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WE  ZARETRITAEAMP)IAT F 24 F45% G BIHMGBI)-8 2048 EAu 4 = 4 %
R(RAGE)-# 4% 3 B FxB(NF-xB)15 5 i 342t & 45 % 5 69 AL W J2 o 8- 7 & 4m O AR A% 69 % om . A%
JA10~320 pumol/L#IMPAL 32 & 48 % F- 49 AL W JiL do. % 1 &K 28 JRhRECs, 7% i S A% 25 M R, 450
JE s & P K 4\ IhRECs 28 5 ) (E % #E2E(NG2E, 5.5 mmol/L#) 42). S4B (HG4, 25 mmol/L
B EAE). AKIREBRAT 3 & 4L(IMP-L4, 25 mmol/L %] £ #+20 umol/L IMP).  JK L RK AT #A & 41
(IMP-M#H, 25 mmol/L#] £ #£+40 umol/L IMP). & K& B AT 3 & 2L(IMP-H4E, 25 mmol/L %) &) 42
+80 umol/L IMP). &KRERAT#A & +%& 41 HMGB1%& & 41 (IMP-H+rHMGB14 , 25 mmol/L %) Z 4%
+80 umol/L IMP+200 pg/L rHMGB1). CCK-8iX 7| &AM hRECs4n & 4 ; 7 X 2m fe XA M hRECs
20 R R 6 R L, BE T R SR B AR ) 4 R ot A AR BB IR B JE R I R (ELISA M) 4 L IL-6. Y 7%
W B F-a(TNF-a). & @8 fA~Z-1p(IL-1B). MDAK F #2SOD7K F; Western blotd: M HMGBI -
RAGE-NF-kBfz 5 i@ 3440 X & & A Z M. 4RI T, IMPT VARt 54545 -F49hRECs3E 74, H 2
REAR BN, R BRE 420, 40. 80 pmol/L#IIMP#EAT /5 4 250, 5NGZA k4R, HGZA fa i 7% 5 .
SODE M Ik, e B &, & = F s 4k, IL-6. TNF-a. IL-1p. MDA/K-F ZHMGBI1. RAGE.
NF-xB p65% &) & & K-F 7+ 5 (P<0.05); 5HGZLLAR, IMP-L40. IMP-M#8. IMP-H4E e it 5 7% &
SODE MWF 5, B =&, & IEH R4k, IL-6. TNF-a. IL-1B. MDAK-FZHMGB1. RAGE. NF-
KB p65%& @ & A KP4, E 2 IREAR# P (P<0.05); 5IMP-HZA bk 42, IMP-H+rHMGB1 48 28 Ji&2 75
ER. SODFEMRFEAK, mie A%, &M RE, IL-6. TNF-a. IL-1B. MDA/K-FZ HMGBI.
RAGE. NF-kB p65% € % ik KPR EH 5(P<0.05). £ R &9, IMPT 4tid it 47 | HMGB1-RAGE-
NF-kB15 5 i 3., AR K IE R Fo fm i 8 T 7K-F, it d sk g2 @ 48 15 - 09 AL R I ot 7 B 4m iR 45477
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Abstract
cell injury by regulating the HMGB1 (high-mobility group protein box 1)-RAGE (receptor for advanced glycation

This study investigated the effect of IMP (imperatorin) on high glucose induced retinal endothelial

