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Abstract

Background
Intestinal barrier dysfunction is the critical link of distant organ injury caused by hemorrhagic shock. The
role of autophagy in ischemic intestinal injury has been paid more and more attention. Prophylactic
treatment of stellate ganglion block (SGB) reduces intestinal barrier dysfunction induced by
haemorrhagic shock. This study investigated the role of SGB post-processing on improved bowel barrier
function and autophagy-related mechanisms of action after haemorrhagic shock.

Methods
The model of hemorrhagic shock in conscious rats was established, and the rats were treated with SGB,
autophagy inhibitor 3- methyladenine (3-MA) at the time of �uid resuscitation. We detected the survival
rate, intestinal loop blood �ow, intestinal barrier permeability, intestinal morphology, wet/dry ratio (W/D),
the intestinal barrier and autophagy marker proteins. Simultaneously, we also observed the effect of
autophagy activator rapamycin (RAPA) on SGB.

Results
SGB postconditioning signi�cantly prolonged the overall survival and enhanced survival rate of 72 hours
in rats after hemorrhagic shock. SGB post-processing and 3-MA administration improved the intestinal
morphology and intestinal permeability, increased the intestinal loop blood �ow and expression of ZO1,
Occludin and Claudin-1, and decreased the intestinal W/D and LC3 and Beclin-1 expressions, expected for
increased P62. Meanwhile, RAPA partially inhibited the effect of SGB on above indices in haemorrhagic
shock rats.

Conclusion
SGB postconditioning alleviates the intestinal barrier dysfunction caused by haemorrhagic shock, which
is related to the inhibition of excessive autophagy.

Background
Haemorrhagic shock is a critical pathological process characterized by microcirculation dysfunction and
hypoperfusion, with cell damage and organ dysfunction as severe consequences[1]. Suppose the bleeding
cannot be controlled in time. In that case, the hemorrhagic shock will cause excessive in�ammation and
oxidative stress, which will lead to multiple organ dysfunction syndrome (MODS) and threaten the lives of
patients. Mesenteric vasospasm induced-ischemia during shock leads to the intestinal barrier function
damage and causes the translocation of microbes and its product in the intestine to the extraintestinal
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tissues or organs, and exacerbates organ dysfunction caused by trauma and ischemia, leading to the
important organs injury[2–5]. Therefore, the function of intestinal barrier plays a key role in the prognosis
of haemorrhagic shock. Stellate ganglion block (SGB) is extensively used to treat ischemic pain,
arrhythmia, and gastrointestinal dysfunction, ect[11, 12]. It also regulates immune response and
suppresses acute post-traumatic in�ammation[13, 14]. Studies have shown that SGB pretreatment
signi�cantly reduces the intestinal barrier damage after hemorrhagic shock, which is related to the
inhibition of endoplasmic reticulum stress [15, 16]. However, it is not clear whether SGB post-processing
can also reduce intestinal barrier damage after hemorrhagic shock, which is pivotal to expand the clinical
application of SGB.

Autophagy is a highly conservative catabolism process through intracellular lysosomes and performs an
unique and the essential role to maintain cell homeostasis and survival. However, the excessive
autophagy activated by strong stimulus usually causes cell damage or even death [6]. At present, the
pathophysiological role of autophagy in ischemic intestinal injury is also receiving increasing attention.
Previous studies showed that the appropriate activation of autophagy reduces ischemic intestinal injury.
the excessive activation of autophagy aggravates the ischemic intestinal injury, while autophagy
inhibition reduces intestinal mucosal barrier damage [7–10]. And then, the role of autophagy in SGB
protecting the intestinal barrier is unclear. Therefore, we speculated that SGB post-processing suppressed
the intestinal barrier damage caused by hemorrhagic shock by inhibiting autophagy activation. To verify
this hypothesis, we saw SGB post-processing effects on survival rate, intestinal blood �ow, intestinal
tissue morphology, intestinal barrier function and related proteins in hemorrhagic shock rats. At the same
time, we investigated the effects of 3-methyladenine (3-MA) (autophagy inhibitor) and rapamycin (RAPA)
(autophagy agonist) on SGB post-processing.

