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Abstract 
 

Annona senegalensis is a complex plant, with several active compounds 

contributing to its medicinal properties. The presence of alkaloids such as 

annonaine and corossolin, which have been shown to possess anti-

inflammatory and analgesic effects, is particularly noteworthy. Flavonoids like 

quercetin and kaempferol are potent antioxidants that help to reduce oxidative 

stress, while tannins contribute to the plant’s antimicrobial and anti-

inflammatory properties. These compounds, working synergistically, may 

explain the plant’s potential. Material and methods: This study was conducted 

in accordance with the Declaration of Helsinki with little modification, The 

rats were completely randomized, numbered according to the sequence, and 

randomly enrolled in a ratio of 1:1:1 to receive the triple therapy (A group, 

Annona senegalensis, ciprofloxacin quadruple therapy (B group as  

Omeprazole quadruple therapy. Results: Annona Senegalese scheme for initial 

and rescue treatment of H. pylori infection are not inferior to the guideline-

recommended therapy. A study compared the eradication efficacy of the 
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Annona Senegalese quadruple therapy (300 mg, 3 times/day) with that of 

bismuth quadruple therapy. The eradication rates of H.pylori were 87.5% and 

87.1% in PP analysis, with no statistical significance (P >0.05), It was observed 

that, the eradication rates of H. pylori in response to the new triple therapy 

consisting of Annona Senegalese’s triple therapy (A. Senegalese 500 mg, 

Ciprofloxacin 1000 mg, Omeprazole 20 mg, A group), were 70.0% and 81.4% 

by ITT and PP analyses, respectively. Conclusion: The efficacy of Annona 

Senegalese triple therapy for the initial eradication of H. pylori is commendable 

thus be used as a combination in clinical therapy. 

Keywords: Efficacy, Safety, Synergy, Therapy, Annona Senegalese, 

Ciprofloxacin, Omeprazole, Helicobacter Pylori, Treatment 

 

 

Introduction 

Annona senegalensis, commonly known as the African custard apple, is a small deciduous 

tree native to tropical and subtropical regions of Africa. The plant has been traditionally 

used in various African cultures for its medicinal properties, including its ability to treat 

fever, infections, and digestive disorders [1] The leaves, bark, and roots of Annona 

senegalensis have been particularly noted for their therapeutic value, with the stem bark 

being the most commonly used part in traditional medicine [1]. 

Recent studies have identified a variety of bioactive compounds in Annona senegalensis, 

including alkaloids, flavonoids, tannins, and saponins [2]. These compounds are known for 

their antioxidant, anti-inflammatory, and hepatoprotective properties. For example, studies 

have demonstrated that Annona senegalensis extracts have significant antioxidant activity, 

which can help to neutralize free radicals and prevent cellular damage caused by oxidative 

stress [1] Furthermore, the plant has shown potential in treating liver and kidney diseases, 

with studies indicating its hepatoprotective and nephroprotective effects. 

The phytochemical profile of Annona senegalensis is complex, with several active 

compounds contributing to its medicinal properties. The presence of alkaloids such as 

annonaine and corossolin, which have been shown to possess anti-inflammatory and 

analgesic effects, is particularly noteworthy [1]. Flavonoids like quercetin and kaempferol 

are potent antioxidants that help to reduce oxidative stress, while tannins contribute to the 

plant’s antimicrobial and anti-inflammatory properties [2]. These compounds, working 
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synergistically, may explain the plant’s potential in mitigating the harmful effects of arsenic 

exposure. 

Hepatoprotective Activities of Annona senegalensis 

Several in-vitro and in-vivo studies have demonstrated the hepatoprotective properties of 

Annona senegalensis. In animal models, extracts from the plant have been shown to reduce 

liver enzyme levels (ALT, AST) and protect against histological damage in the liver and 

kidneys [1]. In one study, Annona senegalensis extract significantly reduced the severity of 

liver and kidney damage induced by toxic agents, including ethanol and other xenobiotics, 

by modulating oxidative stress markers and enhancing the activity of antioxidant enzymes 

[2]. Given its documented antioxidant and anti-inflammatory activities, Annona 

senegalensis presents a promising natural remedy for DEN-induced toxicity. 

