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Abstract
The aim of this study was to investigate the effect of aerial parts of Stachys lavandulifolia
Vahl. extract on the rat ileum contractions. The crude extract was prepared by maceration
method (90% methanol) followed by fractionating into chloroform, ethyl acetate, petroleum
ether and water. In adult male Wistar rats, ileum was sectioned and mounted in tissue bath
and their contractility was recorded isotonically. KCl (60 mM)-induced ileum contractions
were attenuated by crude extract and its fractions. The most potent fraction was chloroformic
fraction (CF) with IC50 PJP/,QFDOFLXPIUHH7\URGHVROXWLRQZLWKKLJK.+,
WKH&) PJP/ DWWHQXDWHG&D&O2-induced contractions (p < 0.001). The CF (0.050.8PJP/ DWWHQXDWHGWKHFDUEDFKROLQGXFHGFRQWUDFWLRQ S 7KH&)DQWLVSDVPRGLF
effect was reduced by naloxone (as a non-selective opioid antagonist), not by propranolol and
/1$0( DV ȕ-adrenoceptors antagonist and nitric oxide synthase inhibitor respectively. It
was concluded that S. lavandulifolia can inhibit ileum contractility mainly via disturbing the
calcium mobilization and partly by opioid receptors’ activation. Our results may support the
traditional usage of this herb for treating diarrhea.
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Introduction
Diarrhea continues to be one of the leading
causes of mortality and morbidity especially
in children in developing countries (1).
Diarrhea is characterized by hypermotility of
gastrointestinal tract (2). Natural products have
served as a medicinal source for centuries, and
about half of the pharmaceuticals in use today
* Corresponding author:
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are derived from natural products (3). Stachys
lavandulifolia9DKO IURP /DPLDFHDHLV XVHG LQ
Iranian traditional medicine as an anxiolytic and
to treat diarrhea (4). Furthermore, experimental
studies have demonstrated the anxiolytic effect
off S. lavandulifolia in mice (5, 6). Despite the
extraction of S. lavandulifolia constituents
such as Į-pinene, myrcene, ȕ-phellandrene
and ȕ-caryophyllene (4), its pharmacological
effects on isolated smooth muscle have not
EHHQHYDOXDWHGVFLHQWL¿FDOO\\HW7KHUHIRUHWKH
aim of the present study was to investigate the
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antispasmodic potential of the S. lavandulifolia
crude extract and its fractions on rat ileum.
Experimental
Plant material
Stachys lavandulifolia Vahl. was collected
(March 2008) from Zanjan province (center of
Iran) and authenticated by Dr. Namjoyan from
the Pharmacognosy Department of the Ahwaz
Jundishapur University of Medical Sciences
(AJUMS). A voucher specimen was deposited
in the herbarium of the School of Pharmacy of
AJUMS.
Extraction and fractionation
The aerial parts of the herb were dried in
shade. The powder of the herb was macerated
with methanol (90%) for 72 h at room
temperature to obtain the crude extract (CE).
7KH PL[WXUH ZDV ¿OWHUHG :KDWPDQ 1R
DQG WKH ¿OWUDWH ZDV FRQFHQWUDWHG E\ URWDU\
evaporator and was air-dried in the next step
(yield: 17.22%). Petroleum ether fraction
(PF) was prepared from the CE (16.8 g) being
PL[HG ZLWK  P/ GLVWLOOHG ZDWHU DQG  P/
petroleum ether. The extraction was reported
for three times followed by concentrating and
air-drying (yield: 14.27%). In order to obtain
the chloroformic fraction (CF), the PF was
PL[HG ZLWK FKORURIRUP  P/  DQG WKHQ WKH
mixture was concentrated and air-dried (yield:
1.74%). The same procedure was repeated in
order to obtain ethyl acetate fraction (EF) using
HWK\O DFHWDWH  P/  7KH H[WUDFWLRQ SURFHVV
was reported for three times and the mixture
was concentrated and thereafter dried (yield:
5.23%). The remaining aqueous fraction (AF)
was air-dried (yield: 77%). The extract and
fractions were stored at 4ºC until being used.
Animals
Male Wistar rats (190 ± 10 g) were purchased
from Animal Facility of AJUMS, housed at 2024C with 12 h/12 h light/dark cycle and free
access to food and water. All animals used in this
study were treated in accordance with principals
and guidelines on Ethics Committee of AJUMS.
The rats were deprived of food (not water) for 24
h before the experiment.

