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—Cycloheximide 150 mg/kq, sc —
NS  tuperzine A

—_—

Huperzine B Physostigmine

0.075 0.125 0.8 1.2 0,125 0.175
0.1 0.15 1.0 0.1 0.15 0.2(mq/kq)
Fig 1, Improvement of cycloheximide-induced

amnesia on retention of a passive avoidance task
in mice (X+SD),The retention test was performed
24 h after training, A dose of drug or saline(NS,
10 mi/kg) was injected ip immediately after cyclo-
heximide, Numbers of mice in bars, fp>0,05,
#1p<0,01 vs NS + NS, *p>0.05, **p<0.05,
***p<0.01 vs cycloheximide + NS,

B¥ NaNo, SIER#zh BB R &Y 12z
FREHME NR190 K, o144l g% S
SLHJ sc NaNO, 120 mg/kg }% ip WA 25#: 1)
NS+NS; 2) NaNO, +NS; 3) NaNO, + Hup —
A 0.075-0.15 mg/kg; 4)NaNO, + Hup-B0 . 75-
1.75mg/kg;  5) NaNO,+Phy 0.125-0.175
mg/kg, ZEFR MK 1, NaNO, XK 4 5 NS %}
FRAH/NBRAR LG 38, 3 SDL .35 4548 (p<<0.05).
Hup-A 0.1,0.125 mg/kg W] {ff SDL I W5 £,
EL Ji|n7 & 4 %.(p<<0.01), Hup-B 1,25 mg/
kg = Phy 0.15 mg/kg 1} 3% fE {# SDL |k 2
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Tab 1,

huperzine B immediately after NaNO,, NaNO, 120 mg/kg, sc

Improvement of retention of a passive avoidance task in mice treated with huperzine A or

immediately after a passive avoidance

training, Test was performed 24 h after training, A dose of drug or saline (NS, 10 ml/kg) was injected

immediately after sc NaNO,, ¥+SD, 'p>0.05, ftp<<0,05 vs NS+NS, *p>0.05, **p<0.05,
***p<0.01 vs NaNO, + NS,
Dose Latency (s)
Drug (mg/kg) Mice Training Test
ip Step-down Escape Step—down Escape
NS + NS 30 12+11 16+13 60144 816
NaNO, + NS 25 17 %141 20+ 16t 29423 1249t
+ Huperzine A 0.075 10 14+13* 16+10* 44+27* 844"
0,1 15 12+11¢ 22+17% 73164%%* 6-3%**
0.125 10 17+15" 22+16" 87 +17%%* 4+2*""
0.15 20 16+11* 17+15* 46+44* 10+8*
+ Huperzine B 0.75 10 18+14* 22+ 14 38+26" 1249
1.0 10 14+11*% 20+16* 67 +66** 10+8*
1.25 10 12+7* 20+17" 72427*** 6+5*
1.5 10 6+12* 14+ 9*% 69+-73** 9+7*
1.75 10 15+13* 20+12% 43+23* 11+8*
+ Physostigmine 0,125 10 16+16* 21+16* 43+53% 14+ 14*
0.15 10 10+6* 19+11" 733+69%** §+7*
0.175 10 11+14* 25+18* 50+41* g+4*

NaNO, 41t K, {Hx} EL #7608 8% m.
BB K B i BR 7 A B0k 3h BB 4R {E B9
ZEFEHMET NR 19 4, EII%)SH Bl 5
ig NS, Hup-A, Hup-B } Phy, [Ei % FH
R A SR B MR K, 24 h kAT IR, 455
W 2. N SR KB 5, 3 SDLLL
1B NS XM IR .45 %8, ip Hup-A, Hup-B
#n Phy 348k 5.3 %E /N fLAY SDL(p<<0.01),
HAERF RS8N 0.125,1.5%10.175 mg/kg,
ig Hup-A,Hup-B 1315 B3 W8 3% i1 R 01
RIFER, HABERGNES B 0.14, 0.16 F12.4
mg/kg, %AW UIKHR EL ¥ % H WLE] 7
WAk,
BEFESRCSERNEHICIZGHAE
AN 17U R, YIS TR R 1L 4, 4 h JFOR RN
)BT 4B ¥k 17 W iX: NS +NS; Scop +
NS; Scop + Hup-A; Scop + Hup-B Jz Scop +
Phy, #5513 3. /NR sc Scop 2 mg/kg J5H
SDL Lt NS X483 8 45 % (p<0.05), Tfijip
Hup-A 0.1 mg/kg, Hup-B 1.25 mg/kg &

