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IﾐデヴﾗS┌Iピﾗﾐ
The myometrium is a myogenic organ which generates regular spontaneous contractions by its 

own mechanisms without any input from the hormonal or nervous systems (Wray 1993). The 

contraction of the myometrium also exhibits phasic properties accompanied with variations in 

the frequency, amplitude and duration of contraction. All of these properties enable the 

myometrium to perform its physiological function adequately and efficiently. These properties 

are also very often examined individually so as to provide a more holistic insight into the action 

and activity of the myometrium. Uterine contractions (or myometrium contractions) are activated 

on increases in intracellular calcium concentrations ([Ca2+]
i
), which are initiated and regulated by 

action potentials in the myometrium (Burdyga, Wray & Noble 2007). The myometrium (uterine 

smooth muscles) acts to prepare the uterus for the processes of maintaining and expelling the 

foetus (Wray 2007). For instance, the myometrium undergoes significant changes in the non-

pregnant uterus, which allows for the successful implantation of the fertilised embryo (Wray 

2007). In the non-pregnant uterus, the myometrium is also responsible for the contractions that 

occur during menstruation (primates) or oestrous (mammals), which potentiates the cramping 

observed often referred to as dysmenorrhoea (Togashi 2007). In this state, the myometrium is 

involved in a uterine peristaltic action that supports and contributes to the endometrial sloughing 

that occurs during menstruation (Bulletti et al. 2000). Changes in female steroid hormones 

released during this time also act to regulate the sequence of myometrial activity (Wray & Noble 

2008). For purposes of this study, it is important to emphasise that the pattern of contractile 

activity in the non-pregnant uterus is similar to uterine contraction in the pregnant uterus as well 

(Lyons et al. 1991). Contractions occurring in antegrade manner and propagating from the fundus 

towards the cervical end of the uterus are necessary for emptying or discharge of uterine content, 

Background: The plant Dryopteris filix-mas has been used traditionally for its uterine-stimulant 

effects.

Aim: The current study is therefore aimed at investigating and determining the effect of the 

leaves of D. filix-mas on uterine contractility in vitro.

Setting: Fresh leaves of D. filix-mas were collected from a river bank in the south-western part 

of Nigeria.

Methods: The leaves of D. filix-mas were cleaned, dried and extracted in methanol. The extract 

(0.07 µg/mL–21.0 µg/mL) was tested on the isolated mouse uteri in order to determine activity 

on spontaneous-induced uterine contractions. Subsequently the extract (0.005 mg/mL and 

0.05 mg/mL) was tested on oxytocin-induced contraction (0.00017 ng/mL–4.98 ng/mL) in 

calcium-containing media, submaximal oxytocin-induced contraction (0.116 ng/mL) in 

calcium-free media and in the presence of high KCl-induced uterine contractions (80 mM). The 

extract was also subjected to mass spectrometric determination of secondary metabolites.

Results: The plant extract inhibited spontaneous-induced contractions with IC
50

 amplitude = 

658.41 ng/mL ± 0.11 ng/mL and IC
50

 frequency = 175.32 ng/mL ± 0.53 ng/mL. The plant 

extract inhibited oxytocin-induced and high KCl-induced uterine contractions (p < 0.01 at 0.5 

mg/mL). The plant extract had no effect on oxytocin-induced contractions under calcium-free 

conditions. Secondary metabolites belonging to classes of fatty acids, alkaloids, saponin 

glycosides, amino acids, limonoids, terpenes and porphyrins were identified.

Conclusion: The current study reports an inhibitory effect of the plant on uterine contractility 

in this study, suggesting possible application as a tocolytic or as a contraceptive, as most 

contraceptive plants have shown uterine-relaxing effect.

Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲ (Dryopteridaceae) leaves inhibit 

ﾏﾗ┌ゲW ┌デWヴｷﾐW ;Iピ┗ｷデ┞

Read online:

SI;ﾐ デｴｷゲ QR 
IﾗSW ┘ｷデｴ ┞ﾗ┌ヴ 
ゲﾏ;ヴデ ヮｴﾗﾐW ﾗヴ 
ﾏﾗHｷﾉW SW┗ｷIW 
デﾗ ヴW;S ﾗﾐﾉｷﾐWく

Copyright: ア ヲヰヱΑく TｴW A┌デｴﾗヴゲく LｷIWﾐゲWWぎ AOSISく Tｴｷゲ ┘ﾗヴﾆ ｷゲ ﾉｷIWﾐゲWS ┌ﾐSWヴ デｴW CヴW;ピ┗W Cﾗﾏﾏﾗﾐゲ A─ヴｷH┌ピﾗﾐ LｷIWﾐゲWく

http://www.jomped.co.za
http://orcid.org/0000-0002-5213-3177
http://orcid.org/0000-0002-5842-3036
http://orcid.org/0000-0003-2420-1117
mailto:enitome.bafor@uniben.edu
https://doi.org/10.4102/jomped.v1i1.25
https://doi.org/10.4102/jomped.v1i1.25
http://crossmark.crossref.org/dialog/?doi=10.4102/jomped.v1i1.25=pdf&date_stamp=2017-10-25


P;ｪW ヲ ﾗa ヱヲ Oヴｷｪｷﾐ;ﾉ RWゲW;ヴIｴ

ｴ─ヮぎっっ┘┘┘くﾃﾗﾏヮWSくIﾗく┣; OヮWﾐ AIIWゲゲ

which may be the menstrual blood (non-pregnant uterus) or 

foetus (pregnant uterus) (Lyons et al. 1991). The cervico-

fundal contractions also assist in electrolyte retention as well 

as sperm transport (Kunz & Leyendecker 2002). Retrograde 

contractions in the myometrium during pregnancy may 

contribute to the maintenance of early pregnancies within the 

uterine cavity (de Vries et al. 1990).

From the foregoing, it is clear that uterine contractility 

constitutes an important parameter of female reproductive 

health.

Maternal morbidity and mortality arising from female 

reproductive health disorders are a serious concern. Women 

in Africa bear a disproportionately large share of the global 

burden of disease and death, particularly in maternal 

morbidity and mortality. Africa as a whole accounts for more 

than half of all cases of maternal deaths worldwide, and 

African women have a 1 in 42 lifetime risk of dying during 

childbirth compared with 1 in 2900 in Europe. Understanding 

the roles of drugs or natural products in uterine contractility 

therefore will assist in providing useful information going 

forward in the improvement of female reproductive health in 

general. For many women, current therapies offer inadequate 

treatment, and this includes management of a range of health 

issues from dysmenorrhoea to complications of pregnancy 

(Marsden, Strickland & Clements 2004) and the search for 

new treatment options continues. Interests in medicines from 

natural products (plants inclusive) have soared through the 

years. Plant preparations in the forms of decoctions, 

concoctions, macerations or infusions are used to treat a wide 

range of diseases. Use of plant medicines has also been 

utilised to tackle human reproductive health issues, which as 

stated earlier remains a public health concern worldwide. 

Use of medicinal plants has therefore become a mainstay in 

several cultures, including Africa (Dugoua 2010; Fakeye, 

Adisa & Musa 2009). This therefore indicates that research 

into plants hold a strong potential in the elaboration of new 

therapies to tackle reproductive health issues. One such plant 

that has been reported to have effect on some reproductive 

concerns is the plant, Dryopteris filix-mas.

Dryopteris filix-mas is a hardy ornamental fern (Duke 2001). It 

is considered a traditional wild vegetable (Mohammed 

Abdus Satter 2016). It is commonly referred to as ‘wild fern’, 

or ‘bear’s paw’ and botanically described as Dryopteris filix-

mas (Linn.) Schott, and the family name is Dryopteridaceae 

(Nwosu 2002). The local Nigerian names are ‘Ihi’ and ‘Erinji’ 

(Nwosu 2002). It grows in a wide range of habitats such as 

open ground, but is commonly found in moist environs and 

deciduous forests. The plant grows in all parts of Europe, 

temperate Asia, North India, North and South America, the 

temperate parts of the USA and also grows in Africa 

(Uwumarongie, Enike & Bafor 2016). The plant is highly 

adaptable and can grow well in both arid and fertile soils 

(Duke 2001). It favours damp shady areas in the understory 

of woodlands but also shady places in hedge-banks and 

rocks. The plant is sometimes referred to in ancient literature 

as Worm Fern because it has been used in traditional medicine 

for the treatment of worm infections (Mohammed Abdus 

Satter et al. 2016). There is however some documented 

information on the biological or medicinal activities of D. 

filix-mas with most reports focused on ferns as a class. Some 

of the available reports are described here. The early 

physician, Theophrastus, recognised the value of the fern for 

treating tinea (ringworm) infections (Duke 2001). Male Fern 

has also sometimes been used as a tonic and vulnerary in 

China; it is used for wounds and haemorrhages, such as 

epistaxis, menorrhagia and postpartum haemorrhage (a 

reproductive complication). The plant has the potential to 

arrest embryonic development in insects (suggestive of a 

potential reproductive function) (Snehlata & Tiwari 2011). 

The plant has been reported to have uterine stimulant effects 

traditionally and has been advised to be avoided during 

breastfeeding as the plant contains anthraquinones, which 

may induce diarrhoea and colic in infants (Cock 2015). The 

plant has also been reported to increase the size of the 

male reproductive organ through mechanisms yet unknown 

(Kantemir, Akder & Tulunay 1976); however, this action may 

be suggestive of an oestrogenic or androgenic effect. The 

young coiled fronds of the plant are used in different parts of 

Nigeria as an antihelminthic, and infusion of the leaves is 

additionally used as an aphrodisiac (Nwosu 2002). The plant 

has also been reported to have potent antioxidant and 

cytotoxic activities (Sekendar Ali et al. 2012), insecticidal 

activity (Shukla & Tiwari 2011) and antimicrobial activities 

(22). The plant has been reported to contain a high 

concentration of K+ (1065.45 ± 1.13 mg/100 g) and reasonable 

concentrations of Ca2+ (279.16 ± 1.33 mg/100 g), Mg2+ (148.50 ± 

0.65 mg/100 g) and Na+ (94.44 ± 0.66 mg/100 g) (Mohammed 

Abdus Satter et al. 2016).

Based on its reported use in postpartum haemorrhage and 

uterine stimulation, this study sets out to verify this use and 

examines some parameters on possible mechanisms of 

activity. The study is therefore aimed at investigating the 

activity of the plant extract on uterine contractility, 

investigating preliminary mechanisms of activity and 

determining secondary metabolites contained in the leaf, 

which can serve as a basis for further drug discovery studies.

Materials and method
Plant material

Fresh leaves of D. filix-mas (hereafter DF) were collected 

between July and August, 2015, from the river bank of Osun 

River at Osogbo, Osun State, Nigeria. It was authenticated by 

Dr H.A. Akinnibosun from the Department of Botany, Faculty 

of Life Sciences, University of Benin, Edo State, Nigeria. A 

voucher specimen has been prepared with voucher number 

of UBN/PCG/1658 and deposited at the Department of 

Pharmacognosy, University of Benin, Nigeria.

Animals

Mature non-pregnant female albino mice weighing an 

average of 24 ± 0.66 g were obtained from the Animal House 

Department of Pharmacology and Toxicology, Faculty of 

http://www.jomped.co.za
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Pharmacy, University of Benin, Edo State, Nigeria. They 

were housed in plastic cages at an environmentally 

controlled room temperature of approximately 27 ± 5°C 

and environmentally controlled lighting conditions of 

approximately 11 h/13 h light and dark cycles. Relative 

humidity ranged from 85% to 88%. The animals were 

acclimatised to these conditions. Handling was done as 

much as possible according to standards of the Public 

Health Service policy on humane care and use of Laboratory 

Animals (Office of Laboratory Animal Welfare & NIH 2015; 

National Research Council 2010). The animals were 

maintained on standard diet of animal pellets and clean 

tap water.

Drugs and chemicals

Methanol of high analytical grade (Pharmatrends, 

Nigeria) and tween 80 (Sigma Aldrich, UK) were solvents 

used in this study. Salts for the physiological solution 

were obtained from BDH chemicals, England. Other 

drugs used in this study include oxytocin (Laborate 

Pharmaceuticals, India) and diethylstilboesterol (Sigma 

Aldrich, UK). For the mass spectrometric experiments, 

methanol (MeOH), dichloromethane (DCM), acetonitrile 

(MeCN) and formic acid were purchased (Fisher Scientific, 

Hemel Hempstead, UK). All reagents were of analytical 

grade.

PヴWヮ;ヴ;ピﾗﾐ ﾗa W┝デヴ;Iデ
The plant material was air-dried for 5 days followed by 

controlled oven-drying at 40 °C after which it was reduced to 

powder form by using an electric milling machine (Christy 

Norris, England). The powdered samples were kept in 

airtight containers and stored in the refrigerator at 4 °C until 

needed. Five hundred grams (500 g) of the powdered plant 

material was macerated in 2.5 L methanol, and the extract 

obtained was concentrated under pressure by using a rotary 

evaporator maintained at 40  °C. The extract weight was 

98.65 g giving a yield of 5.07 %w/w.

Cﾗﾐデヴ;Iピﾉｷデ┞ ゲデ┌SｷWゲ
UデWヴｷﾐW ピゲゲ┌W ヮヴWヮ;ヴ;ピﾗﾐ
Twenty-four hours prior to the day of experiments, each 

mouse was administered 1.0 mg/kg diethylstilbestrol orally 

by using a feeding syringe (Bafor, Omogbai & Ozolua 2010). 

This dose and route of administration had been previously 

determined in our laboratory to effectively induce oestrous. 

Diethylstilbestrol was constituted in Tween 80 and distilled 

water (1:1). On the day of the experiment prior to the 

experiment proper, vaginal smears were obtained and 

prepared (Caligioni 2009; Cora, Kooistra & Travlos 2015). 

Briefly the smears were collected by flushing with distilled 

water by using a Pasteur pipette (0.1 mm). A smear was made 

on a clean glass slide, fixed with ethanol and stained with a 

drop of gentian violet. The smear was then viewed under a 

microscope. Once the stage of oestrous was ascertained, the 

mouse was then humanely sacrificed. Animals in pro-

oestrous and oestrous states (Figure 1) were used for the 

experiments (Bafor et al. 2014). The selected mouse was 

humanely killed by cervical dislocation and the uterine horns 

were immediately excised and immediately placed into a 

petri dish containing previously warmed and aerated 

physiological salt solution. The uterine tissues were cleaned 

of connective tissues and one horn was transected medially 

in half. Tissue lengths of approximately 1–2 mm each were 

obtained. The uterine segment was then mounted in a 

warmed 10-mL organ bath maintained at 37 °C and containing 

aerated physiological solution. The physiological salt 

solution used was of the following composition in M: NaCl 

154.00, NaHCO
3
 5.95, D-glucose 2.78, KCl 5.63 and 

CaCl
2
·2H

2
O 2.05 (Bafor et al. 2014).

E┝ヮWヴｷﾏWﾐデ;ﾉ ヮヴﾗデﾗIﾗﾉ
The mounted tissues were equilibrated under resting tension 

of 4.90 mN for 30–45 min (time duration used was dependent 

on when regular contractions were obtained) (Bafor et al. 