Ileum preparation
2QWKHGD\RIH[SHULPHQWUDWVZHUHVDFUL¿FHG
by a sharp blow on the head and one or two pieces
(1.5-2 cm) of ileum were dissected out from 2
cm above the ileocaecal junction and mounted
between two stainless steel hooks in tissue bath
 P/  FRQWDLQLQJ 7\URGH VROXWLRQ C and
S+ RI   7KH ORZHU KRRN ZDV ¿[HG DW WKH
bottom of the tissue bath and the upper one was
connected to an isotonic transducer (Harvard
Transducer, UK). Each tissue was placed under
1 g resting tension and equilibrated for 60 min
prior to the execution of experimental protocols.
During this period, the tissue was washed with
Tyrode solution every 15 min and the tension
was readjusted to 1 g. Ileum contractions
were displayed and recorded on Universal
Harvard Oscillograph, (UK). Tyrode solution
composition consisted of (in mM) NaCl (136.9),
KCl (2.6), CaCl2 (1.8), NaHCO3 (11.9), NaH2PO4
(0.42), MgCl2 (1.05) and glucose (5.55) which
continuously was bubbled with air. The ileum
contractions were induced by KCl (60 mM) or
FDUEDFKRO &&K  ȝ0  DQG RQFH WKH SODWHDX
was achieved, the crude extracts or fractions
ZHUHDGGHGFXPXODWLYHO\ PJP/RI&(
DQGPJP/RIWKHIUDFWLRQV WRWKHWLVVXH
bath. The mechanism of CF spasmolytic activity
was studied by separate tissue incubations either
ZLWKSURSUDQRORO 0PLQ QDOR[RQH 0
30 min) or NG QLWUR/DUJLQLQHPHWK\OHVWHU
/1$0(  0  PLQ  DV QRQVHOHFWLYH
ȕ-adrenoceptors, opioid receptors antagonists
and nitric oxide synthase inhibitor, respectively.
7KH FDOFLXP LQÀX[ LQYROYHPHQW ZDV IXUWKHU
evaluated by depolarizing the ileum in Ca2+-free
Tyrode solution with high K+ (60 mM) and then
applying CaCl2 (0.2-0.6 mM) cumulatively to
induce contraction. Same protocol was repeated
after incubating the ileum with CF (0.01-0.04
PJP/ IRUPLQ7RVROYHWKHIUDFWLRQV'062
/ ZDVXVHGDQGWKHQ7\URGHVROXWLRQZDV
DGGHGWRPDNHWKH¿QDOVROXWLRQ
Chemicals
&&K SURSUDQRORO DQG /1$0( ZHUH
purchased from Sigma (Sigma, USA), naloxone
was purchased from Tolidaru Company
(Tolidaru, Iran) and DMSO was purchased from
Merck (Merck, Germany).
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Figure 1. Ileum relaxation (%) induced by crude extract (CE)
of S. lavandulifolia on KCl (60 mM)-evoked ileum contraction
with IC50 PJP/ RQHZD\$129$S 

Figure 2. Ileum relaxation (%) induced by S. lavandulifolia
fractions on KCl-induced contractions. Chloroformic fraction
(n = 8) was more potent than PF and EF (two-way ANOVA,
p < 0.001). The spasmolytic effects of PF (n = 7) and EF
(n = 10) were not different and AF (n = 7) was ineffective.

