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INTRODUCTION 

 

The most common gastrointestinal disorder in the world is considered the peptic 

ulcer; this disease is accompanied by a high rate of mortality and morbidity (Daniel 

et al., 2017). It is a gastrointestinal tract disease, which embraces both ulcers 

(gastric and duodenal). Imbalances between destructive and defensive factors 

characterize this disease (Mekonnen et al., 2020). HCl, pepsin, biliary reflux, lipid 
peroxidation, and the formation of reactive oxygen species (ROS) represent the 

endogenous destructive factors in the stomach, on the other hand are excessive use 

of ethanol, indiscriminate use of nonsteroidal anti-inflammatory drugs (NSAID), 
stress, smoking, and infection byHelicobacter pyloribacteria represent the and the 

exogenous factors. The defensive factors include mucus-bicarbonate barrier, 

mucin secretion, surface phospholipids, prostaglandins (PGs), nitric oxide (NO), 
mucosal bloodflow, cell renewal, growth factors, and antioxidant enzymes (Brito 

et al., 2018).  

The process of Inflammation is implicated in the pathologic process and 
progression of multiple illnesses. This process is also considered as a physiological 

reaction that defends our body from microorganisms or damaged tissue. The 

reaction of inflammation reestablishes the tissue that are touched with infection or 
injury. The response of inflammatory is controlled by multiple mechanisms and 

acts as a body defense tool. Several pathological disorders can be caused by 

exacerbation of inflammation (Ribeiro et al., 2018). In the event that a marked 
inflammatory reaction occurs, the use of anti-inflammatory medicaments wish 

suppress or regulate inflammation will be necessary. These medications commonly 

have undesirable side impacts, which make it essentially to look for alternative 
substitutes (Ghasemian et al., 2016). 

The production of free radicals is the inflammation consequence. While the 

production of free radicals can be curb by the natural antioxidant defenses of the 
body’s organism. When inflammation is chronic or too intense, free radicals 

multiply, submerge antioxidant defenses and engender unsafe chain reactions. 
Though, chemical anti- inflammatory or antioxidant synthetic substances uses are 

ever accompanied by side impacts, while phytochemicals utilization is helpful 

without side impacts (El Hilah et al., 2015; Moulai- Hacene et al., 2020). 

Carob (Ceratonia siliqua L.) is a slow growing green tree cultured for years in 
Mediterranean countries. Carob bean (fruit) 10-25 cm long; contain several 

bioactive substances like dietary fiber, sweet carbohydrate, polyphenols and 

tannins (Papagiannopoulos et al., 2004). Different studies have shown various 
biological activities and pharmacological characteristics of Ceratonia siliqua such 

as antioxidant (Boufadi et al., 2015) antibacterial activities (Ouis and Hariri, 

2018) antidiabetic and antimicrobial activity (Darwish et al., 2021) anticancer 
activity (Gregoriou et al., 2021) gastroprotective activity (Rtibi et al., 2015) and 

anti-inflammatory activity (Rtibi et al., 2017). Apparently, these properties are 

linked to the phenolic compounds that they include (Vekiari et al., 2011). 
Hence, the objectives of the present work were focused on the anti-inflammatory 

activity, gastroprotective effect and chemical composition of ethanolic pod extract 

of Ceratonia siliqua L. by HPLC/UV. 
 

MATERIALS AND METHODS 

 

Plant materials  

 

The pods of ripe carob (Ceratonia siliqua L.) were collected in August 2020 from 
Ain Témouchent district, Algeria (Latitude: 35.3687, Longitude: 1.23556). They 

were wiped off with a sterile pad and dry.  

The plant specimen was identification by one of the co-authors (K.B.) and voucher 
specimens (#CS 12) are kept at the Laboratory of Biotoxicology (Faculty of Nature 

and Life Sciences, University of Djillali Liabes, Sidi Bel abbes, Algeria). 

The identification and authentication of this plant was made by Dr. K. M. Chetty, 
Sri Venkateswara University, Tirupathi, where the voucher specimen was 

deposited for more reference. 

