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SYSTEM & METHOD FOR QUANTI FI CATI ONOF
MATRI X- RELATEDTI SSUE DYNAM C& DI SEASE TECHNI CAL FI ELD
w 208002278 The present invention relates to optPCaISG2007/000194
i magi ng systens and in particular to optical inaging
systens for analysis of biolobical tissue with a high
optical scattering coefficient such as liver tissue [
0002 ] The invention has been devel oped primarily for
use as an optical imagi ng apparatus and net hod for
SYSTEM I&CMIETHOR IFYRIQUANTIFICKEION OB MUEREAHRESOERD TisS@H byNAMIC & DISEASE
guantitative characterization of collagen in intact
livers tissue structurergsSagan®kimear opti cal
i magi ng techni ques, and will be described hereinafter
[ 000WM] t IThefredeanNBReiitfort FbllftePRPbptAL in@ikind BWRNES aanﬂtln‘fﬂaftlcular to optical
be appreciated that the inventioni1s ot limte
imagipg; |S§St91§l§ tforcanalysiss ofdpiglogical tissue m@@k@hmt{cab@@ﬁe@ngb\ngefﬁcwnt such
as livel (R $S|on of the background art throughout the
specification should in no way be considered as an

[ooo?ﬂ Sl onen%lhat S etf rqund ant tJ S | or art, nor
at "B od REMEEILY R BRnaso? PRYGHL IPagipe apparatus
and n@thdd®r GeIadaN aﬁkﬂ{/\§§ Qf h{fé'icti/ys@éjﬂﬁl spRcifaglly k! (ﬂlan{ltaﬁ%) éh&ractenzatlon

Liver fibrosis is a harnful result froma majorit
of colagesin éntggnlﬁ@gssthsge shuctpfeusing penlingarodptical fmeaging @ghm;lues and will

be de%Itbr%? %@{e@%e# %anfel??n%f 5 %1L %ggel t ) ! Ell% %)g%{r at;:\%h be apprecmted that

ative C I‘Izatl

the ineadtioagenot limited @ahis pagkukir Sieldustusee is therefore
essential for understanding and controlling this

harnful process. [ 0005 BabReRogrperally, liver
fibrosis is characterized by increased deposition of

[ 0003EleAn§/Ltﬁ§bu§’s?oﬂ b bhalerGald aé‘ﬂtﬁfkﬁl Xﬂeché ﬁﬁé&ﬁiéahl)n should in no way be

| eadi ng to the der angement of archi tectur
COHSI(#@‘PQ ad athgrmission thad nuclabud;kgmnd erte!; ppmea‘rt nof thes tspxﬁamkground art is

d
widely RENGERr RSP L sy b oespeBL BROw e in Be eREC) agen

IS ound t ato ytes |rrpa|rsthe|r ability
0004} gﬁ*%%ﬁf&&dﬁ RGP P T o RO TRt s o the liver Ttis
often Sﬂeﬁltﬂﬁéa' 85 APSIhbEha ﬁic?é%ge fép%u%%@iiu It g ekﬁaé@lﬁl?a‘fill I¥%ix (ECM).
hepat ocyfes and great decrease | iver function.
Quantiigie: chagetedsitiog oh eold:agehalgemtafct Bises: atoctnzt &l ﬂlemfdre essential for

nam ca ortant for heal thcare
undersc% égg%%?oétrpgn}g&ﬁ ?’8 Eﬂ@n%%ggres& on, understand the
i sm d .eval uate the therap rategy.. [ 0007
[0003hC VR Sl e sl ﬁ@f@pé@ﬁ lasapncg%aaﬁ%éewt@n of BCM, such

as fibNBas @6‘11 chd 'tﬁﬁrpgﬁd qﬂa'l Eh a@&a 'o‘? lNe?'aPchltecture portal
etc) bi ochem cal  ana y rumlamn

hypert@naby,sa@) the Htswelopment Dﬁdsdphagall varlces edema and asc1tes In addition to

these changes in morphology, the presence of excess collagen fibers around the hepatocytes
impairs their ability to receive enough nutrition, and the accumulation 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 trichrome 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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hi stol ogi cal staining nmethods limt the assessnent to

thin tissue slice due to limtations on dyediffusion
wandsiooz27ept i cal penetration of the inmagi ng teeomiSGe@s/000194

and the biochem cal analysis |oses the spatia

di stribution information, the&reby making it

prohibitive to image dynamically in three di nensions

(3D). [ 0008 ] Furthernore, know edge of cell

nor phol ogy i nformation | s al so.i tant to i C . .
dlfﬁlsfqﬁ‘eaf@omea‘é’é\‘?a]d%‘fiﬁgﬁ?‘?noﬂ% hrdmeneing [espiasss: GotiThg Biapemical analysi
loses ﬁlre% ﬁﬁaﬁ%ﬁﬁblﬁfon inRrRatiSh, tﬁg\éﬁyﬁfakm%_ Rﬁhﬂltl@f&%g@%namlcally in

rone to disintegration during Ris Fol ogi cal
ﬂuee@mammpngCﬁDocesses In addition, for tissue culture

work, it is necessary to have enough cell layers in
[ 0008)] dEurthermoes ﬂmiomsm rofi cell meorpholofy meformatson i@ radsoammpiodtant to predict

the c f | u %%gl ?ﬂrllloé:r@{ gﬁc\)/rlr ﬁépé Fd?eg)rfo!gyegrﬂggeﬁ%ﬁ%eﬁowever the cell

morpﬂdlé'ﬁ}l At h:8RS t& ‘élHlﬁtQﬁQtl@}p Qﬂﬁng"ﬁl‘sf‘olbé’i@al%&iﬁing%r@&&b@g' GAhddition, for
stai'ni ng processes fromid her ef ore,

tissue muymwand exdcetssarﬂéwéa‘cmermgh ma@ulaqs@rs et@ndmt%kqehats structure and

H ssue cq 8 no

funcri G, o AR a- st oG Dy R drout Dupishisliy 6" ihd exogenous protens

for la¥lglgr. | ock | aser techniques, nonlinear optical
m croscopy (rulti-photon excitation fluorescence and

[ 00097H! tailr ﬁ‘l@rlﬂﬁi@étﬁmg %‘ﬂﬁfn@&'aﬁme Hﬁﬁe e tsudl BNogialtRaiRing processes far
prom sing solution for thick tissue inmaging and opens

from igead rEbdredons, ithis clhaghllysémandedgﬁon gemlqm ag gmngﬂtechmque that can

| u at m.cronet scal .The un ntag

accorrg?ocﬁ%%tﬂrlﬂ% é]rss%pflrcg,arn % éclll EQ 8gaynm% s ge u(%%geper% b fe%relopment of

mode-ﬂ@dl@laﬁc&ttbélﬁn(ﬂﬁ@tﬁbnhh&irt@hcﬂﬁﬁic!r@ﬂco;iﬁ)e&ﬁhlltlit-pmiﬁon excitation fluorescence
intrinsic optical sectjionin and | ess phot o- bl eachi ng

and mylid-heraenie genetatign) ]E?ésli’fl?@splpﬁ%éo @er?epmmlﬁegu godution for “thick tissue

i
mesiFESRITRUR BPSREHELAL G SHERRI GRG0 SIMLED micomoi
scale. a"ﬂkiie mqee( advaithgss of lﬁ)nh&earmmlcafledlcmﬁ:hpﬁﬂcludletdeeper penetration depth,

js sensitive to the alig atio ..
better ﬁB"I‘téarl .rﬁsghtm miERsig %éﬂa{ %%PHH%‘PSy E*Wi’l?'oé? E”‘Fﬂ&@@% I‘%@ phototoxicity.
Bemdgshﬁ{egé %’éﬁer%eﬁ?sn sE&Jﬁ\ﬁeE/arﬁioﬁﬁ §$xfei°bﬁfoﬂr @HGﬁﬁﬁ&B’?&o’pS’nm which two
as wel hem cal properties.
photonmareroeswrtagll into eemeithhdoiily eogrde aad{ np m(cltqustaie is involved with a finite
str.uct ures cells and tissues, e.dqg. nicro bul e .
lifein if A €afog iy Bigtmen e eensre i Sy v ] Symametry of chiral
molecBlesdet@etdfag BHe I Sin¥bR! Soh sheEtral SinfRmAA6H 4sOwell as chemical
| abel these structures with exogenous dyes or
propeftiesor escent proteins any nore, offering a non-invasive
nmet hodol ogy to nonitor the dynam cal changes of .
[001Q] stesstingly,ns@ne SHgblyeorddad intinsirestucmyesr & Icellechnd tissues, e.g.

. _characteristic SHG m cr oscopy , has rac .
microfibplengpscl AR EMGRS: FIF PRFE B BB S IaEr | By eleline the SHG
signalf aHEreREBO nELPBIAIRY tHebe SRRYur¥SWIE @xbEsplotds dPds? fRSrdsent proteins any

surface pr operty studi es, transmenbrane potenti al

more, péfgsing @mmlgvasa\mn@thpqlolpm@ menite thexdwnaprieal ghanges of tissues in intact

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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few[ 001 1] In the tissue imaging realm SHG i mages

of rat tail tendon were first reported in 1986 and
woeuhms@geest | y SHG i magi ng of other tissues, sueOTa62007/000194

fish scale, skin, the cornea, brain tissue, mnuscle

tissue and tunors have been-8tudi ed. Anobng the

endogenous proteins, collagen type | was investigated

usi ng SHG nost thoroughly because of its Iarger second

order susceptibjlity and well defined, structur
[ 0011 clcihe S5t amgtg et lh dHic) TBtees of &l Fndps §are first feported in 1986
n IsBR8 &kird) PhPd dieh, brain ti
and Stﬂﬁéﬁgﬁﬁ da Cﬁ?lgﬂgll rﬁ}‘gh%t%gﬁ%o%lg?na%%hgl—ﬁ fr é)m col | agenralln ssne,
musclb sisseaindduipeenhaseiesn sthdidd. 08m@ng tl&bmpgpno@aypteué, eoltagen type 1

exte Ive.ac tis n
was SSSHERHE THEESHE i TebbRr oA BP0 RSBl o susomtivit
and wENedefRbd sfuéthiteC UIThiiBsreidet the RMAEsAGAM g dTBETERE: BDIasJ:ﬂ p!e&ﬁmeters and
tissue stemfromthe fact that liver tissue is
interptetagion pf|theyiveagse btaineidn @e@n@mwalamcm@r@m@m@%m from collagen
I I1agen in normal condition, resulting in
haw:d%q%?he%% ?Cal penetration and weak SHG signals. [
RN P YT R T p—

for livépBkRie 1é\raré1%f1%§®rtéd The 8B difffculdiéywih inonBikhr Mnaging for liver tissue
CGorr el nensi onal i magi ng of collagen using

stem fers dhel fafvathﬁ) hiver dasneisad highly ghtseatireing mpterial amilthere is less fibrillar

collag§1§ mn xﬁdr[répg ?ild’ltl(;}lo ﬁﬁ{ g %E]galfogpﬂft Efj% ncHEG éﬂﬁ \?ﬁ]krﬁ?} signals.

|ver ICG ness

or ol e SRR S T R R v .

Cox, EI REBIS] A. 36Wbs AL Hirgdee, DeMufdonR RAMISIDs Gaorrell, IﬁDﬁﬁénszonal imaging of
practices, it is necessary to detect fibrosis

collageanisipgsteagred hannatic generares himet Biel- ekl od- 62 20031, however, the
reportfxi r}%ﬁéﬂﬁ\é}’vtg i n% ?ﬁ@tog? rv%I?’OS 1ges @thSyM%Jss OQ&Swlllf:}ll Unuch more

$sht Ton to overConE
collag@iBah Fbaéss hdiEbedh papbtarbages outl i ned above, or at
| east to provide a useful alternative. [ 0016 ]

[OOIAﬁfoH didag tb Cimﬁelfs{a'hﬁt th@%ﬂgngess‘i(ﬁﬁ b fibSod aNd @eKiede better prognosis in
croscope assenbly for optical imaging of biologica
clinicali ractises,t Heis almessbtyy tac defoeti Sbrogis framoparly stagexwihicht fegnires higher
source,.f | atl a scan area of a biol ogi cal
detecqcinssgﬁsémé‘%h@’fcgb%ﬁﬂreﬁ% P4ting optical enissions to be
emtted fromthe sanple, erein the sanple conprises

first and second faces ané’gm nin use the sarrpl e

i s disposed such that the first face faces afna%fa
[ 0013 elteg @ntabiocs ot dosprescniriavantien do BREOMS Y ABRIGate iBe disadvantages

mﬂhngoahkét&QR%%@?%QS?WQ%%“Eron1t1§hg@al scanni ng el enent

rscanni e excitation source

[0016] According to a first aspect there is provided a microscope assembly for optical

imaging of biological tissue, the 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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over the scan area of the sanple; and- Aa focussing

el ement having a nunerical aperture NAl di sposed to
wobaocns®ora7ght from the excitati on source onto tRET/SG2007/000194

sanple; a first optical condenser disposed to coll ect

collected light fromthe fir4st face of the sanple, the

collected light conprising transmtted light fromthe

excitation source and a first optical em ssion

generated in the sanple in response to Light fromthe
exdoeussingrelespant baving genvpgrical m%ﬁ%#ﬂgﬁg% fo f%‘? ﬂ‘éht from the
. .a nu i cal re NA2 | arger than the nunerical
exmtatlgﬁé?q%‘rg8ﬁ%fth€'%zﬁ%%’ti cal objective NAi; a first optical
filter di.sposed to bl ock ' Lohi 80k fHeOfRst £ f th
t i} 1ré£<8Ptll%?$ic8’P\ge§1 eurr%gosg%ttgggfrl%cg%éﬁ%t%ﬁ%glﬁ aperture o oL e
sample$ tRLcOfeaSdn dbmgribiag tthmsinitteddiight efdorartka epfitation source and a first
~ sanple, the aperture being | ocat eS, St thehconé.g%ate the first
opticaliemigomaaicrateshinghe saaple Apfrseorse e lighbfomihe fECipatipn source, the 1irs
icalS avifle fa i g £L IREerdinaP Yxe Hutnrical aperture of the
Optlcalcco gr([:k‘? F(E:% lﬁ%(?t@'g&fr?bgktaﬁ%&%mthze fléerrst face of the P
opticalddigetiec Nay;; det ecting the first optical emssion from
the scan area of the sanple. [ 0017 ] The m croscope
MayfikUsHREr fil6e dipose ta biaelkl therahnsngttedlightffoom the excitation source;
collimating the first optical em ssion fromthe

S aRipBrtudeRAIEM hparRitd fide beRGpbadiag esltheritradiardiaatacof the sample, the
aperture and the first detector. The_m croscope ma

apertureubding locatadpati e conirgatentnagst PesHion: 8h din sapPla| by the first
4 to collect the collimated Iight and direct it to the
condenSpl. st detector. The first optical enission may be a

secqnd har i.c_optical .em ssjon nerai: p 0t

s%‘grsé qpfe qggﬁﬁ%‘ﬁ%‘gais?)oﬁefigrﬂt C(ﬂﬁgrnc% eeC?eéixfégl?( a%?rgn&g_ first face of the
sampleSRY (6@ etidg 80 st bp&i eMiGIRASRAA EhdByin bidatdfeic wambs.i se:

an opti ca% spectronmeter for selectively detecting the

Rir ' IS @i T dotMPrisB e, SaMaBingABEs Jor collimating the first
[0017r]ep%£e| ??%ﬂﬁ%%k%q{rqné}fr or %oroq&smél ectively qur ecting the
opticalf émnission fitoic thie semipkss itencdllimatinghlens doppied intermediatedhe perture and the

spectr ter or to the first detector. :
first dFPiiPt o A0S ERPEFIR PREMUE Ayl oEe Plga GBS copffifer disposed to
collectdRL 6Rim-A8t 15t 9hd dirsRasRthé Birdd dereiora The fstdbpeipdliendbsion may be a
em ssion fromthe second face of the sanple. |

> 0020,,
secondT hermémi¢ oxptiope emisgiony genseated dAphP sWIMPRE 1 SESRODSGIO héht from the
it second optical detectors disposed to collect collected
excitaiq %t om t he second

[0018] The microscope may further comprise:

an optical spectrometer for selectively detecting the first optical emission from the

sample; and

a repositionable mirror for selectively directing the first optical emission from the

sample either to the spectrometer or to the first detector.