Phy 0.125 mg/kg HHEHRIH Scop 774 1y 44 W
AR IR E @, SDL B2 K (p<<0.01),
EL U] #5545 46 (p<<0.05),

RitZH DREDEBIRENICZERS
180 FUNRR, 4 Ak 12 41, Y4k j5r B & ip NS,
Hup-A 0.075-0.175 mg/kg, Hup-B 1,0-1.5
mg/kg g Phy 0.125-0.175 mg/kg, 24 h 5 3
£783R, ¥ Hup-A 0.125 mg/kg, 0.15 mg/
kg, Hup-B 1,25 mg/kg 5 Phy 0,15 mg/kg 4
i) SDL ¥4 Bl 40 I ALK (p<<0.05), 1fj
% EL GBI Bigm, ZRNE A4,

15| ®

S P Tl I S 72 254 %9 Bk 5 70 ok o8 i K A Y
B, BRI IERRERN TG,
IR ELE S, F4Y Hup-A,Hup-
B = Phy, ¥ gL K id 12 ] F /D B
SDL; 7£&4y (Scop 1 NaNO, )i 17, i & 4 %l
Wi, Hup-A {# EL i % 4 5, % B Hup-A 2
R Tt 32, FRE®PEARGK



Tab 2,

shock (MES)-induced disruption of the retention

Reversal of maximal electroconvulsive

of a passive avoidance task in mice treated with
huperzine A (Hup~A), huperzine B (Hup-B) or
physostigmine (Phy),%+SD, tp>0,05, '"tp<<0.01
vs NS without MES, *p>0,05,**p<<0.05, ***p<
0.01 vs MES + NS,

Dose Latency(s)1
Drug Mice
(mg/kg) Step-down Escape
NS without MES 30 59440 947
MES + NS 30 324 34ttt 108t
+Hup-A 0,1 ip 15 37 46" 108"
0.125 10 96 +59%%* 5+3*
0.15 12 38+30* 1246
+Hup-B 1,25 10 534+53* 7+3*
1.5 10 86+ 42%%* 6+5"
1.75 10 48 +38* 106"
+ Phy 0.15 10 44+52* 64"
0.175 10 82+ 45%** 64"
0,2 10 48+ 38* 74"
NS without MES 20 68+58 8+5
MES + NS 30 33+ 32ttt 11+10t
+Hup-A 0,12 ig 10 40+32* 8+6"
0.14 10 78+64%** 7+4"
0.16 10 69+60%* §+6*
+Hup-B 2.2 10 39+50* 11+6*
2.4 10 100+70*"* 65"
2.6 10 33431* 9+4*

i Retention test was performed 24 h after a pas-
sive avoidance training, MES was applied immedi-
ately after training. A dose of test drug or saline
10 ml/kg) was ip or ig immediately after exposure
to MES,

Tab 3,

495

i sl CXM FT i ddY RN 7 T IR 3,
# Tk SDL %%, EL i, ASCHZER/N R
IR%%, B Scop F NaNO, g Hi4h, &M £ 5
* EL A%, ddY Z/NE A CXM 150 mg/kg
F T REFHTR 2P, HARB /N AE 57
WK%, A ERBR, b, Rl
Pt S 30 A8 R D B R AR B e, MU EL SRR
AN HESLHER, DR K& A B Bl R RN
RTREE RV ZRA K, KA M %3] Hup-
AMBIBUFIR-UN XA, X5L RN
ACh /] S H L& SHEBFBR O EE.
B < 2 Al 5 R — 2k Rz () BE RS, NS PR Y PR I
F B E T P AL B,

