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Abstract: Lycium ruthenicum Murr. is commonly used in traditional Tibetan medicine, and the fruits of Lycium 
ruthenicum Murr. contain an immunologically active pectin which improves immune function against chronic dis-
eases. The present study was performed to evaluate the immunomodulatory effects of Lycium ruthenicum Murr. 
polysaccharide 3 (LRGP3) in cyclophosphamide (Cy)-induced immunosuppressed mice. Mice were injected intra-
peritoneally once daily with low-dose (25 mg/kg), intermediate-dose (50 mg/kg), high-dose (100 mg/kg) of LRGP3 
for 10 consecutive days, respectively. Compared with Cy group, LRGP3 accelerated recovery of spleen and thymus 
indices, enhanced T cell and B cell proliferation responses, as well as peritoneal macrophage phagocytosis. In ad-
dition, LRGP3 treatment restored the levels of interleukin-2 (IL-2), IL-6 and tumor necrosis factor-α (TNF-α) in the 
serum of Cy-treated mice. These results indicate that LRGP3 plays an important role in the protection against im-
munosuppression in Cy-treated mice and could be a potential immunomodulatory agent.
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Introduction

Immunosuppression is a state of temporary or 
permanent immunity dysfunction and can 
make organism more sensitive to pathogens 
due to the damage of immune system. 
Immunomodulatory agents used with chemo-
therapy drugs appear to enhance immune 
response. Therefore, to study and develop new 
immunomodulatory agents is one of the most 
effective methods for prevention and treat-
ment of the immunosuppressive diseases.

Polysaccharide is a potential immunomodula-
tor because it has no significant side effects, 
which is a major problem associated with 
immunomodulatory bacterial polysaccharides 
and synthetic compounds, and it can enhance 
immunity by inducing lymphocyte proliferation, 
cytokine production and so on [1]. Therefore, in 
recent years, a great deal of experiments 
involved in immunomodulation of polysaccha-
rides isolated from traditional medical plants 
was carried out. Shuai et al. reported that 

administration of Sophora subprosrate poly-
saccharide by intraperitoneal injection signifi-
cantly raised spleen index, glutathione level, 
glutathione peroxidase activity and lysozyme 
activity in the immunosuppressed mice [2]. 
Chen et al. reported that Schisandra chinensis 
Baill polysaccharide exhibited potent immuno-
modulating properties, such as improving the 
weight of immune organs, enhancing the phago-
cytic activity of peritoneal macrophages and 
increasing the levels of cytokines in serum [3]. 

Lycium ruthenicum Murr., which belongs to the 
genus Lycium of the family Solanaceae, is a 
kind of wild resource plant distributed mainly in 
Qinghai and Xinjiang Provinces of China [4]. Its 
fruit has been used as traditional Tibetan medi-
cine for thousands of years. Recently, some 
investigations indicated that Lycium rutheni-
cum Murr. exhibits a wide range of pharmaco-
logical properties, such as anti-oxidation, anti-
fatigue and hypoglycemic activity [5-7]. 
Polysaccharides are a structurally diverse class 
of macromolecules, and this structural variabil-
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(Qinghai, China). Other reagents and chemicals 
used were of analytical grade. 

Isolation and purification of LRGP3

The crude polysaccharide was extracted from 
Lycium ruthenicum Murr., and then the ion-
exchange and gel-permeation chromatography 
was used to isolate and purify the crude poly-
saccharides and a polysaccharide LRGP3 was 
obtained [11]. 

Experimental animal

Kunming female mice of clean grade (8-weeks 
old; body weight 20.0±2.0 g) were purchased 
from the Animal Center of School of Medicine, 
Shanghai Jiaotong University. The animals were 
maintained on a 12-h-dark/12-h-light cycle at 
20°C. They were allowed free access to stan-
dard diet and sterile water throughout the 
experiments. All experimental procedures were 
approved by the Animal Care and Use 
Committee of School of Medicine, Shanghai 
Jiaotong University, China. Adequate measures 
were taken to minimize pain of experimental 
animals. 

