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I. INTRODUCTION

Diabetes mellitus is a serious, complex chron-
ic disorder, which is rapidly increasing in the 
Western world in numbers of people affected. 
Fleming, Schellevis and Van Kasteren1 re-
ported a prevalence of diabetes in eight Eu-
ropean countries for people aged 45–64 years 
ranging from 33.3 to 58.1 per 1000, and from 
21 to 53 per 1000, in males and females, re-
spectively. According to the World Health Or-

ganization, approximately 171 million people 
worldwide were suffering from diabetes in 
2000. This number is projected to double by 
2030.2

Diabetes mellitus is characterized by hy-
perglycemia dependent on its absolute (type 
І) or relative (type ІІ) lack of insulin.3 The ba-
sis of type 1 diabetes is the destruction of the 
β cells of the pancreatic Langerhans islets. 
Pancreatic β-cells are reportedly vulnerable 
to oxidative stress, which may induce β-cell 
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apoptosis and a decrease in β-cell mass.4 This 
decrease results in the dysfunction of insulin 
secretion, and leads to the onset of diabetes. 
The susceptibility of β-cells to oxidative stress 
may be related to their possessing relatively 
impaired antioxidant defense mechanisms 
such as Cu/Zn superoxide dismutase (SOD), 

Mn SOD, catalase (CAT), and glutathione 
peroxidase.4 It has been shown that patients 
with diabetes mellitus have increased oxida-
tive stress and impaired antioxidant defense 
systems, which appear to contribute to the 
initiation and progression of diabetes-asso-
ciated complications.5 Complications include 
hypoglycemia and hyperglycemia, increased 
risk of infections, microvascular complica-
tions (eg, retinopathy, nephropathy), neuro-
pathic complications, blindness, nontraumat-
ic lower-extremity amputation and end-stage 
renal disease. Antioxidant nutritional sup-
plements or antioxidant-containing foods 
may be used to prevent oxidative stress-me-
diated damage. Phenolic compounds, carot-
enoids, tocopherol and ascorbic acid are the 
most important antioxidant molecules con-
tained in foods, especially in vegetables. 
Mushrooms are rich sources of antioxidant 
compounds, especially of phenolic compounds 
and ergothioneine.6–8 

Hot water extracts of Ganoderma lu-
cidum9 and of Agaricus brasiliensis,10 which 
contain β-glucans, small amounts of protein 
and triterpenoids were found to have anti-di-
abetic effects when given to rats with diabe-
tes induced by streptozotocin (STZ). 

In the present study we describe the ef-
fects of orally administered hot water ex-
tracts of the common white button mush-
room Agaricus bisporus (J.E. Lange) Imbach 
(Agaricaceae, Agaricomycetideae) on symp-
toms of STZ-induced diabetes in rats includ-
ing blood glucose and oxidative stress param-
eters, and histological effects on pancreas 
structure. In the late eighties of last century 
it was already found that A. bisporus could 
reduce symptoms of STZ-induced diabetes in 

mice.11 To our knowledge, our present study 
is the first to show therapeutic effects of oral-
ly given A. bisporus hot water extract in dia-
betic rats based on biochemical and histologi-
cal parameters.

II. MATERIALS AND METHODS

A. Biological Materials

Extracts were made of fruiting bodies of 
Agaricus bisporus Sylvan A15, which is a 
commercial substrain of Horst U1. The pure 
culture of A. bisporus Horst U1 was deposit-
ed at ATCC under number 62462. A. bisporus 
extract (ABE) was prepared from homoge-
nized fresh white button mushrooms by pro-
longed hot water extraction. The resulting 
mash was band pressed and residual solid 
components were removed by repeated cen-
trifugation (2000 g) and filtration. Finally, 
the extract was concentrated to 35 °Brix by 
water removal through ultrafiltration. The 
extract was then treated with 2 volumes of 
ethanol 96% and the resulting precipitate 
was collected, dissolved in water and repre-
cipitated by 2 volumes of ethanol. The final 
precipitate was dried and stored for later use. 
Its composition was determined as published 
before.12 Typical extracts consisted of approx-
imately 95% polysaccharide, 1% protein and 
4.0% polyphenolic compounds.13

B. Chemicals and Reagents

Streptozotocin (STZ), nitro blue tetrazolium 
(NBT), and thiobarbituric acid and hydrogen 
peroxide were obtained from Sigma, St. Lou-
is, MO (USA). 

