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[FZ] B89 - RIEHESE A% B i (bone marrow macrophage, BMM) HJ35H . T2 e 53 AL IR 52w B Ho AR I BL A
J5i& - B IEH CSTBL/6T /N BMM, RSN S A R sA k5 4l (osteoclast, OC), AhJETEL T 10 " mol/L B- M —BEf 5%
41, IR —FE AN 1 pmol/L Wi 3K 3Z & (estrogen receptor, ER) #5407 ICI-182780 iy Ay sl Fal, 53 Behf iR4dl, Al 12 kI
C57BL/6J /[N U N U BP §L B (ovariectomized, OVX) Bi# (OVX 4, n=5), FIBIEMBFEARA (sham 4, »=5), KfF3AMHWR
H BMM RIS 35 3155 S0k & 53 AL, FIJT Prestoblue ;1] BMM Hy3§%E e ), TUNEL G fafl ML T EHL, Western blotting 46 J 1
HHE B 1 caspase 3 Fil caspase 8, =L i PCR A& Mk OC A G billi A BR R ME WilikfE (tartrate-resistant acid phosphatase, Trap) F
HEE A K (cathepsin K, Ctsk) mRNA K354k, 400 TRAP 4t B BMM BB 53 fLfE 1, Western blotting 4 il BMM 4% #%
1 kB Z ARG LR ek (receptor activator for nuclear factor-kB ligand, RANKL) #(iGa0 TS S llg, &8 - %4 BMM Ba5
REJI LTI 55, OVX 41 BMM W44 fiE J) Lk sham 458, TUNEL 445 i 7R 5295 4 BMM i 41 T2 3R B35 & T AT R4, caspase 3
caspase 8 M /K FE5i% 45 B —%, PCR 455 B RS2y Trap F1 Crsk i) mRNA JKF 5K T X, OVX 4HAIHI % mRNA /K F-1
& T sham 41, Ziis TRAP 4o g &40 A1 B /s 92 50 20 Ee i I 41 1) BMM a5 /(L RE 1 IK, OVX 4 Lt sham 20 i Al B 43 fLAE 0 9
U 83 6F BMM B9 5E | R TR R 43 Ak R M 2 R ik ER FE HUAIBH T, Western blotting 25 R R, 4 T RANKL J5 9355240 BMM #)
IkKo/B, p65. INK BEERL/KF-HH L X HEZH BB AIG . S50 - MR AR AMH] BMM R5 funk-a43 1L, 123k BMM 1, Hix—{eH Rl
ER /-3y,
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Effects of estrogen on proliferation, apoptosis and differentiation of bone marrow macrophage

