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A bstra ct T he effects of D —polym ann uronic sulfate (D P S ) on the serum  n itric oxide levels and

plasm a E ndothelin一1 and A ngiotensin II contents w ere studied in renovascular hypertensive rats

[tw O—kidney one clip，O oldbtatt (2-K  1C )]．In the prophylactic experim ent in w hich the effects of

D PS given orally at doses of 12．50，25．00 and 50．00 m g／kg once daily for five w eeks

sim ultaneo usly w ith th e in itiation of th e estab lish m en t of renovascu lar h yp erten sive m odel w ere

evaluated．Serum  nitric oxide (N 0 ) w as determ ined w ith nitric oxide kit w h ile plasm a A ngiotensin

II (A ng II) and E ndothelin一1 (E T 一1 ) w ere m easured by radioim m unoassay．C aptopril (14

m g／kg )，an A ngiotensin II inhibitor，w as served as a positive agent．T he results show ed that D PS

cou ld produce a dose—depen d ent effect on in creased seru m  n itric ox ide 1evels an d decreased

E ndothelin一1 contents ，w hereas the in hibitory effect of D P S on plasm a A n giotensin II contents

w as not found in a dose—dependent m anner．It im plicates that the m echanism s underlying the

antihypertensive effects of D P S m ight be associated w ith its actions on increasing the synthesis or

release of N O  and decreasing the production of A ng II and E T 一1 in vivo．

K ey w ords  m arine D —polym annuronic sulfate (D PS )；antihypertensive effect；angiotensin II；

endoth elin一1；renovaseular hypertensive rats

    D —polym annuronic sulfate (D P S )，a kind of m arine sulfated p01ysaccharides extracted

from  brow n algae w ith som e special technique of fractionation and chem ical m odification ，

bears a certain sim ilarity in structure and pharm acological activity to heparin．O ur previous

w ork has confirm ed that D P S could produce antihypertensive effects via sublingual vein

injection and gastrointestinal injection in rats w ith renovascular hypertensionLl|．H ow ever，

the m echanism s underlying the antihypertensive effects of D P S have not been understood

yet．C urrently，there is a general agreem ent that the m isbalance betw een endogenous

vasodilators (i．e．nitric ox ide ) and endogen ous vasocon strictors such as E n doth elin一1 (E T 一

1) as w ell as A ngiotensin II (A ng II) plays an im portant role in the genesis and developm ent

of hypertensionL 2|．  A nd it is docum ented that the antihypertensive effect of heparin on

spontaneously hypertensive rats (SH R ) and renovascular hypertensive rats (R H R ) is due to
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its in h ib itio n o n rat ao rtic v ascu lar sm o o th m u scle m ed iated b y th e o v erD ro d u ctio n o f n itric

ox id e (N O ) released fro m  en d oth elial cells E 3‘． A s w e m en tion ed ab ove ，D P S  bears a

sim ilarity in chem ical structure to heparin ， this raises the possibility that the

antihypertensive activity of D PS m ay be related to the participation of N O ．T herefore，the

m echanism s by w hich the effect of D P S on th e d ecrease in blood pressu re are discussed

p artially h ere．

1  M a te ria I a n d M e tho d s

1．1 D rugs and reagents D —polym annuronic sulfate (D P S ) w as provided by the M arine

D rugs and F ood Institute，O cean U niversity of Q ingdao．C aptopril w as purchased from  Jinan

D ongfeng Pharm aceutical F actory， Shangdong．  N itric oxide kit， E ndothelin一1 and

A ngiotensin II kit w ere the products of A cadem y of M ilitary M edical Sciences，Beijing．

1．2 A nim als and experim enta l design    M ale W istar—K yoto (W K Y ) rats (n 一 84 )

w eighing 1 80 ± 27 g w ere obtained from  the E xperim ental A nim al C enter of Q ingdao

(C ertificate N O ．980201 )．T he rats w ere housed for one w eek to be accustom ed to our

controlled environm ent before the experim ents．In the prophylactic experim ent，the rats

w ere random ly divided into six groups (1 4 in each group )．G roup I：sham —operation ；G roup

