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Abstract

Background: Ischemia-Reperfusion Injury (IRI) is one
of the major triggers of Acute Kidney Injury (AKI). AKI
represents an important economic burden that is associated
with high mortality and morbidity rates.

Aim of Study: This study focused on the role of poly
(ADP-ribose) polymerase-1 (PARP-1) in acute renal ischemia-
reperfusion injury in case of preconditioning with thyroid
hormone.

Material and Methods: Forty adult male wistar albino
rats were divided equally into; Group I: Sham-operated for
renal IRI, Group II: Euthyroid rats subjected to IRI, Group
III: PARP-1 inhibitor (3-AB) was administered to the IRI rats
aiming to confirm the PARP-1 role in mediating the renal
ischemic injury (IRI-3-AB). Group IV preconditioned rats
with a single eltroxin dose (100ug/kg/ip) six hours before IRI
(precond-IRI).

Results: PARP-1 inhibitor was associated with a significant
improvement in the all measured renal function parameters,
concomitant with reduced renal tissue inflammatory and
oxidative stress markers and Apoptosis Inducing Factor (AIF)
levels, indicating the intermediary role of PARP-1 in the renal
ischemic injury.

The preconditioning with thyroid hormones resulted in
a significant improvement in the renal functions (without
elevation in the thyroid hormone level), via reduction in the
inflammatory and oxidative stress markers induced by the
IRI, this was confirmed by the histological assessment. The
PARP-1, AIF and caspase-3 overexpression were aborted and
the ATP level was preserved.

The correlations between PARP-1 and renal function
parameters and the apoptotic markers may explain its contri-
bution in the pathogenesis of renal IRI condition.

Conclusion: These results suggest an important role of
the preconditioning with thyroid hormone in amelioration of
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the oxidative stress, inflammation and PARP-1 overactivation
in the renal injury induced by IRI.

Key Words: AKI — PARP-1 — Thyroid hormones.

Introduction

ACUTE Kidney Injury (AKI) is a serious life-
threatening clinical setting emerged as a major
public health problem. AKI leads to decreased
survival and increased progression of underlying
Chronic Kidney Disease (CKD) if the patients
survive [1]. Renal Ischemia-Reperfusion (IRI)
injury is one of the major causes of Acute Kidney
Injury (AKI) which can manifest histologically as
Acute Tubular Necrosis (ATN). The cellular and
molecular responses of the kidney to acute ischemic
injury are complex and not fully understood [2].

High concentrations of Reactive Oxygen Spe-
cies (ROS) are generated in the ischemic kidneys
after reperfusion which can damage cellular com-
ponents such as DNA, proteins, and lipids, com-
promising the integrity of the glomerular and
tubular epithelium, which result in the development
of ATN [3]. Accumulation of DNA breaks induces
the poly (ADP-ribose) polymerase-1 (PARP-1)
expression [4].

PARP-1 is a nuclear protein that normally reg-
ulates gene transactivation as a transcription coac-
tivator and protein function via poly (ADP-
ribosylation). PARP-1 activation is important for
DNA repair. However, its excessive activation
results in ATP depletion and metabolic crisis,
inducing necrotic cell death [5]. In the same context,
PARP-1 inhibition improved the outcome of mul-
tiple ischemic tissues including kidney [6-8] . The
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thyroid hormones are thought to be involved in
the regulation of the PARP- 1 activities [4].

The relationship between kidney and thyroid
function has been well known for many years.
Thyroid Hormones (TH) directly affect the kidney
influencing renal growth and development, Glomer-
ular Filtration Rate (GFR), renal transport systems,
sodium and water homeostasis.

Previous studies have demonstrated that admin-
istration of thyroid hormones before ischemic
insults reduces the ischemiareperfusion injury
[9,20] however, therelation to PARP- 1 is still un-
clear.

The am of this study isto elucidate the effect
of preconditioning with thyroid hormonesin the
renal ischemia-reperfusion injury and its possible
rolein the regulation of the PARP-1.

Material and M ethods

1- Experimental animals and study protocol
Experimental protocol and procedures used in this
study were carried out in accordance with the
international guidelines for the care and use of
laboratory animals according to the National Insti-
tute of Health (NIH) protocol. The study was
conducted in the duration between June and De-
cember 2018.

