and 3.9 ltg/ml, and those in urine 

were less than 0.01 jlg/ml and 2.8 jlg/ml, respectively. In a death 

case previously reported by Yoshida et al.(8), 16 jlg/ml of 

fenitrothion in the serum was detected. Fenitrothion concentration 

in the serum detected at the admission was a lethal concentration, 

but he survived due to our intensive medical treatments. In this 

case, a decrease in fenitrothion and MNP in serum was rapidly 

achieved by the emergency treatments such as administration of 

PAM, forced diuresis and DHP. Fenitrothion in urine also rapidly 

decreased like that observed in serum, but MNP in urine significantly 

increased during the first 10 hrs after admission. Activity of 

acetylcholinesterase inhibited by organophosphate is rapidly 

reactivated by the administration of PAM(9) the reactivated 

acetylcholinesterase induces the rapid esterification of 

organophosphate. Therefore, this significant increase of MNP in 

urine might be as the results ofthe rapid esterification offenitrothion, 

which produces MNP, by the reactiveted acetylcholinesterase. 
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ABSTRACT 

The separation and determination of (I l-ephedrine (l-Ep) and (d)-pseudoephedrine 
( d-Ps) in Plasma by high-performance liquid chromatography ( HPLC) is described. 
The newly developed method is based on precolumn derivatization with 5-
dirnethylarninonaphthalene - I - sulfonyl chloride ( DNSC1) in 0.03% triethylamine in 
acetonitrile at 50 Co. The diastereomers formed were separated on a reversed phase 
column by HPLC with fluorescence detection employing 0.6 % phosphate buffer (PH 6.5)
methanol (3:8,v/v) as mobile phase. Clean-up of the ephedrine stereoisomers in plasma 
was efficiently attained by the combined use of a Sep-pak CiS cartridge and an ion
exchange gel, Carboxymethyl Sephadex LH-20 (CM-LH-20) The detection limit· of 
each ephedrine stereoisomer was 100 pg at a signal-to-noise ratio of 3: 1. The 
plasma-level profile of l-Ep and d-Ps in a guinea pig was investigated by the 
newly developed method. The determination of I-Ep and d-Ps in a volunteer's 
plasma after oral administration of Xiao Qing-long Heji [an oriental pharmaceutical 
preparation clinically provided now in China 1 was also performed. 
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INTRODUCTION 

High-perfonnance liquid chromatography (HPLC) is presently being extensively 

utilized for the separation and determination of isomeric compounds in biological fluids. 

The application of HPLC for optical resolution of isomers has been developed in 

two ways: One is the use of a chiral stationary phase or a chiral mobile phase; 

the other is the use of a chiral reagent for derivatization followed by the separation 

of the diastereomers using conventional column and mobile phase. Irrespective of 

the inevitable disadvantages regarding simplicity, the derivatization method is more 

favorable for the determination of isomeric compounds in biological specimens with 

respect to both sensitivity and versatility. ( 1 )-Ephedrine and (d )-pseudoephedrine 

are known to have the same chemical structure but with different pharmacological 

activities ( 1,2). A reliable method for separation and determination of those 

stereoisomers in biological fluids is therefore required. This paper reported a 

highly resolving and sensitive methods for separation and determination of those 

stereoisomers in plasma by a reversed phase HPLC method through a newly developed 

precolumn dansyl derivatization reaction combined with the use of a Sep-pak C1S cartridge 

and an ion-exchange gel, CM-LH-20, for clean-up of the biological samples. 

MATERIALS 

Optically pure ( 1 )-ephedrine hydrochloride, (d )-pseudoephedrine hydrochloride, 

( 1 )-norephedrine hydrochloride and (d )-norpseudoephedrine hydrochloride were 

characterized and supplied by Professor Da-dun Cheng (Nanjing Pharmaceutical Institute 

,China). Xiao Qing-long Heji (901101) was provided by Pharmaceutical Institute of 

Liaozhong (Liaoning, China ). Dansyl chloride was purchased from Fluka co.,ltd 

(Switzerland) . The Sep-pak C18 cartridge (Millipore co., USA) was kindly donated 

by Professor Junichi Ooto (Tohoku University, Japan) and washed successively with 

ethanol, 5% aqueous bovine serum albumin solution and then water prior to use. 

Carboxymethyl Sephadex LH-20 ( CM-LH-20 ) (0.95 mequiv. /g) was prepared in our 

laboratory according to the known method. All other chemicals employed were of 

analytical reagent grade. Solvents were purified by distillation prior to use. All 

glassware used was silanized with trimethylchlorosilane. 
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METHODS 

Instruments 

The apparatus used for this work was a LC-IOAD solvent delivety system 

(Shimadzu, Kyoto) equipped with a RF-535 fluorescence spectrophotometer (excitation 

wavelength 316 run; emission wavelength 486 run). A Shimpack CLC-ODS column 

( 5 )JItl, 15 em x 6.0 mm ID) and a Shimpack G-ODS Guard column (5)JItl, 1 em x 

4.0 mm ID ) (Shimadzu, Kyoto) were used at ambient temperature. 

Procedure for separation and detennination of (1 )-ephedrine and (d)-pseudoephedrine 

in plasma 

To a plasma specimen (l00-500 ~) was added (I)-norephedrine (100 ng) as an internal 

standard (l.S.). The mixture was diluted with a 0.5 M phosphate buffer solution ( pH 

7.0, 2 ml) and then passed through a Sep-pak CIS cartridge. After successive 

washing with water (5 ml) and 20% ethanol (3 ml ), (1 )-ephedrine and (d)

pseudoephedrine were eluted with ethanol (8 ml ). The eluate was evaporated down 

and redissolved in acetonitrile (100~) and mixed with ONSCI (600 J.Lg) in 

0.03% triethylamine in acetonitrile (100 ~). The resulting solution was heated at 

50 Co for 20 min and then evaporated down under N2 The residue obtained was 

redissolved in 90% ethanol (1 ml) and applied to a column ( 18 mm x 6 mm ID) 

of CM-LH-20 (80 mg ) . Elution was carried out at a flow rate of 0.1 rn1'min. 

After washing with 90% ethanol to remove neutral and acidic compounds, the 

diastereomers formed were eluted with 0.05 M methylamine in 90% ethanol (6 ml). 

The dried eluate was redissolved in the mobile phase (50-1 00 ~) and an aliquot 

of the solution was injected into the HPLC system. 

Administration of (1 )-ephedrine and (" d)-pseudoephedrine to a guinea pig 

( 1 )-Ephedrine hydrochloride (835 J.Lg/kg) and (d)-pseudoephedrine hydrochloride 

( 855 J.LgIkg ) dissolved in saline was provided i.v. to a male guinea pig weighing 0.92 

kg. The blood was withdrawn at 0.5, 1, 2, 4, 6 and 8 hr after injection and 

centrifuged at 1500 g for 20 min to separate the plasma. 
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Administration of Xiao Oing-long Heji to a healthy volunteer 

20 ml of Xiao Qing-long Heji (a traditional Chinese pharmaceutical preparation) 

was orally administered to a healthy male volunteer (0.16 ml/kg). The blood 

sample was withdrawn at 2 hr after administration and centrifuged at 1500 g for 20 

min to separate the plasma. 

RESULTS 

Determination of (1 )-ephedrine and (d )-pseudoephedrine in plasma 

Following the established standard procedure, (1 )-norephedrine was added to 

the plasma specimens as I.S. and the ephedrine stereoisomers were extracted with a 

Sep-pak C18 cartridge then treated with DNSCI in the presence of triethylamine in 

acetonitrile. After purified on a Sephadex LH-20 column, the diastereomers were 

subjected to HPLC on a Shimpack CLC-ODS column using a mixture of 0.6% 

phosphate buffer (pH 6.5 )-methanol (3:8,v/v) as mobile phase, monitored by fluorescence 

detection (excitation wavelength 316 nm; emission wavelength 486 nm). A calibration 

graph was constructed by plotting the ratio of the peak area of ( 1 )-ephedrine 

and (d )-pseudoephedrine to that of (l )-norephedrine against the amount of those 

stereoisomers, a linear response to each stereoisomer being 1-800 ngiml. After 

providing Lv. (1 )-ephedrine and Cd )-pseudoephedrine to a guinea pig, the blood 

specimens were collected at 0.5, 1, 2, 4, 6 and 8 hr, the plasma level of I-Ep and d

Ps was investigated. It is evident from the data on Fig 1 that the pharmacokinetic 

patterns of (I)-ephedrine and (d)-pseudoephedrine in a guinea pig are closely similar, 

in spite of the metabolic rate of d -Ps being a little quicker than that of 1 -Ep. 

This method was further applied to the determination of (1 )-ephedrine and (d)

pseudoephedrine in a volunteer's plasma obtained at 2 hr after oral administration 

of 20 ml of Xiao Qing-long Heji (a traditional Chinese pharmaceutical preparation). 

A clear chromatogram was obtained (Fig 2), following the standard procedure. The 

peaks of (1 )-ephedrine and (d )-pseudoephedrine on the chromatogram represent 163 

and 73 nglml, respectively. 
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Figure 1. Plasma level of (I)-ephedrine and (d)-pseudoephedrine in a guinea 
pig after providing i. v. I-Ep and d-Ps at 835J.1Wkg and 855 JJgIkg , 
individually. 

DISCUSSION 

Derivatization of (1 )-ephedrine , ( d)-pseudoephedrine. (I )-noreohedrine and (d ). 
noroseudoephedrine with DNSCI to fomt the diastereomers 

A number of methods for analysis of ephedrine stereoisomers have been 

reported in recent years, including. nuclear magnetic resonance (NMR) ( 3 ), high

perfomtance liquid chromatography (HPLC) (4 ), enzyme immunoassay (EIA)( 5 ) 

and other methods. Most of these methods, however, seem to be unsuitable for 

quantitative determination of ephedrine stereoisomers in plasma, owing to either poor 

resolution or low sensitivity. To provide a novel diastereomeric methods for 

separation and detemrination of ephedrine stereoisomers in plasma with satisfactory 

resolution and sensitivity was therefore attempted. An easily available reagent 5-

dimethylaminonaphthalene-l-sulfonyl chloride (DNSCI) was used as the derivatization 



0 
a) b) 

E 
T 2 
E 
C 
T 
I 
0 
N 

R 
E 
S 
P 
0 3 
N 
S 
E 

I 

0 5 10 15 20 0 5 10 15 20 

TI M E. min 

Figure 2. Chromatograms of (I)-ephedrine and (d)-pseudoephedrine in plasma 
Conditions: column, Shim pack CLC-OD column (5 J.Lm, 15 cm x 6.0 
mm i.d.) guarded with a Shim pack G-ODS column (5J.Lm, lcm x4.0 
mm i.d.) mobile phase, 0.6% phosphate butTer (pH 6.5)-methanoll 
3:8; flow rate,1.3mllmin; a): blank sample spiked with I-NE as I.S. 
b): plasma sample obtained from a volunteer 2 hr after oral 
administration of Xiao Qing-Iong Heji (0.16 mllkg); peaks: 1=I-NE 
(I.S.), 2=I-Ep, 3=d-Ps . 
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Figure 3. Derivatization of ephedrine stereoisomers with 5-
dimethylaminonaphthalene-l-sulfonyl chloride (DNSCI). 
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Figure 4. Time course for the derivatization of ephedrine stereoisomers 
with 5-dimethylaminonaphthalene-l-sulfonyl chloride(DNSCI) 

reagent to react with two pairs of ephedrine stereoisorners (Fig 3) and the suitable 

derivatization conditions were investigated. DNSCl reagent (600)Jg) was added to a 

solution of ephedrine stereoisomers (each 300 ng) in various concentrations of 

triethylamine or pyridine, in acetonitrile (100 J.1l) at different temperatures. An aliquot of 

the solution was applied to HPLC and the yields of fluorescent products were 

estimated by comparing the peak areas with those of synthetic standard samples. 

All shown in Fig 4, 0.03% triethylamine in acetonitrile at 50 CO is the most desirable 

pattern, since the reaction rate increased along with the incubation time up to 15 min, 

resulting in a quantitative fonnation of diastereomeric compounds. Based on these results, 

two pairs of ephedrine stereoisomers (l-Ep/d-Ps and l-NE/d-NP) were treated with 5-

dimethylaminonaphthalene-l-sulfonyl chloride in 0.03% triethylamine in acetonitrile at 

50°C for 20 min. 

Separation of diastereomeric ephedrines 

Various combinations of organic solvents were examined for a suitable mobile 

phase on a Sbirnpack CLC-ODS column. The 0.6 % phosphate buffer and 
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Figure 5. EtTects of pH of mobile phase on k'values of (I)-ephedrine, 
(d)-pseudoephedrine and (I)-norephedrine relative to (d)
norpseudoephedrine. 

methanol system appeared to be prormsmg, since 

tailing peak was observed on chromatograms. 

no significant leading and I or 

Accordingly, the effect of pH 

of the mobile phase on the capacity ratio (k') was investigated with the 0.6% 

phosphate buffer-methanol (3:8,v/v) system. As shown in Fig 5, the k' values were 

influenced by pH of the mobile phase. The k' values of I-Ep, d -Ps and I -NE 

relative to d -NP increased along with the increasing of pH up to 7.0, beyond which 

the k' values decreased. On the base of above results, pH 6.5 was chosen as a 

preferred condition for the HPLC. Chromatographic separation of diastereomeric 

ephedrines was monitored by fluorescence detection (excitation wavelength 316 nrn; 

emission wavelength 486 nrn) with satisfactory resolution (Tab 1), the limit of detection 

being 100 pg (at signal-to-noise ratio = 3). The interesting finding is that among 

the two pairs of stereoisomers, (I )-ephedrine was eluted earlier than (d)

pseudoephedrine, in contrast, ( I )-norephedrine was eluted later than (d)

norpseudoephedrine (Fig 6), which is in good accordance with the elution order of 

the underivatized forms under the same chromatographic system. This suggests that 

there may exist some identical characteristics on configuration both for the earlier eluted 



Tab.1 HPLC Separation of Diastereomers Derived from 
Ephedrine Stereoisomers with Dansyl Chloride 

d-NP I-NE d-Ps I-Ep 

K' 7.6 9.2 13.1 16.7 

a 1.18 1.24 

R 2.13 2.27 

Conditions: column, a Shimpack CLS-ODS column and a Shimpack 
G-ODS Guard column; mobile phase ,0.6% phosphate 
buffer (pH 6.5)-methanol (3:8); flow rate, 1.3 mil min 
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Figure 6. Chromatogram of diastereomeric ephedrines derived from ephedrine 
stereoisomers with DNSCI Conditions:column,Shimpack CLC-ODS 

column (51J.1ll,15 cm x 6.0 mm i.d.)guarded with a Shim pack G-ODS 
column(51J.1ll,lcm x 4.0mm i.d.);mobile phase,O.6% phosphate butTer 
(pH 6.5)-methanoV3:8; flow rate, 1.3 mVmin peaks: l=d-NP, 2=I-NE, 
3=I-Ep, 4=d-Ps. 
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Figure 7. Elution pattern of ephedrine stereoisomers on a Sep-pak CIS cartridge 
Eluent: a) 20% ethanol, b) ethanol. 

Tab.2 Recovery of ( I )-Ephedrine and (d)
Norpseudoephedrine Added to Human Plasma 

Isomer Amount (ng/ml) Recovery ±S.D.(%)* 
Added Found 

(I )-Ephedrine 30.1 26.0 86.3 ± 9.1 

298.3 270.6 90.7 ± 6.2 

( d)-~rpseudo- 28.7 25.6 89.2 ± 8.4 
ephedrine 

290.6 271.4 93.4 ± 5.9 

* n=8 
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Figure 8. Separation of (I)-ephedrine/(d)-pseudoephedrine and (I)-norephedrne/ 
(d)-norpseudoephedrine in plasma Conditions:column,Shimpack CLC
ODS column ( 5 ~, 15 cm x 6.0 mm i.d.) guarded with a Shim pack 
G-ODS column(5 ~,lcm x 4.0mm i.d.);mobile phase,0.6% phosphate 
butTer (pH 6.5)-methanoIl3:8; flow rate,I.3 mllmin;a):blank b):plasma 
sample; peaks: l=d-NP, 2=I-NE, 3=I-Ep, 4=d-Ps. 

out parts I-Ep and d-NP and/or for the later eluted out parts I-NE and d-Ps, which is 

hoped to be useful for further study on those stereoisomers. 

Clean-up of (I )-ephedrine I ( d)-pseudoephedrine and (I I-norephedrine I ( d )
noroseudoephedrine in plasma 

In previous study, a Sep-pak CIS cartridge was reported for extraction of 

enantiomeric propranolols, having the similar fimctional groups as ephedrine stereoisomers, 

in plasma successfully (6). In this paper, we tried to use this cartridge combined with 

the use of an ion-exchange gel, Carboxymethyl Sephadex LH-20 (CM-LH-20), for 

efficient clean-up of the ephedrine stereoisomers in plasma. Ephedrine stereoisomers 
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in phosphate buffer (0.5 M, pH 7.0) was applied to the cartridge. After washing with 

water and 20 % ethanol to remove co-existing inorganic salts and other polar 

substances, the elute obtained with ethanol was separated and analyzed by HPLC. 

As illustrated in Fig 7 , the ephedrine stereoisomers were recovered at a rate of more 

than 90 % in an initial 8 m1 of the eflluent. After derivatization with DNSCI, the 

reaction products were dissolved in 90 % ethanol and applied to a column of CM

LH-20. The neutral and acidic interfering compounds were almost entirely 

removed by eluting with 90 % ethanol and the desired basic diastereomers were 

quantitatively recovered with 0.05 M methylamine in 90% ethanol (fab 2). An 

excellent chromatogram for these stereoisomers was thus obtained following this 

procedure (Fig 8). 

The newly developed diastereomeric HPLC method by using an easily available 

derivatization reagent DNSCI together with a novel clean-up procedure proved to be 

effective for the separation and determination of secondary , or primary, amide type of 

ephedrine stereoisomers in plasma. The separation and determination of ternary 

amide type of ephedrine stereoisomers like methylephedrine in plasma were undergoing 

in this laboratory and the results will be published elsewhere. 
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ABSTRACT 

Within the framework of behaviour study of non-steroidal anti-inflammatory 
drugs of different structural types kebuzone was analysed as a representative of the 
3,5-pyrazolidinedione group. High-performance liquid chromatographic method 
has been developed to determine kebuzone and its three metabolites in 
erythrocytes, plasma and whole blood samples. Isolation of kebuzone from these 
samples has been optimized with respect to transformation of kebuzone. Samples 
of erythrocytes, plasma and whole blood were deproteinated, but before this 
adjustment it was necessary to carry out haemolysis of erythrocytes. The 
supernatant was chromatographed on a glass column of SGX C-IS (150mm x 
3.3mm lD.) using methanol and water with final apparent pH 2.7 as the mobile 
phase pumped at a flow-rate of 0.5 mlImin and ultraviolet detection at 247 nm. The 
method employs an internal standard resulting in good accuracy and precision. The 
method has been successfully applied to a 2-h pharmacokinetic study of kebuzone 
in rabbits. 
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INTRODUCTION 

Kebuzone [ 4-(3-oxobutyl)-1,2-diphenyl-3,5-pyrazolidinedione ] is a non

steroidal anti-inflammatory drug successfully used in the treatment of rheumatic 

diseases. Kebuzone has also a prominent anti uratic effect [1,2]. Several methods 

have been developed for the determination ofkebuzone [1-16]. Various analytical 

techniques have been used for the assay, such as spectrophotometry [3-6], 

coulometric method [7], paper chromatography(PC) [1], thin-layer 

chromatography(TLC) [2,8,9], gas chromatography(GC) [10,11] and high

performance liquid chromatography(HPLC) [12-16]. HPLC determination of 88 

drug (including kebuzone) with potential toxicity was described by Eigendorf [12-

14]. Dependence of retention characteristics of kebuzone and other 3,5-pyrazo

lidinediones on eluent pH in reversed-phase HPLC has been published [15, 16]. 

Determination ofkebuzone in biological material has been performed using GC[lO, 

11], PC [1] and TLC [2,8,9]. PC and TLC methods [1,2,8,9] were used to observe 

kebuzone and its metabolites (Fig. 1). In paper [2] analytical characteristics of 

metabolites after its separation by TLC, isolation, clean-up and analysis of spectral 

methods were compared with the characteristics of synthetically prepared 

metabolites. 

The aim of the present study was to develop a procedure to isolate kebuzone 

and its metabolites from three different biological matrices - whole blood, 

erythrocytes and plasma. Optimizations of these biological sample preparations and 

the analytical procedures were intended to assay kebuzone in the above-mentioned 

biological matrices using unified HPLC conditions. This method has been applied 

to the determination of kebuzone in samples arising from a pharmacokinetic study 

investigating drug transport in the organism of some representative non-steroidal 

anti-inflammatory drugs (kebuzone represents the 3,5-pyrazolidinedione group). 
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2 

4 

Fig. 1 Structual formulae ofkebuzone and its metabolites. I = kebuzone, 
2 = p-hydroxykebuzone, 3 = y-hydroxykebuzone, 4 = p-hydroxy
y-hydroxykebuzone 

MATERIALS AND METHODS 

Reagents and chemicals 

2149 

Kebuzone, Ketazon Spofa inj. and methaqualone ( internal standard, IS) were 

supplied by Leciva (Prague, Czech Republic). The metabolites p-hydroxyke

buzone(p), y-hydroxykebuzone(y) and p-hydroxy-y-hydroxykebuzone(di) were 

gifts from the Research Institute for Pharmacy and Biochemistry ( Prague, Czech 

Republic ). Propyl gallate and ascorbic acid were obtained from Lachema ( Brno, 

Czech Republic) and Farmakon ( Olomouc, Czech Republic), respectively. 

Methanol, acetone, methylene chloride and hydrochloric acid (35%) were also 



2150 SOCHOR ET AL. 

obtained from Lachema ( Bmo, Czech Republic) and perchloric acid was from 

Merck (Darmstadt, Germany). 

Kebuzone and IS were PhBs 4 grade, methanol was HPLC grade, and all other 

chemicals were analytical-reagent grade. Water was doubly distilled. 

Chromatographic system 

The HPLC system consisted of a Model 8500 Varian pump, Varichrom UV

VIS detector (both: Varian, Palo Alto, CA., USA) and a SP 4100 integrator 

(Spectra Physics, Santa Clara, CA, USA). Analytical samples were introduced onto 

the column using a model LCI 30 injection valve (Laboratory Instruments, Prague, 

Czech Republic) with a 20 III (or 10 Ill) loop. The analytical glass column 

contained Separon SGX C-18 ( 150x3.3 mm ID., 5 !lill )(Tessek, Prague, Czech 

Republic). The mobile phase was a mixture of methanol- water (50:50, v/v) with a 

final apparent pH of 2.7 adjusted with 5% perchloric acid solution. The flow rate 

was set at 0.5 mlImin. The UV absorbance of the column effiuent was monitored at 

247 nm. 

Standard solution 

Working standards for kebuzone were prepared by dilutions of 25 mg/ml (in 

methanol) of the stock standard to aliquot concentrations. The stock solutions of 

kebuzone metabolites (2 mg/ml) and the internal standard (lmg/ml) were prepared 

in methanol. 

Biological sample 

Sample of whole blood, erythrocytes and plasma were obtained from the 

Department of Pathological Physiology, Faculty of Medicine, Charles University 
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(Hradec Knilove, Czech Republic ). Here also three rabbits were treated 

intravenously with the Ketazon Spofa ~. preparation in a 50 mg/kg dose, and the 

blood samples were withdrawn in the pharmacokinetics study. Samples were 

withdrawn 3,6, 15,30,60 and 120 min after drug administration. 

The withdrawn heparinized rabbit blood was placed in a 10-ml test tube. A 

portion of each sample of the withdrawn blood was left for analysis (as the sample 

of whole blood), and for the other portion of the blood, the erythrocytes were 

isolated from the plasma by centrifugation at 1500 g for 10 min. The samples of 

whole blood, erythrocytes and plasma were immediately frozen. 

Sample pre,paration 

Erythrocytes and whole blood A 0.5 ml volume of sample was pipetted into a 

10-ml glass-stoppered centrifuge test tube, 5 j.tl of the internal standard solution 

was added and the sample was haemolyzed by adding 0.9 ml of water. The sample 

was shaken for 5 min, placed in an ultrasonic bath for 5 min, and left at room 

temperature for 5 min. To the sample 2 ml of acetone was added and the sample 

was shaken for 5 min, centrifuged at 1930 g for 5 min, the supernatant was 

separated and thickened to a volume of 0.5 ml under a gentle stream of nitrogen. A 

20 J..lI aliquot of the thickened supernatant was injected onto the HPLC column. 

Plasma. A 0.5 ml volume of plasma sample was pi petted into a 10-ml glass

stoppered centrifuge test tube, 5 J..lI of the internal standard solution and, after 

shaking, 0.75 ml of acetone were added. Then the procedure continued in the same 

manner as described for the whole blood and erythrocytes samples. 

Preparation of the standard curves 

Calibration standards were prepared by adding 10 j.tl of the appropriate working 

standard and 5 J..lI of the internal standard to 0.5 ml of whole blood, 0.5 ml of 
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erythrocytes and 0.5 ml of plasma. Five calibration concentrations of kebuzone 

were used for the standard curve in each matrix - 2, 10, 20, 30 and 40 J.!g/ml of 

isolated erythrocytes, 100, 200, 300, 400 and 500 J.!g/ml of plasma and 50, 100, 

150, 200 and 300 Ilg/ml of whole blood. Sample preparation was carried out as 

described above. 

Concentrations of kebuzone were calculated from the linear regression equation 

of the calibration curve constructed by plotting the peak area ratio (y) of kebuzone 

and the internal standard versus the concentration ofkebuzone (x). 

RESULTS AND DISCUSSION 

In the elaboration of HPLC method for the analysis of kebuzone there was a 

need to allow a "relatively easy" transformation of kebuzone. Kebuzone in 

aqueous and methanolic solution[ 17,18] gives in to very easy and rapid 

transformation. Series of the factors (e.g. light, warmth, change in pH, etc.) [19,20] 

produce transformation owing to oxidation and hydrolytic processes. There occur 

[9,18,21] either transformation on the pyrazolidinedione ring (e.g. it can be 

oxidized to 4-hydroxyderivate of kebuzone) and/or the decomposition of the 

pyrazolidinedione ring (hydrazobenzen, azobenzen are formed). In the present 

paper undesirable transformation was observed, which is analogous to the 

difficulties described in papers [9,22,23]. 

Isolation technique 

The original aim of our work was to develop a liquid-liquid extraction 

procedure to isolate kebuzone from three different biological matrices - whole 
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blood, isolated erythrocytes and plasma. The samples were adjusted as follows: To 

0.5 ml of whole blood ( or erythrocytes) in a glass-stoppered centrifuge test tube, 

50 Ilg standard solution ofkebuzone and 5 III of the internal standard solution were 

added and the sample was haemolysed . After haemolysis the sample was acidified 

with hydrochloric acid ( 5 mol/l ), and after shaking kebuzone was extracted to 6 

ml methylene chloride for 5 min. Methylene chloride was separated and 

evaporated to dryness under a gentle stream of nitrogen. The dry residue was 

reconstituted with methanol and 10 III was injected to the HPLC column. The 

same procedure, but without haemolysis, was used when isolating kebuzone from 

the plasma sample. Fig. 2 shows that in chromatogram A there is an undesirable 

peak Y (1R 5.6 min) in addition to the peak of kebuzone(K) and peaks of blood 

residues. Peak Y was recorded on the chromatogram in a modification of this 

extraction process ( alteration of acid and its strength, use of another extraction 

solvent, e.g. chloroform, etc). 

