Open Access Journal of Pharmaceutical Research

MEDWIN PUBLISHERS

Committed to Create Value for Researchers

ISSN: 2574-7797

Medicinal Chemistry of Curcumin and its Therapeutic Approaches
from Ancient Medicine to Recent Potential

Raut V* and Bhandari S

Department of Pharmaceutical Chemistry, All India Shri Shivaji Memorial Society’s College of

Pharmacy, India

*Corresponding author: Vaibhav Raut, Department of Pharmaceutical Chemistry, All India
Shri Shivaji Memorial Society’s College of Pharmacy, Kennedy Road, Near RTO, Pune-411001,

MS, India, Tel: 7083860324; Email: 2137vv@gmail.com

Review Article
Volume 5 Issue 3
Received Date: July 08, 2021
Published Date: August 13, 2021
DOI: 10.23880/0ajpr-16000244

Abstract

Many natural medicinal plants have been utilised to cure a range of disorders since ancient times and are regarded as a
possible source of phytochemicals for the creation of new medications. One of these is curcumin, a bioactive molecule that is
easily available, affordable, and harmless. It is a vital, naturally occurring, highly lipophilic and phenolic chemical. Curcumin
(diferuloylmethane), a low-molecular-weight chemical derived from the roots of Curcuma longa L. (family Zingiberaceae), is
mostly used as a curry spice, flavouring agent, insect repellant, food colouring agent, traditional medication, and cosmetic
component. Curcumin is a tautomeric molecule that exists in organic solvents as an enolic form and in water as a keto form.
Though inconclusive, epidemiological findings show that turmeric intake may lessen the incidence of some malignancies
and provide other beneficial biological benefits in people. Turmeric’s biological benefits have been linked to its ingredient
curcumin, which has been extensively researched for its anti-inflammatory, anti-ulcer, anti-diabetic, anti-viral, antioxidant,

wound healing, and anti-cancer properties. Curcumin is a low-toxicity nutraceutical that has been utilised successfully in a

variety of medical ailments, as discussed in this article.
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Introduction

Since ancient times, humans have used herbs and plants
to heal a variety of ailments [1,2]. Plants have been utilised
for numerous reasons throughout human history, and
evidence supporting the use of herbal medicine continues
to grow. Traditional and indigenous medicines are currently
receiving a lot of interest from researchers all around the
world because of their great therapeutic potential and lack
of known or reported negative effects. Curcumin is a well-
known, lucrative, and vital traditional plant ingredient.
Curcumin (diferuloylmethane), a polyphenolic molecule
isolated from the rhizomes of Curcuma longa L. and
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related species, is the natural yellow colour in the roots of
turmeric (family Zingiberaceae). Curcumin’s chemical name
is 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-
3,5-dione, and it is water insoluble. Curcumin is fragrant,
having a faint orange and ginger scent, yet it has a bitter
taste [3]. It accounts for around 4% of the drug’s dry weight
[4]. Maceration, microwave treatment, digestion, infusion,
and Soxhlet extraction procedures have all been utilised to
extract curcumin from turmeric. When all of the published
techniques are compared, Soxhlet extraction comes out on
top. Curcumin may be extracted in huge quantities with less
solvent, saving time, money, and energy [5].

Pharm Res


https://medwinpublishers.com/OAJPR/
https://portal.issn.org/resource/ISSN/2574-7797#
https://medwinpublishers.com/
https://doi.org/10.23880/oajpr-16000244