A total of 40 male Wistar albino rats 180-200gm
provided by laboratory Animal House Unit of
Faculty of Medicine, Cairo University were used.
Throughout the study, the rats were kept under the
same environmental conditions with free access
to ordinary rat chow and water at normal day time
and dark cycle. Prior to grouping, the euthyroid
state was confirmed by analysis of thyroid profile
(free T4 and TSH) for all animals. Animals were
allowed to acclimatize their environment for seven
days. Animals then were designated randomly into
the following four groups (10 rats in each group),
Group |I: Sham-operated for renal IRI (Sham).
Group |1: Rats subjected to renal |schemia-
Reperfusion Injury (IRI): Normal saline (1ml/kg/ip)
was injected intraperitoneally (ip) as avehicle.
Group I11: The PARP-1 inhibitor (3-amino benza-
mide)-obtained from (Sigma, Cairo, Egypt), was
injected in adose of 10mg/kg/ip [11] in twice doses,
one dose was administered 6h before the IRI in-
duction and the second dose was introduced im-
mediately after reperfusion. Group IV: (Precond-
IRI), six hours before renal ischemia, the animals
were preconditioned with a single Eltroxin dose
(100ug/kgd/ip) (Eltroxin 50mcg, GlaxoSmithK-
linegsk Co. Cairo, Egypt) [9].
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2- Induction of renal ischemia-reperfusion
injury: The animals were injected with heparin
100U/Kg (Nile Co., Egypt) subcutaneously to
prevent clotting before reperfusion then anesthe-
tized by 50mg/kg ketamine with 10mg/kg/i.p xy-
lazine hydrochloride (Sigma, Egypt) [2] . Under
aseptic precautions, bilateral renal IRI was per-
formed through a 2cm midline laparotomy incision,
the intestines were retracted to expose the renal
pedicles. Microvascular clamps were placed around
first the left and then the right renal pedicles
blanching of the kidneys was observed. The total
clamp time was 45 min during which the intestines
were covered in warm and moist gauze. Afterward,
the clamps were removed and the restoration of
blood flow into the kidneys was confirmed visually.
The intestines were returned into the abdominal
cavity and the incision was then closed in layers
[2] . Sham-operated animals underwent the same
procedure with no occlusion of the renal pedicles.
The animals were allowed to recover for two hours
under observation in their cages. The animals then
were placed in metabolic cages for 24h urine col-
lection with free access to food and water.

3- Measurement of arterial blood pressure and
body weight assessment: A non-invasive arterial
blood pressure systolic (SABP) and diastolic
(DABP) was measured using a blood pressure
transducer (ADInstruments), and the data was
analyzed using LabChart 7 software. The body
weight was determined using the digital weighing
machine (Mettler-Toledo, 200).

4- Sample collection: Following the 24h urine
collection, the urine volume was measured and
then centrifuged to separate debris. The urine
samples were further analyzed for assessment of
urinary creatinine and albumin.

Under 50mg/kg ketamine and 10mg/kg/i.p xy-
lazine anesthesia, blood samples were collected
from the tail vein for assessment of Blood Urea
Nitrogen (BUN), plasma creatinine and the thyroid
profilelevelsfor all animals.

5- Plasma and urine sample analysis: Plasma
and urine levels of creatinine and BUN concentra-
tion were determined using commercially available
kits (BioAssay Systems, Hayward, CA). Urine
levels of albumin were determined using a com-
mercially available rat albumin ELISA (Immunol-
ogy Consultants Laboratory, Newberg, OR). Free
serum T4 and TSH were estimated by Thyroxine
(T4) (Mouse/Rat) ELISA Kit and the rat Thyroid
Stimulating Hormone (TSH) ELISA Kit catalog
number: CSB-E05115r according to provided pro-
tocol.
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6- Calculation of estimated GFR (eGFR): Es-
timated GFR was cal culated using the following
formula [12] :

eGFR (ml/min/kg) = Urinary Creatinine (mg/dl)
X Urine volume (ml) X 1000 (g) Plasma creatinine
(mg/dl) X Body weight (g) X 1440 (min).

Animals were killed immediately after samples
collections by cervical dislocation under pentobar-
bital (150mg/kg i.p.) anesthesia. Tissue samples
from the left kidneys were dissected for histopatho-
logical examination, and the right ones were used
for measuring the following parameters: Malond-
ialdehyde (MDA), Superoxide Dismutase (SOD),
Neutrophil Gelatinase-Associated Lipocalin
(NGAL), Activating Protein 1 (AP-1), Caspase 3,
ATP, poly ADP-Ribose Polymerase (PARP-1) ac-
tivity in the kidney.

