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Saccharum Alhagi polysaccharide-1 and -2 promote the
immunocompetence of RAW264.7 macrophages in vitro
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Abstract. The in vitro immune activities of Saccharum
Alhagi polysaccharides (SAP) have been previously studied.
The present study aimed to investigate the effects of SAP-1
and SAP-2 on the activity of RAW264.7 mouse macrophages.
RAW264.7 cells were treated with 150, 300 and 600 mg/l
concentrations of SAP-1 (a 50% alcohol precipitation) and
SAP-2 (an 80% alcohol precipitation) or with 10 mg/1 lipopoly-
saccharide. Untreated cells were used as a negative control.
An MTT assay was used to detect the proliferation of the
cells, and Hoechst 33528 staining was conducted in order to
visualize the cell nuclei. Additionally, the Griess method was
used to measure nitric oxide (NO) levels. A neutral red uptake
assay was performed to determine the phagocytic activity of
the macrophages, and ELISAs were performed to detect cyto-
kine levels. Furthermore, reverse transcription-quantitative
polymerase chain reaction was used to measure the mRNA
expression of certain cytokines. The results demonstrated
that SAP increased the proliferative activity and activated
the immune function of RAW264.7 cells, and was lacking in
cytotoxicity. In addition, SAP-1 exhibited a stronger effect
in promoting RAW264.7 cell proliferation than did SAP-2.
Furthermore, SAP-1 and SAP-2 significantly increased the
level of NO, with the effect of SAP-1 being stronger than
that of SAP-2. SAP-1 increased the phagocytic activity of
RAW264.7 cells and promoted the secretion of the cytokines
interleukin (IL)-1p, IL-2 and tumor necrosis factor (TNF)-a
by RAW264.7 cells, with an effect that was stronger than that
of SAP-2. Finally, different concentrations of SAP-1 or SAP-2
had distinct effects in upregulating the expression of TNF-a,
IL-1B, nuclear factor-xB and inducible nitric oxide synthase
mRNA. The results of the present study demonstrate that
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SAP is capable of enhancing the immune activity of mouse
macrophages.

Introduction

Saccharum Alhagiisatypeof granulated sugarthatiscondensed
from the secreted fluid of the leaves of Alhagi pseudalhagi
Desv. Alhagi pseudalhagi Desv. is a deciduous shrub of
leguminous plants and has prickly branches, oval shaped
leaves, pink flowers and pods (1). Furthermore, it has honey
glands both inside and outside the flowers. The glands outside
the flowers secrete fluids that condense into granulated
Saccharum Alhagi that has a round shape, light yellow color
and sweet taste. Saccharum Alhagi is harvested from July to
September every year and may be used as medicine immedi-
ately (1). In Xinjiang, it is often used as a Uyghur medicine
for the treatment of pediatric cold (2). Polysaccharides are
natural macromolecular compounds. In recent years, polysac-
charides have been used as broad spectrum immune promoters
for immune regulation (3). In addition, polysaccharides have
exhibited a broad range of pharmacological activities against
infection, hyperglycemia, hyperlipidemia, oxidization and
tumors (4). Studies have demonstrated that polysaccharides
are able to activate T and B lymphocytes, macrophages and
natural killer cells, stimulate the generation of cytokines and
antibodies, and regulate immune functions of the body (5,6).

Macrophages are immune effector cells with defensive and
regulatory functions, which actively phagocytose foreign anti-
gens or pathogenic microorganisms, and trigger an immune
response (7,8). A previous study demonstrated that the main
components of Saccharum Alhagi are polysaccharides with
antioxidant activities and in vivo immune activities (9,10).
Saccharum Alhagi polysaccharides (SAP) are products that
are obtained by water extraction and alcohol precipitation,
and are subjected to alcohol precipitation with different
gradients (11). The product SAP-1 is obtained by 50% alcohol
precipitation, and SAP-2 is obtained by 80% alcohol precipi-
tation (11). Although in vitro immune activities of SAP have
been studied, the specific effects of SAP-1 and SAP-2 have
not been elucidated. Therefore, the present study investigated
the in vitro immune activities of SAP-1 and SAP-2, and their
effects on immune cells, immunocytokines and the regulation
of the expression of associated genes.
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Materials and methods

