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Abstract

A microplate assay and a thin-layer chromatography (TLC) “in situ” assay based on the Ellman assay was used to screen 
for acetylcholinesterase inhibitors from ethyl acetate and methanol extracts of Brazilian medicinal plants of families that, 
according to the literature, have traditional uses that might be connected with acetylcholinesterase inhibition. Eighteen 
species belonging to Convolvulaceae, Crassulaceae, Euphorbiaceae, Leguminosae, Malvaceae, Moraceae, Nyctaginaceae 
and Rutaceae families were tested. The most active plants were Ipomoea asarifolia (IC

50
 = 0.12 mg/mL), Jatropha 

curcas (IC
50

 = 0.25 mg/mL), Jatropha gossypiifolia (IC
50

 = 0.05 mg/mL), Kalanchoe brasiliensis (IC
50

 = 0.16 mg/mL) 
and Senna alata (IC

50
 = 0.08 mg/mL). The most promising extracts were the Jatropha gossypiifolia and Senna alata 

species assuming there were compounds with a similar activity to galanthamine, which should contain about 1% of an 
active compound, or if present at lower levels even more active compounds than galanthamine (IC

50
 = 0.37 x 10–3 mg/

mL) should be present.

Keywords: Brazilian medicinal plants, Alzheimer’s disease, acetylcholinesterase inhibitors, microplate assay.

Plantas medicinais brasileiras promissoras para inibição da acetilcolinesterase

Resumo

Os ensaios de microplaca e cromatografia em camada delgada com base no ensaio de Ellman foram usados para triagem 
de inibidores da acetilcolinesterase dos extratos acetato de etila e metanol de plantas medicinais brasileiras de famílias 
que, segundo a literatura, tem usos tradicionais que podem estar relacionadas com a inibição da acetilcolinesterase, 
enzima associada ao mal de Alzheimer. Dezoito plantas das famílias: Convolvulaceae, Crassulaceae, Euphorbiaceae, 
Leguminosae, Malvaceae, Moraceae, Nyctaginaceae e Rutaceae foram testadas. As espécies mais ativas foram Ipomoea 
asarifolia (CI

50
 = 0,12 mg/mL), Jatropha curcas (CI

50
 = 0,25 mg/mL), Jatropha gossypiifolia (CI

50
 = 0,05 mg/mL), 

Kalanchoe brasiliensis (CI
50

 = 0,16 mg/mL) e Senna alata (CI
50

 = 0,08 mg/mL). Os extratos mais promissores foram 
os das espécies Jatropha gossypiifolia e Senna alata, assumindo a presença de compostos com atividade semelhante 
à galantamina que deve conter cerca de 1% de um composto ativo, ou se presentes em menores níveis ainda mais 
compostos ativos que a galantamina (CI

50
 = 0,37 x10–3 mg/mL) devem estar presentes.

Palavras-chave: plantas medicinais brasileiras, doença de Alzheimer, inibidores da acetilcolinesterase, microplaca.

1. Introduction

Based on the cholinergic hypothesis, acetylcholinesterase 
inhibitors (AChEIs) are widely used to treat Alzheimer’s 
disease (Francis et al., 1999). Galanthamine, an alkaloid 
from plants of the Amaryllidaceae family, is a selective 
reversible long-acting and competitive acetylcholinesterase 
inhibitor (AChEI). This compound is considered to be more 
effective in the treatment of Alzheimer’s disease (AD) and 
to have fewer limitations than physostigmine and tacrine 

(Gordon et al., 2000). Many plants have been reported as 

interesting sources of AChEI (Gupta and Gupta, 1997; 

Mukherjee et al., 2007; Trevisan et al., 2003).

The synthetic drug tacrine (Cognex) was the first AChEI 

to be licensed, but its routine use has been largely restricted 

due to its hepatotoxicity (Watkins et al., 1994). Thus, 

plants that have demonstrated hepatoprotective activity 
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are relevant in terms of searching for novel formulations 
or compounds for AD treatment.

