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Effects of citral on serum inflammatory factors and liver gene
expression of IL-6 and TNF-alpha in experimental diabetes
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Abstract
Citral is the main ingredient of the lemongrass plant with anti-inflammatory properties. In this study, the effects of citral on
reducing inflammation in experimental diabetes in rats were investigated. Forty rats were randomly divided into four groups.
There were two control groups (healthy controls (H) and citral alone-treated control (HC)) and two diabetic groups (diabetes (D)
and diabetes+citral treatment (DC)). After diabetes confirmation on day 7, treatment with citral (300 mg/kg) was started for 2
weeks by gavage in the DC and HC groups. On days 0, 7, and 21 of the study, inflammatory elements of blood serum, IL-6,
TNF-α, haptoglobin, and α2-macroglobulin were compared between the four groups. Also, on day 21 of the study, the expres-
sion level of IL-6 and TNF-α in the liver tissue was analyzed by quantitative real-time PCR. On day 21 of the study, following
treatment with citral for 14 days, there was a significant difference in the DC group’s inflammatory factors compared to the D
group (P < 0.005). However, no significant difference was observed in DC and the two control groups’ inflammatory factors.
Regarding gene expression, the levels of IL-6 and TNF-α in the liver were significantly downregulated in the DC group
compared to those in the D group (P < 0.05). According to the results of this study, citral can be used as a suitable ingredient
to reduce the inflammatory complications of diabetes.
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Abbreviations
H Group 1-healthy control
HC Group 2-Citral alone-treated control
D Group 3-Diabetes
DC Group 4-Diabetes+citral treatment

DM Diabetes mellitus
BG Blood glucose
T1DM Typ1 diabetes mellitus
AGE Advanced glycation end product
PKC Protein kinase C
MAPK Mitogen-activated protein kinase
TNF-α Tumor necrosis factor
IL-6 Interleukin 6
α2-MG α2-Macroglobulin
HP Haptoglobin
LG Lemongrass

Introduction

The metabolic condition described with hyperglycemia and
the coincident glycosuria is known as diabetes mellitus
(DM). In type 1 (T1) DM, the insulin secretion in the pancre-
atic islet is eliminated due to the decrease in the Langerhans
pancreatic islet during a chronic autoimmune process (Yang
et al. 2012). Besides, the latest reports have demonstrated a
major role for the innate immune system and inflammatory
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mediators in T1DM pathogenesis (Eizirik et al. 2009).
Complex inflammatory and immune mechanisms contribute
to the onset of diabetes and its complications; therefore, sug-
gesting an inflammatory basis for diabetes and its pathogene-
sis has been gaining new interest. Also, the inflammatory and
oxidative stress markers increase concurrently with the pro-
gression of diabetes intricacies. Moreover, activation of vari-
ous pathways appears to be important in the progression of
diabetic complications, including the pathway of polyol, in-
termediate pathway of reactive oxygen, pathway of protein
kinase C (PKC), and advanced glycation end product (AGE)
pathway (Scott and King 2005). These signaling pathways
give rise to inflammatory and oxidant responses, resulting in
local and systemic tissue damage. During diabetes mellitus,
the elevation in glucose and free fatty acids in serum leads to
increased release of pro-inflammatory cytokines, PKC func-
tion regulation, andmitogen-activated protein kinase (MAPK)
activity (King 2008).

The overexpression of pro-inflammatory cytokines and
chemokines is another pathogenic pathway that exacerbates
the complications of diabetes. Among these cytokines, there
are some molecules, such as IL-6, IL-1, and TNF-α (Navarro
et al. 2006), with high pro-inflammatory activity. Increased
inflammatory activity is well recognized in type 1 diabetes
patients with elevated CRP levels (Schalkwijk et al. 1999)
and TNF-α (Schram et al. 2003). The liver is a major organ
that is adversely affected by diabetes (Kobori et al. 2009).
Haptoglobin (Hp) and α2-macroglobulin (α2-MG) are syn-
thesized primarily in the liver and secreted into the plasma as
acute-phase proteins. Haptoglobin is an important acute phase
response (APR) that was investigated as an indicator of in-
flammation in rats and was observed to increase up to tenfold
in response to stimuli in humans (Giffen et al. 2003). As a
scavenger protein with anti-inflammatory and antioxidative
properties, haptoglobin is an acute-phase protein that attaches
hemoglobin and maintains the iron freed from hemoglobin
(Ceron et al. 2005). α2-macroglobulin is another major
acute-phase protein in rats (Kuribayashi et al. 2015).

