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Abstract

Oxidative stress is a known mechanism mediating pancreatic -cell injury. As a response, the
cell triggers the synthesis of antioxidant and stress response elements like heme oxygenase.
Heme oxygenase-) (HO-V), which elicits antioxidant and anti-inflammatory activity, is up-
regulated by various stimulants, such as oxidative stress, inflammation and thus is implicated
in various inflammatory diseases. HO-\ inducers such as hemin may be useful for preventing
L-arginine-induced pancreatic inflammation. The purpose of this study is to investigate
whether HO-Y upregulation when using hemin, a heme oxygenase- inducer, could protect
pancreatic p-cells from L-arginine-induced acute pancreatitis. Acute pancreatitis was induced
by injection of L-arginine (¢++ mg/ + +g, i.p) as a single dose. Effects of hemin (°mg/kg, i.p.)
against acute pancreatitis in the presence or absence of zinc protoporphyrin (ZnPP) were
evaluated. Results: Our results show that the pancreatic weight/body weight ratios,
pathological scores, amylase and lipase activities as well as the expression levels of TNF-a,
COX-Il and iNOS were significantly reduced in the pancreatic tissues of the rats in the
hemin- pretreated group compared with those of the rats in the vehicle group. Administration
of hemin before induction of AP significantly increased HO-) activity in the pancreas. The
suppression of HO-Y activity in the ZnPP-treated group significantly abolished the protective
effects of hemin. Collectively, our findings demonstrate that hemin protects rats from acute
pancreatitis by inducing HO-Y mediated anti-inflammatory and antioxidant effects.
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Introduction

Acute pancreatitis (AP) is a potentially life
threatening inflammatory disease develop-
ping within the pancreatic gland with high
mortality rates''. Despite intensive research
and improved medical treatment, overall
lethality is still high reachingup to Y+-¥+ %
especially in presence of infected pancreatic
necrosis!'. Recent studies have indicated
that the release of prion-flammatory
cytokines and oxidative stress play an
important role in the pathogenesis of acute
pancreatitis™*). AP starts as local
inflammation of the pancreas that induces
the development of multiple organ
dysfunction syndromes. In the early phase
of inflammatory response, oxygen free
radicals and basic proinflammatory

cytokines such as tumor necrosis factor-o
(TNF-a), interleukin-Yg  (IL-YB) and
interleukin-1 (IL-1) have been suggested to
be responsible for the local tissue damage
and systemic inflammatory  response
syndrome (SIRS)I™ Thus, inhibiting the
synthesis of these cytokines and altering the
balance  between  pro- and  anti-
inflammatory cytokines in the early phase
might significantly affect the severity of
pancreatitis and the survival rate ['") Heme
oxygenase-) (HO-)) is a heat-shock
protein! and also a stress protein induced
by several agents that cause oxidative
damagel' . Heme oxygenase-) (HO-)) is
highly inducible by a vast array of stimuli,
including oxidative stress, heat shock,
ultraviolet radiation, heavy metals,
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cytokines, nitric oxide (NO) and inflam-
matory stimuli. It catalyzes the oxidative
degradation of heme to equimolar amounts
of biliverdin, free iron and carbon
monoxide (CO). Of these metabolites,
bilirubin acts as a direct antioxidant
whereas CO may exert tissue-protective
actions primarily through its vasodilator
and antiplatelet effects. The pharma-
cological applications of CO and
biliverdin/bilirubin can mimic the HO-)
dependent  cytoprotection and  anti-
inflammation in many injury models. HO-V,
once expressed under various pathological
conditions, has an ability to metabolize high
amounts of potentially toxic prooxidant
molecule heme!'! to produce high
concentrations of its enzymatic by-products
that can influence various biological events
and has recently been the focus of
considerable  medical interest.  The
degradation of heme is now considered
critical in cellular defense for two
contrasting reasons. First, the pro-oxidant
heme is removed. Second, the increased
production of bilirubin and CO is now
regarded as beneficial and critical to
cellular defense mechanisms. Several
studies have demonstrated the cyto-
protective effects of HO-V in pancreatic -
cells. For example, HO-) upregulation in
islets of Langerhans leads to protection of
B-cells from the detrimental effect that is
mediated by various apoptotic stimuli,
including cytokines and Fast'™'?. HO-\
induction by hemin reduced the production
of  proinflammatory  cytokines  from
macrophages by inhibiting the activation of
inflammatory signaling molecules (INK
and NF-kB) in these cell types. In view of
the aforementioned studies, the present
work was conducted to assess the outcome
of hemin, HO-) inducer on the
experimental model of AP in rats.

