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INTRODUCTION 

Gastrointestinal disorders, or GITs, encompass a 

range of conditions primarily affecting the GI tract, 

including Gastroesophageal reflux disease (GERD), 

Inflammatory bowel disease (IBD), irritable bowel 

syndrome (IBS), and colorectal cancer (CRC), among 

others. The prevalence of major gastrointestinal 

conditions is considerable worldwide. Functional 

dyspepsia is a particularly common disorder, 

impacting more than 20% of the population 

(Thompson, 2017). This clinical syndrome features 

chronic symptoms originating from the 

gastroduodenal area and is divided into three 

subcategories: epigastric pain syndrome, postprandial 

distress syndrome (PDS), and a combination of both, 

each thought to arise from different underlying 

mechanisms (Francis et al, 2024). The underlying 

mechanisms of functional dyspepsia are intricate, 

involving numerous factors at both macroscopic and 

microscopic levels. Macroscopically, issues may 

include delayed or rapid gastric emptying, gastric 

dysrhythmias, antral hypomotility, and visceral 

hypersensitivity, with altered nervous system 

processing and dysfunction in mechano-receptors. 

Microscopically, the condition is characterized by 

impaired mucosal barrier function, sensitivity to 

duodenal acids or lipids, and resulting gastritis, which 

involves increased eosinophils, mast cells, and gut-

specific lymphocytes linked to cytokine release, such 

as TNF-α. Furthermore, the condition can be 

exacerbated by altered gut microbiota and 

Helicobacter pylori infections. Psychological factors, 

such as anxiety, depression, and stress, influence 

central nervous system processing by hyperactivating 

the amygdala and disrupting the hypothalamic-
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pituitary-adrenal (HPA) axis, leading to increased 

cortisol levels. Managing dyspepsia requires a 

thorough evaluation, including patient history, 

physical exams, and checking for alarm symptoms 

like weight loss, vomiting, dysphagia, bleeding, and 

family history of GI cancer. Initial management 

typically involves dietary changes, such as consuming 

smaller meals and avoiding high-fat foods, alongside 

testing and treating H. pylori infections, which can 

improve symptoms over time. Medications such as 

PPIs or H2 receptor antagonists are commonly used 

for acid suppression, usually for about eight weeks, 

and evidence supports their effectiveness. In cases 

that do not respond to other treatments, tricyclic 

antidepressants may be beneficial, especially for those 

with psychiatric comorbidities (Yamawaki et al, 

2017). Current treatments for functional dyspepsia 

(FD) face various limitations and challenges. 

Although some medications provide partial symptom 

relief, they only reduce symptoms effectively in 

around one-sixth of patients. This limited success has 

led to the exploration of alternative remedies beyond 

mainstream Western medicine. A significant 

challenge is the incomplete understanding of FD's 

pathophysiology, which complicates the development 

of targeted treatments. Moreover, the overlapping 

symptoms of FD with conditions like IBS and GERD 

can make diagnosis and treatment more difficult. 

There are currently no medications specifically 

approved for FD, resulting in the use of off-label 

treatments. Some therapies may also have side effects 

that restrict their long-term use, and the variability of 

FD's symptoms adds to the complexity of effective 

management. 

Traditional medicine includes the “knowledge, skills, 

and practices that are based on the theories, beliefs, 

and experiences specific to different cultures, used for 

maintaining health and for the prevention, diagnosis, 

enhancement, or treatment of both physical and 

mental health issues.” The main reasons for choosing 

traditional medicine involve its cost-effectiveness, its 

compatibility with patients' beliefs, the alleviation of 

concerns regarding the side effects of chemical 

(synthetic) drugs, the desire for more personalized 

healthcare, and improved access to health information 

for the public. (Benzie et al 2011). With technological 

advancements, it has become feasible to identify 

various components in herbal extracts that hold 

medicinal value and optimize their use. Furthermore, 

discovering the active compounds in herbal extracts 

has allowed researchers to investigate their 

mechanisms, conduct clinical trials, and make 

chemical alterations to create more effective 

molecules. Recently, there has been a notable increase 

in global interest in herbal medicines for functional 

gastrointestinal disorders (FGIDs), as shown by the 

rising volume of publications concerning herbal 

treatments. (Gwee et al 2021) 

Citrullus colocynthis is a significant medicinal plant 

in the cucurbit family, Cucurbitaceae. The medicinal 

properties of C. colocynthis are very important for 

traditional medicine practices. The pharmacological 

benefits of its roots, fruits, seeds, leaves, and the entire 

plant have been utilized in treating various diseases. 