C. Animals

Male Sprague Dawley rats (200-230 g) were 
procured from TICAM (Medical and Surgi-
cal Experimental Research Centre, Eskisehir 
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Osmangazi University) and housed in poly-
carbonate cages in an air-conditioned room 
(22 ± 2°C) with a 12 h light: 12 h dark cycle 
(07:00 h on, 19:00 h off). Standard rat feed 
and water were provided ad libitum. The rats 
were allowed to acclimatize to the laboratory 
environment for 7 days before the start of the 
experiment. 

All procedures were conducted in con-
formity with the Institutional Ethical Com-
mittee for Animal Care and Use at Eskise-
hir Osmangazi University (protocol number 
87/2008) and the international guidelines on 
the ethical use of animals (NIH publications 
No. 80-23).

D. Induction of Diabetes in Rats

Diabetes was induced following overnight 
fasting of the rats by an intramuscular injec-
tion of STZ in a single dose of 50 mg/kg. STZ 
was dissolved in a freshly prepared 0.01 M 
citrate buffer (pH 4.5) while the control rats 
were injected with buffer alone. Five days af-
ter STZ administration, the diabetic state was 
confirmed by the positive response of glucose 
in urine (using strips [Arkray, Kyoto, Japan]).

E. Experimental Design

The rats were randomly divided into five 
groups (n = 8 per group). Group I: control 
animals, Group II: STZ-diabetic control ani-
mals, Group III: STZ-diabetic animals given 
ABE 100 mg/kg bw per day, Group IV STZ-
diabetic animals given ABE 200 mg/kg bw 

per day, and Group V: STZ-diabetic animals 
given ABE 400 mg/kg bw per day. ABE was 
dissolved in isotonic sodium chloride and giv-
en by gavage daily for seven days. The saline 
solution was given to groups I and II in the 
same way. The schedule of the experimental 
period is presented in Table 1.

During the experimental period, body 
weight changes, and food and water intake 
were recorded daily. At the end of the exper-
imental period, all animals were fasted for 
9 hours and sacrificed by ether anesthesia. 
Pancreas tissues were removed and rinsed 
with cold saline and then used for determi-
nation of weight, histological evaluation, and 
measurement of enzyme activities.

F. Biochemical Analysis

In this study, biochemical investigations were 
made in serum and pancreas tissue. Blood 
samples from rats were collected in polysty-
rene tubes without anticoagulant. Pancreatic 
tissue malondialdehyde (MDA), superoxide 
dismutase (SOD) and catalase (CAT) were 
measured in samples stored at –80° C.

Serum was separated by centrifugation 
at 1,600 g at 4°C for 15 minutes using a cool-
ing centrifuge (Hermle ZK510, Germany) 
and analyzed for serum glucose and insulin 
levels. The serum glucose levels were imme-
diately measured with a commercial kit (Bi-
olabo, France) using an auto analyzer (Cro-
ny Instruments, Airone 200-RA, Italy). The 
serum insulin level of each blood sample was 
measured by an enzyme-linked immunosor-

TABLE 1.	Schedule of the Experimental Period

Application Days
0 5 6 7 8 9 10 11 12

Induction	of	diabetes	by	STZ
Confirmation	of	diabetic	stage
Administration	of	ABE	or	saline
Recording	of	body	weight	change,	food	and	water	intake
Sacrifice	of	rats
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bent assay using a commercial kit (ultra 
sensitive rat insulin enzyme-linked immu-
nosorbent assay; catalog number 10-1197-
01; Mercodia, Uppsala, Sweden), based on 
the direct sandwich technique in which two 
monoclonal antibodies are directed against 
separate antigenic determinants on the in-
sulin molecule. Serum glucose and insulin 
levels were expressed as mg/dL and µg/L, 
respectively.

1. Malondialdehyde Measurement

Pancreatic tissue was homogenized in 0.15 M 
KCl buffer (1/10) and the homogenized mate-
rial was centrifuged at 1500 g for 10 min. The 
supernatant fraction was removed for the de-
termination of MDA levels. All tissue homog-
enates were stored at –80°C. Lipid peroxida-
tion was determined by the measurement of 
the malondialdehyde - TBA assay, according 
to Ohkawa et al.14 Absorbances were mea-
sured at 532 nm. MDA levels were expressed 
as nmol/mg protein.

