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Abstract

DracocephalumkotschyiBoiss, a member of Labiatae family, is a nativanplto Iran, which has been
reported to have immunomodulatory, antihyperlipideand antispasmodic activities. The objectivehi$ t
research was to study the antispasmodic and amlidial activities of hydroalcoholic and hexaneraots

of D. kotschyiin mice. Furthermore, the antidiarrhoeal and gagshodic effect of apigenin, a flavonoid
constituent oD. kotschyj was also studied. Hydroalcoholic and hexane etdraere obtained from aerial
part of D. kotschyiusing percolation method. Antispasmodic effecthef test compounds was assessed by
measurement of small intestine transit followingloadministration of a charcoal meal. Diarrhoea was
induced by administration of either castor oil (h§ or magnesium sulphate (Mg@@10% w/v solution).
Both the hydroalcoholic and hexane extract® okotschyi(10 and 20 mg/kg) reduced the intestinal charcoal
meal transit. Loperamide (2 mg/kg) and apigenira@2 10 mg/kg) inhibited intestinal movement of the
charcoal meal and also inhibited castor oil and ®gBduced diarrhoea. The hydroalcoholic and hexane
extracts ofD. kotschyi(10 and 20 mg/kg) also significantly inhibited tbastor oil and MgSginduced
diarrhoea in mice in comparison with the vehickated control groups. This study confirms that kibth
hydroalcoholic and hexane extractsdf kotschyihas antispasmodic and antidiarrhoeal propeitiegvo
and could be a suitable remedy for treatment ofrgasestinal disorders in which smooth muscle spas
and/or diarrhoea plays a significant roles.
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INTRODUCTION pharmacological activities have been attributed
to D. kotschyi For instance, the essential oil of
Dracocephalum kotschyBoiss. (Labiatae  D. kotschyihas shown to have antinociceptive
family) is a medicinal plant, which grows in effects in mice (7)The hydroalcoholic extract
many parts of Iran (1,2). Badrandjboie- of D. kotschyi is reported to have
Dennaie and Zarrin-giah are local Persian antihyperlipidemic effect in animal model (8).
names of this plant (3)D. kotschyiis an The leaf extract oD. kotschyiinhibits tumor
aromatic plant which is enriched in various proliferation and has potential anti-cancer
essential oil including a-pinene, neral, properties in mice (9,10).

geraniol, a-citral, limonene, cyclononadiene, D. kotschyiextract has also been used as
terpinene-4-ol, linalool, carveol, myrcene, antispasmodic agent in Iranian traditional
germacrene-D, isopinocarveol amderpineol medicine (1,7). Both the essential oil and the

(4). In Iranian traditional medicine, this plant hydroalcoholic extract db. Kotschyireported
has been used as a remedy for treatment ofto have spasmolytic activities on isolated
inflammatory pain, ulcer and fever (5-7). This ileum (4,11). TheD. kotschyi extract in
medicinal plant also is used for many aliments concentration dependent manner reduced
such as muscle spasm, congestion, bloating,ileum  contractions induced by KCI,
and other gastrointestinal disorders. Several acetylcholine and neuronal stimulation with
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ICso values 0f 36 £5.1,101 +9.5and 96 £ 7.1
pg/ml respectively (11). Therefore, the extract
of D. kotschyihas a potent antispasmodic
activity in vitro. It is believed that the

antispasmodic effect of plant extract is mainly

Antidiarrhoeal effect oD. kotschyiextracts

hydroalcoholic  and hexane extracts,
loperamide and apigenin. The hydroalcoholic
extract was made up as 10 mg/ml stock
solution in 50% ethanol and diluted in distilled
water to obtain concentrations of 1 and 0.5

due to the presence of flavonoids constituents mg/ml. The hexane extract was made up as 10

(6). The flavonoid constituents &f. kotschyi
extract includes, apigenin, calycopterin,
xanthomicrol, isokaempferide, luteolin,
luteolin 7-O-beta-D-glucopyranoside, luteolin
3'-O-beta-D-glucuronide, apigenin 4'-O-beta-
D-glucopyranoside, acacetin  7-O-beta-D-
glucopyranoside and rosmarinic acid (6).
Flavonoids are widely distributed in the plant
kingdom and occur in many medicinal plants
(12). Apigenin is one of the common flavonoid
present in medicinal plants (12).

