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EXPERIMENTAL STUDY

Effects of beta-glucan on protection of young and aged rats

from renal ischemia and reperfusion injury
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ABSTRACT

BACKGROUND: Ischemia—reperfusion injury is one of the leading causes of acute renal failure which is a com-
mon clinical event leading to development of chronic kidney disease and a high mortality; especially in elderly
people. B-glucans are glucose polymer groups with free-radical scavenger, macrophage activator, and immune
defense inducer functions. We designed this study to determine the possible protective effects of B-glucan
against renal ischemia—reperfusion injury comparatively in young and aged rats.

METHODS: Rats were assigned to the following groups: Young and aged sham, young and aged ischemia—re-
perfusion, young and aged B-glucan, young and aged ischemia—reperfusion+p-glucan. At the end of the experi-
ment, following collection of blood samples, rats were sacrificed and kidneys were removed for histopathological
and biochemical examination.

RESULTS: Mean tissue histopathological damage scores of young B-glucan group was lower than that of young
ischemia—reperfusion group, and of aged B-glucan group was lower than that of aged ischemia—reperfusion
group. Urea and creatinine levels of young and aged of sham group and -glucan administered groups were all
lower than those of ischemia—reperfusion and B-glucan+ischemia—reperfusion groups. Oxidative stress indexes
of ischemia—reperfusion groups were increased however ; oxidative stress indexes of B-glucan administered to
young and aged rats were lower than those of ischemia—reperfusion groups.

CONCLUSIONS: We conclude that B-glucan is effective to protect kidneys from ischemia—reperfusion-induced

oxidative damage, especially in young rats (Fig. 6, Ref. 45). Text in PDF www.elis.sk.
KEY WORDS: oxidative damage, beta-glucan, ischemia and reperfusion, kidney, aged rat.

Introduction

Ischemic acute renal failure (ARF) is a common clinical event
leading to development of chronic kidney disease and a high mor-
tality. ARF has a higher incidence in elderly people than younger
ones (1, 2). Ischemic ARF is a complex syndrome involving re-
nal vasoconstriction, tubular necrosis and glomerular injury (3).
Much of the tubular and glomerular dysfunction has been pos-
tulated to occur during the reperfusion period following anoxia,
ATP depletion and impaired calcium regulation, generation of
ROS and production of pro-inflammatory cytokines (4, 5). Ex-
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perimental studies of the pathogenesis of renal ischemia—reperfu-
sion (I/R) have most commonly utilized the model of renal artery
clamping ; either by performing unilateral nephrectomy followed
by clamping the renal artery of the contra-lateral kidney (3) or by
clamping both renal pedicles (6, 7). Post-ischemic renal injury in
this model has been shown to be very similar to human ischemic
renal injury, including that secondary to cold kidney storage prior
to transplantation (8).

Beta-glucans are glucose polymer groups that form a fibrotic
extracellular matrix in the cell walls of yeast (9), plants (10), and
some bacteria (11). Currently, different types of B-glucans serve as
immunomodulators that activate cellular and humoral components
of the host immune system (12). Several studies indicate further
possible effects: activation of macrophages (13) ; precipitation
of wound healing by increasing wound-growth factors (9) ; in-
creased defense mechanisms against bacterial, viral, fungal, and
parasitic infections (14) ; and protective effects against oxidative
damage in DNA through an effective free-radical scavenger func-
tion (15). Limited studies have been performed about the effects
of B-glucan on renal I/R. To our knowledge this is the first study
examining protective effects of B-glucan comparatively in young
and aged rats. In this study, effects of f-glucan on renal I/R injury
were investigated in young and aged Sprague Dawley rats by us-
ing histological and biochemical methods.
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Material and methods

Animals

In this study 56 female Sprague-Dawley rats were used. All
rats were housed in plastic cages in an experimental animal room
(2224 °C, 55-70 % humidity, 12-h light/dark cycle). They were
fed a standard laboratory diet, and drinking water was available
ad libitum throughout the experiment. This study’s experimen-
tal procedures were approved by the Institutional Review Board
and Animal Use Committee of the Bezmialem Vakif University
(#2013/232).

