Egyptian Journal of Zoology (EJZ), Vol. 79: 66-77 (June, 2023)
Publisher: The Zoological Society of A. R. Egypt

p-ISSN: 1110-6344
e-1SSN: 2682-3160

DOI: 10.21608/ejz.2022.147732.1084

RESEARCH ARTICLE

PROTECTIVE EFFECT OF GARLIC OIL AGAINST TARTRAZINE-
INDUCED HAEMATO-IMMUNOTOXICITY IN RATS

Heba M. Abd EI Latif*; Asmaa M. EI-Morsy
Zoology Department, Faculty of Science, Menoufia University, Menoufia, Egypt

Article History:

Received: 29 June 2022
Revised: 10 August 2022
Accepted: 16 August 2022

Published Online:
30 September 2022

Keywords:

Blood biochemical
Complete blood count
Food azo dye

Garlic oil

Splenic antioxidants

*Correspondence:
Heba Abd EI Latif
Zoology Department
Faculty of Sciences
Menoufia University
Menoufia, Egypt
E-mail:

heba.abdellatif@science.menofia.

edu.eqg

INTRODUCTION

ABSTRACT

Constituents of garlic oil are reported to possess
immunomodulatory, antioxidant, and anticancer effects. Use of
tartrazine as a food colouring-compound is associated with
significant toxicity on the body. The present study was
conducted to evaluate the protective effect of garlic oil on
haemato-immunotoxicity induced by tartrazine. Male Wistar
albino rats were treated orally with 40 mg garlic oil/kg body
weight thirty minutes before the administration of 300 mg
tartrazine/kg body weight for thirty consecutive days.
Twenty-four hours after the last garlic oil and tartrazine
dose, blood and spleen were harvested to analyse toxicity-
related parameters. The tartrazine treatment induced significant
changes in the body weight gain, relative spleen weight,
haematological parameters, proliferation rate of splenocytes,
and percentage of T-cell subtypes in the spleen, as detected by
flow cytometric analysis, in male rats. Moreover, oxidative
stress in the spleen tissue and hepatic and renal dysfunction
were detected after exposure to tartrazine. Treatment with
garlic oil showed significant reduction in overall toxicity in the
tartrazine-treated rats. The antitoxic effects of garlic oil were
associated with the induction of antioxidant mechanisms. In
conclusion, garlic oil can lower tartrazine-induced haemato-
immunotoxicity through its antioxidant activity.

These azo groups (-N=N-) are reduced in

Food additives are compounds added to
basic food for many purposes, so they are
divided into five main groups according to
their function: taste enhancers, preservatives,
antioxidants, emulsifiers and stabilizers, and
colouring agents™. Food dyes are the most
employed group of food additives that
enhance the visual appearance of foods
making them attractive for consumers. Some
of them are natural and others are synthetic
dyest?. Synthetic dyes are very harmful to
living things because they generally contain
one or more azo group in their structure.

mammals by bacterial activity of lower
part of gastrointestinal tract, into aromatic
amines, which are known by their mutagenic
and carcinogenic effects®*!.

The tartrazine (Tz), trisodium 5-hydroxy-
1-(4-sulfonatophenyl)-4-[(E)- (4-sulfonato-
phenyl) diazenyl]-1H-pyrazole-3-carboxyl-
ate, is man-made yellow azo dye used
as food colouring compound. Amin and
Al-Shehri®? have documented the use of
Tz in the manufacture of many products
including food stuffs (sauces, jam, candy,
mustard, noodles, etc.), non-food products
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(crayons, hair products, soaps, etc.) and
medications (antacids, vitamins, certain
prescription medications, and medical
capsules). Tz was evaluated by the Joint
FAO/WHO Expert Committee on Food
Additives (JECFA), which elevates its
acceptable daily intake (ADI) dose from
0-7 mg/kg body weight/day to 0-10 mg/k
body weight/day at their 2016 meeting®.
The study of Rao and Sudershan'® showed
that the rate of exposure to Tz exceeds
ADI especially in festive and wedding times.
Amin et al.'? reported that the consumption
of Tz at higher doses leads to detrimental
health effects. It has also been concluded
that, Tz induced embryotoxic and terato-
genic effects’®. It also exerted significant
adverse effects in the vital organs including
brain, kidney, liver, and spleen™*?. More-
over, the findings of Abd-Elhakim et al.l*®!
indicated that Tz showed haematotoxic and
immunotoxic effects following long-term
exposure. Such toxic effects of Tz encourage
the researchers to develop new strategies to
reduce its adverse effects.

