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[ Abstract ] Objective: The effects of three different doses of borneol on acute myocardial infarction

(AMI) model rats and the effects on oxidative stress factors were compared to provide reference for elucidation of
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the dose-effect relationship and mechanism of anti-myocardial infarction. Method; Healthy adult male SPF SD rats
were randomly divided into sham operation group, model group, solvation model group, nitroglycerin group,
Borneolum high, medium and low dose (0.6, 0.3, 0.15 g-kg™") group, 1-Borneolum and Borneolum syntheticum
high, medium, low dose (0.2, 0.1, 0.05 g-kg ') group, a total of 13 groups, 20 in each group. Gavage was
performed at 20 mL-kg ™' once a day for 3 days of continuous preventive administration. The sham operation group
and the model group were given the same volume of distilled water, and the solvation model group was given the
same volume of 5% polysorbate 80. On the third day of the pre-administration, 30 minutes after the last dose, the
left anterior descending coronary artery was ligated to make a model, and the successful rats were treated for 3
days. BL-420N biological system analyzer was used to record the ST-segment amplitude and hemodynamic changes.
Rat body weight and cardiac weight were weighed to calculate cardiac viscera coefficients, 2, 3, S-triphenyl
tetrazolium chloride (TTC) staining was used to calculate the myocardial infarction rate. Hematoxylin-eosin ( HE)
staining was used to evaluate the degree of myocardial pathological damage. According to the kit requirements,
serum levels of lactate dehydrogenase (LDH), aspartate amino-transaminase ( AST), creatine kinase isoenzyme
(CK-MB) and oxidative stress factors superoxide dismutase ( SOD ), malondialdehyde ( MDA ) were detected.
Result; Compared with the sham operation group, the ST segment amplitude of the model group significantly
increased after 5 minutes, the left ventricular diastolic blood pressure (LVDP) value increased significantly, and
the measured maximum shortening velocity ( Vpm) value of the left ventricular myocardial contraction component
significantly decreased. The organ coefficient and myocardial infarction rate were extremely significantly increased,
and the myocardial pathological tissue was severely damaged. The serum CK-MB, AST, LDH, and MDA contents
were significantly increased (P <0.05, P <0.01). Compared with the solvation model group, the Borneolum and
I-Borneolum in the middle and low, and the Borneolum syntheticum high dose groups could significantly inhibited
the abnormal elevation of ST segments at different time points. The Borneolum and 1-Borneolum high, medium,
low, and Borneolum syntheticum high dose groups significantly increased the left ventricular systolic blood pressure
(LVSP) value and decrease the LVDP value (P <0.01). The Borneolum medium, low, and 1-Borneolum high,
medium, Borneolum syntheticum high dose groups significantly increased the maximum rate of left ventricular
pressure rise (dp/dt max) and Vpm value (P <0.05, P <0.01). The Borneolum and I-Borneolum medium, low
dose groups significantly reduced rat cardiac organ coefficients. The Borneolum high, medium, low and
I-Borneolum, Borneolum syntheticum medium, low dose groups significantly improved myocardial infarction in rats
(P< 0.05, P<0.01). The Borneolum low, 1-Borneolum high, medium, and Borneolum syntheticum high groups
also significantly improved the degree of pathological damage ( P <0.01). High dose of 1-Borneolum significantly
reduced CK-MB content, medium and low dose of 1-Borneolum significantly reduced AST activity, medium and low
dose of 1-Borneolum, high, medium and low dose of Borneolum syntheticum significantly reduced LDH activity
(P<0.05, P<0.01). Serum SOD activity of rats in I-Borneolum high, medium, and Borneolum syntheticum
high dose groups increased significantly (P <0.05, P <0.01). Serum MDA levels in Borneolum high, medium,
low, and 1-Borneolum high, middle dose groups significantly decreased (P <0.01). Conclusion: Three kinds of
borneol in different dose groups can play different degrees of myocardial protection. Under the experimental
conditions, there was a trend of 1-Borneolum > Borneolum > Borneolum syntheticum in improving the efficacy of
myocardial infarction, the dose-effect of Borneolum was negatively correlated, Borneolum syntheticum was positively
correlated, and no significant dose-effect relationship between 1-Borneolum.
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40 % ,20 fi5, 10 £51F 545 m b AR S BP R SR 7K
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i 7% AST,LDH & & .

