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ARTICLE INFO ABSTRACT

Keywords: We evaluated the anti-inflammatory activity of methanol extracts of Chinese medicinal plants from Beijing and
Acalypha australis L. determined which extract was the most effective. We found the methanol extract of Acalypha australis L. (AAL) to
Anti-inflammation be the most effective. AAL has been used for clearing heat, toxic material, and hemostasia in Chinese medicine.
Lipopolysaccharide

Although these uses are closely related to inflammation, the anti-inflammatory effect of AAL has not yet been
described and its underlying mechanism remains unclear. Therefore, we aimed to identify anti-inflammatory
effect of AAL and its underlying mechanism in vitro and in vivo. In RAW 264.7 macrophages, cytotoxicity was
evaluated by MTT assay and nitric oxide (NO) was measured with Griess reagent. To confirm the production of
pro-inflammatory cytokines and its mRNA expression, enzyme immunoassay (EIA) and quantitative real-time
PCR (qRT-PCR) were performed. Further, protein expression was analyzed by western blotting. Septic shock was
induced by intraperitoneal injection of LPS (25 mg/kg) in mice. One hour before LPS injection, AAL (25 and
50 mg/kg) was administered orally. In LPS-stimulated macrophages, AAL inhibited NO production at con-
centrations without cytotoxicity. Additionally, AAL reduced not only inducible nitric oxide synthase (iNOS)
expression but the production of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) by attenuating nuclear
factor-kappa B (NF-kB)-related proteins (NF-kB p65, phosphorylation of inhibitor kB-a; p-IkB-a, phosphorylation
of inhibitor kB kinase-a/(3; p-Ikk-a/[3). Moreover, AAL enhanced the survival rate of mice through the inhibition
of iNOS expression and IL-6 and interleukin-1f (IL-1f) production in LPS-induced septic mice. Furthermore, AAL
also reduced the expression of NF-kB-related proteins. These finding suggest that AAL is related to the mod-
ulation of inflammatory reactions by blocking NF-kxB activation in LPS-stimulated RAW 264.7 macrophages and
LPS-induced septic mice.

NF-xB
RAW 264.7 macrophages
Septic shock

1. Introduction rheumatoid arthritis, and atherosclerosis (Guzik et al., 2003). In-
flammation is triggered by various inflammatory cytokines and med-

Inflammation plays a significant role in the complex immunological iators, which are released from pro-inflammatory cells such as macro-
responses of the body, such as the removal of harmful stimulants like phages (Kim et al, 2017). Macrophages, which act as defense
pathogens and damaged cells (Gatis-Carrazzoni et al., 2019). Moreover, mechanisms against pathogens, play a crucial role in inducing host
excessive inflammation can cause multiple disorders, such as asthma, immune reactions to infection-related inflammation (Le et al., 2018). As
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inflammation progresses, macrophages accumulate around the site of
inflammation by invading agents (He et al., 2018b). Lipopolysaccharide
(LPS), present in the external walls of gram-negative bacteria, can cause
various inflammatory reactions, such as septic shock and death (Kanno
et al.,, 2006). LPS-stimulated macrophages release cytokines such as
interleukin-1{ (IL-1p), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a), and mediators through the activation of the nuclear factor-
kappa B (NF-kB) pathway (B. O. Cho et al., 2014). NF-xkB pathway
modulates inflammatory cytokine production and mediator gene ex-
pression. Under unstimulated conditions, heterodimers of NF-kB bind to
inhibitor xB-a (IkB-a) and exist in an inactive form in the cytoplasm
(Park et al., 2014). When the NF-xB pathway is activated by a stimulant
that induces inflammation, the activation of the IxB kinase (IKK)
complex induces IkB-a phosphorylation and degradation. Subsequently,
the liberated subunits (p65/p50) of NF-kB enter the nucleus and induce
gene expression. NF-kB pathway encodes various transcriptional genes
and produces pro-inflammatory cytokines (S. H. Kim et al., 2015). Thus,
targeting the NF-xB pathway is regarded as a possible therapeutic
strategy against inflammatory disorders (He et al., 2018a). The over-
production of inflammatory mediators may cause life-threatening dis-
orders, such as septic shock, which can lead to multi-organ dysfunction
and death by systemic infection (Li et al., 2014). The treatment for
septic shock remains a challenge despite the development of many
pharmaceutical candidates. Thus, the inhibition of inflammation and
septic shock is expected to possess a therapeutic potential. Chinese
medicinal plants have not only been used as therapeutic materials for
several disorders, but are also being actively studied to date (Le et al.,
2018). In the current study, we sought to identify the anti-inflammatory
activity of Chinese medicinal plant especially from Beijing and to
confirm its potential in therapy. Acalypha australis L. (AAL), which has
most inhibitory effect on the nitric oxide (NO) production in macro-
phage inflammatory model, belongs to the Euphorbiaceae family in
Chinese medicine. The whole AAL plant is called “chul-hyun-chae”; it
has been used for treating heat, dysentery, abdominal distension,
diarrhea, uterus hemorrhage, eczema, and dermatitis (Seebaluck et al.,
2015). Although the AAL extract has been already reported to show
anti-cancer and anti-bacterial effects (Shin et al., 2013; Xiao et al.,
2013), there was no evidence for its anti-inflammatory effects in LPS-
stimulated RAW 264.7 macrophages. Therefore, we examined the anti-
inflammatory effect of AAL in RAW 264.7 macrophages and LPS-in-
duced septic mice.

