"m Check for updates

S 3] A
Kor. J. Pharmacogn. 56(4) : 211 ~ 225 (2025)
https://doi.org/10.22889/KJP.2025.56.4.211

= M
o =

3}
oF

o atgt nFE
,2,3%
AT, SFEEAN S 2 EREH AR T A

A Review on Immuno modulatory Mechanisms of Persimmon
(Diospyros kaki)

Su-Yun Lyu

12,3%

!Department of Pharmacy, Sunchon National University, Suncheon 57922, Korea
’Research Institute of Life and Pharmaceutical Sciences, Sunchon National University, Suncheon 57922, Korea
3Smart Beautytech Research Institute, Sunchon National University, Sunchon National University, Suncheon 57922, Korea

Abstract — Persimmon (Diospyros kaki) has been traditionally used in East Asian medicine and contains various bioactive com-
pounds including condensed tannins, flavonoids, and polysaccharides. This review aims to comprehensively examine the dual
immunomodulatory mechanisms of D. kaki-derived components. Flavonoids and triterpenoids exert anti-inflammatory effects
through NF-xB and MAPK pathway inhibition, reducing pro-inflammatory cytokines and mediators. In contrast, polysaccha-
rides exhibit immunostimulatory effects by activating macrophages through MAPK signaling. In disease models, persimmon
extracts demonstrated therapeutic effects in atopic dermatitis, ulcerative colitis, and immediate-type hypersensitivity, while
enhancing host defense in tumor and infection models. These findings indicate that persimmon possesses bidirectional immune
regulatory properties depending on pathophysiological context, suggesting its potential as a functional material for immune bal-

ance modulation.
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Sh= o]tk DiospyrosEolli= H AlAIZ =2 400F o)do]
N, o] F D. kaki, D. virginiana, D. oleifera,
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7118k} 7 CTe] 2% FEHE-3-E(flavan-3-ol) TH1A17F
T8 FHU=Z, 8 4 2= T 77 (epicatechin;
EC), |3 227} 7] (epigallocatechin; EGC), ol 3] 7}E|71-3-
O-Z+d| ] E (epicatechin-3-O-gallate; ECG), |3 227} 71-
3-0-Z# ] E (epigallocatechin-3-O-gallate; EGCG)7} 2.3
HAER 015 A4 T B 2,3-cis ¥ 74 H, 2,3-
trans FENQ] 71EIZ] (catechin) B Z-Z 71871 (gallocatechin)
7+ 8ol AEHA] Ut 7 CT= A Z3H(A-linked)
o2 A4H 3= 242 UKhighly galloylated) T35 7F<H,
Ut @92 v M "l (myricetin)e] AYE 553 724
£38 HelthW

olggh CTe| T F2ol wt olsict. #5 7+ CT
S vt A}, PONA F8<1 ZFH(D. kaki Thunb. ‘Jiro’)
3} FV=(D. kaki Thunb. ‘Mikado’)e] & CT g2 2zt
19829 2 22723 ug/10 mg AZFFOZ, PCA E22] 'Q
S (D. kaki Thunb. ‘Yokono’)'(3,114.3 ug/10 mg)e} ™ok
AZTERYAI(D. kaki Thunb. ‘Miyazakitanenashi®)'(3,322.4
ng/10 mg)l] Blal &3] Wit} 53] EGCG o PCNA
L2614 645.8-902.7 pg/10 mgl2, PCA E52] 1,754.5
1,864.1 pg/10 mgoll ¥l <F 50% <=0l E-slsict. Tt
AY Aoz AAH = Z=UsKhighly galloylated), =
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on, A H O 7 sto]H| ZAFO| = (hyperoside; quercetin-3-
O-B-D-galactopyranoside), ©] A 2A] E & (isoquercitrin; quercetin-
3-O-B-D-glucopyranoside), E2]&H (trifolin; kaempferol-
3-O-B-D-galactopyranoside), ©F~E =} (astragalin, kaempferol-
3-O-B-D-glucopyranoside), #Z A €l-3-0-(2"-O-galloyl-p-D-
glucopyranoside) (QOG), 733 &-3-0-(2"-0-galloyl-B-D-
glucopyranoside) (KOG) % =2]<=H| % (chrysontemin; cyanidin-
3-O-B-D-glucopyranoside)°] 5g =t o] & Az|EH]
H12 7F QoA 202 g1 QFEAJORd (anthocyanin)© 2,
7R TEEe] AA o] 7]ojslE 8 A4 Aol
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SlojA EelE (HTHIRL, StolH|ZAl] =, o] A EAIE- B
Z=2ds} A2AHAHE wiEgA= 2281 high-performance
liquid chromatography-2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (HPLC-ABTS) £-4]ol|A &aks} gxjo] 1F
HEATHD 53] 22U 7](galloyl groupy’t A3HE ZEpH =
w7 Sk (coumaroyl) B HEZ Y (feruloyl)
Ao vjsl] =2 kst A4S vERATh)

