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Summary

Pharmacological preconditioning reduces myocardial infarct size in ischaemia-
reperfusion (I-R) injury. Dexmedetomidine, a selective a,-adrenoceptor agonist, has a
proven cardioprotective effect when administered prior to I-R, although the underly-
ing mechanisms for this effect are not fully understood. We evaluated whether dex-
medetomidine preconditioning could induce a myocardio-protective effect against I-R
injury by inhibiting associated inflammatory processes through downregulation of the
high mobility group box 1 (HMGB1)-toll-like receptor 4 (TLR4)-nuclear factor B (NF-
kB) signalling pathway. Seventy rats were randomly assigned to seven groups: a con-
trol and six test groups, involving I-R for 30 and 120 minutes, respectively, in isolated
rat hearts and different pretreatment protocols with dexmedetomidine (10 nmol/L) as
well as yohimbine (1 pmol/L) and recombinant HMGB1 peptide (rHMGB1; 20 pg/L),
alone or in combination with dexmedetomidine. Cardiac function was recorded; myo-
cardial HMGB1, TLR4, and NF-kB activities and levels of tumour necrosis factor-o
(TNF-a) and interleukin-6 (IL-6) were measured as were lactate dehydrogenase (LDH)
and creatine kinase (CK) in coronary outflow. Dexmedetomidine preconditioning sig-
nificantly improved cardiac function (P<.05), downregulated the expression of
HMGB1-TLR4-NF-xB, reduced levels of TNF-a and IL-6 in isolated ventricles during
I-R injury, and significantly reduced CK and LDH levels in coronary outflow (P<.05). All
of these effects were partially reversed by yohimbine (P<.05) or rHMGB1 (P<.05).
Dexmedetomidine preconditioning alleviated myocardial I-R injury in rats through in-
hibition of inflammatory processes associated with downregulation of the HMGB1-

TLR4-NF-«B signalling pathway via activation at a,-adrenergic receptors.

KEYWORDS
dexmedetomidine, high mobility group box 1-toll-like receptor 4-nuclear factor «B, myocardial

protection, preconditioning

*These authors contributed equally to this article.

Clin Exp Pharmacol Physiol. 2017;44:353-361.

wileyonlinelibrary.com/journal/cep © 2016 John Wiley & Sons Australia, Ltd | 353


mailto:jifuhaisuda@163.com

YANG ET AL

3ll_w Clinical and Experimental
l LEY Pharmacology and Physiology

1 | INTRODUCTION

Immune and inflammatory pathways initiated by the innate immune sys-
tem have been implicated in myocardial ischaemia-reperfusion (I-R) in-
jury.? High mobility group box 1 (HMGB1)—a highly conserved nuclear
protein released from necrotic cells and secreted by activated macro-
phages, natural killer cells, and mature dendritic cells—has been implicated
in modulation of myocardial I-R injury.>~ In addition, previous studies have
shown that levels of HMGB1 in serum were increased in patients with
acute myocardial infarction and were associated with poor outcomes.”
Toll-like receptor 4 (TLR4) signalling has been implicated in car-
diac dysfunction induced by haemorrhagic shock and has, moreover,
been linked to the production of proinflammatory mediators following
myocardial 1-R.871° Ischaemia is a potent trigger for HMGB1 release,
and TLR4 is a known pathway for HMGB1 in a potential feed-forward
mechanism.>!! HMGB1 binds to TLR4, leading to the activation of
downstream signalling molecules such as nuclear factor B (NF-«B),
thereby promoting the release of proinflammatory cytokines, includ-
ing tumour necrosis factor-a (TNF-a) and interleukin-6 (IL-6).>1218
Therefore, these data indicate an important role of HMGB1-TLR4-

