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(H# ZE]1 H®: B S HE S0 LR R R -0 LAE (VSMCs) Y458 . 1B 8 f1k i 4%
fRBgsE e, b B E LT A B ZE PR (DM I AR A8 B 3A TP /R F o ek s 4 SD R B Jhy 92 5 X
%, BUK B 3 B R ACES 3% VSMCs, 20 A X BRZH . 25 mmol- L' &k (HG) M HGH+20, 40 1
80 pmol- L "I LWL . X IEZH VSMCs AFEATARHE, 25 mmol-1L. ' HG 40 VSMCs %4 T 25 mmol- L !
HG Higb B, HG+20, 40180 pmol-L "L 4L VSMCs 7E 25 mmol- L' HG 41 kb BEAY JE Rl _E 743
B 20, 40 F180 pmol- 1 'L AEEE VEAT 48 h T 1. >R A M 8057 &-8 (CCK-8) ik & M 41 1€
T 5 3 U B8 O ARG 4% 4 VSMCs A7 15 %, 4 A W) A & SE 30 A ) 4% 21 VSMCs R @l & %, Transwell
INE SRR I 45 20 VSMCs RS A MU 5k, e 5 S TE R I 45 41 VSMCs i o i UL B & 1 («-SMA)
MG A EE (OPN) %6, Western blotting B4 1 4% 41 VSMCs H' OPN | o-SMA H1 4 5 41
MR (PCNA) EEARKKE. 4R BB T W, IR A AR, BRIk 2D %
WIL S = ML A e, o KARTE e WA TE A s 58 14 I 40620 30 4k LIS L %4 400 Jfd 2% 32 36
2 80%~90% Bf, HIAREMN AR ARKRE . BUE 3MRAM BT RER AT EE, RH
VSMCs FE PRI o-SMA AT 4 i S e 9Ot e o, JEARIE 32 VSMCs 1 o-SMA R ¥ Rk H
P, CCK-85:8%, SXFM4I %, 160 pmol-L ™" AL AEEE 4] VSMCs b B B (P<<0.01), R
XF VSMCs P24 T 8 tEi 5. 20, 40 F180 pmol- L " LI AERE T Hi 48 hJi, VSMCs itk Jo il 828 1k,
GARFIEMAABNERSRMENE, RAH LRSI WERO AR TIEENMBEY. S
48 hikF i, SXMALLE, 25 mmol-L 'HGH VSMCsiE TR (P<C0.001); 525 mmol-L ™' HGH
&, HGH+20, 40 F180 pmol-L ™" i £1 16 B 41 VSMCs i PR (P<<0.05) . 40 M %R & 52 56 F
Transwel/NE 528Ky, THI48hJF, 25 mmol-L ' HG 4 VSMCs R A4 3 W] @& T4 4l (P<<0.01),
3t Transwell /N2 (19 2 40 50 B39 %2 (P<<0.05); 525 pmol-L " HG 4 &, HG+20., 40
80 pmol- L~ "JR LT AL BE 4l VSMCs RR il A F B AL (P<C0.05), FFBE4IE0R > (P<<0.05) . s
e, ST A, 25 mmol-L ' HG 40 VSMCs H o-SMA 2 [ %94 658 5 I W55 (P<<0.001),
I OPN K (A % Y6 i B ] i 35 (P<<0.001); 525 mmol-L ' HG 4l 4, HG+20, 40 f180 pmol-L '
LT AL RS2 VSMCs 1 o-SMA B 12 6 BB g im (P<<0.05), OPNZ 120k B B Wi 55 (P<<
0.05) . Western blotting %%, 5 X} B4 %, 25 mmol-L ™' HG 41 VSMCs 1 o-SMA ZE 4 2 1k 7K - B A
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(P<<0.05), PCNAFMOPNZEHEAKFETHE (P<<0.01); 525 mmol- L' HG 4l H 4, HG+20, 407
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rats induced by high glucose in vitro
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ABSTRACT Objective: To discuss whether safranal affects the proliferation, migration, and phenotypic
transformation of the vascular smooth muscle cells (VSMCs) in a high-glucose environment and to clarify
the function of safranal in the prevention and treatment of diabetic (DM) vascular complications.

