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GATTU, M., K. L. BOSS, A. V. TERRY, JR., AND J. J. BUCCAFUSCO. Reversal of scopolamine-induced deficits
in navigational memory performance by the seed oil of Celastrus paniculatus. PHARMACOL BIOCHEM BEHAV 57(4)
793-799, 1997.—Celastrus paniculatus (CP), a medicinal plant from India has been reputed to be useful as a pharmaceutical
aid for learning and memory. We investigated the effects of the seed oil of CP on the 6 day performance of young adult rats in
a navigational memory task--the Morris water maze. Chronic oral (gavage) daily treatment with CP, (50, 200, or 400 mg/kg)
for 14 days completely reversed the scopolamine (0.5 mg/kg)-induced task performance deficit. On the other hand, acute
treatment (single injection prior to scopolamine treatment) with CP (200 mg/kg) did not significantly reverse the scopola-
mine-induced impairment in maze performance. Alone, CP produced a slight, but significant improvement in maze perfor-
mance on the first day of testing. Acute treatment or chronic 14 day treatment with CP resulted in no significant alteration in
normal locomotor activity in an open field. Moreover, CP did not alter the scopolamine-induced increases in locomotor activ-
ity. Chronic treatment with CP did not alter brain acetylcholinesterase levels and no signs of cholinergic overstimulation were
ever noted during or after treatment. Thus, the seed oil of CP, when administered chronically, selectively reversed the impair-
ment in spatial memory produced by acute central muscarinic receptor blockade, supporting the possibility that one or more
constituents of the oil may offer cognitive enhancing properties. The neural mechanism underlying the reversal of scopola-
mine’s mnemonic effects by CP is not yet known, but it is not related to an anticholinesterase-like action. © 1997 Elsevier
Science Inc.

Learning memory Medicinal plant Scopolamine Muscarinic receptors Locomotor activity

INTRODUCTION

TRADITIONAL or folk medicines have been widely em-
ployed for centuries, and they remain one important source

nant, sedative, tranquilizer and diuretic. It is also used in the
treatment of leprosy, leucoderma, rheumatism, gout, paralysis
and asthma. Most of the claims for this plant have not been

for the discovery of new bio-active compounds. Ayurveda, an
ancient traditional system of medicine that has been practiced
in India since 200 B.C. employs a large number of medicinal
plants used in the prevention and treatment of a wide number
of diseases. One of these includes the plant Celastrus panicu-
latus Willd. (CP), a plant known for centuries as “the elixir of
life”. According to Ayurveda, depending upon the dose regi-
men, CP may be employed as a stimulant-nerve tonic, rejuve-

substantiated in rigorous scientific settings. This includes the
purported property of CP germane to this study—its ability to
stimulate the intellect and sharpen the memory. There have
been pharmacological studies to suggest that the oil obtained
from the seeds of CP possess sedative and anticonvulsant
properties (15,17). Sheath and coworkers (33) isolated an ac-
tive fraction of the oil that they termed Mal-IIIA, and sug-
gested that this component exhibits the sedative and tranquil-
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izing effects observed in rats and mice. Sporadic reports in the
scientific literature also exist to suggest that the neet oil of CP
or its extracts exhibit the following pharmacological actions:
anti-viral (7), anti-bacterial (28), analgesic (2), anti-inflamma-
tory (2,11), anti-malarial (5), anti-fatigue (19), anti-spermato-
genic (36), insecticidal (4), hypolipemic (22), and, potentia-
tion of barbiturate sleeping time (3). The indigenous peoples
that employ CP also know this preparation as a general cogni-
tive enhancing agent. Several reports are now available to
support this later notion in the laboratory setting. Karanth
and coworkers (20), and Nalini and coworkers (26), reported
that rats treated with CP improved their performance in
raised platform shock-avoidance paradigm and two-way pas-
sive avoidance paradigm, respectively. Nalini and coworkers
(25) reported that chronic treatment with CP oil produced im-
provement in [.Q. scores and decreased the content of cate-
cholamine metabolites, vanilylmandelic acid and homovanillic
acid in the urine of mentally retarded children. Similar neu-
rochemical results were also observed in rats, wherein chronic
treatment with CP decreased the brain content of norepi-
nephrine, dopamine, and serotonin, and decreased their re-
spective metabolites in the brain and urine (26).
Pharmacologic blockade of central muscarinic receptors
produces a short-term amnestic response in a wide variety of
animal models performing a variety of tasks challenging
learning and recall (13,14,16,23). Scopolamine is particularly
effective when administered just before task training (13).
One of the most widely employed paradigms used to assess
working memory in rodents is the Morris water maze spatial
navigational task (24). Administration of low doses of scopo-
lamine have been shown to effectively interfere with task per-
formance. One other advantage of the use of scopolamine is
that the drug evokes characteristic changes in locomotor ac-
tivity in an open field (1,29,32,35). The effects of scopolamine
on maze performance and locomotor activity can be reversed
by the administration of classical (centrally-acting) muscarinic
receptor agonists, particularly inhibitors of acetylcholines-
terase (32). Thus, the seed oil of CP was examined for its abil-
ity to reverse the effects of either or both the scopolamine-
induced impairment of water maze performance and in-
creased open field locomotor activity in adult rats. We also
determined whether in vivo administration of CP could in-
hibit brain acetylcholinesterase activity measured ex vivo.

