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(57) ABSTRACT 
Compositions having a texaphyrin-lipophilic molecule con 
jugate loaded into a biological vesicle and methods for 
imaging, diagnosis and treatment using the loaded vesicle 
are provided. For example, liposomes or red blood cells 
loaded With a paramagnetic texaphyrin-lipophilic molecule 
conjugate have utility as a blood pool contrast agent, facili 
tating the enhancement of normal tissues, magnetic reso 
nance angiography, and marking areas of damaged endot 
helium by their egress through fenestrations or damaged 
portions of the blood vascular system. Liposomes or cells 
loaded With a photosensitive texaphyrin-lipophilic molecule 
conjugate can be photolysed, alloWing for a photodynamic 
therapy effect at the site of lysis. Availability of red blood 
cells loaded With a photosensitive texaphyrin-lipophilic 
molecule conjugate provides a method for delivering a 
photodynamic therapeutic agent to a desired site With a high 
concentration of oxygen. By presenting the agent in this 
Way, it is expected that a patient Will experience less toxicity. 
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MEMBRANE INCORPORATION OF 
TEXAPHYRINS 

BACKGROUND OF THE INVENTION 

[0001] Adrug delivery system should deliver drug at a rate 
dictated by the needs of a medical procedure over the period 
of the procedure, that is, the goal of any drug delivery 
system is to provide a therapeutic amount of drug to the 
proper site in the body to promptly achieve, and then 
maintain, the desired drug concentration. This objective 
emphasiZes the need for spatial placement and temporal 
delivery of a drug or treatment. Spatial placement is the 
targeting of a drug to a speci?c organ, tissue, or bodily 
system such as the blood stream; While temporal delivery 
refers to controlling the rate of drug delivery to the target. 

[0002] Targeted drug delivery systems include colloidal 
drug delivery systems and resealed or modi?ed cells, for 
example, resealed or modi?ed erythrocytes or leukocytes. 
Colloidal drug delivery systems include nanoparticles, 
microcapsules, nanocapsules, macromolecular complexes, 
polymeric beads, microspheres, liposomes, and lipid 
vesicles. 

[0003] Liposomes are formed from phospholipids that are 
dispersed in an aqueous medium and spontaneously form 
multilamellar concentric bilayer vesicles (also termed mul 
tilamellar vesicles (MLVs)). MLVs generally have diameters 
of from 4 mm to 25 nm. Sonication or solvent dilution of 
MLVs results in the formation of small unilamellar vesicles 
(SUVs) With diameters in the range of 300 to 500 A. 

[0004] Liposomes resemble cellular membranes, and 
Water- or lipid-soluble substances can be entrapped in the 
aqueous spaces or Within the bilayer, respectively. An impor 
tant determinant in entrapping compounds is the physico 
chemical properties of the compound itself. Polar com 
pounds are trapped in the aqueous spaces and are released 
through permeation or When the bilayer is broken; nonpolar 
compounds bind to the lipid bilayer of the vesicle, and tend 
to remain there unless the bilayer is disrupted by tempera 
ture or exposure to lipoproteins. 

[0005] Liposomes may interact With cells via a number of 
different mechanisms, for example: endocytosis by phago 
cytic cells of the reticuloendothelial system such as mac 
rophages and neutrophils; adsorption to the cell surface, 
either by nonspeci?c Weak hydrophobic or electrostatic 
forces, or by speci?c interactions With cell-surface compo 
nents; fusion With the plasma cell membrane by insertion of 
the lipid bilayer of the liposome into the plasma membrane, 
With simultaneous release of liposomal contents into the 
cytoplasm; or by transfer of liposomal lipids to cellular or 
subcellular membranes, or vice versa, Without any associa 
tion of the liposome contents. It often is dif?cult to deter 
mine Which mechanism is operative and more than one may 
operate at the same time. 

[0006] Intravenously injected liposomes may persist in 
tissues for hours or days, depending on their composition, 
and half-lives in the blood range from minutes to several 
hours. Larger liposomes are taken up rapidly by phagocytic 
cells of the reticuloendothelial system and exit only in places 
Where large openings or pores exist in the capillary endot 
helium, such as the sinusoids of the liver or spleen. Thus, 
these organs are the predominant site of uptake. On the other 
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hand, smaller liposomes shoW a broader tissue distribution 
but still are sequestered highly in the liver and spleen. In 
general, this in vivo behavior limits the potential targeting of 
liposomes to only those organs and tissues accessible to their 
large siZe. These include the blood, liver, spleen, bone 
marroW and lymphoid organs. 

[0007] Attempts to overcome the limitation on targeting of 
liposomes have centered around tWo approaches. One is the 
use of antibodies, bound to the liposome surface, to direct 
the antibody and the liposome contents to speci?c antigenic 
receptors located on a particular cell-type surface. Further, 
carbohydrate determinants (glycoprotein or glycolipid cell 
surface components that play a role in cell-cell recognition, 
interaction and adhesion) may also be used as recognition 
sites since they have potential in directing liposomes to 
particular cell types. 

[0008] Further lipid vesicles, such as nonphospholipid 
paucilamellar lipid vesicles (PLV’s), are made from mate 
rials such as polyoxyethylene fatty esters, polyoxyethylene 
fatty acid ethers, diethanolamines, long-chain acyl amino 
acid amides, long-chain acyl amides, polyoxyethylene sor 
bitan mono and tristearates and oleates, polyoxyethylene 
glyceryl monostearates and monooleates, and glyceryl 
monostearates and monooleates, (US. Pat. Nos. 4,911,928, 
4,917,951, and 5,000,960). 
[0009] Resealed erythrocytes are another form of targeted 
drug delivery. When erythrocytes are suspended in a hypo 
tonic medium, they sWell to about one and a half times their 
normal siZe, and the membrane Weakens, resulting in the 
formation of small pores. The pores alloW equilibration of 
the intracellular and extracellular solutions. If the ionic 
strength of the medium then is adjusted to isotonicity, the 
pores Will close and cause the membrane of the erythrocyte 
to return to normal or “reseal”. Using this technique With a 
drug present in the extracellular solution, it is possible to 
entrap a substantial amount of the drug inside the resealed 
erythrocyte and to use this system for targeted delivery via 
intravenous injection. 