Data analysis
Plateau of ileum KCl- or CCh-induced
contraction was assumed as 100% and the
relaxations evoked by extract or fractions, were
calculated (as %) and the results were expressed
as mean ± SEM for n number of animals. Multiple
means were compared by one-way and two-way
analysis of variance (ANOVA) followed by
Dunnett>s test. A p- value of less than 0.05 was
FRQVLGHUHG D VLJQL¿FDQW GLIIHUHQFH 6WDWLVWLFDO
analysis was performed using SPSS (version
16.0).

Effects of L-NAME, propranolol and
naloxone on CF antispasmodic activity
In the ileum precontracted by KCl, the
&)  PJP/  VSDVPRO\WLF HIIHFW ZDV
XQDIIHFWHG E\ WLVVXH LQFXEDWLRQ ZLWK /1$0(
PLQ0Q  RUSURSUDQRORO PLQ
 0 Q    +RZHYHU QDOR[RQH  PLQ 
0Q  UHGXFHGWKHVSDVPRO\WLFDFWLYLW\RI
chloroformic fraction (two-way ANOVA, p <
0.01) (Figure 3).

Results and Discussion
Antispasmodic activity of the CE
Cumulative concentrations of CE (0.125-4
PJP/ DWWHQXDWHG S WKH.&OLQGXFHG
ileum contraction (IC50 PJP/
in a concentration-dependent manner (Figure 1).
Antispasmodic activity of fractions
KCl-induced ileum contractions were
attenuated with cumulative concentrations
 PJP/  RI DOO IUDFWLRQV 3) &) DQG
EF (but not AF), elucidated antispasmodic
activity in a concentration-dependent manner (p
< 0.001). The IC50 of EF (n = 10), PF (n = 7) and
CF (n = 8) were 0.758 ± 0.099, 0.393 ± 0.154
DQGPJP/UHVSHFWLYHO\3)DQG
() DFWLYLWLHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW
(Figure 2). CF (with lowest IC50) was chosen for
further studies.
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Effect of CF on CaCll2-induced ileum
contraction
In Ca2+-free with high K+ (60 mM) Tyrode
solution, cumulative concentrations of CaCl2
(0.2-0.6 mM) induced ileum contractions in
a concentration-dependent manner (one-way
ANOVA, p < 0.001). Five min ileum incubation
ZLWK &)  PJP/  DWWHQXDWHG WKH
CaCl2-induced contractions. The CaCl2-induced
ileum contractions in the absence and in the
presence of lowest concentration of CF (0.01
PJP/  ZHUH VLJQL¿FDQWO\ GLIIHUHQW WZRZD\
ANOVA, p < 0.001) (Figure 4).
Effect of CF on CCh-induced ileum
contraction
7KHFKORURIRUPLFIUDFWLRQ PJP/
DWWHQXDWHG WKH &&K  0 LQGXFHG LOHXP
contraction in a concentration-dependent fashion
(one-way ANOVA, p < 0.001) and IC50 was
   PJP/ 7KH &) DQWLVSDVPRGLF
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Figure 3 ,OHXP LQFXEDWLRQ ZLWK QDOR[RQH  PLQ  ȝ0
attenuated the CF of S. lavandulifolia spasmolytic activity (%)
in precontracted ileum by 60 mM of KCl (Two-way ANONA,
p < 0.01). But CF spasmolytic effect was unaffected by tissue
LQFXEDWLRQ ZLWK /1$0(  PLQ  ȝ0  RU SURSUDQRORO
PLQȝ0 

Figure 4. Spasmogenic effect of CaCl2 in Ca2+-free, high K+
(60 mM) Tyrode solution was attenuated by Ileum incubation
(5 min) with CF of S. lavandulifolia. The effect of CF at 0.01
PJP/ZDVVLJQL¿FDQW (two-way ANOVA, p < 0.001).

activities on contractions induced by KCl and
CCh have been compared in Figure 5.

