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ABSTRACT
Background: Ocotea species are known to produce secondary 
metabolites with a range of biological activities. This study aimed to 
evaluate the in vitro acetylcholinesterase (AChE) inhibition and neurotoxicity 
activities of the Ocotea aciphylla leaves. Materials and Methods: The 
in  vitro anticholinesterase effect of crude extracts of O. aciphylla was 
investigated by means of spectrophotometric microplate assay. The most 
active extract, aqueous extract  (AQE), was fractionated using column 
chromatography with silica gel as stationary phase to furnish several 
fractions that were also evaluated for the anticholinesterase effect. 
The neurotoxicity activity of AQE and active fraction  (F9) was 
investigated in  rat adrenal medulla pheochromocytoma strain cultures by 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide test. The 
chemical characterization of the most active fraction was performed through 
high‑performance liquid chromatography coupled with mass spectrometry 
multistage  (HPLC‑MS/MS). Results:  Ethanolic extract  (EE)  and AQE 
exhibited significant inhibitory effects of the activity of AChE, with 
inhibitory concentration  (IC50) of 443.7 and 412.8  μg/mL, respectively. 
Among the fractions, F9 was more effective AChE inhibition with IC50 of 
286.2 μg/mL. In the  neurocytotoxicity  assays, only the F9, at the highest 
concentration (500 μg/mL), induced a significant reduction in cell viability. 
HPLC‑MS/MS analysis of the active fraction enabled the characterization 
of the natural compounds, i.e., procyanidin B‑type dimer, propelargonidin 
dimer, catechin, and methoxy‑luteolin‑deoxyhexose‑hexose. 
Conclusion: The leaves of O. aciphylla showed in vitro anticholinesterase 
activity and low neurotoxicity, and these effects might be related to the 
presence of phenolic compounds.
Key words: Acetylcholinesterase, cytotoxicity, high‑performance 
liquid chromatography‑mass spectrometry, Ocotea aciphylla, phenolic 
compounds

SUMMARY
•  Ocotea aciphylla extracts and fractions showed inhibitory effect on 

acetylcholinesterase activity

•  The aqueous extract and active fraction exhibited low neurotoxicity on rat 
adrenal medulla pheochromocytoma stain cultures

•  The most active fraction contains phenolic compounds (procyanidin B‑type dimer, 
propelargonidin dimer, catechin, and methoxy‑luteolin‑deoxyhexose‑hexose).

Abbreviation used: AChE: acetylcholinesterase; ACTI: Acetylthiocholine 
iodide; AD: Alzheimer’s disease; AQE: Aqueous extract; BSA: Bovine serum 
albumin; DMSO: Dimethyl sulfoxide; DTNB: 5,5’‑dithiobis (2‑nitrobenzoic 
acid); EAE: Ethyl acetate extract; EE: Ethanolic extract; EtOAc: Ethyl acetate; 
HE: Hexane extract; Hex: Hexane; HPLC‑MS/MS: High‑performance 
liquid chromatography coupled with mass spectrometry multistage; 
MeOH: Methanol; MTT: 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide; PC‑12: Rat adrenal medulla pheochromocytoma strain; 
RPMI: Roswell park memorial institute medium.
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INTRODUCTION
Cholinesterase inhibitors have several important applications, such as 
in the treatment of neurodegenerative diseases, especially Alzheimer’s 
disease (AD). The inhibition of acetylcholinesterase (AChE, EC 3.1.1.7), 
an enzyme responsible for the hydrolysis of acetylcholine, increases the 
availability of acetylcholine in the cholinergic synapses, thus improving 
the cognitive function and behavioral symptoms in AD patients.[1]

The AChE‑inhibitor drugs used for the treatment of AD are donepezil, 
rivastigmine, and galantamine. The alkaloid galantamine is commonly 
found in species of the Amaryllidaceae family, which is currently 
commercialized in its synthetic form. However, these agents have high cost 
and are often associated with undesirable side effects, such as hepatotoxicity 
and gastrointestinal disorder. These drawbacks have stimulated the 
research for new safer AChE inhibitors from natural sources.[2]

