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Abstract

Background: Verbascum thapsus is used in tribal medicine as an antispasmodic, anti-tubercular agent and
wormicide. In this study, we investigated the antispasmodic and anthelmintic activities of crude aqueous
methanolic extract of the plant.

Methods: V. thapsus extracts were tested against roundworms (Ascaridia galli) and tapeworms (Raillietina spiralis).
Each species of worm was placed into a negative control group, an albendazole treatment group, or a V. thapsus
treatment group, and the time taken for paralysis and death was determined. In addition, relaxation activity tests
were performed on sections of rabbit’s jejunum. Plant extracts were tested on KCl-induced contractions and the
relaxation activities were quantified against atropine. V. thapsus calcium chloride curves were constructed to
investigate the mode of action of the plant extracts.

Results: We detected flavonoids, saponins, tannins, terpenoids, glycosides, carbohydrates, proteins, fats and fixed
oils in V. thapsus. For both species of worm, paralysis occurred fastest at the highest concentration of extract. The
relative index values for paralysis in A. galli were 4.58, 341 and 2.08, at concentrations of 10, 20 and 40 mg/ml of
plant extract, respectively. The relative index for death in A. galli suggested that V. thapsus extract is wormicidal at
high concentration. Similarly, the relative indexes for paralysis and death in R. spiralis suggested that the extract is a
more potent wormicidal agent than albendazole. The mean ECsq relaxation activity values for spontaneous and KCl
induced contractions were 7.5 + 1.4 mg/ml (6.57-8.01, n = 6) and 7.9 + 041 mg/ml (7.44-846, n = 6), respectively.
The relaxation activity of the extract was 1142 + 2, 17.0 + 3, 285 + 4, and 1280 + 7% of the maximum observed
for atropine at corresponding concentrations. The calcium chloride curves showed that V. thapsus extracts (3 mg/
ml), had a mean ECsq (log molar [calcium]) value of -1.9 + 0.06 (-1.87 - -1.98, n = 6) vs. control ECsy = -2.5 + 0.12
(-237 - -256, n = 6), whereas the verapamil (0.1 uM) ECso was -1.7 £ 0.1 (-1.6 - -1.8, n = 6) vs. control ECsy = -24 +
009 (-23--247,n =5).

Conclusions: Our results suggest that V. thapsus, which is currently used by some tribes in the Malakand region of
Pakistan, has anthelmintic and antispasmodic value.

Background

The Scrophulariaceae are members of the Figwort family
of herbs and shrubs. They comprise 269 genera and
5100 species, all of which are located in temperate and
tropical mountainous areas [1]. The genus Verbascum,
which is also a member of the Figwort family, is repre-
sented by 360 global species [2]. Plants within this
genus are widely used in folklore medicine [3], and
have, therefore, potential pharmacological importance.
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Verbascum leaves and flowers are reported to have
expectorant, mucolytic and demulcent properties and
are used in traditional Turkish medicine to treat respira-
tory conditions such as bronchitis, dry coughs, tubercu-
losis and asthma. Plants within this genus are also used
to treat hemorrhoids, rheumatic pain, superficial fungal
infections, wounds and diarrhea. Such plants have inhi-
bitory activities against murine lymphocytic leukemia
and influenza viruses A2 and B [4]. In addition, Verbas-
cum phlomoides contains an iridoid ester glycoside
(known as specioside), the caffeic acid esters verbasco-
side and forsythoside B, and the saponins desrhamnosyl
verbascosaponin [5] and verbascoside [3]. V. phlomoides
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and V. densiflorum also contain the iridoid compounds
aucubin, catalpol, 6-O-B-D-xylopyranosylaucubin and
saccatoside. V. densiflorum contains the iridoids aucubin
and catalpol, as well as harpagide, harpagide acetate,
and 6-0-(4"-p-methoxy-trans-cinnamoyl)-o.-L-rhamno-
pyranosyl catalpol [6]. Extracts of V. gypsicola and V.
sinuatum have demonstrated antimicrobial activities
[4,7].

Verbascum species have numerous medicinal proper-
ties. For example, the leaves, flowers and roots have
been used for treating fevers and bleeding from the
lungs. The same parts have also been used as an astrin-
gent [8]. Whilst the whole plant has been used to treat
diarrhea and dysentery, and also as an analgesic and
antiseptic, the paste obtained from leaves and flowers is
used for coughs and pulmonary diseases; the seeds have
narcotic properties [9-11]. Powered leaves in the form
of a poultice are used to relieve joints pain and to soften
boils [12]. Dried leaves of V. thapsus, however, are
smoked for mental relaxation, whilst tea made from its
leaves is used to treat colds and dysentery. It is believed
that smoke from the plant can drive away ghosts from
children [13]. The product produced from decoction of
its dried leaves and flowers is used to treat sore throats,
bronchitis and abdominal pain, and can act as an expec-
torant and sedative [14]. The leaves and flowers have
antispasmodic properties and are used as an expectorant
for bronchitis, tuberculosis and other respiratory ail-
ments. V. thapsus leaves are also smoked to ease chest
complaints and asthma [15].

