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ABSTRACT
Introduction: Red Allium cepa and Angelica gigas Nakai is widely used in oriental medicine 
and also has various physiological activities. The main components of two substances 
will have potential benefits to blood flow improvement. Objectives: This study evaluated 
the cell viability and antioxidant effects of Red Allium cepa extract, Angelica gigas 
Nakai extract and their mixture and observed anticoagulation activity and antiplatelet 
aggregation activity. Methods: Red Allium cepa was bioconverted through the use 
of the Bacillus subtilis KJ-3 (BS3) strain after ethanol extraction (Red-BCQ). Angelica 
gigas Nakai extract (Agnex) contains a large amount of coumarins such as decursin and 
decursinol angelate (D/DA). Here, we observed antioxidant and antithrombotic effects 
after treatment with Red-BCQ, Agnex and mixture of these two compounds. Results: The 
quercetin content of Red-BCQ increased by about 7.4-fold after bioconversion. A 1 mg 
portion of Agnex contained 0.4146 mg of D and 0.3659 mg of DA. Red-BCQ and Agnex 
exerted strong antioxidant activities due to their high polyphenol and flavonoid content. 
In our study, Red-BCQ and Agnex exhibit beneficial effects to external coagulation 
pathways by significantly expanding aPTT. However, a combination of Red-BCQ and 
Agnex did not exert any synergistic effect on anti-coagulation activity. Additionally, 
our results concerning platelet aggregation inhibitory effects revealed that these effects 
increased by treatment with Agnex alone or in combination with Red-BCQ. Conclusion: 
Further research is required to clarify the underlying mechanism. However, Red-BCQ and 
Agnex are considered to possess antioxidant effects either alone or as a mixture and also 
exert antithrombotic effects.
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INTRODUCTION

Eating a diet rich in vegetables and fruits 
is critical for reducing the risk of  chronic 
degenerative diseases.1 It is established that 
vegetables and fruits contain antioxidant 
polyphenolic compounds such as flavonoids 
and phenolic acids that can remove free 
radicals. Flavonoids consist of  several 
phenolic hydroxyl functional groups and 
the location and number of  rings affect 
their reactivity.2-4 Onions (Allium cepa) 
contain a large amount of  flavonoids and 
are one of  the most important sources of  
polyphenols. Among onion flavonoids, 
quercetin and its glucosides contain 70% 

of  the total flavonoids found within the 
onion.5 Other flavonoids that exist in small 
quantities are kaempferols, rutin and their 
derivatives,6-8 and red onions in particular 
have been reported to contain high levels 
of  quercetin and high amounts of  active 
ingredients such as anthocyanins that 
tend to increase consumption but possess 
short storage stability. Dang-gui is a useful 
plant resource that is a member of  the 
family Umbeliferae. Angelica gigas Nakai 
is produced in Korea, Angelica acutiloba 
Kitagaw is produced in China and Angelica 
sinensis Diesel is produced in Japan and 
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members of  the plant family are known to exert various 
pharmacological effects. They are particularly useful for 
the treatment of  gynecological diseases and anemia and 
they can be used for sedation, analgesic effects, immune 
enhancement, antioxidant activities, arthritis treatment, 
anti-cancer treatment, alcohol metabolism promotion 
and liver disease improvement.9-14 The roots and 
stems of  Agnex possess decursin, decusinol, decusinol 
angelate, nodakenetin, nodakenin, umbelliferone of  
the coumarine family, α-pinene and β-sitosterol and 
the main components are decursin and decursinol 
angelate of  the pyranocoumarin family. In Korean 
danggui (Cham-dang-gui), the component ratio of  
decursin and decusinol angelate is approximately 
6:4.15 Kim et al.16 observed that decursin isolated from 
Chamdanggui could influence the inhibitory activity 
of  ACAT enzymes controlling cholesterol absorption 
and release in the small intestine and liver, ultimately 
helping to prevent arteriosclerosis and hyperlipidemia. 
Blood is a vital component of  many higher organisms, 
as it plays crucial roles in delivering oxygen, nutrients 
and metabolic waste through blood vessels and in 
controlling body temperature, moisture content, buffer 
capacity and constancy of  the immune system. Blood 
loss from damaged blood vessels is prevented by the 
formation of  thrombosis (blood clots) and the clot is 
degraded by a specific protease called plasmin.17 An 
abnormal increase in thrombotic formation in arteries 
and veins causes various thrombotic diseases such as 
myocardial infarction and ischemic stroke and this 
abnormal thrombotic formation is the main cause of  a 
number of  diseases and can result in death.18 Given this, 
a proper balance between thrombotic formation and 
coagulation is necessary. Thrombosis is a multifunctional 
disease that is induced by hyper coagulation, which is the 
formation or presence of  a thrombus within a blood 
vessel.19 Thrombotic diseases such as heart disease and 
cerebrovascular thrombosis represent major causes 
of  death and the incidence rate of  these pathologies 
is increasing each year.20 Thrombosis is closely related 
to the adhesion, aggregation and secretion function 
of  activated platelets and to the activation of  intrinsic 
and extrinsic coagulation systems, all of  which cause 
blood coagulation and fibrin formation. Although there 
are many causes, the accumulation of  a thrombus is 
a key factor in the analysis of  this disease.21 Based on 
this, our study aimed to investigate the antioxidant and 
antithrombotic effects of  the quercetin component of  
red Allium cepa, the decursin and decursinol angelate (D/
DA) component of  Angelica gigas Nakai and mixture of  
these compounds.

