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ARTICLE INFO ABSTRACT

Arficle history: Sungkai (Paronema canescens) has been used traditionally to cure fever, malaria, wounds.,
Received 19 July 2021 ringworm, and toothaches. The community of Musi Banyuasin in South Sumatra, Indonesia,
Revised 15 August 2021 uses this plant to treat hypertension. One of the possible causes of hypertension is an abnormal
Accepted 02 October 2021 level of cholesterol. This research was aimed at conducting quantitative phytochemical analysis
Published online 02 November 2021 and investigate the anti-cholesterol activity of Sungkai leaves extracts. Fresh leaves of Sungkai

were extracted using ethanol and methanol by the macerd®n method. The Sungkai leaves were
also fractionated using solvents with step-wise gradient of increasing polarity; n-hexane, ethyl
acetate, and methanol followed by an anti-cholesterol activity test. The results showed that the
ethanol and methanol extract of Sungkai leaves had total flavonoid content of 8.23+1.41 and
26714264 mg Quercetin Equivalent (QE)/g, total phenolic content of 13.00+1.48 and
4.47+1 41 mg Gallic Acid Equivalent (GAE)/g. and steroid content of 108294003 and 8223+
Foren ol Rl i (e (e o 0.39 mg Chnlesternl Equivalent (CE)/g, respectively. The ethanol extract had higher flavonoid
Creative _Commons Attribution License, which and steroid contents than the methanol extract, but the total phenolic content was lower,
m use, distribution, and lthough the difference was not significant. The ethanol extract had higher anti-cholesterol
reproduction in any medium, provided the original activity than the methanol extract with 1Cs, values of 272,14 and 3?4pg;’mL, respectively on
author and source are credited. the one hand, whereas ethyl acetate fraction, on the other hand, showed the highest anti-
cholesterol activity among other fractions with an ICs, value of 156 43 g/mL. The finding from
this work suggests that the ethyl acetate fraction of Sungkai leaf extract has excellent potential
as a cholesterol-lowering drug.

Copyright: © 2021 Pratiwi ef al. This is an open-

Keywords: Anti-cholesterol, Leaf extract. Paronema canescens, Phytochemical analysis.

Introduction of novel therapeutic candidates for the treatment of hyperlipidemia.’
§ ; ; Several medicinal plants have been reported to show hypolipidemic
Cees‘ml is unsaturated alcohol of the steroid family of activity, such as Lagenaria siceravia’ Stevia rebaudiana,” Cassia

compounds and is a fundamental component of cell membranes. It is occidentalis} and Rumex obtusivolius.”

also a precursor of various critical substances such as adrenal steroid Furthermore, the Sungkai (Paronema canescens) plant has been used
hormones and bile acids. Chnle‘ﬁleml is needed in the body as it plays as a traditional antihypertension remedy. It is a traditional medicine
an essential role in human life.” The human body requires an average
amounts of cholesterol, but a disease condition results if the amount is
excessive. High cholesterol levels in the blood., known as
hyperlipidemia, will lead to the deposition of cholesterol g other
fatty substances in the blood vessels ? Hyperlipidemia is of the
most common diseases in the world.? High cholesterol is one of the
triggers for hypertension A The high cholesterol in the blood will cause
narrowing and stiffness in the walls of the blood vessels, which can
cause atherosclerosis that leads to an increase in blood sslre,
blockage of the heart arteries, and risk of heart disease. Synthetic
drugs, such as simvastatin, Eemﬁ"'m cholestyramine, and niacin, cytotoxic activities.” Muharni er al.'® reported that betulinic acid
have b"je“ used to Inwerqhnlewleml, b'?t the e ofrsynthetlc F'T“gs can from the extract of P. canescen@leaves showed anti-cholesterol
cause side effects. There 1s now emerging interest in developing drugs activity with ICsy value of 60.53 pg/mL, whilst the standard anti-
using natural compounds, aftfecting multiple targets with reduced side cholesterol com]sound simvastatin had an ICs value of 24.68 pg/mL.
effects. Natural compounds offer a great opportunity for the discovery Based on the ICs, value obtained. betulinic acid is active for
- cholesterol reduction, but the activity is weaker compared to
simvastatin. The aim of this study was to analyze the phytochemicals
of P. canescens leaf extracts quantitatively and investigate the anti-
cholesterol activity of the extracts and fractions of P. canescens
leaves.

