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Abstract. - OBJECTIVE: The B-glucans are
long-chain polymers of glucose, which comprise
the fungal cell wall, stimulate cells of the innate
immune system, enhance disturbed epitheliza-
tion, and have antioxidant effects. Oxidative
stress has been implicated in the pathogenesis
of bleomycin-induced lung fibrosis and various
antioxidant agents have been studied for preven-
tion and treatment of the disease. In this experi-
mental animal study, we assessed effects of -
glucan, extracted from barley, on the bleomycin-
induced lung fibrosis, and evaluated differences
of starting before and after bleomycin instilla-
tion.

MATERIALS AND METHODS: Male Spraque-
Dawley rats were given a single dose of
bleomycin in pulmonary fibrosis groups. First
dose of p-glucan and NAC was given three days
before the bleomycin injection, and at one of the
other group p-glucan was started 12 hours after
bleomycin and continued until 14* day. Fibrotic
changes in lung were estimated by using
Aschoft’s criteria and measuring lung hydrox-
yproline content.

RESULTS: Bleomycin induced severe pul-
monary fibrosis with marked increase in hydrox-
yproline content of lung tissue and typical lung
fibrosis, which was prevented by p-glucan. Hy-
droxyproline level was significantly higher in
bleomycin treated rats than the other groups,
and its level was decreased in the therapeutic
groups, especially in the p-glucan post-
bleomycin group fibrosis score, hydroxyproline
and MDA levels returned to the control levels.
On the other hand, reduced glutathione level ele-
vated in the same group.

CONCLUSIONS: The data suggest that p-glu-
cans have protective and early therapeutic effects
against bleomycin-induced lung fibrosis in rats.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is defined
as a specific form of chronic, progressive fibros-
ing interstitial pneumonia of unknown cause, oc-
curring primarily in older adults. It is limited to
the lungs with histopathologic pattern of usual
interstitial pneumonia. It starts usually with non-
productive cough and exertional dyspnea. Severe
resting dyspnea and sight of right heart failure
develops with involvement of larger areas of the
lung'. The majority of patients get worse rapidly.
In a recent analysis based on health care data of a
large health plan in the United States estimates
the prevalence 14.0 and 42.7 per 100,000 persons
depending on the used case definition system?.
Based on the evidence published to date, no
pharmacological therapy has been proven for
IPF!. Recent studies have suggested some
promising agents for IPF include antioxidants®?>,
interferon gamma®, erdosteine’, N-acetylcysteine
(NAC)39, aminoguanidine'®, Ginkgo biloba'!,
bosentan'?, prostacyclin'®, blockers of tumor
necrosis factor alpha and transforming growth
factor beta'®. Despite, the large number of antifi-
brotic drugs being described in experimental ani-
mal studies, the translation of a serious alterna-
tive treatment protocol into clinical practice has
not been accomplished yet. Practically, treatment
protocols are focused on complications such as
heart failure, infections, etc., and supportive care.
Therefore, recently researchers have concentrat-
ed on the discovering an effective agent in the
treatment of IPF.

Bleomycin is a chemotherapeutic antibiotic,
produced by the bacterium “Streptomyces verti-
cillus”'>'. Tts use in animal models for creating
pulmonary fibrosis is based on the fact that fibro-
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sis is one of the major adverse drug effects of
bleomycin in human cancer therapy. Bleomycin
plays an important role in the treatment of lym-
phoma, squamous cell carcinomas, germ cell tu-
mors and malignant pleural effusion. It is be-
lieved that bleomycin acts by causing single and
double-strand DNA breaks in tumor cells and,
thereby, interrupting the cell cycle. This happens
by chelation of metal ions, and reaction of the
formed pseudo enzyme with oxygen, which leads
to production of DNA-cleaving superoxide and
hydroxide free radicals'’. An over production of
reactive oxygen species can lead to an inflamma-
tory response causing pulmonary toxicity, activa-
tion of fibroblasts and subsequent fibrosis'®!. It
causes inflammatory and fibrotic reactions within
a short period of time, even more so after intra-
tracheal instillation. The initial elevation of pro-
inflammatory cytokines (interleukin-1, tumor
necrosis factor-a, interleukin-6, interferon-y) is
followed by increased expression of pro-fibrotic
markers (transforming growth factor-g1, fi-
bronectin, procollagen-1). The “switch™ between
inflammation and fibrosis appears to occur
around 9" day after bleomycin'®. Therefore, im-
mune system stimulation might be logical in the
treatment of bleomycin-induced pulmonary fi-
brosis.

B-Glucans are cell-wall polysaccharide present
in yeast, fungi, and cereal plants. Differences in
the linkage arrangement compared with the cereal
glucans have been reported®>?2. The B-(1 — 3)
linkages always occur in isolation and interrupt
the regular cellulose-like structure in a random
fashion. This irregularity makes (1 — 3)(1 — 4)-
B-glucans water soluble. In the brewing process
barley p-glucan tends to form gels? and they are
accepted to be among the most powerful immune
response modifiers. Since the beneficial effects of
B-glucans on the immune system are devoid of
toxic and adverse effects, studies have focused on
B-glucan molecules. Several studies have reported
that B-glucans inhibit tumor development, protect
from ototoxicity and lipopolysaccharide induced
mortality®, restore hematopoiesis, promote wound
healing, and activates macrophages*?®. (3-glucan
molecules act on macrophages, B lymphocytes,
suppressor T cells, and natural killer cells. It en-
hances neutrophil mobilization and migration by
binding to the receptors located on monocytes?’. It
has also been found to be an effective antioxidant
and free-radical scavenger?®?. It has been reported
to be a critical inducer of mucosal immunity in the
digestive tract®.

The present study aimed to investigate pro-
tective and early therapeutic effects of f-glucan
on lung fibrosis induced by bleomycin exposure
by using Ashcroft criteria which provide semi-
quantitative assessment of lung fibrosis, and by
the measurement of hyroxyproline content and
oxidative stress markers in damaged lung tissue
in rats.

Materials and Methods

Animals

The experiments were carried out on a total of
44 male 12-week-old Sprague-Dawley rats,
weighing between 210-260 g. All rats were main-
tained under the same conditions before the sur-
gical procedure. The animals were housed at
22°C £ 2°C and 40% to 45% relative humidity in
wire bottom colony cages (4 rats/cage) with a 12-
hour light/dark cycle (7:00 am-7:00 pm) and fed
standard rat chow and tap water ad libitum. The
experiments were in compliance with the Princi-
ples of Laboratory Animal Care formulated by
the National Institutes of Health®'. The study pro-
tocol was approved by the Committee for the
Ethical Care and Use of Laboratory Animals of
Inonu University, Faculty of Medicine.

