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In vivo Assessment of Statin-Induced Myopathy Using

Second-Harmonic Generation Microscopy
Student : Shih-Hao Huang Advisor : Dr. Ian Liau
Department of Applied Chemistry National Chiao-Tung University
Abstract

Statins are among the most widely prescribed medications worldwide with proven
records in reducing cardiovascular morbidity and mortality of patients with or without
coronary artery diseases. Although statins are well tolerated by the majority of
patients, they produce myopathy with varied symptoms ranging from mild myalgia to
fatal rhabdomyolysis in some population of patients. The zebrafish is genetically
accessible and possesses a rapidly developed muscle system comparing with higher
vertebrates such as rodents. The small size and optical transparency from its embryo
to larval stage further render it an exceptionally attractive model organism to assess
myotoxicity of drugs in vivo using high-resolution optical microscopy. In this thesis, I
report the employment of second-harmonic generation (SHG) microscopy to
investigate statin-induced myotoxicity on living zebrafish. My study focuses on
revealing the fine structure of sarcomeres, the fundamental contractile element of
muscles. This approach derives an advantage of SHG imaging to visualize the striated
muscle fibers based on myosin-specific SHG signal with no need to employ any stains.
The ability to observe sarcomeres in living organisms further eliminates the possible
concern of structural distortion caused by sample preparation. I discover that the
treatment of statin to zebrafish embryos causes a significant decrease in sarcomere
length while the morphological integrity of muscle cells remains largely intact: this
change exhibits strong dependence on the concentration of statin and the duration of

treatment. The structural abnormality is attributed to the demolition of myosin rods of

il



sarcomeres, and to the hypercontraction of sarcomere induced by excessive calcium
concentration. In contrast to conventional clinical biomarkers of muscle injury such as
myoglobin, troponin, and creatine kinase that are released from disrupted muscle cells,
the ability to observe subtle while unambiguous structural abnormality at the
subcellular level permits early diagnosis of muscle injury before any clinical
symptoms. In light of the increasing prevalence in the incidence of skeletal muscle
injury caused by new therapies, our work consolidates the combined use of the
zebrafish model and SHG imaging as an effective and sensitive mean to evaluate the

safety profile of new therapeutic targets in vivo.
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25h 35h 48 h 72h

Stage Time /h Description
1 cell 0 Cytoplasm streams toward animal pole to form
blastodisc
64 cell 2 3 regular tiers of blastomeres
Sphere 4 Spherical shape, flat border between blastodisc and yolk
1 somite 10 First somite furrow
14 somites 16 Brain neuromeres, v shaped trunk somites
20 somites 19 Otic vesicle, lens
Prim 5 24 EL: 1.9 mm: Heartbeat, red blood on yolk, early pigment
on retina and skin
Prim 25 36 EL: 2.7 mm: Early motility, tail pigmentation and ventral
stripe filling out
Protruding mouth 72 EL: 3.5 mm: Wide open mouth protruding anterior to eye

B 1-3 508 dnrng vk apna
EL: embryo length: Prim stage: refer no. of the myotome to which the leading end of

posterior lateral line.
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B 1-4 v 59 - BAFASE2 Rk
FTRIAV ST B TR A BHE G - BAEREAE 2 kR AN &0

£ myosin filament ® &7 myosinrod R84



FoX -7 &%
2-1 F %K

FoAOEHE (B 2-1)> 2 &% 4 A S d| el BHm e frdlle i ¥
BE&E HRELHE AXHE 3 X ARBEY ;‘fltﬁ statin & 3f 3 v F 2
RIE* o ¥izie 12 ) PFER 120 [ pF > kR A S 5 0.05~0.5~50 uM » FeAR &
SOPE R Resa B T REY o I - B AT § statin $yep A2 B
o A L - HEET statin HAve | R R 2B

peitosu ] G ERFALFRF LT %R bad A XS 24-30-36 -
A48~ T2 -] PEH-pa B G BT RET 0 I = B A G R R X4 -

BAFR AR FIY] B E B2 AT o

16



2-2 = B R Tk S
R A BRI Gk i ki (F] 2-2) AR TR Y nT

&+ Jh 5 Nd:Vanadate 3 % (picoTRAIN IC-1064-10000 ps Nd:VAN, HighQ
Laser, Austria) - Nd:Vanadate & &1 v A5 85/15 & k4 (beamsplitter) & >

PREFT ER R S L20WeRis F 8k Ll iE— B F L ¥R (optical chopper,
SR540, Stanford Reaserch Systems, U.S.A.) ¢h[B] » ¢ B F 5 45 5 2.6 K A%
AR o BF oo kidE- B sz —4p L (half-wave plate,

ACWO-02-05-R10, Lattice Electro Optics, U.S.A.) 3% Fjpk Bée 771 7 FH4
EFEL 9 5 100 mm §2 30 mm (AC254-100-B 2 AC254-30-B, Thorlabs, U.S.A.)
¢ R ® AL & 43t K B (25 um, 900PH-25, Newport, U.S.A.) * &Kz =< § &
kfrrz @ 4k L S F (beam profile) » i H F B TR Y g gD
back aperture » & 3| & * e 4L o2 {8 7 5k {8 Hi&PF (polarizer,
PCGA-05, Lattice Electro Optics, U.S.A)) > £ i iF - B w &~ 2. —4p £
(quarter-wave plate, WPQO05M-1064, Thorlabs, US.A.) ® & iftErip L e -7 B
o BT HEL D 2R FUEE D o e BTG HE 2 % 2 ik

ko w2 - ApAIF G FRIRBEFLGEL £ 0 F MM ST i

BN
i
=kt

Boengit G e TAFAEL S o o bl B R LGS - PER K3

o
i

A k4 (780 DCSX, AHF, US.A.) #-H % » &4t (ECLIPSE Ti, Nikon, Japan)
o T A F NAE G4 (CFIPlan Apo VC60WI, N.A. =1.20, W.D. = 0.27 mm,
Nikon, Japan) #-H B E I k& o974 4 ez BN L A5 2w 5d NA. =
0.52 ¢F k4% (air condenser)ic f & » K E I kT B3¢ (photomultiplier tube,
PMT, H7422-40, Hamamatsu, Japan) > ¥ #-& ¢ 15 3 ? gi.,,] MEL W 3 A fo B

72 (lock-in amplifier, SR850, Stanford Reaserch Systems, U.S.A.) » 4 4p 3x ~ B 47
MR e g2 A e #E 5 A fE3AE (demodulation) &I o 12 B AOBL I gL

(single to noise ratio) ° ﬁﬁl 3R R e LB+ (data acquisition board,

17



PCI-6221, National Instruments, U.S.A.) ° &k FendF & &1 * = s & T 2
(scanning stage) » & Mo#-F BB F P2 - BAEAELR R B E S Pk