Materials and methods

Chemicals

L-arginine, powder (Euromedex, France)
was prepared as a solution by dissolving in
+.47 saline to an ultimate concentration of
°++ mg/ml and the pH was adjusted to v
with ¢ N HCI. Hemin and Zinc
protoporphyrin  were purchased from
Sigma-Aldrich  Corp. (St. Louis, MO,
USA). All other chemicals were of
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analytical grade and were obtained from
commercial sources.

Animals

Adult male wistar rats weighing Y+:-Yo. g
obtained from the animal care unit (Faculty
of Agriculture, Minia University, Egypt)
were used after Y week for proper
acclimatization to the animal house
conditions (YY:VY h light/dark cycles and
Yo + Y°C temperature) and had free access
to standard rodent chow and water ad
libitum. Experiments were conducted in
accordance with the international ethical
guidelines for animal care of the United
States Naval Medical Research Centre, Unit
no. ¥, Abbaseya, Cairo, Egypt, accredited
by the Association for Assessment and
Accreditation of Laboratory Animal Care
International (AAALAC International). The
study protocol was approved by members
of 'The Research Ethics Committee' and by
the  Pharmacology and  Toxicology
Department, Faculty of Pharmacy, Minia
University, Egypt.

Animal groups

The rats were randomly divided into ¢
groups of six rats each, as following:

V. Control normal group: rats were normal
non-pancreatic rats, received ‘Yml of
physiologic saline by i.p.injection.

Y. Acute pancreatic group (AP): rats were
treated with L-arginine; acute pancreatitis
was induced by single i.p. injection of Y7
I-arginine hydrochloride in saline (°--
mg/) + + Q).

Y. Acute pancreatic group pre-treated with
hemin (AP+H.): pancreatic rats were
intraperitoneally treated with hemin in a
dose of © mg/kg ) h before AP modeling
for VY hr.

¢, Acute pancreatic group pre-treated with a
combination of zinc protoporphyrin and
hemin (AP+Znpp+H.): pancreatic rats were
intraperitoneally injected with ZnPP and
hemin at ¢+ug/Kg and © mg/kg Y h before
AP modeling. for V¥ hr.

Sample collection

At the end of the experiment, rats were
fasted overnight and each rat was weighed
then killed. Rats were dissected to obtain
the pancreases, which were weighted.
Pancreatic weight index ([Pancreas weight/
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body weight] x Y:++) that reveals the
degree of pancreatic edema, expressed as
(mg/g) was calculated. Blood samples were
withdrawn from jugular vein in clean tubes
immediately, left for ¥+ minutes, and sera
were separated by centrifugation at Y-«
rom for Yo min. at ¢°C and stored at -V+ °C
until being used. Then, the abdomen and
the thorax were opened and the pancreas
was dissected, washed three times in ice
cold saline and blotted individually on ash-
free filter paper. One piece was kept into
V+7 formalin solution and fixed for
histopathological examination, and the
remaining pieces were frozen in liquid
nitrogen and stored at -A+°C till being used
for preparation of tissue homogenates.
Tissue homogenates were centrifuged at
V,Y«+ x g for Y+ minutes at £°C, and the
resultant supernatant was assayed for the
different estimations.

Biochemical analysis

Assessment of serum amylase and lipase
activities Serum amylase and lipase
activities expressed as (U/L) were deter-
mined according to the method previously
described of'™" using commercially
available kits, serum amylase (BIOLABO
SAS.) and lipase (BioVision, USA).

