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ABSTRACT

Rutin (quercetin 3-0 rutinoside), is a flavonol glycoside between the flavonol quercetin and the disaccharide rutinose (a-L-

Rhamnopyranosyl-(1-6)-f-D-glucopyranose) also known as Vitamin P. Rutin has been claimed to possess various pharmacological properties by
various researchers through in-vivo and in-vitro studies. Rutin has been known to function as an anti-cancer, anti-bacterial and anti-inflammatory
agent along with anti-diabetic, cardioprotective and neuroprotective agent. The molecular targets for showing various activities are found to be TNF-a,
NFk-B, iNOS, EGRF, AP-, ERK1/2, JAK2 signaling, IL-1b, PARP, DNA pol 8 and DNA ligases, and PI3 kinase. So taking inconsideration the action of rutin
on these molecular targets and correlating their roles the prediction can be made about beneficial effects of rutin in diseases such as viral infections,
AIDS, multiple sclerosis, bone resorption, muscular dystrophy, incontinentia pigmenti, COPD.

KEYWORDS: Rutin, Anti-Cancer, Anti-Inflammatory, Anti-Diabetic, Cardioprotective Neuroprotective agent, TNF-a.

INTRODUCTION

Rutin (quercetin 3-O rutinoside), is a flavonol glycoside
composed of the flavonol quercetin and the disaccharide rutinose («-L-
Rhamnopyranosyl-(1-6)-8-D-glucopyranose) [1-3l. Rutin is plenteous in
a variety of commonly ingested foods. As Ruta graveolens contains rutin
as its one of the main chemical constituents that's why it is referred as
rutin. Onion, wine, grape, some of the fruits, teas and buckwheat
contains rutin 2. The buds and flowers of Sophora japonica contain
between 15-20 % of rutin, while the leaves contains 2-8% rutin 1. The
other sources of rutin are the Rheum species, Asparagus, pagoda tree,
citrus fruits (like orange, grapes, lemon, lime) ash tree, berries such as
mulberry and cranberries. It is also found in Clingstone peaches as one
of the primary flavonol. European Elder (berry), Hawthorn (Crataegus
laevigata), Horse tail (Equisetum arvense), Bilberry (Viccinium myrtilus)
[51,

Rutin has been claimed to possess various pharmacological
properties by various researchers through in-vivo and in-vitro studies.
Rutin has good anti-oxidant activity [6]. Rutin works as a scavenger of
reactive oxygen species (ROS) by donating hydrogen atoms to peroxy
radicals, superoxide anions, and singlet oxygen and hydroxyl radicals. It
also functions as a terminator and chelator of metal ions that are
capable of oxidizing lipid peroxidation [111.

Above more ever studies suggest that rutin alters signal
transduction, causes activation of transcription factors and gene
expression, and may also shelter DNA by interacting with carcinogens
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that have passed out the detoxification processes [11l. A handful of
studies also demonstrated effectiveness of rutin in kidney protection
effect in ischemia/reperfusion renal injury as well as in drug-induced
nephropathy and diabetic nephropathy [121.

The renal protective effect of rutin on chronic kidney
dysfunction besides diabetic nephropathy is being studied with the
possible mechanisms and potential therapeutic approaches to
progression of chronic kidney disease (CKD) with renal mass reduction
113,141 Rutin is one of the naturally derived compounds; it is usually
nontoxic and manifests a diverse range of worthwhile biological
activities 7,

As anti-thrombic agent the rutin gains advantages over
agents like Juniferdin or Bacitracin by overcoming their limitations such
as cytotoxicity or non-selectivity. Rutin is selective towards extra-
cellular PDI (Extracellular protein disulfide isomerase) and is relatively
non-toxic I51. More ever the potential use of rutin in protecting cognitive
deficits and for the treatment of sporadic dementia of Alzheimer type
senile dementia type Alzheimer (SDAT) was studied [14l. Kamalakkannan
N investigated the antihyperglycaemic and antioxidant effect of rutin [151.

By taking in conformity the importance of this natural
bioconstitiuent rutin in variety of diseases mentioned above. This
review is intended to piece together all the molecular aspects with
reference to the mechanism of action of rutin in respective diseases and
the future prospective and possibilities regarding the implementation of
rutin in other ways in these diseases.

