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Abstract:

Objective To further characterize the acetylcholinesterase inhibitors (AChE-Is) pattern of Ptychopetalum olacoides

ethanol extract (POEE) on the cytosolic globular monomer (G1) and membrane bound globular tetramer (G4) AChE

isoforms in brain areas relevant for cognition. Methods The G1 and G4 AChE isoforms were prepared according to

the reported methods and the determination of AChE activity used was adapted from colorimetric method. Results
POEE mostly inhibited G1 in hippocampus (75%), and G4 in frontal cortex (58%) and striatum (75%) (P < 0.05).

Kinetic analysis indicated that POEE-induced AChE inhibition in hippocampus was of a competitive nature for G1

but uncompetitive for G4. Conclusion Considering the high density of cholinergic projection to the cortex and

striatum, and the usefulness of conserving cytosolic acetylcholine to replenish synaptic vesicles in a highly active

cognition site such as hippocampus, we argue that this could be a desirable profile for a clinically relevant AChE-I.
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Introduction
Ptychopetalum olacoides Benth.
known as Marapuama, is a medicinal plant widely used

(Olacaceae),

in Amazonian communities and especially favored by
the elderly. Coherently with users’ claims, this research
group has established antidepressive (Piato et al, 2009),
anti-oxidative (Siqueira et al, 2007), neuroprotective
(Siqueira et al, 2004), promnesic (da Silva et al, 2004;
2008), and anti-amnesic properties (da Silva et al, 2009)
for a standardized P. olacoides ethanol extract (POEE).
Cognitive deficits are often associated with aging,
and are core symptoms in dementias, both of which are
expected to increase in prevalence due to the expanded
human life expectancy (Panza et al, 2006; Rauk, 2009).
Alzheimer’s disease (AD) has become the commonest
form of dementia in the elderly, currently affecting
nearly 2% of population in developed countries
(Mattson, 2004). In AD there is a marked acetylcholine

(ACh) hypofunction thought to result from decreased
levels of choline acetyltransferase and rate-limiting
enzyme for ACh synthesis (Lane, Kivipelto, and Greig,
2004). Because the reduction in cholinergic activity is
correlated with the degree of cognitive impairment
(Francis et al, 1999), several drugs have been designed
to enhance cognitive function in AD patients by
targeting acetylcholinesterase (AChE) in an attempt to
increase ACh permanence at the synaptic cleft (Barnes
et al, 2000). Unfortunately, the success with available
therapy, using either acetylcholinesterase inhibitors
(AChE-Is), memantine (an uncompetitive N-methyl-D-
aspartate receptor antagonist), or the combination of
these drugs, is still far less than the desirable (Giacobini,
2003; Hartmann and Mobius, 2003; Tariot et al, 2004;
Cummings et al, 2006; Pepeu and Giovannini, 2009).
In general, AChE-Is have limited success as they only

improve memory in mild dementia (Sonkusare, Kaul,
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and Ramarao, 2005). AChE (EC 3.1.1.7) is recognized
to occur in different molecular isoforms, distinguishable
by their subunit associations and hydrodynamic
properties (Brimijoin, 1983; Massouli¢ et al, 1993).
The two major isoforms in the brain are the globular
monomer (G1) cytosolic form and the globular tetramer
(G4) membrane bound form (Massouli¢ et al, 1993;
Massouli¢, 2002). It has also been found that these
isomeric forms had different cellular distribution and
functional significance in synaptic transmission
(Brimijoin, 1983). In healthy human brain, G1 and G4
AChE isoforms are responsible for 80% of total
cholinesterase activities (Atack et al, 1986), whereas in
AD brain there is a selective loss of G4 and a relative
sparing of G1 (Siek et al, 1990; Schegg et al, 1992).
Isoform specificity varies among clinically relevant
AChE-Is: Galanthamine does not show selectivity,
Donepezil preferentially inhibits G4, and Rivastigmine
inhibits G1 (Rakonczay, 2003; Lane, Kivipelto, and
Greig, 2004; Lane, Potkin, and Enz, 2006). Isoform
specific selectivity may be of relevance to improving
therapeutics if appropriate targets could be elected
(Zhao and Tang, 2002).

