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WO 2008/ 002278 PCT/ SG20071000194 -1 SYSTEM & METHOD
FOR QUANTI FI CATI ON OF MATRI X- RELATED TI SSUE DYNAM C &
DI SEASE TECHNI CAL FIELD [ 0001 ] The present

WO IYMRET80n rel ates to optical imagi ng syst entCaHeR0p7{00154
particular to optical 1inmagjng systens for analysis
of biological tissue with a high optical scattering
coefficient such 5 as liver tissue [ 0002 ] The
i nvention has been devel oped primarily for use as an

i.cal imagi ng apparatus and nethod for nedica

svsrefnfi@mon il duPiRRa T or HA Epatrriaep AyssE Y AMic & pisuase

quantitative characterization_ of collagen in intact

livers tissue struct ubECHECAEFFIM i near opti cal _

[ ing techni ques, and wi]l_ . be described _. . .
[0001 J oftgs H’%fetn_é FIVERERR Fedates EnRRgiclo™aging sYpismS c&1q Brparticular to optical
imaging RWRYR! for hlaly¥id bf BiBlRRRAI B&hataM 4 hdh o_pﬁ@altseﬁterinﬁ coe?ﬁcient such

. Ilnvention is not Iimted to this particular tielfd o

as liver fjgle BACKGROUND [ 0003 ] Any di scussion of the

background art throughout the specification should in

. [ 0002 ]n ol heaipverdiondun Scere dedtlersd qminsadity §wi wn as ratopgivalnimaging apparatus

' r [t Jor.art. nor .t.h uch kground . .
wnd metf3F SHRUHE Bl oI ool and i OBl A B SekBerzasion
of collagemieriatackiivend gsige striictinRenstrigehdhlinddy dpti®AQhalinkitv@hiques, and will
be d f. brosi,sq%s a harnful result froma majority of .

e descidpfiddyenafieraigibsrefesencendo fhiy apphicption. SHoeyeanit el ba agereciated that
the inveR¥orP nBPRMANPRL thd PhRRARr BE1dFkagen in the
extracellular matrix (ECM. Quantitative

characterization of Cohkéﬂéﬁo' i ntact tissue
structure is therefore essential for understanding
0003 1@ - speci 1M
ro003 120 A0 P BT A58 3 b AOAR 0 0wy
considered @s emsddissiop dsit sidnbaskge@d ais ircprior 26, asr thiatwuich lbasckground art is

. col |l agens type.l, and 111, |eadin 0 the r.angenment
widely kagwh,Sg (s PRt of %%P@O%W&?Eﬂﬂ%@m ‘?gfﬁfi- and t he
000t 1 GRS RS S v R e e, 11
often fdaﬁ@&?'l@ea@fabﬁﬁﬁﬁﬁsi&%ahégﬁncéﬂa?ﬁ Sin 2@ UBEkrdcBRular matrﬁx (ECM).

. hepatocytes inpairs their ability to receive enoug _
Quantitagiiie ioharapigrizaiion ofheollasen inl iatacobisiug giustisoiisigherefore cssential for

f ting in unhealth
understaﬁ%%g'éﬂﬁ: EchtroBld gﬂls Ha%%ﬁ’fué élgor%géas g Y 25

tocytes afid gre se in liver function.
' t he | fi b t.el
to00s 1 R0 A0 554 RS SRR P B RREA Bl oPBEM, st

as fibrillee seHagehe typet b and 111 deadingetoptheglcefgembut ohtesSiramttcture, portal
he. therapy sirategy.

t he nechanism and eyal uate ay. [ ...
hypertengigg,y ach{: I%ﬁeécé’ Flﬁggﬁegtap%[ﬁ%lp ?ﬁf@} PP gc{eg:}ao@:}dcgcﬁgq. a!hhé‘ddmon to
these chéfe§-in 'Ytﬁez?ﬁdg%%r,tthé PRRR §f Blddss Qéimg?% #bers Wi HeMepatocytes

. . stain.e Jd "bi ochem cal analysis™(e.g. serum
impairs thgki ability 4m apseives pnougbvienmition, tand dhe peswmulation in sinusoids obstructs

blood flow, resulting in unhealthy hepatocytes and great decrease in liver function.

[0006] Assessing the collagen fibres accurately and dynamically is therefore important for

healthcare researchers to monitor the progression, understand the mechanism, and evaluate the
therapy strategy.
[0007] The classical methods are histological stains (e.g. Masson’s frichrome stain, dsmin and

vimentin stain etc) and biochemical analysis (e.g. serum laminin analysis). However, traditional

histological staining methods limit the assessment to thin tissue slice due to limitations on dye
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30 histol ogical staining nethods limt the assessnent
to thin tissue slice due to limtations on der\D '
2008/ 002278 PCT/ SG2007/ 000194 2 diffusion_and

WO 20812218 penetration of the inaging techni une%T’S(é%‘i'ﬂ”"OOOlM
t he bi ochem cal analysis |poses the spati al
di stribution information, 2hereby meking it
prohibitive to imge dynamically in three dinmensions
(3D). [ 0008 ] Furthernore, know edge of cell

diffusioNng ed @Fﬁ( cal PEQIAELE O theS irBdiN toIREIGhaNbnd ehePbidelietdical analysis
5 the col |l agen. dep03|t|on and djstribution during_the

loses the prgiekdiskibrion informagien.shersbnepking it prohibéfye to image dynamically m

three di sgg}fgl is prone to disintegration during
= Iﬁpﬁ (ggl%lal stai ning processes. In addition, for

ti t .
[ 0008 ] }]ﬁ.ﬁ’bﬁlgayéé'% Sﬂ{oﬁvl%%l%f dell téiigg&??g ﬁg’{)%%ft%apg\égﬂ 31586’1%t to predict
the collzigsmatepomson amdl diztribution dfxﬁugrtimepmgreezébﬂ ob éheosisoudowewem the cell

morphologiidf P 1o A oBAR AT SERIOH T EAt PBRCREF| fddditon, fo

tissue aﬂﬁ@fy o keistlRBesHiy ab hBVéSéﬁHu‘gﬂlcéﬂﬂlay%fsamrUr&@ tp koGRS eBucture and
fromideal. Therefore, it is hi denmanded to

ftmctlonaeaaa@ aypidinitnengg on GoUl Bemvionsdroh Etmresaﬁncea@@é b efipegnons proteins
ck tissue slice, in which no staining is required. :
for labe]\ﬁ’l%'h the devel opment of node-lock |aser techniques,
no e
(o000 17984 02R0 l BLFRE SR, (DA ORIRPSGIRRL st
from idpalov éheﬁeﬁ)rb,eltms prightlys dergarsiel] utbi developr an hlmgmgl EdLIEqLIBB that can

sl e SR B B e RS U LA e o

mode-lobi0 M%eketeé!ﬂﬁ@.[éts aeSinedr opeiBAll ARAFscOM (nfadi-pAboh @K EiRHYn fluorescence
i ncl ude deeper penetration depth, better spat.i al

and muliighasmaric genesation); basi beea kel 1o be @ BRFHENS splatipngar thick tissue
magmg%ﬁt a]gg ﬁ@%@'ﬁ% Qpﬂalé@ﬂ% sak folh hg ¥with §§ éﬂ??ﬂfé&@ﬁ at micrometer

ri'ts, second harnon C generati on

- scale. "Dtn: angse adma,ntdgas whnafintaveptipdlotieriscepyenclody decpecpanatration depth,

doubl.e . ener d no excite te
better st SR P PO LS IORR Bt e T Ghehp/dppotiosiity.
Besides tthée adeh@alMBiRtits, QkdoRAt Birndhic @PkRikibZ ASH), mﬁf&cm@ah which two
symmetry of chiral rml ecul es. Therefore SHG.c

photons W@W@ﬁ%@% debly FRGERR] Bhexsieare idmvolved with a finte
1if gt, drieBB4i0n | pdidiAhES  dddio¥al §BEetry of chiral
eﬁme’ﬁ@g%%%erggre |g%1ﬂtnr]|§tnsllc’c st??ictures ?J% cells as?ﬁ fry ot ¢ _m
moleculgsi ssTlessfor. §HG mwhe ronueu|rech stoidterge ipfornatiany a3 iwgll @anchemical
rti%enerate strong SHG signals. By detecting the SHG 25
PIOPeIUE| gnal's, there is no need to | abel these structures

Wt h exogenous or fl scent rotei.ns y re
[0010 ] tsedreftigEe Hoe | HED bR HETB o SR o S P Hitues, e
microtubiye) 2B En, GHBRYRSnOtad | g@@dﬂﬁé shiBng SEREE &i Hg@m atps; d@bkﬁlrlgothe SHG

t hése unparal | €l ed’ characteristi cs, m croscop

signals, thers iane perd tedahek theprsyipsturey with F#@#@owiweﬁ Peﬂetrwﬁefém‘fems any
more, of?qu]ggs i sgg}lﬁ%da@afo@og%r}n&ﬁ&? tteEelmb i TP VY& d8f sucs in intact

Suc
state. Due to these unparalleled characteristics, SHG microscopy has attracted extensive

attentions in life science and applications have been reported in many varied fields such as in
surface property studies, transmembrane potential measurements, and cell imaging to name but a

few,
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‘have alsohtdnresa

surface property studies, transmenbrane potenti al
measurenments, and cell imaging to name but a 30 few
-3- [0011] In the tissue inmaging realm . SHG i nages of
rattail tendon were first reported in 1986 and
subsequently SHG i magi ng of other tissues, such as
fish scale, skin, the cornea, brain tissue, nuscle
ti ssue and tunors have been studied. Anong the
[ 0011 ¢ndogendste phatieg ralmcSHGAgREed offrat dail teadon were ﬁrst reported in 1986
i nvest i d usi ng SHG nost tharoughly becaus it
and su sgﬂwly;%jﬁ HEEPESF o HEPEs BReh 51 %l te ﬂ?ﬂa B¢t grain tissue,
muscleSH SN fomck® P DEASEUARE, WIKEEhEAling ] pRIdAESlagen type
was inedstigatoe aising G unds rteoroaghlp rbenmxsploéstsgi@nger méaogd ST susceptibility

B L ——

interprétiBR& HOthe MARLSNARLInQR the AIndhmBGhNEHnchREs !gdn}éﬁﬁné KERHBom collagen
'S rarelﬁ)reported The main difficulties with

rédragi ng for liver tissue 10 stemfromthe
- fact that liver tissue is a highly light scattering
[ 0012 prattBrwearkr, alespitehidie e:xtemsive%tﬁnt)bm lijsae imeginggeenlinaar optical i 1magmg

nor mal, condi tion, uIt|n n shal L.ow opti cal
for iveSgryate P SR iba ENESs i pstineameging fpr liver tissue

stem fiBRT ihé éfltct'tﬁﬁgivﬁgtlgs% IPQQﬁ‘gH@ ﬁghlf &Eﬁ@xﬂ% ﬂ‘lﬁieﬁapetndi th¥RFis less fibrillar
ti ssue by Cox et Jones, |

~collageRrnmyemal Eondvhor, amU,ltlmd smalltmf ofsirat p¢ne;rat30r[ﬁrtﬂewako$i%@'mgnals

i mgi ng of collagen using second harnonic
[ 0013 Qemh]hhheaﬁmptldal ibtapingthas Bead usedfbr a&’:’yﬁs?of E%&issue by Cox et al. [G.

ver, the 15 re orte |nages om cjrrhotic
Cox, B %‘glﬁ & Jerss. L5omsaTnlt a&R‘?ﬂés%‘) vé nlt@ﬁ"%w@al imaging of

‘collageﬁozlujuﬁg.?&ohg %rrgb;% %%'n@m!?z@g ;beﬁ?u& epgi.ai £d.53L600b83], however, the

I'n order to understand the progression of fibrosis
reported richageshimewe floet tcerhguicoljversilises (50 oh iinmithkngsspdhiekish much more
i s_necessary to detect fibrosis fromearly stage,
COII&gWW@H%hﬁ‘g@%g&H@ﬂe det ecti on sensi t | vity and
better resolution. 20 SUMVARY 0015 ] is an object
[ 0014 bt In eedasrte senderstinslc ihssprparessom vé ftwpiis afld é’ﬁblle}’% bgiter prognosis in
t aavan t
clinical Er%cﬁié § 'ijt e ﬁ%@?ﬁ%ﬁ 0y cie'te@? %b?&? StB TﬂA 9, derI#gC%t requires Iugherr

ovi de” a use ternative

'detecnar&nﬁﬁbmgdmﬁtbbmtet heokitios. provi ded a mi croscope

assenbly for optical inmaging of biological tissue,
the assenbly conprising: Sgsmadkeptical excitation
source for irradiating a scan area of a biol ogica

. [ 0015 } | $Si4On SR ©f ﬂ'ihdgregé{ﬂ HiRidsi @RV RmEsH éﬁélﬁﬂﬁettﬁ’e BRadvantages |

mtted fromthe sanple, wherein the sanple conprises
outlmed alo(me omtdiexemmrdvrﬂaaelsemh@ltmmwel n in use the sanple
i s disposed such that the first face faces away from

[ 0016 } hé\cexdirigabi @ aobsdimeanthetehis wodidedl af aderobape isdelebly for optical

. ex on .sour
imaging o blofj(l)gicai1 tissue, tge assembly comprising:

an optical excitation source for irradiating a scan area of a biological tissue sample and

generating optical emissions to be emitted from the sample, wherein the sample comprises first

and second faces and wherein in use the sample is disposed such that the first face faces away

from the excitation source and the second face faces the excitation source;

a two dimensional scanning element for scanning the light from the excitation source

over the scan area of the sample; and
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| optical cﬁ)rgcg

a two di nmensional scanning el enent for scanning the
light fromthe excitation source 30 over the scan
area of the sanple; and -4- a focussing el enent
having a nunerical aperture /NA disposed to focus
light fromthe excitation source onto the sanple; a
first optical condenser disposed to collect collected
l'ight fromthe first face of the sanple, the
cal foeadshg dlérgéit haoimprd Sirgidal apt&mté Neyq disgghed for facud tht from the
excitation source and a first. s optical em ssion
excitatifm fepe o8t the saePl&anpl e in response to |ight fromthe
excitation source, the first optical condenser having
a anfirst ppiaeul cammarr @snm@d It@ﬁgléfrct tChHWtQCh &ghfutrem; ihg| first face of the

sample gl? (gec'?ea capg t(s_;)llgg raln(s_) Lkg\,‘n[? ! aen%}fﬁntaf i, source and a first -

opticall dntibdiod p@IRI=REINANE kdraple O rSPoHse Qo light ﬁi@ﬁrthélé)ﬁ:lwltbﬂl s@fice, the first
aperture size corresponding to the irradiated area of

optical; ¢padensap having henunpesicab apertre N lageer dban & mumerig! aperture of the
Jnage position-of the sanpl e generated by
“condenser; a first optical detector

ose ol,l ect ted i gh m.t he.firs
%fﬂiﬁlf ggws%ed?fgfb ST TS e lgon o
en1SS|on frogmthe scan area of he s e
ACBSPERIHE B 3 4ReFEe %%epe&'fespwﬁ%tq b %fb?f%(g 37¢3 OF the sample, the
i e 1é3
apertultt?I l%lli]%% ;ﬁ%g dleftztgggslo}iu %aigrgdgw‘gﬁ;mt ggﬁ%‘“ g Sng anenerated by the first
condems@t i cal excitation source for |rrad|at|ng a scan area

of a biological tissue sanple and generating optica
eﬁii A6t opticdl alebetanditpeedd fio avlitdiecalaopd dighwifmneitlne tfinst face of the

e conprises first.and ond faces_an erein
sample; far é@ectmggﬁegwbpelq%elmsé@am g Span 415t of ﬁs Sppplst
face faces away fromthe excitatjon source and the
[001ead c drgorfdigator @Eaiﬁ)ﬁ@ts therq s preadedkdmicecopp@sygmblydor optical imaging

Oﬂﬁﬁ&ﬁﬁyéﬁﬁpﬁkaigﬁﬁ?g %nent for scanning the |ight

e’excitat over the scan area of

the SR Scitdlioh QEHSS |f61—gm‘°ahi§ﬁ%nﬁ AV 8 of ABBREHMissue sample and
aperture NA, -di sposed t foc S |I@ht fromthe

generilig plF GRISEBUICE TR whepqip dfe sypplecegrpnses first and

secon€ GREeMT Ok hetlirs POGR dthd @anfpﬁﬂ is&&ﬁpo@dlsh@cmﬁdhé ifigh tfack rf@es away from the
25 col lected Iight

. Lhe first face t he sanpl.e,. the
”mm%%H%W“EPHSWSF£H§%¥? “ﬁ%Fig% oS he excitat i on
Sod%%%mﬁ'&gwméaﬁlﬁ&l QEHef?t%r LI 00198 BOhAhE hcithibntBice, over the

I n response to light fromthe excitation
“ﬂﬂ@¥§@f€@smﬂﬁ% first optical condenser having a
nunerical apertureNA2 | arger than, the nuper

aﬁefP%Ulﬁ%H%_g f&?mqﬂh]é’wglgﬁ rperics ?}@E%lqe\],\gkl Wﬁ@oseg}l top ﬁoi:lg;thghtl from the excitation

mumé&ﬁdﬁ@&m@&ﬂd pass filter disposed to block the
transmitted light fromthe excitation source;

a first optical condenser disposed to collect collected light from the first face of the sample, the
collected light comprising transmitted light from the excitation source and a first optical emission generated
in the sample in response to light from the excitation source, the first optical condenser having a numerical

aperture NA, larger than, the numerical aperture of the optical objective NAy;
a first optical band-pass filter disposed to block the transmitted light from the excitation source;

an aperture with an aperture size corresponding- to the irradiated area of the sample, the aperture

being located for background suppression with respect to the first optical emission at the conjugate image
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15

an aperture with an aperture size corresponding to
the irradi ated area of the sanple, the aperture 30
being | ocated for background suppression wth respect
to the first optical em ssi n_at t he conjugate i nmage
Aa- position of the sanple generated by the first

- condenser; and a first optical detector disposed to
col |l ect, col | ect ed light fromthe first face of the