ZHAO Jing-yu, HUANG Ming-jian, ZHANG Xiao-ling

Department of Orthopedic Surgery, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China
[Abstract] Objective - To investigate the effects of estrogen on proliferation, apoptosis and differentiation of bone marrow macrophage (BMM) and the
mechanism. Methods - BMMs were isolated from normal C57BL/6J mice and induced to differentiate to osteoclasts in vitro. BMMs in experimental
group were administered with 10 ° mol/L exogenous estrogen and antagonist group with both estrogen and 1 pmol/L ICI-182780, an antagonist of
estrogen receptor, and control group was designed as well. Five 12-week-old C57BL/6J mice underwent ovariectomy (OVX group) and sham group (n=5)
underwent sham surgery. All mice were sacrificed after 3 months to isolate BMM. Proliferation ability of BMM was assessed using Prestoblue, TUNEL
assay was performed to detect apoptosis in each group. Caspase 3 and caspase 8 were detected by Western blotting. Quantitative real time PCR was used
to detect tartrate-resistant acid phosphatase (7rap) and cathepsin K (Ctzsk) mRNA levels during osteoclastogenesis. TRAP staining of osteoclasts showed
osteoclastogenesis ability. In addition, the downstream moleculars activated by receptor activator for nuclear factor-xkB ligand (RANKL) in BMM were
detected by Western blotting. Results - BMM multiplication ability was attenuated in experiment group compared with control group and it was stronger
in OVX group than that in sham group. TUNEL assay showed that the apoptotic BMM in experimental group were more than those in control group and
caspase 3 and caspase 8 expression were consisted with the results of TUNEL assay. PCR analysis showed that 7rap and Ctsk mRNA levels significantly
decreased in experiment group compared with control group. The mRNAs increased in OVX group in contrast to sham group. TRAP staining of
osteoclasts and quantitative analysis showed that osteoclasts in experiment group were less than those in control group and osteoclasts in OVX group were
more than those in sham group. The effects of estrogen on proliferation, apoptosis and differentiation of BMM were blocked by antagonist of estrogen
receptor. Western blotting showed that the phosphorylation of IxKa/B, p65 and JNK activated by RANKL were attenuated in experimental group compared
with that in control group. Conclusion - Estrogen inhibits proliferation and osteoclastogenesis of BMM, and aggravates their apoptosis through estrogen
receptor.
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4022 el BB R A — R LB s, £ h
Wl i SR Tk e SRS Ry . W 3R Bk 2 2 S o 52 MR ol 4
(osteoclast, OC) iy W AE 0 M i 52 - (R BRI /N 2
gh AR L ", OC f 5 i 4k v 4 i (bone marrow
macrophage, BMM) 4{tifizk, B OC REAT (T
IThEE, 2 5a It g Biae ™, ek A KRN
WFFEARIE T i E o OC HHhITER, HH48m Tix—1EH
AR B MM 3521k (estrogen receptor, ER) ik
DRI, Ca” i S A o R 280 1 0 52 i L s 2 ) 55 40
SE L PSR Y, (HME R R0 BMM [ ZhRE M
HRARIE . ABFFER/ N BMM 7E RIS T i 250, I
FH ER #0550k BELWT ER (Y ZhRE, (]I 1] FH X0 5F 5L 45 Ex
(ovariectomized, OVX) A #%) i e 18 35 fik 2 19 /N BRUASE Y
P4 T B S e () BMM,  $5 e i A 0 Sk 4
T BMM 3458 . AT RN o KRR AR L, DA BGax SEi
P e A Al it ER A5, BMM A9 3 B 1 200 21t
N OC g% S ik, R ER o i i 256 BMM 365E . A
TR H 50 e SN BRI T RE R — 20 5 B I s i 25 ke e ek
BRI R EL A VR F AL

1 HHS%HE

1.1 et

1.1 SCUeEhd  BEPE CSTBL/G) /MR, 8 ~ 12 iy, W
H bl R AR AR A ], 3T E R Bl
R AR R T a4 By, TRIFR IR A SPF 9, A7
AHIES 2 SCXK (/) 2013-0018, f HIVFATIES A SYXK
(1) 2013-0062,

1.1.2 IR F o-MEM B 55 4 (SH30265.01, 3 [
i 4 if 75 (FBS) (10100147, 3% [E Gibceo),
H - & F ik (15140, 3 [ Gibeo), 70 um 4H Jifg if
IE % W (BD352350, 2% [ BD Falcon), £ i %Y fif
i’ (C3702, HEIZEZR), /v E 20 e A v ol i 18]+
(macrophage colony-stimulating factor, M-CSF) (315-02,
% & Peprotech), %K «B Z MG LK FAifk (receptor
activator for nuclear factor-xB ligand, RANKL) (315-11C,
% [§| Peprotech), TUNEL #5751 & (C1089, w[EZAZ
K), Prestoblue 4% {48 (A13261, k[ Invitrogen) ,
/I Bl GAPDH #¢ #& (14C10, 2 [§ CST), p38. ERK 1
INK Hifk (9926, [ CST), p65 #1 IkKa/ Btk (4766,
% [ CST), caspase 3 fll caspase 8 i & (12675, 3%
CST), ERa+B bifk (bs-0174R, Z[E BIOSS), EPirs —
Brbik (bs-0295G, ZE [E BIOSS), F4/80 $ii & (ab6640,

Hyclone),
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F[E Abcam), FHFRLF4EZE (NC) i (HATF00010, [
Millipore), Western blotting ' 521k %1 & (WBKLS0050, f&
Millipore), SYBR =i} PCR fiijEE#% (DRR820A,
TaKaRa), feik#l (RRO36Q, #i[E TaKaRa), $iifif1
P % 1 7% % B3 (tartrate-resistant acid phosphatase, TRAP)
Jetaily (387A, £ I[E Sigma), B- M ¥ (E2758, 3%
Sigma), ER #Hi7 ICI-182780 (S1191, ZE[H Selleck),
1.1.83 KNG IEEIOCRME (FEE Zeiss), ViiA7
S e it B PCR AL (3£ ABI), {malguigl (3
Beckman Coulter)

