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. INTRODUCTIONⅠ

  Seaweeds mostly exist in shallow coast, but also can be found in various 

natural environment including deep sea areas. There is a great variety of 

seaweeds species been reported, for example in Korea 750 species seaweed 

have been reported and 1,000,000 tons (wet wt.) produced in 2012 (Lee and 

Gang, 1986; FAO, 2012). It has been used for a variety such as food 

material, medicinal material, and herbalism especially in Asia. Isolating 

chemical compounds from seaweeds are using various categories such as 

food industry, animal feed, textiles, and medication. In particular, we have 

to focus on therapeutic property. It has been used for folk medicine in 

several countries, but the scientific research began to around the 1970s (Pal 

et al., 2014). 

  In modern days, various biological functions of seaweed have reported. 

Polysaccharides are major content of seaweed such as agar, carrageenan, 

xylan, floridean starch, porphyran, and fucoidan (Chandini et al., 2008). 

Carrageenan have anti-tumor, anti-viral, anti-coagulant, and 

immunomodulation properties (Sen et al., 1994; Schaeffer and Krylov, 2000; 

Zhou et al., 2004; Yu et al., 2014). Fucoidans have been known for diverse 

activities such as anti-viral, anti-cancer, and anti-coagulant (Lee et al., 2004; 

Trinchero et al., 2009; Ermakova et al., 2011). Brown seaweeds have high 

concentration of phenol as compared to green and red seaweeds (Holdt and 

Kraan, 2011). Phenolic compounds from seaweeds have also known for 

anti-biotic, anti-bacterial, and anti fungal activity (Chandini et al., 2008; 
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Lincoln et al., 1991). Seaweed contains various protein content and protein 

kinds by species (Stengel et al., 2011). There are -Kainic acid and α

Khalalides protein as can be obtained from seaweed. -Kainic acid was α

reported potent neurophysiological activity (Ferkany and Coyle, 1983). 

Khalalides was reported on anti-tuberculosis and anti-bacterial activity 

(Bourel-Bonnet et al., 2005; El Sayed et al., 2000). Laver (P. yezoensis, 

Rhodophyta, Bangiaceae) is widely used as food in Korea, China, and 

Japan. P. yezoensis had been used as a medicine to treat emesis, diarrhea, 

and hemorrhoids in Oriental medicine (Kim et al., 2015). Production of P. 

yezoensis in Korea accounted for 34% (35 million tons) of the total 

production of algae (Korea Statistical Information service, 2013). The P. 

yezoensis is containing 34.3-50.2% of carbohydrates and 33.9-49% of protein 

(Cho et al., 1995). Protein makes up a large portion of P. yezoensis 

constituents and contains the essential amino acids such as threonine, 

tryptophan, and methionine (Dawczynski et al., 2007). P. yezoensis 

extraction using water or organosolvent has reported anti-microbial (Park et 

al., 2010), anti-cancer (Kim et al., 2015), and anti-oxidative effect (Kwak et 

al., 2005). Porphyran derived from the P. yezoensis has reported reducing 

cholesterol in the blood, anti-oxidative effect, and anti-tumor (Lee et al., 

2010; Zhang et al., 2004; Yoshizawa et al., 1995; Osumi et al., 1998). P. 

yezoensis protein has reported angiotensin I converting enzyme inhibitory 

activities (Kim et al., 2005), anti-inflammation (Shin et al., 2011), liver 

protective effect against acetaminophen (Hwang et al., 2008). Futhermore, P. 

yezoensis lipid is containing n-3 fatty acid which has the effect of 

atherosclerosis prevention activities (Noda H, 1993). Although the protective 
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effect on the liver toxicity against acetaminophen, carbon tetrachloride, and 

anti-inflammatory effect at present, it was not exist liver protective activity 

mechanism study against ethanol and D-GalN/LPS. In particular, macrophage 

is directly and indirectly influence on disease progression while 

chemotoxicity accompanied oxidative stress and immune response. Therefore, 

we aimed prevention of chemotoxicity and influence on macrophage 

phenotype by P. yezoensis glycoprotein.

 M1 and M2 polarization of macrophage 

  Macrophages are well-known not only as major regulators of innate and 

adaptive immunity but also important mediators of systemic metabolism, 

hematopoiesis, vasculogenesis, apoptosis, malignancy, and reproduction (Tugal 

et al., 2013; Lin et al., 2010; Nikolic-Paterson and Atkins, 2001; Aliprantis  

et al., 1996). There are two differentiation patterns, M1 and M2. M1 

macrophage (classically activated macrophage) acts as regulator in host 

defense system. They protect from infection of bacteria, protozoa and virus. 

M2 macrophage (alternatively activated macrophage) has been reported on 

anti-inflammatory activity and important in wound healing (Barros et al., 

2013). This plasticity can change according to macrophages environment.

  M1 activation is induced by IFN- and LPS. M1 phenotype upregulates γ 

pro-inflammatory cytokines and chemokines (e.g. TNF- , IL-12, IL-6, IL-1 , α β

and CCL2), in addition, it promotes the production of ROS and RNS 

(Gordon and martinez, 2003; Martinez et al., 2009). LPS is well-known as 

a stimulant for macrophage study, and it is recognized for activation of 

TLR4-related signaling pathway. TLR4 activate MyD88 and MaL/Tirap 
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pathway, moreover, quickly switches to M1 phenotype. Secretion of 

cytokines and chemokine is related with various transcription factor such as 

NF- B, AP-1, IRFs, and STAT1 (Hu and Ivashkiv, 2009). M1 macrophage κ

has been reported to be important in chronic inflammatory diseases. 

Consequently, abnormal or long-term activation must be controlled to prevent 

damage to host.

  M2 activation is related to Th2-produced IL-4 and IL-13. M2 activation is 

also related to both Th2-produced IL-4 and IL-13. M2 macrophage is shown 

that upregulation of galactose receptor, mannose receptor-1, Ym1, FIZZ1, 

and arginase-1 (Mantovani et al., 2009). Different metabolism is induced 

between M1 and M2. In particular, L-arginine metabolizes to produce NO in 

M1 macrophage but in M2 macrophage L-arginine to polyamines (Tugal et 

al., 2013). 

 In vitro hepatoprotective property

  P. yezoensis is red algae found in Korea, China, and on the Japanese 

coast. In this study, we used protein extracted from this species for 

experiments.

  Liver disease is a common health problem with numerous causes, 

including chemical exposure, alcohol, lipid peroxidative products, and viral 

infections (Hwang et al., 2005). Many medications have been investigated to 

treat liver diseases.

  D-galactosamine (D-GalN) is well known in vitro and in vivo hepatic 

injury model. This chemical induces the loss of uridine 5’-triphosphate, 

uridine 5’-diphosphate, and uridine 5’-monophosphate, moreover inhibits 
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RNA and protein synthesis (Mato et al., 1999). In addition, D-GalN-induced 

oxidative stress is generated through reactive hydroxyl radical damage to the 

cell membrane via the stimulation of lipid peroxidation (MacDonald et al., 

1987). Several studies have shown that D-GalN-induced hepatocyte death is 

mediated through mitogen-activated protein kinase (MAPK) and nuclear 

factor erythroid 2-related factor 2 (Nrf2).

  Nrf2 is a transcription factor that targets genes including nicotinamide 

adenine dinucleotide phosphate hydrogen (NADPH), quinine oxidoreductase 1 

(Nqo1), glutathione (GSH) synthesis, and glutathione-s-transferases (GST), 

and has many protective effects against oxidative stress. During oxidative 

stress, Nrf2 is translocated to the nucleus from the cytosol. As a result, 

antioxidant enzymes are upregulated and oxidative stress damage decreases 

(Sakaguch and Yokota, 1995).

  MAPK include c-jun NH2-terminal kinase (JNK), p38 MAPK, and 

extracellular signal-regulated kinase (ERK). These proteins are phosphorylated 

by D-GalN-induced oxidative stress. In particular, activated JNK induces 

hepatocyte death and apoptosis via activation of caspase-3 and liver cell 

necrosis (Hou et al., 2011). 

  Superoxide dismutase (SOD) and catalase (CAT) are important cellular 

defense systems that transform superoxide into oxygen and hydrogen 

peroxide for detoxification. Glutathione-s-transferases (GST) are a superfamily 

of enzymes that protect against chemical toxicity and oxidative stress (Cho 

et al., 2014; Das et al., 2012). 

 In vivo disease model
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  Chronic ethanol consumption induces alcoholic liver disease. It is remain 

to most common major causes of liver cancer and cancer death (Jemal et 

al., 2011). Ethanol generate several harmful production such as reactive 

oxygen species (ROS), acetaldehyde (ADH), and CYP2E1 during that 

metabolism (Rajendrasozhan et al., 2006). Generated CYP2E1 during ethanol 

metabolism are generative reactive products such as acetaldehyde and 

1-hydroxyethyl radical (Cederbaum AI., 2010). In the ethanol consumption 

induced liver pathology correlates to expression of CYP2E1 level (Morgan 

et al., 2002). Although, over expression of CYP2E1 promotes lipid oxidation 

and oxidative stress in liver (Castillo et al., 1992).

  ROS has been reported for protein, lipid oxidation, damage to DNA, 

inactivation of enzyme, and depletion of various anti-oxidative enzymes 

(Rouach et al., 1997; Fernandez-Checa et al., 1987; Nordmann et al., 1992). 

These results can be lead in early stage of the liver disease and dysfunction 

(Liu et al., 2005).

  Glutathione (GSH), glutathione peroxidase (GSH-px), and catalase (CAT) 

are antioxidants, and influence anti-oxidative system (MatÉs et al., 1999). 

Enzymatic antioxidant system includes superoxide dismutase (SOD), CAT, 

and GSH-px (Jurczuk et al., 2004). Nonenzymatic antioxidants consist of 

glutathione, vitamine A, C, and E (Martin and Barrett, 2002). Antioxidant 

system can help to eliminate ROS and oxidative stress (Scott et al., 2000).

  Recently, several studies are shown MAPK family is crucial play in 

cellular system such as proliferation, differentiation, development, apoptosis, 

and inflammatory responses (Das and Vasudevan, 2007; Venugopal et al., 

2007; Cross et al., 2000; Pearson et al., 2001). MAPK consists of c-jun 
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N-terminal kinase (JNK), p38 MAP kinase, and extracellular signal-regulated 

kinase (ERK). Ethanol affects MAPK in a various cellular and organ 

systems, consequently, shows different pathologic consequences.

  D-galactosamine (D-GalN) and lipopolysaccharide (LPS) are well known in 

hepatitis test models (Nakama et al., 2001). Animal models are used in 

hepatoprotective drug screening and to elucidate the mechanisms of clinical 

liver dysfunction (Chen et al., 2012). D-GalN induces a loss of uridine 

triphosphate via the galactose pathway. It inhibits RNA and protein synthesis 

(Wang, Y. et al., 2014). Subsequently, hepatic necrosis and apoptosis occur 

via metabolic changes (Wilhelm et al., 2009). LPS activates liver 

macrophages, which secrete diverse proinflammatory cytokines, inducing 

hepatic necrosis and reducing antioxidant enzymes (Jeong et al., 2009).

  The D-GalN/LPS hepatotoxic model induces inflammatory reactions and 

oxidative stress in liver tissues (Jin et al., 2014; Wei et al., 2014). This 

occurs when inflammation and the expressions of inducible nitric oxide 

synthase (iNOS) and cyclooxygenase-2 (COX-2) proteins are increased 

(Huang et al., 2013). iNOS protein plays an important role in drug-induced 

liver injury (Wen et al., 2007), and COX-2 plays an important role in 

D-GalN/LPS-induced inflammation (Liong et al., 2012). Inflammation leads to 

the production of reactive oxygen species (ROS) such as H2O2, O2
-, and 

OH- (Jaechke H, 2000). ROS attacks polyunsaturated fatty acids in the cell 

membrane via lipid oxidation and triggers a number of pathological states, 

including oxidative stress (Jaeschke H, 2011).