NF-xB signalling in the evolution of myocardial I-R injury.
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FIGURE 1 Seventy hearts were perfused for 20 minutes by
modified Krebs-Henseleit bicarbonate (KHB) buffer solution (all
mol/L: NaCl 119; KCI 6.0; CaCl,, 1.24; NaHCO, 20.1; KH,PO, 1.24;
MgSO, 1.24; glucose 11.2) prior to 30 minutes of normothermic
global ischemia, followed by 120 minutes of reperfusion. After a
20-minute equilibration, the specimens were randomly assigned

to one of the following groups: C, control group, no ischaemia;

I-R, ischaemia-reperfusion group, 30 minutes of global ischaemia
followed by 120 minutes of reperfusion; D, dexmedetomidine
group, dexmedetomidine 10 nmol/L, 25 minutes before ischaemia;
DY, dexmedetomidine-yohimbine group, yohimbine 1 pmol/L and
dexmedetomidine 10 nmol/L, 30 and 25 minutes before ischaemia,
respectively; Y, yohimbine group, yohimbine 1 pmol/L, 30 minutes
before ischaemia; HD, dexmedetomidine-rHMGB1 group, rHMGB1
20 pg/L and dexmedetomidine 10 nmol/L, 30 and 25 minutes before
ischaemia, respectively; and H, rHMGB1 group, rHMGB1 20 png/L,
30 minutes before ischaemia; KHB, Krebs-Henseleit bicarbonate

Dexmedetomidine, a selective a,-adrenoceptor agonist, offers
good perioperative hemodynamic stability, reduced intraopera-
tive anaesthetic requirements, and has proven anti-inflammatory
effects.!* Perioperative dexmedetomidine use is associated with
decreased postoperative mortality for up to 1 year, with decreased
incidence of postoperative complications and delirium in patients
undergoing cardiac surgery.'®> Moreover, dexmedetomidine showed
cardioprotective properties when administered prior to I-R events
(dexmedetomidine precondi‘rioning).“”17 A recent study demon-
strated that dexmedetomidine mitigated the expression of several
inflammatory molecules, including nitric oxide, TNF-a, interleukin-1
(IL-1p), and IL-6, through inhibition of the NF-«B signalling pathway
and activation of a,-adrenergic receptors.'® Additionally, the study
showed that dexmedetomidine inhibited the expression of proinflam-
matory cytokines (TNF-a and IL-6) and HMGB1 in serum as well as
that of HMGB1 mRNA in lung tissues of mice with sepsis induced by
cecal ligation and puncture (CLP).? Gu et al.?° reported that dexme-
detomidine inhibited activation of TLR4 signalling and generation of
HMGB1, thereby inducing renoprotective effects against I-R injury.

At present, mechanisms underlying cardioprotective properties of
dexmedetomidine preconditioning in I-R injury remain unexplored. This
study was designed to test our hypotheses that: (i) dexmedetomidine
preconditioning can exert a myocardial protective effect against global
I-R injury in a Langendorff perfusion system; and (i) this protective
effect is exerted through the downregulation of the HMGB1-TLR4-

NF-«B signalling pathway via activation of a,-adrenergic receptors.

