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Purpose: Dexmedetomidine [DEX; (S)-4-[1-(2,3-dimethylphenyl)ethyl]-3H-imidazole] is a
selective ap-adrenergic receptor (a,-AR) agonist that attenuates the liver damage associated
with local or systemic inflammation. However, it remains unclear whether DEX has protec-
tive effects against acetaminophen (Paracetamol, PARA)-induced liver toxicity (PILT).
Methods: PILT mice were established by intraperitoneal administration of a hepatotoxic dose
of acetaminophen (300 mg/kg). Thirty minutes later, the mice were treated with DEX at a
concentration of 0, 5, 25, or 50 pg/kg. Blood and liver samples were obtained for further analysis.
Results: DEX treatment significantly attenuated PILT in mice, with the strongest beneficial
effects at a dose of 25 pg/kg. The levels of hepatic cytokines, tumor necrosis factor-alpha
(TNF-a) and interleukin-6 (IL-6), in addition to myeloperoxidase (MPO) activity, were
significantly decreased following DEX treatment. Moreover, DEX treatment reduced macro-
phage recruitment around the area of hepatotoxicity and the expression levels of hepatic
phosphorylated mitogen-activated protein kinase kinase 4 (MAP2K4), c-jun N-terminal
kinase (JNK), and c-Jun expression induced by acetaminophen overdose.

Conclusion: The data suggest that DEX likely downregulates the JNK signaling pathway
and its downstream effectors to promote its hepatoprotective effect, providing a clinical
application of DEX for the attenuation of PILT.

Keywords: dexmedetomidine, acetaminophen-induced liver toxicity, MAP2K4/INK/c-Jun

Introduction

Acetaminophen {N-acetyl-p-aminophenol, also known as paracetamol (PARA)} is
an analgesic and antipyretic drug. Although safe and effective at recommended
doses, overdose may lead to severe liver toxicity.'> At therapeutic doses, the
majority of PARA is metabolized via glucuronidation and sulfation in the liver,
and then excreted via the kidneys as water-soluble metabolites.* Any remaining
PARA is oxidized by the microsomal P-450 enzyme system to the reactive inter-
mediate, N-acetyl-p-benzoquinone imine (NAPQI).” Although NAPQI is rapidly
detoxified via conjugation with glutathione (GSH), the availability of GSH is
limited in the case of an overdose.® The resulting depletion of GSH enables
excessive NAPQI to covalently bind to cellular proteins, causing mitochondrial
dysfunction, the formation of reactive oxygen species (ROS), and deoxyribonucleic
acid (DNA) damage, which lead to hepatocyte necrosis and apoptosis.”® Although
N-acetyl cysteine (NAC) is a known antioxidant for PARA-overdose, its use has
certain limitations including adverse effects and a narrow therapeutic window.'® If
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the early treatment stage is missed, liver transplantation is
the only option to improve survival in patients with acute
liver failure;'" therefore, the development of novel drugs
that are superior to NAC is clearly needed.

Dexmedetomidine [DEX; (S)-4-[1-(2,3-dimethylphe-
nyl)ethyl]-3H-imidazole] is a selective and potent a,-adre-
nergic receptor (a,-AR) agonist, with sedative, anxiolytic,
analgesic-sparing, sympatholytic, and hemodynamic stabi-
lity characteristics.'” Previous studies have demonstrated
that DEX exerts protective effects against ischemia and
reperfusion (I/R) injury in several organs, including the
kidneys, lungs, and liver.”*'° In addition, DEX has been
shown to attenuate liver damage associated with sepsis,
shock, and other diseases related to local or systemic
inflammation.'® Moreover, recent studies have demon-
strated that DEX reduces proinflammatory cytokine levels
in experimental sepsis'’ and in critically ill'"®' and post-
operative patients.”’ A significant decrease in leukocyte
counts and the levels of CRP, IL-6, IL-8, and TNF-a in
DEX-treated patients are indicative of its anti-inflamma-
tory potential when used as a perioperative adjunct.'®!”
Recent experimental study in rats demonstrated the bene-
ficial effect of DEX in hepatotoxicity and nephrotoxicity
after acetaminophen overdose by reducing the oxidative
injury biomarker.”' However, detailed mechanisms to what
role DEX plays in the hepatoprotective effects against
PARA-induced liver toxicity (PILT) still need to evaluate.
Therefore, the aim of the present study was to investigate
the therapeutic effect and mechanism of DEX in a mouse
model of PILT.

