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DEPETRILLO, P. B. Effects of chronic alcohol use and age on human lymphocyte protein kinase C activity. PHARMA-
COL BIOCHEM BEHAV 48(4) 999-1004, 1994, — The effects of alcohol exposure on human peripheral circulating lympho-
cyte protein kinase C (PKC) activity were characterized in lymphocytes harvested from two sample groups. The first group
(control) consisted of 30 nonalcoholic male subjects and the second group consisted of nine male subjects with chronic
alcoholism. Alcoholic subjects were admitted for detoxification to a substance abuse unit located in a nonprofit community
hospital. In this group of subjects, blood was sampled on admission for detoxification (pre-A), and after S days (post-A).
Subjects received chlordiazepoxide for treatment of alcohol withdrawal symptoms. PKC activities measured in the control,
pre-A, and post-A groups expressed as pmol/pg/min + SEM were 5.09 + 0.50, 1.81 + 0.43, and 3.95 + 0.44. Control
PKC was significantly higher than pre-A PKC (p < 0.05) and post-A PKC was significantly higher than pre-A PKC (p <
0.05). Total lymphocyte PKC activity was also found to be inversely related to age, expressed by the relationship log(PKC) =

0.870 —0.005(Age), with R = 0.433.
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CELLULAR mechanisms implicated in the acquisition of al-
cohol tolerance and expression of withdrawal syndromes are
not well understood. However, dysregulation of key intracel-
lular transduction systems involving cyclic adenosine 3°5’-
monophosphate (11), alterations in g-adrenergic receptor li-
gand affinity (16), levels of stimulatory G-proteins (19), and
changes in adenylate cyclase activity (25), have all been associ-
ated with components of alcohol dependence including the
alcohol withdrawal syndrome. A more complete understand-
ing of in vivo alterations in key intracellular signaling systems
during alcohol abuse and withdrawal will not only provide
insight into biochemical correlates of alcoholism, but may
characterize future therapeutic targets for the treatment of
alcohol habituation, tolerance, and withdrawal.

The phosphatidylinositol cascade has emerged as a cellular
signaling system of major importance, mediating transduction
of a wide variety of substances such as norepinephrine (18),
acetylcholine (6), and serotonin (1), all of which are critical to
central nervous system function. The intracellular expression
of activation of the phosphatidylinositol cascade is character-

ized by a series of events which focus on control of intracellu-
lar Ca** homeostasis and control of protein kinase C (PKC)
activity. Protein kinase C (PKC) is the descriptive term for a
heterogeneous family of enzymes activated by receptor-me-
diated hydrolysis of phosphatidylinositol 4,5-biphosphate
(PIP.). This results in the production of inositol 1,4,5-triphos-
phate (1,4,5 IP,) and 1,2-sn-diacylglycerol (DAG), accompa-
nied by an increase in cytosolic Ca** (21).

Regulation of PKC activity is a dynamic process, with PKC
activity in tissues decreasing after chronic exposure to agents
that activate the enzymes (34). Anaesthetics, including alco-
hols of varying chain length, appear to acutely inhibit PKC
activity in purified preparations, possibly by interacting with
the regulatory subunit of the enzyme (28). In contrast, in vitro
exposure of circulating lymphocytes to ethanol results in an
increase in PKC activity (10). Evidence from animal studies
suggests that in vivo chronic exposure to ethanol decreases
phorbol ester binding, a measure of available PKC sites, as
well as decreasing PKC activity itself in rat brain (4). Phorbol
ester binding may not reflect total PKC activity, but appears
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to correlate with increases in membrane-bound activity (20).
In light of these findings, this study was undertaken to exam-
ine whether chronic alcohol exposure was associated with
changes in total PKC activity measured in freshly isolated
human circulating lymphocytes.

