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SUMMARY 

A multi-drmenslonal gas chromatographx method was developed to measure the Candrda me- 
tabohte D-arabmltol enantloselectlvely m human serum The heptafluorobutyrate derlvatlves of 
D-arabmltol, L-arabmltol and nbltol (Internal standard) were separated from other serum con- 
stituents with a 60 m X 0 32 mm fused-slhca SPB-5 precolumn, and (after mtermedlate cold trap- 
pmg) they were separated from each other with a 25 m x 0 25 mm fused-slhca column coated with 
a new bonded choral phase Replicate analyses of spiked human sera showed that D-arabimtol 
could be quantlfled accurately and precisely The D- and L-arabmltol concentrations In 24 normal 
adult sera were 0 20 + 0 053 and 0 11 ? 0 040 p/ml, respectively, and the D- and L-arabnntol/cre- 
atmme ratios were 0 023 & 0 011 and 0 012 F 0 0051, respectively (mean i S D ) In a patlent with 
Candzda alblcans fungemla, the D-arabmitol/creatmme ratios rose early durmg mfectlon and fell 
with successful treatment, whereas L-arabmltol/creatmme ratios did not change slgnlficantly 
This enantloselectlve analytical method IS more practical than earher ones, it should facilitate 
further mvestlgatlon of D-arabmitol as a dlagnostlc marker for candldlasls 

INTRODUCTION 

Candlda albrcans, C troplcalzs and C parapsclom (the species responsible 
for almost all human mfectlons) produce large amounts of the pentltol D-ara- 
bmltol m vitro [l-3], and there 1s conslderable evidence that Candzda also 
produces large amounts of D-arabmitol m vlvo Earher stu&es have estabhshed 
that arabmltol appearance m the body 1s proportional to the arabmltol/cre- 
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atmme concentration ratios m serum or urine [4] and that the arabnntol/ 
creatmme ratios rose directly m proportion to tissue colony counts m experi- 
mentally infected rats [ 51. Moreover, most patients with mvasive candidiasis 
have higher serum arabnntol concentrations [ 1,2,6] and higher serum arabm- 
itol/creatmme ratios [ 61 than uninfected controls These observations mdi- 
cate that arabuntol is a quantitative diagnostic marker for invasive candidi- 
asis, a disease that often cannot be recognized antemortem by traditional 
diagnostic methods 

One limitation of these earher studies is that D- and L-arabuntol were not 
differentiated This is important because Can&da produces only D-arabnutol 
[ 1,3], whereas known mammahan metabolic pathways produce only L-arabm- 
itol [ 71 We therefore developed combined microbiologic-gas chromatographic 
(GC ) [ 81 and enzyme-GC [ 91 methods to measure D-arabuntol enantioselec- 
tively, and we found that almost all of the excess arabuutol m the tissues, urme 
and serum of animals and humans with mvasive candidiasis was D-arabuntol 
These studies strongly suggested that the diagnostic sensitivity and accuracy 
of body fluid arabnntol measurements can be improved by using enantioselec- 
tive analytical methods, but the enantioselective methods were quite 
cumbersome 

In an effort to develop a more practical analytical method, we examined the 
abihties of choral GC columns to separate D- from L-arabuntol Two commer- 
ciallly available choral columns were unsatisfactory, but excellent results were 
obtained when the fluoroacyl derivatives of D- and L-arabuntol were analyzed 
with columns coated with a new bonded choral stationary phase This report 
describes a multi-dimensional method m which conventional and chnal GC 
columns were used together to quantify D-arabnutol m serum, and it reports 
the serum D- and L-arabmitol levels m 24 healthy adults and a patient with C 
alblcans fungemia 

EXPERIMENTAL 

Chemtcals and reagents 
D-Arabnutol, L-arabuntol, ribitol, xyhtol, D-manmtol, glucitol and galactitol 

were obtained from Sigma (St Louis, MO, U S A), derivatizmg reagents were 
obtained from Sigma or Pierce (Rockford, IL, U S A ) and HPLC-grade sol- 
vents were obtained from Fisher Scientific (Pittsburgh, PA, U S A ) 

InstrumentatLon 
A Model Sigma 2000 gas chromatograph (Perkm Elmer, Norwalk, CT, 

U S A ) equipped with a split-splitless capillary mjector, two flame ionization 
detectors and a microcomputer-based data system (PC mtegrator, Nelson An- 
alytical, Cupertino, CA, U.S A ) was used The instrument was modified to 
perform multi-dimensional analyses by mstallmg two column switching valves 
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c 
AUX CARRIER COLUMN 2 

