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Abstract
Ethnopharmacological relevance

Globally 387 million people currently have diabetes and it is projected that this condition will be the
7th leading cause of death worldwide by 2030. As of 2012, its total prevalence in Central America
(8.5%) was greater than the prevalence in most Latin American countries and the population of this
region widely use herbal medicine. The aim of this study is to review the medicinal plants used to
treat diabetes and its sequelae in seven Central American countries: Belize, Costa Rica, El Salvador,
Guatemala, Honduras, Nicaragua and Panama.

Materials and Methods

We conducted a literature review and extracted from primary sources the plant use reports in
traditional remedies that matched one of the following disease categories: diabetes mellitus, kidney
disease, urinary problems, skin diseases and infections, cardiovascular disease, sexual dysfunctions,
visual loss, and nerve damage. Use reports were entered in a database and data were analysed in
terms of the highest number of use reports for diabetes management and for the different sequelae.



We also examined the scientific evidence that might support the local uses of the most reported
species.

Results

Out of 535 identified species used to manage diabetes and its sequelae, 104 species are used to
manage diabetes and we found in vitro and in vivo preclinical experimental evidence of
hypoglycaemic effect for 16 of the 20 species reported by at least two sources. However, only seven
of these species are reported in more than 3 studies: Momordica charantia L., Neurolaena lobata (L.)
R. Br. ex Cass., Tecoma stans (L.) Juss. ex Kunth, Persea americana Mill., Psidium guajava L.,
Anacardium occidentale L. and Hamelia patens Jacq. Several of the species that are used to manage
diabetes in Central America are also used to treat conditions that may arise as its consequence such
as kidney disease, urinary problems and skin conditions.

Conclusion

This review provides an overview of the medicinal plants used to manage diabetes and its sequelae
in Central America and of the current scientific knowledge that might explain their traditional use. In
Central America a large number of medicinal plants are used to treat this condition and its sequelae,
although relatively few species are widely used across the region. For the species used to manage
diabetes, there is variation in the availability and quality of pharmacological, chemical and clinical
studies to explain traditional use.
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Hypoglycaemic
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adenine dinucleotide phosphate; PKB/Akt: protein kinase B; PPARy: peroxisome proliferator-
activated receptor y; PTP-1B: protein-tyrosine phosphatase 1B; RCT: randomised controlled trial

1. Introduction

Diabetes mellitus is a group of metabolic diseases, characterised by high blood glucose levels
(hyperglycaemia) that occurs when there is insufficient insulin secretion from the pancreas, or there
are defects in its action, or both. The WHO defines diabetes as having a fasting plasma glucose value



> 7.0 mmol/L (126 mg/dl) or being on medication for raised blood glucose (WHO, 2010). The
majority of diabetes cases fall into two broad categories: type 1 diabetes (T1D), previously known as
insulin-dependent, or juvenile onset diabetes, where there is deficient insulin production; and type 2
diabetes (T2D), previously known as non-insulin dependent or adult-onset diabetes, which accounts
for 90% of all diabetes cases, and results from the body’s ineffective use of insulin (American
Diabetes Association, 2004; WHO, 2015). Although previously only seen in adults, T2D is now
occurring in children. There are other categories of diabetes, including gestational diabetes and rarer
forms of genetic or acquired diabetes (WHO 2015).

According to the International Diabetes Federation, globally 387 million people currently have
diabetes (IDF, 2014), with 80% of adult deaths from diabetes occurring in low and middle income
countries (IDF, 2014; WHO, 2015). It is projected that diabetes will be the 7th leading cause of death
worldwide by 2030 (WHO, 2015). By 2035, the number of diabetes cases worldwide is expected to
increase to 592 million. The number of people with diabetes in the South and Central America
Region (SACA) is projected to increase by 60% by 2035, with an average prevalence of diabetes
expected to reach 9.8% (Aschner et al., 2014; IDF, 2014). The top five countries with the highest
prevalence in 2013 in the SACA Region include two countries in the Caribbean Islands and three
countries from Central America: Nicaragua (12.45%), Guatemala (10.87%), and El Salvador (10.50%).
A 2012 epidemiologic study also found that the total prevalence of diabetes of 8.5% in the combined
Central America sample studied was greater than the prevalence in most Latin American countries.
Since the population of Central America is relatively young, the future burden of the disease in the
next decades is likely to increase substantially (Barcelo et al., 2012).

The indigenous populations in this region are particularly at risk from diabetes, resulting from
marginalisation and lack of access to care and prevention, in addition to dramatic lifestyle changes,
including nutrition transition to a diet high in refined carbohydrates (Aschner et al., 2014). Studies
have shown that globally, indigenous populations suffer disproportionately from T2D and related
complications, regardless of their geographic region (Ferrier et al., 2014; Nagshbandi et al., 2008).

In addition to risk of death from hyperglycaemic crisis, chronic hyperglycaemia from diabetes can
lead to many long term health issues. These sequelae include: cardiovascular disease (CD), and an
increased risk of heart attack or stroke; chronic kidney disease (KD) leading to end-stage renal
disease; urinary problems (UP); peripheral neuropathy (nerve damage, ND); skin infections (SI),
especially foot ulcers, that are difficult to heal, with the eventual need for lower-extremity
amputation; retinopathy leading to vision loss (VL); and sexual dysfunction (SD). Over 70% of people
with T2D may die from cardiovascular disease (Laakso, 2010). Chronic kidney disease, mainly the
result of diabetes and hypertension, is the fastest growing non-communicable disease. There are
few medicines available to specifically treat diabetic kidney disease. Globally, median years of life
lost to chronic kidney disease rose by 90% between 1997 and 2013, compared with a 67% rise in
years of life lost to diabetes (The Lancet Diabetes & Endocrinology, 2015).

Compared to people who do not have diabetes, people with diabetes require at least two to three
times the health-care resources, and may account for up to 15% of national health care budgets
(WHO, 2010). Clearly, diabetes is both a huge health and economic burden globally, and notably for
low and middle income countries including those in Central America.

In this paper we present the results of a review of medicinal plants used to treat diabetes and its
sequelae in seven Central American countries (Belize, Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua and Panama). The data are analysed in terms of the highest number of use reports for the
management of diabetes and for each of the different sequelae. The regional approach we have



taken provides a useful overview and indication of which plants may provide benefit in the
management of diabetes and its sequelae. Whilst the aim of this review is to capture use data for
species indicative of having relevance to diabetes in the selected Central American countries, we
also explore the scientific evidence that appears to support the local uses of the most reported
species. It is beyond the scope of this review to extensively discuss the available data on the
pharmacological activities and clinical studies for all of the recorded species. However, where
promising data are available and there is knowledge of the phytochemical constituents that might
aid our understanding of the scientific basis for traditional use (and potential use), these are briefly
discussed.

2. Methods

For the purpose of this review we defined Central America as the region including Belize, Guatemala,
Honduras, El Salvador, Nicaragua, Costa Rica and Panama. We conducted a literature review by
searching for combination of keywords such as the name of the country and “medicinal plants”,
“ethnobotany”, “ethnopharmacology”, “ethnomedicine”, and “herbal medicine” in the databases
SCOPUS, Web of Science, Google Scholar, and Pubmed. The search was conducted using both English
and Spanish keywords. We also conducted such searches on single journals such as Journal of
Ethnopharmacology, and the Journal of Ethnobiology and Ethnomedicine. To cover some of the gaps
in the literature found during these searches, we conducted a literature research of books held at
the library of the Royal Botanic Gardens Kew, including books published in English, Spanish and
French. We included in our review only studies publishing primary data validated by the collection of
voucher specimens to avoid double counting (Leonti, 2011) use reports generated from the same
research. This included 24 journal papers, 1 conference proceeding, 1 PhD thesis, and 6 books (total
32 sources used). When sources included both primary and secondary data, such as for example in
Balick and Arvigo (2015), and these were clearly differentiated in the text, then we included only the
primary data in our database.

From the literature included in this study we extracted the use-reports that matched one of the
following disease categories: diabetes mellitus, kidney disease, urinary problems, skin diseases and
infections, cardiovascular disease, sexual dysfunctions, visual loss, and nerve damage. These use
reports were entered in a bespoke Access relational database [see supplementary material in
(Giovannini et al., submitted)], including the disease category, the reference, the name of the
species, and how it is used. We excluded from our database taxa that were not identified at species
level.

Name validation

Scientific names of plants that met our criteria for assessment in this review, along with associated
data, were compiled in a bespoke Access relational database. The majority of these names were
checked manually against The Plant List Version 1.1 (TPL) at point of entry. TPL was created through
merging of Kew’s various name datasets (both published and unpublished), along with major
datasets supplied by Kew’s partners, including Missouri Botanical Garden (US). As TPL was
synthesised automatically, rather than compiled by human specialists, the reliability of TPL is
variable, so records are assigned one of three confidence levels. Of the 607 scientific plant names
checked we found 6% with a low confidence level and the remaining 94% with a high or medium
confidence level. On completion of data entry, the entire dataset of scientific plant names was
evaluated automatically against TPL for precision, confidence level, taxonomic currency, and



synonymy. Names that did not match due to typographic errors were found using ‘fuzzy’ searches,
setting the Levenshtein distance to 2. After name validation was carried out the database included
537plant taxa (for a total of 535 plant species, as 2 taxa are infraspecific), and 1055 use reports
within the categories included in this review after excluding secondary data and taxa that were not
identified at species level.

3. Results and discussion
3.1 Plant families with species used to treat diabetes and its sequelae in Central America

The families with more recorded species to manage diabetes mellitus in Central America are
Asteraceae (7 species), Fabaceae (7 species), Rubiaceae (6 species), Euphorbiaceae (6 species),
Bignoniaceae (5 species), Myrtaceae (5 species), Rutaceae (5 species), Amaranthaceae (4 species),
and Solanaceae (3 species). Some of the known phytochemical classes that occur in these families
and how this knowledge might contribute to our understanding of the relevance of these particular
families to diabetes are summarised below.

Of 656 flowering plants identified as associated with traditional uses relevant to diabetes in a
previous study, a high proportion of the 437 genera, representing 111 families, were from the
asterids and rosids (Simmonds and Howes, 2006). There is chemical diversity amongst the rosids,
and members of the Fabaceae are reported to include flavonoids, alkaloids and triterpene saponins
amongst their constituents (Leonti et al., 2003; Simmonds and Howes, 2006). Simmonds and Howes
(2006) identified 81 species within the Fabaceae with reported hypoglycaemic activity (Simmonds
and Howes 2006). Flavonoids from the Fabaceae have been widely studied and include those with
mechanistic effects relevant to diabetes, as reviewed in Simmonds and Howes (2006).

It has been estimated that almost 50% of the plant-derived natural products that are
pharmaceutically and biologically significant are alkaloids (Cordell et al., 2001). Therefore knowledge
of their taxonomic distribution can assist with our understanding of the traditional uses of alkaloid-
containing species as medicines. Similarly to the Fabaceae, members of the Rubiaceae also include
many alkaloid containing species; in the Rubiaceae these include those of the monoterpenoid-indole
class; other phytochemicals reported for this family include iridoids and anthraquinones (De Kuca et
al., 2014; Han et al., 2001). Solanaceae members contain a wide range of biologically active alkaloids,
including tropane, pyrrolidine, glycoalkaloid and steroidal alkaloid classes (Cadenas et al., 2015;
Griffin and Lin, 2000; Pomilo et al., 2008). Although often relevant for biological activities with
therapeutic effects, alkaloids may also be associated with toxic effects, which should be considered
when also evaluating traditional uses and the traditional methods of preparation. Members of the
Euphorbiaceae also contain alkaloids (including the tropane class), in addition to diterpenes and
polyphenols, whilst some members also contain triterpenes and cyanogenic glycosides (Griffin and
Lin, 2000; Leonti et al., 2003; Tanaka and Matsunaga, 1999). Polyphenols have been linked to
beneficial effects for the management of diabetes such as reduced absorption of dietary
carbohydrate, regulation of carbohydrate metabolism and stimulation of insulin secretion
(Bahadoran et al., 2013). Intake of polyphenols is also associated with favourable effects on risk
factors for type 2 diabetes (Simmonds and Howes, in press).

Asteraceae and Fabaceae are both large plant families containing a wide variety of phytochemical
classes. Members of the Asteraceae are reported to contains polyacetylenes, sesquiterpene
lactones, monoterpenes, diterpenes, phenolic compounds (including flavonoids) and alkaloids
(including those of the pyrrolizidine class); the latter have often be associated with hepatotoxicity
(Heinrich et al., 1998; Leonti et al., 2003; Roeder, 2000). The bitter phytochemicals present in some



Asteraceae have been suggested to be linked with increased experimentation from local people
linking bitter taste to medical properties (Casagrande 2002; Heinrich et al., 1998); this is especially
true when people look for plants to manage diabetes (Giovannini personal communication). Several
studies show this plant family is often overrepresented in plant pharmacopoeias (Amiguet et al.,
2006; Leonti et al., 2003; Moerman 1996; Thomas et al., 2009). Sesquiterpene lactones, including
those from Neurolaena species have been associated with anti-inflammatory activity (McKinnon et
al., 2014; Walshe-Roussel et al., 2013), although this compound class has not been associated with
hypoglycaemic effects in some studies (Davis, 1997) (see section 3.2).

Genera in the Myrtaceae are often associated with volatile oil production, with many species
containing monoterpenes as the major volatile oil constituents (Stefanello et al., 2011). Alkaloids are
reported less frequently in this family. Members of the Rutaceae also produce volatile oils, alkaloids
of various classes, coumarins and triterpenoids (Epifano et al., 2015; Jing et al., 2015). Many plant
volatile oils have been associated with antimicrobial effects, including those from members of the
Myrtaceae (Stefanello et al., 2011) and Rutaceae (Chintaluri et al., 2015). Antimicrobial effects, due
to the volatile oil constituents, might provide some explanation for traditional uses for skin
infections. Members of the Amaranthaceae also produce volatile oils, in addition to betalains,
phenolic compounds and terpenoids, including triterpene saponins that have been associated with
anti-diabetic effects (Mroczek, 2015). Triterpene from various species have been associated with
mechanistic effects relevant to diabetes, as reviewed in Simmonds and Howes (2006). Members of
the Bignoniaceae have been reported to contain iridoids and phenylpropanoids; both compound
classes are reported in Tecoma species (De Luca et al., 2014; Guiso et al., 1997). Alkaloids are
reported less frequently in this family, although some alkaloids from Tecoma species have been
associated with hypoglycaemic effects (see section 3.2).

3.2 Plant species used to treat diabetes and its sequelae in Central America

In this section we review our findings at species level and we discuss current scientific evidence that
might explain the uses of the most reported plant species to manage diabetes and its sequelae.
Table 1 shows the plant species reported in at least two sources as remedies to manage diabetes by
the local population and whether these species are reported also to treat some of the sequelae of
diabetes such as kidney disease, urinary problems, vision loss, cardiovascular problems, and skin
conditions. Table 2 shows the species used to treat skin conditions, Table 3 shows species reported
as treatments for kidney disease, and Table 4 shows the species used to treat urinary complaints.
Figure 1 shows the species with a high number of use reports for all the disease categories
considered in this review. We do not present tables for the species reported as treatments for
cardiovascular disease, vision loss and sexual dysfunction as we found that relatively few species
were reported for these use categories.
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Figure 1. Species with highest number of use reports for the management of diabetes and the
treatment of its sequelae. CD= cardiovascular disease, DM=diabetes, KD=kidney disease, Sl=skin
conditions, VL=vision loss.