Open Access Journal of Pharmaceutical Research

Turmeric has a carbohydrate content of 69.4 %, 13.1
% water, 6.3 % protein, 5.1 % fat, and 3.5 % minerals [6,7].
Turmericfractions are known as curcuminoids. Curcuminoids
make up commercial curcumin, which contains around
77 % curcumin (curcumin I), 18 % demethoxycurcumin
(curcumin II), 5 % bisdemethoxycurcumin (curcumin III),
and cyclocurcumin (curcumin IV) [8]. Other components
of raw turmeric include tumerone, zingiberone, atlantone,
carbohydrates, proteins, and resins, as well as numerous
volatile oils including tumerone, zingiberone, and atlantone.
Turmeric has been used as a culinary spice in curry for ages
in numerous Asian nations to give it its distinct flavour and
colour. Turmeric has also established itself as an important
folkmedicinal herb with reported therapeutic properties fora
variety of ailments and diseases, including inflammation and
infection. It’s also used as a tonic and “blood purifier;” as well
as a topical ointment, in bath soaps, and to heal cuts, bruises,
and sprains. Because of its high pharmacological actions and
health advantages, curcumin has long been regarded one of
the most well investigated natural compounds. In this article,
we go through the chemistry of curcumin and how it may be
used to treat a variety of disorders, as seen in Figure 1.

Figure 1: Role of curcumin in different disease.

Chemistry and Structure Activity Relationship
(SAR) of Curcumin

Curcumin was extracted from the medicine for the
first time in 1815, but its structure wasn’'t discovered
until 1913. Curcumin’s naturally occurring curcuminoids
ratios are around 5% bisdemethoxycurcumin, 15%
demethoxycurcumin, and 80% curcumin. Figure 2 Curcumin
is insoluble in water while soluble in ethanol and acetone.
The most essential active element responsible for turmeric’s
biological action is curcumin [1, 7-bis (hydroxyl-3-
methoxyphenyl)-1,6- heptadiene-3, 5-dione] (C21H2006).
Curcumin is relatively unstable in phosphate buffer at pH
7.4, and its stability is greatly enhanced by reducing the pH
or adding glutathione, N-acetyl cysteine, ascorbic acid, or rat

Raut V and Bhandari S. Medicinal Chemistry of Curcumin and its Therapeutic Approaches from

Ancient Medicine to Recent Potential. Pharm Res 2021, 5(3): 000244.

liver microsomes [9].
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Figure 2: Major curcuminoids responsible for the

composition of turmeric.

Curcumin is a bis-a, f-unsaturated p-diketone that occurs
in equilibrium in both the keto and enol forms as in Figure
3. It has been discovered that the keto form predominates
in neutral and acidic settings, whereas the enolic form
predominates in alkaline circumstances.
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Figure 3: Keto-enol tautomerism in curcumin.

Curcumin’s structure shows that it is made up of two
phenyl rings joined by a seven-carbon keto-enol linker and
replaced with hydroxyl and methoxy groups (C7). While
curcumin is sourced from nature, its derivatives are usually
made by a chemical process involving aryl-aldehydes and
acetylacetone. This type of assembly can produce a variety
of chemical analogues, such as molecules containing alkyl
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substituents on the linker’'s middle carbon (C7 moiety)
[10,11]. The presence of a coplanar hydrogen donor group
and a-diketone moiety is required for antiandrogenic action
in the treatment of prostate cancer, according to a SAR
investigation of curcumin derivatives, and reducing the
linker from seven carbon atoms (C7) to five carbon atoms
(C5) promotes antiandrogenic activity [12]. The benzyl rings
are especially important for tumour growth inhibition, and
adding hydrophobic substituents to them (R1, R2, R3, R4
in) has been associated to improved anticancer efficacy of
curcumin derivatives [13,14]. O-methoxy substitution was
found to be more effective in suppressing nuclear factor
k-light-chain-enhancer of activated B cells (NF-«B), but this
modification has also affected the lipophilicity of curcumin
[15]. A summary of the potential sites of modification on the
curcumin molecule is illustrated in Figure 4.
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Figure 4: The Main pharmacophores and potential

substitution position.

