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ABSTRACT

The endocrine system consists of various glands responsible for secreting hormones that
regulate metabolism, growth, reproduction, and other physiological processes. Disruptions in
this system, termed endocrine disorders, are linked to numerous health issues, such as obesity,
diabetes, cardiovascular diseases, and metabolic syndromes. Moreover, the significance of factors
such as life stage, gender and dietary habits in influencing health risks associated with endocrine
disruption cannot be overstated. Synthetic medications for these conditions often have adverse
side effects like hypoglycemia and heart complications, highlighting the need for alternative
treatments. Herbal and natural remedies have shown promise in managing these disorders due
to their lower toxicity and minimal side effects. Phytochemicals and poly-herbal therapies are
emerging as effective strategies for addressing endocrine and metabolic disorders, influencing
molecular targets like AMP-Activated Protein Kinase (AMPK) and Nuclear factor erythroid-2-
related factor (Nrf2). Specific disorders such as diabetes, Addison’s disease, and hyperthyroidism
are characterized by hormone imbalances, with molecular mechanisms involving insulin
resistance, cortisol dysregulation, and thyroid dysfunction. Additionally, the role of factors such
as life stage, gender, and dietary habits in modulating endocrine disruption-associated health
risks is crucial. Natural products, including flavonoids, catechins, resveratrol, and terpenes, are
being explored for their therapeutic potential in regulating hormone levels and improving
metabolic health.
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INTRODUCTION

The endocrine system is composed of various glands (e.g., the
pituitary gland, the hypothalamus in the brain and the adrenal
glands in the kidneys). Impairment in these glands and their
functions results in the onset of various functional disorders.
Some of the commonly reported disorders are diabetes mellitus:
causes overproduction of growth hormones, Addison’s disease:
decreased production of growth hormones, Cushing syndrome:
high level of cortisol, grave disease: excessive overproduction
of thyroid hormones, Hashimoto’s thyroiditis: an autoimmune
disease resulting in hypothyroidism and low production of thyroid
hormone, hyperthyroidism (overactive thyroid), hypothyroidism
(underactive thyroid) and prolactinoma (overproduction of
prolactin by the pituitary gland).!!
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The endocrine system is comprised of various glands including
the pituitary gland, the brain's hypothalamus and the kidneys'
adrenal glands: these are only a few of the critical components.
Different functional diseases emerge when the functioning of
these glands is compromised. Diabetes mellitus, for instance,
arises from an overproduction of growth hormones; whereas
Addison's disease results from a decreased production of these
same hormones. Cushing syndrome, characterized by elevated
cortisol levels and Grave's disease, marked by excessive thyroid
hormone production, also exemplify such disorders. Additionally,
Hashimoto's thyroiditis (an autoimmune disease) leads to
hypothyroidism® and reduced thyroid hormone production.
Hyperthyroidism, hypothyroidism and prolactinoma (which
is marked by an overactive pituitary gland-induced prolactin
production) further illustrate the diverse pathologies within this
complex system. Although these diseases vary significantly, they
all stem from disruptions in glandular function. Because of this
intricate interplay, early detection and management are crucial
for maintaining overall health. However, the precise mechanisms
of these disruptions often remain elusive, but ongoing research
continues to shed light on these critical health issues.
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Various Endocrine Disorders
Diabetes Mellitus

which is precipitated by an overabundance of growth hormone,
operates primarily through insulin signaling pathways. Insulin
signaling pathways are the principal means by which excess
Growth Hormone (GH) induces insulin resistance. GH elevates
levels of free fatty acids in the bloodstream and promotes
lipolysis; however, this impairs insulin's ability to transport
glucose into cells. Consequently, the blood glucose level remains
elevated, leading to hyperglycemia. Hyperinsulinemia arises
from the pancreas’ compensatory increase in insulin production;
although this heightened demand on {-cells can, over time, cause
their malfunction, ultimately resulting in the onset of diabetes
mellitus, especially Type 2 diabetes. The consequences of chronic
hyperglycemia include retinopathy, nephropathy, neuropathy
and cardiovascular disease.”!

