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Introduction
The Inflammation is a physiological response that is essential for 

eradicating pathogens. It is mediated by pro-inflammatory mediators, 
such as interleukin-1 (IL-1), the tumor necrosis factor alpha (TNF-α), 
gamma-interferon (IFN-γ), IL-12, and IL-18, and is suppressed by anti-
inflammatory mediators, such as IL-4, IL-10, and the transforming 
growth factor (TGF-β) [1-3]. Anti-inflammatory cytokines block 
inflammatory processes or at least suppress the intensity of the pro-
inflammatory cytokines. Therefore, a “balance” between the production 
levels of the two types of cytokines is thought to determine the outcome 
of an inflammatory disease. Numerous in vitro studies showed that IL-
10 inhibits the production of pro-inflammatory cytokines such as IL-1, 
IL-6, and TNF-α by LPS-activated macrophages [4,5]. Thus, inhibitors 
of the pro-inflammatory cytokines (e.g., IL-1, IL-6 and TNF-α) have 
been considered as potential candidates for the development of anti-
inflammatory drugs [3-8].

Despite the great achievements in the conversional medicine, 
traditional medicine has always been utilized in the Mediterranean 
region. Greco-Arab and Islamic medicine had shown remarkable 
success in treating inflammatory conditions in general, and clearly 
distinguishing between several subtypes of inflammatory diseases 
and has offered large number of herbs for curing all types of 
inflammatory diseases [9-12]. Recently, there have been many in vitro 
and in vivo investigations concerning herbal-derived extracts as well 
as phytochemicals with anti-inflammatory effects including but not 
limited to Cinnamomum cassia, Peganum harmala, Punica granatum, 
Urtica dioica and Vitis vinifera [13-16]. Hypericum triquetrifolium based 
products have been used in traditional Greco-Arab medicine to cure 
various inflammatory conditions [9-12]. According to our previous 
ethano pharmacological study, Hypericum triquetrifolium is still used 
within the practitioner communities in the Galilee and in the West 
Bank [9-12]. Based on traditional Greco-Arab herbal medicine and on 

recent in vitro and in vivo reports in which HT-extract exhibited anti-
inflammatory effects by reducing the expression of pro-inflammatory 
cytokines and nitric oxide production [15,17], this study explored the 
anti-inflammatory mechanism of Hypericum triquetrifolium. Therefore, 
the expression and production of pro-inflammatory cytokines 
tumor necrosis factor-α (TNF-α) and interleukine 6 (IL-6), the anti-
inflammatory cytokine IL-10 were assessed in LPS-activated human 
monocytic (THP-1) cells as well as in in primary human PBMNCs.

Our results indicate that Hypericum triquetrifolium could modulate 
the regulatory mechanism of pro-inflammatory cytokines (TNF-α and 
IL-6) as well as the anti-inflammatory cytokine (IL-10) in the LPS-
activated THP-1 cells and in primary human PBMNCs. Hypericum 
triquetrifolium inhibited the production and expression of IL-6 and 
TNF-α, and increased the secretion and expression of IL-10. In 
addition, HT-extract exhibited relatively high antioxidant activity as 
measured with DPPH assay.

Materials and Methods
Preparation of Hypericum triquetrifolium extracts (HT-extract)

The ethanolic extract of HT was prepared as follows: 100 grams 
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of air-dried areal parts of HT were added to 1000 ml of 50% ethanol 
in water and boiled for 10 minutes. The boiled extracts were filtered 
through filter paper and the filtrate was freeze-dried in a lyophilizer. 
The freeze-dried crude extracts were kept at -70°C [14].

DPPH scavenging assay

DPPH radical scavenging activity assay was carried out as described 
in Ref. [18] with slight modifications. Briefly, 825 μL of 100 µM ethanol 
solution of 1,2-diphenyl-1-picrylhydrazyl (DPPH) solution was added 
to 25 μl of a dilution series of the plants extracts ranging from (0.3-40 
mg/mL) and mixed vigorously, then incubated in dark for 1 hr. The 
absorbance was estimated in 1 ml cuvettes at 517 nm using a Perkin 
Elmer Lambda 40 UV/VIS spectrophotometer against ethanol blank 
where DPPH and extract were absent. The experiments were performed 
in triplicates and average absorption was noted for each concentration. 
Butyl hydroxyl toluene (BHT) was used as a standard. The percent 
inhibitions of the DPPH radical by the samples was calculated based 
on the below formula:

(The absorbance of negative control–The absorbance of the 
sample)/The absorbance of negative control × 100

The standard graph was plotted against sample concentration 
taking the concentration of (BHT) as a positive control on the x-axis 
and percentage scavenging activity on the y-axis. Based on this standard 
graph, IC50 was determined (concentration of sample able to scavenge 
50% of DPPH free radical).