METHOD

Subjects

Human subjects participating in this study gave written
informed consent for the protocol which had the approval
of the institutional review board. Eighteen nonalcoholic male
subjects comprising the control group (mean age 41.2 years +
5.4, range 19-75) were recruited for the study by means of
advertisements placed in local media. Ten alcoholic male sub-
jects were recruited from a population of chronic alcoholics
admitted to an in-patient detoxification and short-term reha-
bilitation program at Roger Williams Hospital (Providence).
This program enrolls approximately 650 in-patients/year, with
primary diagnoses of alcohol dependence, sedative-hypnotic,
opiate, and cocaine dependence. Consequently, a substantial
percentage of patients with a primary diagnosis of alcohol
dependence were found to be abusing a variety of substances,
including benzodiazepines and cocaine, by history and confir-
matory urine drug screen. Over an 8 month period, 10 consec-
utive alcoholic males meeting criteria for study participation
on initial history were entered into the study. Nine alcoholic
subjects completed the study (mean age 54.2 years + 5.9,
range 26-79) with one subject excluded from the study because
of positive urine toxicologic analysis for benzodiazepines. In-
clusion criteria for alcoholic subjects included a diagnosis of
alcohol dependence by DSM-III-R criteria (2), an average al-
cohol intake of >80 g/day for at least two weeks prior to
admission for detoxification, a blood alcohol level estimated
by breathalyzer of at least 4.34 mM (20 mg%) on admission,
and no other prescribed or nonprescribed drug use within 4
weeks of hospitalization with the exception of caffeine, nico-
tine, or acetaminophen. Subjects with severe coexisting medi-
cal or psychiatric disorders were excluded from participation.
Nonalcoholic volunteer subjects were healthy males without
evidence of substance abuse by structured history, physical,
and screening laboratory examinations.

Alcohol use was quantitated by a structured interview esti-
mating the average frequency of intake over the preceding
year. Parameters estimating alcohol consumption were: beer
(one bottle or can), wine (one glass), and liquor (whiskey, gin,
vodka, etc). Drinks were converted to grams of alcohol per
day as follows: one beer (360 ml) = 13.2 g ethanol, one glass
of wine (120 ml) = 10.8 g ethanol, one drink of liquor (45 ml)
= 15.1 g ethanol (13). Drug use history was validated by urine
toxicologic analysis on admission (Abbott ADx, North Chi-
cago, IL) (15). Blood alcohol concentration (BAC) was esti-
mated using a hand-held intoximeter (Alco-Sensor III, Intoxi-
meters, Inc., St. Louis, MO).

All subjects admitted for alcohol detoxification underwent
complete history, physical, and laboratory examinations.
Hourly estimations of blood alcohol concentration by breath-
alyzer were obtained. After two consecutive BAC readings of
0 mg%, 40 ml of blood were drawn by venipuncture into
four sterile tubes containing 1.67 ml of Acid-Citrate-Dextrose
(ACD) (5 g/1 citric acid, 25 g/l sodium citrate, 20 g/1 d-
glucose) which were gently mixed by inversion several times
and transported to the laboratory within 20 min for separation
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of lymphocytes. Blood was drawn again 5 days after admis-
sion in a nonfasting state approximately 2 h after breakfast. A
second sampling time of 5 days was chosen to maximize the
length of time between the first and second blood samples
while minimizing dropout from the study because of dis-
charge, based on a known mean length of stay of 6.2 days in
this population. Blood was sampled in control subjects 2 h
after breakfast in a nonfasting state. Alcoholic subjects, all of
whom were cigarette smokers, were allowed to smoke ad lib
during the hospitalization.

Symptoms of withdrawal in alcoholic subjects were treated
according to a standard protocol (32). The severity of alcohol
withdrawal was quantitated every 1 to 2 h by specially trained
nursing staff employing the Clinical Institute Withdrawal As-
sessment Scale for Alcohol (CIWA-A) instrument (26). Chlor-
diazepoxide was administered for withdrawal symptoms con-
sistent with a CIWA-A score =15 and was discontinued when
the score remained < 10 over a 24-h period.