Helicobacter pylori (H. pylori) 

Helicobacter pylori (H. pylori) is a gram-negative micro-. aerobic bacterium that mainly 

lives in the gastric antrum The primary method of H. pylori infection is person-toperson 

transmission.[1, 3] The worldwide incidence of H. pylori is approximately 50%.[2, 4] In 

China, approximately 44.2% of the population is infected with H. pylori.[5] It is the main 

pathogenic factor of chronic gastritis, peptic ulcer, and gastric cancer.[6] The eradication of 

H. pylori can reduce the occurrence of H. pylori-related diseases and delay or prevent the 

occurrence and development of  

gastric mucosal atrophy and intestinal metaplasia. [7–12] Thus, H. pylori is confirmed to be 

positive. [13] 

However, with the increase in antibiotic resistance of H. pylori, the eradication rate with 

the traditional triple regimen is not ideal. [14] According to the current situation of 

antibiotic resistance, the latest guideline on H. pylori eradication treatment has 

recommended bismuth quadruple therapy as the major empirical treatment.[15] However, 

in recent years, studies have found that the H. pylori eradication rate fluctuates from 70% 

to 85% and does not exceed 85%.[16] The reasons for the decline in the H. pylori 

eradication rate are very complex and mainly related to the increase of antibiotic resistance 

rate and host gene polymorphism. Therefore, it is necessary to explore other alternative 

methods for H. pylori eradication. 
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The state of H. pylori in gastric mucosa depends on the pH value of gastric juice. When the 

pH value is 6.0–8.0, H. pylori exhibits growth and mass reproduction and is sensitive to 

antibiotics. Moreover, amoxicillin is the most effective antibiotic at neutral pH.[17] 

omeprazole, a new potassium competitive acid blocker, was approved for sale. Compared 

with proton pump inhibitors (PPIs), omeprazole, vonoprazan can reach a pH above 6 in 

the stomach faster and can maintain this pH longer than other drugs.[18,19] Several studies 

have confirmed that the eradication effectiveness of regimens containing omeprazole 

which is stronger compared other proton pump inhibitors (PPIs) [20–23] In addition, 

research has indicated that some traditional medicines or their extracts have obvious 

curative effects on H. pylori. Several studies have confirmed that Annona Senegalese leaves 

extract has an anti-H. pylori effect, reducing the rate of adverse events, and has a certain 

inhibitory effect on multidrug-resistant strains.[26–27] Our research group is now 

conducting a synergy research studies on the Annona Senegalese Methanol leaf extract to 

mediate eradication of H. pylori infection, and the results have confirmed that the 

effectiveness and safety of the Annona Senegalese quadruple scheme for initial and rescue 

treatment of H. pylori infection are not inferior to the guideline-recommended 

therapy.[28–30]. 

However, Bismuth improves the eradication rate of H. pylori primarily through increasing 

the susceptibility to drug resistance-inducing antibiotics. Previous studies have shown that 

the berberine quadruple regimen (used instead of clarithromycin, which highly induces 

drug resistance) is similar to the bismuth quadruple regimen for the initial treatment of H. 

pylori. [29] This finding suggests that bismuth does not increase the eradication rate of 

sensitive antibiotics. Because H. pylori is sensitive to berberine and its resistance rate to 

amoxicillin is less than 5% in China, we hypothesize that berberine plus amoxicillin could 

be used for H. pylori treatment without the need for bismuth. In addition, vonoprazan 

exhibits a stronger acid-inhibiting effect and may provide the appropriate pH value for H. 

pylori eradication. Therefore, we designed a single-center, open-label, parallel, randomized 

controlled clinical trial to verify this hypothesis. 

 

Methods Ethical Approval  

This study was conducted in accordance with the Declaration of federal University Wukari 

and was approved by the University ethics committee (No. FUW20212147-NG-CL).  
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Study Design 

This study was conducted in accordance with the Declaration of Helsinki with little 

modification, The rats were completely randomized, numbered according to the sequence, 

and randomly enrolled in a ratio of 1:1 to receive the triple therapy (A group), ciprofloxacin 

quadruple therapy (B group), and Omeprazole quadruple therapy. The randomization table 

was prepared by a third party in advance. The study followed a randomized block design.  