2014; Sukwan, Wray & Kupittayanant 2014). The force and 

frequency of uterine contractions in the longitudinal muscle 

layers were measured by using a 7003E-isometric force 

a b

FIGURE 1: RWヮヴWゲWﾐデ;ピ┗W Ыヱヰヰ ｷﾏ;ｪWゲ ﾗa ｪWﾐピ;ﾐ ┗ｷﾗﾉWデどゲデ;ｷﾐWS W┝aﾗﾉｷ;ピ┗W ┗;ｪｷﾐ;ﾉ I┞デﾗﾉﾗｪ┞ aヴﾗﾏ ;ﾐｷﾏ;ﾉゲ ┌ゲWS ｷﾐ デｴｷゲ ゲデ┌S┞ IﾗヴヴWゲヮﾗﾐSｷﾐｪ デﾗぎ ふ;ぶ ﾗWゲデヴ┌ゲ ┘ｷデｴ ﾏ;ｷﾐﾉ┞ 
;ﾐ┌IﾉW;デWS IﾗヴﾐｷgWS WヮｷデｴWﾉｷ;ﾉ IWﾉﾉゲ ふ;ぶが ふHぶ ﾉ;デW ヮヴﾗどﾗWゲデヴ┌ゲ ┘ｷデｴ ﾐ┌IﾉW;デWS IWﾉﾉゲ ┌ﾐSWヴｪﾗｷﾐｪ IﾗヴﾐｷgI;ピﾗﾐ ふ;ぶ ;ﾐS aW┘ ﾉ┞ﾏヮｴﾗI┞デWゲ ふHぶく
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transducer (Ugo Basile, Varise, Italy) connected to a 17 400 

data capsule digital recorder with an inbuilt bridge amplifier 

(Ugo Basile, Varese, Italy).

Experiment on the effect of extract on spontaneous uterine 

contraction: The direct effect of cumulative concentrations of 

the extract on uterine smooth muscle contractility was 

investigated (Bafor et al. 2014, 2017; Elvis-offiah, Iyawe & 

Bafor 2016; Sukwan, Wray & Kupittayanant 2014). 

Concentration–response relationships were obtained by 

using concentrations between 0.07 µg/mL and 21.0 µg/mL. 

The concentration used had been predetermined in our 

laboratory as concentrations covering the range of effects of 

the extract. A contact time of 3 min was allowed following 

each concentration of extract administered. After each set of 

administration, the tissues were washed three times and a 

wash-out over a minimum period of 10 min was allowed for 

the tissue to recover before the next administration.

Experiment on the effect of extract on oxytocin-induced 

uterine contraction: Conversion of oxytocin from 

international units (IU) to milligram (mg) was in accordance 

with the World Health Organization recommendation where 

10 IU = 16.6 µg/mL (World Health Organization 2010). After 

tissue equilibration, the effect of the extract on oxytocin-

induced uterine contraction was investigated. This was 

carried out by first performing a concentration–response to 

oxytocin (0.00017 ng/mL–4.98 ng/mL) in the absence of the 

extract. This was then repeated in the presence of cumulative 

sub-maximum concentrations of the extract at 0.005 and 0.05 

mg/mL at 5 min each.

Experiment on the effect on high KCl-induced uterine 

contractility: The effect of the extract was determined in the 

presence of high KCl (80 mM). KCl (80 mM) was added to the 

bath containing the uterine tissues and left in contact for 5 

min and without washing cumulative concentrations of the 

extract (0.0005 mg/mL–0.5 mg/mL) were determined.

Experiment on the effect of the extract in Ca2+-free medium: 

After tissue equilibration for 30 min, the physiological salt 

solution was changed to one without calcium and containing 

0.1 mM of ethylenediaminetetraacetic acid. The tissue was 

then equilibrated in the Ca2+-free solution for a further 15 

min. After equilibration, oxytocin (0.116 ng/mL) was added 

and a contact time of 5 min was allowed. Without flushing, 

cumulative concentrations of the extract (0.07 µg/mL–210.00 

µg/mL) were added. A contact time of 3 min was allowed for 

each extract concentration.

Lｷケ┌ｷS Iｴヴﾗﾏ;デﾗｪヴ;ヮｴ┞どｴｷｪｴ ヴWゲﾗﾉ┌ピﾗﾐ Fﾗ┌ヴｷWヴ Tヴ;ﾐゲaﾗヴﾏ 
ﾏ;ゲゲ ゲヮWIデヴﾗﾏWデヴ┞ ｷSWﾐピgI;ピﾗﾐ ﾗa Iﾗﾐゲピデ┌Wﾐデゲ ｷﾐ 
W┝デヴ;Iデ
Samples and medium control samples were prepared at a 

concentration of 1 mg/mL in 80:20 MeOH:DCM. A solvent 

blank was also included. Liquid chromatography-high 

resolution Fourier Transform mass spectrometry (LC-

HRFTMS) analysis was performed on a Dionex UltiMate-3000 

(DIONEX, Sunnyvale, CA, USA) coupled to a Thermo 

Scientific Exactive Orbitrap system (Thermo Fisher Scientific 

[Bremen], GmbH, Bremen, Germany). The mass accuracy 

was set to less than 3.0 ppm. The instrument was externally 

calibrated according to the manufacturer’s instructions 

before the run. The column used was an ACE 5 C18 75 mm × 

3.0 mm column from Hichrom Ltd., Reading, UK. Ten micro-

litres of the sample was injected from the vial, and compounds 

were eluted with a flow rate of 300 µL/min by using water 

(A) and acetonitrile (B), both of which contained 0.1% formic 

acid, by a gradient starting with 10% B and increasing to 

100% B in 30 min. The mobile phase was maintained at 100% 

B for 5 min after which the column was equilibrated with 

10% B. The UV absorption wavelength was set at 254 nm, the 

sample tray temperature was maintained at 4 °C and the 

column was maintained at 20 °C. The files were sliced into 

positive and negative data sets by using ProteoWizard 

(Kessner et al. 2008) prior to data mining by using MZmine 

2.10 (Pluskal et al. 2010). Peak detection was accomplished by 

using the centroid mass detector and a noise level of 1000. 

The chromatogram builder generated peak lists from the 

mass lists obtained from the previous step. The minimum 

time span was 0.2 min, minimum height was 10 000, and the 

m/z tolerance was set to 0.0001 m/z or 5 ppm. Chromatogram 

deconvolution was accomplished by using the local minimum 

search algorithm with the following parameters: threshold 

(90%), search minimum in retention time (RT) range (0.4 

min), minimum relative height (5%), minimum absolute 

height (10 000), minimum ratio of peak top/edge (Burdyga et 

al. 2007) and peak duration range (0.2–5.0 min). The peak 

lists were de-isotoped by using the isotopic peaks grouper 

with an m/z tolerance of 0.001 m/z or 5 ppm, RT tolerance of 

0.1 min (absolute) and maximum charge of 2. The 

representative isotope was the most intense. The peak lists 

were then merged by using the Alignment function. The 

weight for m/z and for RT was 20, and the RT tolerance was 

5%. The aligned peak lists were gap-filled by using the Peak 

Finder, with an intensity tolerance of 1% and RT tolerance of 

0.5 min (absolute). Adducts were identified, together with 

other complexes that may have formed during ionisation. 

The chemical formulae of each peak were predicted by using 

the formula prediction tool developed by MZmine. Hits from 

the database were accessed by using ChemBioFinder version 

13 (PerkinElmer Informatics, Cambridge, UK).

Data analysis

The mean frequency and amplitude were calculated from 

contractions occurring at the last 3 min of the phasic 

contractions by using the GraphPad Prism (version 7.03; 

GraphPad software Inc., San Diego, CA, USA). Results were 

obtained as percentages of control applications (control = 100%). 

In some experiments, changes in force (amplitude) were 

expressed with respect to basal resting force level (100% 

amplitude). All data shown were expressed as mean ± 

standard error of mean and n represents the number of 

samples each from different animal, and in this study n = 5 

animals. Significance was evaluated by using appropriate 
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t-tests, and where necessary, one-way analysis of variance 

with Dunnett’s post hoc and p values ≤ 0.05 was taken to 

represent minimum significance in all cases.

In datasets with sufficient data points, mean log 

concentration–response curves were analysed by fitting data 

to a four-parameter logistic equation, by using the following 

equation values (Y = Bottom)/(1 + 10^[(LogIC50-

X)×HillSlope)], where Y = response which starts at the bottom 

and goes to the top in sigmoid shape, X = logarithm of 

concentration and IC
50

 is the concentration that produces half 

the maximal responses.

EデｴｷI;ﾉ IﾗﾐゲｷSWヴ;ピﾗﾐゲ
All animal experiments were performed according to 

approved guidelines for Humane Care and Use of Laboratory 

Animals and after prior approval of the institutional animal 

ethics committee, which is also stated within the article.

Ethical approval was obtained from the Ethical Committee, 

Faculty of Pharmacy, University of Benin, and an approval 

number was provided, EC/FP/016/04.

Results
V;ｪｷﾐ;ﾉ I┞デﾗﾉﾗｪ┞ ﾗa デｴW W┝ヮWヴｷﾏWﾐデ;ﾉ ;ﾐｷﾏ;ﾉゲ
Representative exfoliative vaginal cytology for the stage of 

the oestrous cycle of animals utilised for this study is shown 

in Figure 1. The relative prevalence of the cell type was used 

to ascertain the oestrous state for each recipient mouse. 

Typically animals in the oestrous and pro-oestrous stages 

were used for this study.

EdWIデ ﾗa W┝デヴ;Iデ ﾗﾐ ゲヮﾗﾐデ;ﾐWﾗ┌ゲ ┌デWヴｷﾐW 
Iﾗﾐデヴ;Iピﾗﾐゲ
Rhythmic contractions occurred in about 90% of uterine 

tissue preparations containing both longitudinal and circular 

smooth muscle in this study, which were subsequently 

utilised for studies on spontaneous uterine contractility. 

Cumulative concentration–response experiments were 

performed to determine the effects of the extracts on the force 

and frequency of spontaneous uterine contractions. Response 

curves were determined for DF (n = 5). DF extract was 

observed to induce mild inhibitions in the amplitude and 

frequency of spontaneous contractions at concentrations 

used in this study (Figure 2). Inhibitions were more 

pronounced at higher concentrations particularly at 210.00 

µg/mL (Figure 2). Concentration producing 50% inhibition 

of responses (IC
50

) were extrapolated to give IC
50

 amplitude = 

658.41 ng/mL ± 0.11 ng/mL and IC
50

 frequency = 175.32 ng/

mL ± 0.53 ng/mL.

EdWIデ ﾗa W┝デヴ;Iデ ﾗﾐ ﾗ┝┞デﾗIｷﾐどｷﾐS┌IWS ┌デWヴｷﾐW 
Iﾗﾐデヴ;Iピﾗﾐゲ
Experiments were performed to characterise the activities of 

DF on oxytocin-induced uterine contractions. The DF extract 

was observed to decrease the response of oxytocin-induced 

uterine contraction (Figure 3). The effect on the amplitude 

(force) of oxytocin was more pronounced than the effect seen 

on the frequency, which had more variability (Figure 3). DF 

was observed to decrease both the amplitude and frequency 

of oxytocin-induced contraction in a concentration-

dependent manner (Figure 4). A rightward shift was observed 

in the response to oxytocin at the concentrations of DF used 

in this study (Figure 4). DF effectively depressed the 

oxytocin’s action on uterine contraction at both concentrations 

utilised in this study.

EdWIデ ﾗa Dく gﾉｷ┝どﾏ;ゲ on high KCl-induced (80 
ﾏMぶ ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾗﾐゲ
Characterisation of the actions of DF to high K+ solution 

was performed. The possibility of interaction of DF with 

extracellular calcium channels involved in high K+ 

depolarisation of smooth muscles (Triggle 1987) was 

investigated. As shown in Figure 5, high KCl solution 

produced a rapid increase in force, which was immediately 

preceded by a decline and rapidly oscillating production of 

force (Crichton et al. 1993). Application of DF extract 

altered this activity at the highest concentration used for 

this protocol (Figure 5). The DF extract was observed to 

decrease significantly (p < 0.01) the contractile force 

(amplitude) of KCl-induced contractions at 0.5 mg/mL 

used (Figure 5).

EdWIデ ﾗa Dく gﾉｷ┝どﾏ;ゲ in Ca2+-free medium

Further experiments were designed to investigate 

whether DF extract could inhibit internal Ca mobilisation 

from the sarcoplasmic reticulum (Arrowsmith & Wray 

2014; Wray & Arrowsmith 2010). To do so, internal Ca 

mobilisation was blocked by utilisation of a Ca-free 

medium. In the absence of Ca2+, DF (0.07 µg/mL–210.00 

µg/mL) was observed to have no significant effect on 

oxytocin-induced contractions (Figure 6). However, mild 

inhibitions were observed at the highest concentration of 

DF utilised (Figure 6).

ISWﾐピgWS ゲWIﾗﾐS;ヴ┞ ﾏWデ;HﾗﾉｷデWゲ ｷﾐ Dく gﾉｷ┝どﾏ;ゲ
LC-HRFTMS was utilised to identify putative metabolites 

involved in the activity of DF on uterine contractility, which 

can be investigated further. The LC-HRFTMS results and 

database search (by using Dictionary of Natural Products) 

enabled the detection of 18 significant compounds (Tables 1 

and 2), 10 of which were identified (Table 1) and 8 were 

unknown (Table 2). The identified compounds included, 

4-acetyl-2,4-octadienoic acid (1), aurantiamide (2), 

trillenogenin (3), asperphenamate (4), 10,15-cyclo-11,14-

dihydroxy-1,2-dinor-6-phyten-3-one (5), detigloyl-6-deoxy-

2-hydroxyswietenine (6), 24(23s22)-abeo-16,23-epoxy-3,23-

dihydroxycholesta-5,24-dien-18-al (7), chlorocruoroporphyrin 

(8), 17-hydroxyingenol (9) and phylloerythrin (10) (Figure 7). 

The identified compounds were observed to belong to a 

diverse range of phytochemical classes including fatty acids, 

phenols, terpenoids and tetrapyrroles.
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Discussion
The myometrium (smooth muscle layer of the uterus) is 

active throughout life and not restricted to periods of labour 

and delivery. Uterine contraction therefore occurs throughout 

the menstrual cycle in non-pregnant states as well as the 

pregnant states, in a complex and dynamic physiological 

phenomenon (Aguilar & Mitchell 2010). Some of the 

unwanted but frequently observed results of myometrial 

dysfunction are contractions that are not timed leading to 

abortions or preterm delivery, or stronger than necessary 

contractions causing foetal distress, hypoxia and even death 

of the foetus (Aguilar & Mitchell 2010; Wray 2007). The non-

pregnant myometrium exhibits contractions at different 

phases of the menstrual cycle; these include rhythmic, ‘wave-

like’ contractions, oftentimes referred to as uterine peristalsis 

or spontaneous contractions, and the ‘focal and sporadic 

bulging of the myometrium’ (Togashi 2007; Togashi et al. 

1993), leading to sustained contractions. These contractions 

are important in endometrial sloughing (Wray & Noble 2008) 

and assist in sperm passage (Pehlivanoğlu, Bayrak & Doğan 

2013). In late-term pregnancy, the myometrium contracts via 

similar mechanisms as occurs in the non-pregnant uterus 

with differences in morphology and concentrations of 

circulating hormones to systematically ensure successful 

expulsion of the foetus in the absence of any abnormalities 

(Pehlivanoğlu et al. 2013). Therefore, regardless of the 

presence or absence of pregnancy, uterine contractions are 

dependent on the contractile activity of the cellular elements, 

the uterine myocytes. The uterine myocytes are cells of the 

myometrium, which often exhibits a phasic contractile 

pattern such that the resting tone of the uterus is maintained. 