Methods

Animals And Experimental Protocol

Adult male C57BL/6J (B6) mice were used and purchased
from BioLASCO Taiwan Co., Ltd. (Taipei, Taiwan). All
the animal studies were conducted according to protocols
that were approved by the Institutional Animal Care and
Use Committee of Chang Gung Memorial Hospital
(Approval number: 2017062001; date of approval August
18, 2017; Taiwan).

All animals were housed in a room with a controlled
environment consisting of a 12 hrs light/dark cycle and
were allowed free access to food and water. All experiments
were carried out in 8- to 10-week-old male mice weighing
15 to 20 g. Mice received an intraperitoneal (i.p) injection
of PARA (300 mg/kg; Sigma-Aldrich, St. Louis, MO),
dissolved in sterile 0.9% saline at a concentration of 20

mg/mL, to create an acute liver injury model. For the
treatment of the DEX group, mice were received i.p injec-
tion of DEX which was diluted in sterile 0.9% saline at a
concentration of 10 ng/uL, 30 mins after injection of PARA
300 mg/kg. The mice were randomly assigned to 6 groups
(n =6/group). Of the 6 groups of mice, 4 received an i.p
injection of PARA (300 mg/kg) to induce liver toxicity and
30 mins later, the mice were intraperitoneally treated with
DEX at a concentration of 0, 15, 25, or 50 pg/kg. The other
2 control groups were received an equal volume of sterile
0.9% saline and DEX (25 pg/kg) alone. Furthermore, in
another experiment, mice were treated with intraperitoneal
NAC 200 mg/kg after 30 mins of PARA administration for
comparison with the effects of DEX (n = 6/group).
Following 16 hrs of experiment, animals were anesthetized,
blood was obtained by cardiac puncture and tissues were
removed for various analyses.

Assessment Of The Liver Function

To determine the hepatic toxicity, serum levels of alanine
transaminase (ALT) were measured using a Vitros DT60 11
Chemistry System (Ortho-Clinical Diagnostics; Johnson &
Johnson, New York, NY).

Glutathione (GSH) Assessment In Liver

The GSH level is measured by glutathione assay kit (Cayman
Chemical) with absorbance amount read at 412 nm by spec-
trophotometer and GSH level was reported as umol/g tissue.

Liver MPO Activity Assay

All activity assays were performed in triplicates on 96 well
microtiter plates and analyzed with a Safire 2 microplate
reader (Tecan, Durham, NC). Briefly, the liver tissues were
submerged and homogenized in 10 volume of ice-cold 50 mM
KPO, buffer. The samples were centrifuged at 15,000 x g for
15 mins and MPO activity was measured spectrophotometri-
cally using o-dianisidine (10 mg/mL) and 0.3% H,O, with a
maximum absorbance at 460 nm.

Histopathological Analysis

For histological analysis, liver tissues were obtained and
fixed in 4% paraformaldehyde for 30 mins at room tem-
perature and embedded in paraffin. The samples were
subsequently transferred into 70% ethanol then embedded
in paraffin. The paraffin blocks were sliced into 4-pm
serial sections. The selected sections were stained with
haematoxylin and eosin (H&E). The percentage of necro-
tic tissue estimated by evaluating the number of
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microscopic fields with necrosis compared to the entire
histologic section. All histological evaluations were done
in a blinded fashion by 2 investigators.

For immunohistochemical staining, the sections were
deparaffinized in xylene and rehydrated in alcohol and dis-
tilled water. Antigen retrieval was performed and 3% H,0,
was used to eliminate endogenous peroxidase. Slides were
washed with TBS-Triton three times and one time with TBS
for 5 mins. For immunostaining of macrophages and neutro-
phils, tissue sections were incubated with a rat anti-mouse
primary antibody (1 pg/mL) followed by a biotinylated goat
anti-rat secondary antibody (Mac-2 for macrophages and
Ly6G for neutrophils). Samples were incubated overnight
with the specific primary antibody, followed by washing
twice for 5 mins and incubation with the biotinylated second-
ary antibodies for 1 hr. The peroxidase reaction was performed
following the manufacturer’s protocol. Proliferating cell
nuclear antigen (PCNA)-positive stained hepatocytes were
quantitated by randomly selecting five fields of views per
section (five sections per animal for total six mice)

