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Abstract:To evaluate the effect of low molecular weight heparin(LMWH)on
 

cardiovascular remodeling induced by long term inhibition of nitric oxide synthase with
 

N-nitro-L-arginine methyl ester(L-NAME),40 male Sprague-Dawley rats were ran-
domly divided into four groups:the control group(n＝10)that received 0.9% salt

 
solution;the L-NAME group(n＝10)that received 30 mg/kg/day of L-NAME,the

 
LMWH3000 group(n＝10)that received 30 mg/kg/day of L-NAME and 4 mg/kg/day

 
of LMWH (molecular weight(M.W.)of 3000)and the LMWH6000 group(n＝10)
that received 30 mg/kg/day of L-NAME and 4 mg/kg/day of LMWH (M.W.6000).
All agents,including saline,were administered intraperitoneally by implantation of

 
osmotic mini pumps.Systolic blood pressure was measured by the tail-cuff method on

 
treatment days 1,7,14,and 28,and histological examination of harvested cardiac tissue

 
and coronary arteries was performed on day 28.Systolic blood pressure was greater in

 
the L-NAME,LMWH3000 and LMWH6000 groups when compared with the control

 
group.There were no significant differences in activated coagulation time(ACT)
when comparing the four groups.Medial smooth muscle cell proliferation and hypertro-
phy and increases in perivascular and myocardial fibrosis were observed in the L-NAME

 
group compared with the control group.Further,these changes were inhibited by the

 
coadministration of LMWH3000 or LWMH6000.This study demonstrates that LMWH

 
prevents cardiovascular remodeling induced by L-NAME in rat hearts independent of its

 
anticoagulant activity.

―221―

(55)Akita J Med 31:221-230,2004

Akita University



 

Key words:nitric oxide,low molecular weight heparin,cardiovascular remodeling,
L-NAME

 

Introduction
 

Nitric oxide(NO)inhibits key steps in the ather-

ogenic process,such as platelet adhesion and aggre-

gation ,adhesion molecule and chemokine expres-

sion,inflammatory cell infiltration,and smooth
 

muscle cell migration and proliferation .Fur-

ther,long-term inhibition of NO synthesis using N-

nitro-L-arginine methyl ester(L-NAME)results
 

in cardiovascular remodeling(e.g.,perivascular
 

fibrosis and medial smooth muscle cell proliferation
 

and hypertrophy)in rats .Thus,deficits in NO
 

contribute to a state of accelerated atherogenesis,

and the L-NAME model offers unique opportunities
 

to explore the atheroprotective properties of vari-

ous agents.Various heparin fractions are effective
 

in preventing smooth muscle cell hyperplasia after
 

experimental arterial injury ,and this anti-

proliferative effect appears to be independent of
 

molecular size and anticoagulant effect .Low
 

molecular weight heparin(LMWH)have a longer
 

half-life and higher bioavailability and may exert a
 

greater atheroprotective effect than other fractions
 

of heparin .Because LMWH is completely
 

absorbed and has relatively weak protein binding
 

capacity,it can be administered subcutaneously in
 

once or twice daily dosing without the need for daily
 

monitoring .Thus,LMWH may represent a
 

viable option as an outpatient strategy to prevent
 

cardiovascular remodeling in the clinical setting.

The purpose of the present study was to evaluate
 

the effect of LMWH on the cardiovascular remode-

ling that is induced by long-term inhibition of nitric
 

oxide synthase with L-NAME.

Methods
 

All animal protocols were approved by the Ani-

mal Research Committee of Akita University.

Further,this investigation conforms to the Guide-

lines for the Care and Use of Laboratory Animals
 

published by the U.S.National Institutes of Health

(NIH Publication No.85-23,revised 1985).

Experimental animal preparation
 

Forty male Sprague-Dawley rats were housed
 

singly in a pyrogen-free facility and fed untreated
 

rat chow.Animals were divided into four different
 

groups:the control group(n＝10)received 0.9%

salt solution;the L-NAME group(n＝10)

received 30 mg/kg/day of L-NAME;the
 

LMWH3000 group(n＝10)received 30 mg/kg/day
 

of L-NAME and 4 mg/kg/day of LMWH (LMWH,

molecular weight(M.W.)of 3000);and the
 

LMWH6000 group(n＝10)received 30 mg/kg/day
 

of L-NAME and 4 mg/kg/day of LMWH (M.W.

