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Abstract -- Hydroxynicotinyl amide 18, a novel radical-scavenging agent, was developed for
neuroprotection. 18 showed substantial ex vivo inhibitory action against lipid peroxidation in mice
brain regardless of Iow in vitro inhibition. These indicatedJhat 18 effectively reached the brain, the
target site. Electron paramagnetic resonance (EPR) ve~ifie((th{sc,avengmg ability of 18 by showing
suppression of the HO. and Oz"- radicals resulting in the decrease of signal areas of PBN/OH and
DMPO/OOH, respectively. Neuropharmacology of 18 was investigated in mice in comparison with
chroman amide 12P, a potent neuroprotective-radical scavenger. 18 at 100 mglkg, Lp. ~as the
promising compound as it showed significant suppression (18.16%) on the hypermotility induced by
methamphetamine (MAP), but did not reduce locomotor activity in normal condition as 12P did. The
suppression demonstrated the enhancement of brain delivery and the antagonism against aberrant
dopamine release. In water maze test, 18 (100 mglkg, Lp.) as well as 12P (200 mglkg) and tacrine (3
mglkg), significantly reduced the learning and memory impairment induced by scopolamine (0.5
mglkg), 18 was more potent than 12P. These results support the enhanced brain delivery of 18 as well
as provide additional evidence for the role of radical scavenger in the modulation of brain
neurotransmitters in the aberrant condition. @Allrightreserved

Keywords: Hydroxylnicotinyl amide, Lipid peroxidation, Radical scavenger, Locomotor, Memory,
Water maze.

INTRODUCTION

Free radicals in brain could represent one of
the main causes of the degenerative process
associated with aging and neurodegenerative.
diseases such as Alzheimer's dementia and
Parkinson's disease.l,2 It has beeri'demonstrated
that a general reduction of the antioxidant
protection mechanisms occurs during aging.3
In enzymaticsystem,an age-dependentdecrease
in superoxide dismutase activity was reported
and in nonenzymatic system, levels of
antioxidants i.e. ascorbate,4.5 glutathione6.7
and a-tocopheroI8-9 have been shown to
decrease in brain. The reduction or prevention

of free radical generation was attempted as
one of the potential therapeutic approach for
Alzheimer's disease and other pathological
dysfunction in memory.IOol3 Several studies
reported the effect of antioxidants against
scopolamine-induced amnesia or in the aged
mice. The neuroprotective effect of ascorbic
acid has been shown to relate to nootropic
drugs and other antiamnesic drug. 14

Idebenone, a synthetic compound acting as
free radical scavenger, has shown efficacy in
degenerative and vascular dementia.15-17
BN80933, a dual inhibitor of neuronal nitric
oxide synthase and lipid peroxidation,
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represents a class of potentially useful
therapeutic agents for the treatment of stroke
or trauma and possibly neurodegenerative
disorders that involve both nitric oxide (NO)
and reactive oxygen species (ROS).18 Other

antioxidants namely lazaroids \21-
aminosteroids),19 nitric oxide blockers, 0.21
pyrrolopyrimidines,22 LY34l12223 and
derivatives of antioxidative vitamins are under
investigation for neuroprotection and
antidementia.

In former studies, series of chroman amide
and nicotinyl amide derivatives were
synthesized as radical scavenging agents for
cerebroprotection. Chroman amide 12, the
most potent compound, inhibited ex vivo lipid
peroxidation and showed in vivo neuro
protective efficacy in traumatic head injury
and anoxia.24 Chroman amide 12P which the
O-acetyl group was served to protect the
active hydroxyl group for the delivery to the
target organ showed significant suppression
on the hypermotility induced by
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methamphetamine and reduced the learning

