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ABSTRACT

Background: Defense and protection to multiple harmful stimuli are the
inflammation, when is self-amplified and uncontrolled is the basis of the
pathogenesis of a wide variety of inflammatory illness. The aim of this
study was to evaluate if Petiveria alliacea could attenuate inflammation
in a murine model of RAW264 macrophages the involved model and
its involved mechanism. Materials and Methods: The ethanol extract
from PR alliacea was precipitated with water and supernatant was
used for this study (PW). The anti-inflammatory effects of PW were
investigated through evaluating of the production of several cytokines,
chemokines, and expression of nuclear factorkappa B (NF«xB) in
lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages. Also was
determined the ability to decrease the oxidative stress in RAW264.7 cells
with carboxy-2',7'-dichloro-dihydro-fluorescein diacetate. Results: PW
significantly suppress the secretion of prostaglandin E,, leukotriene C,,
interleukin (IL)-1 B, IL:6, 1110, interferon gamma nitric oxide (NO), inducible
NO synthase, Il=1 B, Il-4, in RAW264.7 cells in a dose-dependent manner.
In addition, PW also markedly inhibited the transcriptional activity of
NF-xB. PW produced significant anti-inflammatory activity through
inhibiting the production of inflammatory mediators through the NF«xB
inactivation in the LPS-stimulated RAW24.7 cells. Conclusions: PW
exerts significant antioxidant and anti-inflammatory activities, and this
effect can be attributed in part, to the presence of dibenzyl disulfide,
dibenzyl trisulfide pinitol, coumarin, myricetin, glutamyl-S-benzyl cysteine,
and petiveriins A and B.
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SUMMARY

e Treatment with ethanol extract from Petiveria alliacea which was previously
precipitated with water and supernatant (PE) was tested in LPS-stimulated
RAW?264.7 cells. PE suppressed the level of oxidative stress and the
induction of proinflammatory mediators, as PGE,, LTC,, Il-1 §, IL-6, |10, IFN-y
NO, iNOS, IL:1 B, IL-4, in RAW264.7 macrophages through NF«B inactivation.
These findings suggest that R alliacea affords promising therapeutic in
inflammatory diseases.

INTRODUCTION

The inflammation is considered to be a major risk factor in the
pathogenesis of chronic diseases where the macrophages are important
immune cells which regulate inflammation producing expression of
inflammatory proteins and pro-inflammatory chemokines, cytokines,
and nitric oxide (NO).!" Macrophages are highly sensitive to initiators of
inflammation as lipopolysaccharide (LPS) which respond by the release of
mediators such as interleukins (ILs) IL-2, IL-4, 1L-6, IL-10, and IL-1  and
cytokines interferon gamma (IFN-y), NO, inducible NO synthase (iNOS),
and inducing the inflammatory gene expression where each is associated
somehow with the pathophysiological of the inflammation.

Proinflammatory activity is prolonged in the development of chronic

inflammation, such as psoriasis, inflammatory bowel diseases,
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saline; PGE2: Prostaglandin E2, PMSF: Phenylmethylsulfonyl fluoride; PTC:
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rheumatoid arthritis, and refractory asthma. Hence, modulation of
macrophage activation is a good strategy to prevent this diseases.?
Thereby, anti-inflammatory compounds with the ability to reduce the
production of pro-inflammatory markers are an efficient way to control
inflammatory diseases.
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Petiveria alliacea L. (Phytolaccaceae) is used in folk medicine as
a stimulant, anticancer, antimicrobial, anti-inflammatory and to
combat asthma among many others. Lately have been reported a large
number of sulfur-containing compounds®” among them S-propyl
propanethiosulfinate and S-benzyl phenylmethanethiosulfinate possess
antioxidant activity.® In addition, P alliacea exerts antifungal and
antibacterial activities.”! Antiinflammatory effect has been studied in rats
with pleurisy.”! In another study in vitro P. alliacea can induce apoptosis
and down-regulate HSP70 expression."” Nuclear factor-kappa B (NF-kB)
activity and levels of tumor necrosis factor (TNF)-o were investigated by
Schmidt et al." The aim of this study was determined whether P. alliacea
could suppress LPS-induced inflammation in RAW264.7 macrophage,
and its involved signal pathway wound healing.