Additionally, TNF-α, a multifunctional cytokine, seems to
be closely related to metabolic disorders, cardiovascular risk
factors, atherogenesis, and oxidative stress in diabetes pa-
tients. Several studies have indicated that the amount of
TNF-α in the plasma increase in type 1 diabetes mellitus
and that TNF-α is involved in the autoimmune process, which
is associated with beta-cell damage and insulin resistance
(Lechleitner et al. 2000; Pamir et al. 2009). However, the
current limitations of anti-inflammatory drugs are adverse side
effects, inadequate responsiveness, delivery problems, and
high manufacturing cost. Accordingly, there has been consid-
erable interest in exploiting novel anti-inflammatory factors
with less toxicity and particular pharmacology. Plant essential
oils have been used for a long time as treatments for inflam-
matory diseases in traditional medicine.

Cymbopogon citratus (DC) Stapf (lemongrass) belongs to
the family Poaceae-Gramineae, an important source of
ethnomedicines worldwide. Citral (3,7-dimethyl-2,6-
octadienal) is the main constituent of Cymbopogon citratus
and has been used in the cosmetic, perfumery, and pharma-
ceutical industries to control both fungal and bacterial patho-
gens (Guynot et al. 2003). Lemongrass tea has been widely
used for antidyspeptic, antiseptic, antifever, tranquilizer, car-
minative, and stomachic properties (Barbosa et al. 2008).
Lemongrass is a widely used herbal remedy due to its medic-
inal properties, particularly in Brazil and Southeast Asia. The
essential oil or tea provided from lemongrass is commonly
used for its anti-inflammatory and analgesic properties; how-
ever, further studies need to understand better the molecular
mechanisms underlying these effects (Katsukawa et al. 2010).

Previous studies have also demonstrated that complications
of diabetes are due to the increase in inflammatory factors
(Rodríguez-Morán and Guerrero-Romero 1999; Navarro et al.
2006; Scott and King 2005). Lemongrass extract is among the
rich polyphenolic compounds, which are secondary metabolites
of plants with many beneficial properties, including anti-
inflammatory effects (Carbajal et al. 1989; Figueirinha et al.
2008; González-Gallego et al. 2007; Francisco et al. 2011). As
a newly discovered hepatoprotective agent, citral (C10H16O) is
the main ingredient of lemongrass oil, and this component may
reduce the side effects of diabetes complications. Citral has been
used as an anti-inflammatory substance in several studies
(Lertsatitthanakorn et al. 2006). However, no studies have tested
citral’s anti-inflammatory impacts on the serum inflammatory
parameters, including IL-6, TNF-α, haptoglobin, and α2-mac-
roglobulin, and the gene expression of TNF-α and IL-6 in type 1
diabetes. In this research, we examined the anti-inflammatory
function of citral in a type 1 diabetes rat model.

Materials and methods

Citral

Citral is the most important active ingredient of Cymbopogon
citratus. It was provided from MERCK KGaA with an index
number of 802489 and isomer purity (GC, area %) of ≥97.0%
(a/a). This substance’s chemical formula is (CH3)2C =
CHCH2CH2C (CH3) = CHCHO with a molecular weight of
152.23 g/mol. Some physicochemical properties of this com-
pound are presented in Table 1.

Animals, induction of diabetes, and citral therapy

To perform this experimental study, 40 male Wistar rats (200
± 12 g) were obtained from the Center of Laboratory Animals
of the Faculty of Veterinary Medicine of Shahid Bahonar
University, Kerman, Iran. The animals were kept in a
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temperature-regulated environment (at 23 ± 1 °C) with 12-h
light/dark cycles and were fed standard rodent chow (Pars,
Iran) and had free access to drinking water at all times. The
rats experienced 7 days of acclimatization before the initiation
of the experiment.

