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ABSTRACT 
Two series of neolignans, aristoligol (R1) and aristoligone (R2), had been isolated 
from P. declinata Nees (Lauraceae) plant leaves. Dichloromethane (D.C.M.) was 
used to isolate R1 and R2 using flask silica column chromatography as a stationary 
phase. Meanwhile, n-hexane, dichloromethane, and methanol were used as 
mobile phases. Moreover, the synthesis of compound R2 to produce acetyl 
aristoligol (R3) was also done in this study. Compound R2 was synthesized with a 
reducing agent in methanol (NaBH4/MeOH) to result in a transition compound, the 
reduced-aristoligol. The transition compound was acetylated with acetic 
anhydride and catalyzed by D.M.A.P. to produce compound R3. The molecular 
structure identification of all neolignans and their molecular weights was validated 
by 1H-NMR, 13C-NMR, 2D-NMR, and LC-MS. Further determination of their 
structure-activity relationship, including molecular modeling and in vitro 
antiproliferative activity against MCF-7 breast cancer cell lines, showed that 
compound R2 has the best binding affinity towards human estrogen receptor-1 
(∆G = -6.7 kcal/mol, Ki = 1.21 x 10-5 M). The ADME properties showed that 
compound R2 is the best one but still less active compared to the standard cancer 
drug, doxorubicin (∆G = -8.1 kcal/mol and Ki = 1.14 x 10-6 M). Meanwhile, 
compound R1 has the highest activity to inhibit the MCF-7 cell proliferation, with 
a 25 µg/mL concentration, and the highest cytotoxic activity with IC50 was 35 
µg/mL. 
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INTRODUCTION 
Lignans belong to the phytoestrogens group, which are 
widely found in the plant kingdom [1]. Their primary 
functions are plant defenses, such as antimicrobes, 
antifungi, and insecticides [2]. The genus comprises over 
than 200 species, distributed in Indonesia, Malaysia, India, 
West Europe, and South America. The phytochemical 
studies on the genus have shown various activities such as 
antitumor, antiplasmodial, antimicrobial, antifungal, 
antidiabetic, muscle relaxant, and many more [3, 4]. 
Lignans are classified as nonsteroidal polyphenolic plant 
metabolites that induce biological responses towards the 
human estrogen receptor by mimicking or modulating 
endogenous estrogen action. Because of its bioactivity as 
an antitumor, plant-rich foods with high phytoestrogens 
contents have been suggested as the biological rationale 
for the low breast cancer incidence in women, particularly 
in Asian populations [5]. 
 The study of phytoestrogen effect on estrogen-induced 
breast cancers is still limited. The insight into the 
relationship between phytoestrogens and human 
mammary carcinogenesis is controversial and contentious 
debate, make these compounds have become an essential 
topic of research, including experimental, epidemiological, 
and prospective studies [6]. Phytoestrogens obtained from 
flavanoids, isoflavonoids, lignans, coumestans, and 
stilbenes have shown various bioactivities against breast 
cancers [7]. Some of them can reduce the risk of breast 
cancer and other hormone-dependent cancers [8], but 

some others do not have any effect or even can induce the 
risk of breast cancer [8, 9].  
Lignans from some plant species also show cytotoxic 
activities. Lignans extracted from Vitex negundo possess 
cytotoxic activity and apoptosis induction towards breast 
cancer cell line MDA-MB-435 and liver cancer cell line 
SMMC-7721 [10]. Another type of lignan is aryl 
naphthalene lignan justicidin B from the hair root of Linum 
leonii has a potent cytotoxic and proapoptotic agent 
against promyelocytic leukemia cell line HL-60 by 
inducing the activation of the intrinsic mitochondrial cell-
death signaling pathways [11]. Edible lignans from various 
nuts, seeds, and whole-grain cereals have also been found 
to have weak estrogen-like activity in some hormone-
related cancers. However, the cytotoxic study of lignans 
isolated from P. declinata is very limited and less 
numerous than other plant sources.  
P. declinata is naturally abundant in the Indonesian 
tropical rainforest [12]. This plant is a long-lived perennial 
and reaches about 9-10 meters in height [13, 14]. P. 
declinata is locally known in Indonesia as huruhejo or 
bedagai and commonly grows in Sumatera and Java 
islands [13]. Lignans from P. declinata this research aimed 
to isolate lignan substituents from P. declinata leaves and 
evaluate its derivatives in silico. The isolated lignans and 
their derivatives were purified and elucidated using 
column chromatography, Liquid Chromatography-Mass 
Spectroscopy (LC-MS), and 1H-13C N.M.R. Spectroscopy. 
The lignan derivatives were obtained from organic 
chemical syntheses by reducing agents in methanolic 
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solvent and acetylation reactions. Moreover, these lignans 
were analyzed their Q.S.A.R., including drug-likeness 
properties and molecular docking towards human 
estrogen receptor to provide insights on their potential 
estrogen-like activities in silico.  
Even though the bioactivity of natural phytoestrogens 
relevant to breast cancer risk is still not clear, they have 
commonly been presumed that some of their health-
promoting effects might be modulated through estrogen 
receptor binding [15, 16]. Moreover, chemical 
transformation of lignan derivatives such as aristoligone 
and aristoligol from precursor galbulin and isogalbulin, 
respectively, with general syn–anti substituents in the 
tetrahydronaphthalene (T.H.N.) framework and NaBH4 
reduction, respectively. [17]. The synthetic aristoligone 
and aristoligol have demonstrated significant 
pharmacological activities as antitumor [17, 18]. Here we 
report neolignans derived from aristoligone with 
quantitative structure-activity relationship properties 
from NMR spectroscopy identification, synthesis, 
molecular modeling, and antiproliferative effect towards 
MCF-7 cell lines. We believe that our study related to the 
synthetic neolignans would improve their biological 
activities to inhibit the human estrogen receptor, which 
could indicate the cytotoxic effect to cancer cells compared 
to the parental lignans.  
                                      
