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Abstract

The present study was carried out to investigate the effects of garlic (Allium sativum Linn) and leek (Allium
porrum L.) on biochemical parameters, lipid profile and gene expression in high fructose diet (HDF)- induced
diabetes in rat. In this study, we used 80 males Wistar rats for 18 weeks, HDF was administered daily in diet
to induce diabetes. A high and low dose of garlic oil and leek powder were given orally daily to HDF-diabetic
rats. Compared to rats in the diabetic groups, the garlic oil and leek powder reduced serum cholesterol, triacyl-
glycerol, low-density lipoprotein-cholesterol (LDL-c) and very low density lipoprotein-cholesterol (VLDL-c)
levels. The garlic oil and leek powder also helped reduce hepatic destruction. A reduction was found in the
gene expression in the hepatic homogenate of activating transcription factor 6 (ATF6) and X-Box Binding Pro-
teinl (XBP1), Binding immunoglobulin protein (BIP), C/EBP homologous protein (CHOP), Jun N-terminal
kinase (JNK), and peroxisome proliferator- activated receptor gamma (PPAR-y). On the other hand, there was
a significant upregulation in the mRNA expression of has been found in the promoter of glucose transporter
2 (Glut2), and miRNA 27a which is also a dose- and time-dependent manner. These results suggest that H,S
donor as garlic oil and leek powder exhibits therapeutic potential for diabetes, which is most likely related to
its protective effects against ER stress and regulating miRNA 27a and its target gene.
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INTRODUCTION

Diabetes mellitus is becoming more common and is now
recognized as a major health problem on a global scale. Hyper-
insulinemia, caused by malfunctioning of pancreatic cells, acts
as a compensatory mechanism, and contributes to the etiology
of diabetes (Zhang et al,, 2021). Hyperglycemia due to insulin
resistance or inadequate insulin production is a main of type 2
diabetes (affecting over 90% of DM patients). One of the primary
sources of oxidative stress and widely acknowledged as a primary
culprit in the development of type 2 DM problems is progressive
hyperglycemia (Melino et al.,, 2019).

The endoplasmic reticulum (ER) plays a crucial role in regu-
lating insulin synthesis by beta cells. Beta cells boost insulin pro-
duction in response to insulin resistance to meet the increased
peripheral insulin demand, which in turn improves ER function.
Excessive overload can lead to chronic ER stress activation and
death, resulting in beta cell malfunction, despite the unfolded
protein response (UPR)'s adaptive nature and its goal of improv-
ing the ER’s capacity to fold proteins. Activating transcription
factor 6 (ATF6) and X-Box Binding Protein (XBP), have recently
been identified as being unique to the UPR in mammals. Binding
immunoglobulin protein (BIP) separated from the luminal side of
the ER stress transducers inositol-requiring transmembrane ki-
nase endoribonuclease-1 (IRE1), and ATF6, activating them when

misfolded proteins accumulate in the ER lumen. In addition to
activating c-Jun N-terminal kinase (JNK), IRET degrades ER-tar-
geted mRNAs to reduce protein synthesis in the ER. BIP and ATF6
also stimulates the transcription of XBP1 and C/EBP homologous
protein (CHOP) (Kadowaki and Nishitoh, 2013; Grajales et al.,
2022).

The pancreatic islet expresses peroxisome proliferator- acti-
vated receptor gamma (PPAR-y) has been found in the promot-
er of glucose transporter 2 (Glut2) that is responsible for glu-
cose-stimulated insulin release and maintain function of n p-cell
lines, rodent models of progressive type 2 diabetes, and humans
at risk for type 2 diabetes. In diabetes and insulin resistance,
PPAR-y may have direct impacts on islet function through the
mitigation of ER stress (Evans-Molina et al., 2009).

