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XIONG, Z. Q. AND X. C. TANG. Effect of huperzine A, a novel acetylcholinesterase inhibitor, on radial maze perfor-
mance in rats. PHARMARCOL BIOCHEM BEHAYV 51(2/3) 415-419, 1995, —Rats were trained to run in a spatial, radial
arm maze using a procedure to determine two memory functions, working and reference memory. The muscarinic antagonist,
not the nicotinic antagonist, impaired both working and reference memory of rats. Scopolamine (0.125, 0.15, and 0.2 mg/kg,
IP, 30 min before a session) significantly impaired choice accuracy in the eight-arm maze. In contrast, mecamylamine (5, 10,
and 15 mg/kg) did not affect the performance. Huperzine A (0.1, 0.2, and 0.3 mg/kg, IP, 30 min before testing) and
physostigmine (0.3 mg/kg, IP, 20 min before testing) could reverse scopolamine-induced deficits in the task. Chronic treat-
ment with huperzine A (0.25 mg/kg, PO, once a day) for 8 consecutive days was as potent as acute treatment on attenuating

the scopolamine-induced amnesia.
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THERE is considerable pharmacological evidence that the
central cholinergic system plays an important role in learning
and memory. Interest in the functions of the central choliner-
gic system has been stimulated by the proposal that their de-
cline may underlie the part of the cognitive deterioration seen
in normal and pathologic aging (1,3,4). Postmortem analysis
of the brains of patients with senile dementia of the Alzheimer
type has shown a decline in central cholinergic activity that
correlates with their previous mental test scores (3,10,14).
Analogous to the dopamine replacement treatment approach
employed in Parkinson’s disease, therapeutic trials of cholino-
mimetics, including cholinesterase inhibitor (ChEI), have
aimed at augmenting cerebral cholinergic transmission. Thus
far, only two cholinomimetic compounds, physostigmine
(Phys) and tacrine, have been evaluated on a large scale in
dementia. However, the therapeutic effect of Phys is limited
by its short duration of action, narrow therapeutic window,
and peripheral cholinergic effects (20). Tacrine at higher doses
exhibited hepatotoxicity, which limits its clinical value (5). An
ideal ChEI suitable for treatment of memory and cognition
impairment should produce a long-term acetylcholinesterase
(AChE) inhibition with minimal side effects at therapeutic
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dose. Such requirement has not been met so far. Huperzine A
(Hup-A, Fig. 1) is a new Lycopodium alkaloid isolated from
Chinese herb Huperzia serrata (Thunb.) Trev. (9). It is a po-
tent and selective acetylcholinesterase inhibitor (19) with bet-
ter therapeutic indices than that of Phys (16). Hup-A has been
reported to improve the performance in the learning and mem-
ory task of both normal and memory-impaired animals
(17,18). Therefore, Hup-A deserves further study as a promis-
ing candidate for therapy of cognitive impairment with aging
and Alzheimer’s disease. Both scopolamine, a muscarinic an-
tagonist, and mecamylamine, a nicotinic antagonist, were re-
ported to disrupt memory (2,8,11,12,21). The aim of the pres-
ent study was to validate the effects of Hup-A on disruption
of spatial memory induced by scopolamine and mecamyl-
amine in a radial maze. Phys was selected for comparison with
Hup-A.

METHOD

Subject

Thirty-five experimentally naive male albino rats of the
Sprague-Dawley strain weighing 230-280 g were used. The
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FIG. 1. Chemical structure of huperzine A.

rats were housed individually in a climatically controlled room
on a 12L : 12D cycle, and were allowed access to water and a
standard diet to maintain 80-85% (adjusted for growth) of
original body weight throughout the experiment.

Apparatus

The plastic radial arm maze was elevated 70.5 cm above
the floor, and had an octagonal center platform with eight
arms radiating from the center. The platform was 51.5 cm in
diameter, and each arm was 61 cm long and 12 cm wide.
Plexiglas walls were 10 cm high extending along the length of
each arm. Food wells, located 3 cm from the distal end of
each arm, were 1 cm deep and 2 cm in diameter. The test room
was well lit by 40-W fluorescent tubes; several visually distinct
cues (e.g., wall, picture, light) were present in the room and
remained in the same position with respect to the maze.

