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Abstract

Plants contain a flavonoid called naringin, which has a variety of medicinal uses. Tomatoes, grapefruits, and other citrus fruits contain the
flavanone glycoside known as 4',5,7-trihydroxyflavanone-7-rhamnoglucoside. There are seven enzyme-catalyzed stages in the phenylpropanoid
route, which runs from phenylalanine to prunin. Naringin possesses anti-inflammatory, anti-tumor, and antioxidant effects. Naringin has been
shown to have impacts on tumours, osteoclastogenesis, and asthma in both in vivo and in vitro studies using a range of test animals and cell lines.
In vitro and in vivo studies have proven the effectiveness of naringin in a number of preclinical models of atherosclerosis, cardiovascular disease,
neurodegenerative disease, osteoporosis, and rheumatological illnesses. Naringin may be a useful natural medication for treating human metabolic
diseases, according to research on animals. Since there are few studies on naringin in humans, this review concentrates on the substance’s various
known activities in in-vitro and in vivo preclinical models as well as its potential therapeutic uses based on what is currently understood, such as its
bone regeneration, anti-inflammatory, and antioxidant properties. But additional analysis of naringin’s impact on people is required.
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Introduction

Flavonoids are naturally occurring phenolic compounds having
a wide range of bioactivities. Most the fruits, vegetables, and herbs
contain flavonoids. The flavonoid structure is composed of three
rings having 15 carbon atoms, two of which are heterocyclic rings
linked together by a three-carbon chain. Flavanones, flavones,
isoflavones, flavanols, anthocyanidins, and flavanols are all
flavonoids found in plants. In the body, these flavonoids act as free
radical scavengers, preventing oxidative stress [1]. Albert Szent-
Gyorgi, a Nobel Prize-winning biochemist, discovered and named
them “Vitamin P Bioflavonoids are polyphenolic phytochemicals.
Polyphenolic acids, flavonoids, stilbenes, and lignans are examples
of major polyphenols. The most abundant polyphenols in our diets
are flavonoids [2]. Citrus fruits may help with diabetes and obesity
treatment. Flavonoids are potent antioxidants that encourage the
strengthening of capillary walls, the prevention of bruising and
bleeding, the protection against free radicals, and the improvement
of circulation. Some flavonoids are powerful anti-inflammatory
agents that aid in tissue repair [3]. In human umbilical vein

endothelial cells, citrus fruit extract demonstrated significant

antioxidant activity [4].

Naringin (Figure 1), one of the main active components of
Chinese herbal medicines is a flavanone glycoside formed from the
flavanone naringenin and the disaccharide neohesperidose. such as
Drynaria fortunei (Kunze) J. Sm. (DF), Citrus aurantium L. (CA) and
Citrus medica L. (CM) [5,6]. The naringin content of different fruits
varies as follows: CA>Immature CA, Immature Ponciri Fructus>Citri
Unshiu peel>Immature Citri Unshiu peel [7]. Naringin’s molecular
formula is C,_H, O

277732714
also found in citrus fruits and gives citrus juices a bitter taste [8].

and its molecular weight is 580.4 g/mol. It is

Naringin and naringenin are both powerful antioxidants [9,10]
whereas, because of the sugar moiety in the latter, naringenin
is more potent than naringin. Naringin is water soluble. The gut
microflora degrades naringin to its aglycon naringenin, which is
then absorbed [11]. Naringin is gaining popularity as a result of
its synergistic activity with a variety of supplements and potential
drugs. It enhances nutrient absorption so after supplementation.
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There are no known flavonoid deficiencies. Kanokorn et al. [12],
recently described a simple and high-yield method for extracting
and purifying naringin from agricultural wastes including citrus
fruit peels. Naringin formulations with controlled release may
reduce overall dose required, and these formulations should have
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high encapsulation efficiencies and stable drug release behaviors
[13]. Naringin formulations with controlled release have also
been shown to significantly affect bone regeneration and possibly
promote bone healing [14].
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Figure 1: Chemical structure of Naringin.
Flavonoids are a type of plant secondary metabolite thatis high  hyperphosphorylation, chemotherapeutic drug side effects,

in bioactive compounds. According to a comprehensive literature
review, naringin has antioxidant, anti-inflammatory, anti-apoptotic,
anti-ulcer, anti-osteoporotic, and anti-carcinogenic properties [15].
However, until recently, there had been few reports describing
naringin processing. The current review focuses on recent studies
that describe the in vivo and in vitro effects of naringin, emphasizing
the compound’s potential value and breadth of pharmacological
activities.

