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Abstract 

Stephania venosa (Blume) Spreng. is a medicinal herb wildly used as a folklore medicine in 
Thailand. Many studies have reported that S. venosa tuber revealed a variety of pharmacological activities 
including anti-malarial, anti-microbial, anti-cancer, anti-oxidant, and anti-inflammatory activities. In this 
study, we investigated the effects of (–)-stephanine and dehydrostephanine isolated from S. venosa tuber 
on anti-inflammation in lipopolysaccharide (LPS)-activated RAW264.7 macrophages. RAW264.7 cells 
were treated with (–)-stephanine and dehydrostephanine in the presence of LPS and cell viability was 
determined by MTT assay. The levels of inflammatory mediators, nitric oxide (NO) and                                
pro-inflammatory cytokines were determined by Griess reagent and enzyme-linked immunosorbent assay, 
respectively. Pre-treatment of dehydrostephanine significantly suppressed NO secretion in LPS-activated 
RAW264.7 cells with the half-maximal NO inhibitory concentration (IC50) value of 26.81±0.25 μM. 
However, (–)-stephanine had IC50 value on the inhibition of NO secretion of >40 μM. In addition, 
dehydrostephanine at concentrations of 20 - 80 μM significantly reduced LPS-induced tumor necrosis 
factor-α, interleukin-1β, and interleukin-6 production in RAW264.7 cells. The present study showed that 
dehydrostephanine possesses the anti-inflammatory effect on LPS-activated RAW264.7 macrophages by 
suppression of inflammatory mediators. Dehydrostephanine may be a promising candidate compound for 
further investigation of a novel class of anti-inflammatory drug. 
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Introduction 

Chronic inflammatory condition can cause several diseases such as rheumatoid arthritis, 
inflammatory bowel disease, type 2 diabetes mellitus, cardiovascular, and neurodegenerative disorders as 
well as various types of cancers [1,2]. The first line of host defense against pathogens is the innate 
immune system that is mediated by phagocytes especially macrophages [3]. When macrophages are 
exposed to inflammatory stimuli such as lipopolysaccharide (LPS), an endotoxin of Gram-negative 
bacteria, LPS binds to the Toll-like receptor 4 (TLR4) on the cell membrane and subsequently induces a 
large number of inflammatory mediators, including cytokines, chemokines, prostaglandin E2 (PGE2), 
superoxide radicals, and nitric oxide (NO) [4]. These mediators serve to trigger or enhance specific 
aspects of the inflammatory response. The overproduction of pro-inflammatory mediators that produce 
from macrophage including tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-1β, inducible nitric 
oxide synthase (iNOS)/NO, and cyclooxygenase (COX-2)/PGE2 would lead to poor prognosis of the 
diseases [5]. Potent anti-inflammatory agents that attenuate the activities of inflammatory macrophages 
can be used for treating chronic inflammatory diseases [6]. 

Stephania venosa (Blume) Spreng., a species of plant belonging to Menispermaceae family, is the 
prominent folklore herb of interest and is one of the most popular medicinal plants used for the treatment 
of various diseases [7-10]. The plants of the genus Stephania have been used as a folk remedy for 
multiple purposes such as diabetes mellitus, nerve tonic, appetizer, asthma, and cancer [11].                            
(–)-Stephanine and dehydrostephanine are aporphine alkaloids isolated from S. venosa [8,10,12]. The 
reported data showed that aporphine alkaloids are major compounds found in this plant and the main 
phytochemical constituents of this genus [11]. Aporphine alkaloids possess a tetracyclic framework which 
is composed of a tetrahydroisoquinoline substructure and belongs to the isoquinoline class of alkaloids 

[10]. Many studies have reported that alkaloids from the tuber of S. venosa can reveal a variety of 
pharmacological activities including anti-proliferative [10,13], anti-invasive [14], anti-HIV-1 integrase 

[15], and anti-acetylcholinesterase activities [7]. Furthermore, aporphine alkaloids O-methylbulbocapnine 
and dicentrine from the tuber of S. venosa can inhibit the expression of iNOS and COX-2 as well as TNF-
α and IL-6 production in LPS-activated RAW264.7 cells via the suppression of mitogen-activated protein 
kinases (MAPKs), phosphatidylinositol 3-kinase/Akt (PI3K/Akt), activator protein-1 (AP-1), and nuclear 
factor kappa B (NF-κB) activation [9]. However, there are no reports with regards to the anti-
inflammatory activity of (–)-stephanine and dehydrostephanine isolated from S. venosa. We, therefore, 
investigate the anti-inflammatory effects of these 2 isolated alkaloids in LPS-activated RAW264.7 
macrophages. 
 
