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Abstract: Treatment with herbal medicine continues to enjoy widespread popularity not only in the
developing world, because of low costs, easy availability, and low risk of adverse effects. One such
plant is Curcumin longa L., or turmeric, which has a long history of both culinary and medicinal uses
throughout Asia, spanning thousands of years. In addition to traditionally being used as a dye, as a
flavouring and colouring agent in foods, and, e.g., marriage rituals, turmeric is also notable for its
long history of use to treat a variety of medical conditions, including inflammatory, bacterial, and
fungal diseases and infections, jaundice, tumours, and ulcers among others. In light of this long
history of use, it is not surprising to find that also modern biochemistry and clinical research studies
show that a significant component of turmeric, curcumin, may have a multitude of therapeutic
benefits, much of it attributed to the herb’s antioxidant qualities which are crucial for the prevention
and treatment of, e.g., chronic inflammatory illnesses, conditions that often act as precursors for
other serious diseases, including cancer and neurological disorders, such as Parkinsons and
Alzheimer’s. Furthermore, investigations on the safety profile and toxicity of curcumin have shown
that it is generally safe even at large dosages, although caution is necessary as curcumin also have
documented anticoagulant effects. This article is focused on providing a better perspective into
molecular mechanisms for possible actions along with an in-depth review of recent studies of
curcumin, its beneficial role and therapeutic applications in chronic health conditions, with a focus
on its cancer, inflammatory bowel disease, osteoarthritis, atherosclerosis, peptic ulcer, Covid19,
psoriasis, vitiligo, and depression.
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Introduction

Throughout human history, the use of plants as remedies to prevent or heal from ailments
befalling man and animals, spanning from inflammatory and bacterial infections to insect borne
diseases, ulcers and tumours, as well as, more recently, managing diabetes and combating cancers, is
common to all human societies and civilizations [1,2].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Among the wide range of medicinal plants known to man, Curcuma longa (C. longa), or turmeric,
has come to enjoy global popularity, well beyond the regions this plant is native to. A well-known
rhizomatous perennial herb of the Zingiberaceae family, indigenous to tropical South Asian countries,
commonly known as haldi. It has a rich tradition of being used as a dye, a cleansing agent (e.g., before
marriage), as a food additive (spice), and medicine [3]. Modern studies have shown that turmeric is
very rich in antioxidants, which is in line with its historically known anti-inflammatory properties.
Turmeric and its main component, curcumin, has over the past decades gained widespread
popularity globally as an over-the-counter prophylactic and supplement, due to its effectiveness, and
low cost in the prevention or treatment of a wide range of illnesses, including inflammatory diseases,
cancer, diabetes, bacterial, fungal and protozoal infections, ulcers, disorders of the liver and
circulatory system, and is a proven anticoagulant agent [4-7]. A range of therapeutically active
curcuminoids (curcumin, dihydrocurcumin, tetrahydrocurcumin, bis-demethoxycurcumin, and
demethoxycurcumin) (Figure 1), natural polyphenol compounds derived from the plant rhizome,
have been isolated and are being extensively explored for their potential therapeutic benefits also in
treating, e.g., neurological and endocrine disorders, thus expanding the potential ranges of medicinal
uses of this ancient remedy [5,8]. Curcumin has been tested in clinical studies both alone and in
conjunction with several other medications, including sulfasalazine, quercetin, piperine, lactoferrin,
docetaxel, prednisone, gemcitabine, and pantoprazole [9].

For instance, a study published in 2012 assessed the health-promoting effects of liposomal
curcumin through clinical trials on middle-aged healthy volunteers (40-60 years old). Participants
were given either 80 mg of placebo or liposomal curcumin daily for four weeks. It was shown that
curcumin decreased salivary amylase, triglycerides, beta amyloid, alanine amino transferase, and
soluble intercellular adhesion molecule (sSICAM) in plasma when compared to placebo. Furthermore,
curcumin administration enhanced these people’s plasma catalase, myeloperoxidase, nitric oxide
synthesis, and salivary radical scavenging capacities. Overall, these results showed that middle-aged,
healthy people can benefit from lipidated curcumin [10]. Further studies have also highlighted the
therapeutic benefits of curcumin, with the most important ones being improved circulation [11],
metal chelation [12,13], treatment of cancer [11,14], playing the role of an anti-oxidant [9] and anti-
inflammatory agent [15,16], while also assisting neurogenesis [17]. Still more clinical trials have
demonstrated the effectiveness of turmeric against diabetes, fibrosis, irritable bowel syndrome, acne,
and lupus nephritis [18]. Since the US FDA in 2018 classified curcumin as “generally recognized as
safe” (GRAS), it has become widely used as a supplement in many countries also outside the US [19].

The following sections thoroughly examine curcumin’s pharmacological impact in the
treatment of human illnesses, as well as a thorough analysis of the reported actions, synergistic
responses, and implications of curcumin in diverse pathogenesis by modulating a variety of
biomolecules and mediators.
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Figure 1. Chemical structure of curcuminoids isolated from turmeric.

Probable Mechanisms of Action of Curcumin

Curcumin’s efficacy in preventing the development of disease is shown, e.g., by its ability to
efficiently counteract effects of reactive oxygen species (ROS) and nitrogen species [20]. Curcumin
inhibits lipid peroxidation and peroxide-induced DNA damage via inhibition of oxidative stress by
reducing the production of ROS, including the generation of highly reactive free radicals such as
hydroxyl groups, univalent anion oxygen, and singlet oxygen, etc. [21]. Nevertheless, the
inflammatory response can be induced by oxidative stress, which in turn generates a greater
proportion of free radicals that can further exacerbate oxidative stress. Cardiovascular ailments,
diabetes, and arthritic conditions are among the conditions that can result from this cycle, as chronic
inflammation can be induced by oxidative stress [22]. Curcumin modulates many signalling
molecules to exert powerful anti-inflammatory and anti-carcinogenic effects [23]. Numerous crucial
elements in cellular signal transduction pathways connected to proliferation, differentiation, and
malignant transformations have been demonstrated to be inhibited by curcumin [24].

Furthermore, a multitude of studies have reported the implications of increased prostaglandin
biosynthesis following upregulated cyclooxygenase-2 (COX-2) expression, which leads to activation
of c-Jun/AP-1 and protein kinases in inflammatory conditions [25]. However, reports suggest that
curcumin’s anti-inflammatory properties contribute to its inhibitory effect on enzymes like 5-
lipooxygenase and COX-2 [26]. In addition, curcumin has been reported to suppresses
lipopolysaccharide induced increased expression of inflammatory genes such as COX-2 and iNOS in
RAW 264.7 macrophages cells [27]. Furthermore, Curcumin alleviated the carrageenan-induced
increase in inflammatory cytokines such as IFN-y, IL-1p3, IL-6, IL-13, and IL-17 through suppressing
the NF-kB/COX-2 pathway and inhibiting iNOS expression [28].

Figure 2, below, illustrates action mechanisms of curcumin in diverse pathologic conditions.
Nuclear factor-kappa B (NF-kB) is a transcription factor that regulates the expression of numerous
genes, including proinflammatory genes. It is a critical mediator between inflammation and the
development of a variety of human diseases. Its activity is strictly regulated by a variety of
mechanisms (Figure 2) and functions in regulation, activation, and maintenance of innate white blood
cells such as T- and B- lymphocytes. [29]. Tumour necrosis factor alpha (TNF-a) is a pleiotropic
cytokine that is a significant regulator of inflammatory processes [30]. It is implicated in the
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pathogenesis of a wide range of pathologic conditions, including neurologic [31], autoimmune [32],
endocrine disorders [33], and obesity [34]. As shown in Figure 2, curcumin inhibits the expression of
inflammatory genes by direct inhibitory action on NF-«xB [35] and also by inhibiting TNFa signal
transduction pathway [36]. The inhibition of NF-kB pathways exerts modulatory action on cellular
oxidative stress by regulating the production of cytokines, adhesion molecules, COX-2, iNOS [37],
HO-1, and NQO-1 [38] which is crucial for the adipocyte hyperplasia and hypertrophy leading to
obesity. NAD(P)H:quinone oxidoreductase 1 (NQO1) is a key enzyme in the antioxidative system,
catalysing the reduction of two-electrons which takes place in different endogenous and exogenous
quinones where flavin adenine nucleotides (FAD) acts as a cofactor. The promoter domain of the
NQOIL1 gene encodes antioxidant response element (ARE) sequences, which have been shown to be
regulated by nuclear factor (erythroid-derived 2)-like 2 (NRF2) [39]. Curcumin may activate the NRF2
pathway, which may reduce the expression of cytokines that promote inflammation, such as MCP-1,
TNEF-a, IL-6, and IL-13, and induce antioxidant enzymes [40,41]. Furthermore, curcumin exerts direct
inhibitory action on adipocyte hyperplasia and hypertrophy [42]. The vast majority of tumour
therapies rely on the direct destruction of cancer cells or promoting the action of antitumor immune
cells, such as natural killer (NK) cells and cytotoxic CD8+ T lymphocytes (CTLs) [43]. Interestingly,
curcumin exerts direct antitumour and cytotoxic action by elevating NK cells [44], cytotoxic CD8+ T
cells [45], and INFy [46], and reducing the activity of Tregs and MDSC in tumour cells [47]. Also,
curcumin suppresses tumour progression by reducing Tregs and MDSC [48]. It directly suppresses
the phosphorylation of AKT, leading to a reduction in cellular survival, differentiation, and
angiogenesis through inhibition of GSK33-mediated stabilization of 3-catenin. Further inhibition of
AKT activation leads to inhibition of transcription factors for inflammatory genes through TSC1/2
and mTORC1 inhibition, thus contributing to the immunomodulatory, anti-inflammatory, and
neuroprotective actions of curcumin [49].