Procedure

The experimental procedure was similar to those described
by Wirsching et al. (21). In brief, deprivation was begun 1
week prior to training. On the seventh day, each rat was
placed on the central platform and allowed to explore the
paths and to consume food (dustless pellet, 45 mg) scattered
in the whole maze. This procedure was repeated for 3 consecu-
tive days. Following the habituation period, rats received one
training session daily, 7 days a week. At the start of each
session, only four predetermined arms were used as the baited
arms. The baiting pattern remained the same throughout the
experiment but varied from rat to rat. The variation of the
baited set for different rats limited the development of odor
cues within the maze as well as controlling for any directional
preference with respect to the extramaze cues. The rat was
placed on the central platform and left until either all four
baited arms were chosen or 10 min had elapsed.

A correct response was defined as the first entry to a baited
arm. Three types of error were recorded. Reentry to a baited
arm was regarded as a working memory (WM) deficit. First
entry to an unbaited arm was considered as an error in refer-
ence memory (RM), and reentry to an unbaited arm was re-
garded as a deficit of both WM and RM (WRM). Rats were
trained to a criterion of at most one error over four consecu-
tive trials (range 26-38 days). Once a rat reached the criterion,
training for this rat was reduced to twice a week until all rats
reached the criterion.

Drug Testing

Testing began once all rats reached the criterion. Scopol-
amine hydrobromide (Sigma Chemical Co.), mecamylamine
hydrochoride (Sigma Chemical Co.), physostigmine salicylate
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(Fluka Chemie), and huperzine A (provided by Phytochemis-
try Department, this Institute) were all dissolved in saline, and
were administered in a volume of 1 ml/kg body weight. Phys
was administered IP 20 min before behavioral testing because
the drug has been shown to have a short half-life after sys-
temic injection. All other drugs was administered IP 30 min
prior to testing. Injection trials were made at 1-week intervals,
and rats were retrained to the prior criterion before the next
dose level of drug was given.

To test the chronic effect, Hup-A was orally administered
at a dose of 0.25 mg/kg daily for 8 consecutive days at 0830-
0930 h. Control subjects received a similar regime of saline
administration. Rats were tested on the eighth day.

RESULTS

Effects of Scopolamine on Working and Reference Memory
of Rats in the Radial Maze

All data plotted in the figures were expressed as mean +
SEM. The effects of the drugs on the number of errors were
analyzed using a one-way analysis of variance (ANOVA) fol-
lowed by Duncan’s Multiple-Range test. Data from the rats
that failed to learn the task (n = 4) were excluded from the
statistical analysis.

The mean numbers for the three types of error (WM, RM,
and WRM) under test conditions are shown in Fig. 2. The
difference between conditions were significant for each type
of error as indicated by ANOVA [F(3, 40) = 10.55 for RM
errors, F(3, 40) = 30.06 for WM errors, and F(3, 40) = 5.29
for WRM errors, all p < 0.01]. Post hoc contrasts (Duncan’s
Multiple-Range test) indicated that the WM and RM errors
were both significantly higher under scopolamine (0.125, 0.2
mg/kg, IP) than under control condition (p < 0.01). The
mean number of WRM errors caused by scopolamine (0.125,
0.2 mg/kg) was significantly (p < 0.05) increased. However,
there was no significant difference in errors between scopol-
amine (0.05 mg/kg) and saline (p > 0.05).

Effects of Mecamylamine on Spatial Memory of Rats
in the Radial Maze

The mean number of two types of error (RM, WM) did not
changed significantly under mecamylamine (5, 10, and 15 mg/
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FIG. 2. Effects of scopolamine on working and reference memory of
rats in the radial maze. Each bar represents the mean + SE of 24
animals for the saline and 7-8 animals for the scopolamine. Saline or
scopolamine hydrobromide was administered IP 30 min before test-
ing. *p < 0.05, **p < 0.01 compared with the saline group.



