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Abstract

Context: Erythrina (Fabaceae) has been identified throughout the World's tropical and subtropical areas. Recent studies have shown that this species has
probable anxiolytic and anti-depressant effects.

Aims: To evaluate Erythrina sp. extract administration as anxiolytic and anti-depressant-like effects in animal models.

Methods: Studies were retrieved from PubMed, Google Scholar, Science Direct, and Scopus and were searched from inception until 30 March 2024. Based on
the PRISMA 2020 statement criteria were performed. Eleven studies were included for review, and six studies were eligible for meta-analysis.

Results: The meta-analysis showed the Erythrina sp. extract showed a significant reduction in anxiety in elevated plus maze (EPM) with standardized mean
differences (SMDs) = 4.89 (95% confidence interval (Cl) = 2.99-6.79; z = 5.05; p<0.0001) for time spent open arm % (TSOA%) or the number of TSOA and open
field test (OFT) with SMDs of 2.71 (95% Cl, 1.26-4.15; z = 3.68; p=0.0002) for crossing; SMDs of 0.82 (95% Cl, 0.11-1.53; z = 2.25; p=0.02) for rearing. Out of the 58
behavioral assessment groups that were tested using EPM, up to 28 groups showed an increase in the percentage of open arm entries (OAE) or OAE number
and TSOA groups. In the OFT, 11 out of 22 intervention groups demonstrated improvements in crossing and rearing numbers.

Conclusions: Several behavioral tests demonstrated a notable enhancement in anxiolytic and anti-depressant-like effects after the administration of Erythrina
sp. extracts. While the interpretation of these data is limited, they indicate that Erythrina sp. extract could potentially provide a treatment for anxiety and
depression.

Keywords: Erythrina; anxiolytic agents; behaviors; elevated plus maze; open field test.

Resumen

Contexto: Erythrina (Fabaceae) se ha identificado en todas las areas tropicales y subtropicales del mundo. Estudios recientes han demostrado que esta
espece presenta probables efectos ansioliticos y antidepresivos.

Objetivos: Evaluar la administracion de extracto de Erythrina sp. como efectos ansioliticos y antidepresivos en modelos animales.

Métodos: Los estudios se recuperaron de PubMed, Google Scholar, Science Direct y Scopus y se buscaron desde el inicio hasta el 30 de marzo de 2024. Se
realizaron criterios de declaracién PRISMA 2020. Se incluyeron once estudios para revision y seis estudios fueron elegibles para metanalisis.

Resultados: El metanalisis mostrd que Erythrina sp. El extracto mostré una reduccidn significativa en la ansiedad en el laberinto elevado en cruz (EPM) con
diferencias de medias estandarizadas (SMD) = 4,89 (intervalo de confianza (IC) del 95% = 2,99-6,79; z = 5,05; p<0,0001) para el tiempo empleado en el brazo
abierto % (TSOA%) o el nimero de TSOAy prueba de campo abierto (OFT) con SMD de 2,71 (IC del 95%, 1,26-4,15; z = 3,68; p=0,0002) para cruzar; SMD de 0,82
(IC del 95%, 0,11-1,53; z = 2,25; p=0,02) para encabritado. De los 58 grupos de evaluacién del comportamiento que se probaron utilizando EPM, hasta 28
grupos mostraron un aumento en el porcentaje de entradas en el brazo abierto (OAE) o el nimero de OAE y grupos TSOA. En el estudio OFT, 11 de los 22
grupos de intervencién demostraron mejoras en el nimero de cruces y crias.

Conclusiones: Varias pruebas de comportamiento demostraron una mejora notable en los efectos ansioliticos y antidepresivos después de la administracion
de extractos de Erythrina sp. Si bien la interpretacién de estos datos es limitada, indican que el extracto de Erythrina sp. podria proporcionar potencialmente
un tratamiento para la ansiedad y la depresidn.

Palabras Clave: agentes ansioliticos; comportamientos; Erythrina; laberinto elevado en cruz; prueba de campo abierto.
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Abbreviations: EPM: Elevated plus maze; SMDs: Standardized mean differences; CI: Confidence interval; TSOA: Time spent open arm;
OFT: Open field test; OAE: Open arm entries; GABA: Gamma-aminobutyric acid; PICOS: Populations, interventions, comparisons,

outcomes, study design.

INTRODUCTION

Depression and anxiety are among the most preva-
lent mental health issues worldwide (Javaid et al.,
2023). Approximately 4.05% of the worldwide popu-
lation, equivalent to 301 million individuals, have an
anxiety-related illness (Javaid et al., 2023). The in-
creasing incidence of global anxiety poses a substan-
tial risk to people's overall well-being and quality of
life (Racine et al., 2021). When these events signal
danger to the prefrontal cortex and amygdala, they
activate a fight-or-flight reaction, which can result in
psychophysiological responses such as dizziness,
elevated heart rate, and sweating (Adwas et al., 2019).
Untreated chronic anxiety is linked to several health
complications, including hypertension and cardiovas-
cular disease. Standard methods of managing anxiety
are usually comprised of a combination of pharma-
cotherapy and psychotherapy (Sartori and Singewald,
2019). Evidence shows that pharmacological treat-
ment may have significant negative consequences,
such as headaches, sexual dysfunction, addiction,
seizures, and suicide (Yeung et al., 2018). Moreover, it
can result in adverse events or a delay in effectiveness
(Kenda et al., 2022). For this reason, many patients
prefer to use natural remedies to alleviate symptoms
of anxiety (Kenda et al., 2022).

Several plants can alleviate various symptoms of
mental health disorders (Kenda et al., 2022), especially
those with flavonoid content, which has anxiolytic
properties (de Oliveira et al., 2014; Karim et al., 2018).
Plants of the genus Erythrina, which is widespread in
tropical and subtropical regions, are members of the
Fabaceae family and comprise more than 130 species
(Fahmy et al., 2018; 2020). In the past, people widely
used plants of this genus to treat several diseases,
particularly the species that are effective for manag-
ing microbial infection (Namkoong et al., 2011) and
have anti-inflammatory (Kumar et al, 2010) anti-
plasmodial effects (Rukachaisirikul et al., 2007).
Moreover, people have used the stem bark and leaves
of these plants to formulate infusions with calming
and anxiolytic properties (de Oliveira et al., 2014).

Fahmy et al. (2018) showed that flavonoids and al-
kaloids are the primary bioactive components of ex-
tracts from the genus Erythrina. Flavonoids and their
derivatives have been identified as gamma-
aminobutyric acid (GABA) modulators, which have
anxiolytic properties (de Oliveira et al., 2014; Hanra-
han et al., 2011, Wasowski and Marder, 2012). Fur-
thermore, on the basis of in vitro and in vivo test re-
sults, several studies have shown that Erythrina sp.
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plant are quite safe to use (Susilawati et al., 2023).
Another review study by (Gilhotra and Dhingra,
2008) conveyed that Erythrina velutina and Erythrina
mulungu have anxiolytic effects.

