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ABSTRACT

Objective: The present study deals with dietary supplementation of Pleurotus ostreatus and Calocybe indica in Swiss male albino mice in comparison
with casein control diet.

Methods: The Swiss albino male mice were divided into four groups. Group 1 served as normal, Group II served as control mice, and Groups Il and IV
mice were fed with food supplement P, ostreatus and C. indica for 28 days. After 28 days, the animals were euthanized by cervical dislocation, and liver
samples were used to analyze the following parameters such as superoxide dismutase (SOD), catalase, glutathione peroxidase, reduced glutathione
(GSH), Vitamin C, and Vitamin E.

Results: The results of the present study indicated that dietary supplementation of P, ostreatus and C. indica significantly (p<0.05) increased the
antioxidants levels in experimental mice.

Conclusion: From the results, it was found that the mushrooms such as P. ostreatus and C. indica seem to be a promising source because of its

antioxidant properties. Therefore, this medicinal mushroom could be used as a nutritional supplementation for human.
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INTRODUCTION

Mushrooms are becoming a popular food in daily meal because of
their nutritious and medicinal values. Edible mushrooms have been
known for texture and flavor as well as medicinal and tonic attributes
and utilized as a human food for centuries [1]. From the nutritional
point of view, mushrooms contain appreciable amount of dietary fiber,
particularly important for the regulation of physiological functions in
human organism; furthermore, it contains a high amount of proteins
and is excellent source of fibers, vitamins, and minerals [2]. These
functional substances of mushrooms are able to lower cholesterolemia,
modulate the immune system, and inhibit tumor growth [3].

Antioxidant is an important property by which living organisms can
neutralize the toxic and cell-damaging molecules called free radicals
which are generated during various metabolic reactions of the body [4].
Antioxidant in food plays an important role by reducing the risk for
chronic diseases including cancer and heart disease. The fruiting bodies
of mushrooms contain about 56.8% carbohydrate, 25.0% protein, and
12.5% ash ona dry weight basis [5]. The immune function throughout life
can be influenced by nutrition. Possible ingredients for the development
of functional foods that could contribute to optimal immune response
include the antioxidant vitamins and trace elements (e.g, zinc,
copper, manganese, magnesium, selenium potassium, B vitamins, and
Vitamin D) [6]. Healthy nutrition and diet are gaining importance not
only in the everyday life of human beings but also in the treatment of
chronic diseases. Mushrooms are recognized worldwide as medicinal
foods rich in nutrition by doctors. The Food and Drug Administration
has officially designated mushrooms as “healthy foods” [7].

Oxidation is important to all living organisms for the production of
energy to fuel biological processes. However, production of free radicals
is involved in the cause of many diseases such as cancer, rheumatoid

arthritis, and atherosclerosis as well as in degenerative processes
associated with aging [8]. Even though there is free radical damage, all
organisms can be protected by enzymes such as superoxide dismutase
(SOD) and catalase (CAT), or compounds such as ascorbic acid,
tocopherols, and glutathione (GSH). The presence of antioxidants in
human diet acts as protective agents to reduce oxidative damage caused
in the human body [9]. The present study was carried out to investigate
the nutritional and antioxidant level of the diet prepared with Pleurotus
ostreatus and Calocybe indica in Swiss male albino mice.

MATERIALS AND METHODS

Experimental animals

Swiss male albino mice (20-25 g, 8-10 weeks old) were purchased
from the Agricultural University at Mannuthy (Thrissur, India). All mice
were kept in a pathogen-free air-controlled room maintained at 24°C
with a 50% relative humidity and 12-h light and dark cycle. All mice had
ad libitum access to a control diet (Hindustan Lever Ltd., Mumbai) and
filtered water. All animal experiments were approved and performed
according to the regulations of the Institutional Animal Ethics
Committee, Government of India (IAEC Reg. No: IAECK/KU/BT/13/03).

Grouping of mice

After 1 week period of acclimatizing, the mice were randomly divided
into four groups of six mice each. Group 1 served as normal, Group II
served as control mice, and Groups III and IV mice were fed with food
supplement P, ostreatus and C. indica for 28 days.

Group I=Normal diet

Group II=Control (casein) diet
Group IlI=Test diet - I (P, ostreatus)
Group IV=Test diet - II (C. indica)
*Mode of administration - oral route.
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Preparation of diets

The control (casein), P. ostreatus, and C. indica diets were prepared
following the method of Vasconcelos [10]. The composition of control
and test diets is given in Table 1; casein, mushroom powder, refined
groundnut oil, vitamin mixture, salt mixture, dextrose, and corn
starch were used as ingredients. Vitamin mixture and salt mixture
were prepared by following the method of Mattison [11]. All the
ingredients were mixed together with the addition of water and made
into small balls (30 g) and stored at -18°C in airtight containers.
Feeding trials were carried out for 28 days. Feed and water were
given ad libitum.

