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HIRST, M., D. R. EVANS, C. W. GOWDEY AND M. A. ADAMS. The influences of ethanol and other factors on the 
excretion of urinary salsolinol in social drinkers. PHARMACOL BIOCHEM BEHAV 22(6) 993-1000, 1985.--Salsolinol, a 
substance that may participate in the development of alcoholism, has been identified in urine and other biological samples 
from alcoholics. Differentials have been observed between alcoholics and controls. Salsolinol forms when dopamine reacts 
with acetaldehyde, which may exist in higher concentrations in the blood of alcoholics after alcohol ingestion. Hence, it 
was postulated that there is a relationship between level of social drinking and the elaboration of salsolinol. Salsolinol is 
also found in certain food and beverage products. Eighty volunteers, balanced for gender, social drinking level, ethanol 
dose administered and experimental diet provided urine samples 90 minutes and three hours after ethanol was consumed. 
Salsolinol levels were analysed in urine using high performance liquid chromatography. A 24 hour carryover effect was 
observed. Diet, ethanol dose and social drinking level had main and interactive effects on excreted quantities of salsolinol. 
Gender, situational stress and cigarette smoking had minor if any influence on salsolinol excretion. While there was no 
evident difference in amounts of salsolinol excreted by light and heavy drinkers in the absence of external sources of 
salsolinol, heavy social drinkers excreted less salsolinol than did light drinkers after consuming a "salsolinol-enriched" 
diet, suggesting that they differ in some aspect of absorption, distribution, or metabolism of salsolinol after drinking 
ethanol. Accordingly, studies that attempt to determine whether salsolinol has any relationship to drinking behaviour in 
humans should be particularly concerned with salsolinol that occurs in exogenous sources. 
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IT has been suggested that the tetrahydroisoquinoline, sal- 
solinol, contributes to the development of  alcoholism [5]. 
Studies in rats have shown that intracerebral injections of  the 
substance may enhance preference for ethanol in free-choice 
situations [12, 25, 26], animals will select to self-administer 
salsolinol [2], and rats trained to discriminate ethanol from 
other drugs respond as if they had received the alcohol when 
given salsolinol [1]. These experiments have provided sup- 
port  for earlier hypotheses that linked aspects of alcoholism 
to formation of  tetrahydroisoquinolines in vivo following the 
consumption of  ethanol [8,10]. 

Salsolinol is formed rapidly in vitro when dopamine re- 
acts irreversibly with acetaldehyde [21,34]. As acetaldehyde 
is the primary oxidation product of  ethanol, and dopamine is 
widely distributed in tissue [4,7], salsolinol should be present 
after alcohol has been administered. Investigations have, 
however,  demonstrated that the formation of  salsolinol in 
animal tissue does not occur readily after animals have been 
exposed to ethanol [18, 29, 37]. Nonetheless,  analyses of  
urine samples from alcoholics have been found to contain 
higher concentrations of  salsolinol than occur in samples 
from control subjects [9, 38, 39]. This latter dichotomy may 

well be based on the increased quantities of  alcohol that are 
processed by alcoholics. In addition, it can be hypothesized 
that heavy drinkers generate differential quantities of  sal- 
solinol after drinking. Several workers have suggested that 
alcoholics and their male descendants have higher blood 
acetaldehyde levels following consumption of  alcohol than 
do controls [22, 36, 42], but a recent study has questioned 
this finding [15]. It was considered that measurements of  
salsolinol might provide indirect information on this issue. 

For  these reasons a study was undertaken to examine the 
quantities of  salsolinol that appeared in urine after volun- 
teers had consumed fixed quantities of  ethanol. The partici- 
pants were heavy or light social drinkers of both genders. As 
salsolinol has been identified in certain foodstuffs and bever- 
ages [13, 32, 33], it was thought that the urinary determina- 
tions might be confounded by exogenous material from this 
source. This issue was addressed by  incorporating diets 
likely to contain differential quantities of  salsolinol into the 
experiment.  Equally, salsolinol has been found in adrenal 
tissue of  rats [19], raising the possibility that it might exist in 
releasable form in chromafFm tissue in humans. The study 
was extended to consider this point by evaluating also the 
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impact of measures that might result in such release, namely 
situational stress within the experimental setting as well as 
the influence of nicotine arising from cigarette smoking. 

METHOD 

Subjects 

Participants were 80 paid volunteers solicited by adver- 
tisements. Equal numbers of male (N=40) and female 
(N=40), and light (N=40) and heavy (N=40) social drinkers 
were assigned at random to the four possible alcohol dose (2) 
by order of diet (2) conditions in the experiment. Hence, 
there were 5 volunteers in each cell. The mean age for males 
was 21.95 years and for females, 22.58 years. 

Measures 

Medical Questionnaire. In consultation with a physician a 
"Checklist of Contraindications of Consumption of Alcohol 
for Research Purposes" was developed. Prior to par- 
ticipation in the experiment each volunteer completed the 
checklist, which was then reviewed and permission to con- 
tinue into the study given by the physician. 

Alcohol Consumption Questionnaire. The questions used 
by Cahalan, Cisin and Crossley [6] to establish level of social 
drinking were adapted to a questionnaire format. Using the 
method described by Cahalan, Cisin and Crossley [6] volun- 
"teers were classified as either light or heavy social drinkers. 
Heavy consumers were those who fell into their heavy and 
moderate drinker categories and light consumers were those 
who fell into the light drinker category. 

Subjective Stress Scale. The Subjective Stress Scale de- 
veloped by Neufeld and Davison [28] was administered to 
each participant at the time of ingesting the ethanol dose and 
at 90 minutes and three hours postingestion. The adjectives 
in the scale were presented in a different random order at 
each administration. 

Cigarette consumption. For those participants who 
smoked cigarettes, the number and type of cigarettes 
smoked in each experimental session was recorded. On the 
basis of this data, the total nicotine available to each partici- 
pant was calculated for each session. 

Blood alcohol level. An instrument that measured breath 
alcohol (Lion Alcolmeter S-D2) was used at regular times 
throughout each session until the release criterion of 30 
mg/dl alcohol in blood was met. 

