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[ ZE]1 B®.: BT R BN G0 M A (BMECs) S0 2R 405 vh g /E T, ) BH it
36 X B R R LA 3 AR (PISK) /EMIMEF B (AKT) A AIT LR . Fek: %5 H7HE
SD KR, FRECK B BMECs, 76K A MR &1 F 6l 4 BMECs SR ZF #7804y Wi mial, ik, A
1 0 S S BH X R, ik s A IR ORI T A ), 28 (0 IR AL 8 20 K R BMECs 45
TR EE R IR, BHEXT B4 K B BMECs 45 T 44k J )y 10 pmol- LAY SR BEHF-, 1K v R 37 it
B4 K B BMECs 28 48 P IE R 0.5, 1.0 &% 2.0 mmol- L' F 30 . R CCK-8 M I HE 3% 12,
24 A1 48 h i) 4% 21 K B BMECs £7 1% %, 1050 & A5 0 45 41 K B BMECs 'h 2L i = i (LDH) 3% ¥ Al
SRR (ATP) KV, BEECGE WL (ELISA) ¥EK 4% 24 K B BMECs 3 Wi i s 3838
KT o (TNF-a)., F4IEAE (IL)-6. IL-13FIIL-18 /K F, a5 £ 46 I 4 41 K Bl BMECs i 4 1k
B ARG (SOD) WEPERP 8 (MDA) JKF, {ff 8 W B (TEER) 43 7 A0k M 2% 240 K B
BMECs i TEER A, fif FH 4 A =X 48 g 3% 57 45 K0 0 4% 20 K B BMECs 9 3R of A b W B (HRP) 8 i%&
R, HOREARIE (TUNEL) Yok ka4 21 K B BMECs 8 T-%, Western blotting 6 1l 45 41 K K
BMECs F # 2 1k PISK (p-PI3K) /PI3K Mk fk AKT (p-AKT) /AKT . &5R: SaAxt By
Fe#e, ALK B BMECs 735 %, SOD %, ATP /K- TEER {H K& K Bl BMECs H p-PI3K/PI3K
I p-AKT/AKT HAHPH B BRI (P<<0.05); LDHIGM:, TNF-a. IL-6. IL-18. IL-18 f1 MDA /K-,
BMECs # T2 & fl HRP # % R ¥ W B H & (P<<0.05). S84 ks, K. A 50 & i S ms 2 b b
PE T I8 41 K B BMECs 7776 %, SODEE, ATP /KA TEER {6 & K R BMECs H p-P13K/PI3K Fll
p-AKT/AKT FLH ¥ 8 F+& (P<<0.05); LDH &M . TNF-a. IL-6, IL-18. IL-18 f1 MDA /K,
BMECs 8 1T- % F HRP 38 % R4 W AL (P<<0.05). Z5#.: Fi3E0 A8 05 15 2 K L BMECs % 8 #1 2
W5, MH BMECs &AL 45 A 1=, thes% K B BMECs 3 P, HALH AT A 5981 PISK/AKT i #%
AKX,

[REM] B, SRR, TR BEARBENLAE 3 WAE; HE B

[FESHES] RI6; R743 [XHkiRED] A

(i BHE]  2024-03-14 [(RABH] 20240520

(BE£WE] HEdiE /R ARREHTHARSESTH (2022D01C113, 2022D01C125)

MEE®AN] B 8 (1986—), L, WRBHTMA, FIREM, EFEW4, EZMN SIS HR . B 6T M2 AP
o A2 4 ity 55 11 DR O T 0 F 5

[(BEMEE] WmZEW, §lF{EEM (E-mail: pennl19@126.com)

© (EMRRZEM (B2 ) A, JFERBGENE CC BY-NC-ND #r,
© Editorial Board of Journal of Jilin University (Medicine Edition). Open access under CC BY-NC-ND license.