(Sharma et al, 2022). This study focuses on the fruits 

of Citrullus colocynthis, which are traditionally used 

for addressing gastrointestinal ailments. 

MATERIALS AN METHODS 

MATERIALS 

Fresh fruits of Citrullus colocynthis was collected 

from the local vendors of Kanchipuram district of 

Tamilnadu. It was authenticated by Botanist Dr. K N 

Sunil Kumar of Siddha Central Research Institute, 

Arumbakkam, Chennai (Code No:C09092505C) 

The following reagents used were domestic and of 

analytical grade 1,1,2-trichloroethane, acetylcholine, 

chloroform, ethyl acetate, evans blue, formalin, 

hydrochloric acid, methanol, n-hexane, 

paraformaldehyde, phenol red, polyacrylamide gel, 

sodium hydroxide, trichloroacetic acid, lopermide, 

mosapride. 

EXTRACTION AND ISOLATION OF 

CITRULLUS COLOCYNTHIS FRUIT 

The collected fruits of Citrullus colocynthis were 

cleaned, chopped into small pieces, air-dried in shade, 

and mechanically ground into fine powder filtered 

through a 60# mesh. Fifty grams of the powder were 

extracted using a Soxhlet apparatus with 70% 

methanol (1:5 w/v) for 72 hours at 37°C. The 

methanolic extract was filtered and concentrated 

under reduced pressure using a rotary evaporator. 
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The concentrated extract was suspended in 

chloroform and subjected to sequential liquid-liquid 

extraction with chloroform and ethyl acetate, yielding 

10.4 g and 48.7 g of respective fractions. The 

chloroform fraction showed no specific TLC spots 

and was excluded from further study. The ethyl 

acetate fraction (EAF) was chromatographed by flash 

column on silica gel eluted with a chloroform-

methanol gradient (100:0 to 4:1). Based on TLC 

profiles, collected fractions were combined into seven 

groups. 

Fraction 4 was further purified by Sephadex LH-20 

column chromatography using chloroform-methanol 

(1:1) at 1 mL/min and 30°C, monitored at 260 and 370 

nm UV wavelengths, yielding compounds Quercetin 

(0.65 mg) and Kaempferol (0.52 mg) for spectral 

analysis. Fraction 7 was purified on Sephadex LH-20 

with methanol then on ODS RP-C18 column with 

methanol-water (40-60%) gradient monitored at 254 

nm, yielding compound Kaempferol-4-O-β-D-

glycopyranoside (1.80 g) which was recrystallized for 

further pharmacological study. 

Due to low yield, compounds Quercetin and  

Kaempferol were only characterized spectrally, while 

compound Kaempferol-4-O-β-D-glucopyranoside 

was selected as the main test compound for anti-

dyspeptic activity evaluation. 

ANIMALS AND EXPERIMENTAL DESIGN 

Balb/C male mice ranging from 25-30 g and were five 

weeks old at the time of purchase from Mass biotech 

Lab Reasearch, Chengalpattu. The mice were housed 

in a temperature-controlled room within a specific 

pathogen-free (SPF) facility, where the temperature 

were maintained at 23 ± 2 °C and the relative humidity 

at 60 ± 5%. The mice followed a 12/12 h light/dark 

cycle in their housing environment. The mice were 

provided with unlimited access to commercial 

standard diet and water. Following a one-week 

acclimatization period, the mice were randomly 

divided into five groups (6 mice/ group). Animals in 

group I, which served as control group, received 

distilled water, animals in group II, which served as 

negative control group, received intraperitonial 

administration of lopermide (10mg/kg), animals in 

group III & IV, which served as treatment groups, 

received oral administration of  two different doses 

of K-4-O-β-D-g (compound 3) (50, and 100 mg/kg 

b.w.), and  animals in group V, which served as 

positive control group, received mosapride (3 mg/kg). 

All experimental procedures were carried out in strict 

accordance with the guidelines prescribed by the 

committee for the purpose of control and supervision 

on Experimentation on Animals and were approved 

by the Institutional Animal Ethics Committee (IAEC                    

NO:2318/PO/Re/S/2025/CPCSEA) from Pallavan 

pharmacy college, Kanchipuram. 

ACUTE ORAL TOXICITY (AOT) TEST  

The acute oral toxicity (AOT) study for compound 3 

was conducted using Balb/C male mice. The 

conditions for the study were set according to the 

OECD 423 guideline.  