MATERIALS AND METHODS 
 Chemicals 
 For extraction, fractionation and purification were used 
distilled solvents for monitoring of purification. The 1H-
NMR and 13C-NMR spectra were recorded in a deuterated 
solvent like CDCl3, CD3OD, and D2O, on an NMR 500 MHz 
(Jeol). Chemical shifts are reported in ppm scale, and the 
coupling constants are given in Hz. Silica gel 60, 70-230 
mesh ASTM (Merck 7734), and silica gel 60, 230-400 Mesh 
ASTM (Merck 9385) were used for column and flash 
chromatography, respectively.  
Plant sample preparation 
P. declinata Nees leaves were collected from Bogor 
Botanical Garden, Bogor, West Java, Indonesia. An 
identified specimen (ID No.:PD 1601) was deposited at the 
Herbarium of Department of Chemistry, Faculty of 
Medicine, Universitas Indonesia, Jakarta, Indonesia; and at 
the Herbarium of the Bogor Botanical Garden, Bogor, West 
Java, Indonesia. 
Isolation of lignan from P. declinata leaves 
P. declinata Nees (3.0 kg) were ground and extracted for 
12 hours by Soxhlet extraction with hexane, followed by 
CH2Cl2. Extraction of neolignans was carried out by 
following Kuusipalo et al. and Elya et al. with modifications 
[12,13] and 43.0 g of dichloromethane crude extract. The 
crude extract was run in a silica chromatography column 
using CH2Cl2 gradually mixed with methanol to separate 
the bioactive compounds and yield 130 fractions. These 
fractions were run on TLC plat and showed 15 fraction 
profiles. Fractions 8-13 (0.3 g) belonged to two neolignans 
identified as aristoligol (R1) (PTLC; CH2Cl2-MeOH 98:2), 
then fraction 12 (190 mg) was also separated by 
preparative TLC over silica plat using CH2Cl2 : MeOH 
(95:5), saturated with NH4OH. The fraction was separated 
by chromatography column and preparative thin-layer 
chromatography (TLC) to obtain aristoligone (R2) as a 
colorless crystal. 
 
 
 

