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Abstract
Background: In our previous study, the semi-synthetic analog of andrographolide, 3,19-isopropylideneandrographolide

(IPAD), acts more effectively against herpes simplex virus (HSV) infection in cell culture than does acyclovir. IPAD inhibits cyto-

pathic effect and production of HSV wild types and drug-resistant strains. Its effect is associated with the reduction of imme-

diate-early regulatory protein (ICP27) and early proteins (ICP8 and UL42), indicating a mode of action different from that of

acyclovir. Therefore, studies of the anti-HSV activity of IPAD in animal models are required before further application.

Material & Method: Prednisolone-treated BALB/c mice were cutaneously infected with HSV-1 wild-type KOS strain.

Experimental groups included control groups (untreated or treated only with the cream base) and treatment groups (with

acyclovir or IPAD creams). Creams were applied four times daily for 10 days after infection to the relevant groups. The

skin lesion score was assessed twice a day for 10 days. In addition, the effect of IPAD on HSV copy number and HSV late

gene (gD) expression was investigated in skin lesion cells by quantitative real-time polymerase chain reaction.

Result: IPAD cream was significantly effective in delaying the development of skin lesions and regression of the skin lesion

score by day 5 (P<0.01) compared with untreated controls. In addition, this IPAD cream significantly reduced HSV DNA

copy number and gD gene expression (P<0.01). No signs of irritation were observed at the application site.

Conclusion: Topical administration of IPAD cream reduced skin lesions in mice cutaneously infected with HSV-1 KOS.
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Introduction
Herpes simplex virus (HSV) is a common infection in
humans. Disease caused by this virus ranges from mild to
severe; it may even lead to life-threatening conditions, espe-
cially in immunocompromised patients.1,2 The most clinical
manifestation is herpes labialis and genitalis typically caused
by HPV-1 and HPV-2 infection, respectively.3 This virus
can produce latent infection in the host for life and is reacti-
vated to cause recurrent infections and lesions.4 The incidence
of HSV infection has continuously increased in many coun-
tries. Treatment of HSV is done using nucleoside analogs
such as acyclovir (ACV) and other nucleoside derivatives,
famciclovir, penciclovir and valacyclovir.5 However, there
can be side effects from using high doses of these drugs. In
addition, some resistant mutants of this virus have been
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documented, especially in individuals receiving long-term
medication. This can result in the recurrence of
HSV-associated diseases, especially among immunocom-
promised patients.6 Moreover, these drugs may cause the
failure of treatment in the recurrence of latent viruses.
Therefore, it has become important to find new anti-HSV
agents with different mechanisms of action against the virus.

Andrographis paniculata (Burm. f.) Nees is an herb that
exhibits activity against HSV infection.7 The main constitu-
ents in the herb are labdane-diterpenes. In our previous
studies, andrographolide and its semisynthetic analogs
were made and 3,19-isopropylideneandrographolide
(IPAD) was found to be the most effective analog
against HSV infection.7 IPAD efficiently inhibited cyto-
pathic effect (CPE) in vitro, associated with reduction of
viral protein including ICP27, ICP8, and gD in HSV wild
types and drug-resistant strains, indicating a mode of
action that differed from acyclovir.8

In this study, IPAD cream was prepared and its
anti-HSV activity was assessed in vivo. At an optimal con-
centration of HSV, the IPAD cream regressed skin lesion
from HSV-1 cutaneous infection in female BALB/c mice.

Materials and methods

Virus, cell line and cell culture
HSV-1 wild-type strain KOS sensitive to acyclovir was
kindly provided by Dr Donald Coen (Biological
Chemistry & Molecular Pharmacology, Harvard Medical
School, Boston, USA). The virus was propagated and
titrated in an African green monkey kidney (Vero; ATCC
CCL81) cell line that was kindly provided by Prof.
Pilaipan Puthavathana (Mahidol University, Thailand).
Viral stock was stored at −80°C until use.