PHARMACOLOGICAL ACTIVITIES OF RUTIN:
1. Antioxidant Activity:

The rutin was known to possess the strong antioxidant
activity. In one of the study carried out by Jianxiong Yang et al by using
the various in vitro antioxidant models, he concluded that rutin showed
the concentration dependent antioxidant activity [1¢l. This antioxidant
potential of rutin plays very key role in the management of various
disorders like cancer, myocardial infraction etc. Free radical scavenging,
antiradical and metal ion-chelating actions, along with the ability to
react with superoxide ion and inhibit xanthine oxidase and lipid
peroxidation of flavonoids have been reported in various model
systems. Flavonoids, especially quercetin and rutin, are known to have
strong scavenging ROS, chelating iron ions, which play a vital role in
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initiating free radical reactions as well as suppressing the generation of
hydroxyl radicals in the Fenton reaction. ROS plays important role in a
wide range of human diseases such as atherosclerosis and cancers.
Imbalance between ROS generation and antioxidants leads to oxidative
damage to all cell targets (DNA, lipids, and proteins) [26-30]. The presence
of one or several phenolic groups leads to the antioxidant activity thus
related to their ability to act as free radical scavengers [17]. Rutin is one
of the flavonol glycosides so that it is known to have the strong
antioxidant, ion chelating, radical scavenging activity is directly
proportional to the presence of a hydroxyl group of the C ring, in
position three i.e.3-OH. Rutin possesses four hydroxyl groups: at C-5, C-7
of A ring and at C-3', C-4' of B ring also most of the flavonoids having
both a C-4 carbonyl group and a C-3 or C-5 hydroxyl group same as in
case of rutin known to form chelates with iron ions as well as sequester
metal ions, this leads to their antiperoxidative properties by preventing
the formation of free radicals [62l.

2. Anticancer Activity:

Several studies suggest that diets rich in fruit and vegetables
exert protective effects against cardiovascular disease and certain
cancers 131331, This effect may be due to the presence of antioxidant
activity. The ROS of both endogenous and exogenous sources can cause
the disturbance in the pro-oxidant and antioxidant balance which may
lead to cell damage.22]0ne of the reasons behind the occurrence of
carcinogenesis is DNA damage combined with insufficient DNA repair [21.
22],

There were various studies have been performed which
confirms the anti-cancer potential of rutin. Rutin shows in vivo
antitumor effects along with exerts anti angiogenic properties, lacks
toxic effects on mice bearing colon tumor had been revealed during
study [23]. The effectiveness of rutin in human leukemia and murine
leukemia cells were reported in two different studies which shows that
the differentiations of the precursors of macrophage and T cells were
inhibited [23. 24, Likewise many other studies were carried out for
proving effectiveness of rutin as the potential anticancer agent. Results
of one study which was carried out by Comet assay using HepG2 cells
proves the effectiveness of quercetin and urosolic acid as antigenotoxic
at this level but same effect not seen in case of rutin which may leads to
conclusion that rutin may acts by another mechanism.[25! The Cyclin D1
protein belongs to the G1 cyclin class which plays key role in regulation
of cell cycle. More ever the recent work shows that over expression of
this protein may leads to the colorectal carcinogenesis. Rutin shows
expression of Cyclin D1 protein so it can be correlated with its
anticancer potential. Likewise rutin also possesses capacity to inhibit
growth and induce differentiation of cultured glioblastoma cells;
decreased levels of extracellular-signal-regulated kinases1/2 (ERK1/2)
phosphorylation (P-ERK1/2) and accumulation of cells in the G2 phase
of the cell cycle may be the possible reason for these effects. 34 Rutin
possess the regulating effect on reactive oxygen species mediated
mitochondrial dysfunction pathway which is responsible for protective
effect on the intracellular GSH (glutathione) antioxidant system and
prevented H202-induced apoptosis of HUVECs 351,