used in South Sumatra, particularly by the Musi Banyuasin ethnic
group, to treat hypertension and hypercholestemlemiu.m Some
scientific information about the chemical content and biological
activity of the P. canencens plant have been reported. The methanol
extract of P. canencens leaves contained alkaloids, terpenoids,
steroids, flavonoids, and tannins.! Steroids, triterpenoids, and
phenalic in plants have the effect of lowering cholesterol levels.'*"
Furthermore, the flavonoid class of compounds have also been
reported to reduce cholesterol levels in the blood.'" The extract of P.
canescens leaves have been said to have weak anti-plasmodial and

*Corresponding author. E mail: muharnimyd @yahoo.co.id
Tel: (+62) 85381506355
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Sample collection
Official Joumal of Natural Product Research Group, Faculty of Pharmacy, Fresh leaves of P. canescens were collected from the Musi Banyuasin
University of Benin, Benin City, Nigeria Regency of South Sumatra (-3"34 1434 N 104°7718.19'E), Indonesia,
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in January 2021. The plant was identified as Paronema canescens
Jack at the Herbarium Bogoriense, Research Center for Biology
Indonesian Institute of Sciences Bogor Indonesia, an herbarium
specimen with voucher number B-134/IV/DI-01/1/2021 was
deposited in the center.

Extraction using methanol and ethanol "

The treslsleaves of P. canescens (05 kg each) were extracted with
ethanol and methanol at room temperature (3x24 hours) and then
filtered. The procedure of maceration was repeated three times. The
filrate was then concentrated using a vacuum rotary evaporator
(DRAGONLAB REI100-pro) at 60°C to obtain crude extracts of
ethanol and methanol.'” Quantitative phytochemical analysis (total
steroid, phenol, and flavonoids ) of each extract was determined.

Quantitative phytochemical analyses of P. canescens leaf extracts
Determination of total steroid content

The total steroid content in P. canescens leaves extracts was
determined by the photometric method," using standard cholesterol
solution. The cholesterol standard curves made at 5 different
concentrations (20, 40, 60, 80, and 100 gg/mL}, by pipetting 0.2, 04,
0.6,0.8,and 1.0 mL of 1000 yg/mL from stock solution of cholesterol
and added to chloroform and made up to 10 mL in a volumetric flask.
The flask was covered with aluminium foil to protect it from light. An
aliquot of 2.5 mL of each standard solution and the sample were taken
and added to 2 mL acetic anhydride and 0.1 mL sulfuric acid and
allowed to stand for 16 minutes. The absorbance of the solution was
measured using a spectrophotometer (Shi ) at Awax 630 nm. The
steroid concentration in the test sample was calculated from the
standard cholesterol calibration curve and was expressed in mg
cholesterol equivalent per gram dry weight (mg CE/g sample).

Determination of toial phenol content ™

The total phenol content in P. canescens leaf extract was determined
by the spectrophotometric method using Folin Ciocalteu reagent
according to Santoso er al.” with slight modifications. Gallic acid
was employed as a standard phenol with 10, 20, 30, 40, and 50 g/mL
concentrations. An aliquot of 1 mL gallic acid and the sample were
added to 2.5 mL of Folin Ciocalteu reagent. The mixture was shaken,
and after 5 minutes, it was added to 1.5 mL of 75% Na.COs,
incubated for 3( at room temperature. Absorbance was measured
at Awax 736 nm. The total phenol content was expressed as mg gallic
acid equivalents per gram of dry weight (mg GAE/g sample) from a
gallic acid calibration curve. All the samples were analyzed in three
replicates.

Determination of total flavonoid content

Total flavonoid content in P. canescens leaf extracts was measured by
spectrophotometry according to the method described by Amalich et
a!’.,m with slight modifications. As a standard, quercetin was used at
concentrations of 1,25, 50, 7.5, and 10 g/mL. An aliquot of I
diluted sample of the extract and standard quercetin solution was
added to 0.3 mL of 5% NaNO, snn. The solution was mixed
thoroughly, incubated for 5 min, and 0.3 mL AICl; (10%) was added.
Then, after 5 min, 2 mL of 1.0 M NaOH was added and homogenized
for 5 min. Absorbance was determined at A, 510 nm. The total
flavonoid content was expressed as mg of quercetin equivalent per
gram of dry weight (mg QE/g sample). All the samples were analyzed
in triplicate.

Extraction of P. canescens using solvenis of step-wise increased"!

