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Abstract

The widely held layman’s perception of nature as a collection of animals operating against a static green background of plants is a serious misunderstanding of the
complexity and dynamics of the plant biodiversity. Plants fulfill all functions that superficially only seem reserved for animals including movement, communication,
and defense. For the latter purposes, plants have developed intricate and highly sophisticated chemical warning signals and defense systems to alarm friends and
ward off foes. Many of these plant substances possess meaningful pharmacological properties, and some were found useful against human diseases. This paper briefly
describes several aspects of plant communication and defense; gives a few examples of plant-derived therapeutics; and focuses on the potential contribution of

Suriname (South America) to this scientific area.

Background

The view of the plant kingdom as a green and static background
for moving animals - particularly (higher) vertebrates - is far from the
reality. Paraphrasing Alfred, Lord Tennyson’s (1809-1892) words “Tho’
nature, red in tooth and claw” in his poem ‘In Memoriam A.H.H.,
the American author, physician, producer, director, and screenwriter
John Michael Crichton (1942-2008) emphasizes the importance of the
plant biodiversity to nature in his 1995-bestseller “The lost world’ as
“Nature, green in leaf and stem”. Indeed, studies from particularly the
past forty years have demonstrated that plants actively participate in
the complex interactions in our planet’s biodiversity, displaying many
functions that superficially would only be ascribed to animals including
movement, communication, competition, defense, and attack.

Plant movement

Well-known examples of plants distinctively displaying movement
are the flower buds from the sunflower Helianthus annuus L.
(Asteraceae) which track the sun’s daily passage across the sky from
east to west [1]; the shy plant Mimosa pudica L. (1753 (Fabaceae) that
folds its compound leaves inward and droops them when touched [2];
the carnivorous Venus flytrap Dionaea muscipula J. Ellis (Droseraceae)
(Figure 1) that captures small insects by rapidly closing its leaf ends [3];
and the roots and rhizomes of all higher and many lower plants which
grow in response to gravitational pull [4], in the direction of a gradient
of water concentration [5], and towards useful minerals but away from
harmful substances [6].

Plant communication

Furthermore, many plants communicate with each other and their
environment using an elaborate repertoire of chemical substances.
Some of these substances attract insects (particularly bees, flies, wasps,
butterflies, and moths) and vertebrates (mostly birds and mammals)
by conferring bright colors and strong fragrances, special shapes, or
nectar guides to the flowers or fruits of plants [7]. The animals facilitate
fertilization by transferring pollen grains to the female reproductive
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organs of the plant and transport seeds away from the parent plant,
enabling its propagation and the colonization of new niches, receiving
valuable sources of food in return [7].

Other means of plant communication are so-called semiochemicals,
plant substances involved in the transfer of information between plants
and other organisms [8]. Well-studied examples are the green leaf
volatiles emitted by freshly mown grass such as the mixture of aldehydes
and alcohols including cis-3-hexenal [9]. These plant chemicals not
only stimulate healing of the wounded site, prevent bacterial infection,

Figure 1. The Venus fly trap Dionaea muscipula J. Ellis (1768).
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and inhibit fungal growth, but also represent ‘distress calls’ which
pre-emptively stimulate the production of defensive compounds at
unwounded sites, induce defense responses in neighboring plants,
and/or attract ‘body guard’ insects which attack the perpetrators
causing the injury [8]. For instance, when the wild tobacco plant
Solanum mauritianum Scop. (Solanaceae) (Figure 2) is assaulted by
the hornworm caterpillar Manduca sexta (Lepidoptera: Sphingidae),
it emits green leaf volatiles which react with the caterpillars’ saliva to
produce (a) modified compound(s) that attract(s) predatory big-eyed
bugs from the genus Geocoris Fallén, 1814 (Hemiptera: Geocoridae) to
attack the hornworm [10].

More recently, plants have also been found to communicate with
each other through an underground network of fungal mycelia which
link the roots of different plants to each other [11]. The fungal networks
help plants exchange nutrients and fend off competing plants by
spreading toxic chemicals [11]. The networks also facilitate the spread
of information about impending danger. For instance, tomato plants
(Solanum lycopersicum L. (Solanaceae)) and broad beans (Vicia faba
L. (Fabaceae)) under attack by fungi or aphids, have been reported to
warn their neighbors about the presence of the danger, enabling them
to mobilize their defenses before being harmed [12,13].

