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ABSTRACT: Dillenia ochreata is a medicinal plant that has been used traditionally as a scabies remedy. Ethanol
extract of D. ochreata has been reported to have antibacterial activity, and contains triterpenoids, steroids, tannins, and
phenolic compounds. The aims of this study were to isolate and identify the chemical compound from the ethyl acetate
extract of D. ochreata leaves and to evaluate their effects on antibacterial activity. The D. ochreata leaves were extracted
with the maceration method, separation and purification were carried out using chromatography methods, and IR and
NMR spectroscopy were used to characterize the isolated compound. The antibacterial activity was conducted using
the disc diffusion method against the E. coli and S. aureus bacteria, and the dilution method was used to determine the
minimum inhibitory concentration value. A pure compound was isolated from the ethyl acetate extract of the D. ochreata
leaves as a white solid (90 mg). Based on the spectroscopic data and a comparison with the literature, the isolated
compound was a triterpenoid group sentulic acid with the molecular formula C30Hs604. The sentulic acid compound
showed antibacterial activity with a minimum inhibitory concentration value for E. coli and S. aureus of 60 pg/ml and
15 pg/ml respectively. Our study is the first to report sentulic acid from D. ochreata leaves.
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1. INTRODUCTION

Plants are widely used by the people of Indonesia as traditional medicine. One such plant is the genus
Dillenia [1, 2]. The genus Dillenia belongs to the family Dilleniaceae, which is known by the names simpur,
sempur, and sempu. This genus has about 100 species, which can grow in tropical and subtropical areas in
South Asia, Australia, and islands in the Indian Ocean, especially Indonesia. One of the species of the genus
Dillenia is the Dillenia ochreata, which is known as semprawang, simpur, and simpor (Indonesia), Simpoh
(Malaysia), simpor (Brunai), Mai-masam (Burma), san-masan (Thailand), and kadmon (Philippines) [3].
Communities, especially the Musi Banyuasin tribe of South Sumatra, have used the leaves of the D. ochreata as
a scabies medicine [4], and the wood of D. ochreata is used as household furniture. Based on a study of the
literature, scientific information of D. ochreata is very limited. Muharni et al., (2017) [5] reported that the
ethanolic extract of D. ochreata leaves was antibacterially active. Phytochemical analysis of the ethanol extract
of D. ochreata leaves has been found to be positive for triterpenoids, steroids, tannins, and phenolic
compounds.

Secondary metabolites from other species of the Dillenia genus to be rich with triterpenoids and
flavonoids and some compounds have been found to be active antibacterials [6]. The terpenoid group
compounds that are commonly found in the genus Dillenia are lupene type triterpenes such as betulinic acid,
betulin, betulinaldehyde, masagonic and lupeol from D. indica. These compounds which have variety
pharmacological activities [6, 7]. In addition, oleanene group triterpenoids were also found, such as 3-
oxoolean-12-en-28-oic acid, 2-ox0-3B-hydroxyolean-12-en-30-oic acid, 3 oxoolean-1,12-dien-30-oic acid. and
la-hydroxy-3-oxoolean-12-en-30-oic acid. These compounds are antibacterial [8]. In this study, we aimed to
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isolate, determine the structure, and test the antibacterial activity of secondary metabolites from the ethyl
acetate fraction of D. ochreata leaves against S. aureus and E. coli bacteria.

2. RESULTS AND DISCUSSION
2.1 Chemistry

The extracted (500 g) of D. ochreata leaves by the maceration method using a solvent with increasing
polarity (n-hexane, ethyl acetate) after the leaves had been concentrated using a rotary evaporator. The
obtained concentrated extract of n-hexane was 6.54 g, and the concentrated extract of ethyl acetate was 56.64
g with yields of 1.31% and 11.32%, respectively. After the ethyl acetate extract had been separated and purified,
a white solid (90 mg) remained. TLC analysis following the appearance of the serium sulfate stain was positive,
which was indicated by a single red spot. This showed that the isolated compound was an acidic triterpenoid
type.

