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Occupational exposure t,o n-hexane or relat,ed compounds has been reported 
to cause peripheral neuropathies which manifest themselves as leg weakness 
progressing to paralysis [ l-31. Toxicological studies have shown that 2,5- hex- 
anedione is the active metabolite responsible [4-61. 2,5-Hexanedlone has also 
been shown to be toxic in vivo in rats [ 71 and in vitro for human granulocytes 
preparation [8] and other cell lines [g-11], The urinary excretion of 2,5-hex- 
anedione is used to monitor occupational exposure to n-hexane, because the 
concentration of 2,Shexanedione in urine is closely related to the concentra- 
tion of n-hexane in air [ 12,131. 

Techniques based on gas chromatography with electron-capture detection 
[ 14,15 ] have already been described for detection of 2,5-hexanedlone in urine, 
and a normal-phase high-performance liquid chromatography ( HPLU 1 method 
has been proposed to determine the n-hexane metabolit,es [ 16 ] The aim of 
our study was to evaluate an alternative method utilizing reversed -phase HPLC 
to measure the concent,ration of 2,5-hexanedione in the urine of occupationally 
n-hexane-unexposed subjects. We have developed a method based on hydrol- 
ysis of urine with hydrochloric acid (0.1 ml) for 1 h at 100 C, followed by 
diethyl ether extraction, Since t,he retention time of 2,FGhexanedlone IS 18 min, 
this method is suitable for routine biological monitoring of workers exposed to 
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n-hexane Furthermore, the low level of the mmlmum detectable amount makes 
it possible to evaluate the urme concentration of 2,5-hexanedlone m subJects 
not exposed to n-hexane 

EXPERIMENTAL 

Chemuzals 
2,5-Hexanehone and l-methyl-2-pyrrohdone were from E Merck (Darm- 

stadt, F R G ), hydrochloric acid, &ethyl ether, acetomtnle and blcfistllled water 
of HPLC grade were purchased from Carlo Erba (Milan, Italy 1 All other 
chemicals were of the highest analytical grade available Filters ( 0 22 pm) were 
obtamed from M&pore (Bedford, MA, U S A ) Stock solutions of 2,5-hex- 
anedlone and l-methyl-2-pyrrohdone m water (HPLC grade ) were prepared 
and stored at - 20” C for more than 2 weeks wlthout appreciable degradation 

Extractum 
2,5-Hexanedlone was extracted from urme using the method of Perbelhm et 

al [ 141 with some modlficatlons Acid hydrolysis of 1 ml of urme with 0 1 ml 
of HCl (final concentration 1 1. lop3 M HCI) was carried to estimate the total 
concentration of 2,5-hexanedlone This was achieved by mcubatlon m an oven 
at 100 C for 1 h 2,5-Hexanedlone was extracted with 1 ml of dlethyl ether 
The upper phase was asplrated, dried under a stream of mtrogen, and recon- 
stituted in 0 5 ml of HPLC-grade water Samples were filtered through a 0 22- 
pm Mllhpore filter and analysed by reversed-phase HPLC 1 -Methyl-P-pyr- 
rohdone was used as internal standard It was added to urme at the concentra- 
tlon of 2 6-10-’ M before the extraction procedure 

Chromatographw condkwns 
The HPLC apparatus consisted of two Kontron (Munich, F R G ) Model 

420 pumps, a 735 LC programmable variable-wavelength I’V-vlslhle detector 
equipped with an 8-yl flnw cell, a 7125 Rheodyne inJection valve and an I-459 
integrator ( Kontron ) The separation was performed using a 5- [Am particle 
size Supelcosll LC-18 column (25 cmX4 6 mm I D , Supelco, Bellefonte, PA, 
U S A 1 protected with a stainless-steel guard column 12 cm Y 4 6 mm I D ) 
packed w&h 40-pm particle size Pelhguard LC-18 The InJectIon volume was 
20 jr1 The separation was carried out under the followmg condltlnns solvent, 
water-acetomtnle (95 5, v/v), flow-rate, 1 1 ml/mm, detection wavelength, 
233 nm At this wavelength 2.5-hexanedlone showed maximum absorbance, as 
shown m Fig 1 1-Methyl-2-pyrrohdone also absorbs at th19 wavelength 

