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Abstract. Eria is one of the most important medicinal orchid genera. The present
study aimed to summarise natural compounds, pharmacological activities, and
conservation of Eria to reveal the potential of the genus as bioresources for natu-
ral product-based medicines and to highlight the importance of conservation of the
genus in its development for bioresources for medicines. Eria contains 39 natural
compounds from different classess of secondary metabolites including alkaloids
(2), terpenoids (2), phenolic compounds (1), flavonoids (4), flavanone (2), biben-
zyls (3), and phenanthrenes (8), tannins (2), sterols (3) steroids (1), coumarins (1),
quinones (2), and others (8). Furthermore, Eria possesses various pharmacologi-
cal activities including antioxidant, antinociceptive, antipyretic, antiinflammatory,
and antibacterial activities. A vast array of bioactive compounds and pharmaco-
logical activities of Eria indicates that the genus has potential as bioresources
of natural products to be developed as medicines. Erianin, a natural compound
initially isolated from Eria carinata and further has been found in other orchid
species, has been found to possess anticancer properties. In the development of
Eria as bioresources for natural products for medicinal purposes, orchid conser-
vation approach is required to ensure the long-term survival of the orchids and for
the sustainable use of the orchids.
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1 Introduction

Orchidaceae is one of the largest plant family with approximately 25,000 orchid species
distributed across the world [1]. The plant family is wellknown as ornamental plants
with several genera that possess unique, showy, large, and fragrant flowers, such as
Phalaenopsis, Dendrobium, Paphiopedilum, and others; and some other genera that have
unique patterned-leaves, such as Goodyera, Macodes, and others [2, 3]. Furthermore,
Orchidaceae is also recognised as medicinal plants with several genera that have been
used as herbal medicines to treat a wide range of ailments and diseases including genera
of Coelogyne, Dendrobium, Eria, Habenaria, and others [4].
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Eria is one of the most important medicinal orchid genera. The genus distributed in
tropical and subtropical Asia to Pacific [S]. The name of Eria refers to the hairiness of
the flowers and inflorescences and is often used as a spot-character in identification [6].
Eria belongs to the complex tribe Podochileae (Orchidaceae). The genus has long been
treated as a large and morphologically diverse genus with approximately 350 species
[7]. An updated classification of Eria using molecular markers lead to the divergence of
Eria into 21 genera including Eria, Pinalia, Mycaranthes, Callostylis, etc., with Eria it
self consisted of approximately 50 species [3, 6].

Phytochemical screening, isolation, identification, and characterisation of bioactive
compounds of Eria has shown that Eria contained a wide range of secondary metabolites,
i.e. alkaloids, terpenoids, phenolic compounds (flavonoids, stilbenoids, tannins), sterols,
coumarins, quinones, and others [8, 9, 10, 11, 12, 13, 14, 15, 16, 17]. Moreover, Eria
has been well-studied to possess a variety of biological activities including antioxidant,
antinociceptive, antipyretic, antiinflammatory, and antibacterial activity [9, 10, 18]. The
bioactive compounds and pharmacological effects of Eria indicate the potential of Eria as
bioresources for medicines and can be developed as natural products for pharmacological
purposes.

For the development of Eria as natural products-based medicines in a large scale for
pharmaceutical industries, conservation approach is required for the long-term survival
and sustainable use of Eria. In vitro propagation of orchids is one of essential conserva-
tion programs to provide a large number of seedlings and plants utilised as bioresources
for the development of plants as natural medicines and to produce biomass and bioactive
compounds [19, 20]. Propagation of Eria through in vitro seed germination and tissue
culture has been reported to be successful to generate a large number of seedlings [21, 22]
that can support the development of Eria as the bioresources for natural products-based
medicines.

The present study aimed to summarise natural compounds, biological activities, and
conservation of Eria to reveal the potential of Eria as bioresources for natural products
for pharmacological purposes, and to emphasize the importance of conservation of Eria
for the long-term survival and the sustainable use of Eria (Fig. 1).

Fig. 1. A map of distribution of Eria [23]
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2 Materials

A comprehensive scientific investigation was performed by analysing data of natural
compounds, biological activities, and conservation of Eria obtained from various reliable
sources including journals, magazines, and other sources using a combination of key
words of ‘natural compounds + Eria’, ‘biological activities 4+ Eria’, and ‘conservation
+ Eria’. Verification of accepted name of the species was performed using a source from
the Plant List (http://www.theplantlist.org/). Chemical classes and chemical structure
of the compounds were confirmed from PubChem (https://pubchem.ncbi.nlm.nih.gov/)
database. Chemical structure of the compounds was drawn using ChemDraw Ultra 12.0
Software.

