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ABSTRACT

Background: The plant Bryophyllum pinnatum is traditionally used for the treatment
of pain and inflammation. The present study was carried out to evaluate the
antinociceptive effect of the ethanolic extract of the leaves of B. pinnatum (EEBP)
using a hot plate method and acetic acid induced writhing test in mice.

Methods: In the hot plate analgesiometer method, the time between the placement
on the hot plate and the occurrence of licking of the paws, shaking or jumping off
from the plate was recorded as response latency. Total numbers of stretching episodes
for 30 mins immediately after acetic acid injection in all the groups were recorded
in acetic acid induced writhing method. Pentazocine (10 mg/kg intraperitoneal) and
aspirin (500 mg/kg) were used as the standard drugs in the hot plate and acetic acid
induced writhing method, respectively. Extract was used in 200, 300 and 400 mg/
kg doses.

Results: At all the three doses the EEBP showed significant (p<<0.01) anti-nociceptive
activity in experimental models of Eddy’s hot plate analgesiometer and acetic acid
induced writhing method in mice.

Conclusion: The observed pharmacological activities provide the scientific basis
to support traditional claims, as well as exploring some new and promising leads in
the management of pain.
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INTRODUCTION

The plant-based traditional medicine system continues to
play an essential role in health care with about 80% of the
world’s inhabitants relying mainly on traditional medicines
for their primary healthcare.' The International Association
for the Study of Pain’s widely used definition states: “pain is
an unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in
terms of such damage.” Pain is a common situation and is
one of the most frequently observed symptoms of different
pathology and the management of pain is challenging.? It
is a major symptom in many medical conditions and can
significantly interfere with a person’s quality of life and
general functioning.® Pain is an unpleasant sensation no
doubt, but pain is mainly a protective mechanism for the
body. It occurs whenever any tissues damage or nerve
damage or dysfunction in the peripheral or central nervous
system, and it causes the individual to react to remove
the pain stimulus. Analgesics are the drug that selectively
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relieves pain by acting in the central nervous system or on
peripheral pain mechanisms, without significantly altering
consciousness.* Analgesic drugs act in various ways on the
peripheral and central nervous systems. Nociceptive pain is
caused by stimulation of peripheral nerve fibers that respond
only to stimuli approaching or exceeding harmful intensity
(nociceptors), and may be classified according to the mode of
noxious stimulation. Neuropathic pain is caused by damage
or disease affecting any part of the nervous system involved
in bodily feelings (the somatosensory system).’ Peripheral
neuropathic pain is often described as “burning,” “tingling,”
“electrical,” “stabbing,” or “pins” and needles.”®

Bryophyllum pinnatum (Crassulaceae) is a widely used
medicinal plant in the traditional system with a wide range
of biological activities.” It is a crassulescent herb of about 1
m in height, with opposite, glabrous leaves (with 3-5 deeply
crenulated, fleshy leaflets),® distributed worldwide, but
growing primarily in the rain forest.”!° It grows widely and
is used as folk medicine in tropical Africa, India, China,
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Australia, America, Madagascar, Asia, and Hawaii.!"!?
Flavonoids, polyphenols, and triterpenoids have been
identified from the leaves of B. pinnatum. Quecetin-3-0.-
L-rhu-B-D-xyl; a flavonoid; bryophyllin B, a novel potent
cytotoxic bufadienolide, and malic acid were isolated from
the leaves of B. pinnatum.'® The leaves and bark are bitter
tonic, astringent to bowels, analgesic, carminative, and are
useful in diarrhea and vomiting. Antimicrobial, antifungal,
antiulcer, anti-inflammatory, and analgesic activities of
leaf extract were reported. Juice of the fresh leaves is
used very effectively for the treatment of jaundice in folk
medicine of Bundelkhand region of India.'* A water extract
of Bryophyllum leaves administered topically and internally
has been shown to prevent and treat leishmaniasis.”” The
plant is used traditionally for the treatment of earache, in
ophthalmic preparations, sprains, and in dysmenorrhea.'
The juice from fresh leaves is used to treat smallpox, otitis,
cough, asthma, palpitations, headache, convulsion, and
general debility."” It is well known for its hemostatic and
wound healing properties.'® Methanol extract of the leaves
have histamine receptor (H1) antagonism in the ileum,
peripheral vasculature, and bronchial muscle."