3,19-isopropylideneandrographolide (IPAD)
IPAD was semi-synthesised from andrographolide isolated
from Andrographis paniculata.7 Zovirax was purchased
from GlaxoSmithKline (Brentford, United Kingdom).
IPAD cream was prepared at concentrations of 5% and
7.5% IPAD. Cream containing 15% IPAD was used for
the skin irritation test The preparation of cream base
is a water in oil ointment. Drug release, stability (at
various temperatures and 75% relative humidity) were
carried out.

Animals
Bagg albino strain C (BALB/c) mice (female, 6 to 8 weeks
old) were obtained from Nomura Siam International Co.,
Ltd, Thailand. They were maintained at 25°C and exposed
to 12 h light/dark cycles with food and water ad libitum
at the Animal Unit, Faculty of Medicine, Khon Kaen

University, Khon Kaen, Thailand. Animal experiments
were performed with the permission of Institute for
Animals for Scientific Purpose Development (IAD),
National Research Council of Thailand (NRCT), No.
U1-01595-2558. This project was approved by the
Animal Ethics Committee of Khon Kaen University
(AEKKU 55/2556, Reference No. 0514.1.12.2/78).

Skin irritation test
The dermal toxicity of the IPAD creams was tested in
BALB/c mice (female, 6 to 8 weeks old). The mice were
treated with orally administered prednisolone (4 mg/kg)
for 3 days before infection and continually for 10 days
thereafter. Hair was removed from the dorsal side of each
animal with a chemical hair remover (Veet® cream,
Reckitt Benckiser). Skin on the mid flank (both sides) of
each animal was scratched with a needle (21Gx1.5,
Nipro, Japan). One hour after scratching, the IPAD
creams (5 and 15%) were applied to the abraded area of
groups of animals (n= 3) three times daily for a 10-day
period. The amount of cream applied was 20 mg per
lesion. The extent of erythema and edema on mouse
skin was assessed and photographed daily using a
digital camera (Nikon, D620) for 23-day period after
the first topical administration on mouse skin as shown
in Figure 1.

Therapeutic efficacy of IPAD cream on cutaneous
HSV-1 infection
Prednisolone (4 mg/kg) was orally administered to BALB/c
mice for 3 days before infection and continually for 10 days
thereafter. The mid flank on both sides of each mouse was
clipped and depilated with a chemical depilatory hair
remover. Two days later, the naked skin was scratched
using needles and 100 µL of HSV-1 (KOS) suspension of
250,000 PFU/mL was applied to the scarified area.
Thereafter animals were divided into treatment groups (2
lesions per mouse and 3 mice per group; n=6 lesions/
group). One control group was not given any additional treat-
ment. Another control group was treated using only the cream
base. The remaining groups were administered with IPAD
cream (5% or 7.5%) or 5% acyclovir cream. All creams
were first administered to the relevant groups one hour after
infection and four times daily thereafter for 10 days. The
development of skin lesions and mortality were continuously
observed and scored for 10 days. The score was set as 0=
no lesion; 2= vesicles in local region; 4= erosion and/or
ulceration in local region; 6 =mild zosteriform lesion;
8=moderate and/or severe zosteriform lesion; and 10=
death of mouse (Supplementary Figure 1.). All lesions
were scored as above and photographed every day over a
10-day period (Figure 1).
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Mouse cell collection and DNA extraction
Mouse cells in each group were collected by brushing
the lesion with sterile Dacron swabs (Puritan, Hardwood
Products, Guilford, USA). Each cell pellet was collected and
washed by centrifugation. Genomic DNA was isolated from
the cell pellet by the EZNA Tissue DNA Kit (Omega
Bio-Tek, Norcross, GA, USA), according to the manufac-
turer’s instructions. DNA quality and quantity were estimated
using a NanoDrop 2000 microvolume spectrophotometer
(Thermo Fisher Scientific, Rockford, IL, USA) and by ampli-
fication using primers for the house-keeping
gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

