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ABSTRACT
PURPOSE: To evaluate the effect of N-acetylcysteine (NAC) combined with fluid resuscitation on pulmonary cell death in rats induced 
with controlled hemorrhagic shock (HS).
METHODS: Two arteries (MAP calculation and exsanguination) and one vein (treatments) were catheterized in 22 anesthetized rats. 
Two groups of male albino rats were induced with controlled HS at 35mmHg MAP for 60 min. After this period, the RL group was 
resuscitated with Ringer’s lactate and the RL+NAC group was resuscitated with Ringer’s lactate combined with 150mg/Kg NAC. The 
control group animals were cannulated only. The animals were euthanized after 120 min of fluid resuscitation. Lung tissue samples were 
collected to evaluate the following: histopathology, TUNEL and imunohistochemical expression of caspase 3.
RESULTS: RL showed a greater number of cells stained by TUNEL than RL + NAC, but there was no change in caspase 3 expression 
in any group.
CONCLUSION: N-acetylcysteine associate to fluid resuscitation, after hemorrhagic shock, decreased cell death attenuating lung injury.
Key words: Acetylcysteine. Lung. Shock, Hemorrhagic. Cell Death. Rats.

RESUMO
OBJETIVO: Avaliar o efeito da N-acetilcisteína (NAC) combinada ao fluido de reposição volêmica na morte celular pulmonar de ratos 
submetidos ao choque hemorrágico (CH) controlado. 
MÉTODOS: Duas artérias (cálculo da PAM e exsanguinação) e uma veia (tratamentos) foram cateterizadas em 22 ratos anestesiados. 
Dois grupos de ratos machos albinos foram induzidos ao CH controlado com PAM de 35mmHg por 60 min. Após este período, o 
grupo RL foi ressuscitado com Ringer lactato e o grupo RL+NAC foi ressuscitado com Ringer lactato associado com 150mg/Kg de 
NAC. O grupo controle sofreu somente o procedimento cirúrgico de cateterização. Os animais sofreram eutanásia após 120 min. da 
ressuscitação. Amostras de tecido pulmonar foram coletadas para histopatologia, TUNEL e a imuno-expressão da caspase 3.
RESULTADOS: RL apresentou maior número de células marcadas pelo TUNEL do que RL+NAC, porém sem alteração na expressão 
da caspase 3 em nenhum dos grupos estudados. 
CONCLUSÃO: A N-acetilcisteína teve um papel protetor na morte celular em modelo de choque hemorrágico controlado.
Descritores: Acetilcisteína. Pulmão. Choque Hemorrágico. Morte Celular. Ratos.
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Introduction

Trauma prevails as the leading cause of death in young 
people in Brazil and worldwide, despite advances in medicine 
over the last century1.

Hemorrhagic shock is characterized by a state of tissue 
hypoperfusion with a reduction of oxygen at the cellular level 
at the expense of blood loss2. Unfortunately, direct hemorrhage 
control prior to fluid resuscitation is not always possible3, thus 
re-establishing adequate perfusion of organs and tissues is 
often essential, even before controlling bleeding3,4. However, 
multiple organ dysfunction syndrome (MODS), beginning after 
fluid resuscitation, mainly occurs due to injuries associated with 
ischemia and reperfusion (I/R), perpetuating the high mortality 
condition5. Although there are several factors that contribute 
to MODS, there is increasing evidence that acute lung injury 
(ALI) and acute respiratory distress syndrome (ARDS) plays a 
central role in its evolution6. 

Despite improvement in supportive care, ALI/ARDS 
still carries high mortality rates up to 60%7. An improved 
understanding of the pathophysiology of ALI is needed in order 
to develop treatments that will contribute with mechanical 
ventilation strategies in reducing overall mortality8.

Cell death has been demonstrated in the lung during 
the pathogeneses of ALI/ARDS, of which there is no consensus 
about the pathway involved in cell death. Apoptosis and 
necrosis remains prevalent in literature and new evidences 
suggested that this classical dichotomy is a simplification of a 
complex processes9,10.

Considering that using fluid resuscitation alone in 
treating hemorrhagic shock would not be able to prevent MODS 
and mortality11, current research has diversified the search for 
solutions to prevent this complication. One aspect is combining 
drugs with fluid resuscitation solutions - drug therapy4.

N-acetylcysteine (NAC) is a thiol-containing 
compound with antioxidant and anti-inflammatory properties, 
exhibiting effects on microcirculation12. NAC acts directly 
as an antioxidant, by deactivating reactive oxygen species, 
or indirectly, by replacing intracellular glutathione stores. 
However, despite the many benefits reported in studies using 
NAC in attenuating I/R damage, there are very few studies that 
use drug therapy for treating hemorrhagic shock13,14.

