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Abstract

Medicinal plants are the alternate source of medicine that performs dynamic biological functions due to the presence of
certain bioactive compounds. This current review has also emphasized progress in the therapeutic effects of luteolin.
Epidemiological pieces of evidence recommend that flavonoids may play a significant part in the reduction of chances
of persistent illnesses related to a diet regimen that may be plentiful in plant-determined food sources. Luteolin shows
particular anti-inflammatory reactions via its effects on fibroblast cell multiplication and immigration as well as anti-
carcinogen activities, which may somewhat have been clarified through its antioxidants by free radical scavenging
capacity. It is exposed for infiltration into human skins, enabling it an aspirant for avoidance as well as management of
skin malignancy. It is also reported for anti-diabetic, and neurodegenerative effects in human beings. Diabetic wounds
are prevalent health problems that affected about 16% of individuals with diabetes. Flavonoids are consistent
constituents of plants utilized in traditional medication for the treatment of the extensive scope of infections. Luteolin
has the capacity to repress angiogenesis, for promotion of apoptotic cell death, to anticipate carcinogenesis in creature
models, to decrease tumor development in vivo, and to sensitized cancerous cells to cytotoxic impacts of several anti-
cancerous medications endorses that this flavonoid has chemo-preventive and chemo-therapeutic potentials. Inhibition
of ros, restraint of topoisomerases i and ii, a decrease of nf-kappa b and ap-1 movement, adjustment of p53, and
hindrance of pi3k, stat3, igf1r, and her2 are conceivable processes engaged with the organic exercises of luteolin.

Keywords: Reactive oxygen species; Nuclear factor-kappa B; Active protein; Insulin-like growth factor 1;
Phosphoinositide 3-kinases; Signal transducer and activator of transcription 3

1. Introduction

The herbal medications are provided medicine from major traditional systems. Around 90% of plant medicine and herbs
are collected from the Indian forest. About 100 plants are newly introduced that produced new drugs in the market of
the USA from 1950-1970. In the 1980s, Americans are promoted to a healthy lifestyle by using medicinal plants for
illness treatment. In 1994 USA is greatly changed in the health dietary supplement and adjustment the medicinal plants
in food [1]. In 2000 reported that herbal medicinal uses are improved and beneficial for health. Many countries like
China, India, and Pakistan have used herbal medicine [2]. In Pakistan, more than 6000 species of plants are present,
which is mostly in northern areas. But 600 to 1000 plants show medicinal properties. About 350 to 400 plants are used
for the herbal medication [3,4].
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Some drugs are produced from higher plants such as reseinnamine, vincristine, and deserpidine. Medicinal plants are
providing a large number of drugs to eliminate infection and disease despite advancements in synthetic drugs [5]. Many
plants are also derived for the importance of drugs. The use of plants as medicine is increasing day by day all over the
world. In recent research, plants and herbs have greater development in pharmacological and traditional medicines
[6,7].

Medicinal plants contain secondary metabolites and compounds like alkaloids, flavonoids, and terpenoids. Flavonoids
have therapeutic potency against anti-microbial activates. The plants derive from drugs are introduced from modern
medicines that are linked to the plant material as an original cure in the traditional medicine system [8,9]. Some plants
showed many properties like anticancer, antifungal, antidiabetic, antioxidant, and anti-inflammatory activities. The
drugs derived from plants are used for skin disease, jaundice, hypertension, mental illness, and cancer. Medicinal plants
and traditional medicines are used in many developing countries to maintain good health and oral disease that are the
major health problem and infectious diseases. Oral health directly affects health that is linked to the chronic and causes
many diseases [10]. All over the world, a lot of people died due to disease and lack of health care. In many countries,
diseases are often due to malnutrition. In many countries, health care units are not established yet as they suffered from
many diseases and lack of medicines [11,12].

Medicinal plants have traditional importance and industries of a pharmaceutical cannot be overemphasized. The herbs
are used as a treatment for many diseases in industrialized societies, universal. In pharmaceuticals, physicians currently
used herbal remedies include aspirin, quinine, and opium. Usage of medicinal plants is increased day by day all over
the world [13]. Medicinal plants are used to maintain physical and mental health to treat specific conditions. The
industrialized country is used plant medicines considered as “complementary and alternative” medicine. Traditional
medicine maintains the popularity of all developed countries and industrialized country [14,15,16].

The chemical drugs act quickly but it has many negative side effects on the human body as compared to the medicinal
plants that showed little probiotic and no side effect on our human body. In human culture, development uses of the
medicinal plant are religious significance and regard to the health disease [17,18]. About 3000 years ago a large quantity
of plants is used to treat health care like traditional medicine in India, Africa, China, and Western standards. WHO
(World Health Organization) are reported that 80% of the earth's population on traditional medicine for primary health
needs, most are involved in therapy by use of plant extract and active components [19,20,21].

1.1. Bioactive Compounds

Bioactive compounds encourage good health in our bodies. Bioactives are molecules that may have the therapeutic
effect of mitigating pro-inflammatory, oxidative, and metabolic conditions [22]. Epidemiologic research shows higher
consumption of food riches in bio-active are anti-oxidative components like vitamins, phytochemicals, and mainly
phenolic compounds that may have optimistic effects on human’s fitness, which can decrease the chances of several
disorders, such as tumors, cardiovascular disorder, stroke, Alzheimer's disorder, diabetes, cataracts, and age-related
fatty disease [23]. Such as indoles, lignin, lycopene, resveratrol, and tannins are bioactive compounds. In foods,
especially fruits, vegetables, and whole grains, bioactive compounds are present in small amounts that are good for
health.

Bioactive compounds can modify metabolically procedures like antioxidant effects, receptive activity suppression,
enzyme inhibition or induction, as well as induction/ inhibition of gene expression [24]. Several bioactive compounds
are present in fruits, vegetables, or by-products, compounds such as phenol compounds, flavonoids, and carotenoids.
This study focuses on “luteolin” as a bioactive compound found in fruits, vegetables, and by-products for daily use [25].