2 | RESULTS

2.1 | Myocardial function

The study design is shown in Figure 1. Seventy isolated rat hearts were
perfused via the ascending aorta in a Langendorff perfusion system
(ALC-HP, Shanghai, China) for 20 minutes prior to 30 minutes of nor-
mothermic global ischaemia that was followed by 120 minutes of rep-
erfusion. After a 20-minute equilibration, specimens were randomly
assigned to one of the following groups: 1, control group (C group),
no ischaemia; 2, ischaemia-reperfusion group (I-R group), 30 min-
utes of global ischaemia followed by 120 minutes of reperfusion; 3,
dexmedetomidine group (D group), dexmedetomidine 10 nmol/L,
25 minutes before ischaemia; 4, dexmedetomidine-yohimbine group
(DY group), yohimbine 1 pmol/L and dexmedetomidine 10 nmol/L,
30 and 25 minutes before ischaemia, respectively; 5, yohimbine
group (Y group), yohimbine 1 pmol/L, 30 minutes before ischaemia; 6,
dexmedetomidine-rHMGB1 group (HD group): recombinant HMGB1
peptide (rHMGB1) 20 pg/L and dexmedetomidine 10 nmol/L, 30 and
25 minutes before ischaemia, respectively; and 7, rHMGB1 group
(H group) rHMGB1 20 pg/L, 30 minutes before ischaemia.
Dexmedetomidine preconditioning significantly improved post-
ischaemic cardiac functional recovery in an ex vivo isolated rat heart
model, as evidenced by higher left ventricular pressure peak rates
of positive and negative changes (+dp/dt) and higher left ventricular
developed pressure (LVDP), and these effects were reversed by the
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ay-adrenergic receptor antagonist yohimbine or rHMGB1 (Figure 2,
Table 1). There were no significant between-group differences in
baseline hemodynamic values (+dp/dt; LVDP; the left ventricular end
diastolic pressure [LVDEP]; coronary outflow [CF]; heart rate [HR]).
At 60 and 120 minutes of reperfusion, +dp/dt, LVDP, LVEDP, CF, and
HR in C group differed significantly compared with those in the other
six groups (P<.05), with the exception of D group. In D group, +dp/dt
was significantly higher (P<.05) as compared with other groups at 60
and 120 minutes, with the exception of the DY group at 120 minutes
(Figure 2A), whereas the -dp/dt was significantly higher (P<.05) in the
D group than in the I-R and DY groups at 60 minutes and in groups
Y and H at 60 and 120 minutes, respectively (Figure 2B). LVDP was
significantly higher (P < .05) in the D group compared to groups DY, Y,
and H at 60 minutes and the I-R group at 120 minutes (Figure 2C). No
significant differences in LVEDP and CF were evident among groups
I-R, DY, Y, and HD compared to the D group; there were no significant
between-group differences for HR (Figure 2D-F).

2.2 | Expression of HMGB1-TLR4-NF-kB by western
blot analysis

We detected HMGB1-TLR4-NF-kB expression in isolated left ven-
tricles after 120 minutes of reperfusion using western blot analysis.
Compared to the control group, I-R injury induced an increase in
HMGB1-TLR4-NF-kB expression following 30 minutes of ischae-
mia and 120 minutes of reperfusion (P<.05). Dexmedetomidine sig-

nificantly suppressed HMGB1-TLR4-NF-kB expression in isolated
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left ventricles (P<.05), but this was partially reversed by yohimbine,

an a2-adrenergic receptor antagonist. Moreover, co-treatment with
rHMGB1, enhanced HMGB1-TLR4-NF-xB activity, and this was
partially reduced by dexmedetomidine (P<.05; Figure 3A-D).

2.3 | Analysis of cytokine levels

Compared with the control group, I-R injury resulted in increased
serum levels of TNF-a and IL-6 after 120 minutes of reperfusion
(P<.05). Dexmedetomidine significantly decreased levels of cardiac
TNF-a (P<.05) and IL-6 (P<.05), and this effect was partially reversed
by rHMGB1 (P<.05; Figure 4A,B).

Both LDH and CK levels were nearly undetectable in the control
group. After I-R, LDH and CK levels were markedly elevated in the other
six groups, as compared to the C group (P<.05). Dexmedetomidine
preconditioning prevented this marked increase in LDH and CK
levels (P<.05), and this was partly reversed by yohimbine or rHMGB1
co-treatment (P<.05; Figure 4C,D).