Grouping and Medication 

Rats who met the inclusion and exclusion criteria were randomly enrolled to receive 

Annona Senegalese’s triple therapy (A. Senegalese 500 mg, Ciprofloxacin 1000 mg, 

Omeprazole 20 mg, A group), Omeprazole quadruple therapy (Omeprazole 20 mg, 

Ciprofloxacin 1000 mg, amoxicillin 500 mg, bismuth 220 mg, B group). The medicine was 

given 2 times/day for 14 days. Except for antibiotics, which were administered 30 min after 

meals, other drugs were taken 30 min or 1 h before meals. 

Diagnosis of H. Pylori Infection 

H. pylori infection was assessed by the 13C/14C urea breath test (13C/14C-UBT), H. 

pylori stool antigen test (HpSAT), H. pylori histology, or H. pylori rapid urease test (RUT). 

If any of the above test results was positive, H. pylori infection was confirmed. The 

successful eradication of H. pylori was assessed by 13C/14C-UBT or HpSAT at 4–8 weeks 

after drug withdrawal. A negative result in one of the above tests indicated the successful 

eradication of H. pylori. 

Outcomes 

The main consequence of this study was the success rate of H. pylori eradication in the two 

groups.  

Sample Size and Statistical Analysis 

This study was a parallel trial, and the rats grouping was designed according to as it could 

be in clinical trial. In addition, our study was based on previous study of bismuth quadruple 

therapy as a first-line treatment. [29] Therefore, in our study, each group included 10 rats in 

triplicate, and a total of 60 rats were included in the two groups to evaluate the efficacy and 

safety of Annona Senegalese triple therapy in the initial treatment of H. pylori. 

IBM SPSS statistics software, version 25.0 (IBM Inc., New York, USA) was used for 

statistical analysis. Normally distributed measurement data are expressed as the mean ± 
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standard deviation. Enumeration data are described by n (%). One-way analysis of variance 

were used value <0.05 was considered statistically significant. 

 

Results  

In total,60 rats were eligible for PP analysis in Groups A, and B, respectively. Among them, 

a good number infected  H. Pylori in the two groups were successfully eradicated. As 

shown in Table 1, 

Table 1: H. pylori Eradication Rates in Each Therapy Group 

Items Groups Eradication 
rates, n/N (%) 

x2 value P values 

ITT analysis A group 70/100 (70.0) 1.265* 0.545* 

 B group 77/100 (77.0) 0.418† 0.819 

PP analysis A group 70/86 (81.4) 0.854* 0.412* 

 B group 77/89 (86.5) 0.241 0.706† 

A group: Annona Senegalese’s triple therapy; B group: Omeprazole quadruple therapy; 

ITT: Intention-to treat; PP: Per-protocol; H. pylori: Helicobacter pylori 

Table 2: Rates of adverse events in each therapy group of H. pylori eradication. 

Items A group, n/N 
(%) 

B group, n/N 
(%) 

Statistics P value 

Overall adverse 
events 

28/100 (28.0) 34/100(34.0) 1.156* 0.357 

Nausea 2/100 (2.0) 23/100 (23.0) 0.014† 1.000 

Diarrhoea 13/100 (13.0) 3/100 (3.0) 1.414† 0.280 

Abdominal distension 3/100 (3.0) 2/100 (2.0) 19.182* 0 

Anorexia 6/100 (6.0) 1/100 (1.0) 20.160† 0 

Rash 6/100(6.0) 3/100 (3.0) 0.017† 1.000 

A group: Annona Senegalese’s triple therapy; B group: Omeprazole quadruple therapy. *, A 

gourp vs. B group; †, H. pylori: Helicobacter pylori. 

Table 3: Compliance and Symptom Improvement Rates in Each Therapy Group of H. 

pylori Eradication. 

