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Abstract
Nutraceuticals refer to health promoting bioactive compounds found in some foods or fortified food products/plant derived prod-

ucts. There is an increase in the consumption of nutraceuticals by mankind over the past decade due to their enriched biological ac-

tivities and low or no side effects. Nutraceuticals can include inorganic mineral supplements, vitamins, probiotics, prebiotics, dietary
fibres, antioxidants, phytochemicals like phytosterols, fatty acids, phenolics, flavonoid, isoprenoids, proteins etc. Dietary consump-

tion of these neutraceuticals has shown to be effective endocrine modulators. However, detailed review with respect to endocrine
modulators has not been clearly documented. Thereby, present review focuses on the sources, bioavailability and pharmacological
properties of neutraceuticals towards endocrine modulation in detail.
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Abbreviations
PUFA: Polyunsaturated Fatty Acids: HbA1c: Glycated Haemoglobin;
CRP: C-Reactive Protein; SOD: Superoxide Dismutase; GSH-Px: Glu-

tathione Peroxidise; MDA: Malondialdehyde; IRS-1:Insulin Receptor Substrate 1; IR: Insulin Receptor; IGFBP4: Insulin-like growth

factor binding protein 4; IGFBP5: Insulin-Like Growth Factor Bin-

ding Protein 5; AMPK: 5' Adenosine Monophosphate-Activated

Protein Kinase; MAPK: Mitogen-Activated Protein Kinase; SIRT1:

NAD-Dependent Deacetylase Sirtuin-1; LPS: Lipopolysaccharides;
COX-2: Cyclooxygenase 2; NF-kB: Nuclear factor kB; IL-1β: Inter-

leukin 1β ; IL-6:Interleukin 6; PPAR: Peroxisome Proliferator-Ac-

tivated Receptors: FFA: Serum Free Fatty Acid; TG: Triglycerides;
GLUT4: Solute Carrier Family 2: Facilitated Glucose Transporter
Member 4; LXR-α: Liver X Receptor-alpha; LXR-β: Liver X Recep-

tor-beta; ABCA1: ATP-binding Cassette Transporter A1; ABCG5:
ATP-binding cassette transporter G5; ABCG8: ATP-Binding Cassette

Transporter G8; SREBP1C: Sterol-Regulatory Element Binding Pro-

tein 1C; SCD1: Steroyl CoA Desaturase 1; FASN: fatty Acid Synthase;

ACC: Acetyl-CoA Carboxylase; ZDF: Zucker Diabetic Fatty; CYP3A4:
Cytochrome p450: Family 3: Subfamily A: Polypeptide 4; CYP1B1:

Cytochrome p450: Family 1: Subfamily B: Polypeptide 1; CYP1A1:
Cytochrome p450, Family 1, Subfamily A, Polypeptide 1; 16-OHE1:
16-Hydroxyestrone; 2-OHE1: 2-hydroxyestrone; 3β-HSD: 3β-

Hydroxysteroid dehydrogenase; 17b-HSD: 17β- Hydroxysteroid

Dehydrogenase; LHR: Luteinizing Hormone Receptor; P450scc:
Cholesterol Side-Chain Cleavage Enzyme; ER- α: Estrogen Receptor
alpha; AR: Androgen Receptor; StAR: Steroidogenic Acute Regulatory Protein; PCOS: Polycystic Ovary Syndrome.

Introduction

The word “neutraceutical” has been derived by combining two

essential domains: “nutrition” and “cure”, for the large number of
plant derived compounds that possess both dietary importance
and potential therapeutic activity. There has been an exponential

increase in the number of studies focused on the various physio-

logical roles of neutraceuticals, along with their contribution as a

therapeutic agent towards management of various diseases [1-3],

amongst which endocrine disorders are of major concern. Endocrine disorders are a major burden for the health care system all

across the world and it is predicted that the prevalence and oc-
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currence of metabolically incorrect pathologies like obesity, diabe-

tes, polycystic ovarian syndrome and other endocrine disorders is
going to increase in both developed as well as developing countries

in the forthcoming decade [4]. The currently used conventional medications and surgical interventions are falling short of effectively
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are present in smaller quantities in nuts, seeds, beans, vegetables,
whole grains and soy products.
Bioavailability

The dietary intake of Omega-3 long chain polyunsaturated fatty

controlling the unbridled spread of endocrine disorders. Additio-

acids ranges from 250 mg per day up to 2 g per day. After oral in-

food compounds have emerged as promising therapeutic tools for

in the small intestine due to the action of bile. Emulsification is es-

nally, these medications pose severe side-effects upon long term
usage. In this regard, dietary interventions using natural bioactive

endocrine and metabolic disorders, with limited deleterious side
effects. Phenolic compounds, flavonoids, fatty acids, phytosterols,

and carotenoids of plant origin have been well-documented to

exhibit protective effects against the prevention of chronic diseases
such as coronary heart disease [5] as well as obesity [6], dyslipi-

demia [7], polycystic ovarian syndrome [8,9] and other endocrine
disorders. In this context, the current review aims to understand

the role and mechanisms of these neutraceuticals towards modulation of reproductive, metabolic and endocrine system. The neu-

traceuticals/plant derived biomolecules majorly fall over following

categories like fatty acids, polyphenols and catechins, flavonoids,
phytosterols, dietary fibers etc. The sources, bioavailability and

pharmacological activities of each of these neutraceuticals towards
endocrine modulation are reviewed in details.
Fatty acids

take of fats, they get broken down into fine droplets due to the pe-

ristaltic movement of the stomach. The fat droplets get emulsified

sential for the action of pancreatic lipases to cleave the triglyceride
bound fatty acids. Fatty acid transport protein 4, present at the

intestinal mucosal membrane are responsible for the transport of
fatty acids to the lymph and blood. The bioavailability of long chain omega 3 fatty acids depends on numerous factors like the type
of chemical bond, the fat content of the food, presence of calcium

ions etc. Calcium ions can form complex with free fatty acids and

thereby, reduce its bioavailability. The apparent bioavailability of
ethyl ester fatty acids is the lowest whereas it is greatest for free

fatty acids [12]. The omega-3 fatty acids are transported by the
blood to the target tissues, where they are primarily incorporated

in membranes of heart muscle cells, the brain/nervous system and
retina cells [13].

