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Abstract-A quantitative gas chromatographic-mass spectometric method using a deuterated analogue 
as internal standard was developed for the analysis of Shydroxytryptophol in cerebrospinal fluid. The 
analytical procedure involves the addition of the internal standard and Shydroxyindole to the cer- 
ebrospinal fluid followed by extraction into chloroform and derivatization with pentafluoropropionic 
anhydride. SHydroxytryptophol levels in rhe CSF of male alcoholics and a control group were examined. 
During ethanol intoxication the mean level, 10.4 2 4.4 pmoles/ml, was significantly (P < 0.001) higher 
than in the controls, 3.31 ? 0.94 pmolesiml. The following morning the mean had decreased (P < 0.01) 
to 4.46 & 1.81 pmoleslml. The level after 8 days was 4.70 & 2.47 pmoles/ml, which is lower than during 
intoxication (P < 0.01). The levels found during the recovery from ethanol intoxication was not 
statistically different from the levels in the control group. These results indicate that serotonin metabolism 
in the central nervous system is affected by ethanol consumption. 

Serotonin (S-hydroxytryptamine, 5HT) is catabol- 
ized by the action of monoamine oxidase. The 
immediate product formed is 5-hydroxyindole ace- 
taldehyde (SHIAld). This compound is rapidly trans- 
formed either by oxidation to 5hydroxyindole acetic 
acid (SHIAA) or by reduction to 5-hydroxytrypto- 
phol (SHTOL). The reduced product SHTOL, has 
been identified as a metabolite of exogenously 
administered 5HT [l] and has also been shown to 
occur endogenously in the urine and cerebrospinal 
fluid (CSF) of man [l-3]. 

Studies of 5HT metabolism have shown that 
ethanol consumption induces an increased urinary 
excretion of SHTOL [4,5]. This was proposed to be 
caused by a shift of 5HT metabolism from SHIAA 
to SHTOL, mainly due to an increased 
NADH/NAD+ ratio in the liver, resulting from 
ethanol metabolism. 

Investigations of SHIAA levels in CSF during the 
post-intoxication phase of alcoholics have shown 
unaltered or decreased levels [@I. In delerious 
states elevated SHIAA levels have been reported 
[9]. In this paper we report results of a study of the 
levels of SHTOL in the CSF of alcoholics, both 
during and after ethanol intoxication, as well as those 
of a control group. 

MATERIALS AND METHODS 

Chemical. The SHTOL was obtained from Sigma 
Chemical Co. (St. Louis, MO); the 5-hydroxyindole 
(5HInd) from Schuchardt AG (Miinchen, GFR) and 
the pentafluoropropionic anhydride (PFPA) from 
Produktkontroll AB (Solna, Sweden). The internal 

standard, 5-hydroxy-(cY, (Y, /3, P-‘H4) tryptophol (5 
HTOL-*H4), was synthesized in the laboratory, by 
a procedure reported elsewhere [lo]. All other chem- 
icals used were of analytical grade. Stock solution 
of SHTOL, 5HTOL-‘H4 and 5HInd were prepared 
in 95% ethanol and stored at -18”. 

CSF samples. Male alcoholic inpatients at the 
Alcoholic Clinic, Karolinska Hospital, were inves- 
tigated. All fulfilled the criteria of dependence 
according to WHO, 1964 [ll]. The age range was 
28-76 yr. Apart from alcohol dependence, none had 
any serious somatic or psychiatric disorders. As far 
as could be determined the patients had received no 
prescribed medication prior to arrival at the hospital 
and were treated by either Amobarbital 0.6 g/day, 
Oxazepam 60 mg/day or Metylperon 300 mg/day (a 
butyrophenone drug) in a double-blind manner. No 
other drugs or alcohol were allowed during the 
period in hospital and patients were checked by 
toxicological analyses of urine for drugs and alcohol 
during the period of CSF sample collection. 

In the first group of patients, CSF was collected 
immediately after admittance (day 1) to hospital 
between 10.00 a.m. and 5.00 p.m. These patients 
were still intoxicated. In the second group lumbar 
puncture was performed the first morning after 
admittance (day 2) at 8.00 a.m. when patients were 
abstinent but sober. The third group was investigated 
at 8.00 a.m. after 8 days in hospital. In the latter 
two groups patients had received no food during the 
previous 8 hr. 

In the control group, CSF was collected from 10 
patients on different neurological investigations. The 
patients received no prescribed medication and were 
of mixed sexes (5 males and 5 females). The age 
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range was 27-70 yr, mean 44. The CSF was with- aliquots of a pool of CSF. The pool consisted of 
drawn between 10.00 a.m. and 1.00 p.m. lumbar CSF obtained from various sources. 