Cell culture

The human monocytic cell line THP-1 (ATCC 202-TIB) was 
purchased from American Type Culture Collection (Manassas, VA, 
USA). These cells are known to express various monocytes receptors 
and have been widely used as a model system for macrophage research. 
Cells were maintained in DMEM (Dulbecco’s modified Eagle’s medium) 
supplemented with 10% vol/vol inactivated fetal calf serum (FCS), 1% 
nonessential amino acids, 1% glutamine, 100 U/mL penicillin, 10 µg/ml 
streptomycin and kept in a humidified atmosphere of 5% CO2 at 37°C. 

Isolation of Peripheral Blood Mononuclear Cells (PBMNCs)

Blood samples were taken from 16 healthy volunteer students from 
the Arab America University (Jenin, Palestine), aged 19-21 years (7 
males and 9 females).

Blood samples were withdrawn in heparin tube after filling 
consent and a written questionnaire. Venous blood (15 mL) was 
processed immediately after collection. Peripheral blood mononuclear 
cells (PBMNCs) were isolated using gradient centrifugation in 
Histopaque-1077 solution (Sigma-Aldrich). Separated PBMNCs 
were incubated in RPMI-1640 media supplemented with sodium 
bicarbonate, L-glutamine-penicillin-streptomycin solution (200 mM 
L-glutamine, 10,000 U penicillin and 10 mg streptomycin/mL in 0.9% 
NaCl) and 10% vol/vol FCS. Isolated PBMNCs were seeded at a cell 
density of 1 × 106 cells/ml in 24-well plates and exposed to HT-extract 
(125 µg/mL and 250 µg/ml) in a fresh serum-free medium in the 
absence and presence of from Escherichia coli serotype O127:B8 (5 µg/
mL). Cells were maintained at 37°C for 4, 6 and 20 hours at 5% CO2 
and the levels of secreted IL-6, TNF-α and IL-10 were determined as 
described below.

MTT assay

MTT (Tetrazolium dye) is widely used to measure the viability and/
or the metabolic state of cultured cells [19]. Twenty-four hours after 

cell seeding, cells were treated with varying concentrations of HT-
extracts for 24 hours at 37°C. Cells were then washed in phosphate 
buffered saline, incubated in serum-free RPMI to which MTT (500 
µg/mL) was added to each well (100 µL), and incubated for a further 
four hours. After removal of medium, the cells were incubated for 15 
minutes with 100 µl of acidic isopropanol (0.08 N HCl) to dissolve the 
formazan crystals. The absorbance of the dissolved MTT formazan was 
measured at 570 nm in an Elisa reader. Viability was defined as the ratio 
(expressed as a percentage) of absorbance of treated cells (HT-extracts 
up to 500 µg/mL) to untreated control cells.

Lactate dehydrogenase

In the Lactate dehydrogenase (LDH) assay the release of this 
exclusively cytosolic enzyme in the cell culture medium is a widely used 
indicator of cell membrane damage [20].

For the LDH assay, THP1 cells were seeded in well of 96-microtiter 
plates at a cell density of 5 × 103/100 µL. Twenty-four hour after cell 
seeding, cells were treated with HT-extracts at concentrations of 0-250 
µg/mL. The supernatants were collected 24 h after treatment and cell 
monolayers were then lysed with a cell lysis solution for 30 minutes 
at room temperature. LDH activity was determined in both the 
supernatants and the cell lysate fractions by using CytoTox 96, a non-
radioactive cytotoxicity assay kit (Promega, WI, USA) in accordance 
with the manufacturer’s instruction. The absorbance was measured at 
490 nm with 96-well plate ELISA reader. The LDH release from the cells 
was determined using the formula:

LDH release=(Absorbance of the supernatant)/(absorbance of the 
supernatant and cell lysate) × 100

Immunoassay for cytokines

The amounts of secreted TNF-α, IL-6, and IL-10 were measured 
using a commercial ELISA kits (R&D Systems, Minneapolis, MN, USA). 
The absorbance at 450 nm was read by a microplate reader (Model 680; 
Bio-Rad Laboratories, Mississauga, ON, Canada) with the wavelength 
correction set at 550 nm. The amounts of TNF-α, IL-6, and IL-10 were 
calculated with the help of a standard curve, which was constructed 
using serial dilutions of cytokine standards provided with the kit. 

RT-PCR analysis

For the determination of cytokine mRNA expression, cells were seeded 
at a density of 2 × 105 cell/mL in 24-well plates. Cells were activated with 
PMA (100 ng/mL) and Vitamin D3 (0.1 µM). Twenty-four hours after cell 
activation, the obtained THP-1-derived macrophages were treated with 
various concentrations of the HT- extracts in a fresh serum-free culture 
medium in the absence and presence of LPS (5 µg/mL).

Total RNA was obtained from cells using the Rneasy Plus Mini Kit 
(QIAGEN) according to manufacturer’s instructions, and immediately 
frozen at -80°C until use. DNase-treated RNAs were used to synthesize 
cDNA with the Transcriptor First Strand cDNA Synthesis Kit using 
random hexamers as specified by the manufacturer (Maxima First 
Strand cDNA Synthesis Kit for RT-qPCR by Thermo). All RNA 
samples from a single experimental setup were reverse transcribed 
simultaneously and in duplicates, to minimize variation in the reverse 
transcription reaction.

