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1. Introduction 
Proteasomes are multi-catalytic enzyme complexes that reduce 
oxidized and misfolded proteins (1, 2). The ubiquitin-
proteasome pathway produced by proteasomes is responsible 
for misfolding and degradation of intracellular proteins that 
control processes such as cell proliferation, cell cycle, 
transcription, and apoptosis. Many studies showed that the 
proteasome system prevented the post-translational changes 
and accumulation of misfolded/oxidized protein induced by 
oxidative stress (2). The uncontrolled and rapid proliferation of 
cancer cells is a major problem. Inhibiting the proteasome 
system provides an accelerating effect on cell death (3). Using 
proteasome inhibitors, such as bortezomib, is one of the 
methods to prevent the uncontrolled and rapid proliferation of 
cancer cells. Bortezomib (BZ), a selective inhibitor of the 
proteasome, is a drug is used for the treatment of cancer and 
immunosuppressive therapies (2,4). 26S Proteasome inhibition 
may inhibit pro-apoptotic degradation dynamics, allowing the 
initiation of apoptosis in neoplastic cells by suppressing pro-
apoptotic pathways. Many studies showed the therapeutic 
effects of BZ in cancer therapies. Although there are many 

studies reported that this drug is effective only in the treatment 
of target cancer cells (5), recent studies reported that BZ could 
cause changes in the intracellular peptide levels that might 
cause cell damage through many basic metabolic processes in 
other tissues (2, 6) and contribute to the biological and/or side 
effects of the drug (7) like neuropathy and myelosuppression 
(8-10). In some studies, it was revealed that oxidative stress 
might be responsible for a chemotherapeutic drug such as 
bortezomib-induced non-target tissue damage (11). 

Oxidative stress is a state meaning an inequality in the 
balance between free radicals production and antioxidants. 
Inhibition of proteasome disrupts protein homeostasis that 
causes overproducing reactive oxygen species (ROS) (12). 
High levels of free radicals lead to damage to cellular proteins, 
membrane lipids, and nucleic acids (3). Moreover, this current 
state decreases different metabolic processes and induces cell 
deaths (1-3). Research has shown that diseases such as 
diabetes, pancreatitis, hepatitis C infection, and chronic kidney 
diseases are associated with increased oxidative stress to all the 
bimolecular (13-15). The elimination of ROS by protective 
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mechanisms is mentioned as antioxidants (16).  

Antioxidants are substances that prevent damage caused by 
unstable molecules known as ROS (3). They inhibit cell injury 
via interacting with and stabilizing free radicals (17). In many 
chemotherapeutic treatments to reduce non-target tissue 
damages, antioxidants are used clinically, and it has known that 
these antioxidants also have anti-tumor effects on cancer cells 
(18). Although initial studies showed that antioxidant 
substances might promote health, recent clinical trials showed 
that some synthetic antioxidant substances do not offer 
adequate protection against oxidative damage and may cause 
an increase in tissue damage (19). One of the examples of these 
antioxidants includes beta-glucans (BGs) (20). BGs are 
antioxidant supplements that join in the processes of 
metabolism, repair, and detoxification. Also, it has anti-tumor 
activity (21) and has also been used clinically in Japanese and 
Chinese medicine. In addition to neutralizing the pathological 
effects caused by oxidative stress, some studies have shown 
that the curative effect of this substance is insufficient (20, 22).  

The purpose of this study is to investigate the effects of BGs 
on systemic BZ-treated rat pancreas. In addition to our 
knowledge, this is the first study on the effects of BGs on BZ-
treated pancreas tissue by immunohistochemical and 
stereological methods. 