Wi B, A FHSRHRONT AR BRI TR0 A A B 200 SRR < 45 40 ) ok A T O PISK/ AKCT 3 % F) 5 1) 97

Ameliorating effect of betaine on oxygen-glucose deprivation
injury in rat brain microvascular endothelial cells and its
influence in PI3K/AKT pathway

CHEN Min, ZHU Huiyan, TAO Jing, XU Yipeng
(Department of Rehabilitation Medicine, People’s Hospital, Xinjiang Uygur Autonomous Region,
Urumqi 830001, China)

ABSTRACT Objective: To investigate the effect of betaine in oxygen-glucose deprivation injury of rat brain
microvascular endothelial cells(BMECs) , and to clarify the regulatory effect of betaine on phosphoinositide
3-kinase (PI3K) /protein kinase B(AKT) pathway. Methods:Five SD rats aged 7 d were selected and the
rat BMSEs were obtained. The oxygen-glucose deprivation model of rat BMECs was prepared under
hypoxic and hypoglycemic conditions; the experiment was divdided into model group, and low dose,
medium dose, and high dose of betaine groups and positive control group, at the same time, blank control
group (without modeling) was set up. The BMECs in blank control group and model group were treated
with fresh medium, the BMECs in positive control group were given a final concentration of 10 pmol-L ™"
nimodipine, and the BMECs in low, medium and high doses of betaine groups were treated with betaine at
final concentration of 0.5, 1.0 and 2. 0 mmol-L ™", respectively. The survival rates of BMECs in various
groups were determined by CCK-8 method at 12, 24 and 48 h after culture; the activities of lactate
dehydrogenase (LDH) and the levels of adenine ribonucleoside triphosphate (ATP) in the rat BMECs in
various groups were determined using kits, and the levels of tumor necrosis factor-a (TNF-«) , interleukin
(I1.)-6, IL-1B, and IL.-18 in supernatants of the BMECs in various groups were determined by enzyme-linked
immunosorbent assay (ELISA) ; the activities of superoxide dismutase (SOD) and levels of malondialdehyde
(MDA) in the BMECs in various groups were determined by kits; the transendothelial resistance (TEER)
values of rat BMSCs in various groups were determined by TEER analyzer, and the horseradish peroxidase
(HRP) permeabilities of BMECs in various groups were determined by an insertion cell culture apparatus.
TUNEL staining was used to determine the apoptotic rates of rat BMECs in vaisous groups, and Western
blotting method was used to determine the ratios of phosphory lated PI3K (p-PI3K)/PI3K and
phosphorylated AKT (p-AKT)/AKT in the rat BMECs in various groups. Results: Compared with blank
control group, the survival rate of BMECs, activity of SOD, and level of ATP, value of TEER, and
ratios of p-PI3K/PI3K and p-AKT/AKT of the rat BMECs in model group were significantly decreased
(P<C0.05) , while the activity of LDH, the levels of TNF-a, IL-6, IL-18, IL-18, and MDA, the
apoptotic rate of the BMECs, and HRP permeability were significantly increased (P<C0.05). Compared
with model group, the survival rates of the BMECs, activities of SOD, and levels of ATP, values of
TEER, and ratios of p-PI3K /PI3K and p-AKT /AKT of the BMECs in low, medium, and high doses of
betaine groups and positive control group were significantly increased (P<C0.05) , while the activities of
LDH, the levels of TNF-«, IL-6, IL-18, IL-18, and MDA, the apoptotic rates of BMECs and HRP
permeabilities were significantly decreased (P<C0.05). Conclusion: Betaine can significantly repair the
oxygen-glucose deprivation/reperfusion injury in the rat BMECs, inhibit the oxidative damage and
apoptosis of BMECs, and improve the permeability of the cells; its mechanism may be related to the
regulation of the PI3K/AKT pathway.