2. Superoxide Dismutase and Catalase 
Activities

For the assay of SOD and CAT activities, 
pancreatic tissues were homogenized in 50 
mmol/L phosphate buffer (pH 7.8). The ho-
mogenate was centrifuged at 1500 g for 10 
min. The supernatant was used for the as-
say in a 1:10 dilution. All tissue homogenates 
were stored at –80°C.

SOD activity was measured according to 
Beaucham and Fridovich's method as mod-
ified by Winterbourn et al.15 The method 
measures the inhibitory effect of SOD on the 
reaction in which superoxide anion reduc-
es NBT. Absorbances were measured at 560 
nm. Tissue SOD activities were expressed 
as U/mg protein.

The activity of CAT in tissue was deter-
mined according to Beutler’s method,16 based 

on decomposition of H2O2, as observed by the 
direct decrease of absorbance at 230 nm. Tis-
sue CAT activities were expressed as U/mg 
protein.

Protein levels of pancreatic tissue were 
determined by the biuret method.17

G. Histological Evaluation

The pancreas was removed from the animals 
immediately after sacrifice and rinsed in ice-
cold saline. Tissues were fixed in 10% neutral 
formalin for at least 24 hours and processed 
for light microscopy. Each piece of pancreas 
embedded in paraffin blocs was sectioned at 5 
µm in length before applying on slides for his-
tological staining. Slides were stained with 
hematoxylin and eosin for general observa-
tion, and with modified Gomori's Aldehyde 
Fuchsin stain (0.5% basic fuchsin solution in 
70% alcohol, Lugol's iodine, 0.5% sodium bi-
sulfite in distilled water, 0.25% metanil yel-
low solution in distilled water) for intense 
staining of beta cells in pancreatic islets. Mi-
crographs of slides were taken by an Olym-
pus (Tokyo, Japan) BX 50 microscope with an 
adapted Olympus DP70 digital camera. Each 
digital micrograph of the Langerhans islets 
was studied for changes of the surface area 
of the Langerhans islets and of the beta cells 
respectively and of the number of cells using 
an image analyzing program (Soft Imaging 
System LS version 5.0).

H. Statistical Analysis

All data were analyzed using the SPSS (Chi-
cago, IL, USA) Statistical Package (version 
12.0) statistical software with p < 0.05 values 
considered as statistically significant. Com-
parisons between the groups were assessed 
by one-way analysis of variance (ANOVA) 
with Tukey’s multiple range post hoc tests. 
Results were expressed as mean±SD.
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III. RESULTS AND DISCUSSION

A. Body Weight, Daily Food and Water 
Intake, and Pancreas Weight Values

In this study, there was an increased daily 
food intake found in the diabetic and ABE 
treated groups depending on the ABE treat-
ment of the diabetic animals. Table 2 depicts 
the levels of initial and final body weight, 
daily food intake, daily water intake, and 
pancreas weight in control and experimental 
groups of rats. There was no significant dif-
ference between initial and final body weight 
in the groups of diabetic rats with or without 
ABE (100, 200 and 400 mg/kg bw per day) 
treatment. This was mainly due to the large 
deviations from the average weights within 
the groups. Body weight loss and increased 
food intake are a general phenomenon in 

STZ-induced diabetic rats. But this situation 
may recover during the treatment. The pres-
ent study showed that the diabetic rats’ body 
weight slightly increased after oral treat-
ment by ABE. These results confirm those by 
Kim et al.18 in their study of the effects of oral 
administration of extracellularly produced 
polysaccharides of five different medicinal 
mushrooms in diabetic rats.

The water intakes of the rats significant-
ly decreased, mostly at the 400 mg/kg bw per 
day ABE treated diabetic group (37.44±2.13 
mL/100g bw) compared to diabetic control 
group (43.08±2.26 mL/100g bw) (p < 0.05). 
A similar correlation was also seen between 
pancreas weight values. Significant increas-
es were recorded for pancreas weights of the 
groups at doses of 200 and 400 mg/kg bw per 
day compared to the diabetic control group 
(Table 2).

