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Abstract

AIM: To assess the effect of notoginsenoside R1 on
hepatic microcirculatory disturbance induced by gut
ischemia/reperfusion (I/R) in mice.

METHODS: The superior mesenteric artery (SMA)
of C57/BL mice was ligated for 15 min to induce gut
ischemia followed by 30-min reperfusion. In another set
of experiments, R1 was continuously infused (10 mg/kg
per hour) from 10 min before I/R until the end of the
investigation to study the influence of R1 on hepatic
microcirculatory disturbance induced by gut I/R. Hepatic
microcirculation was observed by inverted microscopy,
and the vascular diameter, red blood cell (RBC) velocity
and sinusoid perfusion were estimated. Leukocyte rolling
and adhesion were observed under a laser confocal
microscope. Thirty and 60 min after reperfusion, lactate
dehydrogenase (LDH), alanine aminotransferase (ALT)
and aspartate transaminase (AST) in peripheral blood
were determined. The expression of adhesion molecules
CD11b/CD18 in neutrophils and tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6) and monocyte
chemotactic protein-1 (MCP-1) in plasma were evaluated
by flow cytometry. E-selectin and intercellular adhesion
molecule-1 (ICAM-1) in hepatic tissue were examined by
immunofluorescence.

RESULTS: After gut I/R, the diameters of terminal
portal venules and central veins, RBC velocity and the
number of perfused sinusoids were decreased, while
the leukocyte rolling and adhesion, the expression of
E-selectin in hepatic vessels and CD18 in neutrophils,
IL-6, MCP-1, LDH, ALT and AST were increased. R1
treatment attenuated these alterations except for IL-6
and MCP-1.

CONCLUSION: R1 prevents I/R-induced hepatic
microcirculation disturbance and hepatocyte injury. The
effect of R1 is related to its inhibition of leukocyte rolling
and adhesion by inhibiting the expression of E-selectin in
endothelium and CD18 in neutrophils.
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INTRODUCTION

It is well recognized that gut ischemia/reperfusion (I/R)
induces injury of distant organs, such as liver and lung“’ﬂ.
A rate-limiting step in the pathogenesis of I/R injury of
liver and other organs is the recruitment of leukocytes to
vascular endothelium®™*7, Oxygen free radicals produced
by gut I/R activate nuclear factor kappa-B (NF-xB)"™",
initiate expression of selectin and adhesion molecules™
and elicit release of proinflammatory mediators like tumor
necrosis factor-alpha (I'NF-q) and interleukin-6 (IT.-6)"".,
The expression of L-selectin on leukocytes and E-selectin
on endothelial cells induces the rolling of leukocytes along
the vascular endothelium!"'"”, which further promotes

the expression of adhesion molecules CD11b, CD18 on

www.wjgnet.com



30 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

leukocytes and intercellular adhesion molecule-1 (ICAM-1)
on endothelial cells, resulting in adhesion of leukocytes to
vascular endothelial cells™*"*™, In addition, proinflammatory
mediators produced by I/R enhance the expression of
selectins and adhesion molecules, and aggravate the rolling
and adhesion of leukocytes™”. The adhesion of leukocytes
to the vascular endothelium results in release of oxygen
free radicals and proteinase, thus inducing hepatic injurym.
In line with these findings, studies indicate that inhibition
of the expression of selectins and adhesion molecules on
leukocytes and endothelial cells ameliorates the adhesion
of leukocytes to the hepatic vascular endothelium after gut
I/R and attenuates hepatic microcirculation disturbance and
injury®*,