MATERIALS AND METHODS
Preparation of Red-BCQ powder

The red Allium cepa was supplied by the Onion 
Research Institute of  Agriculture and Technology 
(Gyeongsangnam-do, Changnyeong). A total of  16 
kg of  red Allium cepa (dried powder) was added into 
80 liters of  alcohol and stored for 3 hr at 40°C. This 
mixture was then filtered using the housing filter (pore 
size: 25 μm) and centrifuged (10,000 rpm, 15 min) to 
obtain the supernatant. The concentrated supernatant is 
termed Red-Q and was used for biological conversion. 
The Bacillus subtilis KJ-3 (KCCM 11523P: BS3) strain 
was used for biological conversion. A single colony of  
the wild-type strain BS3 was inoculated into 5 ml of  
TSB (tryptic soy broth) medium and then incubated 
overnight at 150 rpm and 42°C. Pre-cultured BS3 strains 
were grown at a 5% rate in mineral medium (corn starch 
1.5 g, yeast extract 0.5 g, K2HPO4 0.25 g, KH2PO4 0.25 
g, KCl 0.05 g, NaCl 0.03 g, MgSO4 0.05 g, MnSO4 0.003 
g and CaCl2 0.02 g) with an incubation for 4 hr at 150 
rpm and 40°C. The red-Q and culture medium were 
mixed at a 1:4 ratio, incubated at 55°C and 150 rpm for 
4 h and then stored at room temperature for 2 hr. After 
centrifugation for 15 min at 10,000 rpm, the sediment 
was dissolved in 70% ethanol. After a final step of  
centrifugation (10,000 rpm, 15 min), the supernatant 
was concentrated and powdered by adding excipient to 
yield Red-BCQ powder. The BactoTM tryptic soy broth 
used for strain culture was purchased from Becton 
Dikinson (Franklin Lakes, NJ, USA). The fermented 
cultivators used were Ecell3000s (Ecell), the shaking 
incubator used was Seyoung SH-803R (Seoul, Korea) 
and the centrifuge used LABOGENE centrifuges 
(scanspeed 1735R, Daejeon, Korea). HPLC (Waters 
2690, San Diego, California, USA) was used to analyze 
the quercetin content of  Red-Q, Red-BCQ, Red-BCQ 
powder. The calibration curve was prepared using the 
quercetin standard product and the specimen was filtered 
using a 0.45 μm membrane filter to a concentration of  
500 μg/ml and then analyzed. The analysis conditions 
are described below. Briefly, a Zorbax Eclipse XDB-
C18 column (4.6 mm × 250 mm, 5 μm) was used and 
the column temperature was 35°C. The mobile phase 
consisted of  60:40 (v/v) mixed with 2% acetic acid (A) 
and Acetonitrile (B). The flow rate was 1.3 mL/min, 
the injection amount was 20 μL, the detector used was 
photo diode array detector and the detection wavelength 
was 370 nm.

