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ABSTRACT 

Objective: Dandruff is a scalp problem that occurs in almost all people in the world. The main cause of dandruff is the growth of fungus on the scalp. 
This study aims to evaluate the antifungal activity of the Langir bark against Malassezia furfur, in vitro and in silico.  

Methods: In vitro testing was carried out using the agar diffusion method with paper disks to calculate the inhibition zones of the Langir stem bark 
extract and fractions, while the in silico test was carried out using the molecular docking method using Lanosterol 14-alpha demethylase receptors 
with a homology model using 5 compounds from the genus Albizia as ligands.  

Results: Antifungal activity of Langir bark extract showed significant activity in all concentrations (5-20%), and also for all fractions (p<0.05). 
However, the water fraction had better activity than others, with an inhibition zone of 17.33 mm at a concentration of 15% and 18.67 mm at a 
concentration of 20%, while the positive control (ketoconazole 1%) had an inhibition zone of 16.67 mm. Furthermore, the in silico test revealed that 
the 5 metabolites in Langir plant provide better binding energy than ketoconazole (-10.1 kcal/mol), namely, Tamarixetin 3-rutinoside (-10.7 
kcal/mol), Quercetin 3-rhamnosyl-galactoside (-10.4 kcal/mol), Albiziasaponin A (-11.6 kcal/mol), Albiziasaponin C (-11.9 kcal/mol) and 
Albiziasaponin D (-11.9 kcal/mol).  

Conclusion: The water fraction of Langir bark has activity in inhibiting the growth of M. furfur so that it can be developed as a therapeutic 
alternative for anti-dandruff. 

Keywords: Langir, Albizia saponaria, Malassezia furfur, Dandruff, Antifungal 

© 2022 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijap.2022.v14s5.33 Journal homepage: https://innovareacademics.in/journals/index.php/ijap 

 

INTRODUCTION 

Dandruff is formed from excessive exfoliation of dead skin cells on 
the scalp with effects that can cause itching and even inflammation 
of the scalp [1, 2]. Dandruff is one of the scalp that can happen to 
everyone in the world for all genders, socio-cultural, and 
geographical locations [3]. There are about 60% of the total 
population of America and Europe who have dandruff problems [4]. 
Dandruff is not life-threatening, but it can cause sufferers to feel 
insecure because they experience itching of the skin that 
accompanies it [5, 6]. There are several medical terms for dandruff, 
such as pityriasis capitis, seborrhea sicca, pityriasis sicca, sicca 
capitis, or mild sereboic dermatitis of the scalp [7, 8]. 

One of the causes of dandruff is the growth of the Malassezia furfur 
fungus on the scalp, which is dirty with sweat, excess oil (sebum) 
production and dust [9, 10]. Malassezia fungus is a lipophilic fungus 
with its existence as a normal flora on human skin [11]. 

One type of dandruff treatment is by using an anti-dandruff 
shampoo which contains many chemical compounds, such as sulfur, 
salicylic acid, selenium sulfide, and zinc pyrithione, which have side 
effects in the form of eczema (inflammation of the skin), hair loss, 
discoloration of the hair, and damage to the scalp hair when used 
continuously for a long time [12, 13]. So this study aims to find anti-
dandruff alternatives from natural ingredients, which tend to be 
safer and more effective to use in the long term [14, 15]. 

Based on research conducted [16] one of the plants that has the 
potential as an anti-dandruff is the Langir plant (Albizia saponaria 
Lour.) The part of the plant that is used is the bark. Empirically this 
plant has been used by the Tolaki tribe in South Konawe Regency, 
Indonesia, by washing or extracting the bark with water until it foams 
and then applying it to the head as a shampoo to treat dandruff. 

Therefore, a study was conducted to determine the activity of the 
Langir bark fraction as an antifungal against Malassezia furfur, which 

was tested in vitro and in silico. This research is expected to provide 
benefits in the form of information about the potential of langir bark 
as an anti-dandruff drug caused by the fungus Malassezia furfur. 

