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ABSTRACT

Hyperglycemia, characterized by persistently high blood glucose levels due to insufficient insulin
release or insulin resistance, is a major global health concern. The World Health Organization
(WHO) reports a substantial increase in the number of diabetic patients, from 108 million in 1980
to 422 million in 2014, and further to 463 million in 2020. As a result, there has been a growing
demand for medicinal plants to address this issue. Traditional medicine has long recognized
and utilized various medicinal herbs with hypoglycemic properties. This review focuses on eight
specific medicinal plants: Ficus religiosa (Moraceae), Syzygium cumini (Myrtaceae), Momordica
charantia (Cucurbitaceae), Curcuma longa (Zingiberaceae), Ocimum tenuiflorum (Lamiaceae),
Morinda citrifolia (Rubiaceae), Trigonella foenum-graecum Linn. (Fabaceae), and Peganum harmala
(Zygophyllaceae), which have been found to play a significant role in managing hyperglycemia.
The article explores the phytochemical constituents of these plants responsible for their
hypoglycemic effects and elucidates their mechanisms of action. By providing a comprehensive
review of these medicinal plants, this article offers valuable insights into their potential use for
managing hyperglycemia.
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INTRODUCTION

According to WHO, diabetes or hyperglycemia can be defined as
a chronic, metabolic disease that is characterized by a persistent
increased level of blood glucose. The most common type of
diabetes is type II diabetes, which occurs when the body becomes
resistant to insulin or is incapable of making sufficient insulin.

The WHO gives figures showing the linear increase in patients
who have diabetes. In 1980, there were a total of 108 million
diabetic patients, which increased to 422 million in 2014, and
this figure again increased to 463 million in 2020. As a result, the
demand for medicinal plants has increased due to their fewer or
no side effects. The hypoglycemic effect obtained from treatment
with medicinal plants is often due to their ability to improve the
performance of pancreatic tissue, which is done by increasing
insulin secretions or reducing the intestinal absorption of glucose.
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It was reported that medicinal plants with carotenoids, flavonoids,
terpenoids, alkaloids or glycosides can often have anti-diabetic
effects. So, with all of the evidence in mind, the following
medicinal plants have been selected, and their phytochemical
constituent responsible for the anti-hyperglycemic activity is
discussed."!

Ficusreligiosa

Synonyms: Ashwatha, Arara
Family: Moraceae

Genus: Ficus

Species: Religiosa

Ficus religiosa, also known as Pipal in India, has been used for
centuries in Ayurveda for its therapeutic benefits as shown in
Table 1. One of these benefits is its ability to treat hyperglycemia
caused by aggravated kapha dosha. According to Ayurvedic
Pharmacopoeia of India, one action of Ficus religiosa is
Kaphapittavinasa.l”’ In modern science, it is also evident that it
decreases the blood glucose level by initiating insulin release. The
plant contains various bioactive compounds, such as saponins,
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tannins, flavonoids, polyphenolic compounds, and sterols,
contributing to its therapeutic properties. The phytochemical
constituent from the bark, p-sitosterol-D-glucoside, a sterol
glycoside has reported significant hypoglycemic activity."”
Recent studies showed that E religiosa bark-loaded solid lipid
nanoparticles' ethanolic extract decreases blood glucose levels by
stimulating insulin release from B-cells in streptozotocin-induced
diabetic rats.®! It was also reported that up to 2000 mg/kg of
B-sitosterol-D-glucoside can be considered a safe dose.

