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Abstract. Turmeric has various biological compounds. It has been used as a spice in most Asian countries. Both solid and
powder extracts, as well as extracts in oil form, are beneficial. Moreover, having an abundant number of biological compounds
made it popular in ancient times. For centuries, it has been used to treat wounds and snake bites. The main component of
turmeric is curcuminoids, which are reported to have anti-cancer, anti-diabetic, and anti-tumor activities. In recent decades, many
studies have taken place for clinical trials to confirm curcumin's pharmacological activity. In this review, turmeric constituents and
the therapeutic activity of curcumin analogs will be discussed.
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1. Introduction

Curcuma longa (Linn.) is a long-lasting rhizomatous plant in the Zingiberaceae family, generally called turmeric. It can grow
up to 5 feet in height and has lanceolate-shaped leaves and yellowish funnel-shaped blooms. Turmeric can be grown in a variety
of environments with temperatures ranging from 20 to 35 °C and about 1.5 cm of yearly rainfall. It has been observed in the
development of rich, sandy, or clay-enriched soils where there is no water pooling or puddling. Ahmad et al. (2020) said that for
good organic products, the pH range of the soil should be between 4.75 and 7.5.

Turmeric is famous as a spice in Southeast Asia and is frequently used in local cuisines. Globally, it is also used as an
edible color and to conserve food products (Paramasivam et al., 2009). In curries and mustards, the powder is widely used to
impart color and flavor. It helps to maintain freshness and nutritional values and improve the deliciousness of the food.
Furthermore, it has been utilized in South Asian countries for dental hygiene (Chaturvedi, 2009). Turmeric is available as
powders, pastes, capsules, and tablets to be used as food supplements. Moreover, it is widely used in energy drinks, soaps, and
cosmetics.

Turmeric is one of the most widely used traditional plants and has been used for hundreds of years in Indo-Chinese herbal
medicine for its variety of properties, e.g., anti-inflammatory, wound healing, liver tonic, and anti-tumor activity (Huang et al.,
2018). The importance of this root has expanded due to the presence of bioactive chemicals known as curcuminoids (the main
family of phenolic compounds present in turmeric) (Munekata et al., 2021). Curcuminoids have been found in more than 100
different curcuma species, such as C. phaeocaulis, C. aromatica, C. xanthorrhiza, C. zedoaria, and C. mangga (Aggarwal et al.,
2007).

Curcumin supplementation appears to have a plethora of therapeutic benefits; most of them are attributable to its anti-
oxidant properties and the capacity to reduce inflammation (Hewlings & Kalman, 2017). It has long been used in Ayurvedic
medicine for a wide range of biological properties, e.g., including anti-oxidant, anti-inflammatory, anti-carcinogenic, analgesic,
chemopreventive, anti-septic, chemotherapeutic, anti-platelet, anti-viral, anti-bacterial, anti-fungal, and anti-tumor activity (Sandur
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et al.,, 2007; Prakash et al., 2011). Singh et al. (2010) also found that the essential oil made from turmeric has anti-fungal, anti-
hepatotoxic, and anti-arthritic properties. So, this review talked about the bioactive compounds in turmeric and how they work in
the body.

2. Bioactive compounds of turmeric

The main phytoconstituents in turmeric are dihydroheptanoids, also known as curcuminoids, which comprise around 16%
of the dry weight of turmeric (Niranjan et al., 2018). Curcumin, also called diferuloylmethane, is a key component in turmeric that
can be obtained after solvent extraction and crystallization (Amalraj et al., 2017). Furthermore, it accounts for 2-8% of all
turmeric components, is thought to be the primary origin of turmeric's yellow or golden color, and has also been linked to many of
the spice's qualities (Ruby et al., 1995; Mansouri et al., 2020). It does not dissolve in water or ether, but ethanol and other
organic solvents can break it up (Aggarwal et al., 2003).

The most important curcuminoid complexes are curcumin I, curcumin I, and curcumin lll (Ahmad et al., 2020). Curcumin's
naturally occurring curcuminoids ratios are about 5% bisdemethoxycurcumin (Cur-lll) and 15% demethoxycurcumin (Cur-I)
(Ireson et al., 2001) (Figure 1). Curcumin is the most abundant biologically active molecule in turmeric and a well-studied
physiologically active molecule with anti-oxidant and anti-inflammatory properties (Ahmed & Gilani, 2009). Additionally, the
demethoxy derivatives of curcumin and several polypeptides having anti-oxidant effects, such as turmerin, are other major
bioactive ingredients in turmeric (Ramirez-Tortosa et al., 1999).

Bisdemethoxycurcumin

Figure 1. Chemical structures of curcumin, demethoxycurcumin, and bisdemethoxycurcumin (ChemDraw)

3. Pharmacological properties of turmeric

As described earlier, turmeric has been utilized for treatments in traditional medicine systems for hundreds of years due to
its wide range of biological properties and non-toxic nature. The essential oil in turmeric has also been shown to help with
arthritis, inflammation, and fungal infections (Table 1).