TABLE 2. Body Weight, Daily Food and Water Intake, and Pancreas Weight Values in Control and 
Experimental Groups of Rats 

Experimental 
groups*

Initial body 
weight 

(g)

Final body 
weight  

(g)

Daily food 
intake 

(g/100g bw**)

Daily water 
intake 

(ml/100g bw)

Pancreas 
weight 

(g/kg bw)

NC 255.50±18.58	 278.19±15.28 9.10±0.52	a 12.37±1.33	a 29.00±2.26	a

DC 218.40±30.11	 198.40±29.30 14.73±2.25	b 43.08±2.26	b 20.62±1.18	b

100	 247.75±8.77	 238.75±9.25 13.20±2.25	b 44.05±3.06	b 22.75±1.58	bc

200	 243.75±9.58	 229.00±10.84 15.11±1.40	b 41.77±1.72	b 23.87±1.80	c

400	 249.75±22.12	 238.50±18.03 14.20±1.47	b 37.44±2.13	c 26.75±3.32	d

*	For	details,	see	Materials	and	Methods	section.	**bw:	Body	weight.	Mean±SD,	one-way	ANOVA.		
	 Values	in	each	column	followed	by	the	same	letter	do	not	differ	significantly	(p <	0.05).

B. Change of Serum Glucose and Serum 
Insulin Level in Diabetic Animals After ABE 
Administration

Diabetes is a metabolic disorder character-
ized by hyperglycemia resulting from a defi-
cit in β-cell mass and insulin secretion or ac-
tion, or both. Hyperglycemia is blamed for the 

complications of diabetes because an elevat-
ed glucose concentration directly injures cells 
and induces lipid peroxidation. As shown in 
Table 3, STZ treatment caused a significant 
increase of serum glucose (380.70%) when 
compared to the non-diabetic control group 
(p < 0.05). At the same time, the insulin level 
decreased to 31.6 % of the control value. In 
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this dose-dependent study, treatment of the 
diseased animals with ABE at the doses of 
100, 200 and 400 mg/kg bw per day showed 
a reduced level of serum glucose (8.29%, 
22.59% and 29.68%, respectively). Especially, 
ABE at the doses of 200 and 400 mg/kg bw 
per day led to a significant decrease (p < 0.05) 
in serum glucose levels.

ABE treated experimental groups (100, 
200 and 400 mg/kg bw per day) represented a 
dose-dependent increase in the serum insulin 

levels (16.66%, 39.47% and 78.50%, respec-
tively). Statistically, a remarkable increase 
was observed in the serum insulin values for 
the ABE groups at the doses of 200 and 400 
mg/kg bw per day (p < 0.05). Although ad-
ministration of ABE at the doses of 200 and 
400 mg/kg bw per day significantly reduced 
the serum glucose levels and increased the 
serum insulin levels, the same value as that 
of the normal control was not achieved after 
the 7 days of treatment (Table 3).

TABLE 3. Serum Glucose and Insulin Levels in Control and Experimental Groups of Rats

Experimental groups* Serum Glucose levels 
(mg/dL)

Serum insulin levels 
(µg/L)

NC 141.46±26.49	a 7.20±0.80	a

DC 538.53±21.54	b 2.28±0.42	b

100	 493.84±59.61	b 2.66±0.22	b

200	 416.84±62.44	c 3.18±0.77	bc

400	 378.65±33.25	c 4.07±1.19	c

*	For	details,	see	Materials	and	Methods	section.	Mean±SD,	one-way	ANOVA.	Values	in	each		
	 column	followed	by	the	same	letter	do	not	differ	significantly	(p <	0.05).

C. Changes in MDA, SOD, CAT

In our study, MDA levels were increased sig-
nificantly in diabetic animals as compared to 
the non-diabetic control group (p < 0.05). But, 
MDA levels in diabetic animals were signifi-
cantly decreased by the treatment of 200 and 
400 mg/kg bw per day ABE (p < 0.05). At an 
MDA level of 400 mg/kg bw per day the ABE 
treatment group almost reached the level of 
the normal control animals (p < 0.05). In the 
diabetic control group, SOD levels were found 
to be higher than those of the non-diabetic 
control group (p < 0.05). The ABE groups 
at 100 and 200 mg doses were significantly 
lower in SOD activity than the diabetic ani-
mals (p < 0.05). In contrast, the SOD activity 

in the 400 mg group was higher than in the 
non-diabetic control animals and the other 
treated groups (p < 0.05). The CAT activi-
ties in all treatment groups were decreased 
slightly when compared to diabetic control 
animals. But there was no statistically sig-
nificant difference (p < 0.05). CAT activities 
in all treatment groups were also found to be 
higher than in the NC group (p < 0.05) and 
experimental groups did not reach the value 
of healthy control animals (Table 4).