Furthermore, curcumin has been shown to inhibit the adherence of Streptococcus mutants to
human dental surfaces and the extracellular matrix protein [50]. Curcumin also appears to have
positive synergistic effects when administrated together with common anti-infection agents, for
example, cefixime, vancomycin, and other antibiotic medication to treat Staphylococcus aureus (S.
aureus) infections [51-53]. Curcumin suppresses the expression of Pseudomonas aeruginosa (PAO1)
virulence factors, including biofilm formation, pyocyanin biosynthesis, elastase/protease activity,
and acyl homoserine lactone (HSL) production. As a result, the pathogenicity of P. aeruginosa is
diminished in both C. elegans and A. thaliana infection models [54]. The antimicrobial action of
curcumin is multifactorial including, disruption of cell membrane function , inhibits bacterial cell
division by binding to microtubulins, induction of bacterial apoptosis, and induction of phototoxicity
due to photosensitizer under blue light irradiation [55].
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Figure 2. Abbreviations: AKT: Protein kinase B; COX-2: Cyclooxygenase-2; GF: Growth
factors; GSK 3(: Glycogen synthase kinase-3 beta; HO-1: Heme oxygenase-1; NQO-1:
NAD(P)H quinone oxidoreductase 1; IL-1: Interleukin-1 family; INF-y: Interferon gamma;
iNOS: Inducible-nitric oxide synthase; LOX: Lipoxygenases; MDSC: Myeloid-derived
suppressor cells; mMTORC1: Mammalian target of rapamycin complex 1; NF«kB: Nuclear
factor kappa B; NK cells: Natural Killer cells; PI3K: Phosphoinositide 3-kinase; TRADD:
TNFR1-associated death domain protein; TRAF1/2: TNF receptor associated factor 1 and 2;
Tregs: Regulatory T cells; TSC1/2: Tuberous sclerosis proteins 1 and 2.
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Figure 3. Summary overview of pharmacological activities of curcumin.
Preclinical and Clinical Evidences for Therapeutic Applications of Curcumin

Therapy for Cancer

Curcumin’s anti-cancer properties have been evidenced through its ability to inhibit a variety of
molecular signalling pathways, thereby inducing apoptosis and reducing tumour multiplication and
metastasis [56]. Curcumin has long been recognised for its critical function in regulating the
interaction of immune and inflammatory responses (Figure 3), which is achieved by inhibiting IkBs,
which in turn suppresses NF-kB. In recent years, their dual role in cancer has been revealed, as they
can function as both promoters and suppressors of tumorigenesis [57]. It suppresses NF-«xB, a major
transcription factor, which in turn reduces the expression of genes (TNF-a), responsible for
inflammation [58]. It has also been demonstrated that curcumin also inhibited the expression of AP-
1, a gene that is linked to anti-apoptotic proteins [59]. Moreover, curcumin suppresses IL-6, which is
related either directly or indirectly to the control of the oncogenesis-promoting protein STAT3 [60].
When used alone or in conjunction with other drugs, curcumin may have therapeutic benefits in the
treatment of pancreatic cancer, prostate cancer, breast cancer, oral cancer, lung cancer, head cancer,
colorectal cancer, as well as multiple myeloma [61-63].

Colorectal Cancer

As with other cancers, the aetiology of colorectal cancer is complex and includes a combination
of genetic predispositions, environmental variables (such as food), and inflammatory diseases, here,
of the digestive system [64,65]. Currently there is no viable therapy available except early-stage
resection and chemotherapy. Curcumin has shown promise against colorectal cancer in several
clinical trials. In a dose-escalation pilot study, a standardized curcuma extract comprising of 20 mg
of curcuminoids (18 mg of curcumin and 2 mg of desmethoxycurcumin) suspended in 200 mg of
essential oils (a mixture of turmerone, atlantone, and zingiberene) derived from Curcuma spp. in a
proprietary capsule form with 36-180mg of curcumin was administrated to evaluate the
pharmacokinetic and pharmacodynamic of the therapeutic agent [9]. The curcuma extract, which
contained 36-180 mg of curcumin per day, was administered to fifteen patients with advanced
colorectal cancer who had not responded to conventional chemotherapy for a maximum of four
months. Marker for the production of DNA adduct, such as M1G level and Glutathione S-transferase
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enzyme activity were measured in the blood cells of the patients following 29 days curcuma extract
administration. No reports of dose-limiting-toxicity were associated with the oral administration of
Curcuma extract. However, the study reported traces of curcumin sulphate in one of the patient’s
faeces out of fifteen samples. The lymphocytic glutathione S-transferase activity decreased by 59% as
a result of the ingestion of 440 mg of curcuma extract for 29 days. Nevertheless, this effect was not
observed at larger dose levels. Each patient’s leukocytic M(1)G levels remained constant and were
not influenced by the treatment [9]. In various doses, involving 15 patients with advanced colorectal
cancer, who had not responded to traditional chemotherapies, took capsules at dosages of 0.45 to 3.6g
per day for up to four months [12]. Presence of curcumin as well as its metabolites were detected in
urine, faeces, and plasma of these patients. The study also documented the amounts of curcumin
along with its glucuronide and sulphate metabolites present in urine and plasma samples (10 nmol/L
or more). Further, a study assessed the curcumin level in colorectal tissue wherein it was reported
that ingestion of curcumin capsules for a week at three varying amounts (3.6, 1.8, and 0.45 g/day)
resulted in achievement of pharmacologically active level of curcumin in the human colorectum.
Furthermore, those who received 3.6 g of curcumin showed 12.7 + 5.7 nmol/gm and 7.7 + 1.8 nmol/gm
curcumin concentrations in normal and cancerous colorectal tissues, respectively. Additionally,
curcumin sulphate and curcumin glucuronide, two byproducts of curcumin, were found in the tissue
samples of the participants, along with a few trace amounts in the bloodstream. Curcumin treatment
in malignant colorectal tissue resulted in decreased M1G levels, yet it did not affect COX-2 levels. In
conclusion, this study shows that a daily dose of 3.6 g of curcumin causes pharmacologically effective
levels in the colorectum, but not much curcumin to be found in other parts of the body [66]. In a study
conducted by Cruz-Correa, a combination of curcumin (480 mg) and quercetin (20 mg) was given
orally three times daily to patients with familial adenomatous polyposis (FAP) who had undergone
colectomy. After six months of therapy, patients showed a reduction in both the number and size of
polyps, with no reported adverse effects [16]. Additionally, in another trial, varying doses of
curcumin (2 or 4 g per day) was administered orally to 44 smokers for a month. Lower dosages of
curcumin had no impact on the levels of prostaglandin E2, 5-hydroxyeicosatetraenoic acid, or pro-
carcinogenic eicosanoids in either antecubital fossa (ACF) or normal flat mucosa. However, 4 g/day
of curcumin greatly decreased the development of ACF. Curcumin inhibited ACF formation and
significantly increased post-treatment plasma curcumin/conjugate levels by a factor of five. Both
amounts of curcumin were well tolerated. These results reveal curcumin’s ability to prevent ACF
development in smokers [67]. Curcumin, given in pill form at a dosage 360 mg thrice daily for a
period of 10 to 30 days, demonstrated significant effects. The administration of curcumin through
injections resulted in increased body weight and reduced levels of TNF-a in the bloodstream [15].
The reported study, like other studies presented above, prove how safe and efficient the said drug is
for colorectal cancer patients, but also draw attention to the need for larger, randomized, and closely
monitored clinical trials to validate its therapeutic benefits against colorectal cancer.

Inflammatory Bowel Disease

As mentioned above, curcumin has anti-inflammatory qualities because of its ability to interact
with toll-like receptors, a crucial step for innate immunity [68]. It regulates the production of
inflammatory mediators such as MAPK and NF-kB [69]. Inflammatory bowel disease (IBD) is
commonly managed with TNF-a blockers, immunosuppressants, and anti-inflammatory drugs. Due
to expensive costs and side effects, such medicines are not exactly safe for use and hence, exploring
other alternative therapeutic modalities. A clinical trial evaluated the effectiveness of curcumin in a
remission induction trial with ten patients of which five with ulcerative proctitis, an idiopathic
mucosal inflammatory disease (Figure 3) anatomically limited form of ulcerative colitis and five with
Crohn’s disease. A dose of 550 mg of the drug was given to patients suffering from ulcerative proctitis
twice a day for one month, followed by a second dose of the same amount for three times a day a
month. Likewise, patients suffering from Crohn’s disease were given doses, albeit in different
amounts, with 360mg three times daily for a month, followed by the same amount four times daily
for another month. Following curcumin administration, a significant reduction in ESR and CRP was
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observed in all ulcerative proctitis patients.. Though, only four of the five Crohn’s disease patients
completed the study. Due to such reduced levels (ESR and CRP), 55 points were decreased on an
average in the Crohn disease activity index [70]. Further, another controlled clinical trial on eighty-
nine patients with quiescent ulcerative colitis investigated the effectiveness of curcumin maintenance
therapy. The patient groups received a combination of curcumin plus sulfasalazine/mesalamine and
a placebo plus sulfasalazine/mesalamine for 6 months. The participants were administered 1 g of
curcumin following their morning and evening meals, along with sulfasalazine (5Z) or mesalamine.
The group receiving curcumin demonstrated a relatively lower recurrence rate of 4.65%, whereas
those on placebo had a higher recurrence rate of 20.51% [71]. Additionally, in clinical case report, a
60-years-old woman with left-sided ulcerative colitis achieved both clinical and endoscopic remission
by consuming 500 mg/day of oral curcumin alongside prednisone [72]. The patient previously
showed no improvement with various forms of mesalamine, sulfasalazine, and steroid treatments,
requiring multiple courses of steroids to manage the worsening condition. The patient was prescribed
a daily dose of 500 mg curcumin alongside 40 mg prednisone, and after one year of combined
therapy, bowel movements subsided to two-per-day and were free of blood [72]. This case study
suggests that curcumin could serve as a promising complementary or alternative treatment for
persistent ulcerative colitis. In accordance with these results, another properly conducted double
clinical trial based on randomized selection of patients with ulcerative colitis of varying degrees, from
mild to moderate, assessed the clinical outcomes by determining quality of life and inflammatory
markers, including TNF-a, high-sensitivity CRP in serum, ESR, and complete blood count, following
curcumin (1,500 mg per day) was administered for 8 weeks. The study’s findings demonstrated that
curcumin supplementation, in conjunction with medication therapy, significantly improves clinical
conditions, health, hs-CRP, and ESR in individuals with mild-to-moderate UC [73].

