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Abstract
Introduction: Acute renal failure (ARF) is an important clinigadoblem with a high
mortality and morbidity. Ischemia/reperfusion (I/Ras considered one of the primary
causes of ARF. Inflammatory process is thought ¢otlee major mechanism that
contribute to I/R injury.

There are evidences of the importance of thyhoictmone (TH) in the response of the
myocardium to ischemic stress and cardiac remagiétithowing myocardial infarction.
3,5-diiodothyropropioniacid (DITPA) is a synthetic TH analogue with a lovetabolic
activity. Also DITPA have evidences of improvingfegfts on I/R in heart through
modulation of cellular signaling in response tdhewic stress and this modulation may
be beneficial in protection from renal I/R damage.
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Objectives The objective of present study was to assessftbets of DITPA on
renal I/R injury and the resulted kidney dysfunetio a mouse model.

Materials and Methods: A total of 18 Adult males of Swiss albino mice were
randomized to three groups: I/R grop=6), mice underwent 30 minute bilateral renal
ischemia and 48 hr reperfusion. Sham group (n=&) nnderwent same anesthetic and
surgical procedures except for ischemia induct@IT.PA treated group: (n=6), I/R +
DITPA (3.75 mg/kg) by intraperitoneal injection.

After the end of reperfusion phase mice were daedf blood samples were collected
directly from the heart for determination of serliml8, IL-6, urea and Creatinine.
Both kidney were excised, the right one homogeniZed oxidative stress parameters
(MDA and GSH) measurements and the left kidnegdix formalin for histological
examination.

Results: Serum IL-18, IL-6, urea and Creatinine, kidney MD&vels and scores of
histopathological changes were significantly (P<€50). elevated in I/R group as
compared with that of sham group. Kidney GSH lewak significantly (P< 0.05)
decreased in I/R group as compared with that ofmshgeoup. DITPA caused non-
significant (P>0.05) changes in levels of all stgdyameters as compared with that of
I/R group.

Conclusion: The results of the present study show that DITPAigmficantly
ameliorated kidney damage resulted from I/R.

Introduction

Acute renal failure (ARF) is an important ctial problem with a high mortality and
morbidity. It affects 5% of hospitalized patientsida has a mortality rate of
approximately 50% One of the primary causes of ARF is ischemiatfeg®n (I/R), a
drop in blood flow leading to inadequate supplyogygen and nutrients to renal tissue
which can be caused by, amongst others, surgaggndransplantation and shdck

In injury due to ischemia, neutrophil stimutatiwith accompanying oxygen radical-
mediated injury is the main event that leads taryj under ischemic conditions,
reduced oxygen supply leads to enhanced neutraphiérence to tubular endothelial
cells“due to increased surface expression of adhesioacules on tubular endothelial
cell*> This ultimately results, on reperfusion, in didesis of neutrophils and their
oxidative burst, which results in oxygen radicabgurctiof”’. So in addition to the
direct cytotoxic effects of hypoxia, renal I/R irgis an inflammatory reaction within
the renal parenchyriy causing renal synthesis of pro-inflammatory kiytes such as
Interleukin (IL)-1, IL-6, IL-18, and tumor necrodisctor (TNF)e®*2

Studies in animal and cell-based models givelemces that acute or chronic
pretreatment with TH before I/R can protect frof Ihjury'®. The protective effect of
acute g pretreatment was shown in an ex vivo canine h@agaration and in another
study a model of rat heart in which cardiac workl @ardiac efficiency were found to
increase after no flow global &' and similarly, long-term pretreatment with I-
thyroxine for 2 weeks or 3T for 10 days was also shown to improve postischaemi
recovery of function in isolated rat hearts sulgddo zero-flow global I/,

This protective effect may occur by attemugtthe I/R-induced activation of the
pro-apoptotic p38 Mitogen-activated protein kinag®4APKs) by either negative
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regulation of Protein kinase C (PB&Cor by decreased phosphorylation due to reduced
ATP availability (due to reduced glycogen conteritichh occurs during ischemia in
hyperthyroid hearts) because stress kinases cdmngbhosphorylated by upstream
kinases without ATE. Heat shock proteins (HSP)70 overexpression nesjgti
regulates I/R-induced c-jun N-terminal kinases (3NKactivation. Phosphorylation of
HSP27 has a protective effect by stabilizing cysston and/or inhibiting apoptodis
The mechanism that leads to overexpression of h&sbe likely due to the direct TH
genomic effect or a secondary effect due to milidative stres?.

