.

ROYAL SOCIETY
OF CHEMISTRY

RSC Advances

View Article Online

View Journal | View Issue

Immunomodulatory activity of
a fructooligosaccharide isolated from burdock
roots

i '.) Check for updates ‘

Cite this: RSC Adv,, 2019, 9, 11092

Xiu-juan Zhang,? Shao-fang Liu,® Yan Lu,? Jian-yue Wang?® and Kao-shan Chen (& *a¢
A novel burdock fructooligosaccharide (BFO-1) was extracted from fresh burdock roots. In our study, we
found that BFO-1 possessed immunoenhancing activity in vitro and in vivo. The proliferation activities of
splenocytes were significantly stimulated at a BFO-1 dose of 1000 pg ml™ (p < 0.05), peritoneal
macrophages showed increased activities of phagocytosis and acid phosphatase and increased
production of NO at a BFO-1 dose of 1000 pg ml™* (p < 0.01) in vitro. In normal mice, BFO-1 promoted
the activities of peritoneal macrophages at dosages of 250 and 500 mg per kg per day (p < 0.01).
Similarly, in immunosuppressed mice, BFO-1 enhanced the activities of peritoneal macrophages at the
dosage of 1000 mg per kg per day (p < 0.05). Furthermore, S180 tumor-bearing mice that were pre-
administered BFO-1 solution showed improved immunological function and suppressed tumor growth.
These data indicate that BFO-1 can improve the functioning of the immune system and has the potential
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Introduction

Currently, some common diseases are closely associated with
a compromised immune system, which is due to problems of
the immune system and nonspecific protection mechanisms
being damaged in disease and cancer. For the treatment of
immunocompromised patients, immunotherapy has attracted
increasing attention. Plant polysaccharides are an important
active ingredient in Chinese traditional medicine and have been
widely studied for their safety and nontoxic characteristics. A
large number of studies have shown that plant polysaccharides
enhance the immune functions of the body and are one of the
main mechanisms for their medicinal use. Plant poly-
saccharides not only activate immune cells such as T cells, B
cells, macrophages, and NK cells but also promote the
production of cytokines such as IL-1, IL-2, tumor necrosis factor
and interferon, regulate the formation of antibodies and
complement and exert various regulatory effects on the immune
system."™*

Burdock (Arctium lappa L.), which is a famous traditional
Chinese medicine, has long been cultivated as a popular vege-
table in Japan, Korea, Taiwan and has yet to be shown to cause
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to be developed as a dietary supplement and medicinal food.

side effects.® Burdock roots contain large amounts of fructoo-
ligosaccharides, phenolic compounds and caffeoylquinic acid
derivatives;*® fructooligosaccharides are usually considered to
be their main bioactive components.” Some studies have sug-
gested that burdock has a variety of biological properties, such
as antioxidant, antiallergic, immunoregulatory or immunosti-
mulatory or immunostimulation'®** and anti-inflammatory
activities.'>"

Approximately 15% of angiosperms store carbohydrates in
the form of fructooligosaccharides. Fructooligosaccharides, as
burdock root's main bioactive components, are a kind of fine
functional food material that has been used globally. In addi-
tion to being a sugar alcohol, fructooligosaccharide also regu-
lates intestinal flora,*" lowers blood sugar,” regulates fat
metabolism,* promotes the absorption of minerals, increases
the number of Peyer's patch,> promotes the production of short
chain fatty acids (SCFAs)* and so on.