A separate study focused on analysing the anti-inflammatory property of curcumin by assessing
the levels of inflammatory markers such as IL-1p3, IL-10, MAPK, and MMP-3 in the intestinal tracts.
The effects were dose-dependent and were shown by lower levels of MAPK, NF-kB, and MMP3,
increased levels of IL-10, and reduced levels of IL-1 beta [74]. Research conducted in vivo indicates
the potential for curcumin to act as an inhibitor of the NLRP3 inflammasome, supporting the notion
proposed by Karthikeyan et al. that this could represent a promising approach to treating IBD [75].
Anaemia, a common extraintestinal manifestation of IBD, primarily arises from gastrointestinal blood
loss and, at least partially, from impaired iron absorption due to tissue inflammation [76]. In addition,
curcumin inhibits the production of hepcidin, a peptide involved in iron balance, and has the
potential to cause an iron deficit in the presence of preexisting subclinical iron insufficiency [77],
which may lead to further aggravation of anaemic conditions in IBD patients. Therefore, it is crucial
to monitor these aspects carefully in clinical settings, as a relatively higher percentage (about two-
thirds) of IBD patients showed anaemia at diagnosis, which needs equal attention to that for the
management of diarrhoea to improve the overall quality of life.

Osteoarthritis

Osteoarthritis (OA) is a chronic inflammatory condition affecting one or more joints,
characterized by the presence of adhesion molecules along with matrix metalloproteinases which is
followed by an exacerbated inflammation resulting in cartilage damage. It typically arises from the
dysregulation of pro-inflammatory markers, cytokines (such as IL-1, TNFa), enzymes promoting the
production of prostaglandins, and leukotrienes. There is currently no known cure for this illness or
availability of therapeutic agents that can stop the disease progression. Many preclinical
investigations have demonstrated beneficial effects of curcumin on inflammatory and catabolic
markers in OA rat models [78,79]. Several studies have demonstrated a significantly elevated NLRP3
inflammasome in the synvium, where monocytes or macrophages infiltrate, in both arthritic patients
and animals with collagen-induced arthritis [80,81]. Curcumin’s protective effect against
destabilization of the medial meniscus (DMM) surgery-induced osteoarthritis, as well as its ability to
prevent disease progression, was demonstrated in a study on rodents. The results of the study have
shown that it reduced the expression of proinflammatory cytokines in arthrodial cartilage in
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lipopolysaccharide (LPS)/ATP-induced THP-1 macrophage cells [79]. A different study explained the
protective effect of curcumin (50 mg/kg orally once daily for 60 days) to articular cartilage in zymosan
(Img intra-articular injection)-induced osteoarthritis in rats. Curcumin treatment appears to have a
protecting impact on cartilage, as it did not result in any increase in cartilage thickening or matrix
metalloproteinase-8 and 13 (MMP-8 and MMP-13) expression. Nevertheless, it did lead to a rise in
the quantity of chondrocytes and the expression of Indian Hedgehog (IHH), Collagen type-II (Col2),
and Sex-determining region Y (SRY)-box 5 (SOX-5) [82]. In accordance with this, Advanced Ultrasol
Curcumin (AUC), a highly bioavailable dosage form (20 and 40 mg/kg of total curcuminoids),
demonstrated antioxidant and anti-inflammatory activity in the synovial tissue of rats affected by
sodium monoiodoacetate (MIA)-induced osteoarthritis and associated markers, such as Col2 and
MMP3 levels [83]. Furthermore, curcumin loaded PLGA nanoparticles preserve the tissue alterations
evidenced by x-rays and biopsies of knee with OA. There was significant reduction of inflammatory
markers in blood such as interleukin-18 (IL-1B), TNF-a, IL-6, and transforming growth factor-beta
(TGF-P) whereas prevented the decline in blood IL-10 levels. In addition, nanoparticles loaded with
curcumin alleviated type II collagen loss which in turn resulted in reversal of raised malondialdehyde
levels in monosodium iodoacetate-induced knee OA in rodents [84]. Recently it has been
demonstrated that administration of curcumin (200 mg/kg, p.o.) for 4 weeks following monosodium
iodoacetate (MIA)-induced OA in rats produced reduction in joint pain and stiffness. Additionally,
the combination of curcumin and the exercise modality of swimming (20 minutes per session)
resulted in a more significant reduction in pain and stiffness. This was further substantiated by the
restoration of miR-130a and HDAC3 expression, as well as the upregulation of PPAR-y and
decreased expression of NF-«B and its inflammatory mediator targets TNF-a [85].

Beyond preclinical studies, the positive effects of curcumin have also been documented in
clinical and medical settings. It has been demonstrated that Meriva™, a proprietary curcumin-
phosphatidylcholine phytosome complex exerted beneficial effects in 50 osteoarthritis (OA) patients
following three months administration at a dosage equivalent to 200 mg curcumin daily [86].
Therefore, the study demonstrated substantial enhancements in both clinical endpoints, including
the Western Ontario and McMaster Universities (WOMAC) score, Karnofsky Performance Scale
Index, and treadmill walking performance, as well as biochemical parameters, including IL-1(3, IL-6,
soluble CD40 ligand (sCD40L), soluble vascular cell adhesion molecule (sVCAM)-1, and erythrocyte
sedimentation rate (ESR) [86]. Further, Meriva’s efficacy and safety in the treatment of osteoarthritis
were further examined by same team in an 8-months study involving 100 patients [87]. Additionally,
after receiving Meriva treatment, patients’ usage of NSAIDs, distal oedema, and gastrointestinal
problems were significantly decreased. Patients required fewer hospital stays, appointments, and
testing after receiving Meriva therapy [87]. Furthermore, the safety and therapeutic potential of
curcumin (500 mg) alone and in combination with diclofenac sodium (50 mg) were evaluated in forty-
five patients with active rheumatoid arthritis, showing improvement in disease activity score [88]. A
relatively recent systematic review and meta-analysis reported that curcumin is as advantageous and
safe for individuals with osteoarthritis in terms of both improvement of pain and knee function from
baseline [89].

Atherosclerosis

Atherosclerosis is a chronic inflammatory condition of the vascular tissues and is recognized as
a significant risk factor for cardiovascular diseases. Among its complex etiopathogenesis, oxidative
stress is a key factor in the damage to the vascular endothelium, which subsequently triggers the
development of atherosclerosis [90]. Several reports have demonstrated that curcumin exerts its anti-
inflammatory effect possibly by influencing inflammatory cells and enzymes involved in
inflammation processes [91]. Curcumin has the potential to delay cellular degeneration and mitigate
aging-associated oxidative stress, both of which contribute to vascular dysfunction [92]. An in vitro
study has demonstrated that a 24-hour curcumin pretreatment suppresses hydrogen peroxide-
induced endothelial senescence by reducing ROS generation and increasing eNOS and NO
production [93]. Curcumin exerts direct antioxidant effect through multiple pathways, including
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scavenging reactive oxygen species (ROS) [94], hydrogen donors [95], the presence of ferulic acid and
vanillin acting as powerful antioxidants [96], and chelating ferrous ions through its carbonyl group
[94]. Curcumin has the ability to prevent oxidative stress in cells through its indirect actions. High-
dose curcumin administration in albino rats has demonstrated enhanced activity of antioxidant
enzymes in many organs, including glutathione peroxidase, catalase, superoxide dismutase, and
glutathione-S-transferase (GST) [97]. In animal studies, the anti-inflammatory properties of curcumin
have shown effectiveness in preventing atherosclerosis. This compound is known to reduce the
activity of M1 macrophages [98]. Curcumin modulates TLR4/MAPK/NE-B pathway, which controls
macrophage polarization and plasticity and helps lower atherosclerosis [99,100]. Curcumin hinders
the movement of vascular smooth cells. In addition, curcumin reduces blood pressure, vascular
inflammation, and cellular remodelling by blocking NF-kB-mediated NLRP3 expression in
spontaneously hypertensive rats. This is useful for cardiovascular illnesses such as atherosclerosis
[101]. Curcumin supplementation was found to effectively inhibit NF-«B activation in the aorta [100].
Additionally, a meta-analysis involving 1427 participants revealed that curcumin led to a significant
rise in high-density lipoprotein cholesterol (HDL-C) in the plasma and a notable decrease in plasma
triglyceride (TGs) concentrations [102]. Conversely, another meta-analysis indicated that curcumin
supplementation did not produce significant changes in serum total cholesterol, TGs, LDL-C or HDL-
C levels [103]. To paint a clearer picture of curcumin’s benefits for individuals with atherosclerosis,
more comprehensive clinical trials are needed due to the shortage of relevant studies and the
variability in outcomes.

