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Abstract
Background: Consumption of herbal flavonoids instead of chemical drugs has increased in the recent years due to fewer side effects
as well as affordability.
Objectives: In this study, the effect of luteolin was investigated on inflammation induced by lipopolysaccharide in male rat’s serum
by measurement of the proinflammatory factors of IL-1β and TNF-α.
Methods: Overall, 90 male Wistar rats weighing 180 to 200 grams were chosen and divided to control, Sham (solvent) and positive
control (Dexamethasone 15 mg/kg. IP) groups, and also three experimental groups received doses of 5, 15, and 30 mg/kg of luteolin,
intraperitoneally.
Half an hour after injecting one of these compounds, lipopolysaccharide (30 µg/kg. IP) was injected. Then, at 4-, 12-, and 24-hour
intervals, rats were anesthetized and blood samples were taken. Serum of samples were separated by centrifuging, and then, the
samples were transferred to micro-tubes and were stored at -80°C. Measurement of interleukin (IL)-1β and tumor necrosis factor
(TNF)-α was conducted by the enzyme linked immunosorbent assay (ELISA) method. Data were analyzed using the SPSS software,
version 19.
Results: Pre-injection with luteolin in 30 mg/kg dose caused a reduction in IL-1β at 4 (P < 0.05) and 24 hours (P < 0.01) after the LPS
injection compared to the control group. Also, luteolin significantly decreased TNF-α level at 12 hours (5 and 30 mg/kg; P < 0.05,
0.01, respectively) and 24 hours (15 and 30 mg/kg; P < 0.05, 0.01, respectively) intervals after LPS injection. Furthermore, IL-1β and
TNF-α were significantly decreased by dexamethasone injection at all three time intervals compared with the control.
Conclusions: Luteolin caused a significant reduction in IL-1β and TNF-α of serum in acute inflammation induction. This impact is
close to the dexamethasone effect as an anti-inflammatory steroid drug.
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1. Background
Inflammation is a defensive response, which leads to
complex processes, such as dilation of the arteries, transfusion of plasma protein from blood vessels, and summoning leukocytes to the site of inflammation. Therefore, it involves different systems of the body, such as the immune
and nervous systems (1, 2). Inflammation promotes secretion of inflammatory mediators, such as cyclooxygenase 2
(COX-2) and pro-inflammatory cytokines, including tumor
necrosis factor (TNF-α) and interleukin-1β (IL-1β ) (3). Synthetic drugs and medicinal plants are considered as recom-

mended drugs to treat inflammation (4).
Due to high cost, lack of access, and side effects of synthetic drugs, many people in the world, who live in developing countries, have turned to medicinal herbs. This has
led to many researches on the positive effects of medicinal
herbs on diseases (5).
Luteolin is a type of flavonoid that is found in most
herbs and herbal medicines. Flavonoids are water-soluble
polyphenols, which are able to protect mammalian cells
from cancer and other diseases by their effect on cellular systems (6). Along with this important feature,
anti-inflammatory and recuperation properties, as well
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as an impact on enzymes, can be taken into account for
flavonoids (7). By inhibiting or inducing enzymatic systems, they play an important role in cell division and proliferation, platelet aggregation, detoxification, and immuneinflammatory responses (8). In traditional Asian medicine,
luteolin had different therapeutic roles in treating diseases, associated with oxidative damage and acute inflammation. Examples of this effect include acute lung injury,
severe myocardial infarction, and hepatitis (9-11). It has
been reported that luteolin inhibits acute inflammation at
micro molar concentrations and does somewhat its activity by activating antioxidant enzymes, inhibiting the activation of the nuclear factor pathway, as well as suppressing
inflammatory substances (9). It can also have an inductive
effect on the heme-oxygenase-1 of macrophage cells. This
process leads to reduced nitric oxide production, which
arises from enzyme activity of nitric oxide synthase (12).
However, the complete role of luteolin in the procedure of
inflammatory diseases and the whole mechanisms of operation for it still remain unknown. Cytokines are a type
of protein or glycoprotein, which is soluble or attached
to the cell membrane. They are known as a mediator of
acute inflammatory response against the causing agent
of infection, and they are important for the immune system. Interleukin-1β and TNF-α can be mentioned among
cytokines being increased during acute inflammation, and
they are known as a marker for determining the severity of
inflammation (13). The first index of inflammation is TNFα (14). This pro-inflammatory cytokine plays a role in activation of phospholipase A2 and increases concentration of
prostaglandins in inflammatory diseases (15). The exacerbation and relieving of inflammation may be determined
due to the proportion of the incremental or inhibitory response of the cytokine IL-1β and TNF-α during pathological or therapeutic interventions (16). The influence of IL1β on the immune system and inflammatory function during infections has been proven (17). Interleukin-1β is one
of the most prominent pro-inflammatory cytokines, which
increases the synthesis of endothelial-bonding molecules
in inflammatory cells. It also causes vasodilatation, chemotaxis, and exacerbation of inflammation in the affected areas (18). The highest production rate of interleukin-1β is reported to be by monocytes, in which, liposaccharides and
lymphocyte T can stimulate and increase their secretion
(19).

pound found in some herbs on induced inflammation
with lipopolysaccharide in male rats by measuring the
proinflammatory factors of IL-1β and TNF-α.

