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ARTICLE INFO ABSTRACT

Keywords: Introduction: Curcuma longa, popularly known as Turmeric, is a rhizomatous herbaceous perennial plant used
Curcuma longa in folk medicine for the treatment, prevention, and management of various illnesses such as cancer, diabetes,
Turmeric ) Arthritis, diarrhoea, inflammation, psoriasis, hepatobiliary diseases, gastric and peptic ulcers.
PhwahemlsFry L Results: This study reviewed the ethnomedicinal potentials, phytochemicals, and pharmacological activities of
Pharmacological activities . L . i . . . . .
Ethnomedicinal properties C. longa. In vitro and in vivo studies reported that C. longa and its major bioactive constituent (curcumin) pos-
Bioactive compounds sess various pharmacological properties. These include; anticancer, antidiabetic, anti-osteoarthritis, antidiar-
rheal, cardioprotective, anti-oxidative, neuroprotective, hepatoprotective, anti-microbial, renoprotective and
anti-inflammatory activities. This review demonstrated that the various pharmacological activities of C. longa
might be attributed to the presence of numerous bioactive compounds. However, these varying potentials have
not been effectively analysed for optimal application in developing new therapies. Also, the applicability and
mode of action of the different bioactive compounds found in C. longa have not been fully exploited.
Conclusion: This study showed that C. longa could be exploited by pharmaceutical industries to develop phar-
maceutical products. However, there is a need for human clinical trials and quality control studies to establish
effective and safe doses of C. longa and its major bioactive constituent-curcumin suitable for treating several

diseases.
1. Introduction population depends on medicinal plants and their phytoconstituents
(bioactive compounds) for their primary health care [1-3]. Interest-
Globally, medicinal plants and their bioactive constituents have ingly, the preference for the use of medicinal plants over orthodox
found practical applications in treating, managing, and preventing medicines may be due to the efficacies of their bioactive agents as well as
various human and animal diseases in complementary and orthodox other factors such as accessibility, affordability, availability and their ac-
medicines. Recently, it has been reported that about 80% of the world’s claimed less toxic effects [3-5]. Due to these current possibilities, medic-

List of abbreviations: ABTS, 2, 2’-Azino-Bis-3-Ethylbenzothiazoline-6-Sulfonic Acid; AcylCpCpx, Diacetylcurcumin manganese complex; AFB1, Aflatoxin BI1;
ALP, Alkaline phosphatase; ALT, Alanine amino transferase; AST, Aspartate aminotransferase; f-FGF, Basic fibroblast growth factor; CAT, Catalase; CCl,, Car-
bon tetrachloride; CFA, Freund’s Complete Adjuvant; COX-2, Cyclooxygenase-2; CpCpx, Curcumin manganese complex; DPPH, 2,2-diphenyl-1-picrylhydrazyl;
DVB/CAR/PDMS, Divinylbenzene/Carboxen/Polydimethylsiloxane; EGFR, Epidermal growth factor receptor; EH, Epoxide hydrolase; EtOAc, Ethyl acetate; FRAP,
Ferric reducing antioxidant power assay; GC-MS, Gas Chromatography/Mass Spectrometry; GC-SAW, Gas chromatography combined with surface acoustic wave
sensor; GGT, Gamma-glutamyl transferase; GPx, Glutathione peroxidase; GST, Glutathione S-transferase; HO-1, haem oxygenase; HPLC, High-performance liquid
chromatography; HR-ESI-MS, High-resolution electrospray ionization mass spectrometry; LDH, Lactate dehydrogenase; MAE, Microwave-Assisted extracted; MAHD,
Microwave-assisted hydrodistillation; MDA, Malondialdehyde; MeOH, Methanol; MMP-2, Matrix metalloproteinase-2; MMP3, Matrix metalloproteinase; NMBA, N-
nitrosomethylbenzylamine; NMR, Nuclear Magnetic Resonance; OVA, Ovalbumin; PARP, Poly (ADP-ribose) polymerase; PLE, Pressurized liquid extraction; RBC, Red
blood cells; ROS, Reactive oxygen species; RT-PCR, Reverse transcription polymerase chain reaction; SALP, Serum alkaline phosphatase; SOD, Superoxide dismu-
tase,; STZ, Streptozotocin; TAA, Thioacetamide; TGF-p, Transforming growth factor; TNBS, 2,4,6-Trinitrobenzene sulphonic acid; UV, Ultraviolet; VEGF, Vascular
endothelial growth factor; WBC, White blood cells.
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Bioactive compounds

Dihydroferulic acid ethyl ester,
4-hydroxy-3-methoxybenzaldehyde (Vanillin),
4-hydroxybenzaldehyde, curcumin,
demethoxycurcumin, bisdemethoxycurcumin,
turmeronol B, turmeronol A, (E)-a-atlantone,
dihydrobisdemethoxycurcumin, ar-turmerone,
B-phellandrene, terpinolene, a-zingiberene,
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Bioactive compounds from essential oil
B-myrcene, o-phellandrene, p-cymene,
eucalyptol, y-terpinolene, a-terpinolene, B-
caryophyllene, B-famesene, y-curcumene, ar-
curcumene, zingiberene, B-bisabolene, a-santalol,
p-atlantol, humulene epoxide, zingiberenol, ar-
tumerone, curlone, tumerone, artermisia ketone,
khusimone, myrcenone, carvotanacetone, thymol,

dimethoxycurcumin, dihydrocurcumin, A eugenol, ylangene, B-cubebene, a-cedrene, a-
tetrahydrobisdemethoxycurcumin, 2-methoxy- gurjunene, aromadendrene, trans-o-bergamotene,
4-vinylphenolm, isolongifolol, furanodiene, (E)-B-farnesene, alloaromadendrene, B-selinene,
curdione, coumaric, caffeic acid, sinapic acid, ’ y-muurolene, d-selinene, a-curcumene, o-
quercetin-3-d-galactoside, casuarinin, e / selinene, B-himachalene, curzerene, valencene, &-
isohammetin, gallic acid, protocatechuic acid, \ X.. ; cadinene, eudesma-3,7(11)-diene, calamenene,
p-hydroxybenzoic acid, vanillic acid, syringic PR N ‘\Q.;/" cedrol, spathulenol, longiborneol, B-santalol,
acid, vanillin, p-coumaric acid, ferulic acid, \( torreyol, B-eudesmol, a-cadinol, o-bisabolol,
bisacurone B, cyclocurcumin, curzerenone, \? " germacrone, zerumbone, (-)-drimenol, B-pinene,

curcumenol, isocurcumenol, procurcumenol,
zedoarondiol, curcumol, borneol, sabinene,
bisacurone C, dehydrozingerone, zingerone,
stigmasterol, B-sitosterol, stigmast-4-en-3-one,
terpinen-4-ol and 1,7-bis-(4-hydroxyphenyl)-
1.4 .6-heptatrien-3-one.

limonene, citronellal, cis-a-bergamotene. B-
elemene, terpinene-4-ol, y-elemene, o-terpineol,
B-sesquiphellandrene, geraniol, o-turmerone,
camphene, 3-carene, (+)-4-carene, o-cymene, 2-
undecanone, humulene, nerolidol, trans-
sesquisabinene hydrate, 2-nonadecanone, a-
pinene, camphor, o —thujene, o — terpinene, y-
terpinene, trans-f-elemenone, 4-terpineol, 2-
decanone, d-elemene, o-humulene, trans-f-
famesene, linolenic acid, linoleic acid, trans-
nerolidol, f-bisabolol and curcuphenol.

7

Anticancer, antidiabetic, anti-osteoarthritis, antidiarrheal, cardioprotective,
antioxidative, neuroprotective, hepatoprotective, antimicrobial, renoprotective and
anti-inflammatory activities.

Fig. 1. Traditional uses, bioactive constituents, and pharmacological activities of C. longa.

inal plants and their bioactive constituents have attracted the attention
of numerous scientists from various disciplines leading to their explo-
ration as natural therapeutic agents in developing new drugs and phar-
macological products [6,7]. Also, medicinal plants have been explored
in traditional medicine to treat chronic and life-threatening diseases
such as diabetes, hypertension, and cancer [3,8,9]. Amongst the well-
known plants that have been utilized, Curcuma longa is one whose ther-
apeutic efficacy has been identified in treating several human diseases.

Curcuma longa, commonly known as Turmeric, is a rhizomatous
herbaceous perennial plant belonging to the Zingiberaceae family [10].
It originated in India and is widely cultivated in China, Sri Lanka, West
and East Africa and other tropical countries. It is known as Jianghuang
or Huangjiang in China. It is used in Chinese Traditional Medicine (TCM)
for the treatment, prevention and management of various illnesses such
as cancer, coughs, diabetes, Arthritis, diarrhoea, inflammation, psoria-
sis, hepatobiliary diseases, skin disorders, gastric ulcers and peptic ul-
cers [10,11]. It promotes blood circulation, removes stagnation, allevi-
ates depression, and serves as a natural flavouring agent that strongly
affects food’s colour, taste and nature [12].

Furthermore, several studies have shown that C. longa and its bioac-
tive compounds possess numerous pharmacological activities such as
antioxidant [13], hepatoprotective [14], anti- osteoarthritis [15], anti-
inflammatory [16], anticancer [17], anti-arthritic [18], neuroprotec-
tive [19], antidiabetic [20], antidiarrheal activity [21], anti-microbial
[22], anti-atherosclerotic, antidepressant, anti-ageing, wound healing
and memory enhancing activities [10,23]. The use of Turmeric in tra-
ditional medicine is supported by the presence of more than 300 bio-
logically active components such as polyphenols, sesquiterpenes, diter-
penes, triterpenoids, sterols, and alkaloids (Fig. 1). The typical yel-
low colour of Turmeric is due to curcuminoids, a class of phenolic
compounds present in turmeric [24]. Curcuminoids make up 2-9% of
Turmeric, depending on its origin and soil fertility levels in the region

where it was cultivated [25]. The four main curcuminoids are curcumin
(77%), desmethoxycurcumin (17%), bis-desmethoxycurcumin (3%) and
cyclocurcumin (a minor constituent) [25,26]. Curcumin (an active phy-
tochemical in Turmeric) has shown promise in effectively reducing lipid
levels in patients with type-2 diabetes mellitus and metabolic syndrome.
Also, it is said to be cardioprotective because it can reduce C-reactive
protein levels [27]. In China, elemene, a compound obtained from
Turmeric, has been approved for cancer treatment [23].

