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ÖZ 

GİRİŞ ve AMAÇ: Volüm kontrollü hemorajik şok modelinde; 

kullanılan farklı resusitasyon sıvılarının (3% hipertonik salin vs 

ringer laktat vs kan ürünü) erken dönemde akciğer iskemi 

reperfüzyon hasarı, immun ve inflamatuvar yanıt üzerine 

etkilerinin karşılaştırılması amaçlandı. 

YÖNTEM ve GEREÇLER: Yirmi sekiz adet rat 4 gruba ayrıldı. 

Sham grubunda (n: 7) sadece anestezi altında sağ femoral ven 

eksplorasyonu, damar kanülasyonu ve ardından gözlem yapıldı. 

Şok gruplarında ise femoral ven kanüle edildi. Hesaplanan total 

kan hacminin 30% u kadar kan heparinli enjektöre alınarak 

ratlarda şok tablosu oluşturuldu. Kırk beş dakika sonra HTS grubu 

(n: 7) 3% HTS ile 10 ml/kg dozunda, kan ile replasman grubu (n: 

7) alınan kanın yarısıyla, ringer laktat grubu (n: 7) ise 33 ml/kg 

dozunda RL ile replase edildi. Replasmandan 20 dakika sonra tüm 

şok gruplarında alınan kanın yarısı reinfüze edildi. Hemorajik şok 

sonrası ratlar 4.saatte sakrifiye edildi. İncelemeler için abdominal 

aortadan kan örneği, terminal ileum ve sağ akciğerden doku 

örneği alındı. 

BULGULAR: Akciğer dokusunda MDA ve MPO düzeyi, HTS 

grubunda diğer şok gruplarına göre daha düşük bulundu (MDA, 

p<0.05 kan grubuyla ve p<0.01vs RL grubuyla; MPO, p<0.05 kan 

grubuyla ve p<0.01 RL grubuyla). Glutatyon (GSH) düzeyi ise 

HTS grubunda diğer şok gruplarına göre daha yüksekti (p<0.05 

kan grubuyla ve p<0.01 RL grubuyla). Proinflamatuvar 

sitokinlerden TNF-α ve IL-1β serum düzeyi, HTS grubunda daha 

düşük olarak bulundu. Histopatolojik değerlendirmede; HTS ile 

replasman uygulanan grupta, akciğer ve bağırsak hasar skoru 

diğer şok gruplarına göre daha düşük bulundu. 

TARTIŞMA ve SONUÇ: Hemorajik şok tedavisinde, HTS (3%) ile 

sıvı resusitasyonu; konvansiyonel yaklaşımlara göre akciğerde 

erken dönem iskemi reperfüzyon hasarını ve sistemik inflamatuvar 

yanıtı azaltır. 

 

 

Anahtar Kelimeler: hemorajik şok, %3 hipertonik salin, 

antiinflamatuvar, iskemi-reperfüzyon 

ABSTRACT 

INTRODUCTION: The study aimed to compare the effects of 

different resuscitation fluids (3% hypertonic saline vs lactated 

Ringer's solution vs a blood product) on early lung ischaemia-

reperfusion injury and immune and inflammatory responses in a 

volume-controlled haemorrhagic shock model. 

METHODS: Twenty-eight rats were divided into four groups. In 

the sham group (n: 7), right femoral vein exploration, vein 

cannulation, and observation were performed under anaesthesia. 

In the shock model groups, the femoral vein was cannulated. Of 

the calculated total blood volume, 30% was taken into a 

heparinized injector to induce the shock model in rats. Forty-five 

minutes later; the withdrawn blood was replaced by 10 ml/kg 3% 

hypertonic saline (n: 7), half of the removed blood (n: 7), and 33 

ml/kg lactated Ringer solution (n: 7) in the HTS, blood product, 

and RL groups, respectively. Half of the total volume of the 

removed blood was reinfused in all of the shock-induced groups 20 

minutes after the replacement. Rats were sacrificed in the fourth 

hour after the induction of haemorrhagic shock. For examinations; 

blood samples were collected from the abdominal aorta and tissue 

samples were collected from the terminal ileum and the right lung. 