The fresh leaves of P. canescens (0.5 kg) was extracted by maceration
method intially using n-hexane for 72 h. The residue was further
extracted using solvent with increased polarity; ethyl acetate and
finally extracted using highly polar solvent; methanol. Each of the
extraction step was repeated three times. Filtrates from each solvent
were concentrated by vacuum evaporator at 60°C to obtain fractions of
n-hexane, ethyl acetate and methanol.

ri'-r_‘ho lesterol activity test
The anti-cholesterol activity of ethanol and methanol extracts, as well
as each fraction (n-hexane, ethyl acetate, and methanol), was
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determined using the photometric meth?g j\;vhere cholesterol is reacted
with the Liebermann-Burchard reagent ™ = Simvastatin was used as a
positive control. The concentrations of the extracts used were 50, 100,
200, 300, 400, and 500 pg/ml, while the concentrations of the
simvastatin used were 10, 20, 30, 4{)“{}, 75, and 100 pg/mL. The
samples (2.5 mL) were tested by the addition of 25 mL cholesterol
standard (100 pg/mL), then shaken for 2 min, and 2 mL of acea
anhydride and 0.1 mL of sulfuric acid were added. After incubation in
the dark for 16 min at room temperature, the absorbance of the
solution was measured at 620 nm. The experiments were repeated
three times and the percentage of inhibition was calculated using the
following formula:

A control — A sample
% Inhibition = —— — x 100
A control

From the percentage inhibition values, a curve was plotted between
the sample concentration against the per cent inhibition.

Statistical Analysis

Measurements were made in triplicate. Data are prov as mean +
SD. Data were analyzed statistically using ANOVA (a 0.05), followed
by the Duncan New Multiple Range Test (DNMRT) at P < 0.05. The
ICso value was determined based on the linear regression curve,
showing the relationship between concentration and inhibition value
of extracts and fractions performed using Microsoft excel.

Results and Discussion

Total phenolic, flavonoid, and steroid contents in P. canescens leaves
extracts.

The extraction of active compounds in plants can be carried out by the
maceration method. In the selection of solvent type. several factors,
including selectivity, ability to extract, toxicity, and ease of solvent
evaporation are cons idered.** Ethanol and methanol are polar solvents
that dissolve in water and other organic solvents, hence i) dissolve
water-soluble components. Extracts of plant compounds are always a
mixture of different classes of secondary metabolites that are
selectively soluble in various solvents. The use of an alcoholic
solution as solvent p es satisfactory results in the extraction
process. Total steroid, phenolic, and flavonoid contents and the anti-
cholesterol activity of each extract were determined.

Total steroid content was determined based on a standard curve of
cholesterol (Figure 1). The total steroids in the ethanol extract and
methanol extract of the leaves were 10829 + 0.03 and 82.23 £ 0.39
mg CE/g sample, respectively, according to the linear regression
equation y = 0.0066x + 0.0497 (Table 1). These results indicate that
the total steroid content in the ethanol extract was higher than in the
methanol extract. This can be explained by the fact that ethanol has a
slightly lower polarity than methanol, which improves the suitability
of steroid class compounds for use in ethanol as a solvent. Steroids
were reported to have antiinflammatory 2 antiviral,®® antimalarial, ¥’
antibacterial ** and inhibitory activity on cholesterol synthesis.**

The total flavonoid content was determined using the guercetin
standard calibration curve. Based on the linear regression curve of
quercetin, y = 0.033x + 00616 (Figure 1), the total flavonoid contents
of ethanol and methanol extracts of P. canescens leaves were 8.23 +
1.41 and 2.671+2.64 mg QE/g of the sample, respectively. Flavonoids
are polyphenol compounds that are widely distributed in the plant,
both in the form of polar glycosides and less polar flavonoid
aglycones such as isoflavones, flavanones, and flavones, and
flavanols.™ The result indicates a higher total flavonoid content in the
cthanol solvent than in the methanol. The total phenolic content was
determined by the Folin Chiocalteu reaction using gallic acid as a
standard (Figure 1). Total phenolic content is measured in milligrams
of gallic acid equivalent per gram of sample (mg GAE/g). Based on
P& lincar regression curve of gallic acid, y = 00316x - 0.0024, the
total phenolic contents of ethanol and methanol extracts of Sungkai
leaves were 13.00+1.48 and 14472141 mg GAE/g sample,
respectively. The total phenolic content was higher in the methanol
extract compared to the ethanol extract.
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Figure 1: Standard curves of cholesterol (A), Quercetin (B) and Gallic acid (C)

Table 1: Quantitative phytochemical Analysis of ethanol and
methanol extracts.

Compounds Ethanol extract Methanol
extract
Steroid 10829+ 0.03 8223+039
Phenolic 1300 +1 48" 1447+ 1417
Flavonoid 823141 2671 £2.64

The data were presented as mean + SD: n=3; Number followed by the
same superscript indicated a non-significantly difference according to
the Duncan New Multiple Range Test (DNMRT) at 0.005.

