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Abstract: Digas colic drops (DCD-684) is a polyherbal formulation containing decoctions of five medicinal plants
namely Carum carvi L., Foeniculum vulgare Mill, Mentha arvensis L., Mentha piperita L. and Zingiber officinale
Roscoe. These plants have been extensively used in traditional medicine for the treatment of various gastrointestinal
diseases including abdominal colic. This study was conducted to determine the spasmolytic effect of DCD-684 (100%
v/v) and its individual plant components on isolated rabbit jejunum (in vitro) and their possible mechanism of action.
The effects were evaluated on spontaneous and pre-contracted tissues using KCl (80mM) and other contractile agonists
including acetylcholine (0.3uM), carbamylcholine (0.3uM), serotonin (10 pM) and histamine (100uM) in the presence
and absence of DCD-684. The various concentrations of DCD-684 (0.1-3% v/v) demonstrated spasmolytic effects on
both spontaneous (IC5;=0.75%) and KCl-induced contractions (ICs5o=1.6%), respectively. It also inhibited the
contractions induced by acetylcholine (ICs50=0.45%), carbamylcholine (ICs5¢=0.95%), serotonin (ICs;=0.95%) and
histamine (ICs50=0.87%). The DCD-684 exhibited synergistic effect due to its five plant components suggesting that
spasmolytic cascade is probably governed by muscarinic and/or nicotinic receptors, serotonergic histaminergic, as well
as calcium channel blocking mechanisms. Thereby, providing the pharmacological basis of its therapeutic use in the
gastrointestinal motility disorders and related inflammatory ailments.

Keywords: DCD-684, polyherbal formulation, rabbit jejunum, spasmolytic effect, cholinergic receptors, calcium
channels.

INTRODUCTION Besides food and nutritional resources, whole plants and /

or their different parts have also been used since antiquity

Infantile colic is a clinical condition in healthy infants
suffering from paroxysmal and inconsolable crying
usually during early night hours lasting for more than
three hours a day or three days or a week or more than
three weeks (Wessel et al, 1954). It is frequently
accompanied by various gestures including flushing of the
face, flexing legs, clinching fists reflecting the magnitude
of pain with increased peristaltic movement and excessive
gas production in the distended intestines (Boero et al.,
1998; Sferra and Heitlinger, 1996). Infants (~10-40%)
aged between two weeks to three months are
predominantly susceptible to this ailment (Savino, 2007).
There are several other factors related to infantile colic
such as milk protein allergy or lactose intolerance (Sung,
2018) and the imbalance of intestinal hormones for
example motilin, vasoactive intestinal peptide (VIP) and
gastrin (Lothe et al, 1987) or immature autonomic
nervous system, however, its exact cause is still
ambiguous (Gupta, 2007; Leung and Lemay, 2004;
Savino, 2007).
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as folklore medicines to combat various ailments and
have incessantly played a vital role in primary health care
(De Smet, 1997). According to World Health
Organization, ~60% of the world’s population still relies
on traditional plants as herbal medicines and about 80%
of the population in developing countries depends almost
totally on it for their primary health care needs (Ekor,
2014; Khan and Ahmad, 2019), emphasizing its
confidence and popularity among the general public. The
DCD-684 polyherbal formulation manufactured by
Medics Laboratories Pvt. Ltd is widely used in Pakistan
for the management of infantile colic pain and other GI
disturbances by the nursing mothers. Its plant components
namely Mentha piperita L. (peppermint), Mentha arvensis
L. (wild mint), Carum carvi L. (caraway), Foeniculum
vulgare Mill (fennel) and Zingiber officinale Roscoe
(ginger) are also popularly consumed as food and
condiments. In Asian and European cuisines, mint leaves
and ginger roots are used for flavoring and garnishing
while caraway and fennel are popular spices used for
pickling, garnishing, marinating as well as flavoring. In
phytomedicine literature and traditional folklore
medicine, aforementioned plants are reputed for their use
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as antispasmodic, carminative and anti-colic. Avicenna’s
Canon of Medicine Book 2 mentions Z. officinale and
F. vulgare as digestive agents for the treatment of gastric
ailments like nausea and hyperacidity (Hameed, 1998).
According to the Unani Pharmacopoeia, C. carvi,
F. vulgare and Z. officinale are part of traditional
formulation Majoon - e -Nankhwah which is used as a
digestive and carminative agent (Qazi, 2009). F. vulgare,
Z. officinale and Mentha. spp. are traditionally used to
treat gastrointestinal (GI) disorders like nausea, vomiting,
flatulence, intestinal colic and spasms, etc (Badgujar et
al., 2014; Shahrajabian et al., 2019; Brahmi et al., 2017).
Despite pharmacological evidences for each plant, there is
no published report available regarding the efficacy of
their combined preparation. Hence, polyherbal DCD-684
formulation (table 1) prepared as a decoction of above-
mentioned plants was evaluated for in vitro spasmolytic
activity using rabbit jejunum, a well-recognized in vitro
model.

