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ABSTRACT:

Background: Hepatic ischemia reperfusion injury (IRI) occurs
during liver transplantation setting that might cause graft rejection
and could result in multi-organ dysfunction. Aim: detect the possible
effects of splenic ischemic preconditioning on splenic injury induced
by hepatic IRI in albino rats.

Material and methods: Thirty adult albino rats were divided into
three groups, ten rats each. Group | (control): ten rats were divided
into negative control was left untreated and sham control was
subjected to open abdominal wall without any intervention. Group Il
(IRI group): ten rats were subjected to hepatic ischemia for 45
minutes followed by 60 minutes of reperfusion. Group I (SIPC+IRI
group): ten rats were subjected to intermittent splenic artery clamping
in two sessions of 5 min ischemia followed by 5 min reperfusion
before liver ischemia. Spleen specimens from all groups were
obtained, and processed for histological, immunohistochemical and
transmission electron microscopic examination.

Results: After hepatic IRI, the spleen showed marked congestion
in red pulp with shrunken depleted lymphatic follicles in white pulp.
Electron microscopic examination showed plasma cells with
degenerative changes in the form of shrinkage of the nucleus, nuclear
membrane separation, dilatation of rER, condensation in Golgi
apparatus, and dilatation in its vesicles. Macrophages with numerous
electron-dense material and secondary lysosomes were observed.
There was a significant decrease in number of both CD3 and CD20
immunoreactive positive cells compared to control group. After SIPC,
a relative improvement in spleen structure was observed.

Conclusion: Splenic ischemic preconditioning improves the
splenic injury induced by hepatic ischemia/reperfusion.

Keywords: Splenic ischemic preconditioning, immune system,
spleen

INTRODUCTION:

protect against acute ischemia/reperfusion

Ischemic pre-conditioning is a medical
therapeutic approach in which short repeated
attacks of ischemia protect against injury
induced by complete artery occlusionl,
Moreover, the remote ischemic conditioning
refers to practicing short episodes of non-
lethal ischemia on other tissues or organs to

injury!?l. Such therapeutic interventions were
documented to be beneficial in patients
undergoing surgical procedurel3],

It is well known that the spleen plays
multiple supporting roles in  immune
responsel®l. During infectious status, the
spleen creates a suitable medium for the
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activation of cytotoxic T-cells and natural
killer cells through antigen - presenting
cellst®. Moreover, recent researches reported
that spleen has another functions as
production of growth factors, regulation of
portal venous pressure and non-specific
immune responsel®l. Evidences suggest that
spleen plays a vital role in the
pathophysiology of hepatic ischemia/
reperfusion injury (IRI) which occurs during
setting of liver transplantation. For example,
congestion of the spleen during hepatic IRI
stimulates excretion of splenic interleukins
which results in leukocyte infiltration with
subsequent hepatic parenchymal damagel.
Consequently, splenectomy or ligation of the
splenic artery before hepatic IRl was found
to inhibit this collateral reaction, thus
decreasing both histopathological and
biochemical injuries®&. Interestingly, a
recent study showed that splenic ischemic
preconditioning (SIPC), as intermittent
splenic pedicle clamping, can reduce renal
IRIL  Furthermore, Chen et al.litl
described immunomodulatory effect of the
spleen during remote ischemic conditioning
(RIC), affecting mainly the lymphocytes
derived from the spleen that afforded
neuroprotection against cerebral-ischemia.
There is a preclinical evidence for effective
and protective role of SRIC. However, the
exact underlying mechanisms and cellular
pathways are still not fully determined12l,

AIM OF THE WORK:

Thus, this work was designed to detect
the possible effect of splenic ischemic
preconditioning on splenic injury induced by
hepatic ischemia/reperfusion injury in albino
rats.

MATERIAL AND METHODS:
Animals:

Thirty adult male albino rats (six-
months old), weighing 180-250 gm, housed
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at anatomy department, Faculty of Medicine,
October 6 University were used in this
study. Rats were housed with regular
dark/light cycles, every 12 hours and were
fed the standard rat diet and supplied water
ad libitum. All rats were kept in the same
circumstances throughout the experiment.

Experimental design:

The rats were divided into three groups, ten
rats each:

Group | (control group): ten rats were
further divided into two subgroups (5 rats
each):

Group I-a (negative control): five rats
were left without any intervention.

Group I-b (sham control): five rats
were subjected to open the anterior
abdominal wall without hepatic ischemia or
clamping of splenic artery.

