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ABSTRACT:

Background Acetaminophen (ACN) is a well-known analgesic
commonly used to induce acute hepatic injury. Oxidative stress and
inflammation are the main pathogenic mechanisms that contribute to
ACN-induced hepatotoxicity. Vitamin D is reported to have a potential
antioxidant and anti-inflammatory actions.

Aim of the work: The aim of the present study is to investigate
the effects of pretreatment with vitamin D agonist paricalcitol in ACN
induced hepatic dysfunction and to test its role in caspase-1 gene
expression.

Materials and methods: This study was carried out on 40 male
albino rats, divided equally into 4 groups. Control group received
vehicle, Paricalcitol treated group (PC) received 200 ng
intraperitoneally three times a week for 9 days, ACN-treated group
received ACN (ACN)orally 2 g/kg body weight on day nine, and
Paricalcitol-pretreated plus ACN pretreated group (PC+ACN),
treated similar to PC and ACN groups.

Results: The PC treated normal rats did not show any significant
differences from control group as regards to all the parameters
measured or the histopathological changes. Histological examination
showed disruption of the liver architecture in ACN group as compared
to control animals. Furthermore, ACN group showed significant
increase in all hepatic biomarkers including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), y glutamyl transferase (yGT), serum bilirubin, and a
significant decrease in serum albumin. Similarly, the same group
showed significant elevation of oxidative marker Malondialdehyde
(MDA) and significant decrease of the antioxidant reduced
glutathione (GSH) in both serum and hepatic tissue. In addition, the
proinflammatory cytokines TNF-a IL-6 and IL-18 were significantly
increased in both serum and hepatic tissue homogenate. Moreover,
ACN-treated animals showed significant rise of mRNA of caspase-1
gene in their liver tissues. Pretreatment with paricalcitol prevented all
the above parameters in the PC+ACN group. Paricalcitol
pretreatment, also, down regulated the caspase-1 expression in the
ACN-treated group but not in normal rats. Serum calcium and systolic
blood pressure did not change significantly in all groups.

Conclusion: Vitamin D agonist paricalcitol has a protective
effect against ACN-induced acute hepatic injury through antioxidant
and anti-inflammatory actions. Moreover, it could down regulate
caspase-1 gene expression in hepatic tissue with possible function as
an anti-pyroptotic agent.
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INTRODUCTION:

Acute hepatic failure is a severe form of
liver injury that causes multiple organ
failure. One of the most used pain
medications worldwide, ACN (ACN), is a
classical dose-dependent hepatotoxin that is
responsible for almost 50% of all acute liver
failure cases in the USA, the UK and many
Western countries®.

An overdose of ACN causes liver injury
through a toxic metabolite, N-acetyl-p-
benzoquinone imine (NAPQI). The hepatic
levels of reduced glutathione (GSH),
required for inactivation of NAPQI, is
utilized with an overdose of ACN ©.
Therefore, at overdose, the essential routes
become saturated and the production of
NAPQI exceeds the capacity to detoxify it.
The excess NAPQI then causes liver damage
associated with the generation of free
radicals and oxidative stress®. Reactive
oxygen species (ROS) in turn induce
oxidative stress leading to lipid peroxidation,
mitochondrial dysfunction, disruption of
calcium, and nitric oxide homeostasis, and
finally, cell death by apoptosis and
necrosis'.

Inflammation is closely interrelated with
oxidation in the biological systems, and also
plays a vital role in ACN-induced acute liver
injury®. Powerful pro-inflammatory cyto-
kines can also be released leading to a
proinflammatory cascade®.

In a process that has been termed
pyroptosis, an inflammatory insult induced
by ACN causes the activation of a caspase-
1-dependent programmed cell death pathway
that culminates in plasma membrane pore
formation, cytosolic leakage and cell
rupture”  The inflammasome is an
intracellular protein complex that is a central
component of pyroptosis. It regulates
caspase-1 activity and acts as a gate keeper
to the sensing and subsequent initiation and

amplification of the inflammatory response
to injury®. Induced-acute liver failure in
animal models was associated with
significantly elevated levels of cleaved
caspase-1 and IL-1p and predominant
pyroptotic cell death®.