Out of the 104 species that we found are used to manage diabetes in Central America, the species
with at least 3 use reports were: Momordica charantia L., Neurolaena lobata (L.) R. Br. ex Cass.,
Tecoma stans (L.) Juss. ex Kunth, Persea americana Mill., Psidium guajava L., Anacardium
occidentale L. and Hamelia patens Jacq.

Momordica charantia L. is grown and is used to treat diabetes by indigenous and local communities
in tropical areas of Asia, South-America, Central America, Mexico, India, Africa, and the Caribbean
(Grover and Yadav 2004; Leung et al., 2009). Its hypoglycaemic properties have been shown in
several animal studies, although few trials on humans have been conducted and there is a lack of
randomised controlled trials (RCTs) that demonstrate its efficacy; there are more data for the fruits
compared to other plant parts (Ooi et al., 2010; Yeh et al., 2003). We found that this species was
reported independently as a treatment for diabetes in 9 ethnobotanical studies conducted in Central
America and the leaf was the most commonly reported plant part used (in 7 out of 9 of reports).
Pharmacological and phytochemical studies have focused on the fruits of this species (which are
used in other traditional practices of medicine) and have revealed that cucurbitane-type
triterpenoids in particular show mechanistic effects relevant to diabetes (Chang et al., 2015; Nhiem
et al., 2010; Tan et al., 2008). Interestingly, the stems of this species also contain triterpenoids,
including 3B,7B,25-trihydroxycucurbita-5,23(E)-dien-19-al, which was previously isolated from the
fruits and hypoglycaemic when tested in alloxan-induced diabetic mice (Cheng et al., 2008). The
stem triterpenoids [including 3B,7B,25-trihydroxycucurbita-5,23(E)-dien-19-al] also modulated
insulin resistance in vitro, which was associated with activation of AMPK, enhancing tyrosine
phosphorylation of IRS-1 to modulate the insulin signalling pathway (Cheng et al., 2008). Charantin
(a mixture of steroidal saponins) from the fruits of M. charantia is reported as hypoglycaemic
(Krawinkel and Keding, 2006), yet it occurs at higher concentrations in the leaves (El-Said and Al-
Barak, 2011). Thus, the triterpenoids and charantin that occur in the leaves (the most commonly
reported plant part in this study) and stems of M. charantia appear to provide some scientific basis
for the traditional use for diabetes.

We also found 5 independent reports of M. charantia to treat skin conditions in Central America.
Indeed, several studies associate this species with broad-spectrum anti-microbial activity (Ooi et al.,



2010; Grover and Yadav, 2004), which could be linked to some of its traditional uses. However, the
fruit extracts have shown more potent antibacterial activity than leaf extracts (Supraja and Usha,
2013).

Neurolaena lobata (L.) R. Br. ex Cass is a herb found in Mexico, Central America, the Caribbean, and
North South-America (GBIF, 2015a). We found six reports of the use of this species to manage
diabetes in Central America (Balick and Arvigo, 2015; Barrett, 1994; Cruz and Andrade-Cetto, 2015;
Ferrier, 2014; Girdn et al., 1991; P6ll 1997). The traditional use of N. lobata to manage diabetes has
been reported in Mexico and in the Caribbean (Andrade-Cetto and Heinrich, 2005; Soumyanath,
2005) and its leaf extracts significantly decrease blood glucose in mice (Gupta et al., 1984).
However, no specific antidiabetic compounds have been isolated from this species to date, and RCTs
are also lacking. Our review shows that N. lobata is also widely used in Central America to treat skin
conditions. The results of animal studies appear to support the healing activity of this species in
cutaneous wounds (Nayak et al., 2014) and it also has antimicrobial activity (Nayak et al., 2014).
Extracts of N. lobata showed anti-ulcerogenic and anti-nociceptive effects (Gracioso et al., 2000;
Gracioso et al., 1998). Furthermore, other studies revealed that extracts from this species have anti-
inflammatory activity and several sesquiterpene lactones have been identified that mediate this
effect (McKinnon et al., 2014; Walshe-Roussel et al., 2013).

Tecoma stans (L.) Juss. ex Kunth, a native of the Americas, is a shrub or small tree widely distributed
in the tropics and subtropics (Pelton, 1964). It is used in Mexico and Central America to manage
diabetes and treat urinary disorders (Aguilar-Santamaria et al., 2009). We found six reports of its use
in the management of diabetes in Guatemala and in El Salvador (Cruz and Andrade-Cetto, 2015;
Girdn et al., 1991; Gonzalez-Ayala, 1994; MacVean, 2006; Nicolas, 1999; P6ll, 1997). Accordingly, its
extracts have hypoglycaemic activity in animal models of diabetes (Roman-Ramos et al., 1990). Leaf
extracts inhibit intestinal a-glucosidase, modulate postprandial hyperglycaemia and reduce
triglycerides and cholesterol in vivo (Aguilar-Santamaria et al., 2009), which may provide some
scientific explanation for the traditional use. Studies report the alkaloid tecomine from the leaves of
this species to be hypoglycaemic in vivo, although it has low stability (Hammouda and Khalafallah,
1971). Other studies concluded that alkaloids, including tecomine and tecostanine, were not
hypoglycaemic in vivo (Costantino et al., 2003). Therefore, traditional preparations would need to be
further evaluated to determine the stability of these alkaloids and their role in explaining the
scientific basis for the use of this in diabetes.

We found 5 reports of uses of Persea americana Mill. to manage diabetes in Central America, in
most cases the plant part used was the leaf but there are also reports of the use of the bark and the
seed (Balick and Arvigo 2015; Coe and Anderson, 1999; Coe and Anderson 1996; Cruz and Andrade-
Cetto 2015; Gonzalez-Ayala, 1994). We also found reports of the use of P. americana to treat kidney
disease and urinary problems. Animal studies showed that extracts of P. americana have
hypoglycaemic properties, improve kidney function and blood pressure, and reduce cholesterol and
triglycerides levels (Antia et al., 2005; Brai et al., 2007; Ezejiofor et al., 2013; Gondwe et al., 2008;
Imafidon and Amaechina 2010). A hydroalcoholic extract of the leaves was suggested to be
hypoglycaemic in vivo, via regulation of glucose uptake in liver and muscles via PKB/Akt activation
(Lima et al., 2012). Preliminary clinical trials showed that dietary consumption of this species might
maintain cardiovascular health (Dreher and Davenport, 2013) due to its antihypercholesterolaemic
and antihyperlipidaemic activity (Lim, 2012), although RCTs specifically investigating the anti-diabetic
properties of this species are lacking.

Psidium guajava L. is a small tree used medicinally in most tropical and subtropical areas. We found
4 studies reporting its use to manage diabetes in Guatemala (Cruz and Andrade-Cetto, 2015; Girdn



et al., 1991; MacVean 2006; P6ll, 1997). The use of this species to manage diabetes has also been
reported in South Africa and in the Caribbean (Gutiérrez et al., 2008). Studies conducted on animals
have shown that extracts from P. guajava lower blood glucose (Mukhtar et al., 2006; Mukhtar et al.,
2004; Oh et al., 2005; Ojewole 2005; Ruiz et al., 2011; Shen et al., 2008). This species is also an anti-
LDL glycative agent, which make it potentially useful in the prevention of cardiovascular and
neurodegenerative diseases (Gutiérrez et al., 2008). Phenolic compounds, including gallic acid,
catechin and quercetin, are considered to contribute to the anti-glycation effects of leaf extracts
(Wu et al., 2009). Furthermore, the flavonols quercetin, kaempferol and myricetin showed inhibitory
activities against sucrase, maltase and a-amylase in vitro (Wang et al., 2010). Flavonol glycosides
(peltatoside, hyperoside, isoquercitrin and guaijaverin in particular) from the leaves of this species
also inhibited dipeptidyl peptidase 1V, a key enzyme for blood glucose homeostasis (Eidenberger et
al., 2013), which might provide some scientific explanation for the traditional use of the leaves for
diabetes.

Our results suggest that in Central America this species is also widely used for skin conditions, with
six studies conducted in Belize, Nicaragua and Guatemala reporting the use of this species for this
use category. This could be related to the reported antimicrobial, analgesic and anti-inflammatory
properties of P. guajava (Gutiérrez et al., 2008). Known antibacterial compounds in the leaves
include the flavonol glycoside guaijaverin (Prabu et al., 2006) and the benzophenone glycoside,
guajaphenone A (Ukwueze at al., 2015), whilst quercetin and the 3-O-arabinoside showed anti-
guorum sensing activity (Vasavi et al., 2014). Thus, there appears to be some scientific evidence to
explain the use of the leaves of this species in particular for both internal and external use. The
range of biological activities demonstrated to date for extracts and individual constituents suggest
that ‘polyvalency’ is important for the reputed benefits of this species for diabetes, such that several
different constituents may act via different modes of action to produce an overall effect on diabetes
parameters.

Anacardium occidentale L., known as cashew tree, is widely distributed in Central America and in
tropical South America but also widely cultivated in some parts of Africa and in Asia (GBIF 2015b).
Several Central American ethnobotanical studies report that the bark and leaf of this species is used
to manage diabetes mellitus (Duke 1986; Cruz and Andrade-Cetto 2015; Gupta et al., 1979), skin
conditions (Barrett 1994; Coe 2008; Coe and Anderson, 1999; Coe and Anderson, 1996; Coe et al.,
1997), kidney disease and urinary problems (Gonzalez-Ayala, 1994). Animal studies on extracts of A.
occidentale showed a hypoglycaemic effect (Esimone et al., 2001; Ojewole, 2003; Olatunji et al.,
2005; Sokeng et al., 2001), in addition to anti-inflammatory activity (Mota et al., 1985). Tedong et al.
(2006) showed that an extract of A. occidentale has a renal protective effect on streptozotocin
induced diabetic rats. It is suggested that stigmast-4-en-3-ol and stigmast-4-en-3-one contribute to
the hypoglycaemic effect of bark extracts, since these steroidal compounds were associated with
producing hypoglycaemia in vivo (Alexander-Lindo et al., 2004).

Hamelia patens Jacq. is a native shrub of American subtropics and tropics. The use of a decoction of
the leaves of H. patens to manage diabetes was reported in 3 studies conducted in Belize,
Guatemala and El Salvador (Balick and Arvigo, 2015; Cruz and Andrade-Cetto, 2015; Gonzalez-Ayala,
1994). There is a lack of studies on H. patens potential antidiabetic properties, however one study
suggests that the extract of this species is hypoglycaemic (Pandurangan et al., 2013). An ethanol
extract of the leaves was antinociceptive in vivo (Alonso-Castro et al., 2015), which might suggest a
rationale for traditional use to alleviate symptoms, rather than target hyperglycaemia. We found
that this species is also widely used to treat skin conditions with 5 studies from Belize, Nicaragua and
El Salvador documenting uses such as such as skin infections, rashes and sores. Previous studies



showed that extracts of this species have anti-microbial (Camporese et al., 2003), anti-inflammatory
(Sosa et al., 2002) and wound healing activities (Gomez-Beloz et al., 2003). More studies are needed
to understand more about any pharmacological basis for the traditional use for diabetes and the
constituents that may mediate any relevant mechanistic effects.

Bursera simaruba (L.) Sarg is a tree growing in Mexico, Central America, the Caribbean, and Northern
South America. We found 2 studies, both from Belize, reporting the use of B. simaruba in the
management of diabetes mellitus (Balick and Arvigo, 2015; Ferrier, 2014). Interestingly, this species
is also used in Mexico to manage diabetes (Andrade-Cetto and Heinrich, 2005) and it is widely used
in Central America to treat skin conditions, kidney disease and urinary problems (Balick and Arvigo,
2015; Coe, 2008; Coe et al., 1997; Coe and Anderson, 1996; Duke, 1986; Gupta et al., 2005; Kufer et
al., 2005; MacVean, 2006). Animal studies showed anti-microbial and anti-inflammatory activity of
the extracts (Bork et al., 1996; Camporese et al., 2003; Noguera et al., 2004; Sosa et al., 2002) but
there is a lack of studies investigating its anti-diabetic properties. There is also a lack of research on
the phytochemical constituents that may mediate effects relevant to diabetes. One study has
suggested that methyl-B-peltatin A may contribute to the anti-inflammatory activity of the leaves
(Noguera et al., 2004). Considering its use in Mexico and in Central America for the management of
diabetes and the treatment of its sequelae, this species is a good candidate for further research to
understand more about any scientific basis for its traditional use.

Carica papaya L. is a widely cultivated tropical tree native of the Americas. We found reports for the
use of C. papaya in the management of diabetes in Belize (Balick and Arvigo, 2015) and Guatemala
(Cruz and Andrade-Cetto, 2015). Moreover the use of this species to treat skin conditions was
mentioned in eight studies in Central American countries including Belize, Panama, El Salvador and
Nicaragua. Pharmacological studies show that extracts of the seeds and leaves of this species have
hypoglycaemic, hypolipidaemic and wound healing activities in experimentally induced diabetic rats
(Adeneye et al., 2009; Juarez-Rojop et al., 2012; Maniyar and Bhixavatimath, 2012; Nayak et al.,
2007; Sasidharan et al., 2011). Although mechanistic effects relevant to diabetes are reported for C.
papaya, the compounds that mediate these effects have not been widely investigated and more
research is needed to understand the constituents that might explain the pharmacological basis for
use. Interestingly, Balick and Arvigo (2015) report the use of the root of this species in the
management of diabetes in a decoction with Chamaesyce hypericifolia (L.) Millsp. and Capraria
biflora L. or in another mixture with Euphorbia armourii Millsp. and wood from Pinus caribaea var.
hondurensis.

Bixa orellana L. is a native shrub from the Americas that is now widely cultivated in tropical and
subtropical areas. We found a study conducted in Guatemala (Girén et al., 1991) and one in Belize
(Ferrier 2014) reporting its use to manage diabetes. Studies conducted in Nicaragua (Coe, 2008) and
Belize (Balick and Arvigo, 2015) also reports its use to treat skin conditions and for urinary problems
(Balick and Arvigo, 2015). Studies in vivo revealed extracts from its seed can have both
hypoglycaemic or hyperglycaemic activity, depending on how the extract is prepared (Morrison et
al., 1990; Quanico et al., 2008; Russell et al., 2008) in addition to a hypolipidaemic effect (Ferreira et
al., 2013). One study reports the carotenoids bixin and norbixin, from B. orellana seeds, to have
opposing effects on glycaemia, lipidaemia and oxidative stress in streptozotocin-induced diabetic
rats (Roehrs et al., 2014). Thus, more knowledge on the traditional preparations and their
differences in chemical constituents might aid our understanding of the scientific basis to explain
traditional use for diabetes, to enable direct correlation with, and greater understanding of, the
traditional methods of preparation. B. orellana extracts are reported to contain a mixture of
carotenoids, including B-carotene, which inhibit the expression of NADPH oxidase subunits and
increase the expression of antioxidant enzymes in neutrophils in an animal model of diabetes



(Rossoni-Junior et al., 2012), suggesting potential amelioration of neutrophil dysfunction that can
occur in diabetes. A clinical trial showed beneficial effects of an extract of this species administered
as an adjunct on type-2 diabetes patients (Herrera-Arellano et al., 2004). However, more RCTs are
needed to enable more firm conclusions on efficacy, performed with chemically-characterised
extracts that reflect preparations that mediate hypoglycaemic effects (rather than the
hyperglycaemic activity reported for some extracts, as described above).