Isolation of Lymphocytes and Cell Extract Preparation

ACD anticoagulated blood was diluted 1 : 1 with ice cold
calcium deficient Eagle’s medium containing 5 mM HEPES
pH 7.42 and the mononuclear cells isolated by the method of
Boyum (7). The suspension of mononuclear cells was then
passed at a rate of 2 ml/min through a eight layers of 200 um
pore nylon mesh packed in a sterile 10 ml syringe to adsorb
macrophages and platelets. The resulting eluate was >99%
free from white blood cell and platelet contamination and was
> 99%, viable by trypan blue dye exclusion. The volume of the
solution was adjusted to a final concentration of 1 x 10’
cells/ml.

For preparation of cell homogenate, 200 ul of cell suspen-
sion containing 2 x 10° cells was added to 200 ul of ice-cold
homogenization buffer (HB) containing 20 mM Tris, pH 7.5,
0.5 mM EDTA, 0.5 mM EGTA, 0.5% Triton X-100, 25 ug/
ml of aprotinin, and leupeptin. Cells were disrupted by sonica-
tion (Fisher Model II) at 35% power employing three 20-s
bursts, followed by centrifugation at 14,000 X g X 2 min
at4°C.

Purification and Determination of PKC Activity

For purification of cell extract, 2 ml disposable microco-
lumns (Bio-Rad, Richmond, CA) were packed with 0.25 g of
DEAE (DES2) cellulose (Whatman, Hillsboro, OR) suspended
in 1 ml of wash buffer (WB) containing 20 mM Tris pH 7.5,
0.5 mM EDTA, 0.5 mM EGTA. Prior to use, the columns
were washed with 2 ml of WB. Cell extract was added and
washed with 2.5 ml of WB. Subsequently, PKC activity was
eluted with 2 ml of buffer containing 20 mM Tris pH 7.5, 0.5
mM EDTA, 0.5 mM EGTA, 10m M S-mercaptoethanol and
0.2 M NaCl. About 20% of the input protein was recovered in
the eluate.

PKC activity was determined using a commercially avail-
able kit (GIBCO BRL, Gaithersburg, MD) with a fragment of
myelin-basic-protein employed as a phosphate-acceptor pep-
tide (33). PKC activity measured after an incubation time of §
min is reported as the amount of y-2P incorporated into sub-
strate per pg protein per minute (pmol/ug/min). For the
assay, 10 pl of eluate was used according to the protocol sup-
plied by the manufacturer. The protein concentration of the
eluate was chosen so as to be within the linear limits of the
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assay. Protein concentrations were measured by the method
of Bradford (8) using bovine serum albumin standards.

Statistical Analysis

Experimental data were analyzed using parametric AN-
COVA procedures and descriptive statistics, with age as a
fixed covariate. For all analyses, a graph of the residual error
plotted against the fitted PKC values showed increasing vari-
ance with larger values of PKC. Therefore, the log transform
of PKC values were entered into the model. Violation of inde-
pendence assumptions in repeated-measures ANCOVA was
corrected by means of the Greenhouse-Geisser procedure, and
the resulting F-value adjusted accordingly. A similar proce-
dure was used to test for significant differences in isolated
lymphocyte cell counts between the three groups.

All means comparisons statistics were adjusted by the
Bonferroni/Dunn correction for multiple mean comparisons.
A p-value of <0.05 was accepted as significant for all analyses.
All values are expressed as mean + standard error (SEM).

RESULTS

In the group of chronic alcoholics, the mean PKC activity
on admission was 1.81 pmol/ug protein/min + 0.43. On
repeat sampling 5 days after admission, PKC activity was 3.95
pmol/ug/min + 0.44. PKC activity contrasted between
these two groups is significantly different (F = 7.718, p =
0.02), as shown in Fig. 1. Parameters derived from ANCOVA
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FIG. 1. Individual values for PKC activities are represented by open
circles for n = 9 alcoholic subjects sampled on admission (pre-A) and
after 5 days (post-A). The lines connect values obtained from an
individual subject. To the right or left of the individual points for
each group is a box with error bars depicting the mean value of PKC
activity £ SEM. Mean PKC activities in alcoholic subjects were 1.81
+ 0.43 and 3.95 + 0.44 for the pre-A and _post-A groups, respec-
tively, significantly different at p < 0.05.
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FIG. 2. Plot of age of individual subjects against PKC activity, rep-
resented by open circles for control subjects (n = 30) and filled circles
for alcoholic subjects (n = 9), sampled 5 days after cessation of
drinking, post-A. The Y-axis representing PKC activity in pmol/ug
protein/min is a log scale. There was no difference in PKC activity
between these two groups, but a significant effect of age on PKC
activity was found. The linear regression model derived from the
ANCOVA is log(PKC) = 0.870 — 0.005(Age), R = 0.433, F =
8.559, and p = 0.0058.

