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ABSTRACT 

Phytoestrogens are polyphenolic non-steroidal secondary metabolite phytoconstituents having oestrogenic potential due to the structural 
similarities with the endogenous oestrogen 17β-estradiol in mammals. They can be classified into flavanols, isoflavones, lignans, Ellagic tannins, 
Coumestans and Stilbenes based on the differences in their chemical structure. They are known to alleviate the climacteric changes such as 
hormone-related tumors, Osteoporosis, Atherosclerosis, Alzheimer’s, etc of the post menopausal state, which arises due to low levels of endogenous 
oestrogen hormone. 

All Phytoestrogens except stilbenes are biosynthesized through Shikimic acid pathway, either from the aromatic amino acids or the important 
intermediates in the pathway and mimic estrogen activities by various cell signalling pathways acting on multiple molecular targets in mediating 
various pharmacological responses. Stilbenes are phytoalexins produced in response to stress by various biotic and abiotic factors. They are known 
to exhibit both oestrogenic and activities based on the concentration of the phytoestrogen and their ability to bind with various oestrogen receptors 
in synergizing or antagonising the pharmacological response. Apart from the oestrogenic activity, phytoestrogens are known to exhibit various 
pharmacological responses like antioxidant, anti-inflammatory, cardiovascular disorders, anti-cancer, age-related cognitive decline etc. Dietary 
sources of phytoestrogen include fruits (blueberry, strawberry raspberry), vegetables (broccoli, garlic, carrot, spinach, legumes), flax seed, soybean, 
green tea, black tea, red clover. 
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INTRODUCTION 

Although phytoestrogens started gaining importance from late 19th 
century, they were used from ancient times for their abortive ability 
as well as to treat the post-menopausal changes arising due to low 
levels of oestrogen, such as climacteric changes and osteoporosis [1]. 

Menopause marks the end of menstrual cycle for women along with 
certain hormonal changes. This occurs between the age groups of 45 
to 52. Around 1.2 billion women to become menopausal by 2030 
along with 47 million new population each year, making their way 
into this category. Greater than 85% in this age group are reported 
to experience complications like hot flushes, sexual dysfunction, 
weight gain cognitive decrease, etc. [2, 3]. 

Owing to the low levels of estrogen in the menopausal phase it brings 
with it many vasomotor manifestations viz. hot flushes, palpitations 
along with the physiological manifestations like lack of concentration, 
anxiety, depression, sleep disturbances etc., Hormone replacement 
therapy is an option available for overcoming these symptoms but it 
comes with many side effects which provoked researchers to search 
for the herbal alternatives like phytoestrogens [4, 5]. 

Phytoestrogens are the non-steroidal and polyphenolic secondary 
metabolites bearing the structural and functional similarity to 
hormone estrogen in humans. These compounds have an excellent 
role in rebalancing the female hormone, especially in the post-
menopausal stage. They are reported to be present in various 
vegetables (Carrot, Potato, and Sweet potato), legumes, fruits 
(Pomegranate, Apples), whole grains, particularly in flaxseed and 
soya [6, 7]. 

These compounds are known to possess estrogenic activity as their 
structure mimics that of Estradiol. They are commonly characterized 
by the present of two hydroxyl groups opposite to each other in the 
molecule at the distance of 10 Angstromsas in Estradiol. These 
hydroxyl groups are known for the binding of phytoestrogens with 
that of the Ligand of estrogenic receptor. Estradiol receptors are of 
three types: ER-alpha, ER-beta, GPER [1]. 

These compounds can be either agonist or antagonist to the 
estrogens based on the concentration and bioactivity of 
phytoestrogens in various plants as well as their ability to bind to 
the estrogen receptors by activating or blocking them based on the 
type of estrogen receptors [8]. 

Menopause adversely affects the women's life in many ways, leading 
to many chronic diseases i. e., metabolic disorders like Obesity, 
Diabetes, Cardiovascular ailments like ischemic stroke, osteoporosis, 
osteoarthritis, Neurodegenerative disorders like dementia, cognitive 
decline, depression, cancer etc. Osteoporosis although don't have a 
cure but the risk can be reduced by many medications 
conventionally available, which comes with its own side effects. 
Hence the long-term management of the disease needs to be planned 
by suitable herbal alternatives [9, 10]. 

