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Abstract

Curcumin represents a yellow polyphenolic pigment derived from the plant Curcuma longa (turmeric) rhizome that has been put

in utilization over centuries for cuisine art besides coloring of foods, as a constituent of separate medicinal formulations that has

been used over and over in Ayurveda along with Chinese medicine. In the current decades it has been exhaustively evaluated for its

biological actions. Thus here we conducted a systematic review with the utilization of search engines like pubmed, google scholar,

web of science, Cochrane library from 1900 till date with the utilization of MeSH terms Curcumin; Neuroinflammation; Alzheimer’s

disease (AD); parkinson'’s disease (PD); antioxidant actions; other anti-inflammatory actions; cardio protection; hepatoprotection

in liver fibrosia; non alcoholic fatty liver disease (NAFLD); non alcoholic steatohepatitis (NASH); Anti cancer actions. We observed a

total of over 3000 articles but selected only 53 articles for this review with the journals constraints of up to 50 references. No meta-

analysis was done. Here we have reviewed in detail the mechanism of action of Curcumin in various above mentioned diseases along

with transcription factors involved. Recently even in COVID its use has got documented. Although use in Alzheimer’s disease studied

extensively human studies are still battling to get a concrete answer. In case of cancers, usually it is a good coagent with other chemo-

therapeutic drugs, might hamper human papilloma virus (HPV) infection as well as avoid cancer cervix generation. In case of NASH,

or liver cirrhosis its use with beta blockers might aid in conversion back towards normalcy.
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Introduction

Curcumin represents a yellow polyphenolic pigment derived
from the plant Curcuma longa (turmeric) rhizome has got utilized
for over centuries, for culinary along with food colouring charac-
teristics, in addition to a component of different medicines, that
has got extensively used in Aurveda as well as Chinese medicines.
In the current decades their biological actions have got evaluated

in a lot of details. Here aim of the review is to provide a deep ex-

planation of Curcumin applied to food as well as biotechnological
industries, besides health facilitation as well as disease avoidance
with specific highlight of its anti oxidant, anti-inflammatory, neu-
roshielding, anticancer, hapatoprotection, as well as cardioshield-
ing actions. Further its bioavailability, bio effectiveness as well as
safety parameters along with quality properties of Curcumin are
further tackled. Lastly multidimensional uses of Curcumin, lucra-

tiveness of food looking attractive.
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Curcumin species- small general detail of curcumin

For details of curcuma genus [2].

Historical aspect of Curcumin

Started from far eastern medicines 5000 (Ayurveda) as well as
2000 yrs (Atharveda) ago respectively. Curcuma longa (C. longa)
possesses various Curcuminoids, despite Curcumin was observed
to be the maximum active (init identified in 1815 (vogel-pelleti-
er-1815), along with the purified crystalline compound-detected
in 1870. Its structure was initially illustrated by polish scientists
(Figure 1) [1]. Despite generally Curcumin talks about -1,7-bis(4-
hydrocxy-3methoxy phenyl) 1.6 heptadiene,3,5dione, it is also
called “Curcuminl”. That is Curcumin-is adiferuloyl methane see

figure 1 for structure [2] for more details.

HO OH

OCH; H,CO

Figure 1: Chemical structure of curcumin.

Curcumin on health propagation as well as disease avoidance

Lot of actions on Health Propagation as well as disease avoid-
ance seen with curcumin as well as derivatives. A bibliometric eval-
uation done by Yeung,, et al. [3] documented that the USA, China,
India, Japan as well as South Korea have done maximum scientific
work observed on Curcumin bioactive actions with the maximum
concentrations on their anti cancer, inflammatory, with anti oxi-
dant capacity, as revealed by Xu., et al. (2018) [4]. Here preclinical
as well as clinical results associated with Curcumin bioactive ac-

tions is detailed in brief with mechanism of action discussed.

Anti oxidant action

The Curcumin anti oxidant actions have been the mechanism
evaluated in literature. Lot of in vivo, as well as vitro studies have
got performed, in addition to the anti oxidant action has been cor-

related with its chemical structure, that includes carbon- carbon
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double bonds, B diketo group as well as phenyl rings with hydroxyl
along with o-methoxy groups [5]. Numerous modes can reason
out the anti oxidant action in the form of free binding radicals, hy-
drogen atom donors and electron donors for neutralization of free
radicals. For this purpose utilization of Laser flash photolysis, be-
sides pulse radiolysis were done for unraveling the mode of action

of Curcumin’ anti oxidant actions [6].