Posmm%(ﬁ%s %19 engr%{esgfthﬁ%répo%dfﬂsgrs 4Optical em ssion from

876570 0017 ] The m croscope

lllfsfJ B%@cedﬁ d‘éﬁ:%?'(ﬁ%ogecpﬂ; chl[@%‘é 'Jbﬂe&t@@% BP om thehﬁrst face of the

ma opt 1 cal em ssi rom-t

sample ﬁwwetech@gw edBt qphigalionyssiehBomndbesan amart@ ihearple the

[ 0017? . uﬁn?crggegpé tﬁ?ay iRt ¢ gﬁ%ﬁgé r, oﬂ-mlg f:R %9 RIS ing the first
- further conprise-a secon Con ser di spose

opticaltemisiai frent the Remplel thelmllﬁﬂatingghns Bogtedl inteniedidte thra eiphﬂure and the

first tector. The first optical em ss
first dferieing TR MHETITORS phe Arthsi COgIPEiFe aeﬁewfft Gl Lofenser disposed to

collecﬁl?é'rmlﬁmh{éd rl%ﬁ?%ﬂf&n%@ﬂ'tb gk fidst QeRedihe Tlfexﬁ['sg &btlc@emission may be a
sour ce. e mcroscope may further
secondc barpronge Op‘acal ophissiah spewtedoiretier sroplesi ecsponsel to light ﬁom the
etectlng the first optical em ssion fromthe
exmﬁﬁ?ﬁﬁﬁ © and a repositionable mirror for selectively

directing the first optical em ssion fromthe sanple
[ 0018 4; ¢ @@@S?%%mn%% to the first detector.
' 15 [0019] The microscope may further conprise at
| @asptishlespretomdtcs fot @elr:ctweilseé@teiatum theolist opbical rspiggen from the

_Smnpbamiecond optical em ssion fromthe second face of the

nple. { 0020 ] The nicroscope may further conprise:
t secon Ior disposed.to
! 1688515‘&%\%&81’%8‘” SRR AEthg Brch 3P BRE L hission from the
samplecHiBY 8 thO§pedRbmeiet @ﬁtoQﬁe firsp@&eadr. opt i cal eni ssi on
fromthe sanple at two different WO 2008/ 002278
[ 0019 EC |l%§%g&§é(8ﬂ%§f'furfh%r l‘ﬁﬁﬁﬁ&%tl&ét ofRPGRREGAN detector disposed to
. et ect or I ng ‘a respective optical bandpass filter
detect  scosdb@total ergission fiamt theskamddped adhe waayeé.engt h band
for detection; and at |east one optical beam sputter
{ 0020 1 oIThd ntiexwktopg nayplurtherosongfristhe second opti ca
em ssion to each of the at |east two second
dat Ra&taWs seforld 1Al detddidts 98908 tBRbIIERIcoBFEEHER from the second
fromthe sanple may conprise multi-photon excited
face offthe @@Iegleefntéetgq:f@wf pecgpd joptisal emigsien frpey diatsample al two different
wavel engt hs and the at | east two second opti cal
detectors may be configured to detect the
mul ti-photon excited fluorescence signal at each
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wavel ength. [ 0022 ] The second optical em ssion from
the sanple may be a multi-photon excited to
fluorescence signal generated in the sanpl
WO 208¥BA%e to Iight fromthe excitation sour c%éTr)%mmom

mul ti-photon excited fluore§cence signal may be a
t wo- phot on excited fluorescence signal, or.it nay be
a three-, four-, five-, or six-photon exci t ed
quorescence signal. [ 0023 ] The second optica

wavelegths siacn sécroﬂmdeh:etos duaping Aveaspenivp rdptiealbebhlipas filter for selecting a
mul tj XCI%ed fluoreﬁaence signal and a

pamcul@’é%‘r’faf) b detecHoR;iqg | gener at ed in the

le in 1s respo o.light fron1t excitation
s%tﬂ?eéonﬁ[ Oiﬁwéweﬁmwﬂﬂ tie, Bﬂ‘aefg'ﬁg PESFIoRA §1§7 SROT ticak fanission to

each of SRR NGsT6 SOSHN defBRr0t h @ nul ti-photon excited
fl uorescence signal and a second harnoni c generated

[ 0021 }S' Ak IR, gﬁkﬁderhﬁsﬁﬁ' SrorR R SarhPle 1:5%?‘ E&ﬂgﬁsé Rk gﬁ&gn excited
fromthe excitation source, and on two se
ﬂuorescemeemgmlsofrmﬁe@e twe ehiffergot wdveﬂmgt@ear@cthle o ledst te second optical

detectorguzlﬁéyg Sggt égtl f]de}t eecg %orﬂﬂg@ %glgt%ggl Au lf@gz%]s%e?l%e signal at each

waveleng@i.ecti on of the second harnonic generated signal . [
0025 ] The optical excitation source nay be a pul sed

[0022 ] aFley seemkaceptichh @niv@l angih hhof sakrdpee r@éﬁﬁlbbaélﬁﬁltlL%Mn excited
fromthe excitation source may be sel ected such t

fluorescepeersignal senerajedvin b s¥gelR in FaRgRseWn k! fTom8 thy gittation source. The
multl—plﬁﬁéﬁ LESite Q[ug).feséelﬂﬁe & éltlﬂﬁ}} Bda ltdv@-?hmﬁﬂ & Gfe dtfﬂﬁrr]e%é e %%nal, or it
HG signal 1s relatively ™ weak e vvave engt h
may be mp:hrefe afouex fiv¢-ati senphaton excifed flubeeseamce bignalange of
about 880 to 900 25 r M [ 0026 ] The power of the
[ 0023 ]ex’ﬂlet setconih dphghtenﬁlsmm titven el isdraple onas compssd bath 4 soulti-photon

i dent an the be suc that it dge
excited JGieR ¥Rt P! M4 AmgEo R RS rpP B P 5enF g i e sample in
responsEApRk ﬁom&@@iﬁﬁhoﬂm&“ ng of the tissue sanple.
The optical power fromthe optical excitation source
[ 0024 |1 "Hed@RbnPRpELE HAKRIE FOBY tHResdnipld By’ @RgRisel b@&oytm@u photon
nwto Onvy or alternatively in the 30 range of
excited ﬂwascem@e signad @od agcansl gmonitozeperatedignal genegatad i thegample in

responsé :11%911 ﬁégl g)gcglatlgr@é) Ef%chQ'H gg og (‘g‘r\}é rtw%%%%)r?ﬁgétgctors may be

conﬁgureqbtf’mc dd:tecmonl (tfahe el §-photoa exmﬂed:i dnbresaencd bigna aanid| the meher second
detector gv%ly%gc%hggureég}’ d%ﬁ:@tlorh_@%tﬁg s?%gd h%%@n?qog@eraieﬁl gS’

, 170, 18 190, 200, 20, 230, 240, 250,
[0025 ] 2%81 off]@al %gatl%@u&e mg;s ﬁta @é@pdnlggergsotlrcg.oﬁe] wavelength of the

excitatiofCI5ght Grdpg RO cRNBHSTRARLIBRY BNGI&SsRhWhIRFalds in 2 wavelength

method of obtaining an inmage of a biological tissue

range whgaerfiiedighd mﬁmsng]gf £ excitating hglefcanddarﬁhfc@wed Eﬁﬁmmgb relatively

weak. l‘tﬁgs%ﬂgfels étﬁcgge(xcoclﬂiah?ﬂ g(lu% %}% 'b? ] om an foagl ﬁtaéSO to 900
nm. excitati on

[.0026} The power of the excitation light from the excitation source that is incident on the
sample may be such that it does not cause optical damage to the sample such as, for example,
thermal denaturing of the tissue sample. The optical power from the optical excitation source
incident on the sample may be in the range of about 5 mW to 300mW, or alternatively in the

range of about 10 to 300, 10 to 250, 10 to, 200, 10 to 150, 10 to 100, 50 to 300, 50 to 250, 50 to
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source, the light being scanned over a scan area of

the sanple, the first face facing away fromthe

excitation source and the second face facing the

excitation source, the light.being focussed on the

to sanple with focussing el enent on the second side

of the sanple, the focussing el enent having a

nunerical__aperture NALl; collecting Ijght fromthe e
200, 5¢ tq £30,0508 o109 RV 5 é[ﬂpﬁp@tlg\ﬁlltnggr gthe SBV“FE’& gKcitation source incident

| gt I ghtssC i S
on e b o O e PO Vet on e sy 0. 95 100, 105,
110, 126,860, Biot i 51160105 $ Byl SHeneld, 2t 8224002346 A1RdL 860,270, 280, 290 or
S se to the excitation light, the first optica
abomfgﬁﬁggﬂser 15 having a nunerical aperture NA2 |arger
n the NA, of the focussing elenent; blaockin

t ha the -
[ 00274 Hsaidingtp pregrmbadiment hereds FravasdohmeBiar b o gaiﬂﬁﬁg gn image of a

| bi0quifggllrtgstsué)ﬁ'iﬂ;_pzéi%odﬁg%ﬂisg% first Rl?(fscécggcll ER& ﬁigrng%th?cﬁ %&rﬁﬁtlising the steps of:

m SSi on aperture dispose

- COpj ugat.e | pnosttion of t _ Iy r.e sl
¢ IR Py LA 0aBRCPE Fute MR APRRIP e RobPRPSRlcal excitation
source &ft fighttidy RMiddVeEaBcaareen 6ff thé henHanm Brsuficd fading away from the
first optical 20 detector; [0027a] Accordin

to a
cxcitationcomgo A Htscedtdes fasingrthy Psdlalion seuarothediEnt being focussed on the

secon aces, _
numericampeitsieMAt,he steps of:  illum nating the biol ogica
tissue sanple with excitation light froman optica
ex611éaink Aibh$ Gk Ghe e fabght theis@gpls Chitin adfidy &ptiéal condenser, the
- scan area of the sanple, the first face. facing away .
collected dight Isemprging atransrideslight fomn dhe) cxpidativacsmucy ged a first optical
-l acl ' I Qn s L.ahtq: hei .
emnissiqr ful By RERaBle B vebE ) e el gt 89 firs ondial condenser
having sanandicsl gertade NAelasaurpha, the Vel fod chusfotumging ebummmi;
havi ng a nunerical aperture NA; collecting light from
t BeockideShe frageniabd tifie feanmextithtibndsoliice Sking Rt fire@dptical filter;
condenser, the collected Iight conprising : -
h . . i . _ ]
PR g R ol AR XRYoRR! Ml Ronjugete fmag
position of thespopkevitloredspeet éxthetfasticondérisght , the first
opti cal condenser having a nunerical aperture NA2
| deigeting thafirsthg i, enoibsibin rofrothy Sednngyeebftle sample using a first optical
-blocking the transmtted Iight fromthe excitation
detectogoyr ce using a first optical bandpass filler;
passing the first optical em ssion through an
[0027ApAtdaidiag b tahsaond pepdatyr et Beprovided aposiblidng dbtidiliean image of a
. .5olrradiated area of the sanple, . the, apertur. NG r
biotogip B Eom IR 5 b RBS ol b RRE b B8 b o

t h@ubinhle thORblogRAl tREeSShAB with ckdiBrimAUPhORh En bIRMRxcitation source,
osition of the sanpl e generated 5% the first

the lighichsigernaasd overer et 1 lilbresampiesite Bt ReedongAvex figm e Siffation source

s RSP A 1 g I ) S (AR ot g

- and thetsb@nd GRE fRIQAhOExcithtonSaipt, aheBdhn Yeie foctissdéd @pihe cahple with focussing

element?oﬁtt}%(:s'égoqld side J;fﬂ(a) Os%t%g]eh@g ﬁo%éggjggloe%}%%tﬁjﬁ%lﬁg L glrl]rﬁlgf%glcatpemnﬂ NA1;

ere i s providade
collecting light from the first face of the sample with a first optical condenser, the collected light

comprising  transmitted light from the  excitation source and a first  optical
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15

to image of a biological tissue sanple conprising the

steps of: using the m croscope discl osed herein,

detecting a first optical em ssion fremthe sanple

over a scan area of the sangée irradi ated by the

optlcal excitation source to generate at 'Ieast one

first image of the first optical emssion; applying a

threshol d segnentation nethod to the first i mge to

gefraisteezeaergisd dnie paveriein refpenieHe the exgitation helh<hsBrsheptigal condenser
mwmgSEQM$mﬂeﬂxmﬁ&gglm@mﬂhﬁﬂkm@sbfmaﬁQE$mg§mmgnthe second

i mage _as -a nmask mul ti plying each lee

f.blgequgﬁ%ﬁgt@nww e BF PEiHATHG Bk & PrebpteH Bandpass filler

éa%%]ﬁ% 4hg?igs? t%a&?rﬂ%ro@ttﬁr tzﬁl' grtdrc%@gﬁ 'sf}e cﬂrespondmg to the
11*radla‘tqdI aregof Flﬁﬁﬁlép erag?fg%la:mg_ ateg gfzéyac%gw%ds Prgzismarvg respect to the first
optical grhissicuct B icggubats ymBla@odidusdithsrsampld serertaddrydhe ﬁirﬁtcen@nsey

of. th S em ninthe third
nofl5ied %gﬁ kisst o S%ﬁg%{?isglé}ﬂ Ieo‘;ﬁ{g}reﬁg %@a §m8§te£s%& first optical
detectoty om di f ferent bi ol ogi cal sanples [ 0030 ] The

fi |{ §6289|pt A&%l.rdlﬁg] t? é'_lg?ldﬂrgypéagﬁ eﬂri%lt‘% glg cﬁ?ﬁwtﬁﬁde rﬁoﬁ'eﬁ'jlod of obtalmng an

cal- em sSI0 sa

image ﬁﬁcsbleh:%ﬁ:al fissub githplf comptibiag ehecitematafon sour ce. [ 003 1

] According to a fourth aspect, there is provided, a :

MRk oihef miledseopd Aisdbséd ey edétbiting0d firkbbpedad dnfission from thie

bi ol ogi cal “ti ssue sanple conprisjing the steps of:
sampleghyearicayah of Mgyeanaric irrasligpd Gy dhe Opticek gecitaligp saurce to generate at

maﬂon8ﬁ§9¥n2§8 |n9§%%q¥é£h$é$% herein; determning the

’SHG em ssion generated in

n h d -
t p Sa%tpi/t%{egﬂ?iﬂ %‘hgg‘ﬁ 6@83:9%6% ﬁir]%t %%%egplgllg %%@ICOHd mage,
the Secsﬁ@ﬁﬁ’ﬁ%e baherSleBmihied iBaRIbT thefirst @hhggen present in

the sanple’is related to the severity of fibrosis of -

t tﬂ@mg 10 QLA ma%e' RSB SETRR; mhltﬂ;@}ggg ]3a gﬁ%lqh ek 2t image with
one éenbodi nent here i's provided a netho :
the cormspmdmg@xelmf |t]nmsgaeomf inzage 16 gemriralk albiod ooigeawheressinghe third image

t and second faces, the nethod
‘the bac@%‘rrﬁgg‘lﬁg?lﬁﬁ gjéfptsl'srs BEC I PIRVELi ng t he bi ol ogi cal

tissue sanple with excitation light froman optica
excitation source, the light being scanned over a
scan area of the sanple, the first face facing away
fromthe excitation source and the second face
facing the excitation source; 20 focussing light from
the excitation source on to the sanple using an
focussing el enent having a nunerical aperture NAI
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: Somce,tth%llghtrb@tnwﬁlﬂf@dlOvef'eﬁﬁ%laé?ﬂ q

collecting light fromthe first face of the sanple
wth a first optical condenser, the second face
collected light conprising transmtted light fromthe
excitation source and a first. optical em ssion
generated by the sanple, the first optical condenser
having a nunerical aperture 25 NA2 |arger than the

NA, -.of the focussin | e ; collecti ljght. fra
100297 el ot ura BRI GAREICh CRISOn P T oSty of the SHG
emissi®l BI@Bkhird NEageSRHPRInd BB s&Por %Gﬁlﬁgmslohgﬁth @lﬁ@ﬂ’ﬁﬁa%b@gbtamed from

a second optical "'em ssion fromthe sanple; -
differenitielogicalsanipdest i r st optical enission fromt he first
face of the sanple using a first optical detector;
[00304nditaefiett dptpat missteromeayopti € adecand Ssinoomid roaphicalhemission (SHG)
d fac of the sag&%e usi a.second optica
genera‘@g ESN9YSte tH% XHEPPRIUBEE- sour ce.
ver the scan area, forntng first and second i mages

[ 0031 &orﬁﬁcpgflufbggt%a fousth aspertotietsals Prpyderk asaprd of @ﬁetmlp%tthe severity
ofﬁbréstﬂ%g 3 Hidl chStidAe &9@1% b&@% riih hl%% §gp:ssion and the

q ge Cg e Con pt|Ca| enlss%op

... 0032al] A [ .
Eﬁﬂiﬁt € i edeng 00 R Bt st herein
ff-'?‘%?m%f%a%i%%ﬁl@lb' Culsig of ien SHO SARP S, .8%%%%3__ in & sample in

the imapkeRgt 10 of: -|rrad|at|ng t he blologlcal tissue
Sanple with excitation light froman optica

e

YU O PYLRR, ) e ot p RGBSR AL e, wherin i
amounf oOeoliagen pecsenttiattho saraplaris eclated t6 e seediyd{ffweasis of the biological

faC|ng the excitation source; focussing light from

tissue sa@léax ci t ati on source on to the sanple using an
focussing element 15 having a nunerical - aperture

[ 0032 arAccersiingtor ensernbaghmenty Bra i erovided a mgthodgi obfpéning an image of a
thick b@%& tfetltaﬁg ' JO%{!P glgn‘pfﬁ?#i asnlcﬁgs'gég : anEser% ?:1? gndgﬂiufdscﬁ)mpnsmg the steps

of: fron1the excitation source and a first -optica
.enission generated by the sanple, the first optica
C QRARRED thBDIo1BLical 0@ %ahrﬁﬁlle vAlRe EXditago ﬂ R6@&h optical excitation
than the NAL; of the focu33|qg el enent ; ga33|n
b $AgHDI ﬁﬁ%tﬁet age dacjg ayvay from the

excraf BEE L] e SLAFYSRL AERIR ARt Dl [ o oo

elng f ocat ed for
e fir

S Rare B PR B Rk sy 2RE6 e SutelS uiipd 3 fogussing cloment

hawnghhﬁﬂﬁﬁﬂﬂh@mﬂ@QQQ§#ed by the first condenser;
collecting light fromthe second face of t he sanpl e

f;llﬂecttlﬂg dfgl‘ﬂ‘t:lf%ﬁ R BHEMERE of 6 sﬁﬁg%tﬁ aacﬁrst tlcal condenser, the
| ect t COﬁprSIﬂg a second opti cal SSIOﬂ :
secondffa@ncdlfwteddrgﬁt @pmprising transmitted light from the ex01tat10n source and a first
optical emission gencrated by the sample, the first optical condenser having a numerical aperture

NA,; larger than the NA, of the focussing element;

collecting light from the second face of the sample with the focussing element, the

second _face collected light comprising a second optical emission from the sample;
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25 detecting the first optical em ssion fromthe
first face of. the sanple using a first optica
detector; and detecting the second optical emi ssi-on
fromthe second face of the sanpl e using a second
optical detector; and by scanning the excitation
source over the scan area, forn1ng first and second

ges 30 conpr.ising of cal.tissue . )
s AR PR TPl crguon bR e e didied rh S g st optica
daemn?QEﬁS'on and the second i nage conprising the second
tical em ssion generated by the sanple. 8a- 0033 ]