Plant defense

Many plants produce, furthermore, allelochemicals which act as
anti-herbivory defenses by influencing behavior, growth, or survival
of herbivores [14,15]. These substances are in general secondary
metabolites, i.e., organic compounds that are often produced as by-
products during the synthesis of primary metabolic products but are not
directly involved in the normal growth, development, or reproduction
of plants [14,15]. Nevertheless, they play important roles in increasing
the plants’ health and survival by protecting them against threats from
their environment [14,15]. The largest groups of secondary metabolites
are nitrogen-containing compounds (including alkaloids, cyanogenic
glycosides, glucosinolates, and benzoxazinoids; [16]), terpenoids
(including mono- and sesequiterpenoids, glycosides, and saponins;
[17]), and phenolics (including flavonoids, anthocyanins, phytoalexins,
and tannins; [18]). Many of these compounds act as repellents or toxins
to herbivores or reduce plant digestibility [16-18].

Alkaloids render plants distasteful and generate distinctive and
often detrimental changes in the (physiology of the) body of predators
by targeting, among others, key metabolic enzymes, protein synthesis,
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Figure 2. The wild tobacco plant Solanum mauritianum Scop. (Solanaceae).
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DNA synthesis and repair, cell membrane integrity, cytoskeletal
structure, and nerve transmission [16]. For instance, caffeine - the
active ingredient in more than fifty plant species including the coffee
plant Coffea arabica L (Rubiaceae), the tea bush Camellia sinensis
L. (L.) Kuntze (Theaceae), and the cacao tree (Theobroma cacao L.
(Malvaceae) - can paralyze and kill insects and fungi [19]. Nicotine
from the tobacco plant Nicotiana tabacum L. (Solanaceae) is released
from vacuoles in its leaves and is toxic to herbivores grazing on the
leaves [20]. Many members of the plant families Fabaceae, Rosaceae,
Linaceae, and Compositae synthesize cyanogenic glycosides which
break down to produce hydrogen cyanide that stops cellular respiration
of predators [21]. And members of the mustard family Brassicaceae
synthesize glucosinolates (also known as mustard oil glycosides),
sulfur-containing compounds that produce cyanide gas when broken
down by enzymes [22].

Monoterpenoids and sesquiterpenoids are the primary components
of essential oils, the highly volatile compounds that contribute to the
fragrance of plants that produce them [17]. Although many spices,
seasonings, condiments, and perfumes contain essential oils [17],
these plant chemicals function biologically as toxins against fungal or
bacterial attack [17]. A few examples are peppermint and spearmint
from Mentha spp., rosemary from Rosmarinus spp., cinnamon from
Cinnamomum spp., and bay leaf from Laurus spp. [17]. And certain
monoterpenoid esters such as pyrethrins produced by chrysanthemum
plants (family Asteraceae) act as insect neurotoxins and served as
the blue print for commercially available synthetic insecticides such
as the pyrethroids permethrin and cypermethrin [23]. Examples of
insect-repelling triterpenoids are the limonoids in lemon and orange
peels [24], azadirachtin in the neem tree Azadirachta indica A. Juss.,
1830 (Meliaceae) (Figure 3) [25], and citronella in the lemon grass
Cymbopogon citratus Stapf. (Gramineae) [26]. Other triterpenoids
such as the cardiac glycosides in the foxglove Digitalis purpura L.
(Scrophulariaceae) and in species of the milkweed Asclepias are
highly toxic to vertebrate herbivores including humans, and can cause
heart attacks if ingested in high quantities [27]. Finally, glycosylated
triterpenoids called saponins are present in the cell membranes of
many plant species and have amphiphilic properties enabling them to
disrupt the cell membranes of invading fungal pathogens and lyze red
blood cells of herbivores [28].

Flavonoids help provide color, fragrance, and taste to fruits, flowers
and seeds, which make them attractive for insects, birds, or mammals
which aid in pollen or seed transmission [18]. These compounds also
protect plants against insect pests by influencing their growth and

Figure 3. The neem tree Azadirachta indica A. Juss.
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development [29,30]. Quercetin-3-O-rutinoside, for instance, prevents
certain insects from laying eggs [31]. Anthocyanins are flavonoid
pigments thatare responsible for the colors of many flowers and fruits of
plants as well as the leaves of deciduous plants in fall, and protect foliage
from the damaging effects of ultraviolet radiation [32]. Phytoalexins
are isoflavonoids which are produced in response to pathogen attack
and disrupt the metabolism or cellular structure of micro-organisms
[33]. A well-studied example of this group of plant chemicals is rishitin
produced by tomatoes and potatoes (family Solanaceae) [34]. Tannins
are water-soluble flavonoid polymers that inhibit herbivore digestion
by binding to consumed plant proteins, making them more difficult
for animals to digest, and by interfering with protein absorption and
digestive enzymes [35].

Plant chemicals as therapeutics

When considering the meaningful pharmacological properties of
many plant chemicals, itis understandable that several of them are useful
as therapeutics. Not surprisingly, humans have since long appreciated
the significance of plant-derived substances as therapeutics. This can
be derived from archeological finds [36] and the pharmacopeia from
the ancient Chinese (2,800 BC), Egyptians (1,550 BC), Assyrians (7™
century BC), and Greeks (4" century BC and 75 BC) [36]. In fact, until
the 19 century AD, medicinal plants were by far the most widely used
(and often the only available) treatment modality for human diseases [36].