This resting tone is often superimposed by separate 

intermittent set of contractions with varying frequency, 

amplitude and duration. It is predominantly regulated by 

intracellular calcium concentra tion ([Ca2+]
i
) (Aguilar & 

Mitchell 2010; Wray 2007). DF was found in this study to 

inhibit this spontaneous intrinsic uterine contraction 

suggesting possible inhibition of the force and frequency of 
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myocyte activity via inhibition of [Ca2+]
i
. An increase in [Ca2+]

i
 

is reported to activate a calcium ion (Ca2+)-dependent 

cytosolic protein, calmodulin (CalM), which is capable of 

binding up to four Ca2+ ions (Johnson et al. 1996). Formation 

of the Ca2+-CalM complex activates the enzyme myosin light 

chain kinase (MLCK) resulting in an increase in the 

phosphorylation of myosin regulatory light chain-20 

(MLC20) and subsequent cross-bridge cycling (Shojo & 

Kaneko 2001). MLC20 phosphorylation by MLCK is the 

principal determinant of the amplitude and duration of 

contraction (Butler et al. 2013; McConnell & Wadzinski 2009). 

MLCK contains several phosphorylation target sites for 

protein kinase A, protein kinase C (PKC) and other kinases 

(Aguilar & Mitchell 2010; Wray et al. 2001) which may 

contribute to its activity. It may therefore seem that the 

inhibition of the amplitude of myometrial contraction 

markedly observed in this study may be attributed to the 

prevention of MLC20 phosphorylation by DF. Activation of 

MLCK by CalM translocation of activated MLCK towards 

the contractile apparatus may be the rate-limiting step of 

contraction (Wray et al. 2003) determining the contraction 

frequency of the myometrium. It would also seem that with 

the effect of DF being somewhat more pronounced on the 

amplitude than the frequency of spontaneous contractions, 

DF may exert less activity on MLCK activation and possibly 

a greater effect on prevention of MLC20 phosphorylation.

This study additionally reports the inhibition of oxytocin-

induced uterine contraction by DF. Oxytocin is known 

largely for its stimulatory actions on myometrial contraction 

(Pehlivanoğlu et al. 2013) where it is widely used to reinforce 

labour contractions. Oxytocin stimulates calcium entry and 

release from the sarcoplasmic reticulum. Coupling of 

oxytocin to its receptor activates phospholipase-Cく, which 

hydrolyses phosphatidylinositol bisphosphate (PIP
2
) 

releasing two second messengers, inositol triphosphate 

(IP
3
) and diacylglycerol (DAG) (Wray & Arrowsmith 2010). 

IP
3
 activates [Ca2+]

i
 from the sarcoplasmic reticulum, which 

proceeds to open up more extracellular calcium channels, 

while DAG activates protein kinase C (Wray & Arrowsmith 

2010). Oxytocin has also been reported to exert a stimulatory 

effect on [Ca2+]
i
 entry and release from the sarcoplasmic 

reticulum (Soloff & Sweet 1982) while also inhibiting [Ca2+]
i
 

efflux, which may result in the inhibition of myosin light 

chain phosphate (Wray & Arrowsmith 2010). The net effect 

is a powerful enhancement of force and slowing relaxation 

which could be observed in this study. The effect of DF on 

oxytocin seen in this study therefore supports the 
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FIGURE 6: Oヴｷｪｷﾐ;ﾉ ヴWヮヴWゲWﾐデ;ピ┗W ヴWIﾗヴSｷﾐｪ ゲｴﾗ┘ｷﾐｪ デｴW WdWIデ ﾗa Dく gﾉｷ┝どﾏ;ゲ 
ふDFぶ ﾗﾐ ﾗ┝┞デﾗIｷﾐどｷﾐS┌IWS ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾗﾐ ｷﾐ I;ﾉIｷ┌ﾏどSWヮヴｷ┗WS ﾏWSｷ┌ﾏく DF 
;ヮヮW;ヴWS デﾗ ｴ;┗W ﾉｷ─ﾉW WdWIデ ﾗﾐ ﾗ┝┞デﾗIｷﾐ ┘ｴWﾐ ; I;ﾉIｷ┌ﾏどaヴWW ﾏWSｷ┌ﾏ ┘;ゲ 
┌ゲWSが ;ﾉデｴﾗ┌ｪｴ ゲﾉｷｪｴデ SWヮヴWゲゲｷﾗﾐゲ ┘WヴW ﾗHゲWヴ┗WS ;デ デｴW ｴｷｪｴWゲデ IﾗﾐIWﾐデヴ;ピﾗﾐゲ 
ﾗa DF ┌ゲWS ｷﾐ デｴｷゲ ゲデ┌S┞く n Э ヵ ;ﾐｷﾏ;ﾉゲく

TABLE ヱぎ P┌デ;ピ┗Wﾉ┞ ｷSWﾐピgWS Iﾗﾏヮﾗ┌ﾐSゲ ｷﾐ Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲく
Serial Number Compound name Molecular formula Molecular weight (g/mol) ﾏっ┣ RT ふﾏｷﾐぶ

ヱく ヴど;IWデ┞ﾉどヲがヴどﾗIデ;SｷWﾐﾗｷI ;IｷS CヱヱHヱヶO3
ヱΓヶくヱヰΓΓ ヱΓΑくヱヱΑヲ ヶくヶヴ

ヲく ;┌ヴ;ﾐピ;ﾏｷSWどOど;IWデ┞ﾉ CヲΑHヲΒNヲO4
ヴヴヴくヲヰヴΒ ヴヴヵくヲヱヲヱ ヱヶくΑΓ

ンく デヴｷﾉﾉWﾐﾗｪWﾐｷﾐき Αéどｴ┞Sヴﾗ┝┞が ヱどOどぷéどDど;ヮｷﾗa┌ヴ;ﾐﾗゲ┞ﾉどふヱтンぶどüどLど
ヴｴ;ﾏﾐﾗヮ┞ヴ;ﾐﾗゲ┞ﾉどふヱтヲぶどぷéどDど┝┞ﾉﾗヮ┞ヴ;ﾐﾗゲ┞ﾉどふヱтンぶへどüどLど
;ヴ;Hｷﾐﾗヮ┞ヴ;ﾐﾗゲｷSWへ

CヴΑHΑヰOヲヵ ヱヰンヴくヴヲンヱ ヱヰンヵくヴンヰン ヱΓくヴヶ

ヴく ;ゲヮWヴヮｴWﾐ;ﾏ;デW CンヲHンヰNヲO4
ヵヰヶくヲヱΓΓ ヵヰヵくヲヱヲヶ ヱΓくヴΑ

ヵく ヱヰがヱヵどI┞IﾉﾗどヱヱがヱヴどSｷｴ┞Sヴﾗ┝┞どヱがヲどSｷﾐﾗヴどヶどヮｴ┞デWﾐどンどﾗﾐW CヱΒHンヲO3
ヲΓヶくヲンヴヵ ヲΓヵくヲヲΑヲ ヲヰくヶヰ

ヶく SWピｪﾉﾗ┞ﾉどヶどSWﾗ┝┞どヲどｴ┞Sヴﾗ┝┞ゲ┘ｷWデWﾐｷﾐW C
34

HヴヲOヱヰ ヶヱヰくヲΑΓヲ ヶヱヱくヲΒヶヵ ヲヱくンヲ
Αく ヲヴふヲンтヲヲぶど;HWﾗどヱヶがヲンどWヮﾗ┝┞どンがヲンどSｷｴ┞Sヴﾗ┝┞IｴﾗﾉWゲデ;どヵがヲヴどSｷWﾐどヱΒど;ﾉ CヲΑHヴヰO4

ヴヲΒくヲΓヲン ヴヲΓくヲΓΓヶ ヲヲくヴヲ
Βく IｴﾉﾗヴﾗIヴ┌ﾗヴﾗヮﾗヴヮｴ┞ヴｷﾐき DｷどMW WゲデWヴ CンヵHンヶN4

Oヵ ヵΓヲくヲヶΒΓ ヵΓンくヲΑヶヲ ヲΓくンン
Γく ヱΑどｴ┞Sヴﾗ┝┞ｷﾐｪWﾐﾗﾉき ヱΑどHWﾐ┣ﾗ┞ﾉが ンど;ﾐｪWﾉﾗ┞ﾉが ヵどAI C

34
HヴヰOΓ ヵΓヲくヲヶΒΓ ヵΓンくヲΑヶヲ ンヰくヱヰ

ヱヰく ヮｴ┞ﾉﾉﾗWヴ┞デｴヴｷﾐ C
33

H
34

N
4
O

3
ヵンヴくヲヶンヵ ヵンヵくヲΑヰΒ ンヰくΓン

RTが ヴWデWﾐピﾗﾐ ピﾏWく

TABLE ヲぎ UﾐｷSWﾐピgWS Iﾗﾏヮﾗ┌ﾐSゲ ｷﾐ Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲく Dﾗ┌HﾉW HﾗﾐS Wケ┌ｷ┗;ﾉWﾐIW ｷﾐSｷI;デWゲ ﾐ┌ﾏHWヴ ﾗa ヴｷﾐｪゲ ;ﾐS Sﾗ┌HﾉW HﾗﾐSゲ ｷﾐ デｴW ゲデヴ┌Iデ┌ヴWが ┘ｴWヴW ヱ ヴｷﾐｪ Э ヱ Sﾗ┌HﾉW 
HﾗﾐS Wケ┌ｷ┗;ﾉWﾐIWく
Serial Number Predicted molecular formula Double bond equivalence Molecular weight (g/mol) ﾏっ┣ RT ふﾏｷﾐぶ

ヱヱく CヱヶHヲΒN3
Oヲ ヲΓヴくヲヱΒΓ ぷMどHへど ヲΓンくヲヱヱヶ ヱΓくヰΓ

ヱヲく CヲΓHヲΒN4
Oヶ ヱΒくヰ ヵヲΒくヲヰヲΑ ぷMЩHへЩ ヵヲΓくヲヱヰヰ ヱΓくヴヶ

ヱンく CンヵHヲΒNOヵ ヲヲくヵ ヵヴヲくヱΓヶΓ ぷMどHへど ヵヴヱくヱΒΓヶ ヱΓくヴΑ
ヱヴく CンヰHヲΒNヵO3

ヱΓくヵ ヵヰヶくヲヲヰΑ ぷMЩHへЩ ヵヰΑくヲヲΑΓ ヱΓくヴΑ
ヱヵく C

33
HンヲNヲOヶ ヱΓくヰ ヵヵヲくヲヲヵヶ ぷMЩHへЩ ヵヵヱくヲヱΒン ヱΓくヴΑ

ヱヶく CヲヵH34
N

3
O

3
ヱヰくヵ ヴヲヴくヲヶヱヰ ぷMЩHへЩ ヴヲヵくヲヶΒン ヲヱくヲΓ

ヱΑく CヲンHヱヶN3
O

4
ヱΑくヵ ンΓΒくヱヱヴΑ ぷMどHへど ンΓΑくヱヰΑヴ ヲンくヵヱ

ヱΒく CヴヰHヵヴNヶO3
ヱΑくヰ ヶヶヶくヴヲヴヱ ぷMどHへど ヶヶヵくヴヱヶΓ ンヴくヵン

ヱΓく CヵヵHΓΒN3
Oヶ Βくヵ ΒΓヶくΑヴヴン ぷMЩHへЩ ΒΓΑくΑヵヱヵ ンヴくヶヱ

RTが ヴWデWﾐピﾗﾐ ピﾏWく
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developing hypothesis that DF may be involved in the 

prevention of MLCK activation. However, the effect of DF 

on oxytocin also suggests possible interaction with the 

associated second messengers IP
3
 and DAG, but this 

remains to be investigated.

KCI-rich solutions have been reported to depolarise the 

surface membrane of muscle cells resulting in contraction 

(Niedergerke 1956). The resting membrane potential of 

uterine smooth muscle cells has been recorded to be between 

-35 mV and -80 mV (Togashi 2007). Potassium-rich solutions 

cause changes in the ionic permeability of the myocyte 

membrane, which leads to the threshold for action potential 

generation being reached, resulting in the depolarisation of 

the cell membrane, markedly increased Ca2+ entry, and 

subsequent contraction (Arrowsmith et al. 2014). Together, 

these result in what is known as a ‘complex action potential’ 

which involves an initial spike-like depolarisation followed 

by a sustained plateau of depolarisation between -30 mV and 

-20 mV, and involves strong Ca2+ conductance (Arrowsmith 

et al. 2014) through the voltage-operated calcium channels 

(VOCs), in particular, the L-type calcium channel (Granger, 

Hollingsworth & Weston 1986). Gap junctions within the 

myocytes ensure propagation of the action potentials 

throughout the myometrium, prompting contraction 

synchronicity at the whole organ level (Arrowsmith et al. 

2014; Little, Teaf & Hurwitz 1985). This mechanical response 

to high K+ is completely inhibited by several calcium channel 

blockers through blockade of the L-type channel (Calixto & 

Sirley 1985). This therefore proposes potential inhibitory 

activity of DF on VOC which would have been responsible 

for the inhibition of KCl-induced contractions in this study.

In a calcium-deprived medium, the only available calcium 

originates from intracellular stores (Batra 1986). In this 

study, oxytocin was shown to produce contractions in 

the calcium-free solution suggesting the utilisation of 

intracellular calcium stores which has been previously 

documented (Arrowsmith & Wray 2014; Arrowsmith et al. 

2014). The uterine sarcoplasmic reticulum actively takes up 

and stores Ca2+ by using the sarcoplasmic/endoplasmic 

reticulum Ca2+-ATPase (SERCA), and luminal Ca2+ buffers. 

It is also well endowed with Ca-release channels with the 

major effect of IP
3
 being to trigger Ca2+ release from the 

sarcoplasmic reticulum via the IP
3
 receptors (Arrowsmith et 

al. 2014). DF was observed to have no significant effect on 

oxytocin-induced contraction under these conditions, 

suggesting a lack of interaction with [Ca2+]
i 
and rather a 

possible interaction with the extracellular voltage-gated 

calcium channels.
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Taken together, it appears that DF may exhibit uterine 

inhibitory activity particularly through interaction with 

extracellular voltage-gated calcium channels, presumably 

the L-type calcium channels that are responsible for 

spontaneous contractions. Spontaneous contractions have 

been reported to have no involvement with intracellular 

calcium (Shmigol, Eisner & Wray 2001) suggesting that 

myogenic phasic contractions of the uterus are entirely 

dependent on Ca2+ influx through voltage-gated L-type 

Ca2+ channels, which are necessary and sufficient for 

normal spontaneous myometrial activity (Kupittayanant, 

Burdyga & Wray 2001; Shmigol, Eisner & Wray 1998). 

However, agonists (such as oxytocin) promote re-uptake 

of Ca2+ into the sarcoplasmic reticulum via the Ca2+-

ATPase of the sarcoplasmic reticulum (Shmygol & Wray 

2004) suggesting a strong dependence of agonist on 

intracellular calcium (Arrowsmith et al. 2014). In this 

study, it was observed that under the influence of 

extracellular calcium channels on oxytocin activity, DF 

produced an inhibitory effect but in the absence of 

extracellular calcium, DF lacked activity on oxytocin. 