Experimental design

Mice were randomly divided into five groups (10 
in each group) and were allowed to acclimatize 
for 1 week before the experiment. Animals 
received Cy subcutaneously for five days at a 
dose of 80 mg/kg body weight to establish the 
immunosuppressive animal model. Different 
groups were treated with LRGP3 at 25, 50 and 
100 mg/kg, whereas control group and model 
group were given the same volume of physio-
logical saline via intraperitoneally injection. 
Animals were sacrificed after 10 days of treat-
ment. Twenty-four hours after the last drug 
administration, the mice were weighed and 
killed by decapitation. The blood was collected 
to separate serum. Moreover, the spleen and 
thymus were excised from the sacrificed ani-
mals and weighed immediately. Thymus and 
spleen indices were calculated according to the 
following formula: thymus or spleen index 
(mg/g) = (weight of thymus or spleen/body 
weight).

Assay of splenocyte proliferation

Cell proliferation was assessed using MTT 
method [12]. Splenocytes were obtained by 

ity can affect their cell-type specificity and their 
biological activity in T lymphocytes, B lympho-
cytes and macrophages [8, 9]. It has been 
reported that Lycium ruthenicum Murr. poly-
saccharide inhibits the lipopolysaccharide-
induced nitric oxide (NO) production and the 
mRNA expression of inducible nitric oxide syn-
thase (iNOS), and suppresses the levels of pro-
inflammatory cytokines in lipopolysaccharide-
stimulated macrophages [10]. However, the in 
vivo immunomodulatory efficacy of Lycium 
ruthenicum Murr. polysaccharide is poorly 
understood. The present study was to elucidate 
the effects of LRGP3 in immunosuppressed 
mice induced by Cy treatment.

Materials and methods

Materials

The fruit of Lycium ruthenicum Murr. was pur-
chased from Jiahe Biological Engineering Co. 

Table 1. Effects of LRGP3 on spleen and thymus 
indices in Cy-treated mice

Group Spleen index 
(mg/g)

Thymus in-
dex (mg/g)

Control 4.43 ± 0.67 3.43 ± 0.34
Cy 3.27 ± 0.28* 1.81 ± 0.17*

LRGP3 (25 mg/kg) + Cy 4.38 ± 0.74# 2.44 ± 0.19#

LRGP3 (50 mg/kg) + Cy 4.94 ± 0.96# 2.73 ± 0.21#

LRGP3 (100 mg/kg) + Cy 4.65 ± 0.79# 2.97 ± 0.27#

Data are means ± SD of ten animals. *P < 0.05 compared to 
control group; #P < 0.05 compared to Cy group.

Figure 1. Effect of LRGP3 on mitogen-induced splen-
ic lymphocyte proliferation in Cy-treated mice. LRGP3 
enhanced both T cell and B cell proliferation in a 
dose-dependent manner. Data are means ± SD of 
ten animals. *P < 0.05 compared to control group; #P 
< 0.05 compared to Cy group.
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gently placing the organ in RPMI-1640 medium 
(Sigma, Saint Louis, MO, USA) under aseptic 
conditions, followed by centrifugation (1500 
rpm, for 10 min) at room temperature. The 
erythrocytes were removed by hemolytic Gey’s 
solution, while the remaining cells were centri-
fuged at 200 × g for 10 min. After two washes, 
the splenocytes were resuspended in RMPI-
1640 medium containing 5% fetal bovine 
serum (FBS), and adjusted to 5 × 106 cell/mL. 

100 μL of splenocyte suspension (5 × 106 cell/
mL) in a 96-well culture plate were preincubat-
ed in RPMI1640 medium for 24 h before the 
addition of mitogens (LPS and lectin at 5.0 µg/

mL) (Sigma, Saint Louis, MO, USA). After incu-
bation for 72 h at 37°C in a humidified 5% CO2 
incubator, the number of proliferating cells was 
determined by MTT assay at a wavelength of 
540 nm. The percentage of proliferation was 
calculated by the following equation: Pro- 
liferation (%) = ODtest/ODcontrol × 100%.