 
Plant extraction 

 

The pods were shelled and then they were crushed to a fine powder. The carob 

extract was prepared (10 g of powder in 100 ml of ethanol 70%), in a tightly closed 

bottle in the shade at room temperature for 24 h (Boufadi et al., 2015).  

This research was aimed to evaluate the chemical composition by HPLC/UV, anti-inflammatory effect in vitro (hyaluronidase assay) and 

anti-ulcer activity in vivo against gastric ulcer. This anti-ulcer activity was explored in vivo on Wistar rats exposed to a gastric ulcer 

provoked with oral administration of HCl /ethanol (150 mM /60%) for one day after five days of oral treatment with 250 mg/kg of ethanolic 
extract of carob pods (EECp), to restore stomach ulceration. Several compounds of carob have been identified by HPLC/UV. This 

identification reveals the existence of phenolic compounds; flavonoids (chrysin, galangin, pinocembrin, quercetin, genistein, kaempferol, 

etc.) and phenolic acids (rosmarinic acid, caffeic acids, ferulic acid, etc.). Our extract showed strong inhibitory activity of hyaluronidase 
with (IC50 = 20.7 mg / ml). The results obtained indicated that administration of HCl /ethanol alone produced stomach ulceration in rats 

with very extensive and bleeding gastric lesions with 44.09% of percentage lesion and 362.26 mm2 of lesions area in the stomach mucosa. 

However, pretreatement of rats with EECp revealed a spectacular inhibition of gastric mucosal damage (7.46%), a significant reduction 
in malondialdehyde (4.86 nmol/mL) and an increase in enzymes of oxidative status (superoxide dismutase, catalase and glutathione 

peroxidase). The present study results can attribute to carob an antioxidant, anti-inflammatory and anti-ulcer effects. 
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Then, the suspension was filtered with filter paper (Whatman No1) and after the 

solvent was evaporated and dried at 50 °C  under vacuum. The filtrate presents the 

ethanolic extract of carob pods (EECp). 

 

HPLC/UV analysis of phenolic compounds from carob extract   

 

Chromatographic analysis of ethanolic extract of carob pods (EECp) was 

conducted by high performance liquid chromatography (Agilent 1100).  Separation 

was carried out on an Agilent poroshell 120EC column (100 mm × 2.1 mm, 2.7 
m), using mobile phases: water/TFA/formic acid (99:0.25:0.75) (A) and 

acetonitrile (B). The elution was effected at a flow rate of 0.6 ml/min with a 10 µL 
aliquot and at 55◦C. Using a gradient method as noted below (t/min,%  B): (0,0), 

(1,10), (2,12.5), (3,15), (9,80), (10,100), (11,100), (14,0)  with post 5 min. 

Chromatograms were enregistred at 270 and 320 nm (Chaa et al., 2019). 
The sample was prepared by diluting EECp with methanol 1:100 (v/v). 

Identification of carob constituents were realized by comparing their retention 

times and their UV spectra with different commercially phenolic standards (trans-
cinnamic, gallic acid, benzoic acid, ferulic acid, m-coumaric acid, caffeic acid, 

rosmarinic acid, and ellagic acid), flavonoids (catechin, hesperidin, thymol, 

luteolin, benzyl cafféate, galangin, genistein, tectochrysin, pinocembrin, acacetin, 
rutin, methylated quercentin, chrysin, apigenin, myricetin, resveratrol, kaempferol, 

and  quercetin) and others constituents (ascorbic acid, menthol). The standards 

were dissolved in methanol to give stock solutions at 1 mg/ml. The quantification 
of components was determined using standard curves expressed in mg per 1 g of 

crude carob. 

 

Anti-inflammatory activity hyaluronidase assay in vitro 

 

This assay was performed by the method explained by Boufadi et al. (2021) with 
minor modifications. 