Methods

Experimental animal
Eighty-eight healthy Wistar male rats were selected and purchased from SPF (Beijing) Biotechnology Co.,
Ltd., weighing 300 ± 20 g. The Animal Ethics Committee of Hebei North University approved and passed
the experimental protocol.

Experiment design
A total of 52 animals were randomly split into four groups of 13, including Sham, Sham + SGB, Shock
and Shock + SGB groups. These rats were used to observe and analyze the effect of SGB post-processing
on the survival rate of hemorrhagic shock rats. Subsequently, another 36 rats were randomly split into
Sham, Shock, Sham + SGB, Shock + SGB, Shock + 3-MA, Shock + SGB + RAPA groups, with 6 rats in each
group. This part of the experiment aimed to investigate the effects of SGB post-processing on the gut
barrier following haemorrhagic shock and the mechanism of autophagy. The hemorrhagic shock model
in conscious rats was created in the various shock groups. The same procedure was implemented in the
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Sham and Sham + SGB groups, but without bleeding and resuscitation. One hour after shock or
corresponding time point, SGB or sham SGB was administered under inhalation anaesthesia. During the
recovery period, the intravenous injection of 3-MA (3 mg/kg, Sigma, USA) and intraperitoneal injection of
RAPA (10 mg/kg, Sigma, USA) were performed in the Shock + 3-MA and Shock + SGB + RAPA groups,
respectively.

SGB protocol
According to the conventional method in our laboratory[15, 16], the left side stellate ganglion was blocked
by injecting 0.5% ropivacaine hydrochloride (AstraZeneca AB, Sweden). After the rat spontaneously
waked up, the appearance of ptosis is the sign of the success of SGB. As a control, the left stellate
ganglion of the sham SGB group was given an equal amount of normal saline.

Hemorrhagic shock model
Under the induction of 2% iso�urane inhalation anaesthesia, all rats underwent surgery to establish a
conscious hemorrhagic shock model. In short, All rats were implanted with polyethylene catheters
through bilateral femoral arteriovenous pathways. After �xation, the catheters were sealed with heparin,
and the incision was sutured. Analgesics and antibiotics were given. Heparin sodium (1mL/kg, 500U/kg)
was injected through the right femoral vein catheter for systemic anticoagulation. Through the right
femoral artery catheter, the mean arterial pressure (MAP), heart rate and pulse pressure of all rats was
monitored using the PowerLab biosignal acquisition system (AD Instruments, Australia). The catheter
was intubated into the left femoral artery connected to a programmable single syringe pump (NE-1000,
New Era Pump Systems Inc., USA) for bleeding. After the operation, the rats wake up naturally. After a
stabilizing phase of 20 minutes, 40% of the body's blood volume is released within 10 minutes (whole
blood volume [ml] = body weight [g] × 6.12%[17]). One hour after bleeding, SGB or sham SGB was given.
After ten minutes of stabilization, the rats were resuscitated with �uid (mixing the drawn blood with
Ringer's solution in a ratio of 1:1) through the right femoral vein for a total of 30 minutes.

Survival time and survival rate
We ligated the vascular, sutured the wound, and then kept the rats in separate cages. We recorded the
survival time by video surveillance and calculated the rat's survival rate for 72 hours of observation.

Intestinal loop blood �ow
Three hours after resuscitation or the corresponding time point, all rats were inhaled anaesthetized and
intramuscularly injected with 10% sodium pentobarbital (40 mg/kg, Merck, Germany) for general
anaesthesia. The abdominal operation was performed at room temperature to expose the intestinal loop
of about 10 cm upwards of the cecum, which is tiled in a circle. The laser speckle dynamic blood �ow
monitoring system (Pericam PSI type, Pari Medical, Sweden) was used to observe the blood �ow changes
in the �xed intestinal loop area, and record the average value of blood perfusion within 1 minute.