Cells. Mouse RAW?264.7 mononuclear macrophages were
purchased from Boster Biological Technology, Ltd. (Wuhan,
China) and cultured in Dulbecco's modified Eagle's medium
(NAEI1388; GE Healthcare Life Sciences, Little Chalfont,
UK) supplemented with 10% fetal bovine serum (NZJ1221;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). SAP
were obtained by water extraction and alcohol precipitation,
and subjected to alcohol precipitation with different gradients
as described previously (11). SAP-1 was prepared using 50%
alcohol precipitation, and SAP-2 was obtained using 80%
alcohol precipitation as described previously (11). The cells
were adjusted to a density of 5x10* cells/ml, and cultured in
Dulbecco's Modified Eagle Medium supplemented with 10%
fetal bovine serum, 0.5% penicillin and 0.5% streptomycin
(all from Thermo Fisher Scientific, Inc., Waltham, MA, USA)
at 37°C for 5 days. Then, 150 mg/1 (low), 300 mg/1 (medium) or
600 mg/1 (high) concentrations of SAP-1 or SAP-2, or 10 mg/1
lipopolysaccharide (LPS; L2880; Biosharp, Inc., Hefei, China)
were added. Cells that were not treated with SAP or LPS were
used as negative control.

MTT assay. An MTT assay was performed to investigate the
proliferation of the cells (cat. no. 150206; Shanghai Regal
Biotechnology, Inc., Shanghai, China), and the cells were
observed under a fluorescent inverted microscope (Zeiss
Axio Observer Z1; Carl Zeiss AG, Jena, Germany) according
to previous reports (12,13). Dimethyl sulfoxide was used to
dissolve purple formazan and 490 nm was used to measure
the levels of formazan. Each concentration was tested in trip-
licate. The stimulation index (SI) was calculated as follows:
SI=(optical density of experimental group-optical density
of non-cell blank control group)/(optical density of negative
control group-optical density of non-cell blank control group).
Cells that were not treated were used as negative control. The
non-cell blank control group had medium but not any cells in
the container.

Hoechst 33528 staining. The cells (5x10*/ml; 100 ul) were
cultured at 37°C for 24 h in an atmosphere containing 5%
CO,, and different concentrations (150, 300, and 600 mg/I)
of SAP-1 and SAP-2 were added. After 24 h of incubation,
paraformaldehyde was added for fixation at 37°C for 15 min.
Following staining using Hoechst 33528 fluorescent dye at
37°C for 15 min, the samples were washed with PBS and
observed under a fluorescence inverted microscope (Leica
DMI6000B; Leica Microsystems GmbH, Wetzlar, Germany).

Griess test. The cells were cultured at 37°C in an atmosphere
containing 5% CO,, and different concentrations (150, 300,
and 600 mg/l) of SAP-1 and SAP-2 were added. The Griess
method was performed to determine the levels of nitric
oxide (NO) according to the protocol described in a previous
study (14), and the absorbance was read at 540 nm using a
microplate reader (Benchmark Plus; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Neutral red uptake assay. The cells were cultured at
37°C in an atmosphere containing 5% CO,, and different
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concentrations (150, 300, and 600 mg/l) of SAP-1 and SAP-2
were added. Following incubation for 24 h, the cells were
washed with PBS twice prior to the addition of neutral red
saline solution. Following incubation at 37°C for 30 min, the
supernatant was discarded and the cells were washed with
PBS twice. Following the addition of 100 ul cell lysis solu-
tion (ethanol:glacial acetic acid, 1:1), the cells were incubated
at 37°C for 4 h. Finally, the optical density was measured at
540 nm.

