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Abstract

Objectives: This study identified the bioactive constituents of Pleurotus ostreatus and analyzed the potential effect of a diet rich in P

ostreatus on reducing the cardiovascular risk on rats.

Methods: The bioactive constituents of P, ostreatus were evaluated using standard methods whereas for hypocholesterolemic study,
forty-five male Wistar albino rats weighing between 50g-70g were procured and separated into four groups of control (standard
growers mesh + 10.00g of cholesterol diet +potable water), reference (nutrend (known commercial baby food) + potable water) and
three test groups I (5% of P, ostreatus incorporated diet+10.00g of cholesterol diet + potable water), II (15% of P, ostreatus incorpo-
rated diet +10.00g of cholesterol diet + potable water), and III (25% of P. ostreatus incorporated diet +10.00g of cholesterol diet +

potable water).

Results: Results of bioactive constituents of P. ostreatus revealed the presence of saponins, tannins and flavonoids as phytochemicals
as well as proteins, peptides, and some individual amino acids. Total food intake and weight gained reduced significantly (p < 0.05)
in test rats against the control. Apart from weight of heart and liver of test group II rats and spleen of test group III; the weight of
other visceral organs of test rats were insignificantly affected (p > 0.05) against the control. Results obtained for lipid profiles rev-
eled significant reduction (p < 0.05) in cholesterol, triglyceride, LDL-cholesterol, VLDL-cholesterol, and non-cholesterol levels in test
groups against those of the control. The lipid profile ratios in test rats showed significant improvement against those of the control

but compared favourably with those of the reference in some lipid profile ratio parameters.

Conclusion: The observed hypocholesterolemic property and the lipidaemic strength could be linked to the presence of bioactive

constituents in P, ostreatus incorporated in the diet given to test rats.
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Introduction

Aside serving as food materials [1-3], most edible plants also serve as therapeutic materials against disease conditions [4-6]. It has
been noted that foods of plant origin contain bioactive constituents which are effective against certain disease causing pathogens [7-9].
Okwu [10] noted that bioactive constituents exert physiological effects against disease causing organisms. Diseases such as cancer, ulcers,
malaria, hepatitis, pile, liver cirrhosis and others have been reported as being among those whose pathogens are influenced by the physi-
ological effects of some bioactive constituents found in plants [11-14]. According to Amadi,, et al. [1], different researchers have noted that

the ability of plant to have medicinal property lies in certain plant’s chemical compounds that are bioactive in nature.

Research using plant therapy on dyslipidemia has been on the increase in recent years [15,16]. Dyslipidemia is a condition of high or
low lipid blood stream level [17]. The condition has been noted as major risk factor of cardiovascular diseases [17]. Dyslipidemia can be
primary or secondary, and can accompany diseases such as hypertension, diabetes mellitus or obesity [18]. Dyslipidemia usually involves
a deviation from the normal levels of plasma triglyceride, total-LDL-cholesterol, VLDL-cholesterol and HDL-cholesterol [19]. According to
Gordon and William [16], the most common types of dyslipidemia are high levels of low-density lipoprotein (LDL or “bad”) cholesterol;
low levels of high-density lipoprotein (HDL or “good”) cholesterol and high levels of triglycerides. Secondary causes have been reported as
causative agents for many cases of dyslipidemia in adults. Robert [18] noted that the secondary causes of dyslipidemia are type 2 diabetes
mellitus, excessive alcohol consumption, cholestatic liver diseases, and nephrotic syndrome. Sedentary lifestyle with excessive dietary
intake of saturated fats, cholesterol and trans-fats has also been implicated as one of the causes of dyslipidemia in adult [20]. According
to Anne [20], trans-fats are polyunsaturated or monounsaturated fatty acids to which hydrogen atoms have been added; they are used in

many processed foods and are as atherogenic as saturated fat.

In recent times, research on the medicinal potential of mushroom has been on the increase [21-25]. According to Maria [26], more
than 100 medicinal functions are produced by mushrooms and fungi; and the key medicinal uses are antioxidant, anticancer, antidiabetic,
antiallergic, immunomodulating, cardiovascular protector, anticholesterolemic, antiviral, antibacterial, antiparasitic, antifungal, detoxi-
fication, and hepatoprotective effects. Yu,, et al. [27] noted that mushrooms are effective against tumor development and inflammatory
processes. It has also been reported that numerous molecules synthesized by macrofungi are bioactive. These bioactive compounds are
found in fruit bodies, cultured mycelium, and cultured broth [28]. They are important for modern medicine and include; polysaccharides,
proteins, fats, minerals, glycosides, alkaloids, volatile oils, terpenoids, tocopherols, phenolics, flavonoids, carotenoids, folates, lectins, en-

zymes, ascorbic, and organic acids [29,30].

