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Effect of the Mixture of Pueraria lobata and Sorbus commixta Extract 

on the Alcohol-induced Hangover in Rats

Se Chul Hong, Ji Hyun Yoo, Myeong Hwan Oh, Hwan Lee, Young Sik Park, Shanmugam Parthasarathi, 

Jong Dae Park, and Mi Kyung Pyo*

International Ginseng & Herb Research Institute, Geumsan 312-804, Korea.

Abstract − Pueraiae Radix (PR), Pueratia Folium (PF) and Sorbus commixta (SC) mixture, namely GS-SP (PR
(1)/PF (2)/SC (0.5): v/v/v) was developed as hangover-relieving elixir and its effects on alcoholic metabolism have
been investigated. The enzymatic activity of alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase
(ALDH) of GS-SP was shown higher than those of single treatment with PR, PL, SC, and the positive control
group (YM-808). The survival rate of mouse liver cell line NCTC clone 1469 in the presence of acetaldehyde was
30.6, 22.2, and 8.7% at the GS-SP dosage level of 50, 100, and 200 µg/mL respectively. Different concentrations
of 50, 100 and 200 mg/kg of GS-SP showed efficient activity for ADH and ALDH than YM-808 in rat fed with
25% ethanol. The levels of blood alcohol and acetaldehyde after oral administration of 200 mg/kg of GS-SP
showed efficient activity of 11.7% and 37% than those of YM-808. These results have been supported to the
potential for GS-SP to serve as an excellent potential in providing hangover relief and liver protection.
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Introduction

The positive effects of alcohol consumption are increase

in appetite, release of stress and relaxation. However, the

abuse of alcohol and chronic consumption can cause the

adverse health effects. Most of the absorbed alcohol in

stomach and small intestine is oxidized by alcohol

dehydrogenase (ADH) to acetaldehyde which is then

oxidized to acetic acid by aldehyde dehydrogenase (ALDH)

in the liver.1 Acetaldehyde, the primary metabolite, is the

main cause of acute alcohol-hangover symptoms which is

connected to deterioration of work quality.2 Also, fatty

liver can result from excessive alcohol consumption, and

continuous alcohol absorption can lead to liver cirrhosis.

As a result, various products have been released that

decrease the accumulation of fat in the liver, prevent liver-

damage, and alleviate alcohol-related hangovers.3 However,

the mechanism of these products has not been revealed

and scientific research into this is required. 

Pueratia folium (PF), young shoots of Pueraria lobata

Ohwi (P. lobate) has levels of puerarin, daidzein and β-

sitosterol similar to that of Pueraria radix (PR). Major

effects of flavonoid extracted from PR are increasing

blood flow to the brain and coronary artery, spasmolytic

effect, fever reduction, and muscle relaxation.4 Sorbus

commixta (SC) were used as folk medicine for coughs,

neuralgia, asthma, and roborant.5 Its major components

including catechin-7-O-β-D-xylopyranoside, catechin-7-O-

β-D-apiofuranoside, prunasin, lupenone, and lupeol are

reported to decrease alcohol concentration and inflamma-

tion.6-7 The hangover agent on the market are generally

having a blood alcohol resolution and gastric protection

function.

In this study, we determined ideal mixture proportioning

using PF, PR, and SC, which are known to be excellent in

preventing liver damage and oxidative stress4,7 and

investigated its biological activities to develop functional

food materials for hangover relief and liver protection.

Experimental

Material − Pueraiae Radix (PR), Pueratia Folium (PF)

and Sorbus commixta (SC) were purchased from local

market (Geumsan, Korea). The samples were deposited in

the International Ginseng and Herb Research Institute

[(No.; GS201203 (PR)], GS201204 (PF), GS201205 (SC)).

Yeo-Myung 808 (YM-808) was purchased from Glami

(Glami co., Korea). Alcohol dehydrogenase (Sigma A7011-
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30KU), Aldehyde dehydrogenase (Sigma 82884) and

Nicotinamide adenine dinucleotide (NAD+) (Sigma 43407)

were purchased from Sigma (Sigma chemical. co., USA).