1 o, 25-dihydroxy vitamin D3 (1 a,
25(0H) 2D3 is a biologically active form of
Vitamin D. Vitamin D3 is an eminent
immunomodulatory that regulates adaptive
immunity by  processing the anti-
inflammatory activity™®. Moreover, 1,25-
dihydrox%/vitamin D3 improved hepatic
steatosis™Y) and protected mice from hepatic
ischemia-reperfusion injury™® Hu et al.
found that liver injury caused by alcohol was
augmented in Vit D deficiency (VDD) mice,
which may be associated with exacerbating
alcohol-induced liver oxidative stress and
inflammation™. Supplementation with 1,
25-dihydroxyvitamin D3 was shown to
reduce the expression of TNFa in the liver
of mice fed ethanol™. Another in vitro
study revealed that 1, 25-dihydroxyvitamin
D3 protected against ethanol-induced
cytotoxicity and ROS through activating an
Nrf2—Aldh2 positive feedback loop™.

Furthermore, vitamin D3 administration
in animal models of acute liver injury was
associated with decreased expression of
apoptotic genes®®. The role of vitamin D in
pyroptotic pathway was recently proven to
have a protective role in ameliorating
pyropoptotic signaling pathway in acute
kidney injury and in experimental
autoimmune myocarditis in mice"*®. The
role of vitamin D in the triggered pyroptotic
process during ACN-induced hepatotoxicity
is a rare finding in the literature.

AIM OF THE WORK:

The aim of the present study is to
investigate the role of vitamin D receptor

252



Potential Role of Vitamin D Receptor Agonist in Acetaminophen-Induced Hepatic Injury: .....

agonist paricalcitol in ACN hepatotoxicity in
rats as an animal model of acute hepatic
failure. The effect of paricalcitol on the
central elements of proptosis; caspase-1 and
IL-1beta in the setting of ACN -induced
hepatotoxicity will, also, be investigated.

MATERIALS AND METHODS:
Animals

This study was conducted in the King
Fahd Center for Medical Research, KAU,
Jeddah, Saudi Arabia from October to
December 2020.The work involved 40 male
albino rats 5-6 months old (200-250 gm
body weight). Animals were kept under
standard conditions of boarding. The rats
were allowed free access to water and ad
libitum feeding. The study conforms to the
NIH guidelines for the care of use of
laboratory animals.

Experimental design (table: 1):

Animals were initially weighed and
divided into equal four groups.

Control group: treated with vehicles
only.

Table 1: Experimental protocol:

Paricalcitol-treated group  (PC):
Paricalcitol was given in a dose of 200 ng
intraperitoneally (IP) three times a week for
9 days. On day 9 rats received saline orally.
Paricalcitol was prepared with 95%
propylene glycol/5% ethyl alcohol solution
and administered by intraperitoneal injection
(IP). Administration of such dose was based
on previous reports that proved safe
administration without significant changes in
blood pressure, serum calcium or
phosphorus ®9.

ACN-treated group (ACN): received
IP 95% propylene glycol/5% ethyl alcohol
solution vehicle similar to paricalcitol
protocol and on day 9, received ACN),
orally 2 g/kg body weight as the injury
model %2V,

Paricalcitol and ACN —treated group
(PC -+ ACN): Paricalcitol was given in a
dose of 200 ng IPi in the same schedule of
paricalcitol for group 2 and on day 9 orally
received ACN (2 g/kg) as the injury model
in group 3. The ACN was purchased as
Panadol original tablets (paracetamol 500
mg/tablet) from GlaxoSmithKline Inc.
(Middlesex, UK). Paricalcitol is purchased
from Sigma Aldrich Jeddah Saudi Arabia
agent).

