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ABSTRACT: Allium mongolicum Regel polysaccharide (AMRP) acts as a main active substance of A. mongolicum Regel,
but its structure and function are not fully understood. In this study, the AMRP fraction, AMRP-2 consisting of GalA,
Rha, Glc, and Gal, was isolated and characterized. The antibacterial activity of AMRP-2 evaluated with the cup-plate
method had a weak inhibitory effect against Staphylococcus aureus, Staphylococcus albus, Pseudomonas aeruginosa,
and Proteus vulgaris, but Escherichia coli and Shigella dysenteriae were relatively sensitive to AMRP-2. Furthermore, the
immunoregulatory effects of AMRP-2 were evaluated both in vitro and in vivo. The results showed that after intragastric
administration of AMRP-2, the proliferation of splenic T cells and the phagocytosis of peritoneal macrophages in mice
were significantly enhanced, and the interleukin-2 (IL-2) and tumour necrosis factors α (TNF-α) levels in serum also
increased sharply compared to the control group. These in vivo results were consistent with those of the in vitro study,
i.e., splenic T cells proliferated dramatically after AMRP-2 treatment, and the secretion of IL-2 from mouse splenic
T cells and TNF-α from peritoneal macrophages increased significantly. These findings indicated that AMRP-2 is an
important immune modulator that has potential as an immunotherapy drug.
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INTRODUCTION

Allium mongolicum Regel (AMR) is a type of perennial
xerophytic herb that is mainly distributed in desert
regions, low mountains, droughty hillsides, and the
grasslands of northwest China and Inner Mongolia [1].
In these regions, AMR plays a vital role in preventing
wind and fastening sand. Additionally, this plant acts
as a nutritious forage crop, a valuable medicine and a
characteristic healthy vegetable with high palatability
and a unique flavour [2]. AMR contains various active
ingredients such as protein, fat, flavonoids, polysac-
charides, and minerals [3–5]. It has been reported that
dietary flavonoids extracted from AMR improve immu-
nity, induce antioxidant effects, and promote growth in
juvenile northern snakehead fish, and flavonoids could
also promote growth as well as growth-related hor-
mone expression in meat sheep [6]. Moreover, AMR
extracts were confirmed to increase the average daily
gain, feed intake capacity, and feed-in remuneration of
broiler chickens [7].

AMR has been recorded to reduce blood pres-
sure and blood lipids and to treat patients with renal
disease. It has been reported that AMR ethanol ex-
tracts have immunological and antioxidant activities
to animals [8]. Wang et al found that AMR aqueous
extract scavenged free radicals and inhibited the ac-
tivity of lipase and angiotensin-converting enzymes,
which may be helpful for obesity and hypertension

treatment. Xiao et al [9] found that ethanol extracts
of AMR lowered blood lipid levels in hyperlipidaemic
mice. However, most studies on AMR are concerned
about the activity of ethanol extracts, which mainly
include phenolics and flavonoids, whereas the specific
structures of the active ingredients of AMR remain
unknown. In the present study, polysaccharides, one of
the most important components of AMR, were investi-
gated [10]. First, the AMRP was extracted, separated,
and purified, and then the structure was identified.
Finally, the biological activities were explored both in
vitro and in vivo. The possible mechanisms of action
were also discussed.

MATERIALS AND METHODS

Materials and chemicals

Fresh AMR was collected from Erdos in Inner Mon-
golia, China, in June and July. Sephadex G-100 and
dextran standards (T-10, T-40, T-70, T-110, and T-
2000) were purchased from Pharmacia (Uppsala, Swe-
den). L-Rhamnose, D-glucose, D-xylose, L-arabinose,
D-arabinose, D-mannose, D-galactose, D-galacturonic
acid, D-glucuronic acid, and D-fructose were obtained
from Shanghai Bioengineering Co. (Shanghai, China).
Bovine serum albumin (BSA) and MTT were purchased
from Sigma (MO, USA). RPMI 1640 medium and foetal
bovine serum were obtained from Gibco (NY, USA).
Lymphocyte separation medium was obtained from
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TBD (Tianjin, China).

