
Abstract. Aloe-emodin has shown anti-neoplastic activity
against some human cancer cell lines. This study aimed to
explore the effects of aloe-emodin on the phagocytosis of
macrophages, the activity of natural killer (NK) cells and the
expression of cytokines in leukocytes from Sprague-Dawley
rats. Leukocytes were collected, placed into culture plates and
the functions of macrophages and NK cells and the percentage
of viable cells were determined by flow cytometric analysis.
Incubation of leukocytes with various concentrations of aloe-
emodin caused a dose-dependent decrease of viable cells, a
decrease of phagocytosis by macrophages, and a decrease of
the activity of NK cells. Evaluation of cytokines in leukocytes
by ELISA indicated that aloe-emodin increased the levels of
interleukin (IL)-1‚ and tumor necrosis factor (TNF)-·. The
results were also confirmed by PCR assay for the mRNA
expression of the examined cytokines.

There is much evidence that inflammatory responses are
associated with cytokines which are released from
leukocytes. Cytokines are soluble hormone-like protein
mediators, produced by diverse cell types in response to
various stimuli including other cytokines. The most
important cytokine activities are associated with the
immune response, inflammation, tissue injury or repair, and
organ dysfunction (1-4). 

Aloe-emodin (1,8-dihydroxy-3-(hydroxymethyl)-anthra-
quinone) (AE) is an active component from the roots and
rhizomes of Rheum palmatum and is also naturally present
in the leaves of Aloe vera (5, 6). It significantly inhibited the
growth of Merkel cell carcinoma cells (7), and human
neuroectodermal tumor cell growth in vitro and in animal
models with no evidence of acute or chronic toxicity (8). AE
appears to have some protective effect not only against
hepatocyte death, but also on the inflammatory response
subsequent to lipid peroxidation (9). It was reported that
the anti-glioma action of AE involves ERK-independent
induction of both apoptosis and autophagy, as well as ERK
inhibition-mediated differentiation of glioma cells (10). AE
can down-regulate the anticancer activity of cisplatin by
blocking the activation of ERK in tumor cells (11) and
promote NK cell activity (12).

To date, no information is available on the effects of AE
on the viability, the functions and the levels of cytokines of
rat leukocytes, prompting this in vitro study.

Materials and Methods

Chemicals and reagents. Aloe-emodin (AE), Con A, heparin, Tris-HCl,
propidium iodide (PI), ribonuclease-A, LPS, triton X-100 and trypan
blue were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Human IL-1, IL-1‚, IL-6 and TNF-· were purchased from
Calbiochem-Novachem Corporation (Germany). Dimethyl sulfoxide
(DMSO), potassium phosphates and TE buffer were purchased from
Merck Co. (Darmstadt, Germany). RPMI 1640 medium, fetal bovine
serum (FBS), glutamine, penicillin-streptomycin and trypsin-EDTA
were obtained from Gibco BRL (Grand Island, NY, USA). 

Animals. Forty-two male Sprague-Dawley (SD) rats, weighing 180-
200 g were obtained from the Animal Center of NSC (Taipei,
Taiwan, ROC). The animals were housed in cages and maintained
at 25ÆC on a 12-h light/dark cycle in the Animal Center of China
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Medical University (Taichung, Taiwan, ROC), following the animal
guideline and had free access to water and chow. At the time of
sacrifice, all the animals were at least 12 weeks of age.

Grouping rats for experiments. The 42 rats were divided into 6
groups as described previously (12): Group I comprised 6 rats for
cytotoxicity experiments; Group II, 6 rats for cytokine experiments;
Group III, 6 rats for NK cell activity experiments; Group IV, 6 rats
for phagocytosis experiments; Group V, 6 rats for polymerase chain
reaction (PCR) experiments; and Group VI comprised 12 rats for
control experiments .

Isolation of leukocytes from SD rats. Whole blood from the SD rats’
hearts was collected under anesthesia. Leukocytes were separated from
the whole blood by the Ficoll-Paque procedure, as described previously
(12). The leukocytes were placed into a culture flask with RPMI 1640
medium and glutamine, and were incubated at 37ÆC in 95% air and
5% CO2 for 10 min, followed by cell counting by trypan blue exclusion
and flow cytometry for the total viable cell numbers (12). 

