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Figure 7. Comparison of pathological results. A, Eccentric hypertrophy was developed in the mitral regurgitation (MR) group. SIL indi-
cates sildenabl. B, The hole created in the anterior leaRet of the mitral valve. C, D, E, G, Masson trichrome and picrosirius red staining
showed no difference in interstitial Pbrosis (F and H). The extent of perivascular bbrosis was signibcantly greater in the MR group than

in the MR+SIL group ( P<0.05 for difference from the MR group).

The endocardial perivascular area may represent an early
fibrotic change in the MR model, probably because of relative
endocardial ischemia due to the prolonged elevation of LV
diastolic filling pressures. However, the extent of perivascu-
lar fibrosis was significantly smaller in the MR +sildenafil
group than in the MR group. In recent years, there has been
considerable interest in studying the effect of sildenafil on
endothelial cell protection, which may trigger a signaling
cascade (through the action of kinases including protein

kinase C and other mitogen-activated protein kinases) and
generation of NO by phosphorylation of endothelial NO
synthase. An important property of sildenafil is its ability to
increase endothelial NO synthase and inducible NO synthase
proteins in the heart, and this has a direct cause-and-effect
relationship in protection against myocardial infarction, as
well as apoptosis in cardiomyocytes.?>-3¢ Because of the
ability of sildenafil to augment NO synthase and cGMP
levels, it is logical to hypothesize that cardiovascular dys-

Figure 8. Representative apoptotic cells by ter-
minal deoxynucleotidyl transferasebmediated
UTP nick-end labeling analysis and quantitative
apoptotic indices ( P<<0.05 for difference from
the mitral regurgitation [MR] group). Arrows
indicate apoptotic cells. SIL indicates sildenaPl.
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function induced by chronic NO synthase inhibition would be
alleviated by concomitant treatment with sildenafil.

Clinical and experimental data support a link between
endothelial dysfunction and inflammation. Proinflammatory
cytokines are increased in the myocardium as a response to
stretch in MR patients and correlate with the extent of LV
dilatation.?” Inflammatory response and cytokine elaboration
are integral components of the host response to tissue injury
and play an active role in myocardial remodeling, and thus
inflammatory mediators play a crucial role in the develop-
ment of heart failure. Accordingly, several strategies to
counterbalance the inflammatory response have been sug-
gested. Possible targets involve proinflammatory and anti-
inflammatory cytokines and their receptors, adhesion mole-
cules, NO and NO synthase, reactive oxygen species, and
different types of leukocytes. In this study, we demonstrated
by microarray analysis that the inflammatory response was
decreased in the sildenafil-treated group compared with MR
rats.

Cell loss is another unifying feature found in nearly all
forms of cardiomyopathies. Currently, the best-understood
form of cell loss or cell death in heart failure is apoptosis.
DNA fragmentation and cellular and nuclear shrinkage are 2
of the biochemical and morphological changes that classi-
cally characterize apoptosis. Barouch et al*® demonstrated
that cardiomyocyte apoptosis is associated with increased
DNA damage and decreased survival in a murine model of
obesity. In this study, we showed that the DNA damage
pathway was upregulated in MR rats compared with sham
and MR +sildenafil rats and that apoptotic cells were more
prevalent in MR rats.

Nagayama et al”8 demonstrated that sildenafil treatment
prevents further cardiac and myocyte dysfunction and pro-
gressive remodeling in an animal model of established
hypertrophy caused by pressure overload. In the present
study, we found a similar beneficial effect of sildenafil in an
animal model of volume overload. The therapeutic effect of
sildenafil has also been demonstrated in other animal models
including an ischemia/reperfusion model and in anthracycline
cardiomyopathy. These findings suggest that there is substan-
tial overlap of molecular pathways in the development of
different types of cardiac remodeling induced by various
stimuli. In addition, these findings also suggest the multiple
effects of sildenafil and cGMP.

Limitation of the Study

MR was created by making a hole in the mitral leaflet, and
this MR model may not represent MR in humans, especially
ischemic MR. This is an inherent limitation of the animal
model of valve disease. However, our model is still useful to
evaluate the effect of medical treatment on LV remodeling
induced by MR. In this regard, the beneficial effect of
sildenafil on volume overload—induced LV remodeling may
have clinical implications. Further research is needed to
delineate the exact mechanisms involved to allow for trans-
lation to the clinical setting.

