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ABSTRACT 

Chronic inflammation, characterized a by prolonged inflammatory response, contributes 

significantly to the pathogenesis of chronic diseases including cardiovascular disease, diabetes, 

and cancer. Macrophages are immune cells that originate from monocytes and play a crucial role 

in inflammatory response by recruiting other immune cells to the injured site to heal infected or 

damaged tissue. Inflammation is essential in organisms, yet when there is no resolution of 

inflammation, it can have harmful effects. Reactive oxidative species (ROS) are molecules with 

an unpaired electron (free radicals) that can cause a cascade of damage. Although they are a 

byproduct of normal cell metabolism, their overproduction can contribute to an inflammatory 

response and an increased amount is seen in chronic diseases. Nitric Oxide (NO) is a biological 

signaling molecule, and its overproduction can contribute to damage of tissues and cells. A search 

for promising non-pharmacological therapies for oxidative stress as well as subsequent chronic 

inflammation is important as current medications used to combat their adverse effects are 

associated with, low compliance, side effects, and high costs. Antioxidants, commonly found in 

plant sources, are known to reduce the risk of inflammatory diseases and oxidative stress. A root 

native to the Southeastern United States, known as Smilax bona-nox, has been traditionally utilized 

by Native Americans for its medicinal and anti-inflammatory properties. While it is evident in 

historical and botanical books that the roots were used as medicine, there is no literature behind 

the mechanism of Smilax bona-nox root in reducing oxidative stress or inflammation. Therefore, 

the objective of this study was to determine whether Smilax bona-nox root extract has 

antioxidative effects on lipopolysaccharide (LPS)-activated RAW 264.7 macrophages by 

assessing the production of NO and ROS. RAW 264.7 macrophages treated with LPS showed a 

significant increase in production of ROS when compared to untreated macrophages, while 

macrophages treated with 50 and 100 µg/mL Smilax bona-nox significantly decreased ROS 
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production when compared to the LPS group (P<0.05 for both). RAW 264.7 macrophages treated 

with LPS increased increase in production of NO when compared to untreated macrophages 

(P=0.040). However, macrophages treated with Smilax bona-nox root extract and LPS did not have 

any effect on NO compared LPS alone (P>0.05 for all comparisons). Further research is needed to 

fully elucidate the mechanisms in which Smilax bona-nox root can act as an antioxidative and 

inflammatory agent.  

 

Keywords: Inflammatory response, macrophages, lipopolysaccharide (LPS), Smilax bona-nox 

root extract, Nitric Oxide (NO), Reactive oxidative species (ROS). 

 

INTRODUCTION 

1.1 Background and Goals 

Scientists have researched the medicinal and anti-inflammatory properties of plants 

extensively. Traditionally, Native Americans used the roots of Smilax bona-nox, a plant native to 

the Southeastern United States, for its medicinal and anti-inflammatory properties (Vogel, 1990). 

Indigenous people in the Carolinas used a root infusion of Smilax bona-nox to treat scurvy, fever, 

gonorrhea, and syphilis (Vogel, 1990). The Houma people of Louisiana boiled the root to make a 

tea which was drunk to ease the cystitis-related symptoms of urinary tract infections, or as the 

Houma described it as "kidney trouble symptomized by urinary disturbances" (Speck, 1941).  

Some research suggests root extracts from other plants in the Smilax genus have medicinal 

properties (cite). The focus of this thesis was to determine whether Smilax bona-nox root extract 

acts as an antioxidative agent by reducing the production of reactive oxidative species (ROS) in 
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lipopolysaccharide (LPS)-activated RAW 264.7 macrophages. Macrophages were used because 

of their crucial role in the immune response to infection, including urinary tract infections 

mentioned by the Houma people (Mora-Bau, Platt, Rooijen, Randolph, Albert & Ingersoll, 2015). 

Inflammation and oxidative stress are commonly studied using RAW 264.7 macrophages (cite). 