Groups

56 female Sprague—Dawley rats were randomly assigned to
two main groups as young (4 months old, 300-350 g ; n=24) and
aged groups (16 months old, 350-450 g ; n = 32). Groups were
designed as follows: Young sham (YS) and aged sham (AS), young
I/R (Y]) and aged I/R (AlI), young B-glucan (YB) and aged -glucan
(AB), young I/R+B-glucan (YBI) and aged I/R+f-glucan (ABI).

Experimental protocol

Animals in all experimental groups were anesthetized using
intraperitoneally administered ketamine/xylasine. The rats un-
derwent right nephrectomy and were subjected to 45 min renal
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artery occlusion followed by 1 hour reperfusion period in I/R
performed groups as described by Weight et al (16). In B-glucan
administered groups, pB-glucan (Imuneks ; Mustafa Nevzat, Is-
tanbul, Turkey) was administered by gavages at a dose of 50
mg/bw/day for 10 days prior to the surgery. Sham-operated rats
underwent laparotomy without performing I/R process. In all of
the groups right nephrectomy was performed at the beginning of
the surgical procedure. At the end of the experiment, following
collection of blood samples from the heart, rats were sacrificed
and kidneys were removed for histopathological and biochemi-
cal examination.

Histopathological assessment

For light microscopic investigations, samples were placed in
10 % formaldehyde, dehydrated in ascending alcohol series (70
%, 90 %, 96 % and 100 %), cleared in xylene and embedded in
paraffin. Tissue sections (5 pwm) were stained with hematoxylin and
cosin (H&E) and examined with a light microscope (Nikon Eclipse
i5, Tokyo, Japan) coupled with a camera (Nikon, DS-Filc). His-
topathological changes including tubular degeneration (dilatation
and atrophy), vacuolization, tubular necrosis, glomerulosclerosis,
hemorrhage, capillary dilatation and congestion, and intercellular
edema were evaluated and graded as: 0: absent ; 1: mild ; 2: mod-
erate ; and 3: severe with a maximum score of 21.
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Fig. 1. Sections from young (a) and aged (b) B glucan groups seem normal in histological appearance. Sections from young (¢, d) and aged
(e=h) I/R groups show many alterations including tubular degeneration (including dilatation and atrophy) (c, g, h), vacuolization and intracel-
lular edema (f, g), tubular necrosis (d, e, g), glomerulosclerosis (d, g), hemorrhage (f, g), capillary dilatation and congestion (f). Sections from
young (i, j) and aged (k, 1) I/R+f glucan groups appeared pretty normal except mild tubular dilatation (i, k) and focal necrosis (j) in histologi-
cal appearance. Hematoxylin and eosin staining (a, b, ¢, d, e, h, 1, k: bar = 100 pm, original magnification, x200; f, g, j, I: bar = 50 pm, original
magnification, x400).
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Biochemical analysis

Creatinine and urea levels were determined by autoanalyser
(Roche cobas C506 oto autoanalyser ; Germany) using commer-
cially available assay kits. Total oxidant status and total antioxidant
capacity (TAC and TOS) (17-19), thiol (20), myeloperoxidase
(MPO) (21), paraoxanase (PON1) (22), catalase (CAT) (23) and
aryl esterase (ARES) (24) were measured in serum and tissue by
the methods previously described. Additionally, the ratio percent-
age of TOS level to TAC level gave the OSI, an indicator of the
degree of oxidative stress (25). The levels of C-reactive protein
(CRP) in plasma were quantified using enzyme-linked immuno-
sorbent assays (ELISA) kits (Rat CRP Elisa Kit, Assaypro, USA.)
according to the manufacturer’s instructions. IL-6 and IL-8 levels
were measured with ELISA kits (Rat IL-6 and IL-8 Platinum ELI-
SA, eBioscience, Bender Medysystems GmbH, Vienna, Austria).

Statistical analysis

All data are expressed as means +s.d. All data were compared
by one-way ANOVA followed by Tukey multiple comparison tests.
Values of p <0.05 were regarded as significant. Statistical analysis
was performed using a commercially available software program
(GraphPad, Prism 6, San Diego, CA, USA).

