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ABSTRACT
Background: Vicia amoena Fisch. var. Angusta. Freyn, also known as 
tuogucao, is a traditional medicinal plant in China. Early researches of 
V.  amoena Fisch. var. Angusta. Freyn were focused on biosystematical 
studies, and only a few were concerned with chemical constitutes and 
bioactivities. Objectives: We aimed to isolate chemical constitutes 
in aerial parts of V.  amoena Fisch. var. Angusta. Freyn and study the 
immunomodulatory activity of these chemical components via immune 
cells. Materials and Methods: Polysaccharide was obtained via hot water 
extraction and alcohol precipitation at different concentrations. Individual 
compounds were obtained after several chromatographic techniques, 
and the structures of all individual compounds were characterized by 
physical‑chemical process, 1H, 13CNMR, UV techniques and by comparing 
their NMR data with those discovered in the literature. In vitro immunological 
activity of tested samples was evaluated using MTT assay, NO assay, scratch 
assay, phagocytosis assay and proliferation assay of spleen lymphocytes 
in mice. Results: The four polysaccharide sites including 30%, 50%, 70% 
and 90% were obtained. Eight pure chemical constitutes were isolated 
and identified as: isoquercitrin, quercetin, quercitrin, hyperin, chlorogenic 
acid, kaempferol, kaempferitrin and wogonin. Four polysaccharide sites and 
individual compounds displayed different levels in improving proliferation 
and phagocytosis of RAW264.7 macrophages and lymphocytes. 
Conclusion: Compounds were isolated from the herb that possessed 
immunomodulatory function, and it is likely that the extract from the herb 
via the TLR‑4‑mediated signalling pathway to achieve immunomodulatory 
effects provided a scientific rationale of the traditional uses of the herb.
Key words: Immunomodulation, nitric oxide, polysaccharide, RAW 
macrophage, spleen lymphocyte, Vicia amoena

SUMMARY
•  In this work, we evaluated immunomodulatory activity of 4 polysaccharide 

sites and eight compounds isolated from the aerial parts of Vicia amoena 
Fisch. var. Angusta. Freyn, a folk medicine widely used in treating rheumatic 
diseases in Inner Mongolia, Liaoning and other place in China, via immune 
cells to reveal underlying mechanism of rheumatic diseases. In addition, this 
is first time an immunomodulatory activity in RAW264.7 macrophage and 
mouse splenic lymphocytes of chemical constitutes extracted and isolated 
from V. amoena Fisch. var. Angusta. Freyn aerial parts has been found.

Abbreviations used:
ConA: Concanavalin A; DMSO: Dimethyl sulfoxide; FBS: 
Fetal Bovine Serum; LPS: Lipopolysaccharide; MTT: 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide; NO: Nitric 
oxide; NMR: Nuclear magnetic resonance; ODS: Octadecylsilyl; PHPLC: 
Preparative high performance liquid chromatography; P/E: Petroleum 
ether and ethyl acetate; PBS: Phosphate‑buffered saline; SPF: Specific 
pathogen‑free; TMS: Tetramethyl silane; TLC: Thin Layer chromatography; 
UV: ultraviolet; V. amoena Fisch. var. Angusta. Freyn; Vicia. amoena Fisch. 
var. Angusta. Freyn; V. L, Vicia. L; v/v: Volume per volume.
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INTRODUCTION
Vicia amoena Fisch. var. Angusta. Freyn, a variety of traditional 
Chinese medicine, belongs to the genus Vicia, and is commonly known 
as tuogucao in China.[1] It mainly grows in the regions of Asia at an 
altitude of 80–7500  m above sea level, especially in the northeast of 
China which is extremely rich in resources.[2] At present, many kinds 
of chemical constituents including terpenoids, flavonoids, amino 
acids, and coumarins have been isolated and identified from the 
V. amoena.[3] Meanwhile, some species of the V. amoena also have been 
reported to have antioxidant, antibacterial, anticancer, hypoglycemic, 
liver protection, anti‑Parkinson’s disease and other bioactivities. For 
instance, Sinha[4] found that the extract of polyflavonoid from V.  faba 

L was capable of eliminating free radicals. The chemical compounds of 
diethyl phthalate and 4‑hydroxybenzoic acid isolated from V. villosa can 
effectively inhibit grape phylloxera and bacillus subtilis.[5] The extract of 
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polyphenol from V. Sativa L has an anti‑proliferative activity to THP‑1 
leukemia cells.[6]

V. amoena Fisch. var. Angusta. Freyn  (tuogucao), as traditional herbal 
medicine, is listed in Chinese pharmacopoeia.[7] Although it is applied in 
the treatment of many diseases such as scabies and skin infections, the 
herb is especially recommended for the treatment of rheumatic diseases. 
Previous studies on the V. amoena Fisch. var. Angusta. Freyn (tuogucao) 
mainly focus on biosystematical studies and quantitative determination 
of compounds.[1,8–10] At present, there are few available investigations 
for the research of chemical constituents and bioactivities of V. amoena 
Fisch. var. Angusta. Freyn. To reveal its underlying mechanisms in 
treating rheumatic diseases, this study was designed to investigate the 
chemical constitutes that were extracted and isolated from V. amoena 
Fisch. var. Angusta. Freyn aerial parts and their immunomodulatory 
activity in RAW264.7 macrophage and mouse spleen lymphocytes for 
the first time.

