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Abstract
Rhinosinusitis is a common disorder related to inflammation of paranasal sinuses and nasal cavity mucosa. Herbal medi-
cines could be an option in the treatment of rhinosinusitis due to their anti-inflammatory and anti-oxidative properties. The 
study aims to investigate the effect of intranasal Sambucus nigra L. subsp. nigra (SN) extract against inflammation, oxidative 
stress, and tissue remodeling in nasal and sinus mucosa, but also in serum, lungs, and brain, in Wistar rat model of subacute 
sinonasal inflammation induced by local administration of lipopolysaccharides (LPS), from Escherichia Coli. The cytokines 
(TNF-α, IL-1β, IL-6) and oxidative stress (malondialdehyde) in nasal mucosa, blood, lungs, and brain were analyzed. In 
addition, a histopathological examination was performed, and NF-kB, MMP2, MMP9, TIMP1 expressions were also evalu-
ated in nasal mucosa. Both doses of LPS increased the production of cytokines in all the investigated tissues, especially in 
the nasal mucosa and blood (p < 0.01 and p < 0.05), and stimulated their secretion in the lungs, and partially in the brain. 
Malondialdehyde increased in all the investigated tissues (p < 0.01 and p < 0.05). In parallel, upregulation of NF-kB and 
MMP2 expressions with downregulation of TIMP1, particularly at high dose of LPS, was observed. SN extract reduced the 
local inflammatory response, maintained low levels of IL-6, TNF-α, and IL-1β. In lungs, SN reduced all cytokines levels 
while in the brain, the protective effect was noticed only on IL-6. Additionally, SN diminished lipid peroxidation and down-
regulated NF-kB in animals exposed to a low dose of LPS, with increased TIMP1 expression, while in animals treated with 
a high dose of LPS, SN increased NF-kB, MMP2, and MMP9 levels. In conclusion, SN extract diminished the inflammatory 
response, reduced generation of reactive oxygen species (ROS) and, influenced MMPs expressions, suggesting the benficial 
effect of SN extract on tissue remodeling in subacute rhinosinusitis and on systemic inflammatory response.
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Introduction

Upper respiratory tract obstruction, characterized by a 
blockage of any part of the airway above the superior tho-
racic aperture, is mostly induced by acute infections which 
sometimes can lead to chronic rhinosinusitis with or without 
nasal polyposis formation (Cao et al. 2018; Magliulo et al. 
2019).

In subacute and chronic rhinosinusitis, the inflammation 
of the nasal mucosa and paranasal sinuses is contributed 
to the impaired mucociliary transport system and reten-
tion of the secretions (Yoruk et al. 2010). This will create a 
favorable environment for bacterial growth and contribute 
to the accumulation of inflammatory cells with releasing 
of pro-inflammatory cytokines, such as interleukin (IL)-1α, 
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IL-1β, IL-6, IL-8 (Eloy et al. 2011; Al-Sayed et al. 2017,), 
and the tumor necrosis factor (TNF-α) (Kim et al. 2011). 
The cytokines attract neutrophils which will migrate to the 
inflammatory area, amplify the inflammation, leading to 
local edema and swelling of the mucosa (Berger et al. 2000; 
Naclerio 2010) and will disturb the mucocilliary clearance 
(Ali et al. 2005).

In addition, persistent inflammation promotes the oxida-
tive stress, a process defined as an imbalance between the 
production of ROS and antioxidant defenses, with generation 
in excess of free radicals, key factors for local tissue injury 
(Istratenco 2019). They initiate lipid peroxidation with deg-
radation of polyunsaturated fatty acids to malondialdehyde, 
a useful marker for clinical evaluation of oxidative stress 
in correlation with inflammation (Uslu et al. 2003; Yoruk 
et al. 2010). The redox imbalance also amplifies inflamma-
tion via activation of transcription factor NF-kB (Lingappan 
2018; Jung et al. 2019). NF-kB regulates the inflammatory 
immune response and after its activation, induces the expres-
sion of pro-inflammatory genes, increasing the production 
of cytokines and chemokines (Liu et al. 2017). Inflammation 
and oxidative stress activates in turn matrix metalloprotein-
ases (MMPs), zinc-dependent and calcium-dependent tissue 
proteases, responsible for the degradation of the extracellular 
matrix (Van Bruaene and Bachert 2011; Klein and Bischoff 
2011). Moreover, NF-kB also stimulates MMPs production 
(Chase et al. 2002) and alters the balance between the MMPs 
and their tissue inhibitors (TIMPs) leading to excessive pro-
teolysis and different diseases (Van Bruaene and Bachert 
2011). Activated MMPs increase vascular permeability, 
induce edema, stimulate cell migration at the inflammatory 
area, and modulate the immune responses, thus, contribut-
ing to irreversible structural changes of the local mucosa 
(Klein and Bischoff 2011). As a result of long-standing local 
inflammation, mucosal remodeling occurs, the membrane 
thickens and number of glands and cells in the epithelium, 
including goblet cells, lymphocytes, neutrophils, and eosino-
phils increase ( Sobol et al. 2003; Rehl et al. 2007).