Panax notoginseng (PN) is the dried root of Panax
notoginseng (Araliaceae), a Chinese herb medicine widely
used in China, Korea, Japan and other Asian countries
in the treatment of microcirculatory disturbance-related
diseases, such as cardiovascular disease, cerebral vascular
diseases and liver dysfunction™"”, PN contains more than
30 different types of saponin, of which ginsenoside Rgl
(Rgl), ginsenoside Rb1 (Rb1) and notoginsenoside R1
(R1) are the eminent members™”. Previous studies have
proved that Panax notoginseng saponins (PNS) improve 1/
R-induced hepatic microcirculation disturbance!” | inhibit
platelet aggregation and adhesion molecule expression,
and improve vascular endothelium function. Tt was
also reported that PNS inhibit adhesion of leukocytes
to rat mesentery venules and expression of neutrophil
adhesion molecules CD11b and CD18 induced by
lipopolysaccharide (LPS)*. The expression of LPS-
induced vascular endothelial TNF-q is inhibited by R1 by
inhibiting degradation of the inhibitor kappa-B (I-kB)*.
It has been shown that cardiotonic pills (CP, a traditional
Chinese medicine containing PN, sa/via miltiorrbiza and
borneol) can inhibit adhesion of leukocytes to the hepatic
vascular endothelium in rats induced by gut I/R and
chronical ethanol feed, and blunt the concentration
increment of peripheral blood alanine aminotransferase
(ALT), TNF-q and LPS*. However, whether R1 improves
gut I/R-induced hepatic microcirculation disturbance has
not yet been reported, although it is highly anticipated as
a major component of PNS, and the structure of R1 has
been identified (Figure 1). Therefore, by virtue of intravital
microscopy the present study explored the dynamic effects
of R1 on a mouse hepatic microcirculation disturbance
model induced by gut I/R, especially on leukocyte
rolling and adhesion on the vascular endothelium. The
expression of E-selectin and ICAM-1 was also determined
by immunofluorescent technique. The expression of
neutrophil adhesion molecules CD11b and CD18, and
the concentration of proinflammatory mediators such as
TNF-q, I1.-6 and monocyte chemotactic protein-1 (MCP-1)
was measured by flow cytometry. The concentrations
of lactate dehydrogenase (LDH), ALT and aspartate
aminotransferase (AST) were also determined.

MATERIALS AND METHODS

Notoginsenoside and reagents
R1 (purity > 98%) was supplied by Tianjin Talsy Group
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Figure 1 Chemical structure of notoginsenoside (R1).

(Tianjin, China). Other reagents used in experiments
were as follows: rhodamine 6G (purity > 99.0%, Lot
No0.2350994, Fluka Co., Switzerland), FITC-rat anti-
mouse CD18 monocolonal antibody (Lot No0.553293,
BD Biosciences PharMingen, USA), FITC-rat anti-
mouse CD11b monoclonal antibody (Lot No0.557396,
BD Biosciences PharMingen, USA), goat polyclonal
antibody against mouse E-selectin (M-20) (sc-6939, Santa
Cruz Biotechnology, Inc. USA), goat polyclonal antibody
against mouse ICAM-1 (M-19) (sc-1511, Santa Cruz
Biotechnology, Inc. USA), rhodamine conjugated rabbit
anti-goat lgG-R (Lot No.B1006, Santa Cruz Biotechnology,
Inc. USA), Hoechst33342 (Lot No.6538, Santa Cruz
Biotechnology, Inc. USA), mouse MCP-1 flex set (Lot
No.558342, BD Biosciences, USA), mouse TNF flex set
(Lot N0.558299, BD Biosciences, USA), mouse 1L-6 flex
set (Lot No.558301, BD Biosciences, USA).

Animals

C57/BL mice, weighing 22-26 g and aged 8-10 wk (the
animal certificate number was SCXIK 2002-2001) were
purchased from the Animal Center of Peking University
Health Science Center. The animals were caged at
24°C + 1°C with a humidity of 50% % 5% in a 12 h light/
dark cycle, and starved with free access to water for 12 h
before the experiment. All animals were handled according
to the Guidelines of the Peking University Animal
Research Committee.