Studies shows that the upregulated levels of cyclooxigenase-2
(COX-2) are observed in cancer cells 7678, Eukaryotic transcription
factors such as nuclear factor NF-kappa-B (NF- kB) or activator protein-
1 (AP-1) responsible for the regulation of the expression of COX-2 [83],
ultimately blocking of COX-2 expression due to the inhibition of AP-1
and NFkB might lead to the suppression of cell transformation [79.801. In
the work carried out by one of the researcher found that rutin reduces
B[a]PDE-induced COX-2 expression through AP-1 and NF-kB as well as
inhibits the B[a]PDE-induced phosphorylation of the Raf/MEK/ERK and
PI3 K/Akt pathways Therefore, rutin shows significant chemoprotective
property because epidermal growth factor receptor (EGFR) and the
upregulation of COX-2 have been detected in many types of cancer [84-87],
COX-2 is upregulated by activated EGFR through an EGFR-Ras-MAPKs-
AP-1-COX-2 cascade [81.82], Rutin suppressed B[a] PDE-induced COX-2
expression by targeting epidermal EGFR [88l. Rutin acts in case of DNA
damage in the form of single-strand breaks induced by
hepatocarcinogens by modulation of DNA damage and repair enzymes.
DNA single-strand breaks necessitate the induction of repair enzymes,
particularly Poly (ADP-ribose) polymerase (PARP). At the time of
maximum DNA damage, PARP activity has been observed to be highest
[64], This is to be expected since various DNA damages bring about a
considerable increase in PARP activity [65-67. Rutin decreases DNA
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damage ultimately the activities of PARP, DNA polymerase 3 and DNA
ligases are also reduced [64. The reduction in proliferation and viability
of glioblastoma cells by rutin mediated through the decreased levels of
ERK1/2 phosphorylation P-ERK1/2 likewise accumulation of cells in the
G2 phase of the cell cycle along with the nuclear condensation and DNA
fragmentation is seen 341

3. Effect of Rutin as Anti-Inflammatory:

The inflammation is an essential phenomenon; it works as the
alarm in many harmful conditions. This protective response helps to
optimize the possible damage in such conditions. Marked inflammation
and associated failure of repair process is characteristic of various
autoimmune disorders. Proinflammatory molecules like tumor necrosis
factors alpha (TNFa), certain interleukins, prostaglandins and even
pathogenic concentration of nitric oxide are significant in such
conditions. Thus we can correlate inflammatory condition to many
diseases [B6l. The study of rutin derived from Ruta graveolens L.
(Rutaceae) revealed the anti-inflammatory effect of rutin by
downregulation of nitric oxide synthase (iNOS) and COX-2 371 The anti-
inflammatory effect of rutin have been revealed by using carrageenan
induced rat paw oedema model, the results showed the decreased
inflammatory conditions furthermore it is also observed that rutin
reduced the polymorphonuclear neutrophils chemotaxis to fMet-Leu-
Phe significantly in a dose-dependent manner, along with elastase
exocytosis also inhibited [38l. Another study by researchers concluded
the effectiveness of rutin against cisplatin-induced renal inflammation
and apoptosis [40]. Rutin may be useful for the prevention and treatment
of inflammatory bowel disease (IBD) and colorectal carcinogenesis via
attenuation of pro-inflammatory cytokine production through
regulation of interleukine-1b (IL-1b) and interleukine-16 (IL-6) gene
expression. Likewise some other studies also showed that rutin has
been reported to attenuate trinitrobenzenesulfonic acid (TNBS) induced
colitis in rats, presumably by managing the intestinal oxidative stress.
Aslike Galvez et al. also found that oral administration of rutin plays
significant role in prevention of colonic damage and inflammation
associated with acetic acid-induced colitisin rats [#1-43], The effectiveness
of rutin was also been investigated by using the acute and chronic
models of inflammation. The result of given study showed that the rutin
is most effective in chronic phase of inflammation of adjuvant arthritis
[44],

