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Abstract

The cholinergic hypothesis of Alzheimer disease (AD) has provided the rationale for the current pharmacotherapy of this disease, in an
attempt to downgrade the cognitive decline caused by cholinergic deficits. Nevertheless, the search for potent and long-acting
acetylcholinesterase (AChE) inhibitors that exert minimal side effects to AD patients is still an ongoing effort. Amazonian communities use
traditional remedies prepared with Ptychopetalum olacoides (PO, Olacaceae) roots for treating various central nervous system conditions,
including those associated with aging. The fact that PO ethanol extract (POEE) has been found to facilitate memory retrieval in the step down
procedure in young and aged mice prompt us to evaluate its effects on AChE activity in memory relevant brain areas. POEE significantly
inhibited AChE activity in vitro in a dose- and time-dependent manner in rat frontal cortex, hippocampus and striatum; a significant
inhibition was also found in these same brain areas of aged (14 months) mice after acute administration of POEE (100 mg/kg ip). We propose
that such AChE inhibitory activity is a neurochemical correlate of a number of therapeutic properties traditionally claimed for P. olacoides,

particularly those associated with cognition.
© 2003 Published by Elsevier Science Inc.
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1. Introduction

Cognitive impairment during normal aging as well as in
the Alzheimer’s disease (AD) is thought to be associated to
the degeneration of the basal forebrain cholinergic neurons.
The aging rat is a well-established model of spontaneous
brain cholinergic hypoactivity, useful to study the effects of
drugs on the cholinergic transmission, as well as on age-
associated cognitive impairment (Quirion et al., 1995).
Accordingly, transgenic mice overexpressing human acetyl-
cholinesterase (AChE) in brain neurons have cognitive
deterioration, corroborating the role of this system in the
modulation of spatial memory (Andres et al., 1996; Beeri et
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al., 1995). In addition, brain cholinergic deficits, especially
in the neocortex, amygdala and hippocampus are important
neuropathologic findings in AD patients (Cummings and
Back, 1998), usually accompanying abnormal components
of the neuronal cytoskeleton, such as tangles and 3-amyloid
senile plaques (Vickers et al., 2000). The cholinergic hypo-
thesis of Alzheimer disease (AD) has provided the rationale
for the current pharmacotherapy of this disease, in an
attempt to downgrade the cognitive decline caused by
cholinergic deficits. Among the possible strategies for
enhancing brain cholinergic activity, acetylcholinesterase
inhibitors (AChEIs) have been the most extensively used
for the symptomatic treatment of AD. Physostigmine and
tacrine are the only AChEIs reasonably evaluated in AD
patients, even though their use is limited by the short half-
life and peripheral cholinergic side effects of physostigmine,
and the dose-dependent hepatotoxicity of tacrine (Nordberg
and Svensson, 1998; Watkins et al., 1994; Yoshida and
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Suzuki, 1993). While newer AChE inhibitors, such as
donepezil and huperazine, have been recently introduced
in the European market (Rogers and Friedhoff, 1996;
Sugimoto et al., 1992), the identification of a potent long-
acting AChE inhibitor with fewer side effects in AD patients
would be highly advantageous.

Brazil houses an enormous biological and cultural divers-
ity, with several medicinal plants identified by local peoples
as being useful for treating CNS disorders. Within the
context of drug development, the interest in traditional
medical systems has been mostly focused on its plant-based
remedies, with the underlying understanding that some
species may contain therapeutically useful compounds
(Abelson, 1990; Cragg and Newman, 2001). Ptychopetalum
olacoides Bentham (PO, Olacaceae), known as ‘“Mara-
puama” (and/or Muirapuama and Mirantd among others)
is widely consumed throughout the Amazon region. Local
communities use PO-based alcoholic infusions for the
treatment of CNS-related ailments and/or during highly
stressful periods (Elisabetsky, 1987; Grenand et al., 1987;
Siqueira et al., 1998; Steinmetz, 1962). The frequencies of
elders amongst users, and by patients recovering from
conditions associated with damage to the central nervous
system (such as stroke), are of particular interest (Elisabet-
sky and Siqueira, 1998). It is noteworthy that PO has
nowadays been included in dozens of herbal drugs or
multivitamin dietary supplements at the international mar-
ket, based on claims of enhanced physical and cognitive
performance.