[0010] Studies on the behavior of normal and modi?ed 
reinfused erythrocytes indicate that, in general, normal aging 
erythrocytes, slightly damaged erythrocytes and those 
coated lightly With antibodies are sequestered in the spleen 
after intravenous reinfusion; but heavily damaged or modi 
?ed erythrocytes are removed from the circulation by the 
liver. This suggests that resealed erythrocytes can be tar 
geted selectively to either the liver or spleen, Which can be 
vieWed as a disadvantage in that other organs and tissues are 
inaccessible. Thus, the application of this system to targeted 
delivery has been limited mainly to treatment of lysosomal 
storage diseases and metal toxicity, Where the site of drug 
action is in the reticuloendothelial system. 

[0011] Labeling of red blood cells With chromium-51 and 
White blood cells With indium-111, as Well as labeling of 
liposomes With contrast media and therapeutic agents is 
knoWn. U.S. Pat. No. 5,466,438 relates to liposoluble com 
plexes of paramagnetic ions and compounds bearing long 
acyl chains useful as magnetic resonance imaging contrast 
agents. U.S. Pat. No. 5,000,960 relates to coupling a mol 
ecule having a free sulfhydryl group to a lipid vesicle having 
a free sulfhydryl group incorporated as one of the structural 
molecules of the lipid phase thereby forming a covalent 
disul?de bond linkage. US. Pat. No. 4,931,276 relates to 
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methods for introducing desired agents into red blood cells, 
and US. Pat. No. 4,478,824 relates to methods and appa 
ratus for causing reversible intracellular hypertonicity in red 
blood cells of mammals in order to introduce desired mate 
rials into the cells, or achieve therapeutically desirable 
changes in the characteristics of intracellular hemoglobin. 
Further, poor accumulation of liposomal cadmium-texaphy 
rin in tumor tissue Was cited as a possible explanation for 
loW ef?ciency of photodynamic therapy in Konig et al., 
(Lasers in Surgery and Medicine 13522, 1993; in: Photo 
dynamic Therapy and Biomedical Lasers, P. Spinelli, M. Dal 
Fante and R. Marchesini, eds., Elsevier Science Publishers, 
1992, 802). 

[0012] Photodynamic therapy (PDT) is a treatment tech 
nique that uses a photosensitiZing dye that produces cyto 
toxic materials, such as singlet oxygen (O2(1Dg)) from 
benign precursors (e.g. (O2(3Sg—)), When irradiated in the 
presence of oxygen. Other reactive species such as super 
oxide, hydroperoxyl, or hydroxyl radicals may be involved. 
At the doses used, neither the light nor the drug has any 
independent activity against the disease target. 

[0013] The effectiveness of PDT is predicated on three 
main factors: i) The photosensitive dyes used in PDT 
preferably have the ability to localiZe at the treatment site as 
opposed to surrounding tissue. ii) The high reactivity and 
short lifetime of activated oxygen means that it has a very 
short range and is unlikely to escape from the cell in Which 
it is produced; cytotoxicity is therefore restricted to the 
precise region of photoactivated drug. iii) Developments in 
light delivery, such as lasers, light emitting diodes, and ?ber 
optics, alloW a beam of intense light to be delivered accu 
rately to many parts of the body. 

[0014] In recent years, considerable effort has been 
devoted to the synthesis and study of neW photosensitiZers 
(a revieW is found in BroWn, S. B. and Truscott, T. G., 1993, 
Chemistry in Britain, 955-958). The development of more 
effective photochemotherapeutic agents requires the synthe 
sis of compounds Which absorb in the spectral region Where 
living tissues are relatively transparent (i.e., 700-1000 nm), 
have high triplet quantum yields, are minimally toxic, and 
have physiologically acceptable Water/lipid partition coef 
?cients. Texaphyrins have proven to be effective sensitiZers 
for generating singlet oxygen and for photodynamic therapy 
(US. Pat. Nos. 5,272,142; 5,292,414; 5,439,570; and 5,451, 
576, incorporated by reference herein). 

[0015] Magnetic resonance imaging has become an impor 
tant diagnostic tool in medicine, especially for tumor imag 
ing. Imaging of tissue is dependent upon a difference in the 
relaxation rates of nuclear spins of Water protons from 
various tissues in a magnetic ?eld. The relaxation rate can be 
enhanced by use of a contrast agent, thereby improving a 
resulting image. The gadolinium cation is a superior contrast 
agent due to its seven unpaired f-electrons and high mag 
netic moment. HoWever, gadolinium cation is too toxic to be 
used directly for imaging at concentrations required for 
effective enhancement. Texaphyrins bind the gadolinium ion 
in a stable manner and have proved to be nontoxic and 
effective contrast agents for imaging (US. Pat. Nos. 5,252, 
720, 5,451,576, and 5,256,399, incorporated by reference 
herein). Further development of texaphyrin-based magnetic 
resonance imaging protocols Would be of signi?cant value 
for the improvement of medical diagnostic imaging. 
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[0016] Macular degeneration due to damage or breakdoWn 
of the macula, underlying tissue, or adjacent tissue is the 
leading cause of decreased visual acuity and impairment of 
reading and ?ne “close-up” vision. Age-related macular 
degeneration (ARMD) is the major cause of severe visual 
loss in the elderly. The most common form of macular 
degeneration is called “dry” or involutional macular degen 
eration and results from the thinning of vascular and other 
structural or nutritional tissues underlying the retina in the 
macular region. A more severe form is termed “Wet” or 
exudative macular degeneration. In this form, blood vessels 
in the choroidal layer (a layer underneath the retina and 
providing nourishment to the retina) break through a thin 
protective layer betWeen the tWo tissues. These blood ves 
sels may groW abnormally directly beneath the retina in a 
rapid uncontrolled fashion; resulting in ooZing, bleeding, or 
eventually scar tissue formation in the macula Which leads 
to severe loss of central vision. This process is termed 
choroidal neovasculariZation. 

[0017] NeovasculariZation results in visual loss in other 
eye diseases including neovascular glaucoma, ocular histo 
plasmosis syndrome, myopia, diabetes, pterygium, and 
infectious and in?ammatory diseases. In histoplasmosis 
syndrome, a series of events occur in the choroidal layer of 
the inside lining of the back of the eye resulting in localiZed 
in?ammation of the choroid and consequent scarring With 
loss of function of the involved retina and production of a 
blind spot (scotoma). In some cases, the choroid layer is 
provoked to produce neW blood vessels that are much more 
fragile than normal blood vessels. They have a tendency to 
bleed With additional scarring, and loss of function of the 
overlying retina. Diabetic retinopathy involves retinal rather 
than choroidal blood vessels resulting in hemorrhages, vas 
cular irregularities, and Whitish exudates. Retinal neovascu 
lariZation may occur in the most severe forms. 