An increasing body of research points to the role of mi-
croRNAs (miRNAs), a type of short noncoding RNA molecule, in
the development of diabetes. MiRNAs are gaining recognition
as critical regulators of fundamental biological processes due
to their role as translational repressors. Glucose homeostasis is
just one of many physiological processes that may be influenced
by miRNAs. The etiology of diabetes and its associated compli-
cations may be heavily influenced by microRNAs, according to
recent studies (He et al, 2021). Many studies have shown that
miRNA-27a is highly expressed in obese patients, and this miRNA
has also been shown to be associated with diabetes (Zhuang and
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Li, 2022).

Hydrogen sulphide (H,S) is considered as a gasotransmitter,
although it is harmful gas, the human body synthesize it and
uses it in a wide range of physiological processes. It produced
by enzymatic and non-enzymatic mechanisms in the body. H,S is
an odourless, colourless gas. Several studies demonstrated that
H2S inhibited ER stress, apoptosis, inflammation, and oxidation.
H,S is neuroprotective and may have pharmacological benefits in
people with Parkinson’s disease and Alzheimer's disease because
it operates on the nervous system (Li et al, 2016; Gheibi et al,
2020).

Plants sulfur-containing components such as garlic, leek, and
onion have recently been demonstrated to have therapeutic ef-
fects in attenuating outcomes associated with cardiovascular dis-
ease and inflammation, possibly through a mechanism connect-
ed to the H,S signalling pathway (Rodrigues and Percival, 2019).
However, it has not yet been established if H,S can prevent the
pathogenic process of diabetes by reducing ER stress and stim-
ulating insulin release. Therefore, our present work examined
whether H,S suppresses the ER stress in high fructose diet (HD-
F)-exposed diabetic rats.

MATERIALS AND METHODS

Preparation of garlic oil and leek powder

After adding distilled water at 35°C for 4 hours, fresh garlic
cloves were coarsely chopped and subjected to hydro distillation
in essential oil testing equipment for 2 hours. Water was removed
from the extracted essential oils using anhydrous sodium sul-
phate, and the oils were then stored in a cool, dark environment
(Yang et al., 2018). The garlic oil was dissolved in 1% Tween 80.

The Allium porrum L. used here was sourced from an Egyp-
tian market. Due to the excellent condition of the acquired leek,
it was sliced into chips and dried in an oven set to 40 degrees
Celsius for a full week. The dried chips were ground into a pow-
der using industrial-grade blenders. For later examination, the
powdered material was stored in a sealed container and frozen

Table 1. Primers sequences for the real time PCR.

(El-Khabery et al., 2016).
Experimental animals

All experimental methods were carried out in the Faculty of
Veterinary Medicine at Zagazig University, Egypt. Eighty male
Wistar rats weighing between 150 and 170 g were housed in
polycarbonate cages, with each mouse having its own space, and
maintained at a constant temperature (22 2 °C) and humidity
(55%). The rats were separated into 8 groups (n = 10 per group)
after a week of acclimation to their new surroundings. The ex-
perimental protocol was approved by Suez Canal University _ IA-
CUC Committee approval number (Suez Canal University _ REC
63/2022).

Study design

The HDF was prepared by mixing 60% wt/wt fructose with
standard rodent diet (Maithilikarpagaselvi et al, 2016), Fruc-
tose-induced diabetes was evaluated by an increase in fasting
blood glucose 10 weeks.

Control group: rats were fed with standard rodent chow through-
out the experimental period of 18 weeks.

Diabetic group: rats were fed with 60% HDF through-out the ex-
perimental period of 18 weeks. THGO group (high garlic oil treat-
ed group): diabetic rats were given a high dose of garlic oil (92.6
mg/kg-bw/d); orally daily for 8 weeks (Yang et al, 2018). TLGO
group (low garlic oil treated group): diabetic rats were given a
low dose of garlic oil (11.6 mg/kg-bw/d) orally daily for 8 weeks
(Yang et al.,, 2018). Tleek group (leek powder treated group): the
diabetic rats were given diet containing 11% leek powder for 8
weeks (El-Khabery et al., 2016). PHGO group (high garlic oil pro-
phylactic group): rats were fed on HDF and high dose of garlic
oil (92.6 mg/kg-bw/d) for 10 weeks as prophylactic dose. PLGO
group (low garlic oil prophylactic group): rats were fed on HDF
and low dose of garlic oil (11.6 mg/kg-bw/d) for 10 weeks. PTleek
group (leek powder prophylactic group): rats were fed on HDF
and diet containing 11% leek powder for 10 weeks.