Urinary salsolinol level. Urine samples were collected 
from each participant during each session. Samples were 
collected in separate plastic containers (1 1) just prior to 
ethanol ingestion, and 90 minutes and three hours following 
ingestion. Their volumes were recorded. Samples were ad- 
justed to pH 1.8--2.0 with concentrated hydrochloric acid. 
Aliquots (4x 10.0 ml) were stored in polypropylene tubes 
(12.5 ml) and frozen (-75°). The urine samples were 
analysed by a high-performance liquid chromatography pro- 
cedure [19]. Urine samples (10 ml) were thawed and then 
heated at 85 ° for 40 min. 3,4-Dihydroxybenzylamine was 
added after cooling. TRIS (1 ml, 0.2 M, pH 6.5) was then 
added prior to alumina (300 mg), and the pH adjusted to 
7.8--8.0. After shaking vigorously for 15 min the supernatant 
was aspirated and the alumina washed with water (10 ml). 
Hydrochloric acid (5 ml, 0.1 N) was pipetted onto the 
alumina residue left after aspiration of the water wash. After 
a 10 min period of vigorous shaking the aqueous phase was 
adjusted to pH 3, then percolated through Bin-Rex 70 (200- 

400 mesh, sodium form). After washing with water (20 ml), 
the amines were eluted into hydrochloric acid (1.5 ml, 1 N). 
Samples were mixed with saturated phosphate buffer, pH 
4.8, before injection (50/zl) into the chromatograph. Cate- 
cholamines and related isoquinolines were recovered in the 
60--70% range. Analysis by high performance liquid chroma- 
tography used a Varian 5060 pump, an Ultrasphere-ODS 
column (5/~m) and an electrochemical detector (Bio Ana- 
lytical Systems, LC-2A) set at +0.8 volts against a silver- 
silver chloride reference cell. The mobile phase, delivered at 
2 ml/min, consisted of a methanol:water (10% v/v) solution of 
potassium dihydrogen phosphate (1% w/v) and sodium octyl 
sulphate (0.0125% w/v), adjusted to pH 4.5. Of the 320 opera- 
tional analyses performed, 12 samples provided data that 
were not included in analyses. The excluded samples were 
obtained from three participants who had extremely high 
values that exceeded their specific cell mean by a factor of 
ten or more. When this occurred all four values for that 
subject were replaced by specific cell means. (As noted later, 
one individual in the female, heavy social drinker class, 
given the high dose of ethanol and the "salsolinol-lean" diet, 
excreted atypical quantities of salsolinol, but these did not 
reach exclusion criteria and remained included in analyses.) 

Urinary Dopamine Levels 

The quantities of dopamine excreted in the urine of volun- 
teers were established from the chromatograms obtained for 
salsolinol analyses. As for salsolinol, the quantities of 
dopamine were derived by area ratios to an internal standard 
peak, calibration curves being corrected for incomplete re- 
covery [19]. Of 320 operational analyses performed, nine 
samples obtained from three participants provided chromat- 
ographic data that could not be considered to represent 
dopamine alone. The data for these samples were replaced by 
specific cell means. 

Conditions 

Ethanol dose. Participants were randomly assigned in 
equal numbers to consume either 0.4 g of ethanol/kg of body 
weight (low dose) or 0.8 g of ethanol/kg of body weight (high 
dose). The alcohol was diluted by an equal volume of a drink 
prepared from fruit flavored crystals (Tang) and consumed 
within 10 minutes. 

Diet. Participants consumed a chocolate enriched meal 
("salsolinol-enriched") in one session and a nonchocolate 
meal ("salsolinol-lean") in the other session. They were 
randomly assigned in equal numbers to receive their meals in 
each of the two possible orders. The respective meal was 
consumed prior to ingesting the dose of alcohol. The choco- 
late enriched meal consisted of two slices of white toast 
spread with peanut butter and jam, chocolate milk and a 
chocolate bar. The nonchocolate meal included two slices of 
white toast spread with peanut butter and jam, white milk, 
and two vanilla wafer biscuits. 

Procedure 

Once a prospective participant had responded to the ad- 
vertisement an appointment was made for preexperimental 
assessment. During this session prospective participants 
read the "Instructions For Participants," completed the 
Medical Questionnaire and the Alcohol Consumption 
Questionnaire. Those who met the medical criteria were then 
assigned to either the high or low alcohol consumption con- 



URINARY SALSOLINOL IN SOCIAL DRINKERS 995 

dition on the basis of their Alcohol Consumption Question- 
naire responses. This accomplished, they were then ran- 
domly assigned to receive either a high or low dose of 
ethanol, and the chocolate enriched diet on either day one or 
day two of the experiment. Participants were asked to ab- 
stain from drinking alcoholic beverages for 24 hours prior to 
day one and not to consume alcohol between sessions. They 
were requested to not consume food for three hours prior to 
each session. 

On the first day participants read and signed the required 
consent forms and completed a brief demographic question- 
naire. They then provided a urine sample, a breath sample, 
completed the Subjective Stress Scale and were then fed the 
prescribed meal. Next they consumed the assigned dose of 
ethanol. For the next 90 minutes they were permitted to 
watch television, read, or otherwise entertain themselves. At 
the end of this time, they gave a further urine sample and 
completed the Subjective Stress Scale. Another 90 minute 
activity period was engaged in. They then provided a three 
hour urine sample and completed the Subjective Stress 
Scale. Once the release blood-alcohol level was met partici- 
pants were sent home in a taxi. The second day was identical 
to the first. At the end of each session the number and type 
of cigarettes consumed by those participants who smoked 
was recorded. 

RESULTS 

The results of the experiment are presented as follows: 
there is a description of factors associated with the chromat- 
ographic procedures; the potential relationship between uri- 
nary salsolinol and dopamine is examined; the levels of sal- 
solinol pertinent to the diets is identified; the adequacy of the 
assignments to the social drinking levels within gender was 
clarified. The results of the statistical analyses are then 
given. The preliminary analysis involved a complex design 
with the assignment of subjects on the basis of four, fully 
crossed variables and a repeated measure. The four variables 
were gender, social drinking level, ethanol dose and order of 
diet. Each subject participated in the experiment on two oc- 
casions in which the experimental diet was interchanged. 
The secondary analysis involved a between groups analysis 
of day one data. Four fully crossed variables were examined. 
They were gender, social drinking level, ethanol dose and 
diet. Further analyses were conducted for each diet condi- 
tion. Following each analysis a covariate analysis was con- 
ducted to evaluate the influence of smoking and situational 
stress. The sample size for which significant results were 
found varied between 10 to 80 for the repeated measures 
analysis and between 10 and 40 in the various between 
groups analyses. 