Forty rats were randomly assigned to four following
groups: group 1, healthy control (H); group 2, citral alone-
treated control (HC); group 3, diabetes (D); and group 4, dia-
betes+citral treatment (DC). Two groups were controls (H and
HC). Twowere diabetic groups (D and DC), in which diabetes
was induced with two injections of streptozotocin (45 mg/kg
body weight; Sigma, Germany), dissolved in 0.05 M citrate
buffer, pH 4.5, immediately before use, with an interval of
24 h between them. To confirm the induction of diabetes,
blood glucose level was measured by a glucometer
(EasyGluco, South Korea) 5 days after the second injection.
At this stage, the blood glucose level should be above 300 mg/
dl to confirm the induction of diabetes (Chang et al. 2012).
The day after diabetes confirmation (day 7), treatment with
citral (300 mg/kg BW) was started in two groups (HC and
DC) for 2 weeks by gavage. Corn oil was used as a vehicle
for the delivery of citral to the HC and DC groups. In the other
two groups (H and D), the corn oil was gavaged separately.

Serum biochemical assays

Blood samples were taken on days 0 (before the injection of
streptozotocin), 7, and 21 from the rats in all four study groups
and separated serum stored at − 20 °C until further use. The
amount of glucose in the serum was quantified using glucose
oxidase method kits (Pars Azmoon Co., Tehran, Iran) and a
biochemical auto-analyzer (Alpha Classic AT++, Sanjesh,
Iran). Serum insulin, IL-6, TNF-α, haptoglobin, and α2-
macroglobulin were measured based on a quantitative sand-
wich enzyme immunoassay method using rat-specific ELISA
kits (Shanghai Crystal Day Biotech, Shanghai, China).

The sensitivity of the insulin kit was 0.75 μIU/ml. The
intra- and inter-assay precision of the insulin kit were CV <
8% and CV< 10%, respectively. The sensitivity of the IL-6 kit
was 0.052 ng/L. The intra- and inter-assay precision of the IL-
6 kit were CV < 8% and CV < 10%, respectively. The TNF-α
kit’s sensitivity was 2.51 ng/L, and its intra- and inter-assay
precision were CV < 8% and CV < 10%, respectively. The
sensitivity of the haptoglobin kit was 0.22 μg/ml. The intra-

and inter-assay precision of this kit were CV < 8% and CV <
10%, respectively. The sensitivity of theα2-macroglobulin kit
was 0.21 μg/ml. The intra- and inter-assay precision of α2-
macroglobulin kit were CV < 8% and CV < 10%,
respectively.

Real-time PCR

The animals were euthanized with ether on day 21. The cur-
rent study was conducted in compliance with the State
Committee on Animal Ethics, Shiraz University, Shiraz, Iran
(IACUC no: 468/63). The liver tissue was separated, homog-
enized in RiboEx™, and kept at − 70 °C until further analysis.
Total RNA extraction was performed from 100 mg of liver
tissue GeneAll® Hybrid-RTM total RNA isolation kit by
RiboEx™ reagent (GeneAll, South Korea). Contaminating
DNA from RNA samples was removed by treating RNA (1
μg) with DNase I (2 U/μl) for 1 h at 37 °C (GeneAll, South
Korea). The extracted RNA’s quantity and purity were deter-
mined by absorbance at the wavelength of 260 nm using a
NanoDrop spectrophotometer. Purity was estimated by the
optical density (OD) OD260/OD280 ratio, and the samples
with a ratio greater than 1.8 were used for the synthesis of
cDNA. Reverse transcription was conducted using the
PrimeScriptTM RT reagent kit with 1 μg of RNA and random
hexamer primers according to the Kit instruction protocol
(Takara, Japan). During cDNA synthesis, No-RT controls
were also included in each experiment to check the genomic
DNA contamination in real-time PCR. Relative quantitative
analysis of target genes (IL6 and TNF-α) and an internal ref-
erence gene (GAPDH) was done using the real-time PCR
system in a LightCycler 96 (Roche, Germany).

Specific sequences of PCR primers used in this study are
listed in Table 2.