Gene Sequence Accession number
F 5'-AAGTGAAGAACCATTACTTTATATC-3’

ATE=6 R 5’- TTTCTGCTGGCTATTTGT -3’ NM_001107196.1
F 5'-AACCAAGGATGCTGGCACTA-3’

BIP R 5’-ATGACCCGCTGATCAAAGTC-3’ NM_013083.2
F 5'-CACAAGCACCTCCCAAAG-3’

CHOP R 5’-CCTGCTCCTTCTCCTTCAT-3’ NM_001109986.1
F 5'- AGTGTAGAGTGGATGCATGA-3’

JNK R 5’-ATGTGCTTCCTGTGGTTTAC-3” NM_053829.2
F 5'-TTACGAGAGAAAACTCATGGGC-3’

XBP-1 R 5’- GGGTCCAACTTGTCCAGAATGC -3’ NM_001004210.2
F 5'- CCTGAAGCTCCAAGAATACC -3’

PPAR-y R 5’- GATGCTTTATCCCCACAGAC -3’ NM_013124.3
F 5'- CTCTGTGCTGCTTGTGGAGA -3’

GLUT=2 R 5’- CGGCACAGAAAAACATGCCA -3’ NM_012879.2
F 5'-GCATCTTCTTGTGCAGTGCC-3’

GADPH R 5>-TACGGCCAAATCCGTTCACA-3’ NM_017008.4
R 5’- AACGGCTTCACAGTGGCTA-3’

miRNA 27a R5- GTCGTATCCAGTGCAGGGT—3
Stem-loop primer;
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCGGAA
R 5’- GCTCGCTTCGGCAGCACA-3’

U6 R 5’- GAGGTATTCGCACCAGAGGA-3’

Stem-loop primer; AACGCTTCACGAATTTGCGTG
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Measuring body weight and BMI

The BMI (Weight (g)/Length (cm?)) was calculated at day zero,
after 10 weeks, and at the end of the experiment (after 18 week).

Collection of samples and preparation of tissue homogenate

After collecting blood from the vena cava, the samples were
allowed to clot before being centrifuged at 3,000 rpm for 15 min-
utes. The serum samples were stored at -20 degrees Celsius until
additional analysis could be performed. Rats were treated for 18
weeks before being slaughtered and their liver dissected. Sepa-
rated liver tissue was divided in half; the first half was used to test
for gene expression. Hematoxylin and eosin (H&E) staining was
used for histopathological examinations of liver tissue that had
been preserved in 10% formalin solution at room temperature
for 24 hours.

Biochemical analysis

Glucose levels were detected with the use of the Glucose as-
say kit MyBioSource, USA, and insulin with the use of insulin as-
say kit MyBioSource, USA, cholesterol (HDL and LDL/VLDL, USA),
triacylglycerol (Quantification Abcam, USA), High-density lipo-
protein-cholesterol (HDL-c) (Fluorometric Abcam, USA), LDL-c
(Crystal Chem'’s Rat LDL, USA), in accordance with the manufac-
turer’s instructions. HOMA-IR index, was calculated according to
the following equation:

