EXPERIMENTAL STUDY

Does f3-glucan can have a protective role against oxidative
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ABSTRACT

BACKGROUND: Very high mortality rate in sepsis may be related to oxidative stress. This study was conducted on the rats to
investigate the presence of oxidative stress and also the potential protective effects of the B-glucan in the intra-abdominal sepsis model
formed by cecal ligation-perforation (CLP).

METHODS: In this study, 30 Male rats were equally divided into three groups as “Sham”, “Sepsis” and “B-Glucan”. Only laparotomy
was performed in the Sham group, and sepsis was induced by CLP in Sepsis and B-Glucan groups. Following CLP, a single dose of 4
mg B-glucan/kg was also intraperitoneally administered to the 3-Glucan group. Blood and tissue (liver; lung and kidney) samples were
taken from Sepsis and B-Glucan groups after sepsis development determined at the end of the 48th hour, also from the Sham group.
The levels of myeloperoxidase (MPO) and advanced oxidation protein products (AOPP) were determined in plasma samples, and the
malondialdehyde (MDA) was measured in plasma and tissues.

RESULTS: MPO and AOPP were higher in both the Sepsis and B-Glucan groups; however, plasma and tissue MDA levels were higher

only in the Sepsis group than the Sham group (p<0.05). However, when compared to the Sepsis group, all parameters measured, except
kidney MDA, were significantly lower in the B-Glucan group (p<0.05).

CONCLUSION: To our knowledge, this is the first study to investigate the AOPP levels in the CLP sepsis model, ROS produced by
the reaction of MPO derived from neutrophils may form oxidative damage to the proteins, compared to the lipids, and B-glucan may
be used as an alternative agent for sepsis treatment.
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INTRODUCTION

Sepsis-induced multiple organ dysfunctions are the major
cause of death in critical care units.'"® The high mortality
rate in sepsis mostly arises from gram-negative bacteria en-
dotoxins, which cause secretion of cytokines by inducing the
immune system, has also been suggested to be related to oxi-
dative stress due to the generation of reactive oxygen species
(ROS)*#1 Despite the growing evidence that ROS is important
during sepsis development, whether oxidative stress causes
or propagates the pathogenesis of sepsis remains unclear.F!
Thus, it represents a potential therapeutic target.l) ROS abla-

tion for the treatment of sepsis could be useful in the clinical
setting of sepsis-induced multiple organ failure.! Clinicalt”®
and experimental*®'% studies have demonstrated that B-glu-
can may be beneficial in the treatment of sepsis. Pretreatment
with B-glucan in septic rats may have therapeutic potential to
ameliorate clinical symptoms due to excessive production of
proinflammatory cytokines during acute septic complications.
[T A previous report from our team,['” investigating the pro-
tective effects of B-glucan on lung injury after cecal ligation and
puncture (CLP) in rats, has been shown that B-glucan treat-
ment decreased lung damage according to both morphological
and functional criteria in an experimental sepsis model.

model in rats?. Ulus Travma Acil Cerrahi Derg 2020;26:657-662.

Address for correspondence: Meltem Demir, M.D.

Tel: +90 850 - 283 60 00 E-mail: meldemir52@gmail.com

Copyright 2020 Turkish Association of Trauma and Emergency Surgery

Cite this article as: Demir M, Kése K, Yazic1 C, Soziier EM. Does 8-glucan can have a protective role against oxidative stress in the experimental sepsis

istinye Universitesi Tip Fakiiltesi, Tibbi Biyokimya Anabilim Dali, istanbul, Turkey

Ulus Travma Acil Cerrahi Derg 2020;26(5):657-662 DOI: 10.14744/tjtes.2019.79002 Submitted: 02.08.2019 Accepted: 29.12.2019 Online: 09.09.2020

Ulus Travma Acil Cerrahi Derg, September 2020, Vol. 26, No. 5

657


https://orcid.org/0000-0002-0836-8585
https://orcid.org/0000-0002-1693-1155
https://orcid.org/0000-0003-0625-9542
https://orcid.org/0000-0002-3332-2570

Demir et al. Does (3-glucan can have a protective role against oxidative stress in the experimental sepsis model in rats?