?Iie get(iix rs&%ﬁ%l %ﬁa!:aef %hﬁ%ldn ]%Hl R LAERRE Spﬂ]l% Sa n@% qé;ing a second

conprise a second

opﬁaﬂ@aﬁabﬁhﬁd S|gnal,generated in the sanple in response
to light fromthe excitation source. [ 0034 ] The
S%? QBhni AL Be CRLItATINEukdeOdVer MRY scaf Mk, $emiR@itstaind second images
ti-photon excited 5 fluorescence signal and a
comprigiag oh ﬂleriaplmmalz tigsaa spmplsd thei Gsbimagesepprising the fikg optical emission

| and the segg)nd 1ma?e %?efsg r‘%{usl%e.ﬁle sgccinﬁi%g)qlcglr 9)#& %ﬁ Pe{téc%)'f i sample

sour ce &Y conpri si
separating the second harnonic generated signal and

[0032a]he Aveordingplecs Sifthessppatetherd isapexided cmethedh &F obiginingean image of a

thick HiblbgialltRGR GRiplEGhGfisloedibt 280 de@Rl ghdek NGe btehodSRBRAing the steps

. harnoni c generat ed S|gnal with the second detector
of: and detectlng the mul ti-photon 10 ex0|ted

] 1n$ﬁg Swﬁ%@ﬁ% S%ss%t palnﬁ)éé 2% c—I',Xé: L%l%%o%ﬁ R optlLal excitation

sourcef ‘E‘mgghb‘tﬁent@ioammd apaitcah amaa;rfthmlq:nthe st face facmg away from the
: 1 to.1400, 1 :
excﬂa@d s?glgzgtahqﬂe éfglgggl% fﬁéﬂ@ﬁl@%ﬁcﬁaﬂ)ﬁ’ s Q0. (o 900

to 1100, 1to 1000 1

1 fn AQ0excliatich §Rse dn tOthE Amplk st dssing element
dché%Ohg}%o 200, ?Lxcto 100, 1e to 50, 1 %)o ° (5(%4&“00 Smgeel_nen

: 0
lmym%ﬁﬂﬂﬂﬁnc ?@P?o a sixth aspect, there is provided

bf onpri

_ a oglrét tgl?gg tf1Q %n@gﬁ&cg olg tl?eesamgﬁlggvrl] ' oﬁf""k OBtn&gf%o&c{en?er the first
face colbptedtligh comprisiog Hodsdited | lighe drolre ﬂm gxcitationasquiresr afld a first optical

_ emlsm?r{ gén%x%&aﬁtngm : SRR st dpBkal %Q&ﬂnsef h&ARd Aindridg dpb@RE NA, larger

ation source Is focused at a dlfferent
than theyd e 19f the fequesing eanesgt:cal tlssue sanple t her eby to

obtain a_correspondi.n [ it di mensi ona
DS B BrUTLgIRuEh o 1S BB PigEne o e
u~rad1at@l@i~da®5m6 Etdmljlugﬂieapdrhﬁe hamg lezated ﬁ:nb&kgromldgemdfsabmdlm respect to the first
_optical i:rﬁlssmn >4 I'H% cnit ter i?nsa O nossl ftion 8f tﬁ% ganﬁff dée‘i'lgr nioﬁlﬂ?! g{l]%% c&}denser‘

e corresp

mﬁﬁ&:ﬁl\% %Ig?;o 1W9 s&: ﬁﬂeﬁﬁé antﬂé in&ﬁ@@ﬁh ’tﬂatfﬁ’cu@smg element, the second face
nsi onal I mage of Sa
collected light comprising a second optlcal emission ﬁom the sample

detecting the first optical emission from the first face of the sample using a first optical detector;
and

detecting the second optical emission from the second face of the sample using a second
optical detector; and

by scanning the excitation source over the scan area, forming first and second images

comprising of the biological tissue sample, the first image comprising the first optical emission

and the second image comprising the second optical emission generated by the sample.
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-9- 0038 ] According to a seventh aspect, there is
provi ded a nmet hod of -obtaining a three dinensiona
i mage of a biological tissue sanple conprising the
steps of: repeating the nethod disclosed herein for a
plurality of iterations, wherein, for each iteration
the light fromthe excitation source is focused at a

.different_depth in the bjological, 5 tissye sanple g
0033 0 SRl AP L B SOl SR P BY Sach comprise o
secondt WRnfnE SRRl JifBYesenthiddnf Mokagpieain kdspomse to light from the

~ sanple, each inmageé corresponding to the optica
excitationisgwicon generated in the sanple in response to the

excitation |ight at the correspondi ng focus depth;
[ 0034 dnd heorecead hfaceocdiareds lightalmayragepgeecsertath g raulti-photon  excited
: corresponding plurality,.of segnente I mages; i 0 .
fluoresiencg gk M iGPad REodic SSRTA LAY GRS FALIE Sgmpls in response

to light! S hebQEliRATRNADAIRY segnented  image to renove the |
background noi se in the two-di nensional image,

[ 0035 | NGHERY G R ronfpRishE SRR Rlstcal Ha¥m@ic generated signal
g R R

oi se-corre i'ages; co e plurali _
and thenaulieplwtor ecited fluomgancde sipnalan ftei fist or cadktied light &el detecting the

’ di nrensj onal i e of the sanmple,-is [ 0039 The A
secondpka ORI AP SRETUSLdeAaL atih Hhgyseeend defetbp rﬁstﬁi ectig thp multi-photon

ited! Mok MYnAi With $lBRd opRQl BBLS Ny either or both
eXCICIQngﬁﬁ%engg?y or the area of each of the plurality of

i es.. {...0040.1 Accordi i ' c
Looso } T38E el Het sPRBRLI S B RuBLALRAEaR AR}y LBPLR 2000 o
or alterh@fvefanthé F4ngalof aro k04, i 1bii 14bar1 @ol30agek 1200, 1 to 1100, 1 to 1000, 1
bi ol ogi cal tissue tissue. [ 0041 According to a
to 900,di 1at890ab pedh0, 1iteci08, | &0 pOb i tad@0u5 o Y10, dre 2Rl tostlfpéd to 30, 1 to
10 di scl osed herein 20 for nonitoring of biological
HMt i ssue fibrosis. The noni toring of biological tissue
fibrosis may be, the nmonitoring of, early stage . . ..
[0037 i reepding 1¢ i S 135Bpds fore is oRIsidF ela?tﬁ?@ﬂ glrghignime a three
dimensﬁfﬁﬁpﬁiﬁ%% gﬁfa bid]@éi@al't?ss&r QMiptesh B tht Bepaber oscope
di scl ose herefn for detection of biological tissue
fi . T ot . bi ok ti fib .
A R0 LD 29Aahy UERURL A, o cach
iteratioh ith& lighff frbmothiesexc2htign 43S Js Rcawditngdifferonelepth in the biological

enbodi nent, there is provided use of the ni.croscope
tissue. GRS, dhedY e iR o FOTERSREASS SEINK ) Bisrdiziensiped jgmages of the
: : - e [ : .
ool 23] Sy RS APORER SR Mot 08l hutid B i 0
sampletin ssspensk it thesixsitatjon0id af thAcemespomdjng focas tepthiand

aspect, there is provided use of the m croscope

dicsgbipspdthbgil@iality 6Dtwd-inesbiogat intgee kit aaktcewlidensional image of
ﬂmsmﬂﬁgrix properties of cancerous tissue. -10- _
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0045 ] According to an el eventh aspect there is

provi ded use of the nethod disclosed herein for
quantification of fibrillar, collagen in biological
tissue tissue. [ 0046 ] Amé%rding to a twelfth aspect
there is provided use of the nmethod disclosed herein

oy P Bl AP, B B e + e

dimengorHP Hhég%rdfﬁgaiﬁﬁ%ﬁ@lrﬁs}éuééa%qﬂe birtp@gh bk stdps she

fibrosis. [ 0047 ] According to one enbodi ment there

| SeRhaaNE RAMER A isdH&d REOR o h SAtARRdoN REMLSn, Qfherein, for each

det'ection of biological tissue fi'brosi's. The ) o
iterationethe digho firoof. thei otottgiicmisourics suéocibdsr aisi diffrgntbdeptihén the biological

sssue EEHSEIRRAE Y < H0Sa b e L oAk P images of e
biologREIONsdE GaMmPR, ChcH NBagethoskpBhdifg @5 @k Bl enii®ion Ebherated in the
di agnosis of biological tissue fibrosis. The

sanpledhaghposiedo die dxicopiayi light at the somespopding ifacusdyptheandthe
' di is of.early st iolqaical ti i is. |
U GR08 R uhtol 095, RERRAT R b TR LR of sepmenta

imagespr ovi ded use ‘of the method disclosed herein for

i nvestigating extracel|ular matrix properties of ‘
c anpsking Jhe plusaliz of twoohmepsipnal ampacsnuith thep gpirsspending segmented

g G5 CTRUTERIRE 306 RO Bt Mg o

correspufling lhenlitytod naisk-@urrbaedvanabepy opagat i ng SHG | ght
enissions%éin tgf direction away fromthe excitation 4 the
s GOPEEYNE ¥B R (e DQSFEPTECSH (HaseSe Pt At QYFF correcte ce-
dim G810 Qf ':%ﬁﬁm§nitted t hrough the biol ogica
en%@%iueg%anp e or alternatively, backward propagating
t ' I Ny qi 4 t d eXCi [ L
10039 {1 1P o Sl it A iy MR Borbihhe $Fc] 36 48 cpmbining step
normaligiyg ditheflet Rah e ininkiey oethe vadayof ebdt df thophedldy of images.
propagating and 20 backward propagating SHG |i ght
[ 0040 §MARRbRING: BLARIAMRH dsPedtNthef@IPbRvidedr @2PONER Merbdtepe disclosed
_ excitation source na¥ be detected where the
herein fariqermicstient of flerillarveHagearp biolpgieatitisgue tfssgp51 | I n
any one or conbi nation of the enbodi ments and aspects )
[ 0041 dli ssicosignt teer eint) aspet, thsrolsoyeakd vbs siie mpigraseoriei disglosed herein
for mo&#%ﬁﬁ%g%ﬁ%ssﬁg lﬁl -lF;}lfg\'n eg%‘?&é‘?%?%yé?’fl gl%i8§}5(361[6t18%965 1bl'osis may be
the mofieSifyl dTedsly bvg¥BivlaficAMs@xambgs. only, with reference
to the acconpanyi ng drawi ngs wherein: [ 0053 ] Figure

[ 0042 1. i&c&dﬁ?%hé (én{godﬁné}g,n HeRe R pRREdBse §PEcNSiicroscope disclosed
croscope systemaccording to a first aspect;

‘herein FirglgteetiGn bEbialdgicah tisolediavsic dhe detectiin ofdziologipal dsshe fibrosis may

| magi ng.m croscope, system according to a 30 second
be the delidon ot G008 O0EYE POH SER07/ 000104
[0043] According to one embodiment, there is provided use of the microscope disclosed

herein for diagnosis of biological tissue fibrosis. The diagnosis of biological tissue fibrosis may

be the diagnosis of carly stage biological tissue fibrosis.

[ 0044 ] According to a tenth aspect, there is provided use of the microscope disclosed hercin

for investigating extracellular matrix properties of cancerous tissue.

e
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light 'e%lgig&glg gi%lsth({; Lijrggtfoqnl \J(:e{ t%lg ek itaftiofl s gﬂ{&e)o

' source ;qa&he éle

-11 [ 0055 ] Figure 3Ais a graph of the SHG & TPEF
signal output froma liver slice excited with 780nm
- the inset is the dependence of SHG signal intensity
on excitation | aser power 3:9 900nm [ 0056 ] Figure
3B is a graph of the dependerice of the SHG intensity
on the wavel ength of the exci tation source with

ongt an ci dent cita 7 . : -
[0045& gccgsé_lﬂ%? Sk el%gerﬁg gﬁpeeg{ thets 1§ péOVéd%ﬁB[ei oﬁg{geesn;ethod.dlsclosed herein
for qua(tﬂﬁ@@tidn\/ﬁ ﬂmﬁ&oln{gemmmlog{cémssa@ﬂssu&i brotic (4B) -
liver slices obtained through tile scan; [ 0058 ]

[ 0046 JAERRiRS N £ valPrB BYWcBRR}R PROBIdd! U Dt 1Rt mBRo@Uistl8ed herein for
i'mage quantification procedure: Figure 5Ais an

monlt(mmggqfﬁmlogle@ usmmgﬁbrobnsamhe dnaiiitodiog by bfolageal iesue ﬁbr051s may be the
Figure 5B is a -

I t
momtogglgr?\lgﬁe 4sth %‘%}%’g}c tg%ﬁ%gg};oeﬁed t hrough O su

L0087 RSl S PRIt o Lo L P 8 b B ST heren o
detectl&fl 0?'1)%19@15@' i QO YibR%Al eTht %\“%Etuﬁ{‘ BV diOE S UDDsR may be the
he background screening; | 9] Figure 6 1s a
detectlgm apéarytageriiplo giealdises @anm&nt age and average
intensity of collagen in normal and fibrotic livers;

[ 00481 mrdlng:fog:we&snbbdnﬁerﬁ tiger®isghrovidedbagearidhe methodegeksed herein for

res ctlvelyfor Mans 15 trjchr . _
diagnogip i0lggig ﬁlsspfa 2? ng Aitizgpsis, of piskogiea] hssuer Bhiogis may be the
is bright field
dlagmblrggﬁgérn ssion l?lnggglrt%fg]zaﬁﬁl\/rgﬁlsson trichrome stained

caner a; e over
for mvésﬁggﬂﬂﬁgee)&l%):elaﬂﬂ mABEprégerissrof cBBerdusaigas:. f r om a
unstained liver slice, obtained with an X10 objective

[oosos NAE Qin§) one2 B cOROMRISX GIf t1BE ie@bodh@iy and akSec BREIBEHd herein, the
ield transm ssion image of Sirius Red stained |iver

thicknezg) of [hecliologjcpl Bgsue ampley arayshe sdlicigntado phlaw ferward propagating SHG

nt ensi Citiol sgie o\gxctéérggllfl the ggmple by the

excltatifohbﬁcﬁﬁ'd':dl t@riseu }&aﬁimﬂieﬂfﬂﬁfcﬁi’gh ﬁienbloﬂbglm stissii©G@rple or alternatively,
gure 11D i s an, over] ay_ of transm ssion SHG, (Fi gure

backwqrﬂ Aymp%ﬁpé cithab nisspHs tklfF. diigedon fawyrds fhe Tperatiy @W@e) SHG light
f |

o RGP o8 g TR, L o) Rl Wl TR pbguing e

backwehé paipagg(ci@SHﬁdlghD bmésgons perspaed invihk pample(6 3¢spbngun ¢he excitation

j ctl n of a 30 ick Z-stack obtained
eF‘i/ ﬂF‘BISEW PFO&E‘F’FWPWW% gur at i on;

a 0064 | Fl gure 13C.is an overlay of TPEF (Figure
[0051 3K 28R PISHES (:mal@a@omé the igmbarrengy gnd ﬁ?&@@emsﬁﬁﬁﬁd herein, the

biologiMPRARBLAPR2I . RET{SG2007/ 000194

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0049 h{e\ﬁfd’co&illlg foa ﬁﬁlttgénﬂﬁgsg\glr: g%r}s é}&/ld%%ﬁﬁs%afl efe m%{h%fiadé%&)sed herein

[ 0052 ] Arrangements of the imaging system will now be described, by way of an example
only, with reference to the accompanying drawings wherein:
[0053] Figure 1 is a schematic of a nonlinear optical imaging microscope system according

to a first aspect;

Figure 2 is a is a schematic of a nonlinear optical imaging microscope system according to a

second aspect;
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-12 0065 ] Figure 14 is a graph of the angul ar
di stribution of ECM around the cancer cluster of
Fi gure 13C. DETAI LED DESCRI PTION [ 0066 ] The
WO %g’P‘QéTses for nonlinear SHG optical inagi ngPolfSG2007/000194
bi ol ogi cal tissue having a.large s optical
scattering coefficient, for exanpl e liver tissue have
surprisingly been significantly overcone with the
nonl i near optical imagi ng system described herein.
[ 0055 [ThEigupé BATiZegrapR 00 E SHRBNTPEE sigamlesuit Gon( DK@ slice excited with
] Cr oscopy .apparatus _and net hod of detection
780nmm, Jh topstiale AR iFncm % SPooHERA IEdy GBiCHIHR laser power at 900nm;
__sensitivity than existing inmging apparatus and
[ 0056 JneFigyne 3B & mgaph ahitheidspendengs; fgftthﬁ %@&dﬁ‘lﬁngb’dﬁ’r@? wafglength of the
excitatibrds ARyl ARLAEARS M 30GRT 1 SD 11 Lhi ck
ti ssue slices under Jo plhyS| l'ogi'cal conditions
Wi r- M,
L0057 17 s AT B Qe RO el TR A BEpormal (44) anc
fibrotic {4ByrlosT dicps dyriesd ttwoughriile stanfrodel has been
successfully detected, diagnosed and nonitored from
[ 0058 v eFigusmiSAytoSDagew fetdngleilvetrativnt df thewnadpd qoamidicatioroprocedure:
. f. [ ' ith - ] [ fl uor nce.
Figure 84z af ogoAL S HOreSHOTOGA CBSGH VAR S nonifies opical microscope
Figure BB G§ @ SE@MtPSnR OMRABe LBtaBRA 3Rk Sle syl ﬁfé@ﬁd)lﬂ%@grﬁ&{tation; Figure
liver fibrosis study. Wth the presently is described

SC is the yesulient hackermmogsensHodgrpapssFighrec D sy giaph nlthepiel grey scale
1 i pfly heen obt ai ned
evel Sh%@gﬁ?ealﬁge%%;%?g}e?o%ffﬁ?n acc?eeﬁ%l%ék tissue slices. |
0 q ify the a n f._col l.agen present i.n .
(00591 &gg‘t“}es&ls%e% Bl a%rﬁ F%‘é‘g SIF%%I 3 %’rr?gma%ﬁ o't ]fﬁ%g ﬁlgtgnsgtp’ & collagen in
normal dydefibreinvislesgped to extract the information pertaining
to collagen. The results show that the presently
[ 0060 ] d arigtirted 908 335G B &b ivScoBGaRitive iR R Qbbcthve YRR ISHI ih , Manson
col l.agen change . in, 20 fibraqosis fromearly stage.