2. Materials and methods
2.1. Chemicals and reagents

Dulbecco’s modified Eagle’s medium (DMEM), penicillin, strepto-
mycin, and fetal bovine serum (FBS) were acquired from Life
Technologies (Grand Island, NY, USA). Dimethyl sulfoxide (DMSO) was
acquired from Junsei-Chemica (Tokyo, Japan). Lipopolysaccharide
(Escherichia coli 055:B5), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide), Griess reagent, and NIL (N6-(1-
Iminoethyl)lysine) were acquired from Sigma Chemical (St. Louis, MO,
USA). The primary antibodies iNOS (M-19; cat. no. sc-650), IkB-a (C-
15; cat. no. sc-203), IKK-a/p (H-470; cat. no. sc-7607), a-tubulin (TU-
02; cat. no. sc-8035), and 3-actin (ACTBD11B7; cat. no. sc-81178) were
acquired from Santa Cruz (Santa Cruz, CA, USA). The primary anti-
bodies NF-xB p65 (C22B4; cat. no. #4764), phospho-IKK-a/[3 (Ser176/
180) (16A6; cat. no. #2697), and PARP (cat. no. #9542) were acquired
from another company (Cell Signaling Technology, Danvers, MA, USA).
Horseradish peroxidase-conjugated (HRP) secondary antibody was ob-
tained from Jackson ImmunoResearch (West Grove, PA, USA). The
enzyme immunoassay (EIA) kits for mouse IL-6 and TNF-a were ac-
quired from R&D Systems (Minneapolis, MN, USA). Primers for IL-1f3,
IL-6, TNF-a, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were obtained from Bioneer Corporation (Daejeon, Republic of Korea)
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Table 1
Extract information for Chinese medicinal plants.

Scientific name Whole plant (g)  Yield (§)  Accession number
Digitaria sanguinalis (L.) Scop 46 g 43¢ 0050065
Acalypha australis L. 46 g 357¢g 0050064
Euphorbia maculata L. 35g 7.07 g 0050074
Cenchrus echinatus L. 65¢g 5.59 g 0050068
Chenopodium album L. 70 g 589¢g 0050079
Cerastium caespitosum Gilib. 60 g 5.46 g 0050258

Table 2
Sequences of the oligonucleotide primer.