Cecropia obtusifolia Bertol. is a tree growing in tropical forest and found in Mexico and Central
America. Its use to manage diabetes was reported in Guatemala (Cruz and Andrade-Cetto, 2015) and
in Belize (Balick and Arvigo, 2015). Extracts of this species were found to have a hypoglycaemic
effect and Andrade-Cetto (2001) identified chlorogenic acid as one of the active hypoglycaemic
compounds in the extract (Andrade-Cetto and Wiedenfeld, 2001). Other constituents that may
contribute to the hypoglycaemic effects of extracts, and their specific modes of action, are yet to be
determined. Two clinical trials showed beneficial effects of extract of this species, including when
administered as an adjunct, in type-2 diabetes patients (Herrera-Arellano et al., 2004; Revilla-
Monsalve et al., 2007). Furthermore, Gonzalez-Ayala (1994) reports the use of this species in El
Salvador to treat kidney diseases and Coe (2008) reports its use among the Rama of Nicaragua to
treat skin conditions. A pharmacological study showed that this species has anti-inflammatory and
analgesic properties that could be related to its traditional use (Pérez-Guerrero et al., 2001).
Interestingly, we found also a report of the use in Central America of the related C. peltata to
manage diabetes mellitus (Balick and Arvigo, 2015), to treat kidney diseases and to treat skin
conditions. This species is also used in Mexico to manage diabetes (Andrade-Cetto and Heinrich,
2005) and in vivo studies showed that its extracts have hypoglycaemic activity (Andrade-Cetto et al.,
2007; Nicasio et al., 2005) and would healing properties (Nayak, 2006).

Tridax procumbens (L.) L. is a weed native to the tropical Americas. Animal studies showed that
extracts of the leaves and of the whole plant have anti-diabetic and anti-hyperlipidaemic activity
(Bhagwat et al., 2008; Pareek et al., 2009; Petchi et al., 2013). A pilot 4-week clinical study revealed
that when administered to individuals with type 2 diabetes, an extract of the whole plant of T.
procumbens (containing carotenoids, flavonoids and other phenolics) lowered blood glucose with no
serious adverse effects reported (Desai et al., 2015). We also found a report of its use to treat kidney
disease in El Salvador (Gonzalez-Ayala, 1994). This species is used traditionally in Nigeria as a
treatment to reduce blood pressure and the findings of in vivo studies appear to supports this use
(Salahdeen et al., 2004).

Acosmium panamense (Benth.) Yakovlev is a tree naturally distributed in Mexico and in Central
America (GBIF, 2015c). We found two sources reporting the use of A. panamense to manage
diabetes in Belize (Balick and Arvigo, 2015; Ferrier, 2014). The use of this species in the management
of diabetes was also reported in Mexico (Andrade-Cetto and Heinrich, 2005) and animal studies on
the extracts of its bark showed hypoglycaemic activity (Andrade-Cetto and Wiedenfeld, 2004).
Studies to investigate the hypoglycaemic chemical constituents of this species are lacking, although
the bark does contain methoxylated quinolizidine alkaloids (Veitch et al., 1997), therefore safety
would also need to be evaluated in addition to further studies on efficacy in diabetes.

Quassia amara L. is a shrub growing in Central and South America (GBIF, 2015d). We found reports
of its use to manage diabetes in Guatemala (Caceres et al., 1991) and in El Salvador (Gonzalez-Ayala,
1994). The use of Q. amara to manage diabetes has also been documented in Suriname (Mans 2012)
and among Suriname’s migrants in Holland (van Andel and Westers, 2010). Animal studies showed
antidiabetic activity of the extracts of this species (Husain et al., 2011; Ferreira et al., 2013), which
included the observation of a hypoglycaemic effect with a standardised extract containing quassin,



isoquassin and neoquassin (Husain et al., 2011); quassinoids are reported to act as insulin
secretagogues (Husain et al., 2011).

Artemisia absinthium L. is an herb native of the Mediterranean region. Animal studies found that
extracts from this species have anti-hyperglycaemic activity (Daradka et al., 2014) and glucosidase
and lipase inhibitory activities (Ramirez et al., 2012). The compounds responsible for these effects
are yet to be investigated, although they are unlikely to be artemisinin derivatives, since these
compounds have not been associated with hypoglycaemia (Davis, 1997).

Catharanthus roseus (L.) G. Don is used to manage diabetes in several part of the world. In Central
America we found reports of this use in Belize and in El Salvador (Balick and Arvigo, 2015; Gonzalez-
Avyala, 1994). Several animal studies showed that extracts from this species have a hypoglycaemic
effect (Islam et al., 2009; Jayanthi et al., 2010; Mostofa et al., 2007; Nammi et al., 2003; Natarajan et
al., 2012; Rasineni et al., 2010) and they reduce serum cholesterol and triglycerides (Antia et al.,
2005). An indole alkaloid, vindogentianine, from the leaves of this species was hypoglycaemic in vivo,
an effect that was associated with enhanced glucose uptake and PTP-1B inhibition (Tiong et al.,
2015). Another alkaloid, vindoline, which occurs in the leaves of this species, improved glucose
homeostasis in animal models of diabetes and it protected B-cell function from apoptosis (Yao et al.,
2013). These studies appear to provide some scientific basis to explain the traditional use of the
leaves of this species for diabetes.

Acrocomia aculeata (Jacq.) Lodd. ex Mart. is a 10-20 m tall palm. Animal studies conducted on this
species showed the extract to have a hypoglycaemic effect (Perez et al., 1992) and a new
tetrapyrane compound with hypoglycaemic activity was isolated from it (Pérez et al., 1997). Other
studies on this species in relation to diabetes are lacking.

Equisetum myriochaetum Schltdl. & Cham. is also widely used in Mexico to manage diabetes and to
treat urinary problems (Andrade-Cetto and Heinrich, 2005). Animal studies of extracts of E.
myriochaetum showed hypoglycaemic activity and the active constituents were suggested to be
kaempferol glycosides and a caffeoyl glucoside (Cetto et al., 2000; Revilla et al., 2002).

We found reports of the use of Hymenaea courbaril L., a tree found in Central America and South
America, to treat kidney disease in Guatemala, Nicaragua and El Salvador (Kufer et al., 2005; Barrett,
1994; Gonzalez-Ayala, 1994). Interestingly, Gupta reports that the infusion of the tea and leaves of
H. courbaril has hypoglycemic activity (Gupta et al., 1979), although the compounds responsible are
unknown.

We found that a decoction of Pachira aquatica Aubl is used orally in Central America to treat kidney
disease, urinary problems and skin conditions such as rashes and sores (Arnason et al., 1980; Balick
and Arvigo, 2015; Coe, 2008; Coe et al., 1997; Coe and Anderson, 1996). Although we did not find
any report for the use of P. aquatica to manage diabetes in Central America, this use has been
reported in at least 3 studies in Mexico (Hernandez-Galicia et al., 2002). Currently, there is a lack of
pharmacological and phytochemical studies investigating the anti-diabetic activity of this species.

Similarly, a decoction of Desmodium adscendens (Sw.) DC. is used orally in Central America to treat
skin conditions, kidney disease and urinary problems. Although we did find any not direct evidence
for the use of D. adscendens to manage diabetes, D. gangeticum (L.) DC. is used in ayurvedic
traditional medicine for the management of diabetes and studies showed that this species has
antidiabetic activity (Govindarajan et al., 2007). It is possible that other members of the genus
Desmodium, including D. adscendens, could potentially produce mechanistic effects such as



hypoglycaemia, thus this genus may be of interest to investigate further, from the ethnobotanical
and pharmacological perspectives.

We found 1 report of the use of Cocos nucifera L. (coconut) to manage diabetes in Central America
(Barrett, 1994) along with reports for its use to treat cardiovascular disease, kidney disease and
urinary problems (Balick and Arvigo, 2015; Girdn et al., 1991; Gonzalez-Ayala 1994). There is some
pharmacological evidence supporting the use of this species to manage diabetes and its sequelae: an
extract of C. nucifera was anti-hyperglycaemic in vivo (Naskar et al., 2011); furthermore, coconut
water showed beneficial effects on some biochemical parameters in diabetic rats (Preetha et al.,
2013) and consumption of coconut fibre from its flour is reported to decrease the glycaemic index of
food (Trinidad et al., 2003).

Girdn et al (1991) reports the use of the leaf of Senna alata (L.) Roxb. to manage diabetes among the
Caribs of Guatemala, and Balick and Arvigo (2015) reports the use of a decoction of the leaves and
flowers of this species to treat kidney and urinary complaints in Belize. Moreover, several sources
report the use of this species to treat skin infections, rashes and sores in Nicaragua (Coe 2008; Coe
et al., 1997; Coe and Anderson, 1999; Coe and Anderson, 1996; Barrett 1994). Among the Miskitu of
Nicaragua, the plant is also used to treat hypertension (Coe and Anderson, 1999). Animal studies of
an extract of the leaves of this species showed an a-glucosidase inhibitory effect (Varghese et al.,
2013) and a hypoglycaemic effect in vivo (Palanichamy et al., 1988). The a-glucosidase inhibitory
activity of the leaves has been attributed to kaempferol 3-O-gentiobioside (Varghese et al., 2013).
Sambucus canadensis L. is used in Central America to treat kidney disease, urinary problems and skin
conditions (Gonzalez-Ayala, 1994; MacVean, 2006; Nicolas 1999). There is a lack of studies
supporting the traditional use of this species, except one study that found in vitro insulin-like actions
of the related Sambucus nigra (Gray et al., 2000). Polyphenols from the fruit of the latter species
have been associated with hypoglycaemic, hypolipidaemic and antioxidant effects in a rat model of
diabetes (Ciocoiu et al., 2009). Extracts from the flowers of S. nigra, and the flower constituents a-
linolenic acid, linoleic acid and the flavanone naringenin, activate PPARy and stimulate insulin-
dependent glucose uptake, indicating relevance for modulating insulin resistance (Christensen et al.,
2010). Other S. nigra flower constituents, notably ferulic, p-coumaric, caffeic acids, and kaempferol
increased glucose uptake in vitro and reduced fat accumulation in Caenorhabditis elegans
(Bhattacharya et al., 2013). Thus, investigations on the constituents of S. canadensis would be of
interest to determine any mechanistic effects relevant to diabetes and to understand the
phytochemicals responsible, enabling direct comparisons of biological properties of these two
Sambucus species in relation to their traditional uses.

Aloe vera (L.) Burm.f. is a widely used medicinal plant. In Central America we found one report of its
use to manage diabetes in El Salvador (Gonzalez-Ayala, 1994) and reports as a treatment for skin
conditions, and for kidney disease in Belize and El Salvador (Balick and Arvigo, 2015; Gonzalez-Ayala
1994). This species is also used in Mexico to manage diabetes (Andrade-Cetto and Heinrich, 2005)
and animal studies showed its extracts to have hypoglycaemic activity (Kim et al., 2009; Rajasekaran
et al., 2005; Rajasekaran et al., 2004) and wound healing activity in diabetic rats (Chithra et al.,
1998). Clinical trials concluded that A. vera juice is effective in lowering blood sugar and triglycerides
in diabetes patients (Bunyapraphatsara et al., 1996; Yongchaiyudha et al., 1996), although more
extensive RCTs are needed, which specifically investigate standardised extracts to enable firmer
conclusions on efficacy to be determined. The biological activities of A. vera, including those relevant
to diabetes and its sequelae, have been widely reviewed previously and recent updates on the
biological effects and phytochemical constituents are described in Chinchilla et al. (2013).

Eysenhardtia adenostylis Baill. is used among the Cakchiquels in Guatemala to treat diabetes (Cruz
and Andrade-Cetto, 2015). We also found reports of its use to treat kidney disease, urinary problems



and skin conditions in El Salvador and in Guatemala (Gonzalez-Ayala, 1994; MacVean, 2006). These
traditional uses may be associated with the antibacterial isoflavans that occur in this species (Hori et
al., 2004), or due to other constituents with different modes of action which are yet to be
elucidated. Interestingly, another species from Mexico, E. platycarpa Pennell & Saff., is used
traditionally for kidney and bladder infections and for complications of diabetes (Navaez-Mastache
et al., 2006). One of the major components isolated from the branches and leaves of the latter
species, 3-O-acetyloleanolic acid, decreased body weight and glucose level in streptozotocin-induced
diabetic rats (Navaez-Mastache et al., 2006).

A decoction of the styli of Zea mays L. is used orally in Guatemala, Belize and El Salvador to treat
kidney disease and urinary problems (Balick and Arvigo, 2015; Girdn et al., 1991; Gonzalez-Ayala,
1994; Kufer et al., 2005). In Mexico this preparation is also used to manage diabetes (Andrade-Cetto
et al., 2006; Andrade-Cetto and Heinrich, 2005). Accordingly, Suzuki et al. (2005) showed a positive
effect of the style of this species on streptozotocin-induced diabetic nephropathy (Suzuki et al.,
2005). The flavones, chrysoeriol 6-C-B-boivinopyranosyl-7-O-B glucopyranoside and chrysoeriol 6-C-
B-L-boivinopyranoside, have been isolated from the style of this species, and they exhibited
glycation inhibitory activity (Suzuki et al., 2003), which provides some scientific explanation for the
traditional use for diabetes in Mexico.

In Belize a decoction of the bark of Guazuma ulmifolia Lam. is consumed orally to manage diabetes
and treat urinary problems and it is used externally to treat skin sores and infections (Balick and
Arvigo, 2015). This species is also used in Panama to treat kidney disease (Duke, 1986) and in
Honduras to treat urinary problems (Lentz et al., 1998). In Mexico an infusion of the bark of G.
ulmifolia is used to treat type-2 diabetes (Andrade-Cetto and Heinrich, 2005) and extracts of this
species have been found to lower plasma glucose in animal studies (Alarcon-Aguilara et al., 1998).
There are limited published data on the phytochemical constituents that might mediate the
observed pharmacological effects of this species.

We found reports of the use of Piper auritum Kunth in Central America to manage diabetes and to
treat cardiovascular disease, kidney disease and skin conditions (Balick and Arvigo, 2015; Barrett,
1994; Coe, 2008; Ferrier, 2014; House and Sanchez, 1997). A pharmacological study found that an
extract of this species has antidiabetic effects (Gutierrez, 2012) and the results of an in vitro and in
vivo study suggest that this species prevents oxidative stress and renal damage associated with
diabetes (Perez Gutierrez et al., 2012). This species also requires further study to elucidate the
biologically active constituents relevant to diabetes and the traditional uses.