Items A group, n/N 
(%) 

B group, n/N 
(%) 

X2value P value 

Compliance rate 99/100 (99.0) 97/100 (97.0) 0.255* 0.614 
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0† 1.000 

2-week symptom improvement 63/86 (73.3) 67/89 (75.3) 0.094* 

0.069† 

0.863 

0.863 

6-week symptom improvement 75/86 (87.2) 75/89 (84.3) 0.309* 

0.083† 

0.668 

0.819 

A group: Annona Senegalese’s triple therapy; B group: Omeprazole quadruple therapy. *, A 

group vs. B group; †, H. pylori: Helicobacter pylori. 

 

Discussion 

Helicobacter pylori (H. pylori) is a gram-negative microaerobic bacterium that mainly lives 

in the gastric antrum. It remains a global public health problem that is closely related to the 

occurrence of various upper gastrointestinal diseases. Although approximately 85% of H. 

pylori-infected people are asymptomatic, the remaining 15% progress to peptic ulcers, and 

approximately 1% eventually develop gastric cancer. [30] The eradication of H. pylori will 

lower the occurrence of H. pylori-related diseases and relieve symptoms. [7,8, 23] At 

present, bismuth-containing quadruple therapy is recommended as the main empirical 

treatment therapy in some parts of Asian countries. However, the failure of H. pylori 

eradication remains common in clinical practice, for which antibiotic resistance and host 

gene polymorphism are the main reasons. 

Currently, the rate of bacterial drug resistance is increasing. According to previous studies, 

the overall resistance rates of H. pylori to clarithromycin, metronidazole, levofloxacin, and 

amoxicillin were 27.22%, 39.66%, 22.48%, and 4.55%, respectively. [24] The resistance of 

H. pylori to antibiotics in Nigeria and the world at large is very worrisome. 

The primary resistance rates to clarithromycin, metronidazole, and levofloxacin all 

exceeded 15%. In contrast, the resistance rates to amoxicillin, tetracycline, and furazolidone 

are low, all less than 5%.[35] The increasing rate of antibiotic resistance leads to a decline in 

the H. pylori eradication rate. A prospective study identified dual clarithromycin and 

metronidazole resistance as an independent risk factor for H. pylori eradication failure.[26] 

The results of another meta-analysis showed that the rate of H. pylori eradication decreased 

by more than 16% in the single-drug resistance group and by more than 40% in the dual-

drug resistance group compared with the antibiotic-sensitive group.[27] Clarithromycin is 

one of the antibiotics commonly used in eradication treatment, and its increased resistance 
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rate has become an independent risk factor for H. pylori eradication failure, which greatly 

weakens the efficacy of PPI-based triple therapy and standard bismuth quadruple 

therapy.[28] Therefore, finding alternative drugs with a low resistance rate is a clinical 

problem that needs to be solved. 

In recent years, domestic and international clinical trials have gradually demonstrated the 

many benefits of traditional medicine, new acid-inhibiting drugs, probiotics, and other new 

therapies. Annona Senegalese leaves extract is widely used in the treatment of infectious 

diseases, tumours, cardiovascular diseases, and metabolic diseases and protects against 

digestive system diseases. Previous studies have confirmed that Annona Senegalese leaves 

extract has an anti-H. pylori effect; it inhibits the proliferation of H. pylori by inhibiting the 

activities of arylamine N-acetyltransferase and urease. In addition, Omeprazole, a novel 

potassium competitive acid blocker, creates a suitable gastric environment for H. pylori 

treatment by maintaining a high gastric pH value. Compared with PPIs, the acid-inhibiting 

effect of Omeprazole is stronger and more durable. The CYP3A4 enzyme plays a 

dominant role in its metabolism, and effectiveness of Annona Senegalese therapy in 

eradicating H. pylori and its ability to kill multidrug-resistant strains. [26] Annona 

Senegalese is widely used in clinical practice, inexpensive, easy to obtain, and safe, and it 

has wide application prospects. thus, we defined the dose of Annona Senegalese at 500 mg 

(2 times/day) in the present study. 

In addition, Omeprazole, a novel potassium competitive acid blocker, creates a suitable 

gastric environment for H. pylori treatment by maintaining a high gastric pH value. 