Estimation of HSV DNA copy number by Rt-PCR
Genomic DNA from mouse cells taken at the skin lesion
site was used to determine HSV DNA copy number using
real-time polymerase chain reaction (RT-PCR). RT-PCR
was performed in 10 µL volumes containing
SsoAdvanced Universal SYBR Green Supermix (Bio-
Rad, Mississauga, Ontario, Canada), 300 nM of each
primer: HSV DNA polymerase (forward 5′-GTGTTG

TGCCGCGGTCTCAC-3′ and reverse 5′-GGTGAACGTC
TTTTCGAACTC-3′) and 50 ng of DNA from infected
cells. Amplification and detection were performed using a
CFX96 Touch™ Real-Time PCR Detection System
(BioRad, USA). Cycling conditions were 45 cycles of 95°
C for 30 s, 55°C for 30 s and 72°C for 30 s. Copy
number was calculated by absolute quantification using a
standard curve generated from purified HSV-1 (KOS)
viral DNA that had been serially diluted into a range from
1 to 106 copies per reaction. Each PCR run contained
several controls including two reactions without HSV
DNA, a positive amplicon control, and a standard dilution
curve of amplicon DNA. Each test group was run in dupli-
cate and reported as the copy number of HSV DNA/femto-
gram (fg) in a reaction.

Detection of HSV gD expression by Rt-PCR
Total RNA from cells brushed from HSV-infected mouse
skin was extracted using Trizol reagent according to the
manufacturer’s directions. cDNA was generated from this
RNA (200 ng) with RevertAid Reverse Transcriptase
(Thermo Scientific, Schwerte, Germany). Late gene gD

Figure 1. Schematic diagram of experiments using a mouse model for testing IPAD cream on anti-HSV infection. (a) Schematic

diagram of each experimental step in a mouse model was shown. (b) After HSV KOS infection on both sides of mouse midflank skin,

untreated, cream base, 5% acyclovir cream, 5% IPAD cream and 7.5% IPAD cream were divided in to each five group and applied to

tropical administration on mice skin lesion in both midflank skin.
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expression was estimated by qRT-PCRs in 10 µL volumes
that contained 1× SsoAdvanced Universal SYBR Green
Supermix (Bio-Rad), 300 nM of each primer: gD forward
5′-AGCAGGGGTTAGGGAGTTGT-3′ and reverse 5′-
CCATCTTGAGAGAGGCATCC-3′) and cDNA.
Amplification of GAPDH was used as an internal control.
Amplification and detection were performed using a
CFX96 Touch™ Real-Time PCR Detection System
(BioRad). Cycling conditions were 45 cycles of 95°C for
30 s, 55°C for 30 s and 72°C for 30 s. Relative quantifica-
tion was calculated using a 2−ΔΔCT.

Statistical analysis
The analysis of variance (ANOVA) with Bonferroni
post-tests was used to analyze the difference between
IPAD cream-treated mice and control mice in mean skin
lesions and HSV copy number as well as gD expression
for 10 days after infection.

Results

Toxicity of IPAD cream on skin
The dermal toxicity of 15% IPAD cream was assessed by
application of the creams to the dorsal skin of the mice.
No sign of edema or erythema was observed in any of

the animals indicating that the creams have no dermal
toxicity over a 30-day period after first treatment
(Figure 2). In addition, no sign of edema or erythema
was observed after application of 5% IPAD cream (data
not shown).

Effect of IPAD cream on HSV-1 KOS infected mouse skin
Skin lesion was measured among negative control, cream
base, 5% acyclovir, 5% IPAD cream and 7.5% IPAD
cream. Only 7.5% IPAD cream was found to significantly
reduce the lesion score of HSV-1 KOS-infected mouse
skin at days 5 to 10 but not found in 5% IPAD cream
in contrast to negative control and cream base.
Inversely, 5% acyclovir cream significantly reduced the
lesion score in day 4 to 10 in comparison with negative
control (Figure 3). Interestingly, no significant difference
of mean lesion score between 5% acyclovir and 7.5%
IPAD was found over the 10-day period: both have
similar efficacy.

