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Introduction  

Ulcers occur due to an imbalance between aggressive 

stomach acid and mucosal defense factors.
1
 The digestive tract is lined 

with a mucous membrane which protects the main tissues against 

corrosion due to high gastric acid secretion. However, when the 

amount of acid persists, pH is significantly reduced, or mucous 

membrane layer becomes thin, the acid damages the tissue and ulcer 

occurs. The possible causes of gastric ulcers include Helicobacter 

pylori infection, non-steroid anti-inflammatory drug (NSAIDs) and 

stress-related mucosal damage.
2
 In addition, factors such as stress, 

smoking, spicy foods and nutritional deficiencies also contribute to 

ulcer development.
1,2

 Some commonly used antiulcer drugs include 

sucralfate and omeprazole. Sucralfate causes side effects such as 

constipation and hypophosphatemia while omeprazole is nephrotoxic 

and causes acute hypersensitivity reactions.
3,4

 

Centella asiatica (C. asiatica) has been used as a traditional medicine 

for healing wound
5
 and also as neuroprotectant.

6
 The major 

compounds of the plant are triterpenes, asiatic acid
7
 together with 

madecassic acid and derivatives such as ester glycosides, asiaticoside 

and madecassoside.
8
 Previous studies stated that C. asiatica has anti-

inflammatory,
9
 antioxidant

10
 and anti-gastric ulcers effects.

11–14
 

Meanwhile, Andrographis paniculata (A. paniculata) contains 

andrographolide diterpenoid glycosides,
15

 flavonoids,
16

 quercetin,  
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formononetin and biochin.
17

  

A. paniculata has been reported to have anti-lipid peroxidation and 

anti-inflammatory as well as antioxidant effects.
18–20

  

The gastroprotective potential of the plant extract is associated with 

high content of flavonoids secondary metabolites and other 

polyphenols. The secondary metabolite function to protect the cells 

from damage, as antioxidant or cytoprotective. The protective effect of 

these cells is relevant to ulcer condition and is called gastroprotective. 

Meanwhile, the gastroprotective effects of C. asiatica and A. 

paniculata leaves ethanol extracts have not been reported. Therefore, 

this study aims to investigate the gastroprotective effects of the 

extracts combination on pyloric ligation-induced ulcer model. 

 

Materials and Methods 

Collection of plant material 

A. paniculata was collected from Pancur Batu, Deli Serdang, 

Sumatera Utara Province, Indonesia while C. asiatica was collected 

from Berastagi, Sumatra Utara Province, Indonesia. The samples were 

collected in February 2019 and were identified in Herbarium 

Medanense (MEDA), Department of Biology, Faculty of Mathematics 

and Natural Sciences, Universitas Sumatra Utara (identification 

number 4601/MEDA/2019 and 4602/MEDA/2019). The fresh leaves 

used in the study were then dried in a drying cabinet. 

 

Preparation of ethanol extract 

The C. asiatica and A. paniculata leaves extraction was carried out 

using percolation method with 96% ethanol. One kilogram of 

powdered sample was soaked with 10 L of 96% ethanol in a closed 

container for a minimum of 3 hours and the mixture was transferred 

gradually into the percolator. The solvent was poured sufficiently into 

the percolator until the liquid began to drip and maintained a layer of 

solvent over the sample for 24 hours. The liquid was allowed to drip 

with a speed of 20 to 60 drops/minute. Afterwards, percolation was 
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carried out until the ethanol extraction of C. asiatica and A. paniculata 

was completely obtained and then concentrated using a rotary 

evaporator. The extract was further evaporated in a water bath until a 

concentrated extract was obtained.
21

 

 

Experimental animals 

A total of 32 male Wistar rats aged 8 to 15 weeks and weighing 150-

200 g were obtained from the Pharmacology Laboratory, Faculty of 

Pharmacy, Universitas Sumatera Utara. The animals were 

acclimatized for a week and were fed standard pellets and provided 

water ad libitum. All the experimental protocols were approved by the 

Animal Research Ethics Committee (AREC), Universitas Sumatera 

Utara (Approval number 0631/KEPH-MIPA/2019). 