Furthermore, numerous clinical investigations have corroborated preclinical data that indicate
the positive impact of curcumin on atherosclerosis and associated cardiovascular diseases. A
controlled trial was taken (based on randomized selection) to study the impact of curcumin
supplementation at varying concentrations (15 mg/kg, 30 mg/kg, and 60 mg/kg) three times per day
on the total cholesterol level, LDL cholesterol (LDL-C) level, HDL-C level, and TGs level in 75 patients
with acute coronary syndrome (ACS). The study showed that the lower dose of curcumin (15 mg/kg)
exhibited beneficial effects on lipid profiles, including total cholesterol and LDL-C levels, in ACS
patients [104]. Another study demonstrated that the administration of curcuminoid preparations
(NCB-02) containing 150 mg curcumin twice daily for 8 weeks had a beneficial impact on diabetes-
induced endothelial dysfunction, inflammatory markers, and oxidative stress in patients with type 2
diabetes mellitus [105]. Atherosclerosis is a condition that is commonly linked to the metabolic
syndrome, particularly in cases of visceral obesity and metabolic imbalances. Further, a randomised
controlled clinical study on 65 patients with metabolic syndrome reported significant increase in
HDL-C, and reduction in LDL-C and triglycerides following administration of capsule containing
curcumin extract (630 mg) three times in a day for 12 weeks as compared to placebo control [106].
Furthermore, dosage of the drug(500 mg) four times daily for 8 weeks to patients with coronary artery
disease produced a significant decrease in TGs, LDL-C, and VLDL-C compared to their baseline;
however, there was no significant change in total cholesterol, HDL-C, blood sugar, and high-sensitive
C-reactive protein (hs-CRP) [107]. However, patients with COPD experienced a substantial decrease
in atherosclerotic LDL-C levels following the administration of a highly absorbable curcumin
(Theracurmin®) in comparison to placebo control [108].

Peptic Ulcer

Peptic ulcer disease is caused by a breakdown of the inner protective barrier of the
gastrointestinal (GI) tract as a result of increased gastric acid secretion or reduced duodenal
bicarbonate secretions. Curcumin suppresses the gastric mucosal injury by inhibiting the secretion of
gastric acid, an aggressive factor implicated in the pathogenesis of peptic ulcer, by blocking the
activity of caspase-3 [109]. The findings here indicate that curcumin’s antiapoptotic properties and
alleviation of oxidative stress strengthened the mucosal barrier of the gastrointestinal tract. In
addition, the gastroprotective effects against NSAIDs may be attributable to the antisecretory activity
of curcumin [110]. Additionally, curcumin and bisdemethoxycurcumin inhibited gastric acid
secretion in rats by decreasing the increased protein expression levels of iNOS induced by pylorus
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ligation, but not TNF-a [111]. Further, curcumin (20, 40, and 80 mg/kg) demonstrated antiulcer
activity in pylorus ligation-induced ulcers in rats. This was demonstrated by a decrease in total gastric
juice pH, neutrophil activity, mitochondrial function, oxidative stress, paraoxonase (PON
1)/arylesterase, and total peroxides in gastric mucosal cells [112]. Topical application of alcohol free
1% chitosan-curcumin in oral ulcer has produced reduction in ulcer severity and improved ulcer
healing activity [113]. In turn, a research study was conducted to examine the efficiency of a chitosan
(150 mg)-curcumin (20 mg) mixture in the treatment of indomethacin-induced gastric ulcers in
rodents. The results of the study indicated that the orally administered chitosan-curcumin mixture
exhibited greater efficacy compared to curcumin, chitosan, and lansoprazole. This was demonstrated
by its superior anti-oxidant, anti-inflammatory, and gastric mucus-producing activities, as well as its
outstanding potency in suppressing the expression of pro-inflammatory COX-2 and iNOS expression
and increasing the expression of cytoprotective COX-1, nNOS, and eNOS in gastric cells [114].
Recently, a study investigated the anti-ulcer effects of omeprazole-curcumin-loaded hydrogel beads
coated with chitosan (OMP/CURC) against indomethacin-induced widespread hemorrhagic lesions
in rats, wherein the OMP/CURC-loaded beads exhibited higher efficacy in alleviating indomethacin-
induced infiltration of lymphoplasmacytic, neutrophilic activity on glands, area of atrophied glands,
and interstitial metaplasia of stomach tissues [115]. Helicobacter pylori infection, one of the primary
causative agents among the numerous etiopathogenic factors, was detected in approximately 10% of
ulcer patients. A study showed that curcumin exhibited anti-H. pylori effects in mouse model
evidenced by significant reduction in serum IL-4, IFN-y, somatostatin, gastrin, lipid peroxide,
myeloperoxidase, and bacterial counts and increased anti-H. pylori antibodies [116].

Antibiotics, histamine receptor blockers, and proton pump inhibitors are the preferred
treatments for peptic ulcers. In a clinical trial involving 60 participants, half received turmeric (250
mg, four times daily), while the remaining 30 were given antacids (30 ml, four times daily). The course
of therapy lasted for six to twelve weeks. Although antacids and turmeric helped patients with their
gastrointestinal ulcers, the former was more effective at decreasing the ulcers [117]. In individuals
with peptic ulcers, a phase II clinical research assessed the safety and effectiveness of curcumin. There
were 24 males and 21 females among the 45 patients in the study, with an age range of 16 to 60 years.
After undergoing an endoscopy, stomach (angulus) and duodenal bulb ulcers were found in 25
people (18 males and 7 females). There were twenty people who were missed but had gastritis,
dyspepsia, and erosions instead of ulcers. Two turmeric capsules (300mg each) were consumed orally
5 times a day for a month. Findings after four weeks of therapy showed that 12 patients did not have
ulcers; eight weeks later, 18 patients did not have ulcers; and twelve weeks later, 19 patients did not
have ulcers. The residual patients’ symptoms improved after taking turmeric medicine [118].

COVID-19

Individuals with a diagnosis of COVID-19 display increased levels of colony-stimulating factors
(G-CSF and GM-CSF), inflammatory markers (IL-13, IL-6, IL-8 and TNF-a), and cytokine-tracing
agents [119]. In addition, inflammasomes are cytoplasmic complexes of several proteins that are
instrumental in innate immunity, which ultimately leads to pyroptosis, a form of cell death [29].
NOD-like receptor pyrin domain-containing 3 (NLRP3) is one of the most extensively investigated
inflammasomes, having been related to inflammatory diseases caused by tissue damage, metabolic
dysfunction, excessive cellular reactive oxygen species, and infection [29,120,121]. The activation of
the inflammasome will probably result in the formation of a catastrophic “cytokine storm,” which
ultimately leads to acute respiratory distress syndrome (ARDS) and death. Recent studies
demonstrate that the NLRP3 inflammasome is crucial for the pathogenesis of severe COVID-19,
particularly in patients with comorbid conditions like diabetes and obesity. Further, it has been
demonstrated that patients with viral infections experience destructive and systemic inflammation
as a result of an overactive inflammasome [122]. Likewise, the NLRP3 inflammasome has been shown
to be vital in the development of viral illnesses[122-124]. There are numerous observations of direct
and indirect inflammasome activation by other coronaviruses that can be coupled with the
exponential growth of SARS-CoV-2 in a wide spectrum of cells.
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Therefore, reducing the increased inflammatory response that occurs during COVID-19 could
potentially help mitigate the severity of the illness. Curcumin may be used as a COVID-19 adjuvant
medication [124]. Additionally, it has been reported that curcumin exerts regulatory role on
inflammasomes in several other diseases. In COVID-19 individuals, curcumin might lower the
numbers of Treg, Th17 cells, and their associated markers of inflammation compared to the placebo
group [125,126]. Curcumin was reported to effectively alleviate monosodium urate crystal-induced
gouty arthritis by inhibiting NF-kB signaling in vitro and in vivo through NLRP3 inflammasome
mediation [127].

An oral form of curcumin in a nano formulation taken at a dose of 80 mg daily, has shown
promising results in improving oxygen levels, reducing hospital stays when compared to a control
group, and expediting the recovery time from COVID-19 induced symptoms in a non-randomized
clinical trial [128]. Additionally, the oral intake of curcumin and piperine as adjunctive therapy for
COVID-19 has significantly reduced both the severity of symptoms and the mortality rate, while also
improving clinical outcomes [129]. Curcumin has anti-inflammatory properties, but it can also
impede SARS-CoV-2 entrance into cells and stop the virus from proliferating. Curcumin is an
adjuvant medication for the treatment of COVID-19 because of its wide range of pharmacological
actions and great level of safety. Interestingly, a randomised controlled trial showed significant
lowering of pro-inflammatory cytokine concentration following 4-week curcumin supplementation
in individuals who cured from COVID-19 infection and were then fully vaccinated for COVID-19
[130].

