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[ E] . AEKMHERKATKARLEBERATH A KTALERBLEFAARA
BERMMMHEAT L AATHRMNM, k.41 RSDBHR X KKMMS A HEAHREGERAGR
=20 LBAHRRAGEFAHBAN=20),RA228BA 5. AL AMBAR Po§ &8
(MDA) 2R A5 HR(GSHYRE: # i 4 B EXLFMTFHRE £ 2 %R L (AIR);
TUNEL %M EMRGEBERABTH LA H KSR S PR HMEA T F, KA XX L FPCR(Real
-time PCR)M 42 H A K Ak & 4 10 M 1% §-2(UCP-2)mRNA A& 9, # %.28 AW 38
HAELEAMBARFTMDA HFEFHALP<0.05),m&HEARARLAKMMALPGSH
KTEFEHFAP<0.0D), 5EABERR . HEMEF LB ATEREEHHOBERTEFAR
48(3.0 45vus 5.7 4% ,P<<0.05), H 5454401 min & oK A FHER,3.5.10 min 2B KFH &
FEEARMP<0.05), HAEHAFEM S P &M % pb £ ¥ 4 5k 83 #0 40. 0% (P<<0.01). &
M4 k40 & m B UCP-2 £ B mRNA 22 5 E ¥ A KAMIEA & 22. 4% (P<0.01), sk FHA
BH2BAESD KA@M B RN L Hin, o BB S mIE Y MDA ##.GSH B1&, & B
M5 miUCP-2 A mRNA R A A H RAEALARTEALS THBIRGBMIEMELAT,
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Relationship between oxidative stress and P cell lipoapoptosis in rats
LOU Da-jun, LI Hong-liang, YANG Wen-ying,XIAQO Jian-zhong,DU Rui-qin, WANG Bing,BAI
Xiu-ping, PAN Lin (Department of Endocrinology, China-Japan Friendship Hospital, Beijing
100029 ,China)

[Abstract] Objective: To investigate the effect of B cell lipoapoptosis after long term high-fat
feeding in rats,and to investigate the relationship between oxidative stress,gene expression and B
cell lipoapoptosis. Methods: Forty-one SD male rats were randomly divided into 2 groups:high
-fat diet group (HF group) and control group (NC group). At the end of 28 weeks,the levels of
malondialdehyde (MDA) and glutamylcysteinylglycine (GSH) in plasma and pancreatic tissue,
the early-phase insulin secretion in B cells, the B cell apoptosis (TUNEL technology) and the
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uncoupling protein 2 (UCP2) gene expression in islets were measured. Results: The
concentrations of MDA both in plasma and pancreatic tissue were higher in HF group than those
in NC group. In contrast, The contents of GSH both in plasma and pancreatic tissue were lower in
HF group. Insulin secretion response to glucose load was significantly decreased in HF group (3.0
fold vs 5.7 fold, P<C0. 01). Blood glucose levels at 3 min,5 min and 10 min during IVGTT were
significantly higher in HF group than those in NC group (P < 0. 05). The frequency of § cell
apoptosis was increased by 40. 0% in HF group (P<C0. 01). The gene expression of UCP2 in islets
was increased by 22.4% in HF group (P<0.01). Conclusion; The frequency of B cell apoptosis
in high-fat feeding rats is affected by oxidative stress, which results in increasing UCP2 gene

expression.

[Key words] Islets of langerhans/cytol; Islets of langerhans/physiopathol; Oxidative stress; B

cell; Apoptosis; UCP2

[ J Zhejiang Univ (Medical Sci), 2009,38(6):620-625. ]

2 BIER A (T2DM) B A B8 B AL &
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Ha 5B AMKKE. FBF5 KA TUNEL &
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1 HREFE

1.1 ERFIYIHARFAREF 8EBEHk
SD kB 41 R.4k&E250g 4 (SPF %. A1t
RAEBMETRAVBEARARAF) R
FREMA2HA-EFEEARA(R=20), kAL
ERLIR IR IR BB 10% W A
(n=201), R FAE IEIE R E I5H & SR EH
66%. FTASYBERR, KRAHHFEHK,
SRAMBARKE. HH28 A, AR d$
ARIFERSY LR,

1.2 g

1.2.1 ¥z . BREER BHS6R.ZHK
14 h #4788 B AKIEE AR . %50 mg/kg &
BERREEEH2. SYURE 2. R EBE
BAREETAMAKRLE, NFRTEFHHFE

B YIO KA. 5~2.5cm &S BEE TAS,
RS EETETIK, LR EHT O . U
RAESSHK—/O,5HAS0.03 cm
BT EETHEEAS U/ml FEEHE
BABE.FEEHEFHD BAKEA20
~2.5em, FX BMERE. FELABCGEFR)
HH . GHIBESENR. REFEHK. 25

