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ABSTRACT
Context: Nepeta ruderalis Buch.-Ham. (Lamiaceae), locally known as Badranj Boya, is an aromatic herb
used traditionally as an antispasmodic, antidiarrhoeal, and anti-asthamatic remedy.
Objective: Aqueous methanolic extract of N. ruderalis was studied to investigate its traditional uses.
Materials and methods: Study was conducted from September 2015 to February 2016. In vitro spasmo-
lytic and broncho-relaxant activity of crude extract of N. ruderalis (whole plant) was evaluated at
0.01–10mg/mL final bath concentration in isolated rabbit jejunum and tracheal tissues, using PowerLab
data acquisition system (Transonic Systems Inc., Ithaca, NY). In vivo antidiarrhoeal activity was evaluated in
castor oil-induced diarrhoeal mice at the dose of 300 and 500mg of crude extract orally.
Results: Crude extract of N. ruderalis completely relaxed spontaneously contracting, high Kþ (80mM) and
carbachol (1lM) induced contracted jejunum with an EC50 value of 5.85 (5.45–6.27), 4.0 (3.80–4.23) and
2.86 (2.48–3.29), similar to verapamil. Nr.Cr relaxed high Kþ and carbachol induced contractions, at 5 and
10mg/mL with an EC50 value of 2.37 (2.11–2.67) and 3.26 (2.9–3.67), respectively, and also displaced cal-
cium concentration–response curves toward right at 0.1 and 0.3mg/mL. Nr.Cr exhibited antidiarrhoeal pro-
tection at a dose of 300 and 500mg/kg, similar to verapamil, whereas no acute toxicity signs were seen
up to 5 g/kg in healthy mice.
Discussion and conclusion: Results suggest the presence of spasmolytic and broncho-relaxant effects in
the crude extract of N. ruderalis, possibly mediated through calcium channel-blocking activity, providing
the pharmacological basis for its traditional uses in gastrointestinal and airway disorders.
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Introduction

Conventional drugs, used commonly in the treatment of many
disorders, are not always safe or effective, and sometime beyond
the affordability or access of large no of people in the world
(Rehman et al. 2012). Traditional systems of medicine, mainly
based on the use of herbs as medicine, are one of the most popu-
lar alternative options for such patients. There is a need to evalu-
ate new, economical, and cost-effective drugs to meet the future
challenges regarding diseases, despite the availability of several
remedies obtained from synthetic sources. According to the
World Health Organization (WHO), the use of herbal medicines
in the health care system is increasing with the passage of time
(Mehmood et al. 2011a). It is sound to believe that herbal medi-
cines are relatively safe as compared with chemical substances
because these are known to contain side effects neutralizing
potential (Mehmood et al. 2011b). Scientific validations of trad-
itional herbal products are also attracting the prescribers of mod-
ern medicines towards the use of neutraceuticles in their
practices, globally (Rehman et al. 2012).

Nepeta ruderalis Buch.-Ham. ex Benth. (Lamiaceae), syn.
Nepeta hindostana Haines, locally known as Badranj boya (Khare
2007), is an aromatic herb with bitter taste used traditionally in
many Ayurvedic and Yunani medicines. Nepeta ruderalis occurs
in temperate parts of western Afghanistan and tropical, it is
found in India, Pakistan, Nepal, and west Himalayas (Kew 2014).

The plant is known for uses such as cardiac, brain, and gastric
tonic. It is a blood purifier and relieves high blood pressure. It
has anti-asthmatic, anti-catarrhal, and sedative properties (Awan
1960). It is used to treat fever, body ache, diarrheoa, dysentery,
as a carminative and antispasmodic agent (Quattrocchi 2012), as
a gargle for sore throat and bad breath, also to treat gonorrhoea
(Nadkarni 1996). The plant also has hypocholesterolaemic and
central nervous system (CNS) depressant effects (Khare 2007).

