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Introduction

Helicobacter pylori (H. pylori) is a spiral-shaped, micro-
anaerobic, Gram-negative bacterium that requires harsh 
growth conditions, and colonizes the gastric mucosa of 
humans and is associated with a range of  gastrointestinal 
diseases, including chronic gastritis, peptic ulcers, and gastric 
cancer [1]. H. pylori infection is prevalent worldwide, with an 
estimated 50% of the global population infected. H. pylori 
infection involves the colonization of the stomach by the 

bacteria, which leads to the production of  inflammatory 
cytokines, causing chronic inflammation and tissue damage. 
The symptoms of H. pylori infection include stomach pain, 
bloating, nausea, vomiting, and loss of appetite. If left 
untreated, H. pylori infection can lead to complications such 
as peptic ulcers, gastric cancer, and lymphoma (Figure 1) [2].

The current standard of care for H. pylori infection combines 
antibiotics and  proton pump inhibitors  (PPIs) [3]. However, 
the widespread use of antibiotics has led to the development 
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of antibiotic-resistant strains of H. pylori, which can make 
treatment more difficult. In addition, long-term use of PPIs has 
been associated with adverse effects, including increased risk 
of infection, kidney disease, and bone fractures [4]. Studies 
have shed light on the pathogenesis of H. pylori infection, 
including the role of virulence factors such as CagA and VacA, 
and the interaction between H. pylori and the host immune 
system [5].

Recent advances in  diagnostic strategies  for H. pylori 
infection include the use of non-invasive tests, such as stool 
antigen tests and breath tests, which have high sensitivity and 
specificity. Additionally, recent studies have explored the use 
of serological biomarkers, such as anti-H. pylori antibodies, as a 
potential diagnostic tool for H. pylori infection [6].

There is a growing interest in the use of  alternative 
therapies  for H. pylori infection, including  botanical 
extracts  and  natural products. Recent advances in  artificial 
intelligence  (AI) and high-throughput screening methods 
have enabled the identification of novel botanical extracts 
with potential anti-H. pylori activity. Recent studies have also 
highlighted the potential of AI-assisted screening methods 
to identify novel botanical extracts and natural products 
with anti-H. pylori activity. These methods can analyze large 
volumes of data and identify potential candidates with high 
accuracy and efficiency [7]. Garlic extract has been shown to 
inhibit the growth of H. pylori and reduce inflammation in the 
gastric mucosa.  Ginger extract  has also been found to have 
anti-H. pylori activity and can reduce H. pylori-induced gastric 
inflammation. Green tea extract has been shown to inhibit the 

growth of H. pylori and reduce H. pylori-induced inflammation 
in the gastric mucosa. Turmeric extract has been found to have 
anti-H. pylori activity and can reduce H. pylori-induced gastric 
inflammation and oxidative stress [8]. Other natural products 
that have shown potential in the treatment of H. pylori 
infection include honey, propolis, and probiotics. Honey has 
been found to have antibacterial activity  against H. pylori, 
while propolis has been shown to inhibit H. pylori growth and 
reduce H. pylori-induced inflammation. Probiotics, particularly 
strains of Lactobacillus and Bifidobacterium, have been found 
to have anti-H. pylori activity and can reduce the incidence of 
H. pylori-related diseases [9].

In addition to natural products, traditional medicines 
have also been used in the treatment of H. pylori 
infection.  Traditional Chinese medicines, such as  Qingre 
Huoxue decoction  and  Banxia Xiexin decoction, have been 
found to have anti-H. pylori activity and can reduce H. pylori-
induced inflammation. Traditional Korean medicines, such as 
Yukgunja-Tang and Pyungwi-san, have also been found to 
have anti-H. pylori activity and can improve H. pylori-related 
symptoms [10]. While these alternative therapies show promise 
in the treatment of H. pylori infection, further research is 
needed to fully evaluate their efficacy and safety. Clinical trials 
are needed to confirm the effectiveness of these therapies, 
determine the optimal dosage and duration of treatment, and 
identify potential  adverse effects. In addition, the potential 
use of these therapies in combination with antibiotics or other 
therapies should be explored [11]. A recent study investigated 
the efficacy of combining IgY-H. pylori with bismuth-based 
quadruple therapy for the eradication of H. pylori infection. 

 

 

  

  
Figure 1: Schematic representation of H. pylori mechanism, symptoms, and complications [2].
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The study found that this  combination therapy  had similar 
effectiveness as bismuth-based quadruple therapy alone, but 
with improved symptomatic relief and fewer adverse effects. 
The authors suggest that this combination therapy can be 
considered a viable option for the  rescue treatment  of H. 
pylori infection. The study was a single-center, randomized, 
controlled trial [12].