Assessment  of  antioxidant  enzyme
activities, oxidative stress biomarkers, and
nitric oxide bioavailability. The catalase
pancreatic content expressed as (units/mg
protein) was determined spectrophoto-
metrically as previously described!"" using
commercially available kits, (Biodiagnostic,
Egypt). Pancreatic superoxide dismutase
(SOD) activity expressed as (units/mg
protein) was evaluated as previously
described!' " using commercially available
kits, (Biodiagnostic, Egypt). Pancreatic
MDA level expressed as (nmol/mg protein)
was obtained spectrophotometrically as
previously described" " using commercially
available kits, (Bio-diagnostic, Egypt).
Finally, the pancreatic nitrite/nitrate ratio
(as an indicator of nitric oxide
bioavailability) expressed as (nmol/mg
protein) was assessed  spectrophoto-
metrically as previously described!""! using
commercially  available  kits,  (Bio-
diagnostic, Egypt).
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Assessment of inflammatory biomarkers
(TNF-a, COX-Il and iNOS) by western blot
analysis

Pancreatic tissues were homogenized in ice-
cold RIBA lysis buffer PL+© provided by
Bio BASIC INC. (Marhham Ontario LYR
AT¢ Canada) for Y+ min. on ice. Then, the
extracts were transferred to a new tube for
further protein concentration determination
analysis. Bradford Protein Assay Kit
(SKY+£Y) for quantitative protein analysis
was provided by BIO BASIC INC.
(Markham Ontario LYR AT¢ Canada). A
Bradford assay was performed according to
manufacture instructions. Equal amounts of
total protein (¢+ pg) were fractionated on
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and then
transferred onto polyvinylidene fluoride
(PVDF) membranes (Bio-Rad Laboratories,
TNC, USA) at Y+ mA for Y-Yhr. The
membranes were blocked at room
temperature for Yhr. in blocking buffer
(TBS, +.V7% Tween Y+ and Y7 bovine serum
albumin (BSA)) and then immunoblotted
overnight at ¢°C with primary antibodies
targeted against the following: TNF-a
rabbit polyclonal antibody (Thermo Fisher
Scientific, USA), COX-II rabbit polyclonal
antibody (Thermo Fisher Scientific, USA),
iINOS rabbit polyclonal antibody (Thermo
Fisher Scientific, USA) and p-actin
(Y:Y+++). After being rinsed Y-¢ times with
TBST for © min each, the membranes were
incubated for Yhr. at room temperature with
horse-radish peroxidase-conjugated
secondary antibodies (Goat antirabbit IgG-
HRP-Img Goat mab -Novus Biologicals)
and then rinsed Y-© times for © min with
TBST. Finally, the protein blots on the
membranes were visualized using a
(Clarity™ Western ECL substrate - BIO-
RAD, USA). The density values of the
protein bands were calculated as a ratio to
B-actin and quantified using Image analysis
software with an imaging densitometer
(Chemi Doc MP imager).

Assessment of HO-) activity in pancreatic
tissue

The activity of HO in the supernatant was
determined according to the method
previously  described  oft ™. The
supernatants were incubated at YV °C for
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hour with heme (°+ mmol/L), rat liver
cytosol (¢ mg/mL), MgCly (Y mmol/L),
glucose-1-phosphate  dehydrogenase ()
unit), glucose-1-phosphate (Ymmol/L) and
NADPH (+.A mmol/L) in +.¢ mL of )
mol/L phosphate buffer saline (pH V.£).
Reaction was stopped by putting the tubes
on crushed ice, then the bilirubin generated
was extracted by chloroform and its amount
was determined with a scanning spectro-
photometer and was defined as the
difference between the absorbance at £1Y
and °Y+ nm, while using a standard
bilirubin curve. The results of the
measurements were expressed as the
formation of bilirubin (in picomoles) per
milligram of protein within ) hr.

Histopathological examination

Pancreatic samples isolated from rats after
scarification were fixed in Y+7Z neutral
buffered formalin and embedded in paraffin
by standard methods. Paraffin sections of ©
pm thickness were cut and stained with
hematoxylin and eosin, assessed under dark
field microscope and examined blind by
histologist for grading histopathological
changes. Pancreatic damage was assessed
and scored by grading acinar cell
degeneration, interstitial  inflammation,
edema and hemorrhage as described by!".