The final reaction volume for the study of gene expression
was 20 μl, containing 4 μlq of EVAGreen™ qPCR Master
mix (Solis BioDyne, Estonia), 0.4 μl of each primer (200 nM),
2 μl cDNA (~100 ng), and 13.2 μl nuclease-free water. The
cycling conditions were one cycle of initial denaturation at 95
°C for 15 minutes, followed by 45 cycles of amplification (95
°C/15 sec, and 60 °C/30 sec). Reactions were done in tripli-
cate. Each PCR run included a no-template control (NTC),
consisting of PCR-grade water instead of the cDNA and No-
RT controls. At the end of each run, a melting curve analysis

Table 1 Physicochemical
properties of citral Property Value Property Value

Boiling point 227–229 °C (1013 hPa) Ignition temperature 225 °C

Density 0.89 g/cm3 (20 °C) Explosion limit 4.3–9.9% (V)

Flash point 98 °C Vapor pressure <1 hPa (50 °C)

Melting point <−20 °C Solubility 0.42 g/l
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was performed to assess amplification specificity. Standard
curve analysis was carried out to confirm the assay, ensuring
that the target and internal reference genes’ primers had sim-
ilar amplification efficiencies. The experimental samples’
gene expression values were compared with those of the con-
trol samples based on the comparative 2−ΔΔCt method and
using the REST2009 software (Qiagen, USA). The results
were also subjected to analysis of variance (ANOVA), follow-
ed by the least significant differences (Tukey) test.

All qPCR analysis was performed according to the MIQE
(Minimum information for publication of quantitative real-
time PCR experiments) guidelines.

Statistical analysis

Statistical analysis was accomplished utilizing SPSS version 25.
Descriptive statistics were presented as means ± SE. The means
for each variable in the treatment groups and at various time
points were compared using one-way analysis of variance,
followed by the least significant differences (Tukey) test. Time,
group, and their interaction were considered as fixed effects in
the model. In all significant cases, the adjusted means were com-
pared using Tukey’s test. The transformation of data was per-
formed in the case of high variability and non-homogeneous
variance. For most factors, the variance became homogenous
after logarithmic transformation. A p value of less than 0.05
was considered statistically significant in all analyses.

Results

Results of factor analysis by ELISA

The following results were obtained from the data related to
serum sampling’s three stages on days 0, 7, and 21.

Insulin

The results from comparisons between the groups showed that
on day 0, there was no significant difference between the four
groups in terms of insulin levels. On day 7 of the study, after

the STZ injection and the development of diabetes in the D
and DC groups, there was a significant difference between the
H and HC groups compared with the D and DC groups. On
the 21st day of the study, following treatment with citral in the
HC and DC groups, there was a significant difference between
the H and HC groups compared with the D and DC groups.
All the changes observed in the serum insulin are shown in
Fig. 1A.

Glucose

The results related to the serum glucose levels closelymatched
those related to the insulin levels, and no significant difference
between the four groups could be observed on day 0. On days
7 and 21, there was a significant difference between the H and
HC groups comparedwith groups D andDC in terms of serum
glucose level. All the changes observed in the serum glucose
are shown in Fig. 1B. One week after the streptozotocin injec-
tion, the fasting blood glucose level in the diabetic groups was
greater than 300 mg/dl.

Inflammatory factors

The results related to the serum inflammatory factors, includ-
ing IL-6, TNF-α, haptoglobin, and α2-macroglobulin, are
presented below.

At day 0 of the study, no significant differences were ob-
served between the four groups regarding inflammatory fac-
tors. On day 7 of the study, there was a significant difference
between the control groups (H and HC) and the two diabetic
groups (D and DC). On day 21, there was a significant differ-
ence between group D and groups H, HC, and DC. All the
results related to the abovementioned parameters, i.e., IL-6,
TNF-α, haptoglobin, and α2-macroglobulin, are demonstrat-
ed in Figs. 2A, B and 3A, B, respectively.

Real-time PCR

In the present study, the expression profiles of pro-
inflammatory cytokines, including IL-6 and TNF-α, genes
in the liver tissue of groups D, DC, and H on day 21 were

Table 2 Primer sequences and
amplicon size used in real-time
PCR for the analysis of gene
expression

Primer Oligo Sequence Product size (bp) Reference

IL-6 Forward 5′-TAGTCCTTCCTACCCCAACT
TCC-3′

76 (Deng et al. 2017)

IL-6 Reverse 5′-TTGGTCCTTAGCCACTCCTTC-3′ (Deng et al. 2017)

TNF-α Forward 5′-ACTGAACTTCGGGGTGATTG-3′ 153 (Xie et al. 2017)

TNF-α Reverse 5′-GCTTGGTGGTTTGCTACGAC-3′ (Khan et al. 2013)