Pharmacological activities towards endocrine disorders
There is a strong association of fatty acids with the normal

Fatty acids are straight chain hydrocarbons possessing a car-

functioning of the endocrine system. Dietary fatty acids have sig-

itself. However, two essential fatty acids, linoleic and alpha-linole-

fatty acids; saturated and trans-fatty acids were found to decrease

boxyl (COOH) group at one end. Most of the fatty acids required

for the proper functioning of the body are synthesized by the body
nic, which are responsible to build specialized fatty acids like ome-

ga-3 and omega-6 fatty acids, cannot be synthesized by the body
and have to be obtained externally via food.
Sources

Fatty acids are mostly present in all different foods. The ome-

ga 6 fatty acids, Linoleic acid is present in abundance in corn oil,

sunflower oil, soybean oil, animal meat etc whereas, Arachdonic

acid can be found only from animal sources like meat, eggs etc [10].
Omega 3 fatty acids: alpha-linolenic acid is abundantly present in

several vegetable oils, such as chia, linseed oil, walnut oil, faxseed
oil, almonds etc. Omega-3 fatty acids like eicosapentaenoic acid and

docosahexaenoic acid are found in abundance in cold water fishes
such as salmon, mackerel, herring, and tuna. Fatty acids present
in fishes, krills and their derived oils are mainly found in the tri-

acylglyceride and free fatty acid forms [11]. Omega-3 fatty acids

nificant impact on hormone, neuropeptide concentrations as well

as their receptors [14]. The bioactivities depend upon the type of
insulin concentrations hence, leading to insulin resistance. On the
other hand, polyunsaturated fatty acids (PUFA) increased plas-

ma insulin concentration and decreased insulin resistance [15].
Insulin resistance lies in the core of all metabolic and endocrine
disorders. Hence, supplementation with PUFAs can lead to ameli-

oration of the symptoms associated with pathologies like diabetes
and obesity.
Diabetes

Clinical studies have demonstrated that Type 2 Diabetes pa-

tients when supplemented food enriched with α-lipoic acid and

omega-3 Poly Unsaturated Fatty acids (PUFA), they exhibited

improvement in the body mass index, fasting plasma glucose,
post-prandial glucose, glycated haemoglobin (HbA1c), fasting

plasma insulin and HOMA-IR, lipid profile, high sensitivity C-re-

active protein (Hs-CRP) and oxidative stress markers such as superoxide dismutase (SOD), Glutathione peroxidise (GSH-Px) and
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malondialdehyde (MDA) [16]. Omega 3 fatty acid supplementati-

Polyphenols

daily consumption of 500 mg/day of long-chain omega-3 polyun-

nols provides protection against development of cancers, cardio-

on (4g/day) maintained renal function in patients suffering from

Epidemiological studies and meta-analyses robustly recom-

diabetic nephropathy and hypertriglyceridemia [17]. Additionally,

mend that long term consumption of diets rich in plant polyphe-

tinopathy in older adults [18]. In addition to this, the components

diseases [28]. Polyphenols and other related compounds are being

saturated fatty acids reduces the incidence of severe diabetic reof the flaxseeds were also found to downregulate targets of insulin

signalling pathway- IRS-1, IGFBP4, IGFBP5, AKT and NF-kB sig-

nalling [19]. These data suggest that α-linolenic acid can potentiate
several metabolic targets. Nutritional supplementation of omega 3
PUFAs in early life can prevent the onset of Type 1 diabetes. Also,

vascular diseases, diabetes, osteoporosis and neurodegenerative
researched immensely due to their varied bioactivities on several
aspects of human physiology.
Sources

Polyphenols are secondary metabolites of the plants, derived

prolonged intake of these phytochemicals can suppress inflamma-

from phenylalanine or shikimic acid prescursors. Majorly they are

reports suggest that fatty acids play an important role in manage-

other phenols. They are present in abundance in fruits, vegetables,

tion, regenerate pancreatic islets and reduce markers of autoimmu-

nity and thereby, help in amelioration of type 1 diabetes [20]. These
ment of diabetes.
Obesity

With the rising epidemic of obesity, its management poses a

greater threat to the Medicare system, leading to identification of
alternative therapeutic options. Clinical trials demonstrate that

daily intake of fish or omega-3 supplementation increased adipo-

nectin levels in the blood by 14-60% [21]. Short-chain fatty acids

suppress food intake by activating vagal afferent neurons [22].
Eicosapentaenoic and docosahexaenoic acids have been reported

to improve chronic inflammation, insulin resistance and dyslipi-

daemia associated with obesity [23]. Dietary intakes of fish oil (400
mg/kg/day) for 4 weeks could restore brain alterations in high-fat

diet-induced obesity model by partially restoring the inflammatory
and oxidative damage parameters [24].
Reproductive endocrinology

Apart from their potential to modulate metabolic disorders,

Omega-3 polyunsaturated fatty acids, present in abundance in

found in conjugated form, either with polysachcharides or monosachcharides or carboxylic and organic acids, amines, lipids or

whole grains, cereal, legumes, tea, coffee, wine and cocoa. Fruits

like grapes, apple, pear, cherries and berries contains up to 200–
300 mg polyphenols per 100 grams fresh weight [29]. Typically a
glass of red wine or a cup of tea or coffee contains about 100 mg

polyphenols. Tea leaves contain up to 4.5 g/kg fresh wt of gallic acid

[30]. Greater than 8000 polyphenolic compounds, including pheno-

lic acids, flavonoids, stilbenes, lignans and polymeric lignans have

been identified in whole plant foods [31]. Hydroxybenzoic acid

and hydroxycinnamic acid are the major classes of phenolic compounds, amongst which hydroxybenzoic acid is found in less quan-

tities in few fruits like strawberries, raspberries and black berries,
black radish and onions [32]. On the other hand, hydroxycinnamic

acids are more common and abundantly present in coffee, kiwis,

plums, cherries, apples and blueberries [33]. Wheat grains contain

0.8–2 g/kg dry weight of ferulic acid, another phenolic compound
found mostly in cereal grains [34].
Bio availability

It is estimated that dietary intake of polyphenols is approxi-

fish oil was found to ameliorate high-fat diet induced reproducti-

mately 1 g/day [35]. Inspite of being present abundantly in foods,

in mice have shown that dietary intake of omega-3 and omega-6

nation from the body. Most of the polyphenols present in food are

ve dysfunction in male C57BL/6 mouse by modifying the rhythmic

expression of testosterone synthesis related genes [25]. Studies
fatty acids has positive association with the implantation rate by
modifying the uterine phospholipid fatty acid composition and ara-

chidonic acid levels [26]. Dikshit., et al. [27] demonstrated that α-li-

nolenic acid, a major component of flaxseeds was found to reduce

the inflammatory and pro-carcinogenic environment in the ovaries
of normal hens by significantly decreasing inflammatory prosta-

glandin E2, ER-α, CYP3A4, CYP1B1, 16-OHE1. However, it increased

CYP1A1 and 2-OHE1. These reports clearly suggest that fatty acids
have efficacy to modulate steroidogenic targets.

polyphenols are not significantly bioactive, owing to their poor ab-

sorption from the intestines, high metabolization and rapid elimi-

found to be conjugated with esters, glucosides or any other form
which cannot be absorbed as such [36]. Hence, the metabolites

those are present in the blood and the tissues vary from their native component in terms of biological activities. The gastrointestinal absorption of polyphenols is not well studied. The polyphenols

are highly hydrophilic in nature and hence, don’t passively diffuse
through the gut wall. However, they can be taken up by Na- dependent membrane carriers [37].
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Pharmacological activities towards endocrine disorders
Several biological activities and beneficial properties have been

documented for dietary polyphenols, and some of the more well

known ones include antioxidant [38], antiallergic [39], anti-inflam-

matory [40], anti-viral and anti-microbial [41], anti-proliferative

[42], anti-mutagenic and anti-carcinogenic [43,44], free radical sca-

venging [45], regulation of cell cycle arrest [46] and apoptosis [47].

In addition to these, polyphenols are known to modulate endocrine
disorders such as obesity and diabetes.