Conclusion
Sildenafil attenuates LV remodeling and prevents exercise
intolerance in a rat model of chronic MR. This benefit may be

associated with the antiapoptotic, anti-inflammatory effects
of sildenafil. Further research is needed to delineate the exact
mechanisms involved and demonstrate the beneficial effects
in patients with chronic MR.
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CLINICAL PERSPECTIVE

Mitral regurgitation (MR) induces chronic left ventricular volume overload and leads to left ventricular contractile
dysfunction, heart failure, and, finally, death. Although surgical correction of MR, the only definitive cure, carries
reasonably low mortality and morbidity risks, medical therapeutics have a role in many clinical situations such as in a
patient population with greater surgical risk. However, there is currently no recommended pharmacological therapy for
chronic MR. Despite previous efforts, medical therapies for chronic MR have produced disappointing and conflicting
results. Since the early 2000s, sildenafil, part of a class of selective inhibitors of phosphodiesterase type 5, has been under
intense study in various areas. Multiple lines of preclinical and clinical evidence support a therapeutic role for
phosphodiesterase type 5 inhibition with sildenafil in the management of heart failure. Accordingly, we hypothesized that
sildenafil may have a beneficial effect in chronic MR. The major findings of the present study are that sildenafil prevented
left ventricular remodeling and exercise intolerance caused by chronic experimental MR. To our knowledge, this is the first
study that shows that sildenafil is efficacious in the presence of MR. Additionally, we proposed potential mechanisms
related to the effect of sildenafil: inhibition of inflammation and apoptosis. With consideration of the beneficial effects of
sildenafil in MR rats, we can expect a therapeutic potential for sildenafil in patients with MR. Future clinical studies are
needed.

Downloaded from http://circ.ahajournals.org/ by guest on October 24, 2012



http://circ.ahajournals.org/

ONLINE SUPPLEMENT

Long-Term Effects of Sildenafil in a Rat Model
with Chronic Mitral Regurgitation;

Benefits on ventricular remodeling and exercise capacity

Kyung-Hee Kim, MD*; Yong-Jin Kim, MD"; Jung-Hun Ohn, MD?; Sang-Eun Lee, MD";
Jimin Yang, MA®; Sae-Won Lee, PhD*; Hyung-Kwan Kim, MD*;

Jeong-Wook Seo®, MD; Dae-Won Sohn, MD*

1Department of Internal Medicine, Cardiovascular center,
2 Department of internal Medicine, Division of Endocrinology and Metabolism
3Department of Pathology.
Seoul National University College of Medicine,

Seoul National University Hospital. Seoul, Korea

Running Title: Effect of Sildenafil on Mitral Regurgitation

Address for correspondence:

Yong-Jin Kim, MD, PhD

Department of Internal Medicine, Seoul National University Hospital College of Medicine,
Cardiovascular Center, Seoul National University Hospital, Seoul, Korea.

28 Yongon-dong, Chongno-gu, Seoul, 110-744, Korea

Tel: (82)(2) 2072-1963, Fax: (82)(2) 2072-2577, E-mail: kimdamas@snu.ac.kr

Downloaded from http://circ.ahajournals.org/ by guest on October 24, 2012


http://circ.ahajournals.org/

Detailed Methodology

Surgical procedure and some concerns for mitral regurgitation creation

The rats were anesthetized with 3% isoflurane at a rate of 4L/min oxygen and then they
were intubated with a blunt 16-gauge needle, followed by mechanical ventilation with the M-
683 (Harvard Apparatus Inc., MA, U.S.A) under 2-3% isoflurane in a mixture of 50% O,
Body temperature was maintained at 37°C by placing the rats on a heating pad during the
procedure. After successful anesthesia, intracardiac echocardiographic catheter (AcuNav™,
Acuson/Siemens Corp, Mountain View, CA) was inserted into the esophagus for
transesophageal echocardiography. A lateral thoracotomy was performed and the pericardium
was opened. To locate the insertion site of the puncture needle accurately, the LV was gently
pressed with a clean cotton swap. A needle (23 gauge, 0.5 mm external diameter) was
inserted into the LV via apical puncture and was advanced toward the mitral valve to make a
hole in the leaflet and create MR under the guidance of transesophageal echocardiography
(supplementary Fig. 1). MR was considered significant if a regurgitant jet area occupied more
than 45% of the left atrium (LA). The sham group underwent the same procedure but without
damaging the mitral valve. All rats were given 2 ml subcutaneous injection of isotonic saline,
meloxicam (Boehringer Ingelheim, Germany 0.4mg/g s.c.) postoperatively and also,
cefazolin (50mcg/g i.m.) for preventing infection 2 times a day for 2 days.