The purposes of treatment in subacute and chronic rhi-
nosinusitis are to reduce mucosal inflammation, to restore 
mucocilliary clearance and to control the local infection 
(Yoruk et al. 2010; Suh and Kennedy 2011). In this strat-
egy, alternative therapy with medicinal plants plays a spe-
cial role due to their anti-inflammatory and anti-oxidative 
properties (Yoruk et al. 2010; Passali et al. 2018). Polyphe-
nols found in vegetables, fruits, and plants could act both as 
anti-inflammatory (Ulbricht et al. 2014) and antioxidants 
agents, due to radical scavengers properties (Ciocoiu et al. 
2009). Moreover, polyphenols have also been demonstrated 
to possess modulatory properties on extracellular matrix 
(Crascì et al. 2018). Sambucus nigra L. (SN) is a shrub 
belonging to the Adoxaceae family, having three subspe-
cies: nigra, canadensis and cerulea (NRCS 2016). The first 

one is native to Europe, and the two latter ones, are native 
to North America. S. nigra L. subsp. nigra has blue-black 
elderberries and cream-white elderflowers. Polyphenols are 
the most important group of bioactive compounds present 
in elderberry (Młynarczyk et al. 2018). Traditional medicine 
used the elderberries and elderflowers to treat respiratory 
infections due to their antibacterial and antiviral proper-
ties (Mahboubi 2020). Previous studies showed that elder-
berry exhibited inhibitory bacterial activity and effectively 
suppressed viral replication, acting against pathogens that 
cause infections of the upper respiratory tract. (Kong 2009; 
Kinoshita et al. 2012; Álvarez et al. 2018). Studies have 
also shown that both elderberry and elderflower extracts 
exerted diverse biological activities in different biological 
system, such as antioxidant, anti-inflammatory, antidiabetic 
and diuretic effects (Ulbricht et al. 2014; Sidor and Gramza-
Michalowska 2014). The anti-inflammatory effect of SN was 
proved by several studies, by modulating the production of 
pro-inflammatory cytokines, such as IL-6 and TNF-α, and 
suppressing neutrophils activations (Młynarczyk et al. 2018; 
Bartak et al. 2020). The antioxidant properties of elderber-
ries is attributed to the phenolic compounds, with scavenger 
role against free radicals (Sidor and Gramza-Michalowska 
2014; Viapiana and Wesolowski 2017).

The present study investigates the effect of intranasal 
administration of SN extract on inflammation, oxidative 
stress, and tissue remodeling of the nasal and sinus mucosa 
in a rat model of subacute inflammation induced by local 
administration of LPS (from Escherichia coli). To evaluate 
if the nasosinusal inflammation could produce a systemic 
inflammatory response, cytokines levels and oxidative stress 
markers in blood, lungs and brain were also assessed. The 
brain inflammation was evaluated because of the potential 
complications that can occur, such as intracranial extension 
of the infection through the sinus wall (Ziegler et al. 2018).

Materials and Methods

Reagents

2-Thiobarbituric acid, Bradford reagent, methanol, ABTS 
chromophore, diammonium salt, Trolox and acetic acid of 
HPLC analytical-grade were obtained from Merck KGaA 
(Darmstadt, Germany). ELISA tests for cytokines (TNF-α, 
IL-1β, and IL-6) were purchased from Elabscience (Hou-
ston, Texas, USA). Antibodies against NF-kB p65 (Ser536) 
(93H1), MMP-2, MMP-9, TIMP-1, and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) were purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA) while 
Folin-Ciocalteu reagent, sodium carbonate, aluminium 
chloride, sodium nitrite, sodium hydroxide, catechin, chlo-
rogenic acid, p-coumaric acid, caffeic acid, rutin, apigenin, 
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quercitrin, isoquercitrin, hyperoside, kaempferol, quercetin, 
myricetol, gallic acid and LPS reagent were purchased from 
Sigma-Aldrich Chemicals GmbH (Germany) and caftaric 
acid from Dalton (United States). All chemicals and reagents 
were of high-grade purity.

Preparation and characterization of Sambucus nigra 
fruit extract

Fruits of Sambucus nigra L. subsp. nigra were collected 
from Stâna de Mureş (46°25′31″N, 23°59′50″E), Alba 
county, Romania in August 2019. The plant was authenti-
cated by the Botanical Department of the Faculty of Phar-
macy Cluj-Napoca and a voucher specimen was deposited 
in the Herbarium of the Faculty of Pharmacy, “Iuliu Hatie-
ganu” University of Medicine and Pharmacy, Cluj-Napoca. 
The fully ripened SN fruits were harvested, washed with 
tap water to remove impurities, and kept frozen until use. 
To obtain the fruit extract, 100 g of fruits puree were mixed 
with 300 mL food grad acetone. The mixture was stirred for 
2 h at ambient temperature, and then filtered under vacuum. 
The solvent (acetone) was completely removed by vacuum 
evaporation, using a Buchi R114 rotary evaporator (Buchi 
Labortechnik AG, Switzerland), until a concentrated extract 
was obtained. The total phenolic content (TPC) character-
ized the resulting fruit extract, for which purpose the Folin-
Ciocalteu method (Singleton et al. 1999) with some minor 
modifications previously applied by authors (Moldovan et al. 
2012, 2016), was used.

Briefly, to a mixture of 1 mL of diluted fruit extract (128 
fold) and 3 mL Folin-Ciocalteu reagent, 4.8 mL sodium car-
bonate solution (0.7 M) was added, and the resulted solu-
tion was kept in the dark, at room temperature, for 2 h. The 
absorbance of the reaction mixture was read at 765 nm, 
using a spectrophotometer (Perkin Elmer Lambda 25). Using 
a calibration curve, the absorbance values were converted 
in grams of gallic acid equivalents (GAE)/liter, used as the 
unit measurement for the total phenolic content of the fruit 
extract.

The total flavonoid content of the SN fruit extract was 
spectrophotometrically determined following the previously 
reported aluminium chloride colorimetric method (Chang 
et al. 2002). Briefly, in a 10 mL volumetric flask, 1 mL of 
crude extract was diluted with 4 mL distilled water and then 
0.3 mL of 5% NaNO2 solution was added. After 5 min of 
incubation in the dark, 0.3 mL of 10% AlCl3 solution was 
added and the mixture was kept in the dark for other 6 min, 
then 2 mL 1 M NaOH solution were added and the final 
volume was adjusted to 10 mL with distilled water. The 
samples were well mixed and after that allowed to equili-
brate for 15 min. The absorbance of the reaction mixture 
was recorded at 510 nm and the total flavonoid content was 

calculated and expressed as g catechin equivalents/L extract 
using a calibration curve of the catechin standard.