PCR amplifications and Advanced relative quantification analysis 
were achieved using a Light Cycler 480 instrument (Roche Applied 
Science) with software version LCS480 1.5.0.39. All reactions were 
performed in duplicates with the Light Cycler Fast Start DNA Master 
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SYBR Green I kit (Roche Applied Science) in a final 20 µl volume 
with 2.5mM MgCl2, 0.2 µM of each primer and 2 µL cDNA. Total 
RNA (0.1 μg) were used for a single reaction. Nucleotide sequences 
of oligonucleotide primers for the housekeeping glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) plus the IL-6, IL-10, or TNF-α 
primers pairs were used for RT-PCR, which were described elsewhere 
respectively [21]. Amplification conditions consisted of an initial pre-
incubation at 95°C for 10 min (polymerase activation) followed by 
amplification of the target cDNA for 45 cycles (95°C for 15 s, 60°C for 
20 s and extension time at 72°C for 30 s).

Statistical analysis

Error bars plotted in the figures represent simple standard 
deviations of the mean. When comparing different samples, results 
were considered to be statistically different when P<0.05 (Student’s t 
test for unpaired samples). 

Results
The cytotoxic activities of HT-extract on THP-1 cells and 
PBMNCs

The anti-inflammatory properties of HT-extracts were assessed in 
the present in vitro study using cells from the human monocyte cell 
line, which were differentiated to macrophages with the help of PMA 
(100 ng/mL) and Vitamin D3 (0.1 µM). The cell viability tests MTT and 
LDH assays were used to determine the non-toxic concentrations of 
the HT-extracts.

MTT test measures the activity of the mitochondrial enzyme 
succinate dehydrogenase. This colorimetric assay is widely used to 
evaluate the toxicity of herbal extracts. We used this test in order to 
evaluate the none-toxic concentrations of HT-extracts. THP-1-derived 
macrophages were treated with increasing concentrations (1-500 µg/mL 
of culture medium) of HT-extracts for 24 h. No significant reduction in 
cell viability was seen after treatment with HT-extracts up to 250 µg/mL 
(Figure 1). Concentrations higher than 250 µg/mL caused a significant 
reduction in the cell viability.

Lactate dehydrogenase activity (LDH-release test) is a widely 
used enzymatic assay to evaluate the effects of medicinal plants on 
membrane integrity (Cell viability). Lactate dehydrogenase, an enzyme 
located in the cytoplasm, catalyses the conversion of lactate and 

pyruvate. There are two possible causes that can lead to an elevation 
in the concentrations of cytoplasmatic lactate dehydrogenase; the 
first is cellular death and the second is a ‘leak’ in a plasma membrane. 
Results obtained indicate no significant increase in LDH amounts in 
the culture media after treatment with HT-extracts up to 125 µg/mL. 
A slight, but not significant elevation of LDH was seen after treatment 
with concentration of 125 and 250 µg/mL (Figure 1).

Based on these results, HT-extract concentrations of 500 mg/mL 
were excluded and concentrations below 250 µg/mL were used in the 
following experiments.

DPPH radical scavenging activity

The radical scavenging activity of three HT-extract (Methanol, 
Hexan and 50% Ethanol) was determined in order to evaluate the 
antioxidant activity of the HT-extracts. The radical scavenging activities 
are shown in Figure 2. As it is known, the lower the IC50 value the higher 
the antioxidant activity of the antioxidants. HT-extract exhibited strong 
antioxidant activity (IC50 of 5 µg/mL for 50% ethanol extract and 
methanol, and 7.5 µg/ml for hexane extract), which is equal to that of 
vitamin C (5.1 µg/mL).

