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Abstract
Backround: Stroke-associated pneumonia (SAP) is the most common complication after stroke, which
increases the long-term mortality. In the acute phase of brain ischemia, obvious pathological injury is
observed, which act as a main inducer for SAP. In this study, we sought to investigate the pathological
changes following brain ischemia at each pulmonary lobe. Methods: Transient middle cerebral artery
occlusion (tMCAO) was applied as a model of cerebral ischemia/reperfusion (I/R) injury (CIRI). ZeaLonga neurological deficit score was assessed at 24h post-injury and TTC staining was used to confirm
the successful establishment of model. Histology and lung water content of each pulmonary lobe were
conducted to evaluated the degree of lung injury. Results: Anatomy revealed that pulmonary lobes were
divided into five single lobes. The posterior lobe of right lung gained the lowest histopathologic score while
the highest water content was observed in left single lobe. Conclusions: Therefore, different pulmonary
lobes may differ in the degree of lung injury induced by brain ischemia. This provide a novel and rigorous
method for the study of lung injury.
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might serve as an effective strategy (Chamorro A et al.,
2012). However, evidence form a large number of metaanalysis has showed PAT can’t reduce the SAP associated
immortality (Finlayson O et al., 2011). These indicate that
there are no effective methods to prevent the occurrence of
SAP.
Acute neurological illness will induce pulmonary
complications including neurogenic pulmonary edema
(NPE), acute lung injury (ALI), acute respiratory distress
syndrome (ARDS). In fact, NPE has been well described in
severe stroke (Cohen JA, et al., 1976; Harari A, et al., 1976).
Also, experimental evidence has showed that lung injury
displayed by pulmonary edema, congestion, hemorrhage
and inflammatory infiltration was observed at 2 hours after
brain ischemia (Raichle ME, 1983). For a long time, the
central sympathetic discharge playing a major role in the
cross link between central nervous system and respiratory
system after the severe brain damage (Piazza O, et al., 2011;
Su CF, et al., 2012). Recent, this theory is challenged by
the activation of systemic inflammatory reaction (Mascia
L, 2009). Therefore, both nervous system and inflammatory
cytokines may be involved in the development of lung

Introduction
Stroke is the second cause of death and disability worldwide
(Chang KC, et al., 2010). The infectious complications
induced by stroke contribute to the high rate of mortality
(Westendorp WF, et al., 2011). The most common
complication is respiratory tract infections, among which
concurrent within 30 days of stroke is named as strokeassociated pneumonia (SAP) with an occurrence of 7.151.2% (Finlayson O, et al., 2011; Ji R, et al., 2013a).
Among these independent risk factors for SAP such as
dysphagia and old age, stroke severity is the most important
one and in turn, SAP is an important attributable risk
factor for poor outcomes induced by stroke (Finlayson
O et al., 2011). Fever and enhanced proinflammatory
responses following infections are considered as the main
factors to exacerbate brain damage (Chamorro A, et al.,
2012). Furthermore, SAP is closely associated with the
development of further complications like gastrointestinal
bleeding, deep vein thrombosis and recurrent stroke (Ji R,
et al., 2013b). Therefore, prevention of SAP is the centre
stage in acute stroke care. Experimental and clinical proofs
have demonstrated preventive antibiotic treatment (PAT)
1
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injury following brain ischemia. Moreover, different lung
lobe differ in the innervation and circulation. Therefore,
we hypothesized that there might be different lung injury in
each signal lung lobe.
In the present study, we aimed at investigating the
different lung injury in each signal lung lobe. ZeaLonga neurological deficit score was used to evaluate the
neurobehavioral dysfunction. Hematoxylin-eosin (HE)
staining and dry and wet ratio of pulmonary tissues were
adopted to assess the degree of lung injury.

using Neurological Severity Score (NSS) system.
Neurobehavioral function is graded on a scale of 0-18
(0, normal score; 18, maximal deficit score). The NSS
scoring reflects the function of motoric, sensory, reflex, and
balance. In the severity of injury, one point is considered as
the inability to perform a task or for the lack of an assessed
reflex; 13-18, severe injury; 7-12, moderate injury; 1-6,
mild injury. Thus, the more severe the injury, the higher the
score. The recovery of neurologic function was observed
and the scores of all rats were recorded at 48 h after injury.

Methods

Lung water content
6 rats per group were anesthetized with 3.6% chloral
hydrate (1ml/100g).The chest cavity was opened and
each single lobe was quickly removed. The lung tissue
was kept in oven under 100°C until constant weight was
obtained. The percentage of lung water content (LWC) was
calculated as (wet lung weight-dry lung weight)*100/wet
lung weight .

