Dose-response and mechanism of protective functions of
selective alpha-2 agonist dexmedetomidine on acute lung

injury in rats

Qi-Qing Shi, MM, Hao Wang, MD, Hao Fang, MD.

ABSTRACT

Ao oS0 L oy ) A6 aslad) e il 1 BlaY)
O de J)&.&-woﬁ.&.{:(’gb\j A\;L\ZjJJ\Jf,bJ Lo s 5y

cslgols a;)L.i..."z_'sj)' (s u_e dulydleda Q_’J:-% Z\.Eg,!d\
et 02009 1> ] £2008 pole o 82 S5 sl
L.»\}w& \M U""U‘) gsU): )&W t),J\ S LQJf" 40 M\),t.ﬂ

30 doe S0 A8 gezeay ((LPS)H MJ! A, S Ol de
s g2 DA s g2 on (253 48 sy «(HD ) lle ke o
das (LD doize Sle oy 52 s oS5 i gaesy ((MD)
i) L Sl Sl daze ol gy BN )25 ey Liad O
s dae S0 e LI le 4L HD MDi LD iy Lo
Lis Laladl s pema ot (S /o169 Sn 4.5 (1.5 (0.5 e
SVl sl Led diy L ed il J gt cis
J SON UCIU S JON W R VS S UCE PR P, U P L U 38 WK |
B fesl s s ol ol e (S ey Gyl

Lol el Bl s

LS Ly Jole Jslisl ) el mils o)lal :gilad)
syl T ¥ 3 U Juld 4 sy
Jolas by b e <3 LeS”  LPS &6 50l &5 )lie HDc MD
e ] BLEYL (6 055 3,y ccaS 1t 1 Loy iyt
HD¢ e ol 3 eMdg il 3 Jl U 468 3 s 05

.MD

L8 0 AW 5 ALtV M laddl O il ) gl AR
45— ole 25l (A ole A bl die moly Sty o5 13
oW LBy JsT e 1S o169 s 15

Objectives: To investigate the protective functions
of  dexmedetomidine  on  lipopolysaccharide-
induced acute lung injury in the lung tissues of rats.

Methods: The experimentwas conducted from May 2008
to December 2009 in Zhongshan Hospital, Shanghai,
China. Forty Sprague Dawley rats were randomized into
a normal group (NS group), a lipopolysaccharide model
group (LPS group), and dexmedetomidine groups in high
dosages (HD), moderate dosages (MD), and low dosages
(LD). After the acute lung injury model was duplicated
by lipopolysaccharide, the rats in the LD, MD, and HD
groups were injected with 0.5 pg/kg, 1.5 pg/kg, and 4.5
pg/kg of dexmedetomidine. The rats in the NS group
were injected with normal saline. Immuno-histochemical
and reverse transcription polymerase chain reaction
techniques were used to assess the damage of lung tissue
in each group.

Results: The nuclear factor-KappaB and Toll-like receptor
4 messenger RNA expression in the lung tissues of the
rats in the MD and HD groups were inhibited compared
to the LPS group. The amount of tumor necrosis factor-
beta, interleukin-1beta, and interleukin-6 as well as the
lung tissue wet to dry weight ratio were also reduced in
the MD and HD groups.

Conclusion: The inflammatory reactions in lung tissues
can be effectively inhibited at doses ranging from 1.5-4.5
pg/kg, resulting in a protective effect on lung tissue.
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A-:ute lung injury (ALI) is the inflammatory
eaction that is primarily characterized by injuries
to the pulmonary capillary membrane, which are
subsequently associated with an increase in permeability
and inflammatory cell infiltration and severely interfere
with gas exchange.! The etiological factors for ALI
are varied and mortality rates are high. Elucidating
the mechanism of pathogenesis and appropriate
treatments are high priorities in the basic and clinical
research environments. Dexmedetomidine (Dex) is a
novel a2-adrenoceptor agonist that is primarily used
in surgical anesthesia and conscious-sedation.” Recent
investigations have reported that Dex alleviates systemic
inflammatory reactions induced by lipopolysaccharide
(LPS). The use of Dex to maintain sedation in patients
with sepsis can decrease levels of TNF-a, IL-18 and
IL-6 and other inflammatory factors, suggesting that
Dex plays an anti-inflammatory role.® These results
have been instrumental in promoting clinically viable
applications for Dex, such as treatment for patients
with systemic inflammatory response syndrome (SIRS).
Despite the potential clinical benefits of Dex, there is
little information on the mechanism of inhibition of
the inflammatory response, and it is not known whether
Dex possesses any lung protective functions in patients
with SIRS. Therefore, the aim of the present study
was to determine whether Dex had protective effects
on LPS induced ALI by establishing an ALI model in
rats to provide the theoretical basis for further clinical
investigations.