Intestinal permeability
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After monitoring the intestinal loop blood �ow, one segment of the ileum (10 cm in length, 5 cm from the
ileocecal area) is ligated with silk thread at both ends. And then 1 ml of pre-prepared FITC-Dextran (FD4)
solution (10mg/ml, Sigma, USA) was injected into this section of the intestinal cavity. Don’t damage
mesenteric vessels during operation to prevent leakage of FITC-Dextran �uid. After 30 minutes, the portal
vein blood was taken immediately, anticoagulated with heparin, and centrifuged to extract plasma (3000
g, 4°C ,10 minutes). The �uorescence intensity of plasma (100 µl) was measured at a SpectraMax M3
(MD, USA). Finally, according to the standard curve formula of FD4 solution (y = 0.011x-0.1755, R2 = 
0.9992), the concentration of FITC-Dextran in portal vein plasma (µg/ml) was calculated. The intestinal
tissue was then collected, �xed with 4% paraformaldehyde, and embedded in the slices. After HE staining,
the distribution of FD4 was observed under a confocal microscope (Olympus, Japan).

Intestinal morphology
A section of fresh intestinal tissue (3–5 cm in length) was retained 20 cm from the ileocecal area and
�xed in 4% paraformaldehyde �xative for 24 hours. Para�n embedding, sectioning and HE staining were
performed, and the intestinal tissue morphology difference was observed under a microscope. Images
were collected using Leica microscope (DMI4000B, Germany) to monitor the intestinal mucosal structure
and measure intestinal villi's height, the thickness of submucosa and muscular to analyze the degree of
intestinal structural damage.

Intestinal wet-dry ratio
The intestinal tissue (2 cm in length, at 15 cm upward from the ileocecal end) was washed with PBS
solution to wipe off the intestinal digesta. After absorbing the surface liquid, it was �rst weighed using a
balance, which was known as the wet weight. Then the intestinal tissue was thoroughly dried in an oven
at 60°C. After drying for 72 hours, the intestinal tissue was weighed using a precise balance, which was
called dry weight. Finally, the ratio of wet weight to dry weight was the wet-to-dry ratio (W/D).

Western blotting analysis
The fresh intestinal tissue of 2 ~ 3cm (20 cm from the ileocecal end) was collected and washed with 4°C
PBS solution. Intestinal villus was collected and homogenized by conventional methods and centrifuged
at 4°C at 12000 r/min for 10 minutes. The protein-containing supernatant is collected for further analysis.
The protein sample concentration was determined with the BCA kit. The same amount of protein sample
was taken and transferred to PVDF membrane (0.45um, Millipore, USA) through electrophoresis and
membrane transfer process. After 1 hour of sealing with 5% skim milk, the membranes were combined
with anti-LC3B (2775S, 1:1000, Cell Signaling Technology, MA, USA) and anti-P62 (55274-1-AP, 1:1000,
Proteintech, Wuhan, China), Anti-Beclin-1 (ab207612, 1:1000, Abcam, Cambridge, UK), anti-ZO1 (ab96587,
1:500, Abcam, Cambridge, UK), anti-Claudin-1 (28674-1-AP, 1:1000, Proteintech, Wuhan, China) and anti-
Occludin (ab216327, 1:1000, Abcam, Cambridge, UK). After the membrane was incubated at 4°C for 12
hours, it was set with the corresponding secondary antibody at 37°C for 1 hour. The protein bands were
detected with an ultra-sensitive luminescent solution (Beijing Puli Gene Technology Co., Beijing, China).
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And then ImageQuant LAS 4000 (GE Co., Boston, USA) was used for imaging. The Quantity One software
(V4.6.2, Bio-Rad Co., USA) was used to quantify the band density of the target protein.

Statistical analysis
All results were statistically analyzed by SPSS 22.0 software. Except for survival rate, all values were
represented as mean ± standard deviation (SD). Kaplane-Meier was used for survival analysis. The
signi�cance of the differences between groups was analyzed by one-way analysis of variance (ANOVA).
Subsequent multiple comparisons between groups were analyzed using Tukey HSD test. When P < 0.05,
the result is regarded statistically meaning.