Around 300 plants are known to possess various phytosterols. They 
are known to reduce LDL levels thus preventing atherosclerosis, 
decrease blood insulin level, favouring diabetes management, 
reducing oxidative stress thus helpful in treating dementia [11]. 

Diseases associated with menopause and their preventive 
strategies 

Being the backbone of the family a woman's health should be a 
priority at all ages. However, a middle-aged and elderly woman's 
health off late has been the reason for mortality or disability. 
However, in this age group of women there has been development of 
different ailments owing to the climacteric changes that affects their 
quality of life. The symptoms arising due to the menopausal phase 
can be classed as somatic or vegetative symptoms covering the 
vasomotor symptoms and psychic disorders, second is organic 
symptoms including variations in body weight, urogenital 
symptoms, skin changes and third one is metabolic symptoms 
including Diabetes, Osteoporosis, Atherosclerosis, lipid profile 
variations etc [12]. 

There are 11 conditions which received attention, including 
musculoskeletal ailments like osteoporosis, osteoarthritis, 
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sarcopenia, neurodegenerative disorders, cancer, metabolic 
disorders, insomnia, and migraine, vasomotor symptoms like hot 
flushes, cardiovascular ailments, depression and cognitive decline. 
Among these diseases, CVD, COPD, Cancer and Diabetes are reported 
to be the leading cause of death in women in the developed 
countries as per the Global burden of diseases report. 

Muscular skeletal disorders 

Musculo-skeletal disorders like osteoporosis were found to be 
associated with the decrease in the Bone Mineral Density (BMD) and 
also deterioration of bone tissue, leading to high risk of fractures 
among the post-menopausal group of women [13]. 

Cancer 

Cancers of the Breast, Ovary, Cervix, Pancreas, lung, colorectal 
region are the common cancers affecting the post-menopausal 
group. Some of the reasons associated with the development of 
Cancer include sedentary lifestyle, intake of high-calorie food, low 
intake of fruits and vegetables, smoking, alcohol etc. [14]. 

Neurodegenerative disorders 

In the Neurodegenerative disorders, Alzheimer's, Dementia tops the 
list associated with the cognitive decline that significantly affects the 
quality of life and causes hindrance in executing the routine 
activities [15]. 

COPD 

Chronic obstructive pulmonary disorder occurring due to the 
decrease hair flow due to deterioration of lung tissue otherwise 
called Emphysema. Reasons include smoking indoor and outdoor, 
occupational exposure. 

Metabolic disorders 

Diabetes is one of the common disorders affecting the masses due to 
the sedentary lifestyle and aging process. Increased prevalence was 
found in the post-menopausal age group. Apart from this, Obesity, 
Hyperlipidemia, Hypertension etc too contribute to the disease 
category [16]. 

Insomnia 

Sleep disturbance is one of the most significant contributing factors 
affecting the quality of life in the post-menopausal women. Almost 
50% of the women are reported to have sleep disturbance during 
and after the menopause [17, 18]. 

Migraine 

Literature states that 75% of women to be suffering from vascular 
headache. In childhood period both gender suffer equally but as the 
girl heads towards puberty moving towards middle age migraine 
affect them significantly [19, 20]. 

Preventive strategies 

Preventive strategies include lifestyle modification with regular 
exercises, yoga, diet control, eating a nutritious and healthy food 
along with regular screening to assess the risk factors for early 
diagnosis and treatment. In edition HRT can be more promising. 

Regular physical activity is reported to reduce certain post-
menopausal risks like CVDs, certain cancers, metabolic disorders, etc 
and enhances mental health which is the key factor during this phase 
by the release of Endorphins [21]. 

The cases of Anxiety and Depression were found more in the post-
menopausal group when compared to the other age group of 
women. With regular exercises viz. Aerobics, walking can reduce 
them up to some extent. 

