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Abstract

Hypercholesterolemia is an important pathogenic factor in
atherogenesis. In hypercholesterolemia, nitric oxide (NO) production was
enhanced. Over production of NO was found to attenuate baroreflex
function. This is consistent with the findings that baroreflex sensitivity
(BRS) was depressed in hypercholesterolemia. The Chinese herb,
Magnolia officinalis, was shown to improve hypercholesterolemia
However, whether the Magnolia officinalis could also improve BRS is
not known. In some pathophysiological states, such as in hemorrhage,
BRS was also depressed and could be attributed to NO. Whether the BRS
depression in hypercholesterolemia in hemorrhage is aso related to NO
or whether it could be ameiorated by Magnolia officinalis remains
unknown. The present study, therefore, was undertaken to investigate the
following hypotheses: 1. the BRS in hypercholesterolemia may be
attenuated in severe hemorrhage, 2. the attenuation of BRS may be
mediated by NO, 3. besides improvement of hypercholesterolemia,
Magnolia officinalis could aso improve BRS in normal state aswell asin
severe hemorrhagic state, and 4. the action of Magnolia officinalis on
BRS in hypercholesterolemia may be mediated by NO.

Male New Zealand white rabbits were divided into 3 groups: 1.
Control group (normal diet), 2. Cholesterol group (0.5% w/w cholesterol
diet), or 3. Magnolia group (same as Cholesterol group but plus 1% w/w
magnolia officiralis crude methanol extract). The animas were
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continuoudly treated under the designated diet for 4 or 8 weeks. BRS in
the control of heart rate was determined by linear regression method.
Hemorrhage was induced by bleeding from the arterial catheter, until a
paradoxical decrease of heart rate from peak tachycardia and a drop of
mean arterial blood pressure below 70 mmHg were both observed.

The results demonstrated that arterial blood pressure (BP), heart
rate (HR), and BRS were not different among groups after 4 weeks of diet
treatment. However, after 8 weeks o treatment, plasma total cholesterol
was sgnificantly elevated in the Cholesterol and Magnolia groups. The
BP was also increased in the Cholesterol and Magnolia groups. The BRS
of the Cholesterol and Magnolia groups was both significantly depressed.

However, the BRS of the Magnolia group was significantly greater than
that of the Cholesterol group. After L-NAME (Nw -nitro-Larginine

methyl ester, 20mg/kg, iv.), the BRS of the Cholesterol group was
significantly improved. In response to hemorrhage, BRS was depressed in
al 3 groups. But BRS was improved by L-NAME treatment in all 3
groups. In hemorrhage, the BRS of the Magnolia group was greater than
that of the Cholesteral.

The data suggested that BRS was depressed in
hypercholesterolemia, and it can be related to NO. Hemorrhage aso
caused decrease in BRS in hypercholesterolemia, and it may also be
attributed to the NO. Magnolia apparently improved the BRS of the
hypercholesterolemia group, but it is likely that it is not related to NO.
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(Libby, 1999)
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magnolol (Hong

et d., 1996)
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(Arachidonic acid) B, thromboxane B2

(Chen et d., 1999)
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(New Zedand white rabbit, NZW

rabbit) 2-3
/ 12/12 (TAM-7PM)
23+3 100g
8 0
(
2000)
95 %
M ethanol (N/S 0.9
% NaCl) Sgma
1.
2. ( Magnolia officinalis)

3.Sodium Pentobarbital
4. Heparin
5.Phenylephrine

6.L-NAME (Nw -nitro-L-arginine methyl ester)



Rotary vacumn evaporator N-11 (EYELA, Tokyo, Japan)

99.98 Methanol TEDIA, Fairfied, Ohio, USA

20 kg 80 HPLC  99.98 CH;OH
60 3 Rotary vacumn evaporator N-11

45  650-660 mmHg

670-700 mmHg 4-5kg
95 Ethanol , Taichung, Tawan
1. 05%
10 ml 0.5¢

100g
05 ( 2000)
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19 95 % (ethanal)
100g 60 4
1 10 ml
0.5g

0.5 ( 2000)

Cholesterol Triglycerides

Spectrophotometer U-2000, Hitachi)

Cholesterol reagent (D-65558 Holzheim , Germany)

Triglycerides reagent (D-65558 Holzheim , Germany)

12 3ml 23G
1.5ml 3000 rpm 10
10 Cholesterol reagent  Triglycerides reagent

1ml
Triglycerides (mg/dL) sample/calx231 (mg/dl)

Cholesterol (mg/dL) sample/calx233 (mg/dl)



Sodium Pentobarbital (30 mg/kg iv.)

