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ABSTRACT.  

Purpose: To investigate the effect of resuscitation with acetated 

Ringer's solution during hemorrhagic shock (HS) on inflammatory 

factors and nuclear factor κB (NF-κB) signaling pathway in liver 

tissue.  

Methods: In this study, a rat HS model was established. HS rats 

received acetated Ringer's solution, lactated Ringer's solution and 

saline for fluid resuscitation. Inflammatory factors (TNF-α, IL-4 and 

IL-10) for the evaluation of three kinds of resuscitation mfluid anti-

inflammatory effect. Expression of proteins in NF-κB pathway was 

evaluated to elucidate the mechanism of acetated Ringer's solution in 

preventing HS-induced liver injury.  

Results: Although HS upregulated inflammatory response in liver 

tissue, acetated Ringer's solution t-treatment can inhibit the 

inflammation and improve liver injury. We also found that acetated 

ringer’s solution treatment attenuated HS-induced liver injury in NF-

κB pathway.  

Conclusion: Acetated Ringer's solution may improve HS-induced 

liver injury. The mechanism of its action may be by inhibiting the 

NF-κB pathway.  

Key words: Sheeppox virus; Electron microscope; PCR; ORF 103 

Gene; GeneBank; Phylogentic analysis 
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INTRODUCTION 

Hemorrhagic shock (HS) is the main cause of death and disability in the world, which increases the burden of li

mited medical resources (Cocchi et al., 2007). The most important and basic measure to treat hemorrhagic shock

s fluid resuscitation. However, we often find in clinical practice that correcting the tissue's low blood perfusion 

often fails to correct shock. This is because the pathophysiological changes in shock have not only hemodynami

c changes but also inflammatory reactions. HS pathophysiology complex, which involves the systemic inflamma

tory response and pathological changes, such as: hypovolemia, hypoxemia, microcirculation and oxidative stress

 (Angele et al., 2008). Multiple organ dysfunction syndrome (MODS) caused by systemic inflammatory respons

e syndrome (SIRS) is one of the major causes of HS and death (Chen et al., 2013). Complications of HS are tho

ught to be associated with abnormalities in the immune system and activation of deleterious factors, which may 

be manifested as immunosuppression or proinflammatory state (Fukudome et al., 2012). Nuclear factor-κB (NF-

κB) activates the inflammatory cascade after HS and accelerates the release of pro-inflammatory cytokines such 

as tumor necrosis factor α (TNF-α) (EI-Tahan et al., 2016). Liver injury is an important part of MODS resulting 

from HS (Liu et al., 2017). Therefore, it is very important to study the inhibition of NF-κB pathway in the liver 

of HS rats. Interestingly, our previous study (Cai et al., 2016) s-howed that as a new balanced salt solution, aceta

ted Ringer's solution compared to lactated Ringer's solution can reduce the body's inflammatory response. Howe

ver, whether acetated Ringer's solution can reduce the release of inflammatory mediators in HS by affecting NF-

κB pathway has not been reported. In this study, we observed the changes of TNF-α, IL-4 and IL-10 mRNA in li

ver tissue and the expression of p65 (Ser536) phosphorylation and p65 (Lys310) acetyl-ation to explore the role 

of acetated Ringer's solution in the inhibition of possible mechanism of HS Inflammatory reaction.  

MATERIAL AND METHODS  

Experimental materials and grouping  

Thirty-two healthy Sprague-Dawey (SD) rats, SPF (Specific Pathogen Free) grade, male and fe-male, body weig

ht (300 ± 20) g, provided by Shanghai Jiesijie Experimental Animal Company. Experimental animals were feed

ed for 7 days at room temperature (22 ± 1°C) and humidity (55-45)% with 12 hours light/dark cycle. The rats w

ere randomly divided into four groups: not resuscitation group (CR group, n=8), normal saline resuscitation gro

up (NR group, n=8), lactated Ringer's solution resuscitation group (LR group, n=8) and acetated Ringer's solutio

n r-resuscitation group (AR group, n=8).  

Animal model 

Rats were anesthetized by intraperitoneal injection of 4% chloral hydrate (1 mL/100 g). After successful anesthe

sia, the limbs of rats were fixed on a sterile operating table and the operating room temperature was maintained 

at 25°C. After successful anesthesia, rats were given groin area on both sides skin preparation, disinfection, shop

 towels. After incision with incandescent lamp irradiation, dissecting the femoral vein and femoral artery. Mean 

arterial pressure（MAP) is continuously monitored using the MedLab-U/4C501H BioSignal Acquisition Proces

sing System. After catheterization, rats adapted to 20 min. Blood was slowly released from the fem-oral artery at

 a rate of 2 mL/3 min with a 1 mL syringe until MAP reached 40-45 mmHg. MAP (40-45 mmHg) was maintain

ed for 60 min by slowly returning autologous blood or a s-mall amount of bleeding. Rats in NR, LR and AR gro

ups were resuscitated with normal saline, lactated Ringer's solution and acetated Ringer's solution respectively a

fter 30 min of shock maintenance (MAP was completed in 30min), and MAP was increased to 80 mmHg to corr

ect shock. After recovery observed 4 hours to take liver tissue. No resuscitation was observed in CR group (liver

 tissue was observed 4 hours after induction of shock).  