and memo~ impairment induced by
scopolamine. As nicotinamide and piperazine
containing compounds were found to be
efficient in vascular and neurodegenerative
dementia, it is of interest to further structure
modification of compound in nicotinyl amide
series.26-31 The Iow antilipid peroxidation
activity in vitro of hydroxy nicotinyl amides
5-8 in previous study is possibly due to the
Iow log P and high reactivity of active
hydroxy functional group. The connection
between nicotinyl amide and piperazine in the
structure. of new 18 was aimed to improve
neuroprotective efficacy. Radical-.scavenging
abilities of new 18 were evaluated by EPR and
antilipid peroxidation action. The in vivo test
on improvement of scopolamine-induced
amnesia using water maze was measured to
demonstrate the role of radical scavenger in
neuroprotection. In addition to oxygen
radicals, dopamine is released after brain
injury and ischemia finally leading to
membrane damage and cell'death. The in vivo
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Figure 1. Structuresofhydroxynicotinyl amides 5-8, chroman amides 12, 12P and new 18.
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Ie.t on suppression of the methamphetamine
(MAP)-induced hyper motility by 18 was
therefore investigated.

MATERIALS AND METHODS

~n~~~ I

Melting points of the compounds were
detennined on a Buchi capillary melting point
IJpparatus and unCorrected. . Infrared (IR)
gpectra were run on FTIR NIColet 500 as a
potassium bromide pellet. Proton nuclear
magnetic resonance eHNMR) spectra were
obtained with a JEOL JNM-A-500 (500
MHz). Chemical shifts were reported in ppm
related to the internal standard,
tctramethylsilane. Thin-layer chromatography
was carried out on Merck Kieselgel 60 F254
plates and the purified compound showed a
single spot. Analytical results from an
elemental analyzer (Perkin Elmer PE 400)
obtained were within :t 0.4% of the theoretical
values. All starting materialswere~commercially -

available.

6.Hydroxy-3-pyridinecarbonyl-2 '-(Diphenylmethyl)

piperazine (18) .

Carbonyldiimidazole (0.324 g, 2 mmol) was
added in small portion to a soiution of 6-
hydroxynicotiriic acid (0.278 g, 2 mmot) in
molecular sieve-dried pyridine (10 mt) and the

I .
mixture wa~ stlITed for. 2 hours at room
temperature.Then, l-diphenylmethylpiperazine
(0.504 g, 2 mmol) in molecular sieve-dried
pyridine (2 ml) was added dropwise to the
stirring mixture. The reaction mixture was
allowed to stir for 24 h and then evaporated to
dryness under reduced pressure. The resulting
residue was purified by passing through a
silica gel column (eluent: chlorofonnlmethanol,
12:I). Recrystallization from ethanoVwater
gave compound 18 0.595 g (79.82% yield),
mp 232-233°C. IR (KBr) (cm-'): 3447(O-H),
3061-3020(aromatic C-H), 2968-2860
(aliphatic C-H), 2805-2785(N+-H), l669(C=O
ester), l628-l599(aromatic C=C, cyclic C=N,
N-H), 1452-1432(N-CO), l288-l246(aromatic
C-N), ll18-l002(C-O), 770-710(aromatic C-
H, monosubstitution). 'H NMR (CDCh): 8
2.44(m, 4H, piperazine-3' and 5'), 3.69(m, 4H,
piperazine-2' and 6'), 4.29(s, IH, N-CH-ph2),
6.56(d, J 9.38 Hz,IH, H3), 7.2l(m, 2H, p-
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phenyl-H), 7.30(m, 4H, m- phenyl-H), 7.43(d,
J 7.19 Hz, 4H, o-phenyl-H), 7.56(dd, J 2.37
and 9.39 Hz, lH, H4), 7.62(d, J 2.00 Hz, IH,
H6). TLC: stationary phase-silica gel 60 F254,
mobile phase-chlorofonn/methanol (8:1); Rf
of l-diphenyl methylpiperazine = 0.25, Rf of
compound 18 = 0.63, while 6-hydroxynicotinic
acid stayed at the baseline. Elemental analysis
for C23H23N3 -Calculated: C, 73.99; H, 6.17;
N, 11.26. Found: C, 73.68; H, 6.12; N,=
11.25.

Evaluation of radical scavenging ability

Effect onlipfd peroxidation (in vitro)

Mice bniil1s were obtained from freshly
slaughtered mice. The brains were
homogenized in ice-cold phosphate buffer 40
mM pH 7.4 (1:19 w/v) and kept in ice bath.
Lipid peroxidation was assessed by the
fonnation of thiobarbituric acid-reactive
substances (TBARS). The fluorescence of
TSARS was exited at 515 nm-andmeasured at
553 nm (emissionwavelength). Test compounds
were prepared in DMSO and were diluted
serially. IC5ovalues of 18 was detennined.

