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Trigonella foenum-graecum, a member oldest medicinal plant in the fabaceae (legumes) family, is used as
a herb, spice, and vegetable, and known for its olfactory, laxative, and galactogogue effects. However, the
inhibitory effect of Trigonella foenum-graecum on allergic inflammatory response remains unclear,
therefore, we investigated the precise role of Trigonella foenum-graecum in the allergic asthma and
revealed the effects of Trigonella foenum-graecum in regulating airway inflammation and its possible
mechanism. Allergic asthmawas initiated in BALB/c mice by sensitized with OVA emulsified in aluminum
on days 1 and 14, then aerosol challenged with OVA on days 27, 28 and 29. Some mice were administered
Trigonella foenum-graecum by oral gavage before challenge. Then mice were evaluated for the presence of
airway inflammation, production of allergen-specific cytokine response and lung pathology. Trigonella
foenum-graecum significantly ameliorated the number of inflammatory cells in BALF and alleviated lung
inflammation. It also reduced the collagen deposition and goblet cells. Meanwhile, Trigonella foenum-
graecum treatment evidently decreased the high expression of Th2 cytokines and increased the Th1
cytokines in BALF and lung homogenates. Trigonella foenum-graecum showed a significant inhibition of
serum IgE and anti-OVA IgG1. In this study, our data suggest that Trigonella foenum-graecum has a sig-
nificant anti-inflammatory effect and it may prove to be an efficacious therapeutic regent on allergic
asthma.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Allergic asthma is a serious allergic disease that is characterized
by airway inflammation [1]. The pathological changes in asthma
include airway obstruction, mucus hyperproduction, and increased
infiltration of inflammatory cells, including eosinophils, mast cells,
and lymphocytes [2]. As we all known, asthma is a multifactorial
and complex disease in which the repetition of allergen challenges
leads to airway remodeling eventually. The resulting airway
inflammation is thought to be caused by a breakdown of immune
tolerance toward environmental antigens and leads to a T helper
Chonbuk National University
stitute of Medical Sciences,
of Korea.
).

et al., Trigonella foenum-grae
physical Research Communic
type 2 (Th2)- biased immune response [3]. Th2 cytokines can also
lead to the production of allergen-specific immunoglobulin (Ig)E
antibodies by B cells [4]. Activated mast cells release inflammatory
mediators, such as interleukin (IL)-1b and tumor necrosis factor
(TNF)-a. The structural changes of the airway wall include epithe-
lial denudation, subepithelial fibrosis, mucus gland hypertrophy,
myofibroblast and smooth muscle proliferation, and angiogenesis
[2,3]. Trigonella foenum-graecum (Fenugreek) is a legume crop that
is used as a spice in cooking and in small quantities is categorized as
“Generally Recognized as Safe” by the U.S. Food and Drug Admin-
istration [5]. Historically, Trigonella foenum-graecum is one of the
oldest medicinal plants, known for its olfactory, laxative, and gal-
actogogue effects. More recently, immunostimulatory, anti-
diabetic, anti-hypertensive and cholesterol-lowering activities
have been demonstrated [6]. Due to its amazing therapeutic and
medical properties it is one of the oldest medicinal plants known
cum alleviates airway inflammation of allergic asthma in ovalbumin-
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and has long been recognized as a traditional medicine in different
parts of the world and in Egypt as well [5].

Traditional treatments for asthma include inhaled corticoste-
roids (ICS), short-acting b2-agonist (SABA), leukotriene receptor
antagonists (LTRAs), and long-acting b2-agonist (LABA) [7,8].
However, asthma attacks and exacerbations can still occur, as the
treatment does not alter the underlying pathology [9]. Unfortu-
nately, prolonged use of drug therapy can cause local and systemic
side effects, including oral candidiasis, dysphonia, growth failure,
accelerated loss of bone mass, elevated intraocular pressure, and
mild tachyphylaxis [10]. Therefore, need to develop the novel
treatment for asthma with fewer side effects, and the Trigonella
foenum-graecum which is natural products is a goal for new ther-
apies. However, it exactly effect on allergic asthma has been still
rarely studied, and need to be verified.