Animal and grouping
A total of 18 adult male Sprague-Dawley (SD) rats,
weighting 200-240g, were provided by the Center of
Experimental Animals, Kunming Medical University.
The animal grouping and treatment were shown in Table
1. All animal care, breeding, and testing procedures were
confirmed to the principle of <Guidance suggestions for
the care and use of laboratory animals> promulgated
by Ministry of Science and Technology of the People’s
Republic of China in 2006, and were approved by the
Animal Care and Use Committee, Sichuan, University,
Chengdu, China. All animals were housed in individual
cages in a temperature (21–25 °C) and humidity
(45–50%)-controlled room with a 12-h light/dark cycle and
were free access to pellet chow and water. Animals were
randomly divided into two groups: sham group, I/R group.

TTC staining
The brain was removed carefully and cooled for 5
minutes at -80°C. Then the brain was sliced into five
coronal sections (3mm thick) without the cerebellum
and brain stem. These slices were incubated in isotonic
phosphate-buffered saline (PBS, pH 7.4) containing 2%
triphenylterazolium chloride (TTC) (Beijing Cinontech
Co., Ltd., Beijing, China) for 20 min at 37°C and then
fixed with 4% paraformaldehyde.

Establishment of focal cerebral ischemia
Transient focal cerebral infarction was introduced by
bipolar coagulation of the right MCA as described
previously (Engel O, et al., 2011). Under 3.6% chloral
hydrate (1ml/100g) intraperitoneally injection, right
common, internal and external carotid arteries were
exposed through a midline neck incision and were
carefully dissected from the surrounding tissues. After
electrocoagulation of the external and common carotid
arteries, a 3–0 silicon rubber-coated monofilament (Beijing
Cinontech Co., Ltd., Beijing, China ) was inserted through
the common carotid artery into the internal carotid artery
18 to 20 mm beyond the carotid bifurcation to the base of
the middle cerebral artery. 2h after occlusion, the filament
was withdrawn to allow reperfusion for 24h. For shamsurgery rats, identical surgical procedure was performed
without intraluminal thread-occlusion. Rectal temperature
was maintained at 36.5–37°C using a heat lamp during the
operation and for 2 hours after tMCAO, and breath and
heart rate were monitored at any time.

Histology
Animals (n=3, per group) were perfused with 200
ml of 0.9% NaCl and then followed by 250ml 4%
paraformaldehyde. Then each lung lobe was excised.
Specimens were fixed in 4% paraformaldehyde, dehydrated
in alcohol, embedded in paraffin, and then cut into 4 um
thickness sections. Finally they were stained with H&E
after deparaffinization. The slides were observed in an
optical microscope to check for possible changes. The
slides (400X) were used for pathological scoring by a
pathologist in a double blind method. The pathological
scoring was modified by Smith (Smith KM, et al.,
1997). The criterions consisted alveolar and interstitial
inflammation, hemorrhage, interstitial edema, atelectasis,
hyaline membrane formation. Each criterion were scored
on a 0- to 4-point scale: no injury for 0 score; injury in
25% of the field for 1 score; injury in 50% of the field for
2 score; injury in 75% of the field for 3 score; and injury
throughout the field for 4 score.

Assessment of neurobehavioral function
The severity of neurological deficit was evaluated

Statistical analysis
Software SPSS version 20.0 (SPSS Inc., Chicago, USA)

Table 1 Animal grouping and treatment

Animal grouping
sham group
I/R group

Zea-Longa (48 h)
9
9

LWC (48 h)
6
6

2

Histology (48 h)
3
3
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Table 2 Neurological severity score (NSS)

Test

Points
3

Motor tests
Raising rat by the tail
1 Flexion of forelimb
1 Flexion of hindlimb
1 Head moved >10˚ to vertical axis within 30 sec
Placing rat on the floor (normal=0; maximum=3)
0 Normal walk
1 Inability to walk straight
2 Circling towards the paretic side
3 Falling down to the paretic side
Sensory tests
1 Placing test (visual and tactile test)
2 Proprioceptive test (deep sensation, pushing the paw against
the table edge to stimulate limb muscles)
Beam balance tests (normal=0; maximum=6)
0 Balances with steady posture
1 Grasps side of beam
2 Hugs the beam and one limb falls down from the beam
3 Hugs the beam and two limbs fall down from the beam, or
spins on beam (>60 sec)
4 Attempts to balance on the beam but falls off (>40 sec)
5 Attempts to balance on the beam but falls off (>20 sec)
6 Falls off: No attempt to balance or hang on to the beam (<20
sec)
Reflexes absent and abnormal movements
1 Pinna reflex (shakes head when touching the auditory meatus)
1 Corneal reflex (blinks with eye when lightly touching the
cornea with cotton)
1 Startle reflex (motor response to a brief noise from snapping a
clipboard paper)
1 Seizures, myoclonus, myodystony
Maximum points

was used to perform data analysis. All data were expressed
as mean ± standard deviation (SD). Differences between
control and experimental group were compared by
Independent Sample T test and P<0.05 was considered to
be statistically significant.

