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[ Abstract] Objective: To investigate the inhibitory effect and the possible mechanism of essential oil

from fructus Alpinia zerumbet (EOFAZ) on endothelial-to-mesenchymal transition (EndMT) induced by high
glucose (HG). Method: Human umbilical vein endothelial cells (HUVECs) was cultured in vitro to analyze the
pharmacodynamic effects of EOFAZ on EndMT and oxidative stress damage induced by HG. The experiment
was set the blank group, HG group (35 mmol-L"), EOFAZ low dose group (1 pg-L") and EOFAZ high dose
group (4 pg-L"). After EOFAZ intervention for 2 h, HG was added to incubate for 72 h in order to establish
EndMT cell model. Western blot was used to detect the protein expression of vimentin and platelet endothelial
cell adhesion molecule (CD31). Angiogenesis experiment was used to detect the ability of cell migration ability
in order to analyze the effect of EOFAZ on EndMT. The changes of reactive oxygen species (ROS) levels were
detected by 2', 7'-dichlorodihydrofluorescein diacetate (DCFH-DA) fluorescence probe and the contents of
malondialdehyde (MDA) , superoxide dismutase (SOD) and catalase (CAT) in cells were detected by the kit
method to analyze the effect of EOFAZ on oxidative stress. Western blot was used to detect the protein expression
levels of nuclear transcription factor E2 related factor 2 (Nrf2) and Notchl. The overexpression of Nrf2 was
achieved by adenovirus (AD) transfection and the mechanism of EOFAZ inhibiting EndMT was further
analyzed. The experiment was set the blank group, HG group (35 mmol-L"), AD-Nrf2 group, EOFAZ group
(4 pg-L"') , AD-Nrf2+EOFAZ group (4 pmg-L"). The cells were infected with recombinant adenovirus
overexpression plasmid of Nrf2 gene for 6 h, then replaced with normal medium for 24 h. After EOFAZ
intervention for 2 h, HG was added to co-incubate for 72 h to induce EndMT. Western blot was used to detect the
protein expressions of Nrf2, CD31, vimentin, Notchl and Snail. Result: Compared with the HG group, after
treatment with EOFAZ, the protein expression of CD31 was significantly up-regulated (P<0.05) , the protein
expression of vimentin was significantly down-regulated (P<0.01) , the ability of cell migration was decreased
(P<0.01), and the contents of ROS and MDA were decreased (P<0.05, P<0.01), the levels of CAT and SOD
were increased (P<0.01). In addition, EOFAZ could significantly up-regulate the protein expression of
antioxidant signal Nrf2 (P<0.01) and down-regulate the protein expression of Notchl (P<0.01). High
expression of Nrf2 was achieved by stable AD transfection into HUVECs. The results of Western blot showed
that, compared with the HG group, the protein expression levels of Nrf2 and CD31 in each treatment group were
significantly increased (P<0.01), while the protein expression levels of vimentin, Notchl and Snail were down-
regulated (P<0.01). At the same time, compared with the AD-Nrf2 group, the AD-Nrf2+EOFAZ group could
further up-regulate the protein expressions of Nrf2 and CD31 (P<0.05, P<0.01), while decrease the protein
expression levels of vimentin, Notchl and Snail (P<0.01). Conclusion: EOFAZ ameliorates oxidative stress
injury of vascular endothelial cells induced by HG and inhibits EndMT, which is related to Nrf2/Notchl
signaling pathway.
[Key words] Alpinia zerumbet fructus; essential oil; oxidative stress; endothelial-to-mesenchymal

transition (EndMT); nuclear transcription factor E, related factor 2 (Nrf2); Notch signal; Western blot
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(BSA) 3 1M, TBST WM (b i R RHCA R

oy a5 4 Bk G8150, D8370, 20180823,
20180525, PR1920, A8020,T1081) ; BCA & H /& &
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(4 pg'L") . HUVECs 4 &K fill & ik 70% /2 F Bf, R
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3 &R
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&Y vimentin ) & H K F B F F A (P<0.01); 5
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W TR 1,2,