Garlic (Allium sativum L.; Alliaceae)
belongs to a group of plants with high
nutritional and medicinal  value, its
medicinal use dates back to ancient
times'. Garlic and its components have
been reviewed for their different biological
activities™. Garlic oil (GO) has been
documented to possess several organo-
sulphur  compounds including  diallyl
sulphide, diallyl disulphide, and diallyl
trisulphides™. ~ Along the same lines,
previous studies revealed the beneficial and
protective effects of GO including its
ability to prevent cardiovascular diseases™",
and as immunomodulatory'*®, anticancer!'®,
and anti-obesity agent®. Furthermore, the
findings of Aly et al.”® proposed that
GO has the ability to reduce hepatocellular
carcinoma development.

The dietary supplementation  with
nutritional  antioxidants and  immuno-
modulators could reduce oxidative stress,
limit organ damage, and improve Vvital
functions of the body. From this point of
view, the current work was planned to

indicate the haemato-immunotoxic effects of
Tz and to study the protective effect of GO
against them.

MATERIAL AND METHODS

Chemicals and reagents

Tz (FD&C yellow 5, E102) powder was
obtained from Kamina Company (Cairo,
Egypt) and dissolved in distilled water.
GO was obtained from EI-Captain
Company for Oil and Herbs Extraction
(Cairo, Egypt). Anti-mouse CD3 mono-
clonal antibody labelled with fluorescein
isothiocyanate (FITC), anti-mouse CD4
monoclonal  antibody  labelled  with
allophycocyanin  (APC) and anti-mouse
CD8 monoclonal antibody labelled with
phycoerythrin (PE) were obtained from BD
Bioscience Company (San Jose, CA, USA).

Animals and experimental design
Twenty-four male Wistar albino rats (Rattus
norvegicus), weighing about 200.0+20.0 g
and their ages = 17.0+£1.0 weeks, were
purchased from animal house of National
Research Centre (Dokki, Giza, Egypt) and
kept under proper conditions with 12-hour
dark/light cycle. Rats were acclimated
14 day before use in our study. They had
free access to food and water ad libitum.
Animals were used after consent of the
Institutional Animal Ethical Committee,
Menoufia University (approval ID: MUFS/
F/PH/1/20). Rats were divided into four
groups (n=6). Group I control group
received distilled water, group Il: GO grou
received 40 mg GO/kg body weight!®!
group II: Tz group received 300 mgTz/k
body weight (less than 15% of rat LD50)™?,
and group IV: Tz+GO group received Tz
30 minutes after GO administration. All
compounds were orally administered for
30 consecutive days.

Sampling

Rats were anesthetized using Halothane
(Pharco, Alexandria, Egypt) 24 hour after
the last treatment and then dissected;
immediately blood samples were collected
from the hepatic portal vein. Each sample
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was divided into 2 tubes, the first was
mixed with EDTA and the second was
allowed to coagulate at room temperature
for serum separation that kept at —80°C in
deep freezer for biochemical assays outlined
below.

Body weight gain and relative spleen
weight

Body weight of animals was documented
at the beginning and on the last day of
the experiment to calculate the percentage
of body weight gain as follows:

Body weight gain (%) = [(Final body weight
— Initial body weight) / Initial body weight]
x 100.

Spleen was carefully removed, made free of
adherents, and weighed to calculate its
relative weight as follows:

Relative  spleen  weight
weight/body weight) x 10012,

(spleen

Evaluation of haematological parameters
The red blood cell (RBC) counts,
haemoglobin content, haematocrit value,
white blood cell (WBC) total and
differential counts, mean corpuscular
volume (MCV), mean  corpuscular
haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC), and
platelet counts were performed manually
using blood sample mixed with EDTA as
described previously!??.

Analyses of the biochemical parameters in
serum

The albumin, total protein, creatinine, and
urea concentrations, as well as alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) activities were
determined by means of spectrophotometer
utilizing their respective Kits obtained
from Biodiagnostic Company (Giza, Egypt)
according to the manufacturer’s guides.

