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Effects of curcumin regulating NF- kB signal pathway on morphology and
function of pancreatic islet cells in diabetes model rats
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Abstract: Objective To investigate the effect of curcumin through NF-«B signaling pathway on the morphology and function of
islet cells in diabetes mellitus rats induced by high glucose and high-fat diet. Methods The diabetes rat model was prepared by the method
of high sugar and high fat diet + ip streptozotocin. The successfully modeled SD rats were randomly divided into five groups: the model
group, metformin (200 mgkg™, positive drug) group, and low, medium, and high dose curcumin (50, 150, 250 mgkg™") groups. The
control group was not modeled. The control group was injected with an equal amount of sterile phosphate buffer (PBS) once a day
for six weeks. Observe the changes in body mass of SD rats; The fasting blood glucose was measured by a blood glucose meter.
Serum C-peptide level was detected by ELISA. The serum levels of glycosylated hemoglobin, triacylglycerol (TG), total
cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), alanine

aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBil), serum creatinine (Scr), blood urea nitrogen
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(BUN), and uric acid (UA) were measured by a biochemical analyzer. The pancreas was taken for HE staining, and the
morphological changes of the islets were observed under light microscopy. Observation of islet positive expression of NF-kB by
immunohistochemical staining. Detection of NF-«xB signal pathway related proteins expression by Western blotting. Extract islet
cells, observe insulin secretion by immunofluorescence staining, and detect insulin secretion by glucose stimulated insulin
secretion (GSIS) experiment. Results Compared with the model group, the body mass of each treatment group began to slowly
increase at the second week of treatment, and significantly increased at the third and fourth weeks (P < 0.05). The level of
blood glucose significantly decreased (P < 0.05), while the level of serum C-peptide significantly increased (P < 0.05). The
levels of glycosylated hemoglobin, TG, TC, LDL-C, ALT, AST, Scr, BUN, and UA decreased significantly (P < 0.05), while the
levels of HDL-C increased significantly (P < 0.05). The size and morphology of the islets gradually returned to normal, the islet
cells gradually became clearer and complete, and the cystic expansion in the ductal system gradually decreased. NF-«B positive
cells decreased. The expression of p-P65 protein was significantly decreased (P < 0.05) and the protein expression of p-IxBa
was significantly increased (P < 0.05). Insulin secretion by primary islet cells was significantly increased (P < 0.05).
Conclusion Curcumin can protect the normal morphology of islet cells in diabetic rats, maintain the function of islet cells,

and alleviate the clinical symptoms of diabetic rats. The mechanism may be related to the regulation of NF-« B signaling

pathway.

Key words: curcumin; NF-kB; diabetes mellitus; islet cells; insulin secretion

P B 28 55 1 DO R TR N R TR 7 SR A
EORE , W8 PR E 3R B (19 0 208 A 3 3, 1E N
—FIE DL P b R AR U B A M H AT CRR
B N R B 28 3 Rt . ZE R
AP EE R ZEPRI—F KRR 2T, BAT
12 W2 RGP, LS B AL U R G R R BT
REDS, BRI, 223 RN A RO R
9o R B FRY LW OfL R o3 i B B 4 MR e, T L
[ Wb % 1) T — RS JE S B B LA R A T B
4, AE R L2 M ERAF RN ZMES S
5 SO R AT o A L I A E BRI
R 2 B A R 2O R R AR PLAE 2 T IhRR R OR
T HAE TR AN IE 9T R SR R L IR ROIE D T I
UV AR LR T PRI A T AL 0 oA 52 4 1 B .