Other compounds, such as quercetin, myricetin, and isoleucine,
also affect the plant's hypoglycemic effects. Various studies
showed that quercetin enhances cellular glucose uptake and
insulin resistance.”’  Furthermore, myricetin shows its
hypoglycemic activity by reducing the body's serum glucose and
insulin while increasing the expression of the insulin receptor,
glucose transporter 4 (GLUT 4) gene, glucose-6-phosphatase
(G-6-Pase) and Phosphoenolpyruvate Carboxykinase (PEPCK)
gene.['”! Additionally, isoleucine has been found to lower blood
glucose levels by increasing muscle glucose uptake and whole-
body glucose oxidation while reducing hepatic gluconeogenesis.
This means that isoleucine helps the body use glucose more
efficiently and reduces the amount of glucose produced by the

liver, leading to lower blood glucose levels [Figure 1].1"

Syzygium cumini

Synonyms: Jambolan, Indian Blackberry
Family: Myrtaceae

Genus: Syzgium

Species: S. cumini

Syzygium cumini, commonly known as "jamun" in India, is
a widely used medicinal plant with various health benefits,
particularly in managing blood sugar levels as shown in Table
2. Its hypoglycemic properties are attributed to its ability to
decrease insulin resistance, improve the functioning of p-cells in
the pancreas, and reduce free radicals. The plant also promotes
the activity of different enzymes, such as catalase glutathione-s-
transferase. Among the different parts of the jamun plant,
the seeds are most commonly used for their hypoglycemic
properties. They contain ellagic acid, a polyphenol known for
its blood sugar-lowering effects. Studies have shown that the
ethanolic extract of jamun seeds reduces blood glucose levels
by up to 42.85% in diabetic mice by enhancing insulin secretion
from p-cells.!'”

Additionally, other studies have confirmed that administering
jamun seed extract at doses of 200 mg/kg and 400 mg/kg
for 15 days can reduce blood glucose levels by up to 65%.1
Other chemical constituents identified from Syzgium cumini
responsible for hypoglycemic activity include jambosine, a
water-soluble alkaloid known to reduce blood sugar levels by
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inhibiting the conversion of starch into glucose."” Additionally,
anthocyanins and flavonoids lower blood glucose levels by
improving glucose uptake by skeletal muscles and adipose tissues.
Tannins also show hypoglycemic activity by improving glucose
homeostasis by increasing insulin secretion and reducing insulin
resistance [Figure 2].

Momordica charantia

Synonyms: Bitter gourd/ melon, Bitter apple
Family: Cucurbitaceae

Genus: Momordica

Species: M. charantia

charantia, known as karela in Hindi and
Karavallaka in Sanskrit, contains several plant chemicals such
as polypeptide-p and charantin that work similarly to insulin,
helping to lower blood glucose levels as depicted in Table 3. It was
also established that they might enhance cellular glucose uptake
and processing.”” Indian Ayurveda also established that fresh
juice of Karavallaka (karela) at the dose of 10-15 mL is helpful
in the treatment of "prameha," i.e., diabetes.?” Several scientific
studies also showed that karela extract at 200 mg/kg for 45 days
increases insulin secretion and decreases oxidative stress in

streptozotocin-induced diabetic rats.

Momordica

Various studies identified the chemical constituents involved in
the hypoglycemic action, such as charantin, a mixture of two
steroids, which lowers blood glucose levels by increasing insulin
sensitivity and reducing glucose production in the liver.””
Vicine and convincing also stimulate insulin secretion and
improve glucose uptake.?®! Apart from treating hyperglycemia,
the essential oil extracted from seeds of Momordica charantia
is also known for the normalization of metabolic changes such
as alteration in lipid profiles, urea, enzymes, and protein that
occurs due to the persistent increased blood glucose level in
streptozotocin-induced diabetic rats [Figure 3].%")

Curcuma longa

Synonyms: Harira, Haldi
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Figure 1: Phytoconstituents of Ficus religiosa.
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Table 1: Phytochemical constituents of Ficus religiosa with therapeutic activity.*

Sl. Part Chemical constituents Therapeutic activity

No.

1. Seed Caoutchoue, Albuminiods. Laxative.

2. Root Bark B-sitosteryl-D-glucoside. Hyperglycemia.

Stem Bark B-sitosteryl-D-glucoside, Methyl oleanolate, Anti-bacterial, Astringent, Burns.
n-octacosanol, Stigmasterol, Lupen-3-one, Lanosterol.

