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PEKKANEN, L.. AND M. RUSL. The ¢ffects of dietary niacin and riboflavin on voluntary intake and metabolism of
cthanol in rats. PHARMAC. BIOCHEM. BEHAV. 11(5) 575-579. 1979.—The effects of dietary deficiency and excess of
niacin and riboflavin on voluntary drinking of 10% (v/v) ethanol were studied in male rats. The effectiveness of dietary
deficiency and excess of both niacin and riboflavin on tissue levels of these vitamins was demonstrated by measurements of
urinary N'-methylnicotinamide and blood glutathione reductase (EC 1.6.4.2) activity. A high-niacin diet containing 75 mg
niacin/kg food decreased ethanol intake by about 365 compared to the control diet containing 15 mg niacin/kg. Niacin or
riboflavin deficiency and a high-riboflavin diet containing 40 mg riboflavin/kg did not affect significantly ethanol drinking.
Changes in dietary levels of niacin or riboflavin did not influence on ethanol elimination rate or levels of blood acetaldehyde
during ethanol oxidation. Therefore, blood acetaldehyde was not responsible for the decreased ethanol intake of rats fed
with a high-niacin diet. It was concluded that the increased ethanol intake caused by dietary deprivation of B-vitamin
complex found in earlier studies is not a result of deficiency of niacin or riboflavin but niacin may be involved in the
decrease in ethanol drinking. which follows dietary B-vitamin complex supplementation.
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VOLUNTARY ethanol consumption has been shown to
increase in experimental animals fed diets lacking B-vitamin
complex and supplementation of the diets with the same
complex appears to reverse this effect {2, 20, 29]. It is not
known which members of the B-vitamin complex participate
in this effect. Of the single B-vitamins, thiamin, riboflavin,
niacin. pyrodoxine and pantothenic acid seem to modify
ethanol intake in the same way as B-vitamin complex but the
results have not been consistant in all studies [1, 3, 20, 23,
28]. One explanation for the contradictory results could be
that in the earlier studies the effects of the experimental diets
on the tissue metabolism of the vitamin in question have not
been studied. Therefore, in the present experiment the effect
of dietary deficiency and excess of niacin and riboflavin on
voluntary ethanol intake in rats was studied, and the effec-
tiveness of the experimental diets was estimated by measur-
ing the niacin metabolite, N'-methylnicotinamide (N-MNA)
in urine and the activity of riboflavin-enzyme, glutathione
reductase (EC 1.6.4.2), at the end of the study.

Since niacin and riboflavin are precursors for coenzymes
essential in ethanol oxidation and ethanol drinking of animals
has been assumed to be affected by their capacity to oxidize
ethanol [10, 24], the effects of dietary deficiency and excess
of niacin and riboflavin on ethanol elimination rates were
studied. It has also been hypothetized that ethanol drinking
is regulated by blood concentration of the first oxidation
product of ethanol, acetaldehyde, which as a toxic substance

could cause aversion to ethanol {7, 14, 25, 26]. Therefore, the
relationship between vitamin intake and blood acetaldehyde
concentrations was also studied during ethanol metabolism.

METHOD
Animals and Apparatus

The animals were 3 month old males of a mixed strain
derived from cross-breeding Sprague-Dawley, Wistar and
Long-Evans rats in our laboratory [8]. Animals were indi-
vidually housed in galvanized cages with a mesh bottom. The
experiment was carried out in a room under a 12 hr light/12
hr dark cycle with temperatures maintained between 22-
24°C. In the free-choice situation 105 (v/v) ethanol, tap water
and food were freely available for the animals. Two 100 ml
graduated cylinders were used for delivery of fluids, the
position of them being interchanged once a week to avoid a
possible effect of place affinity on fluid intake.