A recent study investigated the antiviral, anti-inflammatory, and antioxidant effects of curcumin
and curcuminoids (Me08 and Me23) on SARS-CoV-2 infection. The study reported that all substances
had anti-inflammatory effects, reducing proinflammatory cytokines such as IL-6, TNF-a, and IL-17.
According to observations made, it was believed that curcuminoid Me23 is a possible agent for
reducing the effects of COVID-19, especially when the central nervous system is targeted. More
specifically, the curcuminoid Me08 was found to decrease IFN-y levels in SARS-CoV-2 infected
neuroblastoma cells [131]. Curcumin has been shown to inhibit SARS-CoV-2 entry into cells, impede
its replication within cells, and mitigate the enhanced inflammatory condition induced by the virus
through immunomodulatory action, reduction of cytokine storm, and regulation of the renin-
angiotensin system [132]. A randomized study investigated the effect of curcumin (500 mg)
supplementation for four weeks on inflammatory markers in the serum of individuals who had been
infected with COVID-19 and then received primary vaccination doses. The study found that
curcumin significantly decreases IL-6 and Monocyte chemoattractant protein-1 (MCP-1) levels in
individuals who have recovered from COVID-19 [130]. Recently, curcumin and curcuminoids (Me08
and Me23) have shown antiviral effects against SARS-CoV-2 infection in SH-SY5Y cells by
suppressing their replication. Also, Me23 demonstrated antioxidant characteristics by upregulating
NRF2 gene expression and preserving NQOL1 activity following infection with SARS-CoV-2. In
addition, curcumin and curcuminoids (Me08 and Me23) demonstrated anti-inflammatory properties
by inhibiting the production of proinflammatory cytokines, including IL-6, TNF-a, and IL-17. Me23,
on the other hand, specifically decreased the levels of INF-y in SH-SY5Y neuroblastoma cells infected
with SARS-CoV-2 [131].

Psoriasis

Psoriasis is a chronic inflammatory skin condition, that causes scaly, red and thick plaques on
the surface of the skin, which can occur on any part of the body. The present treatment for psoriasis
(UVB or psoralen + UVA therapy) is time-consuming and may be hazardous to some organs
(methotrexate, acitretin, and cyclosporine). The anti-inflammatory, antioxidant, and antimicrobial
characteristics of curcumin have rendered it to be a valuable medicinal herb for centuries. This is why
it is regarded as an ideal herbal compound for acne, psoriasis, premature skin aging, and skin
inflammation [133]. Several lines of evidence suggest that CUR has the potential to treat psoriasis in
a variety of ways and has exceptional efficacy. Its use is also imperative for the improvement of the
psoriasis phenotype and the reduction of the inflammatory milieu [134,135]. In the imiquimod-
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induced psoriatic plaque model in rodents, a study found that liposphere gels containing curcumin
and tacrolimus exhibited an anti-psoriatic effect. This demonstrated by the reduced levels of TNF-q,
IL-17, and IL-22 in comparison to the imiquimod group [136]. Likewise, curcumin nanoparticle gels
demonstrated enhanced skin penetration compared to curcumin nanoparticles, resulting in
improved anti-keratinization processes induced by miquimod in mice. Further, the formulated
curcumin nanoparticle gel exhibited powerful anti-inflammatory action by suppressing the
expression of pro-inflammatory cytokines such as TNF-a, NF-«xB, and IL-6 [137]. Voltage-gated
potassium (Kv) channels are essential for controlling the growth, specialization, and programmed
cell death of effector memory T cells. Emerging evidence has highlighted the crucial role of Kv1.3
channels in the pathogenesis of psoriasis, in particular by regulating the activation and proliferation
of T cells [138]. Curcumin appears as an inhibitor of the potassium channel subtype Kv1.3, which is
predominantly expressed in T cells and plays a critical role in the development of psoriasis [139].
Further, curcumin has been shown to reduce the severity of psoriatic symptoms evident by
alleviation of psoriasis indices such as redness of ear, weight, thickness, and lymph node weight in
mice. Additionally, the study reported that application of curcumin (100 uM) produced a 50%
reduction in T cell inflammatory cytokines in mouse serum as compared to pathogenic control [140].
The intestinal microbiome is critically involved in the development of psoriasis-like inflammatory
conditions of the skin by increasing the Th17 response and decreasing regulatory T cell (Treg) levels
in psoriasis patients [141]. It was reported from a study that dosage of curcumin within the stomach
(100 mg/kg/day) alleviated psoriasis-like inflammatory states of the skin, evidenced by a decrease in
the psoriasis area and severity index (PASI) score, which is widely used to quantify the severity of
psoriatic lesions. Furthermore, PASI was associated with a substantial decrease in inflammatory
cytokines levels, as well as an increase in IL-10 expression in mice with imiquimod-induced psoriasis
[142]. Studies have demonstrated that transdermal preparations for psoriasis may be advantageous
when they target the substantially elevated levels of CD44 protein expression in the psoriatic
inflammatory epidermis [143]. It is intriguing that the topical drug delivery of curcumin by
hyaluronic acid (HA)-linked propylene glycol-based ethosomes that target CD44 protein resulted in
an amelioration of imiquimod-induced psoriasis-like inflammatory skin lesions in mice and a
substantial decrease in pro-inflammatory markers in comparison to pathogenic mice [144]. Likewise,
curcumin-loaded PLGA nanoparticle hydrogels exhibited enhanced skin penetration in in vitro
studies and improved efficacy in alleviating imiquimod-induced psoriasis following topical
application in mice [145]. SmartPearls is a cutting-edge technology that effectively stabilizes the
amorphous state over an extended period of time and is regarded as an appropriate approach to the
delivery of antipsoriatic drugs. According to a report, curcumin smartPearls with extra glycyrrhizic
acid demonstrated improved tissue penetration efficacy and anti-psoriatic activity in mice with
imiquimod-induced psoriasiform cutaneous inflammation [146].

Researchers have documented elevated levels of phosphorylase kinase (PhK) in the epidermis
of psoriatic skin, which is in close correlation with an increased PASI score and increased
phosphorylation. In both involved and uninvolved skin, PhK levels were substantially elevated in
cases of active, untreated psoriasis. Therefore, psoriasis can be treated using substances that have the
ability to suppress PhK activity. As years pass by, a new body of research specializing in
underscoring the properties and benefits of curcumin, in the treatment of psoriasis has emerged.
Moreover,thesaiddrug exhibited therapeutic efficacy in reducing the PASI score, which may be
attributed to its capacity to inhibit the phosphorylase kinases that are elevated in psoriatic epidermis
[147]. Additionally, the Lineweaver-Burk plot analysis demonstrated that curcumin is a non-
competitive inhibitor of PhK with an inhibition constant (Ki) of 0.075 mM [147]. A different study
looked into whether curcumin’s anti-psoriatic effects in patients were brought about by the inhibition
of PhK activity [148]. This research investigated the activity of PhK in four groups of ten participants:
(1) those with active, untreated psoriasis; (2) those whose psoriasis was resolving after treatment with
calcipotriol, a vitamin D3 analogue and an indirect PhK inhibitor; (3) those receiving treatment with
curcumin; and (4) those with normal, non-psoriatic skin. People with active, untreated psoriasis had
the highest PhK activity, which progressively declined in those receiving calcipotriol, curcumin, and
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non-psoriatic individuals. PhK activity was found to be inversely correlated with keratinocyte
transferrin receptor expression, parakeratosis worsening, and decreased density of epidermal CD8+
T lymphocytes in psoriasis patients on curcumin and calcipotriol therapy. An open-label phase II
clinical trial, utilizing Simon’s two-stage methodology, was conducted to evaluate the effectiveness
of curcumin in treating patients with psoriasis [149]. In this research, 4.5 g of curcumin was given
daily to 12 patients with persistent plaque psoriasis for 12 weeks, after which there was a 4-week
observation period. All subjects completed the trial, and curcumin was well-tolerated. However, the
low response rate observed could be attributed to either the placebo effect or the natural course of
psoriasis. Two patients, who responded positively to the treatment, showed significant recoveries
ranging from 83% to 88% after 12 weeks. However, before recommending oral curcumin for psoriatic
patients, further high-quality placebo-controlled trials are necessary.
Vitiligo

A skin condition called vitiligo causes the death of melanocytes, which give skin its colour. As a
result, white patches of skin develop on various places of the body. Despite the fact that the exact
mechanism causing melanocyte destruction is yet unknown, oxidative stress has been linked to the
disease’s aetiology [150]. Currently, narrowband UVB (NB-UVB), which utilises the UVB spectrum’s
range of wavelengths from 311 to 312 nm, is regarded as the most effective method of treating vitiligo
[148]. Due to its antioxidant properties, curcumin presents itself as an effective option for managing
vitiligo. One research looked into the possibility of synergistic therapeutic benefits against vitiligo
when NB-UVB and tetrahydrocurcuminoid cream were used together [150]. Ten subjects in the study
had vitiligo, either extensive or localized. Two similar lesions were treated with topical
tetrahydrocurcuminoid cream in conjunction with NB-UVB. At the conclusion of the study, the
results demonstrated that both treatment groups had significantly re-pigmentation compared with
baseline. Furthermore, the tetrahydrocurcuminoid was well tolerated, at 8 and 12 weeks, the
combination group showed somewhat higher total re-pigmentation [150]. A variety of studies have
reported an increase in advanced oxidation protein products (AOPPs), advanced glycation end-
products (AGEs), H20: in epidermal tissues, oxidative DNA damage, and a decrease in catalase as
indicators of vitiligo that eventually worsens [151]. It is intriguing that curcumin has been reported
to decrease the production of advanced glycation end products, probably by trapping methylglyoxal
(MGO). This is supported by the fact that the expression levels of transforming growth factor-31 and
intercellular adhesion molecule (-1) in human umbilical vein endothelial cells have decreased
following treatment with curcumin [152]. The epidermal oxidative stress results in increased levels
of reactive oxygen species (ROS), causing cellular molecules and organelles to malfunction, triggering
an immune response and ultimately the death of melanocytes. However, the persistent accumulation
of ROS may activate the cellular NRF2 antioxidant pathway. Curcumin also enhances the NRF2
pathway, which increases antioxidant activity and activates genes that aid in toxins detoxification
and protect cells from oxidative stress damage [153]. In a clinical trial involving 30 vitiligo patients,
turmeric cream was applied twice daily for a period of four months. The results showed that it
effectively reduced lesion size, vitiligo area scoring index (VASI), vitiligo noticeability scale (VNS),
and physician global assessment (PGA) when compared with the placebo controls [154]. In addition,
a case study has reported the spontaneous reversal of vitiligo in a 41-year-old man manifested as
repigmentation of lesions after 3 years following consumption of a curcumin-based herbal remedy
prepared in 200 mL of hot water with the addition of a quarter teaspoon of turmeric powder (curcuma
longa) and 1 teaspoon of honey, and drank once the preparation cooled down [155].

