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ABSTRACT
Background: Helicobacter pylori is a micro-aerophilic Gram-negative bacteria. The
increasing resistance between strains was emerged, resistance to such antimicrobial
agents continues to be alarming worldwide. Objectives: to isolation of H. pylori by
bacterial culture and evaluate the resistance rate of bacteria to antimicrobials and effect
of medicinal plant extracts (A. sativum and C. carvi essential oil, Moringa oleifera,
Trigonella foneum, Lawsonia inermis) on H. pylori strains and detection of their
effective components.. Methodology: This study was done on stool samples collected
from 260 patients attending gastroenterology department at Sohag and Assiut University
Hospital, collected during the period from March 2019 to February 2020. The bacterial
cultures were done for isolation of the pathogenic bacteria and detection of their
Horticulture research institute, ~ @ntibiotic susceptibility by disc diffusion method and Minimum inhibitory concentration
Agriculture research center, (MICs) determination and treatment of resistant strains with medicinal plant extracts as
Giza natural products and detection of their active constituents qualitatively and
Tells IZREITIZes quantitatively. Results: 87.0% and 59.2% sensitive strains of H. pylori to A. sativum and
PN T C. carvi essential oil and 67.4%, 57.1%, 44.9% susceptible strains to T. foneum gracium,
M. oleifera, L. inermis were detected. Flavonoids, alkaloids, tannins, phenols as
phytochemicals were detected in Moringa oleifera, Trigonella foneum, Lawsonia inermis
methanolic extracts causing their antibacterial activity. Disulfide diallyl (30.12%) and
limonene (46.39%) and carvone (50.30%) were as bioactive compounds in Allium
sativum and Carium carvi essential oil. Conclusion: results, we concluded that the
medicinal plant extracts were the most effective agents as antimicrobials so we
recommend the use of these extracts as alternatives in the future to treat the resistance
problem.
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insufficient current antimicrobial agents to control at
least some bacterial infections °. So the search for
effective and safe medicines used to treat particularly
persistent bacterial infections is continuous ' and the
scientists are now paying attention towards natural
products such as herbal extracts or medicinal plant
extracts to represent as microbial agents ®

Medicinal plant is an important part of indigenous

INTRODUCTION

Helicobacter pylori is a micro-aerophilic Gram-
negative spiral bacterium®. It is related to chronic
gastritis, gastric ulcers, duodenal ulcers and stomach
mucosal atrophy 2 Moreover, Helicobacter pylori is
well recognized as a class | carcinogen because H.
pylori is believed to be closely involved in the chronic

inflammation behind duodenal ulcers and gastric
diseases, and therefore it is crucial to understand how H.
pylori causes the progression from acute inflammation
of the mucosa to gastric cancer.

Resistance of H. pylori to such antimicrobial
agents*® continues to be alarming worldwide. The
increased prevalence of resistance of H. pylori resulting
from the extensive use of antibiotics may render the
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medical systems in all over the world. The ethnobotany
considers a substantial resource for research and
development of natural drug. Natural products have a
great role throughout the world in treatment and
prevention of human diseases. The importance of
natural products in this field can be resulted from: the
presence of new chemical entities of wide diversity of
structural natural substances serving as templates for
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semi synthetic and total synthetic modification, these
chemical substances are active to a number of diseases,
and increased use of these substances in the treatment of
disease. °, The broad and complex activity of essential
oils, as well as their synergy of action, can make them
essential oil as one of natural products is a valued
weapon against multidrug resistant bacterial strains due
to its broad and complex activity and strong action.
After using essential oil as anti-bacterial, there is no
evidence of emergence of resistant bacteria after their
usage, and this is highly hopeful in the treatment of
human diseases in future %1213

Efforts and trails toward the collected baseline data
on medicinal plants, phytochemical and
pharmacological studies and innovation are very
confined for future. Many scientists have concentrated
the essential need for discovering new, safe, and cheap
antibiotics with diverse chemical structures, new
chemical actions, and no adverse side effects because of
the indiscriminate use of antibiotics increasing
emergence of resistant microbial strains. The presence
of bioactive constituents in the medicinal plants render
these plants are important candidates for future
researchable studies in future including pharmacological
studies and drug discovery. *

The aim of the present study is to evaluate antibiotic
susceptibility of H. pylori and the ability of medicinal
plant extracts to inhibit the resistant strains because
these medicinal plants may be wused in the
pharmaceutical industry (as alternatives) in future
without the side effect.