METHODS
Animals

Male, Wistar rats (275-375 g) were obtained from Harlan
Sprague-Dawley Inc., (Indianapolis, IN), housed individually
in controlled-temperature environment with a 12 h light/dark
cycle. Food and water available ad lib. Behavioral experi-
ments were conducted during the light cycle.

Drugs

The seed oil of Celastrus paniculatus Willd. was obtained
in encapsulated form from BAN Pharmacy, Rajkot, India.
Each capsule contained 300 mg of oil. Oil was removed from
capsule and mixed with peanut oil to make the appropriate
concentrations. Scopolamine hydrobromide was obtained
from Sigma chemical Co., St. Louis, MO.

Water Maze Task

Maze testing was performed in a circular plastic pool (di-
ameter: 180 cm, height: 76 cm) (Bonar Plastics, Noonan, GA)
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with the inner surface painted black. The pool was filled to a
depth of 35 cm of water (maintained at 25 = 1°C) that covered
an invisible black) 10 cm square platform. The platform was
submerged approximately 1 cm below the surface of the water
and placed in the center of the northeast quadrant. The pool
was located in a room with a number of extra-maze visual
cues, including brightly colored geometric images (squares,
triangles circles etc.) that were hung on the wall. Diffuse light-
ing and black curtains were used to hide the experimenter and
the awaiting rats. Swimming activity of each rat was moni-
tored via a ccTV camera mounted overhead, that relayed the
latency to find the platform as well as the distance traveled to
a video tracking system (Poly-Track, San Diego Instruments,
San Diego, CA).

For the hidden platform test, each rat was given 4 trials per
day for 6 consecutive days. Each rat’s latency for the given
day was calculated by averaging the four trials. A trial was ini-
tiated by placing the rat in the water facing the pool wall in
one of the four quadrants (designated NE, NW, SE, SW). The
daily order of entry into individual quadrants was randomized
such that all 4 quadrants were used once every day. For each
trial, the rat was allowed to swim a maximum of 90 s, in order
to find the hidden platform. When successful the rat was al-
lowed a 30 s rest period on the platform. If unsuccessful,
within the allotted time period, the rat was given a score of
90 s and then physically placed on the platform and also al-
lowed the 30 s rest period. In either case the rat was immedi-
ately given the next trial (Inter Trial Interval [ITI] = 30 s) af-
ter the rest period. On the seventh day, a highly visible (neon
colored) cover was attached to the platform which was raised
above the surface of the water (approximately 1.0 cm). Light-
ing was changed such that extra-maze cues were no longer vis-
ible. Each rat was given one trial in order to acclimate to the
new set of conditions and to visually locate the platform. This
was accomplished by lowering the rat into the water in the NE
quadrant and allowing the animal to locate the platform. No
time limit was placed on this first trial. The rat was then im-
mediately given a second trial in the same manner and the la-
tency to find the platform measured as a test of visual acuity.

Locomotor Activity

Automated open field locomotor activity was measured us-
ing an Omnitech Digiscan (model CCDIGIO) optical animal ac-
tivity monitoring system that employs horizontal and vertical
banks of photo beam sensors to monitor several categories of
animal movement with time. The animal was placed in a clear
test cage (40 X 40 X 30) and the trial initiated immediately.
Locomotor activity was monitored continuously for 30 min
and the data were accumulated and processed in a spread
sheet format. The following parameters were recorded: hori-
zontal activity, movement time, number of stereotypy move-
ments, and vertical activity. A complete description and defi-
nition of each parameter has previously been published (30).

