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Abstract

The goal of this research was to determine the impact of garlic oil and leek powder on serum lipid levels and on
sonic hedgehog (SHH) signalling pathway in a rat model of hyperlipidemia, to offer evidence supporting the
use of diet as a means of preventing hyperlipidemia, and to further investigate the possible health advantages
of these two H2S-donors. In this study, 80 males Wistar rats were divided into eight groups, for a period of
18 weeks, the rats were orally dosed with garlic oil and leek powder. Obesity indicators, serum lipid levels,
some biochemical, molecular parameters and histopathology of liver tissues were determined. Compared to
rats in the obese model groups, the garlic oil and leek powder reduced cholesterol, triacylglycerol, low-density
lipoprotein-cholesterol (LDL-c) and very low density lipoprotein-cholesterol (VLDL-c) levels in the serum
(P < 0.05). The garlic oil and leek powder also helped reduce hepatic steatosis and enhance lipid profiles. A
reduction was found in the gene expression in the hepatic homogenate of Patched 1 (Ptchl), SMOothened
(SMO), glioma-associated oncogene homolog 1 (GLII), Sonic hedgehog protein (SHH), Toll-like receptor
4 (TLR 4), and nuclear factor kappa kB (NF-kB). On the other hand, there was a significant upregulation in
the mRNA expression of hedgehog-interacting protein (Hhip-1), and miRNA 26a which is also a dose- and
time-dependent manner. The obtained findings suggested that both garlic oil and leek powder as H,S donor had
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INTRODUCTION

Historically, hydrogen sulphide (H,S) has been considered a
poisonous gas for living organisms (Kimura, 2013). Adipocytes
and fat tissues produce H,S endogenously, and this gas pro-
motes adipose tissue development. It is formed inside the body
from L-cysteine and in the gut microbiome by a number of sul-
fate-reducing bacteria. These days, it's understood to be a gas-
eous mediator that affects the progression of cardiovascular and
metabolic illnesses (Khattak et al,, 2021; Wang et al,, 2021; Peleli
et al, 2022). The role of H,S in the pathogenesis of obesity, type
2 diabetes, and cardiovascular illnesses is becoming increasingly
well supported. An important area of study is the regulation and
control mechanisms of H,S homeostasis. Garlic (Allium sativum),
and leek (Allium ampeloprasum) are examples of the allium vege-
table family commonly consumed by humans. The breakdown of
S-alkenyl-L- cysteine sulfoxides is the primary source of sulphur
compounds in these plants that act as sources of H_S (Rose et al,,
2021; Ahmed et al., 2023).

Obesity is a disease occurred due to an improper ratio be-
tween the energy ingested in food and energy expenditure, with
excessive fat storage and a body mass index (BMI) over 30 kg/m?.
Fat cells expand or multiply to accommodate the surplus energy.
The pathologic lesion of obesity is the proliferation and enlarge-

anti-obesity capabilities that can mitigate the effects of an HFD.
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ment of fat cells. Excessive adipose tissue buildup is a well-known
contributor to metabolic impairment, and it has been associated
to serious medical issues (Mezouari et al., 2020).

MicroRNAs (miRNAs) are short stretches of noncoding RNA
that have a negative role in post-transcriptional gene regulation.
Many microRNAs, including miRNA-27b, and miRNA-155, have
been linked to metabolic diseases like obesity and diabetes (Mur-
ri et al, 2013; Elnagar and El-Dawy, 2019). The SHH signalling
system plays a role in coordinating several processes essential for
normal embryonic development. Adipocyte differentiation, can-
cer, diabetes, and obesity are only some of the physiological and
pathological processes that have been linked to SHH pathway
disruption. Pharmacological regulation of the SHH system has
been shown to have the potential to enhance patient outcomes
in metabolic diseases (Elnagar et al., 2018; Garg et al., 2022).

Toll-like receptors (TLRs), are thought to activate numerous
inflammatory signalling pathways and help in pathogen identi-
fication and induce immunity. TLR4 share in the development of
obesity-related inflammation in recent research. Obesity and the
metabolic syndrome have prompted substantial research into
the role of the nuclear factor kappa kB (NF-kB) signalling (Ye et
al, 2022).

The current lack of knowledge about H,S's part in obesity is
a major problem. Consequently, the present study focused on
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the effect of H,S on lipolysis and insulin resistance in obese rat
induced by high fructose diet (HDF).

MATERIALS AND METHODS

Preparation of garlic oil and leek powder

Garlic oil from fresh Allium sativum bulbs, was distilled with
oil extractor and an electric heater thermostat for 2 hours on
finely chopped fresh garlic cloves that had been steeped in dis-
tilled water at 35°C for 4 hours. Anhydrous sodium sulphate was
used to remove water from the extracted essential oils, and the
resulting oils were then stored in a cool, dark place until needed
(Yang et al., 2018).