KEYWORDS DBetaine; Oxygen and sugar deprivation; Reperfusion injury; Phosphoinositide 3-kinase;
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il i A& N B2 48 L (brain microvascular
endothelial cells, BMECs) 43 35 15 5 i 41 fig
B b 005 0 K AR AR TE B D) OCER, BEgE T R
S0 25 R T VT AR 5 B BMECs #RAE 2 X Ak
MR N INEL, s BMECs (9D, A K&t T
T, RS BN A h AR Y R AR L L, X
BMECs Ut 1 25 -3 1 5 07 1097 25 W) 9 Wt AT 02 >4
HIBIF5E B9 5. AR IEILEE 3 38 (phosphoinositide
3-kinase, PI3K) /# H # B (protein kinase B,
AKT) 3 7 35 4F o BIF 5% 0% IE 52 5 %00 1 <5 153
TERU s i B AR % D) OCHR M {5 3@ B, PISK/AKT
I % 04 2 BE A AT R R 5 B BMECs 30 £ 1) ¢ 8 A
FOL RISERUE AT A M EY P Y
B, LA TR AR T i A 2 R 2 BRAE
AR, BFST T 2 B H 7 40 A AU 2 R v
s b AR 1. SR, A OCH S
Xt F BMECs S % 55 - 1 (9 £ 47 4 T S FE AL
P AE 5 18 R D AR SCHRIE , DL A A 9 40 15T i S i
BMECs 400 51 25 19 1450 005 19 O 40 A 1 SO HIL A
i BMECs % 0 31 25 -F- 3 1 5 0306 97 245 9 1) F 42
2%,

1 #Rt5REE

1.1 £%#H . 2Z2XNFRE SHT7HBSDK
B, HEPE, (R 12~20 g, {@FEEIEH, WA H
SRR RFL B Y b, LR sh Y Ak ETHIE
5. SCXK (H) 2023-0001. AHFFEEhHY L85 A
[ (= I = S T | AR A G | AR (" =
KY2022061519) . #if=ek (brdEid, 28 =98,
B9 B8230) . JEEHLF (Ardfidh, 4 =980,
5345 . SN8560) MWL L ZE ik (phosphate buffer
saline, PBS) (%% . P1022) M HIb st KK = #}
HAWAFR, FLMmM A6 (lactate dehydrogenase,
LDH) i# & (%85 . hlk3939) Wy [ b A6 F) 3%
AR EARAA, =B8R (adenosine-
triphosphate, ATP) X7l & (585 . S0026) . fif
JERFE I T « (tumor necrosis factor-a, TNF-a) i
A& (585 . PT516) . HAME A FE (interleukin,
IL) -6 7 & (555 . PI328) . IL-1BiX7# & (4%
5. PI303) . IL-18 k7 & (4845 : PI555) . MR
1y B Ak (superoxide dismutase, SOD) &7 &
% . S0101) . N — ¥ (maleic dialdehyde,
MDA) i## & (#5 . S0131) . HM it %A 1k ¥y il
(horseradish peroxidase, HRP) il & (1% %5 .

ST2569) . #t I1 K 4 bx id  (TdT-mediated dUTP
nick-end labeling, TUNEL) #-ik#l & (5.
T2196) . HmEE 3-w W2 i =l (glyceraldehyde-3-
phosphate GAPDH) w5
AF1186) . W M2 1k PI3K (phosphorylated PI3K,
p-PI3K) (%245 : AF5905) . PI3K (%25 : AF7742) |
Wik b AKT (phosphorylated-AKT, p-AKT) (4%
5 AF1546) . AKT fRdifk (585 AA326). 1l
PR P (5 A0208) . b AL &
8 % . P0018) M &K | W K K & (BF S5
POO11) H A #E = KRAEMFH AR A .
Artemis ST 8 P fiz B FH (transepithlium electrical
resistant, TEER) 43 #r{X W4 B fif 2% Locsense 2 7,
DM IRB # 5 5t 8] & @ 6 45 W A 72 [¥] Leica 22 7,
Gel Doc EZ B i iAW H 2 F Bio-Rad 24 7 ,
Allegra X-30R Y /&5 i & ¥R B .0 AL W H 3£
Beckman Coulter 2 @), 1D5 BRI R H ED 7 F
1A (1) A RRAR,
1.2 BMECs 4 &  BHAEZABAFEY G4 &
W7 Hig B A SD R, Wik abse)s, BRI
I, BYREJE A 100 H G, W A 414,
0.2% IKIE MM S5, 1000 remin ' & > 10 min,
3¢ BVE, 143 BMECs, ffi[] PBS 22 il 15 vk 31K,
PR TR 1Y% AR SR I, A& 1%
WAL DMEM 58 4 i 57 S db 82 85 5%, 1 20 it il &5
JE3K 80 %0 W AT AR o 8 FI 45 3 M M kA7 )5 252 52
5o A A 10 % R 4R 13 A 126 XA R DMEM 58
SRR, M BMECs 8 T 37 °C. 5% CO, % & fd
T s FRAE B R, Rl B AL G R Gk 90 %0 i T bR A%
&, AT IR 82505 . O S K i BMECs,
fili FH PBS 2% vh W5 Uk 2 s, i FH IS DMEM 85
FH, BF3ITC, 94% N,, 5% CO, M 1% O,1H
T/NE R FE 6 h, % BMECs E B 28 i =0
1.3 @mpsafeb @ O EOMRZFE 3R G R R
BMECs# F37°C. 5% CO.RKi3#4i, 49 % &
BRI, G, HoRn s ) A SRR A M P X IR, O
WA EAX A, ST, e ERET
37°C. 5% COBEFEFA P IEH H 5% . &0 it Bl S 2
Iy T LHWE N 0.5, 1.0H1 2.0 mmol-L~" # it
SRk, PHMEXT BB 4 45 T AU R 10 pmol- LAY
JEFEHL S 1Y, A5 ) A 2 R S SR e R e B
OOV B R SR, B TR R R R AR S 5.
HUBEE 3 AL,