Statistical analysis
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Data are expressed as mean + S.E.M.
(standard error of the mean) and were
analyzed using the one-way ANOVA
followed by the Tukey—Kramer post
analysis test for multiple comparisons. A
probability value (P) below :.+° was
considered to indicate a statistically
significant difference. Statistical analysis
was performed using Graph Pad Prism @
(GraphPad Software, San Diego, California,
USA).

Results

General parameters

The results obtained in the present
investigation revealed that L-arginine
induced acute pancreatitis exhibited a
significant increase in serum levels of
amylase, lipase and C-reactive protein.
Moreover, L-arginine significantly
increased the pancreatic tissue content of
inflammatory biomarkers, oxidative stress
parameters and NO bioavailability. In
addition, L-arginine significantly increased
pancreatic tissue activity of HO-) while
depleted antioxidant enzyme capacities of
SOD and catalase compared to control
group. Treatment with Hemin significantly
attenuated L-arginine-induced biochemical
changes. The changes in the measured
parameters in both serum and pancreatic
tissues in the studied groups were shown in
Table Y.
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Table (Y): Effect of pre-hemin treatment (¢mg/kg, i.p.) in presence and absence of zinc
protoporphyrin (Znpp) (¢ * ug/Kg, i.p.) on the serum and pancreatic tissue levels of the
pancreatic markers and the oxidative status in L-arginine induced acute pancreatitis

Parameter Control AP AP+H. AP+Znpp+H.
Pancreatic weight index Y Yie VY ¥ Y. YA ) yi. gy Y AYL. Yo
(mg/g) _

Serum amylase (U/L) Y YEYALNTA FAFY 4T yvyvagyey A
Serum lipase (U/L) RN *Youi4Yor Y e Y AT Y TV4TA Y
Serum C-reactive protein RERRYY RERFARY: # yovi. g FAYYYE VY
(mg/L)

Pancreatic SOD(U/mg) Y AAE ) To A Y Py otk )Y Fod04 WYY
Pancreatic Catalase(U/mg)|  YY+£YY.A Y140 47 FYaY ALY o TYEY V£V ATA

Data are expressed as mean = S.E.M. of 1 rats in each group. P<-.* ¢ vs. control group;
"P¢+.+ o vs. acute pancreatic group (AP); “P<+.*® vs. hemin pre-treated AP group

(AP+H.). AP: Acute pancreatitis; H.: Hemin; Znpp: Zinc protoporphyrin

Effect of pre-hemin treatment in presence
and absence of zinc protoporphyrin (Znpp)
on the serum levels of amylase and lipase in
L-arginine-induced acute pancreatitis

Pancreatic injury markers (serum amylase
and lipase) were significantly increased in
AP group compared to control group
(P<+.++Y). However, pretreatment with
hemin significantly decreased the serum
amylase and lipase levels as compared to
AP rats (P<+.++Y). In addition, the serum
amylase and lipase levels were almost
totally reversed in the rats in AP+ZnPP+H.
group compared with those in the AP+H.
group (P<-.:°) as shown in Table ).

Effect of pre-hemin treatment in presence
and absence of zinc protoporphyrin (Znpp)
on the serum level of C-reactive protein in
L-arginine-induced acute pancreatitis
Serum level of C-reactive protein (CRP)
was significantly higher in the AP group
than that in the control group (P<:.*+Y). In
addition, compared with the AP group, pre-
treatment  with  hemin  significantly
decreased serum C-reactive protein level
(P<-+.+ ). Furthermore, the serum level of
C-reactive protein was also significantly
higher in the rats in the AP+Znpp+H. group
than those in the AP+H. group (P<-:.:°) as
shown in Table ).

