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Oxidative Stress Response LIANG Boshen"?, YIN Hongke', WANG Lei', CHEN Haotian', FANG Xin', ZHAO Sisi',
ZHU Qi"?, XIONG Lei*, SUO Jinghang', CHEN Baijun*", GAO Fabao"*". 1. Department of Radiology, West China
Hospital, Sichuan University, Chengdu 610041, China; 2. Yunnan University of Chinese Medicine, Kunming 650500,
China; 3. Jiaxing University, Jiaxing 314001, China
A Corresponding author, CHEN Baijun, E-mail: 424389881@qq.com; GAO Fabao, E-mail: gaofabao@wchscu.cn

[ Abstract] Objective To explore the therapeutic effect of Cang-ai volatile oil (CAVO) on rats with myocardial
hypertrophy (MH) exposed to the hypobaric hypoxic environment of the Qinghai-Tibet Plateau using 7.0-tesla (7.0T)
cardiac magnetic resonance imaging (CMR). Methods A total of 50 male specific pathogen-free (SPF) Sprague-Dawley
(SD) rats were randomly assigned to a low-altitude control (CON) group, hypobaric hypoxia (HH) group, myocardial
hypertrophy modeling (MH) group, MH modeling plus CAVO treatment (MH+CAVO) group, and MH modeling plus
benadryl hydrochloride treatment (MH+RX) group, with 10 rats in each group. Except for the CON group, the rats in all
the groups were kept and fed in the standard way for 8 weeks in a high-altitude environment (at 4250 m above sea level),
and then given the corresponding treatment drugs by gastric gavage. Afterwards, 7.0T high field strength CMR was used
to measure left ventricular (LV) function and myocardial strain. Hematoxylin-eosin (HE) staining and Masson staining
were performed to observe myocardial interstitial fibrosis. Wheat germ agglutinin (WGA) staining was performed to
analyze the cross-sectional area of cardiomyocytes. Transmission electron microscopy was used to observe the
ultrastructural changes of the myocardium. Serum levels of cardiac troponin T (cTnT), superoxide dismutase (SOD),
malondialdehyde (MDA), and glutathione peroxidase (GSH-PX) were measured by ELISA. Results Compared with
those of the control group, the MH group had significantly lower left ventricular global circumferential strain (LVGCS) at
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(—18.85+1.67)% and left ventricular global longitudinal strain (LVGLS) at (—20.39+1.48)% (P<0.05). However, the
MH+CAVO group had significantly higher LVGCS at (—22.10£1.08)% and LVGLS at (—24.60+1.72)% compared with
those of the MH group (both P<0.05), indicating that CAVO treatment improved LV function. The MH group had a
decreased level of serum glutathione peroxidase (GSH-Px) in comparison with the CON group ([1173.49+27.10] U/mL
vs. [300.83+47.25] U/mL, P<0.01), a decreased SOD level in comparison with the CON group ([302.27+3.65] U/mL vs.
[105.96+4.03] U/mL, P<0.01), and an increased level of serum malondialdehyde (MDA) in comparison with the CON
group ([57.91£1.13] umol/L vs. [6.65+2.99] umol/L, P<0.01), suggesting that the antioxidant capacity of rats in the MH
group was decreased. After CAVO intervention, rats in the MH+CAVO group exhibited an increase in the serum levels of
SOD at (278.51£5.97) U/mL and GSH-Px at (961.82+17.56) U/mL, as well as a decrease in MDA at (17.79£1.33) pmol/L

(all P<0.05). Conclusion CAVO can effectively improve cardiac function in rats with cardiac hypertrophy exposed to
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high-altitude environment by modulating oxidative stress and ameliorating cardiac hypertrophy.
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dismutase, SOD ) i1 672 171 £ (Elabscience A H, 755
E-BC-K020-M); K FLA 8 (malondialdehyde, MDA ) fif}
b8 i 50 & (Elabscience/y H, #3%5: E-BC-K025-M); K
A H B E AL P (glutathione peroxidase, GSH-Px)
MK S 93 12057 & (Elabscience /A 1), 175 E-BC-K096-M),
INZE R ZFEBELE K (wheat germ agglutinin, WGA)
(SIGMAZ ], £%5: L4895, Hifil: 1 = 200)
1.3 {%&%

