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Effects of curcumin on human health — A reassessment

Dae-Ok Kim' and Chang Y. Lee>*
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Abstract Curcumin is known to possess diverse beneficial physiological effects including antioxidant, anti-inflammatory,
anti-depressant, anti-microbial, and anti-neoplastic activities, as well as immune-modulating, metabolism-regulating, and
neuroprotective effects. However, despite more than 13,000 research papers published during the last ten years regarding
the health benefits of curcumin, curcumin has not been introduced in the market as a pharmaceutical agent in any country.
Despite the abundance of positive findings, most investigations that tout its health benefits are based on in vitro and in
vivo studies that fail to consider the protean chemical behaviors of curcumin, which is known to be a pan-assay
interference compound and an invalid metabolic panacea. Therefore, human clinical trials, despite rigorous study design,
have been unable to prove specific benefits. This article reviews the pleiotropic properties of curcumin so that they can
be balanced against its beneficial effects and suggests potential research avenues to better understand its health benefits.
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M B
LS e FRIER AE JHE(cury)d] FERSE U
A ¥ (curcumin;  diferuloylmethane;  1,7-bis(4-hydroxy-3-
methoxyphenyl)hepta-1,6-diene-3,5-dione)> A4 7 H(Zingiberaceae;
the ginger family)oll €3t 738 (turmeric; Curcuma longa L.)2] ¥
glolA 2% Z2)3 = (polyphenol) AJEo|th. 733 A=, 2
7t 1= 53 22 FHoMAoKSoutheast Asia)olA A=
EZ AEE 2: IS 7R A oSl olEWth( Ayurveda;
Ayurvedic medicine)?] 2A/SHZ AR Qlt}, olAjo} Qo=
AT f71, HF Tl AFFEE 8 % AREL A
THEFSA FEEDAP Panel (EFSA Panel on Additives and Products
or Substances used in Animal Feed) 5, 2020; Subhan -5, 2020).
748 % AsPA] Al (antioxidant) 2. 283k AR 5S¢
shstar s} s IS o7 AW A A8l =gl
o B yEo] QJth(Heger 5, 2014; Priyadarsini, 2014; Subhan
S, 2020). QA A7l FI M F R U719k A A
w200 A7 FEe A3 Aol wxE AFTe Al
A3t AT = = Fookl AUkFig 1). = 3)53] (American
Chemical Society)°ll 4] 23] 5}l+= Chemical Abstract Service<]
“SciFinder*’o| 4] “biological studies on curcumin”}= 54 (topic)
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2 AL B 19902020 Fot F 16,907He] =w0] &
A ArkFig. 1). B3] A 100 ¥7H2010-2020) EHE AFY

AT =2 13,403H00 getth(Fig. 1). A “Molecules”

of o5k $-Euet A= HA 18,036HS] AFY P4 =
5 8848S 23319, ole AlAl 599 sligele AR 3
= 58k AFY FE A s o]FoR T S & F
AUTHYeung 5, 2019). ©]¢} o] AFRI] A7 &S Foh

= B ATES AFRY &% AHAA FRIE 2A A
B2 E&Fo AFHIE AYd & B8 oA n=e
“American Botanical Council’s HerbalGram™ol] &]&bd {2
Ak 5AZF wipd 5HRE de] oo duiE &St HAE
(natural product) & 7§ ©o] TEl= 3 EH HZ5A|(top-selling
herbal supplement)Z 537 ) TH(Smith 5, 2018).

a7k 239 AT = EEdAME FE ATl
(antioxidation), &$f(anti-cancer), ¥ < (immunity),
inflammation), =38} oll®, X|u] o, AFTiA} S,
diabetes), A& & ¥ (hemostasis), TH 77 Sl &5°]
B 7= A tHHewlings®} Kalman, 2017; Um %, 2021).
2 A2 AFHle] A A 54, Z Gy X
et Rash g2 A Ao} =7
I A3E A3 &AL UTHBurgos-Morén 5, 2010).
A A FEAAS sHFeE HRES T A+
A2 (in viro)y FEAFAA W AE; in vivo)2] 2
719 FALglew A ARV Ay o/t 8 EA
AU Aoz AHBEATE A JAAAEAIE 2 A E
Ag)do] HEaitta 488 Wl Utk AAE A
gk AP Estal AFYe g

