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Protective role of tocopherol and
ascorbic acid in taxol-treated human
erythrocytes in vitro
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Abstract
Taxol is a well-known anticancer agent. It is used for the treatment of several kinds of cancer, including breast cancer, lung
cancer and ovarian cancer. In spite of being a good chemotherapeutic agent, taxol has several side effects. Drug-induced
haemolytic anaemia is one of the most common side effects of taxol. This study investigated the haemolytic effect of taxol
on normal erythrocytes and the protective effect of natural antioxidants ascorbic acid and tocopherol in the presence of
taxol. We evaluated the osmotic fragility and the activity of enzymes superoxide dismutase and catalase of erythrocytes in
the presence of taxol alone and taxol in combination with tocopherol and ascorbic acid. Taxol-induced haematological
perturbation significantly caused haemolysis and reduced the activities of superoxide dismutase and catalase in ery-
throcytes. The antioxidants tocopherol and ascorbic acid demonstrated a protective effect when added to taxol. The
combination of tocopherol with taxol significantly protected the osmotic lysis of erythrocytes and increased the activities
of superoxide dismutase but had less effect on catalase. Ascorbic acid showed significant protection of erythrocytes from
osmotic lysis but didn’t show any significant effect on superoxide and catalase. The results suggest that both antioxidants,
especially tocopherol, could exhibit a protective effect against taxol-induced haematological toxicity.
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Introduction

Cancer is one of the major public health problems world-

wide and is the second leading cause of death in the United

States,1 causing the death of almost 6 million people every

year. There are many treatments available for cancer, the

most common of them are chemotherapy, radiotherapy and

surgery. Medication or chemotherapy is one type of cancer

treatment used alone or in combination with other treat-

ments.2 Although chemotherapy is one of the most com-

mon treatments, it is associated with many side effects. One

of them is anaemia, which has an adverse impact on quality

of life of the patient.3 More than 50% of all cancer patients

encounter anaemia, regardless of the treatment received,

and approximately 20% of all patients undergoing che-

motherapy suffer from anaemia and require red blood cell

transfusion as their haemoglobin concentrations declined

below 10 g/dL.4 Drug-induced anaemia may be caused

by stem cell death, blockage or delay of haematopoietic

factors, oxidative damage to mature haematopoietic cells,

long-term myelodysplasia, immune-mediated haemato-

poietic cell destruction, and microangiopathy and plasma

volume expansion with dilutional anaemia and osmotic

imbalance of erythrocyte.5 Chemotherapeutic agents used

for phase I and II trials in cancer treatment have often

shown oxidative stress and haemolytic anaemia. Oxidative
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stress is believed to enhance haemolytic anaemia caused by

anticancer drugs.6

Taxol is a well-known anticancer drug that was isolated

from the bark of the Pacific Yew tree. It promotes poly-

merization and stabilization of tubulin to microtubules by

interfering with mitosis.7 Taxol is effective in the treatment

of patients with refractory ovarian cancer, breast cancer,

malignant melanoma and other solid tumors.8 It disrupts

the tubulin polymerization process and arrests the cells at

G2/M phase.9 In addition to taxol’s chemotherapeutic prop-

erties, there are many side effects associated with its use.10

When taxol is used to treat solid tumors, patients experi-

ence myelosuppression, that is, bone marrow suppression

which includes neutropenia, anaemia and thrombocytope-

nia.11,12 Studies confirm the taxol treatment causes

increased level of superoxide, hydrogen peroxide and nitric

oxide (NO), causing the oxidative stress in the cells.13

Antioxidants are known to be effective in scavenging

free radicals from the blood and other cells so they may

reduce the side effect of chemotherapy on the erythrocytes

by protecting them from oxidative damage.12,14 This oxi-

dative damage caused by the drug may be ameliorated by

tocopherol and ascorbic acid.15,16

In the present study, we evaluated the effect of taxol on

healthy erythrocytes and in combination with antioxidants

tocopherol and ascorbic acid in vitro.