Naringin in Grapefruit Seed

Grapefruit seed extract has antibacterial, antiviral, antifungal,
and antifungal properties. It is used as a first-aid treatment, a facial
cleanser, a vaginal douche, a skin irritation remedy, a gargle for sore
throats, an ear or nasal rinse to treat infections, a dental rinse, and
a breath freshener. To treat lung infections, its vapor can be inhaled.
It is used in agriculture to kill fungus, bacteria, and parasites in
animal feeds, to combat mould growth, to disinfect water, and to
preserve food [16].

Bio Application of Naringin

Naringin is a drug that is used to treat diabetes, herpes, heart
failure, alcoholism, and chronic venous insufficiency. Naringin is
frequently used in the nutrition industry to boost the absorption of
supplements like caffeine [17]. It enhances ethanol metabolism and
mitigates the negative effects of ethanol consumption; it acts as an
antioxidant and free radical scavenger; and it significantly inhibits
LDL oxidation. Reduces cytotoxicity, acts as an anti-apoptotic agent,
and has antifungal properties. Naringin inhibits the inhibition of
endogenous, autophagic-lysosomal protein degradation caused
by okadaic acid, as well as receptor-mediated glycoprotein uptake
and degradation. Naringin can be used to prevent pathological

and environmental toxins. Naringin (25 mg) increases the
bioavailability of nutrients and drugs [18]. The effect of naringin
on the pharmacokinetics of quinine was studied in female Wister
rats weighing 190-200g via oral administration. There was no
change in pharmacokinetic parameters for IV administration, but
a significant increase for oral administration. Pretreatment with
naringin increased Cmax by 20.8 percent, AUC by 15.2 percent, and
bioavailability by 17 percent to 42 percent. The findings confirmed
that pre-treatment with naringin improves drug pharmacokinetics
[19].

Extraction method

Three steps are required to isolate naringin from fruits:
extraction, separation, and purification. The naringin content of
fruit is affected by several factors, including harvest time, fruit
part used, and drying time if the peel is the source of naringin. A
convection oven can be used to dry the peel faster than the sun,
reduce aerial exposure time, and prevent microbial activity, which
could result in naringin destruction and metabolite contamination
[20]. In previous studies, CM powder (0.5 g) was extracted with
50% methanol (25 mL) for 30 min using ultrasonication [21]
and CA powder (100 g) was extracted by refluxing with methanol
(1L) for 2 hours, which can help to retard or eliminate microbial
infection. The CA extract yielded 25.8 percent naringin when
redissolved in methanol, yielding a crude drug solution with a final
concentration of 0.1 g/mL (5). Methanol extraction was followed by
crystallization with water at 25°C containing 14-15 percent (v/v)
dichloromethane, yielding a fivefold increase over conventional hot
water extraction. From 1kg of dry pomelo peel, this method yielded

20 g of naringin (>98 percent purity). The structure of naringin was
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validated using ultraviolet-visible spectroscopy (UV-VIS), Fourier
transform-infrared spectroscopy (FTIR), 1H NMR spectroscopy,
mass spectrometry, and elemental analysis after concentration
[22].

Naringin biosynthesis via phenylpropanoid pathway

The phenylpropanoid pathway begins with essential amino
acid, associate effect of shikimate pathway. The phenylpropanoid
pathway offers rise to a diversity of finish merchandise starting
from flavonoids, tannins and lignins [23]. The portrayal of

phenylpropanoid path is conferred henceforth.