II：renovasular hypertensive m odel；G roup III：50 m g／kg ；G roup IV ：25 m g／kg ；G roup V ：

12．50 m g／kg；G roup V I：captopril 14 m g／kg．In the prophylactic experim ent，the effects of

D P S given orally once a day for five w eeks sim ultaneously w ith the initiation of the

establishm ent of renovaseular hypertensive m odel w ere evaluated．

1．3 Establishm ent of renovascular hypertensive m odel in rats T he rats w ere anesthetized

intraperitioneally w ith 40 m g／kg sodium  pentobarbital and placed on dorsal position．U nder

sterile conditions，the left renal artery w as exposed ，is．olated and constricted as described by

L i et al：4|．P en icillin at a dose of 1 × 105 IU  w as used to prevent th e rats from  infection．

T h ere w as a rise in th e b lood p ressu re for m ost of th e op erated rats after th ree w eek s．F rom

four or five w eeks，the blood pressure in these rats cam e into a steady state．O nly the rats

w ith systolic blood pressure over 21．3 kP a (60 am ong 84 rats) w ere selected for the

follow ing experim ent．

1．4 M easurem ent of arterial blood pressure and heart rate  Before the rats w ere random ly

divided into the designed groups，the arterial blood pressure and heart rate of the

experim ental anim als w ere m easured by a tail—clip device (m ade by H unan M edical

U niversity，C hangsha)．In the prophylactic experim ent，the effects of D PS at doses of 1 2．5，

25．00 and 50．00 m g／kg given orally once a day for five w eeks sim ultaneously w ith the

in l‘tl’atl‘on of th e estab lish m en t of ren ovascular h y p erten sive m od el．A nd th e R H R  w ith ou t

D P S adm inistration w ere given orally in the sam e am ount of saline as for D P S ，the arterial

blood pressure and heart rate of rats in each experim ental group w ere m easured respectively

by a tail—clip device，prior to adm inistration and after the third w eek and the sixth w eek．
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M ean arterial pressure (M A P ) w as calculated routinely．

1．5 D eterm ination of serum  N O  contents and ET～1 and A ng II contents in plasm a    A fter

D P S w as given orally to R H R  for five w eeks，blood sam ples w ere taken out for the

determ ination of serum  N O  contents by N O  kit，w hile plasm a E T 一1 and A ng 11 w ere

m easured by radioim m unoassay ，respectively．

1．6 S tatistical analysis D ata for the experim ent w ere represented as m ean ± SE M  in

D u n n e tt’s te s t．

2  R e s u lts

2．1 E ffects of D P S o n serum  N O  co ntents jn R H R    A s sh ow n in F igu re 1 ，th e effects of

D P S on seru m  N O  co n ten ts in R H R  w ere also assessed ．S eru m  N 0  co n ten ts in th e R H R

w ithout D P S adm inistration (43．65±5．03 pm ol L _ 1) w ere decreased b y 26％ as com pared

w ith th at o f th e sh am  o p erated rats (57．70 ± 2．56 p m ol／L )．D P S in creased th e release of

seru m  N O  con ten ts in R H R  d ose—dep en den tly 。com p ared to th at of R H R  w ith ou t D P S

adm inistration (p < 0．01)．In addition ，the degree of increasing the release of serum  N O

contents (49．90±5．289m ol／L ) in R H R  w ith D P S adm inistration (50 m g／kg ) w as as great

as in th e R H R  w ith cap top ril ad m in istration (5 6．35 ± 4．75／坚m o l／L )．

2．2 E ffects o f D P S  o n p la sm a E nd o the I．n一1 co nte nts in R H R T h e effects of D P S in p lasm a

E T 一1 con ten ts w ere in vestig ated in R H R ．A  dram atic redu ctio n in p lasm a E T 一1 con ten ts in