The total anthocyanin content of the SN L. fruit extract 
was determined using the widely applied method of Giusti 
and co-workers (2001), the so known pH differential method. 
To this end, 3 mL of properly diluted fruit extract (64-fold) 
were added to 3 mL potassium chloride buffer solution 
(0.025 M, pH 1) or sodium acetate buffer solution (0.04 M, 
pH 4.5), respectively. The resulting mixtures were allowed 
to equilibrate in the dark for 15 min and the absorbencies 
were measured at 512 nm and 700 nm against a blank sam-
ple. The total anthocyanin content was calculated using the 
following equations:

where TA = total anthocyanin content (mg∙l−1), A = absorb-
ance, calculated as:

MW = molecular weight; DF = dilution factor; l = path 
length; ε = molar extinction coefficient; 1000 = conversion 
factor from gram to milligram.

The results were expressed as g cyanidin-3-glucoside 
equivalents/L.

The antioxidant capacity of the fruit extract was evaluated 
using the 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt (ABTS) assay, by the slightly modi-
fied method of Arnao et al. (Arnao et al. 2001; David et al. 
2019). The ABTS solution obtained by dissolving 360 mg 
of ABTS in 100 mL distilled water was mixed with 100 mL 
2.45 mM of potassium persulfate solution to activate the 
ABTS cation radical. After 24 h, 20 mL of this mixture was 
diluted with distilled water until the absorbance measured 
at 734 nm ranged between 0.6 and 0.8. 3 mL diluted ABTS 
solution was added to 0.1 mL fruit extract and the sample 
was allowed to react for 15 min in the dark. The absorbance 
of the mixture was red at 734 nm against a blank sample and 
the total antioxidant capacity was expressed as mM Trolox 
equivalents using a calibration curve of the Trolox standard.

Identification and quantification of polyphenolic 
compounds

The phenolic compounds from the SN extract were analyzed 
by high performance liquid chromatography (HPLC) with 
UV and MS detection, as previously described (Mocan et al. 
2015; Pop et al. 2017), using an Agilent 1100 HPLC Series 
system (Agilent, SUA) equipped with degasser, binary 
gradient pump, column thermostat, autosampler and UV 
detector. The chromatographic separation was performed 
on a reverse-phase analytical column (Zorbax SB-C18, 

TA =

A ⋅MW ⋅ DF ⋅ 1000

� ⋅ l

A=
(

ApH 1.0−ApH 4.5

)

506 nm
−

(

ApH 1.0−ApH 4.5

)

700 nm
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100 mm × 3.0 mm, 3.5 μm particles) using a mobile phase of 
a methanol/acetic acid 0.1% (v/v) mixture, starting with 5% 
methanol and ending at 42% methanol at 35 min, followed 
by 42% methanol for the next 3 min, rebalancing with 5% 
methanol in the next 7 min. The flow rate was 1 mL/min, the 
injection volume was 5 μL, and the column temperature was 
48 °C. The UV detector was set at 330 nm until 17 min (for 
the detection of polyphenolic acids), then at 370 nm until 
the end of the analysis time (for the detection of flavonoids 
and their aglycones). The MS system (Agilent Ion Trap SL 
mass spectrometer) was operated using an electrospray ion 
source in negative mode (capillary 3000 V, nebulizer 60 psi 
(nitrogen), dry gas temperature 360 °C). The MS of the com-
pounds from analyzed samples were compared to spectra 
from library, which allows positive identification of each 
substance, based on spectral match.

The external standard method was used for the quanti-
tative determination of the identified compounds. Calibra-
tion curves of phenolic standard compounds in the range 
0.5–50 mg/mL were used to quantify the polyphenols from 
Sambucus nigra L. extract. The results were expressed as 
micrograms of phenolic compounds/ml extract.

Animals and experimental design

Ethical approval for this study was obtained from the Local 
Ethics Committee on Experimental Animal Studies of the 
University of Medicine and Pharmacy “Iuliu Hatieganu”, 
Cluj-Napoca, Romania, according to the Directive 2010/63/
EU on the protection of animals used for scientific purposes 
(no. 68/2019).

The study was conducted with 50 female Wister rats, 
age 20 days, weighing 100 ± 10 g. Before treatment, the 
rats were housed for 10 days in the Animal Facility of the 
Physiology Department, “Iuliu Hatieganu” University of 
Medicine and Pharmacy, Cluj-Napoca, for acclimatization. 
During the experiment, the animals were maintained under 
standard conventional conditions of a 12 h light/dark cycle, 
temperature of 18–21 °C, and humidity of 60–65%. Food 
and water were available ad libitum.

Rats were randomly divided into five groups of ten ani-
mals each. The medication used for the study was dropped 
into the nasal cavities using a micro-pipette, according to 
the following scheme: three times a week, for 3 consecutive 
weeks. Rats in group 1, the control group, were administered 
20 µl of sterile normal saline solution. Rats in groups 2 and 3 
received low-dose (5 µg) and high-dose (10 µg) of LPS. Rats 
in groups 4 and 5 received low-dose (5 µg) and high-dose 
(10 µg) of LPS, and after 2 h, 40 mg/kg BW of SN extract 
was administered intranasally once/day. This dose was cho-
sen based on the dose used in the literature. Before and dur-
ing the experiment, the nasal cavity was examined. After the 
first week of repeated intranasal LPS administration, nasal 

congestion with local erythema was detected in all rats from 
2 to 5 groups.

At 24 h after the last treatment, under anesthesia with 
10% ketamine and 2% xylasine, blood samples were col-
lected to assess malondialdehyde and inflammatory markers 
(TNF-α, IL-1β, and IL-6). Nasal mucosa, lungs and brain 
tissue were removed by en bloc dissection. Nasal mucosa 
was used for histopathological analysis and for evalua-
tion of inflammation and oxidative stress. NF-kB, MMP2, 
MMP9, TIMP1, and GAPDH were also evaluated in nasal 
mucosa by western blot. From lungs and brain tissues, oxida-
tive stress and inflammatory markers were also performed. 
The harvested tissues were homogenized with a Polytron 
homogenizer (Brinkman Kinematica, Switzerland) as pre-
viously published (Filip et al. 2011), and the protein level 
was measured according to the Bradford protocol (Noble 
and Bailey 2009).