However, plants of the genus Erythrina have never
been commonly used as a standard treatment for de-
pression or anxiety in humans. Moreover, research on
human subjects is still lacking owing to the limited
amount of research on the effects of these plants. Re-
cent research using rat models with anxiolytic and
anti-depressants-like behaviors or behavioral tests has
provided substantial evidence that confirms the anxi-
olytic and anti-depressant characteristics of plants of
the genus Erythrina. A behavioral test is primarily and
specifically designed to validate and substantiate a
theory of cognition or emotion, which can be used to
confirm anxiety-like behaviors (Belovicova et al.,
2017). An animal model of human behavior is a repre-
sentation of the intricate cognitive and emotional
processes that may be observed in both animals and
humans (Belovicova et al, 2017). This means that
human behaviors can be projected from animal be-
haviors.

Nevertheless, no current scientific research has de-
finitively determined the impacts of administering
anxiolytic and anti-depressant medications formulat-
ed with plant extracts from Erythrina sp. in the clinical
field. There are still inconsistent results regarding the
effects of Erythrina sp. on behavior in experimental
animals. Meta-analysis research provides a clearer
and more accurate picture by combining the statistical
power of several studies. Because of the reasons
above, the aim of this study was to summarise the
current preclinical research that examined the impact
of Erythrina sp. administration on acute and chronic
animal models compared with saline or vehicle in an
intervention study. The data obtained can be used as
a foundation for implementing positive aspects for
humans.

MATERIAL AND METHODS

Eligibility criteria

All studies investigating the effect of administer-
ing an extract or active compound from Erythrina sp.
toward anxiety behavior tests on rats or mice by acute
or chronic treatment. All studies were conducted by
comparison or control group. This investigation ad-
hered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol, fol-
lowing the preferred reporting items for systematic
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review and meta-analysis (PRISMA) and the PICOS
(population, interventions, comparison, outcomes,
and study design) question format in the following
investigations (Moher et al., 2009):

e P (Population): Either rats or mice were used
as study subjects.

I (Interventions): An extract or active com-
pound from Erythrina sp. was administered
to subjects with acute or chronic anxiety or
depression.

¢ C (Comparisons): Saline or vehicle was used
for comparison.

e O (Outcomes): The study outcomes were the
anxiety behavior test results

e S (Study design): An intervention study was
conducted.

Primary outcome measures: Anxiety behavior test,
including the elevated plus maze (EPM) and open
field test (OFT) for a quantitative study, defined as
follows: (1) EPM. This anxiety index was determined
using the percentages of open arm entry (OAE%) and
time spent in open arms (TSOA); (2) OFT. This test
was used to assess the animal's inquisitive behavior.
The mouse was positioned in the middle square, and
its traversal of squares was quantified (crossing),
while its instances of standing on hind limbs (rearing)
were observed and documented.

Information sources

We conducted a comprehensive search on various
academic databases, including PubMed, Science Di-
rect, Google Scholar, and Scopus, until 30 March 2024,
using a comprehensive and organized approach
based on the PICOS paradigm. No limitations were
set in terms of language or year publication.

Search strategy

The search terms used were: (((erythrina) OR
(‘coral tree’)) AND ((anxiolytic) OR (anti-anxiety
agent))) OR (((erythrina) OR (‘coral tree”)) AND (anti-
depressant)). After extracting all records from the
Rayyan Ai management software, duplicates were
identified and then removed.

Selection process and data collection process

Studies were selected independently by NR. All
steps (titles, abstracts, and full texts) were performed
in duplicate to exclude unnecessary papers through-
out the initial screening process. Subsequently, rele-
vant papers were gathered and reviewed for com-
pleteness, in accordance with the specific require-
ments for inclusion and exclusion, to ensure their
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appropriateness for the study. Each disagreement by
discussion was decided with a second (ENS) and a
third author (KA). For studies with missing data, the
authors were contacted directly to ask them for fur-
ther information.

Data items

One reviewer (NR) extracted the information in-
dependently. A second (ENS) and third reviewer
(KA) moderated any disagreement, if necessary. The
data collected from each article included the year of
publication, authors, rodent species and strain, sam-
ple size, and the types of outcomes assessed (EPM
and OFT) for quantitative study and another anxiety
behavior test to obtain secondary outcomes. From the
experimental group, test outcomes were collected as
measures of mean and variance (standard error of the
mean or standard deviation [SD]) for each study. Data
were synthesized in a data form specifically designed
for meta-analysis using significant category methods,
and measurement data were recorded in Microsoft
Excel (version 16.38, Microsoft Corp, Redmond, WA).
Relevant missing data were obtained by contacting
the original authors. Only when we failed to contact
the authors three times did we classify the article as
unsuitable on the basis of the specified criteria for the
desired outcome. The present evaluation was per-
formed in accordance with the principles in the
PRISMA (Moher et al., 2009).

Study risk of bias assessment

The study evaluated bias using SYRCLE's risk-of-
bias tool for animal intervention studies (Hooijman et
al., 2014). Ten domains were evaluated, including the
random group allocation (selection), groups similar at
baseline (selection), blinded group allocation (selec-
tion), random outcome assessment (detection), blind-
ed intervention (performance), random outcome as-
sessment (detection), blinded outcome assessment
(detection), reporting of drop-outs (attrition), free of
selective outcome reporting (reporting), and other
biases (Hooijman et al., 2014). The risk of bias was
assessed for each domain and categorized as low,
unclear, or high. Two reviewers discussed any dis-
crepancies and, if necessary, achieved consensus with
the corresponding author.

Summary of measures and synthesis of results

Although all behavioral measures were included
in our dataset, meta-analyses were only conducted for
the most commonly reported behavioral measures
and available data as follows: EPM and OFT (i.e., the
OAE% and TSOA; the quantification of crossing and
rearing). To analyze the data, RStudio version 4.3.2
for meta-analysis was used. For continuous outcomes,
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Identification of studies via databases and registers
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Figure 1. PRISMA flow diagram.
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the standardized mean differences (SMDs) were cal-
culated. A random-effects model was used as the
primary meta-analysis method for all primary out-
comes based on the SMDs, 95% confidence interval
(CIs), and z and p values as statistical measurements.
Hedge's g was used as the pooled measurement of
effect size, as it is preferred over Cohen's d for small
samples. All primary results were on the two out-
comes of interest, EPM and OFT. Publication bias was
assessed using funnel plots and Egger's test. Hetero-
geneity was measured using the 12 statistics and chi-
square test.

