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Abstract: The fact that substances derived from plants have beneficial
effects on our health is well established through large-scale epidemiological
studies, preclinical researches, and clinical trials. These plant substances
are known to show beneficial effects related to almost all health issues,
including anti-inflammation, anti-cancer, anti-obesity, anti-diabetes,
anti-dementia, anti-aging, and anti-viral properties. However, the exact
causes and mechanisms by which plant-based diets or medicines commonly
exhibit beneficial effects on human health remain unclear.

Currently, about 50% of the pharmaceutical market is based on substances
obtained from natural products, highlighting their importance in drug
development. Interest in and research on the health-promoting effects of
such plants have been ongoing for over a century in both the
pharmaceutical and food sectors, but specific substances responsible for
these universal health benefits have yet to be identified. This paper will
explore the relationship between flavonoids and chlorophyll derivatives,
which are present in almost all plants, including seaweeds, focusing on
theirl) anti-inflammatory and anti-cancer activities. Additionally, we

summarize various plant extracts that down-regulate Transforming Growth
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Factor-beta Activated Kinase 1 (TAK1), a signaling molecule that plays a
crucial role in inflammation and cancer cell survival. And we suggested
this TAK1 down-regulating activity as one of mechanism for the general

health beneficial effect of plant-based diet and medicine.
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staitets O d@asE Hole F%7t li(Bouhlali 5. 2020), ¥@&3} 50
+ Ot J4tet 2t Qo= o 71Ao] e Ax YA AoH(Corsi 5. 2023)
S5 Foramtt PAslo R AHER 9t wHo| ok 5, T Pakst 24
Ql HIERRI E, BIEIR] C 5 A% FAerEA =0 dioiAe eyt gittes g9ax
A A E Ueb QtHLippman et al =, 2009:; Al-Shukri £, 2024). &, &9,
T 2F ©est ket sugto g = MYEA] ¢t B70] U= Zlo|oh. mhEbA]
ol 285 &§ 719 Z& AlEd 3EAC=® EXsty Fitel aietE 2= Aol
ohUet ¥, A G ol 2L mAstel A4 AojopEe] Molxk 717
5% &ato] Pelg FAsturt k. @A ol £ WESE ARL Zepuy
ool Z2zeWol geist How Aag

= Fo= A F2t¥:o]E(flavonoid, FL)E

AAleEL Qltt. FL2 tif29] AlZo] EAlsty tiekst feA|s0] 38480z Hoj
FErIE AlEol e 583 aE AYstrlo AggstthKnekt 5, 2002).
2954F ol UFo] 542 4 Aoy gt A=A e Ae
A tH(Middleton 5, 2000). @A & AoA= FL & 7Y ©ol

ASL Y02 &g A oHE A% FNAUE LobE o]

et I4 AE AAOA 245 s FL2 4o @Fols o M2 UsHU= 548
Afet efQl Sol= Wol dREo] o fxAozE 3749 1
2] &2 O]FfofAl °oF 400 Da’d =9 Af2 wAtolt}. 7] & E 2709 Hl&ae]rt
pyran o]t} pyrone 12]2 AZAY fLx5 Yetth(Figure 1). 0]=QlS 7|&o2 &
i o2 300 mg AE9 flavonoidS AFstcty dai™ 9 i(Bai £, 2013), 7H&F
o] MdFst= FL2 quercetin, catechin 502 42X Qlth. FL2 R & AlZHd Al

o

ol 2= o] AR dRtdoz xS Sl 7MY ol F4Ee Jem d2A

OH

HO

< uercetin
5 4 OH o Q

Figure 1. Basic structure of flavonoid and the structure of quercetin
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FLO| gt iRy & A oi(Middleton -5, 2000). Apigenin®] 7
2% U Aol EFIRIY YYL RSt WeNLEe] e o} vy
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ALgstel Wolautg Holt 7o uuegc,
FLo| Fdautel 124 5742 v|usto cyclooxygenase-22] WHl-2 A&l|sh=
Aol A-ring® 7¥H OH-7|, C-ring® C2-C3 o]&ZAgrt 4-oxo group, 12
B-ring®] C3’, C4'o Yx|st -OH 7|7} & Q3t ALZ sh= Aoz ZAE7|= 6}
CHFigure 1 #&1; Shamsudin 5, 2022). SHX|gF o]59] #r87|A o Cjjst A&t
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(2) 2223 Chlorophyll (CHL)
vyol 425 T2 SlAR ol27] A BER R Aot
(chlorophyll, CHL)o]t}. CHLO] 7|52 THs] FFolM de »ste 7]solt.
-G o] CHLO] s=olZle o= 7HA] & 2|
(Ferruzzi & Blakeslee, 2007). 3Atst dt=dwol|, oAM=, &, T2]1 §8|gh
a9t52 ®olETh shAIGh AlZOIA CHLE 9ol &8sk gl o
3