Extraction and mixture − Each sample powder (50 g)

was extracted with 80% ethyl alcohol at 80 oC for 5h.

This procedure was conducted at least 3 times before

being filtered and concentrated using vacuum evaporator.

Positive control (YM-808) concentrated using vacuum

evaporator. The extracted samples were diluted in distilled

water and mixed with the enzymes ADH and ALDH after

their activity was measured. The optimized mixture ratio

(w/w/w) was set to Pueraiae Radix (PR), Pueratia Folium

(PF), Sorbus commixta (SC) mixture (GS-SP, PR: PL: SC =

1: 2: 0.5).

Alcohol dehydrogenase (ADH) enzyme activity −

ADH activity was measured by following Reacker’s

method8, using spectrophotometer set at 340 nm to

measure the absorption of NADH. Thus, a total of 1.8 mL

solution in test tube included 0.1 mL alcohol, 0.5 mL

NAD aqueous solution (2 mg/mL), 0.1 mL of the sample

at the various concentrations, and 0.01 M glycine-NaOH

buffer solution (pH 8.8) was reacted in 25 oC constant

temperature water bath for 10 min and then ADH (18

units/mL) 0.25 mL was added before the absorbance was

measured at 340 nm. The control group had 0.25 mL of

0.01 M glycine-NaOH buffer solution (pH 8.8) in place of

ADH. ADH activity was estimated by comparing the

measured maximum absorbance upon completion of the

reaction with the absorbance of the control group and

calculating the relative percentage activity.

Aldehyde dehydrogenase (ALDH) enzyme activity −

ALDH activity was measured using modified Tottmar’s

method,9 measuring the change in absorbance at 340 nm

to determine the change in NADH levels. To evaluate the

activity, 0.1 mL ALDH (1 unit/mL) and 0.1 mL of each

concentration level of sample were added to test tube

containing 50 mM sodium pyrophosphate buffer solution

(pH 8.8), 0.5 mM NAD, 0.1 mM pyrazole, 5 mM acetal-

dehyde reaction solution and placed in a water bath at

25 oC for 10 min before measuring absorbance at 340 nm.

Measurement of cell viability − NCTC clone 1469

cells (5 × 104) were cultured in 96-well plates for 24 h at

37 oC. After the incubation, the GS-SP extracts were

treated to each well according to the concentration, and

then the cells were incubated at 37 oC for 30 min. After

the treatment of the extracts, 1 µM acetaldehyde was

applied to each well and then the cells were re-incubated

at 37 oC for 24 h. And then, 50 µL of 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromide (MTT, 1

mg/ml) was treated to each well. The supernatant was

removed after 4 h, and then 100 µL of DMSO was treated

to each well. The observance was measures with a micro

plate reader at 570 nm.

Animal treatments − Sprague-Dawley (SD) male rats

4-week-old, 90 ± 10 g weight were used in this experiment

and were well adapted to the laboratory conditions for 1

week before starting the experimentation. To determine

the effects of GS-SP extract on hangovers, experiments

for measuring the blood alcohol and acetaldehyde levels

were measured at time lapsed condition after alcohol

consumption. Animal experiment was conducted with

distilled water administered to the control group and GS-

SP mixture to the test group at 50, 100, 200 mg/kg of

body weight. Positive control group used the commercially

available hangover relief beverage (YM-808). Each group

had a single oral administration of the sample, and

after 1 h, 25% ethanol (15 mg/kg of body weight) was

administered. The blood levels of ADH, ALDH, acetal-

dehyde, and alcohol were measured after 2, 4, and 8 h,

respectively. The temperature and humidity of animal

room were maintained at 23 ± 1 oC and 50 ± 5% respec-

tively, light and dark periods were set at 12 h intervals.

During the raising, water and food were freely available,

without interruption. 