RESULTS: Lung tissue MDA and MPO levels were lower in the 

HTS group compared to other shock groups (MDA, p<0.05 vs the 

blood group and p <0.01 vs RL; MPO, p <0.05 vs the blood group 

and p<0.01 vs the RL group). Glutathione levels were higher in the 

HTS group compared to other shock groups (p <0.05 vs the blood 

group and p<0.01 vs the RL group). Of the proinflammatory 

cytokines, TNF-α and IL-1β serum levels were lower in the HTS 

group compared to the other groups. In the histopathological 

evaluation; lung and intestinal injury scores were lower in the 

group receiving HTS for replacement compared to the other shock 

groups. 

DISCUSSION AND CONCLUSION: Fluid resuscitation with 3% 

hypertonic saline for the treatment of haemorrhagic shock reduces 

early-stage ischaemia-reperfusion injury and systemic 

inflammatory response in the lung compared to conventional 

approaches. 

Keywords: haemorrhagic shock, 3% hypertonic saline, anti-

inflammatory, ischaemia-reperfusion 
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     INTRODUCTION 

     Haemorrhagic shock is a form of shock 

encountered in trauma and surgery patients. 

Bleeding is the most important cause of the 

increased risk of morbidity and mortality in 

haemorrhagic shock patients (1). Impairment of 

tissue perfusion due to bleeding starts a series of 

events in the organism resulting in oxidative tissue 

damage. Bleeding control and adequate 

intravascular fluid replacement are the mainstay of 

therapy. However; some patients may develop acute 

respiratory distress syndrome, systemic 

inflammatory response syndrome, sepsis, and 

multiorgan failure despite treatment (2). Associated 

with the risk of morbidity and mortality, such 

conditions are thought to be caused by the 

excessive inflammatory response and immune 

system suppression occurring during the shock 

process (3-6). Furthermore, ischaemia-reperfusion 

(IR) injury occurring during shock and associated 

therapy are considered active factors involved in the 

onset and exacerbation of such untoward events (7).  

     Today, many fluid types with different contents 

and properties are used for fluid resuscitation in 

haemorrhagic shock (8). However, the debate 

continues over which resuscitation fluid has optimal 

efficacy. Current treatment guidelines recommend 

the use of crystalloid fluids for resuscitation (9). 

However; crystalloid fluids need to be administered 

in high volumes to ensure haemodynamic stability, 

increasing the risk of neutrophil-mediated lung 

injury (10). Most of the recent studies about fluid 

resuscitation have emphasized the importance of 

preventing the inflammatory response and IR injury 

developing during haemorrhagic shock (5,7).  

     Various studies have suggested that small 

volume resuscitation with 7.5% hypertonic saline 

(HTS) is effective for the treatment of 

haemorrhagic shock (11-13). Furthermore, the anti-

inflammatory(14) and immunomodulatory (15) 

effects of HTS may reduce injury to the lungs and 

intestines. However; the association of HTS (7.5%) 

administration with hypernatraemia, 

hyperchloraemia, cardiac dysrhythmia, and 

transient hypotension may limit its use (16). HTS 

3% is a solution approved by the FDA for the 

treatment of hyponatraemia. For the treatment of 

haemorrhagic shock, HTS 3% has been shown to be 

similar in haemodynamic effects to HTS 7.5% and 

associated with a lower risk for complications (16). 

     The study aimed to compare the effects of the 

lactated Ringer's solution (RL) and HTS (3%) 

administered for the treatment of haemorrhagic 

shock on the inflammatory response, immune 

system, and pulmonary IR injury in early-stage 

shock. 

 

     MATERIALS AND METHODS  

     Ethics: 

     The study protocol was approved by the ethical 

committee on animal experimentation of Marmara 

University University (62.2010.mar). Animals were 

treated in compliance with the laboratory animal 

care and use guidelines developed by the National 

Institutes of Health. 

     In this study, 28 male Wistar albino rats 

weighing 260-280 g were used. Before the 

experiment, the animals were fed with standard 

laboratory feed and water and kept in an 

environment with regular light-dark cycles.  

