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Abstract

by LPS were examined.

Objective: Bullatine A (BLA), a diterpenoid alkaloid of the genus Aconitum, possesses anti-rheumatic, anti-
inflammatory and anti-nociceptive effects. The mechanism underlying the anti-inflammatory effect was further
examined using murine RAW264.7 macrophage cell lines in vitro.

Methods: The effects of BLA on cell apoptosis/death and endoplasmic reticulum (ER) stress in RAW264.7 cells
induced by lipopolysaccharide (LPS) were examined. The effects of BLA on pro-inflammatory cytokines interleukin-6
(IL-6) as well as nitric oxide (NO), intracellular reactive oxygen species (ROS) and Ca2* in RAW264.7 cells induced

Results: The results showed that BLA protected RAW 264.7 cells against apoptotic death induced by LPS via
attenuated the production of pro-inflammatory factor interleukin-6 (IL-6), nitric oxide (NO), intracellular reactive
oxygen species (ROS) and Ca2* in LPS-treated RAW 264.7 cells,

Conclusion: The results demonstrated a significant anti-inflammatory and ER stress inhibitory properties of BLA.
It also indicated that it may have beneficial therapeutic effects in the treatment of conditions associated with an
overproduction of inflammatory cytokines, including pain, inflammation, cancer, and neurodegenerative diseases.

Keywords: Bullatine A; anti-inflammation; RAW 264.7; LPS;
endoplasmic reticulum stress

Introduction

The processed tubers of genus Aconitum were important materials
in traditional Chinese medicine for the treatment of pain,
inflammation, and some neuronal disorders [1]. Pharmacological
researches have shown that the alkaloids of the genus Aconitum
mainly possess therapeutic effects such as analgesia and anti-
inflammatory [2]. The bullatine A (BLA) (Figure 1), a diterpenoid
alkaloid of the genus Aconitum, is one of the major compounds
isolated from Aconiti brachypodi Radix (Family Ranunculaceae) [3,4].
However, the effect of BLA on inflammation remains to be elucidated
and needs further investigation.

Inflammation is a complex process mediated by the action of
various immune cells, such as natural-killer cell, neutrophiles, and
macrophages. Macrophages are key players of the immune system [5]
and play a central role to mediate many different immunopathological
phenomena during inflammation. When the body is stimulated by
pathologic injury, activated macrophages release numerous pro-
inflammatory cytokine and inflammatory mediators [6]. Hence, the
macrophage cell line provides an excellent model for drug screening
and evaluation of potential inhibitors of the inflammatory response.

The endoplasmic reticulum (ER) is multifunctional organelle which
coordinates lipid biosynthesis, protein folding, and calcium storage

and release. ER homeostasis is vital for cell function and survival.
Disturbances in the redox status, calcium storage, or protein
glycosylation in the ER compromise the ER protein folding capacity,
resulting in the accumulation of unfolded proteins in the ER which is
defined as ER stress. Moreover, the ER stress is also provoked by
inflammatory situations and is involved in a wide range of
pathophysiological conditions, including systemic inflammation
caused by LPS [7]. Increasing Ca?* and reactive oxygen species (ROS)
were also reported under ER stress [8]. Exposure to LPS induces
inflammatory induction of pro-inflammatory cytokines such as TNEF-
a, interleukin-6 (IL-6), and IL-1pB, thus triggered a cascade of
inflammatory reaction.

The present study was thus conducted to investigate the effect of
BLA on LPS-induced inflammation and ER stress response using
murine RAW264.7 macrophage cell lines in vitro. The effects of BLA
on pro-inflammatory cytokines IL-6, nitric oxide (NO) as well as the
mRNA levels of IL-6 and inducible nitric oxide synthase (iNOS) were
examined. Moreover, the intracellular ROS as well as Ca?* in
RAW?264.7 cells induced by LPS were detected to further discuss the
mechanism.
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Materials and Methods

Materials, Chemicals and Reagents

The Bullatine A (BLA, FW 343.5, colorless crystal, purity 99.8%)
was obtained from National Institutes for Food and Drug Control in
China. It was dissolved in dimethyl sulfoxide (DMSO, Amresco, USA)
and then freshly diluted in Dulbecco’s modified Eagle’s medium
(DMEM, Hyclone, Logan, USA) at the desired concentration. The
final DMSO concentration in the solution was not more than 0.5%.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) was obtained from Biotech (USA). Penicillin and streptomycin
were purchased from Hyclone (Logan, Ut ah, USA). LPS, Griess
reagent were obtained from Beyotime Institute of Biotechnology.
Dichlorofluorescin diacetate (DCFH-DA) and hoechst 33258 were
obtained from Sigma Chemicals Co. (USA). All other chemicals were
of analytical grade unless otherwise stated.

