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Spasmolytic Effects of Salvia triloba Leaf Extract on Smooth
Muscles of the Duodenum in Rats
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ABSTRACT Salvia triloba is considered one of the medicinal plant that is frequently used in Jordan and the Middle
East in alternative medicine against a number of diseases, including gastrointestinal disorders. The effects of Salvia
triloba leaf agueous extracton the isolated smooth muscles of the rat duodenum were investigated. Isolated organ
bath was adopted. The specimens were pre-contracted with reagents such as acetylcholine, potassium chloride
(KCl), and barium chloride (BaCl,). Then Salvia triloba extract was added in concentrations of 0.1-3mg/ml. The
contraction-inhibition signals were collected and the effect was traced and analyzed. The agueous Salvia triloba
leaf extract inhibited the spontaneous contraction of rat duodenum in a dose-dependent manner, especially in the
inhibition of acetylcholine. No significant inhibition was noticed with either KCI or BaCl,. The aqueous Salvia
triloba leaf extract showed antispasmodic action which took its effect through the inhibition of acetylcholine that
explained its use traditionally in alleviating gastrointestinal disorders.

INTRODUCTION

Traditional treatment by herbal plants for
gastrointestinal disordersiswidely applied and
hasfew side effects compared to synthetic drugs
(Afifi and Abu-Irmaileh 2000). One of the most
common plants used worldwidein the treatment
and cure of many disordersor their symptomsis
Salvia triloba (Lu and Foo 2002). It isalong
standing herbal plant located in lands around
the Mediterranean Sea (Abdelhalim et al. 2014;
Oran and Eisawi 2015) commonly known assage,
Salvia cypria, Salvia fruticosa, Salvia libanot-
ica, and Salvia lobryana. It is considered a
member of the Lamiaceae plantsfamily (Aburjai
et al. 2007; Hudaib et al. 2008). Salviatrilobais
an aromatic short plant up to 60 cm in length
with grey-green and hairy soft |eaves. Itsflower
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colors are blue, lilac, or white (Hasanein et al.
2017), and itsleaves, flowers, and stems contain
effective bio-ingredients such as alkaloids, car-
bohydrate, fatty acids, glycosidic derivatives,
phenolic compounds, polyacetylenes, and ste-
roids (Walch et al. 2011). However, the most ef-
fective bio-ingredient in ST was found to be fla-
vonoids such as rosmarinic acid, thujone, and
camphor (Hasanein et al. 2017; Mehta 2012).
Salvia triloba groubed within the higly used
medicinal herbal plants in Jordan and the adja
cent countries (Abu-lIrmaileh and Afifi 2003; Ali-
shtayeh et a. 2000). Twenty species of ST have
been known in Jordan, for example, Salvia Do-
minica, Salvia multicaulis, salvia ceratophylla,
Salvia aegyptiaca, Salvia lanigera and Salvia
palaestina (Jaber 2016; Oran and Eisawi 2014).
Severa studies have investigated the me-
dicinal effects of Salvia triloba, and its tradi-
tional application in the treatment of different
diseases has been confirmed. For example, the
analgesic effects of Salvia triloba have been
demonstrated in cases of gum and tooth pain as
well as headaches (Bommer et al. 2009; Rod-
rigueset a. 2012). The extractsof Salviatriloba
have been investigated to own many activities
such asthe anti-inflammatory, antimicrobial, an-
tioxidant, and anti-cancer (Ibrahimand Agel 2010;
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Kamatou et al. 2007). Salviatriloba contributes
to relieving the symptoms of respiratory tract
problems such as pharyngitis (Hubbert et al.
2006), cough, influenza, cold and asthma (Elwy
and Tabl 2013). Furthermore, Salvia triloba
played arolein enhancing memory and decreas-
ing some manifestationsin Alzheimer’s patients
(Akhondzadeh et al. 2003). In addition, Salvia
triloba has decreased serum glucose in patients
with diabetes(Limaet al. 2005; Eidi et al. 2006).