end products)-NF-«B (nuclear factor kappa-B) signaling pathway. High glucose induced hRECs in retinal endothelial
cells were treated with IMP at a concentration of 10-320 pmol/L to screen for the optimal drug concentration. hRECs (human
retinal endothelial cells) were separated into normal glucose group (NG group, 5.5 mmol/L glucose), high glucose group
(HG group, 25 mmol/L glucose), low concentration imperatorin group (IMP-L group, 25 mmol/L glucose+20 umol/L
IMP), medium concentration imperatorin group (IMP-M group, 25 mmol/L glucose+40 umol/L IMP), high concentration
imperatorin group (IMP-H group, 25 mmol/L glucose+80 pmol/L IMP), and high concentration imperatorin+recombinant
HMGBI protein group (IMP-H+rHMGBI1 group, 25 mmol/L glucose+80 pmol/L IMP+200 pg/L rHMGB1). CCK-8
assay kit was applied to detect the activity of hRECs cells. Flow cytometry was applied to detect the apoptosis of
hRECs cells. The cell angiogenesis was detected by the lumen formation test. ELISA (enzyme linked immunosor-
bent assay) was applied to detect levels of IL-6, TNF-a (tumor necrosis factor-a), IL-1f (interleukin-13), MDA,
and SOD in cells. Western blot was applied to detect the expression of proteins related to the HMGB1-RAGE-NF-
kB signaling pathway. The results showed that IMP was able to promote the proliferation of high glucose induced
hRECs in a concentration dependent manner, subsequently, IMP concentrations of 20, 40, and 80 pmol/L were
selected for subsequent experiments. Compared with the NG group, the cell survival rate and SOD activity in
the HG group were decreased; the apoptosis rate, the number of lumen formation, the levels of IL-6, TNF-a, IL-
1B, MDA, and the expression of HMGB1, RAGE, NF-kB p65 proteins were increased (P<0.05). Compared with
the HG group, the cell survival rate and SOD activity were increased in the IMP-L group, IMP-M group, and
IMP-H group; the apoptosis rate, the number of lumen formation, the levels of IL-6, TNF-a, IL-13, MDA, and
the expression of HMGB1, RAGE, NF-xB p65 proteins were decreased and in a concentration dependent man-
ner (P<0.05). Compared with the IMP-H group, the cell survival rate and SOD activity in the IMP-H+rHMGB1
group were significantly reduced; the apoptosis rate, the number of lumen formation, the levels of IL-6, TNF-a,
IL-1B, MDA, and the expression of HMGB1, RAGE, NF-kB p65 proteins were significantly increased (P<0.05).
The results suggest that IMP may reduce inflammatory response and cell apoptosis by inhibiting the HMGB1-
RAGE-NF-«kB signaling pathway, thereby alleviating high glucose induced injury to retinal endothelial cells.
Keywords imperatorin; high-mobility group protein box 1-receptor for advanced glycation end products-

nuclear factor kappa-B; high glucose; retinal endothelial cells; injury

B8 NATAE TG KPR 3 v DA SR ) 2
A7 KE R (diabetic mellitus, DM) ) & 7k ZEAS W 184
I, TR R 99 AR 5955 2 (diabetic retinopathy, DR)
s DMAE Il PR _E 8 W) I RE , 6F BCE N A0 73
B B EC W, FREkZ R AIa T TR, 2F
FHORHIF T8 A I, DR A Y — AN Ji DAL AR X i I A
P B 211 i (human retinal endothelial cells, hRECs)Z}
RE AT, 7L R o R 2 — o 1 B 38 hn e P 4
K, 5T AR A B SE SN R A, 0 I
B B PRl R B, B FEChRECSSH f i 7
TRL R BT R, R 0 I8 37 A I8 4 E 9
DREFH = HA B S G  = M. Bk, %

il i B = BT AR ML TR G IR FTIRAE hRECsAH i
B L], T IG R T DREA EE R L. BRHT
#H 2% (imperatorin, IMP)& M HH 5245 7 B 3415 21 1
—MEPERLS), SR A 2 R AR IR R A LR
HAPURE . PiR. P LPULEEEER Y. MASD
WEFER I, IMPXS SRE I H A — € IR T LA KBl
R ThEe. REAME BN, IMPRESSHIH] DMK &
() v AT MCA A T HEDI IMP 7] B8 X6 DRI @ 5%
Wi . =5l M % % & M B 1 (high-mobility group protein
box 1, HMGB1)/: {1 HE B Ak 26 7= W) 2 A& (receptor
for advanced glycation end products, RAGE)/#% #% 3%
[Al-F- xB(nuclear factor kappa-B, NF-kB){5 5 il % =&
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Zx 57T JORE SN DL K 20 P 3 1) B R ).
FURIN, CENE R (P18 1% 28 5E 1, HMGB1-RAGEfS
S B AR AR 0, ST W), HMGBI-
RAGE(S 5 18 4 7£ DMAI DR A fs, Hr i sl 11121, il
AHE T HED IMP AT 838 14 1 7F HMGB1-RAGE-NF-
KBAS 5B B DRA JE . K, ASHE 70 F BR
IMP i HMGB1-RAGE-NF-kB/5 5 il % % i 4 75
TR IO B P 7 4 PR 42 £ R