Effect of IPAD cream on viral production and viral
genome copy number
To compare the effects of acyclovir and IPAD cream, the
HSV DNA copy number from skin lesion cells was exam-
ined. The HSV DNA copy numbers at day 10 of treatment
were 0.02 and 21.7 per fg for 5% acyclovir cream and 7.5%
IPAD cream, respectively. These values were not signifi-
cantly different (P > 0.05) as shown in Figure 4. Copy
numbers at day 10 in other treatment groups ranged from
271 (5% IPAD cream) to 694 (base cream group) per fg.
This study suggested that the topical effect of 7.5% IPAD
cream against HSV-1 skin infection was comparable to
that of 5% acyclovir.

Effect of IPAD cream on viral late gene, gD
expression
The HSV gD gene functions in virus entry and fusion and
could be inhibited by IPAD treatment according to our pre-
vious in vitro study.8,9 RNA extracted from mouse skin
lesions was isolated to synthesize cDNA and this was quan-
tified using qRT-PCR. The relative expression of HSV gD
in the 7.5% IPAD cream group was significantly lower than
in the negative control group at day 10, as shown in
Figure 5. This suggests that 7.5% IPAD cream can inhibit
HSV gD expression (Figure 5).

Discussion
In this study, the anti-HSV activity of IPAD cream was
evaluated. The 7.5% IPAD cream was shown to exhibit
anti-HSV activity in vivo by inhibition of local skin

Figure 2. Skin irritation test in female BALB/c mice without

HSV-1 KOS infection. The cream base and 15% IPAD cream were

topically administered on mice skin for 10 days. The skin was

observed daily for any signs of erythema and edema.
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lesions on BALB/c mice infected with the HSV-1 wild-type
KOS strain. The same cream also reduced HSV DNA copy
number and gD expression. We have previously demon-
strated that IPAD has high efficacy for inhibition of both
HSV wild-type and ACV-resistant mutant strains in vitro,
suggesting that it might have a different mode of action
from acyclovir.7,8,10 Therefore, IPAD might be useful
against both wild-type and mutant virus strains in animal
models as well as in a clinical setting.

In the mouse cutaneous infection model, first lesions of
HSV-1 in the untreated and base cream-treated groups were
apparent by day 3. IPAD (5% and 7.5%) delayed the appear-
ance of lesions until day 4 and 5% acyclovir until day
5. Although IPAD and acyclovir were initially topically admi-
nistered at one hour post-infection, HSV-1 lesions still

developed on mouse skin. Both acyclovir and IPAD act on
stages in the viral life cycle but cannot prevent the initial infec-
tion step by HSV-1. However, topical administration of 7.5%
IPAD cream led to significantly lower lesion scores during
days 5 to 10 relative to controls (P<0.05) (Figure 3). The
reduction in lesion scores by 5% IPAD cream was not signifi-
cant relative to controls. We also performed the preliminary
experiments that showed the tentative effect to reduce the
severe score of HSV-1-infected lesions (Supplementary
Figure 2). In addition, 7.5% IPAD cream could reduce HSV
DNA copy number and gD expression similar to 5% acyclovir
(Figures 4 and 5). This indicated a significant difference in
the efficacy of treatment between the 5% and 7.5% prep-
aration of IPAD. The doses of IPAD used in
HSV-1-infected mice should be no lower than 7.5%.

Figure 3. Effect of topical administration of 5% and 7.5% IPAD cream on mice cutaneously infected with HSV-1 KOS. (A) Lesions on

skin of mice caused by HSV-1 KOS were treated by topical administration of base cream, 5% acyclovir, 5% IPAD or 7.5% IPAD creams,

applied four times daily as well as untreated cream (negative control with HSV-1 infection). (B) The means of lesion scores in the

negative control group, base cream, 5% acyclovir, 5% and 7.5% IPAD cream groups were plotted over a 10-day period using Prism 5 for

Windows.

