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Abstract

Osteoarthritis (OA) , known as an inflammatory disease, affects the quality of life of countless people all around the world. In

this ex vivo study, the anti-inflammatory effects of alcoholic extract S. lavandulifolia Vahl were investigated. Anti-inflammatory

effects S. lavandulifolia Vahl. was evaluated based on measuring the levels of mRNA expression of pro-inflammatory genes

including TNF-α , iL-1β , COX-2, and iNOS in bovine fibroblast-like synoviocytes and the levels of NO and PGE2 in Human

THP-1 cells. Cells were treated with 100 ng/ml LPS in both the absence and presence of Alcoholic Extract S. lavandulifolia

Vahl (AESL) (7.5μg/ml) that had no cytotoxic effects, as measured with MTT and trypan blue assays. Results showed that S.

lavandulifolia Vahl. downregulated TNF-α (41.24%), iL-1β (47.12%), COX-2 (44.92%), and iNOS (45.34%) expression in BFLS,

downregulated TNF-α (56.8%), iL-6 (58.04%) and iL-18 (52.59%) in THP-1 activated cells and this suppression was paralleled

by a significant reduction in PGE2 (52.12%) and NO (51.06%) in cellular supernatant of THP-1. For the first time, our results

suggested that S. lavandulifolia Vahl exerts has anti-inflammatory effects through the suppression of TNF-α, IL-1β, COX-2, and

iNOS in bovine fibroblast synoviocytes along with the reduction in NO and PGE2 production in THP-1 cells.
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ABSTRACT  

Background: Osteoarthritis (OA)1, known as an inflammatory disease, affects the quality of life 

of countless people all around the world. In this ex vivo study, the anti-inflammatory effects of 

alcoholic extract S. lavandulifolia Vahl were investigated.  

Purpose: Anti-inflammatory effects S. lavandulifolia Vahl. was evaluated based on measuring the 

levels of mRNA expression of pro-inflammatory genes including TNF-α2, iL-1β3, COX-2,4 and 

iNOS5 in bovine fibroblast-like synoviocytes6 and the levels of NO7 and PGE2
8 in Human THP-1 

cells. 

Experimental Approach:  Cells were treated with 100 ng/ml LPS in both the absence and 

presence of Alcoholic Extract S. lavandulifolia Vahl (AESL)9 (7.5µg/ml) that had no cytotoxic 

effects, as measured with MTT and trypan blue assays.  

Results: Results showed that S. lavandulifolia Vahl. downregulated TNF-α (41.24%), iL-1β 

(47.12%), COX-2 (44.92%), and iNOS (45.34%) expression in BFLS, downregulated TNF-α 

(56.8%), iL-6 (58.04%) and iL-18 (52.59%) in THP-1 activated cells and this suppression was 

paralleled by a significant reduction in PGE2 (52.12%) and NO (51.06%) in cellular supernatant 

of THP-1.  

                                                           
1 . Osteoarthritis (OA) 

2 . tumor necrosis factor-alpha (TNFα) 

3.  interleukin 1 beta (iL-1β) 

4.  cyclooxygenase-2 (COX-2) 

5.  inducible nitric oxide synthase (iNOS) 

6 . bovine fibroblast-like synoviocytes (BFLS) 

7.  nitric oxide (NO) 

8 . prostaglandin E2  (PGE2) 

9 . Alcoholic Extract S. lavandulifolia (ASEL)  

10. Matrix Metalloproteinase (MMPs) 
11. Dimethyl sulfoxide (DMSO) 
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Conclusion: For the first time, our results suggested that S. lavandulifolia Vahl exerts has anti-

inflammatory effects through the suppression of TNF-α, IL-1β, COX-2, and iNOS in bovine 

fibroblast synoviocytes along with the reduction in NO and PGE2 production in THP-1 cells.  

 

Keywords: IL-1β, TNF-α, iNOS, Stachys lavandulifolia, THP-1 

1. Introduction 

Osteoarthritis is a very common musculoskeletal rheumatic disorder and its prevalence in 2017 

affected 303 million (James et al., 2017) and at least 50% of the elderly with osteoarthritis of the 

knee and pelvis (Sharma et al., 2006). Osteoarthritis can affect any joint, but preferably affects the 

joints of the knee, arms, pelvis, and spine, causing pain and disability. Its economic costs to 

patients and the community are also significant, and in 2016 it was described as a serious disease 

by the Osteoarthritis Research Society International (OARSI) (March et al., 2016). The main 

symptom of the disease is pain, which is more common than joint stiffness and disability (Trouvin 

et al., 2018). Pain can be caused by an inflammatory condition caused by pro-inflammatory 

cytokines, which leads to a neuropathic pain condition with the gradual onset of nerve damage, in 

turn (Orita et al., 2011). Inflammation of the synovial membrane, followed by the production of 

several cytokines, such as alpha tumor necrosis factor, interleukins, and nerve growth factor, play 

a major role in its pathogenesis. TNF-α activates sensory neurons directly through its receptors 

and initiates a series of inflammatory reactions through the production of interleukins (Ohtori et 

al., 2004: Pollock et al., 2002). The degenerative changes in osteoarthritic joints are triggered by 

a series of biochemical events including excess production of the proinflammatory cytokines 

interleukin-1- beta (IL-1b) and tumor necrosis factor-alpha (TNF-a). Overproduction of these 

cytokines stimulates cartilage matrix degradation by inhibiting the production of proteoglycans 

and type II collagen while upregulating the production of matrix-degrading enzymes such as 

matrix metalloproteinase (MMPs). These cytokines also upregulate the expression of COX-2 and 

iNOS, two potent proinflammatory enzymes that lead to increased synthesis of PGE2, and NO. 

Because cartilage degeneration is directly linked to elevated levels of iL-1b, TNF-a, COX-2, and 

iNOS expression, the use of compounds that inhibit the expression of these proinflammatory 

mediators is a promising treatment strategy for managing the catabolic symptoms of OA (Au et 

al., 2007). The morphological changes observed in OA include cartilage erosion as well as varying 

degrees of joint inflammation. These changes are related to a complex network of biochemical 

factors, including proteolytic enzymes, which lead to the breakdown of cartilage macromolecules. 
The exact mechanisms involved in the pathogenesis of OA are not yet well understood. OA 

pathogenicity appears to be the result of complex interactions between mechanical, cellular, and 

inflammatory factors (Chen et al., 2020). in response to environmental stimuli, macrophages 

(resident and inflammatory macrophages) can be classified based on activation: classical active 

macrophages (proinflammatoryM1) and alternative activated macrophages (anti-inflammatory 

M2). M1 macrophages are pro-inflammatory and have a central role in host defense against 

infection, while M2 macrophages (alternatively activated macrophages) are associated with 

responses to anti-inflammatory reactions and tissue remodeling, and they represent two terminals 

of the full spectrum of macrophage activation. Transformation of different phenotypes of 

macrophages regulates the initiation, development, and cessation of inflammatory diseases (Liu et 

al., 2020). M1 macrophages are stimulated by interferon-γ, lipopolysaccharide, granulocyte 

colony-stimulating factor, or TLR, to produce high levels of pro-inflammatory cytokines such as 

iL-1β. (Tan et al., 2016). M2 macrophages have anti-inflammatory action and help to repair tissue 

and eliminate inflammation. M2 and M1 macrophages can also regulate wound healing. M2 

macrophages by iL-4 and iL-13 to produce inflammatory anti-inflammatory cytokines such as iL-
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10, iL-1α, TGF-β and Rrg-1, activate the Th2 immune response and anti-inflammatory functions 

(Biswas and, Mantovani, 2010: Gu et al., 2017). Under normal conditions, most macrophages 

show the M2 phenotype to maintain tissue homeostasis (Dey et al., 2015). In inflammation, 

macrophages are activated and polarized to an M1 phenotype. These M1 macrophages have three 

main functions, delivery of antigens, phagocytosis and modulation of the immune system through 

the production of pro-inflammatory nitric oxide and cytokines, which can lead to tissue damage 

(Ma et al., 2019: Fujiwara and Kobayashi, 2005). During inflammation, macrophages become 

predominantly a polar M1 phenotype and can repair damaged tissues and restore tissue 

homeostasis by producing anti-inflammatory cytokines and cytokine antagonists (Nakkala et al., 

2020). In the synovium of patients with OA, abundant pro-inflammatory cytokines have been 

found that are responsible for inflammation and cartilage destruction, and the accumulation of 

macrophages in the synovial mucosa can be identified as characteristic of synovitis (Shapouri‐

Moghaddam et al., 2018 ). Both inflammatory and destructive responses are to be highly dependent 

on macrophages, which play an important role in the pathogenesis of OA by inducing 

inflammatory mediators, growth factors, and proteinases (Takano et al., 2016: Bondenson et al., 

2010). The balance between macrophages M1 and M2 may be disturbed in OA, and the degree of 

imbalance will be associated with severe OA levels. Decreased activity of synovial macrophages 

from subtypes M1 to M2 may contribute to the onset and progression of OA (Xue et al., 2019: 

Barboza et al., 2017). In the synovium of OA patients, M1 cytokines, including iL-12, iL-1β, and 

TNF-α, increase, while cytokine M2 decreases iL-1α. In OA, macrophage activation can be caused 

by cartilage damage through the secretion of Matrix Methaloproteinase-1, Methaloproteinase-3 

and Methaloproteinase-9, cytokines, and growth factors. Possible mediators, including damage-

associated molecular patterns (DAMPs), leak into damaged joint cartilage and activate synovial 

macrophages. Activation of synovial macrophages leads to the release of proinflammatory 

cytokines as well as catabolic and anabolic agents that can cause osteophyte formation (Liu-Bryan, 

2013: Bloom et al., 2007). 

