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degree of spatial and molecular specificity. The special features of this method
are applicable in the processing of various types of materials, and in particular
afford distinct advantages in the treatment of diseases in humans and animals.
Specifically, use of non-linear excitation methods facilitate controlled therapeutic
activation of photodynamic therapy agents in deep tissue using near infrared to
infrared radiation, which is absorbed and scattered to a lesser extent than

methods and radiations currently used.

BACKGROUND OF THE INVENTION:

An urgent need exists in many fields for a method that is capable of
selectively controlling the activation of various molecular agents. The desired
improvements in activation include enhancements in spatial or temporal control
over the location and depth of activation, reduction in undesirable activation of
other co-located or proximal molecular agents or structures, and increased
preference in the activation of desirable molecular agents over that of undesirable
molecular agents. Various linear and non-linear photo-chemical and phdto-

physical methods have been developed to provide some such improvements for
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sone s%ﬁgg However, in general the performance angFﬁ@gyl jlity of

t hese ave been | ess than desired. Speci fically,

phot o-activati on nethods are needed that may be used to sel ectively
photo-activate a variety of nolecular therapeutic agents while providing
i mproved performance in the control 52 of application of this.

phot o-activation. Application of optical radiation for probing or
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adduct i 0 m 1669-1676) teach of the application of
I |g t at %RRI? g r?éstb oig’ag&@é{#s for achieving partial selectivity in
the 15 formati on of nol ecul ar bonds between target nol ecul ar agents and
DNA (deoxyr| bonucl eic acid). Kennedy et al. (J.C Kennedy, RH Pottier and
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clinical treatnent of disease. And Teuchner et al. (K. Teuchner, A
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sel ectio candi dat e photo-active agents. Yet performance’of these agents
and speci Monahtgudtife Biothomistys24 (1985)t 16601636} iteahi ﬁﬁﬂtﬂ&aa/@lmtmheﬁn as

successful as desired. For, exanple, Young (A R Youn R
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6 30 presents strong evi dence e opti cal
radi ati on(dmssymbcvmmlmnmmdt)r de¢mmdy atedi (€. K&aadd)orRH nattien jand d2lC.
excitat] Oﬁogsf, Fi’rlll%ttc(:)dsy%gglllg I'i"/herapy with Endogenous Protoporphynn IX: Basic
Principles and Present Clinical Experience,” Journal of Photochemistry and
Photobiology, B: Biology, 6 (1990) 143-148) review progress on development and
20 application of various photosensitive molecular agents for clinical treatment of
disease. And Teuchner et al. (K. Teuchner, A. Pfarrherr, H. Stiel, W. Freyer and
D. Leupold, “Spectroscopic Properties of Potential Sensitizers for New
Photodynamic Therapy Start Mechanisms via Two-Step Excited Electronic States,”
Photochemistry and Photobiology, 57 (1993) 465-471) teach of the use of
25 spectroscopic properties for selection of candidate photo-active agents. Yet
performance of these agents and specifically the methods used for their activation
have not been as successful as desired. For example, Young (A.R. Young,
“Photocarcinogenicity of Psoralens Used in PUVA Treatment: Present Status in
Mouse and Man,” Journal of Photochemistry and Photobiology, B: Biology, 6
30 (1990) 237-247) presents strong evidence that the optical radiation used in

common treatment regimes based on linear optical excitation of photosensitive
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limting undesiragl di]r ct .interaction of the probe radiation with the
nedi a it selckten g pffed’ﬁ’ &2@08"%%5 for effectively exciting target

nol ecul ar agents-present in 25 strongly absorbing or scattering
matrices. Yeung et al. teach further use of non- linear optical excitation

for highly speciVardowswon-lineamoptical axgjtatiomoinethdds haye dcentemployed in ghn| |
vol unmes (M
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wave (CW) lasers to pulsed Q-switched lasers having peak powers in excess of 1

GW have been employed with these methods. For example, Wirth and Lytle

(M.J. Wirth and F.E. Lytle, “Two-Photon Excited Molecular Fluorescence in

20 Optically Dense Media,” Analytical Chemistry, 49 (1977) 2054-2057) teach use of

non-linear optical excitation as a means for stimulating target molecules present

in optically dense media; this method is shown to be wuseful in limiting
undesirable direct interaction of the probe radiation with the media itself, and
provides a means for effectively exciting target molecular agents present in
25 strongly absorbing or scattering matrices. Yeung et al. teach further use of non-
| linear optical excitation for highly specific excitation of target molecules present
in very small volumes (M.J. Sepaniak and E.S. Yeung, “Laser Two-Photon Excited
Fluorescence Detection for High Pressure Liquid Chromatography,” Analytical
Chemistry, 49 (1977) 1554-1556; M.J. Sepaniak and E.S. Yeung, “High-
30 Performance Liquid Chromatographic Studies of Coal Liquids by Laser-Based
Detectors,” Journal of Chromatography, 211 (1981), 95-102; and W.D. Pfeffer
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photo-activation of various molecular fluorophor agents on a cellular or sub-
cellular scale. Denk, however, is specifically directed to microscopy, wherein a
microscope is used to look at samples on a slide. This microscope is used to
20 excite molecular fluorophor agents added to biological specimens, which
constitute an optically dense medium. In Denk, light from a laser travels
downward as a result of being reflected by a mirror onto an object plane.
Fluorescent light then travels back along that same optical path, through an
objective lens, a seri¢s of mirrors and ultimately a photomultiplier tube. The
25 special properties of non-linear optical excitation are utilized to substantially limit
excitation to a confocal region occurring at the focus of an objective lens, thereby
allowing the possibility of three-dimensional imaging by sharply controlling the
depth of focus. Control of photo-excitation for generation of luminescence-based
images at the cellular and sub-cellular level is shown in target samples mounted
30 on a stage. This microscope is also used for localized photolytic release of caged

effector molecules present in individual cells mounted on a stage, and is claimed
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cells located at the focal plane is clainmed to be the primary benefit of
this m croscopy approach, based on the feplacenent of ultraviol et
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phot o- activatlon met hods, a 20 general nmethod for achieving selective
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and is disadvantageous in comparison to simultaneous two-photon excitation.

While the substantial body of prior art exemplified by these cited examples

clearly demonstrates many attractive features of photo-activation methods, a

20 general method for achieving selective photo-activation of one or more molecular
agents with a high degree of spatial control that is capable of meeting the diverse

needs of industry has not been previously taught. Specifically, practical methods

for effecting such control on scales that are significant for therapeutic uses or for

general materials processing applications have not been previously taught.

25
Therefore, it is an object of the present invention to provide a method for
the treatment of plant or animal tissue with a high degree of spécial selectivity.
It is further object of the present invention to provide such a method using
30 a light source and photo-active materials to enhance the high degree of spacial

selectivity.



WD 98/ 18399 PCT/ US97/ 19527
6 It is t obj ect of the present invention to provi t hod

usi ng w&8£§%ﬁ§¥%s of light which are less harnful to theq%Féﬁ%%ggzgﬁinal

ti ssue than the wavel engths of light currently used for the treatnent of
plant or animal tissue. 5 1t is yet another object of the present invention
to provide such a method using light which is |ess prone to scatter in and -
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| NVENTI ON:  Having regard to the above and other objects and advantages, the
present ifeseti on generally provides for a nethod for the treatnent of a
partd cul ar volunme of plant or animal tissue conprising the steps of
tredting the plant or aninmal tissue with at |east one photo-active

mol ecul ar agenty jsWaeaBbthelr 08;ed? of the ,?ﬁaéﬁﬂ iaveion/ & ?f&idéf sich Rlefidd OF
animal tissue retains at least a portion of the at 1east one photo-active
nol ecul ar usiggrlightavkich fie less prens e seatterpiar and abserption thyeplent onanpinght or

animal tissue with,light,sufficient to pronmpt | Myl tanequs t;wo- phot on
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retai ned pfidhdletiRRaeti cul ar volume of the plant or animal tissue, wherein

the at 25 | east one photo-active nol ecul ar agent becones active in the
parfGi cul ar volune of the plant or aninal tissue. The present invention also

provi des for aAgt : hg tr 'ﬁ@.ﬂf of . ﬁ@gg’r | [ ti ssue
conprising the d:.“éﬁq%t;&{ rotefa |en5ﬁ%e p Rnt 5t the ﬁgﬁmmﬁé?@gs@ wi th at
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animal tissue retains at |least a portion of at |east one of the at
' objects and advantages of the invention.

15 SUMMARY OF THE INVENTION:

Having regard to the above and other objects and advantages, the present
invention generally provides for a method for the treatment of a particular
volume of plant or animal tissue comprising the steps of treating the plant or
animal tissue with at least one photo-active molecular agent, wherein the

20 particular volume of the plant or animal tissue retains at least a portion of the at
least one photo-active molecular agent, and then treating the particular volume
of the plant or animal tissue with light sufficient to promote a simultaneous two-
photon excitation of at least one of the at least one photo-active molecular agent
retained in the particular volume of the plant or animal tissue, wherein the at

25 Jeast one photo-active molecular agent becomes active in the particular volume

of the plant or animal tissue.

The present invention also provides for a method for the treatment of

cancer in plant or animal tissue comprising the steps of treatiﬁg the plant or

30 animal tissue with at least one photo-active molecular agent, wherein the cancer
in the plant or animal tissue retains at least a portion of at least one of the at

least one photo-active molecular agent, and treating the plant or animal tissue
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excitation of the at |east one photo-active nolecul ar agent retained in the
cancer in the plant or aninal tissue, wherein the at |east one photo-active
rol ecul ar agent becomes active in the céncer in the plant or aninal tissue.
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I n an addi presemt ingentien theanatesialiisselactest fromethg gaewmeonsistiag of plantitissus i ght
sufficient . IRt . wo- AXC] | on .
oot o- act | #A 2REF iR A" AREAHA i BReRORE Sufi 4 12| Bl Bgloggyve
prefigrred idddculdrcageas dch sha ¢l Matkrial retains at least a portion of the photo-
active agent at the time that the particular volume of the material is treated with
light sufficient to promote a simultaneous two-photon excitation of the photo-

active molecular agent.

20 The present invention also provides for a method for producing at least
one photo-activated molecular agent in a particular volume of a material
comprising treating the particular volume of the material with light sufficient to
promote optical excitation of at least one photo-active molecular agent contained
in the particular volume of the material, wherein the at least one photo-active

25 molecular agent becomes a photo-activated molecular agent in the particular

volume of the material.

In an additional preferred embodiment of the present invention, the light

sufficient to promote a simultaneocus two-photon excitation of the photo-active

30 molecular agent is a laser light. It is further preferred that the laser is a pulsed
laser light.
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PCT/ US97/ 19527 8 I n another preferred enbodi nent of the present invention,
the |ighYOS8MBI%i ent to pronpte a simul taneous two- phot onPEXUSEEPBh of the
phot o-active nol ecul ar agent is a focused beam of light which is nore
preferably a focused laser light. It is further preferred that the focused
| aser light is a focused pul sed 5 | 8ser light. In another preferred
enbodi ment of the present invention, the photo- active nolecular agent is
sel ected fromtiig gisthpr geefkrsid smbodinecy af abe mesent| mveddon,y did \light

por phyrin derjvatives, hemataqgporphyrin derjvatives, tetraazaporphyrin 10
derivat i veSUlfiSHIRAPREPAMIH S SEIAREPHS BEO-PRATRFYHatGR (9 e i RAOSO-EH¥Rrar i n

derivative | Ly-at | I ' I zi ne
dor vat i vedoIBfIEP ABERK A2 NG AP L AR ot it IR P ERIB AP ferafl; £ KREET:

met al - | i gababes dight. dx és furtiter qpbferivndithas therfoonsgdtdsaeliphiOis avfocasadipiilsed

5-am no- | ai%/ul Inhjc acid, photosan, chlorin e6, chlorin e6 ethyl enedi am de,
mono-L- asp Sﬁjlllg hlorin e6, and 15 phenoxazine Ni|le blue derivatives.
It is nore preferred that the photo-active nol ecular agent is selected from
the group consisting of psoral en, 5-nethoxypsoral en (5-MP),

8- met hoxypsor al dn another preferred embodiment of the present invention; the photo- _
(8-MOP), 4,5 ,8-trinethyl psoral en(TMP), 4" -am nonet hyl -4, 5", 8-tri et hyl psoral
en 20 @i m@@%ﬁﬂlégﬁ%twﬁ-%@g?wo%@amw psaxdl, ipspralen

(1 sopsoral -y 1 bl ¢ (o E@?ﬂ < Vi 1S

al so nore grgga.l %ﬁegﬁ%g#ﬂ?ﬁgﬁ% g,"[& 8,_1%(;31?4}5 ° eggfgﬁtggé’n@ﬁ?éﬂﬁglg% from
t he Iy oup densativésng pbfhabasyphinei nderbatises) pabptgmine dderivatives,e (duBDrin 25

hot of ri Il,.b hyri deri [ .( BPD t hyyj | X (Ppl X
e hemt ofBHERyTSn DR hpEpiEsiney HeriatNER o B BRI s EploTpioNRszine 3 17-
N, N, N- di melgyibgéivesl eﬁ@e&gﬂygﬁg)&s&g rbaee‘eﬁ%mo@@ﬂyﬁxwﬁﬁﬁeé’d,m&&-ngaﬁd ra(3-

hydr oxyphenyl ) por phyri n ; , tetraphenyl por phyrin nonosul fonate
(TPPS1), t sompiérss,pheopporhideadnexgcyariae 840, Mifagin D, Seithineriaevplinip hoid; n

ce 2O Ao BR B SROBSNG g, mapgyLsspr cloin e,

oct a5( 4- t epheRokaviRhRile| bIh€desivytivssi nopor phyr azi ne (OPTP).

It is more preferred that the photo-active molecular agent is selected from
the group consisting of psoralen, 5-methoxypsoralen (5-MOP), 8-methoxypsoralen
(8-MOP),4,5’,8-trimethylpsoralen(TMP),4’-aminomethyl-4,5',8-trimethylpsoralen

20 (AMT), S5-chloromethyl-8-methoxypsoralen (HMT), angelicin (isopsoralen), 5-
methylangelicin (5-MIP), and 3-carboxypsoralen.

It is also more preferred that the photo-active molecular agent is selected

from the group consisting of porphyrin, hematoporphyrin derivative (HPD),

25 photofrin II, benzoporphyrin derivative (BPD), protoporphyrin IX (PpIX), dye

' bematoporphyrin ether (DHE), polyhaematoporphyrin esters (PHE), 13,17-

N,N,N-dimethylethylethanolaminé ester of protoporphyrin (PH1008), tetra(3-

hydroxyphenyl)porphyrin  (3-THPP), tetraphenylporphyrin monosulfonate

(TPPS1), tetraphenylporphyrin disulfonate (TPPS2a), dihaematoporphyrin ether,

30 meso-tetraphenyl-porphyrin, mesotetra(4N-methylpyridyl)porphyrin (T4MpyP),
and octa-(4-terz-butylphenyl)tetrapyrazinoporphyrazine (OPTP).
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Is further nore preferred that the photo-active nol ecul ar a_P/%gt i §27sel ected
from t h&¥YP¥%% onsi sting of pht hal ocyani ne, tetra- (4-terf&TUSIID

but yl ) pht hal ocyanine (t[err]-PcHerr]),

tetra-(4-tert-butyl)phthal ocyanat omagnesi um (t4- PcMj), chloroal um num

sul f onat ed pht hal ocyani ne (CASPc), chl & oal umi num 5 pht hal ocyani ne
tetrasul fate (A PcTS), nono-sul fonated al um num pht hal ocyani ne (Al SPc),

di - sul fonat ed dituisi funthephhbed payfenrede tiadl 52Pphototadtivs uinfobetad 2ad agdntmisnum
‘pht hal ocyanj ne (Al S3Pc), tetra-sulfonated al um_n pht hal ocyani Al S4Pc) ,
si |i con prekatestydFme the paTqup) | confisting Gkt rﬂhtgé HEe,( z%ﬁ&-?ffﬁ (di -

SRRl . I P b . | SOBOSINCY _
e raohAnThalocping (A, SRR ARAABR N (e (o
AU o o icperc oy iy o i vy sl S
(Rh-3123), p%@aqu@tmﬁa@?glﬁ%mm@ n fﬂéﬁglaeﬂmshzﬁab%@aam ne
575 (Rh-57, h j ﬁﬁﬁ) hﬁ% 6 ~610): ' 640
(Rh- é40), @gtrﬁ@moggg%%g?%ﬁg6% r oda%hne ﬂ%&h?@g%@c)f ho g‘rhifﬁggfggbne
(Rh-800) , alinmdiam phtBaloByani)e (AlS3Pe) hetmrsulfoniatl] ahmiihunhpﬂﬁnﬂc:}@aﬁiﬁﬁ, and
t hat the

| f or hodami . .20 Jt 1. fyrt f, d
phot o- act | AISHRAYesPan Phtiatecypuine (BRI, Finci] PRGalCueRine GZaPsh g ot
counar i n 3 PEITREL eSO, ng GRNARChiRe (CIARING) A e i gRluh "
couttar i n I¥lpctabuttayiphtidlacyaninen€GePc)152A, coumarin 153, coumarin 311,

counmarin 307, counarin 314, counmarin 334, coumarin 337, 25 coumari n
343, coumarin 440, counmrin 450, counarin 456, coumarin 460, coumarin 461,

coumarin 466, CRWRItifriid re‘f&%@iﬂ;ﬁtﬁ@%ho&oéﬂfﬁ%!ﬂoﬂgﬂlarﬁgéﬁﬁg kdledida;

coumari n 490, counarin 500, counmarin 50 coumarin 504, coumarin 510,
coumar i n Stdm thegrowp nodsigingoafiriedamin2101 (Riwidil), thedamineolith(Rh-1903,

coumarin 535. coumali,n 240,,C0 I n S40A, —ang.coumarin 5 I et
anot her ngPg?m%om%)’o#h%B? e&gr(p%l'fﬂ)eﬁﬁggwllf%é%f}hg&&%o%
15 rhodamine 575 (Rh-575), thodamine 590 (Rh-590), rhodamine 610 (Rh-610),
rhodamine 640 (Rh-640), rhodamine 6G (Rh-6G), rhodamine 700 (Rh-700),
thodamine 800 (Rh-800), rhodamine B (Rh-B), sulforhodamine 101,

sulforhodamine 640, and sulforhodamine B.

20 It is still further preferred that the photo-active molecular agent is selected
from the group consisting of coumarin 1, coumarin 2, coumarin 4, coumarin 6,
coumarin 6H, coumarin 7, coumarin 30, coumarin 47, coumarin 102, coumarin
106, coumarin 120, coumarin 151, coumarin 152, coumarin 152A, coumarin 153,
coumarin 311, coumarin 307, coumarin 314, coumarin 334, coumarin 337,

25 coumarin 343, coumarin 440, coumarin 450, coumarin 456, coumarin 460,
coumarin 461, coumarin 466, coumarin 478, coumarin 480, coumarin 481,
coumarin 485, coumarin 490, coumarin 500, coumarin 503, coumarin 504,
coumarin 510, coumarin 515, coumarin 519, coumarin 521, coumarin 522,
coumarin 523, coumarin 535, coumarin 540, coumarin 540A, and coumarin 548.

30

In yet another preferred embodiment of the present invention, the photo-

active molecular agent is selected from the group consisting of 5-ethylamino-9-



active nol ecul ar agent is selected fromthe group consisting of

S5-ethyl 3ih §91fdyg VO 98/18399 o PCT/US97/19527
PCT/ US97/ 19527 10 di et hyl am nobenzo[ a] - phenoxazi ni um (Et NBA) ,

5- et hyl am no- 9- di et hyl am nobenzo[ a] phenot hi azi nium (EtNBS), and

5- et hyl am no-9- di et hyl am nobenzol a] ph(f osel enazi ni um ( Et NBSe) .
Additionally, it is preferred that the Qhot o-active nol ecul ar agent is

(11> S cieahyliontnghdngatal pheRdutzingum b EIRBAR) r rhevhiamma-b-
di chi or i dex: / i 0 | A
(:D'SBPC\;;I. /‘i‘%}ém’??@%@?fﬂ gélr%r%t?ltlaaégirﬁg elrrl(ggﬁixﬁg?’ {ngo%%)e-t gﬁgtg %g&r?gfecul ar
agent is Idiethylaminobehzn]afphenvichenazimum NBS=)i Additfonzily) itdnprefetretibene

e ooyt rihes The PO BsivE TSI, B804 s Seleipd: oM be, 810UP SMSIStEE Gfbene

(AP . Furt nidk bl ferr t hai, t | egs e phgt ctive
nol gf ul ar Utélagﬁ? 'I?IRXTI%%gi%glfeqqélglst o@ﬁ bi %celﬂlggd%hot g@%? iije m)frgg%!?ér
agent, whegiglBainBfrhdtivie (I1) dichRaRle (RABENOSE M (B2 byridink Yl 8fn@mpg TENT
sel ected frlgx??%eﬁgroup go?ﬂsicsti ng (of 6’?& RNA, (am' ngya‘?:ﬁlﬁdg?i pr ot Zlﬁgs
ant i bodi esdichlogided®tBRYDt ens, carbohydrate receptors or conpl exi ng agents,
| ipid receptors or conplexing agents, protein receptors or conpl exing
agents, chelators, and encapsul ating vehicles and yet further nore
preferred that ARgitRinallgaeis Abfe PeISRBE thAAhRE Phatd-hMfeBbREHadagegeRt 20
further includes a segnent which is photo-activated when subj ecg to |ight
suf 10 ci entselected froms dhe groupucansisting oftstitbgaieo stilbers dietimaties. aodR-£N-(2-

DESCRI PTI OF TH W . _Reference, the follow ng detail

descri pti daws@%ﬁﬁﬁ%ﬁ?@ﬁpi@s@hﬁﬂa&w “'&00{138)59&313& ?‘g}?ﬁfsbi n the
I nvention. Consi-der the description in conjunction with the drawings in
whi eh: FIGURE 1 shows exanple energy | evel diagranms for |linear and

non-|i near opt iFaitherxdf isahownpreffiréd aRERE as lemss ond phow-attivenmbliepslaret ween

i nci dent power .and, exci.tation, efficiency far single-photon .and. t wo-photon
excitati Oﬁagent ifchudes at least ono bleogen?cp otd-active molecular agent, wherein e

15 Jeast one biogenic agent includes a segment selected from the group consisting of

DNA, RNA, amino acids, proteins, antibodies, ligands, haptens, carbohydrate
receptors or complexing agents, lipid receptors or complexing agents, protein
receptors or complexing agents, chelators, and encapsulating vehicles and yet
further more preferred that the at least one biogenic photo-active molecular agent
20 further includes a segment which is photo-activated when subject to light sufficient

to promote a simultaneous two-photon excitation.