1.2 92585051k

121 /NEUBMM 4B % 8 JE Y MM CSTBL/6 /N,
FHERLFALSE, B G s B, 8B 2R b A Y
ZRMINLA TR S, PBS {EBt 3 ik, HERKEFREH
Hist, KeE HE N B BERE b ob e, H 70 pm JEKE B, 2
K2 I i R i A B, B AR B 75 % 50 mL
B, 800X g BIL Smin, 3 B, AIA 1 mL 2040
Mo B i B B 4NN, %8 1 min, 500%g 2.0 5 min, 3F
ki, A 10mL PBS A, (k5% ML 40 2 i,
FE 3 REEIRG, F a-MEM 35 241 I 2 i Fh T 52 52 1,
24h J5, W iSRRG BE 4R, 800 x g 89,0 5 min,
3¢ L. M o-MEM 52 R385 d B i e Fh T M.
IAANEE F M-CSF (£ i 25 ng/mL), 4HRNGEEf5
HEHAK, 42 d 8k 1k, HEIEEELNIRA BMM,

1.2.2 /B OVX &R By E Nr B 12 J i Ay e e /) Bl
55, 4% [k A & 2 1845 20 g & B 4 200 pL
D 7] B M 0 S DRR TR /N BRL o BRI I 1 /N BRU VS 8 R T Tl £
HEbeh TR A, TN EA N
fis, AR N ERBOM O A E A, NS TEE
AL EEFL, VIERIN G4 A, RTFAR (sham) /MG
(n=5) HEIFRRANLNA L, Fagd. FARE/NEIK
BF 37 CHRBAERHY EAEAEE, /NEIEARSE 30 dBIZR
L R N KT B R bR ER . RJE 3 A H
HL BMM,

1.2.3 /NERAIMEEIES R BMM £ 50T 12 4L6k, 2
1x107 4L, MIA o-MEM 5485553, A M-CSF (i
JE 2 25 ng/mL), RANKL (%% 75 ng/mL), 432 d e
W1k, OCLESE 4 ~ 6 HIE, L4y T 10" mol/L B-
W R M, HEIFIL LS T 107 mol/L B- i AN 1 pmol/L
ER #5Hi51 1CI-182780"", tof HELH AN T fuf silis .

1.2.4 Western blotting #& M 12 FL #x fin A RIPA % fi#t ik
100 uL F1 100 mmol/L 2 [ B 410 il 51 1 uL, & T 40 M
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F, vk JiE 30 min, 4 °C 12 000 x g 85.0» 10 min, B |-
[HIA 4xSDS EMEZEMhiR, 99 'C# 10 min, #R&4skFNsy
B 10% Fdilfe ., AL EAEE E & 20 ug, MIE SOV
MLtk FLOKES ARG RN 5 NC IBBCE FL oo S I 2% il
Hr, 300 mA H R 90 min, ¥ NC BHCH, BT 35
(4% BifgWyky +PBST) Wr{EFEIR FRIBFERMIEH 1 h,
PRt B A AN E AR o 7 BUs 88T, AR e LBl —
P, 4 CEREZEERMF LA, PBST Si&Ja A L,
HmBEE Uh, PR E LR DRI BRI, A
LS B,

1.2.5  ScifE & PCRAGI 4% 18 Trizol i 7f0 d BHAS M/
bl BMM i HUE RNA, MlE RNA R a3 REAEL 1 g
BT R T, R R IR A MU, s
£+ 31y 20 pL cDNA H] ddH,O ke 10 £% )5, 45 SYBR i
A5 3F 17 e 2210 S} o & PCR (qPCR) 451, Gapdh L.,
T 14 F 5] 4y 31 S“TGGATTTGGACGCATTGGTC-3'
Fl 5“TTTGCACTGGTACGTGTTGAT-3', Trap k. F
W Bl ¥ 1% %1 4y %I A 5-GCAACATCCCCTGGTATGTG-3'
#1 5“-GCAAACGGTAGTAAGGGCTG-3", 4] #1 & 1 B K
(cathepsinK, Crsk) L. TS W)F5145 Bk 5-GAAGAAG-
ACTCACCAGAAGCAG-3' 1 5-TCCAGGTTATGGGC-
AGAGATT-3', J5## J& [H c-Myc L. T i 514 17 51 53 3l
Y% 5-CGGACACACAACGTCTTGGAA-3" il 5-AGGAT-
GTAGGCGGTGGCTTTT-3', 33| Ct{H, LA Gapdh M
Z:, 2 W R BT mRNA AR RIA &,