Group Il (IRI group): rats were
subjected to hepatic ischemia for 45 minutes
followed by 60 minutes of reperfusion(t3l,

Group Il (SIPC+IRI group): ten rats
were subjected to intermittent splenic artery
clamping in two sessions of 5 min ischemia
followed by 5 min reperfusion (20 min total)
before liver ischemialt®l,

Surgical technique:

The animals were anesthetized with
intraperitoneal injections of urethane at a
dose of 1.2 g/kg dissolved in water. Then, a
midline laparotomy incision was performed.
Liver ischemia was induced by clamping the
hepatic pedicle using a microvascular clamp.
Hepatic IRl was performed for 45 minutes
ischemia  followed by 60 minutes
reperfusion by removing the clamp. During
the procedure, the intestine was protected
with a gauze heated saline to avoid fluid
loss4],

In SIPC group, splenic artery was
dissected posterior to stomach. SIPC was
performed by intermittent clamping of the
splenic artery with a microvascular clamp in
two sessions of 5 min ischemia and 5 min
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reperfusion (20 min total) before liver

ischemia 10 & 231,
Specimen collection:

At the end of experiment, rats were
anesthetized by ether inhalation then
sacrificed and the spleens were dissected out,
collected, processed and prepared for
examination using the following techniques:

I-  For light microscopic study

Some specimens of spleen were fixed in
10% neutral formalin and processed for
paraffin blocks. Paraffin sections (5um
thick) were prepared and stained with
haematoxylin and eosin (Hx. & E) 3. The
sections were examined with an Olympus
light microscope in Anatomy department
and were photographed.

I1- For immunohistochemistry technique

Five um  thick sections  were
deparaffinized and washed with phosphate
buffered saline. The sections were incubated
overnight in a humidified chamber with the
primary antibody; rabbit polyclonal CD3
antibodies (1:200; pharmaceuticals, USA)
for detection of T lymphocytes and CD20
antibodies (1:100 dilution; Sigma-Aldrich,
USA) for detection of B lymphocytesel.
Then, the spleen sections were rinsed with

buffered saline and treated with the
biotinylated antibody for one hour. The
sections were then incubated with

streptavidin ~ combined to horseradish
peroxidase (Sigma, USA) and finally the
reaction was established using DAB (3,3-
diaminobenzidine tetrahydrochloride,
Fluca). The sections were stained with
Mayer’s  haematoxylin, the reaction
appeared as brown cytoplasmic dots.
Stained spleen sections were examined using
Olympus  binocular  microscope  and
photographed using a Canon camera
connected to an IBM computer system.

I11- For Transmission electron microscopic
study

Other specimens of spleen were cut into
1mm?3 pieces and dipped in  2.5%

glutaraldehyde immediately and kept in the
refrigerator at 4°C for 2 hrs. After wash with
phosphate buffer, they were post-fixed in
1% buffered osmium tetra-oxide. The
specimens were dehydrated in ascending
grades of ethyl alcohol. Specimens were
cleared in propylene oxide followed by
propylene oxide and epoxy resin for at least
one hour. Finally, the specimens were
embedded in gelatin capsules filled with
fresh epon. Semithin sections were cut (1um
in thickness) using an ultra-microtome and
stained with 1 % toluidine blue. Ultrathin
sections were obtained and stained with
uranyl acetate followed by lead citratel*],
The ultrathin sections were examined with
JEOL JEM 1010 transmission electron
microscope (Jeol Ltd, Tokyo, Japan) in the
Regional Center of Mycology and
Biotechnology, Al Azhar University, Egypt.

IV- For morphometric study and statistics
analysis:

Counting the  number of the
immunoreactive CD3 and CD20 positive cells
in all groups was done in five microscopic
fields per slide (400 X magnification), five
slides per rat. In addition, H&E stained
sections at 400 X magnification, were
examined to measure the area percentage (%)
of the white pulp. Measurements in all groups
were recorded using an image analyzer and the
collected data were statistically analyzed using
SPSS statistical package version 13. One-way
ANOVA test followed by Tukey's multiple
comparison tests was used to compare the
means of the various groups. P value <0.05
was considered significant and P value <
0.001 was considered highly significant[8],

RESULTS:
I - Light microscopic results:

Group | (control group): Light
microscopic examination of spleen sections
from sham group revealed a similar
histological picture as the negative control
group. The parenchyma of the spleen
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consisted of Ilymphoid tissue that was
differentiated into white and red pulps. The
white pulp consisted of lymphoid tissue
which was seen in three discrete zones
namely, the periarterial lymphatic sheath
(PALS), the lymphatic follicles (splenic
Malpighian corpuscles) and marginal zone.
The PALS consisted of closely packed small
lymphocytes  surrounding the  central
arterioles (Fig.1a). The lymphoid follicles
were oval or rounded aggregates mainly of
small lymphocytes; most of them possessed
condensed darkly stained nuclei (Figs. 1a, 1b
and 1c). Peripheral to the lymphatic follicles,
marginal zone appeared separating the white
pulp from the red pulp. The marginal zone
was a thin rim of less populated small
lymphocytes with few large lymphocytes
(Figs. 1c and 1d). Plasma cells were also
seen showing the characteristic cart wheel
appearance of their nuclei (Fig.1d). The red
pulp was composed of branching and
anastomosing splenic cords (Billroth cords)
and blood sinusoids in between (Figs. 1a and
1d).