To stabilize kebuzone, an antioxidant was added to the samples of the biological 

matrix. Of the antioxidants, ascorbic acid and propyl gallate were effective. 

Ascorbic acid ( 100 III I % methanol solution added to 0.5 ml volume of each 

biological sample ) prevented transformation of kebuzone during the extraction 

step in all three biological samples. But after solution of dry residues of the 

samples in methanol, slow transformation of kebuzone gradually. Occurred on the 

HPLC chromatogram (Fig 2., chromatogram B) a small peak Y developed 15 min 

after solution of the residues, which gradually advanced on repeated injection. 

Only propyl gallate (PG) (100 III 0.5% methanol solution added to a 0.5 ml 

volume of each biological sample) stopped the transformation of kebuzone. After 

solution of dry residues samples in methanol the kebuzone peak was standing still 

after 24 hours. A disadvantage of the use of propyl gallate as the stabilizing agent 
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Fig.2 Effect of stabilizing agents on kebuzone(K) during its extraction into methy
lene chloride. A - chromatogram without the addition of the stabilizing agent 
( Y - undesirable peak ), B - chromatogram with the addition of ascorbic acid 
solution (Y - undesirable peak ), C - chromatogram with the addition of 
propyl gallate (PG) solution 



KEBUZONE AND ITS METABOLITES 2155 

was its very good recovery ( 85.3% ) into methylene chloride. See the bulky peak 

(PG) in chromatogram C in Fig 2. An added smaller amount of propyl gallate to 

the sample was not effective on examination. 

This extraction process ( with an addition of propyl gallate solution to the 

sample before its extraction) is useful for the isolation and examination of HPLC 

analysis of kebuzone from the samples of the whole blood, isolated erythrocytes 

and plasma. It is true that then the peak of propyl gallate can interfere with the 

peaks of kebuzone metabolites. There is no doubt that it is disadvantageous in the 

pharmacokinetic study of kebuzone. Therefore an attempt was made to use 

deproteination of samples instead of extraction into an organic solvent. 

Methanol, perchloric acid (30%), ammonium sulfate, acetonitrile and acetone 

were tested as protein precipitants. Acetone proved to be the best of the protein 

precipitants tested for the determination of kebuzone in the whole blood sample, 

isolated erythrocytes sample and plasma sample because the undesirable peak Y 

didnot appear in the chromatogram even after 24 hours. When using acetone to 

deproteinate the biological matrix, samples must be evaporated under a gentle 

stream of nitrogen until all acetone is removed from the separated supernatant, 

because acetone absorbs ultraviolet light up to 330 nm. 

In order to increase the efficacy of the isolation procedure, it was necessary to 

carry out the haemolysis of erythrocytes in the samples of whole blood and isolated 

erythrocytes. The recovery values are listed in Table l. 

Chromatography 

Under chromatographic conditions described in the Experimental part, kebuzone, 

p-hydroxy-y-hydroxykebuzone, p-hydroxykebuzone, y-hydroxykebuzone and 

methaqualone (I.S.) were completely separated with retention times of 9.2, 3.9, 
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TABLEt 

RECOVERY OF KEBUZONE IN RABBIT ERYTHROCYTES, 

PLASMA AND WHOLE BLOOD 

Biological Added conc. Recovery ( n=5) 

material (/.lg/ml) mean± S.D. (%) 

2.0 67.7±2.9 

Erythrocytes 10.0 68.8 ±2.7 

40.0 70.0 + 3.1 

150.0 93.1 ±2.l 

Plasma 300.0 94.9 ±2.2 

450.0 95.0±2.1 

50.0 79.0 ±2.4 

Whole blood 150.0 79.5 ±2.2 

250.0 80.2 ±2.3 

4.4, 8.8 and 15.0 min, respectively. No interfering peaks of the retention times of 

analysed compouds were seen in blank samples of whole blood, isolated 

erythrocytes a plasma. Fig. 3 and 4 show the representative chromatograms of 

blank (A), control (B) and dosed (C) rabbit whole blood and erythrocyte samples, 

respectively. 

Quantitative determination of kebuzone was performed. Metabolites of 

kebuzone were not quantified, because in a 2-hour pharmacokinetic study they 

were not detected. The calibration curves of kebuzone displayed good linearity 
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Fig.3 Chromatograms for kebuzone(K), its metabolites / p-hydroxy-y-hydroxy
kebuzone( di), p-hydroxykebuzone(p) and y-hydroxykebuzone( y) / and the 
internal standard (IS) in rabbit erythrocytes. A-blank samples, B-control 
samples spiked with standard solution ofkebuzone (10 J.lg/ml) and its 
metabolites ( and IS), C-30-min sample from a rabbit given a single dose of 

50 mg/kg kebuzone. 
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Fig.4 Chromatograms for kebuzone(K), its metabolites / p-hydroxy-y-hydro
xykebuzone(di), p-hydroxykebuzone(p) and y-hydroxykebuzone(y) / and 
the internal standard (IS) in rabbit whole blood. A-blank samples, B-control 
samples spiked with standard solution ofkebuzone ( 10 ~g/ml) and its me
tabolites ( and IS), C-30-min sample from a rabbit given a single dose of 50 
mg/kg kebuzone. 
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REGRESSION EQUATIONS AND CORRELATION COEFFICIENTS 

OF KEBUZONE IN ERYTHROCYTES, PLASMA AND WHOLE BLOOD 

Biological Regression equation Correlation coefficient 

material ~=ax+b r 

Erythrocytes y = 0.0794x + 0.0060 0.9998 

Plasma y = 0.0794x + 1.0000 0.9985 

Whole blood ~ = 0.0682x + 0.1373 0.9992 

over the range examined in each biological matrix. Their regression equation and 

correlation coefficients are given in Table 2. 

Both within-day and day-to-day precision and accuracy of standard curves are 

examined. Within-day precision was calculated from the analysis of six samples in 

each matrix of four concentrations of kebuzone. Day-to-day reproducibility was 

investigated during a four-week period. Measured concentrations and coefficients 

of variation (C.Y.) are presented in Table 3; the C.Y. values were all less than 5%. 

The detection limit for kebuzone was 3 J.!g/ml in whole blood and plasma and 

10 J.!g/ml in erythrocytes. The limit of quantification was 10 J.!g/ml in whole blood 

and plasma and 22 J.!g/ml in erythrocytes. The sensitivity of this HPLC assay of 

kebuzone depends on the adjustment of the sample of protein precipitation. In 

papers [12-16] in HPLC analysis of kebuzone only some retention characteristics 

(retention times, capacity factors) are stated, but none of these paper introduces the 

validation of the kebuzone HPLC assay ( or its HPLC determination in biological 

samples) as the present paper. 
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TABLE 3 

ASSAY PRECISION AND ACCURACY OF THE DETERMINATION 

OF KEBUZONE IN ERYTHROCYTES, PLASMA AND WHOLE BLOOD 

Cone. Witllln-day (n=6) Day-to-day (n=12) 

added Concentration found C.v. Concentration found C.Y. 

(!-lg/ml) (mean ± S.D)(!-lg/ml) (%) (mean + S.D)(!-lg/ml) (%) 

Erythrocytes 

4.0 4.2 ± 0.1 3.3 4.3 ±0.2 4.2 

16.0 15.8 ± 0.4 2.4 16.4 ± 0.5 3.0 

24.0 24.6 ± 0.4 l.2 24.8 ± 0.6 2.3 

36.0 36.5 ± 0.7 l.8 37.0 ± 0.8 2.2 

Plasma 

150.0 154.5 ± 2.2 1.4 153.1±2.1 1.4 

250.0 252.0 ± 2.6 l.0 251.5 ± 2.9 1.1 

350.0 354.2 ± 3.2 0.9 355.0 ± 3.7 1.1 

450.0 447.3 ±4.1 0.9 449.1 ± 5.2 1.1 

Whole blood 

60.0 6l.8 ± 1.1 l.8 62.4 ± 1.4 2.2 

120.0 122.3 ±2.0 l.6 123.2 ± 2.5 2.1 

180.0 183.4 ± 2.7 1.5 18l.9 ± 2.8 l.6 

240.0 244.0±4.1 1.7 244.8 +4.0 1.6 
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Fig.5 Concentration ofkebuzone in erythrocytes (.), plasma ( .) and whole blood 
( .. ) of rabbit following intravenous administration of Ketazon inj. 

Pharmacokinetic study 

In order to investigate drug levels in the transport of some representative non

steroidal anti-inflammatory drugs in the organism, representatives of different 

structural types were selected. Kebuzone, a representative of 3,5-pyrazolidine-

diones, was determined similarly as ibuprofen [24] and acetylsalicylic acid[25], 

representatives of profens and salicylates, respectively. 

In a 2-hour pharmacokinetic study the samples of whole blood, isolated 

erythrocytes and plasma were analysed and the amounts of kebuzone determined. 

The observed blood, erythrocytes and plasma levels of kebuzone ( Fig.5 ) with a 

simultaneous examination of the distribution ofkebuzone between erythrocytes and 

plasma for three laboratory rabbits are presented. Fig.6 compares the concentration 

obtained by the sum of the concentrations found in. erythrocytes and plasma 

(related to 1 ml of withdrawn blood with regard to the haematocrit value) and the 
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Fig.6 Distribution ofkebuzone between erythrocytes and plasma in 1 m1 of 
withdrawn blood during 2h after intravenous administration. (- '" -) 
erythrocytes; ( - - - - -) plasma; ( . , .. . . .. ) sum of the levels; ( ) 
level found in the analysis of the whole blood sample. 
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Fig.7 Chromatogram for kebuzone(K), its metabolites / p-hydroXY-r-hydroxy
kebuzone( di) and p-hydroxykebuzone(p) / and the IS in rabbit whole blood 
24-h sample from a rabbit given a single dose of 50 mg/kg. 

concentration found in whole blood. The comparison of kebuzone levels in plasma, 

erythrocytes and whole blood shows that directly after administration kebuzone is 

already evenly distributed between erythrocytes and plasma and its levels almost do 

not change in both matrices. 20% of released kebuzone is demonstrated in 

erythrocytes and 80% in plasma . The metabolites of kebuzone were demonstrated 

in no biological matrix in the course of a 2-hour pharmacokinetic study. Althrough 

for the purposes of our cooperation with the F acuity of Medicine the determination 

of the levels ofkebuzone during two hours in this biological matrix was sufficient, 

the samples of blood were still withdrawn 10 and 24 hour after drug administration. 

It was found that p-hydroxy-r-hydro-xykebuzone and p-hydroxykebuzone were 

detected in samples of whole blood (Fig. 7) and plasma, but not in erythrocytes 

samples. r-hydroxykebuzone was not detected in the samples of any biological 

matrix withdrawn after 24 hour. 
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Conclusion 

In the present paper, a method using HPLC for the analysis of kebuzone and its 

metabolites in the samples of erythrocytes, plasma and whole blood was developed. 

HPLC analysis of kebuzone and its metabolites has not been described in the 

literature yet. If we want to determine only kebuzone ( without its metabolites), it 

can be used for the adjustment of blood, erythrocytes and plasma sample extraction 

with methylene chloride after adding propyl gallate solution ( as the stabilizing 

agent ). In the simultaneous determination of kebuzone and its metabolites it was 

suitable to perform, before HPLC analysis, precipitation of proteins in the 

mentioned samples and inject the supernatant to the column. This HPLC method 

makes it possible to obtain a more detailed picture of the distribution of kebuzone 

in blood between erythrocytes and plasma and to contribute to a more objective 

view of the results of the analysis as dependent on the isolated biological matrix. It 

can be generally stated that whole blood provided more objective information 

about drug levels than plasma, though it is a more complicated biological matrix. 

Besides determining kebuzone levels in blood and distribution ofkebuzone between 

erythrocytes and plasma, other physiological or pathophysiological parameters 

were investigated in laboratory rabbits by our collaborator from the Faculty of 

Medicine. 
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ABSTRACf 

Solid phase extraction (SPE) of blood urea is described. Differential analysis offree 
type and bound type blood urea analysis for diagnosis is important because free type 
urea is more essential causing symptom of uremia. The differential analysis is attained 
by ultrafiltration by centrifugation using a cellulose membrane with cut-off molecular 
weight of 10,000 daltons from native and acidified blood. Compared with SPE, liquid
liquid extraction is more problematic due to the formation of artifacts during extraction 
and condensation by evaporation. Artifacts were observed in solvent extraction as a 
result of reactions between the extraction solvent and the target compounds. 

INTRODUCfION 

When a known compound is to be extracted by a solvent, the property of solubility 

and polarity of a target compound must be considered. When an unknown compound is 

to be extracted, systematic studies are prepared to extract the compound with different 

solvents and analyze the biological as well as physiological activities of each extraction 

fraction to exarrune in what fractions physiologically-active compounds were extracted. 

Thereafter, further separation using a proper method such as chromatography will be 

considered. This is a normal procedure when separating an unknown compound. 
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It is a so-called bioassay to examine in what fraction the physiologically-active 

compounds were extracted. Based on the author's experiences, the author intends to 

stress that in addition to the solvent properties there is another factor to be considered 

when selecting an appropriate solvent for extraction due to the artifact formation during 

solvent extraction. 

As another subject, the author wishes to present blood urea analysis by using solid 

phase extraction (SPE) because of no previous studies of its superiority to liquid-liquid 

extraction procedure. There has been many papers describing chromatograpy of an 

immobilized enzyme, post cohl:Inn reaction or column switching, which required 

complicated procedure, set-up systems and troublesome technique1,2). This is because 

the separation of blood urea from other blood components is so difficult, therefore 

researchers designed complicated techniques. However, the complicated procedures are 

not easily applicable to routine clinical analysis. In this paper the author will present the 

simple technique of blood urea analysis using SPE instead of the complicated 

chromatographic separation. 

MATERiALS AND METHOD 

Toxic compounds in polyurethane (PU) were studied and the PUs used are identical 

to these reported previously 3). 

HPLC analysis method for blood urea is as follows: Mitsubishi Kasei MCIR CK 

08S strong cation exchange column (SQ:3H type, 4.6X 150 mm) was used. Column 

capacity and particle size were as follows: more than 1.9 meq/ml and 11-14 urn. The 

material is SDB polymer base (degree of crosslinking of DVB is 8%). Other 

information on MCr Gel CKlCPK series for strong cation exchange columns are 

available from Mitsubushi Kasei Co.Ltd. The eluent is 1.5 mM HCl aqueous solution 

and urea is detected by ultraviolet at the wavelength of 210 nm. Row rate is 2 mllrnin. 

Retention time of blood urea peak is 24 min. HPLC apparatus is SP-8750 from 

Spectra-Physics. 

Liquid-liquid extraction using methanol or acetone is identical to that reported 

previously3) . 

SPE of blood urea is as fonows: Blood is acidified at pH 3 with HCl or used as is. 

These were applied for ultrafiltration by centrifugation at 4,()(X) rpm using a CentriconR 

(cut-off molecular weight 10,000 daltons) supplied by Arnicon and the centrifugated 
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solution Was acidified to pH3 with HCl. These were applied to the strong cation 

exchange column (H type) of Bond ElutR SCX (500 mg of resin weight and 0.6 ml of 

void volume) supplied by Analytichem (Harbor City, CA, USA). The column was 

conditioned with 2 ml of methanol followed by 2ml of O.IM HCl aqueous solution, 

which is a normal manner previously described4). One ml of blood was applied to the 

conditioned SCX column at an application flow rate of 0.3 ml/min and washed with 2 

ml of water. The retained urea on SCX column was eluted with 2 ml of 1M HCl 

aqueous solution at the flow rate of 0.3 mUmin. Conditioning and elution in SPE were 

carried out using a Model AP-115 AN vacuum pump supplied by Iwaki (Tokyo, 

Japan)4). 

RESULTS AND DISCUSSION 

Artifact formation during extraction 

While studying the extraction of toxic compounds and the physiological activity of 

the extracts (such as carcinogenic, mutagenic, cytotoxic, teratogenic compounds), the 

author found that the physiological and biological activities and recovery rate of an 

extract vary depending on the extraction solvents. These phenomena may not seem 

particularly surprising but it should be stressed here that these are not always caused by 

the difference in chemical as well as physical properties and polarities of extraction 

solvents. 

For example, a medical device such as an artificial dialyzer was extracted with 

methanol or acetone, and each extract is tested for mutagenicity Ames test with or 

without S9 Mix of metabolic activity enzyme (Table 1)5). Acetone indicated a greater 

quantity of extracted substances than methanol, but the substances extracted with 

acetone indicated a lower mutagenicity (Table I). Therefore, the researcher may 

speculate that mutagenic compounds are more favorably extracted with methanol rather 

than acetone. Cunningham et a16) stated that the solvent especially methanoL reacts 

with the target compound such as amine compounds and produced physiologically 

more active and more toxic compounds, which resulted in an artifact formation. If the 

researcher overlooks this kind of artifact formation, he may have an incorrect decision 

and misunderstanding for his results. The results reported by Cunningham et al are 
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TABLE I Mutagenicity test of irradiated and 
non-irradiated polyurethane extracts 

Solvent Extracted Number of Mutant at 

Amount 5000 Jig/plate in the 

(g) Absence ofS9Mix* 

non-irradiation lOMrad 

MeOH 4.97 173 1014 

Acetone 8.10 134 249 

*Salmonella typhimurium TA 100 was used. 

Extraction was from 46 g of each polyurethane. 

SHINTANI 

briefly outlined below followed by the methods for solving or preventing the artifact 

formation problems, some of which were based on the author's own experience. 

During extraction with methanol or a vacuum evaporation for condensation process 

Cunningham et al observe that some aromatic amine compounds undergo a Mannich 

reaction with formaldehyde from methanoI6). During these reaction, an artifact of dimer 

or oligomer compounds was produced. These artifact compounds indicated a greater 

mutagenicity more than 5 times than the original target compound6). The author also 

confirmed the formation of similar oligomer artifacts when extracting aromatic amine 

compound with methanol from polyurethane. Aromatic amine compound in this case is 

4,4'-methylenedianiline (MDA) from PU and the dimer or oligomer linked at R

NHCH2NH-R was produced. Formation of such oligomer artifacts is prevented by 

replacing methanol with ethanol. 

Furthermore, the liquid-liquid extraction process is replaced by SPE in order to 

prevent artifact formation and increase recovery rate of target compouncI3). This is 

because the former requires vacuum evaporation/concentration and allows prolonged 

contact of the target compound with the extraction solvent. Additionally, it is a well

known fact that compounds were lost without successfully trapping during a vacuum 
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evaporation/concentration process, thus reducing the recovery rate and causing ther-mal 

decomposition3) . 

Cunningham et al also observe the fonnation of acetylated artifact when using 

ethyl acetate as an extraction solvent. This is because the compounds with hydroxyl or 

amino functional group will be acetylated during extraction and reduce the recovery rate 

of the target compounds with hydroxyl andlor amino functional groups. These 

acetylated compounds also indicated a greater toxicity, therefore they warn that the 

results may lead to the misunderstanding that compounds appearing to be strongly 

mutagenic are collected6). 

II Blood urea analysis using SPE combined with ion exchange chromatography 

Blood urea analysis using HPLC has alre&dybeen reported. However, most of 

them are complicated set-up system such as using an immobilized enzyme column prior 

or posterior to the analytical column, post-column calorimetry or florescence reaction 

method, pre-column calorimetry or florescence reaction method or column switching 

method1,2). They required complicated technique, thus they are not favorably applicable 

to the routine clinical laboratory . 

SPE for blood urea has not been reported so far, therefore the author intended to 

prevent blood components with SPE in place of chromatographic separation in addition 

to the differential analysis of endogenous ammonia and urea. Some part of blood urea 

existed in combination with blood protein, therefore ultrafiltration using the 

centrifugation at 4,000 rpm is thought to be most appropriate for differential analysis of 

free type from protein-bound type of blood urea. 

By acidifying the blood, urea is totally isolated from blood protein due to 

denaturation of blood protein, therefore the differential analysis of free type and free 

plus bound type is attainable. The analysis of free type of blood urea is more essential 

for the purpose of diagnosis of patient's status of disease. Current clinical test is carried 

out using a selective ammonia electrode. By this method, the differentjal analysis of 

endogenous ammonia and urea is not attainable, thus the selective analysis of 

endogenous urea analysis is required. 

For SPE procedure of blood urea, the centrifuged solution is applied to Bond ElutR 

SCX column and eluted with 1 M HCl as mentioned in the experimental section. 
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For HPLC analysis, urea elution will vary depending on the concentration of l-JCl 

aqueous solution used for the eluent as well as the retention time and separation of 

blood urea from blood components. As the results, 1.5 mM HCl aqueous solution for 

the eluent and 2 ml/min flow rate were found to be appropriate in the current 

experiment. This result is dependent on the difference of blood or other factors such as 

the amount of components in blood. Thus the reader can select between 1-2 mM HCI 

for the eluent at the flow rate of 2-3 mlImin. The author did not believe current result in 

this paper was most appropriate and required modification depending on sample blood. 

The selection of columns for blood urea analysis was studied and compared the current 

and conventional ion exchange column with the ion chromatography column with less 

ion exchange capacity. The former was found to be superior to the latter in terms of 

urea separation from blood components7). 

Blood urea peak was not interfered with blood components in my experiment as 

shown in Figure 1. In order to confirm urea peak was not overlapped and a single peak. 

photodiodearray detection with multiple wavelength for three dimension chromatogram 

was used. This result indicated urea peak was single and pure. 

By using the combination of SPE and HPLC methods, complicated HPLC analytical 

procedure is not required. Routine and differential analysis (free and bound type) is 

easily attainable. Blood urea is free from blood components using SPE in place of 

chromatographic separation as shown in Figure I. The average recovery rate of blood 

urea following this method of SPE is 98% (n=IO), which is satisfactory. 

Current SPE procedure was carried out manually, but the author thinks the 

combination of autoinjector. automated ultrafiltration using centrifugation, the 

automated SPE, and HPLC in series will lead to the development of a laboratory clinical 

test device that will be more convenient than the current clinical test method using an 

ammonia-selective electrode. The main reason is due to the capability of differential 

analysis of free and total urea amount in blood in addition to more precious, selective 

and sensitive than current method using the ammonia-selective electrode. In terms of 

automation, for example. when combining ASTEDR (Automated Sequential Trace 

Enrichment of Dialysates) and ASPECR (Automatic Sample Preparation with Extraction 

Columns) from Emuesu Co. Ltd were used combined with autoinjector and HPLC, 

automated equipment for differential analysis of free and bound type blood urea will be 

attainable for clinical laboratory routine analysis. 

Moreover, the necessity of differential analysis is not always limited to the 

determination of blood urea. Blood guanidines, calcium in milk as an example are also 
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FIGURE I HPLC chromatogram of blood urea after SPE treatment by SCX column 

The peak eluted at around 24 min is blood urea. 

required. Therefore, the current method as well as an automated procedure may be 

applicable for the determination of other components in clinical laboratory as well as 

other industries. 

CONCLUSION 

Analytical chemists are not weB informed on artifact formation during solvent 

extraction by reacting the extraction solvent with the target compound, which may lead 

to incorrect decision and misunderstanding for their results. In order to avoid these, the 

author stresses the necessity of taking into consideration the factors otl,er than solvent 

properties and polarities when selecting appropriate extraction solvents and the 

necessity replacing liquid-liquid extraction with SPE. 



2174 SHINTANI 

SPE is superior to liquid-liquid extraction. By using SPE, routine and differential 

analysis (free and bound type) of blood urea is easily attainable and blood urea is free 

from blood components by using SPE. 
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ABSTRACT 

The interaction of the antibacterial agent chlorhexi
dine (l,l-hexamethylene-bis-/5-(4-chlorophenyl)-bis
guanidine/) with human albumin and pepsin and with 
amino acids was studied with reversed-phase charge 
transfer chromatography in the presence of various mo
novalent cations. It was established that the mobility 
of chlorhexidine increases in the presence of ions in 
the lower concentration range (0.001 - 0.1 M) then in
creases at higher concentrations. The ion radii signi
ficantly influences the effect. Stepwise regression 
analysis proved that the chlorhexidine binds both to 
pepsin and human albumin, the binding is stronger with 
human albumin. The ions modify the character of chlor
hexidine-human albumin binding indicating the hydro
philic character of the interaction. Except Asp and 
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Glu the other amino acids exhibited weak interactions 
with chlorhexidine, no significant difference was 
found between the interactive strength of L- and D
forms of Asp and Glu. Our data make probable that hy
drophilic binding of chlorhexidine to the acidic side 
chains in proteins may be invol ved in its mode of 
action. 

INTRODUCTION 

Many studies have been devoted to the exploration 

of the effect of chlorhexidine (l,l-hexamethylene

bis-/5-(4-chlorophenyl)-bis-guanidine/) on the reduc

tion of gingivitis (1-6) and plaque (7-12) formation. 

Chlorhexidine effectively reduces oral microflora 

(13-23) and the incidence of oral mucosal complica

tions after bone marrow transplantation (24), inacti

vates human immunodeficiency virus (25), inhibits the 

incorporation in DNA of thymidine, decreases lactate 

dehydrogenase content in human buccal epithelial cells 

in culture (26) and desorbs adsorbed salivary consti

tuents (27). However, chlorhexidine causes burns of 

the lips, mouth and tongue (28) and anaphylactic symp

toms (29). Chlorhexidine interacts with surfactants 

(30), the addition of Triton-X-100 (31) or sodium lau

ryl sulphate (32) decreased its effect. 

The mode of action of chlorhexidine has not been 

elucidated in detail. Chlorhexidine is thought to in

teract with acidic lipid components to cause changes 

in the membrane permeability (33), however, it changes 

only slightly the phase transition temperature of 

phosphatidylcholine and phosphatidylglycerol (34). 

Charge-transfer reversed-phase thin-layer chromato

graphy has been frequently used to study interactions 

between different organic molecules of low molecular 
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weight. The theory and practice of the determination 

of relative interactive strength by this method has 

also been described (35). 

The objectives of our work were to study the inter

action of chlorhexidine with some proteins and amino 

acids and to elucidate the effect of ions on the 

strength of interaction. 

MATERIALS AND METHODS 

Chlorhexidine diacetate (Serva Chemical Co .• USA) 

was of analytical purity. Human albumin and pepsin 

were the products of Human Vaccine Works (Budapest, 

Hungary) and Chemical Works of Gedeon Richter Ltd. 

