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Abstract Elaeagnus umbellata is a plant that grows in

the hilly areas of Pakistan. Free radical scavenging activities

and anti-lipid peroxidative properties of hot water, methanol,

n-hexane, and acetone extracts of E. umbellata berries

were evaluated. Extracts showed inhibition against thio-

barbituric acid reactive species (TBARS) induced using the

pro-oxidants iron (10 µM FeSO4) and sodium nitroprusside

(5 µM) in brain and liver homogenates of mice. Extracts

also showed metal chelating activities of IC50 (extract

concentration that causes 50% scavenging)=40-43 µg/mL

and DPPH radical scavenging activities of IC50=45.4-

49 µg/mL. HPLC analysis revealed the presence of gallic,

vanillic, coumaric, ferulic, sinapic, and caffeic acids in

berries. The fruit of E. umbellata is a potential source of

antioxidants with therapeutic importance.

Keywords: Elaeagnus umbellate, lipid peroxidation, DPPH

radical scavenging activity, pro-oxidant, iron chelation

Introduction

Reactive oxygen species (ROS) are spontaneously generated

during cell metabolism and are implicated in the etiology

of heart disease, stroke, rheumatoid arthritis, diabetes, and

cancer (1,2). A number of studies have shown that use of

polyphenolic compounds found in tea, fruits, and vegetables

is associated with a low risk of these diseases (3).

Consequently, there is a great deal of interest in edible

plants that contain antioxidants and health-promoting

phytochemicals as potential therapeutic agents. One such

plant is autumn olive (Elaeagnus umbellata Thunb), a

member of the Elaeagnacea family with a high medicinal

value that is native to Southern Europe and Central Asia

and was introduced to the USA in 1830 as an ornamental

plant (4). It is a common medicinal shrub found in the wild

at elevation of 1,300-1,800 m above sea level in Azad,

Kashmir, Pakistan (5).

E. umbellata is a large spreading, spiny-branched shrub of

3.5 to 5.5 m height and 3.5 to 5.5 m width. The foliage is

light green on top and a silvery green on the bottom (4).

The fruit is fleshy, sub-globose to broadly ellipsoid, and 6

to 8 mm long. Individual fruits are 1.25 to 1.5 cm in size

and start as spotted light green in mid-summer, turning red

in the autumn (4). A mature plant can produce 0.9 to 3.4 kg

of fruit per year with the number of seeds ranging from

20,000 to 54,000 (6).

The E. umbellata berry is an excellent source of

vitamins and minerals, especially vitamins A, C, and E,

flavonoids and other bioactive compounds, and is also a

good source of essential fatty acids (7) and minerals (8).

Proximate analysis showed that 100 g of E. umbellata fruit

contained 69.4 g of moisture, 14.5 g of total soluble solids,

1.15 g of organic acids, 8.34 g of total sugar, 8.13 g of

reducing sugars, 0.23 g of non-reducing sugars, and

12.04 mg/100 g of vitamin C. The total mineral content of

the fruit, as represented by the ash content, was 1.045% (4).

The fruit has lycopene, β-carotene, lutein, phytofuluene, and

phytoene. The lycopene ranged from 10.09 to 53.96 mg/

100 g in fresh fruit from wild plants and 17.87 to 47.33 mg/

100 g in cultivars with red-pigmented fruit. In contrast, fresh

tomato fruit, which is the major dietary source of lycopene,

contains 0.88 to 4.20 mg/100 g. The fruit is thus newly

identified source of lycopene and acts as dietary alternative
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of tomato (9,10). Different studies have shown that

lycopene protects against myocardial infarction and types

of cancers, including prostate cancer (9).

Keeping in view the high medicinal and nutritional

value of autumn olive berries, the antioxidant activities of

berries have been extensively studied. Different extracts

obtained from berries of E. umbellata have shown in vitro

antioxidant activities and high phenolic contents (11).

Moreover, there is limited information on potential use of

autumn olive in the management/prevention of diseases

arising from oxidative stress. The antioxidant activities of

these plants can vary greatly depending on the pro-oxidant

used. In this study, the effects of aqueous, methanol, acetone,

and n-hexane extracts were determined against neurotoxic

and hepatotoxic agents (iron and sodium nitroprusside) in

brain and liver tissues of mice. Hence, the aim of this study

was to determine the phenolic profile, in vitro antioxidant

activities, and inhibitory effects of extracts against iron and

sodium nitroprusside induced lipid peroxidation in an

animal model.