Plants that have shown favorable effects in relation 
to cognitive disorders, including anticholinesterase, 
antiinflammatory and antioxidant activities or other relevant 
pharmacological activities are potentially of interest for 
clinical use for AD. Plants which affect the cholinergic 
function in the central nervous system (CNS) are particularly 
relevant in treating AD (Houghton and Howes, 2003). 
Besides being used as a medicine, AChEIs are a widely 
used class of insecticides (Finkelstein et al., 2002).

In order to discover novel potential sources for AChEIs, 
a microplate assay and a TLC assay were used to screen 
for AChE inhibitory activity in ethyl acetate and methanol 
extracts from Brazilian medicinal plants (Ellman et al., 
1961; Ingkaninan et al., 2001). Eighteen species were 
screened and the results show that several plants are very 
interesting candidates for further isolation of AChEIs.

2. Material and Methods

All plants were collected in Brazil in the Medicinal 
Plant Garden of The Federal University of Ceara – Brazil. 
The voucher specimens were deposited in the Herbarium 
Prisco Bezerra at the Federal University of Ceara. Eighteen 
species were tested and they belong to the Convolvulaceae, 
Crassulaceae, Euphorbiaceae, Leguminosae, Malvaceae, 
Moraceae, Nyctaginaceae and Rutaceae families. The 
names of the plants and parts used are shown in Table 1.

The fresh plants were dried at room temperature and 
firstly extracted with hexane to remove waxy materials, then 
extracted subsequently with ethyl acetate and methanol. 
The solvents were evaporated under reduced pressure. 
Forty-eight extracts were obtained from leaves, flowers 
and stems of the plants.

2.1. Microplate assay

AChE inhibitory activity was measured using a 96-
well microplate reader (Ingkaninan et al.; 2000) based 
on Ellman’s method (Ellman et al., 1961). The enzyme 
hydrolyzes the substrate acetylthiocholine and the thiocholine 
product reacts with Ellman’s reagent (DTNB) to produce 
2-nitrobenzoic-5-mercaptothiocholine (thiocholine-
thionitrobenzoate disulfide) and 5-thio-2-nitrobenzoic acid 
(thionitrobenzoate), which can be detected at 405 nm. In 
96-well plates, 25 mL of 15 mM ATCI in water, 125 mL 
of 3 mM DTNB in buffer B and 25 mL of the sample were 
added and the absorbance was measured at 405 nm every 
15 seconds for 10 times. Then, 25 mL of 0.22 U/mL AChE 
solution was added to the wells and the microplate was read 
again at the same wavelength 10 times with 15 seconds 
intervals. The measured increase of absorbance was linear 
for more than 2 minutes. The velocities of the reactions 
before and after adding enzymes were calculated using 
microplate manager software, version 4.0 (Bio-Rad Lab). 
To calculate the IC

50
 values, each sample was assayed at 

four concentrations. After adding the enzyme, the inhibition 

percentage was calculated comparing the velocities of the 
sample and the blank (MeOH) (Table 1).

2.2. TLC assay positive and false-positive

All samples were dissolved in methanol to prepare 
solutions of 10 mg/mL and 5 mg/mL. Then, 1.5 mL of each 
sample was spotted on the silica gel TLC plate and developed 
with chloroform: methanol 9:1 after which the enzyme 
inhibitory activities were detected using Ellman’s method 
“in situ” on the plate (Ellman et al., 1961; Rhee et al., 2001). 
The developed plates were sprayed with 1 mM DTNB and 
1 mM ATCI in buffer A. It dried for 3-5 minutes, then an 
enzyme solution of AChE from an electric eel (type VI-s 
lyophilized, 261 U/mg solid, 386 U/mg protein) dissolved 
in buffer A (500 U/mL stock solution) was diluted with 
buffer A to obtain 5 U/mL enzyme and was then sprayed 
on the plate (Rhee et al., 2001). Yellow backgrounds with 
white spots for inhibiting compounds were visible after 
about 5 minutes. These observations must be recorded 
within 15 minutes because they fade after 20-30 minutes. 
To observe whether the positive results of the samples in 
TLC or the microplate assay are due to enzyme inhibition 
or to the inhibition of the chemical reaction between DTNB 
and thiocholine, (the product of the enzyme reaction), 
5 units/mL of AChE was premixed with 1 mM ATCI 
in buffer A and incubated for 15 minutes at 37 oC. This 
enzyme-substrate mixture was used as thiocholine spray 
(Rhee et al., 2001). Samples were spotted on the silica gel 
TLC plate developed as described above and sprayed with 
1 mM solution DTNB followed by the thiocholine spray. 
White spots on a yellow background were observed for 
false positive compounds.