releasing Ca2+ from intracellular calcium pools
such as sarcoplasmic reticulum (7). In the KClinduced smooth muscle contraction, the voltagedependent calcium channels (VDCCs) are
LQYROYHG  DQGWKHH[LVWHQFHRI/W\SH9'&&V
in rat ileum has been reported (9). On the other
hand, CCh (muscarinic receptor agonist) induces
ileum contraction via M2 and M3 receptors
(10). Binding CCh to these receptors increases
intracellular calcium concentration (11) by both
Ca2+ LQÀX[ WKURXJK /W\SH &D2+ channels and
releasing calcium from cytoplasmic calcium
stores (8). The ileum contractions induced by
.&O DQG &&K ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW
&) DW  PJP/ KRZHYHU DEROLVKHG 
the KCl-induced contraction but relatively
inhibited (66%) the CCh-induced contraction.
Thus, the KCl-induced contraction was more
susceptible to CF than the one elicited by CCh,
which suggested that events at the cholinergic
receptors level were not important.
It has been suggested that the substance
that inhibits the KCl-induced smooth muscle
contraction is considered as a Ca2+ LQÀX[EORFNHU
(12). The result of CF spasmolytic effect on CaCl2induced contractions supports this suggestion,
since high K+ in the Ca2+-free Tyrode solution
depolarizes the ileum (13) and the contraction
may occur only after applying CaCl2 (11).
Furthermore, KCl and CCh increase intracellular

Effect of DMSO on KCl and CCh-induced
ileum contractions
Since DMSO was used to solve S.
lavandulifolia fractions, the possible role of
DMSO in the CF antispasmodic activity was
studied by applying this solvent to the ileum
contractions induced by KCl (60 mM) or CCh
0 5HVXOWVVKRZHGWKDWLOHXPFRQWUDFWLRQV
were unaffected by DMSO (0.005-0.08 w/w).
Discussion
7KH PRVW GLVWLQFWLYH ¿QGLQJ RI WKH SUHVHQW
study was the antispasmodic effect of S.
lavandulifolia on rat ileum. The observed
spasmolytic effect was not reversible completely
since the ileum responsiveness to spasmogens
was not reestablished after refreshing the tissue
bath solution. The comparison of spasmolytic
effect of crude extract and fractions indicated
that chloroformic fraction (CF) with lowest IC50
was the most potent fraction.
The contraction in the smooth muscle is
GHSHQGHQW RQ SUHVHQFH RI VXI¿FLHQW F\WRVROLF
Ca2+ which can be provided by two main
VRXUFHV   E\ H[WUDFHOOXODU ÀXLG PDLQO\ YLD
voltage-dependent calcium channels; 2) by
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and the antispasmodic effects of these two
ÀDYRQRLGV KDYH EHHQ GHPRQVWUDWHG  
therefore, it seems that the observed spasmolytic
effect of S. lavandulifolia was due to its
ÀDYRQRLG FRQVWLWXHQWV 5HODWLYHO\ ORZ ,&50 of
the chloroformic fraction of S. lavandulifolia
VXJJHVWVSRVVLEOHEHQH¿FLDOHIIHFWVRIWKLVKHUE
on which, however, further research is needed to
EHFRQ¿UPHG
In conclusion, S. lavandulifolia Vahl.
chloroformic fraction of aerial parts, particularly,
induced spasmolytic effect in the isolated rat
LOHXP PDLQO\ E\ GLVWXUELQJ FDOFLXP LQÀX[
and partly via opioid receptors activation. The
obtained results support the traditional usage of
this herb to treat diarrhea.
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Figure 5. Ileum relaxation (%) induced by CF of S. lavandulifolia
on KCl-evoked or CCh-evoked ileum contraction. Spasmolytic
effect of CF on KCl-induced contraction was more potent than
on CCh-induced contraction with IC50 = 0.126 ± 0.018 and I
C50 PJP/UHVSHFWLYHO\ WZRZD\$129$
p < 0.05).
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Ca2+ by activating the calcium channels which
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Activation ofȕ
f -adrenoceptor activation evokes
the ileum relaxation (14). The ineffectiveness of
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