R H R  w ith D P S ad m in istration g iven o rally on ce a d ay fo r five w eek s w as elucid ated

co m p ared to th at o f th e R H R  w ith o u t D P S  ad m in istratio n ，ch aracterized b y a d o se—dep en d en t

m an n er．B u t th e deg ree to th e d ecrease in p lasm a E T 一1 co n ten ts in th e R H R  w ith D P S

adm inistration w as less than that of R H R  w ith captopril adm inistration (F igure 2)．
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Fig．1 E ffects of D PS on serum  N o contents

    in rats of renovascular hypertension．

    D P S w as given orally at doses of

 12．50，25．00 and 50．00 m g／kg orlce daily

  for five w eeks．T en rats in each group．

  D ata are represen ted as m ean ±S E M ．

    ’P < 0 ．0 】V S m o d e l．
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Fig．2 Effect of D PS on plasm a E T一1 contents

    in renovaseular hypertensive rats．

  D PS w as given orally at doses of 12．50，

    25．00 and 50．00 m g／kg once daily

  for five w eeks．T en rats in each group．

  D ata are represented as m ean 士SE M ．

    。P < 0 ．0 1 V S m o d e l．
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2．3 Effects of D PS 013 plasm a A ng II

co nte nts jn R H R T h e effects of

D P S on plasm a A ng II contents w ere

evalu ated in R H R ．In th e R H R  w ith

D P S ad m in istration 。the red u ction in

plasm a A ng II contents (254．27 土

8．50 肛m ol／L ) w as significant as

com p ared w ith th at o f th e R H R

w ith ou t D P S ad m in istration (4 64．4 1

±5．02弘m ol／L )，but not dosedepen—

dently．T he extent to the reduction

in plasm a A ng II contents in the

R H R  w ith D P S ad m in istratio n w as
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Fig．3 E ffects of DPS on plasm a A ng Ⅱcontents

in renovascular hypertensive rats．DPS w as given

 orally at doses of 12．50，25．00 and 50．00 m g／kg

once a day for five w eeks．T en rats in each group．

    D ata are represented as m ean土SE M ．

    。P < 0 ．0 】V S m o d e l．

1ess than that of R H R w ith captopril adm inistration ，being sim ilar to that of a decrease in

plasm a A ng II contents in vivo (F igure 3)．

3 D  iscu ss io n

    In this study，the m echanism s underlying the antihypertensive effects of D P S w ere

partially investigated．

    H ypertension is generally regarded as a chronic cardiovascular disease of gradual

progression．A lthough its pathological m echanism  has not been fully understood，m any

studies reveal that the distu rbance betw een endog enou s vasodilators and vasoconstrictors

plays an im portant role in the genesis of hypertensionL…．Since F urchgott firstly suggested

the ex isten ce of an E D R F [5|，and then w ith others，its identity as N O [6I，m any articles have

provided strong evidence for this key m ediator’S role in vascular contr01．N O  not only serves

as an im portant locally-acting vasodilator but also acts as a central factor in the short—term

and long—term  regulation of m ultiple determ inants of arterial blood pressure[7|．Im paired N o

synthesis or endothelial dysfunction m ay ，in som e cases，be a result of hypertension ，in

others it m ay contribute to the initiation or perpetuation of this disorderL 8|．Som e reports

have confirm ed that N O  generation is im paired in a variety Of anim al m odels of hypertension．

especially in those at the advanced stage L9J．C onsistent w ith the reports m entioned above．in

the present study ，serum  N O  contents in R H R  w ithout D P S adm inistration w ere significantly

low er than the sham ，im plicating the im pairm ent of N O  synthesis or release also exists in

rats w ith renovascular hypertension in our experim ent．In the prophylactic experim ent w here

D P S w as given orally to R H R  for five w eeks，an inerease in seru m  N 0  co nten ts w as observed

dose～dependently as com pared w ith R H R  w ithout D P S adm inistration ，coinciding w ith the

antihypertensive effects of D P S in a dose—dependent m anner．A ccordingly one of the possible

m echanism s by w hich the antihypertensive effects of D PS in prophylactic therapy，w e believe
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c o u ld  b e a s so cia te d  w ith  in cr e a se s in  th e c irc u la tio n  o ±N U ．