2.8 Geiteeartr SCHECUE A SPSS 21,0 Bk Ak
XS AR ARSI A S 7 ZE A A i T BORE, SR A B
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*®1 3#kAEX AMI AR OB ST RIEIEHIZM (2 +5,n=8)

Table 1 Effect of three borneol on ST segment amplitude in rats with AMI(x +s,n=8) mV
2 5 F /g kg ! 5 min 10 min 15 min 20 min 25 min 30 min
BFA - -0.08+0.10  -0.12%0.11  -0.11 0. 10 -0.1%0.10 -0.09 0. 09 -0.05£0.07
R AY - -0.02£0.17  0.15+0.102  0.19 £0.16%  0.20 0. 17% 0.19 +0. 18% 0.12 +0.16%
A A - -0.13 £0. 16 0.11 £0.09”  0.18£0.10”  0.16 =0. 10? 0.18 0. 16% 0.15 +0.10%
Tl R H 1.35x10°° -0.06£0.11Y  0.12£0.132  0.15£0.122  0.14 0. 15% 0.13 0. 15 0.12 +0.15%
RIRVK R 0.6 -0.06 0. 14 0.07 0. 13% 0.16 £0.17>  0.12 £0.12% 0.16 0. 13 0.19 +0. 13%

0.3 -0.11 £0.09 0.03 £0.12>*  0.19£0.06*  0.15+0.11% 0.12 +0. 127 0.10 0. 08>
0.15 -0.08 £0. 12 0.01 £0.19%*  0.07 0. 16> 0.11 £0. 14% 0.04 +0. 12*% 0.05 +0. 10*
'y 0.2 -0.02+0.12Y  0.09 +0.07% 0.13+0.11%  0.14 £0.09% 0.12 +0.09% 0.13 +0.11%
0.1 -0.15+0.09%  0.02 £0.06** 0.08 +0.12%* 0.15 +0. 15 0.12 +0. 15% 0.06 +0. 10*%
0.05 -0.08 £0. 10 0.04 £0.12*%  0.12+0.11%  0.15 0. 13% 0.11 0. 12*¥ 0.09 +0.07*%
Ak A 0.2 0.03 +0.16**  0.03 +0.12*%  0.04 +0.08%* 0.06 0. 10**  0.08 +0. 11>¥ 0.15+0.11%
0.1 -0.04 +£0.15Y  0.09 +0.04  0.19 £0.09%  0.18 +0. 10 0.15 0. 12% 0.13 +0. 13%
0.05 -0.09 £0.04  0.04 £0.10>*  0.11 £0.10  0.13 +0. 13% 0.15 +0. 10% 0.11 +0.10%
WS ETFARHLE P <0.05,7 P<0.01; G FIBAH EY P <0.05,P<0.01(£2~6 ).

®2 3okt AMI X RO 38k

M (x £5)

Table 2 Effect of three borneol on cardiac function in AMI rats(x +s)

20 5 /g kg ! n LVSP/mmHg LVDP/mmHg dp/dt max/mmHg-s ™' Vpm/mmHg-s ™'
IFEPN - 5 101.58 £9.97 -1.52£6.72 2584.93 +443.23 127.59 +45.21
LAY - 5 97.64 £12.15% 7.19 +9.60% 2271.18 +629.47% 72.43 £29.82%
R AR - 6 77.46 £12.69% 10.89 +6.93% 1692. 82 +476.76% 57.12 £40.85%
fiF B2 H b 1.35x10°° 5 93.51 =£11.67"% 8.53 +5.73% 2289.64 +393.21"% 66.93 £40.54%
KKK R 0.6 7 86.12 +10.48*% 5.85 +6.29%% 1815.99 +423.98% 52.77 £33.73%

0.3 5 93.74 £7.71%% 2.80 £7.93% 2392.56 +149.99% 84.34 +47.77%%
0.15 5 99.68 +14.98% 5.42 +7.42%% 2217.20 +948.25% 115.33 +60.03%
b 0.2 7 89.21 +12.34%% 3.18 £6.95"% 1987.30 +374.82%% 87.92 £52.88"%
0.1 6 91.64 £7.10%% 4.12 +4.93%% 2390.94 +598.61% 84.36 +52.53"%
0.05 5 91.56 £6.90%% -0.37 £9.78% 2033.77 +£619.80% 65.38 +38.08%
ARk R 0.2 6 92.79 £10.27"% 2.43 +5.34%Y 1986.12 +324.71%% 104.78 +26.35%
0.1 5 82.05 +10.67% 7.36 +5.00% 1820.26 +258.51% 66.42 £18.01%
0.05 5 81.34 +13.31% 12.23 9. 13% 1670.62 =702.54% 69.00 +40.59%