Acetylcholinesterase Assay

Brain tissue derived from CP treated rats was homoge-
nized (10 ml/g tissue) in 100 mM phosphate buffer (pH 7.0).
Acetylcholinelerase activities were determined spectrophoto-
metrically in whole tissue homogenate by the method of Ell-
man and coworkers (12). Brain homogenate (100 pl) was
added to a reaction mixture (50 mM Tris-HC1, pH 8.0) con-
taining 75 mM acetylthiocholine iodide as substrate, and 6.9
mM dithiosnitrobenzoic acid in a total volume of 3 ml. The
change in absorbance at 412 nm was recorded for 2 min.
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EXPERIMENT 1

Rats were randomly assigned to two groups: one group
was treated with CP at a dose of 200 mg/kg/day (by oral gav-
age); and the other group was treated with peanut oil as a ve-
hicle for 14 days. The water maze experiment was initiated on
the 15th day of treatment. On day 15, the peanut oil group
was subdivided into control (C) and scopolamine (S) groups,
whereas the CP treated group was subdivided into CP alone
(CP) and CP + Scopolamine treated (CPS) groups. Twenty
min prior to each day’s maze testing session vehicle, CP, vehi-
cle + scopolamine (0.5 mg/kg, IP), or CP (200 mg/kg) + sco-
polamine were administered to (C), (CP), (S) or (CPS)
groups, respectively. At the completion of the experiment, the
rats were decapitated and the brain tissue was used to evalu-
ate the acetylcholinesterase activity. In a second series, using
the same experimental protocol, separate groups of rats were
administered 50 or 400 mg/kg of CP prior to, and during the
scopolamine challenge. Each rat’s body weight and normal
ongoing behavior was repeatedly observed throughout the ex-
periment to detect any potential toxic effect of CP.

Using the same protocol as described above, a new group
of rats was tested in the openfield locomotor activity task for
30 min to determine the effect of chronic treatment of CP on
motor activity.

Experiment 2

The effects of a single acute administration of CP (200 mg/
kg) on water maze performance was assessed in this experi-
ment. As described above, a new group of rats was divided in
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to 4 groups, C, S, CP and CPS, and drugs or vehicle were ad-
ministered 20 min prior to testing. One week after completion
of the water maze experiment, rats were tested in the open-
field locomotor activity experiment.

Statistics

Comparisons between the means of several populations
were performed by using a two-way ANOVA with repeated
measures in a paired design, and the differences considered
significant at the p < 0.05 level. If data sets failed tests of nor-
mality or of equal variances, the Kruskal-Wallis one way anal-
ysis of variance on ranks was used to determine the statistical
difference between groups. For data sets derived from behav-
ioral experiments that were shown to be significantly different
by ANOVA they were also shown to be significantly different
according to the Kruskal-Wallis test. The Student-Newman—
Keul test was employed as a post hoc test, except for the data
derived from acetylcholinesterase levels for which a Student’s
t test was used.

RESULTS

Once daily, oral treatment with CP (50-400 mg/kg) over 14
days produced no significant effect on body weight compared
to the vehicle group. Animals appeared to behave normally in
their home cage and test environments. Also, there were no
obvious signs of “cholinergic” toxicity (tremor, convulsions,
salivation, fasiculations, lacrimation etc.) observed after ad-
ministration of CP at any dose or regimen.
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FIG. 1. The effect of daily oral administration of 200 mg/kg of CP for 14 days prior to, and during 6 days of water maze testing on the
scopolamine-induced (0.5 mg/kg, IP) performance deficits in rats. A. Mean swimming latencies. B. Mean swimming distance. Each value
represents the mean = SEM of 6 rats. (W) - Chronic treatment: 14 days of CP vehicle (peanut oil); Pre-test treatment: scopolamine alone. (V) -
Chronic treatment: CP; Pre-test treatment: scopolamine and CP; (®) - Chronic treatment: vehicle; Pre-test treatment: saline, IP (A) - Chronic
treatment: CP; Pre-test treatment: CP. Each pre-test drug regimen was administered 20 min before maze testing. The scopolamine alone group

