J Appl Biotechnol Rep. 2021 Mar;8(1):13-26

Journal of

Applied Biotechnology

@ 10.30491)ABR 2020229267.1217

L))

Check for
updates

Reports
Original Article

Oral Acute Toxicity, Influence on the Gastrointestinal
Microbiota and In Vivo Anti-salmonellosis Effect of Zizyphus
lotus (L.) and Ruta chalepensis (L.) Essential Oils

Nour El Houda Bekkar'™, Boumediene Meddah', Bahadir Keskin?"~, Pascal Sonnet?

"Laboratory of Bioconversion, Microbiological Engineering and Health Safety, Faculty of Life and Nature Sciences, University

Mustapha Stambouli of Mascara, 29000, Algeria

’Department of Chemistry, Faculty of Arts & Science, Yildiz Technical University, TR34210 Istanbul, Turkey
SAGIR Laboratory, Agents Infectieux, Résistance et Chimiothérapie. EA4294 UFR de Pharmacie, Université de Picardie Jules Verne,

Amiens, France

Corresponding Author: Nour El Houda Bekkar, PhD, Laboratory of Bioconversion, Microbiological Engineering and Health Safety,
Faculty of Life and Nature Sciences, University Mustapha Stambouli of Mascara, 29000, Algeria. Tel: 213-552849374, Email:

nourelhouda.bekkar@univ-mascara.dz

Received April 30, 2020; Accepted July 18, 2020; Online Published March 8, 2021

Abstract

Introduction: The aim of this study was to evaluate the chemical composition of Zizyphus lotus and Ruta chalepensis essential oils (EOs), the oral
acute toxicity, influence on the gastrointestinal microbiota and the in vivo anti-salmonellosis effect.

Materials and Methods: The EOs were isolated using the steam distillation process, and bioactive components were identified by gas chromatography—
mass spectrometry (GC-MS) analysis. Oral acute toxicity, influence on the gastrointestinal flora composition and the anti-salmonellosis effect were
elucidated using in vivo methods on experimental animals.

Results: The GC-MS allowed us to identify 33 and 58 components in Z. lotus and R. chalepensis, respectively. Di-isooctyl phthalate (89.857%)
was found to be the major compound identified in Z. lotus. The main compounds in R. chalepensis were 2-undecanone (26.528%) followed
by 2-nonanone (13.404%). The LD, of EOs was found to be greater than 5000 mg/kg. Also, no negative influence to intestinal microbiota was
detected. An important decrease in S. enterica ssp arizonae cells achieving a bactericidal effect was recorded in rats treated with the EOs of both
plants at a dose of 400 mg/kg. In parallel, an important significant (P<0.05) increase in lymphocytes number was observed for all tested animals.
A decrease in alkaline phosphatase (ALP), amino alanine transferase (ALT) and aspartate aminotransferase (AST) levels was observed. Furthermore,
a reduced blood erythrocyte sedimentation rate (ESR) was recorded in treated animals.

Conclusions: The Z. lotus and R. chalepensis act effectively as anti-salmonellosis agents, which support the use of these plants to cure gastrointestinal
infections.
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Introduction

The emergence of multidrug resistant (MDR) bacteria has
become a worldwide menace to public health safety. It has been
determined since 1940 and up to 2016, when the first cases of
Enterobacteriaceae carrying transferable resistance to colistin
were reported. Wherefore, a great interest has been dedicated
to the use of natural compounds as antibiotic alternatives.™?
Salmonella enterica ssp. arizonae, which is classified into
non-typhoidal Salmonella (NTS) is an uncommon human
pathogen with serious human infections. It represents a major
health concern that affects antimicrobial treatment, because
of its high resistance to various antibiotics.* This pathogen was
the second leading cause of the foodborne disease. In Algeria,
NTS represents one of the primary causes of salmonellosis.
Some studies showed the detection of multiple Salmonella
serovars contaminating a wide variety of raw meat and

processed meat products.*® A study by the Pasteur Institute of
Algeria revealed that 11% of food poisoning cases were caused
by Salmonella spp. in 2011.° Another study in the Algerian
east, in Skikda, persistence of gastroenteritis infection within
the poultry industry has prompted an investigation for NTS
in this sector in 2013.7 In cases of severe enteric disease to the
multi-resistant Salmonella strains, the search for alternative
and effective antimicrobials such as EOs is critical because of
treatment failure with antibiotics.

Essential oils (EOs) have been widely investigated in recent
years due to their antimicrobial properties against a wide
spectrum of MDR bacteria. They have also been qualified as
highly popular therapeutic treatments and have been used
much more in traditional medicine and are of great scientific
interest. These alternative products are known to contain an
immense variety of bioactive components that may contribute
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to various medical properties.?

The present study investigates the chemical composition on
bioactive compounds of EOs extracted from two medicinal
plants: Zizyphus lotus (Rhamnaceae) and Ruta chalepensis
(Rutaceae) collected from Mascara, western Algeria and their
antimicrobial effect in vivo.

Zizyphus lotus is abundant in Algeria and popularly famous
as “Sedra” and the edible fruit is called “Nbeg”. This plant is a
very thorny fruit shrub, abundantly present in Mediterranean
countries and widely found in Mascara (Western Algeria).
The Z. lotus is used in nutrition, health and cosmetic sectors.
Besides, this plant presents a delicious red fruit (jujube) that is
consumed by the local population. Recently, several scientific
reports have been published on the health benefits and
nutritional potential of the bioactive compounds in Z. lotus.
The nutritional virtues of Z. lotus are mainly based on its
composition rich in vitamin E, vitamin C, fibers, fatty acids,
amino acids, calcium, magnesium and considerable amounts
of sugars.’

This plant has been found to be rich on polyphenols
(flavonoids and tannins), tri-terpenes, anthraquinones,
alkaloids (cyclopeptides and isoquinolides) and the
saponosides which are abundant in the extracts of Z. lotus
seeds and root bark.'®!! Several parts, especially, leaves, fruits
and roots are used in traditional medicine for the treatment
of various diseases, such as insomnia and anxiety,"? treatment
of digestive disorders, obesity, urinary troubles and skin
infections.'>'* In Algeria, Z. lotus is also used for the treatment
of liver diseases’ and the root barks are known for their
antidiabetic properties.'®

Therefore, this plant is used for treatment of bronchitis
and urolithiasis,”” as anti-inflammatory and analgesic,'®
antibacterial and antifungal,’* antioxidant,* litholytic and
antiulcerogenic.”” The fruit and leaves are used traditionally
as emollient, in the treatment of intestinal diseases, and the
crushed roots are employed in the treatment of leukemia
eye disease.”” In recent years, there has been a great interest
in studying this plant, as it has been shown to improve
hyperglycemia in rodents.** Moreover, the root extracts from
this plant were reported to exert an immunosuppressive
effect by inhibiting T-cell proliferation and IL-2 mRNA
expression.”**® More recently, in a study on the protective
effect of Z. lotus, Bencheikh et al** demonstrated that aqueous
extracts of Z. lotus fruits exhibited a hepatoprotective effect
against hepatic lesions induced by Carbon tetrachloride
(CCL.sub.4) in rats.