6000).All agents,including saline,were adminis-

tered intraperitoneally via implantation of osmotic
 

mini pumps.

Arterial systolic blood pressure was measured at
 

the tail artery by the cuff sphygmomanometer
 

method(APOLLO 179,IITC Co.Ltd.,Woodland
 

Hills,CA,USA)at five time points during the
 

experimental period(days 0,1,7,14 and 28).

Histopathological examination
 

On day 28,the abdominal aorta of each rat was
 

cannulated with a polyethylene tube following anes-

thesia with intraperitoneal sodium pentobarbital

(25 mg/kg).Blood samples were collected for
 

assessment of activated coagulation time(ACT),

and the heart was perfused with physiological saline
 

and fixed with 3% glutaraldehyde solution at 100
 

mmHg in a retrograde fashion.Hearts were cut
 

into three portions aligned perpendicular to the long
 

axis(apex,middle and base of left ventricle)for
 

histopathological examination,and left ventricular
 

slices(5μm thick)were created and mounted on
 

glass slides for Elastica-Masson staining.Com-

puter-assisted planimetry(COSMOSONE 1S,
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Nikon,Tokyo,Japan)was used to determine the
 

area surrounded by the internal elastic lamina(IEL
 

area),the area within the external elastic lamina

(total vascular area:TVA)and the area of per-

ivascular fibrosis(PVF)of each of the five coro-

nary arteries in each slide.Medial layer area

(MLA)was calculated as TVA-(IEL area).

MLA and PVF values were normalized by dividing
 

by TVA.In each heart,approximately fifteen
 

coronary artery sections were examined.Myocar-

dial fibrosis was determined by quantitative mor-

phometry by scanning at 400x magnification.Per-

cent ratio of fibrotic area(%FR)was calculated in
 

the left ventricular cross-sections as the area of
 

fibrosis divided by the myocardial area in the entire
 

visual field of the section.

Morphometry and cell enumeration were perfor-

med by a single observer who was blinded to all
 

treatment protocols.

Drugs and chemicals
 

All chemicals,including L-NAME,were pur-

chased from Sigma Chemical Co.(Tokyo,Japan).

Statistical analyses
 

Values are expressed as mean±SEM.Multiple
 

measurements ANOVA was used for statistical
 

analyses.A P value of less than 0.05 was consid-

ered statistically significant.

Results
 

Body weight
 

During the 4-week treatment period,body weight
 

increased in all animal groups.However,body
 

weight did not differ significantly among the groups
 

either before or after treatment.

Systolic blood pressure
 

Systolic blood pressure was greater in the L-

NAME,LMWH6000,and LMWH3000 groups when
 

compared with the control group(Table 1).

Activated coagulation time(ACT)

There was no significant difference in ACT when

秋 田 医 学

―223―

(57)

Table 1 Changes in systolic blood pressure
 

Groups
 

Day  Control  L-NAME  LMWH3000  LMWH6000
 

0  109.4±1.3  110.4±3.2  113.0±5.4  108.6±0.9
 

1  110.2±2.2  136.4±2.8 131.0±8.8 128.7±2.8

7  107.8±1.3  136.2±4.6 134.0±3.5 129.1±2.5

14  107.3±1.8  135.8±6.4 132.6±3.0 131.3±4.7

28  108.1±2.6  136.3±5.2 132.0±3.1 134.5±5.8

Values are expressed as means±standard errors of the mean.
p＜0.001 versus the control group(control).

Fig.1 Activated coagulation time(ACT)data
 

are expressed as mean±SEM.There was no sig-
nificant difference in ACT when comparing all

 
animal groups.
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comparing the four groups(Fig.1).