FIRE|O0|E - 7}2E|:=o|Ex= 7] 34 Y] A4S
UERE 0 A4 gRoz sZH|El A (provitamin A)
2 s} 7)5S 7RI 7 e FHA 1159
7tRE=o| BTt HEEJoH, o] F S-EdlinlolEet
€l (all-trans-violaxanthin), =-E&#2~-FE)|<](all-trans-lutein),
S-Ed: 2 Ao}z el (all-trans-zeaxanthin), =-E#A--IH
EZFE (all-trans-B-cryptoxanthin) 2 &-EH > BFLZE (all-
trans-B-carotene)°] TFEEIATE? H|7A3} FZ-E (unsaponifiable
extract) 4] A3} B-ZH EZM (cryptoxanthin), B7F=E
(carotene), A|0}ZHE (zeaxanthin)©] 8 AEO 2 I
om, go]323i (lycopene) Tg-> F&ol whet AAgh 2fol&
1] Rojo Brillante' ¥-5(D. kaki Thunb. ‘Rojo Brillante’)ol]
M 534 ng/gl 2 A HE%E WA 'Sharon' FE(D. kaki
Thunb. ‘Sharon’)ol|A= w9 HEEJATH?)

7 e F 7IRE o= g FF 9 A Al
upzl Aolaitt. 407l FES R & dATelx F 7=
E]imo]= RS- 194.61-1,566.30 pg/100g A5 B9
), B-AHEZRIZ Aopzielo] F FIEE| 0| =9 37.84—
85.11%% AAISIATEY A& AR E 557](early green
mature stage)ll4] $14:7](soft mature stage)= 3ol w2t
Z 7I2E|ol= ghefo] oF 5,908 Sk AR HAlH]
$Ith2 T3k Rojo Brillante'@} 'Sharon' #£2] & J12E] =
o|= SRS 747} 2211 png/g B 1522 pg/gl & EF 7F
oA zpo]7}p AZ= Yt >

7+ FFRE| o) = B4k F (reactive oxygen species;
ROS) &715 &3 Akst &S vkt p-a-EDR,
B7I=Hl, gto] sl o] U5k (singlet oxygen; '0,) 2 &
=A< (quenching rate constant, Kqy= ZFzF 1.6 x 10°, 1.3 x
10° 1.1x10° M's'2, p-IHELE 0] 7P & 27 &

of| €k (ethanol) F=&2] olEolA|H| o] E (ethyl acetate) &
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S UERTE? gHA, o] $t Zt2 E] o] =7} Aol A] 7]
o< 13l HslA= AAHZA (bioaccessibility)o] T2
|, ZhE fAlEl H71eE ArolA A ARE- Al 28.9%,
A+ AR Al 7.7%2] BARZEES Bo A ol =
S5 JIRERE0|E F5ol fEle 2 o= YEitE B-
71287} BAHEZRS Z2H[E] AR H[E] A 79
71ed5p, 7+ 719 A1 200g AF Al BFAHA T 9-53%=
Algshs Ao = HAFHATHD