MATERIALS AND METHODS

Chemicals

All reagents were purchased from Sigma (St. Louis, MO, USA). Penicillin,
fetal bovine serum (FBS), Dulbeccos modified eagle’s minimum
essential medium (DMEM), and streptomycin were purchased from
Life Technologies Inc. (Grand Island, NY, USA). Bacterial LPS of
Escherichia coli, 0127: B8 (LPS) was purchased from Calbiochem Co.
(San Diego CA, USA). The enzyme immunoassay (EIA) kit for TNF-a,
IL-6, IL-1 B was obtained from R&D Systems (Minneapolis, MN, USA).
Assay for cytokines was obtained from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA). Enzyme-linked immunosorbent for the assay
of prostaglandin E2 (PGE,) and leukotriene C, (LTC,) was obtained by
Cayman Chemical Co. (USA).

Plant extract

Leaves of P. alliacea L. (Phytolaccaceae) were collected from Bahia de
Banderas about 70 km of Puerto Vallarta. The plant was authenticated by
Biologist Aurora Chimal,and avoucher specimen (No. 5943) was deposited
at the Herbarium of Universidad Autonoma Metropolitana-Xochimilco,
Mexico. The plant material was air-dried in the shade at room temperature
and ground into powder (1 kg). Extraction was performed in Soxhlet
apparatus with ethanol for 3 h and then the solvent was evaporated until
half volume. An equal volume of water was added while heating on
60°C and placed on refrigerator for 24 h. The precipitated material was
discarded, and supernatant was used for this study (PW).

Cell culture

The RAW 264.7 murine macrophage was obtained from the American
Type Culture Collection (Bethesda, MD, USA). Cells were cultured
in DMEM supplemented with 10% of FBS, streptomycin (100 pg/ml),
and penicillin (100 units/ml) incubated overnight at 37°C and 5%
CO,."

Effects of PW on the cell viability of RAW264.7
macrophages

RAW 264.7 macrophages were seeded in 96-well plates at
density of 1 x 10* cells/well and 3-(4,5-dimethyl-thiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) assay was performed to
measure the cell viability."® Briefly, the cells were washed with PBS
and incubated (Thermo Scientific, Waltham, MA, USA) with PE to
concentrations of 50, 100, and 200 pg/ml at 37°C and 5% Co, Then, 10 pl
of MTT (5 mg/ml) was added to phosphate buffer followed by further
incubation for 4 h at 37°C. After supernatant removal from wells, 100 ul,
of buffer was added for dissolution of formazan crystals. The absorbance
of each well was then read at 570 nm using an ELISA plate reader.
A decrease in absorbance values indicated a reduction in cell viability.
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Determination of nitric oxide, inducible nitric oxide
synthase

The nitrite accumulated in culture medium stimulated by endotoxin
LPS (1 ug/ml) was measured as an indicator of NO production based on
the Griess reaction (0.1% N-1-naphtyl ethylenediamine dihydrochloride,
1% sulfanilamide in 5% (v/v) phosphoric acid in distilled water) with
or without the test extract, and the absorbance of the resulting solution
was measured at 540 nm with a spectrophotometer ultraviolet-1800,
Shimadzu." In all experiments, fresh culture medium was used as the
blank. The amount of nitrite production in the samples was measured
using a standard calibration curves prepared with a sodium nitrite serial
dilution.

Furthermore, RAW 264.7 cells were washed three times with cold
PBS and centrifuged for 10 min at X500 g min at 4°C. The cell pellet
thus obtained was resuspended in 0.5 ml Tris-buffer (40 mM, pH 8.0)
containing 1 pg/ml chymostatin, 5 pg/ml of pepstatin A, 100 uM
phenylmethylsulfonyl fluoride and 5 pug/ml aprotinin and then lysed by
two freeze-thaw cycles. Aliquots of the lysate were used for the analysis
of iNOS.

