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[ E] HE #Fad4adid =8 (MCT) 3 KR E ke T 5L i (RASMC) 3 #iey Hwe . ik K AK
SR IE IR BT O F E MBI & 69 TALMTT % i X e KA m MCT 2 RASMC 32769 %vh, R w4
OF&L4RIT IRMZ AT 125 mg/dL, A& MCT JRE 938 &, i3 04 4m i3 A P38 Hm & 0K H 9L T (2000
mg/dL) , R A TR R AR RER , mieR&RE %, 2 RN, MCT x5 RASMC 3§ 74 49 %5 o B A A 4]
Fo ik BARFiME, f£ 24~48 h,62.5~250 mg/dL, K I AIEREFAVE A AL 24 h,62.5 mg/dL By 38 A R Z K4 A
132.9% , 53t B eanAg e £ F A it 3 & L (1=-4.5529,P=0.0005) ;24 ~48 h, =250 mg/dL A 24 ~ 144 h, =500
mg/dL, &I dph) 3G ZAAE R L 120 h,1000 mg/dL 3E 7 R RAKL A 1.0% , 5@k 2 7 A %5 EL (1=
68. 8652,P<0.0001) , A XML R KN, 5Bk MCT 48 3L G,/G, M E H»IHAK(F=5.56,P=0.0039)
FaSEE I H(F=7.28,P=0.0011) , AXATERET,IRT 24 h 9, &0 E) &6 8 T F 5 b3 b s 24K,

H P 48~144 h 9 A= FENH 4 2.6%(F=1.86,P=0.1591) .0.9%( F=6.43,P=0.002) .0.9% ( F=3.41,P=0.0274) .

1.0% (F=5.76,P=0.0033) #= 2.19% (F=5.18,P=0.0054) , £&i& MCT *f RASMC 3§ 74 49 % @ LA S &y b | Bp 24K
WE ARt ARSI SRR BRI R AR A
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Bidirectional Effects of Medium Chain Triglyceride on the Proliferation of Vascular
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[ ABSTRACT ] Aim  To investigate the effects of medium chain triglyceride (MCT) on the proliferation of rat aortic
smooth muscle cells (RASMC). Methods Cultured cells were used in this experiment. Oil red staining was used to ob-
serve changes in cell morphology. Effect of MCT on RASMC proliferation was tested by MTT and flow cytometry. Results
Oil red staining results showed that the number of lipid-infiltrated cells increased as the concentration of MCT increased, the
morphology of the cells changed more obviously at 2000 mg/dL, the cell body became larger, round and irregular. Effect of
MCT on the proliferation of RASMC was in a time- and concentration-dependent manner. Promoting proliferation was observed
on 24~48 h and 62.5~250 mg/dL, the highest proliferation rate was 132.9% (1=4.5529, P=0.0005) at 24 h and 62.5 mg/dL;
On 24~48 h and =250 mg/dL, 24~144 h and =500 mg/dL, the inhibitory effects on proliferation was observed in each test
group, the lowest proliferation rate was 1.0% (1=68.8652, P<0.0001) at 120 h and 1000 mg/dL. Flow cycle results showed that
G,/ G,-phase percentage of MCT group reduced (F=5.56, P=0.0039) versus the control group, while percentage of S-phase in-
creased (F=7.28, P=0.0011). In addition to 24 h, the resulis of cell apoptosis test showed a decreasing in apoptosis percent-
age of MCT group compared with the control group; On 48~ 144 h, the apoptosis rate was 2.6% (F=1.86, P=0.1591), 0.9% (F
=643, P=0.002), 0.9% (F=341, P=0.0274), 1.0% (F=5.76, P=0.0033) and 2.1% (F=5.18, P=0.0054) , respectively.

Conclusion Effect of MCT on the proliferation of RASMC is bidirectional, low concentration with short time showed promoting
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effect, and the moderate and high concentration showed inhibiting effect.