Pentobarbital

(Hegprin 100 1U ) PE9O

PE-S0

(Arterial blood pressure, ABP)
(Mean arterial pressure, MBP) (Heart rate,
HR)
PE Gould (Pressure

transducer) (Presure processor amplifier, Model
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NO.20-4615-52) ABP MBP HR

(Baroreflex sensitivity, BRS)

Phenylepherine

(025 05 075 1 p gkg iv)

(bpm/mmHgQ)

(Heparin 100 1U/ml)
50-60 mmHg
10-15

25-30
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(Control group ) 2 (Cholesterol group
0.5% ) 3 (Magnolia group 0.5%

1% ) 100 8

Phenylephrine

L-NAME 20 mg/Kg, iv. 10

50-60 mmHg

NO

50-60 mmHg NO

L-NAME 10 NO
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+L-NAME Hemorrhage Recovery
or or
Hemorrhage +L-NAME

I+

(mean +SE) two-way
Student -Newman-Keul test
paired t-test

P 0.05 (P<0.05)
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8

70£5 781+60 mg/dL

9612

mmHg

-2.26:0.21 -1.28+0.05 (bpm/mmHg)

NO
NO
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L-NAME

88t4 983 mmHg

L-NAME 99+5 114+4 mmHg
L-NAME
L-NAME L-NAME
L-NAME 2479 252+9
(bpm) L-NAME

222+15  201+12 (bpm)

L-NAME L-NAME
L-NAME
L-NAME
-1.77+0.10 L-NAME -1.28+0.05 (bpm/mmHg)

60 mmHg
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NO

NO BRS
BRS-0.87+0.05 -1.37+0.13
bpm/mmHg L-NAME NO
BRS-1.33+0.19 -2.04+0.2 bpm/mmHg
8

781+60 514+139 mg/dL

164+3 191+27

109t2 109+2 mmHg



-1.28+0.05 -1.65+0.11 (bpm/mmHg)

NO
L-NAME
L-NAME 98+3 108+4 mmHg
L-NAME
114+4 121+5 mmHg
L-NAME L-NAME
L-NAME L-NAME

25249  277+32 (bpm)

L-NAME 201+12
197+30 (bpm) L-NAME
L-NAME L-NAME
L-NAME -1.77+0.10 L-NAME -1.28+0.05

(bpm/mmHgQ)



60 mmHg

NO BRS
BRS -0.87+0.05 BRS

-1.12+0.10 bpm/mmHg L-NAME NO
BRS -1.33+0.19 BRS —1.56+0.16

bpm/mmHg
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Wilfert et al. (2000)  Li et

d. (1996)

(neurohumoral factors)

(media)  All type 1 receptor (Yang et al., 1998)
angiotensin-converting enzyme (Song et d., 1998)
(total periphera resistance)
(Wilfert et d., 2000) NO

(Souzaet al., 2001)
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oxygen-derived free radicals

(Li et d., 1996)

(vascular stiffness)
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(Gianaros et d., 2002)
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NOS L-NAME
Souza et al., 2001
NO
(Liu et d., 1996)

L-NAME

NO
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NO L-NAME magnolol
NO (Hong et al.,
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NO NO

NO

(Chenetd.,



1978)

noradrenaline  potassium
endotoxin shock
tumor necrosisfactor-a TNF-a TNF-a
inducible nitric oxide synthase iINOS
(Thiemermann et a.,1993) INOS
noradrenaine cardiac output blood pressure

venous tone (Tabrizchi,1998)

1997 Sato NO
NO
NO (Ling et a., 2003)
NO (Thompson et d.,2004)
NO
(hemorrhagic shock)

? (endogenous opioid peptid, EOP) (Lang et

a.,1982) EOP (Rubin et al.,1983
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Table 1.

