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Abstract: Objective: The goal of this study was to find out if polyherbal paste (PHP) with Rosadamascena, Termi-
nalia chebula, and Trachyspermumammi in honey could help rats that were constipated because of loperamide.
Methods: Thirty male rats were divided into 6 groups: a control group receiving saline, a model group receiving
loperamide at 10 mg/kg and saline, a phenolphthalein group (positive control) receiving loperamide at 10 mg/kg
and phenolphthalein at 10 mg/kg, and low (20 mg/kg), medium (40 mg/kg), and high (60 mg/kg) doses of PHP,
via intragastric administration for 7 days. Various parameters, including food consumption, water consumption,
body weight, fecal characteristics, gastrointestinal transit rate, histological changes, serum biomarkers, and aqua-
porin-3 (AQP3) and C-kit protein expression levels, were assessed. Results: Administering PHP at a dose of 60 mg/
kg resulted in a 16.89% increase in fecal water content, a 12.14% increase in the amount of feces, and a 23.67%
increase in gastrointestinal transit rate, while also reducing the time to black stool and restoring appearance by
23.41%. At the 40 mg/kg dose, PHP increased motilin levels in the blood by 31.22%, gastrin by 52.78%, and sub-
stance P by 19.45% while decreasing somatostatin by 20.17%. Furthermore, at the 60 mg/kg dose, PHP decreased
mucous membrane damage and goblet cell function in the colon, reduced AQP3 protein production by 33.39%,
and increased c-kit protein production by 12.14%. Conclusion: The PHP showed promising therapeutic potential for
loperamide-induced constipation in rats.
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Introduction expenses. Its estimated prevalence spans from
1% to 80% globally, showcasing notable geo-

Constipation is a digestive condition marked by graphical variation. The diverse definitions

infrequent bowel movements and the challeng-
ing passage of stools, accompanied by pain
and stiffness. In severe cases, acute constipa-
tion can lead to intestinal blockage, potentially
necessitating surgical intervention. Constipa-
tion appears in various forms, including chronic
idiopathic constipation, secondary constipa-
tion, and functional constipation, each charac-
terized by distinct causes and symptoms [1].
Constipation stands as a prevalent gastrointes-
tinal issue, incurring considerable community

associated with constipation contribute to a
wide range of prevalence rates [2]. The preva-
lence of constipation is approximately 16%,
with rates ranging from 0.7% to 79.0%, with a
higher occurrence in women. The likelihood of
constipation increases with age, reaching up to
33% in individuals aged 60-110 [3]. Despite
this trend, it is crucial to note that constipation
should not be viewed as a natural outcome of
the aging process. Between 16% and 40% of
individuals with chronic constipation (CC) in
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various nations rely on laxatives. The onset of
the condition is impacted by various factors,
including inadequate fiber intake, socioeco-
nomic status, genetic predisposition, insuffi-
cient fluid consumption, limited physical acti-
vity, hormonal imbalances, medication side
effects, and anatomical aspects of the body,
among others [4].

Constipation is more prevalent among individu-
als aged 65 and older, often due to factors
such as poorly fitting dentures or tooth loss,
which can lead to chewing difficulties and a
preference for softer, fiber-rich foods. Elderly
individuals also experience a higher incidence
of anatomical abnormalities like pelvic floor
dyssynergia, rectocele, and prolapse [5]. Some
neurological conditions, like tethered cord,
spina bifida, Hirschsprung disease, pseudo-
obstruction, spinal cord defects, and intestinal
neuronal dysplasia, can make it hard to go to
the bathroom. So can Parkinson’s disease,
stroke, multiple sclerosis, Chagas disease, and
familial dysautonomia [6]. Antidepressants, an-
ticholinergics, nonsteroidal anti-inflammatory
drugs, psychotropic medications, narcotics, vita-
min D, lead, iron, bismuth, and calcium chan-
nel blockers can all cause constipation [7].
Metabolic and endocrine disorders that can
contribute to constipation include high calcium
levels (hypercalcemia), diabetes insipidus, low
potassium levels (hypokalemia), underactive
thyroid (hypothyroidism), and diabetes mellitus
(DM). Other causes of constipation include celi-
ac disease, cystic fibrosis, inflammatory bowel
disease (IBD), scleroderma, and cow milk pro-
tein allergies. Researchers have found that
problems with the rectum’s sensory and motor
functions can lead to chronic constipation by
impacting feelings, movement, and biomechan-
ics, especially when it comes to problems with
evacuation [8]. Functional defecation disorders
include aspects such as reduced sensitivity in
the rectum, changes in reflex activity, increased
capacity of the rectal reservoir, and dysfunction
in rectal motor function. Constipated individu-
als, especially those with dyssynergia defeca-
tion, often experience psycho-affective disor-
ders like anxiety, depression, and eating dis-
orders [9]. Constipation imposes significant
physical and mental burdens, affecting daily
life and well-being and resulting in substantial
healthcare costs, underscoring the importance
of preventive programs [10]. More than half of
patients with constipation do not achieve a
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cure, despite the significant global expenditure
on constipation therapy [11]. Laxatives and
prokinetic agents, such as chloride-channel
activators, opioid antagonists, 5-hydroxytrypta-
mine modulators, and MTL agonists, are com-
monly used in clinical settings. Prolonged use
of these drugs can lead to issues like melano-
sis coli, drug dependency, severe diarrhea, low
blood pressure, rapid heart rate, and dizziness
upon standing [12]. Therefore, there is a press-
ing necessity to create novel, safe, and efficient
therapies for constipation. Due to its perceived
safety and efficacy, traditional Chinese medi-
cine frequently serves as an alternate remedy
for constipation [13]. Some studies suggest
that certain plant extracts can also effectively
control constipation with minimal side effects
[14].