That DF could inhibit high K+-induced contraction which 

is highly dependent on calcium from extracellular 

channels also supports the involvement of DF with VOCs. 

There are currently no scientific reports on the effect of DF 

on myometrial contractility; however, an earlier study 

reported the anthelminthic effect of DF (Urban et al. 2008), 

which supports possible calcium inhibitory effect. Studies 

performed with Verbascum thapsus showed a similar 

anthelminthic activity and also reported, in addition, the 

possible inhibition of VOCs by the same plant V. thapsus 

(Ali et al. 2012), giving credence to the interaction of DF 

with VOCs suggested in this study.

BｷﾗﾉﾗｪｷI;ﾉ WdWIデゲ ﾗa ｷSWﾐピgWS Iﾗﾏヮﾗ┌ﾐSゲ ｷﾐ 
Dく gﾉｷ┝どﾏ;ゲ
Several compounds were identified in DF belonging to 

general classes of fatty acids, alkaloids, saponin glycoside, 

amino acids, limonoids and terpenes, as well as porphyrins. 

Some reported biological effects of the identified compounds 

are briefly discussed here in order to extrapolate possible 

relationship with the activity of DF in this study. 

Aurantiamide identified in DF belongs to the alkaloid group 

of compounds (Liu et al. 2015), and while there is not much 

work performed on the effect of aurantiamide on the uterus, 

it was reported that aurantiamide acetate inhibits the release 

of pro-inflammatory cytokines, nitric oxide and prostaglandin 

E
2
 (Liu et al. 2015), which may contribute to the inhibitory 

effect observed in this study. The trillenogenin also identified 

in DF is a steroid saponin polyglycoside (Wang et al. 2007), 

and similar to aurantiamide there has been no report on its 

actions on the uterus. However, it has been reported to 

inhibit cylclooxygenase 2 (COX-2) production (Wang et al. 

2007) and therefore may contribute to alteration of uterine 

contractility. Labour is associated with increased synthesis of 

prostaglandin in utero (Keirse, Mitchell & Turnbull 1977). 

Prostaglandins which are formed from the precursor 

arachidonic acid, which is itself is a substrate for at least 

three enzyme groups (Slater et al. 1999), are known to 

facilitate cervical ripening, stimulate uterine contractions 

(Crankshaw & Dyal 1994) and indirectly increase fundally 

dominant myometrial contractility via up-regulation of 

oxytocin receptors (Garfield, Tabb & Thilander 1990). 

The cyclooxygenase (COX) pathway releases prostaglandins. 

It has been reported that in labour, arachidonic acid 

metabolism is increased and the ratio of COX to lipoxygenase 

metabolism is changed such that it favours prostaglandin E
2
 

synthesis (Bennett et al. 1993). The expression of COX-2 

therefore increases drastically during labour (Hirst et al. 

1995), which potentiates uterine contraction. Inhibition 

of COX-2 will therefore lead to an inhibition of uterine 

contractility. Asperphenamate is a phenylalanine derivative 

(Zheng et al. 2013) identified in DF. It is an unusual ester of 

N-benzoylphenylalanine and N-benzoylphenylalaninol and 

was first isolated from Aspergillus flavipes (Clark, Hufford & 

Robertson 1977). It is known majorly for its antitumor 

activity (Li et al. 2012; Wu et al. 2004; Yuan, Wang & Sun 

2010), but there are currently no reports on the effect of 

asperphenamate on uterine contraction. Destigloylswietenine 

belongs to the limonoid class of plant secondary metabolites 

(Zhang et al. 2009) with swietenine being first isolated 

from the seeds of Swetenia macrophylla in 1964 (Conolly et al. 

1964). While there are also no reports of the effect of 

destigloylswietenine on uterine contraction, limonoids from 

Swietenia humilis (Meliaceae) have been reported to cause a 

stimulatory effect on intestinal and uterine smooth muscle, 

and it was suggested to occur possibly through an interaction 

with oestrogens (Perusquía et al. 1997). The chlorocruorins 

are green blood-pigments which resemble the haemoglobins 

and erythrocruorins in having a ferrous iron-porphyrin 

complex as prosthetic group, but the porphyrin, 

chlorocruoroporphyrin, which was identified in DF is 

different from that of haem (Walsh 1961). Phylloerythrin 

identified in DF also belongs to the porphyrin group of 

secondary metabolites and finds clinical application 

currently in photodynamic therapy (Smith et al. 1996). The 

porphyrin group of compounds has been reported to have 

varying effects of inhibition and stimulation on uterine 

contractility (Bafor et al. 2014); chlorocruoroporphyrin and 

phylloerythrin may therefore contribute to the activity of 

DF on the uterine smooth muscle. Hydroxyingenol also 

identified in DF belongs to the diterpene class of plant 

secondary metabolites which are reported to exhibit 

analgesic and anti-writhing activity and to also inhibit 

phorbol dibutyrate receptors (Mbwambo et al. 1996; Wu 

et al. 1991). The phorbol esters are potent analogues of 

diacylglycerol and also bind actively to protein kinase C 

receptors (Ono et al. 1989), which promotes Ca2+ release and 

smooth muscle contraction. Therefore, inhibition of the 

phorbol dibutyrate receptors may lead to an inhibition 

of contractility and may contribute to the effect of DF in 

this study. Earlier studies reported significant antioxidant 

activity of DF possibly because of the presence of several 

phenolic compounds (Sekendar Ali et al. 2012; Soare et al. 

2012). These support the compounds detected in these 

studies, which had varied components of phenol groups.
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Conclusion
This study reports the inhibitory effect of the methanol leaf 

extract of DF on uterine contractility. DF was shown in this 

study to inhibit spontaneous, oxytocin-induced and high KCl-

induced uterine contractions. DF was however shown to have 

no effect on oxytocin-induced contraction in calcium-free 

media. Taken together, this study reports the inhibitory effect 

of DF on uterine contractility and suggests possible interaction 

with calcium with preference to the extracellular voltage-

gated calcium channels. Several secondary metabolites were 

also identified in DF which were found to include fatty acids, 

alkaloids, saponin glycoside, amino acids, limonoids, terpenes 

and porphyrins. Inhibition shown by DF in this study 

may therefore not support the reported traditional use in 

postpartum haemorrhage and uterine stimulation.
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Aヴヴﾗ┘ゲﾏｷデｴが Sくが KWﾐSヴｷIﾆが Aくが H;ﾐﾉW┞が Jくが NﾗHﾉWが Kく わ Wヴ;┞が Sくが ヲヰヱヴが けM┞ﾗﾏWデヴｷ;ﾉ 
ヮｴ┞ゲｷﾗﾉﾗｪ┞ に TｷﾏW デﾗ デヴ;ﾐゲﾉ;デWいげが E┝ヮWヴｷﾏWﾐデ;ﾉ Pｴ┞ゲｷﾗﾉﾗｪ┞ ΓΓふンぶが ヴΓヵにヵヰヲく ｴ─ヮゲぎっっ
SﾗｷくﾗヴｪっヱヰくヱヱヱンっW┝ヮヮｴ┞ゲｷﾗﾉくヲヰヱンくヰΑヶヲヱヶ

Aヴヴﾗ┘ゲﾏｷデｴが Sく わ Wヴ;┞が Sくが ヲヰヱヴが けO┝┞デﾗIｷﾐぎ Iデゲ ﾏWIｴ;ﾐｷゲﾏ ﾗa ;Iピﾗﾐ ;ﾐS ヴWIWヮデﾗヴ 
ゲｷｪﾐ;ﾉﾉｷﾐｪ ｷﾐ デｴW ﾏ┞ﾗﾏWデヴｷ┌ﾏげが Jﾗ┌ヴﾐ;ﾉ ﾗa NW┌ヴﾗWﾐSﾗIヴｷﾐﾗﾉﾗｪ┞ ヲヶが ンヵヶにンヶΓく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃﾐWくヱヲヱヵヴ

B;aﾗヴが EくEくが EHｷS;ﾏWが VくOくが Eﾉ┗ｷゲどOq;ｴが UくBくが Oﾏﾗヴ┌┞ｷが Oくが E┣Wが GくIくが IｪHｷﾐ┌┘Wﾐが Oく 
Wデ ;ﾉくが ヲヰヱΑが けA ヴﾗﾉW ﾗa ;ﾉヮｴ;どデﾗIﾗヮｴWヴﾗﾉ ;ﾐS ヮｴ┞ﾉﾉﾗケ┌ｷﾐﾗﾐW ｷﾐ デｴW ﾏﾗS┌ﾉ;ピﾗﾐ ﾗa 
┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞ ;ﾐS ヴWヮヴﾗS┌Iピ┗W a┌ﾐIピﾗﾐ ｷﾐ ﾏﾗ┌ゲW ﾏﾗSWﾉゲげが MWSｷIｷﾐ; 
(Buenos Aires) ヵンふンぶが ヱΓヰにヲヰヲく

B;aﾗヴが EくEくが Lｷﾏが CくVくが Rﾗ┘;ﾐが EくGく わ ESヴ;S;どEHWﾉが Rくが ヲヰヱヴが けTｴW ﾉW;┗Wゲ ﾗa FｷI┌ゲ 
W┝;ゲヮWヴ;デ; V;ｴﾉ ふMﾗヴ;IW;Wぶ ｪWﾐWヴ;デWゲ ┌デWヴｷﾐW ;Iピ┗W IｴWﾏｷI;ﾉ Iﾗﾐゲピデ┌Wﾐデゲげが 
Jﾗ┌ヴﾐ;ﾉ ﾗa Eデｴﾐﾗヮｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヱヴヵふンぶが ΒヰンにΒヱヲく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃく
ﾃWヮくヲヰヱヲくヱヲくヰヲヰ

B;aﾗヴが EくEくが OﾏﾗｪH;ｷが EくKくIく わ O┣ﾗﾉ┌;が RくIくが ヲヰヱヰが けIn vitro SWデWヴﾏｷﾐ;ピﾗﾐ ﾗa デｴW 
┌デWヴｷﾐW ゲピﾏ┌ﾉ;デﾗヴ┞ WdWIデ ﾗa デｴW ;ケ┌Wﾗ┌ゲ ﾉW;a W┝デヴ;Iデ ﾗa FｷI┌ゲ W┝;ゲヮWヴ;デ;げが 
Jﾗ┌ヴﾐ;ﾉ ﾗa Eデｴﾐﾗヮｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヱヲΑふヲぶが ヵヰヲにヵヰΑく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃく
ﾃWヮくヲヰヰΓくヱヰくヰヰヶ

B;デヴ;が Sくが ヱΓΒヶが けEdWIデ ﾗa ﾗ┝┞デﾗIｷﾐ ﾗﾐ I;ﾉIｷ┌ﾏ ｷﾐ｡┌┝ ;ﾐS W･┌┝ ｷﾐ デｴW ヴ;デ ﾏ┞ﾗﾏWデヴｷ┌ﾏげが 
E┌ヴﾗヮW;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヱヲヰふヱぶが ヵΑにヶヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっヰヰヱヴど
ヲΓΓΓふΒヶぶΓヰヶンΓどヴ

BWﾐﾐW─が PくRくが Sﾉ;デWヴが DくMくが S┌ﾉﾉｷ┗;ﾐが MくHくFくが EﾉSWヴが MくGく わ MﾗﾗヴWが GくEくが ヱΓΓンが けCｴ;ﾐｪWゲ 
ｷﾐ ;ヴ;IｴｷSﾗﾐｷI ;IｷS ﾏWデ;Hﾗﾉｷゲﾏ ｷﾐ ;ﾏﾐｷﾗﾐ IWﾉﾉゲ ;ゲゲﾗIｷ;デWS ┘ｷデｴ ｷﾐIヴW;ゲWS 
I┞Iﾉﾗﾗ┝┞ｪWﾐ;ゲW ｪWﾐW W┝ヮヴWゲゲｷﾗﾐ ;デ ヮ;ヴデ┌ヴｷピﾗﾐげが Bヴｷピゲｴ Jﾗ┌ヴﾐ;ﾉ ﾗa OHゲデWデヴｷIゲ 
;ﾐS G┞ﾐ;WIﾗﾉﾗｪ┞ ヱヰヰが ヱヰンΑにヱヰヴヲく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴΑヱどヰヵヲΒくヱΓΓンく
デHヱヵヱヴンく┝

B┌ﾉﾉW│が Cくが ZｷWｪﾉWヴが Dくが Pﾗﾉﾉｷが Vくが Dｷﾗデ;ﾉﾉW┗ｷが Lく わ FWヴヴﾗが Eくが ヲヰヰヰが けFﾉ;ﾏｷｪﾐｷ Cく UデWヴｷﾐW 
Iﾗﾐデヴ;Iピﾉｷデ┞ S┌ヴｷﾐｪ デｴW ﾏWﾐゲデヴ┌;ﾉ I┞IﾉWげが H┌ﾏ;ﾐ RWヮヴﾗS┌Iピﾗﾐ ヱヵが ΒヱにΒΓく ｴ─ヮゲぎっっ
SﾗｷくﾗヴｪっヱヰくヱヰΓンっｴ┌ﾏヴWヮっヱヵくゲ┌ヮヮﾉぱヱくΒヱ

B┌ヴS┞ｪ;が Tくが Wヴ;┞が Sく わ NﾗHﾉWが Kくが ヲヰヰΑが けIn situ I;ﾉIｷ┌ﾏ ゲｷｪﾐ;ﾉｷﾐｪぎ Nﾗ I;ﾉIｷ┌ﾏ ゲヮ;ヴﾆゲ 
SWデWIデWS ｷﾐ ヴ;デ ﾏ┞ﾗﾏWデヴｷ┌ﾏげが Aﾐﾐ;ﾉゲ ﾗa デｴW NW┘ Yﾗヴﾆ AI;SWﾏ┞ ﾗa SIｷWﾐIWゲ 
ヱヱヰヱふヱぶぎΒヵにΓヶく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱΓヶっ;ﾐﾐ;ﾉゲくヱンΒΓくヰヰヲ

B┌デﾉWヴが Tくが P;┌ﾉが Jくが E┌ヴﾗヮWどFｷﾐﾐWヴが Nくが Sﾏｷデｴが Rく わ Cｴ;ﾐが EくどCくが ヲヰヱンが けRﾗﾉW ﾗa ゲWヴｷﾐWど
デｴヴWﾗﾐｷﾐW ヮｴﾗゲヮｴﾗヮヴﾗデWｷﾐ ヮｴﾗゲヮｴ;デ;ゲWゲ ｷﾐ ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉW Iﾗﾐデヴ;Iピﾉｷデ┞げが 
AﾏWヴｷI;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞どCWﾉﾉ Pｴ┞ゲｷﾗﾉﾗｪ┞ ンヰヴふヶぶが CヴΒヵにCヵヰヴく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヱヵヲっ;ﾃヮIWﾉﾉくヰヰヱヶヱくヲヰヱヲ

