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AIM: To examine whether the elevation of endoge-
nous N®, N®dimethylarginine (DMA) content is
related to lipid peroxidation in the high lipid-fed
rabhit. METHODS: In high lipid diet-fed rabhits,
concentrations of setrum cholesterol, triglyceride,
malondialdehyde { MDA ), and DMA were mea-
sured, and endothelium-dependent relaxation to
acetylcholine { ACh) was tested. RESULTS: After
6-wk on a high lipid-diet, the levels of serum total
cholesterol, triglyceride, MDA, and DMA were in-
creased o5 those in control group { MDA was 2,88 -
50.20 vs 1.54 £ 0.13 nmol* L7, P<0.,01 and
DMA was 1.51£0.07 vs 0.75%0.13 pmol-L" ',
P <0.01), while the endothelium-dependent va-
sodilation in the isclated thoracic aorta was impaired
{ the maximal response to ACh was 45.59 + 3. 10 «s
76.93+5.68 % ). Supplememtation with vitamin
E decreased MDA and DMA content and improved
CON.
CLUSIONS: An increase in serum conceniration of

the endothelium-dependent  vasodilation.

IDMA may be secondary to the elevation of lipid
peroxides in the hyperlipidemic rabbir.

!-Arginine is the precursor of nitric oxide
{NO) synthesis and {-arginine analogues such as
methylated arginine can inhibit NO synthesis ' .
N, N dimethylarginine { DMA), an endogenous
inhibitor of NO synthesis, is present in blood of

both humans and animals'2-37

Recently, we have
found that chronic hyperlipidemia induced the eleva-
tion of DMA content concomitantly with an increase

in plasma concentration of lipid peroxides™'. Oth-
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ers have demonstrated that supplementation with
dietary {-arginine improves endothelium-dependent
vasodilation and alleviates histomorphologic changes
of atherosclerosis in the hyperlipidemic rabbir'™ .
The obhjective of this study, therefore, was to ex-
plore whether the content of DMA is correlated with
lipid peroxidation in the high fatr, high cholestercl

fed rabbit.

MATERIALS AND METHODS

Drugs and chemicals N'', N“-Dimethvlarginine, o-
phthaldialdebyde and phenylephrine { Sigma}: thiobarbitaric
acid (Flukea); acetylcholine is of analytical grade, vitarnin E
( Xiamen Fish Liver (il Factory, China} and cholesterol { Bio-
chemical Agent Co Shanghai Institure of Zheng Xiang Chemi-
cal Agent Research, lot Mo 9302195

Lipid feeding protocel  Rabbits ( £, = = 24, weighing
2.0=50.2 kg) fed a laboratory semisynrbetic diet for 6-wk
were randomly divided inte 3 groups: A) Control group: B}
Added 1 % cholesterol, 5 % lard, and 15 % epg for 3-wk
and omutted cholesterol for the second 3 wki C} Received
high lipid dier plus vitamin E 200 mg-kg ' d™! for 6-wk.

Morphological examination  Afier § wh. rthe rabbns
were anesthetized with sodium pentobarbital 30 mg-kg ™!, iv.
Blood samples were collected from the carotid artery, and up-
per thoracic acriae were opened longitudinaily and fixed in
merthyl aldebyde. The color slides of the aortae stained with
bematoxylin and eosin were observed with light micrascope for
intimal lesions and endothelial integrivy.

Vascolar reactivity  The thoracic aorta was placed in
Krebs® solurion (MNaCl 118.3. K1 4.7, CaCl, 2.5, KH,PQ,
1.2, MgS0, 1.2, NaHCO, 25.0. glucose 11.5 mmol- L~ 1).
The acrta was cut into rings (4 mm), taking special care not
te touch their luminal surface. The rings were mounted in
organ chambers (30 mL) aerated with 95 % O, +5 % (Y, at
37T,
and a polygraph. The rings were equilibrated for 90 min af-
Rings were contracted by the ECgy
concentration of phenylephrine, and then relaxarion to ACh

Isometrc force was recorded by a force transducer
rer a loadimg of 6.5 g.

was tested  Relaxation was calculated as a % of the contrac-
tion elicited by phenylephrine.

In the study of effect of exogenous DMA on vasodilator
responses to ACh, the thoracic sorta from control rabhit was

exposed for 30 min, and the agents remained in the perfusate
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for the remmainder of the study.