So far, there is no report about
antispasmodic or antidiarrhoeal effect bf
kotschyiextractin vivo. Therefore, the aim of
current research was to examine the

mg/ml stock solution in ethanol and further
serial dilution was made in distilled water (1
mg/ml and 500 pg/ml). Loperamide was
dissolved in ethanol as 1 mg/ml stock solution
and was further diluted with distilled water
(100 pg/ml). Apigenin was made up as 1
mg/ml stock suspension or solution in either
1% carboxymethyl cellulose (CMC) or
ethanol. Further dilution was made in distilled
water (500 and 100pg/ml respectively).
Magnesium sulfate was made up as 10% stock
solution in distilled water. Charchol (3%) plus
tragacanth powder (5%) suspension were
prepared in distilled water. All drugs were
purchased from Sigma, while the chemicals

antispasmodic as well as antidiarrhoeal effects were from Merck (Germany). Castor oil was

of D. kotschyiextract in mice. In addition, the

effect of apigenin, a flavonoid constituent of
D. kotschyjwas also examined for comparison
with the effect of the extract with similar

experimental protocol.

MATERIALSAND METHODS

D. kotschyi aerial parts were purchased
from a cultivated farm Fereydun-shahr (in
Isfahan province, Iran) and identified at the
Botany Department of the Faculty of Sciences,
University of Isfahan. A voucher specimen

purchased from Hannan company (Iran).

Pharmacological studies

Male albino mice (25-30 g), bred in School
of Pharmacy and Pharmaceutical Sciences
(Isfahan University of Medical Sciences, Iran)
animal house were kept at room temperature.
The animals were fasted overnight prior to the
experiments with free access to water. All
animals were handled in accordance with the
internationally  accepted principles  for
laboratory animal use and care (14).

In this study effect of hydroalcoholic and

(No. 1519) was deposited at the herbarium of oy ane extracts db. kotschyj loperamide (2

the School of Pharmacy and Pharmaceutical

Sciences of Isfahan University of Medical
Sciences.

The plant materials were dried in shade and

grained to powder using electrical miller
(Moulinex, France). The hydroalcoholic and

mg/kg) and apigenin (2 and 10 mg/kg) were
examined on gut motility using charcoal meal
transit test. In addition, antidiarrhoeal effects
of above substances were examined on castor
oil and magnesium sulphate (Mggénduced

hexane extracts were prepared by percolation diarrhoea. All experiments were conducted in

method (13). The ratio of plant powder to

parallel with control groups treated with

solvent for hydroalcoholic and hexane extracts €quivalent volume of the vehicle. Each dose of
were 1:10 and 1:8, respectively. The yields of drug was examined on 10 separate mice. Stock
hydroalcoholic and hexane extracts were 31% solution was adjusted in such way that each

and 2%, respectively

Drugs and solutions
The following drugs and solutions were
used in this research: D. kotschyi
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mouse was given 0.5 ml of test drugs or extracts.

Charcoal meal transit test
In this test, movement of charcoal meal in
the intestine was assessed. For this purpose
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kotschyi hydroalcoholic extract (10 and 20
mg/kg), hexane extract (10 and 20 mg/kg),
apigenin (2 and 10 mg/kg) or loperamide (2
mg/kg) was given orally to mice and 30 min
later 0.5 ml of charcoal meal containing 3%

less than 0.05 was considered statistically
significant. Two ways analysis of variance
(ANOVA) was used for comparison of two

different experimental groups. SigmaPlot
computer program (version 11) was used for

charcoal plus 5% tragacanth suspension wasstatistical analysis and plotting the graphs.

administered orally. Forty five minutes after
charcoal meal administration, each animal was
sacrificed and distance of charcoal movement in
the small intestine was measured using a ruler.

Castor oil-induced diarrhoea
In this test, preventive effect @f. kotschyi

hydroalcoholic extract (10 and 20 mg/kg),
hexane extract (10 and 20 mg/kg), apigenin (2
and 10 mg/kg) or loperamide (2 mg/kg) were
examined on diarrhoea induced by oral
administration of 0.5 ml castor oil. Half of the
animals were treated with the equivalent
volume of the vehicle. Castor oil was
administered 30 min after oral administration
of drugs or vehicle (15,16). Each animal was

RESULTS

Charcoal meal transit test

In the control group, during 45 min test
time, the charcoal meal moved about 92% of
the total small intestine. Loperamide
significantly reduced the distance moved by
charcoal meal. In fact loperamide reduced
charcoal meal movement by 65% (Fig. 1). In
the control groups treated with 2.5% or 5%
ethanol, there was no difference in the
charcoal meal movements, although 10%
ethanol slightly reduced the charcoal meal
intestinal transit. Higher concentration of
ethanol (20% ethanol) had profound effect and

placed under a large glass funnel and time of therefore drug suspension in 1% CMC

induction of diarrhoea and number of wet

defecation on tissue paper was recorded over

3.5 h at fixed interval time. Filter papers were
replaced accordingly to eliminate over spotting
of wet defecation.