MATERIALS AND METHODS
Plant materials
The aerial parts of V. amoena Fisch. var. Angusta. Freyn were collected 
in September 2015 at Xiao Ta Zi village in Chaoyang city, Liaoning 
province, China. The plant was identified by pharmacist Wang 
W.N.  (Liaoning institute for food control, China) and the voucher 
specimen was deposited at the Herbarium of Liaoning institute for food 
control, China (specimen number 1593/LIFC).

Animals and chemicals
Experiments were performed using 6–8‑week‑old specific 
pathogen‑free (SPF) male mice, weighing 18‑22 g. Animals were obtained 
from the animal breeding facility of the resource center of experimental 
animals, Liaoning province, China. Most of the chemicals such as FBS, 
RPMI‑1640, ConA, LPS, MTT, PBS and DMSO were purchased from 
Solarbio Science Co., Ltd  (Beijing, China). Other chemicals such as 
ethyl alcohol absolute and acetic acid were of analytical grade and were 
purchased from Yongda Chemical Reagent Co., Ltd (Tianjin, China).

Extraction and isolation
Leaves and stems (5 kg), dried in a cool place at room temperature, were 
crushed and extracted with 50 vol. of hot water boiled for thrice. The 
aqueous extract was concentrated to 10% of the original volume with 
a rotary evaporator at 50°C under vacuum. The undiluted solution 
was extracted by petroleum ether to remove interfering compounds 
such as pigments. Then alcohol (95%, v/v) was added, and the solution 
was further precipitated to 24 hrs. After filtered and centrifuged, 
the precipitates were dried under vacuum at  −40°C to obtain the 
polysaccharides of 30%, 50%, 70% and 90%. Four polysaccharide sites 
were lyophilized. The freeze‑dried powder was obtained, weighed, 
and placed in a desiccator and set aside. The filtrate was extracted by 
ethyl acetate (EtOAc) and evaporated under reduced pressure to obtain 
crude extract (81.3 g). The extract was separately applied to a silica gel 
column chromatography  (160–200 mesh, 10.0  ×  33  cm) by gradient 
elution with P/E  (100:0–0:100). Fractions were further purified by 
Sephadex LH‑20 gel column chromatography, octadecyl‑silica  (ODS) 
column chromatography and preparative high performance liquid 
chromatography (PHPLC). The same fractions were combined based on 
Thin Layer chromatography (TLC).

General producers
Nuclear magnetic resonance  (NMR) spectroscopy was performed on 
DMSO‑d6 on a Bruker Avance Ⅲ 400  Hz. One‑dimensional 1H and 
13C‑NMR spectra were obtained using standard pulse sequences and 

parameters, respectively. Column chromatography was carried out on 
silica gel and thin layer chromatography (TLC) analysis was performed 
on silica gel GF254 plates (Merck, Germany). Spots were visualized by UV 
lamp (254 nm and 365 nm) or by spraying with 50% H2SO4/H2O solution. 
The isolated compounds were elucidated with a NMR spectrometer with 
CDCl3 as the solvent and TMS as an internal standard.

Cell culture of macrophages and the preparation of 
lymphocytes
RAW264.7 cell line was obtained from Peking Union Medical College 
Hospital  (Beijing, China) and inoculated to RPMI 1640 medium 
supplemented with 8% fetal bovine serum  (FBS) and antibiotics  (100 
U/ml penicillin and 100 µg/ml streptomycin) in an incubator with a 
humidified atmosphere of 5% CO2 at 37°C. Splenocytes were isolated from 
the spleen of specific pathogen‑free (SPF) male mice. The preparation of 
peritoneal splenocytes was performed as was done previously.[11]

Assessment of cell viability
The cytotoxicity of the polysaccharides of 30%, 50%, 70% and 90% was 
tested using MTT assay based on the methods described by Brahmi, 
with some modification.[12] 3 × 104 of RAW264.7 cells were seeded in 
triplicates in 96‑welled plates, then cultured with polysaccharides at 
different concentrations of 0.004 µg/mL, 0.015 µg/mL, 0.06 µg/mL, 
0.23 µg/mL, 0.94 µg/mL, 3.75 µg/mL, 15 µg/mL, and 60 µg/mL for 24 
hrs. Subsequently, 10 µL of MTT solution (5 mg/mL) was added to each 
well, and the cells were incubated for 3 hrs at 37°C. The supernatant 
was discarded and 150 µL of dimethyl sulfoxide (DMSO) was added 
to each well. The absorbance value was estimated at 490  nm by a 
microplate reader (Tecan, Austria). Macrophages can be activated by 
lipopolysaccharide (LPS) (1 µg/mL) which was regarded as a positive 
control. Cell viability was calculated using the following equation:
Cell viability (%) = A2/A1 × 100
where A1 is the absorbance value of the blank control group, and A2 is 
the absorbance value of the treatment group.