4. Leaves Compesterol, Stigmasterol, Isofucosterol, Lupeol, Gonorrhoea, Asthma, Gastric problems,
Serine, Aspartic acid, Tryptophan, Tyrosine, Hexa- Vomiting, Cough.
cosanol, n-octacosan.

5. Fruits Isoleucine, Phenylalanine, Phytosterolin, - sitosterol,  Paralysis Tuberculosis, Fever,
Kaempeferol, Quercetin, Myricetin. Hyperglycemia.

Table 2: Phytochemical constituents of Syzygium cumini with therapeutic activity.!'>"'¥

Sl. Part Chemical constituents Therapeutic activity

No.

L. Seed Jambosine, Ellagic acid, Gallic acid, Uorolagin, Hyperglycemia, Anti-oxidant,
3-galloylglucose, B-sitosterol, 3,6, m- Anti-Inflammatory.
hexahydroxydiphenoylglucose, Ellagitannins.

2. Stem Bark Betulinic acid, B-sitosterol, Ellagic acid, Eugenin, Gallic Digestive, Bronchitis, Ulcers,
acid, Myricetin, Quercetin, Kaempferol. Astringent, Anti-helmintic, Dysentry,

Hyperglycemia.

3. Leaves Acylated flavonol glycosides, Quercetin, Myricetin, Opium poisoning, Diabetes, Renal

Myricitin, Esterase, Galloyl carboxylase, Triterpenoids. =~ Problems, Stomachache, Indigestion,
Jaundice.
4. Fruits Cyanidin diglycoside, Raffinose, Petunidin-3- Hyperglycemia, Chronic diarrhea,

gentiobioside, Malvidin-3-laminaribioside,
Anthocyanins, Delphinidin-3-gentiobioside.

Family: Zingiberaceae
Genus: Curcuma
Species: longa

Curcuma longa L. belongs to the family Zingiberaceae and
is cultivated in south-east Asian countries. A phytochemical
constituent known as curcumin (diferuloylmethane),
extracted from Curcuma longa rhizomes, is used as an active
pharmaceutical ingredient for the treatment of many chronic
diseases as it possesses multiple therapeutic properties. Still, it
is primarily known for its anti-diabetic effect as shown in Table
4. Several mechanisms have been proposed for the action of
curcumin, such as curcumin enhances insulin sensitivity and
signaling, leading to improved glucose uptake and utilization by
cells.®! Another proposed mechanism is that curcumin inhibits
the activity of certain enzymes involved in glucose metabolisms,
such as alpha-glucosidase and aldose reductase. By inhibiting
these enzymes, curcumin may slow down the breakdown and
absorption of carbohydrates, leading to a more gradual and

sustained release of glucose into the bloodstream [Figure 4].1°?
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Figure 2: Phytoconstituents of Syzygium cumini.

Recent studies showed that extract of Curcuma longa rhizomes
with fruit extract of Emblica officinalis at 1000 mg/kg is more
effective than metformin, a first-class anti-diabetic drug, in
loweringthebloodglucoselevelinstreptozotocin-induced diabetic
rats. Additionally, curcumin postpones diabetes advancement,
improves B-cell capacities, forestalls B-cell passing, and decreases
insulin obstruction in creature models.*” Turmerone, on the other
hand, is an essential oil and a sesquiterpene compound found in
turmeric. It is one of the significant components of the essential
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Table 3: Phytochemical constituents of Momordica Charantia with therapeutic activity.!'®2"

Therapeutic activity

Hyperglycemia, Ulcers, Intestinal
Parasites.

Hyperglycemia, Hodgkin's Lymphoma,
Demulscent, Digestion, Constipation.

Menstrual troubles, burning sensation,
Colic infections, Hepatitis, Wound
infections, Piles, Alcoholism, Cholera.
Asthma, Hyperglycemia, Cough,
Constipation, Leprosy, Gout.

stamped decline in peroxidized lipid levels.** It was additionally
reported that ethanolic concentrate of tulsi essentially diminishes
the blood glucose levels, glycosylated hemoglobin, and urea with
an increment in glycogen, hemoglobin, and protein.**! These
concentrates likewise brought about an increment in insulin

Sl Part Chemical constituents

No.