The mice were classified into four groups, each 

containing three mice. They were allowed unlimited 

access to a standard commercial diet and water. Each 

mouse was marked for identification using a 1% 

solution of picric acid. 

All animals were administered Kaempferol-4-O-β-D-

glucopyranoside (K-4-O-β-D-g) at the following 

doses: 500, 1000, 1800, and 2000 mg/kg, 

respectively. The control group was administered an 

injection of saline solution. Following the 

administration of K-4-O-β-D-g, each animal was 

monitored individually every hour on the first day and 

daily for the following 14 days.  

Behavioral changes and clinical signs in the animals 

were recorded throughout the experiment. Body 

weights were measured prior to dosing and at 

designated intervals during the observation phase to 

assess any treatment-related effects, as well as 

morbidity and mortality over the 14-day period. The 

dosage for this study has been determined based on 

the findings from this research. 

BODY WEIGHT, FOOD, WATER 

CONSUMPTION, AND BEHAVIORAL 

CHANGES 

The behavior of mice were observed every day, 

including lazy movement, squint, hair color, weight, 

and defecation frequency; the mice were fed a 

weighed solid diet. At 8 a.m. on the next day, the 
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remaining amount of the diet were measured. The 

growth rate of body weight were calculated, the 3-h 

food intake (overnight fasting mice were allowed free 

access to food and water for 3 h) and 24-h food intake 

were recorded. 

GASTRIC WEIGHT AND GASTRIC 

EMPTYING USING PHENOL RED 

The mice underwent a 19 h fasting period with 

unrestricted access to distilled water. The choice of 

phenol red solution volume (500 μL/mouse) and the 

time point of 50% delayed gastric emptying (30 min 

after intraperitoneal injection with loperamide (10 

mg/kg) were made based on previously established 

study protocols. After a 30 min period following the 

administration of 0.05% phenol red (dyeing substance 

that checks the level of gastric emptying), the mice 

were humanely euthanized. The stomachs were 

promptly excised and weighed. Subsequently, the 

stomachs were treated with 5 mL of 0.1 N sodium 

hydroxide solution to measure the optical density of 

residual phenol red. Additionally, 0.5 mL of 

trichloroacetic acid (20% w/v) were added to the 

stomachs. The produced homogenate were 

centrifuged at 3000 rpm for 20 min and then mixed 

with 0.5 N sodium hydroxide solution with 

supernatant 1 milliliter. In addition, the optical density 

were measured at a wavelength of 560 nm with a 

spectrophotometer. 

The emission values stated earlier were calculated 

using the formula provided below: 

gastric emptying (%) = (1 − X/Y) × 100 

X: The optical density of the phenol red that remains 

on the surface. Y: The optical density of the phenol 

red mixed with sodium hydroxide measured under test 

tube conditions. 

INTESTINAL TRANSIT RATE BY EVANS 

BLUE 

To measure the intestinal transit rate, the Evans blue 

diet method were used, in which 5% Evans blue 

(dyeing substance that checks the level of intestinal 

transit rate) were prepared in distilled water. Evans 

blue diet were orally administered (250 μL/20 g 

mouse) 30 min after IP injection of loperamide 

(10mg/kg). After a 30-minute interval post the 

administration of Evans blue dye, the mice were 

compassionately euthanized. The progression of the 

Evans blue dye within the small intestine, particularly 

from the pylorus to the cecum, was measured to assess 

the distance of intestinal transit. 

GASTRIC SMOOTH MUSCLE ACTIVITY 

RECORDING 

An ex vivo analysis of isometric contractions of the 

longitudinal muscle strips assessed the function of the 

gastric smooth muscle. In brief, after the mucosal 

layer was removed, the muscle strips (10 mm long and 

3 mm wide) were prepared along the longitudinal 

direction of the tract. Subsequently, these strips were 

placed in individual 10-ml chambers filled with 

oxygenated Krebs’ solution (95% O2 + 5% CO2) 