% A -xB(NF-xB) s& — M | iZ fE4E T HAZ 4
ML ) 2 R R SR R T, 2 5 AR 2 R AR
F, AT 2 A A IR 1 AR AL IR R A S T R
KOO R AT R B, NF-xB ] T4 J 5 &= 2 AR (143
5 B U T B KA T, NF-xB WG {65 , 7T 7
1 40 A -6 (TL-6) IR PR FE ] 7 -a( TNF-00) %5
PRE R 7 1) R IK K 5 628 5888 R 7 AT AE A
NF-«B 15 5 8@ #% , 1F A 30E 7118 NF-«B #2275 10, A
1M T i 48 0 15 5 1 1E S 4t ML, n 26 i 5 24K
Ui BRI, 2B T E L I NF-xB {5 5@
% SR A A2 48 41 B[R 7 (Ll TL-6 A1 TNF-o0) 1) 433
R R FEPTRAE D . AR 50 7 R 9 K R
R Y 253 H 2 1538 1 NF-xB 15 538 % 6 H JR 5
K BRBR B Al M T 2 R Thie R3EAEF

1 #g
1.1 LI

60 W 8 J& % SPF 2% SD fi M v K &, 1k i
FQ00£10g, WHILTKAEEDHERGR A A,
SEIG S A P VF AT IE 5 SCXK (3L)2014-001, 1] 37
MRE 21~23 °C 8 E 30%~40%, FT A K BRI TE I
W IR S G A 1) SPF e sh W s R 37, H iR
WK o AT T8 AE 22 K I i B e 4G BE 25 D3 2% W
AL (IS YAS-20210005) .
1.2 EFZERF

LR (LR H>80%, it 5 458-377) I F 3%
Sigma 2 ] ; # IR B & (STZ, #it5 S0130) , I H
Alexis 2w ; i 5 R ez XA & (5
S120120 D H Ak 5 b 77 AE W AR W T s S B iR
16 p65 (p-p65) £ 7 B P (T 5 SAB4504488) |
Pt p-1% K7 kB ] K T a(IxBa) £ 7o EFiAA (185
10505) « %t GAPDH $i#& (4t 5 GR3316865-1) 14 T
7% [H Sigma 2 7 5 th 90 = it (41t 5 BS13278) i
H 3% [& Cell Signaling Technology A &) ; i FR 2% I
7% (PBS, fit 5 20201228) 1§ H F 2 == K /2~ ] ; PV-
6001 77 & & DAB 5 & (it 5 ZL1-9032, 4k 52
12 4 M 8 ) 5 2-step plus — 25 5 %8 41 A0 4G I K 571)
&, B S A B AR A R A A 5 k55
Vit 5 C9263-100MG, 3£ [H Sigma A w]) ; K C ik
A 7 B LA B bR A9, %5 MB-2129A) 5 = fi
e N R < TR B 20% - S8 T 10%  JIH B BE 1% JH #5
0.2% 32 Atk T R 68.8%, T F K FAZ W sL I8 sh ¥
H] (L5 040508)



F46% F4H 2023F48 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No. 4 April 2023 - 805 -

1.3 FEUFH

CX-21 % B8, 8 | H 2 Olympus 2 A 5
ABI2720 %4 RT-PCR 1% , }J H 5% [ ABI & ] ; ONE
TOUCH 384 (B 50) M E A AL 4R, 1 3 2 [ 5 A
] s Leica RM2335 6 5% XU1 Bl Leica HI1220 #%5
FrL 78 [E Leica # % 4000B S 27 & W4, 6 1 4 [
Leica A 7] s HEMIX-180 ! 4= 5 a8l A4k 73 4%, T B
H A Sysmex A 7] o
2 &
2.1 EBiRDHERAHTM

50 2 SD K45 T b m IR 1l kIR 7 4 A = L 4%
BREEK 12 h, 4 40 mg-kg™ — kM ip STZ &, il
P BE PRI o R 2H S d TR R R 4 8 S VS
AR BRI dREEMREFR 7 d 5, KRR ik L
I, 7 P At B ASORGE 00 A 6% , 0K ==16.7 mmol- L™ Jy#%
BUH 45 BTl o KRR BT K BRBE AL 7 9 S 4L, R4
10 W, 43 5 R AL 20— FOUIE (200 mg kg™, BH 74
PPN AR AR (50,150,250 mg-kg ™)
o g2y, TR IR, ESE 6 , X HE 20 [R] e v B 45
TG PBS, ML SD K SRR &A1k
2.2 ZFREIFE. C RAKFELLE:

