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Immunomodulatory Effects of Jujube (Ziziphus jujuba Mill.):
A Review of Molecular Mechanisms and Cytokine Regulation
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Abstract — Ziziphus jujuba (Z. jujuba) Mill. (Rhamnaceae), commonly known as jujube, has been used in traditional medicine
systems including Traditional Chinese Medicine, Ayurveda, and Unani medicine for thousands of years. The fruit contains var-
ious bioactive compounds such as polysaccharides, triterpenoids, flavonoids, and saponins, which contribute to its diverse phar-
macological activities. This review comprehensively summarizes the immunomodulatory effects of Z. jujuba and its bioactive
constituents, with particular focus on molecular mechanisms and cytokine regulation. Z. jujuba exhibits bidirectional immu-
nomodulatory properties: enhancing immune function in normal or immunosuppressed states while suppressing excessive
inflammatory responses in pathological conditions. In macrophages, Z. jujuba extracts increase pro-inflammatory cytokine expression
under normal conditions but inhibit lipopolysaccharide-induced inflammatory mediators. Polysaccharides from Z. jujuba promote
splenocyte and lymphocyte proliferation and enhance spleen and thymus indices i vivo. The anti-inflammatory effects are mediated
through suppression of NF-kB and MAPK pathways, accompanied by Nrf2/HO-1 pathway activation. Polysaccharides also modulate
gut microbiota composition, influencing systemic immunity through the gut-immune axis. Z. jujuba regulates the expression
of inflammatory cytokines including tumor necrosis factor (TNF)-a, interleukin (IL)-1f, and IL-6 across various disease models
affecting the gastrointestinal, hepatic, nervous, musculoskeletal, and respiratory systems. These findings suggest that Z. jujuba
and its constituents represent promising candidates for the development of immunomodulatory agents with therapeutic potential
in inflammatory and immune-related disorders.
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Table 1. Classification, major cultivars, and primary use of Ziziphus jujuba Mill

Classification Major cultivation region Primary use Ref
Z. jujuba Mill. Asia, Mediterranean, Americas Edible, medicinal 2)
Z. jujuba cv. Huizao China (Xinjiang, Shaanxi, Hebei, Shanxi) Dried fruit 6)
Z. jujuba cv. Junzao China (Xinjiang) Dried fruit 7)
Z. jujuba cv. Muzao China (Shaanxi, Shanxi; Yellow River basin) Dried fruit 8,20)
Z. jujuba cv. Jinsixiaozao China (Hebet) Small dried fruit 9)
Z. jujuba cv. Dongzao China (Shandong) Fresh consumption 10)
Z. jujuba var. spinosa China (Northern region) Seed (medicinal) 11)
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Z jujuba®l T8 AW} FFom2E 7P e A Jaret
o) Al WAL 71 B Z(Z. jujuba cv. Huizao) 217 2] 2]
34 A8 F52 Z jujuba cv. Junzao,” &3} -4
A== FZ2(Z jujuba cv. Muzao),” Z12] 3 ThdH o]
85 = FARZ(Z jujuba cv. Jinsixiaozao)” 2 3 Als &
<2 Z jujuba cv. Dongzao'” 5©] ATH Table 1). 3H4, Z
Jujuba®] ©PYFA 2rZ20(Z jujuba Mill. var. spinosa (Bunge)
Hu ex H. F. Chouy> 5= 55 Ao 2 FxapH,'V 1
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AREElO] It B S = AElE F(Z jyjuba Mill.)
2 I FEE IR g Ao 23S BEH, Akl
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Z. jujuba T FYH 02 FHS A FO 2N, B
Sh=o] 55-85%% F8& T4 RS oIFH, FE 25-30%,
ZHNA 2.9-6.6%, 3 2.4-8.4%, ZAH 0.4-1.0%E &
fratal Aok =8 A Ao 2= HER] C (vitamin C),
#3542 (phenolic acid), Z2HE =] =(flavonoid), Ez|E]| =
Ak(triterpenic acid), TFa-F(polysaccharide), A}3£ (saponin),
3 7 QEI=(cyclic nucleotide) 5] HLEo] Jr}E
T FEIY AFofAM AplE 7 FE Z jujubas
213} Aol A | &= Z2] ¥ (polyphenol) $H#-E 428.5-600.4 mg
Al 571 (gallic acid equivalents; GAE)/100 g 21415
& (fresh weight; FW), & ZefR o= ghe2 159.3-230.3
mg/100 g FW= B =t F5 3 &4 dAlol o A
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Z jujuba®] °F2I8H Eel] Azt v AFoM = Fits)
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AA NS e a3t RarE ek
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cv. Jinsixiaozaool|A] 2% Ju-B-7 £8-2 2000 kDa ©|/d<]
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E2 4 (betulinic acid), &3] E4Halphitolic acid), PFEHAH
(maslinic acid), 22l|oF=4Holeanolic acid), -+-2Z&H(ursolic
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Jujuba EFE WFOZ 2345 AA|AZrE 1) 9] (ultra-
high-performance liquid chromatography; UHPLC)E ©]-§-
g AAA S Faste] oA 12F9] AEit B &
R 0|2 AE3 o, (+)-71El%] (catechin), |37}
71 (epicatechin), &l (rutin)o] o] F9 FAJo 7 Iz
AL, 20 FF AANA (H)FHIZIe] 717 F-sh ol 7]
FHNZ], FE, A2 € (quercetin) =22 FHrEo] AATED
Shi 5-& %5 WA A2 vlE 7)) 3] (high-performance liquid
chromatography; HPLC)E ©]-8-3l Z jujuba 2214 19
9] HE eSS AFsion, ZEhhE (flavano) i
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St Hashs 43S HolW, Yan 52 87 Z jujuba ¥
Zo] W g0l wE A WskE £A S A3 7R, o
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3% oA 7HAaghe ERISIATE Cosmulescu 55 43
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kst o] el Bt
AMEL —AlEdS EE|Ed B AR = H[GA| )
F AkEo] st wiBA sitEoltt. Z jujubal X E]E
2a2ke FEit FH e Ed 2 Alrde] v 3
B2 A8, Z jujuba 21 E2] 7P SR &4 AR F
sz A AT Z jujuba 322] HEHE FEEA
Abd-s FElete] +2E5 A% A3, jujubogening HIE