This observation can be explained by the fact that phenolic group of
chemicals are extremely polar, making them more soluble in methanol
than in ethanol. Statistical analysis showed that there was no
significant (p > 005) difference among the solvents. Based on
literature study the crude extract is usually reported in methanol
solvents, but the application to in vive tests uses ethanol solvents
because ethanol has low toxicity compared to methanol sol vent.'
Ethanol was considered a better filter since it is more selective,
moulds and yeasts are difficult to grow in et . It s non-toxic,
neutral, and has good absorption. Alco uch as ethanol and
methanol, is an organic solvent that is widely used in foods,
pharmaceuticals, chemical synthesis, and other applicati oth are
becoming a growing public health concern; however, methanol 1s
extremely toxic and unsafe for human consun‘rption.'“ Medini er a!'.,%
also obtained higher levels of total phenolics in the methanol extract
of Limonium delicatulum flowers (46.5 = 1.81) than in the ethanol
extract (29.58 = 721). Also, Koffi er al. 7’ reported that when
extraction using the solvents ethanol and methanol was carried out,

7
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ethanol had a higher total phenolic content than methanol from 23
Ivorian plants.

ti-cholesterol activity fest result
The anti-cholesterol activity was determined based on the calculation
of percentage inhibition (% 1), as presented in Table 2. For both the
ethanol and methanol extracts, the lower the absorbance value, the
higher the percent inhibition value. A higher percent inhibition value
indicates a higher anti-cholesterol activity. Also, the percent
inhibition value of methanol extract at concentrations of 300 and a
pg/mL based on the statistical analysis were not significantly (P>
0.05) different. The ethanol extract had a higher percent inhibition
than the methanol extract at the same concentration. Statistical
analysis revealed that the % inhibition value of the ethanol and
methanol extracts differed significantly (P>0.05) at the same
concentration. The anti-cholesterol activity of ethanol extract was
higher than methanol extract. Simvastatin, a typical anti-cholesterol,
had a percent inhibition of 576 = 2.3 at a concentration of 50 g/mL
Figure 2), while the ethanol extract of P. canescens leaves had a
cent inhibition of 15.18 + 0.36. These observations indicated that
the anti-cholesterol adil§ity of ethanol extract was weaker compared to
standard simvastatin. The anti-cholesterol activity of ethanol extract is
weaker than standard simvastatin because the crude extract of ethanol
extract contains various compounds. These other compounds are
causing weak activity because the amount of active anti-cholesterol
compounds is lower than simvastatin. To increase its activity, the
mixture s subjected to further extraction using solvents with
increase polarity (n-hexane, ethyl acetate and methanol) to obtain
fractions. In the anti-cholesterol activity of fractions (Table 3), the n-
hexane fraction demonstrated that at various concentrations, there was
no significant (P > 0.05) difference in the percent inhibition with
increasing sample concentration.
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Table 2: Anti-cholesterol activity of Peanescens leaf extracts

Concentration (pg/mL) Absorbance % Inhibition
Extract methanol  Extract ethanol Extract methanol  Extract ethanol
50 0.678 £0.001 0.648 +0.001 11.25 +0.64° 15.18 £ 0.36'
100 0.537 £0.001 0.522+0.022 2971 £007° 31.68 £2.92¢
200 0.438 £0.002 0.468 +£0.001 42.67 £026° 38.72 £0.13"
300 0.413 +0.002 0.308 £0.002 45.94 £020° 59.69 +0.28"
400 0.377 +0.001 0.267+0.003 50.65 £ 008" 65.05 £0.33%
500 0.322 £0.008 0.163 +0.002 57.85 099" 78.66 +0.35"
The data were presented as mean = SD; n= 3; Number followed
Table 3: Anti-cholesterol activity of P. canescens leaf extract fractions
Concentration Absorbance = SD % Inhibition = SD
(ug/mL) n-Hexane Ethyl acetate Methanol n-Hexane Ethyl acetate  Methanol
ftaction fraction fraction fraction fraction fraction
50 0.658 £ 0 002 0488 £0.010 056520232 19.16+0.197 4448+ 3" 3050 £020°
100 0.634 £ 0007 0446 £0.017 0515+0221 22.11+0.89% 4926+ 191° 36.73 .27
200 0.620 = 0002 0427 20,001 04770117 2382+ 008° 51422 0.06* 41.40 2024
300 0.588 + 0,001 0415 +0.004 045220143 2776+007" 5278+ 047 4447 20.16"
400 0.583 £ 0003 0.305 20.001 037520122 2837+ 181" 65302011 5393 2024
500 0.544 = 0.190 02170032 031520011 33172019 7531+ 3.68° 6130017

The data were presented as mean + SD; n = 3; Number followed by the same superscript indicated a non-significantly difference according to the

Duncan New Multiple Range Test (DNMRT) at 0.005.

concentration (X) and percentage inhibition value (Y).

