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Effects of an Antimetabolite 6-aminonicotinamide on
Carbohydrate, Nucleotide and Catecholamine Metabolism
in Mouse Brain
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The effects of an antimetabolite, 6-aminonicotinamide (6-AN) on the levels of glucose,
glycogen, catechoamines and mucleotides in mice brain were investigated. The level of glucose
in the blood starts increasing from 3 h after administration of 6-AN while those in the brain
tissue start increasing from 9 h after administration of 6-AN. The concentration of brain
glycogen remained unchanged at all time points except 11h. The level of epinephrine in the
brain was found to reach maximum value at initial 3 h following 6-AN administration, after
which it started decreasing significantly. The level of brain norepinephrine remained virtually
unchanged before 24 h time point at which it starts decreasing significantly. ATP, CTP, UMP
and UTP levels were significantly reduced but AMP and CMP levels were not affected.
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Certain structural analogs of nicotinic acid or
nicotinamide have been known to interfere with
the synthesis or action of nicotinamide coenzymes
(Balaban, 1985). As an analog of nicotinamide,
6-aminonicotinamide (6-AN) is substantially in-
corporated into Nicotinamide adenine dinuc-
leotide (NAD) and Nicotinamide adenine dinuc-
leotide phosphate (NADP) by glycohydrolase to
form 6-amino-NAD and 6-amino-NADP deriva-
tives which are incapable of transferring hydrogen
in oxido-reduction (Herken and Neuhoff, 1964).

In addition, this drug was demonstrated to low-
er NAD and ATP (Park and Shin, 1991), purine
and pyrimidine nucleotide, and poly (ADP-ribose)
synthesis (Hunting et al., 1985). Furthermore,
6-AN gave rise to a marked hyperglycemia effect
and a significant reduction of alkaline phosphatase
(Park et al., 1990) and glyceraldehyde-3-phosph-
ate dehydrogenase and malic enzyme activities
metabolically associated with energy generation
(Park and Shin, 1991). Since little information is
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available regarding effects of 6-AN on overall
nucleotide and catecholamine metabolism, the
current investigation was carried out to determine
effects of 6-AN on levels of glycogen, nucleotides
and catecholamines in the brain of mouse.

Materials and Methods

Materials

All chemicals used were purchased from Sigma
Chemical Co. st. Louis, Mo. and were of the high-
est purity grade available.

Treatment of animals

Male mice (ICR strain) weighing 20-25 g were
randomly divided into two groups, 30 control and
30 test. Mice were bred under controlled condi-
tions (defined light-dark rhythm, 10 h light, 14 h
dark, 26°C, 60% air humidity). All animals were
allowed free access to food and water. Initially
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mice in the test group received intraperitoneally
the injection of 1 ml 6-AN (15 mg/kg of body
weight), whereas those in the control group re-
ceived 1 ml saline solution (0.9% NaCl).

At designated time intervals immediately follow-
ing the administration of 6-AN or saline solution
the animals were sacrificed by decapitation and
the blood was collected and the brain was quickly
chiselled out of the skull. The serum was obtained
by centrifuging the blood at 1,000 X g for 10
min. The serum and brain were stored at —70°C
until further analysis.

Determination of Glucose and Glycogen

The determination of glucose was essentially
based on the oxidation of glucose by glucose ox-
idase method (Falis, 1963). glycogen was mea-
sured by the method of Hutchins and Rogers
(1970).

Determination of Nucleotides

The analysis of nucleotides was performed using
reverse phase HPLC with UV-absobance detector
(Brown et al., 1982). After appropriate protion of
brain tissue was homogenized in ice cold 5%
HCIO4, the homogenate was centrifuged for 10
min at 10,000 rpm at 4°C. The supernatant was
neutralized to pH 6.8-7.0 with 2 M KHCO; and
precipitated KCIO, was removed by centrifugation
at 3,000 rpm at 4°C. Then the clear supernatant
was stored at —70°C until analyzed.

In order to fractionate nucleotides from base
and nucleoside contaminants, silica chromatogra-
phy using Sepak silica cartridge was utilized. After
the Sepak eluate was filtered through a 0.2 ,m
column guard HV filter (Milipore, USA), the resul-
tant free nucleotides were then chromatographed
on g Novapak C;g column.