 Purpose of this study
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  Recently, many role of macrophage phenotype research is to be active in 

diabetes, obesity, cancer, and liver injury. There is in an attempt to 

suppression of disease progression and symptom using control of phenotypic 

polarization of macrophage. There does not exist as medicine related 

macrophage phenotype up to the present time. Some kind of cytokine 

proposed possibility as medicine in specific disease. P. yezoensis was 

reported diversity biological activity. We focused in anti-inflammation and 

chemoprotective effect. These biological activity are similar M2 phenotype 

macrophage function such as wound healing and anti-inflammation. Thus, we 

supposed P. yezoensis effect on macrophage phenotype and we studied 

influence of P. yezoensis glycoprotein in switch of macrophage phenotype 

and protective mechanism in liver injury.
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. MATERIALS AND METHODSⅡ

1. Preparation of Pyropia yezoensis glycoprotein 

   P. yezoensis was purchased in 2013 in the Republic of Korea (Shuyup, 

Busan, Korea). P. yezoensis powder (40 g) was suspended in distilled water 

and stirred for 4 h at room temperature. The suspension was centrifuged at 

3,000 x g at 4 C for 10 min and vacuum filtered, followed by the addition ˚

of triple volumes (total quantity of filtrate x 3) of ethanol. Following 24 h, 

the solution was filtered and concentrated using rotary evaporation at 40 C. ˚

Supernatant was added to 80% ammonium sulfate and stirred for 24 h at 4˚

C. Salt composition was then removed through a MW 3,500 Da Spectra/Por 

membrane (Spectrum Labs, Rancho Dominguez, CA, USA) for 48 h at 4 C. ˚

The resulting solution was dialyzed against distilled water and then 

concentrated. The concentrated solution was distributed into 1.5 mL tube and 

freezing dried to produce a powder. It was stored at 70 C until use, and – ˚

named PYGP (Fig. 1).
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Figure 1. Preparation of Pyropia yezoensis glycoprotein (PYGP). 
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2. In vitro assay

  2.1 Cell culture

  Mouse hepatoma cells (Hepa 1c1c7) were obtained from Korean Cell Line 

Bank (KCLB; Seoul, Korea), human hepatocellular carcinoma cells (HepG2), 

human HeLa contaminant liver cells (Chang), and mouse macrophage cells 

(RAW 264.7) were obtained from American Type Culture Collection 

(ATCC; Manassas, VA, USA). Hepa 1c1c7 cells were grown in Roswell 

Park Memorial Institute medium 1640 (RPMI-1640). HepG2 and Chang cells 

were grown in Eagle's Minimum Essential Medium (MEM) and RAW 264.7 

cells were grown in Dulbecco's Modified Eagle's Medium (DMEM). Every 

medium contained 10% fetal bovine serum (FBS; Gibco- BRL, Gaitherberg, 

MD, USA) and 1% penicillin/streptomycin (Gibco-BRL). Every cells were 

maintained at 37 C in 5% CO humidified atmosphere, sub-cultured at about ˚ ₂

70-80% confluence in 100 mm diameter culture dish and the medium was 

replaced every two days.

  2.2 Alteration of M1/M2 macrophage polarization by Pyropia 

yezoensis glycoprotein

    2.2.1 Cell proliferation

  RAW 264.7 cell proliferation was measured using a CellTiter 96 aqueous 

non-radioactivity cell proliferation assay (Promega). This assay determines 

cell proliferation based on the cleavage of 

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfonyl)-2H-tetra
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zolium (MTS) into a formazan product, which is soluble in tissue culture 

medium. RAW 264.7 cells were seeded onto 96-well plates at a density of 

10x103 cells/well in 100 µL medium. Cells were cultured for 24 h, 

following which the medium was replaced with serum free medium (SFM) ‑

containing PYGP (20 or 40 µg/mL) for 24 h. PYGP treated cells were then ‑

exposed to 1 µg/mL lipopolysaccharide (LPS; Sigma Aldrich) with PYGP ‑

(20 or 40 µg/mL) for 24 h. Subsequently, cells were incubated in MTS 

solution for 30 min at 37 C. Cell proliferation was measured at 490 nm ˚

using a Benchmark Plus 10730 microplate reader (Benchmark; Bio-Rad 

Laboratories). Percentage of cell viability was calculated by following 

expressions. Percentage of cell viability (%) = AT / AC × 100 where AC is 

absorbance of control and AT is absorbance of test group.

    2.2.2 Determination of nitrite concentration

  Nitrite concentration in the cultured medium was determined using Griess 

reagent (Enzo Life Sciences, Farmingdale, NY, USA). 50 µL of supernatant 

from the 96-well plates was mixed with the same volume of Griess reagent. 

After 30 min, absorbance was measured at 540 nm using a Benchmark Plus 

10730 microplate reader (Benchmark; Bio-Rad Laboratories). Percentage of 

nitrite concentration was calculated by following expressions. Percentage of 

NO (%) = AT / AC × 100 where AC is absorbance of control and AT is 

absorbance of test group.

    2.2.3 Determination of prostaglandin E2 

  The levels of PGE2 in the RAW 264.7 were measured using the  
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prostaglandin E2 express EIA kit according to the manufacturer’s instructions 

(Cayman, Ann Arbor, MI, USA). The absorbance was measured using a 

microplate reader (Benchmark plus 10730; Bio-Rad Laboratories Inc.). 

Percentage of prostaglandin E2 was calculated by following expressions. 

Percentage of PGE2 (%) = AT / AC × 100 where AC is absorbance of 

control and AT is absorbance of test group.

    2.2.4 Determination of ROS generation

  Intracellular levels of ROS was determined using 2’,7’-dichlorofluorescenin 

diacetate (DCF-DA; Sigma Aldrich). RAW 264.7 cells were plated on 6-well 

plate and it replaced with SFM medium containing PYGP (20 or 40 µg/mL) 

for 24 h. PYGP treated cells were then exposed to 1 µg/mL ‑

lipopolysaccharide (LPS; Sigma Aldrich) with PYGP (20 or 40 µg/mL) for ‑

24 h. The treated cells were incubated with DCF-DA for 30 min in dark. 

Cells were the washing twice with ice-cold PBS. Level of ROS was 

analyzed at an excitation wave length of 480 nm and an emission wave 

length of 535 nm by fluorescence microplate reader. Percentage of ROS was 

calculated by following expressions. Percentage of ROS (%) = AT / AC × 

100 where AC is absorbance of control and AT is absorbance of test group.

    2.2.5 Determination of TBARS and antioxidant enzyme 

  The activities of TBARS and antioxidative enzymes including superoxide 

dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-px) in 

the RAW 264.7 cells were measured using the respective kits according to 

the manufacturer’s instructions (TBARS assay kit; Cell Biolabs, San Diego, 
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CA, USA, catalase assay kit, glutathione assay kit, and glutathione 

s-transferase assay kit; all from Cayman, Ann Arbor, MI, USA). The 

absorbance was measured using a microplate reader (Benchmark plus 10730; 

Bio-Rad Laboratories Inc.). Percentage of TBARS and antioxidant activity 

was calculated by following expressions. Percentage of TBARS (%) or SOD 

(%) or CAT (%) or GSH-px (%) = AT / AC × 100 where AC is absorbance 

of control and AT is absorbance of test group.

    2.2.6 Western blot analysis

  RAW 264.7 cells plated onto 100 mm dishes. cells were cultured until 

they reached 70-80% confluence and were then pre-treated with PYGP (20 

or 40 µg/mL) for 24 h. Cells were then exposed to LPS (1 µg/mL) with 

PYGP (20 or 40 µg/mL) for 24 h. Cells were washed with ice-cold 

phosphate buffered saline (PBS; 0.15 M sodium phosphate, 0.15 M sodium ‑

chloride, pH 7.4; Gibco-BRL), following which lysis buffer (150 mM 

sodium chloride, 50 mM Tris-HCl [pH 7.5], 0.5% sodium deoxycholate, 

0.1% sodium dodecyl sulfate, 1% triton X-100, and 2 mM 

ethylenediaminetetra-acetic acid) (Intron Biotechnology) with inhibitors (1 

mM Na3VO4, 1 g/mL aprotinin, 1 g/mL leupeptin, 1 g/mL pepstatin A, μ μ μ

and 1 mM PMSF) (Sigma-Aldrich). Protein levels were determined using the 

bichinchominic acid assay kit (Pierce Biotechnology). Proteins were separated 

via 10 15% SDS-PAGE and transferred to a polyvinylidene fluoride –

membrane (Millipore). The transferred membrane was blocked with 1% 

bovine serum albumin (BSA) in TBS-T (10 mM Tris-HCl [pH 7.5], 150 

mM NaCl, and 0.1% Tween 20) (USB) followed by incubation with primary 
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antibodies of rabbit anti-mouse STAT3 IgG polyclonal antibody (diluted 

1:1,000 with BSA/TBS-T, incubated 4 h, RT), goat anti-mouse p-STAT3 

IgG polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, 

RT), rabbit anti-mouse STAT6 IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), rabbit anti-mouse p-STAT6 IgG polyclonal 

antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), rabbit 

anti-mouse CD163 IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), rabbit anti-mouse CD206 IgG polyclonal 

antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), rabbit 

anti-mouse GAPDH IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT) from Santa Cruz Biotechnology. The 

secondary antibodies were peroxidase-conjugated goat, mouse, and rabbit 

antibodies (1:10,000) from GE Healthcare Bio-Sciences. Antibody binding 

was visualized using the Super Signal West Pico Stable Peroxide Solution 

and the Super Signal West Pico Luminol/Enhancer solution (Thermo Fisher 

Scientific). The signal was monitored using X-ray film (Kodak) and a 

developer and fixer twin pack (Kodak).

    2.2.7 Reverse transcription-polymerase chain reaction 

  RAW 264.7 cells were plated on 6-well plate and replaced with SFM 

medium containing PYGP (20 or 40 µg/mL) for 24 h. PYGP treated cells ‑

were then exposed to 1 µg/mL LPS (Sigma Aldrich) with PYGP (20 or 40 ‑

µg/mL) for 24 h. Total RNA was extracted from the cells using trizol 

reagent (Invitrogen, Carlsbad, CA, USA). cDNA was sythesized using 

RevoScriptTM RT preMix (Intron Biotechnology Inc., Seongnam, Korea). The 
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synthesized cDNA and primer was added to 2X TOPsimpleTM DyeMIX-nTaq 

(Enzynomics Inc., Deajeon, Korea). Amplifications were performed using 

TOPreal qPCR 2X PreMIX SYBR Green (Enzynomics Inc.) in a Eco™ ™ 

Real-Time PCR system (Illumina Inc., San Diego, CA, USA). Gene 

expression levels were normalized to GAPDH and calculated using the 

comparative CΔΔ T method (Livak and Schmittgen, 2001). The 

oligonucleotide primers used for the PCR were as follows: IL-12 F-CGT 

GCT CAT GGC TGG TGC AAA; IL-12 R-CTT CAT CTG CAA GTT 

CTT GGG; IFN- F-ACA CTC ATT GAA AGC CTA GAA AGT CTG; γ 

IFN- R-ATT CTT CTT ATT GGC ACA CTC TCT ACC; IL-6 F-GTT γ 

CTC TGG GAA ATC GTG GA; IL-6 R-TGT ACT CCA GGT AGC TAT 

GG; NOS-2 F-CTG CAT GGA ACA GTA TAA GGC AAA C; NOS-2 

R-CAG ACA GTT TCT GGT CGA TGT CAT GA; TNF- F-AAA ATT α 

CGA GTG ACA AGC CTG TAG; TNF- R-CCC TTG AAG AGA ACC α 

TGG GAG TAG; SOCS3 F-CCC GCG GGC ACC TTT CTT ATC; SOCS3 

R-TCC AGG TGG CCG TTG ACA GT; IL-1 F-GTG TGG ATC CCA β 

AGC AAT ACC CA; IL-1 R-CCA GCC CAT ACT TTA GGA AGA β 

CAC AGA; Ym1 F-GGA TGG CTA CAC TGG AGA AA; Ym1 R-AGA 

AGG GTC ACT CAG GAT AA; FIZZ1 F-CCC TCC ACT GTA ACG 

AAG; FIZZ1 R-GTG GTC CAG TCA ACG AGT AA; ARG1 F-CTC CAA 

GCC AAA GTC CTT AGA G; ARG1 R-AGG AGC TGT CAT TAG GGA 

CAT C; IL-10 F-CTG CTC CAC TGC CTT GCT CTT ATT; IL-10 R-GTG 

AAG ACT TTC TTT CAA ACA AAG; STAT3 F-TGG TGT CCA GTT 

TAC CAC GA; STAT3 R-TGG CGG CTT AGT GAA GAA GT; Klf4 

F-GCA CAC CTG CGA ACT CAC AC; Klf4 R-CCG TCC CAG TCA 
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CAG TGG TAA; PPAR F-ACC ACT CGC ATT CCT TTG AC; PPARγ γ 

R-AAC CAT TGG GTC AGC TCT TG; GAPDH F-ACT CCA CTC ACG 

GCA AAT TCA; GAPDH R-CGC TCC TGG AAG ATG GTG AT

    2.2.8 Small interference RNA transfection

  Signal transducers and activators of transcription 3 (STAT3; 5 -CCC GCC ′

AAC AAA UUA AGA ATT-3 ; 3 -UUC UUA AUU UGU UGG CGG ′ ′

GTT-5 ), STAT6 (5 -CCA AGA CAA CAA CGC CAA ATT-3 ; 3 -UUU ′ ′ ′ ′

GGC GUU GUU GUC UUG GTT-5 ) and silencer negative control siRNAs ′

were purchase from GenePharma (Shanghai, China). RAW 264.7 cells were 

transiently transfected with siRNA for 24 h using Lipofectamine 2000 

reagent (Invitrogen), according to the manufacturer’s instructions. After 

transfection, replaced fresh culture media. 

