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 Gastric ulcer (GU) is a serious gastrointestinal disease, poses a 

considerable threat to humans, It’s pathophysiology involves an 

imbalance between mucosal protective and offensive factors. This study 

highlighted the protective effect of either sweet potato juice (SPJ) carrot 

juice (CJ) or their combination against gastric ulcer induced by 

indomethacin. Sixty male adult albino rats Sprague-Dawley strain were 

equally divided into six groups, group (1) healthy control group, group 

(2) GU group, group (3) SPJ + GU, group (4) CJ + GU, group (5) 

mixture of SPJ& CJ (MJ)+ GU, group (6) Omperazole (Omp) + GU. 

Biochemical investigations include oxidative stress (MDA and NO), 

antioxidant (SOD, GSH and TAC), inflammatory (IL-6, TNF-α and 

CRP) and apoptotic biomarker Caspase-3. Also, PGE2, COX-1, pepsin 

and hydroxyproline. Furthermore, gastric juice was examined for pH, 

while gastric tissues were examined for ulcer score, ulcer index as well 

as gene expression level of Hsp70. Histopathology observation of gastric 

tissues was detected by hematoxylin and eosin (H&E) staining, the 

expression of Bcl-2 and Bax in gastric tissues were evaluated by 

immunohistochemistry (IHC). Results obtained from the current study 

revealed that either SPJ, CJ or the MJ exert a protective effect against 

GU, shown by a decrease in the gastric ulcer index and score as well as 

the biochemical parameters in serum. The juices up-regulate the 

expression of HSP-70 and by up-regulation of Bcl-2 and down-

regulation of Bax. SPJ and CJ are therapeutically valuable for enhancing 

gastric ulcer remediation as they are capable of inhibiting indomethacin-

induced damage. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Gastric ulcer (GU) is a common digestive system disease that has a long course, which is difficult to cure, 
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and has a high recurrence rate. Stomach pain, bloating, anorexia, acid reflux, and vomiting are all typical 

clinical symptoms [1]. If not treated in time, serious consequences such as gastric bleeding, gastric 

perforation or even gastric cancer may occur [2]. An increase in stomach acid, oxidative stress, and/or a 

decrease in protecting mucus are the most common causes of GU development [3]. Indomethacin is a non-

steroidal anti-inflammatory medication extensively used in the treatment of arthritis. However, the 

medication can cause GU by increasing stomach acid output and inhibiting the development of the gastric 

protective factor PGE2 [4]. Although proton pump inhibitors, such as omeprazole, can effectively treat GU, 

they can also cause side effects [5]. As a result, finding alternative or auxiliary medicines with high safety, 

few side effects, and easy access to prevent and/or treat GU is critical and urgent [6]. 

 

Sweet potato (Ipomoea batatas (L.) Lam.) is a dicot perennial Convolvulaceae plant cultivated as an annual 

crop [7]. It is an economically important food crop ranking seventh with regards to global production, 

mostly used as an energy source, animal feed, staple food, raw material for industries, and alcohol 

production [8]. Sweet potato phytochemicals have a variety of effects in humans, including anti-oxidant, 

anti-mutagenic, anti-inflammatory, antibacterial, and anti-carcinogenesis, and are thus crucial for a variety 

of health-promoting functions [9]. Carrot (Daucus carota L.) belongs to the family Apiaceae, the edible part 

of a carrot is a taproot that gets its unique color owing to the presence of β-carotene that is metabolized into 

vitamin A after human consumption [10]. Carrot is a plant that is rich in chemical compounds such as 

vitamins, flavonoids, phenolic acids, minerals and other compounds that aid in the treatment of a variety of 

ailments [11]. Carrot possess cytotoxic, antioxidant, antidiabetic, antimicrobial, smooth muscle relaxant, 

hypotensive, decrease intraocular pressure, nephro-protective, hepato-protective, cardio-protective, 

antidepressant, anti-inflammatory, wound healing and gastro-protective activities [12]. In this study we 

focused on the protective effect of SPJ, CJ or their combination against GU induced experimentally via 

several biochemical, histopathological and immunohistochemical investigations. The antioxidant, anti-

inflammatory and apoptotic effect of these juices were investigated in this present study. 

 

2. Materials and methods 

 

2.1 Preparation of sweet potato juice and carrot juice 

Orange fleshed sweet potato and carrot were washed with tap water, peeled and washed again. 

Approximately 1 kg of peeled sweet potato and 1 kg of carrot were steamed in a steamer individually until 

cooked. Steaming duration depend on weight and size of the plant. After cooking, they were cooled down at 

room temperature, mashed with spoon [13]. One kg of these cubical forms were mixed with one-liter water 

and then were blended with electric blender and were kept sterile until used [14]. 

