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ABSTRACT

AIM To examine the antagonism of tacrine on the am-
Sco  anisodine AT,

and anisodamine Ani . METHODS
Cognitive functions and locomotor activities were deter-

nesic effects of scopolamine

atropine Atr

mined using two sessions of step-through and open-field
tests respectively. Mice were injected with one of the
belladonna alkaloids 0.05 — 50 pmol kg ' ip and
tacrine 50 pmol kg ' sc 30 min before the first
RESULTS Tacrine completely blocked the
avoidance-learning deficit caused by Sco 0.5 pmol-

kg ' AT, and Atr 5 pmol kg '
kg '. But tacrine partly antagonized the learning
deficit induced by Sco 5 — 50 pmol kg ' or Atr and
AT, 50 pmotl kg '.
caused by Sco 0.05 -5 pmol kg ' or Atr 5 pmol

kg ' was completely or partly attenuated by tacrine

which did not antagonize the memory deficit elicited
by Sco and Atr 50 pmot kg ' AT; 5 and 50 pmok

kg ' and Ani 50 pymol kg '. During the acquisi-
tion the locomotor activity of the mice was inhibit-
ed by tacrine. This reduction was completely antag-
onized by Sco 0.5—-50 umol kg ' AT; 5—50 pmot

kg ' Atr5-50 pmol kg ' and only partly antago-
nized by AT, and Atr 0.5 pmol kg ' or Ani 50 pmol
- kg '. CONCLUSION Compared with the avoidance-
memory deficit the avoidance-learning deficit caused by

session.

or Ani 50 pmol

The avoidance-memory deficit
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belladonna alkaloids is more preferentially attenuated by
tacrine.

INTRODUCTION

Cholinergic dysfunction in the brain has been ob-
served in the dementia caused by Alzheimer disease
AD '?
itor of cholinesterase *

Tacrine a reversible non-competitive inhib-
has been used for the medical
treatment of AD and extensively studied in experimental
animals. A number of studies showed that tacrine could
improve the cognitive functions of AD patients*® and
attenuate the amnesic effects of scopolamine Sco in an-
imals ®” . Sco is a muscarinic cholinergic receptor an-
tagonist and has been shown to cause cognitive deficits
similar to those found in patients with AD. Conse-
quently the amnesic model induced by Sco is most wide-
ly used in the study of drugs for improving cognitive
functions in AD patients.

The belladonna alkaloids atropine Atr and Sco are
found chiefly in the plant nightshade and the shrubs hy-
oscyamus niger and Scopola carmiolica  respectively.
Anisodine AT,
discovered in a traditional medicinal herb Scopolia tan-
gutica in Tibet China. Ani has an OH group at C; in

the structure of Atr and AT; has an OH at the ester por-

and anisodamine Ani were originally

tion in Sco Fig 1 .

These alkaloids can block the muscarinic cholinergic
actions of acetylcholine in the central nervous system and
peripheral tissues. If the muscarinic receptors in the
brain are blocked by these alkaloids learning and memo-
ry will be impaired. The amnesic model induced by Sco

But Atr and AT;-induced cognitive def-
189,

is well known.
icits are also included in the amnesic mode How-
ever because of the inhibition of blood coagulation and

thrombotic formation as well as the reduction of intracel-
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lular Ca®" accumulation caused by ischemia Ani might
improve the cognitive deficits induced by brain da-
mage .

The amnesic effects of the 4 belladonna alkaloids
were compared in our previous work * . The present
study examined the attenuation of belladonna alkaloid-in-

duced cognitive deficits by tacrine.
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Fig 1. Chemical structures of 4 belladonna alkaloids.

MATERIALS AND METHODS
Mice Mice 9 weighing 21 =25 g from the

Kunming strain were obtained from the Center of Labo-
Institute of Epidemiology and Microbi-
The
mice were kept on a 12:12 h light/dark cycle lights on
07 00 at 22—23 C. The mice were housed 8 to a
cage with continuous access to food and water and main-

ratory Animals
ology Chinese Academy of Prevention Medicine.

tained at laboratory conditions at least 4 d prior to the
behavioral experiments.

Drugs Tacrine was purchased from Sigma Chemi-
cal Co USA. Sco was obtained from E Merck Darms-
tadt Germany. Atr was purchased from China Medici-
nal Co Beijing China.
the Institute of Materia Medica Chinese Academy of
Medical Sciences.

AT, was a generous gift from

Ani was purchased from Tianging
All drugs

were dissolved in the normal saline and injected at a vol-

Pharmaceutical Factory Tianging China.

ume of 10 mL: kg™'. Tacrine was injected sc plus vehi-

cle ip. Belladonna alkaloids were injected ip plus vehicle

or tacrine sc. In the control mice the vehicle at 10
mL/kg was given sc and ip.
Behavioral experiments
male mice were individually placed in an open-field
This chamber 32 cmX 21 cm X 17

cm  was made of Perspex.