3.1. Anti-arthritis effects

Curcumin has been demonstrated to have anti-arthritic properties in patients with osteoarthritis and rheumatoid arthritis in
several investigations (Henrotin et al., 2013). Moreover, a combination of curcumin, vitamin D3, and omega-3 fatty acids
significantly delayed the onset and severity of collagen-induced arthritis (Hemshekhar et al., 2021). Notably, analgesics, steroids,
and non-steroidal anti-inflammatory medications (NSAIDs) are currently used to treat arthritis, and they alleviate symptoms such
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as extreme pain and inflammation (Daily et al., 2016). Paultre et al. (2021) said that turmeric therapy for pain and function might
work as well as NSAID therapy.

3.2. Anti-cancer activity

Turmeric and its constituents are multi-targeted phytochemicals that can be used to fight cancer. Their use can reduce
uncontrolled cell proliferation, inflammation, angiogenesis, and metastasis while improving apoptosis, autophagy, and cell cycle
arrest by modulating various cell signaling pathways (Aggarwal et al., 2003; Kasi et al., 2016; Zhu & Bu, 2017; Song et al., 2019;
Hassanzadeh et al., 2020). The influence of curcumin on Wilm's tumor 1 (WT1) gene expression in leukemic K562 cells was
studied and found to be mediated via PKCa signaling upstream of WT1 transcription factor auto-regular function (Semsri et al.,
2011).

3.3. Anti-diabetic effects

Curcumin has been proven to have promising anti-diabetic effects. It also lowers fasting blood glucose, glycated
hemoglobin, and body mass index considerably (Marton et al., 2021). Curcumin treatment for pre-diabetic people can reduce
their chance of developing type 2 diabetes by up to 50% (Chuengsamarn et al., 2012). Curcumin may also be a viable option for
preventing and treating diabetes and its consequences, such as diabetic retinopathy (Li et al., 2015). Moreover, significant
plasma lipid and cholesterol-lowering activity by nanocurcumin was previously reported (Marton et al., 2021).

3.4. Anti-fungal activity

Due to turmeric's traditional worldwide use in food products, many studies have been conducted to investigate the fungus's
static and anti-infective activity. Turmeric oil derived from Curcuma longa is reported to possess anti-fungal properties (Aggarwal
etal., 2007). Curcumin has also been shown to have anti-influenza activity (Chen et al., 2010). For example, treatment with 30 M
curcumin reduced viral production in cell culture by more than 90%, according to their findings. Moreover, C. longa hexane
extract at 1000 pg/mL showed antifungal activity against several fungus varieties (Moghadamtousi et al., 2014).

3.5. Anti-inflammatory activity

Curcuminoids and turmeric oils have anti-inflammatory properties. Chemicals extracted from turmeric rhizomes are
reported to be potent inhibitors of inflammatory mediator synthesis (Lantz et al., 2005). It suppressed inflammation primarily
through the Wnt/beta-catenin and nuclear factor kappa B (NF-B) pathways (Suresh et al., 2019).

3.6. Anti-microbial activity

Turmeric has been found to have bacteriostatic properties. Curcumin has anti-bacterial properties against S. aureus,
irrespective of its methicillin resistance capacity (Teow et al., 2016). In another study (Parvathy et al., 2009), it was also found
that curcumin-diglucoside could kill germs. In a trial of Eimera maxima infected chicks, meals supplemented with 1% turmeric
reduced intestinal lesions and enhanced weight gain (Kwon & Magnuson, 2009). Another animal study found that applying
turmeric oil topically to guinea pigs for 7 days prevented the growth of dermatophytes and dangerous fungi (Dujic et al., 2009).
Curcumin also has some action against Plasmodium falciparum and Leishmania major organisms (Huang et al., 1998).

3.7. Antioxidant activity

Curcuminoids have been shown to have potent anti-oxidant action in a variety of chemical in vitro assays as well as in
several in vivo studies. Turmeric extract has been demonstrated to have significant anti-oxidant activity in 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity tests (Lee et
al., 2015). Anti-oxidant properties are also seen in curcumin derivatives such as bisdemethoxycurcumin and demethoxycurcumin
(Ammon et al., 1992). For example, in HepG2 cells, the anti-oxidant properties of turmeric led to lower levels of prostaglandin E2,
which is a sign of oxidative stress (Menghini et al., 2010).

3.8. Anti-platelet properties
Curcuma oil has anti-platelet properties in experimental models of cardiac ischemia-reperfusion and thrombosis (Prakash
et al., 2011). The effect of water-dispersible curcuminoids on rat platelet aggregation was evaluated and found to be two times
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more effective at inhibiting platelet aggregation than curcumin in their studies (Maheswaraiah et al., 2015). In addition, turmeric
oil is reported to show anti-platelet activity (Daveluy et al., 2014).