Effect on lipidperoxidation (ex vivo)

Compounds 18 (100 mglkg and l50mglkg) or
vehicle (DMSO) was administered
subcutaneously to each group of 5 male Swiss
albino mice (27-33 g). The brain was excised
1 h after administration of test compounds or
vehicle and frozen in dry ice. The frozen
brains were homogenized in ice-cold
potassium phosphate buffer (I: 19 w/v). The
mixture was centrifuged after addition of
perchloric acid (35% v/v). Thiob~rbituric acid
(I % v/v in 50% glacial acetic acid) was added
to the supernatant and the mixture was heated
to 100°C for 15 min. The fluorescence of
TBARS was measured.

Electron paramagnetic resonance study(EPR)

The reaction mixtures (1 ml) were prepared
and transferred immediately to a quartz EPR
flat cell, which was in turn inserted into the
cavity of the JOEL (JES-RE2X) EPR
spectrometer with the following parameters:
magnetic field, strength 335.10 mT,
microwave power 20 mW, modulation
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amplitude IxlOOOmT, and modulation width
0.5xO.l mT. The evaluation of HO. trapping
ability was examined using a-phenyl-tert-
butylnitrone (PBN) as spin trap. CUSOJH202
reaction was used to generate HO.. Test
compound 18 (final concentration, 5 mM) and
PBN (final concentration, 50 mM) were added
to a test tube containing the freshly solution
mixture of CUS04 (fmal concentration, 0.1
mM) and H2O2(final concentration, 10 mM)
and a final volume was adjusted to 1.0 ml by
phosphate buffer pH 7.4. For the evaluation of
O2.- trapping ability was measured using 5,5-
dimethyl-I-pyrroline-I-oxide (DMPO) as spin
trap. Test compound (final concentration, 2.5
mM) and DMPO (final concentration, 50 mM)
was added to the test tube containing the
freshly solution mixture of xanthine oxidase
(0.04 units/ml), xanthine (final concentration,
0.4 mM) and deferoxamine (final
concentration, I mM) and buffer was added to
a final volume. As test compound dissolving
in ethanol and ethanol itself is aHO. trap, thus
control containing an equal volume of ethanol
was used. The spectra were recorded at 5 min
after mixing the solution on an EPR
spectrometer.

Evaluation of neuropharmacological effects

Determination of locomotor activity25

Male Swiss albino mice, weighing 25-35 g
were used. Fifteen or twenty animals were
housed in a cage with free access to water in a
temperature and humidity controlled room and
was subjected to a 12:12 h light-dark cycle.
Mice were divided into 4 groups of 10
animals. In the first group, test compounds
(12P, 18) was administered Lp. at the dose of
50-100 mg/kg. One hour after treatment with
test compounds, MAP dissolved in normal
saline solution (NSS) at the dose of 1 mg/kg
was administered Lp. In the second group,
mice were treated as group 1 except that NSS
was injected instead of MAP. The other two
groups are negative control and positive
control. The drug vehicle (15% tween 80) and
then the MAP vehicle (NSS) were
administered in negative control group. The
drug vehicle (15% tween 80) and then MAP
(I mg/kg) were administered as positive
control group. Three minutes after
administration of MAP or NSS in drug

treated group and positive control or MAP's
vehicle (normal saline) in negative control
group, locomotor activity of mice in the 12"x
12"chamber was observed for 5 minutes. The
area in the chamber was divided into 16
squares, the area of each square was about the
size of the mice. The locomotor activity was
recorded in term of the number of squares per
minute that the mice occupied in 5 minutes.
Significant increase in locomotor activity
induced by MAP of the positive control group
was observed. The locomotor activity of mice
in drug treated groups were determined to
evaluate the effect of test compounds on the
locomotor activity (group 2) as well as on the
MAP induced hypermotility (group I). Two
tail student's t-test was used for statistical
analysis.