Experimental Protocols

Animal Model of Bleomycin-Induced
Pulmonary Fibrosis

All rats were anesthetized with 80 mg/kg keta-
mine (Ketalar, Pfizer, Istanbul, Turkey) and 5
mg/kg xylazine HCI (Rompun, Bayer, Germany).
Following anesthesia, a midline incision on the
neck and the trachea was exposed by blunt dis-
section. A needle of insulin injector was inserted
into the trachea under direct visualization.
Bleomycin hydrochloride (Nippon Kayaku,
Tokyo, Japan) was dissolved in 250 ul of phos-
phate-buffered saline solution and instilled into
the animal’s lungs at a dose of 7.5 mg/kg. The
rats were killed 14 days after bleomycin injec-
tion. Sterile saline solution and B-glucan were
administered to the control groups. The animals
were shaken to facilitate distribution of the
bleomycin and saline. Pulmonary fibrosis was as-
sessed based on the measurement of lung hy-
droxyproline content as well as evaluation of
lung histopathology.
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Experimental Groups

The animals were divided randomly into the
following five groups: Control (n = 7),
Bleomycin (n=10), N-acetylcysteine+Bleomycin
(n=9), B-Glucan+Bleomycin (n = 9), and
Bleomycin+f-Glucan (n = 9). The control group
rats did not take any treatment except equal vol-
ume of vehicle of bleomycin. The rats received 1
mg/kg P-glucan (Sigma, St. Louis, MO, USA),
supplied as a dry powder, by intragastric gavage
for 3 days before the bleomycin instillation in 3-
Glucan+Bleomycin (pre-Bleomycin) group, but
12 hours after the bleomycin instillation in the
Bleomycin+f-Glucan (post-Bleomycin) group.
N-acetylcysteine was administrated by intraperi-
toneal injection at a dose of 50 mg/kg; it started 3
days before the bleomycin instillation in N-
acetylcysteine+Bleomycin group. N-acetylcys-
teine and (-Glucan applied daily until the end of
the study. Fourteen days after the bleomycin in-
stillation, lung tissue samples were collected un-
der anesthesia.

Histopathological Examination

The right lung samples were fixed in 10% neu-
tral formalin solution for 24 h. After routine tis-
sue processing, paraffin-embedded tissues sec-
tioned at 5 um and stained with hematoxylin and
eosine (H&E) were examined for pulmonary fi-
brosis under light microscope. The entire lung
section composed of 30-35 microscopic fields
was examined at a magnification of x100. The
lung fibrosis was scored according to the
Ashcroft’s fibrosis score as: Normal (0), minimal
fibrous thickening of alveolar or bronchiolar
walls (1), moderate thickening of walls without
obvious damage to lung architecture (2,3), in-
creased fibrosis with definite damage to lung
structure and formation of fibrous bands or small
fibrous masses (4,5), severe distortion of struc-
ture and large fibrous areas; “honeycomb lung”
is placed in this category (6,7), total fibrous oblit-
eration of the field (8). The inflammatory infil-
trate in airspaces was ignored but organized in-
flammation was treated as fibrosis*>. The mean
score of all fields was taken as the fibrosis score
of that lung section with a maximum score of 8.

Determination of Hydroxyproline Levels
The right lungs were used for hydroxyproline
content determination with spectrophotometrical-
ly methods as an index of collagen accumulation.
The lungs were homogenized in 1 ml of phos-
phate buffered saline (PBS), and hydrolyzed by

the addition of 1 ml of 12 N HCL at 120 °C for
16 h and dissolved in 2 ml deionized water. Sam-
ples were incubated with Chloramine T solution
for 20 min at room temperature, and with
Ehrlich’s solution at 65 °C for 15 min. The ab-
sorbance of the Wnal reaction solutions at 550
nm were measured and amount of hydroxypro-
line was obtained as microgram™.

Preparation of Lung Tissue for
Biochemical Analyses

After removal, the lung tissues were washed
twice with cold saline solution, placed into glass
bottles, labeled, and stored at —80 °C until process-
ing. The lung tissues were homogenized in a four
volumes of ice-cold Tris-HCI buffer (pH 7.4) for 3
min at 16,000 rpm using a glass teflon homogeniz-
er (IKA Ultra-Turrax T25 basic homogenizer,
Staufen, Germany) after cutting of the lung tissues
into small pieces with a scissors. Tissue malondi-
aldehyde (MDA) and nitric oxide (NO) and re-
duced glutathione (GSH) levels were determined in
the homogenates. The homogenates were then cen-
trifuged at 5000 x g for 60 min to remove debris.
The clear upper supernatant fluid was taken and as-
sayed for catalase (CAT), glutathione peroxidase
(GSH-Px) and myeloperoxidase (MPO) activities.
After the supernatant solution was extracted with
an equal volume of an ethanol/chloroform mixture
(58/3, v/v) and centrifuged at 5000xg for 60 min,
the upper ethanol phase was taken and used in the
superoxide dismutase (SOD) assays. The protein
measurements were analyzed in homogenates, su-
pernatant and extracted samples.

Determination of MDA Levels

The thiobarbituric acid reactive substance lev-
el was determined by a method based on the re-
action with TBA at 90°C to 100°C". In the TBA
test reaction, MDA or MDA-like substances (ie,
the byproduct of lipid peroxidation process of the
polyunsaturated fatty acids) and TBA react to-
gether for production of a pink pigment having
an absorption maximum at 532 nm. The reaction
was performed at pH 2 to 3 at 90°C for 15 min-
utes. The sample was mixed with 2 volumes of
cold 10% (w/v) trichloro acetic acid to precipi-
tate protein. The precipitate was pelleted by cen-
trifugation and an aliquot of the supernatant was
reacted with an equal volume of 0.67% (w/v)
TBA in a boiling water bath for 10 minutes. After
cooling, the absorbance was read at 532 nm (UV-
1800, Shimadzu Corp., Tokyo, Japan). The re-
sults were expressed as nmol/g protein®*,
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Determination of NO Levels

