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Abstract 

Zanthozylum gilletii is a medicinal plant well known for its richness in phytochemicals and its 

use in Côte d’Ivoire in the traditional treatment of burns in esophagus. However, its bioactive 

anti-reflux and non-reflux oesophagitis potential has not yet been scientifically proven. This 

work aims at evaluating the preventive and curative anti-esophagitis potential of a total 

aqueous extract of Z. gilletii trunk bark (TAEZg) in rats. Thirty-six rats fasted for 24 h and 

divided into six groups of six rats each were used for each model of esophagitis induction, in 

particular the preventive model (acute, chronic, chronic exposure to naproxen followed by 

forced swimming test) and the healing model. Rats received as a pretreatment (preventive 

model) and treatment (healing model), TAEZg at 125, 250 and 500 mg / kg of body weight 

(b.w.) as well as omeprazole (preventive model) and misoprostol (healing model) at 30 and 

0.012 mg / kg b.w respectively. As for the control groups, they received distilled water at 1 

mL / 100 g b.w. The animals were sacrificed by over dose of ether and then the ulcer 

macroscopic parameters (ulceration surface, ulceration index, scores and inhibition 

percentages) and gastric secretion parameters (gastric volume, gastric acidity and gastric pH) 

were assessed. Biochemical parameters such as total proteins and some oxidative stress 

parameters (Malondialdehyde (MDA) and catalase (CAT)) were assessed.  The results 

showed that pretreatment and treatment of rats with TAEZg at doses ranging from 125 to 500 

mg / kg b.w significantly (P <0.001) and dose dependently reduced ulceration surface, 

ulceration index, gastric volume, gastric acidity, score and significantly (P <0.001) increase 

pH and inhibition percentage compared to control group 2. The inhibition percentages such as 

93.71; 95.89; 91.03 and 98.20 % were recorded at 500 mg / kg in preventive model (acute, 

chronic and chronic exposure to naproxen followed by forced swimming test) and healing 

model respectively. Biochemical analysis showed a significant (P <0.001) increase in total 

protein, CAT levels and a significant decrease (P <0.001) in MDA level of the treated groups 

compared to the control group 2. In conclusion, TAEZg possessed a real preventive and 

healing anti-esophagitis effects in rats.  
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INTRODUCTION 

Esophagitis is an esophageal inflammation lining that can be caused either by 

gastroesophageal reflux disease [1,2] or by prolonged use of nonsteroidal anti-inflammatory 

drugs (NSAIDs) [3]. It is a major public health problem that affects both adults and children 

[4]. Approximately 8 to 33 % people worldwide suffer from reflux esophagitis [5]. In Côte 

d’Ivoire, according to a study conducted in hospitals, reflux esophagitis represents 37.30 % 

[6]. As for esophagitis caused by NSAIDs, it is no less well known. Many modern treatments 

such as antacids, anti secretories, anti histaminergics H2 and proton pump inhibitors exist [7]. 

However, a large majority of the African population, especially the Ivorian, still turns to 

medicinal plants. Faced to this report, WHO [8] recommend verifying the effectiveness of 

these medicinal plants. It is accordingly that this study was interested in Zanthoxylum gilletii, 

a plant with anti-inflammatory and analgesic activity used traditionally to treat burns in 

esophagus [9,10]. However, no scientific studies were undertaken to explain Z. gilletii actions 

on gastroesophageal acid reflux and NSAIDs-induced esophagitis in rats. Therefore, this work 

was aimed to assess the preventive and healing effects of the total aqueous extract of Z. gilletii 

trunk bark (TAEZg) against esophagitis induced by gastroesophageal acid reflux and chronic 

exposure to NSAIDs in rats. 

1-Material and methods 

1.1- Plant material 

Fresh trunk bark of Z. gilletii (Rutaceae) was collected in Grand Yapo in the department of 

Agboville (Côte d'Ivoire). Taxonomic identification and authentication were established by 

the National Floristic Center of Felix Houphouët Boigny University (Abidjan, Côte d’Ivoire) 

with voucher number of 1332 and 1294 in Côte d’Ivoire National Herbarium. 

1.2- Animals 

Adult albino Wistar rats of either sex of Rattus norvegicus species aged approximately 12 to 

16 weeks old and weighting between 150 and 215 g were used. They were bred in the Animal 

house of Physiology, Pharmacology and Pharmacopeia Laboratory of the Nangui Abrogoua 

University (Abidjan, Côte d’Ivoire) according to the principles for the care and use of 

laboratory animals of the Ethical Committee of the University (Nangui Abrogoua University, 

Abidjan, Côte d’Ivoire). They were exposed to 12 h dark/light cycle and fed with FACI
®

 

pellets and water ad libitum. The various experimental protocols were followed in accordance 

with the protocols for the protection of laboratory animals of the European Council of 

Legislation 2012/707 / EU [11]. 



 

 

1.3- Chemicals 

The following references drugs were used: Ether (VWR International-Geldenaakfebaan464-

B-3001 Leuven-Belgium), Omeprazole (Sanofi Aventis, France), Misoprostol (Cytotec
R
, 

Sanofi Aventis, France), Naproxen (Sanofi Aventis, France). 