Curcumin’ has the capacity to facilitate antioxidant actions by
scavenging a lot of Reactive oxygen species (ROS) in the form of
superoxide radicals, hydrogen peroxide (H,0,) as well as nitric ox-
ide (NO) radicals in addition to hampering lipid peroxidation [7].
This action is secondary to enhancement of a lot of anti oxidant
enzymes action like super oxide dismutase (SOD), CAT, glutathione
peroxidase (GPx), as well as a OH-1. Further Curcumin can result
in escalation of GSH amounts by upregulation of glutathione trans-
ferase along with their mRNA. Furthermore Curcumin can ham-
per ROS producing enzyme like lipoxygenase (LOX), COX as well
as xanthine oxidase. It is also believed to be a chain breaking anti
oxidant in view of its lipophilic nature, acting basically as a peroxy

radicals scavenger [5].

Anti inflammatory actions

Numerous in vivo, along with in vitro studies have demonstrat-
ed, that Curcumin possesses big capacity for therapy of numerous
inflammatory diseases [8,9]. It got documented that Curcumin
can i) hamper proinflammatory factors, transcription factors like
nuclear factor k (NFkB) as well as activator proteinl (AP1). ii) Re-
sultin reduction of proinflammatory cytokines, like tumor necrosis
factor alpha (TNFa) along with interleukin-1b (IL-1b) IL-2, IL-6.
IL-8, macrophage inflammatory proteinl-a (MIP1la), monocyte
chemoattractant protein (MCP1), C Reactive Protein (CRP), as well
as prostaglandin E2 (PGE2). iii) down regulation of lipoxygenase
along with cyclooxygenase 2 (COX,) as well as iv) Inhibition of mi-
togen activated protein kinase (MAPK) in addition to pathways im-
plicated in nitric oxide synthase (NOS) [10]. Figure 2 illustrates the

anti inflammatory modes.

Conversely, with the knowledge that Oxidative stress (0OS) trig-
gers chronic inflammation, an intricate association among anti
oxidant molecules as well as its anti inflammatory prospects has
become escalatingly apparent. That way Curcumin further has the
capacity of modulation of NFkB expression. Actually the pathway

activation results in proinflammatory cytokines generation, like
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[IL-1, IL-2, IL-6. IL-8 along with TNFa that have been accepted to
be stimulating proinflammatory signaling pathway. Additionally,
Curcumin result in reduction of Oxidative stress in addition to in-
flammation via the Nrf2 as well as NFkB pathway. The COX pathway
results in the transformation of arachidonic acid into prostaglan-

dins along with thromboxane, with two COX isoenzymes (COX1 as
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well as COX2) being implicated. Specifically, COX2 gets stimulated
by different cytokines in addition to tumor promoters, hence in-
tricately associated with inflammation along with carcinogenesis,
with a lot of studies documenting that Curcumin can hamper the

stimulation of COX2 gene expression [11].

Figure 2: Courtesy ref no2 - Curcumin anti-inflammatory mechanisms.

Neuroshielding actions

Neurodegenerative conditions like Parkinson’s diseases (PD)
as well as Alzheimer’s disease (AD), major depression as well as
epilepsy implicate millions of people throughout the world, with
escalated incidence rate. Neuroinflammation represents a chronic
inflammation which results in neuronal metabolism alterations
which cause neuronal breakdown. In Neuroinflammatory condi-
tions, the neuronal demise gets escalated by microglia as well as
astrocytes activation. Astrocytes are the ones that result in proin-
flammatory cytokines liberation like TNFa as well as IL-1. Depend-

ing on the present studies, Curcumin utilization in the form of a

promising potential treatment agent for separate neurological con-
ditions like dementia, AD, PD, multiple sclerosis (MS), along with
huntington’s disease (HD), secondary to its anti oxidant, anti in-
flammatory as well as anti protein accumulating capacities [12,13].
It has been demonstrated that Curcumin blocks the inflammatory
cytokines along with PG generation in case of activated microglia
as well as astrocytes [11,14]. It further causes reduction in the gen-
eration of TNFq, IL-1B, MIP-1B, MCP1, along with IL-8 in microglia
as well as astrocytes cells [15], figure 3 illustrates these aspects in

small detail.
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Figure 3: Courtesy ref no-2 - Neuroprotective mechanisms of curcumin in treating Parkinson'’s disease.

