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Effect of Rutin on the Isolated Rat Duodenum and Comparison 

with the Effects of Adrenaline, Isoprenaline and Papaverine. 

R u t i n ' i n İzole Sıçan D u o d e n u m u Ü z e r i n e Etkisi ve A d r e n a l i n , İzo-

p r e n a l i n , P a p a v e r i n ile Karşı laşt ır ı lması . 

O r h a n A L T I N K U R T * Y u s u f Ö Z T Ü R K * * 

SUMMARY 

T h e exper iments were per formed b y using isolated r a t d u o d e n u m . 

R u t i n , a n a t u r a l f lavonoid c o m p o u n d , caused re laxat ions of t h e r a t 

d u o d e n u m d o s e - d e p e n d e n t l y . T h e r e l a x a n t effect o f r u t i n on t h e r a t 

d u o d e n u m was e x a m i n e d in c o m p a r i s o n wi th t h a t of a d r e n a l i n e , iso-

p r e n a l i n e a n d p a p a v e r i n e . In addi t ion, p r o p r a n o l o l , a b e t a - a d r e n e r -

gic blocking agent, p h e n t o l a m i n e , an a l p h a - a d r e n e r g i c b lockingagent 

a n d nicot inic acid, an adenyl cyclase inhib i tor were used as tools to 

investigate m e c h a n i s m of t h e r e l a x a n t effect of r u t i n on t h e r a t d u o -

d e n u m i n vitro. 

ÖZET 

Deneyler izole sıçan d u o d e n u m u kul lanı larak s ü r d ü r ü l d ü . D o ğ a l 

bir f lavonoid bileşiği o lan r u t i n doza bağ ıml ı b i ç i m d e sıçan d u o d e n u -

m u n u gevşetti. R u t i n ' i n sıçan d u o d e n u m u n d a k i gevşetici etkisi ad-

renal in, i zoprenal in ve p a p a v e r i n ile karşı laşt ırmalı o larak incelendi . 

Ayrıca, r u t i n ' i n sıçan d u o d e n u m u n d a k i gevşetici etkisinin m e k a n i z -

masını a r a ş t ı r m a k için be ta-adrener j ik bloker o lan p r o p r a n o l o l , alfa-

adrener j ik bloker o lan fentolamin ve bir adeni l siklaz i n h i b i t ö r ü o lan 

nikotinik asid de kul lanı ldı . 

Key words: R u t i n , A d r e n a l i n e , I soprenal ine, P a p a v e r i n e , P h e n t o -

l a m i n e , Propranolo l , Nicot inic acid, S m o o t h muscle . 

R u t i n i s found in m a n y plants , par t icu la r ly extracts f rom 

Fagopyrum esculentum, Fagopyrum cymosum, Fagopyrum tataricum 
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(Polygonaceae) , Ruta chalepensis, Ruta graveolens ( R u t a c e a e ) a n d 

Viola tricolor, Viola lutea splendens (Violaceae). Chemical ly , it is a 

f lavon glycoside wi th a s t ructure of 3,3', 4 ' , 5 ,7-pentahydroxyf lavone-

3-rut inoside. I t i s k n o w n t h a t t h e f lavonoid c o m p o u n d s , such as r u t i n , 

possess v i t a m i n P activity a n d exert their p h a r m a c o l o g i c a l effects by a 

d irect vasoconstr ict ion on t h e capi l lary bed. Subsequent ly, these 

c o m p o u n d s decrease t h e permeabi l i ty a n d the fragility of t h e vessels 

(1). Beside t h e wel l-known effects on t h e vessels, r u t i n is a n o n - c o m -

petit ive i n h i b i t o r o f angiotensin I I a n d p r o s t a g l a n d i n E 2 o n t h e guinea-

pig i leum (2) Api in a n d hesper id in w h i c h are also k n o w n as f lavone 

glycosides exert s imilar effects on t h e isolated g u i n e a - pig i leum. T h e 

studies on t h e guinea-pig i l eum showed t h a t hesper id in is a n o n - c o m -

petit ive i n h i b i t o r o f angiotensin I I a n d b r a d y k i n i n . F u r t h e r m o r e , 

ap i in is c a p a b l e to a n t a g o n i z e b r a d y k i n i n in a non-compet i t ive m a n n e r 

(3). T h e a i m of this s tudy is to conf i rm the r e l a x a n t ac t ion of r u t i n a n d 

to a p p r o a c h to its m e c h a n i s m of act ion on s m o o t h muscle. 