Synthesis of lignan derivatives 
Reduction of R2 Compounds (Aristoligone) 
About 200 mg Aristoligone (R2) compound (MW = 
370,18) was reduced using a reducing agent, NaBH4 in 
methanol solvent (1:4), showed a change in Rf value in 
TLC, to a smaller (polar) value. It showed that the ketone 
group had been altered into an alcoholic lignan, reduced-
aristoligol  (MW = 372) in about 7 hours of reaction. After 
the reaction process was considered complete, the sample 
was added with water and extracted successively using 
hexane and ethyl acetate solvents. Ethyl acetate fraction 
was selected as the desired product, and after evaporation, 
the recrystallization process was carried out by saturating 
the solution in dichloromethane and hexane. The crystal 
formed was separated and weighed as 205.6 mg (0.5527 
mmol, 100%), in the form of colorless crystals. 
Esterification (Acetylation) R3 compound (Aristoligol)  
In studying the relationship between structure and 
activity, the 20 mg of reduced-aristoligol (MW = 372,2) 
compound was synthesized by acetylating the compound 
using the excess of acetyl anhydride (Ac2O) (1 mL) with N, 
N-dimethylamino pyridine (DMAP) catalyst in chloroform 
(CHCl3) solvent. Within a few hours, there has been a 
change in Rf value (as greater value) at TLC, so it is 
strongly assumed that the esterification process has 
occurred. Through the extraction process using n-hexane, 
and after evaporation, the results obtained were 
recrystallized with dichloromethane-hexane and 
produced 22 mg of colorless crystals of acetyl aristoligol 
(R3) with MW = 414.20, with a yield of around 98%. 
Protein and Ligand Structure Preparation Methods 
The 3D structure of the hESR-1 protein is obtained from 
https://www.rcsb.org/structure/1UOM (PDB ID = 
1UOM), where deletions were carried out on origin 
ligand`s bond (2-phenyl-1-[4-(2-piperidine-1-yl-ethoxy)-
phenyl]-1,2,3,4-tetrahydroisoquinoline-6-ol) in the 
protein crystal structure and water molecules using the 
Chimera 1.8.1 program [19, 20]. The protein structure 
without the ligand was evaluated by its constituent amino 
acid coordinates using Kobamin [21] and validated using 
PROCHECK [22]. The 3D structure of neolignan 
compounds as ligands was built with the ChemDraw Ultra 
7.0 program [23] to prepare the 3D structure used in QSAR 
and molecular docking analyses. The ligand 
conformational energies were minimized using the 
MMFF94 force field. All 3D structures of hESR-1 proteins 
and the ligands were stored in PDB format, 3D structure 
formats with the standard atomic coordinates of 
biomolecules. 
Molecular Docking of lignan complex compounds and 
their derivatives with hESR-1 
Molecular docking analysis was carried out by the 
Autodock Vina program (Vina, The Scripps Institute) [24, 
25]. AutodockTools are used for protein preparation, such 
as setting the electron charge amount and compiling polar 
hydrogen compounds [26]. Ligands prepared have 
adjustable angles. The proteins and ligands are then stored 
in pdbqt format, a format with specific extensions that 
store atomic coordinates, partial charges, and atomic 
types identified explicitly by the molecular docking 
Autodock Vina program. Determination of specific 
molecular docking between hESR-1 and lignan produces 
bond energy involving total intermolecular energy 
(kcal/mol), including hydrogen bond energy, Van der 
Waals energy, dissolved energy, and electrostatic energy. 
Analysis of interactions between ligands and target 
proteins was carried out using Ligplot+ [27]. 
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Analysis of lignan compounds and their derivatives 
based on Quantitative Property Relationship (QSPR) 
The 3D lignan structure and its derivatives were analyzed 
based on physicochemical properties using the Molsoft 
Drug-Likeness program [28]. Determining these 
physicochemical properties is essential in developing drug 
candidates at every stage, from design studies to pre-
clinical trials. Drug properties such as absorption, 
distribution, metabolism, and excretion (ADME) must be 
considered in drug development. Identification of ADME in 
the early stages will bring the compound to drug 
screening. Unwanted properties of the compound will 
cause failure in drug development. Prediction of ADME 
properties of drug candidate compounds had used ACD/I-
lab [29] and FAF-Drugs3 programs [30]. In this study, 
neolignan compounds were analyzed for ADME properties 
based on oral bioavailability, volume distribution, 
absorption into the digestive tract, and evaluation of 
plasma binding proteins.  
Cell culture and antiproliferative assay  
The breast cancer, MCF-7 cell lines were used in this study 
(American Type Cell Collection, ATCC). The cells were 
cultured using RPMI 1640 culturing media (PAA, 
Leverkusen, Germany). Trypsin was added to cells to 
hydrolyze the protease after cells reached 80% confluent, 
and cells were then counted using a hemocytometer and 
plated in a microtiter plate of 96-wells. Incubation was 
done for overnight to allow cell attachment following to 
change the medium. The amount of 0.2 mL of new 
supplemented medium was added into each well. The cells 
were then treated with lignan and its derivative at 
different concentrations and incubated at 37°C, 5% CO2 for 

24 h. Each concentration of the samples was measured in 
triplicate. The colorimetric assay was performed at an 
absorbance of 570 nm. The results were expressed as a 
percentage of control, giving a certain percentage of cell 
viability after 24 h exposure to the isolated lignans. The 
inhibition of cell growth by isolated lignans was expressed 
as a percentage of antiproliferative value [31]. 
 
RESULTS AND DISCUSSION 
Isolation and identification of neolignan from P. 
declinata leaves 
We had successfully done isolating the plant neolignans: 
aristolgol (R1) and aristoligone (R2) with purity          > 
95% from approximately 3 kg dried leaf powder sample of 
P. declinata Nees by maceration in 15 L n-hexane for 24 
hours and repeated three times. The extract samples were 
evaporated and yielded 83.4 g of n-hexane extract. The 
residue was macerated with 15 L dichloromethane (DCM), 
followed by evaporation and the final yield was 163.8 g of 
DCM extract. The remaining residue from DCM extraction 
was macerated with 15 L methanol then evaporated to 
produce 367.8 g of methanolic extract. DCM extract was 
purified by flask silica column chromatography using an 
eluent mixture of n-hexane and DCM gradient to purify 
compound R1 (25 mg) and R2 (53 mg). Each of them was 
identified and tested for its activity against cancer cell 
lines (MCF-7). The purified compounds R1 and R2 were 
identified as neolignan derivatives, respectively, using 1H-
13C NMR Spectroscopy to determine the relationship 
between structure and activity. The identified structure of 
R1 and R2 are depicted in Figure 1.  

 

 
Figure 1. Molecular structure of: a. aristoligol (R1) and b. aristoligone (R2). 