BRIEF DESCRIPTION OF THE DRAWINGS:
Reference to the following detailed description of exemplary embodiments
25 may help to better explain the invention. Consider the description in conjunction

with the drawings in which:

FIGURE 1 shows example energy level diagrams for linear and non-linear
optical excitation;
30
FIGURE 2 shows the relationships between incident power and excitation

efficiency for single-photon and two-photon excitation;
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FI GURE 3yghgygsoq schematic representation of single-photopcamdet/wgzy phot on
phot oi oni zation; 5 FI GURE 4 shows exanpl e excited state behavi or
for single-photon and two-photon photoioni zati on; FI GURE 5 conpares

| um nescent em ssion properties of theelgol ecul e RuBPY as a function of

em ssi on wavel ength for single-photon citation and for 10

si mul t aneous two- photon excitation; FIGURE 6 is a Stern-Vol mer plot of

| um nescent enmission lifetime as a function of excited state quencher
‘concentration; GlREn 4t | HONS as
a function of eg(l}'tUaIt{?o:%nSl\lA?aw/i%engt hz?gﬁﬁiﬁg%ﬁ%ﬁgdﬁg?g?%%%&%?ng

si ngl e- phophotoaxmhidtaionigatiang si nul t aneous two- photon excitation; FI GURE 8
shows an exanpl e absorption spectrumfor aninmal tissue 20 covering the
ultraviolet to near infrared spectral region; FIGURE 9 shows a scattering
speckrum for anpguRESS o K dxofted|stdtd \Uedlablor f8r @ﬁ@le-gﬁétroﬂrﬁﬁi ,
spectral region; 25 FI GURE 10 shows the general "trends in opti cal
absor pt i ontwo-ppetan photofonizdatieal; ti ssue for short wavel ength and | ong

wavel ength light; FIGURE 11 conpares optically-induced danage in tissue

when si ngl e- photon and two- photon excitation nethods are used; 30 WO
98/ 18399 FIGURE 5 com%)ares luminescent emission gro?enr%WfLﬁWﬂﬁMe 12
FI GURE 12 shows a phot ograph of two-photon excitéd Tluorescence of the dye

mol ecul e cBwEHY as 2ganetion of dmissidn exavalepgtihforsiigherphatonl excitatién agddos e
gel gpi simultaneous two-photon excitation;

. FIGURE 6 is a Stern-Volmer plot of luminescent emission lifetime as a

function of excited state quencher concentration;

15 FIGURE 7 compares absorption cross-sections as a function of excitation
wavelength for 1,4-naphthalenediol when using single-photon excitation and

simultaneous two-photon excitation;

FIGURE 8 shows an example absorption spectrum for animal tissue

20 covering the ultraviolet to near infrared spectral region;

FIGURE 9 shows a scattering spectrum for animal tissue covering the

ultraviolet to near infrared spectral region;

25 FIGURE 10 shows the general trends in optical absorption properties of

animal tissue for short wavelength and long wavelength light;

FIGURE 11 compares optically-induced damage in tissue when single-

photon and two-photon excitation methods are used;
30



5 FI GURE 13 shows a phot ograph of two-photon excited fluorescence
of the Wgﬁ%lﬂ e coumarin 480 distributed evenly throyghogde7aedstinor
speci nen; 14 shows the first preferred enbodi nent of the invention
for selective two-photon NIR (near infrared) photo-activation of PDT
agents; 10 FI GURE 15 shows a variation 12” the first preferred enbodi ment
for topical photodynam c therapy using focused NIR light; FIGJRE .16 shows a

{her apy usi ng. noACHBRESERPRATNGIRETaR ok Rio-BoteRSxstes PRPPARSIGR OEHA ho
| i o’ usi S0F AEPaR LR SOIRAAR O\ Guly (ERMERGL A YRR M

typi cal preelatiagi ve shift in intercalated AMI (4'-

am nonet hyl -4,5" ,8-trimethyl psoral en) fluorescence band position for

cumul ative exposure to continuous UV radiation at 365 nm FI GURE 19 shows

t he progressive i sition
for ?urml ative §qu‘£%‘rge1@t%aﬁﬁi’%f’ gég‘i’ %(’:WNHUP“ 58 %I&% %\?%rﬁsceéx? é%g

FI GURE 20 sghewsolecuit rcoumaesudilsdistibuted evuﬂy ahmﬂgh«hm aIhamoE Xperimen; to
fluorescent roomlight; 30 WO 98/ 18399

PCT/ US97/ 19527 13 FI GURE 21 shows the progressive shift in intercal ated AMI
fl uorescence baggcoR SV eﬁ‘?‘&p pul ses
of NIR |ight at Ii17i28 n%t 198G t@ﬁ%téﬁrhfé@rﬁgﬁgﬁgﬁ;@m r aep{n]gl ul ar &

phot o- act i seletctive tWo-;thg’emeNIR (rEAT drarcd) photd-#ctiGuikih 28 PDDagenthe second
preiﬁrred enbodi nent of the invention for enploynent of biogenic PDT

age 10 DETAI LED DESCRI PTI ON OF THE DRAW NGS:

FIGURE 15 shows a variation on the first preferred embodiment for

topical photodynamic therapy using focused NIR light;

FIGURE 16 shows a variation on the first preferred embodiment for
15 topical photodynamic therapy using non-focused NIR light;

FIGURE 17 shows a variation on the first preferred embodiment for

photodynamic treatment of a subsurface lesion using non-focused NIR light,

20 FIGURE 18 shows the typical progressive shift in intercalated AMT (4’-
aminomethyl-4,5’,8-trimethylpsoralen) fluorescence band position for cnmulative

exposure to continuous UV radiation at 365 nm;

FIGURE 19 shows the progressive shift in intercalated AMT fluorescence
25 band position for cumulative exposure to sub-picosecond pulses of UV light at

364 nm;

FIGURE 20 shows control results for intercalated AMT upon exposure to

fluorescent room light;
30



The invention described here utilizes the unique physical properties of
non- |i r | cal excitation of nolecular agents to eff | d
spatialqgﬁﬁWﬁg%ﬁover t he photo-activation of those agentsseﬁﬁkggg§¥fon,
non-1linear optical 15 excitation is shown to have further advantages
during photo-activation of nedical therﬁgeutic and ot her agents, including
rreduction of collateral excitation and mage al ong the excitation path,
reduction in exposure to harnful optical wavel engths, reduction of '

i nterference frdMGURE Dt showsithe psogressive shiftin dntereadated AMiThBuonegcencom t h
envi ronnent_ syrroundi t he .excited agent, .and enhanced 20 l,ecyl ar
spect 1ot vpaHl RN Bt crivulating cPReEEah sul Pes R Pilact ot MR gt

exci tationmgtfigd enployed in this invention, referred to as sinultaneous

two- photon excitation, is shown to provide a superior neans for the
treatnment of many di seases. 25 Energy |evel nodels of |inear and non-Ilinear

phot @- acti vati o . The, fundapental significance of. | nvention
taug?ﬂ in this ?@%@gg%@qwé%nvﬁﬁeﬁgﬁg?bogqaﬁg’ﬁbpflr?ggrg%ﬁ{‘? tger WS at i on
processes tapdsel ectively photo-activate one or nore nol ecul ar agent with a

hi gh degree of spatial control. This selective 30 phot o-activation is
achi eved by neans of harnessing the special properties of non- |inear

optical excitati ent..from one | equl ar_.ener evel to anot her.
To fully under st@g}dﬁm% h efsgg{)%cpgger%gge i O&F%E'ég - (he myentipn for. o\
to devel op empl¥fn8#{ d8BRZenic PDT agents.

PCT/ US97/ 19527 14 a conceptual nodel of non-linear, sinultaneous two-photon
excittation along with that for related |inear and non-linear processes.

This is no | {ﬁ% $§.‘,EZ of energy | evel diagrans.
5 W%ﬁ%&ﬁ%@ﬁsgfl o IElf(lg%'gy | evel diagrans for
several |inear ariek inoentiorméescribpd hes uttlives tid itdguephBRad pfoperties & fon-

representatjon, which is a sinplified Jabl onski diagram -the vertical
direction dmeawp@ﬁalsemaaoeﬁ@@mﬁlaér@e@ﬁ toypffect improvent spafirlagondralect i on
represents q e nis, 0 I ng..f 4 he | ef | )
Solid hori ftéﬁfat?'% Pt ?@B’r“géﬁ n{’{s qﬂl‘jgsrr?t e M 5@@‘:‘%211 Toy lﬁ’ileta% f’g\%%

mol ekful ar exegyor B\shben tothiave herlsdredivhntageodirbg photesactivation of medical

therapeutic and other agents, including reduction of collateral excitation and
damage along the excitation path, reduction in exposure to harmful optical
wavelengths, reduction of interference from absorption and scattering processes
originating from the environment surrounding the excited agent, and enhanced
- 20 molecular specificity in the excitation of the agent. The non-linear optical
excitation method employed in this invention, referred to as simultaneous two-
photon excitation, is shown to provide a superior means for the treatment of

many diseases.

Energy level models of linear and non-linear photo-activation processes:
The fundamental significance of the invention taught in this disclosure lies

in the use of non-linear optical excitation processes to selectively photo-activate
one or more molecular agent with a high degree of spatial control. This selective
30 photo-activation is achieved by means of harnessing the special properties of non-
linear optical excitation of an agent from one molecular energy level to another.

To fully understand the salient features of this process, it is necessary to develop



represent disallowed, virtual energy |levels. Quantum nechanically allowed

nol ecul ar._ener | evels are relatively long |ived and the 111ty of
exci tati 89 %‘fm% ggl'rﬁﬁgf/i%ﬁ

nol ecul e upon absorption of energy, such ovi ded
by absorption of a photon of appropriate energy, is high. Virtual energy
| evel s may be reached 15 through a variety of excitation processes, but
in contrast to allowed nol ecul ar transil4ons, they have exceedingly short
lifetimes (on the order of 10[err] s, as predicted by the Hei senberg
uncert ai nt ya gornceptyzl ejodehraknomlinbansinygjtarfeous two-phbiouertiatiop atirg with

excitation conditions., .Strai ght arrows in Jabl ongki. di agrans represent
adi ati ve & 497 PRI SReR abAcudRERRaropaRSond Bl S GBEERENEN 20
of energy, r%gfés@nmvmeqoﬁﬁr&%e&@)reeépm fA ative em ssion, such as
fluorescent &m ssion of a photon. ooked grrows represent non-radiative

energy transfer processes, such as vibrational relaxation. The vertical
| ength of a straj rooked arrow i roportiopal to ener bsor bed or
e Libd i n o gl JER URBCkaioweIpiechm oitcupr Buctky layelarardh S rexbrattineat  r
FIGRE 1, g gié -ﬁﬂeapegﬁéﬂ'éﬁhhean Rocisd. | BYeks %@gf%h’éaﬁ%ﬁ! whi@CfUAS upon

absorption o photon 4 having sufficient energy t Irectly pronote the
nol ecul e f rsonphfiéd Jabloaskiodiagrast, cbe rvemtical elizacgipn| cormspéndgthierchiahge time

| t el ectroni | . d 30 tate, called’S t
2 second alsuBl BRLE: Honiorznuel SPRGER” sSRiesenty Benseansoy BF aienno gy
| evel (reprﬁé%ﬁﬁg heo @ fefe tSlriht] Sé1d F:brileﬁéa? 18 trep iRt FRYn

multiple allo gher electronic energy |levels to which excitation may
occulQ wiedlgni@dgoallowed molecular energy levels, while dashed horizontal lines

PCT/ US97/ 19527 15 such as.those.represented by the secao al l.owe

el ect roni c "ERESEY ?WQngd’aﬂlgﬁaﬁeen{éFﬁyr gcvgfsr OV\KQP t?SEg@l‘éﬂ& ﬁ@o‘f’%‘\i/el 10;
these are thiplecalar ¥negydensls Sfecteldtivedt Ringllivedhdsthe Probabilityedf exeitatioy

i ncreases. Also, each allowed el ectronic energy |evel _na?/hybe further

subdi vi ded afra molerubhupempbsasption of eaexgyysushaas thatpra absorption off 5

these discretg vibrational. | evels 1.2 kA _turn urther subdivided into

an ensenb ¢ BRolncef lSPHrle irdy YA, Vbl &S Bax P fathed

el eciy oni c thr@ighya vaviety, ofSkifation Protésses, rrih] condragt &9 allowed Ghslectldres a

conpl ex band of _all owed_energy . L s
transitions, they have exceedingly short lifetimes (on the order of 107 s, as
predicted by the Heisenberg uncertainty principle), making them significant only
under special excitation conditions. Straight arrows in Jablonski diagrams
represent radiative energy transfer processes: upward arrows indicate absorption

20 of energy, while downward arrows. represent radiative emission, such as

fluorescent emission of a photon. Crooked arrows represent non-radiative energy

- transfer processes, such as vibrational relaxation. The vertical length of a straight

or crooked arrow is proportional to energy absorbed or emitted in a given

process.
25

For the first Jablonski diagram shown in FIGURE 1, single-photon

excitation to an allowed enérgy level 2 occurs upon absorption of a photon 4

having sufficient energy to directly promote the molecule from a first allowed

electronic energy level 6 (generally the lowest electronic energy level, or ground

30 state, called S) to a second allowed electronic energy level 8 having a higher

overall energy level (represented here as the S, state). Note that there may be

multiple allowed higher electronic energy levels to which excitation may occur,



| evel s due to the | arge nunber of possible vibrational and rotational
states possible. Upon absorption of energy froma photon 4 the nplecule is
promot edV@@818399¢ o' a particul ar uni que el ectronic and vi bFSEISREI*REvel 14,
sonetines referred to as a vibronic level. Fromthis excited state the

nol ecul e can then undergo rapid internal conversion 16, for exanple to the
l.owest al |l owed excited vibronic energy 1®vel 18 in the third all owed

el ectronic energy level 10, represented here as the S[err] state. This

i nternal ceusleastluse k6presertgfibyahé yeocoadyallonsd, electeotic engrgy eviel 8ian the

scale on the qQrder of 10[err] to 10[er ec. Finall he excjted mgl ecul e
can undergéhFaﬁqmedr‘@P%H%‘FP(%‘Frg felakli¢ eéﬁg"l?éﬁ@éb’oﬁs\mﬁte@% » 38420, to
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i ncl ude colTi st onal deact’ vati on, uor escence and phosphoré¥cence. An
exanpl e of behfusther sabdivided iptoamthsembit dfldiscdyte vildationhkleoed s igachrafm a

ground el ectronic state tg a 0 excjted el ectronic state _ through the
absorpti on %?seadlaﬁwwﬂlg@ﬂ@e@ fWISf%% Pel Bynchs duither subdivided dntos @ant

PP aragt o iRetille bP didhite SRARIGI ERErdiB0AD! ko foalll Silbeli™Bebiiahicn 2" | v
related to the power o {he rncident Gptrcal radiation, S0 Singfé- pct on
exci t ati on energyriestl, Syc8l, 8nemgysd ew,alonBtifutes 2icomphek bandasf allbwedanergy

excitation r(fce s. 25 F(}r t he second Jabl.gonskj dj agéam shown in FI GURE'l,
o1 ngl e photlEYes,de: 1 6 [ameanymPEr At BoSHS RAbOnSD apd crgtational states
absorption - ' | héd L hee te
Ehe ol ecupsiBlel PpBR abdonfent el frbf £ BhoRCH We hRIEIIER! prbrRSRH

mol elul e i gopr panticethrtumiguey elegtrehivrand vibediod@l level 14, sometimenesfapretigvel 28.

This virtual energy lLevel .28 will typically have a lifetine on the aqrder of
10[err] sed® ngfiéf’h";yefngg%\‘ﬁ%ﬁﬁﬁé&#é mgfpcute s ®EPIEhot on
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16 el asti c ledtlBeim. tharthindpailovendt elextaomic enefgyt level 1, aepresentedRemrk aiscthe
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exanpl e processes the
further relaxation, such as through emission of a photon 20, to return to the
initial, first energy level 6; possible relaxation processes include collisional
deactivation, fluorescence and phosphorescence. An example of this process is
promotion of the dye molecule coumarin from a ground electronic state to an
20 excited electronic state through the absorption of a photon at 400 nm, followed
by emission of a fluorescent photon at 480 nm. In this example the probability
of excitation is linearly related to the power of the incident optical radiation, so
single-photon excitation to an allowed energy level 2 is referred to as a linear
excitation process.
25
For the second Jablonski diagram shown in FIGURE 1, single-photon
excitation to a virtual energy level 22 occurs upon absorption of a photon 24
having insufficient energy to directly promote the molecule to an allowed
electronic energy level 26. Instead, the molecule is promoted to a very short lived
30 virtual energy level 28. This virtual energy level 28 will typically have a lifetime
on the order of 107 sec. Virtually instantaneous re-emission 30 of the absorbed

photon 24 from this virtual level 28 will typically occur via processes such as



5 probability of excitation is also linearly related to the power of

t he i nci i cal radiation, so single-photon excitati Lrtua
ener gy ngg%nggiis also referred to as a linear excitatidﬁﬂ%¢%2§§%7 For the
third Jabl onski diagram shown in FIGURE 1, sequential two- 10 phot on
excitation to an allowed energy | evel 32 occurs upon sequential absorption
of a first photon 34 and a second photdf 36, both of which have sufficient -
energy to directly pronote the nol ecule fromone all owed energy level to
anot her al tlostie seattergyAn dmpprtanp exampleoripthisoprogesst s Rayleigh spatteroat 8 t he

nol ecule i s onot fr.oma first .allowed. nj.c eper | evel . 6. such
as the gr oﬂﬁlghgfnaf g‘glfgng uPonSf’écitraflf) nt‘?)%qugzlk gggbglﬁ\/\e‘gg%%&eﬁ%wpk ésner gy
level 38, Ruaihnaaftss;ivilich sétqurewbe® tiid moldcule wWhims té ke varHesWitkativhacal |y
can undergo rapid internal conversion 42 to _a relatively long-lived | owest

al | owed exievelsd assosiabed cvidhethgy sraund state. wilnhthesei example pygsiesses| theon t he

order of 1Q[erkl.see¢ t g, ec. aSuhsequent absorption o second

phot 8n 36 RiHeRUiR S ststiabigd pio BREmIVHISERS e SR Sith facfierd obiEH

vi broni ¢ epgfisiior, o sin%lé?h@ioxﬂéxdiﬁﬁoﬁrte_@ﬁﬁuhh@n el 22 §9aRo rbferfbgal | oved
el ectronic enerqy | evel 40, such as excited state S[err]. The second photon
36 may havto aha lnese exeitalipp peocesse first photon 34, or the first photon 34
and second photon 36 may have different energies. Upon pronotion to the
third all owed energy | evel 40, the nol ecul e may undergo a nunber of

processes, incl Wa fe fehiirt Rablonske dipramoshomvis id FIGRIREL, §equéhtial two-
em ssi on 48 of ene_rg%( Alternatively, if the second photon 36 has
#

suf fici ent PhatoRgxcit 6%&8/*_11} alvyed %?F‘é_g}‘r{ﬂvém RECUFY WRRP-SequpRtelAbsAIRtn on
process. ABe CXANNHEH 34 B eB6AT gpg@tnp%g%gggefn %ﬁﬁ‘{cg%%yggufﬂl?enqyeﬁewmr 'n

upon very I'n excifation w uce an 1 orm’'zed

‘ol ecul e, whdirictly tprenmtel rthe i mohmbike flog saguaiidweal lepergysirvbb té vanathat ons  of
s .30 third, exappl e_the _probability of excitation

light at 44Q n In thj

is not |inaBew ﬁgpwgevelo Vren #hwarptign ohihe FEst Rbtom At el Moleu ion, but
rather to . : | 2k
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relatively long-lived lowest allowed excited vibronic energy level 44, with a lifetime

typically on the order of 107 sec to 10° sec. Subsequent absorption of a second
photon 36 while the molecule is still at this lowest allowed excited vibronic energy
20 level 44 can promote the molecule to a third allowed electronic energy level 40,
such as excited state S,. The second photon 36 may have the same energy as the
first photon 34, or the first photon 34 and second photon 36 may have different
energies. Upon promotion to the third allowed energy level 40, the molecule may
undergo a number of processes, including further internal conversion 46 and re-
25 emission 48 of energy. Alternatively, if the second photon 36 has sufficient
energy, it may ionize the molecule through a photoionization process. An
example of this process is photoionization of the dye coumarin upon very intense
excitation with light at 440 nm to produce an ionized molecule, wherein the
coumarin molecule sequentially absorbs two photons of light at 440 nm. In this
30 third example the probability of excitation is not linearly related to the power of

the incident optical radiation, but rather to the product of the powers of the first



5 photon excitation to an all owed energy |evel 50 occurs upon

simulta orption of a first of two photons 52 and 3.§R&8%¢s2% two
/ C
photonsr\ggféﬁllﬁg?hi s case the conbined energy of the first of two photons 52

and the second of two photons 54 is sufficient to pronote the nolecule from
a first allowed energy level 6 to a secgnd al l oned energy | evel 56.
Typically, the individual energies of 1 y neither the first of.two

phot ons 52 nor the second of tvvoé%hotons 54 is sufficient to directly

pronot e t hiphotan 3hpnd spegndaphoipa Poe| hsnce otpqueptialdya-pheton) gxsitation to BR f i r.st
ner gy | oy eoga it RYER s RErclBhEA th B Pl YEE S0k RGN UR
second Jabl onski diagram Before relaxation can occur, the second of two
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phot ons 54 abBrpbiencdf £6ualofawolienosd S2aad gysecbhd @f tivbeploloaas.ale ghis
i rradi ance, or Wnierr], of the_incident excitation_ |ight nust be 20

extremely Kphtheocompingdsgnesgy Pf:g?ﬁ figgtrof dvenoteps ab saAthe seceond ohéwsecond
of two phogwon‘é. 4ta§fs§fa%iédig? pg%g?é ﬁh%r}ﬁ{)ﬁ\fufeeﬁ‘&h é&*g@@@ggﬁ@h%ﬁt Ion

back to the origina I st el 'ectroni c "ener gy

because thé td facidcomd ddlldveal energydevelngs.gyTypivally, 9Be iiadivithiah energies off
10[ err] sec, ngl sed_excitati %n sq(%&r ces having ver I gh peak powers are
2R

h
conmidhl y udeihenhths ﬁ?séi%ﬁ‘f’??’ otq fe§eonst pEBua pRotops 54 is sufhcieniour ces
are often pg %fn%rcag !p?gl?'on'f% il Bféngr&h&aaﬁﬁb@dbefecgs@y AR sﬁgwtm s _of

photons to the extit ecu uring the brie I fetrme of e Virtual
ener gy | evdirstsf twanpletenpd2 prdmotes the malecube twia veryoshorplived vxiual ebérgp

process is th ronpt.i gn of the dye | ecul ¢ coumayin froma ground
el ectroni c 1§¥ t@-tg&éﬁ 13, ghe Pé‘&eeY‘é‘é‘PfDGHngysfeéngaf BhﬁhP%éns‘?‘ﬁtﬁchﬁéous
absor pt i on yebichie mgﬁ%g.s ore %elﬁatﬁﬂocdh”bccfuﬂ {h%"‘él:é@oﬂﬁ &m;gngc{toﬁé 58

fluorescent photon a 0 I's fourth exanple the pro 1Tty of
excildat i on imsnediktelyepronwotes thepmmdenle td atseeomnd sllawed ebartonic en@@g9 3¢ 399

Cecond of Db THGEHL FEaReigPE tiatis suuplRaL it (Eht s BV PR CoRE Tnder gles
phot ochem ¢Rbtdié£difaditn to an allowed energy level 2. Note that the first of two photons
52 and the second of two photons 54 may be of equal or unequal energy. Also,
the instantaneous irradiance, or W m?, of the incident excitation light must be
20 extremely high to yield significant efficiency in absorption of the second of two
photons 54 before the virtual energy level 58 undergoes relaxation back to the
original first allowed electronic energy level 6. In fact, because the lifetime of the
virtual energy level 58 is on the order of 107’ sec, pulsed excitation sources having
very high peak powers are commonly used to efficiently stimulate these processes;
25 such sources are often preferable since they are capable of providing large
numbers of photons to the excited molecule during the brief lifetime of the virtual
energy level 58. An example of the simultaneous two-photon excitation process
is the promotion of the dye molecule coumarin from a ground electronic state to
an excited electronic state through the simultaneous absorption of two photons
30 at 800 nm, followed by emission of a fluorescent photon at 480 nm. In this fourth

example the probability of excitation is related to the product of the instantaneous