7- Determination of Caspase 3, angiotensin I,
NGAL and ATP: Caspase 3 and NGAL were deter-
mined by Rat ELISA Kit supplied by MyBiosource,
USA according to manufacturer'sinstruction. ATP
was determined by ATP Determination Kit
(A22066) Molecular ProbesTM Luciferase Techonol-
ogy. Angiotensin || was also measured by ELISA
Kit, provided by CUSABIO, USA.

8- Determination of MDA and SOD: MDA
levels were assessed for products of lipid peroxi-
dation. MDA which is referred to as thiobarbituric
acid-reactive substance, was measured with thio-
barbituric acid at 532nm in a spectrophotometer
according to the method of [13]. The SOD activity
was measured by determining the reduction of
nitroblue tetrazolium by superoxide anion produced
with xanthine and xanthine oxidase [14] .

9- Immunoblotting detection of PARP-1: Immu-
noblotting was performed to detect PARP-1 protein
expression. In brief, protein samples were electro-
phoretically separated on 10% polyacrylamide gels
and transferred to nitrocellulose membranes, which
were blocked overnight in 5% nonfat dry milk
diluted in Tris-buffered saline with 0.1% Tween-
20, and then incubated for 1 h at room temperature
with antibodies against PARP-1 (1:500) and b-
actin (Sigma Aldrich; 1:5000). After being washed,
the membrane was incubated for 2h with the sec-
ondary antibody (Santa Cruz Biotechnology;
1:2000) and subjected to a chemiluminescence
detection system.

10- Quantitative real-time PCR for detection
of AP-1 and AlIF: Real-time PCR was performed
for quantitative genes expression for AP-1 and
AIF. Tissue samples of al the studied groups were
homogenized and total RNA was isolated with
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RNeasy purification reagent (Qiagen, Valencia,

CA). The purity of total RNA was measured with
a spectrophotometer and the wavel ength absorption
ratio (260/280nm) was between 1.8 and 2.0 for all

preparations. Reverse transcription of total RNA

to cDNA was carried out with areverse transcrip-

tion reaction (Superscript 11, Gibco Life Technol-
ogies, Grand Island, NY, USA). Real-time PCR
amplification and analysis were carried out using
an Applied Biosystem with software version 3.1

(StepOneTM, USA). The reaction contained SYBR
Green Master Mix (Applied Biosystems). The data
were analyzed with the comparative Cycle Thresh-

old (CT) method. The expression of (3-actin
MRNA was used as an internal control in all sam-
ples. The primers used were, for AP-1 forward,;

5«-GTAATACGACTCACTATAGGGC-3 and re-
verse 5-ACTATAGGGCACGCGTGGT-3. The
primer used for AlF detection isthe forward primer
5-CCCCGATGTTGGCTATGA-3 and reverse
primer 5-TCCTGACTGCTCTGTGGC-3. And
for beta-actin we used forward primer: 5'-
GACGGCCAGGTCATCACTAT-3, reverse pri-

mer: 5-CTTCTGCATCCTGTCAGCAA -3.

11-Histopathological examination of the kidney
tissue: The left kidneys were fixed in 4% parafor-
maldehyde and embedded in paraffin. Five tm
sections were obtained and stained with hematox-
ylinand eosin (H & E). TheH & E sections were
used in assessing the interstitial edema, inflamma-
tion, tubular and the epithelial damage at magnifi-
cation X 400, blindly by an expert pathologist. The
degree of renal damage was scored using the scor-
ing system for renal injury asreported by [15]. The
scoring system consists of histological damagein
4 individual components endothelial, glomerular,
tubular, and interstitial (EGTI scoring system).

12- Satistical analysis:

Comparisons between groups were done using
the software statistical package SPSS (IBM. Chi-
cago, IL, 2011). After performing the test of nor-
mality, one-way analysis of variance (ANOVA)
followed by Tukey's post hoc test for multiple
comparisons between the normally distributed
variables, the data were described using mean and
standard deviation. For comparing the histological
scoring system, Kruscal-Wallis test and Mann-
Whitney post hoc test were performed and repre-
sented as median and interquartile range. Pearson
correlation coefficient was done to test for linear
relations between PARP-1 and other variables. A
probability value p-values less than 0.05 were
considered as statistically significant.
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Results

1- Thyroid profile analysis:

Induction of IRI is considered as a stress con-
dition, in which a small insignificant difference
was detected regarding free T4 and TSH. Neither
PARP-1 inhibitor nor preconditioning with asingle
thyroid dose revealed a significant change in the
thyroid profile compared to the IRI group. Increased
T4 level was detected between the treated groups
(Table1).