Diets

The basal diet was made from vitamin-free casein (ICN
Pharmaceuticals Inc., Cleveland, Ohio, USA), rice starch
and maize oil so that 20% of the total energy was derived
from protein, 65% from carbohydrate and 15% from fat. The
control diet contained 4 mg of thiamin hydrochloride
(Hoffmann and LaRoche, Basle, Switzerland), 8 mg of
riboflavin (Merck, Darmstadt, Germany) and 15 mg of
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nicotinamide (Hoffman and LaRoche) in cach kg of fresh
diet. which were the highest levels listed in the nutrient
requirement tables for rats [S. 15, 16, 27|. The nboflavin-
deficient diet (RD) contained no added riboflavin and the
niacin-deficient diet (ND) no added nicotinamide. According
to our analyses the basal diet contianed 0.2 mg of riboflavin
and 0.4 mg niacin’kg of fresh diet. The high-riboflavin diet
(RH) contained 40 mg of nboflavin‘kg diet and the high-
niacin diet (NH) 75 mg of nicotinamide kg diet, which were
five times the control diet level. The exact content of other
vitamins and minerals in the basal diet has been described
previously by Pekkanen and coworkers [22].

Procedure

Test groups of 89 animals given a free-choice between
107 (viv) ethano! and water were: ethanol-high-niacin dict
(E-NH). ethanol-niacin-deficient diet (E-ND). ethanol-
high-riboflavin diet (E-RH), ethanol-riboflavin-deficient diet
(E-RD) and ethanol-control diet (E-C). The corresponding
water (W) groups were W-RH. W-RD. W-NH. W-ND and
W-C. The water-groups were included to dertermine the
effects of the test-diets on growth rates. energy and water
consumption and ethanol metabolism.

For 3 weeks all animals received the control-diet and tap
water and the test diets were given during the next 4 weeks.
The first of these test diet weeks was an ethanol habituation
period for the ethanol free-choice groups. when the ethanol
groups had 107 (v:v) ethanol as their only drinking fluid. For
the latter 3 weeks they had a choice between ethanol and
water. The fluid intake was recorded daily. food consump-
tion and body weight twice a week.

Analvtical Methods

The ethanol elimination rates and blood acetaldehyde
concentrations were measured in all animals. first. before the
test diets were presented. then after the Ist, 2nd and 4th
weeks on the test diets. The rats were injected with 1.5 g-kg
ethanol IP as 109 (w:v) solution in saline, and the concen-
trations of ethanol and acetaldehyde were measured in tail
blood haemolyzed with water 30, 100. 140. 180 and 220 min
after the injection by head-space gas chromatography [11].

At the end of the study the blood samples for enzyme
assay were taken from the hearts of the Nembutal"-anaes-
thetized animals. Glutathione reductase activity was meas-
ured from whole-blood haemolysates according to the
method of Glatzle and coworkers [12]. Activities are re-
ported as the change in absorbance at 334 nm per min per g
hemoglobin. Activation coefficients to describe the enzyme
saturation with FAD were calculated as a quotient of the
activity with added FAD:activity without added FAD.
Hemoglobin was determined by the cyanmethemoglobin
method [13].

Urine was collected from animals kept for 24 hours in

metabolic boxes free of food and ethanol. For analysis of

N-MNA the urines of all rats in each group were pooled and
N-MNA was determined fluorimetrically (4] in a commercial
laboratory (Technical Reasearch Centre of Finland. Food
Research Laboratory., Espoo, Finland).

RESULTS AND DISCUSSION
Riboflavin Status

In the present study dietary levels of riboflavin bad
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TABLE 1

ACTIVITY OF GLUTATHIONE REDUCTASE AND ACHIVATION
COEFFICIENT FOR FLAVIN ADENINE DINUCLEOTIDE

Glutathione

reductase activity Activation

Group A min-g hemoglobin coeffieient
E - C*8) 2.76 ¢+ 0.21 132 - 0.04
E - RH (& 371 049 1.20 - 0.04
E - RD(9) 1.77 - 0.18: 1.58 - 0.077
W - (C (8 237 - 032 1.34 - 0.1
W - RH (¥) 3.39 - 048 1.30 - 0.07
W - RD (&) 2.07 + 0.36 1.60 - 0.14
Vialues are expressed as means + S.E.M. with the number of

animals group in parentheses.
*See text for explanation of abbreviations.
- 0,000 compared to E - C group.
e 0,01 compared to B - C group.

