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Abstract. Ginsenoside Rb1 (GRb1), which is one of the 
main ingredients derived from Panax  ginseng, has been 
widely used to treat various gastrointestinal disorders. The 
present study aimed to determine whether GRb1 was able to 
prevent intestinal mucosal barrier damage in rats following 
peritoneal air exposure for 3 h. GRb1 (5, 10, and 20 mg/kg) 
was orally administrated via gavage four times prior to and 
following surgery. Blood and terminal ileum were sampled 
24 h following surgery. Levels of serum D‑lactate (D‑LA) 
were detected using an enzyme‑linked immunosorbent assay 
kit. Intestinal permeability was assessed by determining the 
intestinal clearance of fluorescein isothiocyanate‑dextran 
(FD4). Activity of intestinal myeloperoxidase was measured to 
assess intestinal inflammation, and intestinal histopathology 
was assessed by light microscopy. The results showed that 
GRb1 reduced the level of serum D‑LA, intestinal clearance of 
FD4, and the activity of intestinal myeloperoxidase. Intestinal 
edema and inflammation were also ameliorated by GRb1, and 
the Chiu's scores employed for assessing intestinal mucosal 
damage were also reduced in the GRb1‑treated peritoneal air 
exposure group. In addition, GRb1 induced a significant differ-
ence at 10 and 20 mg/kg, indicating a dose‑dependent effect. 
The results of the present study suggest that GRb1 may be 
able to protect the intestinal mucosal barrier against damage 
induced by peritoneal air exposure, which may be associated 
with its anti‑inflammatory action.

Introduction

Ginseng, which is the dried root of Panax ginseng C.A. Meyer 
(Araliaceae)  (1), has been well accepted as a drug to treat 
various gastrointestinal diseases in traditional Chinese medi-
cine. Ginsenosides are the main active ingredients of ginseng 
and have many pharmacological actions, including anti‑tumor, 
anti‑oxidant, anti‑inflammation and anti‑fatigue effects (2‑5). 
Ginsenoside Rb1 (GRb1) is one of the main ginsenosides. 
Recent research has demonstrated that GRb1 is able to main-
tain intestinal epithelial tight junctions  (6), improving the 
functional performance of the intestinal mucosal barrier in a 
number of diseases, including intestinal ischemia‑reperfusion 
injury and intestinal microflora disorders (7,8).

In modern surgery, it is important to ensure the patient's 
efficient recovery; however, various factors in the periop-
erative period may affect postoperative rehabiliation. In open 
abdominal surgery, peritoneal air exposure is very common, 
which can lead to tissue or organ injury (9‑11). Furthermore, 
the gut is easily injured by physical stress and is thus often 
considered as the cause of multiple organ dysfunction in crit-
ical illness (12). A recent study demonstrated that peritoneal 
air exposure may cause intestinal mucosal barrier dysfunc-
tion, which is proportionally associated with the duration 
of peritoneal air exposure (13). However, intestinal bacteria 
and endotoxins may be translocated to remote organs when 
the intestinal mucosal barrier is damaged, and this intestinal 
mucosal barrier dysfunction may further result in inflamma-
tion of the intestine or other organs (14). In clinical practice, 
various complications are derived from intestinal injury and 
inflammation following open abdominal surgery  (15‑17). 
Therefore, effective methods to improve intestinal mucosal 
barrier function in modern surgery are required.

In the present study, the potential role of GRb1 in preventing 
intestinal mucosal barrier damage caused by peritoneal air 
exposure was explored, in experimental conditions simulating 
those of a surgical environment in clinical practice.

Materials and methods

Experimental animals. Healthy adult male Sprague‑Dawley 
rats (6.5±0.3 weeks; 210‑230 g) were purchased from Shanghai 
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SLAC Laboratory Animal Co., Ltd., (Shanghai, China). Rats 
were housed in the laboratory under controlled temperature 
(20‑22˚C), humidity (45‑55%) and light (12 h light/dark cycle) 
conditions, and had ad libitum access to standard rat chow and 
tap water. Experimental procedures involving the rats were 
checked and approved by the Institutional Animal Committee 
of Wenzhou Medical University (Wenzhou, China). Rats were 
treated in accordance with the guidelines of the National Insti-
tutes of Health (Bethesda, MD, USA).