Currently available analgesic drugs such as opiates and non-
steroidal anti-inflammatory drugs (NSAIDs) though useful,
have their own side effect profile. Opiate analgesic such as
morphine has strong addictive potential and other side effects
while NSAIDs are well known for their ability to produce
gastrointestinal bleeding, ulceration, etc., therefore, search
for new analgesic drugs with promising pharmacological
actions has become an urgent need.

METHODS
Experimental animals

Swiss albino mice of either sex, weighing between 20 and
30 g, were procured from animal house of Department of
Pharmacology, Gauhati Medical College. The animals were
housed at 25+2°C with 12 hrs light and dark cycle and
allowed to standard diet and water ad libitum. They were
acclimatized to laboratory condition for 1-week before
the study. The study was approved by the Institutional
Animal Ethics Committee of Gauhati Medical College
and Hospital. CPCSEA guidelines were adhered during
the experiment.

Plant materials

The leaves of B. pinnatum were collected from in and
around Guwabhati. Authentication of the plant was done
in the Department of Botany, Gauhati University and a
voucher specimen was preserved for further reference.
The whole plant was thoroughly washed, shade dried, and
then chopped to a coarse powder using a mixer grinder.
Powder (200 g) was tightly packed in Soxhlet apparatus
and extracted employing ethanol as solvent for 5 days at a

temperature of 40-60°C using a heating mantle. The extract
was filtered using Whatman filter paper no.1 and the filtrate
was evaporated on a water bath until it gets concentrated.
The jelly-like extract of the leaves was collected in a Petri
dish. A final yield of 40.5 g was obtained. The percentage
yield of B. pinnatum was 20.25% (w/w) with respect to the
original dried powder. The extract was stored in a refrigerator
at 4°C in labeled air-tight containers for further use.

Drugs and chemicals

Pentazocine, aspirin, acetic acid, gum acacia, ethanolic
extract of B. pinnatum (EEBP)

Acute toxicity study

Acute toxicity study was done according to OECD 425
guidelines. The animals were found to be alive at 2000 mg/kg
per oral feeding of the EEBP.

Methodology
Test for anti-nociceptive activity

Hot plate method

The central analgesic activity of the test drug is studied
against thermal stimuli using this method. A total of
30 animals were divided into five groups containing six in
each. They were fasted for 24 hrs before the test with free
access to water. Animals were placed in Eddy’s hot plate
analgesiometer (Labotech) maintained at 55+0.5°C. The time
between the placement on the hot plate and the occurrence
of licking of the paws, shaking or jumping off from the
plate was recorded as response latency. The reaction time
was measured before administration and at 30 and 60 mins
after administration of the extract. Cut off time was 20 sec.
Group 1: Control, received normal saline at a dose of
10 ml/kg per orally.

Group 2: Standard, received pentazocine 10 mg/kg
intraperitoneal (i.p).

Group 3: EEBP at a dose of 200 mg/kg per orally.

Group 4: EEBP at a dose of 300 mg/kg per orally.

Group 5: EEBP at a dose of 400 mg/kg per orally.

Acetic acid induced writhing test

The painful stimulus is induced by i.p injection of an irritant
substance, acetic acid, and peripheral analgesic activity
is evaluated. The i.p injection of acetic acid results in
constriction of abdominal muscle together with stretching
of hind limbs known as writhing syndrome. 1-hr prior to
1.p injection of acetic acid (10 ml/kg of 0.7% v/v solution)
standard drug, aspirin, and extracts at all the three different
doses were administered. Total numbers of stretching
episodes for 30 mins immediately after acetic acid injection
in all the groups were recorded.

Group 1: Control, received normal saline at a dose of
10 ml/kg per orally.
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Group 2: Standard, received aspirin dissolved in 5% gum
acacia in a dose of 500 mg/kg per orally.

Group 3: EEBP at a dose of 200 mg/kg per orally.

Group 4: EEBP at a dose of 300 mg/kg per orally.

Group 5: EEBP at a dose of 400 mg/kg per orally.

Statistical analysis

Meanzstandard error of mean (SEM) values were calculated
for each group. Significant differences between the groups
were analyzed using one-way analysis of variance (ANOVA)
followed by Dunnett’s multiple comparison test and results
were found to be significant (p<0.05). All analysis were done
using GraphPad prism software version 5.01.

RESULTS

Results are presented as mean+SEM of six animals in each
group in the following Tables 1 and 2 & Figures 1 and 2.

