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Flavonoids are bioactive compounds derived from plants that significantly influence the
health of individuals. Morin hydrate (MH) is a bioactive compound of botanical origin easily
available in various plants' leaves, stems, fruits, and branches of the family Moraceae. MH can
exert a beneficial impact on various disorders, owing to its antioxidative, anti-inflammatory,
antidiabetic, cardioprotective, anti-arthritis, anti-tumor, nephroprotective, and protective
effects in many neurodegenerative diseases. In many cases, MH exhibits systemic protective
effects, mitigating the adverse effects of various medications without compromising their
efficacy. It exhibits these potential pharmacological actions through different mechanisms such
as influencing the activity of various enzymes, scavenging free radicals, enhancing or reducing
the level of various inflammatory mediators, increasing or decreasing the expression of many
proteins, and boosting or suppressing a variety of intracellular signaling cascades. Several
findings indicate that MH can prevent a variety of human pathologies, either on its own or in
conjunction with other medications. Moreover, many studies performed in vivo and in vitro
showed that MH has very low toxicity levels and is well tolerated when taken over an extended
period. This article presents recent studies on the biological and pharmacological properties,
as well as the molecular mechanisms of MH to elucidate its many positive health impacts.
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INTRODUCTION

Bioactive compounds derived from dietary
plants and fruits have a growing attention
recently owing to their potential to prevent
numerous chronic diseases' complications with
insignificant adverse effects’. MH (3,5,7,2',4"-
pentahydroxyflavone), is a member of
the flavonoid family which has been separated
as a yellow pigment® >, It is one of the essential
components of many botanical preparations
and has been suggested by traditional medicine
to treat several human illnesses’. MH is
considered a potentially effective therapeutic
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compound due to its antioxidant and anti-
inflammatory properties®”. MH is mainly found
in plants of Moraceae, Rosaceae, and Fagaceae
families. It mostly appears in Osage orange
(Maclura pomifera), onion (Allium cepa),
guava leaves (Psidium guajava L.), almond
hulls, apple skin (Malus pumila), mill (Prunus
dulcis), white mulberry (Morus alba L.), red
wine, old fustic (Maclura Tinctoria), jackfruit
(Artocarpus heterophyllus), seaweeds, coffee,
tea, cereals and a variety of beverages® ® Fig. 1.



Fig. 1: Showing possible natural sources of MH?.

Chemical structure

MH is a member of the flavonol class
that has a 3-hydroxyflavon base and there are
additionally three more hydroxy substituents at
positions 2/, 4, and 5 of this 7-hydroxy
flavonol Fig. 2.

HO

Fig. 2: Represents MH molecular structure °.
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Physical properties

MH is a stable compound with a yellow
color that has a bitter taste. Ithas a high
solubility in alcohol, poor solubility in acetic
acid and ether, good solubility in methanol and
alkaline aqueous solutions, and moderate
solubility in water emulsion™. In addition, the
MH exact mass is 302.042653 g/mol, and its
molecular weight is 302.2357 g/mol°.




Pharmacokinetics
Absorption

MH solubility and stability are two critical
criteria for understanding the MH absorption
profile. It has been shown that the solubility of
MH is mainly dependent on the PH of the
solvent used™ so it is important to illustrate the
effect of PH on MH solubility as the stomach
and intestine are considered the main sites of
its absorption. MH has low solubility in acidic
to neutral medium due to the protonation or
chelation with metal ions of the ring’s B
hydroxyl groups at positions 2' and 4' and the
ring’s C 3-OH group™. While, it is more
readily soluble in basic medium which is
mainly attributed to the deprotonation of ring’s
B hydroxyl groups at C7 of the benzoyl ring
which generating MH molecules with more
negatively charged species that responsible for
its high solubility in basic PH™. Due to this low
solubility of MH in aqueous solutions, a low
oral bioavailability is observed and this sheds
light on developing more formulation of MH to
enhance its oral bioavailability**. The stability
of MH is mainly affected by the PH and light
more than temperature since MH has a low
degradation rate in acidic and neutral mediums
while rapid degradation was observed in basic
medium®™. Also, MH shows high stability in
room temperature and dark conditions, while it
is highly degraded in light condition'® *'.
Another contributing factor to MH's low oral
bioavailability is that it is subjected to
intestinal and hepatic first-pass metabolism,
leading to its rapid clearance in vivo with an
insufficient plasma level for clinical efficacy™.
Also, Multidrug Resistance-Associated
Protein-1(MRAP-1), a transporter protein
widely present on intestinal cell membranes
which allows MH efflux, is primarily
responsible for MH limited bioavailability™.