AMRP extraction

AMR was washed thoroughly and dried at 65 °C, and
the polysaccharides were extracted with hot water.
Briefly, the dried sample was ground into powder
and treated with 98% aqueous ethanol under reflux
for 12 h to remove the lipids and other hydrophobic
compounds. After drying at 65 °C, the polysaccharides
were extracted 3 times with distilled water (1:20 w/v)
for 8 h each time at 80 °C. The supernatants were
combined and concentrated to one-third of the original
volume with a vacuum rotary evaporator (RE52CS,
Shanghai YaRong Equipment company, China). The
pigment was removed with 1% active carbon at 80 °C
for 40 min. The free proteins present in the polysac-
charides were precipitated by the Sevag [10] reagent
(chloroform-n-butanol, v/v = 3:1) for 30 min, which
was discarded after centrifugation. An equal volume of
absolute alcohol was added to the supernatant to pre-
cipitate the polysaccharides of A. mongolicum Regel.
After storage at 4 °C for 12 h, the crude polysaccharides
were collected by centrifugation (4000 rpm, 30 min)
and were obtained by vacuum drying and named
AMRP.

Chromatography

The AMRP was dissolved in distilled water to a final
concentration of 20 mg/ml. After centrifugation at
10 000 rpm for 5 min, the supernatant was loaded onto
a Sephadex G-100 column (2.6×50 cm) for purifica-
tion. The column was eluted with distilled water at
a flow rate of 0.5 ml/min. The eluate was collected
(3 ml per tube), and each fraction was assayed for the
distribution of total sugars. The homogeneous fraction
was collected, concentrated, lyophilized, and named
AMRP-2.

General methods of chemical property analysis

Total carbohydrate content was evaluated by the
phenol-sulphuric acid method using glucose as a stan-
dard [11]. Protein content was determined by the
Bradford assay using BSA as a standard [12].

Homogeneity and molecular weight determination

The homogeneity and molecular weight of AMRP-
2 were assessed by a Sephadex G-100 column
(2.6×50 cm), and the column was eluted with distilled
water at a flow rate of 0.5 ml/min. Different molecular
weight dextrans were used (Dextran T-10, T-40, T-70,
T-110, and T-2000). The molecular weight of AMRP-
2 was calculated by the calibration curve constructed
from the standard dextrans [13].

Sugar composition analysis

Ten milligrams of AMRP-2 were hydrolysed with 2 ml
of HCl (6 mmol/ml) at 75 °C for 3 h, and the monosac-

charide composition was determined by using high-
performance liquid chromatography (HPLC) as de-
scribed by Zhang et al [14].

Infrared spectral analysis

Ten milligrams of AMRP-2 were ground with 400 mg
of KBr powder and pressed into pellets for Fourier
Transform Infrared (FT-IR) measurement in the range
of 1000 cm−1– 400 cm−1 to detect functional groups.

NMR spectra analysis

For NMR analysis, AMRP-2 (20 mg) was dissolved in
0.5 ml D2O (99.8%) and centrifuged to remove any
undissolved AMRP-2. NMR spectra were recorded
(15 000 scans) on a Bruker AVANCE III spectrometer
(500-MHz, Bruker, Switzerland) at 20 °C. All date
were processed and analysed using standard Bruker
software.

Antimicrobial activity

The antibacterial potential of AMRP-2 was evaluated
by the cup-plate method [15]. Amoxicillin was used as
a standard. The microorganisms used in this trial were
E. coli (ATCC44101), S. aureus (ATCC26003), S. dysen-
teriae (ATCC51285), P. aeruginosa (ATCC10102), S. al-
bus (ATCC26101), and P. vulgaris (ATCC49001), which
were purchased from the American Type Culture Col-
lection (ATCC, USA). A sterile borer was used to make
3 cups in the agar medium cultured with microorgan-
isms, and then AMRP-2 was added to each cup for a
final quantity of 4 mg/cup with 5 µg/cup Amoxicillin
as a control. All plates were kept at 4 °C for 1 h
to enable the drug to fully diffuse into the medium,
and then the plates were incubated at 37 °C for 24 h.
The inhibition zone was evaluated as sensitive (S),
intermediate (I), or resistant (R). The experiment was
repeated 3 times, and the diameter of each inhibition
zone was measured and recorded.