In the present study, we aimed to investigate the effects of
Trigonella foenum-graecum on airway inflammation of allergic
asthma in OVA-induced mouse model and to reveal its mechanism.
Trigonella foenum-graecum treatment of group attenuated airway
inflammation by decreased the inflammatory cell numbers and Th2
cytokines. Furthermore, Trigonella foenum-graecum ameliorates the
OVA-induced allergic asthma in mice.

2. Materials and methods

2.1. Animals and experimental protocol

Specific pathogen-free male 5-week-old BALB/c mice, weighing
approximately 20 g, were purchased from Damool Science (Dae-
jeon, Korea). They were housed 5 per cage in a laminar air-flow
cabinet maintained at 23 ± 2 �C at a relative humidity of
55 ± 10% throughout the study. All animal experiments were per-
formed in compliance with NIH guideline for the care and use of
laboratory animals and were approved by the Animal Research
Committee of Chonbuk National University.

In this study, the mice were divided randomly into four groups
(n ¼ 5 per group), namely control group, ovalbumin (OVA) group,
Trigonella foenum-graecum (Fenugreek) group and dexamethasone
(Dex) group. First sensitization was performed on day 1 by intra-
peritoneal injection of 50 mg of OVA (Grade V, Sigma, St. Louis, MO,
USA) emulsified in 1 mg of alum (Imject Alum; Pierce, Rockford, IL,
USA) in a total volume of 200 mL. Control group received saline only
(NACL 0.9%; B. Braun Medical BV, Oss, The Netherlands). On day 14,
second sensitization was performed by intraperitoneal injection of
50 mg of OVA in saline. From days 15e26, Mice of Fenugreek group
and Dex group were received Trigonella foenum-graecum (20 mg/
mL) and Dex (2.5 mg/mL) by oral gavage. Mice of control group and
OVA group were sham received saline. On days 27, 28 and 29, the
OVA group, Dex group and Trigonella foenum-graecum group were
challenged with inhalation of 5% OVA solution in saline, for 20 min
by ultrasonic nebulization. Mice of control group were sham chal-
lenged with saline. Mice were sacrificed 24 h after the last OVA
exposure for airway inflammation (Fig. 1).

2.2. Bronchoalveolar lavage fluid (BALF) leukocytes count

After sacrifice, 24 h after the last OVA challenge, bloodwas taken
from the eye of the mice. Then serum samples were collected after
centrifugation (1000 � g, 10 min, 4 �C) and stored at �80 �C until
analysis. The airway lumina were washed through a tracheal can-
nulawith 1mL volumes of PBS. This was repeated 2 times with 1ml
PBS only. The (BALF was centrifuged and the supernatants of BALF
were (stored at �80 �C) subjected to ELISA assay with kits. The cell
pellets were resuspended in 1 mL PBS. The total BALF cells were
counted double-blindly using a hemocytometer. Total cell numbers
Please cite this article in press as: C.H. Piao, et al., Trigonella foenum-grae
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were conducted using trypan blue staining and standard with light
microscopy. Cytospin cell preparations were made by BALF onto
clean glass slides for 10 min (150 mL, 4 �C), and staining with Diff-
Quik (1-5-1 Wakinohama-Kaigandori, Chuo-Ku, Kobe Japan). Dif-
ferential cell numbers of eosinophils, macrophages, neutrophils,
and lymphocytes were counted by light microscopy.

2.3. Lung histology analysis

After the final OVA challenge, the mice were sacrificed, then,
performing BAL fluid and the lung lobes were removed for histo-
logical examination, lungs were fixed in 10% formalin, and
embedded in paraffin, sections of 5 mm thickness were de-
paraffinized and hydrated, and stained with hematoxylin and
eosin (H&E), congo red, periodic acid Schiff (PAS), and Masson's-
Trichrome staining.