Intravital microscopy

C57/BL mice were anesthetized with 20% urethane
(10 mL/kg body wt, im), as previously described™. The
left jugular vein was cannulated for drug administration
with a polyethylene pipe (0.96 mm in diameter).
Immediately after laparotomy, the mice were placed
on an observation board in lateral position. The liver
was placed on an adjustable Plexiglas microscope stage
within a thermo-controlled (37°C) observation box and
carefully handled to minimize the influence of respiratory
movements. The left lateral lobe of liver was observed
under an inverted intravital microscope (DM-IRB, Leica,
Germany) assisted by a 3CCD colour camera (JK-TU53H,
3CCD camera, Toshiba, Japan). Areas (400 um X 320 pm)

were selected that included both terminal portal venules
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and central veins without adherent leukocytes for
observation. Images of the microcirculation of liver
surface were monitored through a X 20 objective, and
the dynamics of hepatic microcirculation was recorded
on DVD discs using a DVD recorder (DVR-R25, Malata,
China). The liver surface for observation was moisturized
with 37°C physiological saline drops throughout the whole
procedure, and the liver surface around the observation
region was covered with saline-soaked cotton gauzemJ

Procedure for ischemia and reperfusion

The surface of liver was observed for 10 min before
ligation of the superior mesenteric artery (SMA) to
ensure that all parameters measured were in a steady
state. The SMA was then ligated with a snare created
from polyethylene tubing (1.00 mm) for 15 min. After
ischemia, the ligation was gently released for reperfusion.
Venular diameter, RBC velocity, sinusoidal reperfusion,
and leukocyte rolling and adhesion were determined
immediately before ischemia (baseline) and every 15 min
after reperfusion for half an hour.

Experimental protocols

Mice in the I/R group were continuously infused with
vehicle saline through the jugular vein from 10 min before
I/R until the end of the observation. Mice in the R1 +
I/R group were continuously infused with R1 (10 mg/kg
pet hour) from 10 min before I/R until the end of the
observation. Mice in the sham-operated control group
were treated in an identical fashion as those in the I/R
group, but not subjected to ligation of the SMA. Six mice
(three males, three females) were included in each group.

Determination of microcirculatory parameters

The diameters of terminal portal venules and central veins
were on replayed DVD images using Image-Pro Plus 5.0
software””. The result was presented as the ratio of the
value determined at 15 min or 30 min to the baseline.

To access the sinusoidal perfusion, the number of
hepatic sinusoids with red blood cells (RBCs) flowing
through in the hepatic terminal portal venule and central
vein regions was scored on the DVD replay, and presented
as the petrfused hepatic sinusoids/field of view (250 um
% 300 um)l%]. The result was presented as the ratio of the
value determined at 15 min or 30 min to the baseline.

The RBC velocity in hepatic terminal portal venule
and central vein was recorded at a rate of 1000 frames/s
by changing the monitor from CCD to a high speed
video camera system (FASTCAM-ultima APX, photon,
Japan), and the recordings were replayed from the high
speed stored images at a rate of 25 frames/s. The RBC
velocity in venules was measured with Image-Pro Plus 5.0
software”?’. The velocity was presented as um/s. The
result was presented as the ratio of the value determined
at 15 min or 30 min to the baseline.

To evaluate the leukocyte rolling and adhesion the
fluorescence tracer 0.2 mL. Rhodamine 6G (0.5 mg/mL
in physiological saline) was administrated »/a the left
jugular vein for the selective staining of white blood cells
in vivd™™, Under the inverted laser confocal microscope
system (BIO-RAD, Radiance 2100, A xiovert 200, Carl

Zeiss Shanghai Co, Ltd, German), with 20 X fluorescent
object lens, irradiated with the argon laser beam (wavelength
= 543 nm), the rolling and adhesion of leukocytes in
hepatic terminal portal venules and central veins were
recorded. At each time point, a total of 10 successive
frames were recorded at a scanning speed of 1 frame/s,
and adhered leukocytes were defined as those that
appeared at the same position in the 10 successive
frames”". The adhered leukocytes in hepatic terminal
portal venules and central veins were presented as the
number of leukocytes/200 um, while those within the
hepatic sinusoid were counted as the number per field
of view of 200 umz. The leukocytes that stayed at the
same position in hepatic terminal portal venules and
central veins for less than 10 s were designated as rolling
leukocytes, and presented as the number/200 pm.