Depression

Recent evidence strongly suggests a close connection between depression and inflammation
[156]. It is widely recognized that inflammatory processes are essential in the defense against
invading microorganisms by prompting adaptive immune responses. Additionally, the disruption of
the innate and adaptive immune systems plays a crucial role in the onset of depressive disorders
[157]. As a result, the use of medication with anti-inflammatory and anti-cytokine properties may
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prove beneficial in treating depression symptoms. Curcumin administration also inhibits the
triggering of the NLRP3 inflammasome, resulting in a reduction in mRNA expression of
proinflammatory cytokines [158]. The results indicate that the use of curcumin effectively enhanced
the depressive-like behaviour in stressed rats [159,160]. The underlying cause of clinical depressive
disorder comprises a wide range of pathophysiologic attributes including neurochemical,
behavioural, and neuroendocrine changes, and the rodent olfactory bulbectomy model of depression
closely resembles these processes [161]. It has been demonstrated olfactory bulbectomy produces
reduction in serotonin, NA, and dopamine levels in the prefrontal cortex, and the chronic
administration of curcumin (1.25, 2.5, 5, and 10 mg/kg, p.o.) produced reversal of these biochemical
changes and also the depressive behaviour of forced swimming tests in rats [162]. Further, a study
explored the potential role of serotonin (5-HT) receptors in the antidepressant effects of curcumin on
a forced swimming model in rodents. Furthermore, the forced swimming test was blocked by the
antagonists of 5-HT(1A/1B) and 5-HT(2A/2C) receptors, suggesting that curcumin’s antidepressant
effect is mediated by the modulation of serotonergic systems, at least in part by 5-HT(1A/1B) and 5-
HT(2C) receptors [163]. It is widely recognized that brain-derived neurotrophic factor (BDNF) is
crucial in a variety of physiological processes, including neuronal survival and differentiation,
synaptic plasticity, growth and protection of neurons. Furthermore, it functions in controlling mood
swings, sustaining memory, learning capabilities along with other cognitive processes. BDNF and
glutamate act as coregulators for each other, and a dysfunction in BDNF results in altered
glutamatergic homeostasis, eventually leading to depressive behavior [164]. A study showed that
chronic curcumin treatment (50, 100, and 200 mg/kg) resulted in a dose-dependent antidepressant
effect by increasing the level of BDNF in the hippocampal region of Wistar Kyoto rats [165].
Curcumin’s therapeutic effect is limited by its reduced oral bioavailability, which may be attributed
to its relatively low intestinal absorption, excessive metabolism, and excretion [166]. A study found
that the co-administration of curcumin (20 and 40 mg/kg, i.p.) with a bioavailability enhancer,
piperine (2.5 mg/kg, i.p.), for 21 days showed a massive improvement in anti-immobility, an increase
in serotonin and dopamine levels, and an inhibition of monoamine oxidase (MAO-A) activity
compared to curcumin alone [167]. Further, the administration of curcumin-coated iron oxide
nanoparticles for two weeks in a reserpine-induced depression model in rats resulted in a substantial
increase in swimming time, a reduction in immobility time, and an elevation of 5-HT, NE, and DA
levels. Additionally, the oxidative stress markers MAO, AchE, and Na*/K*-ATPase were attenuated
in the hippocampus [168]. Likewise, curcumin-conjugated zinc oxide nanoparticles demonstrated
greater efficacy in alleviating the reserpine-induced behavioral changes in rats on forced swimming
tests and open field tests. These nanoparticles produced reversal of reserpine-induced neurochemical
changes [169]. Recent studies have reported the antidepressant effect of a curcumin analogue
(CACN136), in a chronic unpredictable mild stress model in mice. This effect was demonstrated by a
notable rise in the sucrose preference rate and a reduction in immobility time in the tail suspension
test, which may be attributed to the stimulation of the Keapl-Nrf2/BDNF-TrkB signaling pathway
[170].

In addition, a collective analysis of nine clinical trials revealed that the drug may have the
potential to alleviate anxiety and depressive symptoms in individuals suffering from depression
[171]. A supplementary treatment involving curcumin (with doses ranging from 500 mg/day to 1500
mg/day) reported to prove a significant distinction between curcumin and a placebo at weeks 12 and
16 in a double-blind, placebo-controlled study [172]. Although curcumin has demonstrated
promising antidepressant effects in many animal models of depression, consistent, encouraging
outcomes from clinical trials have not been observed. Hence, larger sample trials are required to
confirm the drug’s therapeutic efficacy for depression.

Safety Profile of Curcumin

According to the results of safety investigations, curcumin is generally considered safe for
human consumption. It has also been revealed by several studies that curcuminoids, including
curcumin, and the extracts of Curcuma longa do not elevate the incidence of adverse events [173,174].
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Curcumin is safe for human consumption, even at comparatively high doses, as support from studies
conducted in humans indicate that healthy volunteers can tolerate doses of up to 8 g/d and even 12
g/d. Further, a meta-analysis of six human studies including 172 participants found that
curcuminoids substantially reduced circulating C-reactive protein levels when compared to placebo,
with no adverse effects [175]. Studies on its potential toxicity indicated that it is generally safe, even
atlarger quantities (up to 12 grams in human) [176,177]. According to toxicological studies, curcumin
does not cause any discernible mutagenic, teratogenic, or sub-chronic toxicity damage [173,178].
Further, research conducted by a study group stated that the administration of 8 grams per day of
curcumin plus gemcitabine to pancreatic cancer patients was found to be well-tolerated and safe
[13,17]. However, curcumin and its derivative, bisdemethoxycurcumin has been reported to prolong
the aPTT and PT, and inhibited the activity of thrombin and factor Xa [179]. Therefore, curcumin
should be used cautiously in patient with bleeding disorder, pregnant and nursing women. Despite
of the anti-inflammatory properties it has been recognised as an allergen causing contact dermatitis
in some individuals [180]. Consequently, it is imperative that patients and dermatologists remain
vigilant regarding potential allergic reactions.

Summary of Key Findings in Studies of Curcumin as a Therapeutic Agent

Furthermore, curcumin and its derivatives have demonstrated efficacy in alleviating numerous
other ailments, in addition to the evidence previously mentioned that supports their therapeutic
applications. In Table 1, the research findings pertaining the impacts of curcumin followed by its
formulations on various health problems are thoroughly summarized.

Table 1. Summary of studies of therapeutic potential of curcumin.

Activity Study | Subjects/Methods Main findings References
type
In DPPH scavenging | Curcumin exhibited more | [181,182]
vitro | method potency in scavenging of

superoxide free radicals
followed by
demethoxycurcumin and

bisdemethoxycurcumin.

In Styrene oxidation | Curcumin showed | [21]
vitro | method phenolic  chain-breaking

Anti-oxidant antioxidant activity

In RAW264.7 cells Curcumin  demonstrated | [183]
vitro resistance to  oxidising
agents by activating the
Nrf2-Keapl pathway and
boosting the activity of

antioxidant enzymes.

In DPPH scavenging | Curcumin inhibited lipid | [184]
vitro, | method peroxidation by 82% and
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In Radjiation-induced dimethoxy curcumin by
vivo & | peroxidation of lipid | 24%.
In in liver microsomes of In curcumin, the hydrogen
silico | " of -OH is more labile for
DFT studies separation than  the
hydrogen of -CH(2).
In Laser flash photolysis | The donation of H-atom by | [95]
vitro | and pulse radiolysis curcumin is the preferred
antioxidant ~ mechanism
over electron donation to
free radicals.
In DPPH scavenging | Curcumin exhibited free | [94]
vitro | method radical scavenging activity
ABTS radical against DPPH, ABTS,
scavenging activity DMPD, superoxide anion
free radical, and H20:, as
DMPD radical well as for ferrous (Fe") ion
scavenging activity chelation and ferric ion
Total antioxidant | (Fe?") reduction.
activity
In Phosphomolybdenum | Curcumin showed | [185]
vitro | peroxidation method | maximum anti-oxidant
Linoleic acid activity  followed by
peroxidation methods demethoxycurcumin and
then
bisdemethoxycurcumin
In DPPH scavenging | Curcumin nanosuspension | [186]
vitro | method samples exhibited similar
anti-oxidant activity to
simple curcumin mixture.
In Fumonisin-induced Compared to curcumin, | [187]
vivo oxidative stress in | nanocurcumin (10 mg/kg)
birds exhibits stronger
antioxidant  effects, as
demonstrated by  the
reduction of thiobarbituric
acid reactive substance
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(TBARS), ALT, AST, and
ROS levels, as well as an
increase in SOD and CAT

mouse, and cats.

phenylbutazone and exerts
anti-inflammatory activity
that is comparable to that of
phenylbutazone. It also
impeded the
levels of SGOT and SGPT

that

increased

were

induced by

inflammation.

concentrations.
In Stress-induced Curcumin [188]
vivo oxidative in hens supplementation produces
reversal of heat-induced
increase in lipid
peroxidation, and decrease
in antioxidant profile.
In Ochratoxin A- | Curcumin restored the | [189]
vivo induced ochratoxin A-induced
hepatotoxicity in rats | reduction in SOD, CAT,
and GPx levels in liver
tissues.
In Arachidonic acid | Addition of curcumin (5-10 | [190]
vitro | metabolism microM) to epidermal
& 12-0- microsomes produces
n tetradecanoylphorbol- inhibition of arachidonic
vivo 13-acetate (TPA)- acid metabolism into PGE2,
induced epidermal PGF2a, and PGD2.
inflammation and | Topically applied
tumor progression in | curcumin results in
mice inhibition of the activity of
LOX and COX in
Anti-inflammatory epidermal inflammation.
In Carrageenan-induced | Curcumin is less | [191]
vivo oedema in rats, | ulcerogenic than
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In Patients with | In patients with metabolic | [192]

vivo metabolic syndrome | syndrome, the
administration of curcumin
(1 g/day) once daily results
in a substantial decrease in
serum levels of
inflammatory cytokines.