Objective

It seems that Salvia triloba is used broadly
in the aternative traditional medicine for treat-
ment and aleviating of somegastricillnessessuch
asdiarrhea, bloating, abdominal crampsandirri-
tableintestind matility (Khanet d. 2011; Al-Mus-
tafa and Al-thunibat 2008). Nevertheless, there
has been scarce information about the effects of
Salvia triloba on intestinal activity. Therefore,
this study was designed to estimate the possible
spasmolytic effects of Salviatriloba leaf extract
onintestinal motility inratsinvitro.

MATERIAL AND METHODS
Animals

Male Wister ratsweretaken from the animal
house of the Faculty of Medicine, University of
Jordan.The average weight of rats was about
250g. Rats fasted for around 24 hours before
they were sacrificed. All animal experimentswere
carried out in agreement with the University of
Jordan’s regulations and Ethical Guidelinesfor
the Care and Use of Laboratory Animals.

Prepar ation of Salviatriloba Extract

Dried leavesof Salviatriloba were grounded
and infused with boiled (100°C) distilled water
and kept asidefor about 10 minutesto settledown.
After that the extract wasfiltered with gauze, then
was frozen overnight to produce anearly yellow-
brown powder. After this, the powder was mixed
with distilled water to get plant concentrations of
0.1,0.5,1,1.5and 3mg/ml (Geletaet d. 2015).

Reagents

Acetylcholine chloride (Ach), barium chlo-
ride (BaCl,), and potassium chloride (KCI) were
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all obtained from Sigma (St. Louis, MO, USA).
These chemicalsand reagentswere prepared on
the same day of the experiments to keep them
fresh for using.

Experiment

The preparation of the duodenum was con-
ducted according to Shatarat et a. (2014). All
duodenal segmentswere put to equilibrate at 2g
resting tension for 60 minutes and exposed to
(95% O2 and 5% CO?2) to keep the pH 7.4. Each
duodenal segment was attached to isometric
forcetransducers. Each transducer was connect-
ed to acomputerized dataacquisition system.The
mechanical responsewas recorded using Radnoti,
159901A.

Theduodenal segmentswere pretreated with
contracting reagents: acetylcholine chloride
(Ach), barium chloride (BaCl,) and potassium
chloride (KCl) in two casesif the extract added
or in absence (control) of the plant extract (see
Table 1). The responses obtained by adding ST
extracts at an increasing concentration manner
were then measured. The equilibration time for
the duodenum incubation was 20 min each time.

Table 1: Contractions percentage after adding the
contracting reagents first time in each experi-
ment before adding Salvia triloba extract (control
groups) and considered 100% contraction

Experiment Acetylc (BaCl,) (KCI)
No. holine

1 129% 93% 94%
2 163% 92% 167%
3 65% 71% 50%
4 182% 99% 103%
5 137% 106% 117%
6 143% 109% 237%
7 47%

8 74%

Spasmolytic Effect of Salvia triloba Aqueous
Extract on Potassium Chloride (KCl) induced
Contractionsin | solated Rat Duodenum

Duodenal segmentswere precontracted with
60 mm of KCI solutions to determine the con-
tractile response of duodenal specimensto dif-
ferent concentrations of the extract by adding
K Cl eachtimebeforetheextract. Only thosewith,
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at least, 3-min lasting plateau contraction were
used. The percentage of inhibition of contrac-
tion after adding Salvia triloba was calculated
eachtime.

Spasmolytic Effect of Salvia triloba Aqueous
Extract on Acetylcholine Chloride (Ach)
induced Contractionsin | solated Rat
Duodenum

In this part of the experiment, adose of ace-
tylcholine chloride was proposed according to
Shatarat’sresearch process (Shatarat et al. 2014)
inwhich asub-maximal contractileresponseat a
dose of (3 x 10°m) was chosen. Salvia triloba
aqueous extract was added to the organ bath 20
minutes before the addition of acetylcholine
chloride and the effect of the Salvia triloba aque-
ousextract was expressed as percentages of Ach-
induced contraction. The duodenal segments
were washed out and incubated in Salvia triloba
aqueous extract (0.1 mg/ml, 0.5 mg/ml, 1 mg/ml,
1.5mg/ml, 3mg/ml) for 20 minutesthen exposed
toanext application of (Ach) (3 x 10°m).