 
These two neolignans are naturally produced from P. 
declinata leaves as secondary metabolites. The lignan 
structures were identified by using 1H-13C NMR 
Spectroscopy and LC-MS. The chemical structure 

elucidation of compound R1 with spectral NMR HMBC is 
shown in Figure 2. Meanwhile, structure elucidation of 
compound R2 and reduced-aristoligol are depicted in 
Figure 3. 
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Figure 2. Identified structure of aristoligol compound R1 with spectral NMR HMBC. Red highlights are proton NMR chemical 

shifts, and blue highlights are carbon NMR chemical shifts. 

 

Figure 3. Identified structure of a. aristoligone compound R2; b. reduced-aristoligol with spectral NMR HMBC. Red highlights 
are proton NMR chemical shifts, and blue highlights are carbon NMR chemical shifts. 

The chemical shifts for 1H (500 MHz) and 13C-NMR (125 
MHz) spectrum between compound R1 and R2 are listed 
in Table 1, while the chemical shifts for 1H (500 MHz) and 

13C-NMR (125 MHz) spectrum between compound R2 and 
reduced-aristoligol are listed in Table 2. 

 

Table 1. Comparison of chemical shift data for 1H (500 MHz) and 13C-NMR (125 MHz) spectrum for R1 and R2 compounds in 
CDCl3 (δ in ppm, J in Hz). 

No  Aristoligol (R1)  Aristoligone (R2) 

 δH (in ppm, J in Hz) δC* δH (in ppm, J in Hz) δC* 

1 5.1 (d, 8.6) 83.26 - 200.07 

2 1.78 (sextet, 7.1) 47.97 2.78 (m, 7.1) 42.69 

2-CH3 0.64 (d, 7.0) 14.99 1.26 (d, 7.1) 15.07 

3 2.25 (sextet, 7.1) 46.04 2.43 (m, 7.1) 42.50 
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3-CH3 1.07 (d, 7) 15.07 1.07 (d, 7) 16.96 

4 4.41 (d, 9) 87.29 1.81 (m) 50.31 

5 6.84 (s) 111.01 6.43 (s) 110.93 

6 - 149.02 - 153.67 

6-OCH3 3.88 (s) 55.90 3.92 (s) 56.0 

7 - 148.10 - 148.95 

7-OCH3 3.89 (s) 55.96 3.98 (s) 55.95 

8 6.81 (s) 111.11 7.57 (s) 108.10 

9 - 133.52 - 125.54 

10 - 133.84  138.76 

1’ - 134.87 - 136.21 

2’ 7.05 (d, 2) 110.48 6.54 (dd, 1.6; 8.6) 121.09 

3’ - 148.67 6.78 (d, 8.6) 110.39 

4’-OCH3 3.87 (s) 55.88 3.89 (s) 55.82 

5’  148.63 - 149.07 

5’-OCH3 3.86 (s) 55.82 3.91 (s) 55.88 

6’ 6.87 (d, 8) 119.25 6.61 (d, 1.6) 111.79 

                * Proton – carbon correlation based on HMQC experiment. 

Compound R1 and R2 were isolated as amorphous solids. 
The mass spectrums showed the molecular ion peaks of 
R1 at m/z = 373,2003 [M+H]+ and R2 at m/z = 371,1849 
[M+H]+. Thus suggesting that R1 and R2 have molecular 
formulas of C22H29O5 and C22H28O5, respectively. The 1H-
NMR for these neolignans showed a pair of doublet peaks 
at δ 0.64 and 1.07 ppm, continued by δ 1.26 ppm and 1.07 
ppm that correspond to the methyl groups at positions C-
2 and C-3 of compound R1 and R2, respectively. The sharp 
singlet peaks at δ 6.84 ppm and δ 6.87 ppm (R1) followed 
by δ 6.43 ppm and δ 6.61 ppm (R2) belong to the H-5 and 
H-6’, respectively on the benzene rings. The aliphatic 
protons of ring B for both compound R1 and R2 resonated 
as sextets at R1 with δ 1.78 to 2.25 ppm and multiplets at 
R2 with δ 1.81 to 2.78 ppm, respectively. To reinforce this 
expectation, the comparison of chemical shift data for 1H 
(500 MHz) and 13C-NMR (125 MHz) spectrum for R1 and 
R2 carried out as shown in Table 1. Based on the literature, 
long-distance correlation (HMBC) measurements have 
demonstrated the compound similarity as 4-epi-
aristoligone isolated from Aristolochia chilensis and 
Holostylis reniformis plants [32-34].  
The 13C-NMR spectrum of R1 and R2 showed the presence 
of twenty-two carbons, which are in agreement with the 
molecular formula C22H29O5 and C22H28O5, respectively. 
The DEPT spectrum showed the presence of two-methyl 
and four-oxy-methyl, nine methines, and seven quaternary 
carbons. The methyl groups of R1 resonated at δ 14.99 
ppm and δ 15.07 ppm for C-2 and C-3, respectively. 
Meanwhile, the methyl groups of R2 resonated at δ 42.69 
ppm and δ 16.96 ppm for C-2 and C-3, respectively. 

