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Proanthocyanidins are naturally occurring polyphenolic compounds abundant in many vegetables, 
plant skins (rind/bark), seeds, flowers, fruits, and nuts. Numerous in vitro and in vivo studies have 
demonstrated myriad effects potentially beneficial to human health, such as antioxidation, immun-
omodulation, DNA repair, and antitumor activity. Among immune cells, macrophages are crucial 
players in a variety of inflammatory responses to environmental conditions. However, it has been 
widely reported that macrophages cause chronic inflammation and are involved in a variety of dis-
eases, such as obesity, diabetes, metabolic syndrome, and cancer. In this study, we report the sup-
pressive effect of proanthocyanidins via the heme oxygenase-1 (HO-1)-related system, on the immune 
response of the LPS-stimulated mouse macrophage cell line RAW264.7. Increased HO-1 expression at 
mRNA and protein levels were found in proanthocyanidins-treated RAW264.7 cells. Further, proan-
thocyanidins enhanced nuclear factor-erythroid 2-related factor 2 translocation into the nucleus. 
RAW264.7 cells were treated with lipopolysaccharide (LPS) with or without proanthocyanidins, and 
inflammatory mediator expression levels were assessed. Proanthocyanidins treatment resulted in the 
attenuation of nitric oxide production and inducible nitric oxide synthase expression in LPS-stimulated 
RAW264.7 cells. In addition, mRNA and protein expression of proinflammatory cytokines, such as tu-
mor necrosis factor-α and interleukin-6, was inhibited by proanthocyanidins treatment in LPS-stimu-
lated RAW264.7 cells. These findings support proanthocyanidins as a promising anti-inflammatory 
agent.
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Introduction

Among immune cells, macrophages are one of the most 

widely studied pleiotropic cells in the immune system. 

Macrophages play critical and plastic roles in host defense, 

immune regulation, and wound healing, adapting to their 

local environments and adopting diverse phenotypes [20]. 

When the sophisticated balance of macrophage activity col-

lapses, macrophages can cause various diseases [20]. For ex-

ample, several reports have indicated the important relation-

ship between the particular steps of colon cancer develop-

ment and inflammation due to obesity, which is mediated 

by inflammatory cytokines, such as interleukin-6 (IL-6) and 

tumor necrosis factor-α (TNF-α) secreted by macrophages [6, 

15]. Therefore, it is important to prevent abnormal activation 

and to keep macrophages within their proper range of activ-

ity to avoid lifestyle-related diseases caused by macrophages. 

One of the antioxidant enzymes, heme oxygenase (HO), 

is a rate-limiting enzyme catalyzing the degradation of heme 

to biliverdin, free iron, and carbon monoxide (CO). In partic-

ular, HO-1 is one of three mammalian HO isozymes and 

is a stress-responsive protein induced by various stimuli in-

cluding oxidative stress, ischemia-reperfusion, heavy metals, 

and cytokines [6, 15]. It is generally assumed that these 

heme-related catabolites have antioxidant activity [6, 15, 17]. 

For example, CO mediates potent anti-inflammatory effects 

[27]. Otterbein et al., revealed that CO at low concentrations 

inhibited the expression of the lipopolysaccharide (LPS)-in-

duced inflammatory cytokines TNF-α, IL-1β, and others [14]. 

Proanthocyanidins are a group of polyphenolic bio-

flavonoids that are naturally occurring in many vegetables, 
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flowers, fruits, and nuts [25]. A number of pharmacological 

effects have been reported for proanthocyanidins, such as 

antiviral, antimicrobial, anti-HIV, anti-oxidative and anti-

tumor-promoting properties, as well as cardiotonic and an-

ti-arteriosclerotic activities [1, 11, 16, 19, 22]. In this study, 

we examined the effects of proanthocyanidins on lip-

opolysaccharide (LPS)-induced inflammatory responses in 

murine RAW264.7 macrophages. LPS is a component of the 

outer membrane of gram-negative bacteria. Since LPS is 

widely used in studies of inflammation and chronic in-

flammation can be modeled by administration of LPS in vivo 

[12], we used LPS to study inflammation in an in vitro model.