The ethyl acetate fraction showed a higher percentage inhibition value 100 4
than the other fractions at the same concentrations. Based on the on A
percentage inhibition data, the ICsy value was determined (Figure 3). 20 A
TlnCs[. value is a concentration that can inhibit 50% cholesterol, and 70 1
it was determined based on the linear regression equation between )

Also, the :E': 60
ethanol extract had a smaller ICs, value (274.14 ug/mL) than the £ 50 A
methanol extract (374 26 pg/mL). Meanwhile, the inhibition of the = 40 4
ethyl acetate fraction (ICsy 156.43 g/mL) was lower than that of the n- 30 4
hexane fraction (ICso 1116.22 g/mL) and the methanol fraction (ICso 20 4
340.84 g/mL). The ICs, value of 24.68 g/mL was calculated by linear 10 4
regression using conventional simvastatin (Figure 2) as a positive o

control. A higher anti-cholesterol activity was observed in the ethanol

extract pared to the methanol and other fractions. Ethyl acetate
fraction showed the highest anti-cholesterol activity. but the activity
was er in relation to the anti-cholesterol standard, simvastatin,

which had an ICsy value of 24 .68 yg/mL.

These findings indicate that the semi-polar components in the plant
determines the anti-cholesterol activity. Muharni er al® reported that
the pure compound isolated from the n-hexane fraction of Sungkai
leaves, namely betulonic acid, had an ICs; value of 60.53 g/mL.
Betulonic acid belongs to a type of triterpenoid that tends to be a polar
component, so 1t was suspected that betulonic acid was also present in
the ethyl acetate fraction since the fractionation was carried out by
maceration using solvent with step-wise increasing polarity instead of
partition method. Hence the anti-cholesterol activity of the ethyl
acetate fraction is higher than other fractions. This finding indicates
that the simpler the form of the component mixture, the higher the
activity. The secondary metabolites tannins, saponins, and tlavonoids
lower cholesterol levels.™  The compounds are able to scrape
cholesterol deposits off the inside walls of blood vessels, so it prevents
the occurrence of hypertension, stroke, and heart disease. Cholesterol
can interact with carbonyl and hydroxyl groups of flavonoid
compound.\‘."" The carbonyl group on the flavonoid will generate
hydrogen bonds with the hydroxyl groups on cholesterol to form
hydrogen bonds.
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Cholesterol will react with anhydrous acetic acid and sulfuric acid in
its free state ** Studies using animal models of atherosclerosis showed
that ingestion of dietary flavonoids delays the development of
atherosclerotic plaques.'"' Black tea, which is rich in polyphenols and
flavonoid compounds, is also reported to prevent atherosclerosis. The
increased anti-cholesterol activity of ethanol extract over methanol
extract was assumed to be due to the higher flavonoid content of
ethanol extract. This observation is in agreement with the study of
Masfria et al ™ who reported that secondary metabolites such as
tannins, saponins, and flavonoids have the ability to lower cholesterol
levels in vitro. This is in line with the assertion of Masfria er a!’.,'“ that
secondary metabolites such as tannins, saponins, and flavonoids have
the ability to lower cholesterol levels in vifro. In a study involving the
potential oftriterpemid compounds to lower cholesterol, Bachmid er
al.'! found that an ethanol extract of patikan leaves containing
triterpenoid compounds had anti-cholesterol efficacy at doses of 30
mg/kg BW, resulting in a 71 percent reduction in cholesterol levels.
Musa er al ., = reported two triterpenoid compounds from Saurauia
vilcani Korth, which demonstrated an exceptional anti-cholesterol
ivity. The anti-cholesterol properties of this compound are
influenced by the presence of hydroxyl groups, double bonds, and
carboxylic acid. In previous studies, it has also been reported that
betulonic acid from an n-hexane extract of Sungkai leaves had an anti-
cholesterol activity with a value of 1Csy 60.53 pg/mL. However, the
anti-cholesterol activity of the extract was significantly lower than that
of the pure substance. However, for the extract, the anti-cholesterol
activity was much weaker than the pure compound. This shows that
the anti-cholesterol properties are much higher in the pure compound
than in the mixed condition. The decreased activity of extracts
compared to fractions or pure compound specifies that other
components in the mixture lower their anti-cholesterol activity.

Conclusion

In this study, the findings indicated that the ethanol extract of P.
canescens leaves has higher anti-cholesterol activity than the methanol
extract, whereas the anti-cholesterol activity of ethyl acetate fraction
was higher than that of n-hexane and methanol fractions. The anti-
cholesterol activity of P. canescens leaves has revealed its potential as
a natural source of anti-cholesterol agents.

