
 

 

 

Angiotensin II and vascular growth in vivo : the role of
the alpha1-adrenoreceptor
Citation for published version (APA):

van Kleef, E. M. (1993). Angiotensin II and vascular growth in vivo : the role of the alpha1-adrenoreceptor.
Datawyse / Universitaire Pers Maastricht. https://doi.org/10.26481/dis.19931210ek

Document status and date:
Published: 01/01/1993

DOI:
10.26481/dis.19931210ek

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:

www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 25 Sep. 2021

https://doi.org/10.26481/dis.19931210ek
https://doi.org/10.26481/dis.19931210ek
https://cris.maastrichtuniversity.nl/en/publications/0c0bef1c-93b2-4a26-9589-94716e109919


Rcstcnc~sis following PTCA is a major clinical problem and senousiy limits the 
effllicacy of the procedure Although SMC prolireration and ECM production are 
conspdercd cfiaracterisf cs of the rcslenotic lesion. the replation of SMC prolife- 
ratron and  ECM producteon are just begrnnjing to be elucidated. The balloon injury 
inodcl of the rat carotid artery is a common model to simulatc PTCA procedures 
and study the regulation of SMC proliferation after arrgioplasty. At least in this rat 
model, there is now aceumulatlng evidence that Angll is an imporlarit regulator of 
SMC growth. En this thesis the mechanism of Angll induced SMC DNA synthesis 
is  studled, wilh special allention f i r  the role al? a,-adrenoreceptors herein. We 
investigated 11.1~ eftiects or  AnglI infi~sion and the interaction with the a,-adrenore- 
ceplor i n  nun-balloon 11ijur~d WKY rats (chapters 4, 5 and 7) and in balloon-lnju- 
red WKY rals. I n  the latter case, the Icft carotid aslerq was balloon injured and 14 
days later, when a neainoimu had been fotmcd, drugs were inlQsed. This so calned 
'krcstin~ulation ~nodcl'' enables us to dissociate the effects of the drugs on rncdial 
ar~cl ncointirnal SMC DNA syrlthcsis 
It1 our studies we used the thymidinc analogue I3rcZUrd lo measure SMC DNA 
synthesis. Since most studies in the rat balloon injury rnodcl use ['[IITdR to label 
SMC DNA syntliesis, we validated the BrdUrd labeling rncthorl (chapter 3). Dual 
labeli~ig by continuous ~nf~~sican during 4 days w~th  both ['IfI'TdR and UrdUrd 
i~nnzcdialely afler balloon injury of the rat thoracic aorta showed thaz more than 
80% of' all labcled cells were labeled with both ['I-I]T~R and BrdUrd, suggesting 
that I3rdUrd Babelilzg is a good altcrnalive lor I"-I] l'dR labeling. 
C:orrtinuous Angll rnf'usion during 14 days induces SMC DNA synthesis in tfrc 
~rierlia of tllc thoracic aorla (chapter 4). l'lae a,-adrenoreceptor is il~volved in klic 
~ncluclion of' iiiedial SMC DNA synthesis by Angll and tlvis el'feet seems to be 
bloocl pressure: incllcpenclcnt, silrco co~l~rusion with the a,-adrenoreceptor antagorlist 
prnzosir~ rctltlces tlae h n g l l  induced Increase in SMC 15NA synthesis. while the 
systolic blood prcssurc remailas elcvatccl. Angll also induces SMC DNA sy~ztlvcsis 
i l k  main l3ranches of' rhe aorta (chapter 5) We investigated the carotid, the renal, 
tllc l'cmcrral artery iln~l tlac supcrior rneselateric artery. Intervascular helcrogenrity 
!\;IS obscrvcd in the amount of SMC l3NA synthesis ~ildiuccd by AngEI. The renal 
:irlcrq wits t t~e  I I ~ O S L  sc11s1Livc 10 stimulali~n witla Angll. Also in tl~esc artcries a 
solre di~r  lie a,-udrenareceplor IS iraiplicated since coia~hsion with prazasin reduced 
SMlC lSNA syntltcsis in ell hiit one artery, the superior lncscnlcric artery. 
In the hwlloo~~ injuscd rnl c'lrotid artery Angll inSusiorr induces a significant rise in 
SMC DNA synthesis in blcbtl~ nrcdia and ncointirna (chapter 6) .  131e eft'ect is 1ii~ch 
Inore pronouticcd in tlvc ncoi~'rtinia tlznrl in the nncdia, ilaiplicating intravascular 
hctcrcagcneiiy inr gro\\~th rcsponsc. 'l'o irrvcstigale Ihc possible involvenient o r  the 
cr,-adrenc>rrccptor in ncointi~nal SMC 13NA synthesis induced by Angll, another 