Ruta chalepensis, commonly known as “Fidjel” is strongly
scented sub-shrubs native to the Mediterranean region.” This
plant represents a potential source of natural products with
biological activities. R. chalepensis extracts, EOs and isolated
compounds have shown a diverse potential for the treatment
of different diseases. The aerial parts (leaves, flowers and small
stems) are used for medicinal purposes as antimicrobials,*
antioxidants,” and possessing anti-cholinesterase effects.
In addition to its described emmenagogue, abortifacient,
anthelmintic and spasmolytic effects,”> moreover, it is also
characterized by its anti-inflammatory properties,”>** and
possessing a depressant activity on the central nervous

system.* Recent studies have revealed the potent effect of
R. chalepensis as hypoglycemic,” and possessing an anti-
mutagenic effects against potassium bromate by decreasing
the sperm cell abnormalities.*

In their study, Abdelrahim et al*’ determined that R.
chalepensis exhibits an increase in good cholesterol (high-
density-lipoprotein, HDL), and decrease the triglyceride
levels in serum when added to the high-cholesterol diet
applied in Wistar rats. Besides, they demonstrated that the
plant might beneficially affect the lipid profile of rats treated
with paracetamol, since it lowered the low-density-lipoprotein
(LDL), triglycerides and total cholesterol serum levels when
added to their high cholesterol diet.

To the best of our knowledge, this is the first study which
has demonstrated the in vivo antimicrobial activity of Z. lotus
and R. chalepensis EOs against S. enterica ssp arizonae. Thus,
no reports have been found about the EOs of both plants
growing in Mascara, western Algeria. Therefore, the aim of
this study was to evaluate the chemical composition profiles of
EOs extracted from Z. lotus leaf and R. chalepensis aerial parts
(leaves, flowers and small stems) using gas chromatography-
mass spectrometry (GC-MS) analysis.

The oral acute toxicity and effect of these EOs on the
composition and diversity of gastrointestinal microbiota
were also investigated using in vivo and in vitro methods.
We aimed to examine the efficiency of both plants EOs for
its antimicrobial effect and its potential role on the treatment
of gastroenteritis infection to Salmonella enterica ssp arizonae
induced in Wistar rats.

Materials and Methods

Plant Material

The Z. lotus leaves were collected in July 2017 and the aerial
parts of R. chalepensis (leaves, flowers and small stems) were
collected in April 2017 during the flowering stage from the
El-Mamounia region in Mascara, western Algeria and were
identified by a botanist from the Department of Biology,
University of Mascara, Algeria.

Bacterial Strain
The MDR Salmonella enterica ssp arizonae used in this
study was isolated from stool specimens of patients with
gastroenteritis and identified in Meslem-Taib hospital
Laboratory, of Mascara-Algeria, as well at the Laboratory
of Bioconversion, Microbiological Engineering and Health
Safety of the Department of Biology, University of Mascara.
The bacterial identification was carried out for the purpose
of the bacterial identity confirmation using macroscopic
examination on Salmonella-Shigella agar, microscopic
examination (gram stain) and using biochemical tests of
commercials kits, miniaturized multi-test systems API 20E,
which was applied according to the BioMerieux manual.
Bacterial strain was maintained during its exponential phase
of growth on agar nutrient medium, Brain Heart Infusion
Broth (BHIB) and selenite F broth (SFB) medium at 4°C.**

Experimental Animals
Wistar rats of male sexes, with an average weight of +5 g (150-
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200 g body weight b.w., n=5) were used during this study.
The animals were supplied by the Animal Care Facility of the
Faculty of Life and Nature Sciences, University of Mascara,
Algeria. They were randomly assigned to different groups.
Three groups of five animals each were used for the oral acute
toxicity study: control group n°1, group n°2 of animals treated
with ZLEO, and group n°3 of animals treated with RCEO.
The same group organization was used to study the influence
of EOs on the gastrointestinal flora. While, for the anti-
salmonellosis effect elucidation, five groups of five animals
each were used: Negative Control Group (NCG) n°1, Positive
Control Group (PCG) n°2, group n°3 of animals infected and
treated with ZLEO (ITG,,, ), group n°4 of animals infected
and treated with RCEO (ITG,_,), group n°5 of animals
infected and treated with the antibiotic: neomycin (ITG,,,).
All these groups were kept under standard environmental
conditions (at 25+2°C, 12/12 h light/dark cycle). They were
provided with standard rodent pellets diet and had free access
to water ad libitum. Before testing, the animals were fasted for
13h with access to water and all experimental procedures were
performed in accordance with the ethical guidelines of the
Organization for Economic Cooperation and Development
(OECD).*

Essential Oil Isolation

The extraction of EOs from Z. lotus leaves and the aerial parts
(leaves, flowers and small stems) of R. chalepensis was carried
out using the steam distillation process. Briefly, each 45 g of the
plant were subjected to steam distillation in distilled water for
3 hours according to the current European Pharmacopoeia.”!
The obtained EOs were collected, dried over anhydrous
sodium sulfate and stored at +4°C in brown sealed glass vials
until used. The extraction of these EOs was done in three
replications for each plant and the extraction yield (w/w) was
expressed as the weight of EO volume on the weight of the
plant used.

Essential Oil Analysis

The separation, identification and quantification of the
various bioactive volatile compounds containing in the EO
samples of both plants was carried out on a Shimadzu gas
chromatograph (GC), Agilent GC Model 7890B equipped
with HP 5977A Mass spectrometer. Analytical conditions:
Agilent 122-7062 DB-WAXN capillary column (60m_250
micrometer, 0.25-micrometer film thickness), helium as a
carrier gas with a linear velocity in column of 19 cm/s and
37.862 psi of pressure. The carrier gas split flow was about
250 mL/min, split ratio: 100:1 and septum purge flow: 3 mL/
min. The oven temperature program was between 70 and
260°C with an equilibration time of 1 minute and was then
maintained at 250°C. The injection in the split mode of 2 uL
of the substance to be analyzed was carried out using a micro-
syringe with a size of 10 pL. The components were identified
by comparing their relative retention times and mass spectra
with the data from the library of EO constituents, Wiley,
Mass-Finder and Adams GC/MS libraries. The percentage
composition determination was based on peak area
normalization without using correction factors.

Oral Acute Toxicity Study
The oral acute toxicity of Z. lotus and R. chalepensis EOs was
performed according to the OCDE guidelines.” The test was
performed on 15 male rats: Rattus norveagicus divided into
three groups (control and test groups) of five animals each:
control group n°l, group n°2 of animals treated with ZLEO,
group n°3 of animals treated with RCEO. These animals
were fasted 13 hours before the experiment, then weighed
and treated with EO samples by esophageal gavage: oral
administration. Animals in the control group received 10 mL/
kg b.w. of sterile physiological water 9% (NaCl), and those of
the test groups were given a single unique-dose (5000 mg/kg
b.w.) of each Z. lotus and R. chalepensis EOs on the first day
of the experiment.

Upon treatment, these animals were fasted for additional
3 hours. During the experiment, animals were weighted
and symptoms of toxicity including mobility, aggression,
sensitivity to pain and noise, tail state, stool and urine
condition and color, brittleness, anxiety state, weight loss,
sweating, painful palpation, vomiting, fever and diarrhea
were noted. Furthermore, death was monitored 14 days
following treatment. Animals were then anesthetized nasally
with chloroform, sacrificed and organs (liver, kidneys, heart,
lung and spleen) were removed, and their relative weights
were determined.