Table II. Major immunoactive components of Ziziphus jujuba Mill

Component Part Major compounds Ref
Polysaccharides Fruit GalA, Rha, Ara, Glc, Gal, Man 8,65)
Triterpenoids Fruit Betulinic acid, alphitolic acid, oleanolic acid, ursolic acid, maslinic acid 22,24)
Triterpenoids Root Ceanothane-type (3DC2ME), lupane-type 27)
Flavonoids Fruit (+)-Catechin, epicatechin, rutin, quercetin 66)
Saponins Fruit Jujubogenin glycosides 31)

3DC2ME, 3-dehydroxyceanothetric acid 2-methyl ester; GalA, galacturonic acid; Rha, rhamnose; Ara, arabinose; Glc, glucose; Gal,

galactose; Man, mannose.
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(C)Flavonoids
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Fig. 1. Chemical structures of major immunoactive compounds from Ziziphus jujuba. (A) Major monosaccharide of polysaccha-
rides: galacturonic acid. (B) Triterpenoids: betulinic acid, oleanolic acid, ursolic acid. (C) Flavonoids: (+)-catechin, quercetin, rutin.

Structures were obtained from PubChem.
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o] HaFHUG?
A28 e e] RAW 264.7 A2l Z jujuba & FE25 0-

3 mgml FEE 24X7F A2 A3, A58 A E7RRIQI
O1E}77] (interleukin; IL)-1B, IL-6, FFHAIRIA-L I (tumor
necrosis factor-alpha; TNF-a)¢] %A} o] = oA o2
S7 eI o, Ao 3= Zh7 oF Tl o, 4ufjoll 2e3d
T} o] gk Ao BTl W F7h= thl A 2] A
715 7Aske AR o}, Z jujuba FEES s Bk
L 2> (antioxidant response element; ARE) "7l HALEA] &
of vl FSAIA thalA| ] Ftst o 71HS Askske
Aoz 1=t