C;ﾉｷｪｷﾗﾐｷが CくSくが ヲヰヰΓが けAゲゲWゲゲｷﾐｪ ヴWヮヴﾗS┌Iピ┗W ゲデ;デ┌ゲっゲデ;ｪWゲ ｷﾐ ﾏｷIWげが C┌ヴヴWﾐデ PヴﾗデﾗIﾗﾉゲ 
ｷﾐ NW┌ヴﾗゲIｷWﾐIW AヮヮWﾐSｷ┝ ヴが AヮヮWﾐSｷ┝ ヴIく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヰヲっヰヴΑヱヱヴヲンヰヱく
ﾐゲ;ヰヴｷゲヴΒ

C;ﾉｷ┝デﾗが JくBく わ SｷヴﾉW┞が Lくが ヱΓΒヵが けKWデ;ﾏｷﾐWどｷﾐｴｷHｷピﾗﾐ ﾗa I;ﾉIｷ┌ﾏどｷﾐS┌IWS Iﾗﾐデヴ;Iピﾗﾐゲ ｷﾐ 
SWヮﾗﾉ;ヴｷ┣WS ヴ;デ ┌デWヴ┌ゲぎ A Iﾗﾏヮ;ヴｷゲﾗﾐ ┘ｷデｴ ﾗデｴWヴ I;ﾉIｷ┌ﾏ ;ﾐデ;ｪﾗﾐｷゲデゲげが Bヴｷピゲｴ 
Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ Βヵふヱぶが ヱΒΓにヱΓヵく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴΑヶど 
ヵンΒヱくヱΓΒヵくデHヰΒΒヴヶく┝

Cﾉ;ヴﾆが AくMくが H┌dﾗヴSが CくDく わ RﾗHWヴデゲﾗﾐが Wくが ヱΓΑΑが けT┘ﾗ ﾏWデ;HﾗﾉｷデWゲ aヴﾗﾏ AゲヮWヴｪｷﾉﾉ┌ゲ 
｡;┗ｷヮWげが Lﾉﾗ┞Sｷ; ヴヰふヲぶが ヱヴヶく

CﾗIﾆが IくEくが ヲヰヱヵが けTｴW ゲ;aW ┌ゲ;ｪW ﾗa ｴWヴH;ﾉ ﾏWSｷIｷﾐWゲぎ Cﾗ┌ﾐデWヴどｷﾐSｷI;ピﾗﾐゲが Iヴﾗゲゲど
ヴW;Iピ┗ｷデ┞ ;ﾐS デﾗ┝ｷIｷデ┞げが Pｴ;ヴﾏ;Iﾗｪﾐﾗゲ┞ Cﾗﾏﾏ┌ﾐｷI;ピﾗﾐゲが ┗ｷW┘WS ヲヴ M;ヴIｴ ヲヰヱΑが 
aヴﾗﾏ ｴ─ヮぎっっ┘┘┘くヮｴIﾗｪIﾗﾏﾏﾐくﾗヴｪっゲｷデWゲっSWa;┌ﾉデっgﾉWゲっヱヰくヵヵンヰくヮIぱくヲヰヱヵくヱくヲくヮSa

Cﾗﾐﾗﾉﾉ┞が JくDくが HWﾐSWヴゲﾗﾐが Rくが MICヴｷﾐSﾉWが Rくが O┗Wヴデﾗﾐが KくHく わ Bｴ;I;が NくSくが ヱΓヶヴが けTｴW 
Iﾗﾐゲピデ┌ピﾗﾐ ﾗa ゲ┘ｷWデWﾐｷﾐWが ; ﾐﾗ┗Wﾉ デWデヴ;ﾐﾗヴデヴｷデWヴヮWﾐﾗｷSげが TWデヴ;ｴWSヴﾗﾐ LW─Wヴゲ ンΑが 
ヲヵΓンにヲヵΓΑく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっSヰヰヴヰどヴヰンΓふヰヰぶΑヰンΓヲどン

Cﾗヴ;が MくCくが Kﾗﾗｷゲデヴ;が Lく わ Tヴ;┗ﾉﾗゲが Gくが ヲヰヱヵが けV;ｪｷﾐ;ﾉ I┞デﾗﾉﾗｪ┞ ﾗa デｴW ﾉ;Hﾗヴ;デﾗヴ┞ ヴ;デ ;ﾐS 
ﾏﾗ┌ゲWぎ RW┗ｷW┘ ;ﾐS IヴｷデWヴｷ; aﾗヴ デｴW ゲデ;ｪｷﾐｪ ﾗa デｴW Wゲデヴﾗ┌ゲ I┞IﾉW ┌ゲｷﾐｪ ゲデ;ｷﾐWS 
┗;ｪｷﾐ;ﾉ ゲﾏW;ヴゲげが Tﾗ┝ｷIﾗﾉﾗｪｷI P;デｴﾗﾉﾗｪ┞ ヴンふヶぶが ΑΑヶにΑΓンく ｴ─ヮゲぎSﾗｷくﾗヴｪっヱヰくヱヱΑΑっ 
ヰヱΓヲヶヲンンヱヵヵΑヰンンΓ

Cヴ;ﾐﾆゲｴ;┘が DくJく わ D┞;ﾉが Rくが ヱΓΓヴが けEdWIデゲ ﾗa ゲﾗﾏW ﾐ;デ┌ヴ;ﾉﾉ┞ ﾗII┌ヴヴｷﾐｪ ヮヴﾗゲデ;ﾐﾗｷSゲ ;ﾐS 
ゲﾗﾏW I┞Iﾉﾗどﾗ┝┞ｪWﾐ;ゲW ｷﾐｴｷHｷデﾗヴゲ ﾗﾐ デｴW Iﾗﾐデヴ;Iピﾉｷデ┞ ﾗa デｴW ｴ┌ﾏ;ﾐ ﾉﾗ┘Wヴ ┌デWヴｷﾐW 
ゲWｪﾏWﾐデ in vitroげが C;ﾐ;Sｷ;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ;ﾐS Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ Αヲが ΒΑヰにΒΑヴく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱンΓっ┞Γヴどヱヲン

CヴｷIｴデﾗﾐが CくAくが T;ｪｪ;ヴデが MくJくが Wヴ;┞が Sく わ Sﾏｷデｴが GくLくが ヱΓΓンが けEdWIデゲ ﾗa ヮH ;ﾐS ｷﾐﾗヴｪ;ﾐｷI 
ヮｴﾗゲヮｴ;デW ﾗﾐ aﾗヴIW ヮヴﾗS┌Iピﾗﾐ ｷﾐ ;ﾉヮｴ;どデﾗ┝ｷﾐどヮWヴﾏW;Hｷﾉｷ┣WS ｷゲﾗﾉ;デWS ヴ;デ ┌デWヴｷﾐW 
ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉWげが Jﾗ┌ヴﾐ;ﾉ Pｴ┞ゲｷﾗﾉﾗｪ┞ ヴヶヵが ヶヲΓにヶヴヵく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱンっ
ﾃヮｴ┞ゲｷﾗﾉくヱΓΓンくゲヮヰヱΓヶΓΑ

DW VヴｷWゲが Kくが L┞ﾗﾐゲが EくAくが B;ﾉﾉ;ヴSが Gくが LW┗ｷが CくSく わ LｷﾐSゲ;┞が DくJくが ヱΓΓヰが けCﾗﾐデヴ;Iピﾗﾐゲ ﾗa デｴW 
ｷﾐﾐWヴ デｴｷヴS ﾗa デｴW ﾏ┞ﾗﾏWデヴｷ┌ﾏげが AﾏWヴｷI;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa OHゲデWデヴｷIゲ ;ﾐS G┞ﾐWIﾗﾉﾗｪ┞ 
ヱヶヲふンぶが ヶΑΓにヶΒヲく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっヰヰヰヲどΓンΑΒふΓヰぶΓヰΓΒンどE

D┌ｪﾗ┌;が JくJくが ヲヰヱヰが けHWヴH;ﾉ ﾏWSｷIｷﾐWゲ ;ﾐS ヮヴWｪﾐ;ﾐI┞げが Jﾗ┌ヴﾐ;ﾉ ﾗa Pﾗヮ┌ﾉ;ピﾗﾐ 
TｴWヴ;ヮW┌ピIゲ ;ﾐS CﾉｷﾐｷI;ﾉ Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヱΑふンぶが WンΑヰにWンΑΒ

D┌ﾆWが JくAくが ヲヰヰヱが H;ﾐSHﾗﾗﾆ ﾗa ﾏWSｷIｷﾐ;ﾉ ｴWヴHゲが HWヴH;ﾉ RWaWヴWﾐIW LｷHヴ;ヴ┞が CRC PヴWゲゲが 
FﾉﾗヴｷS; USAが ヮく ヶΑΑく

Eﾉ┗ｷゲどOq;ｴが UくBくが I┞;┘Wが VくIく わ B;aﾗヴが EくEくが ヲヰヱヶが けIn vitro ヴWゲヮﾗﾐゲW ﾗa ｷゲﾗﾉ;デWS ﾐﾗﾐど
ヮヴWｪﾐ;ﾐデ ﾏﾗ┌ゲW ┌デWヴ┌ゲ デﾗ デｴW ﾏWデｴ;ﾐﾗﾉ W┝デヴ;Iデ ﾗa Eﾏｷﾉｷ; IﾗIIｷﾐW; ふSｷﾏゲぶ Gく Dﾗﾐゲ 
ﾉW;aがげ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ;ヴﾏ;I┞ わ BｷﾗヴWゲﾗ┌ヴIWゲ ヱンふヲぶが ヱンヴにヱヴΑく

F;ﾆW┞Wが TくOくが ASｷゲ;が Rく わ M┌ゲ;が IくEくが ヲヰヰΓが けA│デ┌SW ;ﾐS ┌ゲW ﾗa ｴWヴH;ﾉ ﾏWSｷIｷﾐWゲ ;ﾏﾗﾐｪ 
ヮヴWｪﾐ;ﾐデ ┘ﾗﾏWﾐ ｷﾐ NｷｪWヴｷ;げが BMC CﾗﾏヮﾉWﾏWﾐデ;ヴ┞ ;ﾐS AﾉデWヴﾐ;ピ┗W MWSｷIｷﾐW Γが ヵンく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱΒヶっヱヴΑヲどヶΒΒヲどΓどヵン

G;ヴgWﾉSが RくEくが T;HHが Tく わ Tｴｷﾉ;ﾐSWヴが Gくが ヱΓΓヰが けIﾐデWヴIWﾉﾉ┌ﾉ;ヴ Iﾗ┌ヮﾉｷﾐｪ ;ﾐS ﾏﾗS┌ﾉ;ピﾗﾐ ﾗa 
┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞げが ｷﾐ RくEく G;ヴgWﾉS わ MくAく Nﾗヴ┘Wﾉﾉ ふWSゲくぶが UデWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞が 
ヮヮく ヲヱにヴヰが SWヴﾗﾐﾗ S┞ﾏヮﾗゲｷ;が M;ゲゲ;Iｴ┌ゲW─ゲが USAく

Gヴ;ﾐｪWヴが SくEくが Hﾗﾉﾉｷﾐｪゲ┘ﾗヴデｴが Mく わ WWゲデﾗﾐが AくHくが ヱΓΒヶが けEdWIデゲ ﾗa I;ﾉIｷ┌ﾏ Wﾐデヴ┞ 
HﾉﾗIﾆWヴゲ ﾗﾐ デWﾐゲｷﾗﾐ SW┗WﾉﾗヮﾏWﾐデ ;ﾐS I;ﾉIｷ┌ﾏ ｷﾐ｡┌┝ ｷﾐ ヴ;デ ┌デWヴ┌ゲげが Bヴｷピゲｴ Jﾗ┌ヴﾐ;ﾉ 
ﾗa Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ΒΑふヱぶが ヱヴΑにヱヵヶく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴΑヶどヵンΒヱくヱΓΒヶく
デHヱヰヱヶヶく┝

U┘┌ﾏ;ヴﾗﾐｪｷWが Hくが EﾐｷﾆWが MくAく わ B;aﾗヴが EくEくが ヲヰヱヶが けPｴ;ヴﾏ;IﾗｪﾐﾗゲピI W┗;ﾉ┌;ピﾗﾐ ;ﾐS 
ｪ;ゲデﾗｷﾐデWゲピﾐ;ﾉ ;Iピ┗ｷデ┞ ﾗa Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲ ふLくぶ SIｴﾗ─ ふDヴ┞ﾗヮデWヴｷS;IW;Wぶげが 
E┘WﾏWﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa HWヴH;ﾉ CｴWﾏｷゲデヴ┞ わ Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ RWゲW;ヴIｴ ヲふヱぶが ヱΓにヲヵく

Hｷヴゲデが JくJくが TWｷ┝Wｷヴ;が FくJくが Z;ﾆ;ヴが Tく わ Oﾉゲﾗﾐが DくMくが ヱΓΓヵが けPヴﾗゲデ;ｪﾉ;ﾐSｷﾐ WﾐSﾗヮWヴﾗ┝ｷSWどH 
ゲ┞ﾐデｴ;ゲWどヲ W┝ヮヴWゲゲｷﾗﾐ ｷﾐIヴW;ゲWゲ ｷﾐ ｴ┌ﾏ;ﾐ ｪWゲデ;ピﾗﾐ;ﾉ ピゲゲ┌Wゲ ┘ｷデｴ ゲヮﾗﾐデ;ﾐWﾗ┌ゲ 
ﾉ;Hﾗ┌ヴ ﾗﾐゲWデげが RWヮヴﾗS┌Iピﾗﾐが FWヴピﾉｷデ┞が ;ﾐS DW┗WﾉﾗヮﾏWﾐデ Αが ヶンンにヶンΑく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヰΑヱっRDΓΓヵヰヶンン

Jﾗｴﾐゲﾗﾐが JくDくが Sﾐ┞SWヴが Cくが W;ﾉゲｴが Mく わ Fﾉ┞ﾐﾐが Mくが ヱΓΓヶが けEdWIデゲ ﾗa ﾏ┞ﾗゲｷﾐ ﾉｷｪｴデ Iｴ;ｷﾐ 
ﾆｷﾐ;ゲW ;ﾐS ヮWヮピSWゲ ﾗﾐ C;ヲЩ W┝Iｴ;ﾐｪW ┘ｷデｴ デｴW Nど ;ﾐS CどデWヴﾏｷﾐ;ﾉ C;ヲЩ HｷﾐSｷﾐｪ 
ゲｷデWゲ ﾗa I;ﾉﾏﾗS┌ﾉｷﾐげが Jﾗ┌ヴﾐ;ﾉ ﾗa BｷﾗﾉﾗｪｷI;ﾉ CｴWﾏｷゲデヴ┞ ヲΑヱふヲぶが ΑヶヱにΑヶΑく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヰΑヴっﾃHIくヲΑヱくヲくΑヶヱ

K;ﾐデWﾏｷヴが Iくが AﾆSWヴが Gく わ T┌ﾉ┌ﾐ;┞が Oくが ヱΓΑヶが けPヴWﾉｷﾏｷﾐ;ヴ┞ ヴWヮﾗヴデ ﾗﾐ ;ﾐ ┌ﾐW┝ヮWIデWS WdWIデ 
ﾗa ;ﾐ W┝デヴ;Iデ aヴﾗﾏ Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝ ﾏ;ゲ ふ;┌デｴﾗヴげゲ デヴ;ﾐゲﾉぶげが Aヴ┣ﾐWｷﾏｷ─WﾉaﾗヴゲIｴ┌ﾐｪ 
ヲヶふヲぶが ヲヶヱにヲヶヲく