R - 2] 43t oM e s 843 TRt
FEEH, o5 F= HY ALY A SEEoE R
(heteropolysaccharide)ell 3 &g}, 7+ Qlol|A] E2]E tha+
DL-2A= #=2~(thamnose), ©}2}H]=~(arabinose), ZEE
Z~(galactose), AFL =2~ (xylose), 27" H(galacturonic acidyS-
24 04:3424:1.0.08% SHropH, A2FE] °F 16.7%7F
W&ol 8| 2 (methyl ester) FENE SA31c}20 7+ 244 f2)
e o2, TEe2(mannose), B, ZEFES,
T3 (glucose)= TAE SHZUERE HAEglor,
it FAFL 1.3x10° Daz YSHATH? sk 7+ 344
oA dehE #9S Bl B gk A Y2 A REA]
732 mol%=. 71 F-ataL, o] 74%, ABEX 7.1%,
ST 50%, AFDZ2 2.9%, Hie 23%, THe 22%5
SHsted AP A AgEEL T Yl thd(galacturonic
acid-rich pectic polysaccharide)] 542 LFepdT}?®

Z ohRe] AR Felek 75 2ol wet e WE
welrh o 3 #%l ohdFH DL-2A= 8.5x10° Da®] 4
2AS 7, a(1—4)- 2R H(galacturonan)S T2
St YR o-1,2- H=3]2keA] (thamnopyranosyl) 2H717} 4t
P FZ0]t} .20 o] Foll = olehv]-3,6-2 2 EH(arabino-
3,6-galactan) S3071 Hi=2 24719] 04 91X} AEFFE4F
Z719] 0-3 Aol FAlel] F-2HE o] 1o, 434 A= 2
77 S A ARSI Fi0] 04 91| F
] AART0 G4k 2 A o] a1EA) 252 345 kDa ©|
o] BAFS 7Y, =2 2 FEA o= Qs HEl
4 HRE FHEG

7 A RO 42 5 21710l wket A shA wskekt
o @Al(6Y), 271 5571(8Y), ¢=71(109)0l st
AoA R TRl 8- ZH7F 1.80%, 1.44%, 1.20%=
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Table 1. Major bioactive compounds in persimmon (Diospyros kaki) and their distribution by plant part. Condensed tannins are pre-
dominantly found in fruit, while flavonols are enriched in leaves. Polysaccharide molecular weight increases with leaf maturity

Compound class Major components Main source Structural characteristics Ref
Condensed tannins EC, EGC, ECG, EGCG Fruit Flavan-3-ol polymers, 2,3-cis configuration 12,13)

Flavonols Quercetin, Kaempferol glycosides Leaf O-glycoside forms 19)

Carotenoids B-Cryptoxanthin, Zeaxanthin, f-Carotene Fruit All-trans forms 22)
Polysaccharides GalA-rich pectin Leaf, Fruit Acidic heteropolysaccharides 26,28)

EC, epicatechin, EGC, epigallocatechin; ECG, epicatechin-3-O-gallate; EGCG, epigallocatechin-3-O-gallate; GalA, galacturonic acid.
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(A) Condensed tannins H

Epicatechin
(B) Flavonols

Quercetin Kaempferol

(C) Carotenoids

o

B-Cryptoxanthin Zeaxanthin B-Carotene

(D) Polysaccharides

Galacturonic acid

Fig. 1. Chemical structures of major bioactive compounds from Diospyros kaki. (A) Condensed tannins: epicatechin, epigallocate-
chin-3-O-gallate. These flavan-3-ol polymers contribute to astringency and exhibit anti-inflammatory activity. (B) Flavonols: quer-
cetin, kaempferol. These O-glycosides are enriched in leaves and inhibit MAPK phosphorylation. (C) Carotenoids: B-cryptoxanthin,
zeaxanthin, B-carotene. All-trans forms predominant in fruit. (D) Polysaccharides: galacturonic acid, the major monosaccharide
unit of pectic polysaccharides responsible for immunostimulatory effects. Structures were obtained from PubChem.
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‘g<ro] Ko met sl o), 8 w8 o] Wt At
#-2 7.3 kDa%llA] 21.6 kDa, 86.6 kDa® 27310t 271
57| R AEES, ol s, die s AR A,
ZAEEEA shefo| 7P &9k9 M| Fourier-transform infrared
spectroscopy (FT-IR) #2404 890 cm™e] B-¥jglizAlo]=
(pyranoside) A% F57F #EE FdeRERdl
(thamnogalacturonan-I; RG-I) 24 7271 o] 353 7154
o] A= ATt

o delA Ao Y wd, THEE, TIRER0|E,
o] 2 542 Table 19 QoFs1om, 42l st
S} Fig. 191 YERASITE. Table 914 B ule} 7to],
S8 gdS Ao, ZetHEe Yol = FEslo] F4

