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Abstract
Background: Inflammation is part of the biological response that exists in vascular tissue to harmful
stimulation. Using medicinal plants can help to treat inflammation. Etlingera elatior (Jack) RM Sm. is one of
the medicinal plants.
Objective: The review aims to present information from some research about the phytochemical and
antiinflammatory activity of Etlingera elatior (Jack) RM Sm.
Methods: The review provides evidence in the literature for the phytochemical and antiinflammatory activity
of Etlingera elatior (Jack) RM Sm. from 2010-2021. The bibliographic databases were used as the primary
sources of information (Google Scholar, ScienceDirect, and PubMed). The keywords in this search were
"Phytochemical or Phytochemistry" and "Etlingera elatior (Jack) RM Sm. or Nicolaia speciosa Horan" and
"Anti-inflammatory or Anti Inflammatory." Five studies were included in this review according to the required
criteria.
Results: Phytochemical compounds contained in Etlingera elatior (Jack) RM Sm. dominated by flavonoids,
saponins, tannins, terpenoids phenolic, and volatile oils which are widely distributed in leaves, flowers, stems,
and rhizomes. Pharmacological studies reported that Etlingera elatior (Jack) RM Sm. shown anti-inflammatory
activity by inhibiting regulation of NF-κB-p65 expression. It can reduce carrageenan-induced edema in the
soles of rat's feet and stabilize erythrocyte membranes.
Conclusion: Etlingera elatior (Jack) RM Sm. is the potential medicinal plant to develop as anti-inflammatory
therapy.
Keywords: Inflammation, Etlingera elatior, phytochemical

1. Introduction
Inflammation is a complex biological response of body tissues to noxious stimuli, such as pathogens, damaged
cells, or irritants, and protective responses involving immune cells [1]. Inflammation can be chronic or acute
depending on the time and pathological features. Chronic inflammatory disorders such as rheumatoid arthritis,
atherosclerosis, asthma, and other inflammations include the development of degenerative diseases [2], [3].
The acute inflammatory phase is characterized by the rapid influx of blood granulocytes by monocytes that
mature into inflammatory macrophages, which then proliferate and thereby affect the function of resident
tissue macrophages. This process causes acute inflammation such as redness, heat, swelling, and pain [4].
Drugs that are widely used to reduce inflammation are nonsteroidal anti-inflammatory drugs (NSAIDs)
because these drugs work by inhibiting the cyclooxygenase 1 and 2 enzymes so that the production of
prostaglandins (PGE2) and prostacyclins (PGI2) which are inflammatory mediators that can cause
vasoconstriction of blood vessels decreased [5], [6]. The use of nonsteroidal anti-inflammatory drugs
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(NSAIDs) usually causes ulceration of the lumen and bleeding of the intestinal mucosa [7], [8]. However,
long-term clinical use of nonsteroidal anti-inflammatory drugs (NSAIDs) has shown many side effects such as
gastrointestinal and cardiovascular disorders [9], [10]. Natural medicines are increasingly being used in recent
years as alternative treatments for inflammation due to their relatively minor side effects [11]. Therefore, there
is a strong need for the use of natural products with minimal side effects. Previous studies have shown that
different plants have diverse therapeutic activities, including anti-inflammatory activity [12].
Etlingera elatior (Jack) RM Sm. is a spice plant native to Indonesia included in the Zingiberaceae family [13].
E. elatior is a popular plant in Southeast Asia where the inflorescences are traditionally used for culinary and
medicinal purposes. In this review, we provide a review of the anti-inflammatory properties of E. elatior.

2. Data Collection Methods
The review was searched from scientific literature databases, i.e., Google Scholar, ScienceDirect, and PubMed.
We have collected the literature about the phytochemical and antiinflammatory activity of E. elatior from
2010-2021. The keyword was used in searching literature "Phytochemical or Phytochemistry" and "Etlingera
elatior or Nicolaia speciosa" and "Anti-inflammatory or Anti Inflammatory." All abstracts and full articles
were collected, examined, summarized, and concluded. The most relevant articles were selected for screening
and included in this review.

3. Result and Discussion
3.1 Phytochemical of Etlingera elatior
E. elatior contains several phytochemical compounds summarized in Table 1.