Reagents. GRb1 (purity, >98%) was purchased from Shanghai 
Tauto Biotech Co., Ltd., (Shanghai, China). All chemicals and 
reagents used in the present study were of analytical grade.

Animal grouping and reagent administration. Following an 
adaptation period of one week, 40 rats were randomly divided 
into five groups (n=8): Control group (CG); peritoneal air expo-
sure for 3 h group (PG); and three groups that received GRb1 
following PG treatment at doses of 5, 10 and 20 mg/kg, respec-
tively (GG, including GG5, GG10 and GG20). Rat models of 
peritoneal air exposure for 3 h were established according 
to a previous study (13). Briefly, following anesthesia with 
2% pentobarbital sodium (Sigma‑Aldrich; Merck Millipore, 
Darmstadt, Germany) at a dose of 3.5 ml/kg, rats in the PG 
and GG groups were laparotomized with a 3 cm midline inci-
sion, followed by peritoneal air exposure for 3 h. Surgery was 
performed in a sterile environment with controlled humidity 
and temperature. Rats in the CG group were exposed to the 
same anesthesia as the PG and GG groups, without surgery. 
Rats in the CG and PG groups received saline by gavage once 
daily at 3, 2 and 1 days prior to surgery, and at 6 h post‑surgery. 
Rats in the GG groups were administered GRb1 dissolved 
in saline at a dose of 5, 10 and 20 mg/kg in the respective 
groups four times via the same method as the CG group (4). 
At 24 h post‑surgery, blood and terminal ileum were harvested 
to provide samples for subsequent detection. Terminal ileum 
was harvested at the detected site, according to previous 
studies  (18‑20), which determined that the terminal ileum 
was the optimal site for the investigation of intestinal mucosal 
barrier damage following exposure to various types of injury. 
This indicates that the most sensitive section in the gut is 
located at the terminal ileum.

Serum D‑lactate (D‑LA) measurement. Inferior vena cava was 
chosen as the harvesting site for blood samples. Blood was 
centrifuged  at 800 x g for 15 min at 4˚C to collect serum. 
Serum D‑LA levels were measured using an ELISA kit for rats 
(cat. no. 10597R‑09; R&D Systems, Inc., Minneapolis, MN, 
USA) according to the manufacturer's protocol.

Intestinal permeability measurements. Intestinal clearance 
of fluorescein‑isothiocyanate dextran (FD4) was measured 
to assess intestinal permeability according to previously 
published studies  (13,18,19). Briefly, an 8‑cm section of 
terminal ileum was removed, and the mucosa was gently 
everted. One end of this gut segment was closed with a 4‑0 
silk suture and 1.0 ml Krebs‑Henseleit bicarbonate buffer was 
injected from the opposite end to prepare an intestinal sac. 
This filled intestinal sac was subsequently incubated in a solu-
tion containing 0.5 mg/ml FD4 (average molecular weight: 

4,000) at 37˚C. Bathing solution was gently aerated and 
bubbled with a gas mixture containing 5% CO2 and 95% O2 for 
30 min, and the mucosal surface area value was subsequently 
determined. Solution fluorescence was detected spectrophoto-
metrically, and intestinal FD4 clearance was measured using 
the following formula:

In this formula, C indicates the mucosal to serosal clear-
ance of FD4 in µl·min‑1·cm‑2; A denotes the mucosal surface 
area; [FD4]muc is the concentration of FD4 in the mucosal 
solution aspirated from the sac at the beginning of the 30 min 
period; [FD4]ser is the concentration of FD4 in the serosal solu-
tion aspirated from the sac at the end of the 30 min period; L 
denotes the sac length; and D indicates the sac diameter.

Intestinal myeloperoxidase (MPO) activity determination. 
Tissue of the terminal ileum was homogenized and centri-
fuged at 2,000 x g for 15 min at 4˚C to obtain the supernatants. 
The concentration of supernatant protein was detected by 
the Bradford method (21). MPO activity was quantitatively 
assessed using spectrophotometry at 460 nm as, reported in 
a previous study (11). MPO activity was reported as units/g in 
the gut tissue.