 

Table 1: Morbidity and mortality due to postmenopausal disorders in 50-69 Y of age group 

Disease Disability Mortality 
Musculo-skeletal 17% - 
Cancer - 41% 
Alzheimer’s 1% - 
COPD 1% 2.9% 
CVD 18% 31% 
Diabetes 3.4% 2.4% 
Migraine 1.4% - 

 

Table 2: Morbidity and mortality due to postmenopausal disorders in 70 Y of age group 

Disease Disability Mortality 

Musculo-skeletal 9.5% - 
Cancer - 16% 
Alzheimer’s 5.7% - 
COPD 5.7% 3.7% 
CVD 39% 54% 
Diabetes 3.4% 2.2% 
Migraine - 0.3% 

 

Conventional treatment of postmenopausal disorders 

Conventional treatment for the post-menopausal symptoms include 
both the hormone replacement therapy (HRT) and non-hormonal 
treatment with the different classes of medication like anti-
depressants, anti-hypertensives, selective serotonin reuptake 
inhibitors and nor epinephrine reuptake inhibitors etc.  

Hormone therapy been in practice from decades and was reported to 
be very effective for the treatment of post-menopausal complications 
like Vasomotor symptoms, Genitourinary symptoms and osteoporosis. 
However, owing to the adverse effects of the hormone therapy like 
neuro degenerative disorders, breast cancer, endometrial cancer, 
cardiovascular diseases etc., there has been a concern from the 
scientific community towards its usage and hence the interest of the 
researchers is turning towards our ancient roots to find the better 
alternative for the post-menopausal complications [22]. 

Starting the hormonal therapy preceding the menopause at the minimal 
dose has been reported to impart maximum benefit and minimal risk to 
the women. For women who are below the age of 60 years and 
exhibiting the symptoms without any contraindications, starting the 
hormonal therapy in the initial faces could be a better option and has 
been reported to have less mortality rate due to the complications in the 
long run. The common route of administration includes oral, 
transdermal and vaginal or injectables. Other routes of administration 
include subcutaneous, intranasal, and percutaneous [23, 24]. 

Around 75% women reported vasomotor symptoms like hot flushes 
and greater than 50% report genito-urinary symptoms of 
menopause (GSM). Options available to circumvent the 
complications include Hormonal and Non-hormonal therapies. The 
first line of treatment includes HRR with the estrogen alone or in 
combination with progesterone, which is reported to reduce the 
vehicle motor symptoms by around 75%. Coming to the roots of 
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administration both oral and transdermal route reported similar 
efficacy. However, these vasomotor symptoms may be prominent for 

greater than 7 y and GSM stays chronic. The Non-hormonal therapy 
reduced the motor symptoms by 40 to 65% [25]. 

 

Table 3: Conventional treatment of postmenopausal disorders 

S. No. Hormonal therapy (HRT) Non-hormonal therapy 
1 Estrogen Anti-depressants/Anti-hypertensive’s 
2 Estrogen+Progestin SSRIs – Paroxetine, Fluoxetine, Sertaline, Citalopram, Escitalopram  
3 Progesterone SNRIs – Duloxetine, Venlafaxine, Desvenlafaxine, Gabapentene, Clonidine 
4 Tibolone Neurokinin 3 (NK 3) receptor antagonist–Fezolinetant [26, 27] 

 

Mechanism action of conventional drugs 

During the menopause phase, women's hormones mainly estrogen 
and progesterone levels gets diminished producing different 
symptoms which are treated by artificial administration of this 
hormones. Hormone Replacement Therapy comes with either 
estrogen alone or progesterone alone or estrogen progesterone in 
combination to circumvent various ailments arising due to the 
hormonal disturbances during the menopause phase. Depending on 
the route of administration, the metabolism and the bio availability 
of the drug changes. 

Based on the phase of menopause, the treatment differs whether it is 
early past or late about state early menopause or late menopause 
stage. Early menopause phase consists of hormone treatment with 
progesterone or progestin or gestagen substitution, Levonorgestrel 
intrauterine system containing synthetic steroid and testosterone 
derivative. In the late menopausal phase, the combination of 
estrogen-progesterone therapy (EPT) was reported to be effective, 

starting with the fewer doses and then increasing the dose if the 
present dose was ineffective. This is usually for women with uterus. 
If women have undergone Hysterectomy then only estrogen therapy 
would be preferred. 