Direct measurement of NO, a very labile mol-
ecule, in biological samples is difficult. In aque-
ous solution, NO reacts with molecular oxygen
and accumulates in the plasma as nitrite (NO27)
and nitrate (NO3") ions. Therefore, the stable ox-
idation end products of NO, NO27, and NO3™ can
be readily measured in biological fluids and have
been used in vitro and in vivo as indicators of NO
production. Tissue nitrite plus nitrate concentra-
tions as an index of plasma NO levels were deter-
mined by the method described previously™.
Quantification of nitrite and nitrate was based on
the Griess reaction, in which a chromophore with
a strong absorbance at 540 nm is formed by reac-
tion of nitrite with a mixture of naphthylethyl-
enediamine and sulfanilamide. The absorbance
was measured by a UV spectrophotometer (UV-
1800, Shimadzu Corp.) to assess the nitrite con-
centration. For nitrate detection, a second sample
was treated with copperized cadmium in glycine
buffer at pH 9.7 to reduce nitrate to nitrite, the
concentration of which represented the total ni-
trite plus nitrate. A standard curve was estab-
lished with a set of serial dilutions (10—-8-10-3
mol/L) of sodium nitrite. Results were expressed
as umoL/g protein.

Determination of GSH Levels

The lung tissue GSH levels were measured by
the method of Beutler et al*. Reduced glu-
tathione was assessed in cell lysates (prepared by
mixing 0.2 mL of packed cells to 1.8 mL of
Na2EDTA) using metaphosphoric acid as the
precipitation agent. Samples were treated with
5,5V-dithiobis-2-nitro benzoic acid (DTNB), a
compound readily reduced by sulfhydryl com-
pounds, forming a highly colored compound
which has a maximum absorbance at 412 nm.
GSH concentrations were expressed as nmol/g
wet tissue.

Determination of GSH-Px Activity

GSH-Px (EC 1.6.4.2) activity was measured
using the method of Paglia and Valentine?’. The
enzymatic reaction was initiated by the addition
of H,0, to the reaction mixture containing re-
duced glutathione, nicotinamide adenine dinu-
cleotide phosphate, and glutathione reductase.
The change in the absorbance at 340 nm was
monitored spectrophotometrically. Activity was
expressed as U/g protein.

Determination of MPO Activity

Myeloperoxidase (EC 1.11.2.2) activity was
determined using a 4-aminoantipyrine/phenol so-
lution as the substrate for MPO mediated oxida-
tion by H,O, and changes in absorbance at 510
nm (A510) were recorded®. Data are presented
as U/g protein. All samples were assayed in du-
plicate.

Determination of CAT Activity

CAT (EC 1.11.1.6) activity was measured ac-
cording to the method of Aebi et al*. The princi-
ple of the assay is based on the determination of
the rate constant k (dimension: s—1, k) of hydro-
gen peroxide (H,0,) decomposition. The rate
constant of the enzyme was determined by mea-
suring the absorbance changes per minute. Activ-
ities were expressed as k/mg protein.

Determination of SOD Activity

The principle of the total SOD (EC 1.15.1.1)
activity method is based, briefly, on the inhibi-
tion of nitrobluetetrazolium (NBT) reduction by
02~ generated by a xanthine/xanthine oxidase
system*. Activity was assessed in the ethanol
phase of the serum after 1.0 mL ethanol/chloro-
form mixture (5/3, v/v) was added to the same
volume of serum and centrifuged. One unit of
SOD was defined as the enzyme amount causing
50% inhibition in the NBT reduction rate. Activi-
ty was expressed as U/g protein.

Statistical Analysis

Data were analyzed by using SPSS for Win-
dows version 22.0 (SPSS Inc., Chicago, IL,
USA). Distribution of the groups was analyzed
with the Shapiro-Wilk test. Groups showed nor-
mal distribution for the level of MDA, GSH and
the activities of GSH-Px so that parametric statis-
tical methods were used to analyze these data. A
One-way ANOVA test was performed and post
hoc multiple comparisons were made using
Tukey HSD. The distribution was not normal for
hydroxyproline, MPO, NO, SOD and CAT levels
in groups. The results of abnormal distributed
were assessed between groups using the Kruskal-
Wallis test. The Mann-Whitney U test was made
for the difference between 2 groups. Results are
presented as meanzstandard deviation (SD). p <
0.05 was considered to be statistically significant
for normal distributed data, but p < 0.005 was
considered to be significant for abnormal distrib-
uted data.
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Results

The anesthesia and bleomycin instillation pro-
cedure were well tolerated by the rats. No ad-
verse effects were observed in rats that received
NAC and pB-Glucan daily. The rats that received
bleomycin without any therapeutic agent showed
mild degree of systemic toxicity with not signifi-
cant weight loss on day 14 compared to other
groups. Food and water consumption decreased
in this group day-by-day. In the bleomycin
group, 1 rat died on 7" day and 1 rat died on 12
day. All of the animals from the other groups sur-
vived until the end of the experiment. The
residue of B-Glucan solution was gelled in the
tube at room temperature for 12 hours.

Assessment of Lung Fibrosis

Lung fibrosis was primarily assessed by mea-
suring hydroxyproline content in lungs tissue as
a marker of collagen accumulation. A compari-
son of hydroxyproline contents among the
groups was shown in Figure 1. Bleomycin treat-
ment resulted in a significant increase in the hy-
droxyproline levels (26.25 + 4.1 mg/g dry tis-
sue) as compared to the other groups (p <
0.004) after 14 days. This increase was prevent-
ed by NAC and p-Glucan, started before and af-
ter bleomycin instillation. The grades of fibrosis
in five groups were also presented in Figure 1.
The semiquantitative assessment of lung sec-
tions that received no treatment and received (-
Glucan six hours later then bleomycin revealed
normal lung histology (Figure 1). All rats in the
bleomycin group had same score (7). In the
bleomycin+NAC and the B-Glucan+bleomycin
groups, fibrosis scores were 3.22 = 1.86 and
3.78 + 0.82, respectively. The -Glucan treat-
ment reversed the increase in the fibrosis score,
the fibrosis score of the Bleomycin+ B-Glucan
group, 0.22 + 0.44, was almost equal to that of
the control group. Thus it did not represent any
fibrotic change (0) (Figure 1).