Analyses of Urinary Salsolinol and Dopamine 

Preliminary chromatographic analyses using differing 
mobile phases and electrochemical cell voltages showed 
consistently that the peaks suspected of being dopamine and 
salsolinol had the retention times and sensitivities of stand- 
ard samples. Under the stated chromatographic conditions 
tracings showed that salsolinol was well resolved from other 
constituents, noradrenaline and dopamine were well differ- 
entiated, whereas adrenaline was not separated from another 
substance [19]. 

In a separate study, adulteration of urine samples (N =6) 
with ethanol (to 100 mg/dl) was performed prior to hydrolysis 
of urine and extraction of catecholamines and salsolinol. 

This was undertaken to see if oxidation of ethanol might 
occur after samples had been collected and processed for 
analysis, there being a readily available source of dopamine 
in urine that might react with any derived acetaldehyde. 
Giles and Meggiorini [17] have observed artifactual produc- 
tion of acetaldehyde in urine samples, although this genera- 
tion was at higher pH than used in the present study. There 
were no differences in salsolinol levels from before 
(mean=2.37, s.d.=0.54 tzg/dl) and after (mean=2.28, 
s.d. =0.44/~g/dl) addition of ethanol. 

Relationship Between Urinary Salsolinol and Dopamine 

The chromatographic procedure used to derive urinary 
salsolinol levels afforded also measures of dopamine con- 
tent. As salsolinol is a product of the condensation of 
dopamine with acetaldehyde, then a relationship might exist 
between the two substances. Following each analysis re- 
ported below, parallel analyses of covariance were per- 
formed with the respective dopamine level as the covariate. 
In no instance was there a significant covariate effect of 
dopamine upon the quantity of salsolinol excreted. In order 
to evaluate the general proposition that excretion of the two 
substances is related, a series of Pearson product moment 
correlations were conducted under specific experimental 
conditions. For the 40 participants receiving the nonchoco- 
late diet on day one, the Pearson produce moment correla- 
tion between 90 minute urinary salsolinol and dopamine was 
significant, r(38)=.29, p<0.04, as was the correlation be- 
tween the three hour values, r(38)=.36, p<0.01. For the 40 
participants under the chocolate diet condition during ses- 
sion one the correlation for 90 minute data was nonsignifi- 
cant, r(38)=.25, p =0.06 and also the correlation between the 
three hour values was nonsignificant, r(38)=.07, p =0.33. 

Analyses of Dietary Salsolinol 

The following were common to both diets: two slices of 
white toast spread with peanut butter and jam and milk. The 
distinctive dietary components were then that one was 
enriched with cocoa-based products, chocolate and a choco- 
late drink in the milk, and the second included milk taken 
with vanilla wafer biscuits. As it was intended that one diet 
be enriched with salsolinol to serve as a confounding con- 
tributor to urinary salsolinol, the chocolate, chocolate syrup 
and wafer biscuits were analysed. The results indicated that 
appreciable quantities of salsolinol were present in the 
chocolate (about 0.3 nag per bar, 50 g) and the chocolate syrup 
(1.3 ~g/ml). Salsolinol was not present in detectable concen- 
trations in the wafer biscuits. 

Social Drinking Level Assignment Check 

It is often assumed that males have a higher alcohol con- 
sumption level than females. Based upon this assumption it 
might have been possible, by forming two groups having low 
and high social drinking levels, that the males would be at the 
high end and the females at the low end of each group. In 
order to evaluate this possibility, the data obtained on the 
Alcohol Consumption Questionnaire was transformed into 
an alcohol consumption score. This score was calculated for 
each participant according to a formula that was based upon 
the criteria provided by Cahalan, Cisin and Crossley [6]. A 
gender (2) by social drinking level (2) analysis of variance 
was performed on the alcohol consumption scores. The main 
effect of gender, F(1,76)=0.57, p=0.45, was not significant. 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS FOR THE MAIN EFFECTS OF SOCIAL DRINKING LEVEL, GENDER, 

DIET AND ETHANOL DOSE ON SALSOLINOL* IN THE 90 MINUTE URINE SAMPLE 

Light Social Drinkers Heavy Social Drinkers 

Males Females Males Females 

Mean s.d. Mean s.d. Mean s.d. Mean s.d. 

"Salsolinol-lean Diet" 
Low Ethanol Dose 1.29 1.65 1.70 2.67 0.66 1.40 0.55 0.46 
High Ethanol Dose 0.47 0.26 0.08 0.12 1.13 1.31 8.13t 12.18 

"Salsolinol-enriched" Diet 
Low Ethanol Dose 4.89 6.22 7.23 7.78 4.11 4.46 1.54 0.72 
High Ethanol Dose 9.32 6.35 16.94 7.73 5.16 6.16 4.90 2.14 

*Units in g,g. 
tThis cell contained one subject with atypical values, but these did not reach exclusion criteria. 
N per cell equals 10. 

As expected, the main effect of level was significant, 
F(1,76)=43.43, p<0.01. The interaction effect between gen- 
der and level was not significant, F(1,76)=3.81, p<0.06. 
That this effect approached significance is probably due to 
the sizable main effect of level, rather than any potential 
interaction effect given the minimal main effect of gender. 

Repeated Measures Analyses of Urinary Salsolinol 

A social drinking level (2) by gender (2) by ethanol dose 
(2) by order of diet (2) by diet (2) analysis of variance with 
repeated measures over diet was performed on the amount of 
salsolinol produced in the 90 minute urine sample. The main 
effect of diet on salsolinol produced in the 90 minute urine 
sample was significant, F(1,64)=44.74, p<0.01. The follow- 
ing interactive effects on the 90 minute urinary salsolinol 
produced were also significant: diet by social drinking level, 
F(1,64)=8.04, p<0.01; diet by ethanol dose by order of diet, 
F(1,64)=6.82, p<0.02; and social drinking level by ethanol 
dose by order of diet, F(1,64)=5.18, p<0.03. All other main 
effects and interactive effects on the 90 minute urinary sal- 
solinol produced were nonsignificant. 