3. Methods
3.1. Animals
In this experimental study, 90 male Wistar rats (180 to
220 g of weight) were used. The number of samples for this
study was determined based on similar studies in this field.
Animals were obtained from Razi Institute (Karaj-Iran),
and they were kept in standard light, noise environment,
and temperature (optimal condition for the laboratory).
The animals were kept in 12 hours of darkness condition.
The access of animals to water and food was Ad libitum.
All experiments involving animals were conducted according to the policy of Iranian Convention for the Protection
of Vertebrate Animals used for Experimental Purposes, and
the protocol was approved by the Ethics Committee of
the Health School, Qazvin University of Medical Sciences,
Qazvin, Iran (the ethics code: IR.QUMS.REC.1395.179).
3.2. Induction of Inflammation and Sampling
First, the rats were divided accidentally to six groups
of 15, including control, Sham (normal saline), dexamethasone (15 mg/kg as the positive control group), and three
groups receiving luteolin at doses of 5, 15, and 30 mg/kg.
During the test, luteolin powder was diluted with normal
saline reaching the desired dose and it was injected in the
animal’s peritoneum. Half an hour later, 30 micrograms
per kilogram of lipopolysaccharide was injected intraperitoneally in order to create inflammation. The rats were
anesthetized at intervals of 4, 12, and 24 hours after the injection of lipopolysaccharide with intraperitoneal administration of ketamine and xylazine (by 50/10 mg/kg ratio).
Blood sampling was done through the heart of the rats.
Then, blood samples were centrifuged at 4000 rpm for 15
minutes, causing the serum to be separated. After that, the
serum was transferred to the micro-tube and it was stored
at -80°C. Concentration of IL-1β and TNF-α was measured
by the ELISA method, using Uscan Commercial Company
kits (USA) and its instructions.
3.3. Statistical Analysis

2. Objectives
As knowledge is limited in connection to the antiinflammatory effect of luteolin and its mechanisms, the
purpose of this study was to investigate the effect of luteolin injection as an anti-inflammatory flavonoid com2

The results were expressed as mean ± SD. The SPSS version 19 software was used for data analysis by implementing the one-way analysis of variance (ANOVA) test as well
as Tukey follow-up test. The least significant difference was
considered as P ≤ 0.05.
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4. Results
4.1. Effect of Luteolin on Interleukin-1β
No significant difference was observed between the
control and sham (solvent) groups in any of the time intervals for measuring the pro-inflammatory factors. Therefore, for ease of data expression, the results of the sham
group are not presented.
As shown in Figure 1, injection of polyphenol substance
of luteolin at concentrations of 5, 15, and 30 mg/kg or
dexamethasone (15 mg/kg) as a standard common antiinflammatory drug caused a reduction in secretion of
inflammatory prognostic factor IL-1β at three different
time intervals of 4, 12, and 24 hours after the injection
of lipopolysaccharide. There was a significant difference
within four hours of injection in the effect of decreasing IL-1β in the groups receiving dexamethasone and luteolin with a concentration of 30 mg/kg compared to
the control group (both P < 0.05). Within 12 hours of
lipopolysaccharide injection, luteolin level was reduced at
each of the three used concentrations compared to the
control group, yet this difference was not significant. However, dexamethasone inhibited the increase of IL-1β , significantly (P < 0.001). Twenty-four hours after the injection
of lipopolysaccharide, injection of luteolin or dexamethasone at concentrations of 15 and 30 mg/kg caused reduction of IL-1β secretion significantly compared with the control group (P < 0.01) (Figure 1).
4.2. Effect of Luteolin on Tumor Necrosis Factor-α
Within four hours after the injection of lipopolysaccharide, luteolin caused a decrease in serum level of TNF-α (as
an inflammatory marker) yet this was not significant. The
inhibitory effect of dexamethasone on TNF-α was significant compared with the control group (P < 0.05). Within 12
hours of injection, injection of luteolin at concentrations
of 5 mg/kg (P < 0.05) and 30 mg/kg (P < 0.01) or dexamethasone (P < 0.01) caused a significant decrease in TNF-α
serum levels. Within 24 hours of lipopolysaccharide injection, luteolin at all three used concentrations prevented
the increase of TNF-α serum levels, in which, the differences were significant at concentrations of 15 and 30 mg/kg
(P < 0.01) compared to the control group. The greatest
inhibitory effect of luteolin was acquired at a dose of 30
mg/kg. Furthermore, dexamethasone injection led to a decrease in the serum level of TNF-α in comparison with the
control group (Figure 2).
5. Discussion
The results of the present study showed that the prescription of luteolin at all three used concentrations has
Jundishapur J Nat Pharm Prod. In Press(In Press):e58271.