2.4 | Immunohistochemical analysis of HMGB1 and
NF-xB

Positive protein expression of HMGB1 and NF-xB was identified by
blue cytoplasmic staining. Both HMGB1 and NF-kB were strongly
expressed in group I-R, as indicated by the increased numbers of
HMGB1- and NF-xB-positive cells (P<.05). However, HMGB1 and

NF-xB expression decreased following dexmedetomidine treatment,
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FIGURE 2 Dexmedetomidine preconditioning significantly improves postischemic cardiac functional recovery in ex vivo isolated rat heart
model, and these effects were partially reversed by yohimbine or rHMGB1. Data are expressed as mean +* standard error of the mean, n=5

per group. dp/dt, left ventricular pressure peak rates of positive and negative changes; LVDP, left ventricular developed pressure; LVDEP,

left ventricular end diastolic pressure; CF, coronary outflow; HR, heart rate. (&) C, control group; (E) I-R, ischaemia-reperfusion group; () D,
dexmedetomidine group; () DY, dexmedetomidine-yohimbine group; () Y, yohimbine group; (N) HD, dexmedetomidine-rHMGB1 group; () H,

rHMGB1 group. *P<.05 vs C group; #P<.05 vs D group



YANG ET AL

Pharmacology and Physiology

Clinical and Experimental

9G'8%65'8¢¢C
COv*1¥'S0C
1G°LFL6'8VC

#950F00°9
#YTOT6L
89'0%S €T

96'1F96'SC
ETEFSY YT
LY OFIE9

16€799°€S
# VITFYTS
£L'€TYT88

#09°€EFVTVLL
#,CEE9FILGY6
€G'8/FE8'0LVT

#70'T9F09°566
#.69°€9F9£°060T

£868F1L0ETC
' H
>~

fl
-
2

O
wn
(s}

ST'ETIF96'1€C
LT9F8Y91C
ST'6%59¢C'LVC

SS0FV TL
CV'0F9€8
LS'0FCLET

,09°€F98°€C
£0'€¥C0CC
G9'0¥109

SETFLEBS
EGEFGLYS
LTEFT6L8

T0°09+VE96L
.80°'T€¥08'800T
€G°L/[FSTS6VT

#.C8TLFOV'99TT

£+ E5°5EF6522TT
£€°€0TFT6VSTT

aH

T9°0T+V6'6CC
C¢L'6%8T°11¢C
99'GF16°LEC

SL0F9L9
STTF96L
ST'TFZSET

ITCFE9 VL
9V EFSYIC
9€'0FVE9

LCSVFYECS
4, 6V'€¥9T°05
00°SF61°06

#.95'8G%18'G8/
#.GE65FYT'E98
1S'¥9F5Z0ZhT

+.08'59%85°£Z0T
#.29T9FOTTLTT
LY'06%08'670Z

95 CTFEY 6EC
€1 TTI+6v'0TC
CLTTTFCE 6EC

T9TF8Y L
65'TF8L8
£ETF86 YT

.80'TF10°€C
.88 TFC'eC
89'0¥99°S

£9LFLOYS
#.CVLFIT0S
96TF56'98

ISTLF9'988
VL L6FETEI
S9'90TF5L'S8YT

SY¥8¥860TTT
.05 TZTF8'GTET

09 TETF86VETC

Ad

I8 VF6ETEC
Y1°C1+#86'017C
P19FL0°0v¢C

¢S'0%5°6
09'0¥90°TT
Cc1'T+99'GT

.80'T+8T°€C
.88°TF09°0C
TL0%L9°S

SYTFIOYY
09'TFET'S9
0Z'2%29'18

L9 TLFLETEOT
6E£°L0TFCCT6TT
LB 6VFECOVYT

98°60TF60°TLYT
Y TETFCY LLST
LOY8F0V'8TTT

0L TTFTL9VC
6G'TIFLT8
LC8FSL8YC

RAAGEAWA
650788
€6'0FCT VT

SLCFIV9C
LOEF6S VT
T¥'0¥8€L

# PYTIELBY
8ETFIRYS
¥8'Z¥29'18

SOT9FELYES
#.CISHFFO9Z6
68'T9F9E'EVT

# 08 VLTSS ELOT
#.56'97F06022T

8C9+51'LS0C

dl

A RARTAXA4
LS [FE0'6EC
EV'8FT0Ve

9L 0FVT'TT
18'0¥90°CT
88'0FV6°€T

LEOFVLTT
5607968
08'0%56'S

S8TFLVEL
29°CF8L6L
€6'CF6V'V8

L9°8V+61°/8TT
9’ €8F9L18CT
9T L9%6V'1EVT

TT'69%99'1790¢C

€8'66+¥00'6T¢CC

86'G9*T1°C61C

2

‘dnoug q sA GO'>dy
*dnoJd D SA GO >d.