Medicinal plants represent an important source of new drugs against 
various pharmacological targets.[3] Brazil holds almost one‑third of 
the world’s flora represented in the various national biomes.[4] Among 
the plant species found in the Brazilian northeastern semi‑arid region, 
there is the genus Ocotea, which is characterized by a wide range of 
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biological activities such as antifungal,[5] antinociceptive,[6] cytotoxic,[7] 
and anticholinesterase.[8] There are different classes of secondary 
metabolites described, such as alkaloids,[6] flavonoids,[9] lignans,[10] and 
terpenes.[11]

The Ocotea aciphylla occurs throughout tropical and subtropical 
America, including the semi‑arid region of Brazil. This plant is 
characterized by having wood resistance against insects and also by 
being popularly used as antirheumatic and depurative. A  chemical 
study on O. aciphylla enabled the identification of neolignans and 
phenylpropanoids.[10,12]

The scientific validation of the therapeutic activity of medicinal plants 
is necessary, since these products must have the same criteria of efficacy 
and safety as do the synthetic drugs.[13] Among the toxicological assays, 
cytotoxicity studies in glial and neuronal cell cultures have been shown to 
be an excellent model for testing new drugs, including plant extracts.[14,15]

Considering the limited number of AChE‑inhibitor drugs and the few 
scientific information about O. aciphylla, the present study aimed to 
evaluate the in vitro AChE activity and toxicity for the neural cells of the 
extracts and fractions obtained from leaves of O. aciphylla. In addition, 
chemical analyses were performed to characterize the main constituents 
present in the most active fraction.

MATERIALS AND METHODS
Materials
All solvents used were of analytical grade. For column 
chromatography  (CC), silica gel 60  (70–230 mesh, VETEC) was 
used. High‑performance liquid chromatography  (HPLC)‑grade 
solvent (Merck) and ultrapure water (Milli‑Q system) were used in the 
HPLC coupled with mass spectrometry (HPLC‑MS) analysis.
For biological assays, enzyme AChE from Electrophorus electricus 
Type  VI  (EC: 3.1.1.7), 5,5’‑dithiobis  (2‑nitrobenzoic acid)  (DTNB or 
Ellman’s reagent), acetylthiocholine iodide, bovine serum albumin (BSA), 
eserine, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT), and dimethyl sulfoxide  (DMSO) were purchased 
from Sigma‑Aldrich®  (St. Louis, MO, USA). Roswell Park Memorial 
Institute medium  (RPMI), gentamycin, and fetal equine serum  (FES) 
were obtained from Cultilab  (Campinas, São Paulo, Brazil). The cells 
were cultured in polystyrene plates and polystyrene culture dishes (TPP, 
Trasadingen, Switzerland).

Preparation of Ocotea aciphylla extracts
The leaves of O. aciphylla (Nees and Mart.) Mez were collected (1.25 kg) in 
the Rio de Contas Municipality (Bahia) in December 2013. The botanical 
identification was carried in the Herbarium of the State University of Feira 
de Santana with a voucher number (205865). The leaves of O. aciphylla were 
dried in a ventilated oven at 40ºC and pulverized by a mechanical grinder. 
The powdered material was subjected to successive solvent extraction by 
maceration for 72 h using solvents of increasing polarity (hexane [Hex], 
ethyl acetate  [EtOAc], ethanol, and water). After filtration, the solvents 
were evaporated under reduced pressure to obtain the hexane (HE), ethyl 
acetate (EAE), ethanolic (EE), and aqueous (AQE) extracts.

Fractionation of the active extract
The AQE was subjected to fractionation through column chromatography 
(CC) eluted with the following eluent systems using hexane (Hex), ethyl 
acetate (EtOAc), methanol (MeOH) and water (H2O): Hex  (100%), 
Hex/EtOAc  (70:30), Hex/EtOAc  (50:50), EtOAc  (100%) EtOAc/
MeOH  (70:30), EtOAc/MeOH  (50:50) MeOH  (100%) MeOH/
H2O (70:30), MeOH/H2O (50:50), H2O (100%). After fractionation, 17 
fractions were obtained.