Preparation of Agnex powder

Angelica gigas Nakai was purchased from Simmani Sansam 
Farming Association (Gyeongsang Nam-do Hamyang-
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Gun). A total of  15 kg of  dried Angelica gigas Nakai 
powder was added into 75 liters of  alcohol and stored 
for 3 hr at 40°C prior to filtering with the mixture using 
the housing filter (pore size: 25 μm). The precipitate 
was obtained by adding a 2X volume of  water to the 
filtrate, adjusting the pH to 5 and then centrifugation 
(10,000 rpm, 15 min) after six hours. A 5X volume of  
70% ethanol was added to the precipitate and the filtrate 
was concentrated to 20 Brix. The extract was powdered 
by adding excipient and the powdered form was termed 
Agnex (Angelica gigas Nakai extract) powder. The optimal 
conditions for decursin and decursinol angelate (D/
DA) detection were achieved using an HPLC (Agilent 
Technologies, 1100 series; U.S.A.), column (Agilent 
Zorbax SB-C18, 250 mm × 4.6 mm, 5 μm) and detection 
at 329 nm using a UV monitor (Agilent Technologies, 
1100 series, Photo-diode Array UV/Vis detector; U.S.A.). 
The column was maintained at room temperature and 
the mobile phase consisted of  70:30 (v/v %) acetonitrile 
and 0.1% formic acid.

Polyphenol and Flavonoid Analysis

The total polyphenol content was measured according 
to the Folin-denis method.22 A total of  500 μL of  Folin-
Ciocalteu’s phenol reagent was added to 500 μL of  
the sample and then mixed. The mixture was allowed 
to react for six minutes at room temperature and a 500 
μL volume of  10 percent (w/v) Na2CO3 solution was 
then added. The mixture was allowed to react for 1 hr 
and the absorbance was subsequently measured at 725 
nm. The standard curve was constructed using the gallic 
acid as the standard. The total flavonoid content was 
measured using the Davis method.23 A total of  1 mL of  
diethylenglycol and 10 μL of  1 N NaOH were added to 
a 100 μL volume of  the sample, reacted for one hour at 
37°C and then measured for absorbance at 420 nm. The 
standard curve was constructed using naringin (0.01 g/
mL).

In vitro Antioxidant Activity

DPPH (1,1-diphenyl-2-picryl hydrazyl) anion scavenging 
ability and nitrite scavenging activity were evaluated 
according to previously reported methods.24,25 Ascorbic 
acid (Sigma Co., St. Louis, MO, USA) was used as positive 
control. Each activity rating was expressed as the mean 
and the standard deviation of  three replicates. DPPH 
radical scavenging activity was assessed according to the 
method described by Blois et al.24 A total of  0.15 mM of  
DPPH solution (ethanol for control) was added to 50 
μL of  sample and reacted at room temperature for 30 
min. After the reaction, the absorbance was measured 
at 517 nm. 

DPPH radical scavenging activity (%) = [1-{(S-SB)/
(C-CB)}] × 100
S: Absorbance of  sample, SB: Absorbance of  sample 
blank, C: Absorbance of  ethanol, CB: Absorbance of  
ethanol blank
The nitrite scavenging activity was assessed according to 
Griess reaction,25 with some modifications. RAW 264.7 
macrophages were inoculated into 96-well plates and 
then pre-treated with each sample (125 and 1000 μg/
mL) for 2 h. The cells were subsequently stimulated with 
LPS (200 ng/mL) for 24 h. NO concentration in the 
medium was determined using Griess reagent at 540 nm 
on a microplate reader (MQX200, Bio-Tek, USA) to 
allow for the calculation of  the inhibition rate of  NO.

In vitro Anticoagulant Activity

The samples were initially dissolved in dimethyl 
sulfoxide (DMSO) and the anti-coagulation activity was 
then assessed by measuring the clotting times required 
for activation of  thrombin (TT: thrombin time), 
prothrombin (PT: Prothrombin time) and coagulation 
factor (aPTT: active partial thromboplastin time).26 TT, 
PT and aPTT assays were conducted according to the 
manufacturer’s protocols (Ameulungcoagulameter, 
Lemgo, Germany). Aspirin (1.5 mg/mL, acetylsalicylic 
acid, Sigma, St. Louis, MO, USA) was used as a positive 
control, as it played a role inhibiting thrombin generation 
and clot formation at high doses (300-500 mg/kg).27 All 
data are presented as the mean ± SD values of  triplicate 
experiments.