 

2.2 Animal trial 

The experimental animals used throughout the present work were 60 adult male albino rats Sprague-Dawley 

strain weighing 130-150 g. All Rats were housed individually in stainless steel cages with constant 

controlled environment, and fed on commercial pellet diet according to [15] with drinking water ad-libitum 

for 7 days for adaptation. Then the animals were divided into 6 groups (10 rats/ group). Group 1: Healthy 

control group, rats were received (3 ml/kg b.wt.) dist. water orally/day. Group 2: GU: rats were received 

single dose of indomethacin (20mg/ kg b.wt.) suspended in 1% tween 80 orally [16]. Group 3: SPJ+ GU, 

rats were received (3 ml/kg b.wt.) juice according to [17] orally/ day for 45 days, then injected by 

indomethacin to induce GU 6 hrs. before scarification. Group 4:  CJ + GU, rats were received (3 ml/kg 

b.wt.) juice according to [18] orally/ day for 45 days, then injected by indomethacin to induce GU 6 hrs. 

before scarification. Group 5: MJ + GU, rats were received (3 ml/kg b.wt.) mixed juice of sweet potato and 

carrot orally/ day for 45 days, then injected by indomethacin to induce GU 6 hrs. before scarification. 
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Group 6: Omp + GU, rats were received (20 mg/kg b.wt.) drug according to [19] orally/ day for 45 days, 

then injected by indomethacin to induce GU 6 hrs. before scarification. At the end of experimental period 

all rats were fasted overnight, weighed then sacrificed under sodium barbiturate anesthesia (pentobarbital) 

50mg/kg b.wt. and given to rats by intra-peritoneal injection [20]. 

 

3. Biochemical analysis in serum 

Prostaglandin E2 (PGE2), Cyclooxygenase-1 (COX-1), Tumer necrosis factor-alpha (TNF-α), caspase-3, 

Malondialdehyde (MDA), Reduced glutathione (GSH), Hydroxyproline and pepsin were determined by 

ELISA kits (Cloud -Clone Corp., USA). While C-reactive protein (CRP) was determined using turbidimetry 

method (Beckman Coulter, Inc., USA). Superoxide dismutase (SOD) was determined by using colorimetric 

method using Cayman’s kit. Total antioxidant capacity (TAC) was determined using Cell Biolabs’ 

OxiSelect™ TAC assay kit, (Cell Biolabs, Inc.). Nitric oxide (NO) was determined using colorimetric assay 

kits, (Eagle Biosciences, Inc., USA). Interleukin-6 (IL-6) was determined using Abcam’s IL-6 ELISA kit. 

Finally, pH was determined in gastric juice by using AD1030 pH Bench Meter instrument. 

 

4. Assessment of HSP-70 by Real-time Quantitative Polymerase Chain Reaction (qRT-PCR) 

Gene expression of Hsp-70 and β-actin in stomach tissue was done by qRT-PCR using an Applied 

Biosystem with software version 3.1 (StepOne™, USA). Total RNA was extracted from 30 mg tissue 

homogenate using SV Total RNA Isolation system (Thermo Scientific, USA). The total RNA (1μg) was 

used for cDNA conversion using high capacity cDNA reverse transcription kit (Thermo Fisher Scientific, 

USA). Relative quantification of expressed genes calculated according to [21] as follows: 

RQ=2 – (Δ Δ Ct) 

The primer sequences (forward and reverse) used for Hsp70 and β-actin 

 

Gene  Primer sequence 

HSP70 forward -5′-ACGAGGGTCTCAAGGGCAAG-3′ 

reverse-5′-CTCTTTCTCAGCCAGCGTGTTAG-3′ 

β-actin forward 5′-GGAGATTACTGCCCTGGCTCCTA-3′ 

reverse 5′-GACTCATCGTACTCCTGCTTGCTG-3′′ 

 

5. Histopathological studies 

 

5.1 Morphological examination (ulcer score/ ulcer inhibition) 

Fundic portion of the stomach was removed, dissected along the greater curvature, washed with saline to 

remove gastric ingredients, and placed the gastric part on flat paper for the examination of the 

morphological changes and ulceration as well as calculation of ulcer index using a digital camera (10 mega 

pixel 5x zoom) to take photographs of the hemorrhagic lesions. 

 

The gastric ulcerated area (mm2) was calculated using the image analysis software (image J,1.46r). The 

percentage of the ulcerated surface area (ulcer index) were calculated according to the formula: 

[Ulcerated area / Total stomach area] × 100. 

The percentage of ulcer inhibition by the sweet potato and/or carrot juices was calculated according to the 

formula: 

Ulcer inhibition percentage (%) = 
Ulcerated area(Ulcer control ) –(Ulcer pre−treated group area)

Ulcerated area (Ulcer control) 
  X 100 

 

5.2 Histopathological examination 
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Stomach tissue from all experimental groups were washed in phosphate buffer saline (PBS), fixed in 10% 

formalin solution for 48 hours then dehydrated in ascending grades of alcohol (80%, 90%, 95% and 100%), 

cleared in two changes of xylene (¼- ¾ hour for each change) until tissues becomes transparent and clear. 

Then the tissues were stained with Hematoxylin and Eosin (H&E) according to the standard procedure 

(Bancroft and Gamble, 2007). The slides were examined by Full HD microscopic imaging system (Leica 

Microsystems GmbH, Germany) operated by Leica Application software for tissue section analysis. 