Fig 1 Flow path diagram for multl-dlmenslonal GC Column swltchmg valves were used for heart- 
cutting (B) and for backflushmg column 1 (A), and a hquld CO, cold trap was used to refocus 
selected components mto a narrow band before they were introduced mto column 2 Flow paths 
wlthm the valves shown m black were open orlgmally and closed after swltchmg, and those shown 
m white were closed orlgmally and open after swltchmg Column 1 was a 60 m x 0 32 mm fused- 
slhca column coated with 1 0 pm SPB-5 and column 2 was a 30 m x 0 25 mm fused-silica column 
coated with 0 25 brn Choral-NEB 

with 0 25 mm I D flow paths (Valco Instruments, Houston, TX, U S A ) and 
a liquid CO, cold trap (Sclentlfic Glass Engineering, Houston, TX, U S A ) In 
the column oven (see Fig 1) A 25 cm x 0 25 mm I D fused-slhca tubmg coated 
with 0 25pm bonded methyl&cone was used as the trap, and 0 22-mm un- 
coated deactivated fused-slhca tubmg was used for transfer hnes 

Inhal studies 
We first exammed the ablhtles of fused-slhca GC columns coated with three 

choral stationary phases to separate D-arablmtol, L-arabmltol, xyhtol and rl- 
bltol as their trlmethylsllyl (TMS) ether, peracetate, trlfluoroacetate (TFA), 
pentafluoroproplonate (PFP) and/or heptafluorobutyrate (HFB) derlva- 
tlves The TMS and peracetate derivatives were prepared as previously de- 
scribed [lo], the TFA derlvatlves were prepared with N-methyl- 
bls (trlfluoroacetamlde ) m pyrldme and the PFP and HFB derlvatlves were 
prepared with PFP-anhydrlde and HFB-anhydnde, respectively, ln pyrldlne 
or acetonitrlle [ 111 

The choral GC columns exammed were (1) a 25 m x 0 25 mm fused-slhca 
column coated with 0 12-pm L-vahne-tert -butylamlde coupled to polyslloxane 
(Chlrasll-L-Val, Chrompack, Rantan, NJ, U S A ), (11) a 50 m x 0 22 mm fused- 
slhca column coated with 0 12-pm XE-60-S-vahne-S-cu-phenylethylamlde 
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(Chrompack), and (111) a 25 m x 0 32 mm fused-slhca column coated with 0 25 
pm bonded polyslloxanes with (S) -N-l- (napthyl)ethyl-4-allyloxybenazamlde 
side-chams [ 121 (Choral-NEB, obtained from C A Rouse and M L Lee, 
Chemistry Department, Brigham Young Uruverslty, Provo, UT, U S A ) 

Mults-dlmenstonal GC method 
The best separations were obtamed when the HFB derlvatlves were ana- 

lyzed with the Chlral-NEB column, but the column was severely overloaded 
when we attempted to analyze derlvatlzed whole serum wlthout inlet sphttmg 

We therefore used a 60 m x 0 32 mm fused-silica capillary column coated 
with 1 O-pm bonded 5% phenylmethylslhcone (SPB-5, Supelco, Bellefonte, 
PA, U S A ) to separate D-arabimtol, L-arabmltol and rlbltol from other serum 
components prior to separating these pentltols from each other with a 30 
m x 0 25 mm fused-slhca capillary coated with 0 25 pm Choral-NEB The car- 
rier gas was helium at linear flow-rates of 40 cm/s m the SPB-5 precolumn 
and 24 cm/s m the Choral-NEB column Samples of 2 ~1 were injected with the 
sample inlet at 225 ’ C and the septum purge (5 ml/mm) and inlet splitter (40 
ml/mm) valves closed for the first 30 s after inJection The column oven tem- 
perature was 120°C for the first mm, after which It was raised to 135°C at 
3”C/mm Compounds elutmg from both columns were detected by flame ion- 
ization (250°C) 