7E:1 mmHg=~0. 133 kPa,

(P <0.01); 57 FIRLRI A b e, #5570 21 K L o L
FEFEZETC 3 22 55 1 R AR vk 7 IR i S 3 A v
B K R R 2 R RO JULAE BE s B 5 AR
BERK(P <0.01), WK 2,5%K4,

3.5 % AMI K BRIV O JUUAH 5C B 5 P iy 2 e 23
il UL A 7 it 22, CK-MB, AST, LDH 75 i th £k 75
FEA RV =3.36/[1 + (X/44.72)"% ] - 0.37,
R =0.999 9; Y - 23.61 + 607.05/[ 1 +
e 0TI R 20.999 9,V =0 +0.783X, R’ =
0.999 8, 5 F A 41 b g, 8R4 K B i
CK-MB,AST,LDH & W 27+ & (P <0.05,P <
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B
5

0.01) ; 57 IR AL LY A, A5 R0 200 LG % 3
FH A5 SR R = RE W RN CK-MB &, K
Jrh ARG G REAR AST & & R H b 2 3
S RN 151 = e 7 O =TI AN (30 B s RO T Y
LDH & & (P <0.05,P<0.01), W35,

3.6 XF AMIT K BRI T 450 £k 10 98 AH DG PR~ 1Y) 5
2= SOD 5 MDA #5 i th £k, SOD, MDA #g i i £& J5
Bk Y = —0.05 +0.084 3X (R =0.999 5);
Y=-0.03+0.203X(R*=0.999 7). H5EF A4
Lo, BERU AL I 7 SOD 36 PEA TR #e, 1M MDA %
IR FEHEM(P <0.01) ; 5B B4 L, A R 2]
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A BT ARYL B BRI COR BRI D AR H M 4L E-G. KR vk b R k2 s HA-3 30 s b IR L 5 K-ML 5 ok R /L op AR5

AL (F 2 )
B 1 3%k 3t AMI KR O ALAETE R M0
Fig.1 Effect of three borneol on myocardial infarction rate in AMI rats

x3 3FKkAEX AMI XROCHEBESZHEROCNELEZNF N
(x%s)
Table 3 Effect of three borneol tablets on cardiac organ coefficient

and myocardial infarction rate in AMI rats(x +s)

2157 Mik/g kg™ o WRRE/%  OHEIER/ %
BFA - 6  0.26+0.01 0

LY - 8  0.30+£0.01% 13.33+5.71%

A A - 7 0.30£0.01% 16.42 +6.25%

AR H 1.35x107° 8  0.28 £0.01>%10.24 +4. 02>

KKk 0.6 6 0.30+0.02% 10.25+3.11%%

0.3 7 0.26£0.01% 10.55 +2.22%%

0.15 7 0.28 £0.03%¥10.95 +4.77%Y

LR 0.2 8  0.30£0.03% 12.07 £4.37%

0.1 8  0.28+0.012%10.91 +4.15%

0.05 7 0.28+0.01"% 9.78 +6.08%

ARk A 0.2 7 0.30£0.02% 11.94 £5.61%

0.1 7 0.30%0.012  9.31x2.5%%

0.05 6 0.29£0.03% 8.20+3.82%%

KELIMYE SOD 3% 1 76 W 3% 42 4k, i MDA 5 & & 3%
HER (P <0.01) ;3 Fr i o, & vk s 7
20K BRI 3 SOD JE Pk Y B B (P < 0.05,P <
0.01) 57 K AR VK A ARG &, 30 v b )
1M MDA & il i PR (P <0.01) , WLk 6,
4 itig

(TN -ZM-Eip)id#k: oG 2Zm
Jok™", 48 (0> S HE Bl AR FE 0V A KGE TS AT T A
B RARE RGN R S JE S L A9 R Sz A
AR, AT S 0 I K R B AT 5 IR R AT, ] R