Materials and Methods

Chemicals Thiobarbituric acid (TBA), malonaldehyde-

bis-dimethyl acetal (MDA), DPPH, quercetin, gallic acid,

vanillic, coumaric, ferulic, sinapic, caffeic acids, and 1,10-

phenanthroline were purchased from Sigma-Aldrich (St.

Louis, MO, USA). Sodium nitroprusside (SNP) was

obtained from Merck (Darmstadt, Germany), and ferrous

sulfate was obtained from Biochemicals (Lahore, Pakistan).

All chemicals used were of analytical grade.

Preparation of fruit extracts Mature berries of autumn

olive (Fig. 1) were harvested in August, 2012 at Rawalakot,

Azad, Kashmir and transported to the laboratory in

polyethylene bags. Plant specimens were collected close to

the campus of the University of Poonch, Rawalakot and

identified by Professor Irfan Hussain. A voucher specimen

(EMS 113) was deposited in the University of Poonch,

Department of Eastern Medicine and Surgery. Fruits were

dried in an oven (TFO-1; Cascade Technical Sciences Inc.,

Hillsboro, OR, USA) at 45oC and ground in a blender to a

mesh size of 30 mm. For hot water extraction, ground fruit

(10 g) was soaked in hot water (250 mL) for 30 minutes

and filtered using Whatman filter paper (18.5 cm). Obtained

residues were subjected to extraction twice, then concentrated

using a rotary evaporator at 50oC. For solvent extraction,

ground material (10 g) was subjected to extraction using

250 mL of methanol, acetone, and n-hexane for 3 days in

a magnetic stirrer (Somatco, Riyadh, Saudi Arabia) at

room temperature, followed by filtration through Whatman

filter paper (pore size 11 µm). Extracts obtained after

evaporation of organic solvents were weighed to determine

the extraction yield (Table 1) and stored in refrigerator until

further use. Serial dilutions of these extracts were prepared

to obtain the desired concentration of plant extract for

experimental use.

All animal studies were performed in strict accordance

with the NIH Guide for the Care and Use of Laboratory

Animals. Thirty male BALB/c mice (2.0-2.5 months and

24-30 g) were purchased from the National Institute of

Health in Islamabad, Pakistan and used for in vitro studies.

Animals were kept in separate cages with continuous

access to food and water in a room with a controlled

temperature of 22±3oC and on a 12 h light/dark cycle with

lights turned on at 7:00 a.m.

Production of thiobarbituric acid reactive species from

brain and liver tissues Production of thiobarbituric acid

reactive species (TBARS) was determined as described by

Ohkawa et al. (12) with modifications. Mice were

anaesthetized using chloroform, sacrificed by decapitation,

and tissues were quickly removed and placed on ice. One

g of brain and liver tissues was homogenized in a tissue

homogenizer (Omni, Kennesaw, GA, USA) in cold 100

mM Tris buffer pH 7.4 (1:10 w/v) and centrifuged

(Thermo Fisher Scientific, Waltham, MA,USA) (15,000×g

for 10 min). Homogenates (100 µL) were incubated with

Fig. 1. Photograph showing ripe berries of Elaeagnus

umbellate.

Table 1. Extract yields and total phenolic and flavonoid
contents of autumn olive berries

Extracts Yield (%)
Total phenolics 

(mg/g)
Total flavonoids 

(mg/g)

Aqueous 010.1a1) 20.0±2.1a 3.8±0.30a

Methanol 12.5b 18.6±1.5b 3.2±0.21b

Acetone 05.1c 18.2±1.3c 1.5±0.15c

n-Hexane 06.2d 16.3±0.8d 3.4±0.14d

1)Values followed by different letters are significantly (p<0.05)
different from each other.
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and without 50 µL of freshly prepared oxidant (iron and

sodium nitroprusside) and different concentrations (25-200

µg/mL) of plant extracts together with an appropriate

volume of deionized water to achieve a total volume of 300

µL at 37oC for 1 h. A color reaction was carried out by

addition of 200, 500, and 500 µL of 8.1% sodium dodecyl

sulphate (SDS), acetic acid (pH 3.4), and 0.6% TBA.

