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Abstract: The preventive effect of Malus leaves extract in a model of L-NNA-induced hypertension mice was investigated in this study.
The systolic blood pressure (SBP), i.e. the blood pressure (MBP) and diastolic blood pressure (DBP) in hypertensive mice were reduced by
treatment with Malus leaf extract. After treatment of hypertension mice with Malus leaf extract, the levels of nitric oxide (NO) in the serum,
heart, liver, kidney, and stomach of the mice were higher than those in the model group, while the levels of malondialdehyde (MDA) were lower
than those in the model group. The serum levels of endothelin-1 (ET-1), vascular endothelial growth factor-A (VEGF-A), E-selectin were
decreased, but the level of calcitonin gene related peptide (CGRP) was increased in hypertension mice treated with Malus leaf extract. The
mRNA expression of heme oxygenase-1 (HO-1), neuronal nitric oxide synthase (nNOS), endothelial nitric oxide synthase (eNOS) and receptor
activity modifying protein 2 (RAMP2) in heart and vascular tissues of hypertensive mice were up-regulated, and the expressions of
adrenomedullin (ADM), and inducible nitric oxide synthase (iNOS) d were down- regulated by Malus leaf extract. The results showed that
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Malus leaf extract contain hyperoside, isoquercitrin, dihydroquercetin, quercitrin, hesperidin, myricetin, isobaicalin, neohesperidin

dihydrochalcone and quercetin, and the contents were 104.92, 83.05, 15.14, 242.83, 60.24, 13.87, 125.53, 11.23 and 28.92 mg/g, respectively.

Modern Food Science and Technology 2022, \ol.38, No.1

Meanwhile high concentration of Malus leaf extract had better preventive effect, which was close to the hypertension drug captopril. These

results suggest that leaves of Malus leaf have a good preventive effect on experimental hypertension.
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L4 JiTFH

SRR USPIME SRR bR w2 . RS R
J7 2457 (ANOVA) FIXRH 2 X [Alf 5% (Duncan's
multiple range tests) At &-ZHIA] P {EAE p<0.05 7K
FTFREEASII FER.

2 ZR51HS
2.1 ARAG R B 8 KT



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.1

a 140~
120 -
100 -
80 4
60 -
40+ lr 6 9

mAu

20
0
-20=
0

S 10 15 20 25 30 35 40 45 50 55
min
b 140
120 +
100
80
60
40 - 12

0

20 I I I I 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55

B 1 MBS ST SRR B IE RS
Fig.1 HPLC chromatogram of the components in Malus leaf
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Fig.2 Effects of Malus leaf on SBP (a), MBP (b) and DBP (c) in
L-NNA-induced hypertension mice
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2.3 ARAEEHRE A/ ONO 2B B R

A% 2 Fraw, RSN RIS fooss i 5
HAHZLH NO &, 2048 6.86 pmol/L. 7.99
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umol/g prot, MMM NO EEERIK, 751N
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3.27umol/g prot 1 5.26 pumol/g prot. M =ik L
FRFEE RN R RAL A NO 2R E & T
M (p<0.05) FIBREEHHIRIAREEA . AR =

(5.36 umol/L. 5.98 pmol/g prot. 2.02 umol/g prot. 3.27
umol/g prot. 8.36 pmol/g prot) FI-RFEEF| (5.40
pmol/L+ 6.02 pmol/g prot.2.09 pmol/g prot. 3.27 umol/g
prot. 8.45 umol/g prot) &+ NO &= MHE /158 T A&
HARIKIEZ . NO fENANEERIE 5701, REBOS L

A AV S RIMERE, A cGMP,
WS — ROVEF, SR ML FRmE,
B R NE AN, MR &7 7K D) RE R
TSMUNEIKETFAELL, AT e S A s i e b
RIS LA RRE S TR B T RIS R,
PR 7B 1% NO & B RE AP R .

24 AAgEH IR/ B MDA B8

L-NNA 73/ e, AR RIS | o0
JE HFHE. BFHEANE i) MDA & & frs (11.69
nmol/mL. 4.52 nmol/mg prot. 1.09 nmol/mg prot. 2.96
nmol/mg prot. 3.52 nmol/mg prot, 3 3). MAZHFIFR
FEH R RE 2 2 BRI s L/ R MDA 25 (p<0.05),
HARRS MR (4.92 nmol/mL. 2.78 nmol/mg prot-.
0.50 nmol/mg prot. 1.62 nmol/mg prot. 2.03 nmol/mg
prot) FI-RFEEF| (4.86 nmol/mL. 2.75 nmol/mg prot.
0.49 nmol/mg prot. 1.57 nmol/mg prot. 1.96 nmol/mg
prot) REA & L /)N B R LI FIZH 24 MDA &5 F i IE
NG IR ARSI R BE AR AR BCR AR S, 1Y
BT MAGHHRIKR A (p<0.05). NO & EHEIKS:
FECA R A AR R,
Yo . B, YEEATFTEE AN NO M
MDA 7K i (= L RE Y, bR
PIBARR] 7 RIAIEER, RENE NI MDA JK- T2
] R L S RT3, AACEIL R 007 A0 33 o
= A

2 L-NNA S IUEMRIUE, (O BF 8. BRF—SHESENEL
Table 2 The nitric oxide contents in serum, heart, liver, kidney and stomach of L-NNA induced hypertension mice (meanSD, n=10)

205 7/ (umol/L)  ~SfE/(umol/g prot)  AFAE/(umol/g prot)  'B-BE/(umol/g prot)  H /(umol/g prot)
EFA 6.8620.18° 7.9941.23 2.67+0.21° 7.59+0.47° 9.55+0.42°
A 3.76:+0.08° 3.01£0.27¢ 0.41£0.07¢ 3.2740.22¢ 5.26+0.38¢

