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Abstract

The purpose of this study was to investigate the effect of protein and dietary fiber levels on the activities
of ethanol metabolizing enzymes of the brain in acute and chronic ethancl-treated rats. Male Sprague-Dawley rats
were fed on diets containing two levels of protein (7%, 20%) with two levels of fiber (6%, 10%) for 5 weeks.
Rats were orally administered 40% (v/v) ethanol (5 g/kg body weight) 90 min before decapitation in the acute ethanol-
treated groups and 25% (v/v) ethanol (5 g/kg body weight) once a day for 5 weeks in the chronic ethanol-treated
groups. Cytosolic alcohol dehydrogenase (ADH) activities were higher than those of mitochondrial ADH. The
ADH activities were increased by 20% protein and 5 % fiber levels in the diet in two fractions, but were decreased
by chronic ethanol treatment. Mitochondrial aldehyde dehydrogenase (ALDH) activities did not change by ethanol
treatment but were increased by the 20% protein level. However, cytosolic ALDH activities were decreased by
chronic ethanol freatment at the 5% fiber level and did not change with protein levels. Both ALDH activities were
higher in the 10% fiber groups than the 5% fiber groups. Cytochrome P-450 contents were significantly increased
in the chronic ethanol-treated groups but xanthine oxidase (XO) activities did not change. P-45) contents and XO

activities were significantly decreased in both the low protein and fiber groups.
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INTRODUCTION

Alcoholism is the most common form of drug abuse in
modern society. Unquesticnably the liver plays a major role
in the disposal of ethanol from the body; it alone accounts
for more than 80% of total systemic metabolism of ethanol.
Ethanol load taxes the hiochemical capacities of the liver,
and derangements in hepatic function have been attributed
to local biocherical readjustmernts associated with the oxi-
daticn of ethancl to acetaldehyde and eventually to acetate
(1). In view of its relatively low alcohol dehydrogenase ac~
tivity, the contribution of the brain to the disposal of an
ethancl load would be insignificant, but may play a fun-
damental role in the hiochemical hases of the neural dis-
orders associated with prolonged alcohol ingestion or with—
drawal (2). The most dramatic pharmacological actions of eth-
anol are manifested in the central nervous system. The mech-
anism by which alcohol produces hehavioral changes remeains
uncertain, Theories that have been proposed include a direct
neurctransmitter role for ethanol; effect on cell membrane
fluidity, toxic effects on oxidative metabolism; and toxic effects
of acetaidehyde (3},

The toxic reaction of excess ethanol consumption rmay
result from the reactivity of acetaldehyde. Like other aldehydes,
acetaldehyde can condense with amine groups to form a
Schiff base. Its reaction with the amino-terminal and lysine
amino groups of proteins results in damage to the profein.
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Schiff base formation occurs in a number of pathological
conditions (4). Nutritional disorders can be related to alco-
holism in several ways, since ethanol abuse may alter me—
tabolism, transport, utilizaton, activation and storage of almost
every essential nutrient (5). In particular, large doses of eth-
anol appear to inhibit protein synthesis in the brain. Ethanol
also affects ionic transport processes, adenine nuclectides,
amino acid and protein metabolism (6). The metabolic conse-
quence of such effects of ethanol have been criticized. That
nutritional deficiencies and ethancl] toxicity may act synergis—
tically in the nervous system outlines the importance of ade-
quate nutritional strategies in the treatment of alcoholism.

Pectin, one of the abundant fibers found in citrus fruit
and apples, has gel-forming properties and is a hydrophilic
polymer with carboxylic groups (7). This viscous property
decreases the accessibility of protein molecules to the di-
gestive enzymes and product of digestion (8). But studies
on the interaction of ethanol, protein and fiber are rare.

Therefore in this study we attempted to investigate the
effect of protein and dietary fiber levels on the activities of
ethanol metabolizing enzymes of brain in acute and chronic
ethancl-treated rats.

MATERIALS AND METHODS

Experimental animals and diets
This study was conducted with weanling male Sprague~
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Dawely rats. They were housed individually in stainless-
steel cage in a temperature and light controlled room. After
an acclimatization period of 10 days during which they were
fed a AIN-76 (9) standard laboratory chow diet, they were
assigned, at random, 1o one of eight experimental groups (Tahle
1). Their average hody weighis at this time were 100+ 10 g,
They were fed on dicts containing two levels of protein (7%,
20%) with two levels of fiber (5%, 10%) and piven water ad
Itbitim for b weeks. The rats were orally administered 40%
{v/v) ethanat (5 g/kg hody weight) 90 min before decapitation
in the acute ethanol-trested groups and 25% (v/v) ethanol (5
a/kg body weight) cnce a day for 5 wecks in the chronic
ethanol-treated groups.