Histopathological examination
 

Micrographs of the coronary arteries obtained in

 

each group are shown in Fig.2.Medial smooth
 

muscle cell proliferation and hypertrophy and
 

increases in perivascular and myocardial fibrosis
 

were observed in the L-NAME group compared
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Fig.2 Micrographs of coronary arteries with Elastica-Masson staining in the control(A),L-NAME
(B),LMWH3000(C)and LMWH6000(D)groups at four weeks.Medial smooth muscle cell prolif-
eration and hypertrophy and increases in perivascular and myocardial fibrosis were observed in the L-
NAME group compared with the control group.Further,these changes were inhibited by the coad-
ministration of either LMWH3000 or LMWH6000

 

Fig.3 Percent ratio of medial layer of the coronary artery.See text for detail.Data are expressed
 

as mean±SEM.B:Base,M:Middle,A:Apex. p＜0.05 compared to control, p＜0.01 compared
 

to control,p＜0.05 compared to L-NAME, p＜0.01 compared to L-NAME.
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Fig.4 Percent ratio of coronary artery perivascular fibrosis.See text for detail.Data are expressed
 

as mean±SEM.B:Base,M:Middle,A:Apex. p＜0.05 compared to control, p＜0.01 compared
 

to control,p＜0.05 compared to L-NAME, p＜0.01 compared to L-NAME

 

Fig.5 Micrographs of myocardium with Elastica-Masson staining in the control(A),L-NAME(B),
LMWH3000(C),and LMWH6000(D)groups at four weeks.Marked myocardial fibrosis is observed

 
in the L-NAME group when compared with control.Further,these changes were inhibited by the

 
coadministration of LMWH3000 or LMWH6000.
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with the control group.Further,these changes
 

were inhibited by the coadministration of either
 

LMWH3000 or LMWH6000.Fig.3 shows the%

ratio of the medial layer of each coronary artery in
 

the four groups.Compared with L-NAME group,

%ratio of the coronary artery medial layer was
 

significantly reduced by the coadministration of
 

either LMWH3000 or LMWH6000.Fig.4 shows
 

the%ratio of coronary artery perivascular fibrosis.

Compared with L-NAME group,%ratio of perivas-

cular fibrosis of the coronary artery was also
 

reduced significantly by the coadministration of
 

either LMWH3000 or LMWH6000.

Micrographs of the myocardium with Elastica-

Masson staining at 4 weeks are shown in Fig 5.

Myocardial fibrosis was significantly increased in
 

the L-NAME group.Compared with the L-NAME
 

group,the cardiac fibrosis was significantly reduced
 

by treatment with either LMWH3000 or
 

LMWH6000(Fig.6).

Discussion
 

This is the first study to demonstrate that LMWH
 

prevents the cardiovascular remodeling that is in-

duced by long-term inhibition of nitric oxide
 

synthase with L-NAME in rat hearts.Further,this
 

effect is independent of the anticoagulation effect of
 

LMWH and occurred without any significant
 

change in blood pressure.

Effects of LMWH on systolic blood pressure
 

Long-term inhibition of NO synthesis with L-

NAME resulted in a significant increase in systolic
 

blood pressure(Table 1).The vascular action of
 

eNOS in modulating arterial pressure is well estab-

lished,and the increase in systolic blood pressure is
 

related to inhibition of NO synthesis,increased
 

tissue angiotensin II(AII)activity and possibly
 

via NO interaction with the baroreflex pathways .

In the present study,LMWH did not affect the
 

increase in systolic blood pressure seen with L-

NAME administration.Thus,the beneficial
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Fig.6 Percent ratio of fibrotic area(%FR)in left ventricular cross section area.See text for detail.
Data are expressed as mean±SEM.B:Base,M:Middle,A:Apex. p＜0.001 compared with

 
control,p＜0.005 compared to L-NAME.
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effects of LMWH on cardiovascular remodeling
 

occurred independent of any change in blood pres-

sure.