LR RINT MW, 252K 12 h, 375 ik
e 1010 0K ASCORSE N I 5 BA 3 000 r-min™ 254» 15 min,
43 B M35 , ELISA VEAG I 1M 3% C kK.
2.3 EUS NI EE &

K A Al o0 B ORI i 37 PR AL 2T R L =
Bk H 9 (TG < A JIH & B (TC) A% %% 7 fig 25 1 5 &
fig. (LDL-C) « /= % J g & 1 A9 i i (HDL-C) « TN &
PR A LRI (ALT) KX R IR AL B IE(AST) .
SELZL R (TBID  MLULEF (Ser) < LR R A (BUN) R
TR (UA) K
2.4 HEZ@RGEEHLEN

b7 250 Ak B KB, ST B BT T K BRORE S, 4 AR
JIR2H 23, K Jik it 26 23 F T4 1Y PBS VA VR e, 5
T 10% #E /R B RIS ARAF , o A ks a3, ¥) v HE
gett, TOOEE PSR BTSSR .

FH 9% 404K G 60,77 725 0 8% NF-xB [ 3R 15 ¥4 7l
S ) 25 A ) RN B 2R, 60 CCHE A b T
1 h, BT 100%-+90%80%- 70% A% FF % 2 min il
it o SRR D) A 3% I EALE PR E 15 min,
FH % 1% 6 5% 1L B4R % b W (PBST) i B 3 IR (R IX
15 min) , A 85 U] A= AT BR B MR AT B R 18
42 (95 °C.15 min) , 7 PBST i ¥t 3 X (K 5 min) »
W 5% 413G A& A BSAEHFB U A L&

37 °C#¥ & 30 min. A5 I NF-kB p65 ik (1:
3000, 5 T PBSH14 °CH# & 12 ho X H , ¥ HRP
BEIR 1gG I N4 23w, 37 °CH% & 30 min, PBST ¥t
3R CEER S min) o {1 DAB & 835 (1:20) , i #E
R [ 2k B v 7 5, B S (E R SR
2.5 Western blotting #& Il NF-xB {5 S B HH X &
SESVN

R BRUBT B JR AR 2L 21, i N RIPA 24, B T
K LA 21 K 5 5 4 °CJig E 30 min, 13 000 r-min”!
2.0 10 min, BB 4> _F3F , BCA 5 &AL I & A
WRE, i — 3oy Lig N B REZ M, B AR e
T0 2 4% R 48 IR R 4 5 10% 5 B I8 o 85, 5 46 0k %
JEE P 4 °CHF B — P IR E P ECL R Ieil
o TR OGS PR, B S Image J R EAT S0
AT
26 BEERENESERSAERSHEIED
gea
2.6.1 JHEESAHMOAREL B SAE AR AT/ R BT AR
RET, e, TolR FMEM YO, 1
RER, ZHBFEE B AERE. N+ 18
1% W i 3k L, B P BE N 38 i K ALk, 9
BRI HE NS 0.8~1.0 om, fR4F4FSLF B HLE
JiR SV A HLER K A SIE R R — A 4L %, 218
VEN 2 mg-mL™ I JE B VIR 2 mL, B b 80 . It
I JBR i S 32T I K, R R P i e A . T SRR S
MR BT U6 52 52 4y B M e . EUIR IR A 21 8 T
R P A L SR S TN 37 °CAK I B, B3
O3Bl 8 SEEh 2 YK 20 min JE K K AR B
FRREY R AR 5 H 240V R (R B2
ANF 1 em) 2 bk . B L 80 H 8 W 38 ik 40 414
JEf K BT R AR IE 20 AL L T 200 r-minT )
R0 5 min, 7 IEWOIN H-HE 8 EM B 97 2L, 2R
J& LA 1 500 r-min™ (1938 5 250 5 min, ¢ _FIE G 5
51N 1.1-Ficoll. 1.096-Ficoll. 1.066-Ficoll %5 & £
J& 43 B, A2 000 rmin”! (P3P B0 15 min, 250 58K
JEMRE R ] ETE N E T, FHALL T 500 rmin”' (1)
THPE B0 S min, 7RI 2 E H-BA EM (1)
BRI, ISt S 20 55 R 0L 43 5 1 By A e, 1 2 4
BE R FAE 50~300 pum MR B A M. SRR IS =2
0 N A Diphenylterazine ¥ ¥ [ 55 7% ML, T 2150
O UL 8 P 4
2.6.2 %5 4% B 41 PR 4y WA FEE B 2K D RE AR I 4 L
F PBS ¥t 2 1K, 4% % 5 B 8% % 3 [ 7€ 30 min. PBS
Va3 ke KRR RN %X 5 & 44 4, DAB &