The lumbar punctures were performed with the 
patients in a sitting position and 12 ml of CSF was 
withdrawn. The CSF was shaken, and within 30 min 
centrifuged at 2000 g for 15 min and immediately 
placed under storage at -20”. 

Preparation of CSF samples. Aliquots of 1.0 ml 
of CSF were pipetted into 15 ml glass stoppered 
tubes and 53.7 pmoles 5HTOL-*H+ 13.2 nmoles 
SHInd, 400 mg NaCl and 0.10 ml 4 M HCOOH 
(containing 0.5 mM of ascorbic acid) were added. 
After addition of 7.0 ml of CHCb, the samples were 
shaken for 10 min and centrifuged at 1000 g for 5 
min. The CHCb layers were transferred to clean 
tubes and evaporated to dryness under a stream of 
nitrogen. 

Preparation of standard samples. For quantitation 
purposes standard samples containing SHTOL (O- 
17.0 pmoles) were prepared in 1.0 ml of an aqueous 
solution of: NaHzP04=H20 (0.57 mM), 
Na2HP04.12HzO (0.12 mM), MgC12.6 H20 (0.40 
mM), CaClz.2 Hz0 (0.49 mM), KC1 (3.0 mM), NaCl 
(120 mM), NaHC03 (25 mM) and human serum 
albumin (250 mg/l). The samples were prepared for 
SHTOL analysis as described above for CSF samples. 

Gas chromatography-mass spectrometry. The 
analysis of the CSF extracts were performed using 
an LKB 2091 gas chromatograph-mass spectrometer 
operating in a computer controlled multiple ion 
detection mode. 

The residues were treated with 50 ~1 of 1% (v/v) 
triethylamine solution in benzene and 50 ~1 of PFPA 
at 60” for 15 min. After cooling, the excess reagent 
was evaporated under a stream of nitrogen. The 
residues were dissolved in 1.0 ml of benzene and 
extracted with 0.20 ml of H20. The benzene layers 
were transferred to clean tubes and evaporated to 
dryness under a stream of nitrogen and redissolved 
in 10 ~1 of ethyl acetate. These extracts were analysed 
by GCMS. 

The reproducibility of individual analysis of 
SHTOL was determined by analysing eight 1.0 ml 

The gas chromatographic separations were 
achieved using a 12 m SE 52 WCOT glass capillary 
column (I.D. 0.30 mm). Helium was used as a carrier 
and make-up gas. Splitless injections were carried 
out using a ‘moving needle’ device. The gas chro- 
matographic conditions were: injector heater 200”, 
column temperature 160”, column flow rate - 2 
ml/min and make-up gas flow rate - 12 ml/min. 
Aliquots of 2 ~1 of the samples were injected and 
an initial delay of 2 min in opening the valve was 
used to avoid contamination of the ion source. Under 
these conditions, the retention time of SHTOL- 
(PFP)3 and SHTOL-*H4-(PFP)x was approximately 
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Fig. 1. Electron impact mass spectra of SHTOL (a) and SHTOL-*H4 (b) as PFP derivatives. 
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Fig+ 2. Mass fragmentograms obtained from the analysis 
of a CSF extract. The mass numbers and amptifiex gain 

factors are indicated in the figure. 

2,7 min. The rnas~ ~pe~tr~rne~r~~ conditions were: 
separator temperature 230”, ion source temperature 
2300, electron energy 50 eV, and trap current 50 
&A. 

Qmantitation. Catibration curves were constructed 
by platting the peak height ratios (m/e 438/440, 
4X/454, 615/619) of the standard samples against 
the 5HTOL concentration. The 5HTOL levels were 
then determined from the peak height ratios of each 
CSF sample by reference to the calibration curve. 