EXPERIMENTAL 

Materials 

A d r e n a l i n e ( E p i n e p h r i n e b i t a r t a r a t e , S igma) , A t r o p i n e su lphate 

(Sigma), I soprena l ine s u l p h a t e (I l san), Nicot inic acid ( J . T . Baker) , 

P a p a v e r i n e h y d r o c h l o r i d e (S igma), P h e n t o l a m i n e m e t h a n s u l p h o n a t e 

( C i b a ) , P r o p r a n o l o l h y d r o c h l o r i d e (Doğu) , R u t i n ( D i l m e n ) . All 

di lut ions, except of p a p a v e r i n e , were p r e p a r e d wi th fresh K r e b s ' 

solution. P a p a v e r i n e was dissolved in saline. 

Methods 

Isolated rat duodenum 

T h e isolated r a t d u o d e n u m was p r e p a r e d accord ing t o t h e m e t -

h o d described b y H O R T O N (4) wi th m i n o r modif ications. T h e proxi-

m a l 2 cm of d u o d e n u m from rats weighing 150-200 g was r e m o v e d 

after killing a n d kept in a t rop in ized (0.143 m M ) K r e b s ' solution a t 

6 ° C for two hours . In this w a y spontaneous m o v e m e n t s were d i m i n i -

shed. T h e n , t h e d u o d e n u m was suspended i n a 1 0 - m l o r g a n b a t h 

filled wi th a t ropin ized K r e b s ' solution a n d a e r a t e d wi th a m i x t u r e of 

95 p e r cent O 2 a n d 5 p e r c e n t C O 2 . 

T h e relaxat ions o f r a t d u o d e n u m were recorded wi th a n isotonic 

t r a n s d u c e r ( U g o Basile, N o . 7006) connected to a record ing micro-
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d y n a m o m e t e r (Ugo Basile, N o . 7050). T h e load on the tissue was 1.00 

g. T h e re laxat ions were magnif ied 8-folds. 

T h e suspended d u o d e n u m was al lowed to equi l ibra te for 60 min . 
D u r i n g this per iod d u o d e n u m was washed ou t every 15 min . After 
this ini t ial incuba t ion , dose-response relat ionships were ob ta ined for 
an agonist using two n o n - c u m u l a t i v e dose-response p rocedure in all 
exper iments . T h e agonists were adrena l ine , isoprenal ine a n d p a p a -
verine. R u t i n was also used as agonist in this p repa ra t ion . In each 
exper iment , only one concen t ra t ion of an antagonis t was tested. T h e 
drugs used as antagonis ts were propranolo l , phen to l amine a n d nico-
tinic acid. T h e isolated r a t d u o d e n u m was incuba ted wi th these drugs 
for 5 m i n a n d then same dose-response p rocedure were repea ted in the 
presence of these drugs . 

Analysis of data and statistics 

In o rder to eva lua te the actions of agonist a n d antagonis ts on the 
r a t d u o d e n u m , p D 2 , pD 2 ' a n d p A 2 values were ca lcula ted in a m a n n e r 
consistent wi th the m e t h o d described b y A R I E N S a n d V A N R O S S U M 

(5). 

All values r epor ted represent the results of ind iv idua l exper iments . 

T h e dose-response curves ob ta ined in the absence a n d in the presence 

of antagonis ts were analysed by means of l inear regression p rocedure 

(6). 