BT Rk ABELHAB g A L0 R FIEHs Bt A
2 BAFenZEAMA RS o S EE T B3 3 @I /D (numerical aperture,

N.A) sk 8w 4 > d *5 k41 T3 (working distance) #id 4 £ 5 100

UM > 7 SR R RUR 0 B B B SN SN ATUEL > S B s E ok
o B LB AR AR S5 2l - BAFEEHE S AU h

Fodi e bk e 2 e U (modulation frequency) o ¥ fie £ 442 < B kR £
AR P LTS T F S d g A St F L E
S SWETEE T R S

P B G SR SRR AT L G ER G eR LR RiR
Ko FEHBREAEL 25 1T ASmWo ppERERE RIS L 26K A o it
TR BHBEGIFL PSS Y FFF S 50 pm x 50 pm - step size:

0.2 um - pixel time: 10 ms » sampling rate: 100 K A% » £ £ B4 % < 3% 107

2 > time constatant: 10 mse A izd 28T F - K F EFITRADFHETE 10 2o

- 18



2-3 08 iRk R

(—) =B h k%

TSt * b ABstrain 3o B 4 ECREPHE S OME 22 - BES
AOBEB Y o dh - B gd (BR) 1B B dd 7 R B EHY (R
B A4S 28 Rzv) HBRE HRTE (REFRFERM) > {ricbib
pEAE R tt (B 2-3a)-°

*%amﬁ,%ﬁi%ﬁaMﬁﬁﬁ’f#$H$&“%’ﬁﬁ%¢ﬁ&2
= 3%11;}%H$J\v‘masﬁ s WEATNTLE G AR o o] A A TR B aE e
Bl ek ? B R B AR R R R F R R o KR B R A
28 B (25 1 31 R )edek i@ ¥ A @I KA FH KO RFREF G0 D
K2 i FIAE R -

FAEARY FIRFP ARTOaH A FATMAH - BRS- EFF 0§
FARFOEL P HEARTERTADEE  ERAF I A/ REL AN
e R R R R LIk o R T W R TR AT H S S
PR P RAESH T o AT O R F F IR RAANA X T T {12
I O1/3 Hrk e X RHEHFEA IF o FEE Y N RH T~ RNk G
2P abx SRR

FAEFIIOE BRAGA IR ARG f o TERSEEE BT
e PR SR oSN A S AR RFERE S ARSHER Uy ERSR
~ L ARG AP - X BATREZ R LRI Y K o A P
S R e
() =28 4%~ 2

ALFERS A RERMWAG RS A RIS DR
FEDg A APy AIRET VTN XA BE L0 5 RGPS

FoRapd it T4 P FuRiE -hEL2 NI Q- B3 kg (L8



ARBEZ REIREYRLLDGSH) JI* A S AL RED (P RFEFTRP P
S 14 e X510 PR R) Bzl d it IRdg v 0D RE LR
fie & °F o
AP F AR hakET 3 KiTF 2 1 3 X0 AAPem - X B
FI* AP f B GBI T R L FRE A b LG X D] Eovk o
RFH 2 23:30 F 91300 X F R AR RGO KL LI RIS A
A h- AT ha? o REFRIER CBRBFARPFACEEE T PR DR
AR ERIE P FrEmd T - B P o g5 AR PR 4 30
KA B S o
H A RAFAF A FRE e p e B g FRY AR Dok
VEWER LS (B 2-3b) FHEA T PR SN FTT TR R A
AEOEHRATA ERLE AR - TRPRAS Y L fa B PICE
o ki E i AR RS FL > B - X RE S Pede S g R JI

REACA Y T OLBBRT|IRIAA, A ] ] dhd BRE Y= thg PR B G o eh

o is 3 AN FG PR R REY A& GRS A E R 3 T 4 2
Wit kite AT RA S SR EBAFE E Fh T X AT A YA (K

AR R AL TN A P EEE 23 B BRT A



2-4 HEHUE B~ B EFxificd)

(=) Statin 7 4% Fde™ (K 2-4a):

. p®lzF 0.05 I 50uM : statin (lovastatin) 5 f -k e

2. XM 20 2 24 P BRARBY GERF kS F T statin B F
ko THEFREIBRRERFR -

(

L s gk s 4 b oo

) TLE o dk SR S FdeT (R 2-4b)

fun

2. b E RSB B 4 4 o

3. KPP RYEL CIikEGE P PR —BE A

b

>
a0

oA R Y Bedi s oo KAk Al S A5 o

N

()]
g

FERR S FEER RV A EEHTE o

FE? & * Frpr A L Tricaine (3-amino benzoic acid ethyl ester) > #- 150
mg tricaine # %3 & 1000 ml 2 3+ K¢ - GEF pokfap B * o F R A
@ﬁ&@ﬂ%ﬂﬁéﬁﬂoi%ﬁ@iﬁﬁﬁ%%’utmmmﬁﬁé@a@

Foo AT B e T R B E % R T d R S 1 2

1% gizie 7 3 0.003 (w/w) 1-phenyl-2thiourea g f -k ¢ 2 Fr4|2 & % 4
& o



2-5 gigarE

FI* = BAER e BRI &R R FdeT

1. Fr-EiERAGAP - B4R (B 2-5a)

2. B~ Image-Pro. 6.0 #ir¥d -

3. i 8846 o line profile # iy > S PpFE§ T TFE AR o
4, BRIV EPRERLSS R BEXILE S P o

5. % line profile #2 ¢ file > £ # Export data °

6. TR X Phenf i B AT B nE - HRE ] o
7. 1% Origin Pro 8 3 & $TEE4LE] -

R R SRS AR Y 0 B B RS single band i A double band - ¥
Tl BRI B2 BnpERE - B EE R o AU R R AT
0o AT e &2 B R (Bl 2-5b) -

O N A U R R s T SR e SN S g )iy - i
(- ) Dark length % 47

EE- R BAER? 5 doubleband B fI* A w2 g R Y
FEAL R - dark length 5 A AP AR A B ] &2 [ enpedg o A 47 H  dare length T
BT in (B 2-50)

(= ) Bare length % 17

EHE- %R BRI’ 7 double band e EL > I Loan ek f A i B
HIEALR > bare length 4pen® — Bvv ] & ¢ > 3 ik 2 F ehjed - A 472 bare
length ¥ B~T 35 (B 2-5d)-
(2)FWHM 4 47

- SR BATRE Y 4 singleband AL 0 I L et R
HIEHE 3 I - B od B 5 Mg T (TR * Origin Pro 8 42 & thanalysis >

fitting = nonlinear curve fit 2 # Function ¢ * £ * Gauss = fit till cover 2>

22



fit 37 104478 FWHM élield 535 (§] 2-5¢)
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HERE A%

&€ 73 statin 3
12~ 120 /) &

i o
1
%

ywl gL R A

B 2-1 F5%iniem
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Reference in SHG

