BIELID: 138N 0253-9756

1998 Sep; 19 {5): 413 - 4156

Effects of synthetic (-}-huperzine A on cholinesterase activities

and mouse water maze performance

LIU Jing, ZHANG Hai-Yan, TANG Xi-Can', WANG Bin?, HE Xu-Chang’, BAI Dong-Lu?
( State Key Laboratory of Drug Research ; *Department of Synthetic Chemistry ,
Shanghai Institte of Materia Medica , Chinese Academy of Sciences , Shanghat 200031 , China )

KEY WORDS cholinesterase inhibitors;
cholinesterases; huperzine A; cerebral coriex;
erythrocyte membrane; scopolamine; memory;
maze learning

AIM: To compare the effects of synthetic and
natural (-)-huperzine A (Hup A) on cholin-
esterase and mouse water maze performance.
METHODS: Spectrophotometry was used to
determine cholinesterase activity. Mouse water
maze was used to evaluate nootropic effect.
RESULTS: The ICsy of synthetic Hup A for
acetylcholinesterase (AChE) of rat cortex and rat
erythrocyte membrane determined in vitro were
64.7 (52.6 — 79.5) and 53.9 (43.6 — 66.6)
nmol* L™!, respectively, and for butyrylcholin-
esterase of rat serum was 53.6 (44.9 — 63.8)
pmol°L™!.  Synthetic Hup A 0.12 — 0.48 mg-
kg~ ! ig produced a dose-dependent inhibition of
brain AChE in mice. Synthetic Hup A 0.05 mg
-kg ™! ig attenuated scopolamine-induced impair-
ment of spatial memory. The efficacy of
synthetic Hup A was the same as natural Hup A.
CONCLUSION: Synthetic Hup A yielded an in
vitro and in vive phammacological profile of
activities similar to that of natural Hup A.

The cholinergic hypothesis of Alzheimer’s
disease ( AD) was proposed after the consistent
findings of the severe depletion of the cholinergic
special enzymes, and the good correlation
between the extent of the cholinergic neuronal
loss and the impairment of cognitive function(!’ .
These findings resulted in a number of strategies
designed to improve chelinergic function. The
use of cholinesterase inhibitors (ChEI) in the
treatment of AD has been the most

ing®) . However, the short duration of

encouraging--- .
action, the low biocavailability, and the frequent
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side effects of the first generation ChEI limited
the clinical values®®). (-)-Huperzine A ( Hup
A) is a novel alkaloid isolated from Huperzia
serrata { Thunb ) Trev, a Chinese folk
medicine!*).  Preclinical and clinical studies
demonstrated that natural Hup A was the drug of
choice for the treatment of AD, due to its high
selective inhibition foward AChE, longer duration
of action, h:l#’l oral bioavilability, and fewer
side-effects’>%).  Three research groups have
reported the total synthesis of (-)-Hup A
SUCC&BSfl]ﬂ)’[?_m] » but there was rare data about
the pharmacological activity of synthetic (-)-Hup

A up to date. Recently Hup A was synthesized
by the authors. In this paper, the effects of
syntheic Hup A on ChE activities and

scopolamine-induced memory deficits were
studied .

NH;
{-)-Huperzine A

MATERIALS AND METHODS

Animals Kunming strain muce [ =110,
(28.5+ 5 2.0) g] and Sprague-Dawley rats [ n
=30, (250 £ s 5) g] of either sex were
supplied by Shanghai Experimental Animal
Centre, Chinese Academy of Sciences ( Grade
Clean, Certificate No 005) .

Materials  Synthetic Hup A {[a]¥ =
-173.0 (¢ = 1.04, CHCL), mp (229 -
231) °C, purity >98 % | was prepared by the
authors. Natural Hup A (purity >98 % ) was
prepared by Department of Phytochemistry in this
institute.  Acetylthiocholine iodide { s-ACh),
sodium dodecyl sulfate {SDS), and Coomassie
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brilliant blue {G250) were purchased from Fluka
Chemie. S-butyrylthiocholine  iodide ( s-
BuChE}, 5. 5'-dithio-bis { 2-nitrobenzoic acid )
{DTNB), and tetraisopropyl pyrophosphoramide
{ isoOMPA) were purchased from Sigma Chemical
Co. Other chemicals were reagent grade.