2- Methods 

2.1- Preparation of the total aqueous extract of Zanthoxylum gilletii trunk bark 

Fresh trunk barks of Z. gilletii was washed with distilled water, cut into small pieces and dried 

in desiccators (Mark Fruicell, France) at 45°C for one week. They were finely powdered with 

a machine (Mark RETSCH, type SM 100, Germany). One hundred grams of the powder of Z. 

gilletii trunk bark were infused in 1 L of distilled water for 15 min and filtered (Whatman no. 

3). A Half liter distilled water at 100 ° C was added to the residue for a second 10 min 

infusion. This solution was also filtered and the filtrates were stored in desiccators (Mark 

Fruicell, France) at 45°C for 48 hours.  

2.2- Preventive effect of the total aqueous extract of Zanthoxylum gilletii trunk bark 

2.2.1- Acute reflux esophagitis induction in rats 

The method described by [12] with a slight modification was used to evaluate the anti-acid 

and/or antisecretory effects of the total aqueous extract of Z. gilletii trunk bark (TAEZg). 

Thirty-six rats fasted for 24 hours prior to reflux esophagitis were randomly divided into six 

groups of six rats each, including three males and three females. Groups 1 and 2 served as 

controls, received orally distilled water at 1 ml/100g b.w while Group 3, received omeprazole 

(30 mg/kg b.w) by oral route. Groups 4, 5 and 6, were orally pretreated with TAEZg at 125, 

250 and 500 mg / kg b.w. respectively. One hour and thirty minutes after the administration of 

the solutions, a 3 cm incision was made under ether anesthesia in order to ligate the pylorus as 

well as the forestomach in all groups except Group 1. A longitudinal cardiomyotomy 

approximately 1 cm across the gastroesophageal junction was performed to increase 

gastroesophageal reflux. Six hours later, the rats were sacrificed by over dose of ether. The 

stomachs of each rat were removed, and the contents were drained into tubes after opening the 

pylorus in order to determine the volume of gastric juices and the pH. The gastric contents 

were centrifuged at 3000 rpm for 10 minutes. One milliliter of the total centrifuged gastric 

contents from each doubly-ligated rat was analyzed for titratable acidity against 0.01 mol/l 

NaOH at pH 7 using a pH meter (HANNA instruments HI 9025). The acidity was calculated 

according to [13]. The removed stomach-esophagus block was opened along the greater 

curvature for the stomach and longitudinally for the esophagus. The inner surface was 

examined for ulceration and the mucosal erosion was determined and scored by measuring the 



 

 

lesions area. The sum of the areas was expressed as ulcer index (mm
2
). The scoring of 

esophagus lesions was established according to the method described by [12] (Table 1). The 

inhibition percentage (I) was calculated using the following formula: 

% I =
 𝑈𝑆C − UST 

USC
X 100   

Where USC = ulcer surface area in control rats and UST = ulcer surface area in pretreated rats. 

Table 1: Classification scale (“score”) for ulcerative lesions according to Nakamura et al. 

(1982) 

 

 

 

 

 

 

2.2.2- Chronic reflux esophagitis induction in rats 

The method described by [14] with slight modification was used. 

Thirty-six rats were fasted for 24 h. They were divided into six groups of six rats (three males 

and three females) each and were orally pretreated with distilled water, omeprazole and 

extract for 14 days. Groups 1 and 2 served as controls, received orally distilled water, at 1 

ml/100 g b.w. Group 3, was pretreated with omeprazole (30 mg/kg b.w.) by oral route while 

groups 4, 5 and 6, were orally pretreated with TAEZg at 125, 250 and 500 mg/kg b.w 

respectively. The ligation of the pylorus as well as the forestomach was made under ether 

anesthesia one hour and thirty minutes after the last administration (day 14) of the solutions 

except group 1. A 1 cm longitudinal cardiomyotomy across the gastroesophageal junction was 

made to increase gastroesophageal reflux. Six hours later, rats were sacrificed using ether. 

The rest of the protocol was similar to acute reflux esophagitis induction in rats. 

2.2.3-Chronic exposure to non-steroid anti-inflammatory drugs (NSAIDs) combined 

with forced swimming test in rats 

The method described by [15] with slight modification was used. Thirty-six rats were fasted 

for 24 h. They were divided into six groups of six rats each, including three males and three 

females. Group 1 served as control 1, received orally distilled water at 1 ml/100 g b.w. for 10 

days while groups 2 (control 2) to 6, received daily by oral route naproxen (30 mg/kg bw;) for 

10 days. On the 10th day of the chronic exposure to naproxen, half an hour before being 

subjected to forced swimming test, groups 3, 4, 5 and 6, corresponding to the pretreated 

“score” Ulcer form 

0 No ulcerations 

1 Presence of some ulcerations  

2 Total ulceration surface < 30 mm
2 
 

3 Total ulceration surface of > 30 mm
2
  

4 Perforation  



 

 

groups, received orally and respectively, misoprostol (0.012 mg / kg) and TAEZg at 125, 250 

and 500 mg / kg b.w.  while group 2 received only distilled water at 1 ml/100 g b.w. After the 

last administration of the substances, all the animals except those of group 1 were subjected to 

forced swimming test for 3.5 hours according to the method described by [16] in order to 

induce more severe damages in rats. The rats were thereafter sacrificed using ether. The 

removed stomach-esophagus block was opened along the greater curvature for the stomach 

and longitudinally for the esophagus. The inner surface was examined for ulceration. The rest 

of the protocol is similar to acute reflux esophagitis induction in rats. 