From the early 1800s on - with the isolation of morphine from the
opium poppy Papaver somniferumL. (Papaveraceae) [37] - alarge variety
of pharmacologically active substances has been identified in plants.
Many of these compounds turned out clinically useful. A few examples
are the muscle relaxant d-tubocurarine from Strychnos guianensis (J.B.
Aublet) Martius, 1843 and Strychnos toxifera L. (Loganiaceae) [38]; the
pupil dilator atropine from the deadly nightshade Atropa belladonna
L. (Solanaceae) [39]; the cardiac glycoside digoxin from the foxglove
D. purpura [40]; the anti-malarial quinine from the quina plant
Cinchona officinalis L. (Rubiaceae) [41]; the antipyretic quassine from
the bitterwood Quassia amara L. (Simaroubaceae) (Figure 4) [42];
the antineoplastic agent vincristine from the Madagascan periwinkle
Catharanthus roseus (L.) G.Don, 1837 (Apocynaceae) [43]; and the
hypoglycemic agent metformin from the French lilac Galega officinalis
L. (Fabaceae) [44].

Figure 4. The bitterwood Quassia amara L. (Simaroubaceae)
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It is generally believed that these and many other substances only
represent a relative handful of the bewildering chemical diversity that
lies awaiting in the green pharmacies throughout the world, particularly
in the astonishingly biodiverse tropical rain forests [45]. It is even
anticipated that exploitation of this virtually inexhaustible chemical
storehouse may produce medicines for treating major global health
threats including cardiovascular ailments, cancer, diabetes mellitus,
and degenerative brain disorders such as Alzheimer’s disease. This may
also hold true for the biodiversity of the Republic of Suriname.

Background on Suriname
Geography, economy, and people

The Republic of Suriname is located on the north-east coast of
South America and borders the Atlantic Ocean to the north, French
Guiana to the east, Brazil to the south, and Guyana to the west (Figure
5). The country’s land area of 165,000 km?* can be distinguished into
a northern narrow low-land coastal area that harbors the capital city
Paramaribo as well as other urbanized areas, a broad but sparsely
inhabited savannah belt, and a southern forested area that comprises
about three-quarters of its surface area and largely consists of dense,
pristine, and highly biodiverse tropical rain forest. Roughly 80%
of the population of about 570,000 lives in the urbanized northern
coastal zone while the remaining 20% populates the rural and interior
savannas and hinterlands.

Situated on the Guiana Shield - a Precambrian geological formation
estimated to be 1.7 billion years old - Suriname is one of the regions
with the largest expanse of undisturbed tropical rain forest in the
world, harboring a very high biodiversity that includes many endemic
animal and plant species [46]. The high mineral density contributes,
furthermore, to Suriname’s ranking as the seventeenth richest country
in the world in terms of natural resources and development potential
[47]. Suriname’s most important economic means of support are crude
oil drilling, bauxite and gold mining, agriculture, fisheries, forestry, as
well as ecotourism [48]. These activities contributed substantially to the
gross domestic income in 2014 of USD 5.21 billion and an average per-
capita income in that year of USD 9,325 [48]. This positions Suriname
on the World Bank’s list of upper-middle income economies [48].
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Figure 5. Map of Suriname. The insert indicates the location of Suriname in South
America.
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Suriname’s population is among the most ethnically diverse in the
world, comprising the indigenous Amerindians; descendants from
enslaved Africans brought in between the 16" and the 19" century;
descendants from contract workers from China, India, and Indonesia
who arrived in the second half of the 19 century and the first half of
the 20" century; descendants from a number of European countries;
and more recently, immigrants from various Latin American and
Caribbean counties including Brazil, Guyana, French Guiana, Haiti,
etc. [50]. All these ethnic groups have largely preserved their own
specific identity, making Suriname one of the culturally most diverse
countries in the world [51]. This also holds true for the country’s
ethnopharmacological practices [51].

Health infrastructure

The availability, accessibility and affordability of health care in
Suriname is the responsibility of the Ministry of Health, which is
led by the Minister of Health and the Director of Health (the Chief
Medical Officer). The total health expenditure in 2014 was 5.7% of
the GDP, and the per capita health expenditure in that year was USD
589 [49]. The main responsibilities of the ministry are the planning,
coordination, inspection, and monitoring and evaluation of, as well
as policy development and setting standards to the country’s health
system. These activities are in detail described in reference [52].

