
Phytomedicine 22 (2015) 52–55

Contents lists available at ScienceDirect

Phytomedicine

journal homepage: www.elsevier.com/locate/phymed

Original mechanisms of antipsychotic action by the indole

alkaloid alstonine (Picralima nitida)

Viviane M. Linck a,b,∗, Marcelo Ganzella b, Ana P. Herrmann a,b, Christopher O. Okunji c,
Diogo O. Souza b, Marta C. Antonelli d, Elaine Elisabetsky a,b

a Laboratório de Etnofarmacologia, Departamento de Farmacologia, Universidade Federal do Rio Grande do Sul, Avenida Sarmento Leite, 500, 90050-170,

Porto Alegre, RS, Brazil
b Programa de Pós-graduação em Ciências Biológicas: Bioquímica Instituto de Ciências Básicas da Saúde, Universidade Federal do Rio Grande do Sul,

Avenida Sarmento Leite, 500, 90050-170, Porto Alegre, RS, Brazil
c International Centre for Ethnomedicine and Drug Development (InterCEDD), 110 Aku Road, Nsukka, EnuguState, Nigeria
d Laboratório de Programación Perinatal del Neurodesarrollo, Instituto de Biologia Celular y Neurociencias "Dr E.D.P. De Robertis", Facultad de Medicina,

Universidad de Buenos Aires, Uriburu 951 6º piso, C1114AAC, Buenos Aires, Argentina

a r t i c l e i n f o

Article history:

Received 5 August 2014

Revised 31 August 2014

Accepted 20 September 2014

Keywords:

Picralima nitida

Alstonine

Antipsychotics

Schizophrenia

D2 dopamine receptor

Dopamine uptake

Indole alkaloid

a b s t r a c t

Alstonine is the major component of plant based remedies that traditional psychiatrists use in Nigeria. Alsto-

nine is an indole alkaloid that has an antipsychotic experimental profile comparable with that of clozapine and

is compatible with the alleged effects in mental patients. Representing a desirable innovation in the pharma-

codynamics of antipsychotic medications, the evidence indicates that alstonine does not bind to D2 dopamine

receptors (D2R) and differentially regulates dopamine in the cortical and limbic areas. The purpose of this

study was to further investigate the effects of alstonine on D2R binding in specific brain regions using quan-

titative autoradiography (QAR) and its effects on dopamine (DA) uptake in mouse striatal synaptosomes. The

effects of alstonine on D2R binding were determined in the nucleus accumbens and caudate-putamen using

QAR in mice treated with alstonine doses that have antipsychotic effects. The effects of alstonine [3H]DA up-

take were assessed in synaptosomes prepared from striatal tissue obtained from mice treated acutely or for 7

days with alstonine. Alstonine did not change the D2R binding densities in the studied regions. DA uptake was

increased after acute (but not after 7 days) treatment with alstonine. Consistent with the alstonine behavioral

profile, these results indicate that alstonine indirectly modulates DA receptors, specifically by modulating DA

uptake. This unique mechanism for DA transmission modulation contributes to the antipsychotic-like effects

of alstonine and is compatible with its behavioral profile in mice and alleged effects in patients. These results

may represent an innovation in the antipsychotic development field.

© 2015 Elsevier GmbH. All rights reserved.
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Introduction

Schizophrenia, with a 1% estimated global prevalence, is a seri-

ous highly debilitating psychiatric disorder, and the currently avail-

able treatments lack adequate efficacy, particularly regarding neg-

ative and cognitive symptoms (Dolgin 2014). Considered to be the

result of a complex interplay between genetic and environmental

factors (Modinos et al. 2013), schizophrenia is thought to include

dopaminergic imbalance (Kuepper et al. 2012); whereas hypoactive

cortical dopaminergic regions lead to negative (e.g., social interaction

withdrawal and affective flattening) and cognitive (e.g., attention and
∗ Corresponding author at: Instituto de Ciências Básicas da Saúde, Universidade

Federal do Rio Grande do Sul, Rua Sarmento Leite, 500, sala 202, 90050-170, Porto
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emory deficits) symptoms, hyperactive mesolimbic dopaminergic

athways correlate to positive (e.g., delusions and hallucinations)

ymptoms. There are two classes of antipsychotics: typical (older)

gents basically act via dopamine D2 receptor (D2R) antagonism, and

typical (newer) agents generally act through various receptors (in-

luding 5HT2A, 5HT1A, 5HT2B and D3) (Meltzer 2013). Despite these

ifferences, the D2R antagonism (or partial agonism) is considered

ssential to produce antipsychotic effects. The development of new

rugs with better results on cognitive and negative symptom is critical

or improving the treatment of people with schizophrenia (Ellenbroek

012).