Group Day 1-8 Day 9

1.Control Vehicle injection (IP 95% propylene glycol/5% ethyl | Oral saline
alcohol solution)

2.PC Paricalcitol (200 ng IP three times a week) Oral saline

3. ACN Vehicle injection (IP 95% propylene glycol/5% ethyl | Oral ACN (2 g/kg)
alcohol solution)

4. PC+ACN Paricalcitol was given in a dose of 200 ng, IP three times | Oral ACN (2 g/kg)
a week for 9 days

Procedures Systolic blood pressure (SBP) was

Forty-eight hours after the last measured by tail-cuff plethysmography

treatment, the rats were subjected to the
following experimental procedures

Tail cuff systolic blood pressure and heart
rate measurements:

(BP98A, Softron, and Tokyo, Japan). The
animals were kept at 25°C for 5 minutes, the
first five cycles were considered as
adaptation cycles. After that, another five
consecutive cycles were recorded, and their
average was taken as the mean systolic
blood pressure.
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Animals were then sacrificed; a midline
abdominal incision was then made and
whole blood specimen from the abdominal
aorta was collected and centrifuged at 3000
rpm for 30 minutes. The sera were separated
and stored at -20°C for use in measurement
of biochemical parameters.

The liver was carefully dissected, rinsed
in ice-cold phosphate buffer saline (pH 7.4),
blotted dry on a filter paper then weighed.
Part of the right lobe of the liver was cut and
fixed in 10% phosphate buffered formalin
(pH 7.2) and stained with conventional H&E
for histopathological examination under a
light microscope. The left lobe was
homogenized.

Tissue homogenates were prepared
using  Polytron PT1200E  Disperser
(Kinematica AG, Luzern, Switzerland) in
ice-cold phosphate-buffered saline (PBS, pH
7.2). Homogenates were centrifuged at
12,000 g for 10 min, and supernatants were
kept under -80°C for further use. Both serum
and the supernatants of tissue homogenates
were subjected to the measurement of MDA,
GSH, TNF-a and IL-1p concentrations.

Biochemical assays:

used to
alanine

Colorimetric  Kkits
determine serum

were
calcium,

Table 2: Primers used for Real time-PCR

transaminase (ALT), aspartate transaminase
(AST), lactate dehydrogenase (LDH)
alkaline phosphatase (ALP) activity, gamma
glutamyl transferase (GGT) and serum
bilirubin. The assays were done using Kits
supplied by (Biodiagnostic Giza Egypt)
according to manufacturer instructions.

Lipid peroxidation was assessed by
measuring the content of MDA, a byproduct
of lipid peroxidation process. The
measurement was performed using a kit
supplied by Diamond Diagnostics (Cairo,
Egypt), following the manufacturer’s
instructions. This assay depends on the
reaction of MDA in samples with
thiobarbituric “acid (TBA) forming a red
MDA-TBA complex. The complex was
assessed colorimetrically at wavelength 532
nm The reduced GSH was determined
colorimetrically at wavelength 405 nm by
using a diagnostic kits supplied by
Biodiagnostic (Giza, Egypt), we followed
the manufacturer’s instructions.

The levels of  proinflammatory
cytokines; tumor necrosis factor-o (TNF-a)
and IL-pB, were measured in the sera and
liver homogenates according to the ELISA
kit instructions. (R&D Systems, Inc.,
Minneapolis, MN, USA).

Caspase-1 5'-AGGAGGGAATATGTGG G-3'
5'-AACCTTGGGCTTGTCT T-3'
GADPH 5'-GACATGCCGCCTGGA GAAAC-3'
5'-AGCCCAGGATGCCCTT TAGT-3'
RT-PCR for identification of iNOS-

MRNA in both kidney and brain tissues:

Total RNA was extracted by using
TRIzol Reagent (Invitrogen, Life
Technologies, USA) according to the
manufacturer's instructions. Reverse
transcription was carried out with the High
Capacity cDNA Reverse Transcription Kit
(Applied Biosystems). PCR was performed
with Tag DNA polymerase. The primers
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used for assessment of iINOs, Caspase-1 and
caspase-3 genes and the GADPH gene as a
control are shown in table 2.