The lungs of control group showed normal
histomorphology (Figure 2). The wide areas of
fibrosis and cyst formation of the parenchyma
(honeycomb lung) were seen in the Bleomycin
group (Figure 2). Fibrosis was slightly de-
creased in the 3-Glucan+bleomycin group (Fig-
ure 2). There were only mild fibrosis and mini-
mal chronic inflammation in the peribronchial
areas in the Bleomycin+f-Glucan group (Fig-
ure 2).
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Figure 1. Effect of 3-Glucan (BG) and N-acetylcysteine
(NAC) on bleomycin (Blm)-induced increases in the hy-
droxyproline levels and the fibrosis scores in the experimen-
tal groups. An alone bleomycin administration significantly
increased the hydroxyproline levels and the fibrosis scores
in the lung tissue which were inhibited by the treatment
with B-glucan after bleomycin administration. *Significant-
ly lower (p < 0.005) when compared to the other groups. [3-
Glucan and NAC administration before bleomycin instilla-
tion significantly decreased the fibrosis scores versus the
bleomycin group, but not returned to the levels of Control
and Bleomycin+f-Glucan groups (**p < 0.005). Data are
presented as means + SD.

The Analysis of Oxidant Stress Markers

A significant elevation was observed in MDA
level, an indicator for lipid peroxidation, in the
lung tissue of rat exposed to bleomycin (58.37 +
23.29 nmol/g wet tissue) compared with the con-
trol group (12.76 + 3.92 nmol/g wet tissue) and
the Bleomycin+p-Glucan group (12.75 = 1.8
nmol/g wet tissue) (p < 0.05). The increase in
MDA level of the lung tissue remained at 26.01 +
6.98 nmol/g wet tissue in the f-Glucan+
Bleomycin group and to at 32.21 + 15.17 nmol/g
wet tissue in the Bleomycin+NAC group (p <
0.05) as shown in Figure 3.

The decrease in tissue GSH level and the de-
pletion in GSH-Px activity reflect indirectly the
generation of free radicals. Bleomycin produced
a significant reduction in the GSH-Px activity
0.37 £ 0.12 nmol/gr wet tissue after 14 days



M. Iraz, S. Bilgic, E. Samdanci, E. Ozerol, K. Tanbek, M. Iraz

Figure 2. Morphological examination of the lungs after 14 days administration of bleomycin instillation. A, (Control): Nor-
mal lung parenchyma from saline-treated rats, score 0; B, (Bleomycin): Marked thickening in alveolar septa, collapse of alveo-
lar spaces, a large number of leukocytes accumulated in alveolar walls and proliferation of fibroblasts, score 7; C,
(Bleomycin+NAC) A mild inflammation and fibrosis, score 3; D, (f-Glucan+Bleomycin); slightly decreased inflammation and
fibrosis, score 3; and E, (Bleomycin+f3-Glucan): Near-normal alveoli and mild chronic inflammation of the peribronchial area
was seen in the rat lung. H&E x100.

when compared with the other groups (Figure 4). ues. Additionally bleomycin produced a signifi-
Treatments with $-Glucan and NAC did not re- cant decrease in GSH level (85.62 + 6.2 nmol/g
turn reduced GSH-Px activity to the normal val- wet tissue) versus the other groups, on the con-

1510
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Figure 3. A, B, Effect of 3-Glucan (BG) and N-acetylcys-
teine (NAC) on bleomycin (Blm)-induced increases in the
malondialdehyde (MDA) levels in the experimental groups.
Bleomycin administration significantly increased the MDA
in the lung tissue, which were inhibited by the treatment
with -Glucan after bleomycin administration. Data are pre-
sented as mean = SD. *Significantly lower (p < 0.005) when
compared the Control and the Bleomycin+p-Glucan groups.

trary significant increase in the Bleomycin+f-
Glucan group (492.7 + 35.3 nmol/g wet tissue)
versus the other groups.

The catalase and SOD activities are an impor-
tant indicator for oxidant and antioxidant status.
However, in this study, SOD activity was signifi-
cantly decreased in [-Glucan post-bleomycin in-
stillation 1.09+0.76 U/g protein versus [-Glucan
pre-Bleomycin 0.49+0.11 U/gr protein (p <
0.005). The catalase activity was significantly de-
creased in the bleomycin+NAC group (0.43 +
0.11k/g protein) versus the B-Glucan post-
Bleomycin group (0.88 = 0.45 k/g protein) (Fig-
ure 5).

Lung Tissue Myeloperoxidase Analysis

As shown in Figure 6, MPO content, a marker
of neutrophil influx into tissues, was decreased in
rats treated with B-Glucan after bleomycin instil-
lation (47.19 £+ 15.03 mU/g protein) as compared
to the control rats (73.33 = 10.77) (p < 0.005)
(Figure 6). No significant difference among the
groups related with NO levels was detected.

Discussion

In the present study, we aimed to evaluate the
protective and early therapeutic effects of f-Glu-
can on the bleomycin-induced early lung injury
and fibrosis. After administration of bleomycin,

onset of an acute inflammatory response lasting
up to 8 days was followed by fibrogenic changes
resulting in extensive production of matrix mate-
rials and distortion of lung architecture in 28-35
days. Treatments during the first seven days
would be considered as “preventive” while treat-
ments during the later stages after 7-10" days
would be considered as “therapeutic”*!. The lung
fibrosis was determined by using semiquantita-
tive morphological indicators and measuring hy-
droxyproline content. Four possible explanations
for the therapeutic route of f-Glucan should be
the inhibition of cellular infiltration, scavenging
of the reactive oxygen species produced by in-
flammatory cells and normal pulmonary cells,
stimulated re-epithelization of alveolar system,
or direct detoxification of bleomycin-induced
free radicals before they damage the lung tissue.
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Figure 4. Effect of 3-Glucan (BG) and N-acetylcysteine
(NAC) on bleomycin (Blm)-induced decreases in the re-
duced glutathione (GSH) and glutathione peroxidase (GSH-
Px) levels in the experimental groups. Bleomycin adminis-
tration significantly decreased the GSH levels and GSH-Px
activities in the lung tissue, which were elevated by the
treatment with NAC and (-Glucan administration. Con-
versely, B-glucan administration after bleomycin instillation
significantly elevated the GSH level versus the other groups.
Data are presented as mean + SD. *Significantly lower (p <
0.05); **Significantly higher (p < 0.05).



M. Iraz, S. Bilgic, E. Samdanci, E. Ozerol, K. Tanbek, M. Iraz

20 -

18 |

16 4
T14
s
£12
1.0 |
3

=08 1
(= *
206

0.4 4

0.2 4

0.0 - .