1.2. Classification of bioactive compounds

The major groups of bioactive compounds are phenolic compounds, alkaloids, terpenes, and terpenoids. In-plant
materials, phenolic compounds are a key element in the human diet.

The biological properties of such bioactive compounds include antioxidants, anti-allergenic, anti-inflammatory, anti-
microbial, and cardioprotective substances [26]. The most commonly found phytochemical classes of these compounds
are important in the physiological and morphological activity of plants. In their growth and reproduction, they play an
important part. In addition to the color and sensory characteristics of fruits and vegetables, they protect against
predators and pathologists [27].
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The phenolic content varies greatly between various fruits and vegetables, also varies between the same fruit and
vegetables, depending on their complexity, geographical distribution, and the methods of extraction. Based on their
processing and storage conditions, the amount of these compounds is recoverable [28].

Flavonoids class of polyphenol compound that’s structure contains benzo- y-pyrone. This is synthesized through the
phenylpropanoid pathway [29,30]. Flavonoids are low molecular weight molecules in the structure of C6-C3-C6. They
have 2 aromatic rings connected with a bridge of carbon rings, structurally furthermore, enlisted as flavones,
flavonones, isoflavones, flavonols, and anthocyanin [31]. It is present in the human diet in the foam of flavonols,
flavones, and Isoflavones. Flavonoids are responsible for taste, color, and also provide vitamins. Flavonoids show many
pharmacological activities. Flavonoids are produced as a phenolic compound in response to plant microbial infection.
Flavonoid nature depends on its class, structure, polymerization, and hydroxylation [32]. The flavonoids act as
secondary defense like antioxidant activity to release biotic and abiotic stress in the tissues of plants. Its presents on the
mesophyll cells where ROS generation occurs. Flavonoids also work as a growth factor of plant-like auxin.

In vitro and in vivo flavonoids act as dietary components which show promote the health effects [33]. Many studies
reported that flavonoids are helpful against infection and diseases like cancer, neuroprotective disease, cardiovascular
disease, and other biological disease in humans [34]. Due to their strong redox ability, flavonoids are an essential source
of antioxidants, which enable them to be reduction agents. Flavonoid intake in high concentration helps reduce
cardiovascular-related disorders [35]. Their vitamins, minerals, phytochemicals, and faster material make vegetables
valuable for human health. The importance of human health is performed by antioxidant vitamins such as vitamin A,
vitamin C, and vitamin E as well as food-borne fiber [36].

One of our most important dietary elements is vegetables. Vegetables provide our everyday activity with nutrients. As

a source of nutrients, vegetables contain many bioactive substances that can be resistant to human diseases [37]. They
are also an energy source. Vegetable folate is required for the production of new red blood cells in our bodies [38].
Vegetables have a lot of essential and life and body-saving nutrients. They include polyphenols and other bioactive
substances for chronic disease prevention. Around 2.7 million deaths will be avoided by enough intakes of vegetables
and fruits [39].

Vegetables also provide a major source of dietary fiber, although these vegetable ingredients are not clearly defined,
vegetable fibers help transport the bioactive compounds from the intestine to the colon. Dietary vegetable fiber lowers
blood cholesterol and decreases cardiovascular diseases [40]. Some commonly occurring medicinal plants containing
luteolin as bioactive compound enlisted in Table No. 1 with their biological activities.

Table 1 Some commonly occurring medicinal plants with their biological activities

Medicinal plant Properties

Neem (Azadirachta | A. Indica (Neem) showed anti-inflammatory activity via NF-kf (nuclear factor- kf3) in the

indica) signaling pathway of cancer. It also acts as a transcription factor. When neem is used as a
treatment of cancer cells it shows the inhibition of carcinogenesis to the signal transducer
expression, AP-1 (activator protein 1) and STAT1 by an over [41].

Tulsi (Ocimum | O. tenuiflorum (Tulsi) is used in the treatment of pyrexia and bronchitis and it is also used

tenuiflorum) in the treatment of asthma, dyspnea, and epilepsy [42]. Tulsi is used in many skin disorders,
like itching of the skin, rashes, and insect bites [43].

Mint (Mentha | M.piperta (Mint) is used for many centuries as herbal tea, flavoring agent. Mint has many

piperita) properties act as anti-inflammatory, anti-allergic, insecticidal agents, and stomach tonic,

also use as a mouth freshener for breath. Mint benefits for cooling in skin due to menthol
and rosmarninic acid in mint leaves are beneficial to improving circulation of blood and skin
hydrates [44].

Parsley (Petroselinum
crispum)

P.crispum (Parsley) is one of the herbs which has low calorific herb. Its leaves are beneficial
to control fats and cholesterol. It is rich in antioxidants, minerals, nutrients, and dietary fiber
[45].

Aloe (Aloe vera)

A.vera (Aloe) also exhibits anti-diabetic, anti-microbial, and anti-inflammatory
activity. The moisturizing effect of skin is occupational exposure by use Aloe vera gel on
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the skin. It decreases the wrinkle of acne. The Aloe vera gel is given a cooling effect on the
skin [46].

Fenugreek (Trigonella | T.foenum-graecum (Fenugreek) is used in the treatment of leg edema, weakness and

foenum-graecum) also to cure fever, blindness, and indigestion. The benefit of this herb is dyslipidemia
like diabetes, chronic and obesity [47].

Lemon Grass | C.citratus (Lemongrass) many bioactive compounds are present that are important for the

(Cymbopogon medicinal value. Due to its properties, it has many pharmacological applications [48].

citratus) Lemongrass is commonly used in tea due to its properties like anti-oxidant, anti-bacterial,
and anti-inflammation. Its tea is non-toxic [49].

Khus  (Chrysopogon | C.zizanioides (Khus) roots are famous for their cooling properties and their perfume. It has

zizanioides) antipyretic, antiseptic, and anti-inflammatory characteristics. It helps reduce blood
pressure, blood sugar, and insomnia [50].