50 μL of EECp (10, 20, 50, 100 and 200 mg/ml) was mixed with 50 μL (350 units) 

of hyaluronidase enzyme and incubated at 37°C for 20 min. Later, 1.25 μL of 
calcium chloride was added to activate the enzyme. After incubation, the reaction 

was place medium at 37°C for 20 minutes, and next we added 0.5 ml of hyaluronic 

acid sodium salt.  
After incubation at 37°C for 40 min, 0.1 ml of potassium tetraborate was added 

and the mixture was incubated in a boiling water bath for 3 min. The mixture was 

placed at +6°C for stopping reaction, and 3ml of p-dimethylaminobenzaldehyde 
was added. The incubation was performed at 37°C for 20 min. Lastly, the 

absorbance was measured at 585 nm. All tests were executed three times. 

 
Treatments of animals  

 

Twenty five male Wistar rats (115-120 g) were obtained from Pasteur institute 
(Algiers, Algeria).  housed at 22±2oC, with relative humidity of 40% and a 12:12 

h light and dark cycle and given food and water ad libitum. After 2 weeks of 

acclimatization, we started the experiment. The animals fasted for 12 h before the 
experiment, with free access to water.  

the experiments was conducted as per the council instructions about the protection 

of living animals used in scientific investigation issued from the council of 
European Communities. 

 

Antiulcer activity 

 

Effect of EECp on HCL /ethanol-induced ulcer and inflammation 

 

We elicited induction of ulcers by the administration the HCl /éthanol to rats by 

orally, as done by Martins et al. (2014). Animals were weighed and randomized 

in 4 groups. Groups 1 and 2 (G1, G2) was treated with 1 ml of Tween80. Groups 
3 and 4 (G3, G4) was treated with 1 ml of 250 mg/kg of EECp. At day 5, and 1 

hour after administration of treatment EECp, the rats of G2 and G4 were 

administrated orally with 1 ml with HCl/Ethanol solution (150 mM /60%) for 
inducing a gastric ulcer. And 1 h later, animals were euthanized. To prevent any 

risk of changes in biochemical parameters by administration of a general 
anaesthetic, they were maintained below light chloroform anaesthesia just before 

blood taking. Blood was collected by cardiac puncture in anticoagulant tubes. 

Stomachs, esophagi, spleens, livers and intestines were removed. The stomach 
removed and opened along the greater curvature.  

 

Analysis of serum parameters 

 

Analysis of serum parameters (CBC, glycemia, albumin, total protein and 

fibrinogen) was performed by enzymatic and/or colorimetric methods (kits 
bioMérieux SA, France) using an auto-analyzer (Technicon RA, Opera systems 

N°ref. T01-2801-56). 

 
 

 

 
 

Assessment of inflammation markers 

 

Preparation of peritoneal fluid 

 

Grind the peritoneum with PBS, centrifuge at 300 g / min for 15 min. The 

supernatant represents the peritoneal fluid (in order to assay the PGE2) (Boufadi 

et al., 2021). 

 

PGE2 measurement  

 

Quantification of levels of PGE2 (prostaglandin E2) at the peritoneal fluid was 
performed using the Prostaglandin E2 ELISA kit (Abcam Discover More, UK) as 

per the instructions of manufacturer.   

 
Oxidative stress analysis  

 

Superoxide dismutase was performed in accordance by the technique of Elstner et 

al. (1983) and enzymatic activity of catalase level in the plasma with the protocol 

of Lück (1965) and Aebi (1974). The activity of GPx in plasma was determinate 

in accordance with the protocol of Paglia and Valentine (1967). Regarding 
malondialdehyde (MDA) measurement, we utilized serum in accordance by the 

method outlined by Yagi (1976). 

 
Histopathological analysis  

 

With the aim of study the lesions affecting the stomachs and verify existence of 
any changes in the structure of the organs removed. A physiological solution was 

used to wash these organs to remove gastric contents and blood clots and fixed in 

10% formaldehyde. Then, they were set in paraffin and cut on microtome to have 
5 microns with a rotating micro tome (Leica, Germany) which was posed on clean 

blades and deparaffinized successively by two baths of 10 min of xylene. The 

slides were coloured with hematoxylin and eosin, and the slides were observed by 
optical microscopy (Drury & Wallington, 1980). 