[0018] Current diagnosis of ocular disorders often 
includes use of a ?uorescein or indocyanine green angio 
gram. In this procedure, the dye is injected into the blood 
stream through a vein in the arm. Special ?lters are placed 
in the light path, and in front of the ?lm, to permit only the 
?uorescent dye to be seen as it passes through the vessels in 
the retina Pictures of the vascular anatomy are taken of the 
retina and macula as the dye passes through the blood 
vessels of the back of the eye. Vascular occlusions or leakage 
of dye indicates abnormal vasculature. Optical coherence 
tomography is another technique that uses noncontact imag 
ing and provides high-depth resolution in cross-sectional 
tomographs of the retina. 

[0019] Current treatment of neovasculariZation relies on 
ablation of blood vessels using laser photocoagulation. 
HoWever, such treatment requires thermal destruction of the 
tissue, and is accompanied by full-thickness retinal damage, 
as Well as damage to medium and large choroidal vessels. 
Further, the patient is left With an atrophic scar and visual 
scotoma. Moreover, recurrences are common, and the prog 
nosis for the patient’s condition is poor. 

[0020] Developing strategies, such as PDT, have sought 
more selective closure of the blood vessels to preserve the 
overlying neurosensory retina PDT of conditions in the eye 
characteriZed by neovasculariZation has been attempted 
using the conventional porphyrin derivatives such as 
hematoporphyrin derivative and PHOTOFRIN® por?mer 
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sodium. Problems have been encountered in this context due 
to interference from eye pigments. In addition, phthalocya 
nine and benZoporphyrin derivatives have been used in 
photodynamic treatment. PCT publication W0 95 24930 
and Miller et al., (Archives of Ophthalmology, June, 1995) 
relate to treatment of eye conditions characteriZed by 
unWanted neovasculature comprising administering a green 
porphyrin to the neovasculature and irradiating the neovas 
culature With light having a Wavelength of 550-695 nm. US. 
Pat. No. 5,166,197 relates to phthalocyanine derivatives 
reportedly useful for macular degeneration. Asrani and 
Zeimer (British Journal of Ophthalmology, 1995, 79:766 
770) relate to photoocclusion of ocular vessels using a 
phthalocyanine encapsulated in heat-sensitive liposomes. 
Levy (Semin. Oncol. 1994, 21/6, suppl. 15 (4-10)) relates to 
photodynamic therapy and macular degeneration With por 
?mer sodium (PHOTOFRIN®, requiring light of 630 nm 
and causing cutaneous photosensitivity that may last for up 
to 6 Weeks), and benZoporphyrin derivative (BPD vertepor 
?n, causing cutaneous photosensitivity of a feW days). Lin et 
al. relate to the photodynamic occlusion of choroidal vessels 
using benZoporphyrin derivative BPD-MA. Further, BPD 
and tin purpurin (SnET2) are insoluble in aqueous solutions 
and require hydrophobic vehicles for administration. 

[0021] Texaphyrins are aromatic pentadentate macrocy 
clic expanded porphyrins” useful as MRI contrast agents, as 
radiosensitiZers and in photodynamic therapy. Texaphyrin is 
considered as being an aromatic benZannulene containing 
both 18 - and 22 -electron delocaliZation pathWays. Texa 
phyrin molecules absorb strongly in the tissue-transparent 
700-900 nm range, and they exhibit inherent selective 
uptake or biolocaliZation in certain tissues, particularly 
regions such as, for example, liver, atheroma or tumor tissue. 
Paramagnetic texaphyrins have exhibited signi?cant tumor 
selectivity as detected by magnetic resonance imaging. 
Texaphyrins and Water-soluble texaphyrins, method of 
preparation and various uses have been described in US. 
Pat. Nos. 4,935,498; 5,162,509; 5,252,720; 5,256,399; 
5,272,142; 5,292,414; 5,369,101; 5,432,171; 5,439,570; 
5,451,576; 5,457,183; 5,475,104 5,504,205; 5,525,325; 
5,559,207; 5,565,552; 5,567,687; 5,569,759; 5,580,543; 
5,583,220; 5,587,371; 5,587,463; 5,591,422; 5,594,136; 
5,595,726; 5,599,923; 5,599,928; 5,601,802; 5,607,924; and 
5,622,946; PCT publications WO 90/10633, 94/29316, 
95/10307, 95/21845, and 96/09315; alloWed U.S. patent 
application Ser. Nos. 08/484,551 and 08/624,311; and pend 
ing US. patent application Ser. Nos. 08/458,347; 08/657, 
947; 08/591,318; 08/700,277; and 08/763,451; each patent, 
publication, and application is incorporated herein by ref 
erence. 

[0022] Problems With prior art drug and PDT delivery 
systems include lack of speci?city, toxicity, expense, and 
technical dif?culties, among others. Problems With prior art 
magnetic resonance imaging contrast agents include insuf 
?cient differential biolocaliZation, insuf?cient signal, toxic 
ity, and sloW clearance, among others. Because of these 
problems, knoWn procedures are not completely satisfac 
tory, and the present inventors have searched for improve 
ments. 

SUMMARY OF THE INVENTION 

[0023] The present invention relates generally to the ?elds 
of targeted drug delivery, medical imaging, diagnosis, and 
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treatment. More particularly, it concerns compositions hav 
ing a texaphyrin-lipophilic molecule conjugate loaded into a 
biological vesicle; and methods for imaging, diagnosis and 
treatment using this loaded vesicle. 

[0024] Accordingly, the present invention provides com 
positions comprising a texaphyrin-lipophilic molecule 
vesicle complex. Such compositions include cells of the 
vascular system, such as red blood cells or White blood cells, 
and micellar vesicles such as liposomes or nonphospholipid 
vesicles, loaded With a texaphyrin conjugated to a lipophilic 
molecule. When the texaphyrin portion of the complex is 
photosensitive and When the complex is irradiated, the 
complex ruptures, depositing its contents. The invention 
therefore includes methods for delivering diagnostic or 
therapeutic agents via loaded texaphyrin-lipophilic mol 
ecule-vesicle complexes. 