Recognizing the value of traditional knowledge, and the
various CNS activities identified with an ethanol extract
obtained from PO roots (Siqueira et al., 1998; da Silva et al.,
2002a), including the enhancement of memory retrieval in
young and aged mice (da Silva et al., 2002b), the purpose of
this study was to evaluate the effects of POEE on AChE
activity.

2. Material and methods
2.1. Plant material

Roots of P. olacoides Bentham (PO, Olacaceae) were
collected at the State of Para (Brazil), and identified by Mr.
Nelson Rosa (voucher deposited at the Goeldi Museum
herbarium, MG 108036).

The plant species was further authenticated through
quantitative analysis for lupeol in the roots using the method
described by Auterhoff and Momberger (1971); we found
an average lupeol yield of 0.28% in the roots, in accordance
with the data published by these authors for this species.

2.2. Ethanol extract

The extractive procedure has been detailed elsewhere
(Siqueira et al., 1998). Briefly, milled root barks were

extracted (Sohxlet) with ethanol and dried under reduced
pressure, resulting in the POEE (brown syrup, yield 6%).

2.3. AChE activity

ACHhE activity was determined by slight modifications of
the colorimetric method described by Ellman et al. (1961),
using acetylthiocholine iodide as a substrate.

2.3.1. In vitro

Our institutional protocols for experiments with animals,
designed to minimize suffering and limit the number of
animals sacrificed, were followed throughout the study.
Five male Wistar rats (housed with food and water ad
libitum, light—dark cycles of 12 h) with 3 months of age
were used. Each animal was decapitated, the brain quickly
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Fig. 1. Effect of POEE (125, 190 and 250 pg/ml) on AChE activity in rat
frontal cortex, hippocampus and striatum. AChE activity (as percentage of
the DMSO control group) at 15, 30 and 60 min of incubation. Each value
represents mean+S.EM. (n=5). * P<.05, ** P<.01 vs. control, paired
Student’s ¢ test; a=P<.05 vs. 125 pg/ml and b=P<.05 vs. 125 and 190
pg/ml, ANOVA/Duncan; #= P <.05 vs. previous incubation time, ANOVA/
Duncan.
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removed, placed on ice-cold plate and washed with iced
buffer (0.5 M sodium phosphate, pH 7.5); the frontal cortex,
hippocampi and striata were rapidly removed, homogenized
in 40, 40 and 200 volumes of buffer, respectively, and
centrifuged at 900 x g for 10 min. The resulting super-
natants were used as the enzyme source. All steps were
carried out at 4 °C.

Since DMSO was proven to be inactive in this assay
(Park et al., 1996), the extract POEE was thoroughly
macerated with DMSO, and further diluted to 2.5 mg/ml
in buffer immediately before use; 2% was the maximum
final concentration of DMSO in the assays. At this point
POEE was centrifuged to eliminate colored substances
that, although negligent in terms of total weight, could
interfere with the experiment. Aliquots of the 2.5 mg/ml
POEE solution were further diluted with buffer (so as to
attain 125, 190 and 250 pg/ml as final concentrations in
the assays), and incubated at 25 °C for 15, 30 or 60 min
with the enzyme source; the total volume of reaction
mixtures was 1 ml (100 pl of POEE, 10 pl of enzyme,
600 pl distilled water and 100 pl of Ellman’s reagent [10
mM 5-5"-dithio-bis(2-nitrobenzoic acid)]; each sample of
enzyme source was worked out in triplicates. The blank
reading was obtained for each reaction mixture after 10
min of incubation, before the addition of acetylthiocholine
iodide (ASCh, 75 mM). Absorbance (412 nm) readings
were obtained for 5 min at 30-s intervals thereafter.
AChE activity was estimated through differences in dA/
min, and the degrees of inhibition in each brain area and
incubation time were calculated by comparison with its
control (DMSO 100%, results expressed as percentage of
control).

Michaelis—Menten constant (Km) and V,,,, were calcu-
lated by means of a Lineweaver—Burk plot with initial
velocities obtained over a substrate range of 50 to 250
uM, using striatum samples after 60 min of incubation.