     Experimental Protocol: 

     After inhalation exposure to ether, rats were 

anaesthetized with 50 mg/kg intramuscular 

ketamine HCL (Ketalar, Parke Davis, Morris 

Plains, NJ, USA). Following the skin sterilization 

with povidone-iodine 10%, the right femoral artery 

and vein were dissected. The right femoral vein was 

cannulated with a 28-gauge polyethylene 

intravenous catheter. The total blood volumes of 

rats were calculated using the 61 ml/kg formula 

(17). Thirty per cent of the calculated total blood 

volume was taken inside a heparinized injector over 

a period of 10 minutes. Fluid replacement started 45 

minutes later. Fluid replacement was performed 

over a period of 10 minutes using a different type of 

fluid in each group. Twenty minutes after the fluid 

replacement, half of the removed blood was 

reinfused to the rats over a period of 10 minutes. 

After the completion of the procedure, the femoral 

vein was decannulated and ligated. Following the 

conclusion of the procedures, all rats included in the 

experiment were kept under observation in an 

environment suitable for ethical conditions required 

for laboratories. Rats were sacrificed in the fourth 

hour after haemorrhagic shock in compliance with 

laboratory ethics. For biochemical tests, samples of 

2 ml blood were collected from the abdominal aorta 

of the animals. Tissue samples were collected from 

the terminal ileum and the right lung for 

histopathological examinations.  

     Experimental Groups: 

     Twenty-eight rats were randomly divided into 

four groups of 7. In the sham group, only the 

procedures of vein exploration and blood vessel 

cannulation were performed under anaesthesia. 

After these procedures, the rats were kept under 

observation. As for fluid replacements; half of the 
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total volume of the removed blood, 10 ml/kg HTS 

(3%) (18) and 33 ml/kg RL (19) were infused over 

10 minutes in the blood group, HTS group, and RL 

group, respectively.  

     Measurement of Malondialdehyde (MDA) 

and Glutathione (GSH) Levels in the Lung 

Tissue: 

     Tissue samples were homogenized with 10% 

trichloroacetic acid (TCA). The homogenized 

samples were centrifuged at 3000 rpm for 15 

minutes. The supernatant was separated and 

centrifuged at 15000 rpm for 10 minutes. MDA 

levels were measured by spectrophotometry. GSH 

levels were determined by a spectrophotometric 

assay using Ellman's method (20).  

     Measurement of Myeloperoxidase (MPO) 

Activity in the Lung Tissue: 

     Tissue samples were homogenized in HETAB 

0.5% (in 50 mM potassium phosphate buffer with 

pH: 6). The samples were centrifuged for 10 

minutes. After removing the supernatant, the pellet 

was rehomogenized in 50 mM potassium phosphate 

buffer. Laboratory tubes containing 50 mM 

potassium phosphate buffer + o-Dianisidine - 2 

HCL (20 mg/ml) + H2O2 (20 mM) + the sample 

were incubated in room temperature for three 

minutes. Sodium azide 2% was added to stop the 

reaction. Spectrometry reading was performed at 

460 nm.  

     Measurement of Serum TNF-α and IL-1β 

Levels: 

     A TNF-α rat kit (BioSource Europe S.A. Catalog 

No. KRC 3014, Nivelles, Belgium) and an IL-1β rat 

kit (BioSource Catalog No. KRC0011, Nivelles, 

Belgium) were used to measure serum TNF-α and 

IL-1β levels via the ELISA method, respectively.  

     Histopathological Examination: 

  Histopathological analyses for this study were 

performed in the pathology laboratory of 

Haydarpaşa Numune Training and Research 

Hospital. Tissue samples embedded in paraffin 

blocks were processed using the haemotoxylin and 

eosin stain and Masson trichrome staining methods. 