Addison's Disease (Lower Growth Hormone
Production)

The underproduction of adrenal hormones-particularly cortisol
and aldosterone-is the underlying cause of Addison's disease.
Hypoglycemia, or low blood sugar and a poor stress response are
both caused by a shortage of cortisol; this also lowers the overall
metabolic response. Although decreased growth hormone levels
can impact metabolic and physical development, the primary
concern remains cortisol deficiency. Insufficient levels of cortisol
result in chronic fatigue, muscle weakness, and reduced stamina.
Aldosterone loss leads to excessive sodium loss in urine, causing
dehydration, low blood pressure, and a craving for salty foods.
Cortisol is involved in mood regulation, and its deficiency can
lead to psychological symptoms such as irritability, depression,
anxiety, and mood swings. Addison's disease requires lifelong
hormone replacement therapy, typically with glucocorticoids (to
replace cortisol) and sometimes mineralocorticoids (to replace
aldosterone).

Cushing's Syndrome (Elevated cortisol levels)

Characterized by extended exposure to high amounts of cortisol.
This condition can be caused by two primary factors: exogenous
corticosteroid use or endogenous overproduction of cortisol
(often due to pituitary or adrenal tumors). Although both
pathways lead to similar clinical presentations, the underlying
mechanisms differ significantly. Cortisol induces an increase in
the liver's gluconeogenesis, which subsequently elevates blood
sugar levels. Additionally, it instigates protein catabolism, leading
to muscular atrophy and fat redistribution (central obesity, "moon

"o

face," "buffalo hump"). Because of cortisol, insulin resistance can
also occur. The consequences are multifaceted: patients may
develop immunological suppression, osteoporosis, hypertension,

muscle weakness and weight gain.®
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Graves' Disease (an overabundance of hormones
produced by the thyroid)

Thyroid-Stimulating  Immunoglobulins  (TSI) bind to
Thyroid-Stimulating Hormone (TSH) receptors on the thyroid
gland, provoking the production of excessive Thyroid hormones
(T3 and T4). This autoimmune disorder results in Graves'
disease. Consequently, hyperthyroidism ensues. Overproduction
of thyroid hormones elevates the metabolic rate and engenders
symptoms such as anxiety, tachycardia, weight loss and heat
intolerance. Thyroid hormone also facilitates the breakdown of
fat and the turnover of proteins. Long-term Graves' disease can
result in severe consequences: thyroid storm, osteoporosis and
cardiovascular issues like atrial fibrillation.[®”!

Hashimoto's Thyroiditis (Autoimmune
Hypothyroidism)

The
autoimmune disease) involves the immune system erroneously
targeting the thyroid gland, leading to inflammation and

mechanism underlying Hashimoto's thyroiditis (an

subsequent thyroid tissue destruction. Over time, this immune
assault results in diminished production of thyroid hormone,
culminating in hypothyroidism. The impact on metabolism
is significant because a deficit in thyroid hormones decelerates
metabolic functions, manifesting in symptoms such as fatigue,
weight gain, cold intolerance and depressive tendencies. Although
the consequences can be severe, with untreated cases potentially
leading to heart failure and bradycardia, myxedema represents
the most extreme form of hypothyroidism.!*!

Overactive thyroid disease (or hyperthyroidism)

The fundamental mechanism of hyperthyroidism is the excessive
synthesis of Thyroid hormones (T3 and T4) by the thyroid gland.
This condition is often precipitated by thyroid adenoma, toxic
multinodular goiter, or Graves' disease. The surplus of thyroid
hormones induces a hypermetabolic state, which accelerates
heart rate, enhances gastrointestinal motility and increases
thermogenesis. However, these metabolic changes have profound
implications for the body's overall metabolic balance. Anxiety,
sweating, palpitations, weight loss and hyperactivity are among
the symptoms; however, osteoporosis and heart problems can
arise from long-term untreated hyperthyroidism."!