Results

Histopathological analysis

Histological picture of right kidneys (removed by nephrecto-
my) of all of the young and aged rats and left kidneys of young and
aged sham operated and -glucan administered rats were normal or
nearly normal (aged ones) (Figs 1a, b). Mean tissue HDSs of young
sham operated group was lower than that of young I/R group (p <
0.001). I/R resulted in some histopathological changes including
tubular degeneration (including dilatation and atrophy) (Figs lc,
g, h), vacuolization and intracellular edema (Figs 1f, g), tubular
necrosis (Figs 1d, e, g), glomerulosclerosis (Figs 1d, g), hemor-
rhage (Figs 1f, g), capillary dilatation and congestion (Fig. 1f), and
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intercellular edema in both young and aged rats. Mean HDSs of
sham operated young and old groups were 0.5 +0.83 and 1 +0.57
; respectively whereas of young and aged I/R groups were 8§ + 1.67
and 4.86 = 1.34 ; respectively. Mean HDSs of young -glucan+I/R
group was 1.83 £ 0.75 and of aged B-glucan+I/R group was 2.75
+ 1.16. Thus, mean tissue HDSs of young and aged p-glucan+I/R
groups were lower than those of young and aged I/R groups. The
findings we observed in the sections of young and aged animals
from I/R groups were not prominent in the sections of young and
aged rats from I/R+ -glucan groups (Figs 1i-1). Mean tissue HDSs
of young B-glucan group was lower than that of young I/R group
and of aged B-glucan group was lower than that of aged I/R group
(p<0.05; for both). Mean tissue HDSs of right (nephrectomy) and
left kidneys of all groups are summarized in Figure 2.

Biochemical analysis

Serum urea and creatinine levels of young and aged of
sham group and B-glucan administered groups were all lower
than those of I/R and B-glucan+I/R groups. Serum urea levels of
young and aged I/R groups were higher than those of young and
aged B-glucan+I/R groups. Significant differences in urea levels
were detected between young and aged B-glucan administered
groups and young and aged I/R performed groups (p < 0.01, p
< 0.001 ; respectively) (Fig. 3a). Significant differences in cre-
atinine levels were detected between young and aged B-glucan
administered groups and I/R performed groups (p < 0.01). Cre-
atinine level of young B-glucan was lower than that of young
B-glucan+I/R group (p < 0.05) and of aged B-glucan was lower
than that of young B-glucan+I/R group (p < 0.01) (Fig. 3b). Se-
rum ARES level of young sham group was higher than that of
young I/R and B-glucan+I/R groups (p < 0.01) (Fig. 3¢). Serum
PON activities of sham operated young and aged rats were higher
than those of B-glucan, I/R and B-glucan+I/R groups (Fig. 3d).
Mean serum CAT activities and MPO activities of young and
aged B-glucan administered groups were lower than those of
I/R and B-glucan+I/R groups. Mean serum CAT activity of aged
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Fig. 2. Mean tissue histopathological scores of YS (young sham), AS (aged sham), YB (young p glucan), AB (aged B glucan), YI (young I/R),
Al (aged I/R), YBI (young I/R+ B glucan), ABI (aged I/R+ B glucan) groups are summarized. Left kidneys and right (nephrectomy) kidneys.

The data shown are means + s.d. (* p <0.05).
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Fig. 3. Serum urea (a), creatinine (b), ARES (c) and PON (d) levels of all groups. The data shown are means % s.d. (* p <0.05, ** p <0.01, ***

p <0.001).

sham operated group was lower than that of aged I/R group (p
< 0.05). Mean tissue CAT activity of young I/R was lower than
that of sham group, whereas mean tissue CAT activity of aged
I/R was higher than that of sham operated group. Additionally
CAT activity of young sham-operated group was higher than
that of B-glucan+Il/R group (p < 0.05). Serum MPO activity of
aged I/R group was higher than that of sham-operated group
(p < 0.05). Serum and tissue MPO activities of young and aged
B-glucan+I/R groups were lower than those of young and aged
I/R groups. Differences on tissue MPO activities among sham,
I/R and B-glucan+I/R group were not statistically important. Se-
rum and tissue CAT activities and MPO levels are summarized in
Figure 4. Serum thiol levels of young and aged I/R groups were
higher than those of B-glucan+ I/R groups. Serum thiol level of
young sham group was higher than that of young B-glucan and
young B-glucan+I/R group (p <0.01, p <0.05 ; respectively). Se-
rum thiol level of aged sham group was higher than that of aged
B-glucan group (p < 0.05) (Fig. 4). Tissue thiol level of young
sham group was higher than that of f-glucan+I/R (p < 0.05) (Fig.
4). Differences in serum TOS among groups were not significant
(Fig. 4). Serum TAC of young and aged p-glucan+ I/R group were
lower than those of young and aged sham-operated groups (p <