Transdermal route is preferred when there is oral route in tolerance 
by the patient example in cases of liver dysfunction, increased 
triglycerides in blood, thrombolytic disorders, metabolic disorders, 
etc as the first pass effect is bypassed with the better bioavailability 
and long term balance of the hormones. Long-term use of the 
therapy could be associated with breast cancer, ovarian cancer, 
stroke, endometrial cancer, Venous and pulmonary thrombo 
embolism [28, 29]. 

Classification, phytochemistry and pharmacological aspects 

Coming to the chemical, they can be classified into Isoflavonoids, 
flavonoids, lignans, ellagitannins, Coumestans and stilbenes. These 
compounds mainly exist as glycosidic conjugates [30]. 

 

 

Fig. 1: Classification of phytoestrogens 
 

Table 4: Bioactive compounds in each class of phytoestrogens 

Flavanols Isoflavones Lignans Ellagitannins Coumestans Stilbenes 

Rutin Deaden Secoisolariciresinol Pelagic acid Coumesterol Resveratrol 
Quercetin Genistein Metairesinol Urolithins Wedelolactone Pinosylvin 

Biochanin A Pinoresinol Corilagin Psoralidin 
Sesamin  Glycyrol 

Formonetin Lariciresinol  

[31-35]. 
 

Isoflavones 

Polyphenolic non-steroidal compounds widely found in fruits and 
vegetables. They are biosynthesized from the Phenylpropanoid 
pathway by phenylalanine, which is further converted to 4-coumaryl 
A, enters the flavonoid biosynthesis pathway, which produces 
chalcones derivatives, which are further converted to flavonoids and 
Isoflavonoids by complex enzymatic reactions. The hydroxyl group 
at the fourth position in B ring is known to the known to be the 
binding site for the estrogen receptor [36]. They share the structural 
similarity with that of 17 β-Estradiol (endogenous estrogen) capable 
of binding to estrogen receptors. Two of the major bioactive 
Isoflavonoids include Genistein and Deaden, which are known to 
process either estrogenic or anti-estrogenic activity. Others include 

Biochanin A, Forminetin. They exist as glucose conjugates which are 
inactive in nature and further hydrolyzed by intestinal bacteria and 
converted to active forms of their respective aglycone. 

Apart from the estrogen mimicking activities, these are also known 
to have a significant role in the treatment of cancers arising due to 
hormonal disturbances, osteoporosis, cardiovascular diseases, 
postmenopausal adverse effects, old age cognitive impairment etc. 

Flavanols 

These are the polyphenolic compounds with C6-C3-C6 skeleton found in 
fruits, vegetables and other parts of the plant. They can be classified 
based on their chemical structure into Flavones, Flavanols, Isoflavones, 
Chalcones and Anthocyanins. They exist as beta glycosidic conjugates 
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which on ingestion are hydrolyzed by enteromicrobial glycosidase in 
the gut to the corresponding aglycone [38]. 

They are known to exhibit various pharmacological activities viz. anti-
oxidant, anti-cancer and anti-inflammatory etc. Among all these flavanols 
such as Quercetin and Rutin were found to exhibit estrogenic potential 
and hence classified as Phytoestrogens. Quercetin is known to inhibit 
tumor proliferation by activation of Guanyl cyclase [39]. 

Lignans 

These are the diphenolic fiber associated compounds having two 
phenyl propane units biosynthesized from amino acid phenylalanine 
via Phenylpropanoid pathway. They are known to possess weak 
estrogenic and non-estrogenic activities. Linseed is one of the richest 
sources of dietary lignans. Some of the important lignans include 
Pinoresinol, Sesamin, Secoisolariciresinol, Metairesinol and 
Lariciresinol which exist as glucoside conjugates [40]. 

Chemically, lignans can be classified as Furofuran, Tetrahydrofuran, 
Aryltetralin, Arylnapthalene, Dibenzylbutane and 
Dibenzylbutyrolactone. Lignans ingested through diet is converted by 
enteric bacteria in the intestine to two important mammalians lignans 
viz. Enterodiol and Enterolactone. Lignans are known to possess 
various therapeutic properties such as estrogenic, anti-cancer, anti-
hypertensive, antioxidant, antiviral, insecticidal etc. [41]. 

