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WE B8 IR T A S8 3 T TR R e E
RGHFE TG Em, Fig O 32 LR B/ U
WLAY JAE T ARIR A 8 sh 4l AR B 3h4l, B 4% 8 HUAIE
WU, BB AR B A 4 A = IR IR T AT
oA 8 A G E s T INRAN A TARRI IR T3, H
HEAR AT M ASORS: I 23 1 1B ( FBG ) | L (LI ( Ser) | 1L IR &
(BUN) 124 h FRE /K- G AHKE — JHEL (HE) U5 B ik
S AR O 5 R 1B 6326 B 320 2 ARG 0 B A b A B F B2 A G
[ 2(NRF2) ML 58 A B 1 (HO-1) K, @ wilgEtEA
2H 194 PR PRI B R . AR PEARIE T A s 3 T BRIk
FERE I HIBEH (1 R/ ,n=35) B3 (=2 R/ ,n
=47) FIXFHRZH (0 R/, n = 112) . L% 3 44 Ser . BUN,
PR (UA) PR A/ WLUEF LA (UACR ) RS 5509 B /N ek g
i3 (eGFR) /K, H Kaplan-Meier Fil COX [8] 5 43 #7 K 7z
THAZBSTHSEMNTENER, &8 O 5EF4l
i BEFIZH Y FBG Ser .BUN 24 h JRZE FHUEF IE 33 4451745 15
T, NRF2 Al HO-1 K FBIFEAR (P <0.05) , SHEAIL Hy
5 s shA AR IRIZ 4 FBG  Ser .BUN 24 h JRE&E FFITE
WEBAG 23 2B A%, NRF2 F1 HO-1 K SE4 THi (P < 0.05)
SRR FiE B4 A, KR Z S 41 FBG . Ser . BUN 24 h
PREE RV R 473 97 43 35 I, NRF2 FT HO-1 7K S35 T
(P<0.05), @ KA £ THG,Eshdl (1 W) fil
BEENH (=2 /) 1 Ser . BUN F1 UACR 7K - 241K T % 1
20, eGFR /K- 5 F A IRZH (P <0.05) , B34 (=2 W’/
JE) I 2B A R AR K 2.13% (1/47) A& Tizsh4i] 1
W/ JE L 1.43% (4/35) ] Rt BE41[ 16.07% (18/112) ,P <
0.05], COX [MHA#r 45 R B Rz 8 T i =2 /& (HR =
0.123,95% CI;0. 016 ~ 0. 925 ) % A 78 AT BARR 1 1 g B g
BEEMBUG AR KA, &ie KB TFERZsh T
A2 TE A PRI B B IR A S i, DR 2R 2 IR e A
TEA B & AR, AL W g5 L8 NRF2/HO-1 fligRik
AKX,
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O PR s B e B I TR A 3 LRI 5 R K
1 4o 33 a0 L = 1 O (87 8 N S = e e |
T S R 3 1 AR TR, BEAIKE E
TG AS R 2 A 3R H O F HML e A 4
BEAR X5 05 PR B s, AR T A 48 3l T I AR
Q5 A A5 AR A ST 4G, SR AR T
PEATA G2 ) T 900, R 58 FL X PR B s /)N B AR
BB MEACI 52 e S e 0 900 0N, DA AR T
A E B INEIT IR B i =%

1 #MREFZE

1.1 K+

1.1.1 % 40 H SPF %M DBA/2) /NRL,6 ~8
FES AR 20 ~22 g, W [ I Ib L 2 B SE R 5
UG [P ATIES SYXK (3£)2019-004 ], 2536 22 ~ 24
C,HXHRIE 40% ~50% , &N SR 18, i
FEARIZ 2 B S0 B Wy s R A B A A 2 B S (At
#ES . HBNU20200130022092) .