- FREWNR, LREIIE LN Sk SR

L4, EFHR— /MO, BELFREBEAD
0.03 cm AL (4 & H M5B TE A 50 U/ml
FEABSRKER FEERHEELOD)EA
SERKEH2.0~2.5cm, FX . BIESE . ITH
Ak Ie 8 LKA E IO T W R LUR I R
BAGRE EBREINFTHAN . FHIEE
ZHETHEHEHEES HIFEE,

1.2.2 #REEHEHZAE WAS#HKkEE
B AEERO0.5 g/kg (RES50%), .M EHN1 g/
kg AE, HBIANKSE R DB ER.1 min,3
min,5 min,10 min MBS EKE. BRE
M —KETLH2 ml HEFHEHF,RMA]1 ml, #E
AKX 1.5 ml EP &, B %) A B 3h iin 5% 4> #r
{% Biosen 5030 M %€ i % G EAL Py 8 ) ., A ifn
FAREHHEEL, R EFWMRAEF—20CK
RRFRGE—HERSE., KRIBRPAHK
EHEAR Z 100 IU/mD AL, 88
BHHETHEZEH(K).1 min, 10 min [ 55
BEATERPRFR.K EREGHHELREKE



$ 622 - WL K ¥ 4 (B2 A8

ERLE

TFE & 1 min i 85 8 F 4 . K=69.3T1/2,
T1/2 g 1 min £ & A 06 & T B 2% 5 4
— 2 i % 1 BT R A B ) .

1.2.3 AREAMNBERNE MBESE
F ST S5 447 7 1 T % 1K R & B Linco
AT, ML B AE D BR (free fatty acids ,FFA)R
F B2 0 % . i 7 &% B % B Rondox 24 ] . il
¥ 5 R 41 AN — B (malonaldehyde , MDA )
P& & E# A B H K (glutamyleysteiny-
Iglycine , GSH) /K ¥ 5 A b 2 bb €5 5 3 52 » i 57
EWAEREREYIRERAE.

1.2.4 BAMFTITE  BIATUNEL {7 K
iRk A AR K2 AR . BT
MEZELRRGE AR REEDFFES
FREAMNMEMMNRENFATHRYER. 81K
BWBSmMET R =0 AR T /B A A
X100% . BRI HEPLHEI~5 NS . &
ARBESBZKBERI A EBHELERS R K
B BRR T A .

1. 2. 5 Real-time PCR # # B 4 fd UCP-2
mRNA MR35 BS54 H A & & RNA #
BCBERHRERN S ME TGRS 9
BEMAV B A (HKIER 1 mg/mD,37CK
% 4% % . 154K 20 min, B D-HANKS # % 1F 14
b RIHLH R LIV 582 58 R 1 K
0.5 mg/mDGEHEIERFHRFLTEL. F
THHBTAERETFHFWE DN — B
200~250 i/ R KR, RS %S x|, A
Trizol iR 7] (3£ [ Invitrogen /A &) —# Bk 2 B
JB% 5% 4R ML 8 RNA , B 25 98 %2 i 0] & 150 BA 45 i
f7.RNA AEsa e E T ERETER
JEE A260 M1 A280 HLIERR M A, LEH K
FL.8 mkHERNAKWKE. S EER
cDNA:f# H (H A& TOYOBO /4 &) ReverTra
Ace-o-TM {57 & & UK & 40 I cDNA, BU5 X
RT buffer 4pl,dNTPs (£ 10 mmol/L)2 pl, Bl
L5191 pl, 5% T B 1 pl RN BEMHIF) 1 pl,
RNA #A&5 pl ,im A7 ml TRNA B§KFE B &
£20ml, K %4:30C 10 min,42 C 20 min,
99 C 5min,4 C 5 min, & EHKIcDNA F—80C
HAFBE LRSS XK. Real-time PCR &
B DNA.¥H%EABI A8 7300 & & B