Due to their structural similarity with tryptophan, indole alka-

oids have historically been associated with the development of cen-

ral nervous system-acting drugs. Physiostigmine, strychnine, ergo-

amine and psyloscibine are well known examples of such drugs.

n the context of this study, reserpine, an indole alkaloid isolated

http://dx.doi.org/10.1016/j.phymed.2014.10.010
http://www.ScienceDirect.com
http://www.elsevier.com/locate/phymed
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phymed.2014.10.010&domain=pdf
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Fig. 1. Structure of the indole alkaloid alstonine.
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Fig. 2. Representative images from [3H]nemonapride QAR. Mouse brain regions areas

analyzed: (1) medial CPu; (2) lateral CPu; (3) NAc shell; (4) NAc core.
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rom Rauwolfia serpentina Benth., is considered the first antipsychotic

edication to have been discovered in modern times. Alstonine is

n indole alkaloid (Fig. 1) that has been identified as the major com-

onent of a plant based remedy used by Igbo traditional psychia-

rists (Costa-Campos et al. 1999). In addition to its traditional use for

reating mentally ill patients, alstonine has an experimental profile

omparable with those of atypical agents in mice models of positive

Costa-Campos et al. 1998), negative (de Moura Linck et al. 2008)

nd cognitive (Linck et al. 2012) schizophrenia symptoms. Although

he alstonine mechanism of action has not been fully clarified, be-

avioral and neurochemical data suggest it is not a D2R antagonist

Costa-Campos et al. 1998). As with atypical antipsychotics, the data

ndicate the involvement of the serotonergic 5HT2A and 5HT2C recep-

ors (Linck et al. 2012) and decreased glutamate uptake (Herrmann

t al. 2012) as part of its mechanism of action.

If proven, the apparent lack of D2R blockade by alstonine would

epresent an innovative pharmacodynamic basis for antipsychotic

roperties. The aim of the present study is to further investigate the

lstonine mechanism of action by analyzing its effects on D2R binding

n relevant brain areas (through quantitative autoradiography) and

opamine uptake by striatal synaptosomes.

ethods

nimals

Male (CF1) 2-month-old adult albino mice (40–45 g) were used

n this study. Mice were maintained in the animal facility under con-

rolled environmental conditions (22 ± 1 °C, 12-h light/dark cycle,

ree access to food and water) for at least 2 weeks before the experi-

ents. This study was approved by the University Ethics Committee

#18236); all procedures were performed in accordance with institu-

ional policies on experimental animal handling.

rugs

1,3-Ditolylguanidine (DTG), clozapine, GBR12909, pargyline and

opamine were purchased from Sigma Chemical Co. (St. Louis, MO,

SA); sulpiride, cis-flupentixol and pindolol from Research Biochem-

cals International (Natick, MA, USA). [3H]dopamine (38.7 Ci/mmol)

nd [3H]nemonapride (YM-09151-2, 85.5 Ci/mmol) were purchased

orm Perkin Elmer Life Sciences (Boston, MA, USA). Clozapine,

ulpiride and pindolol were solubilized in HCl (1N), and the pH ad-

usted to 6.0 with 1 N NaOH; DTG was solubilized in methanol; all

ther drugs (including alstonine) were solubilized in distilled wa-

er and prepared freshly before use. Treatments were administered

ntraperitoneally (0.1 ml/10 g of body weight).