1.2.6 TUNEL 44 #iJifd Fl 4% £ % W% [ 22 30 min,
PBST ¥t T #% J5 FH 0.5% Triton-100 i 3% 15 min, 0 A
TUNEL %% 37 C# M & 1 h, DAPI Je i & %, M
PBST 3t £ R0k, Mot b fldh EE R MEE T
MELLT R,

1.2.7  ANNEsEGERE DA ARE Prestoblue B 7IHY1d BH5

300 = control
231 97.2

i ‘-’f{

[V V8 w o
F4/80

TE: A U AR BMM b4y F4/80; B. fufeoityts (BMM),

ZLE5Ek F4/80, i a DAPT e ([l At ,
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#1E, B Prestoblue IIATEAIMEH, #EEHFE 1 h, W E
5 TEEbR OO AS IS CIA . 2 it 5 BB A 156 A 441 e S 5
(AL %

1.2.8 {4l A% E  H 0.25% Trypsin-EDTA {41
Mg 1min, HEFFIEL ER N, 1000xg 8.0 5min, I
S A H & A 2.5% FBS 11 PBS 4 41 g % 1 A % b
1x10mL, RAEEHEEMA 4x10° 4002, PBS 47
% lmL, 4°C 1000xg 8.0 5min, F k{E, HPBS (&
2.5% FBS) AN, BELINA F4/80 Hifk, 4 ClEE
45 min, AIA 1 mL PBS (&5 2.5% FBS), 4 C 1000xg B
O Smin, FF R, RRHBRERES 1K, 100 uL PBS
(% 2.5%FBS) TN, wAINRUEM,

1.2.9 sty A 4% £ R PR E & 30 min,

PBST )t % J5 H 0.5% Triton-100 3 % 15 min, 5% 4~ Ifil
HEEEEH 1 h, fA 1:200 1 F4/80 —$i, 4 Citk,
PBST JEé Ja At —ht, EimPF & 1 h, DAPT 4%,
PBST e, M=t hflEh, (et B ils: T4,

1.3 GEil* %o

K SPSS 13.0 B kAT G it oM, S5 0 5l DA
xts Fon, A% 2 NS, P<0.05iAhEREA
GiFE ., Ak ESE 3 kUL,

2 "R

2.1 BMM 5 OC W%

S BN BMM,  JfR AR R AR L e Hopbr

F4/80, Kk E F4/80 PHIEEIARNEZRIKF] 97.2% (& 1A), [F]
it FH F4/80 s ot Y (4 % 72 4y s /Nl BMM (] 1B),,
FH2mie K- RANKL % 5/ il BMM #§ i 4r ft., 2 TRAP
5d JE RIS OC (B 1C),

Jeta e,

FrR A 25 um; C. TRAP Zeta % (OC),

LTI At OC, SRGMERIHE A IEAE s (Ll ferh i OC, SRAFELIHR A& LI BMM, FrR 2% S0 pm,

1 BMM #1 OC ¥%&
Fig 1 Identification of BMM and OC
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2.2 ER [k

4y B /B BMM, 3 H M-CSF 1 RANKL #f 17 i
ok, o EHES B KR OC, Western
blotting £ il BMM F1 i 24 OC 1 ER i &Y o F11 B Y &

A
oC BMM Al
ERa 72 00C
ERf
55 00C

GAPDI! [ W —

I ACERASN,; B RARISEEREIR, " P=0.001, 5 OC L,

2 ERa #1 ERB #£ BMM 1 OC gy K%
Fig 2 Expression of ERa and ERf in OC and BMM

Y9204 BMM 10" mol/L B- i — il 48 h Ji5, 4
I ERa F11 ERB &1k w, %3 ERa F1 ERB ik 5% fd
AR ZERTGIFE L (B 3A, B), B sham 411 OVX

A 0.8
=
-
R B g el =
ERp [ l — =
3
GAPDH |-- -
c 1.0+
sham#fl  OVXH :j;
iy
ERa =
txp | -ql -
=
GAPDEL | S — =

0.6

0.4

0.8+

0.6

0.4+

0.24

ik&. LLGAPDH AN Z:, & A4 DA RE A5 R B R
ERo Fil ERB £ BMM () 3 15 5 29 (2 o T 24 OC h
Uik & (3 P=0.001), H ERo {7k &5 5 T ERB
(B 2),

1.5 . 1.0+ B
e T e D
~E q;‘, 0.84 -
1.0+ e
= = 0.6
- -2
o O 0.44
uy 0.5 €
= = 024