Experimentally naive

chamber for 3 min.
The mice were not handled
prior to exposure to the situation. The locomotor activi-
ty walking about counts throughout the 3-min test
were monitored by an activity meter as previously
described .

24 h after the acquisition the first session.

The recall the second session was given
The open-
field memory was indicated by the decreased activity in
the recall session compared with the acquisition session.
After the open-field test the mice were made to perform
the step-through task.
Perspex box with 2 chambers Only the dark chamber
not the light
electrified.

The apparatus consisted of a

safe one had a grid floor that could be
Each mouse was first placed in the safe
room. When it stepped into the dark room the mouse
received a shock punishment 40 V. 50 Hz . The la-
tency period before the first footshock and the number of
shock punishments within 3 min were measured in the
training session. The retention session was conduced 24
h after the training. If a mouse did not cross into the
shock room within 3 min the retention session was end-
ed and a score of 180 s was assigned.

Behavioral experiments were conducted between 9

00 and 13 00.

the first session and no drug was given before the second

Drugs were administered 30 min before

session.

Statistical analysis
and compared with ANOVA and the Dunnett’s multiple
comparison test.

Data were expressed as x© £ s

RESULTS

Locomotor activity in the open-field In the open-
field test tacrine 50 pmot kg ' significantly reduced
the locomotor activity counts F 1 18 =95.8 P
<0.01 . This effect of tacrine was completely an-
tagonized by Sco 0.5 5 and 50 pymol kg ' F 4
45 =15.2 P<0.01 AT, 5 and 50 pmol kg ' F
3 36 =22.4 P<0.01 Atr5 and 50 pmol kg '
F 3 36 =9.3 P<0.01 and was also partly an-
tagonized by Ani 50 ymot kg’ F 3 36 =7.5 P
<0.01 . AT, 5 pmol kg ' increased the locomotor
activity 40 % F 3 36 =5.4 P<0.01
quisition session and 39 % F 3 36

in the ac-
=7.3 P<
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0.01 in the recall session. This effect of AT; was Sco AT; Atr and Ani respectively. Tacrine 50
inhibited by tacrine 50 pmol kg '. However tacrine pmol kg ' did not by itself affect the number of the
did not by itself influence the locomotion in the recall shock punishments. But this dose of tacrine could
session. In the control mice the activity in the recall completely suppress the increased number of foot-
session was reduced by about 30 % compared with the  shocks caused by Sco 0.5 ymol kg'' F 1 18 =4.9

acquisition session P<0.01 Fig2 . P<0.05 Atr5pmol kg ' F 118 =27.1 P<
Footshock punishment in the step-through After  0.01 and Ani50 pmol kg ' F 1 18 =20.3 P<
the open-field test the avoidance-response of each mouse  0.01 . However tacrine partly reduced the num-

was examined using the step-through task. In the ber of footshocks in the mice receiving Sco 5 pmot
training session the belladonna alkaloids increased the kg ' F 1 18 =5.2 P<0.05 and50 pgmol kg ' F
number of shock punishments Sco F 4 45 =10.6 118 =4.6 P<0.05 AT,50 umol kg ' F 1
P<0.01 AT, F 336 =12.7 P<0.01 Aw F 18 =8.24 P<0.05 or Atr50 gmol kg ' F 1
33 =42.9 P<0.01 Ani F 33 =19.4 P 18 =12.6 P<0.01 Fig3 .

<0.01 . The minimal effective doses for increasing Retention latency in the step-through The reten-
the footshocks were 0.5 5 5 and 50 pmol kg ' for  tion session was carried out 24 h after the training
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Fig 2. Attenuation of tacrine-induced depression in locomotor activity in mice by belladonna alkaloids. Drugs were injected sc for tac-
rine and ip for belladonna alkaloids 30 min prior to the acquisition session [] . No drug was given before the recall session W .
Recall session was carried out 24 h after the acquisition session. n=10mice x*s. °P<0.01 vs control 0 . 'P<0.01 vs bella-
donna alkaloids. "P<0.05 'P<0.01 vs tacrine.
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Fig 3.
out after the open-field test during the acquisition session.
medicine and vehicle data not shown . n=10mice x*s.
belladonna alkaloids. "P<0.05 'P<0.01 vs tacrine.

session. Results showed that injection of belladonna al-
kaloids shortened the retention latency of receiving the
shock punishment Sco F 4 45 =30.4 P<0.01

AT, F 33 =10.1 P<0.01 Atr F 3 36 =
29.2 P<0.01 Ani F 3 36 =40.3 P<0.01 .
The lowest doses for decreasing the retention latency
were 0.05 5 5 and 50 pmol kg ' for Sco AT,

Atr and Ani respectively. Tacrine 50 pmot kg '
given before the training session did not alter the re-
tention latency. Tacrine at this dose prolonged the
shortened retention latency caused by Sco 5 pmol

kg'' F 118 =7.7 P<0.05 and Atr5 pmol kg '
F 118 =8.9 P<0.01 . However tacrine did

Attenuation of belladonna alkaloids-induced avoidance-learning deficit in mice by tacrine.
During the training session the latencies are not different between
®P<0.05 °P<0.01 vs control O .