MATERIALS AND METHODS

Test Drugs and Chemicals

DCD-684 and individual decoctions of its five herbal
components were provided by Medics Laboratories Pvt.
Ltd. This DCD-684 (100%) was used to prepare various
working concentrations (0.1%, 0.3%, 1% and 3% v/v)
employed in subsequent experiments. The decoctions of
individual herbal components (100%) were also prepared
as per the quantities mentioned in table 1 and different
concentrations (0.1%, 0.3%, 1%,3%, 5% and 7% v/v)
were tested, respectively. Acetylcholine chloride (Ach),
atropine, histamine dihydrochloride (His),
carbamylcholine chloride (Cch), verapamil hydrochloride,
serotonin creatinine sulfate (5-HT) and potassium
chloride (KCl) were purchased from Sigma-Aldrich and
Merck Chemicals, Germany. Stock solutions were
prepared in deionized distilled water; however, working
solutions were freshly prepared in Tyrode solution on the
day of the experiment.

Animals

Albino white rabbits of either sex (1.5-2.5 kg) maintained
in the animal house of Laboratory Animal Sciences
(LAS), Dow University of Health Sciences, Ojha
Campus, Karachi, Pakistan under standard environmental
conditions of humidity (45-50%), temperature (20-24°C),
with a 12 h light and dark cycle and free access to food
and water were used (Seifi e al., 2017). The studies were
conducted according to the Institutional Animal Care and
Use Committee (IACUC) and Organization for Economic
Co-operation and Development (OECD) for the Testing
of Chemicals (TGs) 453 guidelines. The protocol was
approved by the Institutional Review Board (IRB) for
Animal Research and Ethics committee of Dow
University Health Sciences, Ref no: AR.IRB-
013/DUHS/Approval/2018/014.

In vitro Experiments on Rabbit Jejunum

All the test substances: DCD-684 formulation, decoctions
of C. carvi, F. vulgare, M. arvensis, M. piperita and
Z. officinale as well as vehicle (sugar and glycerin, 50:1)
were evaluated for in vitro spasmolytic activity using
rabbit jejunum (n=5). The animals were sacrificed via
cervical dislocation to avoid anesthesia-induced jejunum
relaxation (Patel ef al., 2014). It was isolated from the
intestinal region and kept in oxygenated Tyrode's solution
for 15-30 min before the preparation of tissue segments.
Tyrode's physiological salt solution comprised: NaCl
(136.9mM), KCI (2.7mM), NaHCOj; (11.9mM), MgCl,
(1.05mM), NaH,PO, (0.42mM), CaCl, (1.8mM) and
glucose (5.5mM) at pH 7.4 was prepared (Seifi et al.,
2017; Patel et al., 2014). Tissue segments (~2cm) in
length were mounted vertically in tissue bath (25ml) and a
resting tension (lg) was applied. The spontaneous
muscular contractility was isometrically recorded
(PowerLab 8/35, ADInstruments, Sydney, Australia). The
tissue was maintained at 37°C with carbogen gas (Oxygen
95% and carbon dioxide 5%) and allowed to equilibrate
for 30-60 minutes. After stable response, it was further
monitored for 15-30 min before the addition of any test
substance and changes in contractile responses were
noted. The responses against spontaneous and KCI-
induced contractions (80mM) were determined by
cumulative addition of DCD-684 and its individual
components. The effect of vehicle (sugar and glycerin)
was also determined. However, for agonist induced-
contractions, a single concentration of acetylcholine (0.3
uM), carbamylcholine (0.3uM), serotonin (10pM) and
histamine (100 pM) were employed and inhibition in their
contractions were noted. Atropine (0.1-10uM, non-
selective muscarinic receptor antagonist) and verapamil
(0.01-1 pM, calcium channel blocker) were also used.

STATISTICAL ANALYSIS

All data are expressed as mean = SEM and analyzed by
Statistical Package of Social Sciences (SPSS, version 17).
One-way and repeated measure Analysis of Variance
(ANOVA) followed by Post-Hoc LSD for multiple
comparisons were performed. The p values less than 0.05
was considered significant. The ICsy and IC,5 were
calculated by linear regression analysis representing 50%
and 25% inhibitory concentration, respectively.