HUPERZINE AND WORKING MEMORY

1.5
£
8 CIrM
b E wMm
B
g 1.0f
£
E
o ]
[~
-~
2
wy 0.5}
H
I
-t
&4
: EEI_

0
Saline 10 15

Mecamylamine mg/kg

FIG. 3. Effects of mecamylamine on radial maze performance in
rats. Saline or mecamylamine was given IP 30 min before testing.
Data represent mean + SEM of 7-8 animals in each group.

kg, IP) treatment [F(3, 38) = 2.04 for RM, F(3, 38) = 0.38
for WM]. Additional analysis with Duncan’s Multiple-Range
test indicated that the types of error were not significantly
affected by the different dose levels (p > 0.05) (Fig. 3).

Effects of Hup-A and Phys on Working and Reference
Memory Deficits Induced by Scopolamine

Scopolamine (0.2 mg/kg, IP, 30 min before testing) signifi-
cantly increased the number of three types of error [F(1, 33)
= 55.45 for RM errors, F(1, 33) = 51.25 for WM errors, and
F(1, 33) = 38.50 for WRM errors, all p < 0.01] (Fig. 4). The
difference in the number of errors between scopolamine-
treated rats with and without Hup-A was significant at doses
ranging from 0.1 to 0.3 mg/kg [F(4, 36) = 2.64,p < 0.05 for
RM errors, F(4, 36) = 7.61, p < 0.01 for WM errors, and
F(4, 36) = 4.84, p < 0.01 for WRM errors]. The scopol-
amine-induced memory deficit was reversed by Phys (0.3 mg/
kg, IP) [F(1, 16) = 20.86, p < 0.01 for RM errors, F(1,16)
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= 11.68, p < 0.01 for WM errors, and F(1, 16) = 6,37,p <
0.05 for WRM errors]. Hup-A at 0.05 mg/kg did not affect
the radial maze performance disrupted by scopolamine. There
was no significant difference between 0.3 mg/kg Hup-A and
0. 3 mg/kg Phys [F(1, 13) = 0.73 for RM errors, F(1, 13) =
0.54 for WM errors).

Effect of Hup-A After Chronic Treatment on
Scopolamine-Induced Memory Deficit

RM errors, WM errors, and WRM errors were significantly
increased by scopolamine (0.15 mg/kg, IP, 30 min before
testing) compared to saline group [F(1, 19) = 102.60, 119.36,
and 16.89, respectively, all p < 0.01) (Fig. 5). The decrease
was significant for RM errors, WM errors, and WRM errors
by single dose and eight repeated doses of oral Hup-A (0.
25 mg/kg) on scopolamine-induced deficit {F{(2, 21) = 15.00,
16.03, and 6,67, respectively, all p < 0.01]. There was no
significant difference between chronic and acute Hup-A treat-
ment in RM errors, WM errors, and WRM errors [F(1, 15) =
1.99, 0.22, and 1.54, respectively].

DISCUSSION

The radial maze is a valuable apparatus in the study of
spatial memory. It offers an alternative that closely resembles
the natural food-seeking behavior of species such as rats. Sco-
polamine has been used in many studies to assess the possible
role of cholinergic mechanisms in maintaining accurate spatial
memory (11). There has been inconsistency in the studies that
examine both types of memory in a radial maze. Wirsching
et al. reported that scopolamine impaired working memory
selectively (21). We did not find a dissociation between the
working and reference memory. Lower doses of scopolamine
(0.125, 0.15, and 0.2 mg/kg) impaired both working and ref-
erence memory in the radial maze. Our results were consistent
with those of Okaichi et al. (11). Difference in the amount of
training may account for some of the discrepancy in studying
the effects of antimuscarinic drug on the two types of mem-
ory. We trained rats to a criterion to decrease baseline error
rates, which permitted the deficit in reference memory to be
manifest.
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FIG. 4. Effects of Hup-A and Phys on scopolamine-induced disruption of radial maze
performance in rats. Saline, scopolamine, or Hup-A was administered IP 30 min before
testing. Phys was administered 20 min before testing. Data represent mean + SEM of 7-8
animals in each group. **p < 0.01 compared with the saline group. tp < 0.05, tip < 0.

01 compared with scopolamine alone.