Griess reaction method
The effect of different concentrations  (0.004–60 µg/mL) of 
polysaccharides on NO level in RAW264.7  cells was evaluated in the 
medium using the Griess reaction method.[13] Briefly, the cells were 
treated with polysaccharides at different concentrations (0.004 µg/mL, 
0.015 µg/mL, 0.06 µg/mL, 0.23 µg/ml, 0.94 µg/mL, 3.75 µg/mL, 15 µg/mL, 
60 µg/mL) in the presence or absence of LPS  (1 µg/mL) for 24 hrs. 
50 µL of cultured medium and an equal volume of Griess reagent (50 mg 
naphthyl ethylenediamine in 50 mL distilled water and 1% sulfanilamide 
in 5% phosphoric acid) were mixed and incubated for 20 min at room 
temperature. The absorbance at 540 nm was measured with a microplate 
reader (Tecan, Austria). Nitrite levels were measured by a standard curve 
prepared from sodium nitrite.[14]

Scratch assay
The effect of 30%, 50%, 70% and 90% polysaccharides on the migration 
ability of macrophages was detected via scratch assay. The method was 
measured as described.[15] Macrophages were treated with a series of 
concentrations, of which 30% polysaccharide and 50% polysaccharide 
were treated with 0.06 µg/mL, 0.23 µg/mL, 0.94 µg/mL, 3.75 µg/ml. 
70% and 90% polysaccharides were tested with 0.94 µg/mL, 3.75 µg/mL, 
15 µg/mL and 60 µg/mL, respectively. LPS (1 µg/mL) was regarded as 
positive control. Scratch widths were measured and images were taken at 
the same reference points along with the scratches. The scratch healing 
rate was calculated by the following formula: Scratch healing rate  (%) 
= [(0 hr scratch width – 24‑ or 48‑hr scratch width)/0 hr scratch width] 
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× 100. It was photographically recorded, and cell confluence area was 
measured to calculate the cell migration.[16]

Phagocytosis assay
The phagocytosis of macrophages of test samples including four 
polysaccharide sites and individual compounds were evaluated using 
the neutral red uptake (NRU) assay.[17] RAW264.7 cells were seeded in 
96‑welled plates (3 × 105 cells/well). After an incubation of 2 hrs, the 
supernatant was discarded. RAW264.7 cells were pre‑treated with a test 
sample at different concentrations in the absence of LPS (1 µg/ml) for 24 
hrs. Moreover, RAW264.7 cells were pre‑treated with the polysaccharides 
of 30% and 50%  (0.06–3.75 µg/mL) and the polysaccharides of 70% 
and 90%  (0.94–60 µg/mL). RAW264.7  cells were pre‑treated with 
individual compound at different concentrations  (0.05 µmol/ml, 0.5 
µmol/ml, 5 µmol/ml, and 50 µmol/ml). After the treatment for 24 hrs, 
the supernatant was removed and washed with phosphate‑buffered 
saline  (PBS). Then 3‑amino‑7‑dimethylamino‑2‑methylphenazine 
hydrochloride  (0.05%, w/w) was added into each well and incubated 
for another 0.5 hr. The supernatant was discarded and the cells were 
repeatedly washed twice with PBS. Afterwards, the cells were lysed for 
0.5 hr at room temperature with 100 µL cell lysis buffer (Vethanol:Vacetic 

acid = 1:1). Finally, after 45 min optical density was measured at 540 nm 
in a microplate reader (Tecan, Austria).

The proliferation of splenic lymphocytes
Isolated splenic lymphocytes were induced using a T‑cell (Con A, 7.5 µg/mL) 
or B‑cell (LPS, 1 µg/mL) mitogen. 2.5 × 106 of spleen lymphocytes in mice 
cells were seeded in triplicates in 96‑welled plates, 100 µL per well. The 
lymphocytes were treated with four polysaccharide sites and individual 
compounds at a series of concentrations, respectively. The specific 
concentrations of tested samples are referenced in the above experiments. 
Cells were incubated in RPMI at 37°C in a humidified atmosphere of 5% 
CO2. After culturing for 48 hrs, cell proliferation was evaluated using the 
MTT method.[18]

Statistical analysis
Data are expressed as mean ± standard deviation (x̄±SD). Data analysis 
was performed using SPSS statistical software. Comparison between 
groups was performed by independent sample t test or Dunnett’s test 
in one‑way analysis of variance  (ANOVA). *P  <  0.05; **P  <  0.01; 
***P < 0.001.

RESULTS

Weight after freeze‑drying of polysaccharide
The crude polysaccharide was isolated from the aerial part of V. amoena 
Fisch. var. Angusta. Freyn via hot water extraction and ethanol 
precipitation to obtain the polysaccharides of 30%, 50%, 70% and 90%. 
Then four polysaccharide sites were dried and weighed; the weight after 
freeze‑drying of the polysaccharides is shown in [Table 1].