Ajwain T. ammi (Ajwain) seeds contain nutrients such as para-cymene, limonene, and b-

(Trachyspermum pinene, and fiber are present [51]. Ajwain possesses many properties like antiseptic,

ammi) antiviral, hepatoprotective, antiulcer, anesthetic, antimicrobial, antihypertensive [52]. Its oil
is also used in perfume and toothpaste [53].

Garlic (Allium | A.sativum (Garlic) is used in many treatments like a metabolic disease, diabetes,

sativum) hyperlipidemia, atherosclerosis, and cardiovascular disease [54]. It also showed anti-
viral, anti-bacterial, and anti-fungal activities. The supplementation of garlic reduces the
risk of cardiovascular diseases, hypertension [55].

1.3. Discovery of luteolin

Chevreul isolated luteolin for the first time as a bioactive compound in 1833 from Reseda luteola commonly known as
yellow weed. It is isolated in the form of yellowish crystalline substances [56]. Luteolin is a bioflavonoid present with
a prolonged history of pharmaco-therapeutic usage in various food products and herbs like Artichoke, one of the world's
finest 'medicinal plants' [57]. Luteolin is present in a glycosylated form in green peppers, Perilla leaves, celery, and
glycones form in another vegetable, for instance, Perilla seeds [58].

Normally, luteolin found in plants in the form of luteolin-7-0-glucuronides, luteolin-5-O-glucuronide or luteolin-3’-
Glucuronide. Luteolin can be utilized in pharmaceutical formulations because of its biological activity in plants [59]. For
example, plants such as Mentha, salvia, Origanum and Perilla are those species that contain flavonoids together with
luteolin. These species can be utilized as herbal teas because of their medicinal properties. Chamomilla containing
luteolin is effective to cure skin burns induced by its oil [60].

1.4. Nomenclature

The nomenclature of luteolin is 7-dihydroxy-4H-chrome-4-one, 2-(3, 4-dihydroxy phenyl)-5 [61]. Synonyms for the
name of luteolin include: salifazide, luteola, digitoflavone, luteolin, 3’, 4, 5, 7-tetrahydroxyflavone, flatiron, and 5, 7, 3,
4-tetrahydroxyflavone.

1.5. Sources of luteolin

Luteolin is phytochemical that is mostly present in fruits and vegetables. For example, orange, olive oil, broccoli,
peppers, rosemary, cabbages, carrots, artichoke, and apple are rich sources of luteolin. Some natural sources of luteolin
presented in table 2 including vegetables and fruits [62].

Table 2 Natural sources of luteolin

Sources Concentration (mg/kg)
Onion 391.0

Broccoli 74.5

Carrot 37.5
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Green chili 33.0
Celery 80.5
Red pepper 13-31
White radish 9.0
Orange 1028.00
Fresh sage 16.70
Lemon 1.50
Oregano 1028.75

1.6. Physical properties

Luteolin exhibits physical properties such as is yellow, moderately water-soluble, monohydrate (alkaline solution
soluble), having flash point 239.5 °C, boiling point 616.1 °C, melting point 330 °C, 25 °C vapor pressure (9.03E-16
mmHg), and density1.654 g/cm3. They are weak acids. Luteolin is not utilized as a drug. Medicinal plants have luteolin
as an active component [63].

1.7. Derivatives of Luteolin

Luteolin as flavonoid present in plants. In herbs, luteolin is mostly present for example Chrysanthemum morifolium,
Nepeta cateria, and Lonicera japonica. [64]. In recent research, the authors reported that plants have shown medicinal
benefits like anti-oxidant, anti-cancer, anti-inflammation, and also protect our skin. Luteolin also shows these
properties. In past evident, luteolin and its derivatives like 7-sumbubioside, 7-galacturonide-4-glucoside, 7 glucuronide-
3-glucoside and 7-0-rutinoside are derived [65].

1.8. Biochemistry of luteolin

Luteolin is considered to be the most ubiquitous flavone. The molecular formulae of luteolin are CisH1006 and the
structure is shown in Figure 1. It naturally occurs in a variety of fruits and vegetables. Luteolin is absorbed through the
small intestine. The daily median intake of luteolin is 0.01-2.00 mg/day. When the net oral intake of luteolin is
14.3mg/kg from diverse sources, the maximum concentration of plasma is 1.97-0.15g/ml. So, as it reaches its maximum
concentration (Cmax) that is 1.02-0.22 h, and the half-life of luteolin (t1/2) was 4.94-1.2 h. During metabolism, it is
converted to free luteolin, sulfate conjugates of luteolin, Diosmetin, and Glucuronide [66]. Free luteolin is also present
in human plasma [67].

Luteolin showed biochemical targets like induce the topoisomerase I and II that causes apoptosis [68]. In the structure

of the flavone (luteolin) backbone, a hydroxyl group (-OH) attached at the 5-, 7-, 3-, and 4-. This flavone distinguishes it
from apigenin because of the 3- position of the hydroxyl group. In vitro and in vivo, as a medicinal plant show potent
anti-inflammatory activity. Like, Luteolin-7-0-glucoside, the derivative of luteolin shows anti-inflammatory activity
[69]. In Brazilian, Iran, and Chinese, plants having a high content of luteolin have been utilized as the management of
disorders associated with inflammation. Due to the natural response towards harmful stimuli, inflammation occurs,
such as injury, microbial invasion, and tissue stress [70].