Rosa damascena, known as Damask rose, is
cultivated for its aromatic properties in the
perfume, pharmaceutical, and food industries
[15]. Originating in the Middle East, it is globally
cultivated, with significant regions including
Iran, Europe, Bulgaria, Turkey, and India. Iran,
particularly Kashan, Fars, and Azerbaijan, has
a rich history of cultivation. The plant is a peren-
nial shrub with vibrant flowers and compound
leaves containing anthocyanins, flavonoids, ter-
penes, and glycosides, as well as quercetin,
vitamin C, kaempferol, carboxylic acid, and myr-
cene [16]. The essential oil has phenolic com-
pounds that fight free radicals, cancer, inflam-
mation, mutations, and depression [17]. These
compounds include geraniol, nerol, nhonadec-
ane, B-citronellol, and kaempferol. Terminalia
chebula, known as Black Myrobalan or Harda,
is a medicinal plant that originates from the
Middle East and tropical areas. It has spreading
branches, dark brown fissured bark, thin, ellip-
tic-oblong leaves, inconspicuous white to yel-
lowish flowers, and ovate-drupe-shaped fruits.
T. chebula has phenolic compounds, tannins,
and flavonoids that can be broken down by
water. Its extracts have anti-inflammatory, anti-
oxidant, and acetylcholinesterase-inhibiting
properties, which could help with Alzheimer’s
disease and protect neurons [18]. Trachys per-
mumammi, known as Ajwain or Bishop’s weed,
is an annual herbaceous plant indigenous to
Egypt, cultivated in countries like Pakistan,
India, Iran, and Afghanistan. It grows up to 90
cm tall with aromatic ovoid fruits and pinnate
leaves [19]. Ajwain seeds are rich in protein,
fat, carbohydrates, moisture, mineral matter,
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tannins, glycosides, saponins, flavones, and
essential oils like thymol and carvacrol [20]. In
traditional medicine, ajwain seeds are used to
help with digestion and gas. They are also good
for killing germs, lowering fever, encouraging
coughing, cleaning the intestines, protecting
the liver, relaxing muscles, opening up airways,
reducing inflammation, getting rid of parasites,
and preventing infections. Apis mellifera, com-
monly known as the honey bee, is a eusocial
insect with a sophisticated social organization
and substantial economic value as a pollinator.
This bee, originating from Africa, Asia, Europe,
and the Middle East, produces propolis from
plant resins, serving several purposes within
the hive.

Traditional medicine uses propolis, which pos-
sesses medicinal qualities, to treat vascular ail-
ments, respiratory infections, ulcers, and to
strengthen the immune system. It is known for
its antimicrobial, antioxidant, immunological,
antiparasitic, and cytotoxic properties, which
show antiviral effects against the SARS-CoV-2
virus [21]. Commercially, propolis-based prod-
ucts are famous for their health benefits and
food preservation.

Loperamide is an over-the-counter antidiarrhe-
al drug used to manage diarrhea symptoms
without a prescription [22]. It functions by de-
creasing intestinal movements and fluid secre-
tion, which extends the duration for food to
traverse the digestive system, facilitating en-
hanced absorption of fluids and electrolytes.
Similar in structure to opiate receptor agonists
like diphenoxylate and haloperidol, loperamide
aims to provide antidiarrheal benefits while
minimizing the adverse effects on opiate recep-
tors. Loperamide is metabolized by the cyto-
chrome P450 system, specifically CYP3A4, and
its levels in the body may increase when used
with CYP3A4 inhibitors [23]. Loperamide is
considered adequate for treating painless
diarrhea and is generally not associated with
the potential for abuse [24].

The study aims to assess the impact of PHP on
constipation induced by loperamide in rats.