MATERIALS AND METHODS 

Materials 

Etanol 96% technical grade, n-hexane technical grade, ethyl acetate 
technical grade, aquadest, DMSO ethyl acetate technical grade, 
ketoconazole, Potato Dextrose Agar Merck. All chemicals were 
purchased from a standard local source. 

The M. furfur used in vivo study is a collection from the Microbiology 
Laboratory of the Pharmacy Departement, Faculty of Science and 
Technology, University of Mandala Waluya and in silico metode 
using Autodock tools 1.5.6 and visualisation using discovery studio 
BIOVIA. 

Preparation of plant materials 

Langir stem bark (Albizia saponaria) obtained in the tropical forest 
of Duduria Village, Ranometo District, South Konawe Regency, 
Southeast Sulawesi Province, Indonesia. Langir was determined by 
observe the morphological characteristics of the plant, including 
shape, size, number, parts of leaves, flowers, fruit, seeds, and others 
[17]. The results of the analysis of the characteristics of the plants 
studied were compared with the plants whose identity had been 
identified. Sample determination was carried out at the Faculty of 
Biology, University of Haluoleo, Indonesia. 

Extraction and fractionation of Albizia saponaria stem bark 

9450 g of processed dried bark was extracted using the maceration 
method with 96% ethanol solvent. The maserate obtained was then 
concentrated with a rotary vacuum evaporator (Buchi) to obtain a 
thick extract. The fraction processing of the ethanol extract was 
carried out using the liquid-liquid extraction method with n-hexane, 
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ethyl acetate and distilled water as solvents. The resulting fraction 
was then concentrated with a rotary vacuum evaporator to obtain n-
hexane, ethyl acetate and distilled water fractions. 

In vitro antifungal assay 

The assay for the activity of n-hexane, ethyl acetate, and water 
fractions from langir (A. saponaria Lour.) stem bark as an anti-
dandruff agent against fungi M. furfur was conducted by the agar 
diffusion method using a paper disk [18]. A total of 9 petri dishes 
were used in the test. Each of them used 15 ml of liquid PDA (Potato 
Dextrose Agar) to which 1 inoculation needle of M. furfur was added, 
and then were incubated at 37 °C for 1x24 h. Then, the petri dishes 
were divided into 3 parts, which were for each fraction. The n-

hexane fractions with concentrations of 5, 10, 15, and 20% were 
added to one part, and the ethyl acetate and water fractions, 
respectively, were added to the other parts with the same 
concentration. As a comparison, DMSO was used as a negative 
control, and ketoconazole was used as a positive control. Then all 
cultures were incubated in an incubator with a temperature of 37 °C 
for 1x24 h, then the inhibition zone was observed. 

Preparation of 3D metabolite structure  

The compounds simulated in silico by molecular docking were 
compounds from the genus Albizia selected based on the KNapSAcK 
database, accessed via http://www.knapsackfamily.com/KNApSAcK/17 
[19]. 5 compounds were selected (table 1). 

 

Table 1: Two-dimensional structure of ketoconazole and test ligands from the genus of Albizia saponaria 

No. IUPAC name Structure 
1. Compound 1: Tamarixetin 3-rutinoside 

 
2. Compound 2: Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-

galactoside 

 
3. Compound 3: Albiziasaponin A 

 
4. Compound 4: Albiziasaponin C 

 
5. Compound 5: Albiziasaponin D 

 
6. Standard ligand: Ketokonazole 
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Preparation of 3D receptor structure  

The receptor used is lanosterol 14-alpha demethylase, which is a 
receptor that plays a role in the synthesis of the fungal cell wall. The 
FASTA format of the protein lanosterol 14-alpha demethylase 
Malassezia was obtained from UniProt with the ID A0A3Q9XYP8 
[20]. Receptor preparation was carried out through a homology 
modeling approach with the help of the Swiss-Model® web server 
[21]. The process of creating a protein model using the homology 
modeling method begins with a template search using the NCBI® 
BLAST web server with the aim of obtaining a template that is 
similar to the protein [22]. Next is adjusting the target sequence with 
a template and creating a model using Swiss-Model®. The protein 
model obtained was then evaluated with Procheck® and identified 
using the Ramacandran plot [23]. Furthermore, the search for active 
sites based on the cavity area uses the BIOVIA Discovery Studio 
2017 application which aims to obtain X, Y, and Z coordinates. This 
is done because the receptor does not have natural crystallized 
ligands. 