was significantly different from each of the other groups (p < 0.05).
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TABLE 1
EFFECT OF CP ON SCOPOLAMINE TREATED AND UNTREATED RATS IN OPEN-FIELD
LOCOMOTOR ACTIVITY PERFORMANCE
Activity Con Sco CP CP+S
A. Chronic Study
Horizontal activity 9187 = 994 14830 = 1456* 12152 = 907 13735 = 1390*
Movement time (s) 515 %57 795 + 81* 623 £ 45 712 £72
Number of stereotypy 220 £ 15 266 + 19* 272 £ 7% 275 £ 9%
Vertical activity 2647 * 261 3873 * 359 3273 = 284 3607 * 350
Values are mean = SEM of 6 rats.
*Significantly different than control (C) rats (p < 0.05).
B. Acute Study
Horizontal activity 11343 * 1005 22284 + 2607* 10254 = 629 24288 + 2598*
Movement time (s) 886 + 86 1429 = 70* 811 = 49 1473 = 43*
Number of stereotypy 220 =13 308 = 9* 181 £9 299 = 10*
Vertical activity 2243 + 298 2268 + 3651 2319 * 453 3198 =+ 606
No significant differences are present between either control and CP group or scopolamine (Sco) and CP + Scopola-
mine treated groups. Values are mean = SEM of 6 rats.
*Significantly different than control (Con) and CP treated rats (p < 0.05).
Experiment I chronic CP regimen (CP or CPS) (F(3, 20) = 12.39; p <

Over the 6 days of water maze testing, rats treated chroni-
cally with vehicle and administered scopolamine prior to
maze testing (S) exhibited significantly longer swim latencies
in comparison with either control rats not administered sco-
polamine (C), or compared with the two groups receiving the
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FIG 2. The effect of daily oral administration of CP for 14 days prior
to, and during 6 days of water maze testing on the scopolamine-
induced (0.5 mg/kg, IP) performance deficits in rats. Only days 2 and
3 of maze testing are presented. Each value represents the mean *=
SEM of 6-12 rats. (C) - Chronic treatment: CP vehicle (peanut oil);
Pre-test treatment: saline, IP (S) - Chronic treatment: 14 days of CP
vehicle (peanut oil); Pre-test treatment: scopolamine alone. (50) -
Chronic treatment: 50 mg/kg CP; Pre-test treatment: scopolamine
and 50 mg/kg of CP. (200) - Chronic treatment: 200 mg/kg CP; Pre-
test treatment: scopolamine and 200 mg/kg CP. (400) - Chronic
treatment: 400 mg/kg CP; Pre-test treatment: scopolamine and 400
mg/kg CP. The scopolamine alone group was significantly different
from each of the other groups (p < 0.05).

0.0001). Impairment was evident even on the first day of test-
ing in that the (S) group required 85 s on average to locate the
hidden platform. In contrast, the (C), (CP) and (CPS) groups
required only 60, 45 and 69 s respectively, to locate the plat-
form. Since 4 trials were run per day, it was possible to exam-
ine task performance on the very first trial before learning
could take place. Under these conditions the 4 experimental
groups did not exhibit significantly different swim latencies.
For the (C), (S), (CP) and (CPS) groups the mean swim laten-
cies on the very first trial were, respectively, 78 * 13,90 = 0,
77 = 9 and 81 * 9 s. Chronic daily administration with 200
mg/kg CP for 14 days produced a statistically significant de-
crease in the latency to find the platform on the first day but
no difference was observed on subsequent days. As shown in
Fig. 1A, chronic treatment with CP significantly reversed the
impairment in maze performance produced by scopolamine
[(CPS) vs. (S)]. Post hoc analysis indicated that significance dif-
ferences were observed between (CPS) and (S) over first four
days of water maze experiment. Swim latencies exhibited by
all groups of rats were gradually, but significantly decreased
from day 1 to day 6 (F(5, 15) = p < 0.0001). This decrease in
swim latencies over the 6 test days indicated that all of the rats
eventually learned the task irrespective of drug treatment.

Consistent with the swim latency results, the distances
traveled by the (S) group rats were significantly longer than
either control rats not administered scopolamine (C), or the
other two groups rats that received the chronic CP regimen
(CP or CPS) (F(3,20) = 14.98; p < 0.0001). With some minor
exceptions, the between-group differences obtained for the
swim distance data were similar to those obtained for the
swim latency data (Fig. 1B). There were no significant be-
tween-group differences observed for the animals performing
the visual acuity task administered on the seventh day of test-
ing. Group means for this task were 14,10, 9, and 7 s for (C),
(CP), (S) and (CPS), respectively. The cholinesterase activity
of frontal cortex homogenates were not significantly different
between (C) and CP groups (0.0069 = 0.001 and 0.0061 =
0.0003 wmol/min, respectively).