METHODOLOGY

Bacterial culture:

For H. pylori culture, 260 stool specimens were
collected from patients of Sohag and Assiut University
Hospitals (Gastroenterology Department) and some
medical laboratories. A homogenized sample in saline
solution or buffer was inoculated onto blood agar base
plate supplemented with campylobacter supplement-1iI
(Skirrow). The plates were incubated for up to 7 days at
37°C under micro-aerophilic conditions (10% O,, 5%
CO,, and 85% N,). H. pylori isolates were identified
based on colony morphology; Gram staining results and
positive biochemical tests (reactions of oxidase, catalase
and urease).

Antimicrobial susceptibility test by disc diffusion
method:

210 isolates of H. pylori were tested against ten
antibiotics. H. pylori inoculum was prepared
(1.5x10°CFU/ml  equivalent to 0.5 McFarland),
inoculated on Mieller Hinton agar supplemented with
5% to 10 % horse blood, selected different antibiotics
discs (tetracycline (30pg), clarithromycin (15ug),
ciprofloxacin (5pg), levofloxacin (5pg), amoxicillin
(10pg),  rifampin  (5pg),  gentamicin  (10pg),
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erythromycin  (10pg), furazolidone (30pg) and
metronidazole (5ug)) were placed on the inoculated
media. The plates were incubated for 72 hours at 37°C
in micro-aerophilic atmosphere (5% O,, 10% CO,, and
85% N, with 100% humidity).We selected 49 H. pylori
strains as multidrug resistant for testing the plant
extracts effect.

The extraction method:

Finely ground sample (seeds of fenugreek or leaves
of moringa or henna leaves) was extracted using the
Soxhelt apparatus with the methanol by steam
distillation method. The garlic and caraway essential oil
were extracted through the performance of hydro-
distillation process of the grounded garlic or caraway
using a Clevenger-type apparatus. *°
Antimicrobial activity measurements:

Disk diffusion method:

Forty nine drugs resistant strains (selected as more
multi drug resistant strains) were tested against the
medicinal extracts. An inoculum was prepared
(1.5%108CFU/mI equivalent to 0.5 McFarland), placed
on Miuller-Hinton agar supplemented with 10% horse
serum, and then different plant extracts in volume of 10
ul were applied on the discs. Antibiotics were used as
positive control and DMSO as negative control. Media
plates were incubated at 37°C for 3 days. All plates
were examined for zones of inhibition. The diameters of
the inhibition zones were measured in millimeters
(mm).
Minimum
determination:

By two fold serial dilution method, each extract
stock (1000 ppm or 1000 mg/ml) was prepared by
dilution in distilled water from 1000 to 31.2 mg/ml
(31.2, 62,5, 125, 250, 500 and 1000 mg/ml) and
essential oil (1v) from 1 to 1:16 (1, 1:1/2, 1:1/4, 1:1/8,
1:1/16, 1:1/32 viv). Sterile filter paper discs of 6 mm
diameter were impregnated in 20ul of each
concentration of plant extract solution and essential oil,
the disks were softly put on the agar. Distilled water
was considered as negative control. Plates were
incubated at 37°C in micro-aerophilic conditions for 3—
5 days. The diameters of inhibition zones were
measured.

Quialitative phytochemical analysis:

Phytochemical analysis of methanolic extract of
selected medicinal plants was carried out by the
standard methods for detection of presence or absence
of metabolites such as alkaloids, flavonoids, phenol,
saponine, steroids and tannins.