The IR spectrum of isolated compound showed peak of 2940-2850 cm™(CH aliphatic asymmetric and
symmetric), and was supported by the absorption at 1481 cm™! (bending (CHz)n) and 1366 cm™! ((CHs)>-CH-)
[9]. In addition, the absorption band of 1700 cm™ represented carbonil group (C=0) in form carboxyclic acid.
This data indicated the isolated compound is triterpenoid acid. The TH-NMR spectrum of isolated compounds
showed typical signals for triterpenoid compounds, namely, signals that accumulate in the chemical shift (6H)
region below 2 ppm [10].

The spectrum further showed the presence of six high-intensity signals with integration 3, which is a
typical signal for the methyl group at chemical shifts on of 0.88; 0.91; 0.95; 0.94; 1.20; and 61 1.76 ppm each
(3H, s). The methyl signal at 61 1.76 (3H, s) ppm was thought to be methyl bound to C sp? (C = C — CH3) (Efdi
etal., 2012). The '"H NMR spectrum also showed a signal at &u 5.27 (1n, t, ] = 3 Hz), which indicated the presence
of olefinic protons (C = C) and protons in chemical shifts (6H) of 4.70 ppm (1H, s) and 6u 4.88 ppm (1H, s),
which is a signal for the exocyclic proton-type methine. Next, the signal on the chemical shift (6n) was 1.53
(1H, m), 2.35 (1H, m), 2.15 (1H) and 61 2.19 ppm (1H), where the integration of one proton each is a signal for
four protons of methine [11].

In the 3C NMR spectrum, six signals were apparent at C >100 ppm: 8¢ 181.9,178.1, 148.9, 145.4, 123.2, and
114.1 ppm, which are characteristic signals for C sp2. Signals at §c 181.9 and 178.1 ppm are typical signals for
carbon carbonyl in acid form. This data indicated that the isolated compound had two C = C doubles and two
C = O groups. In the area of 6C <60 ppm, a signal was visible, and after widening the spectrum, 24 carbon
signals were obtained so that the total carbon signal in the 3C NMR spectrum was 30 signals. This data
strengthened the understanding that the isolated compounds were triterpenoids.

To determine the type of carbon, namely, whether it was CH3z, CH,, CH, or C, the DEPT 135 spectrum was
measured. Based on the 3C-NMR spectrum analysis, the DEPT 135 isolated compounds had six methyl signals
at 6¢ 17.9; 20.0; 24.4; 26.4; 33.5 and 33.6 ppm, 11 methylene signal at at 6c 114.2; 47.3; 35.4; 35.0; 33.8; 32.8;
29.5;28.9;25.9;24.7 and 24.0 ppm, four methine signals at C 123.6; 51.7;42.9 and 39.3 ppm and nine quaternary
carbon signals (C) at 8c 181.9 ; 178.1; 148.9; 145.3; 47.7; 43.5; 40.4 and 31.7 ppm. Based on the DEPT spectrum,
it can be seen that the six sp? C signals consisted of one methylene signal ( 8c 114.1), one methine signal (&c
123.6), and four quaternary C signals, with two of them being acid carbonyl signals (6c 181.9, 178.1). Based on
this data, the resulting combination of the two had two copies, which had three vinylic protons

The NMR spectrum data of the isolated compound were compared with the NMR spectrum data for the
triterpenoid sentulic acid that has been reported from the harp plant (Sandoricum koetjape Merr.), as shown in
Table 1. The isolated compound and the comparison compound of sentulic acid were measured using the
same solvent (CD;OD). Based on these data, it can be seen that the NMR data were almost the same as the
NMR data for sentulic acid. There was a slight difference in the value of the chemical shift between the NMR
spectrum data for the isolated compound and the comparison data for sentulic acid due to the difference in
the strength of the NMR instrument used; the isolated compound was measured with a power of 500 MHz for
protons and 125 MHz for carbon, while the comparison compound of sentulic acid was measured with a
power of 400 MHz for protons and 100 MHz for carbon [11]. The structure of sentulic acid can be seen in Figure
1.
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Figure 1. Structure of sentulit acid

Table 1. NMR data isolated compound (CD3OD), and sentulit acid (CD;OD), [11]

