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Abstract
Background: Meadowsweet (Filipendula ulmaria) and Harpagophytum (H. procumbens) are two medicinal herbs
traditionally used for their anti-inflammatory effect. Nonetheless, if the effects of the single compounds isolated from these
plants have been well described, little is known about the molecular mechanisms behind whole extracts.

Methods: We studied and compared the effects of methanolic extracts from the aerial parts of F. ulmaria (FUE) and from
the roots of H. procumbens (HPE) on different markers of inflammation such as antioxidant capacity, leukocyte ROS
production, COX-2/PGE2 pathway or cytokine secretions.

Results: FUE proved to be better than HPE in terms of antioxidant capabilities. Even if their effect on COX-2/PGE2 were
similar, we found that their immune-modulatory activities were quite different. In the basal state, the FUE favored
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cytokines associated with Th1 lymphocytes whereas the HPE decreased the secretion of IL-21 and IL-23, associated with
Th17 cells. In PHA-stimulated cells, the HPE increased the characteristic cytokines of Th1 cells, whereas the effects of the
FUE were more nuanced.

Conclusion: Though both plants are known as anti-inflammatory herbs, these results suggested that, apart from their
similar anti-inflammatory effect on COX-2/PGE2, both could improve neutrophil and monocyte recruitment, as well as
monocytes/macrophages and Th1, and presumably Th17, activation. Therefore, their impact on immune response was more
likely immunostimulant.

Keywords: Harpagophytum procumbens; Filipendula ulmaria; Cytokines; Inflammation; Immune-modulation; Molecular
mechanism; Natural products; Radical oxygen species; COX-2/PGE2

1. Introduction
Medicinal plants are one of the oldest sources of treatment used for healthcare, and for several years there is a reviving
interest in them, especially in the context of chronic ailments and inflammation. Most of the well-known traditional
medicinal plants have been found through empirical observations, the trial and error process. Among them,
Harpagophytum procumbens DC. (Pedaliaceae), Devil’s claw, and Filipendula ulmaria (L.) Maxim. (Rosaceae), also
known as Meadowsweet, have been extensively used for their anti-inflammatory and antirheumatic properties [1,2].

Although the beneficial effects of both Devil's Claw and Meadowsweet have been observed on inflammation in vivo, little
is known about their underlying mechanisms. Indeed, most studies have been focused on their capacities to reduce
inflammation in vivo, in models such as the paw edema or hot plate, or, in particular, on their action on the arachidonic acid
pathway in vitro [3-7]. Thus, their inhibitory effect on the generation of leukotrienes and prostaglandins, considered as
their main mechanism of action, has been well documented. However, their broad mechanism, and eventual side effects at
the cellular level, remains unclear. In particular, some authors have pointed out that these plants, or certain compounds
(such as quercetin or harpagoside) isolated from them, might impact the secretion of some cytokines during inflammation
[8-10]. Nevertheless, the inflammation process is highly complex as is the interplay between immune cells via cytokines,
prostaglandins or chemokines.

Therefore, the current study was conducted to investigate and compare the potential antioxidant, anti-inflammatory and
immunomodulatory effects of a methanol extract of Harpagophytum procumbens root (Harpagophytum procumbens
extract – HPE) and of a methanol extract of the aerial parts from Filipendula ulmaria (Filipendula ulmaria extract – FUE).
We studied the extracts on peripheral blood mononuclear cells (PBMCs) and human leukemic monocytic cells THP-1,
through different markers of inflammation: leukocyte radical oxygen species (ROS) production, monocyte differentiation,
cytokine secretion, cyclooxygenase-2 (COX-2) expression and PGE2).
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2. Materials and Methods
2.1 Plant material and preparation of the extract
The dried roots of Harpagophytum procumbens and the dried aerial parts of Filipendula ulmaria were obtained in a
pharmaceutical dispensary (Pharmacie Fontgiève, Clermont-Ferrand, France) and were powdered and macerated 3 times in
methanol for 24h. After each filtration, the solvent was removed in a rotary evaporator under reduced pressure. The yield
obtained was found to be 41.2% and 29.2% for Harpagophytum procumbens extract (HPE) and Filipendula ulmaria
extract (FUE), respectively.