 

6. Immunohistochemical investigations 

For the immunohistochemical investigation, in positive charge slides, 5 µ thick paraffin embedded stomach 

tissue section were prepared according to the manufacturer’s protocol.  The antigen retrieval process was 

performed by using 10 mM sodium citrate buffer and then washed in 3% hydrogen peroxide (H2O2) in 

ethanol for 20 mins for blocking the endogenous peroxidase activity. The stomach sections were then 

incubated overnight at 4 °C with anti Bax, anti BCl2 (Thermo Fisher Scientific Co.). Sections were washed 

out by PBS followed by incubation with secondary antibody HRP Envision kit (DAKO) for 20 mins. After 

washing again with saline, the antibody was visualized using a 3,3’-diaminobenzidine (DAB) substrate kit 

(Vector Laboratories, Burlingame, CA) for 15 mins as the chromogen. The tissues were washed again by 

PBS then counterstained with hematoxylin, dehydrated, and cleared in xylene then covered for microscopic 

examination. The specificity of the technique was assessed by negative controls. 

 

7. Statistical analysis 

 Data were statistically analyzed by Statistical Package for Social Science “SPSS” version 16.0 Microsoft 

Windows, SPSS Inc. Values were expressed as mean ± standard error (SE). Statistical difference between 

groups was done using one-way analysis of variance ANOVA, the mean difference was significant at the (P 

≤ 0.05) level according to [22]. 

 

8. Results 

Table (1 & 2) showed a significant decrease in pH value (p≤0.05) and a significant increase (P≤0.05) in 

pepsin activity (93.83±1.35) coupled with a significant decrease (P ≤0.05) in hydroxyproline level 

(0.57±0.04) in gastric ulcer induced group compared to healthy control. Conversely pre-treatment of the rats 

with the SPJ, CJ and MJ before ulcer induction caused a significant elevation in pH compared to gastric 

ulcer induced group. On the other hand, pepsin level was decreased significantly (P≤0.05) in the groups pre-

treated with SPJ, CJ and MJ. There was a significant elevation in hydroxylproline level in the three groups 

pre-treated with the juices where CJ showed the best result (0.78±0.01). 

 

It is clear from table (3) that there was statistically significant decline in antioxidant biomarkers (p≤0.05) 

along with a significant increase in NO and MDA of gastric ulcer induced group when compared to healthy 

control group (p≤0.05). However, rats consumed SPJ and MJ showed a significant increase in SOD level. A 

significant depletion in NO level was observed in SPJ, CJ and MJ but MDA level was decreased 

significantly in SPJ and CJ compared to gastric ulcer induced group. Also GSH was improved significantly 

by the MJ comparing with gastric ulcer group (p≤0.05). Concerning total antioxidant capacity, there was a 

significant elevation in total antioxidant capacity caused by administration of SPJ, CJ and MJ (0.51±0.01), 

(0.56±0.03), and (0.55±0.02) respectively comparing to gastric ulcer induced group. 

 

Data in table (4) showed significant decrease in PGE2, COX-1, but a significant increase in the circulating 

CRP, TNF-α, IL-6 and caspase-3levels in gastric ulcer induced group comparing to healthy control group 

(p≤0.05). Pre-treatment with either SPJ, CJ and MJ induced significant elevation in PGE2 level as well as 

COX-1 (p≤0.05). Meanwhile, SPJ, CJ and MJ showed a significant regression in the mean levels of both 
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CRP (100.63±3.78), (102.60±5.11) and (101.58±8.06) respectively and TNF-α (56.18± 5.01), (69.02± 4.21) 

and (60.37 ± 3.24) respectively compared to gastric ulcer induced group. Pre-treatment with CJ improve 

gastric ulcer complications by lowering IL-6. In contrast, SPJ group demonstrated a significant increase in 

IL-6 level. Furthermore, pre-treatment with the juices demonstrated a significant drop in caspase-3 

concentration on comparison with ulcerated rats (26.40 ± 2.33), (34.03 ± 2.77) and (26.67 ± 4.31) 

respectively. 

 

Regarding the gene expression results in table (5) it was observed that the mRNA expression of HSP-70 

was significantly downregulated in gastric ulcer induced group comparing to healthy control one 

(1.05±0.02) and (3.75±0.46) respectively. Also it was observed that the mRNA expression of HSP-70 in 

pre-treated groups with SPJ, CJ and MJ were elevated significantly by comparing to with gastric ulcer 

induced group. 

 

The gross examination of the fundic region of the stomach in all the studied groups is illustrated in Fig. (A). 

The macroscopic observations showed that normal control group had no ulcerations or lesions as well as 

normal colour of the gastric mucosa Fig.A (1). In contrast, gastric ulcer induced group exhibited a severe 

injury of the gastric mucosa that appears as deep and widespread of haemorrhagic lesions of different sizes 

Fig.A (2). On the other hand, the pre-treatment with SPJ or CJ exhibited mild and moderate superficial 

lesions in the gastric mucosa respectively Fig.A (3 & 4). Additionally, the gastric lesions were reduced 

significantly in rats pre-treated with a MJ as well as omperazole respectively Fig. A (5 & 6). 