Distribution

Once MH is orally ingested, it passes
through the stomach unchanged and reaches the
small intestine in the form of glycosylated,
methylated, and sulfated derivatives. These
derivatives of MH or free forms enter the gut,

where they are transformed into their
corresponding aglycone form by intestinal
enzymes® #, which allows the derivatives to
be easily absorbed from the intestine. These
absorbable aglycone derivatives bind with
specific transport proteins, enabling them to
pass from circulation through cell membranes
more readily?’. Based on several observations,
regulation of MH intestinal absorption is
accomplished by an energy-driven transport
system that carries MH from the circulation
into the interior of the cell, this energy-driven
transport system is confirmed by a study on
mammalian endothelial cells®® **. The low
intestinal permeability of MH is confirmed by
various studies using human Caco-2 cells™. It
was previously reported that MH, following 1V
injections, possesses a very short half-life (30
min) in the plasma®.

Metabolism and Elimination

After phase | metabolism, MH substrates
undergo phase Il metabolism, and the major
metabolites of this phase are in the form of
glucuronides and sulfate conjugates. This may
be accomplished by the action of several
enzymes including intestinal and hepatic
enzymes  (glucuronyl  transferase  and
sulfotransferase) for phase Il metabolism or
hepatic cytochrome P450 enzymes (CYPs) that
catalyze phase | metabolism?®. The unabsorbed
portions of MH are also converted to the
absorbable aglycone form but through the
action of the large intestine’s bacteria®. MH
also has a modulating effect on the transport
proteins and may affect the kinetics of other
drugs such as enhancement of the
bioavailability —of  diltiazem, etoposide,
nimodipine, and nicardipine which is mainly
due to MH inhibitory effect of CYP
isoenzymes (CYP3A4) and it can enhance the
intestinal absorption of talinolol through the
inhibition of P-gp®’. The conjugates of MH are
more soluble and readily detected in urine. This
rapid excretion illustrates the reduced plasma
half-life of MH? %, The overall kinetics of MH
in human are showen in Fig. 3%.
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Fig. 3: Summarization of the kinetics of MH in human *.

Mechanism of action
Antioxidant effects

Reactive oxygen species perform a
crucial part in the signaling cascade that
controls cellular homeostasis. There should be
a balance between the cellular antioxidant
enzyme activity and the formation of reactive
oxygen species to maintain homeostasis within
the cell. Damage of lipids, proteins, nucleic
acids, and carbohydrates subsequently  cell
death occurs when the cellular antioxidant
defense  mechanism is  disrupted by
the overproduction of ROS®" *. This oxidative
damage of cells can be avoided through
antioxidant enzymes that eliminate ROS and
Nuclear factor-erythroid 2-related factor 2
(Nrf2)®. The antioxidant effect of MH owing
to the existence of a double bond between the
hydroxyl group and its C2-C3 atoms that act to
activate the double bond of C-3. MH inhibition
of lipid peroxidation is mainly due to ring's B
two hydroxyl groups on the 2' and 4' positions.
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However, it appears that MH antiradical
properties are due to the ring's B hydroxyl
group at the 4' position®**. The formation of a
hydrogen bond between the ring's B hydroxyl
group in position 2' and the oxygen atom in
position 1 of the ring C causes a rotation of the
ring B and takes a planar configuration
regardingring C*' ®.  Concerning this
arrangement, MH is an effective natural radical
scavenger since it facilitates the transfer of
electronic effects between the B ring and the C
ring's double bond this was confirmed by
Morales et al *. ROS is the major mechanism
by which gentamicin causes cytotoxic effects.
It triggers and maintains a persistent
inflammatory response resulting in tubular
necrosis®. In hepatic cells that received tert-
butyl hydroperoxide, MH decreased
ROS production and enhanced Nrf2
expression, along with its regulating genes HO-
1 and NQOL1this also been proved by Rizvi et
al.®. In vitro, the investigation revealed that



through modulation of the Nrf2/ARE signaling
cascade and enhancement of cellular
antioxidants including superoxide dismutase
(SOD) and catalase (CAT), MH protected
pancreatic B-cells from DNA damage caused
by oxidative stress*. According to these
results, MH preserves Chinese hamster lung
fibroblast V79-4 cells against DNA damage
and death caused by mitochondrial dysfunction
and overproduction of ROS. It also enhances
heme oxygenase 1 (HO 1) gene expression that
is linked to the overexpression and
phosphorylation of Nrf2 and a suppression of
Kelch-like ~ ECH-associated  protein 1
expression®?, MH reduces intracellular
overproduction of ROS, prevents DNA
damage, reduces the production of pro-
apoptotic proteins, and maintains
mitochondrial function in rats' hepatic cells this
has been indicated by Kapoor et al.*. Along
with  these findings, recent in vivo
investigations show the use of 100 mg/kg b.w.
of MH treatment preserves the rat liver against

oxidative damage following
cyclophosphamide®. Ray et al. had similar
results with rabbits receiving

cyclophosphamide/flutamide  therapy. MH
ceases the rise in cholesterol along with
protecting against oxidative stress®.