For the locomotor activity experiment, all 4 experimental
groups received their respective regimens 20 min prior to test-
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ing. Horizontal activity (horizontal beam breaks), movement
time, and the number of stereotyped movements (repetitive
breaking of the same beam) were significantly enhanced by
scopolamine. In contrast, vertical activity (vertical beam
breaks) was not significantly affected by the muscarinic recep-
tor antagonist (Table la). Chronic pre-treatment with CP
slightly increased all locomotor activity parameters compared
to control but no significant differences were observed. Un-
like, its anti-scopolamine effect on water maze performance,
the chronic CP regimen did not significantly affect the in-
crease in horizontal motor activity and stereotypy produced
by scopolamine (Table la).

Using the same experimental paradigm described above, a
second series of experiments was performed in which two ad-
ditional doses (chronic) 50 mg/kg and 400 mg/kg of CP were
evaluated for their ability to reverse scopolamine-induced
deficits in water maze performance. The data for the second
and third days of maze testing are presented in Figure 2 along
with those for the 200 mg/kg dose for comparison. As with the
200 mg/kg dose of CP, both the 50 and the 400 mg/kg doses
completely reversed the scopolamine deficit in maze perfor-
mance (F (5, 48) = 8.89; p < 0.0001). All 3 doses appeared to
be maximally effective in this regard, and as such, there was
no apparent dose-response relationship over this range of
doses. The data suggest that CP may exhibit a wide therapeu-
tic window (Fig. 2).

Experiment 2

In an acute experiment where rats received either drugs or
vehicle 20 min prior to maze testing, scopolamine treated rats
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(S) exhibited significantly longer swim latencies in compari-
son with either vehicle (C) or (CP) treated rats (F (3, 20) =
6.37; p < 0.01). Single dose (acute) treatment with CP (200
mg/kg) 20 min prior to testing was not as effective as chronic
administration in reversing the scopolamine-induced deficits
in water maze performance. In fact, the learning curve (swim
latencies) for the combined CP and scopolamine treatment
(CPS) was slightly, but not significantly improved compared
with the scopolamine (S) group (Fig. 3A). Also, for acute ad-
ministration, CP alone (CP) had no effect on swim latencies in
comparison with the (C) group. As with the results from the
chronic study, no significant differences were obtained among
mean swim latencies for the 4 experimental groups on the
very first trial of the first day of testing. Essentially identical
results were obtained when swim distances were compared
among the groups Fig. 3B). Finally, acute administration of
CP alone (CP) had no effect on locomotor activity in compar-
ison with the (C) group. As with the chronic administration
regimen, acute CP was completely ineffective in reversing sco-
polamine-induced increases in locomotor activity (Table 1b).

DISCUSSION

At least four previous studies exist that have examined the
effects of CP on behavioral tasks that involve learning and
memory (20,21,25,26). In one such study (20), rats were
treated with 400 mg/kg of CP (by oral gavage) once daily for 3
days. The animals were then given 10 trials in a raised plat-
form shock-avoidance task. Each trial was spaced 5 min apart.
The CP treated rats exhibited a significantly increased learn-
ing curve compared with vehicle treated animals in the avoid-
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FIG 3. The effect acute administration of 200 mg/kg of CP prior to, and during 6 days of water maze testing on the scopolamine-induced (0.5 mg/
kg IP) performance deficits in rats. A. Mean swimming latencies, B. Mean swimming distance. Each value represents the mean = SEM of 6 rats.
(M) - scopolamine alone. (¥)- scopolamine and CP; (@®)- saline, IP (A) - CP alone. Each pre-test drug regimen was administered 20 min before
maze testing. The scopolamine alone and the scopolamine + CP groups were significantly different fiom the saline and CP alone groups (p <

0.05).
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ance paradigm. In another study, rats treated daily with 850
mg/kg of CP oil for 15 days exhibited a significant improve-
ment in their retention times in a two-way passive avoidance
task. CP also produced a significant decrease in the content of
norepinephrine, dopamine and serotonin, and certain of their
respective metabolites in both brain and urine (26).

