
Dopamine-Related Tetrahydroisoquinolines: Significant 

Urinary Excretion by Alcoholics After Alcohol Consumption 

Abstract. Concentrations of dopamine-related tetrahydroisoquinolines (salsolinol 
and O-methylated salsolinol) were significantly higher in the daily urine samples of 
alcoholic subjects admittedfor alcohol detoxification than in the daily urine samples 
of nonalcoholic control subjects. Salsolinol concentrations in alcoholic subjects ap- 
peared to drop to trace (control) values 2 to 3 days after admission, following the 

disappearance of ethanol and its reactive metabolite acetaldehyde from the blood. 
These results indicate that physiologically active tetrahydroisoquinolines increase in 
humans during long-term alcohol consumption, presumably because of acetalde- 
hyde's direct condensation with catecholamines. The presence of these or similar 
condensation products in the urine could be useful as clinical indicators of prior 
blood acetaldehyde concentrations in chronic alcoholics. 

Under some circumstances, catechol- 
amine neurotransmitters, particularly 
dopamine (DA), may be diverted from 
normal metabolic pathways through irre- 
versible condensation with aldehydes or 
a-keto acids. This route, which produces 
tetrahydroisoquinolines (TIQ's), may 
become relatively significant in the ill- 
nesses related to alcoholism [because of 
ethanol-derived acetaldehyde (1) or bio- 
genic aldehydes (2)], in Parkinson's dis- 

ease during L-dopa therapy (3) (because 
of the elevated concentrations of DA or 
hydroxylated phenylpyruvates), and in 
phenylketonuria (4) (from increased tis- 
sue phenylpyruvate). The TIQ's derived 
from DA have now been identified and 
measured in the urine of L-dopa-treated 
parkinsonian patients (3, 5) and of chil- 
dren with phenylketonuria (6), but there 
has been no examination for TIQ's in 
fluids or tissues of alcoholics. 

Because condensation products may 
have pathophysiological roles in alcohol 
dependence (7) and alcohol preference 
(8), we studied the possibility of their 
excretion in the urine of chronic alco- 
holic patients entering an alcohol detoxi- 
fication program (9). Two sensitive and 
specific chromatographic assays were 
used-high-performance liquid chroma- 
tography with electrochemical detection 
(10) and electron-capture gas chromatog- 
raphy (11). We found that during the first 
24 hours of detoxification, alcoholic sub- 
jects excreted significantly greater quan- 
tities of salsolinol, the apparent TIQ de- 
rivative of DA and acetaldehyde, than 
did nonalcoholic controls. Also, nearly 
five times as much mono-O-methylated 
salsolinol was measured in the urine 
of alcoholics during the first 24 hours 
of detoxification than in the urine of con- 
trols. 

We used as subjects male alcoholics 
(ages 37 to 54) admitted to the alcohol 
detoxification unit at Hines Veterans Ad- 
ministration Hospital. Nonalcoholic con- 
trol subjects were in the same age range 

Fig. 1. Chromatograms of urine of alcoholic sub- 
jects. Urine was collected in 6N HC1 (50 ml), refrig- 
erated, and measured into equal portions (10 ml) a A^ B -o C^ 
that were syringed into Vacutainers and frozen un- C-o H 

til the TIQ and creatinine determinations. The E CHs 
urine (pH < 2) was heated for 20 minutes at 80?C Isosalsoline (6-O-CH3) 
to hydrolyze any conjugated TIQ's. Internal stan- 
dards (salsolinol and isosalsoline) were added to or salsoline (7-0-CH3) 
selected tubes prior to hydrolysis, as well as to 
blank tubes containing aqueous HC1 (pH 2). The 
tubes were centrifuged for 10 minutes and the su- 
pernatants decanted and carefully adjusted to pH 
7.8 to 8.3 with IN NaOH. Activated alumina (100 
mg) was added, the tubes were shaken for 15 min- H I 
utes, and the supernatant was removed. The alu- ' 
mina was washed three times with distilled H20 (3 HO N 