PCR 1% ,PCR & i {k % :SYBR@PCR 4%
25 pl, 48K 18 pl, EWEBIY L pul, FiE514 1
plycDNA 5 pl, KR &MH:95C 60s,1 MAEK;
95C 15 5;60C 15 5;72C 45 5;40 MEIHR, &
J& B iR i R T . NS B H R - 3- B R
R4 M (GAPDH) . 51#1d Lig4E THEPAR
& . UCP2,sense 5’ -AAGACCATTGCACG
AGAGGAA-3’ ,antisense 5’-AGGTCACCAG
CTCAGTACAGTTGA-3’; GAPDH, sense
5’-CATGCCAACGCCCTCTTCGA-3’, anti
-sense 5’-TGTCCCCGTTCTCATCCTGCAC
-3 fERA2TTH BB RN KRR . PCR
FEY 6 pl F 3% BrME AT H K

1.3 SLit2E4b3 R SPSS 10. 0 &it 447 4K
B RBE, MR BEFAESS ML
s RR.REFTHETEHEBES XK.
FFAYLLF B GER RR . H AN B R
ZIEBAABIITE . B BUR R
ARy . HAEEFHERATENM . P<
0.05 G #ABREUHE N,

2 & R

2.1 FAHRR—BEAREMAEREE 2
i 28 M FERAREFHEE AR S E
B L& FFA %5 i B % & (fasting insulin,
FIN B FEZHRA . & RAWAXRE
Gil#E L (P<0.01) ;2B MBS K ¥R 3=
RUESHITEE L (P<0.05), BRE1,

2.2 MERAHALNEERLE SE¥R
FRALAR I, B A8 1 9 4 i 3% MDA B & 3% %5 (P
<C0.05), it % GSH HA & & fik (P<C0. 01) ; ¥ T
Ji B A0 1 5] % b i MDA 3k B % B 5 B 1) 35 4
B 8 B T IE # 18 3% 45 (P <<0. 05) , T JBE A 41 4
515 i GSH ¥k & g 18 3% 4K T iE %18 5%
#H(P<0.01), RFE2,

2.3 HREEEAFIRERFEHRERK
BERHFTEN

2.3.1 mBEEA EAMAGERERA ER
T 3% 40 8% K 397 1 min A [(19.0%
1.7) vs (18.8%+1. 6)mmol /L.,P>0.05],{HE
BETR 3R 41 1 min 5 i 9% K HE T M 2248, 3.5.10
min MK FH 8 FIEF A .5 5% 3 min.
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Table 1 Comparison of body weight,visceral fat ratio and laboratory characteristic level in the

two groups of rats

(W BERE B / FBG/ FINS/ FFA/
@ 5 K& KRKE/A ) N ) .
hE&E)/% (mmol-~L"") (mlU « LY (gmol « L1
EFMEFEH 15 630.3+35.2  2.940.6 4.940.6 11.7C 3.5~19.6)  342.0(233.0~420.0)
BIEMFA 16 876.41104.0% 8.5+2.2% 5.840.7° 24.0(13.9~32.5)" 537.0(386.0~613.0)2

5 EE WA B, " P<0.05," P<<0.01,2 4% B85 : BRI P<<0.01,

F2 HERXRKAKEREFLR
Table 2 Comparison of oxidative stress indexes in plasma and pancreas in the two groups of rats
R A ¥
a 7 %3 MDA/ GSH/ MDA/ GSH/
(nmol « mg~' * prot) (mg+ g~ prot) (nmol * ml~") (mg+ml ")
E#EERA 15 1. 01+0. 23 28.94+3.21 16.86+4.52 124.10+4.74
RS 16 1.45%0.21° 19.85+2. 45" 26.63+5.04° 84.78+3. 027
HEEFARAKE,  P<0.05,” P<0.01,
(16.141.9) vs (14.740.6)mmol/L;5 min:  2.3.2 REKSERM BIKERHA0~10

(14.642.2) vs (12. 74+0. 9)mmol /L. ;10 min.
(12.4+1.7) ws (10. 5+1. 0)mmol/L (P H<
0.05), W . B FMARAHHB THREREH
KEASKTEFEFRAGB 9£1.3vs 13.3+
1.4,P<<0.0D),

¥ / (mmol-LY)