containing 119 mM NaCl, 4.7 mM KCl, 1.2 mM 

NaH2PO4, 25 mM NaHCO3, 2.5 mM CaCl2, 1.2 mM 

MgSO4, and 11.1 mM glucose, maintaining a pH of 

7.30–7.40, while being held at a stable temperature of 

37°C on an organ bath apparatus. One end of each 

strip was secured with thin wires, with the opposite 

end linked to a TRI201AD Isometric Transducer, 

which was connected to a Quad Bridge Signal 

Amplifier and a PowerLab 8/35 analog-digital 

converter. A preload of 1.5 g was applied to every 

strip, and the contractile curves were recorded and 

analyzed using LabChart software version 7.0. The 

strips underwent a 30-minute equilibration period to 

establish stable spontaneous contractions. The 

spontaneous activity of the smooth muscle was 

documented, and the frequency, amplitude, and 

motility index (MI) of the spontaneous contractions 

were computed. The MI is defined as the area under 

the contractile curve (AUC) per unit time, 

representing the overall contractility of smooth 

muscle strips, which includes tension, amplitude, and 

frequency. Various doses of ACh (1, 2, 4, 6, 8, 16, 32, 

64 µg) from the stock solution (10 µg/ml) were 

administered into the tissue bath until the maximum 

ceiling effect was achieved. The contractile curves 

were recorded, and the half-effective concentration 

(EC50) for ACh was determined. 

DETERMINATION OF DIGESTIVE ENZYMES  

Each group of mice underwent a 24-hour fasting 

period. Subsequently, the mice were anesthetized 



Hemalatha, J. Pharm. Sci., 2025 1(11), 866-882 |Research 
 

                   
             JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                  870 | P a g e  

Original Article 

with ether, their abdominal cavities were opened, the 

pylorus was ligated, and the incisions were quickly 

sutured. After a duration of 3 hours, the mice were 

euthanized, and their abdominal cavities were 

reopened. A sample of 1 milliliter of gastric juice was 

collected and placed into a 50 mL conical flask, after 

which 0.05 mol/L hydrochloric acid solution was 

added and thoroughly mixed. The resulting solution 

was then divided into two new protein tubes, which 

were tightly sealed and incubated at 37°C for 24 h. 

Once the incubation was complete, the protein tubes 

were removed, and the lengths (mm) of the clear 

sections at each end of the tubes were measured using 

a Vernier caliper. Pepsin activity and pepsin secretion 

were calculated. 

Pepsin activity (U/mL) = (the average length of the 

clear section of the four terminal tubes) × 2 × 16 

Pepsin discharge (U/h) = pepsin activity × volume of 

gastric juice produced per hour. 

ETHANOL‐INDUCED GASTRIC MUCOSAL 

DAMAGE 

All the mice except those in the control group were 

given 1 ml absolute ethanol 1 hr after the last 

administration of drugs. Subsequently, all animals 

were anesthetized. Next, the stomachs were removed 

and opened along the long curvature to observe the 

lesions macroscopically 1 hr after being injected with 

6 ml of 4% paraformaldehyde. Scoring standard was 

as follows: Intact gastric mucosa was scored as 0; 

point‐shaped bleeding, point‐shaped erosion, and 

strip‐shaped lesion of no more than 1 mm were all 

scored as 1; strip‐shaped lesion with more than 1 mm 

was doubly scored. Total scores of every mice were 

considered as the lesion index 

Inhibition ratio of lesion formation (%) = 

(A − B)/A × 100%   

(A, B were the lesion indices of the model group and 

drug‐treated group, respectively) 

WESTERN BLOT ANALYSIS  

To determine the stomach protein level of neuronal 

nitric oxide synthase (nNOS), stomach tissue were 

prepared in the RIPA lysis buffer. The protein were 

denatured by boiling for 5 min, and was then 

separated by 10% polyacrylamide gel electrophoresis 

and transferred to polyvinylidene fluoride (PVDF) 

membranes. After blocking in 3% BSA for 1 h, the 

membranes were probed with primary antibodies such 

as nNOS (1:1000, ab76067) or β-actin (1:1000, MA5-

11869) overnight at 4 °C. The membranes were 

washed and incubated with HRP-conjugated 

antirabbit (1:2500, against nNOS) or anti-mouse 

antibody (1:2500, against β-actin) for 40 min. The 

protein were visualized using an enhanced 

chemiluminescence (ECL) advanced kit. The protein 

expression was observed using as FUSION Solo 

System. The protein expression were semi quantified 

using Image 

ENZYME LINKED IMMUNOSORBENT 

ASSAY 

Blood samples from mice were gathered, and the 

serum was isolated following centrifugation at 3000 g 

for 15 minutes at 4°C. The samples were preserved at 

−80°C for subsequent analysis. Serum levels of 5-HT 

were determined with a Serotonin Enzyme Linked 

Immunosorbent Assay (ELISA) Kit (Avantor, Jaipur). 