Therefore, this present review comprehensively evaluated scientific
studies and provided up-to-date information on the ethnomedicinal
uses, bioactive constituents and pharmacological activities of C. longa.
This study also identifies scientific gaps in current knowledge and the
need for in-depth study on the mechanisms, efficacy, safe doses and
commercialization of C. longa for treating various human and animal
diseases.

2. Materials and methods

The materials used in this study were obtained from the fol-
lowing databases; Science direct (https://www.sciencedirect.com/),
Springer (https://www.springer.com/gp), Wiley (https://www.wiley.
com/en-us), MDPI (https://www.mdpi.com/), Frontiers (https://www.
frontiersin.org/) and PubMed (https://pubmed.ncbi.nlm.nih.gov/). The
key search terms or words were Curcuma longa or Turmeric alone or in
combination with any of the following keywords; botanical description,
ethnopharmacological uses, geographical distribution, taxonomy, phy-
tochemicals, biologically active constituents, essential oils and pharma-
cological activities. Only peer-reviewed papers published in the English
language were used in this study. The biologically active constituents
identified from C. longa and its essential oils were searched in the Web-
book, NIST Chemistry, PubChem and ChemSpider databases and drawn
with ChemDraw (version 12.0.2).
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Fig. 2. Map of worldwide distribution of Curcuma longa L., the green colour shows the native regions, and the pink colour represents the introduced countries.

3. Botanical description, geographical distribution
3.1. Botanical description

Curcuma longa is a member of the Zingiberaceae family. It is a peren-
nial herbaceous plant that grows up to 2 m without stem and rhizomes-
stock but with erect leafy shoots bearing up to twelve (12) leaves. The
leaves grow up to 1 m and are oblong or lanceolate, dark green from the
upper path and pale green from beneath. The sheath and petiole have
a similar length to the blade. Curcuma longa has a sterile, pale yellow
and reddish flower, whereas its flowering bract is green with a purplish
colour [28,29]. Curcuma longa has a rhizome that grows below the soil
[30]. The plant is mainly cultivated for its rhizome, characterized by
rough segmented skins [30]. The rhizome can grow to a length of 2.5-
7.0 cm with a diameter of 2.5 cm [30]. The rhizome has a balmy smell
and bitter taste. Curcuma longa plants are grown in tropics and subtropic
regions at around 20 °C and 30 °C with sufficient rainfall [31].

3.2. Geographical distribution

Curcuma longa (Turmeric) is indigenous to Indian and widely dis-
tributed in the following countries: Andaman Is., Assam, Borneo,
Bangladesh, Belize, China South-Central, China Southeast, Cambodia,
Caroline Is., Cook Is., Costa Rica, Cuba, Comoros, Congo, Nigeria, Do-
minican Republic, East Himalaya, Easter Is., Fiji, Gilbert Is., Guinea-
Bissau, Gulf of Guinea Is., Haiti, Hawaii, Ivory Coast, Jawa, Leeward Is.,
Lesser Sunda Is., Malaya, Marquesas, Mauritius, Myanmar, New Cale-
donia, New Guinea, Nicobar Is., Philippines, Pitcairn Is., Puerto Rico,
Queensland, Réunion, Samoa, Society Is., Sri Lanka, Sumatera, Solomon
Is., Taiwan, Thailand, Tibet, Tonga, Trinidad-Tobago, Tuamotu, Tubuai
Is., Vietnam and Windward Is (https://powo.science.kew.org/taxon/
urn:lsid:ipni.org:names:796451-1}distribution-map) Fig. 2.

4. Traditional/ethnomedicinal uses

Curcuma species are used in Asian countries like Bangladesh,
Malaysia, India, Nepal, and Thailand for treating pneumonia, bronchial
complaints, leucorrhoea, diarrhoea, dysentery, infectious wounds or ab-
scesses and insect bites [32]. Primordial and current medicinal practices
in India utilize Turmeric to treat jaundice, rheumatism, cough and sev-
eral disorders [33]. Emphasizing curcumin’s maximal ethnomedicinal
efficiency in India, Vaughn [27] reported its use in treating obesity and
inflammation. In Pakistan, powdered C. longa extract is used in curing
pimples and wounds [34]. An ethnomedicinal survey in Nepal by Singh
et al. [35] reported that paste derived from the rhizome of C. longa could

be applied to treat wounds and injuries. The juice from its leave has an
anthelmintic effect and serves as a blood purifier [35]. The juice ob-
tained from powdered C. longa is also utilized in the Philippines for the
treatment of Arthritis [36]. In the Kurdish community of Iraq, leaves
from C. longa are used in facial massages and the treatment of Arthritis.
At the same time, the decoction obtained from the rhizome has been re-
ported for its anticancer activity [37]. In Korea, Kim and Song [38] have
also stated its usage in treating gastroenteric disorders. Merzouki et al.
[39] reported that the oral intake of C. longa powder aids digestion and
could serve as a calefacient and also reported using extracts from the
rhizome as a condiment for cooking in Morocco. An extensive ethnovet-
erinary survey in Trinidad and Tobago, as reported by Lans et al. [40],
revealed the diverse therapeutic efficacy of different parts of C. longa
on horses. The survey reported how the rhizomes from C. longa were
pounded and used in treating horses’ hoofs and how the powder from
the plant’s rhizome was used to treat Arthritis. In Colombia, the plant
is used to treat diabetes, obesity, prevent indigestion, and thrombosis,
amongst several therapeutic activities [41]. Curcumin derived from the
rhizomes of C. longa has been identified as an ancient remedy to a broad
spectrum of diseases and is also utilized by diverse communities, most
notably the Asian community, with applications dating back over 2500
years [42].

5. Phytochemistry
5.1. Phenolic compounds

Phytochemical analysis of different parts of C. longa revealed many
bioactive phenolic compounds across a wide range of studies wherein
different identification methods were utilized (Fig. 3). Czernicka et al.
[43] identified phenolic compounds such as dimethoxycurcumin, dihy-
drocurcumin, and tetrahydrobisdemethoxycurcumin using a mass spec-
trometer coupled with liquid chromatography (LC-ESI-Q-TOF-MS) to
analyse methanol and diethyl ether extracts of C. longa rhizome. Cy-
clocurcumin was identified through spectroscopic analyses (H NMR, C
NMR, HSQC, HMBC, and NOESY) of ethanol extract of C. longa rhizomes
[44].

Also, through the GC-MS and HPLC analysis of methanol extract of
C. longa rhizomes, as well as IR, H, and C NMR analysis [45], com-
pounds such as 2-methoxy-4-vinylphenol and isolongifolol were iden-
tified. Sabir et al. [46] characterized phenolic compounds, including
coumaric, caffeic acid, sinapic acid, quercetin-3-D-galactoside, casuar-
inin, and isohammetin through the HPLC analysis of ethanol extract
of C. longa rhizome. Alternatively, gallic acid, protocatechuic acid, p-
hydroxybenzoic acid, vanillic acid, syringic acid, vanillin, p-coumaric
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Fig. 3. Bioactive compounds isolated from C. longa.

acid, and ferulic acid were identified through HPLC analysis of methanol
extract of C. longa rhizome [47]. Wang et al. [48] elucidated the chem-
ical structure of dehydroxingeron and zingerone through spectroscopic
analysis. Li et al. [49] characterized 1,7-bis-(4-hydroxyphenyl)-1,4,6-
heptatrien-3-one using column chromatography and preparative HPLC
of methanol extracts of C. longa rhizomes, as well as spectroscopic anal-
yses, including 1D and 2D NMR.

5.2. Terpenes

Different researchers identified several terpenes, including monoter-
penes and sesquiterpenes, in the plant. Spectral analyses (H NMR
and C NMR) and liquid chromatography-tandem mass spectrometry

(LC-MS-MS) of ethyl acetate fraction of C. longa powder by Akter et al.
[50] identified sesquiterpenes such as turmeronol B, turmeronol A,
(E)-a-atlantone, dihydrobisdemethoxycurcumin. D’Auria and Racioppi
[51] also identified more sesquiterpenes, including ar-Turmerone and
a-Zingiberene, using the DVB/CAR/PDMS fibre in solid phase microex-
traction (SPME) of C. longa. Similarly, the researchers also identified
monoterpenes, which include g-Phellandrene and terpinolene, through
the same method. Also, Abdel-lateef et al. [45] identified furanodiene
and curdione using GC-MS and HPLC analysis of methanol extract of
C. longa rhizomes and IR, H, and C NMR analysis to elucidate their
chemical structures. Yuan et al. [44] identified the sesquiterpene, and
bisacurone B, through spectroscopic analyses (H NMR, C NMR, HSQC,
HMBC, and NOESY) of ethanol extract of C. longa rhizomes. Alterna-
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Fig. 3. Continued

tively, Wang et al. [48] further elucidated the structure of bisacurone
C through spectroscopic analysis. Silica gel column chromatography
and HPLC of ethyl acetate-soluble fraction of the methanol extract of C.
longa rhizomes and NMR analysis methods were employed to identify
sesquiterpenes including curzerenone, curcumenol, isocurcumenol,
procurcumenol, zedoarondiol [52]. Furthermore, Lu et al. [53] identi-
fied the sesquiterpene curcumol through gas chromatography combined
with surface acoustic wave sensor (GC-SAW) analysis of the C. longa
plant. Also, through Silica gel column chromatography and preparative
HPLC analysis of hexane portion obtained from methanolic extract of
C. longa dried rhizomes, as well as advanced spectroscopic analyses

(H-, C-NMR, UV, and 1R) of the plant, Lee [54] identified borneol and
sabinene, which are typical monoterpenes.