 

Table (6) demonstrated the results of the ulcer surface area and the percentage of ulcer inhibition. The total 

ulcerated surface area in gastric ulcer induced group was (9.20 ± 0.76). The pre-treatment with SPJ or CJ 

enhanced a reduction in ulcer surface area (1.64 ± 0.44) and (2.00 ± 0.63) respectively in comparison with 

gastric ulcer induced group. While the percentage of inhibition in SPJ and CJ is 82.17 % and 78.27 % 

respectively. Meanwhile, the MJ shows a significant decrease in ulcerated surface area (0.86 ± 0.26) 

compared with the ulcer group with the increase in the inhibition percentage up to 90.65 %. 

 

The histopathological results are illustrated in Fig (B) indicate that the gastric ulcer induced group stained 

with H & E showed obvious multiple focal areas of mucosal ulceration with necrotic tissue depress of 

glandular tissue losing subcellular details (black arrow). The necrotic lesions extended intensely into the 

gastric mucosa. Also, Severe submucosal edema (arrowhead) was observed as well as abundant 

inflammatory cells infiltration from different populations records (red arrow) accompanied with moderate 

congested and dilated mucosal/ submucosal blood vessels, BVs (star). Fig (B), group (2) (2A-2B-2C). 

Meanwhile, a protective effect against ulceration was exhibited in animals pre-treated with sweet potato 

and/or carrot and omeprazole. SPJ showed a persistence of minor focal mucosal erosion (black arrow) with 

milder inflammatory cells infiltrates (red arrow) as well as congested BVs (star) and moderate submucosal 

edema (arrowhead) were recorded Fig. (B), group (3) (3A-3B-3C). CJ showed persistence focal areas of 

mucosal ulceration with necrotic tissue depress (black arrow). 

 

However, a reduction of submucosal edema (arrowhead) and inflammatory cells infiltrates (red arrow) as 

well as congested BVs (star) were shown in submucosa Fig (B), group (4) (4A-4B-4C). MJ revealed almost 

intact gastric walls with normal organized morphological features including lining mucosa with glandular 

structures (dashed arrow), intact submucosal layer with minimal inflammatory cells infiltrates (red arrow) 

Fig (B), group (5) (5A-5B-5C). Omperazole group showed normal organized morphological features 

similar to MJ with significant reduction of mucosal erosions (black arrow). However, persistence of 

submucosal edema (arrowhead) and minimal inflammatory cells infiltration (red arrow) were recorded in 
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the submucosal layer Fig (B), group (6) (6A-6B-6C). The histological investigation was correlated with the 

lesion score records as shown in Table (7). 

 

In correlation with the histological investigation, the immunohistochemical sections of the healthy control 

group showed less detected immunoreaction in the gastric tissue for Bax Fig. C (No.1). In the gastric ulcer 

induced group, the quantitative analysis of Bax-immunoreaction revealed apparent and a significant 

increase (P≤0.05) with 20.95 ± 0.71 as a brown colour compared with healthy control group Fig. C (No.2). 

The pre-treatment with SPJ or CJ significantly (P≤ 0.05) decreased Bax immunoreaction level with the 

value of 11.85 ± 0.72 and 9.42 ± 0.52 respectively compared to gastric ulcer induced group as shown in Fig. 

C (No. 3 & 4).  Additionally, the immuno-expression of Bax in pre-treated groups with MJ and Omp. shows 

the most significant reduction (P≤ 0.05) with mean immuno-expression levels reach up to 5.62 ±0.31 and 

7.00 ±0.39 compared with gastric ulcer induced group Fig. C (No. 5 & 6) respectively. The chart illustrated 

the mean value of immune-reactive expression of Bax as shown in Fig. C (No.7). 

 

For Bcl-2 immunoreaction, the quantitative immuno-expression of Bcl-2 in the gastric ulcer induced group 

exhibited a significant reduction (P≤0.05) up to 1.65 ± 0.35 compared with healthy control group Fig. D 

(No. 2). In contrast, the administration of SPJ or CJ before indomethacin induction protect the gastric 

mucosa by increasing the Bcl2 immunoreaction levels up to 5.85 ± 0.35 and 6.32 ± 0.43 as shown in Fig. C 

(No. 3&4) respectively. Meanwhile, there was a marked up-regulation (P≤ 0.05) of Bcl-2 immuno-

expression in rats pre-treated with MJ up to 7.08 ± 0.43 towards the normal level and exhibited the highest 

expression level compared to the gastric ulcer induced group Fig. D (No. 5). Similarly, the pre-treatment 

with omperazole revealed a significant over-expression in Bcl-2 immunoreaction (P≤ 0.05) up to 5.55 ± 

0.22 compared to the gastric ulcer group Fig. C (No. 6). The chart illustrated the mean value of immune-

reactive expression of Bcl-2 as shown in Fig. C (No.7). 

 

Table-1: Effect of sweet potato juice, carrot juice and their combination on pH of gastric juice in different 

experimental groups (mean ± SE). 