GAPDH Forward 5′-CAGTGCCAGCCTCGTCTCAT-3′ 197 (Zhang et al. 2015)

GAPDH Reverse 5′-GTGCCGTTGAACTTGCCGTG-3′ (Perrault et al.
2020)
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measured, shown in Fig. 4A and B, respectively. The expres-
sion levels of IL-6 and TNF-α in the liver were upregulated in
group D compared to those in group H (P < 0.05). However,
the expression levels of IL-6 and TNF-α in the liver were

significantly downregulated in the DC group in comparison
with those in group D (P < 0.05) (Fig. 4A, B). Moreover,
similar comparisons were made between the H and HC groups
concerning the abovementioned genes. The findings revealed

Fig. 1 A A comparison of serum
insulin levels in the diabetes (D),
diabetes+citral treatment (DC),
healthy control (H), and citral
alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.005. B A comparison of the
mean fasting blood glucose levels
in the diabetes (D), diabetes+citral
treatment (DC), healthy control
(H), and citral alone-treated con-
trol (HC) groups. Non-similar
letters on each bar at each sam-
pling day show significant differ-
ences at P < 0.005

Fig. 2 A A comparison of serum
IL-6 levels in the diabetes (D),
diabetes+citral treatment (DC),
healthy control (H), and citral
alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.005. B A comparison of se-
rum TNF-α levels in the diabetes
(D), diabetes+citral treatment
(DC), healthy control (H), and
citral alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.005
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no significant difference between the mRNA expression
levels of IL-6 and TNF-α (Fig. 5A, B).

Discussion

Management of diabetes and its complications are a growing
concern worldwide (King 2008). Presently, it has been docu-
mented that inflammatory processes are involved in the devel-
opment of diabetic complications. For instance, it was ob-
served that the plasma concentrations of different inflamma-
tory markers increased in diabetic patients (Pickup et al. 1997;
Rodríguez-Morán and Guerrero-Romero 1999). Also, diabet-
ic hyperglycemia and oxidative stress situations have been
believed to cause the activation of the nuclear factor κB
(NF-κB). They can generate many inflammation-regulated
genes, such as pro-inflammatory cytokines, adhesion mole-
cules, and growth factors (Chang et al. 2012). In the present
study, citral’s anti-inflammatory effects, the major constituent
of lemongrass essential oil, were examined in diabetic rats. To
examine the mechanisms underlying citral effects, we ex-
plored serum pro-inflammatory cytokines (IL-6 and TNF-α),
acute-phase proteins (haptoglobin and α2-macroglobulin),
and cytokine gene expressions in the liver tissue (IL-6 and

TNF-α). In this study, type 1 diabetes was induced by STZ
injection. There was a significant increase in all examined
inflammatory factors, including IL-6, TNF-α, haptoglobin,
and α2-macroglobulin, on day 7 in the diabetic groups (D
and DC) compared to the control groups (H and HC). In type
1 diabetes, the inflammatory response is a complex process,
involving many signaling cascades. C-reactive protein is a
major human acute-phase protein, while α2-macroglobulin
is considered a typical acute-phase protein in rats
(Kuribayashi et al. 2011). Haptoglobin is part of a practically
heterogeneous group of proteins named positive acute-phase
proteins, which are synthesized and secreted by liver cells, and
their serum levels increase during the acute-phase response
(Arambašić et al. 2012). Previous studies have proposed that
interleukins IL-1 and IL-6 and tumor necrosis factor are the
key inducers of acute-phase proteins in rats (Bauer et al. 1985;
Jinbo et al. 2002). In humans, the plasma concentration of C-
reactive protein was higher in diabetic patients than in patients
in the healthy control group. Patients with diabetes type 1
experienced a considerable rise in fucosylated a1-acid glyco-
protein’s proportional content, indicative of a chronic hepatic
inflammatory response (Schalkwijk et al. 1999).