Egyptian leek (Allium porrum L.), was procured at a local mar-
ket in Egypt. The acquired leek was in pristine condition, so it was
cut into chips and dried in a 40°C oven for a full week. Commer-
cial blenders were used to turn the dried chips into a powder. The
powdered sample was placed in a sealed container and frozen for
later analysis (El-Khabery et al., 2016).

Animals and study protocol

The Experimental animal house of the Faculty of Veterinary
Medicine, Zagazig University provided 80 adult males Wistar rats
weighing 150-170 g. The experimental protocol was approved by
IACUC Committee with approval number (REC 51/2022).

Obesity was induced by feeding animals with HDF for a peri-
od of 10 weeks. The HDF is made by adding 60% wt/wt fructose
to a conventional rat diet (Maithilikarpagaselvi et al., 2016), and
60% of the diet's calories come from fructose. Fructose-induced
obesity was evaluated by an increase in fasting blood glucose,
insulin, and triglycerides 10 weeks after a high-fat meal was ad-
ministered.

Group | (Control): they were fed a regular diet of food during
the study. Group Il (Obese) consumed a HDF. Group Il (THGO):
obese rats were given a high-dose of garlic oil (92.6 mg/kg-bw/d);
the garlic oil was dissolved in 1% Tween 80 and administered
to the rats every day by intragastric administration for 8 weeks
(Yang et al., 2018). Group IV (TLGO): obese rats were given a low-
dose of garlic oil (11.6 mg/kg-bw/d); every day by intragastric ad-
ministration for 8 weeks (Yang et al.,, 2018). In Group V (Tleek), the
obese rats were given diet containing 11% Egyptian leek powder
for 8 weeks (El-Khabery et al., 2016). In group VI (PHGO) rats were
fed on HDF and high-dose of garlic oil (92.6 mg/kg-bw/d) for 10
weeks as prophylactic dose. In group VII (PLGO) rats were fed on
HDF and low-dose of garlic oil (11.6 mg/kg-bw/d) for 10 weeks
as prophylactic dose. In group VIII (PTleek) rats were fed on HDF
and diet containing 11% Egyptian leek powder for 10 weeks as
prophylactic dose.

Measuring body weight and BMI

Body weight was measured at day zero, after 10 weeks, and at
18-week (end of the study). BMI was calculated by dividing body
weight (g) on length (cm?).

Collection of blood and tissue samples

At the end of the experiment and after 12 hours of fasting, all
rats in the experiment were anaesthetized with pentobarbital so-
dium. Blood samples were collected from orbital venous plexus.
Two types of blood samples were collected, the first, whole blood
sample that was collected on EDTA and used for determination
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of HbA1C. The second blood sample was collected on plain tube,
centrifuged at 3000 rpm/15 minutes after being allowed to clot.
The serum samples were used for lipid profile, glucose, and in-
sulin analysis.

The liver was removed, and then divided into two parts; the
first part was kept in 10% neutral buffer formalin for histological
investigation. While the second part was gathered on 1 ml of
thiazole and frozen in liquid nitrogen at -80°C for later use in a
gene expression investigation.

Biochemical analysis in serum

Following the manufacturer's instructions, commercial kits
were used to help measure serum biochemical markers such as
cholesterol (HDL and LDL/VLDL, USA), triacylglycerol (Quantifica-
tion Abcam, USA), High-density lipoprotein-cholesterol (HDL-c)
(Fluorometric Abcam, USA), LDL-c (Crystal Chem's Rat LDL, USA),
glucose (Glucose assay kit MyBioSource, USA) and insulin (Insulin
assay kit MyBioSource, USA). In order to determine the homeo-
stasis model assessment for insulin resistance (HOMA-IR) index,
which is calculated by multiplying blood glucose level (mg/dl) by
insulin level (ng/ml) and then dividing on 405.

Measurement of Glycated haemoglobin (HbATc)

DCA-2000 system (Ames, Bayer Diagnostics, Basingstoke, En-
gland) was used to assess HbA1c levels. The employed mono-
clonal antibody recognized a specific amino acid sequence
(NH2-terminal) in the beta chain of glycated Hb. The binding of
the antibody required both glucose and this particular sequence
of amino acids. Latex-bead-bound monoclonal antibody was
given in the absence of HbAlc and agglutinated by the second
reagent. To prevent agglutination, glycated Hb acted as a com-
petitor with the agglutinating agent for antibody binding sites.
The absorbance at 531 nm was found to be higher than nor-
mal because of the agglutination reaction. HbAlc concentration
was determined as a percentage of total Hb. HbA1c levels were
measured in relation to total haemoglobin and the result was
expressed as a percentage (Hsieh et al., 2013).