3,5-diiodothyropropioniacid (DITPA) is a synthetic TH-related compound hwit
low metabolic activitywhich binds both nuclear TR isoforms with decreaatinity
(Kd, 107 M)*®. Also DITPA binds integrinaVR3 through which it mediate
angiogenesfS. Administration of DITPA after myocardial infaish in rabbits
improved post-infarct recovery functidnAlso In a rabbit post-infarction model, use of
DITPA prevented abnormal sarcoplasmic reticulumsiDah transport and abnormal
contractile function associated with myocardiahafiorf2.

Based on these encouraging results about tteetedf DITPA in experimental
models of I/R in heart, in this study the effecDdTPA on I/R in kidney was studied.

Methods

A total of 18 adult male of Swiss Albino miceigleing 30-35 g, were purchased from
Animal Resource Center, the Institute of embryeaesh and treatment of infertility,
Al-Nahrain University. Animals were housed in thaimal house of College of
medicine/Al Kufa Univercity in a temperature-coniied (24 + 2 °C) room with
alternating 12-h light/12-h dark cycles and weleve¢d free access to water and diet
until the start of experiments. After one week afclamatization the mice were
randomized into three groups (6 mice in each grasgpllow:
Ischemia/reperfusion group: Mice underwent ischefora30 minute then reperfusion
for 48 hours.
Sham group: Mice received 0.1 N NaOH; mice undetwba same anesthetic and
surgical procedures (for an identipariod of time for ischemia and reperfusion) except
for ischemia induction .
DITPA treated group: Mice received DITPA 3.75 mgfikgraperitoneal injection 30
min before the induction of ischemia, and the satose was repeated just before
reperfusion period.Solution of DITPA was prepared immediately beforgse uby
dissolving the powder in 0.1 N NaOH and dilutingtwd.9% saline (pH 8§.
Induction of I/R

Animals were intraperitoneally anesthetizechwlioO0 mg/kg ketamine and 10 mg/kg
xylaziné’. According toSharyo et al 2009, after anesthesia, an abdominal incision
was made and the renal pedicles were dissectederbilg. A vascular clamp
(Biotechno, Germany) was placed on each renaktfgetbor 30 min. After clamps were
releasedhe incision was closed in two layers with 2-0 sesuand mice were returned
back to their cages and left for 48 hr for repadns Sham operations were conducted
using the same procedure without placing a clampamh renal pedicle. After the end
of reperfusion phase mice were sacrificed usingr al@sing of anesthesia, blood
samples were taken directly from the heart ,botin&ys were excised, the right one
homogenized then kept in deep freeze at — 80 *OXmlative stress measurement and
the left kidney fixed in 10% neutral buffered fodingor histological examination.
Inflammatory and kidney function markers
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At 48 hr after ischemia induction, (at the ewsfd reperfusion period), from each
mouse about 1.5 ml of blood was collected from likart. The blood samples were
allowed to clot at 3% and centrifuged at 3000 rpm for 15 min; Sera weneoved, and
analyzed for determination of serum IL-18 (usingl&A kits of MBL, Japan), IL-6
(using ELISA kits of Immunotech, France), urea ifgskit of BioMarieux®sa , France)
and Creatinine (using kit of Spinreact, Spain).