Table 1. Summary on the bioactive compound of Etlingera elatior
Plant Parts

Phytochemical Compounds

Reference

Flower

Alkanes, alkenes, alcohols, fatty
acids, esters, and phenols

[14]

Stems

a.

[15]

b.

c.
d.

Flowers

a.
b.

Extract of n-hexane (alkaloids,
catechins, phenolic compounds,
flavonoids, and saponins)
Chloroform extract (alkaloids,
phenolic compounds, and
flavonoids)
Ethyl Acetate extract (phenolic,
flavonoid, and saponin)
Methanol extract (alkaloids,
catechins, phenolic compounds,
flavonoids, and saponins
Methanol extract (flavonoids,
tannins)
Ethyl acetate extract (flavonoids,
saponins, steroids)
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Flowers

a.

b.

Leaves and Rhizomes

a.
b.

Phenolic acids (gallic acid, tannic
acid, chlorogenic acid, and
caffeic acid)
Flavonoid compounds (quercetin,
apigenin, kaempferol, luteolin,
and myricetin)
Rhizome: estragole, methyl
eugenol, beta-phellandrene
Leaves: β-thujene, α-piene,
eucalyptol, linalool

[17]

[18]

Based on the research of Sukandar et al., analysis of chemical components by GCMS chromatography. The
results of the GCMS analysis on the water extract of the flower of E. elatior showed that there are at least six
main groups of compounds contained in the aqueous extract of E. elatior flower, i.e., alkanes, alkenes,
alcohols, fatty acids, esters, and phenols. Three of them were 1-dodecanol, 3-methyl-1-oxo-2-buten-1-(21,41,51trihydroxyphenyl), and 1-tetradecene [14].
A study conducted by Susilowati et al., stem extraction of E. elatior using n-hexane, chloroform, ethyl acetate,
and methanol as solvents. The n-hexane extract contains (alkaloids, catechins, phenolic compounds,
flavonoids, and saponins), chloroform extract contains (alkaloids, phenolic compounds, and flavonoids), ethyl
acetate extract contains (phenolics, flavonoids, and saponins), methanol extract contains (alkaloids, catechins,
compounds phenolics, flavonoids, and saponins). Gas Chromatography-Mass Spectrophotometry (GCMS) was
used for the identification of four extracts. N-hexane extract contained dodecanol, palmitic acid, olealdehida,
myristyl palmitate, pregn-4-en-3,20-dione, 7,8-epoksidecyl acetate, hexadecenal, tridecyl vinyl ester, 14-(2-methyl butyl) bisclo (10,3,0) deca-13-ol. Ethyl acetate
extract contained 1,2-ethanediol monoacetate, 1,2-ethanediol diacetate, dodecanal, decyl acetate, cholesteryl
chloroformate [15].
Another study conduted by Maimulyanti & Prihadi, reported that the results of the GCMS analysis of the E.
elatior flower showed that the main components were dodecanal, 1-dodecanol, dodecanoic acid, 1hexadecanol, 1-hexadecene, and 17-pentatriacontane. Analysis by GCMS of E. elatior showed that the sample
contained volatile compounds in the n-hexane extract. In the E. elatior flower, thirty-nine compounds were
successfully identified. The main compound of the E. elatior flower is 1-dodecanol (13.82%), dodecanal
(12.10%), and 17-pentatriacontane (10.52%). Other compounds found were dodecanoic acid (10.04%), 1hexadecene (6.34%), 1-hexadecanol (4.91%), 1-heneicosyl formate (3.71%), cis vaccenic acid (3 .29%),
hexadecanoic acid (2.31%), cyclotetradecane (2.10%). Preliminary phytochemical screening results were
carried out on methanol and ethyl acetate extracts from the samples and showed many phytoconstituents,
including tannins, saponins, flavonoids, and steroids. The phytochemical constituents in the methanol extract
are flavonoids and tannins. In the ethyl acetate extract, there are flavonoids, saponins, and steroids. These
constituents exhibit antioxidant activity in the samples. E. elatior in methanol extract showed strong
antioxidant (IC50 21.14 µg/mL) compared to ethyl acetate extract (IC50 68.24 µg/mL) [16].