Until now, therapies for OA commonly focused on the palliation of pain and discomfort, 

improvement of functional movement, and prevention of further degeneration. Thus, the primary 

approach to the clinical treatment of OA involves the extensive use of NSAIDs, analgesics, and 

hyaluronan which allows the brief symptomatic relief but provides no apparent disease-modifying 

effect (Abramoff and Caldera, 2020). Concerning pharmacologic treatment, NSAIDs are the most 

common prescription for pain relief in OA (Cho et al., 2015). Unfortunately, some patients cannot 

use NSAIDs due to their adverse effects on the gastrointestinal system, including dyspepsia, 

ulceration, upper Gl bleeding, and perforation of the stomach or duodenum (Turajane et al., 2009). 

Since respects plants have very few side effects, the use of medicinal plants is rising to overwhelm 

the world (Salmerón-Manzano et al., 2020).  At current treatments, medicinal plants especially S. 

lavandulifolia in Iran are abundantly grown and traditionally used as a seasoning and spices for 

food. S. lavandulifolia L. is an aromatic plant that belongs to the Labiatae family (Modarresi et al., 

2020).  In Iran, S. lavandulifolia is widely found in Azerbaijan, Golestan, Khorasan, Mazandaran, 

and Tehran provinces (Morteza-Semnani et al., 2006).  S. lavandulifolia Vahl. is a native plant that 

is widely distributed in different regions of Iran and known as “Chaye-e-Kohi” or “Lolopashmak” 

and is known as “Betony” in English (Mahzooni-kachapi et al., 2012).  It is used as an herbal tea 

in gastrointestinal disorders, inflammatory diseases, anxiolytic, cough, sedative, antispasmodic, 

diuretic, ulcers, fevers, and diarrhea (Tomou et al., 2020).  Its aerial parts are used as antipyretic, 

anti-inflammatory, spasmolytic, and sedative medicament (Bahrami Babaheydari et al., 2015). 

Pharmacological properties of this plant such as anti-inflammatory, anti-anxiety, antibacterial, 

antinephritic, anticancer, anti-Helicobacter pylori, antimicrobial, and antioxidant activities have 

also been reported (Noroozloo et al., 2015). Many studies have shown that S. lavandulifolia aerial 
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parts are a source of compounds such as tyrosinase, Butyrylcholinesterase inhibitors (HGNC 

symbol BCHE; EC 3.1.1.8), also known as BChE, BuChE,  Acetylcholinesterase inhibitors 

(HGNC symbol ACHE; EC 3.1.1.7) , also known as AChE or acetyl hydrolase, which are used for 

the treatment of neurodegenerative disorders (Tundis et al., 2015 ). Researchers showed that S. 

lavandulifolia extracts protected gastric mucosa from the alcohol-induced gastric ulcer 

(Nabavizadeh et al., 2011). The role of aerial parts of wood betony (S. lavandulifolia) in the 

phytotherapeutic management of polycystic ovary syndrome is also investigated (Jalilian et al., 

2013). The strong effect of hydroalcoholic extracts of S. lavandulifolia Vahl leaves on Leishmania 

major is proven (Asadi et al., 2015). Phytochemical studies demonstrated the presence of 

monoterpenes, sesquiterpenes, phenylethanoid glycosides, and iridoids as main constituents in S. 

lavandulifolia (Pirbalouti et al., 2013). Considering the growing interest in to use of herbal and 

phytochemical products in the treatment of OA, this study aimed to evaluate the anti-inflammatory 

effect of S. lavandulifolia on Osteoarthritis diseases. 

 

2. Material and method 

2.1. Reagents 

DMEM-F12 medium, RPMI-1640 medium, L glutamine, FBS, sodium bicarbonate, vimentin 

antibody, glucose, 4-(2-hydroxyethyl) piperazine-1- ethane sulfonic acid (HEPES), sodium 

pyruvate, Ascorbic Acid, Trypan Blue, MTT assay kite, Griess reagent, LPS (Escherichia coli 

serotype O127:B8) and β-mercaptoethanol were purchased from Sigma-Aldrich, UK. PGE2 

immunoassay was purchased from Invitrogen USA, Gentamycin was purchased from Daropakhsh, 

Tehran, Iran. Penicillin and Streptomycin were purchased from BIO IDEA Tehran, Iran. RNA 

Extraction kite, M-MLV Reverse Transcriptase, and Taq polymerase, all of the primers and PCR 

reagent were purchased from CinnaGene Iran.  Amphotericin B was purchased from Cipla, 

Mumbai, India. TPP tissue culture flask TPP Techno Plastic Product AG Zollatrasse, was 

purchased from Switzerland. Penicillin and streptomycin, Trypsin EDTA 0.5%, were purchased 

from BIOIDEA (BIO IDEA, Tehran, IRAN), Gentamycin from Daropskhsh (Iran), Amphotericin 

B (Cipla, Mumbai, INDIA), Dimethyl sulfoxide, RNA isolation kit, RT-PCR,   (CinaClone, and 

Tehran, Iran) 

2.2. Ultrasonic extraction  

In this method, ultrasonic waves with a frequency of 20 to 2000 kHz were used (Bajer et al., 2007  

). These waves increase the permeability of the cell wall and cause a gap. To extract this method, 

10 g of powdered dried plant leaves, 100 ml of methanol, and a few drops of acetic acid were 

added to the plant sample and then mixed to obtain a nearly homogeneous solution. The container 

with the glass lid and parafilm tape was completely closed and the solution was placed in the 

ultrasonic device for 30 minutes. After 30 minutes when the mixture was irradiated with 

ultrasound, the mixture was smooth and after decontamination with a rotary evaporator and 

complete drying, a dark extract was obtained which was used to measure the biological properties. 

The weight of the obtained extract was 2.1 g. Powder (1mg) was dissolved in DMSO and stored 

as aliquots (20 mM) at -20°C until used. The chemical composition of the plant extract was 

determined using Gas Chromatograph (GC). 

 

3. Cell culture 

3.1. Isolation and cultivation of synovial cells  

Articular fluid culture was obtained by an innovative method (Dr. Maghsoudi). Synovial cells were 

isolated from biopsy of synovial membrane of metacarpal joints fluid from 8 months old local 

cattle from slaughter house. After aspiration, the joint fluid was spread dropwise to a plate 

containing the culture medium. Dulbecco’s Modified Eagle Medium supplemented with 15% fetal 

https://en.wikipedia.org/wiki/Butyrylcholinesterase#Nomenclature
https://en.wikipedia.org/wiki/HUGO_Gene_Nomenclature_Committee


5 
 

bovine serum, 50 mg/ml ascorbic acid, and 50 mg/ml, Penicillin 100 U/ml, Streptomycin 100 µ/ml, 

Amphotericin B 0.25 µg/ml .The plates were placed in a humidified atmosphere with 5% carbon 

dioxide at 37◦C, and the medium was entirely replaced with fresh medium with intervals of 21 

days. Cell passage was performed for up to 3 generations so that the type A cells (macrophage / 

monocyte) were gradually removed from the culture medium and the type B cells (synoviocytes) 

were uniformly placed on the plate. 

3.2. Characterization of bovine fibroblast like synoviocyte 

Bovine fibroblast like synoviocytes were characterized by immune staining with vimentin, a 

specific cellular marker for mesenchymal cells (Eriksson et al., 2009). Whole cell lysates were 

prepared from approximately 2 × 105 cells by homogenization in the lysis buffer and subsequent 

centrifugation at 30678 g for 15 min. The protein concentration in the supernatant was determined 

using the Bradford method (Bio-Rad, Hercules, CA, USA). Protein samples were separated on 

12% SDS-PAGE and then transferred onto nitrocellulose membranes (Amersham Pharmacia 

Biotech, Uppsala, Sweden). The membranes were incubated with primary antibody 1× SDS, the 

loading buffer was added to the lysis sample and boiled for 10 min, and the samples were then 

loaded on 12% SDS-PAGE. The proteins were transferred onto a nitrocellulose membrane and the 

surface of the membrane was blocked overnight in the blocking buffer (PBS, pH 7.3, 0.5% BSA, 

and 0.5% T-20). The filter was washed three times for 20 min each in the washing buffer (PBS, 

pH 7.3, 0.05% BSA, and 0.05% Tween-20). After washing, the filter was incubated with primary 

mouse antibody specific for the vimentin at 1:200 dilution for 1 h at 37 °C. After incubation, the 

filter was washed three times for 10 min each in the washing buffer. This was followed by 

incubation in secondary antibody (goat anti-mouse IgG, alka line phosphates conjugate) (Sigma, 

USA), and 1:5000 dilution was achieved in the washing buffer for 2 h at room temperature. After 

incubation, the filter was rinsed twice with alkaline phosphate buffer (Tris-HCl, pH = 9.5 100 mM, 

NaCl 100 mM, and MgCl2 50 mM) and then incubated in the substrate solution (66 μl of 50 mg/ml 

of nitro blue tetrazolium [NBT] and 33 μl of 50 mg/ml of bromochloroindiyl phosphate [BCIP] 

were added to 10 ml of alkaline phosphate buffer), at room temperature with gentle agitation out 

of the light until a band appeared. To confirm that fibroblast like synoviocyte cultures were not 

contaminated CD14 expression (Ceciliani et al., 2021) was evaluated by reverse transcription 

polymerase chain reaction (RT-PCR). Total RNA extraction was performed using a commercial 

kit (SinaClon kit IRAN). RNA conversion to cDNA was performed using the commercial kit 

Superscript FirstStrand Synthesis System for RT-PCR (two-step RT-PCR; Vivantis) and real-time 

PCR were performed with SinaClon. Two microliters of cDNA was amplified by specific 

oligonucleotide  primers for CD 14 (forward: 3′-CTG GAA GCC GGC G-5′; reverse: 5′-AGC 

TGA GCA GGA ACC TGT GC-3′). Primer sequences were  selected to amplify both human and 

bovine genomes and were from separate exons to exclude a possible genomic DNA contamination 

of the RNA samples. PCR reactions were performed in 25 ml containing 1 U Taq DNA polymerase 

(SinaClon, Iran), 25 pmol of each primer, and 200 Mm deoxynucleotide triphosphates (dNTPs) in 

1× PCR buffer (10 mM Tris, pH 8.3, 50 mM KCl, and 1.5 mM MgCl2). Cycling parameters were 

as follows: 1 min at 94 °C, 1 min at 55 °C, and 1 min at 72 °C for CD14. The size of the amplified 

sequence was 403 bp. mRNA from human macrophages was used as a positive control for CD14 

expression. PCR products were  analyzed on 1.5% agarose gel and stained with ethidium bromide. 