- 806 - $F46% F48) 2023F48 %X"‘i‘ﬁ'{ﬁt % Drug Evaluation Research

Vol. 46 No.4 April 2023

o PR RURE 505 5 B AE (5, 0 T 40 K
2.7 BEEERIBAES RS (GSIS)ZIgh
Y I 5 I AR A0 P ) S0l A 12 LR B, i B

FU B 5 A P O B B N 301 N RPMI 1640 58
AL FEHE 100 pL (R 10% Jf 4= 35D , BT 40 i 55 7%
FF47 12 h, & 2.5 mmol-L i %) ¥ () Hank " s °F
18 5V R 2 R VAR N LRGBS 37 6 h, 22 5 43 il
2.5.25.0 mmol-L™" [ % %) K& 11 ¥ 2 h, fill B4 W2
J& , WCER A i 13 W, /IS BRUE B 3R ELISA 71 &
AR b 7 R R IR B 2R ) B TR A 0 ) )
Fl 20 e 5 4 R, WCAE 40 R )5 T BCA R 7 &k 4T
W E &, LIRS R 1S & (U /A L4 M R

B (mg) M NI 2 0 W ae 1 VAR FE bR o
2.8 HBHKIT

4 K F SPSS 19.0 4t it 8 4 Ab 3 4 b7, 75 A
R KT EZFERTFE R R Dy + s R, 24

[F) Ll 352 5K FH B BB 36 5 22 0 A T 7 B A DA R AR 1
LR

3 %R

31 —RIE

ZWERT W6 G, MESH KBRS XA
KERESIER , BNEK, BRIEE, KERKIE
AR R KRR B K RRES E A, BRI
SR, Z IR 2 B VZIRIER ., SR 1
JREEARTHK, LB A T B ESHM
HOOUZH K BOIR S BN IE S, BRI SE, R A
TR R, IR ORI A A Sl B AR T 5 2 A
I TF 46 22 18 1 K, 55 3.4 J8 4R i B B 3w T R Y
H(P<<0.05), H.22 38 3 a7l & 24 o7 B I e iR
HZHRUIMAFEA —5, 4R WK 1.

3.2 ZTREMAER CRAKFLLER

LZWRIRIT T8 A J5 , HA IR b, # Y 21
KGR 22 JEIALB 7K S5 3 T (P<<0.05) s SRR A EE
B, ZHORUNCRT 22 38 & & A IR K P B BE
K (P<0.05).