1.1.2 7Af I BrETE A A bt Jr 5 B s
H—EE B 2020 4E 6—11 H Y 194 18 JR 5 B 58
o PARRAE. © FAOBEIRp S, B R L AR —
2% BEHL IR 12 1/ WUEF EY {8 (urine albumin/ creati-
nine ratio, UACR) =30 mg/g S(REHLIR H 8 H HE it
F=30 mg/24 h, HIJ5 3 ~6 A MY 3 kA 2
YIRS a8 3 I 5 Al 58 0 B /N IR DB 3 8 (esti-

mated glomerular filtration rate, eGFR) <60 ml/( min
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+ 1.73 m®)3 A H LA o B RO A S PR 1
@ BRI BT G3A3 11D 4Rl > 18 &, HERRTR
O BRAEA A B s PR slOB M I ; @ ok
BRI E ;@ iR 5T ; @ f Ak Bl
kB /NERPR . RS (B REREE H ),
ARBE LA PR ZE D1 S, 523 3 349 28 38 SR 1S [
b
1.1.3 2 2XA5ME BEIRAER AN -
21 ( hematoxylin-eosin, HE ) 3% 4,34 5] & 34 5 Jt 5t
FORFRHATBRA 7], UM S TURE R — ]
TR LA IR RGN H I = KRR
FARBRA A, BT E2 #HEHF 2 (nuclear factor
E2-related factor 2, NRF2) | [.4L & & & 1 (heme
oxygenase 1,HO-1) | =B H i i S0 ( glyceral-
dehyde-3-phosphate dehydrogenase, GAPDH ) $i {4
PN A SRR S5 A RZY L7020 B4
B 2 A 3 kst H 2 A BRA F) KW-PT Y
Sy Sse i AL F R RUR R S IR R 2
Al
1.2 XWHE
1.2.1 Hhgm B R RAER & R E 44
BT F RN B IR A T 2R % (40 mg/
kg, 342 5 YK) B AR RS B ST AL O AR A
W RAS R A N BEAL I > 16. 7 mmol/L, Wi bR B
RRHL SR I A W o 15 B B RE 4 TS 24 h JRER
1 >30 mg'"), 40 FUNEURABL AN b IE B 4 AL |
IR Gz s FRIRIZ Zh A, JF 8 K, BRIEH 4
ST WE PRI B Y A | B Sl 2 AR 3h A
SrBIAE 22 ~24 CCHI3 ~5 CHEBI T 4T 4301 8 JH Y
PIRIES T, AR 1R R L h R JRESE S d, 3
J£ 25 m/min,, R 4H A AR 2 3h 240 AR iR 12 3 4H iz
LT 3 ~5 CHEE T, JEARS T2 T,
1.2.2 #kom Bom s R AR ARER TRRT
TS, W R R WSO LV, FH AR A 3 i ASORS I /) B ) 25
& LA ( fasting blood glucose , FBG) | Il LT ( serum
creatinine , Scr) | Ifil /R & & ( blood urea nitrogen , BUN)
24 h JRE K,

1.2.3 AERAE RS RERARAT SIE Wi
Je WSk AR AE/N B, 0 B R B IR 2, ] 49% Z2 B

W] 5 , A0 5 B S AR DT R B KA AT HE 3¢
8, 62 WA T IR e 00, a5 4
ZURER TG ARRBE B/ NER TN N IE RS, ROk
U5 B P B ML B 3 A4 3 T B LB | 2 R Sk
BEAT2 0 VAT, BT 5 41, VT4 e 2 WY B AEDL 4%

B

1.2.4 &G Jo J 0P 3 kA M AE B Bk s R
BEZBZ%F NRF2 A= HO-1 A-F  HU1.2.3 dEfiEdl
2, U S PETIE R R SR BB L rh EE e,
TR T R E i 5 10% 1 ZbE A IR A SR VN U T
JHEHE I HL K, LR 120 V- 22 5L P 0 I8 0 ST, L 9
300 mA 545 2 h,5% BUAR AW E A 1 by —4T
(NRF2 Hl HO-1 Fi L2502 12 500 11+ 2 000,
GAPDH Fif&H 1+ 5 000)4 CFE IR ; —hi (1 -
5000) ZEIIFF 2 hy (2 IRY RO R

1.2.5 SRF;ARFTAFTE  RIEEE A
BLLE T RENE R S E IR A 2L AR SRRl A T, 1
S TEARBURIEA A TG BT O0 T a1 A
B R A Az 3 T IO IOk B 2 iz )
(L) B8 H (=2 /) B IRGL (0 )/
Ji) o i@gh 4T 2020 4F 12 4—2021 4F 3 AATGR
AEzsh T, 2307 AN UK B S ETEAT 15 min
I AR5z Eh 1 h, 2 E AR BB 0 1 4
FSREE B = 1R, T4 D H