The results of the present study support the reports of the
ancient Ayurvedic literature, and confirm, the results of the
previous studies mentioned above in that they are consistent
with the ability of chronic CP administration to enhance the
performance of subjects engaged in memory-related tasks.
Chronic treatment with 200 mg/kg of CP alone resulted in a
small degree of enhancement in water maze acquisition. A
marked degree of task enhancement was not expected since
the rats were young and presumably cognitively unimpaired.
Moreover, we used relatively low doses of CP (50-400 mg/kg/
day) compared to those used in the studies cited above. How-
ever, even the 50 mg/kg/day dose regimen was effective in im-
proving maze performance when performance was impaired
by central muscarinic receptor blockade with scopolamine.
The selectivity of CP in affecting the cognitive aspects of this
task was suggested by the ability of the drug to reverse the
scopolamine-induced impairment of maze performance, but
not the scopolamine-induced increase in locomotor activity.
Neither scopolamine nor CP regimens affected the level of
performance of the first trial of the maze task; one that pre-
sumably does not involve learning. It is not likely, therefore,
that the drug treatments altered task performance by affect-
ing non-mnemonic aspects of water maze learning.

Chronic treatment with CP reversed the scopolamine-
induced deficits in maze performance, whereas the acute
treatment with CP was much less effective in this regard. This
finding is consistent with those of the more recent pharmaco-
logical studies employing CP. For example, chronic adminis-
tration of the drug from 3 to as long as 45 days has been dem-
onstrated to be required for maximal drug responses (8,
20,26). However, we cannot at this time rule out the possibil-
ity that the lack of an anti-scopolamine action to acute CP ad-
ministration is related to the fact that in the acute paradigm
the rats were not handled or administered solutions orally
over 15 days as they were in the chronic study. It is yet to be
proven, but perhaps more likely, that CP induces some slowly
adaptive cellular change within the CNS.

In the present study, all three doses 50, 200 and 400 mg/kg/
day of CP reversed the scopolamine deficits but no dose-
response relationship was observed. Possibly the range of doses
used in this experiment might have been too narrow to exhibit
a dose-response. Clearly, the 50 mg/kg regimen produced a
maximal scopolamine reversal. Although a separate experi-
mental series using either the 50 or 400 mg/kg regimens of CP
alone was not performed, Nalini and coworkers (26) reported
that 850 mg/kg/day of CP for 15 days, did significantly im-
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prove performance by rats in passive avoidance paradigm. Al-
though these two experiments were conducted using two dif-
ferent paradigms, the data suggest that higher doses of CP
may directly enhance memory-related task performance in
rats. Incidentally, chronic CP administration was associated
with no observable side effects in the animals, even with the
400 mg/kg dose regimen.

The mechanism of action by which CP enhances learning
and memory performance in behavioral tasks, and by which it
reverses scopolamine-induced learning deficits is as yet un-
known. CP did not appear to inhibit brain cholinesterase ac-
tivity, nor were there any symptoms of cholinergic receptor
stimulation exhibited by the animals at any time during treat-
ment. Moreover, if CP were acting as a cholinergic agonist, we
would have expected to obtain a reversal of scopolamine’s
amnestic actions after the acute administration of the mate-
rial. In the present experiment, CP antagonized scopolamine’s
actions in the water maze but not in the locomotor activity
task. Similarly, 5-HT; antagonists have been reported to re-
verse the scopolamine produced deficits in learning and mem-
ory models but not the motor activity (9). In addition, both
CP and 5-HTj; antagonists share several pharmacological ac-
tions such as lowering blood pressure (27,31,33), anxiolytic
(33,18) and analgesic (2,34) effects, decreased dopamine lev-
els (26,10), decreased aggression (33,18) and improved cogni-
tive performance (20,21,25,26 6). Moreover, 5-HT related
drugs often exhibit a significant delay in the onset of clinical
benefit, also reminiscent of the effects of CP. On the basis of
the results from previous studies and those of the present
work, it is possible that one or more of the constituents of CP
oil may posses serotonergic receptor antagonistic properties.
Further experiments will be necessary to confirm this possibility.

The results of this study are consistent with the possibility
that there is a basis for the contention derived mainly from
anecdotal reports that CP may enhance learning and memory
in humans. Furthermore, this plant seed oil may be more ef-
fective in individuals who are cognitively impaired as a result
of chemical or organic brain damage as compared with nor-
mal subjects. In the least, these data may provide the impetus
for further study of the material, and isolation of its active
components.

