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# E: B85 R KR 2ABERK (T2DM) K R A M E SRR 0% 05 A BAudl. 7rik: SD XK R MM
SR E G, T2DM A A, KRKAZa (1575 gke) « RAZM T4 (945g/ke) , BEawsit, fidsa
KRAB I HBIAHHERERE (STZ) #5F T2DM A, RBEELHEERERT AR KAG K RER, &4
4, MK, BRRARG—MEFARELE. oS, BMNAReFPRERTa@ENE 18 (IL-18) . MB*F
B F-a (TNF-a) . W&ot EH0k-1 (GLP-1) . &8k (PYY) K-F, RELE XK ©HmEEDH EBERG
WA mPATIHL, HEMNKEBEF KELERATHXLRERF-«Bp65 (NF-xBp65) . &M ABR X LA
BR & A K fEB5-3 (Caspase3) W9k ik, AR KJELHATHAXEZE Toll X4 4 (TLR4) . NF-xB p65. #h#i L NF-
kB p65 (p-NF-xBp65) . BCL2 #ak X & & (Bax) . B#hE@eg-2 (Bcl-2) . Pro Caspase3 & Cleaved Caspase3
RF, R BEA MM, SHAKXRERLEMREFMEIK (P<0.01) , £2#FF TNF-a. IL-18 K-FHHEFHE
& (P<0.01) , GLP-1 K-F#HREFFAZH (P<0.01) , L+ PYY K-FAEXEASZHZAREFAS (P<0.01) ; @
WEKERGAEEE, RAZHNEADHAL ML ATERIEFRIK (P<0.01) ; 224 Hid NF-xB p65.
Caspase3 mRNA #= NF-xB p65. Cleaved Caspase3 & & & &k K-F3# 2% FiH (P<0.01, P<0.05) , K&ZA =4 p-
NF-«B p65. Pro Caspase3 #= Bax/Bcl-2 & @ & ik 2 & T (P<0.05, P<0.01) . %£#: KRAEBEmBEIPREL
A& GLP-1. PYY K-Fitmm )y T2DM K RER =, HAFAHH TR S K RA4% T2DM X A% K2, %20
HARAG, REIERF G LH K.
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Effect and Mechanism of Jujube on Food Intake and Intestinal
Inflammatory Injury in Type 2 Diabetic Rats

LI Annuo, ZHU Yu, YUE Rensong’
(Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu 610072, China)

Abstract: Objective: To investigate the effects and underlying mechanisms of jujube on feeding behavior and intestinal
inflammatory injury in rats with type 2 diabetes mellitus (T2DM). Methods: SD rats were randomly assigned to four
groups: a blank control group, a T2DM model group, a low-dose jujube group (1.575 g/kg), and a high-dose jujube group
(9.45 g/kg). Apart from the blank group, rats in the remaining groups were subjected to a high-fat, high-sugar diet combined
with streptozotocin (STZ) administration to induce the T2DM model. Following successful model establishment, rats in the
jujube groups received daily gavage with different concentrations of jujube solution for 4 consecutive weeks. General
conditions, food intake, and blood glucose levels were monitored and recorded. Additionally, serum levels of inflammatory
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factors including interleukin-1§ (IL-1f), tumor necrosis factor-a (TNF-a), glucagon-like peptide-1 (GLP-1), and peptide
YY (PYY) were assayed. Histopathological analysis of the ileum was performed to assess tissue damage and cell apoptosis,
and the expressions of inflammation- and apoptosis-related genes such as nuclear factor NF-«B p65 (NF-kB p65) and
cysteine-aspartic acid protease-3 (Caspase3), as well as related proteins including Toll-like receptor 4 (TLR4), NF-xB p65,
phosphorylated NF-«B p65 (p-NF-«B p65), BCL2-associated X protein (Bax), B-cell lymphoma-2 (Bcl-2), Pro Caspase3,
and Cleaved Caspase3 were measured in the intestinal tissue. Results: Compared with the model group, the rats in the
administration group exhibited a highly significant reduction in food intake (P<0.01). Serum levels of TNF-a and IL-1/
were significantly decreased (P<0.01), while GLP-1 levels were markedly elevated (P<0.01). Notably, PYY levels showed
a highly significant increase in the high-dose jujube group (P<0.01). Additionally, the inflammatory injury in ileal tissue
improved, with a significant reduction in the apoptosis rate of ileal cells in the high-dose jujube group (P<0.01).
Furthermore, the expression levels of intestinal NF-xB p65, Caspase3 mRNA, as well as NF-«B p65 and Cleaved Caspase3
proteins were significantly downregulated in the administration group (P<0.05, P<0.01). Additionally, the high-dose jujube
group exhibited significant downregulation of p-NF-«B p65, Pro Caspase3, and the Bax/Bcl-2 protein ratio (P<0.05,
P<0.01). Conclusion: Jujube has the potential to elevate intestinal anorexigenic hormones GLP-1 and PYY, thereby
reducing food intake in T2DM rats. This effect may be mediated through jujube's ability to alleviate intestinal inflammation,
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repair intestinal damage, and restore intestinal hormone secretion in T2DM rats.
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Wit A A= 1 KCOST i v FAE TR T SR AR, AR
3k 2 AUBELRIE (Type 2 diabetes mellitus, T2DM) ¥ &
R AREZE T}, T2DM S B BE LS 19 91 & SE AN Y
25 B H B ERIR Y, B4 D N RS R BRI
GriH, B R ER M A I AR 2
J& T2DM B W IARIGEIR Z —, i S s hs e 3
JingeiE B AL, P EACEEE . A, B
TR IR, DL AR TE R R B AR
TE R b RS 7 AR AR TEAMAR A AN RAF L5, sy
I ITRYT, BRI, 3 B oo BRI E SR AR L IR
AR B DL N R G- b A R FR YT T2DM A5 53R
PR AT ST