In vitro Platelet Aggregation Activity

The effects of  the sample on platelet aggregation were 
measured using a Whole Blood Aggregometer (Chrono-
log, Havertown, PA, USA).28 The washed platelets (5 
× 108 cells/mL) were suspended in buffer containing 
138 mM NaCl, 2.7 mM KCl, 12 mM NaHCO3, 0.36 
mM NaH2PO4, 5.5 mM glucose, 0.49 mM MgCl2 and 
0.25% gelatin (pH 7.4). The samples were next added 
to the platelet and with the mixture was stimulated by 
the addition of  2.5 µL of  collagen (1 mg/mL) and then 
incubated at 37°C for 12 min. Impedance changes were 
monitored and the area under the curve along with the 
amplitude and slope was calculated using the Aggrolink 
program (Aggrolink 5.2.3, Chrono-log, Havertown, PA, 
USA). Amplitude was expressed as the maximum range 
of  platelet aggregation and the rate of  the reaction was 
determined by drawing tangents through the steepest part 
of  the curve. Area under the ROC (receiver operating 
characteristics) curve (AUC) was calculated according to 
the platelet aggregation curve.26 Platelet aggregation was 
calculated according to the following equation: (AUC 
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of  samples/AUC of  DMSO) × 100.28 Aspirin was used 
as a positive control for anti-platelet aggregation, as it 
inhibits COX-1 and reduces thromboxane A2 at low 
concentrations (100 mg/day).29

Statistical Analyses 

Statistical analysis was performed using multiple analyses 
of  variance (ANOVA) followed by Duncan’s post hoc 
test with repeated measures. When significant main 
effects or an interaction among the main effects was 
found, specific comparisons were made using Student’s 
paired t-tests. Statistical significance was represented 
by p<0.05, p<0.01 and p<0.001. Statistical analysis was 
performed using SPSS version 13.0 statistical software 
(SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION 

Analysis of the Content of the Major Components 
of the Extracts

Allium cepa has long been used in our diet and is 
known to exert various physiological effects, including 
triglyceride reduction, antioxidant activities and 
antithrombotic effects.30-33 Flavonoids, which are 
primarily contained in Allium cepa, include quercetin 
4’-glucoside, quercetin 3,7-diglycoside, quercetin 
4’,7-diglycoside, 3,4’-diglycoside, quercetin, quercetin 
aglycone, isorhamnetin monoglycoside and kaempferol 
monoglycoside. Approximately 80% of  these exist as 
quercetin diglycoside, monoglycoside and quercetin 
aglycone.34 The outer shell of  Allium cepa consists of  
approximately 6.5% quercetin in terms of  shell weight 
and the inner portion of  Allium cepa possesses 0.01% 
quercetin relative to its weight and has been reported to 
possess a relatively high quercetin content on the outer 
shell side.35 It has also reported that a darker skin color of  
Allium cepa is indicative of  higher quercetin content.36,37 
Despite the highest quercetin content of  red Allium cepa 
among the various species of  Allium cepa, research results 
regarding red Allium cepa are lacking. In this study, to 
increase the quercetin extraction efficiency of  red Allium 
cepa, we first manufactured Red-Q and then obtained 
Red-BCQ through the use of  microorganisms. The 
quercetin peak in the Red-Q was observed at 3.9 min 
and the extract possessed a quercetin content of  2.91 
mg/g. The quercetin content of  the Red-BCQ obtained 
through the use of  BS3 was 21.62 mg/g of  extract (Table 
1). Based on these results, the quercetin content of  Red-
BCQ was increased by approximate 7.4-fold. The Red-
BCQ powder, made by adding an excipient, contains a 
quercetin of  4 mg per gram of  powder. This is the result 
of  the elimination of  O-linked sugars such as rutin, 

quercitrin and quercimeritrin by enzymes secreted by 
the bioconversion strains that resulted in higher relative 
quercetin purity. 
Angelica gigas Nakai is a medicinal herb that has been 
demonstrated to exert a variety of  pharmacological 
effects. This herb is characterized by its purple flowers, 
which are distinct from those of  Angelica sinensis Diels. 
In particular, this herb is effective for blood circulation 
and it also possesses vital and anti-cancer activities 
that are related to hematopoietic function. D/DA, the 
representative substances of  the Angelica gigas Nakai, 
are materials that have been suggested to prevent 
dementia.38,39 According to the Korean pharmacopoeia, 
Angelica gigas Nakai that can be used as an herbal 
medicine must contain the major ingredients D/DA. 
Angelica gigas Nakai possesses this major ingredient and 
can be used as an herbal medicine. However, Angelica 
sinensis Diels does not contain this ingredient in any 
significant quantity. The Angelica gigas Nakai used in this 
study was extracted according to the method of  Kim et 
al.40 to obtain D/DA. D/DA was also analyzed using 
HPLC and a standard calibration curve was created 
based on standard materials. Our results indicated that 
1 g of  Agnex contained 0.4146 g of  D and 0.3659 g of  
DA and the purity of  these compounds was confirmed 
to be approximately 78%. The Agnex powder, which 
is made by adding excipient, had a D/DA content of  
120 mg per gram of  powder. This was named AG. The 
results are shown in Table 1. 