    2.2.9 Proteome profiler antibody arrays assay

  For analyzing the expression profiles of cytokine-related proteins, we used 

the Mouse Cytokine Array Kit (R&D systems Inc., MN, USA). RAW 264.7 

cells were plated onto 100 mm dishes. Cells were cultured to 60-80% 

confluency and replaced SFM. After 6 h, medium replaced SFM with PYGP 

(20, 40 µg/mL). After 4 h, We treated 1 µg/mL LPS other than the control 

group for 20 h. The cell washed with ice-cold phosphate buffered saline 

(PBS) and then added 1 mL lysis buffer [1% Igepal CA-360, 20 mM 

Tris-Hcl (pH 8.0), 137 mM NaCl, 10% glycerol, 2 mM EDTA, 10 g/mL μ

aprotinin, 10 g/mL leupeptin, 10 g/mL pepstatin] each plate. The extracts μ μ

were centrifuged at 12,000 g for 5 min and the supernatant was used. The 
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supernatant were analyzed by array kit according to the manufacturer's 

protocol. 

  2.3 Protective effect of PYGP on D-GalN-induced cytotoxicity in 

Hepa 1c1c7 cells

    2.3.1 Cell proliferation

  Hepa 1c1c7 cell proliferation was measured using a CellTiter 96 aqueous 

non-radioactivity cell proliferation assay (Promega, Madison, WI, USA). This 

assay determines cell proliferation based on the cleavage of 

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfonyl)-2H-tetra

zolium (MTS) into a formazan product, which is soluble in tissue culture 

medium. Hepa 1c1c7 cells were seeded onto 96-well plates at a density of 

1.5x103 cells/well in 100 µL medium. Cells were cultured for 24 h, 

following which the medium was replaced with serum free medium (SFM) ‑

containing PYGP (20 or 40 µg/mL) for 24 h. PYGP treated cells were then ‑

exposed to 20 mM D-galactosamine (D-GalN; Sigma Aldrich, St. Louis, MO, ‑

USA) with PYGP (20 or 40 µg/mL) for 24 h. Subsequently, cells were 

incubated in MTS solution for 30 min at 37 C. Cell proliferation was ˚

measured at 490 nm using a Benchmark Plus 10730 microplate reader 

(Benchmark; Bio-Rad Laboratories, Hercules, CA, USA). Percentage of cell 

viability was calculated by following expressions. Percentage of cell viability 

(%) = AT / AC × 100 where AC is absorbance of control and AT is 

absorbance of test group.
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    2.3.2 Determination of lactate dehydrogenase release

  Hepa 1c1c7 cell injury was quantitatively assessed via determination of 

lactate dehydrogenase (LDH), which is released from damaged or destroyed 

cells. Hepa 1c1c7 cells were seeded onto 96-well plates at a density of 

1.5x103 cells/well in 100 µL medium. Cells were cultured for 24 h, 

following which the SFM was replaced with PYGP (20 or 40 µg/mL) for 

24 h. Hepa 1c1c7 cells were then exposed to either 20 mM D-GalN with 

PYGP (20 or 40 µg/mL) for 24 h. LDH release was measured using an 

LDH cytotoxicity assay kit according to the manufacturer's instructions 

(Cayman Chemical, Ann Arbor, MI, USA).  Absorbance was then measured 

at 490 nm using a Benchmark Plus 10730 microplate reader (Bio-Rad 

Laboratories). Percentage of LDH release was calculated by following 

expressions. Percentage of LDH (%) = AT / AC × 100 where AC is 

absorbance of control and AT is absorbance of test group.

    2.3.3 Determination of lipid peroxidation

  Cells were collected in lysis buffer (phosphate buffered saline, 0.05% ‑

butyl hydroxyl toluene; Cell Biolabs, San Diego, CA, USA) and 

homogenized on ice using a thiobarbituric acid reactive substances (TBARS) 

assay kit (Cell Biolabs) according to the manufacturer's instructions. 

Absorbance was then measured at 532 nm using a Benchmark Plus 10730 

microplate reader (Bio-Rad Laboratories). Percentage of lipid peroxidation 

was calculated by following expressions. Percentage of TBARS (%) = AT / 

AC × 100 where AC is absorbance of control and AT is absorbance of test 

group.
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    2.3.4 Determination of antioxidant enzyme

  SOD (Superoxide dismutase assay kit; Cayman Chemical Co., Ann Arbor, 

MI, USA), CAT (Catalase assay kit; Cayman Chemical Co.), and GST 

(Glutathione s transferase assay kit; Cayman Chemical Co.) activities  of ‑

Hepa 1c1c7 cells were measured according to the manufacturer's instructions. 

Absorbance was then measured using a Benchmark microplate reader 

(Benchmark Plus 10730; Bio Rad Laboratories, Inc.). Percentage of ‑

antioxidant activity was calculated by following expressions. Percentage of 

SOD (%) or CAT (%) or GST (%) = AT / AC × 100 where AC is 

absorbance of control and AT is absorbance of test group.

    2.3.5 Western blot analysis

  Hepa 1c1c7 cells were plated onto 100 mm dishes. Cells were cultured 

until they reached 60-80% conflence and were then pre-treated with PYGP 

(20 or 40 µg/mL) for 24 h. Cells were then exposed to D-GalN (20 mM) 

with PYGP (20 or 40 µg/mL) for 24 h. Cells were washed with ice-cold 

phosphate buffered saline (PBS; 0.15 M sodium phosphate, 0.15 M sodium ‑

chloride, pH 7.4; Gibco-BRL), following which lysis buffer [20 mM 

Tris base (pH 7.5), 150 mM NaCl, 0.25% Na deoxycholate, 1 mM EDTA, 1 ‑ ‑

mM ethylene glycol tetraacetic acid, 1% Triton X 100 from iNtRON ‑

Biotechnology, Seoul, Korea; containing 2.5 M sodium pyrophosphate, 1 

mM β-glycerophosphate, 1 mM Na3VO4, 1 µg/mL aprotinin, 1 µg/mL 

leupeptin, 1 µg/mL pepstatin A and 1 mM phenylmethylsulfonyl floride 

from Sigma Aldrich] was added. Protein content was determined using a ‑
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bicinchoninic acid protein assay kit (Pierce Biotechnology, Inc., Rockford, 

IL, USA). Proteins were separated using 10 15% SDS PAGE and then ‑ ‑

transferred to a polyvinylidene floride membrane (Millipore, Billerica, MA, 

USA). The transferred membrane was blocked at room temperature with 1% 

bovine serum albumin (BSA) in Tris buffered saline with Tween 20 [TBS T; ‑ ‑

10 mM Tris HCl (pH 7.5), 150 mM NaCl and 0.1% Tween 20] and then ‑

incubated, with agitation, with the indicated primary antibodies: Rabbit 

anti mouse ERK immunoglobulin G (IgG) polyclonal antibody [diluted ‑

1:1,000 with BSA/TBS T; incubated for 4 h at room temperature (RT)], ‑

rabbit anti phosphorylated (p) ERK IgG polyclonal antibody (diluted 1:1,000 ‑ ‑

with BSA/TBS T; incubated for 4 h at RT), mouse anti mouse JNK IgG ‑ ‑

monoclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑

RT), mouse anti mouse p JNK IgG monoclonal antibody (diluted 1:1,000 ‑ ‑

with BSA/TBS T; incubated for 4 h at RT), rabbit anti mouse p38 IgG ‑ ‑

polyclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑

RT), mouse anti mouse p p38 IgG monoclonal antibody (diluted 1:1,000 ‑ ‑

with BSA/TBS T; incubated for 4 h at RT), rabbit anti mouse Nrf2 IgG ‑ ‑

polyclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑

RT), goat anti mouse Nqo1 IgG polyclonal antibody (diluted 1:1,000 with ‑

BSA/TBS T; incubated for 4 h at RT), mouse anti mouse GST IgG ‑ ‑

monoclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑

RT), and rabbit anti mouse heme oxygenase (HO) 1 IgG polyclonal antibody ‑ ‑

(diluted 1:1,000 with BSA/TBS T; incubated for 4 h at RT), which were all ‑

purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The 

secondary antibody was a peroxidase conjugated goat, mouse, and rabbit ‑
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antibody (1:10,000; GE Healthcare, Little Chalfont, UK). Super Signal West 

Pico Stable Peroxide Solution and the Super Signal West Pico 

Luminol/Enhancer solution (Thermo Fisher Scientifi, Rockford, IL, USA) 

were then added and the signal was monitored using X ray fim (Kodak, ‑

Rochester, NY, USA) and a developer and fixer twin pack (Kodak).

  2.4 Protective effect on D-GalN-induced toxicity in primary rat 

hepatocyte

    2.4.1 Preparation of rat hepatocyte

  Male Sprague dawley (6 weeks of age) was obtained from samtaco (Osan, 

Korea). Animal studies were carried out in accordance with the Animal 

Ethics Committee of the Pukyong National university (2015-01; Busan, 

Korea). Primary rat hepatocytes were isolated from rat liver using the 

collagenase perfusion method. Rats were anesthetized with zoletil (Bayer 

Korea, Seoul, Korea):rompun (Virbac, Carros, France) 5:2 ratio mix. After 

the rat was anesthetized, the liver was perfused with 1x Hank’s buffered 

salt solution (HBSS; Gibco), without magnesium or calcium, with 0.5 mM 

EGTA through the portal vein to rinse the blood out. Then, liver was 

perfused with digestion medium (DMEM-low glucose with 1% 

penicillin/streptomycin, 15 mM HEPES, and 100 units/mL type IV 

collagenase; Gibco) begin to swell. The liver was then cut connection and 

immediately place the liver into the 100 mm dish containing digestion 

medium. After minced, the solution containing mixed cells debris was 

filtered through a 70 micron filter. Subsequently, the filtrate was centrifuged 
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at 50 x g, 2 min, 4 C, the cells were washed with F-12 HAM’s (Hycolone, ˚

Logan, UT, USA) three times and the seeded in type I collagen (Gibco) 

coated plate with DMEM (Gibco) containing 10% FBS, 1% 

penicillin/streptomycin at 37 C in a humidified 5% CO˚ 2 atmosphere. The 

cells were incubated with fresh Williams’ E medium without FBS 24 h 

prior to the experiments.

    2.4.2 Determination of lactate dehydrogenase release

  Primary hepatocyte injury was quantitatively assessed via determination of 

lactate dehydrogenase (LDH), which is released from damaged or destroyed 

cells. Primary hepatocyte were seeded onto 96-well plates at a density of 

2.3x103 cells/well in 100 µl medium. Cells were cultured for 24 h, 

following which the SFM was replaced with PYGP (80 or 160 µg/mL) for 

24 h. Primary hepatocyte were then exposed to either 25 mM D-GalN with 

PYGP (80 or 160 µg/mL) for 24 h. LDH release was measured using an 

LDH cytotoxicity assay kit according to the manufacturer's instructions 

(Cayman Chemical, Ann Arbor, MI, USA). Absorbance was then measured 

at 490 nm using a Benchmark Plus 10730 microplate reader (Bio-Rad 

Laboratories). Percentage of LDH release was calculated by following 

expressions. Percentage of LDH (%) = AT / AC × 100 where AC is 

absorbance of control and AT is absorbance of test group.

    2.4.3 Western blot analysis

  Primary hepatocyte was plated onto 100 mm dishes. Cells were cultured 

until they reached 60-80% confluence and were then pre-treated with PYGP 
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(80 or 160 µg/mL) for 24 h. Cells were then exposed to D-GalN (20 mM) 

with PYGP (20 or 40 µg/mL) for 24 h. Cells were washed with ice-cold 

phosphate buffered saline (PBS; 0.15 M sodium phosphate, 0.15 M sodium ‑

chloride, pH 7.4; Gibco-BRL), following which lysis buffer [20 mM 

Tris base (pH 7.5), 150 mM NaCl, 0.25% Na deoxycholate, 1 mM EDTA, 1 ‑ ‑

mM ethylene glycol tetraacetic acid, 1% Triton X 100 from iNtRON ‑

Biotechnology, Seoul, Korea; containing 2.5 M sodium pyrophosphate, 1 

mM -glycerophosphate, 1 mM Naβ 3VO4, 1 µg/mL aprotinin, 1 µg/mL 

leupeptin, 1 µg/mL pepstatin A, and 1 mM phenylmethylsulfonyl floride 

from Sigma Aldrich] was added. Protein content was determined using a ‑

bicinchoninic acid protein assay kit (Pierce Biotechnology, Inc., Rockford, 

IL, USA). Proteins were separated using 10 15% SDS PAGE and then ‑ ‑

transferred to a polyvinylidene floride membrane (Millipore, Billerica, MA, 

USA). The transferred membrane was blocked at room temperature with 1% 

bovine serum albumin (BSA) in Tris buffered saline with Tween 20 [TBS T; ‑ ‑

10 mM Tris HCl (pH 7.5), 150 mM NaCl, and 0.1% Tween 20] and then ‑

incubated, with agitation, with the indicated primary antibodies: Rabbit 

anti mouse ERK immunoglobulin G (IgG) polyclonal antibody [diluted ‑

1:1,000 with BSA/TBS T; incubated for 4 h at room temperature (RT)], ‑

rabbit anti phosphorylated (p)-ERK IgG polyclonal antibody (diluted 1:1,000 

with BSA/TBS T; incubated for 4 h at RT), mouse anti mouse JNK IgG ‑ ‑

monoclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑

RT), mouse anti mouse p JNK IgG monoclonal antibody (diluted 1:1,000 ‑ ‑

with BSA/TBS T; incubated for 4 h at RT), rabbit anti mouse p38 IgG ‑ ‑

polyclonal antibody (diluted 1:1,000 with BSA/TBS T; incubated for 4 h at ‑
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RT), mouse anti mouse p-p38 IgG monoclonal antibody (diluted 1:1,000 with ‑

BSA/TBS T; incubated for 4 h at RT), which were all purchased from ‑

Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The secondary antibody 

was a peroxidase conjugated goat, mouse, and rabbit antibody (1:10,000; GE ‑

Healthcare, Little Chalfont, UK). Super Signal West Pico Stable Peroxide 

Solution and the Super Signal West Pico Luminol/Enhancer solution 

(Thermo Fisher Scientifi, Rockford, IL, USA) were then added and the 

signal was monitored using X ray film (Kodak, Rochester, NY, USA) and a ‑

developer and fixer twin pack (Kodak).

