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FFIL5 MR B ( diabetic nephropathy , DN) 20 FEH 3084 77 20 (DN + B) , db/m /N ERAE Jy 1E 5 % HRAL, B4 18 H.,
TEVRITEE 4.8 12 JAAR 73 1R A 2T 9t 2 2 PCR il Western blot £ AR E GRP78 {3235 7K -, ELISA Il % FR HLAZ 4 i s
AL 1 1 (monocyte chemoattractant protein-1, MCP-1) [i{) & 5, L5 B AR Ak 5 ¥ 46 00 B i 9 B L H (blood glucose,
BG) MM LEF (serum creatinine , Scr) | Ifil % 2% %L ( blood urea nitrogen, BUN) 24 h p#E [ HE 2R (urinary albumin excretion rate,
UAER) (zhZ5e s, 850 OS5 R E F 0 It %, DN 41/ U BG  BUN 24 h UAER MCP-1 B B T} & (P <
0.05) , G067 )5 ol B B4k BG .BUN 24 h UAER \MCP-1 /K3 (P <0.05) ,Tfi%} Ser LR R RE M, @5 1E# X R4 Ltk
5,12 JRlF DN ZH/N BB /NBR BRGNS 5, % A e 3 2, R R SRR 2R, i R S 7 S5 A W ol 9 ) A o AR A
Q@S IEH X B4 L, DN 41/ U IEZH 2 GRP78 mRNA FZE [ i 3 3A /K1 25 T (P <0..05) Rk A 7 5 7T #A &
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Therapeutic effect of betaine on diabetic nephropathy in db/db mice

Chen Jigang, Pang Qi, Zeng Wei, Guo Yanhong, Mu Jiao, Nie Ling, Yuan Fahuan, Feng Bing ( Department of Nephrology,
Xingiao Hospital, Third Military Medical University, Chongging, 400037, China)

[ Abstract ]
Methods
(n=18), with 18 db/m mice served as a normal control group ( NC group). At the end of 4, 8 and 12 weeks,

Objective  To study the effect of betaine on diabetic nephropathy ( DN) in mice.

Thirty-six db/db mice were randomly divided into DN group (n =18) and betaine treatment group

GRP78 expression level in the renal tissue was measured by real-time quantitative fluorescence PCR and
Western blotting, urine monocyte chemoattractant protein-1 ( MCP-1) concentration was assayed by ELISA, and
dynamic renal pathology, blood glucose (BG) , serum creatinine (SCr) , blood urea nitrogen ( BUN) , 24-hour
urinary albumin excretion rate ( UAER ) were tested with routine pathological and biochemical methods.
Results  The BG, BUN, 24-h UAER and MCP-1 levels were significantly higher in DN group than in NC
group (P <0.05), which became significantly lower after betaine treatment. However, betaine had no effect on
Scr. The glomerular basement membrane was thicker, the number of mesangial cells was greater, and more
mesangial matrix was accumulated in DN group than in NC group at 12 weeks (P <0.05), which were
significantly alleviated after betaine treatment. The GRP78 mRNA and protein expression levels were
significantly higher in DN group than in NC group (P <0.05), which became significantly lower after betaine
treatment (P <0.05). Conclusion

reticulum stress (ERS) and related inflammatory reactions.

Betaine can exert its effect on DN in db/db mice by alleviating endoplasmic
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B, ) IZAFAE TS W) AP AR M A P, e TR
INE LA SRR 7 i S R RHSR R 2 2 A
DIRESEAE VR A E )38 38 T G o ) i R 4 2 LA B
T LR 2 5 A R IR E AL RN o B
A TR, AT LRSS R RS e R AR
PR e R TR o Ji ST R B
NIy TR REIES CSTBL/6 /) TP ERS , D802 54
VERF 05 o DR FRATTHREIRH SR Bl A 17 3 DN 7 it
A —E M E. ABTFEA AT 0GR T DN /N, W
SN IELLZR GRPT8 I MCP-1 R 52, 45
PEHXE DN AT VR B AH S o