2- Hemodynamic changes:

The constricted renal vessels during ischemia
in the IRI group resulted in a significant ( p<0.05)
elevation in the angiotensin |1 levelswhich in turn
raised the arterial blood pressure measurements.
The group of PARP- 1 inhibitor and the thyroid
preconditioned group expressed no significant
change in the measured hemodynamic parameters
compared to the IRI group (Table 1).

3- Oxidative stress markers involvement in the
different groups:

The oxidative stress was increased in the kidney
tissues of the IRI group, there was a significant
elevation (p<0.05) in the pro-oxidant malondal de-
hide (MDA) and decline in the antioxidant Super-
oxide Dismutase (SOD) levels (p<0.001) (81.5+7.6
& 0.58+0.19) compared to the sham group (15.5+
1.8 & 3.02+0.22) respectively.

Thyroid Hormones Modulate PARP-1 in Renal IRI

PARP-1 inhibition group showed a significant
(p<0.001) reduction in the MDA (30.8 +13.4) and
elevation of the SOD (2.6+£0.39) compared to the
corresponding data in the ischemic untreated group.
In the preconditioned group there was an improve-
ment (p<0.05) in the MDA and SOD levels (36 +5.6
& 1.9%0.3 respectively) compared to the IRI un-
treated group. We noticed a significant higher level
of SOD in the PARP-1 inhibition group compared
to the thyroid hormone preconditioned group Fig.
(1A,B).

4- The role of inflammatory markers.

In the renal tissues of the ischemic group, we
observed a significant elevated (p<0.05) inflam-
matory markers, Activating Protein 1 (AP-1) and
the Neutrophil Gelatinase-associated Lipocalin
(NGAL), (8.7+1.1 & 3.4+0.4) respectively com-
pared to the corresponding values of the sham
group (1+0.01 & 0.5+0.17) respectively.

The group received the PARP-1 inhibitor (3-
AB) expressed a significant (p<0.001) declinein
both AP-1 and NGAL levels(3.1+0.59 & 0.69+
0.19) respectively. A declinein both inflammatory
markers was noticed in the preconditioned group
(34+1.01 & 0.79£0.11) respectively. There was
no significant difference between the precondi-
tioned group and the PARP-1 inhibition group.
The NGAL levelsin the PARP-1 inhibition were
similar to that of the control group Fig. (1C,D).

Table (1): The thyroid profile, hemodynamic effect and the renal functionsin the studied

groups.

Sham IRI IRI + 3-AB Precond-IRI
Free T4 (ng/dl) 2.97+£0.39 3.16x0.3 3.13£0.2 3.2+0.9
TSH ( gUdml) 4.8+0.33 4.9+0.73 4.11+0.85 4.9+0.45
Angiotensin Il (pg/ml ) 17.5+3.3 61.2+7.5* 59.6+7.14* 67.4+7.4*
SBP (mmHg) 113.5+£10.5 157.8+£9.2* 150.2+12.8* 156.9+10.7*
DBP (mmHg) 67.2+6.7 80.9+£10.5* 83.2+6.01* 85.7+7.6*
Pulse pressure 46.3£10.2 76.9+13.8* 60+ 13.8* 79.6+7.6*
BUN (mg/dl) 40.2£9.8 79.3+11.4* 54.9+6.5*# 55.1+6*#
PI. creatinine (mg/dl) 0.18+0.04 1.05+0.32* 0.4+£0.1*# 0.54+0.06* #
eGFR (ml/min/kg) 6.6£1.3 1.09+£0.3* 4.19+0.59* # 3.49+£0.13*#
U. Alb/creat (ug/mg) 26.9+4.8 79.3+7.8* 43.8+10.6*# 47.6£6.3*#
IRI : Renal Ischemia Reperfusion Injury.
IRl + 3-AB : Renal ischemiagroup treated with PARPL inhibitor (3-amino benzamide).
Precond : Preconditioning with thyroid hormone.
TSH : Thyrotropin.
BUN : Blood Urea Nitrogen.
PL : Plasma
eGFR : Estimated Glomerular Filtration Rate.

y. Alb/Cresat : Urinary albumin creatinin ratio.
: Sig. compared to control.

