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ABSTRACT: This study investigates the therapeutic potential of Cordia myxa extract in treating gastric ulcers induced by
Aspirin in rats, motivated by the limitations of existing treatments and the growing interest in herbal remedies, which are
often associated with better cultural acceptance and fewer side effects. Forty-eight male albino rats were divided into six
groups of eight. The control group received saline via gastric gavage, while the remaining groups were administered 500
mg/kg body weight of Aspirin once orally to induce gastric ulcers. The early ulcer group was sacrificed 6 hours post-Aspirin
administration, while the late ulcer group was sacrificed 14 days later. The ulcer & Cordia myxa group received the extract
at a dosage of 125 mg/kg/day for 14 days following Aspirin treatment. The ulcer & Pantoprazole group was treated with
Pantoprazole at 40 mg/kg/day for the same duration, and the ulcer, Cordia myxa & Pantoprazole group received both
treatments at the same dosages for 14 days after Aspirin induction. Histopathological analysis revealed severe gastric damage
and bleeding in both the early and late ulcer groups, indicated by a significantly elevated ulcer index. In contrast, the group
receiving both Cordia myxa and Pantoprazole demonstrated significantly reduced ulceration, well-preserved gastric mucosa,
and intact epithelium, with a notable decrease in the ulcer index and high inhibition index compared to the late ulcer group.
These results suggest that the combination of Cordia myxa and Pantoprazole provides an effective treatment for gastric ulcers,
as confirmed by both macroscopic and histological evaluations.
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1. Introduction

Gastric ulcers, persistent sores on the stomach lining, pose

a significant global health concern [1] . The development

of these ulcers is primarily attributed to an imbalance

between the stomach’s protective mucus layer and aggres-

sive factors such as stress, tobacco, alcohol, and certain

drugs [2]. Excessive stomach acid production, often trig-

gered by prolonged non-steroidal anti-inflammatory drug

(NSAID) use or Helicobacter pylori infection, is a key

contributor to the development of stomach ulcers. These

factors activate specific cellular and molecular mecha-

nisms that can lead to the formation of ulcers in the

stomach or duodenum [3]. Anorexia, nausea, vomiting,

bloating, gastrointestinal discomfort and acid reflux are

all common clinical symptoms. Gastric ulcer affects 8%

to 10% of the world’s population, with 40% in devel-

oped countries and 80% in developing nations [4] . As-

pirin, a commonly prescribed NSAID, has been utilized

for many years as a pain reliever, antipyretic, and anti-

inflammatory drug to combat various forms of inflamma-

tion and to prevent cardiovascular thrombotic conditions

[5]. Despite, its therapeutic benefits, it presents a signifi-

cant issue because of its association with gastric ulcers,

gastrointestinal bleeding and perforation [6]. Where, as-

pirin inhibits the enzyme cyclooxygenase (COX), which

produces prostaglandins [7]. This inhibition can lead to

decreased secretion of mucus and bicarbonate, reduced

mucosal blood flow, neutrophil infiltration, alterations

in microvascular architecture, diminished cell prolifera-

tion, increased acid and pepsinogen secretion, ultimately

compromising mucosal defense and impairing healing [8].
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Additionally, NSAID-induced ulcers, particularly those

caused by Aspirin, are linked to higher lipid peroxidation

and elevated reactive oxygen species (ROS) production.

Moreover, aspirin can break down phospholipids in mu-

cosal epithelial cells, which can increase permeability and

induce inflammation [9]. Primary treatments for gastric

ulcers involve the use of proton pump inhibitors (PPIs)

like Pantoprazole, Omeprazole, and Lansoprazole to re-

duce acid production and promote mucosal healing, along

with antibiotics to eradicate Helicobacter pylori infection

[10, 11]. However, prolonged use of these medications

can lead to complications such as antimicrobial resistance,

reduced nutrient absorption, enteric infections and cog-

nitive decline [12]. So, the plant-based medicines are

regarded as the primary choice for preserving health and

fighting illnesses, serving as a key reservoir for develop-

ing new therapeutic drugs even in modern time [13]. Fur-

thermore, medicinal plants are recognized for their effec-

tiveness, safety and accessibility as alternative treatments

for gastric ulcer disease [14]. Cordia myxa (C.myxa)