3.9. Cardio-protective effect

Curcumin is a cardioprotectant that can protect cardiomyocytes. It protected H9c2 cells from hypertrophic stress and
helped to maintain the extracellular matrix. It increased the amount of collagen by reducing the production of an enzyme
responsible for the breakdown of collagen (Kohli et al., 2013). In addition, curcumin inhibited histone acetyltransferases to
prevent atypical enlargement of the heart muscle, which aided in reducing the possibility of cardiac failure (Morimoto et al.,
2008).

3.10. Gastrointestinal and hepatic effects

Curcumin may be particularly well adapted to being developed to treat gastrointestinal illnesses due to its enhanced
bioavailability in the gastrointestinal tract. Curcumin has been recommended as a treatment for liver and digestive illnesses such
as IBS, colitis, and bacterial and parasitic infections (Hassanzadeh et al., 2020). The primary fibrogenic cell in the liver, the
hepatic stellate cell (HSC), is implicated in fibrosis, creating scar tissue in response to liver injury (Xu et al., 2018). For example,
curcumin administration has been shown to impair HSC viability by suppressing proliferation and increasing endoplasmic
reticulum stress (Chen et al., 2014). Turmeric compounds, mainly curcumin, have significant effects in treating fatty liver disease.
Curcumin is reported to be effective against nonalcoholic fatty liver disease models, such as nonalcoholic steatohepatitis (NASH)
(Zabihi et al., 2017). For instance, when taken orally, curcumin efficiently protected against the progression of non-alcoholic fatty
liver disease caused by a high-fat diet by altering metabolism and increasing intrahepatic CD4+ cell accumulation (Inzaugarat et
al., 2017). In addition, the effect of curcumin extract is reported to decrease the severity of alanine transaminase, aspartate
transaminase, and non-alcoholic fatty liver disease (Rolfe et al., 2020).

3.11. Neuroprotective effect

Curcumin has been shown to have neuroprotective activity, possibly due to its anti-oxidant and anti-inflammatory
properties, which aid in maintaining biochemical balance in the brain (Dikmen et al., 2017). It has a lot of qualities that make it an
excellent neuroprotective medication (Cole et al., 2007). It has been studied as a possible treatment for a variety of neurological
illnesses, including Parkinson's disease and Alzheimer's disease (AD) (Teter et al., 2019). According to research from Grundman
et al. (2002), curcumin also reduces inflammation and oxidative damage in mouse models of Alzheimer's disease.

3.12. Radioprotective or radiosensitizing effect

Curcumin has radioprotective and radiosensitizing properties. Curcuminoids are polyphenols that impart radioprotective
effects on healthy cells and radiosensitizing effects on cancer cells due to their anti-oxidant activity. For example, curcumin
showed protective effects on parotid glands during a radiotherapy study in a rat model (Lopez-Jornet et al., 2016). Moreover,
curcumin's radiosensitizing effect on breast cancer cells has been reported (Minafra et al., 2019).

3.13. Wound-healing properties

Curcumin has been used traditionally for wound healing. Curcumin's capacity to stimulate granulation tissue formation,
tissue remodeling, collagen deposition, and wound contraction has proven that it has significant wound healing properties (Akbik,
2014). For example, in a clinical trial, curcumin improved topical wounds in rats and guinea pigs by boosting granulation tissue
formation, extracellular matrix protein production, and TGF-1 levels in wounds (Sidhu et al., 1998). In addition, systemic
administration of curcumin after muscle injury resulted in quick recovery by tissue regeneration (Thaloor et al., 1999).

Table 1. List of curcumin derivatives and their biological activities
SI Compound Name Biological activity Reference

1 Ar-turmerone Snakebite (Ferreira et al., 1992)

2 bisdemethoxycurcumi Anti-oxidant (Jayaprakasha et al., 2006)
3 Curcuminoids Anti-acidogenic activity (Pandit et al., 2011)
4 (