Analysis of immnofluorescent staining of hepatic
endothelial adhesion molecules E-selectin and ICAM-1
After 30-min reperfusion, liver was fixed with 4%
paraformaldehyde perfusion, removed and frozen with
liquid nitrogen, then cut into sections of 6 um by a cryostat
(LEICA CM 1800, Leica Co., German). The sections
were further fixed with 4% paraformaldehyde at room
temperature for 10 min and washed with PBS. The samples
were then immunohistochemically stained as routing.
Goat polyclonal antibody against mouse E-selectin or goat
polyclonal antibody against mouse ICAM-1 was applied
at dilution of 1:50. The secondary antibody (Rhodamine-
labeled rabbit anti goat IgG diluted at 1:200) was added
and incubated at 37°C for 30 min, followed by washing
with PBS and incubation with Hoechst 33342 (2 ug/mlL)
at room temperature for 3 min™. After washed with
PBS, the specimen was sealed and observed under Laser
confocal microscope with 63 X object lens. Fluorescence
intensity was detected at excitation wavelength 543
nm for R-phycoerythrin and 405 nm for Hoechst
(nuclear staining). Five fields of view (1.6 x 10 pmz
each) were evaluated in mouse hepatic sinusoids for
each condition. Fluorescence intensities of E-selectin or
ICAM-1 were estimated by Image Pro Plus software and
expressed as an average proportion, positive area/area of
one field of view (1.6 % 10 prnz).

Assessment of the expression of adhesion molecules
CD11b and CD18 in peripheral neutrophils

After 30-min reperfusion, blood was collected via inferior
vena cava and anticoagulated with hepatin (20 unit/mL
whole blood). The sample was incubated with 1 pg FITC-
labeled antibody against CD18 or CD11b for 20 min at
room temperature in dark. RBCs were lysed by addition of
hemolysin and the samples were then washed twice with
PBS. Flow cytometry (FACS Calibur, B.D. Co, USA) was
used to assess the mean fluorescence intensity of CD11b
or CD18 for 5000 neutrophils in each condition”.

Peripheral blood hepatic enzyme assay

In some mice, at 30 min and 60 min, respectively after
reperfusion, blood samples were withdrawn zia inferior
vena cava and anticoagulated with heparin (20 unit/mL
whole blood). The blood serum was isolated by
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Figure 2 Effect of R1 on the terminal portal venular diameter (A) and central venular
diameter (B) of hepatic venules of mice subjected to SMA I/R at 0 min before
ischemia (Baseline) and 15 min, 30 min after reperfusion. Abscissa represents the
ratio of the diameter value at a time point to the baseline. The results are presented
as mean + SE from 6 animals. °P < 0.05 vs control, P < 0.05 vs IIR.

centrifugation (AllegraTM 64R Centrifuge, Beckman
Coultertm, German) at 4000 r/min for 10 min at 4°C and
stored at -20°C. The activities of LDH, ALT, and AST
were measured respectively using lactate dehydrogenase,
alanine aminotransferase and aspartate aminotransferase
kits with parameter rate-A"™", following their manufacturer’s
instructions, with an automatic enzyme analyzer (7170A
Automatic Analyzer, Hitachi, Japan).