 

2.3- Healing effect of the total aqueous extract of Zanthoxylum gilletii trunk bark 

The method described by [13] with a slight modification was used. 

Thirty-six rats, fasted for 24 h, were divided into six groups of six rats each, including three 

males and three females. A double ligation (Pylorus and forestomach) was made under ether 

anesthesia in groups 2 (control 2), 3, 4, 5 and 6 except control group 1. A 1 cm longitudinal 

cardiomyotomy across the gastroesophageal junction was performed in order to increase 

gastroesophageal reflux. Ten minutes after this double ligation, the rats received orally and 

respectively in first treatment, omeprazole (30 mg/kg bw) (group 3) and TAEZg at 125 (group 

4), 250 (group 5) and 500 mg / kg b.w. (group 6). The control groups 1 and 2 received orally 

distilled water at 1 ml/100 g b.w. Three hours and thirty minutes later, a second treatment was 

carried out under the same conditions as the previous one. Thirty minutes after the last 

administration of the various oral solutions, i.e. 4 hours after the double ligation, before 

sacrificing rats, a blood samples from all of rats group were collected by ocular puncture in 

dried tubes, using Pastor pipettes in order to assay total proteins according to the method of 

[17]. All the animals were sacrificed by over dose of ether. The rest of the protocol is similar 

to acute reflux esophagitis induction in rats. 500 mg of esophageal tissues were further 

subjected to estimations of some oxidative stress parameters such as Malondialdehyde and 

catalase according to the methods described by [18] and [19] respectively. 

2.4-Statistical analysis 

Data were analyzed using Graph Pad Prism 7.0 software (San Diego, California, USA) and 

presented as mean ± standard error on mean (M ± SEM). Comparisons between treated 

groups and controls were made using Student's t test and one-way analysis of variance 

(ANOVA). Tukey–Kramer was used as post-hoc test. Values were considered statistically 

significant when P<0.05.  

3- Results 



 

 

3.1- Preventive effect of the total aqueous extract of Zanthoxylum gilletii trunk bark  

3.1.1- Acute reflux esophagitis induction in rats 

 In group 1, no lesions were observed in the esophageal mucosa. The score obtained is 0 

(figure 1). On the other hand, in the control group 2, the esophageal tissue showed various 

longitudinal erosions and ulcers compared to the control group 1 (figure 1). Severe 

hemorrhage induced by inflammation compared to the control group 1 was also observed 

(figure 1). An ulceration index of 3.76 ± 0, 38 and an ulceration surface of 101 ± 15.9 mm
2
 

were recorded respectively, corresponding to 3.33 ± 0.21 (score) and 6.67 ± 0.71 ml (gastric 

juice), 1.92 ± 0.32 (pH) and 103 ± 4.22 mEq / l (gastric acidity) (Table 2). Pretreatment with 

omeprazole (30 mg/kg b.w.) and TAEZg at doses ranging from 125 to 500 mg / kg b.w., 

significantly (P <0.001) and dose- dependently induced a decrease in gastric juice, gastric 

acidity, ulceration surface, ulceration index, scores and significantly (P <0.001) increased the 

pH and percentage of inhibition recorded in the pretreated group compared to control group 2. 

The severity of esophageal lesions induced was also significantly (P <0.001) reduced in a 

dose-dependent manner compared to control group 2. These decrease and increase are 

significant (P <0.001) at 500 mg/kg b.w with the extract. The inhibition percentage recorded 

at this dose is 93.71 % (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ulcerations 

Control group 1 

Score 0 

 

Control group 2 (double-

ligation without any 

pretreatment, score 3) 

 

Omeprazole 30 mg/kg bw 

Score 1 

 

Ulcerations 

Ulceration 

TAEZg 500 mg/kg; Score 1 

 

TAEZg 125 mg/kg ; Score 3 TAEZg 250 mg/kg; Score 2 

 Figure 1: Photographs of stomach-esophageal blocks after acute pretreatment of esophageal 

lesions induced in rats 

 



 

 

Table 2: Some parameters after acute pretreatment of esophageal lesions induced in rats. 