Based on research by Ghasemzadeh et al., showed that E. elatior flower was grown and collected in three
different locations in Malaysia, i.e., Kelantan (Northeast), Pahang (Central), and Johor (Southeast). Phenolic
acids and flavonoids were isolated and identified using ultra-high-performance liquid chromatography
(UHPLC). In this study, four phenolic acids (gallic acid, tannic acid, chlorogenic acid, and caffeic acid) and
five flavonoid compounds (quercetin, apigenin, kaempferol, luteolin, and myricetin) were separated and
identified from the flower extract of E. elatior, which were collected from three different locations. The results
from three different sampling sites showed significant differences. The highest content of gallic acid (129.14
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mg/100 g DM, tannic acid (82.66 mg/100 g DM), chlorogenic acid (75.79 mg/100 g DM) was found in flower
extracts collected from Kelantan. Chlorogenic acid was not found in the flower extract from Johor. The
flavonoid content was significantly different between the flower extracts from the three different locations.
Compared with flower extracts from the other two locations, the extracts collected from Kelantan had the
highest content of quercetin (1.95 mg/g DM), rutin (1.48 mg/g DM), kaempferol (0.56 mg/g DM), catechins
(89.5 mg/100 g DM), apigenin (71.88 mg/100 g DM), and myricetin (35.75 mg/100 g DM). Luteolin at a 48.69
mg/100 g DM concentration was detected in former flower tracts from Kelantan but not in extracts from the
other two sites. This study shows that an aqueous solvent is more recommended than ethanol to extract
phenolic acids, flavonoids, and tannins from E. elatior flower. Secondary metabolite level and medicinal
quality of flower E. elatior descending from Southeast to northeast Malaysia. In general, if the three different
sampling locations from Northeast (Kelantan) to Southeast (Johor) were compared, the concentration of
polyphenols, as well as antioxidant, anticancer, and antibacterial activities, decrease in the following order:
Kelantan > Pahang > Johor [17].
A study conduted by Loying et al., reported the results of essential oils were extracted using the
hydrodistillation method [19]. The percentage of essential oil yield of fresh leaves and rhizomes were 1.10%
and 0.33%, respectively. GCMS analysis of essential oil of fresh leaves and rhizomes of E. elatior revealed that
monoterpenes and sesquiterpenes were more dominant than other compounds. The main compounds were
estragole (68%), methyl eugenol (13.32%), beta-phellandrene (4.96%) in rhizome essential oil, while β-thujene
(26.89%), α-pinene (17.08 %), eucalyptol (8.56%), and linalool (4.64%) in leaves. A previous study of GCMS
analysis of the essential oil of the leaves and rhizomes of this plant showed that the main compounds were
myrcene (13.05%), α-humulene (11.80%), β-caryophyllene (10.70%), α-piene (8.50%), terpinen-4-ol (5.00%),
camphene (18.00%) and β-pinene (16.90%) [20]. The main chemical compound in essential oil leaf is
estragole, an isomer of anethole and methyl eugenol, a member of the alkenyl benzene group consisting of a
benzene ring with methoxy an allyl group. Strong antioxidant potential of essential oil of leaves and rhizomes
of E. elatior showed IC50 values of 23.07 and 35.83 µg/mL, respectively. The percentage of inhibitory values
and IC50 showed that essential oil leaf has stronger antioxidant activity than rhizome essential oil [18].

3.2 Anti-Inflammatory Activity of Etlingera elatior
Antiinflammatory activity of E. elatior has been done by in vitro and in vivo studies. Five studies were
included in this article based on our eligibility criteria. Antiinflammatory activities of E. elatior were
summarized in Table 2.