affected the status of the vitamun in the rat tissue. The results
in Table 1 show a typical consequence of riboflavin defi-
ciency which is a decreased activity of the FAD-requiring
enzyme. glutathione reductase. and high activation coeffi-
cient. which indicates the low saturation of the enzyme with
FAD in vivo. In the E-RD group Student’s 7-test showed «
significant decrease in glutathione reductase activity and a
significantly higher activation coefficient compared to the
E-C group. 1(15-3.72. p- 0.01: 1(15)--5.00. p< 0.001. re-
spectively. In the W-RD group the corresponding ditferences
were  not  statistically  significant, 1(14)-0.60. p- 0.55:
(14 1.69, p- 0.11, indicating that ingestion of ethanol had
potentiated ribotflavin deficiency. Correspondingly. there
was a trend. even though non-significant. for the high-
riboflavin rats to show an increase in glutathione reductase
activity both in the E-RH group. 7(14) - 1.80, p-0.09, and in
the W-RH group. /(14}y - 1.87. p- 0.08, compared to the
corresponding controls.

Also the growth rate and food intake of the riboflavin-
deficient groups were slightly but not significantly lower than
in the other groups. The consumption of water was equal in
all groups.

Niacin Statis

The urinary output of the niacin metabolite. N-MNA.
varies with the degree to which tissue stores are saturated
with niacin when urine is collected in fasted animals. Even
though it was measured in pooled samples of each group
N-MNA tended to be clearly lower in the urine of the E-ND
and W-ND groups and higher in the urine of the E-NH group
compared to the control groups (Table 2). In the W-NH
group the high-niacin diet had not increased niacin stores
compared to the W-C group. This could be explained if the
level of niacin in the control diet was high enough to saturate
tissues maximally. further accumulation of niacin by feeding
a high-niacin diet thus being impossible. However. the
high-niacin diet had effected tissue stores in the E-NH
group: in the control group cthanol ingestion decreased
niacin stores (N-MNA excretion in the E-C group was 35
lower than in the W-C group) more than in the high-niacin
group (N-MNA excretion in the E-NH group was 13% lower
than in the W-NH group) indicating that in the E-NH group a
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TABLE 2

EXCRETION OF N'-METHYLNICOTINAMIDE IN URINE PER GROUP
OF 8 RATS PER DAY

Group uggroup-day
E-C* 193
E - NH 255
E - ND Sl
W-C 299
W - NH 294
W .- ND 83

*See text for explanation of abbreviations.

TABLE 3

EFFECTS OF DIETARY RIBOFI.AVIN AND NIACIN ON FREE-CHOICE
CONSUMPTION OF ETHANOL DURING 3-WEEK ETHANOL-CHOICE PERIOD

Ethanol intake-d

Energy from 17 (viv) ethanol intake
Group gkg ethanol (7 total) (% total fluid)
k- C*(8) 22+ 0.6 10+ 2 31 =8
E - RH (&) 1.6 - 04 7-2 26 + 7
E - RD(8) 1.3 + 0.2 6 -1 22+ 2
E - NH (9} 0.8 = 0.2% 4 -1 1 - 3%
E - ND (&) 1.2 - 0.2 S 17 + 3

Values are expressed as means = S.F.M. with the number of animals:group in
parentheses.

*See text for explanations of abbreviations.

Tp 0.05 compared to the E - C group.

high daily intake of niacin compensated for the loss of the
vitamin known to be induced by ethanol ingestion [6, 17].
This negative influence of ethanol drinking on vitamin bal-
ance can also be seen in the niacin deficient-group (N-MNA
excretion in the E-ND group was 38% lower than in the
W-ND group).
TABLE 4

THE BLOOD ACETALDEHYDE LEVELS OF RATS 30 min AFTER THE

Although dietary levels of niacin and riboflavin had  NTRAPERITONEAL INJECTION OF 1.5 g ETHANOL PER kg BODY
affected the status of these vitamins in this study the changes WEIGHT
in voluntary ethanol consumption of the rats were not drastic .