Mol ecul eGROUND STATE + 2 hv[err] [err] Ml ecul eEXCl TED STATE (1) 5 which
shows th ecule in the ground state is pronoted to | state
fol |l ow ngvtos%r’rlu 4tganeous absorption of two photons at 800 n%{élﬁﬁgp 7 The
reaction rate, R, is given by R = k [ Mol ecul eGROUND STATE] [hv[err]][err],
where k is a rate constant and where [ Mol ecul eGROUND STATE] and [hv[err] ]
synbol i ze 10 concentrations of the dfound state nol ecul e and the

excitation photons, respectively. Hence, due to the well known quadratic
dependence 6f PEdk Pamesnebthe fiisbebiwa phelvna A2 @ndshensteeudeoitva photonsSdn
excitation ; a ' N : I .S alsoreferred .o as a
non- | i near 2%&8?% %)%%ﬂﬁ&?e c%@gz.%&fé%}ig fori ofaﬁgtpghqwa 153510 understand a
key di fference between sequential two- photon excitation to an all owed
energy |l evel 32 and simultaneous two-photon excitation to an allowed energy
| evel 50. In seqddoleruleceouns plact dn2eWgj t at+ dolesulearalshengd energy (BEvel

32, thle individual energies of both the first photon 34 and the second
phot on 36 nmust be appropriate to pronote the nolecule directly to 20

the second ahidieitbvelthat b enbleclnen die bpld 8tedis Profetddid sh aktittbdate

el ectronic enerqy level 40. In contrast, sinultanheous two-photon excitation
to an al | onfdlaving gimnlgrsousoabserptinm of itvpephetons mt 1808t ming hvegyjr edhenl y
that the coghi er fars phot ons and the, second of
two photons fﬁgg rgu flg)c{sl g{ﬁ?ﬁ{gg &5%4@@%@?@%@?&”&3& oD% & Boed

el ectroni ¢ enmtgycdmtait &d vz&rahmbmmgg%t%gptanaep uti lyi &8gbolize
non-linear, simultaneous_two-photgn excitation to an afl of# erdergy | evel
50. HA succedentrapons i ohdhersionnd state| wolecule tand $henexcitationsphetonghot on

excitation : o] er | gv 5 rocess is_referred to as

"si mul taneot%p tg%‘?épl?ho\t,\?ge]g%éi ?%{3 ig)n%eV\%gﬁe?c:ﬁPis qH@@l@%’é’ar@pFﬁg O nake
a di stinctinstdeaness photonl iradience, t ydaatons eXeipghdtd® exciBfos U Rt i al
t wo- photon excitation to- al | oned ener%y l evel 32, the term "sequenti al

t wo- phot on?eX¥¢ SPFW"ICYQ s’éd’?%ooreé%%‘il it® @s @Heon-hneasrexciiatior process.

t wo- phot on exci tation WO 98/ 18399

PCT/ US97/ 19527 19 is useful for inducing photoionization of nolecular
agenfl§, particul Hrisyimputemt to understand a key difference between sequential two-

‘photon excitation to an allowed energy level 32 and simultaneous two-photon
excitation to an allowed energy level 50. In sequential two-photon excitation to
an allowed energy level 32, the individual energies of both the first photon 34 and
the second photon 36 must be appropriate to promote the molecule directly to
20 the second allowed electronic energy level 38 and the third allowed electronic
energy level 40. In contrast, simultaneous two-photon excitation to an allowed
energy level 50 is more universal in that it requires only that the combined energy
of the first of two photons 52 and the second of two photons 54 be sufficient to

promote the molecule to a second allowed electronic energy level 56.

25
The invention taught here utilizes non-linear, simultaneous two-photon
excitation to an allowed energy level 50. In s'ucceeding portions of this disclosure,
the simultaneous two-photon excitation to an allowed energy level 50 process is
referred to as “simultaneous two-photon excitation”. Where it is necessary to
30 make a distinction between “simultaneous two-photon excitation” and sequential

two-photon excitation to an allowed energy level 32, the term “sequential two-

photon excitation” is used to describe the latter. Sequential two-photon excitation



| aboratory conditions, but has few significant comerci al appI [ cat lons as a

'consequenc% | ts several disadvantages, including di ffl k.5 pat I al
cont rol Y QS i cation, and the need for excitation sources prow 3| ng the
necessary nultiple 5 phot on energi es. Conparison of single-photon

excitation and sinmultaneous two-photon excitation: Wien [ight interacts
with a nolecular system it induces a Pdlarization that is proportional to
the linear susceptibility nultiplied by the magnitude of the 10

appl i ed eligowsefud for endtucmm@hotmpmzetlenmf mde at agenysrpartinelenly eyndere
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because it occlurs when the electronagnetlc fields fromtwo photons conbi ne
via these ampghetrnomramdrthteexend for pxajtatiopaouyces pgovibing theineggssary multplei on of
the ghird- er susceptibility, X err], to induce an electronic transition.
This'is a eRE %$ descri bing the non-Iinearity of sinmultaneous

t wo- phot on absorption That is, the nolecular systemis reacting
non-1linearly to the |ntense eIectronagnetlc f|eId In contrast

si ngl e- phd R singlemhoten excitatiop and sigw 94

bi | | th
di'sparate rel éttttﬁgﬁsgﬁgmtgea 2} R °'t%‘t%;§£e£a’éﬁdgmaaaeaaﬁw ?‘-tatency
are shown jt yrbh&iddaal 16 Qhe Jineak euwt?heﬂxt?ﬁtmtlb@ bybtheaffdghRidé igFihkaneous

two- photon-excitation 62. Note th t he” cross-sectiion for sinmultaneous

t wolghot o rap@kledtﬂ@qtm field.t WWhemthiy elastuie fialdis vereintensoyuthernystes) cannefl | er

t han that I C|ta |s due
to the | ow p ec?ﬁgggﬁ% Xgélﬁa{mcggﬁge%fd\%g‘gﬁ%f 'QHEIB{ Qgﬁai‘eous “nt er act
Wi th a nol&setistisiof e ifduced fiRllamEativh. tsﬁxﬁﬁﬂeeﬁslt%%be&n mﬁtacain gnergy
| evel . However, the availability of opt i cal exci tat i on, sources capabl e of
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ef fg£ti ve igfaginary p@iﬁmmbemlce/ﬂﬁtd-ardﬂrl stuamﬁnﬁh@y\qﬂhhai prdvex Gint eleét@onicFor
exanpl e, when, usi n%hgontl nUOusS vvave excitation the effj c:ogncy of two-photon
exci t at i orfT#RItion. pAdes sungtheipway of deserjling [SUBHEARERIS han

}32:?_; U‘ggg; ilg)‘g;gp}mthﬂ 2DEOPHnP AR DS, the \A’R)lg&{ﬁpg}%&m is reacting non-linearly to

the intense electromagnetic field. In contrast, single-photon excitation processes

-

may be described by the linear susceptibility and are linear with excitation power.
20 These disparate relationships between incident power and excitation efficiency are
shown in FIGURE 2 for single-photon excitation 60 and for simultaneous two-
photon excitation 62. Note that the cross-section for simultaneous two-photon
excitation is typically about a hundred thousand-fold smaller than that for an
equivalent single-photon excitation process. This is due to the low probability that
25 two photons will simultaneously interact with a molecule during the lifetime of the
extremely brief virtual energy level. However, the availability of optical excitation
sources capable of providing extremely high peak powers, such as mode-locked
lasers, can substantially ameliorate the impact of this low efficiency by increasing
instantaneous incident powers and thereby dramatically increasing the effective
30 efficiency of simultaneous two-photon excitation. For example, when using
continuous wave excitation the efficiency of two-photon excitation for a particular

molecular system may be 10° smaller than that achieved with single-photon



20 excitation. However, if the sane average optical power is emtted in the
formof_a train of very short pulses, the shift in prod peak and
averagéN‘B(‘))%’ngcan change this ratio such that it is cl glgewﬁ%whgfipy. 5

The non-linear nature of simultaneous two-photon excitation can be
exploited to achieve an inportant difference in the spatial excitation
properties of sinultaneous two-phot oROexcitation and |inear excitation. For
exanple, FIGURE 3 shows that the single-photon excitation efficiency -
profile 6xcitationt Hdowevar ifithe same mxReragh epbinalepayvards eotitted in theefoam of of i 1 e 66

can be made .to differ 10 dr I cal a function of the heam

i ntensit$ Wﬁqulvg%gl‘?#]gﬂlsgs’ltggéﬁﬁgéﬁﬁﬂa%& §§ } C%esag:dﬁnfganPge 3°W§fseri al 74.
Thi s mat g4 éhax?g‘l: tRigRtidsuch thasfris dlese 36lustityon hel d between the walls of a
cuvette 76. Focussing 72 of the |aser beam 70 with a | ens 78 produces a

beamintensity profile 68 that varies as a function of distance through the

sagple 74, reagching a i I cent f the focus 8Q 15
as”predi ct ed ecf‘gﬁﬁﬂggf n%}]se S gg%%%#?%%%st%6§§9t% o?xceita?iORgF%q phiot on
process, efplgitkd 16 Achiedt ahi idfjtint keffareace beds sprtRl eitivat{oi propeirEant power)

and excitation efficiency results in a single-photon excitation efficiency
profil e ofi simultanequsabve -phetonogacitationyanh linnas nexcitatipn.of Hos e@mple,

cont r ast i 0 - ro Qne4 I near

ol at | onERPTRECHERR R AR gl Wit ShiRuRiyCReBnc) BoiGe pP A,

excit ati sinmffdneous My-phosed efcitation effitientppeshile d0\eapbetNadexs idiféd on
efficiency profile 66 that faqllows the square of the beami ntensﬁ(%/l profile

640 Hencdramaficallyiasq functip of thebespdnteraity prpfde 68 yedhen o lasepbeamttal | y

limt th Cl ' t : 0, | eous

t wo- phot %nﬁ)éﬁ%{z{ %ﬁ%ﬁ)%l g&g&%ﬁ?%%ﬁ%k#g 2%@%%%%*%%&&@%%8 *‘%dad%s t he
‘conf ocal hekigbetweeanhe nalldef anatte® 76. Foassinp72zcfithe dxdeg rtdiafg 7@ wdihst ance of
2lerrlwferr]ferr]/[err], V\/r]ere,vv[errﬁ]Rl ig t he diamatggﬂo_f t he.m ni nrum beam
wai st and IRy 78 piogufesea Redm iRisgity profile, 85 that vares ana function of distaris r ast |
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the entire optica Ing®spatial localization of excifation
cddsi der abpyedieted by elassieal GAGsian optical theohndivra simglephbtomhprocbssethepr onot ed

to an excited state,.a,variety of physical ar .chem cal .progesses. may occur,
| ncl udi nneErIeBeBiP BePuesh, Regm BICTRHY dor AR RERFDARY CXRGHIMA | on,
such as eEREBIdyZaEHAICL sigldlphbR, exitation efficiency profile 64 that linearly

follows the beam intensity profile 68. In contrast, for the simultaneous two-

photon process, the non-linear relationship between beam intensity (or incident
20 power) and excitation efficiency results in a simultaneous two-photon excitation
efficiency profile 66 that follows the square of the beam intensity profile 68.
Hence, focussing 72 the laser beam 70 can be used to substantially limit the extent
of excitation to a small focus zone when simultaneous two-photon excitation is
employed. This is sometimes referred to as the confocal region, and is defined
25 as the zone extending a distance of 2mw;/A, where w, is the diameter of the
minimum beam waist and A is the wavelength of the optical radiation. In contrast,
when linear excitation is employed, excitation occurs substantially along the entire

optical path, making spatial localization of excitation considerably less defined.

30 Once a molecule has been promoted to an excited state, a variety of
physical or chemical processes may occur, including luminescent emission of a

photon, photochemical transformation, such as isomerization or oxidation, or
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phot oi oni zation. Inportantly, it is the fundanmental properties of the
excited WPABA3MAd its environnent that deternine the ulti REF&SPHL®ZBE the
nol ecul e. The nmechani smresponsi ble for pronoting the nolecule to the
excited state has no significant inpact on this fate since the excitation
process itself does not directly 5 2rpact the subsequent properties of
the excited nolecule or its environnment. Equivalency in excited state
behavi or i phokeivRiza668TRbb6sthhily, inisfth&HRRatndiital probbARSIof thd aetiddstiter M
for single-photon photoionization 82 and si nultaneous two-photon

phot oi oni z&ndolts gBvispnesd|thety fatermies the ldmats fatg of theymelaeweoethyl ene.
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potential 90 wll be above the normal excited state_energy |levels 92. Upon
promsti on tmpaet Siecvubsequans|praperdies sdhe ereited melecals onits sngironmenso by
absorption 15 of the single-photon 86, the nolecule will undergo

phot oi oni zation 94, here designated as the reaction, R [err] Rerr], where

R is the initialEdquivalenéy inhexcited acitt dehadoRieshown schehatically ZEHIGUREO! t he
nol ecul e. For the nol ecul e perchl oroet hyl ene, photoioni zati'on 94 can occur

upon the asdithtiablonski jdiagiagm efosab: dor s¥ngle-photom phodoiggizatipn B2 and

I mul t - t I QR Lon: 84,0 ,SI 0 ti
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of two photons 98 is equal to that of the_energy of fhe single photon 86
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photoionization 94 can occur upon the absorption of a single photon 86 at 254 nm
(4.88 eV). In simultaneous two-photon photoionization 84, simultaneous
20 absorption of energy from a first of two photons 96 and a second of two photons
98 occurs. If the combined energy of these first of two photons 96 and second of
two photons 98 is equal to that of the energy of the single photon 86 absorbed in
the single-photon photoionization 82 example, the effect on the molecule is
identical. The first of two photons 96 promotes the molecule to a virtual energy
25 level 100, from which it is immediately promoted to an energy level at or above
| the ionization potential 90 by absorption of the additional energy provided by the
second of two photons 98. Once excitation has occurred, photoionization 94
proceeds in an identical manner to that shown for single-photon excitation 82.
For the example of perchloroethylene, simultaneous absorption of a first of two
30 photons 96 at 508 nm (2.44 eV) and a second of two photons 98 at 508 nm (2.44
eV) results in photoionization 94 that is identical to that which would occur if a

single photon at 254 nm (4.88 eV) was absorbed.
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the relatively long lifetime of the S, state compared to the intersystem crossing

rate constant. Since the transition from the triplet state back to a singlet state is
20 also forbidden, such as T, — S, the lifetime of triplet excited states can be
especially long, typically ranging from 10 to 10" sec. This is important, because
this long triplet state lifetime can allow an excited molecule to undergo a variety
of chemical reactions, especially those involving energy transfer to another
molecule. Reactions involving triplet state intermediates are particularly
25 important in the photochemistry of many large organic or bio-organic molecules,
and serves as a major mechanistic step in the photo-activation of many molecular

agents used for photodynamic therapy.

The foregoing discussion on equivalence of excited state behavior can be
30 expanded to include those cases involving triplet excited states, since the pathways
for molecular excitation, reaction, and emission, including those involving triplet

states, are determined by the molecule and its environment. Hence, a molecule
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FIGURE 6 shows that if the luminescent emission lifetimes of RuBPY are

measured using single-photon excitation 106 at 386.5 nm, shown as circles, and
using simultaneous two-photon excitation 108 at 782 nm, shown as squares,
20 identical excited state properties are again observed. Specifically, FIGURE 6 is
a Stern-Volmer plot of luminescent emission lifetime as a function of excited state
quencher concentration. When a molecule is promoted to an excited state, the
length of time, =, that it resides at the excited state is determined by the
fundamental properties of the molecule, and is defined as = 7,. If an excited
25 state quencher is added to the system, this lifetime will change to a different value
of =. It is well known that when the ratio of =, / = is plotted as a function of
excited state quencher concentration, a linear relationship is to be expected. This
is referred to as a Stern-Volmer plot. FIGURE 6 shows that for an aqueous
RuBPY solution having different amounts of added Fe** quencher, the Stern-
30 Volmer plots for single-photon excitation 106 and for simultaneous two-photon

excitation 108 are identical. This further confirms that the excited state properties
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wavelength. These differences in cross-section are attributable to differences in

one-photon and two-photon selection rules for particular molecular transitions,
and may be useful for optimizing selectivity of excitation based on the differences
20 in one- and two-photon selection rules, or in designing specific molecular agents
with special two-photon absorption properties. In general, however, while there
may or may not be significant differences in these selection rules and cross-
sections for specific molecular agents, the excited state properties of these specific
molecular agents will be substantially identical at each effective excitation

25 wavélength regardless of excitation method.

Significance of absorbance and scattering properties in single-photon and

simultaneous two-photon processes:
30 While the cross-section for simultaneous two-photon excitation may be

considerably lower than that observed with single-photon excitation, use of the

simultaneous two-photon method may be favorable to single-photon excitation
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and penet rei:illtelrg(;)ynp gt%tnp 196 3PH300 §5. These differences in optical properties have two
important consequences. First, absorption of short-wavelength, higher-energy
photons 118 by tissue can result in undesirable tissue damage upon exposure to
UV or other high-energy light. In contrast, negligible effects may be experienced
20 under irradiation with lower-energy photons 120, such as NIR light, even when
the optical power of the NIR light is many-fold higher than that of the UV
radiation. Secondly, the inherently high absorption and scatter of higher-energy
photons 118 by tissue can result in very shallow tissue penetration depths, while

lower-energy photons 120 generally have much greater penetration depths.

25
These important aifferences in absorption and penetration depth properties
for highér-energy and lower-energy light are shown schematically in FIGURE 10.
When UV light 128, for example light at 400 nm, impinges on human tissue 130,
the majority of the optical energy is immediately absorbed and scattered in the
30 outermost layers 132, such as the epidermis and dermis. Absorption may occur

due to excitation of certain molecules in the cells of this tissue 130, such as those

composing the genetic material in the cellular nucleus. This absorption of higher-



for higher-energy and | ower-energy light are shown schematically in FI GURE
10. When WV |ight 128, for exanple light at 400 nm i npi nggs gn @gm&n
tissue W@ BMBEOmmjority of the optical energy is i medi af&fPSaBEY3thed and
scattered in the 30 outernost | ayers 132, such as the epiderm s and
derm s. Absorption may occur due to excitation of certain nolecules in the
cells of this tissue 130, such as thosé&6conposi ng the genetic material in
the cellular nucleus. This absorption of higher- WO 98/ 18399

PCT/ US97/ 18bergy Aeghirinr gelldlaxbonstiyuers cah dhexebygshitiate at sarietp dfheilabyral
initiate a variety of collateral  photochem cal .changes 134 in ese cells.
These. col | REGIOSHCINN Shansss L3 Eresis Sheresalfetotatphotorhomiat Shanges of Uy
| ight 128 ' . kT W] ' Iy ' zancer .
| cont tasto® R HE Rrorh sBUSIEHIOR G RN BEhE 199 5ed dndlde HACHERIAR gBho 6O
appr eci abl yanlagemnddnductsamnof eanedr.byn tostsass, WER. lighh d 36,vfor axhmgds ah 800
penetration wl ] be ch rea@er ang the extent of collgé ral_danage to
cel | € wi | | BBb vl EeL R japprceip SOfReflQr seattered, by Hssue §t hIB& Qverll on

1 ght 'S uBEpksl & SaRkAMBIUIY AR pibate ShiDlf AROMAT BHEIdA dfflagd fo ' S
possi bl e to photo-activate specific nol ecules using relatively

non- danagi oells wilbire pdstantiadly dowete dénceif long-wiamele b gthexaisati owlightds ased
excitation nethods,, Furt hernore, the propert.ies, of nop-li neﬁ\r excjtation
Shown i n FIRTRRIaCE higher5RCREr: SPEIF-ROGHT SXAHAD, IACPOSID IR BEAIrsFTAE

| nher ent “Q%Edilﬁé"ﬁﬂﬂo'ﬂ&m!@ Hfsﬁxga@élakiowya%ar&gmégh%f higIR énQWatioﬁord_eﬁﬁ?.”pl e,
FI GURE 11 conpares the extent 15 of optically-induced damage ih tissue
wherlOsi ngl einpftansous twpipiotenm exd@tiondnetheds.t aneous two- photon NI R
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Si ngl e- photon excitation 138 produces a photodamage zone 144 that extends
substantial |y alfRpherirs the peosiities of nolideanekditation 8hewh i FIGATRE 3
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phot odamage zone 144 m ght not _even extend into the tunor_ 142 if the UV or
vi si bl e | i §Waultaneous two-photon NIR excitation 140 methods are used to irradiate a

subcutaneous tumor 142. Single-photon excitation 138 produces a photodamage
zone 144 that extends substantially along the entire optical path and has no
significant biospecificity. Hence, in addition to induction of the desired
20 photodamage in the tumor 142, collateral damage can occur throughout
surrounding tissues, such as the epidermis 146 and the surrounding dermis 148.
If the single-photon excitation 138 is focussed, the photodamage zone 144 will be
slightly enhanced at the focus 150. Note, however, that this photodamage zone
144 might not even extend into the tumor 142 if the UV or visible light is
25 absorbed by the epidermis 146 and dermis 148 prior to reaching the tumor 142.
This can occur as a consequence of the inherently high absorptivity of tissue at
short wavelengths. In contrast, use of NIR simultaneous two-photon' excitation
140 produces a sharply defined remote photodamage zone 152 that is substantially
localized to the focus 154 as a consequence of the non-linear properties of this
30 excitation method. Furthermore, because tissue does not appreciably absorb NIR
light, collateral damage to the surrounding epidermis 146 and dermis 148 is

minimized.
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occurs outside the focus region. Also, because the NIR excitation light is only

weakly scattered by the gelatin, sharp focus is maintained at deep penetration
depths into the block. Note that the sharpness of the focus is determined by
20 Gaussian optical properties; hence, the length of the focus region is easily
adjusted by changing the optical parameters used for beam expansion and
subsequent focusing. Similar results are obtained if an equivalent process is
applied to a labeled tumor specimen, as shown in FIGURE 13. This shows a
photograph of two-photon excited fluorescence of the dye molecule coumarin 480
25 distributed evenly throughout a block of mouse carcinoma tissue. Asin FIGURE

12, a tightly localized site of activation is demonstrated.

Therapeutic applications of simultaneous two-photon excitation:
The foregoing discussion suggests that the fundament differences in the

30 absorption of UV and NIR light by tissue and cellular constituents, coupled with
the special non-linear properties of simultaneous two-photon excitation, should

have direct applicability for improvements in the treatment of disease, specifically
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bi ol ogi cal ongf prorore |of the pthegreslocatediagehtsfodproguses therapeutic effect. An

example is the use of a dye molecule in conjunction with a PDT agent, wherein

the dye molecule captures the activating light, then transfers this energy to the
PDT agent, thereby initiating a biological effect. In all cases, it is hoped by PDT
20 practitioners that these photochemical changes will lead to localized cessation of

cell proliferation or cell necrosis in the lesion.