In case of AD, the major aetiology is the amyloid $ (AB) pep-
tide plaques getting deposited, that is secondary to microgliosis in
the brain. Curcumin was observed to decrease AD symptomatol-
ogy [16,17] by i) hampering the A peptide generation by changing
the amyloid precursor protein trading. ii) binding the A peptides
as well as implicating their collection. iii) ameliorating the tau hy-
per phosphorylation in addition to escalation of its clearing. iv)
decreased A stimulated toxicity via the hampering of JNK3 phos-
phorylation. v) reduction in cholesterol amount that decreases AD
risk. vi) shielding the Blood Brain Barrier (BBB) by up regulation of
OH-1 expression. vii) hampering acetyl cholinesterase. viii) having
a part in cell signaling via activation of Wnt pathways as well. ix)
causing reduction in inflammation in addition to oxidative damage.
AKin to that certain studies have demonstrated that Curcumin has
the capacity of treatment of PD. Figure 4 demonstrates the Neuro-

shielding mode of Curcumin in treatment of PD.

In case of MS, an autoimmune inflammatory disorder which
primarily influences young adults in addition to women via demy-
elinating lesions. ii) Curcumin has further demonstrated Neuro-
shielding actions via desperate modes that are anti oxidant, antiin-
flammatory as well as anti proliferation modes. Further Curcumin
possessed the capacity of modulation of various molecular targets,

like the transcriptional factors Nrf2, NFkB, AP1, Signal Transducers

and Activators of transcription (STAT1,-3.-4) enzymes (COX2, INOS,
OH-1, LOX, X0) inflammatory cytokines (chemokine ligand, TNFa)
as well as interleukin), proteins (caspase-3,-9,Bcell lymphoma?2
[Bcl2], PG, CRP, myosin light chain], protein kinase (AK, JNK, JAK,
MAPK) and growth factor as well as receptors (toll like receptors
[TLRs], chemokine receptor, transforming growth factor a in addi-
tion to B 1 (TGF-a, TGF-B1] [18].

Figure 4: Courtesy ref no-2 - Neuroprotective mechanisms of

curcumin in treating Parkinson’s disease.
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Anticancer actions

Exhaustive preclinical studies can be observed in literature,
evaluating Curcumin’ s Anticancer actions with escalating con-
centration being done on its mode of action. Curcumin ©has been
demonstrated to avoid carcinogenesis by influencing 2 events: an-
giogenesis as well as cancer cell growth. The modulation of various
molecular targets via which Curcumin works is by up regulation or

down regulation is illustrated in figure 5.

The part of angiogenesis in Cancer is well accepted. Actually
cancer cells can generate new blood vessels by stimulation of pro-

angiogenic factors. Curcumin possesses antiangiogenic action by
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hampering proangiogenic factors stimulators like vascular endo-
thelial growth factor (VEGF), basic fibroblast growth factor (bFGF).
Curcumin has been demonstrated to result in down regulation of
VEGF expression via NFkB, in addition to activator protein 1 (AP1),
control, ameliorating IL-8 expression [19]. Astinfeshan., et al. [20],
demonstrated that Curcumin has ability of hampering angiogene-
sis via VEGFR along with PI3K/Akt signaling pathway modulation.
Furthermore it was demonstrated that Curcumin can cause down
regulation of Matrix Metalloproteinases (MMP’s), MMP2 as well
as MMP9, besides up regulation of the tissue inhibitors of Matrix
Metalloproteinases 1 (TIMP1), that guarantees stableness of the

extracellular matrix [ECM] along with cohesion [19].

Figure 5: Courtesy ref no-2 - Curcumin molecular targets in cancer cells.

Curcumin stimulates apoptosis in Cancer Cells via p53-based
pathway. p53 is understood to be one of maximum significant tu-
mor suppression proteins, influencing cell proliferation, apoptosis
along with DNA injury [21]. Various studies have documented a

crosstalk among p53 as well as Cancer [15,22,23]. Ye,, et al. [23],

demonstrated proapoptotic actions of Curcumin that were based
on miR 192-5p as well as miR 215, that stimulated p53 in non small
cell lung cancer. Other studies have demonstrated that Curcumin
stimulated apoptosis in p-53-independent apoptosis in human HT-

29colon cancer cells [24].
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Cyclin dependent kinase (CDK) are serine/threonine kinases
which generate a complex with their respective Cyclin partner,
hence regulation of cell cycle propagation. Changed CDK’s expres-
sion are constantly seen in cancer cells. In a triple negative breast
cancer cell line MDA MB231with Curcumin, Chiu and Su [25] dem-
onstrated that Curcumin resulted in interference in CDK/Cyclin
complexes, essential for cell cycle propagation in addition to cause
down regulation of CyclinD1, needed for the propagation via the
G1/S phase, besides whose high expression is correlated with max-

imum breast cancers, hence resulting in cell cycle arrest at G1.