Determination of the improvement of the
cognitive deficits induced by scopolamine25

The effect of 12P and 18 on the spatial
cognitive deficits induced-liy scopolamine in
mice in water maze test was determined.
Fifteen or twenty male ICR mice (SLC,
Japan), weighing 30-40 g, were housed in a
cage with free access to water in a temperature
and humidity controlled room and were
subjected to a 12:12 h light-dark cycle (light
on 7.00-19.00). In a circular pool, 70 cm-
diameter and 28 cm-depth, a dark platform (6
x 10 x 15 cm) was placed 1 cm below the
water level in the middle of fixed quadrant.
The temperature of the water was adjusted to
25:t1°C. The training period continued for 5
days to reach the steady state of escape
latency. Mice were placed in a pool of water
and allowed to swim treely for 90 sec, 4
trials/day. The time that mice escaped and
reached the platform was recorded. On day 6,
the platform was taken off trom the pool and
the mice were allowed to swim 2 times trom
the different quadrants for 90 sec. The
swimming time in the quadrant (Ql) where
the platform was formerly located was
recorded. On day 7-8, platform was placed in
the same position again. Mice were allowed
to swim to reach platform 2 times for 90 sec.
On day 9, test compounds or vehicle (15%
tween 80) were administered Lp. One hour
after injection of test compounds, scopolamine
hydrobromide(0.5mg/kg, Lp.)was administered
to induce amnesia. Thirty minutes after
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scopolamine injection, the mice were placed
in the water pool which platform was taken
out, they were allowed to swim 2 times ITom
the different quadrants for 90 sec as the same
condition as day 6. The swimming time at Ql
was recorded and compared with the
swimming time of the same animal on day 6.
Tacrine were tested as a reference compound
of cholinesterase inhibitor. Pairwise multiple
comparison was tested followed by Student-
Newman-Keuls method. Differencesat p<0.05
were consideredas statistically significant.

RESULTS AND DISCUSSION

Hydroxynicotinyl amides 5-8 were reported
previously to have lower inhibitory action
against lipid peroxidation than the chroman
amides which possibly due to low
lipophilicity.24 The new 18, 6-hydroxy-3-
pyridinecarbonyl-2' -( diphenylmethyl)

~ P!peI~j!1e, with inc.reased lipORhilicit)'(logP
. of 3.62vs. -0.13-2.50of 5-8)wassynthesized

and evaluated. The ability of 18 to scavenge
radical was evaluated through the
determination of lipid peroxidation inhibitory
activity both in vitro and ex vivo using
thiobarbituric method. Electron paramagnetic
resonance (EPR) study was performed to
verify the scavenging abilities against HO' and
O2'- radicals.

In addition to oxygen radicals, dopamine is
released after brain injury and ischemia.
There are several possible mechanisms
through which dopamine could exacerbate the
cell damage produced by cerebral ischemia
and trauma. The oxidation of dopamine by
molecular oxygen results in the formation of
superoxide anion.32 The reaction between

dopamine and hydroxyl radicals ~enerates the
neurotoxin, 6-hydroxydopamine. 3 Experi-
mental evidence suggests that decrease in
brain dopamine level protects brain tissues
ITom ischemic damage.34 Oxygen radicals
and dopamine are components of an
interactive cascade leading to membrane
damage and cell death. Consequently,
compounds capable of regulating these factors
might be able to limit post-tiaumatic tissue
damage and enhance neurological recovery.
Antagonism of the metamphetamine (MAP)-
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induced hypermotility resulting ITom
dopamine release in the CNS3sby 18 and 12P
were therefore investigated. In addition, it is
interested to assess the new synthetic 18 for
the ability to improve learning and memory
impairment as antioxidants such as ascorbic
acid alone or in combination with oxiracetam
were found to improve cognitive deficits on

,radial maze36-37 as well as water maze test.38-39

These two in vivo tests on suppression of
MAP-induced locomotor hypermotility and
improvement of scopolamine-induced amnesia
using water, maze aim to demonstrate the
enhanced 'brain delivery as well as the radical
scavenger role in the neuroprotection of new
hydroxynicotinyl amide 18.