RAW 264.7 macrophages are widely used to test the effects of bioactive compounds (Hooshmand 

et al. , 2015). These cells become activated when introduced to LPS, an endotoxin found in the 

outer membrane of Gram-negative bacteria. Once activated, the macrophages release various 

inflammatory molecules and regulators, as well as oxidative molecules such as reactive oxidative 

ROS and nitric oxide (NO). Therefore, the purpose of this study was to examine the antioxidative 

properties of Smilax bona-nox root in vitro with the following objectives and hypotheses:  

Objective 1 

 To determine the effect of varying concentrations of Smilax bona-nox root extract on RAW 

264.7 macrophage cell viability.  

Hypothesis 1 

 RAW 264.7 macrophages cultured with higher concentrations of Smilax bona-nox root 

extract will result in a decreasing numbers of viable cells. 

 

Objective 2 

 To determine the effect of lipopolysaccharide on RAW 264.7 macrophage cell viability.  

Hypothesis 2 

 RAW 264.7 macrophages treated with LPS will have no significant effect on cell viability 

 

Objective 3 
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 To determine whether Smilax bona-nox root extract decreases the secretion of NO and ROS 

secretion in LPS-stimulated RAW264.7 macrophages. 

Hypothesis 3 

 Smilax bona-nox root extract decreases the secretion of NO and ROS in LPS-stimulated 

RAW264.7 macrophage cells. 

 

LITERATURE REVIEW 

Macrophages 

 Macrophages arise from bone marrow-derived monocytes. Monocytes circulate the blood 

until they reach an inflammatory site in tissue and then differentiate into macrophages (Gordon & 

Martinez-Pomare, 2017). Macrophages are mononuclear phagocytes, which function as 

scavengers that engulf bacteria, viruses, apoptotic cells, debris, and damaged cells. Macrophages 

are activated once there is interaction with antigens, which causes alterations in the morphology 

of macrophages increasing phagocytosis, chemotaxis, cytotoxicity, and the production of 

inflammatory mediators (Singh et al., 2014). In addition to inflammatory mediators, macrophages 

also release an increased amount of ROS during an inflammatory response. At the inflammatory 

site, macrophages produce reactive species such as superoxides and hydroxyl radicals for the sole 

purpose of destroying foreign pathogens. Furthermore, due to an increase in cell metabolism, an 

increase of ROS are released as a byproduct of their normal metabolic function. Macrophage 

phagocytosis stimulates various cellular processes including the "respiratory burst" whereby 

increased cellular oxygen uptake results in the production of oxidative species which act as potent 

bactericidal agents. Macrophages also produce NO, a gaseous radical that can react with 
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superoxide to form other forms of oxidative species to act as other forms of bactericidal agents 

(Knight, 2000). 

 

Oxidative Stress 

 Free radicals are continuously produced from endogenous sources such as mitochondria 

and macrophages, as a byproduct of regular aerobic cellular metabolism. However, free radical are 

also produced in response to exogenous factors such as exposure to X-rays, ozone, cigarette 

smoking, air pollutants, and industrial chemicals (Murphy, 2009). Our bodies possess an 

antioxidant defense system that functions to scavenge free-radicals and reduce them to stop the 

"electron-stealing" reaction that can lead to damaged proteins, DNA, and cell membranes.  

 Cells possess antioxidant capacity which is the limit of antioxidants they can hold or use 

to neutralize free radicals. For example, the pathology of Parkinson’s disease involves oxidative 

damage to dopaminergic of the substantia nigra (cite). Glial cells can exert protective properties 

on local neurons by possessing an antioxidant enzyme system that can fight oxidative stress 

(Mazzio & Soliman, 2004). Glial cells with higher antioxidant capacity are thought to be more 

effective in protecting neurons than glial cells with a lower antioxidant capacity (Baxter & 

Hardingham, 2016). When free radicals outnumber antioxidant availability, free radicals advance 

to oxidize other compounds which is a phenomenon known as oxidative stress. 

 Oxidative stress occurs when there is an imbalance between the available antioxidants and 

the amount of ROS produced. The excess ROS that were not reduced can cause damage to 

biomolecules and proteins which may trigger signaling cascades that can lead to the onset and 

progression of inflammatory diseases. Furthermore, ROS-induced activation of transcription 

factors and pro-inflammatory genes lead to the onset of inflammation. Inflammation causes 
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immune cells to secrete various cytokines and chemokines in order to recruit various other immune 

cells to the site of oxidative stress/infection. (Chatterjee, 2016). 