Our biochemical findings show that 200 
and 400 mg/kg bw per day doses of ABE may 
have hypoglycemic effects. How does this re-
late to the role that free radicals play in di-
abetes? There are several proposed mecha-
nisms of free radical production in diabetes: 
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glycoxidation, change in intracellular NADH/
NAD ratio (hyperglycemic pseudohypoxia), 
and effects on prostaglandin biosynthesis. 
Since expression of antioxidant enzymes may 
be induced at the transcriptional level by oxi-
dative stress, it is possible that the metabolic 
changes accompanying diabetes may induce 
these enzymes.19 Wohaieb and Godin20 ob-
served a decrease of SOD activity in the liver 
and kidney and an increase in the pancreas 
of STZ treated diabetic rats. They proposed 
that increased enzyme activity might be an 
adaptive response in the otherwise SOD-poor 
pancreas, while the reduction of SOD activ-
ity in liver and kidney might be due to the 
direct damaging effect of free radicals on the 
enzyme. Several reports suggest that heart 
and pancreas tissues show increased CAT ac-
tivity in the diabetic state.20

In our study, ABE seems to prevent dia-
betes mediated peroxidative injury as sug-
gested by the decreased MDA levels in the 
pancreatic tissue of STZ-induced diabetic 
rats. Besides, CAT activities were decreased 
slightly in all doses. SOD activities in the 
100 and 200 mg/kg bw per day ABE groups 
were significantly decreased as compared to 
the diabetic control group. Therefore, these 
findings suggest that ABE may be useful 
against diabetes induced oxidative stress. 
To our surprise, however, the SOD activity 
of the group treated with ABE at the dose of 
400 mg/kg bw per day was significantly in-
creased. The finding of increased SOD activ-
ity in the 400 mg ABE treatment group is of 
sufficient interest to support new investiga-
tions. Possible toxicity of this dose has not 
been observed. 

TABLE 4.	Malondialdehyde, Superoxide Dismutase and Catalase Levels in Control and 
Experimental Groups of Rats

Experimental 
groups*

MDA 
(nmol/mg protein)

SOD 
(U/mg protein)

CAT 
(U/mg protein)

NC 2.24	±	0.69	a 6.53	±	1.56	a 0.83	±	0.41	a

DC 4.04	±	0.72	b 8.56	±	1.72	b 1.54	±	0.71	b

100	 3.42	±	1.29	b 5.83	±	1.81	a 1.01	±	0.51	ab

200	 3.18	±	0.77	ab 6.13	±	2.93	a 1.09	±	0.	68	ab

400	 2.20	±	0.63	a 9.96	±	1.38	b 1.11	±	0.61	ab

*	For	details,	see	Materials	and	Methods	section.	Mean±SD,	one-way	ANOVA,	values	in	each		
	 column	followed	by	the	same	letter	do	not	differ	significantly	(p <	0.05).

D. Histological evaluation

Streptozotocin (STZ), a monofunctional nitro-
sourea derivative, is one of the most commonly 
used substances to induce diabetes in experi-
mental animals. The diabetogenic capacity 

of STZ may depend on its ability to damage 
β-cells and induce oxidative stress. The re-
sults of histological studies are summarized 
in Table 5. In the diabetic group, three of the 
studied parameters (area of Langerhans is-
lets, area of beta cells in the islets, number 
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of total cells in the islets) were significantly 
lower than in non-diabetic control animals (p 
< 0.05). All parameters in the ABE treated 
animals at the doses of 100 mg/kg bw per day 
were changed slightly compared to diabetic 
control animals. But, ABE at doses of 200 and 
400 mg/kg bw per day led to an increase in all 
histological parameters compared to the dia-
betic control group (Table 5).

In the non-diabetic control group, all cells in 
the islets of Langerhans were strongly stained 
with hematoxylin and eosin. Dark brown-vi-
olet colored nucleated cells appeared mainly 
homogenously scattered (Fig. 1A). Also, alde-
hyde fuchsin staining, which is specific for com-
pounds such as insulin in beta cells, strongly 
stained part of the islets dark violet-blue (Fig. 
1F). It should be taken into account that this 
stain has also affinity to compounds that are 
structurally related to insulin.