Methods: The SD rats were selected as experimental subjects; primary VSMCs were cultured from
rat thoracic aortas and divided into control group, 25 mmol-L ' high glucose (HG) group, HG+
20 pmol-L ™" safranal group, HG+40 pmol-L ™" safranal group, and HG+80 pmol-L "' safranal group.
The cells in control group received no treatment; the cells in 25 mmol:L ™' HG group were pretreated with
25 mmol-L. ' HG; the cells in HG+20, 40, and 80 pmol-L ' safranal groups were further treated with
20, 40, and 80 pmol-L "' safranal respectively for 48 h on the basis of 25 mmol-L ™' HG group. Cell counting
kit-8 (CCK-8) method was used to determine the appropriate concentration of safranal and detect the
viabilities of the VSMCs in various groups; cell scratch healing assay was used to detect the scratch healing
rates of the VSMCs in various groups; Transwell chamber assay was used to detect the numbers of the
migration VSMCs in various groups; immunofluorescence method was used to detect the fluorescence
intensities of alpha-smooth muscle actin («-SMA) and rabbit anti-osteopontin (OPN) in the VSMCs in
various groups; Western blotting method was used to detect the expression levels of OPN, «-SMA, and
proliferating cell nuclear antigen (PCNA) in the VSMCs in various groups. Results: Under microscope,
on the 4th day of in wvitro culture, the spindle-shaped or triangular cells crawled out from the edge of the
thoracic aorta tissue blocks, with long spindle being the most common morphology. On the 14th, the cells
gradually covered the bottom of the dish; when cell density reached 80% —90% , the characteristic “hills
and valleys” growth pattern appeared. Third-generation cells were taken for immunofluorescence
identification; immunofluorescence staining with VSMC-specific marker o« -SMA showed positive
expression of a-SMA protein in the primarily cultured VSMCs. The CCK-8 assay results showed that
compared with control group, the cell viability of the cells in 160 gmol:L ™' safranal group was significantly
decreased (P<C0.01), indicating toxic damage to the cells. Under the conditions of safranal concentrations

at 20, 40, and 80 pmol-L. " respectively, after 48 h intervention on VSMCs, no significant adverse effect