Some scientific studies have already proven the medicinal
importance of N. ruderalis as an antimicrobial, anti-oxidant, and
antipyretic (Koche 2010; Pandey et al. 2015). Phytochemical stud-
ies revealed the isolation of nepehinol (Ahmad et al. 1985) and,
nepehinal, a triterpenoidal aldehyde from the plant (Ahmad et al.
1993). The present study was undertaken to validate traditional
uses of N. ruderalis in the gastrointestinal tract (GIT) and
respiratory disorders.

Materials and methods

Drugs and chemicals

All chemicals of research grade were used for experimental work.
Magnesium chloride, potassium dihydrogen phosphate, sodium
bicarbonate, potassium chloride, magnesium sulphate, glucose,
sodium dihydrogen phosphate (Merck, Darmstadt, Germany),
and sodium chloride (BDH Laboratory Supplies, Poole, England)
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were used for physiological solution preparation. Carbachol
(CCh), acetylcholine chloride (Ach) and loperamide (Sigma
Chemical Co., St. Louis, MO) were utilized as standards and cas-
tor oil (Marhaba Laboratories, Lahore, Pakistan) for the induc-
tion of diarrhoea. Whereas chloroform, hydrochloric acid,
benzene, sulphuric acid, iodine, picric acid (BDH Laboratory
Supplies, Poole, England), ammonium hydroxide, ferric chloride
(Sigma Chemical Co., St. Louis, MO), ethanol, ammonia solution
(Saba Saleem Industries and Fine Chemicals, Karachi, Pakistan),
sodium hydroxide (Sigma Aldrich Laborchemikalien GmbH,
Steinheim am Albuch, Germany), benzene, lead acetate, and
potassium iodide (Merck, Darmstadt, Germany) were used in
phytochemical analysis of crude extract.

Distilled water was used for the preparation of standard solu-
tions, dilution, and physiological salt solutions (Tyrode’s and
Kreb’s solutions). Physiological salt solutions and dilutions of
standard drugs were freshly made on the day of the experiment
by the method of Naz et al. (2016).

Plant material and crude extract preparation

Dried N. ruderalis whole plants were procured in April 2015 from
a reputed herb store in Lahore, Pakistan. Plant material was iden-
tified by taxonomy expert Prof. Dr. Zaheer-ud-din Khan,
Department of Botany, GC University, Lahore. Specimen voucher
(Fl. P. 644-4) was submitted in Faculty of Pharmacy, The
University of Lahore, Lahore, Pakistan. About 900 g coarse pow-
der of the plant was soaked in approximately 2500mL, 70% aque-
ous methanolic solution for 3 d with daily mixing and then
filtered. This filtrate was concentrated to thick semi-solid mass by
using a rotary evaporator as previously followed by Williamson
et al. (1998). The yield of crude extract was 7.78% approximately.

Animals

Locally bred rabbits (1.0–1.5 kg) and albino mice (25–30 g) were
used for in vitro and in vivo studies were obtained from the ani-
mal house of Faculty of Pharmacy, The University of Lahore,
Lahore, Pakistan, under controlled environmental conditions. All
experiments were performed according to the guidelines of The
Institute of Laboratory Animal Resources, National Research
Council (Clark et al. 1996), after getting approval (IAEC-2014-
01) from the Institutional Animal Ethics Committee of The
University of Lahore, Lahore, Pakistan.

In vitro experiments

Rabbits were killed humanely after 24 h of fasting and tissues
(jejunum or trachea) were isolated and a portion of tissue was cut
and hooked in a tissue, organ bath, pre-filled with 20mL of physio-
logical solution, continuously aerated with (95% O2 and 5% CO2)
carbogen, sustained at a temperature of 37 �C. 1 g preload was
given to the tissue and equilibrated for approximately 30–40min
before giving any further treatment. Tissue was then stabilized by
administering the sub-maximal concentration of (0.3lM) acetyl-
choline or charbachol (1lM) 3–5 times and then standard proto-
cols were applied to study the effects of crude extract and
verapamil on the isolated jejunum and trachea in triplicate.