Pre- Lock-in
amplifier amplifier

PMT

Filter i :
[ T -

DM Nd:Vanadate Laser

CL

TS

OBJ

Optical
PL chopper

B 2-2 - BAERRACE ok SLR R
Hw: half-wave plate: PL: polarizer: DM: dichroic mirrors: OBJ: microscopic

objective: TS: a transition stage: HM: hot mirror: OC: optical chopper: CL: condenser

lens: SF: spatial filter

25



B 2-3 =8 a2 BB

(@) BEY A48 A TR BHBERES § - B A4 (BR) T UE
B BEN (BREAH 8 Rzv) MHERE RLE (FHREIFER
M)~ foic il BAL 2 Lt o(b) D4 F A AR gridlp L g or o Ty
Fhol AALr F AP T Y OKG AT BN ER X F oL d ] AT ER K

BT AR 28 B (25 1 31 RAR) -

AT N 7

26



(2)
»Aq 7 *v statin »Aq FEHrenpRER
<0 > =

(b)

e /Cj/ T B R

Yrmb
By

¢
1=
—
-

B 2-4 E&HT 2
(@) A1 20 3 24 ppF o BgeE R f kS 75 005 1 50 uM £ statin
Bi-k TEFREINERET - (b) EWirss d S A7 & Bh Y

RAGRFR S d R3] UL g S AT R RFIREL o
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(b)

L 13

(LLLIENE 160 Sarcomere 180 Sarcomere
, \ . le——>]

140 160
A . .

’\"\ " 3 5 o
i ®

> > 120
2 100 2
a ]

H £ 100
ALY 2 o 2
< £

(A A AR AR BRI = £ &

60 60

0 2 4 8 "o 2 4 6 8
Distance / um Distance / pm

(c) (d) (e)

180 Dark length 180 Bare length
160 160 S / N\

3 140 3 140 3 200 / \

© ] o F \

5 120 E 120 S / 'F\

2 10 2 400 2 1% / \\

2 2 2

E g £ & £ 100 /
60 60 ' \\

) 2 4 6 8 To 2 4 6 8 Y20 25 30 as 4o
Distance / um Distance / pm Distance / um
W 2-5 wol @ mpc i A 45
(a) 41 3 = ez BAEH o (scan size: 50 x 50 um ; step size: 0.2 um)  (b) %

S

§$P— iEEF R F % T single band B %_ double band BRI P R R 9

o

) LU L BRI B RS Je ] § ok B oo (o) KERHEITR B E
¢ A BAp AR & ape e fl 5 dark length o (d) SERSEEIR R WRY > - B
Sl g Mg 4R FEYEAL S bare length o (e) E# - %R - BHAF R kG single
band #lEEd — (EEE ha 0 I A ens 25 0o B s BB KR B

’g: t".—i— E’rﬂgtna °



BA S G ABREEREORY TP AL - B Blde
collagen ~ myosin filament ~ microtubules ... > :ZE & F 7| 3 5 G BRI >
vk B EHES BN G e d WERET R TE IR R R
VLA 2 BARIUEL Ft o AP X Bk T TR chle By B 1R bR
Rl g =

NPT IR > e A EFSE RRiREE [ RHiELET D SR
4+ (scan size: 150 X 150 um ; step size: 0.5 um ; laser power: 40 mW) o & B i
PP I E R § IR it F1A) Rtk § LA 2 0T UGRP TIE
7 8%t B A HEL T R SRS L R EOTR (B 3 - 1a)- iLisss
G2 AR AR E Y 7 ARk kR RS A B A ) SR AR A S
SEETTE

A 3BT BAE ML st k3 £ 0P| (laser power: 25 mW ; average: 5 ;
exposure time: 1 second) » &L m 77 & BR[PcsfkF o T g I A& 532 nm

R F - R R G 0 5 TR D) - B ET R EL (B 3-1Db) e
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3-2 F5E o AR Guenh P

5 ATELE AR ke ] B LR F - SRS B AR R i
*AR R R 2 Aot * hE S FRIRFEE RS )~ FFBIREE B pixel &g opF

¥ ’#“ff?fﬁﬁ%iiﬁﬂ fomig et QL o

BPACHYIHSFOER AR U ABEE RS2 TE 2 GRLELD
Mpprt AAF LB o BN B T M R BRI A > B I AP RFET
b AT G S A RS TR -

HA O B A RRT R RE RS THAFAKEL A5 mW o 2iF
WA 3 k- B s BAR R RIFR (scan size: 100 um x 100 um ; step size: 0.5
pum) o SR b F TS f o BAERGL BTG AL T HH IO R @
XTIl BRP G P EFR - B S - R Y] HEER A Y]
GERA NG AFIZHAFELR ERAY (B 3-2) % KRR SRR

TooR* ASmW hE s BT AR B - imE S f) o vup e

'ﬁ
ﬂ
\nﬂ-
s
‘D‘
w
N
=

e 1 PR AT T S AL ASmW X7

§ ¥l gvp BRSBTS L R KRR DT HPFEF S 4SmW e
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3-3 35 a@i

Heoa B od R SO ksl b 0 S5 P 4 (CFI Plan Apo 20X, N.A. =0.75, W.D.
= 1.00 mm, Nikon, Japan) » | * &Rl ipréor b 2> g R FE R - Bl 977 » =
WERp A+ BP0 AT RIPE NS A B TS b 2L
Fr o BRI E AP E PRREGE S KB P T UF R X MRS X dhm
Ao BERTREPRE > TG SN2 E A A PBINF R T
(B 3-3)-

BEOHEHE 8 A E s AT INF R (72 B IF R (scan
size: 150 um x 150 um ; step size: 0.3 um ; anterior to the left ; dorsal up) » ¥ 3] =

B (W 3-3)
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3-4 »v] & mficE 4 17 Single band ¥ Double band

d PR A PREITTHFFI S dd AR el o
ML M T2 ) PRI S (5-8 R E) B(TE EITAR - BAERIFR (scan
size: 50 x 50 um ; step size: 0.2 pm) » F2H? FIRI|F S A B DR s 5 0 B4
(double band) ¥ ¥ - '4 (single band) . (Bl 3 — 4 a) 74> LR
single band £ double band # % € i = A {73 ] & & R S3EA o Aw
MAre &R B n 2 > A u¥iEa B band BEVY) S E R A BRT

