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SUMMARY 

The enantlomers of salsolmol were completely separated as dlastereolsomerlc denvatlves, after 
reactlon with S-l-( 1-naphthyl)ethyl lsothlocyanate, by reversed-phase high-performance hquld 
chromatography and quantlfled by electrochemical detection Good cahbratlon curves were ob- 
tamed for the quantlficatlon and determmatlon of the enantlomerlc composltlon of salsolmol m 
human urine The sensltlvlty and speclflclty to the assay also permit the determination of the 
enantlomerlc composltlon of salsolmol m food such as dried bananas and chocolate 

INTRODUCTION 

Salsolmol (1-methyl-1,2,3,4-tetrahydro-6,7 lsoqumohnedlol) (Sal) 1s an 
endogenous tetrahydrolsoqumolme alkaloid which has been detected m hu- 
man urine, cerebrospmal fluid and brain tissue [ 1,2] Variable concentrations 
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of urinary Sal were detected m physiological and patholoscal conditions such 
as Parkinson’s disease [ 31 and alcoholism [ 41 It has been suggested that mod- 
rficatron of Sal concentrations m human tissues and fluids could correlate with 
some pathophyslologlcal states, such as alcoholism and Parkmson’s and Hun- 
tmg-ton’s diseases [ 51 

Sal concentrations m biological samples were successfully measured by gas 
chromatography (GC) with electron-capture detection [ 61, gas chromato- 
graphy-mass spectrometry (GC-MS) [ 3,7] and ion-parr liquid chromato- 
graphy with electrochemical detection (ED) [8,9] 

Sal possesses an asymmetric centre at C-l and exists as S and R enantlomers 
(Fig 1) In all the above-mentioned papers, concentrations m total Sal (R + S) 
were measured As the two enantromers of Sal do not display identical brolog- 
lcal actlvltles [lo] it appeared that a new method for determmmg the enan- 
tromerlc composltlon of endogenous Sal m biological samples would be very 
useful 

A method drstmgulshmg between R and S Sal m human urme was first re- 
ported by using GC and nitrogen-phosphorous detection after derlvatlzation 
with dlazomethane and then with N-trlfluoroacetyl-L-prolyl chloride [ 111. 
However, that method drd not allow a sultable quantification of the S enan- 
tlomer, although rt did establish that the R enantlomer predominates m human 
urine 

The same authors also reported a hrgh-performance hquld chromatographlc 
(HPLC ) assay by whrch the relative proportion of the two Sal enantlomers 
was quantified m human urine and m some foods and beverages [ 121 In this 
method, a ResolvosllO-BSA choral column and ED were used without den- 
vatrzatlon, and a limit of detection of ca. 50 pg/ml urine was found for both 
enantiomers However, repeated attempts to reproduce this separation m our 
laboratory by using a similar column proved unsuccessful Then a new HPLC 
method was assayed [ 131 It was based on derlvatlzatlon of Sal with N-trlfluo- 
roacetyl-L-prolyl chloride, selective hydrolysrs of the phenohc esters and de- 
tection of the resulting amide drastereolsomers by ED after HPLC separation 
This method, although sufficiently sensitive, precise and accurate, had two 
main drawbacks. the time required for the formatron of drastereolsomers was 
relatively long (ca 2 h) and the chromatographic separatron of the two com- 
pounds was not fully satisfactory. As our efforts to achieve a better separatron 
by changmg either the mobile or the stationary phase failed, we decided to 

(RISALSOLINOL (S)SALSOLINOL 

Fig 1 Structures of the Sal enantlomers 
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change the derlvatizmg agent The new optically active reagent to be selected 
was required to react selectively with the ammo group of the Sal and to give 
stable dlastereoisomers easily separable by HPLC Gal et al [ 141 described a 
choral reagent S-l- (1-naphtyl) -ethyl isothiocyanate (S-NEIT) that seemed 
to fulfil both these demands This paper reports the settmg up of a new HPLC 
method for the quantification of the two enantlomers of Sal as diastereoiso- 
mers derived from S-NEIT 

EXPERIMENTAL 

Compounds 
( t- )-Salsolmol hydrobromide was purchased from Roth (Karlsruhe, F R G ) 

and S- and R-salsolmol were prepared accordmg to Teitel et al [ 151 S-NEIT 
was synthesized by Gal and Desai (University of Colorado, Denver, CO, 
U S A ) Phenyl boromc acid (PBA) cartridges were from Analytichem Inter- 
national (Harbor City, CA, U SA ) , all other chemicals and solvents were an- 
alytical grade from Farmitaha-C Erba (Milan, Italy) 