                     Parameters  
 

Rat groups 

 
pH 

Healthy control group 

 

 

5.50±0.27 

Gastric ulcer group 
                   * 

3.10±0.29 

SPJ+ GU group 
                  # 

4.60±0.37 

CJ+ GU group 
                 # 

4.40±0.48 

MJ+ GU group 
                # 
4.80±0.51 

Omp + GU group 
               # 

5.10±0.35 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#): Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05). 

 

Table-2: Effect of sweet potato juice, carrot juice and their combination on pepsin and hydroxyproline in 

different experimental groups (mean ± SE). 
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                                   Parameters  

Rat groups 

Pepsin  

(ng/mL) 

Hydroxyproline 

 (ng/mL) 

Healthy control group 77.67±1.96 0.80±0.03 

Gastric ulcer group 
                     * 

93.83±1.35 
                * 
0.57±0.04 

SPJ+ GU group 
                    # 

80.33±2.04 

                *# 

0.72±0.01 

CJ+ GU group 
                    *#           

82.67±1.82 
                 # 
0.78±0.01 

MJ+ GU group 
                   *# 

87.67±1.67 

                *# 

0.73±0.01 

Omp + GU group 
                 *# 
88.17±0.87 

               # 
0.77±0.02 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#): Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05). 

 

Table-3: Effect of sweet potato juice, carrot juice and their combination on oxidative status in different 

experimental groups (mean ± SE). 

Parameters 
Rat groups 

 

SOD 
(U/mL) 

 

GSH 
(µg/mL) 

 

TAC 
(mM) 

 

NO 
(µM) 

 

MDA 
(ng/mL) 

Healthy control group 408.00 ±9.53 22.50± 0.75 0.55±0.01 196.80±9.25 3.30±0.07 

 

Gastric ulcer group 
* 

362.33± 13.88 
*   

17.17 ± 1.33 

* 

0.44±0.03 

* 

267.17±24.72 

* 

4.13±0.16 

SPJ+ GU group 
# 

409.22 ±12.88 

*   

19.23 ± 1.05 

# 

0.51±0.01 

# 

209.00±11.79 

# 

3.58±0.09 

CJ+ GU group 
* 

354.00 ± 25.88 

* 

14.72± 0.54 

# 

0.56±0.03 

# 

206.67±11.64 

# 

3.00±0.17 

 
MJ+ GU group 

# 

449.17± 10.49 

*# 

25.80±0.91 

# 

0.55±0.02 

# 

201.53±10.02 

* 

3.98±0.05 

Omp + GU group 
# 

443.50 ± 18.46 

# 

24.60±0.99 

# 

0.53±0.02 

# 

218.37±12.09 

*# 

3.77±0.08 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#): Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05). 

 

Table-4: Effect of sweet potato juice, carrot juice and their combination on PGE2 and COX-1, CRP, TNF-

α, IL-6 and Caspase-3 in different experimental groups (mean ± SE). 

Parameters 
 
Rat groups 

 

PGE2 

(pg/mL) 

 

COX- 1 
(ng/mL) 

 

CRP 
(mg/L) 

 

TNF-α 
(pg/ml) 

 

IL-6 
(pg/mL) 

 

Casp-3 

(ng/ml) 

Healthy control group 26.00±0.77 38.50±0.91 81.06±3.54 36.13 ± 3.10 10.62±0.21 21.78± 1.76 

 
Gastric ulcer group 

 

* 

17.48±1.43 

 

* 

28.50±1.28 

 

* 

119.55±2.44 

 
* 

86.95± 6.68 

* 

12.00±0.27 

 
* 

65.33± 5.58 
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SPJ+ GU group 

# 

26.40±2.23 

 

# 

38.20±0.54 

*# 

100.63±3.78 

*# 

56.18± 5.01 

*# 

13.17±0.26 

# 

26.40 ± 2.33 

 
CJ+ GU group 

* 

20.60±1.54 

 

# 

36.60±0.71 

 

*# 

102.60±5.11 

 
*# 

69.02± 4.21 

 

# 

10.86±0.36 

 
*# 

34.03 ± 2.77 

MJ+ GU group 
# 

23.80±0.65 

*# 

34.20±1.08 

*# 

101.58±8.06 
*# 

60.37 ± 3.24 

* 

11.87±0.38 
# 

26.67 ± 4.31 

 
Omp + GU group 

 

*# 

30.40±0.76 

 

*# 

35.20±0.91 

 

*# 

99.13±5.40 

 
# 

43.90 ± 2.53 

 

* 

11.60±0.40 

 

#  

24.62 ± 2.66 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#):Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05). 

 

Table-5: Effect of sweet potato juice, carrot juice and their combination on HSP-70 gene expression by 

using (RT-qPCR) method in different experimental groups (mean ± SE). 

 

Parameters 
 

Rat groups 

 

HSP-70 

Healthy control group 3.75±0.46 

Gastric ulcer group 
* 

1.05±0.02 

SPJ+ GU group 
*# 

2.07±0.13 

CJ+ GU group 
*# 

2.00±0.19 

MJ+ GU group 
*# 

2.97±0.13 

Omp + GU group 
*# 

2.47±0.34 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#): Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05) 

 

Table-6: Effect of sweet potato juice, carrot juice and their combination on ulcer surface area and ulcer 

inhibition. 