Tissue preparations

Rats were killed by decapitation and thelr tissue were
quickly excised, removed, and homogenized in 10 parts (w/v)
of 10mM potassium phosphate in S5mM EDTA (pH 74}
solution using a tissue homogenizer with a teflon pestle. The
homogenate was centrifuged at 600X g for 10 min, and the
supcrnatant was further centrifuged at 10,000 X g for 20 min
to vield a mitochondria pellet, and the supernatant was further
centrifuged at 105,000 % g for 60 min to vield a microsomal
peilet and cytosol supernatant.

Biochemical assays

Alcohol dehydrogenase activity was measured by the

Table 1. Composition of experimental diets

Content (94}

Ingredients
LPNF  LPIIF NPNF  NPIE

Casein 7.0 7.0 20.0 20.0
Corn starch 63.0 58.0 50.0 45.0
Sucrose 15.0 15.0 150 150
Pectin 50 10.0 5.0 10.0
Corn oil 5.0 5.0 5.0 5.0
AIN-mineral mixture” 35 35 35 35
AIN-vitamin mixture®” L0 1.0 10 1.0
DL-Methionine 0.3 0.3 0.3 0.3
Choline chloride 0.2 0.2 0.2 0.2

"Mineral mixture (g/kg) according to AIN-78

Calcium phosphate, dibasic 000 Zine carhonate 16
Sodium chloride 740 Cupric carbonate 0.3
Potassium citrate, monohydrate 2200 Potassium iodate 0.01
Potassium sulfate 520 Manganese carbonate 35
Magnesium oxide 24.0 Chromium potassium
Ferric citrate 6.0  sulfate 055
ijS!_lcrose 11804
“Vitamin mixture {8/ kg) according to AIN-76

Thiamin~HCI 0.6 Biotin 002
Riboflavin 0.6 Cyanocobalamin 000
Pyridoxine-HCl 07 Retnyl acetate 0.8
Nicotinic acid 3.0 Dl-tocopherol 38
Ca-panthothenate 1.6 7-dehydrocholesterol  (.0025
Folic acid 0.2 Menadione 0.005

Sucrose 9857

LPNF: Low protein, normal fiber diet group
LPHF: Low protein, high fiber diet group
NPNI: Normal protein, normal fiber diet group
NPHFE: Normal protein, high fiber diet groun

Bergmeyer method (10). Aldehyde dehydrogenase activity
was measured by the Koivula and Koivusalo method (11).
Cytochrome P-450 content was measured by the Omura and
Sato methad (12,13). Xanthine oxidase activity was measured
by the Stirpe and Della method (14). The amount of protein
in the samples were measured according to the Lowry et
al. method (15).

Statistical analyses

Data from individual experiment were expressed as the
meantS. E. All statistical analyses were performed on a
SAS program and significant difference between treatment
means were determined by using Duncan’s multiple range
test (18) that p<0.05 was judged to be statistically significant.
The interaction of the ethanol, protein and fiber was evai-
uated by a two-way analysis of variance (17).

RESULTS AND DISCUSSION

Alcohol dehvdrogenase activity

As shown in Table 2, the activities of alcohol dehydro—
genase (ADH) in mitochondria were 42.1~52.4% of cytosol,
The ANOVA analysis revealed the significant difference
between acute and chronic ethanol treatment in mitochondria
and cytosol. At the 209 protein (NP) level, the activities of
chromic ethanol-treated groups were significantly lower than
those of acute ethanol-treated groups in mitochondria, where-
as the activities in cytosol did not differ siginificantly except
in the NPNF group. The presence of ADH in the brain of
mammals has been controversial. Raskin and Sokoloff (18)
reported ADH acitivity n the rat brain, Buhler et al (19
demonstrated the presence of ADH in both the cerebral hem-
ispheres and cerebellum of the human brain. Beisswenger
et al. (20) characterized ADH from the brain of the human,
hovine and rat. Raskin and Sokoloff {1) reported that the
pH opiimum, Kinetic properties and response 1o inhibitors
in brain are similar to those of hepatic ADH. Thus, we
thought that the properties of ethanol metabolizing enzyme
in brain might be similar to those of the Lver enzyme.

