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Effect of Rutin on the Isolated Rat Duodenum and Comparison
with the Effects of Adrenaline, Isoprenaline and Papaverine.

Rutin'in izole Sican Duodenumu Uzerine Etkisi ve Adrenalin, izo-

prenalin, Papaverin ile Karsilastirilmasi.

Orhan ALTINKURT* Yusuf OZTURK**

SUMMARY

The experiments were performed by using isolated rat duodenum.
Rutin, a natural flavonoid compound, caused relaxations of the rat
duodenum dose-dependently. The relaxant effect of rutin on the rat
duodenum was examined in comparison with that of adrenaline, iso-
prenaline and papaverine. In addition, propranolol, a beta-adrener-
gic blocking agent, phentolamine, an alpha-adrenergic blockingagent
and nicotinic acid, an adenyl cyclase inhibitor were used as tools to
investigate mechanism of the relaxant effect of rutin on the rat duo-

denum in vitro.

OZET

Deneyler izole sican duodenumu kullanilarak strdiiriildii. Dogal
bir flavonoid bilesigi olan rutin doza bagimli bicimde sican duodenu-
munu gevsetti. Rutin'in sigan duodenumundaki gevsetici etkisi ad-
renalin, izoprenalin ve papaverin ile karsilagtirmali olarak incelendi.
Ayrica, rutin'in sigcan duodenumundaki gevsetici etkisinin mekaniz-
masin1 arastirmak icin beta-adrenerjik bloker olan propranolol, alfa-
adrenerjik bloker olan fentolamin ve bir adenil siklaz inhibitérii olan
nikotinik asid de kullanildi.
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Rutin is found in many plants, particularly extracts from

Fagopyrum esculentum, Fagopyrum cymosum, Fagopyrum  tataricum
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(Polygonaceae), Ruta chalepensis, Ruta graveolens (Rutaceae) and
Viola tricolor, Viola Ilutea splendens (Violaceae). Chemically, it is a
flavon glycoside with a structure of 3,3', 4', 5,7-pentahydroxyflavone-
3-rutinoside. It is known that the flavonoid compounds, such as rutin,
possess vitamin P activity and exert their pharmacological effects by a
direct vasoconstriction on the capillary bed. Subsequently, these
compounds decrease the permeability and the fragility of the vessels
(1). Beside the well-known effects on the vessels, rutin is a non-com-
petitive inhibitor ofangiotensin Il and prostaglandin E, on the guinea-
pig ileum (2) Apiin and hesperidin which are also known as flavone
glycosides exert similar effects on the isolated guinea - pig ileum. The
studies on the guinea-pig ileum showed that hesperidin is a non-com-
petitive inhibitor of angiotensin II and bradykinin. Furthermore,
apiin is capable to antagonize bradykinin in a non-competitive manner
(3). The aim of this study is to confirm the relaxant action of rutin and
to approach to its mechanism of action on smooth muscle.

EXPERIMENTAL
Materials

Adrenaline (Epinephrine bitartarate, Sigma), Atropine sulphate
(Sigma), Isoprenaline sulphate (Ilsan), Nicotinic acid (J.T. Baker),
Papaverine hydrochloride (Sigma), Phentolamine methansulphonate
(Ciba), Propranolol hydrochloride (Dogu), Rutin (Dilmen). All
dilutions, except of papaverine, were prepared with fresh Krebs'
solution. Papaverine was dissolved in saline.

Methods
Isolated rat duodenum

The isolated rat duodenum was prepared according to the met-
hod described by HORTON (4) with minor modifications. The proxi-
mal 2 cm of duodenum from rats weighing 150-200 g was removed
after killing and kept in atropinized (0.143 mM) Krebs' solution at
6°C for two hours. In this way spontaneous movements were dimini-
shed. Then, the duodenum was suspended in a 10-ml organ bath
filled with atropinized Krebs' solution and aerated with a mixture of
95 per cent O, and 5 per cent CO,

The relaxations of rat duodenum were recorded with an isotonic

transducer (Ugo Basile, No. 7006) connected to a recording micro-
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dynamometer (Ugo Basile, No. 7050). The load on the tissue was 1.00
g. The relaxations were magnified 8-folds.

The suspended duodenum was allowed to equilibrate for 60 min.
During this period duodenum was washed out every 15 min. After
this initial incubation, dose-response relationships were obtained for
an agonist using two non-cumulative dose-response procedure in all
experiments. The agonists were adrenaline, isoprenaline and papa-
verine. Rutin was also used as agonist in this preparation. In each
experiment, only one concentration of an antagonist was tested. The
drugs used as antagonists were propranolol, phentolamine and nico-
tinic acid. The isolated rat duodenum was incubated with these drugs
for 5 min and then same dose-response procedure were repeated in the
presence of these drugs.