Essential Oil Influence on Gastrointestinal Tract Microbiota
Isolation and Enumeration on Selective Agar Medium Method
In this experiment, 15 rats were used and they were fasted 13
hours before the study. The animals were divided into three
groups (control and 2 test groups) as mentioned previously.
The control group received by oral gavage, 10 mL/kg b.w. of
9% NaCl and the test groups received a single unique-dose
(5000 mg/kg) of Z. lotus and R. chalepensis EOs, respectively.
After a single oral administration, the treated and untreated
rats were fasted and after 18 hours, they were anesthetized
for further dissecting under aseptic conditions to remove the
digestive tracts.

Determination of CFU (colony forming unit) counts:
Isolation and enumeration on selective agar medium was
applied for quantitative CFU counts determination of
respective groups of intestinal bacteria in 1 g of substrate.
Nutrient and selective agar medium in Petri dishes were
inoculated with 100 pL of the ileum and colon solution
samples, previously prepared (1 g of the organ in 9 mL of
9% NaCl) for each animal group (control and test groups).
The homogenized samples of the ileum and colon were
prepared in advance by sequential diluting based on decimal
dilution system application (from 10" to 107). Total aerobic
mesophilic flora (TAMF) was counted on Plate Count Agar
(PCA), total anaerobic flora (TANF) on Columbia Agar,
Enterobacteriaceae on Hektoen Agar and Methylene Blue
Eosin Agar (EMB), Staphylococcaceae on Chapman Agar
and Streptococcaceae on Bil Eosin Agar (BEA). The bacterial
colonies counts were performed after incubation at 37°C for
18-24 hours with the presence of CO, for strict anaerobic
germs. Lactobacillus sp were counted on Man Rogosa Sharpe
Agar (MRS) and incubated at 37°C for 48-72 hours. The
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enumeration of viable bacteria in each sample was made on
the Petri dishes, presenting between 30 and 300 colonies, and
expressed in Log CFU/g of sample according to the following
formula®:

Log CFU/g = Number of colonies / (dilution x inoculated
volume)

The identification of the different bacterial colonies which
had appeared in each selective medium was confirmed by
macroscopic and microscopic (Gram stain) examinations.*
This analysis was carried out with the aim of evaluating
the influence of ZLEO and RCEO on the composition and
diversity of the intestinal flora, as well as on the implantation
of probiotic bacteria at the level of intestinal mucosa, in
comparison with the control group of animals which had not
received any treatment.

In Vivo Anti-salmonellosis Effect

For the evaluation of the EOs ability of both plants to treat
gastroenteritis induced by S. enterica ssp arizonae in Wistar
rats, 25 male animals weighted 200 kg +5 g b.w. were used.
The animals were divided into five groups of five rats each.
The control group, which consisted of the NCG, received 10
mL/kg of normal saline water, while the PCG was given 2 mL
of S. enterica ssp arizonae suspension prepared previously
in BHIB broth, and of 4 x 10° CFU/mL concentrations in
exponential phase.

Groups 3, 4 and 5 were firstly administered 10 mL/kg of S.
enterica ssp arizonae (4 x 10°log CFU/mL) induced diarrhea.
Then, after three days (optimal period for developing
symptoms of the disease), animals in groups 3 and 4 were
daily treated with oral administration of a single dose (400
mg/kg) of ZLEO and RCEO respectively for 7 days, while,
animals in group 5 were administered 200 mg/kg of neomycin
as standard antibiotic treatment.

Clinical signs observed in animals of all test groups were
noticed and the body weight was recorded. At the end of
experiments, all rats were deprived of food for 13 hours and
they were anesthetized and sacrificed to complete the study.
Blood samples taken from the abdominal aorta of each
animal were collected in tubes containing an EDTA-type
anticoagulant and were used for further analysis.

Detection of Salmonella enterica ssp arizonae in Faecal
Flora

The objective of the experiment was to detect S. enterica ssp
arizonae strain in the faecal flora of the treated and untreated
animals. The stool samples taken in aseptic conditions
from animals of each group (control and test groups) were
immediately transported to the Laboratory of Bioconversion,
Microbiological Engineering and Health Safety of Mascara
University for bacteriological analysis.

Determination of CFU counts: Stool specimens (1 g wet
weight samples in 9 mL of NaCl 9%) and decimal dilutions
were prepared to achieve the 10 dilution. S. enterica ssp
arizonae was counted on Salmonella-Shigella agar medium
after inoculation of 100 pL stool solution in each Petri dish
and was incubated at 37°C for 24 hours. Enumeration of
the infectious germ expressed in Log CFU/g was made on

colorless colonies and identification was carried out using
biochemical tests of API systems: API 20E.

Hematological Analysis

Hematological parameters comprising white blood cells
(WCQ), red blood cells (RC), Granulocytes (GRA), hematocrit
(Ht), platelets (PLT), hemoglobin (Hb), Mid-range percent
(MID) including basophils, eosinophils and monocytes,
lymphocytes (LYM), mean corpuscular hemoglobin (TMCH),
Mean Corpuscular Hemoglobin Concentration (MCHC)
and mean corpuscular volume (MCV) were analyzed using
DIATRON automaton hematology (Abacus 380).

Biochemical Parameters

Biochemical parameters including alanine aminotransferse
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and erythrocyte sedimentation rate (ESR)
were analyzed in the serum as inflammation and infection
markers. These analyses were performed using commercial
kits (Hospitex Diagnostics std, Germany).

Statistical Analysis

Replicates were prepared for all experiments. The results
were given as means and their standard deviations (means
+ SD). The means were compared by using the one-way and
multivariate analysis of variance (ANOVA). The differences
between individual means were deemed to be significant at
P<0.05.

Results and Discussion

Yield and Essential Oils Composition (GC-MS)

The relative amount (w/w%) of EOs from the two selected
medicinal plants is presented in Table 1.

Zizyphus lotus EO was pale yellow, characterized by a liquid
aspect and an aromatic odor, close to that of the plant, while
RCEO was yellowish with a strong odor and an oily liquid
aspect. Statistical analysis showed no significant differences
between the yields of the EOs of both plants, while the highest
amount was obtained for RCEO (4.99+0.86%) compared to
ZLEO (4.16+0.036%).

The EOyields obtained in the present study were comparable
to what has been reported by Benammara et al** who found
that R. chalepensis EO has lower yields. They showed that R.
chalepensis collected from Remchi (Tlemcen) and Naama in
western Algeria gave a yield of 1.17 and 0.19%, respectively,
while, a highest yield (7.23%) was obtained by Boumediene®
using R. chalepensis collected from Sidi-Bel Abbes in western
Algeria.

According to Dob et al* the EO yield of the aerial parts of
R. chalepensis is 0.27%, which is not in agreement with the

Table 1. Yield Extraction of Zizyphus lotus and Ruta chalepensis EOs (w/w%)

Botanical Name  Samples Code Part Used Yield (%)
Zizyphus lotus ZLEO Leaves 4.16+0.036
Ruta chalepensis RCEO Aerial parts: leaves, 4.99+0.86

flowers and small stems

Values are given as means + SD (n=3).
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results of the present study.

The yield of RCEO obtained during this study was more
interesting and higher than those reported by various studies.
Thus, high yields of ZLEO were recorded during this study
for the first time. This indicates that plants harvested from
Mascara-western Algeria contain higher levels of EOs. In
addition, the harvest region has a greater influence on the
yield of the EOs of plants.