5.3. Phytosterols

Phytochemical studies also revealed the presence of bioactive phy-
tosterols. Singh et al. [35] identified three phytosterols, including stig-
masterol, b-sitosterol, and stigmast-4-en-3-one, and one monoterpene,
terpinene-4-ol, through GC-MS analysis of ethanol oleoresin constituents
of fresh and dry C. longa rhizomes.
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5.4. Essential oils

Several bioactive essential oils were identified in different parts
of C. longa (Fig. 4). GC-MS analysis of C. longa rhizomes by Jaiswal
and Agrawal [55] after hydrodistillation of the fresh rhizomes using
Clevenger apparatus revealed the presence of pinene, f-myrcene,
a-phellandrene, p-cymene, eucalyptol, y-terpinolene, a-terpinolene,
p-caryophyllene, p-farnesene, y-curcumene, ar-curcumene, zingiberene,
p-bisabolene, a-santalol, g-atlantol, humulene epoxide, zingiberenol,
ar-tumerone, curlone, tumerone, artermisia ketone, khusimone, and
myrcenone. Furthermore, Xu et al. [56] identified carvotanacetone,
thymol, eugenol, ylangene, p-cubebene, «-cedrene, «-gurjunene,
aromadendrene, trans-a-bergamotene, (e)-g-farnesene, alloaromaden-
drene, g-selinene, y-muurolene, §-selinene, a-curcumene, a-selinene,
p-himachalene, curzerene, valencene, §-cadinene, eudesma-3,7(11)-
diene, calamenene, cedrol, spathulenol, longiborneol, p-santalol,
torreyol, f-eudesmol, a-cadinol, a-bisabolol, germacrone, zerumbone,
(-)-drimenol, and p-pinene using natural deep eutectic solvents as

pretreatment solvents coupled with microwave-assisted hydrodistil-
lation (MAHD) and GC-MS analysis of leaves extract. Also, Lee et al.
[57] identified limonene, citronellal, cis-a-bergamotene, p-elemene,
terpinene-4-ol, y-elemene, a-terpineol, f-sesquiphellandrene, geraniol,
and a-turmerone through gas-chromatography and flame ionization
detector (FID) analysis of C. longa. However, GC-MS/HPLC analysis
of an aqueous extract of C. longa Radix by Chen et al. [58] revealed
the presence of camphene, 3-carene, (+)—4-carene, o-cymene, 2-
undecanone, humulene, nerolidol, trans-sesquisabinene hydrate, and
2-nonadecanone. Additionally, GC-MS analysis of n-hexane extract of
C. longa rhizomes and Nuclear Magnetic Resonance (NMR) by Dias
Ferreira et al. [59] identified a-pinene and camphor. Similarly, Kumar
et al. [60] identified « — thujene, « — terpinene, y-and terpinene using
GC-MS analysis of hydro distillate extract of C. longa dried leaves.
Furthermore, GC and GC-MS analysis of C. longa following a steam
distillation and dissolution of the dried plant rhizome in DMSO by
Lee et al. [61] identified trans-f-elemenone, 4-terpineol, 2-decanone,
S-elemene, a-humulene, trans-g-farnesene, linolenic acid, and linoleic
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acid. Singh et al. [35] conducted a GC-MS analysis of essential oil con-
stituents of fresh and dry C. longa rhizomes by which trans-nerolidol,
p-bisabolol, and curcuphenol were identified.

6. Pharmacological activity
6.1. Anti-oxidative activity
Yarru et al. [62] examined the anti-oxidative efficacy of curcumin

derived from C. longa against aflatoxin B1 (AFB,)-induced toxicity in
broiler chicks. Broiler chicks were fed a Basal diet containing 1 mg
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of AFB; whilst chicks in treatment and control groups were treated
with a diet containing 74 mg/kg of curcumin. Results from this study
revealed that the administration of a curcumin-based diet attenuated
AFB; -induced superoxide dismutase (SOD), epoxide hydrolase (EH), and
glutathione S-transferase (GST) genes expression in chicks (Table 1).
Uzunhisarcikli and Aslanturk [13] reported the therapeutic efficacy of
curcumin (100 mg kg-') in a combined dose with taurine (100 mg
kg—1) to ameliorate Bisphenol A-induced toxicity in rats. Curcumin
showed anti-oxidative activity as it decreased MDA levels, an indica-
tor of lipid peroxidation, whilst increasing SOD, CAT, and GPx levels.
Sumanont et al. [63] studied the anti-oxidative property of curcumin
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and its manganese derivatives (Curcumin manganese complex (CpCpx)
and diacetyl curcumin manganese complex (AcylCpCpx) by determin-
ing their nitric oxide (NO) radical scavenging ability using sodium ni-
troprusside generating NO system. Compounds showed ICs, values be-
tween 8-29 uM, emphasizing curcumin’s anti-oxidative activity. In an-
other study, Altintoprak et al. [64] reported the anti-oxidative efficacy
of curcumin against allergic rhinitis. Allergic rhinitis was induced by
injecting 0.3 mg ovalbumin (OVA) dissolved in 1 mL of saline and
30 mg of aluminium hydroxide in rats. Curcumin at a 200 mg/mL

dosage successfully decreased MDA levels in treatment groups (Table 1).
Fujisawa et al. [65] demonstrated the anti-oxidative activity of cur-
cumin. In vitro tests utilizing HSG cells showed the generation of reactive
oxygen species in cells upon the administration of curcumin. 10 M-
1 mM of curcumin inhibited the polymerization of methyl methacry-
late (MMA), usually initiated by peroxy radicals. Curcumin’s high reac-
tivity with peroxy radicals demonstrates chemopreventive properties.
Treatment of streptozotocin-induced diabetic rats with C. longa and
Abroma augusta extract resulted in decreased serum levels of cholesterol-
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abrogated lipid peroxidation [66]. Murugan and Pari [67] investigated
tetrahydro curcumin, isolated from curcumin to determine its anti-
oxidative efficacy. 80 mg/kg of tetrahydrocurcumin was administered
in mice to treat streptozotocin—nicotinamide-induced diabetes. Findings
from this study showed increased glutathione peroxidase, glutathione-
S-transferase, SOD and catalase activity.

Suryanarayana et al. [68] reported that AIN-93-diets containing
0.002% or 0.01%, or 5% Turmeric reversed altered antioxidant enzyme
activities induced by STZ. Curcumin also increased levels of SOD and
catalase in treated rats. Yang et al. [69] utilized an ELISA assay to
demonstrate the anti-oxidative properties of curcumin. Treatment of di-
abetic rats with curcumin at 100 and 200 mg/kg doses reduced MDA lev-
els and elevated SOD activity. Ak and Gulcin [70] investigated the anti-
oxidative activity of curcumin utilizing several techniques; DPPH, ABTS,
and Fe3*—Fe?* transformation methods. This study showed curcumin’s
ability to inhibit lipid peroxidation, effective DPPH and ABTS scaveng-
ing activity and a strong reducing power on Fe®* to Fe?*. Findings from
this study revealed curcumin’s inhibition of 97.3% lipid peroxidation
of linoleic acid emulsion at a dosage of 15 ug/mL, compared to 95.4,
99.7, 84.6 and 95.6% from standard antioxidants (butylated hydrox-
yanisole, butylated hydroxytoluene, a-tocopherol and Trolox respec-
tively). Curcumin also showed efficient DPPH, ABTS scavenging activity
and ferric ions (Fe3*) reducing power. Barzegar and Moosavi-Movahedi
[71] performed in vitro tests to determine curcumin anti-oxidative activ-
ity against L-6 myoblasts cells exposed to cumene hydroperoxide. The
authors reported that curcumin inhibited cell ROS production and sup-
pressed intracellular fluorescence intensity. Sreejayan and Rao [72] re-
ported curcumin’s vigorous scavenging activity against nitric oxide gen-
erated from sodium nitroprusside. Gao et al. [73] revealed that cur-
cumin protected the liver from arsenic-induced hepatotoxicity in rats.
Hepatic malonaldehyde (MDA) levels were restored to healthy levels
in treatment groups. Further results showed an increase in GSH levels.
Curcumin reduced antioxidant biomarkers to similar levels to the con-
trol groups [14].

Girish and Pradhan [74] tested the anti-oxidative efficacy of differ-
ent phytochemicals, curcumin, picroliv, and ellagic acid, against CCly-
induced toxicity in rats using silymarin as a standard drug. Pretreatment
of rats with the phytochemicals reduced elevated MDA levels to similar
levels to that of silymarin whilst also increasing GSH levels. Namgyal
et al. [75] reported that curcumin restored SOD, catalase and GSH ac-
tivity and protected against cadmium-induced toxicity in rats. Further
reports showed that curcumin significantly decreased MDA levels indi-
cating good anti-oxidative activity (Table 1). Liu et al. [76] carried out
in vitro experimental examination to determine the anti-oxidative effect
of curcuminoids derived from the rhizome of C. longa. Advanced glyca-
tion end products (AGEs)-induced apoptotic HBZY-1 cells were treated
with different doses of curcumin and demethoxycurcumin (10~9, 10~10
and 10~1! M) curcumin. Results from this study revealed that the ad-
ministration of the extract restored SOD activity and decreased MDA
levels in treated cells. Ferndndez-Marin et al. [77] utilized DPPH, FRAP
and ABTS assays to determine and compare the anti-oxidative potency
between microwave-assisted extracted (MAE) C. longa oil and Soxhlet-
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extracted C. longa oil. ABTS assay results showed that phenolic com-
pounds in (MAE) C. longa oil improve its anti-oxidative efficacy. Reddy
and Lokesh [78] reported that a diet containing 1% turmeric had an
anti-oxidative effect on rats injected with 30 mg of ferrous sulphate.

6.2. Hepatoprotective activity

Zhai et al. [79] examined the hepatoprotective effect of curcumin
extracted from the rhizome of C. longa against ochratoxin A-induced
toxicity in white Pekin ducklings. 400 mg/kg of curcumin decreased
serum LDL levels and increased liver catalase levels. Lee et al. [14] in-
vestigated the protective effect of curcumin and C. longa extract against
CCly-induced toxicity and observed a significant decrease in serum ALT
and AST levels. In a similar study, Sengupta et al. [80] studied the effect
of C. longa extract treatment on CCL4-induced toxic rats. Administration
of extract decreased AST, ALT and bilirubin levels.