£

single band *~ | & & & ¥ 1.86£0.12 um > & 4 7 double band & & > % R
7| double band %k B 3R AR Y 0 - BAE Y e sl Rl 0 BT
double band *« | & & & % 1.86+0.15 um- % 33+ 4 47+ single band #2 double
band £ R X XF HEFLE (p =093, n=12)> ®P 3| &H K single band = 5
doubleband Az v | LR HBERAT I T2 €A 2 A 5L (Bl 3-4Db)-
S R RS g E MGE B % & 2006 # Plotnikov® ¥ A BRI

i R YRR 7 ¢ B IR A EERAT R F L) ¢ M-line % ® < ¥
Frd o £ AL BRI B F Y B ) 02008 £ Prent’! it
#- Drosophila melanogaster larva — = H € gk & 1 > ¥ - =g 20w & &
BRi L > BRI F e &4 K PF > %R HIEY FE ¢ /& double band % =
single band ° T'F'*Fféi&:% - RAEY B aEL g R o Rp T g o P B R
A4 R T o g A ¢ LA B 22009 # Recher' 3 N ¥ i R 7
T s bl ad Bended B A AR duknT A 4 KR g a0 BFp
ML o f’rﬁ FILT| - BHAER kG single band & double band % £ I g {7

wlEERA O BEDES B band e SRR TG AR BT ER

PIp w52k > = BAE S P A § IR single band §¥ double band e i T 7

FE ORI APT T OIPRAT A g2 AT B R SR o

32



3-S5y SEREFL AR
d @ BT A AP 4 - R R GERDYL SRR 4 KB 21T
= BAR RS 158 B3] single band §2 double band & & FiXF B F LR o AN

Bz BMEPL - KPR ARBFFWES A S EREFLEAFRZ

A s w R 24 ) PFE36 P PFEST2 ) PEAS A EEIRE & (5-8 M)
HE = 8S (21-24 $25) {72 B4 ¥ f (scan size: 50 x 50 pum ; step
‘e
P (B

size: 0.2 pm) > HIRIF|Z 15 24 ) pF o FFIMBE IS HF R

7 E R b

i
Ll

MI s R kT s BARMEEZEY g3 0 Y R F PR

e
=

%

3-5)-

Ry sgre] && R 2 0 A4 3 &8 4 47 b 74 pr I
- BAER BT AT c BIDIX M 24 ) IS LR Y
1.93£0.06 um (n=21)> & = # &I~ $E R H 0.99+£0.17 um (n=21)° & & 47
BEBP IS Ao hd B B ET B X HET G HEERR
To NP Y- HNBPAETME T EEBEEFRET R LS 30 /)
PEegue] &L RY 1.66 008 um (n=21) LH1 36 | FL=HEw]
HFERH 1.93+0.09 um (n=21) FFINMMEE L L 24 P ERL ] F L

BA il g s ko P DBV SRR ASMHE 24 PP 2L

ab

Do AL AL 12 AL R R FIMEC] EERY 1.86 = 0.12
um (n=21) 2 B3R & &L R G 1.93+£0.12 um (n =21) fe£ 415 36 /|
ARty R R AR 2 X RP DS b AR M 36 ] PREEINEE & T k3N
Rg e e 4 L X R E ¥ - 1% - B s &8 RTY)
GERMFALPRE L% (B 3-6)-

& 2008 £ Sanger” JI* T ALBE LI S FRBE A g 4 B FR

I M 24 )P FaTEIRagweR gy e Hyv]l i RS 1S um &
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Tarp B Ed EF Y I B SRR 10um e 2R AT RE SR
fe H_2 ghdk 2 SEINER & e ) &R R B S S AR BN d iRl R B 5 )
P Rd S ETRESEE B F R T A4 4 L L o 2008 &
Dou> 4]% £ 8 e 22 ER NS HE 5 3 7 2avel LR K 215

pm o ] &R R B ARt G ORE DI 0 RIR BT A S I KRR 2

gt i el S 1% = BAERERIFD ] & & R L SRR T4
ERART S o bttt - BAFR A LR M T g Hgie s 2 1 - BAER T

g3 v‘/]?ej BAg P ey ks b g gvep 4 EEARTERERSLE o



3 -6 statin ¥3vp A55]R2 B

R P HRES APT S - BEEGERY] S EREF S
A PEF gt o AP RS BAFHN L - Jh BT & statin FlAzvep & P RliT
®EHF

p a0 statin § {% % #A#F4c : lovastatin ~ atorvastatin ~ fluvastatin - pravastatin
rosuvaststin ~ simvastatin ~ cerivaststin... > #F % ® # fiE * lovastatin 7 dv e
B AEBY o

-7 3 statin 3R E TS ARB Y o F L P statin Ep L
IR AR e e AP 84 ) A S 3 X 2E statin 12 ] P B

G 38 {7 - B AR B dF B (scan size: 200 x 100 um ; step size: 0.5 um) » #F I & F

Iy

B A BAEARoE iR 25 g A (B 3-7a) ATkE ¢ statin

i

3

TS RATR IR AR F A § R SIS R 7R
Fid o~ 2R AL o P T statin § FlASAVR & R TEF G A svp At hi
% (B 3-7b)-
o I s B g B HA4E 3T statin slAeep MR 2 B ézgle > 2007
# Hanai® #- statin fa4g ¢ 0 lovastatin ﬂ]‘ S AR o I A g
¥ anti-myosin heavy chain antibody (F-59) {74 ¢ » # R I|s05 4 & statin
B e vep At 5 iree g T’F'ﬁ e 2 avep At eI % 3 blocked ~ gap
formation ~ bowing - irregular ~ diffuse appearance -~ irregular somite boundaries ° %
Foo AR R A RIS AR DB R A 2009 £ Cao™ 1% %
¢ hBE I B b e statin TRE Y VR AR 5 e g T’Fiﬁ - 9 E B
Ploa B gy aenz T € ¥ statin JEAR YA @ 3 REDEFAF A o
PR BRI DI - BRI A b (7 statin i3
Foep FRLE T AT Fene d 20D B e gt R A 5]l AR )

statin e G AT % 0 B2 G Lt HAEHIUR BB 0 T A )



PR Aol A4 0 k- 2R Sk R €4 € X T statin £h

N
o

BPa G e o
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3 -7 Statin k& 2§ 5F

Rpp e s> APV 2 ABHIS dBET statin 5142w 3 14 7
EH odp P NI FERWP DT A - BRERGERENAS o] &k
Boo i BN Y A § 4% I statin BEYY] &R R 2 4F o

BAOKRINE 3 A AmB ARBEHS T F BIERD statin F4 R
Foko EREABE 005uUM~0.5uM~50uM > Eie R S 12 o ARG
tricane FrpFiE TR Sk o A BIH 3 Lnah 4 AEEINME (5-8 ME) &7 B
¥ 4%+ (scan size: 50 x 50 pum ; step size: 0.2 pm) o | * B~{F e BHAF B 38 (7
ul g R R A1 (Bl 3-8a) FILFINE statin k& 2 Tiovv] &L R ARE
F_ (B 3 —8b) sita 47 ¥ T 0.05 uM 1 statin kR P o Ve &k B
R A5 1.90 £0.116 pm SEF] 1784 0.06 pm > ol ¥ 3| &£ B A7 B F
$rEPFA, (p=270X 10 n=21)c ERH# i 0.5uM & 50 uyM *| & i

