. type

K1BLID, ISSMN 0253-975%6 Acta Pharmarologica Sinrca

T E S EF N

1485 Jan: 16 (1): 21—325

Effects of isovanihuperzine A on cholinesterase and
scopolamine-induced memory impairment

XIONG Zhi—Qi, TANG Xi—Can'. LIN Jin—Lai‘s ZHU Da— Yuan?

(Depurtment of Pharma-

cology. ‘Department of Phuytochemistry, Shanghai Institute of Materia Medicu, Chinese Academy

of Sciencess Shunghai 200031, China)

AIM: To study the effects of isovanihuper-
zine A (IVHA} on cholinesterase and scopo-
lamine-induced memory deficit. METHODS:
AChHE and BuChE activities were determined
by the colorimetrie method of Ellman, The K,
value was determined by the plotting method
of Lineweaver and Burk, In a behavioral test,
rats were trained ta perform a radial arm maze
task using a partially baited procedure. RE-
SULTS: The anti-AChE activity of IVHA
was comparable to huperzine A (Hup-AJ., and
was more potent than those of physostigmine
and galanthamine with an IC;, value of 0. 11
pmol + L' IVHA was a mixed competitive
with a K,
* L. It bound to AChE in a reversihle man-
ner. IVHA at a dose of 0.2 mg « kg ' ip sig-
nificantly reversed scopolamine-induced work-

value of 32 nmol

ing memory and reference memory impair-
ments in radial arm maze. CONCLUSION:
IVHA is a new potential reversible AChE 1o
hibitor and merits further study as a cognitive

enhancer.
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The degeneration of cholinergic neurons
of the brain observed in Alzheimer’s disease
(AD)Y and in aging-!'is considered an impor-
tant pathogenetic element of dementia and of
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age-associated cognitive impairments, Choli-
nesterase inhibitors (ChEI) enhancing cholin-
ergic transmission by slowing the degradua-
tion of ACh have been suggested to be a
of these
Physostigmine { Phys ) tetrahy-
droamincacridine (THAJ and other ChEIl have
been well investigated for memory-enhancing

potential treatment impairments.

effects in animals and patients with AD,
However. there is no therapeutic ChEI that
has been shown to be both effective and safe
in the treatment of AD™. Huperzine A (Hup-
A) is a new Lvcopodium alkaloid which was

first isolated from Chinese herb Huperzia
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serratd '(Thunb) Trev by Chinese'™. It is a
potent and selective AChE inhibitor*® with
better therapeutic index than those of Phys
and THA''7™., Climecal trials have indicated
that Hup-A was a promising candidate of
ChET in the treatment of AD™,

Therefore, it is worthwhile to study the
structure-activity relationships and explore
further structural requirements. Huperzine
derivatives have been synthesized in this insti-
tute®” and other laboratories'®’. Isovanihu-
perzine A (IVHAJ, one of the most potent
derivatives of Hup-A, was found in this insti-
tute. In this paper, effects of IVHA on ChE
activities and task of spatial memory were

reported.
MATERIALS

Rats Sprague-Dawley rats ( § , n = 35) weigh-
ing 25545 23 g were housed individualiy at 20—22
on a 12-h light/dark cycle and kept on a restricted diet
of standard laboratory chow with water available ad
Lih.

Apparains The plastic radial arm maze was ele-
vated 70. 5 em above the floor. and had an octagonal
center platlorm with § arms radiating from the center.
The platform was-51. 5 em in diameter.and each arm
was 61 cm long and 12 cm wide. Plexiglas wall was 10
cm high extending along the length of each arm. Food
weils, located 3 cm from the distal end of each arm,
were | cm deep and 2 cm in diameter.

Chemicals  Acetylthiocholine iodide {s-ACh >,
5.5"-dithiobis Z-nitrobenzoic acid {DTNB) . physostig-
mine salicylate, and isoflurophate were purchased
from Fluka Chemie. Tetraisopropyl pyrophospho-
ramide {isoOMPA} was purchased from Sigma Chemi-
cal Company. Butyrylthiocholine iodide {s-BuCh) was
& product of Koch-Light Lab, UK. Sodium lauryl sul-
phate (SDS) was bought from BDH, UK. Galan-
thamune hydrobromide (Gal) was a product of Shang-
hat Hai Pu Pharmaceutical Works. Scopolamine hy-
drachloride was a product of Chengdu M2 1 Pharmaceu-
Hup-A (colorless powder. purity
> 98 M) and IVHA {light yellow powder, purity
> 98 ) were prepared in our laboratory.

tic Factory.