Further studies revealed the inhibition of morphological changes,
phagocytosis and release of nitric oxide. In another study, Banji et al.
[81] reported the hepatoprotective effect of curcumin in rats injected
with Freund’s Complete Adjuvant (CFA). Curcumin reportedly reduced
AST, ALT, ALP and bilirubin levels in the liver of rats in treatment
groups. Treatment of rats with 200 mg/kg of thioacetamide (TAA) with
300 mg/kg of curcumin demonstrated the hepatoprotective effect of
curcumin. Curcumin inhibited nodule formation and decreased hydrox-
yproline levels [82]. Rats treated with 200 mg/kg of curcumin reduced
arsenic and elevated AST and ALT levels [73]. Joshi et al. [83] exam-
ined the therapeutic effect of curcumin and C. longa extract against
mercuric chloride (HgCl,)-induced toxicity in rats. Rats were admin-
istered 200 mg/kg of C. longa and 80 mg/kg of curcumin for three days.
Rats were sacrificed after 24 h, and administration of extracts reversed
the increase in AST, bilirubin, GGT, ALP, ALT and LDH enzyme ac-
tivities. Girish and Pradhan [74] reported the hepatoprotective effect
of curcumin on CCly-induced toxic rats in combination with picroliv
and ellagic acid. Assessment of liver enzymes revealed reduced ATP,
AST and ALP serum levels. Curcumin also suppressed hepatic necrotic
damage. Farombi et al. [84] studied the hepatoprotective effect of cur-
cumin on Dimethylnitrosamine-induced toxicity in mice. Mice in treat-
ment groups were pre-treated with 200 mg/kg of curcumin for four
consecutive days. This study revealed elevated liver haem oxygenase
(HO)-1 protein expression, activated Nrf2 expression and increased an-
tioxidant response element (ARE)-binding activity. Curcumin amelio-
rated induced Aflatoxin Bl-induced liver lesions and oxidative stress
in broilers [85]. Gutierres et al. [86] demonstrated the hepatoprotec-
tive potency of curcumin against STZ-diabetic rats. Treatment of rats
with curcumin combined in yoghurt reduced liver enzymes AST and
ALT (Table 1).

6.3. Antidiabetic activity
Essa et al. [20] showed that the administration of different doses of

curcumin significantly reduced the serum glucose levels of STZ-induced
diabetic rats. Eshrat and Hussain [66] examined the co-administration of
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Dimethylnitrosamine in mice

expression, activated Nrf2 expression and
increased antioxidant response element
(ARE)-binding activity
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Table 1
Pharmacological activities of C. longa.
Doses Experimental models Observation Effects References
74 mg/kg of curcumin 1 mg of aflatoxin B, (AFB1) Attenuated AFB, decreased SOD, epoxide Anti-oxidative activity [62]
inoculated in 80 male broiler hydrolase, and GSTa gene expression. Extracts
chicks increased GPx genes levels
Combined dose of 100 mg/kg 130 mg/kg of Bisphenol A (BPA) Increased levels of SOD, CAT, GPx, and GST whilst Anti-oxidative activity [13]
curcumin and taurine administered in Wister rats decreasing MDA levels
Different concentrations of 10 mM of sodium nitroprusside Complexes showed higher scavenging activity Anti-oxidative activity [63]
curcumin, diacetylcurcumin, with significantly lower ICg, values.
curcumin manganese complex
(CpCpx), diacetylcurcumin
manganese complex (AcylCpCpx)
200 mg/mL of curcumin Rats Increased serum SOD, paraoxonase and Antioxidative activity [64]
arylesterase levels but decreased MDA levels
10 uM-1 mM of curcumin and 5 x 103 HSG cells Produced ROS in cells and revealed the longest Anti-oxidative activity [65]
related compounds induction period against peroxy radicals compared
to other tested compounds
300 mg/kg of aqueous Curcuma 60 mg/kg of STZ in rats Decreased serum levels of cholesterol and Anti-oxidative activity [66]
longa and Abroma augusta extract inhibited lipid peroxidation. Also increased SOD
and CAT activity
80 mg/kg of tetrahydrocurcumin 65 mg/kg of STZ in rats Increased glutathione peroxidase, Anti-oxidative activity [67]
glutathione-S-transferase, SOD and catalase
activity whilst reducing glutathione level
AIN-93 diet containing 0.002% or 35 mg/kg of STZ injected into Increased SOD and CAT levels in specific organs, Anti-oxidative activity [87]
0.01% curcumin rats whilst GPx activity decreased
50 mg/kg of curcumin A single dose of 55 mg/kg STZ in Decreased level of thiobarbituric acid-reacting Anti-oxidative activity [87]
rats substances and attenuated SOD decrease
100, 200 mg/kg of curcumin 40 mg/kg of STZ and a high-fat Decreased MDA levels and elevated SOD activity. Anti-oxidative activity [90]
diet in rats Curcumin also inhibited retina apoptosis
0-45 pg/mL of curcumin Linoleic acid emulsion system Curcumin showed significant antioxidant potential Anti-oxidative activity [70]
against lipid peroxidation and strong reducing
power on Fe3* to Fe?*
10,20 and 40 uM of curcumin L-6 myoblasts cells exposed to Suppressed intracellular fluorescence intensity and Anti-oxidative activity [71]
cumene hydroperoxide inhibited ROS production
Different concentrations of Nitric oxide generated from 25 uM of curcumin reduced produced nitrite; Anti-oxidative activity [72]
curcumin sodium nitroprusside curcumin also scavenged produced nitric oxide
200 mg/kg of curcumin 10, 50 and 100 mg/L of arsenic Attenuated induced increase in MDA and reversed Anti-oxidative activity [73]
administered to rats reduced blood GSH levels
100, 200, or 300 mg/kg of C. 0.1 mL/100 g of carbon Inhibited ROS production and lipid peroxidation Anti-oxidative activity [14]
longa extract and 200 mg/kg of tetrachloride (CCl,) in rats for 3
curcumin days
50 and 100 mg/kg of curcumin, 1 mg/kg of (CCl,) in rats Restored elevated MDA levels and increased GSH Anti-oxidative activity [74]
picroliv, ellagic acid levels
20,40,80 and 160 mg/kg of 2.5 mg/kg of cadmium Decreased MDA levels whilst SOD, catalase and Anti-oxidative activity [75]
curcumin administered in rats GSH activity increased
10~°,1071° and 10~'* M of Advanced glycation end products Attenuated reduced SOD activity and decreased Anti-oxidative activity [76]
curcumin and (AGEs)-induced apoptotic MDA levels.
demethoxycurcumin HBZY-1 cell
Microwave-Assisted extracted DPPH, FRAP and ABTS assay ABTS assay showed best results with MAE sample Antioxidative activity [77]
(MAE) and Soxhlet extracted C. containing more phenolic components
longa oil
Diet containing 1% turmeric 30 mg of ferrous sulphate Increased SOD, catalase and glutathione Anti-oxidative activity [78]
injected into rats peroxidase activity
400 mg/kg of curcumin 2 mg/kg of ochratoxin A Curcumin decreased serum LDL levels and Hepatoprotective activity Zhai et al.
administered in White Pekin increased liver CAT activity (2009)
ducklings
100, 200, or 300 mg/kg of C. 0.1 mL/100 g of carbon Significant decrease in serum ALT and AST levels Hepatoprotective activity [14]
longa extract and 200 mg/kg of tetrachloride (CCl,) in rats for 3
curcumin days
50 mg/kg of aqueous Curcuma 0.5 mL/kg of carbon Decreased SGOT, SGPT and bilirubin. Also, Hepatoprotective activity [80]
longa extract tetrachloride injected into mice ameliorated induced morphological changes
30,100 mg/kg of curcumin and 0.1 ml of Freund’s Complete Decreased SGOT, SGPT, ALP and bilirubin levels Hepatoprotective activity [81]
1 mg/kg of methotrexate Adjuvant (CFA) in rats
300 mg/kg of curcumin 200 mg/kg of thioacetamide Inhibited nodule formation and decreased Hepatoprotective activity [82]
(TAA) in rats hydroxyproline levels. Also, inhibited hepatic
stellate cells and the absence of collagen al
200 mg/kg of curcumin 10, 50 and 100 mg/L of arsenic Ameliorated increased AST and ALT levels Hepatoprotective activity [73]
administered to rats
200 mg/kg of C. longa and A single dose of 12 u/mol/kg of Reversed increase in AST, bilirubin, GGT, SALP, Hepatoprotective activity [83]
80 mg/kg of curcumin mercuric chloride (HgCl,) ALT and LDH enzymes activities
administered in rats
50 mg/kg of curcumin, picroliv, 1 mg/kg of carbon tetrachloride Reduced serum levels of ATP, AST and ALP. Hepatoprotective activity [74]
ellagic acid (CCl,) in rats Curcumin also suppressed hepatic necrotic damage
200 mg/kg of curcumin 20 mg/kg of Elevated liver haem oxygenase (HO)—1 protein Hepatoprotective activity [84]
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Doses Experimental models Observation Effects References
300 mg/kg of curcumin 1 mg/kg of Aflatoxin B1 in diet Ameliorated liver damage, increased liver GSH Hepatoprotective activity [85]
administered to broilers and SOD activity
30,60 and 90 mg/kg of curcumin 40 mg/kg of STZ in rats Dose-dependant decrease in AST and ALT levels Hepatoprotective activity [86]
in yoghurt
100, 250 and 500 mg/kg of 75 mg/kg of streptozotocin (STZ) Significant reduction in serum glucose levels Antidiabetic activity [20]
curcumin injected in mice
300 mg/kg of aqueous C. longa 60 mg/kg of STZ in rats Reduced fasting plasma glucose levels in treated Antidiabetic activity [149]
and Abroma augusta extract rats
50 mg/kg of curcumin Single dose of 55 mg/kg STZ in Reduced blood urea nitrogen levels and Antidiabetic activity [87]
rats ameliorated decrease in albumin (nephropathy)
Diet containing 0.5% curcumin 60 mg/kg of STZ in rats Decreased kidney weight, lessened leaching of Antidiabetic activity [88]
glucose-6-phosphatase, LDH, AST and acid (nephropathy)
phosphatase. Curcumin also increased ATPase
activity and decreased ALT and ALP levels
100 mg/kg of curcumin 55 mg/kg of STZ in rats Reduced PKC-a and PKC-$1 expressions also, Antidiabetic activity [105]
inhibited phosphorylation of p44/p42 ERK and
VEG F expression
150 mg/kg of curcumin 65 mg/kg of STZ in rats Downregulated expression of endothelial nitric Antidiabetic activity [89]
oxide synthase and endothelin-1 and transforming
growth factor-p1 in kidney
100, 200 mg/kg of curcumin 40 mg/kg of STZ and a high-fat Increased body weight and decreased blood Antidiabetic activity [90]
diet in rats glucose level. Also observed was the improved
thickness of the retina
30,60 and 90 mg/kg of curcumin 40 mg/kg of STZ in rats Reduced blood glucose level, highest dose reduced Antidiabetic activity [86]
in yoghurt level of proteinuria
10 mM; 100 ul/mouse of 40 mg/kg of STZ in rats Reduced blood glucose levels and increased Antidiabetic activity [91]
curcumin and 10° of bone glucose clearance. Also, observed was ameliorated
marrow transplantation reduced insulin levels
0.2 or 1.0 g/100 g of ethanol C. Diabetic KK-AY/Ta mice Suppressed glucose increase Antidiabetic activity [92]
longa extracted diet
80 mg/kg of tetrahydrocurcumin 65 mg/kg of STZ in rats Decreased glucose levels and elevated plasma Antidiabetic activity [67]
insulin levels
3 units of insulin and 150, 200 Different doses of 45 and Lowered blood glucose level and 27.9% fall in Antidiabetic activity [93]
and 250 mg/kg of C. longa 65 mg/kg STZ in rats glucose tolerance study at 200 mg/kg
dissolved in milk
15 or 30 mg/kg of curcumin 65 mg/kg of STZ in rats Reduced plasma glucose level, ameliorated weight Antidiabetic activity [94]
loss, decreased diabetic proteinuria, polyuria and (nephropathy)
elevated levels of serum creatinine and blood urea
nitrogen
50 mg/kg of curcumin 1 mg of zymosan injected in rats Increased Col2, SOX-5 expression and Anti- Osteoarthritis [15]
chondrocytes number activity
10-11 M of IL-1beta and Chondrocytes from human Inhibited PGE,, basal IL-6, IL-8 and MMP3 Anti- Osteoarthritis [95]
5-20 uM Curcumin articular cartilage and human production, NO synthesis activity
cartilage explants from
Osteoarthritic patients
1 and 8 mg/kg of prednisone and 0.05 mL zymosan in knees of rats Attenuated reduced number of neutrophils and Anti-arthritis activity [18]
100 mg/kg of curcumin reduced joint inflammation
200 mg/kg of turmeric or ginger 0.1 ml of CFA in the paw of rats Suppressed paw swelling and ameliorated body Anti-arthritis activity [72]
rhizomes powder weight loss. Reverted increased leucocyte,
granulocyte and agranulocyte Counts
5-15 uM of curcumin or 8-14 yM 18 uM of Iodoacetate exposed to Inhibited reactive oxygen species formation, Neuroprotective activity [97]
of a-mangostin cerebellar granule neurons attenuated induced cell death and enhanced HO-1
(CGNs) obtained from neonatal expression
rats
100,200 and 300 mg/kg of 8 mg/kg of trimethyltin injected Increased Brain SOD, CAT and GSH levels. Also, Neuroprotective activity [98]
ethanolic turmeric extract in mice decreased MDA levels
0.001, 0.01, 0.05, 0.1, 0.2 and SH-SY5Y cells Reduced cell viability and distorted morphology. Neuroprotective activity [99]
0.4 mg/ml of C. longa Extract also induced apoptosis and generated
reactive oxygen species
100 and 300 mg/kg of curcumin ischaemia injured rats Reduced brain water, ameliorated nerve damage, Neuroprotective activity [19]
decreased cerebral infarct volume and lessened
abnormal cells
10 mg/kg of curcumin-loaded p-amyloid1-42 (Af,_4,) injected Ameliorated elevated mRNA expression of IL-6, Neuroprotective activity [100]
lipid core nanocapsules and in mice NF-xB, TNF-a and IL-18
50 mg/kg of curcumin
2 uM sol of curcumin and rotenone-induced Reduced release of lactate dehydrogenase and Neuroprotective activity [101]
nanocurcumin neurotoxic SK-N-SH cells preserved cell morphology in treated cells. Nano
curcumin decreased ROS levels
20,40,80 and 160 mg/kg of 2.5 mg/kg of cadmium Improved locomotor activity, recognition memory Neuroprotective activity [75]
curcumin administered in rats and spatial learning lowered stress and anxiety
levels
0.001, 0.01, 0.05, 0.1, 0.2 and Salsolinol-treated SH-SY5Y cells Ameliorated cell growth inhibition, normal Neuroprotective activity [99]