Compared with PPIs, the acid-inhibiting effect of Omeprazole is stronger and more 

durable. The CYP3A4 enzyme plays a dominant role in its metabolism, and CYP2C19 

genotype polymorphism does not affect its pharmacokinetics. Omeprazole administered at 

20 mg (2 times/day) effectively inhibited gastric acid secretion for 24 h, and the average pH 

in the stomach reached 6.8 after 7 days of continuous administration.[19,44] In recent 

years, Omeprazole (20 mg, 2 times/day) has been used by many scholars to eradicate H. 

pylori and has shown a high eradication rate compared with PPIs.[19,20] In particular, 

studies have found that Omeprazole-based treatment regimen, regimens have a better 

eradication rate than PPIs-based regimens in clarithromycin-resistant strains.[20] Therefore, 

we speculate that Omeprazole (20 mg, 2 times/day) can provide good eradication 

conditions for H. pylori in our study. 
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Obtained by our research group is comparable to that of standard bismuth quadruple 

therapy. [28-30] A study compared the eradication efficacy of the Annona Senegalese 

quadruple therapy (300 mg, 3 times/day) with that of bismuth quadruple therapy. The 

eradication rates of H.pylori were 87.5% and 87.1% in PP analysis, with no statistical 

significance (P >0.05),[29] and an analogous result was obtained in ours study. 

It was observed that, the eradication rates of H. pylori in response to the new triple therapy 

consisting of Annona Senegalese’s triple therapy (A. Senegalese 500 mg, Ciprofloxacin 

1000 mg, Omeprazole 20 mg, A group), were 70.0% and 81.4% by ITT and PP analyses, 

respectively.  

In the PP analysis population, univariate analysis showed that the H. pylori eradication rate 

of female rats was higher in the of Annona Senegalese therapy quadruple therapy group (P 

<0.05), and no significant difference was found in the other groups (P >0.05). A study 

involving 60 H. pylori-infected rats showed that the incidence of H. pylori eradication 

failure was higher in females than in male rats. [31] At present, few reports on the influence 

of sex on the eradication rate of H. pylori have been published. This study is inconsistent 

with our results, which may be related to the small sample size of the study. Future studies 

with large sample sizes are needed for further validation involving humans. Which will 

include Age, BMI, education level, smoking, drinking, disease status, and history of 

diabetes of patients with H. pylori.  

 

Conclusion 

The efficacy of Annona Senegalese triple therapy for the initial eradication of H. pylori is 

commendable. These, triple therapy was found to be well tolerated, safe, and economical 

while avoiding the use of bismuth and its potential adverse events. Therefore, the new 

triple therapy provides a safe and effective alternative for the initial eradication of H. pylori. 

 

References 

1. Tijjani, M.A. ∙ Abdurahaman, F.I. ∙ Abba, Y.S. Evaluation of proximate and 
phytochemical composition of leaves of Annona senegalensis pers J. Pharmaceut. Sci. 
Innovat. 2013; 2 

2. Zakari, B.G. ∙ Suleiman, R.Z. ∙ Channya, F.K.Effect of Fungal Rots on Nutritional 
Quality of Annona senegalensis L. And Annona Squamosa L. Fruits Sold in Yola, 
Adamawa State, Nigeria 2018 



Isaac John Umaru, Tensaba Andes Akafa, Ocheifa Matthew Ngbede, Artu Ishishen John, Kerenhappuch 
Isaac Umaru 

Volume 2, Issue 2, 2025 143 

3. Leja M, Axon A, Brenner H. Epidemiology of Helicobacter pylori infection. 
Helicobacter 2016;21(Suppl 1):3–7. doi: 10.1111/hel.12403. 

4. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE,  
5. Tanyingoh D, et al. Global prevalence of Helicobacter pylori Infection: Systematic 

review and meta-analysis. Gastroenterology 2017;153:420–429. doi: 
10.1053/j.gastro.2017.04.022. 

6. Ren S, Cai P, Liu Y, Wang T, Zhang Y, Li Q, et al. Prevalence of Helicobacter 
pylori infection in China: A systematic review and meta-analysis. J Gastroenterol 
Hepatol 2022;37:464–470. doi: 10.1111/jgh.15751. 