Treatment of leukocytes by AE for cytotoxicity determinations. A total
of 1x105 cells in 1 ml of RPMI 1640 medium with various
concentrations of AE in dimethyl sulfoxide (DMSO) were cultured
in each well of a 24-well culture plate, followed by collection of the
media via centrifugation. The same volume of vehicle (DMSO) was
added to the controls as to the AE-treated samples. The cells were
treated with AE for 12 and 24 h, before centrifugation at 1000xg
for 5 min to remove the medium. The cells were counted by trypan
blue exclusion and flow cytometry for the determination of
percentage of viable cells (12, 13). 

Treatment of leukocytes by AE for examining the levels of cytokines.
About 1x105 cells in 1 ml of medium with AE were cultured for 1,
2 or 6 h in each well of a 24-well culture plate, and Con A or LPS
were also cultures as positive control, followed by centrifugation at
1500xg for 5 min to remove the cells and debris, so that the
supernatants could be subjected to assays. The levels of interferon
(IFN)-Á, tumor necrosis factor TNF-·, IL-1‚, IL-2 and IL-6 were
quantified using the following kits (all from R & D Systems, USA):
Quantikine human IFN-Á Immunoassay kit, Quantikine human
TNF-· Immunoassay kit, Quantikine human IL-1‚ Immunoassay
kit and Quantikine human IL-2 Immunoassay kit, Quantikine
human IL-6 Immunoassay kit, respectively. Assays were performed
according to manufacturer’s recommended procedures (12).

Reverse transcription polymerase chain reaction (RT-PCR) for
determining cytokine gene expression. The total RNA was extracted
from leukocytes which had been treated with or without 4, 40 and 200
ÌM AE for 24 hours by using Qiagen RNeasy Mini Kit, as described
previously (12). A 1.5 Ìg RNA, 0.5 Ìg of oligo-dT primer and DEPC
(diethyl pyrocarbonate)-treated water were combined into a 0.5 ÌL
microcentrifuge tube (final volume, 12.5 ÌL). The entire mixture was
heated at 70ÆC for 10 min and chilled on ice for at least 1 min. The
subsequent procedures for conducting reverse transcription were
exactly the same as those in the instruction manual (First-strand
cDNA synthesis kit, Novagen). The sequences of primers are as
follows: TNF-·: 3' primer 5'-CATCTGCTGGTACCACCAGTT-3'
and 5' primer 5'-TGAGCACAGAAAGCATGATC-3'(396 bp); IL-1‚:
3' primer 5'-GGGTTCCAT GGAGAAGTCAAC-3' and 5' primer 
5'-CACCTCTCAAGCAGAGCACAG-3' (80 bp); IL-2: 3' primer 

5’-CTAAGTCTTGCACTTGTCAC-3’ and 5’ primer 5’-GGTAATC
CATCTGTTCAGAA-3’; IL-6: 3' primer 5'-GAGAGCATTGGA
AGT TGG GG-3' and 5' primer 5'-CTTCCAGCCAGTTGCCTTCT-
3' (496 bp); INF-Á: 3' primer 5'-TTACAGATGGTTGTGAGCCA
CCU-3' and 5' primer 5'-AGACAATCAGCCAA GCCTTGTT-3'
(192 bp). Under optimized PCR conditions, all data were collected
without saturation or missing bands. Each assay was conducted at least
twice to ensure reproducibility (14-16)

Statistics. The data were expressed as mean±S.D. Differences
between the control and AE-treated groups were analyzed using
the Student’s t test and the two-way analysis of variance (ANOVA)
with replication. A p-value <0.05 was considered to be significant. 