Studies on Pleurotus specie mushrooms have been reported by different authors [31,32]. Pleurotus species are among the edible mush-
rooms and are popularly or generally known as oyster mushrooms due to their shape [33]. They are known for their pleasant taste and
excellent flavor and are recognized for their nutritional importance [31]. Members of the species have also been reported to contain
important bioactive compounds that can facilitate physiological and pharmacological activities [26]. Pleurotus ostreatus is among the
known Pleurotus specie mushrooms, characterized by a white spore print attached to decurrent gills, often with an eccentric stipe, or no
stipe at all. It grows on wood in nature, usually on dead standing trees or fallen logs. P. ostreatus along with other members of Pleurotus
species have been used by human cultures all over the world for their nutritional value, medicinal properties and other beneficial effects
[33]. Evaluation of medicinal potentials of oyster mushroom on modulating immune system, inhibition of tumour growth and inflamma-
tion, hypoglycemic and antithrombotic activities, prevention of high blood pressure and atherosclerosis as well as microbial and other
activities of the mushroom have been reported by different authors [34]. However, these studies were mostly centered on Pleurotus tuber-

regium, which is relatively known and forms part of staple foods than other members of the Pleurotus species.

There is need to extend the study on evaluation of medicinal potentials of P. species to accommodate the lesser known members other
than P, tuber-regium. The present study evaluated the bioactive constituents and anti-cholesterolemic effect of P. ostreatus (Jacq.: Fr.), as a

potential for the reduction of cardiovascular risk.
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Materials and Methods
Collection of mushrooms

Matured P, ostreatus samples used in this study were purchased from a village market of Emekuku town in Owerri North Local Govern-
ment of Imo State, South-Eastern Nigeria. The purchased samples were properly identified and transported to the laboratory where they

were prepared for usage.
Bioactive constituents

Bioactive constituents such as flavonoids and the variety such as chalcones, aurones, flavones, flavonols, and leukoanthocyanins were
screened using the methods as described by AOAC [35]. Saponins, tannins and alkaloids were qualitatively determined as described by
described by Odika., et al. [36], and Ezekwe., et al. [37]. Proteins, amino acids, aromatic amino acids and the individual amino acids such as
tyrosine, phenylalanine, tryptophan, arginine, cysteine, cystine, and proline were qualitatively analyzed following the methods described
Ojiako and Akubugwo [38].

Feed preparation for experimental animals

Milled P. ostreatus was mixed with standard growers mash to obtain a 5%, 15%, and 25% dietary incorporation of the mushroom. The

method as described by Ijeh,, et al. [39], was used to transform the mixtures obtained into pelletized form.

Experimental animals

Forty-five male wistar albino rats weighing between 50g - 70g obtained from the animal colony of Department of Biochemistry, Abia
State University, Nigeria were procured for this study. The animals were housed in clean and dry plastic cages with good ventilation, and
were given pelletized commercial rat feed (Pfizer Livestock Co., Ltd, Aba, Nigeria), and potable water ad libitum for four weeks to enable
them acclimatize to their new environment. After acclimatization, the rats were divided into five groups of nine rats each with equalized
weights. Three groups served as the test groups and received the prepared standard growers mesh incorporated with the mushroom P
ostreatus. The remaining two groups served as experimental control and reference. Apart from the reference, experimental control and

all the test groups were placed on 10.00g of cholesterol diet.

Treatments given to the animals are designated below.

Control groups
Reference =Nutrend (known commercial baby food) + potable water.

Experimental control=Standard growers mesh + 10.00g of cholesterol diet +potable water.

Test groups

Test group I = 5% of P. ostreatus incorporated diet+10.00g of cholesterol diet + potable water; Test group Il = 15% of P, ostreatus in-
corporated diet +10.00g of cholesterol diet + potable water; Group III = 25% of P. ostreatus incorporated diet +10.00g of cholesterol diet
+ potable water.