In the present study, as a follow-up of the previous report,
12 the experimental CLP sepsis model was used to demon-
strate the increased ROS production by activated neutro-
phils, which leads to oxidative stress in sepsis, through the
oxidations of lipids and proteins. Therefore, plasma Myelop-
eroxidase (MPO) activity as a neutrophil activation marker,
and oxidative stress markers, such as plasma advanced oxi-
dation protein products (AOPP) levels for protein oxidation,
and malondialdehyde (MDA) levels for lipid peroxidation in
both plasma and tissue samples obtained from liver, lung and
kidney were determined in septic rats. In addition, the possi-
ble protective effects of B-glucan on these parameters were
investigated and discussed its potential therapeutic effects on
this rat model.

MATERIALS AND METHODS

The protocol of this study was approved by Erciyes Universi-
ty Animal Research Local Ethics Committee. This study was
conducted on male Wistar albino rats grown at Hakan Cetin-
saya Experimental and Clinical Research Center of University.

Study Groups

A total of 30 male rats, guaranteed to be free of particular
pathogens and were acclimatized for one week before the
experiments, weighing 250-300 g, were kept on the |2-hour
light/dark cycle and at normal room temperature and mois-
ture during this study. The rats, kept in standard wire cages
and fed ad libitum with standard pellet chow and tap water,
were randomly divided into three groups of 10 rats each to
form “Sham”, “Sepsis” and “B-Glucan” groups.

Study Design

The rats were weighed before this study, and the doses of
water-soluble B-glucan (Beta-D-glucan, Sigma, St. Louis, Mo,
USA) and ketamine HCI (Ketalar®, Parke-Davis, USA; 50 mg/
mL) were adjusted to be applied per kilogram (kg) of rat
weight intraperitoneally (ip).

The rats were allowed to take only water for 12 hours before
the operation. All surgical procedures were carried out under
ip ketamine anesthesia (50 mg/kg) and in sterile conditions. In
the Sham group, laparotomy was performed through a low-
er-midline incision, and the cecum was manipulated without
being ligated or perforated. CLP procedure was applied to
both Sepsis and B-Glucan groups, as previously described in
detail 12. A single dose of 4 mg [3-glucan/kg was also adminis-
tered ip to the B-Glucan group, while two other groups were
given equal volumes of saline. After surgery, the rats, which
were received their cages and provided ad libitum fed, were
followed up for 48 hours.

In the rats which were applied CLP with a preliminary study,

sepsis was identified after 48 hours by the assessment of the
cell content and morphology of bronchoalveolar lavage (BAL)
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fluid;l'? therefore, blood samples were taken, and liver, lung
and kidney tissues were removed from all groups under ket-
amine anesthesia at the end of 48 hours following laparotomy.

Biochemical Analyses

Plasma samples were kept at —70°C until the determinations
of MPO, MDA and AOPP levels. The tissue samples were
washed with ice-cold saline, until the clearance of blood, and
dried with filter paper; then, tissue portions were suspended
and homogenized in ice-cold 0.15 mol/L phosphate buffer, pH
7.4 (10% wt/vol). Homogenates were stored at —70°C until
MDA measurements.

Plasma MPO activity was conducted by the kinetic observa-
tion of o-dianisidine oxidation under the existence of H,O,
at 460 nm. MPO activity was calculated using the molar ex-
tinction coefficient of 1.13 x 10* M cm’' of oxidized o-di-
anisidine.l'¥ The results were expressed as units of enzyme
activity per liter of plasma (U/L).

AOPP levels were designated by the measurement of liberated
triiodide ions at 340 nm during Kl oxidization by cross-link-
ing products created by chlorinated oxidants with plasma
proteins, and AOPP levels were expressed as micromoles of
chloramine-T equivalents per liter of plasma (umol/L).l'"]

MDA levels in plasma and tissue homogenates were assessed
by the spectrophotometrical method of Ohkawa et al.,!']
where in MDA couples to thiobarbituric acid to form pink
chromogen compound, which has a maximum absorbance at
540 nm. During measurement, plasma samples were used di-
rectly. Thawed samples of tissue homogenates (10% wt/vol)
were mixed by vortex, centrifuged at 20.000 g for 15 min at
+4°C. The supernatants were used for MDA measurement
on the same day. MDA levels were expressed as micromoles
per liter (umol/L) and nanomoles per gram of wet tissue
weight (nmol/g), in plasma and tissue samples, respectively.