Results

Effects of various concentrations of AE on leukocyte viability.
The results indicated that the number of viable leukocytes
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Figure 1. Percentage of viable SD rats’ leukocytes after AE treatment.
Leukocytes (5x105 cells/well; 12-well plates) were cultured in RPMI 1640
medium + 10% FBS with various concentrations of AE for 12 (panel A)
and 24 (panel B) h. Then the cells were collected and the percentage of
viable cells were determined by flow cytometry, as described in Materials
and Methods. Data represents mean±S.D. of three experiments. *p<0.05



decreased as the time and concentration of AE increased
(Figure 1A and B). 

Effects of various concentrations of AE on the activity of NK
cells. The results indicated that the target cells were killed
by NK cells, but when the concentration of AE increased
from 40 to 400 ÌM, it led to increased NK cell activity,
suggesting that AE affected the NK cell activity in a dose-
dependent manner (Figure 2). 

Effects of various concentrations of AE on macrophage
phagocytosis. The results indicated that the target cells were
phagocytized by macrophages at 1 h treatment with AE in a
dose-dependent manner, but increased AE treatment time
led to a decrease in phagoctised target cells (Figure 3). 

Effects of various concentrations of AE on cytokine release
from leukocytes. Only low levels of IL-1‚ and TNF-· were
detected in the media of the control. However, IL-1‚ and
TNF-· were secreted from 40 ÌM AE-treated cells. The
secretions of IL-1‚ and TNF-· were dose-dependent (Figure
4A, B, C and D), but there were no significant differences
for IL-2 between the untreated and treated groups (data not
shown). IL-6 and INF-Á were not affected by AE. However,
the Maco -1 marker increased with increasing concentrations
of AE, indicating that AE promoted the differentiation of
macrophages (data not shown). 

Effects of AE on gene mRNA expression in rats leukocytes. The
mRNA gel picture of cytokines with or without AE
treatment and ratio of the cytokine mRNA levels in response
to 40 and 100 ÌM AE on leukocytes is presented in Figure

5A and B. Figure 5 shows that IL-1‚ and TNF-· mRNA
levels increased after AE was added to the examined cells
for 24 h, but did not affect IL-2 and inhibited the expressions
of IL-6 and INF-Á (data not shown). 

Discussion

AE is one of the major components of Rhei Rhizoma, used
for the treatment of various liver diseases in traditional
Chinese medicine. It has been reported that AE can
selectively inhibit human neuroectodermal tumor cell growth
and lacked acute or chronic toxicity in an animal model (8).
Here, the effect of AE on leukocytes was examined and
cytokine gene expression after AE treatment was studied.
The results provided further support that AE may act as an
anti-inflammatory drug. The data presented here established
that AE decreased the percentage of viable leukocytes,
promoted NK cell activity and macrophage phagocytosis,
increased the release of IL-1‚ and TNF-·, but promoted
macrophage differentiation, as judged by the increased
percentage of cells labelled by anti-Maco-1. This is in
agreement with other reports that demonstrated that AE
inhibited the growth of human cancer cell lines in vitro (8, 9,
11). Additionally, we found that AE induced apoptosis in
cancer cell lines based on the appearance of the sub-G1
group in cell cycle analysis and DAPI staining (data not
shown), also agreeing with the above (8, 9, 11). 

Other laboratories have demonstrated the chemo-
preventive and cytotoxic in vitro effects of AE in many cell
types (17-19) and in animal models, with no evidence of
acute or chronic toxicity to the animals (7). It was also shown
that, the mechanism behind AE's mode of action involves a
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Figure 2. Percentage of target cells which were killed by SD rats’ NK cells
after AE treatment. Leukocytes (5x105 cells/well; 12-well plates) were
cultured in RPMI 1640 medium + 10% FBS with various concentrations
of AE for 24 h. The percentage of target cells which were killed by NK cells
was determined by flow cytometry, as described in Materials and Methods.
Data represents mean±S.D. of three experiments. *p<0.05

Figure 3. Percentage of target cells phagocytized by SD rats’ macrophages
after AE treatment. Leukocytes (5x105 cells/well; 12-well plates) were
cultured in RPMI 1640 medium + 10% FBS with various concentrations
of AE for 24 h. The percentage of target cells was determined by flow
cytometry, as described in Materials and Methods. Data represents
mean±S.D. of three experiments. *p<0.05



receptor-mediated recognition process for AE uptake in
neuroectodermal tumor cells (7). Recently, it was reported
that AE has capacity to directly kill tumor cells, but also to
protect them from NO-mediated toxicity (10).

