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Hepatotoxicity Induced by Ethanol Consumption and
Nutritional Effects
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Dept. of Food and Nutrition, Y eungnam University, 712-749, Korea

ABSTRACT

Ethanol can affect a wide range of organ and organelle systems. Some of its effects are directly due
to the action of either ethanol or its metabolites, whereas others are related to nutritional deficiencies
associated with ethanol intake, Some of the liver damages occurring in alcohol abusers are mainly due
to generation of free radical during the metabolism of ethanol and subsequent lipid peroxidation. Acet-
aldehyde, the main product of ethanol oxidation, is able to stimulate lipid peroxidation, possibly
through the formation of free radicals, or depletion of levels of antioxidant substances. When
scavengers of oxygen-derived tree radicals are added to the ethanol metabolizing system, they can
prevent generation of the activity. Several authors have reported the ethanol-related variation of
antioxidants such as a-tocopherol, ascorbic acid, selenium and glutathione, which are important
factors in the defence against oxidative injury. Ethanol also alters the degradation of key nutrients,
thereby promoting deficiencies as well as toxic interactions with vitamun A and A-carotene. It has
been appeared that ethanol-induced hepatotoxicity may be partially prevented by the administration

of antioxidants.
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Fig. 1. Ethanol metabolism and effects.?
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Fig. 2. Ethanol oxidation.
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Table 1. Effects of chronic ethanol ingestion on oxidative phosphorylation by rat hepatic submitochondrial

particles®

Substrate Parameter Control Ethanol® Change (%)

NADH Respiration rate 151 99 —34
P /O ratio 2.59 2.33 —10
Phosphorylation rate 389 230 —41

Succinate Respiration rate 145 104 —28
P /O ratio 1.55 1.37 —12
Phosphorylation rate 225 146 —35

Ascorbate /Phenzine Respiration rate 131 98 ~25

methosulfate P /O ratio 0.92 0.79 —14
Phosphorylation rate

3 p<0.05

218t free radical A4S NADPHuY P450 re-
ductasedl] &la] O, 7} A5 o] Ao] Fex} 44
# Haber-Weiss W02 OH 9 HO,& 443
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], ]7401 °ﬂEP QEP uh-g 0}01 1-hydroxyethyl rad-
]F*%«l H# 7t 1]3‘

o]
ure- =7, o:]oo}:A]—EH Alo] & 4%0{] olste 1 A}
7} gata 4 gome Aldziel A A3
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Table 2. Variables associated with ethanol induc-
tion of lipid peroxidation and oxygen

radicals®

Acute vs. chronic

Nature of diet: time course of diet

Controls-chow, pair-fed

Fed vs. starved

Parameter assayed-TBA, dienes, alkanes
Organelle assayed

Time cf assay

Presence of iron-amount, chelate, buffer treatment
Presence of fatty liver, necrosis

Cause or consequence

Others

120 79 ~34

= P EEzgohlel A NADT /NADH 9 ¥] 3}
A 91s 0,79 WA =7}, peroxisomeol A €] 8
-oxidation® % & H,O. &4
dehyde®} xanthine oxidase (XO)¢he] ¥re-& %
g O,-Sl} alkane®] A4 5o U= Aoz 3t
B Table 3¢l %4718 vleb o] olgh&o] 23]
AEt A mEf A7 FAEE e 1dES 8o
sty e @ A ﬁ}ol ol gt-&oll 2fal
o7 ol 2]t AFstd 2B e vt ol g ol 9%

rEalel Fa dlow A } euE et

, cytosolol] A 2] aceta-

Table 3. Suggested mechanisms for promotion of
oxidative stress by ethanol®’

Depletion of GSH-acute vs. chronic, oxidative pools
Direct toxic effect of ethanol on membranes
Metabolic effect of ethanol
Acetaldehyde —direct, metabolic, substrate
Redox state
Ethanol radicals —CH3;CH-0 « CH3CHOH, ethanol
scavenges + OH /OR
Ethanol-induced cytochrome P-450 as a Fenton /
Haber-Weiss catalyst
Chronic effect of ethanol

Mitochondrial injury
Microsomal proliferation and induction
Hypermetabolic state

Increased hepatic iron levels

Conversion of XDH to XO

Effects on antioxidative defense

Release of chemoattractants
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Table 4. Effect of chronic ethanol treatment on microsomal production of superoxide radical”

= Wolr o} mAHREE

25)

Superoxide production-NADPH

Control Ethanol
1 3.51 5. 26(50)
2 3.34 4.54(36)
3 3.62 4.49(24)
4 3.91 5.49(40)
5 3.30 5.70(73)
6 3.41 5.80(70)

n=6 3.51+0.23 5.21+0.57(48)

p<0.001

Superoxide productlon NADH

Control Ethanol
0.89 1.50(69)
0.90 1.21(34)
0.96 1.22(27)
1.47 1.72(17)
1.00 1.30(30)
0.97 1.33(39)

1.03+£0.09 1.38+0.03(34)

p<0.001

&t ojof) W&t Aty Aslsx A 7= 3 .
Acetaldehyde+ XQ9 7188 #4322 acet-
aldehyde ] dAlol =712 739 free radicale] 4}
de oA A A fﬂr"/}’\i o &gl o]%t free
radical 2] A& 7+ ME L7l A Aty F
o] & dojuttiir B F v (Table 4). o] 29
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o] o sl o7 34aks} o) AFAHE 9l glutathione
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Table 5. Deleterious effects of microsomal enzyme
induction by ethanol

Enhanced microsomal ethanol oxidation and incr-
eased production of acetaldehyde

Increased oxygen consumption due to microsomal
hypermetabolism

Increased microsomal production of hepatotoxic
intermediates from drugs and environmental
xenobiotics

Increased microsomal activation of procarcinogens

Increased microsomal metabolism of steroids in-
cluding sex hormones

Increased microsomal degradation of vitamin A and
productlon of toxic metabohtes
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