Through the C-C bond, luteolin binds with sugars and produces C-glycoside. Isoorientin (Luteolin-6-C-glucoside) or
orientin (Luteolin 8-C-glucosides) is the famous luteolin glycoside [71]. In luteolin glycosides, Glucose is the frequent
sugar. Glucuronic acid, arabinose, xylose, apiose, galactose, rhamnose, or rutinose are added to sugars that are present
in the glycosides of luteolin. In vivo and in vitro studies suggested that luteolin its glycosides have anti-inflammatory
effects [72]. Many mechanisms have been included in the luteolin anti-inflammatory activity. It was found that
activation of NF-kappa B enhanced expressions of chemokine, enzymes, and cytokine. Luteolin has the capability for
inhibiting the actions of NF-kappa B at the low range molar concentration [73].
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Figure 1 Classification of Luteolin

2. Biological Properties of Luteolin

Flavonoids are the largest group of secondary metabolites, in flavonoids luteolin is present that shows many
pharmacological and therapeutical effects on the human body. Flavonoids are found in natural sources like vegetables,
medicinal plants, and fruits. The use of flavonoids increases day by day due to their unique properties. In experiments,
luteolin showed many biological activities (Figure No. 2) involve in the treatment and prevention of various ailments

and diseases as well as maintenances of health [66].
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Figure 2 Biological activities of luteolin
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2.1. Antioxidant activity

Free radicals like superoxide, hydroxyl radical (OH-), and hydrogen peroxide (H202) are present in the body that are
harmful. They attack the biomolecules like carbohydrates, lipids, nucleic acid, and protein and damage the tissues which
ultimately induces oxidative stress and causes diseases like cancer, cardiovascular, aging, diabetics, and asthma.
Flavonoids are a class of polyphenolic compounds including benzene rings and pyrene rings. It is naturally present in
fruit and vegetables [74]. Luteolin, a bioactive flavonoid possesses antioxidant activity. It scavenges the ROS (reactive
oxygen species). ROS is the second messenger of cellular signaling. Luteolin inhibits ROS to induced damage in the DNA,
protein, and lipid. Luteolin exerts its antioxidants effect by protecting and enhancing endogenous antioxidants like GST

(glutathione-S-transferase), GR (glutathione reductase), SOD (superoxide dismutase), and CAT (catalase) [66].

The antioxidant potential of luteolin was studied in female Wister rats. TBARS (Thiobarbituric acid was a reactive
substance which increase the level of gallic acid without antioxidant control. An increase in the concentration of
antioxidants causes a higher level of TBARS. Sulfhydryl protein level was sustained and restored until the end of the
experiment and storage that received high and low concentrations of antioxidants. The result of this experiment shows
that luteolin was beneficial for antioxidants and maintain the protein sulfhydryl in the whole blood of rats [75]. Luteolin
is also involved to ameliorate MI/R (myocardial ischemia/reperfusion). Cell line H9c2 is used for changing antioxidant
enzymes, cardiac function, release LDH. In vivo and in vitro studies revealed that luteolin shows a cardio protective effect
by increase the expression of Bcl-2 and anti-apoptotic protein, decrease the activity of caspases and pro-apoptotic
protein Bax with MI/R. Luteolin down-regulates of peroxiredoxin Il by antisense of peroxiredoxin. The result indicated
that luteolin protects MI/R injury by signaling in endogenous antioxidant enzyme and beneficial role as an antioxidant
in the heart [76].

Mosses and liverworts are small plants of Phylum Bryophyte. They are the unique source of pharmaceutical products
and they are used in important medicine against hepatitis [77]. Marchantia species are important for the Chinese herbs
and play an important role in drug development. These herbs possess anti-inflammatory and antibiotic properties. It is
reported that Marchantia has flavonoid and steroids by which it helps to reduce inflammation. It has activity against
wounds, cuts, snake bites, and scalds [78]. HPLC technique was used to isolate chemicals and enzymes from Marchantia.
After the results of HPLC, it was concluded that Luteolin in liverworts plays an important role in anti-oxidization. DPPH
assay for scavenging has been reported as one of the best methods to measure the potential activity of methyl. This was
reported in this research that Marchantia has antioxidant properties [77].

2.2. Anti-inflammatory activity

Anti-inflammatory activity is an activity that helps to reduce pain and decrease inflammation. Inflammation is the first
response towards any infection or injury and is important for both innate and adaptive immunity. It is referred to as the
complex biological molecule that generates a response towards the vascular tissues and some harmful irritants [40].
Some recent studies showed the activity of luteolin as an anti-inflammatory, luteolin has been referred to as the
inhibition of iNOS (nitric oxygen synthase), scavenging of ROS (reactive oxygen species), and iNOS expression, and NO
production. [58]. Inflammation molecules are TNF- o (tumor necrosis factor a), ILs (interleukins), and ROS. Luteolin
causes an anti-inflammation effect by suppressing the production of cytokines and signals transduction pathways.
Luteolin shows anti-inflammatory by regulating inflammatory mediators or cytokinesis by different in vivo and in vitro
studies. When the inflammatory response occurs, the immune cells release many inflammatory mediators such as
cytokines along with interleukins, interferons, and chemokines. These mediators help in eliminating pathogens and
inhibit the repair process [80].

In vivo study, luteolin with Methoxy poly (ethylene glycol) reduces the inflammation of lung infection in the mice.
Furthermore, reported that luteolin reduces the messenger RNA expression and induced inflammatory cytokines and
chemokine in the macrophage process. Luteolin with MPEG-PLA enhanced the anti-inflammatory activity on lung
epithelial cells and macrophages. Results revealed that luteolin/MPEG-PLA treatment could decrease the bond of
Klebsiella pneumonia to lung epithelial cells of mice and improve the germicidal capacity of macrophages against K.
pneumonia. [80].

Lipid polysaccharides induced the activation of NF-kB on lung homogenates from the male ICR mice. In pretreatment
found that luteolin results show the reduced AKT activation on the concentration-dependent manner, with an ICso.
Further studies, luteolin down-regulated the LPS-induced the influx of the leukocytes into the alveolar space. In
pulmonary inflammation, luteolin's effect on inflammatory signaling cascades and induced LPS (n-acetyl allosamine)
though MAPK pathways inhibition was found. The effect mediate through significant the suppression on degradation
on IkB, which is linked the activation of NF-kB. Rostoka was treated male Wistar rats with LPS and luteolin and found
the luteolin inhibiting of induced LPS and expression of NF-kB in the lung but not in the brain cortex and myocardium.
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Even in lung effect were limited by airway sub epithelium and not observed in the airway walls of alveolar and
epithelium [81].