Cholinesterase preparation Rat frontal
cortex homogenate was used as AChE source.
To prepare brain AChE, rat cortex was dissected
on ice and homogenized in sodium phosphate
buffer 0.75 mmol*L~!, and kept at —30 C.

Rat erythrocyte membrane and serum were
used as the sources of AChE and BuChE,
respectively. To prepare erythrocyte AChE, mt
blood was collected in a heparinized tube and
centrifuged at 3000 x g for 15 min. The plasma
was diluted 1:4 with sodium phosphate buffer 5
mmol * ™', pH 7.4, containing NaCl 0.15
mmol * L', The erythrocytes were washed 3
times in saline followed by lysis in 50-fold
volumes of sodium phosphate buffer 8.45 mmol *
L-', pH 8.0. After 2-h stimming, the lysed
cells were centrifuged at 12 000 x g at 4 C for
15 min. The erythrocyte membranes were
washed 3 times and then diluted with Tris-HCI1
buffer 10 mmol - L™, pH 7.4. Serum and
erythrocyte membranes were stored at —30 C
for ChE assays.

ChE activity assay AChE and BuChE
activiies were measured by the spectro-
photometric method'!) : 5-ACh (0.3 mmol-L"1)
or s-BuCh (0.4 mmol + L™!) were used as
specific substrates for the assay of AChE and
BuChE, repectively. The mixture was incubated
at 37 °C in a total volume of 4 mL for 8 min{'?’.
The reaction was terminated by adding 3 % SDS
1 mL, then 0.2 % DTNB 1 mL was added to
produce the yellow 5-thio-2-nitrobenzoic acid,
which was measured at A = 440 nm for 30 min
after imtation. All samples were assayed in
duplicate.

Preparation of samples Mice were
decapitated 30 min after ig synthetic or natural
Hup A. Control mice were given saline. The
brains were dissected on ice into frontal cortex
and one hemisphere. Each brain region was
homogenized in 50 (wt/vol) volumes of ice cold
sodivm phosphate buffer (75 mmol * L=, pH
7.0). The blood was collected from the orbital
venous plexus of male mice. The serum was

obtained after centrifugation (3000 x g, for 10
min) and diluted with ice cold sodium phosphate
buffer (1:12).

Protein assay  Protein concentration was
measured by the Coomassie blue protein-binding
method (1) using bovine serum albumin as
standard.

Behavioral test The plastic water maze
{80 ¢m x 50 em X 20 ¢m, Fig 1) was used to
assay performance. Mice [ n = 134, weighing
(22.0+ s 1.5} g] were kept in a 12-h light-
dark cycle and given food and water ad lib. The
mouse was placed on the water maze, with the
nose towards the wall of the starting point and
trained to find the platform. Following the
period of 2-d habituation, each mouse received 3
traiming sessions daily for 7 d. Mice were
trained to a criterion of finding the platform
within 20 min and <2 errors of entering non-
exit. Once a mouse reached the -criterion,
training was reduced to one session daily until all
mice reached the criterion. Synthetic and
natural Hup A were dissolved in saline. Trained
mice were randomly assigned to subgroups.
Synthetic and natural Hup A were administered ig
45 min and scopolamine was injected ip 30 min
before behavioral testing. The number of errors
and the time of reaching platform were recorded.

Fig 1. S: starting point.

Mouse water maze apparatos.
P: the platform.

Statistical analysis Data were expressed
as % inhibition ( 25 saline control} + s.
Statistical analysis was performed with ¢-test.
Data of behavior test were expressed as x + s.
ANOVA followed by Duncan’s multiple-tange test
was used for comparison between the groups.

RESULTS
Inhibitory effects on AChE and BuChE
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in vitro The anti-ChE activity of synthetic Hup
A was compared with natural Hup A by using rat
cortex homogenate, rat erythrocyte membrane,
and rat serum. Synthetic Hup A was tested over
a concentration range from 10.3 nmol-L~! - 517
pmol-L~'.  ICs; for AChE and BuChE inhibition
revealed that synthetic Hup A showed the same
anti-AChE activity potency compared with natural
Hup A. They inhibited BuChE at omch higher
concentration than needed for inhibition of AChE
(Tab 1).