Animals

An equal number of healthy male and female Kun-
ming mice, aged 6 weeks, weighing 20±2 g, were
provided by the Pharmacology Experimental Center of
Inner Mongolia Medical University [approval number:
SCXK (Inner Mongolia) 2002-0001, Hohhot, China].
The animal experiments have been approved by the
Ethics Committee of Inner Mongolia Medical Univer-
sity. The mice were housed ad libitum with standard
conditions at 25±1 °C on a 12/12 h light/dark cycle.
After 2 days of adaptive feed, mice were randomly
divided into a control group (normal mice group)
and test groups to receive treatment with different
concentrations of AMRP-2. AMRP-2 was dissolved in
distilled water and intragastrically administered daily
(1.25 mg/kg/d, 12.5 mg/kg/d, and 125 mg/kg/d) for
35 consecutive days. The control group was given
only distilled water. On the 36th day, the mice were
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sacrificed. The spleens were extirpated, peritoneal
macrophages were separated, and serum was isolated
to determine the activities of the splenic lymphocytes
and peritoneal macrophages and the levels of IL-2 and
TNF-α in serum. For the in vitro assay, healthy mice
were sacrificed. Splenic lymphocytes were isolated
and treated with AMRP-2 (20 µg/ml, 50 µg/ml, or
100 µg/ml) for 72 h. T cell proliferation activity
and IL-2 expression levels in lymphocyte cells were
determined. Moreover, the level of TNF-α expressed
in peritoneal macrophages was also studied.

Lymphocyte proliferation assay

Spleens aseptically extirpated from the mice were
minced in D-Hanks solution and then filtered through
a fine steel mesh. After centrifugation at 800 g
for 10 min, the supernatant was discarded, and the
sediment was resuspended in Lymphocyte Separation
Medium to isolate the lymphocytes by centrifuga-
tion [16]. In a 96-well plate, the lymphocytes were
seeded at a density of 5× 106 per well and cultured
in RPMI 1640 complete medium containing 5 µg/ml
ConA [17, 18] for 44 h at 37 °C. MTT (100 µg/ml)
was added to each well for an additional 4 h. Af-
ter aspirating the supernatant, DMSO was added to
dissolve the formazan crystals. The absorbance at
570 nm was measured using a Bio-Rad microplate
reader (Benchmark Plus™, USA).

Macrophage phagocytosis assay

Peritoneal macrophage phagocytosis was evaluated as
previously described [19]. Briefly, 24 h after the final
administration of AMRP-2, mice were intraperitoneally
injected with 1 ml of 0.5% chicken red blood cells (CR-
BCs). Thirty minutes later, the mice were sacrificed,
and peritoneal macrophages were obtained. After
staining with Wright-Giemsa stain, macrophages en-
gulfing CRBCs were observed under a microscope, and
the phagocytic rate (PR) was calculated as 100× the
number of macrophages containing CRBCs/the total
number of macrophages.

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-2 and TNF-α in serum were detected
using an ELISA kit (Aditteram Diagnostic Laboratories,
San Diego, USA). For the in vitro study, splenic lym-
phocytes were isolated from the spleen and co-cultured
with 5 µg/ml ConA as well as different concentrations
of AMRP-2 (50 µg/ml, 100 µg/ml, or 150 µg/ml) for
72 h. IL-2 secretion into the supernatant was analysed
by ELISA [20]. Peritoneal macrophages were obtained
and treated with 20 µg/ml LPS together with different
concentrations of AMRP-2 (50, 100, or 150 µg/ml)
for 72 h. The level of TNF-α in the supernatant was
estimated by ELISA according to the manufacturer’s
instructions.

Statistical analysis

The values are expressed as the mean± standard devi-
ation (SD). Data were statistically analyzed using one-
way analysis of variance (one-way ANOVA) or Stu-
dent’s t-test. The differences were considered signif-
icant when * p < 0.05 or ** p < 0.01. All experiments
were performed at least 3 times, and representative
results are presented.