= =
2184 &2 )71 (mechanism)S o}
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o 2 5 e



510 =2 E 388 x] A 53 WA 5 & (2021)

2000-
4
= 1500- 1468 1450
E 1253‘275‘WZ13231221 1240
‘v 1152
S 10004 -
e
g . 765
538
g 5004 «8 47
= e 2
164
101331263739‘56487789999134
0 ] L] L] L] L] L) : ] L T T L} L] L] T T T T L] L] L] ) T T T T L] L]
D D SV P D O G DD SN I R A N R T T T R TG TY
R S B O AN A AN AN A IS TN AR TN AN AN NS T
PPV P PR PR PR PRPP P PP PP PP PPP
Year

Fig. 1. The number of articles published in the journals on curcumin during 1990-2020. The number of articles per year was retrieved from
SciFinder by searching for the title “biological studies on curcumin” during 1990-2020.

sitt. olof wel m= AFLFEFHFDANNE AT A
H JAAFEAE B AR At vgsitke ol fE AR
S 7P & XS (fake cancer cure)’Z At AHAF oF
AR AGA] &3 JthThurstonZt Pysz, 2021; U.S. Food and
Drug Administration, 2017).

AR A A S AXNE FES AT AHE o
# AR Eo| 4stAY FAse FH olfe AFY IjE
ol: 1) sfE oz Bgstal, 2) & tigh &3l=rt w9 w2,
3) AESE o] &L (A 0)&-E; bioavailability)’} WL, 4) thst
QARHEEo] E348tal A2 o2 ST 358 Helves A
o]th(Ireson 5, 2002; Metzler 5, 2013; Nelson %, 2017
Pandey 5, 2020). ©]2]st 542 7AFH sgHEo] AlFAAY
715 BN 3PgoA 7Hd8}5E (interference compound)Z 21-8-3)
o AFAZH Aol FE3 A AAE 28, sAl &
ALE AANAEAE F DA FoNNE dido] Aojd A
£ ZHs] w2l oofge] 2 4 vk s th(Nelson 5,
2017). ©]¢} ##A3le], Mayo Clinic (Rochester, MN, USA)2]
Giridhar BPAbe 7RIS o X84t ool 34 vkl 24 0]
g 710l A SA7E vkl S THGiridhar, 2020).

2 SN e A7 A- AFRL] A A7 fad
AHE AFEol sl B 7EA] vge HS Adeta dos A
T WIS =gt} sl

4

7i70le| stEiy S

AFNLE HE2kKferulic acid)®] A (derivative)2X -F7]-8-)
AME A& AEH enolketo form) 2 EA3}aL, &M=
thol A B3 (diketo form)O.Z EA|3l= E W ©] 4 A A (tautomeric
compound)®©| TH(Fig. 2) (Heger 5, 2014; Manolova &, 2014;
Priyadarsini, 2014). 717%1& FFH e e FEE
£ ATz = (curcuminoid) 22X 60-70%2] A AEH AFY,
20-27%2] YW E-AAFY (demethoxycurcumin), 223 10-15%]
B AT EA] A7 (bisdemethoxycurcumin)©] 2 gH-5o] ATk
(Fig. 3) (Nelson %, 2017). 28|22 71go 2 HE dojx AF
Ul FE2ES AR F& W) ugt AFYe AL AEYH
tolAEY sHolddA Y v HE = (equilibrium
mixture)Z AT 5 A3, AAAEAE 2 I FAAE A
SAEY AFH, UHIEAAFTR, HZHHEAAFRICZ 14
H AFrEels EFE] AREE JlsAde] AtHFig. 3). $H,
HIZole AR 53 F27F A HEZSlo| =2 A7

(tetrahydrocurcumin)e] AFF A8 oh2 Agsbd 7)15S U
WE Ao HIEATHWoo 5, 2020). 22122 A4 A}
&3 AT o] 100% w==o] AF(EE oH shehEo]
Ayl olveta Agad, 524 59 A¥ Ayt =3
EX3} tE 4 Q7] "ol ol& st Ade AAY da