Our laboratory isolated and purified a homogeneous fructo-
oligosaccharide from fresh burdock roots named BFO-1, which
consisted of glucose and fructose, composed of p-fructose and
p-glucose in a molar ratio of approximately 12 : 1. BFO-1 is
confirmed to be composed of 12 fructose residues linked by U
(2—1) glucoside bonds and 1 glucose residue linked by a T (1 —
2) glucoside bond at the end of the linear straight sugar chain.
Preliminary experiments confirmed that BFO-1 could promote
plant growth and inhibit plant diseases. In addition, BFO-1
induced the growth of Bifidobacterium iz vitro, but the immu-
nomodulatory activity of BFO-1 has not been studied. Accord-
ingly, in this study, we investigated the immunomodulatory
activity of BFO-1 for the first time. We then investigated the

This journal is © The Royal Society of Chemistry 2019
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effect of BFO-1 on immune cells, normal mice, and immuno-
suppressed mice treated with cyclophosphamide and S180
tumor-bearing mice. Our results provide insights into the
understanding of BFO-1 from burdock roots and may facilitate
its application in biomedical fields.

Materials and methods

Materials

D301R resin was provided by Nankai University. Sephadex G-50
was purchased from General Electric Healthcare Life Sciences.
Fetal bovine serum and RPMI-1640 media were obtained from
GIBCO GRL (USA). Lipopolysaccharide (LPS), 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazoliumbromide (MTT),
concanavalin A (ConA) and p-nitrophenyl phosphate (pNPP)
were purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). Sheep red blood cells (SRBCs) were obtained from
Solarbio.

Isolation and fractionation of burdock fructooligosaccharide

The roots of fresh burdock were cut into pieces and immersed
in hot water at a solid : liquid ratio of 1 : 10, at a temperature of
70 °C, and an extraction time of 90 min, which was repeated
twice. The liquid was concentrated by rotary evaporation at
60 °C to 1/3 of the original volume and mixed with three
volumes of 95% ethanol for 24 h at 4 °C. The samples were
deproteinized according to the method of Sevage (1938), then
decolorized with D301R and freeze-dried to obtain crude
burdock fructooligosaccharide. The crude burdock fructooli-
gosaccharide was fractionated by Sephadex G-50 column chro-
matography (1.6 cm x 60 cm) and eluted with distilled water
with a flow rate of 0.5 ml min~". The fraction of the major peak
was collected, lyophilized and pure burdock fructooligo-
saccharide named BFO was obtained.

Removal of bacterial endotoxins from burdock
fructooligosaccha-ride

DEAE-cellulose column chromatography was used to remove
bacterial endotoxins. The DEAE-cellulose was weighed, and
three times the amount of water was added to dissolve the
DEAE-cellulose, which was stabilized by 2-3 times the volume of
the column after the alkali-acid-alkali treatment. BFO was
eluted with distilled water at a flow rate of 1 ml min~!, and the
concentrated liquor was lyophilized and named BFO-1. The
endotoxin level was measured at the end point by the chromo-
genic reagent TAL.

Animal

Kunming mice (20 £ 2 g, female) were obtained from the
Animal Centre of Shandong University. Mice were kept in
a room under standard housing conditions (12 h light/12 h
dark, 25 & 1 °C with 55 + 5% relative humidity). All experiments
were performed in compliance with the relevant laws and
approved by the Ethics Committee of Shandong University with
the approval/protocol number SYDWLL-2018-12, which is
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according to the regulations for the Administration of Affairs
Concerning Experimental Animals of China.

The proliferation of splenocytes

Kunming mice were sacrificed by cervical dislocation, and the
spleens were aseptically acquired. The single-cell suspensions
were obtained by pressing the suspension with a syringe core
and filtering through a 200-mesh steel sieve. The erythrocytes
were removed by the hypotonic method and then washed three
times with phosphate buffered saline (PBS) and centrifuged at
1000 rpm for 5 min. Finally, splenocytes were suspended at 1 x
10° ml™" in RPMI 1640 medium supplemented with 10% fetal
bovine serum. The cells were seeded in 96-well plates with
different concentrations of BFO-1 or ConA (5 ug ml~), followed
by incubation for 72 h at 37 °C with 5% CO, in a humidified
incubator. A 5 mg ml~* MTT solution (10 ul) was added to each
well before the end of the culture for 4 h and incubated
continuously for 4 h. The supernatant was removed carefully,
and DMSO (150 ul) was added to each well until the blue-purple
crystallization of formazan was completely dissolved. Then, the
absorbance was measured with a microplate reader at 570 nm.

