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Research on the effects and mechanism of naringenin on diabetes — related
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Abstract: Objective

in improving diabetes — related intestinal inflammation. Methods In

To analyze the potential mechanism of naringenin

cell experiment, STC — 1 cells were randomized into blank group,

advanced glycation end products (AGEs) group, experimental — L group
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experiment, male C57BL/6] mice were randomly divided into control group, model group (to construct diabetes —

naringenin ) and experimental — H group ( AGEs + 50 wg + mL™' naringenin). In animal

related intestinal injury model) , experimental — L group (modeling +25 mg - kg ~' naringenin) , experimental — H
group (modeling +75 mg + kg ™' naringenin) and metformin group (modeling +0.5 g + kg™' metformin). STC - 1
cell necroptosis was detected using the Hoechst 33342/propidium iodide ( PI) double staining method. Glycolipid
metabolism indicators and pro — inflammatory factor levels were measured by enzyme — linked immunosorbent assay
(ELISA). The expression of phosphorylated mixed lineage kinase domain — like (p — MLKL) protein and Occludin
protein was assessed by Western blotting. Results In cell experiment, PI — positive rates of blank, AGEs,
experimental — L. and experimental — H groups were (4.36 +0.30)% , (19.37 +1.58)% , (15.90 £1.03)% and
(12.85 £ 1.51), respectively; IL — 6 levels were (17.74 £2.23), (71.46 £6.54), (42.39 £5.34) and
(33.63£1.82) pg - mL~

0.74 £0.07 and 0.58 +0.04, respectively. All indicators showed significant differences between AGEs group and

', respectively; p — MLKL relative expression levels were 0.39 +0.05, 0.83 +0. 10,

blank group, experimental — L. group or experimental — H group and AGEs group (P <0.05, P <0.01). In animal
experiment, post — intervention FBG levels of blank control group, model group, experimental — L. group, experimental
—H group and metformin group were (4.89 +0.54), (26.88+1.96), (18.47 £1.53), (14.96 +1.67) and
(13.91 £1.16) mmol - L™", respectively; TG levels were (0.43 +0.06), (1.70 £0.15), (1.46 £0.14),
(1.13 +0.10) and (0.81 £0.09) mmol - L™, respectively; IL —6 levels were (13.59 +1.06), (62.02 £5.92),
(50.19 +4.44) , (37.78 +3.58) and (48.91 +8.46) pg - mL™", respectively; the relative expression levels of p —
MLKL were 0.38 +0.05, 1.07 £0.13, 0.79 £0.08, 0.61 +0.05 and 0.80 +0.09, respectively; the relative
expression levels of Occludin were 0.97 + 0.07, 0.35 £ 0.04, 0.61 £0.05, 0.83 = 0.07 and 0.43 + 0.06,
respectively. Significant differences were observed between model group and blank control group, experimental — L
group or experimental — H group or metformin groups and model group (P <0.05, P<0.01). Conclusion
Naringenin can improve the function of intestinal endocrine cells and protect against diabetes — related intestinal injury,
which may be related to the mechanism of necrotic apoptosis mediated by MLKL.
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BRI 18 ~22 o, W [ WL R, s A = VF Al
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Bahpr, GREER 22 ~25 C iR 50% ~60% ,
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3100 mg, 4 :98. 5 % 45 :241109, IR A1)
FHECABRA A AR 5 30088 — I OUICR, A% 0. 25 g, it
5120241127 b HESCS - [E 241 H12020587 , Kkt
LR AR T B A BR A W) ) 24 ) A 7 5 g R
PR T — a( tumor necrosis factor — o, TNF — o) . 4
14 & (interleukin, IL) -6 1L - 18 & iE 2 R H H
B1 ( high mobility group box — 1 proteinl , HMGB - 1)
WK G 95 % ffE ) %2 ( enzyme — linked immunosorbent
assay , ELISA ) i1 &, ¥ b B A W RHECA TR 2
F AL 5 R LA 3R R IR (glucagon — like peptide,
GLP - 1), Fifp il A B ARAT RS w) A 7 IR ARG —
T (hematoxylin — eosin, HE ) YL 83 , YL VH R B T #%
ST A PR A R AR BCA 2 1 E R &, i
GBI A W A IR A - IR G5 R
fifg 5 #4) 45 &% ( phosphorylation — mixed lineage kinase
domain - like ,p — MLKL) MLKL . [418{% [ ( Occludin) &
B EHE [ 1 (zonula occludens — 1,70 - 1) Wk -
A 5 /E F & B 3 ( phosphorylation — receptor
interaction protein 3,p — RIP3) RIP3 .8 - lsh & H
(B —actin) —3i 2 — 4T MEHEALL 7 ¥ (glycation end
products, AGEs) F1 BSA, #J /2 [ Abcam 2\ @) 4= 775
R R Eagle 1% 3% 3 ( Dulbecco” s modified eagle
media, DMEM ) B 5358, |7 AR ERILGUAE VI RHAT FRA 7]
H: 72 Hoechst 33342/ flL{k, 74 BE ( prodium iodide , PT) XX
Qi &, U RO R R A A AR