Proximate composition analysis of the diets

The protein content of each diet was determined by Lowry’s
method [12]. The total carbohydrate analysis was carried out by
anthrone method [13]. The lipid content was estimated by Soxhlet
extraction method of Association Official Analytical Chemists [14].

Enzymatic and non-enzymatic antioxidant assay

At the end of 28™ day, the mice were euthanized by cervical dislocation
and the liver tissue recovered at necropsy was assessed for antioxidant
activity such as SOD which was determined by following the method
of Kakkar [15], CAT was performed by following the method of
Sinha [16], glutathione peroxidase (GPx) was analyzed by following the
method of Rotruck [17], GSH was estimated by following the method of
Ellman [18], ascorbic acid (Vitamin C) was estimated by following the
method of Omaye [19], and a-tocopherol (Vitamin E) was estimated by
following the method of Meydani [20]. Protein content was estimated
using the Lowry method [12]. All liver samples (once prepared as
homogenate) were used for the assays.

Statistical analysis

All the values were expressed as mean #* standard deviation. The
data were statistically analyzed using one-way Analysis of Variance
(ANOVA), and the significant differences among the test groups were
evaluated by Duncan’s multiple range test. The results were considered
as statistically significant at p<0.05. All the statistical analyses were
made using the Statistical Package for the Social Sciences 20.0 software
package.

Table 1: Composition of control and test diets

Ingredients Control Test Test
diet (g) diet-1(g) diet - II (g)

Casein 12.6 - -
Mushroom powder - 18.2 18.2
Refined groundnut oil 7.0 7.0 7.0
Vitamin mixture 1.0 1.0 1.0
Salt mixture 2.0 2.0 2.0
Dextrose 25.0 25.0 25.0
Corn starch 52.4 46.8 46.8
Salt mixture (percentage)
K2HPO, 30
KCL 9.4
MgSo, 14.8
FeSO,H,0 1.4
Ca,(PO,), 27.4
MnS0,.7H,0 0.2
CaCo, 16.8

Composition of vitamin mixture

Vitamin A (as palmitate) 25000 IU
Vitamin D, 2001U
Vitamin B,, 1.0 mcg
Vitamin E acetate 5.0 mg
Vitamin B, (riboflavin) 1.5mg
Vitamin B, (thiamine monocitrate) 1.0 mg
Vitamin B, 1.0 mg
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RESULTS

The findings of the present investigation are based on the dietary
supplementation of casein, P. ostreatus, and C. indica diets in Swiss
male albino mice. Fig. 1 shows the biochemical composition of test
diets. Dieting trials showed that the mice consumed the control and
formulated diets in more quantities and the consumption of test diets
was little lower than control diet. There was no non-acceptance by the
mice for the diets containing P, ostreatus and C. indica and absolutely no
unhealthy symptoms of deficiency disease or abnormal toxicities were
observed in the mice throughout the experimental period.

The liver is the main organ of oxidative and detoxifying processes as
well as free radical reactions; in many diseases, biomarkers of oxidative
stress are elevated in the liver at an early stage. The present results
showed a significant increase in SOD level for P. ostreatus and C. indica
diet-fed groups (Fig. 2).

The effect of normal, control, P ostreatus, and C. indica diets on liver
CAT of Swiss male albino mice is shown in Fig. 3. In the present study,
CAT significantly showed an increase in activity in mushroom-fed diet
(I'and II) than normal diet.

GPx is an enzyme that catalyzes the reduction of hydroxyl peroxides
by GSH. Its main function is to reduce lipid hydroperoxides to their
corresponding alcohols and to reduce free hydrogen peroxide (H,0,)
to water. In the present study, GSH significantly showed an increase in
activity in mushroom-fed diets than normal diet (Fig. 4).

The activity of GSH reductase is used as an indicator for oxidative stress.
The effect of normal, control, P. ostreatus, and C. indica diets on liver-
reduced GSH of Swiss male albino mice is shown in Fig. 5.
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Fig. 1: Biochemical competition of diet. Values are+standard
deviation for 6 mice each froup. Bars not sharing a common
superscript letter®?9 differ significantly at p<0.05 Duncan
multiple range test
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Fig. 2: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica diets on liver superoxide dismutase activity of Swiss male
albino mice. Bars not sharing a common superscript letter®>
differ significantly at p<0.05 Duncan multiple range test
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Vitamin Cis an anti-inflammatory and helps to prevent the inflammatory
diseases, including arthritis, fibromyalgia, and chronic fatigue.
A significant increase in Vitamin C level was noticed in P, ostreatus and
C. indica (Fig. 6) diet-fed mice.

There was a significant increase in the Vitamin E levels in mushroom
diet-fed mice (I and II), and it may due to the protection against
oxidative stress involving in the tocopherol radical (Fig. 7).