2.2 Identification of the major compounds of the methanolic extracts
The major constituents of the FUE and the HPE were determined using LC-MS (UHPLC Ultimate 3000 RSLC chain) and
an Orbitrap Q-Exactive (Thermo Scientific) with an Uptisphere C18-3 (250 x 4.6 mm, 5 µm) column from Interchim, by
comparison with analytical standard (Extrasynthèse, France) or literature data.

2.3 Phenolic content and antioxidant activity
The total phenolic content was estimated using the Folin-Ciocalteu method as previously described by Dubost et al. This
same method was modified (precipitation of tannins involving skin powder) in order to estimate tannin content [11]. The
total flavonoid content was assessed with the Dowd method [12,13].

An oxygen radical absorbance capacity (ORAC) assay was done in 96-well plates with a final volume of 200 µL as
described by Gillespie et al. [14]. Fluorescein was used as the fluorescent probe and 2,2'-azobis (2-methylpropionamidine)
dihydrochloride (AAPH) as the peroxyl radical generator. The decrease in fluorescence was measured every minute for 1 h
(excitation/emission: 485/530 nm) using a microplate reader (TECAN infinite F200 PRO, Männedorf, Switzerland). The
ORAC value of the FUE or the HPE were calculated using the regression equation between Trolox equivalent (TE) and the
net area under the curve. The results were expressed as μmol TE per gram of dry extract.

The DPPH scavenging activity was evaluated according to the method of Meda et al. [15] with slight modifications.
Briefly, 10 µL of a solution of the HPE or the FUE (1 mg/mL in methanol) was mixed with 2.5 mL of fresh DPPH solution
(25 µg/mL in methanol). After 30 min of incubation, DPPH absorbance was recorded at 515 nm using a spectrophotometer
(JASCO V-630). A standard curve of Trolox, in the range of 100 µM to 3000 µM, was plotted. The results were expressed
as µmol of Trolox equivalents (µmol TE) per gram of dry extract.

The nitric oxide scavenging activity was performed according to a modified method of Balakrishnan et al. [11]. Briefly,
sodium nitroprusside solution (SNP) (10 mM) in phosphate buffer saline (PBS 50 mM) was mixed with different
concentrations of the extract (1-250 µg/mL for FUE and 100-600 µg/mL for HPE) dissolved in methanol and water and
incubated at room temperature for 2 hours. Griess reagent (1% sulphanilamide, 0.1% naphthyl ethylenediamine dichloride
and 5% phosphoric acid) in PBS (50mM) was added to these preparations. The absorbance of the chromophores formed
during the diazotization of nitrite with sulphanilamide and subsequent coupling with naphthyl ethylenediamine dichloride
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was read at 540 nm (TECAN infinite M200 PRO) against two blanks (one with SNP and PBS and the other with SNP,
extract and PBS) in 96-well plates (same as above).

The iron (II)-chelating activity of the extracts was measured according to Wang et al. [16]. A volume of 100 µL of the HPE
or the FUE (5 mg/mL) was blended with 135 µL of distilled water and 5 µL of FeCl2 (2 mM) in microplate wells. After 10
min of incubation, the reaction was initiated by the addition of 10 µL of ferrozine (5 mM). The decrease of the purple
ferrozine-Fe2+ complex was estimated 10 min later by reading the absorbance at 562 nm (TECAN infinite M200 PRO).
Distilled water (100 µL) was used as a control and 10 µL of distilled water was used for the blank. A standard curve of
EDTA in the range of 3 to 50 µg/mL was performed. The results were expressed as nmol of EDTA equivalents (nmol
EDTAE) per gram of dry extract.