HISTOPATHOLOGY 

Balb/C mice were sacrificed by cervical decapitation 

on 14th day, the gastric tissues were removed, washed 

with saline and fixed with 4% formalin. The gastric 

tissue sections were obtained, stained with 

hematoxylin–eosin stain (HE stain) and viewed under 

100X magnification. 

STATISTICAL ANALYSIS  

All data are expressed as the mean ± standard 

deviation (SD). The statistical significance were 

analyzed by one-way analysis of variance (ANOVA), 

followed by post hoc multiple comparisons with 

Fisher's LSD t-test using GraphPad Prism version 

10.6. The differences observed were considered 

statistically significant at p < 0.05 or 0.01 

RESULTS 

ACUTE ORAL TOXICITY (AOT) TEST  
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The findings of the acute oral toxicity assessment of 

Kaempferol-4-O-β-D-glucopyranoside (K-4-O-β-D-

g) showed a distinct dose-dependent toxic response. 

In the initial hours post-administration, the treated 

animals displayed clinical symptoms such as reduced 

locomotor activity, ataxia, and, at elevated doses, 

signs of lethargy and hypothermia. Mortality began to 

occur at the 1,000 mg/kg dosage, reaching a 100% 

fatality rate at 2,000 mg/kg (Table 7.2). The estimated 

median lethal dose (LD50) was found to be 1,311.45 

mg/kg, with a 95% confidence interval from 1,037.8 

to 1,657.27 mg/kg. 

No statistically significant variations in average body 

weights were observed between the control and 

treated groups at lower doses, although the higher 

doses affected weight gain. In summary, the results 

suggest that while doses beneath the LD50 are 

relatively tolerated, the extract demonstrates 

moderate acute oral toxicity at elevated levels, 

accompanied by notable clinical and behavioral 

effects. 

BODY WEIGHT, FOOD, WATER 

CONSUMPTION, AND BEHAVIORAL 

CHANGES IN MICE 

During the adjustment phase, there were no 

significant differences in weight, food intake, or water 

consumption among the mice. After administering 

loperamide, the body weight of the mice decreased 

significantly compared to the control group. 

However, pretreatment with a low dose of 50 mg/kg 

of K-4-O-β-D-g showed a moderate increase in 

weight, while a high dose of 100 mg/kg of K-4-O-β-

D-g resulted in a significant increase in body weight    

(p < 0.01 as shown in Figure 1). Additionally, 

treatment with mosapride led to a notable increase in 

weight.  

Behavioral changes were significant in the 

loperamide group; however, treatment with 50 mg/kg 

K-4-O-β-D-g showed improvement in these changes. 

In contrast, treatment with 100 mg/kg K-4-O-β-D-g 

and mosapride returned the results to baseline. 

 

Figure 1 Results of K-4-O-β-D-g on body weight. 

The body weight changes checked (A) The data 

are organized as the mean ± SD.  * p < 0.05, *** p 

< 0.001, for the Control group; # p < 0.05, ## p < 

0.01, ### p < 0.001 for the loperamide group. 

EFFECT ON DELAYED GASTRIC EMPTYING 

Loperamide injection caused food to be retained in the 

stomach, while prior treatment with K-4-O-β-D-g 

reduced this effect, as evidenced by macroscopic 

observations (Figure 2). This result was confirmed 

through quantitative analysis. Both K-4-O-β-D-g 

treated groups showed significantly lower gastric 

weight compared to the loperamide group, with the 50 

mg/kg of K-4-O-β-D-g  dose producing a more 

pronounced reduction (p < 0.05). Similarly, 

pretreatment with K-4-O-β-D-g led to a dose-

dependent decrease in the amount of phenol red 

retained in the stomach, with the 100 mg/kg of K-4-

O-β-D-g showing superior improvement. 

Pretreatment with mosapride produced effects 

comparable to those observed with the higher       K-

4-O-β-D-g dose (p < 0.01 as shown in Figure 2). 
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Figure 2 Results of K-4-O-β-D-g on gastric emptying. The experimental schedule is summarized in (A). 

For 3 days, mice (n = 6/group) were treated by po with 50, and 100 mg/kg of K-4-O-β-D-g or 3 mg/kg of 

mosapride and then treated by IP injection with 10 mg/kg of loperamide. After the treatment of phenol 

red, results of visualization (B), weight of stomach (C), and results of gastric emptying (D) are 

presented. The data are organized as the mean ± SD.  * p < 0.05, *** p < 0.001, for the Control group; # 

p < 0.05, ## p < 0.01, ### p < 0.001 for the loperamide group. 