o JUE B T B . AMIT S SRR 30 Ik 22 L% 5 ok i
BT SR B0 LR BT, e 2 BR R S A0 T i
JEHNZ—. BATFE AMI 8% A m ik 200 77177,
U k43 T SR E Y L T UL IR 14 6 B, DRI O B S B 3
LA 6 25 35 1 B 9 25 ) B A A2 M R 3 3
ST B4 e 00 JULAE B 1 55 28 6 b = 0 J2 A5 5t
Yk BXE S 54 005 B il 37 % Pk DA 2 P I R 3 g A
st T AMI SRR B K AL VAL 22 e ok 2 e K 9
B AS7 3 57 T SRR B ik 2 T S o S R e 4
FL I B M SEER 3 ok 22 T 196 52 3 6, J T a4k ) 8
A, PG 00 ST B 3 W 1 S A Ak, LA
L, 20% ~40% T AL WU GE , 420 % 1] % A
Gk S VR S MY 3K, AT 51RO T RE R 4 L )
iy e AR T AMIL S, A2 40 T E 28
RO K, 32 7% U 2 7T RE % 2B 78 I oK il 48 A= I
AR AR ST JUL A A% A8 AR RO L RS i ) i
W T, DRI R I L9 A 6 0 JOL R B K T T LR
O WL 75 T s b A 4 b R A i
KB, R BE Y IE T B, R KR ST Bk
T RS 5 min W35 HA B PR B 5 1T K 4R
VKR B 3 R e AR, B i vk R 2 700 e 2 1T R IR R
] s R TR 28 K B [] I ) 0 FL ST BE Y 5% 48
5, T S 3 RO T WA T K B g, DA T
D IRE . STE OB F A O BUAS B 12 b {H R s A
TFARAE R B WU ™ T, 5 00 ) 5 s 1 3 Ak 0%
W S T BE A HE R R 5E 4, B K RS
B0 RS R AL A — B, LS B2 4 46
BRI TFARAE KO NAS G BB, TS
TFHG LR RS . AR AR R, A
- 69 -
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B2 3#ukEx AMI KR ONARRERSHFM(HE, x200)

Fig.2 Effect of three borneol on pathological morphology of myocardial tissue in AMI rats( HE, x200)

&4 3FKAY AMIXROMARFEESHZM(x£5,n=6)

Table 4 Effect of three borneol on histopathological morphology of myocardial infarction area in rats(x +s,n=6) s
25 FlHE /g kg ! L L 78 a0 e b 40 iV BE R PEIRIE a5 9 A8 A
MFA - 0 0.67 £0.52 0.50 £0.55 1.00 £0. 63
LA - 3.17 £0.41% 3.17 £0.75% 3.50 +0. 84> 9.83 +1.47%
IR - 3.00 £0. 63> 3.50 0. 55% 3.83 +£0.41% 10.33 +0. 522
iR H i 1.35x10°° 2.33 +£0.52% 2.67 +0.52% 3.83 +£0.41% 8.83 +0.75%
KR UK 0.6 2.67 +£0.52% 2.50 +£0.55% 3.17 £0.75% 8.33 +1.63%
0.3 2.17 £0.98% 3.33 £0.52% 3.50 0. 84> 9.00 +1.55%
0.15 1.57 £0.79% 2.43 +£0.79%% 2.29 +0.49"% 6.29 +1.38%
'y 0.2 1.83 £0.75" 2.17 £0. 414 2.17 £0.41% 6.17 £0.98%
0.1 2.17 £0.75% 2.67 £0.52% 2.17 £0. 98" 7.00 £1.90%%
0.05 2.43 +1.27% 3.43 £0.79% 3.00 +0.82% 8.86 +2.27%
ATk A 0.2 2.67 +1.03% 1.83 £0.75% 2.67 +1.03% 7.17 £1.94%%
0.1 2.80 +0.45% 3.00 £0.71% 3.20 +0. 84> 9.00 +1.73%
0.05 2.33 20.52% 3.17 0. 75% 2.67 £0.52%% 8.17 +1.33%

BERY L0 T BE 5 A T4k 450 3 o Oy ™ i, HG AT RE i EE
KBGO HUEESE 42 71 2R (L LR 80 11 B #0024

5 R R B R R . BRI A —E R

i, {FL 2 A2 12 24 ) S RE A [R) R 2 03 O LB 405 , B2
FNNBE LR Z R RA B L SRR L
B, =R K REAS R AR 2 AR ILRE ST R i 0 AL
o LA 0 R L, 400 0 A OG0 JULTE ) T, 4 7R 25 ) ik
XATC T 70 S AR TR BT 00 JUE 48 5 P g B 4 405 170 A 4% B
AR . AR SV S IR RIK A (Al
Jigi ) X AMIT A58 A By &4 28 — B, A B (RO /L