The chemical composition of Z. lotus and R. chalepensis EOs
was determined by GC-MS analysis. Results are shown in Table
2 and Table 3. A total of 33 components were identified for
Z. lotus and 58 components for R. chalepensis that comprised
94.65% and 81.82% respectively of the total EO. The chemical
profile of ZLEO allowed us to quantify 89.857% of Di-isooctyl
phthalate as major compound, followed by linalol at 2.149%.
Other minor components were also identified in this plant but

Table 2. Chemical Composition of Zizyphus lotus Leaf EO (ZLEO) Collected From
Mascara in Western Algeria

Number Compounds Retention Time  Percent

01 a-Pinene 4.833 0.007
02 N-butyl acetate 5.556 0.015
03 Sabinene 8.16 0.029
04 a-Terpinene 8.857 0.012
05 D-Limonen 9.567 0.03
06 Eucalyptol-1.8 cineole 10.047 0.03
07 y-Terpinene 11.292 0.166
08 P-cymene 12.148 0.351
09 Methyl heptenone 14.493 0.099
10 2-Nonanone 16.294 0.077
11 1,1'-Bicyclohexyl CAS no: 92-51-3 17.639 0.038
12 1 Octen 3 ol 18.178 0.035
13 Trans sabinen hydrate 18.708 0.017
14 Aldehyde C 10-decanal 19.12 0.015
15 2-Decanone CAS no: 693-54-9 19.509 0.009
16 Camphor crystal syn 20.172 0.036
17 2-Nonanol CASno: 628-99-9 20.252 0.053
18 Linalol 20.98 2.149
19 Linalyl acetate 21.267 0.147
20 2-Undecanone CAS#: 112-12-9 22.532 0.204
21 Caryophylene 22.61 0.268
22 Safranal 23.851 0.039
23 a-Terpineol 25.395 0.038
24 D-germacrene 25.892 0.011
25 2-Undecanol 26.092 0.061
26 Carvone- spearmint oil 26.501 0.028
27 Profarnesal 30.154 0.098
28 B-lonone 32.812 0.035
29 Methyl Eugenol+97 ION 34.878 0.136
30 Thymol 40.812 0.559
31 Diisooctyl phthalate 56.894 89.857
Total components 94.65

Table 3. Chemical Composition of Ruta chalepensis EO (RCEO) Collected From
Mascara in Western Algeria

Number Compounds Re;ei!:]t;on Percent
01 a-Pinene 4.837 0.025
02 Isopropyl-2-methyl butyrate 5.215 0.046
03 N-Butyl acetate 5.568 0.028
04 B-Pinene 6.611 0.023
05 Sabinene 6.915 0.02
06 D-limonen 9.581 0.44
07 Eucalyptol-1.8 cineole 10.066 0.255
08 Trans-2-Hexenal 10.174 0.072
09 y-Terpinene 11.301 0.042
10 Methyl hexyl ketone 12.711 0.046
11 Methy| heptenone 14.51 0.021
12 2-Propanol, 1-butoxy- CASno: 5131-66-8 14.728 0.175
13 2-Octanol, acetate CAS no: 2051-50-5 15.471 0.283
14 2-Nonanone CAS no: 821-55-6 16.403 13.404
15 Aldehyde C9- Nonanal 16.472 0.041
16 1,1'-Bicyclohexyl CAS no: 92-51-3 17.659 0.348
17 Methyl octyl ketone 18.475 0.056
18 2-Nonanol, acetate CAS no: 14936-66-4 18.669 10.094
19 Octyl acetate 19.009 0.034
20 2-Decanone CAS no: 693-54-9 19.534 1.178
21 Benzaldehyde 20.135 0.049
22 Camphor crystal syn 20.196 0.116
23 2-Nonanol CAS no: 628-99-9 20.291 3.265
24 Linalol 20.985 0.034
25 2 Undecanone Methyl nonyl ketone 21.16 0.127
26 Octanol--Alcohol C 8 21.325 0.066
27 Nonyl acetate 21.945 0.063
28 Isobornyl acetate 22.086 0.043
29 2-Undecanone CAS no: 112-12-9 22.696  26.528
30 Safranal 23.876 0.036
31 Pinocarveol 24.193 0.031
32 Alcohol C9 24313 0.067
33 2-Undecanol, acetate CAS no: 14936-67-5 24.445 4.851
34 2-Dodecanone CAS no: 6175-49-1 24.634 0.778
35 Neral-Citral 25.087 0.044
36 a-Terpineol 25.411 0.567
37 2-Dodecanone 25.664 0.548
38 2-Undecanol CAS no: 1653-30-1 26.127 2.966
39 Carvone- spearmint oil 26.524 0.025
40 Methyl salicylate 27.608 0.041
41 2-Tridecanone CAS no: 593-08-8 28.86 1.077
42 P-cymene 8 ol 29.84 0.046
43 Anethole 30.431 0.028
44 B-lonone 32.821 0.14
45 Methyl eugenol 34.877 0.072
46 Dimethyl antranilate 36.708 0.069
47 Elemol 37.158 0.498
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Table 3. Continus.

48 y-Decalactone 38.932 0.196
49 y-Eudesmol 39.855 0.117
50 P-vinylguaiacol 40.236 0.332
51 Elemicine +alpha eudesmol 41.254 0.156
52 Methyl antranilate 41.374 0.017
53 B-Eudesmol 41.495 0.168
54 Indole 45.382 0.019
55 Dulcinyl 46.762 1.756
56 Ethyl piperonylacetate CAS no: 7116-48-5 46.847 0.349
57 Dodecanoic acid 47.178 0.18
58 Phytol 48.01 0.496
59 Chalepensin 61.193 9.364
Total components 81.82

at low percentages, taken as example thymol (0.559%), methyl
eugenol+97 ION (0.136%), p-cymene (0.351%), ¥-terpinene
(0.166%), linalyl acetate (0.147%), 2-undecanone (0.204%)
and caryophyllene (0.268%). In addition, results indicated the
most richness of Z. lotus EO on terpenes and phthalate esters
(Table 2). The dominance in Di-isooctyl phthalate enabled
us to classify this EO as Di-isooctyl phthalate chemotype. To
the best of our knowledge, this is the first report on the EO
composition of Zizyphus lotus leaves collected from Mascara,
Western Algeria.

Other studies on the same plant genus Zizyphus collected
in Iran reported the presence of a-pinene, D-limonen,
P-cymene, caryophylene and a-terpineol in the Eos of
leaves, in addition to geranyl acetone (14%), hexadecanoate
(10%), ethyl octadecanoate (9.9%), hexadecanol (9.7%)
and ethyl octadecanoate (8%) as major components.” A
study by Ourzeddine et al* on the chemical composition
and antioxidant activity of EO extracted from Z. lotus fruit,
harvested from Ouled Fadhel (region of Batna eastern
Algeria), showed that ethyl hexadecanoate (12%), decanoic
acid (11%), ethyl dodecanoate (9.4%), ethyl hexadec-9-enoate
(7.9%), dodecanoic acid (6.5%), ethyl tetradecanoate (6.1%),
tetradecanoic acid (5%), ethyl decanoate (4.8%), octanoic
acid (3.1%), ethyl undecanoate (2.8%), nonanoic acid (2.4%)
and undecanoic acid (2.1%) are the predominant components
in the EO sample.