1 MRS HE
1.1 SEIGZmAR

PR P 7 20 B hRECs( 58 5 : XY-XB-1310) M
A EAE A YR A PR w3
1.2 EEXFNSNEE

DMEMIE 735 (585 : EVU301)I4 H b 5t F R
HABRAT ; IMP(525 : WKQ-0000413)I E 141144
Y v TR A PR A F) ;. #4H HMGBI1(recombinant
HMGBI, rtHMGB1)# [ (525 : 10326-HO7E)H H b3
S AN RS I A BRA ] 5 20 0T 6 8 (cell
counting kit-8, CCK-8)(17 5 : 96992-100TESTS-F)/4
B Fifg s 3 AE P RH A R A B 5 Annexin V-FITC/PI
2 L R T A AR & (B85 2 C00007-100)1 H ™
EAERH A PR A ] ; BCARGTIE (525 : 701780-480)
I S FE R RAF] 5 IL-6BFE AR £ (enzyme
linked immunosorbent assay, ELISA)($? 5 : ZK-
H2101). MR 3AFEA F -a(tumor necrosis factor-a,
TNF-a) ELISAIRF & (125 1 ZK-R3838)IH H IRl
BHEDIRH A IR 2 H ; A0/ % -1B(interleukin-
1B, IL-1B) ELISA#G & ($2 5 : KIEIA0001D)J
Bt B E R AR AR AR ; HMGBI .
RAGE. NF-xB p65. GAPDH¥UA (75 : ab92310.
ab228861 . ab32536. ab128915)I [ JL[E Abcam A 7] ;
COAM AR 740 (8L 5 CellXpert)ld H 1% [E Eppendorf
N BB R AL (RS ZF-208) 0 H 484 By
IXAEREBRA A BAET (BL5 : DMil)IW H 3 [ Cytek
Biosciences 2\ T 2% .
1.3 patEFRS59E
1.3.1 @ fc  HURATIhRECSYH M H K, T
1E37 °CHIBE FRAE TP AT AL, AL J5 140 4 °C.
3 000 r/minfZ 0> 5 min, K ER4HMISEERS R, A
FIDMEME; IR (E 10%M6 4 LIE ), THN37 °C. 5%
COL M40 f 15 TR0 b A7 % AL AR 77, 4l

KB HOTRE, BT MU T 5 2 5L

132 #HWRE R WEESAhRECSH 31T
AL, FHR BRI FLIR (1} 103N /4L)H, £57%24 h,
BIN25 mmol/LIV 2 iR TR 40, 1% € (1L i
AANEHE HIIMP(0. 104 20+ 40. 80. 160 pmol/L)
R ss 7%, PL2S mmol/LA & #EA10 pmol/L IMP4L
20 M /R A 4 (HGAH), %5 BL5.5 mmol/L% %)
WERE RGN E N IEH 2L (NG4). 24 h)a, H%
AFLHF IO pL CCK-8¥ 7K, 37 °C T iFE4 h, Xf %
ANFL450 nmAb IV (DYE TR, FFiH 540
T E (%) o

133 @miead RS Nedl. ONGHA:
BN 5.5 mmol/L# &) ¥ 55 = 41 il ; @QHGHL: InA
25 mmol/ L% %] §E 55 7 40 M0 ; AR WK AT i 2 4
(IMP-L4H): 25 mmol/L 7 %j## +20 umol/L IMP£ [F]
FE RN ; @R R AT 220 IMP-MZH ): 25 mmol/L
H %% +40 pmol/L IMPHL AR5 7241 i ; =ik FEER
HIHHZ 4L IMP-HZ): 25 mmol/L %] % F#+80 umol/L IMP
LB, © =ik B R AT R+ E 2 HMGB1 &
Z1(IMP-H+rHMGB141): 25 mmol/L % %j##+80 pmol/L
IMP+200 pg/L tHMGBISL[FIRG 7RI . FRUREESRS IR
48 hir) & LA M AT I B 5T

1.3.4 AX @SN hRECsa e A =H N %4
hRECs4ifii&eid 48 hif¥s 785, HIEE E 37 °CiH
163 min, WAEAN AL AR, F T4 1 PBSXT kAT Bk
%, 3 000 r/min. 4 °CE.0»5 minZs B, FEATTTIE
N 25 GRS 4 MR B AT R . T4 00
A Annexin V-FITCHIPI, =8 &M 15 min, 5B
T A BRASORT 20 B T R AT AR