Jatropha curcas L. is a large shrub widely used in traditional medicine in Central and South America,
Africa, Asia and Middle East (Abdelgadir and Van Staden, 2013). We found reports of the use of this
species to treat urinary problems and skin conditions in Guatemala, Belize, and El Salvador (Balick
and Arvigo, 2015; Girdn et al., 1991; Gonzalez-Ayala, 1994). Animal studies showed that the extract
of the leaf and root of this species has hypoglycaemic activity, and it reduced cholesterol and
triglyceride levels (Mishra et al., 2010; Muhammad 2013) and has wound healing properties
(Esimone et al., 2008; Shetty et al., 2006; Villegas et al., 1997). Igbinosa et al. (2011) concluded the
polyphenols were important for bioactivity. The anti-diabetic effects of the leaves of this species,
including hypoglycaemic and antioxidant effects observed in streptozotocin-induced diabetic rats,
are suggested to be associated with the flavonoids rhoifolin, isoorientin and isoquercetrin (El-Baz et
al., 2014). This species is associated with anti-inflammatory, antimicrobial and antioxidant activities
(Abdelgadir and Van Staden, 2013).



4 Conclusion

In this review we found that out of 105 species reported to be used to manage diabetes in Central
America, only seven species are reported 3 or more times while 84 other species are reported in just
one study. Similarly to what has been observed for the distribution of overall medicinal plant
knowledge (Barrett, 1995), it seems that the shape of the distribution of knowledge of medicinal
plants used to manage diabetes has a “long tail”. Some pharmacological studies provide some
scientific basis to explain the traditional uses of the species with at least 3 independent reports.
Extracts from many of these species showed hypoglycaemic effects in animal models of diabetes.
However, in many cases the specific mechanisms and the active compounds causing this effect are
unknown and there is a lack of RCTs for most of the species.

There are many challenges associated with understanding the use of plants as medicines. Knowledge
of the traditional uses, the plant parts used, the preparations and the routes of administration can
be multiple and complex for one species. Furthermore, robust studies to understand any scientific
basis to explain recorded traditional uses are often lacking. Although many studies describe
pharmacological activities in vitro and/or in vivo that may provide some scientific basis to explain a
traditional use relevant to diabetes, additional complexities such as the method(s) of preparation,
the route of administration encompassing bioavailability and pharmacokinetics and dose are often
not considered. Therefore for many species, more scientific research is needed to understand any
pharmacological basis that might explain traditional uses, and also the sustainable and appropriate
uses of plants as medicines. One of the major challenges for research on plants as medicines is the
lack of available chemically-characterised and standardised preparations for investigation,
particularly in RCTs, but also for many pharmacological studies. These issues were also observed for
the main recorded species in this study, in relation to the scientific basis for their use in diabetes.
More scientific studies are therefore needed to understand the pharmacological effects of species
used traditionally for diabetes, which are directly correlated with chemically-characterised extracts.
For those species where pharmacological studies are most promising to modulate parameters of
diabetes, more robust clinical studies, also investigating standardised extracts, are needed to
understand efficacy from both the traditional use and potential use perspectives. Indeed, even one
of the most widely studied species relevant to diabetes (in previous studies and one of the most
reported species in the present study), Momordica charantia, when evaluated in a Cochrane Review
it was revealed that there were issues with the quality of clinical trial data and methods were flawed
due to the variability of preparations of this plant used in the interventions; thus it was concluded
that there was no significant change in reliable parameters of glycaemic control, compared to the
diabetes drugs, metformin and glibenclamide (Ooi et al., 2012).

The approach used in this study was to investigate both the medicinal plants reported for the
management of diabetes and its sequelae. By using this approach we provided a more complete
view on the use of medicinal plant species to manage diabetes in Central America than by looking
only at the species reported for the management of diabetes. Interestingly, several of the species
that are used to manage diabetes in Central America are also used to treat conditions that may arise
as consequence of diabetes such as kidney disease, urinary problems and skin conditions. The
contemporaneous presence of many phytochemicals with potentially multiple biological activities it
is often a hallmark of the practice of phytotherapy. For example, the leaves of Neurolaena lobata are
widely used both to manage diabetes and to treat skin conditions. In the case of the use of medicinal
plants to treat a metabolic disorder such as diabetes, we suggest that it is useful to use a syndromic
approach that includes the multiple uses of plant species for conditions and symptoms related to
diabetes, and investigate how these uses relate to their phytochemical and biological activities.



Accordingly, McCune and Johns (2002 and 2003) looked at the anti-oxidant properties of species
used in the treatment of symptoms of diabetes among the peoples of the boreal forest of Eastern
Canada and Leduc et al. (2006) developed a quantitative methodology to identify species with anti-
diabetic properties that takes in account the use of species in the treatment of symptoms of
diabetes.

The value of these medicinal plants and their associated knowledge may have relevance in the
potential drug development in the future, but they are also of value for their present use among the
population of Central America. Considering the huge economic cost of diabetes to both individuals
and society in Central American countries (Barcelo et al., 2013), that only few countries have full
coverage for diabetics in the formal healthcare system (Aschner et al., 2014), and that the risk of
developing type2 diabetes is associated with a low socio-economic position (Agardh et al., 2011), it is
important to highlight and understand any effective plant remedies to manage diabetes, and the
associated local knowledge, to assist with providing a valuable, cost-effective, sustainable and
culturally appropriate health care service to the population of Central America.
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SlI: antimicrobial and analgesic and anti-inflammatory
properties (Gutiérrez et al., 2008).

DM: extracts have hypoglycaemic and anti-inflammatory
effect on animal models (Esimone et al., 2001; Ojewole,
2003; Olatunji et al., 2005; Sokeng et al., 2001)
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DM: one study suggests that the extract of this species
have hypoglycaemic properties (Pandurangan et al.,
2013). Extracts have anti-microbial (Camporese et al.,
2003), anti-inflammatory (Sosa et al., 2002) and some
wound healing activity (Gomez-Beloz et al., 2003).

DM: Also used in Mexico to manage diabetes (Andrade-
Cetto and Heinrich, 2005); Animal studies showed anti-
microbial, anti-inflammatory activity of the extracts
(Camporese et al., 2003; Bork et al., 1996; Sosa et al.,
2002; Noguera et al., 2004)
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DM and SI: Extracts have hypoglycaemic, hypolipidaemic
and wound healing activities (Maniyar and
Bhixavatimath, 2012; Adeneye et al., 2009; Judrez-Rojop
et al., 2012; Sasidharan et al., 2011)

DM: Extracts can have both hypoglycaemic or
hyperglycaemia-inducing activity depending on how the
extract is prepared (Morrison et al., 1990; Quanico et al.,
2008; Russell et al., 2008) and a hypolipidaemic effect
(Ferreira et al., 2013).

DM: Extracts have hypoglycaemic effect (Andrade-Cetto
and Wiedenfeld, 2001; Herrera-Arellano et al., 2004;
Pérez-Guerrero et al., 2001; Revilla-Monsalve et al.,
2007; Roman-Ramos et al., 1990)

A clinical trial showed beneficial effects of an extract of
this species administered as an adjunct on type-2
diabetes patients (Herrera-Arellano et al., 2004).
Hypoglycaemic effect on type 2 diabetic patients (Revilla-
Monsalve et al., 2007).
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| DM: extracts of the leaves and of the whole plant have
n antidiabetic and anti-hyperlipidemic activity (Bhagwat et
t al, 2008; Pareek et al., 2009; Petchi et al., 2013)

DM: Animal studies of the extract showed hypoglycaemic

L |
f n activity (Andrade-Cetto and Wiedenfeld, 2004)
t
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DM: Animal studies showed antidiabetic activity of the
extracts of this species (Ferreira et al., 2013; Husain et
al., 2011)

No evidence for DM(

(note: no data about the content of aristolochic acids,
potentially toxic)
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DM: Extract of this species has antihyperglycaemic
activity on animals (Daradka et al., 2014). Extract has in
vitro glucosidae and lipase inhibitory activities (Ramirez
et al., 2012).

DM: Extracts have in vivo hypoglycaemic effect (Islam et
al., 2009; Jayanthi et al., 2010; Mostofa et al., 2007;
Nammi et al., 2003; Natarajan et al., 2012; Rasineni et al.,
2010) and reduce serum cholesterol and triglycerides
(Antia et al., 2005).
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| DM: Extract has in vivo hypoglycaemic effect (Pérez et al.,
n 1997; Perez et al., 1992)
t

Table 1. Medicinal species used to manage diabetes reported in at least 2 sources.

Species used to manage diabetes: The Plant List full accepted name and family (in bold)
Country: Ni=Nicaragua, GU=Guatemala, BE=Belize, SA=El Salvador, CR=Costa-Rica, PA=Panama.
Reports from different sources by disease category: DM= Diabetes, CD= Cardiovascular disease,
KD= Kidney disease, SI= Skin conditions, UP= Urinary Problems, VL: Vision loss. Total= total of
reports for all the disease categories considered

Plant part: Lf= leaf, St= stem, Ba= Bark, Se= Seed, Ro= root, Fw= flower, Fr= fruit. ; Mode of use:
Int.= internal (oral), ext= external (topic)



Species used to treat skin Family Country Parts Mode Sources
conditions used of
use
Neurolaena lobata (L.) R.Br. ex  Asteraceae NI, BE, GU, leaf ext. & 12
Cass. PA int.
Carica papaya L. Caricaceae BE, PA, SA, latex, ext. 8
NI leaf,
fruit,
bark
Acalypha aristata Kunth Euphorbiaceae NI, GU, BE leaf, ext. & 7
whole int.
plant,
bark,
sap
Psidium guajava L. Myrtaceae NI, GU, BE bark, ext.& 6
fruit, int.
leaf
Cassia grandis L.f. Fabaceae BE, NI fruit, ext.& 6
leaf, int.
stem,
root
Bursera simaruba (L.) Sarg. Burseraceae GU, NI, BE bark, ext.& 5
leaf int.
Momordica charantia L. Cucurbitaceae NI, GU, BE leaf, ext.& 5
stem int.
Anacardium occidentale L. Anacardiaceae NI bark, ext.& 5
leaf int.
Hamelia patens Jacq. Rubiaceae BE, NI, SA leaf, ext. & 5
whole int.
plant,
flower
Passiflora quadrangularis L. Passifloraeae NI, PA leaf, ext. & 5
stem int.
Senna alata (L.) Roxb. Fabaceae NI leaf, ext. & 5
fruit, int.
flower
Bryophyllum pinnatum (Lam.) Crassulaceae NI, GU, BE leaf ext. 5
Oken
Commelina erecta L. Commelinaceae  BE, NI leaf ext. & 5
and int.
stem
Cordia alliodora (Ruiz & Pav.) Boraginaceae BE, NI Seed, ext.& 5
Oken leaf int.
Heliotropium indicum L. Boraginaceae BE, NI leaf, ext. & 5
whole int.

plant




Species used to treat skin Family Country Parts Mode Sources
conditions used of
use
Mangifera indica L. Anacardiaceae NI bark, ext.& 5
fruit, int.
leaf
Rhizophora mangle L. Rhizophoraceae  BE, NI bark ext. & 5
int.
Spondias mombin L. Anacardiaceae BE, NI bark, ext.& 5
leaf int.
Spondias purpurea L. Anacardiaceae NI, BE, SA bark, ext.& 5
leaf int.
Desmodium adscendens (Sw.) Fabaceae NI leaf, int. 4
DC. whole
plant,
root
Hyptis verticillata Jacq. Lamiaceae NI leaf, ext. & 4
whole int.
plant,
root
Lygodium venustum Sw. Lygodiaceae BE, NI leaf ext. 4
Dysphania ambrosioides (L.) Amaranthaceae  GU, NI, BE  whole ext. 4
Mosyakin & Clemants plant,
leaf
Lantana camara L. Verbenaceae BE, PA,GU, leaf ext. 4
NI
Xiphidium caeruleum Aubl. Haemodoraceae BE, NI, PA leaf ext. & 4
int.
Capsicum annuum var. Solanaceae NI seed, ext.& 4
glabriusculum (Dunal) Heiser & fruit, int.
Pickersgill leaf,
flower
Capsicum chinense Jacq. Solanaceae NI seed, ext.& 4
fruit, int.
leaf,
flower
Coccoloba uvifera (L.) L. Polygonaceae NI bark, int. 4
leaf
Gynerium sagittatum (Aubl.) Poaceae NI root int. 4
P.Beauv.
Manilkara zapota (L.) P.Royen  Sapotaceae NI stem, ext. 4
sap
Oryza sativa L. Poaceae NI seed, ext.& 4
stem int.
Pentaclethra macroloba Fabaceae NI bark ext. & 4
(Willd.) Kuntze int.




Species used to treat skin Family Country Parts Mode Sources
conditions used of
use
Piper peltatum L. Piperaceae NI, GU, BE, leaf Ext. 4
HO
Senna reticulata (Willd.) Fabaceae Ni leaf, int. 4
H.S.Irwin & Barneby root
Simarouba amara Aubl. Simaroubaceae BE, NI, GU leaf, ext. & 4
fruit, int.
bark,
seed
Solanum lycopersicum L. Solanaceae NI leaf ext. 4
Struthanthus cassythoides Loranthaceae BE, NI leaf, ext. & 4
Millsp. ex Standl. whole int.
plant
Theobroma cacao L. Sterculiaceae NI seed, ext. 4
leaf
Cecropia peltata L. Urticaceae NI, BE, HO leaf ext. & 3
int.
Pachira aquatica Aubl. Bombacaceae Ni bark int. 3
Piper auritum Kunth Piperaceae NI, Ho, BE leaf ext. & 3
int.
Coix lacryma-jobi L. Poaceae NI seed, int. 3
root
Bixa orellana L. Bixaceae NI, BE, HO leef, ext. & 3
seed int.
Jatropha gossypiifolia L. Euphorbiaceae NI leaf int. 3
Psychotria poeppigiana Rubiaceae NI fruit, ext.& 3
Muall.Arg. leaf, int.
stem,
root
Byrsonima crassifolia (L.) Kunth  Malpighiaceae BE, GU, NI bark, ext.& 3
leaf int.
Cuscuta americana L. Convolvulaceae NI leaf, ext. 3
stem
Dalbergia brownei (Jacq.) Urb.  Fabaceae NI bark, ext.& 3
leaf, int.
stem
Desmodium barbatum (L.) Fabaceae NI leaf, int. 3
Benth. root
Gliricidia sepium (Jacqg.) Walp. Fabaceae BE, NI bark, ext.& 3
leaf int.
Hamelia rovirosae Wernham Rubiaceae BE, NI fruit, ext.& 3
leaf, int.

stem,




Species used to treat skin Family Country Parts Mode Sources
conditions used of
use
root
Hiraea quapara (Aubl.) Sprague Malpighiaceae NI leaf ext 3
Ipomoea mauritiana Jacq. Convolvulaceae NI leaf ext. & 3
int.
Ipomoea pes-caprae (L.) R. Br. Convolvulaceae NI leaf ext. & 3
int.
Jatropha curcas L. Euphorbiaceae BE, GU, SA leaf, ext. 3
latex
Mucuna sloanei Fawc. & Fabaceae NI sap ext. 3
Rendle
Olyra latifolia L. Poaceae NI leaf, ext. & 3
root int.
Pouteria sapota (Jacq.) Sapotaceae NI bark, = ext.& 3
H.E.Moore & Stearn leaf, int.
seed
Saccharum officinarum L. Poaceae NI leaf, ext. & 3
stem int.
Smilax spinosa Mill. Smilacaceae NI, GU, BE, root ext. & 3
HO int.
Solanum torvum Sw. Solanaceae BE, NI leaf, ext. 3
root
Spermacoce laevis Lam. Rubiaceae PA, NI leaf, ext. 3
whole
plant

Table 2 Plants used to treat skin conditions
Species used to treat skin conditions: The Plant List full accepted name ; Country: Ni= Nicaragua,
GU= Guatemala, BE= Belize, SA= El Salvador, CR=Costa-Rica, PA= Panama. ; Mode of use: int.=
internal (oral), ext= external (topic) ; Sources: number of sources where the species was reported for

the treatment of skin conditions

Species used to Family Country Parts used Mode of use Sources
treat kidneys

disease

Bursera simaruba  Burseraceae BE, GU, leaf, bark, fruits int. 4

(L.) Sarg. PA

Equisetum Equisetaceae GU, SA  Aerial part, whole int. 3
myriochaetum

Schltdl. & Cham.