RESULTS

Study selection

This systematic review and meta-analysis study
involved the search and selection of 766 studies from
various databases, namely PubMed (35 studies),
Google Scholar (488 studies), Science Direct (86 stud-
ies), and Scopus (157 studies). After eliminating du-
plicate entries from the 766 studies, 636 studies were
retained for further analysis. After a preliminary as-
sessment of the abstracts, 607 studies were eliminated
from consideration because they did not meet the
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criteria in terms of subject matter or content. After
that, 29 studies were subjected to a thorough evalua-
tion of the 11 included in the review. The most com-
mon reasons for exclusion were unsatisfactory inter-
vention and inclusion criteria, unacceptable out-
comes, and incomplete data. In addition, no eligible
articles were discovered by manual search. Eventual-
ly, six were included in the meta-analysis (Fig. 1).

Study characteristics

The descriptive characteristics of the 11 included
studies are presented in Table 1. The six selected me-
ta-analysis studies, which included rat and mouse
studies, were conducted between 2000 and 2019 and
are presented in Table 2. Subjects received acute or
chronic treatment with extracts or active compounds
from E. variegata (three studies) (Chu et al., 2019; Ku-
mar et al,, 2019; Pitchaiah et al., 2010), E. mulungu
(two studies) (Flausino et al., 2007; Santos Rosa et al.,
2012), E. velutina (two studies) (Raupp et al., 2008;
Teixeira-Silva et al., 2008), E. mysorensis (one study)
(Nagaraja et al., 2012), E. droogmansiana (one study)
(Talla et al., 2015) and E. edulis (one study) (Sarmiento
etal., 2018).
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Table 1. The effect of Erythrina sp. extracts towards an anxiolytic and anti-depressant-like effect compared with the control group.

Preclinical anxiolytic and anti-depressant-like activities of Erythrina

. . . M

Author, year Subject Weight Treatment Dosages Duration Control group mz:'sl::lesment Outcome

Chuetal., 2019 Kunming mice 18-22¢g E. variegate extract 50, 100,200 mg/kg 7 days Vehicle (water) EPM E. variegate increased OAE% and TSOA%, but no
differences in 200 mg/kg.

Chuetal., 2019 Kunming mice 18-22¢g E. variegate extract 50, 100,200 mg/kg 7 days Vehicle (water) OFT E. variegate increased the number of crossings,
but there were no differences in the 100 mg/kg
value. E. variegate increased the number of
rearings, but not the 200 mg/kg value.

Nagarajaetal., 2012  Swiss albino 22-25g E. myosorensis ethanolic 200, 400 mg/kg Acute Vehicle (normal EPM E. myosorensis increased OAE% and TSOA %

mice extract saline)

Nagarajaetal., 2012  Swiss albino 22-25g E. myosorensis ethanolic 200, 400 mg/kg Acute Vehicle (normal OFT E. myosorensis increased the number of crossing

mice extract saline) and rearing

Raupp et al., 2008 Swiss albino 20-30g E. velutina hydroalcoholic 50, 100 mg/kg Acute and Vehicle EPM The chronic treatment of E. velutina increased the

mice extract chronic OAE% at 100 mg/kg, but there were no
differences in OAE% or TSOA% in 50 or 100 mg/kg
by acute or chronic treatment.

Santos Rosa et al., Wistar rat 200-250 g Erysothrine alkaloid from E. 0.5, 1,3 pg/ mL Acute Saline EPM Erysothrine increased the OAE number, but there

2012 mulungu extract were no differences at 3 pg/ mL. There are no
differences in the TSOA number for 0.5, 1, and 3
pg/ mL.

Flausino etal., 2007  Swiss mice 25-35g E. mulungu crude extract 100, 200, 400 Acute Saline EPM There were no differences between groups.

mg/kg

Tallaetal.,, 2015 Mus musculus 24-26g Phaseollidin, secondary 25, 50, 100 mg/kg Acute Distilled water EPM Phaseollidin increased OAE% and TSOA%, but

Swiss metabolite of E. there were no differences in 25 mg/kg for TSOA%.
droogmansiana

Tallaetal., 2015 Mus musculus 24-26¢g Phaseollidin, secondary 25, 50, 100 mg/kg Acute Distilled water OFT Phaseollidin increased the crossing number, but

Swiss metabolite of E. there were no differences at 100 mg/kg.
droogmansiana Phaseollidin increased the rearing number, but
there were no differences between 25 and 50
mg/kg.

Sarmiento et al., Swiss CD1 NA E. edulis methanolic extract 125, 250, 500 Acute Vehicle EPM E. edulis increased OAE and TSOA numbers, but

2018 mg/kg there were no differences in 500 mg/kg.

Sarmiento et al., Swiss CD1 NA E. edulis methanolic extract 125, 250, 500 Acute Vehicle OFT E. edulis increased the crossing number, but there

2018 mg/kg were no differences in 250 mg/kg.
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Table 1. The effect of Erythrina sp. extracts towards an anxiolytic and anti-depressant-like effect compared with the control group (continued...)

. . . M
Author, year Subject Weight Treatment Dosages Duration Control group mz:'sl::lesment Outcome
Kumar et al., 2019 Wistar rats 160-240 g E. variegate methanolic 100, 200 mg/kg Acute Vehicle (saline) EPM E. variegate increased OAE and TSOA% number,
extract but there were no differences in 100 mg/kg.

Teixeira-Silvaetal.,  Wistar rats 200-300 g E. velutina leaves alcohol 10,20 mg/kg Acute Saline EPM E. velutina increased the OAE% but not TSOA%.

2008 extract

Pitchaiah et al., Swiss albino 18-25¢g E. variegate of stem bark 100, 200, 400 Acute Control EPM E. variegate increased OAE number, but there

2010 mice aqueous extract mg/kg were no differences in 100 mg/kg. E. variegate
increased TSOA number, but there were no
differences in 100 and 200 mg/kg.

Pitchaiah et al., Swiss albino 18-25¢g E. variegate of stem bark 100, 200, 400 Acute Control OFT There were no differences in rearing numbers

2010 mice aqueous extract mg/kg between groups.

Ribeiro et al., 2006 Male Wistar rat 250-300 g E. velutina 100, 200, 400 Acute and Vehicle OFT There were no differences in crossing and rearing

mg/kg Chronic numbers between groups

EPM: Elevated plus maze; OAE%: Percentage of open arm entries; TSOA%: Percentage of time spent open arm; OFT: Open field test.

Table 2. Summary of the effects of Erythrina sp. extracts on anxiolytic and anti-depressant-like effect behavior for meta-analysis study.