Existing PDT excitation methods are based on a variety of methods that

are substantially equivalent to those shown in FIGURE 1, using either direct

25 single-photon excitation 2 or sequential two-photon excitation 32; the latter
method is the basis for all previously tanght “two-photon” PDT methods described

in the technical and patent literature. In both of these broad classes of excitation

method, the common reliance on relatively high-energy, short-wavelength light

results in short penetration depths and high potential for collateral tissue damage.

30 For example, PDT therapy for esophageal cancer is effective for treatment of
superficial lesions, but is much less effective for lesions that are not topically

exposed. Also, PDT therapy for psoriasis based on 8-methoxypsoralen (8-MOP)
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i ncl ude pé’t‘}lﬁ[ pAissie plong the OpticRkexitaiogPatly| i cati on and potenti al
necrosis of healthy tissue along the optical excitation path. The

si mul t aneous two- photon excitation PDT nethod taught in this invention is
capabl e of ci r cIimv ssimitltgneduss bvd-phitoat iezcitationd Ridhpinetstd sasghtSin this
associ ated wi th canventional. PDT net hods,. and.is conpatible wih existing
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agefy s. Speeddidtealvivh cofVeatibNPDTIRHBaY! £ i5 ERnpUABle WieREkZAhE PDTN t he
phot o-activation of PDI agents with significantly reduced potential for
col | at er alpharmgoeutitahmgents along with the new class of NIR-activated PDT agents.
Specifically, this invention enables improved localization in the photo-activation
of PDT agents with significantly reduced potential for collateral tissue damage
compared with that possible using conventional methods. Where control of
20 penetration is not critical, un-focussed NIR light may be used to stimulate
simultaneous two-photon photo-activation of PDT agents present in a relatively
large irradiated area. In this case, the extent of PDT agent photo-activation is
controlled by varying the location, intensity and duration of exposure to the NIR
beam. Where precise control of penetration depth or volume extent of
25 therapeutic application is more critical, focussed NIR light is used to stimulate the
simultaneous two-photon photo-activation process. In this case, beam irradiance,
exposure duration, and degree of focussing are used to control the extent of PDT
agent photo-activation. In both cases, high-irradiance NIR radiation may be used
to achieve maximum efficacy. Furthermore, the high penetration depths
30 achievable with NIR radiation combined with the inherent localization of photo-

activation that is possible with focused simultaneous two-photon excitation provide
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band from approxi mately 690-1080 nm Theé pul s ] .
several Watts) but high peak power (on the order of 100 kW) that is continuously

tunable over a NIR wavelength band from approximately 690-1080 nm. The pulse
train from the NIR source 156 constitutes a beam of NIR radiation 158 that is
easily focussed using standard optical means, such as reflective or refractive optics
20 160. The focused NIR beam 162 can then be directed onto diseased tissue 164.
Simultaneous two-photon photo-activation of the PDT agent will be substantially
limited to the confocal region 166 of the focused beam 162 due to the high
instantaneous irradiance level that is only present at the focus. Furthermore,
regardiess of whether PDT agent is present in surrounding healthy tissue 168 or
25 skin 170, insignificant collateral photo-activation or photodamage will occur
outside the confocal region 166. This is a2 consequence of the non-linear
relationship between instantaneous optical power and simultaneous two—photon.
excitation, which limits significant excitation to the confocal region 166; even if
PDT agent is present outside of the confocal region 166, excitation power levels
30 are below that necessary to produce significant photo-activation. This aspect of
the preferred embodiment of the invention is in marked contrast with prior art,

which afforded no practical means for tightly limiting the dimensions of the
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surrounding tissues.

Focused NIR simultaneous two-photon photo-activation of a PDT agent
for topical therapy, as shown in FIGURE 15, is effected when a beam of NIR
20 radiation 158 from a NIR source 156 is focused 162 onto a diseased tissue 164
using standard optical means, such as reflective or refractive optics 160. In this
manner, photo-activation of the PDT agent occurs only at the confocal region 166.
The surrounding healthy tissue 168 and skin 170 are unaffected in this process,
even if they also contain the PDT agent, since photo-activation is substantially
25 limited to the confocal region 166. As described previously, a scanning action can
be used to effect photo-activation of the PDT agent throughout the volume of the
diseased tissue 164. .

Non-focused NIR simultaneous two-photon photo-activation of a PDT
30 agent for topical therapy, as shown in FIGURE 16, is effected when an un-
focused or expanded beam of light 172 from a NIR source 156 is directed onto

a diseased tissue 164. This beam of light 172 may have a cross sectional area
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thereby afford a high instantaneous irradiance over a large area.

A final related variation of this first preferred embodiment for

simultaneous two-photon photo-activation is shown in FIGURE 17, where an un-

20 focused or expanded beam of light 172 from a NIR source 156 is directed onto
a subsurface diseased tissue 164. This beam of light 172 may have a cross
sectional area smaller than, equal to, or larger than that of the diseased tissue

164. If PDT agent is made to be substantially restricted to the volume of the
diseased tissue 164, either through controlled application or by means of

25 preferential systemic concentration, then therapeutic action will be substantially
limited to the volume of the diseased tissue 164. Since the beam of light 172 is
non-damaging to tissues that do not contain a significant concentration of PDT

agent, damage to surrounding healthy tissue 168 and skin 170 is avoided. This
embodiment may also be particularly useful when the exact location, size and

30 shape of the diseased tissue 164 are not known, or when it is otherwise
undesirable to carefully control the location of application of the beam of light

172, since careful control of the location of the beam of light 172 is not critical
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15 formation and cross-linking can be detected by measuring spectroscopic shifts in

these luminescent properties. FIGURE 18 shows the typical progressive shift in
intercalated AMT fluorescence band position for various cumulative exposures to
continuous UV radiation at 365 nm. Specifically, as adduct is formed upon UV
exposure, the fluorescence band position for AMT shifts from 450 nm to 390 nm.
20 If sub-picosecond pulses of UV light at 364 nm (produced by frequency doubling
the 728 nm NIR output of a mode-locked titanium:sapphire laser) are used to
irradiate a similar intercalated AMT sample, equivalent results are obtained, as
shown in FIGURE 19. The average photon flux for the data represented in
FIGURE 18 and FIGURE 19 were made to be similar, thereby demonstrating
25 that the AMT molecule is substantially insensitive to excitation pulse width, but
' rather is primarily responsive to cumulative photon dose. A control sample,
shown in FIGURE 20, confirms that intercalated AMT does not undergo
significant adduct formation upon exposure to standard fluorescent room light.
Irradiation of a similar intercalated AMT sample with sub-picosecond pulses of
30 728 nm NIR light (produced by a mode-locked titanium:sapphire laser) yields
equivalent results to those obtained upon exposure to UV light, as shown in
FIGURE 21. Hence, equivalent stimulation of PDT action is shown for the
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obt ai ned, as shoRmeports EhGHEEtetBnicﬁhﬁtm&nagmvphmggastéﬂ uthaf @elativelydining

0 be simJ/lar, thereby

repre ented I n FIGU 18 and RE 19 were.nma
dermonst r at |‘F?vj’1t2§°nl’ ﬁ&%ayt %%gdr?ﬁlné‘?ﬁ'j ngl%“tgiﬁé‘é?‘é]ﬁf‘? %HWEACF“n%“é‘rWé‘PPPve to

excitation lypdf t | lve
phot on dose. R%(S:: on P %Iggr'p F%%&E&%ﬁ] ﬁeFé%JgEXE%&%@%E | gfk%ﬁ&mln%
i nt er cal at eprotbdEesiosacnads taddmtgtﬁomajmm‘ |f0hMerhd@ucdrosfsdmknng,01t appaars
exposure to, standar fl.uoresc room | I%ﬁ;ﬂ I rradiation oLea si g l.ar

i nt er cal at AP ARt the\PPHC Lﬂ?eﬁgycB‘é‘fé”é fox pugsessiye sigps be prow hal R

l'i ght (prodyfﬁﬁg AitPRSIs! Nigt&ak | I I y val ent
results to t gﬁ)ﬁbt al ned ugg%le%p%%%re S%ad%% gJeE,F%?‘S)st’h'gvﬁ Ilg%a% JRE 21.
Hence( equi KahgnilsRapopattj emdoK. PEifawlst ['Hie I‘ |Eez&lnownof ahe t Pvralen¥\Gv2B/ 18399

PCT/ US97/ 19527 34 nodel conpound AMI using either direct single-photon
excitation D sﬂmbﬂnwmaﬁgt@uwbbﬁe@m P§tﬁléhhysﬂépé7t@9$4') iﬁ‘ég)t‘éehni cal

literat h d .1 hat |
be. needed UBOMRRAERrRE ERAT nb gl s RRted morr o B ek aby e aRioRor ™
agents. Pariha¢ gheétfrlagt bfficidift &@@qmn%sewﬁe@%ah opukAl er&trgplsalﬁb videdl affer

processes, such as adduct fornation followed cross-l1nking, it appears
| nport ant  t #m@ppraxivptaly dI L& delayyfoHewings iitjalf ssrmglat;@@s@ addust dpanation.

broviged alraRhl.BLLRb e 4ahe xie RIS cia EALR sihy Blntofolafondloa” ST

saac
changes necessary between the adduct formation step and the cross-linking step.

The quasi-continuous nature of the output of mode-locked lasers, such as the
mode-locked titanium:sapphire laser, is well matched to this requirement, since
such lasers typically emit a continuous train of pulses at 10-20 ns intervals; with

20 this train of pulses an excited molecule has numerous opportunities to absorb the
necessary energy required for subsequent photo-activation steps. However, an
even more efficient match is provided by regeneratively amplified mode-locked
lasers, such as the regeneratively amplified mode-locked titanium:sapphire laser.
In these lasers, short, extremely intense optical pulses can be emitted at 1-10 us

25 intervals; typically, this interval is adjustable over a large range of inter-pulse
delays. Hence, the much higher peak powers attainable (in comparison with
standard mode-locked lasers), coupled with the microsecond pulse repetition
rates, make such sources ideal for exciting sequential multi-step simultaneous two-.'
photon photo-activation processes.

30



10 Kane Rapoport, and K. Straub, "The Reaction of the Psoral ens
Wi th DeoW?% Wleic Acid," Quarterly Review of Biophysi c’s(,ET’W”?lf@?SM)
1-44) use multi-pul se | aser excitation nmethods with intercal ated psoral en
derivatives to show that the nost efficient cross-1linking occurs when
optical energy is provided after an appr3é:'xi mately 1 [err]s delay follow ng
initial stinulati on of adduct formation. 15 Th| s has been attrl but ed
to the ki nepngesds Y0 £ F0T RONAHTEE 1] MOE :

bet ween t he adﬂuct formati on step and the cross I|nk| ng step The

guasi - cont i ' nature of the output of node-Ilocked | asers, such as the
mode- | ocked titaqpdm gaiafkntderhde’ PD'E Vieht ma«&med@ %éméﬁg}'ut;@gem
since such lasers typically emt a continudous train o ses a

i nterval s; trimbti@ipsoralenhis&nowaitn mdmlthesapannexmuﬂtedhmghawomlhnsnon

Cubsequent PRBRGPes e aREE Setap, ,%S%gzqmg{;oggggg o oBe eRcthesh ch | <

provi ded byréa%%ﬁf“ﬁéﬁlb\@'slbvﬁﬂ%i &dlu'lﬁ%dﬁ: b'gi@al otc%?s
regeneratively anplified node-locCked tita |um sap Ir Ias t

| asers, shoint freased eehs, pucinme rmmomplells.alCcpnnesasnal:k,r; AMEB s phetib—attxv]atékD
[err]s 25 nte

| ar ge range“%?g iSHt ‘?‘Pbm%eg’% ﬁ% at c‘g av ter 1”@%?’1 eﬁgﬂ\bgﬁr%g
att ai nabl e ﬁiﬂiaﬁéﬁmrmﬁl@(‘ré@hh&gsﬁ@ﬂﬂ&re(toﬁﬁﬂﬁcﬁ efm\sh* a%ﬁﬁfc@ %nea{%gé Sl th

the m crosecond pul se repetition rates, make such sources |
exci 40ng sevitbrthedDNA| Henceclp firthertevabmde thewpropgeirtieonf pinmiltareous vabdi on

bCT) Uso7/ 1oBBtoBGPIRIBATAR0 for st 8 arciprPYed mrasiiot Mgt asivaion of
t wo- phot on PRAT hgdrtONARes PPRnASRicity d538ysDeeredpeiomifid, V@ﬁecﬂ@élﬁ?% e

(4'-am nonet hyl -4, 5", 8- trinethyl psoral €n) i s known to produce
results thr 225 cgamioterdcityo ASBYS (fromp X qrtemestiag Hondderd GAY woere f usedatd on

ol 1l o cHPONR RS PAREC TR PO AT e e 8P BT BiathR ACLPFESh alich as
tunonscel | s73@Capventional ly, AMI is photo-activated using single-photon
excitation at UV wavel engths (i.e., 365 nm; this produces
The AMAX GTA-225 test assesses mutagenicity of an agent or process by
detecting mutations in the histidine (His) operon in Salmonella typhimurium. This
tester-strain of bacteria has been rendered histidine auxotrophic (His), due to
20 specific point mutations in the His operon that make the bacteria incapable of
producing histidine; such His" organisms cannot grow unless histidine is supplied
to them. Thus, when subjected to a histidine-free environment, only those His’
auxotrophs which experience a reverse mutation (to become His*) can survive.
Under non-cytotoxic conditions, application of a mutagen increases the number
25 of tester-strain revertants above the spontaneous revertant baseline. Tester strains
with both base-pair substitution (strains TA7001-TA7006) and frameshift (strain
TA98) mutations were used for the AMAX GTA-225 assay. Tests were
performed independently for the two types of tester strain using five conditions:
(1) negative control (sterile water); (2) positive control; (3) optical radiation with |
30 sterile water; (4) AMT alone; and (5) AMT with oﬁtical radiation. The positive
controls used for the base pair substitution and frameshift mutation were

N-methyl-N'-nitro-N-nitrosoguanidine (MNNG, Sigma, 0.25 M in the assay) and



mutations in DNA resulting fromthe formati on of AMI adducts and

cross-links 10 with the DNA. Hence, to further eval uah,%T 6@553;})erties
of si mul hEM8*% wo- phot on photo-activation for use as an i ed’ means
for photo-activation of PDT agents, Anes Il nutagenicity assays were

performed. Specifically, AMAX GIA-225 genotoxicity assays (from Xenonetri X,
Boul der, CO were used to eval uate the nmuta¥fenicity of AMI in conbination

wi th two-photon activation at 15 730 nm The AMAX GTA- 225 test assesses
mut ageni ci ty of2-nitradlpenene2-Nifo Addichs 0. X edvb it theassay) axespeativiely. 1Al chnditiods ne

(Hi s) operon in Salmnell a.t | Muri u | s. testern-strain of bacteri.a has
been render ed H‘Y?F itgﬁqﬁ‘g néﬁ?(%‘{cggepﬁ?g e(aa)é%gl?; ﬂd?wéﬁ%l 1?0“.&%0?35&5 WE{%‘@’F{’?"&‘“@
poi Nt nut at i ongoi48 initgowkls fireFrOfotrbptic FRAAH! flloWRa by dsday Sodiab! € of
produci ng histidine; such H s organi'snms cannot grow Unless histidine is
supplied to them Thus, when subjected to a histidine-free environnent,
only tho H s auxot40phs,. wh Xperience a reuerse. atJd on (tq, bec
His[err] _)Ssecan sur vi \;’ZheDEB%Pj Wc PST%Q?%O%B'%}/}F{CW%WPE%%D&H %\‘ %g"fah
mutagen I ncreasgse ofqeftefRehinS AMT wab fitesteq/inkd thé %aﬁ%{ﬂﬂ %E&-ﬁpﬁﬁ%@e
spont aneous revertant baseline. Tester strains with both base-pair

substitution (doHewed by y80-minarombption do fhistidiserdpped snedia at BAOG)withigantions
were used for the ANMAX c say....rests were pepfor.ned independent

for the two tyﬁ&taﬁfmt egﬁ\’r‘gtg%?lg?ngt?s“ﬁ%goﬁl*fé C ’dé)t{hé%smc‘ﬂﬁh%éﬁﬁqc@e fo
control (sterilfRngistokic ARIT eosdentitiondNIThel AMB tosdeint&tion el 3bi it Hishy

30 sterile water; (4) AMI alone; and (5) AMI with optical radiation.
The posilQdve covasr ehesensas the maxipupy aenpatatoxigblase: basesh oanmepsuements of
nmut ati on were - N - nj - ' | di ( i .
[err]Min the al% s%?;ty H%{lr?gy a%%&?ﬁ%&é@%ﬂ%ﬁoﬂ. e Mon%eg{}gnogs @s'%d for
PCT/ US97/ 19527 86 bhsaipaiokhbstitwtivn aid Nor thé drdnedshif® nuthtibhd Mere 20105889 )
respectively. Al conditions were tested in triplicate, and _each of the
i ndi vi dual 15 398t uMazespeniively,dn $he assay-c fomaininizgithe aarasFary igadistest velngiehi
growt h foll owe : | AL Opt (o) Ak on
was determ neddol é%%?ﬁ%éncpﬁgﬁﬁg(‘ggﬁe ! % DtP %@%ee?‘r’ﬂst?%i@w%%&%%@
titratedls nto tweremixed ¢cabbain esttal sahplaivolume ef 64 LA oViBtbsb gamphi-umdergoing
i ncubation in hi %ti di ne-,do(Ped nmedi a at f37£edrr] Cw th.gentl e

subsequent irradiation were transferted to quartz microcuvettes; these samples

GD

were irradiated for 30 minutes, using a beam of 730-nm NIR laser radiation from
a mode-locked titanium:sapphire laser that was focused along the longitudinal axis
of the cuvette. When not being irradiated, each 64-uL sample was stored in a

20 capped, UV-blocking vial, under ambient conditions.

Following initial exposure (to positive or negative control, AMT, light, or

AMT with light), 440 uL of histidine-doped media was added to each 64-ul

sample, and these were then incubated for 90-min. at 37°C with gentle agitation.

25 The dilute histidine concentration in this media allowed for finite auxotrophic cell
division, and hence, expression of mutagenicity via His* reversion. Following
incubation, approximately 5X of histidine-free indicator medium was added to

each sample; these were each subsequently distributed in 50-4L aliquots to 48
microwells. These microsamples were then incubated for approximately 40 hours

30 at 37°C without agitation. Because this second medium is void of histidine, this
incubation step can support only prototrophic grthh by His* bacteria which

developed as a consequence of reverse mutation during the initial incubation.



agi tation. Auxbt rophic growh occurs during this incubation period for
non-cyt ot oxi ¢ AMI' concentrations. The AMI concentration used for the assay
10 a9 BHE¥8n as the maxi mum non-cytotoxi c dose, base8CEASKHIAT enent s
of optical density at 600 nmfollow ng incubation. The AMI concentrations
used for the base pair substitution and for the franeshift nmutations were
720 [err]Mand 390 [err]M respectively, i the assay. To mi ni ni ze the
necessary irradiated volune, only the test chenmicals (water, AMI or

posi tive cont dignceapaotateophic geowtlt isnian ibBicationvef enutagemicityy JBhaiindieatoat al
sanpl e volune of..64 [errlL., Those.s | es under goi ng,subsequent irradiation
were transfer PR ﬁ%%%?gﬁwg??‘&s;wﬁlﬁgs@g%%g@ég gavge the Angzee i or
30 i nutes, _usipfbtiboheagtalt! 3ghe Felliie Aaplehily Aot Aal 5 d
titani um sappgrre | aser g?hat was focusecfﬂaf‘ﬂygng t he *on |téﬁg}3%a axﬁl')sﬂ)&}fagt he
cuvette. Wen asssissdsbhyngrorring4bié anmder ofipbsifive feropiells forpe achwaaditionr, eRlesultsa
20 pped, - bl ocki yial, under, anbi et conditions. Foll ow ng
initial %gxposé?’é{y?ﬁe(?a%@%néé“% a’?‘Fgg%ftﬁr%e'c‘ %[’FB!‘?“M"‘ shaywn in Bablasd andt h
light), 440 [qrr]L of histidine-doped nedia was added to each 64-[err]L
sanpl e, and these were then incubated for 90-mn. at 37[err]C with gentle
agitation. 25 The dilute histidine concentration in this-nedia allowed
for finite auxotrophic cell division, and hence, expression of nutagenicity
via His[err] reversion. Follow ng incubation, approximtely 5X of

hi sti di ne-f r eqabfli.cat orasedi Omusas radgad fhe Baek il eggh
subsequently distributed in 50-[err]L aliquots tgbazgngrﬁbgtrlowe ??%gge%

mi crosdfpl es were then iSsbubaellsdyphimuapp,B36 hatrahyubidm UAMBQoncentédtion,
37[err]C without agitatifR. ,Because this secon diumis void of

hi stidine, this incubat |7§ﬁ %ﬁgp“e@éﬁ"gﬁia%? § q’frrfr‘gﬁ‘%‘f—g]t"f%ﬁi PogtBaCcAnEYL,
His[err] bacteria which peuetopeth&avENE 2 6{k) ) r tad -0
during the initial incubation. v VdQIgf%ggcgg“ﬁﬂﬁﬁogﬁar{l&i\ﬁ%’ Sdeﬁmﬂﬂt i the
PCT/ US97/ 19527 37 Hence,asgaydt ot rophic growth is an indication of

mut ageni city. The indicator medium contained a pH indicator which was used
to gauge the degree of prototrophic growh. The relative nmutagenicity for a

‘gi ven tjgst condition was assessed by scoring the nunber of positive
mcrowel s for each condition. Results 5 for base-pair substitution

and for frametshitt nutation are shown 1n ﬂabl €S T Al R esults
Test Condition Trial 1 | Trial | Trial | Ave * o,
2 3

Negative Control 6 8 7 7.0 = 0.6
Two-Photon Stimulation 13 9 17 130+ 23

20 AMT Treatment, No Light “ 7 6 5 6.0 = 0.6
AMT Treatment + Two-Photon 0 0 0 0.0 0.0
Stimulation
Positive Control H 9 7 10 87+ 09

SUBSTITUTE SHEET (RULE 26)



II. Table I. Ares ||l test results for base-pair substitution rrutation in
Sal nonel I'a typhi nurium 35 hour incubation.