Anti-inflammatory effects

Chronic inflammation causes exacerbation
of many pathologies like neurodegenerative
disorders, diabetes, cancer, cardiovascular
disease, and chronic bowel
diseases®. Inflammation is modulated by a
variety of pro-inflammatory agents, including
transcription factors, chemokines, cytokines,
and enzymes*” *®. Numerous studies show that
MH serves as an efficient anti-inflammatory
drug* *°. According to prior In vivo study, MH
can maintain intestinal cells from damage as it
decreases the intestinal levels of IL-4 and
MDA with less granulocyte infiltration in the
mucosa of the intestine and alleviates colitis
caused by trinitrobenzene sulfonic acid®. MH
lowers proinflammatory  mediators mRNA
expression such as (TNF-a, IL-18, COX-2, and
IL-2) thus reducing the inflammation triggered
by midbrain  carotid artery occlusion

(MCADO) in cerebral ischemic rats this has been
proven by Chen et al®’. In the LPS-mastitis
model in vivo and peritoneal macrophages in
vitro MH reduces mammary gland tissue
damage through a dramatic reduction of levels
of TNF-a, IL-1p, and IL-6 and MPO activity
in mammary gland tissues and suppression of
NF-kxB and NLRP3 inflammasome signaling
cascade®. In LPS-stimulated bovine mammary
epithelial cells (bMEC), MH suppresses the
activation of (NF-xB), p38, inhibitory kappa B
(IkBa) protein, and extracellular signal-
regulated kinase (ERK) and downregulates
TNF-a, IL-6, and IL-1p  expressions™. In
chronic airway inflammation by ovalbumin,
MH in vivo reduces the elevation of
intracellular production of ROS, inflammatory
mediators such as TNF-a, IL-4, MDA, IgE, and
matrix metalloproteinase-9, and the percentage
of inflammatory cells recruited into (BALF)
preventing them from infiltrating the blood
vessels and respiratory tracts and in vitro, it
reduces the levels of proteins like IL-8,
intercellular ~ adhesion  molecule-1, and
phosphorylation of MAPK, suggesting that this
cascade ROS/MAPK is the MH key
mechanism in reducing inflammation of the
airway as previously proved by Ma et al. *°. In
vivo, MH reduces inflammation and hepatic
damage via suppression of NF-kB, iNOS,
TNF-a, IL-1B, and IL-6 protein expression®
Fig. 4.

Therapeutic potential
Anticancer effect

Evidence has shown that combining novel
biologically active compounds with safe,
natural therapeutic benefits is an effective
strategy for treating different tumor types®” .
Since oxidative stress can trigger cancer thus,
the most recent research has proposed using
novel antioxidants as a main natural cancer
treatment strategy™. Flavonoids including MH
are important naturally occurring antioxidants
exhibiting significant anti-cancer effects®
However, the use of MH in some cancers (in
vitro and in vivo studies) is illustrated in Table
1.
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Oxidative Stross Stimuli

Fig. 4: Shows the MH impact on reducing oxidative stress, apoptosis, and inflammation on a molecular

basis®.

Table 1: The use of MH in cancers (in vitro and in vivo studies)

Cancer type

Aim of the study

Outcomes

Breast cancer

MH role in7, 12 dimethyl
benz(a)anthracene (DMBA)-
mammary carcinoma™.

Inhibition upregulation of Bcl-2 and downregulation of
Bax. Downregulation of NF-«B and pro-inflammatory
markers including IL-1B, COX-2, TNF-a, and IL-2.

Examine  ovarian  cancer

Mitigation of the growth of ovarian cancer through

colon cancer®.

Ovarian growth and observe the tumor | modulation of the NF-kB pathway, reduction in the tumor
cancer progression®. size, and inhibition of the inflammatory response.
Explore MH chemo- | Suppression ofthe NF-«kB pathway and its linked
Colorectal p_reventive m_echanism in | inflammatory mediators, including TNF-a, IL-6, COX-2,
cancer dimethylhydrazine (DMH) | and PGE-2.

Liver cancer

Investigation of MH anti-
cancer effect in rats received
hepatocarcinogen diethyl
nitrosamine (DEN) to induce
liver cancer®.

Decreased COX-2 and NF-kB-p65 protein expression,
thus inhibiting inflammation and
angiogenesis. Diminished matrix metalloproteins such as
MMP-2 and MMP-9 levels.

Lung cancer

Investigating the impact of
MH on A549 lung cancer cell
line®.

MH exhibits anti-tumor activity through suppression of
MicroRNAs (miR-135b) expression, which specifically
targets and inhibits the (cyclin G2) CCNG2 tumor
suppressor gene.