1. Seed Amino acids (leucine, valine, phenylalanine, glutamic acid,
threonine, methionine, isoleucine), Vicine, Convicine.

2. Plant Body  Cryptoxanthin, Cucurbitacins, Cucurbitanes, Diosgenin,
Momordicine, Momordin, Charantin, Polypeptide- p
insulin, Ascorbigen, Glycosides, Proteins, Cucurbitins,
Saponins, Fixed oils, Alkaloids, Cucurbitane-type
triterpenes, Cycloartenols, and Steroids.

3. Leaves Calcium, Potassium, Magnesium, Phosphorous, Iron, and
Vitamins.

4. Fruits Fatty acids (palmitoleic, linolenic, stearic, Lauric, myristic,
palmitic, oleic, linoleic).

Amino acids (serine, glutamic acid alanine, threonine,
g-amino butyric acid, aspartic acid, pipecolic acid).
e S
Vicine and Convicine A Ay
Stimulates insulin secretion and improves glucose uptake IF,,
harantin ] s :
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Figure 3: Phytoconstituents of Momordica charantia.

oil of turmeric and is responsible for its characteristic aroma.
Turmerone has been found to have various biological activities,
including anti-inflammatory, antioxidant, and hypoglycemic
effects. In particular, ar-turmerone, a specific type of turmerone,
has been shown to improve glucose uptake and insulin sensitivity
in animal studies.”

Ocimum tenuiflorum
Synonym: Holy basil, Tulsi
Family: Lamiaceae

Genus: Ocimum

Species: tenuiflorum

Ayurveda Surasa rasa (tulsi juice) is established for its numerous
therapeutic effects as shown in Table 5. In modern science, leaves
of Ocimum sanctum are utilized in treating diabetes mellitus
as they contain eugenol.?”) Various studies reported that blood
glucose levels could be lowered after administering tulsi leaves
for up to 30 days in a portion of 2 g/kg. It will result in a massive
rise in degrees of superoxide dismutase, reduced glutathione, and
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and peptide levels and glucose resistance. With so many benefits
coming with tulsi extract, one limitation also comes along, which
is the poor aqueous solubility of eugenol. Still, this limitation can
be overcome by formulating the nanoformulations of eugenol,
such as liposomes, micelles, nanocapsules, and so on, to enhance
the bioavailability.[*"!

There are also some other chemical constituents reported
from Ocimum tenuiflorum which are responsible for lowering
blood glucose, such as ursolic acid, which increases glucose
uptake by peripheral tissues and inhibit gluconeogenesis in
the liver, possibly through the activation of the AMP-activated
protein Kinase (AMPK) signaling pathway.! Then there is
rosmarinic acid which stimulates glucose uptake by peripheral
tissues, possibly through the activation of the insulin signaling
pathway.*?! Additionally, methyl eugenol is reported to increase
insulin sensitivity and glucose uptake by peripheral tissues,
possibly through the activation of protein kinase B or Akt
signaling pathway [Figure S5].1%

Morinda citrifolia
Synonyms: Indian Mulberry
Family: Rubiaceae

Genus: Morinda

Species: M. citrifolia

Morinda citrifolia, commonly known as noni, has gained the
spotlight in the past few decades for its various therapeutic
properties as shown in Table 6. These properties include
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Table 4: Phytochemical constituents of Curcuma longa with therapeutic activity.2s-2%

Sl Part Chemical constituents

No.