Phagocytosis of peritoneal macrophages

Macrophage phagocytic function was assessed 
as previously described [13]. In brief, 24 h after 
the last drug administration, mice were injected 
via a lateral tail vein with ink (10 mL/kg body 
weight). Blood sample were collected from the 
orbital sinus/retro-orbit venous plexus at 2 min 
(t1) and 10 min (t2) after the injection. And then 
the two samples were mixed rapidly with 2 mL 
of 0.1% Na2CO3 in a tube and optical density 
(OD1 for t1; OD2 for t2) was measured by spec-
trophotometry at 600 nm. The mice were killed, 
and each liver and spleen was removed and 
weighted. The rate of carbon clearance (K 
value) and phagocytic index (a value) were cal-
culated by the formulas: K = (lg OD1-lg OD2)/
(t2-t1); a = A K3 /(B + C). A is the average body 
weight, B is the average liver weight and C is the 
average spleen weight for a particular group.

Serum hemolysin formation test

Serum hemolysin formation was assessed as 
previously described [14]. The mice were immu-
nized by injection with 0.2 mL of 5% chicken 
red blood cell (CRBC) (Baiji Biological En- 
gineering Co., Zhengzhou, China) on the fifth 
day. 1 h after the last drug administration, the 
peripheral blood samples were collected and 
centrifuged at 2000 rpm/min for 10 min, and 
20 mL of supernatant serum was diluted to 
500 times with normal saline. 0.5 mL of 5% 
sheep red blood cell (SRBC) (Baiji Biological 
Engineering Co., Zhengzhou, China) and 0.5 mL 
of fresh guinea pig serum (1:10 dilution) was 
added to the reaction tubes filled with diluted 
serum samples. After incubation for 1 h at 
37°C, the reaction tubes were immediately 
moved to an ice bath and centrifuged again 
under the same conditions. About 1 mL of the 
supernatant was mixed with 3 mL of Drabkin’s 
solution. 10 min later, the absorbance of the 
solution was measured using a micro plate 
ELISA reader (PT-3502, Potenov Technology 
Corporation, Beijing, China) at 540 nm.

Figure 2. Effect of LRGP3 on peritoneal macrophage 
phagocytosis in Cy-treated mice. LRGP3 promotes 
peritoneal macrophage phagocytosis in a dose-
dependent manner. Data are means ± SD of ten 
animals. *P < 0.05 compared to control group; #P < 
0.05 compared to Cy group.

Figure 3. Effect of LRGP3 on serum hemolysin for-
mation in Cy-treated mice. LRGP3 promotes serum 
hemolysin formation in a dose-dependent manner. 
Data are means ± SD of ten animals.*P < 0.05 com-
pared to control group; #P < 0.05 compared to Cy 
group.
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Determination of serum cytokine levels by the 
ELISA assay

The levels of IL-2, IL-6 and TNF-α in the serum 
of the mice from each group were determined 
using the mouse ELISA kits (Beyotime, Nanto- 
ng, China) according to the manufacturer’s 
protocols. 

Statistical analysis

Results were presented as mean ± S.D. All sta-
tistical comparisons were carried out using 
one-way ANOVA test followed by Tukey’s test. 
P-values less than 0.05 were considered to be 
a statistically significant difference.

Results

Effect of LRGP3 on spleen and thymus indices 
in Cy-treated mice

The immune function was diminished when the 
mice were treated with Cy alone. As shown in 
Table 1, the spleen indices were decreased sig-
nificantly compared with normal group. When 
the mice were given both intraperitoneal injec-
tion of LRGP3 at 25, 50 or 100 mg/kg body 
weight once daily for ten days, the spleen indi-

ces of the mice increased obviously compared 
with Cy group. Moreover, consistent with the 
spleen index, LRGP3 also increase the thymus 
index in Cy-treated mice in a dose-dependent 
manner. These results suggested that LRGP3 
protects the immune organs against the impair-
ment caused by Cy. 