RESULTS 

Mrns~ SJWC~FG of 5~T~~-~P~~~j and 5HTOL-2H~- 
(PF’P)L The electron impact mass spectra af the PFP 
derivatives of SHTOL [Fig_ la) and 5HTOL-‘IIs 
(Fig+ lb) confirm the presence of three PFP groups 
per molecule. Both compounds show significant 
molecular ions (M)+,, at m/e 615 and 619, respec- 
tively* The base peaks at m/e 451 and 454 are formed 
in a pelimation process. In addition, prominent ions 
formed in a p-cleavage fragmentation process are 
present at m/e 438 and 440. 

~~~~~~~~~~~~~ CtfSiyTOL in CSF. The muttipie ion 
detection of SHTOL was performed by mo~~to~ng 
the ian intensities at m/e 438,451 and 615 far SHTOL 
and m/e 440, 454 add 619 for SHTUL-*II+ using 
separate injection for each ion pair; m/e 4381440, 
45If454 and 6W619, The chromatograms obtained 
from the analysis of CSF extracts (Fig. 2) show that 
CSF contains a compound possessing both the same 
retention time and reIative ion intensities as authen- 
tic 5HTOL. 

Fig. 3. Calibration curve used for the ~uant~tai~~c deter- 
m~natiQ~ of SHTOL. 

The dete~~nation of the reprodncib~li~ of indi- 
vidual SHTOL analysis (Table 1) showed that 
approximately the same level was found for al1 three 
ion pairs, with an experimental error less than 6 per 
cent. 

Quantitation clJc5WTOL in CSF of alcoholics und 
controls. The quantitation of SHTOL in the CSF af 
alcoholics and controls utilized the peak height ratios 
at mie 451/454. A typical calibration curve (obtained 
at m/e 4511454) is shown in Fig. 3. As seen, the curve 
is a straight line over a concentration range of O-17.0 
pmoletml of SHTOL and intercepts the Y-axis near 
the origin 

The analysis of GSF from the control group showed 
a mean value of 3.31 2 0.94 pmo~e/mi (Table 2). No 
correlation of the SHTOL level to either sex or age 
were observed. 

The analyses of CSF taken from aicohofics during 
ethanol intoxication (day l), revealed significantly 
higher levels of 5HTOL in comparison with those 
of the controls (Table 2). The following day (day 2), 
when the patients were sober, the 5HTOL levels had 
decreased significantly. The mean level was higher 
than in the controls but not stat~st~~liy different. At 
day 8, the mean level of 5HTOL was similar to the 
one found at day 2. Further, the levels were sig- 
ni~cantly lower than during intoxication but not 
Sta~ist~calIy different from the control group. 

DISCUSSION 

The resutt obtained using muitipfe ion detection 
confirms earlier reports on the presence of SHTQL 

Tabk 1, Reproducibility of SHTOL analysis in CSF 

SHTOL” 
m/e 4381440 mk 45ff4.54 

Pooled CSF 6.34 “- 0.25 6.08 r 0.33 
Ex~~rnent~ 
error i% of 
mean 3.9 5.5 

* The resutts are expressed in pmolesiml k S.D. (N = 8). 



Table 2. Levels of SHTOL in the CSF of alcoholics and 
controls 

tributes to elevate SHTOL levefs in CSF during the 
intoxication. 

Subject 5HTOL* N 

Control group 3.31 t 0.94 10 
Alcoholics, day 1 10.4 It 4.4t 10 
Alcoholics, day 2 4.46 r?r l.Sl$ 8 
Alcoholics, day 8 4.70 t 2.47$ 7 

* The results are expressed in pmoleiml t S.D. 
t Differs from control group (P < 0.001). 
$ Differs from alcoholics, day 1 (P < 0.01). 

With regard to the post-intoxication phase, pre- 
vious studies of SHIAA levels in CSF have shown 
unaltered or decreased levels [6,8]. Other mech- 
anisms than the ones discussed for the intoxication 
phase must therefore be considered to explain the 
elevated levels of SHTOL found after recovery from 
ethanol intoxication. Both inactivation of aldehyde 
dehydrogenase and activation of alcohol reductase 
may be involved. Still another factor to be considered 
is the transport of SHTOL from the CSF. 

in human CSF (Table 1 and Fig. 2). Almost identical 
levels were found for all ion pairs used, indicating 
a high specificity of the method. As previously 
reported [3] considerable losses (9@95 per cent) of 
SHTOL occur during the extraction procedure, 
unless certain precautions are taken. In the earlier 
study, addition of human serum (0.10 ml/ml CSF) 
was employed to minimize losses. The present 
method involves the addition of 5HInd as a carrier 
which provided a high recovery of SHTOL. 

The significance of an increased production of 
SHTOL is not known. In animals, SHTOL has been 
implicated in the control of sleeping time and tem- 
perature regulation but this has not been investigated 
in man (1%191. The present study may be interpreted 
as providing evidence for the presence of acetalde- 
hyde and elevated 5HIAld levels in the CNS during 
ethanol intoxication. These aldehydes may condense 
with brain monoamines to form compounds which 
increase voluntary intake of ethanol in rats [ZO]. 
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The level of SHTOL in the CSF of the control 
group is in agreement with levels previously reported 
in patients suffering from various neurological dis- 
orders [3]. Comparison with the reported levels of 
5HIAA in CSF of healthy volunteers (121, 102-107 
pmole/ml, shows that SHTOL is a minor 5HT 
metabolite. 

The decline of the 5HTOL level in CSF following 
recovery from the ethanol intoxication suggests that 
the presence of ethanol is a main factor contributing 
to the elevated 5HTOL levels. The mean level in 
the alcoholics was still higher following abstention 
from alcohol for one week, indicating that other 
factors may also be involved. 
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