The health costs for the economically weakest individuals are
covered by the Ministry of Social Affairs. Government employees and
employees of government-related companies are mandatory insured at
the State Health Foundation. Essential pharmaceuticals are imported,
stocked, and distributed by the National Pharmaceutical Import and
Distribution Company. These medicines are identified by the Board for
Essential Pharmaceuticals that consist of various players in the field of
pharmacy and pharmacology in Suriname.

Public health affairs are allocated to the Bureau of Public Health
and the Inspectorate. These institutions are in charge of, among
others, vaccination programs, maternal and child health care, and the
development of programs to combat parasitic and microbial diseases
such as malaria, leishmaniasis, chikungunya, and zika. Primary health
care in Suriname’s coastal area and hinterlands is provided by the
government-subsidized Regional Health Service and Medical Mission,
respectively, in addition to a number of private practitioners. Other
governmental primary health care facilities are the Youth Dental
Foundation that provides dental care for schoolchildren, and the
Dermatology Clinic that provides services for dermatological diseases,
sexually transmitted diseases, and HIV/AIDS. Suriname’s Ministry of
Health further supports the Kidney Dialyses Center and the Blood Bank,
and recognizes various non-governmental organizations which provide
specific health care services such as the Lobi Foundation specialized
in sexual reproductive health, family planning, and screening for
cervical cancer and HIV/AIDS. Secondary care and specialist care are
provided by two private and two government-supported hospitals in
Paramaribo and one public hospital in the western district of Nickerie.
The combined capacity of the hospitals in Paramaribo is about 1,200
beds. The Academic Hospital Paramaribo also functions as training
facility for both general practitioners and medical specialists, provides
twenty-four-hour emergency medical care, and has recently put into
action a Radiotherapeutic Center. There is, furthermore, a psychiatric
hospital in Paramaribo that has a capacity of 280 beds.

Patients who need specialized therapy that is not available in
Suriname (particularly those suffering from certain malignancies)
are sent abroad - to the Netherlands or Colombia - for treatment.

Clin Med Invest, 2016 doi: 10.15761/CM1.1000121

All expenses are covered by the Ministry of Health that has reserved
a special budget for these cases. The previous arrangement with The
Netherlands for cardiac surgery missions to Suriname has resulted in
the built-up of sufficient capacity to perform most of these procedures
by the cardiologists of the Academic Hospital Paramaribo. Similarly,
patients with poor eye sight due to cataract who were initially operated
in Cuba, are now treated in Suriname by specialists from the Suriname
Eye Center [53].

Use of traditional medicines

Despite the broad availability of modern health care, the use of
traditional medicines is deeply rooted in all ethnic groups in Suriname.
Thisis probably foran important partattributable to the fact thatall these
groups have preserved much of their original ethnopharmacological
practices. For instance, the centuries-old medicinal traditions of
the indigenous Amerindians involve the use of more than 300 plant
species for treating approximately 75 distinct disease conditions
and are still very much alive [54]. Importantly, many Amerindian
disease descriptions closely correspond those in Western allopathic
medicine, and the treatments are often successful [54]. An example is
the indigenous use of the dried leaves of the bitter gourd Momordica
charantia L. (Cucurbitacea) (Figure 6) for treating the symptoms of
diabetes mellitus, which is supported by the hypoglycemic effects of M.
charantia preparations in various animal models [55].

As well, several traditional medicinal practices of Afro Surinamese
can be directly traced back to the ancient African belief that both
physiological and psychological conditions result from an imbalance
between ‘hot” and ‘cold’ and can be reversed by removing the ‘cold’
[56]. Accordingly, Surinamese Creoles and Maroons frequently treat
obstructions in gastrointestinal tract, airways, blood circulation,
genitourinary system, or mental state (interpreted as ‘colds’ or ‘kowrus’)
using a variety of plant-based kowru dresis (‘medicines against a cold’)
[57,58].

And the adherence of many Surinamese Chinese, Hindustanis, and
Javanese to the use of the rhizomes from the milkvetch or huang qi
Astragalus propinquus Schischkin (Fabaceae) to strengthen the vital
energy Qi for general health and well-being and for boosting immunity
[59,60]; the leaves from the neem plant A. indica for treating a variety
of ailments including colds, fevers, high blood pressure, diabetes
mellitus], and chicken pox [61,62]; and the rhizomes from the laos
Alpinia galanga (L.) Willd. (Zingiberaceae) for treating the fungal skin
infection ‘lota’ (pityriasis alba), stomach cramps, and dysentery [63],
respectively, find their origin in traditional Chinese medicine, Indian

Figure 6. The bitter melon Momorica charantia L. (Cucurbitaceae).
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Ayurveda, and Indonesian Jamu, respectively.