13.5 FBHAREHAN mie s A REL W
L (2% 1034 /4L e 2R A Matrigel 196 FLAR . 4%
FE1.3.2M0 7597 48 he AR5, A8 B BB kT
Bif% . FF Image BCPETEEUE s T2 B

13.6 ELISA#MIL-6. TNF-a. IL-18. MDAFISOD
KF EERRRECSAHAE, 4 °Cy 3 000 r/min &5 L
10 min, B0 JEUEE BiF, K E T -80 °CukFh ik
ITORAT, H K H ELISA 7 AL 450 nm Ak (1) 56
[ (DYHE, it & LB IL-6. TNF-a. IL-1B.
MDA SOD/K-, sz 5 #8250 3R 56 4 2 HEA )
UL

1.3.7 Western blot# | 28 f&.  HMGB1-RAGE-NF-
KBIE Fi@ % &G RAENL  WMERRLME R
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(1% 4 hRECSAH AR EATUSRCEE , I\ — 2 = B A2
FER 30 min, $EEC LA E B H, H A HBCA
WA SR BB BT E . 5 A B A A
FR) 73 B8 JE AR 45 I 1HE 4T SDS-PAGE BRI FEL K , #34K
HEER 2 PVDFE |, 7E0K E M1 h, $H TBST
TEE D, M SY% i a gk, iR 1 h, HHES
TBST#H WG e, /7 IA—H HMGB1. RAGE.
NF-kB p65HI GAPDH(¥J 1:1 000%5 %) 4 °Cit &, Jin
N TBSTH T ; TN P (1:5 000558 ), 5507
H2 h, MATBSTHEW L. FHECLAZ, HE
S R G T, R IR U A 52 %N R
KB, JFLLGAPDHANWN S . #1Ji5 A Imagel 1
AT E R,
1.4 GitE o

XoF S B8 K4 () A BE SR SPSS 25.048 1 B
BEAT . TR VR Gs) R, K41 (W IMP-L41.
IMP-M#. IMP-HZH % ) [a] LK H FRCSG, 20 (8]
W3 EL K LSD-86 5 . P<0.05 N2 5745 4iit 24
s

2 FR

2.1 IMPXI S HEI%E S AIhRECs 20 At 78 A9 520
ENGZ LA, HGAL A B A7 % P& R (P<0.05);

HHGHH, 20~160 pmol/L) IMPH] L & 2 ¢ i3k

hRECs4H f 3558 , IR N 20, 40, 80 pmol/L

IIMPHEAT fa 225256 (K1),

2.2 IMPXThRECsZHBE AT RIS 00
5NGALLLH, HGAL MG IR -5 . BT

R MR TR I I (P<0.05); 5 HGALH %, IMP-L

H. IMP-MZL. IMP-HALM I TR FWIE TR

JS T R BRI (P<0.05); 5 IMP-H4LHE %, IMP-
H+rHMGBIZH B A TR . FIAR TR L BT
FEEWINP<0.05) (1K), XEPIMPREIEHT
HIHGE S HhRECSZI MR T
2.3 IMPXThRECs4HRE M &4 pk A5 0

ENGHI L, HGHL A s T i hn (P<0.05);
S5 HGAL L #, IMP-L4L. IMP-M#41. IMP-H41%
i T BBUIS B (P<0.05); 5 IMP-H4L L%, IMP-
H-+rHMGB 125 (155 [ 1 85 2 46 0 (P<0.05)(/&1 2
MZ3). XFHIMPREEIIHIHGS T I hRECsZH
AR LA A B
2.4 IMPXSHEFSHhRECsH A IL-6.
TNF-a. IL-1BHIEZNG

5NGAE, HGHRIL-6. TNF-a. IL-1B
FIE A THE (P<0.05); 5 HGALHL4:, IMP-L41.
IMP-M4. IMP-H41L-6. TNF-a. IL-1B&iA/KF
F#AK (P<0.05); 5IMP-HZ LLAL, IMP-H+rHMGB14i
[ITL-6 TNF-o. IL-1BFRIE K2 3 1 N (P<0.05) (%
4), IXFEHIMPHEWMHIHGE S A hRECsAH i 4
i PR 7 )R
2.5 IMPEHEIFSAIhRECSZAREE (L RIEEI 2N

5 NG L4, HGALI SODIE &K . MDAZK
I EI(P<0.05); SHGHL LR, IMP-LA.. IMP-M4H .
IMP-H41 SODiHPE T . MDAJK B (P<0.05);
5 IMP-H4L L4, IMP-H+rHMGB 141 i1 SODJF 4 [%
k. MDAJKFTE (P<0.05)(£5). XEHIMPHE
HHIHG 5 hRECsZH i S8 Ak N 8.
2.6 IMPXJhRECs#if2FHMGB1-RAGE-NF-xB
Bt tiopAl!