Measurement Of Cytokine Levels In

Mouse Liver

The liver tissues were homogenized in digestion buffer
(20 mM HEPES, 150 mM NaCl, 3 mM MgCl,, | mM
2-mercaptoethanol, 0.1 mM phenylmethane sulphonyl
fluoride (PMSF), 0.01 pg aprotinin, 0.25 pg leupeptin,
0.05 pg pepstatin A, and 1 M DTT). The homogenate
was centrifuged at 12,000 x g for 10 mins at 4°C and the
supernatants were collected. The fluorescamine protein
assay was used to determine total protein concentration.
Subsequently, samples adjusted for protein concentration
were analyzed for cytokine expression using the ELISA kit
(San Diego, CA, USA) according to the supplier’s proto-
col. Standard curves were included for each experiment.

Western Blotting

The liver tissues were homogenized in protein extrac-
tion solution. Lysates were cleared by centrifugation at
12,000 x g for 10 mins at 4°C (two times). Proteins
were quantified using the Bradford protein microassay
(Bio-Rad, Hercules, USA). Equal amounts of protein
from each sample were separated on 10% sodium
dodecylsulphate polyacrylamide gels by electrophor-
esis. The proteins were transferred to polyvinylidene
fluoride membranes, blocked in 5% fat-free milk solu-
tion for 1 hr, and rinsed 3 times in Tris buffer

containing 1% Tween® 20. The membranes were incu-
bated with 1:1000 dilution of primary antibodies
against MAP2K4, ERK, JNK, c-Jun, phospho-
MAP2K4 (p-MAP2K4), phospho-ERK (p-ERK), phos-
pho-JNK (p-JNK), and phospho-c-Jun (p-c-Jun) (Cell
Signaling Technology, MA, USA) overnight at 4°C.
Bound antibody was detected with a horseradish per-
oxidase (HRP)-conjugated secondary antibody at room
temperature for 1 hr (Cell Signaling Technology, MA,
USA), and immunodetected proteins were visualized
using the enhanced chemiluminescence (ECL) system.
To confirm the equal amount of protein loaded, the
membranes were stripped and reprobed with a mono-
clonal antibody against B-actin (Protein Tech Group,
Chicago, IL, USA). Gel bands were quantitated by
densitometry and normalised to B-actin.

Statistical Analysis

All results are expressed as the mean £ SEM (n = 6 mice/
group). Calculations were performed with Prism statistical
software version 5.0 (GraphPad Software Inc., San Diego,
USA). Unpaired #-tests or one-way analysis of variance
(ANOVA) with post-hoc Tukey multiple comparison tests
were used to compare experimental groups with the control
group. For all tests, P < 0.05 was considered statistically
significant.

Results
Hepatoprotective Effects Of DEX On PILT

The effects of acute liver toxicity following increasing doses
of PARA were directly compared. Sixteen hours of PARA
300 or 400 mg/kg administration, all mice developed hepa-
totoxicity. Both doses of PARA (300 and 400 mg/kg) sig-
nificantly elevated the serum ALT levels compared to control
group; however, ALT levels were not significantly different
between the two treatment groups (Figure 1A). A time course
study was performed following administration of 300 mg/kg
PARA. Peaked serum ALT level at 16 and 24 hrs following
administration of PARA was demonstrated as compared with
the control group. However, there was no significant differ-
ence between these two time points (Figure 1B). Figure 1C
shows the effects of DEX on PARA-induced increases in
serum ALT levels. A single dose of PARA (300 mg/kg)
significantly elevated serum ALT levels as compared with
the control (6000 + 500.2 vs 42.7 = 4.8 U/L, p < 0.05).
Treatment with different doses of DEX, after PARA admin-
istration markedly lowered serum ALT levels as compared
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Figure | Serum ALT levels following PARA exposure. (A) ALT levels following PARA exposure at different doses. (B) Time courses of serum ALT levels following PARA
exposure. (C) Dose-dependent protection effects of DEX against PARA-induced hepatotoxicity. Mice were intraperitoneally administered PARA (300 mg/kg) alone or
various concentrations of DEX (15, 25, 50 pg/kg) 30 mins after injection of PARA and were sacrificed 16 hrs later for assessment of serum ALT levels. (D) Effects of DEX or
NAC treatment on hepatic ALT levels. Mice were intraperitoneally administered an PARA dose (300 mg/kg) alone or treated with DEX (15 pg/kg), NAC 200mg/kg, or
combination of both after injection of PARA, and were sacrificed 16 hrs after treatment for assay of serum ALT. Results are presented as the mean + SEM; n = 6 mice per

group. *p < 0.05 vs control; #p < 0.05 and #p < 0.005 vs PARA alone; $p < 0.05 vs. PARA + NAC 200.