Position C Isolated compoud Sentulit acid [11]
Oc (ppm) On (ppm), mult, ] (Hz) 6c (ppm) On (ppm), mult, J (Hz)
1 29.5 344
2 35.0 2.15;2.19 28.1 2.22;2.29
3 178.1 176.8
4 148.9 147.2
5 51.7 2.01 49.4 2.00
6 25.9 242
7 33.8 35.0
8 40.4 38.9
9 39.3 37.2
10 40.4 38.9
11 242 228
12 123.6 5.27 () ]=3.00 Hz 1253 5.61 (t) J=3.00 Hz
13 145.3 137.6
14 43.5 55.7
15 247 21.9
16 28.9 27.5
17 31.7 32.7
18 429 49.3
19 47.3 439
20 47.7 30.6
21 32.8 1.53 (m); 2.35 (m) 342 1.60 (m); 1.65 (m)
22 354 36.4
23 114.2 4.70 (s); 4.88 (s) 112.9 4.67 (s); 4.86 (s)
24 24.0 1.76 (s) 225 1.75 (s)
25 20.0 0.95 (s) 19.6 0.97 (s)
26 17.9 1.20 (s) 175 1.08 (s)
27 181.9 178.5
28 33.6 0.88 (s) 27.5 0.87 (s)
29 335 0.94 (s) 325 0.83 (s)
30 26.4 0.91 (s) 22.7 0.87 (s)

Several acidic triterpenoid compounds have been reported from the genus Dillenia. among others with
a Lupene-type triterpene such as Dillenic acid A -E from leaf and steam of D. papuana [12], betulinic acid from
leaf D. indica [13], koetjapic acid from stem bark and root bark of D. serrata [8], katonic acid and Koetjapic acid
from root bark of D. suffruticosa [14]. Other compounds 3-epi-maslinic acid from root of D. suffruticosa [7]. and
messagenic acid from D. philippinensis leaf. The dillenic acid A-E. betulinic acid are antibacterially active
against the bacteria Bacillus subtilis. Micrococcus luteus. and E. coli [15].

Some of these oleanic skeleton triterpenoids are also found in the form of oleanic skeletons that are
cleaved in cyclic A. such as koedjape acid from D. suffroticosa [16]. Sentulic acid is a triterpenoid with an oleanic
skeleton that is cleaved in cyclic A. but it has never been reported from the genus Dillenia. especially D. ochreata.
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so the results of this study are the first to reveal sentulic acid from the species D. ochreata. Sentulic acid however
has been reported from the plant Sandoricum koetjape [11].

2.2. Antibacterial Activity

The antibacterial activity test of the isolated compound (Table 2) at a concentration of 125-1000 pg/ml
exhibited inhibition zone diameter of 8.58-10.45 mm against E. coli and 8.44 -10.59 mm against S. aureus.
Antibacterial activity was determined of the inhibition zone against bacterial growth [17]. Antibacterial
activity is categorized as weak if the inhibition zone is <9 mm. Moderate 9-12 mm. strong if the diameter is
13-18 mm. and very strong if it is >18 mm. Accordingly the strength of the inhibitory activity of the isolated
compounds against the growth of the E. coli and S. aureus bacteria at concentrations of 250-1000 pg/ml were
assigned to the medium category. Statistical analysis showed the inhibition zone were significantly different
(p<0.05) at variation concentrations and no significantly different (p>0.05) against E. coli dan S. aureus bacteria.

Table 2. Antibacterial activity of isolated compound

Concentration Zone of inhibition (mm)
(hg/ml) E. coli

I il Ti] Average + SD
1000 1050 11.10 9.76 10.45 £ 0.672
500 9.82 10.10 9.62 9.84 +0.24b
250 9.65 9.90 9.00 9.50 + 0.46°
125 8.10 9.00 8.64 8.58 + 0.45¢

S. aureus

1000 1125 9.88 10.66 10.59 +0.682
500 9.78 9.58 9.32 9.56 £0.23
250 9.64 8.85 9.10 9.19.+0.40°
125 8.56 8.90 7.8 8.44 +0.52¢