3. In vivo assay

  3.1 PYGP regulates antioxidant status and prevents hepatotoxicity in 

D-GalN/LPS-induced acute liver failure in rats

    3.1.1 Experimental animals

  Male Sprague-Dawley (6 weeks old) rats were purchased from Samtaco. 

Animal studies were carried out in accordance with the Animal Ethics 

Committee of the Pukyong National university (2014-02; Busan, Korea). The 

rats were allowed to adapt to laboratory conditions (temperature: 23 ± 3°C, 

12 h light/12 h dark cycle, 50% humidity) with free access to water and 

food. 

    3.1.2 Experimental design

  Animals were randomly divided into four groups of five animals each as 
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follows: group 1, control rats that received distilled water only; group 2, 

D-GalN 500 mg/kg/BW + LPS 10 µg/kg/BW; group 3: D-GalN 500 

mg/kg/BW + LPS 10 µg/kg/BW + PYGP 150 mg/kg/BW; and group 4, 

D-GalN 500 mg/kg/BW + LPS 10 µg/kg/BW + PYGP 300 mg/kg/BW. 

PYGP was administered orally once a day for 7 days. Hepatotoxicity in the 

rats was induced by intraperitoneal injection of D-GalN/LPS (Sigma-Aldrich) 

at a dose of 500 mg/kg/BW D-GalN and 10 µg/kg/BW LPS. All groups 

were sacrificed for blood and liver collection at 6 h after hepatotoxicity 

induction.

    3.1.3 Determination of lipid peroxidation 

  The liver was collected in 1x butyl hydroxyl toluene (BHT; Cell Biolabs, 

San Diego, CA, USA) and homogenized on ice according to the TBARS 

assay kit protocol (Cell Biolabs). The absorbance at 532 nm was measured 

using a microplate reader (Benchmark plus 10730; Bio-Rad Laboratories). 

Percentage of lipid peroxidation was calculated by following expressions. 

Percentage of TBARS (%) = AT / AC × 100 where AC is absorbance of 

control and AT is absorbance of test group.

    3.1.4 Determination of antioxidant enzyme 

  The activities of antioxidative enzymes including catalase (CAT), 

glutathione s-transferase (GST), and level of glutathione (GSH) in the liver 

were measured using the respective kits according to the manufacturer’s 

instructions (catalase assay kit, glutathione assay kit, and glutathione 

s-transferase assay kit; all from Cayman, Ann Arbor, MI, USA). The 
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absorbance was measured using a microplate reader (Benchmark plus 10730; 

Bio-Rad Laboratories). Percentage of antioxidant activity and level was 

calculated by following expressions. Percentage of CAT (%) or GSH (%) or  

GST (%) = AT / AC × 100 where AC is absorbance of control and AT is 

absorbance of test group.

    3.1.5 Western blot analysis 

  Liver tissue protein was homogenized in lysis buffer (150 mM sodium 

chloride, 50 mM Tris-HCl [pH 7.5], 0.5% sodium deoxycholate, 0.1% 

sodium dodecyl sulfate, 1% triton X-100, and 2 mM 

ethylenediaminetetra-acetic acid) (Intron Biotechnology) with inhibitors (1 

mM Na3VO4, 1 g/mL aprotinin, 1 g/mL leupeptin, 1 g/mL pepstatin A, μ μ μ

and 1 mM PMSF) (Sigma-Aldrich). Protein levels were determined using the 

bichinchominic acid (BCA) assay kit (Pierce Biotechnology). Proteins were 

separated via 10 15% SDS-PAGE and transferred to a polyvinylidene –

fluoride membrane (Millipore). The membrane was blocked with 1% bovine 

serum albumin in TBS-T (10 mM Tris-HCl [pH 7.5], 150 mM NaCl, and 

0.1% Tween 20) (USB) followed by incubation with primary antibodies of 

rabbit anti-rat ERK IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), rabbit anti-rat phosphorylated p-ERK IgG 

polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), 

mouse anti-rat JNK IgG monoclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), mouse anti-rat p-JNK IgG monoclonal 

antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), rabbit 

anti-rat p38 IgG polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, 
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incubated 4 h, RT), mouse anti-rat p-p38 IgG monoclonal antibody (diluted 

1:1,000 with BSA/TBS-T, incubated 4 h, RT), mouse anti-rat iNOS IgG 

polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT) 

and goat anti-rat COX-2 IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT) from Santa Cruz Biotechnology. The 

secondary antibodies were peroxidase-conjugated goat, mouse, and rabbit 

antibodies (1:10,000) from GE Healthcare Bio-Sciences. Antibody binding 

was visualized using the Super Signal West Pico Stable Peroxide Solution 

and the Super Signal West Pico Luminol/Enhancer solution (Thermo Fisher 

Scientific Inc.). The signal was examined using Kodak X-ray film (Kodak) 

and a developer and fixer twin pack (Kodak).

  3.2 Protective effect of PYGP on ethanol-induced hepatotoxicity in 

rat

    3.2.1 Experimental animals  

  Male Sprague-Dawley (6 weeks old) rats were purchased from Samtaco. 

Animal studies were carried out in accordance with the Animal Ethics 

Committee of the Pukyong National university (2014-02; Busan, Korea). The 

rats were allowed to adapt to laboratory conditions (temperature: 23 ± 3°C, 

12 h light/12 h dark cycle, 50% humidity) with free access to water and 

food. 

    3.2.2 Experimental design  

  Animals were randomly divided into four groups of five rats each as 



- 29 -

follows: group 1, control rats that received distilled water only (CON 

group); group 2, 20% ethanol 3.7 g/kg/BW (EtOH group); group 3, 20% 

ethanol 3.7 g/kg/BW + PYGP 150 mg/kg/BW (EtOH + 150 group); and 

group 4, 20% ethanol 3.7 g/kg/BW + PYGP 300 mg/kg/BW (EtOH + 300 

group). PYGP and ethanol were administered orally once a day for 30 days. 

All groups were sacrificed for blood and liver collection at the end of 

experimental period (31 days after). Brood was collected immediately, Liver 

was frozen in liquid nitrogen and store at -70°C until use.

    3.2.3 Determination of GOT and GPT

  Chronic hepatic damages were measured by detecting serum GOT and 

GPT activities using the enzymatic analysis kit (Asan Pharmaceuticals, 

Hwasung, Korea) according to the manufacturer’s instructions. The 

absorbance was measured using a UV spectrometer (Ultrospec 2100 pro; 

Amersham Pharmacia biotech, Cambridge, United Kingdom). Percentage of 

GOT and GPT level was calculated by following expressions. Percentage of 

GOT (%) or GPT (%) = AT / AC × 100 where AC is absorbance of control 

and AT is absorbance of test group.

    3.2.4 Determination of antioxidant enzyme 

  The activities of anti-oxidative enzymes including CAT, GSH-px, and 

level of GSH in the liver were measured using the respective kits according 

to the manufacturer’s instructions (catalase assay kit, glutathione assay kit, 

and glutathione peroxidase assay kit; all from Cayman, Ann Arbor, MI, 

USA). The absorbance was measured using a microplate reader (Benchmark 
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plus 10730; Bio-Rad Laboratories Inc.). Percentage of antioxidant activity 

and level was calculated by following expressions. Percentage of CAT (%) 

or GSH (%) or GSH-px (%) = AT / AC × 100 where AC is absorbance of 

control and AT is absorbance of test group.

    3.2.5 Western blot analysis

  Liver tissue protein was homogenized in lysis buffer (150 mM sodium 

chloride, 50 mM Tris-HCl [pH 7.5], 0.5% sodium deoxycholate, 0.1% 

sodium dodecyl sulfate, 1% triton X-100, and 2 mM 

ethylenediaminetetra-acetic acid) (Intron Biotechnology) with inhibitors (1 

mM Na3VO4, 1 g/mL aprotinin, 1 g/mL leupeptin, 1 g/mL pepstatin A, μ μ μ

and 1 mM PMSF) (Sigma-Aldrich). Protein levels were determined using the 

bichinchominic acid assay kit (Pierce Biotechnology). Proteins were separated 

via 10 15% SDS-PAGE and transferred to a polyvinylidene fluoride –

membrane (Millipore). The transferred membrane was blocked with 1% 

bovine serum albumin (BSA) in TBS-T (10 mM Tris-HCl [pH 7.5], 150 

mM NaCl, and 0.1% Tween 20) (USB) followed by incubation with primary 

antibodies of rabbit anti-rat ERK IgG polyclonal antibody (diluted 1:1,000 

with BSA/TBS-T, incubated 4 h, RT), rabbit anti-rat phosphorylated p-ERK 

IgG polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, 

RT), mouse anti-rat JNK IgG monoclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), mouse anti-rat p-JNK IgG monoclonal 

antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), rabbit 

anti-rat p38 IgG polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, 

incubated 4 h, RT), mouse anti-rat p-p38 IgG monoclonal antibody (diluted 
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1:1,000 with BSA/TBS-T, incubated 4 h, RT), mouse anti-rat iNOS IgG 

polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), 

goat anti-rat COX-2 IgG polyclonal antibody (diluted 1:1,000 with 

BSA/TBS-T, incubated 4 h, RT), rabbit anti-rat CYP2E1 IgG polyclonal 

antibody (diluted 1:1,000 with BSA/TBS-T, incubated 4 h, RT), and rabbit 

anti-rat GAPDH IgG polyclonal antibody (diluted 1:1,000 with BSA/TBS-T, 

incubated 4 h, RT) from Santa Cruz Biotechnology. The secondary 

antibodies were peroxidase-conjugated goat, mouse, and rabbit antibodies 

(1:10,000) from GE Healthcare Bio-Sciences. Antibody binding was 

visualized using the Super Signal West Pico Stable Peroxide Solution and 

the Super Signal West Pico Luminol/Enhancer solution (Thermo Fisher 

Scientific). The signal was monitored using X-ray film (Kodak) and a 

developer and fixer twin pack (Kodak).

4. Statistical analysis

  Values are presented as the mean ± standard deviation and data were 

analyzed with SPSS ver. 10.0 software (SPSS Inc., Chicago, IL, USA) using 

an analysis of variance followed by a Duncan’s multiple range test. 

P-values<0.05 was considered to indicate a statistically significant difference 

between values.
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. RESULT AND DISCUSSIONⅢ

1. Alteration of M1/M2 macrophage polarization by PYGP

  1.1 Effect of PYGP on cell viability

  Cytotoxicity of PYGP prepared with various concentrations was measured 

using MTS assay in RAW 264.7 cells (Fig. 2). Consequently, PYGP was 

not significantly influenced to the cell viability up to 40 µg/mL. 
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Figure 2. Cytotoxic effect of PYGP on LPS-induced inflammation in RAW 

264.7 cells. Cells were pre-treated with PYGP (5, 10, 20, and 40 µg/mL) 

for 24 h and then treated with 1 µg/mL LPS with PYGP (5, 10, 20, and 

40 µg/mL) for 24 h. Values are presented as the mean ± standard deviation. 

Values with different letters are significantly different (P<0.05).
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  1.2 Effect of PYGP on LPS-induced NO release

  We used the Griess reagent to determine the production of NO (Fig. 3). 

LPS-stimulated M1 macrophages made the toxic NO, and release to the 

extracellular. Culture media NO concentration was high in LPS only treated 

group. However in the presence of PYGP, the concentration of NO in the 

culture media was inhibited in a dose-dependent manner. 
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Figure 3. Effect of PYGP on the level of the NO following LPS-induced 

M1 activation. RAW 264.7 cells were pre-treated with PYGP (2.5, 5, 10, 

20, and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (2.5, 5, 10, 20, and 40 µg/mL) for 24 h. Values are presented as the 

mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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  1.3 Effect of PYGP on LPS-induced PGE2 production

  The production levels of PGE2 were measured in the LPS-activated RAW 

264.7 cells (Fig. 4). PGE2 secreted into supernatant of the cultures was 

estimated by PGE2 express ELISA kit. After treatment with LPS 1 µg/mL, 

PGE2 expression in the medium is remarkably advanced. However, when 

RAW 264.7 cells were pre-treated with PYGP, the PGE2 expression was  

decreased significantly.
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Figure 4. Effect of PYGP on the level of the PGE2 following LPS-induced 

M1 activation. RAW 264.7 cells were pre-treated with PYGP (20 and 40 

µg/mL) for 24 h and then administered 1 µg/mL LPS with PYGP (20 and 

40 µg/mL) for 24 h. Values are presented as the mean ± standard deviation. 