Synthesis

The new hydroxynicotinyl 18 amide was
synthesized by carbonyldiiimidazole coupling
method. A coupling agent, N,N'-
carbonyldiimidazole, reacted readily with---
carboxylic acid in al: 1 molar ratio to form
acylimidarole. Acylimidazole is very reactive
carboxylic acid derivative, therefore,
nucleophilic groups such as amine are easily
attracted to the carbonyl to form an amide.
The desired compound was separated ITomthe
reaction mixture by column chromatography
and further purified by recrystaIIization.
Percentage yields was high, 79.82 %. The
inITared absorption spectrum of 18 showed
OH stretching at 3447 cm-! and N+.H
stretching at 2785-2805 cm-! which was due
to the formation of quaternary ammonium
ITom tautomerization of hydroxyl proton at
position of pyridine. The characteristic
stretching of amide bond were carbonyl
stretching at 1669 cm-I together with the
vibration of N-CO function at 1432-1452 cm-
I. The INMR spectra of 18, the characteristic
proton peak of hydroxynicotinyl portion
contained one singlet of pyridine OH at 13.I8
ppm. The typical peaks of pyridineprotons in
position 3, 4 and 6 were shown at 6.56, 7.56
and 7.62 pprn, respectively. The proton peaks
of piperazine side chain of 18, were two
multiplets, at 2.44, for protons and 3.69 ppm,
respectively. The signal peak of one proton in
methine group adjacent of piperazine ring was
exhibited as singlet'peak at 4.29 ppm.
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Evaluation of radical scavenging ability

The new 18 and 12P and trolox were tested
for the inhibitory effect against lipid
peroxidation both in vitro and ex vivo using
thiobarbituric acid method. The ability of 18
to scavenge HO. and O2e- radicals was
determined by ESR-spin trapping method.
The partition coefficients as lop P values w~re

calculatedby softwareMolgen4.0. 12P 0.58

Effect on lipid peroxidation Trolox 56.35

Homogenateof micewholebrainwas used as *p< 0.01,up < 0.001vs.control
the source of lipid in the test system because . .
of its high polyunsaturated fatty acid content EPR-spm trappmg study

and the liability to lipid oxidation., The As HO. and O2.- radicals are the predominant
resultant lipid peroxidation was measured radicals contributing to cellular damage' in
from th~ pink producto~the r~ac~ion~etween biological system, the ability of18 to trap HO.
malond13ldehydeand thIObarbltuncaCId. The and 0.- radicals 'was investigated by EPR-
inhibition ?f lipid peroxidat.ion. a~t!~ity spin tr~pping method. The EPR spectra of
represente.d.mterm ~f c~ncentratIOnInhlb.ltmg HO. generated by H2O2/CuS04system in the
50% of lIpId peroxldatIOn, ICso. ~e. h~~ar presence of PBN or mixture of PBN and 18
regression plots b~tween P7rc~nt.)rll!I.b-W9IL--wereshowe~ i!1Figure 2. -- - - -values and the concentratIOn of all test . .
compounds showed r2 value ranging ITom
0.92-0.99. The ICsoand log P were displayed
in Table 1. The lipophilicity of new 18 was in
between chroman amide 12P and trolox but
the lipid peroxidation inhibitory action was
less potent than trolox. These were possibly
due to some other factors besides lipophilicity
that governed the inhibitory action against of
lipid peroxidation. The reason may be the
tautomerization of hydroxyl group on pyridine
nucleus, thus the efficiency of the active
hydroxyl group to react with biological
radicals was less than the hydroxyl on the
chroman nucleus. The new 18 was continued
for ex vivo evaluation of antilipid peroxidation
in mice. One hour after injection of 18 (lOO
and 150 mg/kg, s.c.), the mice were killed and
brains were excised for the evaluation. The ex
vivo antilipid peroxidation results were shown
in Table 1. The ex vivo antilipid peroxidation
of 18 was 12.10% inhibition at 150 mg/kg in
spiteof lowactivityin vitro(ICso= 1.25mM).
These indicated that 18 with increased
lipophilicity effectively reached the brain, the
target site. Moreover, other factors apart from
hydroxyl group such as the nicotinamide and
piperazine portion could play additional role
contributing to the ex vivo action.