2.4 Kinetics of ROS production and viability assay
Blood was collected from healthy human volunteers (n = 6; Etablissement Français du Sang, EFS, Clermont-Ferrand,
France). All donors gave their written informed consent for the use of blood samples for research purposes under EFS
contract n°16-21-62 (in accordance with the following articles L1222-1, L1222-8, L1243-4 and R1243-61 of the French
Public Health Code). Whole blood leukocytes were obtained by hemolytic shock using ammonium chloride solution
(NH4Cl, 155 μM; NaHCO3 12 μM, EDTA 0.01 μM). Leukocytes were then washed with RPMI, centrifuged (400 g, 10
min) and suspended in RPMI. The cell preparations were adjusted to 106 cells/mL with supplemented RPMI (fetal bovine
serum (FBS) 10%, gentamicin 50 μg/mL and glutamine (Gln) 2 mM). Cells were placed in 96-well polystyrene plates (Cell
Wells™, Corning, NY), incubated with the FUE or the HPE at 0 or 50 µg/mL and dihydrorhodamine 123 (DHR 123, 1
μM, Cayman Chemical Company, Ann Arbor, MI), and stimulated, or not, by 1 µM PMA for 120 min. The fluorescence
intensity of rhodamine 123, which is the product of dihydrorhodamine 123 oxidation by ROS, was recorded every 5 min
for 120 min (excitation/emission: 485/538 nm) using the Fluoroskan Ascent FL® apparatus (ThermoFisher Scientific,
Illkirch, France). Concurrently, cells from same donors were placed in 96-well polystyrene plates, incubated with an
extract of 0 or 50 µg/mL, PMA (0 or 1 µM) and resazurin (25 µg/mL) to track their viability. Fluorescence
(excitation/emission: 544/590 nm) was recorded every 30 min for 2 h using the Fluoroskan Ascent FL® apparatus.

2.5 Arachidonic acid pathway
Blood buffy coats were collected from healthy human volunteers (n = 3 donors) and carefully layered on a double gradient
of Ficoll-Histopaque 1119® and 1077®. After centrifugation (400 g, 40 min at 20°C), the first layer of plasma was
aspirated, yielding a phase of monocytes and lymphocytes (PBMCs) just above the 1.077 g/mL layer. The phase with the
PBMCs was washed with RPMI and centrifuged (5 min, 400 g) twice and then suspended in 5 mL of supplemented RPMI
(FBS 10%, gentamicin 50 μg/mL and Gln 2 mM). PBMCs (5x10 6 cells/mL) (n=3) were incubated with or without
lipopolysaccharide (LPS) (1 µg/mL, LPS O26:B26, Sigma-Aldrich) and the FUE or the HPE (0 or 50 µg/mL) for 4 h. Cell
lysates were then harvested and the expression of COX-2 mRNA was detected by quantitative real-time PCR. To measure
the secretion of the PGE2, PBMCs (106 cells/mL) (n = 5 donors) were incubated with or without lipopolysaccharide (LPS)
(1 µg/mL, LPS O26:B26, Sigma-Aldrich) and the FUE or the HPE (0 or 50 µg/mL) for 24 h. The PGE2 in the culture
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media was assessed by ELISA, using the PGE2 assay kit from Invitrogen (Invitrogen™; Thermo Fisher Scientific).

2.6 Immunomodulatory activity
We investigated the effect of the FUE and the HPE on macrophage activation. The human monocytic leukemia cell line,
THP-1 (American Type Culture Collection) was cultured and propagated at 37 °C in a humidified atmosphere of 5% CO 2
in a RPMI 1640 medium (GIBCO, ThermoFisher Scientific) supplemented with 10% FBS, gentamicin 50 μg/mL and Gln
2 mM. For differentiation, THP-1 cells (2 x 105 cells/mL) were incubated in electrosensing plates in a complete growth
medium containing 16.2 nM phorbol 12-myristate 13-acetate (PMA) and the FUE or the HPE (0 or 50 µg/mL). The
adhesion and the spreading of the cells were monitored continually every 15 min using the real-time cell electronic sensing
(RT-CES, ACEA Biosciences Inc., San Diego, CA) system for a period of three days. The RT-CES system detected
impedance change derived from cell reactions on the electrodes as the change of cell index (CI). For this assay, four
independent experiments were conducted, each time in duplicate.
In a second phase, to determine the impact of the extracts on cytokine profiles, PBMCs (10 6 cells/mL, n=3 donors) were
incubated with or without phytohemagglutinin (PHA, 5 µg/mL) and the FUE or the HPE (0 or 50 µg/mL) for 24 h.
Milliplex® MAP kits (EMD Millipore™; Merck; Darmstadt, Germany) were used for all assays. All samples were run in
triplicate and were assayed for 14 human cytokines (IFNγ, IL-10, IL-12 p70, IL-1β, IL-2, IL-21, IL-4, IL-23, IL-5, IL-6,
IL-8, MIP-1α, MIP-1β, and TNFα). Cytokine levels were measured using optimal concentrations of standards and
antibodies according to the manufacturer's instructions. After completion of all the steps in the assay, the plates were read
in the Luminex Bio-Plex 200 System (Biorad, Marnes-la-Coquette, France) and the data analyzed using BioPlex
Manager™ 4.1 software with a five-parameter logistic regression (5PL) curve fitting.