The anti-inflammatory effects of HT-extract

The concentrations of IL-6, IL-10 and TNF-α in culture media of 
freshly isolated PBMNCs were measured using commercial enzyme-
linked immunosorbent assay (ELISA) kits. Treatment of PBMNCs with 
HT-extract alone did not affect the levels of any of the studied cytokines 
(data not shown). Figure 3 shows the TNF-α and IL-6 secretion 
into the culture supernatant of untreated and LPS treated PBMNCs 
cells, respectively. HT-extract inhibited the secretion of the two pro-
inflammatory cytokines in a dose dependent manner. LPS treatment of 
PBMNCs cells increased TNF-α and IL-6 secretion by 3.79 folds (484 
± 68 pg/mL) and 2.58 folds (517 ± 40 pg/mL), respectively. However, 
when those stimulated cells were treated with HT-extract at 125 µg/ml 
and 250 µg/mL, TNF-α and IL-6 secretions were decreased by 40% (268 
± 40 pg/mL) and 60% (180 ± 20 pg/mL), respectively. No significant 
cytotoxic effects were evident at these extract concentrations (Figure 1). 
HT-extract increased the secretion of the anti-inflammatory cytokine, 
IL-10 LPS-stimulated PBMNCs reaching by 121 ± 12 pg/mL and 79 ± 
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Figure 1: MTT and LDH leakage Assay in THP-1-derived macrophages 
exposure to various concentrations of HT-extract. Cell viability was calculated 
as the ratio (expressed as a percentage) of absorbance of treated cells to 
control cells. Values represent means ± SD (*P<0.05 significant as compared to 
controls) of three independent experiments carried out in triplicates.
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Figure 2: Scavenging Effects of HT- extracts on the DPPH Free Radical. 
Test extracts (5, 10, 15, 25, 50, and 100 μg/mL) were added to DPPH (final 
concentration of 100 µM). The reaction mixtures were shaken vigorously and 
then kept in the dark for 30 min. The absorbance of the resulting solutions was 
measured at 517 nm against a blank, in which DPPH was absent. All tests were 
carried out in triplicate.
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15 pg/mL at none cytotoxic concentration of 125 µg/mL and 250 µg/mL 
(Figure 4), respectively.

TNF-α and IL-6 mRNA levels were elevated upon LPS treatment 
by 4.2 and 4.5, respectively. When the PBMNCs cells were treated with 
62 µg/ml and 125 µg/mL HT-extract, the cytokine expression was 
dramatically reduced. IL-6 and TNF-α were reduced about 2.2 folds. In 
contrast, Il-10 was increased by 65% after treatment of LPS-stimulated 
PBMNCs (Figure 5).

Discussion
Hypericum triquetrifolium-derived products have been used in 

traditional Greco-Arab herbal medicine in the treatment various 
inflammatory diseases. However, only limited numbers of studies have 

been conducted to elucidate the action mechanisms of these products on 
inflammatory diseases [15,17]. LPS-activated human peripheral blood 
mononuclear cells and LPS-activated THP-1-derived macrophages, 
which represent appropriate model systems to study anti-inflammatory 
effects of potential natural remedies, were utilized here to examine the 
role of pro-inflammatory as well as anti-inflammatory cytokines in the 
observed anti-inflammatory effects of HT-extracts. Lipopolysaccharide 
(LPS)-activated macrophages finds a widespread use in the evaluation 
of anti-inflammatory properties of potential anti-inflammatory herbal-

based extracts and compounds. The endotoxin LPS is a principle 
lippopolysaccharide of the outer membrane of Gram-negative bacteria 
that stimulates the production of pro-inflammatory cytokines such 
as IL-1, IL-6, TNF-α, leukotrienes, and nitric oxide (NO) [22-24]. 
The anti-inflammatory effects of HT-extracts were assessed here by 
measuring the expression and release of pro-inflammatory cytokines 
TNF-α and IL-6, and the anti-inflammatory cytokine IL-10.

Inflammation diseases are mediated through the action of pro-
inflammatory cytokines (TNF-α, IL-1 and IL-6) and by eicosanoid 
such as PGE2. TNF-α and IL-1 are main contributors to chronic 
inflammatory diseases, including rheumatoid arthritis [24]. Receptor 
antagonists of the pro-inflammatory cytokines have been clinically 
successful to improve the symptoms of rheumatoid arthritis patients. 
In recent years, various herbal-derived extracts and phytochemicals 
have been found to modulate the production of pro-inflammatory 
mediators. Thus, herbal-derived inhibitors of these mediators are 
highly appreciated as potential candidates for development of new anti-
inflammatory drugs with reduced side effects. For instance, several 
flavonoids, such as amoradicin and genistein were found to block 
TNF-α production from LPS-treated cells from the macrophage cell line 
(RAW 264.7) [25]. Baicalin was found to inhibit the production of IL-
1, IL-6, TNF-α, IFN-γ, monocyte chemotactic protein-1, macrophage 
inflammatory protein (MIP)-1, and MIP-1 at protein as well as at RNA 
levels in LPS-activated human blood monocytes [26]. Results obtained 
here show that HT-extracts inhibit the LPS-induced TNF-α and IL-6 
production by down-regulating the gene expression of TNF-β and IL-6. 
Similar results were seen with various medicinal plants. For instance, 
feverfew extracts were found to inhibit the LPS-induced CCL2 (MCP-
1) and TNF-α production by cells from the THP-1 line [27]. Moutan 
Cortex extracts were found to exhibit anti-inflammatory properties 
via the reduction of iNOS and COX-2 expression as well as through 
the suppression of the phosphorylation of I-kBa and the activation 
of NF-kB. Uncaria tomentosa extracts inhibited the MAP kinase-
signaling pathway and altered cytokine expression in THP-1-derived 
macrophages cell line [28]. In another study, HT-extracts were found 
to inhibit the production of LPS-induced TNF-α production by down 
regulating the transcription of the TNF-α gene in LPS-activated THP-
1-derived macrophages [15].