Oxidative stress assesment

Malondialdehyde, the most frequently used marker for lipid 
peroxidation, was determined in the blood, nasal mucosa, 
lungs, and brain, using the fluorimetric method with 2-thio-
barbituric acid, described by Conti et al. (1991). The values 
are expressed either as pg/ml in blood or pg/mg protein in 
tissue homogenates.

Pro‑inflammatory markers

Inflammation was quantified by measurement of TNF-α, 
IL-1β, and IL-6 in the blood, nasal mucosa, lungs, and brain 
homogenates, by ELISA assays according to the manufac-
turer’s protocol. Results are expressed as pg/ml in serum or 
pg/mg protein in tissue homogenates.

Matrix metalloproteinases and transcription factors 
assessment

Transcription factor NF-kB, metalloproteinases MMP2, 
MMP9, their inhibitor TIMP1, and GAPDH expressions 
were assessed by western blot analysis. For this purpose, 
the lysates (20 mg protein/lane) were separated by electro-
phoresis on SDS PAGE gels and then transferred to poly-
vinylidene difluoride membranes as previously described 
(Baldea, 2013). Blots were incubated with antibodies 
against NF-kB 65 (Ser536) (93H1), MMP2, MMP9, TIMP1, 
and GAPDH and secondary peroxidase-coupled antibody 
(1:1000). GAPDH was used as the protein loading con-
trol. The visualization and detection of proteins were made 
using Supersignal West Femto Chemiluminescent substrate 
(Thermo Fisher Scientific) and a Gel Doc Imaging system 
equipped with an XRS camera.
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Histopathological analysis

For the histopathological analysis, the heads were harvested 
and fixed in 10% neutral-buffered formalin. After the com-
plete fixation, the heads were cleaned of skin, subcutaneous 
connective tissue and muscle, and decalcified with Richard-
Allan scientific decalcifying solution (Thermo Fisher Scien-
tific). When decalcification was completed, the tissues were 
transversely trimmed in four planes following the previously 
described technique by Kittel et al. (2004), and embedded 
with the rostral faces down in paraffin wax. The samples 
were sectioned to 4 mm thickness with a rotary microtome 
and stained with hematoxylin–eosin (H&E). The histological 
slides were examined using an Olympus BX41 microscope, 
and the histological images were obtained with an Olympus 
UC30 digital camera and further processed with the stream 
basic program.

To evaluate the outcome of the different doses of LPS, 
in association with or without SN extract at the nasal and 
paranasal mucosa, various features were assessed includ-
ing the exudate, inflammatory cell infiltration, goblet cell 
development, the aspect of the nasal and sinus epithelium, 
as well as signs of tissue remodeling, such as mucosal hyper-
trophy. The histopathologic grading scale, as described by 
Khalid et al. (2008) was used. The sections were examined 
and graded. Inflammation of the lamina propria, nasal and 
sinusal epithelium were graded from 0 to 4 (severe change), 
nasal and sinusal exudate was also graded from 0 to 4 
(severe change). Mucosal hypertrophy was classified from 
0 to 4 (severe change). Control sections were used to define 
the grade of 0. The histological grades of the treated animals 
were compared to the untreated group.

Statistical analysis

Experimental data were analyzed by one-way ANOVA 
test and for comparison between groups, the Tukey post-
test was applied using the GraphPad Prism 8 software. All 
data are shown as mean value and standard deviation. A p 
value < 0.05 was considered statistically significant.

Results

Characterization of Sambucus nigra L. fruit extract

The chemical composition of SN fruits is rich, these berries 
being known as a valuable source of dietary phytochemicals 
among which polyphenols and flavonoids are the main bio-
active compounds. The known elderberries curative proper-
ties are due to the presence of these secondary metabolites 
which are present in relatively high amounts compared to 
other fruits (Domingues et al. 2020). The total phenolic 

content of the SN fruit extract as evaluated by the Folin-
Ciocalteu method was 15.6 g GAE/l. This high amount of 
the phenolic compounds is primarily due to the presence 
of flavonols but also phenolic acids and anthocyanins. The 
total flavonoid content of the investigated fruit extract was 
6.43 catechin equivalents/l while the total anthocyanin con-
tent was 4.83 g cy-3-glu equivalents/l. These compounds are 
plant secondary metabolites well known for their free radi-
cal scavenging (antioxidant) capacity. The high antioxidant 
activity of the extract as determined by the ABTS radical 
cation discoloration method was 50.92 mM Trolox and can 
be associated with the therapeutic effects of these fruits.

The identification and quantification of the main polyphe-
nols from SN fruits was achieved by HPLC (Fig. 1).

The analysis revealed the presence of seven phenolic 
compounds (Table 1), among these three phenolic acids (i.e., 
gentisic acid, chlorogenic acid, 4-O-caffeoylquinic acid) and 
four flavonols (i.e., quercetin-3-O-rutinoside (rutin), isoquer-
citrin, quercitrin and quercetin).

Quercetin-3-O-rutinoside, also known as rutin, was the 
major compound found in a significant quantity. Rutin is a 
flavonoid glycoside with multiple pharmacological activi-
ties, such as, antioxidant, anti-inflamatory, cardiovascu-
lar, neuroprotective, antidiabetic, and anticancer activities 
(Ganeshpurkar and Saluja 2017; Erkan et al. 2020). Among 
these effects, rutin also exerts antibacterial and antiviral 
activity (Ganeshpurkar and Saluja 2017). The exact role of 
rutin on immune cells nasal inflammation is not well under-
stood. Study performed by Kim et al. (2015) investigated the 
effect of rutin on allergic rhinitis and reported that beside 
the anti-inflammatory effect, rutin inhibited intercellular 
adhesion molecules and the infiltrations of mast cells and 
eosinophils. In addition, rutin acts as a scavenger of free 
reactive oxygen species protecting against redox misbalance 
(Enogieru et al. 2018).