Materials and methods

Reagents

Pure taxol, tocopherol and ascorbic acid were purchased

from Sigma Aldrich, USA. Dimethyl sulphoxide (DMSO)

was of Sisco Research Laboratories Pvt. Ltd (SRL). NaCl,

Na2PO4, 30% H2O2 and NaH2PO4 were taken from Panreac

Quimica. The dilution of different antioxidants and antic-

ancer was prepared by dissolving them in sufficient amount

of agents in DMSO. NaCl, Na2HPO4 and NaH2PO4 were

used to prepare the phosphate-buffer saline in autoclaved

double distilled water. For superoxide dismutase (SOD),

assay kit was obtained from Biodiagnostic Cairo, Egypt.

Methods

Blood sampling

Five millilitres of venous blood were obtained with

informed consent from healthy volunteers (20 volunteers

of age group 20–35 years). Each sample was heparinized

and used. All laboratory determinations were run in dupli-

cate, and the mean value was used.

Osmotic fragility assay

The osmotic fragility assay17 was carried out to study the

osmotic haemolysis of erythrocytes caused by taxol.

Briefly, the heparinized blood was incubated with 1 mg/ml

concentration of taxol at 37�C for 30 min. Aliquots of

saline solutions, with concentrations ranging from 10 to

1 g/L were prepared. The treated erythrocytes were then

transferred to the tubes containing decreasing concentra-

tions of saline solutions. After mixing carefully, the cell

suspensions were left to equilibrate for 30 min and then

centrifuged at 3000 r/min for 5 min. The absorbance of

supernatants was taken at 540 nm, standardized against a

blank assay (10 g/L saline supernatant corresponds to 0%
haemolysis). The recorded optical density (OD) of the

supernatant reflects the degree of haemolysis of the ery-

throcytes.18 The lysis percentage was calculated by divid-

ing the OD of the supernatant obtained from a particular

saline concentration by the OD of the standard (1 g/L)

representing 100% haemolysis. Osmotic fragility curves

were constructed by plotting the lysis percentage against

the concentration of saline solutions. The MEF25, MEF50

and MEF75 (mean erythrocyte fragility) values, which are

the saline concentrations at which 25%, 50% and 75%,

respectively, red blood cells haemolysed (at standard pH

and temperature) were obtained from the curve.

Treatment conditions

To study the osmotic fragility of erythrocytes in the pres-

ence of anticancer agent taxol and antioxidants (tocopherol

and ascorbic acid), we tried three different conditions, pre-

treatment condition where blood was treated with toco-

pherol or ascorbic acid for 30 min prior to the treatment

of taxol. The second condition was co-treatment where the

taxol was co-treated with tocopherol or ascorbic acid, and

third condition was post-treatment where erythrocytes were

first treated with taxol then tocopherol or ascorbic acid.

Statistical analysis

The results are reported as means + standard error of the

mean. Statistical analysis was performed with Student’s t

test and multiple regression analysis. A p < 0.05 was con-

sidered statistically significant.

Preparation of erythrocyte lysate

The erythrocyte lysate was prepared by washing erythro-

cytes with 0.9% NaCl for four times, then the washed ery-

throcytes were made up to 2.0 ml in cold sterilized water. A

25-fold dilution of lysate was made using sterilized water.

SOD assay

The activity of the enzyme SOD has been investigated

using SOD assay kit available commercially. The assay

was based on the method described by Nishikimi et al.19

Briefly, the 500–500 ml lysate was treated with taxol, toco-

pherol, ascorbic acid, taxol with tocopherol and taxol with

ascorbic acid in separate microcentrifuge tubes for 30 min.