Material and methods
Preparation of polyherbal paste

Rosa Damascena petals (rose petal jam),
Terminalia chebula (Black Myrobalan) seeds,
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and Trachyspermumammi (Carom Seeds),
renowned for their traditional medicinal pro-
perties, were procured from the local market
in Multan. A taxonomist from the Institute
of Botany at Bahauddin Zakariya University,
Multan, confirmed the authenticity of the her-
bal mixture paste, and we submitted a her-
barium specimen for documentation (Wfo-
0001011190; Wfo-0000406875; Wfo-0000-
411397). To prepare the paste, Trachysper-
mumammi seeds were finely ground into a
powder using a spice grinder. In a clean bowl,
100 grams of the ground Trachyspermumammi
powder were mixed with 100 grams of Rosa
Damascena petals. Then, 100 grams of cru-
shed Terminalia chebula seeds were added to
the mixture. Next, 100 ml of honey was incor-
porated to bind the ingredients together and
enhance the taste, starting with a tablespoon
and adjusting according to sweetness prefer-
ence. All ingredients were thoroughly mixed
until a smooth paste-like consistency was achi-
eved, ensuring even distribution. The prepared
paste was then transferred to a clean, airtight
container and refrigerated to maintain fres-
hness.

Phytochemicals screening

The herbal mixture paste underwent qualita-
tive phytochemical screening to identify various
secondary compounds such as alkaloids, flavo-
noids, glycosides, phenols, and other compo-
unds. This was done with slight modifications to
a standard method [25].

Animals

Male rats weighing 300-350 g were acquired
from a market close to Multan. They were fed
a standard commercial diet and had unres-
tricted access to tap water. The Muhammad
Institute of Medical and Allied Sciences, Mul-
tan’s Department of Life Sciences housed the
rats and maintained a temperature of 25°C. All
experimental protocols followed the National
Research Council's guidelines [26] and were
approved by the Ethical Committee of the Mu-
hammad Institute of Medical and Allied Scien-
ces, Multan, Pakistan (Approval No. MIMAS/03/
Biochem/315/24).

Experimental design

Thirty rats were arbitrarily allocated to various
groups for the study: a control group receiving
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normal saline (0.25 mL) twice daily, a consti-
pation model group receiving 10 mg/kg loper-
amide plus normal saline (0.25 mL), a phenol-
phthalein group receiving 10 m/kg loperamide
plus 10 mg/kg phenolphthalein, a low-dose
PHP group (L-PHP) receiving 10 mg/kg loper-
amide plus 20 mg/kg PHP, a medium-dose PHP
group (M-PHP) receiving 10 mg/kg loperamide
plus 40 mg/kg PHP, and a high-dose PHP group
(H-PHP) receiving 10 mg/kg loperamide plus
60 mg/kg PHP. The experimental protocol fol-
lowed a previously described methodology.
Prior to the initial experiment, all rats under-
went a 12-hour overnight fast. Constipation
was induced by administering loperamide via a
tube at a dose of 10 mg/kg once daily for seven
days. Subsequently, the rats received PHP and
phenolphthalein at corresponding doses, fol-
lowing the same administration procedure. The
control group received only normal saline solu-
tion administered at a volume of 0.25 mL using
the identical method (Table 1) [27].

Food consumption, water consumption, and
body weight gain

Throughout the experimental phase following
the induction of constipation with loperamide,
the rats’ daily body weight, food consumption,
and water intake were assessed. The treat-
ment regimen was maintained for 7 days after
the induction of constipation [28].

The moisture level and frequency of fecal
excretion

On the 6th day, the fecal moisture level and
fecal count were measured. Following intra-
gastric treatment, the rats were transferred
to individual clean cages. Three hours later,
fecal specimens were gathered in specialized
tubes, cooled on ice, weighed, and enumerat-
ed. Subsequently, the specimens were entirely
desiccated in an oven to ascertain their dry
weight [28]. The formula was then employed to
compute the fecal water content.
Wet weight - Dry weight

Fecal water content % = - X 100
Wet weight

Assessment of initial black feces

On the 7" day, following a 12-hour overnight
fast with access to water, rats in the control
group were administered 0.25 mL of normal
saline solution. Rats in the remaining groups
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were administered loperamide intragastrically
(10 mg/kg; 0.25 mL). After one hour, all rats
were fed an activated charcoal meal using
the same method. Subsequently, they were
housed in individual clean cages with ad libi-
tum access to food and water. The duration
from the consumption of the activated charcoal
meal to the initial appearance of black feces
was recorded.

Assessment of collection of blood and tissue
samples and gastrointestinal transit rate

On the 8" day, following 12 hours without food
but with access to water, rats were adminis-
tered a 0.25 mL meal containing activated
charcoal. After 1 hour, blood samples were pre-
served by freezing them at -80°C for further
examination. Animals were euthanized by ket-
amine injection and the abdominal cavities of
the rats were then opened to measure the
entire length of their small intestines, from the
pyloric sphincter to the cecum. This, along with
the distance traveled by the activated charcoal,
was used to calculate the rate of gastrointesti-
nal transit. Samples of tissue from the proxi-
mal colon were collected and placed in 10%
formalin for future histological and immuno-
histochemistry (IHC) examinations [27]. The
intestinal transit rate was determined using
the formula:
Distance traveled by the activated carbon

i ; o =
Intestinal transit rate % Total length of the Small intestine 100

Assessing histological samples

The colon tissues were preserved in 10% for-
malin and embedded in paraffin. Sections of
5 mm thickness were cut, rehydrated using
various ethanol concentrations, and deparaf-
finized using xylene. The specimens were
placed on glass slides and underwent standard
staining methods with Hematoxylin and Eosin
(H and E). Changes in colon histology were
analyzed under a light microscope at 100x
magnification, and images were captured for
record-keeping [27].