The treatment of H. pylori infection involves a combination 
of antibiotics and  acid suppression  therapy. However, the 
increasing prevalence of  antibiotic resistance  has led to 
declining eradication rates. Recent research has focused on 
developing novel  treatment strategies, such as  sequential 
therapy, concomitant therapy, hybrid therapy, and high-dose 
dual therapy. Additionally, probiotics and  fecal microbiota 
transplantation  (FMT) have been studied as potential 
treatments for H. pylori infection [13]. The current standard 
of care for H. pylori infection involves a combination of 
antibiotics and  acid suppression  therapy. However, the 
increasing prevalence of antibiotic-resistant strains of H. pylori 
has led to declining eradication rates. Recent advances in 
therapeutic strategies for H. pylori infection include the use 
of  alternative antibiotics, such as rifabutin and furazolidone, 
and the development of novel therapies, such as probiotics 
and phage therapy [14]. Phage therapy  involves the use of 
bacteriophages, which are viruses that infect and kill bacteria, 
as a potential treatment for H. pylori infection. Recent studies 
have shown that phage therapy can effectively reduce H. pylori 
colonization in animal models [15].

Probiotics, particularly those  containing  Lacto bacillus 
and  Bifidobacterium strains, have shown promising results 
in the treatment of H. pylori infection. Recent studies have 
reported that probiotics can improve H. pylori eradication rates 
and reduce treatment-related side effects [16]. Rifabutin  is 
a broad-spectrum antibiotic that has shown promising 
results in the treatment of H. pylori infection, particularly in 
cases of antibiotic resistance. Recent studies have reported 
high eradication rates with the use of rifabutin-based therapies 
[17]. Furazolidone is another antibiotic that has shown efficacy 
in the treatment of H. pylori infection, particularly in cases of 
metronidazole resistance. Recent studies have reported high 
eradication rates with the use of furazolidone-based therapies 
[18].

Recent Advances in Diagnostic Tools for H. pylori 
Infection

Currently, there are numerous diagnostic tests available, 
each with its own set of advantages, disadvantages, and 
limitations. The choice of the test used depends on factors 
such as accessibility, laboratory equipment, and the clinical 
condition of the patient. Screening and laboratory diagnosis 
can be performed through non-invasive or invasive methods. 
Non-invasive methods include respiratory tests, stool antigen 
tests, and serology.  Invasive methods, on the other hand, 
include endoscopy,  histological examination, rapid urea 
testing, culture, and PCR testing as shown in Figure 2 [19].

 

 

 

 Figure 2. Several diagnostic tools for H. pylori infection [19]. 
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Stool antigen tests

Stool antigen tests are non-invasive diagnostic tools that 
detect H. pylori antigens in stool samples. Recent studies 
have reported that  stool antigen  tests have high sensitivity 
and specificity and can be used as an alternative to  invasive 
diagnostic methods such as endoscopy [20].

Serological biomarkers

Serological biomarkers, such as immunoglobulin G (IgG) 
antibodies, have been proposed as a potential  diagnostic 
tool for H. pylori infection. Recent studies have reported that 
serological biomarkers have high sensitivity and specificity 
and can be used as a non-invasive diagnostic tool for H. pylori 
infection [21].

Breath tests

Breath tests involve the administration of a  labeled 
substrate  and the measurement of labeled CO2 in breath 
samples. Recent studies have reported that breath tests have 
high sensitivity and specificity and can be used to diagnose H. 
pylori infection [22].

Rapid urease tests

Rapid urease tests involve the detection of urease produced 
by H. pylori in biopsy samples. Recent studies have reported 
that rapid urease tests have high sensitivity and specificity 
and can be used as a quick and accurate diagnostic tool for H. 
pylori infection [23].

Endoscopic imaging techniques

Endoscopic imaging techniques, such as narrow-band 
imaging and confocal laser endomicroscopy, have emerged as 
promising tools for the diagnosis of H. pylori infection. Recent 
studies have reported that these techniques can provide high-
resolution images of the gastric mucosa and accurately detect 
H. pylori infection [24].

Molecular diagnostic tests

Molecular diagnostic tests, such as  polymerase chain 
reaction  (PCR) and loop-mediated isothermal amplification 
(LAMP), have been proposed as a potential diagnostic tool for 
H. pylori infection. Recent studies have reported that molecular 
diagnostic tests have high sensitivity and specificity and can 
accurately detect H. pylori infection in clinical samples [25].

Recent Advances in Current Therapy 

Current therapy for H. pylori includes a combination of 
antibiotics and acid-suppressing medications. However, the 
emergence of antibiotic resistance has led to the development 
of new therapies for H. pylori. One of the recent advances in 
H. pylori therapy is the use of novel antibiotic combinations. 

Studies have shown that using a combination of antibiotics, 
such as clarithromycin, amoxicillin, and metronidazole, 
can effectively eradicate H. pylori. Other novel antibiotic 
combinations, such as rifabutin and levofloxacin, have also 
shown promising results in clinical trials [26].