Molecular docking simulation 

Molecular docking simulations were carried out to predict the 
description of the metabolite molecule that has the strongest 
inhibitory effect on the previously modeled lanosterol 14-alpha 
demethylase. The docking process was carried out using the 
Autodock4 software using 100 GA run [24]. The drid box 
coordinates used were x =-75.83, y = 162.36, and z = 8.7541 with 
npts values of 50 × 50 × 50, respectively. The docking results were 
analyzed and visualized on the ligand-receptor interactions using 
BIOVIA Discovery Studio 2017 [25]. In addition, analysis of 
ketoconazole as a control was carried out to compare the binding 
strength and interaction of lanosterol 14-alpha demethylase from 
Malassezia with the test ligand in the form of a compound found in 
the genus albizia. ADME-Tox SAR is carried out via the website 
http://biosig.unimelb.edu.au/pkcsm/prediction by changing the 
molecular structure to SMILES format in the PubChem program. 

RESULTS  

Extraction and fractionation 

As much as 1300 g (14.28% yield) ethanol extract of Langir stem 
bark was fractionated using the liquid-liquid extraction method and 
obtained 20.36 g of n-hexane fraction (13.57% yield), 40.66 g of 
ethyl acetate fraction (yield 27.10%) and water fraction as much as 
60.23 g (40.15% yield). %). 

In vitro antifungal activity of extract and fraction 

The results of the in vitro antifungal activity of Langir bark extract 
are shown in table 2 and fig. 1 and the result of Langir bark fraction 
are shown in table 3 and fig. 2. 
 

Table 2: Inhibition zone of ethanol extract of Langir bark as 
antifungal against M. furfur 

Samples Average±Standard deviation (n=3) 
Langir extract 5% 14±0.5 
Langir extract 10% 15.56±0.53 
Langir extract 15% 16.78±0.44 
Langir extract 20% 17.44±0.53 
Ketoconazole 1% 16.89±0.78 
DMSO 0±0 

(The average value is the mean of three replicate (N=3)) 
 

 

Fig. 1: Inhibition zone of ethanol extract of langir bark as 
antifungal against M. furfur (*: significantly different with the 

negative control (DMSO)) 
 

The test results showed that the Langir bark ethanol extract at 
concentrations of 5%, 10%, 15% and 20% showed a significant 
difference with the negative control DMSO, this indicated that the 
extract showed inhibitory activity against the M. furfur. Extracts at 
concentrations of 15% and 20% did not show the difference in the 
inhibition zone with the positive control (Ketoconazole 1%). 

 

 

Fig. 2: Inhibition zone of fraction of langir bark extract as antifungal against M. furfur (*: significantly different with the negative control 
(DMSO)) 
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Table 3: Inhibition zone of langir bark fraction as an antifungal against M. furfur 

Samples Dose Average±standard deviation (n=3) 
n-hexane fraction  10% 16.67±0.47 
 15% 17.00±0.00 
 20% 17.89±0.87 
Ethyl acetate fraction 10% 7.33±0.47 
 15% 8.11±0.31 
 20% 9.44±0.68 
Water fraction 10% 16.00±0.82 
 15% 17.33±0.47 
 20% 18.67±0.94 
Ketoconazole  1% 16.89±0.78 
DMSO 1 % 0±0 

 

The test results of Langir bark fraction showed that the n-hexane, 
ethyl acetate, and water fractions showed inhibitory activity against 
M. furfur and showed significant differences with the negative 
control (DMSO). The water fractions showed the best inhibition 
activity and did not show any difference with the positive control 
(Ketoconazole 1%). 