Statistical Analyses

The data were analyzed using Statistical Products and Ser-
vice Solution package (SPSS, for Windows, 16 versions, Chi-
cago, IL., USA). The normality of measured parameters was
assessed using the Shapiro—Wilk test, and all data were de-
termined to conform to a normal distribution. Comparison
of the data was made by the analysis of variance (ANOVA)
and post-ANOVA (Scheffe’s procedure) tests among three
groups. Furthermore, bivariate comparisons were made us-
ing Pearson correlation coefficients (r) in the parameters of
study groups. Data were presented as means + SD at the ta-
bles, and the difference was considered significant at p<0.05.

RESULTS

Since one rat of the Sepsis group died on the second postop-
erative day due to generalized peritonitis revealed by autopsy,
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Table I. MPO, AOPP and MDA values of the study groups

Parameters

Study Groups

Sham Group (n=10)

Sepsis Group (n=9) B-Glucan Group (n=10)

Plasma MPO (U/L) 65.4%17.9
Plasma AOPP (pmol/L) 34.4+8.6
Plasma MDA (umol/L) 1.8+0.5

Lung MDA (nmol/g tissue) 724£17.9
Liver MDA (nmol/g tissue) 64.5%18.3
Kidney MDA (nmol/g tissue) 81.6x17.1

136.4£27.0 98.5+£27.0%*
146.4+31.8 93.6£12.1"*
3.6+0.8 1.9+0.4*
118.8+23.6 75.8+18.3%
116.3£29.6 76.6+16.8
114.6£25.17 93.6+20.9

n: Number of rats. Data presented as meansztstandard deviation. Significant statistical comparisons: Sham group vs Sepsis or B-Glucan groups (*p<0.05) by post-ANOVA

test. Sepsis group vs B-Glucan group (p<0.05) by post-ANOVA test. MPO: Myeloperoxidase; AOPP: Advanced oxidation protein products; MDA: Malondialdehyde.

Table 2.

Significant correlations between parameters measured in the study groups

Biochemical parameters

Sham Group (n=10) Sepsis Group (n=9)

r p r p
Plasma: myeloperoxidase — AOPP 0.752 0.012 0.797 0.0l
Plasma malondialdehyde — Lung malondialdehyde 0.856 0.001 0.900 0.001
Plasma malondialdehyde — Kidney malondialdehyde - - 0.754 0.019
Lung malondialdehyde — Kidney malondialdehyde 0.650 0.042 0.864 0.003

n: Number of rats. AOPP: Advanced oxidation protein products.

this study was completed with 29 rats. No statistical differ-
ence was found among study groups concerning weight, both
at the beginning and the end of this study (p>0.05).

Plasma MPO activity and AOPP levels and MDA in plasma
and tissue samples were shown in Table I. When compared
to the Sham group, MPO and AOPP were found significantly
increased in both the Sepsis and B-Glucan groups (p<0.05);
however, plasma and tissue MDA levels were higher only in
Sepsis group (p<0.05). When the Sepsis group was compared
to the B-Glucan group, except kidney MDA, all parameters
measured were significantly lower in the B-Glucan group
(p<0.05). There was a relative decrease in kidney MDA level,
but it was not statistically significant (p>0.05).

Only significant correlations among the parameters of the
study groups are shown in Table 2. Plasma MPO activity was
positively correlated with AOPP levels, and there were signifi-
cantly positive correlations between plasma and lung MDA,
and also lung — kidney MDA levels in both the Sham and the
Sepsis groups (p<005).

DISCUSSION

In the present study, plasma AOPP and MPO levels were
found to be higher in septic rats. To our knowledge, there
has been no study measuring plasma AOPP in experimental
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sepsis by inducing CLP. On the other hand, clinical studies,
and also experimental studies in different animal species, and
different types of sepsis models except CLP, have been shown
to increase in plasma AOPP and MPO levels.l'! Selmeci et
al. has suggested that plasma AOPP measurement is espe-
cially suitable for monitoring oxidative stress in critically ill
patients even at daily intervals since AOPP exhibited rapid
responses in both directions. Additionally, increased AOPP
levels have been reported in critically ill patients, induced by
the overproduction of ROS and the subsequent depletion of
the antioxidant endogenous stores. In experimental studies,
plasma AOPP levels were higher in dogs infected with Range-
lia vitalii,!'”? and a significant increase in plasma; AOPP levels
was also measured in the rats inoculated with infective blood
by Trypanosoma evansi.l'®