The production of NO in peritoneal macrophages

Mice were injected with 1 ml of aseptic 3% starch broth in the
abdominal cavity for 3 days. Five millilitres of cold PBS solution
was injected into the abdominal cavity, and the abdomen was
gently massaged. Then, the peritoneal macrophages were
collected and washed twice with PBS. The purified peritoneal
macrophages (1 x 10° ml™") were seeded in 96-well plates and
treated with different concentrations of BFO-1 (0, 25, 50, 100,
500, 1000 pg ml~") or LPS (1 pug ml™") for 24 h. Then, the
supernatant (50 pl) was placed in another 96-well cell culture
plate, and Griess reagent (50 pl) was added, gently mixed and
settled at room temperature for 10 min. Then, the absorbance
of each well was measured at 490 nm with a microplate reader.

The determination of acid phosphatase activity in
macrophage

Purified peritoneal macrophages (1 x 10° ml~") were seeded in
96-well plates and treated with different concentrations of BFO-
1 (0, 25, 50, 100, 500, 1000 pg m1~ ) or LPS (1 pg m1 ") for 24 h.
The supernatant was removed, and 100 pl of pNPP was added to
every well. Then, the cells were sequentially cultivated for
30 min, and 10 pl of NaOH (1.0 mol 1) was added to terminate
the reaction. The absorbance of each well was measured by
a microplate reader at 405 nm.

Phagocytic activity of peritoneal macrophages

The purified peritoneal macrophages were incubated alone for
24 h. Subsequently, the supernatant was discarded, and 100 pl
of 0.1% neutral red dissolved in normal saline was added. Then,
the cells were sequentially cultivated for 20 min, and 200 pl of
cell lysis buffer composed of equal volumes of absolute ethanol
and acetic acid was added to every well. The absorbance was
measured at 490 nm under a microplate reader.

RSC Adv., 2019, 9, 11092-11100 | 11093
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B cell-mediated hemolysis reaction

Mice were injected with 20% SRBC (0.2 ml) and sacrificed on
day 8, and splenocytes were prepared according to the methods
described above. One milliliter of spleen cell suspension (1 x
10”7 ml~ "), 0.5 ml of 0.2% SRBC and 0.5 ml of 1 : 10 guinea pig
complement was mixed and incubated for 60 min at 37 °C;
finally, the reaction was stopped in an ice bath. The cell
suspension was then centrifuged (3000 rpm for 5 min), and the
absorbance of the supernatant was measured by a microplate
reader at 413 nm.

The determination of serum hemolysin

Mice were injected with 20% SRBC (0.2 ml) and sacrificed on
day 8. The serum was separated and diluted with physiological
saline at a ratio of 1:100. One millilitre of serum was mixed
with 5% SRBC (0.5 ml) and 1 : 10 guinea pig complement (0.5
ml). After a 60 min incubation at 37 °C, the reaction was
terminated in an ice bath and the mixture was centrifuged at
3000 rpm for 5 min. The absorbance was measured at 540 nm
using a microplate reader.

Experimental design for normal mice

The mice were randomly divided into five groups (7 = 6/group):
the control group and the four experimental groups. After
acclimation for 1 week, in the experimental groups, the mice
were orally administered BFO-1 (100, 250, 500, and 1000 mg
kg™ ") every day for a week, and the control group was admin-
istered the equivalent volume of saline. After 1 week, all groups
were euthanized to prepare splenic cells and peritoneal
macrophages as described above. Then, the proliferation of
splenocytes, the phagocytic activity of peritoneal macrophages,
the production of NO and the acid phosphatase activity, B cell-
mediated hemolysis reaction and the production of serum
hemolysin were measured as described above.