Gene Forward primer (5’-3") Reverse primer (5-3')

IL-1B GATCCACACTCTCCAGCTGCA CAACCAACAAGTGATATTCTCCATG

1L-6 TTCCATCCAGTTGCCTTCTTG GGGAGTGGTATCCTCTGTGAAGTC

TNF-a ATGAGCACAGAAAGCATGAT TACAGGCTTGTCACTCGAAT

GAPDH GACGGCCGCATCTTCTTGT CACACCGACCTTCACCATTTT
Table 3

Effect of methanol extracts of Chinese medicinal plants from Beijing on the cell
viability in RAW 264.7 macrophages.

NO. Scientific name ICs0 (ng/ml)
1 Digitaria sanguinalis (L.) Scop 267.8

2 Acalypha australis L. 307.2

3 Euphorbia maculata L. > 500

4 Cenchrus echinatus L. > 500

5 Chenopodium album L. 68.28

6 Cerastium caespitosum Gilib. 135.2

Each value represents the mean + S.D. (n = 3).

Table 4
Effect of methanol extracts of Chinese medicinal plants from Beijing on NO
production in LPS-stimulated RAW 264.7 macrophages.

NO. Scientific name ICso (ug/ml)
1 Digitaria sanguinalis (L.) Scop 69.7477

2 Acalypha australis L. 59.9759

3 Euphorbia maculata L. 248.3546

4 Cenchrus echinatus L. 451.7357

5 Chenopodium album L. 106.9219

6 Cerastium caespitosum Gilib. 143.3705

Each value represents the mean + S.D. (n = 3).

and PowerUp™ SYBR® green master mix was obtained from Applied
Biosystem (Foster City, CA, USA). Other reagents were acquired from
Sigma-Aldrich.

2.2. Preparation of methanol extracts of Chinese medicinal plants

Methanol extracts of Chinese medicinal plants were acquired from
International Biological Material Research Center (Daejeon, Republic of
Korea), which belongs to the Korea Research Institute of Bioscience and
Biotechnology (KRIBB). Digitaria sanguinalis (L.) Scop (DSS), Acalypha
australis L. (AAL), Euphorbia maculata L. (EML), Cenchrus echinatus L.
(CEL), Chenopodium album L. (CAL), and Cerastium caespitosum Gilib.
(CCG) were collected in Zheshang Park, Wuhu city, Anhui province in
China and identified by Dr. Zhiyun Zhang of the Herbarium of the
Institute of Botany of the Chinese Academy of Sciences in 2012. A
voucher specimen (accession number) of the retained material is pre-
served at the KRIBB herbarium. Whole dried and refined Chinese
medicinal plants were extracted with 11 of 99.9 % (v/v) methanol with
repeated sonication (15min) and rest (2h) for 3 days at 45°C. The
resultant product was filtered with non-fluorescence cottons and
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Fig. 1. Effect of AAL on NO production and iNOS expression in LPS-stimulated RAW 264.7 macrophages. (A) Cells were treated with different concentrations
of AAL for 24 h, and cytotoxicity was determined using MTT assay. (B) NO production in the culture media was measured by Griess reagent. NIL (20 uM) was used as
a positive control inhibitor. (C) iNOS expression was determined by western blot analysis using specific antibodies. B-actin was used as internal control. The values

+

are represented as mean
control group; *** p < 0.001 vs the LPS-treated group.

concentrated by a rotary evaporator (N-1000SWD, EYELA) under re-
duced pressure at 45 °C (Table 1). Finally, the total yields of methanol
extracts were obtained by freeze-drying, and each sample was dissolved
with a final concentration of 50mg/ml in DMSO for subsequent
bioassays.

2.3. Cell culture and sample treatment

RAW 264.7 macrophages were acquired from Korea Cell Line Bank
(Seoul, Republic of Korea). The cell line was cultivated in adequate
incubator conditions (5 % CO,, 37 °C) with DMEM supplemented with
10 % FBS (Gibco, Big Cabin, OK, USA) and 1 % penicillin/streptomycin.
In vitro, cells were treated with or without AAL at non-cytotoxic con-
centrations (25, 50, and 100 pg/ml) for 1 h and stimulated with 1 ug/ml
of LPS for the appropriate time at 37 °C incubator.