Hypothyroidism (inadequate thyroid function)

Insufficient thyroid hormone production (usually brought on
by iodine shortage, post-surgical thyroidectomy, or Hashimoto's
thyroiditis) hypothyroidism. This
impacts metabolism: below-normal thyroid hormone levels cause

characterizes condition
metabolic processes to slow down, which can resultin bradycardia,
constipation, exhaustion and weight gain. Moreover, it alters lipid
metabolism, which raises cholesterol levels. The consequences
of untreated hypothyroidism can be severe: Myxedema coma, a
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potentially fatal disease can develop. Additionally, patients may
have higher cardiovascular risks.™!

Prolactinoma, or excessive prolactin production, can also present
significant health challenges. Excessive secretion of prolactin is
precipitated by a benign neoplasm of the pituitary gland, known
as a prolactinoma. Elevated prolactin levels inhibit the release of
Gonadotropin-Releasing Hormone (GnRH), which subsequently
diminishes the production of Luteinizing Hormone (LH) and
Follicle-Stimulating Hormone (FSH); this, in turn, reduces the
synthesis of estrogen and testosterone. High prolactin levels in
women may lead to infertility, galactorrhea (milk production)
and amenorrhea (absence of menstrual cycles). In men,
elevated prolactin can result in erectile dysfunction, decreased
libido and gynecomastia (enlargement of breast tissue). Larger
prolactinomas can exert pressure on adjacent brain regions and
cause headaches and vision problems if left untreated.™"!

Factors Modulating the Health Risks Associated with
Endocrine Disruption

The health risks linked to Endocrine Disruption (ED) are
modulated by numerous factors; these factors include: life stage,
gender and dietary habits (Figure 1). Understanding these
variables is crucial because it enables the development of effective
strategies to mitigate the adverse effects associated with endocrine
disruptors.>¥ However, it's important to note that while life stage
can significantly influence susceptibility, gender plays a pivotal
role too. This is particularly evident in how hormonal differences
between males and females can lead to varied health outcomes.
Although dietary habits are also significant, they cannot be
considered in isolation but must be analyzed in conjunction with
other factors. Because of the complexity and interplay of these
elements, a comprehensive approach is required to fully grasp
how endocrine disruptors impact health.

Life Stage
Infancy and Childhood

During the formative stages of early development, the endocrine
system is instrumental in facilitating growth and maturation.
Infants and children are especially susceptible to Endocrine
Disruptors (EDs) because their bodies are still in the process of
development and their detoxification systems have not reached
full maturity. Exposure to EDs during these critical periods can
precipitate developmental abnormalities, cognitive impairments
and long-term health problems.*

Puberty

This period also represents a pivotal phase where hormonal
fluctuations are pronounced. Endocrine disruptors can disturb
the natural hormonal equilibrium, potentially causing issues such
as premature or delayed puberty, reproductive complications and
an augmented risk of hormone-related cancers in later years.
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Pregnancy

Pregnant women and their developing fetuses are particularly
vulnerable to EDs. Hormones are indispensable for fetal
development and any disruption can result in congenital
disabilities, developmental delays and other health complications.
Although the placenta acts as a barrier, it is not entirely effective
at blocking all endocrine disruptors, making prenatal exposure a
significant concern.

Adulthood and Aging

In adults, endocrine disruptors can (significantly) contribute to a
myriad of health issues: metabolic disorders, reproductive health
problems and cancers. This is particularly concerning because as
people age, their bodies' ability (to detoxify) and repair damage
decreases. Although older adults are more susceptible to the
adverse effects of EDs, the mechanisms through which these
disruptors impact health are still being studied. However, it is
clear that the combination of aging and exposure to endocrine
disruptors poses a serious risk. This increased vulnerability
in older adults underscores the need for further research and
preventive measures.'>!6]

Gender
Women

Women may experience more pronounced effects from
endocrine disruptors due to their hormonal cycles, pregnancy
and menopause (this includes a variety of conditions). For
instance: EDs can interfere with menstrual cycles, fertility and
pregnancy outcomes, although the specific mechanisms can vary.
During menopause, however, the decline in estrogen levels can
make women more vulnerable to the effects of EDs, potentially
exacerbating conditions like osteoporosis and cardiovascular
diseases.