3 Results and Discussion

3.1 Natural compounds of Eria

Various bioactive compounds have been isolated and characterised from some species
of Eria including Eria pauciflora, E. pseudoclavicaulis, E. tomentosa, E. marginata, E.
pauciflora, E. javanica, E. carinata, and E. lasiopetala [9, 10, 11, 12, 13, 14, 15, 16, 17,
24]. A total of 39 bioactive compounds from different class of secondary metabolites
have been identified from Eria including alkaloids, terpenoids, phenolic compounds
(flavonoids, stilbenoids, tannins), sterols, coumarins, quinones, and other compounds.

3.1.1 Alkaloids

Alkaloids have been characterised from Eria paucifiora and E. pseudoclavicaulis [9,
24]. Alkaloids are known to possess a wide range of pharmacological activities, such as
antioxidant, antiinflammatory, antinociceptive, antimicrobial, anticancer, larvicidal, and
nematicidal activities [25-28]. A pharmacologically active alkaloid, quinine, has been
isolated and identified from E. tomentosa [10]. Previous studies have shown that quinine
possessed antimalarial and analgesic effects [29] (Table 1).

3.1.2 Terpenoids

Terpenoids have been identified from Eria pseudoclavicaulis and E. tomentosa (Joseph
etal. 2018, Akter et al. 2020). Terpenoids have been shown to possess various biological
activities including anticancer, antiinflammatory, and antinociceptive activity [30-32].
A biologically active terpenoids, B-amyrin, has been isolated from E. marginata [11].
Previous studies have demonstrated a variety of pharmacological effects of f-amyrin
including antiinflammatory, antioxidant, and antibacterial effects [33-35].
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3.1.3 Phenolic Compounds

Total phenolic compounds have been identified from Eria pseudoclavicaulis and E.
marginata [9, 11]. Phenolic compounds are classified as simple phenols and polyphenols
based on the number of phenol units in the molecules [36—38] Flavonoids, stilbenoids,
and tannins are secondary metabolites classified in phenolic compounds.

Flavonoids

Total flavonoids have been characterised from Eria pauciflora and E. pseudoclavicaulis
[8, 9, 12]. Anthocyanin, a flavonoid, has been isolated from E. pseudoclavicaulis [8].
Other biologically active flavonoids, pinocembrin and naringenin, have been isolated
from E. marginata [11]. Pinocembrin has been shown to exhibit antimicrobial, antiox-
idant, antiinflammatory, and anticancer effects [39]. Furthermore, naringenin has been
reported to possess antioxidant, antitumor, antiviral, antibacterial, antiinflammatory,
antiadipogenic, and cardioprotective effects [40].

Stilbenoids

Stilbenoids consist of some groups of secondary metabolites including bibenzyls,
phenanthrenes, and others. Batatasin III, a stilbenoid, has been identified from E. carinata
and E. marginata [11, 14]. Previous studies have demonstrated that batatasin III pos-
sessed cytotoxic activity against lung cancer cell lines by inhibiting the cancer migration
and invasion [41], antiinflammatory properties [42, 43], and antidiabetic agents [44].

Some bibenzyls including erianin and 3,4’ -dihydroxy-5-methoxy bibenzyl have been
identified from E. carinata and E. marginata (Majumder and Joardar 1984, Sun et al.
2014). Erianin was a natural compound initially identified from Eria carinata, and fur-
ther this bioactive compound has been found in other orchid species, such as Dendrobium
chrysotoxum [14, 45-47]. Erianin has been widely reported to possess cytotoxic activ-
ity against various cancer cells, such as human colorectal cancer, leukemia, hepatoma
Bel7402 and melanoma A375 [45, 48, 49].

Phenanthrenes have been identified from Eria including erianthridin, nudol, flavan-
thrin, coelonin, flavanthridin, flavanthrinin, 3,7-dihydroxy-2,4-dimethoxyphenanthrene,
and 4-methoxy-9,10-dihydrophenanthrene-1,2,7-triol. Previous studies have demon-
strated that erianthridin possessed anticancer activity [50]. Nudol has been reported to
possess antioxidant activity [51] and exhibited antiproliferative activity against osteosar-
coma cells [52]. Moreover, a previous study has reported coelonin as a bioactive
compound exhibiting an antiinflammatory acivity [53].