Numbers followed by the same subscript indicate no significant difference

The aim of determining the MIC value was to find the smallest concentration of isolated pure compound
that could inhibit the growth of the bacteria. Table 3 shows that at concentration of 60 pug/ml. a clear solution
was formed for E. coli. while at S. aureus bacteria at concentration 15 pg/ml This indicated the isolated
compound (sentulit acid) have antibacterial activity higher against E. coli bacteria compared S. aureus bacteria.
According to Tagousop et al. (2018) [18]. The antibacterial activity of compounds from plant extracts can be
categorized as strong (MIC <100 pg/ml), moderate (MIC 100-500 pg/ml) and weak (MIC >500 pg/ml.
Accordingly isolated compound (sentulic acid) was allocated to the strong category of antibacterial activity
(MIC value <100 pg/ml). Based on the literature sentulic acid also exhibits anti-leukemic-like activity on
human promyelocytic leukemia cells (HL-60) [11] as well as anti-inflammatory activity [19].

Table 3. Determination MIC value of isolated compound against E. coli and S. Aureus bacteria.

Concentrations (pg/ml) Negative
Bacteria control
(DMSO)
120 60 30 15 75 375 1.87 093 0.46 0.23
E. coli + + — _ - - — _ _ _ _
S. aureus + + + + — — _ _ _ _ _

(+) Clear, (-) Blury

3. CONCLUSION
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In this study. sentulic acid was isolated from the ethyl acetate fraction of D. ochreata leaves. Sentulic
acid showed strong antibacterial activity against E. coli and S. aureus bacteria with MIC values of 60 pg/ml
and 15 pg/ml. respectively. This is also the first report of sentulic acid obtained from D. ochreata

4. MATERIALS AND METHODS
4.1. General Experiment

The tools used in this research: rotary evaporator (Dragon Lab RE 100-Pro), spectrometer IR (Perkin Elmer),
spectrometer NMR (NMR JEOL JNM-ECZ500R (*H-NMR, 3C-NMR dan DEPT 135), UV lamp (UltraViolet
Observing Cabinet-02), analytical balance (OHAUS PA4202).

4.2. Methods
4.2.1. Plant materials

Fresh of D. ochreata leaves was collected from Musi Banyuasin South Sumatera, Indonesia in October 2019.
The sample was identified Dillenia ochreata (Miq) Teijsm.& Binn.ex Martelli at Herbarium Bogoriense,
Indonesian Institute of Science Bogor, with register number B-82/1V/D1.01/i/202.1

4.2.2. Preparation of Extracts

Fresh of D. ochreata leaves (500 g) were extracted by maceration method using a solvent with graded
polarity (n-hexane, ethyl acetate) for 2x24 hours each and then filtered. The extraction process was repeated
three times [20]. Each filtrated were concentrated using a rotary evaporator at temperature of 70°C to yield the
crude n-hexane (6.54 g), and ethyl acetate extract (56.64 g).

4.2.3. Fractionations and purification

The ethyl acetate extract (50 g) was separated using the vacuum liquid chromatography method. The
stationary phase (silica gel 60 G) was placed in a column at a ratio of 30:1 (silica:sample), and the adsorbent
was leveled and compacted. The prepared sample was then preadsorbed using silica gel 60 G (70-230 mesh)
ata1:1 ratio and stirred until smooth. The sample was inserted into the column and then leveled. Eluents were
added with increasing polarity (n-hexane and mixtures of n-hexane: ethyl acetate). The eluate was collected
using a bottle and subsequently concentrated using a rotary evaporator. It was analyzed using TLC 60 Foss,
and the TLC results were observed using a UV lamp at A 254 nm and spot viewer sprayed with serium sulfate
reagent (1.5%). Base on TLC analaysis five fractions F1 (5.52 g), F2 (6.02 g), F3 (6.90 g), F4 (3.27 g), F5 (20.07 g)
were obtained.

The F2 fraction showed the formation of a white solid, so the separation and purification continued for the
F2 fraction. The F2 fraction (6.02 g) was separated by applying gravity column chromatography using silica
gel 60 G (70-230 mesh). The sample was preabsorbed and inserted into the column, and elutes were added
using solvents with gradient polarity n-hexane: ethyl acetate. The analysis was then carried out via TLC, and
four fractions F2.1 (1.61 g), F2.2 (0.86 g), F2.3 (0.91 g) and F2.4 (0.62 g) were obtained.