Because anticholinesterasic  properties  were
identified for POEE (Siqueira et al, 2003) and likely to
underlie its memory enhancing (da Silva et al, 2004;
2007) and anti-amnesic effects (da Silva et al, 2009),
we here characterized the inhibition of POEE in brain
areas relevant for cognition of mice (hippocampus,
frontal cortex, and striatum), taking into account
specificities for G1 and G4 isoforms. Additionally, the

nature of inhibition was determined in the hippocampus.

Materials and methods

Animals

Male (CF1) adult (two months old, 35—45 g)
albino mice were obtained from Fundacdo Estadual de
Produgdo e Pesquisa em Satde, and maintained at our
own animal facility under controlled environmental
conditions [(22 + 1) C, 12 h-light/dark cycle, free
access to food and water] for at least two weeks before
experiments. The project was approved by the
University Ethics Committee (approval # 2007834).

Sample preparation

The roots of Ptychopetalum olacoides Benth.
(Olacaceae) were collected in Para (Brazil) (voucher

MPEG 108.036, Goeldi Museum, identified by Nelson
Rosa), in accordance with national guidelines as they
related to UN Convention on Biodiversity. POEE
preparation and its of HPLC [HP
1100/Photodiode Array Detector, Agilent Technologies,
with a Zorbax extended C;g column (250 mm x 4.6
mm, MeOH-H,O gradient 10:90—100:0)] are detailed
by Siqueira et al (2007). Due to patent P10307647-4
INPI/Br and US61/297,442 issues, the nature of active

compounds and/or detailed extract composition cannot

fingerprint

be currently disclosed.

Drugs

Acetylthiocholine (ATC) iodide, 5,5-dithiobis (2-
nitrobenzoic acid) (DTNB), bovine serum albumin
(BSA), Tris (hydroxymethyl-d;) amino-d,-methane,
tetraisopropyl pyrophosphoramide (iso-OMPA), and
eserine were obtained from Sigma Chemicals Co. (MO,
USA); K,HPO,, KH,PO,, and DMSO were obtained
from Quimibras Reagen (Rio de Janeiro, Brazil). POEE
was dissolved in 20% DMSO.

Enzymatic materials

AChE isoform sources Mice were sacrificed
and the brains were quickly removed, cleaned with
chilled NaCl 0.9% solution, and the cerebral structures
were dissected out over ice. The hippocampus, frontal
cortex, and striatum were homogenized in 20, 10, and
20 volumes of buffer (0.01 mol/L Tris-HCI, pH 7.2,
and 0.16 mol/L sucrose), respectively, and centrifuged
at 5000 x g at 4 ‘C for 15 min (Eppendorf Centrifuge
5415R). The resulting supernatant was used as the G1
source. The pellet was suspended in 1% Triton-X 100
(1% in 0.5 mol/L potassium phosphate buffer, pH 7.5),
and centrifuged at 100 000 x g at 4 ‘C in a Hitachi
Refrigerated Centrifuge for 60 min. The supernatant
was collected and used as the G4 source (Das, Dikshit,
and Nath, 2001).

AChE activity The determination of AChE
activity used was adapted from the colorimetric method
originally described by Ellman et al (1961). Briefly, 33
pL of 10 mmol/L DTNB, 68 pL of Tris-HCI buffer, 100
pL of POEE (0—1000 pg/mL), and 33 pL of enzymatic
material (3 pg/uL of protein for G1 or G4 AChE) were
added to microplates followed by 33 pL of a final
concentration of 0.8 mmol/L ATC. The incubation
solution contained the butyrylcholinesterase inhibitor

is0-OMPA at a final concentration of 100 pmol/L in
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order to specifically investigate AChE activity. The
microplate was read at 415 nm every 30 s for 2.5 min
(Microplate Reader Model 680, Bio-Rad Laboratories,
UK). Experiments were performed in triplicate. AChE
activities were expressed as pmol of ATC hydrolyzed/
hour/milligram of protein (umol ATC/h/mg protein).
Kinetic analysis
enzyme inhibition, Lineweaver-Burk double reciprocal

To determine the type of

plots were produced by varying the concentration of
substrate ATC from 0.01 to 0.075 mmol/L in
hippocampus. Plots were used to determine K, and
Vmax for POEE at the concentration of 0, 30, 100, 300,
and 1000 pg/mL. Specific activities are expressed as
umol ATC/h/mg protein.