Tannins
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Tannins have been isolated from E. pauciflora, E. pseudoclavicaulis, and E. tomen-
tosa [8—10, 12]. Moreover, phlobatannins have been identified from E. pseudoclavicaulis
and E.tomentosa [8-10].

Sterols

Sterols (phytosterols) have been identified from Eria marginata and E. pseudoclavi-
caulis [9, 11]. A biologically active p-sitosterol has been isolated from E. marginata
[11]. Sitosterol is recognised to possess a wide range of biological activities including
antibacterial, anticancer, antidiabetic, and antiinflammatory activities [54-57].

Quinones

Quinones have been isolated from E. pauciflora and E. pseudoclavicaulis [8]. A pre-
vious study has shown quinone exhibited anticancer activities [58]. Anthraquinones
have been characterised from E. fomentosa [10]. A vast array of biological activi-
ties of anthraquinones have been demonstrated in previous studies, including anti-
cancer, antipathogenic microorganisms, antiinflammatory, antioxidant, antiosteoporosis,
antidepression, and anticonstipation [59].

Coumarins

Coumarins have been isolated from E. pseudoclavicaulis and E. tomentosa [8, 10]. These
natural compounds have been reported to possess a wide range of biological activities
including antiinflammatory, anticoagulant, antibacterial, antifungal, antiviral, anticancer,
antihypertensive, antitubercular, anticonvulsant, antiadipogenic, antihyperglycemic,
antioxidant, and neuroprotective properties [60].

3.1.4 Miscellaneous Compounds

Other various compounds have been characterised from Eria including vanillin (ben-
zaldehyde), carbohydrates, mannitol (alcohol), fats, and oils.

Vanillin has been isolated and characterised from Eria marginata [11]. Previous stud-
ies have reported a wide range of biological activities of vanillin including anticancer,
antioxidant, antiinflammatory, neuroprotective, antisickling (sickle cell anaemia), anti-
amyloid aggregation and inhibition of nonenzymatic glycation, antifungal, antibac-
terial, antibiotic potentiation, antiquorum sensing, nephroprotective, cardioprotective,
hepatoprotective, pancreatoprotective, wound healing, antiviral, cytoprotective, increase
bioavailability of drugs, DNA binding, antitremor, and cosmetical [61].

Carbohydrates have been characterised from Eria pseudoclavicaulis (Sahaya et al.
2012). Saponins have been identified from E. pauciflora, E. pseudoclavicaulis, and
E. tomentosa [8-10]. Glycosides have been isolated from E.pseudoclavicaulis, E.
tomentosa, and E. pauciflora [8—10].

Other compounds such as mannitol has been identified from Eria marginata
[11]. Moreover, fats and oils also have been isolated and characterised from Eria
pseudoclavicaulis [9].

Natural Compounds of Eria



442 S. Nurfadilah

3.2 Biological Activities of Eria

Eria has been reported to possess a wide range of biological activities including antiox-
idant, antinociceptive, antipyretic, antiinflammatory, and antibacterial activities [9, 10,
18].

3.2.1 Antioxidant Activity

Eria javanica and E. pseudoclavicaulis have been shown to possess antioxidant activity
[9, 10]. [10] assessed the antioxidant activity of the methanolic, n-hexane, butanol-1 and
DCM extracts of the root, leaf and stem of E. fomentosa and the standard antioxidant
ascorbic acid on the basis of the free radical scavenging effect on the stable 2,2-diphenyl-
1-picrylhydrazyl (DPPH, MWt.394). The results of the study showed that the scavenging
activity ranged from 64.13% to 94.876% and butanol-1 fraction was the most effective
in scavenging activity towards DPPH indicating its efficacy in antioxidant activity [10].

Moreover, [9] investigated the antioxidant activity of five extracts of Eria pseudo-
clavicaulis and the standard ascorbic acid based on the scavenging activity of the extracts
towards free radicals 2, 2-diphenyl-1-picrylhydrazyl (DPPH). The results of the study
showed that water extract of Eria pseudoclavicaulis leaves exhibited the best scavenging
activity towards DPPH with IC50 = 318.0 p.g.