 

Values in the same column are statistically different from those in control group 2 at *P < 0.05; **P < 0.01; ***P < 0.001; n = 6. Control group 

1: rats given only distilled water; Control group 2: rats given only distilled water and doubly ligated (pylorus and forestomach); TAEZg: Total 

aqueous extract of Zanthoxylum gilletii trunk bark, VG: Volume of gastric juice; GA: gastric acidity; US: ulceration surface; UI: Ulcer index; % 

I: percentage inhibition 

 

 

 

 

 

 

Groups Dose 

(mg/kg) 

   VG (ml)       pH GA (mEq/l) US (mm
2
) UI %I          Score 

Control group 1 - - - - 00 ±00 00 ±00   - 00 ±00 

Control group 2 - 6,67±0,71 1,92±0,32 103 ±4,22 101±15,9 3,76±0,38  3,33 ±0,21 

Omeprazole 30 2,67±0,42*** 
2, 83 ± 0,46 

28,3±5,27 ∗∗∗ 8,35 ±3,51
*** 

1,02±0,01*** 91,17 1, 00 ± 0.36 ∗∗∗ 

 

TAEZg 

125 

250 

500 

3,93±0,75*** 

3,02±0,35*** 

1,92±0,32*** 

2,38 ± 0,20 

1,93±0,26 

3,57±0,19** 

61,7±4,77***
 

29,3±8,74***
 

23,3±4,22***
 

63,2±5,2*** 

19,6±7,4*** 

6,35±3,09*** 

1,83±0,44
*** 

1,12±0,38*** 

0,4±0,03*** 

37,32 

80,56 

93,71 

2,06 ±0.11*
 

2, 00 ± 0.48**
 

1,00 ± 0.25 ∗∗∗ 



 

 

3.1.2- Chronic reflux esophagitis induction in rats. 

As shown in Figure 2 and Table 3 no visible esophageal mucosal lesion was observed as well 

as gastric juice, gastric acidity, ulceration surface, ulceration index, scores, pH and percentage 

of inhibition in control group 1. Oppositely, in control group 2, a gross morphological change 

such as severity long mucosal erosion and ulcer were observed compared to control group 1 

(figure 2).  Ulceration surface and ulceration index recorded, are 71.4 ± 4.61 mm
2
 and 3.19 ± 

0.82 respectively. Score (3 ± 00), gastric juice (5.97 ± 0.555 ml), gastric acidity (71.7 ± 4.77 

mEq / l) and pH (1.97 ± 0.32) were also recorded in this group (Table 3). Furthermore, in rats 

pretreated with omeprazole (30 mg/kg b.w.) and TAEZg at doses ranging from 125 to 500 mg 

/ kg b.w. the esophageal mucosal was less damage than control group 2 and no severity of 

esophageal mucosal lesions was visible at 500 mg/kg b.w. A significant (P <0.001) and dose-

dependent decrease in gastric juice, gastric acidity, ulceration surface, ulceration index, scores 

and significant (P <0.001) increased in pH and percentage of inhibition were recorded in these 

pretreated groups compared to the control group 2. These decrease and increase are 

significant (P <0.001) at 500 mg/kg b.w. with inhibition percentage of 93.71 % (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                   

 

 

                                                 

 

 

 

 

 

 

 

Figure 2: Photographs of stomach-esophageal blocks after chronic pretreatment of 

esophageal lesions induced in rats 

 

 

TAEZg 500 mg/kg; Score 1 

 

Ulcerations 

Control group 2 (doubly-

ligated without 

pretreatment, score 3) 

 

 

Control group 1 

Score 0 

Score 3 

 

Omeprazole, 30 mg/kg 

Score 1 

 

TAEZg 125 mg/kg ; Score 2 
TAEZg 250 mg/kg; Score 2 

 

Ulcerations 



 

 

Table 3: Some parameters after chronic pretreatment of esophageal lesions induced in rats 

 

Values in the same column are statistically different from those in control group 2 at *P < 0.05; **P < 0.01; ***P < 0.001; n = 6. Control group 

1: rats given only distilled water; Control group 2: rats given only distilled water and doubly ligated (pylorus and forestomach); TAEZg: Total 

aqueous extract of Zanthoxylum gilletii trunk bark, VG: Volume of gastric juice; GA: gastric acidity; US: ulceration surface; UI: Ulcer index; % 

I: percentage inhibition 

 

 

 

 

 

 

Groups Dose 

(mg/kg) 

   VG (ml)       pH GA (mEq/l) US (mm
2
) UI %I       Score 

Control group 1         - -            -          -          00 ±00            00 ±00 -     00 ±00 

Control group 2 - 5,97 ± 0,55 1,97±0,32 71,7 ±4,77 71,4±4,61 3,19±0,82 - 3, 00 ± 0,00 

Omeprazole 30 2,13±0,36*** 
4,30±0,43** 

23,3±3,33***
 3,65 ±1,78

***
 1,01±0,05 ∗∗∗ 94,89 1,10±0,41*** 

 

TAEZg 

125 

250              

500 

4,90±0,81 

2,15±0,54*** 

2,08±0,56*** 

2,88±0,5 ∗ 

3,12±0,47 ∗∗ 

4,70±0,27*** 

28,3±6,01
***

 

21,7 ±4,77
***

 

15,8±5,23
***

 

38,1±11,8*
 

9,51±3,81*** 

2,94±1,32*** 

1,81±0,04
***

 