 

Materials and Methods

Chemicals and reagents

All reagents were from obtained Sigma-Aldrich (St. Louis, 

MO) unless otherwise indicated. Proanthocyanidins was ob-

tained from Avention (Incheon, Korea). Dulbecco’s modified 

Eagle’s medium (DMEM), fetal bovine serum (FBS), pen-

icillin and streptomycin were obtained from Hyclone (Logan, 

UT, USA). TNF-α and IL-6 ELISA kits were purchased from 

eBioscience (San Diego, CA, USA). PRO-PREP™ Protein 

Extraction Solution and NE-PER™ Nuclear and Cytoplasmic 

Extraction Reagents were obtained from iNtRON Biotech-

nology (Seongnam, Korea) and Thermo Scientific™ (Waltham, 

MA, USA), respectively. Antibodies against inducible nitric 

oxide synthase (iNOS) and HO-1 were purchased from BD 

Biosciences (San Jose, CA) and Santa Cruz Biotechnology 

(Santa Cruz, CA), respectively. 

Cell culture and cell viability assay

Murine RAW264.7 macrophages were obtained from 

Korea Cell Bank (Seoul, Korea) and cultured in DMEM con-

taining 10% FBS, 100 U/ml penicillin, and 100 μg/ml strep-

tomycin at 37℃ in 5% CO2. A D-Plus™ CCK cell viability 

assay kit (Dongin Biotech, Seoul, Korea) was used for the 

cell viability assay. A defined number of cells were centri-

fuged after collection, resuspended with fresh complete me-

dium and then seeded into 96-well plates at a density of 

2×104 cells per well. Proanthocyanidins was added to each 

plate at indicated concentrations. After 24 hr incubation, the 

number of viable cells was counted according to the manu-

facturer's instructions.

Measurement of nitrite 

The amount of nitric oxide (NO) produced by the mouse 

macrophages was measured in the RAW264.7 cell culture 

supernatant. RAW264.7 cells were plated at a density of 

2.5×105 cells in a 48-well cell culture plate with 500 μl of 

culture medium and incubated for 12 hr. They were then 

treated with indicated concentrations of proanthocyanidins 

plus LPS (500 ng/ml) and incubated for another 24 hr. The 

amount of nitrite produced was measured using the Griess 

reagent system (Promega, Madison, WI, USA). 

Cytokine measurement

The amount of IL-6 and TNF-α in the cell culture super-

natant was measured using an ELISA kit. RAW264.7 cells 

were plated in a 48-well cell culture plate at a density of 

2.5×105 cells and incubated with indicated concentrations of 

proanthocyanidins in 500 ng/ml LPS for 24 hr. The culture 

supernatant was collected and assayed according to the 

manufacturer’s instructions to determine the amount of IL-6 

and TNF-α released from the cells. 

Quantitative real-time reverse-transcription polymerase 

chain reaction (qRT-PCR)

Total RNA was isolated from RAW264.7 cells using Trizol 

Reagent (Invitrogen, Carlsbad, CA, USA). DNA was elimi-

nated from total RNA using RNA Qualified RNase-Free 

DNase (Promega) and cDNA was synthesized by GoScript™ 

Reverse Transcription System (Promega). qRT-PCR assay 

was carried out with LightCycler (Roche Diagnostics, Basel, 

Switzerland) using LightCycler FastStart DNA Master SYBR 

Green I (Roche Diagnostics). All the experiments were re-

peated twice in triplicate each time. Transcripts of glycer-

aldehyde-3-phosphate dehydrogenase (GAPDH) as a house-

keeping gene were quantified as endogenous RNA of refer-

ence to normalize each sample. Relative quantities were esti-

mated by the -ΔΔCt method. The primers used in this study 

corresponded to mouse iNOS: F 5'-CCT CCT CCA CCC TAC 

CAA GT-3', R 5'-CAC CCA AAG TGC TTC AGT CA-3', 

mouse IL-6: F 5'-CAT CCA GTT GCC TTC TTG GGA-3', 

R 5'-CTG AAG GAC TCT GGC TTG TC-3', mouse TNF-α: 