Observation indicators and methods 

Real-time quantitative PCR was used to detect the relative expression of TNF-α, IL-4 and IL-10 mRNA in liver 

tissue. The relative expression of p65 (Ser536) phosphorylated protein and P65 (Lys310) acetylated protein in li

ver tissue were detected by Western Blot.  
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Real-time quantitative PCR 

RNA of liver tissue was extracted according to Trizol kit (invitrogen). The configuration of the reaction liquid in

 reverse transcription was according to the invitrogen reverse transcription kit superscript III, inactivation at 6°C

 for 10 min to remove DNA, add primer mix 42°C reverse transcription 1 hour. After taking out, it was placed at

 85°C and reacted for 10 minutes to inactivate reverse transcriptase placed at -20°C after reaction. After the cDN

A was diluted 10 times, the primer reaction system was added as a PCR template. On the ABI 7900 qPCR instru

ment, pre-denatured at 95°C for 2 min, denatured at 94°C for 20 s, annealed at 60°C for 20 s, extended at 72°C f

or 30 s and performed 40 cycles. The result was finally obtained by reading the Ct (cycle-threshold) value and c

alculating 2
-ΔΔCt

. The upstream primer of TNF-α was 5'-ATG GGC TCC CTC TCA TCA GT -3 ', the downstrea

m primer was 5'-GCT TGG TGG TTT GCT ACG AC -3' and the product length was 106 bp. The upstream prim

er of IL-4 was: 5'-CTT GCT GTC ACC CTG TTC TG-3 ', and the downstream primers were: 5'-CTC CGT GG

T GTT CCT TGT TG-3' with a product length of 174 bp. The upstream primer of IL-10 was: 5'-TGC GAC GCT

 GTC ATC GAT TT-3 ', and the downstream primers were: 5'-GTA GAT GCC GGG TGG TTC AA -3', produc

t length 186 bp. GAPDH upstream primer 5'- GTT ACC AGG GCT GCC TTC TC-3 ', and the downstream pri

mers were: 5'-GGG TTT CCC GTT GAT GAC C-3 'and the product length was 168 bp.  

Western blot test 

Taken frozen liver tissue, added the lysate for 1 min, centrifuged for 30 min, absorbed the supernatant was the to

tal protein, and placed it at -80°C for using. Protein concentration detected with BCA kit. Proteins were separate

d by SDS-PAGE and transferred to PVDF membranes by transfer electrophoresis. After blocking with 5% skim 

milk powder for 2 hours at room temperature, the corresponding antibody I was added and incubated overnight 

at 4°C. And washed the membrane 3 times with BST, added alkaline phosphatase (AP) labeled antibody II, incu

bating for 1 h at room temperature, washed 3 times with TBST. After performing ECL chemi-luminescence, dev

eloping, fixing and photographing, optical densitometry of protein bands was performed using image analysis so

ftware Scion Image. The ratio of the target protein to the GAPDH gray value was calculated and statistically ana

lyzed.  

Statistical analysis 

Results were analyzed by SPSS 22. 0. Data were expressed as mean ± standard deviation (x ± s). The compariso

n between groups using one-way ANOVA. Between the two groups using LSD-t test method analysis. P<0.5 in

dicates that the difference was statistically significant.  

RESULTS  

Comparison initial of body weight and basal MAP between SD rats in each group 

Each group had similar body weight and MAP. With mean ± standard deviation were expressed as: 286.75 ± 15.

63 g vs. 102.35 ± 4. 17 mmHg, 284.38 ± 10.16 g vs. 102.85 ± 5.94 mmHg, 287. 12 ± 13.70 g vs. 106.25 ± 4.34 

mmHg, 286.13 ± 17.75 g vs. 100.85 ± 7.20 mmHg. Take one-way ANOVA, there was no significant difference 

in body weight and MAP between the four groups (F=0.056, p>0.05 and F=1.345, p>0.05) (Table 1). 