Probiotics are live microorganisms that can provide health 
benefits to the host. Studies have shown that probiotics can be 
effective in treating H. pylori infections by reducing bacterial 
load  and inflammation in the stomach. Probiotics can also 
help to restore the natural balance of  the gut microbiota, 
which can be disrupted by antibiotics [27].

Herbal medicines have been used for centuries to treat 
various ailments, including gastrointestinal disorders. Studies 
have shown that some herbal medicines, such as licorice 
and green tea, can be effective in treating H. pylori infections 
by reducing bacterial load and inflammation in the stomach 

[28].

Immunomodulators are substances that can modify or 
regulate the immune system. Studies have shown that some 
immunomodulators, such as vitamin D and interleukin-10, 
can be effective in treating H. pylori infections by modulating 
the  immune response  to the bacteria [29]. The combination 
of Bifidobacterium breve and T. foenum graecum L. extract was 
more effective against H. pylori and its associated inflammation 
compared with the individual administration of B. breve 
or T. foenum graecum L. extract. The combination reduced 
damage to the gastric mucous membrane by inhibiting H. 
pylori adhesion to the gastric mucosa and increasing gastric 
mucosal  mucin secretion induced by T. foenum graecum L. 
extract. These findings suggest that a complex mixture of 
B. breve and T. foenum graecum L. extract has potential as 
a therapeutic agent for patients with H. pylori-induced gastric 
symptoms, including ulcers [30].

The medicinal properties of flavonols, including quercetin, 
myricetin, kaempferol, fisetin, rutin, and astragalin have 
shown to exhibit significant  mechanistic properties  for 
treating various diseases, including anticancer, antiviral, and 
antibacterial activities. Kaempferol has been found to be highly 
effective against H. pylori, a bacterium that causes gastric 
cancer, while quercetin acts as an antioxidant by inhibiting 
numerous enzymes. Studies have also shown that kaempferol 
can enhance pancreatic beta-cell viability and prevent 
apoptosis, indicating its potential as an antidiabetic agent. 
Moreover, flavonols can prevent viral entry into host cells and 
inhibit viral replication, making them a promising alternative 
for treating bacterial infections. The authors concluded that 
flavonols possess diverse and significant medicinal properties 
for treating numerous diseases [31].

Limitations of the current therapies 

The current standard of care for H. pylori infection combines 
antibiotics and proton pump inhibitors (PPIs). However, 
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this therapy has several limitations, including  antibiotic 
resistance, adverse effects, and poor patient compliance.

Antibiotic resistance: Antibiotic resistance is a major 
challenge in the treatment of H. pylori infection. The widespread 
use of antibiotics has led to the development of antibiotic-
resistant strains of H. pylori, which can make treatment more 
difficult. Clarithromycin resistance, in particular, has become a 
growing problem, and the effectiveness of standard first-line 
therapy has decreased [32].

Adverse effects: The use of antibiotics and  PPIs  can lead 
to several adverse effects, including diarrhea, nausea, 
vomiting, abdominal pain, and allergic reactions. These adverse 
effects can lead to poor  patient compliance  and  treatment 
failure [33].

Poor patient compliance: The complex and lengthy 
treatment regimens for H. pylori infection can lead to 
poor patient compliance. Patients may forget to take their 
medications, or they may stop taking them due to adverse 
effects or other reasons. Poor patient compliance can lead to 
treatment failure and the development of antibiotic resistance 
[34].

Outlook on the Role of Botanical Extracts in Treating 
H. pylori Infection

Antimicrobial activity

Botanical extracts contain various bioactive compounds 
that can inhibit the growth of H. pylori, including berberine, 
curcumin,  mastic gum, licorice, and cranberry-derived 
compounds. These compounds can disrupt the cell membrane 
of H. pylori and interfere with its metabolic pathways, leading to 
bacterial death [35]. A recent study found that a combination 
of berberine and amoxicillin had a synergistic effect in 
inhibiting the growth of H. pylori, suggesting the potential of 
using botanical extracts in combination therapy [36].

Anti-inflammatory activity

In addition to their antimicrobial activity, botanical extracts 
have been found to have anti-inflammatory effects that could 
be beneficial in reducing the severity of gastritis caused by H. 
pylori infection. For example, curcumin and licorice have been 
found to reduce the production of inflammatory cytokines in 
H. pylori-infected gastric epithelial cells [37]. Mastic gum has 
also been found to have anti-inflammatory effects and can 
reduce the production of proinflammatory cytokines in H. 
pylori-infected gastric mucosa. A recent study found that a 
combination of mastic gum and  vitamin C  had a significant 
anti-inflammatory effect in patients with H. pylori infection 
[38].