RESULTS

The Effect of DCD-684 and its components on:
Spontaneous contractions

The jejunum spontaneous contractions (n=5) were noted
in control or in the presence of various concentrations of
DCD-684, its individual plant components, vehicle,
atropine and verapamil (fig. 1 A-D and fig. 2A-C). The
DCD-684 (0.1-3%) exhibited dose-dependent inhibition
of 72.840.8% and 123.142.9% at 1% and 3% respectively
(Supplementary table S.1A).
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Fig. 1: Tracings showing spontaneous contractions of isolated rabbit jejunum: The upper and lower deflections indicate
its contraction and relaxation, respectively. (A) Control representing 100% spontaneous contraction while the
cumulative addition of (B) DCD-684 (Digas Colic Drops 0.1-3%), (C) Atropine (0.1 uM-10 uM) and (D) Verapamil
(0.01 puM-1 pM) in the tissue bath 25 ml are shown accordingly. DCD-684 (100%) was used to prepare different
percent concentrations (v/v).

verapamil 0.01pMz

verapamil 0.1pM
\Verapamil 0.3pM
verapamil 1pM

DCD-684
140 .
120 g
g 100
g
£ e -
2 a0 i
20
= ' i . T
0 =
0.1 03 1 3
Concentration (%)
Spontaneous mKCL mAch mCch w5-HT mHis
Atropine Verapamil
120 140
100 . 120 I
—_ _ B =
£ 80 1 & 100 pa
= - = o B0 =
g & = g
2w z® i =
4 T g
20 0 z B
o ] -
0.1 0.3 10 30 10.0 0.01 0.03 01 03 1
Concentration (uM) Concentration (uM)

Fig. 2: Percent inhibition of Spontaneous (®) or agonist induced contractions in isolated rabbit jejunum: Potassium
chloride (KCl; © 80mM), Acetylcholine (Ach; ® 0.3 uM), Carbamylcholine (Cch; ¢ 0.3 uM), Serotonin (5-HT; e 10
pM) and Histamine (His; @ 100 uM) in the presence of: DCD-684 (0.1-3%), Atropine (0.1-10 uM) and Verapamil
(0.01-1 uM). The x-axis represents the concentration of the test substance while the y-axis represents the percent
inhibition response. The values represent mean of percentage change +SEM (n = 5). Asterisks indicate significant
percent relaxation (*p < 0.05, **p < 0.01, and ***p < 0.005), whereas other values were non-significant.

Pak. J. Pharm. Sci., Vol.34, No.2(Suppl), March 2021, pp.711-722 713



Antispasmodic activity and mechanism of action of polyherbal formulation DCD-684 on rabbit jejunum

Aa)

[kd 8omm

®) S

[ ——
\\7
]
E 8 8 8
il & i g

©

verapamil 0.3uM

0.1%0@
[verapamil 0.03M
X

Iverapamil 0.01uM

Iverapamil 0.01uM
lverapamil 1M

Fig. 3: Tracings showing KCI1 (80mM) induced contraction on isolated rabbit jejunum: (A) Control representing 100%
sustained contraction while the cumulative addition of (B) (Digas Colic Drops 0.1-3%) and (C) Verapamil (0.01 pM-1
uM) in the tissue bath 25 ml are shown accordingly. DCD-684 (100%) was used to prepare different percent
concentrations (v/v).
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Fig. 4: Percent inhibition (%) of rabbit jejunum by DCD-684 components: (1) C. carvi, (2) F. vulgare, (3) M. arvensis,
(4) M. piperita and (5) Z. officinale at highest concentration (7%) on Spontaneous contractions (®) or induced by
Potassium chloride (KCl;®), Acetylcholine (Ach;e), Carbamylcholine (Cch;), Serotonin (5-HT;e) and Histamine
(His;®).The negative values represent contraction (%) observed on the addition of test substances with respect to
control. The values represent mean of percentage change +SEM (n = 5). Asterisks indicate significant percent
relaxation (*p < 0.05 and **p < 0.01), whereas other values were non-significant.
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Table 1: Composition of DCD-684 polyherbal formulation
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S. No Botanical name Common name Family Part used Quantity (mg/ml)
1. Carum carvi Caraway Apiaceae Seeds 8.00
2. Foeniculum vulgare Fennel Apiaceae Fruit 20.00
3. Mentha arvensis Wild mint Lamiaceae Stem and leaves 16.00
4. Mentha piperita Peppermint Lamiaceae Stem and leaves 16.00
5. Zingiber officinale Ginger Zingiberaceae Rhizome 6.00
Total quantity 66

Table 2: ICsy and IC,s values of DCD-684 and its comp
jejunum

onents on spontaneous and induced-contractions of rabbit

1C5, values of DCD-684 (%)

S.No | Test Substance Spontaneous contraction Agonists-induced contraction

KClI Ach His 5-HT Cch
1. DCD-684 0.75 1.6 0.45 0.87 0.95 0.95

1C,5 values of individual components (%)

2. C. carvi NA NA NA NA 5.0 4.80
3. F. vulgare NA NA 5.15 NA 6.25 5.60
4. M. arvensis 3.80 NA 5.0 2.20 2.60 2.80
5. M. piperita 0.25 5.20 5.80 2.40 6.90 3.10
6. Z. officinale 3.20 NA 5.10 6.35 6.60 4.00

Table 2: Digas Colic Drops (DCD-684), Potassium chloride (KCl), Acetylcholine (Ach), Histamine (His), Serotonin (5-HT), and

Carbamylcholine (Cch), Not applicable (NA). The DCD-684

alone and decoction of its each component represents 100%

concentration and were used to prepare different percent dilutions (v/v). ICsy and IC,s values are the 50% and 25% inhibitory
response and calculated by linear regression. The individual component with inhibitory effect less than 25% =NA.