F 5'-TGT CTC AGC CTC TTC TCA TT-3' R 5'-AGA TGA 

TCT GAG TGT GAG GG-3', mouse HO-1: F 5'-GCT TGT 

TGC GCT CAT TCT CC-3’  R 5'- GCC ACC AAG GAG GTA 

CAC ATA -3' and mouse GAPDH: F 5'-TCT TGC TCA GTG 

TCC TTG C-3'. R 5'-CTT TGT CAA GCT CAT TTC CTG 

G-3'



486 생명과학회지 2019, Vol. 29. No. 4

A B

Fig. 1. Effect of proanthocyanidins on cell viability in RAW264.7 macrophages. (A) The chemical structure of proanthocyanidins. 

(B) The viability of RAW264.7 cells were tested by CCK-8 assay after 24 hr incubation in medium containing indicated 

concentration of proanthocyanidins. Triplicate experiments were used to evaluate the data, and the mean value is expressed 

as ± SEM. Significant compared to 0 μM proanthocyanidins-treated cells, ***p<0.001.  

Western blotting analysis

Whole cell, cytosolic or nuclear extracts were separated 

by 10% sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE). The separated proteins were electro-

phoretically transferred to nitrocellulose membranes. The 

membranes were incubated with the indicated Abs and spe-

cific bands were visualized using an enhanced chem-

iluminescence kit (Amersham Biosciences, Piscataway, NJ, 

USA).

Data analysis

The data were presented means ± SEM. The values were 

evaluated by one-way ANOVA with Bonferroni multiple 

comparison range tests using GraphPad Prism 4.0 software 

(GraphPad Software Inc, San Diego, CA). Statistically sig-

nificant differences were considered at a P-value < 0.05. 

Results

Cell viability of proanthocyanidins-treated RAW 

264.7 macrophages

Murine RAW264.7 macrophages were chosen for use in 

an investigation of the anti-inflammatory effects of proan-

thocyanidins. We first analyzed the effects of proanthocyani-

dins on the viability of RAW 264 macrophages by D-Plus™ 

CCK cell viability assay. Cells were seeded and incubated 

with medium containing 0, 10, 50, 100, 200, 400 μM proan-

thocyanidins for 24 hr. No notable cytotoxicity was observed 

when the cells were exposed up to 200 μM proanthocyani-

dins (Fig. 1B). Since proanthocyanidins showed no cytotox-

icity with concentrations up to 200 μM in RAW264.7 macro-

phages, we used up to 200 μM proanthocyanidins for the 

rest of the experiments.

HO-1 protein expression analysis of proanthocyanidins- 

treated RAW264.7 macrophages

We next examined whether proanthocyanidins induces 

HO-1 mRNA and protein expression in RAW264.7 cells. 

Cells were challenged with different proanthocyanidins con-

centrations and the levels of HO-1 mRNA and protein were 

quantified by qRT-PCR and Western blotting analysis, 

respectively. HO-1 mRNA and protein expression levels of 

the proanthocyanidins-added group were significantly upre-

gulated compared with those of the control group in a 

dose-dependent (Fig. 2A, Fig. 2B). These results suggest that 

proanthocyanidins addition induces HO-1 expression at 

mRNA and protein levels without noticeable cell damage 

in RAW264.7 cells. 

The transcription of HO-1 is mainly regulated by tran-

scription factor nuclear factor-erythroid 2-related factor 2 

(Nrf-2) [6, 15]. Under resting condition, the cytosolic Nrf-2 

is combined with Kelch-like ECH-associated protein 1 

(Keap1), a repressor of Nrf-2, followed by Nrf-2 degradation 

through proteasome. Upon activation, Nrf-2 is dissociated 

from Keap1, leading to translocation into the nucleus, where 

it activates the transcription of phase II genes including 

HO-1 by binding to the antioxidant response element (ARE) 

sequence in their promoter regions of target genes [6, 15]. 