 

Pyloric ligation induced gastric ulcer in rats 

The rats were divided into 8 groups each consisting of 4 animals and 

were pretreated orally with standard drugs, extracts or vehicles for 7 

days. 

Group 1, which served as the normal control group was treated with 

normal diet; Group 2 as the ulcer control was treated with a normal 

diet; Group 3, as vehicle control group was treated orally with 

carboxymethyl cellulose sodium suspension; Group 4, as a positive 

control was treated with ranitidine 27 mg/kg BW; Groups 5, 6, 7 and 8 

were treated with a combination of C. asiatica leaves (CAEE) and A. 

paniculata leaves ethanol extract (APEE) at doses of 100:75, 100:150, 

200:75 and 200:150 mg/kg BW, respectively. Meanwhile, pyloric 

ligation was done for all the groups except group 1. 

On the 7
th
 day the rats were fasted for 48 hours prior to pyloric ligation 

and 1 hour after the last dose. The animals were anaesthetized with 

ketamine while pyloric ligation was carried out without causing a 

disruption in blood supply to the pylorus. Furthermore, the abdomen 

was sutured, and the animals were restrained for 19 hours. Animals 

were sacrificed under chloroform anesthesia. The stomach was 

isolated while gastric juices were collected and centrifuged. 

 

Gastric macroscopic examination 

Macroscopic observations consisted of a number of gastric ulcers, 

ulcer score and index as well as ulcer inhibition percentage. The 

gastric ulcer index data were used to calculate the percentage of ulcer 

inhibition. 

 

Gastric microscopic studies 

The cleaned gastric tissue was fixed in 10% formalin solution for slide 

preparation. Gastric tissue was embedded in paraffin blocks and slides 

were stained with hematoxylin-eosin and were observed under a light 

microscope.
21

 

 

Gastric secretion studies 

Gastric secretion parameters included gastric secretion volume and 

pH, mucus production and gastric HCl concentration. The volume and 

pH were measured from the gastric fluid collected and centrifuged at 

3000 rpm for 10 minutes.
22,23

 Thereafter, gastric mucus was gently 

scrapped from the stomach surface with a glass and weighed. The 

mucus index was calculated from the stomach weight percentage
24

 and 

the acidity of gastric fluid was measured by titrating 1 mL of 

centrifuged gastric fluid with 0.01 N NaOH solution using a 

phenolphthalein indicator.
23

 Meanwhile, the acidity of gastric fluid 

was calculated from the equation:  

 

        (      )  
(                                )

   
 

 

Statistical analysis 

The data were presented as mean ± standard error of mean. The data 

were analyzed using one-way analysis of variance with the SPSS 22.0 

program, followed by Tukey post-test with a confidence level of 95%. 

 

Results and Discussion  

Gastric macroscopic studies 

The result showed that the administration of C. asiatica (CAEE) and 

A. paniculata ethanol extract (APEE) significantly reduced the 

number of ulcers, ulcer scores and indexes (Figure 1). There were no 

ulcers in normal control group, while the ulcer control group which 

was induced by pyloric ligation showed the highest mean number of 

ulcers compared to other groups. 

A decrease in the mean number indicated a positive ulcer healing 

effect. The positive control group which was treated with ranitidine 27 

mg/kg BW had the lowest mean number of stomach ulcers. Compared 

to the ulcer control group, the mean number of ulcers in the 

combination of CAEE and APEE decreased as the dose increased. 

Meanwhile, the best effect was observed at the dose of CAEE 200: 

APEE 150 mg/kg BW with a significant reduction of all ulcer 

parameters (Table 1). 

 
 

Figure 1: Gastric macroscopic studies:  
(a) normal control group; (b) ulcer control group; (c) vehicle control 

group; (d) positive control group; (e) CAEE 100: APEE 75 mg/kg 

BW; (f) CAEE 100 : APEE 150 mg/kg BW; (g) CAEE 200 : APEE 75 

mg/kg BW; (h) CAEE 200 : APEE 150 mg/kg BW. Black arrow 

indicates a lesion. 