The F2.4 fraction was separated and purified again using gravity column chromatography with eluent n-
hexane-ethyl acetate (9:1-7:3). Based on the TLC analysis, four fractions F2.4.1 (0.11 g), F2.4.2 (0.09 g), F2.4.3
(0.09 g), and F2.4.4 (0.10 g) were obtained. The fraction F2.4.2 showed the formation of a white solid after
purification using n-hexane to obtained white solid (60 mg). The purity test of the isolated compound was
carried out using the TLC method with various eluents: n-hexane: ethyl acetate (7:3 and 5:5) and ethyl acetate:
acetone (9:1), and the appearance of a cerium sulfate (1.5%) stain gave a single red color. The isolated
compound was characterized using IR and NMR spectroscopy.

4.2.4. Antibacterial activity

The antibacterial activity was carried out by the disc diffusion method against E. coli and S. aureus bacteria.
As nagarive control using DMSO. The antibacterial activity test was repeated three times using seri
concentrations 1000, 500, 250, and 125 pg/ml. The disc paper was dipped into each 5 pL of each sample and
placed on media that had been inoculated with bacteria. It was then incubated at 37°C for 24 hours.
Observations the inhibition zone a round the disc paper. The inhibition zone was expressed in millimeters [21,
22].

4.2.5. Determination the minimal inhibitory concentration (MIC)
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The (MIC) determined by the micro-dilution method (CLSI, 2015). The NB medium 180 pL was inoculated
into a micro plate (hole 1) and 100 pL (hole 2 - 10) and hole 11 were inserted negative control (DMSO). The
sample (20 pL) with concentrations of 120 ng/ml were inserted into the holes 1, and stirred until homogenic
then 100 pL solution from hole 1 was inserted into the hole 2. Do the same thing in succession until the hole
10, so that the final concentration of the sample was obtained 120; 60; 30; 15; 7.5; 3.75; 1.67; 0.93; 0.46 and 0,23
ug/ml. The bacterium (liquid culture) 30 pL was inoculated into a hole 1-11, and stirred. The cultures were
incubated for 24 hours at 37°C [23].

4.3. Data Analysis

The data antibacterial activity was analyzed using analysis of variance (ANOVA) alfa 0.05, followed by a
Duncan new multiple range test (DNMRT) at alfa 0.05 with data processing software Statistical Product and
Services Solutions (SPSS) version 26.

Acknowledgements: The authors are thankful to the Department of Chemistry. University of Sriwijaya for the
facilitated of this research. The author also thanks the research centre of chemistry, National innovation research agency,
Serpong Tangerang for NMR spectrum measurement.

Author contributions: Concept - MM, D. D.,, HY,, F.H., E.E,, FFitrya; Design - M.M., HY,, F.F,, EE,, F. Fitrya;
Supervision- M.M., D. D., H.Y., F.H,, E.E,, F Fitrya; Resources - M.M., D. D., F.H,, E.E,, F.Fitrya; Materials - M.M.,D.D.,
H.Y. F.H,, FFitrya; Data Collection and/or Processing - M. M., D. D., HY., F.H., EE,, FFitrya; Analysis and/or
Interpretation - M.M., D. D, H.Y., EH,, E.E,, F Fitrya ; Literature Search - M.M., D.D., H.Y,, E.E.,; Critical Reviews -
MM, D.D,H.Y,F H,E. E,F. Fitrya.

Conflict of interest statement: The authors declared no conflict of interest.

REFERENCES

[1] Yazan LS, Armania N. Dillenia species: A review of the traditional uses. active constituents and pharmacological
properties from pre-clinical studies. Pharm Biol. 2014; 52(7): 890-897. https:/ / doi.org/10.3109/13880209.2013.872672

[2] Lima C, Lemos R, Conserva L. Dilleniaccae Family: An overview of Its ethnomedical uses, biological and
phytochemical profile. ] Pharmacol Phytochem. 2014; 3(2): 181-204.