is a flowering plant from the Boraginaceae family that

grows in both subtropical and tropical regions of Asia,

Australia and Africa. Cordia species fruits are high in

key minerals, carbs, essential fatty acids, vitamins and

proteins [15]. It is widely used in traditional medicine for

its varied therapeutic properties, including wound healing,

demulcent, anthelmintic, diuretic, astringent, emollient,

expectorant, hepatoprotective, analgesic, immune modu-

lator, hypoglycemic, anti-inflammatory, laxative, antiox-

idative stress, hypolipidemic, aphrodisiac and antiulcer

activities [16]. Cordia myxa, known as Mokhed in Arabic,

is cultivated in the New Valley Governorate, Egypt. This

versatile tree is utilized for various purposes, including

food, medicine and local materials. Its cultivation dates

back to ancient Egyptian times, and it continues to be

valued for its culinary and healing qualities in numerous

tropical and subtropical regions [17]. The gastroprotec-

tive effects of Cordia myxa are thought to be due to its an-

tioxidant and anti-inflammatory properties. The fruit pulp

of Cordia myxa contains compounds such as Quercetin

and Kaempferol. They are flavonoids which have been

shown to have these effects [18]. Therefore, this study

was performed to investigate the antiulcer activities and

potential efficacy of Cordia myxa alone or combined with

Pantoprazole in treating gastric ulcers induced by Aspirin

in rats.

2. Materials and Methods

2.1. Animals

Forty-eight male Albino rats weighing between 180 and

200 g obtained from the Assuit Animal House, Faculty

of Veterinary Medicine, Assuit University were used for

the study. Rats were acclimatized for two weeks under

controlled conditions, including full access to water and

food, at a constant temperature of 25 ± 2◦C, humidity, and

a 12-hour light-dark cycle. The experimental procedures

followed the ethical guidelines of the New Valley Re-

search Committee of the Faculty of Veterinary Medicine,

New Valley University in Egypt (ethical permission num-

ber: 02-2-12-2023-4).

2.2. Cordia myxa preparation

Fresh fruits of Cordia myxa were obtained from New Val-

ley Governate. According to Abdallah et al [18] the fruits

of Cordia myxa were thoroughly cleaned and washed

many times with running water. The ethanolic extract

was prepared by soaking 500 g of Cordia myxa fruits

in 1 liter of a solvent containing 700 ml of 95% ethanol

and 300 ml of distilled water. The solvent was shaken

every day for two days while being prepared, and then

refrigerated. After filtering the infusion through a piece

of double-layered gauze, fresh solvent was added to the

plant materials. The mixed filtrates were evaporated using

a Swiss rotary evaporated apparatus linked to a vacuum

pump and centrifuged at 3000 rpm for 10 minutes.
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2.3. Chemicals

This study utilized Aspirin (Rivo® tablets, 320mg) ob-

tained from the Arab Drug Company (ADCO) for Phar-

maceuticals and Chemical Industries [19]. Pantopra-

zole was obtained from Pharonia Pharmaceuticals (Batch

NO:200060070322).

2.4. Experimental design

Forty-eight rats were randomly divided into six groups

(n=8 in each group) where prior to the induction of As-

pirin, all rats, with the exception of those in the control

group, were fasted for 24 hours, with access to water

during the last 2 hours of the fasting period:

■ Control group (G1): Rats received saline via gastric

gavage.

■ Early ulcer group (G2): Rats sacrificed 6 hours post-

aspirin administration (500 mg/kg, orally) [20, 19].

■ Late ulcer group (G3): Rats sacrificed 14 days post-

aspirin administration (500 mg/kg, orally) [20, 19].

■ Ulcer & Cordia myxa group (G4): Rats received 125

mg/kg/day of Cordia myxa extract dissolved in dis-

tilled water orally beginning 24 hours after ulcer in-

duction and continuing for 14 days [21].

■ Ulcer & Pantoprazole group (G5): Rats treated with

pantoprazole at 40 mg/kg/day dissolved in distilled

water orally commencing 24 h after gastric ulcer in-

duction and continuing for 14 days [22].

■ Ulcer, Cordia myxa & Pantoprazole group (G6): Re-

ceived Cordia myxa (125 mg/kg/day) and Pantoprazole

(40 mg/kg/day) orally starting 24 h after gastric ulcer

induction and continuing for 14 days.