ssjnulw OZT
saInuIW 09
auljeseq

(wdq) 3H
ssjnuiw OZT
saInuIW 09
auljaseg

(Uw/quw) 40
sajnuiw OZT
saInuIW 09
aujjaseq

(8H ww) @3l
sajnuiw OZT
sajnuiw 09
aujjaseq

(8H ww) daAl
sajnuiw OZT
sajnuiw 09
aujjaseq

(s/8H ww) 3p/dp-
sajnuiw OZT
sajnuiw 09
aujjaseq

(s/8H ww) 3p/dp+

sdnou3 Apnjs ssouoe sanjeA dsjweuApowseH T 379V.L



YANG ET AL

(A)
HMGBE1

FIGURE 3 Dexmedetomidine
preconditioning significantly suppressed
HMGB1-TLR4-NF-kB expression in
isolated left ventricles after I-R injury,

and these effects were partly reversed by
yohimbine or rHMGB1. Data are expressed
as means * standard error of the mean,
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1.0
n =5 per group. HMGB1, high mobility

group box 1 (HMGB1); TLR4, Toll-like
receptor 4, NF-xB, nuclear factor xB. C,
control group; I-R, ischaemia-reperfusion
group; D, dexmedetomidine group; DY,
dexmedetomidine-yohimbine group; Y,
yohimbine group; HD, dexmedetomidine-
rHMGB1 group; and H, rHMGB1 group.
*P<.05 vs C group; #P<.05vs D group

TLR4/GAPDH

but this effect was partially reversed by yohimbine (P<.05). Moreover,
co-treatment with rHMGB1 enhanced HMGB1 and NF-xB expres-
sion, but this effect was partially reduced by dexmedetomidine (P<.05;
Figure 5).

3 | DISCUSSION

In this study, we investigated the mechanisms underlying the car-
dioprotective properties of dexmedetomidine preconditioning, as-
sociated with the HMGB1-TLR4-NF-xB signalling pathway, in I-R.
Dexmedetomidine preconditioning alleviated myocardial I-R injury in
rats by inhibiting the associated inflammatory process through down-
regulation of the HMGB1-TLR4-NF-kB signalling pathway by activa-
tion of a,-adrenergic receptors.

Perioperative cardiac complications such as myocardial ischaemia
and infarction are predominant causes of morbidity and mortality in
patients undergoing noncardiac surgery.?* Following an acute myo-
cardial infarction, re-establishing coronary blood flow through rapid
reperfusion strategies, such as thrombolysis or primary angioplasty, is
essential to salvage viable myocardial tissues.?? However, reperfusion
of ischaemic myocardium carries with it an inherent risk that, paradox-
ically, I-R could cause localized myocardial inflammation, accompanied
by apoptosis—a form of myocardial cell damage.?® A growing body of
evidence shows that inflammatory processes, including leukocyte re-
cruitment, play a major role in the extension of myocardial damages
after [-R.2224