The of
phenylpropanoid biosynthesis pathway primes to naringin

foremost seven enzyme catalyzed phases

synthesis (Figure 2). In the initial step, conversion of phenylalanine
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into cinnamic acid by enzyme phenylalanine ammonia-lyase
(PAL) occurs. Deamination of phenylalanine fetches out to form
cinnamic acid and ammonia. In next step, cinnamate 4-hydroxylase
(C4H) initiate conversion of cinnamic acid into p-coumarate.
p-coumarate is then processed into p-coumaroyl CoA via enzyme
4-coumarate CoA-ligase (4CL) [24]. The trail up to p-coumaroyl
CoA synthesis is over-all phenylpropanoid pathway. Afterward, the
pathway branches out into flavonoids, stilbenes, proanthocyanin’s,
Flavonols and anthocyanins. The enzymes chalcone synthase
(CHS) and chalcone isomerase (CHI) catalyze the separation
of phenylpropanoids into flavonoid biosynthesis. Additionally,
uridine diphosphoglucoseflavanone 7-0-glucotransferase (UF7GT)
arbitrated catalysis engenders a group of miscellaneous metabolites
[25].
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Figure 2: Brief outline of phenylpropanoid biosynthesis pathway.

The shikimate pathway primes to the synthesis of phenylalanine, act as initial molecule of the phenylpropanoid biosynthesis pathway.
Phenylalanine is processed into naringin via seven enzyme-catalysed steps. The enzymes truncated as PAL, C4H, 4CL, CHS, CHI, UF7GT and
F7GRT stands for phenylalanine ammonia lyase, cinnamate-4 hydroxylase, 4-coumaroyl: CoA-ligase, chalcone synthase, chalcone isomerase,
uridine diphosphoglucose-flavanone 7-O-glucosyltransferase and flavanone 7-O-glucoside 2-O-beta-L-rhamnosyltransferase, respectively

Effects on bone regeneration and bone marrow

protective

In both intact and gonadectomized animals, naringin has a
significant effect on bone repair. It has been demonstrated to
increase BMD and bone strength while inhibiting urinary calcium
excretion. Naringin inhibited the OVX-induced increase in urinary
calcium excretion as well as bone mass and strength losses in
ovariectomized (OVX) mice, and it improved bone quality in the
distal femur, proximal tibia, and lumbar spine. By modulating OPG
and RANKL expression, naringin and the DF flavonoid fraction may

mimic oestrogen and suppress osteoclastgenesis in osteoblastic

cells (Figure 3) [26]. Naringin has been shown to significantly
increase plasma insulin-like growth factor 1 levels, femoral BMD
and strength, fifth lumbar spine BMD, and femur and lumbar
spine bone calcium concentrations in young retinoic acid-induced
osteoporosis rats [27]. Naringin (200 mg/kg by oral gavages) has
been shown in OVX rats to increase BMD, bone volume, trabecular
thickness, and maximum load (28). Naringin has statin-like
effects on lipid reduction, BMP stimulation, and the bone-fat mass
relationship in gonad-intact aged male rats. However, naringin
supplementation only affects metaphyseal density; it has no effect

on the diaphyseal region [29].
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Figure 3: Naringin’s regulatory effect on bone metabolism, Osteoclast activation causes bone regeneration, which leads to bone fracture.
Binding of RANK to RANL activates NF-B and ERK, promoting osteoclast formation. Naringin inhibits RANK-RANL binding, thereby inhibiting
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Figure 1: Nitric oxide, oxidants, the antioxidant SOD, and the action of naringin are represented schematically. When inflammatory cytokines
like interleukin (IL) and TNF are released, inducible nitric oxide synthase activity is increased, which can lead to an excess of NO being
produced. However, the antioxidant enzyme superoxide dismutase (SOD) turns oxygen into hydrogen peroxide (H,0,), which is then further
neutralized by other antioxidant enzymes. A variety of conditions, including lipid peroxidation, oxidative stress, protein damage, hyperglycemia,

and insulin resistance, may result from this extra nitric oxide’s interaction with the free oxygen radical superoxide anion (O_,).