Figure 4. Effect of topical administration of 5% and 7.5% of IPAD cream on HSV DNA copy number in mice cutaneously infected with

HSV-1 KOS. HSV-1 polymerase gene was amplified to determine viral copy number in DNA extracted from brushed mouse skin in the

negative control group, base cream, 5% acyclovir, 5% and 7.5% acyclovir cream groups at days 3, 5, 6 and 10. The graph was created

using Prism 5 for Windows.
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The results from topical treatment in mice showed that
efficacy of IPAD were dose- and frequency-dependent.
The effectiveness of IPAD in vivo may be influenced
by the number of administrations and the limitation of
active metabolites after topical absorption.

Previous study suggested that application of antiviral
compounds four to five times a day was the most effective
in delaying the skin lesion development and in protection
against mouse death. This was why we used four applica-
tions daily.2

ACV is a nucleoside analog that exhibits anti-herpetic
activity after phosphorylation by viral thymidine kinase
(TK) and then contributes to acyclovir triphosphate which
competes with the natural nucleotide, deoxyguanosine tri-
phosphate (dGTP), for incorporation into viral DNA, result-
ing in the selective inhibition of viral DNA polymerization
and prevention of continued extension of the viral DNA
chain.11 Our previous study demonstrated that IPAD
exerted anti-DR HSV-1 (ACGr4) activity using a different
mechanism. This viral strain contained mutations in its
DNA polymerase genes and consequently conferred resist-
ance to acyclovir.12 Therefore, IPAD cream may be useful
to inhibit acyclovir-resistant HSV strains. This will be
further investigated in the future.

Interestingly, there are many studies that develop and
apply natural products to inhibit HSV-infected lesions in
both animals and humans. Cream containing 12.5% and
25% resveratrol (35,4-trihydroxystilbene) significantly
inhibited HSV-1-induced skin lesions in mice.13

Unsurprisingly, a higher proportion of resveratrol cream
at 25% effectively suppressed the development of lesions
topically applied two, three, or five times a day whereas
12.5% resveratrol cream effectively inhibited lesion forma-
tion when applied only five times a day. In addition, mice
mortality rates of 0%, 6.25%, 12.5% and 19% resveratrol

cream-treatment were 37%, 40%, 24%, and 3%, respect-
ively.14 This information may suggest that the more con-
centration of bioactive compounds was even more
effectively inhibited HSV-1-infected lesions. In humans,
the product from Kanuka honey included 90% kanuka
honey and 10% glycerine cream had been demonstrated
in participants with herpes simplex labialis and there was
no difference in compared to 5% acyclovir topical cream.
This product consisted of a very high amount of Kanuka
honey.15 Simultaneously, the treatment of herpes labialis
with 2% olive leaf extract (OLE) cream is more effective
than 5% acyclovir cream.16 As mentioned above, the pro-
portion of several natural compounds in cream base used
in animal models and clinical trials have varied depending
on concentration of bioactive compounds, the condition
of drug release in the cream and topically applied times a
day. In summary, IPAD cream provided therapeutic effi-
cacy equivalent to that of acyclovir against HSV infection.
Therefore, IPAD was verified to be a promising anti-HSV
drug candidate for the topical treatment of HSV infections.
Further investigations will focus on the development of
topical formulations with, hopefully, higher effectiveness
of IPAD as an anti-HSV agent.
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Figure 5. Effect of topical administration of 5% and 7.5% IPAD
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infected with HSV-1 KOS. HSV-1 gD expression was investigated

by qRT-PCR in the negative control group, base cream, 5%

acyclovir, 5% and 7.5% acyclovir cream groups at day 10. The

graph was created using Prism 5 for Windows.

6 Antiviral Chemistry and Chemotherapy

https://orcid.org/0000-0002-7412-7050
https://orcid.org/0000-0002-7412-7050
https://orcid.org/0000-0002-7412-7050
https://orcid.org/0000-0003-2406-2356
https://orcid.org/0000-0003-2406-2356


References

1. Lipipun V, Sasivimolphan P, Yoshida Y, et al. Topical cream-
based oxyresveratrol in the treatment of cutaneous HSV-1
infection in mice. Antiviral Res 2011; 91: 154–160.