3H, A At (lipopolysaccharide; LPS)= E4Jshe o
= JHe] AN EAM = Z jyjuba FEEC] /HHE a9E
YEN ST Z jujuba & FE& HAA2= LPS f%= IL-18
2 IL-6°] mRNAS} Thld W8-S f-o]abA] Akl ot
TNF-ooll taliXe oAl a3t =R ddh® o2 st
YA 2= AXFHB (nuclear factor-kappa B; NF-«B)
AxFEd o] A9} Walste] vebdTh A W AFelM =
Z jujuba®l A% a7t ERIEIA=H, HEatelM Z jujuba
S dEE FEES TRPIY e 348 SRS e 2
A (pellet) F= T FokE-S & oS08 FAIZIom,
3 oA AR (nitrite)/ A A (nitrate) 2] A3 Sl 4
Abs}a A (nitric oxide; NO) & A7 71 0.2 A F S
o} FABH, Z jujuba NEE FEEL 7P =
ZRzo 8ol JAlatal FF CHFSTHMA (C-reactive
protein; CRP) 78 7HAAIZ 19

14 AEE Sl Aegel Aste Z jujuba FEE
A= 95 a3 RAE o) ¥ 252k (viscozyme) *12]
Z jujuba FEEL RAW 264.7 A4 NO & 454 A}
o|E7RI S THAIZ o, HlZx(a)u] 3 (benzo(a)pyrene)
i vh-2 3 9 2dolM NF-«B, =4 Ahebda o
ZJ & 4 (inducible nitric oxide synthase; iNOS), A}o]SZ2-A]
Ad]o]2~(cyclooxygenase; COX)-2 TH & W& A5}
)3 o) ide] AANSLS Z jujuba7t 7 “FEN oA = tiAA

TE BAsel WMY7)5S Al 95 duelie st
w3 JEuRe-S ok e Helzd EAS S
Ak

H|&MIZ (splenocytes) & Bl =T (lymphocytes) 4| -

Q
272, ol Al F9E AestL T =7 AAFe
=4 AU JAske T 8T A4S it v

= 4 gaolnh. mEka] H7gA) 3
22 H97)e Bk 8 A EE LgEt
Z. jujuba FF72] 92T 32 £ a3h= v in viro
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A+E T3l ERIESITE. Z jujuba cv. Jinsixiaozao 52
Aol e HEA oh Ju-B-72 A 2,000 kDa
ojde] RALRA, AEFEA} Hie2vt 8.1:19 EH|R
T Z 22 K (polygalacturonic acid) 3|t
o] hFRE NE BIFAIE| 10 pg/mL FE= A2 234
H A 3 F2] 0] frolahAl XK1= ATHP<0.01). fAFSHAL,
Z jujuba TFEF(10-100 pg/mL)yE HZ ol 397 A2t
A= A Fu) g 9 M 5 Z7PF BEEe] 9
A g 24 a7F ERIE AT

Invivo Q7NN Z jujuba V77 A7 TS 1
gto] AT} 3 Z(Z. jujuba cv. Huizao) E5 oA F=3+
T F9] 2 tH HP1 2 HP2E vh$-2=9f| 50, 100, 200
mg/kg &FO =2 797 AT FoIgh A3, v A H FA
257 izt R fol Al 571k th(P<0.05).4) Sr] &
A% HP2= HP1o| H3) o] Y= st W xd a9&
HeRNS o, o]23l 2lo]E HP29] %8 922 H(uronic acid)
TH(35.9% vs. 7.32%) EAFF(111 kDa vs. 68.7 kDa)el
7118h= o2 A=A o= Z jujuba THEF-2] W
Aol sl B4, 53] 1M TR 9 2 Bt
UHsH daE S AT

T3P, Z jujuba T3 TFF in vinodl| A B17¢A
Hao] S8 AR XL, in vivodll A ¥ 2§
ks SRR 24 A-gHGguREe] Ml2A 719k 7St

© 2 F{riETh the % frf Aol Mexd st
3t Q9 AT-E2S Table 1101 .2F51A T}

= o r_)L Hzl
O )

AO|E7Iel =H &3}

AP ETIRIS TAYA| E 7F 23 ES vl sl AwAl=F
Tl E R, AF W] JiA, X8 B Sl & oM S5
2 q&-E 3Tt A EFRIE 75l wt d54d wivl
Aot FASE AR BREH,P? G54 AlETRIS
23 TNF-0, IL-1B, IL-6 5°], FASA AlETRICZ =
IL-10, IL4 5©] a2 o]tt® o] & Alo] EFIQ] 7he] ¢8-S
AR FAlo) Brzlon, B+d Al W 954 2gh
A7FHS] A3 5 kst WEA vt 28E & Aok
Z. jujuba B L el S A el wt Afe] BRI
S k] A] 2dshs PR Mo xd 54S et