In the establishment of our animal model, we focused on several aspects to make it useful
for future experiments. Our first concern was the heart size and gender that have been
neglected in some of the previous experiments. In our pilot study, we found that rats showed
a rapid growth of the heart between 8 and 10 weeks of age (LVESD; 3.40+ 0.15mm vs 4.02+
0.27mm, LVEDD; 6.41£0.34mm vs 7.31+0.34mm for 8 vs 10 weeks of age, p < 0.01) and

thus this period was not optimal for the evaluation of LV remodeling. Therefore, in this study,
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we used only male rats at the age of 10 weeks. Second, we had to determine adequate
severity of MR to induce substantial LV remodeling without excessive mortality in acute
phase. We found that 23G needle with external diameter of 0.5 mm was the best for the
purpose. At the postmortem study, the mean area of the hole was 0.79 + 0.34 mm?. Obviously,
a “learning curve” was noted in our experience. In our first pilot study, the MR operation was
successful only three out of nine (33%) rats. It took 4 months for the consistent technique for
MR formation in this study. Interestingly, the hole of mitral leaflet spontaneously regressed
in some of the animals of our pilot study. Thus, serial echocardiographic confirmation of MR
and direct visualization of the hole at the harvest time were important.

In our animal model of MR, acute stage was defined from MR creation to the 2™ week
after MR. We observed slight increase of LV diastolic dimension without change of systolic
dimension and thus hyperdynamic LV systolic function. In this stage, LV wall thinning
occurred as LV began to dilate. Chronic compensated stage could be defined from the 3"
week to around the 14™ week. In this stage, LV diastolic and systolic volume increased
constantly. Though remained in the normal range, LVEF became significantly lower in MR
group from the 12™ week with systolic dimension dilatation. The decompensation seemed to
begin after the 14™ week and became evident between the 20™ and 26" week when the
mortality dramatically increased. So we decided to analyse microarray before

decompensation phase.

Surgical Procedure for Hemodynamic Monitoring

The rats were anesthetized with isoflurane inhalation and placed in the supine position on a
heat pad with a rectal probe connected to a thermoregulator and ventilated. The right internal
jugular vein was cannulated for fluid administration. After anterior thoracotomy, the microtip

PV catheter (SPR-838, Millar Instruments, US) was introduced into the LV cavity via the
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apical approach along the longitudinal axis of the heart until stable PV loops were obtained* 2.
PV loops were acquired with the ventilator off for 5-10 seconds after 10 minutes of
stabilization. The sampling rate was 1,000/s using the ARIA PV conductance system (Millar
Instruments) coupled to a PowerLab/4SP A/D converter (AD Instruments; Mountain View,
CA, USA) and a personal computer. To get Vo, additional loops were acquired during
injection of 500ul of 15% hypertonic saline. Ten to twenty successive cardiac cycles were
obtained. True volumes were calculated with correction based on the EF of echocardiography
and saline calibrations as described previously > *. Analyses of the loops were performed
using a commercially available cardiac PV analysis program, PVAN 3.5 (Millar Instruments).
Heart rate, maximal LV systolic pressure, LV end-diastolic pressure (EDP), mean arterial
pressure, maximal slope of systolic pressure increment (+dP/dt) and diastolic pressure
decrement (-dP/dt), time constant of LV pressure decay (t), stroke volume (SV) and end-
systolic/diastolic volume (ESV/EDV) were calculated. Additionally, end-systolic pressure
volume relation (ESPVR), SW-EDV relation [preload recruitable stroke work (PRSW)],
dP/dtma-EDV relation, and end-diastolic PV relation (EDPVR) were measured by transient

occlusion of the inferior vena cava with a silk snare suture.