(Budapest, Hungary), respectively. Amino acids were of 

analytical purity and of L-conformation, the D-forms 

were included in the experiments only in the case of 

Asp and Glu. To study the interaction of chlorhexidine 

with the proteins cellulose powder for TLC (Merck, 

Darmstadt, Germany) was mixed with the proteins in 

9:1, 19:1 and 99:1 w/w ratios. Layers of 20 x 20 cm 

(0. 25 rom thickness) were prepared from the mixed 

slurries and after drying their UV spectra was deter

mined with a Model CS-930 Dual Wavelength TLC Scanner 

(Shimadzu, Kyoto, Japan). The UV spectra of chlorhexi

dine adsorbed on cellulose layer was determined in se

parate experiment. As the chlorhexidine was easily de

tectable even at the highest protein:cellulose ratio 

(1:9 w/w) , this mixed sorbent was used in the experi

ments to study the interaction between chlorhexidine 

and the proteins. The use of un impregnated cellulose 

layer as reversed-phase sorbent was motivated by the 

theoretical considerations stating that any layer may 
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behave as a reversed-phase one when the stationary 

phase is less polar than the mobile phase (36). The 

validity of the hypothesis outlined above was proved 

to be true for un impregnated cellulose (37). Chlor

hexidine diacetate was dissolved in distilled water at 

the concentration of 2 mg/ml, 5 ~l of this solution 

was spotted onto the plates. Distilled water was used 

as eluent containing LiCl, NaCl and KCl in the concen

tration range of 0.001 - 1 roM. At each salt concentra

tion unmixed cellulose layers served as control. After 

development the plates were dried at 105°C and the 

maximum of the chlorhexidine spot was determined with 

the same TLC scanner at 270 nm. The RM values charac

terizing the lipophilicity were calculated in each 

case. 

As it was assumed that the protein and salt concen

tration and the interaction between proteins and salts 

may influence simultaneously the RM value of chlor

hexidine we used stepwise resression analysis to elu

cidate this problem (38). As the exact type of corre

lation (linear, quadratic or logarithmic) between the 

independent and dependent variables was not previously 

established we used the following independent va

riables: XI = human albumin content of the sorbent (%); 

x2 = pepsin content of the sorbent (%); X3 = cation ra

dii; X4 = (log X6)2; Xs = (XI"X7)2; X6 = (X7)2; X7 = salt 

concentration in the eluent (M); Xs = XI. x7 ; X9 = x 2 • x7 ; 

XIO = (X2. X7) 2; Xu = log X7. The number of accepted va

riables was not limited, the significance level for 

each independent variables was set to 95%. 

To study the interaction of chlorhexidine with ami

no acids DC-Alufolien cellulose plates (Merck, Darm

stadt, Germany) were used without any pretreatment. 
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Chlorhexidine was spotted onto the plates as described 

above. For the screening test distilled water was used 

as the eluent containing the amino acids at 10 mM con

centration. The detection of the spot maximum was 

carried out by the TLC scanner as described above. As 

Asp and Glu showed the highest effect their interac

tion with chlorhexidine was studied more in detail, 

the concentrations of Asp and Glu varying between 0 -

10 and 0 - 100 mM depending on their solubilitv in 

water. To elucidate the role of stereospecificity the 

experiments with Asp and Glu were carried out with the 

L- and D-forms too. As the correlation between the Asp 

and Glu concentration and the RM value of chlorhexi

dine seemed to be markedly nonl inear , logar i thmic 

correlations were calculated between the RM value and 

amino acid concentration separately for the L- and D

forms of Asp and Glu. 

RESULTS AND DISCUSSION 

The uv spectra of chlorhexidine and human albumin 

adsorbed on cellulose are shown in Fig.l. The chlorhe

xidine has an uv maximum at 270 nm. The human albumin 

(and also pepsin) has a relatively low absorbance at 

this wavelength, therefore the adsorbed proteins in

terfere to a negligible extent with the UV detection 

of chlorhexidine. 

The lipophilicity of chlorhexidine decreasad rapid

ly with the growing concentration of salt in the 

eluent (Fig.2) then - having a minimum - increased 

again at higher salt concentrations. However, this in

creasing phase was slower than the decreasing phase. 

The effect was similar for each salt but depended also 
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FIGURE 1. UV spectra of chlorhexidine (A) and human 
albumin (B) adsorbed on cellulose. I. human albumin: 
cellulose 1.9 W/Wi II. human albumin:cellulose 1:19 
W/Wi III. human albumin:cellulose 1:99 w/w 

-2 -1 o log M 

Salt concentration In the eluent 

FIGURE 2. Effect of various salts on the RM value of 
chlorhexidine. 
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on the type of salt. Our data make obvious that the 

salt in the eluent influences the RM value of chlorhe

xidine in minimally two different ways. We assume that 

the polar groups of chlorhexidine interact with the 

polar adsorptive site of cellulose. The ions present 

in the eluent also bind to the polar adsorption cen

ters of cellulose. This coadsorption is of competitive 

character, the higher the ion strength the higher is 

the ratio of adsorptive site occupied by the ions in 

the eluent. The lessening number of binding sites re

sults in continuous decrease of chlorhexidine reten

tion. Similar masking effects of eluent additives was 

also observed in the reversed-phase chromatography of 

peptides (39). After the probable saturation of free 

adsorptive sites of cellulose by the ions in the 

eluent the situation changes markedly. The fact that 

higher salt concentrations increase again the RM va

lues of chlorhexidine may be due to the dissociation 

suppressing effect of salts. The undissociated chlor

hexidine molecule shows a higher reversed-phase reten

tion than the dissociated one. Similar anomalous 

effect of salts on the reversed-phase retention beha

vior of heterocyclic quaternary ammonium salts has 

been previously reported (40). 

The proteins markedly decreased the retention of 

chlorhexidine at higher salt concentration (Fig.3) in

dicating that the proteins really interact with chlor

hexidine. 

The results of stepwise regression analysis are 

compiled in Table 1. 

The equation fits well to the experimental data the 

significance level being over 99.9% (compare calcula

ted and tabulated F values). Six independent variables 
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x 1 
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NaG concentration in the eluent 

FIGURE 3. Effect of human albumin (1) and pepsin (2) 
on the lipophilicity of chlorhexidine. 

of the eleven included ones account for about 74% of 

the total variance (see r2 value). It can be concluded 

from the slope (b) values that both human albumin and 

pepsin significantly increase the retention of chlor

hexidine that proves the binding of chlorhexidine to 

these proteins. The ions with greater ion radii de

crease more strongly the retention of chlorhexidine 

that is not only the ion concentration but also the 

character of the cation influences the lipophilicity 
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TABLE 1. 
Effect of Salts and Proteins on the Lipophilicity (RM) 
of Chlorhexidine. Results of stepwise Regression Ana
lysis. 

RM = a + b l • XI + b:!. x2 + b3 • X3 + b4 • (log X7) 2 + bs• XI • x7 
+ b 6 • (X7) 2 

n = 74 a = 0.52 Feale . = 32.59 F99 .9 % = 4.37 r2 = 0.7420 

Number of indepen
dent variable 

1 
2 
3 
4 
5 
6 

2.10 
1.27 

-21. 97 
10.55 
-0.46 
74.72 

sb.1~ Path coefficient % 

5.16 
5.26 

10.73 
8.50 
1. 28 

75.07 

12.4 
6.0 
5.0 

33.5 
11.9 
30.9 

XI = human serum albumin content of the sorbent (%) 
X2 pepsin content of the sorbent (%) 
X3 = cation radii 
X7 salt concentration in the eluent (M) 

of chlorhexidine. The exact type of correlation bet

ween the salt concentration in the eluent and the RM 

value of chlorhexidine is not clear. Our data suggest 

that it can be quadratic or log quadratic. This fin

ding supports our previous assumption that the in

fluence of salts is composed of more than one physico

chemical processes which are yet not clearly under

stood. The interaction between human albumin and salt 

concentration decreases the RM value of chlorhexidine 

proving again the hydrophilic character of protein

chlorhexidine interaction. The path coefficients show 

the relative impact of the independent variables on 

the RM value. The salt concentration exerts the 

highest effect on the retention followed by the pro-
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TABLE 2. 
Effect of Amino Acids on the Lipophilicity of Chlor
hexidine. 

Amino acid Lipophilicity (RM value) 

Control 
Ala 
Arg 
Asn 
Asp 
Cys 
Glu 
Gly 
Ile 
Leu 
nor-Leu 
Lys 
Orn 
Pro 
Ser 
Trp 
Tyr 
Val 

Mean Standard deviation Coefficient of 
variation% 

1.35 0.03 2.57 
1.29 0.03 2.41 
1. 03 0.04 3.88 
1.14 0.02 1.91 
0.28 0.03 11.81 
1.22 0.02 1.41 
0.33 0.03 5.47 
1.25 0.02 1.64 
1.15 0.08 7.35 
1.12 0.01 0.52 
1.09 0.10 9.30 
1. 09 0.05 4.18 
1. 04 0.02 2.24 
1. 36 0.02 1.54 
1.34 0.03 2.57 
1.40 0.05 3.57 
1. 30 0.02 1. 21 
1.29 0.04 3.10 

tein concentrations. The impact of the ion radii is 

of secondary importance. 

The results of the screening test for amino acid

chlorhexidine interaction are compiled in Table 2. 

Many amino acids decrease the lipophilicity of chlor

hexidine. This phenomena is probably due to the fact 

that the more hydrophilic amino acids interact with 

the chlorhexidine reducing its lipophilicity. The 

highest effect was observed with the dicarboxylic ami

no acids Asp and Glu indicating that the interaction 

is of hydrophilic character. 

We assume that the quaternary amino groups of 

chlorhexidine form hydrogen bonds with the carboxyl 
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mM glutamic acid in the eluent mM aspartic acid in the eluent 

FIGURE 4. Effect of dicarboxylic amino acids on the RM 
value of chlorhexidine. 

groups of the amino acids resulting in charge transfer 

complexes of unknown stoichiometry. Unfortunately, 

charge transfer chromatography does not give informa

tion about the composition of the complexes. The 

correlation between the concentration of dibasic amino 

acids in the eluent and the RM value of chlorhexidine 

is markedly nonlinear (Fig.4). As in the majority of 

cases the correlation between the two complexing mole

cules is significantly linear (41,42), this finding 

can be tentativelY explained by the assumption that 

the complexes may have minimally two stoichiometries 
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TABLE 3. 
Effect of Dicarboxylic Amino Acids on the Lipophilici
ty (RM value) of Chlorhexidine (C = concentration of 
Amino Acid mM) • 

RM a + b.log C 

Amino acid n a b Sb r eale. r99% 

L-Glu 5 0.91 -0.52 0.05 0.9795 0.9587 
D-Glu 5 0.99 -0.57 0.03 0.9812 0.9587 
L-AsP 7 1. 02 -0.73 0.02 0.9979 0.9507 
D-Asp 7 1.10 -0.70 0.04 0.9813 0.9507 

depending on the amino acid - chlorhexidine ratio. At 

low amino acid concentrations the amino acid - chI or

hexidine ratio is lower in the complex than at higher 

concentrations resulting in the deviation from the li

nearity. 

Calculations show that the logarithmic correlation 

fits well to the experimental data the significance 

level being in each case over 99% (Table 3). 

The change of amino acid concentration accounts 

for about 95 - 99% of the lipophilicity change of 

chlorhexidine (see r values). No significant diffe

rence was found between the slope (b) values of L- and 

D-forms that is the interaction of chlorhexidine with 

Asp and Glu not stereospecific or the stereospecifici

ty is such low that it is under the detection limit of 

our method. The L- and D-forms of Asp had a signifi

cantly higher effect on the RM value of chlorhexidine 

than the corresponding forms of Glu (the calculated t 

values were 3.32 and 2.60 for L- and D-forms, respec

tively, the tabulated t value for 95% significance le

vel is 2.23). It means that chlorhexidine preferably 
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interacts with the more acidic (43) and less lipophi

lic (44) Asp proving again the hydrophilic character 

of the interaction. 

Our results prove that chlorhexidine can bind to 

various proteins, the binding sites are probably the 

acidic amino acid side chains in the proteins. The in

teraction is of hydrophilic character and its strength 

depends on the type and concentration of the ions in 

the environment. We assume that these protein - chlor

hexidine interactions may have a role in the biologi

cal activity of chlorhexidine. 

This work was supported by the OTKA 2670 grant of 

the Hungarian Academy of Sciences. 
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ABSTRACT 

This paper describes the use of an HPLC assay to investigate whether a 
chlorhexidine-containing tooth-bonded delivery system produces antibacterial 
concentrations in the surrounding saliva film. 

Saliva «1.5 ).11) was collected from ten sites in the mouth at eight times over a 
period of four days following application of tooth-bonded delivery systems in two 
dentally healthy subjects. Analysis of chlorhexidine concentrations in these 
samples showed a non-uniform distribution of chlorhexidine in the saliva film. 
Antibacterial concentrations were produced in the area immediately surrounding 
the delivery system (20 ± 4 and 28 ± 12 ).1g!ml for Subjects One and Two 
respectively) whereas concentrations at more distant sites remained low. 

INTRODUCTION 

Chlorhexidine is an antibacterial agent used in the treatment of plaque

initiated gum diseases such as gingivitis and periodontitis. It has a wide spectrum 
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of antibacterial activity [1, 2] and has demonstrated effectiveness as an agent for 
supra-gingival plaque control [3-5]. It is usually administered as a mouthrinse or 

topical solution and its effectiveness is, in part, due to its ability to reversibly bind 

to the tissue surfaces in the mouth which can provide antibacterial effects for up 

to 24 hours in some individuals [6, 7]. However, for sustained anti-plaque 

effects, twice daily administration is usually recommended [8] and therefore good 

patient compliance is required. Some problems identified with the use of 

chlorhexidine mouthrinses include the bitter taste imparted by the high drug 

concentration (0.2 %w/v) and tooth discolouration that occurs with prolonged use 

[9-11]. Also, mouthrinses have been shown to have little or no effect on the 

subgingival microflora as the drug cannot penetrate to this site [12]. To improve 

the delivery of chlorhexidine for the treatment of gum diseases, systems that 

employ smaller quantities of chlorhexidine and deliver the drug directly to 

diseased sites have been investigated. To date these systems have been evaluated 

in vivo by analysis of the rate at which drug is released from the delivery system 

along with assessment of clinical and microbiological effects [13-22]. Analysis of 

drug concentrations has been limited to measurement of concentrations in total 

saliva [23] because of the lack of chlorhexidine assays with suitable sensitivity 

which would allow determination in the small samples, typically <1.5 fll, that can 

be collected from some sites in the mouth. 

This paper describes the use of a recently developed assay [24] to determine 

chlorhexidine concentrations in the saliva film at different distances from a tooth

bonded delivery system. 

MA TERIALS AND METHODS 

Chemicals and reagents 

Chlorhexidine diacetate B.P. was purchased from ICI Chemicals (Wellington, 

New Zealand). PolY(B-caprolactone) was purchased from Polysciences 

(Warrington, US.A.). The internal standard, benzethonium chloride was AnalaR 

grade purchased from Sigma Chemical Co. (St Louis, MO, USA). Acetonitrile, 



CID..ORHEXIDINE IN SALlY A FILM 2195 

and glacial acetic acid were HPLC grade purchased from Ajax Chemicals Pty. 

Ltd. (Auburn, N.S.W., Australia) and sodium laurylsulphate was HPLC grade 

purchased from BDH chemicals Ltd (poole, England). Sodium hydroxide was 

AnalaR grade purchased from BDH chemicals. Deionised water was produced 

with a Millipore Milli-Q system (Bedford, MA, U.S.A.). 

Equipment 

A Mettler five decimal place analytical balance (Mettler AT20 1) was used to 

determine the mass of samples collected from the saliva film. 

A Spectra Physics HPLC system was used for the analysis of chlorhexidine in 

saliva samples. It comprised a SP8800/88IO ternary pump, a Spectra System UV 

2000 dual wavelength detector, a SP4400 Chromjet integrator and a Rheodyne 

injector with a 50 J.1l sample loop. The stainless steel column, 10 cm x 2.1 mm 

i.d. was packed with 5 J.1m CI8 ODS-B Exsil purchased from HiChrome Ltd. 

(Berkshire, England). 

Preparation of the chlorhexidine delivery system 

Chlorhexidine diacetate was dissolved in water and sufficient sodium 

hydroxide was added to increase the pH to 12. The precipitate (chlorhexidine 

base) was collected, dried then recrystallised twice from methanol. The final 

product was dried to constant weight in a vacuum oven, then sieved using 

Endecott sieves (Endecott Ltd., London, England) and the particle size fraction 

63-125 f.lm was collected. 

Duplicate films of poly(s-caprolactone) containing 20%w/w chlorhexidine 

were prepared by solvent evaporation. Poly(s-caprolactone) (0.96 g) was 

dissolved in dichloromethane (8 ml) and chlorhexidine (0.24 g) was added as a 

powder, stirred, then poured into an aluminium ring (7.6 cm diameter) placed on 

a silanised glass plate. Dichloromethane was evaporated at 25°C for 24 hours, 

then a vacuum was applied for a further 12 hours. The resulting films were stored 

in a desiccator with silica gel, at room temperature, until required. 
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Characterisation of the chlorhexidine delivery system 

Drug loading of films was determined by cutting discs (0.5 cm diameter) and 

dissolving the poly(a-caprolactone) in chloroform (0.5 ml), then extracting the 

chlorhexidine into l%v/v glacial acetic acid (5 ml) by shaking for 20 minutes. 

The aqueous and organic phases were separated by centrifugation at 2500 rpm 

using a Megafuge l.OR centrifuge (Heraeus Sepatech), then chlorhexidine 

concentrations in the aqueous portions were determined by UV spectroscopy (:A. 

=254nm). 

In vitro release of films was determined by cutting five discs (0.5 cm 

diameter) from each film and attaching them to individual teflon discs with a 

silicone adhesive (Bostick RTV sealant). These were immersed in sodium 

citrate/sodium hydroxide buffer (5 ml, pH 6.6, 0.1 M sodium citrate) and placed 

in a shaking water-bath (Grant Instruments Ltd.) at 37°C and 100 oscillations per 

minute. At sampling times, which were determined so that the chlorhexidine 

concentration in the release medium did not exceed 15% of its maximum 

solubility, the buffer was removed and replaced with fresh pre-warmed buffer. 

Chlorhexidine released was measured by UV absorbance spectroscopy (:A. 

=254nm). Calibration curves for chlorhexidine in sodium citrate/sodium 

hydroxide buffer were linear over the range of chlorhexidine concentrations 1 to 

16 Ilg/ml chlorhexidine (R2>0.99). Control experiments showed that poly(a

caprolactone) or the silicone adhesive did not interfere with the assay. 

Attachment of the chlorhexidine delivery system and determination of 

chlorhexidine concentrations in the saliva film 

Ethical approval for this part of the study was obtained from the Southern 

Regional Health Authority (Otago, New Zealand). 

One section was cut from each film to approximately 2.5 x 4 mm and trimmed 

to allow attachment to the buccal surface of the left lower first molar in two 

dentally healthy subjects. Sections were weighed then attached to the tooth 

surface using a dental adhesive system (Scotchbond, 3M Pharmaceuticals). The 

subjects did not brush their teeth or eat breakfast prior to collection of morning 

samples and refrained from using toothpastes, mouthrinses or brushing the tooth 

to which the delivery system was attached during the study. 
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Saliva «1.S Jll) was collected on Periopaper strips (lIarco Electronics, 

Winnipeg, Canada") from the saliva film at ten sites in the mouth prior to and one 

(tl) and three (t2) hours after attachment of the chlorhexidine-containing film, 

then again on the morning of the following four days (t3, tS t6 and t8) and in the 

afternoon on the second (t4) and fourth (t7) days. Chlorhexidine concentrations 

were determined using the HPLC method previously described [24]. At each 

sampling time teeth were observed for the presence of plaque. Film sections were 

removed from the teeth after saliva samples had been collected on the morning of 

the fifth day and the remaining chlorhexidine was determined by dissolving the 

poly(e-caprolactone) in chloroform (O.S ml) then extracting the chlorhexidine into 

1 %v/v glacial acetic acid (2 ml). Chlorhexidine in the aqueous portion was 

determined by absorbance spectroscopy (A=2S4nm). 

RESULTS AND DISCUSSION 

Characterisation of the chlorhexidine delivery system 

The drug load of films, as determined by extraction of chlorhexidine, did not 

differ from the theoretical loading calculated from the weight of starting materials 

by greater than ±1.S%. Duplicate films contained 19.9 ± 0.4 (mean ± s.e.m., n=4) 

and 20.3 ± 0.8 (n=S) %w/w chlorhexidine. In vitro release profiles are shown in 

Figure 1. Films released 33.0 ± 0.9 (mean ± s.e.m., n=S) and 31.1 ± 0.7 (n=S) of 

the drug load over four days and the difference between films was not significant 

(p>O.OS). 

Chlorhexidine concentrations in the saliva film after bonding of the 

chlorhexidine delivery system to a tooth 

The sections attached to teeth weighed 1.4 mg and contained approximately 

280 Jlg chlorhexidine. They released 24 and 48% of their drug loads over the 

study in Subjects One and Two respectively. The consistancy of in vitro release 

(Figure 1) would suggest that this variation in the percentage released in vivo was 

"current supplier is IDE Interstate (Amityville, U.S.A.) 
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FIGURE 1: In vitro release profiles for chlorhexidine release from films 
containing 20%w/w chlorhexidine in P01Y(E-caprolactone). Film 1 (e) and 
Film 2 (0). Error bars represent the standard error of the mean (n=5). 

due to differences in conditions within the mouths of the subjects rather than 

differences in the film sections. 

Sites in the oral cavity from which saliva was collected are shown in Figure 2 

and the chlorhexidine concentrations measured at these sites, for times t1 to t8, 

are shown in Figure 3. Typically, the highest chlorhexidine concentrations were 

measured directly below the tooth-bonded delivery system (Site 3). 

Concentrations at this site were 20 ± 4 and 28 ± 12 (mean ± s.e.m., n=8) Ilg/ml 

for Subjects One and Two respectively while lower concentrations were measured 

at the more distant sites. Considerable variability was, however, observed in the 
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10 

9 

Site Description of site 

1 Buccal gingival margin of the lower left second molar 
2 Buccal interdental space between the lower left first and second 

molars 
3 Buccal gingival margin of the lower left first molar (i.e. immediately 

below the tooth-bonded delivery system) 
4 Buccal interdental space between the lower left second pre-molar and 

the first molar 
5 Buccal gingival margin of the lower left second pre-molar 
6 Lower left buccal sulcus 
7 Occlusal surface of the lower left first molar 
8 Lingual gingival margin of the lower left first molar 
9 Buccal gingival margin of the lower right first molar 
lOB uccal gingival margin of the upper left first molar 

FIGURE 2: Sites in the oral cavity for saliva collection. 

2199 



2200 

Chlorhexidine 1101 Site 1 
concentration 40 

(pg/rnl) 30 

20 

10 

O~-~~=t---+--I 

tl t2 t3 14 t5 t6 17 t8 

Chlorhexidine 110 I Site 2 
concentration 40 

().lg/rnl) 30 

20 

10 
o .jooi.J,EljKJ,l ............. _ .......... 

tl 
Chlorhexidine 11O:r; 

concentration 40 

().lg/rnl) 30 

20 

tl 
Chlorhexidine 11O:r; 

concentration 40 

(pg/rnl) 30 

20 

10 

12 13 14 t5 t6 17 18 

n 

t2 13 t4 t5 t6 t7 t8 

Site 4 

o ~fII4~LJ,IIu,.LJ,IL.""" 
tl 

Chlorhexidine 110:r; 

concentration 40 

().lg/rnl) 30 

20 

t2 t3 t4 t5 t6 t7 t8 

Site 5 

10 

O~~~~~~~~ 

11 t2 t3 14 t5 16 t7 t8 

110]; 

40 

30 

20 

10 

MEDLICO'IT ET AL. 

Site 6 

O ...... j&Jj ...... LJ,II""I-LJ,IL.-

tl 

110]; 
40 

30 

20 

tl 
1101 
40 

30 

20 

10 

t2 t3 14 t5 t6 17 18 

Site 7 

t2 t3 14 t5 t6 t7 18 

Site 8 

O+---<......".--t-.L.It-__ ....... 

tl t2 t3 14 t5 16 17 t8 
1101 Site 9 

40 

30 

20 

10 

0+-1--+--+---+--1 
11 

1101 
40 

30 

20 

t2 t3 14 t5 16 17 18 

Site 10 

11 t2 t3 14 t5 16 17 t8 

FIGURE 3: Chlorhexidine concentrations in the saliva film at Sites 1 to 10 (times 
tl-t8) in Subject One (_) and Subject Two (0). 
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concentrations measured at Site 3. This variability was not unexpected as the 

subjects continued normal oral function throughout the study, with the exception 

that they did not brush their teeth or eat breakfast prior to collection of the 

morning samples and refrained from using toothpaste or brushing the tooth to 

which the delivery system was attached. Normal oral functions such as 

movement of the cheek on the film surface and mastication, is likely to affect the 

drug release from the delivery system as well as clearance of the released drug. 

These processes will vary between and within subjects and could contribute to the 

variability in both the percentage drug released from the film sections in vivo and 

the saliva chlorhexidine concentrations at individual sites. It is interesting to note 

that despite a lack of control over subjects oral function the chlorhexidine 

concentrations measured immediately below the delivery system (Site 3) were in 

the order of those reported to inhibit the growth of plaque bacteria in vitro [2, 25, 

26]. Examination of tooth surfaces throughout the study confirmed the localised 

anti-plaque effect of this tooth-bonded delivery system as no plaque was observed 

on the buccal side of the left lower first molar in either subject. Subject Two did 

show some plaque accumulation a tooth away, on the buccal side of the left lower 

second molar. In the absence of oral hygiene plaque would be expected to 

accumulate over the period of this study, however it appears that chlorhexidine 

released from the tooth-bonded delivery system was sufficient to prevent this 

occurring in areas immediately adjacent to the delivery system. 

CONCLUSION 

Measurement of chlorhexidine concentrations in the saliva film surrounding a 

tooth-bonded delivery system showed that effective concentrations were 

maintained immediately adjacent to the delivery system for a period of four days. 

At other, more distant, sites chlorhexidine concentrations were lower, thus 

indicating the tooth-bonded delivery system may be useful for inhibiting plaque

growth at specific sites in the mouth where gum disease exists. This may avoid the 

side effects that relate to high saliva chlorhexidine concentrations evident with 

conventional delivery systems. 
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ABSTRACT 

Following a detailed study, a simple, rapid and accurate reve
rsed-phase liquid chromatographic method has been developed for 
the determination of diclofenac sodium in human plasma. The 
sample is separated isocratically within 7 min using an octade

cyl-bonded silica column and a mobile phase of methanol and 
sodium acetate buffer (68:32, v/v.; pH 4.2). The c~ounds were 
quantitated using a ultraviolet detector operated at 274 nm 
which allowed determination of 0.10 - 2.50 ~g/ml of diclofenac 
sodium with high reproducibility. The limit of detection is 0.03 
~g/ml. Intra-day and inter-day coefficients of variation for 
assaying the plasma sample containing 0.20 ~g/ml concentration 
of diclofenac sodium were 7.4% (n=9) and 7.6% (n=7), respec
tively. The extraction efficiency of diclofenac sodium were 91.3 
- 93.2% for plasma. The method has been used to determine dic1o
fenac sodium in the plasma samples fram ten volunteers and pro
vide data on the pharmacokinetics of the drug. 