7.0 T/ G AR 1A (48[ Bruker 24 7], BioSpec



6 3 1

&

¥

TR G s S R T S T AP S R ey S LA B K BR R /R 1487

70/30 USR); SNAII Model 103013 % 3625 £k BRI
ALFIT T &2 88 (£ E Small Animal InstrumentsZy 7] ) .
MATRX VIP3000/)Na )% HFRIEAL (35 [E Midmark 22
A Bl O AL PR C VI (Circle Cardiovascular
Imaging/A ) . BRI (3& E{F1 5 BioTek, A% uQuant) |
i 28 2R I K UL ( Thermo scientific/FE8k K /R, Bl
STP420 ES) , AL (DR AHL A BR AW, #45]B-
P5) . A48 HL(Thermo scientific/FEEk K IR, B %5
HM325) ., % ¥ Y i i (3DHISTECH Kft/A A,
Pannoramic SCAN 11 ). & {15 2H 2 24X (Sevicebio
o], RIS KZ--F) | AR2# 20t iig &4 (i B gL
1UERA FR2A H], #I2-ChemiScope 6100) | #3741 A HL(Leica
3, A5 Leica UC7) | 5 HL i il (HITACHIZA 7,
RIS HT7700) | Bio-Rad E&53HT % 4t (Bio-Rad /A H],
= Hercules) .
1.4 Fik
141 F¥omb5dEsik

50 HSDAR FRILFEALEC 71253~ 50 I (COND 2
AR A (HH) 41 O LB JE R RS (MH) 41 |, 15 LIRYT
(MH+CAVO) HFER IR VUIREF367 (MH+RX) 4, 40
102, CONZITEIFH500 m ) b FR, 4 i di R R
R 12 28 - A4 4 250 i) T R 25 S S e 2 i
8JA, 35 R AR WU DAL 5, B H BRI I 1SO 5 mg/kg,
Frgz14 d, s R0 LIS R AY | A0 B 2y e 57 (1
YE VAR FRC B O LA 2 BT ks D 308 ) 200 A [ s 34
%, CMRIL /R 25 BEBE L /.00 25 i i 48 4 (left ventricular
mass index, LVMI) FtEiE bnifE
1.42 % HF X

CAVOLIEF R 25%5710.3 mL/100 gl B, 440 K il
b3R5 2 DCONZ R AV I X E #1758 . @QHHZH
KRz 2 w55 IEF i FR8 A, MEH 4 2 AR B Rk 14 do
GMHA K iz 2 w55 E iR FR8 A, 4 H IS0
5 mg/kg, Frek14 d, JF R RME H AEBELK, H2214 d,
@WMH+CAVOL K iz 2 J5 i 1E a7 8, 53 KN M
FEHTISO 5 mg/kg, F54514 d, [ EERHE B 44 25CAVO, #4E
14 d, CAVOJE 5 7| 5 WITE 241 B3 HE it (median lethal
dose, LDy, )[3.86 mL/(kg-d) Jf¥1/30, H10.12 mL/(kg-d)", H.
T T R ek I - 8 0 B I, A ORE T R A BN
4%CAVOIRH . ®MH+RXZH K fliz 2 & U5 1L % 17 35
8JH, B KM I E SISO 5 mg/kg, F54214 d, Jr R RHEH 4
2R R DR, 1ESR14 d, B 0GR b7 305 2 04 DL 44
e ) 500 R B H 5 mg/70 kg, T I EE AR B AR 25 70
(x6.3)°40.45 mg/kg .