3.2.2 Antinociceptive Activity

[18] investigated the antinociceptive activity of Eria javanica through acetic acid-
induced writhing methods. The frequency of response of abdominal writhing such
as contraction of the abdominal muscle and stretching of the hind limbs in mice that
have been treated by various extracts of Eria javanica (methanolic extracts 200 mg/kg
and 400 mg/kg, ethanolic extracts 200 mg/kg and 400 mg/kg, chloroform extracts
200 mg/kg and 400 mg/kg, n-hexane extracts 200 mg/kg and 400 mg/kg), and 50 mg/kg
Diclofenac sodium and subsequently treated by intra peritoneal injection of acetic acid
was observed. These treatments were compared to control treatment using treatments
of saline 0,1 ml/10 g bw. Furthermore, the percentage of inhibition of writhing is cal-
culated using a formula, % inhibition of writhing = wc-wt/wc x 100% (wc = number
of writhing responses in the control group; wt = number of writhing responses in the
treated groups (Bhuiya et al. 2017). Results of the study showed that various extracts of
E. javanica exhibited analgesic activity with percentage of inhibiton of writhing ranged
from 27.86%-70% [18].

3.2.3 Antipyretic Activity

Antipyretic activity of Eria has been demonstrated in E. javanica [18]. [18] evalu-
ated the antipyretic activity of a variety of extracts of E. javanica (methanolic extracts
200 mg/kg and 400 mg/kg, ethanolic extracts 200 mg/kg and 400 mg/kg, chloroform
extracts 200 mg/kg and 400 mg/kg, n-hexane extracts 200 mg/kg and 400 mg/kg) in
albino Wistar rats by inducing pyrexia with a suspension of Brewer’s yeast 15% in dis-
tilled water. The rectal temperatures of the rats were taken before and after the injection
of the suspension of Brewer’s yeast, and after the treatment with a variety of extracts
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of E. javanica (1 h, 2 h, 3 h, and 4 h). The results of the study showed the significant
antipyretic activity [18].

3.2.4 Antiinflammatory Activity

Eria javanica has been shown to possess antiinflammatory activity [18]. [18] investigated
the antiinflammatory effect of various extracts of E. javanica (methanolic, ethanolic n-
hexane, and chloroform extracts, each at 400 mg/kg), and compared to the control (0.1%
Tween 80 in normal saline with DMSO (at a dose of 0.1 mL/10 g body weight) and the
standard (Diclofenac sodium at 100 mg/kg body weight) in albino Wistar rats using
the Carrageenan-induced rat’s paw edema test. In the study, the control, the standard,
and various extracts of E. javanica samples were administered orally, and one hour
later 0,1 ml of 1% of Carrageenan solution was injected to the subplanar surface of
the right hind paw of each rat of each group to produce edema. The paw volume was
measured before and after 1,2,3, and 4 h after administration of Carrageenan. Percentage
of inhibition of edema was calculated based on the formula:

% inhibition of paw volume: Vc-Vt x 100% Vc.
V¢ = Volume of paw at control.
Vt = Volume of paw at tested samples.

The results of the study showed the percentage of paw edema inhibition after 1 h
(2.52% - 9.01%), 2 h (4.33%-9.60%), 3 h (9.82%-12.80%), and 4 h (14.69%-24.14%)
accross various extracts of E. javanica. Inhibition of paw edema by treatment with
various extracts of E. javanica reflected the antiinflammatory activity of various extracts
of E. javanica [18].

[10] investigated antiinflammatory activity of various extracts of E. tomentosa using
heat-induced albumin denaturation assay. The results of the study showed that percentage
of inhibitory activity of of various extracts (n- hexane, DCM, methanol, and butanol-1
fraction) of leaves, bulbs, and roots E. tomentosa ranged from 72.45% to 97.26%.

3.2.5 Antibacterial Activity

Antibacterial activity of Eria has been evaluated in E. pseudoclavicaulis [9]. [9] tested
various extracts of E. pseudoclavicaulis (extracts of petroleum ether, chloroform, ethyl
acetate, ethanol, and water) against various bacteria including Pseudomonas aerugi-
nosa, Enterococcus faecalis, Escherichia coli, Staphylococcus aureus, Bacillus subtilis,
Salmonella enterica, and Corynebacterium sp using disc diffusion methods. Zone of
inhibition of bacteria growth was measured. The results of the study showed that the
zone of inhibiton ranged from 5 mm — 13 mm [9].