1. Rhizomes Curcumin, Turmerone.

2. Leaves Eucalyptol, a-pinene, -phellandrene, B-pinene,
Limonene.

3. Stem Fibers containing cellulose content of about 50%, Lignin
content (12%).

4. Flower p-cymen-8-ol and Terpinolene.
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uptake and regulate carbohydrate metabolism

eth

Cyclocurcumin

Figure 4: Phytoconstituents of Curcuma longa.

immunostimulatory, anti-diabetic, anti-obesity, anti-bacterial,
antiseptic, anti-oxidant, and neuroprotective activities. Noni
has become popular as a hypoglycemic agent due to its ability
to stimulate P-cells of the pancreas to secrete more insulin,
thereby maintaining normal blood glucose levels. Research has
shown that noni fruit extract containing phenols and flavonoids
significantly improves insulin resistance, oxidative stress,
glycolipid metabolism, and blood glucose levels through the
AMPK pathway in diabetes mellitus type 2 mice.l*® Additionally,
noni juice has improved glucose metabolism via phosphorylation
of the transcription factor FOXO1.

Also, Morinda citrifolia has various other reported chemical
compounds responsible for hypoglycemic activity such as
damnacanthal, which hasbeen shown to inhibitalpha-glucosidase,
an enzyme responsible for the breakdown of carbohydrates in
the intestine, thereby reducing the absorption of glucose.[”!
Furthermore, scopoletin has been reported to increase glucose
uptake in skeletal muscle cells and adipocytes by stimulating
the translocation of glucose transporter type 4 to the plasma
membrane.
lower blood glucose levels by inhibiting alpha-glucosidase activity
and reducing glucose absorption in the intestine.”*! Additionally,
ursolic acid, a triterpenoid, has been shown to improve insulin
sensitivity and reduce blood glucose levels in diabetic mice and
lastly, kaempferol, which is another flavonoid that has been
shown to improve glucose uptake in muscle cells by stimulating
the AMP-activated protein Kinase (AMPK) pathway [Figure S6].

81 Quercetin, a flavonoid, has also been reported to
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Therapeutic activity

Hypoglycemic.

Anti-microbial properties, including
antifungal and anti-bacterial activity.
Anti-microbial activity against both
gram-positive and gram-negative bacteria.

Sedative, Insect repellent, Mosquitocidal
activity.

Trigonella foenum-graecum Linn

Synonyms: Fenugreek
Family: Fabaceae

Genus: Trigonella

Species: T. foenum-graecum

Fenugreek is a plant that has been used for medicinal purposes
for centuries. It is commonly used as a spice in Indian and Middle
Eastern cuisine and has been shown to have hypoglycemic
effects. In addition to its hypoglycemic effects, fenugreek has also
been shown to have other health benefits as shown in Table 7.
Fenugreek seed has a long history of use as a substance that can aid
digestion, act as an expectorant, promote bowel movements, and
soothe the digestive tract. The mature fenugreek seed comprises
various
polysaccharides, fixed oils, and alkaloids, such as trigonelline
and choline. Flavonoids such as quercetin, vitexin, and isovitexin
have been identified in fenugreek seeds. These compounds have
been shown to have antioxidant and hypoglycemic effects and
may also stimulate insulin secretion from pancreatic beta cells.l*”
Trigonelline also improves glucose uptake by peripheral tissues
and hence shows hypoglycemic action. The high content of
soluble dietary fiber, particularly galactomannan, is also known
to slow down glucose absorption from the intestine, resulting in a
lower postprandial blood glucose level.

active components, including fibers, flavonoids,

In addition to these constituents, the seed also contains amino
acids, fatty acids, vitamins, and saponins, such as diosgenin,
gitogenin, neogitogenin, homorientin, saponaretin, and
trigogenin which are also responsible for hypoglycemic effect.
The hypoglycemic effects of fenugreek are believed to be due to
its ability to improve insulin sensitivity and secretion [Figure
S7]. Several studies have investigated the potential of fenugreek
to help manage hyperglycemia and found that fenugreek seed
powder supplementation for 12 weeks improved fasting blood
glucose levels and insulin resistance in type 2 diabetic patients.**

While examining the bioactive compounds in T. foenum-
graecum seeds, it was noted that 4-Hydroxyisoleucine (4-HIL),
a non-proteinogenic amino acid, was the predominant marker.
This compound has been documented to exhibit significant
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Table 5: Phytochemical constituents of Ocimum tenuiflorum with therapeutic activity.53¢!