[0019] The microscope may further comprise at least one second optical detector disposed to

detect a second optical emission from the second face of the sample.
[0020] The microscope may further comprise:

at least two second optical detectors disposed to collect collected light from the second

face of the sample for detection of a second optical emission from the sample at two different
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face of the sanple for detection of a second optical

em ssion fromthe sanple at two differentwavel engt hs,
weaals/ezosnd det ect or having a respective opti eai/sSG2007/000194

bandpass filter for selecting a particular optical

wavel engt h band for detectiony—and at |east one

optical beamsplitter for directing a portion of the

second optical em ssion to each of the at |east two

nd t . 0021 ] The second optjcal enission .
waveRFER SHERRRL ol SRk ot SRar e S g PP C 1O selecting
partidula @p&sdl enelefipBibahd &r datectie@sindt wo di f f er ent

wavel engt hs and the at | east two second opti cal

deta@ adtf che Hp¥icdl Des RpHGH B iHE h§foktid6r M bddond Bgﬁ@cﬂ‘ emission to
excited fluorescence signal at each wavel ength. [ 0022

cach ¢f thp at lsag dyve segpniddlatectors. ssi on from the sanple may be a
mul ti - photon excited fluorescence signal generated in
[ 0021 he Thangsicend wptied pomisson drdni ghe sémple by cexapirisatrmdti-photon excited

oS e 5 e RPR BB AR S ER o apicn

detect®®y n§ Be IbhBGured ft6Wetect fthy/ fmultiPho®nXeRiNeH MyReeéd@Tsignal at each
fluorescence signal. [ 0023 ] The second opti cal

wavelepgtlisi on fromthe sanple may conprise both a
mul ti-photon excited fluorescence signal and a second
[ 002 &r ribri secgud evpticeld esiispival fpenethat shplel e teamp hmltiphoton excited

response to light. fromthe.excitation. source 0024 ]
Muorde iR Bal SonstRebin (hFTArupIe i FeBHeifa TRhpPE tgxetaion Source. The
multi- ROV eRed Hhibreseeltd §ikndhRdOPe £X¥HbIpBBioh dteREPARSE  ence signal, or it
si gnal d a second harnoni'c generated signal

an
may becBregt.dgui-nfiveheorsirphason axqited Sesescenselsiggat fr om t he
excitation sour ce, and one of the two second detectors
[0023hy The ssoorfd gptied ciwissiote fien ithn sahplehmayndoniprish diotin a multi-photon

et R S8R e BB DB S SRS s i

respolbRtIVBhCHGANRS @lcadticd @ndle. [ 0025 ] The opti cal
excitation source may be a pul sed | aser source. The

0024VRV §hengbdhd i i ’ it adion 1.
[ . @gur ce may bgpiﬁfg%g}nsﬁgﬁp%}ka%%@é fnge{pl g&ﬁ%ﬁga%g 8% 'a®fhulti-photon
excitedefiusirenagnde signag endvaeeeondhmninogiet genemtddesipme gefierbied in the sample in

oSS PO Bl B8 ol e it b e ShAnBokd dtectors may be

config®ie&d fcitdeBsttidn WrGRe MRt PRofoD dxdRed ANERs@ncaRMA] B8RP teOother second
900 nm [ 0026 1_ The power of the excitation |ight

detectpy may b sorligureciiar dategidan efethe heponil bainmariicigenerated sipeal.
sanpl e may be such that it does not cause optical
[ 0025andhe optical rexcitativpl ssusigcinapde o pulsekmegl urdeheThaivavelength of the

. denaturi.ng gf the tissue sanple. The optical power .
excita e 60 e Talin oiFes Aol sedist P b o in @ wavelength
range Zvlfh?fegr tﬁg {ngme fb@ttéﬂri]hgtt cﬂghé 8na@tieh LigROH/ tHYAGred ¥AYNigBE] is relatively

Lvely | § o
weak. The wavelength of the optical excitation source may be in the range of about 880 to 900

nm.

[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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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 to200, 50 to
wQ3ms/0022780 to 100 MmN The optical power from PO®/SG2007/000194

optical excitation source incident on the sanple nay

be about 5, 10, 20, 30, 40, -B®+ 55, 60, 65, 70, 75,

80, 85, 90, 95, 100, 105, 110, 120, 130, 140, 150,

160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,

80 300 027 ] Accordl .toa . .
200, &0 o018 9 503 104, 8RS ﬁem% o5 08 W el el igurce incident
on thé@alhj J%e ab&itqﬂ Qgi s@l 30t %SS@ 556169' &5,CNp5 | §0 % 90, 95, 100, 105,
second faces, the method conpri sing t

110, Q%é%o 01f40 150, d80nkA0, 40,1196, PR30 224, 280, %Oe?-ﬁhﬂﬁo,e?m 280, 290 or

about‘@obt}nﬁ?(c' tation light froman optical excitation
rce the light being scanned over a scan area of

Tkt IR R L —

biologi¥#litisald s&ﬁm‘i@bﬁrﬁﬁnmﬁ@ﬁrs& bt dechfd RYed, AruneRad @&nbﬁﬁng the steps of?
sanpl e with focussing el ement on thé second si de of

e 1 AR OO SO SR, BRI e i

source,fthe bghwemgmcwmed dvier & scappréace]the smadeshe first e facing away from the
transm.tted |i

ect ed i n t
excitaiBp s ieF e L e dTREy God e SRR dhtovsn B8 gt Bont Bcussed on the
sampRBEE! AcshindleleMentSHRE 8edodd SRRRAMBE sdfplb NBe ¥ Gisding bféﬁlent having a
light, the first optical condenser having a nunerical
numege apeftere NP | ar ger than the NAL of the focussing
el enent; blocking the transnmitted light fromthe
ex collesting ight drare thes ifingy facef bf gte eptpleavitt ial fisst optical condenser, the

coted 588 s b RPULSE RSB She QAR SRR St opicn

emissitint geneREqIERL the @aiPR ihirk n§eofd>dl%8 *REitatfat l?éhtt' ﬂﬂg ﬂrﬁeoptlcal condenser
first optical em ssion fromthe scan area of

having a@ﬁn@ﬂa@haﬁgrt@refmsl@rgsptha@ dhe Nay o€ tlmrfOCtEssm@zﬁen]lent
According to a third aspect, there is provided a
mebleskingfthotarsimiterlight frma@m eatitationisoluwgusial atfirstsaptical filter;
sanpl e conprising the steps of: using the mcroscope
of passingfthe dirstagyiest emidsive dirongh an aipérsire alposal at the conjugate image

ion fromthe sanpl e _over scan area of the
posm%‘hﬂ%ﬁ% S‘?‘PP%G’Y‘Q’(@EP%W%% 16%59? S&xcitation source to

generate at |east one first inmage of the first optical

emi%t%?tmg the Sigit pprigpl smispiensiiondhe segmeiesas tha sepleowinga first optical
detectblhe first image to generate a second i mage, the second

I mage being a segrrent ed i mage of the first inmage;

K. ti gl yi :
o021 RGBS it TG, BRa PR R TR B B g mage of o
blologmalﬁksuefsambgmi@ ithe@epd ¢f: generate a third i mge,
wherein in the thi rg i mage

using the microscope of the first aspect, detecting a first optical emission from the

sample over a scan area of the sample irradiated by the optical excitation source to generate at

least one first image of the first optical emission;

applying a threshold segmentation method to the first image to generate a second image,

the second image being a segmented image of the first image;

using the second image as a mask image, multiplying each pixel in the first image with
the corresponding pixel of the second image to generate a third image, wherein in the third image

the background noise signal in the first image is removed.
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t he background noise signal in the first imge is
renoved.[ 0029 ] The total area characteri sed by SHG
wemsgozaisand the total intensity of the SHG eRCESGRIV7/000194
in the third image may be normalised for conparison
with other images obtained Hbmdifferent biologica
sanples. [ 0030 ] The first optical em ssion may be a
second harnonic optical em ssion (SHG generated in
e.sa in response .to Light fromthe excitation,
10029 5118 i ik SFRRAETA o SHED oot e 45 et s of the SHG
emissiéh B AY tHRTimage iy Ginafl fdefocBinparidoRyHL Y Bkt hﬂagt%é obtained from
. fibrosis in a biological tissue sanple conprising the
differgptdyielogical seplasni ng an i nage of a biol ogi cal tissue
sanpl e using the nmethod of the second or third
[ 003@§ pddesfirstieqpticali winigyicnhenayobered isseshd hhensiit yopdicalt kmission (SHG)
.eni ssion .gener at ed . he .sanple.in the imge; and
genereff i e SSnRls 1€FRPPRtedn e A5 FRBUREIMEOBTe-col | agen
| n the biologigal tissue, wherein_ the anmpunt of . )
[003L]) meﬁ% O frirthrAspeL skt 54 9d¢du pngoq Bf dptermining the severity
of fibfRah att¥ol8ficAll tREQSIas¥ cdfSiRPIeQipabs:t | Ssue sanpl e.
[ 0032 ] A%cor di ng at (gﬁacsdi?l%tlh éajlspece?, there is
Pr gy : i 0 i f i .
b1 S i iz o iolGPh Akl IRAE o @b of g gecond or thind
aspecfsaces, the nethod conprising the steps of: irradiating
the biol ogical tissue sanple with excitation |ight
f r deteanintpt the aionaxleseuahteﬁﬁ?samﬁqm@r&mlssi@mtgex!r;&ate& in the sample in
. scanned over a scan area of the sanple, the first face
the imageiad away from the excitation source and the second

face facing the excitation source; focussing |ight
f r satingehe REIG intansity tothe emount afcollhgensintipd biolegicaljtissme, wherein the

ST SEFTR AL, P | SBk GPEEA AR of e i

tissuewhrplea first optical condenser, the second face
collected light conprising transmtted |ight fromthe
[ 003EKCAcasrdR3 BOHEikEh Apdc theré $ ?ﬁmdeﬁad metHodSd%btaining an image of a
.. generated by the sanple, the Tirst optical condensgr
thick biglpigingl tisste sample spmppising dirss andsedoad Javest thamethrel ddadprising the steps
the focussing elenent; collecting light fromthe
second face of the sanple with the focussing el enent,

t he econ face collected |ight conpri si second . Lo
op TR BB P BRI S B e gt o ptical excitaton
source) Bid 16t b&il: §&nPBd B{l&lrﬁl dche afeh b$ Ehefsﬁgﬁ)l@fthet 18t HREBIctg away from the

. using a first optical detector; a
excitation source and the second face facing the excitation source;

of:

focussing light from the excitation source on to the sample using an focussing element

having a numerical aperture NA;;

collecting light from the first face of the sample with a first optical condenser, the
second face collected light comprising transmitted light from the excitation source and a first
optical emission generated 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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detecting the second optical em ssion fromthe second
face of the sanple using a second optical detector;
wanaswg2gganni ng the excitati on source over thecssan07/000194
area, formng first and second i mages conpri sing of
t he bi ol ogical tissue sanple,8+he first inmage
conprising the first optical em ssion and the second
[ rrage conpri si ng the second opti cal em ssion generated
t he sanpl e. 3] .The first face collected ||ght
anélefteﬁfén%@é dgHst qpae@ coyfpsien frem the Giet faes oflhe RarEBiRpIc] g first optical
detec@r,sde]]gonq har noni ¢ generated signal generated in the
e in response to light fromthe excitation
so
ldgl%gﬁ eéthggg'ﬁfmh ﬁ‘uﬁl% %ﬂ}%oifrr]&ggléec?écé&? aS:g Pke g%gé%c using a second
optlcaflldgﬂ&aﬂoramd a second harnoni c generated signal
generated in the sanple in response to light fromthe
ex e/ tsedrnip SRUxCRatidn $HRER Jvef ke Soahh@eh, Tomihg Mirfteid second images
conprising separating the second har noni ¢ gener at ed
compgfigs M tlemglotqg@ahumup Spimplee theeist naagefqomrisERdhe dirst optical emission

w8 LA O e T
o057, 3pk Hrartate &fteRER R ARGt pdbats ESHBULSRY apay qpoh comprise o
seconf Okimlonith gerdpatedk sl Cgfenéﬂa&dsﬁmﬁhee sifplebi irépbhe fAMgat from the

of between about 1 mmand 2000 mm or alternatively in
excitafins SpyRge of 1 to 1500, 1 to 1400, 1 to 1300, 1 to

1200, 1 to 1100, 1 to 1000, 1 to 900, 1 to 800, 1 to )
[003471)0 The sesosd0faca @odleetad light ana0@omprises 3@h 4 myltppimpton  excited
ﬂuoreg%epgﬁ PII%(I)I% %zélca? secinhd li}agn}oglc pgeg\e{aaiedasqgg’%ﬂéggt%gﬁg %h%gsagn%lea in response
to hgmtﬁ@n mmCﬁaﬁdﬁrseercel nmensi onal i mage of a bi ol ogi cal

ti ssue sanple conprising the steps of: repeating the

[ 003f3"1at hrad n‘iécthéd"'ﬁ‘la? irbHRr %§ﬂl§ﬁ§1n§%épaﬁaﬂ%“ﬂ1@|sb&dhdq{armomc generated signal
erations, wherein, for each iteration the |light from

and thetsuléxiotart ¢xsited Suerescenee signal de thedfirstfags ctflchmdthgljté pachdetecting the

i.n the biola tlss a btai n.a
secon GG of miehi YR st WBRERE a0l g mule-photon
exciteld TRiobdsoéR@isbl Wit § Uerdeptiabdetéaeh) | mage correspondi ng

to the optical em ssion generated in the sanple in

[0036F5m931§p15ﬁs§ gagh 1@%&5&@ faagebbse&egﬁ £5RR19IRgnd 2000 pm,

focus I ni ality o
or altdrmativelyninrthe mmgb of irtg) 500, ritto 1400 hlrme}?xﬂ)oﬁbtrslmﬂall to @@ 1 to 1000, 1

to 90 p 89S AT 41t 0t to IR0 1 Ay 4 Yo B EF B o, 110 50,110

10”ng|nen5|onal i mage of a biological tissue sanple
conprising the steps of:

[0037] According to a seventh aspect, there is provided a method of obtaining a three

dimensional image of a biological tissue sample comprising the steps of:

repeating the method of the sixth aspect for a plurality of iterations, wherein, for each
iteration the light from the excitation source is focused at a different depth in the biological
tissue sample, thereby to obtain a corresponding 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 excitation light at the corresponding focus depth; and

combining the plurality of two-dimensional images into a three-dimensional image of

the sample.
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repeating the nethod of the sixth aspect for a
plurality of iterations, wherein, for each iteration
woheosloozp1s from the excitation source i s focusedTaG2@7/000194

different depth in the biological tissue sanple,

thereby to obtain a corresperfth-ng plurality of

t wo- di nensi onal i nmages of the biological tissue

sanpl e, each inage corresponding to the optical

1 ssi on.generated, in the s le in response to the

[ 003 ARERHE 15 i cigbit BDoElorihaE pBHRIoR gt dascbRch ob Obigiping 2 three
dimerds@ina®Aedbelofd H616BRSI RS sahifﬁ&@orﬁj%%g"fﬂe@% dof: ,

corresponding plurality of segnented | maggs; maski ng

t heeRhith A el Metbd bR RN ' £t i

cor?gng%dfngesegnentedﬂﬁgéggﬂﬁgrégﬁgggy?ﬁg&%%géﬁﬁgﬁﬁguhfbreadl
iterationithe light filom theoe:ditatiors smmed is fimgsed dthe defifyr efeduptiain mig: biological