 Inflammation induces oxidative stress and reduces cellular antioxidant capacity. The 

overproduction of oxidative species can react with biological molecules such as proteins and 

prevent them from working properly. Oxidative species can lead to DNA damage which can lead 

to mutations that can that increase the chance for developing cancer and age-related disorders. The 

oxidative stress theory of aging is based on the hypothesis that age-associated functional losses are 

due to the accumulation of ROS-induced damages. (Liguori, et al., 2018). In turn, the buildup of 

free radicals induces physiological dysfunction, irreversible cellular damage, and increased 

vulnerability to disease. In support of this theory, increased levels of free radical species are 

detected in the brains of patients with age-related neurological disorders such as Alzheimer's 

disease and Parkinson's disease. At the same time, oxidative stress is involved in several age-

related conditions such as sarcopenia, frailty cardiovascular diseases, chronic obstructive 

pulmonary disease, chronic kidney disease, neurodegenerative diseases, and cancer (Liguori et al., 

2018). 

 In addition to damaging proteins and DNA, oxidative stress may be detrimental in acquired 

immunity as well, the process that eliminate pathogens or prevent their growth. Chronic oxidative 

stress can activate protein complexes or transcription factors which governs gene expression 

involving various cytokines, chemokines, and cell adhesion molecules, which leads to further 

inflammation. Fortunately, antioxidant supplementation can reverse several age-associated 

immune deficiencies (Ponnappan & Ponnappan, 2011). 

 

Inflammation 
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 Oxidative stress is closely linked to inflammation. Inflammation is the immune system's 

physiological response to infection or trauma. The cardinal signs of inflammation are pain, heat, 

swelling, redness, and loss of function (Parham, 2014). The immune cells induce inflammation 

by secreting pro-inflammatory mediators to restore tissue to its pre-injured state. Macrophages 

are a type of immune cell that originate from monocytes, a type of white blood cell. 

Macrophages play a crucial role in initiating adaptive immunity by recruiting other immune cells 

to the injured site, to heal the infected or damaged tissue properly (Luz-Crawford, Jorgensen & 

Djouad, 2017). Therefore, inflammation is essential in organisms, but its harmful effects arise 

when the immune system continually activates an inflammatory response. Patients with 

inflammatory diseases such as atherosclerosis and rheumatoid arthritis, and degenerative 

diseases like cancer, cardiovascular disease, Parkinson’s, and diabetes suffer from chronic 

inflammation and oxidative stress (Abbas, Lichtman & Pillai, 2014). Inflammatory diseases 

leave the body stuck in a constant inflammatory stage which can further lead to the destruction of 

healthy cells (Sehran, Ward & Gilroy 2010). 

 

Production of ROS 

  In addition to NO, ROS production is a common denominator in the pathogenesis of most 

chronic inflammatory diseases involving oxidative stress (Gasparrini et al., 2017). In 

macrophages, ROS are formed as a natural byproduct of the normal metabolism, and have essential 

roles in cell signaling and homeostasis. However, during an infection or a stress response, ROS 

levels can increase dramatically. This may result in significant damage to cell structures (Blaser, 

Dostert, Mak & Brenner, 2016). Furthermore, certain inflammatory molecules may even be 
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regulators of ROS which implies that inflammatory molecule levels should significantly correlate 

with ROS (Blaser, Dostert, Mak & Brenner, 2016).  

 

Nitric Oxide 

 Nitric oxide (NO) is produced from the conversion of L-arginine to L-citrulline by three 

main isoforms of nitric oxide synthase (NOS): epithelial NOS, related to vasodilation and vascular 

regulation, neuronal NOS, linked to intracellular signaling, and inducible NOS, activated in 

response to various endotoxin or cytokine signals (Liguori et al., 2018). Inducible NOS (iNOS), 

is induced by internal factors such as stimulatory cytokines and external factors such as 

lipopolysaccharide (LPS) (Lee et al., 2016). An increase in the production of inflammatory 

cytokines increase the production of NO. The increase in NO production results from an increased 

transcription of the iNOS gene leading to a higher secretion of iNOS which causes NO to be 

produced. iNOS yields the secretion of nitric oxide for a more extended period than the other two 

synthases due to its unique physiology. Additional NO further reacts with free radicals like 

superoxides and peroxides forming reactive nitrogen species (RNS), which can lead to oxidative 

damage in tissues and even impair the activities of the antioxidant defense mechanism. The 

resulting oxidative stress is associated with the development of chronic diseases such as chronic 

obstructive pulmonary disease and rheumatoid arthritis which is why blocking the overproduction 

of NO is a necessary (Puente-Maestu & Girón-Matute, 2017). 