Group Il (IRl group): Light
microscopic examination of sections of the
spleen from hepatic ischemia / reperfusion
group showed marked congestion in the red
pulp with shrunken depleted lymphatic
follicles and around the central arterioles in
the white pulp (Fig.2a). Areas of decreased
cellularity of the follicles around the central
arterioles were observed with ill-defined
marginal zone (Fig.2b).  Some darkly
stained pyknotic nuclei surrounded by empty
space were observed (Fig.2c). Marked
sinusoidal dilatation and congestion were
detected in the red pulp (Figs. 2d & 2e).

Group Il (SIPC+IRI  group):
Examination of spleen sections from splenic
ischemic preconditioning group showed
evident preservation of lymphocytes of
PALS and follicles with dark basophilic
lymphocytes (Fig.3a). The white pulp was
populated by a large number of lymphocytes
with darkly stained nuclei. The marginal
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zones were well defined and contained large
proliferating lymphocytes with euchromatic
nuclei (Fig.3b). Moreover, numerous plasma
cells were encountered. They had rounded
nuclei with cart wheel appearance and
abundant cytoplasm (Figs. 3c and 3d).

I1- Immunohistochemical results:

Immunoreactive CD3 positive cells
were noted in the control group as brown
spots mainly distributed in PALS and in
lymphoid follicles (T cell region) (Fig.4a).
In IR1 group, areas of weak reaction to CD3
around central arteriole were observed
(Fig.4b), whereas the CD3 positive cells
were remarkably increased in splenic
ischemic preconditioning group compared to
IRI group (Fig.4c).

Brownish coloration of B lymphocytes
CD20 positive cells was detected in the
peripheral part of the lymphoid follicles of
the control group (Fig.5a). In IRI group,
weak CD20 expression of B lymphocytes
was detected in marginal zone compared to
the control group (Fig.5b). Splenic ischemic
preconditioning group showed numerous
positive CD20 immunoreaction in contrast
to IRI group (Fig.5¢).

I11- Electron microscopic results

Group | (control group): Electron
microscopy of the spleen sections of the
control group revealed lymphocytes with
circular or elliptical outline. Their nuclei
were large euchromatic with plenty of fine
chromatin and clumps of condensed
heterochromatin ~ lining  the  nuclear
membrane. The cytoplasm showed ill-
defined organelles. The plasma cell appeared

with multiple dense areas of
heterochromatin (the characteristic
cartwheel  arrangement).  The  most

characteristic feature of these cells was the
well-developed rough endoplasmic
reticulum channels (Fig.6a). Moreover, the
cytoplasm of the macrophages displayed
some cellular organelles, multiple lysosomes
and many mitochondria (Fig.6b).
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Group Il (IRl group): Electron
microscopic examination of the spleen
sections from hepatic ischemia / reperfusion
group showed numerous plasma cells with
degenerative changes in the form of

shrunken chromatin  clumped nucleus
(Figs.7a & 8a), nuclear membrane
separation (Figs.7a & 8a), vacuolated

cytoplasm (Fig.8a) and dilatation of rough
endoplasmic reticulum (rER) (Figs.7a & 7b).
Other plasma cells appeared with a
condensation in the Golgi apparatus near the
nucleus and dilatation in its vesicles
(Fig.7b). Active macrophages containing
secondary lysosomes with different electron
densities were observed (Figs. 7a and 7c).
Degenerated cells appeared with nuclear
condensation and vacuolated cytoplasm
(Fig.8a). Moreover, the dilated congested
blood sinusoids were lined with irregular
outlined endothelial cells (Fig.8b).

Group 111 (SIPC+IRI group): Electron
microscopic examination of the spleen

sections from splenic ischemic
preconditioning before hepatic ischemia-
reperfusion injury group revealed that most
of the cells had preserved their normal
appearance. Plasma cells were frequently
seen with characteristic cart wheel nuclei
and regularly arranged rough endoplasmic
reticulum  (Fig.9a). The lymphocytes
appeared with well-defined cell membrane
and intact nuclei (Figs.9a). Moreover, the
cytoplasm of the macrophages contained
some cellular organelles and many
mitochondria (Fig.9b).

IV-Statistical results:

Upon computer image analysis, the
mean number of CD3 and CD20 immuno-
positive cells and the mean area percentage
(%) of spleen white pulp in hepatic IRI group
were significantly decreased compared to
the control group. In contrast, SIPC group
showed significant increase when compared
to hepatic IRI group (Table 1, Histogram 1).

Table. 1: Comparison between all groups as regards the number of CD3 and CD20 immuno-reactivity
per high microscopic field and the mean area % of spleen white pulp

Groups No. of CD3 + No. of CD20 + area% of white
cells cells spleen pulp

Control group 95.2+9.4 10.2+0.31 54.33+9.8

Hepatic IRI group 53.5+7.8* 5.7+2.3* 2243 +7.2*

SIPC group 97.6+8.2 # 9.3+0.4# 614+ 115#
Values are mean+SD * P < 0.05 compared to control group. # P < 0.05 compared to hepatic IRI
group.