. —a corresponding.pl.urality of .noise-corrected.inmages,;.
tissuc g FEePHA STl PSP SPORURE oG8k bett Bt fiReBonThirgrees of the
biolog@cAl0figage %%Bﬁ?‘é%h haResFRpSI AR ko Itﬁ@gﬁti@&‘l dnfi§sion generated in the
sanple. [ 0039 ] The nethod of either the seventh or
sample e respemierio shepreeitationdight av thp eprrespapding docusdepth; el t he
conbi ning step, normalising either or both the
i nfeneichytvar dinhensmmeh inndgeegateraingt d eopkspoatlingyplofality of segmented
) i mges. [ 0040 ] According to a ninth aspect, there is
lmageS’rovi ded use of the microscope of the first aspect for
uantification of fibri|lar collagen in biological _
? i E?ﬁlé‘ngitg%e rality o 4o dinaeRsiong fgages with & # campspending segmented
] . : h . £ . .
g e e D crooar ey oatloi, Uhdly gonerating o
corresphrding plurdity ofj noiseooméadey] wadges;i ssue fibrosis may be
the nonitoring of early stage biological tissue
fi bombintng [thd PhralityAof oiddsencpricoted @hagesnidio as ARkde, corrected three-
. there is prqgvided use of the microscope of the first
dlmené‘é’ﬁé‘e@%&ﬁ%@@é@@ieon of biological tissue fibrosis.
The detection of biological tissue fibrosis may be the .
[ 0034kt dhe msshask ofegither thetsgyenthyop thegighth aspesta mmay ifrthes icempfise, prior to
C j A twel fit , e [ .
the coltfing SARCRLENARE Bihs o Dol Be PRT ordiEliBa b gaspyofyg pluraity of
imagedi agnosi s of biol ogical tissue fibrosis. The di agnosis
of biological tissue fibrosis may be the diagnosis of

[ 0040eRr Agcsrtingeao bihBGispett, thérs $8/rolidet @sé Sf the MRARAcdpe of dthe first aspect
e

According to an thirteenth aspect, there is provid
for quaridicgtion pEfibgikargelagsa ippialegicylitissye tsspoct for
i nvestigating extracellular matrix properties of
[ 0041clandeewrdingttp ademth [asipoy Shdre icprovified gse of the fnvigraseepet df the first aspect

aspect ene .i rovided use of the nethod aof any o .
for mfFBRER S G B S e A Pa a e PRSP FE ogye Horosis may be
the mduifofink lof Earbpéth@dsiBlogitabiiho Gbfals. t i ssue tissue.
[0042] According to a eleventh aspect, there is provided use of the microscope of the first

aspect for detection of biological tissue fibrosis. The detection of biological tissue fibrosis may

be the detection of early stage biological tissue fibrosis.

[0043] According to a twelfth aspect, there is provided use of the microscope of the first
aspect for diagnosis of biological tissue fibrosis. The diagnosis of biological tissue fibrosis may

be the diagnosis of early stage biological tissue fibrosis.

[0044] According to an thirteenth aspect, there is provided use of the microscope of the first

aspect for investigating extracellular matrix properties of cancerous tissue.
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[ 0046 ] According to a fifteenth aspect there is

provi ded use of the nmethod of any of the second to
weigiston2zzaspect s for nonitoring of biological tPes1862007/000194

fibrosis. The nmonitoring of biological tissue fibrosis

may be the nonitoring of earll§-stage biological tissue

fibrosis. [ 0047 ] According to a sixteenth aspect

there is provided use of the nmethod of any of the

cond to eighth aspects for detection of bi.ol ogi cal
10045 T Arcording s2p 0By atheet siF b DY G gre &F s Bieiod of any of the
secord tBle@shtiSadhdts A& JulBtiflGBA b BBrifhr @Mhkh AAGBgical tissue tissue.
bi ol ogi cal' tissue fibrosis. [ 0048 | According to a
Ve VL ARSddSEseO
L0048 S0BRPhY (T ALER ol Bigct B, B BRI R m TR A any of the
secornf tdiegghtipiaspdety fars menftbbing sif shiolbgecatlitagumeo $ibsosif  The monitoring of

. . bial ogic tissue fjbrosis.may.be the di.agnosi s of .
biologief ¢ Blyebis Eebihs oot GBSk iy biee B f88GAG RS forosis.
cording to a eighteenth aspect there is provided use
[004d4 | Ofﬁﬁ%aa ag%ﬂxtgwh &prfcﬁéh"é%d%ﬂ%o"tl‘éﬁde}lij’lw%th&_s@@g?é of any of the
secold¥o digME SRR fol Qeﬁéﬁ&@ﬁ?%ﬂow al TRLe! #brB6iOP ek dRRcRbn of biological
cancerous tissue. [ 0050 I M any one or conbination
tissuefibrosie nfayrbetthe deteitpntofentii stagpbiolagical hissueibcésiess of
the biological tissue sanples may be sufficient to
[ 004&0 | Aechalingtala pevepagath aspeSHiereiigproveédadseseaststhé imetliddeof any of the
irection away, fromthe %%;ce) excited in

( Ccitation s o
secondifa eighth pepegly fon diaghesis af Pigloedoal figiertpronis  1Lim dhaenpg of biological
; ' ' j : I tively,
sl AN 18 8 B PRl iy S SRR B f0e
L004h ALS P EAHBLRAP o0 B Tl BR Aot o oy o e
secondl td eightit aspedty fortintdstifaingaaxdael o gadttin grapectids af kmmerbus tissue.
propagati ng SHG | i ght em ssions generated in the

[ 0056 §NM¥h €any Nore€ 610 8HBBInkAor PE tBX Eir§tadol SiBh@EMh CRPEAY, thE thickness of the
.. detected where the thickness of the |iver sanple _ o
biologisplnfissue sqmples; mpy|be syuffgigntdneallow fswpidpiopegrtiae S light emissions

i o L SR B 15 GALl 2HE ion soure
to beOfdmBmjttedr mﬁmnﬁatmologichh&sshmgmpa sy sltamativelyt, baokwid propagating
describ f an exanpl e on with reference

d, b . .
- (that 5, 1§ e dEESIBARYARE P m%@nmef@ SHG light gryssiang gegerated in the

. i L ti hhey .
sy S SEIRIRY | A1t 41 o8, SR, P pigy ropsasin
SHG |light gurissichsi genardted @n sl sampliecinofesponsentoi the agxcaptiorc aburce may be
' i ng.,Mm.crosco system accordi.ng to a second
deteeted Seierthe YfjEineps B the fiemsRmle BTSN of the SHG & TPEF
Lgnal output froma liver slice excited with 730nm. .

005 ho Tn pagpnd er porebinatimefthe dirgrto g t%ﬁ“&héﬂpe?tﬁtt@ﬁgiql‘}/glﬁfﬂ tissue may
be liveXGdsh@t i on | aser power at 900nm

BRIEF DESCRIPTION OF THE DRAWINGS

[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;

[0054] Figure 2 is a is a schematic of a nonlinear optical imaging microscope system

according to a second aspect;



10

15

20

25

[ 0056 ] Figure 3B is a graph of the dependence of the

SHG intensity on the wavel ength of the excitation
weawsme2mBt h constant incident excitation powePCT[SGO@5/1000194

] Figures 4A and 4B respectively are SHG i mages

(negative image) of normal {4A)- and fibrotic (4B)

liver slices obtained through tile scan; [ 0058 ]

Figures 5A to 5D show an exanple illustration of the

[ 0055 :]m %1911% {1 fd : g@éﬂé oﬂ%@ ﬁﬁ(ggz {E?PE g%gf (?el}tglﬁl f{%%qwer slice excited with

780nmpthbl1mafs tpddpeadiendt 6f SEICPALhal MBI 0RxtBatbnIS@FBOELat 900nm;
bi nary i mage obtai ned t hrough O su threshol d

[ 0056 EIMALRIIBPRa éfhﬁﬂléieth@ Gepsndbh® draBsISH@ Matensity on the wavegength of the
background-screened i mage; and Figure 5D is a gra

excitatipn spuige IWlT@rcéystélﬁan@dﬂé\%mt%howowgrt he results of the
background screening; [ 0059 ] Figure 6 is a graph

[ 005 %hoxﬂiglgres HA aaddB lpepacémlagee A imagea@egitivednmpt)yofaformal (4A) and

rorof YR BE A ozwn@ﬂ@a RS Ve maobs

ect|vl SHG i magi ng,.. Manson trichrone stain,
[ 0058, |4 Figyrey; SAta dDsshapran Grample jLkaiqn eidhe irupas quentification procedure:

FigureS £ kdgs §r1g1'1:1bES'H@i ifndge (ﬁ)télﬁed:’ﬁfréﬂ?lé/ difr{)rﬁl e tn{)fi‘l'ﬁ‘f‘ée%} St ! microscope;

i mage of Manson trichrome staln Iver slic
F lglll‘@kﬁtﬁalsrﬂesbgmmtcd@na(bldlmgﬁ ebtained throdgh (Bsurtyeshpldk@dgmentation; Figure

5C is FFehant RGBT s ee FU L D3 hatiaiitldpe bixdl gy scal

level SowGey tl@b&ﬁlt@@ﬂth‘éﬂbtabkg'}ﬂuﬁ@ Qr&%ir@,gt ive (NA=Q 5) and
900nm exci tatl on; Figure 9 ri ght field

015 TS 53 4TDOR gt 4 Bt Ay ot

normqlaﬁdébrcmdﬂerss a graph of the average |ntenS|ty of
coll agen fromcontrol group and fibrotic group at
[ 0060d] f Figured 718 amd Hahow onipaliiee itagdsgusprctiiRly Sore®HG imaging, Manson
overl a H‘{l trans ssion SHG (Figure HA), reflection
tﬂchf%%s 4 > § §1rFB) SHaipppya (hpfplgﬁlrc& Igm imﬁwgvé@e%sf Figursfnima is bright

field {rhﬁ/s%lss%ﬂ GRagdVBe e MaSon' BiEhr6ind s%'lﬁ':éd fﬁﬁ@ﬁ%h&?%ﬁat&iﬁ@d‘ with an X10

are gener at ed from hepat ocyt es an

- objectivesprlt iSvmbga- plﬁcebc)aﬁﬁer]a Figmre 8% ars tlaa m’em]agodf S:iﬂGo(fo@re 8A) and

ack t.ai

df whal
TPEE FREER bl fieghs BoT yiifvDverplionafinegigt o Tgopiscur (NA-0.5)
and 900t kR tabbn; IREHrd 5 '19 o rb?lgﬂi?’ﬁéldﬁfﬁi‘lﬂ%ﬂ@ioﬁﬁhﬁgé of 538)s R&i stained liver

cancerous tissue; Figure 14 iS a graph
slice. AHof sheglines ﬁllqgsgtcrl(bumroﬂmqkmessm around the cancer
cluster of Figure 13C. DETAI LED DESCRI PTI ON
[0061] Figure 10 is a graph of the average intensity of collagen from control group and

fibrotic group at different time points;

[0062] Figure 11D is an overlay of transmission SHG (Figure 11A), reflection SHG (Figure
11B) and TPEF (Figure 11C) images of a 750pum liver slice, where the TPEF and SHG images

have been are generated from hepatocytes and collagen respectively;

[0063] Figure 12 is a projection of a 300um thick Z-stack obtained from a whole 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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[ 0066 ] The obstacles for nonlinear SHG optica

i magi ng of biological tissue having a | arge opti cal
weocaistoez27ag coef ficient, for exanple liver tiseae/sbane/ 000194

surprisingly been significantly overconme with the

nonl i near optical inmagi ng sydfem descri bed herein. The

opti m zed second harnonic generation (SHG m croscopy

apparatus and net hod of detection described herein has

tter r ]l ution a sensjtiyvity tha istin
10067 T gy b i Rt SISl AV AR the cancer cluster of
Fignfi I8i(0| ogi cal stains, and is able to characterize
collagen in 3D in thick tissue slices under

physi ol ogi cal condit iWAIﬂﬁﬁngR@'?Yoﬁt ai ni ng.
ntifi

Together with the collagen qua ication algorithm

<omi . . b o . .
006§ S S on L S OB RRLRE G SRR il hoving o s
opticatpsuatteningl coefifivient r for emxainples tliage tisfuer hivar swpeisinglyt beéthignificantly
i ncorporation of SHG jnmagi.ng with fwo-phaoton excited .
overcping Gy L L peplipeseanicel, ugging sYiTR %F%Wg&ﬁwv fiegpptimized second
harmSHilGe B A RBOGPIG) AR r e bésa! i i i
o, 5)2? %ﬁg. S Tppafra® %ﬁ‘?&ﬁ‘? ?Qfggtg%rﬂg‘%c{ﬂd herein has
bettersipsalutiomanll siivily , thaHexistiegyesagifig epparatge andnetikERsing traditional
] es. of hepatogytes have been obtaine ) . . .
hisol bR oo BEF 5 AP SPREEetR CRIHeCs o D) i dhick tisggslices under
physidlogieall @anditibys WioaMaHpt stathing0! | RpeheP0#ENhe | ddIhE&G quantification
tissue, an image processing algorithm has al so beén
algorighuy edespralepd: Bereis rlaver firesis nimegiession popeatt mod¢inhas deen successfully

I e A . .
otecSBL0 TR EREERRHL BotlVUy LA shle ALBRAR By s corporstion o
SHG ¢mbgiagevittc tvesiphotbm ektibdofucresdencs CEPEE) o 28k mrpA&I6By lobservation,

Referri n% to the Figure 1, the collectiogn imgi

[ , ing
SHG girpreopyhaspiov s o Rebidierirehoiguer ioe Livesitrada Ft_%éb? Vigh the presently
descriBbd ER3GR AR YR S'ISIG%QI%EF% oflj g(%lla“g%ﬁl%n{l iq‘gﬁl?qm&ggéegf heéagtocytes have

optical inmging of a sa I'sTexclt
been ¢htainérbsigaitphedudly Franm intas ploicks Gssue sheasi t ati on |ight from
an excitation source 102, which may be a | aser

[ 006’EK c b aguantifys dhy amoantl ofegollagerd ppesese th |tAS elssie Cart ahh@ processing
itation_ light _ incident on

algoriﬁq%gLésgﬂﬁngg@%\gglép%Lté%gwg? q%lgtlnﬁopnerg&pqq@fni@&&@llagen. The results
show ?h% ifAbre MR IR sdrdelt I@?stéﬁ@ls&ﬁﬁk@erﬂ)ﬁ%ﬁl fé@ [nf)ﬁxgtMeecollagen change in

hermal denaturing of the tissue sa

fibrosigefuamh eardyt $tagd. t he excitation |ight fromthe excitation

source 102 is selected to be in a range where the
[ 0068 | gRefesdy toethe MRigwfe 1,lke exltdctiah iidBgihg Wpticanld difsttditbodiment of the

.excited SHG signal is relatively weak. [ 0069 ] The.
nonhflgﬁ@nqcahml%?ﬁmgee@mw 100 élswﬁf/eé fpnonliegarcopticaldmaging,of a sample
105 8 g B pSRAEARE 10 TRk GO T 5 a exiin
sourcecH)2, esdi¢homay b iadasen eycitatiohldowtce lhnd wegrbeappuloed lamdrelkyitation source.