. ] ; ag .
trichromg gigpin. |angaats, Retsteig fopa livpytlics 1Ppm wahickngseckignre 7 is a is bright

field trah§RBL0H iRREL ©F LM Ashl t3inEREAUARN VAT sid€ obtained with an X10
nonl i near Optical m croscope apparatus 100" is

- objectivgl@pd ot ethegopixabntiereaFignwe i86als amtigi ovgrley of SEIFigure 8A) and

' i “ingth anpl e 103, ] . ,
e i SR oot £ G okt B e e oo
and 900mnwxcimh]:g;2Fiané |9Hs gﬂ?ﬁgﬁﬁﬁ&l& temeihiseios iitnagd GNSBAL [R‘éﬁ stained liver
. n a pul sed. .l aser excitation source. 25 The
slice. Alﬁ%ﬁ%@%‘fmﬁ% aé‘?(l:'?ﬂ%t“? iinlsﬁht i nci dent on the sanple
shoul d be such that it does not cause optical damage
L0061 T+ &igire Waitph araphictf s, aveenee dnighgitveo! eollsgam from control group and

fibrotic ﬁﬁé@&ﬁﬁf&gﬂt%ﬂgﬁgﬁaﬁi ssue sanple. The wavel ength of

. exclitation .i fromthe excitation source 102
0062 1" ¥i ANe . .

100621  SAGRRITHTt 8y okl HRETAghAR 0 B 1
11B) andSHPEEE i(Bigate 1KCY mhagps vih J50pakliver §lice0GRerd tHhEPHHand SHG images
light emtted fromthe s le is then collected by a

have beeflia%s$en8 ed Egm I?meéran g&éﬁggﬁé‘?ﬁ’e“f’é’%& The nuneri cal
f. th IS j f
[ 0063 ] ?g‘fgrué;g [1? Bsffxl\plAl)oje%timg o? a 58 ;gg t Sic { lefc’ack ggt%{nte Iﬁtom a? \r;vhole liver lobe in
reflection configuration;
[ 0064 ] Figure 13C is an overlay of TPEF (Figure 13A) and SHG (Figure 13B) in cancerous

tissue; and
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efficiency, a NA of between approximately 0.5 to 0.8
is a good conprom se between collection WO
2008/ 002278 PCT/ S&007/ 000194 -13 efficiency and
WO 20680122 depth in tissue imaging. O inmer SK/SG2007/000194

condensers whi ch possess a__higher NA may al so be
used, however, these cl ass!8f condenser el enents have
alimted focal dept h which may causing variation in
intensity for different imaging depth. [ 0070 | Any

[00657 i Eﬁhré‘h G2 MBH Rl AROAI L dislﬂ%lﬁ)éﬁ'otf@itdl\@ Qroﬁﬁﬂrtﬁ@catnlaé’tt cluster of
is collected by the condenser 105 1s renoved by at

Figure [3@st one optical filter 107. The filter(s) 107 may
be short-pass optical filter(s). An adjustable
di aphragm 109 (or |BEB&HEBIMBCEWEHEBt t he conjugate
position of the image area. The inage conjugation is

[ 0066 i npheeotesteactd foy n@dsieti SHEI omﬁjahimaging oﬁ)!ﬁiotogia:abtmde rhse‘ng a large

and/ of. th ia hra m.109 in ace
optical JPHEHER Giog Tt ALY g t1e0ie bR, RpAoely fifa Siguificantly
overcolﬁ&ﬂﬁh&hélﬁoﬂlﬂﬁar dhrecaB ehalsh@ by erflidefitibag MeRirl. S TBP 8p@elized second
a si.ze correspondlng to the scan area of 10 t

_hannon@e&?aﬁelaﬁqro(ﬁ Ghei@psappY ainFrafeoengyeetheq of @f‘ﬁ?ﬁt@g@@@nbed herein has

better r&Bfu‘tiﬁﬁ‘lanﬁ ckar ﬁWaﬁQﬁﬁ'z% Iﬁlgagu %&E{)& co AbiBds gﬂ;@ traditional

di aphragm ens i mat e
histologiyat istadrls, SHEG bedbin o chriabierize anﬁﬂgnm%D'ﬁheﬂmm tigsab slices under

physmlcly%c%? at}Ong?]ﬁth %ﬁé‘ Ié# &ﬁgle&mp%gm ass lgl%ee rcol}ag%nt c?uantiﬁcation
algorithiadedeeibgl Meredt) dliddnefitHokss Sprﬁ@r%bsm)rﬁ oﬁefa@ Ghedk] Masabeen successfully
sensitive optical detector _117. The detector 117 in

detected; fragppsed and mewéwsd &y ery ehiotagR b eToRre. (¥iuioe mgpyporation of
SHG 111@@'];1 NP BoBh ?’I B "%\%ﬂcﬁﬁﬁo@%nc@@:f?fgrfor BB Yoo ﬂbﬁfgly %bservatmn

typ s of et ect or e used as
SHG mlamsmm has enbey t¢ beasidehl tecimalmﬁeskw fibopsisestadyp | With the presently

describei AR B8 YRe Bk, SHET et o BLER RS T RS e M hgpuocyees nave

been obﬁadﬁeh sgailanedglyl i@@h idedtekitotissae kA8, phot odi odes,
anong many others. [ 0071 ] To concentrate the |ight

[ 0067 ] onrct Qumﬁy dbé eghdnt JoF/colRg&e GRaEntORt ithakis@RNA8NERIpe processing
20 incorporated in the optical path 111 in

algonthrflrb@ﬁ S peqmisvaloped ftb@xtf;@wthem@naﬁ%qwagm tgjcgHagen. The results
show thitrtﬁ rcts&ﬁltysﬁ'gajél o c s%ﬁ%oh%% g?m%}ﬂt&ctﬂ@ golitla%eﬁ‘ change in

rone op mrror I nserted
iﬂﬂomsﬁhmf@ﬂys@gw path 111 for spectral analysis of the SHG
signal. Aturning mrror 125 may also optionally be
[ 0068 J uRederting td thedfigarel ,ube t00ection nmkging lopticspgior Atstismbudiment of the

. __conpact .. 007 er. exa not s 1) t.he
nontineaf GBS biecbsegnd Forbrati EAGR e PEBTor ol e Thaging of a sample
103. SHISUREL Rrexbidd AEhEGhhPR MBtihGBipodsdRP&:Eithi@Nlg Srom an excitation
sanpl e 103, and nmay have an eyepi ece to enable an

source I%éﬂaﬁl@)mavd)e@bl@%qr%mtqﬁ@n§amp énd gry blerﬁi mxlwérlaS@x( a¥AiiRtien source.
The pow%% ok ng %}!&ﬁa #‘2‘9‘%‘%&2%‘% Qxﬁb{ehe OfRdat ?tedc%s not cause

ur ura 'ty o
optical ddmhgﬂ:mcths senmle beclnm famexaﬂplfepiﬂaermhétdemtmmng offthatissue sample. The

wavelen: ({fH;EleJ | g% Bt | C E‘gs\é@pi/ ﬁ%ﬁﬁﬁ%&t@tmﬂ-@o%r&p P&I’ 1ast s%fec%%yto be in a range

where the light scattering of the excitation light and/or the excited SHG signal is relatively weak.

[0069] The SHG light emitted from the sample is then collected by a first optical condenser
element 105. The numerical aperture (NA) of the condenser is important for collection

efficiency, a NA of between approximately 0.5 to 0.8 is a good compromise between collection
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optical turning mrrors and/or optical filters (which
may be either band-pass or band-rejection 30 filters)
for directing different optical wavel engths to a
WO P88/0622718| ar one of the plurality of optical PCT/SG2007/000194

detectors. The apparatus 100 may al so conprise a
switching device to switch 1Bet ween the WO 2008/ 002278
PCT/ S&007/ 000194 -14 detector and the eyepi ece,

and/or to switch between different types of detector.

efﬁmeng)y aﬁ@ﬁﬂh@ﬂg RpiNin Eysug%ﬁgm!gn (t)ﬁeinﬂﬂ’éré@ﬁl cdﬁeﬁk%fs’ Wth possess a
3D i'hmages may be constructed. 3] Figure

higher Hépiﬂ@x slsabe axedydioaverit thyse Gbas Qb@nﬂrmeu slewmenisthavpe hmlted focal
i G 00 has
dept wBith o) o EL VAR BBy sy SRt 1%%%%%%% Faser

[ 0070 ]i/lc 2 Pg’ln& at %inen\]?srcw;e engﬁ]?.%f ti:nea \e/}%% %§§ ufr<r3 at i8 811%C%Efds %rnthe condenser

105 is mmw&hbﬁ@ﬂ ldast @d‘@dﬁ:ﬂl filkdceth7Ti TheSﬁDﬂ{E)rmﬂ @8ebe shori-pass optical

Siter(s) o Aok 4 RO TR WSBE ) BrioG KGR BOANGHre Rofgion of the mage

area. T*h@%ﬁi’ag@@&nﬁ@@tlcﬁ‘l {s RPN bYRY LR ta; usﬁﬁen@@fvhﬁce Bondenser 105
out 710°to 990 rim An acousto- optlc nodul at or

and/or ﬂemhlm 108 in/dspacecs.0onnZodimengiond rakséive protive pptical path 111 of the
spsr 0N HRSBRTR B LGS PSR Y Yo s o

the samplat K3t h@hs dimphengdD 509))gr6‘at152 u&pprﬂ@;eﬁ bptieh bad@@oundhanghnoise in the

soaray A L S350 XI55 5y ISR S 88 0, 1 SORERE, o

sample B0, ThEFE%Ecmss@ﬁi isQEér?ﬁltérE’d b¢h Ib@ﬁﬁa@m&qmé YoldYe hBSHG signal
obj ective |l ens 209 and detected in two channel s at

from othgirfopded ivevrtepethe rige Hbe SYIG) sigadltis dstepted byraisenpitive optical detector

117. T‘l@%eﬁ%ﬁ%‘%&&h@ éltzaﬁcbﬂlae s Pphid %l@%@f g%%o@%@ra%d may be a

meshlesam’M’E,lﬁowmry:r hﬂangn ether t@pes mfmmamu datecddr b exﬂsot!yqoasedoﬁs will be

spprociof g sk B08iaisop It eRERl B e yB R REIoECHRN delsoiors which
may corf )oxﬁﬁﬁﬁ@(ﬂﬁ ﬁete%kscﬁdﬁﬁyc{gp NiREdciRs QhChHiD) Jp&EAL detector arrays,
etectors and/or CCD detectors with gain, optical
photodicgies @108 magy 0f§e8s. phot odi odes, anmong many others. . |
0075 ] The m croscope system 200 includes an
[ 0071 ] adjousanapntents theslighioen ghhwndetdotorf Figne sstomshepticst comipnser 119 is
n
mcorporliti!g? 1;‘E'§ISI %ﬁﬁﬁf}{)%% ljllg’l é)g fﬁ%goiﬁ?fntgg\gg%g ot Iliu(]y Tiél? ibﬁgal SHG signal from
the sampio a3 nﬁgmpﬁpﬁaltyalbe SEfhep It@ﬁ@ﬁﬁ:trotd&&ar el $e% fopemind H23 inserted

in the oplf Sﬂﬁﬂ%i 07%%3%?‘41??11%@@% oF B 46 e fbtang Priges 15 may also

optionalBDe vbELINAKE b kd 8160 18kdkleqhe HlpatAR heTRbmPAS Ce
referred to as forward-SHG which with respect to

Fi t
721 00y oy s G v o

detector e ctqtm:dgg gphceQ mgna}s(frquﬂmﬂawlee%ggd Magrhavatantehanece o enable
o ourfPYE AR b 481214 S s L ER iy v
comprisd h@lﬁﬁhwabﬂ dS6iosd. gath BEYhd §lurality of detectors may be optimised for
detection of a particular optical wavelength. The apparatus may further comprise additional
optical turning mirrors and/or optical filters (which may be either band-pass ot band-rejection
filters) for directing different optical wavelengths to a particular one of the plurality of optical

detectors. The apparatus 100 may also comprise a switching device to switch between the
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directed to either a detector 217 (a PMI in the
present exanple) or an optical spectroneter 219 (in
the present exanples the spectroneter is a node
WO BP'%08T8 spect ronet er avail abl e from Acton m%§%§WEWWQW4
by a flop mrror 221. In frgnt of the detector 217, a
band-pass filter 223 is uséd to 30 renove any TPEF
signal and/or stray light fromthe SHG |ight from
striking detector 217. The band-pass filter nay have
detectorfadd BRSIYepietd) hnBAR AVsEHith bEwebe diRRER t9heslof RtcdtbrN By mapping
and typically WO 2008/ 002278 PCT/ S&G007/ 000194 - 15
point bymmil@ ek et Hyanshs R Heagss mawibgtornguciede
cited SHG Iight (which in turn wll be dependent
[ 0073 ]o rﬁ‘xgnée Daeniok ar kxaeple mcrescope 200 wlusivglef theplicallexpitation source.

T B R —

microschjpe avaiiablp rﬁ@pﬁ@aﬂimg;sdi{rceﬂmagmg, Ine(, rEfoevwend USARS The excitation

s B2 B et BL 5, B OSa ST Sy it

‘pulse Wi@lﬁl oe1 6% st Rpceiidiate off 80@@[@0@.@6 Risar b1 Yas 31‘@11:16)@' out wavelength

nother_simlarly |ocated detector) using a suitable
of betwagg RSP TL0dR 99 i rMﬁ@l@wmtmmlawr 20 isesed t control the

laser pogrgr re% ggl\ﬁ/?%%%lp% EW%ASE&%‘&%&%& £l ké’é&%{% élagent 207, the

laser beewacis ﬂoeus&étcmtds dlok; szalmde 28§ Hyefodessigt eldmsnin20q, anlﬁdmsﬂl yhe present

i, .[.0078 ] In th t les, the Iight i
exampleég%%%pécge‘i?ﬁ%mf%%s 8ﬁet &d’?@é’nsl Ie?ag'fp ?ﬁe sp:ct :r gmet Ie?

219 tic fibre shqwn)
10074 ] bxje'Pﬁléfv HFSBLF 616_\9 %faf%g@]ﬁ#%& e Hgtedan f%f}?@E@% EFATITY by the
objectivé %ﬁ@rm%a)ﬁe%cﬁejﬂ%m'cﬁﬁﬂﬂeﬁscﬁ' d1ﬁe&ﬁ@%§@lé%%@s(b§?gét\ecjf&s 211 and
e

avai l able from Princeton |[|nstrunents)
212. Dejeqtenst2dd sind 1242 ip the preprpt migrosenpd armeacheMlsdwrwensr, the detectors

may 211d ggg%rﬁmﬁrﬁ%?gé gnéjf) f‘,&é{g‘t&lﬁgmcfnte@ &ﬁ% at*?ée% n‘gggéﬁtd%{'éctors such as

will be apprieiatedByy the skilliediadditisng fdrhaamplkechhige rotyied Bdfice (G detectors

cat hode. sensiti > 100 honobgenous .
which g RIREIsS SR L AR AIoh o A ST 8 ook pical detector
arrays, phttiotRIaEE atrioB. gnag ofletectors may be used as woul d be
appreci at ed e skilled addressee. [ 0079 ]

[0075 7! Mpe %@fmeﬂpe%ﬁéﬁtm%&m@% %ﬁ%&i}dsbébie)inﬁ (1R 86ovm) iR %ront of each of
mai n obstacle in SHGinmaging is its detection

the deteefarss?2th gnd Y12, Teowevsk olne tohibe in@ingiergiticlvieetioning foapablity of the
nonlmeaiNS t%a@ﬁ?h?ocg %%Qﬁgesggefuﬁ?l ftd' on effi (L:Jlnleln?é gE|dG

press groun 5i gnal .

[0076 ] gf? Per i S{‘é con i heg%%aéﬁg ﬁi%%%éﬁyéﬂ?ﬂﬁ%cf%@? same direction as

the exmta’@@{ tite@iop &) the tpded soecet (h’ﬁ‘eﬁ%@ td & foPRaldSH G, which w1th respect to
ufficjent tqo collect all the SHG|ight, SHG

Figure 1 5,ip e Resyteas ATEGH08 867 anh e FRegpfiospiisg20D. T e 84 tigat i

bollectedﬂﬁ%cﬁﬁéﬂs‘éﬂi!f?&fdf ﬁrﬁé'a%fgd’exf:&ﬁ li gﬁ?‘eﬁ'ﬁﬁé \gax}e'l%xgpl dfR éﬁﬁntahén laser is

y scattered and ffused Into a w ang
filtered c,@st:gyj ajshotspekonaliar 215. As previously described, the forward~SHG signal may be

directed to either a detector 217 (a PMT in the present example) or an optical spectrometer 219

(in the present examples the specirometer is a2 model SP2300i spectrometer available from Acton

- Research) by a flop mirror 221. In front of the detector 217, a band-pass filter 223 is used to

remove any TPEF signal and/or stray light from the SHG light from striking detector 217. The

band-pass filter may have a iransmission bandwidth in the range of 1 to 30 nm, and typically
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25 direction (towards the excitation source). To

i nprove the collection efficiency, especially for

ti ssue slice sanples thicker than 50m an optica

wO gosigenser having a NA [arger than that of tM&/SG2007/000194

excitation objective was used to collect as many

phot ons as possi bl e. Condedders with NA=0.55 and
NA=0. 8 were used for 20X magnification (NA=0.5) and
40X magni fication (NA=0.75) m croscope objectives

e T 7] . .
o 5L ol SHAREARE A0 TBLPSIOEATRAL b o i b
dependexdt ors ithypn béndadibl yf ith epcigbion Hight gls| wil 'be rap@fefcimide bgythe skilled

any further. This is because that the scattering of
amkmm%ﬂG light made it appear that the SHG signal was

o077 0 R O SR B2 e B SR RRAAS0 gt ctin
(referred $6 RY bALMAGE k| dBreslidHodlatRNha BRENELS souﬂ:&'leAsHﬁH% described
NA limted the focal depth and, as a result

below, the| haskSHSH ma thecdeberisd by pithen it dsiestors AHL Owai%mganother similarly
located giggetgﬁc]ﬁ}fg sh % 4 ALHe I\'@n‘fﬁ%@@ﬂ S(ﬁ‘; %{ng?r’s r%t%ii Cﬁ:icfa! GiRR éé Qvould be

t he 1 ncubati on was use
apprecidted by ihet skilfedtaddrassep éWhEtrcl the, saimpile priotvides riebttOfRward-SHG and back-

T e

bi t
[0078 1§ oRbe pisreg &F?%le? %ag‘ F T K R R p——
219 by &4 lopficd! i€ OREAL SRt BLEAE nhﬂ%@ BeinB| cﬂ@eﬁsﬁcﬂ ngthplﬂf)g/mm grating, a

optical filters (not shown anal o

spectrurp jis reccp{@;l byor thermeglegireally) cqmemc%t GSI:’%C- 14 @ﬁ@}iﬁb&ﬁ@m Princeton
Instrumé L%% PGP éﬁ{é%ﬁls 91 bhe a?ﬁ'ﬂl(éﬂﬂs&pﬂll th?fpr%&ﬂ l_%écﬁﬂ%arbxample of

are used to ensure minimal Toss o
the systemg‘hﬂl are HensmppsieB63 ¥ hevhich sax kgsidessdpuldi-dlkal dompact model. By

h t I
cvminai B A e o PRl 08P eoPORB0B Pod B gl Jmorencns
respons@ bAEEhet dan R HRBRVed, AlthMFhCRRE MR le 6 RFBNHetddidrsWaSy be used as
closed to an aperture size slightly l'arger than that