Reaction mixtures, including serial dilutions of a 0.03 mM

standard MDA, were incubated at 97oC for 1 h. The

absorbance value was read at 532 nm using a spectro-

photometer (Spectronic D-20; Thermo Scientific, West

Yorkshire, UK) after cooling (tubes were cooled in open

air).

Antioxidant activity based on DPPH radical scavenging

The antioxidant activity of fruit extracts was measured

based on scavenging of stable DPPH radicals following the

method of Hatano et al. (13). Briefly, a 0.25 mM solution

of the DPPH radical (0.5 mL) was added to a fruit extract

sample solution in ethanol (1 mL) at concentrations from

25-200 µg/mL. The mixture was shaken vigorously and

left to stand for 30 min in the dark, after which the

absorbance was measured (Spectronic D-20; Thermo Scientific)

at 517 nm. The capacity to scavenge the DPPH radical was

calculated as:

DPPH radical scavenging (%)=[(Ao−A1)/Ao)]×100

where Ao is the absorbance of the control reaction and A1

is the absorbance of the sample reaction. IC50 values

(extract concentration that causes 50% scavenging) were

determined from a graph of the scavenging effect

percentage plotted against the extract concentration. All

determinations were carried out in triplicate.

Metal chelating activity The Fe (II) chelating activities

of extracts were determined using a modified method of

Puntel et al. (14). Briefly, 150 µL of freshly prepared 2

mM FeSO4·7H2O was added to a reaction mixture containing

168 µL of 0.1 M Tris-HCl (pH 7.4), 218 µL of saline, and

plant extracts at concentrations of 25-200 µL. The reaction

mixture was incubated for 5 min before addition of 13 µL

of 0.25% 1,10-phenanthroline (w/v). The absorbance was

subsequently measured at 510 nm using a spectrophotometer

(Spectronic D-20; Thermo Scientific).

Determination of total phenolic content The total

phenolic content as gallic acid equivalents was determined

as described by Singleton et al. (15). Extracts (0.5 mL)

were added to 2.5 mL of 10% Folin-Ciocalteu’s reagent (v/

v) and 2 mL of 7.5% sodium carbonate. The reaction

mixture was incubated at 45oC for 40 minutes and the

absorbance was measured at 765 nm using a spectro-

photometer (Spectronic D-20; Thermo Scientific). Gallic

acid was used as a standard phenol. The total phenolic

content, expressed as mg of gallic acid equivalents/g of

extract, was calculated using the following linear equation

based on a calibration curve:

Y=0.0063x+0.0396 (r2=0.99)

where Y is the absorbance at 765 nm and x is the total

phenolic content of autumn olive extracts.

Determination of total flavonoid content The total

flavonoid content as quercetin equivalents was determined

following the method of Kosalec et al. (16). Quercetin was

used for preparation of a calibration curve (0.04, 0.02,

0.0025, and 0.00125 mg/mL in 80% (v/v) ethanol). Standard

solutions or extracts (0.5 mL) were mixed with 1.5 mL of

95% (v/v) ethanol, 0.1 mL of 10% (w/v) aluminum chloride,

0.1 mL of 1 mol/L sodium acetate, and 2.8 mL of water.

The same volume of distilled water was substituted for

10% aluminum chloride in a blank. After incubation at

room temperature for 30 min, the absorbance of the reaction

mixture was measured at 415 nm using a spectrophotometer

(Spectronic, D-20; Thermo Scientific). The total flavonoid

content, expressed as mg of quercetin equivalents/g of

extract, was calculated using the following linear equation

based on a calibration curve:

Y=0.0026x+0.0114 (r2=0.996)

where Y is the absorbance at 765 nm and x is the total

flavonoid content of autumn olive extracts.

Extraction of phenolic acids For extraction of phenolic

acids, 500 mL of acidified methanol containing 10 % (v/v)

HCl was added to 5 g of berries in a refluxing flask. Then,

5 mL of HCl (1.2 M) was added and the mixture was

stirred at 90oC under reflux (Cold finger, Cole-Parmer,

UK) for 2 h. The extract was cooled to room temperature

and the upper layer was obtained.