 

3.3. Human THP-1 

Human THP-1 monocyte/macrophage-like cells (Pasteur Institute of Iran) defrost  in the laboratory 

were propagated in control media containing: RPMI-1640 medium ,  supplemented with 2mM L-

glutamine , 10% FBS, 1.5 g/l sodium bicarbonate, 4.5 g/l glucose,  10mM 4-(2-hydroxyethyl) 

piperazine-1-ethane sulfonic acid (HEPES), 1.0mM sodium pyruvate,  0.05mM β-
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mercaptoethanol and 50 mg/ml Gentamycin, Penicillin 100 U/ml, Streptomycin 100 µ/, 

Amphotericin B 0.25 µg/ml . Cells were pelleted via centrifugation  at 2236 g for 5 minutes, 

supernatant was throughout, pellet was homogenized in RPMI-1640 medium and assessed for 

viability using the Trypan blue exclusion method. Viable cells were plated in six-well plates at a 

density of 5 x 105 cells/well and treated the same day (Schildberger et al., 2010). 

 

3.4. Cell viability 

3.4.1. MTT Assay 

MTT assay and trypan blue were  used to investigate the cytotoxic effect of the aqueous extract of 

AESL.  MTT, a yellow tetrazole, is  reduced to purple formazan by succinate dehydrogenase 

(SDH) in the mitochondria of living cells. To dissolve the insoluble purple formazan product into 

a colored solution, DMSO was added. The absorbance of this colored solution was measured   by 

a spectrophotometer at a wavelength between 500 and 600 nm (Garbison et al., 2004). 

3.4.2. Trypan Blue Assay 

One of the primary and common methods for measuring cell viability is the trypan block staining 

method. Trypan blue is an azo dye that is impermeable to the cell membrane and therefore only 

enters the cell with the damaged membrane. Upon entering the cell, trypan blue binds to 

intracellular proteins, leaving the cells blue. Trypan blue staining method allows direct 

identification and counting of living (unstained) and dead (blue) cells in a specific population [33]. 

In this method, a cell suspension is simply mixed with trypan  blue and then visually examined. Is 

placed to determine if the cells are dying or not. Transfer 100μL (1  104 cells/ well)  of THP-1 

and BFLSc cells were seeded into, two 12- wells plates and treated with the following: vehicles 

control (DMa SO), AESL at the concentration (0, 1x10-3, 5x10-1, 1x10-2, 5x10-2, 1x10-1, 5x10-1, 5, 

10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 95 and 100  ng/mL). The cells were 

treated for 24, 48, and 72 hours’ exclusion assay has performed the procedure to assess cell  

viability. After trypsinization, counting the unstained (viable) and stained (nonviable) cells 

separately under the microscope in four 1 x 1 mm squares of one chamber of hemcytometer and 

determine the average number of cells per square. The viability assay was repeated three times 

(Strober, 2001).  

3.5. Treatment procedure 

Making 1000 µg solution of AESL was  dissolved  in 10 mL of DMSO and diluted with DMEM 

(without supplementation). The optimal experimental concentration of AESL was  first determined 

by incubation of BFLS and THP-1 (5x105 cells/well) for 72 hours with supplemented DMEM 

media.  AESL was added  at increasing concentrations 1x10-3, 5x10-3, 1x10-2, 5x10-2, 1x10-1, 5x10-

1, 5, 10, 15, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 1nd 100 µg/mL. Cells were 

activated with lipopolysaccharide 100 ng/mL, Dexamethasone sodium sulfate (4mg/mL) (Jeong 

et al., 2016), NSAID 10 mg/mL (Padumadasa et al., 2016), for 24 hours, and cellular supernatant 

was analyzed for secreted PGE2 and nitrite concentrations. 

 

4. Division of study groups 

The studied groups were  divided into seven groups and Table 1 shows how they are grouped. 

 

5. Reverse transcription-polymerase chain reaction (RT-PCR) 

RNA isolation and converted to cDNA was based on methods published in previous articles 

(Maghsosudi et al., 2018). For lysis of cells from the Trizol reagent and extraction of RNA with 

chloroform was   performed. RNA was  converted  to cDNA by 2-step RT-PCR. Semi quantitative 
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PCR was  performed for each of the studied cytokines using specific primers (Table 2) and 

GAPDH gene was used as the housekeeping gene. And PCR product was controlled in 1.5% 

agarose gel. Real-time PCR was  performed using the same primers used for qualitative PCR, and 

evergreen was used as mastermix. The obtained results of CTs (Threshold Cycle) were evaluated 

by two standard curve methods and Pfaffi Method. In principle, CTs are numerical numbers and 

their significance was first determined by ANOVA and in the second stage by Student-Newman 

Keuls (SNK), REST-2000 were evaluated. Finally, to determine the amount of gene expression, 

Pfaffi Method was used 

 

6. Measurement of Nitrite (NO2 
-) by in Human THP-1 cell 

After 24-hour incubation with ASEL, the synoviocytes culture media were harvested and analyzed 

with a nitrate/nitrite colorimetric method. Briefly, nitrate was converted to nitrite by nitrate 

reductase, and Griess reagent (Sigma) was added to convert nitrite to a deep-purple azo compound. 

The absorbance of the latter was measured at 540 nm using a plate reader (Gurunathan et al., 2019). 

 
7. Measurement of PGE2 production by ELISA in THP-1 cell 

The quantify secreted PGE2 levels in the cellular supernatant by synoviocyte cells is measured by 

the ELISA assay and commercial PGE2 immunoassay (Invitrogen, USA) according to the 

manufacturer's instructions (Latorre et al., 2018).  

 

8. Statistical Analysis 

Data are presented as means. ANOVA analysis was done by REST software version.20 and 

Student-Newman-Keuls test. Differences with P < 0.05 were considered statistically significant. 

The null hypothesis states that pro-inflammatory gene expression or production will be different 

between control and AESL-treated samples. 

 

9. RESULT 

9.1. Chemical composition of the S. lavandulifolia Vahl 

Totally, about 40 different components have been detected in the extract. The main chemicals were 

phenol (8.17%), sabinene (71.19), β-pinene (5.526%), myrcene (5.68%), 2- Furancarboxaldehyde 

(5.28%), 1-Methyl-pyrrolidine-2-carboxylic (5.44), pyran (4.42%) and myristicine (4.11%). Some 

basophilic chemicals were also observed in the extract such as enoic acid (1.73%), Benzoic acid 

(1.45%) and acetic acid (1.34%) (Table 3). There are some differences in the kind and percent of 

chemical composition of S. lavandulifolia Vahl in comparison to other reports (Javindnia et al.,  

reported the main component of the S. lavandulifolia Vahl from Tehran province as germacrene-

D (13.2%), β-phellandrene (12.7%), βpinene (10.2%), myrcene (9.4%), α-pinene (8.4%) and Z-β-

ocimene (5.8%). Other researcher (Cataldo et al., 2020) stated that α-pinene, Sabinene, 

Bicyclogermacrene, β-pinene, Myrcene, Myristicine and Thymol are the major chemicals. The 

difference observed among different scientific reports may be because of the methodology in plant 

extraction, time of plant collection during the year as well as the differences in the ecological or 

even genetic properties of the plant in different area. So, it is highly recommended to test the exact 

chemical composition of the plants before using them 

 

9.2. Trypan Blue Assay 

Trypan blue is a ~960 Daltons molecule that is cell membrane-impermeable and therefore only 

enters cells with compromised membranes. Upon entry into the cell, trypan blue binds to 

intracellular proteins thereby rendering the cells a bluish color. Due to increasing concentration of 
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AESL, the viability of BFLSc, as well as THP-1 cells, gradually decreased, at a concentration of 

30 µg/mL and 35 µg/mL of AESL in BFLSc and THP-1 cells, the viability was set at 50%, 

respectively (Fig. 1A, and 1B). 

 

9.3. MTT ASSAY  

The MTT assay is done at a wavelength of 570 nm to evaluate the cell viability of BFLSc and  

The amount of color produced is directly proportional to the number of viable cells. Figure 2 shows 

the dose- and time-dependent cytotoxicity of the AESL on BFLSc and THP-1 cells over a 6- to 

48-h period using the MTT assay. Due to increasing the concentration of AESL gradually reduces 

absorption so that in the concentration 30 and 350 µg/mL of AESL in BFLSc and THP-1 cells, the 

viability was set at 50%, respectively (Fig. 2A, and 2B). 