Another study reported that a male rat model of permanent focal cerebral ischemia through middle cerebral artery
occlusion, luteolin treatment reduced the brain edema, infarct volume, and neurological deficit scores. The durable
protection and efficiency conferred through the luteolin during stroke was also confirmed through molecular findings,
included reducing the expression of NF-kB, TLR4, and TLR5. When the luteolin Implying that NF-kB, TLR4 and TLRS5,
could target this compound in its effectiveness against cerebral ischemia. Following luteolin, assessed by measuring the
level of p65 level in the nucleus, inhibited the NF-kB activity in brain injury of a mouse. It reduces the inflammation in
the injury of the brain [82].

Anti-inflammatory responses are identified by the coordination of different signaling pathways and anti-inflammatory
mediators. Luteolin showed its effect when signaling pathways, are altered including AP-1/MAPK and NF-kB pathways.
NF-kB signaling pathways are the most important factors for the transcription of pro-inflammatory mediators. NF-kB
dimmers remain in the cytosol in the cell which is non-stimulated, its interaction with IkB (inhibitor of kappa B) proteins
in the inactive form [83]. Upon the selective stimulation, IkB proteins were degraded through the IkB kinase (IKK)
complex by the phosphorylation process. Luteolin has been reported to inhibit LPS induced TNF-a expression in fresh
isolated neonatal mice. The study revealed that the significant degradation of cytosolic IkBf increased the nuclear level
in the NF-kB p65 subunit of LPS stimulated neonatal mice. After that, western blotting resulted from the localization of
p65 and NF-KkB. Luteolin reduced LPS induced which will result from the increase in NF-kB binding activity [84].

2.3. Anti-diabetic Activity

Diabetes mellitus is a disease characterized by hyperglycemia and caused by abnormal production of insulin in the
blood. In 2010, globally 230 million people were affected due to diabetes (almost 6.2% of the total population), whereas,
in 2019 this number increased to 8.8% and it has predicted in 2040 this rate will be increased more than 642 million
the total world’s population [85]. Effective treatment of type 2 diabetes and metabolic syndrome as a cause of diabetes
will be of great benefit to the individual and the community. Flavonoids, as a rich natural resource, have received more
attention because of their biological benefits. Most studies focused on the health effects of flavonoid-producing glycones,
although flavonoids in natural foods are almost all available as their glycosides, indicating the need to study glycosides
from flavonoids [86].

Luteolin is also one of the naturally occurring flavonoids; present in rich amount is many vegetables and fruits such as
pepper and carrot. It possesses strong anti-inflammatory, antioxidant and [58] to improve insulin resistance in obese
mice. In an in vivo study has been conducted in KK-Ay male mice to investigate the effect of luteolin and luteolin-7-0-
glucoside (LUG) to check the anti-diabetic effect. The results of the study declared that blood glucose level, HbA1,
insulin, and HOMR-IR levels have improved with the help of both luteolin (LU) and luteolin-7-0-glucoside (LUG) effect
but luteolin has strong anti-diabetic potential as compared to luteolin-7-0-glucoside [86]. Another in vivo experiment
was done on 3T3-L1 adipocytes, in terms of the anti-diabetic potential of luteolin has improved the diabetes-related key
enzymes and improving insulin sensitivity in insulin-resistant adipocytes as a result of the enzymes [87]. Luteolin is a
potentially beneficial flavonoid and has been reported to mediate many joint functions that promote luteolin as a
significant anti-diabetic agent. Luteolin is considered a safe antioxidant. The production of free radicals followed by
oxidative damage to pancreaticislet cells causes’ diabetes. Luteolin can inhibit the production of reactive oxygen species
(ROS) by inhibiting ROS-producing enzymes, can absorb ROS, and may protect against components of other antioxidant
systems. Coupling of the anti-oxidant activity of the luteolin with hypoglycemic potential protects the pancreas and
improves insulin secretion [88].

Luteolin is reported to improve insulin sensitivity by influencing Akt2 kinase.31 Akt2 inhibits the activation of the
insulin receptor dephosphorylation and thus inhibits the slowing down of the insulin signaling process [89]. Akt2 is also
responsible for regulating glucose uptake and this effect is regulated by the transfer of the GLUT4 glucose transporter
to the cell surface. Luteolin can keep blood glucose levels at normal levels and thus prevent lipolysis [90]. This helps to
keep triglyceride levels and total cholesterol within normal limits and prevents the onset of diabetes. Pan et al. suggest
that Luteolin prevents the onset of diabetes with diabetes in the form of AKT / GSK 3. In addition, luteolin has been
shown to protect diabetic heart cells by performing the NOS method and improving ischemia/reperfusion injury [18].

Luteolin has great potential to treat diabetes. Several researchers have demonstrated the effect of luteolin in
streptozotocin (STZ)-induced diabetic rats. The results show that luteolin significantly reduces blood glucose
concentration, promotes non-invasive healing, and accelerates skin regeneration to streptozotocin (STZ) - diabetic rats
[91].
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2.4. Anti-carcinogenic activity

Cancer cells development can be blocked and delayed through luteolin, in vitro and Vivo studies show the inhibition of
the tumor cell proliferation and apoptosis induction via the extrinsic and intrinsic signaling pathway. When it compared
with the other flavonoids it is most effective than other, due to inhibiting the cell proliferation with 1Cso value 50 uM
[88].

It is reported some flavonoids are powerful inhibitors for multiple cancer cell lines, human normal fibroblasts, and
keratinocytes in the low micromolar range. Luteolin was effective on all cell lines and among the most potent inhibitor
with dihydroxyflavon, hydroxyflavoned, apigenin, and fisetin. These flavonoids also effectively inhibit bFGF (basic
fibroblast growth factor) stimulated the growth of endothelial cells BBCE and VEGF (vascular endothelial growth factor)
was induced in vitro angiogenesis of cells BME (bovine microvascular endothelial cells) [58].