Plasma levels of cholesterol (CHO) and t riglycerides (TG) of rabbitsfed
with various diets at the 8th week.

Group 7 Comdhecslt er oMagnodl i a
CHO ( mg/ d t5 ZO0* 781 *139* 514
TG mg/ dL +51 3 8 +3 164 27 191

All values are expressed as means + SE (standard error of means). The
sample sizes are indicated in parentheses. The Control group were fed with
normal rabbit chow. The Cholesterol group were fed with normal rabbit
chow plus 10 (w/w) corn oil and 0.5 (w/w) cholesterol. The Magnolia
group were fed with the same diet as the Cholesterol group, but plus |
(w/w) Magnolia dficinalis methanol extract (see text for detail).* : P
0.05, compared with the Control group.



Table 2. Baseline systemic blood pressure (BP), heart rate (HR) and BRS of
rabbitsfed with various diets at the 4th and 8th week.

Group Control Cholesteral Magnolia

Week 4 14 8 21 4 9 8 18 4 8 8 12

BP(mmHg) 95+1 96+2 94+2 109+2* 101+4  109+2*
HR (bpm) 248+8 2555 233+10 25745 2465 27411
BRS(bpm/mmHg) -2.2240.29 -2.26£0.21 -1.71+0.35 -1.2840.05* -1.94+0.22 -1.65+0.11*#

All values are expressed as means + SE (standard error of means). The
sample sizes are indicated in parentheses. The Control group were fed with
normal rabbit chow. The Cholesterol group were fed with normal rabbit
chow plus 10 (w/w) corn oil and 0.5 (w/w) cholesterol. The Magnolia
group were fed with the same diet as the Cholesterol group, but plus |
(w/w) Magnolia officinalis methanol extract (see text for detal).* : P
0.05, compared with the Control group of the same week. # P 0.05,
compared with the Cholesteral group of the same week.



Table 3. Effects of NO synthase blockade with L-NAME on the systemic blood

pressure BP) and heart rate (HR) of rabbits fed with various diets at
the 8th week.

BP mmHg HR bpm

Group  Control 9 Cholesterol 7 Magnolia 4 Control  Cholesterol  Magnoli a

Before 884 98+3 108 +4* 247 £9 25219 277+32
After 99+5% 114 44 121 54 222 15 201 +12% 197 +30

%Change 12+3 1622 12 £2 -10¢6  -21+3  -2816

All values are expressed as means = SE (standard error of means). The sample
sizes are indicated in parentheses. The Control group were fed with normal rabbit
chow. The Cholesterol group were fed with normal rabbit chow plus 10 (w/w)
cornoil and 0.5 (w/w) cholesterol. The Magnolia group were fed with the same
diet as the Cholesterol group, but plus | (w/w) Magnolia officinalis methanol
extract (see text for detail). * : P 0.05, compared with the Control group before
L-NAME was added . ** : P 0.05, compared with the Gontrol group after
L-NAME was added . #: P 0.05, compared with the same group before
L-NAME was added.



Table 4. Systemic blood pressure BP) and heart rate HR) profile during

induction of hemorrhage in rabbits fed with various diets at the

8th week.

BP (mmH)

HR (bpm)

Group Control(8) Cholesterol(9) Magnolia(6)

Control -~ Cholesterol  Magnoli a

Baseline 94+4 11243
PeskHR  71£3 78+3
Lowest HR 5813 5643
Lower plateau 7628 T4+4

108+3

288+13  271+12  260+20
310 £17  2%6+12  335+20

274 £15 247+10 236115
296110 208t13  293+23

All values are expressed as means + SE (standard error of means). The sample

Sizes are indicated in parentheses. The diet treatment of each group was the
same as described in Table 1. Baseline: baseline BP and HR before induction of
hemorrhage. Peak HR: phase of hemorrhage when HR reached the highest level.
Lowest HR: phase of hemorrhage after HR was decreased from peak HR to a
lowest point before developed to a steady plateau. Lower plateau: phase of

hemorrhage when criteria of hemorrhage were reached, and both BP and HR

reached a plateau (also see text and Fig. 4 for more detail).