0.5 tp.0.8 1s.a dc rom se be en col |l ectjonlLJ
The pgyfs o} R sroughion Tehg i"i‘Fd&%E SPHhg Seipple hguidrfTieh thes f does not cause
optical dARAgRAE EONHPISAIch adhfos BxRASIE EMSrrRal denaturing of the tissue sample. The
wavelength of the excitation light from the excitation source 102 is selected to 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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hi gher NA may al so be used, however, these class of

condenser elenents have a limted focal depth which
woayosgpaeeys ng variation in intensity for differear/sG2007/000194

i magi ng depth. [ 0070 ] Any light at the wavel ength of

the excitation source that +d3coll ected by the

condenser 105 is renpoved by at | east one optical

filter 107. The fllter(s) 107 may be short - pass

adj.ust abl e hr 10 r..
ot iR et b BB iR Bt o1 B Ghcaadepi@® which possess a
highel N0 @nad 4160 bd N€ed, MBI VED Hiekd BlakPBf ESndeAtdr %T@ﬁgn@éjhﬂé a limited focal
osi tional adj ust ment of t he condenser 105 and/or th

depthyyhipih gy srueRe Variation gmientity for differzniimpaging depth.
relative to the optical path 111 of the apparatus 100.
[ 0076rhe Amyj light abthe wivalshetigrh the pxcibpeneciirto that 5 codlected by the condenser

105 ARSI Ml ok R ERBL A, O Bt Dt G s optin

ﬁlter(ahdAmadﬁletablé difyshrafn a0 {(etSiris PMstiBeatd s tHe @&g |_%Enpoﬁtlon of the image
Eﬁnlllsls used to collimte the optical beam
area. fT Ppge Sppsationgs inmpleaneaid bxamogltlgrrndmdwtmm@mf the condenser 105

and/oi; tlhlgtd?f p‘fa?alg%?n 5 Exaf o%té ?%fgt la&g’%ﬁ&eﬁs@ﬁsrl&a? ggtt%gle '_f%ath 111 of the

apparstig)ih®d. The d@uaable dldphr@msﬁ sofenvd tOPhize adrrebpbadih@to the scan area of
present exanples is a

et t
the saﬁrﬁg? &%1 t'ﬂbq g degfpﬁgﬁﬁappfﬁvef)@pgcqlfé@ﬁkgggnqom noise in the
apparzit@é{\’e)‘x%r tHéBdl?kaﬁﬁ%ﬁra [e¥Pe$3 ¥ u es%@ttb %QL iﬁfet icIBYHA! (R8m from the

be used as wl e appreci at
samplg d@3.e Ibe eptienl swxaln:p K@noiimrgiabjcadvpﬂlchﬂssjﬁmrcﬁsaﬁ(f@)late the SHG signal

from gt é{f gét? agg]feggﬁa %g& &]jlr%) Ehg}gﬁlggalglgtqo @%Bolgie égg%q%ve optical detector

117. ahé Agkectop1ay Qfdltmlp@se@r&alﬂpré&nyag»hti%ﬁﬂuﬂ;he&)%ﬂe {(PM®) and may be a
concentrate the light on to the tector 117, a secon

meshlgsst PMdL, hogietien Jeany1ather meﬁ@érqv@rcdt defedtor nhg alpe be aised as will be
apprecﬂé“e!l1 b%]t?re 51811% Qﬁﬁreﬁfe i %#g ee 117 hcv?eﬁ/g etmhcge&ectors which

rom e sanp
may cbmpalss pﬁ{chtp)@émédet&xﬁdrskandﬁ)rfdl(op d%terct(ﬁé vhth3gdih) S@ftkﬁﬂﬁ%@ctor arrays,

I f th
PhOtO‘i‘Pgﬁ‘-?a tical path 111 for spectral analysis of the

mong PR CHY S rror 125 may al so optionally be

used in the apEl aratus 100 to nmake the apparatus nore
[0071c]on}5‘ac99ncqnh@t¢7 e]light ast weﬂieei@mmrebﬂg rotecembwplical rendenser 119 is

o BRRLELAS TR Y o RIBLAS8: BBl 192, 998 SRS ot o

the sanmp},e I(B\maﬁbpmﬂly&ﬁ%v&hmhw abh epRofRes: ALY fbﬁltd)ﬂ@;bﬁﬁfrt&ﬁlm inserted
e appar at us

1 th till
i the pRGed @ BobtY BAPrrabavalYsis 6F B fii aigna) Aftuaanmxapg 125 may also
optlongﬁ’f e Redtih %&Aﬁggﬁwstm% gga"f(g?f?eg%:p mgr% sed

for detection a parti Ica vvave . The
dit l.
1007235 Y A oL RS RRTEL L ﬁorﬁﬁvswre

detectai foh deteltbploptivab sighald &oeh the] safipico103, iahdl (ﬁia?)haf\/@ fan eyepiece to enable
di recti ng dlfferent optical wavel engths to a

an opeftor (0 AFSe ircsample HE3. Pinthariexgmptes Ski theppparatus 100 may optionally

comprise a plurality of detectors. Each of the plurality 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 or 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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detectors. The apparatus 100 may al so conprise a

switching device to switch between thedetector and the
weyesiezas and/or to switch between di fferent PgPSE2@I7/000194

detector. By mapping point by point in the normnal

manner, 2D and 3D i mages may lBe- constructed. [ 0073 ]

Figure 2 depicts an exanple m croscope 200 inclusive

of the optical excitation source. The m croscope 200

S I
detecl!%?%ng “?ﬁ@ %@p‘é?égs Bgéj/gr E gg\g} ?%Bg@re]ep glﬁlilf%g?thy%Agsis ég detggtg{. By mapping
point Mf @bmt i‘fﬁ@le m@nnhlrrﬁanneﬂ' P2y 030l § mabi @hShidd.on
source 201 is a node-|ocked Ti: apphire | aser

[ 007% ]\/BIF1§'1ﬂ4e Zbd(%‘ S@&ﬂ@xanﬁﬂ@ﬁﬁér@sc%m! 206 ﬁ*)clﬁ’é’i\;erbf@h@%&% excitation source.

and repetition rate of
The @MOWQQG 2200y hap | been udevaloped amouitd of Chdt Beien IaﬂMuﬁlO? ]l@ser scanning

micok QeGP CHT A R FBIAL0S, FHNBEe o exiaion

sourcaaﬂl if\fat mbdephﬁ:kedl Tit Sappligh laver KMaSQ‘aﬂBtdaﬂbﬁide sgeétraZPHysms) with a
S mis, focused onto the sanple 205

pulse St 100l enet oG egh OMith Lhe 121§¢re%(ﬂnha8eax@mble§ut wavelength

of bethvdet Shhf 730 t@?9@nfﬂ CAR §50Q19§)0(8}Hc @y\fﬁm %:A(ﬁ%c 03 dé Bsei§ control the

present exanple apparat us

laser lpce’f/etrercwlmng themaatple/ 206y Alfier physmpt thuctigh @nsX 2 QQamfitl element 207, the
di fferent vel engt hs_ by

t ect d i n,two ¢hannel.s
laser iy Sisd phth 5 Bp1e s dofasuieing slfeent 209mwhisdin the present

examﬂlé@ﬁ@l@fucfﬂdcars%&ﬁﬁﬁ%c?{eeotﬁ&%ﬁ PMI's, however, the
detectors may 21 and 217 may be one or a

007 UG8 B 52, 98 £ S50 lhomer by

obj ecte»&calnpst 302 had getected ph éeto d:hamnedas z(t@iﬂ}redﬁtv@@él&ﬁ@hﬁl\by @lhtectors 211 and

212. ?é{egﬁquﬁii %qé Iﬁﬁ) g’g%??ng gl{nlgﬁé&{étag? g{g&r %L}//léf s, however, the detectors
may mmolmlaﬁd 237 nHPOHKoAPSYa Q&Hﬁh&ion 01f %tﬁ%lt?g%ﬁ JP@pUcal er’%ectors such as

m croscope sgsten1200 i ncl udes an eiris
will bg nmwﬂglated byrtbeiskiled addrbssof f(lrresampteecmarges:oﬁptbdahmcé 12CD) detectors

u t trinsic t ectlon
thhnﬁéyégﬁ’{l of © B’tli)eaﬁgln ‘?t?lcé%rls A 8?0?(%(?3-95 tags Wd@sg‘*‘,ln’t gptical detector
arraysj phaiedioddsgarhtihg shappethess. .[ 0076 ] In contrast with
TPEF, the SHG signal is pri marily distributed in the

[ 0075SAMEh&lii@64§dops s9s$erhf2©0 %}ﬁde@fah% {Na{ag}necl%?ﬁ‘ot%iloﬁﬁan front of each of

| aser source (referred to as
the defecsgye 11t andr2 Hurkoweser, sdwertOtihe lmpmancdra)tnta} sartioningacapybility of the

tatlo source The SHG light is
nonhn%%rl ecagrf%f/l’fé’éi%s&e §&PSeS 1% éﬂ?ﬂ OBfR™nt ed excess | i ght

[ 00763& ltnge nﬁﬁ‘%’tﬁ%ﬁ{@%ﬁggﬁ‘n? EP@SE%E? ltolébégrﬁiyélg:;tgbéq% f1r|1 Lhte sam% direction as
the ex6ifftionl diRGtioh BE tﬁé)fa‘éﬁfs‘éu{?égre%xg&ﬂ BYorRarddsHes Rﬁf?zfﬂ §;2'1th respect to

ei ther a detector 217 Ml in e present exa
Figure;1 B4 nbtheu war@qo@mqtlon@my fm® the erxctthltmrpscﬁsmmm) The SHG light is

ot B8 BTE 0 S BT e S R008g eepion ses
ﬁlteredfrlbllit{ bey: a ggo%'t | i§s ufglt’é:g Q{lg OfAstpR&/iSelradefibeil the RriR#IISINESIenal may be
directed to either a detector 217 (a PMT in the present example) or an optical spectrometer 219
(in the present examples the spectrometer is a 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 transmission bandwidth in the range of 1 to 30 nm, and typically
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renove any TPEF signal and/or stray light fromthe SHG

light fromstriking detector 217. The band-pass filter
woayoshiayasa transm ssi on bandwi dth in the rangeColSG2007000194

30 nm and typical |l yabout 10 nm depending on the

bandwi dt h of the excited SH&IPight (which in turn wll

be dependent on the bandw dth of the excitation Iight

as W ll be appreciated by the skilled addressee).

o, NS B g e b SR BRI 3 vt o

depeﬂ@laﬁik obHE: bahdivi@hdbf ed eRitationaight dsh@ileXel hpfre@ted by the skilled
source. As will be described below, the back-SHG may

addrepgelet ect ed by either of detectors 211 or 212 (or

another simlarly |ocated detector) using a suitable
[ 007¢ bniiltemmdtiyalyo SHE Hglgmeayaalsh bopgénsadted in the beclavardpudpdghténg direction

p t i lled add see, V\herethe a .
et BEERRY pofaliseaioTRRE oAy ATBR e descrived
below;i eh@Bﬁ@@SH@nﬂlaWi)}é detectial BE bidlikr fMetdcaite QU loy 210 (@QZﬁother similarly

present exanples, the light is coucgledlntot e

locateénti?taﬁe@ GHRE oFuNARe SpEbinagiaRt & mirrorshyncyeptipali Gligrs as would be
appregl"éa%gg)fybnt;ﬂng Qi(ﬁ’leé BRlreSIR WAl heré\ile® an?;ecgg)ggdcfig@&g ?gr\xpa}{d%HG and back-

rating, a spectrumis
SHG triag eadiebeddtedted lahy rrraxycﬁeeidte%ﬂ) s{ibiEGedisly.avai | abl e from
Princeton Instrunments). The PMI detectors 211, 212,

[ 007&]1d IR ik preesht exarhples, ﬂh@ﬁgﬁtlh )tov(iﬂé@ b et evanmed Qitdf thdSpectrometer
tem 200 are Hamamat su R6357, which is a nmeshl ess

219 b sptigak gbre b ot ) é;fteé PPlﬁlgrfhﬁﬂeﬁsgdthYea edfg/mm grating, a
specttfufrpm k@&d&%z D G ROy SRR dt tEpt P[(%Eet 3 c’hl allablC from Princeton

d honobgenous response o0 cat ode ca
Instru&ientsblu dhe GMIE detsatiorsa2il Ie 213, pad 2477 wded actherpgesentty described example of

the 55 2P0 e s B 4fe b brs Ssslleey ORIy ekabotpet model. By

liminbfi8e TR th le%ﬁph% PIOTSH dRGehs s
© lmlnsengl ti Vlet y. To Inprove héemgiensft [ 3}’1?}?/ gpgw and homogenous

responfecy cethoide creds echiheed; elthaghi asheresuitalole dyyep drldtectors may be used as
uppress .t tical signal. Unlike SHG
Would:ti’ 9 gfem%t?‘g% ﬁ@%ﬁkﬁéﬂ?{ §%ﬁe wher e the eni ssion
ern IS CO ned and a collection nunerical

[00792E POy eRpl 0 I}Iéiﬁffﬁpo’? BeOSHEIEx citation NA is sufficient

to collect all the SHG Ilight, SHG signals from
[ 008} ong@.IE%w hsipsiredn WHG l’élagﬁnghlso%‘t detptiar aensitivigyg To improve the
sens1tﬁr?c§f LGk ERkre cﬁ]g(lief ?fl}s gi%héae tht Y:Sflecttlgﬁse'fﬁme 031 Jﬂdgsiﬁhigress the background

ttered an Into a
opticabsighala lthlidte ST bignalf fionamdmbtne tiexei WMB e anission pattefo is confined

it S oSt O SR SR e p o ot

SHG GEMJSPRTidAaN M BHididglcar §&0ed H2M 4 F%thc tlctahgcattermg coefficient, for

excitation objective Wwas used to co t" as man
exampié diven dissus, p@b&ﬁb}’ scatteoetd amd diffused tihtoNAvOI&5 am'lcl, even in backward
dll‘ectl&)%)gg%adﬁe % e dw];r? F\ﬁuﬁebgﬁg ?rlnlfarlo%g ttﬁe colie%gn e 1c1enc(§r, especially for
tissue slice samples thlcker than 50um, an optical condenser having a NA larger than that of 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
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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m croscope objectives respectively. The condenser NA

may be increased further, however, it is observed that
wohbms/odzgs not significantly increase the col | eCTiSGR007/000194

efficiency any further. This is because that the

scattering of SHG |ight made l6t— appear that the SHG

signal was generated froma nuch nore diffused spot,

whi ch can be verified using a Monte Carlo simulation

o w ok irishd oucf FEnEy he B i R FERA s igriamatysi - the

largeVNAlqhﬁﬂedjtlfét fogledépth had,0Rr a Nféuﬁoﬂﬂeéb‘}ﬁﬁﬁoﬂ §fﬂ%ﬂatncy Furthermore, the
sufficient to accommpdate the incubation chanbe

workifgi ¢istafegs of Jeger NWH@%SWStIﬁ enof es#ﬁ‘éqlmtuﬁoeaccnmqﬁateythe incubation
f IS, .