Histopathological observation. Terminal ileum was prepared 
and fixed in 4% buffered formaldehyde, and embedded with 
paraffin. Slices (4‑µm thick) were cut, stained using hema-
toxylin and eosin, and observed by a pathologist using light 
microscopy. The pathologist was blinded to the research design. 
Degree of gut mucosa damage was assessed by Chiu's scoring 
system, as reported in a previous study (22). Alterations in the 
gut mucosa following air exposure to the peritoneal cavity 
were graded as follows: Grade 0, normal gut mucosal villi with 
no injury; grade 1, sub‑epithelial Gruenhagen's space was typi-
cally developed at the top of the gut villus, and often presented 
capillary congestion; grade 2, sub‑epithelial Gruenhagen's 
space was extended and the epithelial layer was moderately 
lifted from the lamina propria; grade 3, massive gut epithelial 
lifting down the sides of gut villi, some were denuded; grade 4, 
villi were denuded from the lamina propria, dilated capillaries 
were exposed and the cellularity of the lamina propria was 
increased; and grade 5, the lamina propria was digested and 
disintegrated with both ulceration and hemorrhage in gut 
mucosa.

Statistical analysis. All data were presented as mean ± standard 
deviation. Statistical analysis was performed using a SPSS 
software package for Windows (version  17.0; SPSS, Inc., 
Chicago, IL, USA). Data were analyzed via one‑way analysis 
of variance, and the least significant difference test was used 
for multi‑group comparisons. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Effects of GRb1 on the serum level of D‑LA. Compared with 
the CG group, the PG group exhibited a significantly increased 
serum level of D‑LA (P<0.05; Fig. 1). However, the three GG 
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groups demonstrated a progressively decreasing serum D‑LA 
level, in a dose‑dependent manner. This decrease was signifi-
cant in the GG20 group when compared with the PG group 
(P<0.05). Furthermore, although the GG5 and GG10 groups 
demonstrated significantly increased serum levels of D‑LA 
when compared with the CG group (P<0.05), no significant 
differences in the serum level of D‑LA were detected between 
the GG20 and CG groups.

Effects of GRb1 on intestinal permeability. Compared with the 
CG group, the PG group demonstrated a significant increase in 
intestinal FD4 clearance (P<0.05; Fig. 2). However, the GG 
groups demonstrated a progressively decreasing intestinal 
FD4 clearance in a dose‑dependent manner. This decrease 
was significant in the GG20 group when compared with the 
PG group (P<0.05), although the GG20 group still exhibited 
significantly increased intestinal FD4 clearance than that of 
the CG group (P<0.05).

Effects of GRb1 on the activity of intestinal MPO. Compared 
with the CG group, the PG group showed significantly 
increased activity of intestinal MPO (P<0.05; Fig. 3). However, 
the three GG groups demonstrated progressively decreasing 
MPO activity in a dose‑dependent manner, with significance 
detected in the GG10 and the GG20 groups when compared 
with the PG group (P<0.05). Furthermore, although the GG5 
and GG10 groups demonstrated significantly increased MPO 
activity when compared with the CG group (P<0.05), no 
significant difference was observed between the MPO activity 
of the GG20 and CG groups.

Histopathological observation. No marked structural changes 
were observed in the gut tissue samples among the five groups 
(Fig. 4); however, compared with the CG group, the PG group 
demonstrated edema and inflammation in the gut mucosa and 
submucosa. Administration of GRb1 ameliorated this edema 
and inflammation in the three GG groups when compared 
with those in the PG group. Furthermore, as demonstrated in 
Fig. 5, the GG groups also exhibited progressively decreasing 
Chiu's scores in a dose‑dependent manner, with significance 
detected between the GG20 and PG groups (P<0.05).

Discussion

In the present study, the prevention of intestinal mucosal barrier 
from damage caused by peritoneal air exposure by GRb1 
administration was investigated. The results demonstrated that 
GRb1 decreased serum levels of D‑LA, intestinal clearance 
of FD4, and the activity of intestinal MPO. Intestinal edema 
and inflammation were ameliorated by GRb1, and Chiu's score 
and signs of gut mucosal injury were decreased in the GRb1 
treated groups. Furthermore, this protective effect exerted by 
GRb1 occurred in a dose‑dependent manner, with significant 
differences detected at doses of 10 and 20 mg/kg.

Until recently, it has been difficult to assess the function-
ality of the intestinal mucosal barrier. Typically, intestinal 
mucosal barrier function is assessed indirectly by measuring 
intestinal permeability, via the measurement of serum D‑LA 
levels in various bacterial infection diseases (23‑25). There-
fore, D‑LA is often chosen as a biomarker to assess intestinal 
mucosal barrier function.