7F At

7170l Mststy o

AL 2 EZAA oA (lipoxygenase), 217F=(ligand), Z}1Z
22717 (radical scavenger), @212} 7}3}H] (nuclear factor kappa B),
Alo] 231 A| YA -2(cyclooxygenase-2), QJEIFZ] 8(interleukin 8)
5ol #oJste tsAl S Y7 Z(multiple signaling pathways)2]
A A (inhibitor)Z L&A ATHGupta 5, 2011; Ireson 5, 2001).
AR ARAAET FEATANN FIF 25, I 24,
RS Y 55 Uepllen, 1 Qe s, FAA, Je
AAELE, IXHA 59 AAEA S FEAEE THRIE A
o7 HIEAHHewlings$} Kalman, 2017; Pulido-Moran 5,
2016).

dutH o2 A of HofollA AETH ol E HUIE o T8
gl 7R QA E  F<(absorption), - E(distribution), THA}
(metabolism), Bl (excretion)©]t}. AFTL o]& H] 71K Q49
g PEE SFER ERETNelson 5, 2017). AFR S¥HE
o EAlete ASAEFL slstH oz EQbyety #al=r] 4
3 (Heger 5, 2014; Priyadarsini, 2014; Wang 5, 1997), =843 °]
- STh(Stohs &, 2020). AHALHA FELAPME AFY
o] QB olgx= Bt 1% WAL, AFY siekEe] o
ARHEEC] 7= AETH &4 (biological activity) TEgt ZHz}
OE Ao 2 o= Atk Heger 5, 2014; Nelson 5, 2017; Yang
S, 2007). o] o] EQPESaAL vk QBT olgEE Zhe=
AFHL A A (bioactivity)ZH2] 7114 (probability)o] A HFH S
2 gta & ¢ o

K SigrEEM 7R

H AFNLS H F4 A st¥=(pan-assay interference
compounds; PAINS)3} F& ¢ tjA} ¥h8%5X]K(invalid metabolic
panaceas; IMPsYll &3h= 322 EF5 2 Jth(Baells}l Walters,
2014; Bisson 5, 2016). |5 PAINSE Al@# 3= SEA A
A& BE(sample impurities), 384 8- (chemical aggregation),
Z o] E3}(chelation), dF&4kA YA (singlet oxygen production),
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Fig. 2. Structures of tautomers of curcumin. (A) diketo form in aqueous solution and (B) enol-keto form in organic solvent
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Fig. 3. Major curcuminoids of turmeric extract. (A) curcumin (60-70% of turmeric extract), (B) demethoxycurcumin (20-27% of turmeric
extract), and (C) bisdemethoxycurcumin (10-15% of turmeric extract) (Nelson et al., 2017)

2+3l3td A (redox  activity), 3H3HE 3 & ¥ (compound
fluorescence effects), B T} (membrane disruption), TH&3}e] H]
A9 A 83HE W34 (nonselective compound reactivity with
proteins) 3 2 7] Q4 ofs] AF A 2 AE %
ettty B EAThDahlin 5, 2015). °]o <At 3=
ojm] B E B =w AFRLFR FEHPANAM o3t
¥ & (intended targets) A ES}F ZZo AFT 3gHE] 2
Sithe 283 3, BaE AFYY A A4 Ao f=
4 AE A3t Aol BEsAV ok A4S thBaker,
2017; Giridhar, 2020; Thurston3} Pysz, 2021).
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EJTH(Cas®t Ghidoni, 2019; Vareed 5, 2008). fE3h, 7743+ 12
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Aol AfFRle]l HAEFHATH(Vareed 5, 2008). ©] A5 AT
wlo] AESA o]g=rt v Hrhe S S Stk(Ireson
5, 2002). AFRe] o x|29} AR z\]leJerﬂoﬂ/qL AL =
g FalMe 22s] o#E FE 5-50 uM FEOIA = A
43 %ﬂ ZANMTE A E7T APEEATKSyng-ai 5, 2004). 7]
AR o] 43} B 7oA ThFE tiAL HHE AA 7H
D}(Pandey %, 2020; Pluta %5, 2020). Wb TEES] AFUL
AT AFAsHetE ol ME 2F A Fofnst A4S 7t
X]~ FEE gHs] oHE F Ak 53] A=TH ol&=rt