ACKNOWLEDGMENTS

We extend our thanks to BAN Pharmacy, Rajkot, India for sup-
plying the CP oil. The authors appreciate the assistance of Ms. Patri-
cia Ryan for her excellent secretarial support in preparation of this
manuscript. This study was supported by a grant from the U.S. Army
Medical Research Acquisition Activity, DAMD17-95-1-5036 and the
Office of Research and Development, Medical Research Department
of Veterans Affairs. The content of the information of this study does
not necessarily reflect the position or the policy of the government,
and no official endorsement should be inferred.

REFERENCES

1. Abeelen, J. H. F.; and Strijboch, H.: Genotype dependent effects
of scopolamine and eserine on exploratory behavior in mice. Psy-
chopharmacol. 16:81-87; 1969.

2. Ahmad, F.; Khan, R. A.; Rasheed, S.: Preliminary screening of
methanolic extracts of celastrus paniculatus and tacomelia undu-
lata for analgesic and anti-inflammatory activities. J. Ethnophar-
macol. 42:193-198; 1994.

3. Ahumada, F.; Trincado, M. A. Arellano, J. A.; Hancke, I.; Wikman,
G.: Effect of certain adaptogenic plant extracts on drug-induced
narcosis in female and male mice. Phytother. Res. 51:29-31; 1991.

4. Atal, C. K; Srivastava, J. B.; Wall, B. K.; Chakravarthy, R. B.;
Dhawan, B. N.; Rastogi, R. P.: Screening of Indian plants for bio-
logical activity. Part VIIL Indian J. Exp. Biol. 16:330-349; 1978.

5. Ayudhaya, T. D.; Nutakul, W.; Khunanek, U.; Bhunsith, J.; Cha-
waritthumrong, P.; Jewawechdumrongkul, Y.; Pawanunth, K.;
Yongwaichjit, K.; Webster, H. K.: Study on the vitro antimalarial
activity of some medicinal plants against plasmodium palci-
parum. Bull. Dept. Med. Sci. 29:22-38; 1987.

6. Barnes, J. M.; Costall, B.; Coughlan, J.; Domeney, A. M.; Gerrad,
A.; Kelly, M. E.; Naylor, R. J.; Onaivi, E. S.; Tomkins, D. M.;



COGNITIVE ENHANCING PROPERTIES OF C. PANICULATUS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tyers, M. B.: The effects of ondansetron, a 5-HT; receptor antag-
onist, on cognition in rodents and primates. Pharamacol. Bio-
chem. Behav. 35:955-962; 1990.

. Bhakuni, O. S.; Dhar, M. L.; Dhar, M. M.; Dhawan, B. N.; Mal-

hotra, B. N.: Screening of Indian plants for biological activity,
Part II. Indian J. Exp. Biol. 7:250-262; 1969.

. Bidwai, P. P.; Wangoo, D.; Bhullar, N. K.: Effects of celastrus

paniculatus seed extract on the brain of albino rats. J. Ethnophar-
macol. 21:307-314; 1987.

. Brambilla, A.; Ghiorzi, A.; Pitsikas, N.; Borsini, F.: DAU 6215, a

novel 5-HT;-receptor antagonist, selectively antagonizes scopola-
mine-induced deficit in a passive-avoidance task, but not scopola-
mine-induced hypermotility in rats. J. Pharm. Pharmacol. 45:841-
843;1993.

Costall, B.; Naylor, R. J.; Tyers, M. B.: The psychopharmacology
of 5-HT; receptors. Pharmacol. Ther. 47:181-202; 1990.

Dabral, P. K.; Sharma, R. K.: Evaluation of the role of rumalaya
and getiforte in chronic arthritis: A preliminary study. Probe
22:120-127; 1983.

Ellman, G. L.; Courtney, K. D.; Andres, V. Jr.; Featherstone,
R. M.: A new and rapid colorimetric determination of acetylcho-
linesterase activity. Biochem. Pharmacol. 7:88-95; 1961.

Elrod, K.; Buccafusco, J. J.: An evaluation of the mechanism of
scopolamine-induced impairment in two passive avoidance pro-
tocols. Pharmacol. Biochem. Behav. 29:15-21; 1988.

Flood, T., and Cherkin, A.: Scopolamine effects on memory
retention on mice: A model of dementia? Behav. Neurol. Biol.
45:169-184; 1981.

Gaitonde, B. B.; Raiker, K. P.; Shroff, F. N.; Patel, J. R.: Pharma-
cological studies with Malkangunin indigenous tranquilizing drug.
Cur. Med. Pract. 1:619; 1957.