Curcumin has been posited to possess great efficacy against
cancers in which Ras gets overexpressed. Actually Cao., et al. [26],
in 2015 demonstrated that it hampers human gastric carcinoma
AGS cells proliferation via downregulation of Ras proteins whereas
up regulation of extracellular signal -regulated kinase (ERK1/2)
[26]. Besides that Curcumin had the capacity to hamper along with
regulation of ERK1/2 that result in downregulation of PI3K/Akt
signaling pathway in cancer models [27,28]. Similarly targeting the
Wnt/B-catenin signaling pathway is an attractive strategy for can-
cer therapeutic application. Actually Wnt/B-catenin signaling path-
way overexpression is supposed to influence human cancers, with
Curcumin possessing the capacity to stimulate cell cycle arrest at
G2 /M phase via manipulation of Wnt/B-catenin signaling pathway.
Dou,, et al. [29], further documented that Curcumin can hamper

Wnt/B-catenin signaling pathway suppression through miR130a.

With the anticancer actions, Curcumin has the ability to target
various cancer transcription factors. Numerous studies illustrated
that Curcumin can block NFkB, along with AP1, transcription factor
families [30]. Marquardt., et al. [31], evaluated the action of cur-
cumin sensitive in addition to curcumin resistant liver cancer lines.
Marquardt,, et al. [31], sawthat in Curcumin sensitive cancer, there
was hampering of NFKB, whereas in Curcumin resistant cells it was
not so, instead they had sustenance of NFkB action. In case of lung
cancer cells, curcumin resulted in reduction in the expression of
proliferating cell nuclear Antigen (PCNA), phosphatidyl inositide
3-kinase (PI3K) as well as NFkB [30]. The sensitivity of human as
well as rat glioma cells to radiation escalated subsequent to Cur-
cumin therapy, with both expression of NFkB, along with AP1 got
hampered [32]. Further Curcumin was demonstrated to cause re-
duction of expression amounts of STAT3-controlled CyclinD1. BCL-

2, Bel-xL in pancreatic cancer cells [33]. Shanmugan,, et al. [32], in
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2015, further illustrated that Curcumin could hamper IL-6 stimu-
lated STAT3- phosphorylation, besides STAT3nuclear translocation
in case of multiple myeloma. Further more curcumin had the ca-
pacity to hamper cell proliferation, migration as well as invasion,
yet facilitated apoptosis in retinoblastoma cells with antitumor ac-
tions occurring through miR99a as well as hence the hampering of
JAK/STAT pathway.

Hepatoshielding action

Various agents like alcohol, drugs, pollutants, parasites as well
as dietary constituents, besides obesity, DM as well as others can
stimulate acute as well as chronic hepatic injuries that are liver fi-
brosis, non alcoholic steatohepapititis (NASH), non alcoholic fatty
liver disease (NAFLD), in addition to cirrhosis [34].

Choudhary, et al. [35], showed that a Curcumin injection (8.98
pum) in Swiss albino rats carbon tetrachloride -mediated oxidative
hepatocellular damage resulted in reduction of NADPH-oxidase
amounts as well as escalated the GR along with GST amounts as
well as succinate dehydrogenase action [35]. For equivalent kind
of hepatotoxicity, Curcumin delivery in Sprague-Dawley rats (200
mg/kg) escalated the hepatic glutathione amounts, in addition to
causing reduction in Lipid peroxidase amounts as well as actions
of both alanine aminotransferase (ALT) as well as aspartate ami-
notransferase (AST) [36]. Thus Curcumin might be an attractive
agent for avoidance of oxidative stress- associated liver conditions
by resulting in reduction of ALT, AST, as well as alkaline phospha-
tase (AP), whereas escalated GST, GR, GPx, SOD, Catalase (CAT) as
well as decreasing NO in addition to hampering ROS generation
[37]. Moreover Badria., et al. [38], illustrated that Curcumin treat-
ment escalated the endogenous anti oxidant amounts (ascorbic
acid, GSH, SOD, CAT) in the liver and spleen of chronic iron over-
loaded rats [38]. In certain vases of drug stimulated hepatotoxicity
like the one that is streptozocin induced liver damage as well as
paracetamol induced liver mitochondrial changes Curcumin had
the capacity of ameliorating these actions in mice. Afrin., et al. [39],
observed that Curcumin delivery in Sprague-Dawley rats second-
ary to streptozocin induced Diabetes mellitus (DM), hampered
TNFa, IL-18, MAPK, in addition to apoptosis signal regulating ki-
nasel (ASK1) in liver tissues. In case of NASH stimulated by low
dose streptozocin as well as high fat diet (HFD), Afrin,, et al. [39],
visualized that Curcumin therapy could result in reduction of Oxi-