 

Antioxidants 

 Antioxidants are natural substances that may prevent or delay some types of cell damage. 

Diets high in fruits and vegetables, which are good sources of antioxidants, are found to be 
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healthy due to their ability to prevent many forms of chronic diseases by helping the immune 

system function properly. Examples of antioxidants include vitamins C and E, selenium, and 

carotenoids, such as beta-carotene, lycopene, lutein, and zeaxanthin. Furthermore, polyphenols 

such as chlorogenic acid, rutin and sinapic acid are also antioxidants. They function as free 

radical scavengers by donating an electron to stabilize the free radicals. While antioxidants can 

be made by cells, consuming additional antioxidants may prevent some diseases. While some 

studies have not shown positive results on the preventive efficacy of certain antioxidants, many 

studies suggest that the synergistic effects of fruits and vegetables have a much more beneficial 

role in preventing chronic diseases (Zhang et al., 2015). 

 

Smilax bona-nox Root Extract  

 Natural products from medicinal plants, either in pure form or as extracts, may provide an 

alternative strategy to combat chronic inflammation effectively. Although herbal medicine has 

been in use for thousands of years, many plant-derived molecules have played a vital role in the 

modern drug industry (Veeresham, 2012). Seeking therapeutic drugs from natural products, 

particularly in edible plants, has become extensive throughout the world due to their pervasive 

benefits in the immune system (Ross, Caballero, Cousins, Tucker & Ziegler, 2014). For example, 

many forms of ginseng root extract demonstrate potent anti-inflammatory and antioxidative effects 

in LPS-stimulated RAW 264.7 (Lee et al., 2019; Yu et al., 2015). In the Smilax genus, there are 

other plants with roots that have been studied. Smilax glabra root extract has been shown to possess 

significant suppression on proinflammatory mediators including TNF-g in LPS-induced RAW 

264.7 cells (Lu, Zhu, Wang, Xu & Lu, 2015; Lee, Li, Surayot, Yelithao, Lee, Park & You, 2018), 

Smilax arisolochiifolia root extract has been proven to inhibit carbohydrate-hydrolyzing enzymes, 
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an essential mechanism for preventing hyperglycemia (Pérez-Nájera, 2018), and Smilax 

brasiliensis has been tested as an effective antioxidant (Fonseca, Barbosa, Silva, Duarte-Almeida, 

Castro & Dos Santos Lima, 2017). 

 Books about medicinal plants suggest that out of all the plants studied in Florida, Smilax 

bona-nox are one of the species with the most diversified medicinal uses along with Aloe vera and 

Agave plants (Stuhr 1928; Speck, 1941; Foster & Duke, 1990; Manju, Jat, & Anju, 2017). Smilax 

bona-nox root extract secretes enzymes that break down the cell walls of the phytophthora parasite, 

a plant-damaging fungus-like eukaryotic microorganism (El-Sayed, Akbar, Igrar, Ali, Norman & 

Brennan, 2018). No other study has examined the medicinal effects of Smilax bona-nox in a 

laboratory setting. Plant compounds are studied and implemented in the clinical setting as anti-

inflammatory and anticancer agents, and plant compounds from the roots of the Smilax genus show 

medicinal benefits (Manju, Jat, & Anju, 2017; Lu et al., 2015; Lee et al., 2018). The paucity of 

research on Smilax bona-nox root extract as an anti-inflammatory agent makes this species stand 

out amongst its genus. The Houma people anecdotally used its extract to treat or help to alleviate 

the symptoms of what we now know as urinary tract infections, but to date, no study has 

determined the underlying mechanism. While the presence of the root extract used as medicine is 

evident in historical and botanical books, there is no literature behind its role in an LPS-stimulated 

RAW 264.7 macrophage cell line.  