Shin et al. investigated MH's

Gl-phase cell cycle arrest through downregulation of

and its molecular

mechanism®®,

impact on theEJ bladder | cyclin D1, cyclin E, CDK2, and CDK4 expression

cancer cell line and its | Inhibition of cell migration and invasion through AP-1,
Bladder . o .

underlying molecular | Sp-1, and NF-xB binding suppression. It decreases
cancer 27 .

mechanism’’. MMP-9 expression.

Investigate ~ MH-enhancing | Suppression in cell viability in the cells treated with

effect on prostate cancer cells' | paclitaxel. Promoting prostate cancer cells' chemo-
Prostate e . o X ) )
cancer chemo-sensitivity to paclitaxel | sensitivity to paclitaxel through downregulation of miR-

155 expression a suppressor of GATA binding protein 3
(GATAB3), thus restoring GATAS3 expression.
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Hepatoprotective effect

It has been found in CCl4-induced liver
fibrosis that MH causes alleviation of liver
fibrosis with less fiber tissue enlargement.
Upregulation of Nrf2 and its related
downstream antioxidant factors (HO-1 and
NQO1)  while downregulation  of protein
expression of a-SMA, collagen I, and collagen
111°°. MH has been found to suppress toll-like
receptor 4 (TLR4) and the triggering receptor
expressed on myeloid cells-1 (TREM-1)
signaling cascades and enhance the expression
of  antioxidant  proteins HO-1  and
Nrf2”. Furthermore, MH reduces the
inflammation in the damaged livers by (CCl4)
through a reduction in levels of TNF-a, TIL-18,
and IL-6 and the NF-xB) p65 and inhibitor of
kappa B a (IkBa) expression this has also been
proved by Li et al. °. MH in liver fibrosis
triggered by (CCl4) causes a reduction in
serum biomarkers of liver function and the
liver index which was elevated by long-term
CCl4 exposure. It also restored the hepatic
GSH to normal and reduced hepatic levels of
NO, MDA, and TNF-o. Furthermore, it
downregulates NF-xBand iNOS protein
expression’’.

Neuroprotective effect

A previous study indicates MH
neuroprotective  properties  in Parkinson's
disease and proposes that it can be beneficial in
such neurodegenerative diseases this also has
been confirmed by Zhang et al.”. MH
decreased activation of astrocytes mediated by
1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), protected against
dopaminergic neuronal losses in the substantia
nigra and striatum, and improved motor
dysfunction. Additionally, in vitro, MH
protected primary cultured neurons against
disruption of the mitochondrial membrane
potential (MMP) and decreased ROS
production and NF-kB activation mediated by
1-methyl-4-phenylpyridine (MPP+) as
previously indicated by Lee et al ™ In a
different study, MH causes restoring the
antioxidant defense balance through a decrease
in MDA content, an increase in antioxidant
levels (GSH, and Gpx), and SOD activity,
improving neurological deficiencies,
upregulating Bcl-2, downregulating
proinflammatory cytokines, Bax, and caspase-3

MRNA expression, and alleviating focal
cerebral ischemia induced by midbrain carotid
artery occlusion (MCAO)*. Moreover, MH
prevents oxidative stress, poly (ADP) ribose
polymerase(PARP) over-activation,
and neuroinflammation in peripheral
neuropathy™. In addition, a previous study
showed that micellar nanocarriers containing
MH significantly improved the memory of
Wister rats with Alzheimer's disease induced
by aluminum”.

Nephroprotective effects

The kidney isthe body's most essential
organ which eliminates medication residue,
heavy metals, undigested food remains, and
metabolic wastes take place so toxic metabolic
product intoxication occasionally results in
renal damage’. In a rat model, MH showed
protective effects against nephrotoxicity
induced by mercury chloride”’. Also, MH
protects rats from gentamicin-
induced nephrotoxicity and oxidative stress. It
causes a significant decrease in renal function
markers such as blood urea nitrogen (BUN)
and serum creatinine (Scr) and restoring in the
antioxidant  defense  balance  through
the reduction of ROS production while
the increase in the CAT and SOD enzyme
activity and GSH levels this has been proved
by Jonnalagadda et al "®. As mentioned before
by Apaydin et al. MH pretreatment prevented
hepatotoxic and nephrotoxic changes in
cisplatin-intoxicated rats’®. Additionally, MH
causes alleviation of ER stress, inflammation,
and autophagy mediated by cisplatin through
suppression of poly (ADP-ribose) polymerase
1( PARP-1) gene expression, attenuation of
inflammatory  responses, and  reducing
oxidative stress with subsequent decrease in
cellular death in HEK-293 cells and mice
kidneys®. MH causes a reduction in CYP2EL,