 

9.4. Effect of ASEL on TNF-α, IL-1β, iNOS, and COX-2 cytokine gene expression  

Gene expression levels of TNF-α, IL-1β, iNOS, and COX-2 in the first group (supplemented 

medium), the second group (ASEL), and the third group (DMSO) after 72 hours, did not change 

significantly and were reported almost similar (Table3 and Figure 1). Therefore, additives to the 

culture medium did not alter gene expression. Increased levels of gene expression of TNF-α, IL-

1β, iNOS and COX-2 in the third group due to the presence of LPS (100 ng/mL) were very 

significant and increased, and the reason is only the presence of LPS. Treatment of stimulated cells 

by dexamethasone (fifth group) and ibuprofen (sixth group) was significantly reduced gene 

expression of TNF-α, IL-1β, iNOS and COX-2 by approximately 80%.   On the other hand, DMSO 

(seventh Group) does not affect reducing the gene expression of stimulated cells.  The main issue 

is the effect of the ASEL (fourth group) on reducing the gene expression of TNF-α, IL-1β, iNOS, 

COX-2 in cells stimulated by LPS was approximately 50%, and this effect was significant 

compared to treatment with dexamethasone and ibuprofen (Table4, and Figure 3). 

 
9.5. Effect of ASEL on PGE2 production  

The amount of prostaglandin production and its transfer into the culture medium, in the first group 

(supplemented medium), the second group (ASEL), and the third group (DMSO) after 72 hours, 

did not change significantly and were reported almost similar (Figure 4). Therefore, additives to 

the culture medium did not alter gene expression. Increased levels of PGE2 production and 

secreted in the culture medium (figure 4) due to the presence of LPS (100 ng/mL) were very 

significant and increased and the reason is only the presence of LPS. Treatment of stimulated cells 

by dexamethasone (fifth group) and ibuprofen (sixth group) was significantly  reduced. DMSO 

did not change the rate of PGE2 production and transfer to the culture medium (group 7). The 

important point is the effect of the ASEL (as a treatment) on the stimulated cells (fourth group), 

which reduces the production and transfer of PGE2 (fourth group) by about 52.12.pg/mL (Figure 

4).  

 

9.6. Effect of ASEL on NO production 

The amount of NO production and its transfer into the culture medium, in the first group 

(supplemented medium), the second group (ASEL), and the third group (DMSO) after 72 hours, 

did not change significantly and were reported almost similar (Figure 4). Therefore, additives to 

the culture medium did not alter gene expression. Increased levels of NO production and secreted 

in the culture medium (figure 4) due to the presence of LPS (100 ng/mL) were very significant and 

increased and the reason is only the presence of LPS. Treatment of stimulated cells by 

dexamethasone (fifth group) and ibuprofen (sixth group) was significantly  reduced. DMSO did 

not change the rate of NO production and transfer to the culture medium (group 7). The important 
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point is the effect of the ASEL (as a treatment) on the stimulated cells (fourth group), which 

reduces the NO production (fourth group) which reduces the production and transfer of NO (fourth 

group) by about 51.06 nanomol/mL (Figure 5). 

 

9.7. Effect of ASEL on TNF-α, iL-6 and iL-18 gene expression  

Gene expression levels of TNF-α, IL-6 and iL-18 in the first group (supplemented medium), the 

second group (ASEL), and the third group (DMSO) after 72 hours, did not change significantly 

and were reported almost similar (Table3 and Figure 6). Therefore, additives to the culture medium 

did not alter gene expression. Increased levels of gene expression of TNF-α, IL-6, and iL-18 in the 

third group due to the presence of LPS (100 ng/mL) were very significant and increased, and the 

reason is only the presence of LPS. Treatment of stimulated cells by dexamethasone (fifth group) 

and ibuprofen (sixth group) significantly reduced gene expression of TNF-α, iL-,6 and iL-18 by 

approximately 80%. On the other hand, DMSO (seventh Group) does not affect reducing the gene 

expression of stimulated cells.  The main issue is the effect of the ASEL (fourth group) on reducing 

the gene expression of TNF-α, iL-6 and iL-18 in THP-1 cells stimulated by LPS was approximately 

50%, and this effect was significant compared to treatment with dexamethasone and ibuprofen 

(Table 5, and Figure 6). 

10. DISCUSSION 

In the present study, we show for the first time that the anti-inflammatory effects of ASEL are not 

limited to synoviocytes but also THP-1 cells. ASEL suppresses gene expression of  TNF-α and IL-

1β in an LPS-stimulated monocyte / macrophage cell, as well as TNF-α, IL-1β, COX-2, and iNOS 

gene expression in cultured bovine synoviocyte. Recently, several studies have been conducted  to 

investigate the reduction of chemical consumption and change to herbal products and herbal 

medicines (Zheng and Wang, 2001). It is  generally believed that they can be more effective in 

cases where synthetic chemical drugs have not been successful enough. In addition, natural 

products may have fewer unwanted side effects (Craig, 1999), of course, the possible 

disadvantages and their interaction with other drugs  should be considered. Macrophage activation 

is an important event in the onset and spread of inflammation. NO, PGE2, and other anti-

inflammatory cytokines are released when macrophages are stimulated by microorganisms or 

damage (Raetz et al, 2002) LPS is widely used to study the mechanism of the anti-inflammatory 

effect. NO synthesis is greatly increased by LPS, and studies show that inflammation is associated 

with NO levels (Kuo and Schroeder, 1995). In this study, the increase in NO production and the 

increase in iNOS expression following cell stimulation by LPS,  and  the decrease in its expression 

by ASEL were proved. Extensive studies have concluded that PGE2 is the main product of 

inflammatory cells and acts as a pro-inflammatory mediator (Dubois et al., 1995: Ahmadi, 2017   

).IL-1β is another potent inflammatory cytokine that mediates a wide range of reactions, it induces 

inflammatory reactions and catabolic effect independently, and  involved in the acute phase 

reaction in inflammation (Ferrero‐Miliani et al., 2007). In several studies, osteoarthritic joints, 

reported high levels of IL-1𝛽 in synovial fluid, synovial membrane, cartilage, and subcutaneous 

bone layer (Chow and Chin, 2020: Raymuev, 2018).  In another study, increased IL-1R1 receptor 

expression was  reported in patients with OA at the level of fibroblast-like cartilage cells and 

synoviocytes (Kulkarni et al., 2021). Considering these two cases, it can be  stated; the increased 

expression of interleukin-1-β in LPS-activated synoviocytes was reduced by the ASEL. This is 

probably due to the fact that, the biological activation of cartilage cells and fluid cells. Patients 

with OA have an elevated level of IL-1𝛽 in both the synovial fluid (Melchiorri et al., 1998), synovial 

membrane (Massicotte et al. 2002), cartilage, and the subchondral bone layer (Sohn et al., 2012). 

The biological activation of cells by IL-1𝛽 is  mediated by interaction with the membrane receptor, 
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namely, the IL-1R1 (IL-1RI), which can also bind IL-1𝛼 and IL-1Ra (Symons et al., 1995). 

Another receptor capable of binding IL-1𝛽 is IL-1R2 (IL-1RII), which after binding a ligand, such 

as the IL-1𝛼, IL-1𝛽, or IL-1Ra, forms an inactive ligand-receptor complex, showing no ability to 

communicate and activate the intracellular signal (Boraschi and Tagliabue, 2015). In the 

pathophysiological processes of OA, TNF -α  along with IL-1𝛽 is considered a key inflammatory 

cytokine (Wojdasiewicz et al., 2018). TNF-𝛼 is secreted by the same joint cells that synthesize IL-

1 and its concentration increases. TNF-𝛼 is also reported to be able to bind to two membrane 

receptor isotypes located on the surface of almost every TNF-R1 and TNF-R2 nucleated cell, both 

receptors are involved in signal transduction after TNF𝛼 activation in OA molecular processes. 

The receptor TNF-R1 can be stimulated by the soluble as well as membrane forms ligand whereas 

receptor TNF-R2 only recognizes the membrane form of the ligand (Grell et al., 1995). So far, the 

participation of TNF-R1 seems to have a greater impact on the local loss of articular cartilage than 

TNF-R2; this, however, does not change the fact that both receptors are involved in signal 

transduction after being activated by TNF𝛼 in the processes occurring in OA (Westacott et al., 

2000). Elevated expression of TNF-R1 has also been observed in Fibroblast-like synoviocyte. 

(Steenvoorden et al., 2007). In this study, the increase of TNF-α expression following cell 

stimulation by LPS and its decreased  expression by ASEL was proved. COX-2,  and  iNOS raise 

NO and PGE2 levels and cause cartilage destruction, suppression of  matrix production, and 

prevention of cartilage cell synthesis. Inhibition of iNOS and COX-2 production could be a useful 

approach to alleviate joint pain and inflammation in a patient with OA (Ferrer et al., 2019). Our 

study revealed that the anti-inflammatory effect of AESL suppresses PGE2 and nitric production 

in synoviocytes cells and macrophage/monocyte cells and AESL acts as a strong suppressive of 

cytokines, COX-2, and iNOS gene expression. These mediators cause OA disease and a decrease 

in these mediators result in the betterment of cartilage destruction. AESL assists to decrease the 

expression and production of these inflammatory mediators in the studied cells. The evaluating 

effects of AESL in both BFLS and THP-1 cell types have shown anti-inflammatory effects of 

AESL that were not confined to cartilage cells, but rather in the   monocyte/macrophage cells that 

are associated with the synovial membrane. Because of the anti-inflammatory effect of AESL in 

the reduction of cytokines gene expression and inflammation along with side effects of chemical 

treatment such as dexamethasone and ibuprofen in OA therapy, the use of S. lavandulifolia in OA 

therapy can be a suitable alternative. 

Conclusion: 

ASEL can reduce the expression of IL-6, IL-18, and TNF-α, and the production of NO and PGE2 

in THP-1 cells. It seems that ASEL can act somewhat similar to the medicinal effects of 

dexamethasone and ibuprofen. Therefore, considering the side effects of these synthetic drugs, it 

seems that ASEL can be considered an effective factor in reducing inflammation and pain in 

patients with osteoarthritis, but more research is needed to clarify the mechanism of action.  