2.7 Statistical analysis
All statistical analyses were performed using R software (version 3.5.1). The normality of the variables was assessed by the
Shapiro–Wilk test and their homoscedasticity by Bartlett’s test. Multiple comparisons between groups were made by the
Kruskal–Wallis test followed by Dunn’s test. Comparisons between the two groups were made by a t-test or the WilcoxonMann-Whitney test when normality was rejected. Values with p < 0.05 were considered significant. Cytokine modulation
of the extracts was plotted using a heatmap with a two-way hierarchical clustering (“gplots” package, with Pearson
correlation used to build the distance matrix instead of Euclidean distance).

3. Results
3.1 Direct antioxidant potential and antiradical activities
3.1.1 Composition and direct ROS scavenger potential
The Harpagophytum procumbens extract complied to European pharmacopeia with 1.5% of harpagoside in the root. We
also detected classical compounds of Harpagophytum roots, such as harpagide and harpagide derivatives and verbascoside
(Table 1).
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MS² fragments (m/z)

Compound

4.08

341.1087

89 / 59 / 341 / 71 / 119

Saccharosec

6.80

191.0186

111b / 87 / 85 / 191 / 129

Citric acidc

8.24

361.1141

181b / 137 / 119 / 361 / 59

Procumbided

9.76

363.1299

183b / 89 / 201 / 165 / 363

Harpagided

11.00

461.1667

461b / 113 / 135 / 71 / 315

Decaffeoylverbascosided

18.33

623.1985

161b / 623 / 113 / 461 / 179

Verbascosidec

20.67

623.1985

161b / 623 / 461 / 113 / 179

Isoverbascosidec

26.34

509.1663

147b / 163 / 119 / 509 / 304

8-O-p-coumaroylharpagided

28.51

539.1774

193b / 175 / 134 / 539 / 160

8-O-p-feruloylharpagided

31.33

491.1562

163b / 119 / 147 / 311 / 491

Pagosided

34.04

521.1667

193b / 147 / 121 / 178 / 341

Pagided

39.55

493.1718

147b / 165 / 89 / 179 / 345

Harpagosidec

a

b

Retention time; bFragment with the highest relative intensity; cIdentification by comparison with a standard; dIdentification

by comparison with publication.

Table 1: Major constituents of the methanolic extract of Harpagophytum procumbens roots.

Major constituents of the aerial parts of Filipendula ulmaria, such as quercetin derivatives, chlorogenic acid and salicylic
acid, were determined using LC-MS analysis (Table 2).
RTa (min)

[M-H]- (m/z)

MS² fragments (m/z)

Compoundc

3.84

191.0553

191b / 85 / 192 / 127 / 93

Quinic acid

6.81

191.0189

b

Citric acid

b

111 / 87 / 85 / 191 / 129

8.53

169.0133

125 / 169 / 126 / 170 / 97

Gallic acid

12.97

353.0882

191b / 353 / 85 / 161 / 179

Chlorogenic acid

b

13.12

289.0721

289 / 245 / 109 / 125 / 203

Catechin

17.11

609.1469

300b / 609 / 301 / 271 / 255

Rutin

b

18.04

300.9992

301 / 302 / 229 / 257 / 283

Ellagic acid

18.30

463.0889

300b / 463 / 301 / 271 / 255

Isoquercitrin

18.67
22.25
23.88

463.0887
447.0937
463.0885

b

Hyperoside

b

Astragalin

b

Spiraeoside

300 / 463 / 301 / 271 / 255
284 / 447 / 285 / 151 / 107
301 / 151 / 300 / 463 / 178
b