SpectraMax i3x [ HR{Y , ¥4 3 F1] Molecular Devices
AT 7 s Catalyst One® 4x [ 3l A= 4k 43 M 4X, 36
IDEXX A& 774 s DYCZ — MINI4 3 B Lk, Jb R /S —
A28 W) 77 it s NIB40O A ) W 335 , @i 71 Nexcope 24
77 i s DM2000 985 i i , 72 [ Leica 28 W) 7™ it
2 MRFAE
2.1 ZHRESKEE
2.1.1 STC -1 ffaks . HE 5%

H4 STC -1 AL 15 #5242 DMEM B3 2 (55 10% Jif
AL AT 1% XL I8 T HE 3746 (5% CO, , i B
37 C RS T5% ) s B R B4 1 KBS FR I JFFF
STC — 1 4iAEREHL T 25 14 AGEs 21 AR50 S22
Al I LIRS LA A M A T 5 BERG 7%, AGESs
41 200 ng - mL™" AGEs HI¥ 41l ifg 48 h, IG5 it 52 56
R LS AN A 43 50 FH 25 SO g - mL A
#5200 ng - mL™" AGEs :[R]4b 34 it 48 h,

2.2.2 Hoechst 33342/P1 W ix# M STC -1 ZHAE
FIE T
WS AL BR S A2 Y STC — 1 40, 3526 J5 ok 1 55

3, 1 PBS T PR LS A Hoechst 33342 (79 , kit
JEFE 10 min J5IEVE, RS MA PL YA 10 min,
PBS ¥k Ja FHZE G B AR I I H0 I %
2.1.3 ZBARMIEHEKE STC -1 HiEREER™
REFRE R4S 2 40, in A RIPA 2L i 9% 3573 2L it
JE BSOS I TR, RN AR R B B 25 ng HR
FIE4T SDS - PAGE ¥ ig VK /0 85 8 11, ¥ & PVDF
BT 5% BEAs W £ 14 2 h), R )5 5 MLKL
(1:1000) .p —RIP3(1:1 000) ,RIP3(1:2 000) —¥i
WHE SR (4 C), KHERE L —-PHRES Zht
(1:5000) 977 2 h(37 C) , @05 BEIe &, -8 H
Image J F5HT IR AR

2.1.4 ELISA XIE&EM STC -1 KR FR
[9]

(;F

A, 25200 (3 500 r + min ', 10 min ) i4E
B Z 5 R & AR AL RS DN 5 i A
ffgsp TNF - o IL - 18 IL -6 . HMGB -1 fI GLP -1,
2.2 YLK
2.2.1 HYEBEFI&F