ERAWHES 172 £0.05um, 1.53+0.09 um » e ¥ £ B f0F B F R4

&)

G5 (p=7.08X 107, p=LISX 10", n=21)s & 7 statin § i& % vop ‘e

g bt g o AR g M) § ek B E B statin R R m

a5 AP iE- % R RIE statin JER F 2] K R M ¥ B EaisE o



3-8 2iE R E EL B

Bk s o AP R X F R AL T statin BHFRPETL 4] &L
BRFEFRREB v REdlf - AP L 2- HRZEFFLL 2RV & &
BRETZEERPLL P

AR 3 S A RBRB RS TG 7 FIRA G statin B
RF ko ERASE 0.05uM~0.5uM-~50 pM > j2e BERY E_ 12 ] B E B 120
P e A uY 3 Bpa B b AFEINEES (5-8 M) (T BHEHEIFHR (scan
size: 50 x 50 um ; step size: 0.2 um) ° j&_ (B 3 -9) %t d7? » AP FRI|GF
Ee PR L > &% S0 uM B R > v & enk B & 1.53 £ 0.09 um & T
1.39£0.05 um > feiziz 12 | pFrave] &L RAp § BF R @03, (p=3.15
X107, n=21)¢%5% 05uM kR > v &k & & 1.72 £ 0.05 pm % &7
1.61£0.05 um > feiEie 12 ] @rawe ] & & Ript § X $E20fa) (p=45X

10°°, n=21)FiiZie kR ¥ 3 0.05uM kR v & hk B 1.78+0.061

4

A
I

um &3 1.74 £ 0.06 ym Zje e £ ve | &k B

s 3 HEFR eSO

=i
o

2 (p=0.044,n=21) ° ¥ it £F) 5 kR DB G ] HE R e

s 3
]

i1 1

b itk AP E- HenBREReFERa LA e LR HF
RAEARE o AP AP IRD| e R ROV R L o B hoe| & &
B

% 3] statin PR ET G B F R wadg oo

F_*
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3-9 r) sl B

L b e B ? o AP RI4e ~ statin EH € am g ok R
e AP RLE- W0 R statin Fe) & &R HELIF -

& 2004 # Boulesteix® 4% - 245 % 4% 11 dark length ¥ bare length
i o A% STX (saxitoxin) i3 i > i = & ¥im 52 T o BRI timie 4
e P dark length % & > bare length 7 % i) o Fp » A% < }I%_P # 2
A 47 2 ) statin i@ 2] & EHT ] o

FI* = BAp R e dark length &7 4 47 > WL Bl ¥ 22720 statin 50 uM 47
120 /] PFoj&_ (B 3-10) %t & 4779 » HFIRF| T ¥ 25 4 dark length § 1.07 +
0.15 um > ;%72 statin Z3 F > dark length % 0.81 £ 0.10 um » §2 & ¥ o~ | & &
BAp 3 B EF #@0EFa; (p=0.0063,n=6)

£ % > % bare length &7 4 452 v g0 F 22372 statin 50 uM #5120 /|
PF oo jE_ (B 3—11) se3tadg® » FII|E ¥ 525 4 bare length ¥ 0.81 + 0.05
um - j&;¢ statin 23 120 -] pFT > barelength % 0.60 + 0.07 um > 21 F 3|
E R EFSEA p=22X10"1=6)-

Foebo iy 1% g 7 Slickt singleband g A FIE B R VL RE &
i29% statin S0 UM Z 4 120 | pF o 5 (B 3 —12) &t 4e? » FRF| D F o
B AL F TN 104+ 012 pmo 2 50 uM 120 [ FET chd F 58 075 +
0.07 pm> B2 ¥ chve ] K B a4 BER B, (p=252X10 % n=15)-

AP gie-Ha4rEie S0uMstatin » B2 X3 5o (B 3-13) &
PFaodre o BRIEE 12 REEZES 0.84 £0.11 um > Ee 120 | REX R
59 0.75+0.07 um 21 F ) HenE B At 0 BE R e, (p=348X
10°,p=252X10"% n=15)-

JEF e 478 % 3| ostatin 02 5T o bare length ~ dark length ~ 2+ 3

T Rl -
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g dark length 8@ (74 > A [F*J%i $# T o statin € 51424743 Jk
B b o Jupl R T EATAES ER P > @ aiup A 4 g %t dark length B o
2006 # Powers” A Hit4maps kR P A g4 titin 17z disk £ Flet
Beigm oag oo v & fE o AP ER R Fl G ostatin dlARAT S R R b H A )
g ¢ H s ehj-v H B|4e o actin ~ titin ~ z disk > @ 2 dark length % & - i‘*‘uﬂ 4
Ak AR g PR ma‘ﬂ It dark length % | statin e %@ F] o

FF > AP ¥ bare length $E:E 73 0 L5 g WP | & ¢
4 = BAEAMEL L myosin rod 3R A o F Sup i (T T 115)94? actin & &
% > myosin T % € :x®E & o Ft > i€ {7 barelength A 47pF > £ R T F €5 F
YoHEF ATECR o R AP A 47 R T statin e 58 bare length £ & %@l
A5 0 A 4Eip R Fl 5 statin § 4 BHk myosinrod 0 @ 2 bare length £ & ¥ & >
Ead A EERERE . AP Ko BEENEE 3 T ¥ E% %I myosin rod
TR b AP - AL B T F X Beend 4o omyosinrod %
7| statin FHAIE L L  REFRLBARE -

¢b > 2006 & Craig® f]* § 5 Bics B

=)

! myosin head [ §E+ %) 43.5
nm > — ¥ myosin filament % % 3 11 i myosin head - 2009 # Recher® 7~
PRRvlE Y B M A% 120 £ 200 nm 0 P i 3 myosin rod (& B K
1.1 pm > 22 = BHEMEELE B F4piT o

B S A 472 BT LR statin i@ 0w S EFESDT G ]
bare length ~ £ B %7 € e0d_ myosin rod 3384 E 3 £ ¥ statin R @
B A 0 Fli myosinrod & R EH € %?Hif{ﬁﬁ”ﬁ it o § b g )
SHFEhY - RFIS R f ostatin FRTRB Y o ST KRR e 0 S
e e el SRR RE AR FRR A g S HE B
titin ~ actin ~ z disk i@ Pl A 2 o 8 dark length 4 45 ¢ » & 3 @0 P gg iy o)
R R F] e

A B statin i@ VR R R ROV R w0 ] & g
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Circular polarization Linear polarization
(b)
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5000
5
d 4000
2
"7’ 3000
c
8
C 2000
1000
550 5(":0 54It0 550

Wavelength / nm

B 3-1 FHE" B8y ¥z GREGRE - SHEAREH

(@ FIPhiEEi?E AipiEL @Rz £ & E = > Pz B47 8 (Scan size:
150 x 150 pm ; step size: 0.5 pm ; laser power: 40 mW) o & % 7 15 WP it 5
T E Rk g it A FA Rtk F ELNA 4 o d T FIRT| R R Rk
TOLHE R 2T 0 2§ A BE RS S EL o (b) X HE
= _EL*%‘« Bt bk ¥ (laser power: 25 mW ; average: 5 ; exposure time: 1

second) °
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150 -
140
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» [ :2.00 um
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70
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Intensity / a.u.