Magnesium sulphate-induced diarrhoea

In this case, each mouse was initially
treated orally with 0.5 ml of MgS£solution
(2 g/kg) and placed under funnel for
assessment of diarrhoea. Half an hour |Bter
kotschyi hydroalcoholic extract (10 and 20
mg/kg), hexane extract (10 and 20 mg/kg),
apigenin (2 and 10 mg/kg), loperamide (2
mg/kg) or vehicles were given intragastrically

was used.

The hydroalcoholic extract db. kotschyi
(10 and 20 mg/kg) significantly reduced the
distance moved by charcoal meal intestinal
transit in comparison with the vehicle treated
control groups by 28% and 35% respectively
(Fig. 1). Similarly thehexane extracts ob.
kotschyi(10 and 20 mg/kg) reduced the charcoal
meal movements by 25% in comparison with
vehicle-treated control groups (Fig. 1). Apigenin
with doses of 2 mg/kg and 10 mg/kg also
inhibited intestinal movement by 35% and 20%
respectively in comparison with the its own
control group (Fig. 1).

to the animals and incidence of diarrhoea was Castor oil-induced diarrhoea

assessed as explained above (15,16).

Measurement and statistical analysis
Number of wet defecation over the course

At least half an hour after administration of
castor oil, first sign of wet defecation was
observed in the animals. The severity of the
diarrhoea gradually increased and within 1.5 h

of study was used for the assessment of totalreached its peak and thereafter gradually
diarrhoea index. lleum transit was expressed subsided (Fig. 2). In the control group treated
as percentage of charcoal moved from pylorus with castor oil, all the animals had clear
to the caecum relative to the whole length of diarrhoea while in the loperamide treated

the ileum.

All results were expressed as mean =*

group 4 animals had no sign of diarrhoea at all.
In the rest of the group, loperamide caused

standard error of mean (SEM) and compared a significant delay in induction of diarrhoea

with corresponding vehicle-treated control
group using unpaired Student's t-téswalues
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(Table 1) and substantially reduced the

severity of diarrhoea (Fig. 2).
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Fig. 1. Effect of hydroalcoholic and hexane extract®oficocephalum kotschyapigenin and loperamide on intestinal
distance moved by charcoal meal (0.5 ml; per orimmomparison with the vehicle treated control gr®un mice.
Values are expressed as the Mean + SEM for eaalpgrdP<0.01, ***P<0.001 in comparison with corresponding
vehicle-treated control group (Student's t-testhe Thumber of observations was 10 mice in each gr@MC:
carboxymethyl cellulose.
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Fig. 2. Effect of loperamide on castor oil induced diaghmver a 3-h time course. Loperamide was giveltyda
min before oral administration of 0.5 ml castor. @hch point presents mean incidence of wet deécat 30 min
interval times. The data are presented as the Me®BM (n = 10). Differences in the mean values amopgramide
and control group are statistically significam<Q.01; two way ANOVA). Stars show the statisticadlignificant
differences between incidence of diarrhoea andvdtécle treated control at corresponding time idkbs. *P<0.5,
*** P<(0.001 (Student's t-test).
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The total incidence of diarrhoea was kotschyj with doses of 2 mg/kg and 10 mg/kg
reduced by 73% in loperamide treated group in also inhibited castor oil-induced diarrhoea by
comparison with the vehicle treated control 36% and 63% respectively in comparison with
(Fig. 3). the control group (Fig. 3).

The hydroalcoholic extract db. kotschyi
(10 and 20 mg/kg) significantly reduced the
castor oil-induced diarrhoea by 52% and 67%
in comparison with the vehicle treated control
g;%%pzrgizpiige% (;;;gr; 21)‘ dci.)ar:fh c?enellmail ;rl} solution) initial sign of wet defe_cation was
Similarly, the hexane extract d. kotschyi observed. The peak effect of diarrhoea was

(10 and 20 mg/kg) inhibited castor oil-induced S€€N 45 min later and thereafter the incidence
diarrhoea by 40% and 60% respectively in of the diarrhoea gradually subsided (Fig. 4).

comparison with the vehicle treated control Therefore, 3 h time course of study was a
groups (Fig. 3). suitable time for studying the antidiarrhoeal

Apigenin, a flavonoid constituent ob. effect of drugs in this model (15,16).