Men

Men are also affected by endocrine disruptors, particularly those
that interfere with testosterone levels; exposure to EDs can lead
to reproductive issues such as reduced sperm count, testicular
cancer and other hormonal imbalances. Additionally, EDs can
affect male metabolic health: contributing to obesity and related
disorders, but the extent of these effects may depend on various
factors, including age and overall health.

Dietary Habits
Exposure via Diet

Diet remains a substantial vector for exposure to Endocrine
Disruptors (EDs). Foods contaminated with pesticides, plasticizers
and preservatives can introduce EDs into the human body. For
instance, certain pesticides utilized in agriculture can function
as endocrine disruptors; moreover, plastic containers may leach
chemicals such as Bisphenol A (BPA) into food and drinks.

Pharmacognosy Research, Vol 17, Issue 2, Apr-Jun, 2025



Bhandari, et al.: Role of Phytoconstituents for Endocrine Disorder

(Protective Dietary Choices): Conversely, a diet abundant in
organic foods, antioxidants and phytoestrogens can help mitigate
the detrimental effects of EDs. Organic foods are less likely to
harbor harmful pesticides and chemicals. Antioxidants-found
in fruits and vegetables-can neutralize free radicals and bolster
the body’s detoxification processes. Phytoestrogens, present in
foods like soy, can mimic natural hormones and potentially block
the harmful effects of endocrine disruptors. Although the risks
associated with these chemicals are significant, informed dietary
choices provide a viable means of reducing exposure.

Nutritional Balance

Maintaining a balanced diet that includes adequate vitamins
and minerals is essential for supporting the endocrine system.
Nutrients such as iodine, selenium and zinc play crucial roles in
hormone production and regulation; however, ensuring sufficient
intake of these nutrients can help maintain hormonal balance
and reduce the impact of endocrine disruptors. This balance,
although sometimes difficult to achieve, is vital (because) it
supports overall health.'"”! The human body requires a variety of
nutrients to function optimally: iodine, for example, is necessary
for thyroid hormone synthesis (but) without it, various health
issues can arise. Selenium and zinc are also important: they
contribute to the proper functioning of the endocrine system
by supporting enzyme activity and cellular health. Therefore,

a diet rich in these essential nutrients is not just beneficial but
imperative for maintaining hormonal equilibrium.

Molecular Targets and Signaling Pathways

Within the framework of metabolic illnesses-such as diabetes and
obesity-and the cardiovascular system, natural substances exert
an influence on several common molecular targets (including
MPK (5’-adenosine monophosphate-activated protein kinase),
COX-1/-2, DPP-4, eNOS, NF-kB pathway, Nrf2 pathway, PPAR,
PTPIB and 5-LO). These substances achieve this by inhibiting
the synthesis of fat and cholesterol, promoting fat oxidation,
enhancing mitochondrial biogenesis and facilitating the uptake
of glucose in both adipose tissue and skeletal muscle (Figure 2).

5’-Adenosine Monophosphate-Activated Protein Kinase (AMPK)
specifically is utilized to address metabolic disorders: although
AMPK activation reduces the intracellular production of glucose,
it increases the amount of glucose that cells absorb. Some studies
have linked an AMPK activity deficit to diabetes; according to,
this suggests that drugs capable of both activating and regulating
AMPK could be beneficial in diabetes treatment.®!

The inhibition of pro-inflammatory prostaglandin generation
by COX-1/-2 contributes to the treatment of metabolic issues;
terpenoids, alkaloids, stilbenes, flavonoids and other polyphenols
serve as examples of natural chemicals that may provide

ENDOCRINE DISRUPTION HEALTH RISK MODULATION

RISKFactors

Figure 1: Risk Factors of Endocrine Disorders.
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therapeutic benefits. However, the precise mechanisms through
which these substances interact with molecular targets require
further research.