950 TR (B H51% 4% 20254 7 7

on cell viability was observed ; considering both the effect and toxicity of safranal, these three concentrations
were used in subsequent cell experiments. After 48 h intervention, compared with control group, the
activity of the VSMCs in 25 mmol-L ' HG group was increased (P<C0.001); compared with 25 mmol-L "
HG group, the activities of the VSMCs in HG+20, 40, and 80 pmol-L "' safranal groups were gradually
decreased (P<C0.05). The cell scratch healing assay and Transwell assay results showed that after 48 h
intervention , the scratch healing rate of the VSMCs in 25 mmol-L ' HG group was significantly higher
than that in control group (P<C0.01), and the number of transmembrane cells through the Transwell
chamber was significantly increased (P<Z0.05) ; compared with 25 mmol-L ™" HG group, the scratch healing
rates of the VSMCs in HG + 20, 40, and 80 pmol-L ™" safranal groups were gradually decreased (P<C0. 05),
and the number of transmembrane cells was decreased (P<C0.05). The immunofluorescence staining
results showed that compared with control group, the fluorescence intensity of e-SMA protein in the VSMCs
in 25 mmol- L.~ HG group was significantly weakened( P<C0.001), while the fluorescence intensity of
OPN protein was significantly enhanced (P<C0.001) ; compared with 25 mmol-L~" HG group, the
fluorescence intensities of « -SMA protein in the VSMCs in HG+20, 40, and 80 pmol-L ' safranal
groups were gradually increased (P<C0.05) , and the fluorescence intensities of OPN were gradually
weakened ( P<C0.05). The Western blotting method results showed that compared with control group,
the expression level of «-SMA protein in the VSMCs in 25 mmol-L."' HG group was decreased (P<<
0.05), and the expression levels of PCNA and OPN proteins were increased (P<C0.01) ; compared with
25 mmol-L "' HG group, the expression level of « -SMA protein in the VSMCs in HG+ 20, 40, and
80 pmol-L " safranal groups were increased (P<C0.05) , and the expression levels of PCNA and OPN
proteins were decreased (P<C0.05). Conclusion: Safranal can inhibit the proliferation, migration, and
phenotypic transformation of the VSMCs induced by high glucose.
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B RN BURE A5 , hy 2T A6 2l 36 DMK BRI 48 0 &
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1.1 BsHH TZ2XMPMNE SDKER (8
W, HEYE)  H 0T B DL 2R W R R Oy A BR 4 E 4
i, B A FEVEANES . SCXK () 2020-0005,
Y bR SPF 9 . 3 W) ) 3% IR RE A0 T 0 CEC
TEOC TS IS N DR A th DOK MR &, 3 I 53
1JE N SE 8 o 4L AERE T A 28 [F MCE & ),
B DMEM 55 53 (1.0 g-L ") . #iHi DMEM £
FeH (4.5¢- LY, 1% F-8% %= W A 3 B Gibeo
N, RAITEHFE A (osteopontin, OPN) Fl4g
Pt «-SMA I 7 3£ E Abcam 28 /), BT 3G 5H 4 i 4%
YL (proliferating cell nuclear antigen, PCNA) iy
H 2 [E Boster 2wl , R ¥TB-W3h & 1 (B-actin) |
A 1f13% (bovine serum albumin, BSA) . #HiiR
o S A W AR IC Y L SR BTN B TgG AL T BT AR TgG
W B AL R W A HEARARA R, ROt
H 35 [ Thermo 24w, 4 il 4t 9% %¢ Ol AR G ik 57 S+
i JR 9¢ 6 & (fluorescein isothiocyanate, FITC)
Fric B 1 22 Pt e 5 b i 1gG W A 92 [ Sigma /A #]
4', 6- bk A -2- 9% JE gl e (4, 6-diamidino-2-
phenylindole, DAPI) HI Triton X-100 I { 3¢ E &R
KRN A, MM EERF & -8 (cell counting kit-8,
CCK-8) 1§ [ 25 [® Apexbio/A ], D-Hank’si. £
R RN G5 S 2 e B R DU R A ) TR A R
25l o 24 4L Transwell™/NZE (8.0 um) W [ 55 [
Corning 24w, # ¥ T1E & W B 95 M ¥ 1k X 4%,
CO,TER B F2A . IR AL . 8 A VAR
bR A0 A 25 E Thermo /2~ W], A shig AL A I
R AeA Rk A R A A
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D-Hank’s, WHRE 0hEE, H 2 M 2FEUIR.
10 U T A B2 RR T . S5 Ky 3, UY
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mL LA (0. 1% I 2 f 5w -+ e & i) 19 EP
Hrh, TR 37 CHyK &AM T AER] 6~8 min; Ak 4h
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W 2585 IR, WA TR BN 100 pL e i 4 Y
T 10% CCK-8 3R 7 (1) JC I v 5 3= W, & F 37 CHe
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KT L T H TR, e R, RA
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VeI T A BERE R, TR A A 10% FBS 1
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KB DMEM §; 32 3%, HG A M A &4 10% FBS
B = B DMEM K% 75 2% o HG - 21 48 8 41 0 43 51
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SRR L /NE LI LA, PBS 28 vh s vk
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Wi B T A8 h T, G k47 4% 2 5 Wl [
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A B0 pL. 1t 200 Fi B Y a-SMA F1 OPN 41t
e, AR E, 4 CHKFERBEKR. WHEIRE,
I PBS ZZ vl U kR 45 & —dt, I 100 pL &
FITC W26 R M —fidiik (1:100) 03] 3%
b, G E 2 h 5, kA PBS 28 oM k.
DAPIZ ¥ LA 12 1 000 b % B J5, 15 min e 4% .
R ETFPOL R ME T WA, IR Image J

B D SF- 34 ¢ S vk BE A T R A7 1 — A b B

1.7 Westernblotting 3R &40 VSMCs F a-SMA |
OPN#PCNAZ G £BA AR+ MNEHRFATIHCD
o TR 6 LA SR, TR RES,
K PBS 28 th il U % 31k . Wi th 2 42 (1) PBS 22
W, FEREFL I 100 pL 40 M, T kAR
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FRic i) EP & N o 38 5 B A i Ak 2R 2 SR 5 43 00 4
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F B2 (bicincho ninic acid, BCA) 4 H M & ¥ id -
KHEEH, F15 A E NS RAWEZME,
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(polyvinylidene fluoride, PVDF) [ I, SRA 5% M
SRy EF P 2~4 h, R 1X Tris 2 mEb W (tris-
buffered saline with Tween® 20, TBST) Wik )5,
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4°CRI . —PimE A, T 1X & kiR 201
TBST R VEY . & MA TR L5/ Bk
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FRWE VR . MR T 510 A ECL &Gl A,
BECAL PR, IF R Image J 8420 ¥ B A5 2 11K
B, HEHNEAREKE, HEARIAKE=
H 2 H A K BE AR/ N 28 2kl IR AL