Methods. The experiment was conducted from
May 2008 to December 2009 in The Zhongshan
Hospital, Shanghai, China. The animals were cared for
in accordance with the Guide for the Care and Use of
Laboratory Animals. Our research was reviewed and
approved by the Institution Review Board of Zhongshan
Hospital of Fudan University (Approval No: ZS 2008-
01004).

Experimental animals. Forty Sprague Dawley rats
(20 male and 20 female) of clean grade that weighed
between 180-220 g and 7-9 weeks of age were used in
this study.

Disclosure. All the authors have no conflicts of interests
and this study was not supported or funded by any drug
company.
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Animal grouping and model preparation. Rats were
randomized into one of 5 groups: the normal group
(NS group, normal saline 0.5 mL), the LPS model
group (LPS group, LPS 4 mg/kg), or the high dosage
(HD) group (Dex 4.5 pg/kg), moderate dosage (MD)
group (1.5 pg/kg), and low dosage (LD) Dex groups
(0.5pg/kg). There were 8 rats per group. After the ratswere
injected intraperitoneally with 30 mg/kg pentobarbital
and vena femoralis injection with LPS to duplicate the
ALI model, rats in the Dex intervention groups were
immediately injected with the corresponding doses of
Dex, while rats in the NS group were injected with the
same volume of isotonic normal saline. Rats from the
various groups were sacrificed by exsanguination via the
abdominal aorta 6 hours following the experimental
procedure.

Determination of the weight ratio (W/D) of lung
tissue. After the lung tissue was removed, the wet weight
of the right inferior pulmonary lobe (W) was measured.
The tissues were then dried and the dry weight (D) was
measured. The W/D ratio was calculated to evaluate the
degree of pulmonary edema.

Determination of TNF-a, IL-1 f5, and IL-6 levels
in lung tissue. The supernatant of the left lung tissue
was assayed by the ELISA method in accordance
with the manufacturer’s instructions. The levels of the
aforementioned inflammatory factors were determined
using an automatic microplate reader after color
development.

Pathological  examination. The right superior
pulmonary lobes of the rats were collected and subjected
to hematoxylin and eosin staining. The pathological
changes in the tissues from the groups were observed by
light microscopy.

Immunohistochemistry. Two lung tissue sections
were obtained from each mouse, one for staining and
another for a blank control. Three percent of hydrogen
peroxide was used to block endogenous hydrogen
peroxidase. Normal goat serum was used to block non-
specific binding. Then Nuclear Factor-KappaB (NF-kB)
polyclonal antibody (1:200) was added to the sections
for staining. The samples were stored at 4°C overnight
and biotin-labeled secondary antibody was added, The
sections were then incubated at 37°C for one hour.
Finally, 3,3’-Diaminobenzidine (DAB) was used to
stain the samples and the staining time was controlled
under the microscope. After the sections were mounted,
the semi-quantitative analyses of NF-kB proteins were
performed.
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Specific analysis method. Five non-overlapping
fixed visual fields were randomly selected from each
section (400x). These fields included approximately
12000 positive cells (yellow to brown granular cells
were defined as positive cells). The Image-Pro Plus 5.0
software was used to determine the net gray scale values
(the net gray scale values = gray scale value of blank
control section - gray scale values of staining section).
The mean value was calculated to reflect the relative
NF-kB protein expression level.

