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l. INTRODUCTION

Bioactive compounds obtained from plants, yeast amndrobes are either used
naturally or as semi- synthetic derivatives areelyicapplied in medicine in pharmaceutical
industry. Various drugs for modern lifestyle disesmare directly obtained from these. Morin
(IUPAC Name- 3,5,7,2',4'-pentahydroxyflavone), e @f the phytochemicals obtained from
nature. It belongs to flavanol category with hydrdogroup at 3,5,7,2',4’ positions. It is an
yellow pigment from the plants of family Moraceaklorin is one of the important
constituents of many plant preparations. It is mt®nded to treat various human
pathologies by the traditional system of medicine.

. ABSORRPTION AND METABOLISM OF MORIN

Morin is available as either free or glycosgtatform in nature. The glycosylated,
methylated or sulfated form of morin was hydrolyzsdthe enzymes of the small intestine
and get converted into aglycone for absorption. @bsorption from intestinal lumen to
enterocytes and from blood into cells is an enedppendent proces€dlliet et al., 2007)
This occurs with the help of specific shuttle pnase In a study on wistar rats it is found that
the plasma concentration of morin does not excéeéaven on high dosage application. This
proves that morin has very low intestinal permegbiiue to its presence of Multidrug
Resistance-Associated Protein-1, a carrier pro@nte absorbed they are again converted to
their glycosylated, methylated or sulfated fofiu, Fong, & Cheng, 2006) Upon oral
administration of high doses of morin, a significamcrease in blood morin aglycone was
detected, suggesting that the activity of glucutdmynsferase/ sulfotransferase enzymes in
the gut is easily saturated. Other hepatic enzyaneslso involved in morin metabolism in
promyelocytic leukemia cells of human.
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Figure 1: Structure of Morin

Ill. BIOMEDICAL PROPERTIES OF MORIN

1. Anti-Hyperglycemic and Antidiabetic Activity: Various in-vivo studies have shown
that the Psidium guajava L. extracts are effectigainst diabetes as it contains high
concentration of morin. It inhibits the activity ®*TP1B which is involved in the
regulation of the receptor signaling pathway. Thieaet shows a significant decrease in
glycemia and lipid liver deposits in diabetic miaed in individuals with by maturity-
onset diabetes and in healthy volunteers. Antilylgeemic and antioxidant effects are
seen in streptozotocin induced diabetic rats tceadéh the extract. Hence it suggests that
these extracts containing morin can complementoddh anti-diabetic therapies. In a
study by(Galvez et al., 2001) it is found that morin increases glycogen synthesd
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decreases gluconeogenesis properties by actingnasisalin sensitizer. Morin-Zinc
complexes have been found to strongly enhancertti@iabetic activity in diabetic rats.
This acts by reducing the glycemic glucose, cirtngplipids and lipoproteins fastly. It is
also proved that there is no adverse effect in ¢himplex(Manna, Aggarwal, Sethi,
Aggarwal, & Ramesh, 2007).Morin activates insulin receptor signaling by dthec
inhibiting PTP1B enzyme or by increasing the tramspf zinc ions into the cells. Morin
also has the ability to inhibit the glycosylatiorogess which results in protecting the
organs from diabetic complications.

2. Antioxidant Activity: Reactive oxygen species (ROS) can damage the major
biomolecules and regulates various cell signaliathyways when its production exceeds
the activity of antioxidants. Morin, being a polysiol and due to the presence of double
bond between C2 - C3 atoms and the presence obxydroup at the C3 and 2' (of B
ring) position makes it a strong antioxidant.it wisaanti lipid peroxidation activity due to
the presence of two hydroxy groups at 2'and 4'tiposof B ring. Moraleset al., have
reported that the hydroxyl group in position 2Bofing forms a hydrogen bond with the
oxygen atom in position 1 of C ring, inducing ratat of the B ring, which acquires a
planar configuration with respect to ring C. This turn favors the transmission of
electronic effects from the B ring to the doubled®f C ring, thereby making morin as a
free radical scavenger. Morin helps to prevent iaed LDL uptake by macrophages, by
inhibiting the oxidation of LDL. It thus suppresse® internalization process. It also
contributes to atherosclerosis prevention. In aystdemonstrated by Jonnalagaddet
al., 2013 It is shown that morin protects the rats figentamicin induced nephrotoxicity
which is caused by ROS that trigger and sustaiorstrinflammatory response causing
tubular necrosis. On pretreatment with morin sttpngduces the intestinal mucosal
damage and inhibits inflammation and cells deathpbyducing malodialdehyde and
preventing the depletion of intra cellular reducaggents. It also prevents the cholesterol
increase. The non- malignant cells are protectenh ftytotoxic activity of certain drugs
(Kok L.D. et al., 2003) and the cells are protected from the effettshemotheraphy on
administering morin. Morin has been observed tonie the expression of genes
producing antioxidant response related proteinspide the absence of a structure that is
a prerequisite in flavonoids for this property, mawas found to be a more potent anti-
oxidant than any other in scavenging DPPH, ABTS athér free radicalBprs, Heller,
Michel, & Saran, 1990.