Chemical (in) Stability

Compound 1 degrades by two main pathways: solvolysis
and oxidative degradation. The solvolysis (nucleophilic
substitution or elimination by solvent molecules of the
heptadienedione chain in aqueous alkaline buffer results
in 90% compound degradation within 30 min. The major
identified products are vanillin (5), ferulic acid (6),
and feruloylmethane (7, Figure 5A). While the relative
abundance of these degradation products differs at different
incubation pH or temperature, they are also observed upon
incubation of 1 in cell culture medium (RPMI 1640, Roswell
Park Memorial Institute medium) and human blood. Recent
spectroscopic analysis has revealed that solvolysis is only a
minor pathway, and the major chemical degradation product
is a bicyclopentadione (8) that is produced by autoxidation
(Figure 5B). While oxidative degradation does not require
photochemical initiation, photochemical degradation of
1 does occur in both the crystalline and solubilized forms.
Crystalline 1 is degraded by exposure to sunlight to give
primarily 5, 6, ferulic aldehyde (9), and vanillic acid (10,
Figure 5C). The same degradation pattern is observed for
1 in organic solvents when it is exposed to light. Several
solvent-dependent products are also formed. In methanol,
isopropanol, and chloroform, an internal cyclization
product is formed. Isopropanol can also behave as a reactive
substrate, leading to the formation of a guaiacol derivative
(11, Figure 5D).
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Figure 5: Major chemical degradation pathways of compound 1. (A) Solvolysis under alkaline pH in buffered aqueous solution
rapidly leads to multiple fragmentation byproducts [16]. (B) Autoxidation in buffered medium creates a bicyclopentadione (8)
thatis the major degradation product in aqueous conditions [17]. (C) Photodegradation of 1 can occur when in crystalline form
and dissolved in organic solvent [18]. (D) When dissolved in certain organic solvents (like isopropanol), photodegradation can
include reaction with the solvent as a substrate [19].

Raut V and Bhandari S. Medicinal Chemistry of Curcumin and its Therapeutic Approaches from
Ancient Medicine to Recent Potential. Pharm Res 2021, 5(3): 000244.

Copyright© Raut V and Bhandari S.


https://medwinpublishers.com/OAJPR/

Open Access Journal of Pharmaceutical Research

Multiple Molecular Targets

Extensive evidence suggests that curcumin interacts
with a wide range of molecular targets, including
transcription factors, growth factors, cytokines, kinases,
enzymes, receptors, and different proteins that regulate
cell proliferation and death (Figure 5). Curcumin has
direct interactions with cyclooxygenase-2 (COX-2), DNA
polymerase, lipoxygenase (LOX), and glycogen synthase
kinase-3 (GSK-3) and an autophosphorylation-activated
protein kinase. It interacts with a number of transcription
factors indirectly, including nuclear factor NF-kappa-B (NF-
B), activator protein 1 (AP-1), catenin, signal transducer and
activator of transcription (STAT) proteins, and peroxisome
proliferator-activated receptor (PPAR). Curcumin has been
shown to inhibit the function of several growth factors,
including epidermal growth factor (EGF), fibroblast growth
factor (FGF), platelet-derived growth factor (PDGF),
transforming growth factor (TGF-), and other proteins
involved in growth signalling and cell proliferation.

There is evidence that curcumin-induced apoptosis is
linked to lower expression of proapoptotic proteins, vascular