ELISA. The cells were cultured at 37°C in an atmosphere
containing 5% CO,, and different concentrations (150,
300, and 600 mg/l) of SAP-1 and SAP-2 were added. After
incubation for 24 h, the supernatants were collected for
ELISAs of interleukin (IL)-2, IL-1p and tumor necrosis
factor-a (TNF-a) using respective kits (cat nos. SBJ003780,
SBJ003780 and SBJ003780, respectively; Nanjing Senbeijia
Biological Technology Co., Ltd., Nanjing, China) as previously
reported (15-17).

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). The cells were cultured at 37°C in an
atmosphere containing 5% CO,, and different concentrations
(150, 300, and 600 mg/l) of SAP-1 and SAP-2 were added
prior to incubation for another 24 h. Next, the cells were tryp-
sinized, centrifuged at 1,000 x g (25°C) for 20 min and lysed
in 1 ml TRIzol (Thermo Fisher Scientific, Inc.). Following
lysis, the supernatant was collected and mixed with chloro-
form. Following centrifugation at 5,000 x g (-4°C) for 15 min,
the supernatant was mixed with isopropanol. The sample was
centrifuged at 5,000 x g (-4°C) for 10 min, and the super-
natant discarded. The residue was washed with 75% ethanol,
and the total RNA was eluted with diethyl pyrocarbonate
water (18-21). The purity of RNA was determined from
the A260/A280 ratio using ultraviolet spectrophotometry
(Nanodrop ND1000; Thermo Fisher Scientific, Inc.). Next,
cDNA was obtained by reverse transcription (High-Capacity
cDNA Reverse Transcription Kit, cat. no. 4368813; Thermo
Fisher Scientific, Inc.) from 1 pg RNA and stored at -20°C.
The reverse transcription protocol was 42°C for 60 min,
followed by 70°C for 5 min. To measure the mRNA expres-
sion, qPCR was performed (DyNAmo Flash SYBR Green
gPCR Kit, cat. no. F415S; Thermo Fisher Scientific, Inc.)
using (-actin as an internal reference. The primer sequences
are listed in Table I (Sangon Biotech Co., Ltd., Shanghai,
China). The reaction system (20 ul) contained 2 ul cDNA,
10 pl mix, 1 ul upstream and 1 ul downstream primer and
6 ul ddH,0O. The PCR protocol used was as follows: Initial
denaturation at 95°C for 3 min; 40 cycles of denaturation at
95°C for 10 sec, followed by annealing at 57°C for interferon
(IFN)-y, TNF-a and inducible nitric oxide synthase (iNOS),
55°C for IL-1P, 58°C for nuclear factor-kB (NF-xB) and 56°C
for B-actin for 30 sec, and elongation at 72°C for 10 sec (iQ5;
Bio-Rad Laboratories, Inc.). The 2444 method (22) was used
to calculate the relative expression of mRNA (21).

Statistical analysis. The results were analyzed using SPSS
v17.0 statistical software (IBM Corp., Armonk, NY, USA).
Data are expressed as the mean + standard deviation. Each test
was performed in triplicate. One-way analysis of variance and
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Table I. Primer sequences of target genes and the internal
reference gene.

Genes Primer sequences

IFN-y Forward: 5'-CACAGCCCTCTCCATCAACT-3'
Reverse: 5'-GCATCTTCTCCGTCATCTCC-3'
TNF-a Forward: 5'-AGGCACTCCCCCAAAAGAT-3'
Reverse: 5'-CAGTAGACAGAAGAGCGTGGTG-3'
NF-kB Forward: 5'-TGGTGGAGAACTTTGAGCCT-3'
Reverse: 5'-GGAATTTCCAGCAGTTTGC-3'
IL-18  Forward: 5-TTGACAGTGATGAGAATGACCTG-3'
Reverse: 5'-GCTCTTGTTGATGTGGTGCTGCT-3'
iNOS Forward: 5~ AGGGAATCTTGGAGCGAGTT-3'
Reverse: 5'-GCAGCCTCTTGTCTTTGACC-3'
p-actin Forward: 5'-GCCGTCCTCTCTCTGTATGC-3'
Reverse: 5'-GGGGACAGTGTGGCTGAC-3'

IFN-vy, interferon-y; TNF-o, tumor necrosis factor-o; NF-«B,
nuclear factor-xB; IL-1p, interleukin-1f; iNOS, inducible nitric
oxide synthase.