Studies have shown that HMGB1 functions as a proinflamma-
tory cytokine and promotes progression of myocardial I-R injury.>>¢
Following release from necrotic cells, apoptotic cells, or macrophages,
HMGB1 functions as a proinﬂammatory stimulus that upregulates
TNF-a and IL-6 expression,®™” indicating that this mechanism rein-

forces the inflammatory process. The first 40 peptide segments of

*#

B

NF-k B/GAPDH
w A
A

the B-box could reduce myocardial ischaemia and reperfusion injury
and inhibit the release of TNF-« and IL-6,2° suggesting that inhibition
of HMGB1 expression could suppress the inflammatory process. A
previous study has shown that the HMGB1-TLR4 pathway contrib-
utes to the secretion of IL-17A and, thereby, promotes myocardial
I-R injury.2® NF-xB is a key transcription factor in TLR4-mediated sig-
nalling and plays a critical role in stimulating immune-mediated and
inflammatory responses of gene expression.g’im7 NF-xB activation
has been observed in cardiac tissue from patients with congestive
heart failure and in I-R-exposed hearts.?6-3! Numerous studies have
shown that inhibition of NF-kB activation results in attenuation of
I-R injury, with a concomitant improvement in functional recovery,
downregulation of inflammatory cytokines, chemokines, and adhe-
sion molecule gene expression.??~2 Taken together, these data sug-
gest that inhibiting the HMGB1-TLR4-NF-«B signalling pathway may
be a potential therapeutic target for protecting the myocardium from
I-R injury.

The present study showed that dexmedetomidine has cardio-
protective properties when administered prior to I-R events.!>820
However, the underlying mechanisms mediating this effect are yet
to be elucidated. Our results showed that the expression of cyto-
kines and TLRs and hemodynamic performance significantly wors-
ened in isolated left ventricles after I-R injury following 120 minutes
of reperfusion. Parameters of cardiac function including LVDP,
+dp/dt, and LVEDP recovered to a greater extent after global I-R
in cases with dexmedetomidine preconditioning. Moreover, we
found that dexmedetomidine preconditioning downregulated the
expression of the HMGB1-TLR4-NF-kB factors, decreased levels of
TNF-a and IL-6 in isolated left ventricles after I-R injury, and re-
duced CK and LDH levels in CF. However, these dexmedetomidine-
induced beneficial effects on ventricular function were partially
inhibited by the a,-adrenergic receptor antagonist yohimbine. This

evidence suggests, therefore, that the cardioprotective effects of
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*# *# *H#

FIGURE 4 The levels of TNF-a and IL-6
in reperfused left ventricles and LDH and
CK in CF were markedly elevated compared
to that in the C group. Dexmedetomidine
preconditioning significantly prevented

an increase of LDH and CK levels, which
were partially reversed by yohimbine or
rHMGB1 co-treatment. Data are expressed
as means * standard error of the mean,

n =5 per group. TNF-a, tumour necrosis
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dexmedetomidine are mainly mediated by a molecular response
within cardiomyocytes following «,-adrenergic stimulation.
Another study has shown that preconditioning with xylazine, an
a,-adrenergic receptor agonist, significantly reduced infarct size
and improved hemodynamic function in an ex vivo model, and this
effect was similarly blunted by yohimbine.2® On the other hand,
administration of yohimbine alone did not influence ventricular
function.

Furthermore, the protective effect of dexmedetomidine can
be mitigated by co-treatment with rHMGB1. Therefore, dexme-
detomidine could exert a protective effect on I-R-induced injury,
possibly through blockade of the HMGB1-TLR4-NF-xB signalling
pathway. Previous studies have shown that I-R-induced HMGB1 re-
lease could promote the release of TNF-a and IL-6, and, therefore,
plays an important role in myocardial I-R injury.5*6 Treatment with
rHMGB1 worsened I-R injury, whereas inhibition of HMGB1 expres-
sion attenuated myocardial I-R injury and inhibited the release of
TNF-a and IL-6.°

Our study has some limitations. First, the ex vivo isolated heart
model was established to investigate the effect of dexmedetomi-
dine on global ischaemia; however, the creation of this model may
have evoked more severe damage to the heart than in an in vivo
model. The dexmedetomidine concentrations used in this study
were based on concentrations used in clinical sett'ings.34 However,
it would be difficult to extrapolate these data to humans be-
cause of interspecies differences specific to pharmacokinetics and
pharmacodynamics.