2.5. Assessment of Gastric Juice pH

After 6 hours in early ulcer group and following a 14-

day treatment period for all other groups, the rats were

euthanized, and their stomachs were removed. Gastric

contents were collected, transferred to centrifuge tubes

and centrifuged at (4000 rpm/10 min/4°C). The pH of the

resulting supernatant was measured using a pH meter.

2.6. Macroscopic Examination and Evaluation of ulcer
index (UI) and percentage of inhibition index (I%):

Stomach was opened along the greater curvature, washed

with cold phosphate buffer saline (pH 7.4) and flattened

on paraffin cardboard, with the mucosal surface pointed

upwards and images were taken to measure the ulcer area.

The parameters for determination of UI were color of the

mucosa, hyperemia, hemorrhagic spots and number of

ulcers. These scores (Table 1) were graded according

to as follows on the basis of their intensity according to

Mohamed et.al [23].

■ No ulcer: Score of 0

■ Reddish mucosa: Score range of 0.5 - 1

■ Presence of hemorrhagic spots: Score range of 1 - 2

■ 1-5 Small ulcers present: Score range of 2 - 3

■ Multiple small ulcers observed: Score range of 3 - 4

■ 1-3 Large ulcers: Score range of 4 - 5

■ Combination of several small and large ulcers: Score

range of 5 - 6

■ Stomach completely covered in ulcers or perforations:

Score of 6 Moreover, the percentage inhibition index

(I%) associated with UI was calculated using the fol-

lowing equation (Yang et al., 2024). I% = [(UI Late

ulcer group – UI treated group) / UI Late ulcer group]

× 100%

2.7. Histopathological evaluation

Then, stomachs from all animals were immediately im-

mersed in 10% neutral buffer formalin, dehydrated in

ethanol, cleared in xylene, paraffin embedded, processed,

sectioned in 5 µm thickness and stained with hematoxylin

and eosin (H&E) [24].

2.8. Statistical analysis

The results were expressed as the mean ± S.D. Com-

parisons between groups were performed by one-way

analysis of variance (ANOVA), post-hoc test with LSD

corrections. Using SPSS. 27. Where, P ≤ 0.05 was con-

sidered significant.
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3. Results

3.1. Gross Image Analysis, Ulcer Index (UI), and Inhibi-
tion Index (I%)

The macroscopic examination showed that the stomachs

from the control group had normal mucosa with promi-

nent rugae without any visible injuries (Fig. 1.A), the

stomachs from early ulcer group exhibited severe morpho-

logical damage with ulcerative lesions and hemorrhagic

damage (Fig. 1.B) , with an elevated UI compared to

the control group (P< 0.001) (Fig. 4) . Stomach from

the late ulcer group displayed severe ulcer injuries and

widespread hemorrhagic lesions of the gastric mucosa

(Fig. 1.C), along with a statistically significant increase in

the UI (P < 0.001) (Fig. 4). The gastric mucosa in ulcer &

Cordia myxa group demonstrated marked decrease in the

size and severity of the ulcerative lesions (Fig.1D) and a

significant reduction in the UI compared to the untreated

Late ulcer group (P < 0.001). (Fig. 4). Pantoprazole

treatment in ulcer & Pantoprazole resulted in superficial

punctate and minor hemorrhages (Fig. 1.E), with a signif-

icant decrease in the UI compared to the Late ulcer group

(P> 0.001) (Fig. 4). Finally, ulcer, Cordia myxa & Panto-

prazole, the combined treatment was significantly reduced

the severity of the ulcerative lesions and promoted the

healing of the gastric mucosa (Fig. 1F), as evidenced by

the significant decrease in the UI compared to late ulcer

group. (Fig. 4). The calculation of I% demonstrated that

rats administered Cordia myxa alone exhibited a net I%

of 69.71%, whereas rats given Pantoprazole showed a net

I% of 85.71%. While the rats which treated by Cordia

myxa and Pantoprazole showed a net I% of 89.14%, sug-

gesting that the combined treatment of Cordia myxa and

Pantoprazole had a more substantial therapeutic effect.

The results for UI and I% were summarized in (Table 1).