The activities of ADH were higher in the cytosol than in
the mitochondria but activities by chronic ethanol treatment
were lower in the cytosol than in the mitochondria. The ADH
activities of mitochondria in the 7% protein (LP) groups were
lower than those of the 20%4 protein (NP} groups both in acute
and chronic ethanol-treated groups, Effect of fiber levels on
ADH activity was not observed. Cytosolic ADH activity in
acute ethanol-treated groups were also increased by 209
protein (NP) levels.

These results were similar to those reported by Wilson et
al. (21) that nutritional deficiency may impair ethanol detox—
ification processes. Low protein diets were shown to reduce
hrain ADH activity and rate of ethanol metaholism in the
rat {22). Thus, it seems conceivable that the effect of ethanol
may be exacerbated in malnourished subjects, since a reduced
rate of ethanol metabelism would result in higher and more
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Table 2. Effect of protein and dietary fiber levels on brain ADH activity in rats with acute and chronic ethanol treatments

(n moles/min/mg protein)

Group" Mitochondria Cytosol

Acute Chronic Acute Chronic
LPNF 4075 0.08% 3681 T0.41° 9.27+061% 3,02 +0.2g%
LPHF 3.85+0.50™ 3ARE0.AZ 8HRT (82 8.25:£0.79"
NPNF 547 040" 439+041° 10,95 £0.7F° 987+054"
NPHF 5.134:0.53" 4265 0.08" 978078 931063
ANOVA 5 7
Ethanol(A) 79657 [
Protein(B) 52757 30507
Fiber(C) 204 1338
AXB 3620 112
AXC 028%™ 0.29™
BxC .05 0.19™
AXBXC 0.03™ 0.35M

"See the legend of Tahle 1

Acute ethanol-treated group: Rats were administered orally 40% (v/v) ethanol (5 g/kg body weight) before 90 min of decapitation
Chronic ethanci-treated group: Rats were administered orally 25% (v/v) ethanol (5 g/ kg body weight) once a day for 5 weeks

Values are mean 5.0, (n=6)

Means with the same letter are not significantly different (p<0.05)
*Significant ar 5% level, **Significant at 1% level, ™ Not significant

sustained ethanol levels in tissue. Pectin decreased protein
efficiency ratio and amino acid absorption rate, so cytosolic
ADH activities were decreased by 10% fiber (HIEF) level.

Aldehyde dehydrogenase activity

The activities of mitochondrial and cytosolic aldehyde
dehydrogenase (ALDH) are shown in Tabie 3.

Mitochondrial ALDH activities tended to increase by ch-
ronic ethanol treatment, but cytosolic ALDH activities were
decreased at 5% fiber (LF) level. The ALDH activities of 209
protein (NP) groups were higher than these of 725 protein
LP) groups. Mitochondrial ALDH activities were decreased by
low protein level, and this result was consistent with Wang

et al. (23) who showed that treatment of mitochendria with
ethanol and caused an inhibition in the import of the pre-
cursor of ALDH. Adaptive brain ALDR activation in chronic
ethanol-treated groups was shown following ethancl treatment
(24).

Acetaldehyde is oxidized in the brain by an ALDH which
has a Kn for acetaldehyde in the micromolar range (<1 uM)
(25). Thus, quite low levels of acetaldehyde will saturate this
enzyme, and conceivably, this could interfere with its normal
functions (26).

Cytochrome P-450 content
Table 4 shows the microsomal cytochreme P-450 content

Table 3. Effect of protein and dietary fiber levels on brain ALDH aclivity in rats with acute and chronic ethanol treatments

{n moles/min/mg protein}

Group” Mitochondria Cytosol

Acute Chronic Acute Chronic
LPNF 9332 0.80° 10035079 1227+ 1.30° 804 0.20°
LPHF 1009+ 1.28° 1050£0.76% 10.84%0.768% 11,047 5,847
NPNF 9,68+ 1.30° 10284 1.00% 10.06+0.83% 9.2140.33%
NPHF 115250817 12.10:£0.76° 1105 20,25 12.01+1.76™
ANOVA o T
Ethanol (A) 3677 1176
Protein (B) 902" 901"
Fiber (C) 15.24™ 2208
AXB 0.00™ 13.05™
AXC 0.04 29.66"
BxC 414" 381"
AXBXC 0,03 526