Effect of PW on prostaglandin E,, leukotriene

C, interleukin-1 {3, interleukin-6, interleukin-10,
interferon gamma in lipopolysaccharide-induced
inflammation in RAW 264.7 cells

To evaluate the effects of PE in RAW264.7 macrophages, these were first
cultured in the absence or presence of LPS at a final concentration of
1 ug/ml in DMEM medium and incubated at 37°C in humified 5%CO
atmosphere for 12 h. The cultured cells in the plate were eluted with
0.5 mol/L NaCl) were selected for bioassay using washed three times with
1 ml of sterile PBS. One milliliter of sample of different concentrations
at 50, 100, and 200 pg/ml were then incubated for another 12 h.
Interleukin 6 (IL-6), 10 (IL-10), and cyclooxygenase (COX)-2 protein
expressions, in culture supernatants using a commercial ELISA assay
kit (R and D Systcms Inc., Minneapolis, MN, USA). IFN-y levels were
determined using a commercial ELISA Quantikine kit (H and D Systems).
Levels of tumor necrosis factor-o. (TNF-a) were quantified using a
Quantikine ELISA kit (R and D Systems). PGE, levels were quantified
using a kit for prostaglandin E, (PGE,) (MyBioSource, San Diego, CA,
USA), following manufacturer instructions. LTC, was determined using
an ELISA kit (MyBioSource, San Diego, CA, USA). IL-1 3 was measured
to Thermo Fisher Scientific (Waltham, MA, USA). Aminoguanidine
(4 ng/ml) and celecoxib (20 pg/ml) were used as positive controls.

Cellular oxidative stress inhibition

The intracellular accumulation of reactive oxygen species (ROS) in the
RAW264.7 macrophages was determined with carboxy-2,7’-dichloro-
dihydro-fluorescein diacetate (DCFHDA) method.!™! Cells RAW264.7
were plated in 35-mm culture dishes at 5.0 x /10* cells/cm?®. Then, the
medium is changed with a new one. Cells seeded on 96-well/plates were
incubated with DCFHDA probe for 40 min. At the end of this period,
medium was removed and cells exposed to the extract under investigation
at a concentration to 50, 100, and 200 pug/ml. After incubating exposed
cells at 37°C for 24 h, fluorescence was measured at 488 nm (excitation)
and 535 nm (emission) wavelengths on a microplate reader (Molecular
Devices Spectra MAX Gemini X).

Detection of nuclear factor-kappa B activity

To evaluate activation of the NF-xB transcription factor in cells were
performed in RAW264.7 macrophages (5 x 10° cells) were incubated with
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LPS or alone plus the test samples for 1 h, and the cells were collected.
Extract was aggregated a collected cells in 0.1 ml of a hypotonic buffer
(10 mM Tris-HCI, pH 7.8, 0.3 mM ethylene glycol tetraacetic acid, 5 mM
magnesium chloride, 1 mM dithiothreitol, 10 mM potassium chloride,
and 0.1 mM PMSF a protease inhibitors), 15 min then added 25 ml
0.5% Nonidet P-40. The mixture was incubated for 30 min in a plate
coated with an oligonucleotide that corresponded to the transcription
factor consensus site."”! Activation of the NF-kB transcription factor was
measured using a Transcription Factor NF-«B (p50) ELISA Kit (Abcam,
Cambridge, UK) according to the manufacturer’s instructions.