phospho-NF-xB  p65, Bax,  phospho-p53,
cleaved caspase3, and phospho-
P38MAPK activation, improvement of

histopathological alterations and lowering of
TNF-a and IL-1B levels in kidney damage by
cisplatin these results also have been proved by
Wei et al.*. Nephroprotective impact of MH in
kidney injury caused by gentamicin has been
accomplished by ameliorating the
histopathological changes and the increase in
serum levels of albumin, urea, uric
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acid, creatinine, and K* in young male rats®. In
an earlier study, MH ameliorated the kidney
histopathological changes and reduced the
elevated levels of wuric acid andserum
creatinine levels, thiobarbituric acid reactive
substances (TBARS), non-protein sulfhydryl,
and CAT activity in the rats' diabetic
nephropathy in STZ-induced diabetes®.

Anti-diabetic effect

Several complications in body organs and
systems are impacted by diabetes®. It has been
found that MH can serve as a beneficial
therapeutic remedy in diabetes and this was
investigated using HepG2 cells in which we
observed a significant enhancement
in the synthesis of glycogen, phosphorylation
of the insulin and Akt receptors, and inhibition
of glucose production®™. In streptozotocin
(STZ) diabetic rats, MH has been found to
cause hepatic hexokinase and glucose-6-
phosphate dehydrogenase enzyme
activation while a decrease in fructose-1,6-
bisphosphatase and  glucose-6-phosphatase
levels, improvement in serum insulin level with
a reduction inblood glucose level, and
preservation of the normal histological
appearance of pancreatic islets®. MH enhanced
the SOD and CAT activity, reduced the levels
of inflammatory markers TNFa, IL1p, and 1L-6
and thiobarbituric acid reactive substances, and
also reduced fasting glucose with a significant
increase in levels of serum insulin.
Furthermore, there has been a significant
increase in the brain’s GSH and neurotrophic
factors (BDNF, NGF, and IGF-1) this has been
indicated by a previous study on the brain of
STZ diabetic rats®’.

Cardioprotective effect

Cardiovascular diseases (CVD) have great
attention nowadays as they are the most
common cause of mortality worldwide. In
isoproterenol-induced myocardial infarction
owing to MH free radical scavenging and
antioxidant properties, it exhibits
cardiovascular protective effects®. In fatty diet
hypertensive rats, MH positively impacted lipid
profile, blood pressure, and serum glucose
levels®. Moreover, MH modulates alterations
in lipid peroxidation and lipid metabolism and
mitigates changes in electrocardiogram and
myocardial injury induced by isoproterenol in
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rats®. MH supplementation decreased MDA
level while increasing GPx level and SOD and
CAT enzyme activities as previously proved in
deoxycorticosterone acetate heart-damaged rats
by Prahalathan et al.”*. Improvement of heart
function in mitochondrial ischemia-reperfusion
injury (MIRI) through downregulation the
protein expression of caspase-3, apoptotic
protease  activating factor-1, caspase-9,
cytochrome  c, reduction myocardial
infarction’s size along with lowering LDH
activity, inhibition of mitochondrial
permeability transition pore (MPTP) opening,
increased cell viability and reduced cell
apoptosis, and prevention the reduction of
mitochondrial membrane
potential®. Cardioprotective effects of MH
have been accomplished by improvement in
cardiac function through restoring myocardial
architecture, enhancing SOD and CAT activity,
and reducing MDA levels while increasing
GSH levels, modulating the MAPK/NF-
kB/TNF-a pathway, and improving
hemodynamic parameters in isoproterenol-
induced myocardial injury®. Another in vivo
investigation established the anti-
atherosclerotic activity of MH through a
decrease in lipid accumulation and plaque
formation within atherosclerotic mice without
significantly affecting body weight and
reduction in serum levels of low-density
lipoprotein cholesterol, high-density
lipoprotein cholesterol, total cholesterol, and
triglycerides. It has been indicated that neither
dosage of MH exhibited notable toxicity in the
mice’.

Effect of MH in lung diseases

The lung is the human body's essential
organ for exchanging gases. Any damage to
lung tissue's ability to function properly could
result in potentially fatal scenarios.
Lung inflammation may be induced by
cigarette smoke. One hour before cigarette
smoke exposure, MH administration can lessen
lung inflammation this has been accomplished
by a reduction in MPO activity, MDA levels,
P13K/ATK/NF-xB singling pathway
activation, the levels of inflammatory
mediators in the BALF, and the number of
neutrophils, macrophages, and total cells. It
improved lung physiological alterations™.
Through MH antioxidative and free radical