2.4. MTT assay

The cytotoxicity of AAL was analyzed by MTT assay. Under stable
cultivation conditions, cells were seeded at a concentration of 1 x 10°
cells per well in a 96-well plate. After cultivating in medium for 24 h,
the cells were treated with medium containing DMSO and AAL (15.625,
31.25, 62.5, 125, 250, and 500 pg/ml) for 24 h. Subsequently, cells
were treated with a 5mg/ml MTT solution and cultivated for 4h at
37 °C. After removing the culture medium, DMSO dissolved insoluble
formazan. We analyzed the absorbance of formazan with an Epoch™
microplate spectrophotometer from BioTek (Winooski, VT, USA) at
570 nm.

2.5. NO assay

Cells were seeded at a concentration of 2 x 10* cells per well in 24-

S.D. of three independent experiments. (A); ** p < 0.01, *** p < 0.001 vs. the DMSO-treated group, (B-C); **#* p < 0.001 vs. the

well plate, and treated with 20 uM of NIL and 25, 50, and 100 pg/ml of
AAL for 1 h and stimulated with 1 pg/ml of LPS in for 48 h at 37 °C. The
culture media were obtained from each well and NO concentrations
were estimated using Griess reagent. Culture medium (50 pl) was mixed
and incubated with Griess reagent (50 pl) for 15 min at 18 —25 °C and
assessed with an Epoch™ microplate spectrophotometer from BioTek at
540 nm.

2.6. EIA assay

IL-6 and TNF-a production were confirmed using EIA kits (R&D
Systems, Minneapolis, MN, USA). RAW 264.7 macrophages were
seeded in a 6-well plate at a concentration of 4 x 10° cells per well.
Cells were treated with 25, 50, and 100 pg/ml of AAL for 1h prior to
the addition of LPS (1 pg/ml), and cells were further incubated for 24 h.
Supernatants of culture media were obtained and measured for IL-6 and
TNF-a production with an Epoch™ microplate spectrophotometer from
BioTek.

2.7. Preparation of nuclear protein extraction

Nuclear extracts of the cells were prepared as follows. Cells (2 x 10°
per well) were treated with AAL for 1 h before adding 1 pg/ml LPS, and
cultivated for 30 min and washed with cold PBS. The nucleus extracts
from the liver were obtained using NE-PER® Reagents (Thermo,
Rockford, IL, USA).

2.8. Western blotting

Cells or liver tissues were homogenized and resuspended with PRO-
PREP™ (iNtRON Biotechnology Inc., Gyeonggi-do, Republic of Korea)
and maintained for 15 min at 4 °C. Cell debris was eliminated by micro-
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Fig. 2. Effect of AAL on production and mRNA expression of pro-inflammatory cytokines in LPS-stimulated RAW 264.7 macrophages. The production of
TNF-a and IL-6 (A) were detected in the culture media by using EIA kits. Detailed manner was described in material and method. The mRNA expression of TNF-a and
IL-6 (B) were analyzed by qRT-PCR. Cells were treated with 25, 50, and 100 pg/ml AAL for 1h prior to the addition of LPS (1 pg/ml), and the cells were further

incubated for 6 h. The data shows quantification results normalized to GAPDH. The data are represented as mean = S.D. of three independent experiments.