The GC-MS analysis of R. chalepensis EO allowed us to
determine another chemical profile, different to the one
obtained with Z. lotus leaf EO. The EO of R. chalepensis
harvested at Mascara-El-Mamounia region in western Algeria
has a very interesting chemical polymorphism (Table 3).

The 2-Undecanone was the major compound identified
in this plant at 26.528% with abundance of 2-nonanone
(13.404%), followed by 2-nonanol acetate (10.094%),
chalepensin  (9.364%), 2-undecanol acetate (4.851%),
2-nonanol (3.265%), 2-undecanol (2.966%), 2-tridecanon
(1.077%), 2-decanone (1.178%) and dulcinyl (1.756%) (Table
3).

Other minor components were also detected and quantified
in R. chalepensis EO such as 2-dodecanone CAS no: 6175-
49-1 (0.778%), a-terpineol (0.567%), elemol (0.489%),

p-vinylguaiacol (0.332%), phytol (0.496%), bicyclohexyl
(0.348%), 2-octanol acetate (0.283%), eucalyptol-1.8 cineole
(0.255%), d-limonen (0.44%), x¥-decalactone (0.196%),
B-eudesmol (0.168%), dodecanoic acid (0.18%), ¥-eudesmol
(0.117%) and crystal camphor (0.116%). Camphor was
identified for the first time in RCEO during the present study.
It is an oxygenated mono-terpene known for its antifungal
and antibacterial properties.**™

According to these results, this plant can be classified
as 2-undecanone chemotype, which is in agreement with
previous studies.”>** Thus, Rustaiyan et al*®> showed that the
EO of R. chalepensis collected from Iran is dominated by
2-undecanone (52.5%). While, Abdellaoui et al** reported that
the main components of R. chalepensis EO were 2-octanol
acetate (30.98%), 2-undecanone (25.94%), 2-nonanone
(16.28%) and 5-dodecanone acetate (9.35%), followed by
others components with lower percentages, which were
2-nonanol (2.54%) and 2-decanone (2.42%).

Mejri et al*® reported the identification of four compounds
representing 89.52% of the oil, which were 2-undecanone
as the major compound, 2-decanone, 2-dodecanone and
2-tridecanone. Other studies indicated the richness of R.
chalepensis in 2-undecanone, 2-nonanol and 2-dodecanone
that were qualified as the major constituents of the EO.* The
content and nature of the predominant compounds in EOs
vary considerably depending on the origin of the medicinal
plant.

Acute Toxicity

The current investigation supports the safety profile of Z.
lotus and R. chalepensis EOs, in order to use these natural
drugs for treatment of acute diseases. Results of body gain
evaluation and organs weight are mentioned in Figure 1 and
Table 4. From daily observations, all the animals were in good
health. The animal groups treated with EOs of Z. lotus and
R. chalepensis (GTZLEO and GTRCEO respectively) showed
no negative clinical signs and behavior changes. No toxicity

300 CG —#-GTZLEO —4—GTRCEO

Body weight (g)

D1 D4 D8 D12 D14
Days

Figure 1. Body Weight Evolution (g) During the 14 Days After the
Administration of Single Unique-Dose (5000 mg/kg) of Zizyphus
lotus and Ruta chalepensis EOs (P<0.05). Each value represents the
average between five animals per group. D: day, CG: Control Group,
GTZLEO: Group Treated with Z. lotus EO, GTRCEO: Group Treated
with R. chalepensis EO.
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Table 4. Organs Weight Changes (g) (n=5, P<0.05)

Animal Groups Liver Kidneys Heart Lung Spleen

CG 10.011 +0.001 1.6852 +0.002 0.887 +0.02 1.3678 +0.001 0.6396 +0.001"
GTZLEO 11.75 £0.03 2.128 +£0.022 0.876 +0.026 1.202 £0.05 0.62 +0.014
GTRCEO 9.138 +0.058 1.942 +£0.063 0.796 +0.009 1.216 £0.019 0.63 +0.014°

CG: Control Group, GTZLEO: Group of animals Treated with Z. lotus EO, GTRCEO: Group of animals Treated with R. chalepensis EO.

" Results are considered as not significant.

signs or deaths in all groups were recorded during the 14
consecutive days of the experiment. There were no changes
in their general behavior or other physiological conditions
such as locomotion and access to food. However, some side
effects were determined during the first 3 hours following
the oral administration of 5000 mg/kg of RCEO, including
reduced mobility of animals, anxiety and somnolence of
animals treated with R. chalepensis EO, while no effect was
determined in animals treated with Z. lotus EO. These effects
disappear after 18 hours of treatment. The somnolence and
decrease in locomotor activity could reflect the sedative or
tranquilizing effect of R. chalepensis EO.

Therefore, the EOs of Z. lotus leaves and R. chalepensis
aerial parts were considered non-toxic and the oral LD, of
both plants were greater than 5000 mg/kg. Moreover, the
animals did not present considerable variations in the body
weights among control (untreated rats) and treated animal
groups. As summarized in Figure 1, the body weight of the
rats increased relatively during the study. When compared
with the control animals group, ZLEO and RCEO treatments
induced significant changes (P<0.05) in the body weight of
Wistar rats. A significant increase (P<0.05) in body weight
of animals treated with Z. lotus EO was observed after the
fourth day of the experiment when compared with control
animals group. In addition, the body weight of animals, which
had taken the EO of R. chalepensis was less than those of the
control animals group and the treated animals group with Z.
lotus EO (Figure 1).

Similarly, the oral ingestion of Z. lotus and R. chalepensis
EOs caused significant changes (P <0.05) in the organs weight
(liver, kidneys, heart, lung, and spleen) of the animals (Table
4). While, no significant change was recorded in the spleen
weight of treated animal groups when compared with the
control group (untreated animals).

The results of the present study are in accordance with
those of El Hachimi et al’’ who have determined that Z.
lotus is non-toxic orally in a single dose of 5000 mg/kg. In
their studies on the toxicity of Z. lotus, Bakhtaoui et al*,
Abdelhafidh et al * have documented that the extracts of this
plant could be administered at a dose range of 2500 to 5000
mg/kg without any side effects in Wistar rats. Furthermore,
Bencheikh et al** and Touiti et al®® determined that the oral
administration of Z. lotus at a dose limit of 2000 mg/kg body
weight do not represent any mortality or behavioral changes
of the animals. More recently, Gadiri et al* and Kandimalla et
al®* demonstrated that the oral administration of 2000 mg/kg
of Zizyphus jujuba extracts do not induce any toxic symptoms
or death during the 14 days of the observation period and
therefore, this plant was considered to be safe up to the dose

of 2000 mg/kg. In addition, Gelayee et al®® determined that
the oral LD, of R. chalepensis is higher than 2000 mg/kg. A
recent study on the same plant genus demonstrated that the
oral LD, of Ruta graveolens L. (Rutaceae) is greater than 4000
mg/kg.%

Influence of Essential Oils on the Gastrointestinal Tract
Microbiota

This study examined the influence in vivo of EOs on gut
microbiota composition. The results of gastrointestinal
microbiota analysis in the ileum and colon parts of the
intestine, of the treated animals with the EOs of both plants
(test groups) and the untreated animals (control group), by
conventional culture techniques are shown in Figure 2 and
Figure 3. According to the obtained results, it can be clearly
observed that the different groups of bacteria involved in
the intestinal microbiota composition of the control group
(untreated rats) were also examined in the intestine of treated
animals with the EOs of both plants.