27] &l JAAAEAH B LA HAAN AFTVE A&
01%’7%} E7slthe Aloke o5 &% H7F A7 Fof 29l
o] & 4 AUtk

ZAFRlo] QA AWl F= JdE
N E ] FEARA B r(review)dll oot AWl XBAE AF
W& 19 87 AHE & U= WeFd(tolerabilityyS Zb= <t
Ak SRHER @ﬁxlx] T, A ih"ﬂ gk 7124 wAUE
St drke o
Aol Xl@ﬂ?iD}(Gupta 5, 2013). EE?&, NIH “clinicaltrials.gov”
9] “Turmeric — Dietary Supplement’ollA+= AFT #HH F
13870¢] IAE ZRAE FoA & elvte] RE Zo= 7]
E5Th ¢5E Z2AEM=E QIA7F A, AlsliEY A
(oxidative stress) €3} &3} 2ol ot ‘,’.?%—% MAsE ade=
ZFERA W] W& A AW X5E A AFVY A+
Fof 3}8}2 ¥ (chemotherapeutics; chemotherapy)-ﬂ 7FsAe A
8] Y B o ity Aoz AAolx A=A o]l gxrt
@ AFN sES MHAEE AT v 28 QA 9%
oA FrE & gl7] mliEe] FgUAZ AHs] of L dadolrh

AAHEAE 2

Ox
[
rH

ag <l
Z

O{l

o

et SHIA|A (hormesis)

T vlo]AZ A (microemulsion), FF]ZZ 2 (microgel), Yt
3=of| "84 (nanoemulsion), &]3E%(liposome), 7] (micelle), AJZ2]
1} 9 ZHbiopolymer  nanoparticle) &3 72 AA/A Y
(formulation) 7' ATES 840 *2 AFH =9 &
F=E FIAA A Ul AFVY FEE =Y F JdE 7N
S AABZ thJamwal, 2018; Kanai 5, 2012; Kanai %,
2013; Purpura 5, 2018; Sasaki &, 2011; Stohs ‘5, 2020; Stohs
%’_’ 2019)‘ o] 7]%%0 x_%l%% OLOE 0431 EU/\16‘4 O];@]]Z‘]_Q_
Al @ XA A AFRIY AEEE o]l EES 7H1\4 3t 74
FRe] 1A BeS AHE 73E AT AL

3] H2 UFHL e THAIL - g §EE] %:Ec‘ﬂ A
Aslsra whgo] thEA vehvs A4 R, AsTolA A=A
2 g3l FEs 235 AT dsolAe 54 Y

£ ol &% WHS(biphasic dose-responses) — o] AT
2 E tPH (Calabrese®t Kozumbo, 2021), AFTL] A A7 &
248 ARy v ZLst A A AR s A
o= diddnt. aejug fueHent ot OV‘]O} R
ﬁ%@i AP ] AR el AF b/ A &)
1A FEAol A A3t o) TS Hes] WE o] XA
Bs Ziii 71 gt

A 1000 W7k 9] tee] Sl 19 33 B
o] AR A FEAC] B AT =EE WEs
A 34 ARE AT QA A% fEA B3

T =7 st Qs B ARl tis) o] ekt
AF ek AFE] G5l A3 oy T A Al @E 3] 9
ME Z1xASE VIRer TS FeHola g ow 75
el gk S&AATE FEY Fae] vk 2o AFR
of #3F Aol AASIe] “Nature”®] Monya Baker HY 27T gt
£33 AsE A-8-$Hh(Baker, 2017).

“Now, in an attempt to stem a continuing flow of muddled
research, scientists have published the most comprehensive
critical review yet of curcumin— concluding that there’s no
evidence it has any specific therapeutic benefits, despite
thousands of research papers and more than 120 clinical
trials....”
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