30.42

137.0231

93 / 137 / 94 / 138 / 65

38.60

301.0356

301b / 151 / 179 / 121 / 107

a

b

Salicylic acid
Quercetin

c

Retention time; Fragment with the highest relative intensity; Identification by comparison with a standard.
Table 2: Major constituents of the methanolic extract of Filipendula ulmaria aerial parts.
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The HPE had a phenolic content of 56 mg of gallic acid equivalent (GAE)/g of dry extract, with 5 mg of gallic acid
equivalent (GAE)/g of tannins and 1.9 mg of rutin equivalent (RE)/g of flavonoids. By comparison, with 419 mg of GAE
of phenols per gram of dry extract, the phenolic content was seven times higher in the Filipendula ulmaria extract (Table
3). Flavonoid content was also higher in the FUE than in the HPE (70 times higher), and, in addition, represented a greater
percentage of the total phenols (31% in the FUE against 3% in the HPE).

The HPE exhibited mild radical scavenging properties, considering the oxygen radical absorbance capacity (ORAC) value
obtained (2888 µmol trolox equivalent/g). However, the DPPH value, an assay that measures the capacity of an antioxidant to reduce an oxidant, was only 247 µmol TE/g, which is consistent with its low phenolic content [11]. As for the
FUE, its ORAC value as well as its DPPH value were higher (6157 and 4950 µmol TE/g, respectively), in line with its
phenol and flavonoid contents. As for nitric oxide (NO) scavenging activity (EC50 NO), the EC50 of the FUE was seven
times lower than the EC50 of the HPE, with 14 µg/mL against 95 µg/mL, respectively. The FUE was thus better at
scavenging NO than the HPE.

We also measured the iron (II) chelating capacity of our extracts. The FUE was shown to be more effective at chelating
ferrous iron than the HPE (220.9 nmol EDTA equivalent vs 72.9 nmol EDTA equivalent, respectively).
ORAC c

Composition
Flavonoids a

Tannins b

DPPH c

EC50

Fe2+ chelation e

NOd

Total
phenols b

FUE

131

HPE

1.9

a

b

227

419

5

56

6157
2888
c

d

4950

14

220.9

247

95

72.9

e

mg RE/g of dry extract; mg GAE/g of dry extract; µmol TE/g ; µg/mL ; nmol EDTA equivalent. Effect on leukocyte

ROS production

Table 3: FUE and HPE phenolic composition and antioxidant properties.

Further to the direct antioxidant activity, we investigated the ability of the extracts to decrease cellular ROS production.
Blood leukocytes from healthy donors were incubated with 12-myristate 13-acetate (PMA), a direct PKC activator. The
Addition of PMA in culture wells dramatically and rapidly increased ROS production by blood leukocytes (Figure 1). After
15 min of incubation, the production of ROS was significantly decreased by the FUE at a dose of 100 µg/mL. Interestingly,
both extracts failed to reduce PMA-induced ROS production by PBMCs beyond 15 min of incubation.
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(a)

(b)
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(c)

(d)

Figure 1: ROS production of blood leukocytes. Data were shown as means ± SEM,* p < 0.05 compared with Positive
Control (cells incubated with PMA and without extract). Cells were incubated with FUE or HPE (10, 25, 50 and 100
µg/mL) and stimulated with PMA (1 µM) for: (a) 15 min; (b) 30 min; (c) 60 min and (d) 120 min. Six independent
experiments were performed, each performed in triplicate.

3.1.2 Dual effect of HPE and FUE on arachidonic acid pathway
We then tested the extracts on COX-2 expression and PGE2 production in PBMCs. In the basal state, the HPE, and even
more so the FUE, were shown to increase COX-2 relative expression (Figure 2) and also to induce the release of
extracellular PGE2 (Figure 3), thus showing a slight pro-inflammatory effect in a physiological situation. When cells were
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incubated with lipopolysaccharide (LPS), the extracts had a tendency to decrease the COX-2 expression (although the
effect was not significant) as well as PGE2 secretion. Thus, the FUE and the HPE had similar effects on COX-2 expression
and PGE2 production.