Materials and methods 

Chemicals and reagents 
LPS from Escherichia coli 0111:B4, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT), dimethyl sulfoxide (DMSO), dexamethasone, sulfanilamide, and naphthylethylene were 
purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA). Enzyme-linked immunosorbent assay 
(ELISA) kits were obtained from BioLegend (San Diego, CA, USA).  
 

Plant materials 
The tubers of S. venosa were collected from Prachin Buri in 2016. A voucher specimen is deposited 

at the Faculty of Science, Ramkhamhaeng University, Thailand (Apichart Suksamrarn, No. 091). 
 

Extraction and isolation 
The fresh tubers of S. venosa (0.5 kg) were sliced, air-dried, milled, and macerated successively 

with n-hexane, EtOAc, and MeOH at room temperature. The filtered solution of each extraction was 
evaporated under reduced pressure at temperature 40 - 45 °C to give the hexane (875 mg), EtOAc (2.5 g), and 
MeOH (2.2 g), respectively. The EtOAc extract (2.5 g) was purified by silica gel column chromatography 
(CH2Cl2–MeOH, 99:1 - 98:2) to afford dehydrostephanine (1.6 mg, Figure 1B) and (–)-stephanine (62.0 
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mg, Figure 1A). The isolated compounds were characterized by spectroscopic methods and comparison 
of physical properties with those reported in the literature [8,12]. 

 
 

 
                          (–)-Stephanine                    Dehydrostephanine 
 
Figure 1 Structures of (A) (–)-stephanine and (B) dehydrostephanine. 

 
 
Cell culture 
RAW264.7 cells (ATCC, Manassas, VA) were grown in RPMI-1640 (Corning, New York, USA) 

supplemented with 10 % endotoxin-free fetal bovine serum (Biochrom GmbH, Berlin, Germany), 1 % 
penicillin/streptomycin (Gibco, Gaithersburg, USA), and 2 mM stable glutamine (Gibco, Gaithersburg, 
USA). The cells were maintained in a humidified atmosphere of 5 % CO2 at 37 °C. 

 
Cell viability 
RAW264.7 cells were seeded into 96-well plates at a density of 1.0×105 cells/well for 24 h. Cells 

were pre-treated with different concentrations (5–160 μM) of (–)-stephanine, dehydrostephanine, and a 
standard drug dexamethasone for 1 h followed by LPS (10 ng/mL) treatment for 24 h. After that, cells 
were incubated with MTT solution (0.5 mg/mL) for another 3 h, and the solution was discarded. After 
incubation, the formazan crystal in each well was dissolved by 200 μL of DMSO. The absorbance of the 
formazan solution was detected at a wavelength of 560 nm and 670 nm using a microplate reader 
(Thermo Fisher, USA). % Cell viability was calculated compared with control using the following 
equation: 
 
% Cell viability = [(Abs treated sample/ Abs untreated sample) × 100]              (1) 
 

The half-maximal cytotoxic concentration (CC50) of (–)-stephanine, dehydrostephanine, and 
dexamethasone at concentrations of 5 - 160 μM were determined from a dose-response curve by using              
non-linear regression of GraphPad Prism 6. Data were obtained from three independent experiments in 
triplicates.  

 
Measurement of nitrite by Griess assay 
Nitrite, a stable end product of NO formation, was determined by Griess reagent. RAW264.7 cells 

were seeded into 96-well plates and pre-treated with nontoxic doses of (–)-stephanine (5 - 40 μM), 
dehydrostephanine (5 - 80 μM), and a standard drug dexamethasone (5 - 160 μM) for 1 h before LPS                      
(10 ng/mL) stimulation. After 24 h incubation, 75 μL of culture media were collected and mixed with 65 
μl of distilled water and 10 μL of Griess reagent (0.1 % naphthylethylene, 2 % sulfanilamide, and 2.5 % 
phosphoric acid solution) in 96-well plates to determine the levels of nitrite in culture medium. After 
incubation at room temperature for 30 min, the absorbance was measured using a microplate reader at                     
540 nm. 

