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[Abstract] Objective: To study the protective effect of essential oil from Alpiniae Zerumbet Fructus

(EOAZF) against high glucose (HG) -induced injury of human umbilical vein endothelial cells (HUVECs) in
vitro, so as to provide experimental evidence for the treatment of diabetes-induced cardiovascular diseases with
EOAZF. Method: The cells were divided into the normal group, model group (25 mmol-L™" glucose), positive
control group (100 mg-L™" vitamin C), and the low- (0.25 wg-L™"), medium- (1 pg:L™"), and high-dose
(4 wg-L™") EOAZF groups. The HUVECs were damaged by HG. The secretion amounts of malondialdehyde
(MDA), nitric oxide (NO), and endothelin-1 (ET-1) in HUVECs of different groups were measured to assess
the protective effect of EOAZF against HG-induced injury. The effects of EOAZF on the apoptosis and reactive
oxygen species (ROS) generation of HUVECs damaged by HG were detected by Annexin V-fluorescein
isothiocyanate/propidium iodide (Annexin V-FITC/PI) staining and dichloro-dihydro-fluorescein diacetate
(DCFH-DA) assay. The protein and mRNA expression levels of thioredoxin interacting protein (TXNIP) and
thioredoxin 1 (Trx-1) were determined by Western blot and Real-time polymerase chain reaction (Real-time
PCR), followed by the measurement of total intracellular Trx-1 activity with insulin disulfide reduction method.
Result: The comparison with the control group revealed that the proliferation of HUVECs in the model group
was significantly inhibited and their shape was damaged. Compared with the model group, EOAZF protected
HUVECs against HG-induced injury in a concentration-dependent manner. The secretion amounts of MDA and
ET-1 (P<0.05) in the model group were increased in contrast to those in the control group, while the NO level
was decreased (P<0.01). Compared with the model group, EOAZF at all the three concentrations, especially at
4 wg-L™", obviously reduced the secretion of MDA and ET-1 ( P<0.05), but elevated NO after HG induction ( P<
0.05). The cell apoptosis assay and ROS detection results demonstrated that the apoptosis and ROS level in the
model group were higher than those in the control group (P<0.01). Compared with the model group, EOAZF at
4 wg-L ' significantly lowered the ROS level and apoptosis (P<0.05) of HUVECs damaged by HG. The Western
blot assay and Trx-1 activity detection uncovered that the protein and mRNA expression levels of TXNIP in the
model group were significantly up-regulated as compared with those in the control group (P<0.05), whereas the
Trx-1 activity was decreased (P<0.01). Compared with the model group, EOAZF at 4 pg- L' significantly down-
regulated the mRNA and protein (P<0.05) expression levels of TXNIP and enhanced the total Trx-1 activity (P<
0.05) in HUVECs, thus suppressing the oxidative stress. Conclusion: EOAZF exerts the protective effects
against HG-induced injury in HUVECs by improving the endothelial function and reducing intracellular ROS and
apoptosis. Its efficacy in anti-oxidative stress may be related to the down-regulation of mRNA and protein
expression levels of TXNIP and the enhancement of Trx-1 activity.

[Key words] essential oil from Alpiniae Zerumbet Fructus; high glucose; human umbilical vein

endothelial cells (HUVECs); thioredoxin interacting protein (TXNIP) signaling pathway
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A 0 B 2 BRAR AL I 9 5 ke 4 (AL IS S A
1 ##
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90% B, 1 11 0.25% f g il i Ak , b F i 20k T AL,
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FME R R EBE , Flowjo 7 84k 847 B8 40 Hr o 4n
M08 - B, Annexin V BH 4, PT B M ; 1M 40 it 08 7=
Je 1 Annexin V A1 P14 4 FH M .
2.4 TRy BRI s (Western blot) 46 il TXNIP Fl
Trx-1 &L LR T 25 e A5 2 M,
24 hJE A A 16 12 h, 2R 5 EOAZF Bi{f 4" 3 h, i )5 44
254 BE 24 ho FEEGIRIE PBS T UE 2 WK, 8 2R
(RIPI 5 PMSF)#% 18 99: 1 i L M5 e &, 4R i o5 fn 78
B R BT UK L K2 20 min J5 , 100560
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10 min. 4 BEAR 4 r 75 25 109 43 5 38T, 43 o) 0
F—P(1:1000) , K 1 h)5,4°CiEh. WH
TBST ¥ 3K, A K 10 min, 3 & —Hi(1:177) 48K
1 hJi TBST ¥ 3 K, &K 10 min, 5 #E17 ECL &
% . ffi F Image-Lab TM Xt 55k 47 43 #r , Jf- 3
id Graph Pad Prism 6.0 % {4 #1758 11 .