1.2.6 XA 1z ok WUEAER M KB
#(body mass index, BMI) W AH 52 05 PR 955 0 72 A
AL M4 8 ( glycated hemoglobin Alc,HbAlc) il
ok UN TS S VA IR S Uzl B Bl
(angiotensin-converting enzyme inhibitor, ACEI) / [fil &
K5k K 2 AR B 77 (angiotensin 11 receptor blocker,
ARB) |\ HUXUICFI4Y — 5 2 Wl i om £ 11 2 i) 57
(sodium-glucose cotransporter 2 inhibitor, SGLT2i) 2
25%) T Wi )5 B9 Ser .BUN  JR 2 (uric acid, UA) |
UACR Fil eGFR %15 B,

1.2.7 &AMy TIRIRA Rz T s R
FHERE )T 148, 8 1 ~3 HBETI 1K,
¥ Ser ZKF-BIE HEEABE PRI B G4 AU A
B LA S (B S S R ER B AE 0 ) 0 |
A 1M A5 1M 3 B S R e ot P A A T A ) SR TS A
RU

1.3 ZRitZR4ei® RS RdE  SPSS 23. 0 B ik
F15007 . IES TR TR « =5 R N L
BNECXFEA ¢ K50 53 2 K L E H ] F (J7 255%)
% Welch F(J5Z2A5%) K56, 21 18] Hb 38 Tukey ( 7
225%) % Games-Howell ( 7 22 A 55) Ka 36, AEIEA 4>
A SR M (Q,, Q) 3w, 3 4L H B H
Kruskal-Wallis 56 , 2H N H %8 B Wilcoxon #8611
BB n(% ) Fen A0 e H x° Bk, H Kap-
lan-Meier , Log-Rank FI COX [FIJH/3#1 K T A Fiz
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TS ZIXEEMPIURIIRR, P <0.05 N5
At E X,

2 FR

2.1 #ERFSH/NRE FBG Scr,BUN #0124 h FR
EAKE HIEFAILK, KR FBG Ser . BUN
24 h JREEFKFHTHE (P <0.05) . SHEIA L
5,18 sh 4 AR IR 2 sh 41 /9 FBG Ser . BUN Al 24 h
PREE K EIFEAR (P <0.05) . SRR Az 34
o AR IRIZ B 4H ) FBG  Scr .BUN F1 24 h JR7E
HKOEHIREAR (P <0.05) , WL 1,

2.2 MBERFESHMRNSHEFTER EFHD
LU I, B /NER B NVETE SN, 5IEE A
HeA B B B /NERAE R, B /N b R R A AEAS
[FIFRBE AL, A HES TR AL, SRRV LA, 15 5))
HANR L S LU S A AR ESEE, 5
IR iz S 20 LA, AL IE Zh 20 /0 B /N ER A R N
B /INEP AR B E UL 1, IR AL B
IR 32 3h 4 NI IR 32 30 4 19 B J0E 452 4% 9 43 [ 0
I (4.13 £0.84) 43 (4.00 £0.93) 43, (2.75 =+
0.46) 70 F1(1.25 £0.46) 73 | ZRA G FEL(F
=28.988,P <0.001) , SIEH 41 b#, BiR 4L 1 B
I TR (P <0.05) . SRR iR, iz 3h
RIS Uik iz 2l 20 %) B I 4 O VT o BRI (P <
0.05), SICEA iz shal e, KRz s 41 ) 5
WES A PE 53 BEAR (P <0.05)

2.3 HER®E® /R A NRF2 1 HO-1 7K F LE 3%
TEH 2 BRI AR iz B A AR IR IS Zh 4 Y
NRF2(1.00 +0.03.0.35 +0.01 ,0.32 +0.05,1. 42
+0.05 F11.84 +0.07) F1 HO-1(1.00 +0. 03 0. 56
+0.01.0.49 +£0.05 1. 15 0. 04 F1 1. 40 +0. 04) 7k
FESHEZRIF22E XL (Welch F =2 642.449
1093.935,3 P <0.001), HIEH 4 LK, BRI
() NRF2 #l HO-1 ZK-F-34BEAK (P <0.05) , H#EH
HHE  RIRALAY HO-1 /KRR, 12 sh Al AV iR i
L) NRF2 A1 HO-1 K F & (P <0.05) . 5
IR 2 5z B 20 b AR T2 30 4 1) NRF2 Fil HO-1
KT (P <0.05), WE 2,
2.4 BRFESHFEENRRER B4 W
J) BB (=2 W) OGS B2 B 4R % | 1 S A
A BMI WA s O PR 95 55 B2 HbA L e | Je 00 i L
i & He W ] ACEIL/ARB , — B XU AN SGLT2i
R b2 RIS E L (P >0.05) , Wk
2,
2.5 MBRFESKREENSIEER MEARE
T, BEhH (1 /) Gz (=2 W k)
XFREZH Y Ser . BUN UA .UACR Fl eGFR /K- 2% 71
TGt L, IRRA Hizdh T, s34 (1
W/ JE) Fizshdl (=2 ¥/ J&) 9 BUN F1 UACR 7KF
PR WRTFEAR (P <0.05) s XF R4 Ser . BUN #l1
UACR KT Himi Fh & (P <0.05) , eGFR 7K 3
BT PHTFER (P <0.05) ;52 3h 41 (1IR/ ) Fliz 3l