Histopathological evaluation

Renal sections were examined by light micrpgcand scored according to a
semiquantitative scale designed accordingAtaga et al (2008¥° to evaluate the
severity of renal damage. This done by a pathdlag® was unaware of the treatment
conditions. The slide section divided into 10 istations. A score from 0 to 3 was
given for each tubular profile involving each irgection : 0 = normal histology; 1 =
tubular cell swelling, brush border loss, nucleandensation, with less than one-third
of the tubular profile showing nuclear loss; 2 mmsaas for score 1, but greater than
one-third and less than two-thirds of the tubularfite showing nuclear loss; and 3 =
greater than two-thirds of the tubular profile simyvnuclear loss. Then the total score
for each kidney (section) was calculated by thersation of the all 10 scores for the all
10 intersections with a maximum Score of 30. Acocaydo the total severity score the
kidney injury was Classified to normal (0), milt-10), moderate (11-20) and severe
(21-30).

Statistical analysis

Statistical analyses were performed uSR$S 12.0 for windows.Inc. An expert
statistical advice was sought for tests used. Datpantitative variables were normally
distributed (except for histopathological chang®siyl thus were expressed as mean +
SEM. Analysis of Variance (ANOVA) was used for theltiple comparisons among all
groups followed by post-hoc tests using LSD metheat. the histopathological renal
changes the Mann-Whitney U was used to assess ttiistisal significance of
difference between 2 groups in total severity scrall tests, P< 0.05 was considered
to be statistically significant.

Results
Effects on inflammatory parameters

I/IR caused significant (P< 0.05) elevation ierusn IL-18 and IL-6 levels as
compared with that of sham group. DITPA insignifittg inhibited the elevated levels
observed in I/R group.
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Figure (1): Error bar charts show the difference inmean +SEM values of serum IL-6 (A) and IL-18
(B) levels (pg/ml) in the three experimental group at 48hr after surgical operation (N=6 in each
group), * p<0.05 when compared with sham group, *»<0.05 when compared with I/R group

Effects on kidney function parameters
I/R caused significant (P< 0.05) elevation &rusn urea and creatinine levels as
compared with that of sham group. DITPA insignifittg inhibited the elevated levels

observed in I/R group.
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Figure (2): Error bar charts show the difference in meanzSEM values of serum urea (A) and
creatinine (B) levels (pg/ml) in the three experimntal groups at 48hr after surgical operation (N=6

in each group), * p<0.05 when compared with sham gup,

** p<0.05 when compared with I/R group
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Effects on kidney parenchyma
Histopathological changes resulted at the enth@® study were graded as normal,

mild, moderate and severe injury according to tlesesty scores (0-3) for all
intersections of each slide section and the falgwphotomicrographs will show
intersections of different severity scores obtaiaethe 48hr after I/R:

Figure (3): A; Photomicrograph of a kidney intersetion shows score 0 (no abnormality), B; score 1
(tubular cell swelling, brush border loss, nuclearcondensation, with up to one third of the tubular
profile showing nuclear loss).Stained with haematagptin and Eosin (X 400).

A B
Figure (4): A; Photomicrograph of a kidney intersetion shows score 2 (tubular cell swelling, brush
border loss, nuclear condensation, with greater than one-third and less than two-thirds ofthe
tubular profile showing nuclear losg. B; score 3 ( tubular cell swelling, brush bordedoss, nuclear
condensation, with greater than two-thirds of the tubular profile showing nuclear los3. Stained
with haematoxylin and Eosin (X 400).
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Groups finding

-Sham group :

Slide sections of kidneys of 4 mice (66.6 %) instlgroup show normal grading

(architecture ) while 2 mice (33.4% ) show milddjrey. Mean of total severity scores
of the sections of this group was 0.83 which isld#san 1 so this group grade was
considered as normal.

-I/R group :

Slide sections of kidneys of 4 mice (66.6 %j}his group show severe grading while
2 mice (33.4 %) show moderate grading. Mean of s®werity scores of the sections of
this group was 21.33 which is more than 20 scomeshe grade of this group was
considered as severe . This score was significahifjher than that of Sham
group(P=0.003) .

