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Abstract
In this study the potential use of an aqueous two phase system (ATPS) for the extraction of two lignans from Phyllanthus
Niruri L. was evaluated and optimized using response surface methodology (RSM). Their anti-cancer potential against
human lung cancer cell line A549, hepatic cancer cell line SMMC-7721, gastric cancer cell line MGC-803 were also
evaluated respectively. The result showed that lignan hypophyllanthin displayed obvious anti-cancer activity in all of three
cell line, but lignan phyllanthin only performed signiﬁcant activity against SMMC-7721 cell line. Besides, the MOE
program docking research of two compounds inside the related protein active site was carried out to explore the molecular
interactions and targets. The docking result explained protein 4ZSE (human lung cancer target protein), 4OUM (gastric
cancer target protein), 3QBY (hepatic cancer target protein), 1RI0 (hepatic cancer target protein) might be potential active
site. In brieﬂy, this study exhibited the in vitro anti-cancer potential of two lignans and this new extraction method may also
be applicable for other natural products.
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Introduction
Phyllanthus Niruri L. belongs to an Euphorbiaceae herb
and is widely used as folk medicine for liver protection and
anti-hepatitis B in India, China and other Asian countries
(Lee et al. 1996). Lignans, one major active component of
Phyllanthus Niruri L. (Deng et al. 2008), have already been
identiﬁed with several bioactivities ranging from anti-HBV
(Wei et al. 2012), anti-HIV, anti-cancer, antioxidant, and
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anti-inﬂammatory activities (Wu et al. 2012; Liu et al.
2014a, b). Particularly, lignans phyllanthin and hypophyllanthin showed many bioactivities such as liver protecting efﬁcacy (Madhukiran and Ganga 2014) and breast
cancer (Madhukiran and Ganga 2014). These results greatly
interested us that the two lignans might be possible potential
agents for the treatment of cancer. Therefore, we
explored anti-cancer activities of two lignans on three cell
lines and molecular interactions for potenial targets were
also achieved by using molecular operating environment
(MOE) software package (Santos et al. 2009; Babu et al.
2012).
Traditionally, the phyllanthin and hypophyllanthin were
isolated and puriﬁed mainly by using column chromatography (CC) (Ferrari et al. 1990; Halstead et al. 2007).
However, these methods were time consuming and requiring large volumes of organic solvents. Therefore, an alternative method needs to be applied to extract the two
lignans. Aqueous two phase system (ATPS), an aqueous
two-phase system involves chemical species that separate
into two different phases when mixed in certain ranges of
composition (Shen et al. 2007). An ATPS based on short
chain alcohols and inorganic salts can be used to extract and
separate active natural products (Ahmad et al. 2008; Pei
et al. 2012). The advantages to using such a system includes
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good capacity, low energy consumption, and biocompatible
environment advantages (Zhi and Deng 2006). In our present work, an ethanol/(NH4)2SO4 system was used in
extraction of two lignans. To further optimize the conditions, salt and ethanol concentration, ultrasonic extraction
time were optimized using response surface methodology
(RSM).

ranging from 0.0945 to 1.5 mM. After the incubation, the
culture media was removed, 180 μL fresh media and 20 μL
of MTT solution (5 mg/mL) were added into each well. The
suspension was then incubated for another 4 h. After the
incubation, the culture media was removed again. After the
addition of 100 μL of DMSO, the OD values were measured
using a microplate reader at 490 nm and the percent of cell
death was calculated.

Materials and methods

HPLC analysis

Extraction and isolation of liganans

The mobile phase used for analysis was acetonitrile: water
(55:45, v/v) at a ﬂow rate of 0.5 mL/min. A 10 μL sample
was injected, and the elution was monitored at 230 nm (Ma
et al. 2011). The results for the partition coefﬁcient (K) and
the recovery (R) of lignans were obtained.