5 NG, HG41 Y HMGB1. RAGE. NF-«xB

%1 hRECsYAMETFEERILER

Table 1 Comparison of hRECs cell survival rate

5 24 hit A RAT I 1%
Groups Cell survival rate of 24 h /%
NG 100.00+2.68

HG 60.35+3.95%

10 pmol/L IMP 58.3243.86

20 pmol/L IMP 72.3244.16"

40 pmol/L IMP 80.31£5.72"

80 umol/L IMP 93.46+4.61"

160 umol/L IMP 95.64+4.60"

*P<0.05, GNGH HLE; *P<0.05, SHGLA L
*P<0.05 compared with NG group; “P<0.05 compared with HG group.
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10¢ 1021% 2.71% 10° 30.53% 10410.32% 20.84%
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& 107 _ & 10°
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10° B 10° 3% 1ol 3EE | 35
102 10° 10* 100 10* 10 100 10> 10° 10*
Annexin V Annexin V Annexin V
IMP-M IMP-H IMP-H+rHMGB1
10¢40-26% 16.22% 104 {0.23% 9.79% 10+ {0.30% 26.36%
10° 10° 4 10°
& 107 =
100 81.-;,'.' - I2.I49%I 100 i - .1;44%. I4I.15%I
10 10" 10> 10° 10* 10 10" 10> 10° 10* 100 10*
Annexin V Annexin V Annexin V
3} W e o ol 4 b
Fig.1 Apoptosis was detected by flow cytometry
&2 IMPXThRECsZARE AT RS20
Table 2 Effects of IMP on apoptosis of hRECs
2H 51 WA T2 /% IR T 5% /% BT %
Groups Late apoptosis rate /% Early apoptosis rate /% Total apoptosis rate /%
NG 2.71+0.69 1.52+0.40 4.23+1.09
HG 30.53+2.89* 4.63+0.83* 35.16+2.35%
IMP-L 20.84+1.52% 3.52+0.69" 24.36+2.26"
IMP-M 16.22+1.03% 2.49+0.51% 18.71£1.17%
IMP-H 9.79+1.27%Y 1.44+0.32%7 11.23+1.13%7
IMP-H+rHMGBI1 26.36+1.79¢ 4.15+0.87¢ 30.51+3.32¢

*P<0.05, NG LA *P<0.05, SHGHL L “P<0.05, HIMP-LALLLEE; Y P<0.05, 5IMP-MZH EbAs:; ©P<0.05, SIMP-H4L L .

*P<(.05 compared with NG group; “P<0.05 compared with HG group; “P<0.05 compared with IMP-L group; Y P<0.05 compared with IMP-M group;

@P<(.05 compared with IMP-H group.

Fig.2 Cell angiogenesis was detected by lumen formation assay
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#3 IMPXThRECs4RA M1 4 A AIF 0
Table 3 Effects of IMP on angiogenesis of hRECs

4150 I

Groups Number of lumen formation
NG 35.23+3.12

HG 124.31+£10.41*

IMP-L 101.9249.23"

IMP-M 79.1448.06™

IMP-H 54.63+5.24™Y

IMP-H+rHMGB1

115.46+9.67¢

*P<0.05, GNGHA HLE; "P<0.05, SHGL LA “P<0.05, 5IMP-LALLH; YP<0.05, HIMP-MALLLH; ©P<0.05, SIMP-HZH LL4L .
*P<(.05 compared with NG group; “P<0.05 compared with HG group; “P<0.05 compared with IMP-L group; ¥ P<0.05 compared with IMP-M group;

@P<0.05 compared with IMP-H group.