2.4. Cytokine levels

Quantitative assessments of IL-5, IL-6, IL-10, IL-1b, TNF-a and
INF-g in BAL fluid and lung tissue homogenization were conducted
enzyme-linked immunosorbent assay kits (R&D Systems Inc. USA)
according to the manufacturer's protocol. Lung tissues were ho-
mogenized in a saline to concentration of 100 mg/ml with a com-
plete Mini, EDTA-Free Protease Inhibitor (Roche Applied Science),
and debris-free supernatant was used for cytokine measurement.

2.5. Measurement of total IgE and anti-OVA IgG1

After the final challenge, the blood was collected and centri-
fuged. The serum was then separated and concentrations of total
IgE and anti-OVA IgG1 levels were measured in each group using
ELISA kits.

2.6. Statistical analysis

Each experiment was repeated three times with n ¼ 5 animals
per group. Data are expressed as mean± SEMs. Statistical com-
parisons were performed using one-way ANOVA, followed by the
Fisher test. Statistical significance was defined as P < 0.05.

3. Results

3.1. Effect of Trigonella foenum-graecum on airway inflammation in
BALF

To examine the effects of Trigonella foenum-graecum on asthma
model of mice, total cells and differential cells, as well as numbers
of macrophages, lymphocytes, neutrophils and eosinophils in BALF
were counted. OVA challenged group induced significantly
increased total cell numbers and eosinophils levels than control
group (Fig. 2B). However, treatment with Trigonella foenum-grae-
cum (Fenugreek) group markedly depressed the inflammatory cells
in BAL fluid exerted similar suppressive effects with positive group
of DEX (Fig. 2B). As showed in cytospin cell preparations, total cells
and inflammation cells number were markedly increased in OVA
group than control group. However, Trigonella foenum-graecum
(Fenugreek) group and Dex group showed little cells were deter-
mined and the cells were mostly macrophages (Fig. 2A).

3.2. Effect of Trigonella foenum-graecum on airway inflammation
in lung tissues

To evaluate the histological changes after Trigonella foenum-
graecum treatment for OVA-induced asthma model, the level of
cum alleviates airway inflammation of allergic asthma in ovalbumin-
ations (2016), http://dx.doi.org/10.1016/j.bbrc.2016.12.029



Fig. 1. Experimental protocol for allergic asthma mouse model. Mice were sensitized intraperitoneally (i.p) on days 1 and 14. Trigonella foenum-graecum (Fenugreek) and Dex were
administrated by oral gavage on days 15e26. From days 27e29, mice were challenged by aerosol with OVA. Mice of control group were sham treated with saline. Mice were
sacrificed 24 h after the last challenge for further analysis.

Fig. 2. Effect of Trigonella foenum-graecum (Fenugreek) on (A) total and differential cell numbers and (B) infiltrations of inflammatory cells in BALF. (A) Total and differential cell
numbers within a hemocytometer were counted using a light microscope. Each bar represents the mean ± SEM of 5 mice. ***p < 0.001, **p < 0.01, significantly different from the
value of control group. ###p < 0.001, ##p < 0.01, significantly different from the value of OVA group. (B) Cytospin cell preparations were made by BALF onto clean glass slides and
staining with Diff-Quik (�200 original magnification). The increased eosinophils (red arrows) and macrophages (black arrows) were observed. Scale bar ¼ 100 mm. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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general pathological alteration, eosinophils infiltration, mucus
production, goblet cell hyperplasia, and bronchial subepithelial
fibrosis were examined in lung tissue. We observed severe infil-
tration of inflammatory cells around the respiratory tract and blood
vessel in OVA group (Fig. 3). Mice of Trigonella foenum-graecum
(Fenugreek) group and Dex group showed no or little inflammation
cells around the airway. Mucus of overproduction and goblet cell
hyperplasia were observed in the airway wall (bronchi) and eo-
sinophils infiltration was increased in peribronchial in OVA group
compared with the control group. However, Trigonella foenum-
graecum (Fenugreek) treatment group showed significant reduc-
tion of goblet cell and eosinophil numbers (Fig. 3B and C). Mas-
son's-Trichrome staining revealed prominent fibrotic deposit under
bronchial epithelia and around the blood vessel in the OVA group.
In contrast, treatment with Trigonella foenum-graecum and Dex
mice displayed reduction of collagen deposition (Fig. 3D).
3.3. Effects of Trigonella foenum-graecum on the production of
cytokines in BALF and homogenized lung tissues