Evaluation of blood levels of SP, SS, MTL, and
gas

ELISA kits from various manufacturers were
utilized to quantify the blood levels of sub-
stance P (SP), somatostatin (SS), motilin (MTL),
and gastrin (Gas).
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Table 1. Drug groups for the animal experiments

tively. The phenolphthalein group

Treatment (7 days)

exhibited significantly higher wei-

ght gain than the control group,

whereas the other four treatment

Groups

Construct Model Treatment (1 h latter)
Control 0.25 mL Normal saline 0.25 mL Normal saline
Model 10 mg/kg Loperamide 0.25 mL Normal saline

Phenolphthalein 10 mg/kg Loperamide 10 mg/kg Phenolphthalein

groups did not significantly differ
from the control group. Both the
M-PHP and H-PHP groups had

L-PHP 10 mg/kg Loperamide 20 mg/kg PHP significantly lower weight gains
M-PHP 10 mg/kg Loperamide 40 mg/kg PHP compared to the phenolphthalein
H-PHP 10 mg/kg Loperamide 60 mg/kg PHP group, while the L-PHP group did

L-PHP, low dose polyherbal paste; M-PHP, medium dose polyherbal paste; H-

PHP, high dose polyherbal paste.

Analysis using immunohistochemistry

The colon tissues underwent the same pre-
treatment as for histological evaluation prior
to immunohistochemical examination of pro-
tein expression (AQP3 and C-kit). 0.1% hydro-
gen peroxide (H,0,) was employed to eliminate
the inherent peroxidase activity in the colon
sections. Following this, primary antibodies
were administered and left to incubate over-
night at 4°C, after which a secondary antibody
was applied and incubated for 1 hour. Sub-
sequently, the colon sections were stained with
hematoxylin for counterstaining. Ultimately, the
sections were analyzed using a light micro-
scope at a magnification of 400x [27].

Statistical analysis

The results were presented as mean * stan-
dard deviation (SD) for every group. Group
mean differences were evaluated using one-
way analysis of variance (ANOVA) followed by
Duncan’s multiple range tests. Statistical sig-
nificance was defined at a p-value below 0.05.
The statistical analysis was performed using
SPSS 16.0 software (SPSS, Chicago, IL).

Results

The feeding status after administering oral
treatment to rats with constipation induced by
loperamide

Table 2 illustrates the weight gain, food con-
sumption, and water intake subsequent to oral
administration of PHP in six groups of rats with
loperamide-induced constipation. Weight gain
was 17.35 g, 18.33 g, 22,98 g, 18.71 g, 18 g,
and 16.41 g in the control, model, phenolphtha-
lein, L-PHP, M-PHP, and H-PHP groups, respec-
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not significantly differ. Food in-
take was 18 g, 19.33 g, 18.95 g,
19.47 g, 18.46 g, and 19.69 g in
the six groups, respectively, with no significant
differences. Water intake was 24.81 mL, 23.82
mL, 19 mL, 19.36 mL, 19.99 mL, and 21.39
mL in the six groups, respectively. The phenol-
phthalein group exhibited significantly lower
water consumption compared to the control
and model groups, while the other groups did
not show significant differences. Water con-
sumption did not significantly differ among the
treatment groups.

Impact of PHP on the quantity and moisture
fecal content in rats with constipation induced
by loperamide

The model group experienced a substantial
decrease in fecal count and moisture content
over a 3-hour period compared to the control
group (P < 0.01). However, PHP administration
led to an increased fecal count in the L-PHP and
M-PHP groups (P < 0.05). Additionally, treat-
ment with L-PHP, M-PHP, H-PHP, and phenol-
phthalein resulted in higher moisture content
levels compared to the model group (P < 0.05).

Impact of PHP on the onset time of black feces
in rats with constipation induced by loper-
amide

The time for the first appearance of black feces
was notably longer in the model group than in
the control group (P < 0.01). Nevertheless,
after treatment with H-PHP and M-PHP, this
duration decreased compared to the model
group (P < 0.05).