The finding of high AOPP levels in septic rats can be explained
in the way that chlorinated oxidants, HOCI and chloramines
are only produced by phagocytic cells in vivo, which migrate
to lungs that cause the formation AOPP. Supporting this view,
since chloramines have been reported to increase membrane
permeability,l'”! these oxidants may be assumed to pass from
tissue to plasma. In an experimental obstructive jaundice
model induced by choleduct ligation,?? and in mediastinitis
model by methicillin-resistant Staphylococcus aureus,?'! se-
rum MPO activity was found to be higher in the rats. Mihl
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et al.? and Kothari et al.” found increased plasma MPO
levels in patients with sepsis; and suggested that neutrophil
activation occurring during inflammation and sepsis could be
detected by plasma MPO released into the blood, which may
be a good biomarker of the neutrophil proliferation and se-
verity of inflammation (Fig. 1).%]

MDA levels in liver, lung and kidney tissues, and also in plasma
were found higher and the correlations between MDA levels
in plasma, lung and kidney were also obtained in septic rats in
the present study, indicating the sepsis as a cause of oxidative
damage in the liver, kidney and lung tissues; demonstrated
by the increased lipid peroxidation. Increased MDA levels in
the liver,*?! lung[#*!1924271 and kidney tissues,**'%242¢ and
also in plasmal**'% were reported in CLP-induced septic rats.
Furthermore, Koksal et al.l'¥ reported that plasma MDA was
correlated to MDA in liver, lung, and kidney in septic rats in-
duced by CLP; and suggested that increased oxidative stress
in tissues in parallel with plasma may be important mecha-
nisms due to the output of free radicals.

Furthermore, in the present study, for the first time, decreas-
es in plasma MPO and AOPP values with B-glucan administra-
tion were found to be statistically significant concerning the
efficacy of treatment. These findings may suggest that B-glucan
suppresses the severity of sepsis, and regarding these results,
inflammation following induction of sepsis was decreased by
B-glucan. Obviously, lower neutrophil accumulation will re-
sult in lower tissue inflammation. As seen in the first part of
the present study,l'? lower neutrophil and higher monocyte
percentages were observed by B-glucan administration, com-
pared to septic rats. When considering decreased percent-
ages of neutrophils, these findings may be explained as the
B-glucan that may prevent both inflammation and also MPO
release from activated phagocytic cells to plasma. Additional-
ly, the formation of chloramines by MPO mediated reactions,
which may oxidize proteins, may be captured by B-glucan and
in this manner; the oxidative damage secondary to respirato-
ry burst may be partially prevented.

There are contrasting views about the relationship between
MDA, oxidative stress and sepsis. Namely, Lorente et al.l*8]
reported that increased serum MDA levels were associated

extracellular medium
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Figure 1. Respiratory burst and formation of chloramines.

Respiratory burst:

cytoplasma
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with severity and mortality in septic patients, irrespective of
site of the infection, type of micro-organism, or dysfunctional
organ system, suggesting that lipid peroxidation was attribut-
able to the general host response rather than a pathogen- or
organ-specific reaction. Otherwise, the considerable overlap
between sepsis survivors and non-survivors limits the util-
ity of MDA in clinical practice.l! According to Weiss and
Deutschman,® lipid peroxidation is not specific to sepsis and
may be affected by comorbid conditions, diet, and lifestyle
behaviors, and also its shorter half-life and the lack of stability,
and the use of non-specific/non-sensitive methods affect the
reliability of the MDA results.[%?"] Therefore, further study is
required to validate the utility of MDA as a prognostic bio-
marker in sepsis.’! On the other hand, during severe sepsis
or organ failure, the body response fails to protect itself. An
intense study of oxygen radical-mediated mechanisms may
lead to improved therapies in sepsis treatment.’! Although
the antioxidant therapies in sepsis remains an attractive but
unproven strategy;!! the use of biological mediators or phar-
macological agents with antioxidant properties is gradually
increasing to strengthen the endogenous defense system in
many diseases involving oxidative stress in their pathogenesis.
The studies have focused on the B-glucan molecule because
of the beneficial effects on the immune system and the lack
of toxic or adverse effects.”