Following sensitization and challenges, the levels of IL-5, TNF-a,
INF-g, IL-1b, IL-6 and IL-10 in lung homogenates and secreted TNF-
a, INF-g and IL-10 in BALF were quantified from OVA-induced
allergic mice were determined by ELISA. The levels of Th2 cyto-
kines, including IL-5 and IL-6, inflammatory cytokines IL-1b and
Please cite this article in press as: C.H. Piao, et al., Trigonella foenum-grae
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TNF-a were highly augmented in OVA group. However, the
administration of Trigonella foenum-graecum (Fenugreek) group
reduced the levels of all 4 cytokines. The levels of INF-g and IL-10
both in BALF and lung homogenates were up-regulated by Trig-
onella foenum-graecum treatment (Fig. 4). Therefore, the results
showed that Trigonella foenum-graecum suppressed the airway
inflammation by down-regulated the inflammatory cytokines.

3.4. Effect of Trigonella foenum-graecum with IgE and anti-ova-
IgG1 levels in serum

In order to examine whether the Trigonella foenum-graecum
effected the IgE and anti-OVA IgG1 production in allergic mouse
model, the serum concentrations of IgE and anti-OVA IgG1 were
measured in each group using ELISA (Fig. 4). Trigonella foenum-
graecum (Fenugreek) group reduced the both of serum IgE and anti-
OVA IgG1.

4. Discussion

In the present study, we investigate the effect of Trigonella foe-
num-graecum (Fenugreek) in OVA-induced allergic asthma mouse
model. Our results demonstrated that Trigonella foenum-graecum
has anti-inflammatory effects in allergic asthma resulting from the
down regulating the inflammatory cells, adjustment the balance of
cum alleviates airway inflammation of allergic asthma in ovalbumin-
ations (2016), http://dx.doi.org/10.1016/j.bbrc.2016.12.029



Fig. 3. Effect of Trigonella foenum-graecum (Fenugreek) on allergic airway inflammation in lung tissues. Lung tissues were stained with hematoxylin and eosin (HeE), periodic acid
Schiff (PAS), congo red and Masson's-Trichrome staining (�200 original magnification). Overproduction of mucus and goblet cell hyperplasia (black arrows) and prominent fibrotic
deposit (red arrows) were revealed. (A) Control group, (B) OVA group, (C) Fenugreek group, (D) Dex group. Scale bar ¼ 100 mm. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 4. Production of cytokines in BALF and lung homogenates. The levels of (A) IL-5, (B) TNF-a, (C) INF-g, (D) IL-1b, (E) IL-6 and (F) IL-10 were determined in lung homogenates.
Secreted (G) TNF-a, (H) INF-g and (I) IL-10 in BALF were quantified from OVA-induced allergic mice. The measurement of IgE (J) and anti-OVA IgG1 (K) in serum. Each bar represents
the mean ± SEM of 5 mice. *p < 0.05, significantly different from the value of control group. ##p < 0.01, #p < 0.05, significantly different from the value of OVA group.
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the Th1/Th2 cytokines and decreased the serum concentration of
IgE and anti-OVA IgG1.