Modelling of lanosterol 14-alpha demethylase receptor 

The modeling results obtained 50 templates that are similar to the 
lanosterol 14-alpha demethylase receptor and the receptor coded 
6cr2.1. A was chosen because it has a similarity of 56.29%. 
According to [26] templates with more than 50% identity can be 

used because they have small errors in predicting the three-
dimensional structure of the target sequence. Furthermore, protein 
lanosterol 14-alpha demethylase was modeled and validated using 
the Ramachandran plot for the yield on areas that are not permitted 
is 1.0%. Based on these data, it shows that the quality of the model 
made is good because the distribution of amino acids in the most 
favored areas is higher than in the prohibited areas, and a 
Ramachandran value of 90% is obtained (fig. 3), indicating that the 
model has similarities with structures that have a resolution of 2.0 
Angstroms. According to [27], the greater the value in the most 
favored region, the better and more stable the quality of the protein 
model.

 

 

 

Fig. 3: Ramachandran plot of lanosterol 14-alpha demethylase receptor 
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Molecular docking simulation 

Molecular docking simulation results obtained 5 compounds that 
have the lowest bond energy values with standard compounds 
(Ketoconazole-10.1 kcal/mol). The compound consists of 2 flavonoid 

compounds namely, Tamarixetin 3-rutinoside (-10.7 kcal/mol) and 
Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-galactoside (-10.4 
kcal/mol) and 3 saponin group compounds, namely Albiziasaponin 
A (-11.6 kcal/mol), Albiziasaponin C (-11.9 kcal/mol) and 
Albiziasaponin D (-11.9 kcal/mol). 

 

 

 

Fig. 4: Ketoconazole interaction on Lanosterol 14-alpha demethylase 

 

Table 4: Absorption and distribution prediction values 

Compound Absorption Distribution 
1 2 3 4 5 6 7 8 

Ketoconazole -3.668 1.492 93.184 -2.735 0.179 0.187 -1.443 -2.514 
Tamarixetin 3-rutinoside -2.884 -0.853 0 -2.735 0.816 0.197 -2.359 -5.833 
Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside 

-2.892 -1.149 0 -2.735 0.553 0.231 -2.619 -6.172 

Albiziasaponin A -3.06 -0.889 29.838 -2.735 -0.23 0.442 -1.69 -4.639 
Albiziasaponin C -2.901 -0.668 18.146 -2.735 -0.689 0.4 -1.671 -4.409 
Albiziasaponin D -2.892 -0.997 0 -2.735 -0.334 0.401 -2.441 -5.312 

Model name and unit; 1: Water solubility (Numeric log mol/l), 2: Caco2 permeability (Numeric (log Papp in 10-6 cm/s), 3: Intestinal absorption 
(human) (Numeric [% Absorbed]), 4: Skin Permeability (Numeric [log Kp]), 5: Vdss (human) (Numeric [log L/kg]), 6: Fraction unbound (human) 
(Numeric [Fu]), 7: BBB permeability (Numeric [log BB]), 8: CNS permeability (Numeric [log PS]) 

 

Table 5: Metabolism, excretion and toxicity prediction results 

Compound Metabolism Excretion Toxicity 
9 10 11 12 13 14 15 16 17 18 19 

Ketoconazole Yes Yes 0.601 No 0.957 No Yes 2.84 Yes No -0.434 
Tamarixetin 3-rutinoside No No -0.365 No 0.448 No Yes 2.478 No No 9.484 
Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside 

No No -0.4 No 0.438 No Yes 2.481 No No 11.548 

Albiziasaponin A No No -0.128 No -2.183 No Yes 2.818 No No 9.211 
Albiziasaponin C No No -0.113 No 0.116 No Yes 2.576 No No 8.308 
Albiziasaponin D No No -0.197 No 0.203 No No 2.482 No No 14.403 