The final concentration of each drug was 1 mg/ml. The
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working reagent was prepared by adding 10 ml of mM

phosphate buffer (pH 8.5), 1 ml of nitroblue tetrazolium

solution and 1 ml of Nicotinamide Adenine Dinucleotide

immediately before use. Phenazine methosulphate (PMS)

solution was diluted 1000 times before use. Then 100 ml of

the treated lysate was mixed with 1 ml of working reagent,

and after mixing, 100 ml of PMS solution was added to the

tube. The absorption was recorded at 560 nm for 5 min.

Catalase assay

Catalase activity was determined in erythrocyte lysate

using Aebi’s method.20 Briefly, the 100 ml of the treated

lysate was added to a cuvette containing 2.90 ml H2O2

solution (0.036% in 50 mM potassium buffer). Absorption

was measured at 240 nm for 180 s. The time required for

the A240 to decrease from 0.45 to 0.40 absorbance units was

recorded. And 3 ml of the buffer was used in blank.

Osmotic fragility assay

The osmotic fragility of the red blood cells in the presence of

taxol alone or in combination with tocopherol and ascorbic

acid was measured by scoring haemolysis in saline solution.

The concentrations of saline solution causing 25%, 50% and

75% lysis of red blood cells have been evaluated and desig-

nated as MEF25, MEF50 and MEF75, respectively.

The control MEF values were 0.600 + 0.0096, 0.545 +
0.005 and 0.4825 + 0.0095, which means in control, the

concentration of saline causing the 25%, 50% and 75%
lysis of red blood cells were 0.600 + 0.0096, 0.545 +
0.005 and 0.4825 + 0.0095, respectively.

The MEF25, MEF50 and MEF75 values of red blood

cells were 0.7775 + 0.005, 0.7025 + 0.0056 and 0.6335

+ 0.0057, respectively, when the red blood cells were

treated with taxol, but when they were pre-treated with

tocopherol, the MEF25, MEF50 and MEF75 values were

0.7075 + 0.00815, 0.1880 + 0.01893 and 0.1500 +
0.00957, respectively (Table 1). The results indicate the

protective role of tocopherol (Figure 1).

When the cells were pre-treated with ascorbic acid, the

values were 0.775 + 0.005 (MEF25), 0.685 + 0.005

(MEF50) and 0.6550 + 0.0035 (MEF75). Ascorbic acid

didn’t show the significant protection of red blood cells

from taxol (Table 1).

When the red blood cells were treated with taxol com-

bined with tocopherol (co-treatment; Figure 2), the dama-

ging of red blood cells (MEF50) was reduced by 0.4750 +
0.00957 compared with the red blood cells treated with

taxol alone (0.7025 + 0.0056). On the other hand, when

the red blood cells were treated with taxol combined with

ascorbic acid, the damaging of red blood cells (MEF50)

was reduced by 0.5975 + 0.002 compared with the red

blood cells treated with taxol alone.

Taxol combined with tocopherol and ascorbic acid

demonstrated MEF50 (Table 2). In this case, the tocopherol

and ascorbic acid reduced the damaging effect of taxol by

concentrations.

In post-treatment (antioxidants were added to the ery-

throcytes after taxol exposure for 30 min), the MEF25,

MEF50 and MEF75 values were same as taxol alone, which

indicates the damage caused by taxol in red blood cells

cannot be reversed by post-treatment with tocopherol and

ascorbic acid (data not shown here).

Enzyme assays

SOD activity. Mean SOD activity (units/ml) of erythrocytes

were 191.8 + 7, 33.4 + 9.2, 195 + 6.7, 181.5 + 3.7,

119.4 + 4.7 and 105.0 + 7.5 in case of control, taxol, toco-

pherol, ascorbic acid, taxol in combination with tocopherol

and taxol in combination with ascorbic acid, respectively,

which indicates the SOD activity was significantly reduced

by taxol, but tocopherol and ascorbic acid reduce the dama-

ging effect of taxol when added along with it (Figure 3).

Catalase assay

The activity of catalase in control, taxol, tocopherol, and

ascorbic acid, taxol with tocopherol and taxol with ascorbic

Table 1. Pre-treatment of tocopherol (1 ml/ml) and ascorbic acid (1 ml/ml) with taxol (1 ml/ml), resulting in mean erythrocyte fragility
(MEF).