Table 2. Summary on anti-inflammatory activity of Etlingera elatior
Plant Part
Stem

Fruit

Type of
Extract
Extract of nhexane,
chloroform,
ethyl
acetate, and
methanol

Dose/Concentr
ation
269.6;
999;
55.32;
2396
mg/kg

Ethanol
Extract

57- 84.89%

Method

Animal/Cell

Pharmacological Activity

Reference

Carrageenaninduced edema
barriers method
(In Vivo)

Wistar Rats

Ethyl acetate extract can
inhibit the occurrence of
inflammation

[15]

Red blood cell
membrane
stabilization
method
(In Vitro)

Red blood cells
(Erythrocytes)

Ethanol extract of E. elatior
has antiinflammatory
activity by maintaining red
blood cell membranes

[21]
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Flower

Ethanol
extract

1000 mg/kg

Flower

Gel ethanol
extract

1%, 2%, 3%

Leaf

n-Hexane,
ethyl
acetate,
ethanol
extract

50, 100, 150,
200 mg/kg

Acetic acidinduced gastric
ulceration
method
(In Vivo)
Artificial edema
formation by
carrageenan
induction
method
(In Vivo)

Wistar rat

Artificial edema
formation by
carrageenan
induction
method
(In Vivo)

Male white rat
Wistar strain

Female mice

Ethanol extract of E. elatior
has antiinflammatory
activity by downregulating
the expression of NFkappaB-p65
Ethanol gel flower extract of
E. elatior is effective as
anti-inflammatory

[22]

Ethanol, ethyl acetate, and
n-hexane extract of E.
elatior leaves have antiinflammatory activity in
reducing edema

[24]

[23]

A. In Vitro Study
In a study by Fristiohady et al., the method used to test the anti-inflammatory activity of the fruit extract of E.
elatior was the method of stabilizing the red blood cell membrane because red blood cells are analogous to the
lysosomal membrane. It can maintain the contents of the cytoplasm so that it can inhibit the lysis and release of
contents from the cytoplasm. Lysosomes contain inflammatory mediators that can cause tissue damage and
inflammatory response [25].
Based on the results study on the fruit extract of E. elatior, the extract has the potential anti-inflammatory. It
was evidenced by the value of percent stability of the fruit extract of E. elatior in maintaining the red blood cell
membrane. It was 57.75%-84.89%, greater than the positive control of 62.61%-76.63%. After being given a
hypotonic solution and oxidative conditions, the percent value of hemolysis extract was 42.25%-15.11%,
smaller than the positive control 37.39%-23.37%. It showed that the higher the extracted content, the higher its
potential as an anti-inflammatory. The concentration of 250 ppm extract has the stability of maintaining red
blood cell membranes of 57.75%. The value is smaller than the stability value of diclofenac sodium at a
concentration of 250 ppm, which is 62.61%. However, the concentration of 500 ppm has the same stability
value as sodium diclofenac, with a concentration of 500 ppm 66.71%. Concentrations of 750, 1000, 1250, and
1500 ppm had greater stability values than diclofenac sodium in maintaining red blood cell membranes
74.10%, 75.72%, 79.87%, and 84.89 %. The stability values of diclofenac sodium at 750 ppm, 1000 ppm, 1250
ppm, and 1500 ppm were 71.02%, 72.10%, 73.94%, and 76.63%. From these data, it can be concluded that the
fruit extract of E. elatior can be potentially anti-inflammatory, seen from its very high stability value and low
hemolysis value in maintaining red blood cells membranes. The results of the phytochemical screening test
found that the ethanol extract of the fruit of E. elatior contains alkaloids, saponins, flavonoids, and terpenoids
[21].
Fruit E. elatior contains secondary metabolites in the form of alkaloids, flavonoids, tannins, and terpenoids.
Secondary metabolites have an essential role in stabilizing red blood cells and acting as anti-inflammatory
agents: flavonoids, tannins, and terpenoids. Based on a previous study, flavonoids can stabilize lysosomal
membranes both in vivo and in vitro, while tannins are known to have the ability to bind cations, thereby
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stabilizing erythrocyte membranes and other macromolecules. Flavonoids can also stabilize membranes, and as
inhibitors of enzymatic processes during inflammation, flavonoids can inhibit the work of cyclooxygenase and
lipoxygenase enzymes in converting arachidonic acid into prostaglandins and leukotrienes, which are
inflammatory mediators [26]–[28]. It can be concluded that the ethanol extract of the fruit of E. elatior has the
potential to be an anti-inflammatory, seen from its very high stability value and low hemolysis value in
maintaining red blood cell membranes [21].