Table I. Lipophilicityand effect on lipid peroxidation .
I
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Lipid peroxidation

in vitro ex vivo (n =5)

IC",(pM) dose %
(n =3) (mglkg) inhibition

1.25x 10) 100 3.46 3.62

Log?

18

150

100

12.10*

20.27** 4.30

3.19
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Figure 2. EPR spectrum A obtained from the addition of
PBN (final concentration of 50 mM) to H2OiCuSO4
system. EPR spectrum B was collected under the same
conditions as A except that the mixture of PBN and 18
(final concentration of 50 mM and 5 mM, respectively)
was added.

The formation of the spin adduct PBNfOH
was evidenced by the appearance of the
characteristic 2:2:2 EPR hyperfine splitting
pattern. Compound 18 was found to reduce
the signal of PBN/OH adduct as showed in
Figure 2B that verified the capability of 18 to
scavenge HO.. For the evaluation of O2.-
trapping ability, the formation of spin adduct
of DMPO/OOH ITomthe reaction of xanthine
oxidase and xanthine in the presence of
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diethylenetriamine pentaacetic acid and
DMPO was evidenced by the appearance of
the characteristic of 1:2:2:1 EPR hyperfine
splitting pattern (Figure 3).
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Figure 3. EPR spectrumA obtained from the addition of
DMPO (final concentration of 50 mM) to xanthine
oxidase, xanthine and deferoxamine. EPR spectra B and
C were collected under the same conditions as A except
that the reaction mixtures also contained .compound 18
(final concentration, 25 mM) (8) or SOD (30 units/m\)
(C), respectively.

The formation of the superoxide radicals and
consequently its spin adduct (DMPO/OOH)
was confirmed by the absence of signals in the
presence of superoxide dismutase (SOD). , It
appeared that 18 suppressed the O2e-
generation resulting in the decrease of
DMPOiOOH adduct. The effectiveness in
the suppression of HO. and O2e- radicals
strongly suggested that 18 was an effective
radical scavenger. In comparison with
chroman amide 12, which EPR signals of
chromanoxyl radical appeared after
scavenging radicals while 18 did not. New 18
would be a promising candidate since it did
not posses the pro-oxidant property.

Table 2. Effect on MAP-induced hypennotility

39

Neuropharmacological determination

Effect on locomotor activity and MAP-induced
hypermotility

Compound 18 and chroman amide 12P were
evaluated for the. effect on the locomotor
activity as well as the effect on the
suppression of methamphetamine (MAP), a
dopamine releaser, induced hypermotility in
mice. Dopamine can exacerbate the cell
damage produced by cerebral ischemia and
trau~a, the oxidation of .dopamine. by
molecular oxygen results in the formation of
superoxide anion leading to the generation of
6-hydroxydopamine, the neurotoxin. The test
compouna (100 mg/kg) in 15% tween 80 was
injected Lp. 1 h before MAP injection (1
mg/kgin saline) and locomotor activity was
measured before and after MAP injection.
The result (Table 2) showed that 18 as well as
12P exhibited significant effect against MAP-
induced hypermotility. New 18 (100 mgllcg)
suppressed MAP-induced hyPermotility in the
lesser extent than 12P, 18.16% of 18 versus
54.36% of 12P, but 18 did not reduce the
locomotor activity in normal condition like
12P. These results indicated that new 18 were
a potential compound since it suppressed the
MAP-induced hypermotility without reducing
the locomotor activity in normal condition in
mice.'

Determination of the improvement of cognitive
deficits induced by scopolamine

New 18 was investigated in comparison with
12P for the action to improve learning and
memory impairment induced by scopolamine,
anticholinergic drug, on water maze test in
mice. The test compounds were injected Lp.
one hour, prior to injection of scopolamine 0.5

Normal condition" MAP-induced"
Treatment
(n = 5-10) No.sq./min % Locomotor No.sq./min % Suppression of

Mean(SEM) activity Mean(SEM) hypermotility

vehicle 20.66(1.86) 100 33.26(2.12)" 0.00

12P 6.60(1.73)" 31.95 15.18(1.47)" 54.36

18 21.48(2.31) 103.97 27.22(2.34). 18.16

"The test compoundin 15%tween 80 (100 mglkg) was injected i.p. I h before MAP injection (I mglkg in
saline) and locomotoractivity was measured after MAP or MAP vehicle injection. 'p<0.05, "p<0.001 vs.
control and .p<0.05,..p <0.001vs. MAP
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mglkg Lp. After training the mice for 5 days,
the mice remembered the platform's position
and the escape latency of water maze test
reduced to steady state (Table 3).