However, in many cases there is no or only marginal scientific
evidence to support these claims of therapeutic efficacy. For this
reason, it was decided to implement a broad and large-scale program of
collection and testing of Surinamese plants with presumed medicinal
properties. This effort is led by the academic chair of Pharmacognosy
at the Department of Pharmacology, Faculty of Medical Sciences,
Anton de Kom University of Suriname. Other important players in the
program are the Department of Physiology of the Faculty of Medical
Sciences; the Department of Organic Chemistry of the Faculty of
Mathematics and Earth Sciences; the National Herbarium Suriname;
as well as a number of scientific research institutions abroad. The
program receives financial support from the Suriname Conservation
Foundation, an environmental organization that is deeply committed
to the sustainable development of Suriname’s biodiversity. Hereunder
follows a detailed account of some of the research activities on
medicinal plants in Suriname.

Research on medical plants in Suriname
Plant selection

The candidate plants for our studies are mainly selected on the
basis of generally available ethnopharmacological information that is
not protected by intellectual property rights. In conformity with the
conditions stipulated by the Nagoya Protocol on Access and Benefit
Sharing [64], no ethnobotanical data are gathered by consulting or
interviewing holders of such information. This agreement has been
reached in 2010 in Nagoya, Japan, as a supplementary agreement to
the 1992-Convention on Biological Diversity from Rio de Janeiro,
Brazil [65], and protects, among others, the traditional knowledge
associated with genetic resources while addressing the necessity of fair
and equitable sharing of the benefits arising from its utilization [65].
Importantly, no plants are selected that occur on the IUCN Red List of
threatened species [66].

The required information is accumulated from amply available oral
and written sources on the popular medicinal use of plants in Suriname.
Indeed, the country’s unique mixture of cultures provides a wealth
of anecdotal information on the folkloristic treatment of diseases, a
number of written accounts [67-72], academic theses [63,73-75], and
reference works [58,76].

These sources report, for instance, on the generally acknowledged
Amerindian use of the dried leaves from the bitter melon M. charantia
against the symptoms of diabetes mellitus [55]; the Afro-Surinamese
use of Q. amara for treating malaria fever [77]; the Hindustani use
of the leaves from the neem plant A. indica to boost the immune
system [62]; and the Javanese use of the leaves from the cat’s whiskers
Orthosiphon aristatus (Blume) Miq. (Lamiaceae) for treating kidney
stones and renal colics [78]. They often also provide information about
the plant part(s) to use, the mode of preparation, and the schedule
of administration preparation. For instance, Q. amara tonics are
ingested on a daily basis, and often prepared by filling a ‘bitter cup’
carved out of the plant’s hardwood with water (or rum), leaving it
undisturbed overnight, and drinking the liquid the next morning [77].
And the series of plants we recently evaluated for their potential anti-
leishmanial efficacy [79] had largely been selected on the basis of a
previously published comprehensive survey on ethnopharmacological
remedies for treating this condition [80].
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The ethnopharmacological information is often combined
with data from the scientific literature. The latter data may provide
(chemosystemic) information on related plant species or genera to
include in the tests, as well as clues about the chemical nature and
mechanism of action of the pharmacologically active ingredient(s).
Thus, literature data localizing the antimalarial ingredients of Q. amara
(among others, simalikalactone D, simalikalactone E, quassin, and
neoquassin; [81]) to the plant’s bark and leaves, support the use of
extracts of these plant parts in studies with this plant.

Plant collection

When certain plants have been selected for collection as mentioned
above, the botanists of the National Herbarium of Suriname (BBS)
are consulted in order to ascertain where and when the desired plant
species, genera, or families can be encountered in Suriname. Then, for
each species, the locations where that species is likely to be found and
the ideal season for collection are determined, and particular areas are
designated for collection. Importantly, these areas must be free from
herbicidal or pesticidal use for at least the preceding six months.

Before organizing expeditions, a collection permit must be obtained
from the Surinamese Ministry of Physical Planning, Land- and Forestry
Management. This is to obtain guidelines for responsible expeditions,
limiting the number of collections per area and preventing excessive
collection of rare species. As mentioned before, the collected plants
must not be on the International Union for Conservation of Nature’s
Red List of endangered or threatened species [66]. Furthermore, a
particular location can be visited only twice per year, protected species
cannot be collected, no trees can be felled, samples of bark must be
taken from only one side so as not to gird the tree, and root samples can
only be taken from the periphery.

If possible, several parts of a plant are collected (leaves, twigs, bark,
flowers, fruits, and/or roots), which are separately cataloged. In general,
50 to 100 grams of a sample must remain after drying in order to allow
for the preparation of sufficient extract to carry out initial laboratory
studies. Depending on the succulence, this may require the collection
of as much as 2 kg of leaves or 500 grams of roots and twigs.