1,1±0,1***
 

0,4±0,03*** 

46,64 

86,65 

95,89 

2, 00 ± 0,04 

1,07±0,08***
 

1, 00 ±0,02
*** 



 

 

3.3-Chronic exposure to naproxen followed by forced swimming test in rats 

In control group 1, no lesions were observed in the esophageal mucosa (Figure 3). This results 

in an absence of ulceration surface, score, ulceration index (Table 4). On the other hand, in 

the control group 2 receiving naproxen (30mg / kg) orally for 10 days and carried out the 

forced swimming test, severe gross esophageal mucosal lesions were observed compared to 

the control group 1 (Figure 3). The ulceration surface, ulceration index and score recorded are 

58.1 ± 12 mm
2
, 2.6 ± 0.71 and 3.1 ± 0.28 respectively (Table 4). In addition, oral 

administration of TAEZg at doses ranging from 125 to 500 mg / kg to rats pretreated with 

naproxen for 10 days, induced a significant decrease (P <0.01) and dose dependently the 

severity of esophageal lesion compared to control group 2. A significant decrease (P <0.01) 

corresponding to 13.5 ± 5 and 5.5 ± 2.82 mm
2
 (surface ulcerations), 0.9 ± 0.21 and 0.45 ± 

0.05 (ulcer index); 1 ± 0.58 and 1 ± 0.01 (score) were recorded at 250 and 500 mg / kg 

respectively (Table 4). An increase in the inhibition percentage from 24.18 % (125 mg / kg) to 

90.56 % (500 mg / kg) was recorded (Table 4). As for misoprostol, its administration to rats 

pretreated with naproxen for 10 days induced a significant (P <0.01) reduction in the 

ulceration surface and score, compared to control group 2. The values recorded are 25.8 ± 

5.56 mm
2
, 1.02 ± 0.01 respectively. However, the ulceration index decreased significantly (P 

<0.05) compared to control group 2 and was 1.02 ± 0.01 with 55.75 % as percentage 

inhibition (Table 4).  
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Ulcerations 

Naproxen control group 2 (Score 3) Misoprostol 0,012 mg/kg 

(Score 1) 

 

Control group 1 

Score 0 

 

 

TAEZg 500 mg/kg; Score 1 

 

TAEZg 125 mg/kg ; Score 3 TAEZg 250 mg/kg; Score 2 

 



 

 

Figure 3: Photographs of the pretreatments on lesions induced by naproxen followed by 

the forced swimming test in rats 

 

Table 4: Some parameters after pretreatment of esophageal lesions induced by 

naproxen followed by forced swimming test in rats 

 

 

Values in the same column are statistically different from those in control group 2 at *P < 

0.05; **P < 0.01; ***P < 0.001; n = 6. Control group 1: rats given only distilled water; 

Control group 2: rats given only naproxen; TAEZg: Total aqueous extract of Zanthoxylum 

gilletii trunk bark, US: ulceration surface; UI: Ulcer index; % I: percentage inhibition. 

 

3.4-Healing effect of the total aqueous extract of Zanthoxylum gilletii trunk bark on 

esophageal lesions induced by double ligation in rats 

In the absence of healing treatment, no lesions of the esophageal mucosa were observed in the 

rats of control group 1 (Figure 4). However, in the control group 2, the volume of gastric juice 

produced was 5.50 ± 0.42 ml with 2.27 ± 0.47 and 46.7 ± 7.15 (mEq / l) as gastric pH and 

gastric acidity respectively. The ulceration surface, ulceration index and score recorded, are 

32.4 ± 10.5 mm
2
, 2.01 ± 0.04. and 3.00 ± 0.62 respectively (Table 5). 

 In rats treated with omeprazole at 30 mg / kg b.w., a significant reduction (P <0.001) in 

gastric acidity (11.7 ± 3.33 mEq / l), gastric juice (2.23 ± 0.48 ml), ulceration surface (0.67 ± 

0.28 mm
2
), ulceration index (0.95 ± 0.01) and score (1.01 ± 0.03) as well as a significant 

increase (P <0.001) in gastric pH (4.25 ± 0.30) was observed compared to control group 2. 

The percentage of cure recorded is 97.93 %. (Table 5). Treatment of rats with TAEZg at doses 

Groups Dose (mg/kg) US (mm
2
)    UI % I  Score 

Control group 1               -    00 ±00 00 ±00 - 00 ±00 

Control group 2 - 58,3±12,0 2,8±0,71 - 3, 1 ± 0,28 

Misoprostol 0,012 25,8±5,56* 1,02±0,01* 55,75 1,88±0,03 ∗∗ 

TAEZg 125 44,2±12,4 1,4±0,31 24,18 2±0,01 

250 13,5±5,18** 0,9±0,21* 76,84 1, 00 ± 0,58 ∗∗ 

500 5,50±2,85** 0,45±0,05** 90,56 1±0,01 ∗∗∗ 



 

