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Ameliorative Effect of Calocybe indica, a
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Hyperglycemia Induced Oxidative Stress
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Abstract—Mushrooms are a group of fleshy macroscopic fungi.
They have been valued throughout the world as both edible and
medicine. They are highly nutritious with good amount of quality
proteins, vitamins and minerals. An edible mushroom, Calocybe
indica was selected to validate its nutritional and medicinal
properties. Since tissue damage in hyperglycemia has been related to
oxidative stress, we evaluated the enzymatic and non-enzymatic
antioxidant status in the serum, liver and kidney since they are the
target organs in diabetic complications. From the results, increased
oxidative stress and decreased antioxidants might be related to the
causation of diabetes mellitus. The treatment in the diabetic rats with
the Calocybe indica showed an increase in the antioxidant system
and decrease in the production of free radicals. The mushrooms
which contain antioxidant phytochemicals has potential free radical
scavenging capacity and hence can induce the antioxidant system in
the body significantly reduces the generated free radicals thereby
maintaining the normal levels of the antioxidants
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[. INTRODUCTION

UNGTI are well-known for their nutritional and medicinal

value due to their content of a variety of bioactive
substances with pharmacological properties [1]. The macro
fungi, mushrooms have a history of traditional use in oriental
therapies and modern clinical practices continue to rely on
mushroom derived preparations [2]. They are appreciated all
over the world not only by their texture and flavor, but also by
their chemical, nutritional [3] and functional properties.
Scientific research on mushrooms generally lags behind that
of plants and animals [4]. Since ancient times, mushrooms
have been consumed by humans in normal diet due to their
highly desirable taste and aroma. In addition, the nutritional,
toxic and medicinal properties of mushrooms have been
recognized for a longer time [5].

Diabetes mellitus is a group of metabolic diseases [6] which
affects the individuals of all ages [7]. It is characterized by
hyperglycemia [8], [9], altered metabolism of lipids,
carbohydrates, and proteins [6] which results from either the
relative impairment in pancreatic insulin secretion or varying
degrees of peripheral resistance to the action of insulin, or
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both [10]. Modern drugs, including insulin and other
hypoglycemic agents control the blood glucose level only
when they are regularly administered, but these treatments are
tedious and have several undesirable side effects and fail to
significantly alter the course of diabetic complications [11],
[12].

Free radicals are chemical entities which are generated
during normal cellular metabolism as a side product of
oxidative phosphorylation which is a normal natural
metabolism of aerobic cells both in animals and plants [13],
[14]. However, antioxidant supplements or antioxidant
containing foods may be used to help the human body to
reduce oxidative damage or to protect food quality by
preventing oxidative deterioration [15]. Identification of new
antioxidants remains a highly active research area. From the
literature of the previous research, it is evident that the
mushrooms contain the activity against the free radicals.

II. MATERIALS AND METHODS
A. Plant Material

1. Culture

The Calocybe indica species was collected from Sivasakthi
mushrooms, a commercial mushroom unit at Erode,
Tamilnadu, India. The mushrooms were surface sterilized and
the spores from the mushrooms were inoculated into the
Potato Dextrose Agar medium to obtain pure culture of the
mushroom. The culture was maintained at room temperature
for mycelial growth and the culture was sub cultured to
multiply the mycelial culture.

2. Spawn Preparation

The mycelium was inoculated into the substrate (boiled and
sterilized sorghum seeds) and maintained at room temperature
for the growth of mycelium. The packs were checked then and
there for any contamination and the contaminated packs were
removed if present. After complete growth of the mycelium
on the grains, the packs free from contaminations were
selected and used further

3. Cultivation and Harvesting

The cultivation of Calocybe indica needs two steps. In the
first step called mycelial running, the polythene bags were
filled with soaked and sterilized paddy straw layer by layer
with spawn on each layer, tied tightly and hanged in a room
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which was maintained with optimum temperature and
humidity. After the vegetative mycelial setting the bags were
taken to the second step. In the second step called casing (i.e.)
after mycelial setting, the bags were cut into two equal halves
and cased with sterilized black soil. Then the bags were taken
into the shed whose temperature was maintained at 40°C to
45°C. The buds of the mushroom were extruded and the
matured mushrooms were harvested and used for the study.