Curcuminoids Anti-cancer activity Wei et al., 2021)
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SI Compound Name Biological activity Reference
(Prostate cancer)
5 Curcuminoids Anti-bacterial activity (Teow et al., 2016)
6 Curcuminoids Anti-fungal activity (Aggarwal et al., 2007)
7 Curcuminoids Anti-viral activity (Hergenhahn et al., 2002)
8 Curcuminoids Dentistry (Chaturvedi, 2009)
9 Curcuminoids Anti-Alzheimer’s (Grundman et al., 2002)
10 Curcuminoids Anti-Parkinson’s (Teter et al., 2019)
1 Curcuminoids Anti-arthritic (Funk et al., 2010)
12 Curcuminoids Anti-oxidant activity (Ammon et al., 1992)
13 Curcuminoids Anti-angiogenic (Laletal., 2016)
14 Curcuminoids Hypoglycemic (Kuroda et al., 2005)
15 Curcuminoids Anti-inflammatory (Saw et al., 2010)
16 Curcuminoids Anti-malarial (Mishra et al., 2008)
17 Curcuminoids Anti-diabetic (Chuengsamarn et al., 2012)
18 Curcuminoids Anti-protozoan (Changtam et al., 2010)
19 Curcuminoids Wound healing (Hegge et al., 2011)
20 Curcuminoids Anti-depressant (Kulkarni et al., 2008)
21 Curcuminoids Anti-venom (Gomes et al., 2010)
22 Curcuminoids Anti-tumor activity (Simoni et al., 2008)
23 Curcumin- —D-glucoside Anti-mutagenic (Parvathy et al., 2009)
24 Curcumin- —D-glucoside Anti-oxidant (Parvathy et al., 2009)
25 Curcumin- —D-glucoside Anti-bacterial (Parvathy et al., 2009)
26 4-hydroxy-3-methoxy-benzylidene derivative ~ Anti-malarial activity (Mishra et al., 2008)
27 Methylcurcumin Leishmaniasis (Araujo et al., 1999)
28 3-nitrophenylpyrazole curcumin Anti-malarial activity (Mishra et al., 2008)
29 Pyrazole curcumin Anti-malarial activity (Mishra et al., 2008)
30 Sodium curcuminate Anti-inflammatory (Mukhopadhyay et al., 1982)
31 Turmerin Anti-oxidant activity (Ramirez-Tortosa et al., 1999)

4. Conclusion and future perspectives

Turmeric has been popular all over the world as a spice. It has been used in traditional medicine, especially in Asian
countries. It has anti-cancer, anti-bacterial, anti-inflammatory, anti-diabetic, and anti-arthritis properties, as well as wound healing
activity. However, scientific evidence on the in vivo toxicity, clinical studies, and nutritional value of this plant is still insufficient,
especially for high mortality diseases such as cancer. Further research is required to fully understand the cell signaling pathways
and genes involved in the anti-cancer activity of curcumin. Moreover, new curcumin analogs can be developed to improve their
bioavailability, aqueous solubility, absorption, and bioactivities. So, future studies may focus on finding new and different ways

that turmeric can be used as a medicine.

Conflicts of interest. There are no conflicts of interest.

ORCID

Alfi Shahrin: https://orcid.org/0000-0003-2116-8171
Chadni Akter: https://orcid.org/0000-0001-8971-8905
Reatul Karim: https://orcid.org/0000-0002-2511-2346



Page 6 of 9

References

Aggarwal, B.B., Kumar, A. & Bharti, A.C. (2003). Anticancer potential of curcumin: preclinical and clinical studies. Anticancer
Research, 23(1a), 363-398.

Aggarwal, B.B., Sundaram, C., Malani, N. & Ichikawa, H. (2007). Curcumin: the Indian solid gold. Advances in Experimental
Medicine and Biology, 595, 1-75.

Ahmad, R.S., Hussain, M.B., Sultan, M.T., Arshad, M.S., Waheed, M., Shariati, M.A., . . . Hashempur, M.H. (2020).
Biochemistry, safety, pharmacological activities, and clinical applications of turmeric: A mechanistic review. Evidence-
Based Complementary and Alternative Medicine, 2020, 7656919.

Ahmed, T. & Gilani, A.H. (2009). Inhibitory effect of curcuminoids on acetylcholinesterase activity and attenuation of
scopolamine-induced amnesia may explain medicinal use of turmeric in Alzheimer's disease. Pharmacology,
Biochemistry and Behavior, 91(4), 554-559.

Akbik, D., Ghadiri, M., Chrzanowski, W. & Rohanizadeh, R. (2014). Curcumin as a wound healing agent. Life Sciences, 116(1),
1-7.

Amalraj, A., Pius, A., Gopi, S. & Gopi, S. (2017). Biological activities of curcuminoids, other biomolecules from turmeric and their
derivatives- A review. Journal of Traditional and Complementary Medicine, 7(2), 205-233.

Ammon, H.P., Anazodo, M.I., Safayhi, H., Dhawan, B.N. & Srimal, R.C. (1992). Curcumin: a potent inhibitor of leukotriene B4
formation in rat peritoneal polymorphonuclear neutrophils (PMNL). Planta Medica, 58(2), 226.

Araujo, C.A., Alegrio, L.V., Gomes, D.C., Lima, M.E., Gomes-Cardoso, L. & Leon, L.L. (1999). Studies on the effectiveness of
diarylheptanoids derivatives against Leishmania amazonensis. Memorias do Instituto Oswaldo Cruz, 94(6), 791-794.

Changtam, C., de Koning, H.P., Ibrahim, H., Sajid, M.S., Gould, M.K. & Suksamrarn, A. (2010). Curcuminoid analogs with potent
activity against Trypanosoma and Leishmania species. European Journal of Medicinal Chemistry, 45(3), 941-956.

Chaturvedi, T.P. (2009). Uses of turmeric in dentistry: an update. Indian Journal of Dental Research, 20(1), 107-109.