Therapeutic activity

Anti-cancer, Anti-diabetic,
Anti-bacterial.

Anti-bacterial.

Antioxidant and Anti-inflammatory.

Anti-bactericidal, Anti-inflammatory,
Antioxidative, Anti-ulcer, Anti-diarrheal
Chemopreventive, and Hypoglycemic.

Therapeutic activity

Tooth decay, Urinary tract ailments,
Gonorrhea, Hyperglycemia.

Anti-septic, Menstruation, beri-beri,
Anti-hyperglycemic, Malnutrition.

Sl. Part Chemical constituents
No.
1 Leaves Eugenol (70%), Carvacrol (3%), and Eugenol-methyl-
ether (20%).
2 Flower, aerial Basilol, Ocimol, a-phellandrene, 1,8-cineole,
parts a-pinene, Limonene, Citronellol, p-cymene.
Stem Saponins, Flavonoids, Triterpenoids, and Tannins.
4 Whole plant Rosmarinic acid, Coumarin, Quercetin, oleanolic
acid, Carvacrol, Rosmarinic acid, Eugenol, Ursolic
acid, Linalool.
Table 6: Phytochemical constituents of Morinda citrifolia with therapeutic activity."*445!
Sl. Part Chemical constituents
No.
1. Fruits Anthraquinones (damnacanthal), Iridoid glycosides,
Triterpenoids (ursolic acid), Flavonol glycosides,
Quercetin, Ketones, Saccharides, Rutin, Vanillin.
2. Roots Anthraquinones (damnacanthal, rubiadin),
Naphthoquinone derivatives, and Sterols.
3. Leaves Roseoside, Phytol, Barbinervic acid, Clethric

acid, Hederagenin, Oleanolic acid, Asperuloside,

Chlorophyll derivatives.

anti-diabetic effects and various other pharmacological
activities.” Studies investigating the potential anti-diabetic
properties of 4-HIL have determined that its ability to lower
blood glucose levels is attributed to its ability to stimulate insulin
secretion. This insulinotropic effect was first demonstrated using
isolated perfused rat pancreas, human pancreatic islet cells, and
isolated rats. Furthermore, it was found that 4-HIL enhances
insulin secretion in response to glucose within the concentration

range of 100 pmol/L to 1 mmol/L.5%

Peganum harmala

Synonyms: Syrian rue, African rue
Family: Zygophyllaceae

Genus: Peganum

Species: Peganum harmala

Peganum harmala, commonly known as Syrian Rue, is a
perennial herbaceous plant native to Central Asia and the eastern
Mediterranean region. It has been used for centuries in traditional
medicine for its various therapeutic properties, including
hypoglycemic activity as shown in Table 8. The hypoglycemic
activity of Peganum harmala is believed to be due to the presence
of several bioactive compounds, including harmine, harmaline,
harmalol, and 4-hydroxypipecolic acid (4-HPA), which has been
shown to enhance glucose uptake and utilization in cells, increase
insulin secretion, and improve insulin sensitivity [Figure S8].5%

Pharmacognosy Research, Vol 16, Issue 1, Jan-Mar, 2024

Purgative, Cough, Enlarged spleen,
Inflammation, Rheumatism, Ulcers.

The mechanism of harmine, harmaline, and harmalol in reducing
blood glucose levels is thought to involve the inhibition of the
alpha-glucosidase enzyme, which is responsible for breaking
down complex carbohydrates into simple sugars in the intestine.
By inhibiting this enzyme, glucose absorption is slowed, lowering
blood glucose levels.=!

RESULTS AND DISCUSSION

The selected medicinal plants have been studied for their
therapeutic properties for many years, dating back to ancient
Ayurvedic practices. Modern science has also confirmed
their effectiveness in treating hyperglycemia through various
mechanisms. For example, phytochemical constituents in plants
can increase insulin secretion from (-cells of the pancreas or
reduce insulin resistance through different mechanisms.