Ellagitannins 

Hydrolysable tannins formed from the combination of Gallic acid 
and Hexahydroxydiphenic acid with double lactone ring. They exist 
as glucoside, forming various monomers, oligomers and complex 
polymers. On hydrolysis, they yield Gallic acid and Pelagic acid and 
are further metabolized by intestinal microorganisms to Urolithins. 
Urolithins are known for their estrogenic and non-estrogenic 
activity [42]. 

They can be classified into simple Ellagitannins and Glycosidic 
Ellagitannins based on the presence or absence of glycosidically 
attached catechin chain. Therapeutically known for the treatment of 
various cancers, anti oxidant, anti microbial, analgesic, anti-
inflammatory, immune modulatory, antihypertensive activities. In 
the Shikimic acid pathway once 3-dehydro shikimate is formed, this 

leads to the formation of gallic acid, which further, undergoes 
complex enzymatic reactions to form ellagitannins [43]. 

Coumestans 

These are polycyclic aromatic compound with the heterocyclic 
oxygen in a 4-ring system containing a coumaran group and 
benzofuran group joined by a C=C bond. They can be classified 
further as Coumestans with basic moiety, furanocoumestans, 
dimethylpyranocoumestans, and O-glycosylated Coumestans 
mediating pharmacological activities [44]. 

Biosynthesis of Coumestans begins once phenylalanine is formed in the 
Shikimic acid pathway; it further forms cinnamate, coumaroyl derivative 
further forms chalcones then Isoflavonoids, Diadzein after which series 
of complex enzymatic reactions leads to the formation of Coumestans 
and its derivative. Coumestans with phytoestrogenic activity include 
Coumesterol and 4-methoxy Coumesterol. Their therapeutic uses 
include treatment of cancer, diabetes, Neurodegenerative ailments, 
organ damage, and autoimmune disorders, etc, mediated by multiple 
underlying mechanisms of signalling [45]. 

Stilbenes 

Polyhydroxy Phenolic compounds having 14 carbon skeleton with 
C6-C2-C6 which is a double bonded ethylene bridge connecting both 
phenyl groups, of which one ring has two hydroxyl groups attached 
whereas the other one has substituted hydroxyl or methoxy groups 
and as they exhibited excellent fluorescent characteristic they are 
classed as stilbenes which after a Greek word “stilbos” that is 
shining. 

The biosynthesis is attributed to the various stress factors to which 
plant is exposed both biotic and abiotic factors. Infection due to 
microorganisms, elevated temperatures, oxidative changes due to 
UV rays etc as a defence mechanism adopted by the plant. Mainly 
these phytoalexins are derived from Resveratrol, from grapes wine 
in response to fungal infection or Pinosylvin in the pine plants. It is 
biosynthesized from phenylalanine of Shikimic acid pathway to 
Cinnamic acid, coumaroyl Co A and then to Resveratrol in response 
to any stress factor. Research focus enhanced due to its immense 
therapeutic potential as anti-cancer, anti-inflammatory, 
hypolipedemic and anti-aging activities [46]. 

  

Table 5: Plants containing the phytoestrogens and the various phytochemicals involved in exerting the bioactivity 

Category Plant source Bioactive compound Therapeutic use 
Isoflavonoids and 
Flavonols 

Soyabean Genistein, Diadzein, Glycetin, Formononetin Treatment of post-menopausal 
cancers like Breast cancer, colon 
cancer, Alzheimer’s 

Chickpea Genistein, Biochanin A 
Alfalfa 
Red Clover 

Formononetin 
Biochanin A 

Peanut Genistein 
Lignans Flax seed Secoisolariciresinol, Lariciresinol, Metairesinol Anti-oestrogenic, Anti-

carcinogenic, Anti-oxidant, 
Estrogenic, Anti-hypertensive, 
Anti-viral, Insecticidal 

Sesame seeds Sesamin, Sesaminol, Sesmolin 
Cashew nuts Lariciresinol, Secoisolariciresinol 
Strawberry Metairesinol 
Broccoli Lariciresinol 