FD4 is a relatively large molecule that is unable to pass 
through the intestinal mucosal barrier under normal condi-
tions. However, intestinal permeability may be increased in 

Figure 1. Effects of GRb1 on the serum level of D‑LA. Results are presented 
as mean ±  standard deviation. *P<0.05, vs. CG, #P<0.05, vs. PG. GRb1, 
ginsenoside Rb1; D‑LA, D‑lactate, CG, control group; PG, peritoneal air 
exposure for 3 h group; GG5, 5 mg/kg GRb1‑treated PG group; GG10, 
10 mg/kg GRb1‑treated PG group; GG20, 20 mg/kg GRb1‑treated PG group.

Figure 2. Effects of GRb1 on intestinal FD4 clearance. Results are presented 
as mean ± standard deviation. *P<0.05, vs. CG, #P<0.05, vs. PG. GRb1, ginsen-
oside Rb1; FD4, fluorescein isothiocyanate‑dextran; CG, control group; PG, 
peritoneal air exposure for 3 h group; GG5, 5 mg/kg GRb1‑treated PG group; 
GG10, 10 mg/kg GRb1‑treated PG group; GG20, 20 mg/kg GRb1‑treated PG 
group.

Figure 3. Effects of GRb1 on the activity of intestinal MPO. Results are pre-
sented as mean ± standard deviation. *P<0.05, vs. CG, #P<0.05, vs. PG. GRb1, 
ginsenoside Rb1; MPO, myeloperoxidase; CG, control group; PG, peritoneal 
air exposure for 3 h group; GG5, 5 mg/kg GRb1‑treated PG group; GG10, 
10 mg/kg GRb1‑treated PG group; GG20, 20 mg/kg GRb1‑treated PG group.
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various pathological conditions, allowing FD4 to easily pass 
through the intestinal mucosal barrier. Therefore, the intestinal 
clearance of FD4 may also be chosen as a sensitive biomarker 
to detect intestinal mucosal barrier function (19,26,27).

In the present study, a decrease was observed in serum 
D‑LA and intestinal FD4 levels following GRb1 administra-
tion. Although there were no obvious structural differences 
detected via histopathological observation among the five 
groups, the Chiu's scores calculated for intestinal mucosal 
damage were decreased in the GG groups, compared with 
those in the PG group. Furthermore, this protective effect 
exerted by GRb1 occurred in a dose‑dependent manner, with 
significant differences at 10 and 20 mg/kg, respectively. These 
results demonstrate that GRb1 may be able to prevent intestinal 
mucosal barrier damage caused by peritoneal air exposure. 
Therefore, in clinical practice, perioperative treatment with 
GRb1 may be an effective method to prevent intestinal mucosal 
damage, ameliorate local and systemic inflammation, and 
further accelerate the course of convalescence in patients 
undergoing large abdominal surgery.

Notably, during the planning of the present study, it was 
unclear which pharmacological action exerted by GRb1 
may have been responsible for these potentially protective 
effects, as GRb1 possesses various pharmacological activities 
including anti‑oxidant action, anti‑inflammation, and other 
protective effects on organ function  (5,28,29). However, it 
has been demonstrated in previous studies that intestinal 

inflammation has a role in the etiology of various gastroin-
testinal disorders, and reducing intestinal inflammation may 
relieve intestinal damage (16,30,31). Therefore, the index of 
inflammation was measured via intestinal MPO activity. The 
results demonstrated that the activity of intestinal MPO, which 
is a good biomarker to assess inflammation condition (32), was 
increased in the PG group. These findings are in accordance 
with previous research (18). However, the activity of intestinal 
MPO was decreased by GRb1 administration in a dose‑depen-
dent manner, with significant differences detected at 10 and 
20 mg/kg. These results indicated that the anti‑inflammatory 
action of GRb1 contributed to the protective effect on the 
intestinal mucosal barrier against damage following peritoneal 
air exposure. Further research is currently underway exploring 
other pharmacological activities of GRb1 and their potential 
protective roles in protecting the intestinal mucosal barrier 
following peritoneal air exposure.

In conclusion, the results of the present study demonstrated 
that GRb1 may be able to protect the intestinal mucosal barrier 
from damage induced by peritoneal air exposure, which may 
be associated with its anti‑inflammatory action. GRb1 may 
be used as an effective perioperative treatment for intestinal 
mucosal barrier dysfunction in open abdominal surgery.
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