Similarly, atropine (IC5,=0.92 puM) and verapamil
(IC5p=0.12 uM) also showed dose-dependent inhibitory
effect as standard drugs. Among its five individual herbal
components, M. piperita, Z. officinale and M. arvensis
demonstrated relaxant effect and their 1C,s values are
presented in table 2 while C. carvi and F. vulgare were
ineffective, likewise vehicle also had no effect
(Supplementary table S.1A).

KCl-induced contractions

The KCI (80 mM)-induced contractions in tissues were
used to determine calcium channel blocking activity of
DCD-684. The cumulative addition of DCD-684 (0.1-3%)
and verapamil caused relaxation in KCl-induced
contractile response in a concentration-dependent manner
(fig. 2 and fig. 3 A-C). At 1% and 3%, DCD-684 showed
significant inhibition of 47.1£2.78% and 80.6£1.9%.
Verapamil (standard calcium channel blocker) also
displayed significant relaxation response (IC5,=0.026uM)
against high K*. However, the vehicle had no such effect
(Supplementary table S.2A and B). Among individual
herbal components, only M. piperita showed significant
inhibition of 35.842.3%. However, other components
failed to exhibit any inhibitory response against high K"
concentration (fig. 4B).

Acetylcholine (Ach)-induced contraction

Acetylcholine (0.3 uM) -induced spasm was reduced by
the addition of DCD-684 (0.3-3%) causing 49.94+2.9%-
87.1£1.9% inhibition (fig. 2A). The effect of atropine (3-

10 pM) was also determined as the standard muscarinic
antagonist (fig. 2B) which elicited significant inhibition of
more than 90% (Supplementary table S.3A and B). The
potency order of individual components against Ach-
induced contractions according to their IC,s values (table
2) appears to be: M. arvensis > Z. officinale > F. vulgare
> M. piperita, while C. carvi had no such effect (fig. 4C).

Carbamylcholine (Cch)-induced contractions

Carbamylcholine (0.3 pM)-induced spasms were reduced
by the addition of DCD-684 (1-3%) causing 52.2+2.3%-
76.0+3.2% inhibition (Supplementary table S.6, fig. 2A).
The potency of individual components considering their
IC,5s values (table 2) appears to be: M. arvensis >
M. piperita > Z. officinale > C. carvi> F. vulgare (fig. 4).

Serotonin (5-HT)-induced contraction

DCD-684 (0.1-3%) inhibited serotonin (10 uM)-induced
contractions in a concentration dependent manner. DCD-
684 (1%-3%) showed significant inhibition of 52.3+2.7%-
97.19+5.51% (Supplementary table S.5) in the contractile
response of serotonin (fig. 2A). The potency of individual
components considering their ICys values (table 2) appears
to be: M. arvensis >>C. carvi > F. vulgare > Z. officinale
> M. piperita (fig. 4).

Histamine (His)-induced contractions

Pretreatment of the intestinal tissue with DCD-684 (0.1-
3%) reduced the tissue response to histamine (100 pM) in
a concentration dependent manner. In the presence of
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DCD-684 (1-3%), significant inhibition of 54.942.8-
104.1£3.5% (Supplementary table S.4, fig. 2A) in the
contractile response of histamine was observed. The
potency of individual components of DCD-684
considering their IC,s values (table 2) appears to be:
M. arvensis > M. piperita >>Z. officinale. Whereas,
C. carvi and F. vulgare had minimal but non-significant
effect (fig. 4).

DISCUSSION

In the past few decades, there has been a massive increase
in the public interest to use herbal medicines for the
treatment of various ailments due to the side-effects
associated with conventional medicines (Ekor, 2014;
Mohamad et al., 2019).Therefore, the traditional use of
polyherbal medicines or phytomedicines in various
countries including Pakistan, Iran, India and Kingdom of
Saudia Arabia are popular and well-practiced against
various diseases including gastrointestinal related
ailments and diarrhea (Hajhashemi er al, 2000;
Mujumdar et al., 2000; Ullah et al., 2020; Buso et al.,
2020). DCD-684 has been formulated by considering the
effectiveness of its plant components used popularly in
traditional medicine against GI diseases including
abdominal colic pains.