2.5 Real-time PCRA{I TXNIP il Trx-1 mRNA 3%
ikl trizol- = U W BE T 43 B B UEL RNA,
TransGen Biotech cDNA & Wi 7 & L) 20 wL A&
4 % cDNA. ffi ff Bio-Rad Chromo 4 ¥ il & %4t #1
SYBR Green PCR Master Mix jifi if Real-time PCR 4}
Hr mRNA £ ik . # PCR G 3 2 )7 % & J 94 °C
305,94 °C 5 s 155 °C 30 s,40 NG R, Bl Jm 95 15 B2
M\ 65 °CHE NN 2 95 °C, >k 44 a4 i £k o il ] 240
5 B- L 3h & 1 (B-actin) Al GAPDH #5 i 1L Ji5
mRNA fYAH X R IK Ko I SE A 4 T AW T
FE (B ) B0y A BRS 7, TXNIP (438K 93 bp) b
if 5-TGATCTATGTTAGCGTTCCT-3', F i 5'-
TGGATGTTCTGCTGCTTA-3'; Trx-1 ( ¥ ¥ K J&
94 bp) [ ¥i# 5-TGTTGCTTCAGAGTGTGA-3', T Jiff
5'-TTCCTTATTGGCTCCAGAA-3'; B-actin ( §" 1 K
i 250 bp) L {i# 5'-CATGTACGTTGCTATCCAGGC-
3, F i 5-CTCCTTAATGTCACGCACGAT-3'";
GAPDH (¥ K 101 bp) I 1% 5-“TGACAACAGC
CTCAAGAT-3', F ¥if 5-GTCCTTCCACGATACCA
A-3',

2.6 KIS KT Tex-1 760 (1B S R i
T DU S R ) S Trx-1 09 96 PR 24 0% vl
(20 mmol-L" HEPES pH 7.9, 100 mmol-L" KClI,
300 mmol-L" NaCl, 10 mmol:L"' EDTA, 0.1%Triton
X-100, 1 g+ L™ & 1 g 10 #1551 A& 4 1l -Calbiochem)
RS E A . HEA S M50 mmol-L”
HEPES pH 7.6,1 mmol-L" Z — %4 Z 2 (EDTA) ,
1 g-L" BSA f1 2 mmol-L" DTT] 7£ 37 °C % &
15 min. 2R J5 W Trx-1 8 5 B 5 52 W 28 vp )
[20 mmol-L" HEPES pH 7.6, 1 mmol-L"' EDTA,
200 wmol- L i Jt Y A Bk i Mg W2 vy — A% H 1R W 12

. 24 .

(NADPH) il 0.3 mmol-L" [ & & | F 37 °C &b #
20 min. ALK FIR A (0.2 mol- L Tris-HCI
pH 8.0 " & A 1 mmol-L" —Hi filf 2 % (DTNB) 5
6 mol- L £k 2 I ] >k 28 1k J iy, 9 H 4 7% 412 nm
IR HY Ao

2.7 GEibsorik FA Gt o M 2448 A GraphPad
Prism 6.0 B4 VEAT , 8088 LA 3 IR AW S7 5296 1) x+s 36
7, W4 8] 9 EL 452K F Student ¢ 46 5, P<0.05 R 22
SAFGIFE X,

3 £R

31 Xt HG S M HUVECs i 5 1E %
BB AL At SR S AR A B A S
HUVECs 21 Jfd 451 15 , H 5 v B AR it o e X e
25 mmol- L™V Ji5 25 5 40 v 4 49 Bl vk 12, DRk 2
AT AR Ry A5 4DUA DR S BB 3 5 KO, H AR 1R S HG
POGBERI R e g R, E—4 4 T HG Bl
BLRL b () HUVECs A [\ ¥ FZ 19 EOAZF , 5 %8 Ho X it
Pt AL HUVECs B R 9 1E T . SRIRLAL L 8%, 1
— 7 [F A, EOAZF X145 %) 5175 ‘% HUVECs i {73 1
AL B B R 9 4E T (P<0.05, P<0.01) . T
S, PERE0.25,1,4 pg-L'E W EOAZF W5 2 5L 5 iy
e B AE FI B 1] A 24 h, % 45 S 42 78 EOAZF X HG
17 i I e U = N S B T A O 7 T (S E
2,

F1 FEREFEHEN HUVECs WRGIER (fxs,n=3)
Table 1 Effect of high glucose on HUVECs (x+s,n=3)