In case of renal fibrosis rutin may act via inhibiting the
activation of transforming growth factor betal (TGFf1-smad) signaling
which leads to decrease in inflammatory conditions in fibrosis 131. Up-
regulation of pro-inflammatory mediators NFkB and pro-inflammatory
cytokines i.e. tumor necrosis factor-alpha (TNF-a), IL-1b accompanied
by dysregulated immune responses resulting in tissue damage
ultimately leads to the ulcerative colitis, inflammatory bowel disease
and Crohn’s disease [69]. It is known that nuclear factor NFkB is being
strongly activated by the expression of TNF-a which is itself up-
regulated by NFKB. These two auto regulated factors known to have
vital role in management of the inflammatory conditions [70.751. For this
reason, therapeutic intervention against TNF-a or NFKB activation has
been used for treatment of inflammatory bowel disease (IBD) [70.71],
Rutin causes expression of NF-kB-dependent luciferase (NFDL) reporter
gene and induction of interleukine-8 (IL-8), a target gene of NFkB
mediated through TNF-a. Further it can be correlated with the
attenuation of IL-8 induction which is well known neutrophil-attracting
chemokine was well correlated with reduction of myeloperoxidase
(MPO) activity i.e. an indicator for recruitment of neutrophil in the distal
colon beneficial in colitis. [72.73.75], Rutin as similar to other flavonoids
interferes with the binding of p65 to DNA leads to the suppression of
TNF-a -induced NFKB activation resulting in inhibition of the
transcriptional activity of NFKB [74.75],

4. Effect of Rutin on CNS:

Rutin also claimed for its effect on the CNS. The beneficial
effects of rutin in treating CNS related disorders is one of the topic of
interest for the researchers as it belongs to phytochemical constituent of
plant species which claimed to posses the potential to treat various CNS
related complications and known to have lesser side effects than the
other medication used in treatment of CNS related disorders. One of the
major clinical issues associated in the treatment of schizophrenia is
tardive dyskinesia (TD), a motor disorder of the orofacial region,
resulting from chronic neuroleptic treatment. In the pathophysiology of
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neuroleptic-induced TD increased reactive oxygen species and oxidative
are implicated [“51. The author stated that rutin appears to be
particularly responsible for neuroprotective action against haloperidol-
induced TD as well as in the prevention of neuroleptic-induced orofacial
dyskinesia [46. Rutin also showed the neuroprotective effect by
improving levels of antioxidant enzyme along with inhibiting lipid
peroxidation in 6-hydroxydopamine (6-OHDA)-induced
pheochromocytoma-12 (PC-12) cells 8. So these effects have been
proven to be the major deciding factor in neurodegenerative diseases
such as Parkinson's and Alzheimer's diseases [#7]. M. M. Khana et al
concluded that rutin was proven a novel approach in lowering the risk
or improving the function of ischemia-reperfusion brain injury-related
disorders as results showed marked reduction in infarct size,
suppressed neuronal loss, reduced the neurological deficits in terms of
behaviours and diminished the p53 expression in MCAO rats after rutin
treatment [#9. Rutin is essential for the antidepressant activity of
Hypericum perforatum extract, a plant which was traditionally known
for its anti-depressant properties used in many countries for the
treatment of mild to moderate forms of depression which was being
proven by study which confirms that it possesses a synergistic effect
with Hypericum perforatum extract in the forced swimming test (50l
Antidepressant-like effect of ethanolic extract of Schinus molle and its
isolated constituent rutin was studied by using the tail suspension test
the results of the given study confirms the antidepressant property. In
this study immobility time reduced in test group but no such effect was
seen in case of forced swim test. This preclinical evaluation also
provides evidence for the involvement of the serotonergic and
noradrenergic and/or dopaminergic systems in the mechanism of the
antidepressant-like action of rutin 511,

Rutin has a direct effect on glial cells in vitro act through the
activation of astrocytes and microglia, TNFa release, and iNOS
induction; this may be beneficial in management of the various CNS
disorders (681, Rutin also known to have protective effect on neural crest
cells via down regulation of regulation of extracellular-signal-regulated
kinases1 (ERK2) and phosphatidylinositol-3-kinases (PI3 kinase) in
Neural crest (NC) cell might be due to two mechanisms: (1) enhanced
cell proliferation (2) decreased cell death as the extracellular-signal-
regulated kinases (ERK) and phosphatidylinositol-3-kinases (PI3
kinase) signaling pathways regulate several cellular responses including
apoptosis, mitosis, motility, proliferation and differentiation [89-931. The
protective effect in ischemic neural apoptosis which is being seen in
after rutin treatment is by attenuating the reduction of the p53
expression leads to decreased oxidative stress [49],