Effect of pre-hemin treatment in presence
and absence of zinc protoporphyrin (Znpp)

on the oxidative status in the pancreatic
tissue in  L-arginine-induced  acute
pancreatitis

Oxidative stress markers (SOD and CAT
activities) were significantly lower in AP
group than in the control group (P<:.:+)).
However, pretreatment  with  hemin
significantly increased the pancreatic SOD
and CAT activities as compared to AP rats
(P<-+.++Y). On the other hand, pre-treatment
with hemin in the presence of zinc
protoporphyrin  (AP+Znpp+H.) abolished
the effect of hemin (AP+H.) in the
pancreatic levels of SOD and CAT as
compared to AP rats (P<-.+°) as shown in
Table Y.

Effect of pre-hemin treatment in presence
and absence of zinc protoporphyrin (Znpp)
on malondialdehyde and NO bioavailability
in the pancreatic tissue in L-arginine-
induced acute pancreatitis

The MDA and NO levels in the pancreatic
tissue were significantly increased in AP
group compared to control group
(P<-.++Y), and were significantly reduced
by pre-treatment with hemin (AP+H.)
(P<+.++Y). On the other hand, the
inhibitory effect of hemin on the MDA and
NO levels was abolished by treatment with
ZnPP (AP+Znpp+H.) group (P<-.:°) as
shown in Fig.YA. & 'B.
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Fig. YA. & YB. Effect of pre-hemin treatment (®mg/kg, i.p.) in presence and absence of
zinc protoporphyrin (Znpp) (¢ * ug/Kg, i.p.) on pancreatic malondialdehyde (MDA) and
nitric oxide (NO) levels of L-arginine-induced acute pancreatic group. Data represent
the mean + S.E.M., n=" rats; "P<+.+¢ vs. control group; *P<+.+¢ vs. acute pancreatic
group (AP); "P<+.+® vs. AP+H.-treated group. AP: Acute pancreatitis; H.: Hemin;
Znpp: Zinc protoporphyrin

Effect of pre-hemin treatment in presence significantly increased in the hemin treated
and absence of zinc protoporphyrin (Znpp) group compared with AP group (P<+.:+)).
on pancreatic HO-\ activity in L-arginine- On the other hand, the results revealed that
induced acute pancreatitis HO-\ activity was significantly inhibited in
Considering the HO-Y is a potential target the pancreatic tissues of rats in the
for the treatment of AP, the effect of hemin AP+Znpp+H. group (P<-:.:°) as shown in
pre-treatment on HO-) activity was Fig.v.

analyzed. The HO-Y activity was
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Fig. Y. Effect of pre-hemin treatment (®mg/kg, i.p.) in presence and absence of zinc
protoporphyrin (Znpp) (°+pg/Kg, i.p.) on pancreatic HO-Y activity of L-arginine-
induced acute pancreatic group. Data represent the mean + S.E.M., n=" rats; P¢+.+ ¢ vs.
control group; *P<+.+® vs. acute pancreatic group (AP); *P<+.+¢ vs. AP+H.-treated
group. AP: Acute pancreatitis; H.: Hemin; Znpp: Zinc protoporphyrin

Pancreatic HO activity
(pmol bilirubin/mg protein/1hr)
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Effect of pre-hemin treatment in presence
and absence of zinc protoporphyrin (Znpp)
on pancreatic inflammatory biomarkers
(TNF-0, COX-Il, iNOS) levels in L-
arginine-induced acute pancreatitis

Western blot results showed that the levels
of pro-inflammatory cytokines, including
TNF-a, COX-Il and iNOS in pancreatic
tissue were significantly increased in AP

Khalifa et al.,

group compared to control group (P<:.:+))
and were significantly inhibited in in hemin
pre-treated group (P<-.++)). Based on the
effective inhibition of HO-) activity by
Znpp, tissue necrosis and inflammatory
infiltration were more severe in the rats in
the AP+Znpp+H. group than those in the
AP+H. group (P<-.+°) as shown in Fig.Y.
A, BandC.
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Fig.¥. A, B and C. Effect of pre-hemin treatment (¢mg/kg, i.p.) in presence and absence
of zinc protoporphyrin (Znpp) (¢ *pg/Kg, i.p.) on pancreatic inflammatory biomarkers
(TNF-a, COX-Il and iNOS) levels of L-arginine-induced acute pancreatic group. Bar
graphs indicate results of densitometric analysis of the bands as normalized to the
quantity of p-actin protein. Data represent the mean + S.E.M., n=1 rats; P .+® vs.
control group; *P<+.+¢ vs. acute pancreatic group (AP); *P<:.+® vs. AP+H.-treated
group. AP: Acute pancreatitis; H.: Hemin; Znpp: Zinc protoporphyrin
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Effect of hemin on histological findings in
the pancreatic tissue