Naringin has been shown in other research models to be
effective. Treatment with naringin by oral gavage (300 mg/kg
daily) for 30 days or by local injection in mice with PMMA-induced
osteoclastogenesishasbeenshowntoamelioratethe PMMA-induced
inflammatory tissue response and subsequent bone resorption, as
well as to significantly alleviate periprosthetic bone resorption
[30]. Treatment with naringin (400 mg/kg) by gastric perfusion
for 10, 20, or 30 days improved alveolar bone regeneration in rats
with LPS-induced alveolar bone resorption, but the effect was less
pronounced in vivo than in vitro. Naringin improved alveolar bone
regeneration in ten-week-old male Sprague-Dawley rats, with the

greatest effect seen on day 30 [31]. Naringin treatment for 10-30
days can improve bone regeneration, BMD, and bone strength in
animal models, but the effects of the dose and administration route,
as well as the framework of action and side effects, are unidentified.

Naringin was tested to see if it could shield bone marrow from
gamma radiation. In the study, mice were pre-treated with naringin
before being exposed to 2Gy of 60 Co gamma radiation. The
effects of radiation on micro nucleated polychromatic (MPCE) and
normochromic (MNCE) erythrocytes were studied. A 2mg/kg dose
of naringin pre-treatment reduced the formation of MPCE, MNCE,
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and complex chromosome aberrations in mice. The findings show
that naringin protects against radiation-induced DNA damage and
inhibits cell proliferation [32].

Anti-oxidant effects

Phenolic phytochemicals are considered to benefit health
in part by acting as antioxidants and scavenging free radicals.
Toxicity can be caused by disruptions in the normal redox state of
cells, which produce ROS and free radicals that damage all of the
cell’s components [33]. Naringin has been shown to have dose-
dependent radical scavenging activity against radicals such as
1,1-diphenyl-2-picryl-hydrazyl and tetraethylammonium chloride.
In Chinese hamster fibroblast (V79) cells, naringin demonstrated
antioxidant activity and reduced the frequency of H,0,-induced
DNA damage at concentrations ranging from 5 to 2000uM [34].
Pretreatment with naringin (3 or 24 h) reversed the decrease in
glutathione (GSH) and increases in both intracellular free radicals
and glucose uptake in IL-6 myoblast cells subjected to oxidative
stress. Naringin (100uM) also resulted in a 40% decrease in protein
glycation [35]. Naringin (10uM) activated the Nrf2 signaling
pathway in the rat glomerular mesangial cell line HBZY-1, increasing
the expression and activity of its downstream target, HO-1 [36].
In aged rats, naringin (25, 50, or 100 mg/kg) significantly and
dose-dependently prevented all of the biochemical and molecular
changes caused by cisplatin [8]. Naringin reduces oxidative stress
in pentylenetetrazole-induced seizure rats by binding free radicals
and regulating GSH levels. Pretreatment with naringin for several
hours has been shown to significantly reduce pentylenetetrazole-
induced increases in malondialdehyde and TNF- levels in the brain,
as well as to conserve GSH [37]. Naringin reduced diabetes-induced
lipid peroxidation and ROS accumulation in sperm, as well as the
minimization in the GSH: oxidized GSH ratio in diabetic rats [38].
Naringin increased the activity of the antioxidant defense system
in HFD/STZ-induced diabetic rats with hyperglycemia-induced
oxidative damage, conferring protection by reducing the activities
of hepatic SOD, GSH reductase, GSH peroxidase, and catalase
[39]. Chronic administration of naringin for 6 weeks attenuated
oxidative damage in D-galactose-treated mice by decreasing lipid
peroxidation and nitrite concentrations and restoring the lowered
GSH level as well as SOD, catalase, and GSH-S-transferase activities
[40]. Hyperglycemia may be responsible for the increased oxidative
stress owing to the increase in level of nitric oxide and reduction of
SOD. Naringin did not only ameliorate the hyperglycemia, but also
improved the insulin secretion. Naringin constrains inflammatory
mediators like TNF-a and IL-6 further regulating nitric oxide
production and improving antioxidant levels of SOD [41].