Chen, D.-Y., Shien, J.-H., Tiley, L., Chiou, S.-S., Wang, S.-Y., Chang, T.-J., . .. Hsu, W.-L. (2010). Curcumin inhibits influenza
virus infection and haemagglutination activity. Food Chemistry, 119(4), 1346-1351.

Chen, N., Geng, Q., Zheng, J., He, S., Huo, X. & Sun, X. (2014). Suppression of the TGF-B/Smad signaling pathway and
inhibition of hepatic stellate cell proliferation play a role in the hepatoprotective effects of curcumin against alcohol-
induced hepatic fibrosis. International Journal of Molecular Medicine, 34(4), 1110-1116.

Chuengsamarn, S., Rattanamongkolgul, S., Luechapudiporn, R., Phisalaphong, C. & Jirawatnotai, S. (2012). Curcumin extract
for prevention of type 2 diabetes. Diabetes Care, 35(11), 2121-2127.

Cole, G.M,, Teter, B. & Frautschy, S.A. (2007). Neuroprotective effects of curcumin. In: The Molecular Targets and Therapeutic
Uses of Curcumin in Health and Disease. Editor(s): Aggarwal, B.B., Surh, Y.-J. & Shishodia, S. (pp. 197-212). Boston,
MA: Springer US.

Daily, J.W., Yang, M. & Park, S. (2016). Efficacy of turmeric extracts and curcumin for alleviating the symptoms of joint arthritis:
A systematic review and meta-analysis of randomized clinical trials. Journal of Medicinal Food, 19(8), 717-729.

Daveluy, A., Géniaux, H., Thibaud, L., Mallaret, M., Miremont-Salamé, G. & Haramburu, F. (2014). Probable interaction between
an oral vitamin K antagonist and turmeric (Curcuma longa). Therapie, 69(6), 519-520.

Dikmen, M., Kaya-Tilki, E., Engur, S. & Ozturk, Y. (2017). Neuritogenic activity of epigallocatechin gallate and curcumin
combination on rat adrenal pheochromocytoma cells. Fresenius Environmental Bulletin, 26(7), 4726-4733.

Dujic, J., Kippenberger, S., Ramirez-Bosca, A., Diaz-Alperi, J., Bereiter-Hahn, J., Kaufmann, R.,.. Hofmann, M. (2009). Curcumin
in combination with visible light inhibits tumor growth in a xenograft tumor model. International Journal of Cancer,
124(6), 1422-1428.

Ferreira, L.A., Henriques, O.B., Andreoni, A.A., Vital, G.R., Campos, M.M., Habermehl, G.G. & de Moraes, V.L. (1992).
Antivenom and biological effects of ar-turmerone isolated from Curcuma longa (Zingiberaceae). Toxicon, 30(10),
1211-1218.

Funk, J.L., Frye, J.B., Oyarzo, J.N., Zhang, H. & Timmermann, B.N. (2010). Anti-arthritic effects and toxicity of the essential oils
of turmeric (Curcuma longa L.). Journal of Agricultural and Food Chemistry, 58(2), 842-849.

Gomes, A., Das, R., Sarkhel, S., Mishra, R., Mukherjee, S., Bhattacharya, S. & Gomes, A. (2010). Herbs and herbal constituents
active against snake bite. Indian Journal of Experimental Biology, 48(9), 865-878.



Page 7 of 9

Grundman, M., Grundman, M. & Delaney, P. (2002). Antioxidant strategies for Alzheimer's disease. Proceedings of the Nutrition
Society, 61(2), 191-202.

Hassanzadeh, K., Buccarello, L., Dragotto, J., Mohammadi, A., Corbo, M. & Feligioni, M. (2020). Obstacles against the
marketing of curcumin as a drug. International Journal of Molecular Sciences, 21(18), 6619.

Hegge, A.B., Andersen, T., Melvik, J.E., Bruzell, E., Kristensen, S. & Tennesen, H.H. (2011). Formulation and bacterial
phototoxicity of curcumin loaded alginate foams for wound treatment applications: studies on curcumin and
curcuminoides XLII. Journal of Pharmaceutical Sciences, 100(1), 174-185.

Hemshekhar, M., Anaparti, V., EIl-Gabalawy, H. & Mookherjee, N. (2021). A bioavailable form of curcumin, in combination with
vitamin-D- and omega-3-enriched diet, modifies disease onset and outcomes in a murine model of collagen-induced
arthritis. Arthritis Research & Therapy, 23(1), 39.

Henrotin, Y., Priem, F. & Mobasheri, A. (2013). Curcumin: a new paradigm and therapeutic opportunity for the treatment of
osteoarthritis: curcumin for osteoarthritis management. Springerplus, 2(1), 56.

Hergenhahn, M., Soto, U., Weninger, A., Polack, A., Hsu, C.H., Cheng, A.L. & Résl, F. (2002). The chemopreventive compound
curcumin is an efficient inhibitor of Epstein-Barr virus BZLF1 transcription in Raji DR-LUC cells. Molecular
Carcinogenesis, 33(3), 137-145.