Statistical analysis

Values of the data were expressed as the means + standard error
of mean. Statistical analyses were performed with SPSS software,
version 17.0 (SPSS, Inc., Chicago, IL, USA). Statistical significance was
assessed by ANOVA followed by Tukey test. P < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Analyzing the results of the extracts of hexane (PTH), chloroform (PTC),
and ethanol from P. alliacea were found that the ethanol extract has
the maximum antiinflammatory activity, thus other extracts data not
presented here. Structures of metabolites present in P. alliacea, have been
extensively studied. The previous reports have shown that the ethanol
extract partitioned with water (PW) contains dibenzyl disulfide, dibenzyl
trisulfide pinitol, coumarin, benzaldehyde, petiveral, leridol, myricetin,
petiveral 4-ethyl, petiveriins A and B,"” and some others organosulfur
compounds mainly produced by degradation of benzyl sulfoxides
during the plant extraction process, as petiverins,® thiobenzaldehyde
and  S-oxide,  S-(2-hydroxi  ethyl)-phenylmetane-thiosulfinate,
glutamyl-S-benzyl cysteine which inhibit NO production,® dibenzyl
trisulfide which acting as an immunomodulatory."®! In previous studies
was found that compounds such as pinitol,™ coumarin®! myricitrin
(a flavonoid glycoside) have been reported to have anti-inflammatory
effects.?!! These substances found as secondary metabolites may be
involved in anti-inflammatory mechanisms.

To evaluate the effect of PW on viability of RAW 264.7, murine
macrophage was conducted in the MTT assay. As shown in the
Figure 1 found no significantly (P < 0.05) difference in the cell viability
when were treated at the concentrations of 50, 100, and 200 ug/ml.
Therefore, these concentrations were selected to conduct the study of the
anti-inflammatory effect.

The current study was carried out to determine the anti-inflammatory
effect of the ethanol extract of P. alliacea semi-purified (partitioned with
water) on RAW264.7 murine macrophages. The chemical composition of
the more effective fraction PW was determined in the previous studies.!"”
Exposure of RAW 264.7 cells to LPS increased NO concentration of
a level of 7.51 uM to 24.29 uM. NO inhibitory activities by treatment

with PW at dose of 50, 100, and 200 ug/ml were 57.26%, 61.05%, and
67.55%, respectively, indicating that a concentration of 200 ug/ml
possessed the highest NO inhibitory activity [Table 1]. NO inhibitory
activity of PW is higher compared to the effect of indomethacin used as
positive control. The inhibition of NO can occur due to modulation of
cellular inflammatory pathways, or direct scavenging suggested that the
sulthydryl group of cysteine of the diastereoisomers of S-benzylcysteine
sulfoxide as petiveriins A and B previously identified in P. alliacea'™ can
react with NO to form an S-nitrosothiol adduct.??

To investigate whether PW can modulate iNOS expression, analysis was
conducted in LPS-stimulated RAW264.7 macrophages. As indicated
Table 1, iNOS expression was increased by treatment with LPS alone
compared to without LPS group, nevertheless, with treatment of PW
produced a lowering of levels iNOS. The observed inhibition was
dose-dependent, and at dose of 200 pg/ml PW inhibited 65% expression
of INOS.

iNOS is implicated in the synthesis of prostaglandin H2 starting of
arachidonic acid, which is a precursor of PGE2, in activated macrophages
with LPS. In addition, iNOS leads to overproduction of NO, PGEZ’ and
COX-2 which results in the production of inflammatory diseases. Thus,
modulation of iNOS and NO expressions could be one of the strategies
to reduce inflammatory diseases.

As shown in Table 1, LPS-stimulated RAW264.7 macrophages led
to release of proinflammatory lipid mediators PGE, and LTC,. PW at

200ug/ml

Control 50ug/ml 100pg/ml

Figure 1: The viability of RAW 264.7 murine macrophage is shown as
percentage of control cells. Data were presented as mean * standard
deviation (n = 3). Each cell population (x1 10* cells/ml) were treated
with PE at dose of 100 ug/ml and 200 ug/ml, resulting no toxic to RAW
264.7 cells when were treated with LPS for 24 h. P < 0.05 compared with
control

Table 1: Inhibition of nitric oxide, inducible nitric oxide synthase, prostaglandin E,, and leukotriene C4 in mouse peritoneal macrophages by PW from