Quantitative phytochemical analysis:

Chemical tests were done to the methanolic extract
of selected three medicinal plants using standard
procedure to identify the constituents such as total
flavonoids, total phenolics and total tannins.

inhibitory concentration (MICs)
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Gas chromatography-Mass spectrometry (GC-MS) using DsChrom 6200 Gas Chromatograph equipped
analysis: with a flame ionization detector for separation of
The gas chromatographic analysis was carried out volatile oil constituents.

for essential oil of Allium sativum and Carium carvi

RESULTS
Table 1: Susceptibility pattern of H. pylori strains to different antibiotics:
antibiotics Sensitive no Resistant no Sensitivity rate % Resistance rate %
AMX 37 12 75.5 24.5
CRP 33 16 67.3 32.7
ER 5 44 10.2 89.8
FURA 11 38 22.4 77.6
GN 5 44 10.2 89.8
LVX 24 25 49.0 51.0
MNZ 1 48 2.0 98.0
RIF 3 46 6.1 93.9
TCN 13 36 26.5 73.5
CAM 7 42 14.3 85.7

From 260 stool samples, 210 samples were positive culture to H. pylori. The antimicrobial susceptibility testing was
carried out. Forty nine strains were multidrug resistant to antibiotics as in (Table 1, Figl)

Table 2):Sensitivity and resistance rates of multi-drug resistant strains of H. pylori to medicinal extracts of some
lants by disk diffusion method:

Essential oil Methanolic extract
A. sativum C. carvi M. oleifera T. foneum gracium L. inermis
Sensitivity rate 43 (87.7%) 29(59.2%) 28(57.1%) 33(67.4%) 22(44.9%)
Resistance rate 6(12.2%) 20(40.8%) 21(42.9%) 16(32.6%) 27(55.1%)

The resistant strains were treated to medicinal plant extracts by disc diffusion method, these strains were highly
sensitive to A. sativum essential oil 87.7% and T. foneum gracium methanolic extract 67.4%. (table 2)

Fig. 1: Sensitivity rate of H. pylori strains to antimicrobials and plant extracts
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Fig. 2: Resistance rate of H. pylori strains to antimicrobials and plant extracts

Comparison between sensitivity rate of H. pylori to antibiotics and medicinal plant extracts cleared higher sensitivity
rate to natural extracts than antibiotics. (Fig 1,2)

Table 3: MICs of methanolic extracts of M. oleifera, T. foneum gracium and L. inermis and A. sativum and C.
carvi essential oil against selective multidrug resistant H. pylori strains

18.4

6 5 4 3

Essential oil Methanolic extract
A. sativum C. carvi M. oleifera T. foneum L. inermis
gracium
MIC No. % No. % Dilutions No. % No. % No. %
inhibited inhibited inhibited inhibited inhibited

strains strains strains strains strains
1:2 0.0 0.0% 5.0 10.2% 500 2.0% 1.0 0.0 % 0.0 122% | 6.0
1:4 9.0 18.4% 8.0 16.3% 250 12.2% 6.0 28.6% | 14.0 4.1% 2.0
1:8 10.0 20.4% 6.0 12.2% 125 26.5% 13.0 | 14.3% 7.0 0.0% 0.0
1:16 5.0 10.2% 6.0 12.2% 62.5 16.3% 8.0 14.3% 7.0 0.0% 0.0
1:32 15.0 30.6% 0.0 0.0% 31.2 0.0 % 0.0 0.0% 0.0 0.0% 0.0
1:64 3.0 6.1% 0.0 0.0%

30.6
20.4

Fig. 3: The determination of MIC of essential oil of A.sativum& C.carvi inhibiting selective multidrug resistant H.
pylori strains isolated from patients of Soagh + Assiut hospital university and some medical labs
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Fig. 4: MICsof methanolic extracts of M. oleifera, T. foneum gracium and L. inermis against selective multidrug
resistant H. pylori strains isolated from patients of Sohag + Assiut hospital univeristy some medical labs