comparing the control group with pre-A showed no effect of
age (F = 1.987, p = 0.17) and no effects of age X group (F
= 1.686, p = 0.19). Control PKC was significantly different
from pre-A PKC (F = 24.236, p = 0.0001). Comparing
mean PKC activity between control and post-A, there was no
group effect on PKC activity (F = 0.186, p = 0.67), and no
effect of group X age (F = 0.430, p = 0.52). However, age
was a significant factor in explaining variability of PKC (F
= 8.56, p = 0.006) (R = 0.433 for the regression, which is
shown in Fig. 2). Parameters derived from the ANCOVA were
B, = 0.870 + 0.087, p = 0.0001; B, = —0.005 + 0.002,
p = 0.006. The relationship can be expressed by log(PKC) =
0.870 — 0.005(Age).

One subject in the alcohol group was excluded from analy-
sis because of urine toxicologic evidence of benzodiazepine
use. Baseline parameters associated with the alcoholic subjects
are shown in Table 1. At the time of the first blood sampling,
mean + SEM systolic and diastolic blood pressures (mm Hg)
measured in the right arm in supine position were 134.9 + 4.9
and 87.3 + 3.8, respectively. Mean heart rate was 94.0 +
5.0 beats per minute. At sampling time, CIWA-A withdrawal
scores were < 15 in all subjects. The average dose of chlordiaz-
epoxide administered for treatment of alcohol withdrawal
symptoms was 155.5 mg + 67.9, given in divided doses within
72 h of admission. There were no significant differences in the
number of circulating lymphocytes isolated from 40 ml of
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TABLE 1
BASELINE CHARACTERISTICS OF ALCOHOLIC SUBJECTS (n = 9)

Mean SEM Range

Age, years 54.2 5.9 26-79

Alcohol use, g/day 244 32 119-362

Duration of use, years 28.8 5.9 3-50

Admission alcohol level, mM (mg%) 30.4 (140.1) 5.9 (27.8) 11.9-61.9 (55-285)

whole blood between the the control group and the pre-A and
post-A groups. (control 2.750 + 0.163, pre-A 2.856 + 0.365,
post-A 2.567 + 0.302, all values x 10% F = 0.225, NS).

DISCUSSION

Compared to lymphocyte PKC activity sampled at 5 days,
PKC activity was lower in lymphocytes of chronic alcoholics
sampled just after drinking ceased. When compared to
healthy, nonalcoholic volunteers, lymphocyte PKC activity
was decreased in alcoholics when sampled immediately after
alcohol cessation, but was not significantly different when
sampled after a short period of abstinence. Although efforts
were made to sample alcoholic subjects at a time when blood
alcohol levels were zero, it is possible that some of the effects
seen on PKC activity at the time of the first sampling were due
to the acute effects of the drug. However, because acute alco-
hol exposure appears to increase, rather than decrease PKC
activity in circulating lymphocytes, it is unlikely that the ef-
fects of acute alcohol exposure can explain decreases in PKC
activity seen in the pre-A group when compared to the post-A
group. The time course of the change in PKC activity after
alcohol cessation is unknown, because only two time points
were obtained in this preliminary study.

An age-related alteration in total lymphocyte PKC activity
is seen both in the control and alcoholic groups. Total PKC
activity appears to decrease with age. A similar age-related
decrease in PKC activity has been found in rat hippocampal
slices (12). Decreases in circulating lymphocyte PKC activity
may parallel decreases in responses to humoral factors which
rely on PKC-mediated signal transduction. Such age-related
decreases in response have been found to occur both in murine
(23) as well as human (5) models. The finding suggests that
age-related factors are important in the interpretation of PKC-
activity data derived from human tissues.