(a)

(b)
Figure 2: Relative expression of COX-2 in PBMCs incubated 4 h with FUE or HPE (50 µg/mL), (a) without LPS or (b)
with LPS (1 µg/mL). Data were shown as means ± SEM,* p < 0.05 compared with Control. Three independent
experiments were performed.
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Figure 3: Concentration of PGE2 in the supernatants of PBMCs incubated 24 h with FUE or HPE (50 µg/mL), without or
with LPS (1 µg/mL). Data were shown as means ± SEM,* p < 0.05 compared with Control. Three independent
experiments were performed.

3.2 Comparison of the immunomodulatory activities
3.2.1 Both extracts stimulated THP-1 differentiation
As shown in Figure 4, incubation with 10 ng/mL of PMA led to the adhesion and spreading of THP-1 cells in the wells,
reflecting their differentiation from monocytes to macrophages. Without extract, impedance reached a plateau at around 60
h of incubation. In the presence of the HPE or the FUE (50 µg/mL), the slopes of the curves were higher. Moreover, the
FUE proved to be highly effective at speeding up differentiation as the impedance started to be different from control at
around 25 h of incubation (p<0.05). The effect of the HPE was significant shortly after, at around 30 h of incubation
(Figure 4).

Figure 4: Kinetics of THP-1 monocyte differentiation. THP-1 cells were incubated with 10 ng/mL of PMA in the absence
or presence of FUE or HPE (50 µg/mL). Data were shown as means ± SEM,* p < 0.05 compared with Control. Four
independent experiments were performed.
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3.3 Difference in PBMC cytokine secretion profile
Lastly, the analysis of the secretion of 14 cytokines was performed in PBMC supernatants. As we can observe from Figure
5, the phytohemagglutinin (PHA) increased the secretions of all of the cytokines indiscriminately. Moreover, cluster
analysis revealed that the HPE profile was closer to Control in the basal state (as we can conclude from the dendrogram on
the side of the map). When PHA was added, the HPE has a profile closer to Control (Figure 5) once again. Therefore, the
FUE had the most dramatic impact on the secretion profile.

Table 2 is a summary of the effect of the extracts on the cytokine profiles. In the basal state, the HPE showed an effect
mostly on the cytokine characteristics of Th17 lymphocytes (ie IL-21 and IL-23). The IL-21 in particular was not detected
in the supernatants of cells incubated with the HPE. In the same situation, the FUE stimulated the secretion of several
cytokines, especially chemokines (MIP-1α, MIP-1β) and the cytokines associated with pro-inflammatory Th1 lymphocytes
(IL-6, IL-1β and TNFα).

In the presence of PHA, the FUE decreased the secretion of most of the Th1 cytokines, with the notable exception of
TNFα, as well as the cytokines linked to Th2/Treg cells (although not significantly). However, there was a sharp increase
in the IL-23. In contrast, the HPE did stimulate the secretion of Th1 cytokines in the presence of PHA, with the exception
of IL-1β. In particular, it led to heightened secretion of IL12p70 and IFN-γ, two major pro-inflammatory cytokines.
Finally, it should be noted that both extracts, in the presence of PHA, increased the secretion of the chemokine IL-8
significantly.

Figure 5: Heatmap based on cytokine secretion results, with a two-way hierarchical clustering.

Int J Plant Anim Environ Sci

Vol. 9 No. 3 September 2019. [ISSN 2231-4490]

156

International Journal of
Plant, Animal and Environmental Sciences

DOI: 10.26502/ijpaes.002

Without PHA

PHA (5 µg/mL)

Control

FUE

HPE

Control

FUE

HPE

IL-2

15.4 ± 7

13.39 ± 8

1.78 ± 0.8

328 ± 111

100 ± 44

186 ± 94

IL-21

2.6 ± 0.4

1.77 ± 0.6

Und.

7 ± 1.5

1.7 ± 0.2

(--)

4.7 ± 1.7

IL-23

21 ± 2.9

21.9 ± 2.5

13.3 ± 1.2

386 ± 76

836 ± 80

(++)

388 ± 173

IL-4

1.4 ± 0.6

7.6 ± 0.9

1.9 ± 0.6

199 ± 57

59.9 ± 15.2

115 ± 42

IL-10

14.4 ± 4.3

19.8 ± 6

11.6 ± 4.6

10355 ± 2253

5417 ± 2701

7231 ± 878

IL-5

Und.

