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ABSTRACT Objective: To study the changes of ghrelin and nesfatin-1 dynamics and secretory regulation in rats with STZ-induced
diabetes. Methods: Diabetes was induced by intraperitoneal injection of streptozotocin  (STZ). Serum glucose were measured by the
glucose dehydrogenase, while the levels of ghrelin, nesfatin-1, insulin, IGF-1 and GH were detected by RIA. Preproghrelin mRNA level
was tested using real-time RT-PCR and the ghrelin and nesfatin-1-immunoreactive cells were observed using immunohistochemistry.
Results: The weight of diabetic rats decreased significantly (t=23.16, P<0.01), the glucose was increased significantly (t=22.55, P<0.01),
plasma insulin and IGF-1 level was decreased significantly (t=6.50, t=24.13, P<0.01), but the GH level was increased significantly (t=3.
30, P<0.05). The level of total (t=7.03, P <0.01) and active (t=3.33, P<0.05) plasma ghrelin of the diabetic rats was increased
significantly, while the plasma nesfatin-1 level was decreased (t=6.24, P<<0.01), compared with that of the control group. The total
plasma ghrelin level of the diabetic rats correlated significantly with their serum GH level (r=0.81, P<0.01) and with their serum IGF-1
level (1=-0.58, P<0.01). The gastric total (t=16.86, P<0.01) and active (t=3.30, P<0.05) ghrelin level of the diabetic rats was decreased
significantly, while the gastric nesfatin-1 levels was increased (t=7.93, P< 0.01) compared with that in the control group, and their gastric
total ghrelin level correlated significantly with their serum IGF-1 level (1=0.65, P<0.01). The preproghrelin mRNA expression in the
stomach was increased significantly (t=16.8, P<0.01) in the diabetic rats compared with the control and the number of
ghrelin-immunoreactive cells in the gastric fundus of the diabetic rats was decreased significantly (t=3.98, P<0.01). Giving rats free diet

in the experiments, the total plasma ghrelin level in diabetic rats was increased significantly (t=7.53, P<0.01), nesfatin-1 level
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significantly reduced (t=5.46, P<0.01). After insulin injections, the increasing level of ghrelin (t=1.76, P=0.11) and reducing level of

nesfatin-1 in diabetic rats was close to normal (t=1.96, P=0.06). Insulin significantly reversed the total gastric ghrelin (t=8.54, P<0.01)

and nesfatin-1 level (t=2.42, P<0.05) of diabetes rats. After injection of insulin, ghrelin cells were increased significantly, while nesfatin-1

cells were decreased significantly (t=3.21, t=2.59, P<0.05) in stomach fundus of diabetic rats. Conclusions: Ghrelin or nesfatin-1 may

participate in the regulation of energy balance in diabetic rats.
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Ghrelin J2& M AZSFIR B Hho3 8 0 —Flok B A KR AR
ARIRE W, FEHER 3 (722 S RER I A R R N oiar s
M Xt ghrelin (14 P4 25 3¢ 2L, Ghrelin [ 2524 Bl 6 2
P HE NI 15 28 Sy AR R R Ay R B P 1 32 3,
FuRE P ARRAS HE AN VRSO0 T o 2o IR 0 i B AR AR
A 3% ghrelin K SEHEANES, 7 £ 40 4R A] 3k Hi A ghrelin
mRNA®, Hirp 5 i 387K F & 09, Nesfatin-1 J2 2006 4 % 31
F) — B R KM, 7 TR X AN E B RS R SR A R
ik, B AR IS E s EE A SRRiE B A BE40
JfI AT 431 ghrelin A1 nesfatin-1