Lemongrass extract, which is among the rich polyphenolic
compounds, has many beneficial properties, including anti-

Fig. 3 A A comparison of serum
haptoglobin (HP) in the diabetes
(D), diabetes+citral treatment
(DC), healthy control (H), and
citral alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.005. B A comparison of se-
rum α2-macroglobulin (A2MG)
in the diabetes (D), diabetes+citral
treatment (DC), healthy control
(H), and citral alone-treated con-
trol (HC) groups. Non-similar
letters on each bar at each sam-
pling day show significant differ-
ences at P < 0.005
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inflammatory effects (Figueirinha et al. 2008; González-
Gallego et al. 2007). Because NF-B plays a crucial role in
inflammation and its inhibition is one of the main approaches
used to alleviate chronic inflammation, lemongrass extract,
especially its polyphenol-rich fractions, is an encouraging
source for the development of new anti-inflammatory agents
(Lee et al. 2008; Lertsatitthanakorn et al. 2006).

In the present study, the inflammatory factors in the serum
of the DC group, which were treated with citral for 14 days,
were examined to evaluate citral’s effects on type 1 diabetes.
The ELISA results showed a significant reduction in the mea-
sures of serum pro-inflammatory factors (IL-6 and TNF-α) in
the treated diabetic (DC) group compared to those of the non-
treated diabetic (D) group. Consistent with the ELISA results,
the quantitative RT-PCR analysis showed a downregulation
of inflammatory gene expression in the liver, confirming the
serum assay results observed on day 21 (14 days after the
administration of citral). The current study results indicated a
significant decrease in the production of acute-phase proteins,
including haptoglobin and α2-macroglobulin, in the liver in
the DC group following gavage administration of citral and
response to the decreased pro-inflammatory cytokines.

IL-6 stimulates the synthesis of acute-phase proteins by
liver cells, and its gene transcripts are expressed in human
atheromatous lesions (Saraheimo et al. 2003). The primary

sources of IL-6 are a variety of cell types, such as muscle cells
(Pedersen et al. 2001), adipocytes (Yudkin et al. 2000), hepa-
tocytes, microglial cells, and astrocytes (Kamimura et al.
2003).

In the fasting state, the amounts of blood glucose were
always significantly higher in the diabetic (D and DC) groups
than in those of the control (H and HC) groups. Consistent
with the fasting blood sugar results, serum insulin levels were
lower in the diabetic (D and DC) groups compared to those in
the control (H and HC) groups. However, the results showed
that citral did not affect blood glucose in the fasting state and
serum insulin in the diabetic groups. This herbal compound
was found to induce the downregulation of inflammatory
genes in the DC group.

In this study, to confirm the reduction of inflammation in
the citral-treated diabetic (DC) group, the gene expressions of
TNF-α and IL-6 in the liver, as one of the important tissues
affected by diabetes complications, were examined. There
was an increase in the gene expression of IL-6 and TNF-α
in group D compared to that of group H. Also, no significant
difference in IL-6 and TNF-α gene expression was observed
between group DC and group H.

Diabetes is related to changes in the liver’s structure and
function, resulting in hepatomegaly characterized by dispro-
portional hypertrophy, hyperplasia, and apoptosis (Herrman

Fig. 4 A A comparison of IL-6
gene expression in the liver tissue
of the diabetes (D), diabetes+cit-
ral treatment (DC), and healthy
control (H) groups. Non-similar
letters on each bar at each sam-
pling day show significant differ-
ences at P < 0.05. B A compari-
son of TNF-α gene expression in
the liver tissue of the diabetes (D),
diabetes+citral treatment (DC),
and healthy control (H) groups.
Non-similar letters on each bar at
each sampling day show signifi-
cant differences at P < 0.05
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et al. 1999). Our study’s findings indicate that the initiation of
the inflammatory process in rats occurs in the early stages of
diabetes development. This period is characterized by a sig-
nificant increase in haptoglobin serum concentrations, sug-
gesting that haptoglobin can be used as an early diabetes di-
agnostic marker. This suggestion agrees with the findings of
Kruger et al. (2010), who detected elevated concentrations of
serum haptoglobin before type 1 diabetes onset.

A more detailed study revealed that treating mice with lem-
ongrass water extract reduced macrophages, thereby
inhibiting the production of IL-1 and IL-6. Also, lemongrass
essential oil was found to inhibit the same cytokines’ produc-
tion by reducing macrophages in vitro (Sforcin et al. 2009).