BRINHI 2502 BTSSR (HE RTINS
A 245 8 O 22 X T E IR AR SR iU A
TP, H AR Iy ACa R . A& 5 5 A S ™5
AN R N A TRl AT, BRI, — 2B AR Y . mIVE R .
A WA T2DM id FHFS IR B i 2590 A Rt —
SR G IR . TEImIRSEER T, CA & N E A
BE, AN T2DM B 8RITHEMIAR A5 B 4 T I AN
S EATERR, B AERAL, KDY AE TR 2 B <
HEHIT”, Miis ARG AL (60~90 g) LA “#MEHIE "2
VAT i OB PR e FR A B AR BRI (R, B G TP =
i, i PR 4 25, SRS AT 9T s, LA
Zx | RA H R B E T HRZE J7, X STZ A
i T2DM K BB & B W 0y vE T, seim s
BB KN, BT i, AR AS SRt A&
5y, TR IR, RITRAE M T2DM KRB 1Y
HAYIVE R S AT gL

KA (Ziziphus jujuba Mill.) J& RZERIE S Y
ALY RS, AR T T 25 BB A 4 f AL . FRIML
L B2 SRR, B R BRI R, R
A bl L B AR HER A A
3 R = 71 2N 71 V2 O £ o 71 W1 b N SR L A BB

U2 B AR, IOz T TAYT T2DM B9 Al 1t
WA BINESE, U ORGPV E I RIPLTR AT BE
SHRAEHA R0,

AT LA s Big v Bl )k MR R I 5 B IR A2 T 3R
(Streptozotocin, STZ) IE & 41175519 T2DM K R
TIBIFFEXT SR, ARAEIHE HI6YT, X T2DM Kbk
Bri L BB MBS 2 AR K -1 (Glucagon-like peptide-
1, GLP-1) . Fi% 7 Kk ( Peptide tyrosine-tyrosine, PYY)
IR AR EAT IR ST, PASSUE R AR T2DM K 4%
E ARG IR DI IR BB LR
SEVPRAS A T2 28 Ak, A7 SERE S i 1
FHSCH F 92k, DA — 2B HALH, ilm Rz
KAGEYT T2DM BRI B LB Fn 926 B ath, I
IR TT R A B T 0 S8 %%