Table 1 and Figure 1 show the effect of EEBP in a hot plate
model of analgesia. The paws of rats are sensitive to heat and
they respond by jumping, withdrawal of paws, and licking
of paws. The baseline recordings were first taken in all the
groups. After feeding the extract at all the three doses and
injecting the standard drug, pentazocine i.p, the recordings
were taken.
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Figure 1: Hot plate test using Eddy’s hot plate
analgesiometer.

At the initiation when baseline recordings were taken in the
hot plate, the mean reaction time of normal control group
was 5.66+0.210 sec, in standard group it was 6.00+0.258 sec,
in the Group 3 (EEBP 200 mg/kg) it was 6.33+0.210 sec,
in Group 4 (EEBP 300 mg/kg) it was 6.16+0.166 sec, and
in Group 5 (EEBP 400 mg/kg) the mean reaction time was
6.16+0.166. There was no significant difference in reaction
time in between the different groups.

At 30 mins, the mean reaction time of normal control group
was 6.16+0.307 sec, reaction time in the standard group
was 12.16+0.166 sec, in the Group 3 (EEBP 200 mg/kg)
it was7.33+0.210 sec, in the Group 4 (EEBP 300 mg/kg) it
was 9.16+0.166, and in the Group 5 (EEOC 400 mg/kg) it
was 11.33+0.210 sec.

At 60 mins, the mean reaction time of normal control group
was 6.50+0.223 sec, mean reaction time of standard group
was 14.5+£0.223 sec, in the Group 3 (EEBP 200 mg/kg)
it was 7.5+£0.223 sec, in the Group 4 (EEBP 300 mg/kg) it
was 9.0+£0.258 sec, and in the Group 5 (EEBP 400 mg/kg)
it was 11.66+0.210 sec.

It can be inferred that at 30 and 60 mins the reaction time
in seconds i.e. withdrawal latency was maximum with
the nociceptive standard, followed by Group 5 (EEBP
400 mg/kg), and then Group 4 (EEBP 300 mg/kg), and Group
3 (EEBP 200 mg/kg). An increase in the time interval was
indicative of analgesia. One-way ANOVA of the data, when
done the p value was found to be significant. It was followed
by Dunnett’s test. There was a significant difference in the
groups when normal control was taken as the control. The
analgesic effect of the extract increased in a dose-dependent
manner.

The analgesic activity was also determined by observing
the number of writhing movements in all the groups. The
mean number of writhing movements with the normal
control group was found to be 67.16+0.600, in the standard
group it was found to be 30.33+0.421, with the Group
3 (EEBP 200 mg/kg) it was 61.16+0.307, with Group 4
(EEBP 300 mg/kg) it was found to be 50.66+0.333, and it
was 40.66+0.210 in Group 5 (EEBP 400 mg/kg). One-way

Table 1: Analgesic activity of EEBP in mice using hot plate method.

Groups Reaction time in seconds (mean+SEM)
Baseline 30 mins 60 mins

Group | (normal control) 5.66+0.210 6.16+0.307 6.50+0.223
Group 2 (pentazocine 10 mg/kg) 6.00+0.258 12.16+0.166" 14.5+0.223%
Group 3 (EEBP 200 mg/kg) 6.33+0.210 7.33+0.210* 7.5+0.223"
Group 4 (EEBP 300 mg/kg) 6.16+0.166 9.16+0.166* 9.0+0.258"
Group 5 (EEBP 400 mg/kg) 6.50+0.223 11.33+0.210% 11.66+0.210"
ANOVA

F 2.202 136.2 202.9

df 4,25 4,25 4,25

#p<0.05 when compared with the control group (Group 1). EEBP: Ethanolic extract of Bryophyllum pinnatum, SEM: Standard error mean
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ANOVA of the data when done, the p value was found
to be significant. It was followed by Dunnett’s multiple
comparison tests. There was a significant difference in the
groups when normal control was taken as the control. The
number of wriths was significantly reduced in the test groups
and the standard group. It was minimum with the standard
drug, followed by 400 mg/kg dose of the extract, 300 mg/kg,
and then 200 mg/kg dose of EEBP. Thus, the anti-nociceptive
effect of the extract increased in a dose-dependent manner
in acetic acid induced writhing method as well.

Table 2 and Figure 2 show the effect of EEBP in acetic acid
induced writhing method of analgesia.