HPLC analysis of phenolic acids An Agilent 1100-series

HPLC system equipped with a quaternary pump (G1311A

Quat pump; Aglient, Santa Clara, CA, USA), vacuum

degasser, auto-sampler/auto-injector, column compartment,

and DAD (Shimadzu, Tokyo, Japan). Data processing used

using Agilent Chem Station data handling software. A

Hibar® RP-C18 column (250 mm×4.6 mm, 5-µm particle size;

Merck KGaA, Darmstadt, Germany) thermostat controlled

at 25ºC was used for separation. The mobile phase consisted

of 50% trifluoroacetic acid (0.3%), 30% acetonitrile, and

20% methanol delivered at a flow rate of 1.0 mL/min.

Phenolic acids were detected at 254 nm. Chromatography

peaks were confirmed by comparison of retention times

with reference standards based on DAD spectra.
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Statistical analysis Data were expressed as mean±

standard deviation (SD) and analyzed using a one way

analysis of variance (ANOVA). Different group mean

values were compared using Duncan’s multiple range

(DMR) test where necessary. Significance was defined as

p<0.05. The correlation was studied using linear regression

(R). The Statistica version 4.5 software package (Statsoft

Inc., Cairo, Egypt) was used for analysis of data.

Results and Discussion

Effect of autumn olive berry extracts on lipid

peroxidation induced using iron and SNP in rat brain

and liver tissues Oxidative stress is now recognized to

be associated with more than 200 diseases, as well as with

the normal aging process (17). There is a strong correlation

between TBARS as a marker of lipid peroxidation and

products that reflect oxidative damage to DNA (18). It is

known that metal-catalysed generation of ROS results in an

attack not only on DNA and proteins, but also on other

cellular components involving polyunsaturated fatty acid

residues of phospholipids, which are extremely sensitive to

oxidation (19). Inhibition of lipid peroxidation in rabbit

brain homogenates was analogous to neuro-protection (20).

Increases in the formation of TBARS in iron (II) sulfate

(10 µM) induced oxidative stress indicated possible damage

to tissues with an excess of iron. Free iron in the cytosol

and mitochondria can cause considerable oxidative damage

due to an increase in superoxide formation, which can react

with Fe (III) and regenerate the Fe (II) (21).

Lipid peroxidation in mice brain and liver homogenates

were induced with iron and sodium nitroprusside. Antioxidant

effect of autumn olive extracts was investigated. A significant

(p<0.05) increase in formation of TBARS in iron (II) sulfate

(10µM) and sodium nitroprusside (5 µM) induced lipid

peroxidation, compared to the basal control level (Fig. 2,

3), was identified. Lipid peroxidation was significantly

Fig. 2. Inhibitory effect of aqueous, methanol, acetone, and n-
hexane extracts against lipid peroxidation in mice brain tissues
(A) and against iron sulfate induced lipid peroxidation (B).
Antioxidant activities of extracts against sodium nitroprusside
sulfate induced lipid peroxidation; Data are reported as mean±SD
of 3 separate experiments; Values followed by different letters are
significantly (p<0.05) different from each other.

Fig. 3. Inhibitory effect of aqueous, methanol, acetone, and n-
hexane extracts of berries against lipid peroxidation in mice
liver tissues (A) and against iron sulfate induced lipid peroxidation
(B). Antioxidant activities of extracts against sodium nitroprusside
sulfate induced lipid peroxidation; Data are reported as mean±SD
of 3 separate experiments; Values followed by different letters are
significantly (p<0.05) different from each other.
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(p<0.05) reduced in a dose dependent manner at a

concentration ranging from 25-200 µg/mL, compared with

controls (Fig. 2).  In mice brain tissues, IC50 values of

extracts followed the order of aqueous>n-hexane>methanol

>acetone against iron (Table 3). For sodium nitroprusside

induced lipid peroxidation, the IC50 values of the extracts

followed the order aqueous>acetone n-hexane>methanol

(Table 3).

A similar trend in antioxidant activity was shown in

mice liver tissues after treatment with different extracts

(Table 3). In the liver, IC50 values of different extracts

followed the order aqueous>n-hexane>methanol>acetone

against iron induced lipid peroxidation (Table 4). For

sodium nitroprusside induced lipid peroxidation, the IC50

values of extracts followed the order n-hexane>acetone>

methanol aqueous (Table 4), comparable to results for the

vitamin C standard.