Figure 1: The structure of Bullatine A.

The cell culture

Murine RAW 264.7 macrophage cell line was obtained from
American Type Culture Collection (ATCC) and cultured in DMEM
supplemented with 10% calf serum, 1% strepto-mycin/penicillin at
37°C in a humidified incubator under 5% CO?.

Analysis of cell viability

The cells were exposed to LPS or co-incubated with different
concentration of BLA for 48 h before staining. Cell survival was
observed with phase-contrast microscope (OLYMPUS, Japan). The
cell viability was evaluated by MTT method using a microplate reader
(TECAN A-5082, megllan, AUSTRIA) [9]. The results were expressed
as a percentage of the control value.

Measurement of apoptosis by hoechst 33258 staining

The cells were exposed to LPS or co-incubated with different
concentration of BLA for 48 h before staining. Cell apoptosis and
nuclear morphology of the cells were detected using the method of
hoechst 33258 staining [10]. Briefly, the cells were stained by Hoechst
33258 (1 pg/ml) at room temperature in dark for 15 min. The cells
were then washed twice with D-hanks, examined and immediately
photographed under a fluorescence microscope (Nikon Corporation,
Chiyoda-ku, Tokyo, Japan). Apoptotic cells were defined on the basis
of nuclear morphology changes, such as chromatin condensation and
fragmentation.

Measurement of NO and IL-6 concentration

The supernatant of RAW 264.7 cells was collected for the detection
of NO and IL-6. The production of NO was monitored using Griess
Reagent System Kit (Beyotime Institute of Biotechnology, China). The
IL-6 was measured by ELISA method using commercial kits (R&D
Systems, Minneapolis, MN, USA) according to the manufacturer's
instructions.

Measurement of intracellular ROS by DCFH-DA stainning

Intracellular ROS were monitored by using the DCFH-DA
fluorescent probe as previously described [11]. Intracellular H202 or
low-molecular-weight peroxides can oxidize DCFH-DA to the highly
fluorescent compound dichlorofluorescein (DCF). Briefly, RAW264.7
cells were plated as 1x10° cells/well in 6-well culture plates and treated
with 10 pg/mL LPS or in combination with different concentrations
(0.5-10 uM) of BLA for 48 h. After treatment, the cells were washed
twice in DMEM to remove excess nanoparticles. Cells were incubated
with 10 mM DCFH-DA at 37 for 30 min, then washed twice with
DMEM. The cells were then analyzed for ROS generation using
fluorescence microscope (Nikon Corporation, Chiyoda-ku, Tokyo,
Japan) and BD FACS Aria III flow cytometry (488 nm excitation,
530-540 nm emission), respectively. A minimum of 20,000 events were
analyzed per sample and the results expressed as fold-change of
fluorescence intensity over control.

Measurement of intracellular Ca%*

Intracellular Ca?* measurements were performed as described
previously [12]. After treatment with 10 pg/mL LPS or in combination
with different concentrations (0.5-10 pM) of BLA for 48 h, RAW 264.7
cells were washed in DMEM and then loaded with Fluo3/AM
(Calbiochem; Bad Soden, Germany) in DMEM (10 uM). The cells
were incubated at 37 for 20 min and washed twice with DMEM. The
Fluo3/AM-loaded cells were re-suspended in 700 uL DMEM. Then,
Ca?* dependent fluorescence intensity was measured using flow
cytometry (488 nm excitation, 530-540 nm emission).