DISCUSSION

In the study to look for the anti-nociceptive effect, both the
central and peripheral models of analgesia were used. The
hot plate method was used to look for the central mechanism
of analgesia, whereas to look for the peripheral mechanism
acetic acid-induced writhing response was used. It was
seen that at 30 and 60 mins, the reaction time in seconds.,
i.e. withdrawal latency was maximum with the nociceptive
standard pentazocine, followed by EEBP 400 mg/kg, EEBP

Table 2: Analgesic activity of EEBP on acetic
acid-induced writhing response in mice.

Number of
writhing

movements
(mean+SEM)

Group 1 (normal control) 67.16+0.600
Group 2 (aspirin 500 mg/kg p.o) 30.33+0.421%
Group 3 (EEBP 200 mg/kg p.o.) 61.16+0.307*
Group 4 (EEBP 300 mg/kg p.o) 50.66+0.333"
Group 5 (EEBP 400 mg/kg p.o) 40.66+0.210"
ANOVA

F 1416

df 4,25

"p<0.05 when compared with the control group (Group 1).
EEBP: Ethanolic extract of Bryophyllum pinnatum,
SEM: Standard error mean
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Figure 2: Acetic acid-induced writhing in mice.

300 mg/kg and then EEBP 200 mg/kg. An increase in the
time interval was indicative of analgesia. With the increase
in dose of the extract, it was seen that the reaction time was
increased. In the peripheral model, acetic acid was injected
i.p., which resulted in writhing response in mice due to the
irritant nature of acetic acid. The number of writhing was
significantly reduced in both the test groups and the standard
group. It was minimum with the standard drug, aspirin
followed by the highest dose of the extract 400 mg/kg. The
analgesic effect of the extract increased in a dose-dependent
manner. The anti-nociceptive activity demonstrated by the
extract might be due to the presence of flavonoids and tannins
in the extract. This was supported by other workers who
found that flavonoids and tannins were found to have anti-
nociceptive and/or anti-inflammatory activities.”* Abdominal
constriction responses were found to partly involve local
peritoneal receptors.’! The method has been associated with
prostanoids in general, e.g. increased levels of prostaglandins
E2 (PGE2) and PGF2a in peritoneal fluids,?>* as well as
lipoxygenase products.’*?* The abdominal contraction
is related to the sensitization of nociceptive receptors to
PG. It is therefore possible that B. pinnatum exerts its
analgesic effect probably by inhibiting the action of PG.
Previous phytochemical analysis on various plants used as
an analgesic have revealed that one of the largest groups of
chemicals present are the alkaloids and their amazing effect
on humans has led to the development of powerful painkiller
medications. The presence of alkaloids in B. pinnatum might
be responsible for its anti-nociceptive property.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the Institutional
Animal Ethics Committee

REFERENCES

1. Saini S, Kaur H. Kigellia Africana (Lin) benth an overview.
Nat Prod Radian. 2009;8:190-7.

2. Kilic FS, Sirmagul B, Yildirim E, Oner S, Erol K.
Antinociceptive effects of gabapentin & its mechanism of
action in experimental animal studies. Indian J Med Res.
2012;135(5):630-5.

3. Breivik H, Borchgrevink PC, Allen SM, Rosseland LA,
Romundstad L, Hals EK, et al. Assessment of pain. Br J
Anaesth. 2008;101(1):17-24.

4. Grubb BD. Peripheral and central mechanisms of pain. Br J
Anaesth. 2008;81:8-11.

5. Treede RD, Jensen TS, Campbell JN, Cruccu G,
Dostrovsky JO, Griffin JW, et al. Neuropathic pain:
redefinition and a grading system for clinical and research
purposes. Neurology. 2008;70(18):1630-5.

6. Paice JA. Mechanisms and management of neuropathic pain
in cancer. J Support Oncol. 2003;1:107-20.

7. Gupta R, Lohani M, Arora S. Anti-inflammatory activity of
the leaf extracts/fractions of Bryophyllum pinnatum saliv.
SYN. Int J Pharm Sci Rev Res. 2010;3(1):16-8.

8. John Ojewole AO. Antihypertensive properties of
Bryophyllum pinnatum (Lam.) Oken leaf extracts. Am J
Hypertens. 2002;15:34.

International Journal of Basic & Clinical Pharmacology | March-April 2015 | Vol 4 | Issue 2 Page 340



10.

I1.

12.

13.

14.

15.

16.

17.

18.