To check the recovery. we added 2,5-hexanedlone to urme qpeclmens from 
ten healthy subJects who had not been exposed to n-hexane To verlfc the tech- 
mque we performed urme analysis of ten n-hexane-exposed and ten normal 
unexposed male sublects The exposed workers used glues contalnlng n-hexane 
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Fig 1 U\i spectrum 01 2,5-hexanebone m water-acetonltrlle (95 5 v ‘v I recorded from 210 to 
W@ nm with a Beckman DU-50 spectrophotometer at 20°C with a scan speed of 75@ nm/mm 

m a shoe factory All urines were from spot samples collected at the end of a 
weekly shift between 4 and 6 p.m They were kept for 7 10 days at -20°C 
until analysis All determmatlons were carned out m duphrate 

RESULTS AND DISCUSSION 

2,5-Hexanedlone 1s the neurotoxlc metabohte of n-hexane j4-61, which is a 
widely used solvent m paints, varnishes and glues, as well as m light petroleum 
and gasolmes. In subjects exposed to n-hexane vapour, such as workers m shoe 
factories or the leather industry, 2,5-hexanedlone can be present m the urine 
m higher concentrations than m unexposed sublects In fact a very low level of 
2,Shexanedlone can also be found m subjects who are not usually m contact 
with n- hexane vapours [ 17 1, and this seems to be due to endogenous produc- 
tlon of n-hexane via llpld peroxldatlon [ 151 However, the amount of 2,5-hex- 
anedlone m exposed sublects can be up to 20 times that found m normal sub- 
Jects and at concentrations higher than 4 3.10 -5 M which 1s consldered by the 
American Conference on Hygiene of Governmental Industrial Hyglemsts [ 181 
to be the threshold value beyond which 2,Shexanedlone can damage human 
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health Neurotoxlc effects Induced by 2,5-hexanedlone are related to ‘L&hex 
anedlone urinary levels [6] which, m turn, depend on the concenfratlan of n- 
hexane m air [ 12,13 ] For this reason it 1s advantageous to have a simple method 
that allows the evaluation of this compound In urme samples 

The extra&on was carried out with hydrochloric acid m order to have a pH 
of 0 1, which 1s necessary to release 2,Shexanedlone conjugates [ 15 ] Inereas 
mg the pH value to 3 reduces the amount of 2,Shexanedlone released Smce 
the acid-sensltlve coqugates of 2,5-hexanedlone are not known [ 191. we can- 
not rule out the posslblhty that they produce an artefact peak However, the 
recovery studies (Table I) show that under the experlmental condltlons de- 
scribed the recovery of 2,5-hexanedlone ranges from 84% to 88% The Internal 
standard has a recovery value of 88% This experiment was performed adding 
three &fferent amounts ( lo,25 and 50 pmol) of 2,5-hexanedone to urine sam- 
ples from normal subJects whose 2,5-hexanedlone concentration had been pre- 
vlously measured, and It confirmed the vahdlty of the extraction procedure 

The reversed-phase HPLC procedure 1s simple and makes It possible to de- 
tect this metabohte down to a detectlon hmlt of 1 pmol, at a slgnal-to-noise 
ratio of 3 I, which corresponds to the mjectlon of 20 ~1 of a solution contalnmg 
50 nmol/l of &Shexane&one 

Fig 2A shows the HPLC separation of 2,Shexanedlone and of 1 -methyl-2- 
pyrrohdone Under the chromatographlc con&tlons described under Expen- 
mental, the two peaks appeared, respectively, at 8 5 and 18 4 mm, with detec- 
tion at 233 nm Fig 2B shows the chromatographlc profile obtamed from a 
urine sample of one n-hexane-exposed subject to which no Internal standard 
was added Fig 2C shows the chromatographlc profile of the same urine sample 
to which the internal standard was added. Comparison of the two profiles shows 
that, at ca 8 mm m the sample with no 1-methyl-2-pyrrohdone, no appreciable 
peak 1s found 