 

 

Table 1: Macroscopic studies of gastric after treatments (Mean 

± SEM) 

 

Group of treatments 
Number of 

ulcers 
Ulcer score Ulcer index 

Normal control 0.00 ± 0.00
a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

Ulcer control 6.75 ± 0.85
d
 4.53 ± 0.21

d
 6.12 ± 0.53

d
 

Vehicle control 4.75 ± 0.48
cd

 4.00 ± 0.25
cd

 3.47 ± 0.41
c
 

Ranitidine 27 mg/kg 

BW 
2.00 ± 0.41

ab
 1.54 ± 0.36

b
 0.23 ± 0.05

a
 

CAEE 100 : APEE 75 

mg/kg BW 
4.25 ± 0.48

b
 3.48 ± 0.21

cd
 3.60 ± 0.32

c
 

CAEE 100 : APEE 150 

mg/kg BW 
3.75 ± 0.48

bc
 3.24 ± 0.16

cd
 2.57 ± 0.35

bc
 

CAEE 200 : APEE 75 

mg/kg BW 
3.75 ± 0.48

bc
 3.53 ± 0.54

cd
 2.18 ± 0.21

bc
 

CAEE 200 : APEE 150 

mg/kg BW 
3.00 ± 0.41

bc
 2.92 ± 0.42

bc
 1.34 ± 0.13

ab
 

BW = body weight; different superscript notation = significantly 

different (P < 0.05) 
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Table 2: Ulcer inhibition (Mean ± SEM) 
 

Group of treatments % Ulcer Inhibition 

Ranitidine 27 mg/kg BW 96.33 ± 1.07
d
 

CAEE 100 : APEE 75 mg/kg BW 41.22 ± 5.27
a
 

CAEE 100 : APEE 150 mg/kg BW 58.01 ± 5.71
ab

 

CAEE 200 : APEE 75 mg/kg BW 64.11 ± 3.55
bc

 

CAEE 200 : APEE 150 mg/kg BW 78.08 ± 2.17
c
 

BW = body weight; different superscript notation = significantly 

different (P<0.05) 

 

The test groups showed a decrease in mean ulcer score which 

indicated a reduction in the area of ulcer compared to the negative 

control. Moreover, the combination, of ethanol extract dose of CAEE 

200: APEE 150 mg/kg BW had the lowest mean ulcer score. The 

effectiveness of gastric ulcer healing process depends on APEE from 

the decrease of ulcer index. Hence, decrease in ulcer index results in 

better gastric ulcer healing effect. The data showed that the 

administration of the CAEE and APEE combination had an ulcer 

index with a significant difference from the ulcer control group (Table 

1).  

Percentage of ulcer inhibition showed the ability of the combination of 

CAEE and APEE dose to cure and inhibit ulcer formation in the 

stomach. In addition, the doses CAEE 200: APEE 150 mg/kg BW 

showed the highest ulcer inhibition percentage, however with a better 

effect at the dose of CAEE 200: APEE 75 mg/kg BW.  

  

Gastric secretion studies 

The gastric acid secretion plays an important role in the formation of 

gastric ulcers. In contrast, it is assumed that substances that suppress 

gastric acid secretion, such as proton pump inhibitors accelerate the 

healing process of gastric lesions or inhibit the mucosal injury 

formation.
25

 Moreover, gastric acid secretion inhibition is the main 

strategy for most therapeutic agents used for gastric ulcer treatment. 

Currently, the CAEE and APEE combination prevent gastric ulcers by 

reducing the number of ulcers, ulcer score and index, gastric secretion 

volume and acidity compared to the ulcer control group.  

Pretreatment with the combination of extract before gastric lesions 

induction showed an increase in pH of gastric secretion and mucus 

index. The combination of extract also showed an increase in the ulcer 

inhibition percentage which indicated its ability in ulcer healing. 

The test group pH showed that CAEE and APEE combination 

increases the pH and mucus index. Besides, the ulcer control group 

had the lowest mean mucus index (Table 3).  