Wouldbeﬁpmrﬁeaeébﬁﬂ&r%ﬂ@fadsiﬁ:é@anm e 205. The iris allowed
signal to entirely pass through while bl ocking
[0079]nd§xpr@femenbomcgp@a¢mmitght In addition, a black
enclosure was used to cover the whole mcroscope and
[ 0080 15 clhenivaip bbstadie i FHG amagimguiseits Hetegtiprh sesigijiviindTo improve the

sens1t1v1§PHéh%%L v&fér@&?{;l}e 0110 ﬁ \é%stg? c\l(}\g%dtirohse %cé%{%%lnggéé ttﬁg background
optical sifak rUﬁlﬁl&: SHIGRIgRalvdont mambethe ttasienshuie this fa&ilssidi@al:teﬂnsis confined

anda coﬁgc%@n;nuggsgpg glg{e%%%k%@é ,%lpfa gﬁblg}g e}(@l%@ljom St Eg]elgéﬂect all the
SHG lighe! Sﬁ@ rél@iéfs £oheGbR P tiiRed RAHOL Hfggl Sfical Ra8EAR coelficient, for

such 20 phot ot OXI city and photobl eachi ng, are

examplenkiri tgasm, ds |hng1:$H@catmme@ed diﬂﬁ@ad iglene Nad@dmlgic |eyserin backward
dIISCtIOI_JL ho@d’giléis?% gyt(c:lt% 1015 hglggénpi"c? uﬁﬁl%vg %ﬂ]ea%ﬁe%tlsﬁ ?ffﬁ:‘? nlcege%Bemally for

ssue

tissue slic@ shnplas thioel i Hual)as obﬂcaméﬂhdeﬁﬁertﬂavﬁag@Qﬂ\ﬁtl&&@bﬂlga@fhat of the
ti ssue collagen. Therefore, the

excitation objective was used to collect as many photons as possible. Condensers with NA=0.55
and NA=0.8 were used for 20X magnification (NA=0.5) and 40X magnification (NA=0.75)

microscope objectives respectively. The condenser NA may be increased further, however, it is

—-qud

observed that this does not significantly increase the collection efficiency any further. This is

because that the scattering of SHG light made it appear that the SHG signal was generated from
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power of the excitation Iight fromthe excitation
source that is incident on the sanple is selected

such that it does not cause optical danage to the

WO yusize7ssuch as, for exanple, thermal denat RGTHY=20E//§P194

the tissue sanple. To avoid any unfavourabl e thernal
effects fromthe |aser excilfation source, the

maxi mum il lum nation tinme of each pixel for the
resultant inmage was |limted in the present exanples

a muchtRor dBused ¥§’éﬁ,§fi‘rhngclé’ Taflm lgé' Qeﬁﬁ&@r@;fn%fﬂlﬁmﬁqué}ﬂfgmﬂﬁQM analysis — the

averaged by ter to ove the 1 mage
large Nfuditriitegt theT dooab derith anfieased fesulti henmilscivh afficieseyanFurthermore, the

. th ranshl ssiqn. si gnal .swi,tched to,th . .
working et 15, b8 20 5Bl e B REb eFpb B Toe incubation
chambeanahichiGr8 peed t@nﬁiﬁaiﬁ@h& &ﬁ@fe%ﬁ‘ce,ahmdidf(t? ahé1m0, concentration of the

XGgitation powers. T intensity (pea rea) 1S.. .
sample g FEy FICEE Fistpes FSt mf}#eﬁk&%%ﬂtt 15t b isgnto use an o

or watePindhik®n 8843 BQRrhP tid (B EindBing [R6cdsfiset 230 of
Fi gure 3A shows the  dependence of the SHG intensity

081 EDARBYS Ll 4100 ) 3R R g8t st b

analogoye ty Gier?9) 107 anfFigwreobit witn epliday trandmisgon atcthe ovaatlesgthof the SHG

) a | L.area of, .the sanpl.e viewed,at .

signal of R B, forR sy sh DB PocPaf L RURisgREpiepl, o suppress the
backgr@rhl&,pai‘l ﬁ_@%di@f)hﬁﬁ@@/iﬁ{lhﬁdtmbeﬁﬁ,i ?IMZ aﬁﬁlﬁgﬁﬁﬂ }an{tﬁsl()ﬁ dEFigure 1) in the
conjugais e tian 18 SIAPIAGAP BAC TG TEIREStta i QBRI moH BIR &S closed fo an

apeméﬁg@hfghag)ﬁmfgef-ltﬂaﬁ%ar&%mcaﬁw%ﬁﬁé satiPE 05N OF LBk allowed the

one-directional scan, s the sanple can sustain even

signal thprfhrely pascthomeh voledrsckinpmesitaf sld Jackgronad BEE. dwaddition, a black
Lnci dent, power I greater. 08 Exci tati

enclomui7 b 88t B POts® pAalt hitisneorn e ool Bl 6y rduce che

backgrousd aptieah sizhsiorpé hevid plhicogie Tom blekinlGhs BHdasigeAnthe kendenser was
enhanced by resonance, erein the wavel ength of the .

ref"““@ﬂﬁ%"g it’d‘FFaP%‘?ratFeiP §a‘?ﬂﬁleow§m%%g‘?5ﬂ@t GRS a‘atg‘g g‘f‘bf"’laﬁ_ﬁt ¢ comjugate

plane inBROEhQind f8teganpPl €. Depending on the specific
properties of the nolecule in the sanple, resonance

[ 0082 ¢ Ak RLS &an enhancenent of an order of nagnitude
or nore. Wth the aim to inprove the detection

seqnsi.t i Vi f.0r .
L0083 1526 bl R, SIS TSRS, PR o0 TRBIERIDEH mocton such
phototoxieite bed ghbtobleatlieg, | as excgligitiecie) SHGI nHewevre, hees exenerated by laser

. . power. of the, Ti:sapphire |agser 201 used in th . ..

illuminaPR O e Pl 63 8E I8 TP RaVEICE RS fissteno SHGyimaging is a

sensitive @3hiigse whidhUi QBlel 10 AiBikifor $hik QlehMtriSX 6f Hafuk @BIARWE THRRefore, the
sanpl e. was the sane for each wavel ength. The )

power o {hej axgitation lighhEiomyhe eyeiiation seiugs thit i ipeident opdhepample is selected

i at r ) .
e e S g o Bl Byt v
of the tigshie sd4neplSHED sivgidainy dofsomsble tedranab effeitgmorh italasdrexeitation source,
exci tation.wavel engths.. F hin tissue slices of.t
the maxih sk AR G i Clon 1 RiRE MreR atcnfi dndfe present
example?!‘t@hﬂ't.mﬁnqiyf)%aﬂﬂrfoﬁp a8 Mwdrd schitRl dnldiSSRigedBYEN ftnan filter to
i g

improve the image quality. To verify the effectiveness of the scan mode, the transmission signal

was switched to the spectrometer 219 by switching the flop mirror 221, and SHG spectra are
recorded at different excitation powers. The intensity (peak area) is obtained by fitting the SHG
peak 231 to a Gaussian profile, as shown in Figure 3A. The inset 230 of Figure 3A shows the

dependence of the SHG intensity on power incident on the sample 205 from the laser excitation



1

15

20

25

30

20 scattering limts the penetration depth and
deteriorates spatial resolution. The wavel ength of
the excitation light fromthe excitation source is

WO 04/¢%82%8d to be in a range where the |ight SEHYEPIHEI4
of the excitation |ight anﬂéor the excited SHG signa
is relatively weak. Excitation |light having a
wavel ength in the range of about 880 - 900 nmis used
for imaging of liver tissue in the present exanple

source R1NER s obw@ted QUG- dikdtiodd Scanl @t HRAtA&! bitBe bdnple viewed at 5X
relativel y weak at these wavel engths. The 25 choice

magnifiggtioph j Bheyipyaiobia g@lﬁhrpra;h@et)ﬁ the tgm@hp?ﬂés@frthe SHKE indeistin demonstrates
that tl:v:e?éC ISCIF(P El#gm%ﬂ' &gng&gour b %L hfﬂSt HEHGR% VBh9e SGInW R&'h:l(:h was the

aval aser er sul tab e wavel engt
averageepovvlaeon thersgmpletlﬁérfoﬂﬂﬁ pmseﬁtfﬁxamﬂe 5). t thader 886nal Dne-dﬁyctlonal scan,

wi.th.an a ro ase
the samfls o 36 ey Gudtshelo Rl oRPBI B afly yB 3 S SBjmcident power
or great&QUr ce, dye | aser source or other suitable source.
The laser may al so not necessarily be a tunable

[ 0084 ] IBRhtaGHWERIMh | nstead be a laser with a fixed
out put wavel ength 30 (having a finite em ssion

[ 0085 1P %Mu%ﬁ %@§H@pﬂﬁa%ﬁ{gaﬁr%ges§){s b tﬂl@ﬁ %b%dldrleﬂ'obéﬁs ttﬁ@ S8Id Yignal can

al So be used Tonce a suitable wavel engt

be 3Dhali@ldebymeﬁ@lilﬂwm@kﬁr@m\lb% waleleadth of t@—@@emgm@étfﬁlbrﬂﬂtma two-photon

absorpiiyf BaSRIE i ORBUASTL o NS AR SoLERY Bl geOor the molecule in the

sample, @satirict cadpriodiceedngmhhhdtimeint GM?orﬂerﬁﬂrﬁa@&ﬁdd @tmore. With the aim

S a quantificat]j m for the i ..
to impréye; e E'Fﬁqs\t?%wnaliﬂw Jhath S a@? éf?EEtage FWO&P i187 Bjfezeat excitation
wavelen 1.8 byPRinfsodB vRavefen¥l (b Saskd Qfﬂréé)ar&ﬂ&l ﬂh@gs%@r pbwer of the

i ver t| ssue and the present discussion wl

Ti: Sappkp@rlﬁseé aPhipseyl i dbeprepnt pﬁﬁrgsmam@ Wmmv@fmgﬂn, the AOM 203 was

tuned t Eeo%@%é"‘ E&a{n&gg@gﬂf onda gir%ohﬁhﬂh% éaﬁaelail%P 'eb&%%@eléx{éth The

er exanple nt of collagen
GXCItatIdnJ pewertwasuified withia pewerneate (kietied Goibt @b@ezs memrlmgdel no. 13

PEMOOD) A5 500 it TR SIS, Chd Aiesi Rirak a3 oh 0SSP GRgnel does no
change dikMBE :y'\ﬁﬁl ERSRGEH WaSti¥n OétféPeF& fhitgfﬂsﬁ@ sﬁée% JPRRALIG¥LOf 10 pm,

I mages or ease of repro ti on obvi ous
differenigivvcbangihs @rcpdmcg ginjnhag Shlhadsusen fmrh:gllagﬂnna [fivgmtissue. However, light

scattenn%'_%hpsgégp%zléa (% §Ef' tcgr%teﬁ fs%a {33% Hﬁ il?n\gavelength of the

excitatiohrlipht {rHm ﬁb‘l@){d:lmﬁ%omﬁa andeldctdd tode 16 AatRed Whdre did I@ght scattering
of the_ imges enable a nore accurate, description

of the cxdiop gt BLUPOC SRR Enal el U tineHados ght baving a
wavelen§fhiik 'tﬁéaxla %@of%ﬁf 84ANG0h R HMRLET for 'nﬁggal_{]%éb ﬂVérSt{psﬁ%:riﬁ the present

0 evaluate the effectiveness of tr nts.
example]suLcc itewest foand ihatigierdight e@limmgjgsslahmm evcalat tbasck\wlﬁngths The

choice OF gn Yva\rf]%en%%l?an%% ?16 e?}%egslgg (?1% 1{551{)}61 sgzw?%ﬁl%%}yol%m%e tuning
range ofﬂiremﬂ@wle Jasslegmmt abihensuitabls \fravre&hgmp piﬂne@doﬁg@r tHag 900 or shorter

I t t 1 f t he
than 8808%@%'6%2 alﬁa IL%%%}Shsgq? ﬁfjﬁ:‘p%{ gﬁogr?ate ?E?Sgp sourrgemsuch as a solid state laser

source, a diode laser source, dye laser source or other suitable source. The laser may also not

necessarily be a tunable laser source and instead be a laser with a fixed output wavelength
{(having a finite emission bandwidth as appreciated by those skilled in the art) may also be used
once a suitable wavelength is determined which gives efficient SHG generation in the same

considering the above factors.



10

15

20

in inmplementation, threshold segnentati on was adopt ed
as woul d be appreciated and understood by the
skill ed addressee in nedical imging analysis. The

WO 0800228t hod [see N Otsu, A threshold sel SH%rr007/000194
met hod from grey | evel hlstograns | EEE Trans.
System Man and Cybernetlfé 9, 62- 20 66, 1979] was
used to optim ze the threshold for each i mage as
descri bed below. [ 0090 ] For each threshold t, an

[ooss]bnegﬁlﬂr&at&mﬂgoﬂtﬂﬁp two groups (object and
ackground) and the weighted sum of intragroup

h
[ 0087 T’aﬁ"hxérbl%ﬁtzon ﬁ}eseﬂr.? a gﬁ%lt%ﬁ@étﬁﬁ Ql? %uﬁ?ﬁﬂ ‘Péﬁ‘t thk &q%&?%z%f fibrillar

elemenigti} a (b]_c)logwal |sa11|s|p25a1[1 expgdie pf whinhgs @bn(l@r)coﬂagenp@lyver tigpRe and the

present ﬁjszntlsglo gﬁ}l Z;%.rticugaély)drescglbre%gg;(m bl l | te}({elﬁft wtlllfﬁ F%Qrecxated that the

techmthﬁ[ﬁhdamegzﬁemesmiésevel s in the imge. a 12(t) is
the variance of the pixels in the first cluster (<

[ 0088 Tt , TMhemeuittofl CollaBen hadivar askne)is aaﬁﬂec:ﬁ%?eaéﬁrbmb@t sihehe severity of
vari ance of the pixels in the secaond cluster

fibrosist Hjighren 4sangutl éfe) imaggg phgving she; SHE apfigiledemeb f—rogq 3 normal and a
fibrotic ﬁ’i@&séllgé ?e tt?étxg@l?/ Q@ngﬁ%ep %%%Egatﬁg; g%OQF éa@.? Q)% %br%duiltgon). The

, al ue~produci ng the _
0bv10u5tdqﬁ"emme| mwlollagﬂndshmem thie nomabane fibrogictliverstabidated thetelifectiveness

of SHC?hgl%/es%%% ltﬁg %&%1 ? Ve Fg%%fat%n?%ﬁ%%%f ﬁl%%f?lgeggl% Qnenaé/es quantltatlve

characterizific@nefethe $Smhfte eppble Mhotehicesae! discrifti@nalf gy piloBrestias of fibrosis |
mented for the present. system using Matlab

1o be ff?ﬂ%gf | mﬁl rif Critigghfg ABlersiend iher Hadopkite sPkaisny ged to- evaluate the
- effectivilbd (g@eam%n%qe s the threshol d segmentation nethod

processes each pixel independently, grainy noise wll

[ 0089 ]afﬁlﬁé: Bthe%ﬁﬂ%ﬁ%%@éﬂn@%gggﬁn&%ﬁ%ﬁc@&*ﬂdﬁﬁ lS@f(?fﬁz&eﬁ( E:.Ie unavo1dab1e

noi se an sepa portion featuresn
and the lhac@rglmdrﬂag@sn@e nmeryefred dxperihentste gaperiratito rﬂ,‘heeefosb eargmentatlon

was frsEqRp o DR e b B 30y Horoe R i o5 simpticiey

in implefitn@Kkiba) thetkhdlitcedriB@sichndaseadd pRIRE kdld Bm;@ra@ta@edsmrﬂhdersmod
in Figures .10 HA_and5B respectlvel y. From

by the skil} esges %ghcqi:lngag@ggga vitg, d he St mgqhgg [S@FN Otsu, 4 threshold

selectzor?me}hﬁg%ni e 9@6?” fyg‘?ﬂm ELR%3ais. &ﬂ%aﬂ%@ B@:’hetlcs. 9, 62-
used ythe coll'agen is total SHGlnte ty.