Experimental design for cyclophosphamide-treated
immunosuppressed mice

The Kunming mice were randomly divided into five groups (n =
6/group). In the experimental groups, the mice were injected
with 75 mg kg~ ' d " cyclophosphamide (CY) for 3 days, and the
control group was injected with the equivalent volume of saline.
Then, the experimental groups were treated with normal saline
and different concentrations of BFO-1 (250, 500, 1000 mg kg™ ')
by lavage every day for 7 days. Then, the proliferation of sple-
nocytes, the phagocytic activity of peritoneal macrophages, the
production of NO and the acid phosphatase activity, B cell
mediated hemolysis reaction and the production of serum
hemolysin were measured as described above.

Experimental design for S180 tumor-bearing mice

The Kunming mice were randomly divided into five groups (n =
8/group): the control group and the four experimental group. In
the experimental groups, the mice were orally administered
BFO-1 (250, 500, and 1000 mg kg ') every day for a week and the
control group was administered the equivalent volume of
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saline. The five groups of mice were subcutaneously inoculated
with 0.2 ml of 5180 cell suspension (1 x 10” ml™") in the right
upper limb on day 8, and then BFO-1 and saline were admin-
istered on the other 9 days. The mice were sacrificed, and the
tumor tissue was detached and weighed. The tumor inhibition
rate was calculated according to the following formula:

Tumor inhibition rate (%) = (Weontrol — Wireated)!/Weontrol X
100%, where Wieatea and Weontror Were the average tumor
weights of the treated and control groups, respectively. The
phagocytic activity of the peritoneal macrophages and the
production of NO were measured as described above.

Statistical analysis

All data are presented as the mean =+ SD. The statistical calcu-
lations were performed using the Statistical Package for Social
Sciences version 12.0 (SPSS Inc., Chicago, IL, USA). Significant
values were evaluated by one-way ANOVA, and p-values of less
than 0.05 were considered statistically significant.

Results
Isolation and removal of bacterial endotoxin from BFO

Endotoxin is the source of pollution of most biomaterials, and
its presence has clouded the results of biological and drug tests
and caused many production difficulties.”® The removal of
endotoxin is a difficult problem, due to its high thermal stability
and relatively large molecular weight; the stability and recovery
rate of biological macromolecules should also be considered.”

BFO-1 was separated by a DEAE-cellulose column to obtain
loose white lumps. DEAE cellulose is one of the most commonly
used methods in the separation and purification of sugars.
Results have shown that the method of removing bacterial
endotoxin by DEAE cellulose is low cost, effective, has a high
recovery rate and is also a suitable method for removing BFO-1
contaminating endotoxin. This study selected an appropriate
method to determine the content of endotoxin. After treatment,
the endotoxin measurement changed from 1.6702 EU ml™ " to
0.1065 EU ml ". The endotoxin content was reduced by
approximately 25 times, and the BFO-1 can therefore be used for
further experiments. The removal of bacterial endotoxin by
DEAE cellulose is effective and feasible.

The effect of BFO on the proliferation of splenocytes in vitro

In this study, the proliferation activity of splenic cells was
determined by MTT assay. As shown in Fig. 1, compared with
the control, BFO-1 effectively stimulated splenic cell prolifera-
tion in a dose-dependent manner and reached maximum
proliferation at 1000 ug ml . This result indicates that BFO-1
can stimulate lymphocyte proliferation within a certain
concentration range.

The effect of BFO-1 on peritoneal macrophages in vitro

The acid phosphatase activity and the production of NO in
peritoneal macrophages could not be enhanced by BFO-1
stimulation alone in vitro (data not shown), but LPS alone can
stimulate peritoneal macrophages to produce NO. In this study,

This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Effect of BFO-1 on the proliferation activity of spleen cells in
vitro. Supernatants of ConA or BFO-1 treated spleen cells were
collected, and the OD value was measured with a microplate reader at
570 nm. Data are presented as the means + SD of six independent
experiments. Significant differences from the control group are indi-
cated by *p < 0.05, **p < 0.01.