2. Materials and Methods 
2.1. Animals 
36 adult 12 weeks male Sprague-Dawley rats weighing 
between 230 g and 250 g were used in this study. The rats were 
housed in a light-controlled room with a constant temperature 
and fed standard laboratory water and chow. Ethics committee 
approval of this experiment was given by Aksaray University 
Institutional Animal Care and Use Committee. (2021/3-8). 
Chemicals Bortezomib (Velcade®) as a lyophilized powder 
(Velcade; Janssen-Cilag, Beerse, Belgium) dissolved in a 
solution of sterile saline at final concentration and β-1,3-D-
glucan (SigmaAldrich (Steinheim, Germany) were used. All 
the other chemicals were purchased from Sigma-Aldrich 
(Germany) for laboratory experimentation. 

2.2. Experimental procedure 
For this study, the rats were divided into four groups: Control 
(sham), β-1,3-D-glucan, bortezomib, and bortezomib + β-1,3-
D-glucan. Each group was divided into two subgroups 
according to the time they would be sacrificed (48 and 72 hours 
after drug administration) (n=6). The rats in the bortezomib and 
bortezomib + β-1,3-D-glucan group were injected only with 
0.2 mg/kg bortezomib subcutaneously (sc) on the first day of 
the study, and no further treatment was applied to these rats in 
the following days. Rats in the bortezomib + β-1,3-D-glucan 
group were injected with bortezomib. Then, 75 mg/kg of beta-
glucan was injected intraperitoneally until the end of the 
experiment. Rats in the β-1,3-D-glucan group were injected 
daily with 75 mg/kg β1,3-D-glucan intraperitoneally until the 
day they were sacrificed. 

2.3. Histopathological procedures 
Pancreas tissues were fixed in 10% neutral-buffered formalin 
solution for 72 h. The specimens were dehydrated in graded 
alcohol series, cleared with xylene, and embedded in paraffin 
wax. 4-µm thick histological sections were obtained using a 
Leica RM2125RT microtome (Leica Microsystems, Wetzlar, 
Germany). Sections were mounted onto glass slides. Samples 
were evaluated under a light microscope (Leica DM) after 
being stained with Hematoxylin & Eosin (H&E) and Mallory's 
triple modified by Crossman. 

2.4. Immunohistochemical procedures 
Pancreas tissues were examined by immunohistochemistry 
using the streptavidin-biotin peroxidase method (DAKO-
Universal LSAB Kit-K0690) and 3,3'-diaminobenzidine 
tetrahydrochloride (DAB, SIGMA-D5905). Sections were held 
in xylene series and a decreasing series of ethanol. Then, they 
were incubated with 3 % H2O2 for blocking endogenous 
peroxidase activity and with normal bovine serum for blocking 
nonspecific binding sites of antibodies. Later primary antibody 
(anti-insulin IgG -dilution: 1/150-Polyclonal Guinea Pig Anti-
Swine Insulin, DAKO-A0564) for beta cells and biotinylated 
secondary antibody (DAKO-Universal LSAB Kit-K0690) 
were respectively used for 30 min. Subsequently, specimens 
were incubated with streptavidin-Horseradish Peroxidase 
(DAKO Universal LSAB Kit-K0690), and binding sites of 
antibody were made visible with DAB and rinsed with PBS. 
Harry's hematoxylin was used to stain nuclei. After the samples 
were dehydrated with gradually increasing alcohol series, they 
were cleaned in xylene series and covered using entellan. 

2.5. Semi-quantitative analysis for histopathological and 
immunohistochemical changes 

Histological and immunohistochemical assessments and scores 
were done semi-quantitatively using light microscopy on 
sections from each animal. The 100 square micrometer area 
was determined by means of a micrometer slide (almost in 1 
mm2) for the X 10magnification. The endocrine and exocrine 
parts of specimens were counted in 5 randomly selected 
microscopic areas at X 10 objective in each section, and the 
arithmetic mean was scored semi-quantitatively. Insulin-
positive cells in immunohistochemical assessment, 
Intracytoplasmic vacuolization, PMNL infiltration, and 
degenerative cells in the histopathological assessment were 
scored. The scoring was reported as follows: none = –, mild = 
+, moderate = ++, severe = +++ (Table 2). 