Realtime reverse transcriptional polymerase chain reaction
(Realtime RT-PCR)

Briefly, Total RNA was isolated from cells using Trizol Reagent
according to the manufacture’s instructions. One microgram of RNA
was reverse transcribed to cDNA with the use of ReverTra AceTM
First Strand cDNA Synthesis Kit (Promega, USA). ¢cDNA was
amplified by quantitative real-time PCR (Bio-Rad, USA) using SYBR®
Premix Ex TaqTM RT-PCR kit (Takara, Code QPK-201, Japan). Each
25 pL reaction mixture consisted of 12.5 uL SYBR® Premix Ex TaqTM,
0.5 pL of each primer (10 um), 2 pL of cDNA, and 9.5 pL Rnase Free
dH20. Cycling conditions were as follows: stepl, 30 s at 95; step 2.40
cycles at 95 for 5's, 60 for 30 s; step 3, dissociation stage. Data from the
reaction were collected and analyzed by the complementary computer
software. Relative quantification of gene expression was calculated
using 2AACt data analysis method as previously described and
normalized to B-actin in each sample. The primers used in this study
were:

IL-6: fw TGATGATAACCTGCTGGTGTG and ™w
TCGTTGCTTGGTTCTCCTTG;

iNOS: fw ACATCGACCAGAAGCTGTCC and ™w
TGAGCCTATATTGCTGTGGC.
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Statistical analysis

Statistical analysis was performed using SPSS 11.5 for windows. All
results were presented as mean * S.E.M. Group differences were
analyzed using one-way analysis of variance (ANOVA) followed by
LSD's post hoc tests. A probability of P<0.05 was considered
significant.

Results

Effect of BLA on LPS- stimulated cell viability

As shown in Figure 2A, B LA has no obvious cytotoxicity on RAW
264.7 cells under dosage of 50 uM for 48 h. No significant difference
was observed in MTT assay at A570 values between the groups
(P>0.05). However, incubation of 10 pg/mL LPS for 48 h could induce
significant cytotoxicity on the cells. BLA (1-50 pM) could dose-
dependently prevent the decreased cell viability, which indicated the
protective effect of BLA on LPS-induced injury.

Cell Viability (% of Control)
Cell Viability (% of Control)
2
2

Control 15 3 [3 125 25 0 Lps R R .\ R

(10ng/mL)
Bullatine A
M)y - - 1 s 10 50

Figure 2: Effect of BLA on cell viability of LPS-stimulated cells
(n=6). (A) Effect of BLA on cell viability. Cells were incubated in
the presence of BLA for 48 h. (B) Cells were incubated in the
presence of LPS or in combination with BLA for 48 h. Cell viability
was determined by the MTT assay. Data were means + S.E.M.
*P<0.05, **P<0.01, significant difference versus control group. #
P<0.05, ## P<0.01, significant difference versus LPS group.

Effect of BLA on LPS- induced cell apoptosis

Nuclear morphology was assessed with membrane-permeable
reagent Hoechst 33258. The nuclei of normal cells exhibited
homogeneous and diffuse staining with regular contours and a round
shape. After exposure to LPS for 48 h, the majority of cells exhibited an
asymmetric and bright blue fluorescence. The number of condensed
nuclei, one of the typical hallmarks for apoptosis, increased. However,
co-incubation of BLA (0.5-10 uM) could significantly prevent LPS-
induced cell apoptosis, which was consistent with the protective effect
of BLA on LPS-induced cell viability Figure 3.

Effects of BLA on iNOS and IL-6 mRNA levels in RAW 264.7
cells induced by LPS

The treatment of RAW264.7 cells with LPS (10 pg/ml) for 48 h
could increase the mRNA levels of IL-6 and iNOS to some degree as
shown in Figure 4. The BLA (1-50 uM) could significantly down-
regulate the mRNA levels in a dose-dependentmanner.

10pg/mL LPS LPS+0.5uM BLA

LPS+5uM BLA

Control

LPS+10uM BLA

Figure 3: Effect of BLA on cell apoptosis of LPS-stimulated cells
(n=3). Cells were incubated in the presence of LPS or in
combination with BLA for 48 h. Cell apoptosis was observed by
Hoechst 33258 stainng.
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Figure 4: Effect of Bullatine A on IL-6 production in LPS-
stimulated cells (n=6). Cells were incubated in the presence of LPS
or in combination with BLA for 48 h. Data are means + S.E.M.
**P<0.01, significantly different versus control group. ##P<0.01,
significant difference versus LPS group.