HOMA IR=(Blood glucose (mg/dl)x Insulin (ng/ml))/405

Hemoglobin A1C (HbATc) Test

The monoclonal antibody used here only reacted with one
particular amino acid sequence (the NH,-terminus) in the beta
chain of glycated Hb. Both glucose and this particular sequence
of amino acids were necessary for the antibody binding. In the
absence of HbAlc, the second reagent agglutinated monoclonal
antibody attached to latex beads. Glycated haemoglobin com-
peted with the agglutinating agent for antibody binding sites,
preventing agglutination. The agglutination reaction was shown
to increase the absorbance at 531 nm. The proportion of HbAlc in
the total Hb was used to represent the HbAlc concentration. The
concentration of HbA1c was calculated as a proportion of total

haemoglobin (Hsieh et al., 2013).
Quantitative real-time PCR

Trizol (Invitrogen; Thermo Fisher) was used to extract total
RNA from 30 mg of liver tissue. Making use of a NanoDrop® ND-
1000 Spectrophotometer (NanoDrop Technologies; Wilmington,
Delaware; USA). The TagManTM Small RNA Assays were used to
generate miRNA from 10 ng, in accordance with the manufactur-
er's instructions. The universal reverse primer, the Stem-loop RT
specific primers, and the miRNA specific primers (Table 1) were
all designed using assay design software (http://genomics.dote.
hu:8080/ mirnadesigntool) (Czimmerer et al, 2013). Real-time
PCR was performed using the Maxima SYBR Green/Rox qPCR
Master Mix (2X). After normalization to housekeeping GADPH
(for mRNA) or U6 (for miRNA), fold change in gene expression
was reported as 272 relative to control.

Histopathology examination

Histological investigation of liver tissue samples involved
fixing the tissue in 10% buffered formalin solution, paraffin em-
bedding it, and cutting it into 5 um sections. After being depar-
affinized and stained with hematoxylin and eosin (H&E) for histo-
pathological changes.

Statistical analysis

The results were presented as a mean * standard error. The
effects of the groups on the various biochemical indicators were
compared using one-way analysis of variance (ANOVA) followed
by the Duncan multiple-test post hoc analysis. P< 0.05 was used
as the threshold for statistical significance. Statistical analyses
and generate charts were created using SPSS 24.0 (IBM Corp.,
Armonk, NY) and Graph Pad Prism 8.0.2 (GraphPad Software, Inc.,
San Diego, CA).

RESULTS
Effects on body weight and BMI in HFD-induced diabetic rat

Figure 1 revealed non-significant change in body weight and
BMI in all groups at day zero. At week 10 the highest significant

Body weight

(A)

0 day

BMI

0 day

10 weeks

10 weeks

Control
Diabetic
THGO
TLGO
Tleek
PHGO
PLGO
PTleek

[ IR NN N

18 weeks

Control
Diabetic
THGO
TLGO
Tleek
PHGO
PLGO
PTleek

pgogngnn

18 weeks

Fig. 1. Effects of garlic oil and leek powder on body weight (gm) and BMI in HFD-induced diabetic rats.
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increase in body weight and BMI were in treatment groups and
diabetic group. The body weight of diabetic rats and BMI in the
treatment groups and diabetic group were significantly higher
than control group and prophylactic groups at week 10. At week
18, the diabetic group exhibited the highest weight gain and BM],
and it was significantly changed than other groups. Prophylactic
groups and treatment groups were non-significant to each other
at week 18.

Effects on HbAc, insulin, and HOMA-IR levels in HFD-induced di-
abetic rat

Figure 2 demonstrated that HbA1c, insulin, and HOMA-IR
levels were the highest in diabetic groups in comparison with
other groups. While their levels were decreased significantly in
the prophylactic groups (PHGO, PLGO, PTleek) and treatment
groups (THGO, TLGO, Tleek) in comparison with diabetic groups.
HbA1c levels were non-significantly differ in prophylactic groups
(PHGO, PLGO, PTleek) and treatment groups (THGO, TLGO, Tleek).
Insulin levels were non-significantly differ in between prophylac-
tic groups (PHGO, PLGO) and treatment groups (THGO, Tleek).
HOMA-IR were non-significantly differ in between prophylactic