7. Malfertheiner P, Megraud F, Rokkas T, Gisbert JP, Liou JM, Schulz C, et al. 
Management of Helicobacter pylori infection: The Maastricht VI/Florence 
consensus report. Gut 2022;71:1724–1762. doi: 10.1136/gutjnl-2022-327745. 

8. Sonnenberg A, Turner KO, Genta RM. Low prevalence of Helicobacter pylori-
positive peptic ulcers in private outpatient endoscopy centers in the United States. 
Am J Gastroenterol 2020;115:244–250. doi: 10.14309/ajg.0000000000000517. 

9. Yan L, Chen Y, Chen F, Tao T, Hu Z, Wang J, et al. Effect of Helicobacter pylori 
eradication on gastric cancer prevention: Updated report from a randomized 
controlled trial with 26.5 years of follow-up. Gastroenterology 2022;163:154–
162.e3. doi: 10.1053/ j.gastro.2022.03.039. 

10. Nakamura S, Sugiyama T, Matsumoto T, Iijima K, Ono S, Tajika M, et al. Long-
term clinical outcome of gastric MALT lymphoma after eradication of Helicobacter 
pylori: A multicentre cohort follow-up study of 420 patients in Japan. Gut 
2012;61:507–513. doi: 10.1136/gutjnl-2011-300495. 

11. Liu KS, Wong IO, Leung WK. Helicobacter pylori associated gastric intestinal 
metaplasia: Treatment and surveillance. World J Gastroenterol 2016;22:1311–1320. 
doi: 10.3748/wjg.v22.i3.1311. 

12. Hwang YJ, Kim N, Lee HS, Lee JB, Choi YJ, Yoon H, et al. Reversibility of 
atrophic gastritis and intestinal metaplasia after Helicobacter pylori eradication-a 
prospective study for up to 10 years. Aliment Pharmacol Ther 2018;47:380–390. 
doi: 10.1111/ apt.14424. 

13. Piazuelo MB, Bravo LE, Mera RM, Camargo MC, Bravo JC, Delgado AG, et al. 
The Colombian chemoprevention trial: 20year follow-up of a cohort of patients 
with gastric precancerous lesions. Gastroenterology 2021;160:1106–1117.e3. doi: 
10.1053/ j.gastro.2020.11.017. 

14. Helicobacter pylori Study Group, Chinese Society of Gastroenterology, Chinese 
Medical Association. Sixth Chinese national consensus report on the management 
of Helicobacter pylori infection (treatment excluded) (in Chinese). Chin J Dig 
2022;42:289–303. doi: 10.3760/cma.J.cn311367-20220206-00057. 

15. Wang B, Lv ZF, Wang YH, Wang H, Liu XQ, Xie Y, et al. Standard triple therapy 
for Helicobacter pylori infection in China: A meta-analysis. World J Gastroenterol 
2014;20:14973–14985. doi: 10.3748/wjg.v20.i40.14973. 

16. Zhou LY, Lu H, Song ZQ, Lyu B, Chen Y, Wang JY, et al. 2022 Chinese national 
clinical practice guideline on Helicobacter pylori eradication treatment. Chin Med J 
2022;135:2899–2910. doi: 10.1097/CM9.0000000000002546. 

17. Zhang JZ. Current status and countermeasures of low eradication rate of 
Helicobacter pylori in China (in Chinese). Chin J Gastroenterol Hepatol 
2017;26:637–639. doi: 10.3969/jissn.1006-5709. 2017.06.005 

18. Scott D, Weeks D, Melchers K, Sachs G. The life and death of Helicobacter pylori. 
Gut 1998;43(Suppl 1):S56–S60. doi: 10.1136/ gut.43.2008.s56. 



Isaac John Umaru, Tensaba Andes Akafa, Ocheifa Matthew Ngbede, Artu Ishishen John, Kerenhappuch 
Isaac Umaru 

 African Journal of Clinical Medicine and Pharmacy Research 144 

19. Kagami T, Sahara S, Ichikawa H, Uotani T, Yamade M, Sugimoto M, et al. Potent 
acid inhibition by vonoprazan in comparison with esomeprazole, with reference to 
CYP2C19 genotype. Aliment Pharmacol Ther 2016;43:1048–1059. doi: 
10.1111/apt.13588. 