The structural analysis of isolated individual 
compounds
Eight pure compounds were obtained and identified as isoquercitrin, 
quercetin, quercitrin, hyperin, chlorogenic acid, kaempferol, kaempferitrin 
and wogonin via physical‑chemical process. The spectrum data and the 
molecular structures of these constituents are presented in Figure 1.
Isoquercitrin (1), light yellow powers, C21H20O12, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 254  nm, 356  nm; 
1H‑NMR  (400 MHz, DMSO‑d6) δ  (ppm): 6.20  (1H, d, J  =  1.79  Hz), 
6.40 (1H, d, J = 1.79 Hz), 7.60 (1H, d, J = 1.66 Hz), 6.85 (1H, dd, J = 1.66, 
8.48 Hz), 6.41  (1H, d, J = 8.48 Hz); 13C‑NMR (150 MHz, DMSO‑d6), 
δ (ppm): 156.7 (C‑2), 133.7 (C‑3), 177.8 (C‑4), 101.1 (C‑1´´), 74.5 (C‑2´´), 
76.9 (C‑3´´), 70.3 (C‑4´´), 78.0 (C‑5´´), 61.3 (C‑6´´). The analytical data 
were consistent with the reported data.[19]

Quercetin (2), light yellow powers, C15H10O7, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 255  nm, 370  nm; 
1H‑NMR  (400 MHz, DMSO‑d6) δ  (ppm) 6.19  (1H, d, J  =  1.94  Hz) 
6.40 (1H, d, J = 1.94 Hz), 7.69 (1H, d, J = 2.14 Hz), 7.55 (1H, dd, J = 2.14, 
8.48 Hz), 6.90 (1H, d, J = 8.48 Hz). The analytical data were consistent 
with the reported data.[16]

Table 1: The weight after freeze‑drying of polysaccharide

Polysaccharide (%) Weight (g)
30 2.261
50 7.172
70 5.740
90 5.612

The crude polysaccharide was isolated from the aerial part of Vicia amoena 
Fisch. var. Angusta. Freyn by hot water extraction and ethanol precipitation to 
obtain the polysaccharides of 30%, 50%, 70% and 90%. Then four polysaccharide 
sites were dried and weighed, the weight after freeze‑drying of polysaccharide is 
shown

Figure  1: Compounds isolated from the V.  amoena Fisch. var. Angusta. 
Freyn. Eight pure compounds were obtained and identified as 
isoquercitrin  (1), quercetin  (2), quercitrin  (3), hyperin  (4), chlorogenic 
acid  (5), kaempferol  (6), kaempferitrin  (7) and wogonin  (8) by 
physical‑chemical process and spectrum data. The molecular structures 
of these constitutes are presented
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Quercitrin  (3), yellow powers, C21H20O11, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 255  nm, 371  nm; 
1H‑NMR (400 MHz, DMSO‑d6) δ  (ppm): 6.41 (1H, d, J = 1.79 Hz), 
6.78  (1H, d, J  =  1.79  Hz), 7.72  (1H, d, J  =  1.66  Hz), 7.58  (1H, dd, 
J = 1.66, 8.48 Hz), 6.89 (1H, d, J = 8.48 Hz) 5.32 (1H); 13C‑NMR (150 
MHz, DMSO‑d6), δ  (ppm): 47.9  (C‑2), 136.1  (C‑3), 176.0  (C‑4), 
98.4  (C‑1´´), 70.3  (C‑2´´), 70.1  (C‑3´´), 71.6  (C‑4´´), 69.9  (C‑5´´), 
17.9  (C‑6´´). The analytical data were consistent with the reported 
data.[20]

Hyperin  (4) yellow powers, C21H20O12, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 254  nm, 358  nm; 
1H‑NMR  (400 MHz, DMSO‑d6) δ  (ppm) 6.20  (1H, d, J  =  1.79  Hz), 
6.41 (1H, d, J = 1.79 Hz), 7.53 (1H, d, J = 2.21 Hz), 7.68 (1H, dd, J = 2.21, 
8.48 Hz), 6.83  (1H, d, J = 8.48 Hz), 13C‑NMR (150 MHz, DMSO‑d6), 
δ (ppm): 156.6 (C‑2), 133.9 (C‑3), 177.9 (C‑4), 102.2 (C‑1), 71.6 (C‑2´´), 
73.6 (C‑3´´), 68.3 (C‑4´´) 76.2 (C‑5´´), 60.5 (C‑6´´). The analytical data 
were consistent with the reported data.[16]

Chlorogenic acid  (5) white crystals, C16H18O9, the reactions of 
bromocresol purple was positive. 1H‑NMR  (400 MHz, DMSO‑d6) 
δ (ppm) 7.41 (1H, d, J = 15.87 Hz), 6.14 (1H, d, J = 15.87 Hz), 7.02 (1H, 
d, J = 2.03 Hz), 6.97 (1H, dd, J = 8.15, 2.03 Hz), 6.76 (1H, d, J = 8.15 Hz); 
13C‑NMR  (150 MHz, DMSO‑d6), δ  (ppm): C174.8  (7‑COOH), 
165.0  (C‑9´), 148.3  (C‑4´), 145.5  (C‑3´), 125.5  (C‑1´), 121.3  (C‑6´), 
115.6  (C‑2´), 114.7  (C‑5´), C144.9  (C‑7´), 114.2  (C‑8´). The analytical 
data were consistent with the reported data.[21]

