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NORDBERG, A., C. LARSSON, E. PERDAHL AND B. WlNBLAD. Changes in eholinergic activity in human hip- 
pocampusfollowing chronic alcohol abuse. PHARMACOL BIOCHEM BEHAV 18: Suppl. 1,397-400, 1983.--Cholinergic 
mechanisms in the hippocampus seem to play a role in memory function. Since it is well known that chronic alcoholics 
often have a disturbed memory function, the cholinergic activity of the hippocampus has been measured in 20 chronic 
alcoholics and 14 controls, post-mortem. Of the alcoholics, 13 were classified as "intoxicated" alcoholics and 7 as "sober" 
alcoholics, i.e., without ethanol in blood or urine at the time of death. A lower, although not significantly lower activity of 
the enzyme choline acetyltransferase (CHAT, presynaptic marker) was measured in the hippocampus of the chronic 
alcoholics as compared to the control group. A trend towards a lower number of muscarine-like binding sites was also 
observed for the alcoholic group, but was only significant for the oldest group of alcoholics (59-68 years; -30%;p <0.01) in 
comparison to controls. No significant change in the number of nicotine-like binding sites was found. A normal aging 
process with degenerative nerve cell changes might, in combination with an excessive intake of ethanol, lead to the more 
pronounced decrease in muscarine-like binding sites found for the older alcoholics. 
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THERE is evidence to indicate that cholinergic mechanisms 
and the hippocampus play a role in memory function [4]. 
Since chronic alcoholics have deficient memory function, we 
were interested in studying possible changes in cholinergic 
parameters. In two earlier preliminary human post-morten 
brain studies, a reduced number of  muscarine-like binding 
sites was found ]1,9]. In addition choline acetyltransferase 
(CHAT) activity in the hippocampus and cerebellum was re- 
duced in the group of  chronic alcoholics [1]. The concentra- 
tion of  brain monoamines in post-mortem tissue from 
chronic alcoholics has also been reported to be reduced to a 
similar level as that seen in senile dementia [3]. The aim of 
the present study was to further investigate cholinergic ac- 
tivity in the hippocampus in a group of chronic alcoholics. 

METHOD 

Twenty individuals were classified as chronic alcoholics 
due to hospital, police and social records, histopathology of 
the liver, as well as analysis of  ethanol in blood and urine. 
Fourteen normal individuals comprised a control group (Ta- 
ble 1). The chronic alcoholics had a long- well-documented 
history of alcohol abuse, and at autopsy a liver steatosis or 
cirrhosis was found. Of the chronic alcoholics, 13 were 
classified as " in toxica ted"  alcoholics and 7 as " sobe r "  

alcoholics, i.e. without ethanol in blood or urine at the time 
of  death (Table 1). The controls, who had no previous his- 
tory of  alcohol abuse, died acutely of heart infarction or 
accident. Both alcoholics and controls were autopsied at the 
Forensic Department, Ume~t University. The corpses were 
kept at +5°C until autopsy. As seen in Table 1, there was no 
significant difference in time from death to autopsy between 
alcoholic and control groups. After removal of the brain, the 
complete hippocampus was cut out, after the fimbriae had 
been removed. The hippocampus was kept frozen at -80°C 
until analysis. The activity of choline acetyltransferase 
(CHAT) was measured by a radioenzymatic method using 
14C-labelled acetylcoenzyme A [2,5]. Cholinergic receptor 
binding sites were measured after preparation of  a crude 
synaptosomal fraction (P2 fraction). The muscarine-like 
binding sites were quantitated by using the labelled mus- 
carinic antagonist quinuclidinyl benzilate ( ( - )  3H-QNB; 43 
Ci/mmol; 0.2 nM) as ligand [11]. Correction for nonspecific 
binding was made by parallel experiments including 10 4 M 
atropine. For the nicotine-like binding sites two labelled 
antagonists were used: tubocurarine ('~H-TC; 15.8 Ci/mmol; 
3 nM) and c~-bungarotoxin (3H-Btx; 61 Ci/mmol; 1.5 nM). 
The specific binding of these ligands was calculated by sub- 
tracting the values for non-specific binding in presence of 
10 -4 M unlabeUed tubocurarine from the values for total 
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TABLE 1 
SOME BASIC DATA 

Controls 
n=14 

Total 
Chronic alcoholics 

n=20 

Chronic alcoholics 

Intoxicated Sober 
n=13 n=7 

Age (yrs) 

Sex 
Time from death- 

autopsy (hr) 
Brain weight 

(g) 

Blood 
chemical 
%o 

55_+3 
(range 31-68) 

12(3 29 
56_+7 

1441 _+ 25 

47 _+ 3 45 _+ 4 
(range 2%65) 

166" 47 10~ 39 
58_+ 7 57_+ 10 

1465 _+ 33 1481 _+ 32 

range range 
0.%4.7 0.%4.7 

51_+3 

6~ 17 
59_+9 

1436 _+ 76 

Mv _+ SE 
Values represent mean -+ SEM. 
n=number of individuals 

binding (for further details, see [7]). The protein content of 
the P2 fraction was measured [8] and the amount of radioac- 
tive ligand bound to the P2 fraction was expressed in pmol/g 
protein. 