Enzyme source Rar hippocampus and frontal
cortex homogenate are used as the brain ACHE
source. To prepare brain AChE. rat was decapiated
and the bippocampus and frontal cortex were dissected
on jce and homogenized in 0. 05 mmol = L7 sodium
phosphate buffer, then kept at —30 C.

Rat erythrocyte membrane and serum were vsed
as the sources of AChE and BuChE. respectively. To
prepare erythrocyte AChE. rat blood was coliected in
a heparinized tube and centrifuged at 3 DOUX g for 15
min. The plasma was diluted 1.4 with 0. 2 mmo] « L™!
sodium phosphate buffer. pH 7. 4, containing NaCl
v. 15 mmal = L7,

times in saline followed by lysis in 50-fold volumes of

The ervthrocytes were washed 3

" 8. 15 mmal » 17! sodium phosphate buffer. pH 8. 0.

Alter 2 h, the Iysed cells were centrifuged at 10 000
X g for 15 min. The erythrocyte membrane were
washed 3 times and then diluted with 10 mmol « L™
Tris-HCI buffer, pH 7. 4. .

Serum and erythrocyte membrane were stored at

—30 C for ChE and total protein assays™”.

METHODS AND RESULTS

Inhibitory effects on AChE and BuChE
The hippocampus or frontal cortex homo-
genate was thawed and suspended in 10 mmol

» L7! edetic acid phosphate buffer, pH 7. 4,
The homogenate was diluted until activity was
The ho-
mogenate was preincubated for 5 min with iso-
OMPA (0. 1 mmol » L™') , a selective
inhibitor of BuChE activity.

AChE and BuChE activities were deter-
mined in 25 mmol » L™! sodivm phosphate

linear with tissue concentration.

buffer, pH 7. 4, using the spectrophotometric
method**?’. s-ACh (0. 3 mmol » L™') and s-
BuCh (0.4 mmol « L™ ' }were used as specific
substrates for the assay of AChE and BuChE,
respectively, The mixture was incubated at
87 'C for 8 min. The reaction was terminated
by adding 1 ml of 3 % SDS. then 1 ml of
0.2 ¥ DTNB was added 1o produce the yellow
anion of 5-thio-2-nitro-benzoic acid. The pro-
duction of the vellow thionitrobenzoate anion
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was measured at 440 nm for a period of 30 min
after initiation of the reaction.

The enzyme activity was expressed as a
% of the activity observed in the absence of
mmhibitor. The IC,, was defined at the concen-
tration of inhibitor necessary to vield a 50 %
inhibition of enzyme activity.

The anti-AChE activity of [VHA was
comparable to that of Hup-A, and was 2 and
18 times more potent than those of Phys and
Gal, respectively. In contrast. IVHA was the
least potent against BuChE among the ChEI
tested. The rato of IC,, of IVHA for
BuChE : AChE was comparable to Hup-A and
much greater than that of Phys or Gal
(Tab 1).

Tab 1. Inhibitory effects of IZVHA and reference com-
pounds on rat serum -BuChE and erythrocyte mem-
brane AChE ix vitro. Number in parenthesis refers to
slope value of enzyme activity vs IC,y, value.

1Cso/prmol « L~ Ratio of
ChEl 1€
(BuChE/
BuChE AChE AChE}
I'VHA 1071 (0. 90) Q.11 (0. 72) 973.6
Huperzine A 63.1 (0. 87) 0.Q6 {(D.75)1051.7
Physostigmine 1.3 (0.78) 0.23 (0.77) 5.6
Galanthamine 13.5 C0.85) 1.99 (0.72) 6.8

AChE from rat hippocampus, cerebral
cortex, and erythrocyte membrane had the
same gualitative sensitivity to IVHA and Hup-
A, The IC,, of hippocampus AChE and frontal
cortex AChE were, respectively, 51. 2 and
83. 3 nmol L™’ for IVHA and 60. 1 and 56. 2
nmol*L.77 for Hup-A.

Inhibition mechanism The erythrocyte
membrane AChE was incubated with the in-
hibitor and the inactivation was monitored by
determining the remaining activity at indicated
times (0, 1, 3, 5.
incubation). 100 % was defined as enzyme ac-
tivity observed in the absence of inhibitor.

and 7 min after

The AChE activity did not exhibit progressive
decrease with the prolongation of incubation
with IVHA. Its inhibitory manner was
reversible and different  from that of
isoflurophate (Fig 1).