HIH =5 (triglyceride , TG ) & £% B iy /R Al H
WIE BRI 73 TG XFRrERgNG , B 3 438
RN 1 43 H b BR AT B, S P e B Y 2ok
P, AR R AR S B 1A [R) AT 453 Sy« S H ol =
fig ( short chain triglycerides, SCT) ; B BE - i) ik Ji
THUNT 6 1 H I =1 ; T8 H il =5 (medium
chain triglycerides, MCT) : Hiis% I i) ik it 1500+
6~12 By H M =5 ; K &% H 3l =8 (long chain triglyc-
erides, LCT) . &% I OBk R F 50K T 12 A9 H
=R Kono SFSLIGZE SRR, MCT REM i £ B2
FERI R BRI B 3 B g R 3E R F o (tumor nec-
rosis factor-alpha, TNF-a ) gy 7= AR i TNF-o fig
PEAK A1 K5 7% 1) 1ML F 3 L0 JE ( vascular smooth
muscle cells, VSMC) (3858 > FNEREED & B MCT
FLA AR 3 AT 25 B2 AR 2R P JIE T K P | AR R
T E 1 (MCP-1) KRR TR
K Adiponectin /K 1E R, K78 MCT A BEA B
T Ik B Bk FERE AL (atherosclerosis, As) [ R AE X
I, AT H A& AE PR 5-175 & 1) VSMC B4 5, Itk
Hh AEAEE R RTEABE ST, R B =l R T g (—Fh
FAE M =) X oK B T Bl K i A8 P 1 LA ( rat
aortic smooth muscle cells, RASMC) (193458 H A Jefd
HEEIHIVE Y MCT J& &%t VSMC HA3 2Kl
RONE AR A TR A I HL, w58 3% sl gk
T =R VSMC 952 M S (R A . DAL, A 52
L RASMC AXT 4, WA MCT XF VSMC B4 51 1Y 5%
i), B RE M Itk R AT 25 7 3 H il = 6 e o B LA G
AL I A8 i BT ) SE 36 TR AR

| MRS

L1 EZH

MCT(LOT:131516,99.5%) W B 1% [& 7= & KA
7, DMEM ¥ x4 & % Bl Gibeo 25, i 4 L
W & % & Hyclone A 8], %t (FITC) #7138 F F1 /N B
IeG #t f& ( FITC-Goat Anti-Mouse IgG antibody )
(BA1101,99% ) Mg g R X H B £ TR A RN
. NE A R a-actin # % % H 4 ( monoclonal
anti-actin, a-smooth muscle antibody ) ( A5228, >
90%) .= ¥ 2 T #(DMSO) MTT 24 ¥ § % & Sigma
N, DAPL, 48 ffg B 31 & X A & (C1052) | 28
AT BRMRF &(C1062) H M g LigEm K LM
WAERAF, MCT BT R 2Rk d &R E

2000 mg/dL,4°C Kk # R 7 ,
1.2 FENEE

0 AL (H1650-W, % Bl Sigma), 40 i 3 & 4
(2406-2, % E A& /R WA H ), 8% T1E & (SW-CJ-
2F, F E AN H ik A A R E]) , B AR 1L (680, %
BIO-RAD) , 8| & 7% . & # % ( TI-U, 8 & Nikon) ,
A 48 A8 A AL ( FACSVantage SE, % E Becton
Dicknson /A & ) .
1.3 ZmAEkk

RASMC-A7rS % = F B K ¥ # ft, DMEM #
Fr FE W N 10% B9 fe 4 v T 37°C .5%CO0, . 100%
R R R
1.4 A7S MM EERLEE

R 4% % R ¥ EE E 3 A 30 min( ERKJC R
J& 48 Bk A 80% A2 A7) ,PBS v ¥k 2 K (5 min/ k) ,
J# Am 0.5% Triton-X100 & % 20 min, PBS ¥ 3t 5
min,2 K, 7 5% BSA E i EH W 20 min J& Lk %
AR, FA 1200 /R ALA BT AL 28 A8 AL 3
EAREREFE(—H),ETEEN4CITH, W
1% 8T 37°C B4 & 8 30 min, B m 1 : 100 £ & %
SEARIE B 3 40 N B-FITC-IgG 44k ( = 3) , 37°C i
fEOLEE 1 h,PBS Wit 3 X (2 min/ k), 7 Am
DAPI & (5 mg/L), £ @ # L L B 15 min, ¥k
REBWAETHNE HE,
1.5 A7v5S AR S REERZE ST

BRI BRIk T T5% B A 2, H % TR
& NER BRI K G RERET 6 LA TN ; 4
MLE(FE N 1x10° AN/L) B R 6 LA 25 R,
05 mL, A IEEAK 120 &, R EREFRE A
PBS ¥ 2~3 Wk, & L4 m 2 mL A B K B M E Hy MCT
ERAL AR AEKEIMERE (96 h) B, —FEa
OftTREERERACEDMENE,HE,
1.6 A7r5 ZHARIGTE ZE 46