Phyllanthus Niruri L. (authentication number: 06121) was
collected in Longan, Guangxi province, China. The dried
herbs were extracted twice with 95% (v/v) ethanol
(1000 mL) using heat extraction for 1.5 h at 75 °C (Guo
et al. 2012). The extract was centrifuged and the supernatant
ﬁltered through a 0.45 μm ﬁlter membrane under vacuum,
concentrated to remove the ethanol, and dried to give a
crude lignans extract. In addition, large amounts of chlorophyll were removed by the method of drip sedimentation
to obtain a crude ethanol extract (Tan et al. 2014). The
concentration of lignans were determined by HPLC (ThermoFisher Scientiﬁc UItiMately 3000, USA) and chromatographic separation was performed on a Acclaim C18
column (2.1 × 150 mm, 3 μm).
Mass spectroscopy was performed on a Finnigan LCQ
Deca XP MAX mass spectrometer (Thermo Fisher, San
Jose, CA, USA) which was equipped with an ESI source
and an ion trap analyzer in the positive ion mode/in the
negative ion. NMR spectra were recorded on Bruker DRX
500 MHz (1H/13C, 500 MHz/125 MHz) spectrometer
(Bruker, Bremerhaven, Germany) and chemical shifts were
quoted in δ as parts per million (ppm) downﬁeld with tetramethylsilane (TMS) as internal reference. CC: silica gel
(200–300 mesh; Qingdao Makall Group Co., Ltd., Qingdao,
China). All other used chemicals were analytical reagent
grade.

Results and discussion
In order to choose an optimal ATPS for partitioning of the
target, different inorganic salts such as NaH2PO4, (NH4)
2SO4, CaCl2 NaCl were tested for their phase-forming and
partition behavior of lignans with ethanol based on the
characteristic of nontoxic and easy available when compared with n-propanol and isopropanol. No phase separation was observed with CaCl2 and NaCl, the other two kinds
of salts formed in the desired two phases. In addition,
NaH2PO4 has a lower hydration capacity in water, leading
to lower solubility and a lower capacity of phase-formation.
Therefore, ATPS of ethanol/(NH4)2SO4 ATPS was selected
for further investigation Fig. 1.

Effect of the concentration of salts concentration

Evaluation of the anti-cancer activity of the lignans

The concentration of (NH4)2SO4 could have a signiﬁcant
effect on the extraction performance. In this work, we
choose ATPS conducted by increasing (NH4)2SO4 concentrations from 17 to 27% (w/w). As shown in Fig. 2, the
data illustrated that the partition coefﬁcient and the recovery
of lignans signiﬁcantly increased when concentration of

Anti-cancer activities of two lignans were identiﬁed using
the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay on lung cancer cell line A549, hepatic cancer
cell line SMMC-7721 and gastric cancer cell line MGC803. Logarithmically growing cells were seeded in 96 well
culture plates at a density of 1 × 105 cells/mL in 5% CO2 at
37 °C. After 24 h incubation, various concentrations of
drugs at different concentrations were added into the cell
sample. The mixture suspension was then incubated for
another 48 h. The lignans, with cis-platinum as positive
control, were evaluated in duplicate at ﬁnal concentrations

Fig. 1 Structure of two lignans
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Fig. 2 Effect of salts concentration on the partition coefﬁcients and
recoveries. Symbols: ■□ represent Partition coefﬁcient (K) and
Recovery (Y/%) of phyllanthin respectively. ▲△ represent Partition
coefﬁcient (K) and Recovery (Y/%) of hypophyllanthin respectively
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Fig. 3 Effect of ethanol concentration on the partition coefﬁcients and
recoveries. Symbols: ■□ represent Partition coefﬁcient (K) and
Recovery (Y/%) of phyllanthin respectively. ▲△ represent Partition
coefﬁcient (K) and Recovery (Y/%) of hypophyllanthin respectively

(NH4)2SO4 was increasing in the system. This behavior can
be explained by the salting out effect that the “ion–dipole”
interaction between salt ions and water molecules leads to
the hydration of ions, causing the phase-forming salts to
dissolve in the lower phase (Wang et al. 2010). Meanwhile,
these interactions decrease the amount of free water molecules in the lower phase, leading to the exclusion of alcohol
and the target compound. Therefore, a large amount of
lignans were enriched in the upper phase. Our tests proved
an ATPS containing salts concentration at the range
between 21–25% (w/w) possessed good partition coefﬁcient
and the recovery value.

Effect of the concentration of ethanol concentration
The effects of the ethanol concentration upon the recoveries
and partition coefﬁcients was investigated at the level of
23% (w/w) (NH4)2SO4. When the ethanol concentration
was less than 16%, a two-aqueous phase system could not
be formed. Meanwhile, if the ethanol concentration was
above 30%, the salts would be precipitated. As shown in
Fig. 3, ethanol concentration between 22 and 28% (w/w)
was selected for the following experiments.