Control Bim Bim+NAC BG+Blm  Bim+BG

14 4

CAT (kg protein)

Control Blim Bim+NAC BG+Bim Bim+BG

Figure 5. Effect of B-Glucan (BG) and N-acetylcysteine
(NAC) on bleomycin (Blm)-induced changes in the catalase
(CAT) and superoxide dismutase (SOD) activities in the ex-
perimental groups. Bleomycin induced changes were not
significanton CAT and SOD activities. But, CAT activity
significantly depressed in the bleomycin+NAC group versus
the Bleomycin+f3-Glucan group. The SOD activity signifi-
cantly decreased with 3-Glucan administration after
bleomycin instillation versus the f-glucan+bleomycin
group. Data are presented as mean = SD. *Significantly
lower (p < 0.005).

The free radical cascade resulting in
bleomycin-induced lung fibrosis is associated
with series of reactions resulting in the formation
of various types of free radical species****. In-
flammation is a major component in the patho-
genesis of interstitial lung disease that is coordi-
nated by, in part, endogenous and migrating
leukocytes. The epithelial and endothelial pul-
monary cells together with leukocytes produce a
feedback circle in which stimuli derived from in-
jury responses can activate alveolar and intersti-
tial macrophages. Activated leukocytes further
can release reactive oxygen and nitrogen species
and proteases that sustain the injury and repair
procedures that are considered to contribute to
the bleomycin-induced fibrotic processes®.

Lipid peroxidation, an autocatalytic mecha-
nism mediated by free oxygen radicals, results in
both DNA damage and destruction of the cell

membranes containing polyunsaturated fatty
acids, which are extremely sensitive to
oxidation*s. Therefore, lipid peroxidation has
been suggested to be closely related to
bleomycin-induced lung injury. MDA is a final
product of lipid peroxidation and is widely known
as a sensitive marker of the rate of lipid peroxida-
tion*’*. We found significantly increased MDA
level in only bleomycin but not any therapeutic
agent applied rats, reflecting increased lipid per-
oxidation ratio due to increased oxidative stress.
In many previous studies, increased tissue MDA
levels were reported after bleomycin administra-
tion in rats®!!. In our study, bleomycin signifi-
cantly increased the MDA level of lung tissue, [3-
glucan administration, especially after bleomycin
instillation, suppressed the elevation, indicating
decreased degree of oxidative stress and subse-
queny lipid peroxidation. Sener et al* found that
B-glucan significantly decreased MDA levels in
kidney and bladder in nicotine-induced oxidative
damage in rats. 3-glucan has been reported to sig-

120

100

MPO (mU/g protein }
8 & g 2

Control Bim Bim+NAC BG+Bim  Bim+BG

0.14 4

NO (pmolig wet tissue)
(=] (=] (=] (=] (=]
2 =2 B2 T o
£ o o = L~

=
=
~

0.00
Bim+BG

Control  Bim  Bim:NAC BG+Bim

Figure 6. Effect of 3-Glucan (BG) and N-acetylcysteine
(NAC) on bleomycin (Blm)-induced changes in the nitric
oxide (NO) levels and myeloperoxidase (MPO) activities in
the experimental groups. The NO level changes were not
significantin the all groups. But, MPO activity significantly
decreased in the Bleomycin+p-Glucan group versus the
control group. Data are presented as mean+SD. *Signifi-
cantly lower (p < 0.005).
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nificantly suppress MDA levels in lung tissue dur-
ing the oxidative stress in burn injury and its re-
mote organ injury’!. In another study, it has been
reported that f-glucan attenuates lung injury in-
duced by aortic ischemia-reperfusion in rats>.
The authors commented the beneficial effect of {3-
glucan with reduced systemic inflammatory re-
sponse, oxidative stress and lipid peroxidation
and inhibition of leukocyte migration in the lung
tissue®'. B-glucan immunostimulation is active
over abroad spectrum of biological species. 3-
Glucans are recognized in the major component
of bacterial and fungal cell walls as the first de-
fense mechanisms®. Detailed analysis of the in-
teraction of human cells with 3-Glucan has
demonstrated that the complement receptor type
3%, and novel Dectin-1 receptors are primarily re-
sponsible for both the binding and biological ef-
fects of B-Glucan®*33, Human monocyte scav-
enger receptor, another 3-Glucan receptor belong-
ing to the family of pattern recognition receptors,
was found on the immunocompetent cells®’.

The soluble B-glucan has a potential in the
treatment of chronic diabetic foot and leg ulcers.
-glucan appears to induce a rapid onset of ac-
tion, and promotes a shorter time healing com-
pared with standard wound care®. Apparently, -
glucan treatment promotes ulcer healing more
rapidly than observed in the becaplermin studies,
and the relative ulcer size reduction seems to be
even more pronounced during the very first
weeks of treatment. Thus, targeting and modulat-
ing macrophage function by B-glucan, seems to
be a promising approach to promote healing of
diabetic ulcers. It is known that (-glucan stimu-
lates the secretion of an array of cytokines from
human monocytes that modulate inflammation®.
Macrophages are not only important during the
inflammatory phase®, but also coordinate later
events in wound healing, suggesting that soluble
[-glucan might have a positive impact on several
stages of the process. Indeed, a soluble (3-glucan
from the medical mushroom, Sparassis crispa,
has been reported to promote wound healing af-
ter oral administration in rats with streptozo-
tocin-induced diabetes®!. Furthermore, super-
natants from macrophages stimulated in vitro
with a soluble B-glucan from Saccharomyces
cerevisiae induced cross-linking of collagen after
topical administration to wounds in rats®. 3-glu-
can can also directly induce production of colla-
gen by dermal fibroblasts in vitro%, suggesting
that -glucan might work through fibroblasts as
well. Thus, soluble $-glucan might possibly exert

its effect through action on several cell types and
processes in the wound bed. Ozkan et al* pro-
posed that f3-glucan has therapeutic effect for
prevention and/or treatment of acetylsalicylic
acid induced gastric ulcers. Additionally,
Bayindir at al®® showed that $-glucan amikacin-
induced hearing loss in rats may be limited to
some extent by concomitant use of B-glucan.
Amikacin-induced hearing loss is originated
from damaged epithelial cell of the Corti organ,
an inner part of ears.