AT H0 A K BB ATeS o B EE AT 96 FLAR (K
& 3.0x107/L, 4 7L 200 wL) , S84 6 3 i, &
Sl A B R AE — B E R AR A AR E
S5ANFATH, WEFERERER24h 5, 58K
A ANA A 0 mg/dL( X B 4) 62,5 mg/dL, 125
mg/dL 250 mg/dL 500 mg/dL 1000 mg/dL F1 2000
mg/dL MCT # 55 7 3£ 4k 42 2 5 5 5% 24 h 48 h 72
h 96 h 120 h 1 144 h, ¥ 34 7 5 EH MTT % 4
M 2a f 3 FE = 3 5 g/L By MTT ¥ 7 20 pL %
B4 h g4, F EERE mN 150 pl DMSO
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&% 10 min, 7 B B % 7% A6 0 AL E%éﬂéﬁi}i@é@‘ﬁ
KB (ODyy) o MG TE F = (0D fH,py -
T8 sy )/ (OD E 4y —OD fE .y ) X100%
1.7 A7r5 408 B EAH

ATrS BT 6 IR R E 1x10°/L, 457, 2
ml,3 LA B4, B3 ANFL N L), L6
B 6 IR, & B AR 0 B R A — BT R B AR T
Fok24 h g, & SR 43 R A A 500 mg/dL HY
MCT ¥ % B 2 53 % 24 h 48 h.72 h 96 h.120
h 2 144 h J& , % R 40 80 BLHEAT B # AR
1.8 A7r5 HRA T

ATYS 4B AY T 6 FLAR (R E 1x10°/L, &3 2
ml,3FL AR E4, BA3I AT N L), EHMH6
B 6 TR, 4 B 40 B 2 7 R AR — AN i ) R B AR
FR24 h 5, & L 4K 4 500 mg/dL Y
MCT #3535 B 55143 24 h 48 h .72 h.96 h 120
h o 144 h &, A 48 L LEEAT B T4,
1.9 FitFESH

1 & %A aoes & 7=, K A SAS9.1 403t #h 4
THRFEE AT EAE, BEEER BAHARANE

€] 1. RASMC Z##%

EEME(LHA, 100x)&ﬁrxa%£m(t.l§l 400%)

o AR g LR TR AR F — A R R R R R R A
WhE A RA ML T Z 00, ARG EEXSRE
AEMBAZENAFLEK, XA L ELK T EF
%9 Dunnet’ ¢ 236 7 3= . - 3 AKE «=0.05,

2 g R

2.1 A7TS HRARESRRERALETE

RASMC 3k A28 = F K%, 504k KL
it FH A A0 M2 [l — it S 2R 5 E & R R iE
SC—H AR AR , AR A R S BUE AR,
JEE VR T S TR PR A A AR, S R A < - R AR
k BIED AR Y 0 R, 5 4 AT I 2k 6

LR REWBE I ( ﬂ?iﬁ*ﬂﬂﬂ@%ﬁ% ) (K1),

2.2 MCT XF A7r5 4RBa T 25K BE iR 8 O 54 M

MLL 0 Ge a5 R & B, g iR 1 46 T 125
mg/dL, FiiE MCT ¥ FE /Y 3 &1 , 12 10 10 40 i B0 A
FITHE N 5 e BE IR B0 (2000 me/dL) | i i 25 AR
AT | MAARAS AR B 240 i 58 ke 3 2 | 52 AN RN
E(E2),

20000 nm
e |

LAk A NLBIE A, H ORI A

Figure 1. Microscopic morphology of RASMC (100x) and its identification (400x)

& 2. MCT X RASMC R IERZEMSE

20 (400 )
mg/dL MCT 41 ,E & 500 mg/dL MCT 41 ,F & 1000 mg/dL. MCT 41,G & 2000 mg/dL MCT 41,
Figure 2. Effect of MCT on the shape of RASMC and lipid infiltration (400x)

A HXTIRAL, B R 62.5 mg/dL MCT 41, C & 125 mg/dL. MCT 41, D & 250
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2.3 MCT Xt A7r5 40 B 3 58 7Y 22 1

24~48 h,62.5~250 mg/dL, RASMC HY 3454 %
i TXF A4 ;24 h,62.5 mg/dL BHSH R K 29N
132.9% (1=-4.5529,P=0.0005) ; =250 mg/dL I} JF
Uy BRI 1) 186 5 T, 7 1000 mg/dLL Bt 386 7 R I
I, 550 REALAH LU 1S 5H 22 53 5 T R 2 67.8% (t=
9.3776,P<0.0001) .82.8% (1=22.6588,P<0.0001) .