Treatment of PBMNCs with HT-extract remarkably increased levels 
of IL-10 protein and mRNA expression. These effects were evident at 
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a significantly lower extract concentrations (125 µg/ml) compared to 
maximal inhibitory concentrations of IL-6 and TNF-α (250 µg/ml). 
IL-10 is a potent immune mediator, the primary physiological role is 
to reduce and terminate the ongoing inflammatory process [29,30]. 
LPS treatment of PBMNCs cells induced the secretion of a low level 
of IL-10 (65 pg/ml). Treatment with HT-extract increased IL-10 by 
two folds. Previous reports have clearly shown the antagonist effect 
of IL-10 on the secretion of pro-inflammatory cytokines [31,32], 
suggesting that HT-extract-mediated inhibition of the LPS-induced 
secretion and mRNA expression of IL-6 and TNF-α may pass through 
the induction of IL-10 production. Several inflammatory diseases 
share the dual characteristic of a very low blood level of IL-10 and a 
high blood level of TNF-α. Furthermore, injection of the recombinant 
form of IL-10 decreased the blood concentrations of TNF-α that has 
proven beneficial for such diseases [31-33]. The ability of HT-extract to 
modulate both, the pro-inflammatory and anti-inflammatory cytokines 
in LPS-activated PBMNCs represents an additional argument for the 
suggestion that it is an alternative or a complement that may help in 
the treatment and/or prevention of inflammatory diseases. The finding 
that the expressions of pro-inflammatory and the anti-inflammatory 
cytokines are affected at different HT-extract concentrations implies 
further detailed investigations.

HT-extract exhibited strong antioxidant activity as measured 
with the DPPH radical scavenging activity assay (IC 50 of 5 µg/ml), 
which is equal to that of vitamin C (5.1 µg/ml). Typically, inflamed 
tissues are associated with an elevated level of reactive species (reactive 
oxygen species (ROS)/reactive nitrogen species (RNS). These ROS/
RNS are generated during the respiratory burst of immune cells and are 
important factors in defense against invading pathogens. It has been 
suggested that herbal-based antioxidants would be beneficial to human 
health and a lot of interest is focused on the determination of antioxidant 
capacity of natural products. Indeed, HT-extracts were found to inhibit 
the production of NO at the transcription level of iNOS gene [15], which 
was totally inhibited at non-toxic concentration of 250 µg HT-extract/
ml. Similar results were found with other herbal-derived factors (eg.: 
flavonoids). Using LPS/cytokine-treated primary isolated macrophages 
or cell lines, varieties of flavonoids including apigenin, luteolin, and 
quercetin were shown to inhibit NO production. NO is a free radical 
synthetized from L-arginine with the help of nitric oxide synthases 
(NOSs). It is also an essential second messenger in large number of 
signal transduction of physiological and pathological processes [34]. 
At adequate levels, NO can generate or modify intracellular signals, 
thereby affecting the function of immune cells, tumor cells, and 
resident cells of different tissues and organs. However, its uncontrolled 
release can cause inflammatory damage of target tissue. A significantly 
increased concentartions of NO synthesized by the inducible form of 
nitric oxide synthase (iNOS) activate inflammatory process and acts 
synergistically with other inflammatory cytokines. Inhibition of iNOS 
activity or down-regulation of iNOS expression may be beneficial to 
reduce the inflammatory response. Therefore, it is meaningful to assess 
the role of NOS in the observed anti-inflammatory effects of Hypericum 
triquetrifolium [31].

Conclusions
These results indicate that HT-extract seems to exert anti-

inflammatory properties through increasing the production of 
IL-10 at protein and mRNA levels as well as by suppressing the 
production of IL-6 and TNF-α at protein and gene expression levels 
in PBMNCs.

Acknowledgements

The authors would like to acknowledge Al-Qasemi Research Foundation and 
the Arab American University Research Foundation for providing their financial 
support.

References

1.	 Ahmed S, Anuntiyo J, Malemud CJ, Haqqi TM (2005) Biological basis for the 
use of botanicals in osteoarthritis and rheumatoid arthritis: a review. Evid Based 
Complement Alternat Med 2: 301-308.

2.	 Delgado AV, McManus AT, Chambers JP (2003) Production of tumor necrosis 
factor-alpha, interleukin 1-beta, interleukin 2, and interleukin 6 by rat leukocyte 
subpopulations after exposure to substance P. Neuropeptides 37: 61-355. 

3.	 Masters SL (2013) Specific inflammasomes in complex diseases. Clin Immunol 
147: 223-228.

4.	 Dinarello CA (2000) Proinflammatory cytokines. Chest 118: 503-508.

5.	 Kubo M, Motomura Y (2012) Transcriptional regulation of the anti-inflammatory 
cytokine IL-10 in acquired immune cells. Front Immunol 3: 275.

6.	 Coussens LM, Werb Z (2002) Inflammation and cancer. Nature 420: 860-867.

7.	 Kim HP, Son KH, Chang HW, Kang SS (2004) Anti-inflammatory plant flavonoids 
and cellular action mechanisms. J Pharmacol Sci 96: 229-245.