The thermal cycle was set as follows:
inactivation of reverse transcriptase at 95°C
for 10 minutes, followed by 45 cycles of
95°C for 30 second, 60°C for 1 minute, and
72°C for 30 second. Dissociation curve
analysis was used for confirmation of PCR
results. Using ABI’s SDS software, the data
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were depicted as sigmoid  shaped
amplification plots in which the number of
cycles was plotted against fluorescence
linear scale. The threshold cycle serves as a
tool for calculation of the starting template
amount in each sample. Because the samples
of the control group and also samples of the
treated group were used as calibrators, the
expression levels were set to one. The
relative concentration of the genes were
normalized against the glyceraldehyde -3-
phosphate dehydrogenase GADPH and gene
expression fold changes were calculated
using the equation 2-AAct. 2.

Statistical analysis:

Data were expressed as mean £+ SD. The
Student’s t-test for unpaired data was
performed to assess them as statistically
significant  intragroup and intergroup

differences, respectively. All statistical data
and statistical significance were analyzed
using the Statistical Package for Social
Chicago,

Sciences (SPSS Inc., Ilinois,

Figure 1: H and E stained hepatic section of
the control rats showing the normal
architecture of hepatic lobules with normal
appearance of the central vein (CV) and
hepatocytes (h), (H&E 64 X).

USA), version 16. A P value less than 0.05
was considered statistically significant.

RESULTS:
Light microscopic results:

Histological observation of liver tissue
in normal animals of the control group
showed normal architecture with normal
hepatic lobules and central veins. The
hepatocytes were normally arranged in
plates originating from the central vein with
acidophilic cytoplasm. (Fig. 1). In the ACN-
treated animals, histological  findings
showed  distorted  architecture  and
hepatocytes showed necrotic changes with
moderate inflammatory cells (Figure 2), The
histological sections of PC+ACN group
pretreated with vitamin D receptor agonist
Paricalcitol showed histological
characteristics of the liver architecture,
central vein and hepatocytes that are near to
control animals (Figure 3).

Figure 2: H and E stained hepatic section of

the ACN-treated animal (ACN group)
showing congestion and dilation of the
central vein (CV), central lobular necrosis

(N), and small dark nuclei of the
hepatocytes with vacuolation are shown.
(H&E 40 X).
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Figure 3.: H and E stained hepatic section of the ACN-injected animal
pretreated with paricalcitol (ACN +PC group) showing near to normal
histologic architecture with the features of central vein (CV) and

hepatocytes (h) comparable to normal control. H&E,

Systolic blood pressure, serum calcium and
biomarkers for liver function (table 3):

There were no significant differences in
the systolic blood pressure, serum calcium
and all parameters of liver functions between
the control group and the PC group. On the
other hand, the ACN group showed
significant increase in serum ALT, AST.
ALP, bilirubin and GGT and significant
decrease in serum albumin when compared
with the control group. The systolic blood
pressure and serum calcium of the ACN

group did not change significantly as
compared to the control group. Pretreatment
of ACN group with paricalcitol (PC +ACN)
was associated with significant reduction of
the hepatic markers, ALT, AST, ALP,
bilirubin and GGT with significant elevation
of serum albumin when compared with ACN
animals not subjected to paricalcitol
treatment. The PC+ACN group showed no
significant differences in their systolic blood
pressure or serum calcium levels as
compared to ACN group.

Table 3: The means + SD of the systolic blood pressure, serum levels of calcium (Ca“), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin (BIL), albumin (ALB) and
gamma glutamyl transferase y GT) in the studied groups.

SBP Ca” ALT AST ALP BIL AlB v GT
mg/d U/L u/L u/L mg/dl g/di u/L
Control 130 9.25 495 1015 279.5 0.12 2.41 3.71
+816 | +0.95 +8.96 +11.80 | +20.88 | +0.02 +0.34 +0.55
PC 134 10.20 53.00 103.5 273 0.13 2.23 4.06
+13.08 | +0.78 +7.89 +1355 | +2595 | +0.02 +0.31 +0.64
ACN 136 9.95 162.3* 299* 565% 0.18* 1.66 16.15*
+843 | +140 | +1241 | +1955 | +9348 | +0.02 | +0.34 +1.45
PC+ACN 136 11.05 | 72.10%* | 1431 | 395%* | 0.14* | 199* | 12.95**
+956 | +1.82 | +1534 | +2063 | +60.23 | +.015 | +0.15 +1.67

*P<0.05 significant from control group. **P<0.05 significant from ACN group
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Oxidant, antioxidant and anti-inflam-

matory parameters:

As shown in table 4, there were no
significant differences in the hepatic tissue
level of MDA, GSH, TNF-a and IL-1 B
between the control group and the PC group.