Kaempferol  (6) light yellow powers, C15H10O6, the reactions of 
Mg‑HCl and Molish were positive. UV  (MeOH) λ  (max): 255  nm, 
370  nm; 1H‑NMR  (150 MHz, DMSO‑d6) δ  (ppm): 6.19  (1H, d, 
J = 1.90 Hz) 6.44 (1H, d, J = 1.90 Hz), 12.48 (1H, s), 10.79 (1H, s), 
10.11  (1H, s), 9.38  (1H, s), 6.92  (2H, d, J  =  8.86  Hz), 8.04  (2H, d, 
J = 8.86 Hz); 13C‑NMR (150 MHz, DMSO‑d6), δ (ppm): 115.8 (C‑3’, 
5’), 129.9  (C‑2´, 6´). The analytical data were consistent with the 
reported data.[19]

Kaempferitrin (7) light yellow powers, C27H30O14, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 264  nm, 343  nm; 
1H‑NMR  (400 MHz, DMSO‑d6) δ  (ppm): 6.46  (1H, d, J  =  2.09  Hz), 
6.79  (1H, d, J  =  2.09  Hz), 10.26  (1H, s), 6.93  (2H, d, J  =  8.88  Hz), 
7.80  (2H, d, J  =  8.88  Hz); 13C‑NMR  (150 MHz, DMSO‑d6), δ  (ppm): 
156.5 (C‑2), 134.9 (C‑3), 178.3 (C‑4), 162.1 (C‑7), 98.8 (C‑6), 95.0 (C‑8), 
102.2  (C‑1´´), 99.8  (C‑1´´´), 71.9  (C‑4´´), 70.5  (C‑4´´´), 71.1  (C‑3´´), 
70.7  (C‑3´´´), C70.6  (C‑2´´), 70.5  (C‑2´´´), 70.4  (C‑5), 69.2  (C‑5´´´), 
18.3  (C‑6´´), 7.9  (C‑6´´´). The analytical data were consistent with the 
reported data.[22]

Wogonin  (8) light yellow needle, C16H12O5, the reactions of Mg‑HCl 
and Molish were positive. UV  (MeOH) λ  (max): 264  nm, 343  nm; 
1H‑NMR  (400 MHz, DMSO‑d6) δ  (ppm): 7.00  (1H, s), 12.50  (1H, s), 
10.82 (1H, s), 8.07 (2H, m), 7.62 (3H, m); 1H‑NMR (150 MHz, DMSO‑d6) 
δ (ppm): 156.2 (C‑5), 126.3 (C‑3´, 5´). The analytical data were consistent 
with the reported data.[23]

Figure 2: Effects of four polysaccharide sites on RAW264.7 cell viability macrophages cells; data is expressed as mean ± SD (n = 3). Within 0.06–3.75 µg/mL, 
the polysaccharides of 30% and 50% did not cause any significant cell damage compared with control group, which showed that the polysaccharides of 30% 
and 50% were non‑cytotoxic to macrophages within that concentration range
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Effects of polysaccharides cell viability of 
RAW264.7 cells
MTT colorimetric method is a common measure to response the 
number of viable cells and cell viability by detecting the activity of 
mitochondrial dehydrogenase of live cells.[24] Figure 2 shows that within 
0.06–3.75 µg/mL, the polysaccharides of 30% and 50% do not cause 
any significant cell damage compared with the control group, which 
showed that the polysaccharides of 30% and 50% were non‑cytotoxic to 
macrophages within that concentration range. Additionally, cell viability 
of RAW264.7 cells, which were treated with the polysaccharides of 30% 
and 50%, increased at doses of 0.06 µg/mL, 0.23 µg/mL, 0.94 µg/mL and 

3.75 µg/mL. However, the polysaccharides of 30% and 50% at the high 
concentrations inhibited cell proliferation; this effect could be associated 
with mitochondrial dysfunction such as the loss of transmembrane 
mitochondrial potential.[12] The polysaccharides of 70% and 90% were 
non‑cytotoxic to macrophages in the concentration range of 0.004–60 
µg/mL. And the cell viability improved at doses of 0.94 µg/mL, 3.75 µg/
mL, 15 µg/mL and 60 µg/mL.

Effect of polysaccharide treatment on nitric oxide
It is known that nitric oxide  (NO) is a messenger involved in 
immunomodulation, inflammatory response, signal transduction 

Figure  3: Effects of polysaccharides and polysaccharides  +  LPS on the production of NO in macrophages RAW264.7  cells; data is expressed as 
mean ± SD (n = 3). The RAW264.7 macrophages that were treated with the polysaccharides of 30%, 50% and 70% presented a significant dose‑dependent 
increase in macrophages nitric oxide production at 0.004–60 µg/mL, as compared with negative control. The results showed that the polysaccharides of 
30%, 50% and 70% could promote RAW264.7 macrophages to release NO. The production of NO in LPS‑stimulated RAW264.7 macrophages pre‑treated with 
the polysaccharides of 30%, 50%, 70% and 90% were higher than that of RAW264.7 macrophage treated with the polysaccharides of 30%, 50%, 70% and 
90% at the concentration range of 0.004–60 µg/mL, which indicated a synergistic effect on the production of NO
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and vasodilatation. Macrophages can be activated by cytokines, LPS 
and microbial antigens to release NO to eradicate microbes, parasites 

and tumor cells.[25]  The nirtric oxide production of RAW264.7 
macrophages treated with 30%, 50% and 70% polysaccharides 