B. Sample Processing

The mushroom, Calocybe indica after washing were shade
dried and was powdered in a mixer grinder.

1. Decoctions Preparation

e Cold Water Decoction: 10g of the powdered sample was
dissolved in 100ml of distilled water which was
continuously shaken for 24 hours in a mechanical shaker
at 40°C. After 24 hours, it was filtered and used. The
decoction was stored at 4°C for further usage.

e Hot Water Decoction: 10g of the powdered sample was
dissolved in 100ml of distilled water which was boiled for
one and half hours and filtered. The decoction was stored
at 4°C for further usage.

2. Induction of Diabetes Mellitus

Streptozotocin was dissolved in citrate buffer (pH 4.5) and
nicotinamide was dissolved in normal physiological saline.
Non insulin dependent diabetes mellitus was induced in
overnight fasted rats by a single intraperitoneal administration
of 65mg/kg streptozotocin, 15min after the intraperitoneal
administration of 110mg/kg of nicotinamide. Hyperglycemia
was confirmed by the elevated glucose levels in the plasma
determined after 72 hours. The animals with blood glucose
levels higher than 300mg/dl after 3 days of STZ injection
were selected for the study.

3. Experimental Set Up

e Group 1 - Normal control
e  Group 2 - Diabetes induced (Diabetic control)
e Group 3 - Diabetic animals treated with Glibenclamide at
5mg/kg body weight
e Group 4 - Diabetic animals treated with cold aqueous
decoction at 120mg/100g body weight
e Group 5 - Diabetic animals treated with hot aqueous
decoction at 120mg/100g body weight
The treatment was given orally once a day for 45 days.
After the treatment regimen, the animals were sacrificed and
their samples were subjected to different analyses. The blood
was collected from the jugular vein and centrifuged at 4°C for
20 minutes and the serum was separated. Liver was removed
and washed in ice cold saline. The tissues were homogenized
in phosphate buffer of pH 7.5. The oxidative stress enzymes
and the antioxidant status were assayed using standardized
protocols.

III.RESULTS AND DISCUSSION

A. Nutritional Constituents of Mushrooms

Mushrooms are rich sources of nutraceuticals [15]
responsible for their pharmacological properties. These
functional characteristics are mainly due to chemical
composition [16]. Mushrooms are quite high in protein
including all the essential amino acids and low in fat.

Mushrooms also contain relatively large amounts of
carbohydrates and fiber and significant amounts of vitamins,
as well as minerals [3].

Results from Table I reveals that the mushroom of the study
Calocybe indica posses a comparable content of nutritional
and chemical compounds which are essential in diet and hence
proves that the mushrooms are rich in nutrients.

B. Antidiabetic Activity of Calocybe indica

In people with diabetes, glucose levels build up in the blood
and urine, causing excessive urination, thirst, hunger, and
problems with fat and protein metabolism [17].
Hyperglycemia is caused either by insufficient insulin
secretion or insulin resistance [18]. Insulin deficiency in the
diabetic state results in the impairment of glucose utilization
leading to an increased generation of oxygen free radicals
[19]. Insulin deficiency is manifested in a number of
biochemical and physiological alterations. Insulin estimations
are generally accepted as an index of B-cell function [20].

Results from Table II revealed a significant decrease in
serum insulin level of diabetic rats caused decreased uptake of
blood glucose and thus hyperglycemia in the diabetic rats.
Administration of the mushrooms decoctions decreased the
elevated blood glucose level and prolonged administration
may stimulate the B-cells of islets of Langerhans to produce
insulin. The increased level of insulin in mushrooms treated
diabetic rats might be due to the activation of remnant B-cells
of the pancreas [20]. The control of blood glucose in diabetic
patients was achieved mainly by the use of oral hypoglycemic
agents and insulin [21].