On the contrary, hepatic tissue ACN
group showed significant increase in MDA,

TNF-a and IL-1f and significant decrease in
GSH as compared to control group.

Pretreatment of ACN animals with PC
was associated with significant reduction of
MDA, TNF-a and IL-1B and significant
increase of GSH in the hepatic tissue of
these animals in comparison to ACN
animals not subjected to PC pretreatment.

Table 4. The means + SD of the hepatic tissue content of MDA, reduced GSH, TNF-a and

interleukin-1 IL-1 in the studied groups.

MDA GSH TNF-a IL-1p
(nmol/gm) (umol/gm) (pg/ml) ( pg/ml)
Control 4.61+0.08 6.73+1.31 142.7+16.97 60.3+7.72
PC 4.49+0.74 6.83 +1.19 140.8+16.81 56.7+ 6.31
ACN 16.80+ 3.12* 3.96 +0.70* 407 +72.27* 95.70 +13.24*
PC + ACN 7.73+1.92** 6.72+1.39** 127.7+44.3** 69.78+10.1**

*P<0.05 significant from control group. **P<0.05 significant from ACN group

As shown in figures (4-7): the PC group
showed serum levels of MDA, GSH, and
TNF-a and IL-1P that are not significantly
different from control group. ACN group,
however, exhibited significant elevation of
serum MDA, TNF-a and IL-If and
significant lowering of serum GSH in
comparison to normal controls.

Pretreatment of ACN group with
paricalcitol was concomitant with significant
drop of the serum levels of MDA, TNF- and
IL-1pB and significant rise of serum GSH as
compared to non-treated ACN animals.

MDA

5 7 I I
0

nmol/I|
[
(9]

Figure 8 shows the mRNA content of
hepatic homogenates in the different groups.
PC group shows no significant changes in
caspase-1 mMRNA content of the liver as
compared to control group. On the contrary,
ACN group showed significant elevation of
caspase 1 mRNA as compared to the control
group. This content, however, was
significantly decreased in the ACN group
pretreated with PC when compared with
ACN group non-treated with PC.

Control Pc

*
I |
ACN

ACN+PC

Figure 4: The serum level of MDA in the studied groups. *P<0.05 significant from control group.

**#P<(.05 significant from ACN group
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Figure 5: The serum level of GSH in the studied groups. *P<0.05 significant from control group.
**P<(.05 significant from ACN group
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Figure 6: The serum level of TNF-a in the studied groups. *P<0.05 significant from control group.
**P<(.05 significant from ACN group

IL-1B
120
100
_ 80
E 60
[eT]
[o%
40
20
0
Control PC +ACN

Figure 7: The serum level of IL-1B in the studied groups. *P<0.05 significant from control
group. **P<0.05 significant from ACN group
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Caspase-ImRNA
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Figure 8: Caspase-1 mRNA (fold expression relative to GADPH) in hepatic tissue homogenates in the
studied groups. *P<0.05 significant from control group. **P<0.05 significant from ACN group

DISCUSSION:

The present study investigated the effect
of VDR agonist paricalcitol on the ACN-
induced acute liver injury in rats. The ACN-
treated rats showed deterioration of the liver
function, which was manifested as increased
activities of  AST, ALT, alkaline
phosphatase, serum bilirubin as well as yGT.
These markers have been found to be of
great value in the assessment of clinical and
experimental liver damage ©?. Increase liver
enzymes and other hepatic biomarkers in
ACN hepatoxicity were also, reported in
previous studies ¢4%