 

Author Contributions:  

All authors contributed to performing the experiments and discussed the data and also commented 

on the manuscript. 

 

Funding: 

 This research did not receive any specific grant from funding agencies in the public, commercial, 

or not-for-profit sectors. 

CONFLICT OF INTEREST:  



11 
 

The author deny any conflict of interest in any terms or by any means during the study. All the fees are 

provided by the  research center fund and disbursed accordingly. 

 

 

References: 

1. Abramoff, B., & Caldera, F. E. (2020). Osteoarthritis: pathology, diagnosis, and treatment 

options. Medical Clinics, 104(2), 293-311.DOI: 10.1016/j.mcna.2019.10.007  

2. Aghaei Noroozloo, Y., Mirjalili, M. H., Nazeri, V., & Moshrefi Araghi, A. R. (2015). Evaluation 

of some ecological factors, morphological traits and essential oil productivity of Stachys 

lavandulifolia Vahl. in four provinces of Iran. Iranian Journal of Medicinal and Aromatic Plants 

Research, 30(6), 985-998. 

3. Ahmadi, A. (2017). Synthesis and anti-inflammatory evaluation of novel thiadiazol derivatives of 

Mefenamic acid. Bulletin of the Chemical Society of Ethiopia, 31(1), 171-175. 

DOI: 10.4314/bcse.v31i1.15 

4. Asadi, M., Bahrami, S., & ANSARI, S. R. (2010). The effect of stachys lavandulifolia Vahl. and 

mespilus germanica L. leaves hydroalcoholic extracts on leishmania major (MRHO/IR/75/ER) in 

vitro.. 

5. Au, R. Y., Al-Talib, T. K., Au, A. Y., Phan, P. V., & Frondoza, C. G. (2007). Avocado soybean 

unsaponifiables (ASU) suppress TNF-α, IL-1β, COX-2, iNOS gene expression, and prostaglandin 

E2 and nitric oxide production in articular chondrocytes and 

monocyte/macrophages. Osteoarthritis and cartilage, 15(11), 1249-

1255.DOI:https://doi.org/10.1016/j.joca.2007.07.009 

6. Bahrami Babaheydari, S., Dorafshan, S., Paykan Heyrati, F., & Mahboobi Soofiani, N. (2015). 

Effect of wood betony (Stachys lavandulifolia Vahl) extract on some serum biochemical changes 

and acute stress response in juvenile common carp (Cyprinus carpio). Iranian Journal of Aquatic 

Animal Health, 1(1), 17-26. 

7. Bajer, T., Adam, M., Galla, L., & Ventura, K. (2007). Comparison of various extraction techniques 

for isolation and determination of isoflavonoids in plants. Journal of separation science, 30(1), 

122-127.DOI: https://doi.org/10.1002/jssc.200600306 

8. Barboza, E., Hudson, J., Chang, W. P., Kovats, S., Towner, R. A., Silasi‐Mansat, R., ... & Griffin, 

T. M. (2017). Profibrotic infrapatellar fat pad remodeling without m1 macrophage polarization 

precedes knee osteoarthritis in mice with diet‐induced obesity. Arthritis & Rheumatology, 69(6), 

1221-1232.DOI:  https://doi.org/10.1002/art.40056 

9. Biswas, S. K., & Mantovani, A. (2010). Macrophage plasticity and interaction with lymphocyte 

subsets: cancer as a paradigm. Nature immunology, 11(10), 889-896.DOI: 

https://doi.org/10.1038/ni.1937 

10. Blom, A. B., Van Lent, P. L., Libregts, S., Holthuysen, A. E., Van Der Kraan, P. M., Van Rooijen, 

N., & Van Den Berg, W. B. (2007). Crucial role of macrophages in matrix metalloproteinase–

mediated cartilage destruction during experimental osteoarthritis: involvement of matrix 

metalloproteinase 3. Arthritis & Rheumatism, 56(1), 147-

157.DOI: https://doi.org/10.1002/art.22337 

11. Bondeson, J., Blom, A. B., Wainwright, S., Hughes, C., Caterson, B., & Van Den Berg, W. B. 

(2010). The role of synovial macrophages and macrophage-produced mediators in driving 

inflammatory and destructive responses in osteoarthritis. Arthritis And Rheumatism-Arthritis Care 

And Research, 62(3), 647. DOI: https://doi.org/10.1002/art.27290 

12. Boraschi, D., & Tagliabue, A. (2013). The interleukin-1 receptor family. Seminars in 

immunology, 25(6), 394–407.DOI: https://doi.org/10.1016/j.smim.2013.10.023 

13. Cataldo, F., Ursini, O., Lilla, E., & Angelini, G. (2010). Ozonolysis of α-Pinene, β-Pinene, d-and 

l-turpentine oil studied by chirooptical methods; some implications on the atmospheric 

https://doi.org/10.1016/j.mcna.2019.10.007
https://doi.org/10.4314/bcse.v31i1.15
https://doi.org/10.1016/j.joca.2007.07.009
https://doi.org/10.1002/jssc.200600306
https://doi.org/10.1002/art.40056
https://doi.org/10.1038/ni.1937
https://doi.org/10.1002/art.22337
https://doi.org/10.1002/art.27290
https://doi.org/10.1016/j.smim.2013.10.023


12 
 

chemistry of biogenic volatile organic compounds. Ozone: science & engineering, 32(4), 274-

285.DOI:https://doi.org/10.1080/01919512.2010.493550 

14. Ceciliani, F., Morales, G. Á., De Matteis, G., Grandoni, F., Ferreira, R. F., Roccabianca, P., & 

Lecchi, C. (2021). Methods in isolation and characterization of bovine monocytes and 

macrophages. Methods, 186, 22-41.DOI:https://doi.org/10.1016/j.ymeth.2020.06.017 

15. Chen, Y., Jiang, W., Yong, H., He, M., Yang, Y., Deng, Z., & Li, Y. (2020). Macrophages in 

osteoarthritis: pathophysiology and therapeutics. American Journal of Translational 

Research, 12(1), 261. 

16. Cho, H., Walker, A., Williams, J., & Hasty, K. A. (2015). Study of osteoarthritis treatment with 

anti-inflammatory drugs: cyclooxygenase-2 inhibitor and steroids. BioMed Research 

International, 2015.DOI: https://doi.org/10.1155/2015/595273. 

17. Chow, Y. Y., & Chin, K. Y. (2020). The role of inflammation in the pathogenesis of 

osteoarthritis. Mediators of inflammation, 2020.DOI: https://doi.org/10.1155/2020/8293921 

18. Craig, W. J. (1999). Health-promoting properties of common herbs. The American journal of 

clinical nutrition, 70(3), 491s-499s.DOI:https://doi.org/10.1093/ajcn/70.3.491s 

19. Dey, A., Allen, J., & Hankey-Giblin, P. A. (2015). Ontogeny and polarization of macrophages in 

inflammation: blood monocytes versus tissue macrophages. Frontiers in immunology, 5, 

683.DOI: https://doi.org/10.3389/fimmu.2014.00683 

20. Dubois, R. N., Abramson, S. B., Crofford, L., Gupta, R. A., Simon, L. S., Van De Putte, L. B., & 

Lipsky, P. E. (1998). Cyclooxygenase in biology and disease. The FASEB journal, 12(12), 1063-

1073. DOI:https://doi.org/10.1096/fasebj.12.12.1063 

21. Eriksson, J. E., Dechat, T., Grin, B., Helfand, B., Mendez, M., Pallari, H. M., & Goldman, R. D. 

(2009). Introducing intermediate filaments: from discovery to disease. The Journal of clinical 

investigation, 119(7), 1763-1771.DOI:https://doi.org/10.1172/JCI38339.  

22. Griffin, T. M., & Scanzello, C. R. (2019). Innate inflammation and synovial macrophages in 
osteoarthritis pathophysiology. Clinical and experimental rheumatology, 37(Suppl 120), 57. 

23. Ferrer, M. D., Busquets-Cortés, C., Capo, X., Tejada, S., Tur, J. A., Pons, A., & Sureda, A. (2019). 

Cyclooxygenase-2 inhibitors as a therapeutic target in inflammatory diseases. Current medicinal 

chemistry, 26(18), 3225-3241.DOI: 10.2174/0929867325666180514112124  

24. Ferrero-Miliani, L., Nielsen, O. H., Andersen, P. S., & Girardin, S. (2007). Chronic inflammation: 

importance of NOD2 and NALP3 in interleukin-1β generation. Clinical & Experimental 

Immunology, 147(2), 227-235.DOI: https://doi.org/10.1111/j.1365-2249.2006.03261.x 

25. Fujiwara, N., & Kobayashi, K. (2005). Macrophages in inflammation. Current Drug Targets-

Inflammation & Allergy, 4(3), 281-286.DOI: https://doi.org/10.2174/1568010054022024 

26. Garbison, K. E., Heinz, B. A., Lajiness, M. E., Weidner, J. R., Sittampalam, G. S., Lajiness, M. 

E., ... & Penetrate, F. D. B. D. T. (2004). Assay Guidance Manual. Eli Lilly & Company and the 

National Center for Advancing Translational Sciences. 