Diabetes

Green tea treatment (500mg/kg body weight) for 12 weeks in

high- fat diet fed mice was found to increase the energy expenditure, reduce the body weight, alleviate insulin resistance and inflammation by down regulating the expression of miR-335, there-
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signaling through the AMPK, MAPK and G-protein coupled receptor 120 signalling pathways and improve the balance of pro- and

anti-inflammatory mediators secreted by adipose tissue and hen-

ce lowers systemic inflammation and risk for metabolic diseases

[66]. Gingerols, the main pungent component of ginger, possesses
excellent anti-inflammatory properties by inhibiting prostaglandin
synthetase and Arachidonate 5-lipoxygenase activity in RBL-1 cells

[67] and LPS induced COX-2 expression in U937 cells [68]. Sarava-

nan., et al. [69] reported anti-obesity properties of gingerol through the inhibition of dietary fat absorption in the gastrointestinal
tract, and its hypophagic and hypolipidaemic activity in male rats

in the High fat diet-induced model of dietary obesity. “In-vitro” stu-

dies on mouse 3T3-L1 pre-adipocytes demonstrate that gingerols
improve adipocyte differentiation and insulin-dependent glucose
uptake [70].

by, improving adipose tissue metabolism [48]. Revesterol, the main
polyphenolic component of grapes was found to improve glucose

Reproductive endocrinology

and improve insulin secretion by increasing the expression and/or
activities of AMPK and SIRT1 in tissues of type 1 diabetes patients

tility in humans and animals has been a burning topic of research.

by increasing the mitochondrial biogenesis, fatty acid metabolism,

Polyphenols play an important role in the maintenance of healthy

oxidative stress [71]. Supplementation with Hydroxytyrosol in the

homeostasis, decrease insulin resistance, protect pancreatic β- cells

[49,50]. Revesterol could restore the skeletal muscle dysfunction
GLUT4 expression and decreasing the expression of NF-kB, IL-1β
and IL-6 in muscle cells [51]. The therapeutic effect could be attri-

buted to the anti-oxidative as well as anti-inflammatory activities
of revesterol [52]. Animal studies have shown that revesterol can

effectively ameliorate the glucose homeostasis in the liver of type
1 diabetic animals by decreasing the activity of phosphoenolpyru-

vate carboxykinase [53], lactate dehydrogenase and increasing
the activities of hexokinase and pyruvate kinase [54]. Numerous
studies have demonstrated dose and time dependent action of

Revesterol in type 2 diabetes patients [55-57] and experimentally

induced animal models of type 2 diabetes [58- 60]. Clinical studies
demonstrate that 10 to 250 mg/day of revesterol for 1-3 months

respectively improve insulin sensitivity and glucose homeostasis
and thereby, manage Diabetes pathophysiology [61].

Obesity

Studies demonstrate that polyphenols present in bilberry

[62,63], grapes [64], soy beans [65] have shown to possess anti-obe-

sity property and act as an anti-inflammatory agent by modulating
the body weight, BMI, adiposity, fat pad, adipocyte differentiation

and decreased expression of NF-κB, TNF-α, IL-6, PPAR, SREBP-1C,
ACC and CRP. These bioactive phytocomponents modulate cell

Currently, potential of plant derived compounds to improve fer-

pregnancy by regulating targets associated with inflammation and

maternal diet (1.5mg/kg of feed) during the early pregnancy bore
offsprings having higher mean birth weight, suggesting that maternal supplementation with polyphenols improve the pre- and post

natal development of the offsprings [72]. This can be attributed to
the anti-oxidant, anti-inflammatory, immune-modulatory properties of polyphenols. Recently, dietary polyphenols like Epigallo-

catechin-3-gallate (EGCG) supplementation has been reported to
improve the quality of male and female gametes, principally due

to their ability to quench reactive oxygen species [73]. In additi-

on, High doses (50 µM) of Quercetin, catechin and resveratrol can
increase antioxidant activity in human and animal semen; thereby polyphenols are useful tools for semen cryopreservation. They
improve the sperm motility, survival and integrity of the DNA in

cryopreserved samples [74]. On the contrary, polyphenols derived

from green tea reduced the testosterone levels in the animals by

decreasing the activities of steroidogenic enzymes [75] or by direct
or indirect inhibition of P450scc and 17β-HSD in a dose depen-

dent manner. This property of polyphenols can be effectively used
to design herbal drugs for reproductive endocrine disorders like

polycystic ovarian syndrome (PCOS), wherein, hyperandrogenism
lies in the core of the pathology.
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Phytosterols
Phytosterols, products of the isoprenoid biosynthesis pathway

are non-polar molecules with a molecular weight around 400-415
g/mol. They are highly hydrophobic and have very low solubility
in water. The term phytosterols refers to more than 200 different

compounds which are found in various plants and marine sources
[76]. The most biologically relevant phytosterols are sitosterol,
campesterol, stigmasterol and brassicasterol. Dietary consumption

of phytosterols has shown to reduce cholesterol absorption. Phytosterols also affect other aspects of cholesterol metabolism and

interfere with steroid hormone synthesis [77], suggesting it to be

a potent herbal derived therapeutic agent towards management of
metabolic and endocrine disorders.
Sources

Phytosterols may exist as free phytosterols or as conjugated

phytosterols including steryl esters and steryl glycosides [78]. As
a membrane component of plant cells, phytosterols are found in

many different lipid-rich and ﬁbre-rich fractions of all plant products. In particular, vegetable oils and products made from oils
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by combining with cholesterol, triacylglycerol and apolipoproteins
[87]. It is in this form, that the transportation of phytosterols takes

place through the lymph and bloodstream, where they are transformed to chylomicron remnants after the uptake of triacylglycerol
by cells and transported to the liver. In the liver, the phytosterols

may either be used for synthesis of bile salts [88] or be incorpo-

rated into very low density lipoproteins and be secreted into the

blood, from where they are converted to low-density lipoproteins
and presented to cells for uptake [89,90]. In the tissues, phytoste-

rols are incorporated into the cell membranes [91] and have been

found to be highly concentrated in the lungs, adrenal cortex, intestinal epithelia and ovaries [92].

Pharmacological activities towards endocrine disorders
Dietary phytosterols are thought to have a number of health be-

nefits in humans.Small changes in the structure of sterol molecules
confer them to highly distinct biological activities [93].
Diabetes

The phytosterols isolated from various plant and fungal sources

like spreads and margarine are good sources of plant sterols [79].

have been extensively researched for their anti-diabetic potential

[80]. Corn oil contains even higher amounts of phytosterols with

Obesity

Canola oil contains 4.6-8.1 mg/g of total phytosterols, soybean oil
contains 2.4-4.0 mg/g and sunflower oil contains 2.1-4.5 mg/g

8 to 15 mg/g [81]. Other foods which contribute to the daily intake

(Table 1).