For histological grading; the clock positions of 3 

o'clock, 6 o'clock, 9 o'clock, and 12 o'clock were 

marked on the lung and small intestine tissue 

samples using a grease pencil under the light 

microscope. The clock positions were examined, 

scored, and averaged. Oedema, leukocytic 

infiltrations, lymphocytic infiltrations, and 

congestion were assessed separately and the scores 

were averaged. The modified Erlich-Hunt scale was 

used in histopathological examinations (Table 1) 

(21).  
 

     Table 1. Modified Ehrlich-Hunt Histopathological Grading 

Scale (21). 

Finding Score 

No Evidence 0 

Occasional but scattered 1 

Occasional and available in all areas. 2 

Abundant but scattered 3 

Abundant and available in all areas. 4 

 

  

     Statistical Analysis: 

     SPSS for Windows was used for the statistical 

analysis of the study data. Categorical variables in 

independent groups were summarized in median, 

standard deviation, and mean standard errors. 

Levene's test was used to evaluate the distribution 

of data in the groups. One-way ANOVA was used 

to evaluate the difference between the means of two 

groups of normally distributed data. Tukey's HSD 

test was used as a post hoc test to compare groups. 

To analyze data that conformed to a nonparametric 

distribution, the Kruskal-Wallis test was used to 

evaluate intergroup differences and the Mann-

Whitney U test was used to compare the groups one 

by one. A p-value of <0.05 was considered 

statistically significant.   

      

     RESULTS 

      

     The procedures in the experimental protocol 

were completed before the death of all of the rats 

included in the study. An average volume of 

4.91±0.40 ml blood was removed. All procedures 

were completed in 265±10 minutes on the average.  

     MDA, GSH, and MPO levels in the lung 

tissue: 

     MDA levels indicating lipid peroxidation were 

lower in the HTS group compared to the groups, 

where blood and RL were used for fluid 

replacement (p<0.05 and p<0.01, respectively). 

GSH levels were higher in the HTS group 

compared to other shock groups (p <0.05 vs the 

blood group and p<0.01 vs the RL group). MPO 
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levels indicating neutrophil infiltration to the tissue 

were lower in the HTS group compared to other 

shock groups (p <0.05 vs the blood group and 

p<0.01 vs the RL group) (Table 2). 
 

     Table 2. Tissue glutathione (GSH), malondialdehyde (MDA), 

myeloperoxidase (MPO) values of all groups in lung injury induced 

by shock in rats. 

 Sham 

Group 

Blood 

Group 

HTS 

Group 

RL Group 

GSH 

(mmol/g) 

2.66 ± 0.20 1.96 ± 0.08 

** 

2.51 ± 

0.13 + 

1.78 ± 0.11 

**,  

MDA 

(nmol/g) 

16.50 ± 

2.19 

45.61 ± 5.71 

*** 

28.13 ± 

3.14 + 

49.02 ± 4.48 

***,  

MPO 

(U/g) 

8.36 ± 1.02 24.26 ± 2.97 

*** 

13.82 ± 

1.60 + 

27.79 ± 3.14 

***,  

Data are expressed as mean ± standart derivation (n = 7). 

** p<0,01; *** p<0,001 Significant differences between sham and other 

groups. 

+ p<0,05 Significant differences between blood and other groups (HTS, RL). 

• •  p<0,01 Significant differences between HTS and RL groups. 

 

 

     Serum TNF-α and IL-1β Levels:  

     Increased serum TNF-α levels were observed 

independent of the treatment applied during the 

shock process. Such increases were lower in the 

HTS group compared to the other shock groups. 

Serum IL-1β levels were lower in the HTS group 

compared to the RL and blood groups (Table 3).  
 

     Table 3. Serum TNF-α and IL-1β values of all groups in rats. 

 Sham 
Group 

Blood Group HTS Group RL Group 

TNF-α 

(pg/ml)  

7.53 ± 1.31 16.60 ± 1.65 ** 8.60 ± 1.31 

++ 
 

 

17.47 ± 1.55 

***, • •   

 

IL-1β 

(pg/ml)  

16.93 ± 

2.65  

 

44.83 ± 2.55 
*** 

16.62 ± 1.78 
+++

 

45.60 ± 3.01 

***, • • •   

 

Data are expressed as mean ± standart derivation (n = 7). 
** p<0,01; *** p<0,001 Significant differences between sham and 
other groups. 
++ p<0,01; +++ p<0,001 Significant differences between blood and 
other groups (HTS, RL). 
•• p<0,01; ••• p<0,001 Significant differences between HTS and RL 
groups. 