215 W /mmol - L Yl HLAE TS /%
2 100.00+0.00
A 15 87.60+1.34%)

25 80.48+1.82%
35 79.57+3.11»
45 74.27+4.447

5 H4l i 2 P<0.01,

3.2 X HG #1589 HUVECs N J2 T REf 5% ma fdi
FHOG 27 18 058 WL 56 AN [ Jot = 9 iF EOAZF (0.25, 1,
4 wg L") 4P HUVECs 24 h 5 (IE &84k, kB
55 OE W ZH 40 Mk %8, 25 mmol L7 B9 HG 40 BE 5
HUVECs 845 , " H A, HAEKZE ., EwHEEL:
R CHENPUAAL B PHPEZG 4, K BLPT S A Ak 21 40
JitL%F HG 75 5 04 20 i 453 5 FIK bt 5 35 14 5% . EOAZF
b PR HG AT N A 4, BRI
e . WK1, 5755 A4l i, A 4] MDA Al
ET-1 7K *F B % JF & (P<0.05) , NO 7K *F i 35 % I
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%®2 EOAZFX HGE S HUVEC HIH M FM (rts,n=3)
Table 2 Effect of EOAZF on inhibitory rate of HUVECs effected
by HG injury model (x+s,n=3)

25 Jo R /g L M /%
% 0.00+0.00
[l 20.35+4.62%
EOAZF 0.125 14.31+6.09

0.25 5.51£7.91»
0.5 2.72+11.90%
1 4.43+9.06"
2 5.62+6.94%
4 3.09+6.47%
8 9.76+4.50%
16 9.80+5.24%

T 52 FA LV P<0.05,2P<0.01; 58 A4 L8 P<0.05,
YP<0.01(F3~5[[),

A B

(P<0.01); 520 [, 442 2 C Fl EOAZF & it
1 Uk B 2H W R I MDA FiET-1 7K °F (P<0.05, P<
0.01), B & JF & NO K- (P<0.05) . W33,

%3 EOAZFY HGHESHM HUVECs fif14 i MDA,NO,ET-17K
EREM (X£5,n=3)

Table 3 Effect of EOAZF on MDA, NO, ET-1 levels of HUVECs
effected by HG injury model (x£s,n=3)

T ik e
a7 MDA/Mol-g! NO/pmol-L! ET-1/pg-L!
/pg-L!
2 82.48+10.69 20.95+3.30  277.74+38.28
LT 101.474£9.04"  11.46+2.612 364.39+£49.61"

Hik % C 1x10° 70.28+5.73%  18.4543.27  260.78+48.37%)

EOAZF 0.25 90.74+11.23  14.95+6.35 341.94+38.26
1 85.32+9.97°) 15.33+4.12 284.70+£57.23
4 82.97+8.54% 17.87+£4.20° 277.76+31.00%

A. 254 B. BRG] C. i K C4L;D. EOAZF 0. 25 wg L' 4 ;E. EOAZF 1 pg-L'4];F. EOAZF 4 pg-L'4]

B EaEsENE (5 RHE,<200)

Fig. 1 EOAZF improve endothelial functions upon high glucose condition on HUVECsS (inverted microscope, x200)

3.3 X HG i 44 ) HUVECs 40 g # T F1 ROS 14 5%
W 5 A A A A AN R TR B T
(P<0.01); S54RI 2H He %%, EOAZF "R 8 i i e 5 44
WY I A AP 400 B R T R (P<0.05) , 4R R C 4 3
R ARG 4 Jf S R T 2% (P<0.01) . 525 14 L de , i A
2 HUVECs 1 ROS i % & I 3 F+ &1 (P<0.01) ; 545
TIZH s, it 2 C 20 M EOAZF i i e 3 40 i 3%
A ROS & (P<0.01), W34, 2,

% 4 EOAZF ¥ HG % 51 {5 8% HUVECs /A %1 ROS 7K F Ky 5
M (x+s,n=3)

Table 4 Effect of EOAZF on apoptosis and level of ROS in HG-
injured HUVECs (x+s,n=3)

4151 PRk FATR/% ROS %561
/pg-L!
2 0.503+0.20 50.38+3.37
[zl 15.9342.03% 61.02+3.18 2
et % C 1x10° 8.39+1.014 51.78+2.38 4
EOAZF 0.25 13.23+1.39 57.17+7.54
1 9.79+1.14% 54.67+5.29
4 8.68+1.14% 53.61+2.37 %

A B
C D

A, FHA;B. RRYLC. i FE CYL;D. EOAZF 4 pg- L4

B 2 EOAZF ¥ HG % S #1145  HUVECs i ROS B9 5 I ( 59 7%
J6,%200)

Fig. 2 Effect of EOAZF on intracellular ROS level affected by
EOAZF in HUVECs under HG injury (IF,%x200)