 

Macroscopic evaluation of stomachs 

 

Lesion areas (mm2), percentage of lesion and inhibition rate compared to total area 

of stomach (%) have been defined (De Andrade et al., 2007).  
The determination of percentage of ulcer inhibition and ulcer index was performed 

such: 

Ulcer Indice (UI) %= (total lesion area / total surface area of stomach)*100 
Inhibition %= (IUcontrol – IUtraited) / IUcontrol)*100   

 

Statistical analysis  

 

All tests were realized three times. Results were presented as the Mean ± Standard 

Error (SEM) and compared on the basis of XLSTAT. The values were considered 
significant when p <0.05. 

 

RESULTS  

 

EECp chemical composition by HPLC/UV 

 

The ethanolic extract of carob pods (EECp) from Ain Temouchent were subjected 

to HPLC analysis and the chromatograms are achieved at 270 and 320 nm (Fig 1 

A and B, accordingly). 

 
Figure 1 Chromatograms by HPLC/UV analysis of EECp at a wavelength of 270 

(A) and 320 nm (B): 1. Chrysin; 2. Tectochrysin; 3. Acacetin;  4. Pinobanksin-3-

acetate;  5.  Quercetin; 6. Bis methylated quercentin; 7. Genistein;  8.  Kaempferol; 
9. Myricetin;  10.  Galangin; 11. Catechin; 12. Pinocembrin; 13. Menthol; 14.  

Apigenin; 15. Luteolin; 16. Benzyl cafféate; 17. Pinobanksin-3-acetate; 18. 
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Resveratrol; 19. Ascorbic acid; 20. Trans cinnamic; 21. Ferulic acid; 22. Ellagic 

acid; 23. Rosmarinic acid; 24. Galic acid; 25. Cafeic acid. 

 

Table 1 shows the levels of phenolic compounds (phenolic acid and flavonoids) in 

EECp.  Ferulic acid (7.4 mg/g at 2.38 min) was found to be the main phenolic acid, 

while kaempferol is the principal flavonoid (3.12 mg/g at 3.87 min).   
 

Table 1 Composition of ethanolic extract of carob pods (EECp) from Ain 

Temouchent by HPLC/UV (mg/g). 
 

Peak 

number 
Compound 

Amount 

(mg/g EECp) 

Retention 

time (min) 

1 Chrysin 0,36 0,41 

2 Tectochrysin 0,09 0,58 

3 Acacetin 0,08 1,23 
4 Pinobanksin-3-acetate 0,11 2,13 

5 Quercetin 0,37 2,38 

6 Bis methylated quercentin 0,06 2,61 
7 Genistein 0,56 3,75 

8 Kaempferol 3,12 3,87 

9 Myricetin 0,31 4,58 

10 Galangin 0,86 4,7 

11 Catechin 0,22 5,25 

12 Pinocembrin 0,19 5,66 
13 Menthol 0,21 6,73 

14 Apigenin 0,55 7,25 

15 Luteolin 0,04 7,88 
16 ascorbic  acid 0,28 0,41 

17 Trans cinnamic 0,39 2,13 

18 Ferulic acid 7,4 2,38 
19 Ellagic acid 5,3 3,74 

20 rosmarinic acid 6,90 3,87 

21 Galic acid 7,19 4,58 
22 cafeic acid 4,21 4,7 

23 Benzyl cafféate 0,31 5,25 

24 Pinobanksin-3-acetate 0,29 5,63 
25 Resveratrol 0,22 6,73 

 

Hyaluronidase inhibition 

 

From the results presented in Fig 2 it is deduced that increase in inhibitory activity 

of hyaluronidase is proportional to that of ethanolic extract of carob pods (EECp) 
concentrations (IC50 value of 20.7 ± 1.63 mg/ml). The inhibition percentage was 

93.12 % at an EECp concentration of 200 mg/ml. 