According to the suppression of the NF-B pathway reduces
the synthesis of pro-inflammatory mediators; however, it
exacerbates metabolic issues. Natural products that function by
activating the Nrf2 pathway include: triterpenes, phytoprostanes,
carotenoids, chalcones, curcuminoids, diterpenes, flavonoids
and other polyphenols. Although activation of this pathway can
help treat diabetes and obesity, it decreases the expression of
lipo- and gluconeogenic genes while increasing the expression
of cytoprotective genes (such as antioxidants). Because of these
effects, the therapeutic potential of these natural products
remains significant.

Restoration of blood glucose levels to their normal state, alongside
the enhancement of insulin sensitivity, is achieved through the
activation of PPAR enzymes. Natural compounds, particularly
polyphenols (such as resveratrol, quercetin and berberine), have
exhibited promising capabilities in modulating and activating
the AMPK pathway;"™” therefore, assisting in the regulation of
diabetes and its related complications.

Activating the Nrf2 pathway induces the upregulation of
cytoprotective genes (including antioxidant genes) and the

downregulation of lipo- and gluconeogenic genes. This
intricate mechanism is harnessed by natural products such as
carotenoids, chalcones, curcuminoids, diterpenes, flavonoids and
a variety of other polyphenols, isothiocyanates, phytoprostanes;
sesquiterpenes, sesquiterpene lactones and triterpenes. Although
the pathways are complex, the potential for these natural
substances to aid in the management of diabetes is significant.

Phytoconstituents
Flavonoids

The role of flavonoids in managing endocrine disorders is
extensive and multi-faceted. Their antioxidant, anti-inflammatory,
hormone-modulating, and insulin-sensitizing properties make
them valuable candidates for both the prevention and treatment
of various endocrine conditions, including diabetes, thyroid
disorders, PCOS and adrenal dysfunction. The dietary inclusion of
flavonoid-rich foods or supplementation under medical guidance
may provide a complementary approach to traditional treatments,
helping improve quality of life and health outcomes for patients
with endocrine disorders. Flavonoids, like catechins, enhance
glucose uptake in tissues by modulating Glucose Transporter
(GLUT) proteins and AMP-Activated Protein Kinase (AMPK),
which plays a role in cellular energy balance. Flavonoids like
quercetin, kaempferol, and luteolin counteract oxidative damage
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Figure 2: Molecular Targets for Endocrine Disorders.
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Phytoconstituent

Curcumin

Berberine

Resveratrol

Quercetin

Epigallocatechin
Gallate (EGCG)

Ginsenosides

Withaferin A

Diosgenin

Forskolin

Puerarin

Thymoquinone

Genistein

Hesperidin

Salvianolic acid B

Silymarin

Table 1: Phytoconstituents, sources and mechanism used for EDs.

Source (Plant)

Turmeric
(Curcuma longa)

Barberry
(Berberis vulgaris)

Grapes (Vitis
vinifera)
Onions, Apples
(Allium cepa)

Green Tea
(Camellia
sinensis)

Ginseng (Panax
ginseng)

Ashwagandha
(Withania
somnifera)

Wild Yam
(Dioscorea villosa)

Co40leus
(Cole41us
forskoh42lii)

Kudzu 43root
(Pueraria
44lobata)
Bl45ack Seed
(Nig46ella sativa)

Soy (Glycine max)

Citrus fruits
(Citrus sinensis)

C36H30016
Danshen (Salvia
miltiorrhiza)

Milk Thistle
(Silybum
marianum)

Molecular Formula

and Type
C,H,0

20 T 6

Diarylheptanoid

C20H18N04
Isoquinoline
alkaloid

C,,H 0, Polyphenol

1273
(stilbene)

C 1 SH 10 —7
(polyphenol)

CZZH ISO 11
Catechin
(polyphenol)

C,H,,0,, Steroidal

427772
saponins

C_H. O Steroidal

28 738 "6
lactone

C_H, O

27742 73
Steroidal saponin

C_H, O_ Labdane

22773477
diterpenoid

CZ 1 HZO 9
glycoside

C,0,(OH), Quinone

derivative

C15H10 5
(phytoestrogen)