Oxidative stress biomarkers in spleen
homogenate

Homogenates of spleen tissues were
prepared for the detection of biomarkers

of oxidative stress as mentioned by Elsayed
et al.®!. The measured oxidative stress
biomarkers were malondialdehyde (MDA,
catalogue number: MD 2529, Biodiagnostic,
Cairo, Egypt), catalase (CAT, catalogue
number: CA 2517, Biodiagnostic), super-
oxide dismutase (SOD; catalogue number:
SD 2521, Biodiagnostic), and reduced gluta-
thione (GSH; catalogue number: SD 2511,
Biodiagnostic).

Splenic T cell phenotyping

Spleen cell suspension was prepared, viable
cells were counted using trypan blue
dye exclusion method, for determination
of CD3'CD4" T-helper and CD3*CD8"
T-cytotoxic cells by FACS flow cytometer
(Becton Dickinson, Sunnyvale, CA, USA)
with  Cell Quest Software for data
acquisition and analysis as mentioned by
Ibrahim et al.?*!,

Spleen cells proliferation assay

Spleen cells proliferative response to
mitogen concanavalin A (Con A, Sigma,
St Louis, MO, USA) was detected by
a micro-tissue culture system as described
previously by Ibrahim et al.?*. Briefly,
Spleen cells (5 x 10°) from control or
treated rats were cultured for 24 hour
with Con A. Then, Cell Counting Kit-8
(Sigma) reagent (10 pL) was added.
After three hours of incubation at 37 °C
and 5% CO,, the optical density was
determined at 450 nm by microplate reader
(SEAC srl, Calenzano, Italy).

Data evaluation and statistical analysis
All data sets were expressed as mean
standard error of the mean. The data
were statistically analysed by one-way
ANOVA test followed by post-hoc
analysis of group differences that was
accomplished by the least significant
differences (LSD) test; using statistical
package of social sciences (IBM SPSS)
statistics software for windows Version
22 (IBM corp.,, Armonk, NY, USA).
Differences considered significant if P<0.05
and highly significant if P<0.001.

+
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RESULTS

Effect of garlic oil on the changes in the
body weight and the relative spleen
weight in tartrazine-treated rats

Figures “1 and 2” summarized the effect
of GO on changes in the percentage of
body weight gain and the relative
spleen weight induced by Tz. After thirty
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days of exposure to Tz, the mean
weight gain and relative spleen weight
decreased significantly (P<0.001) compared
with the control group. In contrast, GO
treatment modulated significantly (P<0.001)
the decrease in the body weight gain (%)
and relative spleen weight in Tz-treated
rats.
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Figure 1: Effect of garlic oil (GO) on the body weight gain (%) of rats treated with tartrazine

(Tz). Data are expressed as mean + standard error of the mean (n=6). ",

™ Significant

(P<0.05) and highly significant (P<0.001) compared with the control group, respectively;
T highly significant (P<0.001) compared with the tartrazine group.
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Figure 2: Effect of garlic oil (GO) on the relative spleen weight of rats treated with tartrazine

(Tz). Data are expressed as mean

+ standard error of the mean (n=6). ",

™ Significant

(P<0.05) and highly significant (P<0.001) compared with the control group, respectively;
T highly significant (P<0.001) compared with the tartrazine group.
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Effect of garlic oil on the changes in the
haematological parameters of tartrazine-
treated rats

After the treatment period, almost all the
haematological parameters were altered
significantly (P<0.05-0.001) in Tz-treated
rats compared with the control animals
(Table 1). The erythrogram results revealed
that the RBCs count, haemoglobin content,
haematocrit value, MCV, and platelet count
were reduced significantly (P<0.05), while
MCHC increased significantly (P<0.05) in
response to Tz, indicating hyperchromic
microcytic anaemia and thrombocytopenia.

In contrast, they were significantly
modulated  (P<0.05-0.001) upon GO
treatment in the Tz-treated group (Table 1).
Moreover, the leukogram results revealed
that, Tz administration induced significant
increases (P<0.001) in the total WBCs count,
absolute monocyte and granulocyte counts,
associated with a significant decrease
(P<0.05) in the absolute lymphocyte count
as compared with the control group
(Table 2). On the other hand, treatment
with GO modulated significantly (P<0.05-
0.001) the changes in leukogram induced
by Tz (Table 2).