- 0-

0cC BMM 0cC BMM

/U BMM e B3R T i e AT AR AR DN, R I AE
OVX #i i ERa ()15 S 4% sham 4 8.2 LI (P=0.000),
ifi ERB ki | W2t (& 3C, D),

0.4 B
0.3
0.2

0.14

ERPHE 1 H10f Ae ik ik

E i S B

o 044 D

"

K

ERPE E1H

0.3

T 0=

sham £ OVX £ sham £ OVX ]

e A SEISZH RN AL 2R 19 %5 5 B SRUR AL BRZL 2 (AR 2k o Ak 5 C. sham 410 OVX 4128 |4 4547 s D. sham 4151 OVX 412K |4 AHXF R IR g A5 R

©p=0.000, ‘5 sham 41}bAs,

3 ST BMM ERo # ER RiZ Y400
Fig 3 Effects of estrogen on ERa and ERf in BMM

2.3 WS AR BMM B4 511 50

6 BMM LA 10% 1% B 5 M0 T 12 LAk, 15 40 1R G
BEJ A sy S Be 240 (10 " mol/L B- #fE — %) . 41 il 7
0 (10 mol/L B- M — ¥ +1 umol/L ICI-182780) Fi1 ¢
M2, #1424 h J5 it 4 do, f£dO, d2, d4, d6 45 54
Prestoblue A A, FHF 55 HoAa 00 2 B9 26 e o )% o
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AN sERE Sy, A5 R KBS IS4 BMM S45H RE D (E d4
S5 T R (3 P<0.05), {HAHNHIFIZLN BMM H
SH B H R BRAH AR EL 22 S e G iR 3 (P>0.05) (&
4A), Htsham 41 OVX 4/hELH BMM $% Fik J5 743817
EFEAIREI, R BL OVX 4111 BMM HEGEAE DAE d6 (T 5 5%
T sham 41 (P=0.034) (& 4B),
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A
5 000
4 0004 : S
2ot = qEFE
3 000-
20004 g
= —
i
1 0
0

din d2 d4 d6

e AL SEEGA . HHIFI AL ELE s B, sham 411 OVX 4, * P=0.003, ®P=0.002,

4 BMM HytE3ERE H1#EMI
Fig 4 Multiplication capacity test of BMM

2.4 Wi BMM JH 1150

S SEU e . Al ZH BMM i 48 h fi5 #E4T TUNEL
Yeft,, RILIIRA p RA GO AN ECR B3 £ T4
MR, i AL B e g S5t B b 2 B TSt
B (B SA), & Rt Bor eI A i T %

A e W f0p il 10

B
3 000 A —chyam ]
A = OvVXHl
EXTIE g
:\-+'IC EXCHIE
= 20004
1 D04
{ T T 1
diy i d4 iy

5B © P=0.034, & sham 41AALL,

Xt HRAE S 3514 i (P=0.002) ([&] 5B), Western blotting 44
M3 AR IT ARG (I RYFRIL, UL GAPDH AN Z, &
I 2%t DA B e 45 R o S 95 2H R ) caspase 3 Fil caspase
8 IR E I TR () P<0.05), il 5%t

W e = e gii2¢E X (K 5C, D),
304 B
|
= 204
g 104
oL Nl
A SR JmasE
2.5+ D
2.0 1
1.5

caspase B I [ H13Ak k

C 5 8o

=

- I & 20

of R cueH] dmide o

BB 5

caspase 3 . .. _:1 I
B 104

caspase 8 B =
-- — g o

GAPDH | - —— a

T -

T e

#: A. TUNEL 4:(5, W55 DAPL Qe dnioi, £1¢.5¢00 0 TUNEL 4 @ PHPER R - 4niE, R4 50 um; B. TUNEL 4t (4 5E 5547 ; C. caspase 3, caspase 8
E 445 D. caspase 3, caspase 8 K[ E RS, “P=0.002, “P=0.010, “P=0.004, SxfHEHAMLL,

5 BMM FTH&i
Fig 5 Detection of BMM apoptosis

2.5 WA BMM @45 fE it

SCURA., HHIFILL R B4 BMM 25 25 )5 24 h, A&
ER T HISEIE B e-Mye, 53R BonMEB B REEIE 2 T
WAL R e-Mye (P=0.001), #7120 c-Myc mRNA 7K >
5xHRAHLL, ZRLFGIFEL (B 6A), 153 A
HrREIIE A M-CSF 1 RANKL %5 BMM g2k, 4dJ5
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qPCR 45 OC =&y Trap 1 Crsk, L5F T REIEAN Trap
1 Crsk Foh WAL (# P<0.05), {HANfiFIZH 5%+
MM ZE R TG L (B 6B), TRAP 4eta i rRsils
ZH i) TRAP PR S A /D T3 RH,  H OC [yl
B E /Tt B2 (P=0.001), fHnA ER 4il51 f5, OC
Hom RO Sx AL, ZRTestiEE L (B 6C, D),
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2.5+ *i‘