Anti-Inflammatory Effects

Inflammation is a component of the complex -cellular
predisposition of vascular tissues to harmful stimuli such
as pathogens, damaged cells, or irritants [42]. Even though
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inflammation is a reasonable response to tissue injury, if left
uncontrolled, it can lead to chronic autoimmune diseases, and
anti-inflammatory compounds may be required to control
the inflammatory response. Plants high in flavanones, such as
hesperidin, naringin, and neohesperidin, have long been used
to treat inflammation [43,44]. Naringin did not inhibit cellular
proliferation but did prevent the formation of RANTES (regulated
upon activation normal T-cell expressed and secreted) in a
human epidermal keratinocyte cell line by inhibiting the nuclear
translocation of NF-B. (HaCaT cells). RANTES have been shown to be
modulated by tumour necrosis factor alpha (TNF-a)/interferon-3
(IFN-B) at 24 and 48 hours. When stimulated by TNF-o/IFN-3
for 48 hours, HaCaT cells produce more RANTES than when
stimulated for 24 hours [45]. Naringin has been shown in animal
models of inflammation to be effective in reducing the expression of
signaling factors associated with the inflammatory response, such
as interleukin-6 (IL-6), interleukin-8 (IL-8), inducible nitric oxide
synthase (iNOS), nuclear factor erythroid 2-related factor 2 (Nrf2),
and TNF-a.

Treatment with naringin in 20-month-old male Wistar rats
may have prevented an increase in serum Interleukin-6 all through
aging-related inflammation [29]. Furthermore, naringin suppressed
LPS-induced iNOS expression and NO production in macrophages
[46]. Naringin reduced the concentrations of IL-8 and leukotriene
B4 in bronchoalveolar lavage fluid (BALF) and decreased
myeloperoxidase activity in both the BALF and lung tissue in a
guinea pig model of chronic bronchitis. It also increased superoxide
dismutase (SOD) activity in lung tissue and increased the level of
lipoxin A4 in BALF [47]. Naringin may reduce inflammation in rats
with 3-nitropropionic acid (3-NP)-induced Huntington’s disease
by modulating Nrf2-driven ARE gene expression and decreasing
TNF-a, COX-2, and iNOS expression. The health implications of
naringin in 3-NP-induced inflammation are due to Nrf2-mediated
gene expression upregulation, which reduces the production of

pro-inflammatory mediators [48].

Naringin forms a 1:1 complex with Cu (II), with the Cu (II) ion
coordinated via naringin positions 4 and 5. While maintaining cell
viability, the naringin-Cu (II) complex demonstrated greater anti-
inflammatory activity than free naringin [22]. Painopowder is an
ancient Chinese medicine that contains the active ingredients
naringin, paeoniflorin, neohesperidin, and platycodin-D. The four-
ingredient combination produced the greatest anti-inflammatory
effect in a model of acute inflammation, but naringin was found to
contribute the most to the effect of the four ingredients [31].

Other Activites

Effects on genetic damage

Some reagents and medications, such as H,0, and lomefloxacin,
cause DNA damage that, if not repaired, can lead to genetic
mutations and/or genomic instability [49]. In V79 cells, naringin
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exhibits antioxidant properties and protects against H,0,-induced
chromosome breakage and loss, as well as DNA damage. Naringin
may protect against H,0,-induced oxidative damage by decreasing
DNA damage while increasing DNA repair potential [34]. Naringin
pretreatment has been shown to reduce lomefloxacin-induced
genomic instability in mice. At concentrations ranging from 5
to 50 mg/kg, naringin significantly reduced cell proliferation,
chromosomal aberrations, and micronucleus formation in bone
marrow while increasing mitotic activity [50]. Naringin has been
shown to modulate the production and expression of oxidative
mediators as well as DNA damage in male Wistar rats, alleviating the
symptoms of inflammatory bowel disease [40]. Naringin treatment
for four weeks significantly reduced the rate of DNA strand breaks
in diabetic rats. The inhibition of hyperglycemia-induced free
radical generation by naringin mediates its anti-genotoxic effect
[38]. Naringin has anti-genotoxic properties and reduces DNA
damage by modulating the expression of oxidative arbitrators and

free radical production.

Effect of Naringin on hypertension

Naringin supplements have a strong antihypertensive
effect in high-carbohydrate, fat-fed obese rats and stroke-prone
hypertensive rats. Nitric oxide metabolites were found in the urine
of animals given naringin [51]. In high-carbohydrate fat-fed obese
rats and streptozotocin-induced diabetic rats, it also acts as a

vasodilator [52].