W AR 240] Aolas, R A% Bl nje B}
o] Z7kaHe BA4S eIt ol2i @ 298 4% A
B Aol wWelzd o) AEA waz vk 4 o,
ol AR 7o) Moz ¥ YU% Bl Fofeks F
2 2R, 0 oA oo ARweAle] gk 2
A4 714e waaT

RN W US| EXE 7|

8 OIX}-FHL} B (nuclear factor-kappa B; NF-«B) 41&
e AN —-NF-«Be B9 % 95 vh3-9] 4] AARIAE,
EZRFolIAM p65 (RelA), c-Rel, RelB, p50pl05 (NF«B1), pS2/
p100 (NF«kB2)9] thl 7H4] A0 = o] Fojxitt, v|&/]
’Jeol ] NF«B ©]13+= A2 W inhibitor of NF-«B (IkB)
Tl s Adtste] EANEH, kB 71U A (IkB kinase; IKK))
o3| kB7F QUAkskEH 17 €l skubiquitination) 2 ZZ
H| o} (proteosome) -3 7F F- =52, F-2]H NF-«B &7}
3 W= o]Fste] 34 FAAte] ArE FA%0 2 5
= % #2489 NF«B Alsdd oA 3= opekst
Al ol B}

& EFZEE(aqueous extract of D. kaki, AEDK)2 phorbol
12-myristate 13-acetate (PMA)ZHE] 253 0] (calcium ionophore)
A23187 (PMACDZE A}=3F human mast cell line-1 (HMC-1)
H|REA| 320 A] p65e] 3 o] 52 SJAISIaL kBa ol & AHe
ke Zog olwQlom, NF-«B-luciferase reporter -]
X% AEDK 100 pg/mL 2] A] PMACIe] o3l Z7}st
luciferase B/ o] F-oaHA 7Haetdnt ) 7 9 ok &
E-& PMACIZ A8 AR T 9227 2l Jurkat A 314
p652] & o]5-& AAlstaL AEE W p6s TS A8
om, FAl IkBa 3l & Assle &35 UERITE?

7+ H Z2hH 0] =(flavonoids from persimmon leaves,
FPL)}= H,0, (250 pM)E 2814 ~E 2 279] vhe-2
FoH| 5 MC3T3-El9]4] NF-«B/p65 HHS & |&4
o7 AP 7+ o] E]H Ed (triterpene) AJE<!
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FAZ 2 H(coussaric acidy?} ¥ E2]9 4 betulinic acid)yS A
At (lipopolysaccharide; LPS)Z AF+E vhg-22 T A
3 RAW 264.7914 TiBa T3l E SAISIAL p652] &) o]&<
2pekste] NF«B Als eS8 Asfistint. 53] WlEg|H9ike
nuclear factor erythroid 2-related factor 2 (Nrf2) H2E &4
3laf SRS AIAYORA-1 (heme oxygenase-1; HO-1) 2&lS
=393, HO-1 SAAI] tin protoporphyrin IX (SnPP)
A2 Al S a3t AR gl wet HO-1
%7} NF«B Al 838 G2 k= 202 geAict

b, 2] SEfr ol g ERfH| =S AD st
IkBo-p65 52 34 FH O R dlo NF«B ASHES a3
2o 2 AAIsh= AHF 7S 2 A o= AdkEr