Moreover, these plants have been proven scientifically for
their antispasmodic, carminative and digestive properties
in children. For example, Mentha. spp. possessing
peppermint oil are traditionally used against nausea,
vomiting, flatulence, intestinal colic and spasms of the
colon and bile duct, esophageal reflux, heartburn etc.
(Brahmi et al.,, 2017; Mullin, 2020). Interestingly,
M. piperita is a popular single therapeutic component for
many herbal antispasmodic preparations useful for
treating intestinal colic, biliary disorders, spasms of the
gallbladder and GI tract (McKay and Blumberg, 2006).
While, M. arvensis is an important component in various
polyherbal formulations due to its substantial carminative
and antimicrobial properties (Thawkar, 2016). It is well
established that menthol, an active chemical constituent
residing in various Mentha. spp. possesses antispasmodic
activity interfering with cationic influx through 5-HT;
receptors and calcium ion channels, its anticholinergic
effect has also been demonstrated in rat ileum and human
colon (Heimes et al., 2011; Amato et al., 2014). The use
of Z. officinale is associated with nausea induced motion
sickness and also as appetite stimulant (Yassin et al.,
2012). Its constituents namely 6-gingerol and 6-shogaol
have been reported for antispasmodic effect via blockade
of 5-HT; and M; receptors in the isolated guinea-pig ileum
(Abdel-Aziz et al., 2006).The effectiveness of C. carvi
against indigestion accompanied by mild cramps in the GI
tract also facilitates in relieving flatulence (Mahboubi,
2019). Its only antipode namely (-)-Carvone has been
reported as antispasmodic in guinea pig ileum by reducing

contractions induced by histamine, carbachol and BaCl,
(Souza et al, 2013). Moreover, caraway fruit extract
stimulated the proximal and distal stomach motility in the
guinea pig (Krueger et al, 2020). Furthermore,
antagonism of irritable colon/stomach and diarrheal
conditions by use of F. vulgare in folklore and Ayurvedic
medicine system has been emphasized (Badgujar et al.,
2014). Its essential oils possess carminative,
antispasmodic, diuretic and stomachic properties (Ibrahim
et al., 2020). Though, the effect of its major constituent,
anethole against gut tissue contractions has not been
reported whereas, its evidence-based potential against
vascular smooth muscle contractility on isolated rat aorta
involving voltage dependent Ca™ channels has been
documented (Soares et al., 2007).

There are several antispasmodic drugs belonging to the
class of anticholinergic and Ca®* channels blockers
affecting the gastrointestinal (GI) system by their action
on smooth muscles and/or by modulating the activity of
the enteric nervous system (ENS) embedded in the GI
tract lining. The neurotransmitters acetylcholine,
serotonin, histamine and various peptides including
opioids are important regulators of gut motility and water
absorption (Goyal and Hirano, 1996; Martinez-Pérez et
al., 2018). GI smooth muscles are autonomous and
generate  spontaneous electrical rhythmicity and
contractions in the absence of neuronal or hormonal
stimulation. These contractions are initiated by the
activity of the interstitial cell of Cajal (ICC) which lies
between the muscle layers. ICCs are electrically coupled
to smooth muscle cells and initiate membrane
depolarization and intrinsic pacemaker potentials referred
to as slow regular waves (Sanders et al., 2012;
Montgomery et al., 2016). The DCD-684 attenuated the
spontaneous contractions of rabbit jejunum in a
concentration-dependent manner which was reversible
after washing the tissue with Tyrode’s solution. This
spasmolytic effect of DCD-684 is probably due to
synergistic effects of its herbal components via
M. piperita, M. arvensis and Z. officinale supporting their
interaction with Ca®" channels leading to membrane
depolarization.

To determine the spasmolytic activity of DCD-684 by its
interaction on different receptors and/or with Ca®'
channels, various agonists were employed in jejunum
tissue. It is well-documented that KCl (80mM) induces
smooth muscle contractions via membrane depolarization
causing Ca’" influx through L-type voltage-dependent
Ca®* channels without receptor stimulation (Cortes ef al.,
2006; Godfraind et al., 1986; Hajagos-Téth et al., 2009)
and were blocked by verapamil, a reputable calcium
channel blocker (Ali et al., 2017). Hence, substances
inhibiting such contractions may be considered as blocker
of calcium influx (Godfraind et al., 1986). DCD-684 also
elicited relaxation of KCl-induced contractions in
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jejunum. Among its individual herbal components, only
M. piperita demonstrated significant blockade of
Ca*’channels supporting its earlier studies on the
muscular actions and secretory processes of the GI tract
as examined in various animal models. Moreover, a
reduction in calcium influx has also been associated with
M. piperita (Hills and Aaronson, 1991; McKay and
Blumberg, 2006).These results indicate that DCD-684 has
calcium channel blocking activity against KCl-induced
contractions mainly due to the presence of menthol
residing in Mentha spp.