* Corresponding author 
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INTRODUCTION 

Diclofenac sodiun (sodiun [o-(2,6-dichloroanilino)-phenyl] ace
tate) is a relatively safe and effective non-steroidal drug with 
pronounced antirheumatic, antiinflammatory, analgesic, and anti
pyretic properties (1). It has been widely used for several years 
in the treatment of degenerative joint diseases and other arthri
tic conditions (2,3). 

A few procedures have been reported for quantitation of diclo
fenac sodiun in h\.llBIl plasma, including thin-layer chranatography 
(TLC) (4), gas chranatography (GC) (5-7) and high-performance 
liquid chranatography (HPLC) (8-15). TLC lacks the sensitivity 
and accuracy required for the analysis of diclofenac sodium in 
pharmacokinetic investigation. The GC methods are highly sensi
tive and specific. However, all require extensive sample prepara
tion by extraction and derivatization prior to GC separation. In 
recent years, HPLC methods have been used for the deternimation 
of diclofenac sodium alone or together with its metabolites in 
body fluids. Nevertheless, sane procedures have to E!f'I)loy the 
complex instrumentation and installation (8,9) or use expensive 
electrochemical detection (10,11) or fluorimetric detection 
(12,13). These hardly meet the needs of simplicity and rapidity 
for clinical drugs monitoring. 

This paper describes a simple and accurate method based on one 
organic extraction step with hexane-isopropyl alcohol and quanti
tation by reversed-phase liquid chranatography with ultraviolet 
detection. It has been used to determine diclofenac sodium in the 
plasma of ten volunteers who had taken diclofenac sodium tablets, 
and provides data on the pharmacokinetics of the drug. 

EXPERIMENTAL 

Apparatus 
The analysis was performed with a high-performance liquid chro

matograph consisting of a Waters Model 510 pump, a U6K injector, 
a 490E programmable multiwavelength detector operated at 274 nm 
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and 0.015 AUFS and a Baseline 810 Chromatography Workstation 
(Waters Assoc., Milford, MA, U.S.A.). Chromatographic separations 
were carried out on a Spherisorb ODS column (200 x 4.6 mm I.D.; 
particle size 10 ..un; Dalian, China) at ambient temperature. A 
Model 4>71 pH rreter (Beckrran Instrunents, Fullerton, CA, U.S.A.) 
with a pencil combination Beckrran eletrode was employed for the 
pH rreasurement of the different solutions. 

Standards and reagents 
Diclofenac sodium (99.9%) and Diphenylamine (the internal stan

dard) were supplied by Mingxing Pharmaceutical Factory (Guan
zhou, P.R.China) and Nanxian Reagent Factory (ShanhaL P.R.Chi
na), respectively. Diclofenac sodium tablets were provided by 
BEIJING ClBA-GEIGY Pharmaceutical (Beijing, P.R.China). HPLC
grade methanol (Linhai Cherrdcals Factory, Zhejiang, P.R.China) 
and sodium acetate (Shanhai Cherrdcal Reagent Factory, 
P.R.China) were used to prepare the mobile phase. All 

Shanhai, 
cherrd-

cals, except where otherwise stated, were of analytical grade, 
and water used in this assay was doubly distilled. 

Mobile phase 
The mobile phase was a rrethanol-buffer mixture (68:32, v/v) 

which had been passed through a 0.45- ..un membrane filter (Milli
pore, Bedford, MA, U.S.A.) and then degassed before use. The 
buffer was 0.05 M sodium acetate, prepared by dissolving 6.8 g of 
sodium acetate in 1000 ml of water and the pH adjusted to 4.2 
with hydrochloric acid. Mobile phase flow-rate was 1.40 ml/min 
with a typical back-pressure of 11.5 MFa. 

Preparation of solutions 
A 1.00 mg/ml diclofenac sodium stock standard solution was 

prepared by dissolving 100 mg of diclofenac sodium in 100 ml of 
methanol and storing in a refrigerator. A 1.00 mg/ml diphenyla
mine stock solution was prepared by dissolving 100 mg of diphe
nylamine in 100 ml of methanol and storing in a black box in a 
refrigerator. 
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Analytical procedure 
A O.5-ml volume of a plasma sample was placed in a test tube, 

and 0.6 ml of 1 M phosphoric acid added. After vortex mixing for 
lOs, 5ml hexane-isopropyl alcohol (95:5, v/v, containing 30 ng/ml 
diphenylamine as an internal standard) were added and vortex 
mixed for 1 min, then centrifuged for 10 min at 1000 g. 4 ml of 
the organic layer was collected, evaporated to dryness with air 
at 40 0 C and 150 ..ul of the HPLC roobil e phase added to dissol
ve the residue. After 30 s of vortex mixing, 25 ~l of this 
sample solution were injected into the HPLC system. 

RESULTS 

Chromatographic separation 
Figure 1 shows typical chromatograms of a standard solution and 

plasma samples. Under the chromatographic conditions described, 
diclofenac sodium and diphenylamine (internal standard) had rete
ntion times of approximately 4.8 min and 6.4 min, respectively. 
It can be seen, frc:m Figure 1, good separation and detectability 
of diclofenac sodium in serum was obtained with minirral interfe
rence frc:m serum carponents. Hence it is relatively easy to 
estirrate the peak area with accuracy. 

Precision 
Intra-day reproducibility studies, evaluated by assaying 9 

plasrra samples containing 0.20 ~/ml concentration of diclofenac 
sodium, yielded a coefficient of variation of 7.4%. Inter-day 
reproducibility studies, evaluated by assaying the same concen
tration 7 times over a 7-day period, was 7.6%. At a concentration 
of 0.80 ~g/ml, the intra-day and inter-day coefficient of varia
tion were 3.7% and 2.5 %, respectively. 

Linearity and detection limit of method 
A series of the solutions containing 0.10, 0.50, 1.00, 1.50, 

2.00 and 2.50 .ug/ml of diclofenac sodium were prepared to study 



DICLOFENAC SODIUM IN HUMAN PLASMA 

OJ .., 
.-i 
o 

6.0 

6.0 

>, 0 "i 4-. 
o 
';< 

5.0 

4-.0 

3.0 

(a) 

(b) 1 

2 

(0) 2 
1 

Time (min) 

2209 

8 10 

Fig. 1. Chranatograms of diclofenac sodium in hunan pIastre. and the 

standard solution containing 0.80 ..ug/ml diclofenac sodium. 

(a) a plasma extract of a blank plasma. 

(b) a plasma extract containing diclofenac sodium 
(2 h after oral adrranistration of 50 mg of diclofenac 

sodium) . 

(c) standard solution. 

1, diclofenac sodium; 2, diphenylamine. 
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the relationship between the peak area ratio of diclofenac sodium 
to diphenylamine and the concentrations of diclofenac sodium 
under selected conditions. The results showed that the peak area 
ratio was linearly related to the diclofenac sodium concentra
tion for the range 0.10 - 2.50 ~g/ml. The linear equation for 
the concentration versus the peak area ratio was Y=0.90X+0.02 
with a correlation coefficient of 0.9994. The detection limit was 
o .03 Alg/ml. 

Extraction efficiency 
Extraction efficiencies of diclofenac sodium and the internal 

standard were deternrined by comparing peak areas of the analytes 
from extracted plasma standards to those from a chromatographic 
standard solution prepared in mobile phase at the equivalent 
concentration and chromatographed directly. Mean (n=7) percent 
recoveries (S.D.) of diclofenac sodium were 91.3 (10.1) and 93.2 
(3.9) for the low (0.20 ug/ml) and high (1.20 ~g/ml) concentra
tions, respectively. The recovery of internal standard (0.20 
ug/ml) from plasma was 97.3 (9.1). 

InteLferences 
The interference of other commonly encountered medications on 

the HPLC chromatogram was studied using aspirinum, chlorprophen
pyridamine, ibuprofen, acidum pipemidicum, norfloxacin, of I ox a
cin, lomefloxacin and ciprofloxacin. No interference was observed 
on the detection of diclofenac peak. 

Application 
Ten healthy male Chinese volunteers aged 22.9%sO.7 and weighing 

67.7±s4.7 kg entered the study. All volunteers gave their writ
t.en consent and underwent a physical examination. There were no 
abnoL~1 findings in liver and kidney functions in particular. 
After 12 h of overnight fasting, the volunteers received an oral 
dose of single 75-mg diclofenac sodium, in a randomized crossover 
study design. Blood samples (2.0 ml) were taken before medication 
and after 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8 and 10h and the plasma 
separated by centrifugation and was then frozen. Fig. 2 illus-
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Fig. 2. Mean plasma levels of diclofenac sodium after oral 
adrrrinistration of 75-mg of diclofenac sodium to ten 
human volunteers. n=10, x%s. 
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Fig. 3. Dependencies of the retention times of diclofenac sodium 
and diphenylamine on the composition of the mobile phase. 
1, diclofenac sodium; 2, diphenylamine. 
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trates the plasma concentration versus time profile for diclofe
nac sodium in the ten volunteers. 

DISCUSSION 

To achieve optimum resolution, the composition of mobile phase, 
buffer concentration and pH were all studied systematically. A 
200 x 4.6 mm I.D. octadecylsilane column was chosen, with various 
proportions of methanol in aqueous sodium acetate buffer and 
different pH values as the mobile phase. At a given buffer pH and 
composition of mobile phase, neither retention time changed noti
ceably with varying buffer salt concentration. Fig. 3 shows the 
dependency of the retention times of diclofenac sodium and diphe
nylamine on the composition of the mobile phase. Both retention 
times are reduced with increase in methanol content. On the other 
hand, the retention time of diclofenac sodium is also reduced 
with a increase in buffer pH (Fig. 4). However, the retention 
time of diphenylamine was unaltered. In addition, it has been 
found in the experiment that no changes in the detector response 
(peak area) were observed with varying ca~osition of the mobile 
phase and pH. Thus, the retentions of diclofenac sodium and 
diphenylamine can be easily controlled within a large appropriate 
range by adjusting the pH or methanol content of the mobile 
phase. In this method the concentration of sodium acetate 
buffer solution was selected as 0.05 M and the pH was adjusted to 
4.2 with hydrochloric acid. The ratio of sodium acetate buffer 
solution and methanol was selected as 32:68 (v/v), delivered at a 
flow-rate of 1.40 ml/rrdn at ambient temperature. 

There are several methods described that dichloramethane (10) 

and hexane (14) can be used as the organic solvents for the 
extraction of diclofenac sodium frem plasma. However, it has been 
observed in the experiment that the emulsive phenomenon was too 
frequent to operate when dichloramethane was used as the extra
ctant. When hexane was selected as the extractant, it was also 
not completely out of the emulsive phencmenon. 
hexane used was rrdxed with a small amount of 

However, when the 
isopropyl alcohol 

the emulsive phencmenon can be completely removed. In the present 
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Fig. 4. Dependence of the retention time of diclofenac sodium on 
pH of the buffer solution. 

method, the ratio of hexane and isopropyl alcohol was selected as 
95:5 (v/v). 

To obtain higher extraction efficiency for diclofenac sodium 
fran plasma, a study was made of the effect of the amount of 
phosphoric acid added in the plasma on the extraction efficiency. 
The results indicated that the extraction efficiency is exceedin
gly low when the organic extractant is used for the extraction 
alone. However, it is favorable for improving the extraction 
efficiency to acidify the plasma before the extraction. The 
results showed that the extraction efficiency increased with 
increasing the volume of phosphoric acid (1 mol/L) added, but 
the responses were unchanged when the acid vol ume added above 0.5 
mI. In this work the volume of phosphoric acid was selected as 
0.60 ml. 

The pharmacokinetics of diclofenac sodium were studied in 10 
healthy Chinese volunteers. After single oral adrrdnistration of 
75 mg diclofenac sodium, the data obtained were fitted with PKBP
Nl program (16) on carputer. In Table 1 are reported the pharma
cokinetic parameters of diclofenac sodium adrrdnistered orally to 
ten volunteers. The results showed that the dispostion of diclo
fenac sodium was conformed to a two-carpartment model. Peak 
plasma drug concentration occur 1.8 h after ingestion and the 
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IABLE 1. Pharmacokinetic parameters of dicLofenac sodium after administering an oraL 
dose of single 75-mg to ten healthy Chinese volunteers 

a II K. K .. K' 1 K10 I.1 / o I a_l/8 I,. 1/8 AUCo __ I.ax c. .... 
(l/h)(I/h) (I/h) (I/h) (l/h) (l/h) (h) (h) (h) ("'!VIIL.h) (h) wg/llL) 

I 2.37 0.60 3.07 0.57 1.34 1. 06 0.23 0.29 1.16 2.92 2.08 1.39 
2 1. 91 0.45 2.00 0.34 0.61 1.40 0.35 0.36 1. 55 2.66 2.00 1.48 
3 2.03 0.34 2.24 0.37 0.45 I. 55 0.31 0.34 2.01 3.22 2.06 1.82 
4 1.86 0.41 2.13 11.26 0.50 1.51 0.32 0.37 1. 70 (.09 1.58 2.26 
5 1. 31 0.41 I. 91 0.21 0.71 0.85 0.36 0.53 1. 49 4.39 I. 50 1.72 
6 I. 72 0.25 2.89 0.53 0.43 1.01 0.24 0.40 2.73 8.31 1. 86 4.12 
1 I. 11 0.36 I. 40 0.12 0.42 0.99 0.49 0.59 1.94 4.06 2.28 1.42 
8 1.90 0.44 3.10 0.35 0.59 1.39 0.22 0.31 1.59 2.95 1.32 1. 82 
9 2.53 0.51 2.60 0.58 O. 77 1.69 0.27 0.27 1. 36 2.69 1.50 1.60 

10 1.35 0.32 1.70 0.24 0.43 0.99 0.41 0.52 2.17 2.84 1.63 1. 04 
--------

x 1.82 0.42 2.30 0.36 0.63 1.24 0.32 0.40 1.77 3.81 1. 18 1.87 
±SD 0.44 0.10 0.59 0.16 0.28 0.29 0.09 0.11 0.46 1.70 0.32 0.86 
-----------------

mean peak plasma concentration achieved is 1. 87 ..ug/ml. Moreover, 
The results implied that diclofenac sodium is absorbed repidly, 
distributed widely in the body and also eliminated at a fairly 
rapid rate. 

CONCLUSION 

The method provided excellent recovery and good precision, and 

is simpl e and reI iabl e in both its chranatographic conditions and 

sample preparation procedure. Furthermore, the analytical proce
dure is easy to handle and because of the short time between two 
injections it is very suitable for the routine deternimation of a 
large number of sample. It has been successfully applied to the 
analysis of plasma sample obtained during the pharmacokinetic 
study of diclofenac sodium in ten healthy volunteers participa
ting in a diclofenac sodium single oral dose clinical trial. 
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ABSTRACT 

An application of high performance liquid chromatography (HPLC) with 
electrochemical detection to investigate the hydroxyl radical production in the testes of 
cadmium-treated mice is described. Salicylate was used as a free radical trapping 
agent to trap hydroxyl radicals in vivo in the testes of cadmium-treated mice. Using 
this HPLC method, the products formed by hydroxyl radical addition to salicylate, 2,3-
dihydroxybenzoic acid (2,3-DHBA) and 2,S-dihyroxybenzoic acid (2,S-DHBA), were 
separated and quantitated. It was found that the concentrations of both 2,3-DHBA 
and 2,S-DHBA in the testes of cadmium-treated mice were significantly higher than 
that without the treatment of cadmium. This study demonstrated that the tissue 
damage induced by cadmium was the result of the increase in the production of 
hydroxyl radicals. 

* To whom correspondence should be addressed. 
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INTRODUCTION 

Hydroxyl radicals (HO·) and superoxide are two oxygen radicals which have 

been implicated as possible etiological agents in the development of several disease 

or pathological conditions such as in aging, (1) arthritis, (2) carcinogenesis, (3) tumor 

promotion, (4) hyperbaric oxygen toxicity, (5) radiation injury, (6) ischemic injury to 

heart, brain and other tissues and the toxic action of certain chemicals. (7). (8) 

Superoxide radicals are not as reactive as hydroxyl radicals in aqueous solution. In 

comparison, hydroxyl radicals are highly reactive and short lived in both chemical (9). (10) 

and biological systems, (11) and present at very low concentrations in tissues in normal 

conditions. Hydroxyl radicals can cause tissue injury through a variety of pathways 

including damaging DNA, inactivating specific proteins or via lipid peroxidation of cell 

membrane components, and disrupting the interstitial matrix by degradation of 

hyaluronic acid and collagen. (12) 

Cadmium is a toxic trace metal. Occupational and environmental pollutants are 

the main sources of cadmium exposure. Cadmium is toxic to virtually every system in 

the animal body, whether ingested, injected, or inhaled. The toxic effects of exposure 

to cadmium include anemia, dermatitis, testicular degeneration or atrophy, reduced 

growth rate, liver and kidney damage, cardiovascular disorders, pulmonary edema and 

emphysema, teratogenic malformations and increased mortality. (13). (14) Cadmium 

induced lipid peroxidation has been observed in numerous tissues either in vivo or in 

vitro. (15). (16) The relationship between cadmium toxicity and HO· is not clear because 

HO· is difficult to detect and quantitate in vivo. Salicylate is non-toxic at a low 

concentration and has been used to trap HO· in animals. (12), (17) Two main products 
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are 2,3-dihydroxybenzoic acid (2,3-DHBA) and 2,5-dihyroxybenzoic acid (2,5-DHBA) 

formed by hydroxyl addition to salicylate. (18) 

HO.+2W-Q:H 

eOOH 

2,3-DHBA 

+ HO-q-OH + 2 H· 

eOOH 

2,5-DHBA (1 ) 

This study was to use salicylate as a radical trapping agent to detect HO· in 

vivo and provided a direct evidence for pathogenetic role of the hydroxyl radical in the 

testis toxicity caused by cadmium. 

MATERIALS AND METHODS 

The HPLC instrumentation was from Waters ( Waters, Division of Millipore, 

Milford, MA, USA), which included a 501 HPLC pump, an U6K injector with a 500 IJI 

sample loop, a 460 electrochemical detector with a glassy carbon working electrode, 

an auxiliary electrode and a Ag/AgCI reference electrode. Data acquisition and 

processing was accomplished by a Waters Baseline 810 chromatographic work station 

which included a NEC PowerMate SXl16 computer and a system interface. The 

column used was a Hibar RT Lichrosorb-RP-18 (10 IJm, 250 x 4 mm) (E. Merck, 

Gibbstown, NJ, USA). The voltage in the electrochemical detector was set at 0.8 v. 

The injection volume was 50 IJI and the flow rate of the mobile phase was 0.8 ml/min. 

The mobile phase was 0.03 M citric acid and 0.03 M acetic acid, and prepared by 

titration with sodium hydroxide to pH 3.0 followed by titration with sodium acetate to a 

final pH of 3.6. 
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The statistic analysis of the experimental date of 2,3-DHBA and 2,5-DHBA in 

testes were carried out using Student "t" test. The results were considered significant 

at P < 0.05 and very significant at P < 0.01. 

All the reagents were of analytical grade. Cadmium chloride (CdCI2), 

trichloroacetic acid (TCA), sodium salicylate and its monohydroxylated products, 2,3-

DHBA and 2,5-DHBA were obtained from Sigma Chemical Company (St. Louis, MO). 

Water was from a Millipore Milli-Q system (Millipore, Milford, MA, USA). 

The calibration curves of the DHBAs were built with 2,5-DHBA and 2,3-DHBA 

standards in 10% TCA solution. The concentrations of the two DHBAs in the tissue 

extracts were determined by comparison of the peak areas of the extracts with that of 

the calibration curves of 2,5-DHBA and 2,3-DHBA. 

Animal Preparation 

Male CD-1 mice with body weights of 30-35 g were used in all experiments. 

They were housed in groups of 5 mice/cage, kept at a constant room temperature and 

maintained on a controlled environment with a 12 h light: 12 h dark cycle. Food and 

water were provided ad libitum. After one week adaption, the mice were divided into 

two groups of 5 mice each. Cadmium chloride solution (2 mg/kg) was injected to 

cadmium treatment group in s.c. once a day for 7 days. Control group was given 

equal volume of saline. 

Sample Preparation 

After 7 days cadmium treatment, the mice were given i. p. sodium salicylate 

solution (100 mg/kg), 30 min prior to killing mice by cervical dislocation. The testes 



HYDROXYL RADICAL FORMATION IN MICE TESTES 2221 

were removed immediately, weighted and placed in ice-cooled 10% TCA solution (1.5 

ml/200 mg tissue). The testes were homogenized in a polytron homogenizer (Polytron 

model # PT 10/35, Brinkman Instruments, Switzerland) 20 seconds. The homogenate 

was centrifuged at 2,000 RPM at room temperature for 10 minutes. The supernatants 

were filtered with a 0.22 ~m Millipore filter, and then 50 ~I of this solution was injected 

into the HPLC system. 

Recoyery Assay 

2,5-DHBA and 2,3-DHBA solutions at various concentrations were spiked into 

the blank tissues and then extracted with the same procedure described above. The 

concentrations of the DHBAs in the tissue extracts were determined by comparison of 

the HPLC peak areas of the extracts with that of the calibration curves of 2,5-DHBA 

and 2,3-DHBA. The recoveries of 2,5-DHBA and 2,3-DHBA were 92.1 % and 91.4%. 

RESULTS AND DISCUSSION 

As shown in Figure 1 a, 2,5-DHBA and 2,3-DHBA were not found in the blank 

extracts of mice testes which were not treated with salicylate and cadmium. Figure 1b 

shows the chromatogram of the control extract, which was from the mouse given only 

salicylate (100 mg/kg). Figure 1 c shows the chromatogram of the extract of cadmium

treated mouse. The peaks of 2,5-DHBA and 2,3-DHBA in the control testes (Figure 

1 b) are much smaller than that in the cadmium-treated testes (Figure 1 c). Figure 1 d 

shows the chromatogram of the 1 ~M standard extract of 2,5-DHBA and 2,3-DHBA, 

which was obtained by spiking standard of 2,5-DHBA and 2,3-DHBA into a testis 

tissue and then extracted. 
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Figure 1 
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Chromatograms of the testes extracts in mice (a) a blank mouse; (b) a 
control mouse (treated with salicylate); (c) a salicylate- and cadmium
treated mouse; (d) 1 IJM standard of 2,5-0HBA and 2,3-0HBA in testis 
tissue. Principal peaks, 1: 2,5-0HBA; 2: 2,3-0HBA 
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Figure 2 

control cadmium control cadmium 

Mean (± SE) level of 2,5-0HBA and 2,3-0HBA in the testes of cadmium
treated mice (n=S) and control mice (n=S). 

Figure 2 shows the mean ± SE (SE, standard error) concentrations of 2,3-

OHBA and 2,5-0HBA in the testes of the control mice and and cadmium-treated mice. 

The mean ± SE of 2,3-0HBA and 2,5-0HBA in the control group was 36.34 ± 1.11 

and 161.4 ± 68.33 nM/100 mg tissue. The mean ± SE of 2,3-0HBA and 2,5-0HBA in 

the cadmium treated group were 73.02 ± 6.2S and 671.32 ± 42.12 nM/100 mg tissue. 

The changes in the concentrations of 2,3-0HBA and 2,5-0HBA in the cadmium 

treated group in comparison with that in the control were 2.01 and 4.16 times, 

indicating significant increases. 

The experiments were carried out to determine the possibility of further 

metabolism of the adducts, 2,S-OHBA and 2,3-0HBA, in testes. Testis tissues were 

spiked with 2,S-OHBA and 2,3-0HBA standard and extracted, and then stored at 4 °C 

for one week. The concentrations of 2,S-OHBA and 2,3-0HBA in this sample was 
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TABLE 1 The Level of 2,5-DHBA and 2,3-DHBA in Mouse Testes Homogenates 

During One Week at 4°C 

2,5-DHBA 2,3-DHBA 

day Level change Level change 

(nMJ100mg tissue) ('Yo) (nM/1 OOmg tissue) ('Yo) 

161.46 0.00 36.34 0.00 

2 159.97 0.92 35.31 2.83 

3 155.67 3.58 32.97 9.27 

4 149.50 7.41 32.52 10.51 

5 146.51 9.26 31.05 14.56 

6 134.56 16.66 30.20 16.90 

7 132.32 18.25 29.76 18.11 

determined every day by HPLC. As shown in Table 1, there is no significant change 

in the concentrations of DHBAs in the testes homogenate in 24 hours. 

2,5-DHBA was the only product formed In an enzymic salicylate metabolism in 

vivo. (19) A previous study of the reaction of hydroxyl radicals with salicylate in vitro 

indicated that both 2,5-DHBA and 2,3-DHBA were formed in almost equal amounts. (19) 

Our results indicated that the ratio of 2,5-DHBA and 2,3-DHBA was 9.19 and the 

increases of 2,5-DHBA and 2,3-DHBA were 4 and 2 folds in the testes of cadmium 

treated mice. This conclusively demonstrates that the testis toxicity caused by 

cadmium is related to the formation of the hydroxyl radicals. While the detail 

mechanism of cadmium-mediated hydroxyl radical generation remains to be 

investigated, one possibility may involve the interaction of cadmium with ferritin and 
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other iron-containing proteins, resulting in the release of iron. The released iron reacts 

to form hydroxyl radicals via the Fenton reaction as suggested previously. (20) 

Cadmium exerts its toxic effects on testicular vascular endothelium which could 

lead to ischemia, hypoxia, lipid peroxidation followed by generation of highly reactive 

hydroxyl radicals in the testicular tissues. (21). (22) The high content of polyunsaturated 

fatty acids in a testis rendered this organ particularly susceptible to peroxidative 

damage. It was found that the lipid peroxidation increased in homogenates of the 

testes after cadmium treatment of male rats. (23) Since thiol agents protect testis 

toxicity caused by cadmium, the testis damage is apparently oxidative in nature. It is 

quite possible that cadmium toxicity in testes is mediated by oxygen free radicals. 

Salicylate as a specific hydroxyl radical trap is used and it produces stable 

hydroxylation products. Our results show that there was a 4-fold and 2-fold increase 

in 2,5-DHBA and 2,3-DHBA, demonstrating direct evidence for the involvement of 

hydroxyl radicals in cadmium toxicity in vivo. Hydroxyl radicals are extremely reactive 

with a number of compounds, including lipids and proteins. The presence of HO' in 

the testes provides an important information for further study of the mechanism of 

testis toxicity caused by cadmium. 
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PRECONCENTRATION, SAMPLE CLEAN-UP, AND 
HPLC DETERMINATION OF PHENOL AND ITS 
CHLORO, METHYL, AND NITRO DERIVATIVES 

IN BIOLOGICAL SAMPLES. A REVIEW 

F. BOSCH REIG, P. CAMPiNs FALC6, AND J. VERDU ANDRES 
Departament de Qu[mica Analitica 

Facultat de Quimica 
Universitat de Valencia 

c/Dr. Moliner, 50 
E46100-Burjassot, Valencia, Spain 

ABSTRACT 

This critical review shows the different high performance liquid chromatography 
methods proposed for phenol and its chloro, methyl and nitroderivatives determination in 
biological samples, with special attention to the sample treatment. 