Hewlings, S.J. & Kalman, D.S. (2017). Curcumin: A review of its effects on human health. Foods, 6(10), 92.

Huang, M.T., Loy, Y.R,, Xie, J.G., Ma, W,, Lu, Y.P., Yen, P.,... Ho, C.T. (1998). Effect of dietary curcumin and dibenzoylmethane
on formation of 7,12-dimethylbenz[a]anthracene-induced mammary tumors and lymphomas/leukemias in Sencar mice.
Carcinogenesis, 19(9), 1697-1700.

Huang, Y., Cao, S., Zhang, Q., Zhang, H., Fan, Y., Qiu, F. & Kang, N. (2018). Biological and pharmacological effects of
hexahydrocurcumin, a metabolite of curcumin. Archives of Biochemistry and Biophysics, 646, 31-37.

Inzaugarat, M.E., De Matteo, E., Baz, P., Lucero, D., Garcia, C.C., Gonzalez Ballerga, E.,.... Cherfiavsky, A.C. (2017). New
evidence for the therapeutic potential of curcumin to treat nonalcoholic fatty liver disease in humans. PloS One, 12(3),
€0172900.

Ireson, C., Orr, S., Jones, D.J., Verschoyle, R, Lim, C.K,, Luo, J.L.,..... Gescher, A. (2001). Characterization of metabolites of
the chemopreventive agent curcumin in human and rat hepatocytes and in the rat in vivo, and evaluation of their ability
to inhibit phorbol ester-induced prostaglandin E2 production. Cancer Research, 61(3), 1058-1064.

Jayaprakasha, G.K., Jaganmohan Rao, L. & Sakariah, K.K. (2006). Antioxidant activities of curcumin, demethoxycurcumin and
bisdemethoxycurcumin. Food Chemistry, 98(4), 720-724.

Kasi, P.D., Tamilselvam, R., Skalicka-WozZniak, K., Nabavi, S.F., Daglia, M., Bishayee, A.,... Nabavi, S.M. (2016). Molecular
targets of curcumin for cancer therapy: an updated review. Tumour Biology, 37(10), 13017-13028.

Kohli, S., Chhabra, A., Jaiswal, A., Rustagi, Y., Sharma, M. & Rani, V. (2013). Curcumin suppresses gelatinase B mediated
norepinephrine induced stress in H9c2 cardiomyocytes. PloS One, 8(10), e76519.

Kulkarni, S.K., Bhutani, M.K. & Bishnoi, M. (2008). Antidepressant activity of curcumin: involvement of serotonin and dopamine
system. Psychopharmacology, 201(3), 435-442.

Kuroda, M., Mimaki, Y., Nishiyama, T., Mae, T., Kishida, H., Tsukagawa, M.,... Kitahara, M. (2005). Hypoglycemic effects of
turmeric (Curcuma longa L. rhizomes) on genetically diabetic KK-Ay mice. Biological and Pharmaceutical Bulletin,
28(5), 937-939.

Kwon, Y. & Magnuson, B.A. (2009). Age-related differential responses to curcumin-induced apoptosis during the initiation of
colon cancer in rats. Food and Chemical Toxicology, 47(2), 377-385.

Lal, J., Gupta, S.K., Thavaselvam, D. & Agarwal, D.D. (2016). Synthesis and pharmacological activity evaluation of curcumin
derivatives. Chinese Chemical Letters, 27(7), 1067-1072.

Lantz, R.C., Chen, G.J., Solyom, A.M., Jolad, S.D. & Timmermann, B.N. (2005). The effect of turmeric extracts on inflammatory
mediator production. Phytomedicine, 12(6-7), 445-452.

Lee, K.J., Oh, Y.C., Cho, W.K. & Ma, J.Y. (2015). Antioxidant and anti-inflammatory activity determination of one hundred kinds
of pure chemical compounds using offline and online screening HPLC assay. Evidence-Based Complementary and
Alternative Medicine, 2015, 165457.



Page 8 of 9

Li, J., Wang, P., Zhu, Y., Chen, Z., Shi, T., Lei, W. & Yu, S. (2015). Curcumin inhibits neuronal loss in the retina and elevates
Ca*/calmodulin-dependent protein kinase Il activity in diabetic rats. Journal of Ocular Pharmacology and Therapeutics,
31(9), 555-562.

Lopez-Jornet, P., Gémez-Garcia, F., Garcia Carrillo, N., Valle-Rodriguez, E., Xerafin, A. & Vicente-Ortega, V. (2016).
Radioprotective effects of lycopene and curcumin during local irradiation of parotid glands in Sprague Dawley rats.
British Journal of Oral and Maxillofacial Surgery, 54(3), 275-279.

Maheswaraiah, A., Rao, L.J. & Naidu, K.A. (2015). Anti-platelet activity of water dispersible curcuminoids in rat platelets.
Phytotherapy Research, 29(3), 450-458.