In Fig 2C and D two chromatograms are compared, one from an n-hexane- 
exposed (C ) and one from an unexposed (D ) sublect under the same expen- 

TABLE I 

RECOVERY FROM HUMAN URINE 

The urine samples used contamed 1 7 10m6 k 0 1 10-l M Z,&hexanedlone, which was the mean 
value obtamed by extractmg 3 times separately the same urme sample 

Amount added” Amount recovered Recovery 
(pm01 1 (pm01 1 (%o) 

100 86 86 
25 0 210 84 
500 44 0 88 

%r this experiment we used urme samples from one normal subject 
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Fig 2 Reversed-phase HPLC determmatlon of 2,5-hexanedlone m water (A ) and !n urine (R C, 
D) In A the 2,Shexanedlone concentration was 8 7 lo-$ M Chromatograms (‘ and D show the 
separatton of 2,5-hexanedlone m urme from n-hexane-exposed and unexpowd workers respec- 
tlvely 1 Methyl-2-pyrrohdone added as internal standard, elutes after 8 mm (‘hmmatogram B 
shows the rhromatographlc profile of the same urine as C, but without 1 methvl 2 pvrrohdone 
comparison shows that at ca 8 mm m B there 1s no appreciable peak Peak? 1 = 1 methyl-2- 
pyrrohdone, 2 =2,5-hexanedlone Detection at 233 nm, 0 1 au f s 

mental conchtlons. This lnrllcates that the detection hmlt oft he present method 
makes it possible to detect the presence of 2,Shexanedlone in urine samples 
from unexposed sublects, who usually show a 2,5-hexane&one concentration 
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TABI,F II 

REPRODI~CTBILITY OF THE DETERMINATION IN IJRINE SAMPLFS OF EXPOSED 
SUBJECTS 

SuhJec t Concentration Coeffkent of vanatwn” f % I 
(pmol!l) 

Intra-assay Inter-assay 
___-- _._- 
1 219 112 11 3 
2 43 8 49 Yj 
3 87 6 41 4x 
_____ ~ ___ 
“Calculated on the bans of ten determmatlons for each sublect 

ranging from 1 3*10ph to 5 2.10W6 M [ lO,ll] 
Concernmg the posslblhty of interferences due to the presence of other n- 

hexane metabohtes, it should be pointed out that the level of 2.5-hexanedlone 
1s much higher than the levels of 2-hexanol and y-valerolactone the other me- 
tabohtes of rz-hexane These two compounds also absorb at a different wave- 
length significantly lower than 233 nm Therefore it 1s reastmahle to expect 
no slgmficant interference from either compound 

Results of rephcatlon of the recovery concentration curve over three con- 
centrations show a mean standard curve which, at concentratlonc; lower than 
5- 10 ’ M, fits a linear equation (y=O 11x -0 009, r=O 99, n =6 b The results 
obtained from our laboratory m exposed workers from a shoe factor\ ranged 
from 12 3 10 ’ M to 42 9*10-6 M with a mean +S D of 24 6 : 1 I 2% 10 -A A4 
m urine In unexposed subJects the concentration of 2,5-hexanedlone ranged 
from13.10-“Mto52~1W6Mwlthamean -+SD of30+1’(-10 ‘A4 No 
differences were observed between male and female SubJQcts The reproducl- 
blhty studies were carried out usingthe urine samples of three expot;ed subJects 
on the Same day of urine tollectlon and two days after the collectmn, as re- 
ported In Table 11 The low coefficients of variation indicate that the prot Qdure 
is reproducible and reliable 

CONCLI 'SION 

This paper describes a reversed-phase HPIG method for the rapid separa- 
tion of 2,5-hexanedlone ( 18 mm) This method 1s particularly uSefll1 for eval- 
uating this compound m urine samples of workers exposed to n hexane The 
procedure 1s simple, reproducible and reliable, making the method slultable for 
routine analysis of this metabohte m urine 
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