Samples are labeled in the field and returned to the base camp,
weighed, taxonomically characterized, placed in boxes, and shipped
to our extraction laboratory. The shipments are accompanied by the
complete taxonomy of the species collected; notes on the plant parts
collected as well as the location and date of collection; the rationale
for collection, etc. If necessary, voucher specimens are prepared and
deposited at the Herbarium for future reference.

Plant extraction

The collected plant parts are thoroughly washed with distilled
water, dried in open air if indicated, washed again, and subsequently
processed on the basis of the ethnopharmacological method of
preparation. Thus, if a decoction is prepared from the dried leaves of
a certain plant, than the leaves of that plant are collected, air-dried,
and extracted in boiling water for our experiments. Thus, samples of Q.
amara and A. indica are prepared for our studies by soaking samples of
macerated hardwood or air-dried leaves, respectively, in distilled water
or ethanol for at least eight hours and at room temperature [62,77].

The plant extracts are filtered, concentrated by freeze-drying or
rotavap evaporation so as to obtain a stable powder, divided in aliquots
of 2 g, labeled, and stored at -80 °C until testing. For experiments, the
required amounts of extracts are rapidly thawed, liquefied in ultra-pure
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water (in the case of aqueous extracts) or cell culture-grade DMSO or
ethanol (in the case of organic extracts), and further dissolved to the
desired concentrations by shaking for 1 h at 50 °C. The suspensions are
then centrifuged for 5 min at 3000 rpm after which the supernatants
are collected, sterilized through 0.22 pM filters (Millipore), and tested.

Preclinical evaluation

Thus far, approximately 500 extracts have been prepared from
about 200 different plant species which are in various stages of
preclinical evaluation. Until now, the program has primarily focused
on plants with a presumed efficacy against cardiovascular, neoplastic,
and respiratory conditions, as well as cutaneous leishmaniasis. More
recently, with the realization of the importance of angiogenesis to the
pathophysiology of many diseases, emphasis is also being placed on
plants with angiogenesis-interfering properties. Some of our research
activities are addressed hereunder.

Medicinal plants against hypertension

Plant extracts with presumed efficacy against arterial hypertension
were evaluated for such an activity using isolated guinea pig atria [82].
Thus, the heart from a guinea pig was quickly dissected and the atria
were isolated. The isolated atria were transferred to an organ bath
containing 40 mL of Ringer-Locke solution kept at 30 °C and gassed
with pure oxygen, and the tip of one atrium was attached to a fixed
point in the bath and that of the other to a force transducer.

The isolated guinea pig atria were exposed to a plant extract,
an agonist such as norepinephrine, and/or an antagonist such as
atenolol, either alone or at certain combinations. The resulting forces
of contraction were registered by the force transducer and monitored
with a desktop computer through a bio-amplifier connected to
an analog-digital converter. Signals were recorded with the Chart
for Windows 4.2.3 software. The relative contractility and beating
frequency caused by one of the test substances were derived from the
average peak values of their respective recordings, and were expressed
with respect to average values registered in the presence of buffer alone.
The counteracting effects of the antagonist on the actions of the agonist
were taken to validate the usefulness of the model to carry out the
evaluations.

Using this assay, ten popularly used aqueous plant extracts
were evaluated for their potential efficacy against hypertension [82].
The extracts from the bilimbi Averrhoa bilimbi L. (Oxalidaceae)
(Figure 7), the black catnip Phyllanthus amarus Schum. & Thonn.
(Euphorbiaceae), and the eggplant Solanum melongena L. (Solanaceae)
were found to decrease the contractility of norepinephrine-stimulated
atria by 50 to 100% while not affecting the beating frequency. These
observations suggest that the apparent blood pressure-lowering effects
of these preparations may be related to a reduction in cardiac output,
and provide support for their popular use against hypertension.

Medicinal plants against spasms

Plant preparations that are used for relieving spasms were evaluated
for such properties using isolated guinea pig ilei [83]. After the ileum
was removed, it was cleaned and left to stabilize overnight in Tyrode
buffer at 4 °C. The next day, a piece of ileum of about 2-cm length was
placed in an organ bath containing 40 mL of Tyrode buffer that was
kept at 37 °C and mixed with 5% CO, in air.

The ileum was exposed to a plant extract, an agonist such as
acetylcholine or histamine, and/or an antagonist such as atropine
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Figure 7. The bilimbi Averrhoa bilimbi L. (Oxalidaceae).

or chlorpheniramine, either alone or at certain combinations. The
resulting forces of smooth muscle contraction were detected by a sensor
connected to the ileum, processed by a bio-amplifier and an analog-
digital converter, and monitored using the above-mentioned software.
Potential spasmolytic properties of a plant extract were derived from
its capacity to reduce forces of smooth muscle contraction of the ileum
induced by an agonist after correction for basal tone (readings in the
presence of Tyrode buffer alone). Again, the counteracting effects
of the antagonists were taken to validate the usefulness of the ileum
preparation to carry out the evaluations.