Ethanol and acetaldehyde concentration in serum −

Blood was collected in time lapse period after alcohol

administration and left at room temperature for 30 min

before centrifugation at 1500 rpm for 15 min and the

supernatant was used. Ethanol and acetaldehyde concen-

tration of serum were evaluated by ethanol estimation kit

(Roche Co., Darmstadt, Germany) and acetaldehyde esti-

mation kit (R-Biopharm, Germany). Ethanol is decom-

posed by ADH to acetaldehyde and oxidized by ALDH to

acetate, and in this procedure NAD+ is converted to

NADH. Thus the concentration of NADH was determined

by measuring absorbance at 340 nm. 

Statistical analysis − The results was expressed as

mean ± S.E. Statistical analysis was done using one-way

analysis of variance (ANOVA) followed by Tukey's

multiple range test (SPSS VER. 21; SPSS Inc., Chicago,

IL, USA). Statistical significance was considered at p <

0.05.

Results

Extraction yield rate − Sample extraction with 80% of

ethyl alcohol at 80 oC for 5 h was conducted 3 times. PR

showed the highest yield at 23.1%, while PF showed a

slightly similar yield to PR at 22.4%. SC resulted in the

lowest yield at 20.2%. 
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ADH and ALDH enzyme activity − ADH and ALDH

enzymes are critical for the process of alcohol decompo-

sition. The enzyme activity of ADH and ALDH in the

control group was set to 100% and the other groups were

measured in comparison to them (Fig. 1). ADH enzyme

activity appeared as 155.3, 150.1, 146.3, and 128.7% for

GS-SP, PR, SC, and PF, respectively, when treated with

200 µg/mL, while YM-808 used as positive control group

gave 141.4%. ALDH enzyme activity appeared as 135.3,

133.5, 128.6, 126.2, and 133.4% for GS-SP, PR, SC, PF

and YM-808, respectively. ADH and ALDH enzyme

activity seemed to indicate a synergistic effect for the

activity of extract-mixture was significantly higher than

that of single extract.

Inhibitory effect of GS-SP on cell damage induced

by acetaldehyde − The cell viability was determined by

MTT assay. NCTC clone 1469 cells were treated with

various concentrations of GS-SP for 24 h. As shown in

Fig. 2A, GS-SP did not exhibit cytotoxicity at the range

of 50 - 400 µg/mL against cells. This dose-range was used

for the treatment of GS-SP in the further experiments.

The effect of the GS-SP on the acetaldehyde cell damage

was evaluated by MTT assay (Fig. 2B). In MTT the cells

treated with acetaldehyde alone induced the cell death by

approximately 40% compared with the untreated cells

(control), while the addition of the GS-SP in presence of

acetaldehyde inhibited the oxidative cell death. GS-SP at

Fig. 1. Activities of extracts of various medicinal plant extracts
on alcohol dehydrogenase (ADH) and aldehyde dehydrogenase
(ALDH). Values are mean ± SE (n = 3). Same letters (a-c) are not
significantly different at p < 0.05 by Tukey's multiple range test
after one-way analysis of variance (ANOVA).

Table 1. Yield of fractions extracted from medicinal plant

Name Yield (%, w/w)

Pueraria rdix (PR) 23.1

Pueraria flos (PF) 22.4

Sorbus commixta (SC) 20.2

Yield (%) = weight of solid extract / weight of dry sample × 100

Fig. 2. Cytotoxicity (A) and inhibitory effect of GS-SP on cell
death induced by acetaldehyde (B). The viability of NCTC clone
1469 cells on the treatment of acetaldehyde was evaluated by a
MTT assay. Cell viability means the relative values of the
negative control (untreated cells).Values are mean ± SE (n = 3).
Same letters (a-c) are not significantly different at p < 0.05 by
Tukey's multiple range test after one-way analysis of variance
(ANOVA).
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different concentrations of 50, 100, 200 and 400 µg/mL

showed decrease in cell death rates of 30.6, 22.2, and

8.7%, respectively. Thus, GS-SP has been concluded to

inhibit cell death by decomposing acetaldehyde levels

within cells.

Effects of GS-SP on serum ADH and ALDH

activities − The relative activity of alcohol metabolizing

enzymes were compared with the control group, whose

enzyme activity was set to be 100%, as shown in Tables 3

and 4. As both the experimental and positive control

group showed a substantial reduction in blood alcohol

level over the control group, both ADH and ALDH

activity has played a vital role after alcohol consumption.