1 H5HE%

L1 It

RIPA 2l ( LG BB AR , bt B GRPT8 £ 7k
B (et AR AT /NEBUNR B-actin ST RHETIA (SEH
Novus 24 H)) , i/ HRP /92 =t Pife HRP bRid —Hr (&
Sigma 23] ) , B RNA $2 Bl & (b RAR A F]) | 00 5% 5
# & ( HA Toyobo 24 7)) , FHZEHK ( 3¢ [ Sigma A H]) o
1.2 SEEeshh 5 ARG I 7 ik

18 H 4 JE (Bt 14 ~ 16 g) (1 db/m /)N BUFE y 1E %
RE2H 36 H 4 JRS (R 20 ~26 ¢) (1 db/db /N B R LB
P FHE DRI R 4L (DN 2 ,n = 18) FIEHSEARIG Y7 41 (DN +
B2 ,n=18), LI B i at R i, i R
SPF bRl i PRI SR 1 )8 o SR B ILL 20, K 9:00 EH
1R FEEE 12 J] BSR4 800 mg/ (kg + )" F- 28
HFRFEH 0.2 ~0.3 ml, DN 41 DIAH R AT A BEER AR RS . 5056
IR S0 sh s R R SR, B B OK .
1.3 ARAOl SR B Fs Arde il

TEIRTTER 4 .8 12 R BEHLE = 3R N B LM 6 X
ANER TBURIT S B B 24 h R, MERR T R AR, TR A )G 1
FHELOAL 1 300 o/min B0 5 min, 4 LW, HE AR LR ZE
Toshiba-120FR 4> [ gl £E Ak 43 #7 (000 72 JR B (1 & &, 115 24 h
PR HEE 2 (urinary albumin excretion rate, UAER) =24 h %
JREE(L) x JREE AW (mg/L) o SR ELISA Jy 46 I JR B A%
a1k H 1 (monocyte chemoattractant protein-1, MCP-1) £
i e RN GO . IR RS I L 224 (40 mg/kg) JFR
Fie, OB, , 43255 T HU s BB o, 4 B sl 2B A b
AL 5 1ML 4 ( blood glucose, BG) | Ifil )L i ( serum creatinine,,
Ser) il )R Z & ( blood urea nitrogen, BUN) &4, JF 15 HBCH Ul
B e, WY BT, — 2 4IZ8UH 10% i B [ 2, PAS
Jetr, OB N EE  HAR B H SR A AT
1.4 s£up3 k22 PCR @ £ GRP78 mRNA % ik

B TE B I 2 41, 43 BE 5 RNA SR BUGR ) & Ui BT 4 B i
RNA, $e81 3 600 BE I &2 v B2, 4% 30500 & 150 B3 95 58 A Real
time-PCR, GRP78 (193 bp) £ A F 1iF 51 4. 5 -ACTGGAATC-
CCTCCTGCTC-3', F i 21 ¥+ 5'-CAAACTTCTCGGCGTCAT-3 ;

GADPH( 159 bp) /£ A N S X BREE R, FiiF51 4.5 -ACCCAT-
CACCATCTTCCAGGAG-3', FiiE5| ¥ :5'-GAAGGGGCGGAGAT-
GATGAC-3', PCR W& % :2 x SYBRGreen 10 pl, F . TFiF5l
W14 0.5 Wl B2 wl, ZHRBI20 ul, S0 40294 C 3 min >
(94 °C 50 s—59 C .30 s—72 °C .1 min) x30 cycles—72 C
1 min, Ct{H##,A3 2 **“$H54 GRP78 (X Fh & .