FH T 45 S5 RELTRG B B 7T B052 3 An 12 R ik
iR, B 2ZHHEF (Alzheimer’s disease) 5 H g
RER 1L BB S6 BECID BB AR R R
ACh B LAY TRIHAR K K FC2, 5
ST B kg Ca® 1) ACh & fn ¥ B 2 Elm
Hl¢, Scop [A & BELET i P4 AH AR fE Th ik, LA SR
iZmE, s MES )b 5, iy ACh & &
TR, AR R BRESE B ¥ RN,
Hup-A 5% 352108 RN & 45 15 | B8
oA (R R#R). ML, Hup-A 1 B g i
TCRFFHERAE, R s8R E I imd4] ChE,

Reversal of scopolamine-induced transient disruption of short-term memory retention of a passive

avoidance task in mice, Scopolamine (2 mg/kg, sc) immediately after a passive avoidance training,Test

was performed 4 h after training, A dose of test drug or .saline (NS, 10 ml/kg) was injected immedi-
ately after scopolamine (Sco),¥+SD, p>0.05, Hp<C0.01 vs NS+ NS, *p>0.05, **p<C0.05,***p<<0.01

vs Sco + NS
Dose Response latency (s)
(mg/kg)  Mice Training Test
ip Step~down Escape Step—down Escape
NS +NS 25 1247 16411 122 +44 8+38
Sco + NS 30 12410t 19414t 594 52ftt 11+ 8t
+ Huperzine A 0,075 20 10+8* 18+11* 824-56%** 744"
0.1 12 108" 154-10* 1154+ 59%** 64**
0,125 20 9+9* 194-8* 69+59* T+7*
+ Huperzine B 1.0 10 11+4+-8* 214+20° . 91445* 745
1.25 10 10+10" 22+13* 108 4£63%** 6+4*
1.5 10 14+13* 18+13~ 89+79* 8§+8"*
+ Physostigmine 0,1 10 14+12* 15+9* 63+67* g§+3*
0,125 10 124+9* 19+16* 116 +£60*** B3**
0.15 10 15--137 15+11°* 95+58* 74"
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Tab 4, Facilitation of retention of a passive avoidance task in aged (older than 12 months) mice

treated with huperzine A, huperzine B or physostigmine,

*p>0.05, **p<<0.05, "**p< 0,01 vs saline

Dose Latency (s, X+SD)¥
Drug (mg/kg) Mice Training Test
ip Step—down Escape Step-down Escape
Saline 30 12+14 23115 35124 15+18
Huperzine A 0.075 10 947" 29+19* 38438 9+6"
0.1 20 9+8* 20+15" 51+42* 11+9*
0.125 15 11+12" 26+14* 67 57" 8+7"
0.15 15 10+ 8* 23+15* 73E52%** 8+6*
0.175 16 11+8"* 20:+16% 40+42% 10+77
Huperzine B 1.0 10 8:+10" 29+16" 40229 18+17"
1.25 15 947" 2317 71455%*" 7+5*
1.5 14 12+13* 19:+13* 54+53% 12+8*
Physostigmine 0.125 10 11+11* 25+17* 50+60° 9+6"
0.15 15 11+ 14* 20+15* 69+64%" 63"
0 175 10 14+ 14% 21+18" 594‘58* 84‘4'

¥ Retentlon test was performed 24 h after a passive av01dance trammg A dose of test drug or saline

(NS, 1ml/kg) was injected immediately after training,

2= iy ACh K ¥, Hup-A F1 B % CXM =
AR Rz M ELE B HIEM, M # 8 Hup-
A 1 B 3 I R BB IR 5 BB E 1L 12 Th BRRO 1
AR — I fER IR,
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Liu JS, Zhu YL, Yu CM, et al. The struc-

tures of huperzine A and B, two new alka-

loids exhibiting marked anticholinesterase ac-

tivity. Can J Chem 1986; 64 : 837

2 4% Bhy EAAL BRI ILRERE .
TR 2SR 1987, 8 18

3 T, Hidkte, BEEE. AN, AEREE
A LA SR A P LIl 1 19875 8 ¢ 117

4 Mattio T, Mcllhany M, Giacobini E, Hallak
M. The eftects of physostigmine on acetyl-
cholinesterase activity of CSF, plasma and
brain. A comparison of intravenous and intra-
ventricular administration in beagle dogs.
Neuropharmacology 1986; 25 : 1167

5 WAL, BEWEL. BN KBS, AEEE
AP LI ENIROER., SELH
243 19865 7 & 507

6 KREER. EARL. AR RN
(PRI FoigiT. #5534k 1987 22 ¢ 812

7 it B L, JHAA. AR M
By R PR A DNE MR A R R A TS 5 B TT N .
AT IR 19885 9 ¢ 11

8 Kameyama T, Nabeshima T, Kozawa T. Step-

—

_,.