27. Grell M, Douni E, Wajant H, Löhden M, Clauss M, Maxeiner B, Georgopoulos S, Lesslauer W, 

Kollias G, Pfizenmaier K, Scheurich P. The transmembrane form of tumor necrosis factor is the 

prime activating ligand of the 80 kDa tumor necrosis factor receptor. Cell. 1995 Dec 1;83(5):793-

802.DOI: https://doi.org/10.1016/0092-8674(95)90192-2 

28. Gu, Q., Yang, H., & Shi, Q. (2017). Macrophages and bone inflammation. Journal of Orthopaedic 

Translation, 10, 86-93.DOI:https://doi.org/10.1016/j.jot.2017.05.002 

29. Gurunathan, S., Jeyaraj, M., Kang, M. H., & Kim, J. H. (2019). The effects of apigenin-

biosynthesized ultra-small platinum nanoparticles on the human monocytic THP-1 cell 

line. Cells, 8(5), 444.DOI:  https://doi.org/10.3390/cells8050444 

30. Jalilian, N., Modarresi, M., Rezaie, M., Ghaderi, L., & Bozorgmanesh, M. (2013). 

Phytotherapeutic management of polycystic ovary syndrome: role of aerial parts of wood betony 

(Stachys lavandulifolia). Phytotherapy Research, 27(11), 1708-

1713.DOI: https://doi.org/10.1002/ptr.4921 

31. James, S. L., Abate, D., Abate, K. H., Abay, S. M., Abbafati, C., Abbasi, N., ... & Briggs, A. M. 

(2018). Global, regional, and national incidence, prevalence, and years lived with disability for 

354 diseases and injuries for 195 countries and territories, 1990–2017: a systematic analysis for 

https://doi.org/10.1080/01919512.2010.493550
https://doi.org/10.1016/j.ymeth.2020.06.017
https://doi.org/10.1155/2015/595273
https://doi.org/10.1155/2020/8293921
https://doi.org/10.1093/ajcn/70.3.491s
https://doi.org/10.3389/fimmu.2014.00683
https://doi.org/10.1096/fasebj.12.12.1063
https://doi.org/10.1172/JCI38339
https://doi.org/10.2174/0929867325666180514112124
https://doi.org/10.1111/j.1365-2249.2006.03261.x
https://doi.org/10.2174/1568010054022024
https://doi.org/10.1016/0092-8674(95)90192-2
https://doi.org/10.1016/j.jot.2017.05.002
https://doi.org/10.3390/cells8050444
https://doi.org/10.1002/ptr.4921


13 
 

the Global Burden of Disease Study 2017. The Lancet, 392(10159), 1789-

1858.DOI:https://doi.org/10.1016/S0140-6736(18)32279-7 

32. Jeong, Y. H., Oh, Y. C., Cho, W. K., Shin, H., Lee, K. Y., & Ma, J. Y. (2016). Anti-inflammatory 

effects of Viola yedoensis and the application of cell extraction methods for investigating 

bioactive constituents in macrophages. BMC complementary and alternative medicine, 16(1), 1-

16..  DOI: 10.1186/s12906-016-1142-9,  

33. Kulkarni, P., Martson, A., Vidya, R., Chitnavis, S., & Harsulkar, A. (2021). Pathophysiological 

landscape of osteoarthritis. Advances in Clinical Chemistry, 100, 37-90.. 

DOI: https://doi.org/10.1016/bs.acc.2020.04.002 

34. Kuo, P. C., & Schroeder, R. A. (1995). The emerging multifaceted roles of nitric oxide. Annals of 

surgery, 221(3), 220.DOI: 10.1097/00000658-199503000-00003 

35. Latorre Uriza, C., Velosa-Porras, J., Roa, N. S., Quiñones Lara, S. M., Silva, J., Ruiz, A. J., & 

Escobar Arregoces, F. M. (2018). Periodontal Disease, Inflammatory Cytokines, and PGE2 in 

Pregnant Patients at Risk of Preterm Delivery: A Pilot Study. Infectious diseases in obstetrics and 

gynecology, 2018, 7027683.DOI: https://doi.org/10.1155/2018/7027683 

36. Liu, Y. C., Zou, X. B., Chai, Y. F., & Yao, Y. M. (2014). Macrophage polarization in inflammatory 

diseases. International journal of biological sciences, 10(5), 520.. 

DOI:https://doi.org/10.7150/ijbs.8879 

37. Liu-Bryan, R. (2013). Synovium and the innate inflammatory network in osteoarthritis 

progression. Current rheumatology reports, 15(5), 1-7.. DOI: https://doi.org/10.1007/s11926-

013-0323-5 

38. Ma, W. T., Gao, F., Gu, K., & Chen, D. K. (2019). The role of monocytes and macrophages in 

autoimmune diseases: a comprehensive review. Frontiers in immunology, 10, 1140.. DOI: 

https://doi.org/10.3389/fimmu.2019.01140  

39. Maghsoudi, H., Vaziri, A., & Alebouyeh, M. (2018). Investigation of punicic acid effects on 

matrix metalloproteinase genes expression in bovine fibroblast like-synoviocytes as a model of 

osteoarthritis. Journal of Medicinal Plants, 17(67), 31-44.. 

DOI: https://doi.org/10.15520/ijcrr/2018/9/02/428  

40. Mahzooni-kachapi, S., Mahdavi, M., Roozbeh-nasira, L., Akbarzadeh, M., Rezazadeh, F., & 

Motavalizadehkakhky, A. (2012). Antimicrobial activity and chemical composition of 

essential oils of Stachys lavandulifolia Vahl. from Mazandaran, Iran. Journal of Medicinal 

Plants Research, 6(24), 4149-4158.DOI: https://doi.org/10.5897/JMPR12.734 

41. March, L., Cross, M., Lo, C., Arden, N. K., Gates, L., Leyland, K. M., ... & Leyland, K. (2016). 

Osteoarthritis: A Serious Disease: Submitted to the US Food and Drug 

Administration.DOI:https://www.oarsi.org/sites/default/files/docs/2016/oarsi_white_paper_oa_s

erious_disease_121416_1.pdf 

42. Massicotte, F., Lajeunesse, D., Benderdour, M., Pelletier, J. P., Hilal, G., Duval, N., & Martel-

Pelletier, J. (2002). Can altered production of interleukin-1β, interleukin-6, transforming growth 

factor-β and prostaglandin E2 by isolated human subchondral osteoblasts identify two subgroups 

of osteoarthritic patients. Osteoarthritis and cartilage, 10(6), 491-500.. DOI: 

https://doi.org/10.1053/joca.2002.0528 

43. Melchiorri, C., Meliconi, R., Frizziero, L., Silvestri, T., Pulsatelli, L., Mazzetti, I., ... & Facchini, 

A. (1998). Enhanced and coordinated in vivo expression of inflammatory cytokines and nitric 

oxide synthase by chondrocytes from patients with osteoarthritis. Arthritis & Rheumatism, 41(12), 

2165-2174..DOI:https://doi.org/10.1002/1529-0131(199812)41:12<2165::AID-

ART11>3.0.CO;2-O 

44. Modarresi, M., Mohammadi-Farani, A., Amirshahrokhi, K., & Beheshtizadeh, R. (2020). 

Anxiolytic and antidepressant effects of aqueous extract of Stachys lavandulifolia Vahl. in 

mice. Journal of Reports in Pharmaceutical Sciences, 9(1), 

31.DOI: 10.4103/jrptps.JRPTPS_108_19  

45. Morteza-Semnani, K., Saeedi, M., & Shahani, S. (2006). Antioxidant activity of the methanolic 

extracts of some species of Phlomis and Stachys on sunflower oil. African journal of 

Biotechnology, 5(24). 

https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1186/s12906-016-1142-9
https://doi.org/10.1016/bs.acc.2020.04.002
https://dx.doi.org/10.1097%2F00000658-199503000-00003
https://doi.org/10.1155/2018/7027683
https://doi.org/10.7150/ijbs.8879
https://doi.org/10.1007/s11926-013-0323-5
https://doi.org/10.1007/s11926-013-0323-5
https://doi.org/10.3389/fimmu.2019.01140
https://doi.org/10.15520/ijcrr/2018/9/02/428
https://doi.org/10.5897/JMPR12.734
https://www.oarsi.org/sites/default/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_1.pdf
https://www.oarsi.org/sites/default/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_1.pdf
https://doi.org/10.1053/joca.2002.0528
https://doi.org/10.1002/1529-0131(199812)41:12%3C2165::AID-ART11%3E3.0.CO;2-O
https://doi.org/10.1002/1529-0131(199812)41:12%3C2165::AID-ART11%3E3.0.CO;2-O


14 
 

46. Nabavizadeh, F., Alizadeh, A. M., Adeli, S., Golestan, M., Moloudian, H., & Kamalinejad, M. 

(2011). Gastroprotective effects of Stachys Lavandulifolia extract on experimental gastric 

ulcer. African Journal of Pharmacy and pharmacology, 5(2), 155-159.. 