Combination therapy

Combining botanical extracts with conventional therapy may 

enhance the efficacy of treatment and reduce the risk of 
antibiotic resistance. For example, a recent meta-analysis 
found that adding  herbal medicine  to  standard therapy  for 
H. pylori infection was associated with higher eradication 
rates and lower  adverse effects  compared with standard 
therapy alone [39]. Another study found that a combination 
of  cranberry extract  and clarithromycin had a  synergistic 
effect in inhibiting the growth of H. pylori, demonstrating the 
potential of botanical extracts as adjunctive therapy [40].

Safety and toxicity

Botanical extracts are generally considered safe, but some 
may have toxic effects at high doses or interact with certain 
medical conditions. Future research should investigate the 
safety and toxicity of botanical extracts for H. pylori infection, 
particularly in vulnerable populations such as  pregnant 
women, children, and the elderly [41]. A recent study found 
that high doses of  licorice extract  may have adverse effects 
on blood pressure and  electrolyte balance, highlighting the 
importance of monitoring the dosage and potential  side 
effects of botanical extracts [42].

Some Novel Botanical Extracts in Treating H. pylori 
Infection

Broccoli sprout extract (BSE)

BSE is derived from the young shoots of the Brassica 
oleracea plant and has been traditionally used for its 
medicinal properties. BSE contains several biologically active 
compounds, including sulforaphane, glucoraphanin, and 
indole-3-carbinol, which have a variety of  health benefits, 
including antimicrobial and anti-inflammatory properties. 
The  structure formula  of sulforaphane is C6H11NOS2. It is a 
type of isothiocyanate that is found in high concentrations 
in broccoli sprouts.  Sulforaphane  has potent  antimicrobial 
activity  against a variety of pathogens, including H. pylori. 
Several recent studies have investigated the potential of BSE as 
a treatment for H. pylori infection. BSE had a significant effect 
on H. pylori eradication when used in combination with 
standard triple therapy. Moreover, BSE significantly reduced 
H. pylori colonization in the stomach compared with placebo 
[43]. The dosage of BSE required to achieve these effects is not 
well established, as it can vary depending on the formulation 
and method of administration. However, most studies have 
used doses in the range of 50-1000 mg/day.

Cranberry extract (CE) 

CE is derived from the fruit of the  Vaccinium macrocarpon 
plant  and has been traditionally used for its medicinal 
properties. Cranberry extract contains several  bioactive 
components, including proanthocyanidins, anthocyanins, 
and flavonols. The major bioactive component of cranberry 
extract is proanthocyanidins, which have potent anti-H. pylori 
activity. The dosage of cranberry extract varies depending 
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on the specific product and the condition being treated [44]. 
However, most studies have used a dose of 500 mg to 1500 
mg of cranberry extract per day. It is important to note that 
cranberry extract is generally considered safe, but high doses 
may cause  gastrointestinal discomfort  and diarrhea in some 
individuals. Therefore, the  allowable dosage  of cranberry 
extract should not exceed the recommended daily dose [45]. 
The chemical structure of proanthocyanidins, one of the 
major bioactive components of cranberry extract, is C30H26O13. 
Cranberry extract can be obtained using various  extraction 
methods, including water extraction,  ethanol extraction, 
and  supercritical fluid extraction. The choice of  extraction 
method  can affect the composition and bioactivity of the 
extract [46].

Garlic extract (GE)

GE is derived from  Allium sativum, a plant species that has 
been traditionally used for its medicinal properties. GE contains 
several biologically active compounds, including allicin, alliin, 
and  diallyl sulfide, which have a variety of  health benefits, 
including antimicrobial and anti-inflammatory properties. 
Garlic extract contains several  bioactive components, 
including allicin, ajoene, and diallyl sulfide. Allicin has potent 
anti-H. pylori activity [47]. The dosage of garlic extract varies 
depending on the specific product and the condition being 
treated. However, most studies have used a dose of 400 mg to 
1200 mg of garlic extract per day [48]. It is important to note 
that garlic extract is generally considered safe, but high doses 
may cause gastrointestinal discomfort and bleeding in some 
individuals. Therefore, the allowable dosage of garlic extract 
should not exceed the recommended daily dose [49].

The chemical structure of allicin, one of the major bioactive 
components of garlic extract, is C6H10OS2. Garlic extract can 
be obtained using various  extraction methods, including 
water extraction,  ethanol extraction, and  supercritical fluid 
extraction. The choice of  extraction method  can affect the 
composition and bioactivity of the extract [50].

Ginger 

Ginger (Zingiber officinale) is a popular spice and medicinal 
herb that has been used for centuries in traditional medicine. 
Ginger extract contains several  bioactive components, 
including gingerols, shogaols, and paradols. The major 
bioactive component of ginger extract is gingerol, which has 
potent anti-H. pylori activity. The dosage of ginger extract 
varies depending on the specific product and the condition 
being treated. However, most studies have used a dose of 500 
mg to 2000 mg of ginger extract per day [51].