Moreover, the oxy-methyl groups of R1 and R2 resonated 
between δ 55.90 to δ 56.0 ppm. The characteristic 
quaternary carbon peak C-1 appeared at δ 83.26 ppm for 
R1 and δ 200.07 ppm for R2, indicating specifically attach 
to hydroxyl (R1) ketone (R2) groups, respectively. The 
complete backbone and side-chain assignments of all 
protons and carbons of R1 and R2 were shown in Table 3.  
Synthesis of aristoligone derivatives 
Compound R2 was synthesized using NaBH4 in methanol 
to produce a transition compound, the reduced-aristoligol. 
The reduced-aristoligol was then further synthesized to 
produce the acetyl aristoligol compound (R3). The 
synthetic route of the target compounds R2 to R3 is shown 
in Scheme 1. hydrogenation of R2 compound and 
esterification (acetylation) of the reduced-aristoligol 
compound using acetic anhydride and DMAP as a catalyst 
in chloroform (CHCl3) were also carried out. The 1H and 
13C-NMR spectrum of compound R2 indicated the 
presence of three aromatic protons with ABC system 
appear at δH 1.26 (d, 7.1 Hz); 1.07 (d, 7 Hz) and 6.61 (d, 1.6 
Hz), as illustrated in ring C. Two aromatic protons in 
singlet form were shown at δH 6.43 (s) and 7.57 (s), and 
four methoxyl groups (s) at δH 3.92; 3.98; 3.89 and 3.91 at 
C-6, C-7, C-4’ and C-5’, respectively. The presence of two 
methyl groups (d) and three methine CH (m) were shown 
at δH 1.26, 1.07, and 2.78. It was characterized as a lignan 
derivative of aristoligone (R2). Supporting data such as 
13C-NMR and H-C correlation (HMQC) spectrum, with the 
presence of carbonyl group at δH 200.07, were illustrated 
in Figure 3. For a complete structure, it was confirmed that 
the HMBC experiment detected the position of chemical 



Rosmalena et al. /Isolation, Identification and Synthesis of Neolignans from Phoebe declinata Leaves: Molecular Modeling and 
Anticancer Evaluation 

 

1134                                                                          Systematic Reviews in Pharmacy                                 Vol 12, Issue 1, January 2021 
 

shifts. Based on these results and compared to some 
references, this compound has a structure lignan 
derivative, as aristoligone (R2) [35].  

Looking at further identification of compound R2 was 
reduced in excess of NaBH4/methanol. It was crystallized 
in n-hexane and DCM mixture solution to result in a 
colorless crystal reduced-aristoligol compound in a good 
yield as a pure crystal of reduced-aristoligol (100%). 
Reduced-aristoligol was considered as an intermediate 
compound before producing the end product. Mass 
spectroscopy data supported compound reduced-

aristoligol elucidation, with the presence of molecular ion 
at m/z (M+H)+ = 373.12. The 1H-NMR spectrum indicated 
a new methine hydroxy (HC-OH) at δH 5.0 (d, 7.5) and the 
carbonyl group disappearance in the 13C-NMR spectrum. 
The measurement of  2D-NMR (HMQC and HMBC 
experiments) was used to support a complete assignment. 
The comparison of chemical shift data between compound 
R2 and reduced-aristoligol was assigned under the same 
parameter as shown in Table 2. Meanwhile, the molecular 
structure of reduced-aristoligol elucidation is depicted in 
Figure 4. 

 

 

 

Scheme 1. The synthetic route of aristoligone derivatives. Reduced-aristoligol as the intermediate compound was 
synthesized in reduction process from R2 resulting hydroxyl group from ketone substitution. Moreover, the reduced-
aristoligol compound was acetylated and yielded acetyl aristoligol compound, R3. 
 

Table 2. Comparison of chemical shift data for 1H (500 MHz) and 13C-NMR (125 MHz) spectrum for R2 in CD3OD and 
reduced-aristoligol compounds in CDCl3 (δ in ppm, J in Hz). 

No      Aristoligone (R2)           Reduced-Aristoligol                

 δH (in ppm, J in Hz) δC* δH (in ppm, J in Hz) δC* 

1 6.15 (d, 4.6) 76.94 (d) 5.0 (d, 7.5 ) 72.71 (d) 

2 2.07 (m) 39.76  (d) 2.06 (m, 7.5) 40.07  (d) 

2-CH3 0.87 (d, 6.5) 17.34  (q) 0.92 (d, 7.1) 17.92  (q) 

3 2.35 (m) 35.38 2.22 (sx, 7.1) 39.62 (d) 

3-CH3 0.94 (d, 6.5) 8.70 0.91 (d, 7.1) 6.81 (q) 

4 3.62 (d, 6.5) 49.64 3.54 (d, 7.1) 49.47 (d) 

5 6.72 (s) 109.03 7.14  (s) 108.64 (d) 