Based on the fact that NAC is a low-cost, widely 
available, and clinically tested, with proven benefits in treating 
injuries associated with I/R15,16, it was decided to test the 
hypothesis that NAC can modulate cell death in lung tissue 

induced by HS in an experimental model. 

Methods

This research was approved by the Ethics Committee 
of Federal University of Sao Paulo (protocol number 1712/11), 
ratified by the Sao Paulo University (186/11). This study was 
conducted at the Laboratory of the Experimental Surgical 
Research – LIM-26 (surgical procedures), and the Laboratory of 
Surgical Physiopathology – LIM-62 (sample analyses), Faculty of 
Medicine, University of Sao Paulo, Brazil.

It was used 22, adult male Wistar rats (rattus norvegicus 
albinus), aged between 90 and 120 days, weighing between 250 
and 300g. The animals were kept in a vivarium for six days for 
observation and adaptation, where they received water and 
balanced food rations ad libitum and were kept in appropriate 
cages (40x30x25cm), with a maximum of five animals, under 
controlled conditions for light and temperature.

The animals were evaluated randomly into three groups: 
the control group CG (n=6) was only subjected to the surgical 
procedure and catheterization, without induced HS., the RL group 
(n=8) was HS induced and for fluid resuscitation, 33 ml/kg of 
Ringer’s lactate solution was infused, and soon after, 50% blood 
(previously withdrawn) was infused and the RL+NAC group 
(n=8) that was HS induced and for fluid resuscitation, 150 mg/kg 
of NAC and 33 ml/kg of Ringer’s lactate solution were infused, 
and soon after, 50% blood (previously withdrawn) was infused.

The animals were weighed and anesthetized with 
a ketamine (50mg/kg)+xylazine (15mg/kg) combination by 
intraperitoneal injection, thus put under and unresponsive to 
mechanical stimuli after being anesthetized, exhibiting loss of 
righting and hind limb withdrawal reflexes, and palpebral reflex, 
after pain stimulus via gripping and lightly touching the eye, 
respectively. The animals were subjected to additional doses of 
the combination (half of the initial dose) during the procedure, 
when necessary. They were also kept well ventilated at room 
temperature.

The animals were placed on a constantly heated plate 
(37˚C) in supine position with hind limbs immobilized.

Trichotomy was performed on the right anterior cervical 
and right inguinal regions with a razor blade followed by antisepsis 
of the operative area with iodine polyvinylpyrrolidone tincture. 
Using a no. 11 scalpel blade, a cervical incision was made, with 
dissection and isolation of the right common carotid artery and 
incision in the right inguinal region with dissection and isolation 
of the femoral artery and vein. All animals were cannulated 
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with Intracath® 22G (Bencton-Dicknson, Sandy, USA). The 
venous catheter was used for injecting heparin and  fluids for 
resuscitation according to the experimental groups, and arterial 
catheters were used for collecting blood samples, exsanguination 
that caused the shock, and for monitoring mean arterial pressure 
(MAP). 

For controlling MAP and effectiveness of the 
procedures employed, the arterial catheter was connected to a 
pressure transducer connected to a calibrated preamplifier and a 
computerized data acquisition system (Dixtal DX 2020), in which 
hemodynamic data were stored (MAP and heart rate). At the end 
of surgery, the animals were observed for 15 minutes for MAP 
stabilization. 

To induce hemorrhagic shock, non-fractionated heparin 
was infused (100 IU/rat). Next, blood was taken via the arterial 
catheter for 10 minutes, using a previously heparinized 10mL 
syringe, until reaching 35 mm Hg MAP. This pressure was 
maintained for 60 minutes, removing or reinserting heparinized 
whole blood, in the case of ±5 mmHg change in MAP. After 60 
minutes from the onset of hemorrhagic shock, the animals were 
subjected to fluid resuscitation and treatment according to the 
groups specified. Successful resuscitation was considered when 
MAP remained above 80 mmHg for at least 5 min.

At the end of the resuscitation process, the animals were 
kept for 120 min and submitted thoracotomy to remove a fragment 
of left lung. They were euthanized by exsanguination while still 
under anesthesia.

Samples of lung were processed for Hematoxylin and 
Eosin (H.E) staining, TUNEL and immunohistochemistry for 
caspase 3. 

The histological slides were qualitatively evaluated 
under an optical microscope (Zeiss Axio Image A2, Oberkochen, 
Germany) by an experienced researcher kept “blind” to the 
different treatment groups. At least 20 fields of each slide were 
randomly chosen and analyzed to assess areas with morphological 
characteristics consistent with necrosis.

Another lung fragments were processed for 
imunohistochemical labeling of caspase 3 and its expression as a 
measure of lung cell apoptosis using the avidin-biotin-peroxidase. 
The imunohistochemical expression of caspase 3 was identifies 
and quantified by a computer program (AxionVision Rel 4.2 – Carl 
Zeiss) and adopted as positivity the appearance of brown color in 
the core, at the region of the boundary cell or the cell cytoplasm. 
The rate of apoptosis was calculated using the percentage of 
labeled cells per area.