As we all known, asthma is one of the most common chronic
diseases worldwide, characteristic of airway inflammation and
Please cite this article in press as: C.H. Piao, et al., Trigonella foenum-grae
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airway remodeling [11]. The airway inflammation in this model is
characterized by excessive airway eosinophil and other inflamma-
tory cell infiltration, goblet cell hyperplasia with excessive airway
mucus and elevated IgE and Th2 cytokines [12e14].
cum alleviates airway inflammation of allergic asthma in ovalbumin-
ations (2016), http://dx.doi.org/10.1016/j.bbrc.2016.12.029
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A central mediator of asthma is the IgE antibody, which is pro-
duced by sensitized allergen-specific B cells [15]. Allergens increase
IgE levels in the serum of susceptible subjects subsequent to
stimulation [15]. IgE antibodies then bind to the high-affinity IgE
receptor, Fc epsilon receptor I (FcεRI), present in mast cells, eosin-
ophils, and basophils, thereby sensitizing these cells to allergen
exposure [15]. In our study, Trigonella foenum-graecum treatment
significantly blocked production of IgE and anti-OVA-IgG1 in serum
(Fig. 3).

Mast cells are widely distributed, especially in connective tissue
and mucosal surfaces, and provide a useful and powerful tool for
studying both stimulus-secretion coupling and allergic disorders
[16]. Mast cells are responsible for a variety of allergic disorders
including allergic rhinitis, dermatitis, asthma, and food allergies, as
well as catastrophic anaphylactic reactions to insect stings and
some drugs [16]. Compound 48/80 induces signal transduction
pathways, which leads to exocytosis, and degranulation of mast
cells causing histamine release [17].

In recent years, Th2 cells have been known as the dominant
modulators in regulated downstream cell differentiation and pro-
liferation including B cells class switch to secreting IgE, IgG1 and
eosinophils, and attract a large number of inflammatory cell in-
filtrations in the lungs [18]. There is a close relationship between
the IgE-mediated immune response and the elevated Th2 cytokines
in allergic asthma [19]. To demonstrate the mechanism of effect of
Trigonella foenum-graecum on the inflammation we examine the
cytokines levels and inflammatory cells in allergic asthmamodel. In
this study we found to OVA significantly enhanced the level of Th2
cytokines, including IL-5, IL-6, IL-1b and TNF-a (Fig. 4), and
increased inflammatory cell infiltration such as eosinophils and
macrophages (Figs. 2,3). Trigonella foenum-graecum treatment
evidently lowered Th2 cytokines and inflammatory cells especially
eosinophils in BALF and lung homogenates (Fig. 3). Therefore
Trigonella foenum-graecum is effective as Dex in inhibiting the
allergic inflammation. Several studies have shown that modulation
of Th1/Th2 cytokines can inhibit airway inflammation in OVA-
induced mice [20,21]. Our data demonstrate that Trigonella foe-
num-graecum group up-regulated the Th1 cytokines, including INF-
g and IL-10 (Fig. 3). These findings effectively proved that the
Trigonella foenum-graecum regulated the balance of Th cells. We
guess the Trigonella foenum-graecum attenuated the expression of
Th2 cytokines may lead to anti-inflammatory effect.

Prominent characteristics of allergic asthma are overproduction
of antigen-specific IgE, extreme immunological responses, and
consequent inflammation and clinical symptoms include excessive
mucus secretion and bronchospasm [19]. Treatment with Trigonella
foenum-graecum significantly suppressed the deposition of collagen
within the epithelium of lung tissue and reduced the mucus pro-
ducing goblet cells and eosinophils around the airway (Fig. 3). So
Trigonella foenum-graecum has inhibitory effect on airway
inflammation.

Natural products contribute new strategy to novel drug devel-
opment efforts and have therefore played a significant role in drug
discovery and development for treatment of some inflammatory
diseases [19].

In conclusion, our data have provide evidence that treatment
with Trigonella foenum-graecum has a significant anti-inflammatory
effect in allergic asthma and may prove to be an efficacious ther-
apeutic regent on allergic asthma by suppressing proinflammatory
cytokines and inflammatory cell infiltration.