with the PARA-only group (2045.2 = 159.6 U/L, p < 0.05;
155.5+16 U/L, p <0.005; and 155.8 = 14 U/L, p < 0.005 vs.
6000 £ 500.2 U/L, respectively). The effects of DEX were
equivalent irrespective of the dose administered (25 or 50 pg/
kg). We also compared the effects of DEX with NAC on
PILT (Figure 1D). Serum ALT activity was significantly
decreased in DEX (15ug/kg), NAC treatment, or combined
therapy groups compared with the PARA-only group (1200 +
150 vs. 6500 £+ 500.5 U/L, p < 0.05; 2000.5 £ 50 vs. 6500 +
500.5 U/L, p < 0.005; 500.8 + 35 vs. 6500 + 500.5 U/L, p <
0.05). NAC treatment 30 mins after PILT reduced elevated
ALT levels, but there was no statistically significant differ-
ence when compared with the DEX treatment. When animals
were treated with both DEX and NAC after PILT, the effect
of protection was more significant than that after NAC treat-
ment alone (500.8 £ 35 vs. 2000.5 + 50 U/L, p <0.05).

Supplemental Figure 1 shows the effects of DEX given
1 or 2 hrs after PILT. We demonstrated that treatment of
DEX after 1 or 2 hrs after PARA (300 mg/kg) administra-
tion markedly lowered serum ALT levels as compared
with the PARA only group (150 + 30 vs. 6500 + 500.2
U/L, p <0.05 for 1 h; 145 £ 35 vs. 6500 + 500.2 U/L, p
<0.05 for 2 hrs after PARA administration). These demon-
strated that DEX also had protective effect on PILT if later
given 1-2 hrs after PARA administration. In this study, we
measured the total GSH at early time points of PARA and
verified whether the DEX altered the PARA metabolism.
Hepatic GSH was significantly lower in the 2 and 4 hrs

after PARA 300 mg/kg administration when compared to
the control group. There was no significant difference in
hepatic GSH between in 2 and 4 hrs PARA and PARA+
DEX 25 pg/kg group (Figure 2).
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Next, we determined the effect of DEX treatment on
histopathology changes after PILT. H&E staining demon-
strated severe sinusoidal swelling, centrilobular necrosis and
destroyed endothelium of central vein in 16 hrs after PARA-
treated mice. DEX treatment following PARA exposure, the
animals showed well-preserved hepatocytes with less necrosis
and less sinusoidal swelling (Figure 3A). Treatment with DEX
after PARA administration markedly decreased the percent of
necrosis as compared with the PARA-only group (20 + 5% vs.
75 £+ 10%, p <0.05) (Figure 3B). We also examined the early
time course of PILT. There were no significant changes
between control (0.9% saline-treated mice) and mice with 2
and 4 hrs after PARA administration in H&E staining
(Supplemental Figure 2).

Effects Of DEX Treatment On MPO
Activity And Neutrophil Accumulation In

PILT
Figure 4A shows the hepatic MPO expression levels. A

single dose of PARA (300 mg/kg) significantly increased
hepatic MPO activity as compared with the control (6.9 +
0.6 vs. 2.3 £ 0.07 AOD460/g/min, p < 0.05). Treatment
with DEX, after PARA administration lowered hepatic
MPO levels, which were significantly decreased in the 25
pg/kg DEX group as compared with the PARA-only group
(2.7 £ 0.17 vs. 6.9 = 0.6 AOD460/g/min, p < 0.05).
Figure 4B shows the immunohistochemical staining of
LY6G, a granulocyte-specific marker, which is used for
the evaluation of inflammatory infiltration of neutrophils
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Figure 2 Effect of DEX on the GSH levels in the liver at early time points after
PARA administration. Mice were intraperitoneally administered PARA (300 mg/kg)
and DEX (25 pg/kg) was given 30 mins after PARA. Then, mice were sacrificed 2
and 4 hrs for assessment of GSH levels. Results are presented as the mean + SEM; n
= 6 mice per group. *p < 0.05 vs. control.

in PILT. Animals treated with only PARA showed greater
neutrophil infiltration in the liver parenchyma as compared
with the control animals. DEX treatment after PARA
injection significantly decreased neutrophil recruitment in
the liver parenchyma.