A social drinking level (2) by gender (2) by ethanol dose 
(2) by order of diet (2) by diet (2) analysis of variance with 
repeated measures over diet was performed on the amount of 
salsolinol produced in the three hour urine sample. The main 
effects of socialdrinking level, F(1,64)=6.54, p<0.02; gen- 
der, F(1,64)=4.29, p<0.05; ethanol dose, F(1,64)=7.14, 
p<0.01; and diet, F(1,64)=96.66,p <0.01 were all significant. 
The following interactive effects on the three hour urinary 
salsolinol produced were also significant: gender by ethanol 
dose, F(1,64)=6.09, p<0.02; diet by social drinking level, 
F(1,64)=10.11, p<0.01; level by gender by order of diet, 
F(1,64)=5.38, p<0.03; social drinking level by alcohol dose 
by order of diet, F(1,64)=4.39, p<0.05; diet by social drink- 
ing level by ethanol dose, F(1,64)=5.25, p<0.03; and diet by 
ethanol dose by order of diet, F(1,64)=5.28, p<0.03. All 
other main effects and interactive effects on the three hour 
urinary salsolinol produced were nonsignificant. 

As can be seen from the above analyses, order of diet was 
a component in a number of significant interactions affect- 
ing the salsolinol content of both urine samples. This would 
suggest a 24 hour carryover effect of salsolinol and perhaps 
ethanol acquired on day one to salsolinol excreted on day 

two. Thus, a conservative approach was followed in which 
day one data was examined under the between groups de- 
sign. 

Between Groups Analyses of Urinary Salsolinol 

A social drinking level (2) by gender (2) by ethanol dose 
(2) by diet (2) analysis of variance was performed on the 
salsolinol produced in the 90 minute urine sample during day 
one. The means and standard deviations of salsolinol for 
these samples are shown in Table 1. The following main 
effects were significant: ethanol dose, F(1,64) =6.85, p <0.02; 
and diet, F(1,64)= 18.90, p<0.01. In addition, the following 
interactive effects were significant: social drinking level by 
diet, F(1,64)= 10.35, p<0.01 ; gender by social drinking level 
by diet, F(1,64)=4.58, p<0.04; and ethanol dose by social 
drinking level by diet, F(1,64)=4.85, p<0.04. An analysis of 
covariance with change in situational stress and total 
nicotine available as covariates was also performed. None of 
the regression effects for covariates were significant. 

A social drinking level (2) by gender (2) by ethanol dose 
(2) by diet (2) analysis of variance was performed on the 
salsolinol produced in the three hour urine sample during day 
one. The means and standard deviations of salsolinol for 
these samples are shown in Table 2. The following main 
effects were significant: gender, F(1,64)=5.80, p<0.02; 
ethanol dose, F(1,64)= 10.40, p <0.01 ; and diet, 
F(1,64) = 34.48, p <0.0 I. In addition, the following interactive 
effects were significant: social drinking level by diet, 
F(1,64)=9.20, p<0.01; gender by social drinking level by 
diet, F(l,64)=5.33,p <0.03; and ethanol dose by social drink- 
ing level by diet, t"(1,64)=8.06, p<0.01. An analysis of 
covariance with change in stress and total nicotine available 
over the three hour period as covariates was also performed. 
None of the regression effects for covariates were signifi- 
cant. 

The repeated measures analyses and the between group 
analyses of day one data showed a particularly strong influ- 
ence of diet. To examine this effect in more detail, separate 
between groups analyses were performed on the day one 
data for each diet condition. 

Social drinking level (2) by gender (2) by ethanol dose (2) 
analyses of variance were performed on the salsolinol 
produced in the 90 minute and three hour urine samples dur- 
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TABLE 2 
MEANS AND STANDARD DEVIATIONS FOR THE MAIN EFFECTS OF SOCIAL DRINKING LEVEL, GENDER, 

DIET AND ETHANOL DOSE ON SALSOLINOL* IN THE THREE HOUR URINE SAMPLE 

Light Social Drinkers Heavy Social Drinkers 

Males Females Males Females 

Mean s.d. Mean s.d. Mean s.d. Mean s.d. 

"Salsolinol-lean Diet" 
Low Ethanol Dose 0.71 1.28 0.64 0.83 0.27 0.52 0.38 0.39 
High Ethanol Dose 0.62 0.60 0.43 0.59 0.67 0.96 6.39"~ 10.01 

"Salsolinol-enriched" Diet 
Low Ethanol Dose 3.79 3.16 6.17 4.97 3.95 2.69 4.55 3.33 
High Ethanol Dose 8.51 5.20 18.79 9.65 5.13 3.50 5.18 4.18 

*Units in p.g. 
tThis cell contained one subject with atypical values, but these did not reach exclusion criteria. 
N per cell equals 10. - 

TABLE 3 
MEANS AND STANDARD DEVIATIONS FOR THE MAIN AND INTERACTIVE EFFECTS 

OF SOCIAL DRINKING LEVEL AND ETHANOL DOSE ON SALSOLINOL* IN THE 
THREE HOUR URINE SAMPLE UNDER THE "SALSOLINOL-ENRICHED" 

DIET CONDITION 

Ethanol Dose 

Low High Total Group 

Social Drinking Level Mean s.d. Mean s.d. Mean s.d. 

Light 4.98 4.12 13.65 9.10 9.32 8.19 
Heavy 4.25 2.87 5.16 3.63 4.70 3.22 
Total Group 4.61 3.48 9.40 8.03 

*Units in #g. 

ing day one under the "salsol inol- lean" diet condition. No 
significant main or interaction effects were found in these 
analyses. Analyses of  covariance with change in situational 
stress and total nicotine available as covariate were also per- 
formed. None of  the regression effects were significant. The 
overall mean amount of  salsolinol excreted in the 90 minute 
sample was 1.75/~g (s.d.=4.78), that in the three hour sam- 
ple was 1.26/~g (s.d.=3.82). 