a,-adrenoreceptor antagonist doxazobln was colnfiisetl ~r~uil.a Angll. Ilr the noln- 
injured righe carolid ~a~eclia, dtrxaosin rcduccd the kngl l  ~r~tiiucccfl SMC' DNA 
synthesis, supporting OLE previous Xindirlgs (chapter 1 and 5 )  iu~d slno~rlng tlret thus 
effect 1s class specific ~ c I  not substilrrct: spccillc. Iliozvcver. a,-ad~cnorcceptor 
blockade with doxazosin did not reduce thc Angll nnriiuced SlZilC IINA sycrtlzesis i i l  

the neointima. 
To i r ~ v c ~ t ~ g t l ~ e  uhe"ler snirnulatton of the a,-adraroreccplor alorlc con&cl slimulaie 
SMC DNA ssyntl~esis in the media of the thoracic 110rta ;md its lmi~x ~ T ~ I I ~ C ~ G S  

(rarocnd, renal, femoral anid superior i~rescnt.cric artcry) i+r: inS~ised thc a,-,tdrenorc.- 
ceplor agc~nist ptrcnylrphrine and compared if .  with thc effects 01' RrrgIl ruf~rston 
(chapter 7). We used yourlg. 6 liicek old WICY rats, sincc significant difircnces rlr 

SMC DNA synthesis in the ntedka ol' large artcrlcs were dcmonslcatcd h e t \ i c e ~ ~  
rrc~mialensivc W KY rats and spontaneously lny pcrlensivc rats at this age. Plzeny- 
Lephrint: h~duccd irrcrease in SMC DNA sjrzthcsis in lhe mcdm of the Il~oracic 
aorta. 27~11 had no effects in olliier arteraes ~nvcstigaled. A11gl1 mhsion did no[ incrc- 
ase SMC DNA sqnthcsis in these arlerhes. Slirn~hli~lion~ of' llnc a,-adccnorcccplor 
\villa pluer~yiephnnc in adlull W K V  rats of which the leli carc~lid artery was previ- 
ously halloola injured, did only iu-rcreasc: SMC DNA s~itltlresis in thnj rrvn-ir~jurcd 
right carotid rnedia. No increase in SMC DNA synthesis was tbund in the nletjia or 
neoit1tirna o f  thc injured lzfi carolid a rmy (chaplcr 81. I'Ele: dahir in chapters 6-8 
s u g p s t  thal 11ue a,-adrcnorccepto is invalvcci in the regul;ttirrn of SMC 1 3 N h  syn- 
111esis 111 the non-injured lncdia, but not in the mcdial and ricoi~~liin~ll SMC alter 
balloon isijnry or the Icn carotid artery. Since phcnylephrunc inlilsion Yras lacen 
suggested to stin~iilate the scleasc of NO, the lack of cSfect, oC plaenylcpYarl~ac o c ~  
SMC DNA synfhcsis might be due to antiprolifcrative eSikcr;s of N O .  NCE synllaesis 
inhrbition mith Ng-nitro I-argilaine rnetlaylcster (I,-NAM13) did Ylowevcr not increa- 
se the SMC DNA synthesis by phcnylcphrine, suggesting that NO is no1 tnvolvcd 
in the phenylcphr~ne induced SMC DNA sylathcsis. 
In  order to exlend our vicci5 to ~ r ~ h e r  kcssel "compartn~errrs'VIhat m ~ g h l  ~-~ln)i i  iu lrrlc 
in stnrcture, wa: also srytrdrcd the crlkc~s 01' A~zgIl inlirsbon air I l ~ e  cxtrttcclluldr' 
matrix components elitstin and collagen. that con~prornicc a ltirgc laart ol' tile vessel 
vollumc (chapter 5) ) .  A11g1l in~lwion i~~creascd the synlhesis obi' bo~la clilcit~n ilnd 
collagel~ tqpe 1 and 111 mRNA but on14 in thc canot~d t~coinlitna, wliercus ntr cl'fccts 
08' Angll were 170und in the media. AngEl inl'ws~on drd $lot cllnngc the ~clrhtivc 
~tmounts of elastin and collrrgcn proteun An ulcrcuw In ~ h c  absolulc collagen pro- 
tein arnovnt \$as dcmonstratcd tn ntrc camlid ricni~atin~a, bz~t only by nxorplrotixclulc 
amai>sis. The rlaea suggcsl that the t f ' l~crs  L E ~  Angll on llrc ex~racclluli~r ~niilrix 
cclnlponer~ts clastirz and collagen 11dvc a djflkrcnt eirnc ,pan than lllrc eSfccts of 
,4ngll on vasc~rlar SMC DNA synthesis, and tliat r l~c  el'kets of Ang91 may bc 
dil'feren~ beoween media a r~d  neoinlrmii. 