100 H control
group
H IRl group

80 -
60 -
40 -
20 -
0 - - O

H:

cells

No. of CD3 + No. of CD20
+ cells

area% of
white spleen
pulp

Histogram. 1: Comparison between all groups as regards the mean number of CD3 and CD20
immunoreactivity per high microscopic field and the mean area% of spleen white pulp
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Fig.1: Photomicrographs of spleen sections of the control group showing (1a) the white pulp containing the
periarterial lymphatic sheath (black arrow) consists of closely packed small lymphocytes surrounding the central
arteriole (A). Notice the lymphoid follicles (F), marginal zone (M) and the red pulp (R). (1b) lymphoid follicles
(F) containing condensed darkly stained nuclei of small lymphocytes. Notice periarterial lymphatic sheath
around the central arteriole (A) (1c) marginal zone with less populated lymphocytes (white arrow). (1d) the
marginal zone (M) with less populated lymphocytes (arrow head) separating the white pulp from the red pulp
(R). Plasma cells are also seen showing the characteristic cart wheel appearance of their nuclei (red arrow).
Notice the central arteriole (A).

Scale bar: (1a) HX&E.; X100. (1b) HX&E.; X400. (1c) HX&E.; X1000. (1d)Toluidine blue; X1000

Fig. 2: Photomicrographs of spleen sections of IRI group showing (2a) marked congestion in red pulp (R) with
shrunken depleted lymphatic follicles (black arrow). (2b) areas of decreased cellularity of the follicles (asterisks)
around the central arteriole (A). (2¢) lymphocytes with darkly stained pyknotic nuclei surrounded by empty
space (white arrow). (2d) marked blood sinusoidal dilatation and congestion (S) are detected in the red pulp. (2e)
sinusoidal dilatation and congestion (S) are observed. Scale bar: (2a) HX&E.; X100. (2b) Hx&E.; X400. (2c)
Hx&E.; X1000. (2d) HX&E.; X400. (2e &2f) Toluidine blue; X1000.
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Fig. 3: Photomicrographs of spleen sections of SIPC+IRI group showing (3a) preservation of lymphocytes of

PALS (white arrow) and lymphatic follicles (F) (3b) the white pulp with large number of lymphocytes around

central arteriole (A). Notice the well-defined marginal zone (M). (3c) numerous plasma cells with cartwheel

rounded nuclei (red arrow) (3d) numerous plasma cells with cartwheel rounded nuclei (black arrow). Scale bar:

HX&E.; X400. (1c) Hx&E.; X1000. (1d)Toluidine blue; X1000
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Fig. 4: Photomicrographs of CD3 immunostaining of spleen sections of all groups showing (4a) control group
with brown spots of CD3 immunopositivity reaction around central arteriole (A). (4b) IRI group with areas of
weak reaction to CD3 (asterisks). (4c) splenic ischemic preconditioning group with remarkably increase in CD3
immunoreactivity. (CD3 IHC x 400)
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Fig. 5: Photomicrographs of CD20 immunostaining of spleen sections of all groups showing (5a) control group
with brownish coloration of B lymphocytes CD20 positive cells in the peripheral part of the lymphoid follicles
(black arrow). Note the central arteriole (A). (5b) IRI group with weak CD20 expression (red arrow) in the
marginal zone. (5c) splenic ischemic preconditioning group with numerous positive CD20 expression (arrow
head) in the marginal zone. (CD20 IHC x 400)

2 microns

by
=2 TEM Mag = 12000

TEM Mag = 20000x

Fig. 6: Electron photomicrographs of spleen ultrathin sections of control group showing (6a) lymphocyte nucleus
(N) with plenty of fine chromatin and clumps of condensed heterochromatin lining the nuclear membrane. The
plasma cell (P) appears with multiple dense areas of heterochromatin and well-developed rough endoplasmic
reticulum (r). (6b) macrophage with multiple lysosomes (L) and many mitochondria (m).

(Uranyl acetate& lead citrate; (6a): X20,000 & (6b):X12,000)
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2 microns
TEM Mag = 6000x TEM Mag = 8000x

Fig. 7: Electron photomicrographs of spleen ultrathin sections of IRl group showing (7a) plasma cells with
shrunken chromatin clumped nucleus (n), nuclear membrane separation (arrow), dilated rough endoplasmic
reticulum (r). Notice the macrophages secondary lysosomes with different electron densities (SL). (7b) plasma
cell with dilated rough endoplasmic reticulum (r) and dilated Golgi apparatus (G).