When the HFB derlvatlves of a standard polyol mixture were analyzed with 
the precolumn alone, the retention times were 7 31 mm for erythntol, 8 10 mm 
for xyhtol, 8 58 mm for DL-arabmitol and rlbltol (which eluted together), 9 22 
mm for galactltol, 9 83 mm for glucltol and 10 38 mm for D-manmtol Based 
on these results, the cold trap was cooled at 7 4 mm, components elutmg from 
the precolumn between 8 40 and 8 95 mm were transferred to the trap, and the 
Choral-NEB column analysis was begun by stoppmg the flow of CO2 to the trap 
at 9 0 mm The precolumn was backflushed after 11 mm to remove late-elutmg 
compounds that might interfere with subsequent analyses Total analysis time 
was 20 mm, after which the oven was heated to 225” C for 5 mm to purge 
additional retained compounds 

Preparation of serum samples 
Serum samples were prepared for analysis as follows Rlbltol (0 2 ml of 10 

lug/ml aqueous solution) was added as internal standard to 0 20 ml of serum, 
proteins were preclpltated with 1 0 ml acetone, and the supernatants (1000 g 
for 8 mm) were transferred to 3-ml glass vials and evaporated to dryness m a 
stream of nitrogen at 65°C The HFB derlvatlves were formed by adding 0 05 
ml HFB-anhydrlde and 0 20 ml acetomtrlle, sealing with PTFE and heating 
to 50 a C for 20 mm 
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Quantltatlon 
D-Arabinrtol and L-arabnntol were quantified from their relatrve peak areas 

compared to rrbltol Whenever serum samples were analyzed, the retention 
times of the compounds of interest were determmed from a standard mixture, 
and the relative response factors were determined from a normal human serum 
to which 10 ,ug/ml D- and L-arabuntol had previously been added 

Accuracy and precwon 
We performed ten replicate analyses on different days of normal human 

serum to which 0, 0 2, 1 0, 4 0 and 10 0 pg D-arabmrtol per ml had prevrously 
been added to assess the accuracy and preclslon of the D- and L-arabuntol 
measurements 

Serum samples studred 
D-Arabnntol and L-arabnntol were measured m the serum of 24 healthy 

adults, and the results were compared to those obtained earlier by the com- 
bined enzyme-GC method [S] D-Arabuntol and L-arabmltol were also mea- 
sured m eleven sera from a patient with leukemia who developed C albzcans 
fungemla during an episode of neutropema induced by cytotoxlc chemother- 
apy These sera were obtained before the mfectlon developed, during the early 
fungemlc stage and during and after successful treatment with amphoterlcm 
B 

Creatunne was measured with an autoanalyzer, and the D- and L-arabnutol/ 
creatmme ratios were calculated as previously described [ 41 to correct for the 
effects of renal function 

RESULTS 

Inttlal stud&es 
We were unable to separate D- and L-arabnutol as then TMS, peracetate or 

TFA derivatives with the Chlrasll-L-Val column, as then TMS or peracetate 
derlvatlves with the Choral-NEB column or as their TMS derivatives wrth the 
XE-60-S-vahne-S-cu-phenylethylamlde column The XE-60-S-valme-S-a- 
phenylethylamlde column resolved the peracetate derrvakves of D- and L-ara- 
bnntol, but the retentron times were very long ( > 30 mm) and the peaks were 
very broad when the analyses were performed at the maximum temperature 
tolerated by this phase (175°C helium at 22 cm/s, split unectlon) This col- 
umn also separated the TFA and HFB derivatives of D- and L-arabuutol, but 
the peaks tailed to a considerable degree and the column was easily overloaded 

The TFA, PFP and HFB derivatives D- and L-arabmltol were clearly sepa- 
rated by the Choral-NEB column For example, the retention times of the HFB 
derlvatlves of rrbltol, D-arabnntol, L-arabmltol and xyhtol were 12 97, 13 67, 
13 76, and 14 14 mm, respectively (helium at 20 cm/s, sphtless mJectron, oven 



temperature 80” C for 2 mm, then increased to 100” C at 20” C/mm and then 
to 150” C at 4” C/mm) Equivalent separations were obtained at lower tem- 
peratures when the TFA and PFP derlvatlves were analyzed with the same 
column We used the HFB derivatives in subsequent stu&es because they were 
more stable than the other fluoroacyl derivatives 

Mu&c-dtmensronal GC analyses 
In a typical multi-dlmenslonal analysis, rlbltol, D-arabuutol and L-arabml- 

to1 eluted from the Choral-NEB column as well separated and symmetrlcal 
peaks at 17 50,18 57 and 18 75 mm, respectively, after the start of the precol- 
umn separation (see Fig. 2 ) 