Diabetic complications, such as ketosis, significantly in-
creased hyperglycemia’s effects on the secretion of IL-6 by
U937 monocytes in a cell culture model and type 1 diabetic
patients (Jain et al. 2003). Elevated serum haptoglobin rates
have been reported in people with diabetes and individuals with
glucose intolerance (McMillan 1989). Increased serum levels of
TNF-α and IL-6 during diabetes may indicate that these pro-
inflammatory cytokines have dose-dependent effects on hapto-
globin concentration, echoed by Baumann et al. (1989).

Similarly, Lechleitner et al. (2000) showed that TNF-α
serum levels were significantly higher in patients with type 1
diabetes. The plasma amounts of TNF-α have been shown to

have a strong positive association with HbA1c and
fructosamine content. Likewise, experimental researches have
shown that the mRNA expression of TNF-α has dramatically
increased in diabetic rat kidneys compared to healthy rat kid-
neys (Navarro and Mora 2005). In type 1 diabetes, TNF-α is
involved in the autoimmune process, which finally leads to
beta-cell damage. The evidence for the involvement of TNF-α
in insulin resistance was provided by the researches that
showed the overexpression of TNF-α in the adipose tissue
of obese animals. Insufficient insulin synthesis and subse-
quent chronic hyperglycemia lead to insulin resistance in type
1 diabetes (Lechleitner et al. 2000).

Furthermore, long-term and severe hyperglycemia in dia-
betes activates the p38 mitogen-activated protein (MAP) ki-
nase pathway to increase the expression of the inflammatory
IL-8 gene and enhance monocyte adhesion to the
endothelium.

Upon phosphorylation on threonine and tyrosine, particular
MAP kinases stimulate the mitogen-activated protein kinase
p38. The p38 MAP kinase has an endothelial tissue signaling
pathway which is enabled by stimuli including hyperglyce-
mia, reactive oxygen species (ROS), which trigger stress,
and pro-inflammatory cytokines, such as TNF-α
(Surapisitchat et al. 2001). The activation of p38 activates
other inflammatory signaling pathways and regulates the

Fig. 5 A A comparison of IL-6
gene expression in the liver tissue
of healthy control (H) and citral
alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.05. B A comparison of TNF-
α gene expression in the liver tis-
sue of the healthy control (H) and
citral alone-treated control (HC)
groups. Non-similar letters on
each bar at each sampling day
show significant differences at P
< 0.05
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induction of inflammatory genes, including the nuclear factor
B (NF-B) pathway and arachidonate-mediated survival sig-
naling pathway (Evans et al. 2002). Previous data show that
activated p38 induces actin cytoskeletal reorganization and
leukocyte adhesion and migration (Rousseau et al. 1997).
Thus, the onset of the p38 pathway in endothelial vessels
induced by chronic high glucose could contribute significantly
to the development of vascular complications of diabetes. A
previous study also demonstrated that the p38 pathway was
activated in the mouse endothelial cells during diabetes, sug-
gesting that chronic elevated glucose in the serum could lead
to p38 activation in endothelial tissue and promote monocyte/
endothelial interactions observed in type 1 diabetes. The
raised IL-8 formation due to chronic high glucose is mediated
by p38 activation (Srinivasan et al. 2004). Our data agree with
those studies that showed the anti-inflammatory properties of
citral on cytokine production by murine macrophage culture
(Bachiega and Sforcin 2011). Similarly, Uchida et al. (2017)
revealed that consumption of citral (123–500 mg/kg) showed
hepatoprotective effects against hepatocyte injury caused by
acetaminophen-induced hepatic lesions during an experimen-
tal model. This hepatoprotective effect of citral can be attrib-
uted to either reducing oxidative stress following its treatment
or its inhibitory effect on inflammatory events (Uchida et al.
2017). However, in the present study, the optimization dose of
citral was not performed and the renal toxicity and hepatic
toxicity of citral were not checked using biochemical and his-
topathological evaluation.

Conclusion

This research broadened citral’s possible application, as the
main ingredient of the lemongrass plant, in inflammatory dis-
orders. Moreover, the findings showed that the citral induced
the downregulation of inflammatory genes and decreased re-
lated cytokines in diabetic rat serum. Based on these and other
similar results and due to the growing worldwide interest in
herbal remedies instead of chemicals, citral, an active ingredi-
ent in the lemongrass, can be used as a substance to reduce the
inflammatory effects of type 1 diabetes. However, further bio-
chemical and histopathological studies are necessary in detail
to adjust the dose and evaluate the organ toxicity of citral.
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