Altogether, the results in this thesis show that AngII stirnulakes SMC LJNA synthe- 
sis and indicate that one pathway in,volves the a,-adrcnoreceptwr Thc involvement 
of 111e w,-adrcn~~eeeptor in ehe regulakion of i2npilI induced SIMC DNA synthesis 
arc, 'however, hc.terogcocou.i no;l only within the vessel (media YS. aeointln~a SMC 
vs. extracellular matrix), but alst~ in between vlesseis I(diffe.renl arteries, e.g. the 
thoracic aorta and i ts  main branches), and in t~me (young us. adult rats). 



SAMENVATTING 

Resteirose na perculane nransluminalz coronaire ringiaplastje (P'] C,%, ook wel 
ballondilalalie of "dotrercn1>enoenrd) vornit een groot klrruisc.11 problccrn rrn 
beperkt in ernstige mate de efficieiahie van de behmidcling. Hoewel verondersteld 
wordt dar. proliferatie van gladde spiercellen en produktie van eutracellulaire matrix 
(ECM) belangrijke kcnsi~erkcn .ijti vm de restciiotlscl~e Besie, rijli de regul;:- 
~iemechanisrnen nog niet opgeliclderd. Een veel gebruikt dizmaodel 0131 I-set resieno- 
se proces ie siniulereti en de regilatie .siai1 de proliferifllc van gladde sprerciullen te 
besttideren is het ballondenudatie model Ini de arlcria carotis cim~niiunls (hals- 
slagader) van de rat. Uit andere studies is peblekeri dat in dit experiinenizlc 
rattemodel het eiwit a~agioteinsirze B1 (AnglI) een belanyruke rcg~tlerende stuf ~ioririt 
iii de groei van gladde spiercellen. In dit procfichrili weardl 11et ri~echiinismc: 
onderzocht waarop AngIl de praliteratie van gladde spierceilen stimulecrn nizet 
speciale aandacht boor de rol van de a,-adrenoreceptoren in dia proces. Wc hebbcn 
de effecten van AngII infusie en de rol van dc a,-adrenoreceplor besiudeerd 111 dc 
\raatwind van iiiet-ballongedenudeerde Wistar Kyoio (WKV) ratten (hoofcJstuhkcn 
4, 5 cn 73 cn in bailltilizgedenudeesde WKY ratten (1.ioofdctukkcn 6 eia K). Bij de 
laatste groep werd de linker a. c;uralis van de ral iballongeclilaieerd en 14 dilgen 
Iater, wanneer een ~iieuwgcvornzde gladde spierlaag, de ~ g n .  "neoirrliiina" ziclu liacl 
gcvorrnd, werden farmaca toegediend. 131 rgn. 'Yrestimu8akie ~nodel" maak( hel ons 
mogelijk oni onderscli-ieid ie maken lussen de effecten van ale iarilzaca op de DNA 
synthese in de mediale en neoinltirnale gladde spiercel. 
In de expesirnenlcn gebnlilkteii we de thymidinc analoog 5'-bromo-2'-dcoxyuridii1e 
(BrdUrd) om de DNA synthese in de gladdc spiercel tie mcten. 111 hel algemcera 
wordt echter gebruik geniaakt van radioakiiel' gelabcled ~riliilirri. thymidiiie 
[ 1 3 ~ l ] 1 C I ~ )  onr dc DNA synthese in de gladde spiercel te bepalen en daarom hebben 
we dc betrouwbaarhemd van dc 13rdilJrd labeliings i~ictlrode oradcr~wcE-1t (hoofdsliik 
3). GclijktiJdige toediening vrin beixlc Iabelis, BrdUird cru ['I IITelR, door cr~iitiii~ic 
infuslc geduretide 4 dagen direct iia balloildilakatie van de tlioraicale 2ior1:i van? dc 
ral roontlc aan dat meer dar] 80% va11 alle gelalbelde cellen iricf. ~ o w c !  !'!-i\ l'dR 311s 
DrdUrd gelabeld waren. Dit suggereert dat de BrdWrd labcli!~g i-iieilrodt: ten gocd 
altematicl' vorint voor de radioactieve tncthode, die veel li,id krriil ciï dtius is. 
Continue infi~sic inet hngll gedurende 14 dagen stirniulecrt de IIWA syiilhcile sn rJIc 
gladde spaercel in de iiiedjin va21 de Ilioracale aorta EhooliBstuk 4). I k  a , -  
cidreriorecepisor is betrokkcil bij de inductie van dc IINA syntlïcse in dc rnediiiile 
gladde spiercel en d ~ i  effect liikt onalhankelijk Li3 ~! jn  vali de bloeddruk, aai~ge~icrn 
coinr~~sic met de a,-adrerioreccpfoir nntagonisl pra~osinc cic Angll gcinchuceerde 
DNA synthese iir de gladde spicrcel reduceert, terwijli de B~locddr~ik vcrhoogd I?lijft 