dehydrogenase,
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1.4 CCK-8ik# 0 R F &) & & 48 X & BMECs
HEE KA KB BMECs# M “1.3" dig ik
e, HIEEA, HInARFEEA CCK-8IL A,
Ahnan A2y, iR R 12, 24048 h, R
CCK-83EK 44 BMECs FUfFTE R . A7 % =
(LA AE—THEHAME) / (XIRA AE—HE
HA{E) X100% .
1.5 KRAXRAE&EHAEHKXZLBMECs ¥ LDH #&
MFe ATPKF BMECs# M “1.3”7 iy ks
2y, dREEHE 3R 24 h, (R B O Ak O 4R A5 A
BMECs, fifi A1 57 & 43 %1 & U 4% 21 BMECs
LDH 3G AT ATP K.
1.6 B ¥ % % & W &K % (enzyme-linked
immunosorbent assay, ELISA) i # @] & 41 X &
BMECs Lt # #%& ¥ TNF-a, IL-6, IL-1f #= IL-18 &
F BMECs#M “1.37 iy rksgy)a, dksss
FE24h, WM EIEW, 3500 r-min ', 4°CE
L5 min, LW, ELISA B4 4K R |
FBMECs #1 TNF-a, IL-6. IL-18FlIL-18 /K-
1.7 XREAMNE&E# ML 4K K BMECs ¥ SOD #&
P MDA KFE BMECsH# M “1.3" by rksh
2y 5, dkEEE IR 24 h, (I O Ak 0T s A5 A
BMECs, 3500 r-min~', 4 CE.L>5min, 3 IV,
il 3 50 & A 45 2 K B BMEECs H SOD i 4 1
MDA /K,
1.8 KA TEER £ # B A= 46\ X 48 JL 33 5 B 4l
%4 BMECs# TEER/AZ HRP#& &% BMECs %
MCO“1.3” W rik g )G, dkEiiigR 24 h, i
TEER 43 ¥4 52 4 4 BMECs i TEER {f, fdi /i
Il A2 L 1 5% 45 0 E 4% 4 BMECs /9 HRP i i%
P HRP 3 % R =72 it HRP W < 32 K3t
B AR R/ (A3 HRP Mk B < A0t 15 75 W 14
) X100% .
1.9 TUNEL #% # @ & 41 X £ BMECs A = %
BMECs## M “1.3” M rkedifa, st
24 h, fii ] TUNEL i & il & 4 41 K Bl BMECs
FTR . M8 T2 R =TUNEL BH % 20 Jitg %/ & 40
Jifg & < 100 % .
1.10 Western blotting 3 ## & 42 X &, BMECs ¥
p-PI3K. PI3K. p-AKT #= AKT % & % & K F
BMECs# 8 “1.3” M rikghdilG, ek
24 h, i FH B O AL JF IS BMECs, {40 i %4
%W 75> 24% J5, 8000 remin ', 4 ‘CE.L> 10 min,