1.8 %t ¥4 # K GraphPad Prism 8 4t i1 4k
PEHEAT T2 o0 o & LA B A5 22, GBS 1k
20 0 K] 9 A R R L TP - SMACRT OPN 2R 1 %8
58 Ji DL St PCNA . OPN #ll «-SMA 5 1 & A K P 4
Shapiro-wilk & 56 ¥ 75 & E A0, LhrtsEm.
2 Y1 (B FEAS S5 8 LU AR TS R 3R O 26 40, 2L IRI A
AR RO AR LSD- K36 . L P<<0. 05 R 24
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2.1 VSMCs¥#Z %% Iils FUWsEss it
N RANERFR A B, MRS KA S G A R IE
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55 14 K 40 AR 2 T A L RS, 24 40 B % A
80%~90% Hf, HEFREMER “HUER” A KARE
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FE, K H VSMCs 5§ 5 PEFR i ¥ o-SMA & 11 # 17
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22 BRuoRBHLERBEALENHE CCK-8
SRR E R . 50 pmol-L " A AL BE A LA,
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(P<<0.01), BPxf VSMCs =4 1T # v i o 20,
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TR W AE R SCR A B M I, R 1R 34Uk i 4T
TR T Se A i s s . ILIEl 2,
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A—D: Adherence and growth process of primary VSMCs ( X40) ; E—G : Immunofluorescence staining identification of VSMCs

(X200); E: a-SMA; F: DAPI; G: Merge.
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Fig. 1 Growth process of VSMCs in thoracic aorta of SD rats and its identification
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2.3 XAVSMCs#&EMAVSMCs® PCNAZ G Rk
REF ZiFASh T, SXHEALE, 25 mmol-L !
HG 41 VSMCs 3§t T+ i/ (P<<0.001), VSMCs
PCNA EH I £ AAKFU B A (P<0.01); 5
25 mmol-L ' HG 41 [t#:, HG+20, 40180 pmol-L
K £1 A6 W 4l VSMCs 6 % B % (P<<0.05) ,
VSMCs 1 PCNA # 1 3R A K FREAL (P<<0. 05 5
P<<0.01)., WK 3.

2.4 BAVSMCsXIREESERFEREK Ui
RIJESZEE A Transwell /NG SLE RN 45 R B8 . 48 h
FHiJE, 25 mmol-L ' HG 41 VSMCs Rl K &1 & I
e T XA (P<0.01), % id Transwell /NE
A B L (P<<0.05); 5 25 mmol-L"'
HG 4 %, HG+20., 40 F1 80 pmol-L ' i £L 4
20 VSMCs MR AT & R R (P<<0.05), ZFBEAN
MEOK > (P<<0.05). W4, EISFE.

2.5 B4 VSMCs ¥ a-SMA F2 OPN & & ik % 4.7%
B REIOLERME R B R 5 R4 g,
25 mmol-L ' HG 20 VSMCs 1 «-SMA % 1 7% 6 4
FEWI W8 55 (P<<0.01), 1 OPN & [ 9% %5 FE
W sR (P<<0.01); 5 25 mmol-L ' HG 41 %%,
HG+20., 40 F180 pmol-L ™" £1 £ % 4 VSMCs H
a-SMA # 12868 BB W i (P<<0.01), OPNZ#
F 280 B ik 55 (P<<0.01). Western blotting
PRI L R R . 5X R4, 25 mmol- L
HG 4] VSMCs 1 o-SMA £ 1 % 5 K F-FEL (P<
0.05), OPNHEHIEKLKFFm (P<0.05); 5
25 mmol-L ' HG 4 Ltk &, HG+40 F1 80 pmol-L "
LTI VSMCsH o-SMA R A RAK TS (P<
0.05 8 P<<0.01), HG-+80 umol-L " J& £1. 1€ i 41
VSMCs 1 OPN 4 [ # ik K F AL (P<<0.05) .
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A:Histogram of survival rates of VSMCs (Lane 1: Control group; Lane 2: 25 mmol-L. ' HG group; Lane 3—5: HG+20, 40, and

80 pumol-L "' safranal groups) ; B: Electrophoregram of expression of PCNA protein(1: Control group; 2: 25 mmol-L ' HG; 3: HG+

20 pmol-L~" safranal; 4: HG+40 pmol-L ™" safranal; 5: HG+80 pmol-L~"' safranal) ; C: Histogram of PCNA protein expression level
(1: Control group; 2: 25 mmol:L™ ' HG; 3: HG+20 pmol-L ™' safranal; 4: HG+40 pmol-L ' safranal; 5: HG+80 pmol-L ' safranal.
"P<20.01 ws control group; “P<<0.05, “*P<0.01 vs 25 mmol- L~ HG group).