3. Results and Discussions

3.1. Plants used in screening and their pharmacological 
activities

Convolvulaceae and Crassulaceae
Ipomoea asarifolia Roem. et Schult and I. batatas 

Poir are commonly known in the Northeast of Brazil 
as “batata doce” and “salsa”, respectively. The fresh 
leaves of I. asarifolia are often associated with poisoning 
cattle, but it can be used as food when dried. Roots of the 
I. asarifolia are diuretic, emmenagogue and purgative. 
The literature reports antioxidant actions for I. batatas. 
Antioxidant activity of plant materials was traditionally 
attributed to well-known phytochemicals such as alpha-
tocopherol, ascorbic acid, beta-carotene, phenolics and 
others (Rumbaoa et al., 2009).

Kalanchoe brasiliensis (popularly known as Courama 
branca) is a Brazilian medicinal plant from the Crassulaceae 
family, widely used in folk medicine to treat certain chronic 
inflammatory diseases, such as rheumatism. Koatz et al. 
(2002) suggested anti-inflammatory and immunosuppressive 
effects of K. brasiliensis. Analgesic and anticonvulsant 
effects of extracts from the leaves of K. crenata (Andrews) 
Haworth (K. brasiliensis) was shown by Nguelefack et al. 
(2006). The hydroalcoholic extract from fresh leaves of the 
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species K. brasilienis demonstrated properties in “in vivo” 
AChEI in experiments with the isolated abdominal rectus 
of frogs (Fonteles et al., 1982). Other studies showed the 
antioxidant activity of the K. brasiliensis (Trevisan et al., 
2006). This plant is widely used in Brazil’s popular medicine 
as an aqueous extract, and is known to contain many 
flavonoids (Rossi-Bergmann et al., 1997). Hepatoprotective 
activity of leaves of Kalanchoe pinnata Pers. (Courama 
vermelha) is reported by Dixit and Yadav (2003). K. pinnata 
(Lamarck) Persoon (Bryophyllum pinnatum) is a perennial 
medicinal herb, popularly used in Brazil and other parts of 
the world to treat various inflammatory diseases. Previous 
studies on the chemical composition of K. pinnata showed 
the presence of bufadienolides, terpenoids and flavonoids 
(Costa et al., 1995). K. gastonis, which is known as “courama 
comprida”, is used to treat various inflammatory diseases 
and has antioxidant activity. K. brasiliensis, K. pinnata 
and K. gastonis showed AChEI effects and a toxic effect 
on Aedes aegypti larvae (Trevisan et al., 2006).

Eufhorbiaceae
In Brazil, the plants of the genus Phyllanthus are 

popularly known as “quebra pedra,” “erva pombinha,” and 
“arrebenta pedra”, among others. Reported pharmacological 
effects of some compounds isolated from some species of 
Phyllanthus include analgesic, antialergic, antiinflamatory, and 
antioxidant activity (Karuna et al., 2009). Hepatoprotective 
activity of P. amarus Schum. ethanolic extract was shown 
in vitro and in vivo studies (Pramyothin et al., 2007).

In Brazil, the plants Jatropha curcas L., Jatropha 
gossypiifolia L. and Jatropha pohliana Muell. Arg. are 
popularly known as “pinhão manso,” “pião-roxo,” and 
pião-bravo,” respectively. In Brazilian folk medicine and in 
other countries, tea from aerial parts and the roots of various 
species of Jatropha are used as diuretics, antirheumatics, 
antiseptics, antidiarrheals, cicatrizants and hypotensives 
(Villar et al., 1986). Others species of the Euphorbiaceae 
family were tested using AchE inhibition “in vivo” by 
Gupta and Gupta, 1997. It should be mentioned that not 
all the parts of the plant showed AChE activity.