Gene expression

Following the protocols established by Khamis and his
co-workers (Khamis et al, 2020), 500 ng of total RNA was re-
verse-transcribed to produce mRNA, while 10 ng were re-
verse-transcribed to produce miRNA using the TagManTM Small
RNA Assays according to the manufacturer's instructions. Assay
design software (http://genomics.dote.hu:8080/ mirnadesign-
tool) (Czimmerer et al, 2013) was used to create the Stem-loop
RT and miRNA specific primers, as well as the universal reverse
primer (Table 1). Maxima SYBR Green/Rox qPCR Master Mix (2X)
was used in the real-time PCR, and the procedures were carried
out as per the manufacturer's recommendations. Fold change
was reported as 27247 relative to control for each gene's expres-
sion level after normalization to either housekeeping GADPH (for
mRNA) or U6 (for miRNA) (Livak and Schmittgen, 2001).

Histopathological investigations

Tissue samples were fixed in 10% neutral buffered formalin
for 48 hours, and then washed overnight in running water. Af-
ter washing, the samples were dehydrated with ethyl alcohol at
strengths between 70% and 100%. The samples were kept in eth-
yl alcohol for 12 hours before being rinsed for 2 hours with xylol.



Azza Ahmed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 6, 1096-1103

Table 1. Primers sequences for the real time PCR.

Gene Sequence Accession number
F 5-TTCCTCATCCGAGGGGTCAT-3’

SMO R 5°- ATTGATCTTGCTGGCTGCCT-3’ NM_012807.1
F 5-CCTCCACCCCAGTATCTCCA-3’

GLII R 5’-ACAATTCCTGCTGCGACTGA-3’ NM_001191910.1
F 5-TCCCCTCCTCCTCCTCTTTC-3’

Preh 1 R -CTTGTTCTCCTCACCGACCC-3’ NM_053566.3

. F 5'- GCTCTTTGGTCCTGATGGCT-3’

Hhip R 5’-GCTGGTTGGTGCTGTTGAAG-3’ NM_00TI91817.1
F 5-GTAACGCTACGAGAGGAGGC-3’

SHH R 5- GAGCACCCGGTTGATGAGAA-3’ NM_017221.1
F 5-ACTGGGTGAGAAACGAGCTG-3’

TLR4 R 5’-CAGCAATGGCTACACCAGGA-3’ NM_019178.2
F 5-GCACCCCACCATCAAGATCA-3’

NF-kB R 5’-CACACTGGATCCCCAGGTTC-3’ NM_199267.2
F 5-GCATCTTCTTGTGCAGTGCC-3

GADPH R 5"-TACGGCCAAATCCGTTCACA-3’ NM_017008.4
R 5’-AATCGGCGTTCAAGTAATCCAG-3’

miRNA 26a R 5’- GTCGTATCCAGTGCAGGGT-3
Stem-loop primer; GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCCTA
R 5°- GCTCGCTTCGGCAGCACA-3’

U6 R 5°- GAGGTATTCGCACCAGAGGA-3’

Stem-loop primer; AACGCTTCACGAATTTGCGTG

Then samples were put in a crucible containing molten paraffin.
Tissue was paraffin-embedded and sectioned to a thickness of
5 microns before being examined under the microscope. H&E-
stain used for histopathological examination.

Statistical analysis

Standard Error of Mean was used to report the results. Two-
way analysis of variance (ANOVA) with Duncan’s multiple test
for post hoc comparisons was used to analyze the effect of the
groups on the various biochemical markers. Statistical signifi-
cance was less than 0.05. SPSS 25 and GraphPad Prism 8 were
used to conduct statistical analyses and generate charts.

Body weight

0 day 10 weeks

BMI
1.5

0 day 10 weeks

RESULTS

Effects of garlic oil and leek powder on body weight and BMI in
HFD-induced obesity

Within the 10-week study period, rats in the HFD group
demonstrated a significant increase in body weight and BMI (Fig-
ure 1A, B). The body weight of rats and BMI in the treatment
groups and HFD group was significantly higher than control
group and prophylactic groups at 10 weeks. At 18 weeks, the
HFD group showed the largest weight gain and BMI, and it was
significantly changed than other groups.

Control
Obese
THGO
TLGO
Tleek
PHGO
PLGO
PTleek

() N NI

18 weeks

Control
Obese
THGO
TLGO
Tleek
PHGO
PLGO
PTleek

fignpngn

18 weeks

Fig. 1. Effects of garlic oil and leek powder on body weight (gm) and BMI in HFD-induced obesity.