R . . - nmol'ml

as shown in Table 3. Of all lest-'dnets. o.nly lhc~hlgh-n|acm Before introducing After 4 weeks
diet had some effect on ethanol intake: in the E-NH group Group test-diets on test-diets
ethanol intake was significantly lower when cxpressed as
g'kg body wt, 1(14)=2.19, p<0.05, and as per cent of total

Voluntary Ethanol Intahe

= . . E-C*(¥) 25 = 4 19 + 1
fluid intake. r(14)-2.31. p<0.05, and also slightly lower E - RH (8) 35 .4 8 - 3
when expressed as a percentage of the total energy intake, . - )

B . . . . E - RD (9 21 =2 17 =2
1(14)=1.98, p<<0.07. compared to the control group. An £ - NH (8) 2 3 13+ 3
increased ethanol consumption as a result of niacin defi- Do - ) ool
fnereased JUmPRTo ‘ o E-ND(7) 16 - 6 13 +2
ciency was not found in this study and the dietary level of W.C8 0~ 3 .3
riboflavin showed no effect at all on voluntary ethanol LB - ) 15 = 3
consumption W-RH® 24 -4 173

sumption. W - RD (8) 23+ 4 29 + 4

- h +
Blood Acctaldehvde and Ethanol Elimination Rate x :jg ((:: ‘2'8 j ; 23 : l

Blood acetaldehyde levels after the ethanol test-dose of
1.5 gikg arc prcsenled In Tiibl? 4. The matched-pair /-test Values are expressed as means + S.E.M. with the number of
showed a significant decrease in blood acetaldehyde levels animals:group in parentheses.
during the study in the E-NH group. 1(7)-6.10, p<20.001. and *See text for explanation of abbreviations.
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in the W-NH group. 1(7)-3.20. »-20.05, and in the E-RH
group. 1(7)=2.53, p<0.05, and in the W-RH group,
1(7)=2.86, p< 0.05. A non-significant decrease in blood
acetaldehyde during the study was also seen in the E-C
group, 1(7)=1.62, p<< 0.15. and in the W-C group. t(7)=1.05.
p< 0.32. Therefore. the effects of the test-diet were tested
statistically relative to the initial values using Student’s r-test
for independent variables, the individual changes from the
initial values in each group being compared with the changes
in the corresponding control groups. This showed no statisti-
cally significant differences between the test-groups and the
control groups indicating that decreases in blood acetal-
dehyde levels were not caused by dietary levels of niacin or
riboflavin in this study. No changes in ethanol elimination
rates during the experiment were found to be caused by
dietary deficiency or excess of niacin and riboflavin.

General Comments

The decreased ethanol intake in the group receiving five
times more niacin in the diet than the control group cannot
be explained by changes in ethanol metabolism. This pro-
vides a further evidence that a high level of acetaldehyde in
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blood is not the only suppressor of voluntary ethanol intake
n animals {18, 19, 22].

The B-vitamin complexes. dietary deprivation of which
has increased ethanol consumption in the rat and mouse.
have contained thiamin, riboflavin, pyridoxine, pantothenic
acid. choline and niacin {2]. biotin instead of niacin [20]. or
all the foregoing B-vitamins plus inositol. p-aminobenzoic
acid and folic acid [29]. Suppression of ethanol intake to the
initial level has been produced by administration of the
B-vitamin complex used by Brady and Westerfeld |2] and
Williams and coworkers [29]. Of single B-vitamins, a defi-
ciency of thiamin has commonly been regarded as an
elevator of voluntary ethanol drinking in experimental ani-
mals. Also in our laboratory it has been found that thiamin
deficiency increased cthanol intake of rats while dietary
excess clearly decreased it even in the rats without previous
experience of deficiency [9.21] emphasizing the role of
thiamin in the effects on ethanol intake induced by B-vitamin
complex.

The results of this report indicate that increased ethanol
consumption by deficiency of B-vitamin complex is not
caused by the lack of niacin or riboflavin but niacin could be
involved in the depression of ethanol intake by supple-
mentation with B-vitamin complex.
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