DOI: https://doi.org/10.5897/AJPP10.296 

47. Nakkala, J. R., Li, Z., Ahmad, W., Wang, K., & Gao, C. (2021). Immunomodulatory biomaterials 

and their application in therapies for chronic inflammation-related diseases. Acta 

Biomaterialia, 123, 1-30.DOI:https://doi.org/10.1016/j.actbio.2021.01.025 

48. Ohtori, S., Takahashi, K., Moriya, H., & Myers, R. R. (2004). TNF-α and TNF-α receptor type 1 

upregulation in glia and neurons after peripheral nerve injury: studies in murine DRG and spinal 

cord. Spine, 29(10), 1082-1088.DOI: 10.1097/00007632-200405150-00006 

49. Orita, S., Ishikawa, T., Miyagi, M., Ochiai, N., Inoue, G., Eguchi, Y., ... & Ohtori, S. (2011). Pain-

related sensory innervation in monoiodoacetate-induced osteoarthritis in rat knees that gradually 

develops neuronal injury in addition to inflammatory pain. BMC musculoskeletal disorders, 12(1), 

1-12.DOI: https://doi.org/10.1186/1471-2474-12-134 

50. Padumadasa, C., Dharmadana, D., Abeysekera, A., & Thammitiyagodage, M. (2016). In vitro 

antioxidant, anti-inflammatory and anticancer activities of ethyl acetate soluble proanthocyanidins 

of the inflorescence of Cocos nucifera L. BMC complementary and alternative medicine, 16(1), 

1-6.. DOI:10.1186/s12906-016-1335-2,  

51. Pirbalouti, A. G., & Mohammadi, M. (2013). Phytochemical composition of the essential oil of 

different populations of Stachys lavandulifolia Vahl. Asian Pacific Journal of Tropical 

Biomedicine, 3(2), 123-128.DOI: https://doi.org/10.1016/S2221-1691(13)60036-2 

52. Pollock, J., McFarlane, S. M., Connell, M. C., Zehavi, U., Vandenabeele, P., MacEwan, D. J., & 

Scott, R. H. (2002). TNF-α receptors simultaneously activate Ca2+ mobilisation and stress kinases 

in cultured sensory neurones. Neuropharmacology, 42(1), 93-106.DOI: 

https://doi.org/10.1016/S0028-3908(01)00163-0 

53. Raetz, C. R., & Whitfield, C. (2002). Lipopolysaccharide endotoxins. Annual review of 

biochemistry, 71(1), 635-700.DOI:https://doi.org/10.1146/annurev. biochem.71.110601.135414 

54. Raymuev, K. V. (2018). Pro-inflammatory and anti-inflammatory cytokines in the pathogenesis 

of osteoarthritis. Herald of North-Western State Medical University named after II 

Mechnikov, 10(3), 19-27.DOI: https://doi.org/10.17816/mechnikov201810319-27 

55. Salmerón-Manzano, E., Garrido-Cardenas, J. A., & Manzano-Agugliaro, F. (2020). Worldwide 

research trends on medicinal plants. International Journal of Environmental Research and Public 

Health, 17(10), 3376. DOI: ttps://doi.org/10.3390/ijerph17103376 

56. Schildberger, A., Rossmanith, E., Weber, V., & Falkenhagen, D. (2010). Monitoring of 

endothelial cell activation in experimental sepsis with a two-step cell culture model. Innate 

Immunity, 16(5), 278-287.DOI: https://doi.org/10.1177/1753425909341885 

57. Shapouri‐Moghaddam, A., Mohammadian, S., Vazini, H., Taghadosi, M., Esmaeili, S. A., 

Mardani, F., ... & Sahebkar, A. (2018). Macrophage plasticity, polarization, and function in health 

and disease. Journal of cellular physiology, 233(9), 6425-6440.DOI: 

https://doi.org/10.1002/jcp.26429 

58. Sharma, L., Kapoor, D., & Issa, S. (2006). Epidemiology of osteoarthritis: an update. Current 

opinion in rheumatology, 18(2), 147–156.DOI:10.1097/01.bor.0000209426.84775.f8 

59. Sohn, D. H., Sokolove, J., Sharpe, O., Erhart, J. C., Chandra, P. E., Lahey, L. J., ... & Robinson, 

W. H. (2012). Plasma proteins present in osteoarthritic synovial fluid can stimulate cytokine 

production via Toll-like receptor 4. Arthritis research & therapy, 14(1), 1-13.DOI: 

https://doi.org/10.1186/ar3555 

60. Steenvoorden, M. M. C., Bank, R. A., Ronday, H. K., Toes, R. E. M., Huizinga, T. W. J., & 

DeGroot, J. (2007). Fibroblast-like synoviocyte-chondrocyte interaction in cartilage 

degradation. Clinical and experimental rheumatology, 25(2), 239.DOI: 

https://hdl.handle.net/11245/1.277699 

61. Strober, W. (2015). Trypan blue exclusion test of cell viability. Current protocols in 

immunology, 111(1), A3-B.  DOI:https://doi.org/10.1002/0471142735.ima03bs111 

https://doi.org/10.5897/AJPP10.296
https://doi.org/10.1016/j.actbio.2021.01.025
https://doi.org/10.1097/00007632-200405150-00006
https://doi.org/10.1186/1471-2474-12-134
https://dx.doi.org/10.1186%2Fs12906-016-1335-2
https://doi.org/10.1016/S2221-1691(13)60036-2
https://doi.org/10.1016/S0028-3908(01)00163-0
https://doi.org/10.1146/annurev.%20biochem.71.110601.135414
https://doi.org/10.17816/mechnikov201810319-27
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.1177%2F1753425909341885
https://doi.org/10.1002/jcp.26429
https://doi.org/10.1186/ar3555
https://hdl.handle.net/11245/1.277699
https://doi.org/10.1002/0471142735.ima03bs111


15 
 

62. Symons, J. A., Young, P. R., & Duff, G. W. (1995). Soluble type II interleukin 1 (IL-1) receptor 

binds and blocks processing of IL-1 beta precursor and loses affinity for IL-1 receptor 

antagonist. Proceedings of the National Academy of Sciences, 92(5), 1714-

1718.DOI:  https://doi.org/10.1073/pnas.92.5.1714 

63. Takano, S., Uchida, K., Miyagi, M., Inoue, G., Fujimaki, H., Aikawa, J., ... & Takaso, M. (2016). 

Nerve growth factor regulation by TNF-α and IL-1β in synovial macrophages and fibroblasts in 

osteoarthritic mice. Journal of immunology 

research, 2016.DOI:  https://doi.org/10.1111/cei.12712 

64. Tan, H. Y., Wang, N., Li, S., Hong, M., Wang, X., & Feng, Y. (2016). The reactive oxygen species 

in macrophage polarization: reflecting its dual role in progression and treatment of human 

diseases. Oxidative medicine and cellular 

longevity, 2016.DOI:https://doi.org/10.1155/2016/2795090 

65. Tomou, E. M., Barda, C., & Skaltsa, H. (2020). Genus Stachys: A review of traditional uses, 

phytochemistry and bioactivity. Medicines, 7(10), 

63.DOI: https://doi.org/10.3390/medicines7100063. 

66. Trouvin, A. P., & Perrot, S. (2018). Pain in osteoarthritis. Implications for optimal 

management. Joint Bone Spine, 85(4), 429-434.DOI: https://doi.org/10.1016/j.jbspin.2017.08.002 

67. Tundis, R., Bonesi, M., Pugliese, A., Nadjafi, F., Menichini, F., & Loizzo, M. R. (2015). 

Tyrosinase, acetyl-and butyryl-cholinesterase inhibitory activity of Stachys lavandulifolia Vahl 

(Lamiaceae) and its major constituents. Records of Natural Products, 9(1), 81. 

68. Turajane, T., Wongbunnak, R., Patcharatrakul, T., Ratansumawong, K., Poigampetch, Y., & 

Songpatanasilp, T. (2009). Gastrointestinal and cardiovascular risk of non-selective NSAIDs and 

COX-2 inhibitors in elderly patients with knee osteoarthritis. J Med Assoc Thai, 92(Suppl 6), S19-

S26. 

69. Westacott, C. I., Barakat, A. F., Wood, L., Perry, M. J., Neison, P., Bisbinas, I., ... & Elson, C. J. 

(2000). Tumor necrosis factor alpha can contribute to focal loss of cartilage in 

osteoarthritis. Osteoarthritis and Cartilage, 8(3), 213-221.DOI: 

https://doi.org/10.1053/joca.1999.0292 

70. Wojdasiewicz, P., Poniatowski, Ł. A., Nauman, P., Mandat, T., Paradowska-Gorycka, A., 

Romanowska-Próchnicka, K., ... & Gasik, R. (2018). Cytokines in the pathogenesis of hemophilic 

arthropathy. Cytokine & growth factor reviews, 39, 71-

91.DOI: https://doi.org/10.1016/j.cytogfr.2017.11.003 

71. Xue, Y. Z. B., Niu, Y. M., Tang, B., & Wang, C. M. (2019). PCL/EUG scaffolds with tunable 

stiffness can regulate macrophage secretion behavior. Progress in biophysics and molecular 

biology, 148, 4-11.DOI: https://doi.org/10.1016/j.pbiomolbio.2019.05.006 

72. Zheng, W., & Wang, S. Y. (2001). Antioxidant activity and phenolic compounds in selected 

herbs. Journal of Agricultural and Food chemistry, 49(11), 5165-

5170.DOI:https://doi.org/10.1021/jf010697n 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1073/pnas.92.5.1714
https://doi.org/10.1111/cei.12712
https://doi.org/10.1155/2016/2795090
https://doi.org/10.3390/medicines7100063
https://doi.org/10.1016/j.jbspin.2017.08.002
https://doi.org/10.1053/joca.1999.0292
https://doi.org/10.1016/j.cytogfr.2017.11.003
https://doi.org/10.1016/j.pbiomolbio.2019.05.006
https://doi.org/10.1021/jf010697n


16 
 

 

 

 

 

Figures:  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Trypan blue cellular viability assay for BFLSc (1A) and THP-1 (1B). Response of THP-1 and BFLS c cell 

treatment with increasing concentration of ASEL after 24 h. Cellular viability decreased in a dose-dependent manner 

in both cells treated with ASEL. Data are presented as the mean ± SE from four independent duplicate experiments. *p 

< 0.01 and **p < 0.001.  

Figure 2: MTT Cell ProliferationAssay: BFLS cells(2A) ans THP-1 cell (2B) were grown in DMEM media 

supplemented with 10% FBS, Cells were exposed to increasing concentration of ASEL extract in the presence 

of LPS (1 μg/ml) or incubated with LPS (1 μg/ml) alone for 24 h. The cells were incubated with 20 μl MTT and 

placed in a 37 °C incubator for 4 h.After incubation, cells were treated with MTT Solvent for15min. at room 

temperature. Absorbance was measured at 570 nm. Inset graph is an expanded segment of the assay data at 

lower cell number per well 
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Fig. 3. The effect of AELS on proinflammatory gene expression in BFLSc using real-time PCR. BFLSc 

were incubated with AELS for 72 h and activated with LPS for 24 h. Quantification of normalized TNF-

a, IL-1b, COX-2 and iNOS expression are shown. Statistical significances between activated control and 

other groups were analyzed using the Studente NewmaneKeuls test (mean±1 SD, n = 3). 