Determination of calcium blocking activity

High Kþ (80mM) was used to determine, either calcium chan-
nel-blocking mechanism is involved in the relaxant effect of the

crude extract. Once the sustained contraction was achieved after
addition of high Kþ in the tissue, organ bath, the crude extract
was added in a cumulative fashion. An agent that inhibits the
contractions produced by high Kþ is considered to be a calcium
channel blocker (CCB) (Bolton 1979). To confirm the presence
of Caþ2 channel blocking activity of the crude extract, calcium
concentration–response curves (CRCs) were developed in the
absence and presence of crude extract as explained previously by
following Van Rossum (1963). The tissue was stabilized in
Tyrode’s solution, which was replaced with Caþ2-free Tyrode’s
solution (Tn), to make the tissue Caþ2 free. Following an incuba-
tion period of 30min, after replacing Tn with Caþ2 free but Kþ

rich Tyrode’s solution (Tr), CRCs of Caþ2 were constructed by
adding CaCl2 in cumulative fashion in tissue organ bath. When
two consecutive superimposed control Caþ2 curves were con-
structed, the tissue was incubated in the crude extract for 50min
to evaluate the possible CCB activity. Caþ2 CRCs were recon-
structed in the presence of different concentrations of Nr.Cr and
any right word shift in the curve or suppression in maximum
contractile response will be considered as an indicator for the
presence of CCB activity.

In vivo experiments

All in vivo experiments were performed on overnight fasted
albino mice by following the procedures described previously by
Mehmood et al. (2011a).

Acute toxicity test

Mice (n¼ 20) were segregated into four groups. Group one was
given normal saline 10mL/kg (body weight) orally (negative con-
trol). Three other groups were given increasing doses of crude
extract of N. ruderalis (1, 3, and 5 g/kg, equivalent to 12.85,
38.57, and 64.25 g of dried plant) and given free access to food
and water. Animals were observed for toxicity signs consistently
for 6 h, whereas mortality was noted up to 24 h (Khan & Gilani
2009).

Antidiarrhoeal activity

Overnight fasted mice (n¼ 25) were segregated into five groups
and housed individually in separate cages. The first group was
given normal saline (10mL/kg) orally (negative control). Test
groups were administered 300 and 500mg/kg of crude extract
equivalent to 3.85 and 6.42 g of dried plant, respectively. While
positive control groups were administered verapamil (50mg/kg)
and loperamide (10mg/kg). After 1 h, each animal was then
given (10mL/kg, p.o.) castor oil to induce diarrhoea and moni-
tored for defecation up to 6 h (Janbaz et al. 2013). Defecations
were counted in each mouse cage and antidiarrhoeal effect was
calculated on the basis of diarrheal scoring as following; score 0:
no diarrhoea, score 1: soft but formed faeces, score 2: very soft
stool, score 3: very loose faeces, and percentage protection
against castor oil induced diarrhoea (Naz et al. 2016).

Statistical analysis

All experimental data were stated as mean ± SEM, whereas
median effective concentrations (EC50 values) and one-way
ANOVA) with 95% confidence intervals (CI) were used to
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determine difference in various doses followed by Dunnett’s test,
p value <0.05 was considered statistically significant.

Results

In vitro experiments

Effect on rabbit jejunum

Spasmolytic effect of N. ruderalis crude extract was observed in
isolated rabbit jejunum, when given in cumulative concentration
(0.01–10mg/mL) (Figure 1(a)), similar to verapamil
(0.003–10 lM) (Figure 1(b)) with an EC50 value of 5.85 (95% CI,
5.45–6.27, n¼ 5) and 3.04 (2.45–3.76, n¼ 4). Whereas high Kþ

(80mM) or carbachol (1 lM)-mediated contraction in isolated
rabbit jejunum was completely relaxed with an ascending con-
centration of N. ruderalis crude extract at 10mg/mL, with EC50

values of 4.0 (3.80–4.23, n¼ 4) and 2.86 (2.48–3.29, n¼ 4)
(Figure 2(a)), similar to verapamil at 0.003–0.3 lM and
0.003–3 lM with an EC50 value of 0.039 (0.034–0.045, n¼ 4) and
0.25 (0.22–0.29, n¼ 4), respectively (Figure 2(b)).