FEMRAC R 2R (STZ )2 —Fh i AR 22, 7T 38 o A B J J 5 1Y
A3 I AT 5 S R R A o STZ 5 S W BRIFE A BRUmT 1 B =
i & FE T RS R EY, EA IR HiIE STZ
5 R Z AR S IR K B ghrelin 1 nesfatin-1 (1430 %
Ao AR SR FHARE TS ik (RIA) ., 52 B il 556 5 1y 1%
(RT-PCR) M f e A AL 2E R AR G5 5 1% 480 STZ 15 Wk
B ghrelin £ nesfatin-1 31 J72% K A iJH 5254k
1 PPRAn TS i
1.1 SEIezh#

8 JE WS M Wistar KCER 45 H, BEALST R 3 4. X IEA
(n=15),, Ji I v 5 A2 B ER 7K s STZ 5 B I K B (n=15), i
JiE S STZ (60 mg/kg) W5 HE R 5 19 1 28 b SHOME Do K AL
(n=15), 7EVEST STZ — BG4 T B2 g PR ook B AR
RO U R), Brash A RPOKAER 4 G KERESE 16h, L
FREAESE, ABIKRE T A8 s, A B K.

12 m#ERBEXHEDHT

SR FFVRIAE AR M58 St AT 3000 8 I 25 A 2 A K- , o e
3BT (RIA ) Z: B SCRRUS 047, 4G 0 L 2% R 5 28 R BAHEAE K
HF 1(IGF-1) K3 (GH) LA K M 2% A1 4141 ghrelin nes-
fatin-1 7K,

1.3 Real-time PCR

ffi ] Tri-RNA 0] & 50T FefiiZl 2148 RNA, A 1 pg &
RNA FIEEAZH R dT 5|44 5% cDNA, ¢cDNA 5 SYBR Premix
Ex Taqll fIFFESIYIRA, #4T RT-PCR:95° C35,60° C 30
s,50 P PE# ., Ghrelin 514 :5 -GGA ATC CAA GAA GCC
ACC AGC-3' ;5" -GCT CCT GACAGC TTG ATG CCA-3'
Ghrelin #£4 J§%1: 5 -FAM-AAC TGC AGC CAC GAG CTC
TGG AAG GC-TAMRA-3' , P %T i@ GAPDH 5|4 .5'

-TTC AAC GGC ACA GTC AAG GC-3' ;5" -GCC TTC TCC
ATG GTG GTG AAG-3' . GAPDH #41)F%1:5'" -FAM-CCC
ATC ACC ATC TTC CAG GAG CGA GA-TAMRA-3" |
1.4 REHEALELE

HEREA T 10%45 /K AR E , AR, ESE R A,
JEJE 4-6 pm, Y1 R 70°C AR 10 min, 2 J5RUCEHL T T iR %
W (5 min),96%Z. (3 min), 90%Z, % (3 min) , XUZE
7K (3 min), Y] A £ nesfatin-1(1:2000, 3 [ Phoenix 2\ &) ) 8%,
ghrelin(1:10000, 3 [# sigma A\ &) ) —PiEF ,4°C 132%™, B i2
ELE WBE VLS B RA R g GIEE 4C ™, Y1k
ZINH R - YR - L EAY RS G5 G 10 min™, BREE 2
M P B K, T A S b 6 Sl OISR o S e T PR A
FEOHALT AR

D=(Ng/Nt)x 100%

N — 7 X 4ol G 82 75 T4 240 B 1o 50 5 Nt Gy 335 1 240 B 1Y
SR,
L5 Gt EaH

FrAAEER I (xt 8) R, ZLHRIBPEOCBER R ZH 7
ZE500T, PR XA LR A ¢ 165, Real-time PCR 2554347
KA CHAESR R, RIFIIFRHNEEE cDNA # A PCR F5%0H &K
A A 16 5 RO 35 89 ( cycle threshold, Ct), LA [R]—#E 7S th
ZIRFNFE K FEH B -actin Z[AIHY Ct Z{H(A Ct), BIA Ct= Clyper
Cly i SEATHAIGERH ¢ K636 (Prism 3.0 GEiH4k 4 ), P<0.05
EFAREGIFE L.