It is well established that acetylcholine (Ach) increases
gastrointestinal contractions by stimulating muscarinic
receptors of Mj sub-type residing in the intestinal smooth
muscle via cellular signaling cascade (Weiser et al.,
1997). Briefly, the alpha subunit of the Gq/11 protein
activates the effect or phospholipase C(PLC), which
increases the inositol triphosphate (IP3) second messenger
responsible for releasing calcium from the sarcoplasmic
reticulum. This Ca®" release activates voltage-gated Ca>"
channels indirectly facilitating the influx of Ca®" from
extracellular fluids (Caulfield, 1993; Eglen, 1996;
Catterall et al., 2005; Honda et al., 1996). Likewise,
carbamylcholine (Cch), a stable analog of acetylcholine
also stimulates peristalsis of the GI tract by activating
muscarinic cholinergic receptors, and also activates o7
subunits of cholinergic nicotinic receptors on macrophage
and endothelial cells leading to cellular deactivation and
inhibition of cytokine release, thereby attenuating the
systemic or regional inflammatory responses (Pavlov et
al., 2003). Consequently, the spasmolytic action of DCD-
684 on Ach and Cch-induced contractions may probably
be due to its interaction with muscarinic and nicotinic
receptors, respectively. The individual components of
DCD-684 including F. vulgare, M. arvensis, M. piperita
and Z. officinale diminished the Ach and Cch induced
contractile effect. However, C. carvi demonstrated
significant inhibitory only in Cch-induced contractions.
Nevertheless, spasmolytic effect of herbal components of
DCD-684 and its combined formulation validates its
action on cholinergic receptors due to the presence of
spasmolytic components residing in each plant.

The GIT is also richly occupied with histaminergic
receptors (Ali et al., 2017) and histamine plays a vital role
in the regulation of gastric acid and ion secretion, gastric
mucosal defense and intestinal motility (Fabisiak et al.,
2017). It stimulates the contractile response by increasing
chloride secretion by colonic epithelium by the activation
of H; receptors residing in the smooth muscles. Histamine
may induce excitation of enteric neurons through
activation of all four histamine receptors (H;-Hy
receptors) (Coruzzi et al., 2012). The relaxant effect of
DCD-684 and its individual components on histamine-
induced contractions mainly involves M. arvensis,
M. piperita and Z. officinale, signifying its histamine
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receptor-mediated response on isolated rabbit jejunum.
Whereas, C. carvi and F. vulgare had a minimal effect.
This anti-histaminergic response of Z. officinale, has also
been reported in previous studies (Suva, 2013) which has
been associated with the presence of 6-gingerol and 6-
shogaol. This spasmolytic potential of individual herbal
components appears to be playing primary and
cumulative role in DCD-684 induced histaminergic
antagonism.

Serotonin (5-HT) is an enteric neurotransmitter mediating
peristaltic reflexes controlling gastrointestinal motility,
visceral sensitivity and secretion involving the 5-HT5/5-
HT, receptor sub-types (Crowell, 2004; Terry and
Margolis, 2016). It activates both intrinsic excitatory and
inhibitory enteric motor neurons by stimulating
cholinergic neurons releasing acetylcholine causing
contraction or excite inhibitory nitrergic neurons via nitric
oxide inducing relaxation in smooth muscles.
Pathophysiological changes in serotonin, directly and
indirectly, affects intestinal motor and secretory function
leading to abnormalities like nausea, vomiting, intestinal
secretion, and peristalsis (Gershon, 1999; Sikander et al.,
2009). Hence, it can be suggested that DCD-684 and all
of its individual herbal components have shown
cumulative effect in blocking spasm possibly via
5-HT3/5-HT, receptors with major contribution of
M. arvensis and C. carvi most likely due to the presence
of menthol and (-)-Carvone.

Thus, the claim made by the various traditional systems of
medicine regarding the use of aforementioned herbal
components in the treatment of colic pain and various GI
ailments remain unchanged when used as polyherbal
DCD-684 formulation. Its diverse spasmolytic action is
evident by its action targeting multiple receptors and non-
receptor pathways associated with gastrointestinal
spasms. Among all the plant components of DCD-684,
M. arvensis, M. piperita and Z. officinale demonstrated
maximum efficacy towards receptor-mediated
contractions, while C. carvi and F. vulgare produced a
combined relaxing effect. However, its effect at the
cellular and molecular level needs to be explored further
supporting its spasmolytic mechanism.

CONCLUSION

The present findings led us to conclude that the penta-
herbal formulation DCD-684 has a significant in vitro
muscle relaxant effect on isolated rabbit jejunum via both
non-receptor (calcium channel) as well as multiple
receptor-mediated contractions. This study supports the

efficacy and therapeutic use of DCD-684 in the
management of infantile colic pain and various
gastrointestinal ~ disorders. The individual herbal

components also demonstrated spasmolytic effect thereby
favoring their significant synergistic contribution in this
novel formulation.
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Supporting Information

Table S.1A: Effect of DCD-684 and its components on spontaneous contraction of rabbit jejunum