Different flavonoids from the Citrus species are shown anti-proliferative activity on normal human cell lines and cancer
cells, by using an assay with Alamar Blue, as an oxidation-reduction indicator. All types of flavonoids showed anti-
proliferative affected on the normal human cell lines but only a few were affected at the lower concentrations on cancer
cell lines. Luteolin was a stronger inhibitor in the ICso 549 on carcinoma cells in human lung, 2.3 uM on the mouse 4A5
cells B16 melanoma, 2.0 pM in the human T-cell leukemia cells CCRF-HSB-2, and 1.3 pM on TGBC11TKB cells in human
gastric cancer. Just natsudaidai was comparably compelling, trailed though tangerine quercetin. 4, 4’- Dihydrochalcone
and luteolin were the most grounded inhibitors of human leukemic CEM-1 and CEM-C7 cell multiplication around 7
dietary substances. The results were affirmed though investigates P388 from the mouse in leukemic lymphocytes where
luteolin has the most reduced ICso esteem (1uM) of all flavonoids [92].

2.5. Anti-microbial activities

Flavonoids are also a very common source to provide essential substances against diseases and their treatments. There
are the various types of flavonoids and one of them is luteolin. Luteolin is a compound that belongs to flavonoids is of
the plant’s secondary metabolites class. Epidemiological evidence suggests the important role of Luteolin against the
therapies of various diseases [93]. Luteolin is widely present in plant sources and it is highly concentrated against
microbes and their inhibition. There are many biological families in which the antimicrobial properties of luteolin have
been identified. Those families are Bryophyte, Magnoliophyta, Pteridophyta, and Pinophyta. [66].

Some dietary sources of Luteolin encompass strong effects on microbes and their disease-related mechanisms. They are
of poly-phenol class and have low molecular weight. The antibacterial activity depends on the structure. They have
three mechanisms to show antibacterial activity against microbes. The first one is attenuated bacterial pathogenicity.
In the second one, they synergistic-ally activate the antibodies. Thirdly, they kill the bacteria directly. The third one is
further divided into three ways [85].

Inhibition of nucleic acid synthesis.

Inhibition of cytoplasmic membrane function.

Inhibition of energy metabolism.

Inhibition of nucleic acid synthesis: For example, in Vibrio Harvey cell, luteolin inhibit the synthesis of DNA and
RNA with in 15 minutes in the bacteria cell.

e Inhibition of cytoplasmic membrane function: In galangin (7, hydroxylflavonol) potassium ions increased and
damage the cytoplasmic membrane.

Inhibition of energy metabolism: Naringenin and apigenin and altered the outer membrane of cytoplasm in E. coli. It
provides an exchange of nutrients and metabolites. It also supplies energy [94].

Luteolin derivatives have been isolated from the Achillea tenuifolia’s ariel parts. After isolation, its purification is done
by TLC, column chromatography, and some preparative techniques of column chromatography that helps in yielding
compounds. Luteolin possesses some antibacterial activities against Staphylococcus aureus (S.aureus) which is
methicilin resistant. The mechanism of anti-MRSA was analyzed by the viable assay in membrane permeability agents.
By this mechanism over the dense suspensions that facilitate the activity of LUT and PGN completely blocks bacterial
growth. So the LUT and PGN binding provides successful results and can be used for the antibacterial activity for low
resistance [66].

In further study showed luteolin with manganese (II) by using the spectroscopy UV-visible thermogravimetric analysis.

Luteolin-manganese (II) show antimicrobial activity, luteolin-manganese (II) complex are inhibition effect on xanthine
oxidase was investigated. In spectroscopic results indicated, luteolin is reacted to manganese (II) by chelation of 4-
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hydroxy and 5-hydroxyl molecules. When luteolin reacts with manganese (II) shows an antibacterial effect. Luteolin-
manganese (II) complex are remarkable effect on hypoglycemic by increase glucose in liver tissues [95].

2.6. Antiviral activity of luteolin

Flavonoids enhance the production of interferon’s 8 (IFN-[). It increases the activity of transcriptional nuclear factor;
erythroid-related factor 2 (Nrf2). Luteolin shows low antiviral activity. It inhibits against influenza virus, targeting the
COPI subunit (coat protein complex 1). It prevents the replication of the virus, blocks the virion absorption to the cell
surface, and blocks the receptor-binding site of the viral hemagglutinin [97].

Luteolin act as the therapeutic agent against the Japanese encephalitis virus (JEV). It's a neurotropic flavivirus that
causes (JE) disease. In humans, this disease leads to high fatality rates. As the studies suggested that luteolin has effective
antiviral therapy against JEV. In A549 cells, luteolin showed extracellular virucidal activity against JEV. Luteolin directly
inhibit the growth of the Japanese encephalitis virus at its post-entry stage. As the drug addiction time after replication
gave successful results, so the luteolin can be used as an antiviral drug against JEV [97].

2.7. Antifungal activity of flavonoids

Flavonoids show spore germination of plant pathogenesis and propolis against dermatophytes. Candida spp. show
highly content of flavonoids and galanin has found commonly in propolis samples [98].

2.8. Anticancer activity
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Figure 3 Mechanism of action of luteolin act as an anti-cancer agent

Flavonoids show anticancer activity, this activity reported in the last five years. Luteolin is a flavonoid that shows an
anticancer agent against different types of human cancer like breast, colon, pancreatic, lung, and prostate cancer. In vivo
and in vitro of luteolin block the cancer cell by the inhibition of tumor cell, activate the arrest cell cycle, protection the
carcinogenicity, and induce apoptosis by signaling pathway [99]. Flavonoids are a source involving in antineoplastic
molecules due to their ability of cancer-driving signaling pathways. Luteolin strongly effect on molecular mechanism
and impact on targets such as DNA methylation and HDACs (histone deacetylase) enzyme are induce the cytotoxicity in
cancer [100].
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Luteolin was studied for its effective response against gastrointestinal cancerous cells. To treat gastrointestinal cancer,

it is important to develop novel therapies and agents against cancerous cells. So, the exploitation of natural
phytochemicals is a more effective therapy against the treatment of gastrointestinal cancer. Luteolin shows the
inhibition of growth and apoptosis of a human cell line named Ecal09; an esophageal squamous carcinoma cell line. By
activation of ERK/MEK pathways that are signaling pathways, Luteolin exercises initial anti-migration and apoptotic
effect on the cell lines of lungs that are A549. In advance, Luteolin impacts adenocarcinoma cells directly to inhibit the
growth. It inhibits the migration of U87 MG cells by down-regulating Cdc42 expression. Luteolin is also effective against
human glioblastoma cells. Mitochondrial membranes are targeted while down regulation of the Cdc42. miRNA
expression is also targeted and regulated by luteolin to affect the progression of cancer [101].