Dunnett's T3 method were used to analyze the data. P<0.05
was considered to indicate a statistically significant result.

Results

SAP is not cytotoxic and promotes the proliferation of
RAW264.7 cells. To visualize the nuclei of the RAW264.7
cells, Hoechst 33528 staining was performed. RAW?264.7 cells
in the control group exhibited evenly dispersed blue fluores-
cence, and the nuclei were not aggregated (Fig. 1A). Following
treatment with low or medium concentrations of SAP mixture,
the number of blue nuclei was increased (Fig. 1B and C).
Following treatment with a high concentration of SAP, the
nuclear aggregation became more evident, and most of the blue
nuclei were intact (Fig. 1D). These observations indicate that
SAP exhibited no cytotoxicity and promoted the proliferation
of RAW264.7 cells.

SAP increases the proliferative activity of RAW264.7 cells
and activates their immune function. To observe the effect of
SAP on the morphology of RAW?264.7 cells, the cells were
observed under a fluorescence inverted microscope. In the
control group, the RAW264.7 cells were loosely distributed
(Fig. 2A). Following treatment with a low concentration of
SAP, the number of RAW264.7 cells was increased (Fig. 2B).
Following treatment with medium or high concentrations of
SAP, the number of RAW264.7 cells was further increased
(Fig. 2C and D). Furthermore, when viewed under a micro-
scope at a higher magnification (x100), the morphologies of
the RAW264.7 cells following treatment with a high concen-
tration of SAP were round, reniform or oval, and the cells
were dispersed (Fig. 2E). Under an even higher magnifica-
tion (x200), RAW264.7 cells following treatment with high
concentration of SAP developed pseudopodia, where the cells
became irregular ellipses, and aggregated together in certain
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Figure 1. RAW264.7 cells stained with Hoechst 33528. (A) Control group,
and (B) low (150 mg/l), (C) medium (300 mg/l) and (D) high (600 mg/1)
concentration Saccharum Alhagi polysaccharide groups (magnification,
x200).

Figure 2. Images of RAW264.7 unstained cells under an inverted microscope
in the (A) control group, and the (B) low (150 mg/1), (C) medium (300 mg/I)
and (D) high (600 mg/l) concentration SAP groups (magnification, x50).
(E and F) Higher magnification images for the high concentration SAP
group [(E) magnification, x100; (F) magnification, x200 (phase difference
method)]. SAP, Saccharum Alhagi polysaccharides.

dense areas (Fig. 2F). These observations indicate that SAP
increased the proliferative activity of RAW264.7 cells, and
activated their immune function.

SAP-1 has a stronger effect than SAP-2 in promoting RAW264.7
cell proliferation. The number of macrophages was observed
to increase following SAP intervention when examined using
a microscope. To further study the effects of SAP-1 and SAP-2
on the proliferation of RAW264.7 cells, an MTT assay was
performed. The data revealed that a high concentration of SAP-1
or SAP-2, or 10 mg/1 LPS resulted in a significantly higher SI
than the control (P<0.05). In addition, the SI in the presence of
a medium or high concentration of SAP-1 was not significantly
different from that in the LPS group (P>0.05), whereas the SI
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Figure 3. Effect of treatment with SAP-1 or SAP-2 on the proliferation
of RAW264.7 cells. RAW264.7 cells (5x10* cells/ml) were treated with
SAP-1, SAP-2 or 10 mg/l LPS and incubated at 37°C for 24 h. MTT assay
was performed to investigate cell proliferation. "P<0.05 and “P<0.01
vs.=the control group; “P<0.05 vs. the LPS group. SAP, Saccharum Alhagi
polysaccharides; LPS, lipopolysaccharide.

in all concentration groups of SAP-2 was significantly lower
compared with that of the LPS group (P<0.05; Fig. 3). These
results indicate that SAP-1 had a stronger effect in promoting
RAW264.7 cell proliferation than did SAP-2.