Hymenaea Fabaceae GU, SA, Bark, leaf int. 3




courbaril L.

Sambucus
canadensis L.

Aloe vera (L.)
Burm.f.

Cecropia peltata L.

Cocos nucifera L.

Eysenhardtia
adenostylis Baill.
Pachira aquatica
Aubl.

Zea mays L.

Adoxaceae

Liliaceae

Urticaceae
Arecaceae

Fabaceae

Bombaceae

Poaceae

NI
GU, SA

SA, BE

SA, BE
SA, BE
SA, GU

BE

BE, SA

Flower, bark, leaf
leaf, gel

leaf, bark
water from fruit

stem, bark
seed, fruit

styli

int. 3
int. 2
int. 2
int. 2
int. 2
int. 2
int. 2

Table 3 Plants used to treat kidneys disease
Species used to treat kidney disease: The Plant List accepted full name; Country: Ni= Nicaragua,
GU= Guatemala, BE= Belize, SA= El Salvador, CR=Costa-Rica, PA= Panama. ; Mode: int= internal
(oral), ext=external (topic); Sources: number of sources where the species was reported for the
treatment of kidney disease

Species used to treat  Family Country Parts Mode of use Sources
urinary problems used
Zea mays L. Poaceae BE, SA, styli Int. 5
GU

Arthrostemma Melastomataceae PA, BE, stem, int. 4
ciliatum Pav. ex D. Don HO, CR whole

plant
Cocos nucifera L. Arecaceae BE, SA, water int. 3

GU from

fruit
Acalypha aristata Euphorbiaceae GU, BE whole int. 2
Kunth
Bursera simaruba (L.)  Burseraceae PA, GU bark, int. 2
Sarg. fruits
Jatropha curcas L. Euphorbiaceae BE, SA leaf, bark int. 2
Equisetum Equisetaceae SA, GU whole int. 2
myriochaetum Schlitdl.
& Cham.
Guazuma ulmifolia Malvaceae BE, HO bark int. 2
Lam.
Euphorbia hirta L. Euphorbiaceae BE, GU leaf, bark int. 2




Capraria biflora L. Scrophulariaceae  BE, GU leaf, bark int. 2

Passiflora coriacea Passifloraceae SA, GU leaf int. 2
Juss.

Table 4 Plants used to treat urinary problems

Species used to treat urinary problems: The Plant List full accepted name ; Country: Ni= Nicaragua,
GU= Guatemala, BE= Belize, SA= El Salvador, CR=Costa-Rica, PA= Panama. ; Mode of use:
int=internal (oral), ext=external (topic) ; Sources: number of sources where the species was reported
for the treatment of urinary problems

REFERENCES:

Abdelgadir, H.A., Van Staden, J., 2013. Ethnobotany, Ethnopharmacology and Toxicity of Jatropha
curcas L. (Euphorbiaceae): A Review.” S. Afr. J. Bot. 88 (September), 204-18.

Adeneye, A.A., Olagunju., J.A., 2009. Preliminary Hypoglycemic and Hypolipidemic Activities of the
Aqueous Seed Extract of Carica papaya Linn in Wistar Rats. Biol. Med. 1 (1), 1-10.

Agardh, E., Allebeck, P., Hallgvist, J., Moradi, T., Sidorchuk, A., 2011. Type 2 diabetes incidence and
socio-economic position: a systematic review and meta-analysis. Int. J. Epidemiol. 40(3), 804-818.

Aguilar-Santamaria, L., Ramirez, G., Nicasio, P., Alegria-Reyes, C., Herrera-Arellano, A., 2009.
Antidiabetic Activities of Tecoma stans (L.) Juss. Ex Kunth. J. Ethnopharmacol. 124 (2), 284-88.

Alarcon-Aguilara, F. J., Roman-Ramos, R., Perez-Gutierrez, S. Aguilar-Contreras, A., Contreras-Weber,
C.C,, Flores-Saenz, J.L., 1998. Study of the Anti-Hyperglycemic Effect of Plants Used as
Antidiabetics. J. Ethnopharmacol. 61 (2), 101-10.

Alexander-Lindo, R. L., Morrison, E.,Nair, M.G., McGrowder, D.A., 2007. Effect of the Fractions of the
Hexane Bark Extract and Stigmast-4-En-3-One Isolated from Anacardium Occidentale on Blood
Glucose Tolerance Test in an Animal Model. Int. J. Pharmacol. 3, 41-47.

Alonso-Castro, A. J., Balleza-Ramos, S., Hernandez-Morales, A., Zapata-Morales, J.R., Gonzalez-
Chavez, M.M., Carranza-Alvarez, C., 2015. Toxicity and Antinociceptive Effects of Hamelia Patens.
Rev. Bras. Farmacogn. 25 (2), 170-76.

American Diabetes Association, 2004. Diagnosis and Classification of Diabetes Mellitus. Diabetes
Care 27 (1), 5-10.

Amiguet, V. T., Arnason, J.T., Maquin, P., Cal, V., Sanchez-Vindas, P., Alvarez, L.P., 2006. A
Regression Analysis of Q'eqchi’ Maya Medicinal Plants from Southern Belize. Econ. Bot. 60 (1),
24-38.

Andrade-Cetto, A., Becerra-Jiménez, J., Martinez-Zurita, E., Ortega-Larrocea, P., Heinrich, M., 2006.
Disease-Consensus Index as a Tool of Selecting Potential Hypoglycemic Plants in Chikindzonot,
Yucatan, México. J. Ethnopharmacol. 107 (2), 199-204.

Andrade-Cetto, A., Cardenas, R., Ramirez-Reyes, B., 2007. Hypoglycemic Effect of Cecropia peltata L.
on N5-STZ Type 2 Diabetic Rats. Pharmacologyonline 3, 203-10.

Andrade-Cetto, A., Heinrich, M., 2005. Mexican Plants with Hypoglycaemic Effect Used in the
Treatment of Diabetes. J. Ethnopharmacol. 99 (3), 325-48.

Andrade-Cetto, A., Wiedenfeld, H., 2001. Hypoglycemic Effect of Cecropia obtusifolia on
Streptozotocin Diabetic Rats. J. Ethnopharmacol. 78 (2), 145-49.

Andrade-Cetto, A., Wiedenfeld, H. ,2004. Hypoglycemic Effect of Acosmium panamense Bark on
Streptozotocin Diabetic Rats. J. Ethnopharmacol. 90 (2), 217-20.

Andrade-Cetto, A., Wiedenfeld, H., Revilla, M.C., Sergio, I.A., 2000. Hypoglycemic Effect of Equisetum
myriochaetum Aerial Parts on Streptozotocin Diabetic Rats. J. Ethnopharmacol. 72 (1), 129-33.

Antia, B. S., Okokon, J.E., Okon, P.A., 2005. Hypoglycemic Activity of Aqueous Leaf Extract of Persea
americana Mill. Indian J. Pharmacol. 37 (5), 325.



Arnason, T., Uck, F., Lambert, J., Hebda, R., 1980. Maya Medicinal Plants of San Jose Succotz, Belize.
J. Ethnopharmacol. 2 (4), 345-64.

Aschner, P., Aguilar-Salinas, C., Aguirre, L., Franco, L., Gagliardino, J.J., de Lapertosa, S.G., Seclen, S.,
Vinocour, M., 2014. Diabetes in South and Central America: An Update. Diabetes Res. Clin. Pract.
103 (2), 238-43.

Bahadoran, Z., Mirmiran, P., Azizi, F., 2013. Dietary Polyphenols as Potential Nutraceuticals in
Management of Diabetes: A Review. J. Diabetes Metab. Disord. 12 (1), 43.

Balick, M. J., Arvigo, R., 2015. Message from the Gods. A Guide to the Useful Plants of Belize. Oxford
University Press, Oxford.

Barcelo, A., Aedo, C., Rajpathak, S., Robles, S., 2003. The cost of diabetes in Latin America and the
Caribe. B. World Health Organ. 81(1), 19-27.

Barcelo, A., Gregg, E.W., Gerzoff, R.B., Wong, R., Perez Flores, E., Ramirez-Zea, M., Cafiero,
Altamirano, L., Ascencio Rivera, M., de Cosio, G., de Maza, M.D., del Aguila, R., Emanuel, E. Gil, E.,
Gough, E., Jenkins, V. Orellana, P., Palma, R., Palomo, R., Pastora, M., Pefia, R, Pineda, E.,
Rodriguez, B., Tacsan, L., Thompson, L., Villagra, L., CAMDI collaborative study group, 2012.
Prevalence of Diabetes and Intermediate Hyperglycemia among Adults from the First
Multinational Study of Noncommunicable Diseases in Six Central American Countries: The Central
America Diabetes Initiative (CAMDI). Diabetes Care 35(4), 738-40.

Barrett, B., 1994. Medicinal Plants of Nicaragua’s Atlantic Coast. Econ. Bot. 48 (1), 8-20.

Barrett, B., 1995. Herbal Knowledge on Nicaragua’s Atlantic Coast: Consensus within Diversity. J.
Community Health 20 (5), 403-21.

Bhagwat, D. A, Killedar, S.G., Adnaik, R. S., 2008. Anti-Diabetic Activity of Leaf Extract of Tridax
Procumbens. Int. J. Green Pharm. 2 (2), 126.

Bhattacharya, S., Christensen, K.B., Olsen, L.CB., Christensen, L.P., Grevsen, K. N., Faergeman, J.,
Kristiansen, K., Young, J.F., Oksbjerg, N., 2013. Bioactive Components from Flowers of Sambucus
Nigra L. Increase Glucose Uptake in Primary Porcine Myotube Cultures and Reduce Fat
Accumulation in Caenorhabditis Elegans. J. Agric. Food Chem. 61 (46), 11033-40.

Bork, P. M., Schmitz, M.L., Weimann, C., Kist, M., Heinrich, M., 1996. Nahua Indian Medicinal Plants
(Mexico): Inhibitory Activity on NF-kB as an Anti-Inflammatory Model and Antibacterial Effects.
Phytomedicine 3 (3), 263-69.

Brai, B. IC., Odetola, A.A., Agomo, P.U., 2007. Hypoglycemic and Hypocholesterolemic Potential of
Persea americana Leaf Extracts. J. Med. Food 10 (2), 356-60.

Bunyapraphatsara, N., Yongchaiyudha, S., Rungpitarangsi, V., Chokechaijaroenporn, O., 1996.
Antidiabetic Activity of Aloe Vera L. Juice Il. Clinical Trial in Diabetes Mellitus Patients in
Combination with Glibenclamide. Phytomedicine 3 (3), 245-48.

Caceres, A., Lopez, B.R., Giron, M.A., Logemann, H., 1991. Plants Used in Guatemala for the
Treatment of Dermatophytic Infections. 1. Screening for Antimycotic Activity of 44 Plant Extracts.
J. Ethnopharmacol. 31 (3), 263-76.

Camporese, A., Balick, M.J., Arvigo, R., Esposito, R.G., Morsellino, N., De Simone, F., Tubaro, A., 2003.
Screening of Anti-Bacterial Activity of Medicinal Plants from Belize (Central America). J.
Ethnopharmacol. 87 (1), 103-7.

Cérdenas, P. D., Sonawane, P.D., Heinig, U., Bocobza, S.E., Burdman, S., Aharoni, A., 2015. The Bitter
Side of the Nightshades: Genomics Drives Discovery in Solanaceae Steroidal Alkaloid
Metabolism. Phytochemistry 113, 24-32.

Casagrande, D. G. 2002. Ecology, Cognition, and Cultural Transmission of Tzeltal Maya Medicinal
Plant Knowledge. PhD Thesis University of Georgia, Athens.

Chang, C., Chou, C,, Liao, M., Chen, T., Cheng, C., Anggriani, R., Tsai, C., Tseng, H., Cheng, H., 2015.
Bitter Melon Triterpenes Work as Insulin Sensitizers and Insulin Substitutes in Insulin-Resistant
Cells. J. Funct. Foods 13, 214-24.



Cheng, H., Huang, H., Chang, C., Tsai, C., Chou, C., 2008. A Cell-Based Screening Identifies
Compounds from the Stem of Momordica charantia That Overcome Insulin Resistance and
Activate AMP-Activated Protein Kinase. J. Agric. Food Chem. 56 (16), 6835—43.

Chinchilla, N., Carrera, C., Duran, A.G., Macias, M., Torres, A., Macias, F.A., 2013. Aloe barbadensis:
How a Miraculous Plant Becomes Reality. Phytochem. Rev. 12 (4), 581-602.

Chintaluri, A. K., Komarraju, A.L., Chintaluri, V.K., Vemulapalli, B., 2015. Comparative Study of
Antimicrobial Activity of Essential Oils of Selected Plants of Rutaceae and TLC Bioautographic
Studies for Detection of Bioactive Compounds. J. Essent. Qil Res. 27 (1), 9-16.

Chithra, P., Sajithlal, G.B., Chandrakasan, G., 1998. Influence of Aloe vera on the Healing of Dermal
Wounds in Diabetic Rats. J. Ethnopharmacol. 59 (3), 195-201.

Christensen, K. B., Petersen, R.K., Kristiansen, K., Christensen, L.P., 2010. ldentification of Bioactive
Compounds from Flowers of Black Elder (Sambucus nigra L.) That Activate the Human
Peroxisome Proliferator-Activated Receptor (PPAR) I'. Phytother. Res. 24 (S2), $129-5132.