 

METHODS 

Smilax bona-nox Root Extraction 

 The study was conducted in Dr. Arjmandi's laboratory in the Department of Nutrition, Food 

and Exercise Sciences in the College of Human Sciences. Smilax bona-nox root extract was 
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extracted according to a method described by Kim and Lee with some modifications (Kim & Lee, 

2002; Hernández-Herrero & Frutos, 2015). Briefly, Smilax bona-nox root was chopped and freeze-

dried to form a powder. Ten grams of the powder was added to 100 mL of 80% methanol in a 250-

mL round-bottomed flask. The mixture of root extract and aqueous methanol was sonicated for 20 

minutes with continual nitrogen gas purging. The mixture was then filtered through Whatman no. 

2 filter paper (8 たm, Florham Park, NJ, USA) by vacuum suction. The residue was reextracted 

twice and all the filtrates were transferred to a 1-L round-bottomed evaporating flask with an 

additional 50 mL of 80% methanol. Ethanol was evaporated under a vacuum at 62°C until the 

volume of extract was reduced to 10–30 mL. After the ethanol was completely removed, the crude 

extract was freeze-dried and stored at −20°C for future use. 

 

Analysis of Polyphenols in Smilax bona-nox Root Extract 

 Samples of extract were sent to BioProfile Testing Laboratories, LLC (Minneapolis, MN) 

for the analysis of individual phenolic compounds using high-performance liquid chromatography 

(HPLC).   

Cell Culture 

Macrophage RAW 264.7 cells were purchased from ATCC (Manassas, VA, USA). The 

macrophages were maintained at 37°C, 5% CO2 in Dulbecco Modified Eagle’s Medium (DMEM; 

ATCC) supplemented with 10% fetal bovine serum (FBS; ATCC), 100 U/mL penicillin and 100 

たg/mL streptomycin. The medium was changed every three days.  

 

Pre-treatment with Smilax bona-nox root extract and activation with LPS 
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Twenty-four hours after seeding, cells were pre-treated with 0, 50, 100, 200, or 300 

µg/mL Smilax bona-nox. After 24 hours, cells were activated by adding 1 たg LPS/mL to the 

medium for 24 hours. 

 

Cell Viability  

 In order to ensure that the concentration of extract used was not cytotoxic to activated 

macrophages, cell viability assays were performed. Cells were seeded in 12-well plates at a density 

of 2 × 104 cells per well. After pre-treatment with Smilax bona-nox and activation with LPS as 

described above, the media was aspirated and cells were washed twice with 1 mL of phosphate 

buffer saline (PBS). The PBS was then aspirated, and 0.5 mL of trypsin was added to each well. 

The plate was placed back in the incubator for 5 minutes. After 5 minutes, DMEM supplemented 

with 10% FBS was added to each well to inhibit the trypsin. Cells were then collected and placed 

in a 2 mL tube. Each tube was labeled, and the number of viable cells was counted in random order 

using a Levy Hemacytometer and trypan blue dye. 

 

 

ROS Determination 

 Intracellular ROS concentrations were determined using a CM-H2DCFDA kit (Thermo 

Fischer Scientific, Waltham, MA). Briefly, cells were seeded in a 24 well culture plate and were 

allowed to adhere overnight. After pre-treatment with Smilax bona-nox and activation with LPS 

as described above, the media was aspirated and the wells were washed with Dulbecco's 

phosphate-buffered saline (DPBS) solution. Dimethyl sulfoxide (DMSO) (40 µL) was added to 

100 µg of CM-H2DCFDA and 18 mL of DPBS. The solution (700 µL) was added to each well 
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and incubated for 30 minutes in the dark. Fluorescence was measured at excitation/emission of 

492/527 nm using a plate reader.  

 

NO Assay 

 The Griess Reagent System was used to measure nitrite concentration with directions 

written from the manufacturer (Cayman Chemicals, Ann Arbor, MI). Briefly, 80 たL nitrate 

standards and samples were added, in duplicates, to the wells in a 96-well plate followed by the 

addition of 10 たl of each nitrate reductase cofactors and enzyme preparation and incubated at 

room temperature for 1 hour. Then, 50 たL of each Griess reagents, R1 and Rく, were added to all 

wells. After 10 minutes of incubation at room temperature, the absorbance was read at 540 nm 

using a microtitration plate reader. 