WL, SR FH AR i ) A D SR R, R
MR EE N 40 pg MR, R 2K . 43 B A
SRS, T TR A2 B 526 1 B RR A 5 % R B A
1h, 4514 GAPDH, p-PI3K. PI3K. p-AKT A
AKT fSediik (B A Jiik i I 1 500 #i B ) 4 °CIpg
B, PBSZRIEVE 3, FEHiR T (1:
TO0OH ) ZEiRWFH 1 h, PBS S whif P Uil vk
3, A RO, B TR MR RG
5 p-PI3K/PI3K Fl p-AKT/AKT LG1H .

1.11 %3254 R SPSS 26. 05 F k174031
20 Hr. % 4K B BMECs 47 i %, BMECs H
LDH #l SOD i ¥ L. J& ATP 1 MDA /K F,
BMECs L TNF-o, 1L-6, IL-18 1 1L.-18 /K,
BMECs i) TEER i . HRP i i R F 40 jg 98 1%,
BMECs ' p-PI3K/PI3K fl p-AKT/AKT {4 4F
BIEEM, DhaotsFEm, ZARPEA S H L5
K AR 28 J5 22 40 B, 2L ) R A 34 507 1 L R T
LSD-tk: 5. LA P<<0.05 N ZRAH G it%E X,

2 & B

2.1 XEA®EELEEXKBMECs xR Hus
O HR AL He e, B5 97 12, 24 F0 48 h i 455 AU 41 K R
BMECs 771 B W BE L (P<<0.05); SHIRI4 LT
B, RiR12, 24 F48 hit, i, A v ) R S
20 K FEAE ST BE 4K B BMECs 7416 R W W T (P<
0.05), HBEA RGN &0 TR, BEaR 12, 240
48 h i} K B BMECs ££ 1f 2 Wi F+ & o K4l KR
BMECs f£ 1% 25 8L, & J5 225905 BMECs 45 24
JE SRR R 24 he W1,
2.2 A4k A BMECs ¥ LDH #& ¥ # ATP & F
AP xr g i, A4 KR BMECs 1 LDH
WEPE TR (P<<0.05), ATP/KFI B (P<<
0.05); SEIRIZLLE, K. ob R )k B e A
Ko AP X BB 40 K B BMECs Hh LDH 3% 4 B W [ %
(P<<0.05), ATP/AKFETHE (P<<0.05), HB
A TSR i 0 R, K EBUBMECs H LDH 3 4%
WFEAE (P<<0.05), ATP/KF-Z#iTtE (P<<0.05),
W2,
2.3 ALK& BMECs L##& ¥ TNF-a.IL-6.1L-1p
Fe IL-18 K+ S XA b E, A4 KR
BMECs [ # H TNF-a. IL-6, IL-1p I IL-18 7K
SRR TR (P<0.05); SHERIA b, K.
R 75 751 T S 2 % B S R 41 K B BMECs B3
WP TNF-a, IL-6, TL-1B LA Kz TL-18 /K 3 B i R
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#1 FHKEBMECsHEER

Tab.1 Survival rates of rat BMEC:s in various groups

(n=3,x%s,9/%)

Survival rate

Group

(¢t/h) 12 24 48
Blank control 100.002£0.00 100.00£0.00 100.00=0.00
Model 42.26+1.72" 46.08+£2.90" 35.68+3.31"
Positive control 96.0444.47" 92.73+5.26% 88.7140.96"

Betaine

64.97+0.70%*
78.25+4.98"%°
89.4441.88%°0

Low dose
Medium dose

High dose

67.2845.20*
76.1343.704#C
81.97+3.004#°0

70.9741.50%%
84.88+3.25°%C
93.26+2.98°

"P<C0.05 compared with blank control group; “P<C0.05 compared with model group; “P<C0.05 compared with positive control group; “P<C

0.05 compared with low dose of betaine group; "P<C0.05 compared with medium dose of betaine group.