1A%

2.3.2. Ex vivo

Swiss albino male mice of 14 months of age (CF1 strain,
housed with food and water ad libitum, light—dark cycles of
12 h) were used. DMSO 20% (N=5) or POEE 100 mg/kg
(N=5) were administered intraperitoneally (0.1 ml/10 g).
The mice were killed 120 min after injection and brain
regions dissected and processed as described above. Total
ACHhE activity was measured (triplicates) in aliquots of brain
homogenates; AChE inhibition is expressed as percentage
of control (DMSO-treated mice).

2.4. Protein assay

Total protein concentrations were determined as de-
scribed by Bradford (1976), using bovine serum albumin
as standard.

2.5. Statistical analysis

Differences in AChE activity from the control baseline
(DMSO) were assessed by using paired ¢ tests (P <.05).
ANOVA/DUNCAN was used to identify differences among
doses and periods of incubation; linear regression was
further used to verify dose—response relationship.

3. Results

No significant differences in AChE activity (dA/min)
were found with phosphate buffer (data not shown) or
DMSO over time; the absolute mean(+S.D.) dA/min for
DMSO control groups were 0.0050(0.0011), 0.0054(0.0003)
and 0.0056(0.0006) for frontal cortex, 0.0040(0.0005),
0.0039(0.0006) and 0.0041(0.0003) for hippocampus, and
0.0047(0.0004), 0.0049(0.0004) and 0.0051(0.0005) for
striatum at 15, 30 and 60 min, respectively.
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Fig. 2. Lineweaver—Burk plots of AChE activity over a range of substrate concentrations (50 to 250 pM) from striatum samples, in the absence or presence of

POEE (125, 190 and 250 pg/ml).
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Fig. 3. Effect of acute administration of POEE (100 mg/Kg ip) on AChE
activity in mice frontal cortex, hippocampus and striatum. Enzyme activity
is expressed as percentage of control (DMSO). Each value represents
mean+S.EM. (n=5). * P<.05, Student’s ¢ test for paired (control/test)
samples.

POEE significantly inhibited in vitro AChE activity, in a
dose- and time-dependent manner in all brain structures
studied (Fig. 1). At 60 min of incubation there were clear
dose/effect associations, with Pearson coefficients as fol-
lows: 7=.9979 (P<.0001) for frontal cortex (Fig. 1A),
r*=.9447 (P<.001) for hippocampus (Fig. 1B), and
*=9251 (P<.001) for striatum (Fig. 1C). Whereas the
ACHhE inhibition seems to be stabilized after 30 min in the
cortex, it continues to drop thereafter in both hippocampus
and striatum.

Double-reciprocal Lineweaver—Burk plot for rat striatal
AChE assays with 60 min of incubation (Fig. 2) indicates
that in the presence of increasing POEE concentrations
(125, 190 and 250 pg/ml) V. values are reduced (from
0.55 to 0.43, 0.38 and 0.34 uM of acetylthiocholine hydro-
lyzed/mg/min, respectively) and Km values are increased
(from 61.2 to 114.6, 124.5 and 150.8 pM, respectively), a
pattern common to competitive/noncompetitive type inhib-
itors.

Fig. 3 shows the effects of a single POEE administration
(100 mg/kg ip) on AChE activity in the frontal cortex,
hippocampus and striatum of middle-aged (14 months old)
mice. POEE treatment correlates with AChE inhibition in all
of the three brain areas studied; decreases in AChE activity
were in the range of 25% in the frontal cortex, 20% in the
striatum and 15% in the hippocampus.

4. Discussion

It is now widely accepted that hypoactivity of the
cholinergic system plays a central role in cognitive deficits
(De Lacalle et al., 1996; Quirion et al., 1995; Taylor and
Griffith, 1993). Accordingly, despite serious limitations in
both efficacy and adverse effects, inhibition of AChE is the
current basis for drug therapy in AD (Rogers and Friedhoff,
1996; Sugimoto et al., 1992; Watkins et al., 1994).