KWｷヴゲWが MくJくNくCくが MｷデIｴWﾉﾉが MくDく わ T┌ヴﾐH┌ﾉﾉが AくCくが ヱΓΑΑが けCｴ;ﾐｪWゲ ｷﾐ ヮヴﾗゲデ;ｪﾉ;ﾐSｷﾐ F ;ﾐS 
ヱンが ヱヴどSｷｴ┞SヴﾗどヱヵどﾆWデﾗどヮヴﾗゲデ;ｪﾉ;ﾐSｷﾐ F IﾗﾐIWﾐデヴ;ピﾗﾐゲ ｷﾐ ;ﾏﾐｷﾗピI ｡┌ｷS ;デ デｴW 
ﾗﾐゲWデ ﾗa ;ﾐS S┌ヴｷﾐｪ ﾉ;Hﾗ┌ヴげが Bヴｷピゲｴ Jﾗ┌ヴﾐ;ﾉ ﾗa OHゲデWデヴｷIゲ ;ﾐS G┞ﾐ;WIﾗﾉﾗｪ┞ Βヴふヱヰぶが 
ΑヴンにΑヴヶく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴΑヱどヰヵヲΒくヱΓΑΑくデHヱヲヴΒヴく┝

KWゲゲﾐWヴが Dくが Cｴ;ﾏHWヴゲが Mくが B┌ヴﾆWが Rくが Aｪ┌ゲが Dく わ M;ﾉﾉｷIﾆが Pくが ヲヰヰΒが けPヴﾗデWﾗWｷ┣;ヴSぎ 
OヮWﾐ ゲﾗ┌ヴIW ゲﾗｦ┘;ヴW aﾗヴ ヴ;ヮｷS ヮヴﾗデWﾗﾏｷIゲ デﾗﾗﾉゲ SW┗WﾉﾗヮﾏWﾐデげが Bｷﾗｷﾐaﾗヴﾏ;ピIゲ 
ヲヴふヲヱぶが ヲヵンヴにヲヵンヶく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰΓンっHｷﾗｷﾐaﾗヴﾏ;ピIゲっHデﾐンヲン

K┌ﾐ┣が Gく わ LW┞WﾐSWIﾆWヴが Gくが ヲヰヰヲが けUデWヴｷﾐW ヮWヴｷゲデ;ﾉピI ;Iピ┗ｷデ┞ S┌ヴｷﾐｪ デｴW ﾏWﾐゲデヴ┌;ﾉ I┞IﾉWぎ 
Cｴ;ヴ;IデWヴｷ┣;ピﾗﾐが ヴWｪ┌ﾉ;ピﾗﾐが a┌ﾐIピﾗﾐ ;ﾐS S┞ゲa┌ﾐIピﾗﾐげが RWヮヴﾗS┌Iピ┗W BｷﾗﾏWSｷIｷﾐW 
OﾐﾉｷﾐW ヴふS┌ヮヮﾉ ンぶが ヵにΓく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっSヱヴΑヲどヶヴΒンふヱヲぶヶヰヱヰΒどヴ
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P;ｪW ヱヲ ﾗa ヱヲ Oヴｷｪｷﾐ;ﾉ RWゲW;ヴIｴ

ｴ─ヮぎっっ┘┘┘くﾃﾗﾏヮWSくIﾗく┣; OヮWﾐ AIIWゲゲ

K┌ヮｷ─;┞;ﾐ;ﾐデが Sくが B┌ヴS┞ｪ;が Tく わ Wヴ;┞が Sくが ヲヰヰヱが けTｴW WdWIデゲ ﾗa ｷﾐｴｷHｷピﾐｪ Rｴﾗど
;ゲゲﾗIｷ;デWS ﾆｷﾐ;ゲW ┘ｷデｴ YどヲΑヶンヲ ﾗﾐ aﾗヴIW ;ﾐS ｷﾐデヴ;IWﾉﾉ┌ﾉ;ヴ I;ﾉIｷ┌ﾏ ｷﾐ ｴ┌ﾏ;ﾐ 
ﾏ┞ﾗﾏWデヴｷ┌ﾏげが P｡┑ｪWヴゲ AヴIｴｷ┗ぎ E┌ヴﾗヮW;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ヴヴンふヱぶが ヱヱヲにヱヱヴく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヰΑっゲヰヰヴヲヴヰヱヰヰヶヶΒ

Lｷが Yくが L┌ﾗが Qくが Y┌;ﾐが Lくが Mｷ;ﾗが Cくが M┌が Xくが Xｷ;ﾗが Wく Wデ ;ﾉくが ヲヰヱヲが けJNKどSWヮWﾐSWﾐデ Aデｪヴ 
┌ヮヴWｪ┌ﾉ;ピﾗﾐ ﾏWSｷ;デWゲ ;ゲヮWヴヮｴWﾐ;ﾏ;デW SWヴｷ┗;ピ┗W BBPどｷﾐS┌IWS ;┌デﾗヮｴ;ｪ┞ ｷﾐ 
MCFどΑ IWﾉﾉゲげが Tﾗ┝ｷIﾗﾉﾗｪ┞ ;ﾐS AヮヮﾉｷWS Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヲヶンふヱぶが ヲヱにンヱく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヰヱヶっﾃくデ;;ヮくヲヰヱヲくヰヵくヰヱΒ

Lｷ─ﾉWが SくAくが TW;aが Eく わ H┌ヴ┘ｷデ┣が Lくが ヱΓΒヵが けCﾗH;ﾉデどゲWﾐゲｷピ┗W Hｷヮｴ;ゲｷI ┌ヮデ;ﾆW ﾗa I;ﾉIｷ┌ﾏ 
ｷﾗﾐゲ ｷﾐ ヮﾗデ;ゲゲｷ┌ﾏどSWヮﾗﾉ;ヴｷ┣WS ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉWげが Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ;ﾐS 
E┝ヮWヴｷﾏWﾐデ;ﾉ TｴWヴ;ヮW┌ピIゲ ヲンヲふンぶが ΑヴヶにΑヵンく

Lｷ┌が XくBくが Y;ﾐｪが BくXくが Zｴ;ﾐｪが Lくが L┌が YくZくが Gﾗﾐｪが MくHく わ Tｷ;ﾐが JくKくが ヲヰヱヵが けAﾐ in vivo ;ﾐS in 
vitro ;ゲゲWゲゲﾏWﾐデ ﾗa デｴW ;ﾐピどｷﾐ｡;ﾏﾏ;デﾗヴ┞が ;ﾐピﾐﾗIｷIWヮピ┗Wが ;ﾐS 
ｷﾏﾏ┌ﾐﾗﾏﾗS┌ﾉ;デﾗヴ┞ ;Iピ┗ｷピWゲ ﾗa CﾉWﾏ;ピゲ デWヴﾐｷ｡ﾗヴ; DCく W┝デヴ;Iデが ヮ;ヴピIｷヮ;ピﾗﾐ ﾗa 
;┌ヴ;ﾐピ;ﾏｷSW ;IWデ;デWげが Jﾗ┌ヴﾐ;ﾉ ﾗa Eデｴﾐﾗヮｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ヱヶΓが ヲΒΑにヲΓヴく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヰヱヶっﾃくﾃWヮくヲヰヱヵくヰヴくヰヰΓ

L┞ﾗﾐゲが EくAくが T;┞ﾉﾗヴが PくJくが ZｴWﾐｪが XくHくが B;ﾉﾉ;ヴSが Gくが LW┗ｷが CくSく わ KヴWSWﾐデゲWヴが JくVくが ヱΓΓヱが 
けCｴ;ヴ;IデWヴｷ┣;ピﾗﾐ ﾗa ゲ┌HWﾐSﾗﾏWデヴｷ;ﾉ ﾏ┞ﾗﾏWデヴｷ;ﾉ Iﾗﾐデヴ;Iピﾗﾐゲ デｴヴﾗ┌ｪｴﾗ┌デ デｴW 
ﾏWﾐゲデヴ┌;ﾉ I┞IﾉW ｷﾐ ﾐﾗヴﾏ;ﾉ aWヴピﾉW ┘ﾗﾏWﾐげが FWヴピﾉｷデ┞ ;ﾐS SデWヴｷﾉｷデ┞ ヵヵが ΑΑヱにΑΑヴく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっSヰヰヱヵどヰヲΒヲふヱヶぶヵヴヲヴヶどヰ

M;ﾐS;ﾉが Aく わ MﾗﾐS;ﾉが AくKくが ヲヰヱヱが けSデ┌SｷWゲ ﾗa ;ﾐピﾏｷIヴﾗHｷ;ﾉ ;Iピ┗ｷピWゲ ﾗa ゲﾗﾏW ゲWﾉWIデWS 
aWヴﾐゲ ;ﾐS ﾉ┞Iﾗヮｴ┞デWゲ ｷﾐ E;ゲデWヴﾐ IﾐSｷ; ┘ｷデｴ ゲヮWIｷ;ﾉ Wﾏヮｴ;ゲｷゲ ﾗﾐ WデｴﾐﾗどﾏWSｷIｷﾐ;ﾉ 
┌ゲWゲげが AaヴｷI;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pﾉ;ﾐデ SIｷWﾐIW ヵふΑぶが ヴヱヰにヴヱヲく

M;ヴゲSWﾐが JくSくが SデヴｷIﾆﾉ;ﾐSが CくDく わ CﾉWﾏWﾐデゲが TくLくが ヲヰヰヴが けG┌;ｷaWﾐWゲｷﾐ ;ゲ ; デヴW;デﾏWﾐデ aﾗヴ 
ヮヴｷﾏ;ヴ┞ S┞ゲﾏWﾐﾗヴヴｴW;げが TｴW Jﾗ┌ヴﾐ;ﾉ ﾗa デｴW AﾏWヴｷI;ﾐ Bﾗ;ヴS ﾗa F;ﾏｷﾉ┞ Pヴ;IピIW 
ヱΑふヴぶが ヲヴヰにヲヴヶが ┗ｷW┘WS ヱン J;ﾐ┌;ヴ┞ ヲヰヱΑが aヴﾗﾏ ｴ─ヮぎっっ┘┘┘くﾐIHｷくﾐﾉﾏくﾐｷｴくｪﾗ┗っ
ヮ┌HﾏWSっヱヵヲヴンヰヱヱ

MH┘;ﾏHﾗが ZくHくが LWWが SくKくが Mゲｴｷ┌が EくNくが PW┣┣┌デﾗが JくMく わ Kｷﾐｪｴﾗヴﾐが AくDくが ヱΓΓヶが 
けCﾗﾐゲピデ┌Wﾐデゲ aヴﾗﾏ デｴW ゲデWﾏ ┘ﾗﾗS ﾗa E┌ヮｴﾗヴHｷ; ケ┌ｷﾐケ┌WIﾗゲデ;デ; ┘ｷデｴ ヮｴﾗヴHﾗﾉ 
SｷH┌デ┞ヴ;デW ヴWIWヮデﾗヴどHｷﾐSｷﾐｪ ｷﾐｴｷHｷデﾗヴ┞ ;Iピ┗ｷデ┞げが Jﾗ┌ヴﾐ;ﾉ ﾗa N;デ┌ヴ;ﾉ PヴﾗS┌Iデゲ 
ヵΓふヱヱぶが ヱヰヵヱにヱヰヵヵく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヲヱっﾐヮΓヶヰヴヱヲW

MICﾗﾐﾐWﾉﾉが JくLく わ W;S┣ｷﾐゲﾆｷが BくEくが ヲヰヰΓが けT;ヴｪWピﾐｪ ヮヴﾗデWｷﾐ ゲWヴｷﾐWっデｴヴWﾗﾐｷﾐW 
ヮｴﾗゲヮｴ;デ;ゲWゲ aﾗヴ Sヴ┌ｪ SW┗WﾉﾗヮﾏWﾐデげが MﾗﾉWI┌ﾉ;ヴ Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ Αヵふヶぶが ヱヲヴΓにヱヲヶヱく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヲヴっﾏﾗﾉくヱヰΒくヰヵンヱヴヰ

Mﾗｴ;ﾏﾏWS AHS┌ゲ S;─Wヴが Mくが Kｴ;ﾐが MくMくRくLくが J;Hｷﾐが SくAくが AHWSｷﾐが Nくが Iゲﾉ;ﾏが MくFく わ 
Sｴ;ｴ;が Bくが ヲヰヱヶが けN┌デヴｷピﾗﾐ;ﾉ ケ┌;ﾉｷデ┞ ;ﾐS ゲ;aWデ┞ ;ゲヮWIデゲ ﾗa ┘ｷﾉS ┗WｪWデ;HﾉWゲ 
Iﾗﾐゲ┌ﾏW ｷﾐ B;ﾐｪﾉ;SWゲｴげが Aゲｷ;ﾐ P;IｷgI Jﾗ┌ヴﾐ;ﾉ ﾗa TヴﾗヮｷI;ﾉ BｷﾗﾏWSｷIｷﾐW ヶふヲぶが 
ヱヲヵにヱンヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃく;ヮﾃデHくヲヰヱヵくヱヱくヰヰヴ

N;ピﾗﾐ;ﾉ RWゲW;ヴIｴ Cﾗ┌ﾐIｷﾉが ヲヰヱヰが けG┌ｷSW aﾗヴ デｴW I;ヴW ;ﾐS ┌ゲW ﾗa ﾉ;Hﾗヴ;デﾗヴ┞ ;ﾐｷﾏ;ﾉゲぎ 
Eｷｪｴデｴ WSｷピﾗﾐげが ｷﾐ Iﾐゲピデ┌デW aﾗヴ L;Hﾗヴ;デﾗヴ┞ Aﾐｷﾏ;ﾉ RWゲW;ヴIｴが Cﾗﾏﾏｷ─WW aﾗヴ デｴW 
UヮS;デW ﾗa デｴW G┌ｷSW aﾗヴ デｴW C;ヴW ;ﾐS UゲW ﾗa L;Hﾗヴ;デﾗヴ┞ Aﾐｷﾏ;ﾉゲ ふWSゲくぶが G┌ｷSW aﾗヴ 
デｴW I;ヴW ;ﾐS ┌ゲW ﾗa ﾉ;Hﾗヴ;デﾗヴ┞ ;ﾐｷﾏ;ﾉゲが ヮく ヱヱΒが N;ピﾗﾐ;ﾉ AI;SWﾏｷWゲ PヴWゲゲが 
W;ゲｴｷﾐｪデﾗﾐが DCく

NｷWSWヴｪWヴﾆWが Rくが ヱΓヵヶが けTｴW ヮﾗデ;ゲゲｷ┌ﾏ IｴﾉﾗヴｷSW Iﾗﾐデヴ;Iデ┌ヴW ﾗa デｴW ｴW;ヴデ ;ﾐS ｷデゲ 
ﾏﾗSｷgI;ピﾗﾐ H┞ I;ﾉIｷ┌ﾏげが Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ヱンヴが ヵΒヴにヵΓΓく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヱヱンっﾃヮｴ┞ゲｷﾗﾉくヱΓヵヶくゲヮヰヰヵヶヶΑ