Tab 1. Iohibitory effecis of synthetic (-)-Hup A and natural
Hup A on cholinesterase activities in vitro.

n =1 homogenate from 30 rais for tripficate experiments.
BuChE = butyrylcholinesterase (mat serum). ACHE (¢) =
acetylcholinesterase (rut cortex homogenate) . AChHE (e) =

acetylcholinesterase (rat erythrocyte membrane) .
P> 0.05 vs oatural Hup A.

ICsy/nmol "L~}
{-)-Hup A {95 % confidence limits}
BuChE AChF(c) AChE{e)
. 51 627* 1.7 53.9°
Synthetic {44 933 - 63 303) (52.6-79.5) {43.5-66.6)
54 398 61.4 57.5
Netwral 45 5g8_ 64 709) (49.8-75.6) (46.3-71.1)

Imhibitory effects on AChE and BuChE
in vivo Inhibiton of ChE activity at 30 min in
the whole brain, cortex, and serum was tested
following ig administration with 3 doses of
synthetic Hup A. There was a dose-dependent
inhibition of ChE by synthetic and natural Hup
A. The inlubitory effects of synthetic and
natural Hup A on cortex AChE were stronger than
those on whole brain AChE. The results
indicated that synthetic and natural Hup A
exhibited the same activity on ChE inhibition
(Tab 2).

Effects on scopolamine-induced memory
deficits Mice injected scopolamine (4.5 mg -
kg ™! ip) showed increased errors of entering non-
exit and prolonged the path to find the platform
(P <0.01 o5 control group). Synthetic Hup A
(0.05 and 0.1 mg-kg~! ig) and natural Hup A
(0.05 and 0.1 mg-kg™' ig) all attenuated the
scopolamine-induced deficit (Fig 2).

Tab 2. Anti-cholinesterase effects of synthetic (-)-Hup A and
omatural Hup A in mice. Values were expressed av %
inhibition ( vs saline control} + 5. Basal saline control values
of whole brain and cortex were 1818 + 70, and 870 = 100 A
vahes/g protein, respectively {n =14, 7 mice). Basal saline
control value of serum was 1443 + 138 A vahes/g protein
(7=12 mice). P°P<0.05, °P <0.01 vy saline group.

{-)-Hup A .AChE BuChE
me kg™, ig Whole brain Cortex Semm
' {(n=10 mice) (n=5 mice) {7 =4 mice)
Synthetic
0.43 28+ 7 BT 29+ 9¢
0.24 19 + 5¢ 31 + 6° 16+ 5
0.12 14+ 8° 17 £ 5 9+ 6
Naturel
0.43 277 37+ 10F 2720
0.24 16 + 4¢ 27+ 8 16+ 13
0.12 1=z7 17 11° 1116
S 80
60
5 40
E‘zo
= 0 Salipg Saline G035 0.080. 10,2 C060.06010.2 sy

+ Neturel Hup A Syothetic Hup A
saline Scopolamine
5 159 B :
10
©
.E 5
= 0
Seling Selipe 0.025 0.05 0.1 ¢.2 0025 005 6.1 0.2 mgkg"
+ Hatural Hup A Synthetic Hup A
saline Scopolamine
Fig 2. FEffects of synthetic (-)-Hup A and matural Hup A

on soopolamine-induced spatial performmnce deficits in the
mouse waler ntaze, A) the time to find the platform, B)
the mmmber of emtering nm-exit. » = 12 mice, ¥ + 5.
P <0.01 vr saline + saline (# = 12 mice]. °*P<0.05,
TP < 0.01 vs saline + scopolmine [ # = 26 mice) .

DISCUSSION

Recently (-)-Hup A was synthesized by the
authors by means of asymmetric palladium-
catalyzed bicycloannulation of B-keto ester with 2-
methylene-1, 3-propanediol diacetate in the
presence of chiral ligands as the key step. In
contrast to the reports in the literature’” ', our
synthetic approach is more practical in respect of
the chemical yield and optical yield. It made
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possible to provide enough quantities of the
compound to camry out pharmacological studies.
The results réported in this paper demonstrated
that synthetic and natural {-)-Hup A exerted the
same efficacy on cholinesterase inhibition and
improving scopolamine-induced memory deficit.
The naturally occurring (-)-Hup A has been
showed to be a promising agent for the palliative
treatment of patients with AD®)_ The yield of
natural Hup A is low, and the successful
synthesis of (-}-Hup A would provide cne more
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