2 R

E X REAIAR LD, WEPRI K BUATE B & AL (=23.16,P<
0.01; % 1), BERMH AR EIRESXRA KR LT 825
(t=0.68,P>0.05 ) , M4 /K- i 2 T 5 (t=22.55, P< 0.01), I 3% Jig
152 IGF-1 K B %MK (=6.50,t=24.13,P<0.01), /H GH
IR BT (=3.30,P<0.05) ,

5%t BRZH A BRAR EE , B FR I R B 2% &, ghrelin(t=7.03,P<
0.01) FI3E M ghrelin (t=3.13,P<0.05) 7K 5 2 F 25, i nes
fatin-1(t=6.24,P<0.01 ) 7KV 0] g AR (R 2) o WHIRE AR Rl
I B ghrelin /K5 GH KF  (=0.81,P<0.01) il IGF-1 K
(r=-0.58,P<0.01) 2 WA XM (K 1A,B). HXTIRAIK FAH
He, PRI RS i ghrelin (t=16.86,P<0.01) A& 14 ghrelin
(t=3.30,P<0.05) & ¥ i AL, 1M H nesfatin-1 7 5 W i 2
T+ 85 (1=7.93,P<0.01,3 2), H 4 ghrelin 7K F 5 3% IGF-1 /K
- 5L B AR K (1=0.65,P<0.01, 4] 10),
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Table 1 The levels of body weight, gastric weight, serum glucose, serum insulin, serum IGF-1 and serum GH in STZ-induced diabetic rats(x+ s)

Body weight Gastric Glucose Insulin GH IGF-1
@ weight(mg) (mg/d)) (ng/mL) (ng/mL) (ng/mL)
Control 353.4+ 16.0 2145.6+ 81.2 136.5 4.1 0.27+ 0.08 6.63+ 0.24 1478.6x 137.6
Diabetic 207.5+ 12.2%* 2160.5+ 85.0 451.2% 41.5%* 0.08+ 0.05** 3523+ 13.24* 449.5+ 32.5%*

7 :*P<0.05,**P<0.01, 5XFHB4AHEL -
Notes: *P<0.05, **P<0.01 vs. control group.

K2 HERBARMIEFINEG AL ghrelin 0 nesfatin-1 FIFIE(x+ s)

Table 2 The level of plasma ghrelin, nesfatin-1 and gastric ghrelin, nesfatin-1in STZ-induced diabetic rats (x* s)

Total Ghrelin Active Ghrelin Nesfatin-1
Group Plasma Gastric Plasma Gastric Plasma Gastric
(fmol/mL) (fmol/mg) (fmol/mL) (fmol/mg) (fmol/mL) (fmol/mg)
Control (n=15) 6152+ 72.3 1758.8+ 184.3 76.2+ 25.6 337.5¢ 25.8 357.8+ 53.1 1132.5% 96.5
Diabetic (n=15) 1123.4+ 196.6** 1007.5+ 195.2%* 120.2+ 38.5* 205.2+ 36.5%* 216.2+ 48.3* 1385.5+ 103.3*

7 :*P<0.05, **P<0.01, 53 BB AAHELL
Notes: *P<0.05, **P<0.01 vs. control group.

A 1007 B 1000- C 1000
_ 801 E 800+ g 800+
E 60 B 600 2 6007 y
£ 401 T 400- = 4001 Pt
3 r=0.81 g r=-0.58 . g r=0.65" "

207 p<0.01 2001 120,01 2007 1,20.01

00 4l00 8lOO 1l200 1l600 2I000 2l400 00 4.00 8.00 1.200 1.600 2.000 2.400 0 0 4l00 8I00 1l200 1I600 2;)00 2'400
Plasma total ghrelin (fmol/mL) Plasma total ghrelin (fmol/mL) Gastric total ghrelin (fmol/mL)
1 Ghrelin 5 GH,IGH-1 7k g8 X145 #7
Fig. 1 The correlation between ghrelin and GH, IGH-1
AR B ghrelin 5 GH K F MBS 4T; B: 3R B ghrelin 5 IGF-1 K FRIERXMEST; C: B B ghrelin 5 IGF-1 K EHIHERXME 17,
Note: A: The correlation between plasma total ghrelin and GH; B: The correlation between plasma total ghrelin and IGF-1; C: The correlation between

gastric total ghrelin and IGF-1.