Glycated haemoglobin (HbA1c)

%

groups (PLGO, PTleek) each other, and treatment groups (THGO,
TLGO, Tleek) were non-significantly differ in between each other.
Also control group were non-significant to PHGO prophylactic

group.
Effects on lipid profile in HFD-induced diabetic rat

Results in Figure 3 revealed that the highest level of cho-
lesterol, triacylglycerol, LDL-c and VLDL-c levels were in diabet-
ic groups. While their levels were significantly decreased in the
prophylactic groups (PHGO, PLGO, PTleek) and treatment groups
(THGO, TLGO, Tleek) in comparison with diabetic groups. HDL-c
levels were non-significantly differ in diabetic groups, prophy-
lactic groups (PLGO, PTleek) and treatment groups (THGO).
HDL-c levels were non-significantly differ in between prophylac-
tic groups (PHGO, PLGO, PTleek) and treatment groups (THGO,
TLGO, Tleek).

Effects on gene expression in HFD-induced diabetic rat

In Figure 4 the mRNA expression of ATF-6, BIP, XBP1 and
CHOP levels were at the highest (p < 0.05) levels in diabet-

Insulin HOMA-IR

> W 0 0 & 0 0 d W 0 0 & 0 0 & > & 0 0 & 0 0
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Fig. 2. Effects of garlic oil and leek powder in the levels of HbA lc (%), insulin (uIU/mL), and HOMA-IR in HFD-induced diabetic rats.
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Fig. 3. Effects of garlic oil and leek powder in lipid profile in HFD-induced diabetic rats.
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ic groups and significantly downregulated in the prophylactic
groups (PHGO, PLGO, PTleek) and treatment groups (THGO,
TLGO, Tleek). The lowest (P < 0.05) levels were revealed in con-
trol groups. ATF-6 levels were non-significantly differ in between
prophylactic groups (PHGO, PLGO, PTleek) and treatment groups
(THGO, TLGO, Tleek), but significantly differ from control group.
BIP levels were non-significantly differ in between prophylactic
groups (PHGO, PTleek) each other and treatment groups (TLGO,
Tleek) each other, also TLGO and PHGO treated groups were
non-significantly to each other, but all prophylactic and treat-
ment groups were significantly differing from control group.

The expression of JNK, and PPAR-y in Figure 5 were at the
highest (p < 0.05) levels in diabetic groups and significantly
downregulated in the prophylactic groups (PHGO, PLGO, PTleek)
and treatment groups (THGO, TLGO, Tleek). The lowest (p < 0.05)
levels were revealed in control groups. JNK levels were non-sig-
nificantly differ in between THGO, Tleek treated groups. Also,
TLGO, PHGO, PLGO treated groups were non-significant to each
other, while THGO, and Tleek were also non-significant to each
other. The prophylactic and treatment groups were significant-
ly differing from control group. PPAR-y levels were non-signifi-
cantly differ in between THGO, Tleek treated groups. Also, TLGO,
Tleek, and PTleek treated groups were non-significant to each
other, while PHGO, and PLGO were also non-significant to each
other. The prophylactic and treatment groups were significantly
differing from control group except PHGO treated group.

On the other hand, GLUT-2, miRNA 27a activity were the
lowest (p < 0.05) level in diabetic groups and significantly up-
regulated in the prophylactic groups (PHGO, PLGO, PTleek) and
treatment groups (THGO, TLGO, Tleek). The highest (p < 0.05)
level was revealed in control negative group. GLUT-2 levels were
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non-significantly differ in between THGO, Tleek treated groups.
Also TLGO, and PLGO treated groups were non-significant to each
other, while PHGO, and PTleek were also non-significant to each
other. The prophylactic and treatment groups were significantly
differing from control group. miRNA 27a levels were non-signifi-
cantly differ in between THGO, Tleek treated groups. Also, TLGO,
PHGO, and PTleek treated groups were non-significant to each
other, while TLGO, and PLGO were also non-significant to each
other. The prophylactic and treatment groups were significantly
differing from control group.