Possible mechanisms of iron toxicity include free

radical-mediated peroxidative reactions, which are readily

catalyzed by iron. Protections provided by autumn olive

fruit extracts indicated that extracts may be useful for

amelioration of oxidative stress in mice. A decrease in the

amount of Fe (II) induced lipid peroxidation in brain and

liver homogenates in the presence of extracts was probably

due to chelation of Fe (II) and/or scavenging of free radicals

produced by Fe (II) catalyzed production of reactive oxygen

species (ROS). Extracts showed a greater ability to reduce

TBARS in mice brain tissues than in liver tissues. Aqueous

and n-hexane extracts showed greater abilities to reduce

lipid peroxidation against pro-oxidants. The higher antioxidant

activity in n-hexane extracts was probably due to a greater

ability to extract lycopene, which is a powerful antioxidant

(22).

Effect of autumn olive extracts on free radical scavenging

activities Antioxidants are capable of neutralizing free

radicals and negate negative effects. They act at different

stages (prevention, interception, and repair) and by

different mechanisms. Reducing agents act by donation of

hydrogen, quenching singlet oxygen, and by the action of

chelators and trapping of free radicals (23). DPPH• is

considered to be a model of stable lipophilic radical.

Antioxidants react with DPPH• and reduce the number of

DPPH free radicals to the number of available hydroxyl

groups. The absorbance at 517 nm is proportional to the

amount of residual DPPH• and can be noticed as a color

change from purple to yellow.

The effect of autumn olive extracts on DPPH reduction

is shown in Fig. 4. Extracts exhibited a strong antioxidant

activity against DPPH radical scavenging in a dose-dependent

manner (Fig. 4). Based on IC50 values, the ability of extracts

to scavenge the DPPH radical was ranked as aqueous>

acetone>methanol≈n-hexane (Table 5), in agreement with

the report of Khattak (11) where extracts obtained from

autumn olive fruit showed a high DPPH radical scavenging

activity.

Fig. 4. DPPH radical scavenging activity of extracts of autumn
olive berries. Values are reported as mean±SD (n=3); Values
followed by different letters are significantly (p<0.05) different
from each other based on DMR test.

Table 2. Phenolic composition of autumn olive berries based
on HPLC

Phenolics Peak area (mAU) Concentration (µg/g)

Gallic acid 001628.1a1) 0.286±0.010a

Vanillic acid 410742.4b 0.781±0.04b0

Coumaric acid 5208298c 3.00±0.07c

Ferulic acid 3098429d 0.81±0.06d

Sinapic acid 4552291e 1.24±0.1e0

Caffeic acid 7048980f 3.19±0.2f0

1)Values followed by different letters are significantly (p<0.05)
different from each other based on DMR test.

Table 3. IC50 values of extracts against lipid peroxidation in
mice brain tissues                                            (unit: µg/mL)

Extract IC50 iron IC50 SNP

Aqueous 104.5 099.1

Methanol 158.0 185.2

Acetone 255.0 142.8

n-Hexane 137.2 161.3

Vitamin C 028.1 035.2

Table 4. IC50 values of extracts against lipid peroxidation in
mice liver tissues                                             (unit: µg/mL)

Extract IC50 iron IC50 SNP

Aqueous 098.0 181.2

Methanol 185.2 181.1

Acetone 196.0 168.6

n-Hexane 142.8 136.0

Vitamin C 033.2 042.1
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Effect of autumn olive extracts on metal chelation The

effect of autumn olive extracts on iron chelation is shown

in Fig. 5. Extracts exhibited strong chelating abilities in a

dose-dependent manner (Fig. 5). Based on IC50 values, the

extract ability to chelate Fe (II) was ranked as aqueous>

methanol>acetone>n-hexane (Table 5). Foods are often

contaminated with transition metal ions that may be

introduced during processing. Bivalent transition metal

ions catalyze the oxidative processes, resulting in the

formation of hydroxyl radicals, in addition to hydroperoxide

decomposition reactions, via the Fenton reaction (24).

These processes can be delayed by iron chelation and

deactivation. The ability of the extract to chelate iron was

measured as a percentage of iron chelating. Chelating agent

disrupts the complex formation with 1,10-phenathroline

and iron leads to a decrease in color intensity. The highest

chelating activity was shown by aqueous extracts while the

lowest chelating action was shown by hexane extracts.