SIS, BRI U ghrelin mRNA %00k (13.98,P<0.01 ] 2b), i ghrelin Gl i M4 5 40 HLiS A
TR (E16.8,P<0.01; [ 2a), (- 415 FIZ5 s ghrelin mR  F/, S WP BT A ML , 16015 6 R
NA /K5 0 IR TR 3 22 5 (2124, P0.05), SRFIRAL  Ho2e SoRWE (=164, P=0.11 %] 2¢)

FHEE, B PR R U I ghrelin G 3 15 4 240 0 K0 bk 1 =35 s /0

— : )
a £ oss b 2 20 Control (XJRA c
B 2 ™= Diabetic CRERRFRZ) X 251
®© o T N -
@ 0.10 %;;50 % 2.0
[] (13
c
= § £100] g 161
E 005 53 % o
8 000 % S 051
< Stomach Duodenum Colon = 0 ’ 8 0.0
G CH=3gl) (S o ’

2 ¥EFRJE KRR ghrelin mRNA 0 ghrelin 2% = 5z 40 i = 1%
Fig. 2 The expression of preproghrelin mRNA and ghrelin-immunoreactive cells in STZ-induced diabetic rats
:a: B TR ghrelin mRNA B3RIA( ghrelin/B -actin);b: ¥ERH AR ghrelin iR EHIEE;
c: Bk ghrelin & &AM S 4ME 2 H LB, *P<0.01, 53 RAMELL
Note: a: the expression of ghrelin mRNA in stomach, duodenum and colon( ghrelin/B -actin);b : the number of ghrelin-immunoreactive cells of diabetic

rats; c: the ratio of ghrelin-immunoreactive cells in total cells in fundus of stomach. *P<0.01 vs. control group.
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SR LA TR A IR R, B R BN AL ghrelin K
S R (=7.53,P<0.01; % 3),nesfatin-1 7K & I 2 [ )
(t=5.46,P<0.01), 552 hb B AT REHS A ghrelin 7K P R AIG
PSRIE# (=1.76,P=0.11), Tifl A% nesfatin-1 7K F 525
(t=1.96,P=0.06), 5XTREZHAHLL, BE PRI AR B E & ghrelin 7K
[AR (t=5.14, P< 0.01), Tfii nesfatin-1 /K- & 2 715 (=5.37,P<
0.01), 25 [P % 3 7T i 35 [ s ghelin(=8.54,P<0.01; 3 3) il

nesfatin-1 K3F-(t=2.42,P<0.05) , 76 1E K B IR K BRI i
BRI R 2, B P iEM: ghrelin 5 4 ghrelin # L
R ELF(=1.12,P>0.05), HIEH KL, FiIRFE KR
B IS ghrelin 558 1% PR AN 0S5 /b (:23.56,P<0.01),nes-
fatin-1 G328 1 P40 AR B B (6=3.56, P< 0.01), il 5 b
P AT i X — R (1=3.21,1=2.59,P< 0.05; 3 3),

3 BRBEXMERB KR ghrelin 0 nesfatin-1 RiXMFND( xt s)

Table 3 The effects of insulin on expression of ghrelin and nesfatin-1 in STZ-induced diabetic rats (xt s)