Immunohistochemical Analysis

Mid ventricle were removed for histopathology and were preserved in 4%
paraformaldehyde and embedded in paraffin. The tissue was sectioned into 4 um sections,
stained with Masson’s trichrome for evaluation of the degree of fibrosis and with picrosirius
red for measurement of collagen deposition. Quantitative measurement of the area of
perivascular fibrosis was calculated as the ratio of the area of fibrosis surrounding the vessel
wall to the total vessel area using NIH image analysis software (Image J ver. 1.38, National

Institutes of Health) . At least 10 arterial cross sections were examined per field. Apoptosis
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was assessed using the Terminal deoxynucleotidyl transferase-mediated UTP nick-end
labeling (TUNEL) technique (DNA fragmentation, Oncor, Gaithersburg, MD). The detailed
protocol was previously published °. To quantify apoptosis, TUNEL-positive cells in 10
fields for each section was quantitatively evaluated as a percent of that of total cells at a

magnification of 400X in a blind manner

Microarray analysis

For control and test RNAs, the synthesis of target cRNA probes and hybridization were
performed using Agilent’s Low RNA Input Linear Amplification kit (Agilent Technology, USA)
according to the manufacturer’s instructions. The hybridized images were scanned using Agilent’s
DNA microarray scanner and quantified with Feature Extraction Software (Agilent Technology, Palo
Alto, CA). All data normalization and selection of fold-changed genes were performed using Gene
SpringGX 7.3 (Agilent Technology, USA). The averages of normalized ratios were calculated by
dividing the average of normalized signal channel intensity by the average of normalized control
channel intensity.

Functional annotation of genes was performed according to Gene Ontology™
Consortium(http://www.geneontology.org/index.shtml) by GeneSpringGX 7.3. Gene classification
was based on searches done by BioCarta (http://www.biocarta.com/), GenMAPP
(http://www.genmapp.org/), DAVID (http://david.abcc.ncifcrf.gov/), and Medline databases

(http://www.ncbi.nlm.nih.gov/).
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Supplementary figure legends

Supplementary figure 1.
Surgical procedures of making mitral regurgitation (MR)
A. Lateral thoracotomy was performed on the left side of the sternum through the 3rd or
4™ intercostal space and a needle was inserted.
B. Advancing a needle toward mitral valve leaflet; Red arrow indicates the needle.
C. Severe MR was detected by color Doppler after MR procedure
D. The MR jet and LA area were measured 1 week after MR development by

transthoracic echocardiography.

Supplementary figure 2.
Mean body weight among three groups. The mean weight gain of the MR and MR+SIL rats

during the 16 weeks period tended to lag behind the sham rats without statistical significance.

Supplementary figure 3

Heat map of the 448 genes were expressed by at least 1.5-fold in MR rats including 197
upregulated (A) and 251 downregulated (B) genes compared with sham and MR+SIL. Red
indicates upregulation; black, no change; green, downregulation vs baseline with scale of

color corresponding to fold change.
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Supplementary figure 1.
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Supplementary figure 2.
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Supplementary figure 3.
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Supplementary table 1.

The List of Gene Sets with Significant Enrichment Scores (ES, P<0.01).

Sham vs. MR MR vs. MR+SIL
Gene Set Class G&':SS ES p value Size ES p value
| GPCRPATHWAY C2 23  -068255293 0 23 0569157 0 |
GNF2_CD33 C4 20 -0.64632237 0 20 0.47325414 0
UVB_NHEK4_6HRS_UP C2 16 -0.6422942 0 16 0.5843142 0
CROONQUIST_IL6_RAS_UP C2 15 -0.62075895 0 15 0.61317587 0
GNF2_FOS C4 16 -0.59804004 0 16 0.49633634 0
CROONQUIST_IL6_STROMA_UP C2 21 -0.597425 0 21 0.42403877 0
CCR5PATHWAY C2 18 -0.59632444 0 18 0.43007636 0
CMV_8HRS_UP C2 16 -0.59034806 0 16 0.4945651 0
ILBPATHWAY C2 18 -0.58482593 0 18 0.528253 0
G1_S_TRANSITION_OF_MITOTIC_CELL_CYCLE C5 15 -0.5819848 0 15 0.5915283 0
GNF2_IGFBP1 C4 17 -0.58028936 0 17 0.5894931 0
MODULE_382 C4 22 -0.5734105 0 22 0.66842264 0
CROONQUIST_RAS_STROMA_UP C2 15 -0.57083976 0 15 0.54528844 0
CDMACPATHWAY C2 15 -0.56861526 0 15 0.5073269 0
LEE_TCELLS3_UP C2 24 -0.55996156 0 24 0.413297 0
CCR3PATHWAY C2 20 -0.55321383 0 20 0.41676757 0
CXCR4PATHWAY C2 21 -0.55279344 0 21 0.48638755 0
LINDSTEDT_DEND_8H_VS_48H_UP C2 39 -0.55110425 0 39 0.43290132 0
ADIP_DIFF_CLUSTERS C2 17 -0.5455381 0 17 0.6032467 0
SPPAPATHWAY C2 21 -0.54538107 0 21 0.49615264 0
AT1RPATHWAY C2 28 -0.5436344 0 28 0.5075726 0
MODULE_367 C4 26 -0.538402 0 26 0.38241568 0
PASSERINI_INFLAMMATION C2 17 -0.53667206 0 17 0.58285594 0
BCRPATHWAY C2 26 -0.52640563 0 26 0.41382107 0
REGULATION_OF_PROTEIN_MODIFICATION_PROCESS C5 20 -0.52350223 0 20 0.54774433 0
VIPPATHWAY C2 18 -0.5203666 0 18 0.4019881 0
POSITIVE_REGULATION_OF_CELL_DIFFERENTIATION C5 15 -0.51972675 0 15 0.35104468 0
JISON_SICKLE_CELL C2 23 -0.5163545 0 23 0.40098867 0
ZHAN_MM_MOLECULAR_CLASSI_DN C2 17 -0.51632905 0 17 0.57981193 0
FALT_BCLL_IG_MUTATED_VS_WT_UP C2 20 -0.51562107 0 20 0.4589497 0
GCM_PTK2 C4 40 -0.5118762 0 40 0.45367202 0
LIZUKA_G2_GR_G3 C2 15 -0.51087797 0 15 0.6560526 0
STRESS_TPA_SPECIFIC_UP C2 20 -0.5086299 0 20 0.3734148 0
GNF2_TAL1 C4 26 -0.50839764 0 26 0.5728936 0
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DORSAM_HOXA9_DN