Leguminosae
In Brazil, Caesalpinia ferrea is popularly known as 

“pau-ferro”. Carvalho et al. (1996) demonstrated preliminary 
studies of analgesic and anti-inflammatory properties of 
C. ferrea crude extract. Studies have shown an anti-gastric 
ulcer effect and anti-inflammatory activity of the aqueous 
crude extract of C. ferrea. The crude extract of C. ferrea 
Mart. contains anthraquinones, alkaloids, depsides, 
depsidones, flavonoids, lactones, saponins, sugars, tannins, 
sesquiterpenes and triterpenes. Tannins are regarded as 
their major components (Souza et al., 2006).

Senna reticulata Willd. is popularly know as 
”mangerioba grande” and “maria mole”. In Brazil, it is 
used in folk medicine to treat obstructions of the liver 
and also rheumatism. The phytochemical investigation 
of Silva et al. (2008) of the wood extracts of S. reticulata 
yielded six anthraquinones: chrysophanol, physcion, aloe-
emodin, 1,3,8-trihydroxyanthraquinone, 3-methoxy-1,6,8-
trihydroxyanthraquinone, emodin and the chrysophanol-10,10’ 

bianthrone. Triterpenes a and b-amirin, steroids b-sitosterol 
and stigmasterol, as well as the flavonoid kaempferol were 
also identified. Reported uses in various countries of the Senna 
alata (L.) Roxb. (Cassia alata L.) in ethnopharmacological 
surveys are: digestive, stomach pains, pre-hepatic jaundice, 
liver disease, thoracic pain and inflammation. Among 
others, analgesic and antiinflammatory effects have been 
reported (Hennebelle et al., 2009). In Brazil, Senna siamea 
(Syn. Cassia siamea Lamarck) is popularly known as 
“cássia do sião”. The aqueous extract of leaves from the 
S. siamea species is used in folk medicine to treat insomnia. 
The anxiolytic activity of the species is attributed to the 
compound called barakol (Thongsaard et al., 1996). Other 
species of Cassia spectabilis demonstrated CNS-selective 
noncompetitive cholinesterase inhibition which was related 
to the piperidine alkaloid (−)-spectaline isolated from the 
Cassia spectabilis (Castro et al., 2008).

Leucaena leucocephala, popularly known as leucaena, 
has been reported to have various medicinal properties 
ranging from controlling stomach diseases to contraception 
(Jagan and Azeemoddin, 1988). Dalzell and Mullen 
(2004) reported a study on the application of pesticides 
suppressing foliar proanthocyanidin content in Leucaena 
species. As well as medicine, AChEIs are a widely used 
class of insecticides (Finkelstein et al., 2002). Cassia 
occidentalis L., Caesalpinia pulcherrima (L.) SW., 
Leucaena leucocephala and others species of the genus, 
were tested using AchE inhibition “in vivo” by Gupta and 
Gupta (1997). In the plants, it tested positive, however not 
all parts showed AChE activity.

Malvaceae and Moraceae
Gossypium herbaceum L. (algodoeiro) seeds are reported 

to have antioxidant activity, antidiarrheic, wound healing, 
antimigraine, diuretic and dismenorrhea (Narasimha et al., 
2008). An hepatoprotective effect of G. hirsutum and 
G. herbaceum extracts is reported by Batur et al. (2008). 
A “tintura do algodoeiro” is used as a component in a 
phytotherapeutic agent (Robuterina®), which is used to 
treat menstrual cycle disorders. This medicine further 
includes Berberis vulgaris L., and Gossypium herbaceum L. 
It also acts as an emmenagogue, hemostatic and ocitocic 
and has anti-inflammatory activity (Oliveira et al., 2006). 
Preclinical toxicity of a phytotherapeutic preparation 
containing Gossypium herbaceum (Cotton Plant) was 
tested by Mello et al. (2008), whose results revealed the 
absence of systemic toxicity at a therapeutic dose.

Gossypium herbaceum L and other species of the 
Malvaceae family were tested using AchE inhibition 
“in vivo” acetycholinesterase inhibition by Gupta and 
Gupta (1997).