llehalve in de niedia van de thoraicale aorta, induceerr. AriglI ook 1iNA synlhese un 
de gladde spiercel in de hoofdtakken van de aorla (hoofstuk 53. Wij bccliudccrdei?i 



de artcria carotis. a renalis (nierarterie], a. fiernurali$ (dGbeenarterie) en de a. 
superior mcseniterica idarinaflcrie). i k  inate van DNA synthese in de gladde 
spiercel verschilde pcr aricrte, l.ietgeen duidt op inleniascuilaire hetcrogeniieit Dc a. 
renalis was het meest gevuelig voor stimulatic met AngIT. In de bestudeerde 
artcrikn bleek ook de a,-czdrenoreccplor een rol te spelen, aangezien de coirrhsie 
mcd praxasinc de 13WA syntl.hese in de gladde spiercel in alle vaten reclilicccrde, 
behalvc in dl: a. iupenor mesenterica. 
Iiz de bnllongednlateerdc a. carot~s induccercle An~glQ een significante roeriame in 
14NA syiltlicsc in de gladde spiercel i r i  ~ o w e l  de media als irr de neointinia 
(hoofiistuk 6) .  liel ef"Scca op de rieoinliiinci was veel groter dan op dc media. het- 
geen duidt op een intravasculaire hcterogcniteit in de grocirespons. Qin de 
ii~ogelijke betrokkenheid van de ct,-adrenoreccprol sn de raeoinaimalc DNA synthese 
in tlc gladde <piercc1 te onderzoeken wcrd een andere u,-adrenoreceptor antagonist 
doxa~c)si~ie (1.p V. prarcisineji Lesainen snel AngII toegediend. lil de niet beschadigde 
rechter a. carunis, reduceerde daxazasiiie de DNA synthese in de gladde spercel In 