Table 1: Effect of garlic oil (GO) on the erythrogram and platelet count of rats treated with

tartrazine (Tz).

Control GO Tz Tz+GO

RBCs count (10%/mm?®) 6.31+0.14  6.15+0.13  4.23+0.12"  5.66+0.20 Tt
Haemoglobin content (g/dL) ~ 12.93+0.17  13.21+0.20  8.01+0.12"  11.86+0.23"1T
Haematocrit value (%) 39.00+0.44 39.66+0.66 23.00+0.73"  36.50+0.61°1T
MCV (pg) 61.954#1.90 64.61+1.51 54.42+1.61°  64.84+2.61'"
MCH (fL) 20.55+0.70 21.54+0.57 18.98+0.39  21.08+0.88"

MCHC (g%) 33.16+0.15 33.32+0.22 34.95+0.63"  32.50+0.13'"
Platelet count (10°/mm?®) 4362012 4502010  3.16+0.07"  4.110.00't

Data are expressed as mean + standard error of the mean (n=6). *,”": Significant (P<0.05) and

highly significant (P<0.001) compared with the control group, respectively; T, 11

: significant

(P<0.05) and highly significant (P<0.001) compared with the tartrazine group, respectively;
RBCs: red blood cells, MCV: mean corpuscular volume, MCH: mean corpuscular
haemoglobin, MCHC: mean corpuscular haemoglobin concentration.

Table 2: Effect of garlic oil (GO) on the leukogram and spleen T-cell subtyping of rats

treated with tartrazine (Tz).

Control GO Tz Tz+GO
WBCs (10°/mm°) 9.01+0.16  8.85%0.12  10.43+0.12"  9.33+0.13'"
Lymphocytes (10%/mm?) 6.17+0.14  6.04+0.14  5.49+0.13" 5.89+0.11%
Monocytes (10%/mm?®) 0.91+0.02  0.85+0.03  1.66+0.05"  1.08+0.04°T
Granulocytes (10°/mm°) 1.92+0.06  1.94+0.06  3.26+0.06  2.41+0.10"
CD3'CD4" (%) 56.66+0.91 52.83+0.74 25.33+0.61"  47.16+0.70°1T
CD3'CD8" (%) 23.66+0.91 22.16+0.83 14.16+0.47"  19.5+0.42°11

Data are expressed as mean =+ standard error of the mean (n=6). *, " : Significant (P<0.05) and

highly significant (P<0.001) compared with the control group, respectively; T, 1T

. significant

(P<0.05) and highly significant (P<0.001) compared with the tartrazine group, respectively;

WBCs: white blood cells.
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The immunomodulatory and antioxidant
effects of garlic oil on spleen cells of
tartrazine-treated rats

The percentage of splenocytes proliferation
was reduced significantly (P<0.001) in
Tz-treated rats when compared with
the control rats. Administration of GO to
Tz-treated rats was able to modulate
significantly (P<0.001) the changes in

120

o
o

Spleen cells
F =Y
o

Proliferation (%)

GO

Control

splenocytes proliferation (Figure 3). In
addition, a significant reduction (P<0.001)
in CD3'CD4" and CD3'CD8" subsets of
spleen cells were recorded in Tz-treated
rats, as compared with the control rats
(Table 2). Co-administration of GO with
Tz modulated significantly (P<0.001) the
reductions in both spleen T-helper and
T-cytotoxic cell subtypes (Table 2).

“tt

Tz Tz+GO

Figure 3: Effect of garlic oil (GO) on the spleen cells proliferation of rats treated

with tartrazine (Tz). Data are expressed as

mean * standard error of the mean (n=6).

“,™": Significant (P<0.05) and highly significant (P<0.001) compared with the control group,
respectively; TT: highly significant (P<0.001) compared with the tartrazine group.

The effects of Tz and GO on the lipid
peroxidation and antioxidant defence system
of the spleen tissue were summarized in
Table “3”. The Tz treatment resulted in
a significant (P<0.001) increase in MDA
level and a significant (P<0.001) decrease in
GSH level and the activities of CAT and

SOD when compared with the control
group. The effect of GO was very helpful
to significantly (P<0.001) decrease the
MDA level and increase the level of GSH
and the activities of CAT and SOD in Tz-
treated group (Table 3).