8.	 Lin WW, Karin M (2007) A cytokine-mediated link between innate immunity, 
inflammation, and cancer. J Clin Invest 117: 1175-1183.

9.	 B. Saad (2015) Integrating traditional Greco-Arab and Islamic herbal medicine 
in research and clinical practice. In Phytotherapies: safety, efficacy, and 
regulation, Ed: Igbal Ramazan. Wiley-Blackwell John Wiley & Sons, Inc. 

10.	Saad B, Azaizeh H, Said O (2005) Tradition and perspectives of arab herbal 
medicine: a review. Evid Based Complement Alternat Med 2: 475-479.

11.	Saad B, Azaizeh H, Abu-Hijleh G, Said O (2006) Safety of traditional arab 
herbal medicine. Evid Based Complement Alternat Med 3: 433-439.

12.	Saad B, Said O (2011) Greco-Arab and Islamic Herbal Medicine: Traditional 
System, Ethics, Safety, Efficacy and Regulatory Issues. Wiley-Blackwell John 
Wiley & Sons, Inc. 

13.	Lansky EP, Newman RA (2007) Punica granatum (pomegranate) and 
its potential for prevention and treatment of inflammation and cancer. J 
Ethnopharmacol 109: 177-206.

14.	Saad B, AbouAatta BS, Basha W, Hamade A, Kmail A, et al. (2008) Herbal-
derived factors down regulate the production levels of nitric oxide and pro-
inflammatory cytokine TNF-a in LPS-Activated THP-1 cells. eCAM advance 
Access published September. 14: 1-7. 

15.	Zaid H, Silbermann M, Ben-Arye E, Saad B (2012) Greco-arab and islamic 
herbal-derived anticancer modalities: from tradition to molecular mechanisms. 
Evid Based Complement Alternat Med 2012: 349040.

16.	Ozturk B, Apaydin S, Goldeli E, Ince I, Zeybek U (2002) Hypericum triquetrifolium 
Turra. Extract exhibits antiinflammatory activity in the rat. J Ethnopharmacol 80: 
207-209.

17.	Brand-Williams W, Cuvelier ME, Berset C (1995) Use of a free radical method 
to evaluate antioxidant activity. Food Science and Technology 28: 25–30.

18.	Saad B, Dakwar S, Said O, Abu-Hijleh G, Al Battah F, et al. (2006) Evaluation 
of medicinal plant hepatotoxicity in co-cultures of hepatocytes and monocytes. 
Evid Based Complement Alternat Med 3: 93-98.

19.	Saad B, Abu-Hijleh G, Suter UW (2003) Cell culture techniques for assessing 
tissue compatibility of biomaterials. Ed: Arshady R, In: Polymers in Medicine 
and Biotechnology Polymer Chemistry and Biodegradation 1: 263-299.

20.	Ramadori G, Armbrust T (2001) Cytokines in the liver. Eur J Gastroenterol 
Hepatol 13: 777-784.

21.	Sies H (1997) Oxidative stress: oxidants and antioxidants. Exp Physiol 82: 291-
295.

22.	Poon DC, Ho YS, Chiu K, Chang RC (2013) Cytokines: how important are they 
in mediating sickness? Neurosci Biobehav Rev 37: 1-10.

23.	Bingham CO 3rd (2002) The pathogenesis of rheumatoid arthritis: pivotal 
cytokines involved in bone degradation and inflammation. J Rheumatol Suppl 
65: 3-9.