5. Effect of Rutin on CVS:

Rutin known to have beneficial effects in improvement of CVS
complication such as hypertension, hyperlipidemia and myocardial
infarction [54. Vasorelaxant and hypotensive effects of rutin were
determined in normotensive anaesthetized rats, a significant non
concentration-dependent relaxing effect [52]. In vitro the inhibitory effect
on angiotensin-converting enzyme (ACE) activity was studied results of
study showed that at concentrations of rutin, this confirms the rutin had
potent antihypertensive activity [531.In an in vivo study, the preventive
role of rutin on lipoproteins, lipids and ATPases in normal and
isoproterenol (ISO) induced myocardial infarction in rats. Rutin
significantly lowered levels of acids (FFAs), low density lipoproteins-C
(LDL-C), cholesterol, triglycerides (TGs), free fatty and very low density
lipoproteins-C (VLDL-C) in serum and increased the level of high density
lipoproteins-C (HDL-C) in serum in [SO-treated rats. Rutin pre-
treatment showed a significant increase in the activities of Na+/K+-
ATPase and Mg2+-ATPase and decrease in the activity of Ca2+-ATPase
in ISO-treated rat. 551 Rutin administration showed increased levels of
TC, TGL, HDL and VLDL, whereas levels of LDL have decreased [56],

The study showed that the flavonols of quercetin and rutin
diminished Cu2+-oxidized LDL-induced ROS generation and mitigated
endothelial apoptosis by modulating cellular apoptotic machinery via
initiation of Janus kinase signal transducer and activator of transcription
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(JAK-STAT) signaling, leading to differential activation of mitogen-
activated protein kinases (MAPK)-dependent mechanisms rutin
exhibited protection against oxidized LDL through hampering MAPK
dependent pathways involving the activation of JAK2 which proves
beneficial in management of myocardial infarction [°4. The mechanisms
of protective effects of rutin in case of the H202-induced cytotoxicity and
apoptosis in human umbilical vein endothelial cells (HUVECs) are
contributed to a combination of reactive oxygen species down-
regulation, glutathione (GSH) upregulation, lastly by suppressing
endothelial cell apoptosis. Since increases in oxidative stress is key
factor which cusses the endothelial cell injury having vital role in
cardiovascular diseases, in such cases rutin can be used in the treatment
of cardiovascular diseases 351,

6. Antidiabetic Activity:

Diabetes mellitus is one of the metabolic disorders
characterized by hyperglycemia. The metabolic disorders include
alterations in the carbohydrate, fat, and protein metabolisms associated
with absolute or relative deficiencies in insulin secretion and insulin
action. Insulin secretion from pancreatic f-cells and insulin action on
liver, muscle and other target tissues helps to maintain blood glucose
level [63], Rutin treatment to diabetic rats significantly reduced plasma
glucose levels and increased insulin levels. As being a polyphenolic
flavonoid, the intact functional $-cells to produce insulin and/or protect
the functional B-cells from further deterioration could be induced by
rutin so that they remain active and produce insulin [571. Diabetic
pancreas is characterized by increase in the lipid peroxidative products
such as thiobarbituric acid reactive substances (TBARS) and
haptoglobin (HP) and a decrease in antioxidant activity. Pancreas
possesses low levels of antioxidants and is more susceptible to oxidative
damage [61. Rutin was able to increase the activities of antioxidant
enzymes (SOD ie. Superoxide dismutase, catalase, and GPx i.e.
glutathione peroxidase) and decrease the concentration of lipid
peroxidative products in diabetic pancreas. The capacity of flavonoids to
transfer electrons, free radicals, chelates metals catalysts and activates
antioxidant enzymes in biological system. After the treatment of rutin
plasma of streptozotocin (STZ) diabetic rats found to have decreased
lipid peroxidation and improved antioxidant status 1571, Rutin was also
known to protect the functional B-cells of the islets by scavenging free
radicals and restoring the antioxidant enzyme activities of the pancreas.
Some researchers have pointed out that flavonoids have the ability to
protect and regenerate f3-cells of the islets of Langerhans [58-601,

NEW POSSIBILITIES OF RUTIN IN DIFFERENT DISEASES:

As seen we came to know the various targets through which
rutin acts to claim its therapeutic importance.