Table 3: Effect of garlic oil (GO) on the lipid peroxidation and antioxidant defence system in
spleen tissue of rats treated with tartrazine (Tz).

Control GO Tz Tz+GO
MDA (nmol/g tissue) 144.88+1.08 141.02+1.34 259.51+3.77 179.83+1.40 Tt
GSH (mg/g tissue) 125.73+0.47 126.80+1.12 76.41+0.77 112.36+1.33°Tt
SOD activity (U/g tissue) ~ 30.40+0.24  31.15%0.19  21.15+0.14~  28.08+0.20"T
CAT activity (U/g tissue) ~ 3.52+0.07  3.27+0.05  2.35+0.05 3.11+0.06'"

Data are expressed as mean + standard error of the mean (n=6). ", "": Significant (P<0.05) and
highly significant (P<0.001) compared with the control group, respectively; : highly
significant (P<0.001) compared with the tartrazine group; MDA: malondialdehyde, GSH:
reduced glutathione, SOD: superoxide dismutase; CAT: catalase.
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The effects of the garlic oil on the

biochemical parameters in serum of
tartrazine-treated rats
Table “4” showed that Tz induced

a significant (P<0.001) increase in serum
ALT and AST activities (indicating tissue
damage including liver injury), and total

protein, albumin, urea, and creatinine levels
(indicating dehydration and kidney dys-
function) in comparison with the control
rats. On the other hand, GO administration
induced a significant (P<0.001) modulation
in the above serum biochemical parameters
in the Tz-treated rats (Table 4).

Table 4: Effect of garlic oil (GO) on serum biochemical analyses related to liver and kidney

functions of rats treated with tartrazine (Tz).

Control GO Tz Tz+GO
ALT activity (U/L) 8.45+0.14 8.00+0.11 17.00+0.26" 9.85+0.20" Tt
AST activity (U/L) 49.31+0.19  47.90+0.45 59.50+0.31"  50.98+0.30'*
Total protein (g/dL) 5.55+0.09 5.22+0.15  7.05+0.15" 6.00+0.17°Tt
Albumin (g/dL) 3.45+0.13 3.25+0.20  4.93+0.16 3.69+0.11°Tt
Urea (mg/dL) 15.20+0.22  14.70+0.28 30.21+0.26"  17.01+0.41't
Creatinine (mg/dL) 1.17+0.06 1.07£0.04  2.10+0.06" 1.09+0.03"

Data are expressed as mean + standard error of the mean (n=6). , " : Significant (P<0.05) and
highly significant (P<0.001) compared with the control group, respectively; T: highly
significant (P<0.001) compared with the tartrazine group; ALT: alanine aminotransferase;

AST: aspartate aminotransferase.

DISCUSSION

Recently, the excessive use of synthetic azo
dyes such as Tz has led to a strong trend
towards examining their harmful effects on
the body and the possibility of reducing
these damages using natural antioxidant
and therapeutic compounds. Perceiving plant
foods as beneficial diet is advised by the
folklore of many cultures over centuries.
The present study identified the therapeutic
effects of GO on the toxicity induced by Tz,
on different physiological parameters in rats.
Thirty days of exposure to Tz (300 mg/kg
body weight) induced a significant decrease
in the percentage of the body weight
gain and relative spleen weight, which is
considered as a primary sign of toxicity
resulting from the use of Tz. These findings
are in concordance with Amin et al.l"! and
El Golli et al.”® who reported a reduction
in the body weight gain of rats exposed to
Tz. The relative spleen weight was also
reported to be reduced after mice treatment
with Tz Abd El-Wahab and Moram®

documented that food colorants, when
administered through the mouth, might bind
to active intestinal bacteria, and decrease
their number leading to inhibition of food
absorption and decrease body weight.
Furthermore, Amin et al."! documented that
the ingestion of food colour or parenteral,
may reaches into the gut promptly or
through the bile. Therefore, it could be
subjected to the digestive enzymes, gastric
acids, or microbiota.