RESULTS

Extraction and purification of polysaccharides

The crude polysaccharides AMRP were isolated by hot
water extraction and ethanol precipitation. The pig-
ment was removed by active carbon, and free protein
was eliminated by the Sevag reagent. AMRP was frac-
tionated by a Sephadex G-100 column and eluted with
H2O to give 2 fractions, AMRP-1 and AMRP-2 (Fig. 1A).
The yield of AMRP-1 was low and is not discussed in
this paper. The molecular weight distribution of the
main component AMRP-2 was determined by using
a Sephadex G-100 column, which was pre-calibrated
by standard dextrans as described in materials and
methods. The elution profile showed a single and
symmetrical narrow peak, which suggested that AMRP-
2 was homogeneous (Fig. 1B). The average molecular
weight of AMRP-2 was 5.8 kDa. HPLC showed that
AMRP-2 was primarily composed of GalA (86.5%), Glc
(8.5%), Rha (2.6%), Gal (1.8%), and Man (0.6%).

Structural analysis of AMRP-2

The structural features of AMRP-2 were characterised
by analysing the infrared and NMR spectra. The
IR absorption spectrum exhibited a broad peak at
3414.04 cm−1 for −OH, while the weak peak at
2932.06 cm−1 indicated the axial deformation of CH
in CH2 groups (Fig. 2). The intense peaks at ap-
proximately 1738.40 cm−1 and 1601.38 cm−1 were
attributed to the methoxycarbonyl group and the car-
boxyl group, respectively, which indicated the presence
of uronic acid. The characteristic region between
1400 cm−1 and 1200 cm−1 was attributed to C−H
variable angle vibrations. The large peak between
1200 cm−1 and 1000 cm−1 was the C−O stretching
vibration peak of C−O−C and C−O−H. The region
between 960 cm−1 and 930 cm−1 was attributed to
a pyranoid ring, which was divided into different
absorption peaks due to the difference in the three-
dimensional structure (Fig. 2).

In the 13C-NMR spectrum (Fig. 3), the signal at
173.2 ppm could be assigned to the C-6 resonance ofα-
GalA, while the peak at 100–99 ppm could be assigned
to the C-1 resonance of GalA and methyl esterified
GalA. The characteristic peaks of methyl ester groups
were at 170.6 ppm, 52.8 ppm, and 20 ppm. The C-4, C-
3 and C-2 resonances of α-GalA and methyl esterified
GalA were at 78–77 ppm, 71–70 ppm, and 69–76 ppm,
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Fig. 1 Purification of AMRP-2. (A) Elution profiles of AMRP on a Sephadex G-100 column eluted with dH2O. (B) Profile of
AMRP-2 on Sephadex G-100 eluted with dH2O. The subfigure is the standard curve of molecular weight.

 Wavenumber (cm - 1) 

Fig. 2 Infrared spectrum of AMRP-2.
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Fig. 3 13C-NMR spectrum of AMRP-2. Fig. 4 13C−1H COSY spectrum of AMRP-2.
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Table 1 The antibacterial activity of AMRP-2.

Microorganism Inhibitory zone (mm)

Amoxicillin AMRP-2

E. coli - 13.3±0.3
S. dysenteriae - 7.5±0.3
S. albus 25.3±0.4 7.1±0.1
S. aureus 28.1±0.1 9.9±0.3
P. aeruginosa 27.5±0.5 7.6±0.4
P. vulgaris 17.2±0.1 8.1±0.7

(–) : No inhibition. The inhibitory zone (diameter) p ¶
8 mm, ¾ 13 mm, and ¾ 16 mm was recognized as resis-
tant (R), intermediate (I), and sensitive (S), respectively.

respectively. These data indicated that AMRP-2 is a ho-
mogalacturonic (HG-type) polysaccharide with GalA
as the main monosaccharide, in which a large amount
of GalA is methyl esterified (Fig. 3). The results of
2D NMR were consistent with 13C-NMR spectrum. As
shown in Fig. 4, the peak δ100/4.80 ppm could be
assigned to the C-1 resonance of GalA and methyl
esterified GalA, which indicated that the structure of
AMRP-2 belongs to pectin.