Spasmolytic Effect of Salvia triloba Aqueous
Extract on Barium Chloride (Bacl,) Induced
Contractionsin I solated Rat Duodenum

Duodenal segmentswere exposedto 5 mm of
BaCl,to induce contractions. Increasing concen-
trations of Salvia triloba aqueous extract (0.1
mg/ml, 0.5 mg/ml, 1 mg/ml, 1.5 mg/ml, 3mg/ml),
only those with, at least, a 3-minute-lasting pla-
teau contraction were used. The percentage of
inhibition of contraction induced by BaCl, inthe
presence of each concentration of the extract was
also calculated.

Satistical Analysis

Results are presented as the Mean + SEM
of 6-8 repetitionsasindicated in thefigureleg-
ends. Valueswere analyzed using ANOVA fol-
lowed by Dunnett’s test. A value of P< 0.05
was considered asignificant difference. Statis-
tical analysis was performed using Graph Pad
Prismversion 5.02 for Windows (GraphPad Soft-
ware, San Diego, CA, USA).
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RESULTS

Effect of Salviatriloba AqueousExtract on
Acetyl cholineChloridelnduced Contraction
in |solated Rat Duodenum

Theinitial adding of acetylcholine chloride
with a concentration of (3x10°m) evoked a
contraction averaged 117.5+17.43 and it was ex-
pressed as100 percent contraction or the control.
These contractions were significantly inhibited
in aconcentration-dependent manner inthe pres-
ence of Salvia triloba aqueous extract. The in-
hibitory effect of Salvia triloba agueous ex-
tracthas increased at higher doses of Salvia tri-
|obaagueous extract, with an inhibition percent-
ageof 20+ 5.8% p-value <0.05at Salvia triloba
aqueous extract concentration of (1mg/ml), and
p-vaue<0.001 at (1.5 mg/ml) and (3 mg/ml) con-
centrations of the extract, n= 8 (seeFig. 1).
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Fig. 1. Effect of Salvia triloba extract on a rat’s isolat-
ed duodenum precontracted with Acetylcholine (3
x 107 m). Each bar represents the mean + SEM. n=
8,’p < 0.05, ""p< 0.001 ANOVA followed by Dun-
nett’s test

Effect of Salviatriloba AqueousExtract on Bacl,
Induced Contractionsin | solated Rat Duodenum

Thefirst application of BaCl, (5 mm) evoked a
contraction averaged 128+ 26.7 before add ng the
plant extract and it was expressed as (100%), (n=
6). In the figure Salvia triloba agueous extract
showed inhibition effect at concentrationsof (0.1,
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0.5,1, 1.5and 3mg/ml); p-vauewas0.0541. How-
ever, therewasno significant spasmolytic effect of
Salvia triloba agueous extract evoked by BaCl,
(seeFig. 2).
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Fig. 2. Effect of Salvia triloba extract on a rat’s isolat-
ed duodenum precontracted with (BaCl,) (5 mm).
Each bar represents the mean + SEM of n=6. p value
= 0.0541. ANOVA followed by Dunnett’s test
Effect of Salviatriloba AqueousExtract on
Potassium Chloride (K CI) Induced
Contractionsin | solated Rat Duodenum

The contractile responses obtained by the
preliminary application of KCI (60 mm) evoked
contractile responses of 95+ 5.54 and were ex-
pressed as (100%). The addition of KCI (60 mm)
caused a spasmodic action on the smooth mus-
cles of the isolated duodenum of rat but there
was no significant spasmolytic effect of Salvia
triloba aqueous extract (see Fig. 3).

DISCUSSION

Gastrointestinal smooth muscle cell toneis
provoked by different mechanisms, which re-
sultsintheincrement of the cytosolic Ca*? (Sha-
tarat et al. 2014; Karaki et al. 1997).

The reagents acetylcholine chloride, KCI,
and BaCl, provoke contractions that are fre-
guently used to examine the spasmolytic activi-
ty and the process of action for drugs and plant
extractsin vitro. The effects of acetylcholineare
principally through receptor-mediated way,
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Fig. 3. Effect of Salvia triloba extract on a rat’s
isolated duodenum precontracted with (KClI) (60
mM). Each bar represents the mean + SEM n=6. p-
value = 0.3558. ANOVA followed by Dunnett’s test

whereastheeffectsof KCl arecalcium (Ca*) chan-
nel-mediated and BaCl, is considereda nonspe-
cific smooth muscle spasmodic reagent (Kama-
tou et al. 2008).