R E S U L T S A N D D I S C U S S I O N 

T h e m a i n purpose of this s tudy was to a p p r o a c h to the mechan i sm 
of inhib i tory effect of ru t in on smooth muscle in vi t ro. T h e previous 
results ob ta ined on the guinea-p ig i leum showed t ha t ru t in exerts 
non-specific in teract ions angiotensin I I and p ros tag land in E 2 t h rough 
a c o m m o n mechan i sm (2). Accord ing to the cu r r en t concepts (8), if 
a d r u g exerts non -compe t i t i ve a n d non-specif ic in teract ions wi th 
some agonists t h rough a c o m m o n mechan i sm on an isolated organ , 
i t should possibly ac t on same receptor-coupled effector system. T h e r e -
fore, ru t in m a y asct on such an effector system in regard to smooth 
muscle r e l axan t act ion. At this point , i t should be t hough t w h a t the 
effector system is. 

Ca techolamines m a y cause relaxat ions of some smooth muscles 
(8 -14) , some vascular smooth muscles (8, 15-17) , u terus (8, 18-23) . 
T h e act ion of ca techolamines son these muscles is ma in ly d u e to be ta -
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adrenocep to r act ivat ion a n d able to be blocked by be ta -adrenerg ic 

blocking agents (12-14, 17, 19). Cyclic adenos ine -3 ' , 5 ' -monosphos -

p h a t e (cyclic A M P ) is believed to be the in t race l lu lar med ia to r of the 

effect of be t a -ad renocep to r ac t ivat ion in the smooth muscles m e n -

t ioned above (12-23) . On the o ther h a n d , a l p h a - a d r e n o c e p t o r acti-

va t ion m a y also cause re laxat ion of intest inal smooth muscle (9, 12-14) . 

This re laxat ion is most p robab ly result ing from ca lc ium efflux. 

In our exper iments , ru t in (in a concen t ra t ion r ange of 5 g /ml 

to 160 u g / m l ) caused re laxat ions of r a t d u o d e n u m dose-dependent ly . 

T h e pD 2 va lue which is d i rec t measure for the affinity of the drugs 

to site of ac t ion was ca lcula ted for the r e l axan t actions of adrena l ine , 

isoprenal ine, papave r ine a n d ru t in on the r a t d u o d e n u m by m e a n s o f 

A R I E N S a n d V A N R O S S U M ' s p rocedure (5). T h e re l axan t effect 

of ru t in on the r a t d u o d e n u m was examined by compar i son of these 

p D 2 values (Tab le I ) . 

T a b l e I . Affinity constants (pD 2 ) a n d slopes of dose-response curves (m) of adrena l ine , 

isoprenal ine, papave r ine and ru t in on the isolated ra t d u o d e n u m . 

Re laxan t Agent p D 2 ± S E M m ± S E M 

Adrena l ine 
Isoprenal ine 
Papaver ine 
R u t i n 

6 . 8 7 3 ± 0 . 0 0 8 
8 .242 ± 0 . 0 0 4 
7 .498 ± 0 .001 
4 . 6 7 1 ± 0 .001 

70 .904 ± 0 . 2 8 8 
71 .418 ± 0 .360 
72 .879 ± 0 .282 
35 .207 ± 0 .052 

S E M : S t a n d a r d error o f m e a n ( n = 1 2 for each re laxant agent) 

Phen to lamine , a l p h a - a d r e n e r g i c blocking agent , inhib i ted the 

relaxat ions elicited by all agonists, non-compet i t ively . It is likely t ha t 

these inhibi t ions a re not due to a lpha -adrenergic b lockade , because 

the concent ra t ion of phen to l amine which was tested in this s tudy is 

h igher t h a n the concent ra t ion requ i red for a lpha-adrenerg ic b lockade . 