 

ranging from 125 to 500 mg / kg b.w. induced a significant (P <0.001) and dose dependent 

decrease in ulceration surface, gastric acidity, gastric juice, ulceration index and scores 

compared to the control group 2. Gastric juice at doses of TAEZg ranging from 125 to 500 

mg / kg b.w decreases from 4.00 ± 0.86 ml (125 mg / kg b.w) to 2.20 ± 0.46 ml (500 mg / kg 

b.w). Gastric acidity reaches 10.8 ± 1.89 (mEq / l) at 500mg / kg bw. The ulceration surface 

and ulceration index, vary from 12.8 ± 5.2 to 0.58 ± 0.49 mm
2
 and from 1.5 ± 0.07 to 0.55 ± 

0.04 when TAEZg was orally administered to rats at doses ranging from 125 to 500 mg / kg 

b.w. respectively, inducing an increase in percentage inhibition from 60.49 (TAEZg, 125 mg / 

kg b.w) to 98.20 % (TAEZg, 500 mg / kg b.w). However, TAEZg induced a significant 

increase (P <0.001) in gastric pH from 3.5 ± 0.43 to 4.42 ± 0.42 at 250 and 500 mg / kg bw. 

The scores recorded are between 2.03 ± 0.40 (TAEZg, 125mg / kg) and 1.00 ± 0.04 (TAEZg, 

500 mg / Kg). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

                                              

 

 

 

 

 

 

 

 

 

 

                                         

 

 

Control group 2 (doubly-

ligated without treatment, 

score 3) 

 

Omeprazole30 mg/kg 

(Score 1) 

 

Ulcerations 

Control group 1 

Score 0 

 

 

Ulcerations 

Omeprazole 30 mg/kg b.w. 

(Score 1) 

 



 

 

 

 

Figure 4: Photographs of stomach-esophageal blocks after curative treatments on 

esophageal lesions induced by pyloric and forestomach ligation in rats 

TAEZg 125 mg/kg 

Score 2 

 

TAEZg 250 mg/kg 

Score 1 

 

TAEZg 250 mg/kg 

Score 1 

 



 

 

Table 5: Some parameters after curative treatments of esophageal lesions induced by pyloric and forestomach ligation in rats. 

 

 Values in the same column are statistically different from those in control group 2 at *P < 0.05; **P < 0.01; ***P < 0.001; n = 6. Control group 

1: rats given only distilled water; Control group 2: rats given only distilled water and doubly ligated (pylorus and forestomachs); TAEZg: Total 

aqueous extract of the trunk bark of Zanthoxylum gilletii, VG: Volume of gastric juice; GA: gastric acidity; US: ulceration surface; UI: Ulcer 

index; % I: percentage inhibition 

 

Groups Dose 

(mg/kg) 

   VG (ml)       pH GA (mEq/l) US (mm
2
) UI %I 

 

Score 



 

 

 

 

Control group 1 - - - -     00 ±00 00 ±00  

- 

00 ±00 

Control group 2 

 

- 5,50 ± 0,42 2,27± 0.47 46,7±7,15 32,40 ±10,5 2,01±0,04 - 3,00±0,62 

Omeprazole 30 2,23±0,48***
 

4,25±0,30***
 11,7±3,33

***
 0,67±0,28*** 

0,95±0,01*** 97,93 1,01±0,03* 

 

TAEZg 

125 

250 

500 

4,00±0,86 ∗∗ 

2,80±0,48***
 

2,20 ± 0,46*** 

2,83±0,60 

3,5±0,43*** 

4,42±0,45*** 

23,3±5,58
***

 

18,3±3,07
***

 

10,8±1,89
***

 

12,8±5,2 ∗∗∗ 

1,22±0,78*** 

0,58±0,49*** 

1,5±0,7
*** 

   0,8±0,01***
 

0,55±0,04*** 

60 ,49 

96,23 

98,20 

2,03 ± 0,40
 

1,02± 0,01
* 

1,00±0,04
* 



 

 

3.5-Effect of the total aqueous extract of Zanthoxylun gilletii trunk bark on some 

biochemical parameters in rats 

As shown in Table 6, the total proteins (TP) level in the control group 1 is 8.10 ± 0.38 mg / dl. 

However, in the control group 2, a significant decrease (P <0.001) in TP level was observed 

compared to the control group 1 and was 3.90 ± 0.67 mg / dl. Treatment of rats with TAEZg 

at 250 and 500 mg / kg bw, and omeprazole at 30 mg / kg b.w induced significant (P <0.001) 

increase in TP levels compared to the control group 2. This TP level is 6.70 ± 0.10 

(omeprazole 30 mg / kg b.w), and 7.15 ± 0.12 mg / dl for TAEZg at 500 mg / kg b.w. 