Effect of LRGP3 on mitogen-induced splenic 
lymphocyte proliferation in Cy-treated mice

It is well known that lectin stimulates T cells 
and LPS stimulates B cell proliferation. In this 
study, we investigated the effects of LRGP3 on 
lymphocyte proliferation with mitogen stimula-
tion. As shown in Figure 1, the proliferative 
responses of splenic lymphocytes to lectin and 
LPS were reduced significantly in Cy-treated 
mice, as compared with the control group. In 
the presence of lectin, LRGP3 at 25, 50 and 
100 mg/kg enhanced the proliferation of lym-
phocytes by 55%, 64% and 76%, respectively, 
compared with the vehicle group. In the pres-
ence of LPS, low-, intermediate- and high-dose 
LRGP3 elicited an increase in lymphocytes pro-
liferation by 65%, 74% and 87%, respectively, 
as compared with the vehicle group. These 
results suggested that LRGP3 enhanced both T 

Figure 4. Effect of LRGP3 on the levels of cytokines 
in Cy-treated mice. LRGP3 increases the levels of 
IL-2, IL-6 and TNF-α in immunosuppressed mice 
serum. Data are means ± SD of ten animals. *P < 
0.05 compared to control group; #P < 0.05 com-
pared to Cy group.
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cell and B cell proliferation in a dose-depen-
dent manner. 

Effect of LRGP3 on peritoneal macrophage 
phagocytosis in Cy-treated mice

As shown in Figure 2, peritoneal macrophage 
phagocytosis was significantly lower in 
Cy-treated mice than in the control group. This 
inhibitory effect of Cy was obviously reversed 
by pretreatment with LRGP3. In the low-, inter-
mediate- and high-dose LRGP3 groups, the 
phagocytic indexes were significantly higher 
than in the Cy-treated, exhibiting a dose-depen-
dent manner.

Effect of LRGP3 on serum hemolysin forma-
tion

In order to investigate the effect of on the regu-
lating humoral immunity, the serum hemolysin 
levels were determined among all the groups. 
As shown in Figure 3, the serum hymolysin 
level was significantly decreased in the Cy 
group compared with that of the control group, 
which shows that Cy could suppress humoral 
immunity. In contrast, the serum hemolysin for-
mation was significantly increased in the 
LRGP3-treated groups, as compared with the 
Cy group.

Effect of LRGP3 on the levels of cytokines in 
Cy-treated mice

The effects of LRGP3 on IL-2, IL-6 and TNF-α 
level in the immunosuppressed mice were 
examined. As shown in Figure 4, the levels of 
IL-2, IL-6 and TNF-α were inhibited significantly 
in Cy-treated mice, as compared with the con-
trol group. Treatment with low-, intermediate- 
and high-dose LRGP3 increases the levels of 
IL-2, IL-6 and TNF-α in immunosuppressed mice 
serum, which indicates that LRGP3 could pro-
mote the secretion of IL-2, IL-6 and TNF-α.

Discussion

The modulation of immune cell activities by 
molecules from medicinal plant origin is an 
area of active interest for inflammation, autoim-
munity and cancer therapy. The application 
natural immunostimulants is a promising 
approach because they are biodegradable, bio-
compatible and safe for human health. 
Polysaccharides isolated from various tradi-
tional medical plants had been demonstrated 
to profoundly affect the immune system both in 

vivo and in vitro through their ability to modu-
late immune function. In this study, we 
assessed the immunomodulatory activity of 
orally administrated LRGP3 on various indices 
in immunosuppressed mice, and our results 
demonstrated that treatment with LRGP3 
accelerated recovery of immunosuppression in 
Cy-treated mice.