. . . L h of Admini i M
Author, year Subject Gender Age Weight Intervention . ength o . dministration Dosage Control easurement
intervention route group method

Ribeiro et al., Wistar rat M NA 250-300 g Hydroalcoholic extract or E. mulungu and E. Acute Oral 100, 200, and 400 mg/kg Distilled  OFT

2006 velutina water

Nagaraja et al., Swiss albino M NA 22-25g Ethanolic and chloroform extract of E. Acute Oral 200 and 400 mg/kg Saline EPM, OFT

2012 mice mysorensis

Flausino et al., Swiss mice M NA 25-35g Crude extract of E. mulungu Acute Oral 100, 200, and 400 mg/kg Saline EPM

2007

Tallaetal.,, 2015 White mice Mus NA 8week 24-26+2g Phaseollidin, the secondary metabolite of E. Acute Oral 25,50, and 100 mg/kg Distilled EPM, OFT
musculus Swiss droogmansiana water

Kumar et al., Wistar rats NA NA 160-240 g Extract leaves of E. variegata Acute Oral 10, 20, 100, 500 mg/kg Saline EPM

2019

Pitchaiah et al., Swiss albino M/F NA 18-25¢g Aqueous extract stem bark of E. variegata Acute Oral 100, 200, and 400 mg/kg Vehicle EPM, OFT

2010 mice

M: Male; F: Female; NA: Not Applicable; OFT: Open field test; EPM: Elevated plus maze.
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risk-of-bias item for each included study.
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Figure 2. (A) SYRCLE's risk-of-bias graph: the review authors' judgments about each risk-of-bias item presented as
percentages across all included studies. (B) SYRCLE's risk-of-bias summary: Review authors' judgments about each

Risk of bias in studies

The risk of bias in the included studies was as-
sessed using SYRCLE's risk of bias tool, which in-
cludes 10 items related to 6 types of bias (selection,
performance, detection, attrition, reporting, and other
biases) (Hooijman et al., 2014). The score ‘H’ indicates
a high risk of bias; ‘L’ indicates a low risk of bias; and
‘blank” indicates an unclear risk of bias, as presented
in Fig. 2.

Results of synthesis

Effect of the administration of plant extract from Erythrina
sp. on anxiety behavior assessed using EPM

Researchers conducted 10 studies using Erythrina
sp. treatment and compared the result with a con-
trol/vehicle/saline group on EPM. The studies men-
tioned above, researchers treated Kunming mice (Chu
et al., 2019), Swiss albino mice (Nagaraja et al., 2012;
Pitchaiah et al., 2010), Wistar rats (Kumar et al., 2019;
Ribeiro et al., 2006), Mus musculus Swiss (Talla et al.,
2015) and Swiss CD130 with E. variegate (Chu et al.,
2019; Kumar et al., 2019; Pitchaiah et al., 2010), E. myo-
sorensis (Nagaraja et al., 2012), E. velutina (Ribeiro et
al., 2006; Teixeira-Silva et al., 2008), Erysothrine alka-
loid from E. mulungu (Santos Rosa et al., 2012), E.
mulungu (Flausino et al., 2007), Phaseollidin second-
ary metabolite of E. droogmansiana (Talla et al., 2015),
E. edulis (Sarmiento et al., 2018). Ten studies investi-
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gated the effects of Erythrina sp. on anxiety behavior
assessed using EPM, either acutely or chronically,
while varying the dosage (Table 1).

In their study, Chu et al. (2019) discovered that
administering E. variegate extract to mice at dosages of
50, 100, and 200 mg/kg for a period of seven days
resulted in an increase in OAE% and TSOA%. How-
ever, the highest dose of 200 mg/kg showed no sig-
nificant alterations. According to Nagaraja et al.
(2012), the ethanolic extract of E. myosorensis, when
administered at doses of 200 and 400 mg/kg, acutely
increased OAE% and TSOA%. Raupp et al. (2008)
observed an increase in OAE% at a dose of 100
mg/kg during chronic treatment, subsequent to acute
and chronic administration of 50 and 100 mg/kg.
Nevertheless, other doses had no effect on OAE% or
TSOA%. Santos Rosa et al. (2012) discovered that the
erysothrine alkaloid present in E. mulungu extracts,
when administered in acute doses of 0.5, 1, and 3
pg/ml, increased the levels of OAE. However, there
was minimal disparity between the concentration of 3
pg/ml and the quantity of TSOA.

Flausino et al. (2007) found that crude extracts of
E. mulungu (100, 200, 400 mg/kg acutely) did not
show significant differences between groups. Talla et
al. (2015) found that phaseollidin, a secondary metab-
olite of E. droogmansiana (25, 50, and 100 mg/kg given
acutely), increased OAE% and TSOA%. However, the
25 mg/kg dose did not make a difference in TSOA%.
According to Sarmiento et al. (2018), E. edulis meth-
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anolic extract (125, 250, and 500 mg/kg acutely) raises
the levels of OAE and TSOA, but the dose of 500
mg/kg did not make a difference.

Kumar et al. (2010) showed that methanolic extract
of E. variegate (100, 200 mg/kg acutely) increased
OAE and TSOA by%, but there was no significant
difference in the dosage of 100 mg/kg. Teixeira-Silva
et al. (2008) found that E. velutina leaf alcohol extract
(acutely 10, 20 mg/kg) increases the OAE by %, but
there were no significant differences in TSOA. Finally,
Pitchaiah et al. (2010) discovered that the E. variegate
strain extracts (acute 100, 200, and 400 mg/kg) in-
creased the number of OAES, but there were no sig-
nificant variations in the dose of 100 mg/kg. They
also observed an increase in the amount of TSOA, but
no significant discrepancies at dosages of 100 and 200

mg/kg.

Fig. 3 shows the effects of using the EPM accord-
ing to the device used to measure anxiety behaviors
in five studies (Table 2) on Erythrina sp. (Talla et al.,
2015; Flausino et al., 2007; Kumar et al., 2010; Nagara-
ja et al., 2012; Pitchaiah et al., 2010), which were di-

Preclinical anxiolytic and anti-depressant-like activities of Erythrina

vided into k = 13 different treatments for analysis.
First, a random-effects meta-analysis was performed,
combining all studies independent of the manipula-
tion or anxiety indicator using the EPM by OAE% or
the number of OAE and TSOA% or TSOA (see Fig.
3A-B), yielding a small and statistically significant
pooled effect size. The overall effect of Erythrina sp. on
OAE% or the number of OAE was not significant,
with a SMDs of 0.34 (95% CI, 2.84 t0 3.52;, z=0.21; p =
0.83; k = 13) and significant heterogeneity between the
studies (I2 = 86%, Q = 86.11, df = 12, p<0.0001; Fig.
3A). Significant evidence of publication bias was
found, as indicated by the funnel plot asymmetry and
Egger's test result (p = 0.02; Fig. 4A.). However, the
overall effect of treatment with Erythrina sp. extract on
TSOA%, or the number of TSOA was significant, with
a SMDs of 4.89 (95% ClI, 2.99-6.79; z = 5.05; p<0.0001),
with significant heterogeneity between the studies (I2
= 83.3%, Q = 66, df = 11, p<0.0001; Fig. 3B). Also, no
significant evidence of publication bias was found, as
indicated by the funnel plot asymmetry and Egger's
test (p = 0.53; Fig. 4B).