Analysis of data and statistics

In order to evaluate the actions of agonist and antagonists on the
rat duodenum, pD,, pD," and pA, values were calculated in a manner
consistent with the method described by ARIENS and VAN ROSSUM
(5).

All values reported represent the results of individual experiments.
The dose-response curves obtained in the absence and in the presence
of antagonists were analysed by means of linear regression procedure

(6).
RESULTS AND DISCUSSION

The main purpose of this study was to approach to the mechanism
of inhibitory effect of rutin on smooth muscle in vitro. The previous
results obtained on the guinea-pig ileum showed that rutin exerts
non-specific interactions angiotensin Il and prostaglandin E, through
a common mechanism (2). According to the current concepts (8), if
a drug exerts non-competitive and non-specific interactions with
some agonists through a common mechanism on an isolated organ,
it should possibly act on same receptor-coupled effector system. There-
fore, rutin may asct on such an effector system in regard to smooth
muscle relaxant action. At this point, it should be thought what the
effector system is.

Catecholamines may cause relaxations of some smooth muscles
(8-14), some vascular smooth muscles (8, 15-17), uterus (8, 18-23).
The action of catecholamines son these muscles is mainly due to beta-
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adrenoceptor activation and able to be blocked by beta-adrenergic
blocking agents (12-14, 17, 19). Cyclic adenosine-3', 5'-monosphos-
phate (cyclic AMP) is believed to be the intracellular mediator of the
effect of beta-adrenoceptor activation in the smooth muscles men-
tioned above (12-23). On the other hand, alpha-adrenoceptor acti-
vation may also cause relaxation of intestinal smooth muscle (9, 12-14).
This relaxation is most probably resulting from calcium efflux.

In our experiments, rutin (in a concentration range of 5 g /ml
to 160 ug/ml) caused relaxations of rat duodenum dose-dependently.
The pD, value which is direct measure for the affinity of the drugs
to site of action was calculated for the relaxant actions of adrenaline,
isoprenaline, papaverine and rutin on the rat duodenum by means of
ARIENS and VAN ROSSUM's procedure (5). The relaxant effect
of rutin on the rat duodenum was examined by comparison of these

pD, values (Table I).

Table I. Affinity constants (pD,) and slopes of dose-response curves (m) of adrenaline,
isoprenaline, papaverine and rutin on the isolated rat duodenum.
Relaxant Agent pD, = SEM m + SEM
Adrenaline 6.873 + 0.008 | 70.904 + 0.288
Isoprenaline 8.242 + 0.004 | 71.418 + 0.360
Papaverine 7.498 + 0.001 | 72.879 + 0.282
Rutin 4.671 + 0.001 | 35.207 + 0.052

SEM: Standard error of mean (n=12 for each relaxant agent)

Phentolamine, alpha-adrenergic blocking agent, inhibited the
relaxations elicited by all agonists, non-competitively. It is likely that
these inhibitions are not due to alpha -adrenergic blockade, because
the concentration of phentolamine which was tested in this study is
higher than the concentration required for alpha-adrenergic blockade.
Confirmatively, it is well-known that papaverine does not possess any
adrenergic activity and its effect on smooth muscle is also not due to
catecholamine release. However, the relaxation of rat duodenum
elicited by papaverine were inhibited by phentolamine. According to
our unpublished results, phentolamine causes an inhibition of calcium-
induced contraction of K+-depolarized rat duodenum (24). Therefore
it likely that the inhibitory effect of phentolamine on the rat duodenum
against adrenaline, isoprenaline, papaverine and rutin accurs as a
consequence of this calcium antagonistic action.
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Propranolol, beta-adrenergic blocking agent inhibited the relax-
ations elicited by adrenaline and isoprenaline, non-competitively, but
did not inhibit rutin and papaverine relaxations. This finding confirms
the results obtained by ANTONIO (11). Seeing that rutin -induced
rat duodenum relaxations were not inhibited by propranolol, it might
be thought that the relaxant effect of rutin on smooth muscle does not
occur as a result of catecholamine relaesase or catecholamme-like
action.