Results

SGB post-processing increased the overall survival of rats
with haemorrhagic shock
Survival for more than 72 hours is considered long-term survival. The results showed that the rats of the
Sham and Sham + SGB groups were all survived, and the survival rates were 100%. The survival rate of
Shock group and SGB + Shock group was compared in each time period, 24 hours (38.5% vs 92.3%, P < 
0.05), 48 hours (30.8% vs 61.5%, P < 0.05) and 72 hours (23.1% vs 53.8%, P < 0.05). The median survival
time of Shock group and SGB + Shock group was 17.5 hours and 76.9 hours. Kaplan-Meier survival
analysis showed that SGB post-processing signi�cantly improved the survival rate of rats after
haemorrhagic shock, which further proved the effectiveness of SGB. The survival curve is shown in Fig. 1.

Changes of MAP, heart rate and pulse pressure in rats with
haemorrhagic shock
As shown in Fig. 2a, Compared with the MAP of the Sham group, there was no striking difference in that
of the Sham + SGB groups during the experiment. At different stages of blood loss and resuscitation,
there was no statistically signi�cant difference in MAP between shock, shock + SGB, shock + 3-MA, and
shock + SGB + RAPA groups. But after acute hemorrhage, the MAP of the shock groups was visibly lower
than that of the sham group (P < 0.05). Upon completion of �uid resuscitation and 3 hours thereafter,
there was no striking difference in MAP among these groups (P > 0.05). As shown in Fig. 2b, there was no
statistical difference in heart rate at all time points among the six groups (P > 0.05).

As shown in Fig. 2c, compared with the sham operation group, the pulse pressure difference in the shock
group after acute bleeding was signi�cantly reduced (P < 0.05). Otherwise, there was no striking
difference in this index at all time points among the six groups (P > 0.05).

SGB post-processing raised the blood �ow of the intestinal
loop of rats after haemorrhagic shock



Page 7/19

As shown in Fig. 3, the blood �ow of the intestinal loop in the Shock group was signi�cantly lower than
that in the Sham group (P < 0.05), which was signi�cantly increased by SGB and 3-MA treatments (P < 
0.05). In contrast, RAPA offset the bene�cial effect of SGB on improving the blood �ow of the intestinal
loop of shock rats (P < 0.05).

SGB post-processing alleviated the gut morphological
damage of rats after hemorrhagic shock
Compared with the Sham group, the Shock group's intestinal villus was thicker, shorter, and irregular, and
the morphological damage was apparent. The treatment of SGB or 3-MA reduced Shock + SGB group and
Shock + 3-MA group injury compared with Shock group. The intestinal tissue morphology damage in the
Shock + SGB + RAPA group was more severe than that in the Shock + SGB group (Fig. 4a).

By measuring the intestinal villi height, the submucosa the thickness, and the muscle layer thickness, we
found that these indicators in the Shock group were dramatically lower than those in the non-shock group
(P < 0.05). The corresponding indices of SGB and 3-MA treatment groups were signi�cantly higher than
those of Shock group (P < 0.05). At the same time, the above indicators in the Shock + SGB + RAPA group
were substantially lower than those in the Shock + SGB group (P < 0.05) (Fig. 4b-d).

As shown in Fig. 4E, the W/D ratio of the Shock group was signi�cantly higher than that in the Sham
group (P < 0.05). SGB and 3-MA treatment reduced the intestinal W/D of rats with haemorrhagic shock (P 
< 0.05). However, the combination of RAPA offset the effect of SGB (P < 0.05).

SGB post-processing alleviated the gut barrier of rats after
haemorrhagic shock
After perfusing with FD4 in the intestinal cavity, the distribution and quantity of FD4 in the intestinal
mucosa and submucosa tissues were different among these groups (Fig. 5a). Figure 5b showed that the
permeability of the intestinal mucosa to FD4 in the Shock group was signi�cantly higher compared with
the Sham group (P < 0.05), which was decreased in the Shock + SGB and Shock + 3-MA groups (P < 0.05).
However, the permeability of Shock + SGB + RAPA group was signi�cantly higher than that of Shock + 
SGB group (P < 0.05). It indicated that RAPA inhibited the bene�cial effect of SGB on the gut mucosal
barrier after acute bleeding. Western Blotting results (Fig. 5c-e) showed that the expression of tight
junction proteins ZO-1, Occludin and Claudin-1 in the intestinal tissue of the Shock group was remarkably
reduced compared with the Sham group (P < 0.05), and the intervention of SGB and 3-MA increased the
expression of these proteins (P < 0.05). However, The RAPA treatment down-regulated the expression of
the proteins mentioned above and partially offset the effect of SGB (P < 0.05).