0.05). TAC of aged I/R group was higher than that of B-glucan
group (p < 0.05). TAC of aged sham group was higher than that
of aged B-glucan group (p < 0.05) (Fig. 4). Tissue TOS of young
B-glucant I/R group was lower than that of I/R group whereas
tissue TOS of aged B-glucant I/R group was higher than that of
I/R group. Additionally, TOS of aged B-glucan+ I/R group was
higher than that of young B-glucan+I/R group and aged sham-op-
erated group (p < 0.001 ; p <0.05) (Fig. 4). Tissue TAC of young
B-glucan+ I/R group was lower than that of sham-operated group
(p < 0.001) (Fig. 4). Additionally, tissue OSIs of B-glucan+I/R
groups were lower than those of I/R groups. Tissue OSIs of right
kidneys (nephrectomy-performed) of young and aged rats were
lower than those of lefts kidneys of I/R performed rats (p < 0.05,
p < 0.01 ; respectively). Tissue OSIs of B-glucan administered
young and aged rats were lower than those of I/R performed rats
(p <0.01) (Fig. 5).

Changes between the levels of CRP of young and aged I/R
and I/R+ B-glucan groups were not striking (Fig. 6a). IL-6 levels
of I/R groups were higher than those of sham, -glucan and I/R+
B-glucan groups (Fig. 6b). IL-8 levels of young I/R group were
higher than those of young sham, B-glucan and I/R+ B-glucan
groups (Fig. 6¢).
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Fig. 4. Serum and tissue CAT, MPO, Thiol, TOS, TAC levels of all groups. The data shown are means s.d. (* p <0.05, ** p <0.01, *** p <0.001).
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Fig. 5. Tissue oxidative stress indexes. The data shown are means =+s.d.
(* p<0.05, ** p <0.01, *** p <0.001).

Discussion

Ischemic acute renal failure (ARF) is a common clinical event
leading to development of chronic kidney disease and transition
from pre-existing chronic kidney disease to end-stage renal disease
and a high mortality (1, 2). Ischemic ARF is a complex syndrome
involving renal vasoconstriction, tubular necrosis and glomeru-
lar injury (3). In the present study we investigated the degree of
renal damage by microscopic and biochemical methods in order
to comprehend the protective capacity of f-glucan, a free-radical
scavenger, macrophage activator and immune defense inducer in
young and aged rats. Aged rats are more susceptible to I/R-induced
renal failure, which may associate with the increased oxidative
stress, increased histologic damage, and increased inflammation
and tubulointerstitial fibrosis (2). The incidence of acute kidney
injury in the elderly population has steadily increased in recent
years. Functional recovery after acute kidney injury is impaired in
the elderly. Although the exact mechanism underlying age-related
differences is not well understood, it is known that aged rats exhibit
reduced antioxidant potential and increased oxidative stress after
I/R (1, 26). The results of Zhang et al (26) demonstrate that aged
rats experience more severe reperfusion—induced injuries com-
pared with young rats. Compared with young ischemia/reperfusion

group, the contents of MDA were higher and the contents of SOD
were lower in aged ischemia/reperfusion group. Kusaka et al (1)
reported that serum BUN and Cre levels elevated after I/R were
higher in aged I/R rats than in young I/R rats. Moreover, survival
rate of the young I/R group was higher than that of the aged I/R
group. Xu et al (2) reported that aged rats were more susceptible
to the oxidative damage following 45 min. ischemia and 12 wk.
reperfusion. In the present study all of the rats, young and aged,
survived during whole ischemia and reperfusion period. Mean
HDSs of sham operated young and old groups were 0.5 +0.83 and
1 £ 0.57 ; respectively ; whereas of young and aged I/R groups
were 8 + 1.67 and 4.86 + 1.34 ; respectively. Mean tissue OSIs of
young I/R group was lower than aged I/R group and of young I/R+
B-glucan group was lower than that of aged I/R+ B-glucan group.
Additionally, serum creatinine and urea levels were not higher in
aged rats than in young rats. Thus we suggest that aged rats are
more resistant to early I/R injury than young ones in opposite to
the previously reported data.