Malondialdehyde (MDA) level in the control group 1 is 9.62 ± 0.69 nM / g proteins. This 

level increased significantly (P <0.001) in the control group 2 to 23.3 ± 1.45 nM / g protein 

compared to the control group 1. However, treatment of rats with omeprazole at 30 mg / kg 

b.w and TAEZg at doses ranging from 125 to 500 mg / kg b.w, significantly (P <0.001) 

decreased MDA level compared to the control group 2. The level of MDA is 10.8 ± 1.66 

(omeprazole 30 mg / kg) and ranges from 16.9 ± 2.36 (125mg / kg) to 11.00 ± 3.03 (TAEZg 

500 mg / kg bw). On the other hand, the level of catalase (CAT) which was 28.3 ± 4.42 μM 

H2O2 / min / ml in the control group 1, decreased significantly (p <0.001) in the control group 

2 and was 13.0 ± 4.24 μM H2O2 / min / ml. In addition, treatment of rats with omeprazole at 

30 mg / kg and TAEZg (from 125 to 500 mg / kg bw), induced significant increase (P <0.001) 

in CAT level compared to the control group 2. This level varies from 20.9 ± 3.01 (TAEZg, 

125 mg / kg of bw) to 25.6 ± 5.03 (TAEZg, 500 mg / kg of bw) μMH2O2 / min / ml and was 

25.4 ± 4.56 μmol H2O2 / min / ml for omeprazole at 30 mg / kg. 

 

Table 6: Serum total protein, Malondialdehyde and Catalase levels in rats 

 

Groups Dose (mg/kg) TP 

(mg/dl) 

MDA 

(nM /g proteins) 

CAT (µM 

H2O2/min/mg protein) 

Control group 1 - 8,10 ± 0,38 9,62±0,69 28,3±4,42 

Control group 2 - 3,90 ± 0,44### 
23,3±1,45

###
 13,0 ± 4,24### 

Omeprazole 30 6,70±0,10*** 10, 8 ±1,66
*** 25,4 ± 4,56 ∗∗∗ 

 

TAEZg 

125 

250 

500 

4,35±0,54 

5,13±0,24*** 

7,15±0,12
*** 

16,9 ± 2,36 ∗∗∗ 

14,2 ± 1,01*** 

11,00 ± 3,03***
 

20,9 ± 3,01 ∗∗∗ 

23,4 ± 3,12***
 

25,6±5,03
***

 

Values in the same column are statistically different from the control group 1 at ###P < 0.001. 



 

 

Values in the same column are statistically different from those in the control group 2 (doubly 

ligated) at *** P <0.001; n = 6. Control group 1: rats given only distilled water; Control group 

2: rats given only distilled water and doubly ligated (pylorus and forestomach); TAEZg: Total 

aqueous extract of the trunk bark of Zanthoxylum gilletii; TP: Total protein, MDA: 

Malondialdehyde; CAT: Catalase 

 

4-Discussion 

In this present work, the total aqueous extract of Zanthozylum gilletii trunk bark (TAEZg) 

prevents and heal markly esophageal mucosal lesion at doses ranging from 125 to 500 mg / 

Kg b.w. Therefore, TAEZg possessed a real anti-esophagitis potential. This protection of the 

esophageal mucosa is due the cytoprotective and anti-secretory effect of this extract. These 

results are similar to those of [20] and [21] respectively with the aqueous extract of the seeds 

of Trigonella (Foenum graecum) and the dichloromethane fraction of Geranium koreanum. 

Indeed, these authors have shown that these medicinal plant extracts significantly reduced 

esophagitis induced experimentally in rats by protecting the esophageal mucosa. It is known 

that under normal physiological conditions, gastroesophageal reflux disease can occur 

immediately after the completion of a meal and this does not damage the esophageal mucosa. 

The esophagus in this case is protected against reflux by effective defensive systems such as 

anti-reflux barriers, the luminal release mechanism and the resistance of the esophageal 

epithelium [22]. However, if gastroesophageal reflux continues for a long time, it exposes the 

glandular mucosa of the esophagus to acid which causes necrosis of the superficial epithelial 

cells of the esophagus while causing damage [23]. This would explain the very large surface 

of ulceration observed in the control rats doubly ligated (pylorus and forestomach) and 

without treatment. However, authors have reported that the effectiveness of a substance in 

preventing or curing lesions is attributable to its anti-secretory and cytoprotective [24,25]. 

In order to verify the preventive and curative potential of TAEZg, the study of the effects of 

this extract was undertaken on experimental models of esophagitis induction by 

gastroesophageal reflux and non-reflux using naproxen (NSAIDs) followed by the forced 

swimming test in rats. 

The analysis of the results of this study indicates that the ulceration surface, score, ulceration 

index, gastric volume and gastric acidity are significantly reduced by TAEZg. This extract 

also increases dose-dependently the pH and the percentage inhibition in the pretreated and 

treated groups compared to control groups 2 respectivly. These results reflect the protection 



 

 

and healing of the esophageal mucosa. This is believed to be due to the neutralization of 

gastric acidity. TAEZg would therefore have the capacity to stimulate the production of 

mucus. These results are similar to many medicinal plant extracts such as Quisqualis indica 

[26] and Perilla frutescens [27]. According to these authors, the cytoprotection of extracts 

from these plants is due to the production of mucus and their antisecretory activity. 

Omeprazole is a reference drug that shows protection against mucosal damage at doses that 

do not inhibit mucus secretion [28], Its oral administration to rats at 30 mg / kg during these 

experiments caused a significant reduction in esophageal mucosa lesions induced by reflux. 