0.4 mg/ml of C. longa extract

morphological arrangements, reduced ROS
generation, decreased p53, Bcl-2 and caspase-3
levels
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Table 1 (continued)

Doses Experimental models Observation Effects References
100 mg/kg of C. longa 20 mg/kg of Cerium chloride Decreased number of cases crossed in OF test and Neuroprotective activity [102]
(CeCly) in mice increased number of entries in open arms
25,50,100 and 300 mg/kg of 0.1 ml of 2,4,6-trinitrobenzene Inhibited colon and spleen weight gain. Also Anti-inflammatory [103]
Curcumin sulphonic acid (TNBS) injected in reduced colon NO and O,~levels activity
mice
1-1000 M of curcumin 3T3-L1 fibroblasts cells Inhibited NF-xB activation and suppressed gene Anti-inflammatory [104]
expression of TNF-a, IL-1p, IL-6, and COX-2 activity
100 mg/kg of curcumin 55 mg/kg of STZ injected in mice Suppressed TNF-a, TGF-$1, ICAM-1, MCP-1, and Anti-inflammatory [105]
IL-1p expression levels. Also, it inhibited NF-xB activity
activation and IxBa degradation
50 mg/kg of curcumin and doses 0.1 mL of CFA in rats Decreased TNF-a and IL-14 levels and reduced Anti-inflammatory [106]
of curcumin nano-emulsions spleen and thymus weight indices. Also, extract activity
attenuated inflammatory cell infiltration
0.1% of aqueous C. longa and 2% 20 uL of the endotoxin Reduced inflamed cell count and decreased TNF-a Anti-inflammatory [107]
Berberis aristata extract (lipopolysaccharide from E. coli) level activity
in rabbits
4004! of Pluronic F-127 and 60 mg/kg of STZ administered to Faster wound contraction, decreased TNF-a Anti-inflammatory [108]
40041 of curcumin wounded rats mRNA, IL-15 and MMP-9 expressions; however, activity
IL-10 mRNA levels increased
300 ug of curcumin 50 ug chicken egg ovalbumin Inhibited diarrhoea, mastocytosis, OVA-IgE and Anti-inflammatory [16]
(OVA) in 1 mg alum injected in intestinal oedema production activity
BALB/c mice
50 uM of curcumin Chondrocytes treated with Downregulated MMP-3, ameliorated decrease in Anti-inflammatory [109]
10 ng/mL IL-14 type II collagen activity
25- 300 mg/kg of curcumin 0.1 ml of 2,4,6-trinitrobenzene Prevented damage to the large intestine and Anti-inflammatory [103]
sulphonic acid in mice prevented an increase in NO & 02~ levels and activity
malondialdehyde levels
5,10,20umol/L of curcumin 3T3-L1 adipocytes treated with Elevated uptake of insulin-stimulated Anti-inflammatory [48]
0.25 mmol/L palmitate 2-deoxyglucose, downregulated TNF-a and IL-6 activity
expression
0,5,10, 20umol/L of curcumin 3T3-L1 cell lines Reduced VEGF« expression and inhibited Anti-obesity activity [111]
angiogenesis
500 mg/kg of curcumin C57BL/6 mice fed high fat; Suppressed body weight gain, inhibited hepatic Anti-obesity activity [111]
AIN-93 diet steatosis. Also, reduction in VEGF mRNA and
VEGFR-2 gene expression
0-60 uM of curcumin PC-14, p34, H1299 and Panc-1 Decreased COX-2 and EGFR expression and Anticancer activity [112]
cell lines inhibited Erk1/2 activity
0-404Mol of curcumin MCF-7 and MDA-MB-231 cells Reduced cell viability and increased p27 and p21 Anticancer activity [17]
expression. Also, inhibition of Akt
phosphorylation was observed
50umol/L of curcumin MDA-MB-435 cells Inhibited NF- B, IxBa activation and Anticancer activity [113]
phosphorylation. Also, Induced apoptosis and
decreased antiapoptotic protein expression
0-100 M of curcumin MCEF-7 cells Decreased cell viability, distorted morphological Anticancer activity [114]
arrangements, induced apoptosis, elevated cleaved
PARP
25 uM of curcumin MDA-MB-231cells Induced apoptosis, reduced cell viability, Anticancer activity [115]
suppressed NF-xB activation and MMP-1& MMP-2
mRNA
0-60 uM of curcumin MCF-10F cells, malignant cell Inhibited colony formation, altered cell cycle Anticancer activity [116]
lines progression, decreased Rho-A protein expression
and enhanced cleaved PARP-1 expression
100,200,300,400 mg/kg of Middle cerebral artery occlusion Ameliorated morphological alterations and Anticancer activity [117]
curcumin (MCAO) surgery in mice decreased infarct volume
0-16 uM of curcumin SAS, OC3, OECM-1 cells and Increased IGFBP-5 mRNA expression and elevated Anticancer activity [118]
NHOKs C/EBP« binding to the IGFBP-5 promoter
5-60 M of curcumin HeLa, SiHa, and C33A cells Inhibited cell proliferation, induced apoptosis and Anticancer activity [119]
DNA fragmentation. Also, HPV 16 E6 and E7
expressions level decreased
A diet containing 2% of curcumin 1 x 10° of LNCaP cells injected in Suppressed cell proliferation and induced Anticancer activity [120]
mice apoptosis
0-0.15 mM of curcumin purified protein kinase A (PkA), Inhibited kinase activity Anticancer activity [78]
protein kinase C (PkC),
protamine kinase (cPK),
phosphorylase kinase (PhK),
autophosphorylation-activated
protein kinase (AK) and pp60¢s
tyrosine kinase
0-70 uM/1 of curcumin MCF-10F, Tumor2 and Inhibited cell proliferation, increased expression of Anticancer activity [121]
MDA-MB-231 specific genes and delayed cell cycle progression
Combined curcumin (50 mg/kg) 1 x 10° LoVo cells injected in Combine dose inhibited cancer growth; cells Anticancer activity [122]