The RT-PCR for Toll-like receptor 4 (TLR4)
messenger RNA (mRNA) expression in lung tissue.
The remaining parts of the left lung were used to
determine total RNA. The same quantity of RNA was
used for reverse transcription and synthesis of cDNA.
The polymerase chain reaction (PCR) amplification
was used to amplify the fragments of the TLR4
and B-actin sequences, using the following primers:
forward 5’GCCGGAAAGTTATTGTGGTGGT3’;
reverse SATGGGTTTTA GGCGCAGAGTTT3’ and
forward ’AACCCTAAGGCCAACAGTGAAAAG3’;
and reverse 5'TCATGAGGTAGTCTGTCAGGTS3’.
The PCR products were subjected to 2% agarose
gel electrophoresis and the gel was scanned and
photographed. The JEDA 801 Gel Imaging Analysis
software (JEDA, Jiangshu, China) was used to analyze
the optical density of the product. Semiquantitative
analysis was conducted to indicate the expression level
of TLR4 mRNA, using the ratio between the absorbance
for the different groups and the optical density of 8-actin
as the standard.

@

LPS grnup.

NS group

LD group

Statistical analysis. The Statistical Package for
the Social Sciences version 11.5 (SPSS, Chicago, IL,
USA) statistical software was used for processing. Data
were represented as the meantstandard deviation. To
compare between groups, the ANOVA test was used for
normally distributed data and the Kruskal-Wallis test
was used for the non-homogeneic data. Post-hoc testing
was performed using the least significant difference
or Mann-Whitney tests. A p<0.05 was indicative of
statistical significance.

Results. General observations of lung tissue. The
surface of lung tissues from the NS group were smooth
and pale pink, with no obvious abnormalities. Lung
tissue from the LPS and LD groups was enlarged and
a more intense red color. Congestion was obvious, and
extensive points of bleeding were observed. Congestion
and edema were improved in lung tissue from the MD
and HD groups and associated injuries were reduced as
the dose increased (Figure 1).

Pathological changes in lung tissue. Lung tissue
structures in the NS group were intact under the
light microscope. The alveolar space was distinct and
interstitial matter was observed in the pulmonary
alveoli. A large amount of effusion was observed in
the alveolar space in the LPS and LD groups. These
groups also demonstrated substantial thickening of the
alveolar wall and congestion/bleeding were observed
in the pulmonary alveoli, with obvious inflammatory
cell infiltration. There was only a small amount of
effusion in the MD and HD groups. These groups also

MD group HD ,-grnup

Figure 1 - General observations of lung tissues in different groups showing a) lung tissues in the NS group, the lung tissue was uniformly pink, and
the capsule was smooth, soft, and flexible. b) and ¢) Lung tissuc from the LPS and LD groups shows volume was increased and appeared
dark red, showing significant congestion and points of extensive bleeding. d) and e) Lung tissue from the MD and HD groups shows
swelling and congestion, but to a lesser extent. There were no large areas of hemorrhage present in these samples. NS group - normal group,
LPS group - lipopolysaccharide model group, LD group - dexmedetomidine group in low dosage, MD group - dexmedetomidine group in
moderate dosage, HD group - dexmedetomidine group in high dosage.
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demonstrated a slight thickening of the alveolar wall
and the blood capillaries were slightly elongated. Other
structures appeared almost normal (Figure 2).

Changes in the W/D ratio in lung tissue. Compared
to the NS group, the W/D ratios in lung tissue from the
LPS and LD groups was significantly higher (»=0.006
and p=0.046). Compared to the LPS group, the W/D

ratios in lung tissue from the MD and HD groups was
significantly lower (p=0.002 and p=0.000) indicating
that high and moderate dosages of Dex can alleviate
pulmonary edema in the ALI model (Table 1).

NFXB protein expression in lung tissue. NF-xB
nuclear positive cells were mainly mucosal endothelial
cells in the airways, infiltrative inflammatory corpuscles,

Figure 2 - Pathological changes in lung tissues showing a) shows pathological analysis of the NS group (x100), lung tissue structure was clear, and there
was no neutrophil infiltration into the alveolar space. The alveolar walls were thin and there was no expansion of the interstitial capillaries
(highlighted by the arrows). b) and c) Pathological analysis of the LPS and LD groups (x100) shows lung tissue demonstrated atelectasis, there
was thickening of the alveolar septa, and the alveolar walls collapsed. There was interstitial telangiectasia, and red blood cell migration was
apparent with infiltration into the alveolar spaces. The alveolar space showed a large area of pink exudate, infiltrated with inflammatory cells
in part of the lung (highlighted by the arrows). d) and e) Results for the pathological analysis of the MD and HD groups (x100). Significant
improvement of atelectasis was noted, with only a small amount of leakage, and slight thickening of the alveolar walls. Alveolar hemorrhage and
inflammatory cell infiltration decreased while interstitial pulmonary edema was reduced (highlighted by the arrows).