418

Mecamylamine, the principal nicotinic antagonist, has
been found to impair performance of rodents in several tasks
including passive avoidance and the working memory of the
radial-arm maze (8,12). Levin et al. found mecamylamine (10
mg/kg) impaired performance in the radial maze study (8).
But Clarke and Fibiger did not find significant memory defi-
cits in a spatial alternation task with mecamylamine (up to 5
mg/kg) (2). Our finding was in agreement with that of Clarke
and Fibiger. Mecamylamine 5-15 mg/kg did not cause any
deficits in working and reference memory. Motor activity of
rats was not affected by mecamylamine during the test. Rats
could reach the food quite quickly but spent a relatively long
time consuming pellets. When the pellet was moistened by
water, rat could swallow the pellet easily and complete the
choice accurately. Our failure to observe effects of mecamyl-
amine on the performance in the radial maze is unlikely due
to the inadequate blockade of nicotinic receptors. The lack of
effects of mecamylamine on radial maze performance suggests
that the central nicotinic receptor may not be a necessary sub-
strate for the formation of working and reference memory.

Hup-A completely reversed the scopolamine-induced defi-
cit of maze performance. The memory improvement achieved
with Hup-A was comparable to that produced by Phys. Be-
sides, Hup-A exhibited a wide dose range for attenuating sco-
polamine-induced memory impairment. Chronic treatment
with Hup-A was as potent as acute treatment. It indicated that
no significant tolerance to the memory-improving effect of
Hup-A was seen. This finding was consistent with the study of
Laganiere et al., who reported that Hup-A-induced inhibition
of AChE activity was as potent after chronic as it was after
acute treatment (7).

Compared to Phys, Hup-A is more potent at inhibiting
acetylcholinesterase than Phys in vitro (19). Hup-A produces
a long-term inhibition of AChE activity in brain (up to 360
min) and increases the ACh levels up to 40% at 60 min (16).
Phys produces a rapid (15 min) peak of 55% inhibition but
this effect is over within 120 min (16) . After attaining peak
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FIG. 5. Effects of chronic administration of Hup-A on scopolamine-
induced amnesia on radial maze performance in rats. Hup-A was
orally administered at a dose of 0.25 mg/kg daily for 8 consecutive
days. Control subject received a similar regime of saline administra-
tion. Subjects were tested on the eighth day. Data represent mean +
SEM of 8-10 animals in each group. **p < 0.01 compared with the
saline + saline group. #tp < 0.01 compared with scopolamine + sa-
line.

plasma concentration in humans at approximately 30-60 min,
Phys is cleared from plasma with a half-life of about 30 min
(15). The terminal half-life of Hup-A is 5.8 h. The preliminary
clinical trials showed that Hup-A did improved short-term
and long-term memory in patients of multi-infarct dementia
or senile dementia (23,24). At therapeutic dose, parasympa-
thomimetic side effects of Hup-A were minimal when com-
pared with those caused by Phys and tacrine (6,22). These
findings and present results suggest that Hup-A may be an
interesting candidate for cholinomimetic therapy of cognitive
impairments with aging and Alzheimer’s disease.

REFERENCES

1. Bartus, R. T.; Dean, R. L.; Beer, B.; Lippa, A. S. The cholinergic
hypothesis of geriatric memory dysfunction: A critical review.
Science 217:408-417; 1982.

2. Clarke, P. B. S.; Fibiger, H. C. Reinforced alternation perfor-
mance is impaired by muscarinic but not by nicotinic receptor
blockade in rats. Behav. Brain Res. 36:203-207; 1990.

3. Coyle, J. T.; Price, D. L.; Delong, M. R. Alzheimer’s disease: A
disorder of cortical cholinergic innervation. Science 219:1184-
1190; 1983.

4. Fischer, W.; Chen, K. S. ; Gage, F. H.; Bjorklund, A. Progres-
sive decline in spatial learning and integrity of forebrain choliner-
gic neurons in rats during aging. Neurobiol. Aging 13:9-23; 1992.

5. Freeman, S. E.; Dawson, R. M. Tacrine: A pharmacological re-
view. Prog. Neurobiol. 36:257-277; 1991.

6. Hanin, 1.; Tang, X. C.; Kozikowski, K. P. Clinical and preclini-
cal studies with huperzine. In: Berker, R.; Giacobini, E., eds.
Cholinergic basis for Alzheimer therapy. Boston: Birkhauser;
1991:305-313.

7. Laganiere, S.; Corey, J.; Tang, X. C.; Wulfert, E.; Hanin, I.
Acute and chronic studies with the anticholinesterase huperzine
A: Effect on central nervous system cholinergic parameters. Neu-
ropharmacology 30:763-769; 1991.