R1 FERKSHNFRE FBG . Scr #1 BUN K (n=8,x +5)

2151 FBG (mmol/L) Ser( wmol/L) BUN( mmol/L) 24 h JRE A (mg)
ER 4.90 +0.39 49.81 £6.59 4.94 £0.52 14.98 +2.12
TR 16.25+1.39 " 119.84 +26.29 * 10.06 +0.78 * 138.76 £12. 16~
iR 14.86 £1.44 " 107.26 £10.23 * 9.59+0.75" 138.37 +16.81 "
iz 8 12.21 2. 18 *#¢ 96.24 £7.32** 7.54 £1.17 %% 88.93 +13.63**¢
Rz 3l 9.69 £1.51 *#4 77.94 +12.69 *#&4 6.11 £0.41 *#4 62.43 £6.77 *#4
Welch F/F 197.052 62.967 64.937 366.391
P <0.001 <0.001 <0.001 <0.001
HIEFWHE . " P<0.05; SHEEHHE " P <0.05; SIE4 R 4P<0.05; 5B . 2P <0.05
1E 4 15570 2 ik i 21 Eshd i1z g 4

E1 #ERFEEFRDEHBERERR HE x400
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B 55, C 2.0p
1 2 3 4 5 s sg&N B
7, 20F X H&N
NRF2 % % 1.5F *
= *#H& T *H&
A 1.5F )
=9 Ay -
HO-1 < Lol = 1.0
g : g * *#
N =
GAPDH 5 05| N . 3 0.5¢
T
“ ] 0
1 2 3 4 5 1 2 3 4 5

B2 #HERFS%H/ERA NRF2 1 HO-1 7K F
A :NRF2 1 HO-1 B2 R BT I s B 4520 NRF2 7K LU ; G &2 HO-1 K HeHe s 12 IE #4032 AT 53 AR AH ;4 5 304 ;5 AR
B SIERW A " P <0.05; SR PP <0. 05 SRR HLH . S P <0. 05 5B 3h 4 L4 . 2 P <0. 05

R2 BRFEERBENERER x£5,0(%),M(Q,,05)]

9H : BEHH (n =82) ‘ Xf R 22 P
1 W/ (n=35) =2 W/ (n=47) (n=112)
RS 45.86 £6.23 45.53 £6.37 47.03 £6.46 1.089 0.338
Bk 20(57.14) 26(55.32) 63(56.25) 0.028 0.986
BMI(kg/m?) 25.12 +4.04 25.80 +4.02 25.92 +4.16 0.505 0. 604
W2 A 5B (45 17(48.57) 26(55.32) 51(45.54) 1.269 0.530
WEPRIRRAR (4F) 7(6,8) 7(6,8) 7(6,8) 0.419 0.811
HbAlc 7(6,8) 7(7,8) 7(7,8) 0.497 0.780
JERN ] 6(17.14) 2(4.26) 13(11.61) 3.620 0.164
10D 28(80.00) 33(70.21) 82(73.21) 1.025 0.599
ACEI/ARB 21(60.00) 24(51.06) 67(59.82) 1.131 0.568
HXUIR 7(20.00) 11(23.40) 18(16.07) 1.237 0.539
SGLT2i 23(65.71) 32(68.09) 80(71.43) 0.478 0.788
R3 ERFESREENSEEIEIR( v +5,M(0,,05) ]
5iH : EENH (n=82) : X HEZH F7fi i
1 R/ (n=35) =2 W/l (n=47) (n=112)