B. In Vivo Study
Based on research by Susilowati et al., antiinflammatory activity was determined by the method of inhibition
of carrageenan-induced edema (1% w/v in 0.9% NaCl). For each type of test solution, 48 male Wistar rats were
needed, divided into seven groups, each consisting of 6 test animals. The test compound Na-diclofenac was
suspended with 0.5% w/v CMC. Group I was the control group. Groups II, III, IV, V, and VI were the test
group given the suspension of the test solution with a dose of 25, 50, 100, 200, and 400 mg extract/kg body
weight. Group VII was given Na-diclofenac suspension at a dose of 50 mg/kg. Drugs and test compounds were
given orally. In the plantar tissue of the rat's right foot, 1% w/v carrageenan suspension was injected in 0.9%
sterile NaCl as much as 1 mL subcutaneously [15].
The anti-inflammatory test of the four extracts showed that the n-hexane, chloroform, ethyl acetate, and
methanol extracts achieved maximum inflammation inhibition effect after 2.5 hours of carrageenan injection
and the four extracts had the optimum dose. At doses higher than the optimum dose, the anti-inflammatory
activity decreased. The optimum dose of Na-diclofenac was 13.9 mg/kg, and the edema resistance was 138%.
The comparison of the anti-inflammatory power of the four extracts with Na-diclofenac was significant. From
the study results, the extracts with the most potent anti-inflammatory activity were methanol extract <
chloroform extract < n-hexane extract < ethyl acetate extract. Anti-inflammatory activity (% edema inhibition)
extracts of n-hexane, chloroform, ethyl acetate and methanol were 100% (dose 269.6 mg/kg); 85.99% (dosage
999 mg/kg); 143% (dosage 55.32 mg/kg) and 138% (2396 mg/kg) and the four extracts had anti-inflammatory
activity [15].
A study by Juwita et al., the study on the testing of antiinflammatory activity using the gastric ulcer induction
method with acetic acid. Wistar rats were divided into six groups: normal control group, negative control group
(gum arabic 2%), positive control group (quercetin), group 4-6 was treated with E. elatior flower extract doses
of 500, 1000, and 2000 mg/kg. In this study, acetic acid was used as an inducer of gastric ulcers. The acetic
acid ulcer model was developed in 1969 and proved that by injecting a single dose of acetic acid solution into
the gastric mucosal layer of rats, mucosal surface damage would occur 30 minutes after injection.
Furthermore, intraluminal injection of the same acid into the fundal mucosa of mice resulted in a deep, round
baroque then developing in the area that had been exposed to the acetic acid solution. NF-κB was activated by
acetic acid induction. Acetic acid induction causes local inflammation, increases inflammatory cytokines,
reactive oxygen species, and cell damage. Gastric ulcers due to acetic acid also show an increase in TNF-α and
IL-1β, which causes activation of the NF-kB pathway in the gastric mucosa. It was exacerbated by decreased
antioxidant activity such as glutathione, superoxide dismutase (SOD), and catalase activity. Previous studies
showed that acetic acid activates the NF-kappaB inflammatory signaling pathway due to stimulation by
proinflammatory cytokines such as TNF-α and IL-1β with their receptors [22].
This study also showed that the flower of E. elatior could downregulate NF-κB-p65 expression. Under normal
conditions, NF-κB attaches to IκB in the cytoplasm. When pathogens or proinflammatory cytokines activate
the signaling pathway, the complex was degraded, and released NF-κB was translocated to the nucleus.
Transcription begins when NF-κB-p65/p50 interacts with specific DNA in the promoter area of the responsive
gene and ultimately regulates gene transcription. The inflammatory process can be inactivated by inhibiting the
translocation of NF-κB-P65 from the cytoplasm to the nucleus. It can be concluded that the ethanol extract of
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E. elatior flower has anti-inflammatory activity in inhibiting the pathogenesis of gastric ulceration by
downregulating the expression of NF-κB-p65 in the gastric fundus induced by acetic acid in gastric ulcers of
Wistar rats [22].
Carrageenan is a hydrocolloid compound consisting of sodium, potassium sulfate, potassium ester, and
magnesium. Carrageenan plays a role in the formation of edema. Carrageenan is a foreign substance which
when it enters the body, will stimulate the release of inflammatory mediators such as histamine, causing