Biochemical assays Blood samples were kept m ice-
bath fnr 24 b and then centnifuged at 2500 » £ for 20 mun.
Serum levels of total chnlesterol, triglvcerides, and creanne
were measurcd by routine methods  The content of thiobar-
lituric acid reactive substance imflecting level of hpd peroxde
was measured hy a spectrofluoromieter'® and expressed as the
amount of malondialdehvde ¢ MDA

To 1.0 mL of the serum, 1.0 ml of 15 %
trichlorozcetic acid was added, and the muixture was left ot ice
for 10 min. The precipitaled protein was removed by ocn-
irfugation .t 2500 » y for 15 mm, and ihe supernatant was
used for measurement of DMA with HPLCY' . HPLC was
carricd out using a Shimadazu LC-6A hguid chromatograph.
n-Phihaldmldebyde adducts ol methylated amine acids and im-
1e}nal standard DMA produced by pre-column minng were
monitored using a model RF 530 fluorescence detectar sct at
2,330 and A_, 420 nm on a resolve Cyy columm  Samples
wete eluted from the column using a linear gradicnt conteining
solvent A compaosed of NaAce-MeQH (BU: 20, v/v) 0,05 muol
-L.7! and solvent 13 composed of Nadc-Me@IH ¢ 20280, v/v)
0.45 mol at a [low-ratc of 1.0 mL-mm *

Statistical analysis Statistical analysiz was pedformed
with cne way ANOVA, and Tukey's test was used to deter-

mme differences between groups.
RESULTS

Morphological studies The atheroselerctic
plagques of aortae from rabbits receiving high lipmd
diet were severer than those receiving vitamin E +

high lipid diet.

were constituted by apglomerates of cells separated

In both groups intimal thickenings

by a negligible amount of interstitial material such as
collagen fibrils. Large roundish cells with a foamy
cytoplasm and round nucleus constituted the main
cell type in the intima. No pathological change was
found in the aortae from control group.

After b-wk fecding,

serum total cholesterol and triglycerides levels were

Serum lipid profile

higher in high lipid-fed rabbits compared with con-
trol rabbits. The content of MDA in the plasma
was also raised in the high lipid-fed rabbits. Sup-
plementation with vitamin E attenuated the eleva-
tion of MDA, but did not affect 1otal cholesterol and
triglycerides { Tab 1),

Creatine and DMA in seron  The serum crea-
tine was not significantly different between 3 groups

{Tab 1}.

DMA concentrations were increased in the high

Tab 1. Effect of vitamin E on serum contents of total
cholesterol { TC), triglycerides ¢( TG}, creatine ¢ Cre),
malondialdehyde ( MDA ) and dimethylarginine ( DMA) in
normal (Control), high lipid {Lipid} and vitamin E + high
lipid ¢ Vit E + lipid} diet-fed rabbils. r=7-8, ¥*s.
P>0.05, "P<0.05, “P<0.01 v control:

ip>0.05, P<0.05, TP<0.01 v lipid.

Control Lipid Vit E+ Lipid

IC (mmol- 17" 0LB1+0.11 2.13+0.27° 1.7420.36°
[G¢mmal-1 1) 0.39%20.04  1.10£0.14° 0.8420.16%
Ure (pmod-L "7y 70.7224.72 76,33 +4.94% 57.04 +5.35¢
MDA {nmcl-L ") 1.34+0.13  2.88+0.20° 1.85+0.07
DMA (pemol-L7 ") 0.75£0.13  1.61£0.07° 1.17 =0.07"

lipidfed rabbits compared with those of control

group.
markedly decreased the elevation of DMA level

However, supplementation with vitamin E

elicited by chionic hypetlipidemia { Tab 1).
Vasodilator responses In aorta rings from
normal diet-fed rabbits, ACh evoked endothelium-
dependent relaxation in a concentration-dependent
manner, which was impaired in the high lipid-fed
rabbits.

ed impairment of endothelium-dependent retaxation.

Supplementation with vitamin E prevent-

The maximal response to ACh was reduced in the
highk lipid-fed rabbits, while the reduction in the
tnaximal response to ACh of aortae from the rabhbits
supplemented wirth wvitamin E was less compared
with those from rabbits fed high lipid alone
{Fig 1).

To confirm the role of DMA in inhibition of
endothelium-dependent relaxation, exogenous DMA
0.8 and 1.5 pmwol- L.~ Y similar to endogenous DMA
levels in serum of control and high lipid-fed rabbits,
respectively ) was tested. DMA 1.5 pmol- L7 in-
hibited ACh-induced wasodilation, while DMA 0.8
pmol L ~! did not influence the vasodilator responses
1o ACh (Fig 2).