Hlstopathologlcal examination of the
liver sections in the current study showed
loss of hepatic integrity, and cellular
necrosis, dilatation of the central veins,
centrilobular  necrosis, congestion and
vacuolar degeneration. These findln?s are in
agreement with previous studies'*®
could postulate that the elevated Ievels of
serum enzymes AST, and ALT, ALP, GGT
and other biomarkers measured in this study
are indicative of and attributed to the cellular
leakage and the loss of functional integrity

of cell membrane in the liver as previously
explained @,

Pretreatment  with VDR  agonist
paricalcitol, was accompanied by successful
protection against ACN toxicity by
improving the measured hepatic biomarkers
as well as the evident preservation of normal
histological characteristics of the liver
architecture as well as its cellular integrity.
The protective role of vitamin D agonist,
paricalcitol, against ACN-induced hepato-
toxicity are in line with previously reported
action of vitamin D3 in Tthioacetamide-
induced,  ACN-induced  acute liver
injuries®?®).

In contradiction to the present results, it
was shown that vitamin D 3 aggravated the

hepatic  injury induced by carbon
tetrachloride administration®. The authors,
however, attributed this effect to the

elevation of serum calcium levels. Recently,
however, Almaimani  and his coworkers
reported that the combination treatment of
VD3 and Ca?* resulted in the restoration of
the Ca®" molecular system and alleviated
lead-induced nephrotoxicity in mice®. It
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seems that the former contradictory report
depends on the animal model and the
method of induction of acute liver injury.
Furthermore, the vitamin D receptor agonist
paricalcitol is not known to induce
hypercalcemia in the dose utilized in our
study 9. Lastly, our animal model did not
show significant differences in calcium
levels between the different groups studied.

Our results showed significant elevation
of MDA and drop of GSH in both serum and
liver tissue homogenates of ACN- treated
rats. Increased MDA was considered as a
strong indicator for enhanced oxidative
stress and excessive free radical production.
B GSH, a nonenzymatic antioxidant that
acts as a free-radical scavenger ©? Taken
together the enhanced oxidative status and
the exhausted non-enzymatic antioxidant
GSH express a state of enhanced oxidative
stress that was considered a main

(m?chanism for ACN- induced liver injury
33

The Cytochrome P450 (CYP450)
enzymes are key enzymes in the metabolism
of ACN to the quinine metabolite NAPQI, a
reaction mainly responsible for ACN-
induced injury and GSH consumption ©¥.
CYP450 system, especially CYP2E1
increase the formation of NAPQI with
subsequent increase hepatic damage induced
by ACN ©. The NAPQI metabolite is
normally efficiently detoxified by GSH, in
the condition of ACN toxicity however,
there is overwhelming amounts of the toxic
metabolites which exceeds the antioxidant
capacity. GSH deficiency occurs and the
production of un-scavenged reactive oxygen
species (ROS), is enhanced with consequent
hepatic tissue damage ©® and cell death
occurs 7.

Moreover, the enhanced ACN-related
production of free radicals impairs
mitochondrial respiration and results in ROS
formation, leading to an overwhelming
mitochondrial oxidant stress and
mitochondrial dysfunction ©®. Specifically,
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ROS directly prompt the mitochondrial
membrane permeability transition leading to
mitochondrial uncoupling and severe ATP
depletion which results in inner membrane
permeabilization, outer membrane rupture,
and cell apoptosis %49,

In agreement with previous studies, ©®,
we showed that pretreatment with vitamin D
receptor agonist paricalcitol was associated
with diminished production of free radicles
and lipid peroxidation with parallel
preservation of the antioxidant GSH in
serum and liver tissue.

Our findings demonstrated the effective
suppression of oxidant production, lipid
peroxidation, and inflammatory cell
infiltration in liver tissues of ACN group
pretreated with paricalcitol. These results
clearly show that reduction of oxidative
damage contributes, at least partly, to the
hepatoprotective action of 1,25(0OH)2D3.
Previous studies demonstrated the anti-
inflammatory and antioxidant actions of
1,25(0OH)2D3 in various experimental
settings  “Y.  Paricalcitol, has been
demonstrated t© ameliorate oxidative injury
in cardiac tissue via reduction of NADPH
oxidase activity “?. The findings of another
study revealed the preservation of
renovascular function in hypertension by
calcitriol via reduction of oxidative stress
“3) Furthermore, it was demonstrated that
1,25(0OH)2 D3 alleviated the
lipopolysaccharide-induced renal oxidative
stress through downregulation of oxidant
ag)zyme genes (e.g., p47phox and gp91phox)