Using this model, aqueous extracts from (parts of) plants that are
popularly used as spasmolytics were evaluated for such an activity
[83]. The results from this study suggested that preparations from C.
citratus (Figure 8), the mother of thousands Kalanchoé pinnata (Lam.)
Pers. (Crassulaceae), the bird of paradise Caesalpinia pulcherrima
(L.) Schwartz (Caesalpiniaceae), and the annatto Bixa orellana L.
(Bixaceae) may indeed possess properties and relieve spasms. On the
other hand, those from the sea island cotton Gossypium barbadense L.
(Malvaceae) and the African marigold Tagetes erecta L. (Compositae)
may exacerbate these conditions.

Medicinal plants against airway constriction

Plant-derived preparations with a potential bronchospasmolytic
effect were evaluated using a chain prepared from isolated guinea pig
tracheal rings [84]. Thus, the trachea from the anaesthetized animals
was quickly removed, cut transversally between the cartilage segments
so as to obtain a number of rings of tracheal smooth muscle. Eight
rings were tied together with cotton to form a chain which was placed
in an organ bath containing Tyrode buffer kept at 37 °C and mixed
with a constant flow of ambient air. One end of the tracheal chain was
attached to a fixed point in the organ bath and the other to a force
transducer.

The chain was exposed to a plant extract, an agonist such as
acetylcholine or histamine, and/or an antagonist such as atropine or
chlorpheniramine, either alone or at certain combinations. The forces
of smooth muscle contraction were processed and monitored as
mentioned above. Forces of smooth muscle contraction were corrected
for basal muscle tone (readings in the presence of Tyrode buffer alone)
and expressed relatively to those found with an agonist alone. Once
again, the actions of the antagonists served as positive controls.

This model was used to verify the claim of efficacy of plants that
are popularly used to relieve respiratory distress [84]. Our results
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Figure 9. The pomegranate Punica granatum L. (Punicaceae).

suggested that aqueous extracts from K. pinnata, the pomegranate
Punica granatum L. (Punicaceae) (Figure 9), the spiny amaranth
Amaranthus spinosus L. (Amaranthaceae), the tropical milkweed
Asclepias curassavica L. (Asclepiadaceae), and B. orellana may elicit
bronchospasmolytic effects through antagonism of the muscarinic and/
or H, histamininergic receptor. These findings support the popular use
of these plants against bronchoconstriction.

Medicinal plants against leishmaniasis

Plant extracts with a presumed efficacy against the parasitic disease
(cutaneous) leishmaniasis are submitted to a promastigote assay [85] as
well as an amastigote assay [86].

In the promastigote assay [85], promastigotes of various
Leishmania species and THP-1 monocytic cells are seeded in 96-well
flat-bottomed microplates and exposed for 72 h to serial dilutions of
the plant extracts. Amphotericin is used as a reference compound, and
untreated parasites or THP-1 cells in medium only serve as controls.
At the end of the incubations, numbers of surviving parasites and
monocytes are determined by staining with Alamar Blue®. The effect of
a plant extract on the promastigotes and monocytes is expressed as IC_|
value, i.e., the concentration of the extract that leads to 50% inhibition
of their growth when compared to untreated controls.

Clin Med Invest, 2016 doi: 10.15761/CM1I1.1000121

In the amastigote assay [86], THP-1 monocytic cells are inoculated
in 96-well flat bottomed microplates and stimulated for 48 h with
phorbol 12-myristate 13-acetate to obtain differentiated, non-dividing
macrophage-like cells. Next, the THP-1 cells are subjected to infection
by Leishmania (Leishmania) donovani promastigotes at a ratio of
10 parasite per THP-1 cell. Sixteen hours later, the infected THP-1
cells are exposed for 96 h to serial dilutions of the plant extracts or
to medium only (untreated control). Uninfected THP-1 cells with no
exposure to plant extracts serve as a blank, and the anti-leishmanial
drug amphotericin B is used as a reference compound. At the end of
the incubations, the number of viable amastigotes is assessed using
a quantitative Leishmania-specific colorimetric assay based on the
enzymatic reduction of Leishmania-native disulfide trypanothione. The
effect of a plant extract on the (intracellular) amastigotes is expressed
as IC, value, i.e., the concentration of the extract that leads to 50%
inhibition of their growth when compared to untreated controls.

In Suriname, cutaneous leishmaniasis is so far the principal form
of leishmaniasis and it is mainly caused by Leishmania (Viannia)
guyanensis [87,88]. Pentamidine isethionate given intramuscularly at
the dose of three injections of 4 mg/kg on days 1, 4, and 7 is the first-line
drug and the only treatment option for cutaneous leishmaniasis caused
by L. (V.) guyanensis in Suriname [89]. However, many patients with
cutaneous leishmaniasis in Suriname’s interior cannot afford the costs
of treatment and transportation to health centers in Paramaribo, and
instead use traditional herbal substances [80]. However, the scientific
evidence to support the therapeutic usefulness of these substances is
scant. If efficacious, some of them may represent lead compounds for
the development of novel drugs for treating cutaneous leishmaniasis.

