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Abstract

Inflammation may result from chronic hyperglycemia, a disease of macromolecule metabolism disorder caused by diabetes
mellitus due to insulin malfunction. Although Cymbopogon citratus (Lemon grass) has long been used as an anti-diabetic, not
much is known about the mechanisms involved. The goal of this study was to see how C. citratus leaf extract modulates genes
related to insulin sensitivity and inflammation in alloxan-induced diabetic rats' pancreas. Control, diabetic control, metformin
(100 mg/kg), and C. citratus (100, 200, and 400 mg/kg) were the six groups of experimental rats. Alloxan (150 mg/kg) was
administered intraperitoneally to five groups. ACCU-CHEK glucometer and glucose test strips were used to measure fasting
blood glucose at three-day intervals. Treatments were given for fourteen (14) days after which the animals were sacrificed and
the pancreas removed for RT-PCR analysis. Image ] software and graph pad prism software were respectively used to quantify
and present the results. Diabetes induction by alloxan significantly (p>0.05) increased fasting blood glucose level compared to
non-induced control after 3 days. Administration of C. citratus aqueous extract (14 days) reduced the blood glucose of diabetic
rats significantly (p<0.05). C. citratus up-regulated the expression of TGR5, PPAR-y, GLUT2, and Glucokinase genes relative to
diabetic control respectively. It also down-regulated IL-6 and TNF-a genes expression relative to diabetic control rats. The
antidiabetic effect of C. citratus could be via its ability to up-regulate the expression of genes associated with insulin sensitivity
and down-regulate the expression of pro-inflammatory genes.

Keywords: Medicinal plant; Diabetes mellitus; Inflammation; Insulin sensitivity; Gene expression

Abbreviations: DM: Diabetes Mellitus; GLUT: Glucose Activated Receptors; CSP: Crop, Soil, and Pest; PCR:
Transporters; TGR: Takeda-G-protein-receptor; GLP: Polymerase Chain Reaction; TNF: Tumour Necrosis Factor;
glucagon Like Peptide; PPARs: Peroxisome Proliferator- IL: Interleukin; ROS: Reactive Oxygen Species.
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Introduction

Diabetes mellitus (DM) is a collection of metabolic
illnesses characterized by persistently high blood glucose
levels, either as a result of insufficient insulin synthesis or as
a result of cells unwilling to corporate effectively to insulin
generated, or both [1,2]. DM is among the top five killer
diseases and a major health challenge globally. It is the third-
leading cause of death in the United States, after coronary
heart disease and cancer. The worldwide prevalence of
diabetes is predicted to rise to around 439 million by 2030
from 285 million recorded in 2010 [3], and about 347 million
diabetic cases recorded in 2018 [4]. This abnormality is alarming
and it is estimated that over 500 million adults globally will be
diabetic by 2030.

Several conventional drugs have been developed to
treat DM but they have unwanted side effects necessitating
the use of plants option [5]. Medicinal plants also known as
traditional plants for a time have been used in combating
diverse disorders and diseases such as DM because they
possess many phytochemicals with huge therapeutic
potentials and with little or no side effects [6,7]. The current
focus of researchers has increased our understanding of the
mechanisms by which medicinal plants exert their actions.

The Poaceae family includes Cymbopogon citratus (DC.)
Stapf, a traditional and medicinal plant often known as
Lemon grass. C. citratus is found throughout the world, and
its utility or relevance in industry and medicine is diverse
[8]. C. citratus has also been used as an essential oil source
in the fragrance industry globally. Its antihypertensive,
anti-inflammatory, antidiabetic, anxiolytic, hypnotic, and
anticonvulsant properties have all been studied and reported
in the medical field [8,9]. C. citratus has been used to treat
diabetes, obesity, and cardiovascular disorders in Nigeria
[10].

Glucose is a vital substrate for many metabolic activities
and a key energy source for most organisms [11]. Because of
their polar nature and huge size, glucose molecules cannot
pass through the cell’s lipid membrane by diffusion alone,
but only with the help of glucose transporters (GLUT).
Takeda-G-protein-receptor-5 (TGR5) is a member of the
rhodopsin-like superfamily member of G protein-coupled
receptors which is commonly seen in many cells and
organs, the pancreas inclusive. TGR5 helps in the activation
of glucagon-like peptide 1 (GLP-1) which in turn enhances
insulin secretion. Insulin is a key hormone in the regulation
of glucose metabolism. Deficiency and dysfunction of the
hormone insulin have been implicated in the pathogenesis
of DM [4]. PPARs (peroxisome proliferator-activated
receptors) are a transcription factor superfamily that
includes isoforms such as PPAR alpha and PPAR gamma
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[12]. Peroxisome proliferator-activated receptors help in
alleviating insulin resistance and regulating glucose and
lipid metabolism [13].