INTRODUCTION 

Phenol denatures and precipitates cellular proteins, and thus may rapidly cause 

poisoning [I]. It is metabolized by conjugation to yield phenyl glucuronide and phenyl 

sulphate [2]. In addition, phenol (and p-cresol and 4-ethylphenol) is produced in the gut by 

microbial degradation of tyrosine [3]. So, for urine samples obtained from healthy, 

unexposed men, concentration values from 4.5 to 10 ppm were obtained [4]. Acid-labile 

phenol conjugates are present endogenously in serum at concentrations of about 0.1 "g/mL. 

Niwa et al [5] quantified serum phenol and p-cresol in uremic patients on hemodialysis. 

Concentrations of phenol and p-cresol in uremic serum were significantly higher than those 

in normal serum. Reduction rates of phenol and p-cresol by hemodialysis were lower than 

those of urea and creatinine, suggesting a protein-binding property of phenol and p-cresol. 

Phenol and its derivatives are among the most toxic and widely spread pollutants in industrial 
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effluent and natural waters. Due to their toxicity, measurement in biological materials 

(expired air, blood, serum and urine) would be of interest. In addition, they are also 

metabolites of other toxic compounds (e.g. benzene), and their measurement would indicate 

exposure. An excess of respiratory cancer has been associated with phenol in Finnish 

woodworkers [6]. Moreover, phenol is a metabolite of benzene. Benzene is considered as a 

group I carcinogen [7]. It is also a constituent of engine emissions and tobacco smoke. The 

most commonly used method for biological monitoring of benzene exposure is measurement 

of phenol in urine. In the body, benzene is metabolized by the microsomal cytochrome P-450 

monooxygenase system into benzene epoxide [8]. This benzene epoxide is metabolized in 

three different pathways which end in excretion of trans,trans-muconic acid, 

phenylmercapturic acid and different phenols. By using enzymes it is possible to differentiate 

between conjugated (glucuronides and sulphate esters) and unconjugated metabolites. About 

30% of retained benzene gives rise to phenol in vivo. Therefore, the measurement of 

excreted urinary phenol has applications in the evaluation of exposure [9], but urinary 

phenolic compounds are not useful biological markers for exposure to benzene below 1 ppm. 

No significant increase in phenolic compounds was observed after exposure to benzene (0.01-

0.63 ppm) for both smoking and non smoking workers [10]. 

For cresols, only p-cresol is endogenously produced in normal subjects, and may be 

present in urine at concentrations of 20 to 200 JLg/mL (mainly in conjugated form) [1]. 0-

and m-cresol are reported to occur in the urine as a result of exposure of an individual to 

toluene [11] and not as a result of the microbial degradation of tyrosine. Consequently, the 

occurrence of 0- and m-cresol would be expected to be rare, except in those individuals 

subjected to toluene exposure. However, only a small fraction of the inhaled vapour is 

oxidized at the aromatic ring with the production of cresols. 

The urinary concentration of p-nitrophenol has been proposed for assessing the 

exposure to nitrobenzene [12], which is used in many industrial processes. Skin is the 

principal route of exposure to nitrobenzene solution [13]. 

The respiratory and dermal absorption of chlorophenols results in measurable levels 

of these compounds in blood and urine of occupationally exposed individuals [14]. Food and 

drinking water are considered to be the major sources of chlorophenols in serum, urine and 

adipose tissues of general population. Pentachlorophenol concentration of 10 JLg/Kg in food 
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and of 60 I'g/Kg in drinking water have been reported [15]. This can be due to an average 

dail y intake of 1-6 I'g pentachlorophenol. A large proportion of pentachlorophenol is excreted 

in urine, which leads to average levels of 1-6 ppb [16]. The presence of pentachlorophenol 

in urine has been shown to be a sensitive indicator of human exposure not only to those but 

also to other organochlorine compounds being metabolized to chlorophenols, e.g. 

hexachlorocyclohexane and chlorobenzenes. Once adsorbed in the body, a significant amount 

of the chlorophenols may be retained due to the formation of lipophilic conjugates of fatty 

acids [17]. An accumulation of such conjugates in membranes of tissues and their further 

metabolism may have deleterious consequences. Selective toxicity of 

palmitoylpentachlorophenol was found in exocrine pancreas in rats [18]. In urine samples 

from people working in the wood industry, concentrations of 0.1-10 ppm of 

pentachlorophenol have been found [19]. About 25 % of the pentachlorophenol present in 

urine is excreted as its glucuronide [20]. Therefore, in order to measure the total amount of 

pentachlorophenol in urine, hydrolysis is necessary before analysis. Acid hydrolysis has been 

used, but 70-95 % of pentachlorophenol is present in the precipitate formed upon hydrolysis. 

2,4-dichlorophenol has been also determined as a common metabolite of the iJ-blocker B 

24176 [21]. 

The United States Environmental Protection Agency list eleven substituted phenols, 

with a variety of substituent such as chloro, methyl and nitro groups, as priority pollutants 

phenols (PPP) [22], as shown in table 1. Analytical procedures are needed to detect and 

quantify phenolic compounds at very low concentrations. The present study reviews the 

determination of phenol and its chloro, methyl and nitro derivatives by high performance 

liquid chromatography (HPLC) in biological samples. This technique is more suitable than 

gas chromatography for polar analytes with low vapour pressure (as in the case of phenols) 

in aqueous samples. Our objective is to consider the different HPLC methods proposed in 

the recent literature (especially referred to the eleven PPP) with attention to all the different 

kind of biological samples studied, and the preconcentration techniques used. A previous 

review of 1984 was centered around the determination of priority toxic pollutants in urine, 

where chlorinated phenols were considered [23]. As it can be seen in figure 1, about 20% 

of the published works in the last 10 years, as reviewed by Chemical Abstracts, about phenol 

and its derivatives are directly related with biological samples. 
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Table 1 
The Eleven Priority Pollutants Phenols (PPP) Listed by the United States Environmental 

Protection Agency. 

Water and 
wastewater 

Phenol 

2-chlorophenol 

4-chloro-3-methylphenol 

2,4-dichlorophenol 

2,4-dimethylphenol 

2,4-dinitrophenol 

2-methyl-4,6-dinitrophenol 

2-nitrophenol 

4-nitrophenol 

Pentachlorophenol 

2,4,6-trichlorophenol 

9,0% Others 
3,0% Cosmetics 

3,0% Wood 

Figure 1 Distnbution of the HPLC procedures for the analysis of phenols according to the 
samples assayed during the last decade. 
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SAMPLE TREATMENT 

Preliminary treatment is often necessary to both separate and preconcentrate the 

analytes, although direct aqueous sample il\iection has been also used. Generally, hydrolysis 

and/or sample clean-up procedures are carried out prior to the chromatographic separation. 

Direct injection of enzymatic hydrolysed urine samples have been used [24]. After 

acetonitrile deproteinization, plasma phenol was determined [25]. Diluted urine samples after 

filtration and hydrolysis were injected [26], and Ogata et at. [27] diluted the urine sample 

and after centrifugation injected the supernatant. Although for phenol determination, 

enzymatic hydrolysis (Helix Pomatia) was necessary. Automatic HPLC methods, not 

involving solvent extraction, described [28]. Table 2 summarizes the different methods. 

Steam distillation. 

The quantitative performance of steam distillation-extraction for different types of 

organic substances at concentrations ranging from tens of ppm to ppb has been studied in 

[29]. A theoretical model is introduced, describing the recovery of different classes of 

organic compounds as a function of the process time. A 100% recovery is obtained within 

20 min. for most substances. The effect of concentration, process time and solvent used were 

also studied. Norwitz et at. [30] studied the distillation of 42 phenolics, and the recoveries 

are related with the hydrogen-bondings (inter and intra molecular) present. As applications, 

a small steam-distillation scheme for concentrating phenol, p-cresol and 4-ethylphenol from 

faeces and urine samples was described [31]. Recoveries from 99.4 to 101.9% were obtained 

for the three analytes for added concentrations ranged 0.1-1000 nmol/g wet weight sample. 

For urine samples it was found that acid hydrolysis did not result in the loss of free phenols, 

and the recoveries were 100. 1-10 1. 7 %. Steam distillation has been also used for the 

determination of phenol and cresols in urine [32]. After enzymic hydrolysis of urine «(3-

glucuronidase), a 1 mL aliquot was submitted to steam-distillation in a micro-Kjendahl 

apparatus for phenol and p-cresol extraction [33]. Recoveries were 95 to 107 % . 

Liquid-liquid extraction 

The extraction of 25 monohydric alkylphenols with different solvents (n-pentane, 

tetrachlorometane, trichlorometane, dichlorometane, benzene and diethyJ ether) from water 



T
ab

le
 2

 
A

na
ly

tic
al

 P
ro

pe
rt

ie
s 

of
 th

e 
D

if
fe

re
nt

 M
et

ho
ds

 P
ro

po
se

d 
fo

r 
th

e 
A

na
ly

si
s 

of
 P

he
no

ls
 b

y 
H

PL
C

 

-
-
-
-
-

A
na

ly
te

 
Sa

m
pl

e 
H

yd
ro

ly
si

s 
Sa

m
pl

e 
cl

ea
n-

up
 

St
al

io
na

ry
 p

ha
se

 
M

ob
ile

 p
ha

se
 

D
et

ec
to

r 
D

et
ec

tio
n 

lim
it 

26
D

C
P

 
U

ri
ne

 
H

C
I 

oI
l-l

in
e 

tr
ac

e 
L

iC
hr

os
or

b 
Si

-
n-

he
xa

ne
-t

ol
ue

ne
-

E
C

D
 

I 
pp

b 
o

f 
PC

P 
P

C
P

 
I 

h.
 

en
ric

hm
en

t 
on

 a
 

60
 (
5
~
m
)
 

gl
ac

ia
l 

ac
et

ic
 a

ci
d 

23
5T

C
P

 
10

0°
C

 
st

yr
en

e-
(7

4:
25

:1
) 

23
45

T
eC

P
 

di
vi

ny
lb

en
ze

ne
 

po
ly

m
er

 

P
C

P
 

U
ri

ne
 

H
C

I 
on

-li
ne

 p
os

t-
co

lw
nn

 
L

iC
hr

os
or

b 
M

eO
H

-I
 m

M
 

U
V

 
40

 p
pb

 o
f 

P
C

P
 

23
46

T
eC

P
 

I 
h.

 
ex

tr
ac

tio
n 

R
P

I8
 (

5 
~
m
)
 

H
,P

O
, 

(8
0:

20
) 

E
C

D
 

(U
V

) 
10

0°
C

 
(L

iC
hr

os
or

b 
R

P
I8

) 
S

ph
er

is
or

b 
C

 I 
I 

pp
b 

of
 P

C
P 

(
5
~
m
)
 

(E
C

D
) 

P
he

no
l 

U
ri

ne
 

E
nz

ym
ic

 (
H

el
ix

 
F

il
te

re
d 

(0
.2

2 
~
m
)
 

O
D

S-
2 

(5
 ~
m
)
 

M
eC

N
-I

 %
 H

,P
O

, 
U

V
 

4-
ni

tr
op

he
no

l 
Po

m
at

ia
 J

ui
ce

) 
10

:9
0 

(S
cr

ee
ni

ng
) 

(2
65

, 
28

0 
37

°C
 

30
:7

0 
m

n)
 

O
ve

rn
ig

ht
(6

 h
.)

 
(s

im
ul

ta
ne

ou
s 

sp
ec

ifi
c 

de
te

nn
in

at
io

n 
of

 
ph

en
ol

 a
nd

 4
-

ni
tr

op
he

no
l)

 

P
he

no
l 

M
ic

e 
E

nz
ym

ic
 (

ft-
A

ni
on

 e
xc

ha
ng

er
 

N
uc

le
os

il 
O

D
S 

P
ho

sp
ha

te
 

U
V

 
36

 m
gl

L
 

ur
in

e 
gl

uc
ur

on
id

as
e 

an
d 

di
et

hy
l 

et
he

r 
(5

 ~
m
)
 

(
P
H
~
3
.
4
)
-
M
e
O
H
 

(2
70

 m
n)

 
an

d/
or

 
ex

tr
ac

tio
n 

(7
0:

30
) 

ar
yl

su
lp

ha
ta

se
) 

37
°C

 
48

 h
. 

Ph
en

ol
 

Fa
ec

es
 

H
2S

O
, 

St
ea

m
 d

is
til

la
tio

n 
R

P-
8 

(5
 ~
m
)
 

H
2O

-M
eC

N
-H

A
c 

Fl
uo

re
sc

en
ce

 
<

0
.1

 p
g
/
~
L
 

p-
cr

es
ol

 
an

d 
ur

in
e 

10
0°

C
 

(8
9:

9:
1)

 
A"

, 
~
 

27
5 

4-
et

hy
lp

he
no

l 
30

 m
in

. 
A

."
, 
~
 

30
0 

N
ot

es
 

0.
4 

m
L

 
sa

m
pl

e 
N

or
m

al
 

ph
as

e 
L

C
 

2.
3 

m
L

 o
f 

sa
m

pl
e 

2,
3,

4,
6-

T
eC

P
 

no
t 

fo
un

d 

O
th

er
 

co
m

po
un

ds
 

as
sa

ye
d 

O
th

er
 

co
m

po
un

ds
 

as
sa

ye
d 

R
ef

er
en

ce
 

[4
1]

 

[I
S]

 

[2
6]

 

[8
] 

[3
1]

 

~ -I>
-

I:!
l o ~ n ::c ~ .15
 ~ '"t1
 Z'
 

~
 ~ .0
' ~ o ~ C
' ~ t'l
l' 
~
 



P
he

no
l 

U
ri

ne
 

H
C

I 
D

ie
th

yl
et

he
r 

P
ar

ti
sp

he
re

 5
 

10
 m

M
 ,

od
im

n 
F

lu
or

es
ce

nc
e 

0.
3 

m
g/

L
 

O
th

er
 

[1
0]

 
I 

90
°C

 
ex

tr
ac

tio
n 

af
te

r 
C

I8
 (

5
"m

) 
ac

et
at

e 
bu

ff
er

 
!'o

le
 
= 

27
4 

co
m

po
un

ds
 

I 
90

 m
in

. 
so

di
um

 s
ul

ph
at

e 
(P

H
 
~
 

3.
4 

or
 

A.m
. 
~
 
29

8 
as

sa
ye

d 
ad

di
tio

n 
3.

8)
-M

eC
N

 
U

V
 (

28
0 

I 
G

ra
di

en
t 

nm
.)

 

Ph
en

ol
 

U
ri

ne
 

E
nz

ym
ic

 (
f3

-
C

H
2C

1 2
 e

xt
ra

ct
io

n 
P

ee
os

ph
er

e 
3x

3 
M

eO
H

-H
,O

-
U

V
 (

21
5 

nm
) 

0.
5 

m
g/

L
 

p-
[9

] 
o-

,m
-,p

-c
re

so
l 

gl
uc

ur
on

id
as

e-
an

d 
so

di
um

 
C

I8
 (

3 
flI

D
) 

H
,P

O
, 

(p
he

no
l 

an
d 

am
in

op
he

no
l 

p-
ni

tr
op

he
no

l 
ar

yl
su

lp
ha

ta
se

) 
hy

dr
ox

id
e 

ba
ck

 
(3

0:
70

:0
.1

 ) 
cr

es
ol

s)
 

al
so

 a
ss

ay
ed

 

I ~ tJ
 ~ 

37
°C

 
ex

tr
ac

tio
n 

I 
m

g/
L

 (
p-

12
 h

. 
ni

tr
op

he
no

l)
 

~ 
Ph

en
ol

 
U

ri
ne

 
E

nz
ym

ic
 (

f3
-

St
ea

m
-d

is
til

la
tio

n 
R

Si
l 

C
I8

L
L

 
M

eO
H

-2
0m

M
 

U
V

 (
28

5 
an

d 
Ph

en
ol

 
[3

3]
 

p-
cr

es
ol

 
gl

uc
ur

on
id

as
e)

 
N

aH
,P

O
. 
(
P
H
~
4
)
 

29
5 

nm
) 

co
nc

en
tr

at
io

n 
37

°C
 

(1
2:

13
) 

in
 s

om
e 

ur
in

e 
20

-2
4 

h.
 

sa
m

pl
es

 

~ Z
 

de
cr

ea
se

d 
du

ri
ng

 
st

or
ag

e 

b;
j ~ 

Fa
tty

 a
ci

d 
(C

" 
an

d 
C

 I,
) 

R
ev

er
se

d 
ph

as
e 

M
eO

H
-H

,O
 

U
V

 (
21

0 
nm

) 
[1

7]
 

co
nj

ug
at

es
 o

f 
24

D
C

P
. 

C
I8

 (
5 

flI
D

) 
(3

9:
1)

 
24

5 
an

d 
24

6T
C

P
. 

~ 
23

46
T

eC
P

 a
nd

 P
C

P
 

Ph
en

ol
 

L
C

-S
A

X
 (

5 
"m

) 
0.

05
 M

 
U

V
 (

25
4)

 
0.

9 
ng

/"
L

 
G

lu
cu

ro
ni

de
 

[2
] 

4-
ni

tr
op

he
no

l 
am

m
on

iu
m

 
an

d 
su

lfa
te

 
fo

rm
at

e 
bu

ff
er

 
co

nj
ug

at
es

 
(
p
H
~
4
.
5
)
-
M
e
C
N
 

A
ni

on
 

~ en
 

(6
0:

40
) 

ex
ch

an
ge

 L
C

 
-
-
-
-

-
-

-
-

_ 
....

. 
-

-
-
-
_

.
-
-
-

-
-

-
-

~ V
I 



2236 BOSCH REIG, CAMPINS FALC6, AND VERDU ANDRES 

at mg/L concentration was compared [34]. The recoveries were obtained relative to n

octadecane, being the lowest for phenol and its lower alkyl derivatives. A simple extraction 

by ethyl acetate was used to measure phenol andp-cresol in uremic serum [5]. p-nitrophenol 

was extracted from urine samples with dichloromethane, after hydrolysis with hydrochloric 

acid [35]. Enzymatic hydrolysis of phenol, cresols and p-nitrophenol with /3-glucuronidase

arylsulphatase for 12 h. at 37"C was made [9]. After hydrolysis, the analytes were extracted 

with dichloromethane, and then the organic phase was extracted with 0.2 M sodium 

hydroxide before injection. The recovery was about 95 % for phenol and cresols and 90% for 

p-nitrophenol. Urine samples, after acid hydrolysis, were saturated with sodium sulphate and 

extracted by diethyl ether. The recovery for phenol was over 90% [10]. n-hexane extraction 

was used in [14]. The recoveries ranged from 79 (2,4,5-trichlorophenol, 2,3,4,6-

tetrachlorophenol and 2,3,4,5-tetrachlorophenol) to 87% (2,4-dichlorophenol) when 1 mL of 

sample was used, and from 72 (pentachlorophenol) to 90% (2,4-dichlorophenol, 2,4,6-

trichlorophenol and 2,4,5-trichlorophenol) when 5 mL of sample was used. Ethyl ether was 

used for determination of pentachlorophenol in human urine [36]. Mice urine hydrolysed with 

/3-D-glucuronidase was extracted with ethyl ether for unconjugated metabolites of benzene, 

including phenol [38]. 

Solid-liquid extraction 

A global study of some chemically modified resins for phenolic extraction has been 

made in [37, 39]. CIS reversed phase extraction used Sep-Pak CIS cartridges [14]. The 

recoveries ranged from 59 (2,3,4,5-tetrachlorophenol) to 89% (pentachlorophenol) when 1 

mL of sample was used, and from 69 (2,4,6-trichlorophenol) to 96% (pentachlorophenol) 

when 5 mL of sample was used. Pentachlorophenol in urine was extracted in a Baker-l C18 

extraction column and eluted with the mobile phase used in the HPLC separation. The 

recovery was 89 to 96% [40]. 4 mL of the hydrolysed mice urine (with /3-glucuronidase 

and/or arylsulphatase) was purified and separated by solid-phase extraction with an anion 

exchanger, followed by extraction with diethyl ether [8]. 

Column switching 

On-line post column liquid extraction was used, before electron-capture detection [15]. 

After hydrolysis of urine samples, the preconcentration was made. Recovery for 
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pentachlorophenol at 10 ppb level was 70% and at 100 ppb level was 75%. For 2,3,4,6-

tetrachlorophenol, the recovery was 85 %. Same authors, after hydrolysis of the urine, made 

on-line trace enrichment of 100 ppb of 2,6-dichlorophenol, and 10 ppb of 2,3,5-

trichlorophenol, 2,3,4,5-tetrachlorophenol and pentachlorophenol using a pre-column packed 

with a styrene-divinylbenzene copolymer. For the preconcentration of 0.4 mL of sample, 

recoveries of the chlorophenols at the 10 ppb levels varied from 60 to 80% [41]. 

DETECTION 

Figure 2 summarized the detectors usually employed in the HPLC phenol 

determination. When biological samples are studied, electrochemistry detectors are used less 

frequently. 

UV detector is the most employed because of its universality. Phenol and chlorinated 

phenols show absorbance maxima at 220 and 250/320 nm. Direct determination of phenol 

and chlorophenols is possible if the preconcentration step leads to a higher concentration 

level. Nitrophenols can be detected in the visible spectra (405 nm.). PCP was determined by 

UV detection (254 and 313 nm.), with detection limit of 0.4 mg/L [36]. Absorbance at 

270nm. was used for determination of benzene metabolites in urine of mice. The detection 

limit for phenol was 36 mg/L [8]. A wavelength of 210 nm. was used for monitoring fatty 

acid conjugates of chlorinated phenols [17], and of 215 nm. was used for the determination 

of phenol, 0-, m- andp-cresol, p-aminophenol andp-nitrophenol in urine [9]. The detections 

limit were 0.5 mg/l for phenol and cresols and 1 mg/L for the others. 265 and 280 nm. were 

used for determination of urinary metabolites of benzene, nitrobenzene, toluene, xylene and 

styrene [26]. 254 nm. has been used with a detection limit of 0.25 mg/L for 

pentachlorophenol [40], and for phenol determination [38]. 225 nm. for phenol determination 

[27], with a detection limit of 0.4 ng//tL. 285 nm. for phenol and 295 nm. for p-cresol in 

[33]. 

The fluorescence detector provides better detection limits than UV detector (table 2). 

Only phenol and cresols show native fluorescence. Dansyl chloride is used to convert phenols 

into fluorescent dansyl derivatives. A complete study of a two-phase dansylation procedure 

for phenolic compounds is described in [42], but we have not found any work which 
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UV 
54,5% 

BOSCH REIG, CAMPINS FALC6, AND VERDU ANDREs 

Electron Capture 7,6% 
Detector 

Electrochemistry 

19,7% 

Figure 2 Distribution of the HPLC procedures for the analysis of phenols according to the 
detection system used during the last decade. 

describes an application to biological samples. Fluorescence detection for identification of 

phenol and p-cresol was used [5]. A Aexc = 274 nm. and Aem, = 298 nm. were used, with 

a detection limit for phenol of 0.3 mg/L [10], and "-exc = 275 nm. and "-em, = 300 nm. for 

monitoring phenol, p-cresol and 4-ethylphenol. The sensibility was of 10 pg. (in 100 ILL) [31]. 

The only described work with electrochemistry detector in biological samples showed 

electrochemistry detector 30 times more sensitive than UV detection for phenol determination 

in plasma [25]. 

Experimental modifications have to be made in order to use electron capture detector 

(ECD) in liquid chromatography. On-line post-column extraction in column liquid 

chromatography with a coupled ECD is proposed [15]. Detection limit of 1 ppb for PCP in 

urine was achieved, when 40 ppb was the detection limit with UV detection. On-line trace 

enrichment on a reversed phase pre-column for normal phase LC with ECD is described in 

[41], for low ppb determination of chlorophenols in urine. On-line electron-capture detection 

was used for determination of ppb levels of PCP in liver [43]. 

The mass spectrometry has been only used for confirmating phenol and p-cresol [5]. 

The radiochemistry detector has been used for quantification of radiolabeUed benzene 
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metabolites in liver tissue extract or urine of rats exposed to 3H-benzene in air (47.6 ppm) 

for 6 hours. UV absorbance at 265 nm. was also registered [44]. 

CONCLUSIONS 

A review has been made of the procedures proposed for determination of phenols in 

biological fluids. Hydrolysis and sample clean-up procedures. and also preconcentration, are 

generally required for successful determination (table 2). Three types of analytical columns 

are proposed: normal phase, reversed phase and anion exchange, the second type being most 

popular. The UV detector is the most used. However, it does not always provide good 

sensibility, and then other kind of detectors have been tested, as fluorescence and electron 

capture detectors. The major number of papers referred to urine samples, as can be seen in 

table 2, where ppb detection limits has been found. 
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ABSTRACT 

An isocratic, rapid, sensitive and selective reversed phase high-performance liquid 
chromatographic (HPLC) assay with ultraviolet detection has been used to quantify the in vitro 
nimodipine metabolism in rat liver microsomes. (±)Nimodipine and its metabolites were 
separated on a CI8 HPLC column maintained at 40°C using a mobile phase consisting of 
ammonium acetate 0.05M pH 6.6 and methanol (40:60 v/v). The within- and between-run 
coefficients of variation (CVs) were < 4.2 % in the concentration range of 0.5-50 }!M. The 
limit of detection for nimodipine and ist metabolites was in the range of 30 - 80 nM. The 
formation of nimodipine metabolites may be described by a sigmoid Vmax model according to 
Hill equation corresponding to enzyme kinetics associated with positive allosteric effect. The 
assay was accurate, selective and may be used in studies investigating the interaction of drugs, 
and substances found in daily food e.g. flavonoids, with nimodipine metabolism. 
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FIGURE 1. Metabolism of nimodipine. 

INTRODUCTION 

Nimodipine [Bay e 9736, (±)3-isopropyl 5-(2-methoxyethyl) IA-dihydro-2,6-

dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylatel is a potent calcium antagonist of the 

class of dihydropyridines (1). It has been shown in man that nimodipine may dilate the cerebral 

arterioles and increase cerebral blood flow. The drug is effective in the treatment of a range of 

cerebrosvascular disorders. However, the actual interest in the drug focuses on its use in the 

prevention and treatment of the delayed ischaemic neurological deficits that frequently occur in 

patients with subarachnoidal haemorrhages resulting from sustained cerebral vasospasm (2). In 

mammals, the biotransformation of nimodipine is complex (1,3). Similar to other dihydropyri

dine derivatives, nimodipine is primarily biotransformed by the microsomal oxidase system in 

the liver by dehydrogenation of the 1 A-dihydropyridine nucleus, which leads to the formation 

of metabolite MIl, and/or by O-demethylation, ester-cleavage producing metabolites MlO, 

M9, respectively (1- 6). The metabolites MI0 and Mil may be further biotransformed to the 

common metabolite M8 (Fig.I) by ring- oxidation and side chain-demethylation, respectively. 