Conflict of Interest

The authors declare no conflict of interest.

Authors® Declaration

The authors hereby declare that the work presented in this article are
original and that any liability for claims relating to the content of this
article will be borne by them.

Ac rledgements

The authors are thankful Bhe University of Sriwijaya, Indonesia. The
research and publication of this article were funded by DIPA of Public
Service Agency of Universitas Sriwijaya with Grant Number: SP
DIPA-023.17.2.677515/2021, obtained on November 23, 2020. This
was achieved in accordance with the Rector's Decree Number:
0014/UN9/SK LP2M PT/2021, obtained on May 25, 2021. Also, the
authors express gratitude to the Department of Chemistry at the
University of Srivijaya for assisting with the implementation of this
study.

References

1. Lordan R, Tsoupras A, Mitra B, Zabetakis 1. Dairy fats and
cardiovascular disease: do we really need to be concerned.
Foods. 2018; 7(3):29.

Murray RK, Granner DK, Mayes PA, Rodwell VW.
Harper's llustrated Biochemistry. (31th ed.). New York: Mc
Graw- Hill Education; 2003:800/2023p.

(=]

10.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Adisakwattana S, Moonrat J, Srichairat 8, Chanasit C,
Tirapongporn H. Chanathong B, Ngamukote S, Makynen
K, Sapwarobol 8. Lipid-lowering mechanisms of grape seed
extract ( Vitis vinifera L) and its antihyperlipidemic activity.
J Med Plant Res. 2010; 4(20%:2113-2120.

Ray 8. Protective role of n-propyl gallate on docetaxel-
induced changes in cholesterol profile. Int J Pharm Pharm
Sci. 2015; 7(6):50-52.

Aung TN, Qu Z, Korschak RD, Adelson DL.
Understanding the effectiveness of natural compound
mixtures in cancer through their molecular mode of action.
Int J Mol Sci. 2017; 18(3):656.

Kumar P and Sharma S. Hypolipidemic potential of herbal
drugs (Lagenaria siceraria & Carica papaya) and Cow
Urine: A Review. Int J Pharm Sci Rev Res. 2017;
42(2):255-264.

Aghajanyan A, Movsisyan Z, Trchounian A,
Antihyperglycemic and antihyperlipidemic activity of
hydroponic ~ Stevia  rebaudiana  agueous extract in
hyperglycemia induced by immobilization stress in rabbits.
BioMed Res Int. 2017; Article 1D 9251358:1-6.

Fidéle N, Joseph B. Emmanuel T, Théophile D.
Hypolipidemic, antioxidant and anti-atherosclerogenic
effect of aqueous extract leaves of Cassia occidentalis Linn
(Caesalpiniaceae) in diet-induced hypercholesterolemic
rats. BMC Compl Altern Med. 2017: 17(76):1-17.
Aghajanyan A, Nikoyan A, Trchounian A. Biochemical
activity and hypoglycemic effects of Rumex obrusifolius L.
Seeds Used in Armenian Traditional Medicine. BioMed Res
Int. 2018; Article ID 45263520:1-9.

Yustian I, Muharni S, Zulaicha S, Arbi M. Exploration of
ethnomedicine and local community medicinal plants in
Indonesia (ethnic Musi) Palembang. Indonesia; Indonesian
Ministry of Health; 2012; 35p.

Ibrahim A and Kuncoro H. Identification of secondary
metabolites and antibacterial activity of Sungkai ( Peronema
Canescens Jack.) leal extract against some Pathogenic
bacteria. J Trop Pharm Chem. 2012; 2(1):8-18.

Kopylov AT, Malsagova KA, Stepanov AA, Kaysheva, AL.
Diversity of Plant Sterols Metabolism: The Impact on
human health, sport, and accumulation of contaminating
sterols. Nutr. 2021; 13(5):1623.

Prado ASL, Shen Y, Ardoin R, Osorio LF, Cardona J, Xu
Z. Prinyawiwatkul W, Effects of different solvents on total
phenolic and total anthocyanin contents of Clitoria rernatea
L. petal and their anti-cholesterol oxidation capabilities. Int
I Food Sci Technol. 2019; 54(2):424-431.

Zeka K. Ruparelia K. Arroo RRJ, Budriesi R, Micucci M.
Flavonoids  and  their metabolites:  prevention in
cardiovascular diseases and diabetes. Dis. 2017; 5(3):1-18.
Yani AP and Putranto MH. Examination of the sungkai’s
young leaf extract (Peronema canescens) as an antipiretic,
immunity, antiplasmodium and teratogenity 1n mice
(Mus muculus). Int J Sci Eng. 2014; 7(1):30-34.