 

 
Figure 2 Percentage of inhibition of hyaluronidase activity by ethanolic extract of 

carob pods (EECp) for each concentration. The values are exhibited as mean ± SD. 
 

Analyses of serum parameters 

 

From our results, we notice that the G3 which received only the EECp showed an 

agreement toward the control group. 

Table 2 revealed that glycemia level of G2 (1.84 g/l) significantly increased (P 
<0.05) compared to G1 (0, 78 g/l). The increase in glucose levels in this group 

shows a metabolic imbalance typical of diabetic syndrome with hyperglycemia. 

The pretreatment of animals with EECp (G4) significantly reduced blood glucose 
levels. 

 

 

Table 2 Serum parameters values of the treated rats, G1: tween 80 (2%); G2: tween 

80 (2%) then HCL/ethanol (5 days); G3: only 250 mg/Kg of EECp (5 days); G4: 

250 mg/Kg of EECp then HCL/ethanol (5 days). 

Groups  
Glucose 

(g/L) 

Total Protein 

(g/L) 

Albumin 

(g/L) 

Fibrinogen 

(g/L) 

G1 0,78±0,52 75,52±0,64 45,11±0,73 2,76±0,45 

G2 1,84±0,06 49,7±1,14 29,39±2,04 6±0,15 

G3 0,86±0,02 79,52±0,88 40,61±0,91 3,17±0,21 

G4 1,28±0,07 54,08±1,49 33,68±1,12 3,98±0,1 

 

The results of the complete blood count (CBC) showed that oral administration of 

HCL/ethanol after tween 80 (G2) decreased significantly hematological 
parameters: red blood cells (RBC), white blood cells (WBC), hematocrit (HCT), 

hemoglobin (Hb), and platelets (PLA), comparatively to the control group and G3 

treated uniquely via EECp as indicated in Table 3. Pretreatment of animals (G2) 
with 250 mg/kg of Ego increases these hematological parameters compared to G1. 

 

Table 3 Complete blood count (CBC) values of the treated rats, G1: tween 80 
(2%); G2: tween 80 (2%) then HCL/ethanol (5 days); G3: only 250 mg/Kg of 

EECp (5 days); G4: 250 mg/Kg of EECp then HCL/ethanol (5 days). 

Groups G.B (×103) 
G.R 

(×106) 
H.B (g/dL) HCT (%) PLA (×103) 

G1 5,75±1,34 6,18±0,95 13,35±1,14 51,65±0,86 391±0,79 

G2 4,67±0,26 4,68±0,13 9,87±0,08 31,04±0,89 749±4,05 

G3 9,04±0,08 8,9±0,1 13,37±0,34 47,87±1,15 252±3,77 

G4 9,38±0,21 8,85±0,1 13,9±0,06 39,85±0,1 127±0,41 

 
From the results obtained in (Table 2), we see that there is a drop in the albumin 

and total protein level (29.39 g/l and 49.7 g/l respectively) in G2 compared to G1 

group.  In contrast, oral administration of 250 mg/kg of at G4 showed an increase 
of (33.68 g/l and 54.08g/l) by contribution to G2. 

The results illustrate a significant decrease of (4.29g/l) in fibrinogen rate of G4 

(pretreated with 250 mg/kg of EECp before administration of HCL/ethanol) 
relative to G2. While the G2 showed an increase in fibrinogen (6g /l) compared to 

G1 (Table 2). 

 
Prostaglandin E2 quantification 

 

The prostaglandin (PGE2) concentration was measured in peritoneal exudates of 
rats from all groups (Fig 3). Administration of HCL/ethanol to G2 significantly 

decreased the level of PGE2 (122.33 pg/ml) compared to G1 (524.68 pg/ml). The 

pretreatment of G4 with 250 mg/kg of EECp reverse this decrease which revealed 
a significantly high level of PGE2 (420.33 pg/ml) compared to G2. Whereas, PGE2 

significantly increases in G3 treated solely by EECp at a concentration of 553.33 

pg/ml comparatively to G2. 
  