EFFECT ON INTESTINAL MOTILITY 

Loperamide administration markedly reduced 

motility in the small intestine compared to the control 

group. This reduction was moderately reversed by 

pretreatment with 50 mg/kg of K-4-O-β-D-g, while a 

more pronounced restoration of motility was observed 

with 100 mg/kg of       K-4-O-β-D-g (p < 0.01). 

Furthermore, pretreatment with mosapride notably 

restored small intestine motility, showing effects 
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comparable to those seen with 100 mg/kg of K-4-O-

β-D-g (p < 0.01 as shown in Figure 3). 

 

(A) Control (B) Loperamide (C) K-4-O-β-D-g 50mg/kg (D) K-4-O-β-D-g 100mg/kg (E) Mosapride 

 

Figure 3 Results of K-4-O-β-D-g on small intestinal motility. For 3 days, mice (n = 6/group) were 

treated by po with 50 and 100 mg/kg of K-4-O-β-D-g or 3 mg/kg of mosapride and then treated by IP 

injection with 10 mg/kg of loperamide. After 30 min of treatment with Evans blue, the distances stained 

were checked (A) and quantified (B). The data are organized as the mean ± SD.     *** p < 0.001 for the 

Control group; ### p < 0.001 for the loperamide group. 

EFFECT ON ISOLATED GASTRIC SMOOTH 

MUSCLE 

The spontaneous contractile activity in strips of 

gastric smooth muscle was reduced in FD mice, 

demonstrating a decline in frequency while the 

amplitude remained unchanged. Importantly, 

administration of K-4-O-β-D-g groups (50 and 100 

mg/kg) and mosapride enhanced the frequency of 

spontaneous gastric contractions in FD mice (p < 

0.01). The control group displayed normal motility. A 

dose-dependent increase in the motility index (MI) 

was observed, indicating that higher doses led to 

stronger contractions and lower EC50 values, 

signifying greater potency in the K-4-O-β-D-g groups 

(50 and 100 mg/kg). A reduced MI corresponds with 

its known inhibitory effect on gastric motility, while a 

higher EC50 reflects a weaker stimulation of 

contractions in the loperamide group. An increased 

MI signifies a prokinetic (motility-enhancing) effect, 

and a moderate EC50 suggests effective stimulation 

of contractions in the mosapride group similar to the 

K-4-O-β-D-g groups (50 and 100 mg/kg) (p < 0.01 as 

shown in Figure 3). 
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Figure 3 Results of K-4-O-β-D-g on gastric smooth muscle. The spontaneous contractile curve of gastric 

smooth muscle strips are shown as Control (A), Loperamide 10mg/kg (B), 50 mg/kg K-4-O-β-D-g (C), 

100mg/kg K-4-O-β-D-g (D), mosapride 3mg/kg (E) and the results of motility index (F) and 

concentration at 50% of maximal effect (EC50) of Ach (G) were represented. The data are organized as 

the mean ± SD. *** p < 0.001 for the Control group;   ### p < 0.001 for the loperamide group. 
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EFFECT ON DIGESTIVE ENZYMES 

Compared with the control group, the volumes of 

gastric juice, as well as pepsin activity and pepsin 

excretion over 1 hour, were notably reduced in the 

loperamide group. Pretreatment with mosapride and 

50 mg/kg of K-4-O-β-D-g moderately increased 

pepsin excretion compared to the loperamide group, 

while 100 mg/kg of K-4-O-β-D-g resulted in a 

considerably greater enhancement of pepsin excretion 

(p < 0.01 as shown in Figure 4). 

 

Figure 4 Results of K-4-O-β-D-g on digestive enzymes. The analyses of pepsin acitivity (A) and pepsin 

excreation (B) were measured and quantified. The data are organized as the mean ± SD. *** p < 0.001 

for the Control group; ### p < 0.001 for the loperamide group. 