2 4 6 8 10
Distance / ym

Eﬂ 3 - 2 é? j&f}% i$¢é%fﬂ’b,]~ é% 42 ZQ.A} *qzz_'igzégg

S

ferwe ] & £ & (L : Mean sarcomere length ; scan size:

PHFET AT E 3 EE
100 pm x 100 um ; step size: 0.5 um) » ¥ g RFE = B G Rt £ 5

2

e R R L IS PSR L PR

bl

3R i
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Hine gy, “df,

nET

Bl 3-3 528 4% 4 kB G2 FEyu - BRI

3

Y

fo opa B % 4 W RACELT PR o Rl 5 F AR B R e (scan size: 150 pm x

150 um ; step size: 0.3 um ; anterior to the left ; dorsal up) °
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[ A AL AL LR AITT

Sarcomere 180- Sarcomere

160+ -
140+ 1601
5 5 1404
& 1204 ©
< > 1204
>
-‘%’ 100 =
< £ 1001
£ 804 £ g0
604 60
0 2 4 6 8 0 2 4 6 8
Distance / um Distance / um
(b)
NS
o .
s Single band Double band

B 3-4 »v) Ew*aﬁt.,%f#/} 15 : Single band £ double band

(@) 24 72 ] PFAmxE 4 FITHEINME (5-8 HWE) Fm s ARG
(scan size: 50 x 50 um ; step size: 0.2 um) ° (b) Single band #? double band »*| &
£ Bkt (n=12) > %3t} &t & ¥ ¢ single band 2 double band -7 8]

& RH TG BEFDLE o NS non-significantly different from control (p >

0.05) °
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E] S S
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2 2 40 2
[ e g 10
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20 40

4 6 3
Distance / um

Mean sarcomere length: 1.80 um

0 2
Distance / ym
Mean sarcomere length: 1.95 um

Ta" .

100,
901 1604
. 8 ; . 140
3 3 El
s % S 120
2 & S 0]
60
2 %’ 2 100/
2 s g g
] g 8o
£ w g g
30 60
204 404
00 10

0

4 6 8

Distance / ym

2

Mean sarcomere length: 1.85 um

Distance /

istance / um um
Mean sarcomere length: 1.00 pm Mean sarcomere length: 1.95 pm

Bl 3-5 7 pME i, S ERPLSN

\-‘v

ZHSE 24 L PESN36 )ESNT2 B ARE 4 FIT

3 ee

e

e (21-24 B &) STHF R T

4 6 8

Distance / ym

3 2

Mean sarcomere length: 2.04 pm

e e (5-8 HE) HET

£ Bk 37 (|- Mean

sarcomere length ; scan size: 50 x 50 um ; step size: 0.2 um) °
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0 30 60 S0 120 270 300

Time / hpf

W 3-6 | SERGALFERF2LB
¥t 3 BmB g (n=21) AFFENHE (5-8 WE) T HE (21-24 E) &
PRy g LRSS S E R ST AR (¢ 1 FEINK

oot d D RIVEE) o
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(b)

Diffuse Irregular

B 37 Statin i 305 g F ¥l g

(a) X4 84 /| FFD ¥ B 4= BAEE M (scan size: 200 x 100 um ; step size:

/“ ‘\a._ “/
fo i vE

0.5 um ; pixel time: 8 ms ; anterior to the left ; dorsal down) - (b) %4 3 =

\‘)«

12 /] P& statin &= B 4#E B % (scan size: 200 x 100 um ; step size: 0.5 um ; pixel

time: 8 ms ; anterior to the left ; dorsal down)
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240+
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160+
140+

120 -
oo, L :1.87 um

Normal

Intensity / a.u.

N
b 1

2 4 6 8
220 Distance / ym

Statin 50 uM 0] L :1.50 um

Intensity / a.u.

&

2 4 6 8
Distance / um

e
o
1

-
©
1

N
D
1

Mean sarcomere length / um
N
1

normal 0.05 0.5 50
Concentration of statin / uM

W 3-8 # F statin Jk R #ryw] &£ R 2 P
(a) ¥ 3 % f&Fe 12 ) pF statin 0= B H4E B T (E: Mean sarcomere

length ; scan size: 50 x 50 um ; step size: 0.2 um - pixel time: 10 ms) ° (b) % #F (& 3

X EE statin AR 0 FEPER 12 RVl & XD RIERFEE TV &L

3

gzt (n=21)> ***: significantly different from control (p < 0.001) °
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SN
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Mean length of sarcomere / um

0.05 uM 0.5 uM 50 uM
Immersion different time / h

W 3-9 7 kRieFEI $ER2ZEF
d LEERER 12 ) 2 F Smie R 120 ) PF o vu ) BN E B EFR O
PEFRFREAAER > FRIEARTF 0.05uM (n=21)- *: significantly different

from control (p < 0.05 ) » ***: significantly different from control (»p <0.001) °
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Dark length / ym
o
o0

o
»
I

Normal Statin 50 M

#® 3 —10 Dark length 2 %34 47
LA 18 3 % j&je statin A S50 uM > Ee pBFRF 120 o) pF o 3 IR dark length %
‘v~ statin #Fov] &3 HEFREDLE (n = 6) o ***: significantly different

from control (p < 0.001) °
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1.2-
g
~— 1.0'
N
wd
(@)
c
9 0.8
Q * k%
Pt
4]
m

0.6 1

Normal Statin 50 uM

B 3 — 11 Bare length 2 3t3*-4 47
£t 3 %24 B ostatin JER 0 2 PR 120 ] BF 0 3 TR bare length 4
~ ostatin EHEID KL R RIS FHERENLE (1 = 15) o rrx

significantly different from control (p < 0.001) °
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1.2

k%%

Normal Statin 50 uM

B 3-12 FWHM 2z 33445
s 3 % i&je statin A 50 UM o EEER 120 P FIRE B R At »
statin F4H P E F Ayl &£ R G REFREDLE (n = 6) o ***: significantly

different from control (p < 0.001) °
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*k%*

1.0

*%k%k

FWHM / um

0.6 -

12 h 120 h

B 3-13 2 BEH FWHM 2 53 A 4
ZHis 3 X & 50 uM statin # F PERF o B LML F 4~ statin B oz ie R
PERIFIEEREPF IHEFRENLE (n=21) - ***:significantly

different from control (p < 0.001) °
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B3-45 ] 8 LRB L7 aBdiztim
FRAEDFep e L B0 A T Bl 2 myosinrod i I statin BT LB 0
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Fri o RwmBEAKREY