Values with different letters are significantly different (P<0.05).
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  1.4 Effect of PYGP on LPS-induced TBARS and ROS generation

  TBARS formation induces LPS-stimulated RAW 264.7 cells via oxidative 

stress mechanism (Fig. 5A). The results of present study revealed that 

TBARS levels in the cells were significantly higher in LPS-only treatment 

group. In addition, pre-treatment of PYGP was significantly inhibited the 

TBARS level of RAW 264.7 cells in comparison with the LPS-only 

treatment group. 

  We measured whether PYGP attenuated ROS generation in LPS-induced 

RAW 264.7 cells using DCF-DA (Fig. 5B). LPS-stimulated RAW 264.7 

cells significantly generated ROS compare with CON group. However, 

pre-treatment with PYGP remarkably inhibited the LPS-stimulated increase in 

ROS generation levels.
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(A)

(B)

Figure 5. Effect of PYGP on the level of the TBARS and ROS following 

LPS-induced M1 activation. RAW 264.7 cells were pre-treated with PYGP 

(20 and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (20 and 40 µg/mL) for 24 h. TBARS level (A). ROS level (B). 

Values are presented as the mean ± standard deviation. Values with different 

letters are significantly different (P<0.05).
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  1.5 Effect of PYGP on M1 polarization markers

  It is known that RAW 264.7 macrophages produce pro-inflammatory 

cytokines in M1 phenotype. To identify the effect of PYGP to LPS- 

exposed RAW 264.7 cells, we observed mRNA and protein expression of 

the pro-inflammatory cytokine (Fig. 6, 7). The real-time PCR analysis 

revealed that LPS upregulate mRNA expression of the pro-inflammatory 

cytokine such as IL-12, IL-6, IL-1 , NOS-2, IFN- , and TNF- . β γ α

Pre-treatment of PYGP was significantly suppressed the expression of 

pro-inflammatory cytokines mRNA. These results suggest that PYGP prevent 

to pro-inflammatory cytokine expression and M1 activation in LPS-activated 

RAW 264.7 cells.
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Figure 6. Effect of PYGP on the level of the M1 marker following 

LPS-induced M1 activation. RAW 264.7 cells were pre-treated with PYGP 

(20 and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (20 and 40 µg/mL) for 24 h. Values are presented as the mean ± 

standard deviation. Values with different letters are significantly different 

(P<0.05).
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Figure 7. Effect of PYGP on the level of the cytokine following 

LPS-induced M1 activation. RAW 264.7 cells were pre-treated with PYGP 

(20 and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (20 and 40 µg/mL) for 24 h. The expression levels of the TNF- , α

G-CSF, GM-CSF, IL-6, IL-16, and IL-1 cytokine were examined by array β 

kit. Values are presented as the mean ± standard deviation. Values with 

different letters are significantly different (P<0.05).

0

1000

2000

3000

4000

5000

6000

7000

8000

CON LPS LPS+20 LPS+40

le
v

el
 (%

 o
f 

co
n

tr
o

l)

Conc. (μg/ml)

TNF-a

GM-CSF

IL-6

IL-1β

TNF-α

GM-CSF

IL-6

IL-1β

LPS

PYGP (μg/ml)

+- + +

-- 20 40



- 43 -

  1.6 Effect of PYGP on M2 polarization markers 

  RAW 264.7 macrophage is occur alteration of metabolism in M2 

polarization. Consequently, macrophage is produce Ym1, ARG1, and FIZZ1. 

Control group and M1 activity by the LPS treated group were not observed 

expression of M2 marker mRNA. However, PYGP-treated group shown that 

the expression of M2 marker mRNA increases (Fig. 8). These results 

indicate that the LPS-induced M1 activity macrophage has switch to M2 

activity by PYGP.

  There is observation that upregulation of several non-opsonic receptors 

such as CD206 and CD163 in M2 activation macrophage. We used Western 

blot analysis for investigation of CD206, CD163 protein expression (Fig. 9). 

LPS treatment was decreased CD206, CD163 in RAW 264.7 cells. In the 

pre-treatment of PYGP, the expression level of CD206 and CD163 were 

significantly increased compare with CON and LPS treated-only groups.
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Figure 8. Effect of PYGP on the level of the M2 marker following 

LPS-induced M1 activation. RAW 264.7 cells were pre-treated with PYGP 

(20 and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (20 and 40 µg/mL) for 24 h. Values are presented as the mean ± 

standard deviation. Values with different letters are significantly different 

(P<0.05).
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Figure 9. Effect of PYGP on the level of the CD206 and CD163 following 

LPS-induced M1 activation. RAW 264.7 cells were pre-treated with PYGP 

(20 and 40 µg/mL) for 24 h and then administered 1 µg/mL LPS with 

PYGP (20 and 40 µg/mL) for 24 h. 
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  1.7 Effect of PYGP on STAT3, STAT6 signaling pathway 

  STAT3 and STAT6 are well known transcription factor that induces M2 

activation of macrophage and inhibit pro-inflammatory effect. Thus, we 

measured the phosphorylation of STAT3 and STAT6 by Western blot 

analysis (Fig. 10). This result shown that LPS treatment was not effected on 

STAT3 and STAT6 phosphorylation. PYGP pre-treatment groups were dose 

dependently mediated reduced the phosphorylation of STAT3 and STAT6. 

However, total STAT3 and STAT6 protein expression levels were not 

altered following treatment with LPS or pre treated PYGP. ‑

  PPAR and KLF4 were reported increase of expression by STAT6 γ 

phosphorylation. Increased expression of PPAR and KLF4 promote switch γ 

to M2 phenotype macrophage. We used RT-PCR to determine mRNA 

expression difference of PPAR and KLF4 by LPS and PYGP treatment γ 

(Fig. 11). LPS was not effected on PPAR and KLF4 mRNA expression γ 

compare with CON group. However PYGP pretreated groups were increased 

PPAR and KLF4 mRNA expression in a dose dependent manner.γ 
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Figure 10. Effect of PYGP on the expression of the STAT3 and STAT6 

following LPS-induced M1 activation. RAW 264.7 cells were pre-treated 

with PYGP (20 and 40 µg/mL) for 24 h and then administered 1 µg/mL 

LPS with PYGP (20 and 40 µg/mL) for 24 h. 
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Figure 11. Effect of PYGP on the mRNA expression of the PPAR and γ 

KLF4 following LPS-induced M1 activation. RAW 264.7 cells were 

pre-treated with PYGP (20 and 40 µg/mL) for 24 h and then administered 

1 µg/mL LPS with PYGP (20 and 40 µg/mL) for 24 h. Values are 

presented as the mean ± standard deviation. Values with different letters are 

significantly different (P<0.05).
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  1.8 Analysis of M2 polarization markers after STAT3, STAT6 small 

interference RNA transfection 

  The STAT3 and STAT6 are major transcriptions factor that involve in the 

regulation of immune responses in the macrophage. It is essential for 

macrophage differentiation to the M2 activation. To clarify whether 

PYGP-mediated M2 activation in RAW 264.7 cells, we examined the 

expression of M2 marker after STAT3 and STAT6 gene were knock down. 

We tested three type of STAT3 and STAT6 siRNA, expression of STAT3 

and STAT6 when using STAT3 and STAT6 siRNA-3 decreased most 

(STAT3; 5 -CCC GCC AAC AAA UUA AGA ATT-3 ; 3 -UUC UUA AUU ′ ′ ′

UGU UGG CGG GTT-5 , STAT6; 5 -CCA AGA CAA CAA CGC CAA ′ ′

ATT 3 ; 3 -UUU GGC GUU GUU GUC UUG GTT-5 ) (Fig. 12). – ′ ′ ′

Transfection of the RAW 264.7 with STAT3 and STAT6 siRNA decreased 

the PYGP induced FIZZ1, Ym1, and ARG1 mRNA expression  (Fig. 13, 

14). These results indicate that STAT3 and STAT6 activations are important 

in the RAW 264.7 macrophage switching LPS-induced M1 to M2 by PYGP.
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Figure 12. Effect of STAT3 and STAT6 siRNA on the expression of the 

STAT3 and STAT6 in RAW 264.7 cells. RAW 264.7 cells were treated 

with Lipofectamine and STAT3 and STAT6 siRNA for 12 h.
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Figure 13. Effect of PYGP on the level of the M2 marker following 

LPS-induced M1 activation in transfected RAW 264.7. The cells were 

transfected with Lipofectamine and STAT3 siRNA. After transfection, cells 

pre-treated with PYGP (20 and 40 µg/mL) for 24 h and then administered 

1 µg/mL LPS with PYGP (20 and 40 µg/mL) for 24 h. Values are 

presented as the mean ± standard deviation. Values with different letters are 

significantly different (P<0.05).
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Figure 14. Effect of PYGP on the level of the M2 marker following 

LPS-induced M1 activation in transfected RAW 264.7. The cells were 

transfected with Lipofectamine and STAT6 siRNA. After transfection, cells 

pre-treated with PYGP (20 and 40 µg/mL) for 24 h and then administered 

1 µg/mL LPS with PYGP (20 and 40 µg/mL) for 24 h. Values are 

presented as the mean ± standard deviation. Values with different letters are 

significantly different (P<0.05).
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  1.9 Discussion

  
  Macrophage is central role in the early stages of the adaptive immune, 

innate immune, and regulation of inflammation. Macrophage state can divide 

M0 (not stimulated state), M1 (classical activation), and M2 (alterative 

activation) (Labonte et al., 2014). M1 macrophage promotes production of 

pro-inflammatory cytokine such as IL-1 , IL-6, TNF- , IL-12, IFN- by β α γ 

IFN, TNF, GM-CSF, TLRs ligands stimulations (Krausgruber et al., 2011; 

Lawrence and Natoli, 2011). M2 has wound healing and anti-inflammation 

function and secrete IL-1ra, IL-10, TGF-β by IL-4, IL-13, IL-10, 

glucocorticoids, M-CSF stimulations (Biswas and Mantovani, 2010).

  LPS is major M1 activation substance via TLR4 stimulation in 

macrophage (Verreck et al., 2004). LPS-activated M1 macrophage produces 

NO, PGE2 and protect host against infections. But, abnormal and chronic 

production of NO, PGE2 causes the various diseases (Agard et al., 2013; 

Kilbourn and Griffith, 1992). In this study, we measured that LPS 

significantly increased NO, PGE2 production, which were attenuated by 

pre-treated PYGP in RAW 264.7 cells. 

  Classical activation of M1 macrophage increases aerobic glycolysis, 

glucose uptake and conversion of pyruvate to lactate (Hard G, 1970). 

Moreover, this pathway is upregulate ROS production from mitochondria via 

NADPH oxidase activation (West et al., 2011). Lipid peroxidation produced 

ROS caused cellular injury by inactivation of membrane enzymes and 

receptor (Jacobson M, 1996). In the present study, levels of their production, 

ROS, TBARS were increased in the LPS treatment group compared with 

control group. However, pre-treated PYGP group was significantly decreased 
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the LPS-induced ROS, TBARS level upregulation. 

  M1 and M2 macrophage are not only function, there is a large difference 

in the metabolism. The main differentiation between M1 and M2 is 

L-arginine metabolism. L-arginine had three pathway metabolism including 

NO production by iNOS, ureum and L-ornithine by arginase and agmatine 

by arginine decarboxylase (Corraliza et al., 1995; Munder et al., 1998; 

Galván-Peña and O’Neill, 2014). These characteristics can be utilized in 

macrophages active state. Lipid metabolism also difference in M1 and M2. 

This differentiation is revealed by transcriptional profiling of IL-13-steered 

human monocyte (Scotton et al., 2005). The function of these genes not 

fully understood such as FIZZ. PPAR ligation was reported can inhibit the 

expression of pro-inflammatory cytokine and iNOS (Raes et al., 2002; 

Ricote et al., 2000). Futhermore, they observed the difference of cytokine 

secretion. M1 secrete pro-inflammatory cytokines such as IL-12, IL-6, IL-1β 

and type 1 IFN, while M2 are secrete anti-inflammatory cytokines IL-10 and 

TGF- (Mantovani β  et al., 2004). In addition, IL-4, IL-13, and IL-10 

upregulate several non-opsonic receptors such as mannose receptor (CD206), 

CD163 (Brown et al., 2012; Lau et al., 2004). These features have been 

used in many studies as markers to distinguish between the activity of the 

macrophages (Chen et al., 2014; Lee et al., 2014; Lopez-Castejón et al., 

2011). In the present study, LPS upregulated pro-inflammatory cytokine 

including IL-12, IL-6, IFN- , TNF- , IL-16, IL-1 , and GM-CSF. However, γ α β

pre-treatment of PYGP downreglated these pro-inflammatory cytokine and 

increased M2-association marker such as CD206, CD163, Ym1, FIZZ1, and 

ARG1. These results suggest that PYGP help to switch LPS-induced M1 
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classical activation to M2 alternative activation. 