EFFECT ON GASTRIC MUCOSAL DAMAGE 

Compared with the control group, mice treated with 

loperamide exhibited significant damage to their 

gastric mucosa, including shedding, bleeding, and an 

influx of inflammatory cells ( p < 0.01). In contrast, 

the gastric mucosa of mice pretreated with 50 mg/kg 

of K-4-O-β-D-g showed milder damage and reduced 

inflammatory cell infiltration, while pretreatment 

with 100 mg/kg of K-4-O-β-D-g and mosapride 

resulted in a notably lighter mucosal appearance and 

further diminished inflammation (p < 0.01). These 

findings suggest that K-4-O-β-D-g reduces gastric 

mucosal inflammation and promotes its healing in a 

dose-dependent manner (p < 0.01 as shown in Figure 

5)
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Figure 5 Results of protection K-4-O-β-D-g on gastric mucosal injury. The experimental schedule is 

administration of 1 ml absolute ethanol 1 hr after the last administration of drugs. After that, resuls of 

vishualization shows Control (A), Loperamide 10mg/kg (B), 50 mg/kg K-4-O-β-D-g (C), 100mg/kg K-4-

O-β-D-g (D), mosapride 3mg/kg (E) and results of inhibition ratio of lesion formation represented (F). 

The data are organized as the mean ± SD.  *** p < 0.001 for the Control group; ## p < 0.01, ### p < 

0.001 for the loperamide group. 
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EFFECT ON MOLECULES ASSOCIATED 

WITH GASTROINTESTINAL MOTILITY 

Loperamide injection significantly reduced the 

expression of nNOS, TEME16A, and TRPM7 

proteins in gastric tissue, while prior treatment with 

K-4-O-β-D-g led to a substantial increase in nNOS, 

TEME16A, and TRPM7 protein expression (p < 0.05 

as showm in Figure 6). Additionally, loperamide 

injection lowered the expression of smooth muscle 

contraction-related genes, such as 5HT4R, RYR3, 

ANO1, and smMLCK (p < 0.01). These effects were 

reversed by pretreatment with 50 mg/kg of K-4-O-β-

D-g and 100mg/kg K-4-O-β-D-g. Mosapride 

positively influenced the expression of nNOS, 

TEME16A, and TRPM7 proteins, as well as the gene 

expression of 5HT4R, RYR3, ANO1, and smMLCK.\ 

 

 

 
Figure 6 Results of K-4-O-β-D-g on GI motility-associated molecules in stomach tissue. The analyses of 

Western blot for nNOS, TMEM16A, and TRPM7 (A) and semi-quantifications (B) were conducted (n = 

3). The analyses of mRNA expression of GI motility-associated genes were performed (C) (n = 3) in the 

stomach tissue. The data are organized as the mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001 for the 

Control group; # p < 0.05, ## p < 0.01, ### p < 0.001 for the loperamide group. 
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K-4-O-β-D-G PROMOTED THE RELEASE OF 

SERUM 5-HT 

Reduced levels of serum 5-HT were seen in the 

loperamide group, but these levels were enhanced in 

animals that received pretreatment with 50 mg/kg of 

K-4-O-β-D-g, 100 mg/kg of K-4-O-β-D-gand 

mosapride ( p < 0.01). This futher indicates that the 5-

HT system plays a role in the mechanism by which K-

4-O-β-D-g aids in alleviating gastric dysmotility and 

hypersensitivity in FD mice (Figure 7). 

 

Figure 7 Results of K-4-O-β-D-g on serum 5-HT levels. The concentration of 5-HT in serum (A) was 

analyzed. Data are presented as the mean ± SD. *** p < 0.001 compared to Control group; # p < 0.05, 

## p < 0.01, ### p < 0.001 compared to loperamide group. 

HISTOPATHOLOGICAL EVALUATION 

In the loperamide group, notable alterations were 

documented, including a striking thickening of the 

mucosal layer, a prominent infiltration of 

inflammatory cells, and sloughing of the mucosa that 

revealed underlying damage. The tissues showed 

signs of necrosis and mild hemorrhage, painting a 

picture of distress. In stark contrast, the control group 

exhibited a well-preserved tissue architecture, 

showcasing vibrant and healthy mucosal surfaces. 

Remarkably, pretreatment with K-4-O-β-D-g and 

mosapride led to a considerable reduction in the extent 

of damage, with visibly less tissue necrosis and 

hemorrhage (Figure 8). This intervention effectively 

shielded the tissues, highlighting its protective 

capabilities against the adverse effects observed in the 

loperamide group. 

 

Figure 8 Effect of K-4-O-β-D-g on histology of stomach 
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Histological sections of stomach from vehicle treated 

control group (A) showing normal architecture. 