Mean erythrocyte fragility (MEF)

SNo. Pre-treatment condition MEF25 MEF50 MEF75

1 Control 0.600 + 0.0096 0.545 + 0.005 0.4825 + 0.0095
2 Taxol 0.7775 + 0.005 0.7025 + 0.0056 0.6335 + 0.0057
3 Tocopherol 0.63 + 0.0058 0.545 + 0.00577 0.4725 + 0.0096
4 Ascorbic acid 0.62 + 0.0058 0.545 + 0.00577 0.475 + 0.0057
5 Taxol þ tocopherol 0.7075 + 0.00815 0.1880 + 0.01893 0.1500 + 0.00957
6 Taxol þ ascorbic acid 0.775 + 0.005 0.685 + 0.005 0.6550 + 0.0035

1 represents control (without any treatment); 2 represents erythrocytes treated with taxol for 30 min; 3 represents erythrocytes treated with
tocopherol for 30 min; 4 represents erythrocytes treated with ascorbic acid for 30 min; 5 represents erythrocytes pretreated with tocopherol before
treated with taxol; and 6 represents erythrocytes pretreated with ascorbic acid before treated with taxol.

Faridi et al. 3



acid on erythrocyte lysate was recorded as 394.28 + 24, 184

+ 13, 399.42+ 32, 378 + 23, 250.9 + 15 and 212.3 + 12,

respectively (Figure 4). The results indicate the toxic effect

of taxol on the catalase activity of red blood cells, and this

effect was reduced when the red blood cells were treated

with tocopherol or ascorbic acid along with the taxol.

Discussion

Drug-induced haematological disorders can be caused by

many commonly used drugs, and drug-induced anaemia

may be because of oxidative stress, immune haemolysis,

megaloblastic change or dyshaemopoiesis with sideroblas-

tosis.5,21 Chemotherapy has been suggested to cause an

oxidative stress to human antioxidative defence systems22

and is responsible for the acute haemolytic anaemia in

patients.23 The acute haemolytic anaemia caused the reduc-

tion in the concentration of haemoglobin below 10 g/L,

leading to blood transfusion in the cancer patients.24 In

several reports, it is shown that many chemotherapeutic

agents induce haemolysis in human as well as in primates

especially the alkaloids.25–27 Paclitaxel is responsible for the
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Figure 2. Co-treatment of tocopherol (1 ml/ml) and ascorbic acid (1 ml/ml) with taxol (1 ml/ml), resulting in mean erythrocyte fragility
(MEF). The results indicate that the damaging effect of taxol can be slightly reduced by treatment of the red blood cells with tocopherol
along with taxol.
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Figure 1. Pre-treatment of tocopherol (1 ml/ml) and ascorbic acid (1 ml/ml) with taxol (1 ml/ml), resulting in mean erythrocyte fragility
(MEF). The results indicate that the pre-treatment of red blood cells with tocopherol protects the osmotic damage caused by taxol,
especially in case of MEF50 and MEF75.
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Figure 3. Superoxide dismutase (SOD) activity in control, taxol treated, tocopherol treated, ascorbic acid treated, taxol with
tocopherol and taxol with ascorbic acid-treated human erythrocyte. The results clearly indicate that the red blood cells treated with
taxol have very less SOD activity in comparison with the control, but tocopherol or ascorbic acid reduced the damaging effect of taxol
on the erythrocytes.
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Figure 4. Catalase activity in control, taxol treated, tocopherol treated, ascorbic acid treated, taxol with tocopherol and taxol with
ascorbic acid-treated human erythrocyte. The results demonstrate the toxic effect of taxol on catalase activity of red blood cells, but
the protective effect of tocopherol and ascorbic acid when added along with taxol on catalase in red blood cells.