There were remarkable histological dif-
ferences between the diabetic and nondia-
betic control groups. In the diabetic control 
group, the average area and number of beta 
cells in the islets of Langerhans of the di-
abetic control group were dramatically de-
creased (Fig. 1A, 1B, 1F, 1G; Table 5). The 
area of beta cells of the pancreatic islets was 

decreased by 74%, presumably resulting in 
severe functional damage. The stained his-
tological slides of the 100 mg ABE treated 
group were quite similar to the diabetic con-
trol group (Fig. 1C, 1H). But the slides of the 
200 and 400 mg ABE treated groups showed 
that the number of beta cells and the area 
of the islets of Langerhans had clearly in-
creased (Fig. 1D, 1E, 1I, 1J). Especially, 
the insulin levels in the 200 mg ABE group 
seemed increased (Fig. 1D, 1I) in the alde-
hyde fuchsin stained slides. In our study we 
showed that the surface area of the Langer-
hans islets and of beta cells, and the num-
ber of total cells of STZ-induced diabetic rats 
clearly increased related to the doses of ABE 
that were applied to the animals. The pan-
creas protective effect of ABE extract was 
supported by biochemical data.

Our study leads to the following conclu-
sions. STZ-induced diabetes in rats rapid-
ly leads to hyperglycemia and to oxidative 
stress. In agreement with previous findings 
by others,18,19 our results showed that SOD 
and CAT activities were increased in the 
diabetic control group as compared to the 
normal control group (p < 0.05). Increased 
enzyme activities might be an adaptive re-

TABLE 5. Histological Values of Pancreatic Tissues in Control and Experimental Groups of Rats

Experimental 
groups*

Area of Langerhans  
Islets (nm2)

Area of Beta Cells in 
Langerhans Islets (nm2)

Number of Total Cells 
in Langerhans Islets

NC 33762.8	±	2183	a 28972.78	±	1689	a 127.40	±	21.8	a

DC 15852.95	±	798	b 7666.43	±	489	b 74.00	±	25.5	b

100	 15980.2	±	983	b 13320.98	±	866	b 69.25	±	34.7	b

200	 22307.76	±	1864	ab 18802.23	±	1263	ab 83.80	±	41.06	ab

400	 28354.96	±	1163	ab 19199.28	±	1081	ab 86.00	±	41.93	ab

*	For	 details,	 see	 Materials	 and	 Methods	 section.	 Mean±SD,	 one-way	 ANOVA,	 Values	 in	 each	
	 	column	followed	by	the	same	letter	do	not	differ	significantly	(p <	0	.05).
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FIGURE 1. Histological	micrographs	stained	with	H&E	(A-E)	and	modified	aldehyde	fuchsin	(F-J)	of	pancreatic	tissues	
in	control	and	experimental	groups	of	rats	(scale	bar:	200	μm).
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Figure 1.  Histological micrographs stained with H&E (A-E) and modified Aldehyde Fuchsin 

(F-J) of pancreatic tissues in control and experimental groups of rats (Scale bar: 200 mm.).
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sponse against oxidative stress in diabetes 
mellitus. In this study, we demonstrated that 
MDA levels, a lipid peroxidation end-product 
and a marker of oxidative stress, were ele-
vated in the diabetic control group. Increased 
MDA levels are caused by free radical-induced 
lipid peroxidation in diabetes mellitus as de-
scribed in the literature.21

Beta cells are particularly sensitive to free 
radicals because they are low in antioxidant 
enzymes such as peroxidase, CAT and SOD.22 
As mushrooms were known to harbor con-
siderable concentrations of antioxidants,7 we 
looked into the effects of extracts of A. bispo-
rus, the white button mushroom on STZ-in-
duced diabetes. A. bisporus contains high 
amounts of the antioxidant amino acid ergo-
thioneine,7,23 which in combination with the 
receptor/transporter OCTN1, is able to pass 
the cell membrane and to protect the cells 
from free radical damage.24 Although studies 
looking at the use of potential antioxidants to 
reduce oxidant stress have not been encourag-
ing,25 mushroom ergothioneine-OCTN1 could 
form an exception because this complex enters 
the cell to maintain redox balance against ox-
idant conditions instead of remaining in the 
pro-oxidant plasma environment and becom-
ing rapidly degraded. It is tempting to sug-
gest that beta cells just as skin cells contain 
a transporter that specifically allows ergothio-
neine to be internalized in the cells and exert 
its antioxidative action.24

In conclusion, based on the pancreas pro-
tective effect as confirmed by functional and 
morphological repair and the increase of an-
tioxidative defense enzyme activity, we as-
sume that A. bisporus hot water extract may 
be useful as an oral agent in the treatment of 
diabetes.
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