Magnesium sulphate-induced diarrhoea
In the control group, 30 min after
administration of MgS® (0.5 ml of 10%

Table 1. Effect of hydroalcoholic and hexane extractsDoicocephalum kotschyapigenin and loperamide on
induction time of diarrhoea in comparison with \@&itreated control groups following oral admirésion of castor
oil (0.5 ml) in mice.

Delay in induction of diarrhoea (min)

Drugs Dose (mg/kg) (vehicle
g (Mg/kg) ( ) Test group Control group
Hydroalcoholic extract ob. kotschyi 10 (2.5% ethanol) 89+ 10 85+7
20 (5% ethanol) 90+ 10 716
Hexane extract dD. kotschyi 10 (5% ethanol) 88+6.1 72+ 6
20 (10% ethanol) 96+ 5.5% 81+4
N 2 (2% ethanol) 93+8.5 797
Apigenin 10 (1% CMC) 94+ 10 71+85
Loperamide 2 (1% ethanol) 125+ 10*** 58+ 7.5

The number of observations was 10 mice in eachpyrdialues are expressed as mean + SEM for eachpgrou
*P<0.05, ***P<0.001 in comparison with corresponding vehicle-treatehtml group (Student'stest). CMC;
carboxymethyl cellulose.

Table 2. Effect of hydroalcoholic and hexane extractsDyacocephalum kotschyapigenin and loperamide on
induction time of diarrhoea in comparison with \@é&itreated control groups following oral admirasion of 10%
MgSQ, solution (0.5 ml) in mice.

Delay in induction of diarrhoea (min)

Drugs Dose (mg/kg) (vehicle
g (mgkg) ( ) Test group Control group

Hydroalcoholic extract ob. kotschyi 10 (2.5% ethanol) 58+ 5* 41+ 4
20 (5% ethanol) 64 + 4*** 42+ 3
Hexane extract dD. kotschyi 10 (5% ethanol) 50+ 2.5* 40+ 3
20 (10% ethanol) 68+ 3* 56+ 2
N 2 (2% ethanol) 63+ 3*** 43+ 4
Apigenin 10 (1% CMC) 55+ 3 49+ 4
Loperamide 2 (1% ethanol) 65+ 3x** 39+ 2

The number of observations was 10 mice in eachpgrdialues are expressed as mean = SEM for eactpgrou
*P<0.05, **P<0.001 in comparison with corresponding vehicletgdacontrol group Student's t-test CMC:
carboxymethyl cellulose.
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In the control group treated with Mg0O  hexane extract ofD. kotschyi (10 and 20
all the animals had clear diarrhoea while in the mg/kg) reduced MgS&induced diarrhoea by
loperamide treated group 5 animals had no 44% and 61% respectively in comparison with
sign of diarrhoea at all. Loperamide the vehicle treated control groups (Fig. 5).
suppressed the induction (Table 2) and the Apigenin (2 and 10 mg/kg) inhibited
severity of diarrhoea (Fig. 4). The total MgSOs-induced diarrhoea by 70% and 59%
incidence of diarrhoea was reduced by 85% in respectively in comparison with the vehicle
loperamide-treated group in comparison with treated control group (Fig. 5). Comparison of
the vehicle-treated control (Fig. 5). apigenin control groups receiving either low

The hydroalcoholic extract dD. kotschyi concentration of ethanol (2%) or CMC show
(10 and 20 mg/kg) significantly reduced the that CMC also has slight effect on intensity of
MgSOy-induced diarrhoea by 45% and 66% in diarrhoea or time of induction. Administration
comparison with the vehicle-treated control of higher concentration of ethanol obscured
groups, respectively (Fig. 5). Similarly, the the results and was relatively toxic.
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Fig. 3. Effect of hydroalcoholic and hexane extractbaficocephalum kotschyapigenin and loperamide on castor oil
diarrhoea (0.5 ml; P.O.) in comparison with theigkhtreated control groups in mice. Values areresged as the
Mean + SEM for each group. P<0.01, **P<0.001 in comparison with corresponding vehicletee control group
(Student's t-test). The number of observations Wamice in each group.  CMC; carboxymethyludebe.
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—e— Control (1% ethanol)
—o— Loperamide (2 mg/kg)