ml) and shaken for 15 minutes with IM acetic acid C 
(HOAc; 1 ml). One half of the filtered HOAc eluate Salsolinol L i 
was lyophilized and prepared for chromatographic\ i 
analysis with heptafluorobutyric anhydride (11). 
The derivatives in ethyl acetate were injected (1 to j 
2 ,/l) into a Varian 2100 gas chromatograph 4 'i 
equipped with a 6-foot glass column containing 5 . 
percent OV-17 (165?C), a tritium electron-capture 
detector (d-c), and a CDS 111 integrator. (A) Chro- 
matogram demonstrating the presence of salsolinol I 
(solid peaks) and the potentiation of the endoge- / OX 
nous component with added heptafluorobutyric an- 
hydride-derivatized salsolinol (dotted peak). Over- | 
all recoveries were 50 to 70 percent. The estimation / 
of salsolinol by high-performance liquid chroma- -. 
tography was made directly on 100 /1 of the HOAc o 4 24 16 8 8 4 0 
eluate from alumina. We used a Vydac (SCX) cat- 
ion exchange column, a 0.025M HOAc + 0.05M Reaction time (min) 
Na2HPO4 buffer (pH 5.1) at a flow rate of 0.8 ml/ 
min, and a carbon-paste electrochemical detector (> 0.75 V). (B) Chromatogram showing the presence of salsolinol (solid peak) and the increase 
in size due to added salsolinol (dotted peak). Recoveries varied from 45 to 65 percent. To assay for O-methylated salsolinol, equal portions of 
hydrolyzed urine or pH-adjusted supernatants from alumina were diluted with 10 ml of borate buffer (0.5M boric acid brought to pH 10.2 with 
10M NaOH) and extracted with 15 ml of toluene and isoamylalcohol (3: 2). The two-phase system was centifuged and the aqueous layer allowed 
to freeze in a Dry Ice and acetone bath. The organic layer was decanted and back-extracted with IM HOAc (1 ml). The HOAc extract was 
injected (100 /xl) onto the Vydac column attached to an electrochemical detector (> 0.85 V) and eluted at 1.1 ml/min with 0.025M HOAc and 
0.150M Na,HPO4 buffer (pH 6.7). (C) Chromatogram showing the presence of endogenous isosalsoline and salsoline (solid peak), which is 
increased by added isosalsoline (dotted peak). Recoveries of isosalsoline were 70 percent. Average concentrations of creatinine in the urine 
(obtained with a Pierce Creatinine II Rapid-Stat kit) and urine volumes were not significantly different between the two groups. 
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Fig. 2. (A) Blood ethanol and acetaldehyde 
concentrations in six alcoholic subjects on ad- 
mission (day 1) and on three successive morn- 
ings. Data are expressed as means + standard 
errors. (B) Total urinary salsolinol concentra- 
tions, corrected for recoveries, in four succes- 
sive 24-hour collections from six alcoholic pa- 
tients after their admission for alcohol detoxi- 
fication, compared to the range (stippled area) 
for eight control subjects. 

and were psychiatric in-patients at the 
hospital. Both groups were on the same 
daily menu and between-meal consump- 
tion (snacks, beverages) was restricted 
(12). After obtaining their informed con- 
sent, we drew venous blood samples 
from the alcoholic subjects shortly after 
their admission and once each morning 
on three successive days. Bloods were 
analyzed for acetaldehyde and ethanol 
by flame-ionization gas chromatography 
using a procedure that minimizes arti- 
factual acetaldehyde production (13). 
Twenty-four-hour urine samples were 
obtained from both groups, beginning 
with a sample taken at admission for the 
alcoholics. 

Representative chromatograms for to- 
tal (conjugated and unconjugated) uri- 
nary salsolinol and its 0-methylated de- 
rivatives are shown in Fig. 1. Individual 
salsolinol excretion patterns were deter- 
mined for six alcoholic subjects (Fig. 2). 
The average 24-hour excretion of salsoli- 
nol for alcoholics admitted with mean 
blood acetaldehyde and ethanol concen- 
trations of 3 gLg/ml and 1.6 mg/ml, re- 
spectively, was 28.8 + 8.7 /Ag; this is sig- 
nificantly different (P < .01, t-test) from 
the traces of a possible salsolinol com- 
ponent found in control subjects (aver- 
age, 1.1 ? 0.3 aeg/day for eight controls 

7 DECEMBER 1979 

during 23 collection days; range, 0 to 4.8 
/lg/day). With the exception of two inex- 
plicably elevated salsolinol values on 
day 3 [in subjects L.M. and J.T. (see Fig. 
2), perhaps the result of surreptitious 
ingestion of alcohol or TIQ-containing 
foods], the average daily excretion of 
salsolinol in alcoholics appeared to re- 
turn to normal as blood acetaldehyde 
disappeared. 