10
concent r XYQ 183990 [err]M negative control, sterile dist |11qTé'é§9Wé?5é?
positive control, MNNG (N-nmethyl-N -nitro- N- i t rosoguani di ne, 0.25 [err] M

I n the assay). 15 Test Results Test Condition Trial 1
Trial Trial Ave J[err] 2 - 3 Negati ve3&ontrol _ 6
8 7 7.0 0.6 Two-Photon Stinulation 13 9
17 13.0 .3 20 AMI Tr eat nent , No L| ght 7 6

on

5 6.0 AMI ,Trea nt, + 0
0.0 [err] 'g?}?qﬁﬁiatl &fe tget ass Fsol *frome-shif? mutation ing Salmonelhz
10 8. 7 0 9 25 SUBSTI fﬁ:ﬂzﬁz%—ub% %@hbau A?ﬁ‘]r%r ggn%tra%ox} 390

PCT/ US97/ 19527 38 Tabl e Ames |1 teést resu i on
in Sal nonel | a typhinuri mga@ehmnﬁolnstdrﬂeld)snlle@Vﬁammcqumm cintrdlP @-NF
[err]M pegative control,, sterjle dliéé‘b’& ositive control, 2-NF 5
(2-nitrotluorene, 0.5 [e@'?’lﬂq O FRE, m 135% ults Test Condition
Trial 1 Trial Trial Ave [err] [err] Negati ve Oontrol
3 5 2 3.3 [err] 0.9 Two- Photon Stinmul ation 3
4 3 3.3 [err] 0.3 AMI Treatnent, No Light : 9 2
4 5. [e r]_2.1 _AMI _Treatnent + Two-Photon 0 ' 2
0.7 0.7 Stimjlation “ Test Results
Test Condition Trial 1 | Trial | Trial | Ave * o,
2 3
10 Negative Control 3 5 2 3309
Two-Photon Stimulation 3 4 3 3303 -
AMT Treatment, No Light 9 2 4 50=%21
AMT Treatment + Two-Photon 0 0 2 0.7 = 0.7
Stimulation
15 Positive Control 42 45 44 437 = 0.9

The results in Tables I and II show that AMT treatment alone and two-

photon stimulation in the absence of a photo-activation agent (such as AMT)

20 have no significant effect on the test bacteria. In contrast, the very low
prototrophic growth scoring for AMT treatment with two-photon stimulation

would seem to indicate little or no mutation for both the base-pair mutation and

frame shift mutation tests. However, when these samples were subsequently
incubated in a histidine enriched media they showed no growth. Thus, these tests

25 show that the AMT treatment with simultaneous two-photon stimulation not only
causes mutations in the test bacteria but in fact also completely kills them. This
demonstrates efficacy of PDT therapy using simultaneous two-photon excitation,

since such excitation not only produces the necessary agent activation requisite for
therapeutic effect, but is also capable of killing the cells undergoing treatment.

30 Furthermore, the Jow mutagenicity observed for two-photon stimulation alone

SUBSTITUTE SHEET (RULE 26)



15 Positive Control 42 45 44 43.7 [err]
‘0.9 The rw€uH8118399n Tables | and Il show that AMI treat ment BfR¥74%87t wo-
photon stimulation in the absence of a photo-activation agent (such as AM)
20 have no significant effect on the test bacteria. In contrast, the
very |l ow prototrophic growth scoring for AMI32reatnent wi th two-photon
stinmulation would seemto indicate little or no nutation for both the

base- pai r nut at idemdnRtratesagliat siis fphoto+activativnt Setitod Son@vdamagiignio &diken the
sanpl es were subsequent|y incubated in a hi sti di ne enriched nedi a they
showed no gr owt ltbsemfigsof 3 pheto-gpetivatingsubstanegow t hat the AMT treatment with
si mul t aneous two-photon stinulation not only causes nutations in the test
bacteria but in fact also conpletely kills them This denonstrates efficacy
of PDT therapy Jgiplitatibof tiansaudtaneoupivas-phowncidtishiion method osstaldard PDT
excitation not only produces the necessary agent activation requisite for

t her apeut i eff ASents/and e BLHAZ8NE of killing the cells undergoing

ST 30 one. AR TS BPBL gt bRl

PCT/ US97/ 19527 3fe dofibidd cieaichh@dd physicad ppbpertiet iof dlié aperteindothei tissue, such
non-damaging to cells in the absence of a photo-activating substance.

| nplication of td3e eanegrousniesion. tkas-gNasmle, activati on method for standard

PDT 5 t df PDT t t h
speci fi ci teggnt ﬁa? " Omgﬁgpdépfagggé&e%ﬁnﬁﬁg%%%g E%rsﬁ}e@g o%a%féﬂf, 8-
physi cal gyoperties %eﬁlla @41bn N M@Pﬁl S416",8- me@?seraeﬂcem] 4-

| esi on. For exanple, psoral'en and if{s der i ng

vat i ves
5- met hoxypsoral en [ orarsmnm?e]ﬂ;lylei,S ,&tnmethylpsoralmat Mbor%lhadmmﬁﬂiym 5’,8-
4,5, 8- trlnethylpsorc | psor al.en
[AMT]; 4'-hydr oxymetr <§lale1nr f‘#Mﬁ;}%‘cé}gB ﬁmﬁ—ﬁﬂﬁ’ oxypsoraﬁgn, Emggﬂ

5-chl oronet hyl - 8-net gmreﬂée&me%ngah élicin [3-3HHOhid 8Ndarbethoxypsoralen);
5-met hl yangelicin [5- I\/I 3- car bet hoxypsor al en) various ‘porphyrin

and henat opor phymi n vadmus vaporphyrin(i aod udhﬂgaﬂdj;orphynn derbvatize© p ofipdlyding
derivati 5 [HPDIS Ph %e%];z{tlogoxl'plhynnﬁgé\? t(l)x;ep[%ﬂﬂ Pﬂg{cjﬁ\'/ig H, ggnzoporphyn’n derivative
[BPD]; protoporphyrin IX [Pp IX]; dye hematoporphyrin ether [DHE};
polyhematoporphyrin esters [PHE]; 13,17-N,N,N-

dimethylethylethanolamine ester of protoporphyrin [PH1008]; tetra(3-

hydroxyphenyl)porphyrin [3-THPP]; tetraphenylporphyrin monosulfonate
20 [TPPS1}; tetraphenylporphyrin disulfonate [TPPS2a}; dihematoporphyrin
ether; meso-tetraphenyl-porphyrin; and mesotetra(4N-
methylpyridylyporphyrin [T4MPyP]) along with various tetraazaporphyrins
* (including octa-(4-tert-butylphenyl)-tetrapyrazinoporphyrazine [OPTP];
_ tetra-(4-tert-butyl)phthalocyanine [t,-PcH,}; and tetra-(4-ters-

25 ~ butyl)phthalocyanatomagnesium [t,-PcMg]);
e various phthalocyanine derivatives (including chloroaluminum-suifonated
phthalocyanine [CASPc]; chloroaluminum phthalocyanine tetrasulfate
[AIPcTS]; mono-, di-, tri- and tetra-sulphonated aluminum phthalocyanines
[including AlSPc, AlS2Pc, AlS3Pc and AlS4Pc]; silicon phthalocyanine
30 [SiPc IV]; zinc(Il}) phthalocyanine [ZnPc];  bis(di-isobutyl
octadecylsiloxy)silicon 2,3-naphthalocyanine [isoBOSINC]); and Ge(IV)-

octabutoxy-phthalocyanine



[ BPD]; protoporphyrin I X [Pp I X]; dye hematoporphyrin ether ! DHE! ;
pol yhemat SV98518399 n esters [PHE|; 13,17-N, N, N di met hyl et hy} %4 ne
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octa-(4-tert-butyl phenyl)-tetrapyrazi noporphyrazi ne [ OPTP],
tetra-(4-tert-butyl)prh oxgmuyéﬂg\éﬁh -110}; ahedarminer B3| lmodmmelﬂﬂhdsi

\2/2ri ous pht ha%w;ﬁm ma%@gﬁ(?@1 %@e%{%ﬁm H%‘lﬂ% aiggd[Rh'

pht hal ocyani ne [ CASPckggje Hhéﬂ@ﬁin@ramummbmaIrﬁé&ﬁﬁiﬂaemefng%ub Fh8damijne-6G
[Al PcTS]; mono-, di-, tri- and tetra-sul ghonat ed al um nu al ocyani nes

[i ncl udi ngSAl SPc, Al SPRB-6GI dedemingt 700 0% sh¢dmnetﬂeﬂlﬁ oPithodamine-B

[SiPc [V]; zi nc(I l) t n sobut

oct adecyl si | oxy)sili CW%BQ‘%OH%& uyt%d %refﬁ s%(%ﬁﬁé d Iﬁe( V) -

oct abut oxy- pht hal ogya

PCT/ US97/ 19527 40 [er??l%“sacfol“g@sr%?go vistves (ipcinding coumarn 1 246 S8 7, 30, 47,

rhodam ne- 101 [ Rh- 101102,r106¢ 426, 1561,1152, [182A] 163,; 3]r1h6ﬂ’arﬂm$334g$3[7RB43,24380; 450,

rhodam ne-19 [ Rh-19] 0 60 d 575 [[Rh-575]

r hodani ne- 590 [ Rh- 596#2 ‘&ﬁ &gﬁm%é é%ghfgﬂa 45101‘&0 r‘ﬁﬁdgﬁq 65@4{51@@1@] 519,

r hodam ne-q /G 5 0 [ Rh-700]; rhodam ne- 800

[ Rh-800] ; 1§hodam' ne- Bsfkhs%%zgﬁséoﬁ@?@%%‘%ém or 101; and sul f or hodani ne
B); [err] vari ouse cousmmdtisn dbenz optienveszifé nadewiViatigesc ofimghidingl, S2ethylanfino6l,
7, 30, 47, 102, 106, 120 QI?SZA 153, ., 311, l@;ﬁ 314§‘ 334 h4'33

343, 440, 450, 456, 48tethy }.nm@ enz ph@gwxaz,mumg tNBA); 50%6*153dsm159z9-
510, 515, 519, 10 Bobe ?W’ 8) -9-
vari ous benzophenoxa2| neylaxge“ vgtég[\%i@h%%% nc -eth Iagrén nso?gl?udmo 7

di et hyl am nobenzol a] - ﬂfeehydmmohenm[ahﬂieﬂiwdlenaﬁmammmTBSu}) 9-

15 s chlorpromazine and its derivatives;

)

- e various chlorophyll and bacteriochlorophyll derivatives (including
bacteriochlorin a [BCA]);
s various metal-ligand complexes, such as tris(2,2’-bipyridine)ruthenium (II)
dichloride (RuBPY);

20 e pheophorbide a [Pheo a]; merocyanine 540 [MC 540]; Vitamin D; 5-
amino-laevulinic acid [ALA], photosan; chlorin e6, chlorin e6
ethylenediamide, and mono-L-aspartyl chlorin e6; pheophorbide-a [Ph-a};
phenoxazine Nile blue derivatives (including various phenoxazine dyes);

» various charge transfer and rediative transfer agents, such as stilbene,
25 stilbene derivatives and 4-(N-(2-hydroxyethyl)-N-methyl)-aminophenyl)-4'-
(6-hydroxyhexylsulfonyl)stilbene (APSS); and
¢ numerous other photo-active or photo-sensitizing agents,
will in general become accumulated either at or near a point of application or
semi-selectively within a specific tissue due to differences in the physical or
30 chemical properties of the tissue which lead to partitioning of the PDT agent into

the tissue. Furthermore, these PDT agents are conventionally activated using
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chemi cal properties of the tissue which lead to gartitioni ng of the PDT
agent into thelesiensudheppeehanism responsible fmpindygden of PIT @stonmmap haldigect

activated using,_.. . . . . .
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but not |limted to bond fornation or cleavage, adduct faormation,

cross- | il8ki ng, of pacoptical absorpen dyek ias APEPyhich syhseguanly deansfars energy to a

generation of toxi.c e n S . n ippal
met hods of actfva 3?1@?#@3’% %ﬁer??’rrg? aggﬁg%}ﬁh\r?% %\IOY%%%E% é‘%td%a? ﬁ@%f rtlﬂéc:f
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| esi ons. The nechani sm responsi bl e for i nduction of PDT action may be
direct acti vat fatp that thesinygntiontpught insthisapplicatipndy aamhsablsftoa@!oqféﬁese listed

flormat | on HPOn PPk beds S8 bhaick St Bleré e AL obRIPITF he aliOhR BbIoKBhd ALy

(for exanple, =activa an optica suc
whi ch suBsequenbt yspecifinallye listedne Spgcifically, all of these agents will be responsive to

simultaneous two-photon excitation at wavelengths approximately twice those used
for single-photon excitation, and once excited, will exhibit behaviors equivalent to
those resulting from single-photon excitation. Specifically, the results shown in
this application for various examples of the photophysical and photochemical
20 equivalency in excited state behavior for single-photon excitation and for
simultaneous two-photon excitation (for example in the case of RuBPY
photochemistry, for AMT adduct formation with DNA, and for Ames II assay
effects on DNA and cell viability) demonstrate that simultaneous two-photon
excitation is applicable for successful activation of all PDT agents and agent
25 activation mechanisms. Furthermore, the improvements over control of point of
application and in reduction of collateral damage afford additional specific
advantages to the use of simultaneous two-photon excitation in place of
conventional single-photon or sequential two-photon activation. These include
enhanced depth of penetration, enhanced spatial control over point of application,
30 and reduced side-effects from PDT treatment.
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Implication of the simultaneous two-photon activation method for advanced

biogenic PDT agents:
20 Underideal conditions, standard PDT agents derive target specificity based

on chemical or physical affinity for diseased tissue. In this way, PDT agents
partition into or otherwise become concentrated on or in diseased tissue.
Unfortunately, this target specificity is usunally not perfect. In fact, it would be
desirable to have an improved method for increasing specificity in the targeting
25 of PDT agent destination and activation. A means for achieving such
improvement in specificity of PDT agent destination is based on utilization of
specific biological signatures of disease. Specifically, by coupling anti-sense
oligonucleotide agents to one or more photo-active moieties, such as psoralen or
its derivatives, new biogenic PDT agents are created that are capable of selectively
30 attacking only diseased cells. Moreover, the basic approach is easily extended to
numerous genetic-based diseases or disorders by changing the oligomeric code

used for the biogenic probe. Employment of simultaneous two-photon activation



10 greatly reduced tissue absorptance and scatter in this band in
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designed to undergo efficient, sinultaneous tvvo-Photon activatijion, . .
precancerous cells prior to tumor development. Alterations in differentiation and

growth-promoting genes (oncogenes) are also critical to the initiation and
progression of tumor virulence. Suppression of growth-promoting activity via anti-
sense DNA therapy is known to be a potential treatment for cancer. However,
20 uncontrolled anti-sense suppression of these genes is highly toxic in normal cells.
Secondary control over the site of activation of anti-oncogene probes using
precisely targeted two-photon photo-activation makes this approach feasible for

in vivo treatment of cancer.

25 FIGURE 22 shows that intra-cellular photo-activation of the biogenic PDT
agent can be made to occur following hybridization 174 or unblocking 176.
Specifically, for biogenic PDT agent activation following hybridization 174, an
anti-sense genetic probe 178 coupled via a coupling means 180 to a photo-active
agent 182 is made to hybridize 184 with a target genetic sequence 186 contained

30 in DNA or RNA 188. Delivery of the probe prior to hybridization is effected
using transfection methods or other means to introduce the biogenic PDT probe
into a cell. The hybridized probe 190 will not affect behavior of the cell or affect
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function, reproduction, or viability. ternatively, .photo-activation of

t he may be due to steric hindrance, changes in polarity, tertiary or quaternary
confirmation, or other effects resulting from the presence of the photo-active
agent 202. Upon unblocking, the anti-sense genetic probe 200 is free to hybridize
208 or otherwise interact with the target genetic sequence 186, leading to change

20 in cellular function, reproduction, or viability.

The example shown in FIGURE 22 uses procaryotic or eukaryotic cellular
genetic material as an example. However, it will be clear that the invention
taught herein is not limited to cellular genetic material, but can be made to apply

25 to genetic materials composing or derived from viruses or other sources. It will
be equally clear that targeting methods based on immunological or other bio-
specific means rather than genetic means may be substituted without loss of
efficacy of the invention. Specifically, agent specificity based on antigen-antibody
methods, where an antibody probe is coupled to a photo-active group, provides

30 a powerful new means for treatment of disease and infection. Additional means
for achieving biospecificity in agent targeting include but are not limited to use

of ligands, haptens, carbohydrate, lipid, or protein receptors or complexing agents



hybri di zed probe 190 upon irradiation with optical energy 192 can produce
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t wo- phot on activation of the probe agent_all the site aof licati to
be further regBfeieEgd l?é%%ﬂ’é‘ﬁnf ﬁé%%*neﬁ?(} i oft biogenic pibt agent 210 38

applied 212 topically onto or systemically into a lesion 214, such as a cancerous

growth or microbial infection; this lesion 214 may be located on or within
otherwise healthy tissue 216. The biogenic PDT agent 210 achieves specificity for
20 the lesion 214 based on a lesion biological target sequence 218 that is substantially
unique to the lesion 214 and that is complementary to an agent biological target
sequence 220. This agent biological target sequence 220 is attached to a photo-
active group 222. Complexation 224 of the agent bioclogical target sequence 220
with the lesion biological target sequence 218 produces a targeted agent 226 that
25 is substantially localized at the site of the lesion 214. The photo-active group 222
of the targeted agemt 226 is subsequently transformed through means of
interaction with dptical radiation 228 into an activated photo-active group 230;
this transformation results from stimulation of a photo-chemical or photo-physical
transformation process in the photo-active group 222 by the incident optical
30 radiation 228. Transformation of the photo-active group 222 into an activated
photo-active group 230 results in localized cell necrosis or other desirable

therapeutic process 232. This transformation of the photo-active group 222 may



5 possi bl e over control of the site of non-linear photo-activation.
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t wo- phdfon acpanigularrtigsnecassed by an inherited or spontaneous genetic event could be
treated using this method. Applicability extends to treatment of infectious
diseases, particularly but not limited to those caused by retroviral infectious
agents, including AIDS, and to microbial infections, such as localized or systemic
bacterial infections.
20
Special chromophoric photo-active groups can be chosen or designed that
offer improved cross-section and high efficiency for selective transformation (such
as bond cleavage or free-radical formation) upon simultaneous two-photon
excitation. Such molecules could be used alone as advanced PDT agents, or
25 incorporated into biogenic PDT agents. For example, specific gene sequences
might be destroyed, modified, or their expression level changed in vivo through
the use of such an agent that selectively binds with a target sequence and then is

activated using optical radiation.

30 It will be clear that while the foregoing disclosure has focused on example
therapeutic applications using simultaneous two-photon excitation of PDT agents

with pulsed NIR optical radiation produced by mode-locked titanium:sapphire
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25 10cor paNa&DeAP, Nd: Y BOdgNdi GlaBl) and Mah CsGsGGF 1asemsynregenerptively ampdified
sequences m ght be t. ed, dified, or their expressjon.level_ changed
in vivo throu aﬁqmeﬁiégﬁﬁaﬁﬁﬁ}?}é@éeﬁerﬁh -C%rg%asp%lsl’;lc’&’/ﬁﬁsam He:¥LF
target sequen d i ty .ed s L.C It ] . :

1t owill bo ol adetty cobpér vapd eu’%ég%’ecgj’gﬁ’gggilsc o’s%%ﬁ‘%gﬁ?%@gé%%%%ﬂ%&%sﬁm e
t her apeut i ¢ ammhplifiars and geserajoss; antltsanbghts t wo- phot on excitati on of PDT

agents with pulsed NIR optical radiation produced by node-| ocked
titani um sapphire WO 98/ 18399

PCT/ US9¢g 19527 47 Further, while the foregoing disclosure has focused on therapeutic

applications for in vivo treatment of disease, it will also be clear that the invention

has additional utility whenever selective modification of a tagged agent or an
otherwise responsive target agent is desirable. Specifically, application of the
invention in the control of manufacture or purification of materials of biological
20 origin or contaminated with materials of biological origin are covered within the
scope of this invention. As an example, selective treatment or purification of
biological fluids, such as blood or plasma, based on the targeted interaction of a
photo-sensitizable agent with a target entity, such as the HIV virus, is anticipated.
This approach could serve a therapeutic role in the treatment of HIV infection
25 and as a protective measure for the prevention of transmission of HIV through
blood transfusions. As a second example, manufacture of extremely pure
biological products, such as cell cultures, wherein a heterogeneous parent culture
is purified by destruction of a targeted contaminant agent, is anticipated. As a
third example, production of genetically induced biological products based on
30 selective stimulation of one or more specific gene sequences in targeted biological

agents is anticipated.



| asers, the invention is not limted to such two-photon excitation nor to
such narrow fined optical sources. In fact, aspects o{, i{{] | ntion
are applwgaﬁ%’gﬁhen optical excitation is effected using % eggr?lllg%lze’ot her
non-|inear nethods. For exanple, the biogenic PDT agents described herein
are al so responsive to linear 5 optical excitation processes. Al so,
various other optical sources are appli cab#®, alone or in conbination, such

as continuous wave and pul sed | anps, diode |ight sources, sem conductor
| asers:; other typesinoaddjtien telyariounbiolegical applicetionsn it willofwthes eselgar that

de- | ocked | i ncl udi na: 2 _i.on | - i on,, | .
el i urm neon | daghetouk denctipleial AfReatdRs v Hsymadt BRI kel iPiongies .
Nd: YAP, Nd: YVCfaniically dfifprovtiild bjdutiliZatics bAIRE Ssubjd SRGERidn, Singl ithe ed

| asers; Cr:LiSF |asers; Er:YAG |asers; F-center |aSers; Ho: YAF and Ho: YLF
| asers; coppermangfacture o&high purity oycemmedity maggrials,sisppeinlyrehere the special

illat : | i fi . t " d | i ght . .
Fur t her .5 uni | PIOREN S LB aF Seefistbitafias P i FBr rapels, production
appl i cati ons f&fprodestingOoft speaialtp Rhirel clibinsieals Spighienty, phintd, Polfifeit Gitefidlat
the invention has additional utility whenever selective nodification of a

tagged agent candapther Aedustinal orceoramergel aggntietanabr imprayed dbroughl application

Speci fically, | cat i f Ie [.ON b Qb ral. wf.ac e or
ar 11 cati o off RRHEER oF SuisubjeSt eaoh ) spuikOne 8k "Hiaf HRAMGETHIES, {1
materials of hjePdctiity aldvantages) andeloealiftion off adivatibhSofféPRavaitagdy i many
invention. As an exanple, selective treatnment_or purification of biol ogical
f1ui ds, 1&uch asatemisdsipradustion i pregessiag stepshdn fachdhese examplesy maks iprlear
phot o-sensiti P -t a ' u | V; Vi B
antici pat ed. %%Qt ?lé%%'rag egwlé%ﬁighsé%%u}g%%%%éu% i@gﬁ?roafl gﬁ s nt\%se b% ér‘%astflhg nt
of HIV infectipiaradigm, whereindhasperigirppbpeities of nroadinear dptical brcipitivnearieiussad of

transm ssi on of H[qY t hr.ough bLQ?d fransfusions. As a secqond exanpl e,.

manuf act ur e ofOReRiqlegisalompensbiglagicy) materglotn etfect spaeific mprayements in the
wherein a het ef 908 i : ' ST '

target ed cont Zsrr% nan? %gg‘éér%tﬁf) Eira.}sJE S?ﬁ??%?%&é%}?%&? ﬁégféﬁ%{%d@ g%tgﬂr%ﬁtg?w&re;ﬁﬁeu@?on
of genels cal | ytramsdomeatidn 5| fogctaingrrtochectatibtissed amnr@n one modedudart agent to
stinmulation of one or nore specific gene sequences in targeted bi ol ogi cal
agents is anti¥JPitled. WD 98/ 18399

PCT/ US97/ 19527

Also, it is clear that in certain cases the unique properties of non-linear
optical excitation will be useful, even without the addition of specific responsive
20 agents to a system. For example, the localized application of non-linear optical
radiation at visible or NIR wavelengths may be useful for stimulation of localized
processes that are in many ways comparable to those normally achieved through
direct treatment with UV wavelengths. As an example, treatment of superficial
or subsurface cancerous lesions is anticipated using visible or NIR non-linear
25 excitation to initiate localized necrosis that is equivalent to but more effectively
localized than that possible with linear UV excitation. Similar extension of the
method to other optical bands is also expected, for example whereby 10 zam light
is used to effect highly localized ablation of lesions of the eye or skin.