TFARE 28| EMHE F|LIOFN| (mitogen-activated protein
kinase; MAPK) 2lSME =& - MAPK Ao HAZ2=
AELJA T 24 71U bA| (extracellular signal-regulated kinase;
ERK), c-Jun NZ&F 7]Uo}A](c-Jun N-terminal kinase; JNK),
p38 MAPKS] Al 714 =8 7|volAl (kinase)= T4 =™,
S A=l fJalf &dstEo] FF whE % e 2 3
AR e gt 9% 24dolA MAPKS] e dsh=
B miziAl ] Y S frieste] 22 23S 2Hfiske
W, WA= 22710014 MAPK 24sh= ti2A 2 €7 s) 3!
AL EFRRI FHIE FRlale] &3 Wl 7]5-S Zsleit >

g2 MZAM 7 e FEkE o= LPS = MAPK
rslE adpF o= AAgict. 7F 3ol 2] 3t quercetin-
3-O-B-D-(2"-galloyl)-glucopyranoside (Q32G)= RAW 264.7
AZAA 50 pM FEE A2] Al p-ERKE 78%, p-JNKE
90%, p-p38S 80% JA|3IAtE T Aol AZAE A
p-ERK 60%, p-INK 35%, p-p38 62%2] &4 &= el
Rom, I3} A (glycosylated derivative)?l Q32G7}F &
5} (parent compound)=. T} 978 MAPK A &4 X
Frite] JSEHAT?

T "HEPOME ZF F5E] MAPK 24 237t 81y
Atk PMACIZ 28 Abg Jurkat T @2ZollM 7 9 5
ZE(50 pg/mLy> INK QIRISHE ZH2A17]5L 819) 714R)
c-Jun®] QNAHsE AASIATE TY 794 ERK ¥ p38
S FES WA edof, 7 o FEE0] INK =2 of
gk AE g S vepd o] 8 =AU ol2lgh INK A= T 8
25 g5t oA 9 ol BT FHY slel AE YTt
sHd, 7 3= MAPK 425 2/4slete] Agz=
235 JeRth Eg 7ol Eeidt gedeRad |
(thamnogalacturonan I; RG-I) % thd-F(FDK-H, ¥A}3F
304 kDay= "R-22 RAW 264.7 thaJA A p-ERK, p-
INK, p-p389] QIMshE sk oA 08 S7AF] . ol
MAPK &/d3}= S ARIAHtumor necrosis factor; TNF)-o.
(7.491), 117 (interleukin; IL)-6 (9.680), IL-12 (33.241)<]
A F7Fet AA/EAUTE? o)de] A= 7] ARt 2
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0] E o] MAPK IA1E 53 P95 A&
T AEC] MAPK 84315 53 Wz 2H8-2 717}
IS AAKE

AIO|E71Ql (cytokine) Z=H — Alo] BT HAAM|Z 7+
ANFHALE vifste RN, 95 ¥h&2] 7HA, A,
FA AR dEE 7Y gt TNF-o, IL-1B, IL-6 52
AT A ETRRIS A5 Z2700A Y A Al v 4

o

[ [e)
WR7F S5 ool Aot 7 el AEES ol
%‘ 7ol me} Ato| 7RI AdS SAIsHA
d 95 Jepdnh O

A A 7 2 AEES AESA ARIETIR] &
HIE g3 o= oA|gitt. 7t Yol 23 ETHEd =
o|=21 FAEAR} WEL YA LPSE A% RAW 264.7
th2) M| oA TNF-q, IL-6, IL-1B2] EH| S T &30 7
JA| 5o, 0|2 st 3= NF-kB A= 2AIE 3 w7l
et 53] HEYYARS HO-1 22 53 #7179l &
S 713S JERATE 7 fl S35 whde] 7rEs
E A tiAA A BF Ak S AR o
Ask= o2 IRIFHATED 7+ o FE5E-2 LPSE A4
RAW264.7 T2 A| ol A TL-6 A4S #6192, PMACI
2 A" HMC-1 917k HIRbH| oA = TNF-0 & 1L-6 &
HIE folaiA ZAAIATEY T HEZ M e T o FE2E52
PMACIZ A=% Jurkat Al Eo|A4] IL-2 mRNA 2dg g3
o7 AAE9 e, o] = NF-«B & 9] 2t 2 INK 4l
S Ao} A=At