When nimodipine is administered to rats or humans the metabolites M8, M 1 0 and Mil 

are detectable in the plasma. The areas under the plasma concentration curves (AUC) of M8 
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and MlO are higher than that of Mil (4-6). Assuming that the clearance and subsequent 

reaction rates of these metabolites are similar, these data suggest that the O-demethylation of 

nimodipine is an important pathway for the elimination of the drug. In man, it has been well 

documented that the nucleus oxidation of dihydropyridine drugs is mainly catalyzed by a 

specific enzyme cytochrome P-450 3A (CYP3A) (7). In the rat, this oxidation is similar to that 

in man but the participation of cytochromes UT-A (cyp 2CI!) and PCN-E (cyp 3A) was also 

reported (8). In contrast to the nucleus dehydrogenation, little attention was given to the 

oxidative cleavage of side-chain carboxylic esters and of ethers bound to the dihydropyridine 

ring. The identity and number of CYP(s) involved in these reactions are still unknown (7,9). 

In order to investigate the metabolism of nimodipine in detail a rapid and selective analytical 

assay is needed. A number of chromatographic assays have already been developed to measure 

nirnodipine and its metabolites in human and animal body fluids (1-6, 9-11). In these assays, a 

clean-up step, e.g. liquid-liquid extraction with diethyl ether-hexane (1:1) or ethyl acetate, was 

necessary. This manipulation is time consuming and requires the use of ambre glass ware to 

prevent the light catalyzed dehydrogenation of the the dihydropyridine nucleus. A one step 

analytical assay with direct injection would be an advantage. Therefore, we have developed a 

HPLC method with direct injection to investigate nirnodipine biotransformation in in vitro. 

MATERIALS AND METHODS 

Reference Compoynds 

Reference substances (±)nimodipine (Bay e 9376) and its metabolites M8 (Bay 0 1762), 

MlO (Bay m 5397) and Ml1(Bay m 8922) were supplied by Bayer AG (Wuppertal, 

F.R.Germany). 

Chemicals 

Methanol (E. Merck, Darmstadt, F.R.G.) was HPLC gradient grade and ammonium acetate 

solution 5 M (Fluka, Buchs, Switzerland) was analytical grade. Other chemicals such as 

acetone, D,L-isocitric acid trisodium salt dihydrate and magnesium chloride were of the highest 

commercially available purity (E. Merck, Darmstadt, F.R.G.). Isocitrate dehydrogenase from 

pig heart and NADP disodium salt were purchased from Boehringer (Mannheim, F.R.G.). 

Naringenin was obtained from Roth GmbH (Karlsruhe, F.R.G.), o;-naphthoflavone and 

quinidine base 97% from Aldrich Chemie (Buchs, Switzerland), (±) verapamil hydrochloride, 
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troleandomycine, quinine and erythromycine from Sigma Chemie (Buchs, Switzerland), 

midazolam and its metabolites u-hydroxy- and 4-hydroxy-midazolam from Hoffman-La Roche 

(Basel, Switzerland) and cyclosporine A from Sandoz (Basel, Switzerland). Rat liver 

microsomes were prepared from male Sprague Dawley rats according to a method described 

previously (12). The microsomal protein concentration was assayed by a modification of 

Lowry's method (13). 

Standard Samples 

For daily calibration of chromatography 10 Ilmol of each reference substance were 

dissolved in 1 ml of acetone. The stock solution was diluted with bidistilled water to the 

desired concentrations. The content of the organic solvent was 50% (v/v) in the final solutions. 

Standard samples were then treated in the same manner as the unknown samples. 

Instrument Parameters 

A HPLC system (Waters 625, Milford, MA, USA) consisting of a solvent delivery pump 

model 625, a photo diode array detector model Waters 991 set at 218 and 238 nm, an 

autosampler model WISP 700 and a column oven operated at 40°C were used. Signals were 

processed and recorded by a data management system (Waters software version 6.22, Milford, 

MA, USA). Nimodipine and its related compounds were separated on a Spherisorb S3 ODS IT 

(100 x 4 i.d.mm) column (Knauer AG, Berlin, F.R.G.). 

Mobile Phase 

The mobile phase was a mixture of 400 ml of diluted ammonium acetate solution ( 0.05 M, 

pH 6.6) and 600 ml of methanol and saturated with helium for 10 min at a flow rate of 100 

mlImin before use. For the routine analysis a flow rate of 0.5 ml through the column was 

maintained at a pressure of 85-95 bar. 

Stability Test 

The stability of nimodipine (1.0 - 50 IlM) and its metabolites (0.5 - 20 IlM) in phosphate 

buffer O.IM pH 7.4 was assayed in 1.5 ml polypropylene test tubes (Eppendorf, Vaudaux 

Co., Schonbuch, Switzerland) by exposing the aqueous solutions to the laboratory light for 0, 

2,4, 8, 16 and 32 hours at room temperature. A further test was performed by exposing the 
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spiked samples containing nimodipine without microsomal protein in ambre polypropylene test 

tubes (Eppendorf, Vaudaux Co., Schonbuch, Switzerland) at 37°C to the laboratory light for 

0-120 minutes. 

Recoyery Test 

For recovery experiments, 10 Ilmol of each standard were dissolved in 1 ml of methanol. 

The stock solution was diluted with water to the desired concentrations. The content of the 

organic solvent was 50% (v/v) in the final solutions. The analytical recoveries of three 

nimodipine concentrations (0.5,5.0,50 11M) and three metabolites concentrations (0.5, 2.5, 

5.0 11M) were detennined in three differents occasions by comparing the peak heights of 

spiked and protein precipitated samples with those of corresponding amounts dissolved in 

methanol:bidistilled water (1:1). 

Selectiyity and Limit of Detection Test 

In order to investigate the possible interference by other drugs, each test compound was 

dissolved in phosphate buffer and 2 nmol were injected separately onto the column. The 

signals were recorded for 1 hour. The limit of detection was determined by diluting a sample of 

1 11M nimodipine and its metabolites with phosphate buffer. The diluted samples were then 

treated and analyzed in the same manner as the unknown samples. The detection limit of the 

assay was defined as a signal-base line ratio 3:1. 

In vitro Nimodipine Metabolism Assay 

In a 1.5 ml amber polypropylene test tube (Eppendorf, 2000 Hamburg 65, F.R.O.), 

nirnodipine (concentration range 1.0 - 50 11M) was added as a 25-fold concentrated solution in 

50% acetone:bidistilled water and incubated in 0.1 M sodium phosphate buffer, pH 7.4, in the 

presence of a NADPH generating system (0.5 IU isocitrate dehydrogenase, I mM NADP, 5 

mM sodium isocitrate and 5 mM magnesium chloride). After a preincubation of 2 minutes at 

37°C, reactions were started by the addition of microsomal protein previously kept in ice. The 

final volume was 0.5 ml. After incubating at 37°C for 5 minutes under an alr atmosphere, 

reactions were stopped by the addition of 0.5 ml of ice-cold methanol, followed by vortexing 

for 15 seconds and placing in ice. After a brief centrifugation at 10'000 x g for 5 minutes (0 

°C), 100 III of the upper phase were placed into a conical vial, and a volume of 40 III was 

injected onto the HPLC column. The reproducibility of the assay was investigated 7 times on 

the same day by using the same rat liver microsomes and 15 11M substrate. 
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In order to investigate the formation kinetics of the metabolite MS nimodipine was replaced in 

the metabolism reaction by MlO and Mil in two separated experiments. The other conditions 

were unchanged. 

pata Analysis 

The calibration graphs of nimodipine (0.2 - 50 IJ.M) and its metabolites (0.2 - 20 IJ.M) were 

constructed daily using triplicates of 6 different concentrations. The concentration of 

substances in the biotransformation reaction was quantified by comparing the peak-heights of 

the corresponding signals with those of the calibration graph. The metabolite concentrations 

were then transformed to reaction rates by taking into account the incubation time and the 

amount of microsomal protein. Reaction rates against corresponding substrate concentrations 

were fitted by nonlinear regression and using the allosteric Hill equation V = V max * CN / ( 

CNso + CN) (14), where V is the reaction rate at the substrate concentration C, Vmax is the 

maximal velocity, Cso is the substrate concentration at half V max and N is the parameter 

describing the sigmoidicity of the curve. The apparent constants Cso, N and V max were directly 

estimated by using the Profit software package (QuantumSoft, S023 Zurich, Switzerland). 

Results were reported as mean ± standard deviation (SD) of at least three experiments 

performed in duplicate. 

RESULTS 

The typical HPLC chromatograms for reference substances dissolved in mobile phase (A) 

and for in vitro nimodipine metabolism reactions before (B) and after (C) incubation are 

shown in Fig.2. The retention times of MS, MlO, Mll and nimodipine were 6.S, 5.9, 14.2 

and I1.S minutes, repectively. Their corresponding retention capacity factors (k') were 3.9, 

3.3,9.1 and 7.4, respectively. In comparison with Fig. 2A, the metabolites MI0 and MS 

produced by in vitro reactions (Fig.2C) were not separated with base line resolution. The 

spectrum analysis revealed that the signal corresponding to MI0 was pure and that ofMS was 

contaminated by unknown substance(s). The purity of the MS signal was S9 ± 6% (n=5). In 

the metabolism assay investigating the formation of MS from MlO the respective signals were 

separated with base line resolution. 

In the routine analysis, samples were injected every 16 minutes and in a run of 20 hours 

no interfering signals, that would hamper nimodipine metabolites quantification were 

observed. Calibration curves were linear in the concentration range 0.2-50 IJ.M of nimodipine 

and 0.2-20 IJ.M of its metabolites. The correlation coefficients were> 0.999. Least squares 

linear regression analysis of the standard calibration plots resulted in the following equations: 
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TABLE 1 

Precision and Accuracy of the Analysis of Nimodipine and its Metabolites. 

WithIn-day assay (n-3) Between-day assay (n-5) 

compound added <11M) found(lJM) CV(%) bias (0/0) found <11M) CV(%) bias (%) 

M8 0.65 0.64 3.77 -1.54 0.68 2.07 4.85 
1.62 1.62 2.50 0.10 1.72 1.92 6.13 
3.23 3.08 2.22 -4.64 3.25 2.64 0.73 

MIO 0.61 0.64 3.89 4.92 0.63 2.80 3.21 
1.53 1.53 2.77 0.00 1.56 2.45 2.22 
3.05 3.06 2.18 0.29 3.14 2.23 2.91 

Mll 0.59 0.58 3.78 -1.69 0.59 3.45 0.23 
1.48 1.55 2.99 4.66 1.46 2.54 -1.49 
2.97 2.92 2.31 -1.74 3.01 1.86 1.50 

Nimod. 0.59 0.63 4.12 6.66 0.61 3.80 3.60 
1.48 1.58 3.66 6.76 1.47 3.21 -0.97 
2.95 2.83 2.71 -1.55 3.02 2.71 2.23 
14.8 14.5 2.21 -1.55 15.5 2.11 4.89 
44.4 44.6 1.97 0.49 45.3 2.35 2.09 

Note: a) CV(%) = SD*I00/added. b) bias(%) = (found- added)*100/added 

M8: y = 5.361 x - 0.004; MlO: y = 9.736 x + 0.002; MIl: y = 3.958 x + 0.009; Nimodipine: 

y = 8.322 x - 0.077. The intercept with the y-axis was very close to zero. The within-day 

precision of the assay was determined for each metabolite by analyzing several spiked samples 

with 3-5 different concentrations 3 times a day, and reproducibility was evaluated by 

measuring the same samples on 5 different days. Data in Table 1 show that the between-day 

precision was somewhat better than that of within-day, this may be due to the too small 

number of repetition (n) used in the within-day investigation. Generally, for drug 

concentrations ranging from 0.6 to 40 ~M the between-day and within-day coefficients of 

variation (CVs) of this assay were less than 4.2 %. 

The absolute recovery of nimodipine and its metabolites was 97 ± 2 % (n=12). It was 

independent of the nature of compounds and their concentrations ranged between 0.5 and 50 

~M. By injection of 40 ~l of the incubation solution onto the HPLC column the limit of detection 

was 60, 30, 80 and 40 nM for M8, MI0, MIl and nimodipine, respectively. 

Unlike to other dihydropyridine derivatives, nimodipine and its metabolites are relatively 

stable for usual laboratory manipulations. Incubated in ambre polypropylene test tubes and in 

phosphate buffer 0.1 M, pH 7.4, nimodipine and its metabolites were stable for at least 120 min 

at 37° C. Therefore the metabolism reactions could be carried out in this device and under the 

laboratory light. 
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Under the described conditions rat liver microsomes metabolized nimodipine mainly by 0-

demethylation and by nucleus dehydrogenation leading to the formation of metabolites M8, 

MlO, MIL During the fIrst IS minutes the concentration of metabolites in the incubation was in 

the range of nmole/ml and less than 1 % of the total nimodipine was metabolized. The 

concentration of metabolites in the in vitro assay is ranked MIl> M8 > MIO. The initial rate of 

the metabolites formation was linear with microsomal protein in the range of 100 - 700 J.!g per 

assay and for up to 6 minutes (MIl) and 15 minutes (M8 and MlO). Therefore 300 J.!g of rat 

microsomal protein and 5 min. incubation time were used in all experiments. No nimodipine 

metabolites were detected when one of the components, such as microsomal protein, substrate or 

NADP were omitted from the incubation. 

The substrate dependent kinetics of nimodipine metabolites formation mediated by rat liver 

microsomes were studied in the substrate concentration range between 1.0 and 50 J.!M. The 

formation kinetics of the primary metabolites MlO, MIl may be better described by a sigmoid 

V max model equivalent to the Hill equation, V = V max * CN / (CN50 + CN) (14), rather than 

by the classic Michaelis-Menten model (Fig. 3). Data analysis of different rat liver microsomes 

preparations revealed that the apparent C50 and V max were in the range 9.1-37.1 J.!M and 0.5-

2.6 nmol/min/mg protein, respectively. The value of N varied from 1.0 to 1.5. The formation of 

the secondary metabolite M8 from MIO and MIl obeyed Michaelis-Menten enzyme kinetics. The 

apparent kinetic parameters Km (Vmax) were 9.34 J.!M (1.03 nmoVmglmin) and 21.4 J.!M (1.83 

nmoVmg/min) for MIO and MIl, respectively. The enzyme kinetic parameters of primary 
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TABLE 2 

Enzyme Kinetic Parameters of Nimodipine Metabolism in Rat Liver Microsomes . 

Rat MIO Mll 

Cs o(N) Vmax Cso(N) Vmax 

A 9. 13(1.4S) 0.51 18.90(1.19) 1.72 
B 9.75(1.24) 0.59 16.63(1.24) 1.23 
C 19.50(0.96) 0.94 37.0S(1.04) 2.61 

Note: Cso ()J.M) Y max (nmol/mg/min) N (sigmoidicity) 

TABLE 3 

Specificity of Nimodipine Assay. 

Compound Retention time (min) 

MS 6.8 
M10 5.9 
Mll 14.2 
Nimodipine ll.S 

Cyclosporine A ~*) 

Erythromycine --{OJ 
Midazolam 12.5 

a-OH-Midazoiam 6.S 
4-0H-Midazolam 5.5 
a-Naphthoflavone ----(*) 

Naringenin ----{OJ 
Quinidine 12.0 
Quinine 14.5 
Troleandomycine ----{OJ 
Yerapamil 13.0 

Note: (*) no signal was detected after 60 minutes. 
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metabolites MlO and MIl investigated with three different rat liver microsomes samples are 

summarized in Table 2. Reproducibility of the reaction was investigated 7 times by using the 

same rat liver microsomes sample and 15 JlM substrate. Under our standard conditions the 

precision of Michaelis-Menten parameters for M8, MlO and MIl formation reaction was 

between 3.3% and 4.4 %. 

The assay is specific for the measurement of nimodipine metabolites in drug 

interaction studies. In fact, compounds such as cyclosporine A, erythromycine, 

midazolam, a-naphthoflavone, naringenin, quinidin, quinine, troleandomycine and 

(±)verapamil added to the nimodipine metabolism reactions did not interfere with the 

detection of metabolites M8, MIO and MIL However, the midazolam metabolites a

OH-midazolam and 4-0H-midazolam have shown chromatogaphical interferences with 

M8 and MIO, respectively. Data are summarized in Table 3 . 

DISCllSSION 

The present HPLC assay is suitable for in vitro metabolism studies of nimodipine. Any 

inexpensive HPLC system can be used. However, the use of a photo diode array (PDA) 

detector set to detect simultaneously at two wavelengths has some advantages over the variable 

single wavelength detector, because the absorption maxima of dihydropyridine derivatives are 

at 238 nm, whereas their pyridine oxydative forms absorb maximally at 218nm. Thus, the 

assay allows to quantify nimodipine and its metabolites more accurately and in parallel. 

Another advantage is that the purity of the signals (e.g. M8) can be assessed. In our method 

the nature of the substance(s) which interfered with the signal of M8 was not clear. However 

in the metabolism assay investigating the formation of M8 from MIO these signals were 

resolved with base line separation (data not shown). It is therefore possible that other 

nimodipine metabolite(s) e.g. M9, are formed and coeluated with M8. The use of peak height 

for the quantitation may already minimize the error of the M8 concentration. Moreover, by 

using a short column filled with 3 Jlm ODS material and a low flow rate, we have further 

improved the detection limit of nimodipine and its metabolites. The major advantage of the 

present method is that the assay does not require a clean-up procedure. After protein 

precipitation by methanol, followed by a brief centrifugation, the sample is injected directly 

onto the HPLC column by an autosampler. The assay shows a stable baseline, allowing the 

overnight analysis of a large number of samples. However, in order to maintain good stability 

in routine analysis, the analytical column must be washed after about 80 injections (by back 

flush). 

The present assay has been successfully used in the investigation of nimodipine 

metabolism in rat liver microsomes. Under the described conditions, nimodipine is 

biotransformed rapidly to metabolites M8. MIO and MIL The substrate dependent kinetics of 
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nimodipine metabolites formation may be described by enzyme kinetics with positive allosteric 

effect (14). In this model, the Km of Michaelis-Menten kinetics is replaced by Cso and N may 

indicate the number of substrate molecules binding to isoenzyme(s) involved in the reaction. 

When N=l, the equation returns to that of Michaelis-Menten enzyme kinetics. In our data, N 

varies from 1.0 to 1.5 indicating that nimodipine may bind to an allosteric site and then 

potentiate the activity of CYP isoform(s) involved in the nimodipine metabolism. The apparent 

constant Cso was in the range of 9.1-37.1 11M and the Vmax was between 0.5 and 2.6 

nmol/min/mg protein. The formation of the secondary metabolite M8 from the primary 

metabolites MIO and MIl was also rapid. In a detailed kinetic analysis it was found that MlO 

competitively inhibits the formation of M8 from MIl and vice versa. 

In conclusion, we developed a reliable, sensitive and technically simple method for the in 

vitro determination of nimodipine and its metabolites. The present assay does not only allow 

to investigate nimodipine metabolism, but also to study the interference of drugs or substances 

found in daily food, e.g. flavonoids, known as enzyme inhibitors in the biotransformation of 

dihydropyridine drugs (15), as welL 
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ABSTRACT 

This report describes a procedure to quantify simultaneously urinary 
normetanephrine (NMTN) and metanephrine (MTN) using an isocratic HPLC
ECD methodology. An aliquot of urine (5ml) was adjusted to pH of 1.0, 
spiked with a known concentration of internal standard, (3-methoxy-4-hydroxy 
benzylamine, MHBA) and the two metabolites were hydrolyzed in a boiling 
water bath. The metabolites were adsorbed on a Biorex-70 column and eluted 
with ammonium hydroxide. Final extraction was carried out in a mixture of 
ethyl acetate and acetone( 2: I, v/v). After drying the extract under nitrogen, it 
was dissolved in mobile phase, filtered through 0.2J.l filters, and injected into a 
4 J.l Nova-Pak, C18 column of the HPLC system. Mobil phase for elution 
contained citric acid, sodium acetate, EDTA-Naz, sod. octyl sulfate, 
dibutylamine, methanol 2% and isopropanol 2%. Peaks were detected by the 
electrochemical detector at a potential of + 0.55V and characterized using the 
retention times obtained from HPLC profiles of the standards. Calibration of 
HPLC was performed by spiking 5 ml of metabolite free urine (MFU) with 
known amount of standards of NMTN, MTN and MHBA and injecting the 
extract to obtain chromatographic profile. Concentrations of the metabolites 
were calculated on a pre-programmed data module using ratio of the areas of 
the analytes to that of the internal standard. This assay showed a linear 
relationship between 5-80 ng/ml for NMTN and 5-90 ng/ml MTN. Sensitivity 
of the method was below 5.0 ng/ml. The total elution time was 15 min. Six to 
eight urine samples could be extracted and assayed in one day. 
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INTRODUCTION 

It is now well recognized that in order to investigate the total body catecholamine 

excretion, urinary catecholamines and their metabolites should be assayed. Metanephrine, 

normetanephrine and 3-methoxytyramine are the basic metabolites of catecholamines: 

epinephrine, norepinephrine and dopamine, respectively. These metabolites along with other 

metabolites of catecholamines, viz., vanillylmandelic acid (VMA) and 3- methoxy- 4-

hydroxyphenylglycol (MHPG) account for over 90% of the total catecholamine metabolites 

(1,2) and are excreted in urine. Determination of urinary metanephrines gives the best 

measure of both the central and peripheral metabolism of catecholamines and has been helpful 

in the diagnosis of pheochromocytoma, neuroblastoma and other diseases of neural crest 

origin (3,4,5). More recently, determination of urinary metanephrine and normetanephrine has 

also been used in the diagnosis of hypertension (6,7), myocardial infarction (8), and muscular 

dystrophy (9) since these disease states bring about various changes in urinary excretion of 

catecholamines and their metabolites. For example, studies show that the mean excretion rate 

of normetanephrine by hypertensive individuals is greater (upto 600 1lg/24 hrs) than that of 

the normal persons (upto 300Ilg/24 hrs) (10). In addition, urinary metanephrines and 

normetaneprine determinations may be valuable in differentiating patients with affective 

disorders (11,12). To detect relatively small changes in the concentration of these metabolites 

it is essential to quantify reliably the normal range of urinary metanephrine and 

normetanephrine concentrations. The spectrophotometric procedures used earlier to determine 

urinary metanephrines were not sufficiently specific or sensitive to quantify samples having 

low levels of metanephrine concentrations. Methods involving gas chromatography-mass 

spectrometry and mass fragmentography (13,14,10) are highly specific and sensitive but 

involve very expensive equipment and are time consuming. Assay methods involving high 

performance liquid chromatography equipped with the electrochemical detector (HPLC-ECD) 

have become available and provide speed and accuracy in the determination of very small 
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quantities of these compounds present in biological fluids. In our earlier publications, we 

described HPLC-ECD techniques to assay urinary norepinephrine, epinephrine, dopamine, 

MHPG and VMA (15,16). We describe here a highly sensitive and specific isocratic HPLC

ECD assay procedure for the determination of nanogram quantities of metanephrines in urine. 

MATERIAL AND METHODS 

Chemicals and reagents 

Normetanephrine hydrochloride and metanephrine hydrochloride were purchased from 

Sigma Chemical Co. (St. Louis, MO). 3-methoxy-4-hydroxybenzylamine and sodium 

octylsulfate were obtained from Aldrich Chemical Co. (Milwaukee, WI). Biorex-70 ion 

exchange columns were purchased from the Biorad Laboratories (Richmond, CA). Sodium 

acetate, citric acid, dibutylamine, ethylenediamine tetracetate (NA2EDT A) were obtained from 

Eastman Kodak Co, (Rochester, NY). All other chemicals were of HPLC grade and were 

obtained locally. 

HPLC Equipment 

The liquid chromatography (HPLC) system (Water's Associate, Milford MA) consisted 

of an injector (Model U6K), solvent delivery system (Model 590) and an electrochemical 

detector (Model 460), equipped with a glassy carbon working and auxiliary electrodes and 

silver-silver chloride reference electrode. Water's data module 740 was used to integrate the 

peaks and calculate concentrations of metabolites in samples on the basis of prior calibration 

with known amount of standards. The chromatography column 41! Novapak, CIS reversed 

phase, 3.5 cm x 150 mm (Water's Associate) was used. 

Standard Solutions 

Stock solutions (l mg/ml) of normetanephrine (NMTN), metanephrine (MTN) and 3-

methoxy 4-hydroxybenzylamine (MHBA) were prepared in HPLC grade water. Stock solution 

of each standard was divided into 1-2 ml aliquots and kept frozen at -80°C. Frozen standards 
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were thawed, and diluted with water just before use to prepare aqueous working standard 

mixture containing in 20 f.Ll 0.4 ng NMTN, O.S ng MTN, and 1.2 ng internal standard, 

MHBA. Internal standard MHBA was added to urine samples before hydrolysis. 

Urine Collection 

Urine samples either 24 hours or spot collections were obtained and acidified to 

maintain pH< 2.0 with IN HCL. 

Metanephrine-free urine 

In order to obtain a metanephrine-free urine (MFU), a pooled sample of urine was 

adjusted to pH 10.6 (metanephrines are unstable at alkaline pH) and exposed to air and light 

for at least 5 days for degradation of metabolites. The pH was then adjusted to 6.5 and the 

sample was centrifuged at 15,000 rpm for 10 minutes. From the supernate an aliquot (5 ml) 

was taken and used for extraction and carried through all the steps given below for hydrolysis 

and extraction of metanephrines from urine samples. The final extract when injected showed 

a HPLC profile without any detectable peak of either NMTN or MTN. The pool supernate 

obtained after centrifugation of MFU was then divided into 5m1 aliquots and stored at -SO°C 

and used whenever required for calibration. Another 5 ml aliquot of MFU was then spiked 

with known concentrations of standards for calibration of the instrument and treated similar to 

the samples. 

Mobile Phase 

Elution of metanephrines from the HPLC column was achieved using a mobil phase 

of the following composition: Sodium acetate 0.05M, citric acid 0.05M, sodium octyl sulfate 

0.5mM, Na,EDTA O.075M, dibutylamine 0.5mM, methanol 2% and isopropanol 2%. The 

solution was adjusted to pH 3.5, filtered through 0.45 !J.m filter and degassed by sonication 

for 30 seconds at room temperature before use. 
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Extraction Procedure 

Metanephrines are excreted in urine in conjugated form either as glucuronides or 

sulfates. They must be acid hydrolysed before they can be adsorbed on the resin column used 

to remove interfering substances present in urine. To hydrolyse the conjugated compounds in 

urine a Sml aliquot of urine was placed in a screw cap tube, internal standard solution 50111 

containing 600 ng of MHBA was added and pH adjusted to 1.0 with concentrated 

hydrochloric acid. The tubes were placed in a boiling water bath for 30 minutes and then 

were cooled to room temperature. After centrifugation at 4000 rpm for 5 minutes the pH was 

adjusted to 6.5 and hydrolysed urine samples were diluted with IS ml phosphate buffer, pH 

6.5, run through cation exchange, Biorex-70, columns and allowed to drain completely. 