Cy, a well-known alkylating agent, acts as an 
important chemotherapeutic drug in tumor 
treatment [15], but administration of Cy leads 
to myelosuppression and immunosuppression 
[16]. It can damage the structure of DNA, kill 
the immune cells, interfere with the prolifera-
tion and differentiation of B and T cells, and 
restrain the humoral and cellular immune 
response. Therefore, we used Cy to create 
immunosuppressive animal model in this study. 
Immune function and immune prognosis are 
reflected by the spleen and thymus indices, 
because these organs play important roles in 
nonspecific immunity. Spleen contains T-cells 
and B-cells, while thymus is the organ in which 
T lymphocytes develop, differentiate and 
mature [17]. In this study, we found that LRGP3 
increases the spleen and thymus indices in the 
Cy-treated mice, indicating that LRGP3 was 
able to counteract the effect of immunosup-
pression on immune organs development. It 
was reported that some Chinese herbal medi-
cines or their ingredients also could significant-
ly improve the immune organs index of mice 
and inhibit the atrophy of immune organs. 

Lymphocytes are the key effector cells of mam-
malian adaptive immune system. Lymphocyte 
proliferation is the direct indicator reflecting the 
state of cellular immunity in animal. Cell-
mediated immunity can exert the actions of 
anti-infection, anti-tumor, helping lymphocyte 
produce antibody by sensitized lymphocyte 
against corresponding antigen [18]. Lectin acts 
directly on lymphocyte T cells, which are 
involved in cell mediated immunity, while LPS 
acts on lymphocyte B cells that are responsible 
for humoral immune response [19]. Our results 
demonstrated that the co-mitogenic activities 
of LRGP3, both with lectin and LPS, were dose-
dependent in Cy-treated mice. Therefore, 
LRGP3 could enhance both cellular and humor-
al immunity in Cy-treated mice. 

Macrophages play critical roles in immune 
response and in host defense. It can function 
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as antigen-presenting cells and can interact 
with T lymphocytes to regulate the adaptive 
immune response. Activated macrophages not 
only participate in both specific and non-specif-
ic immune reactions, but also is the “bridge 
cell” of these two immune reactions [20]. 
Furthermore, macrophages contribute to the 
innate immune response to invading microor-
ganisms by engulfing them through the process 
of phagocytosis [21]. In this study, our results 
showed that LRGP3 effectively stimulated the 
phagocytic activity of macrophages in 
Cy-treated mice, indicating that LRGP3 may ini-
tiate the activation of macrophage function.

The formation of serum hemolysin with SRBC 
immunization reflects humoral immunologic 
function [22]. In this study, our results showed 
that LRGP3 obviously increased serum hemoly-
sin formation in Cy-immunosuppressed mice, 
indicating that LRGP3 can enhance humoral 
immunity activities. 

Cytokines play an important role in cell-cell 
communication in the immune system. Many 
natural products modulated cytokine produc-
tion. Polysaccharides could stimulate produc-
tion of both pro-inflammatory and anti-inflam-
matory cytokines [23]. IL-2 is secreted by Type 
1 helper T cells mediating cellular immune 
response and can induce proliferation of B and 
natural killer (NK) cells [24]. IL-6 is a pleiotropic 
cytokine that modulates the proliferation and 
differentiation of B-cells and T-cells diverse cell 
functions, such as proliferation, differentiation 
[25]. TNF-α also play an important in host 
defense and can induce the expression of a 
deal of other immunoregulatory mediators [26]. 
In the present study, our results showed that 
LRGP3 raised the levels of IL-2, IL-6 and TNF-α, 
indicating that LRGP3 may have regulatory 
effects on inflammation and lymphocyte func-
tions through these cytokines secretion.

In conclusion, LRGP3 possessed reliable immu-
noenhancement, it could resist immunosup-
pression by promoting immune organs develop-
ment, lymphocyte proliferation and macrophage 
phagotytosis, up-regulating the levels of serum 
cytokines in immunosuppressive mice induced 
by Cy. Therefore, our findings suggest that 
LRGP3 is a potent immunomodulator for pre-
vention and treatment of immunosuppressive 
diseases. 
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