AMRP-2 exhibited weak antibacterial activity

As shown in Table 1, S. albus, S. aureus, P. aerugi-
nosa, and P. vulgaris displayed sensitivity (S) responses
towards amoxicillin, whereas the growth of E. coli
and S. dysenteriae were not inhibited by amoxicillin.
In the AMRP-2 treatment group, AMRP-2 exhibited
antimicrobial activity against all the tested strains.
For S. albus, S. aureus, P. aeruginosa, and P. vulgaris,
AMRP-2 showed weaker inhibitory activity than that
of amoxicillin. However, it is noteworthy that both
E. coli and S. dysenteriae could be inhibited by AMRP-2.
The results revealed that AMRP-2 has relatively weaker
but broader spectrum antibacterial activity compared
to amoxicillin.

AMRP-2 enhanced T cell proliferation and IL-2
secretion

The effects of AMRP-2 on ConA-induced splenic T
lymphocyte proliferation and cytokine secretion were
tested. As shown in Fig. 5A, in the presence of ConA,
AMRP-2 promoted splenic T cell proliferation in a dose-
dependent manner. While low dosages (1.25 mg/kg/d
and 12.5 mg/kg/d) of AMRP-2 had little effect, the
higher dose (125 mg/kg/d) significantly promoted T
cell growth (p < 0.05). Moreover, AMRP-2 at the
dosage of 125 mg/kg/d significantly stimulated IL-2
secretion into serum compared to the normal mice
in the control group (Fig. 5B). Similar results were
found in the in vivo analysis. Splenic lymphocytes were
isolated from healthy mice and treated with AMRP-2;
ConA was added at the same time as AMRP-2, and
the mixture was co-incubated for 72 h. We found
that AMRP-2 induced T cell proliferation (Fig. 5C) and

IL-2 secretion (Fig. 5D) in a dose-dependent manner.
When the working concentration of AMRP-2 was above
100 µg/ml, splenic T lymphocyte proliferation was
significantly induced (p < 0.05), and IL-2 was signif-
icantly stimulated by T cells (p < 0.05). These results
indicated that AMRP-2 might act as a potent T cell
stimulator.

AMRP-2 promoted phagocytosis and TNF-α
production in macrophages

The effects of AMRP-2 on murine macrophage function
were also determined. Mice were administered AMRP-
2 intragastrically for 35 days. CRBCs (chicken red
blood cells) were injected into the peritoneum one
day before the mice were sacrificed, and peritoneal
macrophage phagocytosis was assessed by the Giemsa
staining method. As shown in Fig. 6, in the presence of
LPS, AMRP-2 significantly facilitated the phagocytosis
of peritoneal macrophages in a dose-dependent man-
ner. As shown in Fig. 5B, a dose-dependent increase
in the production of TNF-α was observed in AMRP-2-
treated mice. In addition, we found that AMRP-2 was
able to induce the synthesis of TNF-α by macrophages
(Fig. 5D).

DISCUSSION

In the present study, a purified fraction from the
polysaccharides of AMR, AMRP-2, was obtained.
AMRP-2 is a HG-type polysaccharide that harbours
antibacterial and immunomodulatory effects.

The determination of antibacterial activity is of
great significance for the screening of antimicrobial
agents. Six strains of bacteria (S. albus, S. aureus,
P. aeruginosa, P. vulgaris, and E. coli) were used to
evaluate the antibacterial effects of AMRP-2. We found
that E. coli and S. aureus were relatively sensitive to
AMRP-2, indicating that AMRP-2 might be helpful to
inhibit the growth of the intestinal flora. Yang et al [21]
found similar results that sulfated polysaccharides
from Codium fragile exhibited antibacterial activi-
ties against fish pathogenic bacteria including Strep-
tococcus parauberis, Lactococcus garvieae, Aeromonas
salmonicida, and Edwardsiella tarda at a minimum
inhibitory concentration of 2 mg/ml, but not against
Streptococcus iniae or Vibrio anguillarum. In addition,
many literatures have reported that plant polysaccha-
rides have antibacterial effects [22–24]. Therefore,
plant polysaccharides can inhibit bacteria, and that
may be related to the structure of polysaccharides.