The antimicrobial activities of essential oil and
extracts were determined by the determination of
minimum inhibitory concentration (MICs).87.7% and
59.2% of H. pylori strains were sensitive to A. sativum
and C. carvi essential oil respectively while 67.4%,
57.1%, 44.9% of H. pylori strains were susceptible to T.
foneum gracium, M. oleifera, L. inermis. Essential oil of
A. sativum and C. carvi showed strong antimicrobial

activities with MIC 0.03125(1:32) to 30.6% of strains
and 0.25(1:4) to 16.3% of strains so A. sativum had
stronger antimicrobial activity than C. carvi. MIC of M.
oleifera and T. foneum gracium extracts inhibited
26.5% and 28.6% of bacterial growth was 125 mg/ml
and 250 mg/ml whereas MIC of L. inermis extract
inhibited 12.5% of bacterial growth was 500 mg/ml.
(Table3, Fig3,4)

Table 4: The preliminary screening of phytochemical components in methanolic extracts of M. oleifera, T.

foneum gracium and L. inermis (the qualitative analysis)

M. oleifera T. foneum gracium L. inermis
flavonoids + + +
Alkaloids + + +
Tannins + + +
Saponins + + +
Glycosides + + +
Terpenoids + + +
Phenols + + +
Steroids + + +
Carbohydrates (reducing sugar) _ + +
Proteins + amino acid + + +

The methanolic extract of T. foneum gracium, L. inermis displayed the presence of some phytochemicals including
flavonoids, alkaloids, tannins, saponins, glycosides, terpenoids, steroids, phenols, reducing sugar, proteins and
aminoacids while M. oleifera showed the presence of almost all phytochemicals except reducing sugar (Table 4).

Table 5: Assessment of the total phenols, total flavonoids, tannins contents in methanolic extracts of M. oleifera,
T. foneum gracium and L. inermis (the quantitative analysis)

Constituents Total phenols Total flavonoids Tannins
Methanolic extra
M. oleifera 413.76 3.614 0.49
T. foneum gracium 543.3 5.531 0.46
L. inermis 268.5 2.67

The quantification of the phytochemical constituents of these plant extracts revealed the variations in concentrations

of alkaloids, flavonoids and tannins as shown in (Table 5).
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Table 6: The chemical components of Allium sativum and Carium carvi essential oil by GC-MS chromatogram
analysis

Allium sativum

Component name Retention Time Area%
dimethyl disulfide 2.65 1.17
dimethyl sulfide 2.87 1.57
allyl methyl disulfide 3.69 1.72
diallyl disulfide 5.34 30.12
allyl(Z)-1-propenyl disulfide 5.80 12.34
allyl methyl trisulfide 6.39 5.11
2-vinyl-4-H-1,2 dithine 7.87 5.51
diallyl trisulfide 8.24 22.6
allyl propyl trisulfide 8.60 3.82
diallyl tetrasulfide 11.45 7.02

Carium carvi

myrcene 3.04 1.12
limonene 3.55 46.39
trans carveol 7.94 1.59
carvone 9.26 50.30
carveol 9.88 0.60

Fig. 5: GC-MS chromatogram analysis of Allium sativum essential oil

Fig. 6: GC-MS chromatogram analysis of Carum carvi essential oil

GC-MS chromatogram of A. sativum and C. carvi essential oil identified ten phytochemical compounds and five
phytochemical compounds in C. carvi were based on the peak area, retention time and molecular formula (Table 6, Fig
5,6)
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DISCUSSION

H. pylori specifically settles the gastric epithelium
and is the most prevalent human bacterial infection
worldwide, infecting approximately half of the world’s
population'®*",