the synergistic effect of BFO-1 and LPS on the production of NO
in macrophages was investigated. The results showed that NO
was significantly increased after combined stimulation with
BFO-1 and LPS. When the concentration of BFO-1 was 25-100
ug ml~ ', the NO production tended to decrease as the concen-
tration increased. When the concentration of BFO-1 was 500-
1000 pg ml~ ' in the test group, the production of NO was higher
than in the control and LPS groups with increasing concentra-
tions (Fig. 2A). It is possible that the mechanism of NO
production stimulated by BFO-1 is different. How BFO-1 and
LPS synergistically impact the production of NO is unclear.
BFO-1 could enhance the activity of acid phosphatase in peri-
toneal macrophages. As the concentration increased, the
activity of acid phosphatase also increased; at the concentration
of 1000 ug ml*, the acid phosphatase activity was dramatically
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n
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higher than the control group (p < 0.05). The results are shown
in Fig. 2B.

The immunostimulatory effects of BFO on normal mice

To further evaluate the immunostimulatory effect of BFO-1 on
normal mice, BFO-1 was orally administered at dosages of 100,
250, 500 and 1000 mg per kg per day to normal mice for 7 days.
The production of NO, the phosphatase activity and the
phagocytic activity of peritoneal macrophages from normal
mice are shown in Fig. 3. At concentrations of 250 and 500 mg
per kg per day, the acid phosphatase activity, NO production
and phagocytic activity of the BFO-1 groups were dramatically
higher than those of the control group (p < 0.01). However, at
1000 mg per kg per day, the acid phosphatase activity and NO
production of the BFO-1 groups were decreased, probably
because the concentration of BFO-1 was too high. BFO-1 did not
show toxic effects despite the high BFO-1 concentration. BFO-1
increased the proportion of activated macrophages at concen-
trations of 100-1000 mg per kg per day.

However, intragastric treatment of normal mice with BFO-1
for 7 days did not change the proliferation of splenic cells, the
B cell-mediated hemolysis reaction or the determination of
serum hemolysin compared with the control group mice. The
phagocytic activity of macrophages, the production of cyto-
kines, the ability of splenic cells to secrete antibodies, and the
proliferation of splenic lymphocytes reflect the cellular and
humoral immune functions of the immune system.

The immunostimulatory effects of BFO-1 in
immunosuppressed mice

Proliferation of splenocytes. The splenocyte proliferation
results are shown in Fig. 4. The proliferation activity of splenic
cells was increased in the BFO-1 groups relative to the model
group. Compared with the model group, splenic cells prolifer-
ation was stimulated in the BFO-1 treatment groups in a dose-

w

The activity of acid phosphatase

0.4

0.31

0.2

CK LPS 25 50

100 500 1000
Concentration of BFO-1 (pg/ml)

Fig.2 The effects of BFO-1 on peritoneal macrophages in vitro. (A) Effects of BFO-1 on the production of NO in macrophages. (B) Effect of BFO-
1 on the activity of acid phosphatase in macrophages. Macrophages were treated with the indicated concentrations of BFO or LPS (1 pg ml™) for
24 h. The results are expressed as the mean values + SD (n = 6, *p = 0.05 versus control group).
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Fig. 3 Effect of BFO-1 on peritoneal macrophages from normal mice. (A) Effect of BFO-1 on the production of NO in macrophages. (B) Effect of
BFO-1 on the activity of acid phosphatase. (C) Effect of BFO-1 on the phagocytic activity of macrophages. The mice were intragastrically
pretreated with the indicated concentrations of BFO-1 for 7 days. The results are expressed as the mean values & SD (n = 6, *p = 0.05 versus

control group).
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Fig. 4 Effect of BFO-1 on the proliferation of splenocytes in immu-
nosuppressed mice. The results are expressed as the mean values +
SD (n = 6, *p = 0.05 versus model group).

dependent manner and proliferation reached peaked at
1000 mg per kg per day.

Acid phosphatase activity. The acid phosphatase activity in
the BFO-1 treated group at 500 and 1000 mg kg~ " was signifi-
cantly higher than that in the model group (p < 0.01) (Fig. 5A).
This result suggests that BFO-1 could improve the activity of
acid phosphatase to enhance the function of macrophages.