SAP-1and SAP-2 significantly increase the level of NO secreted
by RAW264.7 cells, with SAP-1 having a stronger effect than
SAP-2. NO produced by activated macrophages is able to kill
or inhibit the growth of several types of microorganisms in
the body (23). It is an important index with which to evaluate
the immune activity of macrophages. To measure the level of
NO secreted by RAW264.7 cells, the Griess method was used.
Following treatment with different concentrations of SAP-1,
the levels of NO were significantly increased compared with
those in the control, in a dose-dependent manner (P<0.01).
In addition, the effect of medium and high concentrations of
SAP-1 was significantly stronger than that of LPS (P<0.05).
As the concentrations of SAP-2 increased, the NO levels were
significantly increased compared with those of the control
(P<0.01), but the effect of SAP-2 appeared smaller than that of
SAP-1. It is noteworthy that the effect of a low concentration
of SAP-2 was significantly weaker than that of LPS (P<0.05;
Fig. 4). These results indicate that SAP-1 and SAP-2 signifi-
cantly increased the level of NO secreted by RAW264.7 cells,
with the effect of SAP-1 being stronger than that of SAP-2.

SAP-1 increases the phagocytic activity of RAW264.7 cells.
The main function of macrophages in the immune system is
to serve a role in the phagocytosis of foreign materials (24).
Examination of phagocytosis by RAW264.7 cells is an impor-
tant means by which to investigate the immune activity of these
cells. A neutral red uptake assay was employed to determine the
phagocytic activity of the RAW264.7 cells. The data revealed
that treatment with all concentrations of SAP-1 increased
the optical density compared with the control (P<0.01).
Furthermore, the optical density in the presence of a low or
medium concentration of SAP-1 was not significantly different
from that in the LPS group (P>0.05), but the optical density of
the high concentration SAP-1 group was significantly higher
compared with that of the LPS group (P<0.01). The effect of
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Figure 4. Effect of treatment with SAP-1 or SAP-2 on the secretion of NO by
RAW264.7 cells. RAW264.7 cells (5x10* cells/ml) were treated with SAP-1,
SAP-2 or 10 mg/1 LPS and incubated at 37°C for 24 h. The Griess method
was used to measure NO secretion. ‘P<0.01 vs. the control; #P<0.05 vs. the
LPS group. SAP, Saccharum Alhagi polysaccharides; NO, nitric oxide; LPS,
lipopolysaccharide.
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Figure 5. Effect of treatment with SAP-1 or SAP-2 on the phagocytic activity
of RAW264.7 cells. RAW264.7 cells (5x10* cells/ml) were treated with
SAP-1, SAP-2 or 10 mg/l LPS and incubated at 37°C for 24 h. Neutral red
uptake assay was used to investigate the phagocytic activity. "P<0.05 and
“P<0.01 vs. the control; “P<0.01 vs. the LPS group. SAP, Saccharum Alhagi
polysaccharides; NO, nitric oxide; LPS, lipopolysaccharide.

SAP-2 was not as strong as that of SAP-1. Additionally, the
optical density in the presence of a low or medium concentra-
tion of SAP-2 was not significantly different from that in the
control group (P>0.05), while the optical density in the high
SAP-2 concentration group was significantly higher than that
in the control (P<0.05), but not significantly different from that
in the LPS group (P>0.05; Fig. 5). These results indicate that
SAP-1 increased the phagocytic activity of RAW264.7 cells.