Fig. 4. The effect of ASEL on PGE2 levels in BFLSc. BFLSc were incubated with ASEL for 72 h and 

activated with LPS for 24 h. Mean PGE2 levels released into the cellular supernatant are shown as percent 

of activated control. Statistical significances between activated control and other groups were analyzed 

using the StudenteNewmaneKeuls test (mean ±±1 SD, n = 3) 
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Fig. 5. The effect of ASEL on nitrite levels BFLS. BFLSc were incubated with ASEL for 72 h and activated 

with LPS for 24 h. Mean nitrite levels released into the cellular supernatant are shown as percent of 

activated control. Statistical significances between activated control and other groups were analyzed using 

the StudenteNewmaneKeuls test (mean ± 1 SD, n + 3). 

Fig. 6. The effect of ASEL on nitrite levels BFLSc . BFLSc were incubated with ASEL for 72 h and 

activated with LPS for 24 h. Mean nitrite levels released into the cellular supernatant are shown as 

percent of activated control. Statistical significances between activated control and other groups were 

analyzed using the StudenteNewmaneKeuls test (mean ± 1 SD, n + 3). 
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Table 1: Classification of study groups 

Table 2: The sequence of primer nucleotides for Bovine proinflammatiry cytokine COX-2, iNOS, iL-1 beta, iL-6, TNF-

alpa and GAPDH and Human TF-α, iL-18, iL-6 and GAPDH 
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Column1 Column2 Column3 Column4 Column5 Column6

TNF-α IL-1β COX-2 iNOS

Cell* Group 1 23.15±2.9 25.59±2.8 26.21±2.9 24.57±2.7

Cell+AELS * Group 2 23.98±2.6 26.1±2.9 26.98±2.8 24.89±2.5

Cell+LPS** Group 3 84.48±3.1 89.42±3.4 85.99±3.3 91.06±3.2

Cell+LPS+AELS** Group 4 41.24±3.4 47.12±3.1 44.92±3.2 45.34±3.3

Cell+LPS+Dexamethazone** Group 5 25.57±4.1 27.01±4.4 27.85±4.6 29.1±4.1

Cell+LPS+NSAIDs** Group 6 30.94±4.3 40.9±4.2 30.22±4.6 34.54±4.3

Cell+LPS+DMSO* Group 7 89.29±2.8 87.33±2.9 84.34±2.6 93.87±2.5

Cell+DMSO* Group 8 23.98±2.7 26.1±2.8 26.98±2.9 24.89±2.6

Column1 Column2 Column3 Column4 Column5

TNF-α IL-16 iL-18

Cell* Group 1 21.15±4.4 25.59±4.3 24.98±3.8

Cell+AELS * Group 2 23.98±3.9 26.1±3.8 25.12±3.5

Cell+LPS** Group 3 94.48±3.5 92.42±3.6 92.45±3.9

Cell+LPS+AELS** Group 4 56.8±4.1 58.04±4.2 52.59±4.8

Cell+LPS+Dexamethazone**Group 5 24.64±4.5 27.38±4.1 28.12±4.5

Cell+LPS+NSAIDs** Group 6 27.66±3.6 29.84±3.5 31.34±3.9

Cell+LPS+DMSO* Group 7 93.29±3.8 91.33±3.2 92.89±3.7

Cell+DMSO* Group 8 21.98±3.1 26.45±3.4 25.15±3.6

Table 4: The effect of AELS on proinflammatory gene 

expression in BFLS, cusing semiquantitative RT-PCR. BFLSc 

were incubated with AELS for 72 h and activated with LPS for 

1 h. Normalized gene expression is shown as percent of 

activated control (C + LPS). *P < 0.05; **P < 0.001. 

Table 5: The effect of ASEL on proinflammatory gene expression in THP-1 cells using 

semiquantitative RT-PCR analysis. THP-1 cells were incubated with ASU for 72 h and 

activated with LPS for 1 h. Normalized gene expression is shown as percent of activated 

control (C + LPS). *P < 0.05; **P < 0.001. 

Table3. Chemical composition of the hydroalchololic extract of S. 

lavandulifolia Vahl from Tehran province 
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Figure 1: Trypan blue cellular viability assay for BFLSc (1A) and THP-1 (1B). Response of THP-1 and BFLS c cell 

treatment with increasing concentration of ASEL after 24 h. Cellular viability decreased in a dose-dependent manner 

in both cells treated with ASEL. Data are presented as the mean ± SE from four independent duplicate experiments. *p 

< 0.01 and **p < 0.001.  

Figure 2: MTT Cell ProliferationAssay: BFLS cells(2A) ans THP-1 cell (2B) were grown in DMEM media 

supplemented with 10% FBS, Cells were exposed to increasing concentration of ASEL extract in the presence 

of LPS (1 μg/ml) or incubated with LPS (1 μg/ml) alone for 24 h. The cells were incubated with 20 μl MTT and 

placed in a 37 °C incubator for 4 h.After incubation, cells were treated with MTT Solvent for15min. at room 

temperature. Absorbance was measured at 570 nm. Inset graph is an expanded segment of the assay data at 

lower cell number per well 
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Fig. 3. The effect of AELS on proinflammatory gene expression in BFLSc using real-time PCR. BFLSc 

were incubated with AELS for 72 h and activated with LPS for 24 h. Quantification of normalized TNF-

a, IL-1b, COX-2 and iNOS expression are shown. Statistical significances between activated control and 

other groups were analyzed using the Studente NewmaneKeuls test (mean±1 SD, n = 3). 

Fig. 4. The effect of ASEL on PGE2 levels in BFLSc. BFLSc were incubated with ASEL for 72 h and 

activated with LPS for 24 h. Mean PGE2 levels released into the cellular supernatant are shown as percent 

of activated control. Statistical significances between activated control and other groups were analyzed 

using the StudenteNewmaneKeuls test (mean ±±1 SD, n = 3) 
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Fig. 5. The effect of ASEL on nitrite levels BFLS. BFLSc were incubated with ASEL for 72 h and activated 

with LPS for 24 h. Mean nitrite levels released into the cellular supernatant are shown as percent of 

activated control. Statistical significances between activated control and other groups were analyzed using 

the StudenteNewmaneKeuls test (mean ± 1 SD, n + 3). 

Fig. 6. The effect of ASEL on nitrite levels BFLSc . BFLSc were incubated with ASEL for 72 h and 

activated with LPS for 24 h. Mean nitrite levels released into the cellular supernatant are shown as 

percent of activated control. Statistical significances between activated control and other groups were 

analyzed using the StudenteNewmaneKeuls test (mean ± 1 SD, n + 3). 
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Table 1: Classification of study groups 

Table 2: The sequence of primer nucleotides for Bovine proinflammatiry cytokine COX-2, iNOS, iL-1 beta, iL-6, TNF-

alpa and GAPDH and Human TF-α, iL-18, iL-6 and GAPDH 
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Column1 Column2 Column3 Column4 Column5 Column6

TNF-α IL-1β COX-2 iNOS

Cell* Group 1 23.15±2.9 25.59±2.8 26.21±2.9 24.57±2.7

Cell+AELS * Group 2 23.98±2.6 26.1±2.9 26.98±2.8 24.89±2.5

Cell+LPS** Group 3 84.48±3.1 89.42±3.4 85.99±3.3 91.06±3.2

Cell+LPS+AELS** Group 4 41.24±3.4 47.12±3.1 44.92±3.2 45.34±3.3

Cell+LPS+Dexamethazone** Group 5 25.57±4.1 27.01±4.4 27.85±4.6 29.1±4.1

Cell+LPS+NSAIDs** Group 6 30.94±4.3 40.9±4.2 30.22±4.6 34.54±4.3

Cell+LPS+DMSO* Group 7 89.29±2.8 87.33±2.9 84.34±2.6 93.87±2.5

Cell+DMSO* Group 8 23.98±2.7 26.1±2.8 26.98±2.9 24.89±2.6

Table 4: The effect of AELS on proinflammatory gene 

expression in BFLS, cusing semiquantitative RT-PCR. BFLSc 

were incubated with AELS for 72 h and activated with LPS for 

1 h. Normalized gene expression is shown as percent of 

activated control (C + LPS). *P < 0.05; **P < 0.001. 

Table3. Chemical composition of the hydroalchololic extract of S. 

lavandulifolia Vahl from Tehran province 
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Column1 Column2 Column3 Column4 Column5

TNF-α IL-16 iL-18

Cell* Group 1 21.15±4.4 25.59±4.3 24.98±3.8

Cell+AELS * Group 2 23.98±3.9 26.1±3.8 25.12±3.5

Cell+LPS** Group 3 94.48±3.5 92.42±3.6 92.45±3.9

Cell+LPS+AELS** Group 4 56.8±4.1 58.04±4.2 52.59±4.8

Cell+LPS+Dexamethazone**Group 5 24.64±4.5 27.38±4.1 28.12±4.5

Cell+LPS+NSAIDs** Group 6 27.66±3.6 29.84±3.5 31.34±3.9

Cell+LPS+DMSO* Group 7 93.29±3.8 91.33±3.2 92.89±3.7

Cell+DMSO* Group 8 21.98±3.1 26.45±3.4 25.15±3.6

Table 5: The effect of ASEL on proinflammatory gene expression in THP-1 cells using 

semiquantitative RT-PCR analysis. THP-1 cells were incubated with ASU for 72 h and 

activated with LPS for 1 h. Normalized gene expression is shown as percent of activated 

control (C + LPS). *P < 0.05; **P < 0.001. 