6 - 148.46 - 148.95 (s) 

6-OCH3 3.84 (s) 55.90 3.87 (s) 55.92 (q) 

7  147.52 - 147.89 (s) 

7-OCH3 3.86 (s) 55.98 3.89  (s) 55.96 (q) 

8 6.26 (s) 111.95 6.21 (s) 112.37 (d) 

9 - 131.71 - 130.73 (s) 

10 - 126.66 - 131.52 (s) 
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1’ - 138.19 - 138.36 (s) 

2’ 6.51 (d, 2.5) 110.80 6.53 (d, 2) 112.17 (d) 

3’ - 148.46 - 147.55 (s) 

3’-OCH3 3.85 (s) 55.84 3.79 (s) 55.95 (q) 

4’ - 148.93 - 147.56 (s) 

4’-OCH3 3.61 (s) 49.64 3.60 (s) 55.92 (q) 

5’ 6.78 (d, 7.6) 109.03 6.78 (d, 8) 110.87 (d) 

6’ 6.57 (bd, 7.6) 121.63 6.64 (dd, 2; 8) 121.83 (d) 

              *Proton – carbon correlations based on HMQC experiment.  

Furthermore, the evaluation of correlation functional 
group (hydroxyl group) and biological activity, reduced-
aristoligol was acetylated with the excess of acetic 
anhydride and catalyst N, N-dimethylaminopyridine 
(DMP) in chloroform. After purification, the R3 compound 
was obtained in colorless crystal in 98% yield. The 
molecular weight of R3 was determined by mass 
spectroscopy, and it was identified to have MW = 414.20. 
The spectrum of 1H-NMR and 13C-NMR appeared a specific 

signal for the acetyl group at δ 2.19 (s); 21.49 and 171.36. 
The other chemical shift of methine hydroxy (H-C-OR) 
moved to the downfield area at δ 6.15 (H-1, d, J = 4.53 Hz) 
and 76.94, indicating that compound R3 was known as 
acetyl aristoligol, as shown in Table 3. The elucidated 
molecular structure of compound R3 with spectral NMR 
HMBC is depicted in Figure 4. Furthermore, compounds 
R1, R2, and R3 were determined by their QSAR properties 
and molecular modeling. 

 

Table 3. Comparison of chemical shift data for 1H (500 MHz) and 13C-NMR (125 MHz) spectrum for reduced-aristoligol in 
CD3OD and R3 compounds in CDCl3 (δ in ppm, J in Hz). 

No Reduced-Aristoligol                 Acetyl Aristoligol (R3)               

 δH (in ppm, J in Hz) δC* δH (in ppm, J in Hz) δC* 

1 5.0 (d, 7,5 ) 72.71 (d) 6.15 (d, 4.6) 76.94 (d) 

2 2.06 (m, 7.5) 40.07  (d) 2.07 (m) 39.76  (d) 

2-CH3 0.92 (d, 7.1) 17.92  (q) 0.87 (d, 6.5) 17.34  (q) 

3 2.22 (sx, 7.1) 39.62 (d) 2.35 (m) 35.38 

3-CH3 0.91 (d, 7.1) 6.81 (q) 0,94 (d, 6.5) 8.70 

4 3.54 (d, 7,1) 49,47 (d) 3.62 (d, 6.5) 49.64 

5 7.14  (s) 108.64 (d) 6.72 (s) 109.03 

6 - 148.95 (s) - 148.46 

6-OCH3 3.87 (s) 55.92 (q) 3.84 (s) 55.90 

7 - 147.89 (s)  147,52 

7-OCH3 3.89  (s) 55.96 (q) 3.86 (s) 55,98 

8 6.21 (s) 112.37 (d) 6.26 (s) 111.95 

9 - 130.73 (s) - 131.71 

10 - 131.52 (s) - 126.66 

1’ - 138.36 (s) - 138.19 
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2’ 6.53 (d, 2) 112.17 (d) 6.51 (d, 2.5) 110.80 

3’ - 147.55 (s) - 148.46 

3’-OCH3 3.79 (s) 55.95 (q) 3.85 (s) 55.84 

4’ - 147.56 (s) - 148.93 

4’-OCH3 3.60 (s) 55.92 (q) 3.61 (s) 49.64 

5’ 6.78 (d, 8) 110.87 (d) 6.78 (d, 7,6) 109.03 

6’ 6.64 (dd, 2; 8) 121.83 (d) 6.57 (bd, 7.6) 121.63 

C=O - - - 171.36 

CH3CO- - - 2.19 (s) 21.49 

              *Proton – carbon correlations based on HMQC experiment.  

 

Figure 4. Identified structure of acetyl aristoligol compound (R3) with spectral NMR HMBC. 