Luteolin is an anti-cancer agent it exhibits anticancer potential in two ways, such as chemo-preventive and
chemotherapeutic. Due to the antioxidant properties of luteolin against ROS, reduce DNA damage that help in treatment
of breast cancer [102].

In chemo preventive activity, luteolin inhibits angiogenesis, decreases DNA alteration, estrogenic effect, antioxidant
scavenging, and inflammation. This factor is mainly causing cancer. In chemotherapeutic activity, luteolin shows chemo-
sensitization and induces apoptosis. Topoisomerase I and I, tumor suppressor protein, and the Bcl-2 family of proteins
are involved in apoptosis. Luteolin stops the activity of cancer-causing factors and works as therapeutic agent [103].

By the activation of the antioxidant enzymes, luteolin induces HT29 colon cancer because it has antioxidant properties.
This decreases the cell capability in colon cancer and does not affect normal colon cells. By activating of mitochondria-
mediated caspase pathway in HT-29 cells luteolin reduced apoptosis. Due to luteolin activity, it enhanced the calcium
level, the mitochondrial membrane action potential is lost, BAX proteins are regulated [104]. Superoxide dismutase and
catalase are the enzymes that are activated when the luteolin have reduced the apoptosis in colon cancer. Luteolin
enhanced the degree of decreased glutathione (GSH) and the declaration of GSH synthase, which catalyzes the second
step of GSH biosynthesis. By the activation of the mitogen-activated protein kinase pathway, the apoptotic impact of
luteolin was mediated. The current outcomes demonstrate that luteolin prompts apoptosis by developing cell
reinforcement action and activating MAPK signaling in human colon disease cells [105].

MMS (methyl methanesulfonate) is an alkaline agent. It has shown cytotoxic effect and mutagenic effect. In the study of
luteolin against methyl methanesulfonate toxic effect present in transgenic Drosophila. When drosophila is allowed to
feed diet contain 10 pM of MMS with the 10, 20, and 40 uM of luteolin for 24 hours. After 24 hours, larvae were tested
in ONPG assay, staining, and blue exclusion. If the dose increased the activity of 3-glucosidase is decreased, damage of
tissues such as Caspase-9/3 activated, apoptotic index, and damage of DNA observed in 10, 20, and 40 uM of luteolin
with 10uM of MMS [106].

2.9. Neuroprotective effect of luteolin

Neurological disorders are medically defined as disorders that affect the brain and nerves throughout the human body
and spinal cord [107,108,109]. Systemic structural, chemical or electrical disturbances in the brain, spinal cord, or other
nerves can lead to a variety of symptoms. Flavonoids have many biological functions within the brain [110], including
the ability to protect neurons from neurotoxin damage, the ability to suppress neuroinflammation, and the ability to
stimulate memory, learning, and brain function [106]. Possible mechanisms include interaction with neuronal signaling
pathways that are critical to regulating neuronal survival and differentiation and modulating function/multiple
expression oxidative-related enzymes (e.g., endothelial NOS and SOD) and mitochondrial activity or neuroinflammation
[111]. In experimental studies, the administration of flavonoids or flavonoid-rich diets (berry fruit) protects dopamine
neurons from oxidative damage and apoptosis and inhibits the formation of synuclein fibrils. Because of these
properties, it has been suggested that flavonoids (or their metabolites) passing through the blood-brain barrier (BBB)
can reduce the risk of Parkinson's disease [112].

Luteolin plays an important role in neuron diseases like Alzheimer's disease, Parkinson's disease, and multiple sclerosis.
According to in vivo study, dopaminergic neurons in Parkinson's disease are affected by lipopolysaccharide (LPS). The
results suggest that luteolin may protect dopaminergic neurons from damage caused by LPS and its effect on inhibiting
microglia production is less (Chen et al, 2018). Another study aims to investigate the effect of luteolin on memory
impairment in streptozotocin (STZ) induced Alzheimer's mouse model. Luteolin significantly improved spatial learning
and memory impairment resulting from STZ treatment. STZ significantly reduced the size of the CA1 pyramidal layer
and luteolin treatment eliminated the inhibitory effect of STZ. Hence, luteolin has a protective effect on learning injuries
and hippocampal structures in Alzheimer's disease (AD) [113].
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2.10. Cardio protective effect of luteolin

Luteolin is a naturally occurring bioactive compound derived from vegetables and fruits with various uses including
anti-inflammatory, anti-tumorigenic, anti-oxidative, and anti-inflammatory properties [114]. Cardiovascular diseases
have become the leading cause of morbidity and mortality globally. In balanced diet with a sufficient intake of fruits and
vegetables has been confirmed as the primary prevention of cardiovascular diseases. Plant constituents such as
flavonoids have been shown to converse to healthy benefits. Luteolin exhibits strong cardiovascular protective effects
by complex signal transduction pathways and target effectors. Moreover, food intake of rich sources of luteolin reduces
the risk of myocardial infarction [115]. The cardioprotective effect mainly comes from moderated myocardial infarct
size by increased left ventricular ejection fraction [67].

Sepsis-induced cardiomyopathy is the complication of severe sepsis and septic shock-induced due to invertible
myocardial depression. Luteolin reduces lipid polysaccharides (LPS) induced myocardial injury by enhancing
autophagy through AMP-activated protein kinases. Luteolin administration not only improved cardiac function but also
reduced inflammatory response along with oxidative stress, improved autophagy that ultimately repressed cardiac
apoptosis. Meanwhile, luteolin significantly reduced the phosphorylation of AMPK in septic heart tissue. So, in such a
way, it could be considered as a promising therapeutic, bioactive compound, against sepsis-induced cardiopathy [116].