Und.

Und.

33.9 ± 14

8.2 ± 3.1

17.5 ± 8.9

IL12p70

0.73 ± 0.4

Und.

Und.

28.3 ± 9

15.5 ± 7

IL-1β

9.2 ± 4.8

114.6 ± 74

2.68 ± 2.4

2549 ± 237

1331 ± 8.7

1330 ± 26.2

IL-6

34.8 ± 19.3

2928 ± 2658

27 ± 21.6

11129 ± 1247

13972 ± 42

14129 ± 153

TNFα

15.9 ± 5.4

287 ± 128

30.3 ± 27.7

4637 ± 8934

7133 ± 234

IFNγ

2.2 ± 0.7

1.4 ± 0.3

0.5 ± 0.4

3882 ± 1408

658 ± 472

IL-8

624 ± 176

849 ± 0.9

434 ± 190

941 ± 101

1228 ± 1.4

MIP1α

4.2 ± 1.6

450 ± 372

(++)

13.9 ± 13.1

1758 ± 340

1046 ± 9.4

1087 ± 26

MIP1β

137 ± 63

1311 ± 405

(++)

273 ± 170

6400 ± 356

6389 ± 153

6685 ± 324

1

(++)

(++)

(--)

(--)

(++)

(++)

53.2 ± 34

7171 ± 764

(++)

9096 ± 4587

(++)

1238 ± 5.5

(++)

(++): positive change between Control and 50 µg/mL of corresponding extract (p<0.05); (--): negative change between

Control and 50 µg/mL of corresponding extract (p<0.05) (Mann-Whitney tests). Und. : Undetectable. Three independent
experiments were performed.
Table 4: Cytokine secretion of PBMCs (pg/mL). Data were shown as means ± SEM 1.

4. Discussion
It is well established that oxidative stress is a key component of inflammation. Whilst ROS and nitric oxide (NO) are
considered in physiological state as signaling molecules involved in several cell functions, they are deleterious in case of
prolonged or chronic inflammation [17]. Thus, the antioxidant capability of a compound can be an indicator of its interest
as an anti-inflammatory agent. Hence, we first tested the direct antioxidant activities of our extracts. The ORAC and DPPH
values obtained were congruent with the differences of composition of our two extracts. Indeed, flavonoids were found in
large quantities, the values being in line with those obtained in previous studies [18], as well as ellagitannins whose
presence in F. ulmaria has already been highlighted in other studies. Both of these have been reported as good radical
scavengers [19,20]. The FUE was also more efficient than the HPE at scavenging nitric oxide. The FUE was again the
most effect extract in connection with free ferrous iron, an important generator of ROS in vivo as it enters the Fenton
reaction. However, both extracts failed to reduce PMA-induced ROS production by PBMCs beyond 15 min of incubation.
Thus, the capacity of the FUE to reduce ROS production seems entirely linked to its direct antioxidant i.e. scavenger
capacities, rather than to a real metabolic cellular effect.
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Intriguingly, depending on the condition of incubation, the two extracts had the totally opposite effects on COX-2/PGE2.
In the basal state, both the HPE and the FUE increased the COX-2 relative expression and the release of extracellular
PGE2, thus showing a slight pro-inflammatory effect, which could be significant and necessary to the resolution of the first
stages of acute inflammation. When incubated with LPS, PGE2 secretion was dampened by the extracts. With respect to
the HPE, several studies have suggested that this dampening may be assigned mainly to verbascoside and 8-O-pcoumaroylharpagide [21,22]. Different compounds are thought to be responsible for the inhibitory activity of the FUE,
mainly quercetin and salicylic acid [23,24]. Accordingly it can be said that, in the arachidonic acid pathway, different
molecules led to the same results.

In addition to the lipid mediators and the antioxidant capabilities, we also investigated the potential cytokine modulation
driven by our extracts. In contrast with our precedent results on COX-2/PGE2, in which both the FUE and the HPE had
similar outcomes, the PBMC cytokine profiles revealed to be quite different. Besides testing our extracts on cells in the
basal state, we also evaluated PBMCs stimulated with PHA, a T cell mitogen, in order to compare and understand their
impact in a context of antigen-like stimulation condition vs at a physiological state [25,26].