In vitro QTN Z jujuba EFE5-2 RAW 264.7 T2
Al aze] &2gds) Adeol whet Adolgh Al E7IQl 24 B3E
e ST 7 Adele] diaMxe] slstd o s wsle
Z. jujuba EFZ%(0-3 mg/mL)yS 24A7F A 3FEE o,
IL-1B, IL-6 2 TNF-a®] A} Wéo] Frol&Ed oz F7}
atod 2oy oF 7ol vl B 4ufjol] ESlSATEY Wb, LPSE 2b
T 9% Aeie] WM EANME Z jujuba 22 D27}t
IL-18 2 IL-69] mRNA 3 Thla k-8 o} 4|53 et > S35}



204

Kor. J. Pharmacogn.

Table III. Summary of immunomodulatory studies on Ziziphus jujuba

Category Extract/Compound Model Major effects Signaling pathway Ref
Fruit water extract RAW264.7 (normal) IL-1p1, IL-67, TNF-a1 - 34)
Macrophage Fruit water extract RAW264.7 (LPS) IL-1B], IL-6] NF-xB| 34)
activation Leaf EtOH extract RAW264.7 (LPS) NO|, iNOS|, COX-2|, TNF-a| NF-kB|, MAPK| 53)
Acidic polysaccharide (BJP-4) RAW264.7 (LPS) NO|J, IL-6], IL-1B], TNF-a| TLR-4/NF-kB] 45)
Pectin polysaccharide Rat splenocytes Proliferation? - 40)
| (Ju-B-2)
Splenocyte 1 .
/lymphocyte Acidic polysaccharides Mouse (p.o.) Spleen/thymus index? - 41)
. : (HP1, HP2)
proliferation
Polysaccharide CTX-immunosuppressed IL-21, IL-41, IL-107, IFN-y1, 46)
(JP, cv. Pozao) mouse TNF-at
70% EtOH extract DSS-colitis mouse TNF-al, IL-6| - 43)
Polysaccharide . Inflammatory cytokines|,
Gastrointestinal (cv. Muzao) CLP-sepsis mouse Intestinal barrierf TLR-4/NF-B]  56)
Polyphenols .
(cv. Junzao) DSS-UC mouse Inflammatory cytokines| MAPK]|, NLRP3| 59)
Root bark extract CCla-liver injury rat TNF-al, IL-1B}; IL-101 - 48)
. Water extract L .
Hepatic (cv. Jinsixiaozao) Alcohol-liver injury mouse NF-«xB p65], iNOS, COX-2| NF-xB| 55)
Flavonoids APAP-liver injury mouse NO|J, TNF-a|, IL-6|, IL-1B] NF-xB|, Nrf21  57)
Neuroinflammation Leaf water extract D-gal memory impairment rat TNF-a|, IL-1B], IL-6], IFN-y| - 49)
Osteoarthritis Hydroalcoholic extract MIA-OA mouse IL-1B}, IL-6], TNF-a] - 51)
Acute lung injury EtOH extract LPS-ALI mouse Neutrophil infiltration|, TNF-o] - 52)

Nephrotoxicity 3DC2ME

LLC-PK1 (cisplatin)

IKKa/B|, IkBaf, NF-xB

0651, INKL. ERK., p3g, NF<Bl, MAPK| 54.58)

3DC2ME, 3-dehydroxyceanothetric acid 2-methyl ester; APAP, acetaminophen; CLP, cecal ligation and puncture; CTX, cyclophosphamide; DSS,
dextran sulfate sodium; LPS, lipopolysaccharide; MIA, monosodium iodoacetate; OA, osteoarthritis; UC, ulcerative colitis; 1, increase/

activation; |, decrease/inhibition

2219 Z jujuba (blackened jujube) 2l 2+ thdH BIP-4
] LPS A= RAW 264.7 Al XEo|A NO, IL-6, IL-1p ¥
TNF-02] 2015 31 283tk oleist A= Z juyjuba
7FAd TS AdejolM = AGAZE SA3slste] YA ol
Y Adsleta, HEg 5 AdHeM = dF vhe-S A
A 715E 7RIS AAE