  M2 activation has involved various transcription factors. The STAT3 and 

STAT6 play a key role in M2 activation (Lawrence and Natoli, 2011; 

Wang, N. et al., 2014). STAT3 is the major anti-inflammatory mediator, 

mediate IL-10 transcription (Murray J., 2006). Knockdown of STAT3 and 

STAT6 in mouse and human macrophage was reported be switched to M2 

phenotype decreased significantly (Mandal et al., 2011; MacKinnon et al., 

2008; Gordon and Martinez, 2010). In the present study, silencing of 

STAT3 and STAT6 inhibited the effect of PYGP induced mRNA expression 

of M2 activation marker including FIZZ1, Ym1, and ARG1. According to 

our observation, that STAT3 and STAT6 siRNA decrease STAT3, STAT6 

protein, FIZZ1, Ym1, and ARG1 mRNA expression in the PYGP-treated M1 

macrophage indicate that PYGP treatment on M1 activated macrophage was 

switched in to M2 macrophage via STAT3 and STAT6 signaling. 

  In conclusion, our results have demonstrated that in LPS-induced M1 

activated macrophage. PYGP modulates inhibit pro-inflammatory cytokine 

and switch to M2 phenotype via STAT3 and STAT6 activation. These 

findings may provide a molecular basis for the ability of PYGP serving as 

a promising candidate for treating LPS-induced inflammatory diseases. 
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2. Protective effect of PYGP on D-GalN-induced cytotoxicity in Hepa 

1c1c7 cells

  2.1 Effect of PYGP on D-GalN-induced cytotoxicity 

  The protective effect of PYGP against D-GalN-induced hepatotoxicity in 

Hepa 1c1c7 cell was measured using the MTS cell viability assay (Fig. 15). 

Cells were pre-treated with PYGP for 24 h and then incubated with D-GalN 

and PYGP for 24 h. The results of the MTS assay showed that D-GalN 

treatment induced Hepa 1c1c7 cell death, whereas pre-treatment with PYGP 

significantly attenuated the cytotoxic effects of D-GalN. 

  LDH is a soluble enzyme located in the cytosol, which is released into 

the surrounding culture medium upon cell damage. The results of the 

present study demonstrated that the D-GalN-only treatment group showed 

increased LDH levels compared with those of the control group. By 

contrast, the PYGP pre-treatment groups showed significantly decreased LDH 

enzyme release compared with that of the D-GalN only treatment group (Fig. 

16).
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Figure 15. Effect of PYGP on D-GalN-induced cytotoxicity in Hepa 1c1c7 

cells. Cells were pre-treated with PYGP (5, 10, 20, and 40 µg/mL) for 24 

h and then treated with 20 mM D-GalN with PYGP (5, 10, 20, and 40 

µg/mL) for 24 h. Cell viability was determined following D-GalN-induced 

cell cytotoxity. Values are presented as the mean ± standard deviation. 

Values with different letters are significantly different (P<0.05).

a

b
bc

cd
d

e

0

20

40

60

80

100

120

CON GalN GalN+5 GalN+10 GalN+20 GalN+40

C
el

l v
ia

b
il

it
y

 (%
)

Conc. (μg/mL)



- 58 -

Figure 16. Effect of PYGP on D-GalN induced cytotoxicity in Hepa 1c1c7 

cells. Cells were pre-treated with PYGP (20 and 40 µg/mL) for 24 h and 

then treated with 20 mM D-GalN with PYGP (20 and 40 µg/mL) for 24 h. 

Released LDH levels were determined following D-GalN induced cell 

cytotoxity. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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  2.2 Effect of PYGP on D-GalN-induced TBARS production  

  Lipid peroxidation induces TBARS generation and cell damage through 

oxidative stress. In addition, TBARS and lipid peroxide produced during 

oxidative stress may cause or aggravate diseases associated with aging and 

hepatotoxicity. The results of the present study revealed that levels of 

TBARS were increased in the D-GalN-only treatment group compared with 

those of the control group. In addition, pre-treatment with PYGP 

significantly inhibited the D-GalN-induced TBARS level upregulation (Fig. 

17).
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Figure 17. Effect of PYGP on D-GalN induced lipid peroxidation. Hepa 

1c1c7 cells were pre-treated with PYGP (20 and 40 µg/mL) for 24 h and 

then administered 20 mM D-GalN with PYGP (20 and 40 µg/mL) for 24 h. 

Cell pellets were then collected using 1X butyl hydroxyl toluene 

homogenized on ice using a TBARS assay kit. Values are presented as the 

mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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  2.3 Effect of PYGP on D-GalN-induced antioxidant enzyme activity 

decline

  SOD, CAT, and GST are the primary defensive enzymatic anti-oxidants in 

eukaryotic cells. The activity levels of these enzymes were all found to be 

significantly inhibited in the D-GalN-only treatment group compared with 

those in the control group. By contrast, the PYGP pre-treatment group 

showed increase of SOD (Fig. 18), CAT (Fig. 19), and GST (Fig. 20) 

antioxidant enzyme activity compared with that in the D-GalN-only treatment 

group.
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Figure 18. Effect of PYGP on the activity of the antioxidant enzymes SOD 

following D-GalN induced cytotoxicity. Hepa 1c1c7 cells were pre-treated 

with PYGP (20 and 40 µg/mL) for 24 h and then administered 20 mM 

D-GalN with PYGP (20 and 40 µg/mL) for 24 h. Values are presented as 

the mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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Figure 19. Effect of PYGP on the activity of the antioxidant enzymes CAT 

following D-GalN induced cytotoxicity. Hepa 1c1c7 cells were pre-treated 

with PYGP (20 and 40 µg/mL) for 24 h and then administered 20 mM 

D-GalN with PYGP (20 and 40 µg/mL) for 24 h. Values are presented as 

the mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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Figure 20. Effect of PYGP on the activity of the antioxidant enzymes GST 

following D-GalN induced cytotoxicity. Hepa 1c1c7 cells were pre-treated 

with PYGP (20 and 40 µg/mL) for 24 h and then administered 20 mM 

D-GalN with PYGP (20 and 40 µg/mL) for 24 h. Values are presented as 

the mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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  2.4 Effect of PYGP on D-GalN-induced MAPK signaling pathway

  ERK, JNK, and p38 MAPK are known to be phosphorylated and 

activated in response to D-GalN. In the present study, the phosphorylation of 

each MAPK was examined using western blot analysis. The results revealed 

that PYGP suppressed the D-GalN induced phosphorylation of each MAPK. ‑

In addition, treatment with 40 µg/mL PYGP was observed to have a more 

suppressive effect compared with that of 20 µg/mL PYGP. However, total 

ERK, JNK, and p38 protein expression levels were not altered following 

treatment with D-GalN or PYGP pre-treatment (Fig. 21).
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Figure 21. Effect of PYGP on D-GalN induced expression and 

phosphorylation of MAPK in Hepa 1c1c7 cells. Cells were pre-treated with 

PYGP (20 and 40 µg/mL) for 24 h and then administered 20 mM D-GalN 

with PYGP (20 and 40 µg/mL) for 24 h. Cell pellets were then collected 

using lysis buffer and western blot analysis was performed in order to 

determine the total protein expression and phosphorylation levels of ERK, 

JNK, and p38.
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  2.5 Effect of PYGP on Nrf2 signaling pathway

  Nrf2 has previously been reported to increase the expression of various 

oxidant defense proteins, including HO-1, Nqo1, and GST. In the present 

study, western blot analysis was used to examine the expression of these 

proteins following D-GalN induced cell injury and pre-treatment with PYGP. ‑

Cells exposed to D-GalN-only reduced Nrf2, HO-1, Nqo1, and GST protein 

expression levels compared with those of the untreated cells. By contrast, 

the expression of these Nrf2 stimulated proteins following PYGP ‑

pre-treatment were significantly increased compared with those in the 

D-GalN-only group (Fig. 22).
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Figure 22. Effect of PYGP on D-GalN induced expression of Nrf2, Nqo1, 

GST, and HO-1 in Hepa 1c1c7 cells. Cells were pre-treated with PYGP (20 

and 40 µg/mL) for 24 h and then administered 20 mM D-GalN with PYGP 

(20 and 40 µg/mL) for 24 h. Cell pellets were then collected using lysis 

buffer and western blot analysis was performed in order to determine 

protein expression levels of Nrf2, Nqol, GST, and HO-1.
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  2.6 Discussion

  In the present study, cytotoxic injury was induced in Hepa 1c1c7 cells 

using D-GalN, which is a commonly used model for screening 

anti-hepatotoxic and anti-hepatoxic activities of drugs. D-GalN induced liver ‑

injury has previously been shown to closely resemble acute viral hepatitis 

(Decker and Keppler, 1971; Nakagiri et al., 2003). D-GalN has direct and 

indirect roles, which affect the oxidative stress properties of organs. Several 

studies have shown that D-GalN induced changes in liver antioxidant enzyme 

levels (Pushpavalli et al., 2010; Han et al., 2006; Shi et al., 2008; Lim et 

al., 2000). In addition, D-GalN was reported to induce hepatotoxicity by 

inhibiting RNA and protein synthesis as well as reducing uridine 

5'-triphosphate, uridine 5'-diphosphate, and uridine 5'-monophosphate levels 

(Tang et al., 2004; Aristatile et al., 2011). Increased LDH release into the 

medium as a result of cell damage is widely used as a measure of 

cytotoxicity (Liu and Yeh, 2000). In the present study, D-GalN treatment 

was found to induce cytotoxicity in Hepa 1c1c7 cells, the effect of which 

was attenuated in cells pre-treated with PYGP.    

   Peroxidation of endogenous lipids is a major factor affecting the 

cytotoxic activity of D-GalN (Das et al., 2012). D-GalN induced oxidative 

stress damage is generally attributed to the formation of highly reactive 

hydroxyl radicals, such as superoxide anions, which stimulate lipid 

peroxidation and damage to cell membranes (Halliwell and Gutteridge, 

1984). In the present study, TBARS was significantly increased following 

D-GalN-only treatment; however, pre treatment with PYGP decreased the ‑

oxidative damage in cells, based on the decreased levels of TBARS 
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compared to those in the D-GalN-only group. SOD and CAT are fist line ‑

cellular antioxidant defense enzymes. SOD reacts with O2 in order to 

generate H2O2 and H2O (Mallick and Mohn, 2000), while CAT accelerates 

the dismutation reaction of H2O2 and the formation of H2O and O2 (Jones 

and Suggett, 1968; Halliwell B, 1999). GST binds to numerous different 

lipophilic drugs and chemicals. Thus, it likely binds to D-GalN and functions 

as an enzyme for GSH conjugation reactions (Anandan et al., 1998). In the 

present study, D-GalN-induced lipid peroxidation was measured; following 24 

h of exposure to D-GalN, there was a significant increase in TBARS levels 

compared with those of the control group. However, the PYGP pre-treatment 

groups showed reduced TBARS levels compared with those in the 

D-GalN-only group. Furthermore, D-GalN significantly decreased the activity 

levels of the antioxidant enzymes CAT, GST, and SOD compared with 

those in the control group, while pre-treatment with PYGP increased these 

enzyme levels compared with those in the D-GalN-only treatment group. 

  The MAPK signaling pathway is an important signaling pathway which 

regulates tumor necrosis factor (TNF)- expression; however, the detailed α 

mechanism of this remains to be fully elucidated (Guha and Mackman, 

2001; Kawai and Akira, 2007). MAPK have been confirmed to participate 

in regulating cytokine production in response to a broad range of stimuli 

(Guan K, 1994; Johnson et al, 2005). MAPK include three major proteins: 

ERK, JNK, and p38 MAPK. These proteins have important biological roles 

in cell proliferation, differentiation, metabolism, survival, and apoptosis (Kim 

and Choi, 2010). In the present study, levels of their activated forms, 

p-ERK, p-JNK, and p-p38, were observed to be increased in the 
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D-GalN-only treatment group compared with those in the untreated control 

group; however, PYGP pre-treatment attenuated the D-GalN mediated 

activation of ERK, JNK, and p38. 

  As a transcription factor, Nrf2 promotes the translation of genes which 

have a protective effect against oxidative/electrophilic stress (Klaassen and 

Reisman, 2010; Inoue et al, 2012). Nrf2 exists as a binding repressor of 

kelch like erythroid cell derived protein with CNC homology associated ‑ ‑ ‑

protein 1 (Keap 1) in the cytoplasm (Jaiswal A, 2004). In response to 

oxidative stress, Nrf2 dissociates from Keap 1, and translocates to the 

nucleus in order to induce an array of cytoprotective genes, including Nqo1, 

GST, and HO-1 (Kensler et al., 2007; Wu et al., 2012). In the present 

study, western blot analysis revealed that Nrf2, Nqo1, GST, and HO-1 

expression levels were decreased in the presence of D-GalN. However, 

PYGP pre-treatment increased Nrf2, Nqo1, GST, and HO-1 expression levels 

compared with those in the D-GalN-only treatment group. These results 

indicated that PYGP pre-treatment upregulated Nrf2 protein levels and 

stimulated the activity of antioxidants and phase II detoxifying enzymes. 