1.5 Western blot # GRP78 & & 44 &i&

FH RIPA 2y 4 B IR 22 BB R 1, % D i ik
e R e . BUS0 pg 2 L RE S HEAT SDS-2R T3 M 15k Jic 156 Mt
LK, 5 HL K G RO 25 A% 8% = PVDF I8, B P i B A (4 °C 3
) o MARBLER GRPT8 Z i BEHiik (1:250) Fi/N R¥t/ R
B-actin FATIREHTIA(1:2 000) 3 F , i M 1 h, FiFH PBS ¥k
P 5 (15 min x 13K, 5 min x4 %) J&5 , A HRP #3710 15t R
IgG At IsG —Hi (1:2 500) = EMFE 1 h, FEH PBS Y% 5
W (15 min x1 &, 5 min x4 %) J5,fx )5 PVDF JJE5 X £& 5 g
H:(3 ~10 min) , W EEFE G MEREE R
1.6 %itE oM

K SPSS 16.0 GEit-Bft, B LA x s H£ow, 4 18] 22 5%
FHSA R 7 265387

2 HR

2.1 #EBIEIT R IR R R R b IUBT | R
FR24 h BEGH#EE S MCP-1 ik 6%
5 [w]3Y) 1E H X BRI A H , DN 41 /)N 5 BG .BUN \MCP-1 #4 B
BFAE(P<0.05); 5[F# DN 41 tt, DN + B 4] BG,BUN,
MCP-1 B TR, ZR A5 E X (P <0.05), DN.DN +B
A Ser #E55 4 .8 IR S IEH WA EZRF LRI HE X
(P>0.05) ,7i5E 12 RZRAEGiT#E L (P<0.05);DN +B
415 DN 4 b2 R G E X (P >0.05) . SFEMIER
Xt BRZH o4 , DN DN + B 41 /M) 24 h UAER ¥R EF = (P <
0.05) ; 5[] DN 41 te#%,4 &S DN + B 4122 R 048328 X
(P>0.05),76 8,12 RNl TR, 2R B 5T 2R XL
(P<0.05), L#E1,

®1 3AMRBIERLBE(n=6, xxs)

[y 4 8 JH 12 ]

BG(mmol/L)

IEH TR 10.41 £1.09 10.36 +0.90 9.67 +0.9

DN 41 31.28 +4.89% 36.17 £5.022 49.70 6. 60°

DN +B 4 22.82 +5.892 19.85 +4. 874 35.00 £7.9920
Ser( umol/L)

IEH R 27.00 £3.41 30.17 +4.62 28.17 +3.49

DN 4 33.67 +4.76 37.83 +6.43 50.33 +6.98¢

DN +B 41 30.17 +6.85 28.80 +6.9%4 44.83 +7.39°
BUN( mmol/L)

IEH TR 9.96 £0.93 11.48 +1.48 10.92 +1.71

DN 4 12.86 +1.18% 14.30 £1.942 14.91 +3.43%

DN +B 41 9.75 +0.98P 7.66 1. 124 7.93+1.11°
24 h UAER(pg/24 h)

IEH R 11.13 £2.26 13.35 +2.81 13.20 +4.26

DN 41 160.13 £15.712  185.57 £20.84%  232.83 +45.83%

DN +B 41 140.40 £25.912  120.80 +24.31°  113.40 +24.992
MCP-1(pg/ml)

IEH XL 0.06 +0.01 0.07 £0.01 0.07 £0.02

DN 4 0.24 +0.03% 0.26 +0. 042 0.29 +0. 042

DN +B 41 0.18 +0.03 0.17 +0.03 0.13 +0. 022

a:P<0.05,5 B4 E 4 aF AL L4 ;b P <0.05, 5 Fl 7 DN 40k
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2.2 #EBIE T AIHE IR B R BRI A A

S s, 12 JR R IE 6 BR 2L/ BUEE /NER L BNV K
ZIEAME S R BOE F s DN 41/ BUAE 12 Ji B 2 5 /N Bk AR
KB /INER HE IV I 1 JE | FR TR BT FR R A B DR e R B
DN + B Z17EFHSERRIATT 12 A Ji , /I BB 05 380 g 28 8 25 0ol
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2.3 #EBE T SR R B R SUR IR 4L 4R GRPTS
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5[] 00 1F % %k B 4 B, DN 2/ BB E 4 40 GRPT8
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A;Western blot # 1, E% 48284 5;2.DN 284 J5;3:DN+B 214
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12 /8;8:DN 4112 B;9:DN+B 4 12 J&; B: ¥ 2 ¥ 454 a:P<0.05,
5 B0 E % B4R LA b P <0.05, 5 B 47 DN 43k