Ciocoiu, M., Mirdn, A., Mares, Tutunaru, L.D., Pohaci, C., Groza, M., Badescu, M., 2009. The Effects
of Sambucus Nigra Polyphenols on Oxidative Stress and Metabolic Disorders in Experimental
Diabetes Mellitus. J. Physiol. Biochem. 65 (3), 297-304.

Coe, F. G. 2008. Ethnomedicine of the Rama of Southeastern Nicaragua. J. Ethnobiol. 28 (1), 1-38.

Coe, F. G., Anderson, G.J., 1996. Ethnobotany of the Garifuna of Eastern Nicaragua. Econ. Bot. 50 (1),
71-107.

Coe, F. G., Anderson, G.J., 1997. Ethnobotany of the Miskitu of Eastern Nicaragua. J. Ethnobiol. 17,
171-214.

Coe, F. G., Anderson, G.J., 1999. Ethnobotany of the Sumu (Ulwa) of Southeastern Nicaragua and
Comparisons with Miskitu Plant Lore. Econ. Bot. 53 (4), 363-86.

Cordell, G. A., Quinn-Beattie, M.L., Farnsworth, N.R., 2001. The Potential of Alkaloids in Drug
Discovery. Phytother. Res. 15 (3), 183-205.

Cruz, E.C., Andrade-Cetto, A., 2015. Ethnopharmacological Field Study of the Plants Used to Treat
Type 2 Diabetes among the Cakchiquels in Guatemala. J. Ethnopharmacol. 159, 238—-44.

Daradka, H. M., Abas, M. M., Mohammad, M. A. M, Jaffar, M. M., 2014. Antidiabetic Effect of
Artemisia absinthium Extracts on Alloxan-Induced Diabetic Rats. Comp. Clin. Pathol. 23 (6), 1733—
42.

Davis, T. M. E., 1997. Antimalarial Drugs and Glucose Metabolism. Br. J. Clin. Pharmacol. 44 (1), 1-7.

De Luca, V., Salim, V., A., Thamm, A.M.K., Masada-Atsumi, S., Yu, F., 2014. Making
Iridoids/secoiridoids and Monoterpenoid Indole Alkaloids: Progress on Pathway Elucidation. Curr.
Opin. Plant Biol. 19, 35—-42.

Desai, G. S., Desai, S.V., Gavaskar, R.S., Mulabagal, V., Wu, Y., Mathews, S.T., 2015. Blood Glucose-
Lowering Effect of T. Procumbens L.: A Pilot Clinical Study in Individuals with Type 2 Diabetes.
Phytother. Res. 29 (9), 1404-11.

Dreher, M. L., Davenport, A.J., 2013. Hass Avocado Composition and Potential Health Effects. Crit.
Rev. Food Sci. Nutr. 53 (7), 738-50.

Duke, J. A., 1986. Isthmian Ethnobotanical Dictionary. 3rd ed. Scientific publishers, Jodhpur, India.

Eidenberger, T., Selg, M., Krennhuber, K., 2013. Inhibition of Dipeptidyl Peptidase Activity by
Flavonol Glycosides of Guava (Psidium guajava L.): A Key to the Beneficial Effects of Guava in
Type Il Diabetes Mellitus. Fitoterapia 89, 74-79.

El-Baz, F.K., Aly, H.F., Abd-alla, HI., Saad, S.A.S., 2014. Bioactive flavonoid glycosides and antidiabetic
activity of Jatropha curcas on streptozotocin-induced diabetic rats. Int. J. Pharm. Sci. Rev. Res.
29(2), 143-156.

El-Said, S. M., Al-Barak, A.S., 2011. Extraction of Insulin like Compounds from Bitter Melon Plants.
Am. J. Drug Discov. Dev. 1(1), 1-7.

Epifano, F., Fiorito, S., Genovese, S., Granica, S., Vitalini, S., Zidorn, C., 2015. Phytochemistry of the
Genus Skimmia (Rutaceae). Phytochemistry 115, 27-43.



Esimone, C. O., Nworu, C.S., Jackson, C.L., 2008. Cutaneous Wound Healing Activity of a Herbal
Ointment Containing the Leaf Extract of Jatropha curcas L.(Euphorbiaceae). Int. J. Appl. Res. Nat.
Prod. 1 (4), 1-4.

Esimone, C. O., Okonta, J.M., Ezugwu, C.O., 2001. Blood Sugar Lowering Effect of Anacardium
occidentale Leaf Extract in Experimental Rabbit Model. J. Nat. Remedies 1 (1), 60—63.

Ezejiofor, A. N., Okorie, A., Orisakwe, O.E., 2013. Hypoglycaemic and Tissue-Protective Effects of the
Aqueous Extract of Persea americana Seeds on Alloxan-Induced Albino Rats. Malays. J. Med. Sci.
20 (5), 31.

Ferreira, S. F., Azevedo, S.C.S.F., Vardanega-Peicher, M., Pagadigorria, C.L.S., Garcia, R.F., 2013. Anti-
Hiperglycemic Effect of Quassia amara (Simaroubaceae) in Normal and Diabetic Rats. Rev. Bras.
Plantas Med. 15 (3), 368-72.

Ferreira, J. M., Sousa, D.F., Dantas, M.B., Fonseca, S.G.C., Menezes, D.B., Martins, A., Goretti, M.,
Queiroz, R., 2013. Effects of Bixa orellana L. Seeds on Hyperlipidemia. Phytother. Res. 27 (1), 144—
47.

Ferrier, J. 2014. Ethnobotany. Pharmacology, Metabolomics of Antidiabetic Plants Used by the Eeyou
Istchee Cree, Lukomir Highlanders and Q’eqchi’ Maya. PhD Thesis University of Ottawa and
Institute of Economic Botany New York Botanic Garden, Ottawa.

Ferrier, J., Saciragi¢, L., Chen, E.C.H., Traki¢, S., Saleem, A., Alikadi¢, A., Cuerrier, A., Balick, M.J.,
Arnason, J.T., Redzi¢, S., 2014. Ways the Lukomir Highlanders of Bosnia and Herzegovina Treat
Diabetes, In: Pieroni, A., Quave, C.L. (Eds.), Ethnobotany and Biocultural Diversities in the
Balkans. Springer, New York, pp. 13-28.

GBIF, 2015a Neurolaena lobata (L.) Cass. - Checklist View.
http://www.gbif.org/species/3096775 (accessed 2.10.2015).

GBIF, 2015b. Anacardium occidentale L. - Checklist View.
http://www.gbif.org/species/5421368 (accessed 2.10.2015).

GBIF, 2015c. Acosmium panamense (Benth.) Yakovlev - Checklist View.

http://www.gbif.org/species/2970508 (accessed 2.10.2015).

GBIF, 2015d Quassia amara L. - Checklist View.

http://www.gbif.org/species/3190647 (accessed 2.10.2015).

Giovannini, P., Howes, MJ R., Edwards, S.E., Submitted. Data on Medicinal Plants used in Central
America to manage diabetes and its sequelae (skin conditions, cardiovascular disease, kidney
disease, urinary problems and vision loss). Data Brief.

Girdn, L. M., Freire, V., Alonzo, A., Caceres, A., 1991. Ethnobotanical Survey of the Medicinal Flora
Used by the Caribs of Guatemala. J. Ethnopharmacol. 34 (2), 173-87.

Gomez-Beloz, A., Rucinski, J.C., Balick, M.J., Tipton, C., 2003. Double Incision Wound Healing
Bioassay Using Hamelia patens from El Salvador. J. Ethnopharmacol. 88 (2-3), 169-73.

Gondwe, M., Kamadyaapa, D.R., Tufts, M.A., Chuturgoon, A.A., Ojewole, J.A..O, Musabayane, C.T.,
2008. Effects of Persea americana Mill (Lauraceae) [‘Avocado’] Ethanolic Leaf Extract on Blood
Glucose and Kidney Function in Streptozotocin-Induced Diabetic Rats and on Kidney Cell Lines of
the Proximal (LLCPK1) and Distal Tubules (MDBK). Methods Find. Exp. Clin. Pharmacol. 30 (1), 25—
35.

Gonzalez-Ayala, J.C., 1994. Botanica Medicinal Popular. Etnobotanica Medicinal de El Salvador,
Jardin Botanico La Laguna, San Salvador.

Govindarajan, R., Asare-Anane, H., Persaud, S., Jones, P., Houghton, P.J., 2007. Effect of Desmodium
Gangeticum Extract on Blood Glucose in Rats and on Insulin Secretion in Vitro. Planta Med. 73 (5),
427-32.

Gracioso, J. S., Hiruma-Lima, C.A., Souza Brito, ARM., 2000. Antiulcerogenic Effect of a
Hydroalcoholic Extract and Its Organic Fractions of Neurolaena lobata (L.) R. Br. Phytomedicine 7
(4), 283-89.



Gracioso, J. S., Paulo, M.Q., Hiruma Lima, C.A., Souza Brito, A.R., 1998. Natural Products:
Antinociceptive Effect in Mice of a Hydroalcoholic Extract of Neurolaena lobata (L.) R. Br. and Its
Organic Fractions. J. Pharm. Pharmacol. 50 (12), 1425-29.

Gray, A. M., Abdel-Wahab, Y. HA,, Flatt, P.R., 2000. The Traditional Plant Treatment, Sambucus nigra
(elder), Exhibits Insulin-like and Insulin-Releasing Actions in Vitro. J. Nutr. 130 (1), 15-20.

Griffin, W. J., Lin, G.D., 2000. Chemotaxonomy and Geographical Distribution of Tropane
Alkaloids. Phytochemistry 53 (6), 623-37.

Grover, J. K., Yadav, S.P., 2004. Pharmacological Actions and Potential Uses of Momordica charantia:
A Review. J. Ethnopharmacol. 93 (1), 123-32.

Guiso, M., Marra, C., Piccioni, F., Nicoletti, M., 1997. Iridoid and Phenylpropanoid Glucosides from
Tecoma capensis. Phytochemistry 45 (1), 193-94.

Gupta, M. P., Arias, T.D., Correa, M., Lamba, S.S., 1979. Ethnopharmacognostic Observations on
Panamanian Medicinal Plants. Part I. Pharm. Biol. 17 (3-4), 115-30.

Gupta, M. P., Solis, N.G., Avella, M.E., Sanchez, C., 1984. Hypoglycemic Activity of Neurolaena lobata
(L.) R. BR. J. Ethnopharmacol. 10 (3), 323-27.

Gupta, M. P., Solis, P.N., Calderon, A.l., Guinneau-Sinclair, F., Correa, M., Galdames, C., Guerra, C.,
Espinosa, A., Alvenda, Gl., Robles, G., Ocampo, R., 2005. “Medical Ethnobotany of the Teribes of
Bocas Del Toro, Panama. J. Ethnopharmacol. 96 (3), 389-401.

Gutiérrez, R. M., Mitchell, S., Solis, R.V., 2008. Psidium guajava: A Review of Its Traditional Uses,
Phytochemistry and Pharmacology. J. Ethnopharmacol. 117 (1), 1-27.

Gutierrez, R. M., 2012. Effect of the Hexane Extract of Piper auritum on Insulin Release from B-Cell
and Oxidative Stress in Streptozotocin-Induced Diabetic Rat. Pharmacogn. Mag. 8 (32), 308-13.
Hammouda, Y., Khalafallah, N., 1971. Stability of Tecomine, the Major Antidiabetic Factor of Tecoma

stans (Juss.) F. Bignoniaceae. J. Pharm. Sci. 60 (8), 1142-45.

Han, Y., Van der Heijden, R., Verpoorte, R., 2001. Biosynthesis of Anthraquinones in Cell Cultures of
the Rubiaceae. Plant Cell Tissue Organ Cult. 67 (3), 201-20.

Harinantenaina, L., Tanaka, M., Takaoka, S., Oda, M., Mogami, O., Uchida, M., Asakawa, Y., 2006.
Momordica charantia Constituents and Antidiabetic Screening of the Isolated Major Compounds.
Chem. Pharm. Bull. 54 (7), 1017-21.

Heinrich, M., Robles, M., West, J.E., Ortiz de Montellano, B.R., Rodriguez, E., 1998.
Ethnopharmacology of Mexican Asteraceae (compositae). Annu. Rev. Pharmacol. Toxicol. 38 (1),
539-65.

Hernandez-Galicia, E., Aguilar-Contreras, A., Aguilar-Santamaria, L., Roman-Ramos, R., Chavez-
Miranda, A.A., Garcia-Vega, L.M., Flores-Saenz, J.L., Alarcon-Aguilar, F.J., 2002. Studies on
Hypoglycemic Activity of Mexican Medicinal Plants. Proc. West. Pharmacol. Soc., 45, 118-24.

Herrera-Arellano, A., Aguilar-Santamaria, L., Garcia-Hernandez, B., Nicasio-Torres, P., Tortoriello, J.,
2004. Clinical Trial of Cecropia obtusifolia and Marrubium vulgare Leaf Extracts on Blood Glucose
and Serum Lipids in Type 2 Diabetics. Phytomedicine 11 (7), 561-66.

Hori, K., Mukaiyama, T., Kimura, M., Sakamoto, K., Takahashi, S., 2004. Antibacterial Isoflavans from
Eysenhardtia adenostylis. Natural Med. 58 (4), 166.

House, P., Sanchez, |., 1997. Mayangna Panan Basni: Plantas Medicinales del Pueblo Tawahka. The
Natural History Museum, London.

Husain, G. M., Nath Singh, P., Kumar Singh, R., Kumar, V., 2011. Antidiabetic Activity of Standardized
Extract of Quassia amara in Nicotinamide—Streptozotocin-Induced Diabetic Rats. Phytother. Res.
25 (12), 1806-12.

IDF, 2014. IDF Diabetes Atlas Sixth Edition 2014 Update. International Diabetes Federation.
http://www.idf.org/diabetesatlas/update-2014. (accessed 08.08.2015).

Igbinosa, O. 0., Igbinosa, I.H., Chigor, V.N., Uzunuigbe, O.E., Oyedemi, S.0., Odjadjare, E.E., Okoh,
A.l., Igbinosa, E.O., 2011. Polyphenolic Contents and Antioxidant Potential of Stem Bark Extracts
from Jatropha curcas (Linn). Int. J. Mol. Sci. 12 (5), 2958-71.



Imafidon, K. E., Amaechina, F.C., 2010. Effects of Aqueous Seed Extract of Persea americana
Mill.(avocado) on Blood Pressure and Lipid Profile in Hypertensive Rats. Adv. Biol. Res. 4 (2), 116—
21.

Islam, M. A., Afia Akhtar, M., Islam, M.R., Hossain, M.S., Alam, M.K., Wahed, M.L.Il., Rahman, B.M.,
Anisuzzaman, A.S.M., Shaheen, S.M., Ahmed, M., 2009. Antidiabetic and Hypolipidemic Effects of
Different Fractions of Catharanthus roseus (Linn.) on Normal and Streptozotocin-Induced Diabetic
Rats. J. Sci. Res. 1 (2), 334-44.