Figure 4: Microscopic view of the effect of four polysaccharide sites from V. amoena Fisch. var. Angusta on scratch healing of macrophages. The width of 
the scratch did not significantly changed at 24rs or 48 h. Trherefore, we chose to use Image J software to analyze the experimental results that there was no 
significant difference in the healing rate of the scratch of macrophages in the four polysaccharide sites

Figure 5: Effect of four polysaccharide sites from V. amoena Fisch. var. Angusta on the ability of scratch healing of macrophages. The polysaccharides of 30% 
and 50% were dealt with a series of concentrations (0.06 µg/mL, 0.23 µg/mL, 0.94 µg/mL and 3.75 µg/mL). The polysaccharides of 70% and 90% were treated 
with the concentrations of 0.94 µg/mL, 3.75 µg/mL, 15 µg/mL and 60 µg/mL. And the width of scratch did not significantly change at 24 or 48 hrs. There was 
no significant difference in the healing rate of the scratch of macrophages in the four polysaccharide sites. There was no effect of polysaccharide isolated 
from Vicia amoena Fisch. var. Angusta on cell migration



YULI SANG, et al.: Immunomodulatory Activity of Vicia Amoena Fisch. var. Angusta. Freyn

1006� Pharmacognosy Magazine, Volume 18, Issue 80, October-December 2022

increased significantly in a dose-dependent manner at  0.004-60 μg/
mL, compared with negative control [Figure 3]. s shown in Figure 3, 
the RAW264.7 macrophages were treated with the polysaccharides of 
30%, 50% and 70% presented a significant dose‑dependent increase in 
macrophages nitric oxide production at 0.004‑60 µg/mL, as compared 
with negative control. The results showed that the polysaccharides of 
30%, 50% and 70% could promote RAW264.7 macrophages to release 
NO. The production of NO in LPS‑stimulated RAW264.7 macrophages 
pre‑treated with the polysaccharides of 30%, 50%, 70% and 90% 
were higher than that of RAW264.7 macrophages treated with the 
polysaccharides of 30%, 50%, 70% and 90% at a concentration range of 
0.004–60 µg/mL, which indicated a synergistic effect on the production 
of NO. The nitrite concentration of NO production was even higher 
than LPS when the cells were exposed to LPS after pre‑treatment with 
the polysaccharides of 30% [Figure 3]. The effect of 90% polysaccharide 
activated macrophages to release NO was not obvious [Figure 3]. These 
results indicated that four polysaccharide parts could increase immune 
effect by stimulating RAW264.7 macrophages to secrete NO at different 
levels.
TLR4 is a newly discovered transmembrane receptor of polysaccharides, 
and its discovery greatly promotes the knowledge of LPS or 
polysaccharide signal transduction pathways. At present, some reports 
have confirmed that some polysaccharides from natural plants acted 
on macrophages via TLR4 signal pathway.[26–28] Therefore, it is likely 
that when polysaccharides recognize TLR4 receptor on the surface of 
RAW264.7 macrophages, the cells were triggered to release iNOS, which 
in turn activated the release of NO.

Effect of polysaccharides on cell migration
Scratch wound healing assay was used to determine cell migration. 
Based on the data of MTT and NO assay, the polysaccharides of 30% and 
50% were dealt with a series of concentrations (0.06 µg/mL, 0.23 µg/mL, 
0.94 µg/mL, and 3.75 µg/mL). The polysaccharides of 70% and 90% were 
treated with concentrations of 0.94 µg/mL, 3.75 µg/mL, 15 µg/mL, and 
60 µg/mL. The results are presented in Figures 4 and 5. From Figure 4, the 
width of scratch did not significantly change at 24 or 48 hes. Therefore, 
we chose to use Image J software to analyze the experimental results 
which are demonstrated in Figure 4. The figure shows that there was no 
significant difference in the healing rate of the scratch of macrophages 
in the four polysaccharide sites. Therefore, the polysaccharides isolated 
from V. amoena Fisch. var. Angusta. Freyn aerial parts have no effect on 
cell migration.

Effect of polysaccharides on phagocytosis of 
macrophages
The NRU assay was used for the evaluation of phagocytosis by 
RAW264.7 macrophages. Phagocytes play an important role in 
immunity by eliminating pathogenic bacteria, fungi and malignant cells 
and maintaining the healthy physiological state.[29,30] Phagocytosis was 
regarded as the key indicator to assess the activities of macrophages.[16] 
When tissues and organs become impaired, activated macrophages exhibit 
phagocytosis leading to destruction of foreign substances, and play an 
important part in the body’s immune system.[31] As shown in Figure 6, 
compared with the control group, the phagocytosis of RAW264.7 