Another flavonoid glycoside compound which was found 
and quantified in SN extracts was isoquercitrin, which is 
known to have good anti-inflammatory properties (Rogerio 
et al. 2007). The quantities obtained are increased, but sig-
nificantly lower than those obtained for rutin.

Evaluation of oxidative stress in blood, nasal 
mucosa, lungs and brain

To quantify the presence of oxidative stress, malondialde-
hyde levels were evaluated in blood, nasal mucosa, lungs, 
and brain homogenates. Intranasal administration of LPS 
increased malondialdehyde level in all the investigated 
tissues, as compared to the control group, especially after 
high dose of LPS (p < 0.05 and p < 0.01), (Fig. 2). Also, a 
significant rise of malondialdehyde level was detected in 
nasal mucoasa after low dose of LPS (p < 0.05). Intranasal 
administration of SN extract diminished malondialdehyde 
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Fig.1   HPLC chromatogram 
of polyphenols from SN 
extract. The identified com-
pounds: chlorogenic acid (1), 
4-O-caffeoylquinic acid (2), 
isoquercitrin (3), rutoside (4), 
quercitrin (5), quercetin (6)

Table 1   The content in 
polyphenolic compounds in SN 
extract by HPLC–MS (µg/ml)

ªBellow quantification limit

Polyphenolic compounds No UV detection MS detection Concentra-
tion (μg/
mL)

Gentisic acid 2 No Yes a

Chlorogenic acid (1) 4 Yes Yes 26.749
4-O-caffeoylquinic acid (2) 5 Yes Yes 6.524
Isoquercitrin (3) 12 Yes Yes 87.883
Rutin (4) 13 Yes Yes 697.231
Quercitrin (5) 16 Yes Yes 1.487
Quercetin (6) 18 Yes Yes 3.257
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formation compared with rats that received LPS, but without 
statistically significance (p > 0.05).

Inflammatory markers and transcription factors 
assessment in blood, nasal mucosa, lungs and brain

To evaluate the local and systemic inflammation, the levels 
of IL-6, IL-1β and TNF-α were quantified by ELISA assay 
in blood, nasal mucosa, lungs, and brain homogenates.

High levels of IL-6 were found in blood, nasal mucosa, 
and brain in rats treated with low dose of LPS (p < 0.05 

for brain levels and p < 0.01 for blood and nasal mucosa) 
(Fig. 3a, b, d), as compared to untreated animals. Admin-
istration of a high dose of LPS also significantly increased 
the IL-6 levels in serum, nasal mucosa, and brain, as well 
as in the lungs (p < 0.05 and p < 0.01) (Fig. 3). The local 
administration of SN extract significantly diminished the 
IL-6 level in the nasal mucosa and blood, compared with 
groups treated only with both doses of LPS (p < 0.05 and 
p < 0.01), and in lungs compared to a high dose of LPS 
(p < 0.05) (Fig. 3a, b, c). In the lungs, the IL-6 secretion 
increased in rats treated with LPS low dose and SN extract, 

Fig. 2   Malondialdehyde levels in blood a nasal mucosa b lungs c and 
brain d homogenates in rats treated with LPS and SN extract. The 
rats were intranasal treated for 3 consecutive weeks, three times a 
week, with two different doses of LPS, with or without SN extract. 
Malondialdehyde levels were quantified in blood, nasal mucosa, 

lungs, and brain homogenates at 24  h after the last treatment. Data 
are means ± standard deviation. Statistical analysis was performed 
by a one-way ANOVA, with Tukey’s multiple comparisons posttest. 
*p < 0.05; **p < 0.01 as compared to the control group
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compared to those that received only LPS low dose, but 
without statistical significance (Fig. 3c).

After a low dose of LPS, IL-1β secretion increased in 
all the investigated tissues, the difference being statisti-
cally significant in the nasal mucosa (p < 0.05) (Fig. 4b). 
High dose of LPS significantly enhanced IL-1β levels in 
serum, nasal mucosa, and lungs (p < 0.05), as compared 
to the control group (Fig. 4a, b, c). The administration of 
SN extract, diminished IL-1β level in the nasal mucosa 

(p < 0.05) (Fig. 4b), compared with a LPS high dose, but 
without significant changes in the blood, lungs, and brain.

TNF-α quantified by ELISA displayed that repeated 
intranasal administration of LPS stimulated TNF-α secre-
tion in all the investigated tissues. Significantly high levels 
of TNF-α were found in blood, nasal mucosa, and lungs in 
rats treated with high dose of LPS (p < 0.05 and p < 0.01) 
(Fig. 5a, b, c), as compared to untreated animals. Admin-
istration of a low dose of LPS also significantly increased 
the protein level in the lungs (p < 0.05) (Fig. 5c). SN extract 

Fig. 3   IL-6 levels in blood a nasal mucosa b lungs c and brain d in 
rats treated with LPS and SN extract. The rats were intranasal treated 
for 3 consecutive weeks, three times a week, with two different doses 
of LPS, with or without SN extract. IL-6 secretion was quantified in 
serum, nasal mucosa, lungs and brain homogenates at 24 h after the 

last treatment. Data are means ± standard deviation. Statistical anal-
ysis was performed by a one-way ANOVA, with Tukey´s multiple 
comparisons posttest. *p < 0.05; **p < 0.01 as compared to control 
group and #p < 0.05, ##p < 0.01 compared to groups treated with LPS
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reduced TNF-α levels in the blood compared with rats 
treated with a LPS high dose (p < 0.05), but without signifi-
cant changes in the nasal mucosa, and lungs. The protein 
level slightly increased after administration of SN extract in 
brain in rats treated with a low dose of LPS without statisti-
cal significance (Fig. 5d).

Besides the inflammatory cytokines, the evaluation of 
NF-kB, metalloproteinases (MMP2, MMP9), and TIMP1ex-
pressions were also performed in nasal mucosa (Fig. 6).