SGB post-processing inhibited the expression of autophagy
in intestinal tissues of rats after hemorrhagic shock
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As shown in Fig. 6a-c, the expressions of LC3 (LC3-II) (a marker of autophagy activation) and Beclin-1 (a
key regulator of autophagosome formation) were increased signi�cantly after hemorrhagic shock. In
contrast, autophagy SQSTM1/p62 was signi�cantly reduced (P < 0.05). SGB post-processing and 3-MA
administration reversed the expressions of proteins mentioned above in shock rats' intestinal tissue (P < 
0.05). while SGB treatment had no signi�cant effect on sham operation rats (P > 0.05). In addition, the
autophagy activator RAPA offset the therapeutic effect of SGB post-processing (P < 0.05). These results
con�rmed that autophagy's induction role is involved in SGB post-processing, reducing the gut injury of
rats after haemorrhagic shock.

Discussion
Hemorrhagic shock-induced excessive activation of the sympathetic adrenal medulla system resulted in
the intestine continues state of hypoperfusion, which induces intestinal barrier damage. The current study
investigated SGB post-processing effect on intestinal barrier function following haemorrhagic shock and
found that SGB post-processing signi�cantly improved the long-term survival rate and intestinal barrier
function, which was related to the inhibition of autophagy activation.

The stellate ganglion belongs to the sympathetic ganglion, and the electrical activity of its neurons
participates in the regulation of the autonomic nervous system[19]. The bene�cial effects of SGB are
mostly attributed to the inhibition of sympathetic hyperexcitability[18]. The previous study showed that
SGB could promote local blood circulation, reduce in�ammation, and regulate the nerve-endocrine-
immune system's function, which plays a positive role in maintaining the environment's homeostasis[20].
This study found that SGB post-processing dramatically prolonged the survival time and enhanced the
survival rate of 72 hours in rats after hemorrhagic shock, suggesting that SGB post-processing is of great
signi�cance to the overall intervention hemorrhagic shock.

In severe trauma or shock, the intestine is one of the organs with the earliest hypo-perfusion. Studies have
reported that when blood loss occurs but no systemic symptoms or vital signs occur, the small intestine
and colon blood �ow has decreased by 50%[21]. However, after resuscitation, the intestinal blood
perfusion is restored at the latest[22], making the mesenteric microcirculation in a state of continuous
ischemia for a long time during shock resuscitation. In the experiment, we observed the loop blood �ow
of rats after hemorrhagic shock and found that the intestinal perfusion in the Shock group was
signi�cantly reduced, but the intervention of SGB signi�cantly increased the intestinal blood �ow in the
Shock group. A recent systematic review and meta-analysis of the effect of SGB on the recovery of
gastrointestinal function in patients undergoing general anesthesia con�rmed the effect of SGB in
promoting gastrointestinal recovery after traumatic surgery, which was related to gastrointestinal blood
vessels telangiectasis and gastrointestinal motility improvement through the blockage of sympathetic
nerves that innervate the gastrointestinal system[23]. The present result suggests that SGB post-
processing improves the intestinal blood supply after hemorrhagic shock, which is bene�cial for reducing
intestinal damage.