(Uranyl acetate& lead citrate; (7a): X6,000 & (7b): X8,000)

2 microns 2 microns
TEMMag = 10000x TEMMay = 6000x

Fig. 8: Electron photomicrographs of spleen ultrathin sections of IRI group showing (8a) plasma cells with
shrunken chromatin clumped nucleus (P), nuclear membrane separation (arrow), vacuolated cytoplasm (vc).
Notice the degenerated cells with nuclear condensation (n) and vacuolated cytoplasm (v) (8b) dilated congested
sinusoid with irregular outlined endothelial cells (E).

(Uranyl acetate& lead citrate; (8a): X10,000 & (8b): X 6,000)
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TEM Mag = 12000x

Fig. 9: Electron photomicrographs of spleen ultrathin sections of SIP+IRI group showing (9a) plasma cell (P)
with regularly arranged rER (r). lymphocytes (L) with well-defined cell membrane and intact nuclei. (9b)
macrophage (M) with some cellular organelles and many mitochondria (m). (Uranyl acetate& lead citrate; (9a):

X6,000 & (9b): X 12,000)

DISCUSSION:

There is a link between the liver and the
spleen. Both organs are vital to
immunological homeostasis and are
significant components of the portal
circulation™®. A liver-spleen axis has been
considered a point of interface between
immunity, pathogen elimination, and
metabolic activity in a variety of disorders,
including  chronic  liver  disease[?.
Splenectomy was once used to treat the
devastating  complications of  portal
hypertension caused by liver cirrhosis. Many
individuals, like those who suffer from
thrombocytopenia, seek a substitute to
splenectomy. Despite the unavailability of
such possibilities, ischemia preconditioning
with many transient ischemic bouts may
create new paths for therapeutic strategies.
Thus, the current investigation was
conducted to evaluate the splenic ischemic
preconditioning as therapeutic intervention
that modulating spleen injury due to hepatic
ischemic-reperfusion injury.

Multiple immune cell subgroups are
dispersed differently within the white and
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red pulp and marginal zone sections of the
spleen. T lymphocytes dominate in white-
pulp zones, whilst B cells are mostly seen in
the  periphery of splenic  follicle.
Macrophages are typically seen in the
marginal zone and red pulp zones. Immune
cell migrating among these regions is
required for pathogenic eradication(2*,

In the current investigation, the spleen
showed significant  sinusoidal congestion
associated with parenchymal degeneration
following hepatic IRI. This was in
accordance with Wen et al, 2 who
observed congestive spleen in pre-hepatic
portal hypertensive rats. Spleen plays an
important role in accelerating hepatic IRI,
because  ischemia/reperfusion  promote
splenic IL-2 excretion and macrophage
infiltration within the liver, which in turn
aggravate hepatic injury(’,

In the current work, the hepatic IRI lead
to a reduction in CD3 positive cells in T
lymphocytes region in the spleen. Moreover,
electron microscopic observation
demonstrating signs of apoptosis in the form
of nuclear condensation and vacuolated
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cytoplasm in degenerated cells most
probably  lymphocytes. This was in
accordance with results of Nugroho,?3! who
stated that patients with liver cirrhosis were
considered as immunocompromised and
prone to infections. Similarly, Tanabe et
al.l?4l  observed that after  carbon
tetrachloride  or  thioacetamide-induced
hepatic injury in mice, the number of CD4 T
cells in the spleen decreased. This decrease
is clear evident that splenic T lymphocytes
may target the cirrhotic liver in order to
promote hepatic fibrosis. Whereas, after
splenic ischemic pre-conditioning in the
present work, most of the cells had
preserved their normal appearance and the
lymphocytes appeared with well-defined cell
membrane and intact nuclei. In a similar
manner, Chen et al.'" indicated that
remote ischemic preconditioning (RIPC),
which increased the ratios of cytotoxic T
cells (Tc) as soon as an hour later, would
increase the  proportions of  splenic
lymphocyte cells. Remarkably, 3 days after
remote ischemic preconditioning, RIPC
markedly boosted the B cell percentage in
the spleen. Additionally, Hall et al.[?®] stated
that the proliferation of antigen-specific T
regulatory cells and T cell-derived cytokines
play a critical role in improving liver
allograft survival and mediating transplant
tolerance. CD25 and CD4 T cells (Treg) in
the spleen have been shown to have a role in
mice's spontaneously accepting of liver
allografts following a liver transplant. The
prognosis of a liver transplant appears to be
influenced by the proportion of Treg to T
effector cells[6],