Effect of ultrasonic extraction time
Ultrasonic-assisted extraction is a new technique for the
separation that represents an attractive alternative due to its
reduced solvent consumption, shorter time, simpliﬁed
manipulation, and lower energy input. At the ATPS of 25%
(w/w) ethanol and 17% (w/w) salt, we evaluated the inﬂuence of ultrasonic extraction on the lignans partition behavior from 5 to 20 min. Figure 4 implied that ultrasound
coupling could exhibit an contributing role in lignans

Fig. 4 Effect of ultrasound extraction time on the partition coefﬁcients
and recoveries. Symbols: ■□ represent Partition coefﬁcient (K) and
Recovery (Y/%) of phyllanthin respectively. ▲△ represent Partition
coefﬁcient (K) and Recovery (Y/%) of hypophyllanthin respectively

partition behavior. Above all, the range between 5 and
20 min was selected for further investigation.

Effect of temperature
An ATPS containing 25% (w/w) ethanol and 17% (w/w)
(NH4)2SO4 was chosen to evaluate the inﬂuence of temperature on the partition behavior of lignans. At the temperature range of 25–50 °C, the changes of partition
coefﬁcient was shown in Fig. 5. From the test, as the
temperature increased, the partition coefﬁcient were gradually decreasing. Herein,we choose the 25 °C as the optimum temperature for operation due to the large scale
production by cutting down the cost of equipment and
energy (Table 1).
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Optimization of extraction conditions by using
surface methodology
Based on the results of lignans partitioning, ANOVA was
performed to obtain the quantitative information of each
effect as presented in Table 2. Mean squares (MS) were
determined by dividing the sum of squares (SS) by the
corresponding degree of freedom (DF). The p-values indicate the probability equals the proportion of the area under
the curve of the F-distribution that lies beyond the observed
F value. The p-values of the models were less than 0.05

while the p-values of the lack of ﬁt were higher than 0.05
indicated the particular models were statistically signiﬁcant.
From the result, these optimization ATPS of 21% (w/w)
(NH4)2SO4, 26% (w/w) ethanol, 20 min ultrasound extraction time and 25% (w/w) (NH4)2SO4, 26% (w/w) ethanol,
9.67 min ultrasound extraction time were respectively
selected based on their higher upper phase partitioning
coefﬁcient 76.62 and 90.86 for hypophyllanthin and phyllanthin. Using the optimized ATPS solvent, the most of
hypophyllanthin and phyllanthin were recovered in the
upper phase, whereas the other components accumulated in
the lower phase. Furthermore, the cyclohexane was used for
another step extraction on upper phase, under which two
lignans were recrystallized in this solvent respectively.

Anti-cancer activity evaluation

Fig. 5 Effect of temperature on the partition coefﬁcients and recoveries. Symbols: ■□ represent Partition coefﬁcient (K) and Recovery
(Y/%) of phyllanthin respectively. ▲△ represent Partition coefﬁcient
(K) and Recovery (Y/%) of hypophyllanthin respectively

Table 1 Calibration curves equations of two lignans
Phyllanthin

Hypophyllanthin

Calibration
curves

Yp = 724.4X + 0.2715,
R2 = 0.9999

Yh = 780.1X − 0.7585,
R2 = 0.9998

Calibration
curves range

0.00092–0.224 mg/mL

0.00088–0.18 mg/mL

Table 2 ANOVA results for the
two models of ATPS

The anti-cancer activities of two compounds against three
human cancer cell line in vitro were explored using an 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay with cis-platinum as positive control (Jemal et al.
2005). And the human umbilical vein endothelial cells
(HUVEC) were also used as negative control to explore
cytotoxicity of two lignans (Tang et al. 2014). All the cisplatinum and cell line purchased from Sigma-Aldrich corporation. The results are shown in Table 3.
Hypophyllanthin performed higher efﬁcacy anti-cancer
activity against cell line A549 than the positive control. In
addition, the inhibitions against cell line SMMC-7721,
MGC-803 was 82.33% and 83.01% respectively, which was
a bit lower than the positive control. However, phyllanthin
only exhibited obvious anti-cancer activity against cell line
SMMC-7721 and the half maximal (50%) inhibitory concentration (IC50) was 0.276 mM. Hypophyllanthin exhibited anti-cancer activity with their IC50 values against