In vitro anticholinesterase activity assay of extracts 
and fractions
The AChE activity was measured according to the method of Ellman 
et al.[16] modified by Atta‑ur‑Rahman et al.[17] The extracts and fractions 
were evaluated at concentration ranges of 125–1000 μg/mL.
For this assay, in each well of a 96‑well microplate, 140 μL of 
phosphate buffer  (100 mM) was added, containing 0.1% BSA, 20 
μL of AChE enzyme  (0.22 U/mL), and 20 μL of extracts/fractions. 
Negative controls  (DMSO 0.1% and phosphate buffer) and positive 
control  (eserine, 0.06–13.8  μg/mL) were also included. Plates were 
mixed and incubated at 37°C for 30  min. After incubation, 10 μL of 
acetylcholine iodide (75 mM) and 10 μL of DTNB at 10 mM were added. 
The absorbance was measured at 405 nm on a microplate reader at times 
0 and 30  min. AChE percentage inhibition was calculated according 
to the following equation: Inhibition  (%) =  (1−  [reaction rate sample/
reaction rate control − phosphate buffer]) ×100.

In vitro neurotoxicity activity of aqueous extract 
and active fraction (F9)
Cell culture and treatments
Rat adrenal medulla pheochromocytoma strain  (PC‑12) was cultured 
until confluence in 10 mm polystyrene plates, trypsinized, and replated 
on 10‑mm polystyrene culture dishes (1.5 × 105 cells/plate). These cells 
were grown in RPMI supplemented with 10% FES and 5% fetal bovine 
serum, a nutrient mixture (7 mM glucose, 2 mM glutamine, and 0.011 g/l 
pyruvate), and gentamycin  (6.25  mg/mL) for 8  days in a humidified 
atmosphere with 5% CO2 at 37°C.
PC‑12 cells were seeded in 96‑well plates at a density of 5 × 103 cells/cm2 
for 24 h before treatments. Thereafter, cells were treated with AQE and 
fraction 9, at concentrations between 31.25 and 500 μg/mL. The negative 
control corresponded to DMSO  (0.1%). After 24  h of treatment, the 
viability cell was evaluated by MTT test and phase‑contrast microscopy.

Cell viability assay
The cytotoxicity of AQE and fraction 9 on PC‑12 cells was determined 
by MTT assay as described previously.[18] The cells were incubated with 
MTT  (1  mg/mL) for 2  h. Thereafter, cells were lysed with 20%  (w/v) 
sodium dodecyl sulfate, 50% (v/v) acetic acid, and 2.5% (v/v) 1 M HCl, 
and the plates were kept overnight at 37°C to dissolve formazan crystals. 
The cell viability was quantified by measuring the conversion of yellow 
MTT to purple MTT formazan by mitochondrial dehydrogenases of 
living cells. The optical density of each sample was measured at 595 nm 
using a spectrophotometer (Thermo Scientific® Flash Varioskan). Results 
from the MTT test were expressed as percentages of the viability of the 
treated groups related to the untreated groups.

Morphological changes and cellularity evaluation
All cultures were examined through microscopy by phase contrast with 
green filter  (Labomed® TCM400 Microscope), which were performed 
evaluating cellularity (cell density in the culture) and cell morphology.

High-performance liquid chromatography with 
electrospray ion source coupled with mass 
spectrometry multistage analysis of active fraction
The analysis through HPLC‑MS was held at   USP (University of São 
Paulo) analytical center in mass spectrometer Bruker Daltonics® (Esquire 
Plus 3000 model) with electrospray ion source  (ESI) and ion trap 
analyzer and chromatograph Shimadzu with Phenomenex Luna 
C‑18 (250 × 4.6 mm – 5 μm), Pumps LC‑20AD, CBM‑20A Controller, 
Detector SPD‑20A, and autosampler SIL‑20AC. The solvent system 
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consisted of a gradient H2O – 0.1% C2H402  (A) and MeOH (B) in the 
following conditions: 0–20 min (75% A and 25% B), 20–25 min (100% 
B), and 25–35 min (75% A and 25% B). The column oven temperature 
and the flow of the mobile phase were 40°C and 1 mL/min, respectively.