Total phenolic and flavonoid contents The phenolic

content ranged from 16.3±0.8 to 20.0±2.1 mg/g in autumn

olive fruit. The flavonoid content ranged between 1.5±0.15

to 3.8±0.3 mg/g (Table 1). The high content of phenolics

and flavonoids in extracts of autumn olive berries

contributed to antioxidant activities. The highest phenolic

content was shown by aqueous extracts while the lowest

phenolic content was indentified in hexane extracts. Water

and methanol extracts showed the highest flavonoid

contents while acetone extracts showed the least. Earlier

studies by Wang and Fordham (24) reported phenolic and

carotenoid contents in different genotypes of autumn olive

ranging from 168.9 to 258.1 mg/100 g and 43.4 to 59.3

mg/100 g, respectively, on a fresh weight basis. Perkins-

Veazie et al. (25) reported that autumn olives fruits contain

high levels of phenolics (1,700 mg/kg) and suggested that

the astringent flavor of the berry may be due to phenolics.

Moreover, the autumn olive berry is a rich source of

lycopene that contributed to the antioxidant activity,

especially in the n-hexane extract, which is better for

extraction of lycopene. IC50 values were correlated with

phenolic (r2=0.581) and flavonoid (r2=0.448) contents.

HPLC analysis of phenolic acids An HPLC phenolic

profile of Elaeagnus umbellata was acquired (Table 2).

HPLC fingerprinting analysis revealed the presence of

gallic (0.286 µg/g), vanillic (0.781 µg/g), coumaric (3.00

µg/g), ferulic (0.81 µg/g), sinapic (1.24 µg/g), and caffeic

acids (3.19 µg/g) in methanolic berry extracts. This is the

first study to date to report important phenolic acids in

autumn olive berries. The exogenous antioxidants from

autumn olive extracts may act directly or indirectly with

internal antioxidant systems for synergetic protection

effects against diseases linked to free radicals, such as heart

disease, neurodisorders, and other stress related disorders.

Results of this study demonstrated the high efficacy of

crude extracts of autumn olive fruits for free radical

scavenging, inhibition of reactive oxygen species, and lipid

peroxidation. These effects may be associated with use of

autumn olive fruits for medicinal purposes and as a functional

food with effectiveness for treatment of degenerative diseases.

Autumn olive fruits can be considered as a source of plant

antioxidants with a potential use in food, cosmetics, and

pharmaceutical fields. However, more detailed in vivo

studies are required for evaluation of the antioxidant

activities and bio-availability of fruit compounds.

Disclosure The authors declare no conflict of interest.

References

1. Halliwell B, Gutteridge JMC, Cross CE. Free radicals, antioxidants
and human disease: Where are we now? J. Lab. Clin. Med. 119:
598-620 (1992) 

2. Halliwell B. Free radicals, antioxidants and human disease,
curiosity, cause, or consequence? Lancet 344: 721-724 (1994)

3. Hertog MGL, Hollman PCH, Van de Putte B. Content of potentially
anticarcinogenic flavonoids of tea infusions, wines, and fruit juice. J.
Agr. Food Chem. 41: 1242-1246 (1993) 

4. Dirr MA. Manual of woody landscape plants. Their identification,
ornamental characteristics, culture, propagation, and uses. Stipes,

Fig. 5. The Fe(II) chelating ability of extracts of autumn olive
berries measured based on reaction with 1,10-phenanthroline.
Data are mean±SD (n=3); Values followed by different letters are
significantly (p<0.05) different from each other based on DMR
test.

Table 5. IC50 values of extracts from DPPH radical and iron
chelation assays                                               (unit: µg/mL)

Extracts IC50 for DPPH IC50 for iron chelation

Aqueous 45.4 40.3

Methanol 49.0 41.0

Acetone 47.2 42.4

n-Hexane 49.0 43.0

Vitamin C 11.3 25.0



Antioxidant Activities of Elaeagnus umbellata 679

Champaign, IL, USA. p. 1325 (1998)
5. Ahmad SD, Sabir SM, Saud HM, Salihuddin Y. Evolutionary

relationship and divergence based on SDS-PAGE of Elaeagnus
umbellata (Thunb.) populations a multipurpose plant from
Himalaya. Turk. J. Biol. 32: 31-35 (2008)