[0025] “Loading” means labeling of membranes of a 
vesicle, embedding into a vesicular membrane, or incorpo 
ration into the interior of a vesicle. In particular, loading 
Would include attachment to or Within cells circulating 
Within the vascular system or to or Within liposomes or other 
lipid vesicles. 

[0026] A texaphyrin-lipophilic molecule-biological 
vesicle complex is an embodiment of the present invention. 
By “biological vesicle” is meant a membranous structure 
having a lipid bilayer, or a micelle. By “lipid bilayer” is 
meant a bimolecular sheet of phospholipids and/or glycolip 
ids. Abiological vesicle may be a cell, such as a red cell or 
White cell, or membranous fragment thereof; a liposomal 
membrane; a nonphospholipid vesicle, or a colloidal drug 
delivery system. In one embodiment of the present inven 
tion, the biological vesicle is a resealed red blood cell. 

[0027] As used herein, a “lipophilic molecule” is a mol 
ecule having a lipid-Water distribution coef?cient that is 
optimal for localiZation to lipid-rich tissues or materials 
compared to localiZation in surrounding nonlipid-rich tis 
sues or materials. “Lipid-rich” means having a greater 
amount of triglyceride, cholesterol, fatty acids or the like. 
Lipophilic molecules that may be conjugated to a texaphyrin 
include cholesterol; steroids including progestagens such as 
progesterone, glucocorticoids such as cortisol, mineralocor 
ticoids such as aldosterone, androgens such as testosterone 
and androstenedione, and estrogens such as estrone and 
estradiol; phospholipids such as phosphatidyl choline, phos 
phatidyl serine, phosphatidyl ethanolamine, phosphatidyl 
inositol, or cardiolipin; sphingolipids such as sphingomy 
elin; glycolipids such as cerebroside, or ganglioside; mol 
ecules having isoprenoid side chains such as vitamin K2, 
coenZyme Q10, chlorophyll, or carotenoids; loW density 
lipoprotein (LDL); or the like. Preferred lipophilic mol 
ecules are steroids, more preferably estradiol, or cholesterol, 
for example. 

[0028] A method for photodynamic therapy is also an 
aspect of the present invention. The method comprises 
administering a photosensitive texaphyrin-lipophilic mol 
ecule-vesicle complex to a subject, and irradiating the com 
plex. Preferably, the vesicle portion of the complex is a red 
blood cell, and in one embodiment, the subject is a donor of 
the red blood cell. 

[0029] When loaded With a photosensitive texaphyrin 
lipophilic molecule conjugate, a loaded vesicle has utility as 
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a diagnostic or therapeutic agent since the cell or liposome 
can be disrupted using an appropriate light source, thereby 
depositing a diagnostic or therapeutic agent in vivo. There 
fore, a method for delivery of an agent to a targeted 
biological site is a further embodiment of the present inven 
tion. The method comprises i) loading a vesicle With a 
photosensitive texaphyrin-lipophilic molecule conjugate 
and the agent to form a complex; ii) alloWing the complex 
to locate at the targeted biological site; and iii) irradiating the 
complex. The complex is lysed by irradiating, thereby 
delivering the agent to the targeted biological site. The agent 
may be a diagnostic agent, photodynamic therapy agent, a 
chemotherapeutic agent, a radiation sensitiZing agent, or 
naturally occurring cellular contents of a cell. A preferred 
vesicle portion of a complex to be loaded is a red blood cell, 
a preferred lipophilic molecule portion of a complex is 
estradiol or cholesterol, and the photosensitive texaphyrin 
lipophilic molecule conjugate may have a diamagnetic metal 
cation bound by the texaphyrin. A preferred diamagnetic 
metal cation is Lu(III), La(III), In(III), Y(III), Zn(II) or 
Cd(II); a most preferred diamagnetic metal cation is Lu(III). 
Availability of red blood cells loaded With a photosensitive 
texaphyrin-lipophilic molecule conjugate provides a method 
for delivering a therapeutic PDT agent to a desired site With 
a high concentration of oxygen. By presenting a PDT agent 
this Way, it is expected that the patient Will experience less 
toxicity. 
[0030] The method of photolysis of loaded blood cells or 
liposomes involves at least tWo sources of speci?city. A?rst 
source of speci?city is the natural localiZation of loaded 
cells or liposomes into the blood, liver, spleen, bone marroW, 
or lymphoid organs. A second source of speci?city is the 
positioning of the laser light. Such positioning of laser light, 
either by manual or mechanical means, Would be particu 
larly advantageous When the photolysis is to be effected at 
a particular biological locus, such as, for instance, a deep 
seated tumor site. Here, the fact that the texaphyrins absorb 
light at Wavelengths Where bodily tissues are relatively 
transparent (700-900 nm) is particularly advantageous. This 
procedure alloWs for the effective implementation of light 
based strategies at loci deep Within the body With relatively 
little deleterious light-based photosensitiZation of other tis 
sues Where the texaphyrin conjugates are not localiZed or 
Where the light is not focused. 

[0031] Further, the present invention provides for the 
possibility of using the patient’s oWn blood for loading With 
a diagnostic or a therapeutic agent and a texaphyrin-lipo 
philic molecule conjugate. In so doing, a uniquely “custom 
iZed” therapy With reduced toxicity, increased circulation, 
and maximum therapeutic effect is provided. 

[0032] Vesicles loaded With a photosensitive texaphyrin 
lipophilic molecule conjugate and a chemotherapeutic drug 
have utility in conventional chemotherapy. In such a case, by 
directing laser light at a tumor and lysing the vesicle, a 
chemotherapeutic agent is released only in proximity to the 
cancer. In addition, a localiZed photodynamic therapeutic 
effect of irradiating the texaphyrin Will occur. 

[0033] Another embodiment of the present invention is a 
method of imaging. The method comprises the steps of 
administering a detectable texaphyrin-lipophilic molecule 
vesicle complex to a subject, and imaging the complex. 