Immune regulation is one of the most important
biological activities of polysaccharides and has an im-
munoregulatory effect through both specific immunity
and innate immunity [25–27]. It was reported that a
basal diet supplemented with flavonoids or polysac-
charides from AMR improved IgM concentrations in
serum and affected cytokine TNF-a, IL-1b, and IL-
8 transcription in Channa argus [3, 4, 28]. In ad-
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Fig. 5 Effects of AMRP-2 on T cell proliferation and IL-2 and TNF-α secretion. Splenic lymphocytes cultured with or without
ConA. The cell number was measured by MTT assay (A), and the mouse serum levels of IL-2 and TNF-α were measured by
ELISA (B). Splenic lymphocytes were co-cultured with different concentrations of AMRP-2 as well as ConA for 72 h (C, D). T
cell proliferation was calculated by MTT assay (C). The secretion of IL-2 by T cells and the secretion of TNF-α by peritoneal
macrophages were assessed by ELISA (D). Columns show the mean, and bars show the SD of 3 independent experiments;
* p < 0.05, ** p < 0.01.

Fig. 6 Effects of AMRP-2 on macrophage phagocytosis. The
percentage of phagocytic macrophages was calculated by
counting the number of phagocytosed CRBCs present in the
total macrophages. Columns show the mean, and bars show
the SD of 3 independent experiments; * p < 0.05.

dition, Shang et al [29] found that polysaccharides
extracted from Astragalus significantly increased CD4+

levels. In the present study, we found that AMRP-2
significantly stimulated T cell proliferation and IL-2
secretion, which could be used as a T cell stimulator
to exert a specific immune response. Moreover, AMRP-
2 significantly promoted macrophage phagocytosis and
TNF-α release from macrophages, which indicated that
AMRP-2 could stimulate cellular innate immunity, as
macrophage activation is one of the most important
indicators to measure the innate immune functions
of the body [26]. Thus, AMRP-2 might act as an
important immune modulator.

Moreover, the effects of AMR juice and AMRP-2
on mice lymphocyte transformation and macrophage
phagocytosis were compared. The results showed
that AMRP-2 significantly promoted lymphocyte trans-
formation and macrophage phagocytosis (compared
to control group), whereas the effects of AMR juice
(containing all the substances including phenolics and
flavonoids) are not obvious (Table S1), which revealed
the possibility that AMRP-2 is a major bioactive compo-
nent in AMR.
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CONCLUSION

We found that AMRP-2 showed inhibitory activity
against a variety of bacteria, including E. coli and
S. dysenteriae. Moreover, we also found that AMRP-
2 can promote T cell proliferation and IL-2 secretion
and can induce the synthesis of TNF-α in macrophages.
Ongoing studies are focused on searching for the mech-
anism of action of AMRP-2 on immune regulation and
detailed studies of the relationships of immunoregula-
tory activity to elucidate the molecular mechanisms of
AMRP-2.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2022.051.
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Appendix A. Supplementary data

Table S1 Effects of AMR and AMRP-2 on mice lymphocyte transformation and macrophage phagocytosis.

Group Concentration
Lymphocyte Macrophage

transformation rate (%) phagocytic rate (%)

control – 20.3±3.6 19.2±2.2
AMR juice 1 ml/d 22.5±1.8 21.5±2.3
AMRP-2 125 mg/ml/d 27.6±3.4* 23.5±3.7*

AMR of 500 g was squeezed into juice and intragastrically administered 1 ml/d for 35 consecutive days. The control group
was given distilled water. On day 32 to day 35, PHA (2 mg/ml), a well-known T cell activator [30], was intramuscularly
injected, 0.2 ml/d. The percentage of lymphocyte transformation in the peripheral blood was measured by Giemsa staining.
The phagocytic rate of peritoneal macrophage was measured as described in Materials and Methods.
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