It is important to note that ginger extract is generally 
considered safe, but high doses may cause  gastrointestinal 
discomfort  and bleeding in some individuals. Therefore, 
the allowable dosage of ginger extract should not exceed 

the recommended daily dose [52]. The chemical structure 
of gingerol, one of the major bioactive components of 
ginger extract, is C17H26O4. Ginger extract can be obtained 
using various  extraction methods, including  solvent 
extraction, steam distillation, and supercritical fluid extraction. 
The choice of extraction method can affect the composition 
and bioactivity of the extract [53].

Green tea 

Green tea (Camellia sinensis) is a popular beverage that has been 
consumed for centuries in Asian countries. Green tea extract 
has numerous  health benefits, including anti-inflammatory, 
antioxidant, and antimicrobial properties. Green tea extract 
contains several  bioactive components, including catechins, 
epicatechins, and flavonoids [54]. The major catechins found 
in green tea extract are  epigallocatechin gallate  (EGCG), 
epicatechin gallate (ECG), and epicatechin (EC). EGCG has 
potent anti-H. pylori activity. The dosage of green tea extract 
varies depending on the specific product and the condition 
being treated [55]. However, most studies have used a dose of 
500 mg to 1500 mg of green tea extract per day. It is important 
to note that green tea extract is generally considered safe, but 
high doses may cause gastrointestinal discomfort and liver 
toxicity. Therefore, the allowable dosage of green tea extract 
should not exceed the recommended daily dose. The chemical 
structure of epigallocatechin gallate (EGCG), one of the major 
bioactive components of green tea extract, is C22H18O11 [56]. 
Green tea extract can be obtained using various  extraction 
methods, including water extraction,  ethanol extraction, 
and supercritical fluid extraction. The choice of  extraction 
method  can affect the composition and bioactivity of the 
extract [57].

Licorice 

Licorice (Glycyrrhiza glabra) is a perennial herb that has been 
used for centuries in traditional medicine. Licorice extract has 
anti-inflammatory, antioxidant, and antimicrobial properties. 
Licorice extract contains several  bioactive components, 
including glycyrrhizin, liquiritigenin, and glabridin. 
Glycyrrhizin has potent anti-H. pylori activity [58]. The dosage 
of licorice extract varies depending on the specific product 
and the condition being treated. However, most studies have 
used a dose of 200 mg to 800 mg of licorice extract per day 
[59]. It is important to note that licorice extract is generally 
considered safe, but high doses may cause hypertension, 
edema, and hypokalemia. Therefore, the allowable dosage 
of licorice extract should not exceed the recommended daily 
dose [60]. The chemical structure of  glycyrrhizin, one of the 
major bioactive components of licorice extract, is C42H62O16. 
Licorice extract can be obtained using various  extraction 
methods, including  solvent extraction,  steam distillation, 
and super critical fluid extraction. The choice of  extraction 
method  can affect the composition and bioactivity of the 
extract [45].
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Peppermint 

Peppermint (Mentha x piperita) is a popular herb with a long 
history of use in traditional medicine. Peppermint extract has 
antimicrobial, anti-inflammatory, and analgesic properties. 
Peppermint extract contains several  bioactive components, 
including menthol, menthone, and rosmarinic acid. 
Menthol has potent anti-H. pylori activity [61]. The dosage of 
peppermint extract varies depending on the specific product 
and the condition being treated. However, most studies have 
used a dose of  500 mg  to 1500 mg of peppermint extract 
per day [62]. It is important to note that peppermint extract 
is generally considered safe, but high doses may cause 
gastrointestinal discomfort. Therefore, the allowable dosage 
of peppermint extract should not exceed the recommended 
daily dose. The chemical structure of  menthol, one of the 
major bioactive components of peppermint extract is C10H20O. 
Peppermint extract can be obtained using various extraction 
methods, including  steam distillation,  solvent extraction, 
and  supercritical fluid  extraction. The choice of  extraction 
method  can affect the composition and bioactivity of the 
extract [63].

Turmeric 

Turmeric (Curcuma longa) is a  perennial herb  that belongs 
to the ginger family (Zingiberaceae). Turmeric extract has 
been used traditionally for its medicinal properties, including 
its anti-inflammatory, antioxidant, and antimicrobial effects 
[64]. Turmeric extract contains several bioactive components, 
including curcuminoids, essential oils, and polysaccharides. 
The major curcuminoids found in turmeric extract are 
curcumin, demethoxycurcumin, and bisdemethoxycurcumin 
[65]. Curcumin has potent anti-H. pylori activity. The dosage 
of turmeric extract varies depending on the specific product 
and the condition being treated. However, most studies 
have used a dose of 500 mg to 2000 mg of turmeric extract 
per day [66]. It is important to note that turmeric extract 
is generally considered safe, but high doses may cause 
gastrointestinal discomfort. Therefore, the allowable dosage 
of turmeric extract should not exceed the recommended daily 
dose. The chemical structure of  curcumin, one of the major 
bioactive components of turmeric extract is C21H20O6. Turmeric 
extract can be obtained using various  extraction methods, 
including solvent extraction, supercritical fluid extraction, and 
microwave-assisted extraction [67]. The choice of  extraction 
method  can affect the composition and bioactivity of the 
extract.