Social drinking level (2) by gender (2) by ethanol dose (2) 
analyses of variance were performed on the salsolinol 
produced in the 90 minute and three hour urine samples col- 
lected after consumption of  the "salsol inol-enriched" diet on 
day one. The main effects of  ethanol dose, F(1,32)=6.52, 
p <0.02 and social drinking level, F(1,32) =9.84, p <0.01 upon 
salsolinol excreted in the 90 minute sample were significant. 
Participants given the low dose of  ethanol excreted a mean of  
4.44 gg  (s.d. = 5.43) of  salsolinol, whereas those receiving the 
high dose of  ethanol had a mean of  9.07/~g (s.d.=7.42). The 
means for light and heavy social drinkers were 9.60 /~g 
(s.d.=7.97) and 3.92/~g (s.d.=3.92), respectively. The im- 
pact  of the covariates,  change in stress and total nicotine 
available, on the above data was evaluated and found to 
be nonsignificant. 

For  the three hour urinary salsolinol data the main effects 
of  gender, F(1,32)=4.37, p<0.05;  ethanol dose,  

F(1,32)=9.05, p<0.01 ; and social drinking level, 
F(1,32)=8.40, p<0.01 were all significant. The interactive 
effect of ethanol dose and social drinking level was also 
.significant, F(1,32)=5.95, p<0.02.  Males and females ex- 
creted mean levels of  5.35 ~g (s.d.=3.96) and 8.67 /~g 
(s.d.=8.19), respectively. The means and standard devia- 
tions for the ethanol dose and social drinking level effects are 
shown in Table 3. As in previous analyses,  the impact of  the 
covariates,  change in stress and total nicotine available, 
were nonsignificant. 

DISCUSSION 

Several investigators have shown that alcoholics may 
have higher blood acetaldehyde levels than nonalcoholics 
after consumption of  ethanol [22,42], a discovery that has 
been extended to their nonalcoholic scions [36]. Acetal- 
dehyde condenses readily and irreversibly with dopamine 
under pseudo-physiological conditions, to form the tetrahy- 
droisoquinoline, salsolinol. Alcoholics in the post- 
intoxication phase have been found to excrete greater quan- 
tities of  salsolinol than do controls, suggesting that this sub- 
stance has formed, in vivo, as a consequence of  drinking 
ethanol [9, 38, 39]. For  these reasons, it was hypothesized 
that social drinkers would excrete differential quantities of  
salsolinol, depending on their drinking proclivities, with high 
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level social drinkers excreting greater amounts of  the tetra- 
hydroisoquinoline than those who drink less. Many, albeit 
controversial  studies in animals have indicated that 
dopamine derived tetrahydroisoquinolines may influence 
ethanol drinking behaviour [12, 25, 26]. Accordingly,  the 
formation of salsolinol, in v ivo,  could have relevance to the 
development of  alcohol abuse in humans. 

The present study was undertaken to examine the hy- 
pothesis by examining urinary excretion of salsolinol in vol- 
unteers given ethanol. Beyond this, however,  the study was 
expanded to determine the impact of  other variables on sal- 
solinol excretion. These were gender, to extend previous 
research that has been confined, in the main, to males; diet, 
as dietary sources of salsolinol might confound that resulting 
from the condensation reaction; ethanol dose, those given 
being equivalent to quantities consumed in other studies I15, 
20, 36, 39]; situational stress and cigarette smoking during 
the experiment,  to see if bodily stores of salsolinoi in 
chromaffin cells would be released by these variables and 
contaminate urinary salsolinol originating elsewhere. The 
influences of these variables and their interactions were pur- 
sued by primary and secondary statistical analyses, as men- 
tioned in the Results section. The former were conducted by 
repeated measures analysis of  variance, the latter by consid- 
ering day one data alone. As noted, the sequence of  secon- 
dary analyses led to a separate examination of the role of  
dietary salsolinol on the urinary excretion of  the tetrahydro- 
isoquinoline. In addition, a number of  supportive analyses 
were undertaken to consolidate the results of the study. 
Thus, chemical analyses were performed on the differential 
food materials used in the study; the possible oxidation of 
excreted ethanol with subsequent, post-sampling formation 
of  salsolinol was evaluated; the consistency of volunteer as- 
signment into high and low level social drinkers, with gen- 
der; and a possible relationship between the appearance of 
salsolinol and dopamine in urine was examined. 

The data revealed that the social drinking level assign- 
ment between males and females who participated in the 
study did not differ. Chemical analyses pursuing the possible 
post-sampling synthesis of  salsolinol after oxidation of 
ethanol during processing for analysis were negative in that 
concentrations of salsolinol before and after adulteration of  
samples with ethanol and processing them did not differ sig- 
nificantly. This evidence for a lack of post-sampling forma- 
tion of  salsolinol, while not eliminating the possibility that 
minor quantities of  salsolinol may form after col lec t ion--  
which might be pursued using radioactive p recursors - -  
implies that such synthesis had little influence on the data 
from this study. It is worthy of note that acetaldehyde has 
been detected in warmed urine samples that contained large 
quantities of  ethanol and were at higher pHs than in the 
present study [17]. The lack of  support for post-sampling 
synthesis found here suggests that acetaldehyde generation 
may not occur under more acidic conditions, or that these 
conditions suppress the condensation of  dopamine and 
acetaldehyde to yield salsolinol. In this regard, this finding 
extends the results of  others who were unable to induce 
condensation of acetaldehyde with dopamine in urine held 
under acidic conditions, or treated with sulfatase [9,38]. Sal- 
solinol was present  in significant quantities in the chocolate 
and chocolate syrup that contributed to the "salsolinol-  
enr iched" diet, with negligible amounts being contained in 
the control, wafer biscuit component  of the "salsolinol- 
lean"  diet. Covariate analyses with situational stress and 
nicotine from cigarettes smoked during the experiment,  per- 

formed after primary and secondary analyses of variance, 
demonstrated that these factors were not contributing to sal- 
solinol excretion. While this finding does not address the 
issue of  whether or not salsolinol is present in chromaffin 
tissue in humans, initial concerns that these variables might 
cause the release of endogenous stores in chromaffin cells 
were not substantiated. 