    P hysiologically ，  basal  N o   synthesis  serves to  buffer the  action  of  endogenous

vasoconstrictors，such as angiotensin II (A ng II)．T his phenom enon is best recognized by

the findings that renin secretion ，the rate—lim iting step in system ic angiotensin II production ，

is principally m ediated by N O ．In fact，there is am ple evidence dem onstrating the tonic

inhibition of renin secretion by endogenous N O ，w ith the stim ulation of renin release by N O S

inhibitors．In addition ，N O S inhibitors seem  responsible for the enhancem ent of the vascular

response to exogenous angiotensin II，w hich m ight explain，in great part，the close

interaction betw een L—arginine—N O pathw ay and renin—angiotensin system [1 0I．T herefore，(a

m ore likely  understanding  of the  suppression  of D P S  on  A ng  II production  in this

experim ent，though that on renin secretion not determ ined ，m ight take N O —m ediated

suppression in renin—angiotensin activity into consideration．) Besides，the decreased A ng II

levels w ere not accom panied by a dose—dependent m anner，and w e inferred，this m ight be

affected by m any factors，probably due to the com plicated m etabolism  of m arine sulfated

polysaccharides．

    T he increm ent in E ndothelin一1 (E T ～1) production induced by the tw o—kidney one clip

(2一K lC ) m ethod w as significantly reversed by D PS．T he possible m echanism s responsible

for the im pact of D PS on inhibiting E T 一1 form ation m ay contribute to increased release of

N o ．A m ple evidence has indicated that E T 一1 and N o  are form ed by endothelial cells to

function paradoxically on vascular sm ooth m uscle cells[11|．N O  not only opposes the

vasoconstricting effects of E T 一1，but also suppresses E T 一1 gene expression and facilitates

the term ination of the action of E T 一1[1 2I．  Sufficient data indicate that the inhibition of N O

form ation w ith N o  synthase inhibitor causes the elevation of blood pressure in rats，

accom panied by a m arked increase in plasm a ET 一1 levels[1 3|．In this respect，the suppression

of E T 一1 production by D PS contributed greatly to the increased form ation of N O ．

    In conclusion ，D PS is capable of producing a dose—dependent antihypertensiVe effect on

arterial blood pressure in renovascular hypertehsive rats and its underlying m echanism s could

be related to its actions on increase in the synthesis or release of N O  and decrease in the

p rod u ctio n o f E T 一1 an d A n g II in vivo．
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海洋硫酸多糖D PS 对肾血管性高血压大鼠血清

N O 和血浆 A ng II及 E T一1含量的影响+

朱海波  耿美玉  管华诗

(青岛海洋大学海洋药物与食品研究所，青岛，266003)

摘 要 采用肾血管性高血压大鼠模型(两肾一夹型)观察海洋硫酸多糖 D PS 对肾血管性高血压大鼠血

清中一氧化氮(N 0 )和血浆中血管紧张素 II(A ng II)及内皮素一l(E T 一1)含量的影响。D PS 在肾血管性高

血压大鼠造模第二天起分别以 12．50，25．Oo，50．00 m g／kg 口服预防给药五周，每日给药一次。于给药

前、给药后第三周和第六周分别测定动脉血压和心率。实验结束前，从每只大鼠取血 6 m L ，用试剂盒测定

血清中 N O 的含量；用放射免疫法测定血浆中 A ng II和 E T 一1 的含量。血管紧张素转化酶抑制剂卡托普

利(14 m g／kg)作为本实验阳性对照药。结果：D PS 口服预防给药五周，可显著增加血清中N O 的含量和降

低血浆中ET 一1 的含量，且呈剂量依赖性；D PS 亦能降低血浆中A ng II 的含量，但未见剂量依赖性。结论：

海洋硫酸多糖D PS 对肾血管性高血压大鼠的降压作用机制可能与其促进体内N O 生成或释放、降低A ng

II 和 E T 一1 的含量 有 关 。

关键词 海洋硫酸多糖(D P S )；降压作用 ；血管紧张素 II；内皮素一1；肾血管性高血压大鼠
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