Another intersting point was that, nicotinic acid is able to inhibit
adrenaline- and isoprenaline-induced relaxations of rat duodenum.
These inhibitions are competitive in nature. It is known that nicotinic
acid is an inhibitor of adenyl cyclase (25). Therefore, these competitive
inhibitions should not be a surprise, since beta-adrenoceptors are
coupled by adenyl cyclase. In fact, it has been suggested that beta-
adrenoceptors are identical with adenyl cyclase (26). However, under
the light of recent studies, it seems likely that the suggestion is out of
fashion (27). On the other hand, nicotinic acid did not affect the
relaxant effect of rutin on the rat duodenum as well as papaverine.
This finding strongly suggests that the inhibitory effect of rutin on
smooth muscle is not owing to adenyl cyclase activation. Table Il
shows the pD,"' and pA, values representing the interactions of adre-
naline, isoprenaline, papaverine and rutin with phentolamine,
pranolol and nicotinic acid on the rat duodenum.

Confirmatively, it has been observed that the flavonoid compounds
inhibit phosphodiesterase (PDE) which is known as cyclic AMP-
degrading enzyme (28). Similarly, papaverine which is well-known
PDE inhibitor causes smooth muscle relaxation (29). Therefore, it
might be proposed that rutin-induced relaxation is related with PDE
inhibition. However, the slope of rutin calculated from its dose-res-
ponse curves is much less then those of adrenaline, isoprenaline and
papaverine (Table |) suggesting the difference in the mechanism of
action of rutin. Therefore, it would be of interest to investigate possible
interference of calcium ions and calmodulin which are important fac-
tors in the smooth muscle regulation.
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Table .11. Effects of propranolol, phcntolamine and nicotinic acid on adrenaline-, isopre-
naline-, papaverine- and rutin-induced relaxations of the isolated rat duodenum in vitro.
Phentolamine Propranolol Nie. Acid.

Relaxant Agent pD', + SEM pD', + SEM pPA,+x SEM
Adrenaline 4.025 + 0.064 5.141 + 0.013 3.852 £ 0.089
Isoprenaline 4.031 =+ 0.042 4.915 £ 0.058 3.857 + 0.121
Papaverine 4.069 = 0.103 2.650 0.848
Rutin 3.902 = 0.043 2.776 0.867

pD', : Non-competitive antagonist affinity constant

pPA’, : Competitive antagonist affinity constant

SEM : Standard error of mean (n=35 for each set of experiment)
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YAYIM KOSULLARI

1- Bu dergide asagida belirtilen kosullara uyan ve bilimsel danigmanlarin yayimla-
nabilir nitelikte buldugu, daha 6nce hicbir yerde yayimlanmamis olan orijinal makaleler

yayimlanir.

2- Metinler, sekiller hari¢ 10 daktilo sayfasini ge¢memelidir. Yazilarin dil kuralla-

rina uygunlugundan yazarlar sorumludur.

3- Metinler 3 niisha olarak A-4 formatta (21.0 x 29.7 cm) kagidin bir yiiziine normal
puntolu daktilo ile 2 aralikli olarak yazilmali, kagidin alt ve tist kenarindan 2 cm, sol ke-
narindan 3 cm ve sag kenarindan 1.5 cm bosluk birakilmalidir. Klisesi yapilacak grafik,
sema, formiil gibi sekiller aydinger kagidina ¢ini miirekkebi ile ¢izilmeli; fotograflar par-
lak kagida kontrasli olarak basilmalidir. Her seklin arkasina yazar adi, sekil no. su ve kii-

¢iltme orant yazilmali ve 2., 3. niishalar i¢in sekillerin fotokopisi eklenmelidir.

4- Yaz: plani asagidaki sekilde olmalidir:

Makale basligi, makalenin yabanci dilde baslig1, yazar adi (yazar adlari), Tiirkce ozet
yabanci dilde 6zet, anahtar kelimeler, giris, denel kisim, sonuc¢ ve tartigma, tesekkiir, lite-

ratir.

Ozetler tiirkce ve yabanci dilde en gok 100'er kelimeden olugmalidir.

Girig bolimii en ¢ok 2 sayfa ve basliksiz olarak yazilmalidir. Materyal ve Metod alt baslik-

lar halinde, Denel kisimda bulunmalidir.

Sonug¢ ve Tartigma kismit bulgulari da igermelidir.

Literatiirler, makalede parantez icindeki numaralarla belirtilmeli ve makale sonunda bu

numaralara gore siralanmalidir.

Literatiirler: Yazarin Soyadi (siyah), adinin ilk harfi (siyah), makale adi, derginin adi (ita-
lik) veya kitabin adi, cilt no (siyah) say: (parantez i¢inde), sayfa numarasi ve yil (parantez

icinde) olarak yazilmalidir.

5- Tashihler yazar tarafindan yapilacaktir.

6- Yazara 20 ayrt baskr verilir.