Phosphatase activity. BFO-1 was orally administered at
dosages of 250, 500 and 1000 mg per kg per day, and the
phosphatase activity in peritoneal macrophages of immuno-
suppressed mice was improved. At 1000 mg kg ', the phos-
phatase activity was dramatically higher than that of the control
group (p < 0.01) (Fig. 5B).

The production of serum hemolysin. To evaluate the
immunoregulatory effects of BFO-1 in cyclophosphamide
induced immunosuppressed mice, the production of serum
hemolysin was measured by a microplate reader at 540 nm
(Table 1). At BFO-1 concentration of 1000 mg kg ', the
production of serum hemolysin was dramatically higher than

11096 | RSC Adv., 2019, 9, 11092-11100

that of the control group (p < 0.05). This result suggests that BFO
increased the production of serum hemolysin in immunosup-
pressed mice.

B cell mediated hemolytic activity. To evaluate the immu-
noregulatory effects of BFO-1 on cyclophosphamide-induced
immunosuppression, B cell-mediated hemolytic activity was
measured by a microplate reader at 413 nm (Table 1). The BFO-1
groups had significantly higher hemolytic activity than the
model group (p < 0.01). This result suggests that BFO-1
improves B cell mediated hemolytic activity in immunosup-
pressed mice.

The effect of intragastric pretreatment with BFO-1 on the S180
mice

The macrophage activation induced by BFO-1 in vitro prompted
us to evaluate the anti-tumor and immunomodulatory proper-
ties in vivo. We established a subcutaneous S180 tumor-bearing
model in Kunming mice to evaluate the immunoregulatory
effect of BFO-1.

Tumor inhibition. After intragastric pretreatment with BFO-
1, the tumor growth of S180-bearing mice was significantly
inhibited compared with the tumors from control group (Table
2). The tumor inhibition rate in the treatment groups (250 and
500 mg per kg per day) was approximately 25%, while the high
dosage group (1000 mg per kg per day) reached an inhibition
rate of 44%. This result indicates that BFO-1 has preventive
effect on the occurrence of tumors. Currently, many studies in
the anticancer field are devoted to finding materials with
immunoregulatory and antitumor effects from natural biolog-
ical materials, because traditional chemotherapies kill tumor
cells and have a toxic effect on normal cells.?® Therefore, ideal
antitumor drugs should have tumor suppression function, be
harmless to the host or cause limited damage and specifically
regulate immune cells to kill tumor cells.

Macrophage phagocytic. Intragastric pretreatment with BFO-
1 can enhance phosphatase activity and the production of NO in

This journal is © The Royal Society of Chemistry 2019
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Fig. 5 Effect of BFO-1 on peritoneal macrophages in immunosuppressed mice. (A) Effect of BFO-1 on acid phosphatase activity. (B) Effect of
BFO-1 on the phosphatase activity. The results are expressed as the mean values + SD (n = 6, *p < 0.05 versus model group).

macrophages. Compared with the control group of tumor-
bearing mice, the BFO-1 groups (250, 500 and 1000 mg per kg
per day) had improved macrophage phagocytic activity and an
increased amount of NO (Fig. 6). This result suggests that the
intragastric pretreatment effect of BFO-1 has a significant
antitumor effect, which may be related to the recovery of
immune function in S180 tumor-bearing mice. The immuno-
deficiency of tumor-bearing mice is closely related to the
occurrence and development of tumors.” The results of this
study confirmed that BFO-1 can improve the function of
macrophages in tumor-bearing mice and exert a positive
immunoregulation effect. Therefore, BFO-1 has good applica-
tion potential in tumor prevention.