In conclusion, dexmedetomidine preconditioning inhibited myo-
cardial inflammation and provided myocardial protection against I-R
injury in rats, partly by downregulation of the HMGB1-TLR4-NF-«xB
signalling pathway by activation of «,-adrenergic receptors. This
study may facilitate an understanding of the specific effects of dex-
medetomidine on the heart, but while excluding the central sympa-

thetic effects.

Q

factor a; IL-6,interleukin 6; CK, creatine
kinase; LDH, lactate dehydrogenase; C,
control group; I-R, ischaemia-reperfusion
group; D, dexmedetomidine group; DY,
dexmedetomidine-yohimbine group; Y,
yohimbine group; HD, dexmedetomidine-
rHMGB1 group; H, rHMGB1 group. *P<.05
vs C group; #P<.05vs D group

4 | METHODS

41 | Animals

Male adult Sprague-Dawley rats (8-10 weeks old; 300-350 g) were
housed under standard conditions (room temperature, 22°C; 12 hour
light/dark cycle) with free access to food and water. All experimental
procedures were approved by the Animal Ethics Committee of Soochow
University and were performed in accordance with the National
Institutes of Health “Guidelines for the Care and Use of Laboratory
Animals”.

4.2 | Experimental protocols

Animals were anaesthetized with intraperitoneal (ip) chloral hy-
drate (400 mg/kg) and heparinized with sodium heparin (1000 U/
kg). A thoracotomy was performed and the heart was rapidly ex-
cised, immersed in ice-cold modified Krebs-Henseleit bicarbonate
(KHB) buffer solution (all mmol/L: NaCl 119; KCI 6.0; CaCl, 1.24;
NaHCO, 20.1; KH,PO, 1.24; MgSO, 1.24; glucose 11.2), and then
immediately placed in a temperature-regulated heart chamber, to
be perfused via the ascending aorta in a Langendorff perfusion sys-
tem (ALC-HP). The KHB solution was perfused at a constant perfu-
sion pressure of 75-80 mm Hg and equilibrated with a mixture of
95% O, and 5% CO, to a pH of 7.35-7.45 at 37°C. Seventy hearts
were perfused for 20 minutes prior to 30 minutes of normothermic
global ischaemia, followed by 120 minutes of reperfusion. After a
20-minute equilibration, the specimens were randomly assigned to
seven groups.

For measurement of cardiac parameters, a latex balloon containing
normal saline was inserted into the left ventricle via the mitral valve
and attached to a pressure transducer (YP200; Medease Science and
Technology Co. Ltd., Nanjing, China) to monitor the left ventricular end
diastolic pressure (LVEDP). The LVEDP was adjusted to 4-10 mm Hg,
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FIGURE 5 The localization of HMGB1-
NF-xB in the rat heart was determined

by immunohistochemical analysis. The
numbers of HMGB1- and NF-kB-positive
cells were increased as compared with

the C group. However, the expression

of HMGB1 and NF-xB was obviously
decreased by dexmedetomidine, and
these effects were partially reversed by
yohimbine or rHMGBJ1. Data are expressed
as mean * standard error of the mean,
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rHMGB1 group. *P<.05 vs C group; #p<.05
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and then maintained at a constant volume throughout the experiment.
A pressure amplifier (MedLab-U/4C501H, Nanjing, China) was used
to measure hemodynamic parameters: HR, LVSP, LVEDP, and *dp/
dt. The LVDP (in mm Hg) was calculated as: LVDP = LVSP - LVEDP.
While inducing ischaemia, hearts were placed in an organ bath cham-
ber filled with normal saline at 37°C without pacing. A computerized
pressure amplifier continuously recorded +dp/dt, LVDP, and LVEDP.
Haemodynamic and coronary outflow (CF) data were acquired after sta-
bilization of a 20 minute baseline and following reperfusion cycles of
60 and 120 minutes. The prepped hearts were excluded from the study
if baseline LVDP or heart rate were less than 50 mm Hg or 200 b.p.m.,

respectively.