66, 1979]fwas m@ed tg @p‘mamzecthe tlgedholiefopvash imhge sshdsbeibedbglow. t he
background | evel and noise significantly affects the

[ 0090 r duletényrashalldysias. indhge iusdit autb tivhezragdsebijectoaus background) and
effect of the background noise, the segnented is

the weightpdgami of intsaggous vasiangesk o0, is crlsulatcd s folkwv. bEedepmoand is defined

by: in the original image. This is inplenented

o, O =a ()0’ O+ 600, O W

=1

[0091] where q,(f) = Z p{i).q,(O)= Z p(i), p(i)is the probability of the histogram at grey

=0 i=f

scale , and N is total number of grey scale levels in the image. o,>(¢) is the variance of the

pixels in the first cluster (< ¢, where ¢ is the background), and 0'22(1’) is the variance of the

pixels in the second cluster (= ¢, which is object). Then 0'“,2 is computed for all possible values
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by multiplying the original inmage (i.e. Figure 5A)
with the mask inmage (i.e. the segnented inmged of
Figure 5B) pixel by pixel. Only the intensity of the
WO y9$PE3Bn signal for each pixel is counted.? Y0194
area and total intensity are then normalized to the ‘
whol e area of the image t o %make the guantities
conparable for different experinents. Figure 5Cis
the result of the 20 background-screened i mage using
' resulting_ reducti [ k un
of ¢, arki 3« PEhII oI NE SRR o ] rpholf 7 HaBARE attr the

i gure

all the Be¥ 8bal818XIsSEFhE idp3Chre @ﬁaﬁed,i (Fl%: %g@% ttﬂat%inhﬁﬁgssrfe fotal weighted

. col lagen signal for each piXxe ong |1 nes
ntragropg vagipreepiscibe vapitimal ithreshadé 2 Eiedalgsdthim b emmeingibymerited for the

e S50 i 000 CETRBE LA NP IRl FL O ik, s
the threstefid eehmehtation mdfod pd6@des edth Gixct ifilcpbraenily, heainy 8aise will affect

rceptage (normalized afea) and average jintensit .
Segmen{gﬁ% Pir%sa‘gq the dide Ws{ nQIST FGIOH feBArdrRpRTong Rf features in the
binary ibiaBEOEdrerdidd/BY $he ddarlefitaliBh] &B8ok BA dﬁ%ﬂj%&&foﬁg Gere applied to
. in average intensity is nmore pronounced. I'S can be
mprovedhp pegursy obguatidicatidn: osi s process, during which nore

col l agen fibres are generated. Sone of coll agen
[ 0092 It j &y exexampleliaspeigiadl SHEG imagspad asegented fmigease shown in Figures

. er, m.thic und| e as .denonst rat ed .
s and R R R A Ao b Sesnete L i Rl SEREN Rl Riseyy Soingen s
calculat¢edaicr eases at pixel level, as well as the total nunber :
of bright pixels (the area) Besides the thickness of
[ 0093 Tbukiliies, pardtBetao bl &N qubdhify | He Cd@)'ﬂ§g7§lt @ntdtal YHOWntensity. If the
f hi cker, resultlnIg In WD 2008/ 002278 L
Summatiop s E@%@WG@M@& ¢ image; the hagumerngHevslmnd meise\signjBepntly affects
the _resuﬂn% REMYsit. "5 BAS Dut he AeRBeriohd @ﬁ@&: R T b R ———
) _total intensity represents the fibrosis progression
image issedasd wesk ip scieam otrthe batkgrowsud da theEXahBL ESge] TBRS} implemented

vy mun B0 G % bk S0 B HE el R B semente

imaged &1 EigarasB)opixellbyvikell idlp sheinkdhdise bf @8 cblIARA GidnaMur @ach pixel is
dsgg Wstar rats, with initial bodé wei ght of 90 to .

counted. d° [pial REFGATA e b RIRRIoh a5 tRen nofERlE todhy wholgiseww ofifle image to

make théehRhtilidd & :%ﬁCéCl rfglu bk Gt PRfitheRE NEFisliPe S@E@ﬁ{él er&ult of the

tetrachloride (¢ was injected intraperitonea
backgroyntowreenet] imggsdising thisnnatherbembibe resulting3eductios imbavketound can be

s EOHSAA L rBTRAR B SRR el S Bt

signal fot @adhi siselpalong lihey YRIShRIR I3 @evpbaivalydiiel 252 ahd d54 LEFRiNre 5D) of
B -...,.tsi me pojnts, Wi&h an interval of 2 days after the .
igures SAsqng %3 EEPFEebRe e that dHowees Pés (5B b G mremegptive images for
ease Ofréﬁ&&@ioﬂyer ni ght and deeply anesthetized with
sodi um pent obarbi tal ( 40ng/ kg body w). After that,

(0094 e FUUBELE SACGRELRRE AbboAEREHICR mgpgp i
(normalizqqi ipveehsit® o€ caltegzen for normal and fibrotic livers. It is noticed that the difference
in average intensity is more pronounced. This can be explained by the fibrosis process, during
which more collagen fibres are generated. Some of collagen fibres are dispersed in tissue as tiny
fibres whereas others form thick bundles, as demonstrated by the SHG images. For thick
bundles, SHG intensity increases at pixel level, as well as the total number of bright pixels (the

area) Besides the thickness of bundles, the collagen fibrils consistently grow thicker, resulting in
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Use Comm ttee and wthin the guidelines for humane

care of laboratory aninmals. 15 [0098] Tissue slices

thi nner than 50 pin were sectioned by cryo-sectioning
WO 10ag8001g78a Lei ca CM 3050S cryostat devi ce aviiT/¥R0e7/000194

from at -20C. Slices thicker than 50m were secti oned

by vibratome (3000 plus—&Qailable form Ted Pel | a,

I nc Redding, CA USA), where the bath and nedium were

cooled to 4C by a Peltier device to nmaintain- the

: cture 009 EX v C?ga@f QR AMIPY itdeal intensi
mcreasecﬁééédﬂtegsqyrﬁlfvgﬁpﬂg at amﬁge% I‘&ll %rga.r e stog?c;ni ng Zg [ e
representd GbrbsisTrogRpRed Motdiclossbyntiat ihedotahates pat i al

resolution of SHG microscopy with traditional

hi stol ogi cal stains, tvExsp®ess (10min thickness)

were successively cryosectioned froma piece of
[0095] | BMEf and @PEFShiaGRe WASivel @isk@tirabieferhdisiadie fllbwingtmxemples.

net hod, and thé other one was nounted on a

g %@?@%ra’%ibhdq,i%rtﬁ&éﬂis BRe&idn ¢ preparation for SHG
[0096] an%{@PEF m croscopy. Figure 7 (positive inmage) shows

[ 0097 ] gp&léoéhg Wis%tlgh% ;&iﬁﬁﬁﬁ{ﬂl BSHPHcighBEEI®io 1006s, Sicae hewbed with free

I ce recor a 5M 25 pi xel  camer

access tof b choPubdl ivelbeerin B, 12: FRrhourdighi/dark| Séh?dt‘lgim Erhapy feigghloride (CCL)
.. The. | f i - REF [ Ei oo Tiver
s iedEpAGEL ) GV YR B B, TOEFE ot

damage. PGkt Bhup &Bas) s Oh rcpege iouleonilyrgdsthe same glgsage. Liver
of repraqduction). ar.| the Figures,7 a '
s VGV Y CRRLrEpior BOEN S Pl of 2 doys after

the - last Ciﬁ_tet:{i@f bundl.esh HAOWEY ethe AdiinblsCRkleagated bbereaight and deeply
bet ween hepatocytes are cl earlig di scer
e

ned in the SHG
anesthetiperhgeth( Fodjumep@ybabitdle 40meier bedt Sti> A% ﬁ%@eﬁw animals were
' Flgure 813) fai %d 69 RStitutiddil Rnlthal Care and
Samﬁce‘it%‘l? PBE eszpé" rﬁgﬂg@%?}?{ f'g% g’%iééga%ipﬁ&con rast V\Dl.
Use CongRifi8é SR8 RGTHSEIBRT fFAMDiade carg of belatony amimals
trichrone staining, the dye on collagen absorbs red
[0098 ]! THRhc s IHRkRS thiah SONRE ere Rkctignedity cayd-sdutiening (uspug a Leica CM
thin to absorb -enough red light to show bl ue col Ul tioned b
30508 ciyostdi dapeeavasiable frame ) af rHTEm Bligos fhifkeg fhan $ipmgysre sectioned by
. i ' tiny fibr t SE% | e vied HiRbath and
wbram%n@ﬂb&%gﬁaggﬁ%b&% OI?J% {%@?@ rﬂ% ?hcoug @%e@iél—@ Si gnal
medium SRRESRIR0 BYC biQ Heltich dbvibs esmbintanedksirudtivan t he s
signal generated by the thick fibres, it is still
pi P BYmbieson@sdni] SHRG dab&eh s @tichrpparaat $iius red staining
[0099]dé?§§1r§?1§gd gb%@e, thus formng clean contrast with
[ 00100 ﬂgﬁ‘ﬁ cgﬂn%ﬁ%rtﬁé’ ans%t{ve%@ i AN B Ton TITBHTR micras@py with traditional
tho 0 quantity collagen is Slrlus'redwstalnlng. )
histologital swaks twa sieei0nm dn thidldessFrGre suctesivelnayoseriee JEqm a piece
. stained with Siri. ed and .a bri -fi ted
of liver. (Qngdive gi@p sianef §g WB@H“FW"EF&% e"‘{g b %’Ss?iﬂ%ef ves s TR
on a mici:rﬁ?c%?e\, MBS wiRGR! PEE Vi grépakdiRmsfarSHGCkhd TPERNEICscopy. Figure 7
nment T oned above. "Simlar to the Masson's, trichr

hr one
(positivd imge) bw tp right Beld trasoisaion Hags Brin fiatRd shigefeotded by a SM-
. fibr AT LS neSlay of SHG (Fi
pise cap b e BRG]0 RN, BB B LB T iy ot g (e
8A) andbEREY (Egskel $B)anivt@capy i4 dowesio digererfC fthe sBfes irdigures 84, 8B

and 8C groenrfelgérltriget iPneagtesl PO¥ ease of reproduction). Comparing the Figures 7 and 8C, both

. methods produced similar results for thick collagen bundles. However, thin collagen fibres

between hepatocytes are clearly discerned in the SHG image (Figure 8A) while the trichrome
image (Figure 8B) fails to produce any contrast. This is attributed to the difference m contrast
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fi bers are collagen, fluorescence and SHG were
recorded to obtain simlar inmages to those of
Fi gures 8A and 8B. The co-localization of the two
WO 08P shows that the tiny fibres appear ed(TSG2307%(pa194
SHG i mages are col | agen. However, the fluorescence of
Sirius red overl aps the -&ltofl uorescence of I|iver,
making it difficult to use Sirius red stain for
col |l agen quantification. On the contrary,
a cl an backar ou 0
mechanifiyr g B FEPRE AR B0 ooy ﬂlf’%&s%édd"“??%ﬁﬂ&%ak% i appear

blue. IfRIHEE &8 BloORInUDI abgoxﬁéﬂnbugh‘rmdﬁigﬂt mngyhc&sbmelcbloag it disappears in the
col .agen quanti Besi des enS| tivit

transmis§ig’ JMEES- o @s%}a\ggﬂt&, Sy fibres generatg g%ép%%?al when excited with
femtosec%ﬁ@ OREs. asimsﬁ@gﬁe @ﬁi@b@nafrﬁ@efmémﬂﬁqhmoﬁbrbs xsestireaker than the

ue slice was wel|l preserved in the SHG m

signal g@enatt@i bhdhe thigs ﬁh@s,sﬁn@ istill priedisdrum Poshe sNe 3{6@9"5 Ypparatus
descnbe@_gSt 2l gs £ G e@t (ﬁéagl c%ggasg Qﬁthsdah‘lgﬁzgzg d.subject to

OCGSa at'i on ydr at| on,
and hem r
oo 5 MLy Sttt g sy 7o

a compariRof veitH SHG/ aalﬂdurﬁ 1D <100 W3] stiinahplith RiruDetd @bd enbright-field
Di.agnosi s and Moni tori ng of early sta

transmisfipproess (showo ipAfiguee § cepositiva H%agF)s?&?F%COB‘%/e%E‘%M% same CCD
UG, RPt | t 3l nfeffhicdWhadd on Bgdre 8B, th

camera éﬂep{lg&%elﬁO%QS‘&St estr}r%ﬁﬁ%rnH%) |t?r§ghia%£gsbgermnst rates better v ©

informati@nd| the vihy fibamsdvaspasti FortmpatelyyBirn rechemits Aperessens whgn excited

it s Bt TP B UBTBARRS DB R e o

fibers ar@%oﬂ&%heﬁh&‘é%n&d@id fHe esppbasicd és obthinedmiler anagesmty those of
SO used for diagnosis 30 of | |ver§f‘%ttg!b605| S

Figures Bpaggd S%r?aqeéoalﬁ@gl@ph%@fétge Ege, sigpals showys eilmysiébre% a@eared in

the SH(I_‘T %ﬁ?a[ Wi 41 0&'&113%@:9”‘ Ho%veﬂ‘ nﬁ@“ﬂh&'@ﬂ:‘eﬁ!& et digds red overlaps the
U T g st ai he’sanpl e. Because no st ai ni

autoﬂuor@caneq of tieer, aniingCx ﬂﬁﬁwmwgmesmrw@gfme@l@gm quangification.

ion i bylnfrared exci tation,
Onth“%‘@# p§?4u8%55a%53e grggllqn the present exanple. [

[ 00102 } oi"gg%%} o t T g acfslhszg’ mE C}B %,(%Hl(%pot? ngg%ﬁsﬁg@%sing cell

I ces reco

morpholbé‘} Qs%veﬁ b H&Ialgéﬁf quﬁtﬁ bB&lﬂbs&&ﬂim\‘atyl ahﬂlrbgohmognprfesarmﬁon of cell
6 slices were scanned for

momholempeﬁ@mtéeroﬁd‘tan@geﬁ SHG. 3Th?ré§%¥§ fiﬁgp gESugplice was well
preserved in° {:ﬁ‘c ?ﬂ?drgi‘ Q‘F@C Rinek | @6re IJ&@ ﬁdﬂrsglﬁpﬂe”ﬁ@ﬁ&aﬁ@d Qequired. In
ruc T

cons scan controlled by conputer,
1nstologm1emnm,go tﬂcﬁxlﬁheéamrﬁ sub_]fpaigti) By foeeesttsg.es Budiationy debydration,

rinsing, zggﬁcg{e b(? m %ﬁ? a Ilgglélﬂ }é Fp%oﬂqgé c%gl%gr?d%ﬁg ﬁ%ﬁ%giﬁl Sl}sﬂ%%fhstlﬂ&eased, as

~ shown id FRRséset bl |y shifted one image size by a

notorized stage. An 8x8 image matrix was stitched to

[ 00103 § OEFh@pled UPclctBEE Difiofis adé Ybitioting Bf edrlyatage divenfigosis
wer e processed by al gorithm nenti oned above.

[00104] As seen in the results of Example 1, through optimizing the optical configuration and
detection system, SHG imaging demonstrates better sensitivity and spatial resolution than
histological stains. In this example, SHG imaging was used to monitor Hver fibrosis progression,
however it will be appreciated that the examples described herein may also be used for diagnosis
of liver fibrosis in a liver sample and/of detection of fibrosis per se in a liver without requiring

known imaging methods requiring staining of the sample. Because no staining is required and



10

15

20

25

30

[ 00106 ] Figure 10 shows the average intensity of
collagen fromlivers harvested at different tines.
The control group does not show significant change in
WO 908/903278n as expected. However, the fibr otiﬂ?%ﬁﬁm‘m”“
shows dramatic increase fromday 10. The average
col l agen intensity of coRfrol group is 55. For the
fibrotic group, the average intensity increases to
136 and 231 at day is 10 and day 28 respectively. In
spite of the ct &h ' rk resent
deep pengfBetigih 260y e L AR RS SPLEPELS M BE sl e v
examplef romthe results shown in Figure 10 that the SHG
signal analysis technique is capable of detecting
[ 00105 ]fj hen € ohibaoesm GRRg exbiekion soutay whe foctinédstor ths mhiddle of the slices to

enonstrates that the SHG syst i S, sensi.tive enough
record the gntaRS BERENIG [hoah AInSREHE SBaRIcTdalzy & Slpesgirgs oqmied for each
i | RO DGinPoed B3 68 SM8%) Ster€ ganaditionbahalice. Th
sample. Ei?ééler HF%%Je fhf 8[%, 4] %n?ageg Biasks t 68 BuA") o ice. The

00 108 | Besides better resolution A6mm?
large imamd wemsidnsvidisd bartde sean aenivodied thyeCPRRIEER (WIS il G-+ 6mm

. t iS to i ‘t he. '
e GERE R ol G PRI SR i, Upon o

completibiiof l@g&ﬁ g%&lltihﬁgflethe aamplenwis wenslaionally shiftpd enovamage size by a
~imaged. The sanple was put.into.a glass bott LS
motorized SBEF v FEREIAET %mﬁ%ﬂ?ﬁ#@e@’ adafif Fpsdfpat UalJgtion. he

images v%g’%%rog&%?cfggglgoﬁ{hhpmeﬁ%eﬂ heRepl aced on the top to

ent mfloating. Interestingly and

n G RRS AR ol ichanioay givestcdaridifferent
wN%feﬁ@??i&gghﬁ?e 0 vé%rg\é/éd ast§sh0\(/)m In Figures 11A and :
times. ThiBontrelsgreup dvesl not Shew atghifisaningigosy n cpql]@gqrbasle_gc@ected. However,

positive | e) .shows th P 0 d&nsity of
B L A
control 851 For thEbrdREEoap dhShGragerietegetycinateasts to bih and 231 at day

epat ocyt es. and col | agen respecti vel 00109 F
10 and de 35 Seepetioeist e Spit olife ot gl PSR 3G R ] pepveen day
3 and daggguﬁsld%és&&bms 'aié;séég Bom3fe YRAKEoWAAN Figarel10rdaarit SHG signal

I'n the dom nance of the forward SHG for } t
analysis ttihniciei isempalflorof déieatiog $he celagennehager delpee daydl; n This result

smons S GEEH  Se HES B p coe

100107 2Exppples Jiigen c}%ﬁg&rq%g%%u%f%%s?{bgga Pl saml e,

| i ght, scattering coefficient.of |iwver
L00108 ]Nagé*lé?ﬁg RHFTsToPGIgRn (aﬁﬁogﬁf’s‘éb‘%’c n?rio}!heévag%l %egﬁres%]ﬁesymm .
CAbLRLEAS (ROpdTckaii@Ddepd. TdieerfyrartmA il SH@Sgstem can be used to
appammgxci tlgtgribon vvaveleen th Y -900 mm) is small. | OOlieovJa )
image thiél Bvérhiased, or & Qymolivaesiice remplspuny impged- (10 sgges Was put mio a

whol e .| i ver organs ousi ' i £ Bo2a 22 2 wover sl
s ol T e S SRR 022 2 vt
was therd Bﬁcé}d"%ﬁ:tﬁfg t@; td b&v&ﬂ;iiﬂ Eroﬁal mﬁi}oﬁiﬁga [nkdr&sﬁn%ly(mé mﬁgpqgmdly, SHG
. into a glass bottomdish, i cant ai.ned e R

siguals inchaSh ERBFTTISHION PG TPIHIG M0 APSer e TN g?n‘g‘§9¥eﬁa§§s and 1B

i 7] | OPjduire §1C1 (Bodiife HhdRT chefs e TREFVADLE the same
reSpecu%%oE%ggﬁ%ﬁ&%%y t_hl | tz;lser (gxci tati ogﬁybean) t hough tkﬂ;e dSHG
sample ani\Rignttedd® @mrchoit doegscovierie ORFEmres i, tod G noRnl F5f an
are generated from hepatocytes and collagen respectively -
[ 00109] For the size of the collagen fibre, backward SHG is about one order of magnitude
weaker than the forward, resulting in the dominance of the forward SHG for thin slices. For

thick slices, the observed SHG in reflection geometry is mainly contributed by scattered forward



10

15

25

30

Figure 12 (negative image). Tiny fibres can be

clearly discerned in the imge. to [ 00111 ] It

shoul d be noted that' the spatial resolution of

WO mosibazesar optical mcroscopy is governed BRCH/$&2007/000194

focal volune of the | aser beam Light scattering

di ffuses the SHG and TPEF23si gnal s and weakens them

to sone extent. Even so, however, the resolution is

not affected, unlike chem |um nescence or single

suG. Dfigh It éfg}%%%g%g oG BRISE mh ISSHEPSHEARLALH MleBucattered as

the light %éat(eﬁgé L3drrbxansd meﬂ at Qal@ﬁifzwdﬁngﬂﬁsﬁrgd Yabofit z(mm ) E@M though
ynam CS b%/ SHG i magi ng, [ 00113 Extra elltéjp?gr mat.r.i x

the scaﬁqrmweﬁcw i FSRARRBLNS<E GEGHPR MAEFIPEA TP Yps Small
gnal |i n? nmol ecul es for cancer cells, Pcerous ECM
on¢