1 MRI5REE
1.1 MRI5ER

SPF 2tk SD KEL 60 H, A& E 200420 g,
W T DU A SR A= R HECAT BR AN A, S48 D5
SCXK(J11)2020-030; K FUAEAN DL E K /e K
2 ARy XS PRy S 2R E LR T 2E I, TR
53 A AR T 20.8%. HH ARG 5.6%. KAk G
58%) . TR BEALRL (45% N AL AE, 35 22 50k A
b BLailiimlkl 43.5%. 343 17.5%. BERE 12%. 4215
Wiky 10%., BEEEH 13%. LIS HHRE 2% . B
S 2%)  VTLORA rIE AR TR BRA H L APk HE
FEVERIE: ZRAUE(2019)01008; s % Z2#iE
FrR 2R A BRAS m PR, 28 R BR 2 A5 2454 58
AR A 2 5 A E S T 2 A R AR HERY
A BEIRAA T K (STZ) 3£ E Sigma 23 Al ;
PYY. TNF-a. IL-18. GLP-1 Elisa i34 . TUNEL
7] & I Elabscience 2\ Fl; NF-xB p65. Phos-
pho-NF-xB p65. Bcl-2, Pro Caspase3. Cleaved-Cas-
pase3(ASP175) . B-Actin Fifd SEE Affinity 22 Fl;
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TLR4. Bax §ii&  #7¥ Servicebio 2\ & ; LUEPL M
ZPL-HRP. Wb FEHr/ B P -HRP AL M Muld
sciences A Hl; DAPL  FRAE/RAEMFHLA RS H] o
“LFa+code MHHAL . MUBEALC Kb —imA9;
AUY120 4387 RF  HZA Shimadzu; pQuant Y%
2 [E| BioTek; Stepone plus ZéGE PCRAY £
[E] ABI; ChemiScope 6100 fb22& g R=5: i
EWFHRL# #5746 FR 2\ F]; Pannoramic SCAN 1T J5 £
VIR MY <)% 3DHISTECH Kift.
1.2 LWHE
1.2.1 KEFWSIE  BUELE T Ts O H A R
TR, LA 10 fF i alifb /K B2 2 YR (BRI 40 min, $2
BUELEE 100 °C), BlJEIG KRB G I, 108, viEH
45, WEOR THEE193 . B R BUSE 30 i /s AR 1571,
LIS TS EEMEE R, I 2 £ 5 100 C gliK, DL T 4355
ept v 5 min HHFE NS, BE/S (e 75
RALHAE Sy 2 g/mL IR EEIR, a3 200250
53R I TE MR H AL, HIATFT 4 °C VKSR
DL JE S g i o
1.2.2 4r¢H . EBIAEGE  SD KL, 1 3% T Rg#HR b
PR 25 R A TR X A N SR EG EE Bh ) (VAT IE S
SYXK(JI1)2017-179), Zh#) iR B : 2243 °C, B JE:
60%+10%, S T R 2 ER T BR 2 R B R ZE Dl 2
FAZALHE, S80S e PR H 254w 5 : 2021DL-018,
EMNPEMRFE 2 R, ABEPLIE T RIE R 12 B
25 %) BRZH (Control group, CG) il 48 FHUKH PR IR 1AL
ZH, 43 T Ui Am) v S mb AR DAL R v I e pE AR L. 6 )
Jo, BEAT 12 h 28 ERERIK, IR R R 2 5 iR
AL I s PN DRGSR S A A 35 mg/kg PUBEIRIAL
Bl 2 (Streptozotocin, STZ)M"7 ¥ 72 h J5 R JH K JE
F KR 325900 52 R BRUMUOBE, L FBG =16.7 mmol/L 3
A T2DM FERCFRUT BEALE BT G s v
M) 36 HAREL, PABEMLEN T 223557 A A 2H (Model
group, Model) . KA 2H (Low-dose jujube group,
LG). K& &5 40 (High-dose jujube group, HG),
AR 12 Ho ¥ IR E FH 7 58 A IR 45 56 FH 245 7]
I P U WNES N RE R G| B o [ /0= Ay N2 N 3
F L AR G R gl S LA 1.575. 9.45 g/kg 195
A ABEEAZGMRE N 2 g/mL AR R, R
2H | 25 A H A Aol BE S, A1 ERIE I Bl
A, i SEEE 4 F, HE B W) s A HSS T
FEmliEDe), a2l 2 45T m R o abel, 2520 R R
HHPOKRE. 4 85, ii—MAS KA &, I H LA
50 mg/kg 1Y 1% &% L6 Z 40 RR I S5 I8 =32 3 K BRI,
FIREE 2 h )5, L 3500 r/min &0 10 min, 5355 1ML
I, —80 °C LRAF# H, Bl )5 ¥ R EUALSE, F oK T HHE
A, — R T 4% P ESER, — 038 ATCH %
YR, —80 °C P-1E#H .
1.2.3  KER— s e M e b . OB A I &2
L5 2SS L SR AL R BURE PIDIRES . R B faise. —