Percent change in rabbit jejunum
S. No. Test substance Concentration (%) v/v
0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 2.1+1.0 | 12.6+1.6 | 72.8+0.8%** | 123.142.9%** --- ---
2. Vehicle -2.7+2.3 | -5.3+1.9 -11.1+2.5 -11.1£2.5 --- ---
Individual components (decoction)
1. C. carvi -5.2+1.7 | 5.6£2.1 -2.1£1.8 -6.3£1.5 -12.4+1.9 -16.7£2.7
2. F. vulgare -8.242.6 | -4.740.9 4.3+2.8 16.2+2.9 20.8+0.9 22.2+1.1
3. M. arvensis -1.320.7 | -4.6£2.2 6.4+1.4 16.243.3 35.742.8% | 58.7+2.8%*
4. M. piperita -7.6+0.8 | 28.0£2.8 32.6+2.0 38.1£1.7* 56.843.3** | 63.3£1.5**
5. Z. officinale -3.8¢1.9 | 47822 14.74£2.6 25.542.5 32.240.8 38.0+1.5%
Table S.1B: Effect of atropine and verapamil on spontaneous contraction of rabbit jejunum
Test Concentration (uM)
Substance 0.01 0.03 0.1 0.3 1 3 10
Atropine - - 7.09+£2.62 30.31+£2.51%* 55.45+2.81** 70.25+1.48*** | 79,05+£8.57***
Verapamil 2.4442.10 | 26.90+£2.80 | 49.27+2.44** | 83.06+£1.43*** | 105.734£2.61*** --- ---

Digas Colic Drops: DCD.

Control: Spontaneous contractions in rabbit jejunum before addition of test compound (100%).
The values presented are mean of percentage change =SEM (n= 5) of spontaneous contractions in the presence of test compounds as

compared to

control (0.084-2.186 mV).

The values without sign indicate percent relaxation in rabbit jejunum, while negative sign (-) represents contraction (%) with respect

to control.

The concentrations (% v/v) mentioned in the experiment are prepared by taking different volumes from 100% test substances and
were maintained in 25ml of tissue bath.
Asterisks indicate significant percent relaxation (*p<0.05, **p<0.01 and *** p<0.005), whereas other values were non-significant.

Table S.2A: Effect of DCD-684 and its components on KCl-induced contraction of rabbit jejunum

Percent change in rabbit jejunum
S. No Test substance Concentration (%) v/v

0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 9.6+1.2 10.6+1.4 | 47.14£2.78** | 80.6£1.9%** - -
2. Vehicle 28.7+1.9 | -13.2+1.7 -7.6+2.4 34422 — ---
Individual components (decoction)
1. C. carvi -1.841.9 | -2.3+42.5 -2.842.9 -3.643.1 -8.742.3 -17.6+3.5
2. F. vulgare 3.842.2 2.1+1.3 2.5%1.5 -0.7+0.1 -3.8+1.1 -14.3£1.6
3. M. arvensis 3.3£2.2 8.1+£1.4 13.4+2.6 16.6+2.7 18.1+3.6 19.2+3.5
4. M. piperita -2.0+1.1 -8.6+0.7 -11.3+0.7 -15.9+2.1 24.142.7* | 35.842.3%
5. Z. officinale 1.1£1.6 2.2+0.3 -0.2+0.9 -0.4+2.3 -13.0+1.7 -16.8+2.2

Table S.2B: Effect of verapamil on KCl-induced contraction of rabbit jejunum
Concentration (uUM)
0.01 0.03 0.1 0.3 1

Mean relaxation % +SEM 20.242.8 | 57.24£3.3%*% | 93 .8+2.7*** | 107.542.4*** | 110.0£4.9***

Digas Colic Drops: DCD.

Control: The sustained contraction evoked by KClI in rabbit jejunum before addition of test compound (100%).

The values presented are mean of percentage change +SEM (n=5) of KCl induced contraction in the presence of test compounds as
compared to control (0.216-3.695 mV).

The values without sign indicate percent relaxation in rabbit jejunum, while negative sign (-) represents contraction (%) with respect
to control.

The concentrations (% v/v) mentioned in the experiment are prepared by taking different volumes from 100% test substances and
were maintained in 25ml of tissue bath.

Asterisks indicate significant percent relaxation (¥p<0.05, **p<0.01 and *** p<0.005), whereas other values were non-significant.

718 Pak. J. Pharm. Sci., Vol.34, No.2(Suppl), March 2021, pp.711-722



Talat Roome et al

Table S.3A: Effect of acetylcholine in the presence of DCD-684 and its herbal components

Percent change in rabbit jejunum

S. No. Test substance Concentration (%) v/v

0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 29.6+4.2 | 49.942.9%* | 74.68£2.7*** | 87 1+£].9%** | - ---
Individual components (decoction)
1. C. carvi 1.85+1.31 | -10.1+3.3 -4.84+2.9 3.6+2.0 9.4+0.8 | 15.242.3
2. F. vulgare 5.84+1.07 | 8.3+0.9 8.6+0.7 16.3+£1.7 24.2+2.4 | 37.0+£3.4*
3. M. arvensis 7.67+2.50 | -3.4+0.8 0.7+0.6 10.1£3.1 26.2+3.5 | 34.4+4.1*
4. M. piperita 7.67+£2.50 | -3.4+0.8 0.7+0.3 6.4+3.8 19.6£1.9 | 33.6+4.1*
5. Z. officinale 2.20+1.92 | 4.5+1.7 6.7+1.9 15.7£1.0 21.9+£2. | 35.7+£3.4*