Phytosterols can decrease the serum cholesterol by inhibiting

of plant sterols are cereal grains, cereal based products, nuts, le-

the cholesterol absorption in the intestine [103]. Also, plant sterols

vegetarians is much higher.

receptors: LXRα and LXRβ are established regulators of choleste-

gumes, vegetables and fruits [82]. In general, the consumption of
plant sterols in Asian cultures (including algae in their diets) and
Bioavailibility

The transport and metabolism of phytosterols within the human

body is not yet completely understood. The absorption of phytosterols is promoted by the presence of a double bond. Moreover, the

nature of the side chain plays an important role in this process -the
more complicated the side chain is, the less phytosterol passes into
the enterocytes in the gut [83]. When dietary sterols were supple-

mented at 2–3 g/day, the serum sitosterol and campesterol levels

activate nuclear hormone receptors in order to increase choleste-

rol excretion to the intestinal lumen [104]. The nuclear hormone

rol, lipid, and glucose metabolism and are attractive drug targets

for the treatment of diabetes and cardiovascular diseases [105].

Extensive data from literature clearly suggests the phytosterols
such as Stigmasterol and Ergosterol and their modified derivati-

ves have the potential to assume a key role in the modulation of
lipid metabolism and glucose homeostasis by altering LXR-alpha

and beta expression by strongly inducing the expression of ABCA1
and inadequately/not activating the lipogenic genes SREBP1C and
SCD1 or FASN, respectively [106]. Obesity is closely associated with

increased by 34–73% [84]. Phytosterols upon ingestion get emul-

inflammation; hence, a potential therapeutic agent should be in a

with the help of cholesterol esterase and pancreatic lipase enzy-

inﬂammatory responses, either by activating the genes that encode

sified by the action of bile acids in the small intestine to form micelles. The esterified phytosterols are converted to free phytosterols

mes [85]. Free phytosterols are then absorbed into enterocytes by
ATP-binding cassette transporters that are encoded by ABC G5 and
G8 genes [86]. Post absorption, the phytosterols form chylomicrons

position to combat the consequences associated with inflamma-

tory responses. In this regard, phytosterols are known to suppress

anti-inﬂammatory proteins or by suppressing the genes that are

under the control of pro- inﬂammatory transcription factors [107].
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Sl.
No.
1.

Plant Name

Active ingredients

Disease Model

Dose

Effect

References

Aloe barbadensis
lophenol,
MILLER
24-methyl-lophenol,
(gel from the
24-ethyl-lophenol,
leaves)
cycloartanol, and
24-methylenecycloartanol

Type 2
diabetic BKS.
Cg-m+/+Leprdb/J
(db/db) male
mice

1 µg of isolated
phytosterols and
25µg of plant extract for 28 days

Reduction in the fasting and
random blood glucose levels and
HbA1c levels.

[94]

Hypoglycemia, Reduction in the
HbA1c levels, Improvised glucose
tolerance, Reduction in the serum
free fatty acid (FFA), triglyceride
(TG) levels and visceral fat accumulation. No change in the total
cholesterol levels.

[95]

Aloe barbadensis
MILLER
(gel from the
leaves)

lophenol (Lo) and
cycloartanol (Cy)

Zucker diabetic

25µg/kg for 44
days

3.

Unidentified
sources

5-campestenone

Zucker diabetic

0.6% Dietary
exposure

4.

Urena lobata
(leaves)

mangiferin,

In-vitro studies

5.

Erythrina indica
(Stem bark)

Oleanolic

6.

Cassia alata
(leaves and
flowers)

Kaempferol 3-Ogentiobioside

Alloxan and
dexamethasone induced
diabetes in
adult albino
Wistar rats

IC50 for water
extract- 6489.88
µg/ml
IC50 for ethanolic
extract- 1654.64
µg/ml

8.

Platycladus orientalis (Leaves)

9.

Chrozophora
Plicata
(seed oil)

carbohydrates, proteins, amino acids,
fixed
oils, fats, phytosterols, tannins, phenolic compounds and

2.

7.

102

Pelvetia siliquosa (sea weed)

stigmasterol and
β-sitosterol

acid

Fucosterols

fatty (ZDF)
male rats

fatty (ZDF)
male rats

Streptozotocin-induced
diabetic rats

Streptozotocin-induced
diabetic rats

Reduction in plasma HbA1c,

[96]

Inhibition of dipeptidyl peptidase
IV activity

[97]

200 and 400 m/
kg aqueous and
alcoholic extract
orally for 3
weeks.

Hypoglycemic effect

[98]

Anti diabetic

[99]

30 mg/kg orally
Single dose

Antidiabetic, inhibition of Sorbitol
accumulation in the lenses.

[100]

Reduced TC, TG, LDL, VLDL; increased HDL levels.
Antioxidant property

[101]

IC50 value of
287.12 µM.

Inhibitors of α-Glucosidase and
α-amylase

[102]

100 and 200 mg/
kg daily (aqueous
extract) for 28
days orally

Table 1

Reproductive endocrinology
Data from literature shows that β-Sitosterol has estrogen-like

effects and modulates the steroidogenic pathway by altering the
P450scc activity, thereby, impairing the conversion of cholesterol

to pregnenolone [108]. Fish exposed to phytosterols display alte-

red sexual development, changes in hormone production, decrea-

Total Cholesterol, TG and FFA, non
esterified fatty acid (NEFA) and
improved the glucose tolerance,
visceral fat accumulation

sed egg production and decreased spawning rate [109]. Goldfish
exposure to 75 μg/L 13 phytosterols resulted in a reduction of re-

productive steroid levels and changes in gonadal steroidogenesis
[110]. In subchronic rodent studies, it has been observed that even

at small doses (0.5–50 mg/kg/day) phytosterols caused changes in
the weights of reproductive organs. For example, when b-sitosterol was administered subcutaneously, it lead to reduced testicular
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weight and sperm density in rats [111] and increased uterine wei-

ne disorder which is characterized by hyperandrogenism, insulin

to streptozotocin- induced diabetic male rats by oral gavage for 15

duced PCOS rats when treated with phytosterol containing Non-po-

ghts in rats [112,113] and immature sheep (Ovis aries) [114]. Also,

administration of 28- homobrassinolide (333 mg/kg body weight)

resistance and presence of multiple peripheral cysts in the ovaries.
Maharjan and Nampoothiri [119] demonstrated that Letrozole in-

consecutive days to diminished LPO, increased antioxidant enzy-

lar extract of Aloe vera gel (25 µg/kg body weight) for 60 days, could

[115]. Chronic effects of a dietary phytosterols mixture (5mg/kg/

in serum testosterone and insulin level with improved estradiol

me, 3β-HSD and 17β-HSD activities, and elevated StAR and Androgen Binding Protein expression and Testosterone level in rat testis
day), containing mainly beta sitosterol, on the reproduction of the

mouse demonstrate increased the plasma levels of testosterone
and decreased the relative uterine weights in the pups of F (2) and

F (4) generations. Furthermore, phytosterol exposure increased
the concentrations of plasma estradiol in the female pups of F (3)
generation and testicular levels of testosterone in the male pups

of F (2) generations [116]. Limited evidence from animal studies

suggests that very high phytosterol intakes can alter testosterone
metabolism by inhibiting 5a-reductase, a membrane-bound en-

zyme that converts testosterone to dihydrotestosterone, a more
potent metabolite [117]. Dietary intake of Coumesterol decreases
the amplitude of LH pulses in ewes [118]. Thereby, suggesting that

phytosterols and its metabolites may act as GnRH modulators. Also,
lower doses of phytosterol have found to be effective in treatment

of Polycystic Ovarian Syndrome (PCOS). PCOS is a female endocri-

effectively manage the reproductive as well as metabolic compli-

cation associated with PCOS. PCOS rats demonstrated a decrease

and progesterone levels after treatment with Non-polar extract of
Aloe vera gel. Also, decrease in transcripts level of StAR, LHR, AR,
Aromatase and IR as well as relative protein expression of StAR,

3β-HSD and aromatase expression was observed. Additionally,
consumption of phytosterols is getting popularity among menopa-

usal women [120] with increasing evidence that they are beneficial

in relieving symptoms as well as in protection of certain cancers.
Considerable emerging evidence supports the inhibitory actions of
phytosterols on lung [121], ovarian [122] and breast [123] cancer.
Phytosterols seem to act through multiple mechanisms of action,

including inhibition of carcinogen production, cancer-cell growth,

angiogenesis, invasion and metastasis, and through the promotion of apoptosis of cancerous cells [124]. Phytosterol consumption

may also increase the activity of antioxidant enzymes and thereby
reduce oxidative stress [125].