Analysis of Polyphenol and Flavonoids

Phenol compounds are widely distributed in plants and 
are known to exert various effects such as antioxidant 

Table 1: Quercetin content of Red-Q, Red-BCQ,  
Red-BCQ powder and decursin/decursinol angelate 

(D/DA) content in Agnex, Agnex powder.

Extract mg of quercetina ± SD

Red-Q 2.91 ± 0.02 in 1 g of Red-Q

Red-BCQ 21.62 ± 0.03 in 1 g of Red-BCQ 

Red-BCQ powder 
(RA)

4.2 ± 0.21 in 1 g of Red-BCQ powder 
(RA)

Extract mg of Decursin/Decursinol angelatea 
± SD

Agnex 780.5 ± 0.02 in 1 g of Agnex

Agnex powder (AG) 120.7 ± 0.21 in 1 g of Agnex powder 
(AG)

an=3, triplicate injection
Red-Q: Crude ethanol extract obtained from red Allium cepa. Red-BCQ: Extract 
obtained by bioconversion of Red-Q using BS3 strains. Red-BCQ powder: 
Powder made by adding excipient to Red-BCQ. This was named RA. Agnex: 
Extract obtained from Angelica gigas Nakai. Agnex powder: Powder made by 
adding excipient to Agnex. This was named AG. 
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effects, anti-obesity properties and anti-inflammation 
effects and other physiological activities.41-44 

Measurements of  the flavonoid and polyphenol content 
of  each extract and mixture revealed high values in both 
the RA and AG mixtures. The polyphenol and flavonoid 
contents of  each extract and mixture are indicated in 
Table 2. Total polyphenol contents were found to be 
69.52 mg in RA, 70.01 mg in AG and 143.56 mg in RAG 
per gram of  extract. The total flavonoid contents were 
found to be 26.15 mg in RA, 20.38 mg in AG and 60.24 
mg in RAG per gram of  extract.

Antioxidant Activities in vitro

It was expected that these compounds would possess 
strong reduction abilities, including high radial scavenging 
activity. DPPH radical scavenging activity, one of  the 
representative methods of  evaluating antioxidant activity, 
was measured. Red onion is more functional than regular 
white onions due to their high content of  physiologically 
active ingredients such as anthocyanin. In particular, 
polyphenol, which contains a hydroxyl group, possesses 
suitable structure for reacting with DPPH radicals. 
Additionally, the majority of  these ingredients are located 
in the exterior of  the onion shell.45 Oxidative stress is 
closely related to fibrin clot formation and inappropriate 
post-translational modification of  fibrin plays a role in 
thrombotic disorders.46-48 Antioxidant activity assays 
revealed that the RA and AG mixture (125-1000 μg/
mL) possessed potent DPPH scavenging activity (27.4-
121.2% for RAG). The reducing powers of  the RAG 
were found to be stronger than those of  the RB and AG, 
respectively (Figure 1). LPS is an endotoxin produced 
by gram-negative bacteria. This compound causes the 
production of  substances such as various inflammatory 
factors (NO) and inflammatory cytokines that result in 
a pathological reaction and regulates the inflammatory 
response. NO is generated by iNOS (inducible nitric 
oxide synthase) in inflammatory reactions that influence 
vascular control and defense and it can also act as a 

neurotransmitter under normal conditions. However, 
excessive NO production activates macrophages by 
producing harmful substances such as peroxynitrite and 
nitrogen dioxide, both of  which act as inflammatory 
stimulants.49 In this study, RAW 264.7 cells were treated 
with LPS to induce inflammation and then RA, AG, or a 
mixture of  these two compounds was added to observe 
the inhibitory effect on NO generation. All substances 
inhibited NO production at a level similar to the control 
(ascorbic acid) and there were no significant differences 
in concentration. LPS was treated in RAW264.7 cells to 
induce inflammation and add various concentrations of  
samples to observe NO production inhibitory effect. 
All samples inhibited NO production to a level similar 
to the control ascorbic acid. Potent nitrite scavenging 
activity was observed for RA, AG and RAG (Figure 2).