1 10% MgsQ
(0.5 mL)

Number of wet defecation
(@] = N w SN (03] (o)) ~ (o]

Time (min)

Fig. 4. Effect of loperamide on MgSginduced diarrhoea over 3 h time course. Loperamide given orally 30 min
before oral administration of 0.5 ml of 10% MgS@ach point presents mean incidence of wet deéecat 30 min
interval times. The data are presented as the Me&EM (n = 10). The difference in the mean valuesragn
loperamide and control group are statistically Bigant (P<0.001; two way ANOVA). Stars show the statistically
significant differences between incidence of diae# and the vehicle-treated control at correspantiine intervals.
*** P<(0.001 (Student's t-test).
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Fig. 5. Effect of hydroalcoholic and hexane extract®odcocephalum kotschyapigenin and loperamide on diarrhoea
induced by 0.5 ml of MgSQin comparison with the vehicle treated controlug® in mice. Values are expressed as
mean + SEM for each group. *P<0.001 in comparison with corresponding vehiclextiee control group (Student's t-
test). The number of observations was 10 mice é¢h ggoup. CMC; carboxymethyl cellulose.
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DISCUSSION

D. kotschyiextracts have been used for their
antispasmodic and analgesic effect in Iranian
folk medicine (5).In vitro studies of D.
kotschyi extract on isolated ileum has
supported the effectiveness @. kotschyi

Antidiarrhoeal effect oD. kotschyiextracts

cholecystokinin, which increases intestinal
motility and fluid secretion (30).

Loperamide which was used as the standard
drug in this research decreases circular and
longitudinal smooth muscle activity of small
intestine (31) and this explains the delay in

movements of charcoal meal. Antidiarrhoeal

extracts as an antispasmodic agent (4,11). Inaction of loperamide is exerted by slowing

this research, the antispasmodic actionDof
kotschyi extracts was further investigated
vivo by assessment of intestinal transit of
charcoal meal. In addition, the antidiarrhoeal
effect of D. kotschyiextracts was examined on
animal model of diarrhoea induced by castor

oil and MgSQ.
Diarrhoea results from an imbalance
between the absorptive and secretory

mechanism in the intestinal tract, which is
accompanied by an excess loss of fluid in the
faeces. In some types of diarrhoea, the
secretory component is predominant, while

intestinal transit and increasing contact time,
and perhaps by directly inhibiting fluid and
electrolyte secretion and/or stimulating salt
and water absorption (32). Loperamide could
act by several different mechanisms mediated
principally through eitherp- or o&-opioid
receptors on enteric nerves, epithelial cells,
and smooth muscle cells in the gastrointestinal
tract. These mechanisms include effects on
intestinal motility (1-receptors), intestinal
secretion § receptors), or absorptiop-(and
o- receptors) (30).

In the gastrointestinal transit test, tie

other types of diarrhoea are characterized by yotschyiextracts and apigenin with oral doses

intestinal hyper motility (17).

Castor oil is regarded as a stimulant and
irritant laxative. When given orally, it has a
laxative effect (18,19). It is believed that the
laxative effect of castor oil is mediated by
ricinoleic acid, a hydroxylated fatty acid
released from castor oil by intestinal lipases.
The released ricinoleic acid induces a strong
laxative effect (20-22). Evidence has been
provided that ricinoleic acid can directly affect
intestinal motility (23,24). In addition to direct
effect on intestinal motility, ricinoleic acid has
also an effect on intestinal ion transport and
water flux (25,26). Whether these effects are

mediated by the enteric nervous system (27) or jn

are direct effects on intestinal smooth muscle
remained unclear. More recent research
suggested that castor oil-induced laxation is
mediated via ricinoleic acid activating
prostaglandin EP receptors EP; prostanoid
receptor is specifically activated by ricinoleic
acid and that it mediates the pharmacological
effects of castor oil (28).