scavenging  activity  restoring  miRNA
expression alterations and reducing PMys-
induced toxicity can be achieved®. In chronic
asthma in vivo, MH causes a reduction of
intracellular ~ overproduction  of  ROS,
inflammatory mediators such as TNF-a, 1L-4,
MDA, IgE, and matrix metalloproteinase-9,
and the percentage of inflammatory cells
recruited into (BALF) preventing them from
infiltrating the blood vessels and respiratory
tracts. In vitro, MH shows a reduction in the
levels of proteins like IL-8, intercellular
adhesion molecule-1, and phosphorylation of
MAPK. It has been suggested that ROS/MAPK
cascade is the MH key mechanism in reducing
inflammation of the airway®. MH significantly
enhanced SOD activity, suppressed MPO
activity, and reduced the inflammation through
downregulating of lung NLRP3 inflammasome
protein, lowering the levels of TNF-a, IL-18,
IL-18, and IL-6, and reducing the number of
inflammatory cells in the BALF. indicating its
beneficial impact on LPS-induced acute lung
injury (ALI)>.

Anti-arthritic effect

In vivo, in IL-1p-induced
osteoarthritis, MH  reduces inflammation
through inhibition of gene expression of NF-
kB, iNOS, and COX-2 and preventing NO and
PGE2 production®. In vivo, MH suppressed
cartilage degradation and hindered
phosphorylation of p38 and extracellular
signal-regulated kinase. Downregulation of
matrix metalloproteinase (MMP-3 and MMP-
13) while upregulation of tissue inhibitors of
metalloproteinase -1, in rat chondrocytes
induced with IL-1B%. According to a prior
study, MH suppresses angiogenesis and hinders
the PI3K/Akt pathway via binding to and
stimulating the peroxisome proliferator-

Morin Hydrate

activated receptor-y (PPARY) and boosting the
expression of PTEN, a PPARy target
gene. These results have proved that PPARYy is
the MH key mechanism in synovial
angiogenesis  inhibition and  subsequent
protection against arthritis®.

Anti-bacterial and antiviral effects

MH has been provento be an effective
inhibitor of various microorganisms. It has
been established that MH may reduce the
virulence of Staphylococcus aureus, which is
frequently responsible for skin infections that
can develop into lethal septicemia, necrotizing
pneumonia, and endocarditis®. Moreover,
infected mice treated with MH showed reduced
inflammation and protected the new cells from
influenza virus infection'®. Using an A/PR/8
infection murine model, acombination of
oseltamivir and MH causes hemagglutination
by A/PR/8 was decreased with the use of MH.
It also improved A/PR/8-infection symptoms,
decreased lung levels of TNF-a, IL-1p, and
CCL2, and inhibited virus repllcatlon100

Role of MH in other diseases

MH has been indicated to have a
significant beneficial impact on different
diseases. As shown by a previous study, MH
has been proven to protect the gastric mucosa
from indomethacin-induced inflammation by
modulating the NF-kp signaling pathway'".
Moreover, Jiang et al. suggested that Morin
could mitigate LPS-induced mastitis by
preserving the integrity of the blood-milk
barrier through the modulation of tight junction
protein expression and blocking of intracellular
signaling cascades of NF-kB, NLRP3, MAPK,
and PIBK/AKT™. However, Fig. 5° and Table
2 summarize the potential pharmacological
action of MH.

Fig. 5: Summary of MH pharmacological actions in precllnlcal studies®.
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Table 2: Summary of MH pharmacological actions in preclinical studies.

Pharmacological
action of Morin
hydrate

Aim of study

Outcomes

Hepatoprotective

1. The in vivo study aimed to
assess MH effects on (DEN-
induced) liver fibrosis rats,
whereas the in vitro study
investigated MH impacts on
cultured LX-2 cells*®,

In vivo, downregulation of p-catenin, GSK-3p, and
cyclin D1 protein expression.in vitro, inhibition of Wnt
signaling and proliferation of cultured LX-2 cells along
with induction of G1 cell cycle arrest.

2. Explore MH impact on liver
fibrosis in rats long-term
exposed to CCL4™,

Reduction in serum biomarkers of liver function and
the liver index which was elevated by long-term CCl4
exposure. MH restored the hepatic GSH to normal and
reduced hepatic levels of NO, MDA, and TNF-a.
Furthermore, it downregulates NF-kB and iNOS
protein expression.

3. Investigate MH impact with

its possible mechanism on
hepatic fibrosis induced by
ccL4®.

Alleviation of liver fibrosis with less fiber tissue
enlargement. Upregulation of Nrf2 and its related
downstream antioxidant factors (HO-1 and NQOL1)
while downregulation of protein expression of a-SMA,
collagen I, and collagen IlI.

4. Investigate the underlying
protective mechanism of MH
against nonalcoholic fatty liver

diseases'®.

Improvement in hepatic steatosis and other related
metabolic disorders preventing them from progression
through inhibition of LXR signaling as MH has been
proven to be an antagonist of (LXRa and LXRp).