de inedia, t.ielgeen onze vaorg:aa~adlc beviixiingen uit I-ioafdszuk 4 en 5 bevestigt. De 
a,-adsenoreccptor blokkade met cloxaxlosine rcduceerdc echter nict de door Angl I 
gci'nducccidc DNA synthese iin de gladde spierccl ii-r de neointirna 
C)m tc oi~dcrzockena of directe stimulaiie varr de u,-adrenoreceptor de I lN i l  
synihcsc in de gl;rddc spierccl kan indticercil in de media van de thoracale aorta er1 
~!jn Iioofd~akkcir (a caroris. a .  reiaalis, a. fciiioralis en a. inesenieriea superior) 
werd dc a,-adrennrceeptor agonist fenj,lcplzrine toegediend (coiitinim ~ ~ S U L I S )  e11 
vergcleken mlct de effeclen van Angll (hoofdstuk 7 ) .  Voor deze studie \berden G 
wcken aude WKY rattcnr gebruikt, aangezien sigriilicarrte versclrillen in de !>NA 
synllicse i n  cle gladclc spierccl ~ i j1 . r  aangetoond tusscn WKY natten en sponlaai1 
l~ypertensieve rattrn op dezc leefti-jd. t:enylephr.inc iridiiceerde een significante 
toename in de DNA synitl-iese in de gladde spiercel in de nicdia van de Ihoracale 
~101.13, Bll~lill" had gccn cflcct op dl: IINA synllrese in cle andere bestudeerde arceriiii~. 
'I111~a~rnlatic van CIC a , -u~l rc~ . ior~c~ptc~r  mei li.nylcphrinc in volwassen WKY rnrtcri 
1vriai.b ai1 cle linker cr. irnrw'lis 14 cliigcrr lcvoren was bal longedllatecrd, had allcciz 
cl'l2cl trp de DNA slrirlicsc in rlc mediale gladde spiercel 11-i de onl?cscl-iadigcie 
reclrtcr ik. ccin>XIs I~eulylcphririic iiiduccerile gccn 1)Nh synthese in de glaclde 
\picrccl i i i  de ~ncdio  oe' i~coinilima vati dc hcscl~adigde Imker n. carotis (l~oof'ds~uk 
8). I k  resrilcatcn van hnofdstuk 6-8 cuggcrcren dal de a,-adrcnoreceptor betrokken 
i s  l3qj dc rcgulutic va11 de DNA s)ntlrc>c Ir1 de ylr~dde spiercel in de onbeschadigdt 
ia~cclia, iwinr nict iir de nictlirak er1 iicoiritirnale gladde spicrccl ila ballondilatatie 
\ < i i ~  dc Iiiaker a c,irotis. Aangezien z~eroirdeisteld ~vordt dal fen>lcfrrnc de abif ie  
$811 siik\ictéi>xidc (NO) kan slrinulcrcn, ~ o i i ~  hel oiivcrnrogen van Ikruyleplrrine nni 
dc DNA syntlhcsc in de  gladde rrpierccl te kutmen stini~ilcren, nrisschuen te wijten 
f i l i r  krnn clc prolileraitie-rcmnncnde eigcnscliiippcci van NO. NO syiithasc inhlbilie 
i i ic~ dc Ne?-iiitrcr I,-aigir-iine i~leihylestcr (I,-NAME) stimuleerde de DNA synillese 



in de gladde spiercel met lenylephrine echter nie!, rodnl N O  waamcbn~ji~lijk riict 
belsokken is bij de DNA synrluese o~lder linloed aara li.r~ylepliriniz. 
De efkcien van AngI1 op de extracellulaire naarruk componenten clsisr~t~l: rir 
collageen. die een belangijk deel v a l  het vaanlr~and voluine in beslag nenlen CIZ 

va11 belang zijn voor de vaaxwmdstructu~ir, 7ijn in Î-uootdsti~k 9 bcs~udeerd Anrglll 
infusie stimuleerde de synthese van clnstirae en collageeri typc I e11 oypc I11 nrG\Nd"L 
in de n~ecairitinia, ferzilljl geen erfectet-u van AnglI wcrden gcvotlden in de n-uedia. 
ArgBI infusie veranderde de relatieve hoekcelheld elasline en collageen eiwit nict. 
'CJin morghometrische arialysc bleek een toename in de absolutc hroe\~eellicid 
collageen eiwit i11 de neoinbiruua. De res~iltateii suggereren dat de effecten vuil Angll 
OP de cxtracellulairc matrix conipcrnenien elastilze er1 collagect) op een ander 
P!jdssilp optredeili dan de effectcri van Angll op de DNA syiitl-rese i i i  de gladdc 
spiercel. en dat de eflkcteri verschillen tussen de niediai en de neounlinra. 
Sarrienvatilend gcvcn de resultalen in dit proetCchrift aa1-i dat AiigB1 dc IJNA 
synthesc in de gladde spiercel stimuleert en dat cBe a,-adrerioreceptor Iiicsbij 
betrokken is. De: belrakkenheid van de a,-adrenorcceptor in dc regiil~ztie van dc 
door Angll gekduceerde DNA synthesc in de gladde spiercel is echter Irezerogeetz, 
niet allcen in de vaatwand (niedia vs. i-reoini~ima, gladde spiercel wc exiracell~ilaire 
matrix). inaar ook tusccir \perschillende vateil (de Lhoracalc aorta vs. zij11 
hoofdtakken), en in de ti,jd Goinge vs. \iol~vacsen riltienl. 