dative stress, inflammation as well as lipogenesis, as well as miti-
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gated fibrosis along with HMGB,. NFkB translocation in addition
to signaling with regards to paracetamol induced liver mitochon-
drial changes, curcumin delivery attenuated mitochondrial impair-
ment by hunting free radicals, stimulation of anti oxidant enzyme
expression, as well as hampered NFkB action as well as transient

receptor potential melastatin 2 (TRPM2) channels [40].

In mice with alcoholic fatty liver disease, Curcumin delivery
ameliorated hepatocyte necroptosis, suppressed the ethanol
stimulated pathway, hampered glyoxalate, dicarboxylate as well as
pyruvate metabolism, modulated anti oxidant signaling pathway
as well as upregulated detoxifying genes expression through the
ERK/p-38/MAPK pathway [41].

It has further been illustrated that Curcumin delivery can ame-
liorate liver fibrosis along with cirrhosis [15,42]. Curcumin delivery
in Sprague-Dawley rats with CCL4 -stimulated hepatic fibrosis that
resulted in reduction in liver fibrosis via. i) reduction in extracellu-
lar matrix (ECM) over generation in hepatic stellate cells (HSCs) ii)
disturbing platelet derived growth factor receptor (PDGFR)/ERK
as well as mammalian target of rapamycin (mTOR) pathwayiii) ac-
tivation of) Peroxisome Proliferator Activated Receptor y (PPAR y)
iv) upregulated PTEN as well as miR 29b expression as well as v)
down regulation of cannabinoid Receptors (CBR) type I as well as
DNA methyltransferase3b (DNMT3b) [15,43].
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Cardioshielding action

Cardiovascular diseases are believed to be a global human
health problem, that escalates morbidity as well as mortality rates.
As per various studies Curcumin is efficacious in avoidance of CVD
[44]. Figure 6 illustrates how mechanistically Curcumin works on
CVD. Major CV advantages are associated with their shielding ac-
tions on Atherosclerosis, hypertrophy, heart failure (HF), aortic
aneurysm, stroke, myocardial infarction (MI) as well as Diabetic
CV complications [45] in the form of molecular targets. It is signifi-
cant, that Curcumin fresults in activation of Nrf2 that causes HO-1
getting induced, that is implicated in the Cardioshielding actions
as well as anti inflammatory actions against Oxidative stress [46].
Like Sunagawa., et al. [47], demonstrated that curcumin has a natu-
ral p300 histone acetyl transferase (HAT) inhibitory action, where-
as Monfoulet,, et al. [48], illustrated that curcumin can escalate en-
dothelial working as well as result in reduction of TNFa-stimulated
monocyte in endothelial cells via hampering of NFkB inhibition.
Moreover Yao., et al. [49], observed that Curcumin results in reduc-
tion of angiotensin II type IR (AT1R) expression, hence avoiding
CVD. In effect Curcumin respectively reduces the binding ability of
AT1R gene promoter with its specificity protein (SP1). Cao., et al.
[50], showed that Curcumin alleviates chronic heart failure by es-
calating p38MAPK, JNK, as well as ASK1.