160
140
120
100 ¥

| -

80

HIEE (%)

60 |
40
20 |

72~144 h, TEARHK BE (<250 me/dL) B, 345 2 5 %
WEZHAH 22 K, =250 mg/dL 1k 2 By 410 i 184 %8 4
FH 7€ 1000 mg/dL B 3458 F G, 5 0 BEZH A L 3
B R4 T 24 89.3% (& = 59. 1486, P<0.0001) |
92. 7% (t=127.1318,P<0.0001) 99% (¢=68.8652,P
<0.0001) F197.6% (¢ =93.183,P<0.0001) ( ¥l 3 Fl

il‘%l)o

— e 48h —e—120h
—a—72h —<«—144h

0 T - T

[ 3. MCT X4 RASMC 58 §9 %
Figure 3. Effect of MCT on the proliferation of RASMC

® 1. REIRE MCT RA R B EL RASMC FIBEFEZR (ves,% ,n=5)
Table 1. The proliferation rate of RASMC treated with different concentrations of MCT and at different time(x+s,% ,n=5)

MCT ¢ i 24 h 48 h 72 h 96 h 120 h 144 h
0 mg/dL( XFHRZ) 100.0+£0 100.0+0 100.0+0 100.0+0 100.0+£0 100.0+0
62.5 mg/dL 132.9+£22.0" 127.0+£6.3" 94.4+2.8" 101.7+1.3" 96.4+2.3" 86.7+0.4"
125 mg/dL 113.6+4.5 123.5+9.6" 95.0+1.5° 74.5+0.6" 105.1+£2.4" 86.8+2.2°
250 mg/dL 94.5+4.5 117.9+1.9* 107.2+2.2° 86.8+0.5" 100.7+1.9 92.7+2.1°
500 mg/dL 79.1+1.9° 97.7+1.0 70.4+3.0" 63.5+1.2° 69.8+2.5" 67.5+1.4"
1000 mg/dL 32.2+2.2° 17.2+0.6" 10.7+0.3* 7.3+0.3" 1.0+£0.1" 2.4+0.1"
2000 mg/dL 92.9+10.7° 55.2+2.2° 29.5+0.2" 18.5+1.3" 14.5+0.9° 12.5+0.6"
F A& 57.99 247.93 1259.42 5412.32 1872.24 2921.99
P1H <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
a i P<0.05, 5% AH b3k
2.4 MCT Xt A7r5 4RPE R HA RS 220 NI

R B

A7v5 YMIALFE 24 ~ 144 h, 5% FE4 A L, MCT
(500 mg/dL) 20 G,/ G, IE 43 LLERA T TR ;S 1
P E 3 E 3, 26 BH MCT BEfE3F RASMC 1 G,/G,
Wim S WAL (£ 2) .

2.5 MCT 3% A7r5 4HAEE -89 8200

BRVEFH 24 h BF, MCT 20 A998 1m0 & T X7 i 21

Ab HAR A IR PR T3 AR T X R (R 3)

LR As B FEEREA 5, Ross” BN
B 505 SR 2 A As SRR UL — . = H Il =R
MLAE =5 MRS RN S 5T As Rk
Az T B 20 AR P B J2 A AT B S 4 1 R Ak
AU IR A IR AN, B S BN T R
FER N L IEAESE, VSMC 7E As HTERISZ 3z
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% 2. MCT {E FA R E BT B A9 RASMC B#IBE 5 b (x+5,n=3)

Table 2. The cell cycle percentage of RASMC treated with MCT for different time(x+s,n=3)