Table S.3B: Effect of acetylcholine in the presence of atropine

Percentage relaxation of atropine on rabbit jejunum
Test substance Concentration (uM)
3 10
Atropine 91.16£2.00%** 94.52+1.67%**

Table S.4: Effect of histamine in the presence of DCD-684and its herbal components

Percent change in rabbit jejunum
S. No. Test substance Concentration (%) v/v

0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 19.9£2.6 | 27.7+1.8 | 54.9£2.8%* | 104.1£3.5%** --- --—-
Individual components (decoction)
1. C. carvi 1.9+0.3 7.4+1.7 7.9+1.7 10.8+0.7 13.0+£2.4 14.7+1.3
2. F. vulgare 2.7£2.4 0.2£1.5 4.4+1.8 10.7+1.3 14.2+1.3 18.5+1.9
3. M. arvensis 33422 10.2+1.6 20.2+3.4 28.6+2.8 36.242.5% 42.14£3.6%*
4. M. piperita 3.9+2.0 16.1£3.5 | 20.5+2.4 25.843.3 36.5+1.9* 46.1+1.6**
5. Z. officinale -16.6£2.9 | -16.5£3.0 | -18.4+3.2 -22.1+£2.2 4.8+1.4 35.1+£3.4%*

Table S.5: Effect of serotonin in the presence of DCD-684and its herbal components

Percent change in rabbit jejunum
S. No. Test substance Concentration (%) v/v

0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 13.3£3.0 | 17.542.5 | 52.3£2.7%% | 97.19£5.51%** --- ---
Individual components (decoction)
1. C. carvi 42+2.5 9.6+2.2 12.9+2.6 16.82+2.74 25.5+2.5 32.6£2.7*
2. F. vulgare -11.5+7.0 | -4.5¢1.4 -1.6+£2.7 4.34+1.24 18.3+1.8 29.1+£3.4%*
3. M. arvensis 7.1£3.0 10.4+£2.4 15.1£2.5 30.8+3.1 45.1£3.1% | 51.6£3.0%*
4. M. piperita -9.8+1.6 -8.4+1.9 -7.4£1.6 6.842.3 16.1+£2.8 25.8+42.9*
5. Z. officinale -13.9£1.0 | -20.1+4.6 | -20.9+1.8 -24.1£1.0 16.2+3.5 27.242 4%

Digas Colic Drops: DCD.

Control: The sustained contraction evoked by Histamine in rabbit jejunum before addition of test compound (100%).

The values presented are mean of percentage change +SEM (n= 5) of Histamine induced contraction in the presence of test
compounds as compared to control (0.264-2.158 mV).

The values without sign indicate percent relaxation in rabbit jejunum, while negative sign (-) represents contraction (%) with respect
to control.

The concentrations (% v/v) mentioned in the experiment are prepared by taking different volumes from 100% test substances and
were maintained in 25ml of tissue bath.

Asterisks indicate significant percent relaxation (¥p<0.05, **p<0.01 and *** p<0.005), whereas other values were non-significant.
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Table S.6: Effect of carbamylcholine in the presence of DCD-684and its herbal components

S. No Test substance Percent change in rabbit jejunum
Concentration (%) v/v

0.1 0.3 1.0 3.0 5.0 7.0
1. DCD-684 2.81+0.7 | 19.242.2 | 52.242.3** | 76.04£3.2%***
Individual components (decoction)
1. C. carvi -7.1+£3.01 | -14.542.1 | -22.7+5.7 -28.4+6.2 29.3+£3.2 38.0+1.5*
2. F. vulgare -1.4£2.5 3.74£2.5 5.1£2.8 13.4+2.9 20.3+£2.8 32.2+3.3*
3. M. arvensis 21.3£3.5 | 18.84£3.3 15.943.2 27.6+1.2 34.540.3% | 56.44+0.9%*
4. M. piperita -0.4£2.0 8.7+1.1 21.1+4.3 25.7£2.8 34.34+2.7* 39.1+1.3*
5. Z. officinale 2.8+1.6 10.1+£2.5 12.943.3 18.842.5 31.142.6% | 45.2+3.2%%*

Digas Colic Drops: DCD.

Control: The sustained contraction evoked by Carbamylcholine in rabbit jejunum before addition of test compound (100%).
The values presented are mean of percentage change £SEM (n= 5) of Carbamylcholine-induced contraction in the presence of test

compounds as compared to control (0.230-1.466 mV).

The values without sign indicate percent relaxation in rabbit jejunum, while negative sign (-) represents contraction (%) with respect

to control.

The concentrations (% v/v) mentioned in the experiment are prepared by taking different volumes from 100% test substances and

were maintained in 25ml of tissue bath.

Asterisks indicate significant percent relaxation (*p< 0.05, **p<0.01 and *** p<0.005), whereas other values were non-significant.
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