Mansouri, K., Rasoulpoor, S., Daneshkhah, A., Abolfathi, S., Salari, N., Mohammadi, M.,... Shabani, S. (2020). Clinical effects of
curcumin in enhancing cancer therapy: A systematic review. BMC Cancer, 20(1), 791.

Marton, L.T., Pescinini-e-Salzedas, L.M., Camargo, M.E.C., Barbalho, S.M., Haber, J., Sinatora, R.V.,... Cincotto Dos Santos
Bueno, P. (2021). The effects of curcumin on diabetes mellitus: A systematic review. Frontiers in Endocrinology, 12,
669448.

Menghini, L., Genovese, S., Epifano, F., Tirillini, B., Ferrante, C. & Leporini, L. (2010). Antiproliferative, protective and antioxidant
effects of artichoke, dandelion, turmeric and rosemary extracts and their formulation. International Journal of
Immunopathology and Pharmacology, 23(2), 601-610.

Minafra, L., Porcino, N., Bravata, V., Gaglio, D., Bonanomi, M., Amore, E.,... Forte, G.I. (2019). Radiosensitizing effect of
curcumin-loaded lipid nanoparticles in breast cancer cells. Scientific Reports, 9(1), 11134.

Mishra, S., Karmodiya, K., Surolia, N. & Surolia, A. (2008). Synthesis and exploration of novel curcumin analogues as anti-
malarial agents. Bioorganic and Medicinal Chemistry, 16(6), 2894-2902.

Moghadamtousi, S.Z., Kadir, H.A., Hassandarvish, P., Tajik, H., Abubakar, S. & Zandi, K. (2014). A review on antibacterial,
antiviral, and antifungal activity of curcumin. BioMed Research International, 2014, 186864.

Morimoto, T., Sunagawa, Y., Kawamura, T., Takaya, T., Wada, H., Nagasawa, A.,... Hasegawa, K. (2008). The dietary
compound curcumin inhibits p300 histone acetyltransferase activity and prevents heart failure in rats. Journal of
Clinical Investigation, 118(3), 868-878.

Mukhopadhyay, A., Basu, N., Ghatak, N. & Gujral, P.K. (1982). Anti-inflammatory and irritant activities of curcumin analogues in
rats. Agents and Actions, 12(4), 508-515.

Munekata, P.E.S., Pateiro, M., Zhang, W., Dominguez, R., Xing, L., Fierro, E.M. & Lorenzo, J.M. (2021). Health benefits,
extraction and development of functional foods with curcuminoids. Journal of Functional Foods, 79, 104392.

Niranjan, A., Singh, S., Dhiman, M. & Tewari, S.K. (2013). Biochemical Composition of Curcuma longa L. Accessions. Analytical
Letters, 46(7), 1069-1083.

Pandit, S., Kim, H.J., Kim, J.E. & Jeon, J.G. (2011). Separation of an effective fraction from turmeric against Streptococcus
mutans biofilms by the comparison of curcuminoid content and anti-acidogenic activity. Food Chemistry, 126(4), 1565—
1570.

Paramasivam, M., Poi, R., Banerjee, H. & Bandyopadhyay, A. (2009). High-performance thin layer chromatographic method for
quantitative determination of curcuminoids in Curcuma longa germplasm. Food Chemistry, 113(2), 640-644.

Parvathy, K.S., Negi, P.S. & Srinivas, P. (2009). Antioxidant, antimutagenic and antibacterial activities of curcumin-B-diglucoside.
Food Chemistry, 115(1), 265-271.

Paultre, K., Cade, W., Hernandez, D., Reynolds, J., Greif, D. & Best, T.M. (2021). Therapeutic effects of turmeric or curcumin
extract on pain and function for individuals with knee osteoarthritis: a systematic review. BMJ Open Sport Exerc Med,
7(1), €000935.

Prakash, P., Misra, A., Surin, W.R., Jain, M., Bhatta, R.S., Pal, R.,... Dikshit, M. (2011). Anti-platelet effects of Curcuma oil in
experimental models of myocardial ischemia-reperfusion and thrombosis. Thrombosis Research, 127(2), 111-118.

Ramirez-Tortosa, M.C., Mesa, M.D., Aguilera, M.C., Quiles, J.L., Baro, L., Ramirez-Tortosa, C.L.,... Gil, A. (1999). Oral
administration of a turmeric extract inhibits LDL oxidation and has hypocholesterolemic effects in rabbits with
experimental atherosclerosis. Atherosclerosis, 147(2), 371-378.

Rolfe, V., Mackonochie, M., Mills, S. & MacLennan, E. (2020). Turmeric/ curcumin and health outcomes: A meta-review of
systematic reviews. European Journal of Integrative Medicine, 40, 101252.



Page 9 of 9

Ruby, AJ., Kuttan, G., Babu, K.D., Rajasekharan, K.N. & Kuttan, R. (1995). Anti-tumour and antioxidant activity of natural
curcuminoids. Cancer Letters, 94(1), 79-83.