Wormwood 

Wormwood (Artemisia absinthium L.) is a  herbaceous 
perennial plant  that belongs to the Asteraceae family. It has 
been used traditionally for its medicinal properties, including 
its anti-inflammatory, antipyretic, and antimicrobial effects. 
One of the most well-known uses of wormwood is as an 
ingredient in absinthe, a popular alcoholic drink in the 19th 

century. It  contains several  bioactive components, including 
sesquiterpene lactones, flavonoids, and essential oils [68]. 
The major sesquiterpene lactones found in wormwood are 
absinthin, artemisinin, and anabsinthin. Artemisinin has been 
extensively studied for its anti-malarial properties, but recent 
studies have also shown its potential as an anti-H. pylori agent.

The dosage of wormwood extract varies depending on 
the specific product and the condition being treated. 
However, most studies have used a dose of 500 mg to 1500 
mg of wormwood extract per day. It is important to note 
that wormwood contains thujone, a  toxic compound  that 
can cause seizures and other  adverse effects  in high doses. 
Therefore, the allowable dosage of wormwood extract 
should not exceed 350 mg of thujone per day [69]. The 
chemical structure of artemisinin, one of the major bioactive 
components of wormwood, is C15H22O5 [70]. Wormwood 
extract can be obtained using various extraction methods, 
including maceration, percolation, and Soxhlet extraction. The 
choice of extraction method can affect the composition and 
bioactivity of the extract [71].

Olive 

Olive (Olea europaea L.) is an  evergreen tree  that belongs 
to the  Oleaceae  family.  Olive extract has been extensively 
studied for its potential as an anti-H. pylori agent due to its 
bioactive compounds, including oleuropein, hydroxytyrosol, 
and tyrosol. The appropriate dosage of olive extract for H. 
pylori eradication is not yet established. However, several 
studies have used doses ranging from 500 mg to 1000 mg per 
day of olive extract, standardized to contain at least 20% 
oleuropein [72]. Oleuropein, hydroxytyrosol, and tyrosol are 
the primary bioactive components of olive extract that have 
anti-H. pylori activity. Oleuropein is a secoiridoid glycoside and 
is found in the highest concentration in olive leaves. 
Hydroxytyrosol and tyrosol are both phenolic compounds and 
are found in the highest concentration in the olive fruit [73].

Oleuropein has a chemical formula of C25H32O13 and 
a  molecular weight  of 540.5 g/mol.  Hydroxytyrosol  has 
a  chemical formula  of C8H10O3 and a molecular weight 
of 154.16 g/mol [74]. Olive extract can be obtained 
through various  extraction methods, including  solvent 
extraction,  supercritical fluid extraction, and microwave-
assisted extraction. Solvent extraction is the most commonly 
used method for  olive leaf extract, while  supercritical 
fluid  extraction is preferred for  olive fruit extract  due to its 
high yield and low environmental impact [75].

The Effects of the Combination of Botanical Extracts

There are several botanical extracts that have been studied 
for their anti-H. pylori activity, but it’s important to note 
that not all of them have been extensively tested in clinical 
trials. One of the most widely studied botanical extracts for 
its anti-H. pylori activity  is licorice (Glycyrrhiza glabra) [76]. A 
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systematic review and meta-analysis of randomized controlled 
trials on licorice had a significant effect in eradicating H. pylori 
infection when used in combination with standard  triple 
therapy  (amoxicillin, clarithromycin, and  proton pump 
inhibitor) [77]. Another botanical extract that has been studied 
for its anti-H. pylori activity is  green tea  (Camellia sinensis). 
Green tea extract, used in combination with standard triple 
therapy, significantly increased the eradication rate of H. pylori 
compared with standard triple therapy alone [78].

A combination of several botanical extracts including 
Matricaria chamomilla,  Foeniculum vulgare, and  Melissa 
officinalis  has also been studied for its anti-H. pylori activity. 
A randomized controlled trial published in 2021 found 
that a combination of these botanical extracts, when used 
in combination with standard triple therapy, significantly 
increased the  eradication rate  of H. pylori compared with 
standard triple therapy alone [79]. 

Studies on botanical extract combinations: Several studies 
have evaluated the use of botanical extract combinations for 
their anti-H. pylori properties. A study investigated the effect 
of a combination of garlic, ginger, and cranberry extracts 
on H. pylori-infected cells and found that it significantly 
reduced bacterial adhesion [80]. Another study evaluated a 
combination of green tea and licorice root extracts and found 
that it inhibited the growth of H. pylori and reduced gastric 
inflammation [81].