Effect on rabbit trachea

Nepeta ruderalis crude extract showed concentration-dependent
relaxation of high Kþ (80mM) or carbachol (1lM)-mediated
contractions, when treated on the isolated rabbit trachea. Tissue
was fully relaxed at the dose of 5 and 10mg/mL with an EC50

value of 2.37 (2.11–2.67, n¼ 5) and 3.26 (2.9–3.67, n¼ 5) (Figure
3(a)), similar to verapamil (0.003–0.3 lM) and (0.003–3 lM) with
an EC50 value of 0.058 (0.046–0.067, n¼ 3) and 0.79 (0.60–1.05,
n¼ 5) (Figure 3(b)), respectively. A rightward displacement in
calcium CRC was shown in the presence of N. ruderalis crude
extract at 0.1mg/mL, followed by a significant (p< 0.05)

suppression in CRC maximum response at 0.3mg/mL (Figure
4(a)), similarly in the case of verapamil, where the rightward shift
was seen at 0.03lM, followed by a significant (p< 0.01) suppres-
sion in CRC maximum response at 0.1 lM (Figure 4(b)).

In vivo experiments

Acute toxicity test

The crude plant extract of N. ruderalis was well tolerated by the
test animals up to the tested dose of 5 g/kg orally. No signs of
acute toxicity like any behavioral changes, restlessness, seizures,
or blindness were present over the period of 4–6 h of observa-
tion. Moreover, no mortality was recorded up to 24 h.

Antidiarrhoeal activity

Nepeta ruderalis crude extract showed antidiarrhoeal effect, when
assessed in castor oil-induced diarrhoeal mice. Wet faeces plus
the total number of faeces of each individual animal was counted
to obtain the results. The animals in the negative control group
were found to be diarrhoeal with 0% protection. While the ani-
mals that were administered 300mg/kg dose of crude extract,
exhibited 20% protection, but a significant effect was shown at
500mg/kg with 60% protection. Whereas loperamide (10mg/kg)
and verapamil (50mg/kg) also showed a significant effect with
100% protection against castor-oil induced diarrhoea (Table 1
and Figure 5).

Discussion

Gastrointestinal motility is regulated by various physiological fac-
tors, like acetylcholine, histamine, serotonin, etc. associated with

Figure 1. Concentration-dependent inhibitory effect of (a) crude extract of N. ruderalis (Nr.Cr) and (b) verapamil, on spontaneously contracting isolated jejunum.
Values are expressed as mean± SEM, n¼ 4–5.

Figure 2. Concentration-dependent inhibitory effect of (a) crude extract of N. ruderalis (Nr.Cr) and (b) verapamil on high Kþ (80mM) and carbachol (1lM) induced
pre-contracted isolated jejunum. Values are expressed as mean± SEM, n¼ 4.
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regulation of intracellular level of Caþ2 (Burks 1987). Screening
was performed by using isolated tissue preparations as they are
rationally used in such investigations to authenticate the underly-
ing mechanism(s) of pharmacological effects, without any intrin-
sic (neural or hormonal) involvement (Mushtaq et al. 2015).

When screened for its possible spasmolytic effect, against its
folkloric claims in gastric disorders (Quattrocchi 2012), crude
extract of N. ruderalis showed a concentration-dependent spas-
molytic effect in spontaneous contractions of isolated rabbit
jejunum. An increase in intracellular Caþ2, associated with influx
of Caþ2 through voltage-dependent calcium channels or dis-
charge from the sarcoplasmic reticulum, causes the depolariza-
tion of smooth muscle (Berridge et al. 2003). The spontaneous
movements of the intestine are mediated through repeated cycles
of such depolarization (Ur-Rahaman et al. 2013).