Petiveria alliacea

Groups NO (uM) iNOS (U/ml) PGE, (uM) LTC, (ng/ml) NF-kB activation (OD 450 nm)
Cells alone 7.51+1.65 1.83+0.28 2.75+4.16 0.15+0.09 0.09+0.005
LPS treatment (1 pug/ml) 24.29+4.19 5.13+1.32* 11.26£3.62° 6.73+2.37% 0.43+0.07
PW (pg/ml)

50 10.38+3.10° 2.32+0.81° 7.12£1.34¢ 4.80+3.25¢ 0.18+0.04°

100 9.46£5.71°¢ 1.97+0.30¢ 5.23+2.41° 4.57+1.83° 0.16+0.05¢

200 7.88+2.36° 1.79+0.88° 3.02+1.57° 3.85+0.98" 0.11+0.08¢
Indomethacin (25 pg/ml) 9.56+4.19¢ 1.97+0.56° 2.46+0.48° 3.26+1.05¢ 0.13+0.03°

Each column represents the mean+SEM (n=8). *P<0.01 versus control group; "P<0.05; °P<0.01 versus LPS group (n=4). iNOS: Inducible nitric oxide synthase;
LTC,: Leukotriene C4; PGE,: Prostaglandin E,; NO: Nitric oxide; SEM: Standard error of mean; NF-kB: Nuclear factor-«B
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Table 2: Modulatory effects of PW on tumor necrosis factor-alpha, interferon gamma, interleukin-2, interleukin-4, interleukin-6, interleukin-10, and

interleukin-1p in activated RAW264.7 macrophages

Groups pg/ml
TNF-a IFN-y IL-2 IL-4 IL-6 IL-10 IL-1B

Control 60+8.43 0.30+0.008 8.45+4.21 19.6+3.56 134+3.21 12.57£5.62 17.6£7.22
LPS treatment (1 pug/ml) 345+4.19° 0.93+0.007° 28.13+£3.27° 64.5+4.87° 284+3.21° 25.43£5.62° 126.8+7.22°
PW (ug/ml)

50 310+5.07° 0.68+0.006¢ 14.26+3.27¢ 29.58+5.37° 162+4.19¢ 16.7243.17° 103.4+7.59°

100 275+2.48° 0.46+0.008¢ 13.05+1.69"° 21.13+5.60° IGIEEERIE 13.22+4.30° 79.6+4.16°

200 216+3.48° 0.42+0.009¢ 10.17+2.49° 19.17+3.87° 140+6.23¢ 12.28+2.65° 53.1%+3.75°
Indomethacin (25 pg/ml) 193+5.19° 0.39+0.004¢ 9.48+3.85¢ 20.4+6.08° 147+6.19° 11.43+2.14° 43.1+5.48°

Each column represents the mean+SEM (n=8). The macrophages were treated with PW for 1 h followed by LPS treatment and further incubation for 4 h. The
secreted proinflammatory mediators were determined by ELISA assays. *P<0.01 versus control group; "P<0.05; “P<0.01 vs. LPS group (n=4). SEM: Standard error of
mean; TNF: Tumor necrosis factor; IFN: Interferon; IL: Interleukin; LPS: Lipopolysaccharide

dose of 200 pg/ml showed a significant inhibitory effect on release of
the prostaglandin PGE, and LTC, with values of 73.17% and 42.79%,
respectively [Table 1]. This pro-inflammatory can improve inactivated
immune cells, including mast cells enhanced the antiallergic activity.*

In this study, we used a commercial transcription factor ELISA kit to
evaluate whether PW modulated activation of NF-kB in LPS-stimulated
RAW?264.7 cells. Asshown in Table 1, LPSinduced the activation of NF-kB
in RAW264.7 cells, whereas PW markedly suppressed this LPS-induced
NF-kB activation in a concentration-dependent manner. The previous
reports have shown that extracts of P. alliacea exhibited wound healing
due to the effect on NF-kB and TNEF-q activities;'**! however, no effect
has been detected on LPS-induced inflammation in RAW 264.7 cells.
LPS activates several intracellular signaling pathways, including NF-kB
transcription factor involved in the transactivation of a variety of genes
associated with inflammatory responses and regulating immune.?"!
These results indicated that PW downregulated the LPS-induced NF-xB
signaling pathway in a concentration-dependent manner revealing that
inhibit the production of proinflammatory cytokines by suppressing
NF-kB activation.