A
Experimental Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%-Cl Weight
OAE(%) | Nagaraja et al., 2012 - E. mysorensis, 200 mg 6 48.10 1.8000 6 21.90 2.7000 ——— 10.54 [ 5.33;15.74] 6.8%
OAE(%) | Nagaraja et al., 2012 - E. mysorensis, 400 mg 6 46.30 3.0000 6 21.90 2.7000 —a— 7.89 [ 3.92;11.86] 7.4%
OAE(%) | Flausino et al., 2007- E. mulungu, 100 mg 8 21.98 5.1800 8 17.27 4.2300 . 094 [-0.11; 1.99] 8.3%
OAE(%) | Flausino et al., 2007- E. mulungu, 200 mg 8 25.14 45100 8 17.27 4.2300 = 1.70 [ 0.51; 2.89] 8.3%
OAE(%) | Flausino et al., 2007- E. mulungu, 400 mg 8 17.73 3.2000 8 17.27 4.2300 0.12 [-0.87; 1.10] 8.3%
OAE(%) | Talla et al., 2015 - E. droogmansiana de Wild, 25 mg 5 50.30 4.3500 5 87.00 0.0010 ———— -10.77 [-16.85; -4.69] 6.4%
OAE(%) | Talla et al., 2015 - E. droogmansiana de Wild, 50 mg 5 47.90 57800 5 87.00 0.0010 —+&— -8.64 [-13.57;-3.70]  7.0%
OAE(%) | Talla et al., 2015 - E. droogmansiana de Wild, 100 mg 5 40.70 5.7900 5 87.00 0.0010 —=— | -10.21 [-15.99; -4.43] 6.6%
OAE (number) | Kumar et al., 2019 - E. variegata, 100 mg 6 5.00 0.8563 6 3.67 0.3300 i 1.90 [ 0.44; 3.35] 82%
OAE (number) | Kumar et al., 2019 - E. variegata, 200 mg 6 5.83 0.3073 6 3.67 0.3300 P 6.27 [ 3.04; 949] 77%
OAE (number) | Pitchaiah et al., 2010 - E. variegata, 100 mg 6 5.66 1.0200 6 3.66 13.1600 0.20 [-0.94; 1.33] 8.3%
OAE (number) | Pitchaiah et al., 2010 - E. variegata, 200 mg 6 10.33 1.1400 6 3.66 13.1600 ] 0.66 [-0.52; 1.83] 8.3%
OAE (number) | Pitchaiah et al., 2010 - E. variegata, 400 mg 6 10.66 1.3500 6 3.66 13.1600 | 0.69 [-0.49; 1.87] 8.3%
Random effects model 81 81 4?> 0.34 [-2.84; 3.52] 100.0%
Heterogeneity: /> = 86.1%, i* = 31.3353, p < 0.0001 rroT T
1510 5 0 5 10 15
B
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
TSOA (%) | Nagaraja et al., 2012 - E. mysorensis, 200 mg 6 2550 1.9000 6 11.50 1.6000 - 7.35[3.63;11.08] 7.6%
TSOA (%) | Nagaraja et al., 2012 - E. mysorensis, 400 mg 6 27.00 2.6000 6 11.50 1.6000 - 6.63 [ 3.24; 10.01] 8.0%
TSOA (%) | Flausino et al., 2007- E. mulungu, 100 mg 8 1230 4.4700 8 6.59 2.2000 ] 1.53 [0.38; 2.68] 10.4%
TSOA (%) | Flausino et al., 2007- E. mulungu, 200 mg 8 12.36 2.9500 8 6.59 2.2000 [ 2.10 [0.81; 3.38] 10.3%
TSOA (%) | Flausino et al., 2007- E. mulungu, 400 mg 8 7.74 2.2400 8 6.59 2.2000 0.49 [-0.51; 1.49] 10.5%
TSOA (%) | Talla et al., 2015 - E. droogmansiana de Wild, 25 mg 5 3850 5.0700 5 7.53 1.6000 —— 7.44 [3.14;11.73] 6.9%
TSOA (%) | Talla et al., 2015 - E. droogmansiana de Wild, 50 mg 5 32.60 3.2300 5 7.53 1.6000 —+—— 8.88[3.81;13.94] 6.1%
TSOA (%) | Kumar et al., 2019 - E. variegata, 100 mg 6 67.50 5.0650 6 51.50 8.8570 k3 2.05 [0.55; 3.55] 10.1%
TSOA (%) | Kumar et al., 2019 - E. variegata, 200 mg 6 9867 11.6700 6 51.50 8.8570 = 4.20 [1.88; 652] 9.3%
TSOA (number) | Pitchaian et al., 2010 - E. variegata, 100 mg 6 76.50 7.8900 6 29.16 7.9400 —a— 552 [263; 841] 8.6%
TSOA (number) | Pitchaiah et al., 2010 - E. variegata, 200 mg 6 129.50 11.0000 6 29.16 7.9400 = —— 0.65[4.87;14.44] 6.4%
TSOA (number) | Pitchaiah et al., 2010 - E. variegata, 400 mg 6 13366 9.9700 6 29.16 7.9400 —+——10.70 [ 5.42; 15.98] 5.9%
Random effects model 76 76 4.89 [2.99; 6.79] 100.0%
Heterogeneity: /> = 83.3%, < = 8.7355, p < 0.0001 T T
15 10 5 0 5 10 15
Figure 3. (A) Forest plot of the meta-analysis studies, with the percentages of open arm entries (OAE%) or the number of open arm entries
(OAE). The effects on the right side of the dashed line indicate that treatment with Erythrina sp. extract increased the OAE% or OAE. Opposite
effects are indicated on the left side of the dashed line. (B) Forest plot of the meta-analysis studies, with the percentages of time spentin
open arm (TSOA%) or time spent in open arm (TSOA). The effects on the right side of the dashed line indicate that treatment with Erythrina
sp. extract increased the TSOA% or TSOA. Opposite effects are indicated on the left side of the dashed line. RE: random effect.
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Effect of Erythrina sp. treatment on anxiety behavior using
the OFT

Researchers conducted five studies using Erythrina
sp. treatment and compared the result with a con-
trol/vehicle/saline group on OFT. (Table 1). In the
studies mentioned above, researchers treated Kun-
ming mice (Chu et al, 2019), Swiss albino mice
(Pitchaiah et al., 2010; Nagaraja et al., 2012) Mus mus-
culus Swiss (Talla et al., 2015), Swiss CD1 (Sarmiento
et al., 2018) and Wistar rats (Ribeiro et al., 2006) were
treated by E. variegate (Chu et al., 2019), E. myosorensis
(Nagaraja et al., 2012), E. variegate (Pitchaiah et al.,
2010), phaesollidin secondary metabolite of E. droog-
mansiana (Talla et al., 2015), E. edulis (Sarmiento et al.,
2018) and E. velutina (Ribeiro et al., 2006).