The half-maximal NO inhibitory concentration (IC50) of dehydrostephanine at doses of 5 - 80 μM 
and dexamethasone at doses of 5 - 160 μM were determined from a dose-response curve following 10 
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ng/ml LPS treatment for 24 h by using non-linear regression of GraphPad Prism 6. IC50 of (–)-stephanine 
at doses of 5 - 40 μM could not be calculated by using GraphPad Prism 6 software. Data were obtained 
from three independent experiments in triplicates.  
 

Measurement of pro-inflammatory cytokines by ELISA 
Cells were seeded at a density of 1.0×105 cells/well into 96-well plates for 24 h. After that, cells 

were pre-treated with 20 - 80 μM dehydrostephanine and 10 μM dexamethasone for 1 h followed by 
stimulation with 10 ng/mL LPS for 24 h. The culture supernatants were collected and the levels of                        
pro-inflammatory cytokines including TNF-α, IL-1β, and IL-6 were determined using commercial 
ELISA kits according to the manufacturer’s instructions. 
 

Selectivity index (SI) 
SI values were performed in order to determine the selectivity of the compounds on the inhibition of 

NO secretion over cytotoxicity. High SI value indicates the high inhibition of NO secretion with low 
cytotoxicity. SI value of each compound is a ratio of CC50 and IC50 as shown below. 
 
SI value = (CC50 value of MTT assay / IC50 value of Griess assay)            (2) 
 

Statistical analysis 
Data were obtained from three independent experiments. The results were expressed as the mean ± 

SEM. All statistical differences among the different groups were observed via one-way ANOVA 
followed by Dunnett’s test using GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA). 
Significant difference was considered at p < 0.05. 
 
Results and discussion 

Effects of (–)-stephanine and dehydrostephanine from S. venosa on cell viability 
Steroids and non-steroidal anti-inflammatory drugs (NSAIDs) are widely used to relieve 

inflammatory diseases. However, these drugs possess several limitations and side effects [16]. The way to 
find the minimal side effects of the anti-inflammatory drug, better potential has inspired this research. 
Herbal remedies are currently used for the treatment of diseases more than four thousand years and some 
herbs are still widely used for the treatment of inflammatory-related diseases in traditional medicine [17]. 
In the present study, the cytotoxic effects of aporphine alkaloids, (–)-stephanine and dehydrostephanine 
isolated from the tuber of S. venosa have been investigated in LPS-activated RAW264.7 macrophages. 
The effects of the two isolated compounds (–)-stephanine (Figure 2A) and dehydrostephanine (Figure 
2B) on the cytotoxicity of RAW264.7 cells were evaluated using MTT assay. Dehydrostephanine at 
concentrations up to 80 µM had no significant cytotoxic effect on RAW264.7 macrophages (Figure 2B). 
However, (–)-stephanine at concentrations of 80 - 160 μM exhibited significant cytotoxicity (Figure 2A). 
CC50 values of the compounds (–)-stephanine and dehydrostephanine were 52.37±0.13 and 93.15±0.17 
μM, respectively (Table 1), indicating less cytotoxic effect of dehydrostephanine than that of                          
(–)-stephanine on RAW264.7 macrophages. Similar to our observation, aporphine alkaloid crebanine of 
less than 40 μM did not affect cell viability of RAW264.7 macrophages [18]. For a standard drug, 
dexamethasone did not show any cytotoxicity at doses up to 160 µM (Figure 2C). 
 