 
Figure 3 Prostaglandin E2 Concentrations (pg/ml) in peritoneal exudates of rats 

for the tested groups. The values are expressed as mean ± SD (n = 5). G1: tween 

80 (2%); G2: tween 80 (2%) then HCL/ethanol (5 days); G3: only 250 mg/Kg of 
EECp (5 days); G4: 250 mg/Kg of EECp then HCL/ethanol (5 days). 
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Effects of ethanolic extract of carob pods (EECp) on antioxidant markers of 

HCL/ethanol-stressed rats 

 

With regard to the impact of HCL/ethanol and EECp on oxidative stress condition, 

effects of ethanolic extract of carob pods (EECp) on the main plasma or serum of 

antioxidant parameters (malonaldehyde “MDA”, superoxide dismutase “SOD”, 
catalase “CAT” and glutathion peroxidase “GSH-PX”) of HCL/ethanol-stressed 

rats was studied, the results are illustrated in Table 4. 

 
Table 4 Activities of anti-oxidant enzymes in the serum and plasma of the 

experimental groups of rats, G1: tween 80 (2%); G2: tween 80 (2%) then 
HCL/ethanol (5 days); G3: only 250 mg/Kg of EECp (5 days); G4: 250 mg/Kg of 

EECp then HCL/ethanol (5 days). 

Groups  
MDA 

(nmol/ml) 

SOD (U/cg 

Hb) 

CAT 

(U/mg Hb) 

GSH-PX  

(U/g Hb) 

G1 8,34±0,92 20,59±1,9 70,10±0,44 27,65±1,9 

G2 16,75±1,89 6,05±0,83 19,33±1,91 37,32±1,9 

G3 2,81±0,95 23,69±2,17 81,83±3,23 56,21±1,97 

G4 4,86±0,86 15,53±2,06 60,90±2,35 52,29±1,94 

 

Oral administration of HCL/ethanol to G2 drastically increased the MDA and 
GSH-PX levels compared to G1. The increase of lipoperoxidation (MDA) and 

glutathion peroxidase (GSH-PX) induced by administration of HCL/ethanol was 

significantly inverted by EECp pre-treatment. G3 oral treatment with only EECp 
decreased the rate of MDA and increased that of GSH-PX. 

Comparatively to G1 treated only with tween 80, EECp, increased levels of 

antioxidant enzymes activities (superoxide dismutase SOD and catalase CAT) at 
G3; whereas the necrotizing agent (HCL/ethanol) lowered them significantly in G2 

and EECp treatment of the HCL/ethanol-stressed rats (G4) induced decrease of this 

parameters. 
 

Antiulcer activity 

 

Histopathology 

 

The histopathological stomachs study from (G2) who’s treated by HCL/ethanol, 
we observed a gastric ulcer with loss of substance taking all thickness of mucosa 

(epithelium area with chorion and glands), fibrino-leukocyte coating and 

hemorrhagic areas (Fig 4).  
 

 
 

Figure 4 Effect of ethanolic extract of caob pods (EECp) and vehicle on 

histological changes caused by HCL/ethanol in rats. G1: tween 80 (2%); G2: tween 
80 (2%) then HCL/ethanol (5 days); G3: only 250 mg/Kg of EECp (5 days); G4: 

250 mg/Kg of EECp then HCL/ethanol (5 days). A: G1; B: G3; C: G2; D: G4. 

 
The administration of 250 mg/kg of EECp to rats (G4) significantly reduced the 

histopathological changes such as superficial erosion with detachment of 

epithelium, presence of leukocyte fibrinoid coating and few congested blood 
vessels. Moreover, G1 and G3 treated with EECp shows normal structure of the 

stomach without lesions. 

HCL/ethanol administration caused inflammation of the esophagus and hepatitis 
in the liver. Treatment with EECp before HCL/ethanol to G4 prevent onset of 

inflammation of the organs mentioned above. 