Discussion

In our previous study, we found that BFO-1 is linear inulin-type
fructooligosaccharides and acts as prebiotic that passes undi-
gested through the upper part of the gastrointestinal tract.
Inulin and fructooligosaccharides are partially hydrolyzed by
gut microbes, may either bind to the intestinal epithelium and
exert immune reactions locally and/or be absorbed into the
bloodstream where they can potentially exert systemic effect.®
The current data indicate that BFO-1 enhanced immune func-
tion by affecting the activities of lymphocytes and peritoneal
macrophages. The activities of splenocytes and peritoneal

Table 2 Effects of BFO-1 pretreatment on tumor weight in S180
tumor-bearing mice (n = 8)¢

Concentration Tumor inhibition
Treatment (mg kg™ rate (%)
Control
BFO 250 24.26
500 25.53
1000 44.14

¢ Date are expressed as the mean =+ SD. Significantly different from the
control stimulation:*p < 0.05, **p < 0.01.

macrophages were stimulated in vitro (at the dose of 1000 pg
ml™") and in immunosuppressed mice (at the dosage of
1000 mg per kg per day). The activities of peritoneal macro-
phages were significantly stimulated at dosages of 250 and
500 mg per kg per day in normal mice. Tumor growth was
inhibited, and peritoneal macrophages were significantly
stimulated at dosages of 250, 500 and 1000 mg per kg~ ' per day
in S180 tumor-bearing mice. In general, BFO-1 can improve
immunological function, but the optimal dose for functioning
in different models is different.

It is well established that functional foods may exert their
beneficial effects on health promotion through cell-to-cell
communication networks.** In these communication

Table 1 Effect of BFO-1 on the level of serum hemolysin and B cell mediated hemolytic activity in immunosuppressed mice®

Groups Concentration (mg per kg per day) Serum hemolysin As,4 Hemolytic activity Ay;;
Model 0.0182 + 0.0112 0.1548 + 0.0513
Normal control 1.3720 £+ 0.2416 0.7358 + 0.0316**
BFO 250 0.0891 + 10.2416 0.4009 + 0.0372**
500 0.2307 + 0.1846 0.4986 + 0.0592**
1000 0.3340 + 0.2760* 0.6353 £ 0.0319**

% Date are expressed as the mean + SD. Significantly different from the control stimulated:*p < 0.05, **p < 0.01.

This journal is © The Royal Society of Chemistry 2019
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networks, the immune system plays an important role in the
body by protecting the organism from infectious disease and
tumors. The immune system is mainly composed of immune
organs and cells, including the spleen, thymus, lymphocytes
and so on.

Lymphocytes play an important role in immune system
regulation, which is an important indicator of lymphocyte
activation and function.®* Splenocytes are key effector cells of
the innate immune response.* In our study, BFO-1 effectively
stimulated splenocyte proliferation in vitro, in immunosup-
pressed mice and in S180 tumor-bearing mice. These results
indicated that BFO-1 could restore the function of humoral
immunity. In normal mice, BFO-1 had no significant effect on
the proliferation of splenocytes. These results indicated that
BFO-1 had no significant effect on humoral immunity and T cell
proliferation under these experimental conditions.

Macrophages together with neutrophils represent the first
line of host defense after the epithelial barrier.** Moreover,
macrophages have different cellular morphologies with
different functional conditions and play a vital role in the innate
immune system by increasing the secretion of inflammatory
molecules, such as NO and proinflammatory molecules, to
enhance the immunity.** Recent studies have shown that most
fructooligosaccharides, such as the FOS isolated from Yacon,*®
FOS and inulin,**’ could invoke the activity of immunocyte.

The production of NO can activate macrophages and stim-
ulate immune system to protect the host from infection and
tumors.*® Nonetheless, an excess of NO in the cell may damage
the DNA and have a proinflammatory effect.* In our study, BFO-
1 significantly increased the production of NO in normal mice
and S180 mice, indicating that BFO-1 can enhance the innate
immunity and activate the microbicidal processes inside cells.
However, in normal mice, the production of NO was enhanced
but did not continually increase with the increase of BFO-1
concentration. The production of NO at 1000 mg per kg per
day was reduced compared to the concentrations of 250 and
500 mg per kg per day (Fig. 3A). In contrast, in S180 mice, the
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production of NO was concentration-dependent. This result
indicates that the optimal concentration of BFO-1 required for
improving immunity is different in normal and S180 mice.