<70 -

ST Befty4f i, 4 /N0 JURE SE T AR, 02 BB 7
3 AR AMI R B Y LDH [ 1R 19 252

K LR 2R bRt AT K- R R IR 255 253
GORBEATVEOY R BRI TR oy — 28 W
o AR A K R R R — 2, 2R s R R
i, AR VKA b G, 30 R R 2 O — 2 R i
FUBER KR KR i, A KR R ARGR i 4L — 2K
PESCH A E T AR BoR G 59 R R > KRR
U > GRS T IOR B AR e,
KR VKR 5 A e Te i, & oK Fr 3 35 9 e e i 5
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F5 3k AMI KR MFHKONEZTEAZM(x£5,n=6)
Table 5 Effect of three borneol on myocardial enzyme activity in serum of AMI rats(x +s,n=6)
20 51 Fik/g-kg ! CK-MB/pg-L™" AST/U-L™! LDH/U-L"!
BFER - 46.24 +16.64 19.19 +4.57 71.87 £32.39
T - 70.37 £9.39" 39.33 £4.49% 849.53 +119.38%
A - 79.68 +34.50" 32.49 +3.80" 841.52 +58.15%
fiFf 2 H 1.35x107° 62.87 £27.39 32.03 £15.91" 712.47 £40.18*%
KR VK H 0.6 58.52 £31.93 35.14 £11.27% 772.31 +65.95%
0.3 70.70 +27.19 25.17 +4.76 767.34 £95.57%
0.15 54.95 +22.11 22.89 £9.95 814.66 +64.23%
R 0.2 49.04 £14.26% 23.78 +2.71 817.29 +71.51%
0.1 60.15 £24.09 19.76 +4.97% 694.58 +60.23%%
0.05 57.09 £32.28 16.54 +6.78% 707.67 +49.77%%
& vk A 0.2 53.88 +29.74 36.45 £9.58% 732.91 +62.4%)
0.1 75.93 £15.32" 34.84 £7.07% 751.00 +110. 822
0.05 55.18 £11.17 22.83 £12.88 736.00 +79.43%

F6 3 FikF3 AMI KR i% SOD, MDA £ EMH M (x =5,
n=6)

Table 6 Effect of three borneol on SOD and MDA activity in serum
of AMI rats(x +s,n=6)

28 51 Fl /g kg ! SOD/ g L' MDA/ pmol - L. 7!
15 FA - 2.41 £0.27 3.25+0.15
T - 2.06 £0. 16 5.98 +0.29%%
¥ 7 - 1.93 +0. 15% 4.14 £0.45%
RIRVKF 1.35x10°° 1.92 +0.17% 3.32 +0.38%
0.6 1.97 0. 17" 3.59 +0.20%
0.3 2.01 £0. 13" 3.30 +0.37%
LR 0.15 2.33 0. 34% 3.28 0. 49Y
0.2 2.32 +0.24% 3.45 £0. 34"
0.1 2.12+0.29 3.96 +0.26%
A HLUK 0.05 2.41 0. 70" 3.92 +0.38%
0.2 1.99 +0.29" 4.32 +0.22%
0.1 1.94 +0.30% 4.31 +0.11%

S e i, FLA Ol VR 5 A 5C , BARPL 4 1 4
Ja T LARAWEGE o A S8 K AR UK R B R0 R OC
AR R BEIEAR O, 3 A e B B AROE &R, il TS
R fe 2 22 M I R R, ik B — 2D g AT SR
Bk

A TS A B AL L3 (0S) 5.0 WUARE SE 1 % 28
Jo 2 R B VA S UDAR O, AR P 7 A DR 36 R 4R L R
F(ROS) HifEA A th % (RNS) 5LE AN - 41
LRGSR T . BEBE L L SOD figl ROS

255 I BR, AT LA LR T B 4140 ROS [ 58 55
FEHEO WL A ) Kk ROS T 4l g B A AN 10 A i
Wi iR 51 A& B B ik A Ak R, B R AR B i A Ak
MDA, i & O B # 45'. ESKANDARI-NASAB
28 L) 3o 075 6 BT A A% 3 1 L K 4 DNA, & B
th SOD1 3 A A 3l R 2k 1) &2 i &, H B A O I 5
P A XUBS: B 5 T L #E SOD pY Rk 50 1A R
B VIR G . ARSI R & b, A vk R e R a2
KRELMLE SOD i 1 @ & 48 &, KR VK iy o I,
R B LI MDA 7K - 349 4% 3 A, $2 R
A 3G 0 SOD (1 3k, Hak XF ROS 197 Bk, B AIK
MDA & i fi0 WL 15, 5 285 85008 559 2 AR — 3, 48
7 R AR R B PR KCE R RE S = A vk R B ILAE
TR HLE Z —

ZE b, =Rk R A7 2l T Al A s AMIT R R
ST B FLC T 68, B AR O W AR 48 28 B0 LA B8R
e U WL 25 B4 0, 400 ) O 35 0 LI S5
KR AR R B R K R A VR R .
R R > RRUK I > G K i3, o R AR
KA AR ARG A KR B IEARSG, R E %
WA R o HBH iR O WUREFE i R )2 IR AL N 38 6 Bk
LS A e g5 A A T B DL SR E .
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