SHH, 7 el RS2 MRS 2700 Alel ETRRL A
e T7WIA S5 1Y 715 Asksith 7 o 8 o
Fe A EZofA Al E71R] FHIE FX1§HT. RAW264.7 Al
ZolA 7+ 8l thdF(PLEO) A 2]+= TNF-q, IL-1B, IL-6] ¥
HIE 55 9E3 02 J7MF0H, 100 pgmL E=A ©15
APIEFIR] G752 LPS M]3 AR <oll =St
ol gt Al E7IRI 8] TV ' FAR] mRNA &3
7eF 243} At o], thRT7E AAL oA dAAME &
dslE gl YSEHAT

o] Ail= 7 fEl RS A 24 2 Wy
Hgto) we} A BRI S AAISAY ST olF
X 395 Ve S BoFEr) EFEHE o] =9 BRdS
G5 2NA HAASA AllE7IRIS Ak W, ofd
Fol ZTtR o= AR Z0M Alo] EFIC] BH|E
15718t 3= Wole]] 7]o gty
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E2 (PGE2)= ¢}/ |=*Harachidonic acid) tHA} H=ZE 53
A== A w7iA 24 H5 vE-S w7l $H NO 2 PGE2
o] 3} AL T4 Aee] B AAEH, o]E2] A
A= HF WS ool B Q1 o] & 4 Uk ®

7 fi FEE E SFEES A2 NO BAS
QA= Ao HAFALE 7 TR FE25-2 LPSE A=
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T BA FEE0] S WA FEEC vla] o =2 A
2= YeERIEE )23 NO 94l &3 iNOS2] mRNA
g chlg bk 7RAE FREEFIO M, 100 pg/mL F=oA4
iNOS & o] AA 3] AAFJTES 7ro 2 HE Feld FAL
ik L wEYst 9] FU A mdoA NO AL
A& 0H, INOS LH-E mRNA 2 Thil g =3 1 ofA
A H Y

A ERIFATE b 2=A)
7l FZES LPSE ZAHH RAW 264.7 Al Zoll4 NO %
PGE2 A4S H|ZA} FE2F B8] 25k AT

2 frel AAEE0] NO 2 PGE2E X33
A5 wiA PSS 2ATeEH IYdFT aE S
Sz g} )

H|PEM[ZE &M AN — BT 3 (mast cell)y= SAIE A7
WE-S-(immediate-type hypersensitivity)2] 4 M|EZZA], ™
o FZE-¢(immunoglobulin; Ig) E7F 2318Hd =891
FeeRIo ZAget & a0l sl waPAd=w 2/dstE o]
e} (degranulation)o] T} gy A ollA] 312}
W (histamine), -hexosaminidase, AF°] 7121 5-2] w77}
WEEH, o] F 3B SAIY ARINEES] 7P T8 %t
A= g gk

72 FEES vTA 2] @RS Alsks AR
HAETh 7 A E5E52 1gE= 74414 2l E(rat) RBL-
2H3 VT 2 2 A=} ulf S B2 v M| 220)| 4] dinitrophenyl-
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2! B-hexosaminidase &S T EHOZ A5 oM,
A 24 T 724 9 NFaB & o5 A7 2 717l ez
FRIHAJLED 7 BFEE 9A] PMACIZ A= HMC-1
M Az A 32BN WSS 9AI513.2H, o= cyclic adenosine
monophosphate (¢(AMP) 571 2 A| W Zg 748} A
AT}, Activity-guided fractionationS E3 7He|710] 2 B4
o s FAEALG

7l 2elE JiE sehEe] g9 2] SE By
Aed, 7 EFEEETH 24 fx 82 5l 7HE o]
g 27] G Aoz TN, T AHdA 2Eld
Zeh o] = v 2l o] A 2A ER 2 3lo]H| & (hyperin)y
RBL-2H3 Al3zA] & Z}=ol] 2]t B-hexosaminidase W
2 8 A oE AL, AW 2w 3 3 ROS A
& JAlstkE Ao Z UEpTh o) doll A arEst 7 e
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Table II. Molecular mechanisms of anti-inflammatory and immunomodulatory effects of persimmon (Diospyros kaki)-derived
compounds. Low-molecular-weight compounds (flavonoids, triterpenoids) primarily inhibit NF-kB and MAPK pathways, whereas
high-molecular-weight polysaccharides activate MAPK signaling for immunostimulation