Blood was drawn from the heart at 2, 4 and 8 h after

alcohol was administered to determine the activity levels

of alcohol metabolizing enzymes (Table 2, Table 3).

While the GS-SP and YM-808 showed low enzyme

activity at 50 and 100 mg/kg, but the both ADH and

ALDH activity of GS-SP was greater than those of YM-

808 at the dose of 200 mg/kg. In comparison to the

control group, experimental group showed approximately

30% greater enzyme activity compared to the control

group between 2 h and 4 h. However, after 8 h, the

alcohol metabolizing enzyme function in the control

group returned to normal. 

Effects of GS-SP on serum alcohol concentrations −

In order to determine the effects of GS-SP on relieving

hangovers, the blood alcohol content was investigated.

Measurements were made from blood withdrawn at 2, 4

and 8 h after alcohol was administered. As documented in

past studies where blood alcohol concentration is reported

to be highest 1 - 2 h after alcohol consumption, blood

withdrawn at 2 h had the highest alcohol concentration.

The dose of 200 mg/kg of GS-SP and YM-808 were both

administered orally 1 h before 25% ethanol (15 mL/kg)

consumption, and both showed similar blood alcohol

concentration after 2 h. However, GS-SP at 4 h after

alcohol consumption showed approximately 20% greater

degradation of alcohol over YM-808. At 8 h after

consumption, GS-SP and YM-808 resulted in 0.082 ±

0.08 and 0.088 ± 0.005 g/L, respectively, indicating that

alcohol concentration reduction normalizes after a certain

period of time (Fig. 3). After the 4 h point, the natural

alcohol degradation pathway took over and both groups

Table 2. Measurement of alcohol dehydrogenase activity

Time
(hr)

Alcohol
GS-SP (mg/kg) YM-808 (mg/kg)

50 100 200 50 100 200

2 61.7 ± 2.1a 63.4 ± 1.3ab 65.5 ± 2.3d 892.2 ± 2.5b 65.0 ± 2.0ab 67.0 ± 1.5cd 83.9 ± 2.3d

4 68.6 ± 1.5b 69.0 ± 1.5d 72.3 ± 0.6ab 893.7 ± 3.6ab 67.0 ± 1.8b 69.0 ± 2.1a 87.0 ± 2.6bc

8 92.1 ± 0.9a 95.8 ± 0.6a 98.6 ± 0.5a 110.0 ± 0.9a 91.8 ± 2.5bc 91.3 ± 1.8cd 98.3 ± 2.0cd

Values are mean ± SE (n = 3). 
Same letters (a-d) are not significantly different at p < 0.05 by Tukey's multiple range test after one-way analysis of variance (ANOVA).

Table 3. Measurement of Aldehyde dehydrogenase activity

Time
(hr)

Alcohol
GS-SP (mg/kg) YM-808 (mg/kg)

50 100 200 50 100 200

2 72.0 ± 2.4a 82.0 ± 0.8c 86.0 ± 2.3d 892.2 ± 2.0b 75.6 ± 2.4a 85.0 ± 2.0d 89.0 ± 1.6cd

4 75.0 ± 1.2a 83.0 ± 1.5c 88.0 ± 1.6d 893.7 ± 1.9b 87.3 ± 1.4b 87.0 ± 3.6c 93.0 ± 2.0d

8 85.0 ± 1.6ab 95.8 ± 2.0d 98.0 ± 2.4bc 105.0 ± 0.8a 91.8 ± 1.0d 98.0 ± 2.4c 98.3 ± 1.4c

Values are mean ± SE (n = 3). 
Same letters (a-d) are not significantly different at p < 0.05 by Tukey's multiple range test after one-way analysis of variance (ANOVA).

Fig. 3. Effects of GS-SP time dependent changes of blood
alcohol concentration after administration of ethanol in drunken
rats. Values are mean ± SE (n = 5). GS-SP : Sorbus commixta +
Pueraria lobata.
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ceased to show a substantial difference.