Figure 6: Effect of four polysaccharide sites on phagocytosis of RAW264.7 macrophages cells; data is expressed as the mean ± SD (n = 3), * P < 0.05; ** 
P < 0.01; *** P < 0.001. Compared with the CON group, the phagocytosis of RAW264.7 macrophages treated with the polysaccharides of 30%, 50%, 70% 
and 90% were increased in a dose‑dependent manner at the test concentrations, which showed that the four polysaccharide sites had abilities to enhance 
phagocytic activity of RAW264.7 macrophages
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macrophages treated with polysaccharides of 30%, 50%, 70% and 90% 
increased in a dose‑dependent manner at the test concentrations, which 
showed that the four polysaccharide sites had abilities to enhance 
phagocytic activity of RAW264.7 macrophages. For example, cells were 
treated with polysaccharides of 30% at a dose of 0.94 µg/mL and 50% 
at a dose of 3.75 µg/mL; the phagocytic rates were even higher than 
the positive control (LPS). These results indicated that polysaccharides 
could improve immune function by activating RAW264.7 macrophages 
to phagocytose foreign substances. Furthermore, polysaccharides might 
recognize TLR4 receptor to activate RAW264.7 macrophages, which was 
consistent with the release of NO result.

Effect of individual compounds on phagocytosis of 
macrophages
Eight chemical components isolated from V.  amoena Fisch. var. 
Angusta. Freyn except chlorogenic acid were flavonoids. The 
basic structures of flavonoids have a common carbon skeleton 
of two benzene rings  (ring A and B), joined by a three‑carbon 

bridge  (C6‑C3‑C6).[32] Based on previous literature, flavonoids 
possessed a series of anti‑inflammatory, antioxidants, anticancer 
and prevented the immunological and chronic disorders biological 
functions.[33] As shown in Figure  7, eight individual compounds 
except chlorogenic acid had the ability to enhance phagocytic activity 
of macrophages. Furthermore, the phagocytosis rates of isoquercitrin, 
kaempferol, quercetin and wogonin in the concentration range 
of 0.05–50 µmol/mL were higher than those in other compounds. 
However, the phagocytosis rate of quercitrin can be only improved at 
the dose of 0.05 µmol/mL, which indicated that high concentrations 
might induce cytotoxicity. Collectively, the above results confirmed 
that flavonoids can enhance immune response by increasing 
phagocytic activity of macrophages.

Effect of polysaccharide on splenic lymphocyte 
proliferation
The spleen is an important immune organ containing B lymphocytes 
and T lymphocytes.[34] B lymphocytes (60%) and T lymphocytes (40%) 

Figure 7: Effect of individual compounds on phagocytosis of RAW264.7 macrophages cells. Data is expressed as the mean ± SD (n = 3), *P < 0.05; ** P < 0.01; 
*** P  <  0.001. Eight individual compounds except chlorogenic acid had the abilities to enhance phagocytic activity of macrophages. Furthermore, the 
phagocytosis rates of isoquercitrin, kaempferol, quercetin and wogonin in the concentration range of 0.05–50 µmol/mL were higher than those in other 
compounds
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Figure 8: Effect of individual compounds on proliferation of RAW264.7 macrophage cells. Data is expressed as mean ± SD (n = 3), * P < 0.05; ** P < 0.01; *** 
P < 0.001. The polysaccharide of 30% and 50% can improve the proliferation ability of spleen lymphocytes in mice to varying degrees, and 50% polysaccharide 
can increase the proliferation ability of spleen lymphocytes in mice better than 30% polysaccharide. The result indicated that the polysaccharides of 30% and 
50% played an active role in the immune regulation of the body. The proliferation rate was clearly suppressed (P < 0.01) when the cells were exposed to ConA 
after pre‑treatment with the polysaccharides of 30% at 0.06–3.75 µg/mL, while the proliferation rate was increased in a dose‑dependent manner (P < 0.01) 
when the cells were exposed to LPS after pre‑treatment with the polysaccharides of 30% at 0.06–0.94 µg/mL. The above results showed that there could 
be an exertion of a synergistic effect about polysaccharides of 30% and LPS. On the contrary, there could be an exertion of an antagonistic effect about 
polysaccharides of 30% and ConA. The lymphocytes were treated with the polysaccharides of 50% at 0.06–0.94 µg/mL, and the proliferation rate increased 
in a dose‑dependent manner. The cells were exposed to LPS and ConA after pre‑treatment with the polysaccharides of 50% at 0.06–3.75 µg/mL, and the 
proliferation rate markedly improved. The polysaccharides of 70% and 90% had no effect on the proliferation of spleen lymphocytes in mice