MgSO,

of 10 mg/kg retarded the gastrointestinal
transit of the charcoal meal in mice indicating
a clear antispasmodic activitg vivo. In the
castor oil and MgS@induced diarrhoea
experiments, the extracts @. kotschyiand
apigenin delayed the induction of diarrhoea
and produced a marked antidiarrhoeal effect in
mice. Part of antidiarrhoeal activity could be
due to the inhibition of gut motility but
inhibiton of MgSQ-induced diarrhoea
indicate that reduction in water absorption may
have contributed to the antidiarrhoeal action of
D. kotschyiextracts.
The components which has been identified
D. kotschyi extract are calycopterin,
xanthomicrol, isokaempferide, luteolin,
apigenin, luteolin 7-O-beta-D-glucopyranoside,
luteolin 3'-O-beta-D-glucuronide, apigenin 4'-O-
beta-D-glucopyranoside, acacetin 7-O-beta-D-
glucopyranoside and rosmarinic acid (6). We
have selected apigenin as an active compound
of D. kotschyiextract in order to compare its
antispasmodic and antidiarrhoeal activity.

is a non-absorbable osmotic Apigenin is a natural product belonging to the

substance that attracts and retains water in theflavenoid class that is the aglycone of several

intestinal lumen, increasing intraluminal
pressure that mechanically stimulates
evacuation of the bowel (29). Magnesium-

naturally occurring glycosides (12). Apigenin
is also found in other fruits and vegetables,
including parsley, celery, celeriac, and

containing agents also cause the release ofchamomile (33). A variety of potential
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biological activities of apigenin have been development process for thi®. kotschyi

reported. For instance, apigenin has been extracts is recommended.

shown to prevent renal damage caused by

cyclosporin in rats (34,35). Apigenin may have ACKNOWLEDGEMENTS

a chemopreventive role in leukemia (36). The

exact mechanism of action of apigenin is not The content of this paper is extracted from the

known. However, apigenin is said to be a Pharm.D thesis NO. 393542 submitted by F.

ligand for central benzodiazepine receptors, Shahverdi which was financially supported by

exerting anxiolytic and slight sedative effects the Research Department of Isfahan University

(37,38). It may also affect the adenosine of Medical Sciences, Isfahan, I.R. Iran.

receptors (39) and blocks N-methyl-D-

aspartate receptors (40). Apigenin may act as REFERENCES

a monoamine transporter activator (41) and is

reported to be a potent inhibitor of CYP2C9 1. Sa,rga”,tA-PMglquitr)a' pl'ggtg-th4ed42T§£"a”3Tehra”
e i : H niversi ublication; . . -40.

(42.)' In. addition, like various other flavonoids, . Rechinggr KH, Labiat’ae. In: FI;r:achinger KH , Hedge

apigenin has been found to possess nanomolar ¢ , editors. Flora Iranica, Akademische Druck

affinity for the opioid receptors (43). Effect of Verlagsantalt. Vol 150Graz, Austria. 1986. pp. 218-

apeginin on opioid receptors could explain the 231

similarites  between antispasmodic  and 3 Mirheydar H. Maaref Giahi. Vol 2. Tehran: Daftare

. g . . Nasher Farhange Eslami;1995. pp. 170-176.
antidiarrhoeal action of loperamide and Sadraei H, Asghari G, Kasiti F. Comparison of

apigenin. Inhibitory effect of apigenin (2 antispasmodic effects obracocephalum kotschyi
mg/kg) on MgSQ@induced diarrhoea was essential oil, limonene ang-terpineol. Res Pharm
relatively close to that loperamide (2 mg/kg) Sci. 2015;10:109-116.

while on castor oil-induced diarrhoea, apigenin - Naghibi F, Mosaddegh M, Mohammadi Motamed

. . . e M, Ghorbani A. Labiatae family in folk medicine in
was less effective than loperamide with similar Iran from ethnobotany to pharmacology. Iranian J

doses. Antispasmodic and antidiarrhoeal effect  pparm Res. 2005:2:63-79.
of apigenin was quantitatively very similar to 6. Gohari AR, Saeidnia S, Matsuo K, Uchiyama N,
effect of D. kotschyihydroalcoholic extracts. Yagura T, Ito M.et al Flavonoid constituents of

Therefor it n ncl that th Dracocephalum kotschygrowing in Iran and their
cretore, can be concluded € trypanocidal activity. Nat Med. 2003;57:250-252.

apigenin In_nOt the sole c_omponent reSponslble 7. Golshani S, Karamkhani F, Monsef-Esfehani HR,
for gastrointestinal action ofD. kotschyi Abdollahi M. Antinociceptive effects of the essehtia
extracts.D. kotschyiextract also reported to oil of Dracocephalum kotschyn the mouse writhing
have antihyperlipidemic effect with doses of _ test J Pharm Pharmaceut Sci. 2004;7:76-79.