3.4 X} HUVECs N TXNIP, Trx-1 £k 5
25 4 B, BRI TXNIP 25 9 Fl mRNA 263k i 3%
Tt (P<0.01) ; S A4 L4, EOAZF w5 i it Wk &
4 B BN TXNIP 2 1 fil mRNA 3 ik (P<0.05),

Trx-1 H H A mRNA R ZR BRI FE L, 52
.25 -



27 B 134
20214E7 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 27,No. 13
Jul. ,2021

P2 F A, A5 70 4] Trx-1 BEGG J9 5 3 FIR (P<0.01) ;
S5 A, EOAZF 5 ot i He B 240 W i 7 /& Trx-

*® 5 EOAZF 3 HGiE S HUVECs 1 TXNIP #1 Trx-1 & B #1 mRNA 7k F , % Trx-1Ei& 51

1 W36 71 (P<0.05), 25 AHEBESE M2 E L., W
#5,K3,

G850 (X+s,n=3)

Table 5 Effect of EOAZF on protein and mRNA expression of TXNIP and Trx-1, and activity of Trx-1 in HUVECs under HG-induced

injury (x+s,n=3)

%

v .
415 )/\ - {ZE)IL TXNIP/GAPDH Trx-1/GAPDH TXNIP mRNA Trx-1 mRNA Trx-1 1% 71
pg L
2 H 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
7 160.43+32.30% 94.12+18.34 187.32+28.45% 96.43+18.85 74.34+12.86%
EOAZF 4 127.07+34.22% 90.12+20.13 145.19+19.67% 103.66+20.48 83.65+14.349

e

A B C

A, FHY B, B4, C. EOAZF 4 pg-L'4

3 &LHAHUVECsH TXNIP# Trx-1 E Bk F ik

Fig. 3 Electrophoresis of protein expression of TXNIP and Trx-1
in HUVECs

Trx-1 12 kDa

4 itig

e IBH I 45 O K RE L 2 S BORE IR R AT
TR R, A AT AT A R 245 W B Ak i A O R
SE B R A o ARV 22k 4 2% WA OB PR 9 A0 D)
S WE DR B A A S Y K AR 1 5 TXNIP 3%
IR0 A U G FR OB PR I A P AR
TXNIP (1 56 RAF IR, SCHk RIS, Uk
TNXIP 3L K A RLBH 1E HG i S 19 9 Bz 40 i 1 % B 1
L4 Y BT o AEAR B R B 55 A T, TXNIP &t
FIR AR N Bz 40 M (%) A2 15 SRR fE T, 10 4 TXNIP
Pk LA, S Trx-1 855 T E &9, 3T % 3
41 M B S B0 A R AR K 2 1K 2(VEGFR2)
X VEGF 1) i 24 g S 55 . H A, 8ok bt 2 19 1k
48 0 TXNTP XS T 27 fige b Ik s B i 8 9 %
SEMAE 2 R . — 7T, TNXIP 5 5 5 g 41 i
I8 A2 10047 42 B S 09 AH G 1, TXINTP #t f 19 HeB-19
/N LAY B 5 4 M R BB s B A R AR S e B 1Y
TXNIP /)™ BRI 7] £ 5% Ik 7 7 3= (STZ) 175 = i B IR
A HRPUVE Y, PR, ] TXINTP AT DL 47 i
BANRE , I AT B T 2 L 43 W R 5 2R A Ty g, 40 i A
F 38 1) TXNIP # I8 | J2 W 7 101 Bl FIG 97 TIDM
T2DM WA 87 ¥k o I3 — J7 1, 76 A4S 4 i i 3

. 26 .

Ik TXNIP 7] DL B 1k S840 N 8, HG 48 I Rk 1Y
I 9 AE 3% X L A8 PN R B4 R R Ay R B
IR I, 33 S5 1E 41 4 3¢ B TXINTP 7 7 36 4 R 9 K He i
B RAEPHEEMNE L, EOAZFHRiERA T
2 2 BRAE R b I A P R A0 A R A
5T LR A o FEARWESE T, UESE EOAZF fig i 3
FEAR HG A0 5 19 9 e 20 M 453 005 16 L A6 BIL I BF 58 oh
& YL EOAZF HE 1o 2 0 % HG J¥ A S 09 1M 8 N 2
0 g TXNIP () 235 R, [A] B 390 Trx-1 /9 36 4 .
% 45 A 4 78 TXNIP ] fig J& EOAZF 1E HI Y ¢ gt 4
AL, TXNIP/Trx-1 AH X A% %5 i % /£ EOAZF 83 HG
BRHNEBRG R EEENEMN. AR
EOAZF {1 iy TXNIP 411 il 71 A 25 By 16 4 PR s 1L & I
E BT 25 4 A
[(FIzEMsR] AURAEAEMAHEFE.
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