 

 

 

 

 

 

 

Group N Weight (g) MAP (mmHg) 

CR Group 8 286.75 ± 15.63 102.35 ± 4.17 

NR Group 

LR Group 

AR Group 

8 

8 

8 

284.38 ± 10.16 

287.12 ± 13.70 

286.13 ± 17.75 

102.85 ± 5.94 

106.25 ± 4.34 

100.85 ± 7.20 

Table 1. One-way ANOVA analysis was used to estimate the difference betwee

n groups. Data were expressed as mean ± standard deviation 
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Acetated Ringer's solution treatment could reduce inflammation in HS rats 

Associated with HS-induced organ damage was the inflammatory response. Therefore, we investigated the expr

ession levels of pro-inflammatory cytokines TNF-α and IL-4, IL-10 in liver tis-sue to determine whether HS enh

anced the inflammatory response and acetated Ringer's solution compared to lactated Ringer's solution and norm

al saline would significantly reduce these changes. We found that the relative expression of TNF-α in liver tissu

e was significantly upregulated in CR group, but decreased in NR, LR and AR groups (TNF-α expression in NR

 group was not significantly reduced compared with CR group. And compared with NR and LR groups, the expr

ession of TNF-α was significantly decreased in AR group (Figure 1A). Interestingly, the levels of IL-4 and IL-1

0 in liver tissue were significantly increased in AR group compared with those in CR group. It is noteworthy tha

t the expression level of L-10 in AR group is more pronounced in the liver tissue than in NR and LR groups (Fig

ures 1B and 1C). The up-regulation of IL-4 and IL-10 anti-inflammatory factors can counteract the inflammator

y reaction and balance the secretion of inflammatory cytokines. Our study showed that sodium acetated Ringer's

 solution not only reduced TNF-α level, but also increased the level of IL-4, IL-10 expression. This supports our 

hypothesis that acetated Ringer's solution has an anti-inflammatory effect.  

 

 

Figure 1. In liver tissue, acetated Ringer's solution compared with slactated Ringer's solution and normal saline could significantly r

educe the expression of pro-inflammatory cytokine TNF-αmRNA (Figure 1A). Data were presented as mean ± SD. n =8 for each ex

perimental group. 
**

P<0.01 compared with CR group, 
##

P<0.01 compared with NR group and LR group. Acetated Ringer's solution 

could up-regulate the level of IL-4 mRNA in HS rat liver tissue (Figure 1B). 
*
P<0.05 compared with CR group. Compared with lact

ated Ringer's solution and normal saline, acetated Ringer's solution could up-regulate the expression of IL-10 mRNA in HS rat liver 

(Figure 1C). 
**

p<0.01 compared with CR group, 
#
P<0.05 compared with NR group and LR group. 

Acetated Ringer's solution treatment inhibited NF-κB signaling pathway in HS rats 

To test whether sodium acetated Ringer's solution could reduce the HS inflammatory response by inhibiting NF-

κB, we assessed the protein expression levels of p65 (Ser536) phosphorylation and p65 (Lys310) acetylation in l

iver tissue. Phosphorylation and acetylation of p65 were important indicators of NF-κB signaling pathway activ

ation. And phosphorylation of p65 (Ser536) enhanced the ability of NF-κB to regulate pro-inflammatory cytokin

es by promoting P65 (Lys310) acetylation. Obviously, HS induced activation of the NF-κB signaling pathway a

s shown f-rom change in these proteins. We could clearly see that acetated Ringer's solution compared to lactate

d ringer's solution and normal saline down-regulated p65 (Ser536) phosphorylation and p65 (Lys310) acetylated

 protein expression (Figure 2). Therefore, we demonstrated that sodium acetated Ringer's solution could inhibit t

he NF-κB signaling pathway.  
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Figure 2. Western blot was used to detect the expression of phosphorylation of p65 (Ser536) and p65 (Lys310) acetylated protein in

 liver tissue. In liver tissue, acetated Ringer's solution compared with slactated Ringer's solution and normal saline could significantl

y reduce the express-ion of phosphorylation of p65 (Ser536). Data were presented as mean ± SD. n =8 for each experimental group. 
**

P<0.01 compared with CR group, 
#
P<0.05 compared with NR group and LR group (Figure 2B). In liver tissue, acetated Ringer's s

olution compared with slactated Ringer's solution and normal saline could significantly reduce the expression of p65 (Lys310) acety

lated. 
**

P<0.01 compared with CR group, 
#
P<0.05 compared with NR group and LR group (Figure 2C). 

DISCUSSION  

The most common cause of severe traumatic early death is HS (Krug et al., 2000; Pfeifer et al., 2009). HS cause

s a sharp reduction in circulating blood volume, eventually leading to tissue damage and vital organ dysfunction 

(Douzinas et al., 2012). The liver is an important internal organ of the human body and is susceptible to HS. The

 liver is currently considered as one of t-he first organs subjected to hypoxia induced by hemorrhagic shock (Kar

maniolou et al., 2013). Therefore, the study of HS-induced liver injury is of great significance for the further stu

dy of the SIRS and MODS caused by hemorrhagic shock.  