3.2. Effect of Different Treatments on Gastric pH

The gastric pH was found to be significantly lower in the

early ulcer and late ulcer groups compared to the control

group (P<0.001). In contrast, groups ulcer & Cordia

Figure 1: Gross picture of gastric mucosa in different experi-
mental groups; Control group (A), Early ulcer group (B), Late
ulcer group (C), Ulcer & Cordia myxa group (D), Ulcer & Pan-
toprazole group (E) and Ulcer , Cordia myxa & Pantoprazole
group (F).

myxa, ulcer & pantoprazole, and ulcer, Cordia myxa &

pantoprazole showed a significant increase in gastric pH

compared to the late ulcer group (P < 0.001 and P< 0.001,

respectively). The gastric pH levels in various groups in

the experiment were presented in (Fig. 3).

3.3. Histopathological findings

Histopathological evaluation of stomach from control

group illustrates intact, normal histological structure. The

gastric mucosa has a simple columnar epithelium lining,

broad crypts, and gastric glands. It contains loose connec-

tive tissue, blood vessels, nerves, and muscularis externa.

The outermost layer, the serosa, is made up of a thin layer

of connective tissue (Fig. 2.A). In contrast, the histopatho-

logical evaluation of the early ulcer group revealed mas-

sive erosions with necrosis and sloughing of epithelium

in tips of mucosa, severe congestion and edema in the

submucosa as well as coagulative necrosis in the gastric

glands (Fig. 2.B). Where, late ulcer group revealed acute

ulceration after 14 days, with significant gastric mucosal

damage. This damage involved necrosed and detached

epithelial cells, disrupting the mucosal integrity (Fig. 2.C).

Examination of the stomachs in the ulcer & Cordia myxa

group showed that the stomach lining was nearly restore

its simple columnar epithelium with presence of slight ero-

sions (Fig. 2.D). The ulcer & Pantoprazole group showed
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Figure 2: Histopathological findings of gastric specimens in
the different experimental groups stained by H& E stain: (A)
Photomicrograph of gastric tissue of rats in control group show-
ing intact histological structure in fundic region as normal
intact mucosa (simple columnar epithelium, arrow) and normal
gastric gland (parietal cells and gastric pits, star) bar 100 µm.
(B): Photomicrograph of stomach of rats in early ulcer group
revealing congestion in deep layer of mucosa (arrow), inflam-
matory cell infiltration in submucosa (red star) bar 20 µm. (C):
Photomicrograph of stomachs of rats of late ulcer group illus-
trating massive necrosis and sloughing of tips of the mucosa
(arrow) bar 100 µm. (D): Photomicrograph of rat stomach in
ulcer & Cordia myxa group exhibiting superficial erosion in
epithelium (arrow) bar 100 µm. (E): Photomicrograph of rat
stomach of ulcer & Pantoprazole group manifesting edema
and inflammatory cell infiltration in lamina propria (star) bar
100 µm. (F): Photomicrograph of gastric tissue in ulcer, Cordia
myxa & Pantoprazole group revealing a well-preserved glan-
dular architecture of the gastric mucosa (arrow), with intact
surface epithelium and normal gastric pits and glands with mild
edema in the gastric submucosa (star) bar 100 µm.

a well-preserved glandular architecture of the gastric mu-

cosa, with intact surface epithelium and normal gastric

pits and glands with mild edema and inflammatory cell

infiltration could be observed in the gastric submucosa

(Fig. 2.E). The photomicrograph of gastric tissue in ulcer,

Cordia myxa & Pantoprazole revealed a well-preserved

glandular architecture of the gastric mucosa, with intact

surface epithelium and normal gastric pits and glands with

mild edema in the submucosa (Fig. 2.F).

Control
(n=8)

Early ulcer
(n=8)

Late ulcer
(n=8)

Ulcer & Cordia myxa
(n=8)

Ulcer&pantoprazole
(n=8)

Ulcer,Cordia myxa
&pantoprazole

(n=8)
UI NR 2.13±1.33 3.5±1.69 1.06±0.62 0.5±0.46 0.38±0.35

I% NR NR NR 69.71% 85.71% 89.14%

Table 1: Ulcer index (UI) values were presented as mean ±
SD, and the percentage inhibition index (I%) was calculated.
A p-value of >0. 01 was deemed highly statistically significant
when compared to the Late ulcer group. “NR” denotes that the
data is not relevant.