inflammation due to the body's antibodies reacting to these antigens to counter their effects [29]. At the time of
the release of inflammatory mediators, edema occurs and lasts several hours. Inflammation-induced by
carrageenan was characterized by increased pain, swelling, and prostaglandin synthesis 4-5 times. Edema
caused by carrageenan induction persists for 6 hours and gradually decreases within 24 hours [30].
Wardani's study tested the effectiveness of antiinflammatory carried out by using artificial edema formation
using carrageenan induction. Twenty-five female mice were divided into five groups: negative control group
(given gel base), positive control group (given Voltaren gel), extract group 1%, 2%, and 3% (given flower
extract gel of E. elatior. The mouse's left foot was injected with 0.1 ml of 1% carrageenan solution in the
intraplantar area. Measurement of antiinflammatory effectiveness was carried out by looking at the flower
extract gel of E. elatior to reduce the volume of rat paw edema due to carrageenan induction. Flower extract of
E. elatior contains flavonoids, saponins, tannins, and terpenoids. The measurement results showed that the
average volume of edema in the negative control group increased until the 6th hour, while in the positive
control group, the 1%, 2%, and 3% treatment groups experienced a decrease in edema volume. The statistical
analysis using the Mann-Whitney test showed a significant difference between the negative control group and
the positive control group; the extract group was 1%, 2%, and 3% with significant values respectively 0.009;
0.008; 0.009; 0.009 (p˂0.05). It can be concluded that the flower extract gel of E. elatior concentration of 3%
was effective as an antiinflammatory in carrageenan-induced mice compared to other treatment groups in this
study [23].
Based on research by Alfanda et al., the method used to test the anti-inflammatory activity was the formation
of artificial edema on the soles of the rat's feet by using carrageenan as an edema inductor injected intraplantar.
The rat's feet were immersed in a plestismometer. In testing the antiinflammatory activity using six treatment
groups, each of which consisted of 5 test animals including positive control (Na-diclofenac), negative control
(PGA) and the test dose was 50; 100; 150; and 200 mg/kg BW and were given leaf extract of E. elatior orally
[24].
Based on the calculation of the percentage of inhibition, it can be seen that the ethanol extract at a dose of 200
mg/kg BW showed a better percentage of inhibition. Ethanol, ethyl acetate, and n-hexane extract from leaves
of E. elatior have the good antiinflammatory ability in reducing edema of 82.29%, 72.70%, 67.40%,
respectively, while the comparison group (Na-diclofenac) can show a percentage of inhibition of 83.48%. The
inhibition of ethanol extract at the dose of 50 mg/kg BW was 6.56%, while the ethyl acetate and n-hexane
extracts decreased the volume of rat paw edema by 9.17% and 10.11%, respectively. While a dose of 100
mg/kg BW can reduce edema in the ethanol extract, the edema volume percentage is 5.76%, while the ethyl
acetate extract has an edema volume of 7.90%, then the n-hexane extract obtained an edema volume of
11.62%.
At a dose of 150 mg/kg BW, it can reduce the percentage of inflammation from ethanol extract by 4.32%, then
ethyl acetate and n-hexane extract can reduce inflammation respectively 7.9%, 9.86%. The results at a dose of
200 mg/kg BW extract of ethanol, ethyl acetate, and n-hexane from the leaves of E. elatior decrease
inflammation soles of the rats' feet respectively 4.32%, 6.66%, 7.95%. Leaves extract of E. elatior showed that
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it could reduce inflammation. Phytochemical screening showed that the extracts of ethanol, ethyl acetate, and
n-hexane from the leaves of E. elatior contain phenolic compounds, which inhibit inflammation [24].

4. Conclusion
The review was confirmed the phytochemical and anti-inflammatory activity in vitro and in vivo of E. elatior.
E. elatior phytochemical compounds were dominated by flavonoids, saponins, tannins, terpenoids, phenolic,
volatile oils. The pharmacological study reported the inflammatory activity of E. elatior, which inhibits the
occurrence of inflammation, reduces edema, maintains erythrocyte membranes, and downregulates expression
of NF-κB-p65.
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