Proinflammatory cytokines such as tumour necrosis
factor-alpha (TNF-a) and interleukin 6 (IL-6) have been
reported to be involved in multiple metabolic pathways
linked to oxidative stress, insulin resistance, and regulation
[14]. There are growing reports on the involvement of these
inflammatory pathways in the pathogenesis of DM [15]. This
study was carried out to investigate the effect of C. citratus
leaf extract on genes linked to the metabolism of glucose and
inflammation in the pancreas of alloxan-induced rats with
diabetes.

Materials and Methods

Materials and Reagents

Nuclease-free water, Alloxan, Eppendorf tubes and
Primer sets (reverse and forward) were procured from
Inqaba biotech (South Africa).

Sample Identification and Collection

C. citratus leaves were collected fresh from a farm in Ado,
Ekiti, Nigeria. Authentication was completed at the Federal
University of Technology’s Department of Crop, Soil, and
Pest Management (CSP), and voucher number 0243 was
deposited in the University herbarium.

Extract Preparation

C. citratus leaves were washed and dried at room
temperature (25 °C). Using an electric blender, the dried
leaves were ground into a fine powder. Thirty (30) grams of
powdered leaves were extracted in 200 ml distilled water
for 24 hours at room temperature (253) with intermittent
stirring. The sample was sieved using muslin cloth followed
by filtration using Whatman filter paper. The extract/filtrate
was freeze-dried and the residues were stored at 4°C until it
was used. This was reconstituted in distilled water and used
to prepare 100, 200, and 400 mg/ml concentrations of the
extract [16,17].

Experimental Procedure

Male Wistar rats were obtained from the University
of Ibadan and acclimatized for two weeks. A single
intraperitoneal injection of a freshly made alloxan (Sigma-
Aldrich, Germany) solution in normal saline at a dose of 150
mg/kg body weight was used to induce diabetes. Because
alloxan administration can cause deadly hypoglycemia due
to a huge release of pancreatic insulin in response to the

Copyright© Oloyede O], et al.

Insulin sensitive and Proinflammatory Genes in the Pancreas of Diabetic Rats. Diabetes

Obes Int] 2022, 7(3): 000258.


https://medwinpublishers.com/DOIJ/

injection, the rats were given access to a 5% glucose solution
for the next 24 hours to prevent severe hypoglycemia. After
72 hours, rats with elevated glucose levels above 200 mg/dl
were considered diabetic.

Grouping and Treatment

The experimental rats were divided into six groups
and treated with varying doses of aqueous extract of C.
citratus: normal control, diabetic control, metformin and C.
citratus (100, 200 mg/kg and 400 mg/kg) treated groups.
Administration of treatment was done orally with the aid of
gavage for 14 days.

The rats were given access to food and water and
sacrificed after 14 days of treatment. Blood glucose was
monitored throughout the study with glucose test strips
and ACCU-CHEK glucometer. The animals were sacrificed
as previously described [8] after overnight fasting. The
pancreas was removed for RT-PCR analysis.
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Gene Expression Using Reverse Transcriptase-
Polymerase Chain Reaction

RNA was isolated from the pancreas of the experimental
rats with Trizol Reagent (Thermo Fisher Scientific) and
converted to cDNA using Proto Script First Strand cDNA
Synthesis Kit (NEB). Polymerase chain reaction (PCR)
amplification was done by OneTaq®2X Master Mix (NEB)
using the following primer set below (Table 1). Amplification
of genes was done using the Eppendorf Master cycler
(AG22331 Hamburg) which was followed by running the
amplified genes on agarose gel electrophoresis.

The primer sets of genes investigated in the pancreas
of the diabetic rats include Takeda G-protein-coupled
receptor 5 (TGRS5), Glucose-like peptide-1 (GLP-1), peroxisome
proliferator-activated receptor gamma (PPAR-y), Glucokinase,
glucose transporter 2 (GLUTZ2), tumour necrosis factor (TNF-a)
and interleukin 6 (IL-6). This is seen below in Table 1.