N┘ﾗゲ┌が MくOくが ヲヰヰヲが けEデｴﾐﾗHﾗデ;ﾐｷI;ﾉ ゲデ┌SｷWゲ ﾗﾐ ゲﾗﾏW ヮデWヴｷSﾗヮｴ┞デWゲ ﾗa Sﾗ┌デｴWヴﾐ 
NｷｪWヴｷ;げが EIﾗﾐﾗﾏｷI Bﾗデ;ﾐ┞ ヵヶふンぶが ヲヵヵにヲヵΓく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヶヶンっヰヰヱンど
ヰヰヰヱふヲヰヰヲぶヰヵヶ%ヵBヰヲヵヵぎESOSPO%ヵDヲくヰくCOきヲ

OqIW ﾗa L;Hﾗヴ;デﾗヴ┞ Aﾐｷﾏ;ﾉ WWﾉa;ヴWが NIHが ヲヰヱヵが P┌HﾉｷI ｴW;ﾉデｴ ゲWヴ┗ｷIW ヮﾗﾉｷI┞ ﾗﾐ 
ｴ┌ﾏ;ﾐW I;ヴW ;ﾐS ┌ゲW ﾗa ﾉ;Hﾗヴ;デﾗヴ┞ ;ﾐｷﾏ;ﾉゲが ┗ｷW┘WS ヰヴ M;ヴIｴ ヲヰヱヶが aヴﾗﾏ ｴ─ヮぎっっ
ｪヴ;ﾐデゲくﾐｷｴくｪﾗ┗っｪヴ;ﾐデゲっﾗﾉ;┘っヴWaWヴWﾐIWゲっPHSPﾗﾉｷI┞L;HAﾐｷﾏ;ﾉゲくヮSa

Oﾐﾗが Yくが F┌ﾃｷｷが Tくが Iｪ;ヴ;ゲｴｷが Kくが K┌ﾐﾗが Tくが T;ﾐ;ﾆ;が Cくが Kｷﾆﾆ;┘;が Uく Wデ ;ﾉくが ヱΓΒΓが けPｴﾗヴHﾗﾉ 
WゲデWヴ HｷﾐSｷﾐｪ デﾗ ヮヴﾗデWｷﾐ ﾆｷﾐ;ゲW C ヴWケ┌ｷヴWゲ ; I┞ゲデWｷﾐWどヴｷIｴ ┣ｷﾐIどgﾐｪWヴどﾉｷﾆW ゲWケ┌WﾐIWげが 
PヴﾗIWWSｷﾐｪゲ ﾗa デｴW N;ピﾗﾐ;ﾉ AI;SWﾏ┞ ﾗa SIｷWﾐIWゲ ﾗa デｴW UﾐｷデWS Sデ;デWゲ ﾗa AﾏWヴｷI; 
Βヶふヱンぶが ヴΒヶΒにヴΒΑヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰΑンっヮﾐ;ゲくΒヶくヱンくヴΒヶΒ

PWｴﾉｷ┗;ﾐﾗｬﾉ┌が Bくが B;┞ヴ;ﾆが Sく わ Dﾗｬ;ﾐが Mくが ヲヰヱンが けA IﾉﾗゲW ﾉﾗﾗﾆ ;デ デｴW Iﾗﾐデヴ;Iピﾗﾐ ;ﾐS 
ヴWﾉ;┝;ピﾗﾐ ﾗa デｴW ﾏ┞ﾗﾏWデヴｷ┌ﾏき デｴW ヴﾗﾉW ﾗa I;ﾉIｷ┌ﾏげが Jﾗ┌ヴﾐ;ﾉ ﾗa デｴW T┌ヴﾆｷゲｴどGWヴﾏ;ﾐ 
G┞ﾐWIﾗﾉﾗｪｷI;ﾉ AゲゲﾗIｷ;ピﾗﾐ ヱヴふヴぶが ヲンヰにヲンヴく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヵヱヵヲっﾃデｪｪ;くヲヰヱンくヶΑΑヶン

PWヴ┌ゲケ┌ｹ;が Mくが HWヴﾐ=ﾐSW┣が Rくが JｷﾏYﾐW┣が MくAくが PWヴWS;どMｷヴ;ﾐS;が Rく わ M;デ;が Rくが ヱΓΓΑが 
けCﾗﾐデヴ;IピﾉW ヴWゲヮﾗﾐゲW ｷﾐS┌IWS H┞ ; ﾉｷﾏﾗﾐﾗｷS ふH┌ﾏｷﾉｷﾐﾗﾉｷSW Aぶ ﾗﾐ ゲヮﾗﾐデ;ﾐWﾗ┌ゲ 
;Iピ┗ｷデ┞ ﾗa ｷゲﾗﾉ;デWS ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉWげが Pｴ┞デﾗデｴWヴ;ヮ┞ RWゲW;ヴIｴ ヱヱふヵぶが ンヵヴにンヵΑく ｴ─ヮゲぎっっ
SﾗｷくﾗヴｪっヱヰくヱヰヰヲっふSICIぶヱヰΓΓどヱヵΑンふヱΓΓΑヰΒぶヱヱぎヵ%ンCンヵヴぎぎAIDどPTRヱヰヱ%ンEンくヰくCOきヲどヶ

Pﾉ┌ゲﾆ;ﾉが Tくが C;ゲピﾉﾉﾗが Sくが Vｷﾉﾉ;ヴどBヴｷﾗﾐWゲが Aく わ OヴWゲｷIが Mくが ヲヰヱヰが けMZﾏｷﾐW ヲぎ MﾗS┌ﾉ;ヴ 
aヴ;ﾏW┘ﾗヴﾆ aﾗヴ ヮヴﾗIWゲゲｷﾐｪが ┗ｷゲ┌;ﾉｷ┣ｷﾐｪが ;ﾐS ;ﾐ;ﾉ┞┣ｷﾐｪ ﾏ;ゲゲ ゲヮWIデヴﾗﾏWデヴ┞どH;ゲWS 
ﾏﾗﾉWI┌ﾉ;ヴ ヮヴﾗgﾉW S;デ;げが BMC Bｷﾗｷﾐaﾗヴﾏ;ピIゲ ヱヱが ンΓヵく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱΒヶっ 
ヱヴΑヱどヲヱヰヵどヱヱどンΓヵ

SWﾆWﾐS;ヴ Aﾉｷが Mくが Mﾗゲデ;a;が Kくが OH;┞WS R;ｷｴ;ﾐが Mくが Kｴ;ﾉｷﾉ┌ヴ R;ｴﾏ;ﾐが Mくが Aゲﾉ;ﾏ 
Hﾗゲゲ;ｷﾐが Mく わ Sｴ;ｴ Aﾉ;ﾏが Mくが ヲヰヱヲが けAﾐピﾗ┝ｷS;ﾐデ ;ﾐS I┞デﾗデﾗ┝ｷI ;Iピ┗ｷピWゲ ﾗa 
ﾏWデｴ;ﾐﾗﾉｷI W┝デヴ;Iデ ﾗa Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲ ふLくぶ ゲIｴﾗ─ ﾉW;┗Wゲげが IﾐデWヴﾐ;ピﾗﾐ;ﾉ Jﾗ┌ヴﾐ;ﾉ 
ﾗa Dヴ┌ｪ DW┗WﾉﾗヮﾏWﾐデ ;ﾐS RWゲW;ヴIｴ ヴふヲぶが ヲヲンにヲヲΓく

Sｴﾏｷｪﾗﾉが AくVくが EｷゲﾐWヴが DくAく わ Wヴ;┞が Sくが ヱΓΓΒが けPヴﾗヮWヴピWゲ ﾗa ┗ﾗﾉデ;ｪWど;Iピ┗;デWS ぷC;ヲЩへふｷぶ 
デヴ;ﾐゲｷWﾐデゲ ｷﾐ ゲｷﾐｪﾉW ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉW IWﾉﾉゲ ｷゲﾗﾉ;デWS aヴﾗﾏ ヮヴWｪﾐ;ﾐデ ヴ;デ ┌デWヴ┌ゲげが Jﾗ┌ヴﾐ;ﾉ 
ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ヵヱヱふンぶが ΒヰンにΒヱヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴヶΓどΑΑΓンくヱΓΓΒくΒヰンHｪく┝

Sｴﾏｷｪﾗﾉが AくVくが EｷゲﾐWヴが DくAく わ Wヴ;┞が Sくが ヲヰヰヱが けSｷﾏ┌ﾉデ;ﾐWﾗ┌ゲ ﾏW;ゲ┌ヴWﾏWﾐデゲ ﾗa Iｴ;ﾐｪWゲ 
ｷﾐ ゲ;ヴIﾗヮﾉ;ゲﾏｷI ヴWピI┌ﾉ┌ﾏ ;ﾐS I┞デﾗゲﾗﾉｷI ぷC;ヲЩへ ｷﾐ ヴ;デ ┌デWヴｷﾐW ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉW IWﾉﾉゲげが 
Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ヵンヱふンぶが ΑヰΑにΑヱンく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱヴヶΓどΑΑΓンく 
ヲヰヰヱくヰΑヰΑｴく┝

Sｴﾏ┞ｪﾗﾉが Aく わ Wヴ;┞が Sくが ヲヰヰヴが けF┌ﾐIピﾗﾐ;ﾉ ;ヴIｴｷデWIデ┌ヴW ﾗa デｴW SR I;ﾉIｷ┌ﾏ ゲデﾗヴW ｷﾐ 
┌デWヴｷﾐW ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉWげが CWﾉﾉ C;ﾉIｷ┌ﾏ ンヵが ヵヰヱにヵヰΒく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃく
IWI;くヲヰヰヴくヰヱくヰヰヶ

Sｴﾗﾃﾗが Hく わ K;ﾐWﾆﾗが Yくが ヲヰヰヱが けO┝┞デﾗIｷﾐどｷﾐS┌IWS ヮｴﾗゲヮｴﾗヴ┞ﾉ;ピﾗﾐ ﾗa ﾏ┞ﾗゲｷﾐ ﾉｷｪｴデ 
Iｴ;ｷﾐ ｷゲ ﾏWSｷ;デWS H┞ W┝デヴ;IWﾉﾉ┌ﾉ;ヴ I;ﾉIｷ┌ﾏ ｷﾐ｡┌┝ ｷﾐ ヮヴWｪﾐ;ﾐデ ヴ;デ ﾏ┞ﾗﾏWデヴｷ┌ﾏげが 
Jﾗ┌ヴﾐ;ﾉ ﾗa MﾗﾉWI┌ﾉ;ヴ RWIﾗｪﾐｷピﾗﾐ ヱヴふヶぶが ヴヰヱにヴヰヵく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヰヲっ
ﾃﾏヴくヵヵヱ

Sｴ┌ﾆﾉ;が Sく わ Tｷ┘;ヴｷが SくKくが ヲヰヱヱが けIﾐゲWIピIｷS;ﾉ ;Iピ┗ｷデ┞ ﾗa Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲ ふLｷﾐﾐくぶ 
ゲIｴﾗ─ Wデｴ;ﾐﾗﾉｷI W┝デヴ;Iデ ;ｪ;ｷﾐゲデ CﾗヴI┞ヴ; IWヮｴ;ﾉﾗﾐｷI; Sデ;ｷﾐデく ふLWヮｷSﾗヮデWヴ;ぎ 
P┞ヴ;ﾉｷS;Wぶげが Jﾗ┌ヴﾐ;ﾉ ﾗa BｷﾗヮWゲピIｷSW ヴふヲぶが ヱンΒにヱヴンく

Sﾉ;デWヴが Dくが DWﾐﾐWゲが Wくが S;┘S┞が Rくが Aﾉﾉヮﾗヴデが Vく わ BWﾐﾐW─が Pくが ヱΓΓΓが けE┝ヮヴWゲゲｷﾗﾐ ﾗa I┞Iﾉﾗど
ﾗ┝┞ｪWﾐ;ゲW デ┞ヮWゲどヱ ;ﾐS どヲ ｷﾐ ｴ┌ﾏ;ﾐ aWデ;ﾉ ﾏWﾏHヴ;ﾐWゲ デｴヴﾗ┌ｪｴﾗ┌デ ヮヴWｪﾐ;ﾐI┞げが 
Jﾗ┌ヴﾐ;ﾉ ﾗa MﾗﾉWI┌ﾉ;ヴ EﾐSﾗIヴｷﾐﾗﾉﾗｪ┞ ヲヲふヲぶが ヱヲヵにヱンヰく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヶΑΑっ
ﾃﾏWくヰくヰヲヲヰヱヲヵ

Sﾏｷデｴが KくMくが P;ﾐSW┞が RくKくが R┞;ﾐが JくMくが J;ｪWヴﾗ┗ｷIが Nく わ Dﾗ┌ｪｴWヴデ┞が TくJくが ヱΓΓヶが 
RｴﾗSﾗヮﾗヴヮｴ┞ヴｷﾐ ;ﾐS ヮｴ┞ﾉﾉﾗWヴ┞デｴヴｷﾐ ヴWﾉ;デWS ヮｴﾗデﾗゲWﾐゲｷピ┣Wヴゲ aﾗヴ ヮｴﾗデﾗS┞ﾐ;ﾏｷI 
デｴWヴ;ヮ┞が P;デWﾐデ ;ﾐS Tヴ;SWﾏ;ヴﾆ OqIWが W;ゲｴｷﾐｪデﾗﾐが DCが UくSく P;デWﾐデ Nﾗく ヵがヵヰヶがヲヵヵく

SﾐWｴﾉ;デ;が Sく わ Tｷ┘;ヴｷが SくKくが ヲヰヱヱが けTﾗ┝ｷIﾗﾉﾗｪｷI;ﾉ WdWIデゲ ﾗa Dヴ┞ﾗヮデWヴｷゲ gﾉｷ┝どﾏ;ゲ ;ｪ;ｷﾐゲデ 
デｴW ﾗﾐデﾗｪWﾐ┞ ﾗa ヴｷIWどﾏﾗデｴが CﾗヴI┞ヴ; IWヮｴ;ﾉﾗﾐｷI; ふSデ;ｷﾐデぶげが WﾗヴﾉS AヮヮﾉｷWS SIｷWﾐIWゲ 
Jﾗ┌ヴﾐ;ﾉ ヱヲふヱぶが ヱヶにヲヰく

Sﾗ;ヴWが LくCくが FWヴSWズが Mくが SデWa;ﾐﾗ┗が Sくが DWﾐﾆﾗ┗;が Zくが NｷIﾗﾉﾗ┗;が Rくが DWﾐW┗が Pく Wデ ;ﾉくが ヲヰヱヲが 
けAﾐピﾗ┝ｷS;ﾐデ ;Iピ┗ｷデ┞が ヮﾗﾉ┞ヮｴWﾐﾗﾉゲ IﾗﾐデWﾐデ ;ﾐS ;ﾐピﾏｷIヴﾗHｷ;ﾉ ;Iピ┗ｷデ┞ ﾗa ゲW┗Wヴ;ﾉ 
ﾐ;ピ┗W ヮデWヴｷSﾗヮｴ┞デWゲ ﾗa Rﾗﾏ;ﾐｷ;げが Nﾗデ┌ﾉ;W Bﾗデ;ﾐｷI;W Hﾗヴピ AｪヴﾗHﾗデ;ﾐｷIｷ Cﾉ┌ﾃど
N;ヮﾗI; ヴヰふヱぶが ヵンにヵΑく