&3 Western blot &l & 4H/NR, GRP78 Q&KX

3 Wig

ASLIRLR R, o F AR EHSR AT LA R i
B DR S I B A R BN B /N R E Rk
T, R IR J5 e A S M BRIk, BG L BUN (24 h
UAER B . TR, B IE ERS ZKCERRAR, 2 56 733k
W/ o FIEHSRARCLE Zh 1 /K- REA At i il DN B &
Je , LI W] B 55842 B IE ERS I — B4 A DG Y
RAESLA 5K o

HEBENTE A 78 (GRPT8) 04 ERS i AX
WO R SR IrEE A R EE A, B
TR G BUE WAL A ERS KF . ABFSS & B,
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GRP78 mRNA FI#E FI7E DN /N B i rh 235 34 i 2%
T, ELpt A e E) SRR, S a YT G H A
TR, 22 W RIS RE 05 A7 S0 b B AR DN /N BUE I
ERS 7KF- ERS J2& FUAZ 2 M i — B DR 37 1 Dz 8
T8 Y A AT DL 3E o R 3 & R RO (UPRY) 3006 )
FHL PR PN 5T I B PR B 5 A 2 - 8 5, &4 A 87 1) g
J1ABFEA 58 Y ERS J2& 5 35020 i 151 473 1) 32 22 B0 bl
. Liu 2" gF58 & B, 76 STZ ¥ F 1 DN K R,
GRP78 F1 CHOP/GADDI153 15 H] g 3% = ) FZ N
IO 7 9875 2 4 8 T T S8 DN S g — A B AL
fil. Chen 25"V &3, S H DN K B 7 1)
(AGES) figis /N U2 4 il 7~ 4= ERS, 5142 GRPT78 (1)
Pk B R AR T, R A PR A e A IH R
(TUDCA) 97 J5 , GRPT8 %3k . 3 T B, 4 i 5 1= B
Bk D, Frin bR kB, AR 4RI T R
(4-PBA) [AlFERE Nk /> DN K EUE IE P GRP78 [H 3Rk,
W2 ERS KSEFH DN gy % i | kb gh 5 A
I 2h R —2, 2 0E W T A AR R T RE IR
DN f— KA 32540

KEMTEFRI, RIEZE DN [ —> FZ R HLE]
S BRI B LI Bl T 2 I e AR I 2 T R R AE 4y
FFRIBM FECF M. Ak — 25T R B, ERS
A REJE Bl 90 N, A A MR e 1) — A iR s A
£ A BIEAI T DN N BUR T & 4 T
MCP-1 [ 22ik1% 60, % Bl DN /NEUR MCP-1 35 5 %)
REZEAE LU S 3 e BHSRB y7 J5 MCP-1 SRk T
F%,5 GRP78 M- fbika M —2 . #8278 ERS %35 L
AT RE R /N BR A M S8 50 P T B 0 B WS
T AR E S AT DA o ] ERS 17 52 0 B /N EK
JAEN TR FE 3k, PR R0 DN 9 % 8. MCP-1 /K
EEAIL AR T, 1T DAL A A% -5 I 20 i 1) 5 A3 90
I ELF 4E4E' ™ . MCP-1 8= f db/db /N ELFE
IR Ay B S ) A - 2 TR T ik 2D, U DN /N R
B, K MCP-1 J& 580 DN R AE A& & 1) 5% B 43
T sk B4 FRE AR ERS B A B TR &
FEAY FHIFIK

B ARG A I R ERS MR 5¢ R E S0 7E
DN /NERUR 9 v & 45 S5 AR T SR me T S fig
IR ER B IIE ERS 7K, 3 988 S vz, % DN /N FRUEF
WA PR T, LA D) 58 2% g AL v 7 F — 2B WF 5T
RAE BRI AR T 34 52 50 K7 AE A I R By iR
DN #2448t 7 —Fh B i B .t TR mOR IRz, 42
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