Ficus is a genus of about 800 species of woody trees, 
shrubs and vines in the Moraceae family. Phytochemical 
investigations of some Ficus species revealed that phenolic 
compounds constitute the major components. Various 
papers have reported the presence of antioxidant activity 
of some Ficus species which is attributed to their phenolic 
content. Antioxidant activity of Ficus benjamina and others 
was reported by Abdel-Hameed (2009). Others species 
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such as Ficus benghalensis L., Ficus elastica Roxb., Ficus 
krishnae C. DC., Ficus racemosa L., Ficus religiosa L. 
were tested for AchE inhibition “in vivo” by Gupta and 
Gupta (1997), showing AChE inhibitory activity.

Nyctaginaceae and Rutaceae
 Bougainvillea glabra Choisy is an ornamental plant used 

in gardens in Brazil, commonly known as “Boungainvile”. 
Antidiarrhoeal, antiulcer and antimicrobial activities of 
leaves of Bougainvillea glabra Choisy were described by 
Edwin et al. (2007). Inhibition “in vivo” of the stem and 
branch of the Bougainvillea glabra and other Nyctaginaceae 
extracts were tested by Gupta and Gupta (1997), showing 
AChE inhibitory activity.

Species of the genus Citrus are abundant in flavonoids, 
essential oil, coumarines and pectins (Kuster and Rocha, 
2003). Citrus limonia Osbeck, popularly known as “limão”, 
has a major compound in its essential oil limonene. The 
essential oil of C. limonia has larvicidal activity on Aedes 
aegypti L. (Furtado et al., 2005). Citrus fruits are known 
to contain natural antioxidants in oil, pulp, seed and bark. 
According to Pereira (1996), the methanol extracts of seeds 
of lemons showed antioxidant activity. C. aurantifolia 
(Christm.). Swingle were tested by AChE inhibition “in 
vivo” by Gupta and Gupta (1997), and were tested positive.

In this work, eighteen medicinal plants were collected 
and different plant parts were extracted with ethyl acetate 
and methanol. Out of the 48 extracts obtained, 17 showed 
complete inhibition of AChE in the microplate test at a 
concentration of 2 mg/mL. The samples were also tested 
on TLC plates. In this method, 21 extracts showed activity. 
However, several of these showed to be false-positive spots 
only. In several extracts, both positive and false-positive 
spots were observed. The activity in the microplate and 
the TLC methods did not always match. This might be 
due to the different test conditions. The active compounds 
might bind strongly to silica, resulting in lower activity 
of the extracts in TLC.

The most active plants in microplate were Ipomoea 
asarifolia (IC

50
  =  0.12  mg/mL), Jatropha curcas 

(IC
50

 = 0.25 mg/mL), Jatropha gossypiifolia (IC
50

 = 0.05 mg/
mL), Kalanchoe brasiliensis (IC

50
 = 0.16 mg/mL) and Senna 

alata (IC
50

 = 0.08 mg/mL). For extracts that presented 
strong activity in both tests, the IC

50
 values were determined 

(Table 2). Table 2 shows the five species that showed 

higher inhibition activity, in comparison to commonly used 
drug galanthamine ((IC

50
 = 0.37 x10–3 mg/mL), which is 

is considered to be the most effective compound in the 
treatment of Alzheimer’s disease.

Considering that crude extracts are involved, the extracts 
of Jatropha gossypiifolia and Senna alata seem of interest 
for further study. Assuming the presence of compounds 
with a similar activity as galanthamine, they should contain 
about 1% of an active compound, or if present at lower 
levels, even compounds more active than galanthamine 
(IC

50
 = 0.37 x10–3 mg/mL) must be present. Plants that 

have shown favorable effects in relation to cognitive 
disorders, including anticholinesterase, antiinflammatory 
and antioxidant activities or other relevant pharmacological 
activities are potentially of interest to clinical use for 
Alzheimer’s disease.

4. Conclusions

Eighteen medicinal plants were screened for 
inhibitory activity on AchE. The most active plants were 
Ipomoea asarifolia (IC

50
 = 0.12 mg/mL), Jatropha curcas 

(IC
50

 = 0.25 mg/mL), Jatropha gossypiifolia (IC
50

 = 0.05 mg/
mL), Kalanchoe brasiliensis (IC

50
 = 0.16 mg/mL) and 

Senna alata (IC
50

 = 0.08 mg/mL). The results show that 
various plants are very interesting for further isolation of 
acetylcholinesterase inhibitors, which are widely used in 
the treatment of Alzheimer’s disease.
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