endothelial growth factor (VEGF) and vascular endothelial
growth factor receptor 1 (VEGFR-1). Curcumin completely
inhibits the activity of a variety of protein kinases, including
EGF receptor (EGFR) kinase, endoplasmic reticulum kinase,
protein kinase A (PKA), protein kinase B (PKB), protein
kinase C (PKC), and Janus kinase (JAK), while activating
mitogen-activated protein kinases (MAPK). Curcumin
inhibits cell cycle progression in many types of tumor cells.
It has been shown to arrest the cell cycle at the GO/G1 or
G2/M phase transitions by upregulating cyclin-dependent
kinase inhibitors (e.g, p21, p27) and tumour suppressor
p53, while downregulating G2/mitotic-specific cyclin-B1
and cell division control protein 2 homolog (encoded by
CDC2) in immortalised human umbilical vein endothelial
(ECV304) cells. Curcumin-induced apoptosis is also related
with caspase-8 activation, Bcl-2 homology domain 3 (BH3)-
interacting domain death agonist (BID) cleavage, Bcl-2-like
protein 1 (Bcl2-L-1), cytochrome c release, caspase-9 and
caspase-3 activation, and PARP cleavage [20-22]. Curcumin’s
capacity to mediate several molecular targets, as well as its
benign nature, making it an excellent therapeutic medication
for a variety of chronic disorders.
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Figure 5: Molecular targets for Curcumin.

Versatile Activities of Curcumin

Turmeric has long been ingested by the people of
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India and other subcontinent regions, not just in food but
also in the treatment of a wide range of maladies, with no
known negative effects. Curcumin is the active ingredient in
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turmeric (diferuloylmethane). Curcumin has lately piqued
the interest of chemists due to its broad spectrum of possible
medicinal uses for a wide range of ailments. As seen in Table
1, chemical changes to curcumin exhibit varying levels of

activity. In the next sections, we discuss curcumin’s possibly
major significance as a possible therapeutic agent in several
illness conditions.

S No Curcumin derivatives

Chemical structure
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Table 1: Pharmacological activity of curcumin derivatives.

Antioxidant Activity

Curcumin has been found in several studies to be effective
at scavenging superoxide radicals, hydrogen peroxide, and
nitric oxide (NO) from activated macrophages, as well as
decreasing iron complexes and preventing lipid peroxidation
[23]. These acts might be the primary mechanism by which
curcumin exerts its pharmacological / therapeutic effects
[24]. Curcumin therapy has also been shown to reduce lipid
peroxidation and oxidative stress caused by smoking [25].
Curcumin has been demonstrated to protect renal cells
and brain glial cells from oxidative damage [26]. Curcumin
has also been shown to boost the activity of other anti-
oxidants such as superoxide dismutase (SOD), catalase, and
glutathione peroxidase. Curcumin also protects endothelial
cells from oxidative stress by inducing haem oxygenase-1
[27]. Curcumin at a concentration of 0.1 percent was fed to
retinol-deficient rats for three weeks and reduced the degree
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of lipid peroxidation in their tissues [28]. Curcumin’s anti-
oxidant properties can protect tissues against the effects
of oxidative stress caused by radiation (REF), metals, and
severe skeletal muscle damage [29]. Its antioxidant activity
is mostly attributed to the phenolic hydroxyl group, which
scavenges free radicals by donating its H (electron) atom.

Antiulcer Activities

Ali, et al. developed and characterized mucoadhesive
microspheres of curcumin for the potential use of treating
gastric adenocarcinoma, gastric and duodenal ulcer
associated with Helicobacter pylori [30]. The drug released
from the optimized formulation showed a controlled-release
patternthatoffered bothlocal and systemicaction for effective
treatment of H. pylori infection. Li, et al. studied curcumin-
piperine mixtures in self microemulsifying drug delivery
systems (SMEDDS) for the treatment of ulcerative colitis [31].
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For in vivo studies, mice were used to test its therapeutic
effectiveness against ulcerative colitis. Acute ulcerative colitis
was induced by the oral administration of 5% dextran sulfate
sodium (DSS) ad libitum for seven consecutive days. They
measured the severity of clinical symptoms by assessing
the body weight loss, stool consistency and stool blood, and
finally, they evaluated the therapeutic effects of curcumin-
piperine SMEDDS treatment. Their findings demonstrated
that curcumin-piperine SMEDDS treatment significantly
suppressed DSS-induced colitis in mice by improving their
body weight and stool consistency as well as decreasing
intestinal bleeding.