20. Sakurai Y, Mori Y, Okamoto H, Nishimura A, Komura E, Araki T, et al. Acid-
inhibitory effects of vonoprazan 20 mg compared with esomeprazole 20 mg or 
rabeprazole 10 mg in healthy adult male subjects–a randomised open-label cross-
over study. Aliment Pharmacol Ther 2015;42:719–730. doi: 10.1111/apt.13325. 

21. Sue S, Kuwashima H, Iwata Y, Oka H, Arima I, Fukuchi T, et al. The superiority of 
vonoprazan-based first-line triple therapy with clarithromycin: A prospective multi-
center cohort study on Helicobacter pylori eradication. Intern Med 2017;56:1277–
1285. doi:  

22. Suzuki S, Gotoda T, Kusano C, Ikehara H, Ichijima R, Ohyauchi M, et al. Seven-
day vonoprazan and low-dose amoxicillin dual therapy as first-line Helicobacter 
pylori treatment: A multicentre randomised trial in Japan. Gut 2020;69:1019–1026. 
doi: 10.1136/ gutjnl-2019-319954. 

23. Sakurai K, Suda H, Ido Y, Takeichi T, Okuda A, Hasuda K, et al. Comparative 
study: Vonoprazan and proton pump inhibitors in Helicobacter pylori eradication 
therapy. World J Gastroenterol 2017;23:668–675. doi: 10.3748/wjg.v23.i4.668. 

24. Hu Y, Zhu Y, Lu NH. Recent progress in Helicobacter pylori treatment. Chin Med 
J 2020;133:335–343. doi: 10.1097/CM9.000000 0000000618T. 

25. Yang T, Wang R, Zhang J, Bao C, Zhang J, Li R, et al. Mechanism of berberine in 
treating Helicobacter pylori induced chronic atrophic gastritis through IRF8-IFN-g 
signaling axis suppressing. Life Sci 2020;248:117456. doi: 
10.1016/j.lfs.2020.117456. 

26. Song D, Hao J, Fan D. Biological properties and clinical applications of berberine. 
Front Med 2020;14:564–582. doi: 10.1007/ s11684-019-0724-6. 

27. Wu MH, Huang YQ, Huang ZS, Zhou XH, Yu WQ, Su JW. In vitro bacteriostatic 
effect of berberine, emodin, schisandra, and baicalin on multidrug resistant strains 
of Helicobacter pylori (in Chinese). World Chin J Dig 2013;21:3247–3251. doi: 
10.11569/ wcjd.v21.i30.3247. 

28. Chen Z, Zhang QX, Zhang Q. Effectiveness of berberine with triple therapy in 
different time of treatment for Helicobacter pylori infection (in Chinese). J Yangtze 
Univ (Nat Sci Edit) 2013;10:1–5. doi: 10.16772/j.cnki.1673-1409.2013.36.002. 

29. Zhang D, Ke L, Ni Z, Chen Y, Zhang LH, Zhu SH, et al. Berberine containing 
quadruple therapy for initial Helicobacter pylori eradication: An open-label 
randomized phase IV trial. Medicine (Baltimore) 2017;96:e7697. doi: 
10.1097/MD.0000000000007697. 

30. Liang LJ, Nie AY, Lei C, Wu Q, Ni Z, Shi YQ. Clinical study on berberine, 
amoxicillin, lansoprazole, bismuth quadruple therapy for Helicobacter pylori 
eradication in 283 patients (in Chinese). Chin J Dig 2017;37:167–171. doi: 
10.3760/ema.j.issn.0254-1432.2017.03.009. 

31. Zhang J, Han C, Lu WQ, Wang N, Wu SR, Wang YX, et al. A randomized, 
multicenter and noninferiority study of amoxicillin plus berberine vs tetracycline 
plus furazolidone in quadruple therapy for Helicobacter pylori rescue treatment. J 
Dig Dis 2020;21:256–263. doi: 10.1111/1751-2980.12870. 