The chromatography was performed at a flow
rate of 0.6 ml/min under 1,200 p.s.i. and moni-
tored at 254 nm with recorder sensitivity of 100
mV. The mobile phase consists of two buffer solu-
tions: buffer solution I, 2.5% CH3CN/65 mM
KH,PO, containing 1 mM tetrabutyl ammonium
phosphate, and buffer II, 5% CH3CN/65 mM
KH,PO, contaning 1 mM tetrabutyl ammonium
phosphate.
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Determination of Epinephrine and Norepinephr-
ine

HPLC with amperometric detection was em-
ployed to measure epinephrine and nore-
pinephrine following purification on alumina
(Kawasaki et al.,, 1989). The brain tissue was
homogenized in cold 5% HCIO, for 2 min and
the homogenate was centrifuged at 15,000 X g
for 20 min. The clear supernatant was absorbed
on acid-washed alumina and norepinephrine was
eluted with 0.05 M H3PO4 and 0.1 mM sodium
metabisulfite. The chromatography consisted of
Model 45 delivery system (Waters Assoc., Milford,
Mass., U.S.A)), a manual injector and » Bonda-
pak Cig column. The mobile phase was com-
posed of 8 parts of methanol and 92 parts of 0.1
M NaH,PO,4. 0.1 mM EDTA and 1 mM sodium
octylsulfate, pH 5.5. Norepinephrine was detected
by means of carbon paste electrode at a sensitivity
of 5 nAV™! and at +7.0 V against an Ag/AgCl
reference electrode.

Statistical Analysis

The student t-test was employed for the deter-
mination of statistical significance (Smith, 1962).
Differences between means which give probability
value(p) smaller than 0.05 are considered to be
significant.

Results and Discussion

Male ICR mice, which are administered the anti-
metabolite 6-aminonicotinamide start showing a
slight reduction in body weight after 24 h experi-
ment whereas that of the control group remained
virtually unchanged (Fig. 1). Likewise, the blood
glucose level in the control group remained con-
stant throughout the experiment. However, the
blood glucose level in 6-An administrered mice
starts increasing at 5 h, eventually reaches the
maximum value at 13 h and decreases until 24 h
of experiment.

This type of hyperglycemia was clearly demons-
trated in other species such as rabbit (Park et al,
1990) and quail (Park and shin, 1991) when anim-
als were administered the same level of 6-AN (15
mg/kg body weight) on the basis of body weight
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‘ 130 Table 1. Effect of 6-aminonicotinamide (6-AN) on levels
H of glucose and glycogen in mous brain.
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£2 - 120 Treatment . :
220> I t {mmol/g brain) (mg/g brain)
25l pd ey | 2 Control 060 + 0.08 051 + 003
g g l10§ ©-AN treatment
310t {/, z 3h 0.62 + 0.07 0.45 + 0.03
Sos[™ comrol| 8 5h - 0.46 + 004
® | 9 h 183 + 0.1*** 043 + 0.03

0 3 6 9 12 5 18 21 28 11 h 310 + 0.2%* 037 + 0.04*

Time{hour) 24 h - 0.44 + 033

Fig. 1. Effect of 6-aminonicotinamide (6-AN) on body
weight change and blood glucose level in mouse.
Saline or 6-AN solution was administrated intraperi-
toneally as described in 3Meterials and Methods”. Body
weight; control (¢ ;- ), 6-AN (@ -~ @). Blood glu-
cose; control. Valuse are given as means t+ S.D. of 7
mouse.

(Park et al, 1991; Park and Shin, 1991). 6-AN
was strongly believed to trigger either the de-
crease of insulin (Tanese et al., 1983) or the sti-
mulation of epinephrine release from adrenal
medulla which may be responsible for the en-
hancement of blood glucose concentration. Simi-
larly, the level of glucose in the brain increased
starting from 9 h after 6-AN administration.
Changes in the levels of glycogen in the brain
at different time after 6-AN admimistration were
presented in Table 1. 6-AN appeared to decrease
glycogen concentration in the brain after 3 h and
this lowering effect continued to stay on up to 24
h. In particular, glycogen content is significantly
lower at 11 h (p < 0.01). The rapid breakdown of
brain glycogen caused by 6-AN could also make
an additional contribution to the enhancement of
brain glucose level (Baba et al., 1978). Thus it can
be postulated that 6-AN stimulates glycogenolysis
and blocks glycolysis through the inhibition of
glyceraldehyde-3-phosphate dehydrogenase in
Embden-Mayerhoff pathway and pentose phos-
phate pathway in the brain (Kolbe et al, 1977).
The effect of 6-AN on the levels of epinephrine
and norepinephrine in the brain was also ex-
amined (Table 2). 6-AN was found to increase the
concentration of epinephrine in the brain at 3 h
and 9 h, but it was found to reduce epinephrine
concentration at 13 h and 24 h. whereas the
levels of norepinephrine was not significantly

Values are given as means I S.D. of 7 mice.
**p < 0.01, when compared with control.
***p < 0.001, when compared with control.

Table 2. Effect of 6-aminonicotinamide (6-AN) on levels
of epinephrine and norepinephrine in mous brain.