Antidiabetic Activity

Curcumin has shown to be effective against various
causative factors of diabetes mellitus and its associated
complications. Joshi, et al. increased the effectiveness of
curcumin by introducing a self-nanoemulsifying drug
delivery system (SNEDDS) for curcumin to enhance
its bioavailability and then evaluated its efficacy in
experimental diabetic neuropathy and found that it has
significant therapeutic potential for the treatment of various
diabetes complications [32]. Steigerwalt, et al. evaluated the
improvement of diabetic angiopathy and retinopathy with
curcumin [33]. They administered curcumin at the dosage
of 2 tablets/day (each tablet containing 500 mg curcumin
phospholipid, corresponding to 100 mg curcumin) for at
least 4 weeks. These observations indicated the potential
value of curcumin in the management of diabetes-associated
peripheral microangiopathy and retinopathy [34].

Antimalarial Activity

Malaria has long been a major global health problem,
as it is the most common parasite illness and the leading
cause of illness and mortality worldwide. Curcumin has been
proven in several studies to have antimalarial action both in
vitro and in vivo [35-37]. Curcumin and an ethanolic extract
of Curcuma longa have been shown to have significant
in vitro inhibitory effectiveness against Plasmodium
falciparum, Leishmania major, Coccida, and Trypanosoma
species [38-40]. Curcumin’s leishmanicidal activity has also
been demonstrated in vitro [41]. Curcumin has recently been
found to be beneficial in the treatment of malaria [42].

Wound Healing Activity

Wounding or physical strain are the most common
causes of skin injury. Skin injury triggers a complex and
well-orchestrated healing process that culminates in the
complete restoration of the integrity of damaged tissue and
the restoration of this functional barrier [43-45]. Complete
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healing takes a long time in situations of serious injury.
As a result, several researches on wound dressings that
improve wound healing and reduce scar formation have
been conducted. Curcumin research suggests that it may
heal wounds and reduce the likelihood of scar formation
more efficiently than other synthetic medicinal substances
[46-48].

Anti-Viral Activity

Several in vivo and in vitro investigations have shown
that curcumin has moderate to high inhibitory action against
some viruses such as human simple-virus-2 and type [ HIV
[49-51]. Curcumin had no effect on HIV-1 proliferation in
acutely infected MT-4 cells [52]. Two curcumin analogues,
dicaffeolymethan and rosmarinic acid, have been found to
have more antiviral action than curcumin [53]. Curcumin has
been demonstrated to be effective in reducing P24 antigen
production in cells infected with HIV-1, whether acutely or
persistently, and also suppressing HIK 1 intergase enzymatic
activities but not in other viral (HIV-1 reverse transcriptase)
or cellular (RNA polymerase II) nucleic acid processing
enzymes [54,55].

Anti-Alzheimer’s Activity

Because of the anti-inflammatory and anti-oxidant
actions of curcumin, it was tested against Alzheimer’s
disease [56]. An alternative mechanism of these effects is
metal chelation, which may reduce amyloid aggregation or
oxidative neurotoxicity. Metals can induce beta aggregation
and toxicity, and are concentrated in Alzheimer’s disease
brain. The chelators desferrioxamine and clioquinol have
exhibited anti- Alzheimer’s disease effects [57]. Review
of Tang et al include the mechanism of phytochemicals
(curcumin) in Alzheimer’s disease [58].

Anti-Inflammatory Activity

Curcumin was shown to be more efficient than
hydrocortisone at inhibiting leukotriene production in rat
peritoneal polymorphonuclear neutrophils [1-9].

Curcumin protected rats from urethral occlusion-
induced renal interstitial inflammation and fibrosis.
Inhibition of the NF-kappaB-dependent pathway is engaged
in the processes, however AP-1 inhibition is unlikely to be
implicated in curcumin’s positive effects [59].