In our study, I/R resulted in some histopathological changes
including tubular degeneration (including dilatation and atrophy),
vacuolization and intracellular edema, tubular necrosis, glomeru-
losclerosis, hemorrhage, capillary dilatation and congestion, and
intercellular edema, as excepted. However ; these changes were
more obvious in young rats. In B-glucan administered and I/R
performed groups, the mentioned alterations were reduced. The
mean tissue HDSs of young and aged B-glucan+I/R groups were
lower than those of young and aged I/R groups ; respectively.
HDSs of young -glucan group was lower than that of young I/R
group, and of aged B-glucan group was lower than that of aged
I/R group (p<0.05).

Serum urea and creatinine levels of young and aged sham
group and B-glucan administered groups were all lower than those
of I/R and B-glucan+I/R groups. Serum urea and creatinine levels
of young and aged I/R groups were higher than those of all of the
young and aged groups. Although serum creatinine and urea lev-
els of B-glucan+I/R groups were lower than those of I/R groups,
changes were not significant. We have some clues that -glucan
administration prior to I/R is somewhat effective in reducing in-
creased blood urea and creatinin levels. In fact, the low levels in
B-glucan pretreated groups in comparison to sham groups were
noteworthy. Having a low level of blood creatinine indicates
nothing more than an efficient and effective kidney. We suggest
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Fig. 6. Serum CRP (a), IL-6 (b) and IL-8 (c) levels of all groups. The data shown are means +s.d.
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that B-glucan administration simultaneous to I/R might be more
effective to support kidney functions. On the other hand, evalu-
ation of these parameters later than several hours might be more
meaningful for evaluating kidney functions.

It is well known that reperfusion following ischemia may cause
additional damage and further complicate the injury through ac-
cumulation of ions, generation of ROS, endothelial dysfunction,
platelet aggregation and immune activation (27). During the acute
ischemia period, activation of the endothelium with increased per-
meability and expression of different adhesion molecules elicits an
acute inflammatory response characterized by activation of neu-
trophils, which cause I/R-induced inflammatory cascades through
the production and release of ROS and cytotoxic proteins includ-
ing MPO into the extracellular fluid (27) and (28). The amount
of antioxidant activity of B-glucan was influenced by the differ-
ent physiologic properties (e.g., structure and molecular size) of
B-glucan, which varied depending on the source and extraction
method used. Furthermore, the hydroxyl scavenging activity of
B-glucan has been found to be significantly higher than that of
various polymers that are used as food additives (29). In recent
years, oxidative damage has been shown to play an important role
in pathogenesis of various diseases as well as aging. Thus, large
numbers of antioxidant and free radical scavenger have been stud-
ied in terms of their therapeutic potency so far. We tried to evalu-
ate oxidative stress by measuring serum and tissue TAC, TOS,
thiol levels and CAT activities. Additionally, we evaluated OSIs
by dividing mean TOS level to TAC level of each of the groups.
Differences in serum TOS among groups were not significant.
Serum TAC of young and aged B-glucan+ I/R group were lower
than those of young and aged sham-operated groups. On the other
hand, tissue TOS of young B-glucan+ I/R group was lower than
that of I/R group whereas tissue TOS of aged B-glucan+ I/R group
was higher than that of I/R group. Additionally, TOS of aged
B-glucan+ I/R group was higher than that of young p-glucan+I/R
group and aged sham-operated group. It was clear that -glucan
prevented young rats from I/R-induced oxidative stress rather
than aged rats. Changes in tissue TAC levels were not generally
significant. Solely, tissue TAC of young B-glucan+ I/R group was
lower than that of sham-operated group. Additionally, tissue OSIs
of I/R groups were increased. The latter change implies that I/R
have resulted in either increase in TOS levels and/or decrease in
TAC levels. Since OSI of young B-glucan administered and I/R
performed rats than that of I/R performed rats, it was clear that
B-glucan administration was more effective in reducing oxidative
stress in young rats than aged ones. In fact, mean histopathologi-
cal score of young I/R+f-glucan group was lower than that of the
aged I/R+B-glucan group. Moreover, although insignificant, se-
rum and tissue thiol levels of I/R performed groups were higher
than those of I/R performed and B-glucan administered groups.
Recent results demonstrate that irrespective of their metabolic ori-
gin elevated thiols are associated with increased oxidative stress
in plasma (30). Serum protein thiol levels are a direct measure of
the in vivo reduction/oxidation (redox) status in humans, because
thiols react readily with oxygen-containing free radicals to form
disulfides. Moreover, serum thiols also reflect DNA repair capacity
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and the possible eventual accumulation of genetic damage, since
a key DNA repair enzyme, poly ADP-ribose polymerase (PARP),
is thiol/disulfide redox regulated (31). Considering the results of
HDSs, OSIs, and mean serum end tissue thiol levels, we conclude
that B-glucan is effective to protect kidneys from I/R-induced oxi-
dative damage, especially in young rats.