1098



Azza Ahmed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 6, 1096-1103

Effects of garlic oil and leek powder in some biochemical parame-
ters in HFD-induced obesity

The result of the present study in Figure 2 revealed that
HbA1c, insulin, and HOMA-IR levels were the highest (p < 0.05) in
obese groups in comparison with other groups. While their levels
were significantly (p < 0.05) improved in the prophylactic groups
(PHGO, PLGO, PTleek) and treatment groups (THGO, TLGO, Tleek)
in comparison with obese groups. HbA1c levels were non-sig-
nificantly differ in prophylactic groups (PHGO, PLGO, PTleek)
and treatment groups (THGO, TLGO, Tleek). Insulin levels were
non-significantly differ in between prophylactic groups (PHGO,
PLGO, PTleek) each other. On the other hand, prophylactic groups
showed significant improvement than the treatment groups

(THGO, TLGO, Tleek). HOMA-IR were non-significantly differ in
between prophylactic groups (PHGO, PLGO, PTleek) each other,
and treatment groups (THGO, TLGO, Tleek) were non-significant-
ly differ in between each other.

Effects of garlic oil and leek powder in lipid profile in HFD-induced
obesity

Figure 3 shows that cholesterol, triacylglycerol, LDL-c and
VLDL-c levels were the highest in obese groups in compari-
son with other groups. While their levels were significantly (p <
0.05) improved in the prophylactic groups (PHGO, PLGO, PTleek)
and treatment groups (THGO, TLGO, Tleek) in comparison with
obese groups. HDL-c levels were non-significantly differ in
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Fig. 2. Effects of garlic oil and leek powder in the levels of some biochemical parameters in HFD-induced obesity.
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Fig. 3. Effects of garlic oil and leek powder in lipid profile in HFD-induced obesity.
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obese groups, prophylactic groups (PLGO, PTleek) and treatment
groups (THGO, TLGO, Tleek). HDL-c levels were non-significantly
differ in PHGO group and control negative group.

Effects of garlic oil and leek powder in the levels of expression of
some genes in HFD-induced obesity in tissue homogenate

The mRNA expression of SMO, GLI1, and PtchT in Figure 4
demonstrated the highest levels in obese groups and significantly
downregulated in the prophylactic groups (PHGO, PLGO, PTleek)
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and treatment groups (THGO, TLGO, Tleek) (p < 0.05). The lowest
levels were in control negative groups. On the other hand, Hhip-1
activity was the lowest level in obese groups and significantly up-
regulated in the prophylactic groups (PHGO, PLGO, PTleek) and
treatment groups (THGO, TLGO, Tleek). The highest level was in
control negative group (p < 0.05).

The expression of SHH, TLR 4, and NF-kB in Figure 5 revealed
their activities were at the highest levels in obese groups and
significantly downregulated in the prophylactic groups (PHGO,
PLGO, PTleek) and treatment groups (THGO, TLGO, Tleek). The
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Fig. 4. Effects of garlic oil and leek powder in the mRNA expression of some genes in HFD-induced obesity.
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Fig. 5. Effects of garlic oil and leek powder in the expression of some genes in HFD-induced obesity.
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lowest levels were in control negative groups. On the other hand,
mIRNA 26a activity was the lowest level in obese groups and sig-
nificantly upregulated in the prophylactic groups (PHGO, PLGO,
PTleek) and treatment groups (THGO, TLGO, Tleek). The highest
level was in control negative group.

Histopathological findings

The liver tissue from a control rat is shown in normal structure
in Figure 6A. The liver tissue of obese group showing significant
fatty degeneration of most of the hepatocytes (Figure 6B). Garlic
oil and leek powder in the prophylactic and treatments groups
showed an improvement in the damage induced by HDF (Figure
6C-H).

DISCUSSION

The alarming rise in diabetes risk factors associated with obe-
sity have caught the attention in emerging countries. Obesity
lowers HDL-C levels and raises TG levels in the blood. A high-fat
diet is a key risk factor for obesity because it can encourage a
positive energy balance and boost visceral fat deposition (Khalil
et al., 2018). Some compounds in garlic have been linked to suc-
cess in treating obesity and high cholesterol (Bisen and Emerald,
2016).

Two of the most valuable veggies are garlic, and leeks. They
include a plethora of nutrients, including protein, fibre, poly-
phenols, and flavonoids. In addition to phosphate, calcium, and
carbs, it also contains protein. The anthelmintic, antioxidant, an-
ti-inflammatory, and antiseptic properties of plants in the galic
family are well documented. Garlic, and leek all have varying lev-
els of polyphenolic chemicals due to harvest, storage, and envi-
ronmental factors (Lenkova et al., 2016).