Rheh o AP R ] o BAERACR R A e S & M AR
BRIFIsS gy &R RS BATEMES ) S EREFHEF AR A
TR 4 I 7 statin #Fhxe A8 A RE Y Y 0 pAFRI AR R
fRER w3t 2 A vl B R R i) bR ¢ s R RURE e 2
3| statin & o & $eaabd o

d RS AS 24 ) PR 0 FEE0 (5-8 ME) & BN (21-24 R &)
ol @R R A S S 1.93£0.06 % 099 £0.17 um > P fiT T A& Fop

FTA S S A - B P RRE T E ] S EREFFT R A L
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W
e
e

5 % SRRV B G HE TR A1 187 £ 005 & 191  0.07
ume TR E SR S A AT REED ) o AR - B IR
A5 d 404 4~ lovastatin ) SEEie R AN 4 0 B Al H LR 6
190+ 0.12 ym #54®3 1.530.09 pm 5 & 4p b 3k & B + SR PEIT A e 0 1)

goenk R4 190 £0.12 um HFEF] 1.39+0.05 um o 2 i el % AR e & &

f

it RisA AR ) Kk parsv] & ¢ o myosin rod & Pl o b 5 R é)’%ﬁ 4

2 ¥ - RF] AT ORR P A quE R Bl &Y R Gy TR

=

VIR I SRR N R AT BRI ol R A RS

TAIE T RIS A% AL TR AR 4 BISE A s R
MR G ESHBF ALY VA RE S TG FA o

BB BATHAEA AT B R R i 4 0B e K S end R4 A A ki
PR g RSz aeg AR - BRI B O] R R L 2]
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hd— e A
AR g Ao

loowde — F - A R 3T A F Y ansReep

2. FAere - s G R R R R A EORF T A R o B W T
F B B B chenfs B o

3.0 T pse — SEZER A e o AN sasifrd FEEY o

AL R R A e d S iaehd R T A K o a0

2

LA bldes el g ¥ g SH A poE Ay £

:n}-

TR KA B LR Bldep e i B N A e i B o
S PSR e e B RU] o s e B
AR Y o e e AU 3 (endomysium) PR A & 7oA d v L8
(perimysium) &8 A — 4235 = 9oL (fasciculus) » Td & B - Az d vodh
(epimysium) & FAj=3p o dule s & d K G oJeig i e m s uim 7
kRO AR Fx fLordo (muscle fiber) 0 dvim Fe cim e M s FLATCIET
(sarcolemma) - % F FACF (sarcoplasm) > fmPe oG pOF e 0 FEVR R

(sarcoplasmic reticulum) » ?T-‘ BRIEFE - Fvhga o

myofibril mitochondrion

f
Sarcolemma, —_

Transverse tubular =
T

Sarcoplasmic reticulum —_ |

FASURAE mE Tt 0 247 10 pm ~ 100 pm o - GEIERAP §F L
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BBE T T B AR chim e o T S e 5 4 B U K T
Faveh e (myofibril) » HF 5 * Eendp iz 7% X iEvhidad
1500 i%+e 3% (thick filament) f= 3000 if s 3% (thin filament) = » & fa@svliy
RERAPE T FRA A F AT add o f g g e

$e 5% (thick filament) & % 1.5 um > ® /&% 15 nm > =3Mvd @ Bap A 3
N B E3Y MAR e ik (thin filament) £ % 1pm:» /2% S5nm, 2 - =5 ¥ T A
Za T - BARRL T 0 ot H R R o B ECRAE L 45F P 4p I eh
4 M (lightband) > ~ L 1 & > £ ¥ £ § - FRFZ SR > FLZH - B F
(dark band) > ~ fi A F - B¢ &5 - %4 > L H F - H F ¢ L:B5 - if4,
FM R ppaRenS iE 7 A2 Fean- R T%e_ 59| & (sarcomere)
- Byl Ed 12 PR+ Bad + 12 P es o Syvhiaai A

R S S

actin

o Jov 3% (actin filament) d #v#> F-9  (actin) > 3k F-9  (tropomyosin)

fr ¥v4f v (troponin) (= cactin &+ H W & 5A) > ¥ 5 & myosin head % &

i 8L 3F 5 actin HAEAR T 4% 0 S 05 G DT AP BT A

tropomyosin % #£ 4k o d B E FrRgAR L A 2 0 T a3 actin A F MR EgAE 0
REEY > ¥ % ¥ ¥ myosin head % & #98k-Troponin ¢ 3 i &y # = (troponin I ~
troponin T~troponin C) = H ¢ troponin C it & 443+ % & @ & actin filament

+ ¥ 11 §2 myosin head % & chghAak & Ik o
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Troponin

% Actin filament

Ca*2

CEPE

Myosin binding site

ezk F-v Sk (myosin filament) 4 myosin 4 + %= myosin 4 F A4 E

5o EpRA

{7
)

IV B o

PSS
i\

|

Rimf 4o %0 3 —‘ﬁi R et $23R% 4 7 12 Ay B o Myosin
ek FRIDFP o e S e ® L P FEIRE) B 3 2P 5] o Myosin hEg $R e ¢ WO
ﬁ-’f}f*ﬁ% (cross bridge) » ﬁi}%{— #8 ATP (adenosine triphosphate) f# » it % & fr4
f2 ATP > A4 i £ > Td g2 f Lane M RS wafzd o @ vop oiFEse
#d myosin B & ATP- 31428502 actin filament 4 & ; ATP -k f% > 514285 R
B oactin 3384 JPifi, FEINE actin ¥ BB E O FNe M R B
w > 3142 actin filament » M &4 # > ADP $#3citch ATP B & F 3 » gping

actin filament 4 3 > — & €47 %k °

ERERED
JRN ~——

2/
s 2 4

O Phosphate
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ek - BIEREF A

pAEE B 1960 EALFE P 1S %“ﬁfr} THFE R BEFRT ERMEE guR

% o f 1961 # Franken 7 A #F MR > JI* L F - FHBH LT E HW L A2
9

-

KB I GAT TN A 4 T HEH LR TR AR-B R T T o § -
PR E- BSR4 P LH AL g » £ (polarization) ¥ 14 =