Therefore, we examined the nuclear translocation of the 

Nrf-2 protein in proanthocyanidins-treated RAW264.7 cells. 

To determine whether proanthocyanidins induced the nu-

clear translocation of Nrf-2 in macrophages, RAW264.7 cells 
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Fig. 2. Proanthocyanidins induced HO-1 protein expression. RAW264.7 cells were treated with indicated concentration of proanthocya-

nidins for 18 hr or 8 hr to measure (A) HO-1 protein and (B) mRNA expression levels, respectively. After cells were treated 

with indicated concentrations of proanthocyanidins for 2 hr, Nrf-2 was measured both cytoplasmic (C) and nuclear fraction 

(D). β-actin and lamin B1 were used as loading controls of cytoplasmic and nuclear protein, respectively. Triplicate experiments 

were used to evaluate the data, and the mean value is expressed as ± SEM. Significant compared to 0 μM proanthocyani-

dins-treated cells, *p<0.05, **p<0.01, ***p<0.001.  

were exposed to proanthocyanidins for different concen-

trations, and then Western blot analysis was performed us-

ing nuclear and cytoplasmic extracts. As shown in Fig. 2C 

and Fig. 2D, the Nrf-2 nuclear accumulation increased by 

proanthocyanidins treatment, whereas the cytosolic accumu-

lation of Nrf-2 was decreased. These results suggest that 

proanthocyanidins activates the Nrf-2 nuclear translocation 

that mediate HO-1 expression.

 

NO production and iNOS expression in RAW264.7 

macrophages under LPS stimulation with proantho-

cyanidins

Since we evaluated the effect of proanthocyanidins alone 

on HO-1 and nuclear translocation of Nrf-2, we investigated 

the effect of proanthocyanidins on the activity of the RAW 

264.7 cells. NO, a free radical produced by iNOS, has been 

shown to have a number of important biological functions, 

including tumor cell killing and host defense against intra-

cellular pathogens [10]. iNOS is generally not present in in-

active cells but is induced by various stimuli such as LPS 

[10]. Therefore, NO releases and iNOS expression of RAW 

264.7 macrophages under LPS stimulation with proantho-

cyanidins was performed to assess the effect of proanthocya-

nidins on the immune response.

To evaluate the effects of proanthocyanidins on the pro-

duction of NO, Griess reagent was used to detect the level 

of LPS-induced NO release in the supernatant media of 

RAW 264.7 cells. The results showed that LPS treatment 

caused significant increase of NO release compared to blank, 

while proanthocyanidins dose-dependently inhibited LPS-in-

duced NO production in RAW264.7 cells as shown in Fig. 

3A. Subsequently, to investigate whether these effects of 

proanthocyanidins are related to iNOS expression of the 

gene and protein, we used qRT-PCR and Western blot analy-
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Fig. 3. Proanthocyanidins significantly reduced LPS-induced NO production and iNOS expression. RAW264.7 cells was incubated 

in 0.5 μg/ml LPS condition with or without proanthocyanidins for 24 hr. (A) After incubation, the concentrations of nitrite 

were measured as described in Materials and Methods. (B) iNOS protein and (C) mRNA levels were analyzed by Western 

blotting and qRT-PCR analysis, respectively. β-actin was used as control. Triplicate experiments were used to evaluate the 

data, and the mean value is expressed as ± SEM. Significant compared to LPS-treated cells, ***p<0.001.  

sis, respectively. The protein levels of iNOS significantly in-

creased in response to LPS treatment, whereas proanthocya-

nidins inhibited this effect in a dose-dependent manner (Fig. 