and oxaliplatin (25 mg/kg) dose

mice

displayed apoptotic characteristics and increased
cell population in S and G2/M phases
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Doses Experimental models Observation Effects References
0-50 M of curcumin MCF-7 and MDA-MB-231 cells Inhibited cell proliferation and suppressed pS2 Anticancer activity [123]
and TGF-a, and ER transcript levels. Curcumin
also downregulated VEGF, MMP-2 and b-FGF
Diet containing 1% curcumin 5 x 105 PC-3 cells injected in Inhibited lung metastasis Anticancer activity [124]
mice
5,10,20 and 40 uM of curcumin NCL-H460, BEAS-2E and A549 Induced apoptosis, elevated caspase-3 activity and Anticancer activity [125]
cells inhibited cell proliferation. Upregulated
miR-192-5p expression and inhibited PI3K/Akt
signalling pathway
5, 10, 25, and 50 xM of curcumin MDA-MB-231 cells Suppressed cell proliferation, decreased Akt Anticancer activity [126]
expression and p62 protein level, although LC3-II
expression increased
5-200 M of curcumin or 0.1 — SKN cells Both compounds inhibited cell growth and Anticancer activity [127]
100 nM of rapamycin suppressed phosphorylation of mTOR, p70S6 and
S6 ribosomal proteins. Curcumin also increased
cleaved PARP and caspase-3 activity
Diet containing 500 ppm 0.5 mg/kg of Reduced incidence and multiplicity of oesophagal Anticancer activity [128]
curcumin N-nitrosomethylbenzylamine neoplasms and inhibited biomarkers of cell
(NMBA) injected in male F344 proliferation
rats
0-50pmol/L of curcumin A549 cells Inhibited cell growth, induced apoptosis and Anticancer activity [129]
downregulated miR-186 expression
25 mg/kg of curcumin Helicobacter pylori injected in Eliminated H. pylori from the stomach of mice Anti-microbial activity [131]
mice
20-120 uM of curcumin Bacillus subtilis 168, E. coli BL21, Inhibited bacterial growth and formation of Z Anti-microbial activity [93]
E. coli K12 MG1655 rings, induced filamentation,
1024-0.5 ug/mL of curcuma longa Staphylococcus aureus, B. subtilis, A combined dose of extract and antibiotic revealed Anti-microbial activity [22]
fractions and antibiotics E. coli, Pseudomonas aeruginosa, reduced MIC values. Also reduced bacterial count
and V. cholerae
0.5 mg/mL of curcumin 10® of Campylobacter jejuni Curcumin attenuated C. jejuni increased Anti-microbial activity [132]
injected in IL-10~/~ mice permeability and conductance to fluorescein
200 and 500 mg/L of C. longa HepG2 cells and HepG 2.2.15 Inhibited secretion of HBsAg and decreased HBV Anti-microbial activity [133]
extract cells viral DNAs. The extract also increased p53 mRNA
expression
The concentration of curcumin 38 isolates of Candida strains Exhibited 90% growth inhibition of fungi and Anti-microbial activity [130]
and a-methyl cinnamaldehyde induced haemolysis
(MCD)
Different fractions of C. longa Pyricularia grisea, R. solani, Curcumin showed significant fungicidal activity Anti-microbial activity [134]
extract Botrytis cinerea, P. infestans against tested bacteria
cultured on potato dextrose agar
0.25,0.5 and 1 mg of ethyl 13 clinical isolates of Inhibited microbial growth and MRSA invasion of Anti-microbial activity [133]
acetate, methanol and water staphylococcal strains human mucosal fibroblasts
extract of C. longa
0.5-256 mg/L of curcumin 23 fungi strains Suppressed growth of Paracoccidioides brasiliensis Anti-microbial activity [135]
and inhibited adhesion of Candida species
5-15 mM curcumin Huh7/Rep-Feo and Huh7 cells Inhibited HCV replicon replication, decreased Anti-microbial activity [136]
levels of HCV NS5A protein
25 or 50 mg/kg of curcumin SS1 or AM1 H. pylori cells Eliminated mucosal damage, eradicated H. pylori Anti-microbial activity [137]
injected in mice cells and suppressed MMP-9 activity
Concentrations of curcumin 10 S. aureus strains containing Showed MIC values between 125 and 250 xg/ml Anti-microbial activity [138]
four methicillin-resistant S. reducing bacterial count and improved antibiotic
aureus efficacy
25, 50 and 100 uM of curcumin I S. aureus, Enterococcus faecalis, E. Increased killing of bacteria and increased Anti-microbial activity [139]
coli and Pseudomonas aeruginosa Propidium iodide fluorescence intensity
25 uM of curcumin Cardiac fibroblasts isolated from Reduced cell migration and proliferation. Also, it Cardioprotective activity [140]
rats inhibited Akt phosphorylation and Increased
MMP-2 activity
100 and 300 mg/kg of curcumin 50 mg/kg of 5-fluorouracil Downregulated expression of CXCL1 and CXCL2 Antidiarrheal activity [21]
injected in mice genes
100 mg/kg of curcumin 75 mg/kg of Irinotecan (CPT-11) Increased body weight and energy. Reduced Antidiarrheal activity [141]

injected in BALB/c

frequency of stool and reversed intestinal mucosa
damage

aqueous extracts of C. longa and Abroma augusta to determine the antidi-
abetic potency. Diabetes was induced in rats by administering 60 mg/kg
of STZ. Administration of extract significantly reduced fasting plasma
glucose levels. Tikoo et al. [87] examined curcumin’s lowering effect
on blood urea nitrogen levels in diabetic rats to prevent nephropathy.
Findings from this study showed that the administration of 55 mg/kg
of STZ resulted in increased creatinine and blood urea nitrogen levels.
Babu and Srinivasan [88] investigated the antidiabetic efficacy of cur-
cumin against STZ-induced diabetes in rats. Rats in treatment groups
were fed a diet containing 0.5% curcumin for eight weeks. Examina-

14

tion of kidney enzymes revealed the reduction of glucose-6-phosphatase,
LDH, AST and acid phosphatase. Curcumin also reversed the increased
AST and ALT levels. Another study revealed that curcumin is involved
in antidiabetic treatment through the downregulation of endothelial ni-
tric oxide synthase, endothelin-1 and transforming growth factor-$1 in
the kidney of STZ-induced diabetic rats [89].

Yang et al. [90] reported the anti-hyperglycemic effect of cur-
cumin against STZ-induced diabetes through curcumin treatment. Six-
teen weeks of administration of curcumin in rats abrogated diabetes-
induced retina effects and lowered blood glucose. Curcumin supplemen-
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tation (30, 60 and 90 mg/kg) combined with yoghurt reduced blood glu-
cose levels and reduced the level of proteinuria in STZ-induced diabetic
rats [86]. El-Azab et al. [91] reported the treatment of STZ-induced di-
abetic rats with 10 mM of curcumin and 106 bone marrow transplanta-
tion. Results showed reduced blood glucose levels and increased glucose
clearance (Table 1). Treatment also ameliorated reduced insulin levels.
Kuroda et al. [92] demonstrated the antidiabetic efficacy of ethanolic
C. longa extract on diabetic KK-AY/Ta mice. EtOH extract maintained
blood glucose at an appropriate level preventing diabetes mellitus 2. The
administration of tetrahydrocurcumin, a curcumin derivative in STZ-
induced diabetic rats, decreased glucose levels and elevated plasma in-
sulin levels [67]. Rai et al. [93] showed that administering three units
of insulin and 150, 200, and 250 mg/kg of C. longa dissolved in milk
in STZ-induced diabetic rats lowered blood glucose levels. Sharma et al.
[94] studied the antidiabetic efficacy of curcumin against STZ-induced
toxicity in mice. A single dose of 65 mg/kg of STZ induced toxicity.
Treatment of rats with 15 or 30 mg/kg of curcumin reduced plasma
glucose levels, improved weight loss, decreased diabetic proteinuria,
polyuria and elevated serum creatinine levels and blood urea nitrogen
levels.

6.4. Anti-osteoarthritis activity

Nicoliche et al. [15] studied the anti-inflammatory efficacy of cur-
cumin on zymosan-induced osteoarthritis in mice. Rats in treatment
groups were administered 50 mg/kg of curcumin for 60 days. This
study showed increased chondrocyte number and Col2 and SOX-5 ex-
pressions in curcumin treatment groups. In vitro tests carried out by
Mathy-Hartert et al. [95] showed the inhibition of prostaglandin PGE,,
IL-6, IL-8, matrix metalloproteinase (MMP3) and NO synthesis in chon-
drocytes from human articular cartilage and human cartilage explants
from osteoarthritic patients, upon treatment with 10-11 M of IL-1beta
and 5-20 yM curcumin. Nonose et al. [18] investigated prednisone and
curcumin to determine their anti-oxidative potency against zymosan-
induced Arthritis in rats. Rats were treated with 1 and 8 mg/kg of pred-
nisone and 100 mg/kg of curcumin. Curcumin increased the number
of neutrophils and reduced joint inflammation during the first 6 h of
administration; however, prednisone showed better anti-inflammatory
potency over time. Curcumin has been shown to inhibit CFA-induced
oedema in mice with 200 mg/kg turmeric [96]. These findings eluci-
date the anti-osteoarthritic efficacy of C. longa (Table 1).