In this study, the impacts of garlic oil and leek powder on hy-
perlipidemia produced by the ingestion of a HDF were assessed
in animals. Garlic oil and leek powder were tested for their ability
to reduce obesity indicators in rats fed a HDF. Rats fed the garlic
oil and leek powder diets had significantly decreased lipid profile
and insulin, HbA1C indices compared to those on the HFD diet.
These findings point to the anti-obesity effects garlic oil and leek
powder. Garlic extract has been hypothesized to have potential
anti-obesity benefits (Kim and Kim, 2011).

In the present study, compared to the HFD group, those who
consumed garlic oil and leek powder had a better lipid profile,

i TR R
SEeS

7SS

with reduced serum cholesterol, triacylglycerol, LDL-c and VLDL-c
levels. Our results are in line with Mahmoodi et al. declared that
a diet rich in garlic can reduce LDL cholesterol and raise HDL-C
levels in hyperlipidemic (Mahmoodi et al., 2006), animal, and cor-
onary heart disease (Kwon et al., 2003) patients. Last but not least,
the obtained data showed that the effective dose of garlic oil was
the highest dose, rather than the lowest dose.

Research from this study showed that the beneficial physio-
logical effects of garlic oil and leek powder may be obtained at
non-toxic levels. Histological studies of the livers of rats given an
HFD showed severe fatty degeneration. In addition, there was a
significant improvement in the garlic oil and leek powder groups
compared to the HFD group. As a result, garlic oil and leek pow-
der may have significant effects on lipid metabolism and body
fat.

Garlic is renewable resources having great application value,
and the current study showed that it had anti-obesity and hypo-
lipidemic actions in the rodent. It has great potential as foods,
but it also has many other uses in medicine, food additives, feed,
and other areas (Sajitha et al,, 2016; Sen Tanrikulu et al.,, 2017).

By measuring blood glucose, insulin, and oxidative stress in
rats given fructose, Padiya et al. (2011), demonstrated that ho-
mogenized raw garlic is helpful in enhancing insulin sensitivity.
Supplementing with garlic powder has been shown by Sangouni
et al. (2020), to reduce insulin resistance and oxidative stress,
two major contributors to fatty liver disease in people with
NAFLD. Mice fed a diet supplemented with aged garlic extract
also showed reduced insulin resistance, as recently found (Ette-
had-Marvasti et al., 2022). Allicin and dialyl sulphide are two of
the active chemicals in garlic that contribute to its hypoglycemic
action (Madkor et al,, 2011). Considering that obesity is a major
contributor to insulin resistance (Verkouter et al, 2019), it was
demonstrated that two months of oral administration of garlic
extract resulted in both a considerable reduction in body weight
and an improvement in insulin sensitivity. Thus, it's possible that
the participants’ decreased body mass contributed to the ob-
served enhancement of insulin sensitivity (Ettehad-Marvasti et
al, 2022).

In addition, several animal studies have shown that when
mice were fed a high-fat diet and allowed to gain weight, exog-
enous H2S treatment resulted in greater insulin sensitivity and
improved glucose tolerance (Geng et al., 2013). Depletion of en-
dogenous H2S production prevented high fat diet-induced fat
mass in mice and fruit flies, although supplementation with H2S
donors was sufficient to increase fat mass formation (Yang et al.,
2018).

S,

Fig. 6. Histopathological results in liver. (A) liver tissue of control rat, H&E, X 40. (B) liver tissue of obese rat, H&E, X 40. (C) liver tissue of THGO treated rat,
H&E, X 40. (D) liver tissue of TLGO treated rat, H&E, X 40. (E) liver tissue of Tleek treated rat, H&E, X 40. (F) liver tissue of PHGO treated, H&E, X 40. (G)
liver tissue of PLGO treated rat, H&E, X 40. (H) liver tissue of PTleek treated rat rats, H&E, X 40.
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This study revealed a reduction in the gene expression of
Ptch1, SMO, GLI1, and SHH by garlic oil and leak powder. On the
other hand, a significant upregulation was found in the expres-
sion of Hhip-1, the following studies illustrated these results.

The Hh signalling pathway regulates tissue growth and ho-
meostasis, and it has been conserved throughout evolution.
Ptch1 is a receptor for the Hh ligands, and upon binding, Ptch1
releases its inhibition on SMOothened (SMO), a seven-pass trans-
membrane protein, allowing the GLI family of transcription fac-
tors to activate transcription (Xu et al, 2018). Insulin resistance
is increased in the liver tissues in people with type 2 diabetes.
The upstream regulation of the Hh pathway is affected by the
overexpression of SMO and Patched 1, which contributes to this
resistance (Lin et al., 2019).