XT R 20 500 mg/dL MCT 4
A F S 8]
Gy/G, ¥ S i G,/M #] G,/G, ¥ S G,/M

24 h 83.0%+1.2% 13.3%+1.0% 3.7%+0.5% 73.5%+0.7% 20.5%+0.4%"  6.0%=+1.1%"
48 h 92.9%+1.8% 6.0%+1.9% 1.2%+0.1% 80.5%+0.6%" 14.0%+0.7%"  5.5%+0.3%"
72 h 91.4%+0.4% 7.7%+0.7% 0.8%+0.3% 86.1%+1.9%" 11.9%+2.7% 2.0%+0.9%
96 h 91.8%+3.4% 3.7%+4.7% 4.5%+1.3% 89.0%+2.3% 8.9%+2.5% 2.1%+0.3%"
120 h 97.8%+0.4% 1.5%+0.3% 0.7%+0.5% 88.9%+0.0%" 8.9%+0.6%" 2.2%+0.7%
144 h 94.3%+1.2% 3.0%+1.1% 2.7%+0.5% 82.8%+2.3%" 17.2%+2.3%" 0.0%+0.0%"

a N P<0.05, 55 5% B 41 [l — Bsf [0] o [) — J 30 L 2

& 3. MCT 1EAA R BB RASMC BT (x+s,n=3)

Table 3. The apoptosis rate of RASMC treated with MCT for different time(x+s,n=3)

5 @ 24 h 48 h 72 h 96 h 120 h 144 h
paiiei| 3.0%+1.9% 2.8%+0.1% 2.9%+0.8% 5.8%+4.3% 4.2%+1.9% 4.0%+0.3%
500 mg/dL MCT 4 4.1%+1.4% 2.6%+0.4% 0.9%+0.1%"  0.9%+0.2%" 1.0%+0.2%" 2.1%+0.4%"

a N P<0.05, 5 X HR4H b8,

G, VSMC 5 1B T 5 RS /2 As 1Y TR 224 i
WA BRI AE SRR As BE ) VSMC
2R, SRR AT e A L,

MASSH 5 As KRHD), Bkl dLin @
TR R IR ILAE | R G BE v B2, AT B 0 Bl
il As BEHRAOTE B ; il . /NG AT R 2
e R T K S ) A A LA R g R SR A
FGZ KA ot S8 AR FE1 5 9 = R AKCF L s 2 it
TR REIE B, DT ™= A — 2 BT As VR

SIS EE LB MCT X RASMC 14 5 (1 52 Wi
SRR R PR A R, O B
A B[R] B R, 2 RS ] I R A B R
I GAYT 4 T (NCEP-ATP M) '™ dH vl = g
MLAE 1Y 73S FRiE , MCT Y 412 40 it 38 58 v 2 A 1 1B
VIS v H I = R IAE 75 ] (62.5 ~ 250 mg/dL) , Tfif
MCT F 4000 1) 248 o 348 8 e A7 A 55 T ¥l = 18 I i
(>500 mg/dL) W2 WibRfE N . A JH T S0 50 25
7R, 48 ~ 144 h S50 2H 40 A R T R EAR T I
W, ZFAGFE SRR TR S MCT #4]
AL A PFE R TC

AR SLG 25 Rt — 20 SRR B AR R T e
LR, P KR H I SRR E T
F4 R 30T 200 346 51 D ] R L R R A o
T ECAR B A B P L 3 A AT DL A i B A
HR TR E I X A0 3 4 R A

As 1Y B RRAE 2 —J2 35 3l IR 1 L4014

B, e HO =R L AT B R R IG JL VSMC i A=
K IF 51 40 B S A b s BB AR I R
SEWTFEAIR AR . 5 IE R I AH F, & H i =
ML A RE B WAL #E VSMC $5%% ; Mattern A1 Hardin &
PR (— A HE Hh =18 ) v] AW 55 At IR 5 &
VSMC i T i 3 PEY AT R HE AR 4P VSMC 1 A
FH s MCT BB H I = 15 A 58 4 19 £ i 3 W i, B
5% 5A LML A A AL R AR ST
FEGE R — B, #E—2PUESE T I =R S As 5%
RIOARHHE S MEFH WA R LRERC &
KR HTHIBE T4 R 0 R AR — B &
LR — A5k A EAY R, B MCT 0 BE X
VSMC 134 58 B A Stk sl il X VR FH - 3 st )
YER, A AT ReE T BE S 5 As S A8 07 0 A1 4 JUL4 e
BB, X2 5 As 728 W31 ) ~F- 3 LA L e 2K ) B
i, A A5 A AN As BT,

WA, il =Fa X B AR % VSMC 77 AR Bk
SO A I = I DA R A JEE 5 2l k1 G
R — AR | AR ) (HRTRAR
F i EL v KEEH I =R A VSMC SR Ry 4 1
YERIBLEIAN A R Z R Z AL, WA TR ABISE
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