Figure 3: Comparison of gastric pH among experimental
groups. Data represent mean ± standard deviation (SD) pH val-
ues for each experimental group (n=8). Statistical significance
was determined using one-way ANOVA with *p < 0.05 and p
< 0.01 indicating significant and highly significant differences,
respectively. While, NS denotes no significant difference (p >
0.05).

Figure 4: Comparison of ulcer index (UI) between the stud-
ied groups. Ulcer index values (mean ± SD) were compared
among experimental groups (n=8). Statistical significance was
determined using one-way ANOVA with *p < 0.05 and **p <
0.01 indicating significant and highly significant differences,
respectively. While, NS denotes no significant difference (p >
0.05).

4. Discussion

The study investigated the efficacy of Cordia myxa fruit

extract as a potential treatment for aspirin-induced gas-

tric ulcers in rats prompted by the limitations of proton

pump inhibitors as inadequate healing, adverse long-term

effects, and high costs, which have driven interest in nat-

ural products as alternative therapies [2]. The current

study revealed various macroscopic changes in the gas-

tric mucosa. In the control group, the gastric mucosa
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appeared healthy with normal white rugae. In contrast,

the early ulcer group, treated with 500 mg/kg of Aspirin

and sacrificed after 6 hours, showed significant gastric

damage, including ulcerative lesions and hemorrhagic ar-

eas, resulting in a marked increase in UI. The late ulcer

group, receiving the same aspirin dosage but sacrificed

after 14 days, exhibited widespread ulcer injuries and

extensive hemorrhagic lesions, with a statistically signifi-

cant increase in UI as compared to control group. These

findings suggest that Aspirin administration results in

both acute and chronic gastric ulceration, with the de-

velopment of ulcerative lesions and hemorrhagic areas

attributed to multiple pathogenic mechanisms responsi-

ble for gastric mucosal damage, consistent with previous

research by Mahmoud and Abd El-Ghffar[19]. These

mechanisms of NSAIDs include increased gastric acid se-

cretion, oxidative stress, inflammation, impaired mucosal

defense and nitric oxide dysregulation. The combina-

tion of these factors likely leads to the breakdown of

the gastric epithelial barrier, resulting in the formation

of extensive ulcerative lesions and hemorrhagic areas as

mentioned by Khalil [25]; Mahmoud and Abd El-Ghffar

[19]; Okkay et al.[26]; Tanaka et al.[27]. The admin-

istration of Cordia myxa extract significantly mitigated

the severity of aspirin-induced gastric ulcers in rats, as

evidenced by a marked reduction in ulcer size and UI

in ulcer & Cordia myxa compared to the untreated late

ulcer group. These findings aligned with previous studies

[18, 28]. The extract’s antioxidant properties and ability

to enhance mucin production are believed to contribute to

its ulcer-healing properties [21]. Pantoprazole treatment

in ulcer & Pantoprazole resulted in superficial punctate

and minor hemorrhages with a significant decrease in the

UI and increase in I% compared to the late ulcer group.

This effectiveness is attributed to Pantoprazole’s ability

to prevent mucosal cell damage caused by NSAIDs and

its cytoprotective effects, which inhibit oxidative injury

and reduce gastric acid secretion [29, 30]. Consequently,

the synergistic effects of the combined treatment with

Cordia myxa and Pantoprazole reduced the severity of the

ulcerative lesions and promoted the healing of the gastric

mucosa, as evidenced by the significant decrease in the

ulcer index and high I% (89.14%). Hydrochloric acid

produced by gastric parietal cells creates the highly acidic

conditions in the stomach lumen pH<2. This acidic en-

vironment serves several important functions as bacterial

elimination which present in food, aiding in the digestion

of food, and enhancing the absorption of minerals such

as phosphate, calcium and iron. However, excessive acid

secretion can also pose a risk to the integrity of the gastric

mucosa [31]. In the present study, pH was significantly

decreased in Aspirin treated groups as early ulcer and

late ulcer groups in comparison to control. This in agree-

ment with El-Kerdasy et al. [32]. Cordia myxa extract

significantly increased gastric pH in the ulcer & Cordia

myxa group compared to late ulcer group, suggesting

potent anti-secretory properties that may protect the stom-

ach lining from acid-induced damage. These findings

align with those of [18]. Also, the Pantoprazole treatment

elevated the gastric pH in ulcer & Pantoprazole in compar-

ison to late ulcer group. Our results were in accordance

with Awan et al. [33, 11, 34, 35]. works by blocking

the stomach’s H+/K+ ATPase proton pumps, reducing

the production of stomach acid by stomach parietal cells

leading to an increase in intragastric pH. In this work, pH

was elevated in ulcer, Cordia myxa & Pantoprazole as

compared to late ulcer group. This was due to synergistic

effect of Cordia myxa and pantoprazole in decreasing

acid output by Cordia myxa extract and Pantoprazole.