Effects Of DEX On Immunohistochemical
Staining For Macrophages

Immunohistochemical staining of Mac-2, a-specific marker
for macrophages, was used for the evaluation of macro-
phage accumulation and infiltration in PARA-induced liver
injury. Animals treated with only PARA showed greater
macrophage infiltration in the liver parenchyma as com-
pared with the control animals. DEX treatment after
PARA injection significantly decreased macrophage recruit-
ment around the area of hepatotoxicity (Figure 5).

Effects Of DEX On Hepatic TNF-o. And

IL-6 Expression Levels

To determine the inflammatory response in PILT, we assessed
the expression levels of inflammatory cytokines. There was no
significant difference in hepatic TNF-a or IL-6 levels between
the control and DEX-only treatment groups. After a single
dose of PARA, the concentrations of TNF-a and IL-6 were
significantly increased in the PARA-only group as compared
with the control group (214.4 £15.0 vs. 118.7 £ 1.4 pg/100 pg
protein, p<0.05; 315.5+ 15.5 vs. 170 + 5.7 pg/100 pg protein,
p < 0.05, respectively). However, DEX treatment (25 pg/kg)
30 mins after PARA administration significantly reduced the
elevated hepatic TNF-a and IL-6 levels (106.3 £4.0 vs. 214.4
+ 15.0 pg/100 pg protein, p < 0.05; 169.4 + 4.1 vs. 3155 +
15.5 pg/100 pg protein, p < 0.05, respectively) (Figure 6).

Effects Of DEX On Hepatic MAP2K4,

ERK, JNK, And C-Jun Expression Levels

There were no significant differences in hepatic MAP2K4,
INK, or c-Jun protein expression levels between the control
and DEX-only treatment groups. The levels of p-MAP2K4,
p-JNK, and p-c-Jun were significantly increased following a
single dose of PARA as compared with the control group.
However, DEX treatment (25 pg/kg) 30 mins after PARA
administration significantly decreased hepatic p-MAP2K4,
p-JNK, and p-c-Jun expression levels (Figure 7). There was
also no significant difference in hepatic ERK expression
among the 4 groups (data not shown). In this study, the
expression levels of hepatic JNK and c-Jun were also assessed
in early time points and after DEX treatment. There were no
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Figure 3 Effects of DEX on PARA-induced liver toxicity-related histology. (A) Mice were administered saline (control), PARA (300 mg/kg) alone, DEX (25 pg/kg) 30 mins
after PARA injection, or DEX (25 pg/kg) alone, and were sacrificed 16 hrs later for H&E staining (200x). Typical images were chosen from each group. (B) Cell necrosis was
evaluated in livers from controls, DEX alone, PARA (300 mg/kg) alone, and DEX (25 pg/kg) 30 mins after PARA injection. The percent of necrosis was estimated by
evaluating the number of microscopic fields with necrosis compared to the entire histologic section. Data represent means + SE of n=6 animals per group; *p < 0.05 vs.
control; #p < 0.05 vs. PARA alone.
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Figure 4 Effects of DEX treatment on hepatic MPO activity and immunohistochemical evidence of neutrophil accumulation following PARA-induced liver toxicity. (A) Mice
were intraperitoneally administered PARA (300 mg/kg) alone or 25 pg/kg DEX 30 mins after injection of PARA and sacrificed 16 hrs later for the assessment of liver MPO
activity. Results are presented as the mean + SEM; n = 6 mice per group. *p < 0.05 vs control; “p < 0.05 vs PARA alone. (B) Mice were administered saline (control), PARA
(300 mg/kg) alone, DEX (25 pg/kg) 30 mins after PARA injection, or DEX (25 pg/kg) alone, and were sacrificed 16 hrs later for immunohistochemical staining. Liver sections
were immunostained for neutrophils (black arrows). Typical images were chosen from each group.

significant differences in hepatic JNK, p-JNK protein expres-
sion levels between the control and mice with 2 and 4 hrs after
PARA administration (Supplemental Figure 3).