The results reflected the richness of the ileum and colon
parts in bacterial communities in the intestine of all animals
treated with the EOs of both plants, which had significantly
(P<0.05) increased by ZLEO and RCEO treatments.
Significantly higher counts (P <0.05) of strict aerobic (TAMEF)
and anaerobic (TANMF) bacteria were detected in both parts
of the intestine (ileum and colon) of all treated animal groups
than in those of the control group (untreated rats) (Figure 2
and Figure 3). A concentrations of 8.166+0.05 log CFU/g in
the ileum and 8.179+0.128 log CFU/g in the colon, on total
aerobic mesophilic bacteria, expressed as Log N (Log number
of bacterial colonies enumerated in the ileum and colon
specimens (log CFU/g) were determined in the intestine of
the animals in the control group. While concentrations of

BCG ®mGTZLEO = GTRCEO

Log N (CFU/g)
S = N WA LN 0O

Figure 2. In Vitro Evaluation of the Intestinal Flora Composition in the Ileum Part
of the Intestine (P<0.05). CG: Control Group, GTZLEO: Group Treated with Z.
lotus EO, GTRCEO: Group Treated with R. chalepensis EO.
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Figure 3. /n Vitro Evaluation of the Intestinal Flora Composition in the
Colon Part of the Intestine (P<0.05). CG: Control Group, GTZLEO:
Group Treated with Z. Jotus EO, GTRCEO: Group Treated with R.
chalepensis EO.

8.472+0.007 log CFU/g in the ileum and 8.221+0.023 log
CFU/g in the colon were calculated in the intestine of animals
treated with RCEO, 8.476 +0.001 log CFU/g in the ileum
and 8.477 log CFU/g in the colon, on total aerobic bacteria
were determined in the intestine of animals treated with
ZLEO. These results indicate that Z. lotus and R. chalepensis
EOs are able to selectively stimulate the growth of bacteria
in the intestine which can improve the organism physiology.
Whereas, no significant difference was observed between
groups of animals treated with ZLEO and RCEO, on total
aerobic mesophilic flora counts in ileum part (8.476+0.001
log CFU/g and 8.472 +0.007 log CFU/g, respectively), as
well as between control animals group and GTRCEO on
total anaerobic bacteria counts (8.362+0.107 log CFU/g and
8.312+0.024 log CFU/g, respectively).

The genus Staphylococcus was detected in the ileum part of
the control animals group, which was present in significantly
(P<0.05) higher levels (8.449+0.003 log CFU/g). Thus,
it was not detected in the intestine of treated animals with
the EOs of both plants, which explain the great potency of
Z. lotus and R. chalepensis in the inhibition and destruction
of the pathogenic Staphylococcus cells among the intestinal
flora. An abundant presence of Streptococcus bacteria at the
ileum level of treated animals with the EOs of both plants was
recorded with higher amounts (8.425+0.013 and 8.412+0.012
log CFU/g in the intestine of animals treated with ZLEO
and RCEO, respectively) than in control animals group
(8.365+0.05 log CFU/g) (Figure 2).

The presence of Enterobacteriaceae was extremely
abundant in the colon intestinal microbiota of treated rats
with EOs compared with control animals group (Figure 3).
Higher concentrations of 8.413+0.03 and 8.393+0.49 log
CFU/g in E. coli counts were determined in the colon flora
of treated animals by ZLEO and RCEO respectively, while a
concentration of 8.363+0.09 log CFU/g was calculated in the
colon microbiota of animals in the control group. A significant
difference (P<0.05) in the composition on total aerobic
mesophilic bacteria, total anaerobic flora, Streptococcus and
Lactobacillus in the colon part were registered, while no
significant difference was determined between the treated
and untreated animal groups as regards to the composition

on Enterobacteriaceae and E. coli species.

The appearance of characteristic colonies of Lactobacillus in
MRS agar for the different parts of the intestine of the treated
animals with Z. Jotus and R. chalepensis EOs indicated that this
bacterial genus is tolerant and has a great ability for growth in
the presence of antimicrobial agents. However, a significant
decrease on the number of these bacterial cells was observed
in both the intestine parts of treated animals compared to
the control group (8.466+0.008 and 8.473+0.007 log CFU/g
concentrations in the ileum and colon parts respectively of
untreated animals group). Although, no significant difference
was noticed when comparing both test groups (Figure 3).
Concentrations of 8.247+0.013 and 8.240+0.05 log CFU/g
on Lactobacillus cells were enumerated in the ileum part
of the intestine of animals treated with ZLEO and RCEO
respectively (Figure 2). Whereas higher concentrations were
calculated in the colon microbiota of all animals test group:
8.261 +£0.003 and 8.258 +0.14 log CFU/g of Lactobacillus cells
in the intestine of animals treated with ZLEO and RCEO
respectively (Figure 3).

According to our results, these EOs can be considered as
prebiotic products for probiotic bacteria development, such
as Enterobacteriaceae (Escherichia coli), Streptococcus sp and
Lactobacillus that exhibit an important role in the inhibition
of pathogenic microorganisms and the immune system
developments. It can well be determined that the EOs of these
plants can be used as stimulators of probiotic bacterial growth
and in the treatment of gastric pathologies without inducing
any negative influence on the composition and diversity
of gastrointestinal tract microbiota, thus consumption of
commercial probiotic coupled with these natural drugs can
be performed. While, our goal was to find and search for
natural and effective alternative drugs that can be used in
the treatment of microbial infections, without having any
influence on the intestinal microbiota composition, and
especially on probiotic bacteria.

Limited studies on the influence of plant bioactive
compounds on the composition of intestinal flora have been
reported. In a study by Yamakoshi et al®® they demonstrated
that when administering the grapes seeds extracts, the
number of Bifidobacterium increased when at the same time,
the colony of Enterobacteriaceae decreased.

In addition, Tzounis et al® have evaluated the influence
of flavonols derived from cocoa on the composition of the
intestinal microbiota and they have determined a statistically
significant growth of Bifidobacterium and Lactobacillus.

Wicinski et al® have approved that the administration of
bioactive compounds extracted from medicinal plants exerted
an influence on gastrointestinal microbiota, by increasing
the level of probiotic bacteria of the genus Bifidobacterium
and Lactobacillus, and decreasing the level of pathogenic
microorganisms such as Clostridium sp. Therefore, the results
of the present study confirmed the possibility of applying the
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EOs of plants as potential prebiotic compounds.

In Vivo Anti-salmonellosis Effect against Salmonella enterica
ssp arizonae

Disease Clinical Signs Determination and Body Weight
Evolution

The present study aimed to valorize the medicinal value
of Zizyphus lotus and Ruta chalepensis in the treatment of
intestinal infection induced by pathogenic MDR bacteria.
This infection is a real public health problem in developing
countries. The chemical drugs used in the treatment of this
disease are less efficient on these bacteria. For the assessment
of the antimicrobial effect against S. enterica ssp arizonae,
clinical signs and body weight evolution were determined.