Cntrol  Cholesterol Magnolia

—_
(@)
I
£ 4t
=
~
-
o
o)
SN D
0p)]
o
(a8
N 4 week
3= — 8 week

Fig 1. BRS of rabbitsfed with different diets at the 4th and 8th
week.

All values are expressed as means + SE (standard error of means). The sample
sizes are indicated in parentheses. The Control group were fed with normal
rabbit chow. The Cholesterol group were fed with normal rabbit chow plus 10

(w/w) corn oil and 0.5 (w/w) cholesterol. The Magnolia group were fed
with the same diet as the Cholesterol group, but plus | (w/w) Magnolia
officinalis methanol extract (see text for detail).* : P 0.05, compared with the
Control group of the same week. # P 0.05, compared with the Cholesterol

group of the same week.
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Fig. 2. Effects of NO synthase blockade with L-NAME on the systemic
blood pressure and heart ratein rabbits fed with different diets.

The Control group were fed with normal rabbit chow. The Cholesterol group were
fed with normal rabbit chow plus 10 (w/w) corn oil and 0.5 (w/w)
cholesterol. The Magnolia group were fed with the same diet as the Cholesterol
group, but plus | (w/w) Magnolia officinalis methanol extract (see text for
detail).
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Fig 3. Effects of NO synthase blockade with L-NAME on BRS in rabbits
fed with different diets.

The Control group were fed with normal rabbit chow. The Cholesterol group
were fed with normal rabbit chow plus 10 (w/w) corn oil and 0.5 (w/w)
cholesterol. The Magnolia group were fed with the same diet as the Cholesterol
group, but plus | (w/w) Magnolia officinalis methanol extract (see text for
detail).* : P 0.05, compared with the baseline values (before L-NAME) of the

Control group. # : P 0.05, compared with the baseline values of the
Cholesteral group.

49



Baszeline Paak HR Loweast HR Lower plateau
| ' }

500 p—

HR ----- B 4 . T - - e i e —r T o
{bpm)

250,

MEF .
{mmHg) e A _— -

250
ABP
{mmHg) ‘_.,Mw_‘._.;h-ma_.—#

ol—

1 min T 1 sac

Hemaorrhage

Fig. 4. Changes of systemic blood pressure and heart rate during the induction of
hemorrhage.

After the Basdline was recorded, procedure of hemorrhage was initiated (arrow).
Note that the hemorrhage started with a non hypotensive phase with a gradual
increase in heart rate. Then the hemorrhage developed into a hypotensive
phase with a further increase of heart rate (Pesk HR). However, as
hemorrhage progressed into a more severe phase, the heart rate was
paradoxically decreased. The hemorrhage was continued until the mean
arterial blood pressure dropped below 70 mmHg (Lowest HR), and then the
procedure of hemorrhage was terminated. The blood pressure and heart rate
would then levd off (Lower plateau).
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Fig.5. Effects of NO synthase blockade with L-NAME on BRS during
hemorrhagein rabbitsfed with different diets.

P 0.05 was considered datistically significant. Statistical notations are
defined as follows.  : compared with the baseline of the Control group. #:
compared with the baseline of the Cholesterol group. : compared with the
hemorrhagic state (Hemo) of the Control group. ##: compared with the
hemorrhagic state (Hemo) of the Cholesterol group. : compared with the
hemorrhagic state with NO synthase blockade (H+L-NAME) of the Control
group. ###: compared with the hemorrhagic state with NO synthase blockade
(H+L-NAME) of the Cholesterol group. The Control group were fed with
normal rabbit chow. The Cholesterol group were fed with normal rabbit chow
plus10 (w/w) cornoil and 0.5 (w/w) cholesterol. The Magnolia group were
fed with the same diet as the Cholesterol group, but plus | (w/w) Magnolia
officinalis methanol extract (see text for detail).
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