The cholesterol diet was introduced on more than 2.5% per kilogram body weight of animal as reported by other studies. The food

intake and weight of the animals were taken on weekly basis throughout the period of the study. The treatments of experimental animals
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were in accordance to the National Institute of Health (NIH) guidelines for the care and use of laboratory animals [40] and the treatment
lasted 28 days.

Blood sample and tissue collection

The experimental animals were sacrificed under light chloroform anesthesia after 4 weeks of feeding and overnight fasting of 10 - 14
hours. Blood samples were collected by cardiac puncture into EDTA-tubes for lipid and lipoproteins profiles. The plasma samples were
separated from cells by centrifugation. The plasma samples were prepared under refrigeration until analyzed. The heart, kidney, liver
and spleen organs of each animal were also excised, blotted on filter paper to remove blood and the wet weight were measured. The final

weights of the experimental animals were also taken before sacrifice.

Plasma lipid profiles determination

Assay of plasma total cholesterol, HDL-cholesterol, and triglyceride were assayed enzymatically with Randox test kits (Randox Labo-
ratories, England). The methods as described by Friedwald, et al. [41]; [LDL-cholesterol (mg/dl) = Total cholesterol (mg/d) - (HDL-
cholesterol (mg/dl) - TG/5)]; and VLDL-cholesterol = [Triglyceride/5] were used to estimate the LDL-cholesterol and VLDL-cholesterol
respectively. Plasma non-HDL-cholesterol concentration was determined as reported by Bruzell, et al [42]. The established relationship
for Cardiac Risk Ratio (CRR), Atherogenic Coefficient (AC), Atherogenic Index of Plasma (AIP), LDL-cholesterol/HDL-cholesterol ratio,
and triglyceride/HDL-cholesterol ratio were used for their estimation.

Statistical analysis

Values were presented as mean and standard error of mean. + (presence) and - (absence) signs were used for the bioactive constitu-
ents (Table 1), whereas bar charts were used for values in figure 1-5. Significant difference between bars was established at 5% levels

using least significant difference (LSD).

Results and Discussion

Constituents Status

Saponins +
Flavonoids +
*Chalcones -
*Flavones +
*Flavonol +
*Leukoanthocyanins -
Tannins ++
Alkaloids +

Table 1: Screening of phytochemical constituents in P. ostreatus

Key: (+) = presence; and (-) = absence.

The bioactive constituents found in the present study include saponins, flavonoids and the variety such as flavones and flavonols,

tannins and alkaloids. The importance of these constituents cannot be overemphasized. They have been reported by different authors to
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have prominent effects on animals and plants. According to Seigler [43], saponins are glycoside components often referred to as natural
detergents due to their foamy nature. Saponins have been known to possess both beneficial and deleterious properties, based on their
concentration in a sample. Seigler [43] implicated saponins against cholesterol increase as well as inhibition of growth of cancer cells.
The multiple biological effects of flavonoids, which include antibacterial, antiviral, antitoxic and anti-inflammatory activities, have been
reported. Many of these effects according to Jimoh and Oladiji [44], have been liked to their known functions as strong antioxidants, free
radical scavengers and metal chelators. Also, the medicinal contributions of tannins and alkaloids are well established amongst research-
ers. The presence of flavonoids in the present study is in line with the earlier study of Obadai., et al. [45]. Afiukwa., et al. [46] also reported

the presence of alkaloid and saponin in an earlier study on P, ostreatus.

Constituents Status
Proteins +++
Amino acid ++
Peptide +
Aromatic amino acid ++
Tyrosine ++
Phenylalanine ++
Tryptophan ++
Arginine +
Cysteine +
Cystine +
Proline ++

Table 2: Qualitative tests for proteins and amino acids in P, ostreatus

Key: (+) = present; and (-) = absence.