Statistical Analysis 

 Data was presented as mean ± SEM. SPSS version 25 was used for all statistical analyses. 

For all experiments, treatment effects were analyzed using a one-way analysis of variance 

(ANOVA) followed by Fisher's Least Significance Difference. Differences with a P ≤ 0.050 were 

classified as significant. 

 

RESULTS 

Total Polyphenolic Content and Profile 

 The polyphenols profiled were rutin (1,703.9 ppm), sinapic acid (1,136 ppm), rosmarinic acid 

(270.8 ppm), and 5-O-caffeoyl quinic acid (244.4 ppm). (Figure 1). 

 

Cell Viability 
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 Cell viability is shown in Figure 2. LPS significantly reduced cell number compared to 

untreated cells (P=0.016). All doses of LPS(+) with Smilax bona-nox root concentration of 0, 50, 

100, 200 and 300 µg/mL did not significantly differ in cell viability.  

 

Nitric Oxide Production 

There was an increase in NO in cells treated with LPS compared to untreated cells 

(P=0.040; Figure 3). Cells treated with Smilax bona-nox root extract increased their NO 

production compared to the positive control [LPS(+)] group. All groups treated with Smilax bona-

nox root extract increased NO production, but none of which were significantly different from 

LPS(+) 0 µg/ml [(P>0.05 for all)] (Figure 3). 

 

ROS Production 

Cells treated with LPS showed a significant increase in production of ROS when compared 

to control (P=0.000; Figure 4). Macrophages treated with Smilax bona-nox in all concentrations 

(50 and 100 µg/ml) significantly decreased ROS production when compared to LPS(+) group by 

33% (P=0.000), and 8% (P=0.012) respectively (Figure 4). 
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DISCUSSION 

 This study examined the antioxidative properties of Smilax bona-nox root extract using 

LPS-activated RAW264.7 macrophages. Determining the polyphenols present in Smilax bona-nox 

root extract is important in understanding which bioactive compound may have contributed to its 

antioxidative properties.  We determined that the main polyphenols present in Smilax bona-nox 

root extract were rutin (1,703.9 ppm), sinapic acid (1,136 ppm), rosmarinic acid (270.8 ppm), and 

chlorogenic acid (244.4 ppm). To our knowledge, there are no other studies that determined the 

polyphenol content of Smilax bona-nox root extract. 

 Chlorogenic acid is a type of polyphenol that can be found in high amounts in green coffee 

beans (cite). It has been shown to have antioxidative properties by preventing oxidative injury to 

nucleic acids (Sueishi et al., 2014). Chlorogenic acid may have other antioxidative properties due 

to its ability to reduce LDL levels in hypercholesterolemic rats and inhibit postprandial elevation 

of blood glucose levels (Wan et al., 2013; Kamitani et al., 2009). In vitro, chlorogenic acid was 

found to have free radical scavenging activity in a dose-dependent manner (Kwon et al., 2010). In 

LPS-stimulated RAW 264.7 macrophages, chlorogenic acid was able to significantly attenuate 

LPS-induced iNOS gene expression in RAW 264.7 cells in a dose-dependent manner (cite). 

Moreover, immunofluorescent staining and quantification of iNOS pixel intensity (% area of 

immunoreactivity) showed that LPS-induced iNOS up-regulation is abolished by chlorogenic acid 

treatment. These results indicate that chlorogenic acid has an inhibitory effect on iNOS induction 

in RAW 264.7 cells. (Hwang, Kim, Park, Lee & Kim, 2014). However, concentrations of 

chlorogenic acid used were significantly greater than the chlorogenic acid implemented in this 

study. 
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 Rutin is a type of flavonoid, or plant pigment, that has been shown to have medicinal and 

antioxidative effects. Lee et al. studied Tartary Buckwheat Sprout Extract (TBS) and determined 

that it contains 42.1 mg/g of rutin, which was much more than the amount present in Smilax bona-

nox root extract. At 250 たg/mL, TBS significantly reduced the expression of iNOS in LPS-

activated macrophages compared to LPS only. Additionally, rutin at 10 and 30鳥ȝM attenuates the 

production of COX-2, iNOS, and NO in LPS-stimulated RAW 264.7 cells. (Lee et al., 2015).  