The plant is used by some tribes within the Malakand
region of Pakistan; hence we were interested in investi-
gating its potential medicinal properties further. This
research, therefore, was conducted to investigate: 1) the
antispasmodic activity of V. thapsus in the context of
abdominal pain, and 2) the anthelmintic activity of V.
thapsus .

Methods

Collection, identification and preparation of plant
material

Fresh aerial growing parts of V. thapsus (300 g) were
collected from the hills near to the Chakdara campus of
the University of Malakand, Pakistan. Professor Jehandar
Shah, Vice Chancellor of the Shaheed Benazir Bhutto
University in Pakistan located and identified the plants.
A voucher specimen designated Vt-01-2009 has been
submitted to the herbarium of the University of Mala-
kand. Fresh aerial sections of the plants were gently
washed with distilled water, dried in the shade, crushed
and macerated in 1.0 L commercial grade methanol for
3-4 days, then filtered. This process was repeated three
times prior to combining the filtrates and evaporating
them under reduced pressure using a rotary evaporator

Page 2 of 7

at 40°C until a solvent free semisolid extract was
obtained (yield = 9.9%).

Animals and drugs
Anthelmintic activity was determined using adult round-
worms (Ascaridia galli) and tapeworms (Raillietina spir-
alis), which were identified by a veterinary practitioner
and zoologist from the Biotechnology Department of
the University of Malakand. Fresh worm-infested intes-
tines obtained from fowls (chickens) were collected
from a nearby slaughter house in Chakdara. The tissues
were kept in normal saline. Tapeworms and round-
worms were isolated from the intestines. Parasites were
maintained in normal saline during the experimental
period. The average length of the earthworms was 6-8
cm; tapeworms were 6-7.8 cm in length, whilst round-
worms were 4.8-7 cm long. Albendazole (Glaxo Smith
Kline) was used as the standard anthelmintic drug [16].
Unless specified, analytical grade chemicals (E. Merck,
Germany) were used throughout these experiments.
Acetylcholine was purchased from BDH Chemicals,
Poole, England. All solutions were freshly prepared in
distilled water on experimental days. Rabbits were pur-
chased from a local market and bred at the University
of Malakand animal house. Rabbits were treated accord-
ing to the principles of the “Animals Byelaws 2008 of
the University of Malakand (Scientific Procedures Issue-
I)”. The Ethical Committee of the Department of Phar-
macy, constituted under the approved Animals Byelaws
2008 of the University of Malakand, endorsed the study
protocols.

Preliminary phytochemical screening

Preliminary phytochemical tests for the powdered mate-
rials and extracts of V. thapsus were conducted to deter-
mine the presence of flavonoids, saponins, tannins,
glycosides, cardiac glycosides, carbohydrates, proteins,
and sterols according to standard procedures [17-19].

Anthelmintic activity

The anthelmintic activity of V. thapsus was determined
using the method described by Ajaiyeoba, et al., with
fresh adult roundworms and tapeworms [20-23]. Test
samples of the aqueous methanolic extract of V. thapsus
(Vt.Cr) were prepared at concentrations of 10, 20 and
40 mg/ml in normal saline. Six worms of approximately
equal size of both species of were placed in a petri dish
containing 25 ml of the test solutions of V. thapsus.
Solutions of albendazole (10 mg/ml), or distilled water,
each containing six test worms were used as the stan-
dard and negative control, respectively. All test solutions
and standards were freshly prepared at the time of the
experiments. The time taken for paralysis in the worms
to develop was recorded. Paralysis was defined as the
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time when all movement had stopped, except for when
the worms were shaken vigorously. The time of death
was defined as when no movement occurred upon vig-
orous shaking or dipping the worms into warm water
(50°C). All experiments were conducted in
quadruplicate.

Recording electrophysiological and electro
pharmacological effects

A force transducer (MLT 0210/A) connected to Power
Lab ADInstruments (Australia) was used to record tis-
sue responses. The settings used were 5 Hz x 10 gain
(input 1) @40/S, low pass, range 20 mv.