Source

DF

SS

MS

F-value

P-value

Model

9

1293.30

143.70

33.71

<0.0001

3.21

0.1444N

25.55

0.0002

3.18

0.1465N

Phyllanthin
Partition coefﬁcient

Residual

7

29.84

4.26

Lack of ﬁt

3

21.09

7.03
2.19

Pure error

4

8.75

Total

16

1323.14

Model

9

431.60

47.96

Residual

7

13.14

1.88

Lack of ﬁt

3

9.26

3.09

Pure error

4

3.88

0.97

Total

16

444.81

Hypophyllanthin
Partition coefﬁcient

Note: “N”means not signiﬁcant
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Table 3 Anti-cancer activity of
two lignans in vitro
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Lignans

Concentration/
mM

A549

SMMC-7721

MGC-803

Inhibition (%) IC50
(mM)

Inhibition (%) IC50
(mM)

Inhibition (%) IC50
(mM)

Hypophyllanthin 0.094

18.24

0.188

52.45

Phyllanthin

Cis-platinum

0.228

25.51

0.181

56.04

30.19

0.375

72.11

77.35

71.77

0.75

82.57

81.13

79.79

1.5

85.41

0.094

12.61

82.33

0.188

19.74

25.05

16.85

0.375

20.88

29.89

20.39

0.75

29.06

37.82

33.22

1.5

33.36

39.39

0.094

65.71

0.188

70.04

–

–

15.91

83.76

83.01
0.276

39.62
–

84.29

83.11

74.83

85.26

85.49

72.56

83.90

84.97

1.5

70.53

85.29

85.16

A549, SMMC-7721 and MGC-803cell line of 0.228, 0.181,
0.184 mM, respectively.

Table 4 Result of negative control (HUVEC)

Molecular docking

Hypophyllanthin

Phyllanthin

Concentration (mM)

–

67.90

0.75

In an attempt to rationalize the biological activity results
and understand the various interactions between ligand and
protein in the active site in detail, the MOE 2008 software
tool version was processed. The target compounds were
built using the builder interface of the MOE program and
subjected to energy minimization. The crystal structure of
protein was retrieved from Protein Data Bank (http://www.
rcsb.org/pdb/home/home.do). We chose the proteins related
with lung, hepatic and gastric cancer from PDB. Then, three
docking procedures were performed for each ligand and the
best conﬁguration of each ligand-receptor complexes was
selected based on energetic grounds. The afﬁnity scoring
function δG was used to assess and rank the receptor-ligand
complexes. The active site was correlated with ‘Site Finder’
module of MOE to deﬁne the docking site for the ligands.
Docking procedure was followed the standard protocol
implemented in MOE and the geometry of resulting complexes was studied using the MOE’s Pose Viewer (Table 4).
The docking results are shown in Table 5. The hypophyllanthin was showing the best docking score of −14.0546
with protein 4ZSE (Lung cancer-related protein), −12.8176
with protein 3QBY (hepatic cancer-related protein), and
−10.841 with protein 4OUM (gastric cancer-related protein).
The best docking score of pophyllanthin was −11.4484 with
protein 1RI0 (hepatic cancer-related protein). As shown in
Figs. 6–10, the hypophyllanthin interacted with 4ZSE through
Van der waals interaction with residue Asn D842, Asp D855,

–

13.86

0.375

Lignans

0.184

52.54

Inhibition (%)

IC50 (mM)
0.128

0.094

35.81

0.188

59.32

0.375

81.02

0.750

85.77

1.500

86.73

0.094

0.73

0.188

8.13

0.375

17.25

0.750

30.90

1.500

42.18

–

Arg D841, Lys D750, and Val D843. For 3QBY and 4OUM,
this lignan was also interacted through Van der waals with
residue His A3, Met A1, Pro A2, and residue His A3, Ala A4,
Pro A60, Phe A5 respectively. Then, the pophyllanthin
interacted with 1RI0 through Van der waals interaction with
residue Pro 27, Leu 15, Ala 28, IIe 89, and Phe 49. Moreover,
the hypophyllanthin was found to be forming there hydrogen
bonds of lengths 2.68, 3.02, 1.48 Å each with 2–COC–in
alkyl chain and –OCH3 in benzene ring of 4ZSE residue Asn
D842 and Asp D855, two hydrogen bonds of lengths 1.84,
2.45 Å each with –OCH3 in benzene ring and –COC– in alkyl
chain of 3QBY residue Met A1, Pro A2. But only one
hydrogen bond was formed of lengths 2.76 Å with –OCH3 in
benzene ring of 4OUM residue Ala A4. Then, pophyllanthin
formed two hydrogen bonds of lengths 1.70, 2.56 Å each with
–OCH3 in benzene ring and –COC– in alkyl chain of 1RI0
residue IIe 89, Phe 49 (Table 6).
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Table 5 The virtual docking
results