F2 KHAKKRBMECs LDHE MM ATP K
Tab. 2 Activities of LDH and levels of ATP in rat BMECs

in various groups (n=3, x+s)
Group LDH/ﬁ ATP 7
[A,/(U-L N] [m,/(umol-g "]
Blank control 36.214+1.13 3.5740.10
Model 105.1842.77" 0.3240.04"
Positive control 49.4342.38~ 2.52+0.26
Betaine
Low dose 81.6742.68"" 1.1640.12°"
Medium dose 58.9944.90%% 2.054£0.10%°
High dose 47.9444.28°°2  3.2740.15°%H

‘P<C0.05 compared with blank control group; “P<(0.05
compared with model group; "P<C0.05 compared with positive control
group ; “P<C0.05 compared with low dose of betaine group; “P<C

0.05 compared with medium dose of betaine group.

(P<C0.05), H. B & & 5 85 & 9 35 m, R
BMECs FiE# ' TNF-a, 1L-6, IL-1p 1 1L-18 /K

T Z WAL (P<<0.05). WL#3.
2.4 &% R BMECs ¥ SOD # & #= MDA & -F
Has XA s, BA4 K B BMECs H SOD
M I W (P<<0.05), MDA JKF B & 7 &
(P<<0.05); SR HE, K. o Fns i) i e
B 4 % BH A X BE 2 K B BMEECs H SOD i 14 B 8 T
 (P<<0.05), MDA KB B (P<<0.05),
H B R0 B T, KRB BMECs H SOD i
PR W T (P<<0.05), MDA K -ZHEME (P<
0.05), W4,
2.5 %4 XA BMECs# TEER/LA HRP & & £
Hoas xR i, A4 KR BMECs ) TEER
{E A% (P<<0.05), HRP# &R I (P<<0.05);
SRR R, AR v A R R SR A A K BE T
M 20 K Bl BMECs #Y TEER {4 7} % (P<<0.05) ,
HRP 3l % R AL (P<<0.05), EFKEE G0 &0
FhE, KEBMECsH TEERMEZEW A (P<<0.05),

#£3 FAKKBMECs EE®RH TNF-o IL-6.1L-13 Fl IL-18 /K
Tab.3 Levels of TNF-«, IL-6, IL-18, and IL-18 in supernatants of rat BMECs in various groups

[n=3, x+s, py/(ng-L )]

Group TNF-a IL-6 IL-18 IL-18
Blank control 213.6847.58 69.91-+4.92 29.5140.79 68.78-6.42
Model 1068.56+6.82" 846.254-15.75 103.5946.90" 350.9349.56
Positive control 323.36+2.74" 112.20+9.02" 44.53+3.31" 95.89+2.85"
Betaine
Low dose 526.85+2.47"" 509.14+16.16"" 86.9145.25"" 234.14+4.79""
Medium dose 427.2545.225%C 227.2647.09°%° 60.4444.09%*° 164.55+4.09°%C
High dose 279.3542.274%°0 110.964-3.72° 39.7042.64°°F 85.63+14.69°*°H

"P<<0.05 compared with blank control group; “P<<0.05 compared with model group ; *P<<0.05 compared with positive control group; “P<<

0.05 compared with low dose of betaine group; “P<<0.05 compared with medium dose of betaine group.
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#4 K4KKBMECsH SOD 7E#:f1 MDA K
Tab. 4 Activities of SOD and levels of MDA in rat BMECs