Alstonine Isolation and Identification: Alstonine (hydrochloride)

as isolated from the rinds of Picralima nitida (Stapf) T. Durand & H.

urand (Apocynaceae) fruit. The separations used pH-zone-refining

ounter-current chromatography as previously described (Okunji

t al. 2005). Briefly, the experiment was performed using a two-

hase solvent system composed of methyl tert-butyl ether (MtBE)–

cetonitrile–water (2:2:3, v/v); triethylamine (TEA) was added to the
pper organic stationary phase as the retainer, and hydrochloric acid

HCl) was added to the aqueous mobile phase as the elution reagent.

he sample was prepared by dissolving 15.0 g of the alkaloid fraction

btained from the methylene chloride extract of P. nitida in 100 ml

f a phase mixture comprising equal volumes of each phase. The

eparation was initiated by loading the sample into a column that

as completely filled with the stationary phase (LC pump); the mo-

ile phase was pumped into the CCC column at a rate of 2 ml/min

hile the column was rotated at 834 rev/min using the combined

ead in tail elution mode. The absorbance of the eluate was continu-

usly monitored at 280 nm, and 4 ml fractions were collected. The pH

f each eluted fraction was determined using a pH meter, and frac-

ions were dried using a Speed Vac. The pH-zone refining CCC pure

ractions were identified using thermospray liquid chromatography–

ass spectrometry (LC–MS) and in TLC co-elution experiments using

eference alstonine samples provided by InterCEDD, Nsukka, Nigeria.

he purity of the alstonine sample used in this study was 98%, and

he identity was confirmed by HPLC–MS.

2-like receptors quantitative autoradiography

The protocol used for these experiments was modified from Berger

t al. (2002). Naïve mice were sacrificed, and the whole brains

ere quickly removed, immediately frozen by immersion in Freon

15–20 s) and stored at −80 °C. Cryostat sections (Leica CM18-50, Le-

ca Microsystems Nussloch GmbH, Germany) that were 12 μm thick

ere thawed-mounted onto gelatin-coated microscope slides and

ried on a warm plate for 30 s. Six sections were mounted per slide,

hich were desiccated with silica and stored at −80 °C. Coronal brain

ections obtained transected the caudate-putamen (CPu) and nucleus

ccumbens (NAc) according to Fraklin and Paxinos (2007). The sec-

ions were preincubated at room temperature for 1 h in 50 mM Tris–

Cl buffer (pH 7.4) containing 120 mM NaCl, 5 mM KCl, 2 mM CaCl2,

nd 1 mM MgCl2 and further incubated for 1 h in the same buffer

ith added clozapine (10 or 100 μM) or alstonine (10 or 100 μM)

lus 1.0 nM [3H]nemonapride, 0.5 mM DTG, and 0.1 mM pindolol (to

lock sigma (σ1,2) and 5HT1A sites, respectively). Nonspecific bind-

ng was determined using 40 μM sulpiride. After the incubations, the

ections were rinsed twice in Tris–HCl buffer (4 °C, 5 min) and dipped

3x) in cold distilled water. The sections were dried under a stream

f air, briefly placed on a warm plate (60 °C, 60 s) and cooled to room

emperature before film exposure. Radioactivity standards (American

adiolabeled Chemical Inc.) consisting of 14 sections of methacrilate

lastic impregnated with tritium (0.14–489 μCi/g) were jointly ex-

osed with the sections. The autoradiograms were obtained after 30

ays (−4 °C) exposure in light-tight cassettes to Kodak Professional

-19 (Sigma) film and developed in Kodak Dektol (Sigma Chemical

o., St. Louis, MO, USA) developer and fixative. Autoradiography im-

ges were scanned in a conventional scanner (600 dpi), relevant brain

egions were outlined (Fig. 2) and the analyses were performed us-

ng the Image J software (http://rsb.info.nih.gov/nih-image/). Optical

ensity was converted to nCi/mg of tissue using calibrated methacry-

ate tritium standards; after subtracting nonspecific (15–22%) from

otal binding, specific binding was expressed as fmol/mg tissue.

http://rsb.info.nih.gov/nih-image/
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Fig. 3. Effects of clozapine and alstonine on [3H]nemonapride binding density. Data

are represented as % of control mean ± S.E.M. ∗= p < 0.05; ∗∗= p < 0.01 compared

with the control group (dotted line), ANOVA/SNK (n = 3–5).

Fig. 4. Effects of (a) acute and (b) sub-chronic treatment with clozapine (Cloza) and

alstonine (Alsto) on mouse striatal synaptosomal DA uptake (n = 8–10). Data are

expressed as % control. ∗ = p < 0.05 compared with control (Ctrl) or saline group,

ANOVA/SNK.
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Dopamine uptake

Synaptosomal preparations were obtained from acute or sub-

chronic treated mice. In the acute treatment, mice were treated with

saline, clozapine (2.0 mg/kg) or alstonine (0.5 or 1.0 mg/kg) and sac-

rificed 30 min later; in the subchronic treatment, mice received the

same treatments daily for 7 days and were sacrificed 24 h after the

last administration.