MABTHIRIRE 2L 4.3320.11° 3.89:+0.20° 1.03+0.15° 4.19+0.26° 6.89+0.36°
MABPT SR E 5.3620.12° 5.98+0.25° 2.0240.18° 3.27+0.22¢ 8.36+0.40°
FHEAa 5.40+0.15° 6.02+0.22° 2.09+0.19° 3.27+0.22¢ 8.45£0.39"

E: AR FEATA EARAZINE p<0.05 KFEA BFEF, MR FEETAEALZEE p<0.05 KFEALHFER, &3,

%4, B2AH3F,

=3 LNNA S MENRIUE O BF 8. BhR-EISNTL

Table 3 The malonaldehyde contents in serum, heart, liver, kidney and stomach of L-NNA induced hypertension mice (meanSD, n=10)

0% o7&/ (mmol/mL)  SHE/(nmol/mg prot)  ATAE/(nmol/mg prot) 'K AE/(nmol/mg prot)  F /(nmol/mg prot)
EF 3.79+0.38¢ 2.03+0.18¢ 0.33+0.07¢ 1.11£0.15¢ 1.23+0.17¢
AEAL 20 11.69+0.52° 4.5240.28° 1.09+0.15" 2.96+0.31° 3.5240.24°

AT RIR B AL 7.68+0.29° 3.80+0.21° 0.85+0.12° 2.10£0.21° 2.77+0.18°
HABet Z IR E AR 4.9240.19° 2.78+0.16° 0.50+0.16° 1.62+0.15° 2.03+0.22°
FieEF)2a 4.86+0.22° 2.75+0.18° 0.494+0.19° 1.5740.13° 1.96+0.18°
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T 4 L-NNA (=M /E /MRS ET-1. CGRP, VEGF F1 E-selectin 7KPRYZE(L
Table 4 The ET-1, CGRP, VEGF and E-selectin serum levels of L-NNA induced hypertension mice (mean+SD, n=10)

205

ET-l/pg/mL)  CGRP/pg/mL)

VEGF/(pg/mL)

E-selectin/(ng/mL)

EFH
AER LA
HABHEIR A
HAEt &R
FrgAm

184.02+8.52°
55.69+4.32¢
78.92+5.89°
147.8247.55°
150.68+8.28°

68.92+5.24¢
110.57+7.20°
94.14+6.03°
75.1745.36°
72.39+4.98°

106.52+7.88¢
341.48+11.59°
274.36+10.65°
202.45+8.92°

195.79+11.33°

408.93+22.50¢
855.97435.14°
742.09+22.81°
547.63424.53°
539.98421.99°

HO-1

EN
e

L b b

AR AR 2R f) K B

EWHE  ERA

Mg
RIREE kA

Mg RIEEAA

1.2
1.0}
0.8+
0.6

0.4+

e

02}

AR AR 2R f) B8 R

0.0 .

HETIZH

a
I b

[ TN 11 W £y L2
RREE mkEA

RAMP2
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EWA  MRA WEH M REERA

RREE mkEA

3 #RBIXT L-NNA SRS I E /RN ZELR R HO-1. ADM
F0 RAMP2 fJ mRNA FRiZRISZA0
Fig.3 Effects of Malus leaf on the mRNA expression of HO-1,
ADM and RAMP?2 in heart muscle of L-NNA induced
hypertension mice
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VEGF-A #o E-selectin 7 -F # & v
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ff) ET-1. VEGF-A fil E-selectin (110.57 pg/mL. 341.48
pg/mL. 855.97 ng/mL) /KFEEFE (p<0.05), i
CGRP /K- RE K (55.69 pg/mL, p<0.05, & 4).
PR I 0 R 46 3 1) AT B 5 0f /N BRI ET-1
VEGF-A. E-selectin 7K F-AI#EF+ CGRP 7K F, H#AE
HEREE (75.17. 147.82. 202.45. 547.63 ng/mL) Al
FHEAH (72.39. 150.68. 195.79. 539.98 ng/mL) Xt
ET-1. CGRP. VEGF-A F1 E-selectin 7K F{F AL,
TREZER (p<0.05). HAMIGH ik FEHA-RALEH)
PA¥E/NRIE ET-1. CGRP. VEGF-A F1 E-selectin 7K
PR B T IR A (p<0.05). ET-1 A&
MEWARETEZ IR, fefim e NAEKR, fedkime
BESOAERUBRAS, (RFFINE %Y. CGRP 2 AN &
B ENEIE 2 IR —, Ho bR ML N B 40
P45 5 5 v O )9 o R okt 2 LR L
VEGF-A &MUl EVEHEYIT, 75815 I & 4 A
EEPPREEER, e N g — R R
(100 0 L R LA A SR, BRI I P e 4
L5, BN R M, (et i g A P i
BN A2 G N AR AR, vk, Bk
BEZNIKAELL, &R, M S3L E-selectin 7KF
S5 _EFE, BRAR E-selectin 7Kt 2 0 vy i 1) B
Z P pR g RE th B A % ET-1.CGRP. VEGF-A
F1 E-selectin 7K1 FIEH, HIESE T 5 HAh AT —
FErT i@ % ET-1. CGRP. VEGF-A 1 E-selectin 7K
SR R B TR e 0 P P,

2.6 MAEREA/DROALAL F HO-1.
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Fig.4 Effects of Malus leaf on the mRNA expression of nNOS,
eNOS and iNOS in heart muscle of L-NNA induced
hypertension mice
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