Table 2. Co-treatment of tocopherol (1 ml/ml) and ascorbic acid (1 ml/ml) with ta (1 ml/ml), resulting in mean erythrocyte fragility
(MEF).

Mean erythrocyte fragility (MEF)

SNo. Co-treatment condition MEF25 MEF50 MEF75

1 Control 0.600 + 0.0096 0.545 + 0.005 0.4825 + 0.0095
2 Taxol 0.7775 + 0.005 0.7025 + 0.0056 0.6335 + 0.0057
3 Tocopherol 0.63 + 0.0058 0.545 + 0.00577 0.4725 + 0.0096
4 Ascorbic acid 0.62 + 0.0058 0.545 + 0.00577 0.475 + 0.0057
5 Taxol þ tocopherol 0.6425 + 0.005 0.475 + 0.00957 0.3425 + 0.0095
6 Taxol þ ascorbic acid 0.7525 + 0 0.5975 + 0.002 0.5225 + 0.005

1 represents control (without any treatment); 2 represents erythrocytes treated with taxol for 30 min; 3 represents erythrocytes treated with
tocopherol for 30 min; 4 represents erythrocytes treated with ascorbic acid for 30 min; 5 is erythrocytes treated with taxol and tocopherol for 30
min; and 6 represents erythrocytes treated with taxol and ascorbic acid for 30 min.
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systematic oxidative stress and erythrocyte oxidative injury,

leading to the development of anaemia in advanced breast

cancer patients.9 Other studies indicated the increased levels

of superoxide, H2O2 and nitric oxide in the cells treated with

the taxol.13 The antioxidants play very important role in

protecting cells from oxidative damage. Tocopherol is a

constituent of an erythrocytic membrane, is a potent antiox-

idant and is known to neutralize the toxic effects of reactive

oxygen species generated by many chemicals.28–30

Our data demonstrated that taxol induces oxidative

stress in the human erythrocytes. Taxol causes the osmotic

lysis and reduction in the major antioxidant enzymes SOD

and catalase. The same study shows that the haemotoxic

effect of taxol can be reduced by treating cells with toco-

pherol and ascorbic acid.

In osmotic fragility studies, the results indicate that

when cells were treated with taxol, the erythrocytic damage

due to osmotic stress was high, but when the cells were

treated with taxol in the presence of tocopherol and ascor-

bic acid (pre-treatment and co-treatment), the effect was

reduced, especially in the case of pre-treatment. Both the

pre-treatment and co-treatment confirmed that the toco-

pherol has the potential to protect the erythrocytes from

osmotic lysis. The results show that the red blood cells

when treated with taxol for 30 min before addition of toco-

pherol and ascorbic acid, there was no effect of tocopherol

and ascorbic acid to restore the damage caused by taxol,

suggesting that tocopherol and ascorbic acid have protec-

tive role rather than treatment effect.

SOD is the first line of defence enzyme against the

deleterious effects of oxyradicals.31,32 Our studies indicate

that taxol reduced SOD activity approximately five times

compared to control. This reduction in the activity of SOD

was ameliorated by tocopherol and ascorbic acids.

Catalase enzyme plays very important role in scaven-

ging hydrogen peroxide in erythrocytes.33 In our studies,

we found that there were no significant changes in the

catalase activity when the cells were treated with toco-

pherol or ascorbic acid. Taxol led to a reduction in catalase

activity, and tocopherol and ascorbic acid were not able to

change this. These results indicate that the activity of cat-

alase is permanently decreased by taxol.

In conclusion, our data indicate that taxol causes acute

haemolysis in erythrocytes. The activity of SOD and cata-

lase is also reduced by taxol treatment, but the damaging

effect of taxol can be minimize by adding both antioxidants

with taxol, particularly tocopherol, which protected cells

from oxidative damage caused by taxol.
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33. MatÉs JM, Pérez-Gómez C and De Castro IN. Antioxidant

enzymes and human diseases. Clin Biochem 1999; 32(8):

595–603.

Faridi et al. 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