#H##

p < 0.001 vs. the control group; *p < 0.05, **p < 0.01, *** p < 0.001 vs. the LPS-treated group.

centrifugation (15,920 X g, 30 min, 4 °C). Following the manufacturer’s
instructions, Bio-Rad dye reagent (Bio-Rad, Hercules, CA, USA) was
used to examine protein concentrations. Each protein sample was se-
parated on an 8-10 % poly-acrylamide gel and transmitted to a poly-
vinylidene fluoride (PVDF) membrane. Membranes were covered with
2.5 % or 5 % skim milk (30 min, 18 — 25 °C), followed by an overnight
incubation at 4 °C with 1/1000 diluted primary antibody. Tween 20/
tris-buffered saline (T/TBS) was used to wash the membranes three
times followed by incubation for 2h with a 1/2500 dilution of the
secondary antibody (18 —25 °C). Membranes were washed again three
times and then detected using a WB detection kit, Ab Signal (AbClon,
Seoul, Republic of Korea), in a dark room.

2.9. Quantitative real-time PCR analysis

After homogenizing the cells or liver tissue, an easy-BLUE™ kit
(iNtRON Biotechnology, Inc.) was used to isolate total RNA. An Epoch®
micro-volume Spectrophotometer system was procured from BioTek
and used to quantify total RNA. Additionally, cDNA was obtained by
synthesis from extracted RNA. The expression of relative genes with
PowerUp™ SYBR® green master mix was measured by using a Real Time
PCR System 7500 (Applied Biosystems, Foster City, CA, USA). The se-
quences of oligonucleotide primers (IL-1f, IL-6, TNF-a, GAPDH; mouse)
are described in Table 2. A house-keeping gene, GAPDH, was used to
express the results as the ratio of optimal density.

126

2.10. Experimental animals

Six-week-old male C57BL/6 mice (20 g) were acquired from Daehan
Biolink CO. (Eumsung, Republic of Korea). Six mice were allocated into
four groups and adapted under steady conditions (light cycle, 12h;
temperature, 20 — 25 °C; humidity, 40-60 %). Before starting the study,
all experimental procedures were cleared by the Institutional Animal
Care and Use Committee (IACUC) of Sangji University (approbation
number #2018-9). The mice were administered AAL (25 and 50 mg/kg)
orally for 1 h and injected intraperitoneally with PBS or 25 mg/kg LPS
dissolved with PBS. After administration, the survival rate of mice was
observed for 72 h. Liver samples were obtained 4 h after injection and
immediately frozen (—80 °C).

2.11. Statistical analysis

Each result was tested in triplicate and visualized as the
mean *+ S.D. Significance was compared by Dunnett’s post hoc test for
ANOVA using GraphPad Prism software (version 5.01) and p-va-
lues < 0.05 were considered to be statistically significant (*p < 0.05,
®p < 0.01, ***p < 0.001).
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Fig. 3. Effect of AAL on the NF-kB activation in LPS-stimulated RAW 264.7 macrophages. In common, cells were pre-treated with AAL for 1h prior to the
addition of LPS (1 pg/ml): (A) Cells were further incubated for 30 min. Nuclear and cytosolic extracts were isolated and the p65 expression in each fraction was
determined by western blot analysis. PARP and a-tubulin were used as internal controls for nuclear and cytosolic fractions, respectively. Cells were further incubated
for (B) 15 min and (C) 7 min, respectively. B-actin was used as internal control. Densitometric analysis was performed using Bio-Rad Quantity One software. The data

are represented as mean + S.D. of three independent experiments. *##

3. Results

3.1. Anti-inflammatory effects of methanol extracts of Chinese medicinal
plants in LPS-stimulated RAW 264.7 macrophages

Prior to screening the anti-inflammatory activity of several extracts
of Chinese medicinal plants from Beijing, six extracts were selected that
were extracted from methanol using the whole part of each plant. We
measured the cytotoxicity and NO production in LPS-stimulated RAW
264.7 macrophages to examine the anti-inflammatory activity of six
methanol extracts (Table 3). Based on these data, NO production was
observed at non-cytotoxic concentrations for each extract. NO produc-
tion of six methanol extracts is represented by the half maximal in-
hibitory concentration (ICsy) and the value of AAL was the lowest
among them (Table 4). Thus, AAL was investigated as a candidate anti-
inflammatory agent given that AAL significantly inhibited NO produc-
tion without cytotoxicity.

p < 0.001 vs. the control group; ***

p < 0.001 vs. the LPS-treated group.