Model name and unit: 9: CYP3A4 substrate ([Yes/No]), 10: CYP2C9 inhibitor ([Yes/No]), 11: Total clearance ([log ml/min/kg]), 12: AMES toxicity 
([Yes/No]), 13: Maximum tolerated dose (human) ([log mg/kg/day]), 14: hERG I inhibitor ([Yes/No]), 15: hERG II inhibitor ([Yes/No]), 16: Oral rat 
acute toxicity (LD) ([mol/kg]), 17: Hepatotoxicity ([Yes/No]), 18: Skin sensitization ([Yes/No]), 19: Minnow toxicity ([log mmol]) 
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(A)      (B) 

 

(C)       (D) 

 

(E) 

 

Fig. 5: Interaction on Lanosterol 14-alpha demethylase, A) Tamarixetin 3-rutinoside, B) Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside, C) Albiziasaponin A, D) Albiziasaponin C and E) Albiziasaponin D 
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ADMET prediction 

Predictive analysis of absorption, distribution of metabolism, excretion 
and toxicity of the compounds Tamarixetin 3-rutinoside, Quercetin-3-
glucosyl-(1,3)-rhamnosyl-(1,6)-galactoside, Albiziasaponin A, 
Albiziasaponin C and Albiziasaponin D can be seen in table 4. 

In general, only unbound drug molecules are available for diffusion 
or transport across cell membranes and for interaction with 
pharmacological targets. Consequently, the degree of plasma protein 
binding (%PB) of a drug influences its action, properties and 
efficacy. The ketoconazole compound has a protein binding value of 
99%, Vd = 0.179 and the Albiziasaponin C compound has a protein 
binding value of 90%, Vd =-0.689. Based on these results, the 
ketoconazole compound and the Albiziasaponin C compound have 
good plasma protein binding. 

Distribution prediction using the pkCSM tool predicted Vdss, BBB, 
and CNS. Volume of Distribution at Steady State (VDSS) is the 
theoretical volume that the total dose of drug needs to be distributed 
evenly to provide the same concentration as in blood plasma. The 
higher the VDSS value, the more drug content is distributed to the 
tissues rather than the plasma. A compound is said to have a low 
volume of distribution if the Log VDSS value is<-0.15, and high if it 
is>0.45. Based on the results of the analysis, the standard compound 
Ketoconazole had a log VDSS value of 0.179 while the compound 
Tamarixetin 3-rutinoside had a log VDSS value of 0.816. Based on 
the standard VDSS value data, the Tamarixetin 3-rutinoside 
compound is better than the standard Ketoconazole compound. 

The blood-brain barrier (BBB) is a highly selective, semi-permeable 
border of endothelial cells that prevents circulating blood solutes 
from non-selectively crossing into the extracellular fluid of the 
central nervous system where neurons reside. A compound is said to 
be able to penetrate the brain barrier if it has logBB>0.3 and is not 
well distributed if logBB<-1. Based on the results of the analysis of 
the standard ketoconazole compounds, the value of logBB was-1.443 
and that of Albiziasaponin A (-1.69 log BB). These data show that 
ketoconazole is better at penetrating the brain barrier. 

Permeability of the Central Nervous System (CNS) is the ability of a 
drug to penetrate the central nervous system. Compounds said to be 
LogPS>-2 are considered to be able to penetrate the CNS, while 
logPS<-3 are considered to be unable to penetrate the CNS. The 
results of the analysis for the standard ketoconazole compound 
were LogPS-2.514 while for Quercetin-3-glucosyl-(1,3)-rhamnosyl-
(1,6)-galactoside LogPS-6.172. based on the data obtained that the 
test compound Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside can penetrate the CNS. 

DISCUSSION 

The antifungal activity of the Langir bark fraction was tested on 
Malassezia furfur with in vitro and in silico approaches. Malassezia 
furfur is one of the fungi that causes dandruff in the hair so that the 
test results can later be used with the development of the Langir 
bark fraction formula as an anti-dandruff. 

In vitro testing of Malassezia furfur was carried out on extracts and 
fractions. The test results showed that extracts and fractions showed 
inhibition against the growth of Malassezia furfur. The n-hexane and 
water fractions showed the best inhibitory activity and their activity 
did not show any difference with 1% ketoconazole positive control. 
Based on the Clinical and Laboratory Standards Institute (CSLI), 
which categorizes antimicrobial inhibition as susceptible (>20 mm), 
intermediate (15-19 mm), and resistant (<14 mm) [28]. The n-
hexane and water fractions are in the intermediate category.  