Effects on rabbit jejunum

Rabbits of either sex (average weight = 1.8 + 0.2 kg)
were purchased from a local market. They were bred in
the animal house at the University of Malakand. Rabbits
were starved for 24 hours prior to starting the experi-
ments, but had free access to water. Their abdomens
were surgically opened after cervical dislocation. Sec-
tions of jejunum were removed and maintained in petri
dishes constantly aerated with carbogen (95% oxygen:
5% Carbon dioxide) gas [24,25]. Rabbits’ jejunum pre-
parations (1-1.5 cm) were mounted in 10 ml tissue
baths containing Tyrode’s solution (2.68 mM KCl, 136.9
mM NaCl, 1.05 mM MgCl,, 11.90 mM NaHCO;, 0.42
mM NaH, PO, 1.8 mM CaCl, and 5.55 mM glucose).
Tissues were maintained at 37 + 1 degree Celsius, with
constant bubbling of carbogen gas. The tissues were sta-
bilized for 20 minutes. After stabilization resulting in
reproducible tissue responses, the Vt.Cr was tested at
concentrations 0.01, 0.03, 0.1, 0.3, 1.0, 3.0, 5.0 and 10.0
mg/ml [24,25]. The degree to which Vt.Cr induced
relaxant responses in the tissue samples was quantified
against 1.0 M atropine.

Effects on KCl induced contractions

While attempting to explain the possible mode of action
of V. thapsus, concentrations of its aqueous methanolic
extract (i.e. 0.01, 0.03, 0.1, 0.3. 1.0, 3.0, 5.0 and 10.0 mg/
ml) were tested on the sustained contractions induced
by KCI (80 mM) on the jejunum preparations [24,25].
All tissue samples had previously been stabilized in nor-
mal Tyrode’s solution for at least 30 minutes.

Effects of V. thapsus on calcium chloride curves

To confirm the possible mode of action of V. thapsus
relaxation activity, control calcium chloride curves were
constructed using decalcified tissues. Briefly, tissue sam-
ples were stabilized in 10 ml tissue baths containing
Tyrode’s normal solution. The tissues were then
exposed to K-normal Tyrode’s solution followed by K-
rich Tyrode’s solution (50 mM KCl, 91.04 mM NaCl,
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1.05 mM MgCl,, 11.90 mM NaHCO3;, 0.42 mM NaH,
POy, 5.55 mM glucose and 0.1 mM EDTA) [24-26].
This led to decalcification of the tissues. Tissues were
constantly bubbled with carbogen gas at 37 + 1°C. The
tissues were calcified using 1 x 10 - 256 x 10™* molar
concentrations of calcium. Standard control curves were
constructed. Tissues were treated with Vt.Cr at a con-
centration of 3.0 mg/ml or 5.0 mg/ml. Following a one
hour incubation period, calcium chloride curves were
constructed. Similarly, control curves for verapamil (0.1
and 0.3 pM) were constructed. The ECs, values of the
crude methanolic extract of V. thapsus were compared
against the respective controls to determine if a right
shift had occurred in the curves.

Statistical interpretation of the data

Chart 5 was used to interpret the electrophysiological
data (ADInstruments, Australia). Student’s t-tests were
used to determine statistical significance at 95% confi-
dence intervals. P values less than or equal to 0.05 were
considered statistically significant. Graph Pad Prism and
XL sheet were used to draw the curves. ECsy values and
the standard error of mean (SEM) were calculated at
95% confidence intervals.

Results and discussion

Phytochemical testing of V. thapsus revealed the pre-
sence of flavonoids, saponins, tannins, terpenoids, glyco-
sides, carbohydrates, proteins, fats and fixed oils in the
plant extract.

The results of the anthelmintic activity tests are sum-
marized in Table 1. It is clear that at the higher concen-
trations, Vt.Cr produced paralysis in the test worms.
Paralysis occurred faster at higher concentrations of Vt.
Cr (i.e. 25 + 2.3 minutes at 40 mg/ml) in in A. galli. A
similar trend was observed for R. spiralis (28 + 23 min-
utes at 40 mg/ml Vt.Cr). The relative index values
obtained for A. galli were, 4.58, 3.41 and 2.08, at con-
centrations of 10, 20 and 40 mg/ml Vt.Cr, respectively,
vs. albendazole (10 mg/ml). In contrast, the relative
index for death in A. galli was 1.09 (40 mg/ml); this
suggests that the anthelmintic activity of Vt.Cr at high
concentration is comparable with albendazole. Strik-
ingly, we found that the relative index for paralysis and
death in R spiralis were 1.33 and 0.824, respectively (40
mg/ml). This result demonstrates that the V. thapsus
extract has a more potent wormicidal activity than
albendazole against R. spiralis. It is hoped that these
findings might prove useful for activity guided isolation
of bioactive compounds from V. thapsus.