[0034] When the detectable texaphyrin is ?uorescent, 
imaging is by observing ?uorescence of the texaphyrin. 
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When the detectable texaphyrin is complexed With a para 
magnetic metal cation, imaging is by magnetic resonance 
imaging. Further imaging methods include x-ray imaging, 
Raman scattering, magnetometry (bioluminescence), or 
gamma scanning When the texaphyrin is complexed With a 
gamma emitting isotope. For ?uorescent imaging, texaphy 
rins may be activated by 400-500 nm light (the Soret band) 
or 700-900 nm light, preferably 700-800 nm, (the Q band) 
and, therefore, provide considerable versatility for use in 
humans. 

[0035] The term “?uorescent”, as used herein, means that 
upon photoirradiation by light associated With the absorp 
tion pro?le of texaphyrin, light is emitted at a longer 
Wavelength by the irradiated texaphyrin. All texaphyrins are 
?uorescent, albeit, to varying degrees, and texaphyrins com 
plexed With Y(III), Lu(III), Gd(III), Dy(III), Eu(III), or 
Mn(III) are particularly preferred as ?uorescent texaphyrins, 
for example. 

[0036] In addition to ?uorescent detection, texaphyrins 
may be imaged by x-radiation, by Raman scattering, or by 
magnetometry; further, texaphyrins complexed With a para 
magnetic metal cation may be used for magnetic resonance 
imaging. Preferred paramagnetic metal cations for complex 
ing With a texaphyrin include Mn(II), Mn(III), Fe(III), or 
trivalent lanthanide metals other than La(III), Lu(III), and 
Pm(III). More preferably, the paramagnetic metal is Mn(II), 
Mn(III), Dy(III), or Gd(III); most preferably, Gd(III). Any of 
various types of magnetic resonance imaging can be 
employed in the practice of the invention, including, for 
example, nuclear magnetic resonance (NMR), NMR spec 
troscopy, and electronic spin resonance (ESR). The pre 
ferred imaging technique is NMR. 

[0037] Gamma particle detection may be used to image a 
texaphyrin complexed to a gamma-emitting metal. 51Chro 
mium, 68gallium, 99technetium, or 111indium are preferred 
metals for complexing to texaphyrins for gamma particle 
scanning. Monochromatic X-ray photon sources may be 
used for imaging also. 

[0038] The present invention is useful in imaging a patient 
generally, and/or in speci?cally diagnosing the presence of 
diseased tissue in a patient. The imaging process of the 
present invention may be carried out by administering a 
detectable texaphyrin-lipophilic molecule-vesicle complex 
of the invention to a patient, and then scanning the patient 
to obtain visible images of an internal region of a patient 
and/or of any diseased tissue in that region. The complexes 
of the present invention are particularly useful in providing 
images of the blood pool, liver, reticuloendothelial system, 
spleen, bone marroW, lymph nodes, and muscle; they are 
especially effective blood pool agents, and are highly effec 
tive at enhancing the liver and highly useful for improving 
the detection of hepatic metastases. Red blood cells loaded 
With a texaphyrin-lipophilic molecule conjugate, When 
injected intravenously, have been demonstrated to serve as 
a contrast agent for MRI. Vesicles loaded With a paramag 
netic texaphyrin-lipophilic molecule conjugate have utility 
as a blood pool contrast agent, facilitating the enhancement 
of normal tissues, magnetic resonance angiography, and 
marking areas of damaged endothelium by their egress 
through fenestrations or damaged portions of the blood 
vascular system. The patient may be any type of animal, but 
preferably is a mammal, and most preferably is a human. 
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[0039] Texaphyrin-lipophilic molecule conjugates and 
texaphyrin-lipophilic molecule-vesicle complexes are also 
provided for use in ocular diagnosis and therapy, in particu 
lar, therapy involving photodynamic therapy of conditions 
of the eye characteriZed by abnormal vasculature. Accord 
ingly, an aspect of the present invention is directed to a 
method for carrying out angiography of the eye, i.e., observ 
ing vasculature of an eye of a subject. The method comprises 
the steps of administering a detectable texaphyrin-lipophilic 
molecule or texaphyrin-lipophilic molecule-vesicle complex 
to the subject; and observing the vasculature of the eye. 
Observing may be by ?uorescence or other imaging methods 
as herein described. 

[0040] In a further aspect of the invention, a method for 
treating an ocular condition of a subject characteriZed by 
abnormal vasculature is provided. The method comprises 
the steps of administering a photosensitive texaphyrin-lipo 
philic molecule conjugate or a photosensitive texaphyrin 
lipophilic molecule-vesicle complex to the subject; and 
photoirradiating the vasculature. The method may further 
comprise the step of observing the ocular condition of the 
subject by imaging the texaphyrin as stated herein. 

[0041] A method for photodynamic therapy of macular 
degeneration of a subject, comprising the steps of adminis 
tering a photosensitive texaphyrin-lipophilic molecule con 
jugate or texaphyrin-lipophilic molecule-vesicle complex to 
the subject; and photoirradiating the macula is another 
aspect of the invention. 

[0042] A method for observing and treating an ocular 
condition of a subject characteriZed by abnormal vasculature 
using a single agent is also an aspect of the invention. The 
method comprises the steps of administering a photosensi 
tive ?uorescent texaphyrin-lipophilic molecule or a photo 
sensitive ?uorescent texaphyrin-lipophilic molecule-vesicle 
complex to the subject; observing the ocular condition of the 
subject by ?uorescence of the texaphyrin; and photoirradi 
ating the vasculature. 

[0043] For angiography, texaphyrins may be activated by 
400-500 nm light (the Soret band) or 700-800 nm light (the 
Q band) and, therefore, provide considerable versatility for 
use in humans. For phototherapy, texaphyrins may be irra 
diated at 400-500 nm and at longer Wavelengths of light 
Where ocular tissues are relatively transparent, especially 
Where light can penetrate blood and vascular tissue, i.e., 
700-800 nm, especially at about 732 nm. Texaphyrins are 
particularly effective as visualiZing agents in angiography of 
ocular blood vessels due to their localiZation in areas of 
abnormal permeability or damage as described in US. Ser. 
No. 08/763,451, incorporated by reference herein. 

[0044] Texaphyrin-lipophilic molecules or texaphyrin-li 
pophilic molecule-vesicle complexes can be administered in 
a bolus injection alloWing for a suf?ciently large amount of 
drug to be present in the blood and for fast-turnaround 
betWeen dosing and treatment Further, texaphyrins are 
cleared quickly from the body; no toxicity to the eye has 
been observed in the use of texaphyrins in angiography. 