Statistical analysis
The biological assays were conducted with eight replicates and 
values expressed as mean  ±  standard deviation. The data were 
analyzed by ANOVA followed by Tukey test  (0.001%). The inhibitory 
concentration (IC50) of the extracts and active fractions was calculated 
through nonlinear regression analysis. All statistical analysis was 
performed using the  GraphPad Prism statistical program (version 5.0, 
GraphPad Software Inc., La Jolla, California, USA).

RESULTS
In vitro anticholinesterase activity of extracts and 
fractions
All extracts promoted in  vitro inhibition of AChE activity, in a 
concentration‑dependent manner, although differences in the degree 
of activity were observed. The mean inhibition percentage at the 
highest concentration tested (1000 μg/mL) corresponded to 62.6% HE, 
80.9% EAE, 94.4% EE, and 99.0% AQE. The anticholinesterase effect 
of eserine  (positive control) ranged from 32.6 to 92.9%. There was no 
statistically significant difference  (P  >  0.001) between the inhibition 
percentage of eserine (13.8 μg/mL) compared to the EE at 1000 μg/mL 
and the AQE at concentrations of 1000 and 750 μg/mL [Figure 1]. The 
IC50 values were 0.237, 443.7, and 412.8 μg/mL for eserine, EE, and AQE, 
respectively.
The fractions obtained from the AQE were tested in a preliminary assay 
at concentrations of 500 and 1000 μg/mL. All fractions showed AChE 
inhibitory effect, except for fraction 17. The fractions 2, 3, 8, 9, and 13 
exhibited inhibition percentages greater than 50%, and the fractions 8 
and 9 were more effective, with the maximum inhibition equal to 94.65 
and 99.21%, respectively [Table 1].
The most active fractions (F8 and F9) were evaluated with five different 
concentrations to determine the IC50 value. All concentrations of F8 
and F9 differed from the negative control  (P  <  0.001). There was no 
statistically significant difference between the positive control and F8/F9 
at concentrations of 1000 and 750 μg/mL. F9 showed greater potency of 
inhibition of the enzymatic activity  (IC50 = 256.2 μg/mL) compared to 
fraction 8 (IC50 = 516.8 μg/mL) and the AQE (IC50 = 412.8 μg/mL).

In vitro neurotoxicity effect of aqueous extract and 
active fraction (F9)
For the investigation of neurotoxicity, the MTT assay was performed in 
cultures of neural PC‑12 cells, which measure the activity of mitochondrial 
dehydrogenases. We observed that after 24 h, the exposure to the AQE 
has no effect on the viability of PC‑12  cells  [Figure  2]. However, the 
fraction 9 reduced cell viability significantly (P < 0.001) at the highest 
concentration tested (500 μg/mL). The negative control did not display 
any significant effect on the parameters analyzed when compared to 
cultures that were not exposed to this solvent.
The induction of change of morphology and cellularity was also 
investigated with phase‑contrast microscopy. The decrease in cytoplasmic 
shrinkage and cellularity was observed in PC‑12 at a concentration of 
500 μg/mL of the AQE and 250 and 500 μg/mL of F9.

Chemical analyses of active fraction
The most active fraction  (F9) of O. aciphylla was analyzed through 
HPLC‑ESI‑MS/multistage  (MS). Figure  3 shows the respective 
chromatogram of total ions. The retention times  (tR), molecular 
ions  [M  +  H]+, and MS2 fragmentation of the main peaks are 
described [Table 2].

DISCUSSION
AChE inhibition is considered as an important strategy for the treatment 
of neurodegenerative disorders and bioactive components derived from 

Figure  1: In vitro acetylcholinesterase inhibitory activity of Ocotea 
aciphylla extracts (***). Significant differences from negative control (0.1% 
dimethyl sulfoxide) values (P < 0.001) (ns). Values not significantly different 
as compared to positive control with eserine (P > 0.001)

Figure 2: Percentage of Rat adrenal medulla pheochromocytoma strain 
cell viability after 24 h of exposure to the aqueous extract and F9 from 
Ocotea aciphylla. Statistical values significantly different as compared to 
negative control (dimethyl sulfoxide) ***P < 0.001; **P < 0.01; *P < 0.05