Figure 1: Schematic representation of the possible mechanism underlying endocrine modulation by plant derived nutraceuticals.
Nutraceuticals derived from medicinal plants exhibit various health promoting activities, amongst which its role towards endocrine
modulation has been described in this figure.They modulate several metabolic parameters linked with lipid and glucose homeostasis.
Phytocomponents play an important role in the maintenance of endocrine disorders by regulating targets associated with inflammation
and oxidative stress. Also, these phytocomponents can directly act as GnRH and steroidogenic modulators and thereby, manage the pathophysiological symptoms associated with reproductive disorders. Hence, suggesting that neutraceuticals are excellent naturally derived
targets for management of endocrine disorders.
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Conclusion
Dietary nutraceuticals appear to play an important role in the

regulation of different aspects of human physiology. Recent studies
have shown that these neutraceuticals are implicated in the treatment and management of cardiovascular diseases, cancers and

metabolic syndromes. In this review, detailed description on the

various sources of nutraceuticals, their chemical and physical pro-

perties, their bioavailability and the role and mechanisms of these
phytochemicals towards modulation of reproduction and endocrine system has been summarized. The studies from several deca-

2.
3.
4.

des have clearly shown the potential of modulation of endocrine

5.

is still at an elementary stage and more research is clearly needed

6.

function and hence, can be effectively designed as drug targets for

endocrine disorders. However, evidence for such promising effects
to draw ﬁrm conclusions.
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Highlights
o

o

o

o

o

Plant derived neutraceuticals are potential therapeutic
agents for management of endocrine disorders such as diabetes, obesity, dyslipidemia and reproductive disorders.
Omega-3 PUFAs can modulate the glucose and lipid homeostasis in diabetes, obesity and dyslipidemia, also it can directly influence the testosterone biosynthetic genes.

Plant derived polyphenols provides protection against development of cancers, cardiovascular diseases, diabetes,
osteoporosis and neurodegenerative diseases due to their
anti-inflammatory and anti-oxidant properties.
Dietary intake of phytosterols restores the metabolic alterations associated with endocrine disorders like diabetes and
obesity by directly activating nuclear receptors- LXR α and
LXR β.

Phytosterols and its metabolites can potentially act as GnRH
modulators.

Bibliography
1.

Singh AM., et al. “Nutraceuticals-an emerging era in the treatment and prevention of diseases”. International Journal of
Pharmacy and Pharmaceutical Sciences 4.4 (2012): 39-43.

8.
9.

104

Sosnowska B., et al. “The role of nutraceuticals in the prevention of cardiovascular disease”. Cardiovascular Diagnosis and
Therapy 7 (2017): S21.
Chintale Ashwini G., et al. “Role of nutraceuticals in various
diseases: A comprehensive review”. International Journal of
Pharmacy and Pharmaceutical Sciences 3 (2013): 290-299.
Tremmel M., et al. “Economic burden of obesity: a systematic
literature review”. International Journal of Environmental Research and Public Health 14.4 (2017): 435.

Liu RH. “Health benefits of fruit and vegetables are from additive and synergistic combinations of phytochemicals”. The
American Journal of Clinical Nutrition 78 (2003): 517S-20S.
Meriga B., et al. “Phytocompounds as potential agents to treat
obesity-cardiovascular ailments”. Cardiovascular and Hematological Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Cardiovascular and Hematological Agents).
15.2 (2017): 104-120.

Desai BN., et al. “Aloe barbadensis Mill. formulation restores
lipid profile to normal in a letrozole-induced polycystic ovarian syndrome rat model”. Pharmacognosy Research 2012 4 (2):
109.
Reddy PS., et al. “Beneficial effect of Curcumin in Letrozole induced polycystic ovary syndrome”. Asian Pacific Journal of Reproduction 2016 5 (2): 116-22.
Maharjan R., et al. “Effect of Aloe barbadensis Mill. formulation
on Letrozole induced polycystic ovarian syndrome rat model”.
Journal of Ayurveda and Integrative Medicine 1.4 (2010): 273.

10. Orsavova J., et al. “Fatty acids composition of vegetable oils
and its contribution to dietary energy intake and dependence
of cardiovascular mortality on dietary intake of fatty acids”.
International Journal of Molecular Sciences 16 (2015): 1287112890.
11. Lane K., et al. “Bioavailability and potential uses of vegetarian
sources of omega-3 fatty acids: a review of the literature”. Critical Reviews in Food Science and Nutrition 54 (2014): 572-579.

12. Ghasemifard S., et al. “Omega-3 long chain fatty acid “bioavailability”: a review of evidence and methodological considerations”. Progress in Lipid Research 56 (2014): 92-108.

13. Schuchardt JP and Hahn A. “Bioavailability of long-chain omega-3 fatty acids”. Prostaglandins, Leukotrienes and Essential
Fatty Acids (PLEFA) 89 (2013): 1-8.
14. Bhathena SJ. “Relationship between fatty acids and the endocrine and neuroendocrine system”. Nutritional Neuroscience
19 (2006): 1-10.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability and Mechanisms Underlying their
Bioactivities

15. Bhathena SJ. “Relationship between fatty acids and the endocrine system”. Biofactors 13.1-4 (2000): 35-39.

16. Derosa G., et al. “A clinical trial about a food supplement containing α-lipoic acid on oxidative stress markers in type 2
diabetic patients”. International Journal of Molecular Sciences
17.11 (2016): 1802.

17. Han E., et al. “Effects of omega-3 fatty acid supplementation
on diabetic nephropathy progression in patients with diabetes
and hypertriglyceridemia”. PloS one 11.5 (2016): e0154683.

18. Rosenberg K. “Omega-3 Fatty Acid Intake Lowers Risk of Diabetic Retinopathy”. AJN The American Journal of Nursing 117.1
(2017): 60-61.

19. Dikshit A., et al. “Flaxseed and its components differentially affect estrogen targets in pre-neoplastic hen ovaries”. The Journal of Steroid Biochemistry and Molecular Biology 159 (2016):
73-85.
20. Bi X., et al. “ω-3 polyunsaturated fatty acids ameliorate type 1
diabetes and autoimmunity”. The Journal of Clinical Investigation 127 (2017): 1757-1771.
21. Silva FM., et al. “Effect of diet on adiponectin levels in blood”.
Nutrition Reviews 69 (2011): 599-612.