(SR s 55 B [Rl—A e FR i ARk Fnsel 4
iEpLEE, IR A R &Y B ] B (] 42
RIS EANESIK 12 h, {6 FH AU AR B R L 5 0
RE S R A

1.2.4 ELISA =M IE GLP-1, PYY. TNF-a. IL-
18 7K3F LA 3000 r/min, 15 min 250K BUALTY, B 1
IR, Fi¢ B8 Elisa 2057 G050 B 5 53 500 46 0 ifin 375
GLP-1. PYY. F4ififi/~3 18(Interleukin-15, IL-15) .
At 988 £ HE ] T -a( Tumor necrosis factor-a, TNF-a)
K-

1.2.5 HE 3t FEEET 4% AR A EinE
TR AL IR 22 N 1o B ) £ B BE A T K,
B Je A BB, Y, VI TR 3 pm. Y1y 34T
HE e, e dst b, I 40488 Wik 4T
EUSCREEFNS3HT o

1.2.6 TUNEL 3¢5 KREIFHLHLY] AHYE TUNEL
2I0 A 8 T A 0 3 7R 5 1A BH S 2R AT 80 A A i e
TUNEL 4t (A4 8 T4 A YL )l 41 (4, DAPI 4Lt
TE B ANIAZ S 0, T AR T SR AR TR L,
FENFEARBEMLIERE 3 AL EF A RE, (i Image-pro
plus 6.0 714, FHIHAANMEIR T3, TUNEL YL (o411
JAT-3%(%)=TUNEL 4L (O4NHEy S 4nfiigi=<100,
1.2.7 qPCR LK BIR7HLHEZY NF-xB p65. Caspase3
mRNA FikKF  BOREBIZZHE, 32218 RNA 7]
S UL IR B G 4 4 8 RNA, BEE S 2 ng
RNA 19 F IR0 G U6 BH 15 L R e A5l .
PEE PCR ARIT: 25 °C 4EFF 10 min, X5 42 °C 4k
¥ 15 min, R 5 85 °C 4EFF 5 min J P& H1 = ==
e 51 LA T AR T AR A SRS B, 51
YIFFI L 1, §HAZR 20 pl: 2xqPCR MasterMix
10 pL. E##31% 0.6 pL(7.5 pmol/L) . FiF5| 4
0.6 pL( 7.5 pmol/L) | X ¥4 5% ;=¥ 2 uL, A& /K
6.8 L. WAE RS 5 95 °C. 10 min TAEM:, B
95 °C. 10 s Z8PE, 60 °C. 30 s B KIEMH, FEHER 40 VK.
B-Actin PN Z, DA 2728CT 1 4 2] A R R K OF,

AACT=ACT (CHZLHIEA) -ACT (X FRZHFEAS) o
#1 5IWIFIIR
Table 1 Primer sequence list
S SIS (5~3") o
pdciin R GGGGTGTIGAAGGTCTCAAA 165 8IS
wraspes PELISESTISITASEIRNTT o s