Tests conducted on preparations of rabbits’ jejunum
showed that the Vt.Cr produced a concentration depen-
dent relaxation of spontaneous contractions (Figure 1).
The mean ECs, values obtained for spontaneous and
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Table 1 Anthelmintic activity of Verbascum thapsus extracts against Ascaridia galli and Raillietina spiralis

S.  Groups Concentrations Test organisms
No (mg/ml of
normal saline)
Ascaridia galli Raillietina spiralis
Paralysis Death Paralysis Death
Time taken  Relative  Time taken  Relative Time taken Relative Time taken Relative
(Mean + index (P) (Mean + index (D) (Mean + index (P) (Mean + index (D)
SEM, n = 4) SEM, n = 4) SEM, n = 4) SEM, n = 4)
Negative 0 — — — — — — — —
Control
1 Verbascum 10 55+ 34 4.58 81 +4 197 58 + 3.7 2.76 86+ 5 1.50
thapsus
2 20 41 + 36 341 63 £43 153 37 £26 1.76 64 + 48 112
3 40 25+ 23 2.08 45+ 4 1.09 28+ 3 1.33 47 + 3.7 0.824
4 Albendazole* 10 12+18 1 41 + 37 1 21 £25 1 57 £4 1

Key: Relative index (P) denotes the time taken for paralysis to occur using V. thapsus extract/the time taken for paralysis to occur using the standard *. Relative
index (D) denotes the time taken for death to occur using V. thapsus extract/the time taken for death to occur using the standard *). Experimental times were

recorded in minutes.

KCI induced contractions were 7.5 + 1.4 mg/ml (6.57-
8.01, n = 6, P < 0.001 vs. control), and 7.9 + 0.41 mg/ml
(7.44-8.46, n = 6), respectively. The relaxation effects of
the Vt.Cr were quantified against atropine; the values
obtained were 11.42 + 2, 17.0 + 3, 28.5 + 4, and 128.0 +
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Figure 1 The effect of Verbascum thapsus extract on
spontaneous and KCl-induced contractions (Values represent
the mean + SEM, n = 6, *P < 0.05 vs. control maximum).
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Figure 2 The relaxation activity of Verbascum thapsus on
rabbit jejunal preparations expressed as a percent of the
atropine maximum (Values represent the mean + SD, n = 5,*P
< 0.05, ** P <0.01 and ***P <0.001vs. atropine maximum).
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operated calcium channels that help in regulating spon-
taneous intestinal responses. It is noteworthy that the
contractile effects in the intestine are due to free cytoso-
lic calcium levels that enter into sarcoplasmic reticulum
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through voltage operated calcium channels [26]. Thus,
blocking calcium exchange through voltage operated
channels relaxes intestinal tissues. Our results suggests
that the plant’s mode of action is possibly mediated
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Figure 3 (A) Calcium chloride curves in the presence and absence of Verbascum thapsus extract. (B) Calcium chloride curves in the
presence and absence of verapamil. Values represent the mean + SEM, n = 6, *P < 0.05.
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through the calcium channels, as high molar KCl
induced contractions are usually, though not necessarily,
through calcium channels [25-27].

To further investigate the plant’s mode of action, cal-
cium chloride curves were constructed (Figure 3). Vt.Cr
at a concentration 3 mg/ml shifted the calcium curves
to right, with a mean ECsq value of -1.9 + 0.06 (-1.87 -
-1.98, n = 6) vs. the control EC5y = -2.5 + 0.12 (-2.37 -
-2.56, n = 6) log molar [calcium] (P <0.0001). Such a
shift might indicate that some of the calcium channels
were blocked and calcium could not enter the cell
through voltage sensitive L type calcium channels
[24-27]. Similarly, the calcium curve constructed for ver-
apamil (0.1 pM) gave an ECsq (log molar [calcium])
value of -1.7 + 0.1 (-1.6 - -1.8, n = 6, P = 0.0004) vs. the
control ECs, value of -2.4 + 0.09 (-2.3 - -2.47, n = 5).
The right shift derived from the Vt.Cr samples
resembled the right shift observed on the verapamil
curves. We conclude, therefore, that the mode of jejunal
relaxation observed might be mediated by voltage sensi-
tive L- type calcium channels. Hence, V. thapsus is a
potentially useful species for isolation of medicinal
bioactive molecules.

Conclusions

The present research work confirms the intestinal
relaxation and anthelmintic properties of V. thapsus,
thus supporting its use for management of abdominal
pain and parasitic worms by some local tribes within
the Malakand region of Pakistan.

Abbreviation
Vt.Cr: Aqueous methanolic extract of Verbascum
thapsus
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