Histopathological findings

In control negative group liver tissues were normal structure
in Figure 6A. In diabetic group the liver tissue showed significant
fatty degeneration of most of the hepatocytes (Figure 6B). The
garlic oil and leek powder treated groups (prophylactic and treat-
ments) showed restroration in the affected cells by the action of
HDF (Figure 6C-H).

DISCUSSION

Although many studies have shown that H,S production is
diminished in diabetes, the function of H2S in diabetes metabo-
lism is still up for debate. H,S is critical for keeping insulin bioac-
tivity and glucose absorption, according to studies. H,S inhibited
resident adipose macrophages from producing inflammatory
cytokine, a known contributor to insulin resistance in adipose
and other metabolic tissues. The role of ER stress in the develop-
ment of insulin resistance and diabetes is widely speculated upon
(Cheng and Kishore, 2020).
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Fig. 4. Effects of administration of garlic oil and leek powder in the mRNA expression of some genes in HFD-induced diabetic rats.
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In this study, the effects of garlic oil and leek powder on
diabetes induced by a HDF were assessed in animals. Garlic oil
and leek powder were tested for their ability to regulate dia-
betes indicators in rats. Rats fed the high dose of garlic oil and
leek powder had significantly decreased lipid profile and insulin,
HbA1C indices compared to diabetic group. These findings point
to the anti-diabetic effects garlic oil and leek powder (Gheibi et
al., 2020).

Blood glucose levels have been reported to have worsened,
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Fig. 6. Histopathological results in liver tissue i

improved, or not changed at all, hence the reports are essentially
dichotomous. Possible causes for this discrepancy include varia-
tions in treatment length, species involved, H2S donor dose and
type, and animal models tested. Using the same animal model of
T2D, another study showed that high doses of NaSH (1.6-5.6 mg/
kg) worsen carbohydrate metabolism, while moderate doses of
NaSH (0.28 and 0.56 mg/kg) have no effect on these parameters.
Other work demonstrates that H,S reduces insulin production
in a dose-dependent manner in pancreatic B-cells (Gheibi et al,

GLUT-2

1.5+

Relative GLUT-2 mRNA expression/GADPH

Relative PPAR-y mRNA expression/GADPH

S5 i

e 1 SRR xS i ® LD ATV SR Loyl -
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H&E, X 40. (E) Tleek treated rat, H&E, X 40. (F) PHGO treated, H&E, X 40. (G) PLGO treated rat, H&E, X 40. (H) PTleek treated rat rats, H&E, X 40.
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2019a; Gheibi et al., 2019b).

H,S can control blood sugar levels and affect insulin secre-
tion. Both mouse islets and the pancreatic beta cell line showed
an inhibition of glucose (10 mM)-induced insulin secretion by
sodium hydrosulfide and L-cysteine (Kaneko et al, 2006). This
effect was not seen at a low glucose concentration (3 mM) in ei-
ther cell type. In addition, insulin secretion from HIT-T15 cells was
suppressed by roughly 70% after being treated with NaSH (100
M) (Suzuki et al., 2011). Basal insulin secretion was not affected,
but high glucose (16 mM)-stimulated insulin secretion was nearly
eliminated when CSE was overexpressed in INS-1E cells. Indeed,
it has been shown that elevated levels of extracellular glucose
reduce intracellular H,S production, leading to an increase in in-
sulin secretion. Evidence from this research demonstrates that
H,S inhibits the release of insulin in response to glucose (Yang
et al., 2005).