. 8. Sajjadi SE, Movahedian Atar AM, Yektaian A.
80-120 mg/kg in rats (8). On the other hand, Antihyperlipidemic effect of hydroalcoholic extract

antidia”hoea! effect oD. kotschyi extracts and polyphenolic fraction fromDracocephalum
was seen with doses of 10 and 20 mg/kg.  kotschyiBoiss. Pharm Acta Helv. 1998;73:167-170.

Therefore, gastrointestinal effect is seen with 9. Amirghofran 7, Azadbakht M, Karimi MH.

; Evaluation of the immunomodulatory effect of five
lower doses ob. kotschyextract. herbal plants. J Ethanopharmacol. 2000;72:167-172.

10.Jahaniani F, Ebrahimi SA, Rahbar-Roshandel N,
CONCLUSION Mahmoudian M. Xanthomicrol is the main cytotoxic
component of Dracocephalum kotschyiiand a
In this research, we have provided potential ~ anti-cancer  agent.  Phytochem.
pharmacological evidence for antispasmodic 2005,66:1581-1592.

. . 11.Sadraei H, Asghari G, Kasiri F. Antispasmodic
and antidiarrhoeal OD' kOt_SChy'eXtraCtS' A'_[ effect of Dracocephalum kotschyhydroalcoholic
least part of gastrointestinal dd. kotschyi extract on rat ileum contraction. Res Pharm Sci.
extract is due to presence of apigenin but other  2015;10:446-452.
constituents may have a contribution which 12. Asif M, Khodadadi E. Medicinal uses and cheryist
needs to be investigated. As the effective dose ©f flavonoid contents of some common edible

f D. kotschviextract | to d f tropical plants. J Paramed Sci. 2013;4:119-138.
0 - Kotschyiextracls are close 1o dose O 13 samyelsson G. Drugs of natural origin, Stoakhol

loperamide, a full drug design and Swedish Pharmaceutical Press; 1999. pp. 48-49.

208



14. Committee for the update of the guide for theec
and use of laboratory animals National Research
Council. Guide for the Care and Use of Laboratory
Animals. Washington DC: The National Academies
Press; 2010. pp. 37-11.

15.Jagannadha H, Lakshmi R. Anti-diarrhoeal astivi
of the aqueous extract of the bark@hnamomum
zeylancicunLinn in mice. J Clinic Diagnostic Res.
2012;6:215-219.

16. Sadraei H, Ghanadian M, Asghari G, Azali N.
Antidiarrheal activities of isovanillin, iso-
acetovanillon andPycnocycla spinoseaextract in
mice. Res Pharm Sci. 2014;9:83-89.

17.Rang HP, Dale MM, Ritter JM, Flower RJ. Rang
and Dale's Pharmacology."6ed. Chapter 25.
London: Churchill Livingstone; 2007. p. 167-385.

18. Scarpa A, Guerci A. Various uses of the castior
plant Ricinus communisL.). A review. J
Ethnopharmacol. 1982;5:117-137.

19. Watson WC, Gordon RS Jr. Studies on the digesti
absorption and metabolism of castor oil. Biochem
Pharmacol. 1962;11:229-236.

20. Burdock GA, Carabin IG, Griffiths JC. Toxicolpg
and pharmacology of sodium ricinoleate. Food
Chem Toxicol. 2006;44:1689-1698.

21.Cline WS, Lorenzsonn V, Benz L, Bass P, Olsen
WA. The effects of sodium ricinoleate on small
intestinal function and structure. J Clin Invest.
1976;58:380—-390.

22.Iwao |, Terada Y. On the mechanism of diarrthea
to castor oil. Jpn J Pharmacol. 1962;12:137-145.

23.Stewart JJ, Gaginella TS, Bass P. Actions of
ricinoleic acid and structurally related fatty axidf
the gastrointestinal tract. |. Effects on smooth
muscle contractilityin vitro. J Pharmacol Exp Ther.
1975;195:347-354.

24.1zzo AA, Mascolo N, Viola P, Capasso F. Inhobst
of nitric oxide synthase enhance rat ileum
contractions induced by ricinoleic adidvitro. Eur J
Pharmacol. 1993;243:87-90.

25.Racusen LC, Binder HJ. Ricinoleic acid stimolat
of active anion secretion in colonic mucosa of the
rat. J Clin Invest. 1979;63:743—749.