Histopathological scoring included
assessment of edema, acinar necrosis,
inflammatory ~ cell  infiltration  and
hemorrhage. While regular  pancreas
morphology was observed in the control
group, varying degrees of acinar swelling,
pancreatic tissue necrosis, hemorrhage and
inflammatory cell infiltration were observed
in the AP group. The AP significantly

Khalifa et al.,

increased the total histological scores of the
pancreatic tissue as compared to the control
group. However, pre-hemin treatment
significantly lowered these scores but pre-
hemin treatment in the presence of zinc
protoporphyrin  (AP+Znpp+H.) abolished
this effect as compared to the (AP+H.)
group (Table ¥). Evaluation of histological
signs of pancreatic inflammation is
summarized as follow (Table Y) and
illustrated in (Fig. £).

Table (Y): Effect of pre-hemin treatment (®mg/kg, i.p.) in presence and absence of zinc
protoporphyrin (Znpp) (°+ug/Kg, i.p.) on severity of histopathological lesions in
pancreatic tissue in L-arginine-induced acute pancreatitis

L . . AP+
Pancreatic histopathological alterations | Control AP AP+H. ZnPP+H.
Diffuse inflammatory cells infiltration - +++ - -
Congestion in blood vessels - ++ - +
Atrophy in islands of langerhans - + - -
Focal inflammatory cells infiltration - - - +
Atrophy in the acini - - - -

Score level — is considered normal; Scores +, ++ and +++ are mild, moderate and severe
levels, revealing less than Y¢Z, ¢+7 and Ve’ histopathological alterations of total fields

examined, respectively.

AP: Acute pancreatitis; H.: Hemin; Znpp: Zinc protoporphyrin
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Fig. ¢. The hematoxylin and eosin-stained photomicrographs (H&E; x£ + +) of a section
in the pancreas of (A) Control group showing normal histological structure of islands of
langerhans cells as endocrine portion as well as acini and duct system as exocrine one.
(B) Acute pancreatitis (AP) group showing diffuse inflammatory cells infiltration in
between the acini as well as in the interlobular stromal tissue with congestion in blood
vessels and atrophy of islands of langerhans cells. (C) Hemin pre-treated group showing
normal histological structure. (D) Zinc protoporphyrin (ZnPP) plus hemin (H.) pre-
treated group showing congestion in blood vessels with few inflammatory cells

infiltration in the periphery of the lobules.

Discussion

Acute pancreatitis (AP) is an inflammatory
disease with  high mortality rates;
particularly in presence of multiorgan
failure. Inflammatory infiltration and
oxidative stress are critically involved in the
development of AP "1, In the present work,
intraperitoneal injection of L-arginine was
used to induce acute pancreatitis. One of the
mechanisms by which L-arginine induces
AP includes the metabolism of L-arginine
to NO by nitric oxide synthase causing
oxidative stress in the pancreas. Moreover,
L-arginine may also stimulate induction of
AP through increased oxygen free radicals
generation and inflammatory cytokines
production such as TNF-o and IL-1 which
have a key role in the development of the
disease. The results obtained in the present
investigation revealed that L-arginine
induced-pancreatitis exhibited a significant

VoV

increase in serum levels of amylase and
lipase enzymes with severe pancreatic
histo-architectural changes. The serum
levels of both enzymes have high
sensitivity and specificity for the diagnosis
and assessment of severity of AP '™,