. F:GCGGTATTGAGACAGACAGTGGAAC
Caspase3 R, GCGGTAGAGTAAGCATACAGGAAGTC 91 25402

1.2.8 WB il [F 5 2H 40 TLR4 ., NF-«B p65. p-NF-
xB p65. Bcl-2 . Bax. Pro Caspase3. Cleaved Caspase3

FEHEFIEKF  BESH R BIEIZAH L, In A RIPA 24
fHWE, VK EAI3% )5, 12000 r/min 5.0 10 min, U4 I
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W BCA TRINER FAHE, Bi)S T8 AR PO AKE
R EE 5xSDS R LR rh i QR AV AR 5xSDS
EREZZ R =4:1), 95 °C )R PN 5 min [HE
FASPE, 28 SDS-PAGE HLUK TS . L, 6, 4351
fIMA—4T NF-xB p65(1:1000). TLR4(1:1000). Bel-2
(1:1000) . Bax(1:1000) . Pro Caspase3(1:1000) 4%
4 pL, p-NF-xB p65(1:500). Cleaved Caspase3(1:500)
£ 8 uL, f-Actin(1:5000)0.8 uL ¥ F )5 4 °C W75t
%, TBST BEML 3 ¥k, H-imA HRP #Ric i —Ho(1:
10000)0.4 puL 5% 1 h, TBST BEML 3 ¥K, LMk &0
P IETIRFE R CARIR RS T REEUS, FE)5 E
ATIRBESIHT, Lh B-Actin “HINZ, 115 H I ER AT 2
ik,
1.3 HEAIE

i} Graphpad prism9 GeiT1E B #xF XF Fc s 45
BTGP, A THE ORI 28R v 25 (X+s)
TR ZREARYERIAI Y Az, B Sy 255
B} SR FH AR 22 07 224387 (One-way ANOVA), AN
W FHAE S EG 56 L P<0.05 S 3 G124 25 5,
P<0.01 Il W FEge 24225
2 HBRESH
21 KR—REARBFRE. MEEER

25 AT BRZH K B — BTG 10 B 45 A5 2R0 2H R Bl
Wtk BB UG TG, ZEEAEL, SRR oK E BT
ahn, PRI ZZ0H W, Rl o L, RS L, B

== CG oOm Model =2 LG == HG

= P T T

a 50=

40

ek (o)
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0= T
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Fig.1 Changes in food intake and blood glucose in rats
TE: 25 4L vs B4, *P<0.05, *¥P<0.01; 4] vs 45245401,
#P<0.05, ##P<0.01; 45 2541 [8] He 3%, +P<0.05, ++P<0.01; 5] 2~
Pl 3. [ 6~ 8 Tl

Fib, T A 71 98 251 O, I BE 4 28 PR 4 A KR
(E 10)5 452520 K ERAHES TARRIZH B0 . K54
ARAS G OCIIFE LS, AR WL T, EAKR e
TEL 2 I A B — 2 i) R Rta s, fEfE iy
(& 1a), T2DM FERIZH K B S 2 Ak I 2 = T
Z5 HIXTRRZH (P<0.01); 4524 )5, 2B E = 3
TR EIZH (P<0.05, P<0.01); AN, 2524 5 KA = 7|
R R T RO IGHR R4 (P<0.01) o U4
AR REAZ I/ T2DM KRR A& &, 2% K l—
FECRAS, (EIF A THE T2DM K BRI K S, ELXFhE
FHAER A S R B o i
2.2 KENAKREBEHE GLP-1. PYY KFEHIFMN
EARIEE T 3 A 1 VG PR Bk A A B3, K
H LR FEGE AKX, T R X
YEHP, GLP-1. PYY & Z 0% FIiE 5B
L 40T 530 A 26 B A Ve FH i AR M AR
2, nlEIt SR SR H HEAS | i i Bl . B0 e JER A
e RAEAMHIEBRAIVE, IS REIRT #IA00E . fEmSEnY
AP BSY &I T2DM 35 5 [ 22 0] UL i ff
BRI R, RS R FIRE BN, 5
25 XTREZHAH LL, #5512 GLP-1. PYY 7K
I R FE(P<0.01); 45245 )5, #4545 24540 GLP-1 /K-
PRCAEIRI 21 Y EAR s 25Es (P<<0.01), H I &
ZH GLP-1 7K 5455 5 4 (8] A 25 A0 4 35 25 57 (P<
0.01); A, KA FIFRLH M PYY /AKSP-tudipsisy
ZH e B 5 T (P<0.01) (& 2) o $EAN KR LI
T2DM K EIZIEXTERIHEE GLP-1. PYY 155l
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a 254 —
Rl
20
= 4 [
15 ==
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B2 KA GLP-1. PYY 7KF- (520
Fig.2 Effect of jujube on GLP-1 and PYY levels
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KREY], SORE A 5 AT S % P al,
FEEHEBURIRL AP, E 3 s, 525 [ xXd
FEZAAHEL, T2DM K ERMLTE IL-18. TNF-a /K344
W3 FIH(P<0.01); 4524 )5, RO w2l | AR5
ZH R BRIMIE 1L-18. TNF-o /KRS IRI2H #5535 F [
(P<0.01). S2HIE454HITE RAE TR T RE, 156AA
RAFEE I T2DM K B AEIRES

a 500—
k%
400 ke
—_ I.I I'
—
£ 300
2 ==
= o #it #
= 200 - -
d - i _J-_
100— —
0 T
Model LG HG
b 100—
k%
80—
g o=
5 o =
< it
3
,_é; 40— i -T-
20 = i
0 ] ]
CG Model LG HG