Columns were washed twice with 5ml distilled water. Catecholamines were eluted with 5 ml 

of 4% boric acid. After the columns ceased to drip the eluates they were washed again twice 

with 5ml distilled water. The columns were then placed over a screw-cap tube containing 

2.Sg NaCl. Metanephrines were eluted with 5ml of 4N arnmoniuim hydroxide into the screw 

cap tube. The eluate was extracted twice with 4 ml of a mixture of ethylacetate: acetone (2:1 

v/v). Extraction was performed by mixing on a shaker for 10 minutes. After centrifugation, 

the organic layer from both of the extractions was pooled and 4ml aliquot was evaporated to 

dryness at 40°C under a stream of nitrogen gas as described by Shoup and Kissinger (17). 

The residue was reconstituted with mobile phase (200111), vortex mixed and allowed to stand 

for 30 minutes. The extract was filtered through 0.211 filter (Whatrnan filters) attached to a 

syringe and diluted I: lO with mobile phase. Injections of 20111 of the diluted extract were 

applied to the HPLC system. 

Calibration of HPLC with MFU spiked with standards 

Calibration of HPLC was performed by spiking a 5 ml aliquot of MFU. Frozen MFU 

was thawed and 50 III of a mixture containing 200ng NMTN, 400ng MTN, and 600ng MHBA 
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was added. Hydrolysis and extraction procedures were followed as described above for the 

urine samples. The extracted residue was dissolved in 200 f.11 mobil phase, filtered through the 

syringe filter, diluted 1:10 and 20f.11 aliquot was injected to obtain discrete peaks for 

calibration. The data module was programmed for calibration using the known concentrations 

of NMTN, MTN and MHBA and the area of their peaks. Another 20f.11 injection of the same 

extract was used to ascertain stability and reproducibility of retention times. Based on 

calibration, calculation of metabolite concentrations (ng/ml) in urine samples were perfonned 

by ratio method, where area of peak of internal standard (MHBA) to that of sample is used to 

calculate the concentration of analytes in the sample. 

Extracts from urine samples were then injected and based on the previous calibration, 

calculations were made by the data module using the ratio of the integrated areas of peaks of 

individual analytes to that of internal standard, MHBA of known concentration. 

Chromatographic analysis were validated and linearity curves were prepared with a 

series of aqueous standards of concentrations ranging from 5ng-IOOng/rnl of both NMTN and 

MTN. 

RESULTS AND DISCUSSION 

Typical elution profiles of NMTN, MTN and MHBA are shown in the chromatograms 

presented in Fig. 1 (A,B, C and D). The retention times of NMTN, MTN and MHBA were 

found to be 8.319,10.655 and 16.557 minutes respectively (Fig. lA). An aliquot ofWU 

was taken through the whole assay procedure. The extract so obtained was diluted, and 20f.11 

of this extract was injected into the HPLC. 

The method described in this paper includes important modifications for improving the 

sensiyivity as well as specificity over the procedures described earlier (17,18,19,20). In our 

procedure we used 4f.1 Novapak CI8 column and a diffetent mobile phase for the separation of 

NMTN, MTN and internal standard MHBA than that used by Shoup and Kissinger (17) and 
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Fig 1: HPLC chromatograms showing peaks with their respective retention times for NMTN, 
MTN and internal standard. MHBA aqueous standards of known concentrations (A) NMTN 
and MTN free urine (MFU) extract (B), MFU spiked with known concentrations of standards 
(C), profile of extract from a urine sample (D). 

by Orsulak et al (18). The quality of chromatogrphic profiles in Fig. lA-lD show well 

separated peaks and good resolution of analytes of interest. The peak of MTN is separated 

from NMTN by two minutes and MHBA is separated from MTN by approximately four 

minutes. Although the total time of resolution and order of appearance of peaks of NMTN, 

MTN and MHBA are similar to the one obtained by Radial-pak C, cartridge used by Orsulak 

(18) our chromatograms show a clear separation of analytes due to increased differences in 

retention times. Furthermore, there were no other discrete peaks between NMTN and MTN 

and no other peaks such as tyramine appeared after the internal standard. 

The chromatographic profile of MFU extract shows (Fig. IB) essentially the baseline 

with some noise and no identifiable peaks of either NMTN or MTN or any other interfering 

substances. Fig 1 C shows the profile of MFU spiked with known concentration of NMTN, 

MTN and MHBA. A chromatographic profile of the extract obtained from an aliquot of a 



2264 KUMARETAL. 

spot collection of a urine sample and taken through the entire extraction procedure is shown 

in Fig. ID. The characterstic peaks for NMTN, MTN and MHBA obtained from this extract 

had retention times in the same range as obtained with those for aqueous standards given in 

Fig.lA. 

Standard curves for NMTN and MTN were generated and linearity was established by 

spiking a wide range of concentrations of NMTN and MTN (5-100 ng/ml) and a constant 

concentration (60 ng/ml) of MHBA to a 5 ml aliquot of MFU. After the assay procedure 

involving isolation of metanephrines by ion exchange columns and extraction with a mixture 

of ethylacetate-acetonc the diluted extract was injected and calibration curves were obtained 

by plotting the ratios of the areas of NMTN and MTN to that of MHBA against the 

corresponding concentrations of each analyte. As shown in plot (fig. 2) the detector 

sensitivity for NMTN and MTN was identical at lower concentrations (5-20 ng/ml) whereas 

with increasing concentration (20-80 ng/ml) the detector sensitivity for MTN was higher than 

that for NMTN. However, the curves for NMTN and MTN plateaued at a concentration of 

80 and 90 ng/ml respectively. 

The data from the linearity of standards suggest that in cases where levels of these 

metabolites are expected to be high in urine, such as in some disease states, the starting 

volume of urine should be reduced, or, alternatively, the final extract should be diluted more 

before injection into HPLC to maintain the detector sensitivity within the linear range of 

detectable concentration (5-80 ng/ml). 

HPLC analysis of all diluted extracts was carried out at a potential set at +.55V and 

sensitivity at 0.2 nAFs with a flow rate of mobile phase maintained at 0.5 mllminute. This 

potential was found to be optimum after investigating the responses of both NMTN and MTN 

at different potentials (+ 0.45 to ± .65, data not given). The pH of mobile phase ranging 

between 3.35 to 5.0 was tested to evaluate the optimal pH for eluting the analytes. The most 
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Fig 2: Standard curve of NMTN and MTN showing a linear relationship between various 
concentrations of NMTN (S- 80 ng/ml) and MTN (S- 90 ng/ml) and the ratio of the areas of 
peaks of NMTN and MTN to that of internal standard (MHBA). 

effective pH was 3.S, which was maintained throughout the analysis. Isopropanol 2% and 

methanol 2% in mobile phase were found to be a good combination to obtain sharp and well 

separated peaks of analytes with stable retention times. The use of a detergent, sodium 

octylsulfate O.S mM, provided further stability and high efficiency in separating the peaks, and 

maintained the order of retention time of the compounds being eluted such as the peak of 

MHBA always appearing after those of NMTN and MTN. Before injections of aqueous 

standards or extracts of samples the mobile phase was allowed to flow for at least 4-6 hours 

to equilibrate the column and to stabilize the detector response. Occasionally a new lot of 

mobile phase was pumped overnight and recirculated but was discarded when samples were 

analysed. 

Addition of 2.Sg NaCl to the aqueous solution before extraction is an important step 

for increasing the recovery since it aids in the "salting out" of the aqueous phase, and in the 
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solute transfer to organic phase. Using ethylacetate in combination with acetone (2:1, v/v) 

enhances extraction due to polarization of ethyl acetate by acetone. Recoveries were also 

optimized by the solvent volume used for extraction: thust two aliquots of 4 ml of solvent 

mixture, compared to one 8ml aliquot was found to be better for good recovery of various 

concentration of compounds added for standard curve, apparently due to a better distribution 

of analytes in the solvent mixture. Addition of internal standard to samples before extraction 

normalized the recoveries and improved precision and provided a convenient and consistent 

method for calculating the results in the data module. Any variability due to transient 

changes in column performance, in the detector sensitivity because of changes in electrical 

impulses, or temperature variation is also reduced, since both the internal standard and the 

analytes will undergo parallel changes at the same time. 

Within run (intraassay) chromatographic determinations (N=7) for normetanephrine 20 

ng/ml and metanephrine (40 ng/ml) gave a coefficient of variation of 7.23 and 4.72% 

respectively. When aliquots (N=8) of the same sample were extracted separately (interassay), 

a coefficient of variation for NMTN (20 ng/ml) and MTN (40 ng/ml) was 8.8 and 6.7%, 

respectively. Analysis of spot collected urine from normal subjects with no dietary 

restrictions gave values of NMTN 11.9±.64 and MTN 2S3.9±2.12 ng/ml urine. 

One of the salient features of this method is the improvement in sensitivity for 

detecting the analytes of interest. The sensitivity of the present method is higher than 

described in earlier methods by Shoup and Kissinger (17) and by Orsulak et al. (18), about 

several hundred fold higher than that reported by Dutrieu et al (19) and Flood et al (20). This 

increase in sensitivity was achieved by using a different HPLC column (4~ Novapak CIS), and 

a new mobile phase for eluting the analytes. Another salient feature of this method is that the 

concentration of metanephrines were measured by the internal calibration technique using 

MFU devised in our laboratory. This method of calibration and standardization, where MFU 
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is spiked with known concentration of standards offers a simplified way of calculating the 

results as compared to the standard addition technique used in earlier studies (18) where urine 

containing metanephrines is further spiked with standard and the values are calculted by 

difference. An aliquot of MFU was always tested before spiking with standards. A sample of 

MFU was discarded if chromatogram showed any peaks, since these peaks can interfere in the 

calculation of the final results. The procedure described provides simultaneous analysis of 

normetanephrine and metanephrine in a single chromatogram run in 15 minutes. As many as 

six to eight samples can be extracted concurrently and be analysed chromatographically in one 

day. Samples containing as low as 10 ng/ml and as high as 80 ng/ml of both NMTN and 

MTN can be measured by this method. This increased sensitivity may be helpful in 

distinguishing normal subjects from those with more subtle derangements in catecholamine 

metabolism. 
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ABSTRACT 

In an effort to investigate and characterise the metabolism of the C5-

cycIoalkylamine-l,4-benzodiazepin-2-one CCKB receptor antagonist L-737,415 a 

study was undertaken using rat liver microsomes. A procedure is described in 

which the metabolism of the unlabelled compound is firstly investigated analytically 

under a controlled set of conditions, then scaled up to allow further metabolite 

elucidation. We also report the use of HPLC with diode array detection, and 

thermospray LC-MS and LC-MS-MS, to detect and characterise the observed 

metabolites. From the UV spectra obtained with diode array detection and 

fragmentation analysis from LC-MS-MS it is demonstrated that, contrary to other 

known benzodiazepinones such as diazepam or the CCKB antagonist L-365,260, 

metabolism seems to occur predominantly at the C5 substituent. Further work in 

which urine from rats dosed with L-737,415 was analysed indicated that the in 

vitro microsomal assay provides a good model for in vivo metabolism for this class 
of compounds. 

2271 

Copyright © 1995 by Marcel Dekker, Inc. 



2272 WATfETAL. 

INTRODUCTION 

Cholecystokinin (CCK) is a 33 amino acid polypetide hormone which occurs in 

numerous molecular forms throughout both the central and peripheral nervous 

systems. CCK exerts a variety of actions on peripheral organs, such as regulating 

pancreatic secretion and gut motility, and may also function as a neurotransmitter 

or neuromodulator in the CNS [1,2]. The actions of CCK are mediated by two 

receptor subtypes designated CCKA and CCKB [3], with the majority of the 

central receptors being of the CCKB subtype. 

A number of non-peptidic CCKB receptor antagonists have been reported. 

Structures based upon the natural product asperlicin [4] have given rise to a series 

of 1,4-benzodiazepin-2-ones, including MK-329 and L-365,260 (Figure 1)[5-7]. 

Further modifications of this latter structure to increase affinity, selectivity and 

solubility have led to a series of modifications at the C5 position of the 

benzodiazepine in which the phenyl ring of L-365,260 has been replaced by a 

cycloalkylamine to generate an amidine. The homopiperidine L-737,415 (Figure 2) 

is one example from this series showing an improved profile [8]. 

Typical benzodiazepines, such as diazepam, are known to undergo a number of 

biotransformations of which Nl demethylation, C3 oxidations and C5-phenyl 

oxidations are characteristic [9]. Additionally, investigation of the metabolic fate of 

L-365,260 has demonstrated that in the dog two hydroxylated metabolites were 

present, namely the 5-(3-hydroxyphenyl) and the N'-(3-methyl-4-hydroxy-phenyl) 

analogues identified by NMR [10]. 

EXPERIMENTAL 

Materials 

L-737,415 was synthesised in-house as previously described [8] with identity and 

purity confirmed by NMR, MS, HPLC and elemental analysis. Acetonitrile, 

ammonium acetate and methyl t-butyl ether were of HPLC grade, obtained from 

Fisons (Loughborough, UK). NADP, glucose-6-phosphate and glucose-6-

phosphate dehydrogenase were obtained from Sigma Chemical Co. (poole, UK). 

TRIS, EDT A, potassium chloride and potassium phosphate were all of Analar 
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Figure 1. Structure ofL-365,260. 

Figure 2. Structure ofL-737,415. 

grade from BDH (poole, UK). (+)-Sucrose was from Janssen Chimica sourced 

through Cambio (Cambridge, UK). Water was of Millipore MilliQ grade and all 

solvents were filtered using a glass Millipore system with a 0.451lm filter. Male 

Sprague-Dawley rats (200-250g) were purchased from Bantin and Kingman (Hull, 

UK). 

Instrumentation 

An HPI090M series high performance liquid chromatograph (Hewlett Packard, 

Avondale, USA) was used for HPLC. The system comprised an autoinjector, 

consisting of a Rheodyne 7010 injection valve fitted with a 250 III loop, an 
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autosampler and a DR-S solvent delivery system. Detection was by UV at 230nm 

with a bandwidth of 10nm using a built-in linear photodiode array detector saving 

peak-controlled spectra and data was processed using a 79994A PASCAL 

workstation. The column was a Spherisorb SSP (2S0 x 4.6mm i.d.) from Phase 

Separations Ltd (Deeside, UK) with a mobile phase of 32% MeCN in 100mM 

NH40Ac at pH 6.8 and a flow rate of l.Oml min-I. Analyses were performed at 

ambient temperature. 

Mass spectrometry was performed by interfacing an HP 1090L high performance 

liquid chromatograph (Hewlett Packard, Avondale, USA) to a VG Quattro triple 

stage mass spectrometer (VG Biotech, Manchester, UK) through a thermospray 

interface. HPLC mobile phase conditions were modified to SO% MeCN in 100mM 

NH40Ac at pH 6.8 and a flow rate ofO.8ml min· l . The source temperature was 

2S0°C and the ion repeller 120V. The capillary was maintained at 240°C with a 

collision energy of200V and air as the collision gas in the collision hexapole. 

L-737, 41S administration 

Three male Sprague-Dawley rats (200-2S0g) were dosed i.v. at Img/kg with L-

737,41S dissolved in 10mM HCI at 3mg/ml. Animals were allowed water ad 

libitum in a metabowl and urine was collected from t = 0 to 4 hours. 

Preparation of micro somes 

Whole livers, each weighing approximately 109, were obtained from freshly 

euthanised male Sprague-Dawley rats. The livers were minced with scissors and 

homogenized in 2Sml of cold SOmM TRIS containing 1.IS% potassium chloride, 

pH 7.4, using a Potter-Elvehjem teflon pestle homogeniser. The homogenate was 

centrifuged at 40,000g at 4°C for 20 min and the supernatant portion filtered 

through cheesecloth and then re-centrifuged at IS0,000g at 4°C for 60 min. The 

supernatant was discarded and the microsomal pellet suspended in 2Sml of cold 

10mM EDTA containing l.IS% potassium chloride, pH 7.4, and then re

centrifuged at IS0,000g at 4°C for 60 min. The supernatant was discarded and the 

final microsomal pellet resuspended in 10ml of cold lOmM potassium phosphate 

buffer containing 2S0mM sucrose, pH 7.4. 
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Microsomal Incubations 

Microsomal incubations were conducted at pH 7.4 under aerobic conditions at 

37°C. Initially 100).!1 of a 250).!M dimethylsulphoxide solution ofL-737,415 (i.e. 

lO).!g) was incubated with 100).!1 of micro somes (ca. 2mg protein) in the presence 

of a NADPH generating system consisting of 100).!1 of 50mM glucose-6-

phosphate, 2 units of glucose-6-phosphate dehydrogenase, 100).!1 of 10mM NADP 

and 100).!1 of 50mM magnesium chloride. The mixture was made up to a final 

volume of lmI with 100mM potassium phosphate buffer, pH 7.4, giving a final 

concentration for L-737,415 of25).!M. 

To produce sufficient quantities of metabolites for structural identification the 

incubation was scaled up with 13mg of L-737,415 being incubated with 8mI of 

micro somes in a total volume of 100mI. The a final concentration for L-737,415 

was 31O).!M and the concentrations of the other reagents the same as in the initial 

incubation. 

Sample preparation 

Samples from the initial incubation were prepared for HPLC analysis by taking a 

100).!1 aliquot at the desired time and quenching metabolism by the addition of an 

equal volume of acetonitrile. Samples taken at t=O, 30, 60 and 240 mins and 

samples were stored at -20°C prior to analysis by HPLC. Vortex mixing and 

centrifugation of this sample separated the denatured protein from the supernatant. 

The supernatant could then be directly injected onto the HPLC system. Parent 

compound and metabolites were extracted from both the scaled-up microsome 

incubation and the urine using liquid-liquid extraction. Typically, 5mI of sample 

was taken and basified by addition of 100).!1 O.IM NaOH, then extracted by vortex 

mixing with 10mI MTBE. After centrifugation the organic layer was removed and 

evaporated under a stream of dry nitrogen. Samples were reconstituted in mobile 

phase and injected directly. 

RESULTS 

HPLC analysis of parent compound in the initial incubation showed L-737,415 to 

be rapidly metabolised under oxidative microsomal conditions with 25).!M 
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a) 

L-737,415 

b) 

20 

HPLC analysis ofL-737,415 metabolites: (a) microsomal 

metabolites; (b) urinary metabolites. For conditions see text. 

substrate. After 60 min, only 10% of the parent compound remained 

unmetabolised and at 240 min no parent compound was detected. 

In order to obtain sufficient material for LC-MS and LC-MS-MS the experiment 

was scaled-up as described above. At this higher concentration the proportion of 

parent compound metabolised was lower, but significant concentrations of 

metabolites were present after 4 hours. Samples were initially analysed using 

HPLC with diode array detection. Four main groups of peaks were identified from 

the chromatograms as being potential metabolites and were designated A,B,C and 

D (Figure 3a). By saving peak controlled spectra using the diode-array detector, 

we were able to obtain some spectral information on these peaks. The UV 

spectrum of L-737,415 is characterised by having a Amax at 238nm and an 

extended IN absorption to above 310nm (Figure 4a). The IN spectra of 

metabolites A, B, C and D (Figure 4b) are essentially identical to that of 

L-737,415. This indicates that metabolism is not affecting the chromophore of the 

molecule, hence aromatic oxidation is unlikely to be a significant metabolic 

pathway. 
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Figure 4. UV spectra ofL-737,415 and its metabolites: (a) L-737,415; 

(b) microsomal metabolites; (c) urinary metabolites. 
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No parent compound was detected in the extract of combined urine. A number of 

metabolites were identifiable by HPLC-diode-array of which A, B and C 

correspond to those produced in vitro (Figure 3b). UV spectra of these 

metabolites again indicate their close relation to parent compound (Figure 4c). A 

further additional metabolite was seen only in the urine and was designated E. The 

presence of the metabolites A, B and C in both samples is good evidence that the 

major metabolic pathways are mediated through hepatic oxidation. 

The fragmentation pathway for L-737,415 was elucidated using LC-MS-MS 

daughter ion scans of the molecular ion rnIz 420. It was found that with 50V 

collision energy only a small amount of fragmentation was observed (Figure 5a) 

but by increasing the collision energy to 200V further fragments were obtained 

(Figure 5b) allowing the complete assignment of the pathway (Figure 6). 

Essentially the fragmentation ofL-737,415 involved loss of the tolyl-urea moiety 

[M - 150] followed by loss of CO with concomitant ring contraction [M - 178]. 

Finally, the homopiperidine ring was lost [M-275] to produce a fragment of rnIz 

145. 

Full scan LC-MS was performed in order to determine molecular ions for the 

metabolite peaks. Metabolite A was found to be [M + 14], metabolites Band C [M 

+ 16], metabolite D [M + 18] and metabolite E [M + 30]. The fragmentation 

pathways of these metabolites were elucidated using LC-MS-MS daughter ion 

scans of the molecular ion and major fragments. The results from these studies are 

summarised (Table 1). Crucially the mass differences between the parent and 

metabolite fragments were maintained until the final fragmentation, leading to a 

fragment ofrnlz 145 for A, B, D and E and rnIz 160 for metabolite C. This clearly 

demonstrated the position of metabolism to be on the cycloalkylamine ring. 

DISCUSSION 

Structures for each of the metabolites are postulated based on the observation that 

metabolism occurs at the C5 cycloalkylamine ring (Figure 7). Metabolite A, with 

[M + H] of rnIz 434, is 14 amu heavier than parent compound and is likely to 

correspond to a lactam. Metabolites B and C, with [M + H] of rnIz 436, are 16 

amu heavier than parent compound indicating ring hydroxylations. Metabolite D, 

with [M + H] of rnIz 438, is 18 amu heavier than parent compound indicating 

formation of a ring opened amino alcohol. This conclusion is supported by the 

benzylic cleavage of the secondary amine to form the rnIz 160 rather than the usual 
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TABLE 1 

Summary of daughter ions observed for L-737,415 and its metabolites 

Identity Molecular Pre-urea Urea Benzo- Loss of Loss of 

ion [M+H]+ fra~ent cleava~e diazeEine carbon;tl amidine 

Parent 420 313 287 270 242 145 

A 434 327 301 284 256 145 

B 436 329 303 286 258 145 

C 436 329 303 286 258 145 

D 438 331 305 288 260 160 

E 450 343 317 300 N.D. 145 

N.D. = not observed 
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Figure 7. Proposed metabolites ofL-737,415; (a) metabolite A, 

(b) metabolites B and C, (c) metabolite D and (d) metabolite E 

mlz 145 ion. Metabolite E, found only in the urine, has [M + H] of mlz 450 and is 

30 amu heavier than parent compound. By analogy with the other metabolites, and 

by consideration of the greater polarity of this compound by HPLC, this is 

consistent with a hydroxylated lactam. 

The evidence consistently suggests that the metabolism of L-737,415 proceeds 

through oxidative modification of the C5 cycloalkylamine ring, to yield the 

metabolites A, B, C, D and E (Figure 7). The lack of an exact match of in vitro 

and in vivo profiles is perhaps not surprising considering the restricted number of 

metabolic reactions available in vitro compared to the in vivo situation. In 

particular the absence of metabolite D, and the presence of E, in the urine is 

indicative of metabolism occurring to a greater extent in vivo than in vitro. 

In conclusion, this study has demonstrated the use of scaled-up liver microsomal 

metabolism assays to produce sufficient quantities of metabolites for structural 

identification, and the application of LC-MS-MS to obtain rapid information on 
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the metabolic fate of non-radiolabelled compounds in a pre-development research 

environment. This provides us with a useful tool for guiding the production of 

alternative analogues. 
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ANNOUNCEMENT 

BASIC PRINCIPLES OF HPLC 
and 

HPLC SYSTEM TROUBLESHOOTING 

One-Day & Two-Day 
In-House Training Courses 

The courses, which are offered for presentation at corporate laboratories, are 
aimed at chemists and technicians who work with HPLC. They cover HPLC 
fundamentals and method development, as well as systematic diagnosis and 
solution of HPLC module and system problems. 

The following topics are covered in depth: 

• Introduction to HPLC Theory 
• Modes of HPLC Separation 

• Developing and Controlling Resolution 
• Mobile Phase Selection & Optimization 

• Ion-Pairing Principles 
• Gradient Elution Techniques 

• Calibration & Quantitation 
• Logical HPLC Troubleshooting 

The instructor for the courses, Dr. Jack Cazes, is Editor-in-Chief of the Journal 
of Liquid Chromatography, of Instrumentation Science & Technology journal, 
and of the Chromatographic Science Book Series. He has been intimately 
involved with liquid chromatography for more than 30 years; he pioneered the 
development of modern HPLC technology. Dr. Cazes was also Professor-in
Charge of the ACS short course and the ACS audio course on Gel Permeation 
Chromatography for many years. 

Details of these in-house courses may be obtained from Dr. Jack Cazes, Post 
Office Box 2180, Cherry Hill, NJ 08034-0162, USA; Tel: (609) 424-3505; FAX: 
(609) 751-8724. 
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Chromatography, Washington, DC. Contact: Janet Cunningham, Barr Enterprises, P. 
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Drugs: Practical Approach (in English); L'Electrophorese Capillaire, Methode de 
Routine pour Ie Controle de Qualite des Medicaments: Approche Pratique (in 
French), Monpellier, France. Contact: Prof. H. Fabre, Lab. de Chimie Analytique, Inst. 
Europeen des Sciences Phannaceutiques Industrielles de Montpellier, Ave. Charles 
Flahault, 34060 Montpellier Cedex 1, France. 

JUNE 14 - 16: 50th Northwest/12th Rocky Mountain Regional Meeting, ACS, Park 
City, Utah. Contact: J. Boerio-Goates, Chern Dept, 139C-ESC, Brigham Young Univ, 
Provo, UT 84602, USA. 

JULY 9 - 15: SAC'95, The University of Hull, UK, sponsored by the Analytical 
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JULY 10 - 12: FFF'95, Fifth International Symposium on Field-Flow Fractionation, 
Park City, Utah. Contact: Ms. Julie Westwood, FFF Researcvh Center, Dept. of Chern. 
Univ. of Utah, Salt Lake City, UT 84112, USA. 
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JULY 23 - 27: American Society of Pharmacognosy, 36th Annual Meeting, 
University of Mississippi, Oxford, Miss. Contact: Russell Cooper, Center for Public 
Service & Continuing Studies, 14 E.F. Yerby Center, Box 1667, University of Mississippi, 
University, MS 38677, USA. 

JULY 23 - 28: 35th Rocky Mountain Conference on Analytical Chemistry, Hyatt 
Regency, Denver, Colorado. Contact: Patricia Sulik, Rocky Mt. Instrum. Labs, 456 S. 
Link Lane, Ft. Collins, CO 80524, USA. 

JUNE 25 - 28: Method Development in HPLC, Virginia Tech, Blacksburg, Virginia. 
Contact: Dr. H. McNair, Chern Dept, Virginia Tech, Blacksburg, VA 24061"()212, USA 

AUGUST 13 - 17: ICFIA'95: International Conference on Flow Injection Analysis, 
Seattle, Washington. Contact Prof. G. D. Christian, Dept of Chemistry BG-lO, 
University of Washington, Seattle, W A 98195, USA. 

AUGUST 14 - 19: 35th IUPAC Congress, Istanbul, Turkey. Contact: Prof. A. R. 
Berkem, 35th IUPAC Congress, Halaskargazi Cad. No. 53, D.8, 80230 Istanbul, Turkey. 