The DNA fragmentation analysis in lung cells was 

evaluated by TUNEL method with the In situ cell death detection 
kit, POD (Roche, Germany). The slides were evaluated by optical 
microscopy, where 10 fields (10x10μm) from each section were 
used to count positive and negative cells.

The data were analyzed using SigmaStat Statistical 
program, version 3.1 (Systat Software, San Jose, USA).  

The groups were compared by Kruskal-Wallis One Way 
Analysis of Variance on ranks and complemented by appropriate 
post-hoc test (Dunn tests). It was considered 95% level of 
significance.

Results

There were no aspects suggestive of necrosis in lung 
tissue evaluated by optical microscopy in HE staining (Figure 1).

 

   
FIGURE 1 - Photomicrography of lung injury in HE. In none of the 
groups was observed morphological changes suggesting necrosis. 

Cell death evaluated by TUNEL (Figure 2) showed 
decreased number of positive cells when NAC was associate 
to fluid resuscitation (Kruskal-Wallis test and Dunn): GC<RL; 
RL+NAC<RL (p<0.05). However, the activity of caspase 3 was 
not significantly modified by any treatment (p=0.304) (Figure 3).

FIGURE 2 - DNA fragmentation of lung cells (expressed in percentage 
of cells per area) by the TUNEL. 
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FIGURE 3- Caspase-3 expression in lung tissue in the groups evaluated. 
(Kruskal-Wallis test; p=0.304).

Discussion

NAC plays a promising role in drug therapy combined 
with fluid resuscitation in treating hemorrhagic shock by 
attenuating cell death in the lung tissue, according these results. 
To the best of our knowledge, this is the first study evaluating the 
effect of NAC on pulmonary cell death in a controlled hemorrhagic 
shock model in rats. 

Despite the influence of inflammatory mediators in ALI 
development, we emphasize that this injury’s pathophysiology 
is complex and multifactorial, involving oxidative stress, 
inflammatory response, alterations of the microcirculation and 
cell death. 

There are few studies14,17 that evaluated the effects of 
NAC in lung tissue in models of hemorrhagic shock and none 
of them assesses cellular death. However, there is evidence that 
NAC is able to attenuate apoptosis of lung epithelial cells in 
experimental models of sepsis18.

The histopathology assessment of the lung showed no 
lesions compatible with necrosis in all groups studied. This result 
can be explained by experimental protocol adopted in this study 
in which observation time was not sufficient for detection the 
necrosis morphological characteristics. 

There are many immunological and biochemical 
methods to characterize cell deaths. The TUNEL (terminal 
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate 
nick-end labeling) has the advantage of allowing diagnosis of 
DNA fragmentation prior to cell disintegration, irreversible and 
final phase of the cell death process, thus revealing the possibility 
of diagnosing apoptosis or other forms of cell death19. In the recent 
past, the TUNEL assay was used as a marker of apoptosis and that 
fact generated confusion in the literature about the type of cell 
death process involved20,21.

In this study using the TUNEL, RL showed a significant 
increase in count of positive cells compared to CG. These results 
demonstrate a higher incidence of DNA fragmentation, suggesting 
an increase in cell death associated with the injury mechanism. 
However, there was no significant difference in comparing CG and 
RL+NAC, indicating NAC have a protective effect against this 
injury mechanism. Other studies also confirm the protective role 
of NAC in lung cell death in experimental models of sepsis18,22,23.

Based on the knowledge of major apoptosis pathways, 
considering caspase activity defined as a relevant characteristic of 
apoptosis, we evaluated it by immunohistochemistry, caspase-3 
expression, of which activation is considered the most exclusive 
characteristic of apoptosis19,24. However, our data of caspase-3 
expression in lung tissue showed that there was no significant 
difference among groups. RL and RL+NAC groups, despite being 
HS-induced, did not exhibit caspase-3 expression, similarly to 
CG. These data corroborate Mura et al.25 findings in a model of 
extra pulmonary I/R injury. The authors evidenced cell death in 
the lung, by TUNEL, in an experimental model of MODS, but 
not observed an increase of cellular expression of caspase 3. 
They performed electron microscopy with showed that structural 
changes in lung tissue were compatible with oncotic cell death25. 
Based on these evidences, the mechanism of cell death could be 
explained by apoptosis non-mediated by caspase or another type 
of cell death.

Despite of the benefit of reducing cell death in lung injury 
by associating NAC to the fluid resuscitation post hemorrhagic 
shock, other studies should be conducted to better explain the 
protective role of NAC in this experimental model. 

Conclusion

N-acetylcysteine associate to fluid resuscitation, after 
hemorrhagic shock, decreased cell death attenuating lung injury.
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