Peripheral blood TNF-q,, IL-6 and MCP-1 assay

At 30 min after reperfusion, blood was collected via
inferior vena cava, and anticoagulated with heparin
(20 unit/mL whole blood). The blood serum was isolated
by centrifugation (AllegraTM 64R Centrifuge, Beckman
Coultertm, German) at 4000 r/min for 10 min at 4°C
and stored at -20°C. The concentrations of TNF-q, IL-6
and MCP-1 were measured by flow cytometry with a BD
cytometric bead array kit (BD Biosciences Pharmingen,
USA)™, Fifty pL bead was added into 50 pL. blood plasma
or standard substance and incubated at room temperature
in dark for 1 h for bead capture. Fifty ul. PE-labelled
detecting antibody was then added and incubated at room
temperature for 2 h to form a sandwich complex. After
incubation, the samples were washed thoroughly with
1 mL washing buffer (BD Biosciences Pharmingen, USA).

www.wjgnet.com

Figure 3 Effect of R1 on the RBC velocity in terminal portal venlues (A) and in
central veins (B) of mice subjected to SMA IR at 0 min before ischemia (Baseline)
and 15 min, 30 min after reperfusion. Abscissa represents the ratio of the RBC
velocity value at a time point to the baseline. The results are presented as
mean + SE from 6 animals. °P < 0.05 vs control, °P < 0.05 vs I/R.

The mean fluorescence intensity of TNF-q, I1L-6 and
MCP-1 was detected respectively by flow cytometry (FACS
Calibur, B.D. Co., USA) and the data were analyzed using
the BD cytometric bead array analysis software.

Statistical analysis

Values are presented as mean = SE (7 = 0), F-test was
performed using SPSS 10.0 statistical software. P < 0.05
was considered statistically significant.

RESULTS

The effect of R1 on the diameter of hepatic terminal
portal venule and central vein of mice subjected to SMA
I/R are shown in Figure 2. In the control group, the
diameters of both terminal portal venules and central
veins remained neatly constant over the entire observation
period. SMA I/R decreased the diameter of vessels
in a time-dependent manner, while treatment with R1
significantly relieved SMA I/R-induced decrease in the
vessel diameters.

The influence of R1 on the RBC velocity in hepatic
terminal portal venules and central veins of mice after
SMA I/R is shown in Figure 3. In the control group, no
significant change was observed in the RBC velocity of both
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Figure 4 Effect of R1 on the perfused hepatic sinusoids in the areas of terminal
portal venules (A) and in the area of central veins (B) of mice subjected to SMA
I/R at 0 min before ischemia (Baseline) and 15 min, 30 min after reperfusion.
Abscissa represents the ratio of perfused sinusoids at a time point to the baseline.
The results are presented as mean + SE from 6 animals. °P < 0.05 vs control,
‘P<0.05vs IIR.

types of vessels during the period of observation. SMA
I/R significantly decreased the RBC velocity of vessels in
a time-dependent fashion. R1 treatment blunted the SMA
I/R-induced decrease in the RBC velocity of both types
of vessels at 30 min after reperfusion, being significant in
terminal portal venules (Figure 3A) but not in central veins
(Figure 3B), in comparison with the I/R group.

The effect of R1 on the number of reperfused sinusoids
in hepatic terminal portal venule and central vein areas
after SMA I/R is depicted in Figure 4. In the control
group, no significant change in the number of reperfused
sinusoids was detected either in the terminal portal
venule area or in the central vein area through the entire
observation. SMA I/R exposure elicited a time-dependent
decrease in the number of reperfused sinusoids, which
became statistically significant at 15 min of reperfusion
in the central vein areas and at 30 min of reperfusion in
the terminal portal venule areas compared to the control
group. I/R-induced decrease in the number of reperfused
sinusoids in central vein areas was attenuated significantly
after treatment with R1 (Figure 4B), and this effect was not
observed in the terminal portal venule areas (Figure 4A).