The mRNA and protein expression of the Hh pathway tran-
scription factor GLIT in AsPC-1 PC cells was demonstrated to be
suppressed by one of garlic derivatives (DATS) at 16 and 24 hours.
These results imply that DATS may ultimately result in Hh path-
way suppression because GL/T is the downstream effector of the
pathway. Recent clinical studies of the SMO inhibitor IPI-926 in
combination with gemcitabine dramatically reduced median sur-
vival in metastatic PC patients compared with gemcitabine treat-
ment alone, therefore these findings are relevant when thinking
about the chemopreventive application of DATS. The observation
that GL/T expression is suppressed in AsPC-1 cells provides sup-
port for the concept that DATS down regulates the Hh pathway
(Ko, 2015; Puccinelli, 2016).

Data from the current study revealed a reduction in the ex-
pression of TLR 4, and NF-kB by garlic oil and leek powder. Mech-
anistic and therapeutic evidence strongly suggests that NF-kB is
involved in the inflammation and insulin resistance that charac-
terize obesity. NF-kB is a molecular link to obesity, inflammation,
and insulin resistance (Kim, 2012). Obesity-related inflammato-
ry responses are thought to be mediated primarily by TLR4, a
member of the natural immune receptor family. It was reported
that TLR4 signalling pathway activation by triglycerides increases
expression of inflammatory markers in hepatocytes. This finding
suggests a link between obesity-induced reduced inflammation
and TLR4 expression (Jiang et al,, 2021).

The present study showed a significant upregulation in the
mIiRNA 26a expression which is induced by garlic oil and leek
powder. The miR-26a plays a crucial role as a tumour suppressor
and in the liver—the primary organ responsible for glucose and
lipid homeostasis. Insulin signalling, fatty acid metabolism, and
gluconeogenesis are all regulated by miRNA-26a, which acts as
a target on the corresponding genes. In together, these results
highlight the importance of miRNA-26a in liver metabolism and
indicate that it may be a useful therapeutic target for preventing
type 2 diabetes in humans with diet-induced obesity by increas-
ing insulin sensitivity and decreasing lipogenesis and gluconeo-
genesis (Fu et al., 2015). Almost scant studies cover the Hh path-
way components and miRNA 26a in obesity and its relation to
garlic oil and leek powder.

CONCLUSION

Both garlic oil and leek powder demonstrate potential an
anti-obesity drug. Inhibiting the Hh pathway is how garlic oil
and leek powder can lower blood HOMA-IR, insulin levels, lipid
profile, and liver structural damage in obese rats. The effects of
garlic oil and leek powder on Hh signalling pathways and miRNA
26a in obesity have not previously been investigated, making this
study potentially the first of its kind. The incorporation of H2S
donors into treatment techniques may open up new possibilities
for combating chronic diseases like obesity.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Ahmed, A.l, Nasr, N.Y., Alattar, RH., EI-Dawy, K., 2023. Carnosine-loaded
oral niosomes ameliorate high-fructose-induced metabolic syn-
drome in rats via modulation of SIRT1, a metabolic master switch.
Slov. Vet. Zb. 60, 75-85.

Czimmerer, Z., Hulvely, J., Simandi, Z., Varallyay, E., Havelda, Z., Szabo,
E., Varga, A, Dezso, B., Balogh, M., Horvath, A, 2013. A versatile
method to design stem-loop primer-based quantitative PCR as-
says for detecting small regulatory RNA molecules. PloS one 8,
e55168.

El-Khabery, M.A,, Sitohy, M., Hefnawy, H., Gomaa, AM., 2016. Effect of
using Egyptian leek leaves powder (Allium porrum |.) as uncon-
ventional feed on growth performance, carcass quality and some
serum biochemical analysis in broiler chickens. ZJAR. 43, 555-567.

Elnagar, A, El-Belbasi, H.l, Rehan, I.F., EI-Dawy, K., 2018. Asprosin: a novel
biomarker of type 2 diabetes mellitus. VMHE, 55, 333-347.

Ettehad-Marvasti, F., Ejtahed, H.-S., Siadat, S.-D., Soroush, A.-R., Hosei-
ni-Tavassol, Z., Hasani-Ranjbar, S., Larijani, B., 2022. Effect of garlic
extract on weight loss and gut microbiota composition in obese
women: A double-blind randomized controlled trial. Front Nutr.
9, 1007506. Fu, X., Dong, B., Tian, Y., Lefebvre, P., Meng, Z., Wang,
X., Pattou, F., Han, W., Wang, X., Lou, F., 2015. MicroRNA-26a reg-
ulates insulin sensitivity and metabolism of glucose and lipids. J.
Clin. Investig. 125, 2497-2509.