Impact of PHP on the gastrointestinal tran-
sit rate in rats with constipation induced by
loperamide

Table 3 and Figure 1 illustrate a notable reduc-
tion in the intestinal transit rate in the model
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Table 2. Alterations in body weight, food consumption, and water consumption after administering

PHP

Groups Body weight gain (g) Feed Intake (g/day) Water Intake (ml/day)
Control 17.35£1.00 18+1.00 24.81+0.71
Model 18.33+1.52 19.33+0.65 23.8210.55
Phenolphthalein 22.98+0.97 18.95+0.54 19+1.00

L-PHP 18.71+1.32 19.47+0.58 19.36+0.60
M-PHP 18+1.00 18.46+0.77 19.99+0.98
H-PHP 16.41+0.82 19.69+0.61 21.39+0.54

L-PHP, low dose polyherbal paste; M-PHP, medium dose polyherbal paste; H-PHP, high dose polyherbal paste.

Table 3. Effect of treatment on fecal moisture content, feces count, time to first appearance of black

feces, and intestinal transit rate

Groups Fecal water Number of faces Defecating time.of Intestinal transit
content (%) (granule) black faeces (min) rate (%)

Control 71.26+2.75 13.40+0.92 101.43+0.76 76.33+1.35
Model 57.18+1.20## 0.94+1.21## 436.97+1.00## 47.92+0.88##
Phenolphthalein 65.02+1.31#,** 20.42+0.56 384.11+0.99 54.52+0.95##
L-PHP 62.28+0.744#,* 13.14+0.97# 349.04+1.16## 54.65+0.79##
M-PHP 64.10+1.02#,* 12.54+0.54* 343.66+0.67##,* 52.71+1.03##
H-PHP 66.40+0.70** 10.63+0.77* 331.41+0.52#4#,* 64.25+1.02#,**

Significance levels were set at #P < 0.05 or ##P < 0.01 for comparisons with the control group, and at *P < 0.05 or **P <
0.01 for comparisons with the model group, with five rats in each group. L-PHP, low dose polyherbal paste; M-PHP, medium

dose polyherbal paste; H-PHP, high dose polyherbal paste.

group compared to the control group (P < 0.01).
Following PHP administration, there was an
enhancement in the rate of intestinal transit in
the H-PHP group compared to the model group
(P < 0.05).

Assessing histological samples

The mucosal folds have normal and intact sim-
ple columnar epithelium in most of the areas
(red arrows). The morphological features of
Crypts of Lieberkihn are normal, with intact
goblet cells. The lumen has no necrotic debris.
Normal enteroendocrine cells can be seen in
the lamina propria of the colon (yellow arrow)
(control). The lumen of the colon has necrotic
material from dead and dying cells (red arrow).
There was moderate disruption of mucosal sim-
ple columnar epithelial cells (blue arrow). The
lamina propria of the colon also has multiple
atrophied Crypts of Lieberkuhn (yellow arrows).
The paneth cells at the base of Crypts are also
subjected to coagulative necrosis (green arrow;
model) (Figure 2).

A blood vessel in the submucosa was engorged
with red blood cells, resulting in focal submuco-
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sal congestion (blue arrow). The presence of
red blood cells in interstitium indicates mild
interstitial hemorrhage (black arrow). Mon-
onuclear inflammatory cells were aggregated
near the basement membrane, which is an
indication of mild colitis (red arrow). Various
atrophied crypts were found in the mucosa,
as shown by the green arrow (green arrow)
(Phenolphthalein). The infiltration of red blood
cells in the lamina propria indicates mild intes-
tinal interstitial hemorrhage (red arrow). The
disruption of the mucosal epithelium also sug-
gests mild coagulative necrosis (blue arrow).
The aggregation of mononuclear inflammatory
cells near the base of Crypts of Lieberkihn also
suggests mild intestinal inflammation (green
arrow) (L-PHP). The intestinal simple columnar
epithelial cells in most of the areas have been
sloughed off, leading to coagulative necrosis in
the intestinal mucosa (red arrow). Also, atro-
phied Crypts of Lieberkihn were present near
the basement membrane of the mucosa (black
arrow). The infiltration of mononuclear cells in
the lamina propria may indicate moderate
intestinal inflammation (green arrow) (M-PHP).
The blood vessel in the mucosa was congested

Am J Transl Res 2024;16(9):4714-4727



Laxative effect of polyherbal paste
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Figure 1. Polyherbal paste (PHP) increased the speed of carbon transit through the intestines in rats with constipa-
tion induced by loperamide. Rats were given carbon and their small intestines were removed 30 minutes later in
L-PHP (low dose polyherbal paste), M-PHP (medium dose polyherbal paste), and H-PHP (high dose polyherbal paste)

treatment groups.

Figure 2. Polyherbal paste dose dependently decreased histopathological alterations in the colons of rats with con-
stipation induced by loperamide. It shows rat colon sections stained with H and E (magnification x100) in L-PHP (low
dose polyherbal paste), M-PHP (medium dose polyherbal paste), and H-PHP (high dose polyherbal paste) treated
groups.