L T e——

sampper dotrinigi anlalyel,s tIthestsfactans thetef@e mmﬂ&at diffiext, $f @ prohibitive, to use an oil

ondenser dur the tissue imaging process. [ 008 1]
or wa, W@Wﬂ%ﬂ Colsatke dhring eSS RIRCESHr oughput

tical filters (not shown but anal ogous to filter(s)
[ 00874 Adfterpihg gandensey; elemenst 305 high abronglpit optigel filers (not shown but
sniofBAElo RN 307 Al 6 08yl SR JEINRHGRAR o e s
signak uﬁgneetss ttah 8 0B@ ategused al ensard indhichatlicsp lof ﬂgan%HGi sigr(allIOtl“o suppress the

109 of Fi 1
e S 5 B BB B God Sl e Lahl e 1 e
conjulzht8 16QREE E@ﬁk iPh88BRhe ¢AH UGectGh @l?eec%ntd@ns%f‘ cRAfRK 2‘];3ew?]s closed to an

Si ze sllght y larger than that of the scan area
apertyasisieesligbly larber thai ¢hatlof dwesban heeasofythal satnplee2AS. r €hy iris allowed the

sgnaf Beitety RS e it Sk R og Bt botfae o Bt ol adttion, a lack

encloﬁma! afast ReAVMIOL /el thé AN thiddScope adidl Sankiey Bok fHirRF reduce the
reduce the background optical signal. To avoid the
backgroynd eptisal sipeali ?Fﬁga\t% thgHgs drogm klockingethe SHHE sigarl, \ﬂ@scondenser was

ft e ed to
efool S Q6 el Bt RGP o RS e congme
planciimtigiinggmgsysaem. [ 0082 | Excitation power [ 0083 ] As

menti oned above, del eterious effects due to

[ 008PhoEReiRBnGRfwereact i on, such as phototoxicity and
phot obl eachi ng, are negl igible in SHG However, heat

[OOSSFnﬂsahFeﬁtl&%dl Q&We 'dele%ﬂoﬂ@téf%tsofiué he eﬁﬁygﬁg@m‘i@? reaction, such as

denature the collagen inside the tissu
photofogicitysands phatolleadhing i ayeimegligible insSHG! e Howemen |hba1r gdﬂarased by laser

denat u ssue col Therefore, the
it FRSH, 00 s ipnle Pgherbgh i, GolgER: e e (G imaging is a
sensitive tedHi@lRMWhRR it BBleSt@ TRbMtor $hi§ SleffthAf ¥ @iBsder@)‘llagén Therefore, the
does not cause optical damage to the Sanple such as,
powey gfrthe guciation lightFrewl the encitation selure¢ thahés inridenteorsthaskmple is selected
such tﬁ& 193!&'65318?%% B{%ﬁ‘é’a? 851%% ttottﬂee Ea@le gl% eafs: ﬁ]fe%%]np%gﬁxf:% denaturing
of theafssueasatpid. XBd a¥aid ahn &nfaesui’abla mlﬁemﬁiﬁeﬁedw&oini thE 186k dx@itation source,

the present exanples tq 6. ypi cally, four frames
the mggpun g lumHpgiion g vé .eaquﬂxeﬂyfomqq@ﬁulfanf {repga was limited in the present

examples to 6.4us. Typically, four frames were scanned and averaged by Kalman filter to

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
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i mprove the image quality. To verify the effectiveness

of the scan node, the transm ssion signal was sw tched
woaodashe2zpect romet er 219 by swi tching the fl opPariSGer07/000194

221, and SHG spectra are recorded at different

excitation powers. The intendi’ty (peak area) is

obtai ned by fitting the SHG peak 231 to a Gaussi an

profile, as shown in Figure 3A. The inset 230 of

Fi,gur.e 3A sho t he .dependence of the i nt.ensity. on
sourck 29 it € BARES ok NiSRERB RIS Sipdom et s AL BR Sammbichewed ar 5
magnéficatibat IThe pardbotic 28dtiodAfd dStheiraihn23B BY 1@ SHG intensity demonstrates

nsi -directional scan on an small area of the sarg)l e )
that thete,jg qroathersnal degrige | ofathe SAMPIEN20D absesvrd evaneata§imaWs (vlich was the
e . .
averaly RV B8 Rarig 05 o e DSBS, BRI IR B ER-directional scan,
the sapiyde caresiisaire eveathigiemiididdnt pbweds pothetiAlyarpge 00 Ml ofiRcident power
tﬂg sanpl e 205 for the present exanples). Under norna
Or 813Hfe- di recti onal scan, the sanple can sustain even
hi gher. incident powers, potentially up to 300 nW of
[Oogﬁici%émtloﬁ‘d\‘f\ﬁel@gthgreat er. [ 0084 ] Excitation
wavel ength [ 0085 ] Al though the SHG i magi ng process
[008% & AlihonghBeobiEi isrmgineopressss is haostabsaptoraprasess, e SHG signal can

ce,..wierein th ngt t he
be o ARSI RAGE SRR OF S SEIE RN BlsiBi ovopoton
absorptien baipbetheDepgileli Mependihf @nsthe Gptdific [Propefiés 85thefmolecule in the
the nol ecule in the sanple, resonance can produce an __ )

sample1eseNaEReeAn IPdugs asreabpncsmenheian Qrder of magniwde gy mere. hWith the aim
o infpglh 6, WBKENS Ry A2 1 SRR e MOLD P AR e
wavelengths (ipy byumhing théevanaleapthngft the ddset beurbe)s efinso theCyer power of the
Ti: S'ilnc? t h?wleasgr. ower of the Ti:sapphire |aser 201

1SARPOHE A5 £HeUi5F U £t PSS BUEIGHROPE ARNES WP 1 vRkRDSihe Higt AOM 203 was
tuned {6 nANMuZd Bhe\BitaHOE Polver BRKEmPI ad iR & FRtdagh waﬁ/elength. The

_ power on sanple was ?he sane for each wavel ength. The
excitagige ipoater ovespardiedvsiith aepovwérenteter t(vedlep @it posteermeter model no. 13

[ Gni del . 13 PE . J
e O P
changSlansfi@nay vi@esxdnatior %@&@ngﬁhﬁnF&i B8R tksteWIibEs of the tOﬁcéer of 10 pm,

.. excitation wavelengths. For thin tissue slices of
differest spesvelshgthe praducelsififiler SHIG indans]te firt dedlagerouhuioer sissvel afowever, light

> Jntensity. for collagen . in |jver tissue.. However,
scatefti ot ok e B8 o st St AREioR” 478 Wavelength of he
excitatleh BEhtofr@&haBe SRdtatioh s6 @8O isdeldod the Wa@hsd 8MhBrethe 138t scattering
excitation light fromthe excitation source is

of the gx¢ifation dighbansor the axqitgd §ElGpigpal is Frlativelihweals aExaitatio light having a
i i bt (o XCl HG_si.gnal.

vt P15 B0 A oD BB b TR 6908k e e

examplaviateitgtds found thet thanight Satteddgilis r8RAvely WAk AMHeSe Waeslengths. The

. for i mgi f liver tissue in the present exanple )
choicesg @.Wz?v e\%g‘g&f BueRIn: the Presgat 4IF‘§ﬁ¥1°% &k ‘@“Fﬁﬁ’glm_ﬁ%ed only by the tuning
range bEIRLEVYEINTe WR&KsoRtce! RRRE s‘{@t\!ﬁﬂe %%fé?gtgp%ﬁh&n%%e?tﬁe{n 900 or shorter

this wavel ength range 1 n the presen ISCUSsIon is o
than &80ums endyi alse bd wihisgd lwitht dveappropriate laser source such 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.
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range of the available | aser source. Qther suitable
wavel engt hs either |onger than 900 or shorter than 880
wameswyg22a8so be utilised with an appropri ate | BS€1SG2007/000194

source such as a solid state | aser source, a diode

| aser source, dye |aser sourd@-or other suitable

source. The laser may al so not necessarily be a

tunabl e I aser source and instead be a laser with a

v ngth (having a finite em ssion
[Oogégnmagrﬁgas \g@% &3t ed by those skilled in the art)
y S e used once a suitable wavel ength i

[oos73 o ﬁ%‘gl%i’réﬁen& Seauanfifipatio plegrifhn AR 3R deirmipation, of fbrillar
elem&RTR £BBIIHR lehs abase BP%%% [PR8Ecdl liver ti dt

Quantificati on:ﬁg? gorithmi 7 ] 'Sl'hll S se?:t |a§en in liver tissue and the
presepi dis@igsion wily nanﬁncukarlyaitescmrbeahlg @mmhlm fioweveh@ will be appreciated that the
technquglteef{@pﬁ‘@%lgrh& Frfe",xglgn' ar el enents in a biol ogical

an exa fchis fibrillar collagen in
jon will

tlssu nd.t he sent. di scus
[oosi L g A of e Bt RSt & beRlaveivIemen pf i severity of
fibrosad) pr%@l'l‘éH £Al dnb B hRSntageh HAHE | 'tl'ﬁe §H@| bRAl §ghdl AIR 8 normal and a
exanpl es 0088 ] The ampunt of 'agen 1n I|ve
fibrotiq ls‘sea é11¢05reém§tlr’@1§Kthmﬁglﬂeﬁ@nﬂneaatl\tmmagewﬁxr|ea§c affreproduction). The

oo B LIS Bl BT ST S o Srcvens

of SH;GJ CBesﬁ&éspﬂiét fivattativiet ﬁﬂ’@@lafhloﬁ%lﬁéln@d Srdte Ghé ISHEG | iIFRGES quantitative
for. ease of reproduction). The obvious difference in
Chara@&??"é‘@ér? s %@@‘FS cHeDlp 3rihete agperate daseription| ofitbe progression of fibrosis
to beV@h t: feqt [
o besBoUREn DS PLAE Lsasans ol SRR HRGadl gt vt o
effectiyeaensiof aeatwentshar act eri zati on of the i mages enabl e a
nore accurate description of the progression of
[ 0089 | biLilsd @hdrdmagingrelthniglds,aldideand fbhl:kﬁ%@lhnd a SH@%&Q& e unavoidable,
t he under| ﬁl n mechani sm and to eval uate the
and the backgroppd devel apay; yaryifm experimegdo qXPEmméntot Blgrefore, segmentation

was fi 'réf%ﬁhl@vtg ?%J]Eﬁl %Hﬁzﬁngggiﬁ%ggﬁ%et@ﬁg n oM ltlllupba%izgougg 9%3r simplicity

are r OU
in imﬁlcmﬂmtetxcpe lthrﬁsimﬂd tagnmnmmnmtadoﬂ'ﬂeé raefmmhi bs @;gﬂ‘&ﬁitad hﬁdl understood
| nal_inages to separa

by the\é%‘;‘l Igaéiareﬁ Igrﬁ%lo&ggﬁ%?%ggr I ALy Sty h§IQFEH me }{09 [pg¢ N. Otsu A threshold
selectioﬁ%&ﬂ&?‘ﬁ@ﬁz' S8y 1401 %B%kgmsmr’ltr%ds ggstg\ﬁsl\/ﬁ%%ﬁﬁ%rb%?netms 9, 62-

appr €ci ated aRd unhder st oo
66, 1958]11’&’@85@@@ t¢ pptimiziedlad thieshgldrfgr eavhliysgesas ddseril@dshelovet hod
[see NN Osu, A threshold sel ection nethodfrom grey

[ 0090 evEbr dsachtthngs]m‘rd ¢, ftfimage &nsplit Tyts treo) grdfyps @bjkct and background) and
Cybernetics. 9, 62 66, 1979] was used to optim ze the

the weighted surh ¢f ir@raggaxpwarmm, ay ? desalciloted dodbliow. ThOe@A &, ° is defined
For each threshold t , an inmage is split into two

by: groups (object and background) and the wei ghted sum of
intragroup variances, s, is calculated as follow. The

sum sw 201 Xrpel] @R () + ¢, (1)o,” () @

[0091] where g,(¢) = Z r(),q,(0)= Z p(i), p(i)is the probability of the histogram at grey

i=t
scale i, and N is total number of grey scale levels in the image. &,”(f) is the variance of the
pixels in the first cluster (< ¢, where # is the background), and 0-22(t) is the variance of the

pixels in the second cluster (= ¢,which is object). Then O'W2 is computed for all possible values
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by: [ 0091 ] where gx(t) =, p ()is the probability of
the histogramat grey scale i , and Nis total nunber
wofoagroesz78cal e levels in the image. s,2( ) is PO®SG2007/000194
variance of the pixels in the first cluster (<t ,
where t is the background),-dfd s2 2(t) is the
variance of the pixels in the second cluster (>t
,which is object). Then ctw is conputed for al
bl e val uesof t and the.,t val ue produci t he
of # é‘ﬂ‘isf} cels valug,produgingithe siallens o Hp daehentimat threshplg (7i efly brief, after the
s in the inmage are

after t scal e |
all the erneale e‘FH%‘S\}% o TR4Ek TR ST e {vRBIet tRtaIniRZgA hey total weighted

intragré\ip” @i i¥ Ahé dpHifal Qh&ﬁfbl(@ ptTHEHLIgBﬂ{hﬁ? QY beed {emented for the
al gorithm has been inpl enmented for “the present syg
presegisy pigmniin gl atian(VaiatFR 14 , availabledisine The MtHWéOIMb,tIhc Natick). Since

C Since the thres ment at i on
the thygéhﬁﬁl dseg@grétg{;@e gn g%l drprgfggg? ‘?aﬁ{} @B@E MPFg;fengy,agrﬁwy noise will affect
segmematiom. I'd tendfvieethé isveaeRpixal héife ankPjoire bapifatédBorkisRd 8f ffdtures in the

bi UE)I xel noi se g_l in separated portions of features in
Inary jaages rggp?/rafeag:@r egsgg@egtlaggn,wospﬁ]@ ag@gipﬂghmappcmtlons were applied to

improRE @ £Burd perations were applied to
P I mprove tﬁgoa %agpgg{/ho%f quantification. [ 0092 ] As an

anql rigi and a se nted i
[009Z) R xBiplt R Blnab G RS Rl sBeBE0RT s s in Figures
5A arsieijﬂm.e‘dpectmel;ag Eron?ltml k&niddted ii'l‘ihg% OFalurd spa ths t(ﬁéll Ar@eg 8P collagen is

Jeul cal culated. [ 0093 ] Another paraneter used
Cacuﬁtﬁgntlfy the collagen is total SHG intensity. If the
summati on i s done over the whol e i nage, the background
[ 0093 by Apother pawsimetersispdi fo quantify thé foellagen e totels SHG mg;ensﬁy If the
I t he deleterious, effect af th
sumeP gsf%%ln nglg%e&’h m?é&rfgﬁtb gl lejel "d%de%m%“&mﬁcanﬂy affects
the resmimkg imlsesr ebnrudeibut the dBREHBGO BiTeLt iof tﬁeh@acﬁgﬂoﬂh@ abise, the segmented
g Th|S|S|anenented by mul tiplying he ori gi nal
image; 1%% 262 1As ¢ §tEen gl;g)thq\pqqufqy@dmﬁl,@ qn@@aé nppgee . Thihies implemented
by mAGSITRR &6 driFRae BLXE
ym 1515‘?% ensd|rt o? mg%e'f %Wg“g‘ﬁksﬁg}@ ﬂ%\c/) &rﬁa%eiog}eqy the; segmented
1maged of Kigue SH)Q)IXGWDMPIH‘IIE Omnthe idteabity of &ié?dollugéihr %ﬁam%k each pixel is
he whol e area of the |rrage to ma

countegi ﬁl t{)ﬁz Egretgg totalantensity aralthqnep(gma @e,@p t @,@/ﬂi\pga area of the image to

make Eheg qﬁﬁm’ﬁ@s i onipRfblE gt Hlfféﬁ%{t % ri?‘i!he result of the
e using this nethod an t|n ctionin

backgl@g@ qarg@mad 1gage being dlais mathdd gldrthe 5®umngc1bdluc310ﬁ igbagitpround can be

- seen 119&7#%3(5@ ézl%tl}cngl{ ea%/ @ gf ﬁ}lleg}?ﬁ%lg]' ére&sgﬂsq eﬂZJSet %gtglf‘lSdtﬁ’dgf the collagen

signal I&%aéh pdRbadlonelies! 1916md2053 (@RPectRAlyl Fnesi28Y 5 f
ur es 52 an ndge C respect| ve(l yge(l\lotyle hat Fi S??)e‘é“/&?‘“e SD) of

Flgur@ A 3gd 5€ Eespechizalyt | (¥ote thag dgtines SA, 5B and 5C are negative images for
ease of reproduction.)