4 IMPXI=HEESHhRECSAEMIIL-6. TNF-a. IL-1BAIS20E
Table 4 Effects of IMP on IL-6, TNF-a, IL-1p in high-glucose induced hRECs

415

Groups IL-6 /ng' L TNF-a /ng'L™" IL-1B /pg'mL"
NG 7.92+0.82 8.99+0.92 23.95+2.61
HG 30.06£2.31%* 35.05+£3.25% 166.37+17.25%
IMP-L 20.75+2.81% 20.2442.14" 124.37+13.16
IMP-M 15.92+1.63% 13.08+1.49% 70.42+8 24"
IMP-H 11.05+1.27"Y 7.15+1.81%Y 41.35+4.36""
IMP-H+rHMGBI1 20.40+2.16¢ 17.64+1.32¢ 113.29+12.07¢

#P<0.05, SNGHAILLEL; "P<0.05, HHGA HLEL; “P<0.05, SIMP-LALLLAL; Y P<0.05, SIMP-MALLLES; ©P<0.05, 5IMP-HZH L
*P<0.05 compared with NG group; “P<0.05 compared with HG group; “P<0.05 compared with IMP-L group; Y P<0.05 compared with IMP-M group;

@P<0.05 compared with IMP-H group.

£S5 IMPXSHEIF S AhRECSHH S 1L BRI
Table 5 Effects of IMP on oxidative stress of hRECs induced by high glucose

ZH 3

G SOD /U-L"! MDA /nmol'mL"!
roups

NG 213.26+22.15 107.26+11.27

HG 67.15+7.14* 507.23+51.02*

IMP-L 86.23+8.36" 416.27+42.37"

IMP-M 136.27+14.27"¢ 315.26+32.14"¢

IMP-H 198.72+20.15%" 154.22+16.33""

IMP-H+rHMGB1 76.59+8.69¢

462.31+47.15¢

*P<0.05, SNGALELES; "P<0.05, SHGAL LA “P<0.05, 5IMP-LALLLE:; YP<0.05, HIMP-MALLLEL; ©P<0.05, SIMP-HZAL LLAL .
*P<(.05 compared with NG group; “P<0.05 compared with HG group; “P<0.05 compared with IMP-L group; Y2<0.05 compared with IMP-M group;

@P<0.05 compared with IMP-H group.

p65 % FH /KI5 (P<0.05); SHGZL L%, IMP-L4 .
IMP-M#1. IMP-HZ{ HMGB1. RAGE. NF-xB p65
E [ AR BEAK (P<0.05); 5 IMP-HZH EL#¢, IMP-
H+rHMGB141 ) HMGB1. RAGE. NF-xB p65% [
KPR 2 T R (P<0.05)(BI3R13R6) . 1X R HIMPHE
I HGE S I hRECsZH il HMGB1-RAGE-NF-kBf5
Eeplilicd SR

3 1ig

DRJE DM E I RIEZ —, AR IR
B, DRI A 52 B LR85 2 FHLAI G 13 04,
ORI, 7E A DRI B8 (3 FE e, Py Bz 40
T RIF A SR AR U9, ARSI AR B,
BN HIAL T B iR T, R ANRAIE 1 22
S5 B, I FLIX 25 5 B BLG  nR e
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&3 Western blot#;MhRECsZAfifFHMGB1. RAGE. NF-xB p65&E AL
Fig.3 Western blot analysis of HMGB1, RAGE, NF-kB p65 protein expression in hRECs

#6 &L{AhRECs#M-FHMGB1-RAGE-NF-xBf5 SiEEHXEAKF
Table 6 Levels of protein associated with HMGB1-RAGE-NF-kB signaling pathway in each group of hRECs

fﬁfﬂps HMGBI1/GAPDH RAGE/GAPDH NF-kB p65/GAPDH
NG 0.57+0.06 0.21+0.03 0.72+0.08

HG 1.65+0.17% 0.83+0.09% 1.32+0.14%

IMP-L 1.360.14* 0.62+0.07* 1.11£0.12*

IMP-M 1.0120.11*¢ 0.44+0.05* 0.83+0.09"

IMP-H 0.66+0.07*%" 0.24+0.03*Y 0.53+0.06*%Y
IMP-H+rHMGB1 1.53+0.16¢ 0.75+0.08¢ 1.16+0.12¢

*P<0.05, SNGALELEL; "P<0.05, HSHGHLELH; “P<0.05, SIMP-LALELES; Y P<0.05, SIMP-M4H L ©P<0.05, SIMP-HAL EL#K
*P<(.05 compared with NG group; *P<0.05 compared with HG group; “P<0.05 compared with IMP-L group; Y P<0.05 compared with IMP-M group;

@P<0.05 compared with IMP-H group.
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