Gene Forward primers Reverse primers

TGR5 5’-TGTCACACAACACCACTGAG-3’ 5’-CAAGCAGGGAGAGGAAACAA-3
PPARy 5" -CGAGCTGGGAGTAGCCTGA-3' 5'- GATCACCAGCAGAGGTCCAG-3'
GLP-1 5’-TCCCAAAGGAGCTCCACCTG-3’ 5 - TTCTCCTCCGTGTCTTGAGGG-3’
GLUT2 5’-TAGTCAGATTGCTGGCCTCAGCTT-3’ 5-TTGCCCTGACTTCCTCTTCCAAC-3’

Glucokinase 5’-GTGTACAAGCTGCACCCGA-3’ 5’-CAGCATGCAAGCCTTCTTG-3’

TNFa 5’-ACCACGCTCTTCTGTCTACTG-3’ 5’-CTTGGTGGTTTGCTACGAC-3’

IL-6 5-TCTCTCCGCAAGAGACTTCCA-3’ 5’-ATACTGGTCTGTTGTGGGTGG-3’
B-actin 5’-CTCCCTGGAGAAGAGCTATGA-3’ 5’-AGGAAGGAAGGCTGGAAGA-3’

Table 1: Primer Sets for the Gene Expression.

Data Analysis

Gel images of the PCR amplicons were quantified with
Image ] software version 1.5 and Graph pad prism application
software [4].

Results

Fasting Blood Glucose of C. Citratus Administered
Alloxan-Induced Diabetic Rats

The resultin Figure 1 shows the effect of C. citratusleaves
extract on blood glucose levels in type-1 diabetic rats (mg/
dl) caused by alloxan induction. Alloxan initiates the cascade
redox process, which produces reactive oxygen species (ROS)
that attack, invade and destroy the DNA of insulin-producing
beta-cells of the pancreas leading to type-1 diabetes [18].
Alloxan significantly (p < 0.05) elevated blood in the induced
group relative to the non-diabetic control (Figure 1). By day
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14, C. citratus significantly (p< 0.05) lowered blood glucose
concentration in treated diabetic groups concerning the
diabetic control group.

Effect of C. Citratus on the Expression of Insulin-
Sensitive Genes in the Pancreas of Alloxan-
Induced Diabetic Rats

This study showed a significant (p<0.05) down-
regulation of Takeda G-protein-coupled receptor (TGRS5)
gene expression in the pancreas of diabetic control
relative to normal control rats (Figure 2A). This points to
the disturbance in insulin release. Oral administration of
Cymbopaogon citratus (200 mg/kg) significantly up-regulated
the expression of TGR5 in diabetic rats compared with
diabetic control (Figure 24, p < 0.05). C. citratus significantly
up-regulate the expression of GLP-1 (200 and 400 mg/kg)
and PPAR-gamma (100 mg/kg) relative to diabetic untreated
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group (Figure 2B, 2C; p < 0.05).

The expression of Glucokinase was significantly (p < 0.05)
up-regulated by alloxan relative to normal control (Figure
2D). C. citratus (200 mg/kg) significantly up-regulated the
expression of Glucokinase relative to diabetic control. This
shows that C. citratus will help glucose to be broken down
since this enzyme is key in glycolysis. The study also showed
that administration of 100 and 200 mg/kg of C. citratus to
diabetic rats significantly upregulated (p<0.05) GLUT2
expression relative to diabetic control (Figure 2E). This
suggests that C. citratus will facilitate more glucose entry
into the cells for glycolysis.
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Effect of Oral Administration of C. Citratus on
the Expression of Proinflammatory Genes in the
Pancreas of Alloxan-Induced Diabetic Rat

The expression of IL-6 and TNF-« in the pancreas was
significantly up-regulated in the diabetic control relative to
control (Figure 3 and Figure 4, p < 0.05). Oral administration
of C. citratus (100 and 200 mg/kg) significantly down-
regulated both pro-inflammatory cytokine expression in
diabetic rats when compared with diabetic control and
metformin administered group. This suggests the potential
of C. citratus in alleviating diabetes-induced inflammation.