ANBRE Y PR SR 1 R AR SE S 3Gk (9 ] 4 T
NETREE(67. 5% Hefli iR £L 16, 0% $5 3 . 10. 0% JEAf |
2.5% RH[ETE 1. 0% RHER ) SR, LM SR 8 A, 2
JE R I VE S 100 mg « kg ™' STZ (AT 1R 22 o i 7%
fife RV HE R 10 mg - mL™1) B T R TEGT 1 ¥, 36
53 U, R/ B A I8 LR =16.7 mmol - L1 B
Wl b /) BB R A 1l o T A A /) B 24 A A
IRz
2.2.2 HYMSBESRETE

K /N ERBEHIL 43 A 23 0 B A B AR 20 A ) e 5
SR e ) e S 2 R IR, A 12 UV,
25 [0 B/ U R TE ST 487 0.1 mol - L™ AP A R
ZE BRI T E R R IR R IR 2. 2. 17
AT, AR AR e ) i S 2 /N B0 ) g R
4T 25 FI TS mg - kg Al B R (IR B AT
fife, BC L 50 mg - mL ™" {48 TR, A BEER KA R
£2.5M7.5 mg - mL_l) , IR /)N B R TE B
0.5 g - kg ' HIRUIR (AL HER K IR, IFA0 B 00 B
%50 mg - mL7") |, A% Rk BE 2 RS R 40 )N B HE
SRR K ESEE 8 M. 8 MEZkE 12 h 5
FE T DK R it AGx P 25 1 1M B ( fasting blood — glucose,
FBG) , JF bR/ BUS , O IR I SCER I MRE A, JF Ak
FeIG WA M A bR A5 ] o
2.2.3 HEUSHUENELIERR

ANBRT TR e T WS A5 6 12 ho i, R IDICR I,



96

v T R 25 PR gk R

424 A1) 2026 4F 1 (A 447 1)

Kl FBG ; AbFREE R 5 R 20 /N BRI R AR, 7E 4 C
TR (3500 v+ min ™', B0 10 min) SR EJR M,
FHAEAR 53 B SR I 1L 3 FhoBEAR LT 2 ] (glycated ser-
um protein, GSP) | H il =g ( triglyceride , TG ) . & JJH [
fitZ ( total cholesterol, TC) FII% %5 & J8 2 [ H [# B (low
density lipoprotein cholesterin, LDL - C) 7K,
2.2.4 ELISA ZWEBMEHALKERTFRE"
IR ZH/INER 2 Tl H O R IR U T, B 58 0 Bt
JB - A 75 B RE, B0 (1.2 x 10° ¢ - minT' B0
10 min) B B3, 585542, 1. 47 5 kA7 o
2.2.5 HE $&%X&NNMNRFARREFHE"
BUBA LA B WAL B 24 h, Z 5 FH 2B (AR
[V B2 ) 6 BE /K A — H 2R E B, A s L 3 s U0
(4 wm) BB B R U)K AR S R IR R
Figefa 5 min, 5 RK MG T E IR OB B S
B PRI Y 3 min, B4 LRERK R E
WG 3R (PRI ) | 9 e i<
2.2.6 BARMEERNGARELTEARE
S “2.1.37 125 B #E17, Occludin (1:500) |
70 -1(1:1 000) B - actin (1: 500) — P & 13 %
(4 C) , KHIERRELE—PUFRE S =Ht(1:5 000)
BEE 2 h(37 C), BAJFEEE, I Tmage J 14
G HT R EEAH
3 ZitFEsE
JH SPSS 26. 0 3 F #4788 1t 43 #r, 11 & 55 kLA
xxs RN, A b ORI R E S 4> A
(Shapiro — Wilkk5 %) #1777 22 55 1E (Levene” s ki) , 21
() Bl A P50 PR 28 7 2 40, LR R P L 3 LSD —
K50 s 5 A [A) B 0 J2 L3R 45 F, W Kruskal — Wallis
(K-W)Ha%e. 20N EAEHBCN ¢ K550 .