10

11

12

13

14

15

down-type passive avoidance- and escape-
learning method. J Pharmacol Methods 1986;
16 : 39

Cumin R, Bandle EF, Gamzu E, Haefely
WE. Effects of the novel compound anirace-
tam (Ro 13-5057) upon impaired learning and
memory in rodents. Psychopharmacology 1982;
78 - 104

Warburton DM, Brown K. The facilitation
of discrimination performance by physostig-
mine sulphate. Ibid 1972; 27 : 275

Flicker C, Dean RL, Watkins DL, Fisher
SK, Bartus RT. Behavioral and neurochem-
ical effects following neurotoxic lesions of a
major cholinergic input to the cerebral cortex
in the rat. Pharmacol Biochem Behav 1983;
18 + 973

Bartus RT, Dean RL, Beer B, Lippa AS. The
cholinergic hypothesis of geriatric memory
dysfunction. Science 1982; 217 : 408

Pedata F. Slavikova J, Kotas A, Pepeu G.
Acetylcholine release from rat cortical slices
during  postnatal development and aging.
Neurobiol Aging 1983; 4 : 31

Peterson C, Gibson GE. 3,4-Diaminopyridine
alters acetylcholine metabolism and behavior
during hypoxia. J Pharmacol Exp Ther 1982;
222 : 576

Spignoli G, Pepeu G. Oxiracetam prevents
electroshockinduced decrease in brain acetyl-
choline and amnesia, Eur J Pharmacol 1986;
126 © 253



Acta Pharmacologica Sinica

497

1988 Nov; 9 (6) : 492-497

Improvement of impaired memory in mice by huperzine A and

huperzine B

ZHU Xiao-Dong, TANG Xi-Can

(Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 200031)

ABSTRACT Both huperzine A (Hup-A)
and huperzine B(Hup-B) are new alkaloids
isolated from Huperzia serrata (Thunb,
Trev.)¢, It has been shown in this labora-
tory that Hup—-A and Hup-B are selective
AChE inhibitors®®> which exhibit larger
therapeutic indices than does physostigmine
(Phy)®), Using a step-down method, the
effects of Hup—~A and Hup-B on various
forms of experimentally—produced impaired
memory function in mice were examined.
Mice received a single training trial on a
passive avoidance task followed by a reten-
tion trial 24 h later. Immediately after
training, each adult mouse received one of
the following amnestic treatments: maximal
electroconvulsive shock (MES), or an in-
jection of scopolamine (Scop), NaNO, or
cycloheximide (CXM). Step-down latency
(SDL) and escape latency (EL) were meas-
ured and used as parameters of memory
performance. In control mice, each amnes-
tic treatment produced retrograde amnesia.

However, Hup—A or Hup-B administered
immediately after each of the amnestic
treatments significantly reversed the MES,
Scop, NaNO,- or CXM-induced disruptions
of memory retention for passive avoidance
tasks. Hup-A or Hup-B also markedly im-
proved the retention of the learned task
24 h later in aged mice. These improve-
ments or normalization of impaired memo-
ry function were observed at doses of 100-
150 pg/kg ip and 140-160 pg/kg ig (Hup-
A) or of 1.0-1.5 mg/kg ip and 2.4 mg/
kg ig (Hup-B). Phy (0.125-0.175mg/kg
ip) for comparison, were active in all of
the various experimental types of amnesia
and had about 10 times the potency of
Hup-B, but less than that of Hup-A.

KEY WORDS huperzine A; huperzine B;
physostigmine; scoplamine; cycloheximide;
electroconvulsion shock; memory; cognition;
old mice