Hypophyllanthin

Hypophyllanthin

Hypophyllanthin

Pophyllanthin

A549

MGC-803

SMMC-7721

SMMC-7721

Protein
Lung
cancerrelated

Fig. 6 HPLC results of the
extraction process

Fig. 7 Binding mode of
hypophyllanthin into the binding
site of 4ZSE. The hydrogen
bond formed colored in green
(color ﬁgure online)
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S-score
(kcal/mol)

Protein
Gastric
cancerrelated

S-score
(kcal/mol)

Protein
Hepatic
cancerrelated

S-score
(kcal/mol)

Protein
Hepatic
cancerrelated

S-score
(kcal/mol)

3WDZ

−11.5285

1HI7

−8.234

1N27

−6.6472

1N27

−7.1373

3R45

−8.1079

4OUM

−10.841

1RI0

−10.2793

1RI0

−11.4484

4MKC

−8.8951

2B8A

−10.4032

2B8A

−10.4742

4XP7

−8.4924

2YN8

−9.0554

2YN8

−9.3367

4H5S

−8.3249

2NLU

−9.1693

2NLU

−9.5958

4WFT

−8.8225

3QBY

−12.8176

3QBY

−10.3571

4ZSE

−14.0546

3ZEW

−9.9597

3ZEW

−8.9912

5UGC

−8.8758

4BBA

−10.167

4BBA

−10.2997

5UGA

−10.0493

4AW5

−10.8042

4AW5

−10.0121

5UGC

−8.8758

5UG9

−8.8605

5UG8

−8.8484

5HG9

−8.2159

5HG7

−7.9925

5HG5

−12.0816
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Fig. 8 Binding mode of
hypophyllanthin into the binding
site of 3QBY. The hydrogen
bond formed colored in green
(color ﬁgure online)

Fig. 9 Binding mode of
hypophyllanthin into the binding
site of 4OUM. The hydrogen
bond formed colored in green
(color ﬁgure online)

Fig. 10 Binding mode of
phyllanthin into the binding site
of 1RI0. The hydrogen bond
formed colored in green (color
ﬁgure online)

Table 6 Docking score and
binding into protein

Lignan

Protein

No. of H-bonds

Hypophyllanthin

4ZSE

3

Distance (Å)

Amino acid involved

Molecular structure

2.68

Asn D842

O of –COC–

3.02

Asn D842

O of –COC–

1.48

Asp D855

O of –OCH3

Hypophyllanthin

4OUM

1

2.76

Ala A4

O of –OCH3

Hypophyllanthin

3QBY

2

1.84

Met A1

O of –OCH3

2.45

Pro A2

O of –COC–

Phyllanthin

1RI0

2

1.70

IIe 89

O of –OCH3

2.56

Phe 49

O of –COC–

Medicinal Chemistry Research (2018) 27:2034–2041

Conclusion
In summary, the present study has demonstrated the feasibility of using an ATPS for the extraction of two lignans
from Phyllanthus Niruri L and screened anti-cancer activities against three human cancer cell lines. A Box-behnken
design (BBD) method was used on the basis of single factor
experiments to optimize the extraction conditions of two
lignans. Under the optimized condition, most of the two
lignans were recovered in the upper phase and the cyclohexane was used for another step extraction on upper phase
for puriﬁcation. This simple system might also be applied to
the extraction and puriﬁcation of other natural products. In
addition, hypophyllanthin exhibited potent anti-cancer
activity with their IC50 values of 0.228, 0.181, 0.184 mM
against human lung cancer cell line A549, hepatic cancer
cell line SMMC-7721, gastric cancer cell line MGC-803
respectively. And phyllanthin exhibited obvious anti-cancer
activity against cell line SMMC-7721with the IC50 value of
0.276 mM. Moreover, the docking study of two lignans
inside the related protein active site was carried out to
explore the molecular interactions and a molecular target for
the activity using a MOE-docking technique. In our docking
result, lignan hypophyllanthin was completely binded into
the active pockets of 4ZSE, 3QBY, and 4OUM and the
afﬁnity scoring function was used to assess and rank the
receptor-ligand complexes. Protein 4ZSE, 3QBY, and
4OUM may be protein targets of hypophyllanthin for anticancer activities (lung cancer, hepatic cancer, gastric cancer).
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