DISCUSSION

Utilizing the promising functional foods has become an increasingly
favored approach to the modulation of immune cell function [21].
Mushroom has a higher nutritional value such as proteins and vitamins
similar to meat and eggs [22]. In the present era, the consumption
of mushroom has been increased, and the consumption has been
associated with the maintenance of health and in antioxidant defense
in the prevention of many diseases. Mushroom diets are rich in total
polyphenols, ascorbic acid, and vitamins which could be the main
antioxidant compounds containing a wide variety of free radical
scavenging molecules such as polyphenolic, triterpenoids, and steroids
which have a strong antioxidant activity. It is reported that the total
polyphenol was, naturally occurring antioxidant components, found
higher in mushroom [23].

A significant increase could be due to the antioxidant enzyme which
rapidly catalyzes the dismutation of superoxide anion and thus acts as
the first-line antioxidant defense. There are many scientific research
data that have provided a valid health supportive toward natural
treatment for a variety of diseases [24,25].

CAT has no electron donor requirement during detoxification of
H,0,. CAT is a known antioxidant enzyme, and it has been involved in
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Fig. 3: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica diets on liver catalase activity of Swiss male albino
mice. Bars not sharing a common superscript letter®"9 differ
significantly at p<0.05 Duncan multiple range test
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protectionagainstH,0,; itslocalization is limited to the peroxisome [26].
H,0, is a non-radical reactive oxygen species with weak oxidizing
activity. It diffuses through cell membranes rapidly and interacts with
Fe2+and possibly Cu2+ions to form hydroxyl radicals and other free
radicals [27]. The significant increase could be due to the antioxidant
enzyme which is located in the cell’s peroxisome, such as SOD naturally
within the body. It converts H,0, into water and oxygen, preventing the
formation of carbon dioxide bubbles in the blood [28]. CAT also uses
H,0, to break down potentially harmful toxins in the body. CAT and SOD
help to prevent free radical damage [29].

The significant increase could be due to the highly expressed
scavenging and inactivating hydrogen and lipid peroxides, providing
protection to the body against oxidative stress. GPx with other
selenoproteins containing selenocysteine plays an important role in the
GSH-dependent defense against peroxynitrite-mediated oxidations by
serving as a peroxynitrite reductase [30].

GSH is a tripeptide with a gamma peptide linkage between the amine
groups of cysteine and the carboxyl group of the glutamate side chain.
It is an antioxidant, preventing damage to the important cellular
components caused by reactive oxygen species such as free radicals
and peroxides [31]. In the present study, the enhancement of GSH in
P, ostreatus and C. indica mushroom diet-fed mice could be due to the
tissue-specific efficiency of cysteine metabolism [32].

Vitamin C is also called as ascorbic acid, one of the important antioxidant
acids, to maintain collagen in the skin, repair damaged tissue, promote
healthy teeth and bones, and boost the immune system [33]. Vitamin C
helps the body to absorb iron, which is also useful in treating iron deficiency
and anemia [34]. Increased Vitamin C activity may due to the increase of
GSH level because Vitamin C and GSH are synergistic antioxidants [35].
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Fig. 5: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica diets on liver glutathione activity of Swiss male albino
mice. Bars not sharing a common superscript letter®"9 differ

significantly at p<0.05 Duncan multiple range test
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Fig. 4: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica glutathione peroxidase activity of Swiss male albino
mice. Bars not sharing a common superscript letter®>9 differ
significantly at p<0.05 Duncan multiple range test

Fig. 6: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica diets on liver Vitamin C activity of Swiss male albino
mice. Bars not sharing a common superscript letter®"9 differ
significantly at p<0.05 Duncan multiple range test
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Fig. 7: Effect of normal, control, Pleurotus ostreatus and Calocybe
indica diets on liver Vitamin E activity of Swiss male albino
mice. Bars not sharing a common superscript letter®"9 differ
significantly at p<0.05 Duncan multiple range test

Vitamin E also protects the body from oxidation and normal aging
process; the damage induced by diabetes and neutralizes the free
radicals; when enough Vitamins E is present in the body, the unstable
free radicals get their electrons from the Vitamin E molecules and leave
the healthy molecules alone, thus causing less damage to tissues [36].
Decreased activity in respect of casein diet may due to the lipid soluble
chain-breaking antioxidants in the biological system protecting cell
membrane from peroxidative damage [20].

CONCLUSION

Mushrooms are an excellent food that can be used in awell-balanced diet
containing all essential nutrients which are necessary for therapeutic
benefits, easy way to escalate overall immunity, for their functional
compounds, and low-fat content provides valuable nutrients to the
human. The results of the present study demonstrated that the dietary
supplementation with P. ostreatus and C. indica mushrooms enhances
the nutritional value of the diet and antioxidants levels. P ostreatus
and C. indica diet consumption may increase innate immunity against
many diseases. A regular intake of mushrooms can maintain our body
in good physical condition, fine fettle, de-stress, and enhance the
immune responses of the human body, thereby increasing resistance
to disease and, in some cases, regression of a disease state. Nutritional
and therapeutic benefits revealed that the P. ostreatus and C. indica
are suitable for making nutraceuticals and would help to decrease the
malnourishment suffered by millions across the world.
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