Although major discrepancies exist, several mechanisms are
proposed for the protective effects of B-glucan treatment,
some of them are related to antioxidant capacity and free-rad-
ical scavenger activity, and anti-inflammatory properties of
the molecule.?*3% Systemic administration of B-glucans has
been shown to enhance host protection against infections
in humans and animal models, such as sepsis and associated
organ injury. Clinical studies have shown that glucan therapy
can reduce hospitalization time, post-operative infection and
mortality rates in high-risk patients undergoing major tho-
racic or abdominal surgery!® and suggested that intake of
glucans in trauma surgical patients will increase the chance
of survival via decreasing the frequencies of septic compli-
cations. Additionally, in a clinical ex-vivo study, it has been
shown that B-glucan could protect an endothelial monolay-
er from damage that arises from neutrophils obtained from
septic patients exert a dramatic compromise of endothelial
barrier integrity.'! Similarly, when investigated in vitro effects
of B-glucan on oxidative stress by lipopolysaccharide associat-
ed with oxidative damages of human blood platelets; TBARS,
protein carbonyl levels and nitration of tyrosine residues in
proteins of platelets were found to be lower in the presence
of B-glucan.BP? These findings are also in accordance with the
present study that B-glucan administration was associated
with significantly reversing the high MDA levels in tissues and
plasma of a rat model where sepsis was induced by CLP.

In conclusion, although sepsis cannot be simplified to ROS

pathology alone, in this first study in which AOPP levels in
sepsis model are investigated; it may be suggested that the
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oxidants produced by MPO derived from neutrophils are
more likely to cause oxidative damage to proteins than lipids,
and B-glucan with anti-inflammatory and antioxidant effects
may be a promising candidate with further clinical and exper-
imental trials for sepsis therapy.
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-glukan, sicanlarda deneysel sepsis modelinde oksidatif strese kars:
koruyucu rol oynayabilir mi?

Dr. Meltem Demir," Dr. Kader Kose,? Dr. Cevat Yazici,2 Dr. Erdogan Miitevelli Soziier®

listinye Universitesi Tip Fakiltesi, Tibbi Biyokimya Anabilim Dali, istanbul
2Erciyes Universitesi Tip Fakultesi, Tibbi Biyokimya Anabilim Dali, Kayseri
3Erciyes Universitesi Tip Fakiiltesi, Genel Cerrahi Anabilim Dali, Kayseri

AMAC: Sepsiste gok yiiksek mortalite orani oksidatif stres ile iligkili olabilir. Bu galisma fareler tizerinde, gekal ligasyon-perforasyon (CLP) ile olustu-
rulan karinigi sepsis modelinde oksidatif stresin varligini ve ayrica B-glukanin potansiyel koruyucu etkisini arastirmak igin yapilmistir.

GEREC VE YONTEM: Otuz erkek sigan esit olarak “Sham”, “Sepsis” ve “B-Glukan” olarak ii¢ gruba ayrildi. Sham grubunda sadece laparotomi
yapildi, Sepsis ve 3-Glukan gruplarinda CLP ile sepsis olusturuldu. 3-Glukan grubuna CLP'yi takiben intraperitonal olarak tek bir doz 4 mg B-glukan/
kg verildi. Sepsis gelisiminden sonra 48. saatin sonunda Sepsis ve 3-Glukan gruplarindan ve Sham grubundan kan ve doku (karaciger, akciger ve
bobrek) érnekleri alindi. Plazma 6rneklerinde miyeloperoksidaz (MPO) ve ileri oksidasyon protein Uriinleri (AOPP) seviyeleri belirlendi ve plazma
ve dokularda malondialdehit (MDA) dlcldi.

BULGULAR: MPO ve AOPP, Sepsis ve B-Glukan gruplarinda daha yiiksekti; ancak plazma ve doku MDA dtizeyleri sadece Sepsis grubunda Sham
grubundan daha yiiksekti (p<0.05). Bununla birlikte, Sepsis grubuyla karsilastirildiginda, bébrek MDA degeri harig olgllen tim parametreler,
B-Glukan grubunda anlamli olarak daha distkti (p<0.05).

TARTISMA: CLP sepsis modelinde AOPP diizeylerini aragtirmak igin yapilan bu ilk galismada; nétrofillerden salgilanan MPO reaksiyonu ile dretilen
ROS, lipitlere kiyasla proteinlerde oksidatif hasar olusturabilir ve B-glukan, sepsis tedavisi icin alternatif bir ajan olarak kullanilabilir.

Anahtar sozclikler: B-Glukan; ileri oksidasyon protein Griinleri; miyeloperoksidaz; reaktif oksijen tiirleri; sepsis.
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