3B). Our results also showed that proanthocyanidins sig-

nificantly reduced the expression of iNOS gene induced by 

LPS (Fig. 3C). These data demonstrate proanthocyanidins 

can restrain the production of NO by down-regulating the 

expression of iNOS.

Proinflammatory cytokine production in RAW264.7 

macrophages under LPS stimulation with proantho-

cyanidins

In addition to NO production investigation, we further 

analyzed the action of proanthocyanidins in the production 

of proinflammatory cytokines, such as TNF-α and IL-6, 

known to be induced by LPS stimulation. After LPS stim-

ulation with or without proanthocyanidins, the mRNA ex-

pression levels of TNF-α and IL-6 were assessed by qRT-PCR 

analysis (Fig. 4A, Fig. 4B). The mRNA levels of each of the 

proinflammatory cytokines were upregulated by LPS treat-

ment. In contrast, these LPS-inducible cytokines were sig-

nificantly reduced with proanthocyanidins addition com-

pared with the LPS-alone condition. In addition, the ELISA 

analysis of TNF-α and IL-6 showed a significant reduction 

when RAW264.7 cells were treated with LPS and proantho-

cyanidins, compared with the LPS-treated group (Fig. 4C, 

Fig. 4D). These results are consistent with Otterbein et al. 

[14] and they suggested that CO, which is the by-product 

of heme degradation by HO-1, inhibits the expression of 

LPS-induced proinflammatory cytokines. Thus, our data in-

dicated that the addition of proanthocyanidins leads to HO-1 

expression and a downregulative effect on proinflammatory 

mediators.

Discussion

In this study, we evaluated the functions of proanthocya-

nidins-induced expression of HO-1 by macrophage cells un-

der LPS treatment. First, we showed that proanthocyanidins 

addition induces HO-1 mRNA and protein expression with-

out obvious cell damage. Second, we revealed that proantho-

cyanidins causes changes in several proinflammatory factors 

induced by LPS stimulation. In particular, proanthocyani-

dins treatment induced the attenuation of iNOS expression 

and NO production and the downregulation of proin-

flammatory cytokines, such as TNF-α and IL-6, were shown. 

These data indicate that proanthocyanidins, as a HO-1 in-

ducer, has promise as a novel anti-inflammatory agent. 

HO-1 is well-known as a member of the heat-shock pro-

tein group, which is involved in responses to a number of 

cellular injuries, including thermal and oxidant stresses [6, 

15]. HO-1 catalyzes the rate-limiting step in the degradation 

of cellular heme, producing equimolar quantities of iron, 

CO, and biliverdin [6, 15]. It is generally assumed that this 

HO-1 and a bi-product-related system may act as a crucial 

regulator in inflammatory processes, and regulates the bal-

ance between proinflammatory and anti-inflammatory medi-

ators [15]. The beneficial effects of HO-1 induction have been 

attributed to several factors, including the degradation of 

pro-oxidant heme [24], formation of biliverdin and bilirubin 

with their antioxidant properties [23], as well as the release 

of CO, which has anti-apoptotic and anti-inflammatory 
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Fig. 4. Proanthocyanidins treatment shown significant inhibitory effect on proinflammatory cytokines. RAW264.7 cells were treated 

with indicated concentration of proanthocyanidins for 6 hr to measure the mRNA levels of (A) TNF-α and (B) IL-6 by qRT-PCR. 

RAW264.7 cells was incubated in 0.5 μg/ml LPS condition with or without proanthocyanidins for 24 hr. The production 

of (C) TNF-α and (D) IL-6 in cell culture medium was measured by ELISA. Triplicate experiments were used to evaluate 

the data, and the mean value is expressed as ± SEM. Significant compared to LPS-treated cells, *p<0.05, **p<0.01, ***p<0.001.  

properties [14, 15, 26, 27]. Although the exact mechanisms 

involved in anti-inflammatory actions of the HO-1 system 

have not been fully elucidated, one or more of the HO-1 

reaction products have been evaluated as possible factors. 