All isolated H. pylori strains were described as
rounded, small translucent and identified as Gram-
negative and spiral shaped rods with rounded ends and
positive oxidase, catalase, and urease, negative nitrite
reduction, H,S production and hippurate hydrolysis,
these strains could not grow in the presence Nacl (3.5%)
and glycine (1%), they were resistant to cephalothin and
sensitive to nalidixic acid. Some of them could grow at
30,42° C and others no. *®

Antibiotic resistance is a constantly evolving process
and there are significant regional variations in H.
pylori antibiotic resistance rates * Numerous studies
have been carried out to determine the prevalence of H
pylori resistance to antibiotics %

Antimicrobial susceptibility testing for Helicobacter
pylori has highly magnitude due to increasing the
resistance to the most used antimicrobials * and
increasing antibiotic resistance has minimized the
efficacy of treatment regimens in recent years.**

Most common antibiotic-resistant strains of H.
pylori are clarithromycin- and metronidazole-resistant,
and they are present at very high rates but the rates vary
among different populations. However, amoxicillin
resistance is relatively low. The resistance of H. pylori
to several antibiotics is widely varied widely between
different geographical areas %

In our study, the multidrug resistance was detected
to rifampicin, metronidazole, gentamycin, tetracycline,
furazolidone, erythromycin, tetracycline, levofloxacin
and Clarithromycin. This was in agreement with the
result of some previous studies that cleared the
prevalent resistance to Clarithromycin, metronidazole,
tetracycline 2%

Amoxicillin followed by ciprofloxacin were the best
antimicrobials for inhibiting H. pylori strains than others
in this study, these data were similar to the study that
reported high sensitivity to amoxicillin %

Reduction of H. pylori antibiotic resistance is
throughout evaluation of local antibiotic resistance and
selection of appropriate first-line regimens ?’ that reduce
repeated courses of treatment causing multiple side
effects and propagation of secondary antibiotic
resistance 2°. Because antibiotic resistance reflects its
pattern of use in any geographical region so abuse of
antibiotics increases resistance of H. pylori leading to
more mutation in strains. %

The antibiotic resistance of bacteria is the leading
reason of treatment failure *. Because of increasing
resistance and treatment failure, bacterial infections
relapse in most patients within a few years *' so There
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are the numerous studies concentrated on the
eradication of H. pylori infection using traditional
herbal medicines because the multi-drug resistance was
developed ***. The medicinal herbs is very effective to
treat infections and have been used as alternatives (as
drugs) to treat various diseases. 3***A. sativum had the
strongest antibacterial activity against H. pylori strains
than all the plant extracts in our study. Our study was
consistent with some studies that had been emphasized
on the existence of a relationship between consumption
of garlic and decrease in Helicobacter pylori infection **
and the other study that revealed the effectiveness of the
3gBarIic essential oil antibacterial properties on H. pylori.

Plant extracts contained variable active constituents.
These compounds are known as secondary plant
metabolites and have biological characteristics such as
antioxidant activity, antimicrobial impact, modification
of detoxification enzymes, activation of the immune
system, and modification of hormone metabolism and
anti-cancer property *°

The antimicrobial effect of Allium sativum resulted
from the presence of sulfur compounds either limonene
and carvone in Carium carvi had inhibitory effect on
gram positive and negative bacteria. *"%3

CONCLUSION

From these results, we concluded that the medicinal
plant extracts (as the natural products) were more
effective agents than antimicrobials in addition to have
no side effect. So we recommend the use of these
extracts as alternatives in the future. This study also
proved that Allium sativum extract was the most
effective antimicrobial agent than other extracts and
antimicrobials.

This study was approved by the ethical committee of
Faculty of Science.

This manuscript has not been previously published
and is not under consideration in the same or
substantially similar form in any other reviewed media.
I have contributed sufficiently to the project to be
included as author. To the best of my knowledge, no
conflict of interest, financial or others exist. All authors
have participated in the concept and design, analysis,
and interpretation of data, drafting and revising of the
manuscript, and that they have approved the manuscript
as submitted.
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