Neuroprotective

Explore MH impact on focal
cerebral ischemia induced by
midbrain carotid artery
occlusion (MCAQ)*.

Restoring the antioxidant defense balance through a
decrease in MDA content, an increase in antioxidant
levels (GSH, and Gpx), and SOD activity.
Improvement in neurological deficiencies,
Upregulation of Bcl-2, and downregulation of the
proinflammatory cytokines, Bax, and caspase-3 mRNA
expression.

Nephroprotective

1. Investigate MH protective
impact on Kkidney damage
caused by Cis®.

Improvement of histopathological alterations, reduction
of the kidney inflammatory mediators such as TNF-a
and IL-1p levels, and downregulation of CYP2EI1, NF-
kB p65, P38, MAPK, Bax, caspase3, and p53 signaling
cascades.

2. In vivo and in vitro
investigation of MH impact on
Cis-induced nephrotoxicity®.

Alleviation of Cis-induced ER stress, inflammation,
and autophagy through suppression of PARP-1 gene
expression, attenuation of inflammatory responses, and
reducing oxidative stress with subsequent decrease in
cellular death in HEK-293 cells and mice kidneys.

3. Evaluate  nephroprotective
features of MH  against
nephrotoxicity by Gentamycin
in vivo™.

Significant decrease in the renal function markers such
as (BUN) and (Scr). Restoring the antioxidant defense
balance through the reduction of ROS production while
the increase in the CAT and SOD enzyme activity and
GSH levels.

4. Determine
nephrotoxicity
Gentamycin®,

MH impact on
induced by

Ameliorated the histopathological changes and
increased the serum levels of albumin, urea, uric
acid, creatinine, and K*.

716




Table 2: Continued.

Anti-diabetic

1. Evaluation of MH regulatory
effect on carbohydrate
metabolic hepatic enzymes and
its protective effect in STZ-
diabetic rats®.

Hepatic  hexokinase and  glucose-6-phosphate
dehydrogenase enzyme activation while a decrease in
fructose-1,6-bisphosphatase and glucose-6-phosphatase
levels. Improvement inserum insulin level with a
reduction in blood glucose level.

2. Investigate the MH role in
STZ diabetic rats and its impact
on the brain®’.

Enhanced activity of SOD and CAT activity, it reduced
the levels of inflammatory markers TNFa, IL1B, and
IL-6 and thiobarbituric acid reactive substances, and
also reduced fasting glucose with a significant increase
in levels of serum insulin. Furthermore, there has been
a significant increase in the brain’s GSH and
neurotrophic factors (BDNF, NGF, and IGF-1).

Cardioprotective

1. Explore the MH impacts on
myocardial injury caused by
ISO and the underlying
mechanism®.

Improvement in cardiac function through restoring
myocardial architecture, enhancing SOD and CAT
activity, and reducing MDA levels while increasing
GSH levels, modulating the MAPK/NF-kB/TNF-a
pathway, and improving hemodynamic parameters in
isoproterenol-induced myocardial injury

2. Prove MH benefits in 1SO-
stimulated myocardial
infarction in rats®.

MH lessened lipid peroxidation and modulated lipid
metabolism while regulating the abnormalities in the
ECG and biomarkers. A histopathological investigation
showed that MH pretreatment prevented myocardial
damage.

Anti-
inflammatory in
lung diseases

1. MH Attenuation of lung
inflammation caused by CS and
its underlying mechanism®.

Reduced MPO activity, MDA, and P13K/ATK/NF-xB
singling pathway activation It also reduced the levels of
inflammatory mediators in the BALF, neutrophils,
macrophages, and total cells. It improved lung
physiological alterations.

2. Investigate the MH role in
chronic airway inflammation
induced by OVA in vivo and in
BECs in vitro *°.

In vivo, reduction of the elevation of intracellular
production of ROS, inflammatory mediators such as
TNF-0, IL-4, MDA, IgE, and matrix metalloproteinase-
9, and the percentage of inflammatory cells recruited
into (BALF) preventing them from infiltrating the
blood vessels and respiratory tracts. In vitro, reduction
in the levels of proteins like I1L-8, intercellular adhesion
molecule-1, and phosphorylation of MAPK.

3. Explore the MH impact on
LPS-induced ALI®.

Enhancing SOD activity and suppressing MPO activity.
Reduction in the inflammation through downregulating
of lung NLRP3 inflammasome protein, lowering the
levels of TNF-a, IL-1pB, IL-18, and IL-6, reducing the
number of inflammatory cells in the BALF.

Gastroprotective

Explore MH gastroprotection in

Indomethacin(IND)-induced

inflammation and apoptosis'®".