[0094] Figure 6 shows the area percentage (normalized area) and average intensity
(normalized intensity) of collagen 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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ease of reproduction.) [ 0094 | Figure 6 shows the
area percentage (normalized area) and average
wonowre227y (normal i zed intensity) of coll agen POT/SG2007/000194

normal and fibrotic livers. It is noticed that the

difference in average i nteng0ty i s nore pronounced.

This can be explained by the fibrosis process, during

whi ch nore col |l agen fibres are generated. Sone .of

collagen fibres are dispersed in tissue as_ ti fi.bres, . .
increasgf antensy reyen gyithorhinsreass Hodes, T, %reg(éfﬁ’o‘ﬁstc%g«?dnﬁytal Intensity

the ' j Lntensity
represelnﬁctpggfgrecissﬁggg%e ise(?H ?é@eﬁ%seggm\%g?%tgghﬁﬁg total nunber

of bright pixels (the ar ikdes the thickness of

bundl es, the coll agen fi %@?gnsi stently grow

hi r, l.ti ng ini.ncreased SHG i '
ooss S ERE ale UG SRS TR LER b BN crampe.
total intensity represents the fibrosis progression
WO%&N%‘“EHI%E@P?F"‘PH%ﬁ?t‘Wé ftebé?%?l PYPD EXAMPLES [ 0095 ]
SHG and TPEF i maging of |iver tissue re esent dind h fr
[ 0097 hevinls| SR WAgerosetsmpitisinitl bodwpieshrp P e B & Apredipused with free
ivar i LS+l RAUCHL. B2 FoWy i 1
access tt% ;fé;i) c}{ﬂ\\p h&? hﬁ%%eilrgﬁqHblgdfifl\}ét}rg%%ag%rkgl\%hﬁu%iog\é\gi%h\el\tétrr%chlo'rlde (ij 1)
was injeotedastrapietitonkalte(100pksdiltted 1:4bn vbgatatde dilnvd tiges arwegk 1@ induce liver

12- hour |ight/dark schedul e. rhon.tetrachl arid .
damag O AnpsSRoHp SRS eEHTEr Wi PEOHBR YL, ST Rt T depage. Liver
tissue %/g%élgrgleyt%ﬁg %ﬁpbgtlh%rbﬁpsgattdiﬂ?&n@tifﬁ% ?}gir{tg Wit ue entbivdE6f 2 days after

control group was injected with vegetabl e
the lagti linjection. Betfbret bechs dnmvestosthgeanimalsever Jatied @ygr night and deeply

har vest ed from bo r. at .ditfer tAl i v ani
st AT TR0 38y DAL, P B8 - anas wer
sacrifiB&f ANEpr8airddeyihed bl tat@WertBdpproved dyfths isdtunioasl Animal Care and
ni ght ‘and deeply anesthetized wth sqodi um

Use Committdseandiwithin ferayidalings iy bympne pare of Iabregtoryagimals.
ani mals were sacrificed. Al procedures performed on )
[ 0098r]at Bisswersticamthimmerthah 50t e werssectiondddyadrydsestigningpeaing a Leica CM
and Use Committee and within the. uiﬁl.e*(insf r _humane ..
3OSOSqu@stQ§fde|vg:§Cﬁvatl:g}l§, from b 20 F s]t ikerthan éﬁp@e\gere séctioned by
ibratdgil LO g N ), QRhdHE the bath and
s T80 HIET BRI 13 LT REBL o1 00 o
medium #erecd6RE10 Pa@ B¢ a Pettiet devicé tranaintimtheatractssct i oned by
vi bratonme (3000 plus available form Ted Pella, Inc

[ 0099 edﬁhgﬂ;t»le FA Ei5ifbaristhabng B3It aVThssBAE tHEbE) AT Sirius red staining
ool e

0 4C by a Peltier device to naintain the
br Chsti Siak resoRABRAAT 190 ARG SHR traditional
[0010@&52%%}3@%?%%g%)gng,twgﬁlgﬁgh |1 usfesroed staining [ 00100 ! )
histoloklcal eRRR[ Bvd slices €10iinh irv thickmass paeré successselutiyosectpn m a piece
. mcroscopy with traditional histologi (24 stains, two d
of lives| Qpeslies wanwipined witliasey SBHEOR6 A0 i 3“‘ other one was mouxte
! i ifi Ptioh! AESHAEARI TPEFEMIRSscopy. Figure 7
ona @{%&2% %ﬂx{éﬁ%}%@%‘h&é t ??ﬁg)l’?r one met hod, and the ot hel?y ®
(positi®8émugs) showsthedright field transmission image of the stained slice recorded by a SM-
pixel camera (MicroPublisher 5.0 RTV, available from QImaging). The overlay of SHG (Figure
8A) and TPEF (Figure 8B) microscopy is shown in Figure 8C (the images in Figures 8A, 8B
and 8C are negative images for 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 in contrast
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on a mcroscope slide wthout specific preparation for

SHG and TPEF m croscopy. Figure 7 (positive image)
wehaeswor21e bright field transm ssion i mage of PO®/SG2007/000194

stained slice recorded by a 5Mi xel canera

(M croPublisher 5.0 RTV, avall-able from d magi ng). The

overlay of SHG (Figure 8A) and TPEF (Fi gure 8B)

m croscopy is shown in Figure 8C (the images in

Fi gures 8A, 8B and 8C are negail ve i nma

mechapispr: oaquhéqgl @&%rth@] gy@ 198 95} lggﬁnegbs? . Egr hte %%f H?asces it appear
blue. gieé glgges 1spcho gatiGed aﬁéﬁb leﬁ{)u%tflseldl rél% (E"shcg\l}‘ 'bﬁi% &ﬂd)l.lraﬁecﬁsappears in the

wever age res between
transnlisjoat onagees IarSHG | iemging, dinycBbnes generatch8HSHS ghalagben excited with

femtospitEpiiersor ShtshAhy SHsheieae eorkrar by Ui B SRl visaer than the

signal tét%ﬁelgteﬁf & ﬁ[écﬁndknﬁﬁx‘éﬁt ft 31§ SHB GlaRdSHp by thé stﬁ’sﬁﬂ\im&etectlon apparatus
al ni ng, dye on col | agen absorbs red |ight and

descnbmlmve,tthwfgbeamgml%@ contrasy Withilegk backgemindhi n t o absorb
enough red light to show blue colour, it disappears in

[ 00106 fe Amathsmiossharly usm]gaethbd] t&@nmﬁsagrpllagen isi iyius raskssaining. To make
enerate SHG si g xcited wt

. cornpalll%,Oé'szm SHongnioH 50 SFG A YERRT 000 SBoL D g brighefied

transrr{ %1s ﬁ?ég%r é’ﬁ%ﬁr n H8del ?I oA IrReR Er\;@e{s%c&ﬂed R@th the same CCD

i s sti I cked up by the sensitive
cameralahestidned atmyar aSumsilatesx nh@dﬂasssbm’\semcﬁlmme fioxege gf Figure 8B, the

mfomglhgﬁgiq%lgp ntrd W‘\é\ntv%g dos‘? r bac&i(t?lprsg%s rg% ]tg)%l éreApe% Q%&hen excited

with 5'4@%35&& 3ha %as BenBKe i c@%&ﬁrﬂtﬁ)@é&c&ﬂdehnﬁi'@co@/ | TO¥onfirm the tiny
liver slice was stained with Sirius red and a

fibers bord gitagei.efleorescaneeningsSHE Waregrecordad im opipiFsigtiles igages to those of

Flgurﬁ%()% ial&% gg ﬁ%&é-logﬁlzgﬁ? 0 &ﬁgg f%%e gl%éslg glrrx] tq'}g tlﬁﬂe%'fé appeared in

the SHRUagls Rir@Usctlagdh. t H@Weﬂétorﬂl’[at ﬂﬂ(bregn‘entd‘l eoft Bivjusf irdat ewerlaps the
was | ost. Fortunatel

Sirius red emts flu reSﬁence
autoflyresseasecht BErwmeRBABHIFFHS B useririasehsam 105 alisgrn quantification.
On thé (El @ﬂ'sﬁd; ggo[qﬁé&%@ﬁfﬂa%k@%ﬁﬂ&’y To confirmthe tiny

are agen, uorescence and SHG were

[0010§iC %gzggn%f?ﬁ)gttng Fvc'aé%a[tl ?Ea)f sﬁaz% S %lgefn%ﬁﬁﬁoﬁ’ on &{r@éf@fs?on using cell

Ion O

morphditpiSastwial ad Elabémifudntiby. eEBesid &aﬂiﬁlﬁhlt}naﬂdlm(ﬁtﬂ(ﬁ)n l]m}es/atlon of cell
are colla However, the fluorescence of. Sirius

morphelagy] !@p%ﬂ s adyenes of SencEhemaphalpey KYeg tissue  Sfice was well
presergé 1.%1C tS{-I_% %@@&W%n‘é@ dthéttea’w'a ] sﬁ&hieag aratlon required. In
uan e uces

contrary, 5HG pro a clean
hxstoldgaédi g#ta’inlmg, the €QO2vere Rhhjstictoamanyqroeesses, exgalhydtagion, dehydratlon

rinsingusPARBPBISY Pah VP h 0% B TRAGIARY GIAMEAPS S g sl increased, as

Xithgand resol ution, preservation of cell
Shownsn%:%g *eogyéﬁl S anot her advant age of SHG The norphol ogy

[ 001(%1c | E)Yaﬁﬁ 1SS Sﬁ@te@tﬁffhﬁ@ésﬂé"%ﬁé MH ﬁﬁ% 8fedrly {8 1RREfibrosis

mc 0SC ys nce thérewas no sanpl e pPreparation
[ 00104 ﬁ Jé% Sgetnol E%%{;%lbl?s o&%ggglga’le gqé%ugg 8Pa{ﬁ?26ﬁé {h%eoﬁ)h@@lrc%nﬁguration and
detectﬂﬁh}!fﬂt&hl SHG imaging demonstrates better sensitivity and spatial resolution than
histological stains. In this example, SHG imaging was used to monitor liver 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/or detection of fibrosis per se in a liver without requiring

known imaging methods requiring staining of the sample. Because no staining is required and
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rinsing, and chemcals. As a result, the norphol ogy
changed and space in sinusoids increased, as shown in
woizonsroex7§ and 9. [ 00103 ] Exanple 2 - Detect POWSG2007/000194
Di agnosi s and Mnitoring of early stage liver fibrosis
[ 00104 ] As seen in the regults of Exanple 1, through
optim zing the optical configuration and detection
system SHG i magi ng denonstrates better sensitivity
and spatial_ resolution than histol ogical stains. ,
deep pensteationdempplieveiHey infergecheioiiation St §verotHoeDverg 9 in the present
i brosis progression, however it wll be appreciated
%hat the exanples descri bed herein may al so be used

[ 0010%Ed /ﬂ?acg’&’% ct?qnaﬁ 18?e¥f%?%1$a|<51§5258‘;5%‘? Iwage}'ocl:ﬁsgg ko \%}tger%w tle;hof the slices to

record HESHAkdck KBudfeWT o dBRgHh RertiSRdallp dfpnifeaui ditag slicas nieregscafined for each
the sanple. Because no staining is r e%w red and

samplqaelaenmdtngmn the sized-Svistresy/ (i 4% ¥ 4108 qu@ cW?rStSP%iﬁleg g‘@fﬁ?Fh slice. The
et S5BFSA B7F  DEARY cBAPIRL ek QOB 6
1magefwaw$(ﬁd1eﬁob)t iseaﬂnnmgzl lleseobesrheassin aesndlocandomi dnichnscopy. Upon the

i ntact struct To, obtain st ati ical i fi cant
complefignaof gachy sigl image e 4FMBIE Ve bedsieng |Sglf%ge 3¢5 size by a
moton?@d Etgg %?X a%#tﬁ‘ﬁﬂﬁ%va@ 3iifBed oo aMHR: iMREE Aﬁ@ﬁé&ﬁlsmon the

ch slice. | arge i nmages were constructed by
imaged Wee procassaidnt algotitboh mynttmlnfbabtere where a 0. 46x0. 46mm®

i mage was fornmed by scanning | aser beamas in nornal

[ 00106QnfRigate 1 sh@scthpyavetdge mteﬂsayaxfmpllegemoiiomﬂweesdiarswmdl at different
i mage, the sanple was transi t

times. | Fag B9l &roRp BocraNbhob e YR CIRRES ST AEgh Ratpecied. However
the ﬁBﬁVﬁﬁ %}dtfgpegtﬁﬁvst @rab D 1ﬁcﬂe§§egﬁoﬂln@@elo AMTIRY avestiél &dllalei intensity of

S were processed by al gorithm nenti oned
controbhprugp .is p5. OEdﬂﬁle]ﬁbF@tgugreup,Gh@mq intensiteingtpasesripdAgiang 231 at day

0 s SIS B BB P A SR evcn o

3 and 8@ i@gﬁﬁ 1855085516 €8 EkpectRUREE reshﬁ@sﬁdv&if BtFiguey Illithat the SHG signal
shows dramatic increase from dai/1 10. The averag

analysgsokechujigne iintcapahile \of gdetesting rthe cgtlegmy rlhange befye 5%10 This result
br o h qe i
demorghraleS i gf¥ 16 sydsP %e%nlgtfe 95 ghAlB3ickkcl AAOERTM I cAelf stage.

act .t no. ex nts re er ween
[001032 é" 3-91%“1%'0& %‘ifos ho(ie gggrlgﬁromthe
eults shown in Figure 10 that. the HGS
[0010§ria| %ﬁl@eSt@tti?ﬁir&ﬁféUi%]@ ea%&sv%ﬂts‘f%daéto ﬁi’l’j‘ Pﬁéhe present system an

appardt® 39 flrGRA R el?igtfr f&l c&% . Kb vty Svefisdd ke SHG system can be used to

enonstrates t at t systemis sensitive enough
1magettﬁ10ﬁelimttts§ueb radﬁOspinf hmm glice sempleywss ag@ed Digel gample was put into a

s S i o P oo B8 RSB o ot

was t&ig@heéd\/bﬁ Yhe ?)@%[Fr%mﬁft R 2bmt AGath ?eSﬁfhtres‘%ﬂtgiyeﬁﬁ@ﬁnexpectedly, SHG

ratus is ease the penefration depth
signaly éi bbth telwesntission hed SHchgs twem observed assglwwinpin Figures 11A and 11B

respectively (negative images). Figure 11C (positive image) shows the TPEF from the same

exampI

sample and Figure 11D is a positive image overlay of Figures 11A to 11C. The TPEF and SHG

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
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i mage thick liver tissue, a 750mm liver slice sanple

was i maged. The sanple was put into a glass bottom
wdizeds/cardsi rmer sed i n Phosphat e Buffered Sal i nectBB3)07/000194

A 22 x 22 mmR cover slip was then placed on the top to

prevent it fromfloating. HMerestingly and

unexpectedly, SHG signals in both transm ssion and

reflection were observed as shown in Figures HA and HB

respect ively (negative jmages).  Fi gu

SHG. iLMgng) the perpaseties thpmyehrthe saaple. @smﬁﬁé Bkt Giit-scattered as
the lig séa g‘ékgo gﬁ%{% dfTRRE 20¥8E! @Xve?éngﬁi %Llﬁl%% (E¥ouk ‘200“51:11 ) even though

are gener at ed epat ocytes and
the scatt@hhggea‘fﬁcmﬁnﬂ che fnedyméntaila@d excifation Maerelgngt@ (090Q i) is small.
col l agen fibre, backward SHG i s about one order of