http://dx.doi.org/10.172/2167-0412.S3-004
http://www.ncbi.nlm.nih.gov/pubmed/16136208
http://www.ncbi.nlm.nih.gov/pubmed/16136208
http://www.ncbi.nlm.nih.gov/pubmed/16136208
http://www.ncbi.nlm.nih.gov/pubmed/14698678
http://www.ncbi.nlm.nih.gov/pubmed/14698678
http://www.ncbi.nlm.nih.gov/pubmed/14698678
http://www.ncbi.nlm.nih.gov/pubmed/23294928
http://www.ncbi.nlm.nih.gov/pubmed/23294928
http://www.ncbi.nlm.nih.gov/pubmed/10936147
http://www.ncbi.nlm.nih.gov/pubmed/22969768
http://www.ncbi.nlm.nih.gov/pubmed/22969768
http://www.ncbi.nlm.nih.gov/pubmed/12490959
http://www.ncbi.nlm.nih.gov/pubmed/15539763
http://www.ncbi.nlm.nih.gov/pubmed/15539763
http://www.ncbi.nlm.nih.gov/pubmed/17476347
http://www.ncbi.nlm.nih.gov/pubmed/17476347
http://as.wiley.com/WileyCDA/WileyTitle/productCd-1118268067.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-1118268067.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-1118268067.html
http://www.ncbi.nlm.nih.gov/pubmed/16322804
http://www.ncbi.nlm.nih.gov/pubmed/16322804
http://www.ncbi.nlm.nih.gov/pubmed/17173106
http://www.ncbi.nlm.nih.gov/pubmed/17173106
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470474211.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470474211.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470474211.html
http://www.ncbi.nlm.nih.gov/pubmed/17157465
http://www.ncbi.nlm.nih.gov/pubmed/17157465
http://www.ncbi.nlm.nih.gov/pubmed/17157465
http://www.ncbi.nlm.nih.gov/pubmed/22203868
http://www.ncbi.nlm.nih.gov/pubmed/22203868
http://www.ncbi.nlm.nih.gov/pubmed/22203868
http://www.ncbi.nlm.nih.gov/pubmed/12007713
http://www.ncbi.nlm.nih.gov/pubmed/12007713
http://www.ncbi.nlm.nih.gov/pubmed/12007713
http://www.sciencedirect.com/science/article/pii/S0023643895800085
http://www.sciencedirect.com/science/article/pii/S0023643895800085
http://www.ncbi.nlm.nih.gov/pubmed/16550229
http://www.ncbi.nlm.nih.gov/pubmed/16550229
http://www.ncbi.nlm.nih.gov/pubmed/16550229
https://www.researchgate.net/publication/215473264_Cell_culture_techniques_for_assessing_tissue_compatibility_of_biomaterials_In_Polymers_in_Medicine_and_Biotechnology
https://www.researchgate.net/publication/215473264_Cell_culture_techniques_for_assessing_tissue_compatibility_of_biomaterials_In_Polymers_in_Medicine_and_Biotechnology
https://www.researchgate.net/publication/215473264_Cell_culture_techniques_for_assessing_tissue_compatibility_of_biomaterials_In_Polymers_in_Medicine_and_Biotechnology
http://www.ncbi.nlm.nih.gov/pubmed/11474306
http://www.ncbi.nlm.nih.gov/pubmed/11474306
http://www.ncbi.nlm.nih.gov/pubmed/9129943
http://www.ncbi.nlm.nih.gov/pubmed/9129943
http://www.ncbi.nlm.nih.gov/pubmed/23153795
http://www.ncbi.nlm.nih.gov/pubmed/23153795
http://www.ncbi.nlm.nih.gov/pubmed/12236620
http://www.ncbi.nlm.nih.gov/pubmed/12236620
http://www.ncbi.nlm.nih.gov/pubmed/12236620


Citation: Saad B, Embaslat WH, Farich BA, Mahajna S, Azab M, et al. (2016) Hypericum triquetrifolium Extracts Modulate IL-6, IL-10 and TNF-
αProtein and mRNA Expression in LPS-Activated Human Peripheral Blood Mononuclear Cells and THP-1-Derived Macrophages. Med 
Aromat Plants S3: 004. doi:10.4172/2167-0412.S3-004

Page 6 of 6

Med Aromat Plants		                                       Plant Medicines Applications in Therapeutics 	           ISSN: 2167-0412 MAP, an open access journal

24.	Cho JY, Kim PS, Park J, Yoo ES, Baik KU, et al. (2000) Inhibitor of tumor 
necrosis factor-alpha production in lipopolysaccharide-stimulated RAW264.7 
cells from Amorpha fruticosa. J Ethnopharmacol 70: 127-133.

25.	Krakauer T, Li BQ, Young HA (2001) The flavonoid baicalin inhibits 
superantigen-induced inflammatory cytokines and chemokines. FEBS Lett 
500: 52-55.

26.	Chen CF, Cheng CH (2009) Regulation of Cellular Metabolism and Cytokines 
by the Medicinal Herb Feverfew in the Human Monocytic THP-1 Cells. Evid 
Based Complement Alternat Med 6: 91-98.

27.	Chun SC, Jee SY, Lee SG, Park SJ, Lee JR, et al. (2007) Anti-inflammatory 
activity of the methanol extract of moutan cortex in LPS-activated Raw264.7 
cells. Evid Based Complement Alternat Med 4: 327-333.

28.	Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG (2011) Regulation and 
functions of the IL-10 family of cytokines in inflammation and disease. Annu 
Rev Immunol 29: 71-109.

29.	de Waal Malefyt R, Abrams J, Bennett B, Figdor CG, de Vries JE (1991) 
Interleukin 10(IL-10) inhibits cytokine synthesis by human monocytes: an 

autoregulatory role of IL-10 produced by monocytes. J Exp Med 174: 1209-
1220.

30.	Essafi-Benkhadir K, Refai A, Efai I, Fattouch S, Karoui H, et al. (2012) Quince 
(Cydonia oblonga Miller) peel polyphenols modulate LPS-induced inflammation 
in human THP-1-derived macrophages through NF-kappaB, p38MAPK and Akt 
inhibition. Biochem Biophys Res Commun 418: 5-180. 

31.	Buruiana FE, Solà I, Alonso-Coello P (2010) Recombinant human interleukin 
10 for induction of remission in Crohn’s disease. Cochrane Database Syst Rev: 
CD005109.