[3H] Dopamine uptake was determined in rat striatal synapto-

somal preparations based on the method detailed by Fleckenstein

et al. (1999) and Pandolfo et al. (2011). Briefly, synaptosomes were

prepared by homogenizing mouse striatal fresh tissue in ice-cold Tris

buffer (0.32 M sucrose, 1 nM EDTA and 0.25 nM DTT; pH 7.4), followed

by centrifugation (1000 g/10 min/4 °C). Supernatants (S1) were cen-

trifuged at 17,000 g for 20 min at 4 °C; the resulting pellets (P2) were

re-suspended in assay buffer (in mM: 126 NaCl, 4.8 KCl, 1.3 CaCl, 1.4

MgSO4, 11 glucose, 1.1 ascorbic acid, 16 sodium phosphate; pH 7.4)

and centrifuged (17,000 g/10 min/4 °C) to completely remove resid-

ual sucrose. The final P2 pellets were re-suspended in ice-cold assay

buffer. Aliquots of striatal synaptosomes (50 μl) were warmed for

4 min at 37 °C and incubated for 5 min at 37 °C in glass test-tubes

(500 μl final incubation volume) with 500 nM dopamine (0.09 μCi/ml

[3H]dopamine was used as trace with unlabeled dopamine) and 1 μM

pargyline (to prevent dopamine metabolization by MAO). Incubations

were terminated by adding 2 ml of ice-cold assay buffer, followed by

vacuum filtration through glass microfiber filters (Whatman GF/B).

The filters were washed twice with 3 ml ice-cold 0.32 M sucrose, dried

for 10 min at 60 °C and placed in scintillation vials containing 1.5 ml

scintillation liquid. Radioactivity was measured using a scintillation

counter (2800TR TriCarb Liquid Scintillation Analyzer, Perkin Elmer –

Waltham, MA, USA). Synaptosome protein content was measured as

described by Bradford (1976), using bovine serum albumin (BSA) as a

standard. Dopamine uptake was converted into pmol DA/min/mg pro-

tein and expressed as % of control. All experiments were performed

in triplicate.

Demonstrating that dopamine was mainly transported by DAT,

pilot experiments determined that the selective DAT inhibitor GBR

12909 (1 μM) inhibited dopamine uptake by 89.3% in these prepara-

tions (data not shown). Here, 50 μM unlabeled dopamine resulted in

89.9% inhibition, indicating that there was 11% non-specific uptake

(data not shown). The non-specific uptake was determined for each

synaptosomal preparation (using 50 μM unlabeled DA).

Statistics

Data were analyzed using one-way ANOVA followed by the

Newman–Keuls post hoc test using GraphPad Prism 5 for Windows;

p < 0.05 was set as the threshold for statistical significance.

Results

D2R quantitative autoradiography

Clozapine (10 and 100 μM) significantly decreased [3H]

nemonapride binding in the CPu and NAc (medial CPu F(4,20) = 41.1;

lateral CPu F(4,19) = 72.2; NAc core F(4,19) = 65.6; NAc shell

F(4,19) = 39.9; p < 0.01) (Fig. 3). Alstonine (10 and 100 μM) did not

modify [3H]nemonapride binding.

Dopamine uptake

Acute treatment with 1.0 mg/kg (but not 0.5 mg/kg) alstonine

increased synaptosomal dopamine uptake (F(3,32) = 3.2; p < 0.05,

Fig. 4a). Clozapine treatment did not significantly affect synaptosomal

dopamine uptake (Fig. 4a). Subchronic treatment with alstonine or

clozapine did not modify dopamine uptake (F(3,33) = 0.3; p > 0.05)

(Fig. 4b).
iscussion

The data obtained in this study corroborate our previous hypoth-

sis that alstonine does not bind to D2R because the QAR data clearly

emonstrate that alstonine does not bind to D2R. In addition to the

ack of D2R binding in striatal membrane preparations (Costa-Campos

t al. 1998) and the lack of changes in prolactin levels (Linck et al.