These data are histologically pertinent, as because of its absorptive and secretory 

functions, the gastric mucosa is considered one of the the principal tissues 

(Schubert and Peura, 2008). Exposition of Gastric mucosa to ulcerogenic 

necrotizing products like indomethacin and alcohol or to ischemia develops 
ultrastructural and functional alterations and histopathological characteristics 

leading to injuries (De Carvalho et al., 2011). 

Macroscopic evaluation of stomachs 

 

HCL/ethanol administration provoked immense stomach damage.  

The pretreatment with EECp of animals (G4) significantly reduced gastric lesions 

caused by HCL/ethanol (48.74 mm2), decreased ulcer index 7.46% and increased 

ulcer inhibition compared to “G2” (Table 5). The G3 and G1treated only by EECp 
and tween 80 respectively are similar. This investigation showed that EECp is a 

potent antiulcer extract. 

 
Table 5 Ethanolic extract of carob pods (EECp) effect on macroscopic quantitative 

modifications caused by HCL/ethanol in rats, G1: tween 80 (2%); G2: tween 80 
(2%) then HCL/ethanol (5 days); G3: only 250 mg/Kg of EECp (5 days); G4: 250 

mg/Kg of EECp then HCL/ethanol (5 days). 

Groups 
Lesion areas 

(mm2) 

Ulcer Index 

(%) 

Ulcer 

Inhibition (%) 

G1 0,96 0,03 99,10 

G2 362,26 44,09 0,00 

G3 0,42 0,02 99,33 

G4 48,74 7,46 48,18 

 

DISCUSSION 

 

The stomach is a sensible digestive organ principally exhibited to exogenous 

pathogens from the diet (Hidekazu et al., 2012). The HCl/ethanol was used to 
induce gastric ulcer as it is substantially identical to that followed in acid 

hypersecretion cases in humans (Mekonnen et al., 2020). The direct toxic effect 

on the epithelium caused by HCl/ethanol, leads to the formation of characteristic 
necrotic lesions due to a reduction in the mucus production and bicarbonate 

secretion (Massignani et al., 2009). Injures in the vascular endothelial cells of the 

gastric mucosa, microcirculatory disturbance and hypoxia, linking to the 
overproduction of oxygen radicals are induced by ethanol (Park et al., 2015). 

Acceleration of the ulcerogenesis process, intensification of injuries, and reduction 

of the mucosal protection against chemicals agents are caused by the addition of 
HCl (Ramesh et al., 2011). The formation of ulcer can be assured by acidification 

of ethanol (Mekonnen et al., 2020). Thus, in order to explore the cytoprotector 

effect of medicinal plants the experimental model of HCl/ethanol-induced gastric 
damage in rats has vastly been used. 

Many medicinal plants contain, flavonoids, triterpenoids and tannins, which 

protect the stomach mucosa by induction of gastroprotective mechanisms or acting 
as natural antioxidants (Gonzalez et al., 2001; Kahraman et al., 2003). 

The composition of carob by HPLC/UV has shown the presence of many chemical 
components that have biological activity, including phenolic compounds as well 

as many types of flavonoids. According to Gregoriou et al. (2021) gallic acid is 

the main constituent of phenolic acids in carob. Jambi (2015) observed quercetin 
as the most abundant flavonoids and Gallic as the most phenolics compounds in 

carob. In the other hand, Rico (2019) found that hydroxybenzoic acid as the most 

abundant phenolics acid in carob pod. Furthermore, Darwish et al. (2021) showed 
that carob contains a great level of gallic acid, catechin and protocatechuic acid, 

respectively, and gallic acid is the main constituent. Comparison of the phenolic 

composition study of carob with other investigation rest difficult, given that the 
articles submitted on the subject employed different extraction conditions and plant 

material leading to different phenolic profiles (Bernardo-Gil et al., 2011; 

Benchikh et al., 2016). 
Hyaluronan is the main constituent of the extracellular matrix hydrolyzed by 

Hyaluronidase which is a family of enzymes. It increases granulation tissue, 

decreases the volume of edema, and a regulates the inflammatory response by 

provoking production of pro- and anti- inflammatory cytokines, growth factors, 

and mediators of eicosanoids (Monzón et al., 2008). 