3.2. Effect of AAL on NO production and iNOS expression in LPS-
stimulated RAW 264.7 macrophages

To deduce appropriate concentrations, we first examined the cyto-
toxicity of AAL in RAW 264.7 macrophages and found that AAL had no
cytotoxicity up to 125 pg/ml (Fig. 1A). Based on this, concentrations of
25, 50, and 100 pg/ml were selected for further experiments. We sought
to determine whether AAL inhibits the amount of NO released by LPS
stimulation. NO production was notably reduced by AAL in a dose-
dependent manner and its effect was superior to NIL, which was used as
a positive control (Fig. 1B). Furthermore, we assessed whether the in-
hibitory effect of AAL on NO production was achieved through iNOS
modulation. Pre-treatment with AAL considerably reduced iNOS ex-
pression compared to the LPS group (Fig. 1C).

3.3. Effect of AAL on production and mRNA expression of pro-
inflammatory cytokines in LPS-stimulated RAW 264.7 macrophages

To investigate the effect of AAL on pro-inflammatory cytokine re-
lease, we examined its production and mRNA expression. A significant
difference was observed in the release of TNF-a and IL-6 between non-
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Fig. 4. Effect of AAL on LPS-induced septic mice. Mice (n = 6 per group) were injected with AAL (25 or 50 mg/kg, p.o.) or vehicle (PBS) for 1h before LPS
injection (25 mg/kg, i.p.). (A) Survival rate of mice was monitored for 72 h. (B) The protein expression of iNOS was determined by western blot analysis using specific
antibodies. B-actin was used as internal control. (C) The mRNA expression of IL-6 and IL-1f was determined by qRT-PCR. Densitometric analysis was performed

using Bio-Rad Quantity One software. The data are represented as mean = S.D. of three independent experiments.

0.01, *** p < 0.001 vs. the LPS-treated group.

treated cells and LPS-treated cells. LPS stimulation significantly induced
the release of TNF-a and IL-6 in RAW 264.7 macrophages. However,
pre-treatment with AAL attenuated TNF-a and IL-6 production (Fig. 2A)
and mRNA expression (Fig. 2B).

3.4. Effect of AAL on NF-xB activation in LPS-stimulated RAW 264.7
macrophages

To clarify the underlying AAL regulatory mechanism, we in-
vestigated whether AAL prevents the translocation of NF-kB dimers
from the cytosol to the nucleus. LPS induced the translocation of NF-kB
p65 to the nucleus, whereas pre-treatment with AAL effectively reduced
this translocation in LPS-stimulated RAW 264.7 macrophages (Fig. 3A).
Since the translocation of the NF-kB dimers into the nucleus is ac-
complished by the phosphorylation of IkB-a and degradation in the

128

###p < 0.001 vs. the control group; ** p <

proteasome (G. Yang and An, 2014), we confirmed the effect of AAL on
the expression of IkB-a. We found that AAL significantly reduced IkB-a
phosphorylation and restored IkB-a degradation in LPS-stimulated
RAW 264.7 macrophages (Fig. 3B). We further identified IKK-a/f,
which is the upstream kinase of IkB-a (Shin et al., 2016). LPS-stimu-
lated IKK-a/pB phosphorylation was markedly reduced by AAL treat-
ment (Fig. 3C). However, the total amount of IKK-a/f3 was not affected.
These data indicate that inactivation of the NF-kB pathway was related
to a reduction of inflammatory reactions in LPS-stimulated RAW 264.7
macrophages.