The one of the molecular target of rutin is NF-kB [70-73,75],
According to studies NF-kB plays important role in management of
nearly dozens of diseases such as atherosclerosis [96-98], asthma [99-103],
viral infections, AIDS [104108] tumorigenesis, diabetes, muscular
dystrophy(109-113], incontinentia pigmenti [114-116], rheumatoid arthritis,
multiple sclerosis(117-119], bone resorption [120-124] heart diseases,
Alzheimer’s disease, and so on.

The Down regulation of COX-2 expression is another main
characteristic of rutin, besides regulating the inflammation COX-2 also
known to play important function in maintaining sound health. Studies
show that kidney developed severe disruption in COX-2 null mice [126
127], So this can be linked to the Hepatoprotective characteristic of rutin.
Induced COX-2 levels are being observed during the ovulation as it is
necessary for the successful rupture of the follicle.COX-2 responsible for
uterine contraction during labor [128-130], By down regulating the COX-2
expression rutin may affect uterine contraction and proportionally
prolong the pregnancy time during labor. By down regulating the
function of IL-8 gene rutin may prove to be useful in chronic obstructive
pulmonary disorders.
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The surplus of research which has been carried out divulge
that the rutin has wide range of beneficial pharmacological properties
like  antioxidant, anticancer, anti-inflammatory, antidiabetic,
neuroprotective and cardioprotective effects along with molecular
targets in respective diseases also revealed. On basis of these molecular
targets the possible beneficial effects of rutin in case of some other
diseases like viral infections, AIDS, multiple sclerosis, bone resorption,
muscular dystrophy, incontinentia pigmenti, COPD etc. also proposed.
The main disadvantage of rutin is its poor aqueous solubility which lids
to poor bioavailability and second possible reason for poor
bioavailability is that before absorption rutin must be hydrolyzed into
quercetin. The researchers must do work in the direction to increase the
bioavailability of rutin along with the role of rutin in management of
other diseases.

ABBREVIATIONS:

Reactive oxygen species (ROS),
Chronic kidney disease (CKD),
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Sporadic dementia of Alzheimer type senile dementia type Alzheimer
(SDAT),

Extracellular-signal-regulated kinases1/2 (ERK1/2),
Phosphorylation extracellular-signal-regulated kinases1/2 (P-ERK1/2),
Cyclooxigenase-2 (COX-2),

Tumor necrosis factors alpha (TNFa),

Nuclear factor NF-kappa-B (NF- kB),

Activator protein-1 (AP-1),

GSH (glutathione),

Epidermal growth factor receptor (EGFR),

Poly (ADP-ribose) polymerase (PARP),

Nitric oxide synthase (iNOS),

Inflammatory bowel disease (IBD),

Interleukine-1b (IL-1b),

Interleukine-16 (IL-6),

Trinitrobenzenesulfonic acid (TNBS),

Transforming growth factor betal (TGFB1-smad),
Tumor necrosis factor-alpha (TNF-a),
NF-kB-dependent luciferase (NFDL),

Interleukine-8 (IL-8),

Myeloperoxidase (MPO),
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Tardive dyskinesia (TD),

6-hydroxydopamine (6-OHDA),
Pheochromocytoma-12(PC-12),
Extracellular-signal-regulated kinases1 (ERK2),
Phosphatidylinositol-3-kinases (PI3 kinase),
Neural crest (NC) cell,

Isoproterenol (ISO),

Low density lipoproteins-C (LDL-C),
Triglycerides (TGs),

Very low density lipoproteins-C (VLDL-C),

High density lipoproteins-C (HDL-C),

Janus kinase signal transducer and activator of transcription (JAK-STAT)
signaling,

Mitogen-activated protein kinases (MAPK),
Human umbilical vein endothelial cells (HUVECs),
Glutathione (GSH),

Thiobarbituric acid reactive substances (TBARS),
Haptoglobin (HP),

Superoxide dismutase (SOD),

Glutathione peroxidase (GPx),

Streptozotocin (STZ).
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