The concentration of intracellular GSH is es-
sential for the protection of thiol and other nucle-
ophilic groups in proteins from the toxic metabo-
lites®. NAC is a precursor in the formation of the
antioxidant reduced glutathione and possesses
the ability of reducing free radicals. This drug
has been inclinical used as mucolytic therapy in a
variety of respiratory diseases, in the manage-
ment of acetaminophen overdose, and in the pre-
vention of radiocontrast-induced nephropathy by
augmenting reduced glutathione reserves for
binding of toxic metabolites. In the context of
pulmonary fibrosis,it has shown effectiveness as
preventive medication in the bleomycin-induced
lung fibrosis®>! that there is repaired GSH level
in an acetaminophen induced liver toxicity. In
this study, bleomycin administration significantly
decreased GSH level and NAC and pB-glucan
started before bleomycine, prevented from these
elevations. Controversially, f-glucan post-
bleomycin instillation, resulted in significant ele-
vation of GSH in rats.

In the present study, although 3-glucan, started
before bleomycin instillation, could not complete-
ly prevent the increases in MDA levels and fibro-
sis score, it totally prevented the increase in hy-
droxyproline content of the lung tissue and de-
crease in GSH level and GSH-Px activity. These
findings suggest the protective and early therapeu-
tic effects of B-glucan. We probably found another
additional mechanism rather than as mentioned
above. Based on these findings, one could specu-
late that B-glucan may have direct inhibitor activi-
ty on fibroblasts or collagen synthesis, or effects
of B-glucan used after triggered inflammation may
differ from un-triggered inflammation.

Conclusions
We showed the protective and early therapeu-

tic effect of f-glucan administration on the
bleomycin induced pulmonary fibrosis by
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histopathological evaluation and measurement of
lung hydroxyproline content in rats. This effect
may be due to the inhibition of leukocyte accu-
mulation into the lungs, to scavenging of reactive
oxygen radicals or enhanced epithelized effects
by B-glucan itself. Our data suggest that 3-glucan
either pre or post-bleomycin might be a promis-
ing new neoadjuvant therapeutic agent for IPF or
at least for preventing the development of
bleomycin-induced lung fibrosis during antineo-
plastic therapy.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

RAGHU G, CoLLARD HR, EGAN JJ, MARTINEZ FJ, BEHR
J, BRowN KK, CoLsy TV, CorDIER JF, FLAHERTY KR,
Lasky JA, ET AL. An official ATS/ERS/JRS/ALAT
statement: idiopathic pulmonary fibrosis: evi-
dence-based guidelines for diagnosis and man-
agement. Am J Respir Crit Care Med 2011; 183:
788-824.

RAGHU G, WEYCKER D, EDELSBERG J, BRADFORD WZ,
OsTer G. Incidence and prevalence of idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med
2006; 174: 810-816.

WANG HD, YAMAYA M, OKINAGA S, JIA YX, KAMANAKA
M, TAkAHASHI H, Guo LY, Sasaki H. Bilirubin amelio-
rates bleomycin-induced pulmonary fibrosis in
rats. Am J Respir Crit Care Med 2002; 165: 406-
411.

Borok Z, BuHL R, GRIMES GJ, BOKSER AD, HUBBARD
RC, HotroYD KJ, Roum JH, Czerski DB, CANTIN AM,
CrysTAL RG. Effect of glutathione aerosol on oxi-
dant-antioxidant imbalance in idiopathic pul-
monary fibrosis. Lancet 1991; 338: 215-216.

BowLEr RP Nicks M, WAarNick K, Craro JD. Role of
extracellular superoxide dismutase in bleomycin-
induced pulmonary fibrosis. Am J Physiol Lung
Cell Mol Physiol 2002; 282: 719-726.

KING TE Jr, SAFRIN S, STARKO KM, BrOwWN KK, NOBLE
PW, RaaHU G, ScHwARTz DA. Analyses of efficacy
end points in a controlled trial of interferon-gam-
ma1lb for idiopathic pulmonary fibrosis. Chest
2005; 127:171-177.

BEHR J, MAIER K, DEGENKOLB B, KROMBACH F, Vo-
GELMEIER C. Antioxidative and clinical effects of
high-dose N-acetylcysteine in fibrosing alveolitis.
Adjunctive therapy to maintenance immunosup-
pression. Am J Respir Crit Care Med 1997; 156:
1897-1901.

Yioirim Z, Kotuk M, Iraz M, Kuku I, ULu R, ARMUTCU
F Ozen S. Attenuation of bleomycin-induced lung
fibrosis by oral sulfhydryl containing antioxidants

1514

10)

11)

12)

13)

14)

15)
16)

17)

18)

19)

20)

21)

22)

23)

in rats: Erdosteine and N-acetylcysteine. Pulm
Pharmacol Ther 2005; 18: 367-373.

SoGurt S, OzyurtT H, ARmutcu F, KART L, IRAZ M, Aky-
oL O, OzeN S, KAPLAN S, TEMEL |, YiLbirim Z. Er-
dosteine prevents bleomycin-induced pulmonary
fibrosis in rats. Eur J Pharmacol 2004; 494: 213-
220.

YILDIRIM Z, Turkoz Y, Kotuk M, ARMuUTCU F GUREL A,
IRAZ M, OzeN S, Avboabpu I, AkvoL O. Effects of
aminoguanidine and antioxidant erdosteine on
bleomycin-induced lung fibrosis in rats. Nitric Ox-
ide 2004; 11: 156-165.

IRAZ M, ERDOGAN H, Kotuk M, YAGMURCA M, Kiuic T,
Ermis H, FapILLIOGLU E, YiLDIRiM Z. Ginkgo biloba in-
hibits bleomycin-induced lung fibrosis in rats.
Pharmacol Res 2006; 53: 310-316.

KING TE JR, BEHR J, BROWN KK, bu Bois RM, LANCASTER
L, DE ANDRADE JA, STAHLER G, LECONTE I, Roux S, RAGHU
G. BUILD-1: a randomized placebo-controlled trial of
bosentan in idiopathic pulmonary fibrosis. Am J
Respir Crit Care Med 2008; 177: 75-81.

AYTEMUR ZA, HACIEVLIYAGIL SS, IRAZ M, SAMDANCI E,
OzeroL E, Kuku I, NurkaBuLov Z, Yipbiz K. Effects of
iloprost on bleomycin-induced pulmonary fibrosis
in rats compared with methyl-prednisolone. Rev
Port Pneumol 2012; 18: 272-277.