3

2

6

4

18

Lung water content of different lung lobes
Anatomy revealed that lung tissues consisted of 5 lung lobes
including the anterior lobe of right lung (AR), the middle
lobe of right lung (MR), the posterior lobe of right lung
(PR), the accessory lobe of right lung (ASR), the left lung
lobe (LL). After the brain ischemia insult, the lung tissues
exhibited obvious swelling and some bleeding spots were
observed under the pleura (Fig. 2B). Each lung lobe was
used for the analysis of wet to dry weight ratio. Compared
with right lung tissues, the water content in left lung lobe
was significantly increased (p<0.05, p<0.01,p<0.01), except
that no statistic significance was observed between left lung
lobe and the posterior lobe of right lung (p>0.05, Fig. 2A).

Results
Successful establishment of brain ischemia
The modified suture-occluded method was adopted to
establish the rat model of middle cerebral artery occlusion(
MCAO ). After 24h reperfusion following 2h occlusion, the
rats showed a severely impaired in neurological function.
The NSS scores in sham group were ranked at (1.25±0.12)
score suggesting that no deficits were observed. Compared
with sham group, the rats in CIRI group showed an
obviously upregulated scores (7.26+0.36, p<0.01, Fig. 1A).
TTC staining also showed infracted areas with white color
and un-infracted areas with red color. As shown in Fig. 1B,
dramatically infracted areas were observed in CIRI group.
Therefore, we successfully established a brain ischemia
model.

Histological evaluation of different lung lobes
The five lung lobes was respectively used for the analysis
of histological evaluation. As shown in Fig. 3A, the semiquantitative histological evaluation revealed that the most
severe pathological injury was observed in posterior lobe
of right lung compared with the middle lobe of right lung
and the left lung lobe (p<0.05,p<0.05, Fig. 2B), while, no
3
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Figure 1 The confirmation of brain ischemia model. A: NSS scores between sham group and CIRI group; B: TTC staining for rats with CIRI
insult. Data was expressed as means ±SD. **p<0.01, compared with sham group.

significant change was observed compared with the anterior
lobe of right lung and the accessory lobe of right lung.
What’s more, the lung injury of posterior lobe of right lung
was displayed by alveolar and interstitial inflammation,
hemorrhage, interstitial edema, atelectasis, hyaline
membrane formation (Fig. 3B).

dysfunction syndrome (MODS), is sensitive to the
disturbance of homeostasis due to its special circulation
(Stiehl T, et al., 2014; Whitmore LC, et al., 2014).
Pneumonia is the most common complication, which acts
as an important factor for the stroke outcome (Chamorro
A et al., 2012; Finlayson O et al., 2011; Koennecke HC,
et al., 2011). Although more attention has been paid to
the pneumonia induced by stroke, they all focused on the
prevention of risk factors and the late treatment (Chamorro
A et al., 2012; Finlayson O et al., 2011). Actually, Stroke
severity, dysphagia (which facilitates aspiration) and older
age have been considered as the independent risk factors
(Chamorro A et al., 2012; Finlayson O et al., 2011). Few
attention is concentrated to the relation between brain injury
and lung pathological changes, which may be explained
why no effective therapy and prevention are expected.
Actually, 2h after the occlusion of MCAO, the lung tissues

Discussion
In this study, we successfully established a brain ischemia
model. And we found obvious pathological changes in each
lung lobe. Moreover, each lung lobe with different injured
degree was observed, among which the posterior lobe of
right lung was the most severe one. Meanwhile, the left lung
lobe with the highest water content was seen. Therefore, the
different lung lobe may have different pathophysiological
changes.
Lung, as the most susceptible organ of multiple organ
4
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Figure 2 Lung water content of different lung lobes. A: The water content in the anterior lobe of right lung (AR), the middle lobe of right lung
(MR), the posterior lobe of right lung (PR), the accessory lobe of right lung (ASR), the left lung lobe (LL). *p<0.05, compared with AR, ##p<0.01,
compared with MR, &&p<0.01, compared with ASR; B: The representative lung tissues with edema and hemorrhage. The arrows showed the
hemorrhage under pleura. Scale bar: 5 um.