Sandur, S.K., Ichikawa, H., Pandey, M.K., Kunnumakkara, A.B., Sung, B., Sethi, G. & Aggarwal, B.B. (2007). Role of pro-
oxidants and antioxidants in the anti-inflammatory and apoptotic effects of curcumin (diferuloylmethane). Free Radical
Biology and Medicine, 43(4), 568-580.

Saw, C.L., Huang, Y. & Kong, A.N. (2010). Synergistic anti-inflammatory effects of low doses of curcumin in combination with
polyunsaturated fatty acids: docosahexaenoic acid or eicosapentaenoic acid. Biochemical Pharmacology, 79(3), 421-
430.

Semsri, S., Krig, S.R., Kotelawala, L., Sweeney, C.A. & Anuchapreeda, S. (2011). Inhibitory mechanism of pure curcumin on
Wilms' tumor 1 (WT1) gene expression through the PKCa signaling pathway in leukemic K562 cells. FEBS Letters,
585(14), 2235-2242.

Sidhu, G.S., Singh, AK., Thaloor, D., Banaudha, K.K., Patnaik, G.K., Srimal, R.C. & Maheshwari, R.K. (1998). Enhancement of
wound healing by curcumin in animals. Wound Repair and Regeneration, 6(2), 167-177.

Simoni, D., Rizzi, M., Rondanin, R., Baruchello, R., Marchetti, P., Invidiata, F.P.,... D'Alessandro, N. (2008). Antitumor effects of
curcumin and structurally beta-diketone modified analogs on multidrug resistant cancer cells. Bioorganic and Medicinal
Chemistry Letters, 18(2), 845-849.

Singh, G., Kapoor, I.P., Singh, P., de Heluani, C.S., de Lampasona, M.P. & Catalan, C.A. (2010). Comparative study of chemical
composition and antioxidant activity of fresh and dry rhizomes of turmeric (Curcuma longa Linn.). Food and Chemical
Toxicology, 48(4), 1026-1031.

Song, X., Zhang, M., Dai, E. & Luo, Y. (2019). Molecular targets of curcumin in breast cancer (Review). Molecular Medicine
Reports, 19(1), 23-29.

Suresh, S., Sankar, P., Telang, A.G., Kesavan, M. & Sarkar, S.N. (2018). Nanocurcumin ameliorates Staphylococcus aureus-
induced mastitis in mouse by suppressing NF-kB signaling and inflammation. International Imnmunopharmacology, 65,
408-412.

Teow, S.Y., Liew, K., Ali, S.A., Khoo, A.S. & Peh, S.C. (2016). Antibacterial action of Curcumin against Staphylococcus aureus:
A brief review. Journal of Tropical Medicine, 2016, 2853045.

Teter, B., Morihara, T., Lim, G.P., Chu, T., Jones, M.R., Zuo, X.,... Cole, G.M. (2019). Curcumin restores innate immune
Alzheimer's disease risk gene expression to ameliorate Alzheimer pathogenesis. Neurobiology of Disease, 127, 432-
448.

Thaloor, D., Miller, K.J., Gephart, J., Mitchell, P.O. & Pavlath, G.K. (1999). Systemic administration of the NF-kappaB inhibitor
curcumin stimulates muscle regeneration after traumatic injury. American Journal of Physiology, 277(2), C320-329.

Wei, MM., Zhao, S.J., Dong, XM., Wang, Y.J., Fang, C., Wu, P.,... Zhou, J.L. (2021). A combination index and
glycoproteomics-based approach revealed synergistic anticancer effects of curcuminoids of turmeric against prostate
cancer PC3 cells. Journal of Ethnopharmacology, 267, 113467.

Xu, X.Y., Meng, X, Li, S., Gan, R.Y,, Li, Y. & Li, H.B. (2018). Bioactivity, health benefits, and related molecular mechanisms of
curcumin: Current Progress, Challenges, and Perspectives. Nutrients, 10(10), 1553.

Zabihi, N.A., Pirro, M., Johnston, T.P. & Sahebkar, A. (2017). Is there a role for curcumin supplementation in the treatment of
non-alcoholic fatty liver disease? The data suggest yes. Current Pharmaceutical Design, 23(7), 969-982.

Zhang, Y. & Zeng, Y. (2019). Curcumin reduces inflammation in knee osteoarthritis rats through blocking TLR4 /MyD88/NF-kB
signal pathway. Drug Development Research, 80(3), 353-359.

Zhu, Y. & Bu, S. (2017). Curcumin induces autophagy, apoptosis, and cell cycle arrest in human pancreatic cancer cells.
Evidence-Based Complementary and Alternative Medicine, 2017, 5787218.

© Licensee Multidisciplines. This work is an open-access article assigned in Creative Commons
EY Attribution (CC BY 4.0) license terms and conditions (http://creativecommons.org/licenses/by/4.0/)


http://creativecommons.org/licenses/by/4.0/