# : Sig. compared to IRI.

$

: Sig. compared to IRI + 3-AB group.
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Fig. (1): The oxidative and inflammatory markers changes in different studied groups:
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5- PARP-1, ATP and caspase-3 and Apoptosis-
Inducing Factor (AIF) levels fluctuations in the
studied groups:

Western blot of PARP- 1, and gene expression
of AIF caspase-3 were significantly induced (p
<0.001) in the kidney tissues of the IRI (6.2410.62,
4.1210.61 & 11.221£1.9) compared to the corre-
sponding values in the sham-operated group (1.02 +
0.02, 1.01£0.01 & 2.4%0.78) respectively.

PARP-1 inhibition, resulted in decreased the
elevated PARP-1 (1.91£0.4) and the pro-apoptotic
markers AIF and caspase-3 (1.6+£0.39 & 8.4%1.49)
respectively.

Pre-treatment with a single thyroid dose caused
a significant (p<0.001) decline in the readings of
PARP-1, AIF and caspase-3 (2.25+0.38, 1.6£0.39
& 3.4%0.37) respectively. This was associated with
more caspase-3 reduction compared to the IRI +
3-AB group that could be explained by the antiap-

: Ischemic group treated with poly ADP-ribose polymerase (PARP-1) inhibitor (3-amino benzamide).

D : Neutrophil Gelatinase-associated Lipocalin (NGAL).
* : Sig compared to control.

# : Sig compared to IRI.

$ : Sig compared to IRI + 3-AB group.

optotic effect of the thyroid hormone on the path-
way rather than PARP-1 inhibition Fig. (2A-C).

During ischemic injury, the renal tissues con-
sumption of ATP was increased leaving low ATP
levels compared to the sham group. Either PARP-
1 inhibition or preconditioning with single thyroid
hormone dose significantly (p<0.05) preserved the
ATP content in the kidney tissue compared to the
IRI group Fig. (2D).

6- Renal function assessment in the studied groups:

The deterioration in the measured renal function
parameters indicated the functional disturbance
following ischemia-reperfusion injury in the IRI

group.

PARP-1 pathway inhibition and preconditioning
with thyroid hormone were resulted in renal func-
tional improvement in all measured parameters,
indicating a valuable role of renal tissue protection
from ischemic injury by blocking the PARP-1
signaling pathway (Table 1).
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Fig. (2): Representation of A: Poly ADP-ribose polymerase (PARP-1), B: Apoptosis Inducing Factor (AIF), C: Caspase 3 and

D: ATP levels in the kidney tissues in different groups.

IRI : Ischemia-Reperfusion Injury.

IRI + 3-AB : Ischemic group treated with PARP-1 inhibitor (3-amino benzamide) and the preconditioned group with thyroid hormones

(Precond-IRI).
: Sig compared to control.
# : Sig compared to IRI.
$ : Sig compared to IRI + 3-AB group.

*

7- Histological finding evaluation:

As shown in (Table 2) and Figs. (3,4), the IRI
group illustrated a significant increase (p<0.01)
in the total EGTI histology score (endothelial,
glomerular, tubular and interstitial cell damage)
when compared to sham group.

PARP-1 inhibition by 3-AB caused a significant
reduced EGTI histological injury score as seen in
Figs. (4,5). The EGTI histology score was signif-
icantly improved (p<0.05) in the thyroid hormone
preconditioned group as compared to the ischemic
non treated group.

Table (2): Histopathological assessment of the kidney tissues.

Sham IRI IRI+ 3-AB Precond-IRI
Endothelial 0 1.5(1-2.25) 2(1-2) 1 (0.75-1.25)
Glomerular 0 2 (2-2) 1(0-1) 1(0.75-2)
Tubular 0 25(2-3) 1 (0-1) 2 (2-2.25)
Interstitial 0 2(1.75-2.25) 1(0-1) 1 (0.75-1.25)
Total score 0 8(7.75-9)* 5 (4-5)*# 5.5 (4.75-6)*#
IRI : Renal Ischemia Reperfusion Injury.

IRI + 3-AB : Renal ischemia group treated with PARP1 inhibitor
(3-Amino Benzamide).