Extract/Compound Plant part Cell model Target pathway Key effects Ref
. Human HMC-1 Inhibition of p65 nuclear translocation;
AEDK Fruit mast cells NE-«B Blocking of IxBa degradation 3D
Human Jurkat T Inhibition of p65 nuclear translocation
PLE Leaf 111 m hol:; o NF-xB, JNK and IxBa degradation; Reduction of 32)
ymphocyt JNK and c-Jun phosphorylation
Mouse MC3T3-El Dose-dependent inhibition of
FPL Leaf osteoblasts NF-«B NF-xB/p65 expression 33)
Coussaric acid, Leaf Mouse RAW264.7 NF-«B, Inhibition of IkBa degradation and p65 nuclear 34)
betulinic acid macrophages Nrf2/HO-1 translocation; Induction of HO-1
Mouse RAW264.7 Inhibition of p-ERK (78%), p-JNK (90%),
Q326G Calyx macrophages MAPK p-p38 (80%) at 50 uM 38)
Fruit Mouse RAW264.7 Activation of p-ERK, p-JNK, p-p38;
FDK-H (fermented) macrophages MAPK Increase of TNF-a, IL-6, IL-12 39)
Permisson calyx Calyx Mouse RAW264.7 . Inhibition of NO production and iNOS
iINOS/NO . . 43)
extract (stalk) macrophages mRNA/protein expression
Persimmon tannin . Mouse BMDM Inhibition of IL-1p, IL-6, TNF-o,
Fruit . . 41)
hydrolysate macrophages iNOS expression
Mouse RAW264.7 o
y-irradiated PLE Leaf macrophages, Human Inhibition of NO, PGE2, TNF-o, 42)

HMC-1 mast cells

IL-6 production

AEDK, aqueous extract of D. kaki; PLE, persimmon leaf extract; FPL, flavonoids from persimmon leaves; Q32G, quercetin-3-O-3-D-
(2"-galloyl)-glucopyranoside; FDK-H, rhamnogalacturonan I-rich polysaccharide from fermented D. kaki; HMC-1, human mast cell
line-1; BMDMs, bone marrow-derived macrophages; NF-«kB, nuclear factor-kappa B; IkBa, inhibitor of NF-«B alpha; JNK, c-Jun N-
terminal kinase; Nrf2, nuclear factor erythroid 2-related factor 2; HO-1, heme oxygenase-1; MAPK, mitogen-activated protein kinase;
ERK, extracellular signal-regulated kinase; p-ERK, phosphorylated ERK; p-JNK, phosphorylated JNK; p-p38, phosphorylated p38;
TNF-o, tumor necrosis factor-alpha; IL, interleukin; iNOS, inducible nitric oxide synthase; NO, nitric oxide; PGE:, prostaglandin E,.
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sl on, Fuloh 19 A g SAkek BNk E &
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Table III. Effects of persimmon (Diospyros kaki) extracts in inflammatory disease models. Leaf and calyx extracts demonstrate
efficacy across allergic (AD, hypersensitivity), gastrointestinal (UC, gastric ulcer), and acute inflammatory conditions through NF-

kB inhibition and cytokine modulation

Extract/

Disease model Dose/Duration Key effects Ref
Compound
Inhibition of dermatitis and serum IgE elevation;
AD (NC/Nga) PLE 250 mgke, p Reduction of TEWL 47)
1-100 mg/kg, p.o., Reduction of ear thickness, serum IgE, histamine;
AD (DFE/DNCB) AEDK calyx 3 weeks Inhibition of eosinophil and mast cell infiltration 43)
250 mg/kg, p.o., Reduction of ear thickness and serum IgE;