2.6. Stereological procedures and analysis  
Sections were placed under the microscope, and serous acini 
were projected onto the monitor at 40X magnification via the 
camera. Each section was analyzed by systematic sampling. 

The mean serous acinus volume was evaluated using the 
software Stereo Investigator (Microbrightfield) with the 
"nucleator method" described by Gundersen (23). 

2.7. Statistical analysis  
The statistical analysis was performed using SPSS (IBM SPSS 
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Statistics 18.0, IBM Corporation, Somers, NY, USA). Groups 
were compared using one-way analysis of variance (ANOVA) 
followed by an LSD test. (p-value less than 0.05 was 
considered significant (p<0.05). Values were also expressed as 
means ± standard deviation. abc the footnote letters in the same 
column indicate significant differences between groups.  

3. Results 
3.1. Histopathological examinations 
Histopathological analysis of H&E and Mallory's triple 
modified by Crossman staining of pancreas tissues revealed 
that the control group's sections were seen as normal histologic 
structure. The experimental group's histologic analysis 
revealed that the quantity and distribution of the zymogen 
granules were altered when compared to the control group. BG 
group was similar to the control group than the other 
experimental groups except for a few polymorphonuclear 

leukocyte (PMNL) infiltrations and a few cellular 
degenerations, and the acinar cells showed either central 
distribution like the control group. BZ 48 h group sections 
showed a little vacuolization in acinar cells. Increased cellular 
degeneration and PMNL infiltration were more pronounced 
than the control and BG group in BZ 48 h group. BZ 72h group 
sections were near to BZ 48 h group except for vacuolization 
of the striated duct cells. In the sections of the group BZ 
48h+BG, in addition to the other experimental groups, it was 
seen some capillaries were dilated and congested. BZ 72h+BG 
results showed the vacuolation and degeneration of the acinar 
cells were more intense than the other experimental groups. 
Furthermore, there was interstitial edema in this group. In all 
groups, collagen depositions were nearly similar. (Fig. 1) 
(Table 1). 

 
Fig. 1. Serous acinus (A), connective tissue (C.T), Langerhans islands (L.I). Degenerative acinar cells (thick orange arrow), vacuolization (thin 

orange arrow), interstitial edema (green arrow)

Table 1. The assessments of the mean serous acinus area of all groups. 
abc the footnote letters in the same column indicate significant 
differences between groups 

Groups Mean serous 
acinus area 

Mean amylase 
level 

C group 1001.66±110.06a 1730±153.84 
BG group 913.77±68.66a 1901±410.54 
BZ 48h group 1015.54±140.12b 2058±389.97 
BZ 72h group 1100.46±72.48b 2139±83.18 
BZ 48h+BG group 1025.82±62.73c 1487±121.19 
BZ 72+BG group 1130.64±97.36c 1274±22.80 

3.2. Immunohistochemical examination  
Immunohistochemical analysis of positive beta cells revealed 

that BG groups results were close to the control group. Insulin 
(+) results of cells in BZ 48h and BZ 48h+BG groups were 
found to be decreased compared to control and BG groups. BZ 
72h and BZ 72h+BG groups have the least insulin (+) cells 
compared to other groups (Fig. 1) (Table 1).  

3.3. Stereological examinations 
Stereological examinations showed that BG group results were 
nearly similar to the control group. BZ 48h and BZ 48h+BG 
groups have increased mean serious acinus area and significant 
differences when compared to control and BG groups. BZ 72h 
and BZ 72h+ BG group mean serous acinus area results were 
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higher than BZ 48h and BZ 48h+ BG groups and have 
significant differences from the other groups. (Table 2). 