Ser( pwmol/L)

i 139.59 +26.71 134.13 +25.21 135.68 +29.85 0.393 0.675

T 136.84 +30.53 " 131.63 £22.27 " 150.43 +37.08* 6.251 0.002
BUN(mmol/L)

TG 14.16 +1.13 14.01 £1.36 13.77 £1.24 1.515 0.222

THiE 13.34 £1.26** 13.43 £1.01** 14.74 £0.99*% 39.315 <0.001
UA ( pmol/L)

1T 380.04 +69.29 391.23 £70. 14 382.98 +69.47 0.318 0.728

T 364.54 +65.28 377.50 +67.25 386.62 +60. 64 1.697 0.186
UACR(mg/g)

R 489.92 +86.75 488.51 +72.39 474.82 +79.76 0.770 0.464

TifE 448.57 +76.21 *# 452.45 +65.34* 492.34 +58.03* 10.204 <0.001
eGFR[ ml/(min + 1.73 m?) ]

R 46(40,52) 49(42,52) 50(41,54) 1.770 0.413

Ti5E 48(45,52) * 48(45,54) * 44(39,48)* 27.794 <0.001

EXFHRA RS * P <0.05; 5 T HinT . *P <0. 05

ZH( =2 /JH) 19 Ser . BUN Fll UACR AR TXT IF A2 NS 3 4] X7 20 A 91 35 A = 18

FRL (P <0.05), eGFR /K F 375 F Xt B4 (P <
0.05), Wik3,

2.6 MHERFESKEENERTE ZEshdlbrEm
TG AS R 5 ], o ik e Sk il PR B G, 199 2 4]

11, Fe bt S D RE DR B G, 381 8 B, T R AR E
DY 3 01, At O IUEESE 7 4, sm3hd (=2 W/
Ji) B R2RRBUG A R KRN 2.13% (1/47) AR T
sl [ 1 WA, 11.43% (4/35) ] Fl X} I8 41

PR EE=
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[16.07% (18/112); Log-Rank x> = 6.043, P =
0.049], WK 3,

COX [/ #T 45 W nis 3 T30 1 /8 (HR
=0.714,95% CI ;0. 242 ~2. 109 ) 8 A T Fi I A e[
RN R B s B 3 e A TS AN R R AR KU L 32 3 T
=2 W/ (HR =0. 123 ,95% CI 0. 016 ~0. 925 )
AT T80 AT AT PR A B s R A B TS AN R R AR X

g8

R )

— B AR/ E)

----iz Z) (=200 F)
Log-Rank x°=6.043, P=0.049

e
%
T

BTG A R KA %
I o
+ ™

0.2F
0
3 6 9 12
NGIOED)
B3 BRESREENTERREEER
3 itig

WE PRI B s B R % m IRYT o T 22
SRS RS A BRI AR TR T R A,
PEARIE T, R WS PRI 1B 10 Ji Sk 2R 309 0 11
BHE N 30% ~50% ., 7R BRI B C Rk Hh
AR NLAIVE R L B 1 BRI e PR
B A 25 T S B R I, T A 2 1
J ELE LT E R, I R X B PR B A3
I7 ELAMREELNY) BT N B R TRSE B T iB 5
FHEMEA™ % F BRI T A A28 )
T FIOTHE PR I B /) B A A 1 5 e B
TS RN

TG R FH I s S JOR A7 TR 28 324 S PR
B TEAGIR G T 25 T A Az sh T3, 45 3R 10
I IIZH B FBG Ser \BUN #1124 h PR 7K SE2 7
5,18 S 40 ML IR 2 3 21 19 FBG . Ser .BUN Fl1 24 h
PREE UK E BRI, A R 2 3140 1 FBG | Ser,
BUN #1124 h JREE H /KK TR A Fz sh 4,
L IREE AR R AR T A7 4Es BT AT DA R AR PR
B /0N BB | 24 T B A Qs S, LSRR T Rl
RIS T %R T A s T, Ak, B

41 HE YL (025 5 o BRI 4 () B /NER A K, B /N
B A RRAEAEAS R R B (R IR T, Al I HES TR &L,
JEEAS A3 PP B 2H T 5 o 3 A R R S B 2H 1Y
HAUE I AR R B k3, 0 4 B IO 46 43 07 4 3
AR 2 AT 5 AT 3 B 4 (%) B TR 401 45 A EE IR Tz
Sl HF IR0 1 o0 4538 h AL R AR, % 45 SR ik —
AUt B T AR T A 4508 3l T TR PR e /N BRURY
B WELR IV R, FLRCR A T B4l G2 3 T3,