Despite the established efficacy of herbal formulations, humans
still tend to rely more on synthetic drugs. However, herbal
formulations offer several advantages over synthetic drugs, such
as fewer or no side effects, and are an attractive alternative. In
the past, limitations such as solubility and bioavailability of
phytochemical constituents have hindered the development
of effective herbal formulations. However, modern techniques
have the potential to overcome these limitations, and herbal
formulations are increasingly being studied as potential
treatments for various ailments, including hyperglycemia.

In conclusion, the cited plants have the potential to be used in many
formulations that may prove to be more effective than synthetic
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SI.

No.

Sl.

No.

SI.

No.

16

Table 7: Phytochemical constituents of Trigonella foenum-graecum Linn. with therapeutic activity.55"

Part

Seeds

Leaves

Roots

Chemical constituents

Trigonelline, Diosgenin, 4- hydroxyisoleucine

(4- HIL).

Polyphenols, Flavonoids (orientin, vitexin, isovitexin),

Carotenoids, Vitamin A, C, and K.

Polysaccharides, Saponins (yamogenin, gitogenin,
tigonin), Flavonoids, Alkaloids.

Therapeutic activity

Anti-diabetic, Antioxidant,
Neuroprotective, Anit—inﬂammatory.

Antioxidant, Anti-cancer,
Anti-hypertensive, Anti-diabetic.

Immunomodulatory, Anti-tumor,
Cholesterol-lowering effect.

Table 8: Phytochemical constituents of Peganum harmala with therapeutic activity.!”

Part

Seeds

Leaves

Roots

Chemical constituents

Harmine, Harmaline, Harmalol.

Kaempferol, quercetin.

Scopoletin, Isofraxidin.

Therapeutic activity

Anti-inflammatory, Anti-cancer,
Anti-microbial, Anti-diabetic, Anti-viral.

Anti-diabetic, Anti-inflammatory,
Anti-microbial.

Anti-inflammatory, Anti-tumor,
Anti-microbial.

Table 9: Patent formulations of phytochemical constituents extracted from the above-cited plants.

Patent Name/ Patent Inventors

Number

US Patent (8859020) Benny Antony
(Arjuna Naturals
Extract Ltd.).

US Patent (9192644) Verdure Sciences

EP Patent 1993365 Inc.

European Patent Office  San Ei Gen FFI Inc

EP1832659A1 Suntory Holdings
Ltd.

EP1124561A1 Merck Patent
GmbH.

EP1721532 Bl Alkayali Ahmad
(Collagen

Nutraceuticals Inc).

Invention
Description

BCM9 95
(Curcugreen); a
formulation of
curcumin combined
with turmeric essential
oil.

Longvida®, a
formulation
comprising natural
high-curcumin
turmeric extract and
ethylene dichloride.

The composition
contains a mixture of
quercetin glycosides.

The composition
contains isoquercetin,
quercetin-4’-glycoside,
rutin and quercetin.
The formulation
contains pomegranate
polyphenol extract

in the form of fine
powder.

Therapeutic Action  References
Improves the [60]
bioavailability of

curcumin.

Improves the [61]
bioavailability of

curcumin.

Improves [62]
vivo-absorbability and

in vivo antioxidant

activity.

Antioxidant. [63]
Food supplement. [64]
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drugs. By harnessing the benefits of herbal formulations, we may
develop more effective treatments with fewer side effects. While
modern science has made great strides in this area as shown in
Table 9, there is still much to be discovered and researched to
realize herbal medicine's potential fully.
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Figure S5: Phytochemical constituents of Ocimum tenuiflorum. Figure S7: Phytochemical constituents of Trigonella foenum-graecum Linn.

Figure S6: Phytochemical constituents of Morinda citrifolia. Figure S8: Phytochemical constituents of Peganum harmala.
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