The ER has been implicated in the pathophysiology of diabe-
tes, where it contributes to the death of beta cells in the pancreas
and insulin resistance. Research suggests that beta-cell vulnera-
bility to persistent high glucose and fatty acid exposure, agents
that contribute to beta-cell failure in type 2 diabetes, Insulin re-
sistance and obesity may also be related to ER stress in people
with type 2 diabetes. Insulin signalling is downregulated by acti-
vation of JNK in response to high-fat eating and obesity-induced
ER stress in the liver (Eizirik et al.,, 2008).

Our study revealed a reduction in the gene expression in
the hepatic homogenate of ATF6 and XBP1, BIP, CHOP, JNK, and
PPAR-y in prophylactic and treatment groups. On the other hand,
there was a significant upregulation in the mRNA expression of
has been found in the promoter of Glut2, and miRNA 27a. The
liver histology was deteriorated with HDF, and garlic oil and leek
powder restored liver structure. The following studies were in line
with our results.

H,S has been shown to reduce diabetes-related illnesses by
controlling ER stress in a growing number of investigations in re-
cent years. The CHOP, BIP, and sterol regulatory element binding
protein-1c were all upregulated by H.S, all of which are indica-
tions of endoplasmic reticulum stress. Furthermore, anti-CHOP
siRNA suppressed apoptosis induced by H.,S (Yang et al., 2007).

Another study showed that compared to the control, ERK1/2
phosphorylation was significantly boosted by both garlic prepa-
rations, but p38MAPK and JNK activations were significantly re-
duced. Diabetes and obesity-related heart problems may be mit-
igated by garlic’s ability to regulate the activities of Glut-4 and
PPARs. The role of garlic in obesity has been the subject of very
few studies to far. Although PPAR-at and PPAR-y were both in-
creased in both types of garlic preparations, PPAR was decreased
in the processed garlic group and increased in the fresh garlic
group after I/R (Mukherjee et al., 2009).

Wei Zou and coworkers, injected streptozotocin (STZ) intra-
peritoneally. Diabetic rats treated with NaHS (a H,S-releasing
substance) showed a marked improvement in their cognitive
function. NaHS reversed the elevated levels of glucose-regulated
protein 78 (GRP78), cleaved caspase-12, and CHOP in the hip-
pocampus of STZ-induced diabetic rats, demonstrating that H2S
inhibited diabetes-associated ER stress (Zou et al., 2017).

Several studies linked polymorphisms within miRs and the
dysregulation of their expression to metabolic diseases like can-
cer, type 2 diabetes, cardiovascular disease, and gestational dia-
betes mellitus because of the roles miRs play in these processes.
Adipocyte development from preadipocytes, insulin resistance,
and type 2 diabetes are all processes adversely regulated by miR-
27a because it targets the PPAR-y gene (Choi and Hong, 2022).
Overexpression of miR-27a in pre-adipocytes inhibited expres-
sion of PPAR-y and the development of adipocytes, leading Cic-
cacci et al. (Chen et al,, 2019) to conclude that miR-27a displayed
a protective effect in T2DM. Furthermore, Gong et al. (Gong et al.,
2014) demonstrated that miR-27a inhibited the transcriptional
induction of PPAR-y from T2DM patients. By increasing peripher-
al insulin sensitivity and decreasing hepatic glucose levels (Chen
et al, 2019), activation of PPAR-y, an anti-inflammatory factor,

lowered hyperglycemia. Since insulin resistance contributes to
tissues’ decreased sensitivity to insulin-mediated biological func-
tion, it can exacerbate DM patients’ obesity, hypertension, and
dyslipidemia (Wang et al., 2020).

CONCLUSION

Our findings suggested that garlic oil and leek powder as H,S
donors are a possible candidate for the prevention and treat-
ment of diabetes mellitus. Regulating endoplasmic reticulum
stress signaling is how garlic oil and leek powder can lower blood
HOMA-IR, insulin levels, lipid profile, and liver structural damage
in diabetic rats. Further research is required to understand the
mechanism by which H,S regulates ER stress, and in particular
the conditions under which H,S promotes ER stress and the con-
ditions under which it inhibits ER stress.
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