0 05 5 50
Anisodamine, pmolkg

This experiment was carried

P<0.05 'P<0.01 vs

not markedly prolong the shortened retention laten-
cy by Sco and Atr 50 ymot kg ' AT, 5 or 50 umot
kg ' and Ani 50 pmot kg ' P>0.05 Fig4 .

DISCUSSION

The passive avoidance-response in the step-through
task is widely used to examine the cognitive function of
animals. Belladonna alkaloids given 30 min before the
training session resulted in dose-dependent increase in
the number of shock punishments within 3 min.  These re-
sults indicate that these alkaloids could impair the learning

ability of mice.  When 50 pmol kg ' tacrine given in
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Fig 4.
out after the open-field test during the recall session.
'P<0.01 vs belladonna alkaloids. "P<0.05

conjunction with these alkaloids the dose-effect curve
for increasing footshocks was shifted to the right but
the spontaneous locomotor activity of the mice was not
affected compared with belladonna alkaloids alone ex-
cept in conjunction with Ani. This means that tacrine
has a specific antagonism on the belladonna alkaloids-in-
The shortened retention latency
but not by AT; and Ani

This means that tacrine

duced learning deficit.
caused only by Sco and Atr
was prolonged by tacrine.
could not attenuate the AT,- and Ani-induced avoidance-
memory deficit. But tacrine could reduce the AT;- and
Ani-induced learning deficit. Perhaps the memory defi-

cit caused by AT, and Ani was not related to the cholin-

Attenuation of belladonna alkaloids-induced avoidance-memory deficit in mice by tacrine.
n=10 mice xts.
'P<0.01 vs tacrine.

Anisodamine, umolkg

This experiment was carried

°P<0.05 °P<0.01 vs control 0 . °P<0.05

ergic system in the brain or the mechanisms of memory
impairment of AT, and Ani are different from Sco and
Atr.

The present and previous studies ® **

indicate that
Sco at the doses that did not impair the passive avoid-
ance-response learning eg did not increase the number
of footshocks in the training session blocked the avoid-
ance-response memory eg decreased the retention la-

tencies in the step-through task. And tacrine could
block the learning deficit elicited by 50 pmol kg ' of
belladonna alkaloids
ry deficit caused by the same doses of these alka-

loids. We therefore propose that muscarinic cho-

but could not block the memo-
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linergic antagonists mainly inhibit the memory pro-
cess but that acetylcholinesterase inhibitor mainly
antagonizes the learning deficit of the amnesic effect
of muscarinic cholinergic antagonists. This also
means that the mechanisms in the cholinergic ner-
vous system for maintaining learning and memory
are different.

It has been shown that tacrine 10 mg/kg po in-
creased the locomotion in rats " . In the present study
we found that tacrine at the dose of 50 pmol- kg '

11.735 mg kg ' sc significantly suppressed the spon-
tancous movement of mice. The reduced locomotion
can be attenuated by the 4 belladonna alkaloids. Sco
and Ani respectively exhibited the highest and lowest ef-
ficacy of antagonism on depression in locomotor activity
induced by tacrine among these alkaloids. This might
be related to the different concentration of these bella-
donna alkaloids in the brain or to their affinity with
muscarinic receptors.

In the control mice locomotion in the recall
session was decreased compared with the acquisition
P <0.01
from the memory of the mice on the open-field
chamber ® . AT, 5 pmot kg ' not only increased

session This was probably resulted

the locomotor activity during the acquisition session

but also inhibited the open-field memory eg in-
creased the activity in the recall session  which
could be attenuated by tacrine 50 pmol kg '. This

indicated that tacrine could also block the impair-
ment of open-field memory caused by AT;. In the
previous work Sco and Atr injected 15 min before
the acquisition session increased the locomotor activ-
ity and blocked the open-field memory * . In the
present work however these two drugs given 30
min before the acquisition the increase in activity
and impairment of the open-field memory were not
find. This may relate to the long period from the
drugs treatment to the open-field test and lead to a
lower drug concentration in the mouse's body.

In summary
Sco- and Atr-induced learning and memory deficits
were significantly attenuated by tacrine. But the at-
tenuation of learning impairment was more powerful
than that of memory impairment. Tacrine could
only antagonize the learning deficit and not memo-
ry impairment caused by AT; and Ani. Tacrine-in-

in this study we observed that the

duced depression in locomotor activity was complete-
ly antagonized by Sco AT; or Atr and was partly

antagonized by Ani.
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4
30 min
Sco 0.05—50 pmot kg ' Atr 5-50
! pmot kg
100029 . AT,

Ani 5-50 pmot kg '
. Sco 0.5—50 pmot kg ' AT,
Atr 5—50 pmot kg ' Ani 50 pmot kg

tacrine 50 pmot kg ' sc
0.05-50 pmot kg ' ip