Acetated Ringer's solution as a new balanced salt solution, compared with slactated Ringer's solution, to maintai

n a high levels of bicarbonate and reduce the amount of alkali deficiency, less lead to hyperglycemia (Kumar et 

al., 2016). And sodium acetate metabolism is seldom dependent on the liver (Kumar et al., 2016). Acetated Ring

er's solution compared to lactated Ringer's solution can significantly reduce the body's inflammatory response 

(Cai et al., 2016). However, the mechanism of acetated Ringer's solution for restoring HS to reduce inflammator

y injury h-as not been elucidated yet.  

HS is characterized by early inflammatory response and some immune suppression (Zhang et al., 2014). NF-κB 

plays a major role in facilitating the transcription of many inflammatory factors (Bartuzi et al., 2013). NF-κB exi

sts as an inactive complex of the p50 and p65 subunits and the inhibitory protein IκB-α. p65 has the strongest tra

nscriptional activity and has strong DNA binding affinity (Sharma et al., 2015). In recent years, phosphorylation

 of NF-κB, especially p65 serine 536 phosphorylation has become a new mechanism of transcriptional activatio

n (Sasaki et al., 2005). p65 binds to the transcriptional activator p300 and the CREB binding protein and can be 

modified by acetylation of certain lysine residues to produce different functional effects. p65 (Ser536) phosphor

ylation promotes p65 (Lys310) acetylation by increasing the binding of histone acetylase to p65 (Chen et al., 20

05). Acetylation of p65 enhances the binding ability to DNA and further enhances the regulation of pro-inflamm

atory cytokines by NF-κB (Bhatt., 2014). In this study, acetated Ringer's solution and slactated Ringer's solution

 and normal saline for recovery of HS rats. Compared with normal saline and lactated Ringer's solution, resuscit

ation-n of acetated Ringer's solution could significantly reduce the phosphorylation of p65 (Ser536) and decreas

e the levels of p65 (Lys310) acetylation after 4 hours resuscitation. Our study shows that acetated Ringer's soluti

on can down-regulate the phosphorylation levels of p65 (Ser536) in the liver of HS rats, thereby preventing the 

binding of histone acetylase to p65 and eventually reversing the acetylation of p65 (Lys310).  

The release of NF-κB for inflammatory response and mediated inflammatory cytokines such as TNF-α, IL-1β an

d IL-6 is important and aggravates inflammatory lesions (Zhang et al., 2015; Belinga et al., 2016). TNF-α is secr

eted by activated macrophages and plays a pivotal role in a variety of biological effects and is considered a pote

nt pro-inflammatory cytokine (Wu et al., 2015). Its expression reflects the severity of tissue damage and organ d
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ysfunction, and liver injury leads to a significant increase in TNF-α (Liu et al., 2012). TNF-α can induce the deg

radation of NF-κB inhibitor (IκB), enhancing the activity of NF-κB, promoting the synthesis and release of TNF

-α, IL-1 and IL-6, and ultimately forming cascade reaction (Schütze et al., 1995). In our previous study (Cai et al

., 2016), it was shown that acetated Ringer's solution significantly reduced TNF-α levels compared to lactated Ri

nger's solution. This experiment further shows that lactated Ringer's solution compared with lactated Ringer's so

lution and normal saline can significantly inhibit NF-κB pathway through p65 (Lys310) deacetylation of NF-κB,

 resulting in the decrease of downstream inflammatory cytokines, and downregulated TNF-α mRNA levels.  

CONCLUSION 

IL-4 and IL-10 are important anti-inflammatory factors. IL-10 is a pleiotropic immunomodulatory cytokine that 

plays a key role in controlling inflammation and immune regulation (Couper et al., 2008). IL-4 and IL-10 can pr

omote humoral immune response by down-regulating inflammatory mediators including TNF-α and IL-1, and c

an promote humoral immune response (Rogy et al., 2000). Our study shows that sodium acetate Ringer's solutio

n recovery of HS rats, can significantly up-regulate IL-4, IL-10 mRNA levels and reduce TNF-α mRNA levels. 

Acetate Ringer's solution can reverse the imbalance of pro-inflammatory cytokines and anti-inflammatory cytok

ines, which can reduce the body's inflammatory response. However, this study did not combine the relationship 

between NF-κB and IL-4, IL-10 expression. In conclusion, acetate Ringer's solution may inhibit the activation o

f NF-κB, thereby inhibiting the NF-κB signaling pathway; inhibit the downstream-am inflammatory cytokine ex

pression and synthesis, and upregulate of anti-inflammatory cytokines. Ultimately, acetate Ringer's solution atte

nuates the inflammatory reaction in the liver tissue of HS rats.  
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