After the induction of the gastroenteritis infection to S.
enterica ssp arizonae and an incubation period of three days,
the untreated animals of the PCG developed mild to severe
diarrhea, characterized by the presence of liquid and bloody
stools with mucus. The color of the stool samples in the
infected untreated animals group was blackish tarry, and for
other animals was dark green with a disagreeable odor.

Reduced mobility was observed in most animals before
treatment with loss of appetite and weight. A painful sensation
during defecation and colon inflammation were also observed.
No mortality was recorded for both animal groups treated
with Z. lotus and R. chalepensis EOs, however, a mortality of
2/5 and 1/5 rats was noted in the infected untreated animals
(PCG) and those infected treated with the antibiotic (ITG
respectively.

Clinical signs began to decrease at the second day of
treatment with both Z. lotus and R. chalepensis EOs (D5),
at a dose of 400 mg/kg b.w. An increase in body weight was
recorded in most of the treated animals according to the
treatment period (Table 5 and Figure 4).

Thus, a change in the appearance and color of faecal matter
of the treated rats with the EO of each plant was determined
compared with animals in the PCG. The appearance became
almost the same as of the stool specimens of the negative
control group animals, with the disappearance of the
displeasing odor and a color change from tarry black or dark
green to light brown or dark brown.

However, there was a slight significant (P<0.05) increase
in the body weight of animals treated with R. chalepensis EO

ATB)’

Table 5. Examination of Clinical Signs

Clinical Signs NCG ~ PCG  ITG,, ITG,, ITG,.,
Number of Animals 5 5 5 5 5
Mobility N R R N N
Stool Condition N A A N N
Vomiting A, A, A, A, A,
Fever A, P P A, A,
Loss of Appetite A, P P P P
Diarrhea A, P P A, A,
Mortality A, 2/5 1/5 A, A,
NCG: Negative control group, PCG: Positive control group, ITG,,: Infected

treated group with the antibiotic, ITG,,.: Infected treated group with Z. lotus EO,
ITG, ., Infected treated group with R. chalepensis EO.

RCEO"
N: Normal, A: Abnormal, R: Reduced, A, : Absence, P: Presence.

when compared with other animals groups, which reflects the
fact that this treatment has an influence on body weight gain.
In addition, a reduction in colon inflammation was observed
in animals treated with the EOs of both plants with normal
access to food, water and a normal locomotor activity. For
the animals in PCG, a permanent decrease in body weight
was recorded with the mortality of two animals in this group,
which indicate that the enteric infection induced in Wistar
rats had a significant influence on the organism functions and

physiology.

Detection of Salmonella enterica ssp arizonae in Faecal
Flora

The results of S. enterica ssp arizonae enumeration in faecal
flora are shown in Figure 5. A significantly higher decrease
(P<0.05) was observed on S. enterica ssp arizonae cells in the

300 -
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>
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Figure 4. Body Weight (g) Changes as Function of the Experiment
Period (8 days) (P<0.05). NCG: Negative control group, PCG: Positive

control group, ITG,: Infected treated group with the antibiotic,

ITG, . Infected treated group with Z. lotus EO, ITG,,: Infected
treated group with R. chalepensis EO.
| ——
—
® ITGRCEO
% D5
] uITGATB
— mPCG

Log CFU/g stool

Figure 5. Effect of Antibiotic and EOs Therapy With In Vitro Inhibitory
Activity Against Colonizing Multidrug Resistant Salmonella enterica
ssp arizonae strain (P<0.001). PCG: Positive control group, ITG,.:

ATB*

Infected treated group with antibiotic, ITG,,: Infected treated group

with Z. lotus EO, TG, Infected treated group with R. chalepensis
EO.
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faecal flora of animals treated with Z. lotus and R. chalepensis
EOs when compared with stool bacterial content of animals
in the PCG (Figure 5).

The therapeutic application of Z. lotus and R. chalepensis
affected faecal content on Salmonella enterica ssp arizonae
cells (Figure 5). Statistically significant differences (P<0.05)
were observed between positive control and test groups
after therapeutic application of neomycin, Z. lotus and R.
chalepensis EOs. The number of S. enterica count in faecal
flora of animals in the PCG was about 7.47 log CFU/g of stool
samples. A significant decrease (P<0.05) in S. enterica cells
count was determined after the therapeutic application of the
EOs of both plants. Concentrations of the infectious germ
ranged from 7.47 log CFU/g to 6.72 log CFU/g the second day
of treatment with ZLEO, while it ranged from 7.47 log CFU/g
to 7.25log CFU/g the second day of treatment with neomycin,
and to 7.23 log CFU/g the sixth day of treatment with the
same antibiotic used (Figure 5). However, no bacterial cells
of S. enterica ssp arizonae were counted in the faecal flora of
animals after the sixth day of treatment with Z. lotus and R.
chalepensis EOs.

Our results revealed that treatment with the EOs of both
plants hasled to a significant reduction of the MDR Salmonella
concentration in faecal flora. These results indicated that both
plants exhibited an important toxicity against S. enterica ssp
arizonae after six days of treatment, in which no Salmonella
was detected in the faecal microbiota (D9) (Figure 5).

Results of this experiment showed an important decrease of
S. enterica ssp arizonae strain in the faecal flora of the treated
animals with R. chalepensis EO, after the second day of oral
administration of 400 mg/kg RCEO in which no S. enterica
ssp arizonae cells were counted when comparing with those
of treated rats through Z. lotus EO. Moreover, a slight decrease
of the germ was observed in the faecal flora of treated rats
with the antibiotic. These results indicated that alternative
treatment against S. enterica ssp arizonae induced diarrhea, by
oral administration of 400 mg/kg of Z. lotus and R. chalepensis
EOs for seven days on a daily basis were more effective than

Table 6. Hematological Parameters. Values are given as mean+SD (n=2), P<0.05

the standard chemical drug used (neomycin). Also, results
indicated the most efficiency of both plants as antimicrobials,
as shown by various studies.®*® Yahia et al’® demonstrated
the greatest potency of bioactive compounds extracted
from Z. lotus as antimicrobials by exhibiting an important
antibacterial effect against Staphylococcus aureus, Listeria
monocytogenes, Salmonella typhimurium and Escherichia coli.
Besides, Degu et al”* demonstrated that R. chalepensis at a
dose of 400 mg/kg body weight possessed a significant anti-
diarrheal activity. Therefore, this research was the first study
to demonstrate the in vivo antimicrobial effect of Z. lotus leaf
and R. chalepensis EOs growing in Mascara, Algeria against S.
enterica ssp arizonae induced diarrhea in Wistar rats.

Hematological Analysis

The quantification of the hematological parameters using
DIATRON automaton hematology (Abacus 380) is shown in
Table 6. According to the results of the present study, the EOs
of Z. lotus and R. chalepensis in the acute treatment (400 mg/
kg b.w.) of gastroenteritis to S. enterica ssp arizonae induced
a significant difference (P<0.05) in the leukocyte formula
between the different groups. A significant increase (P<0.05)
in white blood cells and lymphocytes was determined in the
blood samples of the different animal groups (PCG and test
groups).

Furthermore, a significant and important increase was
observed in the lymphocytes of animals in the PCG after
inducing the enteric infection (72.1+0%) compared to the
NCG (46+0%) (Table 6). These increases in immune cells are
specifically intended against all types of bacterial infections,
which allowed us to prove the development of the in vivo
gastroenteritis infection to S. enterica ssp arizonae in Wistar
rats.