The study performed by Chu et al. (2019) discov-
ered that administering E. variegate extract to mice at
dosages of 50, 100, and 200 mg/kg for a period of
seven days resulted in an increased number of cross-
ing but no differences in the 100 mg/kg. It has also
increased the number of rearing, but not in a dosage
of 200 mg/kg. However, E. myosorensis dosages of 200
and 400 mg/kg acutely increased the number of
crossing and rearing (Nagaraja et al., 2012). Another
result by Talla et al. (2015) of 25, 50, and 100 mg/kg of
phaseollidin acutely increased the crossing number
but had no effect on 100 mg/kg. Phaseolidin also
increased the rearing number to 100 mg/kg, but not
to 25 and 50 mg/kg. Sarmiento et al. (2018) showed
that E. edulis acutely increased the crossing number in
both 125 and 500 mg/kg but had no effect on 250
mg/kg. Unfortunately, there were no differences be-
tween 100, 200, and 400 mg/kg acutely of rearing
numbers by Pitchaiah et al. (2010) and (Ribeiro et al.,
2006).

Fig. 5 shows the effect of using OFT on anxiety be-
havior according to the device used in four studies on
Erythrina sp. (Nagaraja et al.,, 2012; Pitchaiah et al.,
2010; Ribeiro et al., 2006; Talla et al., 2015). This
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was divided into k = 14 different treatments for anal-
ysis. First, a random-effects meta-analysis was per-
formed, combining all studies independent of the
manipulation or anxiety indicator using OFT by cross-
ing and rearing (see Fig. 5A-B), yielding a small and
statistically significant pooled effect size. The main
mixed-effects model, which nested the effect sizes
with the measurement type, study group, and articles
(with effect size weights nested within the control
groups), revealed a significant difference, with a
SMDs of 2.71 (95% CI, 1.26-4.15; z = 3.68; p = 0.0002)
for crossing, indicating high heterogeneity between
the studies (I> = 83%, p<0.01; Fig. 5A) and significant
evidence of publication bias as indicated by the fun-
nel plot asymmetry and Egger's test (p = 0.0002; Fig.
6A). However, the overall effect of treatment with
Erythrina sp. extract on rearing was significant, with a
SMDs of 0.82 (95% CI, 0.11-1.53; z = 2.25; p = 0.02) for
rearing, indicating high heterogeneity between the
studies (I2 = 69%, p<0.01; Fig. 5B). No significant evi-
dence of publication bias was found, as indicated by
the funnel plot asymmetry and Egger's test (p = 0.12;
Fig. 6B).

DISCUSSION

Approximately 120 million individuals worldwide
are affected by depression, a psychological condition
that is both common and frequently severe. It is char-
acterized by a distinct change in mood, including
feelings of sadness, loss of interest and pleasure, feel-
ings of guilt or low self-worth, disturbed sleep or
appetite, and feelings of tiredness and poor concen-
tration (Funk et al., 2012). There are many drugs
available for treating depression that specifically af-
fect the monoamine transporters responsible for regu-
lating the absorption of neurotransmitters such as
dopamine, serotonin, and norepinephrine (Berton and
Nestler, 2006). Erythrina, a member of the Fabaceae
family, is a conventional plant commonly employed
for its therapeutic properties. They have the ability to
regulate neurotransmitters (Chu et al., 2019).
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A

Experimental
Study Total Mean sD
Crossing | Ribeiro et al. 2006 - E. velutina, 100 mg 6 39.00 3.0000
Crossing | Ribeiro et al. 2006 - E. velutina, 200 mg 6 54.00 6.0000
Crossing | Ribeiro et al. 2006 - E. velutina, 400 mg 6 56.00 6.0000
Crossing | Ribeiro et al. 2006 - E. velutina, 50 mg 6 48.00 5.0000
Crossng | Ribeiro et al. 2006 - E. velutina, 100 mg 6 52.00 5.0000
Crossing | Ribeiro et al. 2006 - E. velutina, 200 mg 6 47.00 4.0000
Crossing | Nagaraja et al., 2012 - E. mysorensis, 200 mg 6 186.80 9.9000
Crossing | Nagaraja et al., 2012 - E. mysorensis, 400 mg 6 199.70 11.5000
Crossing | Talla et al., 2015 - E. droogmansiana de Wild, 25 mg 5 71.20 11.8000
Crossing | Talla et al., 2015 - E. droogmansiana de Wild, 50 mg 5 62.20 18.8000
Crossing | Talla et al., 2015 - E. droogmansiana de Wild, 100 mg 5 49.40 5.7300
Crossing | Pitchaian et al., 2010 - E. variegata, 100 mg 6 111.66 11.3900
Crossing | Pitchaiah et al., 2010 - E. variegata, 200 mg 6 168.50 14.3200
Crossing | Pitchaiah et al., 2010 - E. variegata, 200 mg 6 161.16 21.8500
Random effects model 81
Heterogenetty: I° = 82.8%, ©* = 6.2885, p < 0.0001

B

Experimental
Study Total Mean sD
Rearing | Ribeiro et al. 2006 - E. velutina, 100 mg 6 14.00 2.0000
Rearing | Ribeiro et al. 2006 - E. velutina, 200 mg 6 19.00 2.0000
Rearing | Ribeiro et al. 2006 - E. velutina, 400 mg 6 19.00 3.0000
Rearing | Ribeiro et al. 2006 - E. velutina, 50 mg 6 18.00 4.0000
Rearing | Ribeiro et al. 2006 - E. velutina, 100 mg 6 16.00 2.0000
Rearing | Ribeiro et al. 2006 - E. velutina, 200 mg 6 16.00 4.0000
Rearing | Nagaraja et al., 2012 - E. mysorensis, 200 mg 6 16.50 1.2000
Rearing | Nagaraja et al., 2012 - E. mysorensis, 400 mg 6 17.20 1.2000
Rearing | Talla et al., 2015 - E. droogmansiana de Wild, 25 mg 5 24.20 6.7600
Rearing | Talla et al., 2015 - E. droogmansiana de Wild, 50 mg 5 18.60 8.6600
Rearing | Talla et al., 2015 - E. droogmansiana de Wild, 100 mg 5 15.80 16.0000
Rearing | Pitchaian et al., 2010 - E. variegata, 100 mg 6 8.83 0.9000
Rearing | Pitchaiah et al., 2010 - E. variegata, 200 mg 6 11.50 0.8000
Rearing | Pitchaiah et al., 2010 - E. variegata, 400 mg 6 11.16 1.4900
Random effects model 81