The physiological activities of proteins and amino acids have been noted [47]. The qualitative tests for proteins and amino acids of the
studied sample (Table 2) revealed the presence of proteins, amino acids, peptide, aromatic compound and individual amino acids such as
tyrosine, phenylalanine, tryptophan, arginine, cysteine, and proline. The observed proteins, amino acids, and individual amino acids such
as tyrosine, phenylalanine, tryptophan, arginine, cystine, and proline agree with earlier work of Patil,, et al. [48] on P, ostreatus. By defini-
tion, amino acid is known as any of a class of organic compounds containing the amino (NH,) and the carboxyl (COOH) groups, occurring
naturally in plant and animal tissues and forming the chief constituents of protein. Peptide, a compound consisting of two or more amino
acids linked in a chain, with the carboxyl group of each acid being joined to the amino group of the next by a bond of the type -OC-NH- is
normally found in proteins [1,49]. Functionally, dietary aromatic amino acids are need for the synthesis of phenylalanine and tyrosine
[49]. Tyrosine is the precursor of catecholamines and thyroid hormones [47]. Phenylalanine is an essential amino acid and the precursor
of tyrosine amino acid in the liver and kidney [50]. Tryptophan gives rise to serotonin, a neurotransmitter of the brain, platelet clothing
factor and neurohormones. Arginine has been implicated against cancer, and tumour. Cystine is a dimer of cysteine, and cysteine is a
known precursor of glutathione, a known detoxifying agent found in the liver. Proline aids in the healing of cartilage and the strengthening
of joints, tendons, and heart muscle. It also plays important role in the production of collagen and improves the skin by reducing the loss

of collagen through aging process [51,52].
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Figure 1: Weekly/ total food intake of rats placed on diet incorporated with Postreatus

The weekly and total food intake of the rats place on P, ostreatus as shown in figure 1, revealed increased consumption with increase
in number of weeks except in group III and the control where the weekly food intake reduced in 4" week. However, total food intake for
the rats in test groups (I, I1, and III) significantly (p < 0.05) reduced against those of control and reference (Figure 1). Palatability of the in-
corporated diet could be behind the observed reduction in food consumption. Weight gained by the rats progressively increased in weeks
for all the groups as observed in the present study (Figure 2). However, on comparison, weight gained by test groups [, 1], Il rats reduced
significantly (p < 0.05) against those of the control and reference. Test group III rats gained the least weight while test group I rats gained
the highest weight among test group rats. Weight loss has been reported to help improve certain disease conditions. Weight loss helps

to improve and control coronary risk incidence, diabetes mellitus, dyslipidemia, hypertension, obesity, and physical functioning [42,53].
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Figure 2: Weekly/total weight gained by rats placed on diet incorporated with P. ostreatus.

It has been reported that expansion of organs adds to body weight [19]. Expansion and injury of the organs could be linked to disease

condition [9, 19]. No death was recorded among the test rats in the present study. Apart from weight of heart and spleen in test group 111
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and liver in test groups Il and I1I, weight of other visceral organs of test groups in this study were insignificantly (p > 0.05) affected when

compared to those of the control and reference (Figure 3).
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Figure 3: Weight of visceral organs in rats placed on diet incorporated with P. ostreatus.

Lipid profile indices (Figure 4) are used to determine or predict the status of the body in relation to heart diseases such as athero-
sclerosis, heart attack; stroke, etc [54]. It is also one of the strategies for increasing low HDL cholesterol levels [55]. Cholesterol is an
essential substance involved in many cellular functions which include the maintenance of membrane fluidity, production of vitamin D on
the surface of the skin, production of hormones, and possibly helping cell connections in the brain. However, rise in cholesterol levels in
blood has been known for its causative role in arthrosclerosis. Arthrosclerosis is among the leading causes of death in most developed
nations of the world. Cholesterol levels of test groups [, 11, and III in the present study reduced significantly (p < 0.05) against the control
and increased significantly (p < 0.05) when compared to the reference. The reduced levels of cholesterol in test groups against the control
could be due to the inhibition of the absorption of dietary cholesterol in the intestine or stimulation of the biliary secretion of cholesterol
and cholesterol excretion in faeces by the P. ostreatus. Triglyceride are partly taken up with diet and partly synthesized in the liver, and di-
etary cholesterol has been shown to reduce fatty acid oxidation, which in turn, increases the levels of hepatic and plasma triglyceride [56].
Considerable evidence has shown that triglycerides are associated with coronary atherosclerosis [57]. Observed triglyceride levels of test
groups in the present study reduced significantly (p < 0.05) against the control and increased significantly (p < 0.05) when compared to
the reference. High density lipoprotein cholesterol (HDL-cholesterol) has been implicated in cardiovascular disease (CVD). Mora,, et al.
[58] noted that low HDL-cholesterol has been described in various forms of familial lipid disorders as part of metabolic syndrome. The
HDL-cholesterol levels increased significantly (p < 0.05) in test rats when compared to those of the control and reference. The incontro-
vertible nature of arthrosclerosis and increase in levels of low density lipoproteins-cholesterol are (LDL-cholesterol) in the blood are well
established [57]. LDL-cholesterol does not always get to its destination, but accumulates in artery walls causing atherosclerosis, which
is among the leading cause of death as well as disability in the developed world [59]. It has been noted that LDL-cholesterol has been
the primary focus of most lipid lowering therapies because it is a well-known risk factor for heart disease. LDL-cholesterol levels of test