3.5. Effect of AAL on LPS-induced septic mice

To evaluate the anti-inflammatory effect of AAL in vivo, we used a
well-known laboratory animal model for septic shock, which is the most



H.-J. Kim, et al. Molecular Immunology 119 (2020) 123-131

A
é 1.5+
&5 Hit
LPS (25 mg/kg) - + + + § é 1.0
AAL (mgkg) - - 25 %0 v
3
NE-KB p65 (N) | - o 4] £ % g5
Q L L)
= 4 ]
PARP (N) | i e— | Z. 0.0
LPS (25 mghke) - + + +
AAL (mg/kg) - - 25 50
B
- 5 . [ IkB-o/ B-actin
LPS (25 mgkg) - + ik + 15 S p-IkB-a / B-actin
AAL (mgkg) - - 25 50 B s
IB-o 5 1
o
-E - EEE EEE i)
p-IkB-o | G - ‘ < 0:33 e
F UL i T T
g — oo LLm -
LPS (25 mgkg) - + + +

AAL (mg/kg) - - 25 50
Fig. 5. Effect of AAL on NF-kB activation in liver of septic mice. (A) Nuclear extracts were isolated and p65 expression was determined by western blot analysis.
PARP was used as internal controls for nuclear fraction. (B) The protein expression of p-IkB-a and IkB-a was determined by western blot analysis using specific

antibodies. B-actin was used as internal control. Densitometric analysis was performed using Bio-Rad Quantity One software. The data are represented as
mean * S.D. of three independent experiments. **# p < 0.001 vs. the control group; *** p < 0.001 vs. the LPS-treated group.

LPS

Acalypha australis L.

e e e

Cytoplasm

lPIKB IxB

NF-xB
iNOS NO
Cytokines

Fig. 6. Schematic diagram of the underlying mechanism of AAL’s anti-inflammatory activity. AAL blocked the activation of NF-kB pathway and attenuated the
release of pro-inflammatory cytokines.

129



H.-J. Kim, et al.

extreme form of LPS-mediated inflammatory disorders (Yang et al.,
2002). Stimulation by LPS indicated 100 % mortality within 42h and
pre-treatment with a low-dose of AAL (25mg/kg) showed 100 %
mortality within 48 h post-injection (Fig. 4A). However, pre-treatment
with high-dose of AAL (50 mg/kg) reduced this mortality rate to 30 %.
As septic shock progresses, pro-inflammatory cytokines are over-
expressed and result in multiple tissue damage. Among organs, the liver
is known to be the most affected by septic shock (Checker et al., 2014).
Therefore, we evaluated the anti-inflammatory effect of AAL in the li-
vers of septic mice. We confirmed the iNOS expression in liver samples
and that AAL considerably attenuated the iNOS expression when
compared to the LPS group (Fig. 4B). Furthermore, we investigated the
mRNA expression of pro-inflammatory cytokines in liver tissue. IL-6
and IL-1B3 mRNA expression in the livers of mice was upregulated by
LPS treatment and remarkably reduced by AAL treatment (Fig. 4C).

3.6. Effect of AAL on NF-xB activation in liver of septic mice

To investigate whether the in vivo mechanisms are similar to in vitro
observations, we examined the protein expression of NF-kB-related
genes in liver samples. LPS markedly translocated NF-kB p65 to the
nucleus, whereas pre-treatment with AAL suppressed the translocation
of NF-xB p65 (Fig. 5A). Additionally, the expression of IkB-a, which
regulates the translocation of NF-kB dimers to nucleus (Tocmo and
Parkin, 2018), was confirmed. AAL considerably inhibited IkB-a phos-
phorylation and restored IkB-o degradation in the livers of septic mice
(Fig. 5B).