# 1 EOFAZ3} HG i% S H CD31, vimentin H A & 35 & HUVECs
EBBESMFN (X+s,n=3)

Table 1 Effect of EOFAZ on expressions of CD31, vimentin and
migration ability of HUVECs induced by HG (x+s,n=3)

a1 g ¢/ 33 CD31 vimentin INGE R

/pg-L! /B-actin /B-actin B A

2 H - 1.41+0.04 0.57+0.05 5.00+1.58
=i - 0.81£0.09"  1.02+0.05"  41.20+7.19"
EOFAZ 1 1.41£0.252  0.70£0.09Y  20.60+3.919
4 1.90£0.580  0.26+0.05%  11.20+1.92%

H: 525 A R VP<0.01; 5 4 E 2 P<0.05, 2 P<0.01
(F20),

B-actin 43 kDa

A B C D
A ZE 4B, 4] C.EOFAZ Ik ) it 41 ; D.EOFAZ & 7 4k 4 (&
2~4 )
B 1 EOFAZ 3 HG # 5 # HUVECs # CD31 # vimentin & B &
pey: R
Fig. 1  Effect of EOFAZ on protein expressions of CD31 and
vimentin in HUVECs induced by HG

G D
El2 EOFAZ* HUVECsiER 8 RIS (3 B Wi, x50)

Fig. 2 Effect of EOFAZ on migration ability of HUVECs

induced by HG (inverted microscope, x50)
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3.2 EOFAZX HGERE AN BMMIEN S5 H
20 M, 5 M 41 ROS A1 MDA /K F & 3% FF &5 (P<
0.01), CAT 1 SOD /K - & & & AIK (P<0.01) ; 55 /= b
21 L3, EOFAZ i &b 38 ] AN [A] #8 B2 310 1 HG 5 % 19
ROS(P<0.05) #l MDA 7K *F- (P<0.05, P<0.01) , [7] B}
W % $ & CAT Fl SOD #Y /K 3 (P<0.01) , % H
EOFAZ W] B35 HG 5 5 19 Il & N B2 41 i 4401k 7 3%
Wifhi. WE3RZE?2,
3.3 EOFAZ X HG i % Nrf2 5 Notch1 ik 1 /5 H
Western blot 25 R i n , 55 A &, HGIEH G
Al N JE S A AL S 5 Nef2 19 85 11K (P<0.01)
2% F M Notchl i 4 F1/K ¥ (P<0.01) ; 5= HEAL L
¥ ,EOFAZ W0 & J5 ] i 3 b U Nrf2 19 85 H K
(P<0.01), T ¥4 Notchl 1 & 1 7K *F- (P<0.01) . U

A B
C D

3 EOFAZX HGiFS R ROSKFEHEN (DCFH-DA, x100)
Fig. 3 Effect of EOFAZ on level of ROS induced by HG (DCFH-
DA, x100)

F2RE 4,

%2 EOFAZX HG#ESH ROS,MDA,CAT #1SOD 7k A B HUVECs # Nrf2 #1 Notch1 E B RIZRI I (X+s,n=3)
Table 2 Effect of EOFAZ on ROS,MDA,CAT,SOD levels and protein expressions of Nrf2,Notchl in HUVECs induced by HG (x+s,n=3)

A W /pg-L! ROS MDA/pmol- g’ CAT/U-mg’! SOD/U mg’! Nrf2/B-actin Notch1/B-actin
2 H - 0.91+0.11 0.500.02 10.85+0.64 14.25+0.40 1.31+0.06 0.47+0.05
e M - 3.2140.54" 0.77+0.04" 3.06+0.55" 7.34+1.02" 0.54+0.09" 0.69+0.04"
EOFAZ 1 1.99+0.112 0.65+0.052 6.10+£0.96% 10.57+0.56% 1.61£0.019 0.46+0.07>
4 1.74+0.17? 0.55+0.07 9.72+0.49% 13.95+1.48% 1.84+0.039 0.390.04%
o
Notchl ** B-actin
43 kDa A B c

A B C D

E 4 EOFAZXtHG %S A HUVECs 1 Nrf2 1 Notch1 & B R A
A
Fig. 4
Notchl in HUVECs induced by HG