LPS group HD group

LD group

NS group MD group

Figure 3 - Nuclear Factor-KappaB (NF-kB) protein expression in lung tissue showing a) and ¢) NF-kB protein expression in the NS group and LD group
(x400), the expression of NF-kB in lung tissue was weak and expressed only in the airway epithelium and interstitial space. There were small
amounts of scattered nuclear-positive cells (highlighted by the arrows). b) NF-kB expression in the LPS group (x400), NF-kB expression was
significantly increased in lung tissue. The deep brown colored granules in the cell cytoplasm and nucleus was mainly in the bronchial epithelial
cells and inflammatory cells. NF-kB was also expressed in alveolar epithelial cells, endothelial cells and pulmonary interstitial cells (highlighted
by the arrows). d) and €) NF-kB expression in the MD and HD group (x400) - NF-kB expression was significantly decreased in lung tissues.
The distribution of stained cells was similar to the LPS group, but their number and color depth were significantly reduced (highlighted by the
arrows).
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Table 1 - Comparison of weight ratio (W/D), Nuclear Factor-KappaB (NF-kB) and toll-like receptor 4 (TLR4) mRNA in lung tissues.

Group Dose (mL) W/D ratio NF-xB TLR4 mRNA
(pg/kg) Gray scale value (TLR4/3-actin optical density)
Normal group 0.5
Mean+SD 4.71+0.407 19.86+5.08" 0.38+0.027
95% confidence interval 3.76-5.66 7.85-31.87 0.33-0.43
P-value »=0.006 »=0.000 2=0.000
Lipopolysaccharide model group 4.0
Mean+SD 5.46+0.75 35.74+8.41° 0.60+0.04"
95% confidence interval 3.69-7.23 15.85-55.63 0.51-0.69
P-value (p=0.006) £=0.000 £=0.000
Dexmedetomidine group 0.5
in low dosage
Mean+SD 5.24+0.40 32.58+6.64 0.60+0.03"
95% confidence interval 4.29-6.19 16.88-48.28 0.53-0.67
P-value 2=0.046 and p=0.395 =0.002 and p=0.412 £=0.000 and p=0.777
Dexmedetomidine group 1.5
in moderate dosage
Mean+SD 4.62+0.617 25.24+4.37" 0.45£0.10""
95% confidence interval 3.18-6.06 14.90-35.58 0.21-0.69
P-value 2=0.724 and p=0.002 =0.166 and »=0.009 £=0.016 and p=0.000
Dexmedetomidine group 4.5
in high dosage
Mean+SD 4.38+0.54" 22.04+6.197 0.38+0.03"
95% confidence interval 3.10-5.66 7.40-36.68 0.31-0.45
P-value £=0.194 and p=0.000 £=0.571 and p=0.001 £=0.962 and p=0.000

Significance was considered at p<0.05, 95% confidence interval, the first p means NS groups compared with the other 4 groups (LPS, LD, MD, HD),
the second p means LPS groups compared with the other 4 groups (NS, LD, MD, HD), »<0.05 versus NS group; 'p<0.05 versus LPS group.
NS group - normal group, LPS group - lipopolysaccharide model group, LD group - dexmedetomidine group in low dosage,
MD group - dexmedetomidine group in moderate dosage, HD group - dexmedetomidine group in high dosage

Table 2 - Comparison of tumor necrosis factor-alpha (TNF-a), Interleukin-1 beta (IL-1f), and Interleukin-6 (IL-6) levels in lung homogenates.