Effect of BLA on NO and IL-6 production of RAW264.7 cells
induced by LPS

The effects of BLA on NO and IL-6 production in LPS-stimulated
RAW 264.7 cells were shown in Figure 5. Exposure of LPS (10 pg/ml)
could lead to redundant release of NO and IL-6, which could be dose-
dependently inhibited by BLA (1-50 uM) as depicted in Figure 5. As a
positive control drug, L-NAME which is widely used to inhibit
endothelial synthesis of NO, also displayed evident inhibitory property
on NO production. This reduction in NO and IL-6 accumulation
correlates with decreased iNOS and IL-6 expression, respectively.
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Figure 7: Effect of BLA on intracellular Ca?* in LPS- induced
RAW?264.7 cells.
Effects of BLA on intracellular ROS production of RAW

264.7 induced by LPS

The effect of BLA on intracellular ROS production of RAW 264.7
induced by LPS was shown in Figure 6. As shown in Figure 6A, cells
induced by LPS produced stronger DCF signals than normal cells, LPS
in combination with different concentrations of BLA (0.5-10 uM)
resulted in a marked reduction in DCF fluorescence (Figure 6B),
indicating a inhibitory effect of BLA on intracellular ROS production.
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Figure 6: Effect of BLA on intracellular ROS in LPS- stimulated
RAW264.7 cells. Cells were incubated in the presence of LPS or in
combination with BLA for 48 h. (A) Representative
microphotographs showing DCFH-DA staining of cells; (B) Flow
cytometric analysis of the cells.

Effect of BLA on intracellular Ca%* concentration of LPS-
induced RAW264.7 cells

As shown in Figure 7, 10 ug/ml LPS significantly increased Fluo-3
fluorescence, demonstrating an increase of intracellular Ca?*
concentration of the cells. BLA (1-10 pM) could remarkably reduced
the elevation of intracellular Ca?* (Figure 7).

Discussion

Chronic inflammation has been linked to a wide variety of diseases
such as atherosclerosis [13], Alzheimer’s disease [14], diabetes [15],
and carcinogenesis [16]. Macrophages play a critical role in regulating
inflammation and can be activated by external stimuli to produce
various inflammatory mediators such as NO and ROS. Our present
results showed that BLA treatment prevents LPS-induced RAW 264.7
cell death/apoptosis via attenuated the production of pro-
inflammatory factors and inhibiting ER stress response through
intracellular ROS and Ca?*, demonstrating a significant anti-
inflammatory properties of BLA.

NO, which is mainly generated by iNOS under the inflammatory
conditions [17], plays a key role in each step of the pathological
processes during inflammation [18]. In fact, nonsteroidal anti-
inflammatory drugs (NSAIDs), including aspirin [19] and tolfenamic
acid [20], are currently used for both cancer prevention and treatment
[21]. Moreover, NO is also a major source of Ca?* elevation and can
leads to an increase in intracellular ROS production via intracellular
Ca?* influx [22]. We have shown here that RAW264.7 cells could be
damaged after incubation with 10ug/mL of LPS, leading to IL-6 and
NO release as well as transcriptional activation of iNOS and IL-6.

ER stress has been confirmed to be involved in multiple
pathological processes, including inflammation, impaired autophagy,
mitochondrial dysfunction and hypoxic responses. Studies suggest that
altered redox homeostasis in the ER is sufficient to cause ER stress,
which could in turn induces the production of ROS in the ER and
mitochondria. Furthermore, as the major site of intracellular Ca2t
storage, the ER has the capacity to regulate Ca>* homeostasis and Ca?*
related biological processes, and it has been shown that ER stress-
associated Ca?* depletion mediates apoptosis and disease development
[23]. We demonstrated that LPS stimulation causes ROS generation
induced by disruption of intracellular Ca?* homeostasis, and that ROS
stimulate the overproduction of pro-inflammatory cytokines, which
leads to death/apoptosis in macrophages. The BLA (1-50 uM) potently
inhibits RAW264.7 cell death/apoptosis induced by ATP, and thus
suppressed ER stress -mediated inflammatory responses.

In conclusion, this study demonstrates the anti-inflammatory effect
of BLA are mediated, at least in part, through attenuation of ER stress.
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Our results should provide valuable insight into the pathogenesis of
BLA on ER-associated cell death as a key mediator in LPS-induced
inflammation. Since BLA has little toxicity and is much safer than
other alkaloids isolated from the genus Aconitum [24], the results also
demonstrated that it may have beneficial therapeutic effects in the
treatment of conditions associated with an overproduction of
inflammatory cytokines, including pain, inflammation, cancer, and
neurodegenerative diseases.
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