Protein assay

The protein content was determined as described
by Lowry et al (1951), using BSA as standard.

Statistical analysis

The AChE activity and kinetic analysis are
expressed as X =+ S. One-way ANOVA followed by

Duncan multiple group comparison was used (P < 0.05).

Results

Effects of POEE on G1 and G4 AChE isoforms

Figs. 1—3 show the effects of POEE (0—1000
pg/mL) on Gl and G4 isoforms from hippocampus,
frontal cortex, and striatum, respectively. The experi-
mental conditions were validated with eserine (Ese,
27.5 pg/mL) which inhibited G1 and G4 in all tissues
(P < 0.05); DMSO was devoid of effect. POEE
significantly inhibited G1 in hippocampus (100 and
300 ug/mL, Fe sy = 59.2; Fig. 1A), frontal cortex (30—
1000 pg/mL, Feos) = 32.5; Fig. 2A), and striatum
(1000 pg/mL, F sy = 30.6; Fig. 3A) (P < 0.05). The
activity of G4 was also significantly reduced in
hippocampus (100 pg/mL, Fes) = 114.3; Fig. 1B),
frontal cortex (30—1000 pg/mL, F .5 = 174.0; Fig.

2B), and striatum (30— 1000 pg/mL, F,s) = 82.3; Fig.

3B) (P < 0.05). POEE appears to preferentially affect
Gl and G4 in hippocampus (up to 75% and 60%),
while G4 appears to be more markedly affected in
frontal cortex and striatum (up to 58% and 75%,
respectively). In the same concentration range POEE did
not inhibit butyrylcholinesterase activity (hippocampus,
Fe2s) = 10.9; frontal cortex, Feos) = 14.9; striatum,
F6,28) = 13.7, data not shown) (P > 0.05).
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Fig. 1 Effects of POEE and Ese on G1 (A) and G4 (B)
AChE isoforms in hippocampus of mice ( X +5)
All assays were performed in triplicate for five separate experiments.
P < 0.05 vs control (Sal and DMSO). The figures were constructed
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Fig. 2 Effects of POEE and Ese on G1 (A) and G4 (B)
AChE isoforms in frontal cortex of mice

Kinetic analysis

The kinetic analysis performed in hippocampus by
Lineawever-Burk plot revealed that POEE inhibited G1
in a competitive manner (Fig. 4A), whereas inhibition

Sal Ese DMSO 30

of G4 was uncompetitive (Fig. 4B). K, and V,,x values

are shown in Table 1.
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Fig. 3 Effects of POEE and Ese on G1 (A) and G4 (B)
AChE isoforms in striatum of mice

Discussion

Adding to earlier analysis on the effects of POEE
on AChE activity, this study shows that POEE
markedly inhibits G1 and G4 AChE isoforms in brain
areas relevant for cognitive processes, such as
hippocampus, frontal cortex, and striatum. In frontal
cortex, the concentration-effect curve appears to be
bell shaped, whereas for hippocampus and striatum a
U shaped curve is apparent. Differential effects of
drugs in different brain areas are apparently more the
rule than the exception (Sanacora, Treccani, and
Popoli, 2012; Ellenbroek, 2012); This may in fact be
beneficial to the overall drug effect considering the
region specific expression of central nervous system
disease (Correll, 2011).

A limitation of this study is the lack of clear
concentration-response relationships. Siqueira et al
(2003) reported a concentration-dependent inhibitory
effect of the same extract used in this study on total
AChE in cortex, hippocampus, and striatum. Though
unexpected, this result may be related to a less than
perfect separation of G1 and G4, the fact that POEE is
in fact a complex mixture likely composed of active and
inactive compounds, and/or the presence of more than
one structurally related compounds with anticholinesterase
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Fig. 4 Lineweaver-Burk representation of G1 AChE (A)
and G4 AChE (B) inhibition by POEE in hippocampus
with ATC as substrate (n = 5)