Figure 3: Chromatogram of total ions obtained through high-performance 
liquid chromatography-mass spectrometry of F9 of Ocotea aciphylla
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natural products as promising drug candidates for this target.[2] Vinutha 
et  al.[19] proposed the following classification of plant extracts with 
anticholinesterase action: potent inhibitors (>50% inhibition), moderate 
inhibitors (30%–50% inhibition), and weak inhibitors (<30% inhibition). 
Considering this classification, all extracts from O. aciphylla tested were 
presented as potent inhibitors of AChE, and the best result was obtained 
with fraction 9 of the AQE.
HPLC‑MS/MS chemical analysis led to the characterization of five 
phenolic compounds in the active (F9) through mass spectral analysis and 
comparison with literature data: two proanthocyanidins  (procyanidin 
B‑type dimer and propelargonidin dimer), a flavan‑3‑ol catechin and a 
flavone methoxy‑luteolin‑deoxyhexose‑hexose.[20‑22]

Previous studies have attributed AChE inhibition to the occurrence of 
phenolic constituents in extracts of plants. Amoo et al.[8] demonstrated 
that MeOH extract of the bark of Ocotea bullata (1 mg/mL) promoted 
high in  vitro effect on AChE, and this activity was associated to the 
presence of tannins and phenolic compounds. In vitro anticholinesterase 
effect of the proanthocyanidin‑rich extract of Cymbopogon schoenanthus 
was reported by Khadri et al.[23]

In the present study, we observed low cytotoxicity of the AQE and F9 against 
PC‑12 cells. The fraction 9 did not affect cell viability at a concentration of 
250 μg/mL, a concentration close to that promoted inhibition of enzyme 
activity of AChE by 50% (IC50 = 286.2 μg/mL). These results reaffirm the 
estimated potential of the O. aciphylla as AChE inhibitor.
The tumor source cells can be cultured as cell lines and can provide 
reliable models for the study of the initial screening drug candidates for 

therapeutic agents.[24,25] The PC‑12 cell line is cells transformed from the 
adrenal gland of rat  (Rattus norvegicus) and is widely used in studies 
of neurobiology. In this work, undifferentiated cells were used, and 
so it was not possible to characterize the formation of neurites. Even 
undifferentiated, they are still used as template function, development, 
and neuronal survival.[26]

Similar results were reported concerning the flavonoid fraction of Ocotea 
notata (100 and 200 μg/mL), which induced alteration in the morphology 
of Vero cells (epithelial cells of African green monkey kidney), although 
more than 50% of the cells remained viable at the highest concentration 
tested  (50% cytotoxic concentration  >200  μg/mL).[9] The major 
compounds identified in this fraction were A‑type proanthocyanidin 
trimer, isoquercitrin, reynoutrin, miquelianin, quercitrin, and afzelin. 
Ballabeni et  al.  (2010)[27] described that the essential oil of Ocotea 
quixos did not cause cytotoxic effect on J774 macrophage cell lineage 
at a concentration of up to 10 μg/mL, while the trans‑cinnamaldehyde 
(main component of the essential oil) exhibited high cytotoxicity, with 
only 10% viable cells.
In the cytotoxic evaluation, we observed slight morphological changes in 
the cells treated with the AQE (500 μg/mL) and F9 (250 and 500 μg/mL). 
Cytomorphological alterations are evidence of toxicity of a substance, 
since cell damage does not always lead to cell death. Structural or 
constitution of the plasma membrane and cytoskeletal changes may 
be associated with the loss of important functions. Cell death, either 
by apoptosis or necrosis, also brings with it changes in shape, size, and 
cell structures or intracytoplasmic changes as granular inclusions or 
vacuoles.[28]

CONCLUSION
All crude extracts of O. aciphylla leaves have pronounced in  vitro 
inhibitory effect on the activity of AChE. However, the AQE was 
the most effective that furnished an active fraction containing four 
phenolic compounds. The active fraction also showed slight cytotoxicity 
against neural cells  (PC‑12). Thus, O. aciphylla is a promising source 
of active compounds that can be used for the development of new 
anticholinesterase drugs.
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