Effects of (–)-stephanine and dehydrostephanine from S. venosa on LPS-activated NO 
production in RAW264.7 cells 

 During the inflammatory response by pathogens, macrophages secrete large amounts of 
inflammatory mediators via activating numerous signaling cascades [19,20]. NO is considered as a                        
pro-inflammatory mediator that induces inflammation due to overproduction in high amounts from 
macrophages in abnormal situations [21]. Large amounts of NO induce both cytostasis and cytotoxicity to 
viruses, bacteria, fungi, protozoa, helminths, and tumor cells [22]. To assess the effect of the                         
(–)-stephanine and dehydrostephanine on the inhibition of NO production in LPS-activated RAW264.7 
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macrophages, cells were pre-treated with (–)-stephanine (5 - 40 μM) and dehydrostephanine (5 - 80 μM) 
for 1 h following the 10 ng/ml LPS stimulation for 24 h. After incubation, the levels of NO secretion were 
detected using Griess reagent. Pre-treatment with (–)-stephanine (40 μM) (Figure 3A) and 
dehydrostephanine (40 - 80 μM) (Figure 3B) significantly inhibited the production of NO compared with 
the LPS-stimulated cells. 
 

 
Figure 2 Effects of (–)-stephanine, dehydrostephanine, and dexamethasone on cell viability in 
RAW264.7 cells. Cells were treated with various concentrations (5 - 160 μM) of (A) (–)-stephanine, (B) 
dehydrostephanine, and (C) dexamethasone in the presence of 10 ng/ml LPS treatment for 24 h followed 
by MTT assay. The symbols “ – ” and “ + ” are denoted as the absence and presence of the compounds, 
respectively. Values are expressed as mean±SEM of three independent experiments in triplicate.                   
***, p < 0.001 versus control without any treatment. 
 
 

IC50 values of (–)-stephanine and dehydrostephanine were >40 μM and 26.81±0.25 μM, respectively 
(Table 1). However, NO inhibitory activity of the two compounds are less potent than that of the anti-
inflammatory drug dexamethasone (IC50 = 7.88±0.21 μM) (Figure 3C and Table 1). Similar to our 
results, crebanine, O-methylbulbocapnine, and dicentrine could inhibit NO production by suppression of 
iNOS protein expression in LPS-activated RAW264.7 cells [9,18]. To assess the selectivity of NO 
inhibition over cytotoxicity, SI values were calculated. Dehydrostephanine had SI value of 3.47                 
(Table 1). Dehydrostephanine represents the high inhibition of NO production with low cytotoxicity. 
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Effect of dehydrostephanine on the secretion of pro-inflammatory cytokines 
Macrophages are the main sources of pro-inflammatory cytokines IL-1β, IL-6, and TNF-α [4]. 

These three major cytokines are potent pyrogenic cytokines that induce fever and regulate the 
inflammatory response [4]. IL-1β is an important inflammatory mediator in response to infections, 
inflammation, and stress [23]. TNF-α is one of the first cytokine to be released in response to microbial 
products and inflammation. This cytokine is involved in systemic inflammatory response [24]. Similar to 
the first two cytokines, IL-6 promotes fever and regulates the inflammatory process [25,26]. These three 
cytokines are directly involved in inflammatory reactions and have been implicated in the pathogenesis of 
many inflammatory diseases [27]. 

 

 
Figure 3 Effects of (–)-stephanine, dehydrostephanine, and dexamethasone on NO production in                    
LPS-activated RAW264.7 cells. Cells were pre-treated with different concentrations of (A)                               
(–)-stephanine, (B) dehydrostephanine, and (C) dexamethasone for 1 h followed by 10 ng/mL of LPS 
treatment for 24 h. The culture supernatant was then subjected to Griess assay. The symbols “ – ” and               
“ + ” are denoted as the absence and presence of the compounds, respectively. Values are expressed as 
mean±SEM of three independent experiments in triplicate. ###, p < 0.001 versus control without any 
treatment; **, p < 0.01, ***, p < 0.001 versus LPS-stimulated cells. 
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Table 1 CC50, IC50, and SI values of (–)-stephanine and dehydrostephanine from S. venosa and 
dexamethasone. 
 