(red arrow). The mucosal folds showed hyper-
plasia of goblet cells in Crypts of Lieberkihn
(yellow arrow). Simple columnar epithelial cells
have been sloughed off in a few areas (green
arrow). The presence of eosinophilic mononu-
clear inflammatory cells in the mucosa may
indicate mild to moderate enteritis (black
arrow) (H-PHP).
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Serum variables

To assess the impact of PHP on blood bioch-
emical constituents in rats with constipation
induced by loperamide, changes in various bio-
markers associated with gastrointestinal motil-
ity were measured using ELISA. As shown in
Table 4, the levels of SP, gas, and MTL were
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Table 4. The levels of SS, SP, Gas and MTL rats with constipation induced by loperamide post-treat-
ment

Groups MTL (pg/ml) Gas (pg/ml) SP (pg/ml) SS (pg/ml)
Control 511.95+1.31 126.11+0.76 176.41+0.89 24.96+1.75
Model 312.77+0.81## 66.17+1.51## 118.18+0.92#+# 27.76+0.81
Phenolphthalein 431.09+1.21** 85.25+0.91# 138.37+1.23## 25.29+1.09*
L-PHP 421.68+0.74#,* 94.15+1.08# 136.54+1.36## 23.48+1.38*
M-PHP 451.18+1.04** 143.04+1.13** 142.93+1.61#,* 22.27+1.28%
H-PHP 410.66+0.65#,* 108.22+0.88* 155.41+1.32** 22.60+£1.42**

Significance levels were set at #P < 0.05 or ##P < 0.01 for comparisons with the control group, and at *P < 0.05 or **P <
0.01 for comparisons with the model group, with five rats in each group. L-PHP, low dose polyherbal paste; M-PHP, medium

dose polyherbal paste; H-PHP, high dose polyherbal paste; MTL, motilin; SP, substance P; SS, somatostatin.

Table 5. The levels of AQP3 and C-kit protein in the colons
of rats experiencing constipation induced by loperamide

levels were higher in the model group
than in the control group (P < 0.05),

but lower in both the PHP and phenol-

Groups AQP3 i ]
Control 41.2041.04 62.5040.66 phthalein groups than in the model
+1. .50+0. b . )
Model 68.12+1.17## 49.72+0.98## group (P .0'05 .or P . 0.01). Con
Phenolphthalein 53.62+1.37#i,** 51.31+1.37## versely, C-kit manifestation was lower
enoip e ’ D in the model group than in the control
H-PHP 45.48+1.37** 55.45+0.77#,*

ed in the H-PHP group (P < 0.01), as

Significance levels were set at #P < 0.05 or ##P < 0.01 for comparisons

depicted in Table 5 and Figure 4.

with the control group, and at *P < 0.05 or **P < 0.01 for comparisons

with the model group, with five rats in each group. L-PHP, low dose poly-

Discussion

herbal paste; M-PHP, medium dose polyherbal paste; H-PHP, high dose

polyherbal paste; AQP3, aquaporin-3; 10D, Integral optical density.

significantly lower in the model group than in
the control group (P < 0.01), while SS levels
were slightly elevated but not significantly.
Treatment with PHP or phenolphthalein led
to increased levels of SP, gas, and MTL but
decreased SS levels compared to the model
group. These findings indicate that PHP treat-
ment could potentially modulate gastrointesti-
nal motility-related biomarkers, providing relief
from loperamide-induced constipation in male
rats (Table 4).

Impact of PHP on the levels of AQP3 and C-kit
in rats with constipation induced by loper-
amide

AQP3 is crucial in controlling water movement
in the colon, while the interstitial cells of Cajal
(ICC) act as an intestinal contraction pacemak-
er. Therefore, our research aimed to examine
PHP’s effects on AQP3 and C-kit protein levels
in the large intestine of male rats with constipa-
tion induced by loperamide. Our findings, out-
lined in Table 5 and Figure 3, reveal that AQP3

4721

Constipation is defined as rare bow-

el movements or difficulties passing
stools. Symptoms include straining, the sensa-
tion of rectal blockage, incomplete emptying,
abdominal discomfort, bloating, and firm stools
[29]. Certain studies indicate that the use of
various plant extracts is gaining attention due
to their laxative properties, with minimal side
effects observed in the treatment of constipa-
tion [30]. According to our research, PHP has a
positive effect on reducing the symptoms of
loperamide-induced constipation in rats.

Loperamide works by connecting to mu- and
delta-opioid receptors to slow down the move-
ment of the stomach and intestines, lower the
production of intestinal fluids, making it easier
for the body to absorb water and electrolytes
from the inside of the intestines. Moreover, it
restrains the release of specific inflammatory
substances, leading to decreased inflamma-
tion and a perception of visceral pain [31]. Se-
veral studies have used loperamide to induce
experimental constipation, aiding researchers
in understanding its mechanism and identify-
ing potential therapeutic compounds [32]. The
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Figure 3. Polyherbal paste (PHP) reduced aquaporin-3 (AQP3) levels in the colon, which were assessed through IHC
examination at 400x magnification. L-PHP, low dose polyherbal paste; M-PHP, medium dose polyherbal paste; H-
PHP, high dose polyherbal paste.
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Figure 4. Polyherbal paste (PHP) increased the presence of C-kit protein in the colon. The levels of C-kit protein in
the colon were assessed through immunohistochemistry examination at 400x magnification in L-PHP (low dose
polyherbal paste), M-PHP (medium dose polyherbal paste), and H-PHP (high dose polyherbal paste) treated groups.