The investigation of NF-kB expressed as ratios with 
GAPDH, showed significant differences between all 
the experimental groups (p < 0.001). So, both doses of 

LPS induced a significant increase of NF-kB expression 
(Fig. 6a), while the intranasal administration of SN extract 
amplified NF-kB, especially after a high dose (Fig. 6a). 
Western blot analysis of MMPs bands exhibited upreg-
ulation of MMP2 after the high dose of LPS compared 
to the untreated group and downregulation of TIMP1 in 
rats which received both doses of LPS. MMP9 expression 
decreased in rats treated with a low dose of LPS and SN 
extract compared to rats treated only with LPS (p < 0.001), 
as seen in Fig. 6c. SN extract upregulated MMP2 expres-
sion in rats treated with both doses of LPS and MMP9 
expression in association with a high dose of LPS. TIMP1 

Fig. 4   IL-1β levels in blood a nasal mucosa b lungs c and brain d in 
rats treated with LPS and SN extract. The rats were intranasal treated 
for 3 consecutive weeks, three times a week, with two different doses 
of LPS, with or without SN extract. IL-1β secretion was quantified 
in serum, nasal mucosa, lungs and brain homogenates at 24  h after 

the last treatment. Data are means ± standard deviation. Statistical 
analysis was performed by a one-way ANOVA, with Tukey’s multiple 
comparisons posttest. **p < 0.01 as compared to control group, and 
#p < 0.05 compared to groups treated with LPS
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expression increased significantly in rats treated with SN 
extract and both doses of LPS (Fig. 6d).

Histopathological analysis

To quantify the inflammation produced by intranasal admin-
istration of LPS and the impact of local administration of SN 
extract, a conventional histopathology analysis of the nasal 
mucosa and the paranasal sinuses in hematoxylin–eosin 
was performed. The analysis evaluated the exudate, inflam-
mation of the lamina propria, the aspect of the nasal and 

sinus epithelium, as well as the existence of signs of tissue 
remodeling.

In the control group, the histopathological analysis 
revealed no specific findings, with minimal inflammatory 
infiltrate of neutrophils only in nasal mucosa, the severity of 
the lesions being between 0 and 1 (Fig. 7a and 8a).

In animals treated with a low dose of LPS, the local 
changes were more evident in nasal mucosa (Fig. 7b). An 
exudate rich in neutrophils, moderate infiltration consisting 
of lymphocytes, neutrophils, and eosinophils, congestion of 
the lamina propria, with focal intraepithelial neutrophils, 

Fig. 5   TNF-α levels in blood a nasal mucosa b lungs c and brain d in 
rats treated with LPS and SN extract. The rats were intranasal treated 
for 3 consecutive weeks, three times a week, with two different doses 
of LPS, with or without SN extract. The TNF-α levels were quantified 
in serum, nasal mucosa, lungs and brain homogenates at 24  h after 

the last treatment. Data are means ± standard deviation. Statistical 
analysis was performed by a one-way ANOVA, with Tukey’s multi-
ple comparisons posttest. *p < 0.05 as compared to control group. 
#p < 0.05 compared to groups treated with LPS
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lymphocytes, and eosinophils were found. The semi-quan-
titative evaluation of lesions severity showed an average of 
3 + in all aspects analyzed. Instead, in sinusal mucosa, only 
a minimal focal lymphocytic and neutrophilic inflammation 
was noticed (Fig. 8b).

Animals treated with a high dose of LPS showed more 
evident changes in the nasal mucosa (Fig. 7c), with an 

important exudate rich in neutrophils and significant conges-
tion of the lamina propria extensively infiltrated by plasma 
cells, lymphocytes, eosinophils, neutrophils and few mac-
rophages. In the nasal epithelium, mixed inflammatory infil-
trate, goblet cells and squamous metaplasia were present. 
The severity of the nasal mucosa lesion showed an average 

Fig. 6   NF-kB, MMP2, MMP9 and TIMP1 expressions in nasal 
mucosa homogenates in rats treated with LPS with or without SN 
extract. Image analysis of the intensity of the Western blot bands 
was performed through densitometry and the data, normalized to 

GAPDH, are shown as graphs in a NF-kB b MMP2, c MMP9 and 
d TIMP1. Each bar represents mean ± standard deviation; *p < 0.05, 
** p < 0.01***, p < 0.001 as compared to control group, ##p < 0.01, 
###p < 0.05 compared to groups treated with LPS
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of 3 + compared to paranasal sinuses, where the inflamma-
tory changes were minimal (1 +), (Fig. 8c).

In both groups treated with LPS, the histopathological 
analysis showed no signs of mucosal hypertrophy suggest-
ing a negligible progression to a tissue remodeling process. 
SN extract administered in rats associated with low dose 
of LPS reduced the exudate. However, a slight degree of 

inflammation in lamina propria, with lymphocytic, neutro-
philic and eosinophilic infiltrate was present (Fig. 7d). In 
animals treated with high dose of LPS and SN extract, the 
exudate in nasal mucosa was slightly reduced, with focal 
neutrophils and lymphocytes in the lamina propria and the 
epithelium (Fig. 7e).

Fig. 7   Histopathological images of nasal mucosa of Wistar rats 
after three times a week, for 3 consecutive weeks of intranasal LPS 
administration with or without SN extract. All panels represent nasal 
mucosa sampling areas in H&E-stained sections. In each panel, rep-

resentative pictures from control a LPS 5  µg b LPS 10  µg c LPS 
5 µg + SN d and LPS 10 µg + SN e are shown. The nasal septum is 
marked by an asterisk, nasal turbinates by black arrowheads, lamina 
propria with arrows, and nasal-liminal exudates by red arrowheads
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Discussion

This study aimed to explore the anti-inflammatory and 
antioxidant potential of SN extract, and its effect against 
mucosal remodeling in subacute rhinosinusitis in rats, 
induced by intranasal administration of LPS. The results 
demonstrated that SN extract diminished the local inflam-
mation and inhibited the secretion of pro-inflammatory 
cytokines, attenuated histopathological changes, and 
decreased the generation of ROS. Additionally, SN extract 
influenced MMPs expressions and upregulated TIMP1, 
suggesting a possible protective role of SN on tissue 
remodeling.