The potential impact of luteolin on doxorubicin-induced cardio toxicity was studied and the mechanisms involved in
focusing on mitochondrial autophagy were. The use of luteolin (10 uM) in adult mouse cardiomyocytes significantly
improved contractor doxorubicin dysfunction caused by high blood pressure and high speed/recovery as well as the
normal duration of remodeling and recovery [117]. Luteolin reduced doxorubicin causing cardio toxicity including
accumulation of ROS (reactive oxygen species), apoptosis, and loss of mitochondrial membrane. In addition, luteolin
reduced doxorubicin-induced cardio toxicity by promoting mitochondrial autophagy in conjunction with Drpl
phosphorylation in Ser616 and improved TFEB expression. In addition, luteolin treatment reduced the dose of
doxorubicin which reduced the expansion of mitochondria [118]. Treatment with the Divi-1, a Drp1 GTPase inhibitor,
challenges the protective effect of luteolin at TFEB, LAMP1, and LC3B levels, as well as loss of mitochondrial membrane
and cardiomyocyte contractile dysfunction when challenged of doxorubicin. Taken together, these findings provide
insight into the effect of luteolin treatment against the cardio toxicity induced by doxorubicin and possibly on the
formation of mitochondrial autophagy [98].

Another in vivo study aims to test whether luteolin can improve long-term cardiovascular preservation; this was
achieved by cardiac examination following long-term retention in the University of Wisconsin (control group) solution
and solutions containing three luteolin concentrations [119]. The effects of various conservation measures were
assessed about cardiac function while the hearts were in systems made with ex vivo Lutgendorf perfusion. Various
conservation approaches were explored about histology, ultrastructure and cardiac apoptosis rate, and cardiomyocyte
function. In the presence of luteolin, the output of the left ventricular pressure was increased within 60 minutes of
reactivation after 12-h maintenance, the coronary flow was elevated within 30 minutes of recurrence, contractile
cardiac function was higher in all recurrence following 12- and 18 -h conservation, the upper left systolic pressure was
significantly higher compared to the control group (total P <0.05). The expression levels of the apoptosis regulator Bax
and the apoptosis regulator Bcl-2 in the luteolin groups are greatly reduced and increased respectively (Yan et al., 2019).
Lactate dehydrogenase, creatine kinase, and malondialdehyde enzymatic activity increased following long-term
maintenance, while superoxide dismutase activity decreased significantly [120]. In addition, luteolin inhibits L-type
calcium in the ventricular myocytes under hypoxia conditions. Therefore, luteolin has shown protective effects during
long-term cardiac preservation in what appears to be a dose-dependent approach, which can be achieved by blocking
hypoxia-dependent L-type channels [121].

2.11. Toxicity of luteolin

Luteolin present in the form of flavone, subclass of flavonoids as 5, 7, 3, 4-tetrahydroxyflavone. Luteolin investigated
for its toxicity, experiment conducted on human lymphoblastoid TK6 cells and newly developed TK6 derived cell line
which expresses stable human cytochrome P450. The other derivatives of CYP450 are CYP1A2, CYP2A6, CYP2B6, and
CYP1A1 evaluated for luteolin induced genotoxicity and cytotoxicity and the action of different CPYs in the bioactivation
of luteolin. Treatment with luteolin for 4-24 h induced the cytotoxicity, chromosomal and DNA damage, apoptosis and
DNA damage in dose dependent manner. In micronucleus assay, it is observed that luteolin highly induced genotoxicity
and cytotoxicity, by significantly increasing the TK6 cell transducers with CYP1A1 and CYP1A2. Additionally, DNA
damage biomarkers (cleaved caspase 3, cleaved PARP-1, phosphorylated histone 2AX) and apoptosis, were increased
in CYP1A1 and CYP1A2 expressing cell as compared to the empty vector controls [85].
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MTX (Methotrexate) is the drug that uses in the treatment of autoimmune disease and cancer disease. The effect of MTX
is shown in hepato-renal toxicity. Luteolin is helped to protect the effect toxicity of hepato-renal. Due to the properties
of luteolin like anti-inflammation and anti-oxidant, it is helpful in the toxicity of MTX [122].

Further study showed that luteolin found to be protective against Af 25-35 (amyloid-beta) that induce toxicity in mice. In
experimental mice, the Af 2535 peptide injected. After oral administration of luteolin for 8 days and observed the
changes in the ultrastructure of the cerebral cortex, neuronal changes, dysfunction of cerebrovascular of mice. Results
indicated that after 8 doses of luteolin induces neurovascular protection against the Af 2s-35 toxicity in mice. These effect
modulation in microvascular function, clear the ROS and improve the neuronal system [123].

3. Conclusion

This review summarized the mechanism and effect of luteolin as a flavonoid. Its role in heart failure and protection
against neurodegenerative disease, anti-microbial, anti-cancer, anti-inflammatory, cancer chemo preventive activity,
cancer chemotherapeutic activity, and other biological activities like cardio protective, anti-diabetic, anti-allergic, etc.
The diet and consumption of bioactive compounds from natural resources including fruits and vegetables have been
studied for their preventive role against the variety of human diseases. This food-based product is considered to be
safer and more effective against various ailments. In summary of luteolin can be considered as complementary medicine
for the prevention and treatment of disease owing to its natural origin safety and low cost as compared to the synthetic
drug. Flavonoids are also play important role in signal transduction and cell transformation. Luteolin is the capacity to
repress angiogenesis for the promotion of apoptotic cell death. Flavonoids are regular constituents of plants utilize in
traditional medication for the treatment of infection. Though most of the findings in the current work are based on in
vitro and in vivo, studies do not significantly present its effect in humans. So, more work on multiple pharmacokinetics
parameters and enrollment of human subjects. Furthermore, the development of dosage standing could also persuade
in the clinical trial. Future achievements focused on the enhancement of bioavailability and provide a new era of

flavonoid-based potential anticancer drugs and insights into their mechanism of cancer inhibition.
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