P=¢pxE (1)
9P e W Ao Mpat g a g AR50 Pi T F THRRI AP
H2ERMILRT By BB A

x=x1+x2E+x3E2+... 2)
Q2 (1) 7

P=¢oE + 80X2E2 + sox3E3 + .4 3)

v

By s s S IFRZFERPELEREL F o

xd

- AAMEML, > HiELe E W THRE > BAAKE I fde L F

(reflection) ~ #5744 (refraction) » j& % = 78 B 4o 5 2R8I L > H 3 FF38 iz dic2

2R ~

TR s 5X10%esu 3 95 3X 107 esu. o FF LA IR G B

BRI RS A AT FnRe {7 R EFHARENS RNk F 4
S FEER M RS L F B () TAR AL b 2 BAE o kA ok

& (Pockels effect) ~

\\?{r

#cix ~  (optical parametric amplification) °

- =

ZFEEmMEa S 2 B 33 (third harmonic generation) > ¢34 & 2 £ 5. &

® (four wave mixing) % -

Z RAFRE PG AL 6T 0 A4 Z BAEELE AR R S
»EE R a— Lo F N B Bk 3 8 Hgﬁﬁm#g;ﬂ”ﬁuvgﬁa—}%’ﬂ&mﬁ B3 o

B BRI PAL N BT IwF AL FIN AL - BA BRI A et
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S+ 3) "R IR AL - BHERSLERFLFERF TS PRE

AREEAE SRR I E SRS TR
P=yE %% —P=7y,(-E)(-E)

FRFRFZERG o ERAR =00 FEPLGHRST T S HER I ¢
F = RARARURLA 2 o

SR RILE d 2L K P =eopEl KRR BRMI S o F kA
R ERM L TS

E(t) = Ecosmt
ADN (3) 5E ¢
Py (t) = eoy2E” cos” ot = 1/2 gyx2E? (1+cos2omt)
Py(t) =1/2 soszz +1/2 soszz cos2mt

d it e 1/2 goyoE’ cos2ot TR & = BRI o

Y

Xp B D PEEEMET F 0 A | Bkt E B AT gl N3 4T

Ly

.%2=Ns(B)
Nsg 2 AFOBE P 5 AF RS § 5 7 < HHEapFiE ’Bi‘}‘“g =0 i

Ho BAERL MEL o

3¢’ Wy fge A'uge
2h3[aé;af][af 4af}

ﬂ: -

a2

RFIPOTR e FRFTLI  0pe » ABRFEFEOT IR L » fe 5 RIS

Y

BR (% RO A ) Ange 5 38 TR 47 it miE -

s A B PR R S e R G R RRE LR
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¢ 2 B
Lz v Myosin
LU Feu Actin
e Lk Thick filament, myosin filament
G bk Thin filament, actin filament
e Troponin C
L) & Sarcomere
U R R Myofibril
g Myotube
Fp ez v Tropomyosin
R 3w Collagen
Lt o Myofiber
Ll U Sarcoplasmic reticulum
yueh mgs Epimysium
IR = Perimysium
LI N Endomysium
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e FERPM R TS A

no. R P Wiz f
- Laser (Nd:Vanadate solid state picosec High Q Laser,
1| AT 5 .
laser, 1064 nm, 7 ps) Austria
F = ;N B Mc | Optical inverted microscope (ECLIPSE _
2 . . Nikon, Japan
& Ti)
, , ) i Stanford Reaserch
3| Hiapie=s Lock-in amplifier (SR850)
Systems, USA
= s | Photomultiplier Tube (H7422-40, 300 ~
4 | KT BH Hamamatsu, Japan
720 nm, voltage output)
Physik
= ph# T | Piezo stage (P-563.3CD, scan range: 300 Y
5 ) Instrumente,
e X 300 X 300 um)
Germany
6 | xmpue Chopper (SR540, chopping frequency: Stanford Reaserch
400 Hz ~ 3.7 kHz) Systems, USA
rooh Sk oEp | i FIW optical
7 IR-viewer (85100A Find-R-Scope)
S system, USA
Data acquisition board (PCI-6221, max National
8 | AELpEE 1 (
output rate: 250 kS/s) Instruments, USA
Analog Charge coupled device (WAT-902H,
9 . 7 4 Watec, USA
camera monochrome, super high sensitivity)
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I REAAMESZ £ AKAF 5 E

no. - B R
. Tricaine, Ethyl 3-aminobenzoate Sigma
L R Y 2
methanesulfonate salt Aldrich
e ) Sigma
2 o g & Lovastatin .
Aldrich
Sigma
3| 24k PTU, Phenylthiourea st
Aldrich
4 SR Aod s Aodte s b HRIT R AR
5 w5 A AB strain &8 By oF e
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ik 2009 2 < BRI FLH S BESRELA SR

In vivolmaging of Larval Zebrafish with Second-Harmonic Generation N
Microscopy )
Shih-Hao Huang (§ 4 %) and lan Liau (% 2 #)* e
Department of Applied Chemistry and Institute of Molecular Science, Nationad Chiao Tung University, Hsinchu, Taiwan :;iﬁ:;;

Abstract
5 4 (Zebrefish, Daroraio) £ 3 7 1% kG HFF A (—FAPfeB 3 LTI - WAIH - g THE BT *m@f}_% BR - TR
AFLAREHFL - W]ﬂ“ﬁf_.% !flj ’#’W»}?«L}g’n R RSP L RET 0 4 F AL B E & Rl iﬁ)l‘ﬁi” P “"fﬁlﬁ Py
. P Y kB IR L o 545 E AR K -ﬁ;mw% AEE S8 E A
FoHEpARFL T 513;‘\ 5 Jvfﬁsﬁﬂzil&}ﬁ (multimodaity, multiphoton microscopy) | $t525 4 & {7 T p ~ %g;ﬁ VAN ERE S G o A
+ 3 g% = i 4f % if (second-harmonic generation imaging) # A& B Bl 138 @9 reE T A B ) & (sarcomere) £ AR TR R o AP R AT LEH
524 P> sl A ORFSZFEINE B FE R AN E 192 10pum; @ XS 48 o HEEINE £ v F e R AET 0 £ERHE 19ume p
o &v;ﬁ%#{f]&ﬁﬂl’n GBS (BT, Sdin) §HFEASSFRORELBRERTE? o 30 BRIE WG FBE LT MARHRSL? B ES
B AP RS BB R SAiNER A A R ASERER IS fe] B3 R B APER FARE 4 (SHE T2 ) 2 %%
B¢ 4o x otdlin (50 uM) o i 12 ) pF o ve) HE R A K2 19um El 2 15um; A dak k& (50 uM) BF o EASEEE R H 4 (1200} ) > 5] K R
I LA Bd (K19 M) 3 14 pm) < AT SRR Slin g $ R e R L S R B ] G A SIS R TR L
PR AP E R stdin B B B R L BRR

Ba:kgound Statin (50 uM, 12 1)

* Zebrafish has been widely used in the research of developmental biology and toxicology.

* The smdl-size and transparency of larva zebrafish mekes it particularly suiteble to be imaged
with optical microscopy.

* Second-harmonic generation (SHG) microscopy alows lebel-free, non-invasive imaging of structure

Statin (50 uM, 120 h) Bl en B 200

]
nensity 2,
Sarcomere length / um

proteinsin muscles i
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