Restoring in the inflammatory damage, apoptosis, and
neutrophil infiltration caused by IND in the gastric
mucosa of rats. Reduction in ROS production,
proinflammatory reactions, and NF-xB and (iNOS)

activation. Enhancement of antioxidant enzymes.
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1. Explore the MH effect in
synovial  angiogenesis  and
subsequent arthritis and its
underlying mechanism®.

Suppression of angiogenesis and hindering the
PI3K/Akt pathway through binding to and stimulating
the PPARY, boosting the expression of PTEN, a PPARy
target gene.

Anti-arthritis 2. Investigation of MH
antiarthritic effect in different
models®’.

In vivo, MH suppressed cartilage degradation. MH
hindered p38 and extracellular signal-regulated kinase
from being phosphorylated when exposed to IL-1p. Tt
also increases the expression of (TIMP-1) and

inhibits the expression of (MMP-3 and MMP-13).

Investigate MH impact on S.

Antimicrobial aureus pneumonia and
haemolytic  activity of «a-
hemolysin®.

MH mitigates Hla's cytolytic activity, lessens lung cell
damage in humans, and prevents S. aureus pneumonia-
related mortality in a mouse infection model. The
catalytic inhibition's molecular mechanism presents
Morin's direct binding to Hla's "Stem"™ domain,
specifically  residues 1107 and T109. This
conformational change prevented the heptameric
transmembrane pore's ability to self-assemble, thereby
reducing Hla's biological activity associated with cell

lysis.

Abbreviations

GSK-3p, glycogen synthase kinase-3p;
CCl4, carbon tetrachloride; NF-xB
p65, nuclear factor kappa B; MAPK,P38
mitogen-activated  protein  kinase;  Cis,
cisplatin; ROS, reactive oxygen
species; OVA, ovalbumin; MDA,
malondialdehyde ;Bax, Bcl-2-associated X
protein; TNF-e, tumor necrosis factor-a;
NQO1,quinone oxidoreductase 1; HEK,
human embryonic kidney epithelial cells ;HO-
1,heme oxygenase ;BECs, human bronchial
epithelial cells; 1SO, isoproterenol; LPO, lipid
peroxidation; Scr ,serum creatinine; CS,
Cigarette smoke; BALF, bronchial alveolar
lavage fluid ; MPO, myeloperoxidase; Keapl,
Kelch-like ECH-associated proteinl; BUN,
blood urea nitrogen i.p, intraperitoneal; LXR,
liver x receptor; SOD, superoxide dismutase;
CAT, catalase ; GSH, reduced glutathione;
Nrf2, nuclear erythroid-related factor 2; ECG,

electrocardiogram ;LPS,
lipopolysaccharides; PPARy , peroxisome
proliferator-activated receptor-y; OA,

osteoarthritis ;MMP, matrix metalloproteinase
; TIMP-1, tissue inhibitors of
metalloproteinase ; iNOS ,inducible nitric
oxide synthase ; TBARS, thiobarbituric acid
reactive substances STZ, streptozotocin;
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PPAR-y, peroxisome
receptor gamma.

proliferator-activated

MH safety and toxicity

A previous study had shown that plasma
levels of MH remain below 1% after oral
intake of high doses (200 mg/kg), this is due to
its poor bioavailability and low membrane
permeability?, Although parenteral
administration of MH exhibits enhanced
absorption and achievable therapeutical plasma
level of MH, marked limitations are observed
in these formulations such as low patient
compliance,  high  cost, and  safety
considerations'®. Therefore, MH, in modifying
nano-emulsifying formulations for clinical
application, was observed to demonstrate
enhanced oral bioavailability, increased
therapeutic efficacy, and low toxicity, even at
elevated doses of 200 mg/kg'®. This low
toxicity of MH has been documented in several
studies on animal models and also in human
clinical trials, and oral administration of MH at
long-term doses did not result in mortality or
abnormal clinical signs'®.

Through investigation in clinical trials,
more studies are needed to detect the accurate
dose of MH to be safely used in various
conditions since MH can interact with other



polyphenols, food products, and responsible
genes, it also may affect the kinetic profile of
concomitant drugs that depend on CYP
isoenzymes in their metabolism or drugs
substrate to P-glycoprotein (P-gp) due to its
inhibitory effect on both (CYP isoenzymes,
CYP3A4) and (P-gp). So, the kinetics of these
concomitant drugs with MH should be adjusted
carefully to obtain sufficient therapeutic
clinical application in various acute and
chronic diseases ?’. Previous in vivo and in
vitro studies on MH prevention and treatment
of calcium oxalate urolithiasis revealed that
MH exhibits a good safety profile and

beneficial therapeutic efficacy™.

Conclusion

MH has been proven to have significant
beneficial impacts on the health of both human
and animal models. Owing to MH's numerous
pharmacological actions it can be considered a
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