[ 0011099 MTHis deer¥foak fovidedntht heppberomiay do image Mtiobe llJVﬂI‘ bi'gans using SHG
dom nance of the forward SHG for thin tZ)Ictbces

signaly Withle reflpetion, optirdl coBSEHAPgFOmGtEYi IgR] ?aﬂa@ie% 96 e fhick slice, a
t C gy fr

liver 1%)% W@tk gjlua 1rgtt8 rbo%llagﬁr G éﬁ)ﬁtl%eiﬂéﬂ{p @gm&?é%@?gr@vl’\glrm@%&@} ent it from

drymgsmgnau plusalma bf imageatin Sreeridimectiondi.¢. |1glthe diceatiogrof fgrward propagation

o TS5 1 b e S A SO LFBR hvn
Flguré ) ) @ﬁa%ﬁm@llm é‘ﬁ elin _l_g)ﬁfbkésaiah 0B ckaMe leaerinbd (rr @1@ @m&g’é is

is therefore provides the

[00119ﬁpoﬂtsﬂgﬁﬁi ﬁofeHBi‘]ﬂEt wo np?atlhl Y&Blﬁbﬁ%ﬁné&ﬁirﬁ% opfizal microscopy is

areflectio optlca | ection georretr
goverrféldrbyl ﬁme mmlmmmemgthegam behm. tIhghu<sogtt¢rm dléﬁllswdﬂp SHG and TPEF

into a ss, batt om e

signale, ABT Y PB WEIPCYRIT SRESt ¢ B T IGh I TR Fyfot affected,
unllkeod‘heiﬂmﬁﬁﬁesbéh&hﬁ stngdé Pﬁ@tbh%o@ésc@lcel ithag&eofltiswes lr@:@rctﬁ‘d by a high

forward propagation of the |aser excitation beam
senslehoa,lgtratOm@CammprDMIQQ@OBY -0jected into a 3D view, as

shown in Figure 12 (negative inmage). Tiny fibres can
[001189 cEeanply4eH Quantiteiveistudywd timereCM] dypomics by $HGImeging

be noted that the spatial resolution of nonlinear
[ 00118[t | Eataceilwlaosaafy(HGMY pmdmdn@ambael Juppadt audlauraeietyf of signalling

the | aser beam Light scatteri uses the SHG a £ 1
mmolecPE IRl o5 b1 GARGERS K 5810 J8Kts B DBOSENR, EpeLipn of norma

cells. hﬁffﬁe}‘ﬁ%ﬂdl r#;%oW%M“ QRiditdi0kin Aht e REmali Pk is fundamental to

scence or S|n e photon fluorescence inmages
understéndingsanear andavaydeggtsf teerapeghic gpproadhiey & wgniatestho pbnormal growth.
scanni ng probe m croscopy. [ 00112 | Exanple 4 -
[ 0011QJantni thaxt éxagpdd, SHG @fictoscapy \EﬁéMlséylrta nn\cestlmte FdB1 in cancerous tissue

imaging [ 001 13 ] Extracell yl ar pr.ov
sensmwgbfh%nd, %%ntlwﬁﬁldrt la%amaorvwaét‘yaso evg (@’ﬁél %Cutaneous mjection of
humarpplle?lgt%aﬁéer chrls ﬂ\ﬁ@ﬁe}r rafidcted WRA &S ﬂﬁ@re&@%&ﬁ’ﬂ&te@ﬂl $& easy monitoring
Initiate cogeni ¢ transition of nornal
of tunidm@owt}ﬁmdvmq) mensdEEM panbined patmese dﬂﬁctlhm:ya@ﬁlif)brmhlce Two photon

e FRRTSS EARSE 0 SOLESL, OB o
respe(ﬁggglr(ﬂ@éatl% Wb ). [F@Q*é 42¢ it B nbhitive SAEPbLthe S'v@lay of both the TPEF

oscopy was used to investigate ECMin cancerous
and SHGssigmmls. Tiny fibrillar ECM components are clearly discerned. It is noticed that ECM
does not distribute symmetrically and uniformly. At the tip (marked with the 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



10

15

20

25

30

sensitively and quantitatively. The tunor nodel was

devel oped by subcut aneous injection of human breast
woams@m2oel | s (MCF-7 transfected with red fl uoressen@e/ 000194

protein for easy nmonitoring of tunor growth in vivo)

into severe conbined i nmune Zeficiency (SCID) mce.

Two photon excited fluorescence (Figure 13A) and SHG

(Figure 13B) indicate the cancer ceI I s and ECM

respectively (negative images). gure 12C i
given diserdiony e e BTAl Pi9e TEOBAIRE VT 2 + 50h Thophe Iy B CRIRPISHETO degrocs

e 8 o P ORRSCE oA i 80 ot o

in steps Yelegiee al0nyy thiedECVivitrinthe. rinky (nidnked mpea@hraf Ergdrea 13A to 13C) was
the arrow) of the ce|l cl t he e, . ..
counteg g GaBRTRYbE HRAEEho BIEWEE I SIS f SR e Ao EAD A fjbgtion of ECM.

The aﬁ%\? ?&&éﬁ& tfle Q‘%ila%élsk diR e BtRe&tasdut 1| 86 to/E15 degrees where the curve

or mat | e 1mage was first processed with the
displayd gdedrt mﬁegien ¢ha imeﬁ:grfabbmertscty,r damnnstrating REMsin this direction has been
d (%gckground fromthe image. The centroid of the cancer
C8raGC€i | s was then chosen. Next, the ECM anpunt was
cal cul ated for different di rections. For agi ven
[OouéﬂréEWF@ﬁ“”Fhe ECM si gnal was integrated over a fan
In this exanple, zero degrees js hhe vertical

{00113 CBimgh oRipmiARg Hhernsramness anddine Yopms ¢ gepliftsysigpaically, better
spatlaft r{%%lg@fgmf ?1%ﬂérea:en§1 19%}* ﬁ(%raf(iﬁgﬂa?ﬁ%om#léal JdaHHiSE meM¥dY are able to

n eac Figures 13A
be acm@zeaaﬁinngS nmhxlitls&dldtappa‘ahla riescritied abovit maisdcmcmsgateé m ZExamples 1

hows a graph of the angul ar. di
to 4 gy by e T ehtiyek e rotbupliet o e TR, oS, With the
optlmigg&’ ‘éi/stézﬁoantdothe ]cfhaﬁit%aﬁﬁﬁ Bt dRQeloPEd Gbéles el Berafibrosis process
he I ntegrated intensi tﬁ?h denonstrat i ng
(&

has b@ﬁl\,&ucnestsfullsl wionidered drooh asryb e crarlpietiaged e dhe [sygiemidpep not require any

stalmrigaer; utséé?lglsea%)g001 t% ﬁ%{qﬁe& ér?ig}pl?ﬁa'ﬂcosn d;gls{mc%l for l1ick tissue slices,
even Ret &/ﬁélesﬁghﬁ@uﬂd@ﬁ phyxiblepicaln dodtlighel ThOSsyblewi ligl aIsh ae[pphcable for
traditional histol ogical staining nethods are able to
quantitesivg shidissed tumpHECMEMBYtods and appar at us descri bed
above and denonstrated in Exanples 1 to 4 can be .
[ 00118chi Bveill bé rpprgtiated ghatotibimethd arcdr/omaéms gpfer systems described

R R T L —

for médi®d] QRhISsiB'0FIRES tihAE e SPeciiClySdf hartitathiei dharaetrizatiun of collagen
very a early stage. The system does not require any

in intast Kyers tigpuefsirnefresusing rondineprioptigdimagipg deshniiiesp
information dynam cally for thick tissue slices, even
[00119GF heoheetlodyaars] appadans desesibed dgreiml anddordshovanin then drawings, are

emis al so pllcalef ant i
presen(tevffr%y “@@fl\ﬂfcfffﬁ%ilﬁf (gxly fln ]rlm‘(ﬂtJ ng 2§ 0 f at%l sgcgpprégghg ? \%Btlon. Unless
otherxh@@%péc'f'ﬁca‘l‘l?téﬂﬂéé iAMEHdRA] aHpRéts Ahld ToRPOh&its 517 gieemBthods and apparatus
descri bed and/or illustrated above at |eas

may bsuhedified,icalmay kaveicge sehstiBied thareloradgrwg eawa}eatSu Qr asypt unknown
substlgl?es suCcI:h as may be developed in the future or such as may be found to be acceptable

substitutes in the future. The methods 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.
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for medical analysis of liver tissue and specifically
for quantitative characterization of collagen in
wonv@on2178vers ti ssue structure using nonli neaPCopG@alonn194

i magi ng techni ques. [ 00119 ] The nethods and '

appar atus descri bed herei n~28nd/ or shown in the

drawi ngs, are presented by way of exanple only and are

not limting as to the scope of the invention. Unless

ot herwi se specifically stated, individual aspects and
CLAIMSonponent s of the nmethods and apparatus may be

modi fied, or may have been substituted therefore known
1. eqghi widrestope ansemablyydor wpkeaddwimagingtof bialegistic Hisws, g assembly

be devel oped in the future or such as may be found to
Comprl&accept abl e substitutes in the future. The nethods

and ap at us,.descri bgd.herein may al so be, npdifi

F o G FRaige Saige e drUn e S o 5 el Rfppe sample and
generattiﬂg o?ﬁ%%ﬁ%rfsﬁb Heter@itted ROnEhRi AR, MR €t sapiple eomprises first

th ange of potential applications is great, and
and sesomt faces andswheneimideesetthasample ipdispesed sveh e Shey fept face faces away

arat.us be ad a C s athons. CLAI VS:

from BT sdes I RE Ml Fpe it QMBI ARE,

bi ol ogi,cal tissue, the. ass |y conprising: t] .

ext F‘Y‘gfiirﬁ‘??s%’ﬁf S@pne ‘?l?rpggi%f %/??émglgs%g r%lggtr g?glo&%aéx%ﬁlltmn souree
over i RhAHG AL tHel samipe; sanpl e and s generating opti cal

emssions to be emtted fromthe sanple, wherein the

S O DlehRGBhdvifSh RRrSACHRANTAGAS dapdsedOrBeus fight from the

u@écﬁgﬁ@%ﬁ%@ %Ss é{l%posednsuﬁ@t haet tae@?i rst face &
excitafiac sair@aayo fhewamiplee exci t ati on source and the second

face faces the excitation source; a two di nmensional

s camptneptichlecmidendes dispossthtongplicoe coligghd fighgnfrathehe first face of the

excitation source over the scan.area of .the sanpl e:
sample, the cqHeqter lighte FRIPRTIHAY FApSTIAG HEPY 2‘_8?1 ﬁﬁe?’?&?tggm““% and a first
optica%r?ﬁg’i%ﬁgeﬂ&a{eﬁ% $he éaﬁll])tle {f REpJbe tL Kt AIrh @ HQRUAEGH source, the first

onto t sanple; a tirst optical condenser disposed to
opticat obhdenserduivirec s edinierighlt afferturn Nde Iniges thanathe mymerigal aperture of the

) npl e, e collected Iight conprising transmtted
Optlcaff?@ﬁ?twfe 't he excitation source and a first optical

Fr b REI TRt PBRTeq P bek T pmHSe TERp B rLGF extifkion source;
condenser having a nunerical aperture Waé{,&qar(ger Nf&?aw h
t han pparers with aageerwicesizst coriespandingctal the Bradiated arepf thesample, the
finst cal  fi . di . ;

e} B o S TABEE B AL B Ie B Ay e s

condedf®f dndr e si ze corresponding to the irradi ated area of
the sanple, the aperture being |located at the

Cgﬁ?j ffif_gtab idall@ecRRditpored @b chhiect swaliptted dighe fimne dhd¥irst face of the
the firs
sample for detecting the first optical emission from the scan area of the sample.

2. A microscope as claimed in claim 1 further comprising a collimating lens for
collimating the first optical emission from the sample, the collimating lens located intermediate

the aperture and the first detector.

3. A microscope as claimed in claim 2 further comprising a second optical condenser

disposed to collect the collimated light and direct it to the first detector.
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Q condenser; and a first optical detector disposed to
collect collected light fromthe first face of the
weoeanle2d7er detecting the first optical em ssi 8aTRGRINT/000194

the scan area of the sanple. 2. A mcroscope as

claimed in claim1 further -Q@&wprising a collimting

lens for collimating the first optical em ssion from

ghehsarrpl e, the collimating lens |ocated internediate

the aperture _and the first detector, 3. A microscope ..

4. asAdpigraseeps 3 dnumedhip apy enp ef CI@B’ﬁﬁai it P ﬁé*eaelg @%ﬁﬁ% 6phical emission
. r Li | 1 . i t .
is & sl HlmG AL PG crh R REHrk 24 30y ShmplePinyebpdriB G dight from the
excitatiorcsomseope as clainmed in any one of clains 1 to 3

wherein the first optical em ssion is a second
5.  haanmigidscet dsehlimedimaiyorn ofvianatiad 4i farthérecosmmsing: i n

response to light fromthe excitation source. 5. A

M & 8pGEH EpaGirdthalérRAE delecaidly Odetéthing| the Mirstlopticall emission from the

further conprising: an optical spectroneter for
samplg@ndct i vel y detecting the first optical enission from

the sanple; and a repositionable mrror for o
sed eepdsitisingbldi mivari fog setestively sdiresping dhe fissti epticeh epyigsign from the
the s le either to.the ectroneter or to the first
Samplﬂ%ﬁ?&?(g‘ﬁ’.e Sgecupngter oy g&ﬁlgts&%fca?rhed in any one of
claing 1 to 5 further conprisjng.at . le ne second
6. ophiBRrOWERLE SIEFG oSO SHEREGY | dO Do BB SRApage at least one
seconf B%ﬁc%'l QBrel P MishbRd 36 €6RE: 4 #eBn@bpfidh® em@IInEfrord -thésecond face of the
mcroscope as clained in claim6 conprising: at |east
sampléewo second optical detectors disposed to coll ect
collected light fromthe second face of the sanple for
7.  deAeaniciaoom asaclamed idclajmh bcamperingsi on from t he sanpl e
at two different wavel engt hs, each second detector

hati 1845t @wb s6dead toptical afetdctas disposdias sofiédt ellectat light from the second
sel ecting a particul ar optical wavel engﬁg

[ band fo .
face of eoeTRRIA forasleqtton QS oA OBt CHNSSHBRPBHAF SFBpie; gy wo different
t] rid : i cal ).391 t :
v SRS 08 - ARy E SRR ORISR R ag e sein o
particulhcoppabpevaength bamisfr detecticm; amd wherein the second
optical em ssion fromthe sanple conprises
Muhitleash bas Opticakbéane splftler Giralicethnea poioalof die setordegstical emission to
two different wavel engths and the at | east two second
each of thq #deastBr@esacend deipdoBonf i gured to detect the

mul ti-photon excited fluorescence signal at each . |
8. waseinggrgsdepe as claimed in claim 7 wherein the second optical emission from the

sample comprises multi-photon excited fluorescence signal of at least two different wavelengths
and the at least two second optical detectors are configured to detect the multi-photon excited

fluorescence signal at each wavelength.

9. A microscope as claimed in any one of claims 5 to 7 wherein the second optical
emission from the sample is a multi-photon excited fluorescence signal generated in the sample

in response to light from the excitation source.

10. A microscope as claimed in claim 9 wherein the multi-photon excited fluorescence

signal is a two-photon excited fluorescence signal.