The experimental model was chosen for several reasons: 
firstly, subacute rhinosinusitis is a frequent condition charac-
terized by persistent inflammation in the mucous membranes 
from the nasal cavity and the paranasal sinuses (Meltzer 
et al. 2004). Cytokines, chemokines and ROS generated 
through NF-kB pathway activation are key factors that 
amplify the secretion of cytokines and aggravate the inflam-
mation (Opris et al. 2017). Secondly, local inflammation and 
oxidative stress lead to activation of matrix metalloprotein-
ases (MMPs), especially 2 and 9, findings noticed in patients 
with chronic rhinosinusitis (Van Bruaene and Bachert 2011). 
Activated MMPs lead to degradation of the extracellular 

matrix and contribute to irreversible structural changes of 
nasal and sinus mucosa (Van Bruaene and Bachert 2011; 
Klein and Bischoff 2011). Thirdly, therapeutic strategy 
in subacute and chronic rhinosinusitis aims to reduce the 
inflammation and restore mucociliary clearance to prevent 
mucosal remodeling. Although medical and surgical treat-
ment is often effective, there are still patients with subacute 
and chronic rhinosinusitis who do not respond favorably to 
standard therapy, probably due to the local changes in the 
nasal mucosa. Therefore, the alternative therapies, such as 
herbal medicines with anti-inflammatory properties, can be 
a good option, especially for the prevention of local changes 
progression to severe disease (Yoruk et al. 2010; Passali 
et al. 2018).

Several studies have attributed the anti-inflammatory 
properties of SN extract due to the inhibition of pro-inflam-
matory cytokines releasing from macrophages and the sup-
pression of neutrophils activation (Harokopakis et al. 2006; 
Bartak et al. 2020). These effects are related to the inhibi-
tion by SN extract of NF-kB and phosphatidylinositol (PI) 3 
kinase activation (Harokopakis et al. 2006). Moreover, sev-
eral studies have shown that SN extract could inhibit MMPs 
activity and inflammation in different pathological condi-
tions including periodontal (Oberbaum et al. 2016) and liver 
disease (Opris et al. 2017). As far as we know, there are no 

Fig.8   Histopathological images of sinusal mucosa of Wistar rats after 
three times a week, for 3 consecutive weeks of intranasal LPS admin-
istration with or without SN extract. All panels represent sinusal 
mucosa sampling areas in H&E-stained sections. In each panel, rep-

resentative pictures from control a LPS 5  µg b LPS 10  µg c LPS 
5 µg + SN d and LPS 10 µg + SN e are shown. Nasal sinus mucosa is 
marked by the black arrowhead, the sinusal lamina propria by black 
arrows, and the nasal-liminal exudates by red arrowheads
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reported studies in the literature regarding the effect of SN 
extract on the MMPs expression in rhinosinusitis.

To induce a subacute rhinosinusitis in rats, the intrana-
sal administration of LPS in two different doses (5 μg and 
10 μg), three times a week, for 3 consecutive weeks, was 
used. To quantify the effects of LPS administration, the 
cytokines IL-6, IL-1β, TNF-α and oxidative stress marker 
(malondialdehyde) in blood, nasal mucosa, lungs and brain, 
were evaluated. In addition, NF-kB, MMP2, MMP9 and 
TIMP1 expressions in the nasal mucosa, along with the his-
topathological analysis of the nasal mucosa, were assessed. 
The IL-6, IL-1β, and TNF-α levels increased in rats treated 
with both doses of LPS in all the investigated tissues, espe-
cially in the nasal mucosa, blood, and lungs. Moreover, both 
doses of LPS enhanced IL-6 secretion in the brain, suggest-
ing that local administration of LPS may induce a systemic 
inflammation with the involvement of the lungs and brain. 
Our results are in agreement with other studies and con-
firmed the secretion of cytokines in chronic rhinosinusitis 
in parallel with the upregulation of NF-kB (Kim et al. 2011; 
Wang et al. 2017; Geng et al. 2019). Inflammation activates 
the NF-kB pathway which increases production of cytokines 
and ROS (Opris et al. 2017). Similar to other studies (Uslu 
et al. 2003; Yoruk et al. 2010; Istratenco 2019), the malondi-
aldehyde formation enhanced in all investigated tissue, espe-
cially after the high dose of LPS, suggesting the important 
role of persistent inflammation in ROS production.

The local inflammation also stimulates MMPs in mac-
rophages and inactivates their inhibitors TIMPs (Okamoto 
et al. 2004), both having an essential role in tissue remod-
eling. Thus, increased expression of MMPs or reduced 
TIMP-1 could induce destructions of the extracellular 
matrix, with tissue damage and remodeling process (Rehl 
et al. 2007; Lou et al. 2018).

Several studies investigated the role of MMPs in chronic 
rhinosinusitis. Can et al. (2008) demonstrated that MMPs 
activation is a key factor for progression to chronic rhinosi-
nusitis or nasal polyps. Li et al. (2010) reported that MMP-9 
is likely associated with airway remodeling in chronic rhi-
nosinusitis with nasal polyps. Malinsky et al. (2013) also 
confirmed a significant increase of MMP-9 expression in 
chronic rhinosinusitis with nasal polyps.