FELDMAN M, BONDESON J, BRENNAN FM, FOXWELL
BM, MaiNi RN. The rational for current boom in
anti-TNFalpha treatment. Is there an effective
means to define therapeutic targets for drugs
that provide all the benefits on anti-TNFalpha
and minimize hazards? Ann Rheum Dis 1999;
58:127-131.

ApamsoN IY. Pulmonary toxicity of bleomycin. Envi-
ron Health Perspect 1976; 16: 119-125.

UMEZAWA H, IsHizukA M, MAEDA K, TAKEUCHI T. Stud-
ies on bleomycin. Cancer 1967; 20: 891-895.

CLausseN CA, LonG EC. Nucleic Acid recognition by
metal complexes of bleomycin. Chem Rev 1999;
99:2797-2816.

Chaudhary NI, Schnapp A, Park JE. Pharmaco-
logic differentiation of inflammation and fibrosis in
the rat bleomycin model. Am J Respir Crit Care
Med 2006; 173: 769-776.

GRANDE NR, PEao MND, DE SA CM, AGuas AP. Lung
fibrosis induced by bleomycin: Structural changes
and overview of recent advances. Scanning Mi-
croscopy 1998; 12: 487-494.

PerRLIN AS, Suzuki S. The structure of lichen in: se-
lective enzymolysis studies. Can J Chem 1962;
40: 50-56.

Woop P Evaluation of oat bran as a soluble fibre
source. Characterization of oat beta-glucan and
its effects on glycaemic response. Carbohydrate
Polymers 1994; 25: 331-336.

Woobp PJ. Cereal beta-glucans in diet and health.
J Cereal Sci 2007; 46: 230-238.

TosH SM, BRUMMER Y, WoobD PJ, WANG Q, WEIsz J.
Evaluation of structure in the formation of gels by



Preventive and early therapeutic effects of $-Glucan on the bleomycin-induced lung fibrosis in rats

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

structurally diverse (1-3)(1-4)-beta-D-glucans
from four cereal and one lichen species. Carbohy-
drate Polymers 2004; 57: 249-259.

IRAZ M, IRAZ M, EsrReroGLU M, AvDIN MS. Protective
effect of -glucan on acute lung injury induced by
lipopolysaccharide in rats. Turk J Med Sci 2015;
45: 261-267.

LIANG J, MELICAN D, CAFRO L, PALACE G, FIsETTE L,
ARMSTRONG R, PATCHEN ML. Enhanced clearance of
a multiple antibiotic resistant Staphylococcus au-
reus in rats treated with PGG-glucan is associat-
ed with increased leukocyte counts and increased
neutrophil oxidative burst activity. Int J Im-
munopharmacol 1998; 20: 595-614.

CLEARY JA, KELLY GE, HuseanD AJ. The effect of mol-
ecular weight and beta-1,6-linkages on priming of
macrophage function in mice by (1,3)-beta-D-
glucan. Immunol Cell Biol 1999; 77: 395-403.

BaBaviGIT H, Kucuk C, Sozuer E, Yazici C, Kose K, Ak-
GUN H. Protective effect of beta-glucan on lung in-
jury after cecal ligation and puncture in rats. In-
tens Care Med 2005; 31: 865-870.

CHEN J, SEVIOUR R. Medicinal importance of fungal
beta--(1 — 3), (1 — 6)-glucans. Mycol Res 2007;
111: 635-652.

Novak M, VEetvicka V. Glucans as biological re-
sponse modifiers. Endocr Metab Immune Disord
Drug Targets 2009; 9: 67-75.

TsukaDA C, YOKOYAMA H, Mivail C, IsHIMOTO Y, KAWA-
MURA H, Ao T. Immunopotentiation of intraepithe-
lial lymphocytes in the intestine by oral administra-
tions of beta-glucan. Cell Immunol 2003; 221: 1-5.

THE PRINCIPLES OF LABORATORY ANIMAL CARE FORMULAT-
ED BY THE NATIONAL INSTITUTES OF HEALTH. National In-
stitute of Health publication no. 96-23, revised
1996.

ASHCROFT T, SimPsoN JM, TimBreLL V. Simple method
of estimating severity of pulmonary fibrosis on a
numerical scale. J Clin Pathol 1988; 41: 467-470.

WoEssNER JF Jr. The determination of hydroxypro-
line in tissue and protein samples containing
small proportions of this imino acid. Arch
Biochem Biophys 1961; 93: 440-447.

ESTERBAUER H, CHEESEMAN KH. Determination of
aldehydic lipid peroxidation products: malonalde-
hyde and 4-hydroxynonenal. Methods Enzymol
1990; 186: 407-421.

Cortas NK, Wakip NW. Determination of inorganic
nitrate in serum and urine by a kinetic cadmium-re-
duction method. Clin Chem 1990; 36: 1440-1443.

BEUTLER E, DURAN O, DuArRTE BM. Improved method
for the determination of blood glutathione. J Lab
Clin Med 1963; 51: 882-888.

PAGLIA DE, VALENTINE WN. Studies on the quantita-
tive and qualitative characterization of erythrocyte
glutathione peroxidase. J Lab Clin Med 1967; 70:
158-169.

WEl H, FrRenkeL K. Relationship of oxidative events
and DNA oxidation in SENCAR mice to in vivo

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

promoting activity of phorbol ester-type tumor
promoters. Carcinogenesis 1993; 14: 1195-1201.

AeBI H, Wss SR, ScHERz B, SkvArIL F. Heterogeneity
of erythrocyte catalase Il. Isolation and character-
ization of normal and variant erythrocyte catalase
and their subunits. Eur J Biochem 1974; 48: 137-
145.

SUN Y, OBERLEY LW, Li Y. A simple method for clini-
cal assay of superoxide dismutase. Clin Chem
1988; 34: 497-500.

MOELLER A, Ask K, WARBURTON D, GAULDIE J, KoL M.
The bleomycin animal model: A useful tool to in-
vestigate treatment options for idiopathic pul-
monary fibrosis? Int J Biochem Cell Biol 2008; 40:
362-382.

MAsoN RJ, ScHwaARz MI, HUNNINGHAKE GW, MUusSON
RA. NHLBI Workshop Summary. Pharmacological
therapy for idiopathic pulmonary fibrosis: past,
present, and future. Am J Respir Crit Care Med
1999; 160: 1771-1777.