Repeated measures analyses revealed that the order in 
which individuals ate the respective diets, in conjunction 
with taking a dose of  ethanol, moderated the impact of other 
variables on salsolinol excretion. This suggests that the sal- 
solinol acquired on day one was still influencing the appear- 
ance of salsolinol in urine on the second day. This raises the 
possibility that salsolinol is not excreted rapidly in humans, 
it may enter tissue stores with a subsequent delay in elimina- 
tion into urine. This is consistent with evidence that simple 
tetrahydroisoquinolines can be stored in sympathetic 
neurons [23], but the distribution of  salsolinol in vivo has not 
been investigated. In support of  a slow excretion of  sal- 
solinol in humans, Sjoquist et al. [38] observed continuingly 
elevated levels of this compound in urine of alcoholics after 
several days of abstinence. The carryover  effect revealed 
here suggests that both diet and ethanol consumption be con- 
trolled for at least a day when evaluating the appearance of 
salsolinol in urine in response to a dose of ethanol. 

Both the repeated measures and the between groups 
analyses showed that salsolinol present in the diet had a 
powerful effect on the elaboration of urinary salsolinol that 
was evident within 90 minutes of  ingestion of  the diet. Signif- 
icant amounts were present also in the three hour samples. 
This suggests that salsolinol can absorb from the gastroin- 
testinal tract of humans, with some component of this being 
excreted by the renal system. This finding extends the ob- 
servations of Riggin and Kissinger [32] who detected the 
presence of salsolinol in cocoa-based products,  and of Dun- 
can and Smythe [13] who found salsolinol as an ingredient in 
some alcoholic drinks, by showing that ingested salsolinol 
can enter the body. Needless to say, the presence of  exoge- 
nous salsolinol and its facile absorption has the potential to 
complicate studies investigating relationships between sal- 
solinol and drinking behaviour. As noted earlier, salsolinol 
was identified in adrenal glands of  alcohol-naive rats [19], 
and it has been found in newborn rat pups [27]. It is possible 
that dietary sources contributed to these determinations. 

The major objective of the study was to see if the level of 
social drinking had an influence on the elaboration and 
excretion of  salsolinol. Analysis of day one data collected 
under the "salsol inol- lean" diet condition showed that the 
excretion of  salsolinoi was similar regardless of  the experi- 
mental dose of ethanol consumed, gender, or social drinking 
level. The research of  Truitt [42] and Korsten et al. [22] 
would suggest that heavy drinkers could synthesize more 
salsolinol than light drinkers, based upon the former group 
having higher blood levels of acetaldehyde. The present re- 
suits, however,  found no support for there being quantitative 
differences in urinary salsolinol in heavy and light drinkers. 
The results from this study would be more consistent with 
data reported by Eriksson and Peachey [15], who were un- 
able to detect  differences in blood acetaldehyde taken from 
alcoholics and controls. The finding that gender had no im- 
pact  on salsolinol excretion after consumption of  ethanol in 
this diet condition suggests indirectly that females may not 
differ from males in having gender-based levels of  blood 
acetaldehyde after drinking alcohol. It is worthy of  note that 
current studies of  blood acetaldehyde levels reveal that min- 
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imal quantities of  acetaldehyde are present in vivo after alco- 
hol consumption [11, 14, 20]. 

In contrast,  gender, quantity of  ethanol consumed and 
level of  social drinking had significant influences on the 
excretion of  salsolinol occurring in the three hour period 
after ingestion of the "salsol inol-enriched" diet. The gender 
effect was seen only in the three hour sample, where females 
excreted more than males. This may have arisen because all 
subjects received a constant quantity of  exogenous sal- 
solinol, that present in the chocolate bar  and syrup, irre- 
spective of  body mass. There was a two-fold increase in the 
amount of  salsolinol excreted by individuals given the high 
dose of  ethanol. In the absence of  evidence supporting an 
influence of  the experimental doses used on salsolinol ex- 
creted in the "salsol inol- lean" situation, this suggests that 
the higher ethanol dose enhanced the absorption and/or the 
excretion of  ingested salsolinol. Subjects given the high dose 
of  ethanol produced greater volumes of  urine in both urine 
samples than those drinking the low dose. Thus, the diuretic 
effect of  ethanol may have contributed to this finding. Com- 
pared with light drinkers, heavy drinkers excreted notably 
less salsolinol. This effect was seen in both urine samples. It 
is possible that heavier social drinkers are less able to absorb 
salsolinol, they retain salsolinol more effectively than light 
drinkers, and/or they metabolize salsolinol more efficiently 
than do light drinkers. While little is known concerning the 
absorption or  distribution of  salsolinol, in the absence or  
presence of ethanol, it is known to undergo metabolic 
O-methylation [3, 24, 30] and may be oxidised by hepatic 
enzymes [16]. The possibility of differential degrees of  con- 
version between heavy drinkers and others remains to be 
determined. In this regard, Collins et al. [9] found that alco- 
holics excreted greater amounts of methylated salsolinol in 
the post-intoxication phase than of  salsolinol, although this 
was not seen by Sj6quist et  al. [38]. 

The presence of  salsolinol in human urine was first re- 
ported by Sandier et al. [35]. Samples obtained from Parkin- 
sonian patients receiving L-dopa contained large amounts of 
the tetrahydroisoquinoline, which increased if alcohol was 
consumed. Trace quantities of  salsolinol appeared to be 
present in urine of two normal individuals [35]. While 
Sj6quist et al. [39] could find no evidence for enhanced 
excretion of  salsolinol in moderate drinkers given ethanol, 
urine samples from all subjects contained measurable quan- 
tities of  salsolinol, these investigators did obtain a significant 
correlation between dopamine and higher quantities of  sal- 

solinol in urine from alcoholics [38]. Significant correlations 
were found between dopamine and salsolinol in urine sam- 
ples from social drinkers taking the "salsol inol- lean" diet 
with single doses of ethanol in the present study, but not in 
those given the enriched diet, where the excretion of  sal- 
solinol was modified by other factors. As all volunteers in 
the present study were given alcohol, the issue of  the impact 
of  alcohol itself on salsolinol formation cannot be addressed 
directly. Nonetheless,  trace levels of  salsolinol were seen in 
urine samples from some volunteers who participated in a 
preliminary, less controlled survey that led to the present 
study, prior to them being given ethanol, and increased 
amounts were identified in urine collected thereafter [19]. 
Although this evidence is suggestive, the results of  the fuller 
investigation indicate that salsolinol excretion can be mod- 
ulated in a complex fashion by several variables. Thus, 
changes in salsolinol excretion occurring in association with 
alcohol ingestion in humans should be interpreted cautiously 
in the absence of  controlled conditions. 