Table 2. Semi-quantitative analysis of histopathological and 
Immunohistochemical assessments 

Groups Insulin Intracytoplasmic 
vacuolization 

PMNL 
infiltration 

Degenerative 
cells 

C +++ - - - 

BG +++ - + + 

BZ 48h  ++ + + ++ 

BZ 72h + ++ ++ ++ 

BZ 
48h+BG ++ ++ ++ ++ 

BZ 
72h+BG + +++ +++ +++ 

4. Discussion 
The ubiquitin-proteasome pathway is responsible and very 
important for the eukaryotic intracellular protein turnover. This 
function is crucial to many cellular processes, comprising cell 
growth, activation, differentiation, and signaling. The 
proteasome inhibitors are used for inhibition of these pathways 
in cancer therapies (24). Although they are effective in 
preventing cancer cell proliferation, they can be harmful to 
some healthy tissues via mediated oxidative stress (2, 6, 12). 
The antioxidants have protective effects on damaged tissues 
mediated oxidative stress, and the positive effects of glucans 
have been reported to modulation of immune function and 
antioxidant effects (22, 25). Contrary to this information, 
insufficient or adverse effects of BGs have been reported 
recently (20, 22, 26) Tsiapali et al. (26) observed an increase 
in free radical levels in BG treated groups and reported the 
modulatory effects of BGs could not be sufficient in 
inflammatory components comprising tissue culture and/or 
disease models. In this study, the effects of BZ, which is a 
selective inhibitor of 26S proteasome, and B-1,3-(D)-glucan 
(BG), a synthetic antioxidant, on rat pancreatic tissues were 
examined according to dose and time. 

 In the immunohistochemical analysis, immune-positive 
beta cells densities were decreased in the BZ and especially in 
the BZ+BG groups. Several studies (27, 28) reported that 
proteasome inhibition by bortezomib might cause 
hyperglycemia. Tsiapali et al. (26) determined an increase in 
free radical levels in BG treated groups, and many studies (29-
31) showed that oxidative stress played a major role in the 
pathogenesis of type 1 and 2 diabetes. In our study BG alone 
showed no effect on insulin levels. On the contrary, the lower 
insulin levels of BZ+BG groups can be attributed to the effects 
of BZ. 

According to histopathological evaluation, the BG group 
was similar to the control group. Degenerative changes, 
intracytoplasmic vacuolizations, and PMNL infiltrations were 
observed in the acini and duct cells of the BZ-treated groups. 
It was determined that BG treatments did not reduce the 

pathological changes in pancreatic tissue after BZ application. 

In recent years in some case reports, it was reported BZ 
induced acute pancreatitis (32, 33), and BZ treatment can cause 
morphological alterations like intracytoplasmic vacuolization 
(34-36) and degenerations (37) on the cellular level, and in 
some researches (38) it was suggested that there could be an 
increase in ROS levels in BG treated groups and combined BG 
therapies with some drugs can cause activation of immune 
responses and inflammation.   

In stereological examinations, the mean acinus volume of 
BG group sections was near to the control group. But there 
were increases in acinus volumes of BZ groups and more in BZ 
+ BG groups. It has known BZ may cause hyperglycemia. The 
pancreas exocrine and parotid gland are only serous glands. 
Parlak et al. (39) detected that diabetes caused vacuoluzations 
in the parotid gland. Tsiapali et al. (26) determined in BG 
treated groups an increase in free radical levels. 

ROS stimulated various hypertrophic transcription factors, 
myocardial growth-related signals, cellular dysfunction and 
matrix remodeling (40). In our study, it was suggested that BG 
application may be protective against degenerations and 
hypertrophied acinus cells. This inference is consistent with 
our result of decreased amylase levels. In addition, it was 
thought that increased amylase levels in BZ groups might be 
related to changes in molecular level, not morphological level. 

In conclusion, the study results revealed that treatment with 
BZ causes pancreatic damage, and administration of BG have 
insufficient effects against BZ-related degenerations. The 
related molecular mechanism of BZ toxicity on pancreas tissue 
requested further investigation. 
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