SAP-1 promotes the secretion of IL-15, IL-2 and TNF-a
cytokines by RAW264.7 cells, with an effect that is stronger
than SAP-2. IL-1p, IL-2 and TNF-o are mainly produced
by activated macrophages, and can be involved in immune
responses (25). Notably, IL-1§ can significantly stimulate the
secretion of antibodies by these cells (26). To test how SAP-1
and SAP-2 affect the secretion of cytokines by RAW264.7
cells, ELISAs were performed. The data demonstrated that the
concentrations of IL-1f, IL-2 and TNF-a following treatment
with all concentrations of SAP-1 were significantly higher
compared with those in the control (P<0.05), with the effect
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Figure 6. Effect of treatment with SAP-1 or SAP-2 on the secretion of
cytokines by RAW264.7 cells. RAW264.7 cells (5x10* cells/ml) were
treated with SAP-1, SAP-2 or 10 mg/l LPS and incubated at 37°C for 24 h.
ELISAs were performed to determine the levels of secreted (A) IL-1f,
(B) IL-2 and (C) TNF-a. "P<0.05 and “P<0.01 vs. the control; “P<0.05 and
"P<0.01 vs. the LPS group. SAP, Saccharum Alhagi polysaccharides; LPS,
lipopolysaccharide; IL, interleukin; TNF-a, tumor necrosis factor-a.

of high concentration of SAP-1 being the strongest (Fig. 6). A
low concentration of SAP-2 failed to significantly increase the
concentrations of IL-1f, IL-2 and TNF-a (P>0.05), but medium
and high concentrations of SAP-2 significantly elevated the
concentrations of IL-1f, IL-2 and TNF-a compared with the
control (P<0.05), to levels similar to those of the LPS group
(P>0.05; Fig. 6). These results indicate that SAP-1 promoted
the secretion of IL-1f, IL-2 and TNF-a by RAW264.7 cells,
with an effect that was stronger than that of SAP-2.

Different concentrations of SAP-1 or SAP-2 possess distinct
effects in upregulating the expression of TNF-a, IL-1p,

EXPERIMENTAL AND THERAPEUTIC MEDICINE 15: 3556-3562, 2018

NF-xB and iNOS mRNA. RT-qPCR was employed to measure
the mRNA expression of IFN-y, TNF-a, IL-1p, NF-xB and
iNOS. The data revealed that treatment with all concentrations
of SAP-1 or SAP-2 had no effect on the IFN-y mRNA level
compared with the control (P>0.05), but IFN-y mRNA levels
in all SAP-1 or SAP-2 concentration groups were significantly
lower than those in the LPS group (P<0.05; Fig. 7A). The level
of TNF-a mRNA in the high SAP-1 concentration group was
significantly higher compared with those in the control and LPS
groups (both P<0.05). In addition, the level of TNF-a mRNA
in the low SAP-2 concentration group was significantly lower
than those in the control and LPS groups (both P<0.05). For
other concentrations of SAP-1 or SAP-2, the levels of TNF-a
mRNA were not significantly different from either control or
LPS values (P>0.05; Fig. 7B).

The levels of IL-1p mRNA in the medium and high SAP-1
concentration groups were significantly higher compared with
those in the control and LPS groups (all P<0.05).In addition, the
level of IL-1p mRNA in the high SAP-2 concentration group
was significantly higher than that in the control or LPS group
(both P<0.05). However, for the other concentrations of SAP-1
or SAP-2, the levels of IL-1p mRNA were not significantly
different from those in the control and LPS groups (P>0.05;
Fig. 7C). The level of NF-xB mRNA in the high SAP-1
concentration group was significantly higher than that in the
control (P<0.05), while the levels of NF-kB mRNA in the low
and medium SAP-1 concentration groups were significantly
lower than that in the LPS group (P<0.05). In addition, the
level of NF-kB mRNA in the high SAP-2 concentration group
was significantly higher than that in the control (P<0.01), while
the levels of NF-kxB mRNA in the low and medium SAP-2
concentration groups were significantly lower than that in the
LPS group (P<0.05; Fig. 7D). The level of iNOS mRNA in the
medium or high SAP-1 concentration group was significantly
higher than that in the control (P<0.05), while the levels of
iNOS mRNA in the low, medium or high SAP-1 concentra-
tion group was significantly lower than that in the LPS group
(P<0.05). In addition, the level of iNOS mRNA in the high
SAP-2 concentration group was significantly higher than that
in the control (P<0.01), while the levels of iNOS mRNA in the
low, medium or high SAP-2 concentration group was signifi-
cantly lower than that in the LPS group (P<0.01; Fig. 7E).
These results indicate that the different concentrations of
SAP-1 or SAP-2 exhibited distinct effects in upregulating the
expression of TNF-a, IL-18, NF-xB and iNOS mRNA.