6.5. Neuroprotective activity

Several studies have reported the neuroprotective effects of cur-
cumin [97-99]. Reyes-Fermin et al. [97] examined curcumin’s neuro-
protective activity or e-mangostin in cerebellar granule neurons (CGNs).
Neurons were treated with 18 M of Iodoacetate. Treatment of neurons
with curcumin and antioxidant ¢-mangostin resulted in the inhibition of
ROS production and elevation of HO-1 expression. Yuliani et al. [98] re-
ported the neuroprotective effect of the ethanolic extract of Turmeric
on the brain antioxidant enzymes of mice injected with trimethylene.
Results from this study showed the reduction of MDA levels and eleva-
tion of SOD, GSH, catalase and GPx enzyme activity. Xu et al. [19] ex-
amined the neuroprotective efficacy of curcumin against ischaemia-
injured rats. The bioactive component reduced brain water, ameliorated
nerve damage, decreased cerebral infarct volume and lessened abnor-
mal cells (Table 1). Giacomeli et al. [100] reported the chemoprotec-
tive effect of curcumin-loaded lipid core nanocapsules in mice. Mice
were treated with nanocapsules and 50 mg/kg of curcumin for 14 days.
Findings from this study showed suppression of levels of mRNA expres-
sion of IL-6, NF-kB, TNF-a and IL-1p. In vitro analysis studied by Bol-
limpelli et al. [101] showed the neuroprotective potency of curcumin
and nano curcumin on rotenone-induced neurotoxic SK-N-SH cells. Cur-
cumin improved locomotor activity, recognition memory and spatial
learning, lowering stress and anxiety levels in cadmium-induced toxic
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rats [75]. Ma and Guo [99] demonstrated the neuroprotective effect of
C. longa extracts on SH-SY5Y cells. Salsolinol was used to induce toxic-
ity in cells. Findings from this study showed that curcumin ameliorated
cell growth inhibition and reduced ROS production (Table 1). Kadri
et al. [102] reported C. longa neuroprotective efficacy against cerium
chloride-induced toxicity.

6.6. Anti-inflammatory activity

In the study by Ukil et al. [103], curcumin exhibited anti-
inflammatory activity by reducing produced NO and O,~in the colon
of mice injected with TNBS at doses of 50, 100 or 300 mg/kg. Treat-
ment of 3T3-L1 fibroblast cells with different concentrations of cur-
cumin inhibited NF-xB activation and suppressed gene expression of
TNF-a, IL-18, IL-6, and COX-2 [104]. Soetikno et al. [105] examined
the anti-inflammatory activity of curcumin against STZ-induced inflam-
mation in mice. 100 mg/kg of curcumin was administered to mice three
weeks after STZ injection. Administration of curcumin suppressed TNF-
a, TGF-p1, ICAM-1, MCP-1, and IL-1p and also inhibited the activa-
tion of NF-«xB. Treatment of rats with different doses of curcumin and
curcumin nano-emulsions resulted in decreased TNF-a and IL-18 lev-
els and attenuation of inflammatory cell infiltration [106]. Gupta et al.
[107] reported the anti-inflammatory activity of aqueous C. longa and
Berberis aristata extracts against anterior uveitis induced through i.p in-
jection of lipopolysaccharide from E. coli in rabbits. Findings from this
study showed decreased levels of TNF-a and inflammatory cell count.
Kant et al. [108] demonstrated curcumin’s ability to elevate the wound-
healing property of Pluronic F-127 on STZ-induced toxic rats. Admin-
istration of combined doses resulted in an increased pace of wound
contraction and healing. Kinney et al. [16] reported the inhibition of
intestinal oedema formation and mastocytosis development in BALB/c
mice upon administration of 300 ug of curcumin. These results reflect
curcumin’s ability to prevent allergies. The administration of 50 yM
of curcumin on chondrocytes treated with 10 ng/mL IL-1§ resulted in
a decreased Matrix metalloproteinase-3 (MMP-3) [109]. Wang et al.
[110] reported the downregulation of TNF-a and IL-6 expression in 3T3-
L1 adipocytes upon treatment with 5, 10 and 20umol/L of curcumin
(Table 1).

6.7. Anti-obesity activity

Ejaz et al. [111] investigated the anti-obesity effect of curcumin on
3T3-L1 cell lines and C57BL/6 mice through in vitro and in vivo tests,
respectively. Obesity in mice was induced by feeding rats with the AIN-
93 diet; however, the administration of 500 mg/kg of curcumin sup-
pressed body weight gain and also reduced VEGF mRNA and VEGFR-2
gene expression. In vitro study revealed the reduction of VEGFa expres-
sion and inhibition of angiogenesis in 3T3-L1 cells by curcumin. Results
from both studies are consistent and elucidate the antidiabetic efficacy
of curcumin (Table 1).

6.8. Anticancer activity

Levari et al. [112] reported the suppression of COX-2, EGFR ex-
pression and induction of apoptosis in several cell lines (PC-14, p34,
H1299 and Panc-1 cell lines) treated with curcumin at doses between
0-50 uM. Jia et al. [17] investigated the antiproliferative effect of cur-
cumin against MCF-7 and MDA-MB-231 cells. Results from this study
showed that curcumin suppressed cell viability and proliferation. 50
umol/L of curcumin inhibited phosphorylation and activation of NF-
kB and IxBe and induced apoptosis in MDA-MB-435 cells emphasiz-
ing the need for more research on curcumin anticancer activity [113].
Akkoc et al. [114] investigated the chemoprotective efficacy of cur-
cumin against MCF-7 cells. Findings from this study revealed a signifi-
cant decrease in cell viability, induced autophagy, down-regulation of
Bcl-2 and distortion of morphological arrangements. Curcumin induced
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apoptosis and elevated levels of cleaved PARP at 50 M, emphasizing its
chemoprotective effect. Bachmeier et al. [115] reported the anticancer
efficacy of curcumin against MDA-MB-231 cells. Treatment of cells with
25 uM of curcumin-induced apoptosis and reduced cell viability. Inocu-
lation of curcumin on cells suppressed NFxB activation and inhibited the
expression of MMP-1 and MMP-2 mRNA. Calaf et al. [116] investigated
the anticancer activity of curcumin against MCF-10F cells. Curcumin in-
hibited cell growth and increased cell population in Gy/G; and G,/M
phases. Further analysis showed regulation of ADP, PARP-1 and H2AX
(y-H2AX). Xie et al. [117] showed the anticancer efficacy of curcumin
against mice. Injury in mice was induced by surgery involving the occlu-
sion of the right middle cerebral artery of mice. Mice were treated with
100, 200, 300, and 400 mg/kg of curcumin. Curcumin decreased the
infarct volume induced due to surgery and inhibited morphological al-
terations. Western blot analysis and RT-PCR analysis showed that SAS,
OC3, OECM-1, and NHOKs cells treated with different concentrations
of curcumin increased IGFBP-5 mRNA expression and elevated C/EBPa
binding to the IGFBP-5 promoter [118]. Divya and Pillai [119] reported
curcumin’s cytotoxic and antiproliferative efficacy against HeLa, SiHa,
and C33A cells. The results from Dorai et al. [120] experiment utiliz-
ing curcumin treatment on mice injected with 1 x 10° of LNCaP cells
showed the growth inhibitory effect of curcumin on cancer cells. These
findings support C. longa chemopreventive and anticancer properties.
Reddy and Aggarwal [78] reported the inhibition of kinase activity by
curcumin in tumour cells. Gallardo and Calaf [121] reported the cyto-
toxic, antiproliferative efficacy of different doses of curcumin on MCF-
10F, Tumor2 and MDA-MB-231 cells. RT-qPCR analysis revealed that
curcumin decreased g-catenin, E-cadherin, and N-cadherin protein ex-
pression. Guo et al. [122] carried out in vivo test to determine the anti-
cancer activity of the combined effect of curcumin and oxaliplatin. Ex-
perimental mice were injected with 1 x 106 LoVo cells. Findings from
this study showed the accumulation of cells in the S and G2/M phases.
Further analysis showed curcumin’s ability to inhibit cell growth and
induce apoptosis. Shao et al. [123] studied the cytotoxic potency of cur-
cumin on MCF-7 and MDA-MB-231 cells, inhibiting VEGF, MMP-2 and
b-FGF expression. Killian et al. [124] reported that treating PC-3 cells
with a diet containing curcumin inhibited lung metastasis in mice. Jin
et al. [125] demonstrated curcumin’s upregulation of caspase-3 activ-
ity and miR-192-5p expression in NCL-H460, BEAS-2E and A549 cells.
Results from this study showed that curcumin inhibited cell prolifer-
ation and inhibited PI3K/Akt signalling pathway in cells. In another
study, Guan et al. [126] emphasized the anticancer potency of curcumin
utilizing MDA-MB-231 cells in treatment. Curcumin decreased Akt ex-
pression, inhibited cell proliferation and migration and decreased the
p62 protein level. Wong et al. [127] demonstrated the anticancer effect
of curcumin and rapamycin. Treatment of SKN cells with these com-
pounds co-administered increased cleaved PARP and caspase-3 activi-
ties (Table 1). Ushida et al. [128] carried out in vivo test to determine
the anticancer potency of curcumin. A diet containing 500 ppm cur-
cumin was administered to male F344 rats injected with 0.5 mg/kg of N-
nitrosomethylbenzylamine (NMBA). Results showed reduced incidence
and multiplicity of oesophagal neoplasms. Zhang et al. [129] elucidated
curcumin anticancer activity with experiments inhibiting the growth of
A549 cells upon curcumin treatment [130].