Compound CC50(µM) IC50(µM) SI value 

(–)-Stephanine 52.37±0.13 >40 N/A 

Dehydrostephanine 93.15±0.17 26.81±0.25 3.47 

Dexamethasone >160 7.88±0.21 N/A 
 
N/A, not applicable 
CC50, the half-maximal cytotoxic concentration 
IC50, the half-maximal NO inhibitory concentration 
SI, selectivity index 

 
 

 
Figure 4 Effect of dehydrostephanine on the pro-inflammatory cytokine secretion in LPS-induced 
RAW264.7 cells. Cells were pre-treated with 20 - 80 μM dehydrostephanine for 1 h followed by 10 
ng/mL LPS treatment for 24 h. The levels of pro-inflammatory cytokines (A) TNF- α, (B) IL-1β, and (C) 
IL-6 in LPS-activated RAW264.7 cells were determined using ELISA. The symbols “ – ” and “ + ” are 
denoted as the absence and presence of the compounds, respectively. Values are expressed as mean±SEM 
of three independent experiments. #, p < 0.05, ###, p < 0.001 versus control without any treatment; **, p 
< 0.01, ***, p < 0.001 versus LPS-stimulated cells; δδ, p < 0.01 versus dexamethasone. 
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We further investigated whether dehydrostephanine modulated the production of these three major 
pro-inflammatory cytokines in LPS-stimulated RAW264.7 cells. As shown in Figure 4, all of the                       
pro-inflammatory cytokines were markedly elevated upon LPS activation. Treatment of the cells with 
dehydrostephanine at concentrations of 20 - 80 μM significantly decreased LPS-induced TNF-α, IL-1β, 
and IL-6 production in a dose-dependent manner (Figure 4A - 4C). The suppression of TNF-α and IL-1β 
by dehydrostephanine at concentrations of 20 - 80 μM were comparable to that of 10 μM dexamethasone. 
For IL-6, dehydrostephanine at concentrations of 40 - 80 μM significantly inhibited the secretion to the 
same degree as that observed by 10 μM dexamethasone. Thus, dehydrostephanine possesses anti-
inflammatory effect via suppression of pro-inflammatory cytokines. 

TNF-α production from activated macrophages has been shown to promote the release of many 
other inflammatory mediators including IL-6, IL-12/23(p40), and the type I interferons [28]. For IL-1β, 
this cytokine is secreted from macrophages via the process called inflammasome upon immune cell 
sensing of infection or cell stress [29]. The prolonged secretion of these inflammatory mediators in 
macrophages causes several inflammatory-related diseases [5,30]. As dehydrostephanine markedly 
suppressed NO and the three pro-inflammatory cytokines, dehydrostephanine may exhibit broad-spectrum 
anti-inflammatory activity potentially through its effect on transcriptional regulation of pro-inflammatory 
genes. 

Many studies have reported that aporphine alkaloids from S. venosa and other plants possess                   
anti-inflammation. O-Methylbulbocapnine and dicentrine isolated from S. venosa possessed the inhibitory 
effect on LPS-induced TNF-α and IL-6 release by blocking AP-1 and NF-κB activation through inhibiting 
MAPKs and Akt signaling [9]. Nuciferine, aporphine alkaloid from the leaves of Nelumbo nucifera, 
inhibited TLR4/MyD88/NF-κB signaling and that leading to the reduction of serum and renal IL-1β 
levels in chemical-induced hyperuricemic mice as well as in uric acid-induced human proximal renal 
tubular epithelial (HK-2) cell in vitro [31]. Preliminary structure-activity relationship (SAR) investigation 
indicated that the presence of a double bond at the 6a,7-position of dehydrostephanine resulted in an 
increase of anti-inflammatory activity. Increased skeletal rigidity and conjugation of dehydrostephanine 
may facilitate the infusion of the dehydrogenated compound to the cells and thus leading to its biological 
effect [32]. Taken together, aporphine alkaloid dehydrostephanine exhibited anti-inflammatory effect by 
suppression of inflammatory mediators NO and pro-inflammatory cytokines and this may be involved at 
least in part in the suppression of several signaling pathway activation. 

 
Conclusions 

The present study showed for the first time that aporphine alkaloid dehydrostephanine isolated from 
S. venosa possessed an anti-inflammatory effect by suppressing inflammatory mediators NO and                                   
pro-inflammatory cytokines including TNF-α, IL-1β, and IL-6 secretion in LPS-activated RAW264.7 
macrophages with less cytotoxic effect on the cells. Dehydrostephanine isolated from S. venosa may be a 
promising candidate compound for treating chronic inflammatory diseases. 
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