On the other hand, the role of MMP-2 in nasal polyps’ 
formation in chronic rhinosinusitis is quite controversial and 
unclear. Thus, studies performed by Bhandari et al. (2004), 
Can et al. (2008), and Malinsky et al. (2013), demonstrated 
a higher expression of MMP-2 in the nasal polyposis tis-
sue, while other authors did not found significant values of 
MMP2 in this condition (Ozgul et al. 2008; Li et al. 2010). 
In our study, the MMP2 upregulation was demonstrated after 
the high dose of LPS in parallel with the low expression 
of TIMP1. To evaluate the sinonasal mucosal remodeling 
in rats, a histopathological examination was performed and 

suggestive changes for subacute inflammation were noticed 
after LPS administration. An exudate rich in neutrophils, 
substantial congestion of the lamina propria, inflammatory 
infiltrate with neutrophils, lymphocytes, and eosinophils, 
goblet cells and squamous metaplasia at the nasal epithelium 
were identified. Wang et al. (2017) found, in a mouse model 
of chronic rhinosinusitis induced by LPS, using the same 
doses administrated three times a week, for 3 consecutive 
months, high levels of inflammatory cytokines and neutro-
philic nasal polyps in the nasal mucosa. In our study, LPS 
administration induced a local inflammatory response with 
secretion of cytokines, without signs of sinonasal mucosa 
thickening, or nasal polyp formation, although MMP2 
expression increased significantly in rats treated with a high 
dose of LPS and TIMP1 was downregulated. Our results can 
be explained by a shorter time of treatment and evaluation, 
or probably by the young age of the animals.

Several in vivo studies demonstrated the anti-inflam-
matory and antioxidant propreties of SN extract in airways 
inflammation. In an in vivo study (Ismail 2005), different 
groups of mice were inoculated with Streptococcus pneu-
moniae and treated with antibiotic, corticosteroids and SN 
extract. A reduction in bacterial growth after 4 and 8 days 
of treatment was demonstrated in all the studied animals 
(Ismail 2005). Moreover, SN administered in mice with 
allergic asthma induced by alum-emulsified-ovalbumin, 
reduced cytokines levels and oxidative stress, as well as lung 
congestion and inflammation (Alrumaihi et al. 2020).

Our study demonstrated that SN extract diminished the 
severity of rhinosinusitis by the regulation of pro-inflam-
matory cytokines secretion. The present study showed 
a decrease in malondialdehyde levels compared to rats 
receiving only LPS, but without statistical significance. 
It is generally accepted that inflammation and oxidative 
stress are interdependent pathophysiological processes 
(Toiu et al. 2019). Inflammation promotes the oxidative 
stress with generation of ROS at the site of inflamma-
tion which will further exaggerate inflammation through 
activation of multiple pathways, especially activation of 
transcription factor NF-kB (Biswas 2016). Both, the anti-
inflammatory and antioxidant propreties of SN extract 
were demonstrated in different studies. Sometimes the 
antioxidants do not inhibit oxidative stress and the associ-
ated inflammation at the same time and same proportion, 
or may even block some of the oxidative and/or inflam-
matory pathways and exaggerate the others (Biswas 2016; 
Toiu et al. 2019). This could be responsible for the failures 
of the antioxidants. Therefore, more and deeply studies are 
needed to clarify these aspects. Increased cytokines and 
malondialdehyde levels in the blood, lungs and brain high-
lighted that local inflammation progressed to a systemic 
one. The SN extract reduced the inflammatory cytokines, 
especially in the blood, with a slight decrease in the lungs 
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and brain. Therefore, SN extract also proves its systemic 
anti-inflammatory properties.

Increased cytokines and malondialdehyde levels in the 
blood, lungs and brain highlighted that local inflammation 
progressed to a systemic one. The SN extract reduced the 
inflammatory cytokines, especially in the blood, with a 
slight decrease in the lungs and brain. Therefore, SN extract 
also proves its systemic anti-inflammatory properties. Addi-
tionally, SN extract downregulated MMP9 in rats treated 
with a low dose of LPS in parallel with the improvement 
of the TIMP1 expression. MMPs regulate the inflammatory 
reaction by processing the monocyte chemoattractant pro-
teins to reduce the agonist activity of chemokine receptors 
and generate antagonist gradients (McQuibban et al. 2002; 
Manicone and McGuire 2008). This process depletes the 
cellular infiltrates and decreases the number of leukocytes 
that express these receptors (McQuibban et al. 2002). SN 
extract amplified MMP2 expression in rats treated with both 
doses of LPS and MMP9 expression in association with a 
high dose of LPS, suggesting its stimulatory role on MMPs. 
It is known that MMPs are highly expressed in different 
conditions involving inflammation due to their activation by 
local cytokines and chemokine. In our study, the expression 
of MMP2 and MMP9 was significantly higher in animals 
treated with a high dose of LPS and SN extract. Probably, 
LPS in a high dose generates an intense inflammatory reac-
tion, and SN extract stimulates MMPs expression to regulate 
the inflammatory process and to prevent tissue damage and 
mucosal remodeling. In rats treated with LPS high dose and 
SN extract, NF-kB expressions increased and its activation 
could regulate the transcription and expression of MMPs. 
However, more studies are required to clarify the effect of 
SN extract on NF-kB activity and MMPs expression, par-
ticularly in severe inflammatory reaction.

The histopathological analysis of the nasal and sinus 
mucosa revealed that SN extract diminished the exudate, 
the congestion, and the inflammatory cells infiltration. These 
results demonstrated the protective role of SN extract on 
nasal and sinusal inflammation and also proved the protec-
tive effect on different tissues as response to inflammation.

Conclusions

The present study suggests that SN extract could attenu-
ate the inflammatory response, including the production of 
cytokines, and the histopathological changes, as well as the 
generation of ROS in LPS-induced subacute rhinosinusitis in 
rats. The results also revealed that SN extract administration 
influenced MMPs expressions, the effect being dose depend-
ent. Thus, at a low dose of LPS, SN extract reduced MMP9 
expression while at high dose of LPS, SN extract upregu-
lated these enzymes through the activation of NF-kB. These 

data could suggest that SN extract may have a protective role 
in vascular remodeling and the effect is different depend-
ing on the dose used. More in vivo studies are required to 
investigate the SN extract effects on the tissue remodeling 
process in subacute rhinosinusitis.
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