The effect of R1 on the number of rolling leukocytes
in mouse hepatic terminal portal venules and central veins
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Figure 5 Effect of R1 on the rolling leukocytes in the areas of terminal portal
venlues (A) and central veins (B) of mice subjected to SMA I/R at 0 min before
ischemia (Baseline) and 15 min, 30 min after reperfusion. Abscissa represents the
number of rolling leukocytes per 200 pum. The results are presented as mean * SE
from 6 animals. *P < 0.05 vs control, P < 0.05 vs I/R.

after SMA I/R is depicted in Figure 5. I/R challenge
significantly increased the number of rolling leukocytes
in both terminal portal venules and central veins when
compared with the control group, although a small number
of rolling leukocytes could be observed in the control
group during the period of examination. R1 treatment
reduced the enhancement in the leukocyte rolling induced
by I/R, which was statistically significant in the central
veins (Figure 5B), but not in terminal portal venules
(Figure 5A).

Figure 6 shows the effect of R1 on the adhesion of
leukocytes induced by SMA I/R. SMA I/R increased
the number of adherent leukocytes in both hepatic
terminal portal venule and central vein regions, which was
attenuated after treatment with R1, being significant in the
terminal portal venules (Figure 6A), but not in the central
veins (Figure 6B).

The effect of R1 on the leukocyte adhesion in
sinusoids of hepatic terminal portal venule and central vein
areas was determined (Figure 7). As in the hepatic terminal
portal venules and central veins, only a small number of
adherent leukocytes were visualised within sinusoids either
of either the terminal portal venule area or the central
vein area in the control group. A remarkable increase in
the number of adherent leukocytes within sinusoids of
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Figure 6 Effect of R1 on the adherent leukocytes in terminal portal venlues (A)
and central veins (B) of mice subjected to SMA I/R at 0 min before ischemia
(Baseline) and 15 min, 30 min after reperfusion. Abscissa represents the number
of adherent leukocytes per 200 um. The results are presented as mean + SE from
6 animals. “P < 0.05 vs control, P < 0.05 vs IIR.

both areas was observed when the mice were subjected
to SMA I/R, which was inhibited significantly after
treatment with R1 (Figure 7) starting from 15 min after
reperfusion.

Figure 8 shows the expression of E-selectin in mouse
hepatic sinusoids in the sham, I/R and R1 + I/R groups
after 30 min of reperfusion. Thirty minutes after repet-
fusion, the expression of E-selectin increased (Figure 8B)
compared with the sham group (Figure 8A), and treatment
with R1 (Figure 8C) suppressed the increase in I/R-elicited
E-selectin expression.

The influence of R1 on the expression of E-selectin
in mouse hepatic sinusoids after 30 min of reperfusion
was quantitatively evaluated (Figure 9A). Thirty-minute
reperfusion significantly enhanced the expression of
E-selectin. The SMA I/R-induced inctease in the expression
of E-selectin was completely ablated after treatment with
R1.

The expression of ICAM-1 in mouse hepatic sinusoids
after 30 min of reperfusion had no significant change.
Treatment with R1 had no significant influence on the
expression of ICAM-1 either (data not shown).

After 30 min of reperfusion, the blood was collected
and used to evaluate the role of Rl in the expression of
adhesion molecules CD18 and CD11b of mouse petipheral
neutrophils. As illustrated in Figure 9B, 30-minute

www.wjgnet.com

Figure 7 Effect of R1 on the adherent leukocytes in the hepatic sinusoids in the
areas of terminal portal veins (A) and central veins (B) of mice subjected to SMA
I/IR at 0 min before ischemia (Baseline) and 15 min, 30 min after reperfusion.
Abscissa represents the number of adherent leukocytes per field of view of
200 um”. The results are presented as mean + SE from 6 animals. °P < 0.05 vs
control, °P < 0.05 vs I/R.

reperfusion significantly enhanced the expression of both
CD18 and CD11b compared to the control group. Rl
treatment significantly inhibited the increment in the mean
fluorescence intensity of CD18 induced by I/R, and also
diminished, although not significantly, the increment in the
fluorescence intensity of CD11b induced by I/R.