can be stimulated by LPS and Concanavalin A (ConA), respectively.[35] 
Lymphocyte proliferation is the most direct indicator of host immune 
status.[36] It was reported that the imbalance of functions and numbers 
of specific T cell subsets is critical to pathogenic derangements in 
systemic rheumatic diseases.[37] Although the pathogenesis of rheumatic 
diseases are poorly understood, it is worth noticing that these antibodies 
and self‑reactive lymphocytes are capable of influencing immune 
responses and can eventually trigger tissue and organ damage.[38] In 
this experiment, the lymphocytes were treated with the polysaccharides 
of 30% and 50% at 0.06–3.75 µg/mL, due to fact that the proliferation 
activity was most effective without affecting cell viability. And the 
lymphocytes were treated with the polysaccharides of 70% and 90% 
at 0.94–60 µg/mL. As shown in Figure  8, the polysaccharide of 30% 
and 50% can improve the proliferation ability of spleen lymphocytes 
in mice to varying degrees, and 50% polysaccharide can increase the 
proliferation ability of spleen lymphocytes in mice better than 30% 
polysaccharide. The result indicated that the polysaccharides of 30% 
and 50% played an active role in the immune regulation of the body. 
The proliferation rate was clearly suppressed (P < 0.01) when the cells 
were exposed to ConA after pre‑treatment with the polysaccharides 
of 30% at 0.06–3.75 µg/mL, while the proliferation rate increased in a 
dose‑dependent manner (P < 0.01) when the cells were exposed to LPS 
after pretreatment with the polysaccharides of 30% at 0.06–0.94 µg/mL. 
The above results showed that there could be an exertion of a synergistic 
effect about polysaccharides of 30% and LPS. On the contrary, there 
could be an exertion of an antagonistic effect about polysaccharides of 

30% and ConA. The lymphocytes were treated with the polysaccharides 
of 50% at 0.06–0.94 µg/mL; the proliferation rate increased in a 
dose‑dependent manner. The cells were exposed to LPS and ConA after 
pre‑treatment with the polysaccharides of 50% at 0.06–3.75 µg/mL, and 
the proliferation rate markedly improved. The polysaccharides of 70% 
and 90% had no effect on the proliferation of spleen lymphocytes in 
mice.

Effect of individual compounds on splenic 
lymphocyte proliferation
Previous studies reported that flavonoids could exert 
cytoprotective effects, restoring lymphocyte proliferation and 
preventing apoptosis.[39] As known in Figure  9, the proliferation 
rates significantly improved when lymphocytes separately were 
treated with isoquercitrin, quercetin, wogonin, quercitrin, 
kaempferitrin and kaempferol; the results showed that they could 
exert the effect of immune regulation. The cells were exposed 
to LPS after pretreatment with each tested samples. All samples 
except for isoquercitrin had a considerable proliferation ability 
on lymphocytes and there were obvious differences between 
groups of quercetin, quercitrin and wogonin. The proliferation 
ability had improved to varying degrees when the cells were 
exposed to ConA after pre‑treatment with isoquercitrin, wogonin, 
quercitrin, kaempferitrin and kaempferol. The proliferation 
rate in ConA‑stimulated cells pretreated with isoquercitrin was 
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higher than other tested groups, while quercetin could decrease 
the proliferation rate. Li[40] suggested that flavonoids exerting 
their immunomodulatory effect might be through regulating TLR 
signal pathways, especially the expression of TLR2 and TLR4.
Previous literatures have reported the chemical constitutes and 
bioactivities of some species from the genus of Vicia. However, there 
are few reports about the chemical constituents and bioactivities from 
the species of V. amoena Fisch. var. Angusta. Freyn. In this study, our 
team investigated the immunological activities of four polysaccharide 
sites and individual constituents isolated from V.  amoena Fisch. var. 
Angusta. Freyn aerial parts for the first time. The results showed that 
there presented a positive effect of the four polysaccharide sites and 
individual constituents on immune‑regulation. Meanwhile, the four 
polysaccharide sites and individual constituent showed different 
results about immune‑regulation. Additionally, compared to individual 
constitutes, polysaccharides had a more obvious effect on improving 
immune activity.

DISCUSSION
All results demonstrated that four polysaccharide sites and individual 
compounds isolated from V.  amoena Fisch. var. Angusta. Freyn aerial 
parts was able to enhance the immune responses in proliferation, NO 
production and phagocytosis of macrophages, increasing splenic 
lymphocyte proliferation. Hence, our results might help in preliminarily 
applying the use of Vicia. amoena Fisch. var. Angusta. Freyn traditional 
medicine to treat rheumatic diseases, and it is likely that the extract from 
the herb might be via the TLR‑4‑mediated signaling pathway to achieve 
immunomodulatory effects.

CONCLUSION
In summary, we not only provide a scientific rationale of the 
traditional uses of the herb, but also that the natural compounds, 
especially polysaccharides and polyphenols, from V.  amoena Fisch. 
var. Angusta. Freyn can be considered as a novel therapeutic entity for 
immune‑regulation in humans.

Figure 9: Effect of individual compounds on proliferation of RAW264.7 macrophage cells. Data is expressed as mean ± SD (n = 3), * P < 0.05; ** P < 0.01; 
*** P < 0.001. The proliferation rates significantly improved when lymphocytes separately were treated with isoquercitrin, quercetin, wogonin, quercitrin, 
kaempferitrin and kaempferol; the results showed that they could exert the effect of immune regulation. The cells were exposed to LPS after pre‑treatment 
with each tested samples. All samples except for isoquercitrin had a considerably proliferation ability on lymphocytes and there were obvious differences 
between groups of quercetin, quercitrin and wogonin. The proliferation ability had been improved to varying degrees when the cells were exposed to 
ConA after pre‑treatment with isoquercitrin, quercetin, wogonin, quercitrin, kaempferitrin and kaempferol. The proliferation rate in ConA‑stimulated cells 
pre‑treated with isoquercitrin was higher than other tested groups, while quercetin can decrease the proliferation rate
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