_0|L
9
oot
X,
4
P
3
N
ofr
HF
o
4
of
Y

olelgt in viro A¥= THFet F& RN = ZRI=UT
A, HA QA FeloNA Z jyjubai= A HE Al E71R]1 A S
B EAIZAT Afo]E R E b0 & (cyclophosphamide) #]2] =
Hdo] oJAE ICR »F-2(Institute of Cancer Research mouse)
ol Z jujuba cv. Pozao 8] TFF(IP)E 28U 7t Z1-F
319 ol &34 1L-2, IL4, IL-10, Q1B ¥ & -2 vk (interferon-
gamma; IFN-y) @ TNF-o <20 28k S7FITh®
ol& Z jujuba W77 AAAA] Aol Ex THIE(T
helper cell; Th) 1 & Th2 Z&H Alo]E70l A B5F &3
sto] M 7)5S 3| EAI-S AAKE

H, 9% 2 2doM= Z jujuba’t =5 4
A8l om, ojf gt Tah= Thkst
2l 270 A T ATt AsE7] Ao A], dextran sulfate
sodium (DSS) = WA w20 Z jujuba 70% NEH-E
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Atk DATEX §5 7|94 HE RAA Z jujuba &
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v el EAlgt). & fAF 83 (Toll-like receptor;
TLR)47} LPS9} 22 91R1d A= 14181 IkBa7t 91418}
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ofehel= 3 W= H9Ist COX-2 ¥ INOSE X3t H%
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Jujuba’= B% 3730014 TNF-q, IL-1B, IL-6 5 954 Alo]
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NF-«B Al5HY A= A7} F57EA Q)

In vitro ATNA Z jujuba FEE 2 ] -4E2] NF-«B
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LPSE 2= RAW264.7 th2| A ol NF-kB B frAREE
A= whilE 7] olA| (mitogen-activated protein kinase; MAPK)
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X NF-kB 425 Alshz Sl Nif2 &) Wf 91 =

o &
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g1}, Z jujuba cv. Junzao Z¥]¥HE FEELS DSSE
Fe=d A% g w20l MAPK Aladd A=
H Tl o] WE-S oA|51% 21, ©]= nucleotide-binding
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MAPK 7 29} NF«B FZ2E 8% k3ol A3 AZ =0
Ao, Z jujuba= ©] T HEE TAY 2Eshs A0RE
RIth Z jujuba 3 FE55-2 RAW264.7 Al Z4] NF-«B 2
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U] f2 3DC2ME GA] Y Al Bdojlx g AH2E 5
Al A 02 sk Z1oF IRIFHUTE™ o] gt AFES
7. jujuba?} MAPK 75.¢] TFE oF(ERK, INK, p38)S &
X0 2 slo] NF«B A= J52H8-2 53l s a4=
5SS AN Z jujuba®) WEZE a3l Fojse
F8 ATAY A2 2 Fig. 20 YeERNITH

LY OJME-MY & — 7 jyjuba TP 23ta 40 98
W EA] et E=gste] ) mAES] Ha 7d=R
2+8-5t}, In vitro 228} B B Wg AFANX Z jujuba cv.
Pozao TFE-= 1A A w2 =of| o) Hasm, o] 24
oA A wBE el G A TED Z juyjuba I TFF
Fe Ol AR S AEE A% A, F Fl
1.31-2.22% W $lo] 2 Al E3E7} 1.14 x 10°01A4] 1.73 x 10°

Cell
membrane l
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NF-kB pathway l ‘ MAPK pathway

I PRI ERK/JNK/p38
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Fig. 2. Proposed mechanisms of immunomodulatory effects of Zizipus jujuba. Lipopolysaccharide (LPS) activates Toll-like recep-
tor 4 (TLR-4), which triggers the nuclear factor-kappa B (NF-kB) and mitogen-activated protein kinase (MAPK) signaling path-
ways, leading to the expression of pro-inflammatory mediators. Z. jujuba inhibits these inflammatory pathways by suppressing
IxBa phosphorylation, NF-kB p65 nuclear translocation, and ERK/JNK/p38 MAPK activation. Simultaneously, Z. jujuba activates
the nuclear factor erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) antioxidant pathway, which antagonizes the NF-xB
pathway. COX-2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase; NQO1, NAD(P)H:quinone oxidoreductase 1; PGE2,

prostaglandin E2.
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Da= WERLO™, g n]AlE 43S Z248)aL o2 (dysentery)
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ﬂ—%-?r(ZJP-I)% A=A Alo] E?’}O R N s )\].@r AE
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