C,.H,,0,, Flavanone

28" 734

glycoside

C, H

36 30016

Polyphenolic acid

C.H

25 ZZO 10
Flavonolignan

complex
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O_ Flavonoid

O, Isoflavone

0. Isoflavone

Endocrine
Disorder Use

Diabetes,
Metabolic
Syndrome

Type 2 Diabetes

Diabetes,
Obesity, PCOS

Obesity,
Metabolic
Syndrome
Obesity, Type
2 Diabetes,
Thyroid issues

Diabetes,
Adrenal
insufficiency
Thyroid
imbalance,
Adrenal fatigue

Menopausal
symptoms,
Adrenal issues
Thyroid
disorders,
Weight
management
Menopause,
Osteoporosis

Diabetes, Insulin
resistance

Menopausal
symptoms,
PCOS
Metabolic
Syndrome,
Obesity

Diabetes,
Thyroid-related
heart conditions

Liver support in
Diabetes

Mechanism/Effects

Reduces insulin
resistance,

anti-inflammatory effects.

Activates AMPK,
enhances glucose uptake,
improves lipid profile.

Increases insulin
sensitivity, antioxidant.

Anti-inflammatory,
reduces blood glucose.

Enhances thermogenesis,
antioxidant.

Modulates glucose
metabolism, adaptogenic
effects.

Balances cortisol, reduces
inflammation, boosts
thyroid function.

Precursor to steroid
hormones, supports
hormone synthesis.

Stimulates adenylate
cyclase, increases thyroid
activity.

Phytoestrogenic activity,
supports estrogen
balance.

Antioxidant,
anti-inflammatory,
improves insulin
sensitivity.

Estrogenic effects,
reduces oxidative stress.

Improves lipid profile,
reduces insulin
resistance.

Antioxidant, improves
blood flow.

Antioxidant,
hepatoprotective,
may improve insulin
resistance.
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Phytoconstituent Source (Plant)

and Type
Gallic acid Pomegranate CH,O,
(Punica Phenolic acid
granatum)

in thyroid tissues and may reduce the inflammatory cytokines
involved in autoimmune thyroid diseases. Apigenin and genistein
have been found to inhibit Thyroid Peroxidase (TPO), an enzyme
involved in thyroid hormone synthesis, which may reduce
excessive thyroid hormone levels in hyperthyroidism. Flavonoids,
particularly isoflavones found in soy, have phytoestrogenic effects.
They mimic estrogen and can help balance hormone levels in
PCOS, which is characterized by elevated androgen levels and
estrogen deficiency. Chronic inflammation is a core component
of PCOS pathogenesis. Quercetin and kaempferol possess potent
anti-inflammatory properties, helping to reduce the low-grade
inflammation observed in PCOS. Many women with PCOS
exhibit insulin resistance, which exacerbates hyperandrogenism
and ovarian dysfunction. Flavonoids like epicatechin, genistein,
and apigenin enhance insulin sensitivity and promote glucose
uptake, improving metabolic outcomes in PCOS. Adrenal
glands are vulnerable to oxidative damage due to high metabolic
activity. Flavonoids, with strong antioxidant properties, protect
adrenal cells from oxidative stress, potentially reducing damage
in conditions like Cushing’s syndrome, where cortisol levels are
elevated. Flavonoids like quercetin and kaempferol influence
enzymes involved in cortisol synthesis and metabolism, which
may help manage cortisol imbalances associated with adrenal
disorders.**!

Catechins, also known as flavan-3-ol, are flavonoids with a robust
antioxidant profile that are predominantly found in nutraceuticals,
pharmaceutical formulations and cosmetic products. It was
discovered that the content, particularly (-)-Epicallocatechin-3-
Gallate (EGCG), mitigated disorders like obesity and reduced the
risk of cardiovascular disease by lowering levels of triglycerides
and cholesterol. Studies conducted on rats in vitro indicate
that EGCG and other catechins may reduce hyperglycemia by
enhancing insulin action (and perhaps minimizing cell damage).
Adenosine monophosphate kinase, or AMPK, is also activated
by catechins. Hepatic gluconeogenesis is likewise inhibited by
EGCG.”!