8
6
4t —@—HF (n=6)
2
0

é 4 6 8 10
t/min

B1 #EOARSG TR LBHSER

Fig. 1 Changes of glucose levels during

intravenous

intravenous  glucose

tolerance test

mn BREEMEATEHRERTFEFRAFA
[(417.7489.2) vs (296.44+78.4)mIU/L, P
<0.01], WA 2, ¥ERFIE 1 min & J5FFF4AH ML
BREREKTESEERFALHEER.HY
FERGE LB, RS 1A SR AH R 5 A 1 v A0 2K
FIEHIFFRHE (3. 0 5 vs5. 7 45,P<<0.05),
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Fig.2 Changes of insulin levels during
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B %5 B 2 B R AT L4 4 9 o T 4 KD 0 L
BFRE R EATMIER M R4 MRS 4
MARTHEEDS ARG RERESIER B
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Fig.3 The B cell apoptosis in NC group and HF group,

based on TUNEL technology

2.5 Real-time PCR # il UCP-2 mRNA #%£3%
R SEFRRAML.EEHRAKS S
MIUCP-2 Z#AmRNA £iX A& 22. 4% . EZHH
HEEL(P<0.0D), WK 4, ARIEY HE
A A Hin 4 . 4 % % PCR = 17 5 iR W
JE L 3k . 45 B4 B % GAPDH,UCP-2 S {4 =
WS TRYEISEER, HH R, IEH

150 [

120+

90

60 [

UCP2 HiXf RILE 7t

30L

0 L ]
NC Ht

B4 UCP2 2 ¥FPCR 2 M A B Ak
Fig. 4 Changes of UCP2 gene expression

ZPCR =R RIMNFTERA LR, RES.,
3 i #

I ERBIIE & L FFA S5 B 41 Ak %
tEfE T2DM R4 F R EEEA FFA BKH
AE S ARBBRE L, B A AT,
K ig ¥ /8 1T Uipoapoptosis) . H R 9% B /8

3 i B A KR T B
ST SHARSCEME XA A
R YL ST
GEhNs B B0 L K 38 25 0 1K
LR OB S B B AR AR
S AL ATRMeY. AR5
AT BE % DL i LK R R 3 K BUME 61
TR FES min nHEEEESE
T BRAXYEER.TMMARE
3min.5min, 10min il &K ¥ & F
EBAR. M8 FHE RN,
B 4 AR B K OB 380 45 1min
Ik 15, 35 {5 3l 7 6 4 3. 0
& PR BARFERAS5. 7
f&,3 H 0~10min S EMAT

HRAETEFA.ERXRAE

5 PCR *# ¥ iH
Fig. 5 Electropherogram of PCR production

FREAREZENDESZKFENHEAR. DR
RUER ARG MAERE EIERKF . XRFE
B HMAMBES RV UWNRANALE. 5
§h, B A& F LA TUNEL JE A7 K SRAR I8
W AT R, kI KRR A AT HIE
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410 B, AR B K BRUBE S B A ME PN R L AR
ZHATHR. AR RERES. EREA,
XBARKYEASRFER T (S B 4 2484
WINREZ RS R FH T HASH M.

LA E L8R, 52
B RS AR B 5T R WS R B 40 Bk
BAEAR HO. hIERG, BIRBHRA TR
g m.mEAXBA T HEEHOKEAR
i 8 fm . A B 5T & BUAR B K B it ¢ MDA K
FHE T GSH K FIE# . RAi1#— LR Bg
R £ 40 B S AL L 8 A 2 RIS B K R B R AL R
PHIMDA #H 8 A&, MGSH TR . U5 #
HEBARKB SN HEW. XHRTEK
S RS R O] BB & A R AL /B E AL T
B8 5 7, Ak IO S %, [0 s 3R AT 58 % BAE B K
W OF BT RS B 0 M R o, HE K
fERFZHAEHARBARB M, TS
BESAKRASHEL/ AR ENEE X,

KA RSP+ E 5, UCP2
RBLEME B Z A BOR B B B LR B
BZAEMFRMR . Li FRIE R KA
1 BB 5 B 4 UCP2 A3, ol 1438 B 40 i %
B A R ST A o 18 40 R R b s ) R AL B R AL
TRRBEL K ATP ™4, N1 S BB HAEE
BESBINEEZH, Zhang "% R H UCP-2
ERGR/ANRSTFER/NRMLE, 7T LABCESE
3% BB 4HRThRE AL, UCP-2 MR 2%
% Genipin ] 1 5% HE Bk F1 &5 fi 035 2 49 8 40 Y
ThiE &AL AR URABIERFESEB AR
HUPEOKEF G, Fat UCP2 ik Hoxt B4 3%
n22.4%. BrAA I, BARRAET 8 A
B A SHEL/ L ERERES UCP2 #
REAEAED LRAFE-SHNERR RS
ML UCP2 By KL mel s RV E SRR RE
TER A —FE S HLH EFEB T AR A
fah 8 UCP2 3R &1k, 7T 68 B30 B 40 4 8
hig ST AR B —FF R, XA R
B.h DM 57— F 5
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