[00110 ]caﬁhlal therefont preides the PROTHRIAT & iPAgR PN WEHalsDe SHO
signals Viggl f’eﬂealo% %3 \A}tcﬁﬂl%slfa?tb% %F &hhi1& tBQﬁ@ﬁndg‘ih Jfﬁ;he thick slice, a

nor ma under st an

~ liver Iobe amqsutaﬁrd etTgbas:s bgges tdishh ewkacphemnta;n@@ m%blﬁ%s {“b prevent it from

v o SRS AR R 9 f SR of PPy rovsein

- of the 13.&;& SRRARIMBEEND) i(BSUH thS €& Loby ahy peajecterd b iat D iviesd, yas shown in

he tunor nodel was devel oped _by. subcut apepus
Figure lﬂr(pwﬁwmmft&e) Fimeorascen bt CleaNK isoaard 1 thipasp.

transfected with red fluorescence protei.n for egl ¥nicroscepy is

[ 00111 hoHi slmuldnge nofedt theb thegpratieh TasAlolipy of HoigeaseRRLc
governed; gga% n%c?i JOIURE ofBild 1%% %%Xm_( %L%Q)scgﬂt&ﬁlé dirRsRRE QAG and TPEF

| uorescence igure 13A) and SHG (Figure
signals ahdByedksgh theiretd beneaxiest Eeéd so, dmveE@MﬂZfsresolution is not affected,

e chSSEESh Rt SR S RS SRS, Pt v o

sensmve%léﬁeﬁi BdrhinglprBle hdidbidobRr ECM components are
clearly discerned. It is noticed that ECM does not

[oomfj | SO AUUS. OXFTHRCCAldor AN Tl Rbifics Ay SH rhiging |

the arro of thé cell cluster, the ECM

Qe Bkt phd8dck 3NGBEnieAll supott ‘hhd a variety of signalling
[001131@ ggé(%gﬁl?reﬁilén tﬁ%smgl rection. [00115]" To obtain
moleculgyufantarcet ¢ells. Carcsronathi(@v can h@olmﬁg’t@ tp gngqgesic transition of normal

- cells. Uﬁ@%@% e%&%%@%aﬁﬁ&? alﬁénsd rom e | mag%“ﬂﬁoiée HiRamental to

understaf@RE E&tictr afd hie seapseheramatit sppescheheregiiosdhe atkiexpal growth.
t he ECM anount was cal cul ated for different

{00114 P' EI?EHlé &, BHE o663/ \9@52123?:8 P EVeSGREO PR 0 Sahcerous tissue
iven oﬁrectlon the E gnal

sensitivedyy gm? gumtatgmbrp eThy fame @o a\mﬁ @ave@@f;% bI g g ! ateop& injection of
human b&%@t é’a%éér c%ﬁ% ﬁ%ﬂfe&é@%lﬂé@ﬂﬁ&é&%ﬁ&%ﬁoﬁcﬁl fok @Alyanonitoring

ang I ncreases counter-clockwise in St eps
of tumoa.ogmw agviee) inbn lsyverd eorElinediminime defEciedcrd SCHaL mé@ i hwo photon

f Fi A t
i 95 I SRR BT 1, BRI ma
respechﬂﬁ(ﬂe%rﬁ%liﬂxﬁg&f) Efdvire 12THea acgaive Ilmﬁigd:@ﬁthdﬂ gvarkey of both the TPEF
met as

s tpards C Risyotiriler EGM spapSnar i g sl NBgomRd: id® Seneed that ECM
does not d‘ﬂ ﬁ:%ﬁ:l %22 iﬁﬁﬁi unHEARYS Atahé AP (ﬁgﬂeﬂ '%irl’éhhﬂhé arrow) of the cell

cluster, the ECM is sparse, suggesting the cancer cells will metastasize in this direction.

[00115] To obtain quantitative information, the image was first processed with the algorithm
described above to remove the noisy background from the image. The centroid of the cancer

cells was then chosen. Next, the ECM amount was calculated for different directions. For a
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degraded. [00116] Conclusions [ 00 117 ] Through
optim zing the paraneters and fine tuning the optics
systematically, better 10 spatial resolution.and
wo Rogieerssensitivity than traditional histol oRIEKF2007/000194
staining nethods are able to be achieved using the
met hods and appar atus desq@di-bed above and
denonstrated in Exanples 1 to 4 can be achieved
t hrough the conbi nati on of SHG and TPEF m croscopy.

Wth the optimzed system and the.quantificat]
. given diegrigess ithnRCNesana pd iBEEED Ve PP tﬁ% ieé‘a%“g%c 2gg degroes

is the veﬁgﬁl &}fe%fl'lﬂﬁ Hgﬁ S ddtekdhcRNFlpat e 3¢ bAIHMEE $hofeagdIdoynter-clockwise
stage. the sy

stem does not require any is_staini ng of3
in steps ofedsgarm| Golp fe EFEMaithin the rinimayketin iepghgp ey 134 to 13C) was

dyngm cal Ly for th 4 Il Softh@!ﬁ%ﬂzfr‘lﬁd’iﬁ&i&tefECM.
counted 6({6”3}%‘?3 @ﬁ&@?%ﬁ%y@?‘%ﬁ%&f‘??ﬁ%%&%ﬁ i ons. The sysst emis
The arrod B@icais fhe abestdsirdireqti@mbetivedr aboust Wiiodd Safegteghriyhere the curve
) ECM dynamics, [ 00 118 Lt wll . a 3 :
displays @lscSEIROS i G PP s G T T LilARln pas been
degrade(f‘nd/ or illustrated above at |east substantially '
provi de an optical imagi ng apparatus and nethod 20

[001161‘3@0{[8958@4 anal ysis of liver tissue and specifically
or quantitative characterization of collagen in

i nt, i 1] %&;Jﬁié&,&g&tm%&hﬂiﬂ RN bptiRakstematically, better
[00117%pﬁiﬁg@ﬁhi°§aﬁ%ﬁzﬁ%ét echni ques. [ 00119 Jg Thep_m_at ods &nd
spatial résopaioatand hilhsr sdnsieittith dhaei traditiondl stoloiginahstrinmgeethods are able to

.drawi.ngs, ar resented b 1
T At T P s
to 4 catHeChihicvell NBFAEh ho ReAblistol | of SHGH e Tﬂ?gﬂi miciosgbpy. With the

aspects and conponents t he nethods .an ar atuys. .
T2 i T .
has bee:g Eﬁé%%lgs%lﬁremﬁ QAN AP b Searl§l st YEhe WA Wdes not require any

s such as may be devel oped_in the futfg_rgg or .
staining Sfithe saspieyndos abtutectonteshD arfoapation| dynaiggly e ek tisgue slices,

th uture. Th t hods. at 5 Regls Ticable for
even o el o U TESHRU AL o RIROES" f5e 455Eh poseo oo
quantita@RPhEdd banmonBOM dyrem@Etni ng wi thin the scope and

spirit of the clainmed invention, since the range of

[ 00118 POULRAIL BL apPRLiatal ihanthel Beibéatnd/antppatanceand/or systems described
i ntended that the present nethods 30, and .agpar at Us .« method
andfor ihesatedgbait of keastrmhyARALY RIGYIAS 2% GEcal imaging appatatts and metbo

for medgg%l%gs%ogf]img e éﬁﬂ%‘?g&ifﬁgﬂgﬁt‘oﬁﬁﬁéﬂﬂt&% &haradBrifdtdVBf collagen

Croscope assenb or “optical imaging of
in intactbivetsaibeadtrucuss using hérdingssentishlyimagisapeadsidies: an
optical excitation source for irradiati ngi1 a scan area,
[ 00119 §f Thebinethodd amd apparsue desmjbled herein, and/or shown in the drawings, are

presented by way of example only and are not limiting as to the scope of the invention. Unless
otherwise specifically stated, individual aspects and components of the methods and apparatus
may be modified, or may have been substituted therefore known equivalents, or as yet unknown
substitutes such as may be developed in the future or such as may be found to be acceptable
substitutes in the future. The ﬁethods and apparatus described herein may also be modified for a
variety of applications while remaining within the scope and spirit of the claimed invention,
since the range of potential applications is great, and since it is intended that the present methods

and apparatus be adaptable to many such variations.



and generating optical emssions to be emtted from
the sanple, wherein the sanple conprises first and
.secqond faces and wherein in use the sanple is = PCIT/SG2007/000194
di sposed -such that the first face faces away froﬂlecewedZSAprilzoﬂs
the excitation source and .t2se second face faces 'the
excitation source; a two di nensional scanni ng el erment

Scanning the light fromthe excitation
Isour ce.mfiwescopd essatiliip far epicdf infabieg D rijllezicah tifsoe UBS iassgmbly
ceI ement having a numerical aperture NAr di sposed to -
?o%usgllght from the excitation source.-onto the

sanpl §:opfcal B2 atRR kb foCROHRRS A schh é&%etmagm@ptsge%mple

“collected light fromthe first face of the sanp
aph genepting OPEQ! [EPiRenS Pt FRY T Henfampky "th'ﬁFh ‘hF (BRI
chii@iseydrktiand be@bndSHRIE 6:0) validekindin fubd 184 sampetis diqioscﬂm:ﬂﬁhﬂﬁ the first

e

havi ry %ﬁ@g&gﬁ&: 'ttﬁ% hifdfrfd nﬁtntlel ita
numer ?tggl apert ure opt i ga obj ec?ﬁ °. em tion
swqcereré'pﬁﬁcewcabﬁﬁwea@e fil ter di sposed to bl ock the

transmtted lLight fromthe xmta n,.sou

o EUPESTE T ARl S NS UREIAG g Ryl from
the excidiicat segrcasmpatho taniphe sanpl e, the aperture being.

| ocated for background suppression with respect to

t he Rifirsopiingt jopddnserdispessd torrobiect eailectedcléght ferathe firfrdage of the
AR, thk QB1etkd 1R cORPIAE nSRRARANRE: R b Bxdiichlsource and a first

condenser, and a first optl cal -detector disposed to

origel|cmXssion SPICERad R Ui PRI Y TORIG &0 Fighf Spmythic.cxcifatiop ppurce, the
fusamﬁl:ae cdrdenseietiaeidp b Agnddedl abasic 9] Tugad th@ithsqin@sicd bfture of

o of the sanple. 2. A microscope as ‘
thef’émsﬂ gjemve%rm 1 wherein the nunerical - aperture of

the fig§to ne@taaﬁ@basg FiREeHgREed & didtitde u%@t}%dquhah%tﬁm
0.5 to about 0.8. 3. A microscope as clainmed in any
CXGHASOBFORIeai s 1 to 7 wher ei n the f| rst opti cal

em sgsi Ot |2 wansesond harmonic si enerated jn the
sanmpf e reg%long%e 0 ﬁlzeé’ﬂ‘fes?oro gigﬁlgfe? ,o%ntﬂesample

thg gpRTtyee. being Kepted farskrsheowmd agpmiem vrlth msppeioiecthe fiirst [pptical
. enREsRmGHIHE gmﬁnlg@ie%a%e%giﬁ&f of SRR HIE bdhGrafdll by 1Rk cBBnser; and

second opti cal ector disposed to detect a second
- opt i &&kst epiicasdddiiol BRPIsth coﬁﬁﬁ oslRctbdight %mttheﬁﬁ:ﬁﬁpé 6f the

sy o TR SO B GpReh el Ml (e Bt | o
2 9 SPRSR Aok LS ACLRELh B RERHLPLSEh Bk oo

fromthe ex |tat|on source from being

opfipp candenseids b age of ahastq v beitdiided Sheet

3. A microscope as claimed m any one of claims 1 to 7 wherein the first optical

erission is a second harmonic signal generated in the sample in response to light from the
excitation source.

4, A microscope as claimed in any one of the preceding ¢claims further comprising at
" least one second optical defector disposed to detect a second opfical emission from the
second face of the sample. -

5. A microscope as claimed in claim 4 further comprising a second optical band-pass
© filter filter disposed to block the reflectecd or scattered light from the excitation source from

being detected by the second optical detector.

Amended Sheet
IPEA/AU



| PEA/ AU PCTI S&007/ 000194 Received 25 April 2008
25a 6. A mcroscope as clained in claim4 or claim5

. Wwher.ein the second optical emssion ,conprises at PCI/SG2007/000194

| east .a second harnoni c signal gener at ed in the Received 25 April 2008
sanple in response to |lighesafromthe excitation

source. 7. A microscope as clained in any one of

claims | to 6 wherein the transm ssion bandw dth of

6t he fA migroseape ag elpintse Al gmsisor ladm &phirginthe sedrad pptivgleensision

, %@@ﬁ&s & 188t S%cBA h8mofle Wehll QSRRRA iﬁ%&iaﬂrtphe e {BO&L% Mt

erein the transm ssi on bandw dt h of

theexpiafoamsEss filter is about 10 nm 9. A - .
7m c I s 6Op&caR = @difed i mlywnaloﬂh&lﬁsur {6 wheRIDIhE Sakehisdion

AT A S BLTE R R  E

8| ocatAadicrosvpe pndaived & ddim TaqrtmetrnuhmBIdrsmdsrebafuﬂmth of the first
oPEh®atass filr isABNIGh scOoPe as claimed in claim9

further conprising a second optical condenser _
%di spdsBEserre gis| damed fire clgist |t frdhce gompriing @ nellisetingclens for

collimdtiag tihe Hrs&tréiﬁ:lcﬁe%@f froABR QG hQ&I mﬂﬁ%{fAan Beated

o I'lS 0071000194 Recei yed 25 Aprl 2008 -26 I1. A"
aé’eg'éméﬂl%hﬁéﬁ'ﬁ)[ﬁﬁ “®hy one of clains 1 to 10

- 10/\,her & mncﬁobrepé asrrslimﬁqhin iin,9 furifeh 8ERing 8 s8:0B@ERRE condenser

m!}:é@&‘?@&%&%'cs ?&P @ﬁ%%{‘?{oﬁerf labediie Sa”p'lg iA”

sponse to I'ig exc on source
m croscope as cralned in any on of clainms 1 to 11

. further conprising: an optical spectrorreter for

sel ectively detecting the first optical em ssion from
the sanple; and a repositionable mrror for
selectively directing the first optical enission from
the -sanple either to the spectrometer or.to the

first detector. 13. A microscope as claimed in claim
4 or claim6 conprising: at |east two second optical
detectors dlsposed to collect collected |ight from

t he

Amended Sheet
IPEA/AU



second face of the sanple for detection of the second
optical emssion fromthe second face of the sanple _
.at two different wavel engths, each second detector PCI/SG2007/600194

having a respective second optical band-pass fil tRéceived 25 April 2008
for selecting a particul ar-gptical wavel ength band

for detection; and. at | east one optical beam

splitter for di recti ng a portion of the second

. lepti Cé&|mmr6§i§b]§£5ason‘haifnﬁd aoaly @f of Rainat 1 keHbtvhdrein ﬂs:efnsmbucal‘

ed etSi{e)Icl: Esoa\r :"}Seﬁ)e i e T O n {ugf gz%?s? mea nﬂ%oéranmPl% lmall'esm to Light

f@mtwaswonﬁﬂmc photon excited fluorescence si gnal of
U e@ﬂa&%«a% él&ﬁfe@ﬂ%any\ﬁ@gﬁ!l&ﬁgi 2351 3 fhel B ﬂ:t,mé east .

two - second optical- detectors are confi gured to det ect
the nadldblical Phataited X6 stiedivilly daeaRg 3 FRst SpaHaPdmisdionSdi the
vvage_lﬁg’gth. 15: A microscope as clained in any one of

' ' 12 or 13 wherein-the second optical enission

T Ot a8 MBSy o Tl PUBLAR Bk Bflicrt mision fom the

~fluorescence sig generate

sw%wﬁhgr@fbesmqwm%m%@sf&tﬁp%tuon sour ce. 16 A
m croscope as clained in claim15 wherein the '
mul ti -phot-on excited fluorescence signal is a
13.10- phoiciizcopk ed dlgthed intbire d ceclde Giogpading:-17. A

~ mcroscope as clained in any one of clains 12 or 13

wher @t fragt fieo sesondh aptispk dagegtors diprosed i volfechenlietied Hghvpftom the

sCOHMHRS Sheldkfle Ror Tedobtion B e QB0 Sk GmfskihO i8S BRNSEd face
si gnal and a__Anmended gﬂget | PEAI'AU PCT/ SG2007/ 000194

ofacRmplegt b %?IFIF‘ vhperetsradeend HETIRTATES YEFRSFETSeond

oficgakd-Gedifed foR eléding M ParGAMP bftickiwaveafpaiiaad fodddtécgbi; and
fromthe excitation source. 18. A mcroscope as .
cl ai mebbastrene |opiieel beaoptsplitiet fort diesectingcopettiopof gl second optical

el Sth ORh bF AFhIBR: o 3IBhLaLQMRY | Ses both a
mul ti-photon excited fluorescence signal and a second-

1har W&%ﬁms@@ﬂﬁcﬂzﬁﬁ&i B a1 3 geBeinakedcdnd optitel SasRngrokdthe
re ponseto m. t excitation sou nd ..
SARer &1 one o r}’ﬁ’é‘e‘mt %’t%&;;%gnﬁscamfes&nor é’Pagqcon oggﬂ%eﬂem’
wivglengilext and tthieon leadt twvd eccond dpiticad deftators are xerifigerdd to detect thé multi-
pﬁo{oH%&é&ﬁﬁkE&céicQB?&aéﬁ%gchtvbavcﬁﬁé&?r second detector is

conflgured for de tion of the second harnonic .
Dyenefdrigysepytidiaimedin any apeefsianspl? ad3 ehareidie Seppng pptical
en@8Ru0fons il dﬁﬁpl’e ib a i WRAHE Exritd Qu@&kdzxﬁ@ big@X Ghhenitddom the

samgllé rug:r%splogseaco l?éixt %r eaesr’cgirtau%t? gorugc%
16. A microscope as claimed in claim 15 wherein the multi-photon excited fluorescence

signal is a two-photon excited fluorescence signal.
17. A microscope as claimed in any one of claims 12 or 13 wherein the second optical

emission from the sample comprises both a multi-photon excited fluorescence signal and a
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20. A microscope as clainmed in any one of clains 1 to )
19 wherein the wavel ength of the optical excitati oRCT/SG2007/600194

.source is in the range of about 880 to 900 nut 21. deewedZSAprﬂZMS
m croscope as claimed in any one of clains | to 20 _
wherein the optical power _47r.omthe optical

excitation source incident on the sample is in the

range of about 50 mWto 150mW. 22. A microscope as

sedodil Nietholois @B@t’atech gignl geldeadiqipinl the eenBle inhespeige t Hight from the

og;ahcal ower ~ fromthe optical excitation source

FRCIdent on-t he sanpl e is about 80 mW 23. A

18i cr o4 ewgescans as|chimmddn Flpinnld whnmen B sepad ersical cmission from the