Confirmatively, i t is we l l -known tha t papaver ine does not possess any 

adrenergic activity and its effect on smooth muscle is also no t due to 

ca techo lamine release. However , t he re laxat ion of r a t d u o d e n u m 

elicited by papave r ine were inhib i ted by phen to l amine . Accord ing to 

ou r unpubl i shed results, phen to l amine causes an inhibi t ion of ca lc ium-

induced cont rac t ion of K+-depo la r i zed r a t d u o d e n u m (24). Therefore 

i t likely t ha t the inhib i tory effect of phen to l amine on the r a t d u o d e n u m 

against adrena l ine , isoprenal ine, papave r ine a n d ru t in accurs as a 

consequence of this ca lc ium antagonis t ic act ion. 
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Proprano lo l , be ta -adrenerg ic blocking agent inhib i ted the relax-

ations elicited by adrena l ine and isoprenal ine , non-compet i t ive ly , b u t 

did no t inhib i t ru t in a n d papave r ine relaxat ions. This f inding confirms 

the results ob ta ined by A N T O N I O (11). Seeing tha t ru t in - induced 

ra t d u o d e n u m relaxat ions were no t inhib i ted by propranolo l , i t migh t 

be t h o u g h t t ha t the r e l axan t effect of ru t in on smooth muscle does not 

occur as a result of ca techo lamine relaease or ca techolamme-l ike 

act ion. 

A n o t h e r inters t ing point was tha t , nicotinic acid is able to inhib i t 

ad rena l ine - and i soprenal ine- induced re laxat ions of r a t d u o d e n u m . 

These inhibi t ions are compet i t ive in n a t u r e . I t i s known tha t nicotinic 

acid is an inhib i tor of adeny l cyclase (25). Therefore , these compet i t ive 

inhibi t ions should no t be a surprise, since be ta -adrenoceptors are 

coupled by adenyl cyclase. In fact, i t has been suggested t ha t be ta -

adrenoceptors are ident ica l wi th adenyl cyclase (26). However , u n d e r 

the l ight of recent studies, i t seems likely t h a t the suggestion is ou t of 

fashion (27). On the o ther h a n d , nicotinic acid did no t affect the 

r e l axan t effect of ru t in on the r a t d u o d e n u m as well as papave r ine . 

This f inding strongly suggests t h a t the inhib i tory effect of ru t in on 

smooth muscle is no t owing to adenyl cyclase act ivat ion. T a b l e I I 

shows the p D 2 ' a n d pA 2 values represent ing the in teract ions of a d r e -

na l ine , i soprenal ine , papave r ine a n d ru t i n wi th phen to l amine , 

p ranolo l a n d nicotinic acid on the r a t d u o d e n u m . 

Confirmat ively, i t has been observed t ha t the f lavonoid compounds 

inh ib i t phosphodiesterase (PDE) which i s known as cyclic A M P -

deg rad ing enzyme (28). Similarly, papave r ine which is wel l -known 

P D E inhib i tor causes smooth muscle re laxat ion (29). Therefore , i t 

migh t be proposed t h a t ru t in - induced re laxat ion i s re la ted wi th P D E 

inhibi t ion. However , the slope of ru t in ca lcula ted from its dose-res-

ponse curves is m u c h less then those of adrena l ine , isoprenal ine a n d 

papave r ine (Table I) suggesting the difference in the mechan i sm of 

ac t ion of ru t in . Therefore , i t would be of interest to investigate possible 

interference of ca lc ium ions a n d ca lmodul in which are i m p o r t a n t fac-

tors in the smooth muscle regula t ion . 
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T a b l e . I I . Effects of propranolo l , p h c n t o l a m i n e a n d nicotinic acid on a d r e n a l i n e - , isopre-

n a l i n e - , p a p a v e r i n e - a n d r u t i n - i n d u c e d relaxations of the isolated ra t d u o d e n u m in vitro. 

P h e n t o l a m i n e 
p D ' 2 ± S E M 

Propranolo l 
p D ' 2 ± S E M 

Nie. Acid. 
p A , ± S E M R e l a x a n t Agent 

P h e n t o l a m i n e 
p D ' 2 ± S E M 

Propranolo l 
p D ' 2 ± S E M 

Nie. Acid. 
p A , ± S E M 

Adrena l ine 4 . 0 2 5 ± 0 . 0 6 4 5.141 ± 0 . 0 1 3 3.852 ± 0 . 0 8 9 
Isoprenal ine 4 . 0 3 1 ± 0 . 0 4 2 4 . 9 1 5 ± 0 . 0 5 8 3 .857 ± 0 . 1 2 1 
P a p a v e r i n e 4 . 0 6 9 ± 0 . 1 0 3 2 . 6 5 0 0 . 8 4 8 
R u t i n 3.902 ± 0 . 0 4 3 2 .776 0 . 8 6 7 

p D ' 2 : Non-compet i t ive antagonist affinity constant 

p A ' 2 : Compet i t ive antagonis t affinity constant 

S E M : S t a n d a r d error of m e a n ( n = 5 for each set of exper iment) 
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YAYIM K O Ş U L L A R I 