22. Goswami C., et al. “Short chain fatty acids suppress food intake
by activating vagal afferent neurons”. The Journal of Nutritional
Biochemistry 57 (2018): 130-135.

23. Martínez-Fernández L., et al. “Omega-3 fatty acids and adipose
tissue function in obesity and metabolic syndrome”. Prostaglandins and Other Lipid Mediators 121 (2015): 24-41.
24. de Mello AH., et al. “n-3 PUFA and obesity: from peripheral tissues to the central nervous system”. British Journal of Nutrition
119 (2018):1312-1323.

25. Wang H., et al. “Fish Oil Ameliorates High-Fat Diet Induced Male
Mouse Reproductive Dysfunction via Modifying the Rhythmic
Expression of Testosterone Synthesis Related Genes”. International Journal of Molecular Sciences 19 (2018).
26. Fattahi A., et al. “Effects of dietary omega-3 and-6 supplementations on phospholipid fatty acid composition in mice uterus
during window of pre-implantation”. Theriogenology 108
(2018): 97-102.

27. Dikshit A., et al. “Flaxseed reduces the pro-carcinogenic microenvironment in the ovaries of normal hens by altering the PG
and oestrogen pathways in a dose-dependent manner”. British
Journal of Nutrition 113 (2015): 1384-1395.

105

28. Pandey KB and Rizvi SI. “Plant polyphenols as dietary antioxidants in human health and disease”. Oxidative Medicine and
Cellular Longevity 2 (2009): 270-278.

29. Manach C., et al. “Polyphenols: food sources and bioavailability”. The American Journal of Clinical Nutrition 79 (2004): 727747.
30. Tomás‐Barberán FA and Clifford MN. “Dietary hydroxybenzoic acid derivatives–nature, occurrence and dietary burden”.
Journal of the Science of Food and Agriculture 80 (2000): 10241032.
31. Bahadoran Z., et al. “Dietary polyphenols as potential nutraceuticals in management of diabetes: a review”. Journal of Diabetes and Metabolic Disorders 12 (2013): 43.

32. Clifford MN and Scalbert A. “Ellagitannins–nature, occurrence
and dietary burden”. Journal of the Science of Food and Agriculture 80 (2000): 1118-1125.

33. Macheix JJ., et al. “Importance and roles of phenolic compounds in fruits”. Fruit Phenolics (1990): 265-271.

34. Sosulski F., et al. “Free, esterified, and insoluble-bound phenolic acids. 3. Composition of phenolic acids in cereal and potato
flours”. Journal of Agricultural and Food Chemistry 30 (1982):
337-340.

35. Scalbert A and Williamson G. “Dietary intake and bioavailability of polyphenols”. The Journal of Nutrition 130 (2000):
2073S-2085S.
36. Brglez Mojzer E., et al. “Polyphenols: extraction methods, antioxidative action, bioavailability and anticarcinogenic effects”.
Molecules 21 (2016): 901.

37. Welsch CA., et al. “Dietary phenolic compounds: inhibition of
Na+-dependent D-glucose uptake in rat intestinal brush border membrane vesicles”. The Journal of Nutrition 119 (1989):
1698-1704.
38. Scalbert A., et al. “Polyphenols: antioxidants and beyond”. The
American journal of Clinical Nutrition 81 (2005): 215S-217S.

39. Singh A., et al. “Dietary polyphenols in the prevention and
treatment of allergic diseases”. Clinical and Experimental Allergy 41 (2011): 1346-1359.

40. Hussain T., et al. “Oxidative stress and inflammation: what
polyphenols can do for us?”. Oxidative Medicine and Cellular
Longevity (2016).
41. Daglia M. “Polyphenols as antimicrobial agents”. Current Opinion in Biotechnology 23 (2012): 174-181.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability and Mechanisms Underlying their
Bioactivities

42. Zhou B., et al. “Anti‐Proliferative Effects of Polyphenols from
Pomegranate Rind (Punica granatum L.) on EJ Bladder Cancer
Cells Via Regulation of p53/miR‐34a Axis”. Phytotherapy Research 29 (2015): 415-422.

43. Ioannides C and Yoxall V. “Antimutagenic activity of tea: role of
polyphenols”. Current Opinion in Clinical Nutrition and Metabolic Care 6 (2003): 649-656.

44. Kuroda Y and Hara Y. “Antimutagenic and anticarcinogenic activity of tea polyphenols”. Mutation Research/Reviews in Mutation Research 436 (1999): 69-97.

45. Moukette BM., et al. “In vitro antioxidant properties, free radicals scavenging activities of extracts and polyphenol composition of a non-timber forest product used as spice: Monodora
myristica”. Biological Research 48 (2015): 15.

46. Singh M., et al. “Regulation of cell growth through cell cycle arrest and apoptosis in HPV 16 positive human cervical cancer
cells by tea polyphenols”. Investigational New Drugs 28 (2010):
216-224.
47. Thakur VS., et al. “Green tea polyphenols causes cell cycle arrest and apoptosis in prostate cancer cells by suppressing class
I histone deacetylases”. Carcinogenesis 33 (2011): 377-384.

48. Otton R., et al. “Polyphenol-rich green tea extract improves adipose tissue metabolism by down-regulating miR-335 expression and mitigating insulin resistance and inflammation”. The
Journal of Nutritional Biochemistry 57 (2018): 170-179.

49. Burgess TA., et al. “Improving glucose metabolism with resveratrol in a swine model of metabolic syndrome through alteration of signaling pathways in the liver and skeletal muscle”.
Archives of Surgery 146 (2011): 556-564.

50. Um JH., et al. “AMP-activated protein kinase–deficient mice are
resistant to the metabolic effects of resveratrol”. Diabetes 59
(2010): 554-563.

51. Chen KH., et al. “Resveratrol ameliorates metabolic disorders
and muscle wasting in streptozotocin-induced diabetic rats”.
American Journal of Physiology-Endocrinology and Metabolism
301 (2011): E853-863.
52. Szkudelski T., et al. “Resveratrol and diabetes: from animal to
human studies”. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease 1852 (2015): 1145-1154.

53. Do GM., et al. “Resveratrol ameliorates diabetes‐related metabolic changes via activation of AMP‐activated protein kinase
and its downstream targets in db/b mice”. Molecular Nutrition
and Food Research 56 (2012): 1282-1291.

106

54. Palsamy P and Subramanian S. “Modulatory effects of resveratrol on attenuating the key enzymes activities of carbohydrate
metabolism in streptozotocin–nicotinamide-induced diabetic
rats”. Chemico-Biological Interactions 179 (2009): 356-362.

55. Brasnyó P., et al. “Resveratrol improves insulin sensitivity, reduces oxidative stress and activates the Akt pathway in type
2 diabetic patients”. British Journal of Nutrition 106 (2011):
383-389.
56. Movahed A., et al. “Antihyperglycemic effects of short term
resveratrol supplementation in type 2 diabetic patients”. Evidence-Based Complementary and Alternative Medicine (2013).