In ten replicate analyses of normal human serum to which known amounts 
of D-arabmltol were added, the cahbratlon curves were linear (mean r = 0 998)) 
the mean observed D-arabinitol concentrations differed from the expected 
amounts [mean y-intercept of the linear regression lines (0 16pg/ml) + amount 
added] by no more than 0 04 yg/ml or 2%, and the standard deviations were 
no more than 0 05 pug/ml or 12% 

D-Arabnutol and L-arabmltol were measurable m all serum samples studied, 
the lowest concentrations were 0.11 pg D-arabinitol and 0 05 ,ug L-arabu-ntol 
per ml In the 24 normal adult sera, the mean + S D D-arabinitol concentra- 
tlon was 0 20 2 0 053 lug/ml and the mean + S D L-arabmltol concentration 

Pre Column 

Fig 2 (Top panel) Precolumn chromatogram (from sample inJectIon through backflushmg) of 
the HFB denvatlves of a mixture of equal amounts of several polyols (Bottom panel) Choral- 
NEB column chromatogram (from turnmg off the cold trap to end of the analysis) of components 
that eluted from the precolumn between 8 40 and 8 95 mm (heartcut) Peaks 1 = D-arabmitol, L- 

arabunto and nbltol, 2 = galactltol, 3 = D-mannitol, A = nbltol, B = D-arabmitol, C = L-arabnntol 
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TABLE I 

SERUM D- AND L-ARABINITOL LEVELS IN NORMAL ADULTS AND A PATIENT WITH 
CANDIDA FUNGEMIA AS DETERMINED BY MULTI-DIMENSIONAL CHIRAL GAS 
CHROMATOGRAPHY 

Sample D-Arabmltol L-Arabn-ntol D-Arabmltol/creatmme L-Arabmltol/creatmme 
(&ml) &g/ml 1 ratio ratio 

Normal adults” 020+0053 011+0040 0023+0011 0012+00051 

Infected patlent* 
16 May 0 22 0 15 0 037 0 025 
22 May 0 09 0 06 0 018 0 012 

1 June 0 16 0 06 0 027 0 009 
3 June 0 71 0 10 0 10 0 014 
9 June 10 8 0 45 0 83 0 035 

12 June 22 0 30 0 24 0 033 
14 June 0 92 0 23 0 12 0 029 
16 June 0 61 0 21 0 068 0 023 
18 June 0 52 0 18 0 052 0 018 
19 June 0 59 0 22 0 054 0 020 
29 June 0 61 0 24 0 061 0 024 

“Mean ?S D (n=24) 
bC albrcans fungemla occurred on 2 June, amphoterlcm B therapy was begun on 5 June and the 
patlent was discharged home on 19 June 

12 16 20 

RETENTION TIME [Mm1 

Fig 3 Choral-NEB column chromatograms (12-20 mm only) of (A) normal human serum to 
which 10 fig/ml D- and L-arabmltol were added and (B-F) sera obtained from the patlent with C 
albmns fungemla on June 2 (B), June 4 (C), June 9 (D), June 12 (E) and June 14 (F) Peaks 
1= nbltol, 2 = D-arabmitol, 3 = L-arabmltol 
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was 0 11 -t 0 040 ,ug/ml The mean -t S D D- and L-arabmltol/creatmme ratios 
were 0 023 _’ 0 011 and 0 012 ? 0 0051, respectively When these samples were 
analyzed by the enzyme-GC method [ 91, the mean t S D D- and L-arabmltol 
concentrations were 0 21% 0 053 (p = 0 095 versus current results by Student’s 
paired t-test) and 0 15 -t 0 058 (p < 0 0001 ), respectively 

The D- and L-arablrutol results in the normal adults and the patients with 
C aEbzcans fungemla are shown m Table I, and lllustratlve chromatograms are 
shown m Fig 3 This patient’s D-arabmitol/creatmine ratios were normal be- 
fore the infection developed, they were markedly elevated shortly after fun- 
gemla was recognized and treatment was begun and they dechned as she lm- 
proved with further therapy In contrast, there was httle change m the L- 

arabmltol/creatmlne ratios during the interval studled 

DISCUSSION 

We developed the multi-dlmenslonal GC method described m this report 
because there were practical problems with the methods previously avallable 
for measuring D-arablnltol enantloselectlvely The combmed mlcroblologlc- 
GC method requires a 24-h mcubatlon step, antifungal drugs can Interfere with 
some analyses and the GC method was msufficlently sensltlve to quantify D- 

arablmtol in most serum specimens [ 81 Because of these problems, we devel- 
oped a combmed enzyme-GC method that 1s sensltlve enough to quantify D- 

arabmltol m serum, that 1s unaffected by antifungal drugs and that can provide 
results wlthm a few hours However, this technique requires that specimens be 
depleted of D-arablnltol with a bacterial enzyme that must be extracted from 
cultures of Klebszella pneumonza and then extensively purified As well, each 
specimen must be analyzed twice by GC to determme the D-arablnltol concen- 
tration [ 91 