.'I'E}(.'ll
" Galanthamine
o —
= % - ~ 1
. - . il
E \ Iag— vanihyperzine A
LY
]
E :\
g 490 X
g \
20] lsufluraphate x
o i ] B 7
Time af incubation/min
Fig 1. Inhibition of rat erythrocyte membrane AChE

by IVHA 0. 07 ymol-L~*, Gal 1. 05 pmel L™, and
isoflurophate 1. 36 pmol-L™".

IVHA was incubated with ervthrocyte
membrane AChE at 37 C for 3 min. The mix-
ture was washed 5 times with 3 ml of Tris-
buffer (50 mmol-L"’, pH 7. 4) and spun at
20 000 X g, The AChE activity recovered to
54,7 % of the control. These results show
that IVHA combines to AChE in a reversible
way.

The K, value for IVHA was determined
on the plotting method of Lineweaver-Burk
plot™ ., which demonstrated the lines of 1/0D
vs 1/[8] in the presence of IVHA 20 and 40
nmol L7’ intersected the line of the uninhibit-
ed enzymati¢ reaction in the area on the left
between the vertical and horizontal axes (Fig
2). Secondary plot of 1/0D versus the inverse
of the substrate concentration was also made
to distinguish between mixed and simple com-
petitive modes of inhibition of ChE. Thus the
inhibition for IVHA was apparent of mixed
type. The K, value was 32 nmol -L "L
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Fig 2. Typical Lineweaver-Burk plots For inhibition
of rat erythrocyte membrane AChE by IVHA.

Effect of IVHA on scopolamine-indeced
memory deficits The rats® spatial memory
abilities were assessed in the radial maze task.
Rats received one training session daily. Only
4 predetermined arms were used as the baited
arms. The baiting pattern remained the same
throughout the experiment but varied from rat
to rat. The rat was placed on the central plat-
form and allowed to move freely until either
all 4 baited arms were chosen or 10 min had e-
lapsed. A correct response was defined as the
tirst entry to a baited arm. Three types of er-
ror were recorded. Reentry to a baited arm
was regarded as a working memory (WM}
deficit. First entry to an unbaited arm was
considered as error in reference memory (RM)
and reentry to an unbaited arm was regarded
as a deficit of both WM and RM (WRM ).
Rats were trained to a criterion of at most one
EIror over 4 consecutive trials.

Scopolamine (125 pg+kg ™'\ 1p 30 min be-
fore test} increased the number of 3 types of
errors (Tab 2). IVHA (200 pg-kg !, ip 30
mun before test) attenuated the scopolamine

Tab 2. Effect of IVHA on scopolamine-induced dis-
ruption of radial maze performance in rats. a = 8.
ks, "P<0.05. P<0.01 vs saline.  “P<10. 05,

'P<70.0] vs scopolamine. RM ; reference memory;
WM : working memory: WRM . working and refer-
ence memory.

MNumber of errors

Ip dose yig-kg " Py WM WRM
Saline O.440.6 Ll 3 /]
Scopolamine 125 2.np41.1 2.0%1.3 0. 7+1.2°
Scopolamine 125 0.7=0.8 ¢ 240, 4 o

+IVHA 20N

induced deficit {one-way ANOVA followed by

Duncan’s muluple-range test).
DISCUSSION

Although a number of analogs of Hup-A
have been synthesized to date. none of the
compounds have shown any AChE inhibitory
activity rivaling that of Hup-A®*™'"", In pre-
sent studies. IVHA has a number of similar
character as its parent compound. First is its
high potency against AChE. Rats brain AChE
and erythrocyte AChE are similar with respect
to their inhibition sensitivity to IVHA and
Hup-A. As a second character. IVHA pos-
sesses a high selectivity of AChE action,
which may be a useful property for a centrally
action drug. As a third advantage, IVHA is a
reversible AChE inhibitor. These findings in-
dicate that the stucture of Hup-A can be
changed while retaining biological activity
when introducing isovani group on the -NH,
group.

In radial arm maze task. IVHA exerted
an ameliorating effect on the amnesia induced
by scopolamine. Its efficacy was comparable
to Hup-A"®. This result provided strong evi-
dence of the potency and efficacy of this novel
compound as an AChE inhibitor capable of at-
tenuating a specific cholinergic deficit,
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In summary. potential AChE inhibiticn,
lower toxicity than Hup-A ( unpublished
data). as well as ameliorating effect on ~copa-
lamine-induced memory deficit indicate that
IVHA deserves further study as a novel ChEIL
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