Acknowledgements

This research was supported by research funds of Basic Science
Please cite this article in press as: C.H. Piao, et al., Trigonella foenum-grae
induced mouse model, Biochemical and Biophysical Research Communic
Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science and
Technology (2012R1A1A303857) and by research grants
(E0121304-05) from the Korea Food Research Institute, and by
research funds of Chonbuk National University in 2013.
Transparency document

Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.bbrc.2016.12.029.
References

[1] Q. Hamid, M. Tulic, Immunobiology of asthma, Annu. Rev. Physiol. 71 (2009)
489e507.

[2] E. Tagaya, J. Tamaoki, Mechanisms of airway remodeling in asthma, Allergol.
Int. 56 (2007) 331e340.

[3] P. Bogaert, K.G. Tournoy, T. Naessens, J. Grooten, Where asthma and hyper-
sensitivity pneumonitis meet and differ: noneosinophilic severe asthma, Am.
J. Pathol. 174 (2009) 3e13.

[4] S.T. Holgate, Pathogenesis of asthma, Clin. Exp. Allergy 38 (2008) 872e897.
[5] M.I. Khalil, M.M. Ibrahim, G.A. El-Gaaly, A.S. Sultan, Trigonella foenum

(Fenugreek) induced apoptosis in hepatocellular carcinoma cell line, HepG2,
Mediated by upregulation of p53 and proliferating cell nuclear antigen, Bio-
med. Res. Int. 2015 (2015) 914645.

[6] Z. Madar, A.H. Stark, New legume sources as therapeutic agents, Br. J. Nutr. 88
(Suppl 3) (2002) S287eS292.

[7] M.R. Partridge, T. van der Molen, S.E. Myrseth, W.W. Busse, Attitudes and
actions of asthma patients on regular maintenance therapy: the INSPIRE
study, BMC. Pulm. Med. 6 (2006) 13.

[8] W.W. Busse, S. Holgate, E. Kerwin, Y. Chon, J. Feng, J. Lin, S.L. Lin, Randomized,
double-blind, placebo-controlled study of brodalumab, a human anti-IL-17
receptor monoclonal antibody, in moderate to severe asthma, Am. J. Respir.
Crit. Care. Med. 188 (2013) 1294e1302.

[9] D.Y. Kim, W.M. Yang, Panax ginseng ameliorates airway inflammation in an
ovalbumin-sensitized mouse allergic asthma model, J. Ethnopharmacol. 136
(2011) 230e235.

[10] C.H. Fanta, Asthma, N. Engl. J. Med. 360 (2009) 1002e1014.
[11] Y. Shi, X. Xu, Y. Tan, S. Mao, S. Fang, W. Gu, A liver-X-receptor ligand,

T0901317, attenuates IgE production and airway remodeling in chronic
asthma model of mice,, PLoS One 9 (2014) e92668.

[12] S.G. Jeon, C.G. Lee, M.H. Oh, E.Y. Chun, Y.S. Gho, S.H. Cho, J.H. Kim, K.U. Min,
Y.Y. Kim, Y.K. Kim, J.A. Elias, Recombinant basic fibroblast growth factor in-
hibits the airway hyperresponsiveness, mucus production, and lung inflam-
mation induced by an allergen challenge, J. Allergy Clin. Immunol. 119 (2007)
831e837.

[13] Y.Y. Xiang, S. Wang, M. Liu, J.A. Hirota, J. Li, W. Ju, Y. Fan, M.M. Kelly, B. Ye,
B. Orser, P.M. O'Byrne, M.D. Inman, X. Yang, W.Y. Lu, A GABAergic system in
airway epithelium is essential for mucus overproduction in asthma, Nat. Med.
13 (2007) 862e867.

[14] E.A. Jacobsen, N.A. Lee, J.J. Lee, Re-defining the unique roles for eosinophils in
allergic respiratory inflammation, Clin. Exp. Allergy 44 (2014) 1119e1136.

[15] M. Wills-Karp, Immunologic basis of antigen-induced airway hyper-
responsiveness, Annu. Rev. Immunol. 17 (1999) 255e281.