Erecond : Preconditioning with thyroid hormone.
: Sig compared to control.
# : Sig compared to IRI.
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Fig. (3): PARP-1 correlation with the renal functions (¢GFR and Alb/Cr ratio) as shown in Fig. (3A & B) and the apoptotic
factors (caspase-3 and AIF) represented in Fig. (3C & D). The results gave a strong positive correlation with Alb/Cr
(ug/mg), caspase 3 and AIF (7=0.899, 0.763 and 0.889 respectively). A negative correlation gathered PARP-1 and eGFR
(r=-0.839, p<0.001).

Fig. (4): Histological (H & E) assessment of the kidney tissues (X400 original magnification) using the EGTI (endothelial,
glomerular, tubular and interstitial) in the 1: Sham-operated group, 2: Renal ischemia-reperfusion injury, 3: IRI + 3-AB: Ischemic
group treated with poly ADP-ribose polymerase (PARP-1) inhibitor (3-amino benzamide) and 4: Preconditioning with thyroid
hormones. 1A, B &C showing normal histological structure (score 0). In 2A the stars show necrosis of renal tubules less than
30% & the black arrow points tubular casts (score 3), the red arrow indicates glomerular tuft ischemic retraction with disruption
of Bowman's capsule (score 2), 2B shows interstitial edema & hemorrhage (score 1) and 2C endothelial disruption & interstitial
hemorrhage (score 2). The 3A slide demonstrates a normal glomerular structure with 0 score. In the 3B, the tubules loss of the
brush border with hyaline cast formation giving a score 3. Endothelial disruption with mild interstitial hemorrhage was seen
in the 3C image. In 4A image there is normal glomerular pattern (score 0), in 4B there is loss of brush borders together with
tubular hyaline casts (score 2), 4C interstitial hemorrhage and edema (score 1) and the endothelial cells are disrupted (score
2).
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8- Correlation:

Table (3) and Fig. (3) demonstrate the PARP-
1 correlation with the renal functions (eGFR and
Alb/Cr ratio) and the apoptotic factors (caspase-
3 and AIF). The results gave a strong positive
correlation with caspase-3, Alb/Cr (ug/mg), caspase
3 and AIF. A negative correlation gathered PARP-
1 and eGFR indicating the involvement of PARP-
1 in the pathogenesis of AKI of the ischemic injury.

Table (3): Correlation between the level of PARP-1 and the
levels of different renal functions parameters and
the pro-apoptotic factors.

PARP-1
eGFR (ml/min/kg):
r —0.839
p-value <0.001
N 40
AIb/Cr (ug/mg):
r 0.899
p-value <0.001
N 40
Caspase-3:
r 0.763
p-value <0.001
N 40
AIF:
r 0.889
p-value <0.001
N 40

eGFR: Estimated GFR. Alb/Cr: Albumin creatinine ratio.
AIF : Apoptosis Inducing Factor between the total number (40) of
the studied group.

Thyroid Hormones Modulate PARP-1 in Renal IR

Discussion

The results suggest an important role of the
thyroid hormones preconditioning in amelioration
of oxidative stress, inflammation and PARP-1
overactivation induced by renal IRI. A positive
correlation was found between PARP- 1 and the
pro-apoptotic factors AIF and caspase-3 as well as
urinary albumin creatinine ratio suggesting its
deleterious effect on the renal Ischemia-Reperfusion
Injury (IRD).

Several studies reported increased oxidative
stress as a consequence of the renal IRI with ele-
vated MDA and reduced SOD levels [16]. Genera-
tion of Reactive Oxygen Species (ROS) can trigger
inflammation, and induce tubular cell apoptosis
and necrosis [17] . Gelatinase-associated lipocalin
(NGAL), is a new biomarker of kidney disease,
that was elevated in acute ischemic and nephrotoxic
injury a short time even before creatinine [15].
Activating Protein 1 (AP-1) was also expressed
and regulates cytokine gene expression in response
to the ischemic stress [9].