ELISA assay was used to determine the effects of PW on levels of TNF-a,
IFN-y, IL-2, IL-4, IL-6, IL-10, and IL-1 B in LPS-stimulated RAW
264.7 macrophages. Secretion of these pro-inflammatory mediators
compared with the untreated control cells after LPS-stimulated for
24 h the RAW 264.7 cell was strongly increased. As indicated Table 2,
PW significantly (P < 0.05) reduced the production of these cytokines
in a dose-dependent manner. The inhibitory activities with 200 pg/ml
of PW treatment was 37.39% for TNF-a, 52.68% for IFN-y, 60.29% for
IL-2, 59.42% for IL-4, 50.70% for 1L-6, 59.57% for IL-10, and 60.29%
for IL-1 . However, only the cytokines IL-4 and IL-10 returning to the
basal level of the untreated group. TNF-a in inflammation processes
is an essential pro-inflammatory mediator, which can lead to other
inflammatory molecules expression as IL-6, and COX-2. Psoriasis,
refractory asthma, inflammatory bowel disease, and rheumatoid arthritis,
can be caused TNF-a interact with its receptors to trigger downstream
activation of inflammatory gene expression. However, IL-10 is a potent
anti-inflammatory cytokine which has immunomodulatory effects,
causing the inhibition of other pro-inflammatory cytokine as TNF-c..12”!
The secretion of pro-inflammatory mediators is an important factor
in upregulating inflammatory processes. Therefore, the development
of anti-inflammatory substances, which can modulate the production
of pro-inflammatory mediators, are an efficient way to manage
inflammatory conditions.

1t is well known that concentrations of palmitate at 500 um increase
oxidative stress, stimulate ROS production in RAW264.7 cell. H,0,
model has been used to determine the oxidative stress due it can generate
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Table 3: Effect of PW on cellular oxidation stress reduction activity

Group DCF fluorescence (%)
Blank 0.8+0.003
Control 90.2+4.32
PW (ug/ml)

50 67.1+4.16

100 50.6+5.88

200 33.4+3.56
Ascorbic acid (25 pg/ml) 19.1+2.39

DCEF: Fluorescent 2,7 -dichlorofluorescein

in vivo by enzymatic dismutation/or the spontaneous the superoxide
anion radical. Pretreatment with flavonoids for 1 h at 20 uM significantly
decreased ROS production prevent oxidative stress in RAW264.7 cell
and palmitate-induced ROS production using DCFH-HA (for H,0,")
and DHE (for O,") test. The oxidative stress reduction potential of PW is
given Table 3. The capacity of 50, 100, and 200 ug/ml of PW to reduce the
oxidative stress was compared with that of 25 ug/ml of ascorbic acid. The
values of the mean fluorescent intensity indicated that PW significantly
reduced palmitate induced increases in ROS-cells. Some pathways of
inflammation operate through oxidative stress, acting as scavenging
agents or acting on redox state of the cell and other acting as scavenging
agents.

The capacity of PW to decrease the oxidative stress in cells can
be possibly due to their ability to act as free radical scavengers,
quenchers of singlet O, formation, to complex with prooxidant metal
ions and reducing agents. These results agree with those reported
previously.®!

CONCLUSIONS

The present study has demonstrated that PW from P. alliaceae exhibited
anti-inflammatory action in LPS-stimulated RAW264.7 macrophages
through modulation of pro-inflammatory mediators. Modulation effects
are attributed to its inhibition of inflammatory gene expressions through
blocking of NF-kB signaling pathways.
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