Table 3. Steady state on day 5 of the training period

Day Escape latency(sec)
Mean :t SEM (n = 26)

39.94:t 3.94
21.90:t 2.03
14.IH 1.63
10.51:t 1.38
8.24 :t 1.03

I
2
3
4
5

On the day 6, the platform was taken from the
pool, the trained mice escaped and swam in
the quadrant where the platform was formerly
located. It was in contrast on day I, the
untrained mice escaped and searched
randomly for the platform by swimming in all
quadrants. Without platform on day 6, the
training mice spent more time in the quadrant
I that formerly located the platform (p < 0.05,
Figure-4). . Dose..,oLscopolamine to induce
learning and memory'impairment was initially
determined at 0.5 mglkg, then the mice spent
more time to reach platform (p < 0.05).
Without platform, after being induced amnesia
by scopolamine, the mice spent less time at
quadrant I, in contrast with the trained mice
that spent more time in quadrant I.

Compounds 18 and 12P were tested for the
effect to improve the cognitive deficits caused

(A) 18

5 so
~E
u~ 40... -'" as
~ C.30
E -
<:: =0 20
0':;

5i 10

~

F-j-:l
I n r

* *

0
0 100

Dose

20050

Figure 4. Swimmingtime in each quadrant on day 6 (no
platform) after training with platform for 5 days, Q I was
the quadrant where the platform was formerly located; n =
26, .p < 0.05.

by scopolamine. The impairment of cognitive
deficits would result in decrease of swimming
time at quadrant I and the improvement of
cognitive deficits would increase the

--swimming tiine in <juaClfanl'T:-'The'resul( of
this assay were 'illustrated in Figure 5.
Tacrine, anticholinesterese drug, was used as a
positive reference compound and displayed
significant improvement in cognitive deficits
induced by scopolamine at the dose of 3
mglkg. . New 18 exerted significant
improvement of the cognitive deficits induced
by scopolamine in the dose of 100 mglkg
better than 12P that showed significant
improvement in the higher dose of200 mglkg.

'1

(8) 12P (Cl Tacrine

~#I [#.J**

""1
~~lT'

0 100 200 0
0 before treatment
0 after drug treatment + scopolamine

3

Figure 5. Effectof compounds 18(A), 12P(8) and, tacrine (C) on scopolamine(0.5 mglkg) induced cognitive deficits
on day 6. Each column representsthe mean :t SEM of swimmingtime that mice spent at the quadrant of platform
formerly located (QI) within90 sec fiom 2 different starting quadrants (n=8). 'p < 0.05 vs, drugs and scopolamine
treatment, .p < 0.05 vs. control(before drug and scopolaminetreatment) (Student-Newman-Keuls method).
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Neuroprotection ofHydroxynicotinyl Amide 18

In conclusion, 18 gave substantial ex vivo
inhibitory action against lipid peroxidation in
mice brain regardless of low in vitro
inhibition. 18 had the effect on suppression of
hypennotility induced by MAP, although the
suppression was less than chroman 12P,
hydroxynicotinyl amide 18 had no effect on
locomotor activity in nonnal condition as 12P
did. In addition, 18 was found to improve'
learning and memory deficits caused by
scopolamine at the lower dose -,than 12P.
Other factors beside the active hydroxyl group

- may contribute to the activity of 18 as the
hydroxyl group on pyridine ring was less
reactive than the hydroxyl group on chroman
nucleus due to tautomerization. The good in
vivo activity of new 18 was possibly attributed
to the nicotinamide and piperazine portion. In
addition, 18 was not a pro-oxidant since it
scavenged the radicals and reduced the signals
of spin trapping adduct without giving an EPR
signal. Further phannacological investigation
is required to reveal the mechanism regarding
the effect of 18 on learning and cognition.
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