 Yun et al. found that sinapic acid inhibited almost all pro-inflammatory mediators 

including LPS-induced expressions of inducible nitric oxide synthase (iNOS), making sinapic acid 

a potent anti-inflammatory compound (Yun et al, 2008). In another study, extracted sinapic acid 

from Brassica juncea was able to scavenge pero-oxynitrate and superoxide radicals, which 

suggests their antioxidative properties (Zou et al, 2002). 

 Rosmarinic acid and its derivatives have attracted interest for their biological activities, 

which include anti-inflammatory, anti-oxidant, anti-angiogenic, anti-tumor, and anti-microbial 

functions. Clinically, rosmarinic acid attenuates T cell receptor-mediated signaling, attenuates 

allergic diseases like allergic rhinitis and asthma, protects from neurotoxicity, and slows the 

development of Alzheimer’s disease. These attributes have increased the demand for the 

biotechnological production and application of RA and its derivatives. (Kim, Park, Jin & Park, 

2015). Huang et al. found that the rosmarinic acid in prunella vulgaris extract inhibits LPS-

induced nitric oxide synthase (iNOS) protein expression in RAW 264.7 macrophages. (Huang et 

al., 2009).  

 The polyphenols present in Smilax bona-nox root extract suggest that it should have 

antioxidative properties which may contribute to a reduction in inflammation. However, while the 

extract significantly reduced the production of ROS, it did not affect NO production. These 
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findings suggest that the antioxidative mechanism of Smilax bona-nox root extract may not act 

upon the iNOS pathway. It should be noted that different polyphenols exert different effects on 

pro-inflammatory mediators; some polyphenols suppress pro-inflammatory mediators whereas 

others can induce the production of these mediators (Ranneh et al., 2016). In some cases, 

synergistic effects have amplified or perhaps worsened effects than single molecules. For example, 

dried plums can have significant effects on bone biomarkers in osteopenic women (Hooshmand et 

al., 2015). However, consuming individual bioactive compounds present in dried plums may not 

show the same effects as consuming the whole dried plum. In other words, the synergistic effects 

of foods or extracts may present divergent properties.  Further studies are required to examine 

mechanistically how Smilax bona-nox root extract can function as an antioxidative and anti-

inflammatory agent.  

 In conclusion, the results of the current study suggest that Smilax bona-nox root extract 

possesses antioxidative properties in RAW 264.7 macrophages with ROS, but not with NO. These 

findings may, in part, be attributed to the polyphenolic content in root and their synergistic 

properties. More detailed studies are necessary to confirm whether the extract possesses both 

antioxidative and anti-inflammatory effects. Other inflammatory and oxidative markers are 

necessary to study in order to better understand the mechanism in which Smilax bona-nox inhibits 

the production of ROS. Therefore, conducting a study measuring more inflammatory markers 

secreted by RAW 264.7 macrophages may elucidate the mechanism and potency of Smilax bona-

nox's effects. Overall, these findings provide a necessary first step to determining whether Smilax 

bona-nox root has the therapeutic potential to alleviate inflammation and oxidative stress. 

 

 



ANTIOXIDATIVE EFFECTS OF SMILAX BONA-NOX ROOT 20 

 

 

FIGURES 

 

Smilax bona-nox root extract polyphenol 

content (ʅŐͬŐ) 

Chlorogenic acid 244.4 

Rutin 1,703.9 

Sinapic acid 1,136.7 

Rosmarinic acid 270.8 

 

Figure 1: Polyphenol content in Smilax bona-nox root extract (たg/g). 

 

 

 

Figure 2: 0 LPS(-) and 0 LPS(+) are statistically significant (P=0.016) 
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Figure 3: 0 LPS(-) is statistically significant than the rest of the groups [(P=0.760), (P=0.150), 

(P=0.689) and (P=0.381)] 

 

Figure 4: All treatments (50 and 100 µg/ml) significantly decreased ROS production when 

compared to LPS group by 33% (P=0.000), and 8% (P=0.012) respectively. Blue stars indicate 
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groups that are statistically significant from 0 LPS(-). Red Stars indicate indicate groups that are 

statistically significant from 0 LPS(+). 
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