2. Chuanasa T, Phromjai J, Lipipun V, et al. Anti-herpes simplex
virus (HSV-1) activity of oxyresveratrol derived from Thai
medicinal plant: mechanism of action and therapeutic efficacy
on cutaneous HSV-1 infection in mice. Antiviral Res 2008;
80: 62–70.

3. Bradley H, Markowitz LE, Gibson T, et al. Seroprevalence of
herpes simplex virus types 1 and 2—United States, 1999–
2010. J Infect Dis 2014; 209: 325–333.

4. Fatahzadeh M and Schwartz R. Human herpes simplex virus
infections: epidemiology, pathogenesis, symptomatology,
diagnosis, and management. J Am Acad Dermatol 2007; 57:
737–763.

5. Snoeck R. Antiviral therapy of herpes simplex. Int J
Antimicrob Agents 2000; 16: 157–159.

6. Morfin F and Thouvenot D. Herpes simplex virus resistance to
antiviral drugs. J Clin Virol 2003; 26: 29–37.

7. Aromdee C, Suebsasana S, Ekalaksananan T, et al. Stage of
action of naturally occurring andrographolides and their semi-
synthetic analogues against herpes simplex virus type 1 in
vitro. Planta Med 2011; 77: 915–921.

8. Kongyingyoes B, Priengprom T, Pientong C, et al. 3, 19–iso-
propylideneandrographolide suppresses early gene expression
of drug-resistant and wild type herpes simplex viruses.
Antiviral Res 2016; 132: 281–286.

9. Spear PG, Eisenberg RJ and Cohen GHJV. Three classes of
cell surface receptors for alphaherpesvirus entry. Virology
2000; 275: 1–8.

10. Priengprom T, Ekalaksananan T, Kongyingyoes B, et al.
Synergistic effects of acyclovir and 3, 19–isopropylidenean-
drographolide on herpes simplex virus wild types and
drug-resistant strains. BMC Complement Altern Med 2015;
15: 1–8.

11. Bacon TH, Levin MJ, Leary JJ, et al. Herpes simplex virus
resistance to acyclovir and penciclovir after two decades of
antiviral therapy. Clin Microbiol Rev 2003; 16: 114.

12. Furman PA, Coen DM, St Clair M, et al. Acyclovir-resistant
mutants of herpes simplex virus type 1 express altered DNA
polymerase or reduced acyclovir phosphorylating activities.
J Virol 1981; 40: 936.

13. Docherty JJ, Smith JS, Fu MM, et al. Effect of topically
applied resveratrol on cutaneous herpes simplex virus infec-
tions in hairless mice. Antiviral Res 2004; 61: 19–26.

14. Docherty JJ, Fu MM, Hah JM, et al. Effect of resveratrol on
herpes simplex virus vaginal infection in the mouse.
Antiviral Res 2005; 67: 155–162.

15. Semprini A, Singer J, Braithwaite I, et al. Kanuka honey
versus aciclovir for the topical treatment of herpes simplex
labialis: a randomised controlled trial. BMJ Open 2019; 9:
e026201.

16. Toulabi T, Delfan B, Rashidipour M, et al. The efficacy of
olive leaf extract on healing herpes simplex virus labialis: a
randomized double-blind study. Explore 2021.

Chuerduangphui et al. 7


	 Introduction
	 Materials and methods
	 Virus, cell line and cell culture
	 3,19-isopropylideneandrographolide (IPAD)
	 Animals
	 Skin irritation test
	 Therapeutic efficacy of IPAD cream on cutaneous HSV-1 infection
	 Mouse cell collection and DNA extraction
	 Estimation of HSV DNA copy number by Rt-PCR
	 Detection of HSV gD expression by Rt-PCR
	 Statistical analysis

	 Results
	 Toxicity of IPAD cream on skin
	 Effect of IPAD cream on HSV-1 KOS infected mouse skin
	 Effect of IPAD cream on viral production and viral genome copy number
	 Effect of IPAD cream on viral late gene, gD expression

	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