57. Bhatt JK., et al. “Resveratrol supplementation improves glycemic control in type 2 diabetes mellitus”. Nutrition Research 32
(2012): 537-541.

58. Yang SJ and Lim Y. “Resveratrol ameliorates hepatic metaflammation and inhibits NLRP3 inflammasome activation”. Metabolism-Clinical and Experimental 63 (2014): 693-701.
59. Bagul PK., et al. “Attenuation of insulin resistance, metabolic
syndrome and hepatic oxidative stress by resveratrol in fructose-fed rats”. Pharmacological Research 66 (2012): 260-268.

60. Kang W., et al. “Resveratrol improves insulin signaling in a tissue-specific manner under insulin-resistant conditions only:
in vitro and in vivo experiments in rodents”. Metabolism-Clinical and Experimental 61 (2012): 424-433.

61. Zhu X., et al. “Effects of resveratrol on glucose control and insulin sensitivity in subjects with type 2 diabetes: systematic review and meta-analysis”. Nutrition and Metabolism 14 (2017):
60.
62. Suzuki R., et al. “Anthocyanidins-enriched bilberry extracts
inhibit 3T3-L1 adipocyte differentiation via the insulin pathway”. Nutrition and Metabolism 8 (2011): 14.

63. Karlsen A., et al. “Bilberry juice modulates plasma concentration of NF-κB related inflammatory markers in subjects at increased risk of CVD”. European Journal of Nutrition 49 (2010):
345-355.
64. Xia EQ., et al. “Biological activities of polyphenols from grapes”.
International Journal of Molecular Sciences 11 (2010): 622646.

65. Kwon SH., et al. “Anti-obesity and hypolipidemic effects of
black soybean anthocyanins”. Journal of Medicinal Food 10
(2007): 552-556.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability and Mechanisms Underlying their
Bioactivities

66. Jayarathne S., et al. “Anti-Inflammatory and Anti-Obesity Properties of Food Bioactive Components: Effects on Adipose Tissue”. Preventive Nutrition and Food Science 22 (2017): 251.

67. Kiuchi F., et al. “Inhibitors of prostaglandin biosynthesis from
ginger”. Chemical and Pharmaceutical Bulletin 30 (1982): 754757.

68. Lantz RC., et al. “The effect of extracts from ginger rhizome
on inflammatory mediator production”. Phytomedicine 14
(2007): 123-128.
69. Saravanan G., et al. “Anti‐obesity action of gingerol: effect on
lipid profile, insulin, leptin, amylase and lipase in male obese
rats induced by a high‐fat diet”. Journal of the Science of Food
and Agriculture 94 (2014): 2972-2977.
70. Sekiya N., et al. “Inhibitory effects of Oren‐Gedoku‐To (Huanglian‐Jie‐Du‐Tang) on free radical‐induced lysis of human red
blood cells”. Phytotherapy Research 17 (2003): 147-151.

71. Ly C., et al. “The effects of dietary polyphenols on reproductive
health and early development”. Human Reproduction Update
21 (2014): 228-248.

72. Vazquez-Gomez M., et al. “Polyphenols and IUGR pregnancies:
Maternal hydroxytyrosol supplementation improves prenatal
and early-postnatal growth and metabolism of the offspring”.
PloS One 12 (2017): e0177593.

73. Roychoudhury S., et al. “Potential role of green tea catechins
in the management of oxidative stress-associated infertility”.
Reproductive Biomedicine Online 34 (2017): 487-498..
74. Seddiki Y and da Silva FM. “Antioxidant Properties of Polyphenols and Their Potential Use in Improvement of Male Fertility:
A Review” (2017).
75. Das SK and Karmakar SN. “Effect of green tea (camellia sinensis l.) leaf extract on reproductive system of adult male albino
rats”. International Journal of Physiology, Pathophysiology and
Pharmacology 7 (2015): 178.
76. Moreau RA., et al. “Phytosterols, phytostanols, and their conjugates in foods: structural diversity, quantitative analysis, and
health-promoting uses”. Progress in Lipid Research 41 (2002):
457-500.

77. Moghadasian MH., et al. “Effects of dietary phytosterols on
cholesterol metabolism and atherosclerosis: clinical and experimental evidence”. The American Journal of Medicine 107
(1999): 588-594.
78. Piironen V., et al. “Natural sources of dietary plant sterols”.
Journal of Food Composition and Analysis 13 (2000): 619-624.

107

79. Normen L., et al. “The phytosterol content of some cereal foods
commonly consumed in Sweden and in the Netherlands”. Journal of Food Composition and Analysis 15 (2002): 693-704.

80. Vlahakis C and Hazebroek J.” Phytosterol accumulation in
canola, sunflower, and soybean oils: effects of genetics, planting location, and temperature”. Journal of the American Oil
Chemists’ Society 77 (2000): 49-53.

81. Verleyen T., et al. “Analysis of free and esterified sterols in vegetable oils”. Journal of the American Oil Chemists’ Society 79
(2002): 117-122.
82. Trautwein EA and Demonty I. “Phytosterols: natural compounds with established and emerging health benefits”. Oléagineux, Corps Gras, Lipides 14 (2007): 259-266.
83. Ostlund Jr RE., et al. “Gastrointestinal absorption and plasma
kinetics of soy Δ5-phytosterols and phytostanols in humans”.
American Journal of Physiology-Endocrinology and Metabolism
282 (2002): E911-916.

84. Ogbe RJ., et al. “A review on dietary phytosterols: Their occurrence, metabolism and health benefits”. Asian Journal of Plant
Science and Research 5 (2015): 10-21.

85. Normén L., et al. “Phytosterol and phytostanol esters are effectively hydrolysed in the gut and do not affect fat digestion in
ileostomy subjects”. European Journal of Nutrition 45 (2006):
165-170.

86. Igel M., et al. “Comparison of the intestinal uptake of cholesterol, plant sterols, and stanols in mice”. Journal of Lipid Research
44 (2003): 533-538.
87. Gylling HK., et al. “Ester percentages of plant sterols and cholesterol in chylomicrons and VLDL of humans with low and
high sterol absorption”. Atherosclerosis 187 (2006): 150-152.

88. Hamada T., et al. “Lymphatic Absorption and Deposition of
Various Plant Sterols in Stroke‐Prone Spontaneously Hypertensive Rats, a Strain Having a Mutation in ATP binding cassette transporter G5”. Lipids 42 (2007): 241-248.

89. Sanders DJ., et al. “The safety evaluation of phytosterol esters.
Part 6. The comparative absorption and tissue distribution
of phytosterols in the rat”. Food and Chemical Toxicology 38
(2000): 485-491.
90. Woyengo TA., et al. “Anticancer effects of phytosterols”. European Journal of Clinical Nutrition 63 (2009): 813.
91. Awad AB., et al. “Effect of resveratrol and β-sitosterol in combination on reactive oxygen species and prostaglandin release
by PC-3 cells”. Prostaglandins, Leukotrienes and Essential Fatty
Acids 72 (2005): 219-226.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability and Mechanisms Underlying their
Bioactivities

92. Ogbe RJ., et al. “A review on dietary phytosterols: Their occurrence, metabolism and health benefits”. Asian Journal of Plant
Science and Research 5 (2015): 10-21.