Jayanthi, M., Sowbala, N., Rajalakshmi, G., Kanagavalli, U., Sivakumar, V., 2010. Study of
Antihyperglycemic Effect of Catharanthus roseus in Alloxan Induced Diabetic Rats. Int. J. Pharm.
Pharm. Sci. 2 (4), 114-16.

Jing, L., Lei, Z., Zhang, G., Pilon, A.C., Huhman, D.V., Xie, R., Xi, W., Zhou, Z., Sumner, L.W., 2015.
Metabolite Profiles of Essential Qils in Citrus Peels and Their Taxonomic
Implications. Metabolomics, 11(4), 952—-963.

Judrez-Rojop, |.E., Diaz-Zagoya, J.C., Ble-Castillo, J.L., Miranda-Osorio, P.H., Castell-Rodriguez, A.E.,
Tovilla-Zarate, C.A., Rodriguez-Hernandez, A., Aguilar-Mariscal, H., Ramén-Frias, T., Bermudez-
Ocafia, D.Y., 2012. Hypoglycemic Effect of Carica papaya Leaves in Streptozotocin-Induced
Diabetic Rats. BMC Complement. and Altern. Med. 12 (1), 236.

Rossoni-Junior, JV., Araljo, G.R., Padua Dda, C., Magalhaes, C.L., Chaves, M.M, Pedrosa, M.L., Silva,
M.E., Costa, D.C., 2012. Annatto Extract and B-Carotene Enhances Antioxidant Status and
Regulate Gene Expression in Neutrophils of Diabetic Rats. Free Radic. Res. 46 (3), 329-38.

Kim, K., Kim, H., Kwon, J., Lee, S., Kong, H., SA, Im., Lee, Y.H,, Lee, Y.R., Oh, St., Jo, T.H., Park, Y.I.,
Lee, C.K., Kim, K., 2009. Hypoglycemic and Hypolipidemic Effects of Processed Aloe vera Gel in a
Mouse Model of Non-Insulin-Dependent Diabetes Mellitus. Phytomedicine 16 (9), 856—63.

Kufer, J., Heinrich, M., Forther, H., Poll, E., 2005. Historical and Modern Medicinal Plant Uses—the
Example of the Ch’orti ‘Maya and Ladinos in Eastern Guatemala. J. Pharm. Pharmacol. 57 (9),
1127-52.

Laakso, M., 2010. Cardiovascular Disease in Type 2 Diabetes From Population to Man to Mechanisms
The Kelly West Award Lecture 2008. Diabetes Care 33 (2), 442-49.

Leduc, C., Coonishish, J., Haddad, P., Cuerrier, A., 2006. Plants Used by the Cree Nation of Eeyou
Istchee (Quebec, Canada) for the Treatment of Diabetes: A Novel Approach in Quantitative
Ethnobotany. J. Ethnopharmacol. 105 (1), 55-63.

Lentz, D. L., Clark, A.M., Hufford, C.D., Meurer-Grimes, B., Passreiter, C.M., Cordero, J., Ibrahimi, O.,
Okunade, A.L., 1998. Antimicrobial Properties of Honduran Medicinal Plants. J. Ethnopharmacol.
63 (3), 253-63.

Leonti, M., 2011. The Future Is Written: Impact of Scripts on the Cognition, Selection, Knowledge and
Transmission of Medicinal Plant Use and Its Implications for Ethnobotany and
Ethnopharmacology. J. Ethnopharmacol. 134 (3), 542-55.

Leonti, M., Ramirez, F., Sticher, O., Heinrich, M., 2003. Medicinal Flora of the Popoluca, Mexico: A
Botanical Systematical Perspective. Econ. Bot. 57 (2), 218-30.

Leung, L., Birtwhistle, R., Kotecha, J., Hannah, S., Cuthbertson, S., 2009. Anti-Diabetic and
Hypoglycaemic Effects of Momordica charantia (bitter Melon): A Mini Review. Br. J. Nutr. 102
(12), 1703-8.

Lim, T.K., 2012. Edible Medicinal And Non Medicinal Plants: Volume 3, Fruits. Vol. 3. Springer,
Dordrecht.

Lima, C. R., Vasconcelos, C.F.B., Costa-Silva, J.H., Maranhdo, C.A., Costa, J., Batista, T.M., Carneiro,
E.M., Soares, L.A.L., Ferreira, F., Wanderley, A.G., 2012. Anti-Diabetic Activity of Extract from
Persea americana Mill. Leaf via the Activation of Protein Kinase B (PKB/Akt) in Streptozotocin-
Induced Diabetic Rats. J. Ethnopharmacol. 141 (1), 517-25.

MacVean, A. L., 2006. Plantas utiles de Solold, Guatemala. Herbario, Instituto de Investigaciones,
Universidad del Valle de Guatemala, Guatemala.



Maniyar, Y., Bhixavatimath, P., 2012. Antihyperglycemic and Hypolipidemic Activities of Aqueous
Extract of Carica papaya Linn. Leaves in Alloxan-Induced Diabetic Rats. J. Ayurveda Integr. Med. 3
(2), 70-74.

Mans, D. RA. 2012. Efficacy of Surinamese Plants in the Therapy of Diabetes Mellitus-Analysis of the
Literature. Accad. J. Suriname 3, 276-283.

McCune, L. M., Johns, T., 2002. Antioxidant Activity in Medicinal Plants Associated with the
Symptoms of Diabetes Mellitus Used by the Indigenous Peoples of the North American Boreal
Forest. J. Ethnopharmacol. 82 (2), 197-205.

McCune, L. M., Johns, T., 2003. Symptom-Specific Antioxidant Activity of Boreal Diabetes
Treatments. Pharm. Biol.41 (5), 362-70.

McKinnon, R., Binder, M., Zupkd, |.,Afonyushkin, T., Lajter, I., Vasas, A., de Martin, R., Unger, C.,
Dolznig, H., Diaz, R., Frisch, R., Passreiter, C.M., Krupitza, G., Hohmann, J., Kopp, B., Bochkov,
V.N., 2014. Pharmacological Insight into the Anti-Inflammatory Activity of Sesquiterpene Lactones
from Neurolaena lobata (L.) R. Br. Ex Cass. Phytomedicine 21 (12), 1695-1701.

Mishra, S.B., Vijayakumar, M., Ojha, S.K., Verma, A., 2010. Antidiabetic Effect of Jatropha curcas L.
Leaves Extract in Normal and Alloxan-Induced Diabetic Rats. Int. J. Ph. Sci. (1), 482-487.

Moerman, D. E. 1996. An Analysis of the Food Plants and Drug Plants of Native North America. J.
Ethnopharmacol. 52 (1), 1-22.

Morrison, E. Y., Thompson, H., Pascoe, K., West, M., Fletcher, C., 1990. Extraction of an
Hyperglycaemic Principle from the Annatto (Bixa orellana), a Medicinal Plant in the West Indies.
Trop. Geogr. Med. 43 (1-2), 184-88.

Mostofa, M., Choudhury, M.E., Hossain, M.A., Islam, M.Z., Islam, M.S., Sumon, M.H., 2007.
Antidiabetic Effects of Catharanthus roseus, Azadirachta indica, Allium sativum and Glimepride in
Experimentally Diabetic Induced Rat. Bangladesh J. Vet. Med. 5 (1), 99-102.

Mota, M.L., Thomas, G., Barbosa Filho, J.M., 1985. Anti-Inflammatory Actions of Tannins Isolated
from the Bark of Anacardium occidentale L. J. Ethnopharmacol. 13 (3), 289-300.

Mroczek, A., 2014. Phytochemistry and Bioactivity of Triterpene Saponins from Amaranthaceae
Family. Phytochem. Rev. 14(4), 577-605.

Muhammad, N. O., 2013. Effects of Aqueous Root Extract of Jatropha Curcas on Hyperglycaemic and
Haematological Indices in Alloxan-Induced Diabetic Rats. Fountain J. Nat. Appl. Sci. 2 (1), 52-58.

Mukhtar, H.M., Ansari, S.H., Ali, M., Naved, T., Bhat, Z.A., 2004. Effect of Water Extract of Psidium
guajava Leaves on Alloxan-Induced Diabetic Rats. Pharm.- Int. J. Pharm. Sci. 59 (9), 734-35.

Mukhtar, H.M., Ansari, S.H., Bhat, Z.A., Naved, T., Singh, P., 2006. Antidiabetic Activity of an Ethanol
Extract Obtained from the Stem Bark of Psidium guajava (Myrtaceae). Pharm.- Int. J. Pharm. Sci.
(8), 725-27.

Nammi, S., Boini, M.K., Lodagala, S.D., Behara, R.B.S., 2003. The Juice of Fresh Leaves of
Catharanthus roseus Linn. Reduces Blood Glucose in Normal and Alloxan Diabetic Rabbits. BMC
Complement. Altern. Med. 3 (1), 4.

Nagshbandi, M., Harris, S.B., Esler, J.G., Antwi-Nsiah, F., 2008. Global Complication Rates of Type 2
Diabetes in Indigenous Peoples: A Comprehensive Review. Diabetes Res. Clin. Pract. 82 (1), 1-17.

Narvaez-Mastache, J.M., Gardufio-Ramirez, M.L., Alvarez, L., Delgado, G., 2006. Antihyperglycemic
Activity and Chemical Constituents of Eysenhardtia platycarpa. ). Nat. Prod. 69 (12), 1687-91.

Naskar, S., Mazumder, U.K., Pramanik, G., Gupta, M., Kumar, R.S., Bala, A., Islam, A., 2011.
Evaluation of Antihyperglycemic Activity of Cocos nucifera Linn. on Streptozotocin Induced Type 2
Diabetic Rats. J. Ethnopharmacol. 138 (3), 769-73.

Natarajan, A., Ahmed, K.S.Z., Sundaresan, S., Sivaraj, A., Devi, K., Kumar, B.S., 2012. Effect of
Aqueous Flower Extract of Catharanthus roseus on Alloxan Induced Diabetes in Male Albino Rats.
Int. J. Pharm. Sci. Drug. Res. 4 (2), 150-53.

Nayak, B. S., 2006. Cecropia peltata L. (Cecropiaceae) Has Wound-Healing Potential: A Preclinical
Study in a Sprague Dawley Rat Model. Int. J. Low. Extrem. Wounds 5 (1), 20-26.



Nayak, B.S., Pereira, L.P., Maharaj, D., 2007. Wound Healing Activity of Carica papaya L. in
Experimentally Induced Diabetic Rats. Indian J. Exp. Biol. 45 (8), 739.

Nayak, B.S., Ramlogan, S., Rao, A.C., Maharaj, S., 2014. Neurolaena lobata L. Promotes Wound
Healing in Sprague Dawley Rats. Int. J. Appl. Basic Med. Res. 4 (2), 106.

Nhiem, N.X., Kiem, P.V., Minh, C.V., Ban, N.K., Cuong, N.X., Tung, N.H., Ha, L.M., Ha, D.T., Tai, B.H.,
Quang, T.H., Ngoc, T.M., Kwon, Y.-l., Jang, H.-D., Kim, Y.H., 2010. Alpha-Glucosidase Inhibition
Properties of Cucurbitane-Type Triterpene Glycosides from the Fruits of Momordica charantia.
Chem. Pharm. Bull.58 (5), 720-24.

Nicasio, P., Aguilar-Santamaria, L., Aranda, E., Ortiz, S., Gonzalez, M., 2005. Hypoglycemic Effect and
Chlorogenic Acid Content in Two Cecropia Species. Phytother. Res. 19 (8), 661-64.

Nicolas, J.P., 1999. Plantes medicinales des mayas kiche du guatemala. Ibis Press, Paris.

Noguera, B., Diaz, E., Garcia, M.V., San Feliciano, A., Lépez-Perez, J.L., Israel, A., 2004. Anti-
Inflammatory Activity of Leaf Extract and Fractions of Bursera simaruba (L.) Sarg (Burseraceae). J.
Ethnopharmacol. 92 (1), 129-33.

Oh, W.K,, Lee, C.H., Lee, M.S., Bae, E.Y., Sohn, C.B., Oh, H., Kim, B.Y., Ahn, J.S., 2005. Antidiabetic
Effects of Extracts from Psidium guajava. J. Ethnopharmacol. 96 (3), 411-15.

Ojewole, J.A.O., 2003. Laboratory Evaluation of the Hypoglycemic Effect of Anacardium occidentale
Linn (Anacardiaceae) Stem-Bark Extracts in Rats. Methods Find. Exp. Clin. Pharmacol. 25 (3), 199-
204.

Ojewole, J.A.O., 2005. Hypoglycemic and Hypotensive Effects of Psidium guajava Linn.(Myrtaceae)
Leaf Aqueous Extract. Methods Find. Exp. Clin. Pharmacol. 27 (10), 689-96.

Olatuniji, L.A., Okwusidi, J.I., Soladoye, A.O., 2005. Antidiabetic Effect of Anacardium occidentale.
Stem-Bark in Fructose-Diabetic Rats. Pharm. Biol. 43 (7), 589-93.

Ooi, C.P., Yassin, Z., Hamid, T.-A., 2010. Momordica charantia for Type 2 Diabetes Mellitus. Cochrane
Database Syst. Rev. 17(2): CD007845.

Palanichamy, S., Nagarajan, S., Devasagayam, M., 1988. Effect of Cassia alata Leaf Extract on
Hyperglycemic Rats. J. Ethnopharmacol. 22 (1), 81-90.

Pandurangan, A., Ahmad, A., Koul, S., Sharma, B.M., Kumar, M., 2013. Blood Glucose Lowering
Potential of Hamelia patens Stem in Alloxan Induced Diabetic Rat. Glob. J. Pharm. Educ. Res. (2),
23-27.

Pareek, H., Sharma, S., Khajja, B.S., Jain, K., Jain, G.C., 2009. Evaluation of Hypoglycemic and Anti-
Hyperglycemic Potential of Tridax procumbens (Linn.). BMC Complement. Altern. Med. 9 (1), 48.

Pelton, J., 1964. A survey of the Ecology of Tecoma stans. Butl. Univ. Bot. Stud. 14 (2), 53-88.

Pérez-Guerrero, C., Herrera, M.D., Ortiz, R., Alvarez de Sotomayor, M., Fernandez, M.A., 2001. A
Pharmacological Study of Cecropia obtusifolia Bertol Aqueous Extract. J. Ethnopharmacol. 76 (3),
279-84.

Perez Gutierrez, R.M., Flores Cotera, L.B., Gonzalez, A.M.N., 2012. Evaluation of the Antioxidant and
Anti-Glication Effects of the Hexane Extract from Piper auritum Leaves in Vitro and Beneficial
Activity on Oxidative Stress and Advanced Glycation End-Product-Mediated Renal Injury in
Streptozotocin-Treated Diabetic Rats. Molecules 17 (10), 11897-919.

Perez, G.S., Perez, G.R.M., Perez, G.C., Vargas S.R., 1992. Hypoglycemic Effect of Acrocomia
mexicana Karw. Phyton 53 (1), 39-42.