Effects of GS-SP on serum acetaldehyde concentra-

tions − The concentration of acetaldehyde in the control

group showed the greatest blood alcohol concentration

after 2 h at 0.245 ± 0.012 g/L. Although the acetaldehyde

concentration was not noticeably different at 2 h, the

experimental and positive control group showed a

decrease in concentration with further passage of time in a

concentration-dependent manner. Both GS-SP and YM-

808 showed similar activity at 50 and 100 mg/kg.

However, GS-SP resulted in a 37% greater activity which

could be increase than YM-808, when concentration was

increased to 200 mg/kg (Fig. 4). Therefore, GS-SP is

more active at reducing acetaldehyde levels than YM-

808, showing potentiality as hangover relief beverage.

Discussion

Alcohol consumption in small amounts helps to

alleviate stress, serving to aid in social life and providing

enjoyment. However, alcoholism by excessive or chronic

alcohol consumption is a serious problem throughout the

world. The development of alcoholism remedies have

medical, social and economical significance.10 Alcohol is

mostly absorbed in the stomach and small intestine before

moving on to the liver to be metabolized. Approximately

1/3 of the absorbed alcohol is metabolized by alcohol

dehydrogenase (ADH) in the stomach, minimizing alcohol

absorption. Approximately 90% of the alcohol reaching

the liver is oxidized to acetaldehyde by ADH before

being oxidized to acetic acid by aldehyde dehydrogenase

(ALDH).11 The remaining 10% is metabolized to acetal-

dehyde by the enzyme catalase. Acetaldehyde, the primary

metabolite of alcohol, is a highly active compound that is

able to react with various other compounds, thus causing

liver cytotoxicity, necrosis, alteration of microvessel

structure, disruption to structure and function of liver

mitochondria, and liver damage via oxidation of lipids.12,13

Acetaldehyde, the main cause of hangovers, has a high

affinity for cysteine and glutathione in the liver micro-

some, which can cause disruption in lipids, causing fatty

liver and even necrosis among other liver complications.14

Also, acetaldehyde can reach the brain where it is converted

to harmful compounds, potentially causing increase in

heart rate, sweating, telangiectasia, nausea, and vomiting.

With the economic growth and increase in average

lifespan, modern illnesses and an aging society is altering

our perception of quality of life. With this change, greater

interest in plant based natural products with antibacterial,

antioxidant, anticancer and immune-strengthening qualities

have gained much attention. Consumption of healthy func-

tional foods composed of natural products is consequently

on the rise and alcohol-related hangover relief beverages

are part of this, holding a 100 million US dollar market.

As new hangover alleviating beverages come out to the

market, various researches into the mechanisms of these

products are underway, but without conclusive results,

more scientific verification is required.15-18

In our research based on these considerations, we

screened folk application of traditional hangover remedies

and clinical application of herbal complex and patent

medicines for alcoholism treatment. We determined the

effects of PR, PF and SC extracts on the enzyme activity

of ADH and ALDH, leading to the production of a

combination of these three extracts resulted to provide the

maximum synergistic effect. ADH activity showed to be

155.3, 150.1, 146.3, and 128.7% in GS-SP, PR, SC and

PR, respectively, with an activity of 141.4% with the

positive control group YM-808. Analysis of ALDH

activity showed 135.5, 133.5, 128.6, and 126.2% in GS-

SP, PR, SC and PR, respectively, with an activity of

133.4% with the positive control YM-808. ADH and

ALDH activity increased 5.3 and 2.3%, respectively, when

treated with GS-SP alone. Normal liver cells (NCTC

clone 1469) were treated with acetaldehyde to induce cell

death, after which cell survival rate was measured to be

46.6% with no further treatment. Those treated with GS-

SP at concentrations of 50, 100, and 200 µg/mL showed

decrease in cell death rates of 30.6, 22.2, and 8.7%,

respectively. Therefore, GS-SP was determined to

decompose acetaldehyde in cells, thus reducing cell death

rate. The relative effects of different doses of GS-SP on

the activity of alcohol metabolizing enzymes after oral

delivery were measured against the blank control group,

Fig. 4. Effects of GS-SP time dependent changes of blood
acetaldehyde concentration after administration of ethanol in
drunken rats.Values are mean ± SE (n = 5). GS-SP: Sorbus
commixta + Pueraria lobata.
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which was set to be 100%. Blood was withdrawn from