[16] C. Hollander, M. Nystrom, S. Janciauskiene, U. Westin, Human mast cells
decrease SLPI levels in type II - like alveolar cell model, in vitro, Cancer Cell
Int. 3 (2003) 14.

[17] S.H. Kim, C.H. Choi, S.Y. Kim, J.S. Eun, T.Y. Shin, Anti-allergic effects of Arte-
misia iwayomogi on mast cell-mediated allergy model, Exp. Biol. Med.
(Maywood) 230 (2005) 82e88.

[18] C.C. Hsieh, H.B. Hsiao, W.C. Lin, A standardized aqueous extract of Anoecto-
chilus formosanus modulated airway hyperresponsiveness in an OVA-inhaled
murine model, Phytomedicine 17 (2010) 557e562.

[19] P. Camateros, M. Tamaoka, M. Hassan, R. Marino, J. Moisan, D. Marion,
M.C. Guiot, J.G. Martin, D. Radzioch, Chronic asthma-induced airway remod-
eling is prevented by toll-like receptor-7/8 ligand S28463, Am. J. Respir. Crit.
Care Med. 175 (2007) 1241e1249.

[20] M.Y. Lee, I.S. Shin, H.S. Lim, H.K. Shin, A water extract of Samchulkunbi-tang
attenuates airway inflammation by inhibiting inos and MMP-9 activities in
an ovalbumin-induced murine asthma model, BMC. Complement. Altern.
Med. 12 (2012) 257.

[21] C. Ma, Z. Ma, X.L. Liao, J. Liu, Q. Fu, S. Ma, Immunoregulatory effects of gly-
cyrrhizic acid exerts anti-asthmatic effects via modulation of Th1/Th2 cyto-
kines and enhancement of CD4(þ)CD25(þ)Foxp3þ regulatory T cells in
ovalbumin-sensitized mice, J. Ethnopharmacol. 148 (2013) 755e762.
cum alleviates airway inflammation of allergic asthma in ovalbumin-
ations (2016), http://dx.doi.org/10.1016/j.bbrc.2016.12.029

http://dx.doi.org/10.1016/j.bbrc.2016.12.029
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref1
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref1
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref1
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref2
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref2
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref2
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref3
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref3
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref3
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref3
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref4
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref4
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref5
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref5
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref5
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref5
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref6
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref6
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref6
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref7
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref7
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref7
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref8
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref8
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref8
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref8
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref8
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref9
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref9
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref9
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref9
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref10
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref10
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref11
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref11
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref11
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref12
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref13
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref13
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref13
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref13
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref13
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref14
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref14
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref14
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref15
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref15
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref15
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref16
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref16
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref16
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref17
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref17
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref17
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref17
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref18
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref18
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref18
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref18
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref19
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref19
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref19
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref19
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref19
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref20
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref20
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref20
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref20
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21
http://refhub.elsevier.com/S0006-291X(16)32072-1/sref21

	Trigonella foenum-graecum alleviates airway inflammation of allergic asthma in ovalbumin-induced mouse model
	1. Introduction
	2. Materials and methods
	2.1. Animals and experimental protocol
	2.2. Bronchoalveolar lavage fluid (BALF) leukocytes count
	2.3. Lung histology analysis
	2.4. Cytokine levels
	2.5. Measurement of total IgE and anti-OVA IgG1
	2.6. Statistical analysis

	3. Results
	3.1. Effect of Trigonella foenum-graecum on airway inflammation in BALF
	3.2. Effect of Trigonella foenum-graecum on airway inflammation in lung tissues
	3.3. Effects of Trigonella foenum-graecum on the production of cytokines in BALF and homogenized lung tissues
	3.4. Effect of Trigonella foenum-graecum with IgE and anti-ova-IgG1 levels in serum

	4. Discussion
	Acknowledgements
	Transparency document
	References