 
Analysis of Lignan compounds and their derivatives based 
on Quantitative Structure-Activity Relationship, (QSPR) 
The structure of the three-dimensional lignan compounds 
(R1 and R2) are natural material compounds isolated 
from the P. declinata Nees plant, and its derivative (R3) 
have been synthesized, where the difference in structure 
between lignans and its derivatives were based on the 
isomer of aristoligone (R2) hydroxyl side chain into 

ketone from aristoligol isolate compound. The reduced-
aristoligol is an isomer of aristoligol (R1). Acetyl 
aristoligol (R3) has an ester side group as a product from 
acetylation of the reduced-aristoligol. The analysis of 
lignan compounds and their derivatives was carried out 
based on physicochemical and drug-likeness properties 
(Table 4 and Table 5). 
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Table 4. Physico-chemical properties of ligan and its derivatives. 

    *HB = Hydrogen bond 

Table 5. Drug likeness properties of the ligand and its derivatives as anticancer. 
 

 **Molsoft Drug-likeness 
 ***FAF-Drugs3 
 
Based on the physicochemical analysis of lignans and their 
derivatives, there were variations in the three compound 
intrinsic properties. R1 and R2 have one hydrogen bond 
donor, while R3 does not have it. Moreover, R1 and R2 
have three hydrogen bond acceptors, while R3 has six 
hydrogen bond acceptors. All lignan has five bond 
rotations. The range of the refractory index is between 
1.533 - 1.567, the density range of the four compounds is 

at 1.102 - 1.240 g/cm3, and the surface tension is in the 
range of 43.5 - 47.3 dyne/cm., Furthermore, the results of 
the drug-likeness analysis showed that the compound R1, 
R2, and R3 meet all the criteria of Lipinski’s rules of five 
(Ro5) where R1 and R2 have no drug-likeness violation 
were found, except R3 that has a log P value slightly higher 
than 5, where log P value should be ≤ 5 [36].  

 

Table 6. ADME properties of lignans as hESR-1 inhibitors. 

 

Further analysis of determining the adsorption-
metabolism-excretion (ADME) properties of drug 
candidates in the human body is critical to evaluating body 
organs and tissue [37, 38]. In this study, the results of the 
determination of ADME assessment in silico [39-41] 
showed that good oral bioavailability and distribution 
volume in the range of 1.62 - 2.32 L/kg of the three 
compounds (Table 6). The percentage of maximum jejunal 
absorption of the four compounds was also found to reach 
100% with the type of absorption via the transcellular 
pathway. The percentage of plasma binding proteins in the 
three compounds are in the range of 82.76 - 83.97%, 
where R2 has the lowest fraction of protein in blood 
plasma compared to other lignan compounds. It indicates 
that most of the R2 fraction compound not bound in blood 
plasma protein will be carried into the body metabolic 
system until the excretion stage, then the drug level 
accumulates in the body becomes smaller compared to the 
other two compounds. Thus, R2 is considered to have the 

best ADME properties due to it has the lowest risk of 
toxicity in the body. The successful drug assessment in 
silico was also performed at up to 50,000 compounds from 
public or corporate databases, which were applied to 
predict and visualize fragmental contributions to guide 
further drug discovery and design [42]. 
Molecular Docking of lignan-hESR-1 complexes 
In determining the interaction of lignan compounds and 
their derivative, molecular docking analysis is used to 
determine the specific interactions between ligands, 
lignan compounds, and their derivative with the target 
protein hESR-1. Based on the results of the docking, it was 
found that compounds: R1 (yellow), R2 (cyan), and R3 
(magenta) had different binding sites at the hESR-1 
binding pocket (Figure 6). 
 

 

Compound HB* 
Donor  

HB*  
Acceptor  

Molecular 
weight 

Bond 
rotation  

Refractory 
index  

Density 
(g/cm3) 

Surface 
tension 

(dyne/cm) 
R1 1 3 372.20 5 1.567 1.148 47.30 

R2 1 3 370.18 5 1.57 1.102 43.90 

R3 0 6 414.20 5 1.531 1.016 39.60 

Compound Drug 
Likeness 
Score** 

Log P** Solubility 
(mg/L)* 

TPSA*** Stereocenter 
amount** 

Lipinski Rule 
Violation** 

R1 0.53 1.93 210.05 43.86 0 0 

R2 0.53 1.93 210.05 43.86 0 0 

R3 0.58 5.08 6.33 50.56 4 1 

Compound Oral 
Bioavailability 

Distribution 
volume  
(L/kg) 

% Maximum   
absorption of 
the jejunum   

Absorption 
type 

% Plasma 
binding protein  

R1 Good 1.62 100 Transcelullar 83.45 

R2 Good 2.04 100 Transcelullar 82.76 

R3 Good 2.32 100 Transcelullar 83.97 
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Figure 5. Molecular docking of hESR-1 with ligands: R1 (yellow), R2 (cyan), and R3 (magenta). 

 
 

Figure 6. Chemical interactions of: (a) ESR residue–R1 interaction; (b) ESR residue–R2 interaction; c) ESR residue –R3 
interaction. 

 
Table 7. Summary of molecular docking analysis. 