  

 

Table 3: Gastric secretion after the treatments (Mean ± SEM) 
 

Group of treatments Volume of gastric secretion (ml) pH of gastric secretion Acidity (mEq L
-1

) Mucus index 

Normal control 2.48 ± 0.18
a
 5.40 ± 0.39

e
 40.13 ± 3.60

a
 0.05 ± 0.02

a
 

Ulcer control 6.15 ± 0.38
d
 2.03 ± 0.18

a
 63.25 ± 4.48

b
 0.03 ± 0.01

a
 

Vehicle control 5.68 ± 0.53
cd

 2.18 ± 0.26
ab

 51.20 ± 2.81
ab

 0.05 ± 0.01
a
 

Ranitidine 27 mg/kg BW 3.18 ± 0.51
ab

 4.55 ± 0.54
de

 42.03 ± 2.81
a
 0.12 ± 0.03

b
 

CAEE 100 : APEE 75 mg/kg BW 5.20 ± 0.33
cd

 2.88 ± 0.17
abc

 47.63 ± 2.25
a
 0.05 ± 0.02

a
 

CAEE 100 : APEE 150 mg/kg BW 5.10 ± 0.31
cd

 3.25 ± 0.30
abcd

 50.18 ± 2.35
ab

 0.05 ± 0.02
ab

 

CAEE 200 : APEE 75 mg/kg BW 4.50 ± 0.26
bcd

 3.43 ± 0.17
bcd

 44.58 ± 1.25
a
 0.08 ± 0.01

ab
 

CAEE 200 : APEE 150 mg/kg BW 4.05 ± 0.26
abc

 3.78 ± 0.11
cd

 43.20 ± 2.96
a
 0.09 ± 0.00

ab
 

      BW = body weight; different superscript notation = significantly different (P<0.05) 

 

 

Figure 2: Hematoxylin and eosin-stained sections of gastric mucosal 

tissues for gastric ulcer and mucosal erosion observation. (a) normal 

control group; (b) ulcer control group; (c) vehicle control group; (d) 

positive control group; (e) CAEE 100 : APEE 75 mg/kg BW; (f) 

CAEE 100 : APEE 150 mg/kg BW; (g) CAEE 200 : APEE 75 mg/kg 

BW; (h) CAEE 200 : APEE 150 mg/kg BW. Black arrow indicates a 

lesion magnification of 100x and mucosal damage is shown by the 

arrows. 

The combination of extract protects the stomach from gastric ulcers 

due to increased mucosal defensive factors which were expressed in a 

high mucus index.  

This is in line with the previous study which stated that the extract 

increased gastric mucus level.
26

 Mucus forms a gel that covers the 

mucosal membrane and physically protects the mucosa from 

abrasion.
27

 Meanwhile, the administration of the extract combination 

significantly increased the amount of mucus adhering to the gastric 

mucosa. This gastroprotective effect results from the strengthening of 

the mucosal defensive factors.
28

 

 
Histopathological examination 

The histopathological examination in the normal group showed good 

gastric surface cells without erosion which indicated that there were 

no ulcers in the gastric mucosal tissue. Furthermore, the ulcer 

induction and vehicle control groups showed that the gastric mucosa 

epithelial cells had been damaged (Figure 2. a-c). The positive control 

group showed that the gastric mucosal epithelial cells were intact and 

no erosion, which indicated that the gastric surface cells had been 

protected by administering ranitidine 27 mg/kg BW to test animals for 

7 days. The results of histopathological examination in the group 

treated with the extracts combination showed an inhibitory effect on 

the occurrence of gastric epithelial damage. Meanwhile, the 

administration of the extract dose of CAEE and APEE for 7 days prior 

to ulcer induction by pyloric ligation showed that the gastric cells 

were not protected and the density between cells was decreased. 

Furthermore, microscopic results of gastric epithelial cells in extracts 

of CAEE 200: APEE 150 mg/kg BW doses showed that the cohesion 

between epithelial cells of gastric mucosa was very good, and no 
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erosion occurred. The results showed that the combination of extract 

plays a role in protecting gastric mucosal cells (Figure 2. d-h). 

 

Conclusion 

Based on the results, the combination of C. asiatica and A. paniculata 

leaves ethanol extracts has gastroprotective effect.  