This anti-secretory effect of this drug is thought to be due to the reduction in the aggressive 

power of acid secretion following the specific inhibition of the H 
+ 

/ K 
+
 ATPase pump of the 

parietal cell [29]. The effect of TAEZg which is almost similar to that of omeprazole shows 

that just like this drug, this extract could also inhibit H 
+ 

/ K 
+
 ATPase pumps by inducing the 

almost complete suppression of acid secretion in animals at except for controls. This result 

suggests that TAEZg would be endowed with a real anti-secretory potential. Further 

experiments are needed to support this hypothesis. 

Naproxen, a derivative of arylpropionic acid, belongs to the therapeutic class of nonsteroidal 

anti-inflammatory drugs (NSAIDs). Its ulcerative activity is due to the induction of 

esophageal lesions by the reduction in the level of prostaglandins or by inhibition of 

prostaglandin synthesis or by reversible inhibition of COX-1 and COX-2 cyclo-oxygenase 

[30]. Repeated administration of naproxen (30 mg / kg) for ten days to rats severely weakened 

the esophageal mucosa. This mucous membrane becomes more fragile when animals were 

subjected to stress by forced swimming. In order to assess the cytoprotective effect of 

TAEZg, this extract was evaluated on esophageal lesions induced by naproxen followed by 

the forced swimming test in rats. The results of this study indicates that oral administration of 

misoprostol at 0.012 mg / kg b.w. and TAEZg at doses ranging from 125 to 500 mg / kg b.w. 

induced a significant reduction in the ulceration surface, ulceration index and score as well as 

an increase the percent inhibition in rats compared to the control group 2. This reflects the 

protection of the esophageal mucosa. This protection is explained by a stimulation by the 

extract prostaglandins synthesis which by improving the resistance of the mucosa, probably 

increased the secretion of mucus and bicarbonates which, moreover, are part of the defense 

factors of the integrity of the mucous membranes [31]. More elaborate experiments may help 

to elucidate this mechanism. 

In order to understand the role of certain biochemical parameters as an indicator of protection 

of the esophageal mucosa in the beginning of TAEZg probable mechanism elucidation, 



 

 

assessment of total proteins and certain biomarkers of oxidative stress such as CAT and MDA 

was performed. The results of this study showed a significant increase in TP and CAT levels 

and a significant decrease in MDA level in treated rats compared to control group 2. These 

results agree with [32] and [33] who reported that administration of Platycodin D (Platycodon 

grandiflorum) and aqueous extract of Artemisia campest to rats significantly modified the 

levels of these substances. Moreover, according to [34], proteins regulate metabolism and 

control the transfer of information, matter and energy. The increase in proteins level observed 

in animals except control group 2, is due to the extract which would stimulate their synthesis 

in order to protect the esophageal mucosa. 

CAT is considered to be the key enzyme in cellular equipment used to cope with oxidative 

stress [35]. It is an enzyme that breaks down hydrogen peroxide (H2O2) which forms 

hypochlorous acid and produces highly toxic hydroxyl free radicals [36]. These free radicals 

will be stabilized in a reaction chain that avoids oxidative activity [37]. As for MDA, it is a 

commonly used biomarker to estimate lipid peroxidation. It results from the degradation of 

hydro peroxides formed during the peroxidation of polyunsaturated fatty acids. It can also be 

formed during activation of the cyclo-oxygenase pathway [38]. Thus, the high levels of MDA 

observed in the control group 2, clearly indicate lipid oxidative damage undergone by the 

esophageal mucosa as proved by [39]. Indeed, oxidative stress plays an important role in the 

esophageal mucosa erosion [40]. It facilitates the degradation of the esophageal mucosa by 

accumulation of hydrogen peroxide, an inhibitor of prostaglandin biosynthesis. This results in 

the production of reactive oxygen species [41]. The significant increase in CAT levels and the 

significant decrease in MDA levels recorded in the treated rats compared to the control group 

2, would probably be due to a free radical scavenging effect of this extract. In addition, the 

significant reduction in the level of MDA clearly indicates that TAEZg would have inhibited 

lipid peroxidation with the consequence of blocking the production of free radicals and 

reactive oxygen species. This suggests that TAEZg prevents oxidative stress by increasing the 

level of antioxidant enzymes. This is evidenced by the high level of CAT observed in treated 

animals. This ability to scavenge free radicals therefore makes it possible to control acid 

secretion in order to strengthen the physiological capacities of animals. These results suggest 

that TAEZg probably contains phytochemicals with antioxidant activity. Experiments are 

needed to verify this hypothesis. 

Conclusion 

TAEZg possessed real anti-esophagitis preventive and curative potential in rats due to its 

cytoprotective and anti-secretory effect. This extract prevented and cured esophageal damage 



 

 

while increasing the levels of total proteins and CAT decreased in the group of the affected 

rats. It also lowered MDA levels which were high in the affected rats. The scientific basis for 

the traditional use of this plant in the treatment of esophagitis proven by this work could 

justify its use by traditional therapists in Côte d'Ivoire. 
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