4.3 | Western blot analysis

The HMGB1-TLR4-NF-kB protein levels were determined by west-
ern blotting. After reperfusion, the left ventricle was dissected free,
snap-frozen in liquid nitrogen, and stored at -80°C until further pro-
cessing. Whole protein extraction from frozen tissue samples was
done with RIPA buffer (Beyotime, Shanghai, China) containing 2%
polymethyl sulfoxide (PMSF) on ice for 30 minutes. Extracts were
normalized for equal amounts of total protein, measured by the bicin-
choninic acid (BCA) method. Whole protein (80 pg) was separated
on 10% SDS-polyacrylamide electrophoresis gels and transferred to
polyvinylidene fluoride (PVDF) membranes where they were blocked
with 5% non-fat milk in Tris-buffered saline (TBS) for 2 hours and
incubated overnight at 4°C with the specified primary antibodies
for HMGB1 (1:1000; ab18256; Abcam, Cambridge, MA, USA), TLR4
(1:200; ab22048; Abcam), and NF-xB (1:500; ab7970; Abcam), re-
spectively; thereafter, the specimens were incubated for 2 hours
with horseradish peroxidase (HRP)-conjugated secondary anti-
body (1:2000; Beyotime). GAPDH (Multi Science, Zhejiang, China)
was used as a loading control for comparison between samples.

Q

HMGBI positive cells (%)

Immunoreactivity was evaluated by a peroxidase-based chemilumi-
nescence detection kit (Beyotime) and the signal intensities of bands
in the immunoblots were quantified by densitometry using IMAGE-PRO
pLUS 6.0 software.

4.4 | Cytokine analysis

A commercial enzyme-linked immunosorbent assay kit (ELISA; Multi
Science, Zhejiang, China) was used to detect levels of TNF-« and IL-6
in the myocardium. Absorbance of standards and samples was de-
termined by using spectrophotometry at 450 nm with a microplate
reader (MD190; Molecular Devices, Sunnyvale, CA, USA) and results
were plotted against the linear portion of the standard curve.
Furthermore, levels (IU/L) of lactate dehydrogenase (LDH) and cre-
atine kinase (CK) in CF after 120 minutes of reperfusion were analyzed
using commercialized assay kits (A032 and A020-2; Nanjing Jiancheng

Bioengineering Institute, Nanjing, China).

4.5 | Immunohistochemical analysis

The localization of HMGB1 and NF-kB was determined by immunohis-
tochemical analysis. After reperfusion, hearts were fixed in 4% formal-
dehyde in 0.1 mol/L phosphate buffer (pH 7.4) for 24 hours, dehydrated
in alcohol, clarified in xylene, embedded in paraffin wax, and cut into
4 um sections. Standard immunoperoxidase techniques were used to
detect HMGB1 and NF-kB by applying the corresponding antibodies
for HMGB1 (1:100) and NF-kB (1:200) to each individual section at 4°C
overnight. Immunostaining was done using an HRP-labeled streptavi-
din biotin kit (SP9001/9002; ZSGB-BIO, Beijing, China). Sections were
counterstained with hematoxylin (Beyotime). Controls were obtained
by replacing the primary antibody with phosphate-buffered saline. All
immunostained sections were examined by light microscopy (Olympus,
BX60, Kyoto, Japan). The degree of HMGB1 and NF-xB activation was
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expressed as the percentage of HMGB1- and NF-xB-positive cells to

total cells.

4.6 | Statistical analysis

Data are expressed as mean * standard error of the mean. Statistical
analysis was conducted using GrapPHPAD PRISM 5.0. Analyses of hemody-
namic and CF data were conducted by repeated measure analysis of
variance (ANOVA) followed by the Tukey post hoc test. Levels of pro-
teins and cytokines were analyzed with one-way ANOVA followed by
Tukey post hoc test. P-values less than .05 were considered statistically
significant.
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