Molecular docking uses the Lanosterol 14-alpha demethylase 
receptor, which plays a role in the process of synthesizing the fungal 
cell wall with the test ligand which is then visualized to see the 
interaction between the ligand and the receptor. The interactions 
that are formed between the ligand and the receptor are in the form 
of hydrogen bonds, electrostatic interactions, hydrophobic 
interactions and bonds that give the value of the bond energy (∆G) of 
the ligand-receptor [29]. Based on fig. 4 and 5, there is an interaction 
produced between the ligand and the receptor in the form of Van der 
Waals bonds, hydrogen bonds, unfavorable donors, pi-cation, pi-pi 
T-shape, alkyl, and pi-alkyl. 

Van der Waals bonds are hydrophobic, which contributes to the 
formation of protein stability and are included in the category of 
weak bonds that are easily separated and these bonds occur when 
the atoms are close enough. This bond is generated between the 
receptor and Tamarixetin 3-rutinoside with amino acid residues 
Asp461, Met462, Glu455, Ser451, Gly447, Trp460, Cys481, and 
Val463, Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-galactoside 
with amino acids Leu119, Phe233, Leu137, Val128, and His309, 
Albiziasaponin A with amino acids Lys219, Leu213, Met305, Leu304, 
His304, Tyr221, Ile197, Gln308, Thr229, Ser193, Asp225, Thr516, 
and Asp516, Albiziasaponin C compounds with amino acids Ile197, 
Glu194, Ser193, Asp190, Asp225, Thr516, Pro230, Thr229, Ile231, 
and Leu240, Albiziasaponin D compounds with amino acids Ser226, 
Thr229, Asn242, Asp187, Ala218, Gln308, Ile197, and Ser193. 

One of the factors that can affect the stability of proteins is hydrogen 
bonding. This type of bond is very strong because it can produce 
bonds with long distances between the ligand and the receptor [30]. 
This bond is formed between the receptor and the compound 
Tamarixetin 3-rutinoside with the amino acids Ile482, Leu450, and 
Arg480, the compound Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside with the amino acid Thr310, Val119, Ser517, Gln140, 
Lys141, His479, and Arg480, Albiziasaponin A with amino acid 
Ala218, compound Albiziasaponin C with amino acid Asn242, 
Albiziasaponin D compound with amino acids Glu194, and Asp190. 

The pi-alkyl bond is a weak bond that results from the interaction of 
the aromatic group and the electron-withdrawing group of the alkyl 
group. Based on the analysis results, this bond is formed between 
the receptor and the Tamarixetin 3-rutinoside compound with the 
amino acid Lys 145, the quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-
galactoside compound with the amino acid Tyr119, the 
Albiziasaponin A compound with amino acid Pro 230, 
Albiziasaponin C with amino acid Ala 218, and Albiziasaponin D with 
amino acids Leu213, and Ala218. This bond is quite weak and easily 
released [30]. 

The ADME-Tox prediction for Tamarixetin 3-rutinoside, Quercetin-
3-glucosyl-(1,3)-rhamnosyl-(1,6)-galactoside, Albiziasaponin A, 
Albiziasaponin C and Albiziasaponin D showed that the tested 
compounds had absorption profiles, good metabolism and excretion 
compared to the standard compound ketoconazole.  

CONCLUSION 

The Langir bark fraction has the potential to inhibit the growth of M. 
furfur, and the water fraction has the best inhibitory activity with an 
inhibition zone of 17.33 mm at 15% and 18.67 mm at 20% 
(moderate category). Molecular docking results on the Lanosterol 
14-alpha demethylase receptor with the test compound having a 
very low binding energy derived from the compound Tamarixetin 3-
rutinoside, Quercetin-3-glucosyl-(1,3)-rhamnosyl-(1,6)-galactoside, 
Albiziasaponin A, Albiziasaponin C and Albiziasaponin D. 
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