011), the absence of D2R binding, now better characterized using

AR data, can be considered an important differential aspect of alsto-

ine as an antipsychotic drug. D2R is abundant in the NAc and CPu

rain areas, which are relevant for positive schizophrenia symptoms

nd antipsychotic side effects, respectively. The QAR method was used

o simultaneously examine the effects of alstonine in several relevant

nd small brain regions, i.e., the NAc core and shell.

Another important finding in this study is that in mice treated with

lstonine, there was a two-fold increase in striatal DA uptake, which is
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orrelated with the dose and timing of the antipsychotic-like effects of

lstonine in mice models of positive symptoms (Costa-Campos et al.

998). Increasing DA synaptic uptake represents a novel mechanism

or decreasing dopamine transmission, which could ultimately reg-

late the purported hyperactive mesolimbic dopamine. The increas-

ng effects of alstonine on DA uptake are not observed after chronic

-day treatment; because the DA levels are normal in experimental

nimals, such a compensatory mechanism is to be expected. The re-

ults of long-term alstonine administration are likely to differ in the

ontext of hyperactive DA pathways, such as in the brains of people

ith schizophrenia.

There are approximately 40 different antipsychotics on the mar-

et, all of which block D2R to some extent (Insel 2010; Ellenbroek

012). The consistent antipsychotic profile of alstonine in mice, as

ell as the therapeutic outcomes alleged by traditional Nigerian psy-

hiatrists, requires that the mechanism of dopamine pathway modu-

ation be clarified. Although other antipsychotic-like compounds lack-

ng D2R binding are under development (such as mGluR2/3 ligands,

7 nicotine agonists and 5-HT6 antagonists) (Ellenbroek 2012), to

he best of our knowledge, this is the first report of an antipsychotic-

ike compound that modulates DA uptake. The increase in DA uptake

eported here coincides with the observed increased DOPAC (intra-

euronal DA metabolite) levels in the striatum of mice acutely treated

ith the same doses of alstonine (Linck et al. 2011).

The DAT transporter has been a proposed target for developing

ew antipsychotics (Runyon and Carroll 2006). As the primary mech-

nism responsible for regulating DA availability at the non-cortical

ynaptic cleft (Leviel 2011; Runyon and Carroll 2006), DAT plays key

oles in cognition, affect, behavioral reinforcement and motor func-

ion (Gainetdinov and Caron 2003; Volz and Schenk 2005). The DAT

ensity (in rodents and humans) is lower in the frontal cortex, where

oradrenaline transporter (NET) and catechol-O-methyltransferase

COMT) are responsible for DA inactivation (Morón et al. 2002). Due

o this differential DAT distribution, alstonine-induced increases in

opamine uptake would be particularly relevant for decreasing DA

evels in non-cortical synapses but would have little impact in cor-

ical areas. Given the cortical/mesolimbic imbalance in DA func-

ion in schizophrenia (Abi-Dargham 2004), a differential modula-

ion of dopamine function in the cortex and mesolimbic areas is

esirable for an optimal antipsychotic medication (Correll 2011). In-

reasing DA uptake may be an adequate mechanism for attenuat-

ng schizophrenia dopamine hyperactivity, possibly without the un-

anted side effects associated with the direct blockade of dopamine

eceptors.

Notably, reserpine irreversibly blocks the vesicular monoamine

ransporter (VMAT2), and there is evidence that reserpine also in-

ibits DAT (Metzger et al. 2002). Alstonine is present in Rauwolfia

pecies such as Rauwolfia caffra Sond. and Rauwolfia vomitoria Afzel.

Elisabetsky and Costa-Campos, 2006) and shares the same biosyn-

hetic pathway as reserpine. For this reason, these two alkaloids have

ome structural similarities that may be relevant to their effects

n monoamine transporters. Since the discovery of reserpine, an-

ipsychotics have ameliorated the quality of life of schizophrenia pa-

ients (Duval and Goldman 2000), although the cognitive and negative

ymptoms are, unfortunately, little improved (Dolgin 2014). Due to

he complexity of schizophrenia neurobiology, multiple-target drugs

re expected to possess a better antipsychotic profile (Kim and Stahl

010). In addition to the participation of 5HT2A/C serotonin recep-

ors (Linck et al. 2012) and glutamate (Herrmann et al. 2012) in the

ntipsychotic-like effects of alstonine, this study indicates the neuro-

hemical mechanism by which dopamine transmission modulation

ontributes to the antipsychotic profile of alstonine.
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