group that was given loperamide (called the animals throughout the study, suggesting that
“model group”) in this study had clear signs of the use of loperamide to induce constipation
constipation, such as a lot less water in their was both safe and effective.

feces, fewer pellets in their feces, and a slower

small intestine transit rate. Additionally, these Numerous factors affect the onset of the condi-
rats took significantly longer to pass their first tion, such as insufficient fiber intake, socioeco-
black feces compared to the control group. nomic status, genetic predisposition, insuffi-
Significantly, there were no fatalities among the cient fluid intake, insufficient physical activity,
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hormonal imbalances, medication side effects,
and bodily anatomical features [4]. Constipa-
tion is more prevalent among older individuals
than younger ones, and its causes in the elderly
are associated with various factors. We can
evaluate the functionality of intestinal transit by
tracking the time it takes for the first appear-
ance of black stool [12], which reflects the total
transit time through both the large and small
intestines [30]. A shorter duration suggests a
better response to treatment and a more favor-
able prognosis, while a more prolonged dura-
tion indicates a less effective treatment. Si-
milarly, lower intestinal transit rates indicate a
faster transit time through the small intestine,
which is associated with better treatment
efficacy and a more favorable prognosis [12].
In rats with loperamide-induced constipation,
there were noticeable changes in defecation
frequency, intestinal transit rates, fecal mois-
ture content, and the time until the first appear-
ance of black feces, according to the research.
Treatment with PHP was found to improve the-
se parameters. However, phenolphthalein only
improved the moisture content of feces.

Mucins play a critical role in safeguarding
the gastrointestinal epithelium, and changes
in their secretion can impact the protective bar-
rier of the gastrointestinal tract (GIT) [33]. Go-
blet cells, which are abundant in the GIT, pri-
marily secrete mucin. These proteins, recog-
nized for their ability to form gels, aid in safe-
guarding the GIT and promoting intestinal
motility [34]. Our research indicates that PHP
could reinstate the secretory role of goblet
cells. Nonetheless, further investigation is re-
quired to grasp the underlying mechanisms
comprehensively.

Prior research has indicated that constipation
is associated with abnormal colon function,
particularly a disruption in colon motility. The
enteric nervous system regulates the regular
function of the intestines, influenced by various
biomarkers associated with intestinal motility.
SP, MTL, and gas function as excitatory neu-
rotransmitters within the intestinal tract, stimu-
lating intestinal motility. The primary cause of
constipation might be the irregular release of
biomarkers associated with enteric motility
[35]. As previously stated, MTL is the intestinal
hormone that controls gastrointestinal motility
in reaction to food intake and hunger signals.
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Studies suggest that MTL's primary role is to
enhance pepsin production and stimulate the
migrating motor complex (MMC) to regulate
gastrointestinal motility [32]. SP, an excitatory
neurotransmitter, heightens intestinal sensitiv-
ity and strongly stimulates intestinal smooth
muscle cells once it binds to its receptors. It
induces mucus secretion and enhances vascu-
lar permeability in the bowel. Studies suggest
that SP directly induces intestinal contractions
in rats by targeting neurokinin type 1 receptors
[36]. This passage highlights the multifaceted
role of gastrin in the GIT. Gastrin plays a critical
role in various functions, including stimulating
gastric acid secretion, which is vital for the
digestive process. It also promotes the growth
and repair of the stomach’s protective lining,
known as the gastric mucosa.

Moreover, gastrin helps regulate the movement
of food through the GIT, ensuring that digestion
occurs efficiently. It also regulates the lower
esophageal sphincter’s tone, which aids in pre-
venting the reflux of stomach content into the
esophagus. Furthermore, gas has been linked
to cell proliferation in the gastrointestinal mu-
cosa, which is the digestive tract’s inner lining
[37]. On the other hand, the secretion of gastrin
is suppressed by SS [38]. SS has a crucial role
in the GIT by suppressing the release of several
hormones like gastrin, insulin, glucagon, and
growth hormone. It also controls gastrointesti-
nal motility and is involved in regulating intesti-
nal absorption and secretion.

Furthermore, SS has been implicated in the
development of constipation, potentially due to
its impact on gastrointestinal motility and sec-
retion [39]. According to the most recent ELISA
results, phenolphthalein treatment increased
MTL levels but decreased SS levels compared
to the model group (Table 4). Additionally, PHP
significantly elevated blood levels of SP, gas,
and MTL while reducing SS levels compared to
the model group. However, additional research
is necessary to comprehend the precise asso-
ciation and mechanism behind these alt-
erations.