| 2272 Fg=o HAAL e

rlo
r|o|:
ol

AX
Aol xRl FFE gotE 1 71HE Aot 84S SEAoR ASohe
Zlo] g g5ty A=t
CHLZ Alg2 =& S&F. 4% gEjotoA AN /oA duxlE &4
st= £ast 93 g9ttt CHL2 388 cs A4E 2T pyrrole group 47
2 /4% chlorin ring 25 23 Qlotf, 7P &5 $dH= S/ 2222

fun
2

a(CHL a)o]tHFigure 2). 7120 Mg2+ o]&o] 20 il isoprenoidZ2%§H Ur=

Al phytol #2]7} &0f QItt. o] FAt= 430 662 nmo| XS A F45t0 I

of UxE A&ttt
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o K\I/\AKVY\/\( M;\\  Pimophorbidie Phytol

Figure 2. Structure of CHL (a and b) and Schematic drawing for its conver

sion pathways to pheophorbide (Martins 5, 2023).
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CHLE AMA 92] ol & E484 %t 2102 LA 9lck. skAlg CHLo| 43}/

15 =
= AUEA geA HYS AR H A S48 dEHiE v Fe0t o 2
HEAQl H27F chlorophyllide, pheophytin, pheophorbide AZ AMX 173"' oF

g owollaa 22jn ujdEol ogt Zali7h o] ROl R|H A E}L}é
micelleo] ZIFEAY o Y A Fof ASE S0 QA
(Figure 2; Hayes and Ferruzzi, 2020). 3t AlZ oz AMF|st wj 717?]% 2
ol oelid Frgo] Zapd 4 9l o] Bgats SAlolLt AR olsiHE
80 22t2 4 AHChen and Roca, 2018). 2&Aozes AT 42 47
49 Se) 8o FEe ¥l CHL Ex GEA] 420l :
et

TetA 5 &Rl CHLY A7 Ul Ale '3t AR olgjst &4 REAIE
Ol5f UERFS Zloltt. CHL §&A9] AMEstA &2 22 chlorophyllide®] Cu2+
F = Zn2+ 2%, pheophytin, jEJJ_ pheophorbideS £Al0 2 lk]o] Qtct.
A Aol g, W Fuln, A, FLLE S g BHL At gom
oreix| 1 gl ogo] ofE Moz of -

Ul g5 s Clel St 531 YNgA g U
I ER L

Al u7} gk ol

=] 4R = g otolazutolgole] @i
= Alzxy Aodg Fdro 28 52 /o= A5%t =+5°] AtHNagini
2015).

(3) AeFE==0 AzU Aodgd o ujX]= 4
JEAQl FLolgtal & 4 Q)= quercetin, apigenin, luteolin, 12]11 kaempferol

Z
3% FEer3o Sast 925 St NF-kB INK Al 5 APHsh=
A dtHBudhraja =, 2011; Nisar £, 2023). NF-xB= #HH ¥he
Aazd AsAg g@aoly Eot fAo] AEAeo: LRI Zloz deiA ot
SHAIRE NF-xBO] AU &/deittor E4t anbs |Lst7|qll of2fgo] Qltt. o
+ NF-xB7} Y& @2 Afdgol] dAsH] diZoly otr] &7 &/do maf Al#A
oz ofgA oA 2ZEEA] olsistA] &s5t7] m#ol”| = sttt webA NF-xBef
I 2R2EHE e AsAguol FolVtd Tt A e Zitss e Ao
2 Atgdth oM AdgstRxol &8 FF, dY 2E Hole FLY avt= N
F-kBet JNKO] FA|AQl XS Hlth NF-kBt INK& 2 A= & LHAA
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Ao} olF2 FTEAeER Z2AMst:s A=Y AlsAE #A= Transforming
growth factor-beta Activated Kinasel(TAK1)7} &2iA QtHFigure 3). TatA] o]

TAK1of] A-gst=A] 24 FotEs Zlo] &4, I 7IdS olslist=d $a &

ME Al Aoz ALE T Min 5(2013)2 ASTAIER] Larrea tridentatadl| X
Z&% nordihydroguaiaretic acid(NDGA)7} TAK19] NZ=UW ArEZFS FHA| 7HAA]
Utk AMIS BustAD, ofF 7152 ohE AZAE TAKIY g ZAaX7ls
2749 EAE YotE = Ao RIPE .
TNFR1 IL-1R TR TCR TGFBR
] g§
! i By I\ff
TIRAP [Ac:lmnlnﬁ\
@ R C= e )

\\‘
i [oamcje
' E3a

538, JNK, ERK ¥

Figure 3. Activation of TAK1 signaling pathways by various
receptors.