It is well-established fact that the Kþ at a concentration higher
than 30mM produces smooth muscle contraction by opening the
voltage-dependent calcium channels that result in the influx of
extracellular calcium. Any agent that relaxes the high Kþ-medi-
ated contraction of the smooth muscle is considered to be a CCB
(Bolton 1979). Carbachol (CCh): a muscarinic receptor agonist
also exerts its contractile effect through activation of muscarinic
receptors, associated with an increased level of intracellular Caþ2

(Qureshi et al. 2015). The crude extract completely inhibited
CCh and high Kþ-mediated contractions, similar to verapamil, a
known CCB (Michael & Hoffman 2011).

Nr.Cr also caused a significant (p< 0.05) rightward displace-
ment of calcium CRCs at higher concentration (0.3mg/mL), in
isolated rabbit tracheal preparations, similar to that of verapamil
(p< 0.01), indicating the presence of calcium channel-blocking
activity behind the broncho-relaxant effect of N. ruderalis. As the
CCBs have potential therapeutic effect in respiratory disorders
like asthma and bronchitis (Ahmed 1992). So the calcium chan-
nel-blocking activity observed in the crude extract may provide
the basis for the use of N. ruderalis as a bronchodilator in the
traditional medicine.

Figure 3. Concentration-dependent inhibitory effect of (a) crude extract of N. ruderalis (Nr.Cr) and (b) verapamil on high Kþ (80mM) and carbachol (1lM) induced
pre-contracted isolated trachea. Values are expressed as mean± SEM, n¼ 5.

Figure 4. Concentration–response curves of Caþ2 (CRCs) in the absence and the presence of (a) crude extract of N. ruderalis (Nr.Cr) and (b) verapamil on isolated rab-
bit trachea. Values are expressed as mean± SEM, n¼ 3, �p< 0.05, ��p< 0.01 versus control, one-way ANOVA, followed by Dunnett’s test.

Table 1. Percentage protection of crude extract of N. ruderalis (Nr.Cr) against
castor oil (10ml/kg)-induced diarrhoea in mice (n¼ 5).

Treatment (p.o.) Mice with diarrhoea/total mice Protection

Saline (10ml/kg)þ C. oil 5/5 0
Nr.Cr (300mg/kg)þ C. oil 4/5 20
Nr.Cr (500mg/kg)þ C. oil 2/5 60
Verapamil (50mg/kg)þ C. oil 0/5 100
Loperamide (10mg/kg)þ C. oil 0/5 100

Figure 5. Counted number of wet and total faeces of each test group, exhibiting
the results from left to right of negative control, 300mg/kg, 500mg/kg of crude
extract of Nr.Cr, verapamil, and loperamide. Values are expressed as mean± SEM,
##p< 0.01 versus wet faeces and ��p< 0.01 versus total number of faeces of
the diseased group, one-way ANOVA, followed by Dunnett’s test.

1020 H. MAHMOOD ET AL.



In the small intestine, castor oil is converted into ricinoleic
acid that stimulates peristaltic contractions and decreases intes-
tinal absorption of electrolytes. The increased gastrointestinal
motility is regulated by intracellular Caþ2 that can cause diar-
rhoea (Mehmood et al. 2011a). So a CCB can be useful in hyper-
active gut disorders by suppressing gastrointestinal motility
(Khan et al. 2013). The presence of CCB like activity in crude
extract indicates the effectiveness of N. ruderalis in diarrhoea and
other hyperactive GI disorders (Janbaz et al. 2015). So the
assumption was validated by in vivo experiments when a signifi-
cant antidiarrhoeal protection (p< 0.01) was observed against
castor oil-induced diarrhoeal mice, compared with the positive
control drugs verapamil (p< 0.01) and loperamide (p< 0.01).

No acute toxicity symptoms were noted when N. ruderalis
was given to healthy mice with increasing concentration of the
crude extract up to 5 g/kg. The result may give the confidence
about the safety of N. ruderalis, when used orally.

Conclusions

The study validates the traditional uses of the N. ruderalis in
hyperactive gastrointestinal and airway disorders, and the pres-
ence of calcium channel-blocking activity in the crude extracts
can be perceived as the pharmacological basis behind its medi-
cinal effects.
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