Stomach section from positive control (B) that 

received loperamide shows severe thickened mucosa, 

increased infiltration of inflammatory cells, tissue 

necrosis and hemorrhage as compared to control 

group. Section of stomach from loperamide 

(10mg/kg) treated mice which concurrently received     

K-4-O-β-D-g (50 mg/kg) (C), K-4-O-β-D-g (100 

mg/kg) (D), mosapride (3mg/kg) (E) respectively 

orally for seven days shows a marked decrease in 

infiltration of inflammatory cells, edema, sloughing 

of mucosa, tissue necrosis and hemorrhage and 

indicates the prevention of the damage compared to 

loperamide treated group 

DISCUSSION 

Citrullus colocynthis, a sprawling herb of the 

Cucurbitaceae family, has long been used in 

traditional medicine to treat diverse ailments 

including fever, parasitic infections, liver and 

abdominal disorders, edema, tumors, and 

gastrointestinal problems. It exhibits purgative, anti-

diabetic, anti-neoplastic, anti-rheumatic, and anti-

allergic effects, supported by identification of 75 

phytochemicals. Modern pharmacology confirms its 

insecticidal, cytotoxic, anti-diabetic, 

immunostimulatory, antimicrobial, anti-

inflammatory, antioxidative, and gastrointestinal 

motility-enhancing activities, linking traditional uses 

with contemporary evidence (Cheng et al. 2023; Afzal 

et al. 2023). Phytochemical analyses reveal 

flavonoids such as quercetin, kaempferol, and 

kaempferol-4-O-β-D-glucopyranoside (K-4-O-β-D-

g) as key bioactive compounds mediating anti-

inflammatory, antioxidative, and motility-improving 

effects, validating traditional gastrointestinal 

applications (Afzal et al. 2023). Using a loperamide-

induced mouse model mimicking functional 

dyspepsia (FD), K-4-O-β-D-g at 50 and 100 mg/kg 

doses significantly improved symptoms by enhancing 

gastric emptying and intestinal transit as evidenced by 

reduced phenol red dye retention and increased Evans 

blue dye progression, comparable to the prokinetic 

mosapride (Choi et al. 2023). 

K-4-O-β-D-g also restored pepsin secretion impaired 

by loperamide, indicating improved gastric secretory 

function (Shao et al. 2022). Molecular studies showed 

normalization of neuronal nitric oxide synthase 

(nNOS) levels and upregulation of motility-related 

genes including 5-HT4 receptor, ryanodine receptor 

3, anoctamin-1, and smooth muscle myosin light 

chain kinase, thereby restoring inhibitory 

neurotransmission, smooth muscle contractility, and 

interstitial cells of Cajal pacemaking necessary for 

coordinated motility (Choi et al. 2023; Xiao et al. 

2022). 

Ex vivo studies on gastric muscle strips revealed 

increased contraction frequency and amplitude and 

improved responsiveness to cholinergic and 

serotonergic stimuli, alongside elevated serum 

serotonin levels, elucidating multifaceted motility-

enhancing mechanisms of K-4-O-β-D-g (Xiao et al. 

2022). Histopathology demonstrated protection 

against loperamide and ethanol-induced gastric 

mucosal damage, reducing inflammation and 

necrosis, indicating cytoprotective and anti-

inflammatory effects. Overall, K-4-O-β-D-g from 

Citrullus colocynthis acts through multiple pathways 

to alleviate FD pathology, improving motility, 

secretion, and mucosal integrity while modulating 

neuronal and muscular factors. Despite promising 

results, the reliance on an acute pharmacological 

model highlights the need for further studies on 

chronic effects, dose optimization, safety, and broader 

molecular interactions. This compound shows strong 

potential as a multitarget therapeutic for functional 

dyspepsia. 

CONCLUSION 

The methanolic extract of Citrullus colocynthis fruit, 

rich in phenols and flavonoids, yielded three 

compounds: Quercetin, Kaempferol, and the novel 

Kaempferol-4-O-β-D-glucopyranoside (K-4-O-β-D-

g). Pharmacological studies in loperamide-induced 

functional dyspepsia mice showed that K-4-O-β-D-g 

improved gastric emptying, intestinal motility, gastric 

contractility, and pepsin secretion. Histopathology 

confirmed reduced stomach inflammation. The 

compound increased levels of nNOS, TMEM16A, 

TRPM7, and genes involved in smooth muscle 

contraction (5HT4R, RYR3, ANO1, smMLCK), as 

well as serum serotonin, contributing to relief from 

gastric dysmotility and hypersensitivity. Thus, K-4-
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O-β-D-g from Citrullus colocynthis holds promise as 

a complementary treatment for functional dyspepsia. 
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