[0045] A method of inducing formation of antibodies 
having binding speci?city for a texaphyrin in a subject is 
also an aspect of the present invention. This method com 
prises administering a photosensitive texaphyrin-lipophilic 
molecule-vesicle complex to a subject, and irradiating the 
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complex. Irradiating With light disrupts the vesicle, causing 
the contents to be deposited in the subject, thereby exposing 
the subject to the texaphyrin and inducing antibody produc 
tion to texaphyrin. In this case, the texaphyrin may be 
considered a hapten; if the vesicle is a foreign cell, then the 
vesicle may be considered an adjuvant in addition to being 
the carrier that delivers the texaphyrin. By “foreign” is 
meant that the loaded vesicle is from a different species of 
animal than the animal into Which the loaded cell is admin 
istered. For example, the cell for loading may be a goat cell, 
and the subject administered the loaded cell may be a rabbit. 

[0046] In addition, a further immunogen may be loaded 
into the vesicle for inducing antibodies having binding 
speci?city for that immunogen. Antibodies having binding 
speci?city for the cellular contents of the disrupted cell may 
also be formed. 

[0047] A further aspect of the invention is an antibody 
having binding speci?city for a texaphyrin molecule. Such 
antibodies are useful for puri?cation of a texaphyrin, for 
screening assays for the presence of a texaphyrin, or for the 
presence of texaphyrin degradation products from metabolic 
processes. 

[0048] A method of making a texaphyrin-lipophilic mol 
ecule-cell complex is an aspect of the present invention. The 
method comprises i) obtaining a texaphyrin-lipophilic mol 
ecule conjugate, and ii) incubating a cell With the texaphy 
rin-lipophilic molecule conjugate in a hypotonic saline solu 
tion for a time and under conditions Wherein a texaphyrin 
lipophilic molecule-cell complex is formed. An optional step 
is to include a drug or therapeutic agent When incubating in 
the hypotonic solution. A preferred cell is an erythrocyte. 
Advantages of using resealed or modi?ed autologous eryth 
rocytes as drug carriers include the fact that they are 
biodegradable, fully biocompatible, and nonimmunogenic; 
they exhibit ?exibility in circulation time depending on their 
physicochemical properties; the entrapped drug is shielded 
from immunologic detection; and chemical modi?cation of 
a drug is not required. 

[0049] A method of making a texaphyrin-lipophilic mol 
ecule-liposome complex is an aspect of the present inven 
tion. The method comprises the step of incubating a texa 
phyrin-lipophilic molecule conjugate With a lipid or 
incorporating a texaphyrin-lipophilic molecule into a pre 
formed liposome or micelle for a time and under conditions 
Wherein a texaphyrin-lipophilic molecule-liposome com 
plex is formed. An optional step is to include a drug or 
therapeutic agent during the incubation or incorporation. 

[0050] In summary, a vesicle loaded With a texaphyrin 
lipophilic molecule conjugate is useful in medical imaging, 
diagnosis, and therapy. 

[0051] FolloWing long-standing patent laW convention, 
the terms “a” and “an” mean “one or more” When used in 
this application, including the claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0052] Loading of a biological vesicle, such as a red blood 
cell (RBC), White blood cell (WBC), or a liposome With a 
texaphyrin-lipophilic molecule conjugate has previously not 
been shoWn. In the present invention, RBC’s Were success 
fully loaded With GdT2BET-estradiol conjugate (GTE 1 
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However, attempted loading With GdTZBET alone Was not 
successful, thereby indicating that a lipophilic molecule 
“handle” is an important aspect of the texaphyrin conjugate 
for loading success. Although the examples that folloW 
demonstrate loading of red blood cells, the invention is not 
limited thereto; it is contemplated that other cells may be 
loaded as Well, such as stem cells, bone marroW cells, 
platelets, granulocytes, lymphocytes including T and B cells, 
monocytes, neutrophils, eosinophils, plasma cells, macroph 
age, dendritic cells, or a cell of mesenchymal, ectodermal, or 
endodermal origin. Macrophages loaded With a texaphyrin 
lipophilic molecule conjugate are expected to have utility in 
the treatment of atheroma since macrophages complex With 
cholesterol to form foam cells, a component of early 
atheroma. 

[0053] Loaded vesicles Will naturally biolocaliZe into the 
blood, liver, spleen, bone marroW or lymphoid organs. Due 
to the siZe of a vesicle, such as a red blood cell or a liposome, 
compared to the siZe of a texaphyrin-lipophilic molecule 
conjugate, it is expected that the vesicle Will dominate in 
terms of biolocaliZation, and any localiZing effect of a 
site-directing lipophilic molecule or the inherent biolocal 
iZation of texaphyrins Will be secondary. For example, a 
texaphyrin-estradiol conjugate loaded into a vesicle may 
have some speci?city for an estradiol receptor if the estra 
diol is super?cial to the vesicle. Similarly, a vesicle loaded 
With a texaphyrin-cholesterol conjugate may have localiZa 
tion to the liver in addition to the natural localiZation of the 
vesicle to the liver. 

[0054] Human LDL is a physiologic serum protein 
metaboliZed by cells via uptake by high af?nity receptors. In 
particular, neovasculariZation has been shoWn to have 
increased numbers of LDL receptors; and by increasing the 
partitioning of the texaphyrin into the lipoprotein phase of 
the blood, LDL is expected to more ef?ciently deliver 
texaphyrin to target tissue. A texaphyrin-LDL conjugate is 
selective for neovasculariZation since leakage of the conju 
gate is expected to occur only in neovasculature due to the 
large siZe of the conjugate. LDL can be isolated and puri?ed 
according to the procedure of Hauel et al., (J. Clin. Invest, 
3411345, 1995). 
[0055] In the loading of red blood cells of the present 
invention, red blood cells are separated from plasma and 
Washed in normal saline. They are then treated With hyper 
tonic saline Which leaves them crenated With their internal 
salt concentration being higher than normal. The crenated 
cell pellet is resuspended in hypotonic saline containing a 
texaphyrin-lipophilic molecule conjugate. Because of the 
concentration difference betWeen the cell interior and the 
hypotonic solution, Water and the conjugate are driven into 
the cells. The cells are then Washed several times in normal 
saline. This procedure results in a red blood cell With 
extensive labeling With the texaphyrin-lipophilic molecule 
conjugate. Further methods for loading cells are knoWn to 
those of skill in this art in light of the present disclosure and 
may be utiliZed in the preparation of complexes of the 
present invention, for example, inducing an osmotic differ 
ence by use of sucrose solutions, treating With calcium 
chloride or calcium phosphate, or the like. 