Fasting Blood Glucose of C. Citratus Administered Alloxan-Induced Diabetic Rats
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Figure 1: Effect of C. Citratus aqueous extract on blood glucose level in alloxan-induced diabetic rats.
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Effect of C. Citratus on the Expression of Insulin-Sensitive Genes in the Pancreas of Alloxan-Induced
Diabetic Rats

Figure 2: Qualitative-PCR analysis of pancreas Takeda G protein-coupled receptor 5 (TGR5), Glucose-like peptide-1 (GLP-1,
peroxisome proliferator-activated receptor gamma (PPAR-y), glucokinase and glucose transporter 2 (GLUT2) mRNA expression
in the pancreas of C. citratus administered diabetic rats. Snapshot representation of RT-PCR after chain reaction-agarose gel
electrophoresis was carried followed by densitometric analysis. ‘r’ represents a significant difference relative to control, ‘s’
represents a significant difference relative to diabetic control, ‘t’ represents a significant difference relative to metformin at
p<0.05.
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Effect of Oral Administration of C. Citratus on the Expression of Proinflammatory Genes in the Pancreas
of Alloxan-Induced Diabetic Rat

Figure 3: Qualitative-PCR analysis of IL-6 gene expression in the pancreas of alloxan-induced diabetic rats. Image representation
of RT-PCR agarose gel electrophoresis for IL-6 gene followed by densitometric analysis. ‘T’ represents significant difference
relative to control, ‘s’ represents significant difference relative to diabetic control, ‘t’ represents significant difference relative

to metformin at p<0.05.
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Figure 4: Qualitative-PCR analysis of TNF-a gene expression in the pancreas of alloxan-induced diabetic rats. Image
representation of RT-PCR agarose gel electrophoresis for TNF-a gene expression followed by densitometric analysis. ‘r’
represents a significant difference relative to control, ‘s’ represents a significant difference relative to diabetic control, ‘t’
represents a significant difference relative to metformin at p<0.05.

Discussion

Theblood-glucose-loweringeffectand anti-inflammatory
properties of Cymbopogan citratus (lemon grass) have been
documented by various scientists but information on the
mechanisms involved and genes associated with these effects
is limited [19,20]. The effect of C. citratus on the expression of
genes involved in glucose catabolism and anabolism coupled
with inflammation in the pancreas of rats with diabetes
was studied in this study. The pancreas is central to glucose
homeostasis and metabolism because its alpha and beta cells
in the islet of the Langerhans produce glucagon and insulin
respectively [21]. Deficiency or malfunctioning of these twin
hormones has been implicated in hyperglycemia [13,22,23].
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There have also been reports of hyperglycemia-induced
inflammation in diabetic cases [24].

The blood glucose of rats induced with alloxan was
significantly elevated relative to the control group (Figure
2). Alloxan causes a cyclic redox process, which produces
reactive oxygen species (ROS), causing beta-cell oxidative
stress. The elevated blood sugar could be a consequence of the
degradation of pancreatic beta-cells by these ROS leading to
less and low-quality insulin produced [25]. This is supported
by previous studies that reported that alloxan compromises
the efficiency and integrity of beta-cells [18,26]. C. citratus
(200 and 400 mg/kg) significantly lowered the fasting blood
glucose of alloxan-induced diabetic rats when relative to the
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untreated diabetic group after 14 days of treatment (Figure
2). This implies that C. citratus possesses blood glucose
lowering ability. Flavonoids, a group of phytochemicals
reported to be present in C. citratus including kaempferol,
apigenin, and quercetin may be responsible for these effects
[27]. These polyphenols possess hydroxyl groups and double
bonds that help to scavenge free radicals thus alleviating
oxidative stress and protecting the beta-cells. This leads
to enhanced and efficient insulin production in these cells.
This work further affirms reports of antidiabetic effects of C.
citratus earlier reported by Elekofehinti, et al. [8].

Takeda G-protein-coupled receptor (TGR5) is a
membrane-bound receptor that helps in cell signalling.
Its activation induces the production of glucagon-like
peptide (GLP-1) hormone which helps in insulin release
in enteroendocrine cells and also serves as an agonist for
bile acids [28,29]. In this study, the expression of TGR5 was
down-regulated in the alloxan-induced group compared
with the control (Figure 2). TGR5 agonism increases blood
glucose usage by enhancing energy expenditure. In the
induced group, repression of TGR5 causes less glucose to be
used for energy resulting in hyperglycemia (Figure 2). The
oral administration of 200 mg/kg C. citratus significantly
upregulated (p<0.05) TGR5 and GLP-1 gene expression
relative to alloxan-induced diabetic rats (Figure 2). The
upregulation of TGR5 mRNA expression by C. citratus provides
more TGR5 receptors for bile acids binding, facilitates insulin
secretion via (Glucagon-like peptide 1) GLP-1 activation
leading to glucose breakdown and euglycemia. This could be
a pointer to the ameliorative effect of C. citratus on insulin
release and ensuring normoglycemia.