1- Bu dergide aşağ ıda belirt i len k o ş u l l a r a u y a n ve bil imsel d a n ı ş m a n l a r ı n yayımla-

nabi l i r ni tel ikte b u l d u ğ u , d a h a ö n c e hiçbir yerde y a y ı m l a n m a m ı ş o l a n orijinal m a k a l e l e r 

yayımlanır . 

2- Met in ler , şekiller h a r i ç 10 dakt i lo sayfasını geçmemelidir . Yaz ı lar ın dil k u r a l l a -

r ına u y g u n l u ğ u n d a n yazar la r s o r u m l u d u r . 

3- Met in ler 3 n ü s h a o l a r a k A-4 f o r m a t t a (21.0 x 29.7 c m ) k a ğ ı d ı n b i r y ü z ü n e n o r m a l 

p u n t o l u dakt i lo ile 2 aral ıkl ı o l a r a k yazılmalı, kağ ıd ın alt ve üst k e n a r ı n d a n 2 c m , sol ke-

n a r ı n d a n 3 cm ve sağ k e n a r ı n d a n 1.5 cm b o ş l u k bırakı lmal ıdır . Klişesi y a p ı l a c a k grafik, 

ş e m a , formül gibi şekiller aydınger k a ğ ı d ı n a çini m ü r e k k e b i ile çizi lmeli; fotoğraf lar p a r -

lak k a ğ ı d a k o n t r a s l ı o l a r a k bası lmalıdır . H e r şeklin a r k a s ı n a y a z a r a d ı , şekil n o . su ve kü-

ç ü l t m e o r a n ı yazı lmalı ve 2., 3 . n ü s h a l a r için şekillerin fotokopis i eklenmel idir . 

4- Yazı p lânı aşağ ıdaki şekilde o lmal ıd ı r : 

M a k a l e başlığı, m a k a l e n i n yabancı di lde başlığı, y a z a r a d ı (yazar adlar ı ) , T ü r k ç e özet 

y a b a n c ı di lde özet, a n a h t a r kelimeler, giriş, denel kıs ım, s o n u ç ve t a r t ı ş m a , teşekkür, lite-

r a t ü r . 

Özet ler t ü r k ç e ve y a b a n c ı di lde en ç o k 100'er ke l imeden oluşmal ıd ı r . 

Gir i ş b ö l ü m ü en çok 2 sayfa ve başlıksız o l a r a k yazı lmalıdır . Materya l ve M e t o d alt baş l ık-

lar h a l i n d e , D e n e l k ı s ı m d a bu lunmal ıd ı r . 

S o n u ç ve T a r t ı ş m a kısmı bulgular ı da içermelidir. 

Li teratür ler , m a k a l e d e p a r a n t e z içindeki n u m a r a l a r l a belirtilmeli v e m a k a l e s o n u n d a b u 

n u m a r a l a r a göre s ı ra lanmal ıdı r . 

L i te ra tür le r : Yazar ın Soyadı (siyah), a d ı n ı n ilk har f i (s iyah), m a k a l e adı , derginin adı ( i ta-

lik) veya k i t a b ı n a d ı , cilt no (siyah) sayı ( p a r a n t e z iç inde), sayfa n u m a r a s ı ve yıl ( p a r a n t e z 

içinde) o l a r a k yazı lmalıdır . 

5- Tashihler y a z a r ta ra f ından yapı lacakt ı r . 

6- Y a z a r a 20 ayrı baskı verilir. 