Effects of LMWH on activated coagulation time

(ACT)

LMWH is characterized by a specific anti-Factor
 

Xa effect,inducing only a small prolongation of the
 

general clotting test,such as activated partial
 

thromboplastin time,prothrombin time and antith-

rombin activity when used at high doses.LMWH
 

fractions are approximately one-third the size of
 

standard heparin and may be capable of greater
 

inhibitory activity than unfractionated heparin for
 

an equivalent anticoagulant effect.However,past
 

studies indicate that the antiproliferative effects of
 

LMWH appear to be independent of its molecular
 

size and anticoagulant effect .The present
 

study utilized 4 mg/kg/day of LMWH (M.W.3000)

and 4 mg/kg/day of LMWH (M.W.6000),which
 

had no effect on the ACT.

Cardiovascular remodeling induced by long-

term inhibition of NO synthesis
 

Long-term inhibition of NO synthesis with L-

NAME resulted in myocardial fibrosis and marked
 

microvascular remodeling characterized by medial
 

thickening and perivascular fibrosis(Figs.2-6).

Use of eNOS knock-out mice has demonstrated that
 

the effects of L-NAME are mediated via inhibition
 

of endothelial NO synthesis as well as by activation
 

of the tissue renin-angiotensin system ,includ-

ing increases in tissue angiotensin converting
 

enzyme(ACE)activity and upregulation of AII
 

type-1(AT1)receptors .The synergistic effect
 

of NO synthesis inhibition and increased tissue AII
 

activity act to promote vascular inflammation via
 

endothelial generation of superoxide anion and
 

secondary activation of NFκB and its downstream
 

inflammatory pathways,including those involving
 

monocyte chemoattractant protein-1(MCP-1) .

Further,AII induces activation of the small GTPase
 

protein,Rho ,which promotes proliferation of
 

vascular smooth muscle cells and mediates acti-

vation of the proinflammatory transcription factors,

NFκB and AP1 .AII can also induce the
 

expression of transforming growth factor-β

(TGFβ) ,and MCP-1 and TGFβmay mediate
 

microvascular remodeling induced by long-term
 

inhibition of NO synthesis .

Effects of LMWH on cardiovascular remodeling
 

Various heparin fractions are effective in prevent-

ing smooth muscle cell hyperplasia after experimen-

tal arterial injury .Cell culture studies have
 

demonstrated that the antiproliferative properties
 

are comparable or even greater for the LMWH than
 

for unfractionated heparin,possibly because of the
 

longer half-life and higher bioavailability of
 

LMWH . LMWH may exerts its cardio-

protective effects via various mechanisms,including
 

inhibition of nuclear transcription factors,modula-

tion of growth factor activity ,regulation of
 

extracellular matrix production,direct inhibition of
 

smooth muscle cell proliferation and migration ,

and by acting as an anti-inflammatory agent.The
 

effects of LMWH on the local angiotensin-renin
 

system may also underlie a portion of its beneficial
 

effects.In fact,several studies indicate that an-

giotensin-converting enzyme inhibitors and an-

giotensin receptor blockers prevent the cardiovas-

cular remodeling in this model .

AII-induced activation of the proinflammatory
 

transcription factor,NFκB,contributes to patholog-

ical cardiovascular remodeling.Recent reports
 

demonstrated that heparin inhibited NFκB activa-

tion,attenuated myocardial reperfusion injury

and inhibited NFκB activation in AII-stimulated
 

mesangial cells .Heparin-binding growth factor
 

also disrupted the NFκB signaling pathway and
 

resulted in decreased levels of inflammatory cyto-

kines .These data,in combination with the pres-

ent observations,suggest that NFκB is a potential
 

candidate to mediate the effects of LMWH on
 

cardiovascular remodeling.Further studies to
 

investigate this hypothesis would be of benefit.

In conclusion,the present study demonstrated
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that LMWH prevents cardiovascular remodeling
 

that was induced by long-term inhibition of nitric
 

oxide synthase with L-NAME in rat hearts.Fur-

ther,this effect is independent of the anticoagulant
 

effects of LMWH and occurred without any signifi-

cant changes in blood pressure.Therefore,

LMWH,which can be administered in one or twice
 

daily dosing,may be a viable strategy for the out-

patient treatment of those at risk for pathogenic
 

cardiovascular remodeling.
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