B ZH KR IS C kK B #E KT X
H(P<0.05); — H XU L 2236 R % A s 4 i C
Jik B TR (P<0.05). W1,

33 BHRKBRAEMIBFRILE

L0t HR A b, AR A K BROBE AL 4T 2] 1\ TG
TC.LDL-C.ALT.AST.TBil.Scr.BUN.UA 7K &
T (P<<0.05) , HDL-C /KT f 2 BFK (P<<0.05) 5
SRR A A, F e A REL I & (TG TC.
LDL-C.ALT. AST. Scr. BUN. UA /K “F & % [&

@ X

& B
800= - — FIXLAT
¥ OEWE 50 mgke!
- EER 150 mgkg!

6009 & 4% 250 mgkg !
20
= 400-
®
200 —8
* * .
G L] ] I
0 2 4 6

1
5 B A" P<<0.05; SRR AR L - #P<<0.05
P < 0.05 vs control group;*P < 0.05 vs model group

1 BAXREREEL (ves,n=6)
Fig. 1 Changes in body weight of rats in each group (x+s, n=6)

F1 SEKXBRSHEMPE.ME CRKLLE (v£5,n=6)

Table1 Comparison of fasting blood glucose and serum
C-peptide of rats in each group (x+s, n=6)

] &/ = JL i b/ 1L C ik
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X HE — 4.58+0.60 2.28+0.51
A — 25.55+4.25" 0.71£0.06"
THRUR 200 13.35+3.26" 1.75+0.38"
LR 50 18.39+4.27" 1.36+0.53"
150 15.65+3.56" 1.65+0.72"
250 13.34+3.07° 1.79+0.43%

53R L "P<<0.05; 5B L - *P<<0.05
P <0.05 vs control group;*P < 0.05 vs model group
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Lxt A L "P<<0.05; AR ZH LA - "P<<0.05
P <0.05 vs control group;*P < 0.05 vs model group
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Table 3 Comparison of serum lipid levels in rats in each group (;is, n=6)

*3 BAXFRMASKTFLE (x+s,n=6)

2H 5] &/ (mg-kg™ TG/(mmol-L™) TC/(mmol-L™) HDL-C/(mmol-L™")  LDL-C/(mmol-L™")
pagiicl — 1.53+0.10 0.43+0.08 3.82+0.51 0.25+0.03
7Y — 3.52+0.59" 0.97+0.25" 2.31+0.23" 0.97+0.31°
AR 200 2.15+0.06" 0.48+0.04* 3.31£0.16" 0.36+0.03"
ey N 50 3.05+0.14* 0.78+0.07* 2.79+0.15" 0.51+0.07"
150 2.85+0.13" 0.62+0.06" 2.94+0.14" 0.43+0.05"
250 2.14+0.05" 0.49+0.05" 3.34+0.21" 0.35+0.04"

50 BRI LA " P<<0.05 ; SRR A LU - #P<<0.05
P <0.05 vs control group;*P < 0.05 vs model group

*4 ZEXFRIFIPEELLE (x+5,n=6)
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pagiist —  4325+2.48 102.36+10.48 6.25+0.54
TR —  89.36+£10.47" 235.48+15.56" 6.68+0.31"
THXAL 200 53.39+2.05° 151.53+8.41"  6.43+0.18
LWHE 50  67.28+5.41% 174.25+12.36" 6.42+0.28

150 60.57+2.19% 160.23+10.29" 6.47+0.24
250  53.47+2.14% 151.49+£8.24%  6.43+0.21

L3t P<<0.05; SRR LL - "P<<0.05
P < 0.05 vs control group:"P < 0.05 vs model group
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X HR — 33514648  5.28+1.25 100.39+20.17
FE Y —  55.89+10.57" 15.47+2.35" 285.41+30.17"
ZHIXUIK 200 41.05+3.51%  9.05+0.97" 134.77+10.52"
EER 50  48.27+5.94" 12.74+1.06" 165.34+13.29"

150  43.06+4.29" 10.19+1.36" 150.34+12.19
250  41.07£3.45%  9.04+1.01" 134.78+10.58"

5B LU - "P<0.05 ; SRR LU - "P<<0.05
"P < 0.05 vs control group;*P < 0.05 vs model group
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