Muharm M, Ferlinahayati F, Yohandi H. Riyanti F,
Pakpahan NAP. The anti-cholesterol activity of betulinic
acid and stigmasterol isolated from the leaves of Sungkai
(Paronema canescens Jack). Int 1 Appl Pharm. 2021;
13(2): 198-203.

Muharni M, Elfita E, Hemi Y, Julinar J, Yasrina Y, Miranti
M. Chemical constituents from Stem Bark of Flacourria
rukam Zoll. & Mor. and their Antioxidant Activities. Sains
Malays. 2019; 48(9):1899-1906.

Nath MC. Chakravorty MK, Chowdhury SR. Liebermann-
Burchard Reaction for Steroids, Nature.1946; 1946
(157):103.

Santoso J., Anwariyah S, Rumiantin RO, Putri A P, Ukhty
K. Yoshie-Strark Y. Phenol content, antioxidant activity
and fibers profile of four tropical seagrasses from
Indonesia. J Coastal Dev. 2012; 15(2):189-196.

1801

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License




20.

30.

3l

Trop J Nat Prod Res, October 2021; 5(10):1797-1802

Amalich 8, Fadili K, Fahim M, Hilali FEL, Zair T.
Polyphenols content and antioxidant power of fruits and
leaves of Juniperus phoenicea L. From Tounfite (Morocco).
Moroccan ] Chem. 2016; 4(1):177-186.

Metasari S, Elfita E, Muharm M, Hemi Y. Antioxidant
compounds from the stem bark of Syzygium samarangense
L. Molekul. 2020; 15(3):175-183.

Xiong QQ, Wilson WK, Pang J. The Liebermann-Burchard
reaction: sulfonation, desaturation, and rearrangement of
cholesterol in acid. Lipids. 2007: 42(1):87-96.

Musa WIA, Situmeang B, Sianturi J. Anti-cholesterol
triterpenoid  acids  from  Sawrauia  vudcani  Korth
(Actinidiaceae). Int J Food Prop. 2019; 2(1): 1439-1444,
Harborne JB. Phytochemical Methods. (2nd ed.). London:
Chapmen and Hall. 1987; 288p.

Williams DM. Clinical pharmacology of sorticosteroids.
Respir Care. 2018; 63(6):655-670.

Shady NH, Youssif KA, Sayed AM, Belbahri L, Oszako T,
Hassan HM, Abdelmuhsin UR. Sterols and triterpenes:
Antiviral potential Supported by in sifico analysis. Plants.
2021; 10(41):1-34.

Bialangi N, Mustapa A, Salimi Y, Widiantoro A, Situmeang
B. Isolation of steroid compounds from Suruhan
(Peperomiapellucida L. Kunth) and their antimalarial
activity. Asian J Chem. 2018; 30(8): 1751-1754.

Dogan A, Otlu S, Celebi O, Kilicle PA. An investigation of
antibacterial effects of steroids, an investigation of
antibacterial effects of steroids, Turk J Vet Anim Sci. 2017;
41(2):302-305.

Richmond V., Ana PM, Marta SM. Synthesis and
acetylcholinesterase inhibitory activity of polyhydroxylated
sulfated steroids: Structure/activity studies. Steroids. 2013;
T811):1141-1147.

Ray S. Protective role of n-propyl gallate on docetaxel-
induced changes in cholesterol profile. Int | Pharm Sci.
2015; 7(6):50-52.

Martins S, Amorin ELC, Sobrinho TISP, Saraiva AM,
Pisciottano MNC, Aguilar CN, Teixeira JA, Mussatto SI.
Antibacterial activity of crude methanolic extract and
fractions obtained from Larrea tridentara leaves. Ind Crops
Prod. 2013; 41:306-311.

33.

34.

35.

36.

37.

38.

39.

40.

41.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

. Osadebe PO and Okaye FB. Anti-inflammatory effects of

crude methanolic extract and fractions of Alchornea
cordifolia leaves. ] Ethnopharmacol. 2003; 89(1):19-24.
Abu F, Taib CNM. Moklas MAM, Akhir SM. Antioxidant
Properties of Crude Extract, Partition Extract, and
Fermented Medium of Dendrobium sabin Flower. Evid-
Based Compl Altern Med. 2017: Article 1D 2007219:1-9.
Kifle ZD, Atnafie SA. Tadesse TY, Belachew TF, Kidanu
BB. Methanolic Crude Extract of Hagenia abyssinica
Possesses Significant Antidiarrheal Effect: Evidence for In
Vivo Antidiarrheal Activity, Evid-Based Compl Altern
Med. 2021; Article ID 9944629:1-8.