Parameters 
 
Rat groups 

Ulcer surface area 
Mean ± SE 

 

Ulcer Inhibition (%) 

Healthy control group 0.00±0.00 - 

Gastric ulcer group 9.20±0.76 * - 

SPJ+ GU group 1.64±0.44 *# 82.17 % 

CJ+ GU group 2.00±0.63 *# 78.26 % 

MJ+ GU group 0.86±0.26 # 90.65 % 

Omp + GU group 0.65±0.09 # 92.93 % 

(*): Denotes significant differences compared with the healthy control group (p ≤ 0.05). 

(#): Denotes significant differences compared with the indomethacin-induced gastric ulcer group (p ≤ 0.05). 
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Table-7: The lesion score records from the histological investigation. 

Parameters 
 

Rat groups 

 

Erosion / 

ulceration 

 
Inflammatory cells 

infiltrate 

 

Congested BVs 
 

Edema 

Healthy control group - - - - 

Gastric ulcer group +++ +++ ++ +++ 

SPJ+ GU group ++ + + + 

CJ+ GU group ++ + + + 

MJ+ GU group + + - - 

Omp + GU group + + - + 

Nil (-) = no lesions, + = mild lesion in less than 15% of examined samples, ++ = moderate lesion records of 

16- 35 % of examined samples, +++ = severe lesion records more than 35% of examined samples. 

 

 
Figure A. Macroscopic gross evaluation of the gastric mucosa in the experimental groups. (1) Healthy 

control group showed intact normal mucosal appearance with no gastric ulcerations. (2) gastric ulcer 

induced group showed marked severe haemorrhagic lesions of different (3): SPJ +GU group showed slight 

superficial haemorrhagic lesions in the gastric mucosa. (4) CJ +GU group exhibits mild superficial 

haemorrhagic lesions in the gastric mucosa. (5) MJ +GU group showed marked protection against 

indomethacin-induced gastric ulcers. (6) Omp +GU group showed marked protection against indomethacin-

induced gastric ulcers. Black arrows refer to the haemorrhagic mucosal lesions. 

 

3 

4 6 5 

2 1 
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Figure B. Photomicrograph of fundic region of stomach sections; (1): Healthy control group (A& B = 

x100, scale bar= 200 µm; C = X 400, scale bar= 50 µm). (2): Gastric ulcer group. (3): SPJ+ GU group. (4): 

CJ+ GU group. (5): MJ+ GU group. (6):  Omp+ GU group. (H & E stain, A = x100, scale bar= 200 µm; B 

& C = X 400, scale bar= 50 µm) 
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Figure C. Effect of sweet potato juice, carrot juice and their combination on Bax immune-expression levels 

(1): Healthy control group. (2): Gastric ulcer group. (3): SPJ+ GU group. (4): GU + CJ. (5): GU+MJ. (6): 

Omp. + MJ. (7): Chart illustrate the mean value of Bax immunoreaction in gastric tissue sections of all 

groups. The values are presented as mean ± S.E. (*): Denotes significant differences compared with the 

healthy control group (p ≤ 0.05), (#): Denotes significant differences compared with the indomethacin-

induced gastric ulcer group (p ≤ 0.05). Bax, x 400, scale bar= 50µm). (Bax, x 400, scale bar = 50µm).  
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Figure D. Effect of sweet potato juice, carrot juice and their combination on Bcl-2 immuno-expression 

levels (1): Healthy control group. (2): Gastric ulcer group. (3): SPJ + GU. (4): GU + CJ. (5): GU+ MJ. (6): 

Omp. + GU (7): Chart illustrate the mean value of Bcl-2 immunoreaction in gastric tissue sections of all 

groups.  The values are presented as mean ± S.E. (*): Denotes significant differences compared with the 

healthy control group (p ≤ 0.05). (#): Denotes significant differences compared with the indomethacin-

induced gastric ulcer group (p ≤ 0.05). (Bcl-2, x 400, scale bar= 50µm). 

 

9. Discussion 

Phytotherapy is quickly gaining attraction in maintaining human health and preventing disorders like 

stomach ulcers caused by medication toxicity. Natural products of plant origin, which are believed to be 

non-toxic, effective, and economical, will be most appropriate in the treatment of gastric ulcer due to the 

side effects and relatively high cost of synthetic medications [23]. Indomethacin causes gastric injury that 

was obvious in the present study through tissue lesions, decreased gastric juice pH, increased inflammatory 

and oxidative stress biomarkers, inhibition of angiogenesis and induction of apoptosis and that was in 

agreement with previous studies [24]. Furthermore, omeprazole prevented gastric ulcer induced by 
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indomethacin [25] which was confirmed by the improvements that has been occurred in all tested 

parameters in the current study.  The present results revealed encouraging finding on the protective effect of 

either sweet potato / carrot juice against gastric ulcer induced by indomethacin which prave the way to use 

these juices for protecting against gastric ulcer or mitigate its complications. 