Discussion

To examine the therapeutic effect of DEX on PILT, we
prepared an PARA-induced hepatotoxic mouse model.
Serum ALT, hepatic MPO, and hepatic TNF-a and IL-6
levels were markedly increased in hepatotoxic mice 16 hrs
following PARA treatment. We found that treatment with 25
pg’kg DEX after PARA
improved hepatic injury. Serum ALT, hepatic MPO, and

administration significantly

hepatic TNF-a and IL-6 levels were significantly decreased
in DEX-treated mice as compared with PARA-only group.

DEX is a selective a,.adrenergic agonist with sedative,
anxiolytic, analgesic-sparing, sympatholytic, and haemo-
dynamic stability characteristics.'”> A number of mechan-
isms of action have been postulated for DEX including
modulation of cytokine production by macrophages/mono-
cytes during the stress response, inhibition of apoptosis,
and antinociceptive action involving interactions between
pain and immune factors (proinflammatory cytokines).'®"*
Animal and clinical trials'*'**? have reported that DEX
reduces the levels of TNF-o, Interleukin-1 B (IL-1p), and
IL-6 stimulated by endotoxaemia. One such study demon-
strated that DEX improves congestion and edema and
decreases TNF-o, IL-1B, and IL-6 levels in lung tissues.'*
In addition, the inhibitory effects of DEX on cytokines in

Drug Design, Development and Therapy 2019:13
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Figure 5 Effects of DEX on immunohistochemical evidence of macrophage accu-
mulation following PARA-induced liver toxicity. Mice were administered saline
(control), PARA (300 mg/kg) alone, DEX (25 pg/kg) 30 mins after PARA injection,
or DEX (25 pg/kg) alone, and were sacrificed 16 hrs later for immunohistochemical
staining. Liver sections were immunostained for macrophages (black; arrow). Typical
images were chosen from each group.

polymicrobial septic mice model demonstrated that DEX
could reduce the mortality rate and inhibit pro-inflamma-

tory cytokine IL6 and TNF-a.?®> The present study further

400-

300+

200+

100+

Hepatic IL-6
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reveals that DEX treatment was associated with decreased
concentrations of TNF-a and IL-6 in hepatic tissue and
attenuated the PILT.

Neutrophil and macrophage activation and infiltration
into the hepatic vasculature are an essential component of
PILT. The role of neutrophils has been shown in liver
injury models such as ischemia-reperfusion** and alcoholic
hepatitis.”> Previous studies have indicated that the progres-
sion and severity of PILT are associated with increased
neutrophil accumulation.?® Neutrophil infiltration and trans-
migration into the hepatic parenchyma are related to the
increased release of cytokines and chemokines from injured
hepatocytes.?” Increased tissue MPO levels are an indicator
of neutrophil infiltration. In the present study, hepatic immu-
nohistochemical staining of LY6G, a granulocyte-specific
marker, and Mac-2, a-specific marker for macrophage infil-
tration, were markedly reduced following treatment with
25 ng/kg DEX after PARA administration.

Recent study had suggested that PILT is followed by
sterile inflammation.”®*’ The role of inflammation in the
mechanism of PILT is highly controversial. In the sterile
inflammation, initial necrotic cell death release damage-
associated molecular patterns (DAMPs). The early release
of DAMPs and the formation of cytokines during the
sterile inflammatory response after PARA overdose lead
to the recruitment of neutrophils and monocyte into the
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Figure 6 Effects of DEX treatment on hepatic TNF-a and IL-6 expression levels following PARA-induced liver toxicity. Mice were intraperitoneally administered PARA (300
mg/kg) alone, DEX (25 pg/kg) 30 mins after PARA injection, or DEX (25 pg/kg) alone, and were sacrificed 16 hrs later for assessment of hepatic TNF-a and IL-6 expression
levels. Results are presented as the mean = SEM; n = 6 mice per group. *p < 0.05 vs. control; *p < 0.05 vs. PARA alone.