Apparatus 
A Milton Roy Constametrlc 3000 pump equipped with a Rheodyne 7125 

mJectlon system and a 50-~1 sample loop was used The detection system con- 
sisted of an ESA Model 5100A electrochemical detector equipped with a Model 
5011 graphite cell (5-~1 volume) and connected to a Spectra-Physics Model 
SP 4290 recorder-integrator A M&pore/Waters Novapak-C,s column (15 
cm x 3 9 mm 1.D , particle size 4 pm) was used The mobile phase was a mixture 
of methanol and 50 mA4 phosphate buffer, pH 3 0 (55 45, v/v), and the flow- 
rate was 10 ml/mm 

Extraction 
PBA cartridges were used for a selective hqmd-solid extraction of Sal The 

cartridge was conditioned before the loading of the sample by washing sequen- 
tially with 1 ml of methanol, 1 ml of water, 1 ml of 0 1 M hydrochloric acid, 1 
ml of 0 3% ammonmm hydroxide and finally 1 ml of 0.01 M (pH 8 5) ammo- 
mum sulphate buffer (twice ) Then the sample buffered at pH 8.5 was loaded 
on the top, and passed through the cartridge by gentle vacuum aspiration After 
three washmgs with water (1 ml) and one with methanol (1 ml), the absorbed 
Sal was eluted from the cartridge with 1 M acetic acid m methanol (0 5 ml, 
twice ) The eluate was evaporated to dryness at room temperature under vac- 
uum and then derivatized 

Derzvatrzatzon 
Trlethylamme [ 100 ~1 of a 0.3% (v/v) solution m acetomtrile] was added 

to the extraction residue, followed by an acetomtrile solution of S-NEIT (100 
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~1 of a 0 1 mg/ml solution) After stirring, the reaction mixture was heated for 
30 mm at 40°C under nitrogen Ethanolamme [ 100 ,~l of a 0 2% (w/v) solution 
m acetomtrlle] was then added, and the mixture was kept for 10 mm at 40°C 
m order to eliminate the excess S-NEIT Then the solution was evaporated at 
room temperature under vacuum to dryness, and the residue was dissolved m 
140 ,~l of a 50 mM orthophosphorlc acid-methanol solution (1 1, v/v) Ah- 
quots (50 ~1) of this solution were inJected onto the column 

Determlnatlon of the enantlomercc composrtaon 
Analyses of standard solutions containing known amounts of racemlc Sal 

were carried out to determine the response factors of the two enantlomers 
Standard curves of both compounds were obtained m the range 2 5-150 ng 
The precision of the method was determined by repeated analyses of known 
amounts of racemlc Sal m the whole range of the standard curve points The 
accuracy was determmed by processmg samples of unknown racemlc Sal 
amounts and expressed as the percentage ratlo of found/added amount All the 
chromatograms obtamed were evaluated by peak-height measurement and ex- 
ternal cahbratlon The mean recovery was evaluated by measuring the peak- 
height ratlo of processed Sal solutions with respect to the peak height of the 
same solutions subjected only to the derlvatlzatlon reaction 

Chromatographuz system surtab&ty test 
System reproduclb&ty Before use the chromatographlc column was equlh- 

brated with the mobile phase until four consecutive mJectlons of a sample con- 
taming ca 5 ng of both standard Sal dlastereolsomers produced responses with 
a coefflclent of variation (C V ) wlthm t 5% 

CoEumn effwency It was evaluated as the number of theoretical plates of 
the column calculated by the equation N= 5 54 ( tR/ W2, where tR 1s the reten- 
tlon time of the peak of a derlvatlzed enantlomer and W 1s the peak width at 
half-height The value of N must be at least 4000 

Pealz resolutzon The resolution factor between the peaks of the two dlaste- 
reolsomers was calculated by the equation R, = 2 ( tR2 - tR1 ) [ 1.699 ( WI + IV2 ) ] - ‘, 
where tR2 and tRI are the retention times and W, and W, are the widths at half- 
height of the peaks of the two dlastereolsomers The value of R, must be more 
than 10 

RESULTS 

The dlastereolsomerlc mixture obtamed by processing racemlc Sal was m- 
Jetted onto the HPLC column and analysed with &fferent mobile phases, ow- 
mg to the poor stability of the catechol group m basic solution, only the acldlc 
range of pH values was explored to define the best composition of the mobile 
phase 
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A fast and reliable separation of the two compounds was obtamed by using 
a Mllhpore/Waters Novapak Cl8 column eluted isocratrcally with methanol- 
50 mM pH 3 0 phosphate buffer (55 45, v/v). The peaks correspondmg to the 
two compounds were well separated (R,= 1.18) and their relative peak-height 
ratm was 1.1 (see Fig. 2). 

The analyses of each single derlvatlzed enantromer revealed that the R rso- 
mer of Sal was eluted before the S isomer. 