93. Tapiero H., et al. “Phytosterols in the prevention of human pathologies”. Biomedicine and Pharmacotherapy 57 (2003): 321325.

94. Tanaka M., et al. “Identification of five phytosterols from Aloe
vera gel as anti-diabetic compounds”. Biological and Pharmaceutical Bulletin 29 (2006): 1418-1422.

95. Misawa E., et al. “Administration of phytosterols isolated from
Aloe vera gel reduce visceral fat mass and improve hyperglycemia in Zucker diabetic fatty (ZDF) rats”. Obesity Research and
Clinical Practice 2 (2008): 239-245.

96. Ikeda I., et al. “Campest-5-en-3-one, an oxidized derivative of
campesterol, activates PPARα, promotes energy consumption
and reduces visceral fat deposition in rats”. Biochimica et Biophysica Acta (BBA)-General Subject 1760 (2006): 800-807.
97. Purnomo Y., et al. “Anti-diabetic potential of Urenalobata leaf
extract through inhibition of dipeptidyl peptidase IV activity”.
Asian Pacific Journal of Tropical Biomedicine 5 (2015): 645649.

98. Kumar AY., et al. “Hypoglycaemic and anti-diabetic activity of
stem bark extracts Erythrina indica in normal and alloxan-induced diabetic rats”. Saudi Pharmaceutical Journal 19 (2011):
35-42.
99. Varghese GK., et al. “Antidiabetic components of Cassia alata
leaves: identification through α-glucosidase inhibition studies”. Pharmaceutical Biology 51 (2013): 345-349.

100. Lee YS., et al. “Anti-Diabetic activities of fucosterol fromPelvetia siliquosa”. Archives of Pharmacology Research 27 (2004):
1120-1122.
101. Dash AK., et al. “Antidiabetic along with antihyperlipidemic
and antioxidant activity of aqueous extract of Platycladus orientalis in streptozotocin-induced diabetic rats”. Current Medicine Research and Practice 4 (2014): 255-262.

102. Tabussum A., et al. “α-Glucosidase inhibitory constituents
from Chrozophora plicata”. Phytochemistry Letters 6 (2013):
614-619.
103. Katan MB., et al. “Efficacy and safety of plant stanols and sterols in the management of blood cholesterol levels”. In Mayo
Clinic Proceedings 78 (2003): 965-978.

108

104. PLAT J and MENSINK RP. “Increased intestinal ABCA1 expression contributes to the decrease in cholesterol absorption after plant stanol consumption”. The FASEB Journal 16 (2002):
1248-1253.
105. Zhang Y., et al. “Liver X receptors as therapeutic targets for
managing cholesterol: implications for inflammatory conditions”. Clinical Lipidology 4 (2009): 29-40.
106. Marinozzi M., et al. “Side-Chain Modified Ergosterol and Stigmasterol Derivatives as Liver X Receptor Agonists”. Journal of
Medicinal Chemistry 60 (2017): 6548-6562.
107. Spann NJ and Glass CK. “Sterols and oxysterols in immune cell
function”. Nature Immunology 14 (2013): 893.

108. Gerber A., et al. “Functionalized PHB granules provide the
basis for the efficient side-chain cleavage of cholesterol and
analogs in recombinant Bacillus megaterium”. Microbial Cell
Factories 14 (2015): 107.
109. Mahmood-Khan Z and Hall ER. “Quantification of Plant Sterols in Pulp and Paper Mill Effluents”. Water Quality Research
Journal of Canada (Canadian Association on Water Quality) 143
(2008).
110. MacLatchy D., et al. “Exposure to β‐sitosterol alters the endocrine status of goldfish differently than 17β‐estradiol”. Environmental Toxicology and Chemistry 16 (1997): 1895-1904.
111. Malini T and Vanithakumari G. “Antifertility effects of
β-sitosterol in male albino rats”. Journal of Ethnopharmacology
35 (1991): 149-153.
112. Malini T and Vanithakumari G. “Effect of beta-sitosterol on
uterine biochemistry: a comparative study with estradiol and
progesterone”. Biochemistry and Molecular Biology International 31 (1993): 659-668.

113. Baker VA., et al. “Safety evaluation of phytosterol esters. Part
1. Assessment of oestrogenicity using a combination of in vivo
and in vitro assays”. Food and Chemical Toxicology 37 (1999):
13-22.
114. Reed KF. “Fertility of Herbivores Consuming Phytoestrogencontaining Medicago and Trifolium Species”. Agriculture 6
(2016): 35.

115. Premalatha R., et al. “A phytooxysterol, 28-homobrassinolide
modulates rat testicular steroidogenesis in normal and diabetic rats”. Reproductive Sciences 20 (2013): 589-596.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability and Mechanisms Underlying their
Bioactivities

116. Ryökkynen A., et al. “Multigenerational exposure to phytosterols in the mouse”. Reproductive Toxicology 19 (2005): 535-540.

109

117. Awad AB., et al. “Phytosterol feeding induces alteration in testosterone metabolism in rat tissues”. The Journal of Nutritional
Biochemistry 9 (1998): 712-717.

118. Montgomery GW., et al. “Gonadotrophin release in ovariectomized ewes fed different amounts of coumestrol”. Journal of
Reproduction and Fertility 73 (1985): 457-463.

119. Radha M and Laxmipriya N. “Efficacy of Non polar extract
(NPE) of Aloe barbadensis Mill. in Polycystic Ovarian Syndrome (PCOS) rodent model-an “ in vivo” study”. International
Journal of Pharmaceutical Sciences and Research 7 (2016):
4933.
120. Muti P., et al. “A plant food–based diet modifies the serum
β-sitosterol concentration in hyperandrogenic postmenopausal women”. The Journal of Nutrition 133 (2003): 4252-4255.

121. Mendilaharsu M., et al. “Phytosterols and risk of lung cancer: a
case-control study in Uruguay”. Lung Cancer 21 (1998): 37-45.
122. McCann SE., et al. “Risk of human ovarian cancer is related to
dietary intake of selected nutrients, phytochemicals and food
groups”. The Journal of Nutrition 133 (2003): 1937-1942.
123. Ju YH., et al. “β-sitosterol, β-sitosterol glucoside, and a mixture of β-sitosterol and β-sitosterol glucoside modulate the
growth of estrogen-responsive breast cancer cells in vitro and
in ovariectomized athymic mice”. The Journal of Nutrition 134
(2004): 1145-1151.

124. Woyengo TA., et al. “Anticancer effects of phytosterols”. European Journal of Clinical Nutrition 63 (2009): 813.

125. Llaverias G., et al. “Phytosterols inhibit the tumor growth and
lipoprotein oxidizability induced by a high-fat diet in mice
with inherited breast cancer”. The Journal of Nutritional Biochemistry 24 (2013): 39-48.

Volume 3 Issue 2 February 2019
© All rights are reserved by Arpi Dey and Laxmipriya
Nampoothiri.

Citation: Arpi Dey and Laxmipriya Nampoothiri. “Nutraceuticals as Therapeutic Agents for Management of Endocrine Disorders - Sources, Bioavailability
and Mechanisms Underlying their Bioactivities”. Acta Scientific Nutritional Health 3.2 (2019): 97-109.