TABLEI
NUTRITIONAL VALUE OF CALOCYBE INDICA
Compounds Calocybe indica
Total protein (%) 32.61
0,
Metabolites Total carbohyérates (%) 34.00
Total phenolics (A*) 6.95
Total flavanoids (B*) 1.09
L Ascorbic acid (mg/100g) 125.00
Vitamins
Beta carotene (mg/100g) 108.79
Sodium (mg/100g) 1194.00
. Potassium (mg/100g) 5692.75
Minerals .
Calcium (mg/100g) 88.43
Iron (mg/100g) 111.37
Others Crude fibre (%) 10.30
Total ash (%) 14.14

(A*): mg of gallic acid equivalents per gram of dried mushroom
(B*): mg of catechin equivalents per gram of dried mushroom
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TABLEII
DIABETIC PROFILE OF THE UNTREATED AND TREATED DIABETIC RATS

Groups Glucose (mg/dl) Insulin (uIU/ml)  RBC (10/mm?®) Hb (g/dI) HbAILC (%)
Group 1 101.5+3.99 5.40+0.56 9.57+0.44 13.7£0.26 2.86+0.42
Group 2 529.50+49.74 (A#) 2.60+0.72 (A#) 7.97+0.80 (A#) 8.90+0.89 (A#) 8.93+0.70 (A#)
Group 3 182.67+10.07 (B#) 4.5320.60 (D#) 9224023 (B#)  12.53+0.35 (D#)  3.57£0.86 (D#)
Group 4 208.17+18.84 (D#) 4874035 (D#)  8.98+0.20 (D#)  13.03+0.65 (D#)  3.27+0.60 (O#)
Group 5 211.67£19.68 (O#) 4.90+0.36 (O#) 9.08+0.37 (P#) 12.56+0.40 (D#) 4.17+0.47 (O#)

ANOVA was performed to compare the means of parameters- Glucose, Insulin, RBC, Hb and HbA ¢ in diabetic group (Group 2) with control (Groupl) and
also with the treatments (Groups 3,4,5). The test values are expressed as mean = SD along with inference. In the table we use notations: A: Comparison with
normal control group, ®: comparison with diabetic control group, (ns): — no significant difference (p>0.05), (*): significant difference (p<0.05) and (#):

significant difference (p<0.01)
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Fig. 1 Oxidative stress markers levels in control and Calocybe indica
treated experimental rats
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Fig. 2 Enzymatic antioxidants levels in control and Calocybe indica
treated experimental rats
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Fig. 3 Non enzymatic antioxidants levels in control and Calocybe
indica treated experimental rats

C.Oxidative Stress Markers and Antioxidants in Diabetes

It was observed in the present study that the level of
peroxides (LPO and NO) were significantly increased in
hypoglycemic condition and the activity of enzymatic (SOD,
CAT and GPx) and non-enzymatic (TRG and Vit C)
antioxidants were decreased significantly in diabetic rats than
the normal control rats in the serum, liver and kidney tissues,
which are presented in Figs. 1-3. The treatment with the
mushroom Calocybe indica and with the standard drug
glibenclamide significantly reverted the level of these variants
in diabetic animals.

From the results, the increase in the free radicals and
decrease in the antioxidant system indicated that increased
oxidative stress and accompanying decrease in antioxidants
might be related to the causation of diabetes mellitus [22]. The
decrease in antioxidants could be a result of decreased
synthesis or increased degradation by oxidative stress in
diabetes. Increased lipid peroxidation under diabetic
conditions can be due to increased oxidative stress in the cell
as a result of depletion of antioxidant protective systems,
which can increase the deleterious effects of free radicals [23]
such as loss of integrity and function of cell membranes [24].

The decline in the antioxidant status and increment in the
free radical compounds in the diabetic rats are due to the
chronic hyperglycemia which paves way to infer that the
increased production of free radicals which automatically
decrease the antioxidant system. Supplementation of
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antioxidants could conceivably protect the human body from
free radicals and ROS effects and retard the progress of many
chronic diseases as well as lipid peroxidation [25], [26]. The
treatment with the mushrooms to the diabetic rats shows
increase in the antioxidant system and decrease in the
production of free radicals. Maintenance of persistent
normoglycemia by the administration of Calocybe indica
decoctions may attenuate lipid peroxidation in tissues and thus
prevent tissue damage [20]. The mushroom favored in the rats
in lessening the oxidative stress mediated injury to the system
and this property might be due to the presence of the
antioxidants or its inducers such as phenols, flavanoids
present in the mushrooms.
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