DISCUSSION

Treatment with N%nitro-I.-arginine methyl
ester, an excgenous inhibitor of NO synthesis, de-
teriprates impairment of endothelium-dependent re-
laxation and atherosclerotic lesions in hyperlipidemic

rabbits'®*' .  In the present study , vasodilator
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Fig 1. Effects of vitamin E on endothellum-dependent
relaxation to ACh in isolated rabbit thoracic aortae from
control diet (n = 6}, high lipid diet {# =6), and vitamin
E + high lipid diet-fed rabbits (n=6). x*s,

‘P>0.08, "P<0.05, *P<0.01 vs control;

‘P>0.05, *P<0.05, "P<0.01 v lipid.
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Fig 2. Effects of exogenous dimethylarginine (DMA) on en-
dothellom-dependent relaxailon io0 ACh in isolated thoracic
sortae from normal rabbits. 2=4-6. T ts.

*P>0.05, "P<0.05, “P<0.01 vs control.

responses to ACh in isolated aortae of hyperlipidemic
rabbits were impaired with the elevation of DMA

level.
the increase of endogenous DMA, with a subsequent

It is probable that hyperipidemia induces

reduction of synthesis and/or release NO, contribut-
ing to the formation of atherosclerosis.

Exposure of intact vessels to oxidized LDL re-
sults in impairment of endothelium-mediated relax-

(0] As others have reported previously'''’,

ation
supplementation with vitamin E, a potent chain-

breaking antioxidant, decreased the serum level of

MDA and prevented the severity of atherosclerotic
lesions in hyperlipidemic rabbits. It is of interest
that vitamin E decreased lipid peroxides { MDA )
level and reduced concentrations of DMA in the hy-
perlipidemic rabbit. The data suggest that impair-
ment of endothelium-dependent relaxation elicited
by hyperlipidemia may be due to stimulation of
DMA production via elevation of lipid peroxides,
But the
precise mechanisms for increased DMA content in

the high lipid-fed rabbits remain 1o be deter-

resulting in reduction of NQO synthesis.

minated.

In conclusion, the present results suggest that:
{1} chronic hyperlipidemia in rabbits causes an in-
crease in the content of endogenous DMA which
may be a contributing factor in atherogenesis, and
(2) the elevation of DMA content may be secondary
to the increase of lipid peroxides.
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tion -

blocd platelets: platelet aggrega-

calcium;: adenosine diphosphate: adenosine

triphosphate: thrombin; serotonin

AIM: To investigate thrombin {300 U - L ')-,
ADP (0.1 — 30 pmol - L™!')-, and 5-hydrox-
yiryptamine {5-HT, 3 pmol - L~ " )-induced aggre-
gation, =secretionn of ATP and evtosolic-free calcium
mobilization in density subpopulations of human
METHODS: Using Percoll dis-
RESULTS: The
platelets were separated into high density (HD), in-
termediate density (1D}, and low densitv { [L[})

washed platelets.

continuous  gradient. luman

subpopulations, and their sizas were diminished
with decreasing density { r = 0.978, P < 0.01).
The magnitude of aggregations by thrombin, ADP,
and 5-HT was more sigmificant in HD platelets than
that in [LD platelets { P < 0.01}.

The amount of

Keverved 1994-03-15 Acrepied 1994-11-21

secretion of ATy* induced by thrombin and ADP in
HD platetets wa. also much higher than that in LD
platelets { P < 0.01), except for 5-HT which did
not cause the ensuring release reaction inm any sub-
population of human platelets. Thrombin (1500 U
‘L ')-, ADP {pmol- L !})-, and 5-HT {3 umol

L !}-induced cytosolic-free calcium mobilization
that the
resting level of cytosolic-free calcium concentration
t1Ca®" |} was the same in all subpopulations,
about 80 — 90 nmol- L1,
[Ca™" ], mobilization was entircly different,

ened with increasing density.

was cvaluated as well.  Results showed

However, the level of
height-
CONCLUSION: The
function of HD platelets was much stronger and

more active than that of LD platelets in humarn.

The previous studies suggested that platelet
function was different with platelet density in rab-
bitst!*

sitiont of subcellular components

and the density was depends on the compo-

1 .
¥, especially on the
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