submit your manuscript

3894

Dove

Drug Design, Development and Therapy 2019:13


http://www.dovepress.com
http://www.dovepress.com

Dove Chou et al
PARA 300mg/kg - - + -
DEX 25 ug/kg - - - +
P-MAPZKE s e s s
1.2
= %
MAP2KA | Wi Wi W >% 10
- ‘» o
p-INK | D - 53 08 #
o5 0.6
=] 1
o 25 o =
[
—— ©F 02
p-c-Jun ' —— a o
0.0 r .
T ——— —
c-Jun & Q‘g-"' ’96" 06"
® ‘gy
B -actin Q
1.2 1.2- .
2 _ 1.0 2T 1.01
0 ¢ w =
$Z 0.8 &2 0.8
Qs =
2 06 @5 06 .
w7 =72
% &’ 0.4 % Q 0.4
- 0.2+ x £ 0.2 —= -
0.0 0.0 " .
S ¥y & & > v 3
S & & F & & F S
Qvg. (&) QY'

Y

Figure 7 Effects of DEX on hepatic JNK protein expression and activity following PARA-induced liver toxicity. Hepatic p-MAP2K4, MAP2K4, p-JNK, JNK, p-c-Jun, and c-Jun
protein expression levels were evaluated in mice administered normal saline (control; lane 1) or PARA (300 mg/kg) alone (PARA; lane 2), or after treatment with DEX (25
ng/kg) 30 mins after injection of PARA (PARA+ DEX; lane 3) or treatment with DEX (25 pg/kg) alone (DEX; lane 4). Blots were reprobed for B-actin to ensure equal protein
loading in all lanes. The bands were analyzed using densitometry, and the values are presented as the mean + SEM; n = 6 mice per group. *p < 0.05 vs. control; #p < 0.05 vs.

PARA alone.

hepatic vasculature.***! Although the substantial sterile
inflammatory response after the initial cell death, however,
there is no convincing experimental evidence to support
the hypothesis that Kupffer cells, neutrophils or monocytes
directly cause cell injury by producing cytotoxic media-
tors. Despite the initial results arguing against an active
role of neutrophils in PILT, previous studies using the
identical experimental approach suggested that neutrophils
are responsible in part for PILT.®*? In contrast, study
demonstrated that macrophages and neutrophils are instru-
mental in removing necrotic cell debris and promoting
hepatocyte proliferation, ultimately resulting in tissue
repair and resolution of the inflammatory response.*

Thus, the presence of an inflammatory infiltrate is obvious

both histologically and biochemically, whether this infil-
trate directly contributes to hepatocyte death remains con-
troversial. Although the inflammatory infiltrate directly
contributes to hepatocyte death remains controversial, our
study demonstrated that DEX treatment decreased the
concentration of cytokines and reduced infiltration of neu-
trophils and macrophages and PILT attenuated. Further
studies are needed to evaluate the exact mechanisms of
these inflammatory cells affect cell death or tissue repair.
Also, further experimental designs are needed to evaluate
whether DEX treatment was associated with attenuate the
early hepatocyte injury or improve late tissue repair.

The MAPK pathways are activated by diverse extracellular
and intracellular stimuli, including peptide growth factors,
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cytokines, hormones, and various cellular stressors such as
oxidative and endoplasmic reticulum stress. These signaling
pathways regulate a variety of cellular activities including
proliferation, ~differentiation, survival, and death*>°
MAP2K4, a member of the MAPK family, directly phosphor-
ylates and activates the JNK in response to cellular stresses and
proinflammatory cytokines.>” JNK activation in PARA toxi-
city has been studied previously. In both cultured hepatocytes
and in vivo livers, treatment with PARA induces sustained
activation of JNK, as reflected by increased phospho-c-Jun
levels.*® Moreover, in a study in C6 glioma cells, PILT caused
JNK activation.** DEX has been shown to reduce the expres-
sion of p-JNK proteins in lung I/R injury via an anti-inflam-
matory mechanism. Administration of the o,-adrenoceptor
antagonist, yohimbine, prior to DEX treatment failed to com-
pletely eliminate the effect of DEX on the phosphorylation of
JNK and the production of inflammatory cytokines in lung
ischemia and reperfusion injury, indicating that the anti-inflam-
matory mechanism of DEX may be associated with an o,-
adrenoceptor-independent signaling pathway.*” A previous
study has shown that activation of the ERK signaling pathway
is also involved in inflammation, oxidative stress, and apopto-
sis. Inhibition of the ERK signaling pathway may protect
against PILT;*' however, in the present study, DEX had no
influence on the ERK signaling pathway (data not shown).