First, in the basal state, the HPE had little effect on cytokine secretion globally, with the exception of IL-21 and IL-23,
which were drastically decreased. IL-21 and IL-23 are typical features of Th17 lymphocytes and could help maintaining
the pool of Th17 cells [27]. What is more, it has been suggested that Th17 response plays an important role in multiple
autoimmune disease, such as rheumatoid arthritis [28] or psoriasis [29] for example. Given that Harpagophytum is
employed more and more as a complement in the treatment of rheumatoid arthritis, the effects of our extract support the
reason behind its efficiency within this pathology [30-32]. However, in PHA stimulated PBMCs, the HPE failed to prevent
the increase of IL-21 significantly nor, more importantly, the increase of IL-23 secretion. Thus, the impact of the HPE on
the Th17 lymphocyte subset would need further investigation in a context of chronic inflammation.

The results of the FUE in the basal state differed from that of the HPE. The FUE strongly increased the secretion of proinflammatory cytokines, which is consistent with our hypothesis and previous observations, those being that the FUE is
pro-inflammatory in the basal state. Besides, although the FUE increased the production of IL-4 (Th2 group) in parallel to
the pro-inflammatory cytokines [33], the overall equilibrium between Th1 and Th2 was unbalanced by the extract in favor
of Th1. This is in keeping with what has been observed by Park et al., who found that quercetin, one of the constituent of
meadowsweet [34], favored the Th1 over the Th2 profile. In addition, the FUE enhanced the secretion of MIP-1α and MIP1β, which are two CC-type chemokines involved in the recruitment of mononuclear cells and considered as proinflammatory via their CCR1 and CCR5 receptors [16,35].

In a context of excessive inflammation, even if the HPE impaired the overall cytokine secretion profile, the effect was
significant for only three cytokines, due to their strong individual variability. Surprisingly, the HPE strongly increased the
production of TNFα and IL-8. It also increased IFNγ which is thought to act as a protecting agent during rheumatoid
arthritis [28]. Therefore, this result may also confirm the interest of using Harpagophytum procumbens for this pathology.
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Nonetheless, it is important to remember that IFNγ is a major effector of the Th1 response, inhibiting the development of a
Th2 or Th17 response [36]. As a consequence, it remains difficult to predict the global impact of these cytokines.

As regards the FUE extract, a wide panel of cytokines was impacted by the extract in stimulated conditions. In particular, it
increased the secretion of IL-23 and TNFα and decreased IL-21 and IL-12p70. The elevated concentration of TNFα seems
to be in contradiction with previous studies of this plant. For example, Drummond et al., when studying either
meadowsweet extract or quercetin alone, found that they inhibited the secretion of TNFα [37]. However, findings of
elevated concentrations are in accordance with the study of Liao and Lin, who found that quercetin enhanced inflammation
in mice macrophages via the increase of TNFα, IL1β and IL6 [38].

Lastly, in the presence of PHA both of our extracts enhanced IL-8 secretion. IL-8, which is a CXC chemokine, is known as
a potent attractor of monocytes as well as neutrophils [39]. In addition, we observed that the extracts sped up the
differentiation of THP-1 monocytes into macrophages. Thus, the extracts might speed up leukocyte chemotaxis, especially
monocytes and facilitate their activation toward macrophages. At the same time, their capacity to trigger the secretion of
pro-inflammatory cytokines could then indicate a capacity to favor the induction of adaptive immunity and host protection.
Especially for the FUE, this capacity might also be supported by the fact that it enhanced the PBMC secretion of
chemokines MIP-1α and β in the basal state.

5. Conclusion
In summary, this study suggests that our extracts do indeed have an anti-inflammatory effect, but that their impact on the
immune response seem to be of a rather immune-stimulant nature. Indeed, though both plants are known as antiinflammatory herbs, apart from their similar anti-inflammatory effect on COX-2/PGE2, both could improve neutrophil and
monocyte recruitment, as well as monocytes/macrophages and Th1, and presumably Th17, activation (Figure 6).

(a)

(b)

Figure 6: Proposal for the mechanism of action of FUE and HPE in (a) basal state and (b) excessive inflammation.
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