# R

1 MWREERE AGEs 55 STC -1 4iEIR3E
Hox (94 8, AGEs ZH 4 Bt PI PH P % )

p - RIP3 .p - MLKL & A0 X 35 K 3% 8 2 T &
(P <0.001) ;5 AGEs 41 b5, IG5 77 12 5L 5 4 4
Jfl PL A2 & p = RIP3 \p — MLKL £ A X 357K
SRR (P <0.05,P <0.01,P <0.001) ; 51
FE S0 2 b AR, o R o S I AL A0 i PTORH M R K
p — RIP3 p — MLKL & [ #H %} 3= 3K 7K - 35 & 25 P AR
(¥ P<0.001), L1 fnge 1,
2 MK ZEIF AGEs 5 5H) STC -1 AR XK EF
il

523 A, AGEs 24001 TNF — o JIL - 18,
IL —6f1 HMGB -1 /K B ET & (¥ P <0.001),
GLP -1 /K P BEEAL(P <0.001) ;5 AGEs 4 h#%,
% BRI S I A 4N TNF — o IL — 18 IL -6 #
HMGB - 1 7K - i 2 %Ik (P <0.01, P <0.001 ),
GLP -1 KV T (P <0. 001 ) 5 AH F AR 0] 42 5
4, R S 4 4 TNF - o IL - 1B, IL - 6 #
HMGB — 17K -4 5. 2 J& ik (P < 0.01, P < 0.001),
GLP -1 AP E T (P <0.01) , LK 2,

Blank AGEs
RIP3
" 57 kDa
Y ————
54 kDa
- —

1 S JSOEN A I 4 2H 40 g (RIP3 — MLKL) {55 & FAH
X H AT
Figure 1

Experimental-L Experimental-H

Relative expression levels of the ( RIP3 — MLKL)
signaling protein in each group of cells deteated by Western blot

Blank group: Routine culture; AGEs group: AGEs stimulated the cells for
48 hours ; Experimental — L group: Cells were co — treated with naringenin
(25 pg - mL~") and AGEs (200 ng + mL~") ; Experimental — H group:
mL™") and AGEs

Cells were co — treated with naringenin (50 pg -

(200 ng + mL~!) ;p — : Phosphorylation —.

R AN PIE (PT) PR B CE FRIAK I HLE (2 £ 5)

Table 1 Comparison of the positive rate of propidium iodide (PI) and the relative expression levels of related proteins in each group of

cells(x +5)

Group n PI positive rate( % ) p - RIP3 RIP3 p - MLKL MLKL

Blank 10 4.36 £0.30 0.37 £0. 04 1.06 £0. 12 0.39 +0.05 0.87 +0. 08
AGEs 10 19.37 £1.58* * * 0.74 £0.051* * 1.00 £0. 10 0.83+£0.10" ** 0.92 +£0.11
Experimental — L. 10 15.90 1. 03%* 0. 63 +0. 08" 1.05 £0. 07 0.74 0. 07* 0.85 +0.09
Experimental — H 10 12. 85 + 1. 5] ###ads 0. 50 +(. 047##Ana 1.01 £0. 10 0. 58 £(. 04 ##AAA 0.91 £0.09

Compared with the blank group, * * * P <0. 001 ; Compared with the AGEs group,P <0.05," P <0.01," P <0. 001 ; Compared with the low dose group,

A5 p 0. 001.
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HES XA i, T I E , SR 40/ B FBG
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P <0.001) ; SHRIZH b, Al Bz AR L 7 R S a4l
L UKL IM 3% FBG .GSP TG \TC F1 LDL - C /K
B EREAR (P <0.01,P <0.001) ; 54 fz Z AR &
SEYGAH LA, Al R R R SE g 4H M FBG . GSP
TG .TC #l LDL - C /K F- 34 & 2 FE (% (P < 0.01,
P<0.001), L33,
4 MEERBEEINRFARARERG

