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related mechanisms in renovascular hypertensive rats

ZHU Hai-Bo, GENG Mei-Yu', GUAN Hua-Shi ( Department of Marine Pharmacology . Marine Drug and Food In-
stitute , Ocean University of Qingdao , Qingdao 266003, China);

ZHANG Jun-Tian ( Department of Pharmacology , Institute of Materia Medica, Chinese Academy of Medical Sci-
ences & Peking Union Medical College , Beijing 100050, China)

KEY WORDS  antihypertensive agents; nitric oxide;
angiotensin [l ; endothelin-1; renovascular hypertensive
rats

ABSTRACT

AIM: To investigate the antihypertensive effects of D-
polymannuronic sulfate { DPS), a kind of sulfated
polysaccharide, and the underlying mechanisms in reno-
vascular hypertensive rats (RHR). METHODS: Used
two-kidney one clip (Goldblatt, 2-K 1C) method to pro-
duce RHR model. DPS was given iv or ig for 5 wk with
the initiation of establishment of RHR. Serum nitric ox-
ide {NO) was determined with NO kit; plasma an-
giotensin 1| (Ang I[) and endothelin-1 (ET-1) were
measured by radioimmumoassays. RESULTS: In acute
therapeutic experiments, DPS markedly reduced systolic
blood pressure (SBP) and diastolic blood pressure ( DBP)
dose-dependently and decreased beart rate (HR) with re-
duction in arterial blood pressure. In the prophylactic
experiments, DPS prevented the rise in SBP and DBP in
a dose-dependent manner. The hypotensive potency of
DPS 50 mg/kg is comparable to that of captopril (14
mg/kg). Moreover, DPS elevated senin NO contents
and lowered plasma concentrations of Ang [I and ET-1,
CONCLUSION: The antihypertensive activities of DPS
might be involved both in increasing the generation of ni-
tric oxide and in decreasing the production of angiotensin
[l and endothelin-1 in vivo.

INTRODUCTION

Although heparin is well recognized as a potent anti-
coagulant agent clinically, much more attention has been
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focused on its antihypertensive action with nonanticoagu-
lant pharmacological activities inn recent years. It is doc-
umented that heparin injected subcutaneously in dose of
200 — 300 TU daily causes continuous decrease in blood
pressure in spontaneously hypertensive rats {SHR) as well
as in renovasular hypertensive rats (RHR}, characterized
by an marked reduction in total peripheral resistance and
increase in cardiac output. Furthermore, the antihyper-
tensive action has also been demonstrated in the stroke
prone spontaneously hypertensive rats and kidey-mass-ab-
lation hypertensive rats™ Although the hypotensive
mechanisms of heparin are not yet fully understood, sev-
erdl reports infer its mechanisms to be associated with in-
hibiting the proliferation of aortic smooth muscle cells
(SMC) and increasing the release of nitric oxide (NO)
from endothelial cells in rais'!.

D-polymannuronic sulfate {DPS}, a kind of sulfat-
ed polysaccharide extracted from brown algae with specif-
ic means of fractionation and chemical modification,
bears certain similarity in structure and pharmacological
activity to heparin such as inhibition of the proliferation of
aortic SMC, which raises the possibility that DPS might
exert antihypertensive activities. In our experiment, a
model of renovascular hypertension of rat was used to e-
valuate the antihypertensive activities of DPS!3-3)

MATERIALS AND METHODS

Drugs and Reagents DPS ( M, 4000) was pro-
vided by Matine Drug & Food Institute, Ocean University
of Qingdao. Captopril was purchased from Jinan
Dongfeng Pharmaceutical Factory, Shandong; while hep-
arin sodium {12 50¢ U/2 mL) from Changzhou Pharma-
ceutical Factory, Jiangsu. Nitric oxide, endothelin-1,
and angiotensin [] kits were products of Chinese Acade-
my of Military Medical Sciences, Beijing.

Animals and Experimental design Male Wis-
tar-Kyoto ( WKY) rats (n = 130) weighing 180 g £ s 27
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g were obtained from Experimental Animal Center of
Shandong (Grade [l , Certificate Ne 980201) .
therapeutic experiments in which the effects of single in-
jection of DPS were studied rats were randomly divided
into seven groups (eight in each group); Group [ :
sham-operated; Group [ : renovascular hyperiensive
model; Group [l : DPS 25 mg/kg; Group [V ; DPS 12.
5 mg/kg; Group V : DPS 6.2 mg/kg: Group V] . DPS
3.1 mg/kg: Group V[;: DPS 1.6 mg/kg. In the pro-
phylactic experiment, the effects of DPS ig once a day for
5 wk simultaneously with the initiation of the establish-
ment of renovascular hypertensive model were evaluated.
Rats were randomly divided into six groups (ten in each
group) ; Group 1 ; sham-operated; Group [[ ; renovasu-
lar hypertensive model; Group Hi: DPS 50 mg/kg;
Group V. DPS 25 mg/kg: Group V: DPS 12.5 mg/
kg; Group VI: captopril 14 mg/ke. Rats were housed
for one week 1o be accustomed to our environmental con-
ditions before experiments.