There are a number of potentially confounding variables in
this study including nutritional status, ingestion of other
drugs, and chronic sympathetic adrenergic stimulation secon-
dary to alcohol withdrawal. Although nutritional status was
not formally evaluated, none of the subjects appeared clini-
cally malnourished. This is supported by the finding of a mean
serum albumin value in alcoholic subjects of 42.3 g/l + 0.6
(£ SEM; range 40.0-46.0 g/1), as well as hemoglobin and
hematocrit values within normal range for males, suggesting
that nutritional status was comparable to that of the general
population (17).

Drug administration for pharmacotherapy of alcohol with-
drawal symptoms might have contributed to the increase in
PKC activity seen at the time of the second blood sampling in
the alcoholic subjects. However, at the time of first blood

sampling, the subjects were verified by urine toxicology
screening to be free of other drugs with the exceptions noted
above. This confounder would not alter the conclusion that
alcohol intake contributed significantly to differences in total
lymphocyte PKC activity between control subjects and alco-
holic subjects at the time of the first blood sampling.

The possible effects of elevated circulating catecholamine
levels as a result of early alcohol withdrawal are not likely to
explain differences in circulating lymphocyte PKC activity.
The peripheral manifestations of the alcohol withdrawal syn-
drome are largely due to increases in levels of circulating cate-
cholamines (27). There is no data regarding the effects of
catecholamine exposure on total lymphocyte PKC activity.
However, agents that alter total PKC levels by potent direct
activation of the enzyme, such as phorbol ester, require at
least 6 h of exposure to result in measurable decreases in en-
zyme levels and activity (30). Blood samples from alcoholic
patients were obtained prior to the development of severe al-
cohol withdrawal symptoms. Blood sampling occurred at
CIWA-A scores < 15 with minimally elevated systolic and dia-
stolic blood pressures and heart rates. These data argue
against rising serum catecholamine levels as an explanation
for the lower PKC activity seen in lymphocytes sampled from
the Admission group.

Changes in the composition of circulating pools of lympho-
cytes are also unlikely to account for changes in PKC activity
because of the relatively long half life of circulating lympho-
cytes as compared to the time course of alcohol withdrawal.
It has been shown that the only change in surface-marker
expression in circulating pools of lymphocytes sampled from
chronic alcoholics was a decrease in the percentage of cells
expressing alpha-1 acid glycoprotein as well as a marked defi-
ciency in the ability of these lymphocytes to participate in a
functional test of immune competence (29).

Chronic nicotine exposure appears to increase PKC activity
in bovine adrenal medullary cells (31). Because all subjects in
the alcohol group consumed cigarettes, it is possible that nico-
tine exposure may have altered PKC activity in circulating
lymphocytes as well. Because the alcoholic subjects served as
their own controls, it is unlikely this would alter the conclu-
sion that alcohol exposure was the main determinant of differ-
ences in PKC activity. If nicotine exposure increased PKC
activity in circulating lymphocytes, this would have tended to
bias the results in favor of the null hypothesis when comparing
PKC activity measured in the Control group and the pre-A
group.

These results support the hypothesis that chronic alcohol
exposure modulates PKC activity in vivo. The results also
suggest an age-related decrease in human circulating lym-
phocyte PKC activity. Because activation of PKC is an
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integral step in the activation of T-lymphocytes (22) and
B-lymphocytes (3,24) in response to antigen receptor cross-
linking, the effect of chronic ethanol consumption on circulat-
ing lymphocyte PKC activity might help to explain the im-
mune system dysfunction seen with such exposure (9,14). If
alcohol-related in vivo modulation of PKC activity in humans
is found to occur in other tissues, as suggested by similar
findings in animal models (10), such changes might prove to
be of particular pathophysiologic importance in explaining the
multiorgan system effects of chronic alcohol intake.
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