30 Also, while the foregoing example has focused primarily on therapeutic
issues pertaining to humans, direct applicability to microbial, plant and animal

specimens will also be obvious. For example, treatment of disease in livestock,



48 In addition to various biological applications, it will further be clear
that nu n- bi ol ogi cal applications wll be made po§,§:g.p(' } hei r
ef fici eﬁocegséﬁairbgnati cally inproved by utilization of the subj es?g/?s?srzlfi/enti on,
i ncl udi ng the manufacture of high purity or coomodity materials, especially
where the special 5 properties of non-linear optical excitation are
i.nportant. For exanple, production or procégsi ng of specialty chiral

chemi cals, pigments, paints, polymeric materials and other .industrial or
comer ci al agebresdingstoek, RpinoVAET VRteHINGEY sRRACINeS IS SRVIsiongdpcilse, yse pfthe

subj ect invent] cd.fi.cal e _uni : .
advantages. - arfetipdRACkGEn br 2 plBhONt dflchls Qledttfn haThl o1 ot
material s produghires ioenpisionedsi Ror skanple, porfiaws of tiessbjestaiivtatonaikl bid

clear that the subject invention actual ?y constitutes a,general materijals
processi ng par Beafahiorpnaiiication péhetssegencops splb pultwes and ip the expaassion of eell
excitatign are 0l ogi . - bj j i f .

Speci i i mpr ofiRanpa, visp LA, Bk A OhEOMScaREh 3o\ e dis B Edric
into products, eigigeédhg smimbl hbshandry, treprofuctive tligrapy fodsning) ﬁdh&;?ﬁﬁhbrs.
tunmor to necrotic tissue or fromone nol ecul ar agent to another. so, it
is clear that in certain cases the unique properties of non-linear optical

excitation will be ysgf #‘9‘ i3t i o I Gl ive
20 agents to a sys%em or °e>(<1 atﬁig)fée?cththﬁetﬁg%(!:égx%%g%%%%?c@toﬁgh&gwgi
non-|inear optinat together, nody also findiubéfal appitafionds Dtkardlypes oBoorderustichsior
for stinmulation of |ocaljzed processes that are _ in many ways conparable to
t hose ndPral | yapplifatipas ditierang from thectypes desonbsd f\ri]“f"ﬁ- UV wavel engt hs. As an
exanpl e, treatnent of superficial or subsurface cancerous lesions is
anticipated using visible or NIR non-Ilinear 25 excitation to initiate
| ocal i zed necrosis Wiile tle yention das been hihistrabed and desdribed| as ¢mbadieddd a

than that possible with |jnear UV excjtation. Simlar extensi on of the
method to o h_egexefafifm@&&%faﬁaémpgévg SelesRpitmahote-aelustion o beFaResy 28801s,
Lerrim i ght 1% 9389 ifndld §5 beidlftbd 1b ofeubfutd ABLA! LRt A wilP6e ARdeRlodd'®
eye or skin. 3 so, while the foregol ng exanpl e has focuse
primarilly on ttetapHons omisimss modifiaitions,gubstitations and dhamges iahd fomis did y
E ? ecTt ﬁ;g? I g:c ’ dalg%g[g g??lgp %@y@ igilgt%ggeg%%% i%miil'slopglrﬁ%nbceanol?evjlngﬁg by'iﬁgsees)jgﬁg)ci €
in the art without departing in any way from the spirit of the present invention.

Without further analysis, the foregoing will so fully reveal the gist of the

20 present invention that others can, by applying current knowledge, readily adapt
it for various applications without omitting features that, from the standpoint of

prior art, fairly constitute essential characteristics of the generic or specific aspects

of this invention.

25 What is claimed as new and desired to be protected by Letters Patent is
set forth in the appended claims.



WD 98/ 18399

PCT/ US9 49 breedi ng stock, or in other veterinary Lt d IS
envi si o%oé§8§1§?9 o, use of the method for treatment or as g%?%%?
achieving selectivity in mcrobial or cell cultures is envisioned. For
exanpl e, portions of the subject invention will be useful for purification
of heterogeneous cell cultures and in the59xpressi on of cell 5

function in vitro. Hence, the invention has application to the fields of"
genetic engi ndAHAJGIS £, jandry, reproductive therapy, cloning, and

many others. It w heunder,si ¢ t 1. 0f |en ri

above, or two or rmldrl-gg-le%'get hé},n%%?/éa stggﬁgr‘%& Sgle{gﬁ??’&g%@%@{?qﬁﬁ‘%ﬁ%ﬁer
types of consbf deimalngssae, the methodaRiphpiishg disstépd bering fromthe types
descri bed above. Wile the invention has been illustrated and described as

enbodi ed in a genef®) mitedbngthe Mani-er arimad tissee Withat leaphore phete-vetiveon
of thergpeutic ageﬁcﬁ%mh{u éée&okhgpﬁgqﬂgdp&gﬁ%r 'Jofﬂxﬁ@%fttﬁetsﬂg?%ﬁgf Fnirial

shown, Since it w € underst oo varltous om
nmodi fi cations, subsishdelet£ins apledstcd pogicn bhtlichat least Bheplidtelatctvd maléculdre
method illustrated and in_its operation can be nade by those skilled in the

art w t hout departiaﬁgmiﬁnény way fromthe spirit of the present_invention.

VLN Turther anhy'! SicolBE hERIEHA: Vol B A Dl e Bl bl

know edge, readil y lighegiffitienf torproafote dsimpltanebas twophotdhexditatioh of ablkast
features that, fromthe standqoi nt of gri or art, fairly constitute |
essent i¥ char act ePp&t 91 thep At st Qe phetasactysemolsqulars parnt sretpingdin the

i nvention. 25 : V%;{]ﬁ' i}ﬁ?ﬂ ' cted
by Letters Patent i;:grté%xtlarf ort Iefonfq{hﬁ app%?\aeg éﬁ%&hﬂ%%&@% 8%?5@%86&
PCT/ US97/ 19527 50 ‘ktifed Photorhdits® mSlecGlai agent becomeseadtivd fnothéd Iparticular
treatment of a partilcul ar _yol Uﬂl'e of plant .. or animal tissue, the nethod
conprising the stepyslusge phibe p é&PTﬁgmtl $P&nt or animal tissue with at
| east one photo-active 5 nol ecul ar agent, wherein the particular
vol unme of the plant or aninal

15 Claim 2. The method of Claim 1 wherein the light sufficient to

promote a simultaneous two-photon excitation of the at least one photo-active

molecular agent is a laser light.

Q

aim 3. The method of Claim 2 wherein the laser light is a pulsed
20 laser light.

Q

aim 4. The method of Claim 1 wherein the light sufficient to

promote a simultaneous two-photon excitation of the at least one photo-active

molecular agent is a focused beam of light.

25
Claim 5. The method of Claim 4 wherein the focused beam of light
is focussed laser light.
Claim 6. The method of Claim 5 wherein the focused laser light is
30 pulsed laser light.
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tissue retains at least a portion of the at |east one photo-active

ol ecul g A%@e; and (b) treating the particular vol ume gpaddepsant or
ani mal tlssue with light sufficient to pronote a sinultaneous two-photon

excitation of at |east 10 one of the at |east one photo-active
nol ecul ar agent retained in the particul ar_yvolume of the plant or aninal
t.i ssue, wherein the at | east one excited pﬂoto active nol ecul ar agent

becones active in the, ti c I | ant n| mal t.issue.
daim 2. The medlaim M@ﬂ 2"( il the pt eeﬁmﬂenhptar%%e a

si mul t aneous tyR=nRgf O é?ﬁckst age!l&ﬂecpfﬁ‘b ﬂ{e 'g?@éﬁ 9&1 sgﬂx Q’éag’gbfé;e\ﬂherel 0

nol ecul ar agent I's a laser [ight. Claim

the |aser |ighiethoxypsprdlee(-RIOP), S-maﬂm;ylbsogdﬂbn (&MOP) 4,5, 8-trithethyhisbealenf
Claim1 wherein the light sufficient to pronote a si mul t aneous t wo- phot on

excitation of (TMPgt 4’mnom¢ﬂay&t4cﬁ’;&m¢th¢lpma&m &AMGRNt Schloaomethyd-Sd
b f ht d h th
e o 4o B R AR A e AR S

\Sg/erlgle,ggt he f Qgibiypidrakh, Podphyrin Eénatoporﬂﬂfh%eﬂeﬁ@e?tﬁfe ;Hﬂg_h 5567@%1111

Claim?7. Théenetpooghysfin Cl demvativehe (BPD); hepmtopmphymneIXhOI(prX) i véye

ot hoxypsor i BRTORTPRIS. HERALMES FPORaFBARRopLstis estors’ (PIIE), 13,17-
4,5 ,8-trimet Nmﬁ%ai 1émyl%xhaxfb1aﬁmeﬂe§m hofl pfbﬁéw%c;x%hyﬁh @Wo@%&k@@

(AMT) 5- chl or dnet hyl - nmet Oﬁosoral en angelicin

(i sopsdial en) hydrqmph%yéhgemh&nn (B P), 3-tetraphenyyperphyttin n, monopiforiate
hemat opor phyr i PD ri erivaiive
(BPD), prot optﬁgﬁg ﬁaﬁr E@%Whﬁ%aﬁgﬁg’?%ﬁmﬁs?%%&%% E?—E‘i‘ Tm ether,
pol yhaemat opompdyptdttapten§iporpliiis), . nlésofetra(4N-methylpyridyl)porphyrin (T4MpyP),
octa-(4-tert-butylphenyl)tetrapyrazinoporphyrazine (OPTP), phthalocyanine, tetra-
(4-tert-butyl)phthalocyanine (t,-PcH,), tetra-(4-terz-butyl)phthalocyanatomagnesium

15 (t,-PcMpg), chloroaluminum sulfonated phthalocyanine (CASPrc), chloroaluminum
phthalocyanine tetrasulfate (AIPcTS), mono-sulfonated aluminum phthalocyanine

(AlSPc), di-sulfonated aluminum phthalocyanine (AlIS2Pc), tri-sulfonated
aluminum phthalocyanine (AIS3Pc), tetra-sulfonated aluminum phthalocyanine

. (AlS4Pc), silicon phthalocyanine (SiPc IV), zinc II phthalocyanine (ZnPc), bis(di-

20 isobutyloctadecylsiloxy)silicon 2,3-naphthalocyanine (isoBOSINC), germanium IV
octabutoxyphthalocyanine (GePc), rhodamine 101 (Rh-101), rhodamine 110 (Rh-

110), thodamine 123 (Rh-123), rhodamine 19 (Rh-19), thodamine 560 (Rh-560),
rhodamine 575 (Rh-575), rhodamine 590 (Rh-590), rhodamine 610 (Rh-610),
rhodamine 640 (Rh-640), rhodamine 6G (Rh-6G), rhodamine 700 (Rh-700),

25 rhodamine 800 (Rk-800), rhodamine B (Rh-B), sulforhodamine 101,
sulforhodamine 640, sulforhodamine B, coumarin 1, coumarin 2, coumarin 4,
coumarin 6, coumarin 6H, coumarin 7, coumarin 30, coumarin 47, coumarin 102,
coumarin 106, coumarin 120, coumarin 151, coumarin 152, coumarin 152A,
coumarin 153, coumarin 311, coumarin 307, coumarin 314, coumarin 334,

30 coumarin 337, coumarin 343, coumarin 440, coumarin 450, coumarin 456,
coumarin 460, coumarin 461, coumarin 466, coumarin 478, coumarin 480,

coumarin 481, coumarin 485, coumarin 490, coumarin 500, coumarin 503,

A i



N N, N—d| net hyl et hyl et hanol am ne ester of protoporphyrin (PHL008), tetra(3-
enyl ) -porphyrin (3-THPP), tetraphenyl por

m)nosul f a@@é?‘gPPsn t et raphenyl por phyri n di sul fonate (%@523/}9527

di haenat opor phyri n et her, nesotetraphenyl porphyrin,

mesot et ra( 4N- net hyl pyri dyl ) porphyrin (T4MpyP),

octa- (4-tert-butyl phenyl)tetrapyrazi nopor p¥é azi ne( OPTP), pht hal ocyani ne, tet :

ra- (4-tert-butyl)phthal ocyanine (t[err]-PcHerr]),

tetra- (4-tert - songayiph6db| om}aanano&&bne@mmail cqumagin |5318¢ Mgumarin 521,

Bt hal ocyani ne PUTRRB.D P SR 50 RO, I STt el iarin 5404,
pht hal ocyani ne ceﬂn§aﬁ)s4sd5%91&@%-9%@&%@&&%@#%&1&%/éE

tri-sul fonated al um num pht hal ocyani ne (Al SBF;C& tetra-sul fonated al um num

pht hal ocyani ne ethyl-sarep-9-diethyl-amipabenzo phfm iagipiymm (BINBS)i frethylamino-S-

ht hal I

et adecyPe | 23%@%%%93@3#% SIARRRY | < odBONASE) ger ipmAReciae,
oct abut oxypht hg fia2ie( deaRatives] BRIGASHHPE dbBtatfvel-Hederiochld R rivafvesRN-
110), rhodam ne 1 (Rh-123), r hodam ne 9 (Rh- 19) rhodam ne 560 ( Rh-560),

rhodam ne 575 @idtabliggnd cdmﬂhmmenﬂgﬂ’-(bﬁb}qﬁﬁ@)ruﬂmM(Hga dﬁflﬂoxﬁd&](ﬁﬁBPY)
r hodam ne 640 (tRh 640), rhodam ne GG( -6Q), rhodam ne 700 (Rh 701)
rhodani ne 800 trig(R buyyidineshedinmd 1B dichier y(REBEY ) atm“m
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coumarin 6, coumari’n
102, coudari n li}eﬁrulmmami iphoficd@n, chborimeé,chidrin eCCethilenediaifide, neonovhraspaitpP A,

coumarin 153, counpripn 311, cqunmljn 307, couymarin,k 314, counarin 334 30
coumarin 337, chlamn o, é}&@%ﬁﬁlie&m&ewuﬁr stilbgae, stibenmderivatives, and
counari n 460, GO kD140 ' [

coumari n a1, AcTEs whadten TR Ay Snin IR 4 oo AR g itbene
98/ 18399 (APSS). PCT/ US97/ 19527 52

counarin 504, coumarin 510, coumarin 515, counmarin 519, coumarin 521,
coumarin 522, coumarin 523 coumarin 535, coumarin 540, counarin 540A,

counari r15548 5-eth 243, 8o- 9- %&ﬂf@@&ﬁ;@i?%%%ﬁ%@?gh%@g to't\gALﬁve -

et hyl -amino-9-di eth hobenz enot yl"am nho- 9-
5 di et hyl amcﬁlebﬁaﬁ agent phclndessat least vingi biogeni¢ phdidSective molebhlar agentﬁhane
is specific to a particular tissue within the particular volume of plant or animal
tissue.
20 Claim 9. The method of Claim 8 wherein the at least one biogenic

photo-active molecular agent includes a segment selected from the group

consisting of DNA, RNA, amino acids, proteins, antibodies, ligands, haptens,

carbohydrate receptors or complexing agents, lipid receptors or complexing

agents, protein receptors or complexing agents, chelators, and encapsulating
25 vehicles.

Claim 10. The method of Claim 9 wherein the at least one biogenic
photo-active molecular agent further includes a segment which is photo-activated
when subject to light sufficient to promote a simultaneous two-photon excitation.

30
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chl orpromazi ne derivatives, chlorophyll derivatives, bacteriochl orophyll
derivatives, netal-ligand conpl exes, tris(2,2'-bipyridi ne%{rut heni um (11)

di chl or i@ 9BM8MPY) | tris(2, 2" -bipyridine)rhodium (11) di cRFSUSFEIPENBPY),
tris(2,2 -bipyridine)platinum (I1) dichloride (PtBPY), pheophorbide a,

mer ocyani ne 540, vitamn D, 5-am no- 10 | aevul i ni c acid, photosan,
chlorin e6, chlorin e6 ethyl enedi am de, nof®-L-aspartyl chlorin e6,
phenoxazine Nile blue derivatives, stilbene, stilbene derivatives, and
4- (N- (2- hydr oxyet hyClaisy- 1tet hyA) methowb fdrethel $redtmeitt- oy cameey ie)plastubt anjthalst i
l bene (APSS). 15 C aim8. The method of Claim 1l wherein the at
| east one phottéshes theempthod Gamprising the $16P$ Glles at | east one bi ogeni c
phot o- acti ve nol ecu}.ar : i i € o r i i > Wk hi n
the particul ar vol u@ o?&g?%nré Bgeﬁpga%f?r)gfﬁtufngg%&eggﬂﬁ dt EHét%nécrgﬁtﬁgaﬁ
The net hod of C ai nmdlevotaredgent, iwhertin thestanoerimbthegeiant op hnintalatissue eetains
nol ecul ar agent includes a segmené sel ected fromthe group consisting of

DNA, RNA anino aci #sleasapertin ohthe #olgaitong phetprctive pelepalar agent mpdr at e

receptors of Sonpl g RRASthd bRf of SHERNE SO bBPIPLHIRGLAOR blomete

protein receptors or ‘conp ors, and®encapsu

vehi cles. C aim 10.a sinfilicamasinb adogghofbmientitatidicof anldastonté of ¢hetatdesst one
bi ogeni ¢ photo-active nol ecul ar, agent further jnc|ludes a _ segnenpt which is
phot 0- act i vat ed whePRgrctve molesylanagent aetam ‘LBCNWég"aP&“ﬁﬁF@&HBﬂus
t wo- phot on excitati 3 NGy 1 9 et

PCT/ US07/ 10527 53 (ParEi ?’f.em A gngéthlggaf Spe Bhote-active molecular agent becomas nt
or ani nbd tissue, tadivesnithe cancqarinsthapladteorsampml dissug.a) treating the

pl ant or animal tissue with at |east one photo-active nol ecul ar agent,
wherein the cancer in the plant or animal tissue retains 5 at
least a portion of Epgndf) | eaghe MBIHIAODP @G VA WherGH Be RERNSuffRiht (£
treating the plant U"—d'r%‘nal tTlhessue W th |(?§ﬁ’ suf |e§(|ﬁent et og%potrlmte a

si mul t aneous tpronpitetsinedtineats éwo-photin kxcitationnsf the athleastt one photmactive

molecular agent is a laser light.

15
Claim 13.  The method of Claim 12 wherein the laser light is a pulsed
laser light.
Claim 14. The method of Claim 11 wherein the light sufficient to
20 promote a simultaneous two-photon excitation of the at least one photo-active
molecular agent is a focused beam of light.
Claim 15. The method of Claim 14 wherein the focused beam of light
is a focused laser light.
25

Claim 16.  The method of Claim 15 wherein the focused laser light is
a pulsed laser light.
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phot o-active nol ecul ar agent retained in the cancer in the plant or ani nal
tissue, ‘WS the at | east one photo-active nol ecul ar a@ﬁ ges 10
active i %fgésgancer in the plant or animal tissue. Caim Sﬁﬁ%ﬁe met hod
of Claim1l1l wherein the light sufficient to pronote a sinultaneous

t wo- phot on excitation of the at |east one %hot o-active nol ecular agent is a

| aser light. 15 daim 13. The net hod of aim 12 wherein the laser |ight.

is a pulsed laser light. Caim14. The method of Caim 11 wherein the
light sufficient tdClaml17. M@h@dgfrﬂmdéowbem%@tdﬁasémetmm@n of

Qaim s rReaRE RO oRtat qelnli FeitkBia ARE] i Rfie deH5EEne 5 HelmEn Y
focused | aser hilBkypséPaléh @ -M@P -mzhﬁ;%wﬂén%mmg@ 8,33 WiRE @i Thsbiffen

focused | aser [ight’'is a pulsed ‘aser || '18399
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psoral e 5- Rethexypserien NOBEliciy- (isopreralay op amethy
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(i sopsoral en) beizaﬁﬂpﬁyﬂﬁgeaeﬂvam(&- ﬁ)ﬁﬂdi%ﬁ’phﬂs@ramn (PPDQPWH
hot of r| n

henmat opor phyrin derivative (HPD) zopor phyr| n. _derivative
(BPD), prot oammypmm yHx ethop| GGHE)qpolhasmatprarphyin restars o(PHBNEL3, 17-

| yh t t
ot or of prot QU b mfabakiyiciondihe faek O Drdt o T
(3-THPP)O tet gd md)}pyrphynnno(nbﬁll{?@matmn(aﬁﬁ’ﬂﬁlporphybﬂn apimenyhﬂflfmbyrl n
di sul fonat e (TPP 2a por phyrin ethe sot et raphenyl rphyr| n,

to
mesot et r a( 4N- kdERpl }PV@P %g'gﬁ’ ﬁ YR d{s‘l‘lf%‘}/tp)(TPP g%a) dithaematoporphyrin ether,
mesotetraphenylporphyrin, mesotetra(4N-methylpyridyl)porphyrin (T4MpyP),

octa-(4-tert-butylphenyl)tetrapyrazinoporphyrazine (OPTP), phthalocyanine, tetra-
(4-ter-butyl)phthalocyanine (t,-PcH,), tetra-(4-terz-butyl)phthalocyanatomagnesium
15 (t,-PcMg), chloroaluminum sulfonated phthalocyanine (CASPc), chloroaluminum
phthalocyanine tetrasulfate (AlPcTS), mono-sulfonated aluminum phthalocyanine
(AlSPc), di-sulfonated aluminum phthalocyanine (AlS2Pc), tri-sulfonated
aluminum phthalocyanine (AlS3Pc), tetra-sulfonated aluminum phthalocyanine
(AlS4Pc), silicon phthalocyanine (SiPc IV), zinc II phthalocyanine (ZnPc), bis(di-
20 isobutyl octadecylsiloxy)silicon 2,3-naphthalocyanine (isoBOSINC), germanium IV
octabutoxyphthalocyanine (GePc), thodamine 101 (Rh-101), rhodamine 110 (Rh-
110), rhodamine 123 (Rh-123), rhodamine 19 (Rh-19), rhodamine 560 (Rh-560),
thodamine 575 (Rh-575), rhodamine 590 (Rh-590), thodamine 610 (Rh-610),
rhodamine 640 (Rh-640), rhodamine 6G (Rh-6G), rhodamine 700 (Rh-700),
25 rhodamine 800 (Rh-800), rhodamine B (Rh-B), sulforhodamine 101,
sulforhodamine 640, sulforhodamine B, coumarin 1, coumarin 2, coumarin 4,
coumarin 6, coumarin 6H, coumarin 7, coumarin 30, coumarin 47, coumarin 102,
coumarin 106, coumarin 120, coumarin 151, coumarin 152, coumarin 152A,
coumarin 153, coumarin 311, coumarin 307, coumarin 314, coumarin 334,
30 coumarin 337, coumarin 343, coumarin 440, coumarin 450, coumarin 456,
coumarin 460, coumarin 461, coumarin 466, coumarin 478, coumarin 480,

coumarin 481, coumarin 485, coumarin 490, coumarin 500, coumarin 503,
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octa-(4-tert-butyl phenyl)tetrapyrazi nopor phyrazi ne

(0PTP) , phtHRPHLI%hi ne, tetra- (4-tert-butyl)pht hal ocyani ne FCT/USS7/19527
(t[err]-PcH err]), tetra-(4-tert-butyl)phthal ocyanat onagnesi um 15