Huang, et al. showed that curcumin inhibits proliferation
of blood mononuclear cells and vascular smooth muscle cells
[60]. Curcumin, according to the authors, might be employed
clinically in transplant atherosclerosis. Curcumin has been
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demonstrated to block IL-1stimulated gene expression
of a neutrophil chemotactic peptide, interleukin-8 (IL-
8), as well as lipopolysaccharide-induced IL-1 and TNF
production by a human monocyte protein macrophage cell
line [61,62]. In addition, curcumin has been shown to inhibit
the proinflammatory 1 Th1 cytokine profile, and NF-kappaB
activation pathway [63-65]. Curcumin also suppresses MMP
overexpression, presumably due to its ability to inhibit
protein kinase C [66].

Anticancer Activity

Carcinogenesis is a three-stage process that comprises
of three distinct but interconnected stages: initiation,
promotion, and progression. The promotion of cancer is aided
by oxidative and inflammatory tissue damage. Curcumin, as
an anti-inflammatory and anti-oxidant substance, has the
potential to prevent cancer by reducing tumour promotion.
It also slows cell development and promotes apoptosis in a
variety of cell types. Curcumin interacts with a variety of cell
regulatory proteins, including the MAP cascade. It inhibits
v-Src directly, resulting in decreased phosphorylation of Src,
cortactin, and focal adhesion kinase (FAK). Curcumin also
directly inhibits the activity of FAK. This results in a lack of
Src-mediated cell motility, which has crucial consequences for
invasion and metastasis. Bone inflammation and cancer are
both disorders that cause bone resorption to rise. Curcumin
has been shown to promote cell death and decrease bone
resorption. As a result, it has been proposed for usage in
cases of bone inflammation and malignancy.

Toxicological Properties of Curcumin

Curcumin is known to be non-toxic in both humans and
animals. Adults in India are estimated to consume 80-200
mg of curcumin each day [67]. Except for a few occurrences
of contact dermatitis, there have been no reports of side
effects from curcumin or its equivalents [68]. In a phase 1
clinical research involving 25 volunteers, treatment of up
to 8000 mg of curcumin per day for three months resulted
in no detectable toxicity. Five more clinical trials in which
individuals were administered 1125-2500 mg curcumin
per day validated the substance’s apparent safety. Turmeric
may have an antiplatelet activity, and its concurrent use with
anticoagulants may lead to an additive effect [69]. Although
there have been no instances of this in humans, it should
be avoided in individuals with bleeding problems and bile
duct blockage, and should only be used in individuals with
gallstones under the guidance of a physician. According to
the literature, curcumin has no harmful effects. Curcumin
has also been pronounced safe and well tolerated by the US
Food and Drug Administration, even at dosages of 8 g/day
for 3 months and 12 g/day for 3 to 4 months [70-75].
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Limitations of Curcumin

Despite curcumin’s diverse pharmacological potential,
its use has some serious drawbacks, including poor water
solubility, low oral bioavailability, poor absorption from the
gastrointestinal (GI) tract, rapid clearance from the body, and
degradation at alkaline pH, which reduces its bioavailability
and absorption in the preintestinal region, resulting in a
reduction in the drug’s dose [76-79]. Curcumin has a fast
metabolic rate and a short biological half-life. It has a low
physicochemical stability.

Conclusion

Curcumin has been widely utilised for its numerous
health advantages all over the world. It may also aid in the
control of multiplication of Pharmacological activity in
health, as well as enhance the health for bodily advantages
for human health, hence increasing recuperation and
subsequent performance in active individuals. Curcumin is
a nutraceutical ingredient featuring diverse pharmacological
properties, some of which have been studied and tested
in both humans and animals. The study discussed in the
preceding sections emphasise the important function of
curcumin in the treatment and even cure of many illnesses.
Furthermore, the findings reported here show that using
curcumin at large dosages for long periods of time is quite
safe and nontoxic. Overall, our findings show that curcumin
has significant medicinal value and scope in future.
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