Catecolamine (n mol/g brain)

Treatment
Epinephrene Norepinephrine

Control 0.07 £ 0.01 1.79 + 0.16
6-AN treatment

3 h 0.42 + 0.05** 1.52 + 025

9 h 0.14 + 0.02** 1.86 + 0.18

13 h 0.04 + 0.01* 1.61 + 024

24 h 0.02 + 0.01* 0.73 + 0.15%

Valuese are given as means + S.D. of 5 mice.
**p < 0.01, when compared with control.

changed at all time intervals examined except 24
h. The increase of epinephrine in the initial time is
due to release from the adrenal medulla (Kawasa-
ki et al., 1989).

Our current results may indicate that the hy-
perglycemic action of 6-AN in the brain and
blood is triggered by releasing of epinephrine
from the adrenal medulla. 6-AN may interfere
with the biosynthesis of catecholamines, which
blocks the pentose phosphate pathway by de-
creasing the supply of reducing equivalents in the
form of NADPH which are necessary for the
synthesis of tetrahydropteridine cofactors of tyro-
sine hydroxylase (Jansson et al., 1977). A change
in the metabolic activity of actecholamine -con-
taining neurons in the brain can also influence
cerebral glycogen levels (Hutchins and Rogers,
1973). This effect was mediated by an increase of
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epinephrine release from the adrenal medulla and
not by direct sympathetic innervation of the j
cell (Frohman et al., 1973). Further studies will be
needed to shed light on an overall glycogen meta-
bolism in relation to epinephrine secretion under
metabolic stresses.

A typical chromatogram of a solution containing
standard amounts of authentic nucleotides is pre-
sented in Fig. 1. The nucleotides are eluted in the
order of decreasing polarity, the times being
calculated as 2.5 min for CMP, 3.4 min for CDP,
4.1 min for AMP, 5.0 min for UMP, 5.7 min for
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Fig. 2. A typical chromatogram of authentic standard
nucleotides. Ten 41 containing 100 n moles each of
nucleotides was injected. Experimental details were de-
scribed in methods.
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GMP, 9.2 min for CTP, 9.6 min for ATP, 13.8
min for GDP and 14.7 min for UTP. The com-
plete elution of all nucleotides was accomplished
within 15 minutes of injection. Almost identical
patterns of separation were observed with brain
nucleotide extract.

The nucleotides present in the brain tissues
were identified by comparison with retention times
of each peak of standard solution.

Effects of 6-AN on level of AMP, CMP, CTP,
UMP and UTP in mice brain were presented in
Table 3. AMP and CMP levels were not affected
by 6-AN forms an abnormal NAD-analogue
which consequently inhibits with the production of
ATP (Sheffield and Seegmiller, 1980). In addition,
our previous results strongly suggest that a reduc-
tion of NAD concentration along with a low activ-
ity of glyceraldehyde-3-phosphate dehydrogenase
in the pectoral muscle of quail could be a major
contributing factor for the subsequent reduction of
ATP (Park and Shin, 1991).

In de novo synthesis of UMP, ATP is utilized as
one of substrates in the initial reaction (Voet and
Voet, 1990). Thus the low level of UMP may arise
from the lower supply of ATP available in the
brain. In the same vein, the low UMP concentra-
tion would presumably account for the low UTP
concentration. As demonstrated in Table 1, it can
be speculated that this low level of UTP could be
responsible for the decrease of glycogen contents
in mice brain since the first step in glycogen synth-
esis requires UTP as one of major substrates (Voet
and Voet, 1990). Also the decreased level of UTP

Table 3. Effect of 6-aminonicotinamide (6-AN) on levels
of nucleotides in mouse brain.

Nucleotide (, mol/g brain)

Control 6-An 7 h 6-AN 13 h
AMP 323 + 01 3.10 £ 03 292 + 0.2
ATP 329 + 014 269 + 022* 1.70 + 0.2**
CMP 368 + 0.17 360 + 0.1 3.14 + 029
CTP 043 + 005 035 + 0.07 031 + 0.04*
UMP 199 + 007 205 + 007 131 + 0.06*
UTP 205 + 007 184 + 004 132 + 0.16*

Values are given as means + S.D. of 7 mice.
*p < 0.05, when compared with control.
**p < 0.01, when compared with control.
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would lead to the decrease of CTP level since
CTP is formed from UTP in the biosynthetic path-
way of pyrimidine (Voet and Voet, 1990). Furth-
ermore, the reduced concentration of ATP, CTP
and UTP caused by 6-AN could eventually lead
to the inhibition of RNA synthesis (Ritter et al,
1975; Knoll-Kohler et al., 1980).

In conclusion, 6-AN appears to exert an inhibi-
tory action on energy metabolism as well as nuc-
leotide metabolism.
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