4. Discussion

The genus Acalypha, one of the largest genera in the Euphorbiaceae
family, contains more than 450 species. Among them, Acalypha australis
L. (AAL), an annual plant, is widespread across roadsides and farmlands
in the tropical and subtropical regions of America, Africa, and Asia
(Onocha et al., 2011). In current study, we identified the anti-in-
flammatory effect and the underlying mechanism of AAL in LPS-sti-
mulated RAW 264.7 macrophages and LPS-induced septic mice. In-
flammation is a normal immune response that repairs and returns
damaged tissue to a healthy state in the presence of infection or tissue
injury (Dunster, 2016). Lipopolysaccharides act as a potent initiator of
inflammation by inducing the expression of many pro-inflammatory
mediators in macrophages, which is one of the important cell types
involved in septic shock (Guha and Mackman, 2002). Macrophages are
pivotal cells in immune reactions and prevent invading pathogens by
releasing several pro-inflammatory cytokines and mediators (Chen
et al., 2016; Shen et al., 2018). As a defense mechanism by stimulation,
macrophages express iNOS and induce the production of a massive
amount of NO. Excessive NO has been reported to be associated with
some inflammatory diseases (Liu et al., 2012). Since NO inhibition is a
crucial part anti-inflammatory therapies, we examined the modulatory
effect of the methanol extract of AAL on NO production in RAW 264.7
macrophages. We found that AAL significantly reduced NO production
without cytotoxicity in LPS-stimulated RAW 264.7 macrophages. Ad-
ditionally, the expression of iNOS, an enzyme that catalyzes NO for-
mation, was consistent with the results of NO production (Jahani-Asl
and Bonni, 2013). Thus, we identified that AAL inhibited NO that was
induced by the suppression of iNOS expression in LPS-stimulated RAW
264.7 macrophages. Pro-inflammatory cytokines, such as TNF-a and IL-
6, are predominantly generated by activating macrophages and are
related to excessive inflammatory reactions (Cho et al., 2011). There-
fore, the suppression of large quantities of pro-inflammatory cytokines
is a potential therapeutic strategy for modulating inflammation-related
disorders. Herein, we estimated the effect of AAL at a transcriptional
level and found that AAL reduced TNF-a and IL-6 production as well as
mRNA levels, which were increased by LPS stimulation in RAW 264.7
macrophages. Inflammatory systems operate through numerous
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signaling pathways, among which the most important pathway, NF-xB
has been long studied as a major target for anti-inflammatory treat-
ments (Lawrence, 2009). To elucidate the mechanisms underlying AAL
inflammatory responses, we examined the effect of AAL on the NF-xB
pathway. We found that AAL blocked the nuclear translocation of p65
by inhibiting IkB-a phosphorylation and degradation, which was
caused by IKK-a/p activation in LPS-stimulated RAW 264.7 macro-
phages. The results demonstrate that the anti-inflammatory effect of
AAL appears to block the activation of NF-xB by inhibiting the trans-
location of the p65 protein to the nucleus in LPS-stimulated RAW 264.7
macrophages. Septic shock is a life-threatening disorder caused by
gram-negative bacterial infection that leads to multi-organ dysfunction
and eventually death (Chang et al., 2013). To estimate the anti-in-
flammatory effect of AAL in vivo, we observed the survival rate of mice
LPS-induced sepsis. AAL administration enhanced the survival rate
compared to the LPS group. These results show that AAL protected
against septic shock in LPS-induced mice. We further investigated
whether the AAL anti-septic effect is present via the same mechanisms
in vitro. iNOS overexpression can cause the overproduction of NO,
which is known to cause a severe septic shock (Yen et al., 2018). From
the livers of septic shock mice, we confirmed that AAL attenuated not
only iNOS expression, but the mRNA expression of pro-inflammatory
cytokines through the inhibition the NF-kB-related genes. Together, we
demonstrated the anti-inflammatory effect of AAL through the regula-
tion of inflammatory actions in LPS-stimulated RAW 264.7 macro-
phages and LPS-induced septic mice.

5. Conclusions

In conclusion, AAL displayed anti-inflammatory activity that atte-
nuated the production of cytokines, mediators, and the expression of
inflammation-related genes by blocking the NF-kB pathway in both in
vitro and in vivo experiments, in which an inflammatory environment
was established by LPS stimulation (Fig. 6). We propose that the me-
thanol extract of AAL could be useful in potential treatments for in-
flammatory diseases.
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