[0056] White cells are obtained from blood by, for 
example, centrifugation through Ficoll Hypaque media. This 
separates the White blood cells from plasma components and 
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red blood cells. Other techniques for obtaining speci?c types 
of cells are knoWn to one of skill in the art in light of the 
present disclosure. 

[0057] Liposomes may be prepared by any number of 
techniques that include freeZe-thaW, sonication, chelate 
dialysis, homogeniZation, solvent infusion, microemulsi? 
cation, spontaneous formation, solvent vaporiZation, reverse 
phase, French pressure cell technique, or controlled deter 
gent dialysis, for example. Such preparation methods are 
knoWn to one of skill in the art in light of the present 
disclosure. Preparation may be carried out in a solution, such 
as a phosphate buffer solution, containing a texaphyrin 
lipophilic molecule conjugate so that the conjugate is incor 
porated into the liposome membrane. Alternatively, the 
conjugate may be added to already formed liposomes. 
Liposomes employed in the present invention may be of any 
one of a variety of siZes, preferably less than about 100 nm 
in outside diameter, more preferably less than about 50 nm. 

[0058] Micelles may be prepared by suspension of a 
texaphyrin-lipophilic molecule and lipid compound(s) in an 
organic solvent, evaporation of the solvent, resuspension in 
an aqueous medium, sonication and then centrifugation. 
Alternatively, the texaphyrin-lipophilic molecule may be 
added to preformed micelles, Which micelles are made by 
methods knoWn by one of skill in the art in light of the 
present disclosure. 

[0059] Techniques and lipids for preparing liposomes and 
micelles are discussed in US. Pat. No. 5,466,438, and 
references cited therein. The disclosures of each of the 
foregoing references are incorporated herein by reference. 

[0060] Atexaphyrin-lipophilic molecule conjugate as used 
herein is an aromatic pentadentate expanded porphyrin 
analog With appended functional groups, at least one of 
Which is a lipophilic molecule. Pendant groups may enhance 
solubility or biolocaliZation or may provide coupling sites 
for site-directing molecules. 

[0061] Examples of texaphyrin-lipophilic molecule con 
jugates are those having structure I or structure II: 
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[0062] M is H, or a divalent or trivalent metal cation. A 
preferred divalent metal cation is Ca(II), Mn(II), Co(II), 
Ni(II), Zn(II), Cd(II), Hg(II), Fe(II), Sm(II), or UO2(II). A 
preferred trivalent metal cation is Mn(III), Co(III), Ni(III), 
Fe(III), H0011), C6(III), Y(III), In(III), Pr(III), Nd(III), 
Sm(III), Eu(III), Gd(III), Tb(III), Dy(III), Er(III), Tm(III), 
Yb(III), Lu(III), La(III), or U(III). Most preferred trivalent 
metal cations are Lu(III) and Gd(III). 

[0063] R1-R4, R7 and R8 are independently hydrogen, 
halide, hydroxyl, alkyl, alkenyl, alkynyl, aryl, haloalkyl, 
nitro, formyl, acyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, car 
boxyalkyl, carboxyamide, carboxyamidealkyl, amino, ami 
noalkyl, a lipophilic molecule, or a couple that is coupled to 
a lipophilic molecule. 

[0064] R6 and R9 are independently selected from the 
groups of R1-R4, R7 and R8, With the proviso that the halide 
is other than iodide and the haloalkyl is other than iodoalkyl. 

[0065] R5 and Rlo-R12 are independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hydroxyalkenyl, hydroxyalkynyl, carboxyalkyl, carboxya 
mide, carboxyamidealkyl, amino, aminoalkyl, or a couple 
that is coupled to a saccharide, or to a lipophilic molecule. 
The term “n” is an integer value less than or equal to 5. 

[0066] R13 is alkyl, alkenyl, oxyalkyl, or hydroxyalkyl 
having up to about 3 carbon atoms and having rotational 
?exibility around a ?rst-bound carbon atom. Rotational 
?exibility alloWs the rest of the group to be positioned 
outside the plane of the texaphyrin. Thus, for example, a 
preferred alkenyl is CH2—CH=CH2. The pyrrole nitrogen 
substituent is most preferably a methyl group. A texaphyrin 
having a methyl group attached to a ring nitrogen is 
described in Us. Pat. No. 5,457,183, incorporated by ref 
erence herein. 

[0067] In this texaphyrin-lipophilic molecule conjugate, at 
least one of Rl-R12 is a lipophilic molecule or a couple that 
is coupled to a lipophilic molecule. In a more preferred 
embodiment, at least one of R1, R2, R3, R4, R7 and R8 is a 
lipophilic molecule, and more preferably is estradiol or 
cholesterol, or a couple that is coupled to estradiol or 
cholesterol. In a presently preferred embodiment, the texa 
phyrin-lipophilic molecule conjugate is the conjugate 
depicted herein as 1A or 1B. 
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[0068] Texaphyrins of the present conjugates may be 
metal-free or may be in a complex With a metal. Divalent 
and trivalent metal complexes of texaphyrins are by con 
vention shoWn With a formal charge of n", Where n=1 or 2, 
respectively. The value “n” Will typically be an integer less 
than or equal to 5; hoWever, one skilled in the art in light of 
the present disclosure Would realiZe that the value of n 
Would be altered due to any charges present on substituents 

R1-R12. 
[0069] It is understood by those skilled in the art that 
texaphyrin-metal complexes have one or more additional 
ligands providing charge neutraliZation and/or coordinative 
saturation to the metal ion. Such ligands include chloride, 
nitrate, acetate, cholate, and hydroxide, among others. 

[0070] Photosensitive texaphyrins are used for PDT. A 
photosensitive texaphyrin may be a free-base texaphyrin or 
may be metallated With a diamagnetic metal. The term 
“photosensitive,” as used herein, means that upon photoir 
radiation by light associated With the absorption pro?le of 
texaphyrin, texaphyrin effects the generation of oxygen 
products that are cytotoxic. Cytotoxic oxygen products may 
be singlet oxygen, hydroxyl radicals, superoxide, hydroper 
oxyl radicals, or the like. A photosensitive texaphyrin may 
be a texaphyrin metal complex, and in this embodiment, the 
metal M is a diamagnetic metal cation and the diamagnetic 
metal cation preferably is Lu(III), La(III), In(III), Y(III), 
Zn(II) or Cd(II). A more preferred diamagnetic metal cation 
is Lu(III). 