Effect of EOFAZ on protein expressions of Nrf2 and

3.4 EOFAZ Filit £ 3k Nrf2 % HG i S M 6 5 H %
KPER o0 T3 AR A R R Y S B
I HfL Nrf2 19/ Gk, B8 7 3N, Al A B
2, AD- B3 1 % I (NC) 41 A % AD-Nrf2 41 , % H
Western blot ill 525 14 2 1 AD-NC 41 19 4577 JK B i
¥J oM 0.16+0.02, AD-Nrf2 41 ) 2% 47 K J¥ {H 0.31=
0.01, ULIELS, 25 5 3¢ W38 2o £ 19 9 7 4% J+ 0
2P T HUVECs H Nrf2 il 3 263k

53 41, Western blot 5 I 7, 525 (A 347 1L
B, T BE 4L Nref2 A CD31 B 8 MK F & 2% T E (P<
0.01), vimentin, Notchl #1 Snail 4 H 7K ¥ i & I )i

A.7%5 H41;B.AD-NC 4l ; C.AD-Nrf2 41
El5 BRmEZHENHUVECs F Nri2 RIZHF I
Fig 5 Effect of adenovirus transfection on expression of Nrf2 in

HUVECs

(P<0.01)., 5wiMid b, AD-Nrf2 41 & EOFAZ 41
Yy W3 4R Nef2 fil CD31 B & B % 38 K F (P<
0.01), F ¥4 vimentin, Notch1 F11 Snail & [ 38 ik /K F-
(P<0.01) . [A B, 5 AD-Nrf2 40 #H k¥ , AD-Nrf2+
EOFAZ 41 fig fig ¥k — 4 b Nrf2 f1 CD31 1 & 11 %
ik JK 3 (P<0.05, P<0.01) , [& {i vimentin, Notch1 £l
Snail 2 4 3% 35 K F (P<0.01) . 7B EOFAZ ] 38 i3
I E Nrf2 (8 3 ik, B IR Notchl 2 H R iiF 8 o 7
Snail [ 3¢ ik 49 ] EndMT, H Nrf2 {5 5 0] g K
Notchl /9 FUFH TS . WER3IFE 6.
4 itig

W52 2R W EndMT 2 5 3l ik ok A% 68 £k % PR 45
PG HE RSN b T EndMT #EFE o P H 40 i DA
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%3 EOFAZ i3 &Rk Nrf2 ¥ HG %58 Nrf2,CD31, vimentin £ E B RIEWE T (3+s,n=3)

Table 3 Effect of EOFAZ and Nrf2 overexpression on protein expressions of Nrf2,CD31,vimentin and others induced by HG (x+s,n=3)

21 51 JH R ¥ /pg- L Nrf2/B-actin CD31/B-actin vimentin/B-actin Notchl/B-actin Snail/B-actin
25 - 0.80+0.03 0.90+0.04 1.03+0.07 1.154+0.02 0.98+0.01
el - 0.140.03" 0.220.02" 1.88+0.08" 2.820.43" 1.620.24"
AD-Nrf2+EOFAZ 4 1.35+0.27% 1.34+0.11% 1.19+0.03% 0.32+0.05% 0.39+0.04%
AD-Nrf2 - 0.77+0.08% 0.46+0.08% 1.48+0.08% 0.49+0.03% 0.55+0.03%
EOFAZ 4 0.31+0.04% 1.11£0.15% 1.31+0.05% 0.58+0.03% 0.69+0.06%

S LAV P<0.01;5 5 BEAL HE 3 2 P<0.015 5 AD-Nrf2 41 b4 > P<0.05,9P<0.01,

Nrf2 (W M e e 120 kDa

CD31 R BRI

Notch] s s S SN 120 kD2

Snail * - m 29 kDa
e ————

A B C D E
A. 7% 14 5 B, B 41 ; C.AD-Nrf2+EOFAZ 41 ; D.AD-Nrf2 41 ;
E.EOFAZHAH
E 6 EOFAZFITRIZEN2M HGESHMBXEARENZIN
Fig. 6 Effect of EOFAZ and Nrf2 overexpression on expressions
of related proteins induced by HG
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