In the macrophage activity experiments, AE increased the
cell phagocytizing activity. The percentage of target cells
being phagocytised increased with increasing concentration
of AE in the culture media for 1 h, however, increased

in vivo 20: 505-510 (2006)

508

Figure 4. Effects of AE on cytokine release of SD rats’ leukocytes. Leukocytes (5x105 cells/well; 12-well plates) were cultured in RPMI 1640 medium +
10% FBS with various concentrations of AE for 24 h. The Il-1‚ (panel A: con A positive control; panel B: LPS positive control) and TNF-· (panel C:
con A positive control; panel D: LPS positive control) were analyzed by flow cytometry, as described in Materials and Methods. Data represents
mean±S.D. of three experiments. *p<0.05

Figure 5. Effect of AE on the expression of cytokine mRNA in SD rats’ leukocytes. The leukocytes were incubated with 0, 40 and 100 ÌM AE for 24 h.
The cells were collected, the RNA was extracted and subjected to RT-PCR analysis using specific primers for cytokines and ‚-actin. The PCR-amplified
cDNA derived from mRNA (panel A) was applied to agarose gel-electrophoresis and the ratio of TNF-· and IL-1‚ (panel B) was determined.



treatment time led to a decrease in phagocytosis. Both
effects were dose- and time-dependent.

In the cytokine studies, induction of IL-1‚ and TNF-·
secretion in AE-treated leukocytes-derived from SD rats’
blood was detected, while IL-1‚, TNF-· and IFN-Á mRNA
were detected and increased in AE-treated leukocytes. To our
knowledge, the induction of IL-1‚ and TNF-· secretion in
AE-treated leukocytes has not been reported previously. Our
results suggest that leukocytes may be the target cells for
cytokines but they also produce cytokines and stimulate other
types of cells, if promoted by AE. Other investigators had
reported that TNF-· acts as a primer to sensitize hepatocytes
to the proliferative effects of growth factors and offers a
mechanism to explain the initiation and progression phases of
liver regeneration after partial hepatectomy (20). AE had
been showed to have some protective effect not only against
hepatocyte death, but also on the inflammatory response
subsequent to lipid peroxidation (9). Thus, we suggest that AE
promoted immune cell function and the levels of cytokines in
the examined cells. 

Acknowledgements

This work was supported by grant NSC 92-2751-B-039-008-Y from
the National Science Council of Taiwan, Taiwan, R.O.C.

References

1 Stern EI, Quan N, Proescholdt MG and Herkenham M:
Spatiotemporal induction patterns of cytokine and related
immune signal molecule mRNAs in response to intrastriatal
injection of liopolysaccharide. J Neuroimmunol 109: 245-260,
2000.

2 DeCicco LA, Rikans IE, Tutor CG and Hornbrook KR: Serum
and liver concentrations of tumor necrosis factor · and
interleukin-1‚ following administration of carbon tetrachloride
to male rats. Toxicol Lett 98: 115-121, 1998.

3 Simpson KJ, Lukacs NW, Colletti L, Strieter RM and Kunkel
SL: Cytokines and the liver. J Hepatol 27: 1120-1132, 1997.

4 Schnell I, Fearn S, Klassen H, Schwab ME and Perry VH:
Acute inflammatory responses to mechanical lesions in the
CNS: differences between brain and spinal cord. Eur J Neurosci
11: 3648-3658, 1999.

5 Reynolds T: The compounds in Aloe leaf exudates: a review.
Bot J Linn Soc 90: 157-177, 1986. 

6 Fairbairn JW: Natural anthraquinone drugs. Pharmacology
20(Suppl.1): 2-122, 1980.

7 Wasserman L, Avigad S, Beery E, Nordenberg J and Fenig E:
The effect of aloe emodin on the proliferation of a new Merkel
carcinoma cell line. Am J Dermatopathol 24: 17-22, 2002.