32.	Friedrich M, Döcke WD, Klein A, Philipp S, Volk HD, et al. (2002) 
Immunomodulation by interleukin-10 therapy decreases the incidence of 
relapse and prolongs the relapse-free interval in Psoriasis. J Invest Dermatol 
118: 672-677.

33.	Moncada S, Palmer RM, Higgs EA (1991) Nitric oxide: physiology, 
pathophysiology, and pharmacology. Pharmacol Rev 43: 109-142.

34.	Nathan C (1992) Nitric oxide as a secretory product of mammalian cells. 
FASEB J 6: 3051-3064.

Citation: Saad B, Embaslat WH, Farich BA, Mahajna S, Azab M, et al. (2016) 
Hypericum triquetrifolium Extracts Modulate IL-6, IL-10 and TNF-αProtein and 
mRNA Expression in LPS-Activated Human Peripheral Blood Mononuclear 
Cells and THP-1-Derived Macrophages. Med Aromat Plants S3: 004. 
doi:10.4172/2167-0412.S3-004

This article was originally published in a special issue, Plant Medicines 
Applications in Therapeutics handled by Editor(s). Dr. Ana Isabel Faria 
Ribeiro, Tropical Research Institute (IICT), Portugal

OMICS International: Publication Benefits & Features 
Unique features:

•	 Increased global visibility of articles through worldwide distribution and indexing
•	 Showcasing recent research output in a timely and updated manner
•	 Special issues on the current trends of scientific research

Special features:

•	 700+ Open Access Journals
•	 50,000+ Editorial team
•	 Rapid review process
•	 Quality and quick editorial, review and publication processing
•	 Indexing at major indexing services
•	 Sharing Option: Social Networking Enabled
•	 Authors, Reviewers and Editors rewarded with online Scientific Credits
•	 Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission

http://dx.doi.org/10.172/2167-0412.S3-004
http://www.ncbi.nlm.nih.gov/pubmed/10771202
http://www.ncbi.nlm.nih.gov/pubmed/10771202
http://www.ncbi.nlm.nih.gov/pubmed/10771202
http://www.ncbi.nlm.nih.gov/pubmed/11434925
http://www.ncbi.nlm.nih.gov/pubmed/11434925
http://www.ncbi.nlm.nih.gov/pubmed/11434925
http://www.ncbi.nlm.nih.gov/pubmed/18955216
http://www.ncbi.nlm.nih.gov/pubmed/18955216
http://www.ncbi.nlm.nih.gov/pubmed/18955216
http://www.ncbi.nlm.nih.gov/pubmed/17965763
http://www.ncbi.nlm.nih.gov/pubmed/17965763
http://www.ncbi.nlm.nih.gov/pubmed/17965763
http://www.ncbi.nlm.nih.gov/pubmed/21166540
http://www.ncbi.nlm.nih.gov/pubmed/21166540
http://www.ncbi.nlm.nih.gov/pubmed/21166540
http://www.ncbi.nlm.nih.gov/pubmed/1940799
http://www.ncbi.nlm.nih.gov/pubmed/1940799
http://www.ncbi.nlm.nih.gov/pubmed/1940799
http://www.ncbi.nlm.nih.gov/pubmed/1940799
http://www.ncbi.nlm.nih.gov/pubmed/22252293
http://www.ncbi.nlm.nih.gov/pubmed/22252293
http://www.ncbi.nlm.nih.gov/pubmed/22252293
http://www.ncbi.nlm.nih.gov/pubmed/22252293
http://www.ncbi.nlm.nih.gov/pubmed/21069683
http://www.ncbi.nlm.nih.gov/pubmed/21069683
http://www.ncbi.nlm.nih.gov/pubmed/21069683
http://www.ncbi.nlm.nih.gov/pubmed/11918715
http://www.ncbi.nlm.nih.gov/pubmed/11918715
http://www.ncbi.nlm.nih.gov/pubmed/11918715
http://www.ncbi.nlm.nih.gov/pubmed/11918715
http://www.ncbi.nlm.nih.gov/pubmed/1852778
http://www.ncbi.nlm.nih.gov/pubmed/1852778
http://www.ncbi.nlm.nih.gov/pubmed/1381691
http://www.ncbi.nlm.nih.gov/pubmed/1381691
http://dx.doi.org/10.172/2167-0412.S3-004

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Preparation of Hypericum triquetrifolium extracts (HT-extract) 
	DPPH scavenging assay 
	Cell culture 
	Isolation of Peripheral Blood Mononuclear Cells (PBMNCs) 
	MTT assay 
	Lactate dehydrogenase 
	Immunoassay for cytokines 
	RT-PCR analysis 
	Statistical analysis 

	Results
	The cytotoxic activities of HT-extract on THP-1 cells and PBMNCs 
	DPPH radical scavenging activity 
	The anti-inflammatory effects of HT-extract 

	Discussion
	Conclusions
	Acknowledgements
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