An increase in these parameters indicated the activation
of the immune system because of the enteric infection
development. A significantly slight decrease (P<0.05) in
these immune cells was detected in the infected animals
treated with the EOs of both plants comparing with the PCG

Hematological Parameters NCG PCG ITG,,, ITG,,,, ITG, (o
WBC (x10%L) 5.665+0.021 9.035+0.021 9.915+0.007 7.915+0.26 5.895+0.02
LYM (%) 46+0 72.1£0 60.4+0 56.05+0.07 68.5+£0.14
MID (%) 10.2+0.14 9.7£0.141 11.65+0.212 14.7£0.14 8.95+0.21
GRA (%) 43.55£0.212 18+0 28.05+£0.07 28.1+0 23.1+0
RBC (x10°/L) 8.85+0.07 8.505+0.021 8.3£0.014 8.755+0.21 7.7+0.14
Hb (g/dL) 16.25+0.212 13.35+0.212 14.05+0.07 14.5£0.14 12.2+0.14
Ht (%) 46.9+0.141 40.03+£0.049 39.95+0.014 41.52+0.14 36.78+0.01
MCV (fL) 53+0 47+0 48+0 46.5+0.7 48+0
TMCH (pg) 17.3+0.282 15.5+£0.565 17.05+0.07 16.15+0.07 16.05+0.07
MCHC (g/dL) 32.9+0 33.85+0.07 35.35+0.07 34.5+0.14 33+0
PLT (x107/L) 574.5%5 706.5+2.12 646+1.41 651+1.41 480.5+0.71
THT 0.34+0 0.455+0.007 0.405+0.007 0.4£0 0.31+0.01

WBC: White blood cells, RBC: Red blood cells, GRA: Granulocytes, Ht: Hematocrit, PLT: Platelets, Hb: Hemoglobin, MID: Mid-range percent including basophils,
eosinophils and monocytes, LYM: Lymphocytes, TMCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, MCV: Mean corpuscular

volume.
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(Table 6). In addition, a significant decrease in granulocytes
for all tested groups compared to the NCG was recorded
with a slight increase in the mid-range percent (basophiles,
eosinophils and monocytes) for the treated animal groups
with neomycin and ZLEO. These cells are involved in innate
immunity mechanisms.

An increase in the thrombocytes or platelets (PLT) number
was observed, except the ITG, . in which these platelets
were less than measured in the NCG. A slight decrease in
hemoglobin and hematocrit levels were observed in animals
of all tested groups, which indicated that the administration of
Z. lotus and R. chalepensis EOs for enteric infection treatment
could not present a risk of anemia.

Biochemical Parameters

Results of biochemical parameters dosage (ALT, AST, ALP
and ESR) are mentioned in Figure 6 and Figure 7. Daily oral
acute treatment of the gastroenteritis with Z. lotus and R.
chalepensis EOs induced a significant decrease in ALT and
AST activity when compared to the PCG of the untreated
animals (Figure 6).
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Figure 6. Biochemical Markers of Hepatic (Transaminases) Toxicity
After Administration of EOs of Zizyphus lotus leaves and Ruta
chalepensis Aerial Parts at a Dose of 400 mg/kg and Neomycin at a
Dose of 200 mg/kg for 7 Consecutive Days (P<0.05).
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Figure 7. Biochemical Markers of Inflammation and Bacterial
Infection (ESR) of Rats After the Administration of Zizyphus lotus and
Ruta chalepensis EOs at a Dose of 400 mg/kg and the Antibiotic at a
Dose of 200 mg/kg for 7 Consecutive Days (P<0.05).

The ALT and AST are more specific to liver damages.”
The decreased activity of these enzymes could express the
hepatoprotective property of both plants EOs. In addition,
there was a decrease in ALP levels in treated animals with
Z. lotus and R. chalepensis EOs compared to the infected
untreated rats (PCG) and those treated with the antibiotic
(ITG,,,), in which we observed high levels in the ALP
parameter (Figure 6).

The biochemical parameters changes were associated with
increased sedimentation rates (ESR) for all tested groups
comparing with animals of the negative control group (Figure
7). The measured ESR in the PCG was more important
and higher (10 mm) than that obtained in the NCG, which
indicated and proved the development of S. enterica ssp
arizonae infection. The ESR levels began to decrease after the
treatment of the gastroenteritis with the neomycin, Z. lotus
and R. chalepensis EOs (Figure 7).

These results indicate that EOs of Z. lotus and R. chalepensis
has the potential to protect from liver injury causing the
abnormal variation in the plasma biochemical parameters
caused by S. enterica ssp arizonae infection. It seems that the
hepatoprotective effect of ZLEO and RCEO on liver damage,
caused by pathogenic germs infections, may be due to the
phytochemical content of Z. lotus and R. chalepensis EOs on
bioactive compounds possessing hepatoprotective properties.

In addition, in a recent study on another species of the
genus Zizyphus, researchers demonstrated that Z. jujuba is
rich on bioactive substances known to have hepatoprotective
activities against liver damages.”” Moreover, Geth et al™
determined the hepatoprotective effect of R. chalepensis
when administered as a protective and therapeutic treatment.
In the present study, the antimicrobial effect of Z. lotus and
R. chalepensis EOs against S. enterica ssp arizonae can be
attributed to the presence of high amounts of various bioactive
components possessing a great potential against pathogenic
microbial cells, and having hepatoprotective effect against
liver damages when administered as therapeutic treatment
against gastroenteritis induced by pathogenic germs.

Conclusions
The chemical composition on bioactive compounds and
in vivo antimicrobial effect of Zizyphus lotus and Ruta
chalepensis EOs collected from Mascara in western Algeria
was determined in this study for the first time. Few studies
on the EO of Zizyphus lotus have been reported, while,
various studies have elucidated the biological properties
of Ruta chalepensis EOs. The GC-MS analysis allowed us
to identify and quantify various bioactive components in
the Eos of both plants. Di-isooctyl phthalate was the major
compound detected in Z. lotus with higher percentages, while,
2-undecanone was the major component in R. chalepensis.
The in vivo study of the oral acute toxicity allowed us to
determine that the LD, of Z. lotus and R. chalepensis EOs
were greater than 5000 mg/kg b.w. and thus to confirm the
non-toxicity of these EOs. Oral administration of the EOs
of both plants had no negative influence on the diversity
and composition of the gastrointestinal microbiota, while an
increase in cell counts of aerobic and anaerobic bacteria were
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registered. We have determined the presence of probiotic
bacteria (lactobacilli) in the intestine of treated animals, which
indicated no influence of these EOs on the implementation of
probiotic bacteria.

Besides, the present study demonstrated that EOs of Z. lotus
leaf (400 mg/kg) and R. chalepensis aerial part (400 mg/kg)
possessed anti-salmonellosis effects on S. enterica ssp arizonae
induced diarrhea in Wistar rats. It can be also concluded that
the efficiency of the EOs of both plants in gastroenteritis
treatment is mainly due to its effective antibacterial effect.
In addition, the anti-salmonellosis activities of these EOs are
attributed to the presence of various bioactive components in
both medicinal plants. These findings can support the use of
EOs extracted from Z. lotus leaves and R. chalepensis aerial
parts in folk medicine for the treatment of various microbial
infections and diseases.
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