In the present study, after hepatic IRI,
several changes of plasma cells of variable
degrees were observed. Many darkly stained
nuclei surrounded by empty spaces were
observed in H&E-stained sections. Electron
microscopic observation confirmed the
evident signs of plasma cells degenerative
changes; these changes were in the form of
shrinkage of the nucleus, nuclear membrane
separation and dilatation of rough

endoplasmic reticulum (rER). The rER's
dilatation implies a malfunction in the
secretory substance production process(?’],
Moreover, the rER stress appears to be
accompanied by protein deposition in the
cell28], Numerous stress conditions, such as
viral infection and hypoxia, contribute in the
aggregation of wunfolded or misfolded
proteins in the endoplasmic reticulum lumen
291 In response to ERS stimuli, certain
proteins in the endoplasmic reticulum
membrane are referred to as stress sensors.
These proteins activate many signaling
pathways to either cause apoptosis of the
cells or cell survival under short or long-
term stress 3% A common ultimate pathway
for many different disease processes,
including cancer, is reactive oxidative
mediated cellular damage B which may
lead to happen in hepatic ischemic-
reperfusion injury within the initial few
hours of reperfusion [32& 331 Consequently,
oxidative stress caused by hepatic IRl may
result in graft rejection in individuals who
have had liver transplants, as it induces
harmful splenic side effects[3],

The macrophages with  multiple
secondary lysosomes containing electron-
dense material noticed in this study may
have played an essential role in the
interruption of the upsurge in deteriorated
cells following hepatic IRI. Macrophage
abilities have been linked to nonspecific
responses such as  phagocytosis, and
secretion of IL-1B, TNF-o. and TGF-B1 [34
which may be the leading causes of cirrhotic
liver worsening [®51. Furthermore, there is
proof that ischemia preconditioning activates
G-protein-coupled receptors, which leads to
the activation of Protein Kinase B [!l. Protein
Kinase B activation inhibits the apoptosis
signaling pathway (3!,

It may be inferred from the present
results that splenic ischemic preconditioning
improves the splenic injury induced by
hepatic ischemia-reperfusion.  Physicians
must select the therapeutic intervention that
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IRl as well as

minimizing damage.

Ethical approval: The study was

approved by the ethics committee of October
6 University, Faculty of Medicine.

Conflict of interest:

The authors declare that they have no

conflict of interest.

REFERENCES:

1-

746

Li, X., Liu, M., Sun, R., et al. (2016):
Protective approaches against myocardial
ischemia reperfusion injury. Experimental
and therapeutic medicine, 12(6), 3823-
3829.

Kleinbongard, P., Skyschally, A., &
Heusch, G. (2017): Cardioprotection by
remote ischemic conditioning and its signal
transduction.  Pflugers  Archiv-European
Journal of Physiology, 469(2), 159-181.

Rosenberg, J. H., Werner, J. H., Moulton,
M. J., et al. (2018): Current modalities and
mechanisms underlying cardioprotection by
ischemic  conditioning.  Journal  of
cardiovascular translational research, 11(4),
292-307.

Lewis S. M., Williams A., Eisenbarth S. C.
(2019). Structure and function of the
immune system in the spleen. Sci.
Immunol. Vol 4, Issue 33.

Gorak P, Engwerda CR, Kaye PM. (1998)

Dendritic cells, but not macrophages,
produce IL-12 immediately following
Leishmania donovani infection. Eur J

Immunol; 28:687-95.

Yamamoto C, Yadi S, Hori T et al . (2010).
Significance of portal venous VEGF during
liver regeneration after hepatectomy. J Surg
Res; 159: 37-43.

10-

11-

12-

Kato H, Hamada T, Kuriyama N, Ito T,
Magawa S, Azumi Y, Kishiwada M,
Mizuno S, Usui M, Sakurai H, lIsaji S.
(2017). Role of spleen in hepatic ischemia

reperfusion injury: Splenic congestion
during ischemia accelerates leukocyte
infiltration ~ within  the  liver  after

reperfusion. Hepatol Res. ;47:E132-E141.
doi: 10.1111/hepr.12740.

Ito K, Ozasa H, Yoneya R, Horikawa S.
(2002). Splenectomy ameliorates hepatic
ischemia and reperfusion injury mediated
by heme oxygenase-1 induction in the
rat. Liver. ;22:467-473.

Irie T, Ito K, Ozasa H, Noda Y, lkeda S,
Tanaka S, Arii S, Horikawa S. (2012).
Splenic artery ligation: A protection against
hepatic ischemia/reperfusion injury in
partially  hepatectomized  rats. Hepatol
Res. ;42:819-827. doi: 10.1111/5.1872-
034X.2012.00989.x.

Shen Y, Qiu T, Liu XH, Zhang L, Wang
ZS, Zhou JQ. (2018). Renal ischemia-
reperfusion injury attenuated by splenic
ischemic preconditioning. Eur Rev Med
Pharmacol Sci.; 22:2134-2142. doi: 10.
26355/eurrev_201804_14747.

Chen C, Jiang W, Liu Z, Li F, Yang J, Zhao
Y, Ran Y, Meng Y, Ji X, Geng X, Du H,
Hu X. (2018). Splenic responses play an

important role in remote ischemic
preconditioning-mediated neuroprotection
against stroke. J Neuroinflammation.
28;15(1):167. doi: 10.1186/512974-018-
1190-9. PMID: 29807548; PMCID:
PMC5972448.