The results of this research showed that
Salvia triloba extract (Figs. 1-3) can relax the
tone of spontaneous contractions in the isolat-
ed rat duodenum and block the spasmogenic
effects of acetylcholine chloride reagent at high
concentrations. On the other hand, Salvia tri-
loba extract showed an insignificant effect on
the contraction mediated by KCl and BaCl,,. From
theliterature, it was shown that any drug or plant
extract that inhibits acetylcholine chloride-in-
duced contractions is considered to exert an
anticholinergic action (Magalhaes et al. 2004).
Acetylcholine chloride -induced contractionsin
the rat’s small intestines are agents that resem-
ble contraction by high stimulation of the enter-
ic nervous system, which involvestwo different
mechanisms muscarinic receptors and the pro-
motion of inositol triphosphate synthesis
through phospholipase C activation, which both
in turn increase calcium rel ease from the sarco-
plasmic reticulum (Maga haeset al. 2004; Reddy
etal. 1995).

In this research’s outcomes, Salvia triloba
extract markedly decreased acetylcholine chlo-
ride-induced contractions in a dose-dependent
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manner. This showed theinterference of the ex-
tract with the signal transduction induced by
acetylcholine chloride. This result agreed with
many previous studies on the marked inhibitory
effect of Salvia officinalisextract on acetylcho-
line esterase (AchE) function (Hasanein et al.
2017; Miroddi et al. 2014).

In this paper the contraction of smooth mus-
clecellsintheduodenum of therat induced byK-
Clwas not antagonized by the aqueous extract
of Salvia triloba. This result counteracted the
results of a study by Khan and his colleagues
(Khan et al. 2011) on the mechanism of Salvia
officinalis inhibition action of diarrhea by using
aqueous—methanolic crude extract of Salvia offi-
cinalis, and the results showed that the effect to
alleviate diarrheasymptomsand the anti spasmod-
ic activities were mediated essentially through
the stimulation of voltage-dependent (K+) chan-
nels. This could be credited to the preparing of
the extract in alcoholic medium, as it was men-
tioned in a previous study that the alcoholic ex-
tract became more potent than water extract in
keeping the content of flavinoids and increasing
the antioxidant activity of herbal plantsrich with
flavinoids such as salviagenus (Do et a. 2014).

Barium chloride (BaCl,) activatesthe depo-
larization of the membranes in smooth muscle
cells and opens the voltage-dependent (Ca*?)
channels, resulting in Ca? influxes. Salvia tri-
loba extract exerts anearly significant p=0.054
inhibition effect of BaCl,-induced contractions,
and this relaxant effect was greater than the ef-
fect on KCl-induced contraction. Thisresult sug-
gests that the Salvia triloba extract may be
partially mediated by targeting voltage-depen-
dent Cat+ channels.

On the basis of phytochemical studies,
Salvia species has demonstrated to having al-
kaloids and secondary metabolites such as fla-
vinoids and terpenes; consequently, the spas-
molytic activity of Salvia triloba may beattrib-
uted in part to these metabolites. However, fur-
ther studies are looked-for to investigate these
results (Kadhim et al. 2016).

CONCLUSON

This paper showed that Salvia triloba aque-
ous extract reveals noteworthy anti spasmodic ac-
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tivity onisolated rat duodenum, offering a scien-
tific source for traditional medicina engagement
of Salviatriloba in the treatment of gastrointesti-
nal disorders. Extractsof thisplant may, therefore,
serve up as agood resource in useful drugs.

RECOMMENDATIONS

The antispasmodic effect possibly be attrib-
utableto single bioactive constitutes or may be
the consequence of a general inhibitory effect
of multiple constituents that inhibits (Ca®) in-
flux so that supplementary studiesare desirable
toisolate, purify and differentiate the bio ingre-
dient that account for the antispasmodic activi-
ty of Salvia triloba.
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