NRF2 1 HO-1 J2& 4 il P9 it 48 Ak s 1 1) B 2L 1A
T HEHRE ) O NRF2/HO-1 {3 53 6 T A 5%
REAG PR i A5 T 7 A % 3% e, 00 ) 424 N I
5 A JBE 5 KL, S S PR e L i E
SELH R BRI ZH Y NRF2 H1 HO-1 K F-3RRA 15
S AR 2 Sh41 A9 HO-1 FIl NRF2 7K 3T+ 12
RIRIZ Zh 4 19 NRF2 F1 HO-1 KF B g, FiREs R
PORAGIER R A fiz sh T W] _LE B AE 41 214 NREF2
A HO-1 ik, H RSO T alif s o T30,

Sk B BRI A R 2l T O R B s f8
HIVE T, ZBF 55 ] Ser . BUN ,UA .UACR F1 eGFR 1E
RVEN B TRERHE A , 45 R Won IR T A s sh T
s s sl 4l (1 W) Mz shdl (=2 /) 1
Ser \BUN il UACR 7K V- ¥4Ik T-%F BB 4H , eGFR 7KF
P TR HRA i 45 R PR IR A 48052 3l T AT
PRI B 9 H # Ser . BUN il UACR 7K F, #27 eGFR
IR, BRI iz oh T st s RO B AR 3
ifie, MeAh, B4 (=2 /) W ERTFUE A R &
AR TIE3h A (1 W/ ) Fxt BR4H ; COX (811343
Mras R BRIz s T8 1 K/ BB AS T H A REFE AR
W DRI B 9 R I 1005 AN R & AR KU, 32 3l il
=2 R/ JRIBEAS T T80 AT R ATORE bR s B o R8 3 e 1 T
JEARNR RN, FiRg R~ ORI A H iz sh T
TR B A bR B v BB S HL R R AT R
IR N A Fiz shal fE 2k NRF2/HO-1 {5 Sl Bk ik,
AT S A PR o 9 R0 3 A P 4 AR A A 1 8 A
i AR5 B DIRE , ME TS

ZE L TR AR T A S0 8 T 2 1E 85 R
B B AR S, DR B IR 2 AR i f A
K& A RS, HAIL I T 5 E 98 NRF2/HO-1 fili ik
AR, ZMFEMAATE—E AR, RTRR T A%z
S5 R Rz SR PR B e R 1Y) B )R
UG AR VEFI AR ST LB, N — 2B 5 X LR AN
JEHEFTRNTE , AR T A 2 s T R SR AR B 24K
o
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Effect of aerobic exercise intervention at low temperature

on renal metabolism and short-term prognosis in diabetic nephropathy
Wang Linlin', Li Zhipeng”, Liu Cuilan', Han Xiaoli', Guo Baozhu', Liu Hua', Liu Shengjun'
('Dept of Nephrology, The First Hospital Affiliated of Hebei North University , Zhangjiakou 075000
*Basic Medical College, Hebei North College, Zhangjiakou 075000)

Abstract Objective To investigate the effects of aerobic exercise intervention at low temperature on renal metab-
olism and short-term prognosis in diabetic nephropathy. Methods (1 32 mice with diabetic nephropathy were ran-
domly divided into a model group, a low-temperature group, an exercise group, and a low-temperature exercise
group, and another 8 mice were selected as members of the normal group. The exercise group and the low-tempera-
ture exercise group were given an 8-week running table exercise intervention at room temperature and low tempera-
ture, respectively, while the low-temperature group was only given the low temperature intervention. Fasting blood
glucose (FBG), serum creatinine (Scr), blood urea nitrogen ( BUN) , and 24 h urine protein levels were meas-
ured by a biochemical analyzer; renal lesions were observed by the hematoxylin-eosin (HE) method; and nuclear
factor E2-related factor 2 (NRF2) and heme oxygenase 1 ( HO-1) levels in renal tissues were measured by Western
blot. @ 194 patients with diabetic nephropathy were prospectively enrolled and divided into the exercise group (1
time/week , n =35) , the exercise group ( =2 times/week, n =47) , and the control group (0 time/week, n =
112) according to the frequency of aerobic exercise intervention at low temperature. Scr, BUN, uric acid (UA),
urinary albumin/ creatinine ratio (UACR) , and estimated glomerular filtration rate (eGFR) levels were compared
in the 3 groups. Kaplan-Meier and COX regression were performed to analyze the relationship between aerobic exer-
cise interventions at low temperature and short-term prognosis. Results (D Compared with the normal group, the
levels of FBG, Scr, BUN, 24 h urine protein, and the kidney injury score in the model group increased, while the
levels of NRF2 and HO-1 in the model group decreased (P <0.05). Compared with the model group, the levels
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Preparation and characterization of folic acid modified
D-a-tocopheryl polyethylene glycol 1000 succinate