The influence of R1 on the concentration of enzymes
in mouse peripheral blood was determined after 30 and
60 min of reperfusion (Figure 10). Thirty-minute or
60-minute reperfusion obviously increased the concentration
of LDH, ALT and AST. However, treatment with R1
could not significantly blunt these increases, except for the
activity of AST after 60-min reperfusion. I/R significantly
increased the concentrations of IL.-6 and MCP-1, but
not TNF-q compared to the control group. R1 did not
influence the increase in the concentration of IL-6 and
MCP-1 induced by I/R (data not shown).

DISCUSSION

Terminal portal venules and central veins are two major
types of vessels consisting of hepatic microvasculature,
in addition to sinusoids. Using intravital microscopy, the
present study demonstrated that the mouse SMA I/R
induced a variety of disorders in hepatic microcirculation,
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including the decreased diameters of terminal portal
venules and central veins, RBC velocity in venules and
the number of perfused sinusoids. Besides, leukocyte
rolling and adhesion in hepatic venules and sinusoids
were also promoted by the SMA I/R challenge. These
results are in agreement with previous ﬁndingslz“"%’%’m.
In the current study, treatment with R1 could remarkably
attenuate hepatic microcirculatory disturbances in mice

evoked by SMA I/R. PNS improved gut I/R-induced

hepatic microcirculation disturbances and CP inhibited the
adhesion of leukocytes to the hepatic vascular endothelium
in rats induced by gut I/R, suggesting that R1 is at least
one of the components of PNS that are responsible for its
beneficial effect on hepatic microcirculation! ¥,

The concentration of ET-1 increases in serum and
hepatic parenchyma in response to I/RP while NO
is depleted by combination with I/R-evoked o
which concurs to bring about unbalance between ET-1
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and NO, resulting in contraction of hepatic vessels.
The present study revealed that administration of R1
attenuated I/R-elicited contraction of hepatic terminal
portal venules and central veins that profoundly improved
microcirculation in mice, suggesting that R1 may exert its
action on the production of ET-1 and NO in the situation
of I/R, which merits further study.

I/R-induced microcirculatory dysfunction and
subsequent tissue injury are a complicated process
consisting of multiple reactions, among which leukocyte
recruitment is a crucial step mediated by the expression
of a group of adhesion molecules on neutrophils and
endothelial cells. It was reported that peroxide produced
by SMA I/R degrades I-xB for activation of NF-kB and
induces the expression of vascular endothelial E-selectin
and ICAM-1"") and also transfers L-selectin and
adhesion molecules CD11b and CD18 from leukocyte
cytoplasm to the cell surface!""" which initiates
leukocyte rolling and adhesion ultimately. The ability
of R1 to attenuate gut I/R-induced leukocyte rolling
and adhesion in hepatic venules found in the present
study is most probably due to its inhibiting effect on the
expression of adhesion molecules on both leukocytes
and endothelial cells, as suggested by the fact that pre-
treatment with R1 could significantly blunt SMA I/R-
induced expression of E-selectin on endothelium and
CD18 on neutrophils.

It has been demonstrated that SMA I/R provokes
a surge of peroxide release which activates NF-xB*",
leading not only to the expression of adhesion molecules
on leukocytes and endothelium and subsequent leukocyte
rolling and adhesion, but also to the explosive release of
cytokines from leukocytes, endothelial and Kupffer cells™ !
including TNF-q, IL.-6 and MCP-1. The present experiment
revealed that mouse gut I/R significantly increased the
concentration of IL.-6 and MCP-1, but not TNF-q in
plasma. The reason is so far unknown. Moreover, no study
is available to date concerning the antioxidant effect of R1
in I/R-induced hepatic microcirculatory disturbance, and
it merits clarification if taking into account the fact that R1
depresses I/R-induced expression of adhesion molecules,
but does not interfere with the increased concentrations of
IL-6 and MCP-1 induced by I/R.

As expected, results of the present study show that
the activities of ALT, AST and LDH of peripheral blood
could slightly increased in response to 60-min SMA I/R,
indicating that intestine I/R-induced microcirculatory
disturbance in liver leads to injury of hepatic cells and
dysfunction of the liver. Treatment with R1 significantly
suppressed the activity of AST 60 min after reperfusion,
suggesting that R1 can protect against hepatocyte injury
induced by I/R. This beneficial effect is most likely
related to its improving effect on hepatic microcirculatory
disturbance, as mentioned above.