Pohanka M. Toxicology and the biological role of methanol
and Ethanol: Current view, Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub. 2016; 160(1):54-56.
Medini F, Hanen F, Riadh K, Chedly A. Total phenolic.
flavonoid and tannin contents and antioxidant and
antimicrobial activities of organic extracts of shoots of the
plant Limonium delicatulwm. J Taibah Univ Sci. 2014;
B(3):216-224.

Lezoul NEH, Belkadi M, Habibi F, Guillén F. Extraction
processes with several solvents on total Bioactive
Compounds in Different Organs of Three Medicinal Plants.
Molecules. 2020; 25(20):4672

Masfria M, Mukhlisyam M Yade M. P, Faizar F. Evaluation
of antihyperlipidemic and antidiabetic  activity of
Phyllanthus emblica 1. fruits. Trop J Nat Prod Res. 2021;
5(4):668-672.

Panche AN, Diwan AD, Chandra SR. Flavonoids: an
overview. J Nutr Sci. 2016; 5(ed47):1-15.

Grassi D, Desideri G, Ferri C. Flavonoids: Antioxidants
against atherosclerosis. Nutr. 2010; 2(8):889-902.

Bachmid N, Sangi MS, Pontoh JS. Anti-cholesterol activity
test of ethanol extract of patikan gold leaf (Euphorbia
prunifolia Jacq.) on hypercholesterolemic Wistar rats. J
Maths Nat Sci Unsrat. 2015; 4(1):29-35.

1802

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License




Quantitative Phytochemical Analysis and Determination of
Anti-Cholesterol Activity of Sungkai (Paronema canescens Jack.)
Leaf Extracts

ORIGINALITY REPORT

13, o 146 6

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

M Muharni, J Julinar, H Yohandini, F Fitrya, R 20/
Melati. "In vitro anti-cholesterol and anti- °
hypertensive activity of stem bark the
Flacourtia rukam", IOP Conference Series:

Earth and Environmental Science, 2021

Publication
innovareacademics.in 1
Internet Source %
Peter O. Osarumwense. "Analgesic activity of 1 o
0

newly synthesized 7-chloro-2-methyl-4H-
benzo[d] [1,3]-0xazin-4-one and 3-amino-7-
chloro-2-methyl-quinazolin-4(3H)-one",
Ovidius University Annals of Chemistry, 2018

Publication

www.longdom.org 1 o
0

Internet Source

-~

oamjms.eu 1
Internet Source %




pure.mpg.de

Internet Source

T

=

bmcvetres.biomedcentral.com

Internet Source

(K

Meka Saima Perdani, Muhamad Sahlan, Siti
Farida, Dwini Normayulisa Putri, Sri Angky
Soekanto, Heri Hermansyah. "Kinetic study of
cholesterol oxidation by cholesterol oxidase
enzyme as application for cholesterol
biosensor", AIP Publishing, 2019

Publication

T

www.jclmm.com

Internet Source

T

N
o

medjchem.com

Internet Source

T

—_—
—

www.tandfonline.com

Internet Source

T

—_
N

Muharni Muharni, Julinar Julinar, Heni
Yohandini, Fitrya Fitrya, Rima Melati. "
Antihyperlipidemia activity of ethanol extract
the stem bark of on propylthiouracil-induced
albino rats, (Wistar strain) ", IOP Conference
Series: Materials Science and Engineering,
2021

Publication

T




13

Parastoo Karimian, Gholamreza Kavoosi,
Zahra Amirghofran. " Anti-inflammatory effect
of in lipopolysaccharide-stimulated
macrophages: Reduction of nitric oxide
production through inhibition of inducible
nitric oxide synthase ", Journal of
Immunotoxicology, 2013

Publication

T

Mohamed El-Saied, S. El-Saadany, H. Hefnawy,
A. El-Sayed. "PHYTOCHEMICAL SCREENING
AND ANTIOXIDANT ACTIVITY OF
ONION(Allium cepa L.) EXTRACTS", Zagazig
Journal of Agricultural Research, 2021

Publication

T

discovery.ucl.ac.uk

Internet Source

T

Afzal Hussain, Obaid Afzal, Mohammad A.
Altamimi, Abdulmalik Saleh Alfawaz Altamimi
et al. " Improved Subcutaneous Delivery of
Ketoconazole Using EpiDerm and HSPiP
Software-Based Simulations as Assessed by
Cell Viability, Cellular Uptake, Permeation, and
Hemolysis Studies ", ACS Omega, 2022

Publication

T

Exclude quotes On Exclude matches <1%



Exclude bibliography On