AQPs are a group of proteins that act as wa-
ter channels and are vital for the GIT. In consti-
pation, AQPs play a role in regulating water bal-
ance in the intestines, which is essential for
regular bowel movements. Studies suggest
that alterations in AQPs expression or function
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may contribute to the pathophysiology of con-
stipation by affecting water transport across
the intestinal epithelium. Additionally, AQPs
have been implicated in other gastrointestinal
functions, such as mucosal protection, ion
transport, and cell proliferation [40]. AQP3 is a
protein that acts as a water channel, playing a
crucial role in the GIT by aiding in the move-
ment of water through cell membranes. In the
context of constipation, AQP3 is involved in
maintaining proper hydration of the intestinal
epithelium, which is essential for normal bowel
function. Research has indicated that changes
in the expression or function of AQP3 may have
a role in the onset of constipation by influenc-
ing water transport in the intestines [41]. In
this research, we measured the manifestation
of AQP3 and found that phenolphthalein and
PHP alleviate loperamide-induced constipation
by reducing AQP3 levels in rat colons (Table 5).
However, the exact mechanisms behind this
effect require further investigation.

The ICC is crucial for regulating gastrointestinal
movements [32]. They act as pacemaker cells,
controlling the release of neurotransmitters
and generating the electrical slow wave that
coordinates muscle contractions in the intes-
tines [42]. In the colon, submucosal ICCs are
responsible for producing this slow wave, which
is essential for smooth muscle function [43]. A
decrease in ICCs can lead to irregular slow
waves, which disrupt regular muscle contrac-
tions and can result in constipation [44]. C-kit,
a receptor found on ICCs, is crucial for main-
taining the ICC network. Reduced C-kit expres-
sion may indicate a disruption in the ICC net-
work in people with constipation [45]. IHC
techniques can reliably detect C-kit [44], pro-
viding an indirect way to assess the quantity
and density of ICCs in the gut [32]. In our study,
we found that PHP could increase the expres-
sion of the C-kit protein, which is crucial for
maintaining ICC function. Nevertheless, addi-
tional investigation is required to understand
its mechanism comprehensively.

Currently, researchers have identified and char-
acterized several monomeric compounds from
the PHP. Rosa damascena contains compo-
unds such as anthocyanins, flavonoids, ter-
penes, and glycosides. It also contains querce-
tin, vitamin C, kaempferol, carboxylic acid, my-
rcene, geraniol, nerol, nonadecane, B-citrone-
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llol, and kaempferol [17]. Terminalia chebula
possesses a broad array of medicinal proper-
ties due to its composition of various biochemi-
cals like hydrolysable phenolic compounds,
tannins, and flavonoids, making it a potentially
effective therapeutic choice. It also contains
chebulagic acid, chebulinic acid, and gallic acid
[18]. Trachyspermumammi seeds contain a
diverse range of compounds, including protein,
fat, carbohydrates, fiber, moisture, mineral ma-
tter such as calcium, phosphorus, iron, and
nicotinic acid, along with tannins, glycosides,
saponins, and flavones [20]. The primary phy-
tochemicals identified in the honey samples
included sapogenin, sparteine, lunamarin, fla-
vanone, phenols, and proanthocyanin [20].
Among these components, chebulagic acid,
chebulinic acid, tannins, anthraquinone glyco-
sides, quercetin, kaempferol, and gallic acid
demonstrated notable pharmacological effects
in alleviating constipation, relaxing smooth
muscles, and diminishing inflammation [46].

Interestingly, apart from its use in treating
constipation, this PHP is also traditionally em-
ployed for managing diarrhea, although no sci-
entific evidence or research supports these
effects. Some well-known herbs have been
reported to have similar effectiveness for both
diarrhea and constipation. Ginger and Psyllium
husk are popular herbs known to treat both
diarrhea and constipation effectively. This dual
effect is believed to balance out the potential
side effects of using antidiarrheal or laxative
drugs individually at high doses [47]. This prin-
ciple supports a holistic approach to natural
products, recognizing their ability to address
various disease aspects and potentially miti-
gate side effects [48]. More research is needed
to fully grasp the antidiarrheal efficacy of PHP.

Conclusion

The study looked into the effectiveness of a
polyherbal paste (PHP) in treating loperamide-
induced constipation in rats. Results showed
that PHP treatment led to improvements in the
fecal count and moisture content, reduced the
onset time of black feces, and increased the
gastrointestinal transit rate compared to the
model group. Histological analysis revealed
mitigation of mucosal damage and restoration
of goblet cell secretary activity in the colon. The
PHP treatment also changed biomarkers relat-
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ed to gastrointestinal motility. Compared to
the model group, it increased gas and MTL SP
levels while decreasing SS levels. Additionally,
PHP treatment decreased AQP3 levels and
increased C-kit expression in the colon. These
results indicate that PHP could be a viable
treatment choice for constipation manage-
ment.
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