Potential Benefits and Drawbacks of Botanical 
Extracts 

In recent years, there has been an increasing interest in the 
use of botanical extracts as an alternative therapy for H. pylori 
infection.

Potential benefits

Reduced side effects: One of the potential benefits of 
using botanical extracts as an alternative therapy for H. pylori 
infection is the reduced risk of side effects. Unlike antibiotics, 
which can cause adverse effects such as diarrhea, nausea, and 
vomiting, botanical extracts are generally considered safe and 
well-tolerated [82].

Antimicrobial activity: Many botanical extracts have 
antimicrobial activity against H. pylori. For example, extracts 
from garlic, ginger, turmeric, and cinnamon have all been 
shown to have inhibitory effects on H. pylori growth [83].

Anti-inflammatory effects: Botanical extracts may also have 
anti-inflammatory effects, which can be beneficial in reducing 
inflammation in the stomach caused by H. pylori infection. For 
example, extracts from licorice, chamomile, and aloe vera have 
all been shown to have anti-inflammatory properties [84].

Potential drawbacks

Lack of standardization: One of the potential drawbacks of 

using botanical extracts as an alternative therapy for H. pylori 
infection is the lack of standardization. Botanical extracts can 
vary in composition and potency depending on the source, 
preparation, and extraction method, which can make it 
difficult to ensure consistent and effective doses [85].

Limited clinical evidence: While some studies have shown 
promising results, there is limited clinical evidence to support 
the use of botanical extracts as a treatment option for H. pylori 
infection. Many of the studies have been conducted in vitro or 
in animal models, and more clinical trials are needed to fully 
understand the effectiveness and safety of botanical extracts 
in humans [86].

Potential interactions with other medications: Botanical 
extracts may also interact with other medications, which can 
be a concern for patients taking multiple medications. For 
example, extracts from St. John’s wort and Ginkgo biloba can 
interact with anticoagulant medications, while extracts from 
grapefruit can interact with certain statins [87].

Comparison between Chemical Therapy and Herbal 
Alternatives 

Efficacy

Standard therapy for H. pylori infection using a combination 
of antibiotics and proton pump inhibitors has been shown to 
be effective in eradicating the infection in up to 90% of cases 
[88]. However, the emergence of antibiotic-resistant strains 
has reduced the efficacy of standard therapy in some regions.

Side effects

Chemical therapy using antibiotics and proton pump 
inhibitors can cause  side effects  such as diarrhea, nausea, 
vomiting, and abdominal pain. Long-term use of proton pump 
inhibitors has been associated with an increased risk of bone 
fractures, kidney disease, and infections [89].

Herbal alternatives

Herbal alternatives such as  mastic gum, licorice, and 
cranberry-derived compounds have shown promising results 
in in vitro and animal studies as an alternative therapy for H. 
pylori infection. However, clinical evidence is limited, and the 
efficacy of herbal alternatives for H. pylori infection remains 
uncertain [90]. Herbal alternatives are generally considered 
safe, but some may have toxic effects at high doses or interact 
with certain medical conditions. For example, licorice can 
cause hypertension and hypokalemia in some individuals [91].

Chemical therapy

Chemical therapy using a combination of antibiotics and 
proton pump inhibitors is the standard therapy for H. pylori 
infection and has been shown to be effective in eradicating 
the infection. However, the emergence of antibiotic-resistant 
strains has reduced the efficacy of standard therapy in some 
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regions, and chemical therapy can cause side effects. Herbal 
alternatives have shown promising results in in vitro and animal 
studies and may have fewer side effects. However, clinical 
evidence is limited, and the efficacy of herbal alternatives for 
H. pylori infection remains uncertain.

Management of H. pylori by Artificial Intelligence 
(AI) 