For example, CO has been shown to exert significant anti-in-

flammatory effects in several models of inflammatory tissue 

injury [14, 17, 27]. CO has been shown to decrease the pro-

duction of IL-6 [13] and NO [21], and increase the production 

of IL-10 [9] in LPS-stimulated macrophages. It should also 

be noted that biliverdin and/or bilirubin are capable of 

blocking key events in inflammation. Using the well-de-

scribed rat model of LPS-induced shock, Otterbein et al. [14] 

demonstrated that exposure to biliverdin imparts a potent 

defense against lethal endotoxemia systemically, as well as 

in the lungs, and effectively abrogates the inflammatory re-

sponse [18]. From the above consideration, we hypothesize 

the following mechanism of the anti-inflammatory effect of 

proanthocyanidins. Proanthocyanidins may upregulate heme 

synthesis, which in turn increases HO-1, which then acts to 

degrade heme. At the same time, the catabolites of heme 

increase and show a suppressive effect on iNOS and other 

proinflammatory cytokines.

Proanthocyanidins are ubiquitous in fruits, seeds, cereals, 

bark, flowers, nuts, and vegetables. Proanthocyanidins func-

tion as powerful scavengers of oxygen free radicals, with 

potency comparable to vitamins C and E [2, 3, 9]. In addition, 

emerging evidence indicates that proanthocyanidins target 

deleterious signaling pathways activated downstream of free 

radical production [7, 8]. Therefore, proanthocyanidins are 

of great interest in nutrition and medicine because of their 

potent antioxidant capacity and possible protective effects 

on human health. We believe that our data help to interpret 

the beneficial effects of proanthocyanidins in reducing the 

risk of inflammation.
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록： 로안토시아니딘의 항염증효과

천혜진1․박선 1․장희지1․조다 1․정지원2․박기민2․정경미2․김진경1*

(1대구가톨릭대학교 의생명과학과, 2영천여자고등학교)

프로안토시아니딘(proanthocyanidins)은 식물계에 가장 풍부한 폴리페놀성 화합물로 다양한 고등식물의 뿌리, 

잎, 열매, 나무껍질 등에 널리 존재할 뿐만 아니라 이러한 원료로 만들어진 차, 와인, 맥주 등과 같은 식품에도 

상당량 함유되어 있다. 세포 및 실험동물을 이용한 다수의 연구보고에 의하면 프로안토시아니딘은 항산화활성 

및 면역조절활성, DNA 복구 및 항종양 작용과 같은 인체 건강에 유익한 무수한 효과를 가지고 있는 것으로 밝혀

졌다. 면역 세포 중 대식세포(macrophage)는 염증반응을 매개하는 중요한 세포로 외부 병원체 제거에 중요한 역

할을 수행하고 있다. 그러나 대식세포가 만성 염증을 유발하고 비만, 당뇨병, 대사 증후군 및 암과 같은 다양한 

질병에 관여한다는 것 또한 널리 보고되어왔다. 본 연구에서는 마우스의 대식세포주인 RAW264.7세포를 이용하

여 프로안토시아니딘의 항염증활성의 일단이 Heme oxygenase-1 (HO-1)의 유도에 의해서 매개됨을 밝혔다. 

RAW264.7세포에 프로안토시아니딘을 처리한 결과 세포독성을 보이지 않은 농도에서 HO-1의 발현을 증강시켰

다. 또한 프로안토시아니딘의 처리는 HO-1의 발현을 조절하는 핵심 전사인자인 Nrf (nuclear factor-erythroid 

2-related factor)-2의 핵으로의 이동을 유의적으로 증가시켰다. 프로안토시아닌딘의 처리는 LPS (lipopolysaccharide)

에 의해 유도된 NO (nitric oxide)의 생성 및 iNOS (inducible NO synthase)의 발현과 염증성 사이토카인의 생성 

및 발현도 유의적으로 억제 하였다. 이러한 결과는 프로안토시아니딘의 항염증제제로서의 개발 가능성을 제시하

는 결과이다.
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