 

     Lung Injury Scores: 

     Pulmonary injury scores were higher in the 

groups receiving RL and blood for fluid 

replacement compared to the group, where HTS 

was used for fluid replacement (p <0.05 vs the 

blood group and p<0.01 vs the RL group) (Table 4). 

 

 
     Table 4. Comparison of intestinal injury between groups 

according to histopathological scoring. 

 Sham 

Group 

Blood 

Group 

HTS 

Group 

RL Group 

Edema 0,5  2,5 1,5 2,5 

Congestion 0,38 2,38 1,38 2,25 

Neutrophil 

Infiltration 

0,62 2,12 1 2 

Lymphocyte 

Infiltration 

0,5 2,5 1,38 2,25 

Total Score 2 ± 0,2 9,5 ± 0,2*** 5,26 ± 

0,1+ 

9± 0,3**,•• 

Data are expressed as mean ± standart derivation (n = 7). 

** p<0,01; *** p<0,001 Significant differences between sham and other 

groups. 

+ p<0,05 Significant differences between blood and other groups (HTS, RL). 

•• p<0,01 Significant differences between HTS and RL groups. 

 

    Intestinal Injury Scores:  

    Intestinal injury was less severe in the group 

receiving HTS for replacement compared to the 

other shock groups (p <0.05 vs the blood group and 

p<0.01 vs the RL group) (Table 5). 
      

     Table 5. Comparison of lung injury between groups according 

to histopathological scoring. 

 Sham 

Group 

Blood 

Group 

HTS Group RL Group 

Edema 0,25 0,625 0,5 1 

Congestion 0 0,125 0,125 0,625 

Neutrophil 
Infiltration 

0,25 1,375 0,375 1,375 

Lymphocyte 

Infiltration 

0,375 1,125 0,875 0,625 

Total Score 0,875 ± 0,2 3,25 ± 0,2** 1,875 ± 0,2+ 3,625 ±0,3***, 

• •  

Data are expressed as mean ± standart derivation (n = 7). 

** p<0,01; *** p<0,001 Significant differences between sham and 

other groups. 

+ p<0,05 Significant differences between blood and other groups 

(HTS, RL). 

• •  p<0,01 Significant differences between HTS and RL groups. 
 

     DISCUSSION  

     

     IR injury is an important factor in the 

development of systemic inflammatory response 

syndrome resulting in multiple organ failure.  

Increased oxidative stress has been shown after 

haemorrhagic shock and resuscitation, leading to 

inflammatory injury in organs (2,5). Several factors 

Yüksel Adem. ve Ark.                                                                                       Kocaeli Med J. 2021;10(Ek Sayı 2):126-132 

 



 

126-132 

including neutrophils, endothelial cells, and free 

oxygen radicals are responsible for IR damage (22).           

     Neutrophils are an important source of free 

oxygen radicals in the organism. Furthermore, it is 

suggested that neutrophils are responsible for 

important events involved in IR pathogenesis; 

including microvascular occlusion, the release of 

cytotoxic enzymes, increase in vascular 

permeability, and increased levels of released 

cytokines (23). Therefore, neutrophil infiltration in 

tissues can be considered an indicator of lung and 

intestinal injury after haemorrhagic shock. In the 

histopathological examinations in our study, it was 

observed that the group resuscitated with HTS 3% 

had less neutrophil infiltration in the lung tissue 

compared to the other groups.  Neutrophils contain 

high levels of myeloperoxidase enzyme (24).    