Page 9/19

When intestinal ischemia and hypoxia occur, gathering many acidic metabolites in the local area directly
causes cell metabolism dysfunction and tissue damage and reduces intestinal mucosal epithelial
oedema, intraepithelial cell connections rupture, and even cell necrosis. Loss of the top of the mucosa's
villi or full-thickness increases intestinal permeability and destroys the intestinal mucosal barrier[24]. Our
current work found that SGB postconditioning improved the histomorphology and oedema of intestinal
mucosa after hemorrhagic shock. Since intestinal mucosal barrier dysfunction is closely related to
increased intestinal permeability[25], we also tested the plasma concentration of FD4 and the distribution
of FD4 in intestinal mucosa and submucosal tissues, and the results showed that SGB postconditioning
signi�cantly reduced intestinal mucosal permeability after hemorrhagic shock. These pieces of evidence
demonstrated that SGB post-processing relieved intestinal barrier dysfunction after the hemorrhagic
shock to a certain extent, which is consistent with the role of SGB pre-treatment[15, 16].

The tight junction (TJ) is mainly a composite structure composed of the transmembrane protein family
(occludin and claudin protein) and the peri-membrane protein family (ZO protein)[26, 27], which is the basis
for the integrity of the intestinal mucosal barrier structure. The ZO protein connects the Claudin protein,
the occludin protein and the actin backbone system together to form a stable tight junction structure[28].
Many studies have con�rmed that the expression of tight junction proteins ZO-1, Claudin-1 and occludin
are good indicators of intestinal barrier function and permeability function[29, 30]. This study showed that
SGB post-processing signi�cantly up-regulated the expressions of ZO-1, Claudin-1 and occludin in shock
rats, indicating that SGB post-processing further reduced intestinal barrier dysfunction after hemorrhagic
shock.

In generally, autophagy at the physiological level is believed to help maintain the balance between
tolerance and defense in the intestine, but excessive autophagy activation has the opposite effect[31]. The
mechanism of ischemic intestinal injury may be related to trigger a series of complex cascade reactions,
such as ROS burst, mitochondrial calcium overload and neutrophil in�ltration, which are all effective
activating factors of autophagy and lead to overexpression of autophagy[32]. Our research showed that
hemorrhagic shock and resuscitation enhanced the activation of autophagy. On the contrary, SGB post-
processing down-regulates autophagy expression in the intestine, which is consistent with the tendency
of SGB repairing the intestinal barrier.

On the other hand, we used autophagy inhibitor (3-MA) and activator (RAPA), combined with other
intestinal injury evidence, to analyze the effect of autophagy on the intestinal damage caused by
haemorrhagic shock and the correlation between SGB post-processing and autophagy. 3-MA has an
observably inhibitory effect on the activity of phosphatidylinositol 3-kinase (PI3K), which is an essential
component for the recruitment and formation of autophagic vesicles. Therefore, 3-MA blocks the
autophagy process and autophagy formation at an early stage in mammals, and has been widely used in
the study of autophagy pathophysiology[33–35]. RAPA is a macrolide compound produced by
streptomyces hygroscopicus. It targets mammalian target of rapamycin (mTOR) and activates
autophagy by inhibiting mTOR phosphorylation[36]. When 3-MA was used to intervene in Shock group, we
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found that autophagy was inhibited. Simultaneously, 3-MA signi�cantly alleviated intestinal mucosal
tissue morphology injury and increased intestinal blood perfusion and reduced intestinal mucosal
permeability. These �ndings indicate that autophagy inhibition by 3-MA is bene�cial to lessen the
intestinal barrier damage caused by hemorrhagic shock and resuscitation, which is consistent with the
effect of SGB post-processing treatment. However, when RAPA was used in the Shock + SGB group, the
expression of autophagy was signi�cantly increased. At the same time, the treatment of RAPA
signi�cantly offset the bene�cial effect of SGB post-processing treatment on the protection of the
intestinal barrier. Therefore, it is reasonable to think that SGB post-processing alleviates intestinal barrier
dysfunction by inhibiting autophagy. However, our study did not detect the expressions of PI3K and
mTOR; then, the role of autophagy-related signaling pathway should be certi�ed in the future.

Since the occurrence of traumatic or hemorrhagic shock is often unpredictable, preventive treatment is
impossible. Therefore, we chose to study the therapeutic effect of SGB after hemorrhagic shock in the
conscious rats, which is more in line with the actual situation of clinical emergencies. We �rst veri�ed the
effect and mechanism of SGB post-processing on the intestinal injury following hemorrhagic shock. In
combination with previous studies on SGB pre-treatment results[15, 16], SGB pre-treatment or post-
treatment effectively reduces the intestinal barrier damage after hemorrhagic shock. Still, neither affects
blood pressure during acute bleeding.