 

The results of the current study showed that rats administrated indomethacin exhibited a significant 

decrease in gastric pH and a significant increase in pepsin activity accompanied by significant decline 

(p≤0.05) in hydroxyproline and antioxidant parameters (SOD, GSH and TAC). Also a significant elevation 

in oxidative stress biomarkers (MDA and NO) was observed. Furthermore, inflammatory biomarkers 

including IL-6, TNF-α and CRP and apoptotic biomarker (caspase-3) showed a significant increase in 

gastric ulcer induced group. Conversely, PGE2 and COX-1levels showed a significant decrease (p≤0.05). 

 

In the line with the present study animals that received indomethacin exhibit the lowest gastric pH as 

compared to the other groups [26]. Also indomethacin increases pepsin activity due to its weak organic acid 

structure [27] when indomethacin enters the gastric mucosa cells, a large number of hydrogen ions will be 

produced, thereby increasing the pepsin activity and causing the exacerbation of gastric ulcer [28]. 

 

The results were in agreement with [29] who showed a reduction in hydroxyproline in ulcerated rats that 

may be due to reduction of collagen in the stomach which elevate collagenase enzyme activity. Moreover, 

[30] found that indomethacin induces gastric ulcer by altering gastric secretion and reducing SOD, GSH 

levels accompained by increasing MDA levels. Indomethacin produce imbalance of oxidative and 

antioxidative mechanisms to cause gastric ulcers [31]. The imbalance causes DNA damage, lipid oxidation 

and protein damage [32]. Reactive oxygen species (ROS) and neutrophils participate in damage and 

inflammation under inflammatory conditions leading to gastric ulcer [33]. Fortunately, organisms possess 

enzymatic and non-enzymatic defenses that can reduce or prevent damage caused by ROS. 

 

The results were in agreement with [34] who stated that indomethacin induces gastric injury by inhibiting 

the release of COX- 1, PGE2, and mucus, delaying of angiogenesis, increasing aggressive factors such as 

acid. [35] showed that COX-1 enzyme is inhibited by indomethacin and therefore PGE2 synthesis is 

reduced and ulcers are exacerbated. [36] concluded that the ulcerative group with indomethacin showed 

high gastric mucosal levels of TNF-𝛼 and CRP as compared to the control group also IL-6 level was 

significantly increased in the indomethacin group compared to the healthy control group [37]. Caspase-3 

was increased due to indomethacin treatment which cause inflammation and apoptosis in gastric tissue, 

thereby inducing gastric ulcer [38]. 

 

Regarding the results of HSP-70 gene expression we found a significant downregulation of HSP-70 mRNA 

expression in gastric ulcer group. This result was consistent with [39] who revealed downregulation of 

HSP-70 by immunohistochemistry in indomethacin-induced gastric injury. 

 

In the current study, the indomethacin group exhibited an increase in the ulcerated surface area and ulcer 

score associated with histopathological alterations including severe erosion and necrosis of the gastric 

mucosa as well as aggregation of inflammatory cells, edema and congestion of dilated blood vessels in the 

submucosal layer.  In consistence with our result, many investigations revealed that indomethacin induce 

marked gastric ulcers in rat with several histopathological lesions [40]. 

 

The results from the immuno-histochemical study proved the induction of apoptosis as an important 

mechanism underlying the ulcerogenic effect of indomethacin and prominent effects on expression of 
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proteins engaged in regulation of apoptosis. There was overexpression of Bax along with downregulation of 

Bcl-2 expression in gastric ulcer group. This could be explained that indomethacin generates oxidative 

stress in stomach tissue, which weakens the tissue's antioxidant defences, activating the apoptotic signaling 

cascade and promoting cell death [38], [41]. 

 

The activation of P53 lead to upregulation of Bax expression and inhibition of Bcl-2 that persuade the 

opening of the mitochondrial membrane channel (voltage-dependent anion channel, VDAC) [42] and 

eventually cytochrome C released to activate the apoptotic executive protein caspase-3, thus resulting in cell 

apoptosis [43] 

 

Pretreatment of animals with SPJ, CJ or their mix showed a significant amelioration in all tested biomarkers 

and that may be due to the essential phytoconstituents that are generally present in sweet potato and carrot. 

[44] showed the phytochemical content of sweet potato including carbohydrates, glycosides, phenolic 

compounds, phytosterols, proteins, flavonoids and triterpenes which are effective in increasing the pH of 

gastric contents, also the presence of flavonoids in carrot decreases the gastric acidity through H+ secretion 

inhibition [45] these results confirmed our finding. 

 

The pre-treated groups showed marked improvement in pepsin level which may be due to the restoration of 

the balance between the protective and aggressive factors in the stomach or opposing the inhibitory action 

of indomethacin on PGE2 synthesis. Also the improvement was noticed in hydroxyproline levels which 

found in collagen. Collagen fibers in stomach tissues were more likely to be treated with sweet potato and 

carrot extract, possibly because they are rich in vitamin A, which is an effective ingredient in collagen 

synthesis [46]. 