The total excretion of O-methylated 
salsolinol (isosalsoline and salsoline 
chromatograph as one component) for 
eight alcoholics during the first 24 hours 
after their admission averaged 111.4 
+ 13.7 Atg (Fig. 3)-significantly more 
(P < .01) than the mean amount 
(20.6 + 7.1 /Jg) measured for six non- 
alcoholic control subjects. Mass spectral 
analysis of the urinary O-methylated sal- 
solinol component derivatized with tri- 
fluoroacetyl (TFA) anhydride was car- 
ried out on a Finnegan gas chromatogra- 
phy-mass spectrometry system (model 
4000). The electron-impact fragmenta- 
tion pattern of the peak (at 8.2 minutes) 
demonstrated a molecular ion (M+) at 
384.5 and a major ion (M+ - 15) at 
369.5, in agreement with standard TFA- 
derivatized isosalsoline. 

The identity of the salsolinol-like com- 
pound in the controls is uncertain, but 0- 
methylated salsolinol was a definite uri- 
nary constituent in the nonalcoholic sub- 
jects (Fig. 3). Others have noted that 
condensation products, particularly O- 
methylated TIQ's, were present in rela- 
tively small amounts in their controls. 
Sandler et al. (3) commented that traces 
of salsolinol appeared to be excreted by 
normal subjects, and suggested that for- 
mation was from endogenously pro- 
duced acetaldehyde. However, an alter- 
nate route to consider is decarboxyla- 
tion subsequent to condensation of DA 
with the a-keto acid, pyruvate. Other 
carboxylated (O-methylated) TIQ's orig- 
inating from DA condensation with 
phenylpyruvates are present in the brain 
tissue and urine of normal human sub- 
jects and in rat brain tissue (5, 6). 

Recent studies (14) indicate that there 
is considerable endogenous salsolinol (4 
to 7 Lg/g) in the adrenals of normal, un- 
treated rodents. Since adrenal catechol- 
amines are released by acetaldehyde and 
perhaps by ethanol (15, 16), it is possible 
that a significant portion of the urinary 
TIQ's in alcoholics are not biosynthe- 
sized during ethanol ingestion but are re- 
leased from potential endogenous stores. 
However, in our subjects the amounts of 
O-methyl-salsolinol and salsolinol were 
substantial; for example, total urinary 
TIQ concentrations were greater than 
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Fig. 3. Total O-methylated salsolinol (iso- 
salsoline + salsoline) concentrations, cor- 
rected for recoveries, in the urine collected 
from alcoholics during the first 24 hours of al- 
cohol detoxification and in the daily urine 
from nonalcoholic subjects. 

the values reported for urinary adrena- 
line or noradrenaline and approached the 
concentration of urinary normetaneph- 
rine found in alcoholics during detoxifi- 
cation. It is inconceivable that the adre- 
nal gland could serve as a greater source 
of TIQ's than catecholamines when the 
latter are certain to comprise > 98 per- 
cent of the adrenal stores. We conclude 
that the significant increases in urinary 
salsolinol and O-methylated salsolinol in 
the alcoholics during the first 24-hour de- 
toxification period is strong evidence 
that acetaldehyde derived from ingested 
ethanol sequesters endogenous catechol- 
amines in humans (17). 

Apart from the two exceptions we 
mentioned, the decrease in urinary sal- 
solinol was somewhat slower than the 
disappearance of acetaldehyde from 
blood in the limited number of alcoholics 
we tested during the 4-day period. Con- 
sidering the possible importance of acet- 
aldehyde (18) and the difficulties in its 
precise quantitation (13), we suggest that 
the concentration of urinary or blood 
TIQ's might be very helpful as an in- 
dicator of preceding acetaldehyde and 
ethanol concentrations in situations in- 
volving the abuse of alcohol. This is 
analogous to the clinical usefulness of 
hemoglobin Aic, a nonenzymatic con- 
densation derivative of hemoglobin A 
and aldehyde glucose (or glucose 6-phos- 
phate) whose blood levels are thought to 
be indicative of plasma glucose control 
in the diabetic (19). 