Borok Z, BuHL R, GrRIMES GJ, BokserR AD, HuUBBARD
RC, HoLroyD KJ, Roum JH, Czerski DB, CANTIN AM,
CRrysTAL RG. Effect of glutathione aerosol on oxi-
dant—antioxidant imbalance in idiopathic pul-
monary fibrosis. Lancet 1991; 338: 215-216.

BEHR J, MAIER K, KROMBACH F, ADELMANN-GRILL BC.
Pathogenetic significance of reactive oxygen
species in diffuse fibrosing alveolitis. Am Rev
Respir Dis 1991; 144: 146-150.

SLeurer S. Bleomycin-induced pneumonitis. Chest
2001; 120: 617-624.

VALKO M, RHODES CJ, MonNcoL J, Izakovic M, MAzur
M. Free radicals, metals and antioxidants in ox-
idative stress-induced cancer. Chem Biol Interact
2006; 160: 1-40.

OKUTAN H, SAvAs C, OzGUNER IF, YONDEN Z, EReN
VC, Deueas N. Lung injury after aortic occlusion-
reperfusion in rats: The role of gadolinium chlo-
ride. Tohoku J Exp Med 2004; 203: 267-273.

Somuncu S, CAKMAK M, ERDOGAN S, CAGLAYAN O,
CAGLAYAN F AkmAN H, ULusoy S, Kava M. Protective
effects of trapidil in lung after abdominal aorta in-
duced ischemia-reperfusion injury: an experimen-
tal study. Pediatr Surg Int 2005; 21: 983-988.

SENER G, TokLu H, ERcaN F, ERkaNLI G. Protective ef-
fect of beta-glucan against oxidative organ injury
in a rat model of sepsis. Int Immunopharmacol
2005; 5: 1387-1396.

SENER G, Tokwu HZ, CemineL S. B-Glucan protects
against chronic nicotine-induced oxidative dam-
age in rat kidney and bladder. Environ Toxicol
Pharmacol 2007; 23: 25-32.

Toku HZ, SENErR G, JaHovic N, Uswu B, ArBAK S,
Yecen BC. Beta-glucan protects against burn-in-
duced oxidative organ damage in rats. Int Im-
munopharmacol 2006; 6: 156-169.

GuULMEN S, Kiris I, Kocviait A, Docus DK, CevlaN BG,
MeteoGLu I. B-Glucan protects against lung injury
induced by abdominal aortic ischemia-reperfusion
in rats. J Surg Res 2010; 164: 325-332.



M. Iraz, S. Bilgic, E. Samdanci, E. Ozerol, K. Tanbek, M. Iraz

53)

54)

55)

56)

57)

58)

59)

60)

BrRowN GD, TAYLOR PR, REID DM, WILLMENT JA,
WiLuiams DL, MARTINEZ-POMARES L, WONG SY, GORr-
poN S. Dectin-1 is a major B-glucan receptor on
macrophages. J Exp Med 2002; 196: 407-412.

Ross GD, VETVICKA V, YAN J, XIA Y, VETVICKOVA J.
Therapeutic intervention with complement and
beta-glucan in cancer. Immunopharmacology
1999; 42: 61-74.

WILLMENT JA, GorDON S, BRowN GD. Characteriza-
tion of the human beta-glucan receptor and its al-
ternatively spliced isoforms. J Biol Chem 2001;
276:43818-43823.

BrowN GD, HERRE J, WiLLIAMS DL, WILLMENT JA,
MARSHALL AS, GorpoN S. Dectin-1 mediates the bi-
ological effects of p-glucans. J Exp Med 2003;
197:1119-1124.

Rice PJ, KeLLey JL, KOGAN G, ENsLey HE, KALBFLEISCH
JH, BrOwDER IW, WiLLAms DL. Human monocyte
scavenger receptors are pattern recognition re-
ceptors for (1-->3)-beta-D-glucans. J Leukoc Biol
2002; 72: 140-146.

JerrcoaTE WJ, PriCE P HARDING KG. Wound healing
and treatments for people with diabetic foot ul-
cers. Diabetes Metab Res Rev 2004; 20: 78-89.

ENGsSTAD CS, ENGSTAD RE, OLSEN JO, OsTERUD B. The
effect of soluble beta-1,3-glucan and lipopolysac-
charide on cytokine production and coagulation
activation in whole blood. Int Immunopharmacol
2002; 2: 1585-1597.

DemMR G, KLEIN HO, MANDEL-MOLINAS N, TUZUNER N.
Beta glucan induces proliferation and activation of

61)

62)

63)

64)

65)

66)

monocytes in peripheral blood of patients with ad-
vanced breast cancer. Int Immunopharmacol
2007;7:113-116.

KwoN AH, Qiu Z, HAsHIMOTO M, YAmAMmOTO K,
Kimura T. Effects of medicinal mushroom
(Sparassis crispa) on wound healing in streptozo-
tocin-induced diabetic rats. Am J Surg 2009; 197:
503-509.

BrowDER W, WiLLiAms D, Lucore B Pretus H, JONES
E, McNamee R. Effect of enhanced macrophage
function on early wound healing. Surgery 1988;
104: 224-230.

WEI D, ZHANG L, WiLtiams DL, BrowDER IW. Glucan
stimulates human dermal fibroblast collagen
biosynthesis through a nuclear factor-1 depen-
dent mechanism. Wound Repair Regen 2002; 10:
161-168.

OzkaN OV, Ozturk OH, AYDIN M, YitmAz N, YETImM |,
NAcAR A, OKTAR S, Soaurt S. Effects of f-glucan pre-
treatment on acetylsalicylic acid—induced gastric
damage: An experimental study in rats. Curr Ther
Res Clin Exp 2010; 71: 369-383.

BAYINDIR T, FiLiz A, IRAZ M, KAYA S, TAN M, KALCIOGLU
MT. Evaluation of the protective effect of Beta glu-
can on amikacin ototoxicity using distortion prod-
uct otoacoustic emission measurements in rats.
Clin Exp Otorhinolaryngol 2013; 6: 1-6.

MitcHELL JR, JoLLow DJ, POTTErR WZ, GILLETTE JR,
Brobie BB. Acetaminophen-induced hepatic
necrosis. |V. Protective role of glutathione. J Phar-
macol Exp Ther 1973; 187:211-217.