Heterogensity: /° = 69.5%, t° = 1.3466, p < 0.0001

Control Standardised Mean
Total Mean sD Difference SMD 95%-Cl Weight
6 45.00 6.0000 T -1.17 [-2.43; 0.10] 8.1%
6 45.00 6.0000 B 1.38 [0.07; 2.70] 8.0%
6 45.00 6.0000 T 1.69 [0.30; 3.09] 8.0%
6 47.00 4.0000 - 0.20 [-0.93; 1.34] 8.2%
6 47.00 4.0000 {—H 1.02 [-0.21; 2.25] 8.1%
6 47.00 4.0000 | 0.00 [-1.13; 1.13] 8.2%
6 126.80 5.4000 —a 6.94 [3.41;10.47] 57%
6 126.80 5.4000 —— 749 [3.71;11.27] 5.4%
5 38.30 2.2400 —— 3.50 [1.20; 5.79] 7.1%
5 38.30 2.2400 e 1.61 [0.08; 3.14] 7.9%
5 38.30 2.2400 - 2.30 [0.53; 4.08] 7.6%
6 61.83 6.9500 e — 4.87 [2.27, 7.48] 6.7%
6 61.83 6.9500 ——— 8.75[4.38;13.11] 4.8%
6 61.83 6.9500 e 5.65 [2.70; 8.60] 6.3%
81 2.71 [1.26; 4.15] 100.0%
T T 1T 1
10 5 0 5 10
Control Standardised Mean
Total Mean sD Difference SMD 95%-Cl Weight
6 18.00 5.0000 —'—f -0.97 [-2.19;0.25] 7.6%
6 18.00 5.0000 — 0.24 [-0.90; 1.38] 7.9%
6 18.00 5.0000 — 0.22 [-0.91; 1.36] 7.9%
6 15.00 2.0000 + 0.88 [-0.33;2.08] 7.7%
6 15.00 2.0000 0.46 [-0.69; 1.61] 7.8%
6 15.00 2.0000 —h— 0.29 [-0.85; 1.43] 7.9%
6 10.70 1.8000 ——— 3.50 [1.47;5.53] 5.5%
6 10.70 1.8000 — 3.92 [1.72;6.12] 5.1%
5 23.20 5.6700 —a 0.14 [-1.10; 1.39] 7.6%
5 23.20 5.6700 -0.57 [-1.85;0.71] 7.5%
5 23.20 5.6700 -0.56 [-1.83;0.72] 7.5%
6 7.33 1.6000 . 1.07 [-0.18;2.31] 7.6%
6 7.33 1.6000 — 3.04 [1.19;4.89] 59%
6 7.33 1.6000 T 229 [0.71;3.87] 6.6%
81 : : : : : 0.82 [ 0.11; 1.53] 100.0%
6 4 -2 0 2 4 6

Figure 5. (A) Forest plot of the meta-analysis studies with the numbers of crossings. The effects on the right side of the dashed line
indicate that the treatment with Erythrina sp. extract increased the number of crossings. Opposite effects are shown on the left side of the

dashed line. (B) Forest plot of the meta-analysis studies with the number of rearings. The effects on the right side of the dashed line

indicate that treatment with Erythrina sp. extract increased the number of rearings. Opposite effects are indicated on the left side of the

dashed line. RE: random effect.
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Figure 6. Funnel plots of the studies that assessed the effects of treatment with Erythrina sp. extract on crossing (A) and rearing (B)

The effects of Erythrina sp. plant extract in anti-
depressant or anxiolytic medications have been stud-
ied, but no conclusions have been made from system-
atic reviews and meta-analyses. This paper provides a
summary of the effect of ethanolic extract from
Erythrina sp. on behavioral findings associated with
anxiety or depression in animals. Eleven articles were
included in the review, and six articles were included
in the meta-analysis, which revealed that administra-
tion of plant extract from Erythrina sp. improved the

https://jppres.com

sum of the anxiolytic- and/or anti-depression-like
effects observed in the EPM and OFT. We focused on
the effects of plant extracts or compounds from
Erythrina sp. on anxiety or depressant behavior in
animals using quantitative and qualitative analysis
(EPM and OFT). The EPM consisted of two distinct
analytical groups, OAE and TSOA, each with sample
sizes of 81 (five articles) and 76 (five articles), respec-
tively. The OFT consisted of two groups of analysis,
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crossing and rearing, with 81 samples each (four arti-
cles).

The EPM is a commonly used behavioral test for
mice that has been verified for evaluating the anxio-
lytic effects of pharmaceutical substances and identi-
fying the specific brain areas and mechanisms in-
volved in anxiety-related behaviors (Walf and Frye,
2007), which are assessed using OAE and TSOA. The
outcome was found in both the EPM (OAE; Fig. 3A,
Tables 1 and 2) and TSOA (Fig. 3B, Tables 1 and 2). As
compared with the control group with different con-
centrations, seventeen of the twenty-eight groups
receiving treatment exhibited a significant increase in
OAE or OAE% (Table 2). In an EPM, rats often avoid
open arms because they perceive them as risky, pre-
ferring to spend more time in closed arms (Shoji and
Miyakawa, 2021). However, we commonly regard
increased exploration of open arms as a manifestation
of reduced anxiety (Shoji and Miyakawa, 2021). Based
on Chu et al. (2019), 50 and 100 mg/kg of E. variegate
increased the OAE%, followed by a decreased gluta-
mate/ GABA ratio compared with the control. Addi-
tionally, both the 50 mg/kg and 100 mg/kg dosages
contained the same levels of diazepam as the stand-
ard medication for anxiolytic activity (Chu et al.,
2019). The findings indicate that the anxiolytic and
anti-depressant properties of E. variegata may have
contributed to the reduction in glutamate levels. The
fact that the 50 mg/kg E. velutina group in the study
by Raupp et al. (2008) was slightly higher than imi-
pramine (the standard drug) in the acute experiment
may make this idea stronger. However, a dose of 50
mg/kg showed no effect on OAE (Raupp et al., 2008).
Besides that, Erythrina sp. failed to identify anxiolytic
effects in eleven other groups for OEA or OAE%. That
result is consistent with the findings of Flausino et al.
(2007), which indicate that Erythrina sp. has no effect
on OAE.