-MK-886 group :

Slide sections of kidneys of 3 mice (50 %)histgroup show mild grading while 2
mice (33.4%) show moderate grading and only oneismo(16.6%) show normal
grading. Mean of total severity scores of the sestiof this group was 8.66 which is
more than 1score and less than 10 scores so tHe gfahis group was considered as
mild . This score was significantly higher than ttted Sham group (P=0.02) and
significantly lower than that of I/R group (p=04)0

Table (1):
The differences in histopathological grading of kidey changes among the three study groups at
48hr after surgical operation.

Histopathological changes grading Sham | VR DITPA
Nf% [N[% [N |[%
Normal 4 166.6(0 |0 0|0
Mild 2334|010 1 [16.6
Moderate 0|0 2 166.6/3 (50
Severe 0|0 4 133412 |334
Total 6 |100 |6 | 100 |6 |100
Grade of the group Normal | Severe | Moderate
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Figure (5): Error bar chart shows the difference in mean +SEM values of total
severity scores in the three experimental groups at8hr after surgical operation
(N=6 in each group).

* p<0.05 when compared with sham group

** p<0.05 when compared with I/R group

Discussion

To the best of our knowledge, this is the fgttdy that used DITPA in model of
renal I/R but TH (whether by acutg Tpretreatment or by long-term pretreatment with
l-thyroxine)>*® and also DITPA'were used in many models of I/R in several organs
other than kidney and observed protective and/prawing action.

In the heart, when myocardial ischemia was sewad induced irreversible damage,
the improved post infarction function recovery biisTor DITPA may be mainly by
their angiogenic actiéfi?” which may have no role to play in reversible rdfimodel
when inflammation play the major role in inducimguiry and may explain why DITPA
failed to exert protective effect in the reversildR model in this study

Other possible mechanisms that underlie Tdiixed cardioprotection are that
Complex intracellular signalling underlies the gkl response to stress and the balance
between pro-death and pro-survival pathways seedetermine cellular fate after an
ischaemic insult. MAPK p38 and JNKSs, which playees role in inducing cell death in
response to stressful stimuli JNK kinases are thbag a pro-death signaling which
was inhibited due to decreased phosphorylationtdweduced ATP availability (due to
reduced glycogen content which occurs during iséaeim hyperthyroid hearts)
Furthermore, heat shock proteins are found to bpoitant cardioprotective end-
effector molecules in the pro-survival intracellukignalling®. In the present study,
DITPA which has low metabolic activity so no enowugffect on ATP availability and
so no inhibition of pro-death signals that reqaiite protect the kidney.

For DITPA, administration of DITPA after myodaal infarction in rabbits improved
post-infarct recovery functiéh Also In a rabbit post-infarction model, use ofTBA
prevented abnormadarcoplasmic reticulum Calcium transport (that ragdinecrosis
and permanent injury) in myocardial infarcftnSo DITPA may not interfere with
reversible I/R model in which inflammation rathéan calcium dyshomeostasis have
major role to play to cause tissue dansage
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In an organ other than heafernandezet al (2006Y%showed that the use of Tin I/R

in liver (1 hr ischemia and 20 hr reperfusion) shthat T3 administration causing
transient oxidative stress in the liver (occurredhim a period of 36 hours of 3T
treatment) exerts significant protection again® Ihjury, a novel preconditioning
maneuver that is related to a gain of liver cefinaling functions represented by
recovery of NF«B and STAT3 DNA binding (NRsB and STAT3 activation) and
acute-phase response, which are lost during I/Rs&mesponses may protect the liver
against I/R-induced oxidative stress by re-esthisiis redox homeostadfs In the
present study, DITPA administration was only 30 miiior to ischemia induction and
this may be short time course to exert precondigreffect on oxidative stress similar
to that induced in hepatic I/R injury in whichs Bdministration was 36 hr prior to
ischemia inductioff and this may give suggestion for plane futuretirdying DITPA

in I/R model
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