Establishment of renovascular hypertensive
model in rats Rats were anesthetized with 40 mg/kg
sodium pentobarbital intraperitoneally and placed on dor-
sal position. Under sterile conditions, the left renal
artery was exposed, isolated, and constricted as described
by Li et ai**. Benzylpenicillin 1 x 10° [U was used to
prevent infection. There was a rise in blood pressure in
most of the operated rats after 3 wk.  After 4 wk, blood
pressure in these rats became steady. Oaly the rats with
systolic blood pressure over 160 mmHg (116 out of 130
rats, 1 mmHg = 133.3 Pa) were used for the following
experiments.

Measurement of arterial blood pressure and
heart rate Before the rats were randomly divided into
desired groups, the baseline of arterial blood pressure and
heart rate of the experimental animals were measured by
tail-clip method (Hunan Medical University, Changsha).
In acute experiments, after renovascular hypertension was
induced by 2-K 1C method in Wistar rats for one month,
the effects of single administration of DPS were investi-
gated. A heparinized catheter (containing 2 % heparin,
2500 units) was implanted into the carotid artery in re-
anesthetized RHR, and the other end of the catheter was
connected to a pressure sensor on Physiological Parameter
Recorder ( Shimadzu, Japan). When blood pressure re-
mained steady for 10 min, DPS 1.6, 3.1, 6.2, 12,5,
and 25 mg/kg, was administrated via sublingual vein,
and DPS-untreated group was injected with the same vol-
ume of saline. The arterial systolic blood pressure, dias-
tolic blood pressure and heart rate were measured prior to

In acute

and 5, 10, 15, 20, 30 and 120 min after drug treatment.
ECG was monitored throughout the expenments.

In prophylactic experiments, the effects of DPS
12.5, 25, and 50 mg/kg ig once a day were measured
for 5 wk on arterial blood pressure and heart rate in RHR
by a tail-clip method, prior to and after the third and the
sixth week, respectively. Mean arterial pressure was
calculated routinely .

Determination of serum NO contents and
plasma ET-1 and Ang [ concentrations After
DPS was administered ig to RHR for 5 wk, rats were de-
capitated and blood samples were taken out for the deter-
mination of serum NO contents by NO kit, while plasma
ET-1 and Ang [I were measured by radioimmunoassays.

Statistical analysis Data were expressed as
% £ 5 and analyzed with ¢ test.

RESULTS

Therapeutic effects of DPS on arterial blood
pressure and heart rate in RHR  In acute therapeu-
tic experiments, DPS 1.56, 3.13, 6.25, 12.50, 25.00
mg/kg was administered via sublingual vein. DPS
markedly reduced arterial systolic blood pressure and dias-
tolic blood pressure in a dose-dependent fashion and sig-
nificantly decreased heart rate with reduction in arterial
blood pressure. The maximal hypotensive effect of DPS
was observed at 25 mg/kg within 5 min [ SBP decreased
from (176 +6) to (65 +9) mmHg; DBP from (148 +8)
to (43 x4) mmHg] , and the antihypertensive activities
of DPS at doses ranging from 6.2 to 25 mg/kg were
characterized by 2 rapid onset (within 1 min) and long-
lasting duration ( approximately 30 min), while heart rate
was restored earlier than arterial blood pressure (Fig 1).

Prophylactic effects of DPS on arterial blood
pressure and heart rate in RHR  In prophylactic
experiments, SBP and DBP in DPS-unireated RHR were
significantly higher than in sham group, indicating that
the renovascular hypertensive model was established suc-
cessfully. DPS, given ig to RHR once a day for 5 wk,
significantly lowered arterial SBP and DBP in RHR dose-
dependently, and DPS at dose of 50 mg/kg showed a
similar potency as compared with that of captopril at a
dose of 14 mg/kg {Tab 1). While thers was no signifi-
cant difference in heart rate observed either prior to or af-
ter administration (data not shown) .

Effect of DPS on serum NO contents, plasma
ET-1 contents and Ang [ contents in RHR
Serum NO contents [ (44 £ 6) pmol/L] in DPS-untreated
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Figl. Therapeutic effects of DPS on arterial systolic blood pressure (SBP), diastolic blood pressure (DBP), and
heart rate (HR) in renovascular hypertensive rats. DPS was administered via sublingual vein at 1.56, 3.13, 6.25,

12.50, and 25.00 mg/kg. n =10 rats. X % 5.

9P > 0.05, P <0.05, 'P <0.01 vs baseline.