Thus, parts from twenty-five plants that are used in Suriname
against cutaneous leishmaniasis were evaluated for their effect on the
viability of L. (V.) guyanensis AMC, L. (L.) major NADIMS5, and L. (L.)
donovani GEDII promastigotes as well as intracellular amastigotes of L.
(L.) donovani BHU814 in infected THP-1 macrophage-like cells [79].
Selectivity was assessed by cytotoxicity against the THP-1 cells. The
only plant extract that showed potentially meaningful anti-leishmanial
activity was that from the wolfapple Solanum lycocarpum A.St.-Hil.
(Solanaceae) (Figure 10) that displayed mean IC, values of < 16 to 51
pg/mL against the promastigotes, 374 pg/mL against the amastigotes;
and > 500 pg/mL against the THP-1 cells [79]. Thus, S. lycocarpum
preparations may be useful for treating cutaneous leishmaniasis and
may cause relatively low toxicity to the normal tissues, validating their
ethnopharmacological use against this disease. In light of the lack of
efficacious forms of treatment of cutaneous leishmaniasis, this plant
extract may also represent an interesting candidate for new drug
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Figure 10. The wolfapple Solanum lycocarpum A.St.-Hil. (Solanaceae).
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development programs.
Medicinal plants with angiogenesis-interfering
properties

Research efforts spanning more than four decades have revealed that
defects in angiogenesis - the formation of either excessive or insufficient
blood vessels - is at the basis of more than seventy distinct diseases that
affect hundreds of millions of individuals worldwide [90,91]. Despite
the availability of a broad arsenal of therapeutic anti-angiogenic or
angiogenesis-stimulating therapies for correcting (the consequences
of) faulty angiogenesis [92], there is a need of more efficacious and
less toxic angiogenesis-interfering forms of treatment. For this reason,
our research efforts are also directed towards Surinamese plants with
potential anti- or pro-angiogenic properties.

As angiogenesis involves, among others, the proliferation and
migration of endothelial cells, as well as their rearrangement to form
capillary-like structures [90,93], the plant extracts are evaluated
for their effects on the proliferation and motility of cultured human
umbilical vein endothelial cells (HUVECs) using a sulforhodamine B
cell proliferation assay [94], a migration assay using modified Boyden
chambers [95], a scratch-wound healing assay [96], as well as a tube
formation assay [97], respectively. In parallel, the plant extracts are
assessed for their capacity to interfere with the regeneration of
the amputated caudal tail fin of the zebrafish Danio rerio, and their
capability to affect total sub-intestinal vessel length of embryos of the
Tg(flila:EGFP)y1/+ variant of these fish [98,99].

Using these models, an aqueous extract from the wild sage Lantana
camara L. (Verbenaceae) (Figure 11) was found to delay the regrowth
of the amputated fin and the formation of sub-intestinal vessels in
zebra fish by about 30 and 50%, respectively, and to inhibit HUVEC
scratch-wound closure and capillary-like structure formation by
almost 100 and 50%, respectively [100]. These results suggest that the L.
camara extract possesses marked anti-angiogenic properties, making it
a candidate for evaluation in diseases caused by excessive angiogenesis.

Future prospects

Suriname’s rich cultural diversity fuels comprehensive
ethnobotanical traditions [57,63,67-75] while its unique plant
biodiversity provides ample raw material to be processed into
ethnopharmacological preparations for treating a multitude of disease
conditions [58,76]. Unfortunately, the scientific evidence to support the
therapeutic usefulness of these substances is in many cases insufficient.

Figure 11. The wild sage Lantana camara L. (Verbenaceae).

Clin Med Invest, 2016 doi: 10.15761/CM1.1000121

However, if efficacious, some of them may represent lead compounds
for the development of novel therapeutics.

This is one of the principal reasons for implementing the current
research program on the collection and testing of Surinamese plants
with presumed medicinal properties. The program has already yielded
some successes, a few of which have been described above. The
challenge now is, to translate these achievements from the bench to
applications for the bedside.

For this purpose, the crude plant extracts that prove active in our
initial tests will be subjected to bioassay-guided purification in order
to obtain the pharmacologically active ingredient(s). The purified
compounds will be further characterized in terms of their chemical
structure, and molecular studies will be carried out in order to
assess them for their mechanism of action. These studies are now in
preparation. Hopefully, these efforts will foster the ultimate goal of the
program, the development of efficacious novel therapeutics.
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