E%ﬁpﬁs@seb&ﬁ anﬁm Sidhont éx%ﬁédeﬂuo%&n& éié;{:gf'aﬂapat deS@l harmonic
scatter coefficient. . A mcroscope_as cl ained

epraed sipRkecpirated a.%%a@ledn rﬂzl?’ﬂﬁﬂwtélhéli“rﬁoﬁfée Beiptio Seugge, and
wheGlshe dfShd ttLEecdddSRteBIors2D . corﬁigﬁfbﬁff@ﬂd@efcu@bbfaﬂaa infi@i-FHidton

R b B i 5 R SO 9t

sebnd harhomie gratiated siimd  bi ol ogi cal tissue sanple with
16XCl t&gﬁ&&gé,eaeqmlmwm A9 o8P s 1 88 Wil HAU Efstarion

the Ii ng scanned” over scan area of t
sauepF epulecHdaserispaee-f ace faci ng away fromthe
268XCi t AdiQRcsR Uk CRirdiadn bhe &&;f%ﬂﬁimsf &L S Wrddd the RRvelength of
exc:| t ati on. source,, the | ?{E ﬁ‘lotr‘]‘% Joocussed on the

the PRITRE R T FBETS T IS RE PO hE 0B ond si de of
21.he. samirascogels® clafreedUis 2byn gneed:fe:mmt 1 a0 wgereinwcat iibwer

tureNAl coIIectl t he, LS

' ﬁ?ﬁ rrp & ‘\;/I\Atajfl?}n 2T ?’%aﬁ&&% d% nseange 0% aboupﬁ)
li(hjrl!Wected l'i ght conpri si ng transmtted light fromthe
28XCI 1Ak QS cHRUE CRirfMA0n @ny bieSdf Pidthi ?Qd 20 fhehd ed oﬁiﬂ@a?bower

“TPEA/ AU 28 _em ssion generated in the sanple in
 fipdhisopaenl erFItEion spres 1?%@%% the spmple ip ﬂ@“ffﬂioﬁg‘? opti cal

2T ondenmetosbipe a6 gaithedd Lﬂ‘ﬁitlfyloﬁabf aplt t ty 2 Wil te Helogicllalisue
e. fo si.ng el ement; .bl ocking the

0]
hz%ga%]l’%lmp%l%aESCfaF rom t he exci tatl on source using a

© 240 r stA DpsrdsewE abdmdled ey ofi¢ piabaimp b s wghetelivethé brobpgical tissue
is@RL1&@le. €m ssion through an aperture with an aperture .
si ze corres onding to the irradi ated area of the

- Py anpremetheof AhEing a8 1ageRf 4 Rielagier tirsns sagplacgmptisieg first and

sesmmcﬁasheaﬁbwudtcbmplm@&ﬁést&;ﬁof he first optical
em ssion at the conjugate inage position of the
sanpllwgeates aheetiolygicalhésshd sawple ovillemrsition light from an optical

excitation source, the light being scanned over a scan area of the sample, the first face facing
away from the excitation source-and the second face faciﬁg the excitation source, the light
.being focussed on the sample with focnssing element on the second side of the sample, the
focussing element having a numerical aperture NAi;

~ collecting light from the first face of the sample with a first optical condenser, the
collected Tight comprising transmitted light from the excitation source and a first optical
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detecting the first optical em ssion fromthe scan
area of the sanple using a first optical detector.
.26. ,A mcroscope as clained in claim25 wherein the
numerical aperture of the first optical condenser is
. in the range of about 0.5 _pg-about 0.8. 27. A nethod
- of obtaining an inmage of a biological tissue sanple
conprising the steps of using the mcroscope of any
-one of . clainmse 1 to 24, detecting a first optica
cREiSS igombratdd’ PMKe NAmER Nl 1esposerto ahs erditandne Hghnf (he st optical -
SRRl bk ALALEY k1A ARG RXGA] HUDBSOH Gk
generate-at [east

ne first 1 mge of the first
" opti aﬁttckﬁgmamﬂmmamghyfrm & ektitabsholcte ssgge Atshontiod band-
phBHRed to the first image to generate a second
|rmge the second i mage being a segnented i mage. of ~ = .
t he frasssiz hedye:; optsilngmistien Seeushdm| sggereaity sppaprrture size
corfBRRdingt thé Playixieg aeacihddanple, thélagehiere béing locitetbfgebackground
ﬁ%y\%ﬂ% &30 %%tﬁ%p@é\%%s@n 41 R, SREAAG BRI of the *

herate ereinin the "thir I mage

e%ﬁ’ﬁi‘ﬂtﬁ‘f U ﬁﬁ‘ﬁ’Bﬁ’” ﬁfrgnal inthe first inmage is

I eNO\iReting Ghe ArsiGiAEnASiof 6RIMBE sdah afth dif Me2Rmpld O%iQE A first
ottﬂ; qtc%tcal area characterlsed by SHG em ssion and the
a

10 |n’ien3|ty of the SHG. em ssion in the third
26.M0.0€ nilérescOid Aadliimed if diim TOWha¢ih Slﬁhnnumﬁ‘lbaloipl&ratre of the first

oﬁad&%ﬁdei?@}@'u{‘ﬁg %@Sﬂ%ﬁb%&m’u@@' ogi cal  tissue

sanples. 29. A nethod as clainmed in claim25 wherein
21.he fA msthodxftobtdingm issgeod aiblegiebitsowrdsanbls comprising the steps
ofPptical em ssion (SHG generated.in the sanple in
response to light fromthe excitation source. 30. A
met hosingithe alicipseers Gf gmaeng obelaimsfl e P deigcting a figst opgical emission

i elfeabnplk leer Riscdnogiaadithetsimglel @radmsd b trioghicab picitgimh source to

&%&taﬁew&mﬁ%@o@&kﬁ%o tRallbddacope as clained in
any one of claims 25 to 29 wherein t he bi ol ogi cal

ti ssepplyinga tiresbpldisemaamiatiosmethey tpethh Byt fasel ba eqmevpigiarfgeond

mia!@@ iass il Waggioelﬁg BEepmbied image dfitel fogiasde; ti ssue
sanple conprising the steps of: PCT/SG2007/000194

Rec ebgiagithe sceapd fagp gpgmaskigags, maliplying each pixgl g thg firsh image
whih dle@girepinding giet obtherpicend igiagrytotgoeerave s Hond imegee Whéreip dp the
" thirf imdzk 8le BhekBrohd £ siBnad T the first image is removed.

28, A method as claimed in claimi 25 wherein the total arez characterised by SHG
emission and the total intensity of the SHG emission in the third i image are normalised for
- comparison with other images obtained from different biological tissue samples.

29. A method as claimed in claim 25 wherein the first optical emission is a second
harmonic optical emission (SHG) generated in the sample in response to light from the
_exciation source. '
30. - A method as claimed in anmy one of claims 25 to 29 wherein the biological tissue has
** a high optical scattering coefficient.

31. A microscope as claimed in any ope of claims 25 to 29 wherein the biological tissue
" is Iiver tissue. . : o
32. A method of determining the severity of fibrosis in a biological tissue- sample

comprising the steps of:



determning the normalised intensity of the SHG

em ssion generated in the sanple in the inmage; and
.relating the SHG intensity to the anount of col | ageRCT/SG2007/600194
in the biological tissue, wherein the anount of Received 25 Aprit 2008
col l agen present in the sanplLegeis related to the

severity of fibrosis of the biological tissue

sanple.- 33. A nethod as clainmed in claim32 wherein

the biological tissue has a high optical scattering
" coef fobwinggtan iBvege Af abiolvgitaldissus| saiophe asipg) thel madthnd3R claimed in
cMRes £ Rat87.bi ol ogi cal tissue is liver tissue. 35. A ;

met hod of obtaining an i nage of a thick biological

ti SSUBtemanRL theGRMRMIE Henskt bfthe SHOknEQRANNAGES thd daeple '
‘U%Fthod 041‘pr|3| ng the steps of irradiating the ..

%’Inﬁ‘ﬁffé‘% ti ssue sanple with excitation li-ght from

an 0%1%&% the @éﬁ Ecﬂédsf?ynwsﬁwa%mm tlj}eccjﬂlb%gtmbtﬁé ?l%[o ical tissue,
scanne ver scan ar ea of ﬁ R
whereia thegeiopy of &Wi’@eﬁ PrOTeRttin the éml@ mﬂi‘-l@ﬁl %’d}eﬁ seeeriinef fibimesis of

th8 BloRRRallaaR sfaatng the exci tation source; focussing
l'ight fromthe excitation, source on to the sanple- :
3asi ng ﬁah(ﬁcbﬁsmin&giﬂ elhifranthebein/ ihe GiobogRidBysieClstls 2 high optical
e%’%%'oc NAL; collecting light fromthe first face of
‘ anple wth a first optical condenser; the first
34 ace Acuithaas eld@nghclmeoiﬁpvhem biplagieaiissue livirglague.
35 T OMAtREH RV bb Qn%ﬁéﬁ@ Q?aﬁﬁﬂbﬁalggicﬁlsﬁssue%%{tﬂg g%xtq?ngm]gﬁm '

en ssi on generate the sanple, the firs
and Serquieess, %K*?Fﬁ]?@d‘&’%ﬁégﬂléé@s“&perture NA2 Iarger

t han. t |.ement o

1 ot e il BE AR st S SRt M A optica
cxgipadipn s,nue:eshtz kght boing wepwddiag S¢a9 ateinof the saaghicathe firsafaeafacing
vl fbRGhSATREn shiR& APBE bR Q@%Q@&é&%ﬁ Qurce;

backgroun suppression with respect to e first
_opti fb&hss:ﬁéﬁli%ﬁtl B6m ahe LRFEANOUYELE 1 FRIAMPRSIstizOR faf:usmng

t he enerated hy the first condenser, -
elegs ﬁhmt“g %}fﬁf F?'gﬁ}q?ﬁe second face of the sanpl e -
Wt heuB8ink gﬁ{%ﬁinﬂﬁm%&%%fm%@ﬁn 1@%&9 al condenser, the

col | ect ed ght conpri sing second optical em ssi 0

firyt F%cfﬂ#éfeé EmpgEng ewswgtfefi Rightffrony the @mlﬁaefm Sopyse 8af @ﬁrst
. opfida0 Bintskien Eéﬂeﬁﬁ:edf@fi&e 16)@h 8P biftichtSdoAdbnSer fHatigd a numerical

. d h d I
R R e G B NAs B R Q%qaén&ﬁesizﬁ& e b ng
-second;OPlHCaly %s&efte%mﬁ%égﬁe%%geréﬁee Wit AN size

corresponding to the irradiated area of the sample, the aperture being located for backgronnd
suppression with respect to the first optical emission at the congugate lmagc position of the

sample generated by the first condenser : -
7 - collecting light from the second face of the sample with the focussing element, the
second face collected light comprising a second optical emission from the sample;
detecting the first optlcal emission from the first face of the samplc using a first
optxcal detector; and
detecting the second optical emission from the second face of fh&'san:lple using a
second optical detector; and
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PCT/ S&007J000194 Recei ved 25‘April 2008 -30 by
scanni ng the excitation source over the scan area,
forming first and second inages conprising of the PCT/SG2007/000194

bi ol ogi cal tissue sanple, the first inmage conpri siRereived 25 April 2008
the first optical em ssion3@and the second inmage :
- conprising the second optical em.ssion generated by
the sanple. 36. A nmethod as clainmed in claim 35
wherein the first face collected |ight and'the '
- second FFRENE R SCHAYD SPYRT CBAdl EePrrsiamg dedmad second
BALAFORINGTIGRN of dectlolsiicNalssigennp] 8d firf imhfCcHEBIRINE thd first
(#g[s;ﬂonse todlé%n%%t fdr_omthe excltati o}:ﬂ.socé[ ce. .37. A
SEFER B TS e SO P3 B (AR IS PHE SRiEUeE Rt by
thotarplt ed | i ght conprises both a multi-photon .
excited fluorescence signal and a second harnonic
Fener atagthasd Frektimed emdpig &Y whereintbe Sahfice collscied diprangd the
se@nhl ifB tolfebRiMifii @adXGinbAld PReAMGHNR SenetulBS R0z RS ated in
lained in clarm 37 further conpri.sing separaiing the
CCOR mﬁ%ﬁﬁﬁ??%é“ﬂ’é‘y%?&“%’%?%‘@and t he : .
3}7u| ti Amkbdiod” asemieq[ eﬁblzﬁﬂnugrveﬁ@md e_esesdngﬁah céﬂtcﬂegﬁg}:ft edthprises
ce_ . c0 cte ight an etecting t secon -
B mafionse et fMBleg e SPE 54,8 Skl nRS R Barprst iona
saprdatefbin detsitngle inirespomsk td lighhfom theexdat@dofbeior escence
38l gnah Middu & ';:mnr.egi PR 70RHES t DfpridSs sé%aﬁﬁﬁg{‘% oond

- obtaining a three mensi onal i mage of a bi ol ogi cal
hermgaiseeeaditip] denakbyrhe Bpitphee extehluorscenpepeat ke finface
cOlRicha tigfand HadoihBthe fs@on@hhuiia ke fsighdl Qi@ ttheQdSond detector

S EEURH PP R BBy Sl P bR PG,

39he b oletyil odilobtainirgsa) thirsadipemsiontihienghyl 4 dichigicali tissa sample
SRpEEReNdLNg: pl ural ity of two-dinmensional images of :
the Diological tissue sanpl.e, each image
cgr r asmngl | thQ rdefholl RE cRPA 136 Fbr £ PlufaSityOdT i&%@f@uﬁ&eﬁpfm each
.the a in, response to the excitation |ight_at. . .
g e PR BBRAh G RYEn St ool ¢ BTPH Ry oS bioogical
tipive sendple, themby tovabiadh renssmmding phweiysofitwé-dingnsional images of the

bloleRer b ARASHONAL, BRI i fostﬂ%:};aﬂ a1 s
_ op)rg%bt aining at ‘r#él_{eggd?orrnet sf%ﬁ% I g‘fe gﬁ;@ggoﬁg%&lﬂe%qnm
SRk 18 grseepse fojtkesreitaigniiehs at thoensierrsndies Topis dentlsgad of |

repeating. the nethod.of ¢laim35 for.,a plurality-of

i t er SPTGHEE F‘Levm?l&r AT ™Yogfmgsiona! pges i gwr@lﬂ%'émﬁs'@ml image
. offthosamiphe excitation source is focused at a different
depth in the biological tissue sanple, thereby to
bt ainmathed pf ebtpioimdiantrep| dimenisions] imhset ofce bibloingi tml sample

cdniRERE R kch\F:- _ ‘ - : -

repeating the method of claim 35 for a plurality of iterations, wherein, for each

iteration the li_gﬁt from the excifaﬁ'on source is focused at a different depth in the biological

tissue sample, thereby to obtain a comresponding plurality of two-dimensional images of the
biological tissue sample, each image corresponding to the optical emission generated in the
sample in response to the excitatior light at the corresponding focus depth; and
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— biological tissue safpte—each—inmage corresponding to . —
. the .optical em ssion generated in the sanple in
-response to the excitation light at the correspondl ,%JT!SGZOB'I!GO(IIM
focus depth; and Amended Sheet | PEA/ AU Received 25 April 2008
PCT/ SG20071000194 Recei ved®25 ‘April 2008 -31 for ,
each two di mensional image generating a correspondi ng
plurality of -segmented images; masking the plurality

of twp-.di nS| onal [
segrremgfec? [ mage rem%%g‘getuneg% grg%p(é ﬁ%@gloﬁ gmd

imagesdi nensi onal |nage thereby generating ‘a
correspondi ng plurality of noise-corrected inages;

conbi Hritpet he Paiy) et jrofimpreel dstece iy theg geearesponding
skgthedited ;ﬁ@ge%e ER6VeaBd e&kt:bﬁﬂeuowalm&wemhemmem@ts thereby

t he sanple. h% as cIa dineither claim
Ry A BT AR P 2P NGB P8 e combi ni ng
st ep, g 15 '- o
 aron SoREER, b8 M) bR isPlorisal it bl Sk Yplc e
- dieopigep! Heece PHbeERRRIY any one of clainms to 35 to 41
V\/nerelnth bi ol.ogical . tis opt.i.cal

et oSSR & Fithes Slam ﬁ%t%fé‘aaﬁ&@ﬂ%catﬂmﬂa PR the

comBiniag step, abmhaﬁg ¢ithedldr bothabecihndt er the akagf el ofttheyturslity of
is liver tissue. 44. Use of the mcroscope of any- :

UBIESof ¢l ai s | to 21 for quantification of fibrillar
-4éol I a@ewthbdlasmkémetgiﬂdm' ong efipgms fogs fred! whereityghs bisflogidaktissue

?5 rﬂ%}éogfﬁgeﬁf claims | to 21 for
rmnl orin : early stage biolo |caI tissu
4 br d%rrethoéte clyimed grany gee ofi ps c%ﬁ‘fh%h'@b&lfal tissue is

'llﬁér&tbsﬂis 1 to 21 for investigating ext racel | ul ar

Ay f
A e P BRSHS0oR b FRNGEf Ui SR o el Hprne
-colBgenhie belogicelltesucttispleogi cal tissue has a high opti cal
§ cat ttf’s% loP the GAGLEdoEL @ﬁatuy o of Hsigs Afeo B %r'ﬂa&ﬁfﬂﬁﬁ%jﬁ%aﬂ? stage

claimed 1n_any one of clains 44 to 46 wherein
biglogiceldises it Esue is |iver tissue.
46. Use of the micioscope of any one of claims 1 to 21 for investigating exn-aceﬂular

matrix properties of cancerouvs tissue. .
47. _Use of the microscope as claimed in any one of clalms 44 to 46 whemm the

bmloglcal tissue has a high optlca] scattering coefﬁclent
438. Use of thc mlcmsoope as claimed in any one of claims 44 to 46 wherem the

biological tissue is hver tissue.
49 Use of the method of any one of claims 25 to 41 for quantification of fibrillar
collagen in biological tissue tissue. _ :

-50. Use of the method of any one of claims 25 to 41" for monitoring of early stage
biological tissue fibrosis. ‘
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49. Use of the nethod of any one of clains 25 to 41
for quantification of fibrillar «collagen in
bi ol ogi cal tissue tissue. 50. Use of the method of
any one of claims 25 to 41, for nmonitoring of early
stage biological tissue fﬁbr osi s. Amended Sheet
| PEA/ AU 32 51. Use of the nethod of any one of
| ai [ ext
68,2 B2 5 2 il hol O TS ) 20050 APESLUUE cromepr
mattthprdpeaiges of cepereeis tissiany one of clains 49 to 51
wherein the biological tissue has a high optical

scatteri n%] coefficient 53. Use of the nethod as .
%t ai nBe afpreaprbode damed meamnena of damsAd igRé phpmmithbiological -

't@b&ﬁ'h&gilﬁﬁopu&dl%ﬁ@mg&ekﬁc\!eﬁt ti ssue. Amended Sheet
J,PEAI AU

se of the method as dlaimed i n any one of clalms 49 1o 51 whercm the biological

hssue is Iiver tissue.
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