In summary, the present results show urinary excretion of 
salsolinol was similar in low and high level social drinkers 
given ethanol experimentally; when exogenous salsolinol 
was restricted, this excretion correlated to urine content of  
dopamine. Salsolinol present in food materials can be readily 
absorbed,  at least when alcohol is ingested also. High and 
low level social drinkers differ in their ability to excrete sal- 
solinol, which may denote underlying differences in sal- 
solinol pharmacokinetics in these groups. As evidence for 
the penetration of  extracerebral  salsolinol into the central 
nervous system is controversial  [31,41], it is equivocal 
whether salsolinol from exogenous sources could have con- 
tributed to that found in human brain tissue and cerebrospi- 
nal fluid [38, 39, 40]. 

ACKNOWLEDGEMENTS 

This research was supported by a grant (project number 6606- 
1967-52) from the Health Services and Promotion Branch, Health 
and Welfare Canada. The views expressed in this report are those of 
the authors and do not necessarily reflect the official policies of 
Health and Welfare Canada. We wish to thank the Laura Secord 
Company for providing the chocolate bars used in this study. The 
following individuals contributed actively to the completion of this 
project: Joanne LeBarr, Lisa Shatford, Janet Doyle, Department of 
Psychology and Sandra Okamoto, Department of Pharmacology and 
Toxicology. We wish to thank Sandra Leboldus and Marilyn Potter 
for assistance in the preparation of the manuscript. 

REFERENCES 

1. Altshuler, H. L. and T. S. Shippenberg. Tetrahydroisoquinoline 
and opioid substrates of alcohol actions. In: Beta-carbolines 
and Tetrahydroisoquinolines, edited by F. Bloom, J. Barchas, 
M. Sandier and E. Usdin. New York: Alan R. Liss, 1982, pp. 
329-344. 

2. Amit, Z., B. R. Smith, Z. W. Brown and R. L. Williams. An 
examination of the role of TIQ alkaloids in alcohol intake: Rein- 
forcers, satiety agents or artifacts. In: Beta-Carbolines and Tet- 
rahydroisoquinolines, edited by F. Bloom, J. Barchas, M. Sand- 
ler and E. Usdin. New York: Alan R. Liss, 1982, pp. 345-364. 

3. Bail, M,, S. Miller and G. Cohen. Selective 7-0-methylation of 
salsolinol in rat brain and heart in vivo. Life Sci 26: 2051-2060, 
1980. 

4. Bell, C. and J. S. Gillespie. Dopamine and noradrenaline levels 
in peripheral tissues of several mammalian species. J Neuro- 
chem 36: 703-706, 1981. 

5. Blum, K., M. G. Hamilton, M. Hirst and J. E. Wallace. Putative 
role of isoquinoline alkaloids in alcoholism: A link to opiates. 
Alcoholism: Clin Exp Res 2: 113-120, 1978. 

6. Cahalan, D., I. H. Cisin and H. M. Crossley. American Drink- 
ing Practices. New Brunswick, NJ: Rutgers Center of Alcohol 
Studies, 1969. 

7. Carlsson, A. The occurrence, distribution and physiological role 
of catecholamines in the nervous system. Pharmacol Rev 11: 
490--493, 1959. 

8. Cohen, G. and M. A. Collins. Alkaloids from catecholamines in 
adrenal tissue: Possible role in alcoholism. Science 167: 1749- 
1751, 1970. 

9. Collins, M. A., W. P. Nijm, G. F. Borge, G. Teas and C. 
Goldfarb. Dopamine-related tetrahydroisoquinolines: Signifi- 
cant urinary excretion by alcoholics after alcohol consumption. 
Science 206: 1184-1186, 1979. 



1000 H I R S T ,  E V A N S ,  G O W D E Y  A N D  A D A M S  

10. Davis, V. E. and M. J. Walsh. Alcohol, amines and alkaloids: A 
possible biochemical basis for alcohol addiction. Science 167: 
1005-1007, 1970. 

11. DeMaster, E. G., B. Redfern, E. K. Weir, G. L. Pierpont and L. 
J. Crouse. Elimination of artifactual acetaldehyde in the meas- 
urement of human blood acetaldehyde by the use of polyethyl- 
ene glycol and sodium azide: Normal blood acetaldehyde levels 
in the dog and human after ethanol. Alcoholism: Clin Exp Res 7: 
436-442, 1983. 

12. Duncan, C. and R. A. Dietrich. A critical evaluation of 
tetrahydroisoquinoline-induced preference in rats. Pharmacol 
Biochem Behav 13: 265-281, 1980. 

13. Duncan, M. W. and G. A. Smythe. Salsolinol and dopamine in 
alcoholic beverages. Lancet 1: 904-905, 1982. 

14. Eriksson, C. J. P. Human blood acetaldehyde concentration 
during ethanol oxidation (Update 1982). Pharmacol Biochem 
Behav 18: Suppl 1, 141-150, 1983. 

15. Eriksson, C. J. P. and J. E. Peachey. Lack of difference in blood 
acetaldehyde of alcoholics and controls after ethanol ingestion. 
Pharmacol Biochem Behav 13: 101-105, 1980. 

16. Fong, K.-L. L. and B. Y.-H. Hwang. Aromatization of 7,8- 
dichloro-l,2,3,4-tetrahydroisoquinoline by rat liver micro- 
somes. Drug Metab Dispos 12: 14-19, 1984. 

17. Giles, H. G. and S. Meggiorini. Artifactual production and 
recovery of acetaldehyde from ethanol in urine. Can J Physiol 
Pharmacol 61: 717-721, 1983. 