Discussion

Macrophages serve important roles in immunity, protecting
the body from pathogen invasion (16). The present study
investigated the effect of SAP on the activity of RAW264.7
macrophages. Hoechst 33528 staining and morphological exam-
ination revealed that SAP was not toxic to RAW?264.7 cells, and
stimulated the proliferation activity of RAW264.7 cells. SAP-1
and SAP-2 promoted the proliferation of RAW264.7 cells in a
dose-dependent manner, with the effect of SAP-1 being stronger
than that of SAP-2. Furthermore, macrophages have strong
phagocytic activity, which serves to defend the body and to
remove waste (24). The present study demonstrated that SAP-1
enhanced the phagocytic activity of RAW264.7 cells.
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Figure 7. Effect of treatment with SAP-1 or SAP-2 on the mRNA expression of (A) IFN-v, (B) TNF-a, (C) IL-1f, (D) NF-xB and (E) iNOS in RAW264.7 cells.
RAW264.7 cells (5x10* cells/ml) were treated with SAP-1, SAP-2 or 10 mg/l LPS and incubated at 37°C for 24 h. Expression of mRNA was measured using
reverse transcription-quantitative polymerase chain reaction. “P<0.05 and ““P<0.01 vs. the control; “P<0.05 and #/P<0.01 vs. the LPS group. SAP, Saccharum
Alhagi polysaccharides; IFN-v, interferon-y; TNF-a, tumor necrosis factor-a; IL-10, interleukin-1p3; NF-xB, nuclear factor-xB; iNOS, inducible nitric oxide

synthase; LPS, lipopolysaccharide.

NO is an important macrophage immune effector mole-
cule that is involved in immune regulation and the defense
response, and its production is regulated by iNOS (23). When
stimulated, Raw264.7 cells produce abundant quantities of
NO, which assists macrophages in the immune response
against pathogens (20). The results of the present study
demonstrate that SAP-1 increased the levels of iNOS gene
expression in RAW264.7 cells, and increased the production
of NO by RAW264.7 cells. This indicates that SAP increases
the immune activity of RAW264.7 cells by enhancing the level
of NO produced by iNOS.

Cytokines serve important roles in cellular immune
responses, and a variety of immune cell interactions are
mediated by cytokines (8). The present study investigated the
effects of SAP-1 and SAP-2 on the secretion and expression

of cytokines by RAW264.7 cells. Following treatment with
a high concentration of SAP-1, RAW264.7 cells strongly
secreted IL-1P3, IL-2 and TNF-a, and the results of mRNA
expression analysis were consistent with this. By contrast,
the effect of SAP-2 was weaker. NF-kB is a key transcrip-
tion factor in the regulation of immune response (27). It
promotes the expression of genes encoding numerous cyto-
kines, leading to increased secretion of these cytokines; for
example, NF-xB activates TNF-a and IL-1§, and regulates
the relevant immune responses (12,21). The present study
revealed that SAP-1 and SAP-2 upregulated the mRNA
expression of NF-kB.

The molecular weight of SAP-1 is >14.5 kDa, and that of
SAP-2 is <8.4 kDa (11). In the present study, SAP-1 exhibited
a stronger effect on cytokines than did SAP-2, indicating that
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SAP with the higher molecular weight has a stronger immune
activity on RAW264.7 cells. In addition, the present study indi-
cated that SAP-1 may activate RAW264.7 cells by promoting
the expression and secretion of TNF-a, IL-1f and iNOS via
the NF-«B signaling pathway.

In conclusion, the present study indicates that SAP
increases the immune activity of RAW264.7 macrophages, and
promotes the immune function of the body by increasing the
expression of cytokines and related genes. However, the exact
pathway and mechanism by which SAP exerts immune effects
on immune cells requires investigation in further studies.
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