 

[47] reported that chlorogenic acid the major phenolic acid in sweet potatoes and β-carotene play a key role 

in its gastro-protective effects due to their antioxidant mechanisms by inhibition of nitric oxide production 

[48]. According to [48] carotenoid extract from orange-fleshed sweet potato exhibited significant anti-

gastric ulcer activity by significantly inhibition of nitric oxide production in a concentration-dependent 

manner. Also [49] stated that consuming sweet potato probably play a role in reducing the free radical and 

thus reducing the risk of disease and slowing the aging process, also significantly decreased the MDA level, 

these results greatly confirmed our study. 

 

The carrot extract protects the stomach mucosa from damage by lowering their susceptibility to free 

radicals, as evidenced by the low level of gastric tissue MDA. Carrot anti-ulcer activity may be mediated by 

antioxidant free radical scavenging, cytoprotection, gastric acid anti-secretory activity, increased luminal 

prostaglandin secretion, increased mucus secretory activity, increased gastric alkaline secretion, and 

antimicrobial activity, among other mechanisms [50]. 

 

In addition, rutin also found in carrots and sweet potatoes [50] has an antioxidant activity and an ability to 

suppress processes mediated by free radicals, assuming that the antioxidant properties of rutin may be 

useful in the clinical treatment of gastric disorders [51]. 

 

The essential phytoconstituents that are present in sweet potato and carrot like flavonoids, terpenoids, 

tannins, saponins, glycosides, alkaloids, steroids and phenolic acids [9], [53] exert gastro-protective effects 

through increasing enzymatic activity of the COX and prostaglandins [54]. Also the decrease in CRP and 

TNF-α in the present study may be due to compounds in sweet potato produced as a result of dietary fiber 

metabolism, especially the short-chain fatty acids, that regarded as anti-inflammatory and could be 
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important in warding off oxidative stress and inflammation before and during acute infection [55]. The 

decline in CRP and TNF-α by carrot may perhaps due to beta-carotene which plays its anti-inflammatory 

role by preventing the inflammatory gene expression and thus preventing the production of inflammatory 

cytokines [56]. 

 

[48] deduced that treatment with carotenoid extract from sweet potato significantly inhibit the production of 

IL-6. While the decrease in caspase-3 by sweet potato and carrot juice may be related to their effects in 

increasing PGE2 level as well as decrease lipid peroxidation and TNF- α. [57] observed that increased the 

production of PGE2, reduced lipid peroxidation and TNF-α levels which explain the possibility of the 

decline in caspase-3level. 

 

HSPs achieved effective gastric mucosal protection process and promote ulcer healing via important 

enzymes related to cytoprotection [58]. Sweet potato and carrot juices were found to cause significant 

elevation in endogenous antioxidant enzymes like SOD and GSH, reduce intracellular stress and as a 

consequence cause an elevation in HSP-70. 

 

Due to the chemical composition of sweet potato and its high content of dietary fiber and carotenoids it 

keeps the intestinal homeostasis [59]. In the present study, the oral administration of SPJ and CJ protected 

the mucosa against gastric ulcers by 82.17 %, and 78.26% respectively. Sweet potato causes reduction in 

gastric lesions due to its antioxidant properties that are able to neutralize the free ROS molecules produced 

by the damaged parietal cells [48]. As well as presence of flavonoids, β-carotene and other bioactive 

compounds in carrot may be associated with the gastroprotective effect. The carrot root exhibit antioxidant 

properties that play a protective role of gastric mucosa by neutralizing the free radicals induced cell damage 

and acts as antiulcer reagent [60]. 

 

A study by [28] indicated that NSAID-induced ROS cause gastrointestinal mucosal cell apoptosis by 

affecting various signaling cascades as those involving Bax, caspase-8, caspase-9, and caspase-3 activities. 

Hence, the downregulation of ROS may be the most important cytoprotective mechanism against NSAID-

induced tissue apoptosis. Therapies that effectively target NSAID-induced apoptosis require inhibition of 

both mitochondria and caspase-mediated pathways. Sweet potato is widely known for containing bioactive 

components that can reduce free radicals and the risk of degenerative disorders [61]. As well as oral intake 

of carrot juice reduced DNA damage and increased levels of plasma antioxidants [62]. So the protection of 

DNA from damage eventually inhibits activation of P53 protein, thus inhibit Bax expression and restore the 

high-expression of Bcl-2. 

 

Finally, protective effect of sweet potato and carrot juices together reduced the immuno-histochemical 

expression of Bax and increase Bcl-2 expression. This result may be due to the antioxidant components 

found in both of them that inhibit DNA damage and apoptosis. 

 

10. Conclusion 

we demonstrated that sweet potato and carrot juice exerts multiple beneficial effects similar to omeprazole 

in protecting from gastric ulcer. This effect was evidenced by decreased gastric pH, serum pepsin level as 

well as enhanced hydroxyproline level in pretreated rats. The observed gastroprotective effect of the juices 

could also be mediated by suppressing the oxidative stress, inflammatory biomarkers and apoptotic caspase-

3 biomarker along with enhancement of COX-1 and PGE2 levels and upregulation of HSP-70 gene 

expression. The protective effect is confirmed by histopathological examination of stomach tissue as well as 

immunohistochemical of Bax and Bcl-2. 
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