Torres-Querol  C, Quintana-Luque M,
Arque G, Purroy F. (2021). Preclinical
evidence of remote ischemic conditioning
in ischemic stroke, a metanalysis update.
Sci Rep. 9;11(1):23706. doi: 10.
1038/s41598-021-03003-6. PMID:
34887465; PMCID: PMC8660795.




14-

15-

16-

17-

19-

20-

21-

Impact Of Splenic Ischemic Preconditioning on Splenic Injury Induced By Hepatic ...

Costa CCC, Pereira NG, Machado ALM,
Dorea MA, Cruz RMMD, Silva RC,
Domingues RJS, Yasojima EY. (2019).
Splenic ischemic preconditioning attenuates
oxidative stress induced by hepatic
ischemia-reperfusion in rats. Acta Cir Bras.
16;34(7):e201900707. doi: 10.1590/s0102-
865020190070000007. .

Karatzas T, Neri AA, Baibaki ME, Dontas
IA. (2014). Rodent models of hepatic
ischemia-reperfusion injury: time and
percentage-related pathophysiological
mechanisms.J Surg Res. ;191:399-412.
doi: 10.1016/j.jss.2014.06.024.

Bancrofit J. D. and Layton C. (2012). The
Hematoxylins and Eosin, Ch: 10 and
Connective and mesenchymal tissues with
their stains, Ch: 11. In: Theory and Practice
of histological techniques, 7 th edn, (eds
S.K. Suvarna, C. Layton, J.D. Bancrofit),
London: Churchill Livingstone. PP: 173-
214.

Lee, EJ.; Kim, M.; Kim, H.S.; Kang, H.J.;
Kim, H.J.; Min, S.K.; Lee, Y.K. (2017).
CD3 and CD20 Immunohistochemical
Staining Patterns of Bone Marrow-
Infiltrating Malignant Lymphoma
Cells. Ann. Clin. Lab. Sci., 47, 136-143.

Bozzola JJ and Russell LD (1999): Electron
microscopy: principles and techniques for
biologists. 2nd ed., Jones and Bartlett.

Jensen, E. C. (2013). Quantitative analysis of
histological staining and fluorescence using
ImageJ. The Anatomical Record, 296(3), 378-
381

Li L, Duan M, Chen W, Jiang A, Li X,
Yang J, Li Z. (2017). The spleen in liver
cirrhosis: revisiting an old enemy with
novel targets. J Transl Med. 23;15(1):111.
doi: 10.1186/s12967-017-1214-8.

Tarantino G, Scalera A, Finelli C. (2013).
Liver-spleen axis: intersection between
immunity, infections and metabolis . World
J Gastroenterol. ; 19(23):3534-3542. doi:
10.3748/wjg.v19.i23.3534.

McGaha TL, Chen Y, Ravishankar B, et al.
(2011). Marginal zone macrophages
suppress innate and adaptive immunity to
apoptotic cells in the spleen. Blood.; 117

22-

23-

24-

25-

27-

28-

29-

30-

(20): 5403-5412. doi: 10.1182/blood-2010-
11-320028.

Wen Z,Zhang J-Z, Xia H-M, Yang C-
X, Chen Y-J.(2009). Stability of a rat
model of prehepatic portal hypertension
caused by partial ligation of the portal
vein. World J Gastroenterol; 15(32): 4049.

Nugroho, A. (2020). Splenectomy in Liver
Cirrhosis  with ~ Splenomegaly  and
Hypersplenism. In: Gayam, V., Engin, O. ,
editors. Liver Pathology [Internet]. London:
IntechOpen;  2020.  Available  from:
https://www.intechopen.com/chapters/7367
9 doi: 10.5772/intechopen.94337

Tanabe K, Taura K, Koyama Y, et al
(2015). Migration of splenic lymphocytes
promotes liver fibrosis through
modification of T helper cytokine balance
in mice. J Gastroenterol.;50(10):1054-68.

Hall BM, Verma ND, Tran GT,
Hodgkinson ~ SJ.  (2022).  Transplant
Tolerance, Not Only Clonal Deletion. Front
Immunol. 21:13:810798. doi:
10.3389/fimmu.2022.810798.

Li W, Kuhr CS, Zheng XX, Carper K,
Thomson AW, Reyes JD. et al. (2008). New
insights into mechanisms of spontaneous
liver transplant tolerance: the role of Foxp3-
expressing CD25+CD4+ regulatory T
cells. Am J Transplant. ;8:1639-51.

Callea F, Toma P, Bellacchio E. (2021).
The Recruitment-Secretory Block ("R-SB")
Phenomenon and Endoplasmic Reticulum
Storage Diseases. Int J Mol Sci. 24; 22(13):
6807. doi: 10.3390/ijms22136807.

Hetz, C., and Papa, F. R. (2018). The
unfolded protein response and cell fate
control. Mol. Cell 69, 169-181.