Resveratrol, a polyphenol, has been observed to lower body
fat percentage and reduce white adipose tissue depots in the
epididymal, inguinal and retroperitoneal regions. It primarily
functions by inhibiting the Nuclear Factor B signaling pathway,
which promotes fat oxidation. Moreover, it has been utilized to
protect pancreatic cells against cytokine toxicity. When activating
the sirtuin enzymes (which deacetylate transcription factors
involved in cellular regulation and reduce lipid deposition),
resveratrol also enhances endothelial function, mitigates

408

Molecular Formula Endocrine

Mechanism/Effects References
Disorder Use
Type 2 Diabetes, Antioxidant, [46,47]
PCOS anti-inflammatory,

supports insulin
sensitivity.

atherosclerosis and combats alcoholic fatty liver in diabetic animal
models. The metabolic effects of SIRT1 and AMPK activators
may be elucidated by resveratrol's ability to stimulate AMPK in
the liver; this, in turn, activates downstream SIRT1 by increasing
NAD+NADH. These findings suggest that resveratrol could play
a role in the development of new anti-obesity and antidiabetic
therapies. However, the precise mechanisms remain to be fully
elucidated, but the evidence thus far is promising. Although
more research is needed to confirm these effects in humans,
because the current studies provide a compelling basis for further
investigation, this area of study holds significant potential.*"!

Polyphenols, the
predominantly responsible for the color and flavor that fruits
and meals acquire. These metabolites are found in a variety of
naturally occurring beverages, including red wines, tea, chocolate
and fruits and vegetables. However, the few ingredients within
them that had a significant impact on the treatment of metabolic
issues were anthocyanin, ellagitannin, luteolin, rosmarinic acids,
catechin, resveratrol, rutin, quercetin, diosmin and myricetin.
Although these compounds are varied, their beneficial effects are
well-documented because of their presence in these foods. This is
crucial for understanding their role in nutrition and health.?>-?”)

secondary metabolites of plants, are

Terpenes, Secondary metabolites, predominantly present in
mature plants. They have been found to be more effective than
glibenclamide as a control in reducing blood sugar levels,
according to a study. Their primary mechanism of action involves
inhibiting a transcription factor that plays a role in gene activation,
fatty acid synthesis, cholesterol and triglyceride production. This
downregulation of target genes results in lower levels of cellular
lipids as well as decreased insulin resistance. Additionally,
terpenes were observed to enhance insulin sensitivity, reduce
blood glucose and elevate amylase activity in diabetic mice
treated with strontozomitinamide. When compared to regular
glimperamide, they exhibited a superior effect on insulin
resistance and pancreatic histology.**!

Xanthine, a purine base originating from dietary sources and
metabolic processes, holds considerable importance in managing
various endocrine disorders because of its bioactive properties.
In conditions like type 2 diabetes mellitus: xanthine derivatives
enhance insulin sensitivity and glucose metabolism. Research
has shown that caffeine (a xanthine derivative) stimulates
lipolysis and raises plasma free fatty acids, which can contribute
to improved insulin action and glucose utilization. However,
methylxanthines inhibit phosphodiesterase enzymes-leading

Pharmacognosy Research, Vol 17, Issue 2, Apr-Jun, 2025
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to elevated cyclic AMP (cAMP) levels-which modulates
hormone secretion and action, including insulin and glucagon.
Studies suggest that xanthines can influence thyroid hormone
metabolism by modulating cyclic nucleotide pathways, which
regulate thyroid hormone production and action. Additionally,
methylxanthines have been investigated for their potential role
in reducing oxidative stress (a key factor in the progression of
metabolic and endocrine disorders), including Polycystic Ovary
Syndrome (PCOS). Although the exact mechanisms remain
complex, the potential therapeutic applications of xanthines in
addressing these disorders cannot be understated.®”!

Listing below some plants in Table 1 which possess active
phytoconstituents with their roles in prevention of EDs.