Histopathological investigation is widely recognized as

a crucial step in understanding the pathogenesis of vari-

ous diseases [36]. The rat stomach has distinct glandular

and non-glandular regions separated by a ridge. Its wall

comprises mucosa, submucosa, muscularis and serosa

layers. Gastric glands open into gastric pits within the

mucosa [37, 27]. Our histopathological finding revealed
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that single oral dose of Aspirin 500mg/kg in early ulcer

group made ulceration and sloughing of epithelial cells

of mucosa, severe congestion and edema in the submu-

cosa as well as coagulative necrosis and edema in the

gastric glands. These findings came in agreement with

El-Kerdasy et al.[32, 38]. The current study demonstrated

that the late ulcer group revealed acute ulceration after

14 days, with significant gastric mucosal damage. This

damage involved distended and detached epithelial cells,

disrupting the mucosal integrity. Our findings are also in

agreement with Mahmoud and Abd El-Ghffar [19], who

gave 500mg/kg bw. Also, these findings aligned with the

observations reported by Abdelatif et al.[39], which inves-

tigated the oral dosage of 300 mg/kg of Aspirin diluted in

3 mL of 1% carboxymethyl cellulose showed ulceration,

desquamation, and exfoliation of the surface epithelial

cells. Where the pathogenesis of Aspirin inducing gas-

tric ulcer is due to inhibition of cyclooxygenase enzymes,

which are involved in the production of prostaglandins

[40]. This inhibition of cyclooxygenase activity, results

in reduced mucus and bicarbonate secretion, mucosal

blood flow reduction, neutrophil infiltration, modifica-

tion of microvascular architecture, and elevation of acid

and pepsinogen secretion [9]. Furthermore, Aspirin ly-

ses phospholipids in mucosal epithelial cells, leading to

increased permeability and inflammation [19]. In the

present study, histopathological gastric sections of ulcer

& Cordia myxa group showed congestion in the blood

vessels of the submucosa, while the stomach lining was re-

stored to a simple columnar epithelium with slight erosion

in the epithelium. Similar observations were reported by

Mahmood et al.[41]. The rat stomach in ulcer & Pantopra-

zole group exhibited well-preserved gastric architecture

and minimal inflammation. These findings aligned with

the established role of Pantoprazole in preventing gastric

damage induced by various NSAIDs [29]. Additionally,

Abd-Alla et al. [42] mentioned that Pantoprazole pro-

motes the healing of gastric tissues by reducing gastric

acid secretion and increasing mucus production, creating

a more favorable environment for mucosal recovery . The

ulcer, Cordia myxa & Pantoprazole group revealed a com-

bined treatment of Cordia myxa and Pantoprazole was

found to result in nearly normal histological structures

of the gastric epithelium, with intact mucosa, submu-

cosa, and muscularis layers. This indicated a superior

ulcer healing effect compared to the individual treatments,

demonstrating the synergistic benefits of the combined

approach. In summary, the synergistic gastroprotective

effects of Cordia myxa and pantoprazole can be attributed

to the complementary mechanisms of action, where cor-

dia myxa’s cytoprotective properties work in conjunction

with pantoprazole’s acid-suppressing ability to promote

more effective healing of the gastric ulcerative lesions.

Conclusion

The current research illustrates the potential of Cordia

myxa fruit extract in protecting the stomach from ulcers

caused by aspirin. When used in combination with Panto-

prazole, Cordia myxa showed improved histopathological

outcomes compared to either treatment alone. Moreover,

the co-administration of Cordia myxa and Pantoprazole

further enhanced their protective effects on the stomach.

These findings suggest that the combined use of Cordia

myxa extract and Pantoprazole could be a promising ther-

apeutic approach for treating gastric ulcers. The results

validate the traditional use of Cordia myxa and indicate

the need for further investigation into its mechanisms of

action and potential clinical applications.
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