Marciniak SJ, Ron D. (2006). Endoplasmic
reticulum stress signaling in disease.
Physiol Rev.; 86:1133-1149.

Zhu X., DongN., WangY., ZhangQ.,
YuY. YaoY. LiangH. (2017). The
involvement of endoplasmic reticulum
stress response in immune dysfunction of
dendritic cells after severe thermal injury in
mice. Oncotarget.; 8: 9035-9052.

747



31-

32-

33-

748

Marwa M EI Sawy, et al.,

Kekec, Y.; Paydas, S.; Tuli, A.; Zorludemir,
S.; Sakman, G.; Seydaoglu, G. (2009).
Antioxidant enzyme levels in cases with
gastrointesinal cancer. Eur. J. Intern. Med.,
20, 403-406.

Reiniers MJ, van Golen RF, van Gulik TM,
et al (2014). Reactive oxygen and nitrogen
species in steatotic hepatocytes: a molecular
perspective on the pathophysiology of
ischemia-reperfusion injury in the fatty
liver. Antioxid Redox Signal. ;21(7):1119—
1142. doi: 10.1089/ars.2013.5486.

Rampes S, Ma D. (2019). Hepatic ischemia-
reperfusion injury in liver transplant setting:
mechanisms and protective strategies. J
Biomed Res. 28;33(4):221-234. doi:
10.7555/JBR.32.20180087.

34-

35-

36-

Ren S, Zhang S, Li M, et al. (2013). NF-xB
p65 and c-Rel subunits  promote
phagocytosis and cytokine secretion by
splenic macrophages in cirrhotic patients
with hypersplenism. Int J Biochem Cell
Biol. ;45(2):335-343.

doi: 10.1016/j.biocel.2012.11.012.

Wang F, So KF, Xiao J, Wang H. (2021).
Organ-organ communication: The liver's
perspective. Theranostics. 16;11(7):3317-
3330. doi: 10.7150/thno.55795.

Totzeck, M., Hendgen-Cotta, U. B., French,
B. A, et al. (2016). A practical approach to

remote ischemic preconditioning and
ischemic preconditioning against
myocardial ischemia/reperfusion injury.

Journal of biological methods, 3(4).




Impact Of Splenic Ischemic Preconditioning on Splenic Injury Induced By Hepatic ...

Ayl Bale) e daalll) Jladall djla) Jo 4 ganl) Jladall 45 3 (il Gaeal) Sl 5L
gLl (113 jad) A dakad ey asll (g ganl)

Mafgallae L, 5 D s g8 5 CED g slall daaa 50

@) 53 551 6 daala s Dpaad (e daala -lall IS - Zaa) ple 5 o 0l and
sanll Gad ) ) g5 8 2l del ) Cllee (U aall ol Bale) 5 Y Gy 280 Al sduan) 4dls
sale) 5 JUEY) a2l Abal Cannsy Jladall Ala) Lo el HUEY) oSS il 0 3 il (g (2 )
bl 13l b gl

fe sana JS (5 it e gana O L AR eliaud) el (e (0 a5 sdardiaal) 3okl g 3 gal)
oAl Ao sanas 23l (50 S Jide sana I O 8 ode sl i i(Alall) W) de sendl) (G2 a ke e
& Al il 3 a 8 e G pai o(IRI A sens) A6l de ganall  Jaxi gl (50 Glall Jlas idl Caa i
Ol 3die Cua el ((SIPC + IRI A gana) 4A1A) ic ganall 438 6() 324l @a&\ sale) A3 A3da 45 sadl axl)
oali 08 (4383 20 Jua)) assmsale) (e @B 5 5 a5 il Gali e @8 5 e i) 5 (b (Hadall gl ,dll Gl
5 g bid) Shas el 5 gl (andll Jal G Lgtindlaa s Jadall (e e 38T 25 ¢ 2y jaill Alg 8 2l 4y i
U g I el
O lay ge el lll 6 U sale Uliial Jladall jelal ¢ daded 2ay 2SI (5 geall 2laeY) sale) 2ay i)
JSE e 4 el iy LB LA 35 ST (5 el pandll jelal an) Qlll 8 Lieia dualiia 4 lda]
Alay gx Ll oalon Jlen 8 IS ¢ AL3AN L U s A8 ) | g sil) sLiall Jumd ¢ 5l il
Lasale (mléai) el (S ¢ Loadl Aadll) LOIAD) 3 4 535 e s gl 5 5 STY) 4G5S 0l sall (o el 2535 T )
¢ Jadall 455 55 il Grusall oSl amy Alajliall de geaally &5 lae CD20 5 CD3 daa sall LA e S 220

Jadall Aty 8 o (i Jan ]
2ay 2SI (g saall SlaaY) Bale ) Ly ) Jadall Alia) (e Gy Jladall Ay 5 55 (il Gasal) oSl LAl
Axlad

749