 

Conflicts of interest 

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgements 

This study was supported by Universitas Sumatera Utara through the 

TALENTA Fundamental Research Grant [No. 

54/UN5.2.3.1/PPM/SPP-TALENTA USU/2020]. 

 

References 

1. Kirsch JM and Hirsch-Reilly C. Peptic ulcer disease. Acute 

Care Gen Surg Work Manag. 2017;16:159-164. 

2. Fujinami H. A study of the changes in the cause of peptic 

ulcer bleeding. World J Gastrointest Endosc. 2012; 4(7):323. 

3. Varallo FR, de Nadai TR, de Oliveira ARA, Mastroianni P 

de C. Potential Adverse Drug Events and Nephrotoxicity 

Related to Prophylaxis With Omeprazole for Digestive 

Disorders: A Prospective Cohort Study. Clin Ther. 2018; 

40(6):973-982. 

4. Acharya H, Barvaliya M, Patel T, Tripathi C. Acute 

Hypersensitivity Reaction Related to use of Pantoprazole 

Lacking CrossReactivity with Omeprazole. J Clin Diagn Res. 

2018; 12(6):FD01–FD02. 

5. Yao C-H, Yeh J-Y, Chen Y-S, Li M-H, Huang C-H. Wound-

healing effect of electrospun gelatin nanofibres containing 

Centella asiatica extract in a rat model. J Tiss Eng Regen 

Med. 2017; 11(3):905-915. 

6. Sabaragamuwa R, Perera CO, Fedrizzi B. Centella asiatica 

(Gotu kola) as a neuroprotectant and its potential role in 

healthy ageing. Trends Food Sci Technol. 2018; 79:88-97. 

7. Adtani PN, Narasimhan M, Punnoose AM, Kambalachenu 

HR. Antifibrotic effect of Centella asiatica Linn and asiatic 

acid on arecoline-induced fibrosis in human buccal 

fibroblasts. J Investig Clin Dent. 2017; 8(2):e12208. 

8. Anukunwithaya T, Tantisira M, Tantisira B, Khemawoot P. 

Pharmacokinetics of a Standardized Extract of Centella 

asiatica ECa 233 in Rats. Planta Med. 2016; 83(08):710-717. 

9. Park J, Choi J, Son D, Park E, Song M, Hellström M, Hong, 

J. Anti-Inflammatory Effect of Titrated Extract of Centella 

asiatica in Phthalic Anhydride-Induced Allergic Dermatitis 

Animal Model. Int J Mol Sci. 2017; 18(4):738. 

10. Oyenihi AB, Chegou NN, Oguntibeju OO, Masola B. 

Centella asiatica enhances hepatic antioxidant status and 

regulates hepatic inflammatory cytokines in type 2 diabetic 

rats. Pharm Biol. 2017; 55(1):1671-1678. 

11. Sripanidkulchai K, Techataweewan N, Tumsan Y, 

Pannangrong W, Sripanidkulchai B. Prevention of 

Indomethacin - Induced Gastric Ulcers in Rats by Extract 

from Leaves of Centella asiatica. SIRIRAJ Med Libr. 2007; 

59(3):122-124. 

12. Abdulla M, Al-Bayaty F, Younis L, Abu Hassan M. Anti-

ulcer activity of Centella asiatica leaf extract against 

ethanol-induced gastric mucosal injury in rats. J Med Plants 

Res. 2010; 4(13):1253-1259. 

 

 

13. Dipankar CR, Shital KB, Md Munan S. Current Updates on 

Centella asiatica: Phytochemistry, Pharmacology and 

Traditional Uses. Med Plant Res. 2013; 3(4):20-36. 

14. Cheng CL, Guo JS, Luk J, Koo MWL. The healing effects of 

Centella extract and asiaticoside on acetic acid induced 

gastric ulcers in rats. Life Sci. 2004; 74(18):2237-2249. 

15. Tan WSD, Liao W, Zhou S, Wong WSF. Is there a future for 

andrographolide to be an anti-inflammatory drug? 