Anticoagulant Activity in vitro

Wang et al. suggested that oxidation stress increases the 
modification of  fibrin and RBC hemolysis.46-48 Thus, the 
strong antioxidant action of  these extracts may delay 
blood coagulation formation. Based on the knowledge 
that excessive blood coagulation can be harmful to the 
regulation of  homeostasis, the significant effects of  RA, 
AG and RAG on coagulation factors as measured by PT 
and aPTT were investigated. The effects of  RA, AG and 
RAG on coagulation parameters (aPTT, TT and PT) are 
shown in Table 3. In this study, RA and AG exhibited 
beneficial effects on external coagulation pathways by 
significantly expanding aPTT and these compounds may 
interfere with fibrin formation. However, a combination 
of  RA and AG is considered to have a weak synergy 
effect. The anti-coagulation activities of  the samples 
were measured by assessing TT, PT and aPTT. Treatment 
with aspirin (1.5 mg/mL) as a positive control extended 

Table 2: Polyphenol and flavonoid contents of RA, 
AG and a mixture of these two compounds. 

Extract
Component(mg/g)

Total polyphenol Total flavonoid

RA 69.52 ± 1.69*** 26.15 ± 0.17***

AG 70.01 ± 0.20*** 20.38 ± 0.94***

RAG 143.46 ± 2.30*** 60.24 ± 5.24***
RA: Red-BCQ powder, AG: Agnex powder, RAG: Mixture of RA+AG (RA: AG = 
2:1). Data are means ± SD of triplicate determinations. Different superscripts 
within a column indicate statistically significant differences (***p<0.001).

Figure 1: Effects of RA, AG and a mixture of these compounds 
on DPPH radical scavenging activity.

Con: Phosphate Buffered Saline (PBS), P.CON: Ascorbic acid as positive control, RA: 
Red-BCQ powder, AG: Agnex powder, RAG: Mixture of  RA and AG (RA:AG = 2:1). 
All values were expressed as means ± SD. Significance differences from control value 
are indicated by *p<0.5, **p<0.01 and ***p<0.001.
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the coagulation time to 1.83-fold for TT, 1.29-fold for 
PT and 1.48-fold for aPTT compared to the coagulation 
times of  non-treatment samples (DMSO as solvent 
control) (Table 3). Treatment with high-concentrations 
of  aspirin (5 mg/mL) extended the clotting time to 
greater than 15-fold for TT, PT and aPTT compared to 
clotting times observed with non-treatment. Treatment 
with RA (5.0 mg/mL) was found to significantly extend 
PT (1.29-fold) and aPTT (1.39-fold). AG (5.0 mg/mL) 
treatment extended the coagulation time by 1.23-fold 
for PT and 1.23-fold for aPTT. However, combined 
treatment with RA and AG showed weak synergy effect 
(Table 3).

Platelet Aggregation Activities in vitro

RA alone promoted platelet aggregation according to 
our results (Table 4). However, our results regarding 

platelet aggregation inhibitory effects did reveal that 
they were increased after AG treatment alone or after 
a combined treatment with RA and AG. Further 
research will be needed to clarify the underlying 
mechanism. Based on the observation that platelet 
aggregation is strongly inhibited by aspirin, the changes 
in PAR (platelet aggregation ratio) in response to aspirin 
treatment were determined. At 250 μg /ml of  aspirin, 
the PARs were 44.32% compared to those observed 
after non-treatment (Table 4, Figure 3). Strong and rapid 
activations of  platelet aggregation were identified in 
response to treatment with RA (250 μg/ml). The PARs 
of  AG and RAG were 62.63% and 68.36%, respectively, 
compared to those of  the non-treatment samples. RA 
treatment (250 μg/ml) failed to alter platelet aggregation. 
Therefore, when AG is subjected to combined treatment, 
the platelet aggregation inhibitory effects are facilitated 
by the action of  the AG.

Table 3: Effect of the RA, AG and their mixture on blood coagulation.