The meta-analysis revealed that this effect did not
significantly differ between the treatment and control
(saline/vehicle) groups for OAE% and the number of
OAE (Hedge's g = 0.34, p = 0.83) (Fig. 3A). Based on
the result above, the number of OAE and OAE%
some of groups (seventeen) showed the effect of anxi-
olytic and anti-depressant-like effects of Erythrina sp.
but not in meta- analysis. Therefore, the lack of ob-
served effects of Erythrina sp. on anxiety in the EPM
does not necessarily mean that it cannot be consid-
ered a possible natural product for reducing anxiety
(Flausino et al., 2007).

Regarding the TSOA or TSOA%, there has been an
increase in the number of TSOA (or TSOA%) in ten
out of the total twenty-eight intervention groups (Ta-
ble 2). The animal shows a tendency to extend its stay
in the open arms, indicating a decrease in anxiety,
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increased exploration, and a readiness to take risks
(Pitchaiah et al., 2010). However, TSOA%, another
test for EPM, and the number of TSOA revealed sig-
nificant differences between the treatment and control
(saline/vehicle) groups (Hedge's g = 4.89, p = 0.0001)
from meta-analysis (Fig. 3B). This finding suggests
that administration of plant extract from Erythrina sp.
decreased the anxiety levels in terms of TSOA% and
the number of TSOA, but not OAE% and number of
OAE based on meta-analysis.

Another outcome of this study was the utilization
of the OFT, which is widely recognized as an animal
model for studying anxiety-like behaviors in animals
(Prut and Belzung, 2003). By nature, rodents are in-
clined to avoid open spaces in this experiment (Prut
and Belzung, 2003). Anxiolytic treatments alleviate
the anxious behavior exhibited by animals in an open
field (Chu et al., 2019), which is identified by a num-
ber of crossing and rearing. The intervention group
observed a significant increase in crossings and rear-
ings compared to the control group, which could
suggest a decreased anxiety-like response.

Regarding the crossing number, there has been an
increase in the number of crossings in eight out of the
total eleven intervention groups (Table 2). And also,
the meta-analysis revealed that this effect significantly
differed between the treatment and control (sa-
line/vehicle) groups for crossing (Hedge's g = 2.71, p
= 0.0002) (Fig 3A). While the number of rearings in-
creased, there was an increase in the number of rear-
ings in five out of the eleven intervention groups (Ta-
ble 2). In addition, rearing revealed significant differ-
ences between the treatment and control (sa-
line/vehicle) groups (Hedge's g = 0.82, p = 0.02) (Fig.
3B).

Erythrina sp. extract contains flavonoids as a main
bioactive component and has anxiolytic GABA-
modulating properties (Hanrahan et al, 2011,
Wasowski and Marder, 2012). Plants of the genus
Erythrina yielded more than 370 flavonoid com-
pounds (Fahmy et al., 2018). Studies have suggested
that an imbalance in some neurotransmitters, includ-
ing serotonin, dopamine, and GABA, may contribute
to the development of depression and anxiety disor-
ders (Prut and Belzung, 2003). Furthermore, GABA,
which is mostly found in the central nervous system,
acts as an inhibitory neurotransmitter. Dysfunction of
GABAergic activity can lead to many mood disorders
and neurological conditions, including seizures, anxi-
ety, and depression (Brambilla et al., 2003). One might
speculate that a reduction in GABA concentrations
would likely result in a decrease in the overall inhibi-
tory impact of GABA on neuronal circuits involved in
stress or threat response (Hasler et al., 2010). Chu et
al. (2019) conducted a study that demonstrated that
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administering E. variegata extract at doses of 50 and
100 mg/kg resulted in anxiolytic and anti-depressant
effects, along with reduced levels of glutamate, com-
pared with the control (Chu et al., 2019). GABA is
produced from glutamate through the elimination of
an a-carboxyl group by the glutamic acid decarbox-
ylase (Chu et al., 2019). The dependent relationship
between GABA and glutamate implies that the levels
of each neurotransmitter can be affected by the pres-
ence of the other (Cai et al., 2012).

Some limitations of this study include the limited
number of databases utilized. Moreover, although a
random-effects model was used to precisely reflect
the distribution of the estimated effects in the re-
search, the results still indicated inconsistent findings.
This inconsistency had a negative effect on the predic-
tive validity of the results. The inconsistent findings
indicate a lack of information in the existing research
and emphasize the necessity of investigating the im-
pact of treatment with Erythrina sp. extract on anxiety
and depression models. Although these findings are
useful for informing the development of future pre-
clinical studies, it is important to observe caution
when interpreting their translational implications.
This is because of the limitations in the reporting of
measures taken to minimize bias, heterogeneity, small
sample sizes, publication bias, and dependencies on
effect size. On the basis of quantitative data, OAE and
crossing showed high heterogeneity with significant
funnel plot asymmetry and Egger's test results (p =
0.02 and p = 0.0002, respectively).

Another constraint in this study was the small
sample size, which diminished the dependability and,
consequently, the accuracy of the study findings (But-
ton et al, 2013). In the meta-analysis, the overall
number of rodents was between 81 and 76. However,
the number of mice in each experimental group
ranged from five to eight. Publication bias can arise
when experiments with limited sample sizes are not
consistently published (Button et al., 2013).

In summary, our analysis highlights important
findings: Plants of the Erythrina sp. may have anxio-
lytic and anti-depressant potentials in TSOA and
crossing and rearing behaviors but not in OAE. These
findings provide a preliminary framework for future
preclinical research on the therapeutic effects of
Erythrina sp. as an anxiolytic and anti-depressant
agent. Consistent with the guidelines offered by this
meta-analysis, the bias assessment in this study em-
phasizes the significance of accurately describing
research methodologies. Providing a concise and
transparent description of the procedures used in
preclinical research can help minimize bias and en-
hance the ability to replicate the study findings. This,
in turn, improves the generalisability of the research
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findings to real-world situations. In general, the pre-
sent study revealed that Erythrina sp. has the ability
and potential to act as an anxiolytic and anti-
depressant-like effect. These results establish a pre-
liminary framework for future preclinical research on
the therapeutic effects of Erythrina sp. as an anxiolytic
and anti-depressant agent.

CONCLUSION

The present study revealed that Erythrina sp. has
the ability and potential to act as an anxiolytic and
anti-depressant-like effect. These results establish a
preliminary framework for future preclinical research
on the therapeutic effects of Erythrina sp. as an anxio-
lytic and anti-depressant agent.
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