GNF2_CDC27

PASSERINI_ADHESION

IFN_GAMMA_UP

EDG1PATHWAY

PASSERINI_GROWTH

GNF2_ANK1

GNF2_SPTB

GNF2_SPTA1

FMLPPATHWAY

PYK2PATHWAY

ERKPATHWAY
CELL_GROWTH_AND_OR_MAINTENANCE
GNF2_TIMP2
ET743_SARCOMA_72HRS_UP
MODULE_108

GNF2_KISS1

BRCA1KO_MEF_DN
ZHAN_MULTIPLE_MYELOMA_VS_NORMAL_DN
GILDEA_BLADDER_UP
INSULINPATHWAY
STEROID_BIOSYNTHETIC_PROCESS
MODULE_418

MODULE_322

MODULE_362

RHYTHMIC_PROCESS

GNF2_MMP11

ROSS_CBF_MYH

HALMOS_CEBP_UP

HINATA_NFKB_UP
FETAL_LIVER_ENRICHED_TRANSCRIPTION_FACTORS
CELL_ADHESION_RECEPTOR_ACTIVITY
GNF2_BNIP3L

YANG_OSTECLASTS_SIG
GNF2_RAD23A
ST_DIFFERENTIATION_PATHWAY_IN_PC12_CELLS
CMV-UV_HCMV_6HRS_UP

INTERPHASE

ROSS_PML_RAR

GNF2_CD1D
TAKEDA_NUP8_HOXA9_10D_UP
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C2
C4
C2
C2
C2
C2
C4
C4
C4
C2
C2
C2
C2
C4
C2
C4
C4
C2
C2
C2
C2
C5
C4
C4
C4
C5
C4
C2
C2
C2
C2
C2
C4
C2
C4
C2
C2
C5
C2
C4
C2

17
22
22
20
21
30
25
25
27
26
25
23
31
20
34
35
19
37
24
15
17
16
25
28
16
18
16
23
29
64
29
22
24
31
22
27
556
31
31
21
61

-0.50828165
-0.50595254
-0.50546247

-0.5050956
-0.5024325

-0.49091655

-0.4860897
-0.4860897

-0.48427492
-0.48140424
-0.47761953
-0.47752348
-0.47659698
-0.47557914
-0.47404426
-0.47253314
-0.47211227
-0.46840483
-0.46543878
-0.45915794
-0.45906976
-0.45698878
-0.45637232

-0.4560361

-0.45470858
-0.45430204
-0.44851413
-0.44663757
-0.44433838

-0.4395395

-0.43891904

-0.4363057
-0.4359979

-0.43227735
-0.42824152
-0.42750946
-0.42720556

-0.4265289

-0.42633754

-0.424542
-0.4242422

17
22
22
20
21
30
25
25
27
26
25
23
31
20
34
35
19
37
24
15
17
16
25
28
16
18
16
23
29
64
29
22
24
31
22
27
55
31
31
21
61