In vivo, in the first place we showed that HCL/ethanol administration caused a 
gastric ulcer by increase in ulcer index and area lesion and also histopatological 

changes like hemorrhagic injuries and pretreatement with EECp revealed the 

gastroprotective activity of carob.  
The EECp results achieved reinforce the gastroprotective activities of Ceratonia 

siliqua L. and its use for treatment of gastric disorders. The results of this work are 

in agreement as those of Rtibi et al. (2015) who demonstrated the gastro-protective 
power of carob against ethanol-prompted oxidative stress in rats. Moreover, 

Bakhtaoui et al. (2014) showed significant gastro-protective power of carob 

against HCL/ethanol-provoked ulcer model in rats. This suggests that the 
components present in EECp must be suppressing gastric damage.  However, carob 

is a medicinal plant, which exhibits important pharmacological properties in the 

digestive tract; these activities include anti-ulcer actions (Darwish et al., 2021). 
The antiulcer effect of phenolic components and flavonoids is due to their 

antisecretory, cytoprotective, antioxidant, anti-inflammatory, and anti-H. pylori 

activities (Mekonnen et al., 2020). 

In this investigation, HCL/ethanol caused increase in oxidative stress markers in 

gastric mucosa (lipid peroxidation) and decrease in endogenous antioxidative 

agents level like GSH-PX, catalase and superoxide dismutase activity. This 
oxidative stress in gastric mucosa has been successfully reversed by Carob pod. 
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Certainly, this antioxidant property is owed to the existence of phenolic acids and 

flavonoids in EECp, as did their capacity to ambush free radicals. 

The process of inflammation is part of the immune response to damage or an 

infection (Boufadi, et al., 2021). In certain circumstances, the inflammation 

process induces tissues injuries, a problem that justifies the utilization of anti- 

inflammatory agents. For the avoidance of injurious effects, in the final stage of 
inflammation, a few constituents are formed and liberated to solve the 

inflammatory response decreasing the gravity of inflammation (Napimoga et al., 

2007, 2012). Albumin and total proteins tend to reduce in plasma while the 
inflammation and in oxidative stress.  

Administration of HCL/ethanol to cause inflammation results in decreased total 
protein and albumin levels and increased fibrinogen. This can be owed to a deficit 

of their synthesis as a consequence of liver which explains the hepatitis previously 

observed in the liver. 
The lipid peroxidation affects biological membranes receptors and increases in 

permeability (Nehru and Anand, 2005). Newairy et al. (2009) have indicated that 

the consequence of decreased superoxide dismutase (SOD) and catalase (CAT) 
activity is a consequence of increased lipoperoxydation. 

EECp inhibited PGE2 production during HCL/ethanol-provoked toxicity. This 

may explicate the anti-inflammatory activities of carob pod extract, and also the 
inhibition of neutrophil mobilization in the peritoneal cavity; and the 

cytopretective activity of carob pod. Inhibition of prostaglandin synthesis 

diminishes mucus secretion and therefore increases the exposure of the gastric 
mucosa to acid attacks causing gastric injury. Consequently, plants with antiulcer 

activity as carob enhance the defensive factors, by increasing the mucin synthesis 

through activating prostaglandin production (Bakhtaoui et al., 2014). 

Furthermore, carob pods exert anti-inflammatory activity (Darwish et al., 2021). 

CONCLUSION 

 

Finally, our results indicated that EECp have a protective power against 
HCL/ethanol-caused ulcer in the rat gastric mucosa, anti-inflammatory activities 

and it can preserve the body from the damages resulted by oxidative stress, these 

carob properties were straightaway linked to phenolic constituents detected in the 
extracts. 
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