Group Dose mL TNF-alpha IL-1B IL-6
(pgkg) (pg/mg prot) (pg/mg prot) (pg/mg prot)
Normal group 0.5
Mean+SD 167.42+28.82F 53.16+8.74" 42.89+12.64°
95% confidence interval (99.26-235.58) (32.49-73.83) (13.00-72.78)
P-value (p=0.000) (p=0.001) (p=0.001)
Lipopolysaccharide model group 4.0
Mean+SD 399.57+39.02 87.97+8.48" 72.83+15.55
95% confidence interval (307.29-491.85) (67.91-108.03) (36.05-109.61)
P-value (p=0.000) (p=0.001) (p=0.001)
Dexmedetomidine group 0.5
in low dosage
Mean+SD 347.28+57.97 90.08+16.08" 72.60+11.83"
95% confidence interval (210.18-484.38) (52.05-128.11) (44.62-100.58)
P-value (p=0.000 and p=0.411) (p=0.000 and p=0.721) (p=0.001 and p=0.978)
Dexmedetomidine group 1.5
in moderate dosage
Mean+SD 313.24+85.64"F 74.31+£7.06° 44.92+19.05°
95% confidence interval (110.70-515.78) (57.61-91.01) (4.87-94.97)
P-value (p=0.000 and p=0.045) (p=0.000 and p=0.021) (p=0.804 and p=0.001)
Dexmedetomidine group 4.5
in high dosage
Mean+SD 246.27+60.55" 73.87£9.14"7 32.82+20.307
95% confidence interval (103.07-389.47) (52.25-95.49) (-15.19-80.83)
P-value (p=0.025 and p=0.000) (p=0.001 and p=0.017) (p=0.222 and p=0.000)

Significance was considered at p<0.05, 95% confidence interval. The first p-value is the NS group compared with the other 4
groups (LPS, LD, MD, HD), the second p-values is the LPS group compared with the other 4 groups (NS, LD, MD, HD), »<0.05 versus NS group,
1p<0.05 versus LPS group, NS group - normal group, LPS group - lipopolysaccharide model group, LD group - dexmedetomidine group in low dosage,
MD group - dexmedetomidine group in moderate dosage, HD group - dexmedetomidine group in high dosage
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alveolar epithelial cells, and vascular endothelial cells
(Figure 3). The net gray scale values for NF-kB in the
LPS and LD groups were significantly greater than
those in the NS group (»p=0.000, p=0.002). The net
gray scale values for NF-xB in the MD and HD group
were decreased compared to the LPS group (p=0.009,
2=0.001) (Table 1).

TLR4 mRNA expression in lung tissue. The TLR4
mRNA expression in the LPS group, the LD group,
and the MD group were all significantly up-regulated
compared to the NS group (p=0.000, »=0.000,
=0.016). The TLR4 mRNA expression in the MD
group and the HD group were significantly lower than
the LPS group (»=0.000, p=0.000) (Table 1).

NF-0, IL-1f8 and IL-6 levels in lung homogenates.
The TNF-a levels for all groups were significantly
greater than the NS group (»=0.000, p=0.000, p=0.000,
=0.025). The TNF-a levels in the MD and HD
groups were significantly lower than the LPS group
(p=0.045, p=0.000). The IL-18 levels for all groups
were significantly higher than the values in the NS
group (»=0.001, p=0.000, p=0.000, p=0.001). The IL-
188 levels in the MD and HD groups were significantly
lower than the LPS group (p=0.021, p=0.017). For
IL-6, the values were significantly higher in the LPS
and LD groups compared to the NS group (»p=0.001,
=0.001), while the levels in the MD and HD groups
were significantly lower than the LPS group (p=0.001,
£=0.000) (Table 2).