8 Pecere T, Gazzola MV, Mucignat C, Parolin C, Vecchia FD,
Cavaggioni A, Basso G, Diaspro A, Salvato B, Carli M and Palu
G: Aloe-emodin is a new type of anticancer agent with selective
activity against neuroectodermal tumors, Cancer Res 60: 2800-
2804, 2000. 

9 Arosio B, Gagliano N, Fusaro LM, Parmeggiani L, Tagliabue
J, Galetti P, De Castri D, Moscheni C and Annoni G: Aloe-
emodin quinone pretreatment reduces acute liver injury
induced by carbon tetrachloride. Pharmacol Toxicol 87: 229-
233, 2000.

10 Mijatovic S, Maksimovic-Ivanic D, Radovic J, Popadic D,
Momcilovic M, Harhaji L, Miljkovic D and Trajkovic V: Aloe-
emodin prevents cytokine-induced tumor cell death: the
inhibition of auto-toxic nitric oxide release as a potential
mechanism. Cell Mol Life Sci 61: 1805-18015, 2004.

11 Mijatovic S, Maksimovic-Ivanic D, Radovic J, Miljkovic DJ,
Harhaji LJ, Vuckovic O, Stosic-Grujicic S, Mostarica S,
Stojkovic M and Trajkovic V: Anti-glioma action of aloe
emodin: the role of ERK inhibition. Cell Mol Life Sci 62: 589-
598, 2005.

12 Yu FS, Yu CS, Chan Jack KA, Kou HM,Lin JP, Tang NI,
Chang YH and Chung JG: The effects of emodin on the
expression of cytokines and functions of leukocytes from
Sprague-Dawley rats. In Vivo 20: 147-152, 2005.

13 Li TM, Chen G.W, Su CC, Lin JG, Yeh CC, Cheng KC and
Chung JG: Ellagic acid induced p53/p21 expression, G1 arrest
and apoptosis in human bladder cancer T24 cells. Anticancer
Res 25: 971-979, 2005.

14 Yeh CC, Wu LT, Lin SY, Li TM and Chung JG: The inhibition
of N-acetyltransferase activity and gene expression in human
bladder cancer cells (T24) by shikonin. In Vivo 18: 21-32, 2004. 

15 Chung JG, Lu HF, Yeh CC, Cheng KC, Lin SS and Lee JH:
Inhibition of N-acetyltransferase activity and gene expression in
human colon cancer cell lines by diallyl sulfide. Food Chem
Toxicol 42: 195-202, 2004.

16 Yang JS, Kok LF, Lin YH, Kao CC, Yang JL, Lin CC, Chen
GW, Huang WW and Chung JG: Diallyl disulfide inhibits
WEHI-3 leukemia cells in Balb/C mice in vivo. Anticancer Res
26: 219-225, 2006. 

17 Koyama J, Morita I, Tagahara K, Nobukuni Y, Mukainaka T,
Kuchide M, Tokuda H and Nishino H: Chemopreventive effects
of emodin and cassiamin B in mouse skin carcinogenesis.
Cancer Lett 182: 135-139, 2002.

18 Chen YC, Shen SC, Lee WR, Hsu FL, Lin HY, Ko CH and
Tseng SW: Emodin induces apoptosis in human
promyeloleukemic HL-60 cells accompanied by activation of
caspase 3 cascade but independent of reactive oxygen species
production Biochem Pharmacol 64: 1713-1724, 2002.

19 Kuo P, Lin TC and Lin CC: The antiproliferative activity of
aloe-emodin is through p53 dependent and p21-dependent
apoptotic pathway in human hepatoma cell lines. Life Sci 71:
1879-1892, 2002.

20 Webber EM, Bruix J, Pierce R and Fausto N: Tumor necrosis
factor primes hepatocytes for DNA replication in the rat.
Hepatology 28: 1226-1234, 1998.

Received November 18, 2005
Revised May 9, 2006

Accepted May 11, 2006

Yu et al: Aloe-modin Affects cytokines Release in Leukocytes

509



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