The microbicidal activity in macrophages is related to a rapid
and deep shift of the pH toward acidic values in phag-
olysosomes and to the action of lysozyme, hydrolytic enzymes
and defensins.** The selection of acid phosphatase and
phagocytic function are important indicators of macrophages
that reflect the state of cellular immunity. In this study, BFO-1
significantly increased the phagocytic function and acid phos-
phatase activity of peritoneal macrophages in normal mice,
immunosuppressed mice and S180 mice. These results suggest
that BFO can enhance the nonspecific immune and immuno-
modulatory effects of the body by activating macrophages.

Serum hemolysin and B-cell-mediated hemolysis demon-
strate the ability of B lymphocytes to differentiate into plasma
cells and produce antibodies when stimulated by antigens. In
addition, B-cell mediated hemolysis reflects the number of
lymphocyte antibodies, reflecting the ability of the immune
system to synthesize antibodies.*” In our study, serum hemo-
lysin levels and B-cell mediated hemolysis were used as indi-
cators to detect humoral immunity. When observing the effect
of BFO-1 on cyclophosphamide-treated immunosuppressed
mice, it was found that BFO-1 had a restorative effect on cellular
immunity and humoral immune function in mice. The
enhancement effect of BFO-1 on immunosuppressed mice
indicates that BFO-1 will be used as an auxiliary food for
cyclophosphamide chemotherapy patients hopefully by
improving the immune function of patients and preventing
damage to the immune system.

In recent years, increasing focus has been placed on the
biological activities of inulin and fructooligosaccharide espe-
cially the immunostimulatory and antitumor activities.*
However, there are no reports on the antitumor and immuno-
modulatory activity of BFO-1. In our study, intragastric
pretreatment with BFO-1 significantly delayed the tumor growth
in S180 tumor-bearing mice (Table 2). BFO-1 also enhanced the

100+ *

Concentration of NO (umol/L)

Model 250 500 1000
Concentration of BFO-1 (mg/kg/day)

Fig. 6 Effect of BFO-1 on the activities of peritoneal macrophages in S180 tumor-bearing mice. (A) Effect of BFO-1 on phosphatase activity. (B)
Effect of BFO-1 on the production of NO in macrophages. The results are expressed as the mean values + SD (n = 8, *p = 0.05 versus model

group).

11098 | RSC Adv., 2019, 9, 11092-11100

This journal is © The Royal Society of Chemistry 2019


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra10091h

Open Access Article. Published on 09 April 2019. Downloaded on 11/19/2025 1:23:36 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

phagocytic function of macrophages and their ability to
produce NO, which should mediate macrophages killing of
tumor cells. Research has shown that some
saccharides primed macrophages for an enhanced respiratory
burst, directly stimulated NO production via induction of nitric
oxide synthase, and induced macrophages to secrete both
inflammatory (IL-1, IL-6, TNF-alpha, and IL-12) and anti-
inflammatory (IL-10) cytokines.***"** Our results demonstrate
that BFO-1 possesses immunoenhancement activity. However,
the mechanisms of the immunoenhancement properties of
BFO-1 are not clear and require further study to support the
present findings.

immuno-

Conclusions

In this study, we isolated BFO from burdock roots, and the
bacterial endotoxin in BFO was removed by DEAE-cellulose
column chromatography. Our data show that BFO-1 stimu-
lated the production of NO by macrophages and improved acid
phosphatase activity in peritoneal macrophages in vitro. Intra-
gastric of BFO-1 significantly increased the phagocytic function
of peritoneal macrophages and the production of NO and acid
phosphatase in vivo. Moreover, intragastric pretreatment with
BFO-1 significantly delayed tumor growth in S180 tumor-
bearing mice, which confirmed that BFO-1 could promote the
function of macrophages. These findings would be beneficial
for the discovery of BFO-1 as a dietary supplement and func-
tional food.
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