#*5 F4HKKEBMECs K TEEREM HRPEZER
Tab.5 Values of TEER and HRP permeabilities of rat

in various groups (n=3, x£5) BMEC:s in various groups (n=3, x%s)
SOD MDA ) ) HRP permeability
Group Group TEER(Q-cm )
[A,/(U-mg Y] [m/(pmol-g )] (/%)
Blank control 131.3244.87 1.004+0.08 Blank control 48.404+1.63 0.444+0.16
Model 65.9246.92" 5.1740.15" Model 14.7543.71 4.98+0.06"
Positive control 111.41+5.88 2.0740.04" Positive control 39.594-0.89 1.5040.08
3etaine Betaine
Low dose 99.03+0.64°% 4.04+0.13%% Low dose 26.89+3.79%% 4.234+0.09%%
Medium dose 115.82+2.31 3.64740.04"% Medium dose 37.84+4.137° 2.9640.13%C
High dose 128.634-4.03°% 1.6940.174%¢! High dose 47.2146.54°%0 1.164-0.042°"

'P<C0.05 compared with blank control group; “P<C0.05
compared with model group; *P<C0.05 compared with positive control
group; “P<C0.05 compared with low dose of betaine group; “P<C

0.05 compared with medium dose of betaine group.

HRP il i F B #i AL (P<<0.05), W35,

2.6 XM KABMECsAT £ LHxpxthla
(1.01%6£0.19%) H#, B AIZH K BMECs i
T2 (44.35%+2.46%) BB FH& (P<<0.05);
5B B, ik (31.78%+1.60%) .
(17.40%+0.66%) FifE (6.10%40.89%) il
FE S B 4 K BH R X BR A (6. 3720 40.83%) K
BMECs /T2 B B &% (P<<0.05), HKEE 3
AR TR, KB BMECs TR B #i &K (P<
0.05). WK1,

Blank control Model

- . .
- . -

Merge

100 pm

Positive control

'P<C0.05 compared with blank control group; “P<C0.05
compared with model group; “P<C0.05 compared with positive control
group; “P<C0.05 compared with low dose of betaine group; "'P<C

0.05 compared with medium dose of betaine group.

2.7 %4 KX & BMECs ¥ p-PI3K/PI3K #= p-AKT/
AKT e 1d 525 (X Ml b, B84 KR
BMECs 1 p-PI3K/PI3K #l p-AKT/AKT H.{H #] &
FEAE (P<<0.05); SEAIZL s, . hofnm il i
3 B 41 B B o R 41k B BMECs 1 p-PI3K/
PI3K Fl p-AKT/AKT . {H ¥ & 7+ /& (P<<0.05),
H. B4 Ao B 1 T, KRB BMECs Hp-PI3K/
PISK 1 p-AKT/AKT WEZ#THE (P<<0.05). W
F2m%6.,

Medium dose
of betaine

Low dose
of betaine

High dose
of betaine

'
100 pm 100 pm

100 pm 100 pm

B1 #HAKRBMECsHT- N
Fig. 1 Apoptosis of rat BMECs in various groups
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1 2 3 4 5 6 Mr
p-PI3K D s === s 4 @ 75 000

PK D D Gy S G W 90 000
p-AKT (llD o === we S0 @B 56000
AKT |[@D D D @ & @ 60 000
GAPDH S D S D - ()

Lane 1: Blank control group; Lane 2: Model group; Lane 3:
Low dose of betaine group; Lane 4: Medium dose of betaine
group; Lane 5: High dose of betaine group; Lane 6: Positive
control group.
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Fig. 2
PI3K, p-AKT, and AKT proteins in rat BMECs in

Electrophoregram of expressions of p-PI3K,

various groups

6 HHKEBMECsH p-PI3K/PI3KFlp-AKT/AKT HAE
Tab. 6 Ratios of p-PI3K/PI3K and p-AKT/AKT in rat

BMECS in various groups (n=3, x+s)
Group p-PI3K/PI3K p-AKT/AKT
Blank control 0.8740.09 0.964+0.04
Model 0.3640.03" 0.3040.05"
Positive control 0.75+0.04" 0.77+£0.04%
Betaine
Low dose 0.47+£0.044% 0.46+0.02°%
Medium dose 0.6740.044#° 0.5740.044#9
High dose 0.9040.05"*H 0.9040.04"7H

'P<<0.05 compared with blank control group; “P<20.05
compared with model group; *P<C0.05 compared with positive control
group; “P<0.05 compared with low dose of betaine group; “P<C

0.05 compared with medium dose of betaine group.
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