T

L
I

L
I

2.0

=
3

=
3

&

[

I o

=
h
1

Trap mRNA #ikkF
=
o

Cisk mRNA 28547k

e=Mye mRNA #54 F

] T T T T T T
AR SeReE imEREa AR SeREE imbEa

c 40- D
A fji' =] e 304
Vg ek T
20

e b

oy

@
104 |—‘I'—|
olL- : .
ks e R R 2 Fi |
IE: A. c-Myc mRNA #357kF, B. Trap il Crsk mRNA %5k, C. 75 BMM R /LIRS TRAP Yets, F3R % 50 umg-D. TRAP Heari OC i & i B it 5y

Br. ©P=0.001, *P=0.000 5% LML

6 HEMERST BMM BB 5L IR
Fig 6 Effects of estrogen on osteoclast differentiation of BMM

OC i i rke

M sham £ Fi1 OVX 4 1 /BRI 47 B BMM, & 4)  P<0.05) (& 7A), TRAP 4uf4 (g sr OVX £ H1/) TRAP [
7Sk i 1k, qPCRAGM Trap 1 Crsk mRNA Kk, &5 MAIIRECE R £ T sham 4, H OC fif i EIARHL IR 25 K
BB R OVX I Trap Fil Crsk ik B3 T sham 20 (¥ T sham 40 (P=0.005) ([& 7B. C),

A
2.5+ 34
g @ " )]
+#, 2.04 =
- e 4
# 1.51 = i
- -
Z 1.0+ 5
E E 19
% 0.54 -]
= o
0- o
sham £ OVX £l sham 4] OVX 8]
C
sham £ &0
AT + - . £
; ; . N el = 61
3§ Bt b o &
2w, WY v ; i
gty E 407
;; 3 #:‘ ® _E
:& e~ kA E 201
M o }d
'--s."":Jif - 0-

|.""' * R :
Bt W T sham #1 OVX #1

A, Trap F1 Ctsk mRNA ik /kF; B. 55 BMM i85 L J5 A9 TRAP 4eta, $5R A 100 um; C.TRAP Zetarh OC fir b AR E By 47, © P=0.009, ®P=0.003,
®p=0.005, 5 sham 41Hb45,

7 EMEREREIT BMM BB 5L R0
Fig 7 Effects of estrogen deficiency on osteoclast differentiation of BMM
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2.6 Wi 2 4 BMM b g RANKL 7% 10 A1 OG 4% 5 il %

IR

Y2 BMM %5 10 °mol/L B- #f % 24 h, SRJG7E
Te I 1% 55 55 5 b UL AL R 12 h )5 in A RANKL (283
50 ng/mL), f£0, 5. 15, 30 F1145 min W42 A AES,
Western blotting 4 fil] NF-xB F1 MAPK {53 & [ FH 5% &
FBERR LN L. &5 R B R SL9e 4 BMM |y IkKa/B 1 INK
A RAR (L AR B B B A T6 B2, ERK U RERER (LK - EL ot HR
AL, (HZEF AV p38 BURERR (LK F A& A FEAL,
Bt Tt s SEURLHAY p6S B [ FNRERR (L 2R k2 Lot
MR PEAR (1 8),

£ it A0 (min)

HRANKL 0 5 15 30 45 0 5 15 30 45
p-lekaf rvey ‘ ‘
LoD 157 151 141 L6 142 115 090 1.09 099

Ik | ———— ]

100 106 1.36 130 146

116 1.03 1.14 1.12 1.16

Ik [ -]

o

100 100 0.96 0.89 092

0.89 0.85 090 097 1.07

I-*'I"G5|_— —— - -—]

1.00 1.24 1.75 1L.72 LI3

Lio 118 1.23 093 0.76

phs
100 140 141 16l 147 148 122 1.14 108 1.21
p-INK — - | — e E— .
 — —— —
10 1,37 1300 1,39 1.03 0,95 0.71 069 067 0.81
NE [ —— ——
. _—— —
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