The characteristics of the detector used made it possible to operate m the 
redox mode (first electrode voltage + 500 mV, second electrode - 200 mV ), 
thus considerably dimimshmg the number of interfering peaks m the chro- 
matogram Norepmephrme and dopamme standard solutron processed as de- 

- 
I 

a I IO 20 mm 

Fig 2 Typical chromatogram obtamed by processing a standard solution of racemx Sal ( 50 ng ) 
asdescrlbedmthetext Peaks l=R-Sal (tR=150mm),2=S-Sal (t,=16Omm) 
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TABLE II 

PRECISION OF THE METHOD (INTER-DAY ASSAY ) (n = 54) 

RFR CV 
(mean&SD ) (%) 

RF, 
(mean&SD ) 

CV 

(%) 

92131k10982 1192 91474219314 10 18 
109800~10076 9 17 9992Ok13250 13 26 
98036k 9949 10 15 9244Ok13430 14 55 

100174k12252 12 23 946 11+125 17 13 23 

TABLE III 

ACCURACY OF THE METHOD 

Amount added 
(ng) 

Amount found 
(mean, n=3) 

Found 
=fSD (%) 

cv 
(S) 

R-Sal 
165 5 
25 76 
2 79 

164 2 9922f 910 

26 73 103775 496 
2 94 10562+1539 

Overall average ( n = 9 ) 

S-Sal 
165 5 
25 76 

2 79 

163 06 98532 935 

26 86 10427+ 625 
2 98 1067911954 

Overall average ( n = 9 ) 

10287f 970 

10320+1186 

9 17 
4 78 

14 57 

9 43 

9 49 

5 99 
18 30 

1149 

scribed gave single peaks, which did not Interfere with those of interest (5 92 
mm and 8 55 mm, respectively) Salsohne, the methylated derlvatlve of sal- 
solmol, was not retamed by the cartrldge, showing that the overall speclficlty 
of the assay was sufficient to guarantee the selective determination of the two 
Sal enantlomers The linearity was evaluated for each Sal enantlomer from SIX 
separated cahbratlon curves carried out m the whole range of measurement on 
different days Intercept values, when submitted to the statlstlcal SAS test, 
were not slgmficantly different from zero (p > 0 05) The mean calculated pa- 
rameters for the R enantlomer were correlation coefficient r=O 9952 
(C v =031%), slope = 945 33 (C v =9 13%), intercept = 680.11 
(C V ~85 27%) Those for the S enantlomer were correlation coefficient 
t-0 9943 (C V =O 375%), slope=947 23 (C V =12 14%), inter- 
cept = - 78 41 (C.V = 1319 6%) The C V. of the (mtra- and inter-day) pre- 



212 

clslon of the method was found to be 12 23 and 13.23% for the R and S enan- 
tlomer, respectively (Tables I and II). The accuracy over the whole 
concentration range of interest, calculated with samples analysed on dfferent 
days and reported as the mean percentage ratlo of the found/added amounts 
-t C V., was 102 8729.43 and 103.202 1149 for the R and S enantlomer, re- 
spectively (Table II) The mmlmum detectable amount was assumed to be the 
lowest validated point of the standard curve, 1.e. 2 5 ng for each enantlomer 
analysed 

The total recovery was calculated for each enantlomer at three concentra- 
tlons (3,15 and 100 ng/ml) from five series of replicated analyses, the mean 
values obtamed were 42.52% (S.D. = 5.78-3.62) and 40 55% (S D. = 5 59-3.73) 
for the R- and S-enantlomer, respectively. 

10 20 mln 

Fig 3 Determmatlon of the two Sal dpantlomers as S-NEIT derlvatlves Chromatogram obtamed 
from human urine processed and analysed as described m the text 
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DISCUSSION 

The descrrbed method offers several advantages over the one prevrously de- 
scribed [ 131 The derlvatlzatron reagent reacts raprdly and selectrvely with the 
ammo group of both Sal enantromers grvmg a stable pair of drastereorsomers 
whose physrcochemrcal properties make them easrly separable by HPLC 
Moreover, although the sensitrvlty was not Improved, better results m terms 
of accuracy and reproducrblhty were obtained by usmg this assay due to the 
excellent resolutron of the two drastereorsomers 

The method enabled us to measure the enantromerrc composrtron of Sal m 
samples of human urme from healthy volunteers and patients A typical chro- 
matogram of a urine sample obtained from a healthy volunteer who had m- 
gested dried banana IS shown m Fig 3 

The method was also used to quantify the enantromerrc composrtron of foods 

A 

10 20 qln ” 10 20 inln 

Fig 4 Chromatograms obtained from samples of dried banana (A) and chocolate (B), showmg 
the lack of Interferences m the chromatographlc determination of the two Sal enantlomers as S- 
NEIT derlvatlves 

0 
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rich m Sal, such as dried bananas and chocolate no interferences from the 
matrix were observed (see Fig 4) 

Using this method, the mtake of dried banana was recently shown to mflu- 
ence the urinary excretron of Sal enantromers [ 161 
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