8. Levin, E. D.; Castonguay, M.; Ellison, G. D. Effects of nicotinic
receptor blocker, mecamylamine, on radial arm maze perfor-
mance in rats. Behav. Neural Biol. 48:206-212; 1987.

9. Liu,J.S.; Zhu, Y. L.; Yu,C. M.; Zhou, Y. Z.; Han, Y. Y.; Wu,

F. W. The structure of huperzine A and B, two new alkaloids
exhibiting marked anti-cholinesterase activity. Can. J. Chem. 64:
837-839; 1986.

10. Nordberg, A. Clinical studies in Alzheimer patients with positron
emission. Behav. Brain Res. 57:215-224; 1993.

11. Okaichi, H.; Oshima, Y.; Jarrard, L. E. Scopolamine impairs
both working and reference memory in rats: A replication and
extension. Pharmacol. Biochem. Behav. 34:599-602; 1989.

12. Oliverio, A. Effects of mecamylamine on avoidance conditioning
and maze learning of mice. J. Pharmacol. Exp. Ther. 154:350-
356; 1966.

13. Olton, D. S. The use of animal models to evaluate the effects of
neurotoxins on cognitive processes. Neurobehav. Toxicol. Tera-
tol. 5:635-640; 1983.

14. Perry, E. K.; Tomlinson, B. E.; Blessed, G.; Bergmann, K.; Gib-
son, P. H.; Perrry, R. H. Correlation of cholinergic abnormali-
ties with senile plaques and mental test scores. Br. Med. J. 2:
1157-1159; 1978.

15. Sharpless, N. S.; Thal, L. J. Plasma physostigmine concentration
after oral administration. Lancet 1:1397-1398; 1985.

16. Tang, X. C.; De Sarno, P.; Sugaya, K.; Giacobini, E. Effect
of huperzine A, a new cholinesterase inhibitor, on the central
cholinergic system of the rat. J. Neurosci. Res. 24:276-285; 1989.

17. Tang, X. C.; Han, Y. E.; Chen, X. P.; Zhu, X. D. Effects of
huperzine A on learning and retrieval process of discrimination
performance in rats. Acta Pharmacol. Sin. 7:507-511; 1986.



HUPERZINE AND WORKING MEMORY

18.

19.
20.

21.

Vincent, G. P.; Rumennik, L.; Cumin, R.; Martin, J.; Sepinwall,
J. The effects of huperzine A, an acetylcholinesterase inhibitor,
on the enhancement of memory in mice, rats and monkeys. Soc.
Neurosci. Abstr. 13:844; 1987.

Wang, Y. E.; Yue, D. X.; Tang, X. C. Anti-cholinesterase activ-
ity of huperzine A. Acta Pharmacol. Sin. 7:110-~113; 1986.
Winblad, B,; Adem, A.; Bacman, L.; Nordberg, A.; Elinder,
F.; Arhem, P. Cholinesterase inhibitors in Alzheimer’s disease:
Evaluation of clinical studies. In: Berker, B.; Giacobini, E., eds.
Cholinergic basis for Alzheimer therapy. Boston: Birkhauser;
1991:238-243.

Wirsching, B. A.; Beninger, R. J.; Jhamandas, K.; Boegman, R.

22.

23.

419

J.; El-Defrawy, S. R. Differential effects of scopolamine on
working and reference memory of rats in the radial maze. Phar-
macol. Biochem. Behav. 20:659-662; 1984.

Yoshida, S.; Suzuki, N. Antiamnesic and cholinomimetic side-
effects of the cholinesterase inhibitors, physostigmine, tacrine
and NIK-247 in rats. Eur. J. Pharmacol. 250:117-124; 1993.
Zhang, C. L. Therapeutic effects of huperzine A on the aged
with memory impairment. New Drugs Clin. Remedies 5:260-262;
1986.

. Zhang, R. W,; Tang, X. C.; Han, Y. Y.; Sang, G. W.; Zhang, Y,

D.; Ma, Y. X. Drug evaluation of huperzine A in the treatment of
senile memory disorder. Acta Pharmacol. Sin. 12:250-252; 1991.