Sﾗﾉﾗdが MくSく わ S┘WWデが Pくが ヱΓΒヲが けO┝┞デﾗIｷﾐ ｷﾐｴｷHｷピﾗﾐ ﾗa ふC;ヲЩ MｪヲЩぶどATP;ゲW ;Iピ┗ｷデ┞ 
ｷﾐ ヴ;デ ﾏ┞ﾗﾏWデヴｷ;ﾉ ヮﾉ;ゲﾏ; ﾏWﾏHヴ;ﾐWゲげが Jﾗ┌ヴﾐ;ﾉ ﾗa BｷﾗﾉﾗｪｷI;ﾉ CｴWﾏｷゲデヴ┞ ヲヵΑが 
ヱヰヶΒΑにヱヰヶΓンく

S┌ﾆ┘;ﾐが Cくが Wヴ;┞が Sく わ K┌ヮｷ─;┞;ﾐ;ﾐデが Sくが ヲヰヱヴが けTｴW WdWIデゲ ﾗa GｷﾐゲWﾐｪ J;┗; ヴﾗﾗデ 
W┝デヴ;Iデ ﾗﾐ ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞ ｷﾐ ﾐﾗﾐヮヴWｪﾐ;ﾐデ ヴ;デゲげが Pｴ┞ゲｷﾗﾉﾗｪｷI;ﾉ RWヮﾗヴデゲ ヲふヱヲぶが 
WヱヲヲンヰにWヱヲヲンヰく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヴΒヱヴっヮｴ┞ヲくヱヲヲンヰ

Tﾗｪ;ゲｴｷが Kくが ヲヰヰΑが けUデWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞ W┗;ﾉ┌;デWS ﾗﾐ IｷﾐW ﾏ;ｪﾐWピI ヴWゲﾗﾐ;ﾐIW 
ｷﾏ;ｪｷﾐｪげが Aﾐﾐ;ﾉゲ ﾗa デｴW NW┘ Yﾗヴﾆ AI;SWﾏ┞ ﾗa SIｷWﾐIWゲ ヱヱヰヱふヱぶが ヶヲにΑヱく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヱΓヶっ;ﾐﾐ;ﾉゲくヱンΒΓくヰンヰ

Tﾗｪ;ゲｴｷが Kくが K;┘;ﾆ;ﾏｷが Sくが Kｷﾏ┌ヴ;が Iくが Aゲ;デﾗが Rくが T;ﾆ;ﾆ┌ヴ;が Kくが Mﾗヴｷが Tく Wデ ;ﾉくが ヱΓΓンが 
けS┌ゲデ;ｷﾐWS ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾗﾐゲぎ A I;┌ゲW ﾗa ｴ┞ヮﾗｷﾐデWﾐゲW ﾏ┞ﾗﾏWデヴｷ;ﾉ H┌ﾉｪｷﾐｪげが 
R;Sｷﾗﾉﾗｪ┞ ヱΒΑふンぶが ΑヰΑにΑヱヰく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヴΒっヴ;Sｷﾗﾉﾗｪ┞くヱΒΑくンくΒヴΓΑヶヱΑ

TヴｷｪｪﾉWが DくJくが ヱΓΒΑが けC;ﾉIｷ┌ﾏ Iｴ;ﾐﾐWﾉ ﾉｷｪ;ﾐSゲげが Aﾐﾐ┌;ﾉ RW┗ｷW┘ ﾗa Pｴ;ヴﾏ;Iﾗﾉﾗｪ┞ ;ﾐS 
Tﾗ┝ｷIﾗﾉﾗｪ┞ ヲΑが ンヴΑにンヶΓく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヴヶっ;ﾐﾐ┌ヴW┗くヮ;くヲΑくヰヴヰヱΒΑくヰヰヲヰヲン

UヴH;ﾐが Jくが Kﾗﾆﾗゲﾆ;が Lくが L;ﾐｪヴﾗ┗;が Iく わ M;デWﾃﾆﾗ┗;が Jくが ヲヰヰΒが けAﾐデｴWﾉﾏｷﾐピI WdWIデゲ ﾗa 
ﾏWSｷIｷﾐ;ﾉ ヮﾉ;ﾐデゲ ┌ゲWS ｷﾐ C┣WIｴ RWヮ┌HﾉｷIげが Pｴ;ヴﾏ;IW┌ピI;ﾉ Bｷﾗﾉﾗｪ┞ ヴヶふヱヰにヱヱぶが 
ΒヰΒにΒヱンく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰΒヰっヱンΒΒヰヲヰヰΒヰヲンヱヵヶヱΒ

W;ﾉゲｴが EくOくFくが ヱΓヶヱが Aﾐ ｷﾐデヴﾗS┌Iピﾗﾐ デﾗ HｷﾗIｴWﾏｷゲデヴ┞が TｴW Eﾐｪﾉｷゲｴ Uﾐｷ┗Wヴゲｷデ┞ PヴWゲゲが 
LﾗﾐSﾗﾐく

W;ﾐｪが Jくが Zﾗ┌が Kくが Zｴ;ﾐｪが Yくが Lｷ┌が Cくが W┌が Jくが Zｴﾗ┌が Yく Wデ ;ﾉくが ヲヰヰΑが けAﾐ ヱΒどﾐﾗヴゲヮｷヴﾗゲデ;ﾐﾗﾉ 
ゲ;ヮﾗﾐｷﾐ ┘ｷデｴ ｷﾐｴｷHｷデﾗヴ┞ ;Iピﾗﾐ ;ｪ;ｷﾐゲデ COXどヲ ヮヴﾗS┌Iピﾗﾐ aヴﾗﾏ デｴW ┌ﾐSWヴｪヴﾗ┌ﾐS 
ヮ;ヴデ ﾗa Tヴｷﾉﾉｷ┌ﾏ デゲIｴﾗﾐﾗゲﾆｷｷげが CｴWﾏｷI;ﾉ ;ﾐS Pｴ;ヴﾏ;IW┌ピI;ﾉ B┌ﾉﾉWピﾐ ふTﾗﾆ┞ﾗぶ ヵヵふヴぶが 
ヶΑΓにヶΒヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヲヴΒっIヮHくヵヵくヶΑΓ

WﾗヴﾉS HW;ﾉデｴ Oヴｪ;ﾐｷ┣;ピﾗﾐが TｴW IﾐデWヴﾐ;ピﾗﾐ;ﾉ Pｴ;ヴﾏ;IﾗヮﾗWｷ;が ヲヰヱヰが O┝┞デﾗIｷﾐが ヴデｴ 
WSﾐくが WﾗヴﾉS HW;ﾉデｴ Oヴｪ;ﾐｷ┣;ピﾗﾐが Sｷﾐｪ;ヮﾗヴWく

Wヴ;┞が Sくが ヱΓΓンが けUデWヴｷﾐW Iﾗﾐデヴ;Iピﾗﾐ ;ﾐS ヮｴ┞ゲｷﾗﾉﾗｪｷI;ﾉ ﾏWIｴ;ﾐｷゲﾏゲ ﾗa ﾏﾗS┌ﾉ;ピﾗﾐげが 
TｴW AﾏWヴｷI;ﾐ Jﾗ┌ヴﾐ;ﾉ ﾗa Pｴ┞ゲｷﾗﾉﾗｪ┞ ヲヶヴふヱぶが CヱにヱΒく

Wヴ;┞が Sくが ヲヰヰΑが けIﾐゲｷｪｴデゲ ｷﾐデﾗ デｴW ┌デWヴ┌ゲげが E┝ヮWヴｷﾏWﾐデ;ﾉ Pｴ┞ゲｷﾗﾉﾗｪ┞ Γヲふヴぶが ヶヲヱにヶンヱく 
ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱンっW┝ヮヮｴ┞ゲｷﾗﾉくヲヰヰΑくヰンΒヱヲヵ

Wヴ;┞が Sく わ Aヴヴﾗ┘ゲﾏｷデｴが Sくが ヲヰヱヰが けUデWヴｷﾐW ゲﾏﾗﾗデｴ ﾏ┌ゲIﾉWげが F┌ﾐS;ﾏWﾐデ;ﾉ Bｷﾗﾉﾗｪ┞ ;ﾐS 
MWIｴ;ﾐｷゲﾏゲ DｷゲW;ゲW ヲが ヱヲヰΑにヱヲヱヶく

Wヴ;┞が Sくが JﾗﾐWゲが Kくが K┌ヮｷ─;┞;ﾐ;ﾐデが Sくが Lｷが Yくが M;─ｴW┘が Aくが MﾗﾐｷヴどBｷゲｴデ┞が Eく Wデ ;ﾉくが ヲヰヰンが 
けC;ﾉIｷ┌ﾏ ゲｷｪﾐ;ﾉｷﾐｪ ;ﾐS ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞げが Jﾗ┌ヴﾐ;ﾉ ﾗa デｴW SﾗIｷWデ┞ aﾗヴ G┞ﾐWIﾗﾉﾗｪｷI 
Iﾐ┗Wゲピｪ;ピﾗﾐ ヱヰふヵぶが ヲヵヲにヲヶヴく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっSヱヰΑヱどヵヵΑヶふヰンぶヰヰヰΒΓどン

Wヴ;┞が Sくが K┌ヮｷ─;┞;ﾐ;ﾐデが Sくが Sｴﾏ┞ｪﾗﾉが Aくが Sﾏｷデｴが RくDく わ B┌ヴS┞ｪ;が Tくが ヲヰヰヱが けTｴW 
ヮｴ┞ゲｷﾗﾉﾗｪｷI;ﾉ H;ゲｷゲ ﾗa ┌デWヴｷﾐW Iﾗﾐデヴ;Iピﾉｷデ┞ぎ A ゲｴﾗヴデ ヴW┗ｷW┘げが E┝ヮWヴｷﾏWﾐデ;ﾉ 
Pｴ┞ゲｷﾗﾉﾗｪ┞ Βヶが ヲンΓにヲヴヶく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱンっWヮｴΒヶヰヲヱヱヴ

W┌が PくLくが Lｷﾐが FくWくが W┌が TくSくが K┌ﾗｴが CくSくが LWWが KくHく わ LWWが SくJくが ヲヰヰヴが けC┞デﾗデﾗ┝ｷI ;ﾐS ;ﾐピど
HIV ヮヴｷﾐIｷヮﾉWゲ aヴﾗﾏ デｴW ヴｴｷ┣ﾗﾏWゲ ﾗa BWｪﾗﾐｷ; ﾐ;ﾐデﾗWﾐゲｷゲげが CｴWﾏｷI;ﾉ ;ﾐS 
Pｴ;ヴﾏ;IW┌ピI;ﾉ B┌ﾉﾉWピﾐ ヵヲが ンヴヵにンヴΓく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヲヴΒっIヮHくヵヲくンヴヵ

Wヴ;┞が Sく わ NﾗHﾉWが Kくが ヲヰヰΒが けSW┝ ｴﾗヴﾏﾗﾐWゲ ;ﾐS W┝Iｷデ;ピﾗﾐどIﾗﾐデヴ;Iピﾗﾐ Iﾗ┌ヮﾉｷﾐｪ ｷﾐ デｴW 
┌デWヴ┌ゲぎ TｴW WdWIデゲ ﾗa ﾗWゲデヴﾗ┌ゲ ;ﾐS ｴﾗヴﾏﾗﾐWゲげが Jﾗ┌ヴﾐ;ﾉ ﾗa NW┌ヴﾗWﾐSﾗIヴｷﾐﾗﾉﾗｪ┞ 
ヲヰふヴぶが ヴヵヱにヴヶヱく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヱヱヱっﾃくヱンヶヵどヲΒヲヶくヲヰヰΒくヰヱヶヶヵく┝

W┌が TくSくが Lｷﾐが YくMくが H;ヴ┌ﾐ;が Mくが P;ﾐが DくJくが Sｴｷﾐｪ┌が Tくが CｴWﾐが YくPく Wデ ;ﾉくが ヱΓΓヱが けAﾐピデ┌ﾏﾗヴ 
;ｪWﾐデゲが ヱヱΓく K;ﾐゲ┌ｷヮｴﾗヴｷﾐゲ A ;ﾐS Bが デ┘ﾗ ﾐﾗ┗Wﾉ ;ﾐピﾉW┌ﾆWﾏｷI SｷデWヴヮWﾐW WゲデWヴゲ aヴﾗﾏ 
E┌ヮｴﾗヴHｷ; ﾆ;ﾐゲ┌ｷげが Jﾗ┌ヴﾐ;ﾉ ﾗa N;デ┌ヴ;ﾉ PヴﾗS┌Iデゲ ヵヴふンぶが ΒヲンにΒヲΓく ｴ─ヮゲぎっっSﾗｷく
ﾗヴｪっヱヰくヱヰヲヱっﾐヮヵヰヰΑヵ;ヰヱヱ

Y┌;ﾐが Lくが W;ﾐｪが JくHく わ S┌ﾐが TくMくが ヲヰヱヰが けTﾗデ;ﾉ ゲ┞ﾐデｴWゲｷゲ ;ﾐS ;ﾐピI;ﾐIWヴ ;Iピ┗ｷデ┞ ゲデ┌SｷWゲ 
ﾗa デｴW ゲデWヴWﾗｷゲﾗﾏWヴゲ ﾗa ;ゲヮWヴヮｴWﾐ;ﾏ;デW ;ﾐS ヮ;デヴｷゲI;Hヴ;ピﾐWげが CｴｷﾐWゲW CｴWﾏｷI;ﾉ 
LW─Wヴゲ ヲヱふヲぶが ヱヵヵにヱヵΒく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃくIIﾉWデくヲヰヰΓくヱヰくヰヰヴ

Zｴ;ﾐｪが Bくが Y;ﾐｪが SくPくが Yｷﾐが Sくが Zｴ;ﾐｪが CくRくが W┌が Yく わ Y┌Wが JくMくが ヲヰヰΓが けLｷﾏﾗﾐﾗｷSゲ aヴﾗﾏ 
Kｴ;┞; ｷ┗ﾗヴWﾐゲｷゲげが Pｴ┞デﾗIｴWﾏｷゲデヴ┞ Αヰふヱヰぶが ヱンヰヵにヱンヰΒく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくヱヰヱヶっﾃく
ヮｴ┞デﾗIｴWﾏくヲヰヰΓくヰΑくヰヱヶ

ZｴWﾐｪが CくJくが Sｴ;ﾗが CくLくが W┌が LくYくが CｴWﾐが Mくが W;ﾐｪが KくLくが Zｴ;ﾗが DくLく Wデ ;ﾉくが ヲヰヱンが けBｷﾗ;Iピ┗W 
ヮｴWﾐ┞ﾉ;ﾉ;ﾐｷﾐW SWヴｷ┗;ピ┗Wゲ ;ﾐS I┞デﾗIｴ;ﾉ;ゲｷﾐゲ aヴﾗﾏ デｴW ゲﾗｦ Iﾗヴ;ﾉどSWヴｷ┗WS a┌ﾐｪ┌ゲが 
AゲヮWヴｪｷﾉﾉ┌ゲ WﾉWｪ;ﾐゲげが M;ヴｷﾐW Dヴ┌ｪゲ ヱヱふヶぶが ヲヰヵヴにヲヰヶΒく ｴ─ヮゲぎっっSﾗｷくﾗヴｪっヱヰくンンΓヰっ
ﾏSヱヱヰヶヲヰヵヴ
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