[3] Lim TK. Edible medicinal and non-medicinal plants. Springer. the Netherlands. 2012: 371-380.
http://dx.doi.org/10.1007 /978-94-007-4053-2_45.

[4] YustianI, MuharniS, Zulaicha S, Arbi M. Special research on the exploration of ethnomedicine and local community
medicinal plants in Indonesia (Ethnic Musi II Palembang). Ministry of Health Republic of Indonesia, 2012.

[5] Muharni M, Fitriya F, Farida S . Antibacterial assay ethanol extract Musi tribe medicinal plant in Musi Banyuasin,
South Sumatra [Indonesian]. Jurnal Kefarmasian Indonesia 2017; 7(2): 127-135.
https://doi.org/10.22435/jki.v7i2.3493.

[6] Sabandar CW, Jalil J, Ahmat N, Aladdin NA. Medicinal uses, chemistry and pharmacology of Dillenia species
(Dilleniaceae). Phytochem. 2016; 134: 6-25. https:/ /doi.org/10.1016/j.phytochem.2016.11.010.

[71 Tor YS, Yazan LS, Foo ]JB, Wibowo A, Ismail N, Ceah YK, Abdullah R, Ismail M, Ismail S, Yeap SK. Induction of
apoptosis in MCEF-7 cells via oxidative stress generation. mitochondriadependent and caspase-independent pathway
by ethyl acetate extract of Dillenia suffruticosa and its chemical profile. PLOS One. 2015; 10(6): 1-25.
https://doi.org/10.1371/journal.pone.0127441.

[8] Jalil ], Sabandar CW, Ahmat N, Jamal JA, Jantan I, Aladdin NA, Muhammad K,. Buang F, Mohamad HF, Sahidin I.
Inhibitory effect of triterpenoids from Dillenia serrata (Dilleniaceae) on prostaglandin E2 production and quantitative
HPLC analysis of its koetjapic acid and betulinic acid contents. Molecules. 2015; 20: 3206-3220.
https:/ /doi.org/10.3390/ molecules20023206.

[91 Thompson JM. Infra Red Spectroscopy. 1st Edt. Jenny Stanford. Francis: Enlarge 2018.

[10] Michalska K, Galanty A, Le TN, Malarz J, Vuong NO, Pham VC, Stojakowska A. New polyesterified ursane
derivatives from leaves of Maesa membranacea and their cytotoxic activity. Molecules. 2021; 26. 7013-7026.
https://doi.org/10.3390/ molecules26227013.

[11] Efdi M, Ninomiya M, Suryani E, Tanaka K, Ibrahim S, Watanabe K, Koketsu, M. Sentulic Acid: A cytotoxic ring a-
seco triterpenoid from Sandoricum koetjape Merr.  Bioorg Med Chem Lett. 2012; 22(13): 4242-4245.
https://doi.org/10.1016/1.bmcl.2012.05.043.

http://dx.doi.org/10.29228/jrp.515
J Res Pharm 2023; 27(6): 2270-2276

2275


http://dx.doi.org/10.29228/jrp.515
https://doi.org/10.3109/13880209.2013.872672
http://dx.doi.org/10.1007/978-94-007-4053-2_45
https://doi.org/10.22435/jki.v7i2.3493
https://doi.org/10.1016/j.phytochem.2016.11.010
https://doi.org/10.1371/journal.pone.0127441
https://doi.org/10.3390/molecules20023206
https://www.routledge.com/search?author=James%20M.%20Thompson
https://doi.org/10.3390/molecules26227013
https://doi.org/10.1016/j.bmcl.2012.05.043

Muharni et al. Journal of Research in Pharmac
Antibacterial activity of triterpenoid acid from D. ochreata leaves Research Article

[12]

[13]

[14]

[15]

Nick A, Rali T, Sticher O. Biological screening of traditional medicinal plants from Papua New Guinea. ]
Ethnopharmacol. 1995; 49(3): 147-156. https:/ /doi.org/10.1016/0378-8741(95)01315-6.