Double reciprocal plot was constructed in Microsoft Excel 2003 by
plotting 1/V against 1/S analyzed over a range of substrate
concentration (0.01 —0.075 mmol/L) with or without POEE (30, 100,
300, and 1000 pg/mL)

properties but differential G1 and G4 affinity. Inasmuch
as this is a caveat that would require additional
experiments for further clarification, the inhibition of
ACHhE here reported is in agreement with the ex vivo
histochemical demonstration of AChE inhibition in
mice brain treated orally with POEE (Figueiro et al,
2010), the reversal of amnesias (da Silva et al, 2004;
2009), and a refinement of initial in vitro studies for
indicating G1 and G4 activities. It has been argued that
an increased G1/G4 ratio is found in AD patients due to
the differential decrease in G1 and G4 expression,
suggesting that an optimum AChE-Is for treating AD
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Table 1 Effect of POEE on K, and V. of hippocampus
Gl and G4 AChE

Isoforms POEE/ Vinax / Ky /
(ugmL)  (umolh'mg") (ugmL™)
G1 AChE 0 5.86 791
30 6.27 9.14
100 6.11 10.63
300 5.68 11.06
1000 6.45 12.84
G4 AChE 0 6.05 8.29
30 5.74 7.61
100 4.11 6.0
300 4.36 6.05
1000 4.43 6.37

Vimax and K, were measured on Lineweaver-Burk double
reciprocal plots varying the concentration of the substrate ATC
from 0.01 to 0.075 mmol/L, and using increasing POEE
concentration (0, 30, 100, 300, and 1000 ng/mL) in hippocampus

would preferentially inhibit G1 (Siek et al, 1990;
Schegg et al, 1992). Oddly, the highly promnesic and
neuroprotective alkaloid huperzine A is a G4-selective
inhibitor in multiple brain areas but effective in the
models of f-amyloid-induced dementia of mice (Zhao
and Tang 2002; Wang, Zhang, and Tang, 2001). As
mentioned above, this is also the case with Donepezil
(Rakonczay, 2003; Lane, Kivipelto, and Greig, 2004;
Lane, Potkin, and Enz, 2006).

Although a definite analysis requires isolated
compounds and their various combinations, in this
study POEE shows a clearly selective pattern of
inhibition for different AChE isoforms. The data
indicate that while G1 is preferentially inhibited by
POEE in hippocampus, G4 is more strongly affected in
frontal cortex and striatum. We argue that this could be
a desirable profile in the context of cognitive deficits,
considering the high density of cholinergic projections
to the cortex and striatum, and the usefulness of
conserving cytosolic acetylcholine (pools) to replenish
synaptic vesicles in a highly active cognition site such
as hippocampus. Though the clinical relevance of such
neuropharmacological differences in AChE inhibition
profiles remains to be determined, isoform- and region-
specific relative potencies of AChE-inhibition are
factors that are bound to influence efficacy as well as
tolerability profiles.

The kinetic analysis indicates that, at least for
hippocampus, POEE-induced AChE inhibition also
differs regarding the two AChE isoforms. For G1 POEE

acts as a competitive inhibitor, whereas for G4 the
inhibition is of an uncompetitive nature. The nature of
inhibition may be determined by the micro-
environment surrounding the active site, which at the
same time is a contributing factor in determining the
selectivity for both substrate and AChE isoforms (Zhao
and Tang, 2002). As for isoforms specificity, a detailed
understanding of the interaction of G1 and G4 with
POEE requires the structural elucidation of the active
compound(s).

The results of this study are consistent with the
traditional claims for P. olacoides based home remedies
as well as with nootropic profile of POEE in mice. We
reported that this standardized extract improved various
phases of memory in different behavioral tasks (long-
term memory retrieval and short-term memory
acquisition, consolidation, and retrieval in step-down
inhibitory avoidance and object recognition tasks) (da
Silva et al, 2004; 2007). Moreover, POEE is able to
reverse age-, scopolamine-, and MK-801-induced
amnesias (da Silva et al, 2004; 2009). It is noteworthy
that these effects are obtained with orally treated mice,
while the signs expected from peripherally acting
AChE with POEE given acutely or for 21 d are absent

(da Silva et al, 2004; 2008).

Conclusion
This  study
improvement in cholinergic function in cognition

refines the proposal that an

relevant areas by POEE is likely to be a neurochemical
correlation with its memory facilitating effects. The
data also point to the relevance of giving specific
attention to AChE molecular isoforms in developing
AChE-Is effective for the treatment of cognitive

disorders.
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