RESULT AND DISCUSSION 

In this study the activity of ChAT and the number of 
cholinergic receptor binding sites have been measured in 
hippocampal tissue from each individual in the chronic alco- 
holic and control group. ChAT is the catalysing enzyme in 
the synthesis of ACh and can therefore be considered as a 
presynaptic marker, while the receptor binding sites are 
mostly considered to be postsynaptic. As seen in Table 2 
there was a lower activity of ChAT in the hippocampus of 
the chronic alcoholics as compared to the controls, although 
this difference was not statistically significant. The lowest 
ChAT activity was found in the group of "sober"  alcoholics. 
A trend towards a lower number of muscarine-like binding 
sites was also noticed in the chronic alcoholics. No differ- 
ence was observed in nicotine-like binding sites between the 
groups. When the data obtained from the chronic alcoholics 
was analyzed according to the age of the individuals, (Table 
3) a significantly lower number of muscarine-like binding 
sites was obtained in the oldest group of alcoholics (age 
range 5%68 years) ( -30%; p<0.01) in comparison to con- 
trols. In this age group a tendency towards a lower number 
of nicotine-like binding sites (ZH-TC, -19%; 3H-Btx, -38%) 
was also seen. No significant difference in muscarine- and 
nicotine-like binding sites could be observed between "in- 
toxicated" and "sober"  alcoholics. In the oldest group of 
alcoholics, in whom a significant decrease in muscarine-like 
binding sites was found, the small number of investigated 
subjects did not allow any valid separation into "sober"  and 
"intoxicated" alcoholics. 

The decrease in muscarine-like binding sites in the hip- 
pocampus of chronic alcoholics which was found in this 
study was less marked than that found in our previous study 
[9]. However, in that Study the control material was obtained 

from hospitalized patients taken directly to the hospital pa- 
thology department. Since a considerable problem involved 
in post-mortem studies of human brain from a Forensic De- 
partment is the long time-lapse between death and autopsy, 
it is of utmost importance that the control and experimental 
tissue be taken under identical conditions, as was done in 
this study. 

It is interesting to observe that when the number of 
muscarine-like binding sites is plotted against ChAT activity 
in the hippocampus of each individual a positive correlation 
(p<0.05; r=0.49) is found in the group of chronic alcoholics 
(Fig. 1). The lowest measured number of muscarine-like 
binding sites (62 pmol/g protein) was found in a 52 year old 
"sober"  alcoholic who had a long history of ethanol abuse 
and a periodical methanol abuse. The ChAT activity in the 
hippocampus from this individual was also the lowest meas- 
ured in the total material (6 pkatal/g tissue). Since chronic 
alcoholism and senile dementia both are associated with 
memory disorders in which cholinergic mechanisms seem to 
be involved, it is interesting to note that in senile dementia of 
Alzheimer type (SDAT) a negative correlation between 
ChAT activity and muscarine-like binding sites has been 
found, suggesting a receptor compensation [10]. Thus, while 
the primary lesion in SDAT might be at the presynaptic site 
of the cholinergic nerve terminal the findings in chronic 
alcoholics indicate a more general effect of ethanol on the 
cholinergic nerve terminal. 

A neuronal loss in the hippocampus after prolonged 
ethanol treatment has been reported [14]. It might also be 
possible that ethanol and/or its metabolite acetaldehyde, can 
be directly neurotoxic, or exert their effects by inhibiting 
protein synthesis [13] or by altering cerebral blood flow, re- 
suiting in ischemia [6]. A decrease in hippocampal 
muscarine-like binding sites has been measured during nor- 
mal aging [12]. Such a change in combination with degenera- 
tive nerve cell changes and losses induced by ethanol, might 
result in an increased vulnerability and consequently in a 
more pronounced decrease of muscarine-like binding sites in 
older chronic alcoholics. 
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T A B L E  2 

ChAT ACTIVITY, MUSCARINE- AND NICOTINE-LIKE RECEPTOR BINDING 
SITES IN HIPPOCAMPUS OF CHRONIC ALCOHOLICS AND CONTROLS 

Chronic 
Controls alcoholics "Intoxicated . . . .  Sober" 

n = 14 n=20 n= 13 n =7 

ChAT 59 -+ 14 41 _+ 5 48 _+ 7 29 _+ 8 
(pkatal/g 
tissue) 

QNB 334 ± 17 298 ± 18 303 ± 14 287 _+ 46 
(pmol/g 
protein) 

TC 91 ± 10 88 ± 4 83_+ 5 95_+ 7 
(pmol/g 
protein) 

Btx 7 ±  I 6-+ 1 6 ±  1 7_+2 
(pmol/g) 
protein) 

The group of chronic alcoholics was separated into two groups "intoxi- 
cated" and "sober"  alcoholics (for further details see Method section). 

n=Number  of individuals. 
Values represent mean ___ SEM. 
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FIG. 1. Relationship between number of muscarine-like binding 
sites and ChAT activity in the hippocampus of chronic alcoholics. 
Mean value of the control group is also given, together with relevant 
standard errors. 

T A B L E  3 

NUMBER OF MUSCARINE-LIKE BINDING SITES IN HIPPOCAMPUS 
OF CHRONIC ALCOHOLICS AND CONTROLS AT DIFFERENT AGES 

3H-QNB binding sites (pmol/g protein) 

Age (yrs) Controls Chronic alcoholics 

2%30 318 n=2 
3%48 320 n =2 
4%58 303 _+ 28 n=5 
5%68 387 _+ 23 n=5 

307 _+ 18 n=7 
337 n=2 
299 -+ 54 n=6 
271 _+ 21" n=5 

Values represent mean -+ SEM. *p<0.01, compared to controls. 
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