B3 &4 VSMCsHIERF VSMCs B PCNAZE R KKF
Fig. 3 Survival rates of VSMCs and expression level of PCNA protein in VSMCs in various groups

HG+20 pmol-L ™'
Safranal

Control 25mmol- L™ 'HG

HG+40 pmol-L ™'
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HG+80 umol-L '
Safranal

B4 g HURR SR A& 4 VSMCs R AAH (X 200)
Fig. 4 Wound healing rates of VSMCs in various groups detected by cell scratch assay (X 200)

HG+20 umol-L ™!
Safranal

Control 25mmol- L™ 'HG

HG+40 umol-L ™"
Safranal

HG+80 umol-L ™!
Safranal

B 5 Transwell/NZESZI & 2H VSMCs S 40 BB (55 %, < 200)

Fig. 5 Number of transmembrane VSMCs in various groups detected by Transwell champer assay(Crystal violet, X 200)
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Tab.1 Wound healing rates of VSMCs and number of

transmembrane cells in various groups (n=3, x*s)

Wound healing Number of

Group rate(y/ %) transmembrane cells
Control 47.25+17.18 37.04-10.0

25 mmol-L ' HG 72.34+7.08" 86.54+18.5"
HG+20 pmol- L~ safranal ~ 53.56+9.64" 77.5+16.5"
HG+40 pmol-L "' safranal ~ 49.334-12.25° 62.0410.0"
HG+80 pmol-L 'safranal  48.39411.63" 48.5+11.5°

"P<C0.05, "P<C0.01 vs control group; AP<20.05 vs 25 mmol-L !

HG group.

UL 80 T P AR T A R S R £ AR TR P 2 A, B
AL R RAE , JF R4 8 HAE VSMCs 51 . iF
R R AV A b B CHEE ] . 28T VSMCs £ AU 5%
e fg T R L BEHOIE SORIR S5 kAR R i
SEVEVET, )W LT AT AR . 1T R S AL

TREREAEEE X,

A A —EwsE ", St B
N FRAERETE SV OIRAZY I o8, e 2t
B R AR AR . AR BIFSE R FH CCK-8 5
B R T [ v B R 4T A8 B O OE R B R o R
VSMCs P2 A By i A0, R4 as R, LT
SANMREH T IR 2L 5000 . (R LT AL 2 5 A %
A S VSMCs B8 | 1T B T 3 AU 55 3 (14 1B
AT AE o R PEA B A X VSMCs 35 .
FF AU RE TT A5, A S2 50 R 40 i R @G
S0 . Transwell /N & 528G | B 28 0% S0 5 AN
Western blotting ¥ XJ H #4740 0, 25 B 47
e 214K T 6 7 AT A 80 1 = B 7 S )5 VSMCs i 1
B . WG R MR e g )y, O H i % PCNAL
OPN Fll a-SMA & [ 3k . AWFIEE K46 7R LT A
fiiE AT A7 20 il DM K Bl VSMCs 38 51 . i 7 il 3%
BRI RO, e Se i gs 2405 T4 T8 4% .

HG+20 pmol-L ™' HG+40 umol-L ™' HG+80 umol-L ™'
Control 25mmol- L™ 'HG Safranal Safranal Safranal
o -
- -
. —

Merge

OPN

DAPI

Merge

=,

E6 AREDEIERME A VSMCs 1 a-SMA FTOPN B HEEXFHR (<X200)

Fig. 6 Expressions of a-SMA and OPN proteins in VSMCs in various groups detected by immunofluorescence staining

method (X 200)
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1:Control group; 2: 25 mmol-L ™" HG; 3: HG+20 pmol- L™ safranal; 4: HG+40 pmol-L ™" safranal; 5: HG+80 pmol- L' safranal.

'P<C0.01 ws control group; “P<C0.05,%*P<C0.01 vs 25 mmol-L ' HG group.

B7 AEHERERNAH VSMCsH a-SMA(A)FOPN B HEE(B) R E

Fig. 7 Fluorescence intensities of a-SMA (A) and OPN proteins (B) expressions in VSMCs in various groups

detected by immunofluorescence staining method
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Lane 1: Control group; Lane 2: 25 mmol-L ™" HG group; Lane 3—5: HG+20, 40, and 80 pmol-L.~" safranal groups. 1:Control group;
2: 25 mmol-L " HG; 3: HG+20 pmol-L ™" safranal; 4: HG+40 pmol-L ™" safranal; 5: HG+80 pmol-L ™" safranal. "P<C0.05, “"P<C
0.01 ws control group;~P<20.05, ““P<C0.01 vs 25 mmol-L ' HG group.

B8 Western blotting 3R & 41 VSMCs H a-SMA FTOPN E H FE KB IKE (A) REHELBE (B C)
Fig. 8 Electrophoretogram (A) and histograms (B and C) of expressions of a-SMA and OPN proteins in VSMCs

in various groups detected by Western blotting method
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