6. Eckardt E, Sather A. The nature conservancy element stewardship
abstract for E. umbellata practice. Prelim. Report. 111. Dept. of
Conservation, VA, USA. pp. 1-4 (1987)

7. Matthews V. The New Plantsman. Royal Horticultural Society,
London, UK. p. 68 (1994)

8. Ahmad SD, Sabir SM, Zubair M. Ecotype diversity in autumn olive
(Elaeagnus umbellata) a plant with multiple micronutrient genes.
Chem. Ecol. 6: 509-521 (2006)

9. Kohlmeier L, Kark JD, Gomez-Garcia E, Martin BC, Steck SE,
Kardinaal AF, Ringstad J, Thamm M, Masaev V, Riemersma R,
Martin-Moreno JM, Huttunen JK, Kok FJ. Lycopene and
myocardial infarction risk in the EURAMIC study. Am. J.
Epidemiol. 146: 618-626 (1997)

10. Fodham IM, Clevidenc BA, Wiley ER, Zimmerman RH. Fruit of
autumn olive: A rich source of lycopene. HortScience 36: 1136-
1137 (2001)

11. Khattak KF. Free radical scavenging activity, phytochemical
composition, and nutrient analysis of Elaeagnus umbellata berry. J.
Med. Plants Res. 6: 5196-5203 (2012) 

12. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95: 351-358
(1997)

13. Hatano T, Kagawa H, Yasuhara T, Okuda T. Two new flavonoids
and other constituents in licorice root: Their relative astringency and
radical scavenging effects. Chem. Pharm. Bull. 36: 2090-2097
(1998)

14. Puntel RL, Nogueira CW, Rocha JBT. Krebs cycle intermediates
modulate thiobarbituric acid reactive species (TBARS) production
in rat brain in vitro. Neurochem. Res. 30: 225-235 (2005)

15. Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of total
phenols and other oxidation substrates and antioxidants by means of

Folin-Ciocalteu reagent. Method. Enzymol. 299: 152-178 (1999)
16. Kosalec I, Bakmaz M, Pepeliniak S, Vladimir-Knezevic S.

Quantitative analysis of the flavonoids in raw propolis from
northern Croatia. Acta Pharmaceut. 54: 65-72 (2004)

17. Ghazanfari G, Minaie B, Yasa N, Nakhai LA, Mohammadirad A,
Nikfar S, Dehghan G, Boushehri VS, Jamshidi H, Khorasani R,
Salehnia A, Abdollahi M. Biochemical and histopathological
evidences for beneficial effects of Satureja khuzestanica Jamzad
essential oil on the mouse model of inflammatory bowel diseases.
Toxicol. Mech. Method. 16: 365-372 (2006)

18. Chen HJ, Wu CF, Huang JL. Measurement of urinary excretion of 5-
hydroxymethyluracil in human by GC/NICI/MS: Correlation with
cigarette smoking, urinary TBARS and etheno DNA adduct.
Toxicol. Lett. 155: 403-410 (2005)

19. Shacter E. Protein oxidative damage. Method. Enzymol. 319: 428-
436 (2000)

20. Dhanasekaran M, Tharakan B, Manyam BV. Antiparkinson drug-
Mucuna pruriens shows antioxidant and metal chelating activity.
Phytother. Res. 22: 6-11 (2008)

21. Fraga CG, Oteiza PI. Iron toxicity and antioxidant nutrients.
Toxicology 180: 23-32 (2002)

22. Bao Y, Yan H, Liu L, Xu Q. Efficient extraction of lycopene from
Rhodopseudomonas palustris with n-hexane and methanol after
alkaline wash. Chem. Eng. Tech. 33: 1665-1671 (2010)

23. Devasagayam TPA, Tilak JC, Boloor KK, Sane KS, Ghaskadbi SS,
Lele RD. Free radicals and antioxidants in human health: Current
status and future prospects. J. Assoc. Physician. I. 52: 794-804
(2004)

24. Wang SY, Fordham IM. Differences in chemical composition and
antioxidant capacity among different genotypes of autumn olive
(Elaeagnus umbellata Thunb). Food Technol. Biotech. 45: 402-409
(2007)

25. Perkins-Veazie PM, Black BL, Fordham IM, Howard LR. Lycopene
and total phenol content of autumn olive (Elaeagnus umbellata)
selections. HortScience 40: 883-893 (2005)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