nanomaterials encapsulated with siRNA
Zhu Manman', Cheng Yong', Rao Peng', Zhang Guiyang’, Liu Hao®, Xiao Lei*, Liu Jiatao'"*
('School of Pharmacy, *>School of Basic Medicine, Anhui Medical University, Hefei 230032 ;
*Dept of Oncology, *Dept of Pharmacy, The First Affiliated Hospital of Anhui Medical University, Hefei 230022)

Abstract Objective To construct folate modified D-a-tocopheryl polyethylene glycol 1000 succinate ( TPGS)
nanomaterials ( FA-TPGS) , which can stably load and effectively release siRNA, and to observe the effects of nan-
oparticles on the cytotoxicity and spliced X-box binding protein 1 ( XBPls) of mouse leukemia cells of monocyte
macrophage (RAW264.7). Methods Mixed FA-TPGS and rhodamine B (RhB) labeled XBP1 siRNA solution in
a proportion of 5 : 1 and obtained the nano-complex coated with XBP1 siRNA( FT@ XBP1). FT@ XBPI nanocarri-
ers were characterized by transmission electron microscope, dynamic light scattering, ultraviolet visible spectrum a-
nalysis and/or fluorescence analysis. And the release of siRNA from FA-TPGS nano-carriers was calculated simulta-
neously. The cell cytotoxicity of FT@ XBP1 nanomaterials were detected by scanning electron microscopy ( SEM) ,
CCK-8 and flow cytometry. And the inhibited effect of XBP1ls of RAW264. 7 cells was checked by Western blot.
Results  FA modified TPGS could effectively bind XBP1 siRNA. And the average particle size of FT@ XBP1 nano-
carriers were (200 +20)nm. The relative release assays showed that acidic environments (pH 5. 0) was beneficial
for siRNA to release from FT@ XBP1. Both CCK-8 and apoptosis assay showed that the effects of FT@ XBP1 on the
proliferation and apoptosis of RAW264. 7 cells were relatively small, and FT@ XBP1 could significantly inhibit the
expression of XBP1s protein in RAW264. 7(P <0.001). Conclusion TPGS nanoparticles modified with folic acid
can effectively encapsulate XBP1 siRNA and inhibit XBP1s expression of RAW264. 7 cells with good cellular com-
patibility.
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of FBG, Ser, BUN, 24 h urine protein, and the kidney injury score in the exercise group and the low-temperature
exercise group decreased, while the levels of NRF2 and HO-1 in the exercise group and the low-temperature exer-
cise group increased (P <0.05). Compared with the low-temperature group and the exercise group, the levels of
FBG, Scr, BUN, 24 h urine protein, and the kidney injury score in the low-temperature exercise group decreased
while the levels of NRF2 and HO-1 in the low-temperature exercise group increased (P <0.05). @ After the aero-
bic exercise intervention at low temperature, the levels of Scr, BUN, and UACR in the exercise group (1 time/
week ) and the exercise group ( =2 times/week ) were lower than those in the control group, and eGFR were higher
than that in the control group (P <0.05). The cumulative incidence of poor prognosis in the exercise group ( =2
times/week ) was 2. 13% (1/47) , which was lower than in the exercise group[ 1 time/week, 11.43% (4/35) ]
and the control group[ 16.07% (18/112), P <0.05]. COX regression analysis showed that exercise intervention
=2 times/week (HR =0.123, 95% CI: 0.016 —0.925) reduced the risk of poor short-term prognosis in patients
with diabetic nephropathy compared with no intervention. Conclusion  Aerobic exercise intervention at low tem-
perature can correct renal metabolic abnormalities in diabetic nephropathy, protect renal tissues, and reduce the
risk of poor short-term prognosis by a mechanism that may be related to upregulation of NRF2/HO-1 axis expres-
sion.
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