Garg, C., khan, H., Kaur, A, Singh, T.G., Sharma, V.K, Singh, S.K, 2022.
Therapeutic implications of sonic hedgehog pathway in meta-
bolic disorders: Novel target for effective treatment. Pharmacol.
Res. 179, 106194.

Geng, B, Cai, B, Liao, F,, Zheng, Y., Zeng, Q. Fan, X,, Gong, Y., Yang, J., Cui,
Q.H., Tang, C, 2013. Increase or decrease hydrogen sulfide exert
opposite lipolysis, but reduce global insulin resistance in high fat-
ty diet induced obese mice. PloS one 8, €73892.

Hsieh, F.-C., Lee, C.-L, Chai, C.-Y., Chen, W.-T,, Lu, Y.-C,, Wu, C.-S., 2013.
Oral administration of Lactobacillus reuteri GMNL-263 improves
insulin resistance and ameliorates hepatic steatosis in high fruc-
tose-fed rats. Nutr. Metab. 10, 35.

Jiang, M., He, J,, Sun, Y., Dong, X, Yao, J., Gu, H., Liu, L, 2021. Leptin in-
duced TLR4 expression via the JAK2-STAT3 pathway in obesi-
ty-related osteoarthritis. Oxid. Med. Cell. Longev. 2021, 7385160.

Khalil, S.S., Ahmed, A.l, Mohammed, N.A., El-Naggar, AA, Ali, HA,
Al-Saadawy, H.R.,, 2018a. A review on metabolic syndome: Bio-
chemical investigations. VMHE, 16-19.

Khamis, T., Abdelalim, A.F., Abdallah, S.H., Saeed, A.A., Edress, N.M., Ar-
isha, A.H., 2020. Early intervention with breast milk mesenchy-
mal stem cells attenuates the development of diabetic-induced
testicular dysfunction via hypothalamic Kisspeptin/Kiss1r-GnRH/
GnlH system in male rats. Biochim Biophys. Acta Mol. Basis Dis.
1866, 165577.

Khattak, S., Zhang, Q.-Q., Sarfraz, M., Muhammad, P., Ngowi, E.E., Khan,
N.H., Rauf, S., Wang, Y.-Z,, Qi, H.-W., Wang, D., 2021. The role of
hydrogen sulfide in respiratory diseases. Biomolecules 11, 682.

Kim, J.K. 2012. Endothelial nuclear factor kB in obesity and aging: is endo-
thelial nuclear factor kB a master regulator of inflammation and
insulin resistance? Circ. J. 1081-1083.

Kim, M., Kim, H., 2011. Effect of garlic on high fat induced obesity. Acta
Biol. Hung. 62, 244-254.

Kimura, H., 2013. Physiological role of hydrogen sulfide and polysulfide in
the central nervous system. Neurochem. Int. 63, 492-497.

Ko, A.H., 2015. Progress in the treatment of metastatic pancreatic cancer
and the search for next opportunities. J. Clin. Oncol. 33, 1779-
1786.

Kwon, M.-J,, Song, Y.-S., Choi, M.-S,, Park, S.-J., Jeong, K.-S.,, Song, Y.-O.,
2003. Cholesteryl ester transfer protein activity and atherogenic
parameters in rabbits supplemented with cholesterol and garlic
powder. Life Sci. 72, 2953-2964.

Lenkova, M., Bystricka, J.,, Tomas, T., Hrstkova, M., 2016. Evaluation and
comparison of the content of total polyphenols and antioxidant
activity of selected species of the genus Allium. J. Cent. Eur. Agric.
17,1119-1133.

Lin, A.-C., Hung, H.-C,, Chen, Y.-W., Cheng, K.-P., Li, C.-H., Lin, C.-H., Chang,
C.-J., Wu, H.-T., Ou, H.-Y,, 2019. Elevated hedgehog-interacting
protein levels in subjects with Prediabetes and type 2 diabetes.
J. Clin. Med. 8, 1635.

Livak, KJ., Schmittgen, T.D., 2001. Analysis of relative gene expression
data using real-time quantitative PCR and the 2~ 24T method.
Methods 25, 402-408.

Madkor, H.R,, Mansour, S.\W., Ramadan, G., 2011. Modulatory effects of
garlic, ginger, turmeric and their mixture on hyperglycaemia, dys-
lipidaemia and oxidative stress in streptozotocin—nicotinamide

1102



Azza Ahmed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 6, 1096-1103

diabetic rats. Br. J. Nutr. 105, 1210-1217.