25 X B AL /N BS54 20 45 4 50 3% 40 i B
AIEHE AR DB AR B R AL /N B2 T 41 2%

I J2 235 K 32 48, AT UL R T AN TR 5 A H A R A,
il Hz AR L ) S I 41 K RO AL &5 i 4 4
P05 49 45 A [ R R ) o, AR M A e R Vi B S D
A H I EE AR R AW ERE RS, L
K2,

525 (o B4 g AR 4 /N R 4l 4 e vk IR T
(TNF — a IL = 1B, IL - 6) 7K V-3 g & F+ & (3
P <0.001) ; SERIA b, il Bz AR L 7 R SE g 4
0 SR 2 i 20 2R 56 TR K P 2 8 35 R AIG (3
P <0.001 ) ; 541 Bz 2 ARG 5200 4 o A, Al B 28 v )
TSI 41 41 SR R T K OF 38 8 R AR (3
P<0.001), 34,

K2 BAHMMPE RN TRIBAKFH R (2 25)

Table 2 Comparison of the expression levels of pro — inflammatory factors in each group of cells(x +5)

Group n TNF-oa(pg-mL™') IL-1B(pg-mlL™") IL-6(pg-mL~') HMGB-1(ng-mL™') GLP-1(ng-mL™")
Blank 10 63.52 +5.02 28.93 +4.20 17.74 £2.23 7.46 +0.72 5.31 0. 46
AGEs 10 188.25 +15.07 * * * 98.11 £11.43*** 71.46 £6.54* %~ 43.89 £2.541* % * 3.26 £0.17* "~
Experimental — L 10 162. 80 +15. 59*# 81.33 £8.21* 42.39 +5, 34%# 30. 94 £4. 19%# 3.88 +(). 32"
Experimental - H 10 140. 94 + 12, 27###AA 52.94 +35, 3]*##A0A 33.63 + 1. g2*##AdA 19.21 +2 22 ###AAA 4.45 +(, 32

Dose and n refer to figure 1;TNF — o : Tumor necrosis factor — o ;IL; Interleukin; HMGB - 1 ; High mobility group box — 1 proteinl ; GLP — 1 : Glucagon - like
peptide 1; Compared with the blank group, * * * P <0. 001 ; Compared with the AGEs group,® P <0.01,*# P <0. 001 ; Compared with the experimental — L
group, 24P <0.01,4*4P <0. 001.

&3 HU/NREE MR (FBG) K ML Bl ASHE R 19 FE 4L (mmol - L7

Table 3 Comparision of fasting blood glucose (FBG) and serum glycolipid metabolism indicators of each group of mice (mmol + L™, % xs)

, X xSs)

FBG
Group n GSP TG TC LDL -C
Before intervention  After intervention

Control 12 4.53£0.32 4.89 0. 54 1.51£0.15 0.43 0. 06 1.13 £0. 10 0.26 0. 05
Model 12 17.29 £0.91*** 26.88+1.96*** 2.31%0.18*** 1.70+0.15*** 2.86+0.181*** 1.06+0.091 ***
Experimental — L 12 17. 66 +0. 83 18.47 +1. 53%# 2.06 £0. 14* 1.46 0. 14* 2.56 £0.21* 0. 78 £0. 09*#
Experimental - H 12 17.76 +0.70 14.96 + 1. 67*#228 1,85 £, 12##048 1,13 £0. [0*#AA4 213 £, 24###224 (. 50 £, Q5##H#ALA
Metformin 12 17. 41 +0. 49 13.91 +1. 16" 1.65 +0. 13" 0. 81 +0. 09" 1.53 +0. 12%# 0.40 +0. 05"

FBG : Fasting blood glucose ; GSP; Glycated serum protein; TG ; Triglyceride ; TC ; Total cholesterol ; LDL — C; Low density lipoprotein cholesterin ; Control group :
Conventional breeding;Model group: Establish a diabetes model; Experimental — L. group: After modeling, 25 mg - kg™' of naringenin was administered;

! of naringenin was administered ; Metformin group: After modeling, 0.5g - kg™' of metformin was

Experimental — H group : After modeling, 75 mg - kg~
administered ; Compared with the control group, * * * P <0. 001 ; Compared with the model group,* P <0.01,*# P <0. 001 ; Compared with the experimental — L

group, 2P <0. 01,244 P <0.001.