1.4.3 CMR#&N

HHH, MH, MH+CAVORIMH+RX4] K FU7E K
BN AT N 25T AL B Pz [ SR HEIA S
R, SE BRI R B T CMRETH, FIRE1E3 dINSE .
K FH 3% 5 Bk TR A BRI R B 1 K BB TR EMOZ, Sk
S [ AP F PRI BT 4 fi i o A FL PRI TR S
WA AR A SR A TCMRIAH o SR FH O PR A BE A5
HLEZ T 91, SR AR 317K T I A Sl R Al (A5, 3545 DS
BB TS o6 A AT O = RS . CMRSEUE SR
[8]8.0 ms, [E]J A} [E]2.5 ms, BHEL A 15°, MLEF40 mmx
40 mm, JZJ£1.5 mm, HE REBIK, B EWER23, ZERIE
0 mm,
1.44 CMRBEEE 4B

JTA 3 EHR LADICOMAE 25 A%l I J Ah 2
BAFCVIZHAT /0. i TR h i SR I e O &
FLEME, IF43 50 T A E R AR A s AR i A2 A
U2 RSN, BRASA IO D BE RN I H8F5™, WIEIL,

B 1 cVI"E LR @S RO REE

Fig 1 The schematic of left ventricular myocardial strain analyzed by

cvi® professional software
A, Standard cardiac short-axis plane; B, standard cardiac two-chamber

plane; C, standard cardiac four-chamber plane.
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Table 1 Comparison of the general condition of rats in each group

Item CON group (n=10) HH group (n=10) MH group (n=10) MH+CAVO group (n=10) MH+RX group (n=10)
Body mass/g 469.78+50.55 454.00+38.20 448.00+56.91 467.30+31.94 449.40+32.83
LVM/g 1.120.15 1.19+0.13" 1.4120.23" 1.06+0.07" 1.04+0.12"
LVMI/(mg/g) 2.38+0.15 2.63+0.24" 3.17+0.61" 2.28+0.14" 2.3240.19"

LVM: left ventricle weight; LVML: left ventricular mass index. ' P<0.05, ~ P<0.01, vs. CON group; * P<0.05, * P<0.01, vs. MH group.
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Table 2 Comparison of left ventricular function and strain in rats from different groups

Item CON group (n=8) HH group (n=38) MH group (n=8) MH+CAVO group (n=8) MH+RX group (n=8)
LVEDV/mL 0.40+0.04 0.43+0.03 0.48+0.03 0.38+0.08 0.40+0.10
LVESV/mL 0.10+0.02 0.14+0.02 0.21%0.03" 0.11+0.01° 0.16+0.04"
LVSV/mL 0.31%0.05 0.26+0.03 0.23+0.05 0.22+0.06" 0.23+0.06
LVEF/% 67.62%3.20 64.89+0.92 63.35+2.10 64.28+4.37 64.36+2.66
Wall thickness/mm 1.99+0.13 2.25+0.14 2.43+0.16 1.87+0.48" 1.91£0.16°
LVGRS/% 48.57+8.18 45.11+5.80 38.29+2.99 46.10+4.88 43.81+6.78
LVGCS/% —23.0241.22 —20.40+1.81 —18.85+1.67" —22.10+1.08" —22.97+2.15™
LVGLS/% —23.79+0.78 —21.84+1.23 —20.39+1.48" —24.60+1.72" —24.84+0.89"

LVEDV: left ventricular end diastolic volume; LVESV: left ventricular end systolic volume; LVSV: left ventricular stroke volume; LVEF: left ventricular

ejection fraction; LVGRS: left ventricular global radial strain; LVGCS: left ventricular global circumferential strain; LVGLS: left ventricular global longitudinal

strain. " P<0.05, "’ P<0.01, vs. CON group; * P<0.05, * P<0.01, vs. MH group.
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Table 3 Comparison of right ventricular function and strain in the rats from different groups

Item CON group (n=8) HH group (n=_8) MH group (n=8) MH+CAVO group (n=8) MH+RX group (n=8)
RVEDV/mL 0.22+0.04 0.29+0.03” 0.3240.05" 0.30+0.03" 0.31+0.03"
RVESV/mL 0.14+0.02 0.18+0.01" 0.20+0.03" 0.13+0.02" 0.14+0.03"
RVSV/mL 0.17+0.02 0.16+0.01 0.18+0.01 0.20+0.02" 0.19+0.01
RVEF/% 64.37+3.61 62.29+3.96 61.93+4.00 61.63+2.76 62.54+2.57
RVGRS/% 54.78+2.02 49.65+1.45" 45.70+2.30” 54.29+3.63" 49504227
RVGCS/% —26.10+1.72 —23.931.76 —20.45+1.11"7 —26.57+1.22% —24.67+2.59"
RVGLS/% —17.510.75 —15.82+0.93 —13.81+1.28" —17.78+0.95™ —15.9242.59

The abbreviations are explained in the note to Table 2.