Artificial intelligence (AI) has opened up new possibilities for 
the discovery and development of botanical extracts for the 
treatment of H. pylori infection. Machine learning algorithms can 
be trained on large datasets of chemical compounds and 
their  biological activities  to identify novel compounds with 
potential therapeutic properties. For example, a recent study 
used a  machine learning  approach to identify plant-derived 
compounds with potential  antimicrobial activity  against H. 
pylori and identified several promising candidates for further 
study [92]. In addition to identifying potential compounds, AI 
can also be used to optimize the extraction and purification 
of bioactive compounds from botanical sources. Traditional 
extraction methods often involve trial-and-error optimization, 
but AI can be used to design experiments that systematically 
explore the effects of different extraction parameters on the 
yield and purity of target compounds. For example, a recent 
study used a machine learning approach to optimize the 
extraction of flavonoids from Scutellaria baicalensis and found 
that the combination of ultrasound-assisted extraction and 
enzymatic hydrolysis resulted in the highest yield and purity 
of target compounds [93]. Furthermore, AI can be used to 
predict the biological activities of botanical extracts based 
on their chemical composition. This can help to guide the 
selection of extracts for further study, and to identify the 
specific compounds responsible for their therapeutic effects. 
For example, a recent study used a machine learning approach 
to predict the anti-inflammatory and anti-H. pylori activity of 
botanical extracts based on their chemical composition and 
identified several compounds with potent activity against H. 
pylori, including epigallocatechin gallate and quercetin. 94 AI 
can also be used to evaluate the synergistic effects of botanical 
extracts. A recent study used AI to evaluate the synergistic 
effects of a combination of Chinese herbal medicines, including 
Rhizoma coptidis, Cortex phellodendri, and Radix scutellariae, 
on H. pylori infection [95]. The study used a  support vector 
machine algorithm to predict the potential synergistic effects 
of the combination of extracts and found that the combination 
displayed significantly greater antimicrobial activity against H. 
pylori compared with individual extracts [96].

Future Research Directions in the Field of  Herbal 
Medicine

Many herbal medicines contain multiple bioactive 
compounds, making it difficult to identify the active 
compounds responsible for their antimicrobial and anti-
inflammatory effects. Future research should focus on 

identifying and characterizing the active compounds in herbal 
medicines that are effective against H. pylori [97].

Standardization of herbal preparations

Herbal preparations can vary in their composition and 
potency, depending on factors such as plant species, extraction 
method, and geographical location. Standardization of herbal 
preparations is critical to ensure consistent efficacy and safety 
[98].

Clinical trials

There is limited clinical evidence to support the use of herbal 
medicine for H. pylori infection. Future research should focus 
on conducting well-designed, randomized controlled trials to 
evaluate the efficacy and safety of herbal medicines for H. 
pylori infection [99].

Mechanistic studies

Mechanistic studies are needed to better understand the 
antimicrobial and anti-inflammatory mechanisms of  herbal 
medicine  against H. pylori. These studies can provide 
insights into the molecular targets and pathways involved in 
the therapeutic effects of herbal medicine [100].

Combination therapy

Combining herbal medicine with conventional therapy may 
enhance the efficacy of treatment and reduce the risk of 
antibiotic resistance. Future research should investigate 
the efficacy and safety of combination therapy for H. pylori 
infection [101].

Safety and toxicity

Herbal medicine is generally considered safe, but some may 
have toxic effects at high doses or interact with certain medical 
conditions. Future research should investigate the safety and 
toxicity of herbal medicines for H. pylori infection, particularly 
in vulnerable populations such as pregnant women, children, 
and the elderly [102].

Conclusion

Recent advances in botanical extracts have shown promise as 
potential alternative therapies for Helicobacter pylori infection. 
Green tea, broccoli sprout extract,  cranberry extract, garlic, 
ginger, Peppermint oil, Turmeric root, artemisinin, and licorice 
are examples of botanical extracts that have been studied 
for their potential  health benefits, including antibacterial, 
anti-inflammatory, and  antioxidant properties. However, 
more research is needed to fully understand the effects and 
limitations of these extracts, including their potential adverse 
effects  and interactions with other medications. In addition 
to alternative therapies, diagnostic tools for H. pylori infection 
have also advanced, including non-invasive methods such 
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as serology and stool antigen tests.  Current therapy  for H. 
pylori includes a combination of antibiotics and proton pump 
inhibitors, but increasing antibiotic resistance has prompted 
the need for alternative therapies.

The next direction for research in this area is to develop 
more effective and  targeted therapies  for H. pylori infection. 
This can include developing  standardized methods  for 
evaluating the efficacy of botanical extracts and exploring 
the potential of combination therapies. Moreover, AI  can be 
used to identify potential compounds, predict their biological 
activities, optimize extraction and purification processes, and 
evaluate the synergistic effects of different botanical extracts. 
Several recent studies have demonstrated the potential of 
AI as a powerful tool for the discovery and development of 
botanical extracts for the treatment of H. pylori infection. 
By combining AI with traditional methods, researchers can 
more efficiently identify effective extracts and optimize their 
extraction and purification processes. This approach could 
lead to the development of more effective and  targeted 
therapies  for H. pylori infection, and ultimately improve 
the health outcomes of patients with this condition. In the 
future, botanical extracts may provide a viable alternative to 
traditional antibiotic therapy for H. pylori infection. 

Recommendations

Further research is needed on clinical efficacy, optimal dosing, 
and safety of botanical extracts against H. pylori, particularly 
combination therapy with standard antibiotics. Use of AI for 
compound screening and extraction process optimization 
shows promise. Phage therapy and novel antibiotics like 
furazolidone warrant expanded investigation to address 
antibiotic resistance. Standardization of extracts and broader 
clinical trials remain key to validating plant-based therapies. 
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