26. Mathias JR, Martin JL, Burns TW, Carlson GM,
Shields RP. Ricinoleic acid effect on the electrica
activity of the small intestine in rabbits. J Clin
Invest. 1978;61:640-644.

27.Goyal RK, Kirano I. The enteric nervous systén.
Eng J Med. 1996;334:1106-1115.

28.Tunaru S, Althoff TF, Nising RM, Diener M,
Offermanns S. Castor oil induces laxation and steru
contraction via ricinoleic acid activating
prostaglandin Efreceptors. Proc Natl Acad Sci U S
A. 2012;109:9179-9184.

29.1zzo AA, Gaginella TS, Capasso F. The osmaiit a
intrinsic mechanisms of the pharmacological
laxative action of oral high doses of magnesium
sulphate. Importance of the release of digestive
polypeptides and nitric oxide. Magnes Res.
1996;9:133-138.

30. Sharkey KA, Wallace JL. Treatment of disordgfrs
bowel motility and water flux; anti-emetics; agents

209

Antidiarrhoeal effect oD. kotschyiextracts

used in biliary and pancreatic disease. In: Brunton
LL, editor. Goodman and Gilman's.The
Pharmacological Basis of Therapeutics”" #8. New
York: McGraw Hill; 2011. pp. 1323-1349.

31.Kromer W. Endogenous and exogenous opioid in
the control of gastrointestinal motility and seimet
Pharmacol Rev. 1988;40:121-162.

32.Reynolds 1J, Gould RJ, Snyder SH. Loperamide:
Blocked of calcium channels as a mechanism for
antidiarrheal effect. J Pharmacol Exp Ther.
1984;231:628-632.

33.Meyer H, Bolarinwa A, Wolfram G, Linseisen J.
Bioavailability of apigenin from apiin-rich parsley
humans. Ann Nutr Metab. 2006;50:167-172.

34. Srikumar C, Chong FW, Nagaraja HS. Apoptosis
and expression of bcl-2 in cyclosporin induced renal
damage and its reversal by beneficial effects of 4,5,7 -
Trihydroxyflavone. J Anal Bio Sci. 2009;32:320-327.

35.Chong FW, Srikumar C, Nagaraja HS,
Thanikachalam PM, Nagarajah L. Expression of
transforming growth factop- and determination of
apoptotic index in histopathological sections for
assessment of the effects of apigenin (4'5',7'-
trihydroxyflavone) on cyclosporine A induced renal
damage. Malays J Pathol. 2009;31:35-43.

36. Ruela-de-Sousa RR, Fuhler GM, Blom N, Ferreira
CV, Aoyama H, Peppelenbosch MP. Cytotoxicity of
apigenin on leukemia cell lines: implications for
prevention and therapy. Cell Death Dis. 2010;1:1—
11.

37. Viola H, Wasowski C, Levi de Stein M, Wolfman C
Silveira R, Dajas Fet al. Apigenin, a component of
Matricaria  recutita flowers, is a central
benzodiazepine receptors-ligand with anxiolytic
effects. Planta Med. 1995;61:213-216.

38.Campbell EL, Chebib M, Johnston GAR. The
dietary flavonoids apigenin and (-)-epigallocate
chingallate enhance the positive modulation by
diazepam of the activation by GABA of recombinant
GABA-A receptors. Biochem Pharmacol.
2004,68:1631-1638.

39.Jacobson KA, Moro S, Manthey JA, West PL, Ji
XD. Interactions of flavones and other
phytochemicals with adenosine receptors. Adv Exp
Med Biol. 2002;505:163-171.

40. Losi G, Puia G, Garzon G, de Vuono MC, Baraldi
M.  Apigenin  modulates GABAergic and
glutamatergic transmission in cultured cortical
neurons. Eur J Pharmacol. 2004;502:41-46.

41.Zhao G, Qin GW, Wang J, Chu WJ, Guo LH.
Functional activation of monoamine transporters by
luteolin and apigenin isolated from the fruit of
Perillafrutescens  (L.) Britt. Neurochem .Int
2010;56:168-176.

42.Si Dayong, Wang Y, Zhou YH, Guo Y, Wang J,
Zhou H,et al Mechanism of CYP2C9 inhibition by
flavones and flavonols. Drug Metab Dispos.
2009;37:629-634.

43. Katavic PL, Lamb K, Navarro H, Prisinzano TE.
Flavonoids as opioid receptor ligands: identifioati
and preliminary structure-activity relationships. J
Nat Prod 2007;70:1278-1282.