Conclusion
SGB post-processing dramatically improves the survival rate and intestinal barrier function after
haemorrhagic shock, which is carried out by inhibiting autophagy. The more extensive application of SGB
and the anti-shock mechanism will be the focus in the future.

Abbreviations
SGB: Stellate ganglion block; W/D: Wet/dry ratio; RAPA: Rapamycin; 3-MA: 3- methyladenine; MODS:
Multiple organ dysfunction syndrome; MAP: Mean arterial pressure; FD4: FITC-Dextran; ANOVA: Analysis
of variance; PI3K: Phosphatidylinositol 3-kinase; mTOR: Mammalian target of rapamycin.
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Figure 1

Stellate ganglion block (SGB) post-treatment prolonged the survival time and enhanced the survival rate
of 72 h in conscious rats after hemorrhagic shock. n=13 for each group. * P < 0.05 vs. the shock group.
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Figure 2

Changes of MAP, heart rate and pulse pressure in conscious rats after hemorrhagic shock. Data are
presented as mean ± standard, with n=5-6 for each group. * P<0.05 vs. the Sham group.
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Figure 3

Stellate ganglion block (SGB) post-treatment enhanced the intestinal loop blood �ow through inhibition
of autophagy in conscious rats after hemorrhagic shock. a. Images of original recording (Bar =1cm). b.
Results of intestinal loop blood �ow. Data are presented as mean ± standard, with n = 3 for each group. *
P<0.05 vs. the Sham group; #P<0.01 vs. the Shock group; ΔP < 0.05 vs. the Shock+ SGB group. 3-MA: 3-
methyladenine, an autophagy inhibitor; PARA: rapamycin, an autophagy activator.



Page 17/19

Figure 4

Stellate ganglion block (SGB) post-treatment alleviated hemorrhagic shock induced-intestinal injury
through inhibition of autophagy in conscious rats. a. Characteristic images of intestinal histopathology
(HE staining, Bar = 200 µm); b. Height of intestinal villus; c. Submucosal thickness; d. Muscularis
thickness; e. Wet/dry ratio (W/D) of intestines. Data are presented as mean ± standard, with n = 3 for
each group. *P < 0.05 vs. the Sham group, #P < 0.05 vs. the Shock group, ΔP < 0.05 vs. the Shock+ SGB
group. 3-MA: 3-methyladenine, an autophagy inhibitor; PARA: rapamycin, an autophagy activator.
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Figure 5

Stellate ganglion block (SGB) post-treatment reduced intestinal barrier damage through inhibition of
autophagy in conscious rats with hemorrhagic shock. a. Image of �uorescence distribution in intestinal
mucosa of rats in different groups following hemorrhagic shock. b. Intestinal clearance of �uorescein
isothiocyanate-dextran (FD4) in rats, with n = 6 for each group. c-e: SGB increased the expression of ZO-1,
Occludin and Claudin-1 in the intestinal tissue of rats with hemorrhagic shock, with n = 3 for each group.
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Data are presented as mean ± standard. * P < 0.05 vs. the Sham group, #P < 0.05 vs. the Shock group, ΔP
< 0.05 vs. the Shock +SGB group. 3-MA: 3-methyladenine, an autophagy inhibitor; PARA: rapamycin, an
autophagy activator.

Figure 6

Stellate ganglion block (SGB) post-treatment inhibited the expressions of LC3, Beclin-1 and increased the
expression of p62 of the intestinal tissue of conscious rats with hemorrhagic shock. Data are presented
as mean ± standard, with n = 3 for each group. * P < 0.05 vs. the Sham group, #P < 0.05 vs. the Shock
group, ΔP < 0.05 vs. the Shock + SGB group. 3-MA: 3-methyladenine, an autophagy inhibitor; PARA:
rapamycin, an autophagy activator.