In summary, treatment with R1 considerably attenuates
SMA I/R-induced hepatic microcirculatory disturbances,
including decreased venular diameters, RBC velocity, the
number of perfused sinusoids, as well as the increased
leukocyte rolling and adhesion. R1 ameliorates SMA
I/R-induced increase in the leukocyte rolling and adhesion
in hepatic venules by inhibiting the expression of adhesion
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molecules on endothelial cells and neutrophils. We propose
that it is the improving effect of R1 on microcirculatory
disturbance that underlines its protecting function against
I/R-induced hepatic injury.

COMMENTS

Background

Major abdomen surgery or organ transplantation initiates gut ischemia and
reperfusion (I/R) leading to hepatic microcirculatory disturbance and subsequent
liver injury, a manifestation that is closely correlated to the outcome of operation
or transplantation and the living quality of patients as well. Thus, attenuating
hepatic microcirculatory disturbance and liver injury elicited by gut I/R is of pivotal
significance in clinic. Notoginsenoside R1 (R1), one of the saponins derived
from Panax notoginseng, is reported to attenuate endotoxin-induced mesenteric
microcirculatory disturbance in rats by inhibiting oxygen peroxide production
and expression of adhesion molecules CD11b/CD18. It has been shown that
R1 containing compound Chinese medicine preparation (cardiotonic pills) is
able to ameliorate hepatic microcirculatory disturbance and liver injury elicited
by gut I/R. R1 containing Chinese medicines is extensively applied in treatment
of microcirculatory disturbance related diseases in China. However, no report is
available regarding its attenuating effect on hepatic microcirculatory disturbance
and liver injury induced by gut I/R.

Research frontiers

In present study, an animal model of hepatic microcirculatory disturbance was
established by ligation of the superior mesenteric artery (SMA) in C57/BL mice
for 15 min followed by 30-min reperfusion. The dynamics of vascular diameter,
RBC velocity, rolling and adherent leukocytes was investigated in the hepatic
terminal portal venule and central vein regions under inverted intravital microscope
assisted by a 3CCD color camera and high speed video camera as well as a laser
confocal microscope. Thirty minutes after reperfusion, the expression of adhesion
molecules CD11b and CD18 on leukocytes in peripheral blood was estimated,
and the expression of E-selectin and ICAM-1 in hepatic tissue was determined
by immunohistochemistry. Sixty minutes after reperfusion, the levels of LDH, ALT,
AST in peripheral blood were measured to explore the possible protective effect of
R1 on hepatic microcirculatory disturbance and liver injury elicited by gut I/R.

Innovations and breakthroughs

By using a visualized microcirculatory research, results of the present study
provide evidence for the first time that a pulse prior administration of R1 is able
to prevent hepatic microcirculatory disturbance in mice induced by intestine I/R,
including ameliorating contraction of hepatic terminal portal venule and central vein,
resuming reduced velocity of RBCs, and inhibiting leukocyte rolling and adhesion
in hepatic terminal portal venule and central vein, the later may be correlated to
the inhibition of the expression of adhesion molecules and E-selectin on vascular
endothelial cells and CD18 on leukocytes. R1 treatment could suppress AST level
in peripheral blood, suggesting that R1 is able to prevent intestine I/R-induced
hepatic microcirculatory disturbance and subsequent liver injury.

Applications

The findings in the present work support the utilization of R1 as a remedy in clinic
to prevent hepatic microcirculatory disturbance and liver injury following major
abdomen surgery or transplantation.

Peer review

This is a very interesting paper examining the effects of notoginsenoside R1 (R1)
on hepatic microvascular function after gut I/R. The data are largely convincing.
R1 has both vasodilatory and anti-inflammatory functions.
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