In BEAS-2B cells In vitro and in vivo models, | [193]

vitro Ovalbumin (OVA) to curcumin suppresses

& induce chronic asthma PPAR activation, inhibits

In in mice NF-kB p65 translocation,

vivo and improves the increased
expression of MCP-1 and
MUC5AC induced by OVA
and IL-4.

In Chronic Curcumin  demonstrated | [160]

vivo unpredictable  mild | an antidepressant effect by

stress-induced inhibiting the activation of
inflammationin rats | NF-kB and reducing the

expression of pro-
inflammatory cytokines.

In BV2 cells Curcumin suppresses | [69]

vitro inflammation induced by
LPS by controlling
microglia polarization
M1/M2), balancing
TREM2/TLR4, and
inhibiting NF-kB activity.

In Beas-2B cells Curcumin prevents | [194]

vitro cigarette smoke (CS)- cigarette  smoke-induced

& induced COPD in rats inflammation in both vivo

n and in vitro, possibly by

vivo regulating the PPARy/NF-
kB signaling pathway.

In Ulcerative colitis | Combining drug therapy | [73]

vivo patients with curcumin
supplementation
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significantly reduced
serum high-sensitivity CRP
and ESR levels in ulcerative

colitis patients.

In

vitro

BV-2 microglia

LPS-
induced NO and pro-

Curcumin reduces

inflammatory cytokine
production in microglial

cells.

[195]

In

vitro

HelLa and RAW264.7

cells

oxidative
blocked

IKKp, an activating kinase

Curcumin’s

intermediates

upstream of NF-kB.

[196]

In

vivo

Patients of  knee

osteoarthritis

Curcuminoids  produced

significant anti-

inflammatory effect.

[197]

In

vivo

Patients with solid

tumor

Curcuminoid preparation
(180 mg/day)
significant
TNFa, IL-6, substance P,
hs-CRP, CGRP and TGF-3

as compared to placebo

produces

reduction in

control.

[198]

In

vivo

Spinal cord injury-
induced inflammation

in rats

inhibited the

formation of glial scars by

Curcumin

preventing the production
of MIP1a, IL-2, and CCL5
and by reducing NF-xB

activation.

[199]

Antidiabetic

In

vivo

Streptozotocin (STZ)
model of diabetes in

rats

The microstructural
alterations of pancreatic
tissue were restored, and
plasma glucose, insulin,
and C-peptide levels were
significantly reduced in
diabetic rats after 40 days

of treatment with a novel

[200]
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curcumin derivative

(NCD).

In

vivo

STZ model of diabetes

in rats

Curcumin restored the
levels of TBARS and GSH
in diabetic rats, thereby
normalizing blood glucose
oxidative

and  hepatic

stress.  Additionally, it
upregulates the expression
of the IGF-1, Bcl2, SOD, and
GST genes

tissues.

in hepatic

[201]

In
vitro
&

In

Silico

a-Glucosidase and a-
Amylase  Inhibition

methods

Curcumin-based
benzaldehyde derivatives
(L8, L11, and L13) reduce
the glycemic index and
inhibit the

that

primary
pathways generate
reactive

(ROS).

oxygen species

[202]

In

vitro

Streptozotocin-
Nicotinamide (STZ-
NA) model in rats

the
diabetic control, turmeric
(bioenhanced
BTE;

regular turmeric extract,

In comparison to

extracts
turmeric  extract,
RTE) resulted in a decrease
in blood glucose and an
increase in oral glucose
tolerance. Additionally, it
demonstrated

improvements in
pancreatic 3 cell function
and insulin sensitivity, as
well as a decrease in insulin

resistance.

[203]

In

vivo

High fat diet and low
dose STZ model of

diabetes in rats

Curcumin (at a higher
dose) resulted in a
substantial decrease in the

levels of fasting blood

[204]
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glucose, total cholesterol,
TGs, LDL-C, HDL-C, ALT,
and AST, as well as liver
coefficient and MDA, and
BCL2-associated X
expression in rats with type

2 diabetes mellitus.

In

vivo

Alloxan-induced

diabetes in rats

Turmeric, either alone or in
combination with Ajwa
date seed and black
pepper, produced
antihyperlipidemic ~ and
weight-stabilizing  effects
in alloxan-induced diabetic

mice.

[205]

Antimicrobial

In

vitro

B. subtilis

The formation of the
cytokinetic Z-ring in B.
subtilis was significantly
inhibited by curcumin.
Additionally, impeded the
assembly of FtsZ
protofilaments and
enhanced the GTPase
activity of FtsZ.

[206]

In

vitro

In

Vivo

Clinical isolates of H.

pylori

H. pylori infection in

mice

Curcumin showed
promising anti H. pylori
action  against clinical
isolates, with MIC ranging
between 5 and 50 ug/ml. It
exhibited high
effectiveness in eradication
of H. pylori from infected
mice as well as in
restoration of H. pylori-

induced gastric damage.

[207]

In

vitro

HSV-1 in cell culture

Curcumin and its novel
compounds exhibit

considerable antiviral

[208]
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activity against HSV-1 in

cell culture.

In

vitro

Broth microdilution

method

Checkerboard
dilution test, and

Time-kill assay

The combination of
oxacillin, ampicillin,
ciprofloxacin, and
norfloxacin with curcumin
demonstrated synergistic

activity against MRSA.

[52,209]

In

vitro

Human

peptide-1 (HNP-1)

neutrophil

Curcumin I demonstrated
time and dose-dependent
action against S. aureus
and E. coli at
concentrations as low as
25uM, Kkilling 50% of
bacteria after 2 hours of
incubation. The damage to
the cell membrane may
have contributed to the
broad-spectrum

antibacterial action.

In

vitro

S. aureus

E. coli

Nanocurcumin cream

demonstrated superior
antibacterial efficacy
against S. aureus and E. coli,
with a broader zone of
inhibition than curcumin

cream.

Antitumor

anticancer

and

In

vitro

Esophageal
adenocarcinoma
(EAC) cells

Nanocurcumin  therapy
with T cells on EAC cells
(OE19 and OE33)
demonstrated potential by
boosting T cell cytotoxicity.
This could be

curcumin increases EAC

because

sensitivity to T cells’

cytotoxic actions.
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In

vitro

HT-29 colorectal

adenocarcinoma cells

Curcumin influences the
metabolomics of probiotics
in intestinal flora, with a
particular emphasis on
Lactobacillus
This,

apoptosis,

plantarum.
in turn, induces
which may
anticancer

impact their

properties.

[213]

In

vitro

Oral carcinoma CAL-
27 cells

Curcumin therapy reduces
cell viability by inducing
down-

apoptosis  and

regulating Notch-1 and

NF-«B.

[214]

In

vitro

Breast cancer stem

cells

Curcumin induces
apoptosis and suppresses
the proliferation of breast
cancer stem cells (BCSCs)
of the

hormone

irrespective
expression  of

receptors.

[215]

In

vitro

HT-29 cells

Curcumin (10-80 mol/L)
inhibits the proliferation of
HT-29 cells and promotes
apoptosis. In addition, it
promotes the expression of
Bad

simultaneously

Bax and while

suppressing the expression
of Bd-2, Bd-xL, and

survivin.

[216]

In

vitro

HT-29 cells

induces DNA

fragmentation,

Curcumin
chromatin
condensation, nuclear
shrinkage, and increased
cellular death in HT-29

cells via producing ROS in

[217]
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a dose- and duration-

dependent manner.

Antimalarial

In Plasmodium The growth of chloroquine- | [218]

vitro | falciparum culture resistant Plasmodium

& Plasmodium  berghei- falciparum in  culture

In infected mice medium is suppressed in a

vivo dose-dependent manner by
curcumin, with an IC50 of
approximately 5 uM.
Oral curcumin
administration produced a
reduction in blood
parasitemia in Plasmodium
berghei-infected mice.

In P. falciparum culture Curcumin treatment | [219]

vitro damages both
mitochondrial and nuclear
DNA, most likely due to an
increase in intracellular
ROS. It also inhibits
PfGCN5 HAT activity by
reducing  histone  H3
acetylation at K9 and K14.

In P. falciparum culture Curcumin produces dose- | [220]

vitro Molecular docking by dependent morphological

& using homology changes and suppresses

In modeling by SWISS- parasitic  growth, as

silico | MODEL server evidenced by changes in

microtubule morphology

compared to untreated.