TAK12 19959¥ Yamaguchi 5(1995)0] 9Jalf A2 &=2{%l MAPKKKS] stubz o]of
Al Ao A TGF-beta® Al AP & 583 &4 Ao JoM= 1 F
Qo] AKX QItHFigure 3). &, TGF-BR= =& TLR, TNFR1, BCR, TCR,
IL-1R9] Al &0] 2% TAKIS o AZHOUE AMdE = & o I+ At
TAK19] &4sle A2 INKS} NF-kBE olo]d 9Zul3e 21071 oiyze] &
A5 2 Ar235H7]= StthRoh 5, 2014). o]of] 71&35te] 2o TAKL AAAZS o]
g3t BAY AEAl, FAF, FAFe] o] st AR QcHTeramachi
S, 2021; Damhofer 5, 2024). 37Xl L2X TAKL dAAFAZ=
5(Z)-7-oxozeaenoldt MG25(Tan =, 2017), Takinib (Totzke =, 2017) So]| 7l
glo] il o]F9 FE=AEE TAKI inhibitor2 7HZE 1 It} o] AFAIZS] 7HY
< = H2 GBI R ojojd FUHA HPIR 8A|, dHH FEA, myeloma A]

24l o= JHEdS A&YstL Aok &, ot A== TAK1Q] Aoj7F TNF-o.9]
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Table 1. The downregulating effects of various plant extracts on TAK1 protein

levels in cultured RAW264.7 cells. The ethanol extracts of each plant were treated

at sub-lethal concentrations for 10 hours.

[*: If the effect is at the same level as or stronger than NDGA (+++), if the effect

if the effect

reduction is observed (+), and if there is no effect at all (-).]

is slightly weaker but still significant (++), is very

weak but

a

*
_ Plant Species Name (Korean TAK1 reducing Used Concentration of
W35 EtOH E 1 Reference
common name) activity t xt. (ug/ml)
1 Artemisia princeps . NA HeY, o5,
Pampanini (%) 0|4l (2014)
9 Plantago asiatica Linnaeus NA HE&Y, ors]le,
("A40]) o|g4l (2014)
Crepidiastrum sonichifolia 499, ots] 9,
3 (Bunge) Pak & Kawano + NA
(mse) oAl (2014)
A=
Dendranthema zawadskii var. 299, ors|e
4 latilobum (Maximowicz) ++ NA o e
_ o|g4l (2014)
Kitagawa (F12%)
oA orslAl
. . v o ’ o = O
5 Salix chaenomeloides (ZH<S) +++ NA
(2016)
SAL oFalA
6 Salix gracilistyla (7385 +H+ NA et oese
g yla (7A85) (2016)
QAL oF3A
7 Youngia japonica (#.2]4jo]) - NA 0(201; ©
8 Atractylodes ovata (%) - NA A, FAA
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(2016)
e, FHA
9 Rumex acetosa () ++ NA (2016)
wdk, FHEA
10 Rosa multiflora (22]) + NA
(2016)
1 Dryopteris crassirhizoma 92 4 o|x9, x|y
Nakai (%) ] SA|¥(2017)
. o o|lzq, w1
12 Aralia cordata Thunb.(5%) +++ 46.8 ~
$R1¥(2017)
13 Lindera obtusiloba Blume . 23.4 o|x9y, urx|y
(ABEY=) ] $-X]#(2017)
1 Pimpinella brachycarpa 234 o4, ¥X Y.
(Kom.) Nakai (1) ] 9 x]§1(2017)
5 Weigela florida (Bunge.) 93.7 o4, ¥x 4,
ADC, (F28E4%) ] SA1#(2017)
Suaeda japonica Malkino ZgA0l, o]z
16 (el %) * 313 2018)
= U=
Carpinus turczaninowii ZA4l, o2
17 - 7.8
Hance (AAJUE) (2018)
8 Calystegia soldanella (L) ) 156 gAgl, oz
Roem. & Schultb. (Z10Z) ’ 2018)
19 Flaeagnus umbellata Thunb. 195 ZAQl, o2
Halps Ui ] 2018)
AUl o|x L
20 Mentha pi uks +++ NA °oY =
'entha piperascens (8}s}) (2018)
; FHY, olxe
21 Metaplexis J { ELESY) - NA
etaplexis japonica (8t%712]) (2018)
Aconitum jaluense Kom gAgl, oz
22 ) - NA
) (2018)
Carpomitra costata
23 (Stackhouse) Batters 1902 et 15.6 249 (2019)
(29 #H)
Sporochnus radiciformis (R.
24 Brown ex Tuner) C. Agardh ++ 31.3 7249 (2019)
(Zgvd)
Pachymenipsis elliptica
Hol YAMADA,
25 ( On.les) L + 62.5 a4 (2019)
Grateloupia elliptica Holmes
(=4h)
3. 28
A2 dhlo] 7MY FHYste AYom oA ol st AFYAL vlgo] A|d
A AT A% 1908 SRSt 9u, goRE 1, #Yed 59 oz oY
271 o] et (Rl B4R e-U2ZHK| R SHO|A]). o] &2 Ad 50 o]
Q ]
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