11. A microscope as claimed in any one of claims 5 to 7 wherein the second optical

emission from the sample comprises both a multi-photon excited fluorescence signal and a
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9. A mcroscope as clained in any one of clains 5 to 7
wherein the second optical emssion fromthe sanple is
wa 2008f00227phot on excited fl uorescence signal gererTaGea7/000194

in the sanple in response to light fromthe excitation

source. 10. A mcroscope asxl-aimed in claim9 wherein

the nmulti-photon excited fluorescence signal is a

t wo- photon excited fluorescence signal. 11. A

m croscope as clainmed in any one of clainms 5 to 7 .
secondharneqmic tgeaexsisdo pgngln gensated i sBE oHIALG R IREPWSGIP light from the
exd&ﬁ%ﬂ@§+§fs both a nulti-photon excited fluorescence

St gnal "and asecond harnoni ¢ generated signal generated

in the sanple in.r t ' [ - d
2. ghmerogaR o shinGTiT S, 7 ol jhE ML C RIS KB from the
samplé REMPEEENYoAPE | aki-sHotES iertitddr fuvrel@nsanignel aodpr iss@md harmonic

both a nulti-photon excited fluorescence signal ang a d
generatask 9ignpl reangisidcing s sl insTegpense g}e?}bﬂhs%@&l ?‘?F ffftation source, an
whereB R & thd vk & aﬁ&ﬂa%&eﬁto'ré Q'Uonﬁ 2 e d&EGiohalf tRO multi-photon excited

Source, and erein one of t two second detectors is
fluorewendd gignsldarid thedether s¢and afetache imxanfigptedt fon dsfestipedf the second

f] uorescence fignal and the other second detector is
harmopis Aengrated$18°8F det ection of the second har nonic

generated signal, 13. A mcroscope as. claijned in any -
13.  ond micrescapsas ¢lapged) iR ARy &ng, 02 H’g‘“@ﬁtaii an#) V%]a&t"?lflatBF &R{/lcal excitation

S ' ed | aser source. 14. A mcroscope as
Smﬂ“%?%%ﬁgﬁ&?ﬁggﬁyh%he of clainms 1 to 13 wherein the

wayel ength o h [ X Cd [ O [:S i
1 ARl P Gl B AT PR Adybingt o
optical&:@itaBeh scuredy i0the rafigecdfabom 880tto 90@nmher ei n t he
optical power fromthe optical excitation source
15. | NEiHRMscOPE A famdibheink Snk bf thems anga 4ofhabintthe oPticalpower from
to 150nW." 16. A nicroscope as clained in an

ATV TR ! y one

the optitaliensitationsoume inradant an theesamplq is an thsaarge afabayk SrQem% to 150mW .
optical excitation source incident on the sanple is

16. abAuhicBcopt asl daintednincany sme pé claime |1 idawhereinrihe epdcad fpower from
claims, 1. to 16 wherein the biological,tlgsue has a

the OPHF%WXB‘E)*’[]{WB&P“@E é‘?ct‘éeﬁ’it ﬂﬁt&beo%fr\p?eclis %h?& 8 8‘11 §VSA ni cr oscope
as clainmed in gny one of cl aj

.1 .el.n .t . .
17. b Aitstressppe sxduineddnany ehe of difas b o 16 ntiim i ipfBeical tissue has

ahighcb%tti@élrbic{t‘tﬂe dolBR%nef a biological tissue sanple
conprising first and second faces, the nethod
CORPL Si RPirClny ddel UIRAE N 166l B Kidlogical tissue is
18. ti gg%ﬁe&é%rgi%‘% ESES\A]E cue%?c;lit?la(ﬁeo#‘q@gﬁtl g)r om an eopt i cal ogleal 1S
liver tB¥@d. t at i on

19. A method of obtaining an image of a biological tissue sample comprising first and

second faces, the method comprising the steps of:

illuminating the biological tissue sample with excitation 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 facing the excitation source, the light being focussed on the
sample with focussing element on the second side of the sample, the focussing element having a

numerical aperture NA;;

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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source, the light being scanned over a scan area of

the sanple, the first face facing away fromthe
wexaistoaz27en source and the second face faci ng PO®/SG2007/000194

excitation source, the |light being focussed on the

sanple wth focussing el enrerg-on the second side of

the sanple, the focussing el enent having a nunerica

aperture NALl; collecting light fromthe first face of

~ the sanple with a first optical condensFr, t.he .
emissiem Eprarated it figrampdmis Tespenge tte Abrsercitaden gl ther fishpptical condenser

havin eaxr?dn%%%cg\ggheztﬁﬁlggé gﬂn}g?fé}h{lﬂ 8 NP thak RIS 8Bment;

l?hﬁr n pre h réesponse to the excitation
i EPeking R iR Plehf RbmRECR ARG AR il SRR BLGEM filer

el ement; blLocking.the trapsmtted |ight .from,t . .
RGP K5 iSh P lam%ona&‘f?‘}g@t anoﬁ%ef@&ﬁ dispoiel ra? the conjugate image
positioR Tt Gniplewhth k&dpeOtb ikAfirsefor@ieh®e; t hrough an aperture
di sposed "at the conjugate inage position of the sanple
W J%&ﬁg%% st Qgﬁ&?eﬁﬂsrsﬁh FRRHRNREH arcd VFeled daéplé iing a first optical
first opti ca]i em ssion fromthe scan area of the
detect@anpl e using a first optical detector. 20. A nethod of
obtai ning an i nmage of a biological tissue sanple
20. COAmdtsdd¢f dbtenidk @psmage oftsbiotpgidabtissue smsplepempfisimgythe steps of:
one of clainms 1 to 14, detecting a first optical
enﬁs%&é 2R hicBsBebhee of affp bfie O @laids IC@Nl Ardetectifig tahferst optical emission

sanple irradiated by the optical excitation soyrce.to
from t§e semplecover 3 wantareshel ther semplerygadiged by dhe joptgal Fyeitatgn source to

genera?%n%tslgf;is?glile AP ln)ﬂ%ég)fghé ﬁfs??@ﬁ!aﬁelﬁﬁgi ntat ion method to

I'mage enera a second i mage, the second

I mage .bei nent ed. i ma f ' ' : .
0 s R M i Tt At el b BGe second e,
the se@RAImREXBing A sédifierftdd Blage BRYE fivst imaghe cor r espondi ng
pi xel of the second image to generate a third i mge,
i thel b bl ifRESmMbRE RAGKG IR Pdles & Sledirel image with
}Mr:&{llﬁéeﬂlfeisrgcs(%nlaﬁrrgggg%igg T ermr\]/ne%fe 21. isgr%lééthﬁog’m as cl gi medm?ag.
the coirpspohdingpie! nhtesterndimagetagengratea dririmegewheemnpy the third image

the bagh oGRS PR B B (WG AP EORAY vl | sed for

21. g,ogF rg%thgcggs %’Y‘pxtggqggltnh%ﬁ @%ﬁ%ﬁ?nbthgité? %fae{ @r%%térﬁ%é%@lt%HG emission

and the! t@{amgqtgnsme&ﬁhg SH® chliésidn aPtHeGRIrd §Miags b ndrinatised for comparison
second harfronic optical em ssion (SHG generated in

with otltee irmaggslobtainedrfeap differentdiologiceal tissems sexci tation

source. 23. A nethod as clainmed in any one of clains
22. 19At mefiddwieckimed hie diaiol dgi wherein geubirdtasptisahiegiission is a second
harmo%ﬁ:t (I)p%iaclal grﬁigéigr? Eéﬁg) ggneefra]:tleg inetﬂte sample in response to light from the excitation

source.

23, A method as claimed in any one of claims 19 to 22 wherein the biological tissue has a

high optical scattering coefficient.

24, A microscope as claimed in any one of claims 19 to 22 wherein the biological tissue is
liver tissue.
25. A method of determining the severity of fibrosis in a biological tissue sample

comprising the steps of:
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24. A mcroscope as clainmed in any one of clains 19 to
22 wherein the biological tissue is liver tissue. 25.
waé 20mstoozds of determ ning the severity of fibroBCE/SGR00a/000194
bi ol ogi cal tissue sanple conprising the steps
of : obtai ning an i mage of a-koel ogical tissue sanple
using the nethod as clained in claim19 or claim 20;
determining the normalised intensity of the SHG
em ssion generated_ in the sanple in the inaggﬁ and, 5 din clai
r @bteining an hmaghef p biclpgiralyisees saneple ning thometigh)as glgjmed in claim
in_the biological tissue, wherein the anmount of
190r4%W%é%en present in the sanple is related to the

severity of, fibrosis [ ' - Ll ;

SGURR gl WP B o L B Shisish R e sample
the imdpe@hpi cal tissue has a high optical scattering

coefficient. io 27. A nethod as clainmed in claim25

\M}@raﬁiég tHe QiR RGlya8khd dr8&iR of Bolldge@in the HalegicalBissue, wherein the

met hod™ of obtaining an i mage of a thick biolqgical . .
amount o solegeamuesentnibe isemply isiTelsteddadhe seEHE P%gggqswt ¢fgthe biological
od conprising the steps of: irradiating the
%gical ti ssue sanple with excitation [ight from an

optical excitatiqgn sgurce,. the |ight IR : ical
26, Sohissghesf SPbn RES 2, WGk, A pRRA% EGREL g pich opin
scatterfid@befti@htt he 15 excitation source and the second face

facing the excitation source; focussing light fromthe

27. Xk irﬁe%(;oﬂzgé 8% ORirh 05 tWHRreR iRl tﬁol@%fﬁ?]_&is@ﬁe fsORMBEESNE.

el enment ving a nunerical aperture col l ecting

28. lolng !?ﬁetlltx&ﬂ;? (glﬂﬁn{rf‘graﬁ:iﬁxfeagé 6 ® Eh&él?ﬁioﬁ%%:l lﬁsﬁ%fsﬁ‘m legd'r(])thﬁﬁ'ising first and

tissue %entmq

i cal condenser, secon ace collected Ti
secondRORY, iRl Mghbd anapiidibgthelstaphofif rom t he excitation
source and a first O optical em ssion generated by the

s aipalRting e bioldplicad Pikdueaianpl dith sxcitdtivni light dromu e optiedl excitation
aperture NA2 |arger than the NAlL of %ﬁgﬁépcu sigg. from th
sourcegtheright being peasped AYFT(aisghR arep Shihefampise BIsdUpiiace BEmgfgvay from the
.. sanpl | [ . econd face
exmtati%r}n?oélc%e\é%h%%%%OI&%%E ?i@%%ﬁg%gg%ﬁ 3%21&0?,0 al em ssion
fromthe | e; .detectin [ IS ] . e1M.SHI .
R AT DSBS oS e Hing tment

havingPhhiGticabap@hee N&;; and detecting the second opti cal
em ssion fromthe second face of the sanple using a

Se&RBting light from the first face of the sample with a first optical condenser, the

second face collected light comprising transmitted light from the excitation source and a first
optical emission generated 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;

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
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opti cal detector; andby scanning the excitation source

over the scan area, formng first and second i nages
woanproox7ag of the biol ogical tissue sanple, tReTRGR@ET/000194

i mage conprising the first optical em ssion and the

second i mage conprising the3gecond optical em ssion

generated by the sanple. 29. A nethod as clained in

claim 26 wherein the first face collected |ight and

the second face collected |ight each cogﬁéj se. a sc?fond di
hawisAnming irepxeitation SRIHET OYEHBF S6WRER PHBING Rt & speond mages
R il | Wi thedst fptical emissi
comprSERRIRE kAl A SRR BRUAGE oy il emisio
and the sdcbetingge cogiptising e sesesd bptidal emissionigepdrated by dhesamde.
fl uorescence signal and a second harnoni c generated
79. signathaeactlaingd inrcliiie26 amptain ithe fies frwaselleded lightt and the second
fromthe excitation sourgﬁ. 31.. A nethod as[ cl ai méd i[hn lei
face callegiefhligbt gagh CABPIELFHTIR @ﬂ%%%S%WF%& PRRA! SRR 10 the sample I
feSPonPfa{lj’mlt ‘Proﬁletﬂg%%iﬁagloﬁ!sgmé. and the nmulti-photon excited

scence sign inthe first face collected |ight
and det ecti ' Weli® ;
0. o R b R 26 IRATR B RoO R, BlcBtelghe comprises both
a multiphdtbn phetedpxaicted signabnes s seroad hiagnadic getdratad signaligenerated in
optical detector. 32. A nethod of obtaining a three
the sargplgamEsspense t@ Helfdrom the SicEr 4% i ssue sanpl e
conprising the steps of: repeating the nethod of clai rg .
31. 26Afrosthed ps aleingd jn eleim 39y firthen sompiEing separgtie thg sfeond harmonic
Lterathon e . : j [ 2 j :
sencrgposE el 2 i glftlosor B PBKSLrRE SRIERE frst ace collected light
and déestiak ehe tdvone byrrheniolgtmirated sigmnl withdhelsergng Ideteator tapd aletecting the
~two-di mensi onal inmages of the .bjological tissue
multi-phgien excited EMoreserpee signalatithn &1 p(t’ﬁ%lt ‘sze%?ft i cal
em ssion generated in the sanple in respopse, t th? )
32.  ex#imathodnof ohteining 7 free gHpesHeRd wgagf:oeﬂg H’@&@ﬁa disgue sample
conbi nin e plurality of two-dinensional inages into
Comprglqawt?lgst-eg? #\;nsi onal image of the sanple. 33. A nethod

of obtainin t.hree.di sional.. i f i.0l:004 . .
ti @gg?émgglﬁep&g%@g% Ffaélillr‘%le ﬁﬁ & pgl%rélbtjg rz)g’?t:%ra?iggg gﬂeﬁ%ﬁ%g 8lch iteration
the ligHEfBRANOEx GaBbMscificd Rrfocuspl uf alliffeyernepthén dfei lblogical tissue sample,
wherein, for each iteration the |ight f{omthe C
therebgste jobtaith erFomssrandingspluesdits 6f tue-dimenstonal apgeea Afthe piplogical tissue
t he .bi ol oqi [ [ \aBile i ¢
s g5 RS A5 GRS ISR LY Bkl rsporse
the extibRioRilighpgithatortdsponting forph depthganid i mage correspondi ng
to the optical em ssion generated in the sanple in
I eshiIER g tRe HRfaley UfttdlolAmehéighd] igfagéshinte arthesadmetisignal image of
focus depth; andfor each two di nensional image
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33. A method of obtaining a three dimensional image of a biological tissue sample

comprising the steps of:

repeating the method of claim 26 for a plurality of iterations, wherein, for each iteration
the light from the excitation source is focused at a different depth in the biological tissue sample,
thereby to obtain a corresponding 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 excitation light at the corresponding focus depth; and
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i mages; masking the plurality of two-dinmensional
images with the a correspondi ng segnented i mage to
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claims 37 to 39 wherein the biological tissue has a
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m croscope as clained in any one of clainms 37 to 39
high optieal e¢attetihg coiftitieni cal tissue is liver tissue. 42. Use

of the nethod of any one of clains 19 to 34 for = o
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39. Use of the microscope of any one of claims 1 to 15 for investigating extracellular matrix

properties of cancerous tissue.

40. Use of the microscope as claimed in any one of claims 37 to 39 wherein the biological

tissue has a high optical scattering coefficient.

41. Use of the microscope as claimed in any one of claims 37 to 39 wherein the biological

tissue is liver tissue.

42. Use of the method of any one of claims 19 to 34 for quantification of fibrillar collagen

in biological tissue tissue.

43. Use of the method of any one of claims 19 to 34 for monitoring of early stage biological

tissue fibrosis.
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44, Use of the method of any one of claims 19 to 34 for investigating extracellular matrix
properties of cancerous tissue. Use of the microscope of any one of claims 1 to 15 for

investigating extracellular matrix properties of cancerous tissue.

45. Use of the method as claimed in any one of claims 42 to 44 wherein the biological

tissue has a high optical scattering coefficient.

46. Use of the method as claimed in any one of claims 42 to 44wherein the biological tissue

is liver tissue.