Plasma total ghrelin Gastric total ghrelin
Group

Ghrelin Cells

Plasma nesfatin-1 Gastric nesfatin-1 Nesfatin-1 Cells

(fmol/mL) (fmol/mg) (Cell/mm? (fmol/mL) (fmol/mg) (Cell/mm?)
Control (n=15) 492.1% 43.2 2238.1% 197.5 96.2+ 12.5 275.5% 41.3 12523+ 114.0 48.5% 9.6
Diabetic (n=15) 714.4+ 58.4%* 1652.1x 158.2%* 61.7+ 10.3%* 182.6+ 35.8%* 1537.4% 123.1%* 64.4% 11.3%*
Diabetic+INS (n=15) 655.3+ 52.5 2690.5+ 204.5% 108.2+ 22.5" 214.4+ 38.6 1406.2+ 119.2" 50.1% 6.5

7 **P<0.01, 53 BB LA EL ; #P<0.05,#4P<0.01, S¥EFR A4 L o
Notes: **P<0.01 vs. control group; #P<0.05, ##P<0.01 vs. diabetic group.

3 itig

STZ Qb B B T A Sk 5 227K - 3 R AT, K -
WEET R . XA Z AR R A R —F M, PR ARSI
STZ 5 FH R K BRI ) . KA T IMEME ghrelin W] 34
Jnifigk GH 7K U STZ 755 BB IR K Bl 2K GH K5
ghrelin 7KFAT RGN, 157580 ST AI 0 A O JUEJ HH A AT
56, STZ i S MR K B 5E 45 R W , 3K ghrelin 7K SF-F
7, B ghrelin mRNA ik /K F-FEAK, B IK ghrelin /K5 ghre
Tin B2 1 14 40 L 25 o W 35 BRI, T AL mesfatin- 1 7K P i 35 R
ik, H nesfatin-1 /P BEFHF . A CERIE, +2iHE
ghrelin ghrelin mRNA ik, ghrelin 58 iE Yk 40 i S th ik £
LIS AR5 BoRES AT 48 B ghrelin mRNA 357K T8
W25 R, ghrelin EEAEF h 4, HARIE nesfatin-1
TEB AL IFRIB MR 10 £ $ERBRIE K U P ghrelin
TKFEBEAIR , nesfatin-1 7KF-F-55 AT g 5 1l 3¢ ghrelin 7K 75,
nesfatin-1 7K i FARA B ZOCHK

Ghrelin F1 nesfatin-1 Y7 i B X/A FEAHAEA IR0, ASHF5TE
KI5 A PR BRUAT 386 %% 1 I% ghrelin 1 nesfatin-1 4y 1%
PR A AR SRR B A AL ghrelin BY nesfatin-1 bR
O O A2 A B4 4330 ghrelin 5% nesfatin-1 4%
Ak AEIRIE KR IMIE ghrelin 7K 3ETHEr, B ghrelin 7K & ghrelin
BRE T P A MO A B R AT BE D R T ghrelin BERCA ML 22 4H
Ko WEPRIF I BT i S5 R A1, 12 % 3R b JHL U T 0 e PR K
fi ghrelin 5Y nesfatin-1 2Jj 7] 5% 222 , 3% SE U A] AR 35 AR it
A, QAR ER B, A BRI 5 STZ X B RIS tEAE
T A NS A B A0 ) 55 3 B AL I ARV 4

Ghrelin j&—Fh HAG L2 w4 FIOTRE M I B K, A58 W,
ghrelin &5 IGF-1 AH{LLEA S IRFAREIAIA K AR R, 4SBT
FAREI, M IGF-1 KF-5 M5 A G ghrelin KA &
FERAOCHE, MK IGF-1 ACERIBARFT e S S X — RIS, 55

Hh, TRER-FARRASATRE S I B ghrelin mRNA ik 7KF M
P E 3, ghrelin & BRI o
B STZ 5 SRR R B ghrelin 73306 A it 3 i, 42

71N, A5 STZ AR BRICE, 7 B B-F- 1 T E- 2L ghrelin mRNA /K-

B MR ghrelin Fi A0 S S M ghrelin, 17 15 nes-

fatin-1 7K Tk o BE-55 BB IR 18 AR A A A e A AT G
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