Mahmoodi, M, Islami, M., GR, AK., Khaksari, M., Hajizadeh, M., Mirzaee,
M., 2006. Study of the effects of raw garlic consumption on the
level of lipids and other blood biochemical factors in hyperlipid-
emic individuals. Pak. J. Pharm. Sci. 19, 295-298.

Maithilikarpagaselvi, N., Sridhar, M.G., Swaminathan, R.P., Zachariah, B.,
2016. Curcumin prevents inflammatory response, oxidative stress
and insulin resistance in high fructose fed male Wistar rats: Po-
tential role of serine kinases. Chem.-Biol. Interact. 244, 187-194.

Mezouari, A., Nangia, R.,, Gagnon, J., 2020. The protective role of hydro-
gen sulfide against obesity-associated cellular stress in blood
glucose regulation. J. Antioxid. 9, 1038.

Murri, M., Insenser, M., Fernandez-Duran, E., San-Millan, J.L., Escobar-Mor-
reale, H.F., 2013. Effects of Polycystic Ovary Syndrome (PCOS), Sex
Hormones, and Obesity on Circulating miRNA-21, miRNA-27b,
miRNA-103, and miRNA-155 Expression. J. Clin. Endocrinol. Me-
tab. 98, E1835-E1844.

Padiya, R., Khatua, T.N., Bagul, P.K., Kuncha, M., Banerjee, S.K,, 2011. Garlic
improves insulin sensitivity and associated metabolic syndromes
in fructose fed rats. Nutr. Metab. 8, 1-8.

Peleli, M., Zampas, P., Papapetropoulos, A., 2022. Hydrogen Sulfide and
the kidney: Physiological roles, contribution to pathophysiology,
and therapeutic potential. ARS. 36, 220-243.

Puccinelli, M., 2016. Effect of Diallyl Trisulfide on Hedgehog Signaling in
Pancreatic Cancer Cells. OAT. 1132.

Rose, P., Moore, P.K., Whiteman, M., Kirk, C., Zhu, Y.-Z., 2021. Diet and
hydrogen sulfide production in mammals. ARS. 34, 1378-1393.

Bisen, P.S., Emerald, M., 2016. Nutritional and therapeutic potential of
garlic and onion (Allium sp.). Curr. Nutr. Food Sci. 12, 190-199.

1103

Sajitha, G., Augusti, K., Jose, R,, 2016. Prophylactic effects of garlic oil and
onion oil fractions as compared to vitamin E on rats orally fed
with lead acetate solution. Indian J. Clin. Biochem. 31, 260-269.

Sangouni, A.A., Azar, M.RM.H,, Alizadeh, M., 2020. Effects of garlic pow-
der supplementation on insulin resistance, oxidative stress, and
body composition in patients with non-alcoholic fatty liver dis-
ease: A randomized controlled clinical trial. Complement Ther.
Med. 51, 102428.

Sen Tanrikulu, C., Tanrikulu, Y., Kiling, F., Bahadir, B., Can, M., Kékturk, F.,
2017. Beneficial effects of garlic (Allium sativum) oil in experi-
mental corrosive esophageal burns effects of garlic oil in esoph-
ageal burns. TJTES. 23, 181-187.

Verkouter, I, Noordam, R, le Cessie, S., van Dam, RM., Lamb, H.J.,
Rosendaal, F.R., van Heemst, D., de Mutsert, R., 2019. The associ-
ation between adult weight gain and insulin resistance at middle
age: mediation by visceral fat and liver fat. J. Clin. Med. 8, 1559.

Wang, R.-H., Chu, Y.-H,, Lin, K.-T., 2021. The hidden role of hydrogen sul-
fide metabolism in cancer. Int. J. Mol. Sci. 22, 6562.

Xu, Y., Ma, N., Wei, P, Zeng, Z., Meng, J., 2018. Expression of hydrogen
sulfide synthases and Hh signaling pathway components cor-
relate with the clinicopathological characteristics of papillary thy-
roid cancer patients. Int. J. Clin. Exp. Pathol. 11, 1818-1824.

Yang, C, Li, L, Yang, L, L, H., Wang, S., Sun, G., 2018. Anti-obesity and
Hypolipidemic effects of garlic oil and onion oil in rats fed a high-
fat diet. Nutr. Metab. 15, 43.

Ye, Y., Warusawitharana, H., Zhao, H., Liu, Z, Li, B, Wu, Y., He, P, Tu, Y.,
2022. Tea polyphenols attenuates inflammation via reducing li-
popolysaccharides level and inhibiting TLR4/NF-«kB pathway in
obese mice. Plant Foods Hum. Nutr. 77, 105-111.