Discussion.
manifestation of

Acute lung injury is a lung
systemic  inflammatory  disease
that typically arises from pyemia-induced bacterial
infection.* The major cell wall component of Gram-
negative bacteria, LPS is one of major etiological factors
of the disease. Therefore, intravenous injection of LPS
is a conventional method for preparing an ALI model
in rats.” The present study revealed that the pathological
changes in the LPS treated group included thickening
of the alveolar wall, inflammatory cell infiltration,
extensive effusion, and hemorrhaging in the lung cavity
following the intravenous injection of 4 mg/kg LPS.
These findings, in addition to the increase in the W/D
ratio, indicated that the ALI model was successfully
prepared.®” Our experimental results also showed that
LPS can lead to increased effusion in the pulmonary
alveoli, aggravation of pulmonary edema, and typical
acute lung injuries.
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The LPS can transmit signals into cells and trigger
the signaling transduction system by interacting with
the TLR4 receptor on the cell membrane, thus inducing
NF-xB and further regulating the transcription of
genes that are closely linked to the immunological
responses of organisms. This can result in the release
of large amounts of pre-inflammatory factors, including
TNEF-a, IL-18, IL-6, and others. These inflammatory
factors can prevent alveolar cell perfusion and gas
exchange by activating pulmonary endothelial cells
and macrophages, promoting leukocyte migration,
granulocyte degranulation, blood capillary leakage and
other mechanisms, ultimately leading to pyemia and
pulmonary injuries.® The Dex is a novel a2-adrenoceptor
agonist, acting selectively in the excitation of the
o2-adrenoceptor in comparison to clonidine. It can
inhibit norepinephrine release and alleviate the signal
transduction of pain by exciting presynaptic membrane
receptors, and thus it has conscious-sedation and anxiety
alleviation activity. Since Dex has excellent effects in
conscious-sedation without inhibiting spontaneous
breathing in patients, it can reduce the incidence rates
of acute confusional states and coma in patients, and
thus, is frequently used for mechanically ventilated
patients in the intensive care unit (ICU).” The Dex was
also used in surgical patients to reduce postoperative
delirium and reduce the amount of opioids that were
administered. Recent research has also revealed that
Dex can reduce systemic inflammatory reactions
induced by endotoxins. According to the results from
our present study, Dex may play an important role in
the regulation of inflammatory factor levels in serious
cases of septicemia and may have a protective effect on
internal organs. In the present study, we administered
different doses of Dex to quantify its protective function
on lung tissue. The application of 1.5-4.5 pg/kg Dex
significantly reduced the expression of TLR4 and NE-
KB in lung tissue, reduced the levels of TNF-a, IL-1£3,
IL-6 and other inflammatory factors, and reduced the
lung tissue W/D ratio. Taken collectively, these findings
indicate that Dex can alleviate inflammatory reactions
in lung tissue and pulmonary injuries. We also found
that the animals treated with 0.5 pg/kg Dex had no
significant change in the expression of pulmonary TLR4
and NF-kB in lung tissue, no change in TNF-a, IL-18,
and IL-6 levels and no change in the W/D ratio. These
results suggest that 0.5 pg/kg Dex had no therapeutic
efficacy in this model.
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This study is clinically significant because it
evaluated the possible inhibitory effects of high doses of
Dex on inflammatory reactions, as well as its protective
effects in lung tissue. However, the recommended
safe and effective clinical dosage range of Dex is only
0.5-1 pg/kg.'®"" The results from our present study
suggest that such a low dose cannot protect internal
organs. Previous reports that have evaluated clinical
dose of Dex in a small sample size determined that some
patients require Dex administration at 5-10 times of
the recommended clinical dosage to maintain sedation
status.'®!" Even at this does the cardiovascular responses
were steady, particularly in pediatric patients.'®'" High
doses of Dex do not only provide satisfactory sedation
status for these patients, but also inhibit inflammation
and protect internal organs, thus widening the scope
of clinical application. However, this treatment may
lead to delayed pallanesthesia, over-sedation, or a range
of other side effects, including hypothermia, apnoea
and bradycardia. Thus, the safety of this treatment still
requires further clinical trials with larger sample sizes.
Dex has a dose-dependent effect on lung tissues and the
underlying mechanisms are still not fully understood. It
is currently thought that extensive Ca** influx into cells
is required if NF-kB transcription activation is required
in the inflammatory reaction signaling pathway."
Increased Ca?* influx can be detected when low doses of
Dex are administered, while Ca** influx can be inhibited
when the Dex dosage is increased,” possibly leading
to different inflammatory reactions. However, some
investigations also revealed that the anti-inflammatory
effects of Dex may be the result of interaction with the
02-adrenoceptor.'

In summary, the administration of 0.5 pg/kg Dex
does not inhibit inflammatory reactions or protect
lung tissue from damage. Dex can effectively inhibit
inflammatory reactions in lung tissue and lead to
protective effects when the dosage is increased to
1.5-4.5 pg/kg. Despite the important findings in this
study, several limitations should be noted. During this
study, we did not maintain a stable blood concentration.
We also did not monitor the hemodynamics in the
rats; therefore the safety of high doses of Dex cannot
be assessed and controlled. Safety of higher doses will
require additional clinical experiments. Future work
should also elucidate the specific mechanisms and the
pathways by genetic expression is altered.
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