Conservation of Eria

Eria has been widely reported to possess essential bioactive compounds and biologi-
cal activities, thus, the genus is potential to be developed as bioresources for natural
products based-medicines. Further research is required for the development of Eria as
bioresources for natural products based-medicines including its efficacy and toxicity.
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For the development of Eria as bioresources for natural products based-medicines,
conservation approach is required. For the development of Eria as natural products-
based medicines in a large scale for pharmaceutical industries, conservation approach
is required for the long-term survival and sustainable use of Eria [61]. This includes:

3.2.6 Propagation of Eria

Invitro Propagation of orchids is a powerful tool in orchid conservation to generate a large
number of orchid seedlings that can be used as massive sources in the development of
orchids as biosources for natural products based-medicines and to produce biomass and
bioactive compounds [19, 20]. Propagation of Eria through in vitro seed germination
and tissue culture has been reported to be successful to generate a large number of
seedlings [21, 22]. This can support the development of Eria as the bioresources for
natural products-based medicines. Further research is required to increase yields of
bioactive compounds and secondary metabolites of Eria.

3.2.7 Isolation and Preservation of Mycorrhizal Fungi Associated with Eria

Orchids highly depend on the mycorrhizal fungi for their survival. They form symbi-
otic association with mycorrhizal fungi facilitating nutrient supply for the orchids in
the early orchid growth and development. The use of mycorrhizal fungi in the propaga-
tion of orchids through symbiotic propagation of orchids has been reported to increase
production of secondary metabolites in orchids [63]. Further studies on the symbiotic
propagation of Eria and analysis of the improvement of yields of secondary metabolites
from symbiotic seedlings are required.

4 Conclusions

Eria contains 39 natural compounds from different classess of secondary metabolites
including alkaloids (2), terpenoids (2), phenolic compounds (1), flavonoids (4), flavanone
(2), bibenzyls (3), and phenanthrenes (8), tannins (2), sterols (3) steroids (1), coumarins
(1), quinones (2), and others (8). Furthermore, Eria possesses various pharmacologi-
cal activities including antioxidant, antinociceptive, antipyretic, antiinflammatory, and
antibacterial activities. A vast array of bioactive compounds and pharmacological activ-
ities of Eria indicates that the genus has potential as bioresources of natural products
to be developed as medicines. Erianin, a natural compound initially isolated from Eria
carinata and further has been found in other orchid species, has been found to possess
anticancer properties. In the development of Eria as bioresources for natural products
for medicinal purposes, orchid conservation approach is required to ensure the long-term
survival of the orchids and for the sustainable use of the orchids (Table 2).
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Table 2. Biological activities of Eria
Pharmacological activity Orchid species Pharmacological Testing Results References
Antioxidant activity Eria tomentosa (J.Koenig) DPPH (2,2-diphenyl- Scavenging activity ranged [10]
Hook.f 1-picryl-hydrazyl-hydrate) from 64.13%-94.87%
scavenging activity assay
Eria pseudoclavicaulis 1,1-diphenyl-2-picrylhydrazyl scavenging activity with IC50 | [9]
Blatt (DPPH) radical scavenging =
activity assay 318 pg/ml
Antinociceptive activity Eria javanica (Sw.) Blume | Acetic acid-induced writhing Antinociceptive activity [18]
method ranged from 50.36%-67.86%
Antipyretic activity Eria javanica (Sw.) Blume | Yeast-induced pyrexia test in Significant antipyretic activity | [18]
rats of ethanolic extracts after 1 h
and onwards
Antiinflammatory activity Eria javanica (Sw.) Blume | Carrageenan-induced rat’s paw | the percentage of paw edema [18]
edema test inhibition after 1 h (2.52% -
9.01%), 2 h (4.33%-9.60%), 3
h (9.82%-12.80%), and 4 h
(14.69%-24.14%) accross
various extracts of E. javanica
Eria tomentosa (J.Koenig) Heat-induced albumin Antiinflammatory activity [10]
Hook.f denaturation assay ranged from 72.45% to
97.26%
Antibacterial activity Eria pseudoclavicaulis Disc diffusion methods ZOI againts Pseudomonas 91
Blatt aeruginosa, Enterococcus
faecalis, Escherichia coli,
Staphylococcus aureus,
Bacillus subtilis, Salmonella
enterica, Corynebacteria spp
were 5-13 mm
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