Handique C et al. Int J Basic Clin Pharmacol. 2015 Apr;4(2):337-341

Yan X, Lee K, Takashi Y. Isolation and identification of
cytotoxic compounds from Brophyllum pinnatum. Shanghai
Yi Ke Dax Ue Xue Bao. 1992;19:206-8.

Plangger N, Rist L, Zimmermann R, von Mandach U.
Intravenous tocolysis with Bryophyllum pinnatum is better
tolerated than beta-agonist application. Eur J Obstet Gynecol
Reprod Biol. 2006;124(2):168-72.

Yadav NP, Dixit VK. Hepatoprotective activity of
leaves of Kalanchoe pinnata Pers. J Ethnopharmacol.
2003;86(2-3):197-202.

Lans CA. Ethnomedicines used in Trinidad and Tobago
for urinary problems and diabetes mellitus. J Ethnobiol
Ethnomed. 2006;2:45.

Mudi SY, Ibrahim H. Activity of Bryophyllum pinnatums.
kurz extracts on respiratory tract pathogenic bacteria. Bayero
J Pure Appl Sci. 2008;1(1):43-8.

Quazi MA, Sayyed N, Shaikh S, Shaikh A, Patel MS.
Pharmacognostic evaluation of Kalanchoe pinnata roots. Int
Res J Pharm. 2011;2(4):93-5.

Ghasi S, Egwuibe C, Achukwu PU, Onyeanusi JC.
Assessment of the medical benefit in the folkloric use of
Bryophyllum Pinnatum leaf among the Igbos of Nigeria
for the treatment of hypertension. Afr J Pharm Pharmacol.
2011;5(1):83-92.

Ufelle SA, Ukaejiofo EO, Neboh EE, Achukwu PU, Ghasi S,
Ikekpeazu EJ, et al. The effect of crude methanolic leaf
extract of Bryophyllum pinnatum on some haematological
parameters in Wistar rats. Asian J Med Sci. 2011;3(3):121-4.
Jain VC, Patel NM, Shah DP, Patel PK, Joshi BH. Antioxidant
and antimicrobial activities of Bryophyllum calycinum salisb
leaf. Pharmacologyonline. 2010;1:393-405.

Khan R, Afzal M, Kazmi I, Singh R, Chauhan M, Bisht T,

20.

21.

22.

23.

24.

25.

Anwar. Bryophyllum pinnatum: a review. Int J Res Biol Sci.
2012;2(4):143-9.

Shetty LJ, Kamath JV, Harikiran H. Neuropharmacological
evaluation of ethanolic extract of leaves of Bryophyllum
pinnatum. J Pharm Res. 2009;2(5):811-4.

Deraedt R, Jouquey S, Delevallée F, Flahaut M. Release
of prostaglandins E and F in an algogenic reaction and its
inhibition. Eur J Pharmacol. 1980;61:17-24.

Winter CA, Risley EA, Nuss GW. Anti-inflammatory and
antipyretic activities of indomethacin, 1-(P-chlorobenzoyl)-
5-methoxy-2-methylindole-3-acetic acid. J Pharmacol Exp
Ther. 1963;141:369-76.

Duncan RC, Knapp RG, Miller MC. Test of hypotheses in
population means. In: Introductory Biostatistics for Health
Sciences. New York: John Wiley and Son, Inc.; 1977: 71-6.

Gené RM, Segura L, Adzet T, Marin E, Iglesias J.
Heterotheca inuloides: anti-inflammatory and analgesic
effect. J Ethnopharmacol. 1998;60(2):157-62.

Collier HO, Dinneen LC, Johnson CA, Schneider C. The
abdominal constriction response and its suppression by
analgesic drugs in the mouse. Br J Pharmacol Chemother.
1968;32(2):295-310.

Bentley GA, Newton SH, Starr J. Evidence for an action of
morphine and the enkephalins on sensory nerve endings in
the mouse peritoneum. Br J Pharmacol. 1981;73(2):325-32.

doi: 10.5455/2319-2003.ijbcp20150436

Cite this article as: Handique C, Dutta A, Lahkar M.
Evaluation of the anti-nociceptive potential of ethanolic
extract of leaves of Bryophyllum pinnatum in experimental
animals. Int J Basic Clin Pharmacol 2015;4:337-41.

International Journal of Basic & Clinical Pharmacology | March-April 2015 | Vol 4 | Issue 2 Page 341




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

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