CONCLUSION

Given the complexity (and multifactorial nature) of endocrine
disorders, it becomes evident that a combination of herbal and
pharmaceutical therapies may (in fact) present the most effective
treatment approach. Poly-herbal treatments and drug-herb
combinations seem particularly effective in addressing the
multifaceted nature of metabolic and endocrine dysfunctions.
Furthermore, the use of natural products as complementary or
alternative treatments offers the potential to reduce reliance on
synthetic medications: thereby minimizing the risk of adverse
side effects while promoting overall health and well-being.
However, this approach must be carefully considered because of
the potential interactions between herbs and pharmaceuticals.
Although natural products present numerous benefits, the
intricacies of their interactions with conventional drugs require
rigorous research. This method, albeit promising, is not without
its challenges (but offers a balanced strategy in managing these
complex disorders). Although synthetic medications continue
to be a cornerstone in the treatment of endocrine and metabolic
disorders, the exploration of natural products (particularly
phytochemicals) presents a promising avenue for safer and
more holistic treatments. The therapeutic potential of natural
compounds like flavonoids, resveratrol and catechins, which target
key molecular pathways involved in metabolic regulation, offers
an alternative strategy for managing complex conditions such
as diabetes, obesity and cardiovascular diseases. By integrating
these natural therapies with conventional treatments, a more
comprehensive approach to endocrine health can be achieved;
potentially improving patient outcomes with fewer side effects.
This integration, however, requires rigorous scientific validation
but could lead to significant advancements.
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SUMMARY

The endocrine system is a complex network of glands like the
pituitary gland, hypothalamus, and adrenal glands that regulate
various bodily functions. Disruptions in these glands can
lead to disorders such as diabetes mellitus, Addison's disease,
Cushing syndrome, Graves' disease, Hashimoto's thyroiditis,
hyperthyroidism, hypothyroidism, and prolactinoma. These
disorders have different causes and symptoms but all involve
abnormalities in hormone production or function. Early detection
and management of these disorders are crucial for overall health.
Factors like life stage, gender, and dietary habits can influence the
susceptibility to endocrine disruptors and their effects on health.
Diabetes mellitus results from excess growth hormone affecting
insulin signaling pathways, leading to insulin resistance and
hyperglycemia. Addison's disease is characterized by low cortisol
and aldosterone production, causing symptoms like fatigue and
electrolyte imbalances. Cushing's syndrome involves high cortisol
levels, leading to metabolic issues and weight gain. Graves'
disease is an autoimmune disorder that causes excessive thyroid
hormone production, resulting in symptoms like anxiety and
weight loss. Hashimoto's thyroiditis leads to hypothyroidism due
to immune system attacks on the thyroid gland. Hyperthyroidism
and hypothyroidism involve overactive and underactive thyroid
function, respectively. Prolactinoma is characterized by excessive
prolactin production, affecting reproductive hormones and
leading to symptoms like infertility and erectile dysfunction. Life
stages like infancy, puberty, pregnancy, adulthood, and aging can
impact susceptibility to endocrine disruptors. Gender differences
play a role in how hormones influence health outcomes,
with women experiencing effects related to menstrual cycles,
pregnancy, and menopause. Men may face issues like disrupted
testosterone levels due to endocrine disruptors. Dietary habits can
also affect exposure to endocrine disruptors, with organic foods
and certain nutrients helping to mitigate their effects. Molecular
targets and signaling pathways involved in endocrine disorders
include AMPK, COX-1/-2, NF-kB pathway, Nrf2 pathway, PPAR,
PTP1B, and 5-LO. These targets play roles in processes like fat
synthesis, glucose uptake, and inflammation modulation. Natural
substances like flavonoids and polyphenols can interact with these
targets to help manage metabolic disorders and cardiovascular
Phytoconstituents like catechins, resveratrol,
terpenes have shown promise in regulating hormonal balance
and metabolic functions. These compounds can influence

issues. and
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insulin sensitivity, fat metabolism, and oxidative stress, offering
potential therapeutic benefits for endocrine disorders. Overall,
understanding the complexities of the endocrine system, its
disorders, and the factors influencing their effects is essential for
promoting health and developing effective treatments for these
conditions. Further research into natural substances and their
interactions with molecular targets holds promise for improving

outcomes for individuals with endocrine disorders.
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