RVESVH FFE(P<0.01) . 4 KBRRVEFZ: 7 G011
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BN, CAVOIRITIE, O LA 4k M 25 i, 0L
LT MR SRR D, RIBYT IR, O LA B HES 345,
CON HH

R PR AR . DL 2,
232 AESFE NS HLMasson & B X E ST

i 13 Masson 4 8 Fll i 143 BT WEE R BRUZE O 2 41 4
TLHIFRRE . 45 W], 5 CONZIAH L, HHZL 2603 DL
LT YRR E A UL (B 2% 5 (P> 0.05), MHZL A2 D& LR
A AL FRE T (P< 0.01); 5 CONGIA HL, MH+CAVOAI
MH+RXZA O A AEAFE A 5 (P<0.05) . 5 MHZAH
Fo, MH+CAVOFIMH + RX 410 JILET 4 Ak 78 B F A1
(P<0.01), VLIFI2, %4,
233 AESESPWGAS &R T E5H

WGA YA R w43 W5 A 0 250 FIL 2 A T
AR/, G5B, 5CONZIAH L, HHA 42058 O L4
PO AR TE R 25 S JE e T2 B S, MHAL 26020 LA A
B AU AN (P<0.01); SMHZAM e, MH+CAVOFI
MH-+RX L JJL4H A A i AR AR (P< 0.01) o LT3,
x4,

MH+CAVO MH+RX

B2 FAXRAGEOHE (_E) fMasson (T) (x200)
Fig 2 HE staining (top) and Masson staining (bottom) of the left ventricular myocardium of rats in each group (original magnification x200)
x4 FHXRONARREFRGEEILR

Table4 Comparison of the degree of histopathological damage to the myocardium of rats in each group

Ttem CON group (n=8) HH group (n=8) MH group (n=8) MH+CAVO group (n=8) MH+RX group (n=8)
CVF/% 0.98+0.43 1.6621.15 551+1.54" 1.18+0.44"% 31441647
Cardiomyocyte cross-sectional area/ym’ 301.85+93.68 809.76+178.36  923.29+216.39" 481.68+96.07" 532.69+133.52"

CVF: collagen volume fraction. ** P<0.01, vs. CON group; * P<0.01, vs. MH group.
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CON HH MH

MH+CAVO MH+RX

B 3 REXRAODECHINWGARE (%200 )
Fig 3 WGA staining of the left ventricle of rats in each group (original magnification x200)
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Fig 4 Transmission electron microscopy of the left ventricular myocardium of rats in each group (original magnification x6000)
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Table 5 Comparison of myocardial injury markers and oxidative stress markers in the serum of rats in each group

Item CON group (n=6) HH group (n=6) MH group (n=6) MH+CAVO group (n=6) MH+RX group (n=6)
group group group group group
cTnT/(pg/mL) 179.01£24.90 519.30+16.49" 916.23+47.89" 312.03+25.85 % 597.30+13.39 %
SOD/(U/mL) 302.27+3.65 231.31+2.86 105.96+4.03" 278.5145.97 % 185.87+10.02%
MDA/(umol/L) 6.65+2.99 33.55+2.83 57.91+1.13" 17.79+1.337% 40.91+1.90"*
GSH-Px/(U/mL) 1173.49+27.10 700.26+67.71" 300.83+47.25 961.82+17.56 " 536.03+43.15 %

¢TnT: cardiac troponin T; SOD: superoxide dismutase; MDA: malonaldehyde; GSH-Px: glutathione peroxidase.~~ P<0.01, vs. CON group; ** P<0.01, vs. MH

group.
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