18. Hamilton, M. G., K. Blum and M. Hirst. In vivo formation of 
isoquinoline alkaloids: Effects of time and route of administra- 
tion of ethanol. In: Biological Effects o f  Alcohol. Advances in 
Experimental Medicine and Biology, Volume 126, edited by H. 
Begleiter. New York: Plenum, 1980, pp. 73-86. 

19. Hirst, M., M. A. Adams, S. Okamoto, C. W. Gowdey, D. R. 
Evans and J. M. LeBarr. Tetrahydroisoquinolines after ethanol 
consumption. In: Beta-Carbolines and Tetrahydroiso- 
quinolines, edited by F. Bloom, J. Barchas, M. Sandier 
and E. Usdin. New York: Alan R. Liss, pp. 81-96, 1982. 

20. Iversen, H. L. and S. E. Dangaard. Determination of acetal- 
dehyde in human blood using thiourea to inhibit ethanol inter- 
ference. Clin Chem Acta 135: 151-158, 1983. 

21. Kenyhercz, T. M. and P. T. Kissinger. High performance liquid 
chromatographic assay of isoquinoline alkaloid formation from 
reaction of biogenic amines and aldehydes. J Pharm Sci 67: 
112-113, 1978. 

22. Korsten, M. A., S. Matsuzuki, L. Feinman and C. S. Leiber. 
High blood acetylaldehyde level after ethanol administration: 
Differences between alcoholic and non-alcoholic subjects. New 
Engl J Med 292: 386-389, 1975. 

23. Locke, S., G. Cohen and D. Dembiec. Uptake and accumula- 
tion of aH-6,7-dihydroxytetrahydroisoquinoline by peripheral 
sympathetic nerves in vivo. J Pharmacol Exp Ther 187: 56-67, 
1973. 

24. Melchoir, C. L., A. Mueller and R. A. Deitrich. Half-lives of 
salsolinol and tetrahydropapaveroline hydrobromide following 
intracerebroventricular injection. Biochem Pharmacol 29: 657- 
658, 1980. 

25. Myers, R. D. and C. L. Melchoir. Alcohol drinking: abnormal 
intake caused by tetrahydropapaveroline in brain. Science 196: 
554-556, 1977. 

26. Myers, R. D. and M. M. Oblinger. Alcohol drinking in the rat 
induced by acute intracerebral infusion of two tetrahy- 
droisoquinolines and a beta-carboline. Drug Alcohol Depend 2: 
469-483, 1977. 

27. Nesterick, C. A. and R. G. Rahwan. Detection of endogenous 
salsolinol in neonatal rat tissue by a radioenzymatic-thin layer 
chromatographic assay. J Chromatogr 164: 205-216, 1979. 

28. Neufeld, R. W. J. and P. O. Davison. Scaling of the subjective 
stress scale with a sample of university undergraduates. Psychol 
Rep 31: 821-822, 1972. 

29. O'Neill, P. J. and R. G. Rahwan. Absence of formation of brain 
salsolinol in ethanol dependent mice. J Pharmacol Exp Ther 
200: 306-313, 1977. 

30. Origitano, T. C. and M. A. Collins. Confirmation of an unex- 
pected brain O-methylation pattern for the dopamine-derived 
tetrahydroisoquinoline, salsolinoi. Life Sci 26:2061-2065, 1980. 

31. Origitano, T., J. Hannigan and M. A. Collins. Rat brain sal- 
solinol and blood-brain barrier. Brain Res 224: 446-451, 1981. 

32. Riggin, R. M. and P. T. Kissinger. Identification of salsolinol as 
a phenolic component in powdered cocoa and cocoa-based 
products. J Agric Food Chem 24: 189, 1976. 

33. Riggin, R. M., M. J. McCarthy and P. T. Kissinger. Identifica- 
tion of salsolinol as a major dopamine metabolite in the banana. 
J Agric Food Chem 24: 189, 1976. 

34. Robbins, J. H. Possible alkaloid formation in alcoholism and 
other diseases. Clin Res 16: 54, 1968. 

35. Sandier, M., S. Borham Carter, K. R. Hunter and G. M. Stern. 
Tetrahydroisoquinoline alkaloids: in vivo metabolites of L-dopa 
in man. Nature 241: 439-443, 1973. 

36. Schukit, M. A. and V. Rayses. Ethanol ingestion: Differences in 
blood acetaldehyde concentrations in relatives of alcoholics and 
controls. Science 203: 54-55, 1979. 

37. Shier, W. T., L. Y. Koda and F. E. Bloom. A metabolic ap- 
proach to the detection of tetrahydroisoquinoline formation 
from 3H-dopamine in rat brain following treatment with ethanol 
or chloral hydrate. In: Beta-Carbolines and Tetrahy- 
droisoquinolines, edited by F. Bloom, J. Barchas, M. Sandler 
and E. Usdin. New York: Alan R. Liss, 1982, pp. 191-200. 

38. Sj6quist, B., S. Borge and H. Kvande. Catecholamine derived 
compounds in urine and cerebrospinal fluid from alcoholics dur- 
ing and after long-standing intoxication. Subst Alcohol Actions 
Misuse 2: 63-72, 1981. 

39. Sj6quist, B., S. Borge and H. Kvande. Salsolinol and methyl- 
salsolinol in urine and cerebrospinal fluid from healthy volun- 
teers. Subst Alcohol Actions Misuse 2: 73-77, 1981. 
Sj6quist, B., A. Eriksson and B. Winblad. Salsolinol and cate- 
cholamines in human brain and their relation to alcoholism. In: 
Beta-CarboHnes and Tetrahydroisoquinolines, edited by F. 
Bloom, J. Balchas, M. Sandier and E. Usdin. New York: Alan 
R. Liss, 1982, pp. 57-67. 
Sj6quist, B., and E. Magnuson. Analysis of salsolinol and sal- 
soline in biological samples using deuterium labelled internal 
standards and gas chromatography-mass spectrometry. J 
Chromatogr 183: 17-14, 1980. 

42. Truitt, E. B. Blood acetaldehyde levels after alcohol consump- 
tion by alcoholic and non-alcoholic subjects. In: Biological As- 
pects o f  Alcoholism, edited by M. K. Roach, W. M. McIssac 
and P. J. Creaven. Texas: University of Texas Press, 1971, pp. 
212-232. 

40. 

41. 