  In conclusion, the results of the present study demonstrated that PYGP 

reduced D-GalN induced hepatotoxicity in Hepa 1c1c7 hepatocytes via 

upregulation of antioxidative enzymes, MAPK, and the Nrf2 pathway. These 

fidings therefore indicated that PYGP may have potential for use for the 

prevention of hepatotoxicity. 
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3. Protective effect of PYGP on D-GalN-induced toxicity in primary 

rat hepatocyte

  3.1 Effect of PYGP on primary liver cell viability

  The effect of PYGP treatment on LDH in liver primary culture cells were 

using LDH kit (Fig. 23). Destroyed cell or severe damaged cell is release 

LDH to extracellular. Therefore, LDH level was one of most using to 

determine hepatocyte injury. The concentration level of LDH increased in 

D-GalN-only group compared with CON group. PYGP treatment significantly 

dose-dependent decreased LDH level. 
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Figure 23. Effect of PYGP on D-GalN induced cytotoxicity in primary 

culture hepatocyte. Cells were pre-treated with various concentration of 

PYGP (10, 20, 40, 80, and 160 µg/mL) for 24 h and then treated with 25 

mM D-GalN with PYGP (10, 20, 40, 80, and 160 µg/mL) for 24 h. 

Released LDH levels were determined following D-GalN induced cell 

cytotoxity. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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  3.2 Effect of PYGP on D-GalN-induced MAPK signaling pathway

  MAPK signal pathway is important in D-GalN hepatotoxicity. D-GalN 

treatment lead to phosphorylation of ERK, JNK, and p38 proteins. 

Phosphorylated ERK, JNK, and p38 were significantly increased by D-GalN 

expose, while the total protein expression was almost same in each groups 

(Fig. 24). These results revealed that PYGP attenuate the D-GalN-induced 

phosphorylation of MAPK protein.
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Figure 24. Effect of PYGP on the expression of the MAPK pathway 

following D-GalN induced hepatotoxicity. Primary hepatocyte was pre-treated 

with PYGP (80 and 160 µg/mL) for 24 h and then administered 25 mM 

D-GalN with PYGP (80 and 160 µg/mL) for 24 h. Values are presented as 

the mean ± standard deviation. Values with different letters are significantly 

different (P<0.05).
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  3.3 Discussion

  D-GalN is frequently used as in vitro and in vivo experimental 

hepatotoxicity model. The treatment of D-GalN to the               

cells or animal induces the liver cells damage and leads to inhibition of 

RNA, protein synthesis by uridine pool depletion. This injury was reported 

closely resembling viral hepatitis (Nakagiri et al., 2003). Different 

hepatotoxic model such as cell line, mouse and another animal model were 

frequently used as prove the effectiveness of a drug. However, considering 

the economic or ethical reason, efficiently experimental models are required. 

Isolated rat hepatocytes or primary culture model can provide similar 

environment of actual in vivo, it suitable for observing the mechanisms of 

the drugs (Kučera et al., 2006).

  D-GalN-induced hepatotoxicity elevate to LDH level in culture medium 

(Fouad et al., 2004). While the incubation of primary hepatocyte with 

D-GalN was upregulated the level of LDH. D-GalN with PYGP co-treatment 

group LDH level was significantly decreased in the dose-dependent manner. 

These results indicated that PYGP treatment cause the proccess of 

attenuating D-GalN-induced cytotoxicity in primary hepatocyte. 

  The MAPK signaling pathway was reported as an important mediators of 

cell proliferation, apoptosis, and cell survive. Moreover, MAPK was 

correlated with diverse chemical stimulus such as carbon tetrachloride, 

acetaminophen, and ethanol. The activation of JNK is associated with cell 

death and liver oxidative injury, ERK is reported an important role in 

oxidative stress injury and cell inflammation. Although, the activation of p38 

is linked with inflammation, apoptosis, and cell differentiation (Kim and 
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Choi, 2010). In the present study, phosphorylation of JNK, ERK, and p38  

upregulate by D-GalN treatment. These MAPK protein phosphorylation was 

significantly decreased PYGP pretreatment. 

  These results indicated that PYGP pretreatment attenuated the 

D-GalN-induced liver injury via MAPK signal pathway. Moreover, these 

results shown a similar disposition as our previous study (Hepa 1c1c7 cells). 

We obtained similar results using another sequence protein samples in this 

model. Therefore, it is considered to be useful in models which can be 

studied physiological properties of the drug in the liver. 
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4. PYGP regulates antioxidant status and prevents hepatotoxicity in 

D-GalN/LPS-induced acute liver failure in rats

  4.1 Effect of PYGP on GOT and GPT level in serum

  GOT and GPT levels in the serum are important indicators of liver 

function. D-GalN/LPS injection elevated the levels of both, and 

administration of 300 mg/kg/BW PYGP significantly reduced their respective 

increases (Fig. 25).
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Figure 25. GOT and GPT levels in the serum of control and experimental 

rat groups. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05). 
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  4.2 Effect of PYGP on D-GalN/LPS-induced oxidative stress and 

antioxidant enzymes

  Six hours after D-GalN/LPS injection, we determined the TBARS level, 

which indicates liver tissue lipid peroxidation. As shown in Figure 26, 

TBARS increased significantly after D-GalN/LPS treatment. The 

D-GalN/LPS+PYGP 150 and D-GalN/LPS+PYGP 300 groups showed that 

marked upregulation of TBARS level. Furthermore, CAT (Fig. 27), GST 

(Fig. 28), and GSH (Fig. 29) were also decreased by D-GalN/LPS treatment, 

but recovered to levels similar to the control group by PYGP treatment.



- 81 -

Figure 26. Effect of PYGP on the level of the TBARS following 

D-GalN/LPS induced liver injury. Rats were treated as materials and 

methods. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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Figure 27. Effect of PYGP on the activity of the CAT following 

D-GalN/LPS induced liver injury. Rats were treated as materials and 

methods. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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Figure 28. Effect of PYGP on the activity of the GST following 

D-GalN/LPS induced liver injury. Rats were treated as materials and 

methods. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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Figure 29. Effect of PYGP on the level of the GSH following D-GalN/LPS 

induced liver injury. Rats were treated as materials and methods. Values are 

presented as the mean ± standard deviation. Values with different letters are 

significantly different (P<0.05).
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  4.3 Effect of PYGP on D-GalN/LPS-induced MAPK phosphorylation

  To investigate whether PYGP can modulate the MAPK signaling 

pathways, we determined MAPK protein expression and phosphorylation 

using Western blot assays. The expressions of ERK, JNK, and p38 proteins 

were not different between groups. However, their phosphorylation increased 

in the D-GalN/LPS-treated group compare with the control group. In the 

D-GalN/LPS+PYGP co-treated groups, their levels were downregulated (Fig. 

30). These results suggest that PYGP inhibits D-GalN/LPS-induced MAPK 

phosphorylation. 
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Figure 30. Expression of MAPK protein in the livers of control and 

experimental rat groups. Livers were collected in lysis buffer and Western 

blot analysis was performed to determine the total protein expression and 

phosphorylation levels of ERK, JNK, and p38 MAPK. 
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  4.4 Effect of PYGP on iNOS and COX-2 protein expression

  To confirm the effects of PYGP on inflammatory responses in the rat 

liver, we examined D-GalN/LPS-induced iNOS and COX-2 protein 

expression. When rats were treated with D-GalN/LPS, protein expression 

levels significantly increased. Treatment with PYGP prior to injection of 

D-GalN/LPS inhibited D-GalN/LPS-induced iNOS and COX-2 protein 

expression (Fig. 31). These results suggest that PYGP plays an important 

role in the suppression of D-GalN/LPS-induced iNOS and COX-2 protein 

expression.



- 88 -

Figure 31. Expression of iNOS and COX-2 protein in the livers of normal 

and experimental rat groups. Livers were collected in lysis buffer and 

Western blot analysis was performed to determine the total protein 

expression of iNOS and COX-2.
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  4.5 Discussion

  Treating rats with a combination of D-GalN/LPS is widely used to study 

the mechanisms of human ALF (Gilani et al., 2005). D-GalN and LPS 

co-treatment induces greater critical damage accompanied with apoptotic and 

necrotic changes in the liver, which closely resemble human viral hepatitis 

(Liu et al., 2008; Vimal and Devaki, 2004). In the present study, 

administration of D-GalN/LPS cause GOT and GPT levels increase in the 

serum. However, orally injected PYGP attenuated their levels. These results 

suggest that D-GalN/LPS induces severe damage to hepatic membrane tissues, 

and PYGP prevents this hepatic toxicity.

  D-GalN/LPS hepatotoxicity induces the production of ROS and a loss of 

antioxidative enzymes in the liver (Wang et al., 2007). Moreover, ROS may 

cause cell membrane lipid peroxidation (Bindhumol et al., 2003). Oxidative 

stress is a well-known factor in D-GalN/LPS-induced liver injury. Increased 

TBARS and conjugated dienes have previously been detected following 

treatment with D-GalN/LPS (Lekić et al., 2011). In the present study, 

TBARS level increased in response to D-GalN/LPS treatment. However, 

co-treatment with D-GalN/LPS and PYGP suppressed hepatic TBARS levels. 

Antioxidant enzymes, including CAT, GST, and GSH are important in 

D-GalN/LPS hepatotoxicity. CAT catalyzes the dismutation reaction of H2O2 

and the formation of H2O and O2 (Vimal and Devaki, 2004). GST catalyzes 

the conjugation of glutathione (GSH) with drugs and chemicals (Nordberg 

and Arnér, 2001). In the present study, treatment with D-GalN/LPS 

significantly reduced the activities of CAT and GST, as compared with 

control group. Conversely, increased CAT and GST activities, and GSH 
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levels were detected following PYGP treatment. These results suggested that 

PYGP exerts antioxidative effects against D-GalN/LPS-induced liver injury.

  MAPK comprise ERK, JNK, and p38 proteins, which are phosphorylated 

by D-GalN/LPS (Chen et al., 2012). These proteins are involved in cell 

proliferation, differentiation, metabolism, survival, and apoptosis (Pearson et 

al., 2001). In particular, these proteins regulate cytokine production and 

transcription factors (Aggarwal B, 2004; Tak and Firestein, 2001). In the 

present study, treatment with PYGP significantly suppressed the 

D-GalN/LPS-induced phosphorylation of ERK, JNK, and p38 proteins. These 

results indicated that D-GalN/LPS and PYGP co-treatment reduce MAPK 

phosphorylation.

  Inflammation reactions occur through various biological pathways. NO 

production occurs via the iNOS pathway (Ishizaki et al., 2008); in the cell, 

increased iNOS protein expression produces large amounts of NO, which 

increases the prevalence of inflammation (Xia et al., 2014). In addition, 

overexpression of NO induces hepatic dysfunction and hepatotoxicity (Li et 

al., 2011). COX-2 is associated with the pathophysiology of inflammatory 

dysfunctions, and the production of prostaglandins and thromboxanes (Serhan 

and Oliw, 2001), which may lead to hepatic injury (Huang et al., 2013). In 

the present study, PYGP pretreatment inhibited D-GalN/LPS-induced iNOS 

and COX-2 overexpression.

  In conclusion, the present study demonstrated that PYGP may exert 

protective effects against D GalN/LPS induced ALF via inhibition of MAPK ‑ ‑

phosphorylation and iNOS and COX 2 expression. In addition, PYGP ‑

increased the activity of antioxidant enzymes.
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5. Protective effect of PYGP on ethanol-induced hepatotoxicity in rat

  5.1 Effect of PYGP on GOT and GPT level in serum 

  In hepatotoxicity, serum GOT and GPT levels were increased by liver 

injury or liver cell destroy. The results of the present study revealed that 

level of GPT and GPT were significantly increased in the chronic ethanol 

only consumption group compared with those of the control group. Whereas 

ethanol with PYGP consumption group showed decreased GOT and GPT 

levels (Fig. 32).
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Figure 32. GOT and GPT levels in the serum of control and experimental 

rat groups. Values are presented as the mean ± standard deviation. Values 

with different letters are significantly different (P<0.05).
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  5.2 Effect of PYGP on ethanol-induced antioxidant enzyme activity 

decline

  The activities of CAT, GSH-px, and level of GSH antioxidant enzymes 

were remarkably decreased in ethanol only treated group compared with the 

control group. In contrast, the level of GSH (Fig. 33) and activity of 

GSH-px (Fig. 34) were restored in ethanol with PYGP 300 mg/kg 

consumption group. Moreover, the activity of CAT significant increased 

concentration dependant manner (Fig. 35).
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Figure 33. Levels of the antioxidant enzymes GSH in the livers of control 

and experimental rat groups. Values are presented as the mean ± standard 

deviation. Values with different letters are significantly different (P<0.05).
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Figure 34. Levels of the antioxidant enzymes GSH-px in the livers of 

control and experimental rat groups. Values are presented as the mean ± 

standard deviation. Values with different letters are significantly different 

(P<0.05).
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Figure 35. Levels of the antioxidant enzymes CAT in the livers of control 

and experimental rat groups. Values are presented as the mean ± standard 

deviation. Values with different letters are significantly different (P<0.05).
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  5.3 Effect of PYGP on ethanol-induced MAPK phosphorylation

  To examined whether PYGP inhibit the MAPK phosphorylation, we used 

Western blot assays. In result, ethanol induced ERK, JNK, and p38 

phosphorylation compared with the control group. PYGP was effectively 

inhibiting the ethanol-induced ERK, JNK, and p38 protein phosphorylation. 