Pérez, S., Pérez, R.M., Perez, C., Zavala, M. A., Vargas, R., 1997. Coyolosa, a New Hypoglycemic from
Acrocomia mexicana. Pharm. Acta Helv. 72 (2), 105-11.

Petchi, R.R., Parasuraman, S., Vijaya, C., 2013. Antidiabetic and Antihyperlipidemic Effects of an
Ethanolic Extract of the Whole Plant of Tridax procumbens (Linn.) in Streptozotocin-Induced
Diabetic Rats. J. Basic Clin. Pharm. 4 (4), 88.

Poll, E., 1997. Medicinal Plants of Guatemala with Hypoglycemic Effects. Acta Hortic. 500, 197—-202.

Pomilio, A.B., Falzoni, E.M., Vitale, A.A., 2008. Toxic Chemical Compounds of the Solanaceae. Nat.
Prod. Commun. 3 (4), 593-628.



Prabu, G.R., Gnanamani, A., Sadulla, S., 2006. Guaijaverin—a Plant Flavonoid as Potential Antiplaque
Agent against Streptococcus mutans. ). Appl. Microbiol. 101 (2), 487-95.

Preetha, P.P., Girija Devi, V., Rajamohan, T., 2013. Comparative Effects of Mature Coconut Water
(Cocos nucifera) and Glibenclamide on Some Biochemical Parameters in Alloxan Induced Diabetic
Rats. Rev. Bras. Farmacogn. 23 (3), 481-87.

Quanico, J.P., Amor, E.C., Perez, G.G., 2008. Analgesic and Hypoglycemic Activities of Bixa orellana,
Kyllinga monocephala and Luffa acutangula. Philipp. J. Sci. 137 (1), 69-76.

Rajasekaran, S., Sivagnanam, K., Ravi, K., Subramanian, S., 2004. Hypoglycemic Effect of Aloe vera
Gel on Streptozotocin-Induced Diabetes in Experimental Rats. J. Med. Food 7 (1), 61-66.

Rajasekaran, S., Sivagnanam, K., Subramanian, S., 2005. Antioxidant Effect of Aloe vera Gel Extract in
Streptozotocin-Induced Diabetes in Rats. Pharmacol. Rep. 57 (1), 90-96.

Ramirez, G., Zavala, M., Pérez, J., Zamilpa, A., 2012. In Vitro Screening of Medicinal Plants Used in
Mexico as Antidiabetics with Glucosidase and Lipase Inhibitory Activities. Evid. Based
Complement. Alternat. Med. 2012, article ID 701261.

Rasineni, K., Bellamkonda, R., Singareddy, S.R., Desireddy, S., 2010. Antihyperglycemic Activity of
Catharanthus roseus Leaf Powder in Streptozotocin-Induced Diabetic Rats. Pharmacogn. Res. 2
(3), 195.

Revilla, M.C., Andrade-Cetto, A., Islas, S., Wiedenfeld, H., 2002. Hypoglycemic Effect of Equisetum
myriochaetum Aerial Parts on Type 2 Diabetic Patients. J. Ethnopharmacol. 81 (1), 117-20.

Revilla-Monsalve, Ma C., Andrade-Cetto, A., Palomino-Garibay, M.A., Wiedenfeld, H., Islas-Andrade,
S., 2007. Hypoglycemic Effect of Cecropia obtusifolia Bertol Aqueous Extracts on Type 2 Diabetic
Patients. J. Ethnopharmacol. 111 (3), 636-40.

Reyes, B.A.S., Bautista, N.D., Tanquilut, N.C., Anunciado, R.V., Leung, A.B., Sanchez, G.C., Magtoto,
R.L., Castronuevo, P., Tsukamura, H., Maeda, K.I., 2006. Anti-Diabetic Potentials of Momordica
charantia and Andrographis paniculata and Their Effects on Estrous Cyclicity of Alloxan-Induced
Diabetic Rats. J. Ethnopharmacol. 105 (1), 196—200.

Roeder, E., 2000. Medicinal Plants in China Containing Pyrrolizidine Alkaloids. Pharmazie 55 (10),
711-26.

Roehrs, M., Figueiredo, C.G., Zanchi, M.M., Bochi, G.V., Moresco, R.N., Quatrin, A., Somacal, S.,
Conte, L., Emanuelli, T., 2014. Bixin and Norbixin Have Opposite Effects on Glycemia, Lipidemia,
and Oxidative Stress in Streptozotocin-Induced Diabetic Rats. Int. J. Endocrinol. article 2014, ID:
839095.

Roman-Ramos, R., Flores-Sdenz, J.L., Partida-Hernandez, G., Lara-Lemus, A., Alarcén-Aguilar, F.,
1990. Experimental Study of the Hypoglycemic Effect of Some Antidiabetic Plants. Arch. Invest.
Med. 22 (1), 87-93.

Ruiz, L., Ruiz, L., Maco, M., Cobos, M., Gutierrez-Choquevilca, A., Roumy, V., 2011. Plants Used by
Native Amazonian Groups from the Nanay River (Peru) for the Treatment of Malaria. J.
Ethnopharmacol. 133 (2), 917-21.

Russell, K.R., Omoruyi, F.O., Pascoe, K.O., Morrison, E.Y., 2008. Hypoglycaemic Activity of Bixa
orellana Extract in the Dog. Methods Find. Exp. Clin. Pharmacol. 30 (4), 301-5.

Salahdeen, H. M., Yemitan, O.K., Alada, A.R.A., 2004. Effect of Aqueous Leaf Extract of Tridax
procumbens on Blood Pressure and Heart Rate in Rats. Afr. J. Biomed. Res. 7 (1), 25-27.

Sasidharan, S., Sumathi, V., Jegathambigai, N.R., Latha, L.Y., 2011. Antihyperglycaemic Effects of
Ethanol Extracts of Carica papaya and Pandanus amaryfollius Leaf in Streptozotocin-Induced
Diabetic Mice. Nat. Prod. Res. 25 (20), 1982-87.

Sathish Sekar, D., Sivagnanam, K., Subramanian, S., 2005. Antidiabetic Activity of Momordica
charantia Seeds on Streptozotocin Induced Diabetic Rats. Pharm.- Int. J. Pharm. Sci. 60 (5), 383—
87.

Shen, S.C., Cheng, F.C., Wu, N.J., 2008. Effect of Guava (Psidium guajava Linn.) Leaf Soluble Solids on
Glucose Metabolism in Type 2 Diabetic Rats. Phytother. Res. 22 (11), 1458-64.



Shetty, A.K., Kumar, G.S., Sambaiah, K., Salimath, P.V., 2005. Effect of Bitter Gourd (Momordica
charantia) on Glycaemic Status in Streptozotocin Induced Diabetic Rats. Plant Foods Hum. Nutr.
60 (3), 109-12.

Shetty, S., Udupa, S.L., Udupa, A.L., Vollala, V.R., 2006.Wound Healing Activities of Bark Extract of
Jatropha curcas Linn in Albino Rats. Saudi Med. J. 27 (10), 1473-76.

Simmonds, M.S.J., Howes, MJ.R., 2006. Plants Used in the Treatment of Diabetes. In Traditional
Medicines for Modern Times. Antidiabetic Plants. CRC Press, Boca Raton.

Simmonds, M.S.J., Howes, MJ.R, In press. Profile of compounds in different cultivars of apple (Malus
x domestica). In: Simmonds, M.S.J., Preedy, VR. (Eds.). Nutritional Composition of Fruit Cultivars.
Elsevier, Oxford UK, pp. 1-18.

Sokeng, S.D., Kamtchouing, P., Watcho, P., Jatsa, H.B., Moundipa, P.F., Ngounou, F.N., Lontsi, D.,
Bopelet, M., 2001. Hypoglycemic Activity of Anacardium occidentale L. Aqueous Extract in Normal
and Streptozotocin-Induced Diabetic Rats. Diabetes Res. 36 (1), 1-9.

Sosa, S., Balick, M.J., Arvigo, R., Esposito, R.G., Pizza, C., Altinier, G., Tubaro, A., 2002. Screening of
the Topical Anti-Inflammatory Activity of Some Central American Plants. J. Ethnopharmacol. 81
(2), 211-15.

Soumyanath, A., 2005. Traditional Medicines for Modern Times: Antidiabetic Plants. CRC Press, Boca
Raton.

Stefanello, M.E.A., Pascoal, A.C., Salvador, M.J., 2011. Essential Oils from Neotropical Myrtaceae:
Chemical Diversity and Biological Properties. Chem. Biodivers. 8 (1), 73-94.

Suzuki, R., Okada, Y., Okuyama, T., 2005. The Favorable Effect of Style of Zea mays L. on
Streptozotocin Induced Diabetic Nephropathy. Biol. Pharm. Bull. 28 (5), 919-20.

Suzuki, R., Okada, Y., Okuyama, T., 2003. Two Flavone C-Glycosides from the Style of Zea mays with
Glycation Inhibitory Activity. J. Nat. Prod. 66 (4), 564—65.

Tan, M., Ye, J.,, Turner, N., Hohnen-Behrens, C., Ke, C., Tang, C., Chen, T., Weiss, H., Gesing, E.R,,
Rowland, A., James, D.E., Ye, Y., 2008. Antidiabetic Activities of Triterpenoids Isolated from Bitter
Melon Associated with Activation of the AMPK Pathway. Chem. Biol. 15 (3), 263-73.

Tanaka, R., Matsunaga, S., 1999. [Terpenoids and Steroids from Several Euphorbiaceae and Pinaceae
Plants].Yakugaku Zasshi 119 (5), 319-39.

Tedong, L., Dimo, T., Dzeufiet, P.D.D., Asongalem, A.E., Sokeng, D.S., Callard, P., Flejou, J.-F.,
Kamtchouing, P., 2006. Antihyperglycemic and Renal Protective Activities of Anacardium
Occidentale (Anacardiaceae) Leaves in Streptozotocin Induced Diabetic Rats. Afr. J. Tradit.
Complem. 3 (1), 23-35.

The Lancet Diabetes & Endocrinology, 2015. Diabetic Kidney Disease: What Does the next Era Hold?
Lancet Diabetes Endocrinol. 3 (9), 665.

Thomas, E., Vandebroek, I., Sanca, S., Van Damme, P., 2009. Cultural Significance of Medicinal Plant
Families and Species among Quechua Farmers in Apillapampa, Bolivia. J. Ethnopharmacol. 122
(1), 60-67.

Tiong, S.H., Looi, C.Y., Arya, A., Wong, W.F., Hazni, H., Mustafa, M.R., Awang, K., 2015.
Vindogentianine, a Hypoglycemic Alkaloid from Catharanthus roseus (L.) G. Don (Apocynaceae).
Fitoterapia 102, 182—88.

Trinidad, T.P., Valdez, D.H., Loyola, A.S., Mallillin, A.C., Askali, F.C., Castillo, J.C., Masa, D.B., 2003.
Glycaemic Index of Different Coconut (Cocos nucifera)-Flour Products in Normal and Diabetic
Subjects. Br. J. Nutr. 90 (03), 551-56.

Ukwueze, S.E., Osadebe, P.O., Okoye, F.B., 2015. A New Antibacterial Benzophenone Glycoside from
Psidium guajava (Linn.) Leaves. Nat. Prod. Res. 29 (18),1728-34.

Van Andel, T., Westers, P., 2010. Why Surinamese Migrants in the Netherlands Continue to Use
Medicinal Herbs from Their Home Country. J. Ethnopharmacol. 127 (3), 694-701.

Varghese, G.K., Bose, L.V., Habtemariam, S., 2013. Antidiabetic Components of Cassia alata Leaves:
Identification through a-Glucosidase Inhibition Studies. Pharm. Biol. 51 (3), 345—-49.



Vasavi, H.S., Arun, A.B., Rekha, P.D., 2014. Anti-Quorum Sensing Activity of Psidium guajava L.
Flavonoids against Chromobacterium Violaceum and Pseudomonas Aeruginosa PAO1. Microbiol.
Immunol. 58 (5), 286-93.

Veitch, N.C., Goodwin, B.L., Kite, G.C., Simmonds, M.S., 1997. Methoxylated Quinolizidine Alkaloids
from Acosmium panamense. Phytochemistry 45 (4), 847-50.

Villegas, L.F., Fernandez, I.D., Maldonado, H., Torres, R., Zavaleta, A., Vaisberg, A.J., Hammond, G.B.,
1997.Evaluation of the Wound-Healing Activity of Selected Traditional Medicinal Plants from
Peru. J. Ethnopharmacol. 55 (3), 193—-200.

Walshe-Roussel, B., Choueiri, C., Saleem, A., Asim, M., Caal, F., Cal, V., Rojas, M.O., Pesek, T., Durst,
T., Arnason, J.T., 2013. Potent Anti-Inflammatory Activity of Sesquiterpene Lactones from
Neurolaena lobata (L.) R. Br. Ex Cass., a Q'eqchi’Maya Traditional Medicine. Phytochemistry 92,
122-27.

Wang, H., Du, Y.J,, Song, H.C., 2010. A-Glucosidase and A-Amylase Inhibitory Activities of Guava
Leaves. Food Chem. 123 (1), 6-13.

WHO, 2010. Burden, Mortality, Morbidity and Risk Factors. Chapter 1 In: Global Status Report on
NCDs 2010. WHO, Geneva, pp. 9-31.

WHO, 2015. Diabetes. Fact Sheet No 312. WHO, Geneva.
http://www.who.int/mediacentre/factsheets/fs312/en/ (accessed 6.09.2015).

Wu, J.W., Hsieh, C.L.,, Wang, H.Y., Chen, H.Y., 2009. Inhibitory Effects of Guava (Psidium guajava L.)
Leaf Extracts and Its Active Compounds on the Glycation Process of Protein. Food Chem. 113 (1),
78-84.

Yao, X., Chen, F., Li, P,, Quan, L., Chen, J,, Yu, L., Ding, H., Li, C., Chen, L., Gao, Z., Wan, P., Hu, L.,
Jiang, H., Shen, X., 2013. Natural Product Vindoline Stimulates Insulin Secretion and Efficiently
Ameliorates Glucose Homeostasis in Diabetic Murine Models. J. Ethnopharmacol. 150 (1), 285—
97.

Yeh, G.Y,, Eisenberg, D.M., Kaptchuk, T.J., Phillips, R.S., 2003. Systematic Review of Herbs and
Dietary Supplements for Glycemic Control in Diabetes. Diabetes Care 26 (4), 1277-94.

Yongchaiyudha, S., Rungpitarangsi, V., Bunyapraphatsara, N., Chokechaijaroenporn, O., 1996.
Antidiabetic Activity of Aloe vera L. Juice. I. Clinical Trial in New Cases of Diabetes Mellitus.
Phytomedicine 3 (3), 241-43.

The use of plants in the traditional management of diabetes and its sequelae in Central America

BELIZE
® Belmopan

Reviewed primary data

v

GUATEMALA Entered data in a database: reports of 535 species, including 104
s species used to manage diabetes
Guatemala .
=L ua  Reviewed evidence for most reported species

v
Found high variation in the availability and quality of
pharmacological, chemical and clinical studies

San Jose

.
COSTA RICA de
MA
¢