B3 KA K BRI TL-18. TNF-o 7K A5
Fig.3 Effect of jujube on serum IL-14 and TNF-a levels in rats

2.4 KENKRGERERIFN

Jig i RAE WA N T2DM A AR RIS : 18
AR SN T BUIE N RIS, R se stz
5, BEZPEIER B A MG ER, 5 | 22 A G E 7
FIMAE, VE— AR AR L AR 12 B RAE S 271

AT, 25 A BRI )ZE ORI )2 . BUZFnsb
JEEZH LR 25k Se s, M RHEDHE 5, SR ULAT B il i 2H 2
o BP9 A 5 g BTG LIASE IR 21 f 7 7, AR ZH R
)2 ORISR 2 . WUZE RS NSS4 1T 9, Rk 52 4544
IR, 0T i Fes DK S 2 IR BT . 7%, W1 2R,
DL AR A RV, T 4 A SR TR L 25 25 4 K B
T8 SR I I AR AL Pl %, A WG IR Z 2 A A 5E
e, R L SRR BE %, 45 25 4R IAIAH L, KA
T2 i T R BRSO T IR g (5] 4), 32—
HUEBICEXT T2DM K B IE R0 A 46 U i dilfeE
FH, TENGIE S RE )y T — e s 2R .
2.5 KENAKRBEMAMEHTERAIR N

I E, AR TR B B R, (B iE
RIPRE T, K RIEH Fr=A: 3t — 25548, #iF
JoTE R L K W45 )2, PR DA - R A E T
BN M Th BE S PH P23 TUNEL 3 (045 51 o
(E 5~&l 6), AR ZH A BRIz 4008 T 3R e s et
PRLH AR S 2T 55 (P<0.01), 4524 )5, AT FIlE 24l
HLIH TR AR ZH A i S5 AR (P<0.011), BRI 2
B BRI (P<0.05), P T2DM AR T K Bzt
BT B A AR T, AH RS R R B i i
LRI TR B BT A IR o
2.6 KEXKFREF NF-xB p65. Caspase3 mRNA
FIEHIE M

K F--xB (Nuclear factor kappa B, NF-«B) &4}
TSI 1 LA S -, NF-xB p65 2 H 4 Iy 2
3, X NF-xB MG 5 =2 ERPY . ARutorss
RN, BAIZH IR R I ZH LY NF-xB p65 mRNA #&
RO ZS P BRZH A W2 iRl (P<0.01); 4524520 4H
TR ZH FIR K- Y/ A% 2T P8 (P<0.01) 5 IF
H, KA B 540 NF-xB p65 mRNA
N A B3 (P<0.01) (J&] 7a) .

2 M 2 1) R A SR FR 1 /K f# Tt ( Cysteinyl

K4 [Elfs HE 3463 {5 (n=3, 400%)
Fig.4 HE stained image of ileum (n=3, 400x)
T BEE Sk SRR, 3 AT k. s SUR R N R Ak a2 R A%
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Fig.5 TUNEL staining of ileum (n=3, 400x)
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aspartate specific proteinase, Caspase)-3, JE=JH T Z 104 ##' !
LRG0 R T, S IS T B DNA S TS |41 z T
V] - . . Z
P, AW, AL Caspase3 mRNA FKikH & "
3 IE(P<0.01); 45 254U TARRILH Fe 1 31 3 T =

S
W35 FE(P<0.01), I ELZA 254 Al Fe 8l 1 i o % & =

. N _ . s S
S, ORGSR B 2H AR = 4H T AR 5 (P<<0.01) 0- 7 i i
CG Model LG HG

(& 7b),

2.7 RENKREGRE AT HXEBRIEHNF
Toll #:3Z {4 4(Toll like receptor 4, TLR4)/NF-
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