AD (DNCB/DFE) PLE 4 weeks Decrease of IL-4, IL-6, IL-13, IL-31, TSLP mRNA 32)
Allergic contact PLE 250 mg/kg, Inhibition of PCA reaction; 47)
dermatitis (PA) p-o., 31 days Th2-selective suppression (|IL-4)

. Reduction of DAI; Decrease of IL-1p and CXCLI1
UC (DSS) Persimmon CT 4 weeks mRNA; Increase of Bacteroides abundance 41)
. 2-5 mg/kg, p.o.,  Attenuation of colon shortening; Inhibition of
Uc (DSS) Astragalin 7 days NF-kB pathway and IxkBa phosphorylation >1)
Immediate-type hypersensitivity . Inhibition of PCA and systemic anaphylaxis;
(PCA/ASA) AEDK 1-100 mg/ke, i.p. Similar efficacy to DSCG 3
Imme(.h.at.e-type Persimmon 1-100 me/ke, p.o Reduction of rectal temperatgre, serum histamine, 1)
hypersensitivity (OVA) calyx extract total IgE, OVA-specific IgE, IL-4
Acute inflammation . 93.98% inhibition of paw edema; 89.54%
(carrageenan) Naphthoquinone 15 mglke inhibition of histamine-induced edema D
Acute inflammation PLE aqueous 200 mg/kg 59.28% inhibition of paw edema 61)
(carrageenan) fraction
Pain (tail flick, writhing, PLE aqueous 200 mg/kg 67.74% inhibition in tail flick model 61)
hot plate) fraction
Fever PLE aqueous Reduction of body temperature from
(yeast-induced) fraction 200 mg/kg 38°C to 36.65°C at 120 min 61)
. Persimmon 4-8 mL/kg, p.o., Reduction of IL-6, IL-1B, TNF-a;
Gastric ulcer (ethanol) fruit extract 10 days Inhibition of caspase-3 and NF-kB expression 62)

AD, atopic dermatitis; UC, ulcerative colitis; PLE, persimmon leaf extract; AEDK, aqueous extract of D. kaki; CT, condensed tannin; DFE,
Dermatophagoides farinae extract; DNCB, 2.4-dinitrochlorobenzene; PA, phthalic anhydride; DSS, dextran sulfate sodium; PCA, passive
cutaneous anaphylaxis; ASA, active systemic anaphylaxis; OVA, ovalbumin; DSCG, disodium cromoglycate; DAI, disease activity
index; IgE, immunoglobulin E; TEWL, transepidermal water loss; IL, interleukin; TSLP, thymic stromal lymphopoietin; CXCL1, C-X-C
motif chemokine ligand 1; NF-kB, nuclear factor-kappa B; IkBa, inhibitor of NF-kB alpha; TNF-a, tumor necrosis factor-alpha; Th2, T

helper type 2; p.o., per os (oral administration).
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Fig. 2. Schematic diagram of dual immunomodulatory mechanisms of Diospyros kaki-derived components illustrating the bidirec-
tional regulation of immune responses. Left panel (red): Anti-inflammatory pathway—flavonoids and triterpenoids suppress IkBa
degradation and p65 nuclear translocation, thereby inhibiting NF-kB signaling and reducing pro-inflammatory cytokines (TNF-a,
IL-6) and mediators (NO, PGE2). This pathway is relevant to AD, UC, and hypersensitivity. Right panel (blue): Immunostimula-
tory pathway—polysaccharides and tannins activate TLR2-mediated MAPK (ERK/JNK/p38) signaling, enhancing macrophage
phagocytosis, NK cell activity, and immunoglobulin production for host defense against tumors and infections. NF-«xB, nuclear fac-
tor-kappa B; IxBa, inhibitor of NF-«kB alpha; MAPK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase;
INK, c-Jun N-terminal kinase; TLR2, Toll-like receptor 2; TNF-a, tumor necrosis factor-alpha; IL, interleukin; NO, nitric oxide;
PGE2, prostaglandin E2; AD, atopic dermatitis; UC, ulcerative colitis; NK, natural killer; Ig, immunoglobulin.
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