In contrast, ethanol and PYGP were not effect on ERK, JNK, and p38 

protein expressions (Fig. 36). These results suggest that PYGP can inhibit 

ethanol-induced MAPK phosphorylation.
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Figure 36. Expression of MAPK protein in the livers of control and 

experimental rat groups. Livers were collected in lysis buffer and Western 

blot analysis was performed to determine the total protein expression and 

phosphorylation levels of ERK, JNK, and p38.
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  5.4 Effect of PYGP on COX-2, iNOS, and CYP2E1 expression

  Chronic ethanol consumption has been known that increase iNOS, COX-2, 

and CYP2E1 protein expressions. These proteins related liver inflammation 

and cell injury. In the present study, chronic ethanol consumption was 

up-regulated iNOS, COX-2, and CYP2E1 protein expression. By contrast, 

iNOS, COX-2, and CYP2E1 protein expression was decreased in chronic 

ethanol consumption with PYGP group (Fig. 37). This result suggest that 

PYGP plays an important role in the suppression of chronic ethanol-induced 

iNOS, COX-2, and CYP2E1 protein expression.
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Figure 37. Expression of iNOS, COX-2, and CYP2E1 protein in the livers 

of normal and experimental rat groups. Livers were collected in lysis buffer 

and Western blot analysis was performed to determine the total protein 

expression of iNOS, COX-2 and CYP2E1.
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  5.5 Discussion

  Ethanol consumption-induced pathogenesis is complicated. It is associated 

with oxidative stress, ROS generation, and innate immune response alteration 

via ethanol metabolism (Bailey and Cunningham, 2002; Hines and Wheeler, 

2004; Kumar et al., 2011). Especially, chronic ethanol consumption in 

humans leads serious liver problem such as fibrosis, cirrhosis, and 

hepatocellular carcinoma (Leung et al., 2012). Increased GOT and GPT level 

as a result of liver injury is commonly used as a measure of hepatotoxicity. 

In the present study, chronic ethanol consumption was increased GOT and 

GPT levels in the serum, co-consumption with PYGP was attenuated like 

control group.

  Chronic ethanol consumption induces the loss of antioxidant or diminution 

enzyme activity such as GSH-px, and CAT (Ostrowska et al., 2004). GSH 

composed of tripeptide and effectively scavenges ROS, free radicals (Wu et 

al., 2004). GSH-px acts catalyst in the reduction of H2O2 and diverse 

hydroperoxides with GSH in the role of electron donor (Chang et al., 2004). 

CAT plays an important role in reaction of H2O2 and the formation of H2O 

and O2 (Vimal and Devaki, 2004). In the present study, antioxidant enzymes 

GSH, GSH-px, and CAT activity levels were significantly decreased by 

chronic ethanol consumption, while co-consumption with PYGP increased 

those enzyme levels compared with ethanol-treated group.

  MAPK is serine-threonine kinases that play an essential role in 

intracellular signal including cell proliferation, differentiation, transformation, 

survival, and death (Wada and Penninger, 2004). Ethanol consumption 

activate MAPK cascade by protein phosphorylation (Park et al., 2012). In 
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particular, these proteins regulate oxidative stress in ethanol-induced 

hepatotoxicity (Aroor and Shukla, 2004). In this study, we showed that 

ethanol consumption caused the phosphorylation of ERK, JNK, and p38 in 

rat liver. PYGP co-consumption group observed that attenuation of 

phosphorylation. 

  Chronic ethanol consumption increases expression of COX-2, iNOS protein 

in liver (Tahir et al., 2013). These proteins linked with ethanol-induced liver 

inflammatory response (Murakami and Ohigashi, 2007). Nitric oxide (NO) is 

a highly reactive oxidizing agents, the synthesis of NO is associated with 

iNOS expression (Gardner et al., 1998). Mainly, involved in the protective 

effect of such bacteria, parasites, and tumor cells, but overexpression of NO 

causes damage to the organ (Quan et al., 2011). COX-2 linked a lot of 

biological response such as inflammation, carcinogenesis, and hepatic 

fibrogenesis (Hu K, 2003). In alcoholic liver disease, COX-2 is increased in 

Kupffer cells (Nanji et al., 1997). Increased expression of COX-2 promotes 

the lipid peroxidation, endotoxin, synthesis of TNF- , and Thromboxane B2 α

(TXB2). In particular, TXB2 is associated with serious alcoholic liver disease 

(Nanji et al., 1993). In the present study, iNOS, COX-2 protein expression 

was increased by chronic ethanol consumption, while co-consumption with 

PYGP was attenuate compared ethanol only group.

  Chronic ethanol consumption promotes CYP2E1 production, and that 

generates a large amount of ROS such as H2O2 and O2 (Zima and 

Kalousova, 2005; Lu and Cederbaum, 2008). CYP2E1 catalyze oxidizing 

small amount of ethanol to ADH about 10% (Ceni et al., 2014). ADH is 

believed the major toxin in ethanol-induced liver injury, inflammation, and 
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extracellular matrix (Seth et al., 2011). In the present study, chronic ethanol 

consumption rat showed higher level of CYP2E1 enzyme production in liver 

compared control group. Ethanol with PYGP administration group showed 

inhibition of CYP2E1 level. 

  In conclusion, chronic ethanol consumption was induced the hepatotoxicity 

and inhibition of antioxidant status in the liver such as GSH, GSH-px, and 

CAT. Moreover promote overexpression of iNOS, COX-2, CYP2E1, and 

overactivation of ERK, JNK, p38. PYGP prevented chronic ethanol 

consumption-induced hepatotoxicity in rat via downregulation of MAPK 

phosphorylation and iNOS, COX-2, CYP2E1 expression. These results 

represent that PYGP may use for novel treatment against chronic ethanol 

hepatotoxicity.
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. DISCUSSIONⅣ

  Inflammation is one of major defense system in body, and physiological 

response against viral infections and bacterial infections (Labonte et al., 

2014). Furthermore, Inflammation is mediated by a variety of diseases, but 

also plays an important role in pathological response (Sica and Mantovani, 

2012). But, abnormal inflammatory response is cause of the diverse disease 

such as cancer, insulin resistance-related disease, and atherosclerosis (Fenyo 

and Gafencu, 2013; Visser et al., 2005; Xu et al., 2003). 

  Macrophage plays key role in the inflammatory activity and represents a 

different function depending on the polarization state. Macrophage state can 

divide M0 (not stimulated state), M1 (classical activation), and M2 

(alterative activation) (Labonte et al., 2014). M1 macrophage promotes 

production of pro-inflammatory cytokine and inflammatory response. In tissue 

injury or infection, M1 macrophages help to removal of infected element by 

secrete pro-inflammatory cytokine and oxidative processes. Moreover, M1 

macrophage eliminates infected and tumoral cells (Bosschaerts et al., 2010; 

Serbina et al., 2003). But, it can also damage to the surrounding normal 

cells and lead to over inflammation (Nathan and Ding, 2010). M2 

macrophage promotes wound healing and anti-inflammtory response. 

Whereas, several studies have identified characters for M2 macrophage in 

allergy and asthma lead by IL-4 and IL-13 secretion (Prasse et al., 2007). 

Therefore, consideration to the characteristics of these conflicting 

macrophages, M1 and M2 macrophage polarization responses must be 
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controlled to prevent negative effect on host. 

  Kupffer cells (KCs) are conduct homeostatic function, tissue remodeling, 

damage recovering, and regulate metabolic functions (Sica and Mantovani, 

2012; Mantovani et al., 2013). Furthermore, KCs plays a important role in 

the phathogenesis of alcoholic liver disease and toxic xenobiotics, and 

fibrosis (Sica et al., 2014). PYGP was observed that is inhibited the D-GalN 

toxicity via MAPK and Nrf2 pathway in Hepa 1c1c7 cells. In addition, 

PYGP was identified that the protective effect on the liver injury by ethanol 

and D-GalN/LPS. In animal experimental model, PYGP was observed that is 

being suppressed MAPK signal pathway and also inhibited inflammation 

responses. Moreover, PYGP inhibited the oxidative stress that occurs during 

the liver tissue injury. PYGP have similar effects that M2 macrophages 

represent the wound healing and anti-inflammatory responses in liver tissue 

injury. Considering these results, we established the hypothesis that the 

PYGP affect the macrophage polarization. 

  Inflammation response was induced in order to create a similar 

environment like animal model to macrophage using LPS. LPS is major M1 

activation substance via TLR4 stimulation and inflammatory response inducer 

in macrophage (Verreck et al., 2004). LPS-activated M1 macrophage 

produces NO, PGE2, ROS, TBARS and pro-inflammatory cytokine mRNA 

such as IL-1 , IL-6, IL-12, and type 1 IFN. In the present study, PYGP β

pre-treatment was downregulate NO, PGE2, ROS, and TBARS. Moreover, 

IL-12, IL-6, IFN- , TNF- , IL-16, IL-1 , and GM-CSF pro-inflammatory γ α β

cytokine production was also decreased by PYGP pre-treatment. In addition, 

PYGP was increased M2 polarization marker mRNA such as CD163, 
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CD206, Ym1, FIZZ1, and ARG1. M2 activation has involved a various 

transcription factor. The STAT3 and STAT6 is the major M2 activation 

regulator. In the present study, silencing STAT3 and STAT6 inhibited the 

effect of PYGP induced mRNA expression of M2 activation marker 

including FIZZ1, Ym1, and ARG1. Our observation that STAT3 and STAT6 

siRNA decreases STAT3, STAT6 protein, FIZZ1, Ym1, and ARG1 mRNA 

expression in PYGP-treated M1 macrophage indicate that the PYGP 

treatment on M1 activated macrophage switch to M2 macrophage via 

STAT3 and STAT6 signaling. 

  In conclusion, our results have demonstrated that PYGP was prevent to 

D-GalN-induced cell cytotoxicity in Hepa 1c1c7 cells and it was prevent to 

D-GalN/LPS and ethanol-induced hepatotoxicity in animal liver injury models. 

In addition, PYGP modulates inhibit pro-inflammatory cytokine and switch 

to M2 phenotype via STAT3 and STAT6 activation in LPS-induced M1 

activated macrophage. These results suggest that protective effect of 

hepatotoxicity by PYGP is closely related to macrophage polarization switch. 

Therefore, we suggest the possibility of PYGP to be using for various liver 

injury models which are accompanied by inflammation.
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. SUMMARYⅤ

  To investigate the influence of Pyropia yezoensis glycoprotein (PYGP) in 

macrophage M1, M2 phenotype, and liver injury model, experiments were 

performed using cell and animal models. Macrophages are well-known not 

only as major regulators of innate and adaptive immunity but also important 

mediators of systemic metabolism, hematopoiesis, vasculogenesis, apoptosis, 

malignancy, and reproduction. There are two differentiation patterns, M1 and 

M2. M1 macrophage (classically activated macrophage) acts as regulator in 

host defense system. They protect from infection of bacteria, protozoa and 

virus. M2 macrophage (alternatively activated macrophage) has been reported 

on anti-inflammatory activity and important in wound healing. This plasticity 

can change according to macrophages environment. Pre-treatment of PYGP 

reduced NO, PGE2, ROS, TBARS, and pro-inflammatory cytokine in 

LPS-induced M1 activated RAW 264.7 macrophage. In addition, expression 

of M2 marker (FIZZ1, Ym1, ARG1) was increased during M2 phenotype 

macrophage metabolism. This phenotype switch was affected STAT3, STAT6 

transcription factor activation by PYGP.

  Cell and animal models were used to determine the protective effect of 

PYGP on the liver injury. D-galactosamine (D-GalN) is well known in vitro 

and in vivo hepatic injury model. This chemical induces the loss of uridine 

5’-triphosphate, uridine 5’-diphosphate, and uridine 5’-monophosphate, 

moreover inhibits RNA and protein synthesis. In addition, D-GalN-induced 

oxidative stress is generated through reactive hydroxyl radical damage to the 
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cell membrane via the stimulation of lipid peroxidation. Expose of D-GalN 

was induced to cell death in Hepa 1c1c7 cells and D-GalN induced cell 

death was decreased by pre-treatment of PYGP. PYGP was inhibited 

oxidative stress and attenuated anti-oxidative enzyme activity by D-GalN. 

Moreover, it was found to have a protective effect which is the Nrf2 signal 

pathway activation to be related to inhibit the oxidative stress. This 

protective effect was found in D-GalN/LPS and chronic ethanol consumption 

animal model. In the liver injury by D-GalN/LPS and chronic ethanol 

consumption was recovered by PYGP treatment via MAPK regulation and 

recover of attenuated anti-oxidative enzymes.

  It is accompany inflammation and inhibited antioxidant in liver injury by 

drug or infection. PYGP was confirmed property of help to liver restoration 

and switching effect M1 phenotype to M2 phenotype, it has wound healing 

and anti-inflammatory activity in RAW 264.7 macrophage. These results 

suggest the possibility of PYGP to be using for various liver injury models 

which are accompanied by inflammation.
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