DNA repair

Prostate cancer risk increases with age. Naringin has been
shown to repair damaged DNA in human prostate cancer cells.
Because it removes potentially cancer-causing mutations in cells,
DNA repair is one of the body’s primary defence mechanisms.
Naringin promotes DNA health by activating two DNA repair
enzymes during replication. DNA polymerase beta (DNA poly beta)
and 8-oxoguanine-DNA glycosylase 1 (hOGG1) are both enzymes
involved in the DNA base excision repair (BER) pathway. Prostate
cancer starts slowly and grows undetected. Regularly consuming
grapefruit may help to prevent its progression by promoting the
repair of damaged DNA in prostate cells [53], naringin was found
to be effective in protecting lipids from oxidative damage. Both
flavanones reduced DNA damage in the same way [54].

Effects on central nervous system (CNS) diseases

Naringin has been shown to help with a variety of CNS diseases,
including Alzheimer’s, Parkinson’s, and epilepsy [55]. Naringin
was found to cause significant increases in malondialdehyde
and nitrite levels, as well as significant decreases in GSH levels
and SOD and catalase enzymatic activities in rats treated
intracerebroventricularly with streptozotocin (ICV-STZ rats).
Naringin also reduces acetylcholinesterase activity and TNF-
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levels in ICV-STZ rats’ brains [56]. In a Parkinson’s disease rat
model, intraperitoneal administration of naringin protects the
nigrostriatal dopaminergic (DA) projection by increasing glial
cell line-derived neurotrophic factor expression and decreasing
TNF-a expression in DA neurons and microglia [57]. Naringin
treatment significantly reduced seizure in KA-treated mice.
Furthermore, it protected hippocampal CA1 neurons in the KA-
treated hippocampus, alleviated KA-induced autophagic stress,
reduced microtubule-associated protein light chain 3 (LC3)
expression and dampened an improvement in TNF-a levels [58].
Naringin significantly improved learning and memory in mice fed
an HFD for 20 weeks, as evidenced by a 52.5 percent improvement
in the recognition index, a 1.05-fold increase in the crossing-target
number, and amelioration of mitochondrial dysfunction. In a mouse
model of Alzheimer’s disease, naringin (100 mg/kg/day) increased
Thr286 phosphorylation by 47% when compared to untreated
APPswe/PS1dE9 mice, indicating that naringin improves CaMKII
autophosphorylation and function [59].

Conclusion

The real facts and various biological applications behind the
naringin were studied. The review concludes with the impression
that the flavonoid has various applications as dietary supplement
and has various therapeutic activities. Since it exhibits the bio
enhancer property it has to be taken with little caution only on
treatment with any drug if not it can be added in our daily diet
which keep and make the body healthier.

Thus, the data suggests that naringin has therapeutic potential
in a variety of human disorders. Nonetheless, the use of naringin in
clinical therapy is fraught with numerous flaws as of today. To begin
with, there is very little data on the use of naringin in humans, and
as a result, the precise effect of naringin in these human disorders,
if any, can only be predicted. As a result, additional clinical studies
are required to establish a conclusive role for naringin in human
therapeutics. Second, naringin is a natural dietary component.
As a result, regular food consumption would undoubtedly
introduce naringin into the human body, but it is unclear whether
this administration is sufficient to meet therapeutic levels in
humans, or if additional external supplementation is required.
Naringin is a favorable therapeutic approach as antioxidant and
anti-inflammatory natural component, demanding additional
investigation in metabolic disorders, as well as in other remedial
conditions where such pathophysiological variations are apparent.
Moreover, the duration of naringin administration is also unknown,
as naringin administration for a short period of time is unlikely
to result in therapeutic improvement. Naringin’s effect can only
be obtained by ingesting it continuously. Third, when used in
conjunction with other allopathic medications, the significant
potential for drug interactions with naringin should be considered.
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Nonetheless, naringin appears to be the light at the end of the
tunnel as a supportive remedy for allopathic treatment, given its
broad range of purported efficacy and lower incidence of adverse
reactions.
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