Obviously, our results demonstrated that
the Tz treatment of male rats resulted
in anaemia, thrompocytopoenia, and leuco-
cytosis. Similar findings were recorded by
previous studies™?"?%1. These haemato-
logical changes could be attributed to the
oxidative stress induced by Tz in RBCs
and bone marrow as indicated by Barhoma
et al.”® who reported an increase in MDA
level and a decrease in GSH level of RBCs,
which could shorten their life span due to
oxidation of their membrane phospholipids.
The effect of Tz on bone marrow may affect

72



Garlic oil protected against tartrazine toxicity in rats

the function of haemopoietic stem cells
of bone marrow, most probably, through
mediating different signalling pathways
that affect their hematopoietic function as
recorded previously!®*3Y. The treatment of
rats with Tz induced atrophy in gastric
glands and ulceration of its mucosal
lining®2%, thus it may affect the absorption
of vitamins and minerals essential for
erythropoiesis.

Interestingly, the co-administration of
Tz and GO in the present study resulted
in a significant reduction of Tz toxicity
on the body weight gain, relative spleen
weight, and haematological parameters.
Hassouna et al.*® and Mahmoud et al.*¥
also recorded that GO, as a natural
antioxidant, can modulate the haemato-
toxicity induced by diazinon pesticide and
zinc oxide nanoparticles in experimental
animals, respectively. In addition, Zhang
et al.' documented that GO treatment
significantly recovered the body weight gain
in a rat model of hepatocarcinoma.

Spleen is the largest secondary hemato-
poietic organ in the body. It plays vital
immunological functions, in addition to its
role in removal of the old blood cells and
haematopoiesis processt®. From this point
of view, the ability of GO to treat Tz-
induced toxicity on the spleen was
determined. As recorded in our results,
Tz inhibited the rate of splenocytes
proliferation, reduced the percentage of
CD3'CD4" and CD3" CD8" subsets of
spleen cells. Moreover, Tz induced oxidative
stress in spleen tissue that was obvious in
the current study by suppressing the
antioxidant  defence  mechanisms and
increasing the lipid peroxidation in spleen
tissue. This oxidative stress stem on the
generation of semiquinone radicals and
aromatic amines from Tz metabolism that
in turn produces superoxide radicals,
hydroxyl radicals, and H,0,, which possibly
weaken the cellular antioxidant defence
mechanisms and cause a wide variety of
oxidative stress-related conditions®®®!. Many
aromatic amines are not degradable or are
very slowly degraded and induce wide range

of damages®”! that may explain the
immunotoxic effects induced by Tz on the
spleen tissue.

Notably, treatment with GO exhibited
a significant improvement in the per-
centage of proliferating splenocytes, splenic
CD3'CD4" and CD3'CD8" subsets, and
splenic antioxidant defence system. In the
same line, Hassouna et al.*®l confirmed that
GO can alleviate diazinon-induced hemato-
immunotoxicity in rats. In addition, Nasr®®
reported that aged garlic extract (another
garlic preparation) alleviated the cisplatin-
induced haematotoxicity by decreasing its
oxidative stress on blood cells.

The results of the present work showed
that Tz induced hepato- and renal-toxicity
as it increased serum ALT activity, as well
as urea and creatinine levels. In other studies,
it was observed that excessive consumption
of Tz could produce adverse effects on liver
and kidneys!"?"*%. Balta et al.””! concluded
that Tz did not only produce changes in
the liver or kidney parameters, but also the
impact of this dye became more dangerous
when higher doses were applied, because it
can induce oxidative stress by formation of
free radicals.

GO has a protective effect on the liver

and Kkidney, as shown in the present
study through improving serum bio-
chemical indices regarding the liver and
kidney injury/dysfunction, respectively,

induced by TZ. The hepatoprotective
effect of GO was reported previously by
Abdel-Naim et al.l*y who attributed this
effect to the fact that GO contains
numerous organosulphur compounds. These
ingredients have been shown to possess
antioxidant activity and to protect against
experimentally induced liver damage™. In
addition, Marsoul et al.“? concluded that
GO decreased the elevated serum urea
and creatinine levels in cyclosporine-treated
rats, thus it showed a protective effect
against nephrotoxicity.

In conclusion, our data proved that Tz
caused significant toxicity in blood, spleen,
liver, and kidney due to its oxidative
stress as evidenced by altered biochemical
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parameters. The combination of GO and Tz
exhibited protective effects against Tz-
induced haemato-immunotoxicity, as well as
decreasing the liver injury and improving the
kidney functions in Tz-treated rats.
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