RHR were decreased by 26 % as compared with that of
sham operated rats [ (58+4) pmol/L]. DPS increased
the release of serum NO contents in RHR dose-dependent-
ly compared to DPS-untreated group (P < 0.01). In
addition, the increase in the release of serum NO contents
[(50 =6) pmol/L] in DPS-treated RHR (50 mg/kg)
was as great as in captopril-treated RHR [ (56 +6) pmol/
L]. A dramatic reduction in plasma ET-1 contents in
DPS-treated RHR, ig once a day for 5 wk, was observed

SBP and DBP: °P>0.05, "P<0.05, “P<0.01 vs RHR. HR:

in a dose-dependent manner compared to that in DPS-un-
treated group. But the decrease in plasma ET-1 contents
in the DPS-treated group was less than that in captopril-
treated RHR. In DPS-treated RHR, the reduction in
plasma Ang 1T contents [ (254 + 18) pmol/L] was sig-
nificant compared with that in DPS-untreated RHR [ (464
+15) pmol/L], but there was no dose-dependent rela-
tionship. The reduction in plasma Ang II contents in
DPS-treated RHR was less than that in captopril-treated
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(Fig 2) DISCUSSION
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in renovascular hypertensive rats were systemically inves-
tigated. The results indicated that DPS exened antihy-
pertensive activities in a dose-dependent tashion in RHR.,
churacteristired by a significant reduction in both SBP and
DBP.

Generally, the evaluation of efficiency of antibyper-
tensive drugs is based upen thar capacity of lowening ei-
ther diastolic blood pressure, or systolic blood pressure,
tr hiath, And traditional methods for measuring the effi-
ciency of anthypertensive drugs have been focused on re-
duction in DBEP, because of the importance of reducing
DBP acconding o epidemiclogical and clinical smudies.
However, recent evidence has hiphliphied the mle of SBP
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DIPFS was given ig at doses of 12.58, 25.00, and 50.00 mg/kg once a day for 5 wk.
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Effects of DPS on servan N, plasna ET - 1 contenis, and Ang | contents in renovascular hypertensive rats.
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in the pathogenesis of hypertension and subsequent impor-
tance in assessing the efficiency of potent antihypertensive
drugs'”) . The hypotensive effects by DPS on both SBP
and DBP makes it a potentially promising candidate as a
new chemical entity for antihypertensive,

DPS promoted a significant increase in NO release in
a dose-dependent manner. It appears likely that DPS ex-
erted antihyperiensive activity in RHR due to NO release.
A rapidly evolving literature has provided compelling evi-
dence for the role of this key mediator in vascular tone.
NO net only serves as an impottant locally-acting va-
sodilator, but also acts as a central factor in the short- and
long-term regulation of multiple determinants of arterial
blood pressure. Impaired NO synthesis or endothelial
dysfunction may be a result of hypertension in some cas-
es, and may contribute to the initiation or genesis of this
disorder in others™® .  Some reports have confirmed the
deficiency of NO in a variety of animal models of hyper-
tension, especially those in advanced stage!” . Recent
findings also indicate that NO exerts acute hypotensive ef-
fect in vivo primarily due to the decrement of systemic
vascular resistance by increasing cyclic GMP and by in-
hibiting proliferation of vascular smooth muscle cells jead-
ing to a chronic antihyperténsive effect!'”). This may, at
least in part, explain both rapid and persistent blood pres-
sure-lowering effects exerted by DPS and its related un-
derlying mechanisms .

Physiologically, basal NO synthesis serves to buffer
the action of endogenous vasoconstrictors, such as an-
giotensin 1l (Ang [l ). This phenomenon is best recog-
nized by the findings that renin secretion, the rate-limit-
ing step in systemic angiotensin 1l production, is princi-
pally mediated by NO. 1In fact, there is mounting evi-
dence demonstrating the tonic inhibition of renin secretion
by endogenous NO, with stimulation of renin release by
NOS inhibitors. In addition, NOS inhibitors seem re-
sponsible for enhancement of the vascular response to ex-
ogenous angiotensin [[ , which might explain, in great
part, the close interaction between L-arginine-NO path-
way and renin-angiotensin system!"'’,  Therefore, a
more likely understanding of the suppression of DPS on
angiotensin [ production in this paper, though renin se-
cretion was not determined, might be by taking NO-
mediated suppression in renin-angiotensin activity into
consideration .

The increment in endothelin-1 (ET-1) production
induced by two-kidney one clip (2-K 1C) method was
significantly reversed by DPS. The possible mechanism
responsible for the impact of DPS on inhibiting ET-1 for-

mation may coniribute to an increased release of NO. A
line of evidence has indicated that ET-1 and NO are
formed by endothelial cells to function simultaneously on
vascular smooth muscle. NO not only opposes the vaso-
constricting effects of ET-1, but also suppresses ET-1
gene expression and facilitates the tenmination of the ac-
tion of ET-11%. A wealth of data indicates that inhibi-
tion of NO formation by NO synthase inhibitors causes el-
evation of blood pressure in rats, accompanied by a
marked increase in plasma ET-1 levels'"® . In this re-
spect, suppression of ET-1 production by DPS contributed
greatly to the increased formation of NO.

As for captopril, its inhibitory effect on ET-1 pro-
duction could be supported by recent daia showing that
captopril decreased the synthesis or release of ET-1 via its
antagonizing effect on SMC proliferation and on Ang [
pmductjon[ ¥l

In conclusion, this is the first report to observe the
dose-dependent  antihypertensive effect of sulfated
polysaccharide DPS on arterial blood pressure in renovas-
cular hypertensive rats. And its underlying mechanisms
could be associated to its actions on increasing the synthe-
sis or release of NO and decreasing the production of an-
giotensin II and ET-1 in vivo.
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