Extract/
Chemicals

Concentration 
(mg/ml)

Anticoagulation Activity (Multiplication of Control)

TT PT aPTT

DMSO - 1.00 ± 0.02 1.00 ± 0.01 1.00 ± 0.00

Aspirin 1.5 1.83 ± 0.03** 1.29 ± 0.03** 1.48 ± 0.03**

Aspirin 5 >15.0 >15.0 >15.0

RA 5 1.01 ± 0.03** 1.29 ± 0.00 1.39 ± 0.13

AG 5 0.97 ± 0.08** 1.23 ± 0.19 1.23 ± 0.23

RAG 5 0.99 ± 0.08** 1.02 ± 0.00** 1.37 ± 0.02*

Anti-coagulation activity was calculated using the clotting time of a given sample divided by the clotting time of the 
solvent control in blood coagulation assays. 
TT: thrombin, PT: prothrombin, aPTT: activated partial thromboplastin times 
Aspirin: Positive Control, RA: Red-BCQ powder, AG: Agnex powder, RAG: Mixture of RA and AG (RA: AG = 2:1). Data 
are means±SD of triplicate determinations. Different superscripts within a column indicate statistically significant 
differences (**p<0.005, * p<0.05).

Figure 2: Effects of RA, AG and a mixture of these compounds 
on nitric oxide production in Raw 264.7 cells treated with LPS. 
NO concentration was determined using the Griess reaction. 

Con: Phosphate Buffered Saline (PBS), P.CON: Ascorbic acid as positive control, RA: 
Red-BCQ powder, AG: Agnex powder, RAG: Mixture of  RA and AG (RA: AG = 2:1). 
All values were expressed as means ± SD. Significance differences from control value 
are indicated by *p<0.5, **p<0.01 and ***p<0.001.

Figure 3: Impedance changes during platelet aggregation 
after the addition of aspirin and the RA and AG into a whole 

blood aggregometer. 
(A) DMSO, (B) aspirin (250 μg/ml), (C) RA (Red-BCQ powder, 250 μg/ml), (D) AG 
(Agnex powder, 250 μg/ml), (E) RAG (RA: AG = 2:1, 250 μg/ml), respectively.
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CONCLUSION
We examined the effects of  Red Allium cepa and Angelica 
gigas Nakai as food sources containing quercetin and D/
DA on blood coagulation and thrombosis. Analyses of  
anti-coagulation, platelet aggregation and antioxidant 
activity of  RA and AG revealed that these extracts 
possess distinct biological functionalities. The flavonoid 
and polyphenol content was higher in the mixture than it 
was in either RA or AG individually. In agreement with 
this, DPPH scavenging activity and nitrate scavenging 
activity were also both higher in the RAG mixture 
group. Cell viability assays also revealed no cytotoxicity 
at high concentrations (1000 μg/ml). RA and AG each 
possess distinct anti-coagulation activities. However, we 
confirmed that these compounds have weak synergy 
effect. Although the antiplatelet activity was strong for 
AG, there was no antiplatelet activity exerted by RA. 
Based on these results, we are currently conducting 
in vivo test and will publish a follow-up paper through 
further verification in the future.
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ABBREVIATIONS
Agnex: Angelica gigas Nakai extract; Red-Q: Ethanol 
extract of  red Allium cepa; Red-BCQ: Bioconversioned 
quercetin of  Red-Q; RA: Red-BCQ powder; AG: Agnex 

powder; RAG: Mixture of  RA and AG (RA:AG = 2:1); 
DMSO: dimethyl sulfoxide; DPPH: 1,1-diphenyl-2-
picryl hydrazyl; NO: Nitric oxide; iNOS: inducible nitric 
oxide synthase; TT: thrombin time; PT: Prothrombin 
time; aPTT: active partial thromboplastin time; PAR: 
Platelet Aggregation Ratio; AUC: Area under the curve.
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SUMMARY
We investigated the effects of red Allium cepa (RA) 
and Angelica gigas Nakai (AG) as food sources 
containing quercetin and D/DA on blood coagulation 
and thrombosis. The analysis of anti-coagulation, 
platelet aggregation and antioxidant activity of RA and 
AG showed that these extracts had distinct biological 
functionalities. RA and AG each have distinct anti-
coagulation activities. Although the antiplatelet activity 
was strong for AG, there was weak antiplatelet activity 
exerted by RA. Therefore, mixture of RA and AG will 
have anti-coagulation activity and anti-platelet activity. 
Based on these results, we are currently conducting 
in vivo test and will publish a follow-up paper through 
further verification in the future.
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