the heart at different intervals of 2, 4, and 8 h, after

administration of alcohol in order to determine the activity

level of alcohol metabolizing enzymes. Enzyme activity

in both the experimental GS-SP and positive control

groups YM-808, showed low activity at the dose of 50

and 100 mg/kg. However, at the dose of 200 mg/kg,

enzyme activity was 11.7% higher in the experimental

group than the positive control group. The blood acetal-

dehyde levels in the alcohol treated group 2 h after

administration, showed the highest concentration at 0.25

g/L. Although acetaldehyde levels did not decrease after 2

h, the levels in the other groups would decrease in a

concentration-dependent manner with further passage of

time. The time-dependent decrease in acetaldehyde levels

for GS-SP and YM-808 were identical at dose of 50 and

100 mg/kg. However, at the dose of 200 mg/kg, GS-SP

showed approximately 37% greater activity than YM-808.

In conclusion to this study, GS-SP was shown to

increase enzymatic activity of ADH and ALDH, ultimately

reducing blood alcohol and acetaldehyde levels in rat.

This in turn consequently leads to hangover relief and

prevention of alcoholic liver- damage.

Acknowledgments

This research was supported by Region Specialization

Technology Program from Ministry of Trade, Industry

and Energy (MOTIE)(R002044).

References

(1) Lieber, C. S. Gastroenterology. 1994, 106, 1085-1105.

(2) Lieber, C. S. N. Engl. J. Med. 1973, 288, 356-362.

(3) Tottmar, S. O.; Pettersson, H.; Kiessling, K. H. Biochem. J. 1973,

135, 577-586.

(4) Lim, Y. Faculities in department of herbology; Oriental Herblology;

korea, 1991, pp 167-244. 

(5) Kang, D. G.; Lee, J. K.; Choi, D. H.; Sohn, E. J.; Moon, M. K.; Lee,

H. S. Biol. Pharm. Bul. 2005, 28, 860-864. 

(6) Bhatt, L. R.; Bae, M. S.; Kim, B. M.; Oh G. S.; Chai, K. Y.

Molecules. 2009, 14, 5323-5327.

(7) Na, M. K.; An, R. B.; Lee, S. M.; Min, B. S.; Kim, Y. H.; Bae, K.

H.; Kang, S. S. Nat. Prod. Sci. 2002, 8, 26-29.

(8) Racker, E. Biochem. Pharmacol. 1973, 135, 577-581.

(9) Tottmar, S. O.; Petterson, H.; Kiessling, K. H. Biochem. Pharmacol.

1973, 135, 577-581.

(10) Xu, B. J.; Zheng, Y. N.; Sung, C.K. Drug Alcohol Rev. 2005, 24,

525-36.

(11) Kim, C. I. Food. Ind. Nutr. 1999, 4, 26-30.

(12) Niemela, O.; Klajner, F.; Orrego, H.; Vidins, E.; Blendis, L. Israel,

Y. Hepatology. 1987, 7, 1210-1214

(13) Mello, T.; Ceni, E.; Surrenti, C.; Galli, A. Mol. Aspects. Med. 2008,

29, 17-21.

(14) Kaufman, N.; Klavins, J. V.; Kinney, T. D. Arch. Pathol. 1960, 70,

331-337.

(15) Social Statistics survey. National Statistical Office. Korea. 2006.

(16) 2007 Korean National Health and Nutrition Evaluation Survey.

Ministry for health, welfare and family affairs. Korea. 2008.

(17) Health data. Organization for Economic Cooperation and

development. 2008.

(18) Noh, K. H.; Jang, J. H.; Kim, J. J.; Shin, J. H.; Kim, D. K.; Song,

Y. S. J. Korean Soc. Food Sci. Nutr. 2009, 38, 683-693.

Received February 6, 2015

Revised March 2, 2015

Accepted March 3, 2015



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