ROS induce lipid peroxidation of membranes,
protein denaturation, and DNA strand breaks. The
massive DNA damage leads to excessive activation
of the DNA repair enzyme PARP-1 and subsequent
ATP depletion and metabolic disturbance [12,13].
Moreover, PARP-1 could induce a distinct form
of cell death termed “parthanatos” [PAR + "thana-
tos," meaning death] independent of the caspase
pathway. PARP-1 initiates cell death by mitochon-
drial Apoptosis-Inducing Factor (AIF) translocation
to the nucleus [20]. AIF is a flavoprotein with a
prosurvival role when it is situated in the mito-
chondria intermembrane space [21,22], whereas its
release into the cytosol followed by nuclear trans-
location is considered as a powerful trigger of
apoptosis. In case of parthanatos, AIF release
occurs even earlier than that of cyt ¢ and caspase
activation [20]. When AIF is activated and translo-
cated to the nucleus, it achieves a large-scale
chromatin condensation and DNA fragmenta-
tion [23] and promotes the PARP-1-dependent cell
death [24].

It is unclear how exactly could PAR polymers
induce the release apoptosis-inducing factor from
the mitochondria into the cytosol. However, ener-
getic failure and PARP-1 hyperactivation and the
PAR (poly (ADP-ribose) accumulation, resulted
in translocation of PAR or perhaps a product of
PAR catabolism, to the cytosol where it interacts
with the outer mitochondrial surface increasing its
permeability causing AIF from the mitochondria
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and subsequently parthanatos [25] . Recently, it was
shown that PAR released in cytosol causes mito-

chondria Ca2 + disturbance, together with the in-
crease in ROS production in the Electron Transport

Chain (ETC) and dissipation of the mitochondrial

membrane potential resulted in AlF release from
the mitochondria [22] . In the same context, it was
shown that the translocation of AlF into the nucleus
was diminished in PARP- 1 deficient fibroblasts
[24] . The PARP-1 response may be influenced by
the cell type, aswell asthe stimuli type, strength,

and duration [26,27] .

The metabolic disturbance devel oped during
renal IRI resulted in renal dysfunctions [4,11] . The
histological findings supported the biochemical
results, morphological changesin renal parenchy-
ma, tubular necrosis with a severe detachment of
epithelial cells from the basement membrane, loss
of brush border, and intratubular casts was recorded
inthe IRI group [4.7].

The PARP- 1 inhibitor 3-AB administration in
Group Il wasto confirm that the ischemic injury
was mediated through the PARP-1 overexpression.
And so, all measured inflammatory, apoptotic,
oxidative stress markers and the apoptotic markers
was resolved in the group received PARP-1 inhib-
itor compared with the ischemic group. Thiswas
verified by the improved renal function tests and
the histological image analysis.

The administration of a single dose of thyroid
hormone to rats at 6h before IRI significantly
reduced oxidative stress variable MDA and the
expression of PARP- 1 and increased the level of
SOD as compared to group IRI. These results were
in agreement with [4,7] studies who examined the
same dose at 6h or 24 hours pre ischemia.

In the same context, it was shown that T3
preconditioning 36 hours preceding liver ischemia
protected the liver against IRI-induced oxidative
stress by reestablishing redox homeostasis [2g].
Three doses of thyroid hormone were associated
with elevated superoxide dismutase level that
inhibited kappaB-al pha phosphorylation and nu-
clear factor-kappaB activation [29].

However, unsuccessful administration of 3, 5-
diiodothyropropionic acid, 30min before renal IRI
injury; may be due to short time course to exert
preconditioning effect on oxidative stress [30].

PARP- 1 activity and caspase-3 level were de-
creased in case of preconditioning with thyroid
hormone as compared to IRI group either in acute
renal IRI [4] or in the chronic kidney disease [31].

2073

PARP-1 ablation preserved ATP levels, renal func-
tions, and attenuated inflammatory response pre-
venting the progression of acute renal failure com-
plications [g].

Pre-treatment with single T3 dose reduced the
postischemic hepatic injury [32] and renal IRI [9]
viainhibiting neutrophil infiltration and downreg-
ulation of the proinflammatory cytokines TNF- a,
IL-1b, IL-6, and the transcription factors NF-IB
and AP-1, and the adhesion molecules (ICAM-1
and VCAM-1). A cluster of proinflammatory cy-
tokines and chemokines including serum levels of
IL-6 and TNF-a were significantly lowered fol-
lowing T3 administration in the kidney remnants
associated with amelioration in the renal functions
[31], associated with diminution in the glomerular
and tubular injury [9].

In conclusion, preconditioning with T3 reduced
the clinical and histological findings associated
with preservation of ATP levels, explained by the
changesin PARP-1 level. The correlations between
PARP-1 and renal function parameters may clarify
its contribution in the pathogenesis of the ischemic
renal injury condition.

Conflict of interest: None is present.
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