A more straightforward approach 1s to separate D- and L-arabmltol chro- 
matographlcally usmg a choral stationary phase, but satisfactory choral col- 
umns were unavailable until recently Chlrasll-L-Val falled to resolve D-and L- 

arabnntol as any of the derlvatlves we tried XE-60-S-valme-S-cr-phenylethyl- 
amide separated D- and L-arabnntol as their peracetate, TFA and HFB derlv- 
atlves This confirmed the results of Konlg and Benecke [ 131, who resolved 
the TFA derlvatlves of D- and L-arabmltol with a 15-m glass column coated 
with XE-60-S-vahne-R-a-phenylethylamlde However, the column we used 
separated D- and L-arablmtol only mmlmally, and there was conslderable peak 
tallmg Another problem 1s that late-elutmg sample components cannot be 
removed from XE-60-S-valme-S-a-phenylethylamlde columns by heating 
above 175 o C or by rmsmg with solvents We therefore concluded that XE-60- 
S-valme-S-a-phenylethylamlde columns could not be used to measure D-ara- 
bmltol m complex blologlc samples Korug et al 1141 also recently described 
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excellent separations of the TFA derivatives of D- and L-arabmltol usmg glass 
capillary GC columns coated with pentylated cyclomaltohexose 

Choral-NEB 1s one of several choral phases whose syntheses were recently 
described by Bradshaw et al [ 12] We found that fused-silica columns coated 
with Choral-NEB separated the fluoroacyl derivatives of D- and L-arabmltol 
better than the other choral columns we studied Choral-NEB columns are also 
practical to use because they can be operated at temperatures as high as 280” C 
and they can be rinsed with solvents Late-elutmg sample components can 
therefore be removed by purging at high temperatures or by solvent rinsing, 
these columns should therefore last as long as fused-slhca columns coated with 
conventional bonded phases 

The only problem we encountered was that Choral-NEB columns have m- 
sufficient sample capacity to permit analysis of whole serum without inlet 
sphttmg It was therefore necessary to use a thick-film fused-slhca precolumn 
to Isolate the compounds of interest before they were further separated with 
the Choral-NEB column We used a 60 m x 0 32 mm SPB-5 column for this 
purpose because we use this column m other analyses, but other thick-film 
precolumns can also be used For example, we obtained equivalent results with 
a 25 rn~0 32 mm fused-slhca column coated with 1 2-,um of bonded methyl- 
slhcone (CP-Sl15CB, Chrompack) 

When a high-capacity thick-film precolumn and a Choral-NEB column were 
used together m a multi-&menslonal GC analysis, D-arabmitol was clearly sep- 
arated from all other constituents of human serum (including L-arabmltol) 
This multi-dimensional method was sensitive enough to quantify D- and L- 
arabmltol m all serum samples examined, and the results were accurate and 
reproducible. The D-arabnutol concentrations m 24 normal sera determined 
by the multi-dimensional method did not differ from those obtained by the 
enzyme-GC method, but the L-arabmltol concentrations were slightly lower 
(mean difference 0 039 ,ug/ml) This was probably due to incomplete separa- 
tion of DL-arabmitol from another trace component m the enzyme-treated sera 

Lastly, multi-dlmenslonal GC analyses showed that the serum D-arabmitol 
levels rose substantially m a patlent with C albzcans fungemla, whereas the L- 
arabmltol levels changed very httle This finding confirms the results obtained 
earlier with the mlcroblologlc-GC and enzyme-GC methods, and it supports 
our view that use of enantloselectlve analytical methods should result m lm- 
proved ability to diagnose mvaslve candldlasls Avallablhty of the more prac- 
tical enantloselectlve analytical method described m this report should faclh- 
tate further mvestlgatlon of D-arabmltol as a &agnostic marker for can&dlasls 
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