3. Anti-Inflammatory And Antiallergic Activity: Many invitro and in-vivo studies have
shown that morin has anti-inflammatory propertigsich acts by inhibiting the activated
macrophages and the corresponding effectors thaedaflammation. The inhibition of
Nf-kB, most significant effector was shown by Sulil et al., 2007. Morin lowers the
bowel deterioration and is also effective againgrlinflammation in rats fed with high
doses of fructose. It is also observed that the N®F-o and IL-12 production are
reduced in LPS activated macrophages by sulfateghradironide metabolites of morin,
which shows the 1000 fold higher potency than morin

Morin exhibits anti-allergic activity which wasqven both in-vivo and invitro.
The mechanism of reversible inhibition of Fyn kieasne of the main effector of Syk
kinase in mast cells is the function of morin. Tungb this process, the release of ThF-
and IL- 6 & 8 and the degranulation of mast celéswnhibited.
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4. Anti-Tumour and Chemopreventive Activity: Morin exerts anti-cancer activity by
preventing the oncogene activation, reducing the@atges in DNA molecules and by
regulating the signalling pathways involved in fieshation and differentiation. It inhibits
the activity of various carcinogenic chemicals. @e@atment with morin, there is a
significant decrease in tumour markers expressimohoxidative stress in rats treated with
anthracene. Similarly, morin blocks hepatocytedfarmation caused by TPA.

5. Inhibition of proliferation and apoptosis: Morin inhibits cancer cell proliferation which
is evident from the study performed by BrowretJal., 2003, in which morin arrests cell
cycle at G2/M phase in human oral squamous caranoells, without inducing the
apoptosis process. But studies in human prostateecaells and in leukemia cells with
morin have proved that morin induces caspase-3-@nBax expression and suppresses
the anti-apoptotic expression. It is also demotetirahat morin inactivates STAT3
signaling pathway. It thus promotes the apoptodiscancer cells by 30% without
affecting normal cells. Morin also prevents metatlatyzed generation of free radicals by
binding with the metal ions like iron, copper, clhba@hromium and vanadium. This
metal-morin complex also helps to remove free @dieffectively.

6. Antihypertensive Activity of Morin: Morin relaxes the vessels that are contracted by
KCI, noradrenaline and phorbol ester derivativesl atso improves the activity of
classical anti-hypertensive drugs like isoprenalamel sodium nitroprussidéHerrera
M.D. et al.,). Hypertension induced by deoxycorticosterone éeet@ausing renal and
cardiac damages are reduced by morin pretreatmenrdts. It acts by regulating the
systolic and diastolic blood, decreasing serum linsand triglyceride levels and by
inhibiting endothelin-1 expression and thrombox&2e(vasoconstrictor). It also aids in
the production of nitric oxide, a vasorelaxéhaguchi et al., 2014)

7. Antibacterial Activity: The antibacterial activity of morin-arabopyran@sigresent in
the leaves extract of guava is found to act agaBetillus cereus and Salmonella
enteritidis with a minimum inhibitory concentratiaf 300 and 150 micro g/nfArima
H. and Danno G.) Kang S. S.et al., have reported that morin inhibits the two important
enzymes that helps the adhesion of bacteria tohts cell which can establish an
infection. The enzymes are sortase A and B, expdess Staphylococcus aureus and
other Gram-positive bacterifn vitro studies showed that morin can inhibit the ATPase
activity of the enzyme DNA helicase. This showd th@ compound can act against both
Gram-positive and Gram-negative bact€¢Ka et al., 2002)