Figure 6: Courtesy ref no-2 - Curcumin action on cardiovascular diseases.
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Conclusions

Across the last 50%of century great number of clinical trials
have been performed to check the effectiveness, safety in addi-
tion to pharmacokinetics [51]. Curcumin was delivered in various
kind of formulations like, capsules, tablets, powder nanoparticles,
liposomal encapsulation as well as emulsions, with dose escala-
tion studies documenting that Curcumin is safe in as great doses
as 12 g/day for 3 mths. The biggest limitation had been the bio-
availability, as well as to get over this problem newer Curcumin’s
nanomedicine formulations have been generated for enhancing
the targeting of Curcumin effectiveness of pharmacokinetics, effi-
ciency in addition to cellular uptake [13,45]. Its pleiotropic actions
include a lot of inflammatory diseases like cancer, CVD, arthritis,
atherosclerosis, DM, gastric disease, inflammatory bowel disease
(IBD), psoariasis, HIV etc. On the same hand, a broad variety of mo-
lecular targets like proinflammatory cytokines, apoptotic proteins,
NFkB, COX-2, -5, LOX, STAT3, CRP, PGE2, prostate specific antigen,
intercellular cell adhesion molecule [ICAM]-1 as well as other ad-
hesion molecule, phosphorylase kinase, in addition to transform-
ing growth factor beta (TGF-B), triglycerides, ET-1, creatinine,
HO-1, AST, ALT, that definitely calls for its multiple health actions.
Intriguingly the future applications are evaluating for Curcumin-
stimulated cognitive actions. Actually Curcumin is accepted to be a
molecule having the capacity to avoid/slowdown the pathological
events resulting in age - associated dementia, cognitive decrease,
or depression, although controversial conclusions that come out
with certain doubts with regards to its efficiency. A recent paper
evaluated the Clinical trials on Curcumin application in cognitive
functions for evaluation of its actual efficacy [52]. Unluckily only
6 articles satisfied the inclusion criteria, hence the data was not
enough to yield a precise evaluation of its results in various per-
sons. Nevertheless, outcomes demonstrated that Curcumin is safe
as well as well tolerated along with appears to be of greater use in
mitigation of cognitive aberrations in elderly cases act AD as well as
schizophrenia - associated symptoms. Additionally, various evalu-
ations have pointed that Curcumin is a potential chemo avoiding
as well as anticancer treatment in case of human papilloma virus
(HPV) infection, in addition to primary as well as malignant squa-
mous cell cancer [53]. Nevertheless, greater quality clinical trials
are required to validate these advantageous actions of Curcumin in
various Clinical situations. In that direction the Clinical Trial reg-
istered with the No-NCT02944578 is enrolling women with high
grade squamous intraepithelial cervcal lesions (http://clinicaltri-
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als.gov). Furthermore, curcumin avoids the generation of renal in-
jury in the streptozotocin induced type 1 Diabetic rats which got
correlated with decreased amounts of renal H3 acetylation. Subse-
quently, it got demonstrated that the Curcumin analog C66 inhibits
HAT p300/CBP action as well as subsequent histone acetylation in
streptozotocin induced Diabetic mice avoiding the expression of
renal fibrotic genes. Another p300/CBP inhibitor C646 inhibited
TGF B1 - stimulated epithelial -mesenchymal -transition (EMT) of
human peritoneal mesothelial cells getting exposed to escalated
glucose situation via manipulation of H3 acetylation [54]. In view
of these limitations on Oral delivery of curcumin (CUR) with its re-
stricted efficacy in view due to CUR’s poor systemic bioavailability
secondary to its first-pass metabolism along with low solubility
Lim as well as Hadinoto advocated Buccal delivery of CUR nanopar-
ticles can take care of the poor bioavailability issue by prevention
of first-pass metabolism along with solubility escalation that gets
allowed by CUR nanoparticles. Buccal film administration of drug
nanoparticles, however, has been restricted to low drug payload.
Thus, Lim as well as Hadinoto evaluated the feasibilities of three
mucoadhesive polysaccharides, i. e., hydroxypropyl methylcel-
lulose (HPMC), starch, and hydroxypropyl starch as buccal films
of amorphous CUR-chitosan nanoplex at high CUR payload. Both
HPMC and starch films could allow high CUR payload without side
effects on the films’ properties. Starch films far superior CUR lib-
eration profiles at high CUR payload in view of rapid break down
time of starch films lowered the precipitation chances of the highly
supersaturated CUR concentration generated by the nanoplex. In
Contrast to unmodified starch, hydroxypropyl starch films exhib-
ited superior CUR release, with sustained release of about 100%
of the CUR payload in 4h. Hydroxypropyl starch films also demon-
strated good payload uniformity, minimal weight/thickness varia-
tions, high folding endurance, and good long-term storage stability.
Thus hydroxypropyl starch might be suitable mucoadhesive poly-
saccharide for high-payload buccal film applications in addition to
aid in utilization of curcumin overcoming those limitations cited

earlier [55].
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