0.39426166
0.5798319
0.6577618
0.4674851

0.69462144

0.35128912
0.5278036
0.5278036
0.5802883

0.54253864
0.4634575

0.38381964

0.38383582

0.563822
0.4710121

0.52990705
0.5798732

0.37944198

0.49981317
0.4450995

0.36727202
0.4077422
0.4089294

0.47139147
0.4289022

0.43919545

0.610244

0.58098453

0.40851527

0.48163795

0.42875883

0.43484345
0.5416765

0.42077395

0.50279856
0.4963255

0.38781008
0.3912818
0.5502655

0.39505285

0.37216726
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RESPONSE_TO_NUTRIENT_LEVELS
GNF2_PECAM1

CAR_HPX

MODULE_226

HDACI_COLON_SUL16HRS_UP
IDX_TSA_UP_CLUSTER1
RESPONSE_TO_EXTRACELLULAR_STIMULUS
ST_ADRENERGIC

LEE_ACOX1_DN

MODULE_174

FEEDING_BEHAVIOR

MODULE_263

INTERLEUKIN_BINDING

EIFAPATHWAY

IGF1PATHWAY

GNF2_MAP2K3

RUIZ_TENASCIN_TARGETS

MODULE_440

CHEMOKINE_ACTIVITY
CHEMOKINE_RECEPTOR_BINDING
METPATHWAY
REGULATION_OF_PHOSPHORYLATION
ST_ERK1_ERK2_MAPK_PATHWAY
ZHAN_MM_CD138_MF_VS_REST
HEMATOPOESIS_RELATED_TRANSCRIPTION_FACTORS
GALINDO_ACT_UP
G_PROTEIN_COUPLED_RECEPTOR_BINDING
HOGERKORP_ANTI_CD44_UP

TELPATHWAY
VERHAAK_AML_NPM1_MUT_VS_WT_UP
HSA04920_ADIPOCYTOKINE_SIGNALING_PATHWAY
TAKEDA_NUP8_HOXA9_8D_UP

IFN_ANY_UP

BRENTANI_CELL_ADHESION
H202_CSBRESCUED_C1_UP

LEE_CIP_DN
ENDOPLASMIC_RETICULUM_PART
ST_JNK_MAPK_PATHWAY

HTERT_DN

C5
C4
C4
C4
C2
C2
C5
C2
C2
C4
C5
C4
C5
C2
C2
C4
C2
C4
C5
C5
C2
C5
C2
C2
C2
C2
C5
C2
C2
C2
C2
C2
C2
C2
C2
C2
C5
C2
C2

25
25
51
17
21
15
29
29
39
51
19
27
19
19
17
26
43
16
18
18
27
29
20
16
51
48
24
16
16
90
54
56
40
61
23
45
32
19
30

-0.42055058

-0.420396
-0.4200604

-0.41917244

-0.4165574

-0.41382015
-0.41374642
-0.41224363
-0.41098782
-0.40879533
-0.40753257

-0.4060169
-0.402392
-0.4014743

-0.39995828

-0.3958451

-0.39430535
-0.39379758
-0.39203185
-0.39203185
-0.38755685
-0.38364542
-0.37316942
-0.37267223
-0.37198797

-0.3710842

-0.36708376
-0.36396125
-0.36230457
-0.36121643
-0.36032555
-0.35908818
-0.35855725
-0.35706916

-0.3537327
-0.3533668
-0.3528851

-0.35170564
-0.35148805
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25
25
51
17
21
15
29
29
39
51
19
27
19
19
17
26
43
16
18
18
27
29
20
16
51
48
24
16
16
90
54
56
40
61
23
45
32
19
30

0.46068797
0.37018463
0.57094014
0.35103738
0.44852975
0.48862424
0.3906259
0.44021443
0.43525627
0.3528535
0.49436483
0.39150825
0.38682523
0.39073327
0.3651653
0.44645998
0.38844472
0.41904488
0.45625585
0.45625585
0.3587055
0.45200315
0.3629946
0.4182984
0.3554443
0.35142434
0.45865744
0.446282
0.39587778
0.3680169
0.41671214
0.4329368
0.36113158
0.35144362
0.36836156
0.47496936
0.37715906
0.42782012
0.4636676
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