Additional biomarkers for diagnosis of
acute pancreatitis include C-reactive protein
(CRP), oxidative stress biomarkers as well
as pro-inflammatory cytokines (TNF-a,
COX-II and iNQOS). In agreement with the
data of other reports!™ ™ the current study
showed significant increase in pancreatic
NO level in L-arginine received rats. The
increase in NO level is due to the induction
of iNOS activity in the pancreas ' NO
level may lead to acinar cell damage and
pancreatic edema. In consistent with
previous studiesl’ ], the current study
showed significant decrease in parameters
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related to the enzymatic antioxidant system,
including SOD and CAT activities in L-
arginine-treated rats. The decrease of these
enzymes activities in turn increases free

radicals generation and enhances lipid
peroxidation. MDA, as indicator of lipid
peroxidation, was elevated in L-arginine-
treated rats. Lipid peroxidation is a process
mediated by free radicals causes damage to
membranes of the endothelial cells of
capillaries due to oxidative deterioration of
polyunsaturated fatty acids of cell
membrane. Lipid peroxidation could be
attributed to the increased generation of free
radicals produced by L-argininet™

Regarding such concepts, it is logic to
introduce drugs that possess anti-
inflammatory and/or antioxidant actions to
control underlying pathogenesis of acute
pancreatitis and improve its course. We first
found that the HO-Y induction by hemin
treatment when given before L-arginine-
induced AP significantly restored the serum
amylase and lipase levels. Oxidative stress
plays a vital role in the pathogenesis of AP
and the beneficial effects of hemin might be
associated with the suppression of
neutrophil mediated lipoperoxidation, as
demonstrated by reduced MDA level; event
that reflects its antioxidant action! .
Additionally, our results showed that
hemin- mediated increase of HO-\ activity
was proved enough to decrease the NO-
dependent pathological and inflammatory
conditions as reported by All these
findings indicate that hemin has protective
effects from pancreatitis and may improve
the functions of pancreas. These data are in
agreement with the findings of Nakamichi
et al.,"™ who have demonstrated that pre-
treatment, as a prophylactic, with hemin or
hemin-activated cell protects against
experimentally induced pancreatic injury.

Moreover, pre-hemin administration
significantly reversed the elevation of TNF-
o, COX-Il and iNOS levels in the treated
group. Our results reported that hemin
attenuated the pancreatic tissue injury
through  inhibiting the release  of
inflammatory cytokines. This inhibition
could be because hemin increased the

VoA
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expression of HO-) as observed in our
study, which can show several potential
protective mechanisms. The inhibitory
effect of hemin on the activation of the
inflammatory signaling molecules may be,
at least in part, associated with CO
production by HO-Y, leading to reduced
inflammatory cytokines. CO, a by-product
of heme catabolism by HO-), exerts potent
anti-inflammatory effects by inhibiting

IJNK/AP-Y  binding™l and/or NF-«xB
binding"™ Also, the histopathological
examination revealed that pre-hemin

administration significantly decreased the
histopathological scores of all pancreatic
changes. The effect of hemin was
completely blunted by the HO-Y inhibitor
ZnPP. These observations indicate that
induction of HO-Yby hemin exerts anti-
inflammatory activities by producing three
anti-inflammatory metabolites (i.e. CO,
ferrous iron as well as biliverdin) via its
enzyme activity'  CO decreases pro-
inflammatory  cytokine  productiont™,
reduces apoptosist™ ", improves organ
function! and increases the survival''.
Biliverdin and bilirubin, the end bile
pigments of heme degradation, protect cells
against oxidative stress by their antioxidant
propertiest ",

Iron potentially can stimulate the
expression of secondary antioxidant
protein, ferritint*“**} The increase in HO-)
in pancreatic macrophages in response to
hemin raised the hypothesis that hemin
selectively stimulated macrophage
polarization towards the anti-inflammatory
MY-phenotype which in turn is responsible
for the observed protection afford by hemin
[ MY macrophage reduces inflammation
and promote tissue repair. They have a
distinctive ability to metabolize arginine to
the “repair” molecule ornithine and by
producing anti-inflammatory cytokines like
IL-V+ ¥ These findings indicate that pre-
hemin administration is a suitable candidate
as an effective strategy against AP through
its anti-inflammatory and antioxidant
effects.
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