the systemic to the pulmonary circulation, as well as
displacement of pulmonary blood into low pressure
areas, leading to an increase in the pulmonary hydrostatic
pressure, which subsequently results in increased pulmonary
capillary permeability by damage through high intravascular
pressure (Rassler B, 2012; Sedy J, 2011). According the
increased pulmonary hydrostatic pressure, one main focus
of supportive treatment relies on volume management (Dai
Q, et al., 2014), including vasoactive drugs, diuretics and
fluid supplements (Baumann A, et al., 2007; Davidyuk G,
et al., 2010; Davison DL, et al., 2012; Fontes RB, et al.,
2003). The challenge is that while adequate volumes may be
necessary for brain resuscitation, management of NPE may
require effective volume reduction.
Recently, this theory has been challenged by the observation
that a systemic inflammatory response plays an integral role
in the development of pulmonary injury associated with

exhibited pathological injury (Raichle ME, 1983). In our
study, we also found alveolar and interstitial inflammation,
hemorrhage, interstitial edema, atelectasis, hyaline
membrane formation. Therefore, the pathological changes
in the early onset of brain ischemia may create a susceptible
microenviroment for bacterial infection .
The cross link between brain and lung is quite complicated,
which can’t be considered as a single factor (Abdennour
L, et al., 2012). NPE is one of the best example to explain
the mechanism of lung injury following brain ischemia.
After brain injury, a trigger zone is activated, which induces
the overactivation of the sympathetic nervous system with
a surge of catecholamine release. The sudden increase in
circulation α-adrenergic discharge significantly increases
pulmonary vascular and pulmonary venoconstriction. This
vasoconstriction and hypertension may cause increase
pulmonary blood volume through a shift of blood from
5
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Figure 3 Histological evaluation of different lung lobes. B: the histological evaluation in each lung lobe. #p<0.05, compared with MR,
&p<0.05, compared with LL. All data were expressed as means ±SD. The arrows showed the representative pathological changes. Magnification
400X, scale bar 25um.

1, IL-6, and tumor necrosis factor (TNF)-α, can modulate
the expression of adhesion molecule activity (Kelley BJ,
et al., 2007). Interestingly, a strong association between
systemic concentrations of soluble intercellular adhesion
molecule-1 (ICAM-1) and poor neurological outcome
has been demonstrated in patients with TBI (McKeating
EG, et al., 1998), suggesting that a systemic inflammatory
response after TBI is related to neurological outcome.
Cytokines, released due to the primary brain injury, increase
the permeability of pulmonary capillaries, also leading to
the destroy of gas-blood barrier (Avlonitis VS, et al., 2005;
Mascia L, 2009).
No matter sympathetic discharge or systemic inflammatory,
circulation and nervous system act as important connection

brain damage (Avlonitis VS, et al., 2003). After acute brain
injury there is increased intracranial production of proinflammatory cytokines resulting in secondary injury to the
brain (Ott L, et al., 1994) and release of pro-inflammatory
mediators into the systemic circulation (McKeating EG, et
al., 1997). McKeating et al. (McKeating EG et al., 1997)
reported an increased transcranial gradient of interleukin
(IL)-6 within 48 h after brain injury, suggesting intracranial
production, probably involving glial cells. More recently,
Hutchinson et al. (Hutchinson PJ, et al., 2007) noted that
microdialysis concentrations of IL-1 receptor antagonist
(IL-1ra, an anti-inflammatory cytokine) were significantly
higher than those of IL-1b (a pro-inflammatory molecule). It
is also known that pro-inflammatory cytokines, such as IL6
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Lewis DJ, Williams TC, Beck SL. Foamy macrophage responses
in the rat lung following exposure to inhaled pharmaceuticals:
a simple, pragmatic approach for inhaled drug development.
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between brain and lung. Lung is an organ that accepts all
backflow of blood, which is well recognized as pulmonary
circulation (Judge EP, et al., 2014). Another circulation
from bronchial artery can provide the basic supply of
arterial blood. The circulating blood enter into the left or
right hilus and were divided into many branches (Lewis DJ,
et al., 2014; Mascia L, 2009). Therefore, the blood supply
in different lung tissues is different. Also, the density of
innervation is different. In this study, we found the lung
tissues were composed of the anterior lobe of right lung
(AR), the middle lobe of right lung (MR), the posterior
lobe of right lung (PR), the accessory lobe of right lung
(ASR), the left lung lobe (LL). The circulating supply and
innervation in each lung lobe may be different.
We also found the water content and histological scores were
varied. The most severe pathological injury was observed in
posterior lobe of right lung, while the highest water content
was observed in left lung injury. In human beings, the lower
lobes have been demonstrated to be fully supplied with
blood and are easily to suffer from various damages (Mascia
L, 2009). In rats, the posterior and accessory lobe of right
lung are located in the lowest position. This supported our
finding that the posterior lobe was the most severely injured
lobe. Meanwhile, the left lung gains the maximum areas
among the five lobes, which may explain that the water
content of left lung was the highest one.
In conclusion, our study is characterized by the
morphological changes of each lung tissues following brain
ischemia. This is the first time to investigate the different
character of each lung lobe, which suggests that the different
molecular may involved in the development of lung injury
and the lung lobes shouldn’t be generally considered as a
whole one. This may provide a foundation for the molecular
study of lung injury induced by brain ischemia.
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