Expression of Peroxisome proliferator-activated receptor
gamma (PPAR-y) was significantly upregulated (p<0.05)
in diabetic control when compared to non-diabetic control
(Figure 2). The increase in glucose concentration as a result
of alloxan-induction could have necessitated and prompted
the need for more insulin and lipolysis to which PPAR serves
as a ligand. PPAR-y gene expression in the group treated
with 100 mg/kg of C. citratus was significantly upregulated
(p<0.05) compared with diabetic control. This could be due
to PPAR-y ligands augmenting glucose disposal in tissues by
increasing the expression of the glucose transporter genes.
Scientists such as Marx, et al. [30] and Chigurupati, et al.
[31] have also reported that upregulation of PPAR-y favours
euglycemia.

Glucose transporter 2 (GLUTZ) and Glucokinase are
responsible for the efficient transport of glucose into the cell
and catabolism in the cell respectively. GLUT2 is a member of
the family of glucose transporters and is a transmembrane
carrier protein that enables glucose uptake in the pancreatic
beta cells [32]. Our study showed that administration of 100
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and 200 mg/kg of C. citratus to diabetic rats significantly
upregulated (p<0.05) GLUT2 expression relative to diabetic
control (Figure 2). Treatment with C. citratus led to the
activation of more glucose transporters and insulin secretion
enabling excess glucose to be transported into cells and
be used up by the cells resulting in the reduction of blood
glucose observed in this study. The significant decrease
(p<0.05) in the blood glucose of the C. citratus treated rats
as compared to the diabetic control is a reflection of the
hypoglycemic effect of the plant. The hypoglycemic effect of
C. citratus has also been reported in the work of Abbas, et al.
[20]. The expression of GLUTZ in the metformin-administered
group was lower than in the control group and the diabetic
control group in this study. This could be because metformin
decreases hepatic glucose production by activating more
insulin production. Once glucose production is reduced,
fewer glucose transporters are needed. This is supported
by the work of Rena, et al. [33]. Glucokinase phosphorylates
glucose to glucose-6-phosphate. This is the first step in the
catabolism of glucose to pyruvate during glycolysis under
aerobic conditions and anabolism or storage of glucose
in the form of glycogen [34]. Glucokinase expression was
significantly upregulated (p<0.05) in diabetic control relative
to control (Figure 2). The elevated glucose in diabetic control
could have triggered the production of Glucokinase since
it is needed for glucose metabolism. C. citratus (200 mg/
kg) significantly upregulated (p<0.05) the expression of
Glucokinase compared with diabetic control. This means C.
citratus was able to initiate glycolysis thus facilitating glucose
catabolism and promoting normoglycemia.

Interleukin 6 (IL-6) is a member of the proinflammatory
cytokines family which plays a key part in immune regulation
and has been implicated in the onset of some ailments [35].
The expression of IL-6 was significantly upregulated (p<0.05)
in the alloxan diabetic-induced group compared to the
control as seen in Figure 3. This could be a result of oxidative
stress caused by alloxan induction; the excess free radicals
could have destroyed the beta cells of pancreatic islets that
produce insulin resulting in hyperglycemia. C. citratus at 100
and 400 mg/kg significantly(p<0.05) downregulated the
expression of IL-6 revealing the ameliorative effect of this
medicinal plant on inflammation. Another cytokine produced
as a result of inflammation resulting in an acute phase
reaction is Tumour necrosis factor-alpha (TNF-a) [36]. The
expression of TNF-a was significantly (p<0.05) elevated in
diabetic control relative to control (Figure 4). This elevation
could be due to hyperglycemia-induced inflammation
[37,38]. C. citratus (100, 200, and 400 mg/kg) significantly
(p<0.05) down-regulated the expression of TNF-a compared
with diabetic control. This infers that C. citratus has anti-
inflammatory and antioxidant properties by combating the
oxidative stress initiated by hyperglycemia [39-42].
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Conclusion

Cymbopogon citratus aqueous extract showed an
antidiabetic effect by activation of TGR-5, PPAR-y, and
upregulation of GLP-1, Glucokinase and GLUTZ genes
expression. These genes enhance insulin secretion and
sensitivity. It also downregulated the expression of
proinflammatory cytokines. This study suggests that the
antidiabetic, anti-inflammatory and antioxidant property
mechanism of this plant could also be via its ability to
modulate the expression of these genes.

More genes that relate to glucose metabolism could still
be further investigated in C. citratus administered diabetic
rats. Further studies could also be done on other doses of
Cymbopogon citratus to establish the most effective dosage.
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