Activity of tissue MPO, an enzyme that is found predominant-
ly in the azurophilic granules of polymorphonuclear leukocytes
(PMN:ss), is used as an indication of accumulation of neutrophils
in inflamed tissues. Hypoperfusion occurring predominantly in
the corticomedullary junction and outer medulla may directly
contribute to leukocyte accumulation (32). Activated neutrophils
are generally considered to be the principal effectors of renal I/R
injury as they can release superoxide, which can be converted to
hydroxyl radicals and NO that can combine with superoxide to
form peroxynitrite (33). Activation of neutrophils causes I/R-in-
duced inflammatory cascades through the production and release
of ROS and cytotoxic proteins including MPO into the extracel-
lular fluid (27, 28). Versteilen et al (34) reported early leukocytes,
mostly PMNs, predominantly accumulated in the microvasculature
of the corticomedullary junction and medulla in the first hour of
reperfusion following 60 min ischemia. We did not detect leuko-
cyte infiltration into the cortical or medullar tissue at the end of
I/R period. In fact, the differences in mean MPO activities of the
groups were not striking. Behrends et al (35) reported tissue MPO
activities of sham operated and ischemia performed groups were
similar at the end of 45 min ischemia and 24h reperfusion period.
Koc et al (36) reported increased MPO activity at the end of 60
min ischemia and 24 h reperfusion period. In our study serum
MPO activities of young and aged I/R groups were higher than
those of sham and I/R+ B-glucan groups. The results indicate the
neutrophil activation of the tissues of the whole body following
renal I/R. It is well known that I/R of any organ cause oxidative
inflammatory response in various remote organs. We conclude
that B-glucan administration even prior to I/R inhibits neutrophil
activation and MPO release thus reduces oxidative tissue damage.

Low levels of PON-1 and arylesterase (ARE), endogenous
antioxidant enzymes, have been reported in situations in which
reactive oxygen radicals increase and oxidative stress occurs (37,
38). PON1, an antioxidant and anti-atherogenic enzyme, is pro-
duced in the liver and secreted into the blood where it is incorpo-
rated into high density lipoprotein (HDL) and protects LDL and
cellular membranes against lipid peroxidation (39). Although in-
significant, we detected decreases in PON activities in I/R groups
and slight elevations in I/R+ B-glucan groups ; predominantly in
young rats. Serum ARES level of young (P<0.01) and aged I/R
group was lower than that of sham groups. Beta-glucan admin-
istration more or less increased ARES activity in young but not
aged rats following I/R.

CRP, IL-6, and IL-8 are soluble peptides associated with in-
flammation. CRP is an acute phase protein wherein its blood levels
canrise dramatically within days after an inflammatory insult (40).
This dynamic expression is regulated at the level of transcription,
with IL-6 being the main inducer of the CRP acute phase response
(41). Although the liver is the major source of blood CRP (42)
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renal tubular epithelial cells also produce CRP (43) and so CRP
actions in the kidney may be manifest even during periods of re-
stricted blood flow (44). In our study changes between the levels
of CRP of young and aged I/R and I/R+ -glucan groups were not
striking. However ; IL-6 levels of I/R groups were higher than
those of sham, B-glucan and I/R+ B-glucan groups. Additionally,
IL-8 levels of young /R group were higher than those of sham,
B-glucan and I/R+ B-glucan groups. Beta-glucan administration
reduced IL-6 levels as well as IL-8 levels in both young and aged
rats. Yang S et al. reported elevated IL-6 and IL-8 levels following
45 min ischemia and 3 days reperfusion period (45).

As a conclusion, these results indicate that B-glucan is pro-
tective against I/R-induced renal damage ; especially for young
rats. As a result of microscopic and biochemical data we suggest
that B-glucan is a potential oxidative damage suppressor in pro-
tection from renal damage following I/R. Hereupon we plan to
investigate therapeutic effects of long-term B-glucan administra-
tion following I/R.
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