Kumar S, Kumar V, Prakash O. Enzymes inhibition and antidiabetic effect of isolated constituents from Dillenia indica.
Bio Med Res Int. 2013; 2013:382063.

Foo JB, Yazan LS, Tor YS, Wibowo A, Ismail N, How CW, Armania N, Loh S, Ismail IS, Cheah YK, Abdullah R.
Induction of cell cycle arrest and apoptosis by betulinic acid-rich fraction from Dillenia suffruticosa root in MCF-7 cells
involved p53/p21 and mitochondrial signaling pathway. ] Ethnopharmacol. 2015; 166: 270-278.
https://doi.org/10.1016/].jep.2015.03.039.

Nick A, Wright AD, Sticher O, Rali T. Antibacterial triterpenoid acids from Dillenia papuana. ] Nat Prod. 1994; 57(1):
1245-1250. https:/ /doi.org/10.1021 /np50111a009.

[16] Abubakar S, Khor BK, Khawb KY, Murugaiyaha V, Chan KL. Cholinesterase inhibitory potential of Dillenia

[17]

[18]

[19]

[20]

[21]

[22]

suffruticosa chemical constituents and protective effect against a f—induced toxicity in transgenic Caenorhabditis
elegans model. ] Phytomed Plus 2021; (1): 100022. https:/ /doi.org/10.1016 /j.phyplu.2021.100022.

Aves TMA, Silva AF, M Brandao M, Grandim T S M, Smania EFA, Junior AS, Zani CL. Biological screening of
Brazilian medicinal plants. Mem Inst Oswaldo Cruz. 2000; 95(3): 367-373. https://doi.org/10.1590/S0074-
02762000000300012.

Tagousop CN, Tamouko J, Kangne IC, Ngnokam D, Nazabadioko LV. Antimicrobial activities of saponins From
Melanthera elliptical and their synergistic effect with antibiotic againt pathogenic phenotypes. Chem Central J. 2018;
12: 97. https:/ /doi.org/10.1186/513065-018-0466-6.

Itoh T, Katsurayama K, Efdi M, Ninomiya, Koketsu, M. Sentulic acid isolated from Sandoricum Koetjape Merr attenates
lipopolysaccharide and interferon gamma co-stimulated nitric oxyde production in murine macrophage RAW264
cells. Bioorg Med Chem Lett. 2018; 28(1): 3496-3498. https:/ /doi.org/10.1016/j.bmcl.2018.10.008.

Pratiwi U, Muharni M, Ferlinahayati F, Yohandini H, Suheryanto S. Quantitative phytochemical analysis and
determination of anti-cholesterol activity of Sungkai (Paronema canescens Jack.) leaf extracts. Trop ] Nat Prod Res.
2021; 5(10): 1797-1802. http:/ /www.doi.org/10.26538 / tinpr/v5i10.16

Balouiri M, Sadiki M, Ibnsouda SK. Method for in vitro evaluating antimicrobial. ] Pharm Anal. 2016; 6: 71-79.
https:/ /doi.org/10.1016/1.jpha.2015.11.005.

Ullah N, Parveen A, Bano R, Zulfigar I, Maryam M, Jabeen S, Liaqat A, Ahmad S. In vitro and in vivo protocols of
antimicrobial bioassay of medicinal herbal extracts: A review. Asian Pac ] Trop Dis. 2016; 6(8): 660-667.
https://doi.org/10.1016 /52222-1808(16)61106-4.

http://dx.doi.org/10.29228/jrp.515
J Res Pharm 2023; 27(6): 2270-2276

2276


http://dx.doi.org/10.29228/jrp.515
https://doi.org/10.1016/0378-8741(95)01315-6
https://doi.org/10.1016/j.jep.2015.03.039
https://doi.org/10.1021/np50111a009
https://doi.org/10.1016/j.phyplu.2021.100022
https://doi.org/10.1590/S0074-02762000000300012
https://doi.org/10.1590/S0074-02762000000300012
https://doi.org/10.1186/s13065-018-0466-6
https://doi.org/10.1016/j.bmcl.2018.10.008
http://www.doi.org/10.26538/tjnpr/v5i10.16
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1016/S2222-1808(16)61106-4