Evidence from animal studies demon- 
strates that TIQ's are biosynthesized 
from catecholamines in brain tissue and 
can modulate neurotransmitter synthe- 
sis, metabolism, and dynamics (7, 20). 
However, it has not been established 
that these effects are related to a specific 
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aspect of alcoholism. Centrally adminis- 
tered TIQ alters alcohol withdrawal sei- 
zures in mice (21), which may indicate 
that TIQ's have a role in the dependence 
syndrome. Also, results have suggested 
that amine condensation products may 
sustain abnormal alcohol-drinking be- 
havior (8). A third possible route of in- 
volvement, suggested by rat studies in 
alcohol preference (22) and by biochemi- 
cal and histochemical results with an ad- 
renaline-derived TIQ (23), is that TIQ's 
induce relatively permanent changes in 
the nervous system. These possibilities 
take on added meaning in view of our re- 
sults. 
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Genotypic sex determination is nearly 
ubiquitous in tetrapod vertebrates. In 
many species genotypic control is mani- 
fested in morphologically distinct sex 
chromosomes (mammals, birds, some 
reptiles), but genotypic control is also 
known in species that lack detectable sex 
chromosomes (amphibians) (1). There 
are some reptiles, however, in which 
genotypic control of sex determination 
has not been demonstrated and in which 
incubation temperature of the eggs af- 
fects the sex ratio of hatchlings in the 
laboratory (four turtles, one lizard) (2, 
3). Possibly, temperature is the sex de- 
termining agent in these species (3), but 
evidence from incubation under natural 
conditions is lacking. We present data 
obtained in the laboratory and field 
which indicate that temperature is a nat- 
ural determinant of sex in map turtles but 
not in a soft-shelled turtle. 

Previous laboratory studies of turtles 
have shown that constant incubation 
temperatures of 31?C and above produce 
female hatchlings, cooler temperatures 
(24? to 27?C) produce males (2, 3), and, in 
the snapping turtle (Chelydra), even 
cooler temperatures (20?C) again pro- 
duce females (3). It is likely in Chelydra 
that temperature is controlling sex dif- 
ferentiation rather than causing dif- 
ferential mortality of the sexes because 
more than 80 percent of the eggs hatch 
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(3), but data for the other species do not 
warrant such a conclusion. There has 
been little work on sex determination in 
turtles under natural conditions. Results 
from artificial incubation at constant 
temperatures do not necessarily apply to 
field situations because nest temper- 
atures fluctuate in some species (4, 5). A 
laboratory study in which eggs of Emys 
(European pond turtle) were incubated 
at fluctuating temperatures in fact pro- 
duced males and females (6). Field in- 
cubation of Emys eggs produced a male- 
biased sex ratio in accord with low soil 
temperatures (5), but the study included 
partial laboratory incubation at low tem- 
peratures, and the eggs were buried at 
sites not necessarily representing the pa- 
rental population. Thus, uncertainties re- 
main in interpreting the existing studies. 

In 1978 we initiated a comparative 
study to survey several species of turtles 
for temperature effects on sex ratios of 
hatchlings, to observe whether the 
mechanism was due to sex determination 
or differential mortality, and to contrast 
results of incubation in field and labora- 
tory settings. We performed three types 
of incubation experiments: experiment 
1, constant temperatures; experiment 2, 
controlled, fluctuating temperatures; and 
experiment 3, natural, field, incubation. 
Each experiment consisted of two tem- 
perature regimes, one warm and one 
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Temperature-Dependent Sex Determination in Turtles 

Abstract. The sex of hatchling map turtles is determined by incubation temper- 
ature of eggs in the laboratory as well as in nature. Temperature controls sex dif- 
ferentiation rather than causing a differential mortality of sexes. Temperature has no 
effect on sex determination in a soft-shelled turtle. 
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