Our study in agreement with others “®),
indicated that the levels of TNF-a and IL-1f3
were elevated in the serum and liver tissues
of ACN rats. The coincident demonstration
of the aggravated oxidative and
inflammatory ~ conditions  is  closely
interrelated in the biological systems, and
also plays a vital role in ACN-induced acute
liver injury ©. In addition, the key
component in the inflammatory process NF-
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KB p65 was excessively expressed in animal

(Tsc))dels of ACN- induced acute liver injury

TNF receptor superfamily member
4(0X40), which is expressed in liver
invariant natural killer T (iNKT) cells, is
also involved in the development of liver
failure. OX40 activates caspase-1 via TNF
receptor-associated  factor  6-mediated
recruitment of the paracaspase MALTL,
which consequently leads to massive
pyroptotic death of INKT cells and liver
injury®®,

The increase expression of caspase-1 in
hepatic tissue could be attributed to the
inflammatory insult induced by ACN in our
study with subsequent activation of a
caspase-1-dependent programmed cell death
pathway that culminates in plasma
membrane pore formation, cytosolic leakage
and cell rupture, in a process known as
pyroptosis'”’. Moreover, the activation of
caspase-1 could share in the elevation of
other proinflammatory cytokines as it leads
to cleavage of pro-IL-1pB and pro-I1L-18 with
the production of mature, biologically active
cytokines “”). IL-1beta in turn, potentially
stimulates the expression of

proinflammatory  factors and  recruits
neutrophil to the liver tissue®“®).
In accordance with our results,

significantly elevated levels of cleaved
caspase-1 and IL-1p and predominant
pyroptotic cell death have been observed in
animal models of concanavalin A (ConA)
and D-(qalactosamine (D-Gal)- induced liver
failure %9,

IL-1 receptor type 1 (IL-1R1) can
amplify cell death and inflammation in
hepatocytes during pyroptosis in liver
failure. ALF induced by D-Gal and LPS is
significantly attenuated in the liver-specific
IL-1R1 knock-out mice &%,

Put all together the oxidative stress
triggers a cytokine profile which stimulates
the pyroptotic pathway through increasing

caspase-1 levels in the hepatic tissue with
subsequent activation and release of Il-1p
and other cytokines that amplify the
inflammatory states with subsequent hepatic
cell deaths.

Our study indicated that the elevation of
the levels of TNF-a, and IL-1B in ACN-
induced liver injury was prevented by
pretreatment with the VDR agonist
paricalcitol. The anti-inflammatory action of
vitamin D3 was shown in vitro by inhibiting
the adhesion molecules, P-selectin, f1- and
B2-integrin, in monocytes treated with
vitamin D3®?. In support to our findings,
Boontanrart and  his  coinvestigators
demonstrated that vitamin D3 therapy was
associated with downregulated expression of
the proinflammatory cytokines, IL-6 and
TNF-a as well as upregulation of the anti-
inflammatory cytokine, 1L-10®%.

One of the central findings in this study
is the downregulation of the caspase-1 gene
in hepatic tissue by vitamin D receptor
agonist as evident by the significant
reduction of caspase-1 expression in hepatic
tissues of ACN-injected animals when
pretreated with this agent. The present study,
thus, gives insight on the role of vitamin D
as an anti-pyroptotic agent through
inhibiting caspase -1 expression in ACN-
induced hepatic injury. To our knowledge,
the inhibitory effect of vitamin D on
caspase-1 expression in ACN hepatotoxicity
is a new finding. This inhibitory effect,
however, was reported in acute injuries of
the kidney, colon and peritoneum®”>45%).

In conclusion, vitamin D receptor
agonists improve outcomes of ACN-induced
acute hepatic injury through antioxidant and
anti-inflammatory  pathways. On  the
molecular level, the current study showed
the ability of this VDR agonist to suppress
pyroptotic process through downregulating
caspase-1 gene expression in rat hepatocytes
during acute hepatic injury.
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