PSee the legend of Table 1

Acute ethanol-treated group' Rats were administered orally 40% (v/v) ethanol (5 g/kg body weight) before 90 min of decapitation
Chronic ethanol-treated group: Rats were administered orally 25 % (v/v) ethanol (5 ¢/kg body weight) once a day for 5 weeks

Values are meantS.D, (n=6)

Means with the same letter are not significantly different (p<0.05)

N

*Significant at 5% level, **Significant at 1% level, “"Not significant



Table 4. Effect of dietary protein and fiber levels on brain cyto:
chrome P--450 content in rats with acute and chronic ethanol
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Table 5. Effect of dietary protein and fiber levels on brain XO
activity In rats with acute and chronic ethanol treatments
{uric acid nmoles/mg protein/min)

treatments {n moles/mg protein}
Group“ (;ytcch{ome P-450
Acute Chronic
I.PNF .036 7 0.002" 0.073+0.008™
LPHy 0.068 2 0.003° 0.079:1: 0,006
NPNF 0085+ 0.004“‘; 0.081 £ 0,007
N NFHF 0.072=0.007° 0.084 +0.005° o
ANCVA r
Ethanol (A) 122.85™
Protein (B} 50.807
Fiher (C) 24.46™
AXB 1546™
AxC 7.09
BxC 510
AXBXC 1.95™

Group” Kanthine oxidase
Acute Chronic
LPNF 18170.34° 2.2710.22%
LPHF 2.00%0.39% 255:1+0.32°
NPNF 259:£0.59° 330053
NPHF 330057 3.36%0.58°
ANOVA T
Ethanel (A) 11137
Protein (B) 53537
Fiber (C} 58
AXB 024"
AXC 108
B#C 0.30™
AXBXC 191

USee the legend of Table 1
Acute ethanol-treated group: Rats were administered orally 40%
{v/v}Y ethanol (5 g/keg body welght) before 90 min of decapitation
Chronic ethancl-treated group: Rats were administered orally 25%
(v/v) ethanol (5 g/kg body weight) once a day for D weeks
Values are mean®8.I3. (n=6)

Means with the same letter are not significantly different (p<0.03)

*Significant at 5% level, **Significant at 1% level
"Not significant

of rat brain. .

Chronic ethanol treatment significantly the increased level
of P-470 in brain, especially in LP groups and the effect of
protein was remarkable in the acute ethanol-treated groups.
Protein deficiency decreased clearance rate of ethanol, and
reduced P-450 content (21). But the effect of dietary fiber
on cviochrome P~450 contents was not seen except in the LP
greups of acute ethanol treatment.

Cohn et al. (27) and Sasame et al. (28) identified cytochrome
P-450 in the brain. P-450 plays a key role in metabolizing
a variety of endogenous as well as exogenous compounds.
in addition to P-450, the other enzymatic component of the
mixed function oxidase (MFQ) svstem is NADPH-cytochrome
P-450 reductase. Although the liver 1s a major site for P-450
mediated metabolism, other organs, such as the colon, lung
as well as the brain also exhibit MFO activity (29).

Xanthine oxidase activity

The effect of protein and dietary fiber levels on the
activity of xanthine oxidase(XO) in cytosol was shown in
Table 5.

The brain activities of XO tended to increase in chronic
ethanol-treated groups, especially in the NPNF group, Oei et
al. (30) proposed that the formation of superoxide free rad-
icals during acetaldehyde metabolism by XO contributes to
ethanol-induced pathology. Thus, free radical generation
was aggravated by chronic ethanol treatment. XO activities
in 7% protein (LP) diet groups were siginificantly decreased
compared with 20% protein (NP} diet both in the acute and
chronic ethanol-treated rats. Wainio et al. (31} have also
reporied a siginificant decrease in the XO activity by a low

"See the legend of Table 1
Acute ethanol-treated group : Rats were administered orally 40%
(v/v) ethanol (5 g/kg body weight) before 90 min of decapitation
Chronic ethanol-{reated group: Rats were administered orally 25
% (v/v) ethanol (5 g/kg body weight) once a day for 3 weeks
Vaues are mean 9.1, (0=6}
Means with the same letter are not significantly different (p<0.05)
*Significant at 5% level, **Significant at 1% level
®Not significant

vrotein diet, Therefore, these results indicate that the enzyme
response was very sensitive to changes in dietary protein
level. Both in low and normal protein groups, addition of
5% pectin {NF) to the diet reduced the activity of XQ, al-
though not significantly.
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