Deciphering its major mechanisms of action. Biochem 

Pharmacol. 2017; 139:71-81. 

16. Li Y, Li XL, Lai CJS, Wang R-S, Kang LP, Ma T, Zhao ZH, 

Gao W, Huang LQ. Functional characterization of three 

flavonoid glycosyltransferases from Andrographis 

paniculata. R Soc Open Sci. 2019; 6(6):190150. 

17. Jeeva S, Joselin J. Andrographis paniculata: A Review of its 

Traditional Uses, Phytochemistry and Pharmacology. 

Phytochem Pharmacol Med Aromat Plants. 2014; 3:169. 

18. Moeinian M, Abdolghaffari AH, Nikfar S, Momtaz S, 

Abdollahi M. Effects of alpha lipoic acid and its derivative 

“andrographolid-lipoic acid-1” on ulcerative colitis: A 

systematic review with meta-analysis of animal studies. J 

Cell Biochem 2019; 120(4):4766-4782. 

19. Panche A, Chandra S, Diwan A. Multi-Target β-Protease 

Inhibitors from Andrographis paniculata: In Silico and In 

Vitro Studies. Plants. 2019; 8(7):231. 

20. Xia H, Xue J, Xu H, Lin M, Shi M, Sun Q, Xiao T, Dai X, 

Wu L, Li J, XiangQ, Tang H, Bian Q, Liu Q. 

Andrographolide antagonizes the cigarette smoke-induced 

epithelial-mesenchymal transition and pulmonary 

dysfunction through anti-inflammatory inhibiting HOTAIR. 

Toxicol. 2019; 422:84-94. 

21. Adefisayo MA, Akomolafe RO, Akinsomisoye SO, Alabi 

QK, Ogundipe OL, Omole JG, Olamilosoye KP. Gastro-

protective effect of methanol extract of Vernonia amygdalina 

(del.) leaf on aspirin-induced gastric ulcer in Wistar rats. 

Toxicol Rep. 2017; 4:625-633.  

22. Sabiu S, Garuba T, Sunmonu T, Ajani E, Sulyman A, Nurain 

I, Balogun, A. Indomethacin-induced gastric ulceration in 

rats: Protective roles of Spondias mombin and Ficus 

exasperata. Toxicol Reports. 2015; 2:261–267. 

23. Ramachandran S, Nandhakumar S, DhanaRaju MD. 

Development and Evaluation of Biodegradable Chitosan 

Microspheres Loaded with Ranitidine and Cross Linked with 

Glutaraldehyde. Int J PharmTech Res. 2011; 3(1):488-496. 

24. Rahim NA, Hassandarvish P, Golbabapour S, Ismail S, 

Tayyab S, Abdulla MA.  Gastroprotective Effect of Ethanol 

Extract of Curcuma xanthorrhiza Leaf against Ethanol-

Induced Gastric Mucosal Lesions in Sprague-Dawley Rats. 

Biomed Res Int. 2014; 2014(416409):1-10. 

25. Daure E, Ross L, Webster CRL. Gastroduodenal Ulceration 

in Small Animals: Part 2. Proton Pump Inhibitors and 

Histamine-2 Receptor Antagonists. J Am Anim Hosp Assoc. 

2017; 53(1):11–23. 

26. Zheng HM, Choi MJ, Kim JM, Cha KH, Lee KW, Park YH, 

Hong SS,Lee DH. Centella asiatica Leaf Extract Protects 

Against Indomethacin-Induced Gastric Mucosal Injury in 

Rats. J Med Food. 2016; 19(1):38-46. 

27. Allen A and Flemström G. Gastroduodenal mucus 

bicarbonate barrier: protection against acid and pepsin. Am J 

Physiol Physiol. 2005; 288(1):C1-C19. 

28. Savarino E, Zentilin P, Marabotto E, Bodini G, Della Coletta 

M, Frazzoni M, de Bortoli N, Martinucci I, Tolone S, 

Pellegatta G, Savarino V. A review of pharmacotherapy for 

treating gastroesophageal reflux disease (GERD). Expert 

Opin Pharmacother. 2017; 18(13):1333-1343. 

 

 

 

 