     Quantification of MPO levels provides an 

important parameter for the assessment of 

neutrophil infiltration in tissues (25).  Consistent 

with our histopathological findings, MPO levels 

were found lower in the lung tissue in the HTS 

group in our study. It has been suggested in several 

studies that resuscitation with RL can activate 

neutrophils with a potential to increase the risk of 

organ injury, especially in the lungs (19). In our 

study, it was found that neutrophil infiltration was 

more intense in the lung tissue in the group 

resuscitated with RL. Our results are in consensus 

with the results reported by previous studies in the 

literature. 

      Lee et al. (26) have shown that; in shock states, 

neutrophils start increased synthesis of free oxygen 

radicals leading to acute lung injury. The activity of 

free oxygen radicals can be evaluated indirectly by 

determining the levels of MDA, which is the 

product of lipid peroxidation (27). In our study, 

MDA levels were found to be lower in lung tissues 

in the group resuscitated with HTS compared to the 

other groups. GSH is the most important 

antioxidant compound in the cell, protecting cells 

against oxidant damage. It has been shown in 

different conditions that HTS (7%) increases GSH 

levels in lung tissues (28). Similarly, we have found 

higher GSH levels in the group resuscitated with 

HTS 3% compared to the other groups. These 

findings suggest that resuscitation with HTS (3%) 

has a protective effect against pulmonary IR injury 

associated with haemorrhagic shock. Such effects 

may result from actions of HTS on neutrophil 

functions.  

     HTS solutions (3%, 7.5%) have high sodium 

content increasing plasma osmolarity. Several 

studies have shown that neutrophil functions can be 

suppressed in a hypertonic environment (14). Sato 

et al. (29) have shown that the synthesis of oxygen 

radicals in neutrophils can be suppressed dose-

dependently in a hypertonic environment (glucose, 

sucrose).  Other studies have similarly reported that 

neutrophil functions (synthesis of oxygen radicals, 

phagocytosis, etc.) can be suppressed proportional 

to increasing plasma osmolarity (30).  

     The majority of studies used HTS 7.5%; which 

increases plasma osmolarity more compared to 

HTS 3% (11,13). However, the effects of these two 

different concentrations of HTS on neutrophil 

functions were found similar in comparative studies 

(16,18).  

    Several conditions including bleeding, hypoxia, 

and IR stimulates TNF-α and IL-1β secretion. 

These cytokines induce the secretion of several 

proinflammatory cytokines (2). 

     TNF-α activates macrophages, stimulates 

granulocyte activity and neutrophil cytotoxicity, 

activates endothelial cells, and induces the synthesis 

of acute-phase proteins (31,32). It is also 

responsible for changes in vascular resistance and 

permeability, hypotension, and reduction in 

myocardial contractility (2,31,32). In our study, 

levels of proinflammatory cytokines (TNF-α and 

IL-1β) were found lower in lung tissues in the 

group resuscitated with HTS compared to the other 

groups. These findings can be considered an 

indicator of the immunomodulatory effect of HTS 

(3%).  Similarly, previous studies have reported that 

the synthesis of different proinflammatory 

cytokines is suppressed with HTS use (18,33). 

     Our study has some limitations. Firstly, 

haemodynamic parameters could not be evaluated 

in rats due to technical inadequacies. Secondly, 

indicators of intestinal IR injury (MDA, MPO, and 

GSH) were not studied.  Intestinal IR injury has 

been suggested as an important factor in the 

development of distant organ damage (34).  

Neutrophils are blamed as the main actors in the 

pathogenesis of this phenomenon. In the 

histopathological examinations in our study, it was 

observed that the group resuscitated with HTS had 

less neutrophil infiltration in intestinal tissues 
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similar to lung tissues. Previous studies reported 

that resuscitation with HTS reduced intestinal IR 

damage and neutrophil infiltration (16,25,35).  

     Conclusion: 

     Based on the results of this study, fluid 

resuscitation with HTS (3%) for volume 

replacement in haemorrhagic shock reduces early-

stage IR injury in the lungs. Furthermore, it 

regulates systemic inflammatory and immune 

system responses associated with shock favourably 

compared to replacement with RL. Considering 

these findings, replacement with HTS (3%) can 

significantly reduce lung injury associated with the 

risk of morbidity and mortality, especially in 

haemorrhagic shock.  
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