Hearst, E.: Effect of scopolamine on discriminated responding in
the rat. J. Pharmacol. Exp. Ther. 126:349-358; 1959.

Jogleker, G.; and Balwani, T. H.: Review of tranquilizing effects
of celastrus paniculatus. J. Indian Med. Assoc. 1:190-195; 1967.
Jones, B. J.; Costall, B.; Domeney, A. M.; Kelly, M. E.; Naylor,
R.J,; Okaley, N. R.; Tyers, M. B.: The potential anxiolytic activ-
ity of GR 38032F, a 5-HTj; receptor antagonist. Br. J. Pharmacol.
93:985-993; 1988.

Kakrani, H. K.; Vijayanathan, N. G.; Kalyani, G. A.; Satyanaray-
ana, D.: Studies on ayurvedic drugs. I. Evaluation of anti-fatigue
effect of the ayurvedic drug “Alert” in rats. Fitoterapia 56:293—
295; 1985.

Karanth, K. S.; Haridas, K. K.; Gunasundari, S.; and Guruswami,
M. N.: Effect of celastrus paniculatus on learning process. Arogya

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

799

6:137-139; 1980.

Karanth, K. S.; Padma, T. K.; and Gunasundari, M. N.: Influence
of Celastrus oil on learning and memory. Arogya 7:83-86; 1981.
Khanna, A K.; Chander, R.; Kapoor, N. K.: Hypolipidemic activ-
ity of Abana in rats. Fitoterapia 62:271-274; 1991.

Levin, E. D.: Psychopharmacological effects in the radial-arm
maze. Neurosci. Biobehav. Rev. 12:169-175; 1988.

Morris, R.: Development of a water-maze procedure for studying
spatial learning in rat. J. Neurosci. Methods 11:47-60; 1984.
Nalini, K.; Aroor, A. R.; Kumar, K. B.; Anjali Rao. Studies on
biogenic amines and their metabolites in mentally retarded chil-
dren on Celastrus oil therapy. Alternative Medicine 1:355-360;
1986

Nalini, K.; Karanth, K. S.; Rao, A.; Aroor, A. R.: Effects of Celas-
trus paniculatus on passive avoidance performance and biogenic
amine turnover in albino rats. J. Ethnopharmacol. 47: 101-108;
199s.

Neogi, N. C.; Baliga, A. K.: Pharmacological studies of Celastrus
paniculatus. J. Scientific Res. BHU. 15:135-141; 1964-65.

Patel, R. P.; Trivedi, B. M.: The in vitro anti-bacterial activity of
some medicinal oils. Indian J. Med. Res. 50:218; 1962.

Pradhan, S.N.; Dutta, S.N.: Central cholinergic mechanisms and
behavior. Intern. Rev. Neurobiol. 14:173-188; 1971.

Sanberg, P. R.; Hagenmeyer, S. H.; Henault, M. A.: Automated
measurement of multi variate locomotor behavior in rodents.
Neurobehav. Toxicol. Teratol. 7:87-94; 1985.

Saxena, P. R.; Villalon, C. M.: Cardiovascular effects of serotonin
agonists and antagonists. J. Cardiovas. Pharmacol. 15 suppl.
7:S17-834; 1990.

Shannon, H. E.; Peters S. C.: A comparison of effects of cholin-
ergic and dopaminergic agents on scopolamin-induced hyperac-
tivity in mice. J. Pharmacol. Exp. Ther. 255:549-553; 1990.

Sheth, U. K.; Vat, A.; Deliwala, C. V.; Bellare, R. A.: Behavioral
and Pharmacological studies of a tranquilizing fraction from the
oil of celastrus paniculatus. Arch. Int. Pharmacodyn. 144:34-50;
1963.

Sufka, K. J., Giordano, J.: Analgesic effects of S and R isomers
of the novel 5-HT3receptor antagonists ADR-851 and ADR-882
in rats. Bur. J. Pharamcol. 204: 117-119; 1991.

Walters, G.; Block, R.G.: Scopolamine effects on locomotor and
exploratory activity in rats. Psychonomic Sci. 17:3-8; 1969.
Wangoo, D.; Bidwali, P. P.: Anti-spermatogenic effect of celastrus
paniculatus seed extract on the testis of albino rats. Fitoterapia
59:377-382: 1988.