6.9. Anti-microbial activity

The antibacterial activities of curcumin against 65 clinical isolates
of H. pylori were studied in vivo by De et al. [131]. Histological exam-
inations revealed the complete eradication of H. pylori from the stom-
ach of mice. In another study, Rai et al. [93] reported the significant
antibacterial of curcumin against Bacillus subtilis 168, Escherichia coli
BL21, and E. coli K12 MG1655. Curcumin inhibited the assembly of
FtsZ protofilaments and inhibited bacterial growth and formation of
Z rings. Also, curcumin showed antibacterial activity against Staphy-
lococcus aureus, B. subtilis, E. coli, Pseudomonas aeruginosa, and Vibrio

16

Pharmacological Research - Modern Chinese Medicine 6 (2023) 100222

cholerae, with MIC values ranging from 125 to 1000 pg/mL [22]. Lobo
de Sa et al. [132] demonstrated the anti-microbial activity of curcumin
against C. jejunii. Kim et al. [133] assessed the anti-microbial activity of
200 and 500 mg/L of C. longa extract against HepG2 and HepG 2.2.15
cells. Curcumin and a-methyl cinnamaldehyde significantly inhibited
the growth of 38 isolates of Candida strains. Kim et al. [134] tested the
anti-microbial efficacy of different extracts (hexane, butanol, methanol,
chloroform, ethyl acetate and water) of C. longa against Pyricularia
grisea, R. solani, Botrytis cinerea, P. infestans. Also, different compounds
(borneol, 1,8-cineole, sabinene, and turmerone) derived from C. longa
were tested against phytopathogenic fungi. Curcumin showed the most
fungicidal activity against tested bacteria. A separate in vitro study of the
anti-microbial effect of ethyl acetate, methanol and water extract of C.
longa on 13 clinical isolates of staphylococcal strains revealed MIC val-
ues (ethyl acetate extract 2 mg/mL), (methanol extract 8 mg/mL) and
the (water extract MIC: 64 mg/mL) suggesting the good anti-oxidative
property. Martins et al. [135] reported the inhibitory growth activity
of curcumin on fungal and candida strains. Curcumin inhibited the ad-
hesion of candida-tested species to human buccal epithelial cells (BEC).
Kim et al. [136] demonstrated the curcumin and IFN« ability to suppress
the replication of HCV in Huh7/Rep-Feo and Huh7 cells through the in-
hibition of Akt-SREBP-1 activation. In vivo study of H. pylori-infected
mice administered with curcumin exhibited immense chemoprotective
potential associated with eradicating H. pylori cells and healing mucosal
damage [137].

Curcumin also showed anti-microbial activity with MIC values rang-
ing from 125 to 250 ug/ml and a reduced S. aureus strain count
[138]. This study showed the reduction of MIC values of antibiotics
(oxacillin, ampicillin, ciprofloxacin, and norfloxacin) used in combined
treatments. Tyagi et al. [139] reported the antibacterial activity of cur-
cumin against S. aureus, Enterococcus faecalis, E. coli and Pseudomonas
aeruginosa (Table 1)

6.10. Cardioprotective activity

Chung et al. [140] investigated the cardioprotective effect of cur-
cumin utilizing cardiac fibroblasts isolated from rats. Fibroblasts were
treated with 25 yM of curcumin and 10 ng/ml transforming growth
factor (TGF)-f. Curcumin reduced cell migration and proliferation
(Table 1).

6.11. Antidiarrheal activity

Sakai et al. [21] examined the antidiarrheal effect of curcumin
against 50 mg/kg of 5-fluorouracil injected in mice. Rats in treatment
groups were treated with 100 and 300 mg/kg of curcumin. RT-PCR anal-
ysis demonstrated the downregulation of the expression of CXCL1 and
CXCL2 genes. Ouyang et al. [141] investigated the antidiarrheal activ-
ity of curcumin against Irinotecan (CPT-11) induced toxicity in BALB/c.
Rats in treatment groups were treated with 100 mg/kg of curcumin.
Findings from this study revealed the reduction in stool frequency and
reversal of intestinal mucosa damage (Table 1).

7. Toxicological evaluation

Qureshi et al. [142] investigated extracts of C. longa to determine
its toxicological effect in Swiss albino rats. The graded doses of 0.5, 1,
and 3 g/kg of the plant extract were orally administered to rats in treat-
ment groups. No toxicity was observed except at the maximum dosage
(3 g/kg), which showed central nervous system stimulation. Intraperi-
toneal administration of 28 mg/kg of turmeric oil in rats daily for 14
days resulted in 20% mortality and a 36% increase at the end of the
month [143]. Further analysis from this study showed that administer-
ing raw turmeric essential oil at 560 mg/kg for one month had neither
toxicity nor mortality in rats. In another study, administration of 0.1,
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0.25, and 0.5 g/kg of turmeric essential oil in rats did not produce toxi-
city and mortality [144]. Also, serum biomarkers (ALT, AST, ALP) anal-
ysed showed similar levels to rats in control groups [144].

Similarly, oral administration of curcumin at 5000 mg/kg in rats for
14 days did not show any toxic effect [145]. Polysaccharide extracts
obtained from the rhizomes of C. longa were investigated to determine
their toxicity. 5000 mg/kg of the extracts were administered, and necro-
scopic analysis did not show any pathological effects; the evaluation of
body weight gain did not show any alteration [146]. Deshpande et al.
[147] reported the hepatotoxic effect of Turmeric in rats. Administration
of ethanolic turmeric extract altered liver weight and increased serum
glutamic oxaloacetic transaminase activity. However, haemoglobin, kid-
neys, spleen, urea and creatinine remained unaffected. 2000 mg/kg of
curcumin nanoparticles administered orally for 14 days in rats showed
no toxicity in a study conducted by Dandekar et al. [148]. In a separate
study, no abnormality or mortality was observed from the administra-
tion of 2000 mg/kg of solid lipid curcumin for 15 days, indicating its
non-toxic nature [94]. The further necroscopic analysis did not exhibit
any toxicity. Subchronic evaluation of 100 mg/kg C. longa administered
in male and female rats for 90 days revealed an insignificant difference
in mortality rate compared to rats in the control group. Furthermore, the
haematological assessment showed reduced levels of red blood cells and
white blood cells [142]. Aggarwal et al. [145] also reported the absence
of toxicity and mortality upon administering 100, 500, and 1000 mg/kg
curcuminoid essential oil in rats for 90 days.

8. Clinical trials on the therapeutic efficacy of C. longa

So far, some of the identified pharmacological activities of curcumin
have been confirmed through clinical trials. In treating osteoarthritis
and rheumatoid arthritis, oral administration of different doses of C.
longa has been discovered to possess an anti-arthritic effect [150-154].
This therapeutic effect was observed in its significant effect on pain,
joint swelling, reducing inflammatory markers, and improving disease
activity score [150-152]. In patients confirmed to be suffering from type
II diabetes mellitus, curcumin treatment improved endothelial function
observed through a regulation of malondialdehyde (MDA), ET-1, IL-6
and TNF-« levels and ameliorating macroscopic proteinuria [155-156].
An oral or systemic application of Curcuma longa has been observed to
improve several eye disorders, such as conjunctivitis, conjunctival xero-
sis and the degenerative conditions associated with cataracts [157,158].
In Alzheimer’s patients, 12 months of oral administration of Curcuma
longa led to increased Ap40 deposits in the serum, which is an indi-
cation of the ability of curcumin to disaggregate Ap-deposits-the sig-
nificant cause of Alzheimer’s disease [159]. A marked improvement
in depression-related symptoms was also observed when patients were
treated with oral doses of curcumin [160-163]. In children with recur-
rent respiratory tract infections, oral doses of curcumin supplementation
improved immune modulation [164]. At doses of about 20-4000 mg,
oral administration of curcumin led to an improvement in blood lipid
profile parameters which is critical to the maintenance of cardiovascu-
lar health [165-167]. Curcumin, through its antioxidative properties,
has also been observed to reduce erythrocyte malondialdehyde levels in
patients diagnosed with tropical pancreatitis, and patients with Chronic
Kidney Disease [168,169]. In a double blind, randomized control trial to
determine the effects of curcumin on uraemic pruritus which is a symp-
tom common in patients undergoing haemodialysis, a decrease in high
sensitivity C-reactive protein was observed [170].

9. Conclusion and future perspectives

This study revealed that in-depth in vivo and in vitro studies had
been conducted by various scientists to validate the ethnomedicinal
uses of C. longa in the treatment, management and prevention of many
diseases, including life-threatening illnesses like cancer and diabetes.
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Many researchers reported that C. longa contains numerous biologi-
cally active constituents with high antioxidant capacities. The health-
promoting effect of C. longa can be attributed to the presence of bi-
ologically active compounds (phytochemicals and essential oils) and
their rich-antioxidant properties. Furthermore, C. longa is used in culi-
nary as a natural flavouring agent (spice) for the preparation of various
foods across the globe due to its medicinal and distinctive organolep-
tic properties. In addition, experimental studies have confirmed several
pharmacological activities of C. longa, such as; anticancer, anti-obesity,
anti-oxidative, anti-osteoarthritis, hepatoprotective, antidiabetic, neu-
roprotective, anti-inflammatory, anti-obesity, anti-microbial, cardiopro-
tective and antidiarrheal activity thus providing strong evidence that
covers and supports its traditional uses for the treatment, prevention
and management of various diseases. Based on the beneficial effects
of C. longa and its biologically active compounds, it can be harnessed
for developing pharmaceutical products and functional foods. However,
there is a need for comprehensive studies in clinical trials and quality
control to establish safe doses and efficacy of C. longa for treating various
diseases. Also, further studies are required to ascertain the mechanism
through which C. longa and its bioactive compounds offer protection
against several diseases. This knowledge would aid their exploitation in
the design and development of effective therapies for targeting diseases.

10. Limitations

This study has some limitations, which include; the inability to access
few papers which were not open access and lack of sufficient literature to
analyse few recognized properties. Also, due to the varying methodology
used for the diverse articles, the data presented was not unified.
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