Control Experimental-L Experimental-H Metformin
N e d S3VES 2O
> —— { AN

=a e

B2 JRANE - DML (HE) Be kM a2/ BUB LS5 BEAA R0 (< 400)
Figure 2 Observation of the histopathological changes of intestinal tissues in each group of mice by hematoxylin — eosin (HE) staining( x400)
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F AR IB K P 8 2 5 (P <0.001) , Occludin Al
70 -1 T AR IR 7K P34 i 2 A (#4P <0.001 ) 5
ERERIZE L Al R AR e R e S 2 R Y XU
WAZH 4 p — MLKL Z& [ AH X 3836 7K O 35 82 35 B A (3%
P <0.001) ,Occludin F1ZO — 1 8 [ A % F 3k K -2
FFHE (FIP <0.01) 5 Sl 2 A0 & S 40 41 LA, il
KRR A 4 p - MLKL 25 P AR 3Rk K
S BRI (P <0.001) , Oceludin i1 ZO — 1 & [ AHXT
FRACE B R E T (3 P <0.001) , L3R 5 FlEl 3,

T4 FAUNEHALRIEANCH FHEPRI L (pg - mL™" ,x +5)

& & & 6-06‘

o ¥ & o N

pMLKL W— . G e - oo
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Figure 3  Relative expression levels of barrier function — related

proteins detected by Western blot experiment

Table 4 Comparison of the indicators of intestinal tissue inflammation — related factors in each group of mice(pg + mL™" x *s)

Group TNF - o IL-1B8 IL-6
Control 51.25 +5.48 26.96 +1.94 13.59 £1. 06
Model 169.53 +21. 10 * * 109.49 £9.97 " * * 62.02£5.92"""

135. 05 +12. 79"
106. 12 +9. 23###A
122.17 +10. 85

Experimental — L
Experimental — H

Metformin

50. 19 +4, 44%##
37.78 £3. 58##asA
48.91 +8. 46"

81.35 +4. 94"
64. 34 = 6. 20*#AaA
73.69 £6. 13"

Dose and n refer to table 3 ; TNF — o : Tumor necrosis factor — o ;1L Interleukin ; Compared with the control group, * ** P <0. 001 ; Compared with the model

group, ™ P <0.01,** P <0. 001 ; Compared with the experimental — . group,***P <0. 001.

RS BA/NEIBHALR R REASCE A AR IB KR AL (3 £5)

Table 5 Comparison of the relative expression levels of barrier function — related proteins in intestinal tissues of each group of mice(x )

Group p — MLKL MLKL Occludin 70 -1

Control 0.38 0. 05 1.00 +0. 15 0.97 £0.07 0.73 0. 09
Model 1.07 0. 13*** 0.99 +0. 11 0.35+0.04%** 0.22 +0.031***
Experimental — L 0.79 +0. 08*#* 0.97 +0. 15 0. 61 +(. 05" 0.34 £0. 07"
Experimental — H 0. 61 +£(. 05*##A00 0.91 +0.13 0. 83 (), (o7*##AsA 0. 55 £0. 05###Aar
Metformin 0. 80 +0. 09*#* 1.01 +0. 11 0.43 £0. 06™ 0.29 +0. 06**

Dose and n refer to table 3; p — MLKL: Phosphorylation — mixed lineage kinase domain — like; ZO — 1: Zonula occludens — 1 ; Compared with the control

group, * * * P <0. 001 ; Compared with the model group,* P <0.01,*#P <0. 001 ; Compared with the experimental — L group,***P <0. 001.
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