 
The interaction of R1, R2, and R3 compounds with specific 
amino acid residues at hESR-1 was stabilized by 
hydrophobic interactions (Figure 6). Based on the docking 
interaction results, where the binding energy value and 
inhibition constants are obtained that R2 compounds have 
the highest inhibitory ability compared to compounds R1 
and R3 (Table 7). The in silico study result showed that the 
R2 compound could be used as a potential candidate for 
the anticancer agent. This research requires further 
testing in vitro and in vivo as a step to validate the activity 

of R2 compound in living cells. The antiproliferative 
activities of compound R1, R2, and R3 against MCF-7 cell 
lines are depicted in Figure 7. It showed that R1 has the 
highest antiproliferative activity at 25 µg/mL or 30x10-3 
µM, followed by R2 and R3, respectively. The IC50 values 
from compounds R1, R2, and R3 are depicted in Figure 8. 
The microscopic observation of MCF-7 cell lines lysis after 
treatments of R1, R2, and R3 are shown in Figure 9. These 
neolignan compounds showed potent cell lysis capacities. 

Compound Binding 
affinity 

(kcal/mol) 

Amino acid residue involved in 
protein-ligand interaction 

∑ hydrogen 
bond 

Ki value 
(nM) 

R1 -6.6 Leu479, Ile451, Asn455, Leu511, Arg515, 
Ser512, Leu508, Thr483 

0  1.43 x 10-5 

R2 -6.7 Leu479, Ile451, Asn455, Leu511, Arg515, 
Ser512, Leu508, Thr483 

0 1.21 x 10-5 

R3 -6.2 
Val446, Glu323, Leu320, Pro324, Arg394, 

Glu397, Trp393, Ile326, Phe455 

0 2.82 x 10-5 
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Figure 7. The graph-trend of the antiproliferative effect of compound R1, R2, and R3 against MCF-7 cell lines. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. The IC50 values of cytotoxic activities of neolignan compound towards MCF-7 cell lines. 
 

 

Figure 9. Microscopic appearance of cell lysis (MCF-7 cell lines) due to treatment of a. compound R1; b. compound R2; c. 
compound R3. 

There are several factors for a failed drug, mainly due to 
adsorption, distribution, metabolism, and excretion 
(ADME). It can be overcome by following Lipinski’s rule of 
five (Ro5). According to Lipinski’s rule that the activity of 
a compound is influenced by several factors, including the 
number of hydrogen bond donors should not be more than 
5, lipophilicity with a Log P value < 5, molecular weight 
(MW) < 500, and the number of hydrogen bond acceptors 
<10, where the MW of R1 is 372,2 with Log P 3.99 and MW 
of R2 is 370.18 with Log P 3.9 [36, 43]. Besides that, it was 
found that R3  (MW = 414.20) has a log P value slightly 
higher than 5, while two other neolignans were way lower 
than 5, which assumed that the log P value over than five 

could cause the decrease of solubility [44]. Moreover, the 
change in carbonyl group into hydroxy and ester groups 
from a calanone can increase its activity against colon 
cancer, HCT116 from IC50 > 20 µg/ml to 1.28 µg/ml; 
whereas for P388 cancer cells from IC50 value of 13.50 to 
7.25 µg/ml (31.81 x10-3 to 17.08x10-3 µM) [45]. The 
cytotoxic activity of R1 has the lowest value of IC50 (94x10-

3 µM) among three neolignans (Figure 8), which indicated 
that R1 has the best inhibition activity to MCF-7 breast 
cancer cell lines. The microscopic appearance of cell lysis 
(MCF-7 cell lines) due to treatments of R1, R2, and R3 are 
shown in Figure 9. Our study demonstrated that these 
neolignan compounds have potent cell lysis capacities. It is 
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believed that the hydroxyl and carbonyl groups of lignans 
have critical roles in inhibiting cancer cell proliferation 
[46-48]. Thus, these neolignans will have high implications 
in biomedical applications, especially in treating cancers. 
 
CONCLUSION 
Neolignan compounds from P. declinata Nees leaves have 
been successfully isolated as aristoligol (R1) and 
aristoligone (R2). The synthesis of aristoligone (R2) by 
reducing agent resulted in reduced-aristoligol as an 
intermediate compound, following synthesis by 
acetylation (esterification) resulted from end product of 
acetyl aristoligol (R3) as new lignan. Aristoligone (R2) 
reduction by NaBH4/MeOH reduction resulted from pure 
reduced-aristoligol in high yield (100%), following 
acetylation with Ac2O/DMAP in CHCl3 also provided a high 
yield of acetyl aristoligol, R3 (98%). R1 performed the best 
antiproliferative and cytotoxic activities. A hydroxyl group 
is an essential group in inhibiting the growth of cancer 
cells (chromophore groups), which plays a significant role 
in hydrogen bonding in inhibiting ESR1 enzyme in silico, 
reinforced by a small interaction energy value capable of 
stabilizing the interaction between binding pocket 
residues of hESR-1 with neolignan derivatives of R1, R2 
and R3.   
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