In the present study, p-MAP2K4 and p-JNK expression
levels were significantly increased 16 hrs after PARA treat-
ment. DEX treatment effectively inhibited this phosphory-
lation, consequently reducing protein expression. Up to
now, the precise target of JNK in the pathogenesis of
PILT remains unknown. Strong candidate targets of JNK
are Bcl-2 family members; JNK can promote proapoptotic
Bax translocation to mitochondria in COS cells:** however,
recent studies in Bax knockout mice showed a similar

? sug-

susceptibility to acetaminophen as wild-type mice,"
gesting that JNK-induced Bax translocation alone cannot
account for PILT. Previous study also demonstrated that
JNK translocation to the mitochondria is required for the
acetaminophen toxicity. Excessive NAPQI induces the ROS
which phosphorylate MKK4 and JNK. Phosphorylated
MKK4, JNK and Bax binding with Sab translocate to
mitochondria through to increase the mitochondrial perme-
ability transition, resulting in induction of massive hepato-
cyte death.**** In the present study, we demonstrated that
JNK could phosphorylate c-Jun, and DEX treatment after
PARA administration attenuated p-c-Jun expression. JNK
can activate c-jun and activator protein 1 (AP-1) transcrip-
tional activity or phosphorylate other targets not involved in

transcription.*® Previous study stated that PARA-treated
mice had elevated hepatic mRNA levels of inflammatory
genes (NF-kB, TNF-a, IL1-f and IL-6) since 4 hrs after
PARA administration. In mice, carbon monoxide releasing
molecule A-1 attenuated the oxidative stress by induction of
nuclear factor erythroid 2-related factor 2 (Nrf2) protein and
anti-oxidant response element (ARE) genes, preventing
GSH depletion and by reducing hepatocyte necrosis.*’
However, a recent study in rats demonstrated that 24 hrs
DEX administration had a beneficial effect on PARA-
induced hepatotoxicity and nephrotoxicity through the anti-
oxidant effect.*! In our study, hepatic GSH was lower in 2
and 4 hrs after PARA administration. However, we
observed that DEX treatment had no effect on hepatic
GSH in these time points. There were no significant histo-
logical changes and JNK phosphorylation in early stages of
2 and 4 hrs after PARA administration. According to our
results, the possible mechanism of DEX protects against
PILT was through the reduced phosphorylation of
MAP2K4/JNK/c-Jun expression levels with reduced activa-
tion of downstream targets resulting in attenuated the hepa-
tocyte death. However, the downstream targets of JNK that
mediate PILT and the hepatoprotective effect of DEX are
needed to evaluate in further study.

N-acetylcysteine (NAC), a glutathione precursor, reduces
PILT by increasing glutathione synthesis, thereby helping in
the detoxification of NAPOI and scavenging of the free
radicals.*® In our study, DEX treatment (15 pg/kg) after PILT
was not more effective than NAC (200 mg/kg), but the combi-
nation of DEX and NAC exhibited a higher efficacy than NAC
treatment alone, suggesting that DEX and NAC may affect
different pathways. Currently, NAC is the standard antidote for
emergency treatment of PARA overdose. However, it is asso-
ciated with a variety of side effects such as vomiting, diarrhea,
and anaphylactic reaction.*’ Therefore, anti-inflammatory
properties of DEX with low toxicity are considered an alter-
native antidote for emergency treatment for PILT.
Additionally, the additive effects of combined DEX and
NAC treatment may increase the therapeutic effect or decrease
the dosage of NAC required thus avoiding adverse effects but
maintaining the same efficacy. Further studies are needed to
compare DEX with NAC for its effectiveness as an antidote for
PILT.

Conclusion

This study demonstrated that PARA toxicity increased the
levels of TNF-a, IL-6, and MPO in liver tissue and induced
sustained activation of MAP2K4, JNK, and c-Jun, contributing
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to hepatotoxicity. DEX treatment after administration of PARA
decreased the levels of MPO and proinflammatory cytokines in
the liver and reduced hepatic damage via the MAP2K4/INK/c-
Jun signaling pathway. The present work provides opportu-
nities for the establishment of a potential clinical application of
dexmedetomidine with the aim of reducing PILT.
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