rats reduced significantly (p < 0.05) against those of the control and increased significantly (p < 0.05) when compared to the reference.
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The production of very-low-density lipoprotein (VLDL-cholesterol) cholesterol has been associated with the liver, and development of
plague deposit on artery walls [60]. Observed VLDL-cholesterol levels of test rats reduced significantly (p < 0.05) against the control and
increased insignificantly (p > 0.05) when compared to the reference (Figure 4). Measuring non-HDL cholesterol levels gives a better as-
sessment of the risk for heart diseases than measuring only LDL or even total cholesterol [9]. Non-HDL-cholesterol is a better predictor
of cardiac death than LDL-cholesterol, and should be used as a treatment target for cholesterol [61]. According to Millian et al. [62], non-
HDL-cholesterol has therefore been recommended as a secondary therapeutic target in individuals with high triglyceride concentration.
The same authors suggested that non-HDL-cholesterol could be a surrogate marker of serum apoB concentration in clinical practice.
Non-cholesterol levels of the test groups in the present study reduced significantly (p < 0.05) when compare to the control, but increased
significantly (p < 0.05) against the reference. A large variety of mushrooms have been utilized traditionally in the last decade, the interest
for pharmaceutical potential of mushrooms has been increased rapidly, and it has been suggested that many mushrooms are like mini-

pharmaceutical factories producing compounds with miraculous biological properties.
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Figure 4: Lipid profile indices of rats placed on diet incorporated with P. ostreatus.

Lipid profile ratios are powerful indicators of the risk of heart disease [63-67]. Millian., et al. [62], noted total/HDL cholesterol (Cardiac
Risk Ratio) and LDL/HDL cholesterol ratios are also good predictors of the degree of clinical benefit to be derived from lipid-lowering
intervention. The observed levels of Cardiac Risk Ratio of the present study as present in figure 5, reduced significantly (p < 0.05) in test
groups against the control. Cardiac Risk Ratio levels of test groups II and III increased insignificantly (p > 0.05) when compared to refer-
ence. LDL/HDL cholesterol ratio reduced significantly (p < 0.05) against the control and increased significantly (p < 0.05) when compared
to reference. Nunes,, et al. (2015) noted that atherogenic index of plasma (AIP) and the atherogenic coefficient (AC) are important ath-
erogenic indexes. The levels of atherogenic coefficient and atherogenic index of plasma reduced significantly (p < 0.05) in test rats against
those of the control. Atherogenic coefficient in test groups increased significantly (p < 0.05) against the reference. Atherogenic index of
plasma increased significantly (p < 0.05) in test groups [ and Il against the reference and increased insignificantly (p > 0.05) in test group
[II when compared to the reference (Figure 5). Triglyceride/HDL-cholesterol ratio levels reduced significantly (p < 0.05) test groups when
compared to the control and increased significantly (p < 0.05) against the reference. The observed significant reduction in lipid profile
ratios of the test groups against those of the control and some cases compared favourably with the reference in the present study could

be indication that P, ostreatus may lower atherogenic potential of the plasma.
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Figure 5: Lipid profile ratios of rats placed on diet incorporated with P, ostreatus.

Conclusion

The therapeutic benefits of many plant foods have been the focus of many extensive dietary studies and for centuries they have been

used for treatment of illness, without subjecting many of them to scientific evaluation. The evaluation of diets incorporated with P, ostrea-

tus influenced the lipid profiles and the lipid profile ratios of rats placed on high cholesterol diet positively. The findings of the present

study may have pinched the consumption of P, ostreatus against high cholesterol level, thereby showing its anti-cholestrolemic property.

The lipidaemic strength of the studied mushroom increased with increase in concentration. There is no doubt that the observed anti-

cholestrolemic property and the lipidaemic strength could be linked to the presence of bioactive constituents of the studied mushroom

specie. The present study has revealed the bioactive constituents and anti-cholesterolemic effect of P. ostreatus (Jacq.: Fr.), as a potential

for the reduction of cardiovascular risk.
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