(t4-PcMy), chloroal um num sul f onat ed pht hal ocyani ne (CASPc), chl oroal um num
pht hal ocyani ne tetrasulfate (A PcTS), nono-s3fi fonated al um num

pht hal ocyani ne (Al SPc), di-sulfonated al um num .phthal ocyani ne (Al S2Pc),
tri-sul fonated zbumariamSphi kahomyianisie, cAhmaHa) 515,ctowmmarihf 519t ecurhtin 52N

ht hal ocyani ne (Al S4P¢) . .silicon .phthal ocyanin SiPc I\), _zinc Il |
Bht hal oczan: ne Ecgﬁp@)d,n) gzz,l( ax!pumggg H}, cottmarin %38, Icoumapn 5§ , coumarin 5404,

| sobut yl oct adec i | Ici 2mii AE4ABL -5 aBCS),NG)

ger rraniyum V oct %ﬁﬂﬁiﬁglﬁg@am n@@%&g@& , r'"Blgsgfnq[é]gﬁfﬂ‘lw %%QF)R,I\IBA), >
rhodanm ne 110 ( Rthyldabdine-9-tiedhylaméndb2nzé[Aplendthiazininn nfEt , ((RoeéhyFamino-9-
r hodam ne 560 (Rh-560),. rhodam ne 575 (Rh-575), rhodam ne 590 (Rh-590), .

r hodani ne %610 ( Mietbylgmine w&ﬁa]&gewlemnm, r hOENBR), 6G ( Falogpiemazine,

r hodam ne 700 ( . : I N (RR: rh L.0e

(Rh-B), sulfor ho%gyrﬁgggema%gi, %?J ‘%gﬁﬁénda%ﬂﬁg&@%, R@ﬁﬁ?%n}vﬁg’da%q‘?\{ez}%, l@%ﬂor?gyllln
1, counarin 2, cReREfives, hetaldipind ddnfpleX3lGR(2,%-6i '&ﬂegﬂﬂ éhidm @D diBklofde
30, counmmrin 47, Coumari n 102#%0umanr§?n 106,(coung¥li1n 120, counmari’n 151,

coumarin 152, cqRuBRY),1564(2,2 duppridine)ibodinoou(d) i dichidridec o(REBPY)30fHis(2,2'-
coumarin 314, cqunmarj.n 334, 30 .cqunari 7 oumprin, 343, coumarin
440, coumarin 4 yradin ??P%é,ﬂ)@a@ﬁagﬁﬁ &b@?’%dﬁ%@gﬁﬂrmm,& mssReKanines 3,
counarin 8, C Q4R 21N ¥80¢._ j , u ' 5, rd .
counarin g)o, coumarilln Igbsjj %5%5%8 1839889’ ”%hbfbsﬁﬁ, cHIBHE™'¢d) Ehibrin <6
PCT/ US97/ 19527 =fhylenediaimide; Gdoncebeaspaityl eilOrin e6yuphenoxaZih® Nito blhuer derivatioes,

coumarin 521, ¢ g‘é [ ?s}p‘tiéé%e ge%vg%giesg a151§ %—’(NC- &iﬂ)%gogye%ﬁ}ﬁ}l\i%e%)cls -rz]1m5lﬁgj)henyl)-

coumari n 540A,
5- et hyl am no- 9- dj ] pALYM ( Et NBA), 5-
et hyl }/arri no- 9- d%e?ﬁ%gﬁgggnzoi g%ﬁ?ﬁ%@%?é??ﬁrum( (Et NB)S) , 5-ethyl am no- 9-

5 di et hyl am nobenzo[ a] pheno-sel enazi ni um ( Et NBSe), chl or promazi ne,
chl or pronazi ne derivatives, chlorophyl!l _derivatives, bacterio-chlorophyll

ger ih?/at i \éjess met al - | i&Glann 180l Bae sethed of Chaim} Lywhersin dhe (atHeast ong pheto-
. ! RUBPA. . L =Res, ! . o !
e e b B T

mer ocyani ne 540,that is specific to a particular tissue within the particular volume of plant or

N

apimal tissue.

20 Claim 19.  The method of Claim 18 wherein the at least one biogenic
photo-active molecular agent includes a segment selected from the group
consisting of DNA, RNA, amino acids, proteins, antibodies, ligands, haptens,
carbohydrate receptors or complexing agents, lipid receptors or complexing

 agents, protein receptors or complexing agents, chelators, and encapsulating

25 vehicles.

Claim 20.  The method of Claim 19 wherein the at least one biogenic
photo-active molecular agent further includes a segment which is photo-activated
when subject to light sufficient to promote a simultaneous two-photon excitation.

30
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10 vitam n D, 5-am no-laevulinic acid, photosan, chlorin e6, chlorin
e6 et hylggeghsuhde, nono-L-aspartyl chlorin e6, phenoxazq;@r,hlsg.,ﬁgy.,ue
derivatives, stilbene, stilbene derivatives, and
4 (N-(2- hydr oxyet hyl ) - N- et hyl ) - am nopheny!l )

- (6- hydr oxyhexyl sul fonyl ) stil bene (APSS) Cl ai m 18. The
rret hod of Caim 11l wherein the at | east onseG phot o- actl ve nol ecul ar agent

i ncl udes at | east ope. bi ogenl o-active | ecul a ent that is
specific to a partléﬂ%n—lt e ¥ tflwinqrher N dtajeas |9R%e RICtYRGHYated

ani mal tissue.,gfleylar agent in & r'ﬁcﬁpdr vol IP@ Jed heglehl %@'ﬁb&%d"‘&ﬂﬁj:ﬁﬁnﬁhe
at |east one Bl ogeni c |§hot o- ac Ive nol ecular agent I'néludes a segneht
selected fr omttd:uatm_grthnq:artxmﬂb.stmhm@bf idAmakitiel veith hghamfﬁemnptcopemmete a
anti bodi es, |igangds, hapten car bohydr at recept or§ or cqQ agent s,
lipid receptorsm aE%ﬂi‘BIt@’)?i' t%éﬁ?‘ﬁz‘ 199, of; &t Igast ong %‘%F?B@?‘é&?rnéﬂem
agents, ghel at a0

met hod of d m%ﬁ@ngﬁlg?gpﬁ hﬁﬁf qu%?e grf]éch ?%%tgh?‘g I%r?io acti ?/tele-r%gfggﬁl ar
agent further phutoadtiee mcﬂexgﬂmﬁgem ibebomes ptphto@e-acmvated atbleddar agdtdntthé o
l'i ght suff|0|ent t‘%apro teP Itaarieous t wo- phot on excitation. 30 WO
98/ 18399 the matexi PCT/ US97/ 19527 56
Claim21. A rret hod for producing at |east one photo-activated nol ecul ar
agent in a particular volune of a material, the nethod conprising treating
the particul ar voI Udiim {22 he et mdthbd\dft(ﬂaimg’htwhenfeﬁxi ¢the materiapisosabtcted

si mul t apeous ot on excitation % | east, one phot o-active nol ecul ar
agent 5 ch‘PH‘ REIORR cPREstng @GPE isspg) Andeanimal KisSUeat er j al , wherein
the at | east one photo-active rml ecul ar agent becones a phot o- acti vat ed

nol ecul ar agent in the particular volume of the material. Caim22. The
method of O ai m 21 Glaimed3n t HEherumethod| of €lajsl @t wheretn the light nsuffieiegr dop

t f pl d .
Graim 21 wher dRtiie 4 SoFe@RPe dbErhciot 3Gt o7 SR RRoUTAB RS CABLANB on
~excitation of i@t RMAk&r ReHti ve nol ecul ar

15
Claim 24.  The method of Claim 23 wherein the laser light is pulsed
laser light.
Claim 25. The method of Claim 21 wherein the light sufficient to
20 promote a simultaneous two-photon excitation of the photo-active molecular
agent is a focused beam of light.
Claim 26.  The method of Claim 25 wherein the focused beam of light
is laser light.
25

Claim 27.  The method of Claim 26 wherein the laser light is pulsed
laser light. '
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agent is laser light. 15 d aim 24. The nethod of C aim 23 wherein the
| aser |i ' ul sed laser light. Caim25. The net hod ' 1
wherein ‘tgﬁtgsdl%gﬁt sufficient to 20 pronote a simul tanggﬁfs[gtg%q%ﬁot on
excitation of the photo-active nol ecular agent is a focused beam of |ight.
Cl ai m 26. The met hod of O aim 25 wherein_gthe focused beamof light is
l.aser light. 25 Caim 27. The net hod of aim 26 wherein the |aser |ight
is pul sed laser lighat. WO 98/ 18399 ) i . '
PCT/ US97/ 19527 57 Ciaimaf %%tgﬁé@f&ila@ &l bereiptbe anaferighispretieatad | s -
pretreated w t} I 10105 ' I - he
material ret ai‘ﬁéﬁl tgtt l%gts?gl Qgﬁ] pO(Q)ér)]ft21 %g%@gdlgﬁuéﬁgkfﬁéggfch g%%n%ﬁz@g&é{ca?%teaﬁ%g%tnt
at the tine tHaastt Aepgrdivhi ofilthe atoleasteoné pHutowmeties iaplent :atttheatine Ghdththe
light sufficient to progote si qul t aneoys . - phot gn, exci tati on of
at | east one d?arflﬁ\élagt" wge t‘%&?fs ‘Bﬁﬁﬁ‘@ﬁ%ttﬁ?ée#ﬁ?é’cmﬁglﬁrs ERpt tePIPHO 2
The et hod of ' v&%r_ ' RSci ido66kt - ' |
agent i 25) sel ecstgilgg'h?]r1 %‘?nust he @6(}8% S(gﬁagtfdstl ngl%#egis??)reg g’nﬁq -SY%QBhSEdJL%VC
met hoxypsor al enoleduldb@gens- net hoxypsor al en (8- MOP),

4,5 ,8-trinethyl psoralen (TMP), 4'-am nonethyl-4,5",8-trinethyl psoral en
(AMT), 5-chl oronethyl -8- nethoxypsoralen (HMI), angelicin (isopsoralen),
5-met hyl angelicin ( 3- RORBRS, , il &e{% LN
derivative (HPD), p EMﬂl:)‘zgln Iﬁ@lﬁénzogoﬁ%ﬁnzgg‘;eﬁ%%t@\% E’%?ﬁé w%
pr ot opor phyr i ractivid moRgulgr, agahy ais Ielected feomt theogylupr consistingr of Pstdalen, S-
pol yhaemat opor phyri n esters éga% 13, 17- N, N N-di met hyl et hyl et hanol anj ne
ester o}0 prot Ip8 sogalepif: , §-methoxypsorpandByMIQR)y 5. rdrinteghylpsoralen

e IR ARSI oM SR SRARERD!

methoxypsoralen (HMT), angelicin (isopsoralen), 5-methylangelicin (5-MIP), 3-

Q

carboxypsoralen, porphyrin, hematoporphyrin derivative (HPD), photofrin II,
benzoporphyrin  derivative (BPD), protoporphyrin IX (PpIX), dye
15 hematoporphyrin ether (DHE), polyhaematoporphyrin esters (PHE), 13,17-
N,N,N-dimethylethylethanolamine ester of protoporphyrin (PH1008), tetra(3-
hydroxyphenyl)-porphyrin  (3-THPP), tetraphenylporphyrin monosulfonate
(TPPS1), tetraphenylporphyrin disulfonate (TPPS2a), dihaematoporphyrin ether,
mesotetraphenylporphyrin, mesotetra(4N-methylpyridyl)porphyrin (T4MpyP),
20 | octa-(4-tert-butylphenyl)tetrapyrazinoporphyrazine (OPTP),phthalocyanine, tetra-
(4-tert-butyl)phthalocyanine (t,-PcH,), tetra-(4-ferr-butyl)phthalocyanatomagnesium
(t,-PcMg), chloroaluminum sulfonated phthalocyanine (CASPc), chloroaluminum
phthalocyanine tetrasulfate (AlIPcTS), mono-sulfonated aluminum phthalocyanine
(AlSPc), di-sulfonated aluminum phthalocyanine (AlS2Pc), tri-sulfonated
25 aluminum phthalocyanine (AlS3Pc), tetra-sulfonated aluminum phthalocyanine
(AlS4Pc), silicon phthalocyanine (SiPc IV), zinc II phthalocyanine (ZnPc), bis(di-
isobutyl octadecylsiloxy)silicon 2,3-naphthalocyanine (isoBOSINC), germanium IV
octabutoxyphthalocyanine (GePc), thodamine 101 (Rh-101), thodamine 110 (Rb-
110), rthodamine 123 (Rh-123), thodamine 19 (Rh-19), thodamine 560 (Rh-560),
30 thodamine 575 (Rh-575), rhodamine 590 (Rh-590), rhodamine 610. (Rh-610),
rhodamine 640 (Rh-640), thodamine 6G (Rh-6G), rhodamine 700 (Rk-700),
thodamine 800 (Rh-800), rhodamine B (Rh-B), sulforhodamine .101,
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mesot et r aphenyl por phyrin, nesot et ra(4N-met hyl pyridyl ) porphyrin (T4MpyP), 20
oct a- (4- | phenyl )tet rapyr azi nopor phyrazi ne( OPTP), pht hal oc | netetr
a- (4-tert- %@ifgpht hal ocyani ne (t4-PcH2), PCriho 9637
tetra-(4-tert-butyl)phthal ocyanat omagnesi um (t4-PcMy), chl oroal um num

sul fonat ed pht hal ocyani ne (CASPc), chl oroal um num pht hal ocyani ne
tetrasulfate (Al PcTS), nono-sul fonated al uBnum pht hal ocyani ne (Al SPc),

di -sul fonated al um num pht hal ocyani ne (Al S2Pc), tri-sulfonated 25

al unmi num pht haB‘dMﬁdh@lﬂ%ﬁ&F&ﬂforhedmmuBf eoamerinal ,Ucoumiamnip [, fmhnra}tmnne

bis(ai - | sobut §PUBARAALEYVHRRR BFY ePbiastn & cobiiin 'i&‘ﬁgﬁé‘%"c A bouamrnlte)

ger mani um V octagbMhas mﬁt heusata 1126, ¢
rhodami ne 110 (é‘lilhh-ﬂ’l 110), rhodam ne 1236?%%)“1]2% odam né 1@% )152A’

r hodami ne 560 ewmaac) %53300011mamm0%{b1m¢mmmﬁ(3@7 &Zﬁmanm@démcnanm 334,
( Rh- 590)5 r hodam n 5) (Rh- 61 hodam ne 64, (Rh 64 rhodam ng 66
(Rh- 60, 5t hodalfHaasp o33 Ten BRIt | i -Srmatn dHORiE A58d Sonmans 4

(Rh-B), sulfor b&ﬁﬁmemmleoumam 46Y, 1&¥QFarin 466,
PCT/ US97/ 19527 58 sul f or hodam ne 640, sul fo%odam%gm@cggﬁh clo T n 480,

coumarin 2, cotenmarn48koconmann 6485(;cnmmann 6190, coumsarim 500, counmtinn 588,
coumarin 47, c¢ narl cou i.n 120, co rin 151, '
coumarin 152, gg‘%ﬁ %@293\0% ,}grmuglﬂm mEPRRaza; 521,
counarin 314, Eﬁﬁﬂﬁnrﬁm%ouﬁlann SQS’UB@&mBn§3§35 C&Mﬂﬂ‘sﬁé?’coﬁﬁ'alggr 54pA440,

coumarin 450, coumarin 456, counarin 460, counarin 461, counarin

coumar i 40478, eenmaxin §4 metwmr%dmhylaMw{aMnoxwmm (nEﬁN)BA) 5-

coumarin 519, EONRERif-23enRRbbthadfalon SRt (oo TR Pl tggino-o-

counarin 540, diethplanfinobedzo[kdpheno-geleikiniubds, %EtNBSe) chlorpromazine,
5- et hyl am no- 9- di et hyl am nobenzo[ a] phenoxazi ni um ( Et NBA)

“et hyl - ami no- 9- ehletRTpmAFNco b SREBIETEShe whlcrpBbyThi ME&I‘NFS) ba&‘tmdﬁyllﬂamphyllg
Chior pr orms nedavib Ry g ReaREcd %f‘?s Hﬁ?ﬁ}m R aaT &cbmﬁ
G chl or e 15 TSP OIMBELMpPHEReblifief . {11 0 FMIOALE Y RUBMYS, | itz

(RhBPY), tri s(bipgtidine)platinum (XI) dichloride (PtBPY) pheophorbxde a, merocyanine 540,

vitamin D, S5-amino-laevulinic acid, photosan, chlorin e6, chlorin e6

ethylenediamide, mono-L-aspartyl chlorin e6, phenoxazine Nile blue derivatives,
stilbene, stilbene derivatives, and 4-(N-(2-hydroxyethyl)-N-methyl)-aminophenyl)-
20 4'-(6-hydroxyhexylsulfonyl)stilbene (APSS).

Claim 30.  The method of Claim 28 wherein the at least one photo-
active molecular agent includes at Jeast one biogenic photé-active molecular agent

that is specific to a particular substance within the particular volume of material.

25
Claim 31. The method of Claim 30 wherein the at least one biogenic
photo-active molecular agent includes a segment selected from the group
consisting of DNA, RNA, amino acids, proteins, antibodies, ligands, haptens,
carbohydrate receptors or complexing agents, lipid receptors or complexing
30 agents, protein receptors or complexing agents, chelators, and encapsulating

vehicles.
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bi pyridine)platinum (11) dichloride (PtBPY), pheophorbide a, nerocyanine

540, vi ;ﬁgﬂ 5-am no-1 aevulinic acid, photosan, chlori H§|§S97ﬁb§29ri n eo6
et hyl enedi a%s e9, nono- L-aspartyl chlorin e6, phenoxazine *R]f e bl ue

derivatives, stilbene, stilbene derivatives, and

4- (N-(2- hydr oxyet hyl ) - N-net hyl ) - am nophenyl ) - 20

4' - (6- hydroxyhexyl sul fonyl )stil bene (APSS)5. C ai m 30. The nmethod of Claim
28 wherein the at | east one photo- active nolecul ar agent includes at |east
one bi ogeni ¢ phot o{daim 32. npleumgihedyehClaima3l whezgindhe jat least gnghiegenit ar
'subst ance wit hi . | I rial i d

net hod of d a%%gg%g‘\?&]%ﬁéwﬁ%%e aﬁ‘fy’ﬂ fgg@te Pg)nncg@%e?(?g%ﬁ}n ¢ %gm%%-lg]@?l%oéam aet%clljl ar

agent i ncl udewhensabjeento Hghtentfdeit torprolintg aeipultarssus twoiitobbikcitdiuh.
am no acids, proteins, antibodies, |ligands, haptens, carbohydrate receptors

or conpl exing agents, lipid receptors or conplexing 30 agents, protein

W0 96) 18300 7 Clafi 3805 msHiEe B Sprofiin” GF PR ool pHEH 81 f8ed o

Caim32. Thelsailapdgedt id aiparfidulaheohine tofe aiatbBsls the Bgethbd IhSrising
phot o- acti ve nol ecul ar agent, furfher includes a segnent which is

phot o- act i vat &¢atingthe partenlar yolume of she matesial with Bghynsflicignt tenpromedeus

t wo- phot on ext%.gii@*sli %itf':lﬁ of at least ong g{ﬁi&bé’ﬁtive ol | C%ﬁogggn\?gﬁo@%agﬂgﬁ iiQQh@t

| east one pho activated nolecular agent in a par

material, thepapidulsk wolqme sofnthd nmeaterial] whereparthec ubhnileast! o piotbiaetive
material with light sufficjent to pronote optical_ excitation of at |east

one phd@o- act MACHHRE Agent berpmgs a ghotpetivatad ppelesular jaggnhin the mastienlar he

material, whergy one phot o-active 10 nol ecul ar agent
becones a pho%gi-“g%% ?gél?éégia?r%?%bul ar agent in the particular volunme of the

material. C aim 34. The nethod of C aim 33 wherein the at |east one
phot o- active nol ecyl ar _agent__i ncl ude t | east one biggeni ¢ photo-active
mol ecul ar agent 15ﬁm—m§-§at i %B’@&?qsegtqa‘én %ér‘f’ %r&}naﬁh%abieaéﬁ@wahwn
the particul ageyp ﬁi@f‘ecﬁiar[)ﬁ?&ﬁlr ih@ludeShAk MRt dne bioghBfe PHRIEAUUOE nidiéduari bent

wherein the at |east one ogeni ¢
15 that is specific to a particular substance within the particular volume of material.

Claim 35.  The method of Claim 34 wherein the at least one biogenic
photo-active molecular agent includes a segment selected from the group
consisting of DNA, RNA, amino acids, proteins, antibodies, ligands, haptens,

20 carbohydrate receptors or complexing agents, lipid receptors or complexing
agents, protein receptors or complexing agents, chelators, and encapsulating

vehicles.

Claim 36.  The method of Claim 35 wherein the at least one biogenic
25 photo-active molecular agent further includes a segment which is photo-activated

when subject to light sufficient to promote optical excitation.

Claim_37. The method of Claim 1 wherein said step of treating the
particular volume of the plant or animal tissue includes focusing a beam of light
30 over a range of focal lengths so that a focal plane of the light beam occurs at a

position located between a surface of the tissue and a point substantially beyond
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phot o-active nol ecul ar agent includes a segnent selected fromthe group
consi st , RNA, am no acids, proteins, antibodie '
haptens,‘vgﬁg)&mwcar bohydrate receptors or conpl exi ng agZPn ’;’bg’?{ig?’a’
receptors or conpleting agents, protein receptors or conplexing agents,
chel ators, and encapsul ati ng vehicles. C aim 36. The nethod of C aim 35
wherein the at | east one biogenic 25 pfdt o- acti ve mol ecul ar agent
further includes a segnment which is photo-activated when subject to |ight
sufficient to thedissuesufadecwhersbyisaiskstemof eating e, partienlarvelumeosf the piant1

wherein said step .of .treating the rticuylar volung.of, the plant or ani nal
tissue include¥ g’b‘&?@ﬂ?@""‘dﬂﬁgﬁ#@ﬁ’o&’l BeRetate deep St ghe 3. of £ ocal
| engt hs so that a focal plane of the Iight beam occurs at a position

| ocat ed between a surface of the tissue and a point substantially beyond
WD 98/ 18399 Claim 38. The method of Claim 37 further includinpCRrryisgy whils ke 60

the tissue surface, reby sai dst treating th anticul ar vol of
the plant or al?‘ﬁatﬂlof}y?@é g t,eg{eeﬁg:afge%aoﬁxé@g @Bﬁl &iet ﬁ?ﬁ‘l’et ﬁ]éeTFngBe_
G ai m38. The pritBastivate @hei4p Rasf onkghotblckiveli melealay| Ant bAE pdiRions
beam of light Ts extant, the focal |ength position within the tissue,

t hereby to phdeesween the tissugesuzface aadia peritipm fncatedcsubstantiolly beyend thyetissue
al ong positions _petween the tissue surface and a position | ocated
substantial ly ffd the tissue surface. O aim39. The nethod C ai m 38

wher ein sai d secondCl4i@aBongTheemellibd Clainh J8UABSrélRYadd is86oridl tAsu@ingt &ep
produce a pul sed output havi ngasa pul se repetition fret%ency above about” 75

gegaher ie wﬁnd iachldlﬁs @iﬂﬁm prIte @r@rlim&ta Pﬁlsedtlﬂélitpl} B’iﬂmé pﬁﬂ.ehweﬁﬁrn
i m 39 | ' 20 ' .
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produce near-infrared light. Caim42. The nethod of Caim41l wherein the
phot oacti vating i ncludes 20 perform ng. a simltaneous two-photon

excitation of the a€laimadd. okhe mthod ofiGlpim 39 wherem the laser Pl%duces pulse

energies of about 20 nanojoules.