Both the diketo and enol
forms of curcumin showed
more than 250 binding
positions, mostly at the
alpha and beta subunit
interfaces, which overlap

with colchicine.



https://doi.org/10.20944/preprints202409.1576.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2024

doi:10.20944/,

reprints202409.1576.v1

26

In

vivo

Plasmodium  berghei

NK65-infected mice

Curcumin treatment (i.p.)
inhibits ~ the = GSK3,
resulting in a dose-
dependent reduction of
parasitemia and levels of
pro- and anti-inflammatory
cytokines in the aftermath

of P. berghei infection.

[221]

In

vitro

In

vivo

RAW 264.7 cell line

Peter’s 4-day
suppressive protocol

in mice model

Curcumin-loaded PLGA
nanoparticles were more
cytotoxic than free
curcumin to the RAW 264.7

cell line.

PLGA-encapsulated

curcumin (5 and 10 mg/kg)
effectively suppresses
parasitic growth (56.8%)
compared to free curcumin
(40.5%), without causing
significant alterations in
serum markers of
hematologic and liver

toxicity.

[222]

Anti-obesity

In

Vivo

Animal model of

obesity

The ethanolic extract of
curcumin enhances lipid
breakdown and B-
oxidation by increasing the
expression  of lipases,
including adipose
triglyceride lipase,
hormone-sensitive lipase,
adiponectin, and AMP-

activated protein kinase.

[223]

In

vitro

Abdominal

subcutaneous adipose
(ASAT)

and ILPS-

tissue

explants,

extract of
which

variety  of

The hexane
Curcuma  longa,
contains a
curcuminoids, exhibits
anti-obesity, significant

inhibitory activity against

[224]
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induced-mononuclear
cells (iMC)

lipase, a-amylase, and «-

glucosidase.

In

vivo

High fat diet-induced

obesity in rats

Curcumin demonstrated

antitoxic, antioxidant,
cytoprotective, and anti-
obesity effects by reversing
the effects of a high-fat diet
TAGs,
insulin, as well as DNA
fragmentation, MPO, GSH,
and SOD in hepatic tissue,

the expression of
TLR4, IL-6, and TNF-a.

on glucose, and

and

[225]

In

vitro

In

Vivo

3T3-L1 adipocytes

High-fat diet (HFD)-
induced obesity in

mice

The ethanolic extract of
(CLE)
lipid

Curcuma
inhibited

accumulation and restored

longa

differentiation-induced
alterations in adipogenesis
and lipolysis-related
proteins in 3T3-L1 cells by
restoring AMPK
phosphorylation.
Furthermore, CLE reduced
HFD-induced increases in
body weight, AST, ALT,
cholesterol, LDL, ACC,
PPAR-g, SREBP1, FABP4,
FAS,
leptin, as well as activation

of AMPK.

adiponectin, and

[226]

In

vitro

In

vivo

3T3-L1 adipocytes

High-fat diet (HFD)-
induced obesity in

mice

Curcumin upregulates the
EIF2 and mTOR signaling
pathways, thereby
the  LPS-
induced increase in IL-6 in

3T3-L1

suppressing

adipocytes.
the

administration of curcumin

Furthermore,

[227]
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in HFD-induced obese
mice led to the detection of
metabolites such as
tetrahydrocurcumin (THC)
and curcumin-O-

glucuronide (COG).

Neuroprotective

In

Vivo

CUMS-induced

depression in rats

The administration of
chronic  curcumin (40
mg/kg, i.p.) results in the
suppression of neuronal
apoptosis within neurons
of  the  ventromedial
prefrontal cortex (vmPFC),
as well as the reduction of
depression-like behaviors
and the expression of
interleukin-1p (IL-18).

[228]

In

Vivo

FST and TST model of

depression in mice

Curcumin-loaded thermos-
sensitive hydrogel reduces
immobility duration in FST
and TST in mice and
enhances

neurotransmitters such as
NE, DA, 5-HT, and their
metabolites in the
hippocampus and

striatum.

[229]

In

vitro

Primary hippocampal

neurons

Curcumin ameliorated the
cellular oxidative stress in
cultured primary
hippocampal neurons of
rats, thereby inhibiting the
AP-mediated intracellular

toxicity.

[230]

In

vivo

MCAO-induced
ischemic brain injury

in rats

Curcumin exhibited
neuroprotective effects by
inhibiting the intracellular
transcription of NAD(P)H:

quinone oxidoreductasel

[231]



https://doi.org/10.20944/preprints202409.1576.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2024

doi:10.20944/,

reprints202409.1576.v1

29

(NQO1) and Akt
phosphorylation, which in
turn ensued in an increase
in the binding of NREF2
with ARE.

In

vivo

6-OHDA-induced
Parkinson’s disease in

rat

Curcumin has been
observed to protect
neurons from 6-OHDA-
induced injury, as
evidenced by improved
memory function, which is
achieved by reducing
neuronal oxidative stress
and increasing DA and
ACh levels in the
substantia nigra of rats.
Additionally, subsequent
to curcumin
administration, there was a
decrease in intercalatum
heat shock protein 70
(HSP70) and an upsurge in
the expression of basic
fibroblast growth factor
(bFGF), nerve growth
factor (NGF), and receptor
tyrosine kinase A (TrkA).

[232]

In

vivo

APPsw transgenic

mice

Curcumin at a lower dose
stimulated microglial
migration to and
phagocytosis of amyloid
plaques, decreased miR-
155-mediated
neurodegenerative
phenotype, and reduced
amyloid stress in mouse

brains.

[233]
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In

vivo

6-OHDA-induced
Parkinson’s disease in

rat

Curcumin  reduced 6-
OHDA-induced

hippocampus damage by
raising the expression of
BDNEF, TrkB, and PI3K, as
well as elevating
neurotransmitters like DA
and NE in hippocampal

neurons.

[234]

In

vivo

Traumatic brain

injury in mice

Curcumin protects against
TBI-induced secondary
brain injury, as evidenced
by reduced water content,
reactive oxygen species
(ROS), neurological
impairment score, and cell
death. This protection is
accomplished by
increasing Bcl-2 levels and
translocating Nrf2, which
prevents a decrease in
antioxidant enzymes by
increasing the expression
of heme oxygenase 1 (HO1)
and NAD(P)H: quinone
oxidoreductase 1 (NQO1).

[235]

Immunomodulatory

In

vitro

Human B lymphocyte
cell lines and HepG2

cell line

Curcumin inhibits the
translocation of p65 into
the nucleus, thereby
inhibiting the activity of B
lymphocytes, by
diminishing the DNA
binding to the promotor
region of the B lymphocyte
stimulator, thereby
suppressing NF-xB

signaling.

[236]
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In

vivo

Patients with

osteoarthritis

Osteoarthritis patients
experience a decrease in the
frequency of Visual Analog
Score following
administration of curcumin

(80 mg).

[237]

In

vitro

RAW-264.7 cells of

mouse

Curcumin

PHA-induced

suppresses

T-cell
growth, production of IL-2,
NO generation, and LPS-
induced NF-xB,
NK

while
increasing cell

cytotoxicity.

[238]

In

Vivo

Balb/c mice

Administration of
curcumin leads to elevated
white blood cell count,
circulating antibodies
targeting sheep red blood
cells, plaque-forming cells
(PFC) in the spleen, and

increased bone marrow

cellularity in mice.

[239]

In

vitro

In

Vivo

RAW

macrophages

264.7

CPA-induced
immunosuppression

in mice

Curcumin treatment
produces inhibition of NO
production, reduced
expression of iNOS and
COX-2 by inhibiting ERK
1/2 and p38 activation in
RAW 264.7 macrophages.
Additionally,

produces reversal of CPA-

curcumin

induced changes in body
weight, immunoglobulins,
and NK cell activity in

mice.

[240]

Abbreviations: CGRP, calcitonin gene-related peptide; hs-CRP, high-sensitivity C-reactive protein;
MIP1a, Macrophage Inflammatory Protein-1 Alpha; AMPK, 5" AMP-activated protein kinase; CUMS,
chronic unpredictable mild stress; MCAQO, middle cerebral artery occlusion; OGD, Oxygen and
glucose deprivation; NRF2, nuclear factor-erythroid 2-related factor 2; ARE, antioxidant response
element; 6-OHDA, 6-hydroxydopamine; BDNF, brain-derived neurotrophic factor; TrkB, tyrosine
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protein kinase gene; PI3K, phosphatidylinositide 3-kinases; DA, dopamine; NE, norepinephrine;
CPA, cyclophosphamide; COX-2, Cyclooxygenase-2; iNOS, inducible nitric oxide synthase; PHA,
phytohaemagglutinin.

Conclusions

The health-promoting effects of curcumin are well recognized and have been in practice in
traditional medicine since ancient time. Curcumin is used in traditional system based medicinal
products for diseases management because it is non-toxic and has low side effects. Numerous in vitro
and in vivo laboratory based studies, as well as human clinical trials have demonstrated the
effectiveness of turmeric and its constituents as a favourable modulator of biological processes.
Curcumin has shown a diverse range of effects in inflammatory disorders, perhaps via influencing
multiple genes, signalling molecules, and enzymes. However, additional research is necessary to
enlighten ourselves with the knowledge of curcumin’s wide ranged benefits, efficiency, plausible
uses, and working mechanisms, especially in its prevention and treatment of human illnesses. The
combination of curcumin with other potential therapeutic reagents should further be explored and
tested in controlled clinical studies.
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