AUGUST 20 - 25: 210th ACS National Meeting, Chicago, Dlinois. Contact ACS 
Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 20 - 25: ACS sponsored Symposium on Saponins: Chemistry and 
Biological Activity, Chicago, Dlinois. Contact: G. R. waller, Oklahoma State University, 
Dept of Chern & Molecular Biology, Stillwater, OK 74078, USA. 

SEPTEMBER 4 - 7: 13th International Symposium on Biomedical Applications of 
Chromatography and Electrophoresis and International Symposium on the 
Applications of HPLC in Enzyme Chemistry, Prague, Czech Republic. Contact: Prof. 
Z. Deyl, Institute of Physiology, Videnska 1083, CZ-14220 Prague 4, Czech Republic. 

SEPTEMBER 7 - 8: Engineering & Construction Contracting Conference, 
Phoenician Resort, Scottsdale, Arizona. Contact: AIChE, 345 East 47th Street, New 
York, NY 10017-2395, USA 

SEPTEMBER 12 - 15: 5th International Symposium on Drug AnalYSis, Leuven, 
Belgium. Contact: Prof. J. Hoogrnartens, Inst. of Pharmaceutical Sciences, Van 
Evenstraat 4, B-3000 Leuven, Belgium. 

SEPTEMBER 18 - 21: Safety in Ammonia Plants & Related Facilities, Loews 
Ventana Canyon, Tucson, Arizona. Contact AIChE, 345 East 47th Street, New York, 
NY 10017-2395, USA. 

SEPTEMBER 26 - 29: CCPS International Conference on Modelling & Mitigating 
the Consequences of Accidental Releases of Hazardous Materials, Fairmont Hotel, 
New Orleans, Louisiana. Contact: AIChE, 345 East 47th Street, New York, NY 10017-
2395, USA. 
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OCTOBER 18 - 21: 31st Western Regional Meeting, ACS, San Diego, Calif. 
Contact: S Blackburn, General Dynamics, P. O. Box 179094, San Diego, CA 92177-2094, 
USA. 

OCTOBER 23 - 25: 6th Annual Frederick Conference on Capillary Electrophoresis, 
Hood College, Frederick, Maryland. Contact: Margaret L. Fanning, Conference 
Coordinator, PRI, NCI-FCRDC, P. O. Box B, Frederick, MD 21702-1201 

OCTOBER 22 - 25: 25th Northeastern Regional Meeting, ACS, Rochester, New 
York. Contact: T. Smith, Xerox Corp, Webster Res Center, MIS 0128-28E, 800 Phillips 
Rd, Webster, NY 14580, USA. 

NOVEMBER 1 - 3: 30th Midwestern Regional ACS Meeting, Joplin, Missouri. 
Contact: 1. H. Adams, 1519 Washington Dr., Miami, OK 74354-3854, USA. 

NOVEMBER 1 - 4: 31st Western Regional ACS Meeting, San Diego, California. 
Contact: T. LobI, Tanabe Research Labs, 4450 Town Center Ct., San Diego, CA 92121, 
USA. 

NOVEMBER 5 - 7: 30th Midwestern Regional Meeting, ACS, Joplin, Missouri. 
Contact: J. H. Adams, 1519 Washington Dr, Miami, OK 74354, USA. 

NOVEMBER 12 - 17: AIChE Annual Meeting, Fontainbleu Hotel, Miami Beach, 
Florida. Contact: AlChE, 345 East 47th Street, New York, NY 10017-2395, USA. 

NOVEMBER 29 - DECEMBER 1: Joint 51st Southwestern/47th Southeastern 
Regional Meeting, ACS, Peabody Hotel, Memphis, Tenn. Contact: P.K. Bridson, 
Chern Dept, Memphis State Univ, Memphis, TN 38152, USA. 

DECEMBER 17 - 22: 1995 International Chemical Congress of Pacific Basin 
Societies, Honolulu, Hawaii. Contact: ACS Meetings, 1155 16th Street, NW, 
Washington, DC 20036-4899, USA. 

1996 

FEBRUARY 25 - 29: AIChE Spring National Meeting, Sheraton Hotel, New 
Orleans, Louisiana. Contact: AIChE, 345 East 47th Street, New York, NY 10017-2395, 
USA. 

FEBRUARY 26 - MARCH 1: PittCon'96: Pittsburgh Conference on Analytical 
Chemistry & Applied Spectroscopy, Chicago, D1inois. Contact: Pittsburgh Conference, 
Suite 332,300 Penn Center Blvd., Pittsburgh, PA 15235-9962, USA. 

MARCH 24 - 29: 211th ACS National Meeting, New Orleans, LA. Contact: ACS 
Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 
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MARCH 31 - APRIL 4: 7th International Symposium on Supercritical Fluid 
Chromatography and Extraction, Indianapolis, Indiana. Contact: Janet Cunningham, 
Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, USA. 

MARCH 31 - APRIL 4: 7th International Symposium on Supercritical Fluid 
Chromatography & Extraction, Indian polis, Indiana. Contact: Janet Cunningham, 
Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, USA. 

MAY 7 - 9: Vllth International Symposium on Luminescence Spectrometry in 
Biomedical Analysis - Detection Techniques and Applications in Chromatography 
and Capillary Electrophoresis, Monte Carlo, Monaco. Contact: Prof. Willy R. G. 
Baeyens, University of Ghent, Pharmaceutical Institute, Harelbekestraat 72, B-9000 
Ghent, Belgium. 

JUNE 16 - 21: "HPLC '96: Twentieth International Symposium on High 
Performance Liquid Chromatography," San Francisco Marriott Hotel, San 
Francisco, California. Contact: Mrs. Janet Cunningham, Barr Enterprises, P. O. Box 
279, Walkersville, MD 21793, USA. 

JULY 14 - 18: 5th World Congress of Chemical Engineering, Marriott Hotel, San 
Diego, California. Contact: AIChE, 345 East 47th Street, New York, NY 10017-2395, 
USA. 

AUGUST 9 - 14: 31st Intersociety Energy Conversion Engineering Conference (co
sponsored with IEEE), Omni Shoreham Hotel, Washington, DC. Contact: AIChE, 
345 East 47th Street, New York, NY 10017-2395, USA. 

AUGUST 17 - 20: 31st National Heat Transfer Conference, Westin Galleria, 
Houston, Texas. Contact: AIChE, 345 East 47th Street, New York, NY 10017-2395, 
USA. 

AUGUST 18 - 23: 212th ACS National Meeting, Boston, Mass. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

SEPTEMBER 1 - 6: 11th Symposium on Quantitative Structure-Activity 
Relationships: Computer-Assisted Lead Finding and Optimization," Lausanne, 
Switzerland. Contact: Dr. Han van de Waterbeemd, F. Hoffmann-La Roche Ltd., Dept 
PRPC 65/314, CH-4002 Basle, Switzerland. 

SEPTEMBER 9 - 12: Saftey in Ammonia Plants & Related Facilities, Westin at 
Copley Place, Boston, Massachusetts. Contact: AIChE, 345 East 47th Street, New 
York, NY 10017-2395, USA. 

OCTOBER 16 - 19: 52nd Southwest Regional ACS Meeting, Houston, Texas. 
Contact: J. W. Hightower, Dept. Chern. Eng., Rice University, Houston, TX 77251, USA. 

OCTOBER 24 - 26: 52nd Southwestern Regional Meeting, ACS, Houston, Texas. 
Contact: J. W. Hightower, Chern Eng Dept, Rice Univ, Houston, TX 77251, USA. 



LIQUID CHROMATOGRAPHY CALENDAR 2289 

NOVEMBER 6 - 8: 31st Midwestern Regional Meeting, ACS, Sioux Falls, South 
Dakota. Contact: J. Rice, Chern Dept, S. Dakota State Univ, Shepard Hall Box 2202, 
Brookings, SD 57007-2202, USA. 

NOVEMBER 9 - 12: 48th Southeast Regional ACS Meeting, Greenville, South 
Carolina. Contact: H. C. Ramsey, BASF Corp., P. O. Drawer 3025, Anderson, SC 29624-
3025, USA. 

NOVEMBER 10 - 15: AIChE Annual Meeting, Palmer House, Chicago, DIinois. 
Contact: AIChE, 345 East 47th Street, New York, NY 10017-2395, USA. 

1997 

APRIL 6 - 11: 213th ACS National Meeting, San Antonio, Texas. Contact: ACS 
Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

SEPTEMBER 7 - 12: 214th ACS National Meeting, Las Vegas, Nevada. Contact: 
ACS Meetings, 1155 16th Street, NW' Washington, DC 20036-4899, USA. 

1998 

MARCH 29 - APRIL 3: 215th ACS National Meeting, St. Louis, Missouri. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 23 - 28: 216th ACS National Meeting, Orlando, Florida. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

1999 

MARCH 21 - 26: 217th ACS National Meeting, Anaheim, Calif. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 22 - 27: 218th ACS National Meeting, New Orleans, Louisiana. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

2000 

MARCH 26 - 31: 219th ACS National Meeting, Las Vegas, Nevada. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 20 - 25: 220th ACS National Meeting, Washington, DC. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 
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2001 

APRIL 1 - 6: 221st ACS National Meeting, San Francisco, Calif. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 19 - 24: 222nd ACS National Meeting, Chicago, lliinois. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

2002 

APRIL 7 - 12: 223rd ACS National Meeting, Orlando, Florida. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

SEPTEMBER 8 - 13: 224th ACS National Meeting, Boston, Mass. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

The Journal of Liquid Chromatography will publish, at no charge, 
announcements of interest to scientists in every issue of the journal. To be listed in 
Meetings & Symposia, we will need to know: 

a) Name of the meeting or symposium, 

b) Sponsoring organization, 

c) When and where it will be held, and 

d) Whom to contact for additional details. 

Incomplete information will not be published. You are invited to send 
announcements to Dr. Jack Cazes, Editor, Journal of Liquid Chromatography, P.O. 
Box 2180, Cherry Hill, NJ 08034-0162, USA. 



Create polymer products that have an 
optimal molecuIar weight distribution with the ... 

HQndbook of Size 
~~~~~n ChromQtography 

edited by CHI·SAN WU 
International Spedalty Products, Wayne, New Jersey 

January, 1995/472 pages. illustrated / $175.00 

ThiS outstanding single-source reference details 
the practical use of size exclusion chromatogra
phy (SEC) in characterizing the molecular weight 

distribution of important polymeric materials
addressing problems encountered in the SEC of 
specific substances, including copolymers, polyamides, 
polyvinyl alcohol and acetate, lignin derivatives, pro
teins, and starch. 

Written by more than 25 internationally renowned 
authorities in their respective fields, the Handbook of 
Size Exc1usiotJ C1JromlJto~rapby 

• delineates the employment of semirigid polymer 
gels and modified silica-based packing materials 
for SEC 

• discusses recently developed molecular weight
sensitive detectors 

• examines column technology in SEC 
• covers materials seldom considered in SEC surveys 

such as rubber and asphalt 

• describes how to determine the absolute molecular 
distribution of polymers by SEC without calibration 

• and more! 

Furnishing over 1000 citations to key sources in the 
literature as well as more than 275 useful tables, draw
ings, and equations, the Handbook of Size Exc1usiotJ 
Chromatograpbyis an invaluable resource for chroma
tographers: analytical. polymer, organic, and physical 
chemists; biochemists: quality assurance managers; and 
upper-level undergraduate and graduate students in 
these disciplines. 

Morcel Dekker, Inc. 
270 Madison Avenue. New York, NY 10016 

(212) 696-9000 
Hut •••• e 4. Postlach 812, CH-4001 Basel, Switzerland. 

Tel. 061-261-8482 

Contents 
Introduction to Size Exclusion Chromatography 

Edward G. MaJawer 
Semirigid Polymer Gels for Size Exclusion Chromatography 

Elizabeth Meehan 
Modified Silica-Based Packing Materials for Size Exclusion 
Chromatography 

Roy Eksteen and Kelli}. Pardue 
Molecular Weight-SensitIve Detectors for Size Exclusion 
Chromatography 

Christian Jackson and Howard G Barth 
Detennination of Molecular Weight Distributions of Copoly
mers by Size Exclusion Chromatography 

Allred Rudin 
Size Exclusion Chromatography of Polyamides. Polyesters, 
and Fluoropolymers 

Paul]. Wang 
Size ExclUSion Chromatography of Natural and Synthetic 
Rubber 

Tertutake Homma and Michiko Tazaki 
Size ExclUSion Chromatography of Asphalts 

Richard R. Davison, Charles]. Glover, Barry L. Burr, and 
jerry A. Bullin 

Size Exclusion Chromatography of Acrylamide Homopolymer 
and Copolymers 

Fu-mei C Un 
Aqueous Size Exclusion Chromatography of Polyvinyl Alcohol 

Dennis]. Nagy 
Size Exclusion Chromatography of Polyvinyl Acetale 

Bruce D. Lawrey 
Size Exclusion Chromatography of Vinyl Pyrrolidone 
Homopolymer and Copolymers 

Chi-san Wu.james F Curry. Edward C. Malawer. and 
Laurence Senak 

Size ExclUSion Chromatography of Cellulose and Cellulose 
Derivatives 

Anthony H. Conner 
Size Exclusion Chromatography of Lignm Derivatives 

Michael E. Himmel. Jura) Mlynar. and Simo Sarkanen 
Size Exclusion Chromatography of Starch 

jau-Yi Chuang 
Size Exclusion Chromatography of Proteins 

Michael E. Himmel, john 0. Baker, and David]. Mitchell 
Size Exclusion Chromatography of Nucleic Acids 

Yoshio Kato 

ISBN: 0-8247-9288-2 
ThIs book IS pnmcd on l).cid·fj-c<:. paper 



Also ofinterest. .. 

Thin-Layer 
Chromatography 

Practical Guide 
to Chemometrics 

Techniques and Applications edited by STEPHEN JOHN HASWELL 
University of Hull, United Kingdom 

Third Edition. Revised and Expanded 344 pages, illustrated 1$110.00 

(Chromatographic Sdence Series/56) 
.. recommend[edJ ... for its broad coverage and gener

ally clear presentation. A wide range of topicS are 
addressed well in a limited space. There are also several 
problems (with solutions) presented in each chapter. .. 
likely to become one of the core references in chemo-

DERNAll.D FRIED and JOSEPH SHERMA 
Lafayette College, Easton, Pennsylvania 

464 pages. illustrated I $165 00 

.an excellent. well-illustrated. practically oriented text 
with an overview of current TLC equipment and up-to
date literature coverage .. · 

metrics." -Trends in Analytical Chemistry 

Contents -International Society of Chemical EcotollY Newsletter 

Contents 
General Practices of TLC 
Introduction and History 
Mechanism and Theory 

Introduction to Chemometrics. Stephen John Haswell 
Statistical Evaluation of Data, Stephen John Haswell 
Exploratory. Robust. and Nonparametric Data AnalYSis. 
John Michael Thompson 

Calibration. John H. Kalivas 

Sorbents. Layers, and Precoated Plates 
Nonlinear Regression Analysis. James F. Rusling 
Experimental Design and Optimization. M.]. Adams 
Signal Processing and Data Analysis. Barry K Lavine 
Signal Processing Data Enhancement, Steven D. Brown 
The Role of the Microcomputer, 

Obtaining Material for TLe and Sample Preparation 
Application of Samples 
Solvent Systems 
Development Techniques 
Detection and Visualization 
Qualitative Evaluation and Documentation 
Quantification 

K. L. Ra.tz1affand Eugene H. Ratzlaff 
Trends in Chemometrics. Steven D. Brown 

ISBN, n-a247-8597-5 

Reprodudbility of Results 
Preparative Layer Chromatog· 

raphy 
Radiochemical Techniques 

Applications of TLC to DIffer
ent Compound Types 
Basic TLC Design and TLC of 

Organic Dyes 
Lipids 
Amino Adds 
Carbohydrates 
Natural Pigments 
Vitamins 
Nucleic Add Derivatives 
Steroids and Terpinoids 
Pharmaceuticals 
Miscellaneous Applications 

Directory of Manufacturers 
and Sources of Standard •• 
Sample Preparation Supplies, 
and TLC Instruments. Plates, 
and Reagents 

Glossary 

ISBN: 0--8247-9171-1 

r - - - - - - - - - - -- - - - _.Moll/odoyl:Jrg 

I Mall '0 Promotion Dept., MARCEL DEKKER, INC. • ...... W ........... .... 
I 270 Madison Avenue. New York, N V 10016 

I 0 Please send me ___ copy(ies) of Handbook of Size &dusion Chrom.tolraphy 
I edited by Chi-san Wu at $175.00 per volume. 

II 0 Please send me ___ copy(ies} of Tb.bJ-uyer Chromatography. Third EdItion 
by Bernard Fried and]oseph Sherma at $165.00 per volume 

: 0 Please send me ___ copy(ies) of Practical GuIde to Cb."mometrla edited by 
I Stephen John Haswell at $110.00 per volume 
I Plellsf! add $1 50 for postage.'ll1d hllndling per volume; on prepaid orders <Jdd only $ 75 

: I enclose payment in the amount of $ _____ by: o check 0 money order 

: 0 Visa 0 MasterCard (4-digit interbank no. ______ _ o Am.Exp. 

I Card No. _________________ Exp. Oat. ------1 
I 
I Please bill my company: P. 0 No. ____________________ ___ 

I 
I Signature -------'("'m"'",71, "'="g;;;;""'dT%r;-;,C;;;redrl;;,,o,,;;;,dr;;p""ym;;;,;;;;"""--------~ 
I I Name ______________________________ _ 

I . I Aadress -----------------_____________ _ 

I City/State/Zip --:-: ___ --:-:_::---:-: ___ =-::=-:-_______ -.,.-__ _ 
I N Y reStdenlS must add "ppropn~Jtc sales t/IX C/tnadJan customers "dd 7% CST Pnces arc sf.Jb)ect 10 ch'm!!/! wuholJl notlC/! 

I Fotm No. 019512 Prlnt"t;{ in U.S.A. I 

~--------------------------------~ 



Obtain the best possible results by understanding the essentials 
involved in the chromatographic process with ... 

RAYMOND P. W. SCOTT 
Georgerown University. Washing/Oil. D. C . 
and Birbeck Coifege, Universiry (~f Lone/oil Ulliled Kingdom 

January. 1994 
344 pages. illustrated 
$75.00 "r his practical guide provides a clear presentation of the chro

matographic process-c.kmonstrating the functions of all 
associated instrumentation mzd the procedures necessary to 
obtain accurate qualitative and quantitative results. 

Supplies a host of applicationsjrom a variety oj 
sources to help identify the best equipment, the most 
appropriate columns, and the most suitable phase 
systems jor specific samples! 

Written by an international expert with over 45 years of industrial and 
academic experience. Liquid Chromatography for the Analyst 

• covers essential fundamental theory 
• explains the chromatographic process using established physical 

chemical tenninology 
• illustrates chromatographic behavior with current practices 
• gives useful examples to aid in applying principles to actual 

problems 
• furnishes supporting experimental evidence for theoretical 

explanations 

• and much more~ 

With its direct, jargon-free style that permits easy access to informa
tion, Liquid Chromatography for the Analyst is an invaluable 
resource for analytical chemists, laboratory technicians, and upper
level undergraduate, graduate, and continuing-education courses in 
analytical chemistry or separation science. 

COl'rrEl'rrS 
An Introduction to 

Chromatography 
Resolution, Retention, and 

Selectivity 
Liquid Chromatography 

Phase Systems 
The Liquid 

Chromatography Column 
The Liquid Chromatograph 
Liquid Chromatography 

Detectors 
Sample Preparation 
Qualitative and Quantitative 

Analysis 
LC Applications 
ISB!'J: 0-8247-9184-3 

ThiS boo/,; 1,\ I,rlllu'd 011 aCid/r.,.· paper 

270 Madison A venue 
New York, NY 10016 
(2121 696-90UO 

Hutgassc --1, Postfach 812 
CH-4001 Rasei. Switzerland 
Tel. 061-261-8482 



Also of interest in the Chromatographic Science Series ... 

GJ.\S-!JQUID-SO!JD 
CH ROj'J\J.\TOGRJ.\P HY 

LIQUID 
CH ROj'J\J.\TOGRJ.\PHY
j'J\J.\SS SPECTROj'j\ETRY V. G. BEREZKIN, A. V. Topchwl) Institute of Petrochemical 

Synthesis. Russian Academy of Sciences. Moscow 

256 pages, illustrated / $115.00 

"The book will be of much interest to specialists in the GLSC area 
of GC for whom it provides an eXCellent survey of an important 
and extensive body of work." -J. R. Conder. Analyst 

"1'h.is book describes in a very interesting fashion both theoretical and 
practical aspects of gas-liquid-solid chromatography .. 
·' ... the book should be valuable to chrol.latographers in a wide 
variety of disCiplines." 

WILFRIED NIESSEN, I.eiden University. The Netherlands 

JAN VAN DER GREEF, Lelden University, The NetherLands, 
and TNO Centre for Structure Elucidation and Instrumental Analvsis. 
Zeist, The Netherlands . 

496 pages, illustrated / $165.00 

"This is a soundly written book from two well known experts in 
the field .. .. 
.. ... covers ... virtually everything there is to know abom the cou~ 
pIing of liquid chrom<'ltography to mass spectrometry ... 

-Eugene F. Barry, Microchemical Journal " ... the book is destined to become an indispensable source of 
knowledge and practical information." 

cor-rnr-rrs 
Introduction to Gas~Liquid~Soljd 

Chromatography 

Absolute Retention of Analyzed 
Compounds 

Influence of Adsorption of 
Analyzed Compounds on 
Relative Retention Values and 
Invariant Relative Retention 
Values 

Effect of a Solid Support on the 
Efficiency of Chromatographic 
Separation 

Specific Features of Separation 

Effect of Adsorption and 
Catalytic Activity of a Solid 
Support on the Quantitative 
Analysis of Data 

Determination of Equilibrium 
Parameters of Absorptlon 
Interaction Between 
Chromatographed Substances 
and Stationary Liquid Phase 

Determination of Physicochemical 
Parameters for Adsorption of 
Chromatographed Compounds 
at the Gas-Stationary LiqUid 
Phase and Stationary liqUid 
Phase-Solid Support Interfaces 

Effect of Solid Support on the 
Conditioning and Aging of 
Chromatographic Columns 

Conclusion 

ISBN: 1}-8247-8425-1 

-Emilio Gelpi, Journal Of Chromatography 

For Credit Card 

~8 •• liiillji!t •• :~~ ~~~~~~:r ~~d~r~;, 
CALL TOLL-FREE 1-800-228-1160 
Mon.-Fri., 8:30 a.m. to 5:45 p.m. (EST) 
or FAX your orderto 914-796-1712 

CONTEN'rs 
General Introduction 
Introduction to Liquid 

Chromatography 
Introduction to Mass 

Spectrometry 
Interfacing Chromatography and 

r--- --------, Mass Spectrometry 

\ 1 Interface Technology 
: Meld 10 Promotion Dept., MARCEL DEKKER, INC. : LC-MS Interfacing: A General 
: 270 Madison Avenue, New York, N. Y. 10016 : Overview 

: CJ Please Send me __ copy(ies) of Liquid Chromatography for the : The Moving-Belt Interface 
I AlJalyst by Raymond P. W. Scott at $75.00 per volume. : Direct Liquid Introduction 

! 0 Please send me __ copy(ies) of Gas-Liquid-Solid : The Thermospray Interface 
I Chromatography by V. G Berezkin at $115.00 per volume. : Continuous~Flow Fast Atom 

: 0 Please send me __ copy(ies) of Liquid Chromatography-Mass 1 Bombardment 
I Spectrometry by Wilfried Niessen and Jan Van Der Greef at $165.00 L The Particle-Beam Interface 

l per ~~.,l,~':~;sl Wi {", 1'111/(11<<' "",II"""lIr"M.I'~ .. v",,,,r,~ ,m I'rl!l'''''/ ",.d~r,' "dd Imil $.75 I, Electrospray and Ionspray 
I L Supercriticai Fluid 
II cnclos~ paYlllent in the amount of $ by' I Chromatography-Mass l . : Spectrometry 
I Q check 0 Illoney order 0 Visa ~ Capillary ElectrophoreSis-Mass 
I L Spectrometry 
, :, ! 0 :vtasterCard (4~digit interbank no. 0 Am.Exp. L Ionization Methods 
I L Electron Impact Ionization in 
I Card No. I LC~MS 

: : Chemical Ionization in LC-MS 
: Exp. Date I , , 
! Please bill my company: P.O. No. ! 
, I 

Ion Evaporation in LC-MS 
Fast Atom Bombardment in 

LC-MS 
: Signature : Induction of Fragmentation ! (mll.\'/M';Il"ed/tlrcrt!dilcardp",ml!mJ ! Applications 

: Name I Selected Application of LC-MS , , 
, , Conclusions and 
1 Address ! Perspectives , , 
: Cily/State/Zip I 
I ~'''~;I<;~L::,','J~';::,~ :::;;,~',.""" "i'I""I'""IIe ,,,I~.\ I ... , Ca"",i"", ""slomer, (ldd 7<:1 GST Pd,·e.\ 'lr~ '''Oje,"1 II) : , , , , 
: Form No. 039405 Printed in U.S.A. : L- ________________________________________________ .J 

Improvements in Mobile Phase 
Compatibility 

Conclusions and Perspectives 

ISBN: 0-8247-8635-1 



Stay at the forefront of your field by incorporating the latest 
applications and theoretical developments into your work with.. 

Advances in lbro 
VOLUME 

35 
edited by 

PHYLLIS R. BROWN, University of Rhode Island, Kingston 
ELI GRUSHKA, Hebrew University of Jerusalem, Israel 

January, 1995/448 pages, illustrated 1 $165.00 

Reviewer praise for previous editions ... 
"., . reflects the high standards expected from this respected 
series." -Clinical Cheml8try 

" ... the artides [are) of high scientific standard, up to date, very 
well written, and interesting to read ... well presented and edited." 

-Journal of Chromatography 

".,.a valuable contribution to the chromatography literature.,. 
belongs in every library used by chromatosraphers." 

-Lrquid Chromatography 

" ... maintains the high quality that chromatographers have come 
to expect from this invaluable series." 

-Journal of Pharmaceutical Sciences 

lbe rapidly eXP80ding growth of the literature on chromatography, capillary 
electrophoresis, field How fractionation, and other separation techniques 
makes it difficult for any individual to maintain a coherent view of progress in 
the field. Rather than attempt to read the avalanche of original research' 
papers, investigators trying to preserve even a modest awareness of advances 
must rely upon authoritative sDlVeys. 

Featuring reliable, up-to-the-minute reviews of major developments in 
chromatography and other separation techniques, this critically praised 
series separates the most important advances from an overabundance of 
supplementary materials. 

Internotiorudiy acknowledged experts analyze 
the moat current innovations in their areas of 
specialization! 
Providing more than 1000 bibliographic citations, allowing for further, in
depth study of recent trends in research, Volume 35 examines timely 
subjects such as 
• performance requirements, detection modes, and ancillary techniques 

for optical detectors in capillary electrophoresis 
• instrumentation, limitations, and applications of capillary electrophore~ 
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