We have recently found that P. olacoides ethanol extract
(POEE) improved long-term memory retrieval in adult mice
in the step down inhibitory avoidance paradigm, in a dose-
dependent way (significant improvement with 50 and 100

mg/kg), affecting neither memory consolidation nor task
acquisition. Moreover, POEE 100 mg/kg acute ip was found
to reverse the memory retrieval deficit of aged (14 months)
mice in the same inhibitory avoidance paradigm (da Silva et
al., 2002b). In the present study we report that POEE also
has the ability to inhibit AChE as evaluated by in vitro and
ex vivo assays, suggesting that improvement in cholinergic
function is a neurochemical correlate of the behavioral
results. Although a dose—effect analysis is desirable, a
significant inhibition of AChE was observed ex vivo with
mice treated with the same dose found to facilitate memory
retrieval in adult and aged mice (da Silva et al., 2002b). It is
noteworthy that the oral administration of huperzine A, a
lycopodium alkaloid obtained from the Chinese medicinal
herb Huperzia serrata, also results in various degrees of
AChE activity inhibition in rat cortex, hypothalamus, hip-
pocampus and striatum (Cheng and Tang, 1998; Cheng et
al., 1996, Mckinney et al., 1991).

AChE activity was found to be inhibited in rat cortex,
hippocampus and striatum homogenates incubated in vitro
with POEE (125-250 pg/ml); a significant (15-25%)
decrease in AChE activity was also observed in vivo in
these memory relevant brain structures as evaluated 2 h after
a single POEE (100 mg/kg ip) administration to middle-
aged (14 months) mice. Although further experiments are
needed for a definitive conclusion, POEE-induced AChE
inhibition seems to be dose- and time-dependent, and more
effective in hippocampus and striatum than frontal cortex.
Differential effects may be related to the uneven existence of
several molecular AChE forms on particular tissues or brain
regions, favoring interactions with particular types of AChE
(Bisso et al., 1991).

Neither the active compound(s) nor the mechanism(s) by
which POEE inhibited AChE can be concluded at this point.
Despite continuous reappearance of old data (Peckolt, 1901)
at current literature (Duke, 1992), tertiary alkaloids could
not be detected in the roots, even using specific extraction
procedure for this class of compounds. Although Peckolt
(1901) himself did not assert that the crystals (latter recog-
nized as long chain esters of beta-sitosterol and lupeol) he
isolated and named “muyrapuamin” were alkaloids, the
description of his isolation methods may have been mis-
interpreted originating this confusion. In view of the in vitro
assay here used, several inhibition mechanisms possibilities
have to be considered (Cohen et al., 1991): active ingre-
dient(s) from POEE could combine with free AChE, with
AChE—-ASCh complexes or with acylated AChE. The
competitive/noncompetitive mode of inhibition, as sug-
gested by the Lineweaver—Burk plot, indicates that active
compound(s) is (are) able to interact with both the enzyme’s
active center and the enzyme—substrate complex. Interest-
ingly enough, tacrine and donepezil currently used for the
symptomatic treatment of AD are also of the mixed com-
petitive/noncompetitive type (Snape et al., 1999).

It has been reported that chronic treatment with N-tert-
butyl-alpha-phenylnitrone (PBN) improves cognitive per-
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formance of aged rats in the Morris water maze paradigm,
an effect attributed to the neuroprotective action of PBN
associated with its free radical scavenging activity (Carney
et al., 1991). Interestingly enough, it was recently found that
PBN also has anticholinesterase activity (Milatovic et al.,
2000), a property unrelated to its free radicals scavenging
action. Relevant to this discussion, previous studies showed
that POEE has a marked scavenging activity against several
free radicals (Siqueira et al., 2002). Moreover, a single
administration of POEE reduced free radical generation as
well as lipid peroxidation and protein-bound carbonyl levels
in several brain regions of middle-aged mice (Siqueira et al.,
submitted for publication).

In conclusion, our study reveals a dose-dependent com-
petitive/noncompetitive inhibitory effect of POEE on AChE
activity of brain areas relevant to cognitive functions. Add-
ing to previously reported data, this study further indicates
that P. olacoides possesses multiple modes of action that are
relevant for cognitive disorders and consistent with its
traditional local use.
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