15
Claim 41. The method of Claim 39 including operating the laser to

produce near-infrared light.

Claim 42. The method of Claim 41 wherein the photoactivating includes
20 performing a simultaneous two-photon excitation of the at least one photo-active

molecular agent.

Claim 43. Apparatus for treating a particular volume of plant or animal

tissue containing at least one- photo-active molecular agent, the apparatus
25 comprising:

a source of collimated light, said light having a frequency effective to
penetrate substantially into the tissue, said light being adapted to promote
simultaneous two-photon excitation (TPE) of the molecular agent contained
within the tissue; and

30 focusing apparatus for focusing the collimated light throughout a range of
focal lengths extending from a surface of said tissue to a depth substantially
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nol ecul ar agent. Claim43. Apparatus for treating a particular volume of

pl ant or aninmal tissue containing at | east one photo-active npl ecujlf,‘l r
agent, t'We%p$MPatus 25 conprising: a source of colli ﬁﬁ?’é’&ﬂf}%f sai d
i ght having a frequency effective to penetrate substantially into the
tissue, said |light being adapted to pronote sinmultaneous two-photon
excitation (TPE) of the nol ecul ar agent cofflained within the tissue; and 30
focusi ng apparatus for focusing the collinmated Iight throughout a range of
focal |engths beyonddsaid surfaceasadrlightesonfrcesand focasing dpparatde pobperating to

substantial ly
PCT/ US97/ 19527P’6’P“bt€3§éé é&ga%?}rw&ééag% d light source and focusing

appar at us cooper at i efanarfeea;pgﬂtpé é&ﬁnﬂﬂ &guétameamme W%am

focal point or foca ane 1s Justa pect to sa| ht so rce.
5 Caim44. Thsowpparatus of C ai m43 V\,herel n said |light source produces a
pul sed out put having a pul se repetltlon frequency above about 75 negahertz
and a subd- nanosecond pul se duration. Cl ai m 45. The appar at us

of Claim 44 wherein e t
36. The apparat us ol tebHt: 2@%@?&#& QE?%J*?J 43 PAEEh B ol proBbe
ener gi es of abmqmls%ﬂ autpot hanhng a fills€irepetitibh fréheemyetrovt ebout 751 megatttz
wherein said I|i urce co ies a laser. Caim48. A method.for nedical
treatnent of a F‘tﬁ“ tfragos rRlsg dpratioge o0 conprising the steps of:
I ntroduci ng a phot o-active nol ecul ar agent into a tissue, said agent being
sel ected to be absorbed and accunulated in the tissue, said agent being

10 Claim 45. The apparatus of Claim 44 wherein said light source produces

near-infrared light.

Claim 46. The apparétus of Claim 45 wherein said light source produces
pulse energies of about 20 nanojoules.

15
Claim 47. The apparatus of Claim 45 wherein said light source comprises

a laser.

Claim 48. A method for medical treatment of a particular volume of tissue
20 comprising the steps of:
introducing a photo-active molecular agent into a tissue, said agent being
selected to be absorbed and accumulated in the tissue, said agent being
susceptible of two-photon excitation (TPE), after allowing said agent to
accumulate in specific tissue of interest, then directing light to specific regions of
25 interest within the tissue, including regions substantially below a tissue surface,
said light being selected in frequency and energy to penetrate the tissue and to
promote TPE substantially only at a confocal region,; |
controlling the location of a confocal region over a range of depths with
. said tissue; and
30 using TPE, photoactivating said agent over said range of depth within the

tissue, thereby producing photo-activated agents at the confocal region.

) AR



suscepti bl e of two-photon excitation (TPE), after allow ng said agent to
accunul ate in specific tissue of interest, then directing light to specific
regi onsWS B399 jnterest within the tissue, including E&(‘%ﬁyms”
substantially below a tissue surface, said |ight being selected in
frequency and energy to penetrate the tissue and to pronote TPE
substantially only at a confocal region; c6atrolling the |ocation of a
confocal region over a range of depths with said tissue; and 30

using TPE, photoact Clkiin #9) Fhiedmatirnd of Chdins48 evheasigesald sdppsfhdivedtingnlighte

ti ssue, thereb roduci n hot 0- acti vat.ed _.agents at .t he, confocal [egion.
VO 98/ 18399 1)1/1cﬁldes gene?atglg_ nearanira-red 19ghtgumnng a pulser& laser pgqya@ggﬁ? fggxz7

62 Claim49. T, . ' s i.d f. di I ' '
"ncl udes. generBRraiad ld Fl b HaGEAICh Te, B4 Hhofin LA thichintd G
short pul se witl§sas. and a hi gh pul se repetition rate, and focusing said
| aser into said tissue. 5 Caimb50. The nethod of C aim 48 wherein said
step of gontrol | ng the |l ocation conprises varying the position of the
confocal region rel gdi:.vech O iy r ) | I Q8:
position of the ti s?ﬂ%ﬁrﬁ%eﬁg%%n nat@oﬁ%l %Ste?gg}%?%gglﬂﬁt%g%é%{frggg{g%e
regi on. 10 O ajogatidn céynpeisestvasyihg theplsiticsdfthe egnfocphepivdhyrelative tothk tissue
treatment conprising: | ight source ans for directing confined light at
and into deep W‘i%‘lféa@é“%ém’c?re"mg ﬁi“al"??“i‘?‘bﬂ&lhﬁé%sﬂbe ’é‘éqaeé@?‘%lqaﬁ‘oprfé Rcy
and energy to %??&E&%@nﬁﬁ:‘a{’l‘\éﬁﬁtﬁn. a tissue surface and to pronote TPE
nf oca

substantially only at a co regi on; and neans for varying a position
of a cof@ocal region of the light within a range of depths in the tissue to

be treated so that nol gcul ar agent withi.n the tissuge becones.

phot oact i vat ed usi nglﬁ-‘@)h‘%l’ a&F PL Y %StEﬁ*PE?PhQEPdeYnammmea‘cak}rﬁm’i‘?ﬁ.

The apparatus gf., 5?5%51: wherein the |ight source neans includes neans
|

for producing a c ted
light source means for directing a confined light at and into deep tissue to

be treated, said light being selected in frequency and energy to penetrate below

15 a tissue surface and to promote TPE substantially only at a confocal region; and
means for varying a position of a confocal region of the light within a

range of depths in the tissue to be treated so that a molecular agent within the

tissue becomes photoactivated using two-photon excitation (TPE).

20 Claim 52. The apparatus of Claim 51:
wherein the light source means includes means for producing a collimated
light beam; and
wherein the light source means includes focusing means for focusing the
collimated light beam to a confocal region located with tissue at a point below the

25 tissue surface.

Claim 53. The apparatus of Claim 52 wherein the means for producing a
collimated light beam comprises a pulsed laser operating in the near infra-red

spectrum.
30
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| i'ght beamy and wherein the |ight source nmeans includes focusing neans for
focusing the collimted |ight beamto a confocal region |ocated wth tissue
at a poVWRIBEEMy t he 25 ti ssue surface. O aimb53. TheP@UERYAOM of
Claim 52 wherein the neans for producing a collimted |ight beam conprises
a pul sed | aser operating in the near infra-red spectrum 30 WO 98/ 18399
PCT/ US97/ 19527 63 Claimb54. A nethod for tége treatnment of a particul ar

vol une of plant or animal tissue, the method conprising the steps of (a) -
treating the plant @aindB4NeA nidthedorilietreéitm 3R Bt aopuitibtiat QoRmhé Ve plant or
nmol ecul ar agent, wherein the particular volune of the plant or aniimal

ti ssue 5 mgimahtssye, theamethodoepmpusingthe stepatofi east one phot o-acti ve

nol ecul ar agent; a (b) in ' r of the plant or
ani mal tissue wit hrtg} ght“?aéﬁlg?%‘ﬁoﬁgﬁggg %ﬁ{fﬁ%ﬁ%@ﬁsﬁ%ﬁ?ﬁﬁ%ﬁt STEBRIPALER o
at |east one efolebfanlagkeRSiherdi HHEobartisldryfolilec6fl i phafnér afindAINGukN
the particular volune of the plant or animal tissue, whéerein the at |east

one photdo- act iret@infoatcleasts pagfian of theat least ong: phele-adtive melesulazagent; randal

| evel and wherein t at,_| t,ane excited,phot Q- active nmol ec [_age
becomes phot o- act | \ﬂgfl n tf‘?'nagﬁ%atrht%i é%l]%gﬁia%c}'loe}ﬁggoq& tthﬁeplBFaﬁf a&‘mgtﬁf‘ﬁé]legm%
tissue. O ai mifpht td peomBidadifhanedd twoepledton texeititicnof abledst bhef the !

is 15 bel ow a | evel that, may be reached with, higher frequency radiation

that woul d dadeasé onephetostiviegiplesdar agant retainedimihe pamicplarvolameg of the
vol une. C aim%6. i . for {reatmni of a rticul ar ;vol,u of, .
pl ant or ani ar{ti 635 E‘fﬁ?g‘g;‘%’ gsﬂl}gel}lnc uigﬁﬁéftaqnﬁ %@%P'a(?ﬁ © ah%}FS‘Elaggﬁ%‘ 15
nol ecul @y ageRrkeitéd @ d0transientetiftng] Lwap ang iwlsrein’ it At Rastbte Ratitdd phato-
volume with light to_pronote sjnultaneous two-, photon excitation of at

| east one of &§tive molgcdarnagsatbesamass photo-agve insthemazticular volume ofthe pland
excited nol ec@rqniﬁg?ﬂgsulggcones phot oactivated in said particul ar

Claim 55. The method Claim 54 wherein the transient virtual level is
15 below a leve] that may be reached with higher frequency radiation that would

damage tissue between the light source and the particular volume.

Claim 56. A method for the treatment of a particular volume of plant or
animal tissue, the tissue including at least one photo-active molecular agent, the
20 method comprising:
treating said particular volume with light to promote simultaneous two-
photon excitation of at least one of said at least one molecular agent so that said
at least one excited molecular agent becomes photoactivated in said particular

volume at a controllable position.

25
Claim 57. The method of claim 56 wherein said at least one excited
molecular agent becomes photoactivated in said particular volume at a
controllable position substantially beyond a tissue surface.
30 Claim 58. The method of claim 57 further including varying, while said

light is extant, a focal length position of said light within said tissue, thereby to

o



volune at a controllable position. 25 Caimb57. The nethod of claimb56
wherein said at | east one excited nol ecul ar agent becones photoactivated in
sai d parWOM§{18%vol ume at a control |l abl e position subst an?gyp§§/7”(?é§70nd a

ti ssue surface. 30 Claim58. The nethod of claim57 further

i ncluding varying, while said light is extant, a focal |ength position of
said light within said tissue, thereby to 64 WO 98/ 18399 )

PCT/ US97/ 19527 64 photoactivate said at | east one nol ecul ar agent at
control | ed posphdtonctivaes seidratsaadt dnesmotecalirfayeat andomtrdital pogdtionobetnedn
substantially beyond said tissue surface. gcﬁ%i m 59. The nmet hod .of clai m56
wherei n sai d t Sa&tissug e japd a prsition located gupgtantially beyondsaid tigsye spHacs; d
particular volunme. C aim60. The nethod of claim59 wherein said treating
step includes directing a pulsed laser light to said particular volune. 10
Cl aim61. The met hoQlaifn £3.aiThecthethm of cladmi §6 hheesinisaid tleatifly tseeppimiudes
sub- nanosecond _duration pulses. C,aim62. The nethod of claim60 wherein
sai d | aser prodiie@inga WFEEQP%%&MWI%@IWW of from about 1

kil ohertz to about 10 gigahertz. 15 Claim63. The nmethod of claim 62
wherein said | aser produces a pul se frequency above about 75 negahertz.
Claim 64. The net ho@laf 60.aiThethethmi of claimi 3P hdeesin paid aeatiny stegnfiichides 20

in the range of, from about .10 pi.cojoules to ahout 50 mllijoules. Caim®65.
The met hod of @Fﬁ‘?qﬁ%ﬁpﬂﬁé@iﬁ@‘&%m é@érpaﬁﬂpglé%vm-ener gi es of about 20
nanoj oul es. 25 Claim67. The nethod of claim56 including

operating a laser light source to produce near-infrared light. Caim&68. A
met hod 10r the treaChwm6lofThe pathodof cdainy 60 wiereih saidriasrdsipuistdnd posduce
animal tissue, the tissue i,ncluding at |east one photo-active nolecular 30

agent, the met HhRaRAsHFoRY fpration puises.

Claim 62. The method of claim 60 wherein said laser produces a pulse
frequency in the range of from about 1 kilohertz to about 10 gigahertz.
15
Claim 63. The method of claim 62 wherein said laser produces a pulse

frequency above about 75 megahertz.

Claim 64. The method of claim 60 wherein said laser pulses have energies

20 in the range of from about 10 picojoules to about 50 millijoules.

Claim 65. The method of claim 64 wherein said laser pulses have energies

of about 20 nanojoules.

25 Claim 67. The method of claim 56 including operating a laser light source

to produce near-infrared light.

* Claim 68. A method for the treatment of a particular volume of cancerous
plant or animal tissue, the tissue including at least one photo-active molecular

30 agent, the method comprising: _
treating said particular volume with light to promote simultaneous two-

photon excitation of at least one of said at least one molecular égent so that said
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treating said particular volune with light to pronote sinultaneous two-
phot on exci Lgn of at least one of said at |east one nolgeul, gnt so
Phat _sai 3098804/ 18300 el

PCT/ US97/ 19527 65 at | east one excited nol ecul ar agent becones

phot oactivated in said particular volune at _a controllable position. Caim
69. The method of claim 68 wherein said at%east one excited 5

mol ecul ar agent becones photoactjvated in said particular volunme at a,
control | abl e paileasrensueenitedinalacylasagent bacomes photpaetivated inmjsgid parsiculsy
met hod of cl ai rth | ' yarying, while said light is extant, a
focal length porpgl |%lr.1£to giné#cgﬂb?‘ghpg\?mgﬁhi n said tissue, thereby to 10

phot oactivate said at | east one nol ecul ar agent al ong controll ed positions

between said tissue surface and a position |ocated suybstantially beyond
sai d tissue surface.Claimi $8.7 {Thermethad pfoclam G8awhewin waid et deashjanet pxcitedng

2en i noludes g . s b . o g
72 " The. ribt hod "BPIEGpLEr nadiit, bEbame bRl il TarkBWE vpihiber it ¥,
pul sed | aser |ightrollabkapekitien bhbsthatiallyobeyond issue stefacdhe net hod of claim

72 wherein said laser is pulsed to produce 20 sub- nanosecond durati on
pul ses. Caim74. The nethod of claim 72 wherein said | aser produces a

pul se frequency in the. e ﬁ[ﬁ? i. i .. . .

gi gahertz. 25 ﬁﬁl—’i’f’@ a'lz:%g:‘/léE 2&%}1&%3%01#1&@?%%1%11 Q’%ﬂe’? qglé]il%smd
| aser produces liphpus Sextdrtsq docaleagthvisositiaiof sdid hightvithin saifl tiskie, #erebyao
nmet hod of claim_72 wherein_ said | aser pul ses have_energies in the range of

from abotl 10 mhaspativate sad ablsast ang melerylapagend along coptiofied positis hetweasa
of claim 76 whenel Besi@istrfads Ghd AP iffor ¥R ARG SLERAIR b&RAU safPHRde FupdbES -

Claim 71. The method of claim 68 wherein said treating siep inclndes
directing a laser light to said particular volume.

15
Claim 72. The method of claim 71 wherein said treating step includes
directing a pulsed laser light to said particular volume.

Claim 73. The method of claim 72 wherein said laser is pulsed to produce

20 sub-nanosecond duration pulses.

Claim 74. The method of claim 72 wherein said laser produces a pulse

frequency in the range of from about 1 kilohertz to about 10 gigahertz.

25 Claim 75. The method of claim 74 wherein said laser produces a pulse

frequency above about 75 megahertz.

Claim 76. The method of claim 72 wherein said laser pulses have energies
in the range of from about 10 picojoules to about 50 millijoules.
30 |
Claim 77. The method of claim 76 wherein said laser pulses have energies

of about 20 nanojoules.
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WO 98/ 18399 PCT/ US97/ 19527
66 Claim 78. The nethod of claim®68 including operating a_llJ ceto
produce WOLBBHWPr ared 1i ght. Caim?79. A nethod for the ngé#gg%wfg%‘ét ment
of a particular volune of 5 t'i ssue wherein the tissue includes at

| east one photo-active nol ecul ar agent, the nethod conprising the steps of
directing light to specific regions of intéfest within the tissue,.

i ncludi ng regions substantially below a tissue surface, said |ight being -
sel ected to penetraflaimhéd.t Ideunethed obclpim $8tincludingpoparating adighttsource( thPE)
substantially only at a 10 .confocal region; controlling the |ocation
of said conf ocBIOqussBsAT-IREITed lfé‘g'ge of depths within said tissue; and

usi ng TPE, photoactivating at |east one of said at |east one nol ecul ar
agent over said ran%? of depths within said tissue, thereby producing at

| east one phot o- 15Claim 7%cA methad fogdhe madieal araatmient ob alpartaculgtheoluoref ofc al

regi on. aim@80. T net hod.of claim 79 wherein,sgid directing ste

i ncl udesg:l di r ecHFsY§ ‘gﬁqrﬁ’sne&el HsShe ’?Cguén% % lﬁﬁétq’]&ﬁ OAS MOH%ﬂar agent, the
Claim81. The ?ﬁmc@&pﬁgﬁgrﬂ‘gg@yﬁ{ﬁei n said directing step includes
directing a pulsed laser light to'said particular volunme. Caim82. The

met hod of clai m 81 vireetinglighti tb speréfic regiome phinsdrast withinl dbe tissie, iacludingond
dur ati I . .25 im.83. ¢ T, t haod | ai m.81 ,wh ' i,d_|
produces o pul SEPTARERBYAR, b §Bie aPierf gt b FIEsER 13 reBoRhi.
10 gigahertz. featiRudtand be ph@thbRdnd phbineRitatiBa’ @PE)SaitdtdriRely dlpaLGes
a pul se 30 frequency agove about “75 negahert z. WO 98/ 18389

PCT/ US9A019527caffocalategio®s. The met hod of claim 81 wherein said | aser

pul ses have energi e?:ontrolling the location of said confocal region over a range of depths

within said tissue; and
using TPE, photoactivating at least one of said atleast one molecular agent
over said range of depths within said tissue, thereby producing at least one photo-

15 activated agent substantially only at the confocal region.

Claim 80. The method of claim 79 wherein said directing step includes

directing a laser light to said particular volume.

20 Claim 81. The method of claim 80 wherein said directing step includes
directing a pulsed laser light to said particular volume.

Claim 82. The method of claim 81 wherein said laser is operated to

produce sub-nanosecond duration pulses.

25
Claim 83. The method of claim 81 wherein said laser produces a pulse
frequency in the range of from about 1 kilohertz to about 10 gigahertz.
Claim 84. The method of claim 83 wherein said laser produces a pulse
30 frequency above about 75 megahertz.
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in the range of from about 10 picojoules to about 50 millijoul es Claim86.

The et aim 85 wherein said | aser pul ses have eneﬁ;@fdﬁ 0527
about 20 hanojoules. Caim87. The nmethod of claim72 inc I'ng operatl ng a
i ght source to produce near-infrared light. 10 - Caim 88. The

met hod of claim 79 wherein said nethod causes sinultaneous TPE at said
confocal region. Claim89. The nethod of c®hi m 79 wherein said )

phot oacti vating step includes using energy of a first _ photon to excite, at
| east one of said éﬁ_mﬁé Tégengthod of claiml &owhereimgpid daser pulses haw enrrgies

virtual |evel . ween a n Ic state and
usi ng energy 6’?%‘3 §%n%p§§§'[glﬁ&fto @?@Pﬁé‘@a‘?’ﬂ?&ﬁ?g&ﬁ‘gr‘kﬂ ht to an
excited electronic state before said agent rrakes atransition to a
substantially different excitation state. Claim90. A nethod
for the treatment @_a_mlﬁﬁr ﬂ?h@mlaﬁhOdmf@lﬁém&S wherein spid dasennnlses baveeenargies
tissue |5{1cl ugé)? é ast on phot oactive nol ecul ar agent in the particul ar
vol une, -t he E ﬁﬂ]rafl “illumnating said particular volunme of

ti ssue to cause si rrultaneous t Wo photon excitation (TPE) of at |east one of
said at | east one photo-active 25 mol ecul ar agent, wherein said at

| east one phot o- actGlaim &} 'Ehsmethgéﬁﬁ claimg 72 including operatizug a dighk soutse teo a
transi ent VI r n the at |east one excited photo- active
nmol ecul ar %?8‘%% %(reir'lﬁﬁ’q{ vat ed in the particular volune. 30

Cl aim91l. The met hod of cI aim 90 I ncluding the treatnment of a particular

volume of plant or animal tissue |ocated substantially below a tissue
sur f acel® WO 98/ ﬂggg__&&. The method of claim 79 wherein said method causes

PCT/ US97/ 19527, aim91 wherein said transient
virtual |evel ngﬁgé subs aﬁggg y oﬁgﬂq 8islald particul ar volume, despite
t he passage of light through other tissue portions between said surface and
said particular volune. 5 Claim93. The npethod of claim92

further including AaimE8d.+ Fheymethodof ghme 73 prheren saidophotoaciivating sep
depths bel ow tlﬁau&ésgﬁéiﬁg %Héltgi'lctﬁ a first photon to excite at least one of said at least one

15 molecular agent to a transient virtual level between a ground state and an excited

electronic state and using energy of a second photon to excite said molecular
agent to an excited electronic state before said agent makes a transition to a

substantially different excitation state.

20 Claim 90. A method for the treatment of a particular volume of plant or
animal tissue, the tissue including at least one photoactive molecular agent in the
particular volume, the method comprising:

illuminating said particular volume of tissue to cause simultaneous two
photon excitation (TPE) of at least one of said at least one photo-active

25 molecular agent,

wherein said at least one photo-active molecular agent at a site of the TPE
is excited to a transient virtual level and wherein the at least one excited photo-

active molecular agent becomes photo-activated in the particular volume.

30 Claim 91. The method of claim 90 including the treatment of a particular

volume of plant or animal tissue located substantially below a tissue surface.

HER AT L



Claim94. The nethod of claim90 wherein said illumnating step includes
directi beamto said particular volune. 10 Caim t hod of
claim 9%\#@%% said illumnating step includes directi rﬁ;%}a %2 95%3 | aser
beam havi ng sub- nanosecond pul ses to said particular volume. 15 .
Claim96. The nethod of claim 95 wherein an individual photon provided by
sai d pul sed | aser beam has insufficient efdrgy to directly excite. the
nol ecul ar agent froma ground state to an excited electronic state.

Claim 92. The method of claim 91 wherein said transient virtual level

occurs substantially only at said particular volume, despite the passage of light

through other tissue portions between said surface and said particular volume.

5 Claim 93. The method of claim 92 further including varying the position

where TPE occurs over a range of depths below the tissue surface.

Claim 94. The method of claim 90 wherein said illuminating step includes

directing laser beam to said particular volume.

10
Claim 95. The method of claim 94 wherein said illuminating step includes
directing a pulsed laser beam having sub-nanosecond pulses to said particular
volume. |
15 Claim 96. The method of claim 95 wherein an individual photon provided

by said pulsed laser beam has insufficient energy to directly excite the molecular

agent from a ground state to an excited electronic state.
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