8. Anti-Uricemic Activity: Morin has the ability to decrease the uric acictlen the serum

of people with hyperuricemia, without impairingabserum antioxidant capacity. It acts
by two different mechanisms. The conversion of kerg into uric acid is reduced by
inhibiting the enzyme xanthine oxidase. Or it malyilbit human urate anion transporter-
1. In a study conducted b$hi et al., 2012 it is found that the ethanolic extract of
Ramulus Mori containing morin, mulberroside-A, oagveratol, etc., has the ability to
regulate renal organic ion transporters and heedaces the uric acid levels, protecting
the kidney. Morin is also found to be less toxid amore potent, in comparison with other
classical urate- lowering agents. Hence, it can geod alternate source for the treatment
of hyperuricemia.
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9. Neuroprotective and Anti- Amyloidogenic Activity: Morin can act as a neuroprotective
agent, protecting the neuronal cells from varioasdges. It exerts its action through
various mechanisms. The nanomolar concentration nmadrin can protect the
oligodendrocytes and cortical neurons from ROS m@wdation. In mice treated with 1-
methyl-4-phenyl-1,2,3,6- tetrahydropyridine, itfeaind that morin relives the symptoms
of Parkinson’s disease and prevents dopaminergiconal cell deatl{Ibarretxe G. et
al., 2007) It also attenuates the ROS formation in PC1Zcald also inhibits apoptosis.
The action of enzyme glycogen synthase kinaseihibited by morin, which helps to
treat the patients with Alzheimer’s disease anapathies(Gong et al., 2011) Both in
vivo and in vitro studies prove that inhibition glffcogen synthase kinase 3, will reduce
the AB- induced tau hyperphosphorylation.

Morin has the ability to disintegrate or inhibisambly of amyloid an@-amyloid
fibers. These are proteinaceous structures thaeaspm the late stages of various
neurological diseases. The inhibitionpeaimyloid peptide fibrillogenesis will protect the
HT22 murine neuroblastoma cells from oxidative sgreThe mechanism of this action
was studied inin-silico, which showed that morin blocks the protein polyizedion
process by binding to the end of beta-amyloid gnowfibrils. It also modifies tertiary
and quaternary structures of newborn protofibhsnce inhibiting their cytotoxicity and
their conversion in mature amyloid fibriltemkul, Bevan, D.R. Morin 2014) Morin
inhibits acetylcholinesterase activity thereby mmng the loss of Alzheimer’s disease.
In-silico studies revealed that morin targets ttigva site off-secretase 1 and inhibits its
activity (Shimmyo et al., 2008) Morin protects the membrane against perturbations
induced by aggregates obtained from mutant andtyild ofa-synuclein proteins.

10. Inhibitory Activity of Morin on Enzyme Activity and Protein Function: It is found
that morin inhibits various key enzymes by compatly binding to the active site. It can
inhibit cytochrome P450-2C9, monocarboxylate tramsgr-1, fatty acid synthase and
some multidrug resistance proteins. Morin non-cditipely inhibits RepA DNA
helicase, PTP1B and urate anion transporter. Aaogitt Iglesiaset al., morin is able to
inhibit phospholase A2 fror@rotalus durissus cascavella venom by interacting with the
hydrophobic catalytic site of the enzyme. But itedonot alter its inflammatory and
neurotoxic effects. Anyhow, morin can cause sigaift change in the secondary
structure of protein albumin and effectively modegaits physiological functionie et
al., 2006)

11.Toxicity of Morin: Morin shows low cytotoxic effects in several stidgiemonstrated in
animal models and cellular. However in in-vivo sasdconducted in F344 rats, it shows
no toxic effects and causes a mild increase irr lorekidney weight on supplying high
doses. Hence, it was calculated that morin showadverse effects if the level does not
exceed 300 mg/Kg of body weight/d@yhoi et al., 2009)

V. SUMMARY

The flavanoids are important compounds in drugetigpment as they have various
therapeutic and curative properties. Morin in sicltase is an important compound in
treating several diseases. Morin shows antioxigaoperty as it is a potent free radical
scavenger. It also aids in prevention and treatnoémteurodegenerative diseases through
several mechanisms. It has anticholinesteraseitgctanti-inflammatory activity. It inhibits
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several regulatory enzymes that aids in releasymeitension, controlling blood glucose
levels in diabetes and in controlling the uric deikls in serum. Apart from these, morin has
anti-allergic and antibacterial properties. Moraisaas an anti-cancer agent by preventing the
formation of ROS, induces the apoptosis of pradifierg cells, and protects the cells from
carcinogenic chemicals. Morin has the ability tduee the side effects of chemotherapy. The
cytotoxic effect of morin is negligible. All theggoperties make morin a powerful and less
harmful compound and hence it can be used in drejggpation.

V. CONCLUSION

Though there are advancement in medical techndpgaious diseases like cancer,
neurodegenerative disease, diabetes are also lprgvdihis emerges the production of new
drugs from existing sources. Traditional medicigstam has also contributed many drugs
from natural sources to the society. In such a easgn is an interesting molecule with
several healing properties. Antioxidant propertynadrin has influenced in many ways to
treat cardiac diseases, cancer, neurodegenerasgasds. It is also found to interfere with
various factors like proteins and helps to prevamd treat diabetes, hypertension, kidney
failure, inflammation and bacterial diseases. Farrtiesearch on the use of morin to develop
natural drugs is warranted.
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