impressive inhibitory effect on the amount of IL-1β and
TNF-α serum level following the administration of LPS. This
effect is almost dose-dependent and its anti-inflammatory
effects increase with augmentation of the concentration.
Luteolin at a concentration of 30 mg indicated the most
anti-inflammatory effect, which was close to the effect of
steroid anti-inflammatory drug, dexamethasone. Inflammation, especially its chronic type, causes many clinical
problems. For this reason, extensive and complex research
has been done in this area despite the diversity in the treatment of inflammation and new ways are discovered (20).
The results of this study are in line with the outcomes of
studies by other researchers in this area.
For example, the anti-inflammatory and anti-itching
effects of luteolin from the leaves of Perila plant was studied by Jeon et al. in 2014 through the analysis of active substances present in these leaves using high-performance liquid chromatography (HPLC) and isolating luteolin. They
showed that luteolin, as the main agent, can inhibit the
secretion of inflammatory cytokines IL-1β and TNF-α from
human mast-cells (21).
The anti-inflammatory and anti-oxidant effects of luteolin against the acute pancreatitis were also examined
through stimulation of hemeoxygenase-1 via intraperitoneal injection of cerulean and lipopolysaccharides by
Xiong et al. in 2016 by creating inflammation, staining
by hematoxylin and eosin, and pathological evaluation of
pancreatic tissues. It was reported that pretreatment with
luteolin prevents acute pancreatitis by stimulating heme
oxygenase-1 through suppressing the NF-KB route in comparison with the control group of rats (22).
In addition, it was stated by Xia et al. that luteolin has
significant anti-inflammatory effects in autoimmune thyroiditis (Hashimoto Disease) by reducing the phosphorylation of transcriptional activating signals (STAT3) (23). In
the same field, the effect of luteolin at a higher dose than
the current study was investigated and observed by Kanai
et al. in 2016 on inflammation of the iris induced by endotoxin. They observed that prescription of luteolin significantly reduced the number of inflammatory cells, TNF-α
levels, nitric oxide and prostaglandin E2 in aqueous humor
(24).
In other researches, the effect of lipopolysaccharide
toxicity was examined by measuring the expression and
pro-inflammatory molecules of TNF-α and intercellular
adhesion molecule-1 (ICAM-1) in response to lipopolysaccharide in the presence of luteolin or without luteolin.
It was reported that luteolin inhibits the expression of
pro-inflammatory molecules and protects rats against
lipopolysaccharide (25). Overall, all these findings are consistent with the outcomes of the present research.
Flavonoids have many beneficial effects, including
3
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Figure 1. Average serum level of IL-1β at the time intervals of 4, 12, and 24 hours after the intraperitoneal injection of luteolin at a dose of 15 and 30 mg/kg or dexamethasone
(15 mg/kg).
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Figure 2. Average TNF-α concentration at time intervals of 4, 12, and 24 hours, respectively, from intraperitoneal injection at doses of 15 and 30 mg/kg of luteolin or dexamethasone (15 mg/kg).

anti-inflammatory function (26, 27). During an inflammatory process, immune cells, especially mast-cells, are activated and inflammatory cytokines, such as IL-1β , TNF-

4

α, as well as inflammatory mediators, such as histamine,
leukotrienes, serotonin, and prostaglandin E2 are released
(28-30). Flavonoids with different mechanisms, such as in-
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hibition of the activity of protein kinase C, Phospholipase
A2, and phosphodiesterase enzymes, which are involved
in inducing inflammation, significantly reduce acute inflammatory symptoms (31). The use of luteolin in patients
with MS decreases inflammation by inhibition of activated
leukocytes in blood circulation and imposes its therapeutic effects (32).
It has also been reported that Luteolin inhibits
the production of inflammatory mediators and proinflammatory cytokines by blocking the NF-KB signaling
pathway in fibroblasts and macrophages. In addition, it
suppresses the expression of genes involved in inflammation. Overall, all these factors help reduce inflammation (33-35). Luteolin is effective on induction of heme
oxygenase-1 by inhibition of STAT1 and STAT3 phosphorylation and regulation of the Nrf 2 (36). For example, it
can inhibit synthase of cyclooxygenase-2 and nitric oxide
(iNOS). It can also inhibit the production of nitric oxide
(NO) in the intestine by controlling the JAK / STAT pathway (37). This flavonoid protects the heart and improves
cardiac function by suppressing the P38 MAPK route (38).
According to all the information, in the current study, luteolin inhibitory mechanism of action on TNF-α and IL-1β
production, and thereby reducing inflammation, may be
due to the activation of one or more of the mentioned
mechanisms. Luteolin is found in a number of plants and
a considerable amount exists in celery, green peppers,
and chamomile tea (39). Further studies are required to
fully understand the mechanism of its anti-inflammatory
effect.
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