Ellagitannins Pomegranates, Strawberry, 
Raspberry, Walnuts, Almonds 

Ellagic acid, Punicalagin, Sanguiin Anti-inflammatory, Anti-cancer, 
Anti-oxidant, Estrogenic, Anti-
microbial Pomegranates, Berries, Nuts Urolithins 

Caesalpinia coriaria Corilagin 
Coumestans Sprouts of alfalfa Coumesterol Estrogenic, Anti-cancer, Anti-

inflammatory, Anti-osteoporotic, 
Neuroprotective, Anti-microbial 

Clover 
Wedelia calendulacea Wedelolactone 
Psoralea corylifolia Psoralidin 
Glycyrrhiauralensis Glycyrol 

Stilbenes Polygonum cuspidatum, Grapes, 
Peanuts, Apples, Plum, Blue berry 

Resveratrol Cancer, Neurodegenerative 
diseases, Dibaetes, Anti-microbial 

Pinus sylvestris, Pinus densiflora Pinosylvin Anti-microbial, Anti-Rheumatic, 
Anti-oxidant 

 

Mechanism of action 

Phytoestrogens are known to modulate the pharmacological 
responses by various signalling pathways viz. inhibition of the 
estrogen receptor ER alpha ER beta and GPER, interference with 
the growth factor, stimulating apoptosis and blocking the anti-
apoptotic signalling. 

Flavonoids work by stimulating the phosphorylation of ER alpha, 
thus inducing the transcriptional activity of estrogen, leading to 
inhibition of cancer cell proliferation and were also found to exhibit 
neuroprotective potential in treating dementia [47]. 

Lignans are stored as glycosides, which are further converted to 
aglycoside metabolites and Enterolactone by the activity of intestinal 
bacteria, which exhibits estrogen-like therapeutic activity by 
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inducing the transcription of estrogen when lignans binds to ER 
[48]. 

Ellagitannins act by induction of apoptosis, inhibition of enzyme 
aromatase, stimulation of autophagy, transcription of oncogenes [49]. 

Coumestans are known to exhibit the pharmacological response by 
the inhibition of the enzymes 17-beta HSD and aromatase, which 
prevents the synthesis of estrogen that ultimately leads to apoptosis 
of cancer cells [50]. 

Stilbenes act by causing apoptosis; inhibition of the enzyme 
mitochondrial ATP synthase with COX-2 enzyme inhibition the 
prostaglandins synthesis reduces thus reducing malignant cell 
proliferation n in cancer [51]. 

Various therapeutic applications 

The following table presents a brief summary of the plants 
containing phytoestrogens and the various phytochemicals involved 
in exerting the bioactivity: 

CONCLUSION 

Woman undergoing HRT were found to be associated with money 
side effects viz. endometrial cancer, thrombosis, vaginal bleed, 
arteriosclerosis etc, in this view these phytoconstituents with 
multiple applications can serve as potential therapeutic targets in 
alleviating various chronic disorders. The only challenge lies in the 
systematic screening followed by both particular preclinical and 
clinical evaluation trials before it is available in the market to 
overcome the adverse effects after long-term usage. 

Phytoestrogens thus can be a strong ray of hope with systematic 
investigations in curing and ailing many chronic diseases in the post-
menopausal phase in women due to estrogen deficiency thus paving 
the way for the healthier society. These have the potential to serve the 
purpose of alternative or complementary treatment with Reflexology; 
Acupuncture etc can go a long way addressing the issue holistically. 

ABBREVIATIONS 

COX: Cycloxygenase, ER: Estrogen Receptor, GPER: G-Protein 
Coupled Estrogen Receptor, HRT: Hormone Replacement Therapy, 
HSD: Hydroxy Steroid Hydrogenase, EPT: Estrogen Progesterone 
Therapy, LDL: Low density Lipoprotein, COPD: Chronic Obstructive 
Pulmonary Disease, GSM: Genitourinary syndrome of Menopause, 
SSRI: Selective Serotonin Reuptake Inhibitors, SNRI: Serotonin and 
Nor-epinephrine Reuptake Inhibitors. 
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