[0071] Representative examples of alkanes useful as alkyl 
group substituents of the present invention include methane, 
ethane, straight-chain, branched or cyclic isomers of pro 
pane, butane, pentane, hexane, heptane, octane, nonane and 
decane, With methane, ethane and propane being preferred. 
Alkyl groups having up to about thirty, or up to about ?fty 
carbon atoms are contemplated in the present invention. 
Representative examples of substituted alkyls include alkyls 
substituted by tWo or more functional groups as described 
herein. 

[0072] Representative examples of alkenes useful as alk 
enyl group substituents include ethene, straight-chain, 
branched or cyclic isomers of propene, butene, pentene, 
hexene, heptene, octene, nonene and decene, With ethene 
and propene being preferred. Alkenyl groups having up to 
about thirty or ?fty carbon atoms, and up to about ?ve 
double bonds, or more preferably, up to about three double 
bonds are contemplated in the present invention. 

[0073] Representative examples of alkynes useful as alky 
nyl group substituents include ethyne, straight-chain, 
branched or cyclic isomers of propyne, butyne, pentyne, 
hexyne, heptyne, octyne, nonyne and decyne, With ethyne 
and propyne being preferred. Alkynyl groups having up to 
about thirty, or up to about ?fty carbon atoms, and having up 
to about ?ve or up to about three triple bonds are contem 
plated in the present invention. 

[0074] The aryl may be a compound Whose molecules 
have the ring structure characteristic of benZene, naphtha 
lene, phenanthrene, anthracene, and the like, i.e., either the 
6-carbon ring of benZene or the condensed 6-carbon rings of 
the other aromatic derivatives. For example, an aryl group 
may be phenyl or naphthyl, and the term as used herein 
includes both unsubstituted aryls and aryls substituted With 
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one or more nitro, carboxy, sulfonic acid, hydroxy, oxyalkyl 
or halide substituents. In this case, the substituent on the 
phenyl or naphthyl may be added in a synthetic step after the 
condensation step Which forms the macrocycle. 

[0075] Among the halide substituents, chloride, bromide, 
?uoride and iodide are contemplated in the practice of this 
invention With the exception of iodide for R6 and R9. R6 and 
R9 may have chloride, bromide or ?uoride substituents. 
Representative examples of haloalkyls used in this invention 
include halides of methane, ethane, propane, butane, pen 
tane, hexane, heptane, octane, nonane and decane, With 
halides, preferably chlorides or bromides, of methane, 
ethane and propane being preferred. 

[0076] “Hydroxyalkyl” means alcohols of alkyl groups. 
Preferred are hydroxyalkyl groups having one to tWenty, 
more preferably one to ten, hydroxyls. “Hydroxyalkyl” is 
meant to include glycols and polyglycols; diols of alkyls, 
With diols of CMO alkyls being preferred, and diols of CL3 
alkyls being more preferred; and polyethylene glycol, 
polypropylene glycol and polybutylene glycol as Well as 
polyalkylene glycols containing combinations of ethylene, 
propylene and butylene. 

[0077] Representative examples of oxyalkyls include the 
alkyl groups as herein described having ether linkages. 
“Oxyalkyl” is meant to include polyethers With one or more 
functional groups. The number of repeating oxyalkyls 
Within a substituent may be up to 200, preferably is from 
1-20, and more preferably, is 1-10, and most preferably is 
1-5. Apreferred oxyalkyl is O(CH2CH2O)XCH3 Where x=1 
- 100, preferably 1-10, and more preferably, 1-5. 

[0078] “Oxyhydroxyalkyl” means alkyl groups having 
ether or ester linkages, hydroxyl groups, substituted 
hydroxyl groups, carboxyl groups, substituted carboxyl 
groups or the like. 

[0079] Representative examples of thioalkyls include thi 
ols of ethane, thiols of straight-chain, branched or cyclic 
isomers of propane, butane, pentane, hexane, heptane, 
octane, nonane and decane, With thiols of ethane 
(ethanethiol, CZHSSH) or propane (propanethiol, C3H7SH) 
being preferred. Sulfate-substituted alkyls include alkyls as 
described above substituted by one or more sulfate groups, 
a representative example of Which is diethyl sulfate 

[0080] Representative examples of phosphates include 
phosphate or polyphosphate groups. Representative 
examples of phosphate-substituted alkyls include alkyls as 
described above substituted by one or more phosphate or 
polyphosphate groups. Representative examples of phos 
phate-substituted alkyls include alkyls as described above 
substituted by one or more phosphonate groups. 

[0081] Representative examples of carboxy groups 
include carboxylic acids of the alkyls described above as 
Well as aryl carboxylic acids such as benZoic acid. Repre 
sentative examples of carboxyamides include primary car 
boxyamides (CONHZ), secondary (CONHR‘) and tertiary 
(CONR‘R“) carboxyamides Where each of R‘ and R“ is a 
functional group as described herein. 

[0082] Representative examples of useful amines include 
a primary, secondary or tertiary amine of an alkyl as 
described hereinabove. 
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[0083] “Carboxyamidealkyl” means alkyl groups With 
secondary or tertiary amide linkages or the like. “Carboxy 
alkyl” means alkyl groups having hydroxyl groups, carboxyl 
or amide substituted ethers, ester linkages, tertiary amide 
linkages removed from the ether or the like. 

[0084] The term “saccharide” includes oxidiZed, reduced 
or substituted saccharide; hexoses such as D-glucose, 
D-mannose or D-galactose; pentoses such as D-ribose or 

D-arabinose; ketoses such as D-ribulose or D-fructose; 
disaccharides such as sucrose, lactose, or maltose; deriva 
tives such as acetals, amines, and phosphorylated sugars; 
oligosaccharides, as Well as open chain forms of various 
sugars, and the like. Examples of amine-derivatiZed sugars 
are galactosamine, glucosamine, sialic acid and D-glucam 
ine derivatives such as 1-amino-1-deoxysorbitol. 

[0085] A couple may be described as a linker, i.e., the 
covalent product formed by reaction of a reactive group 
designed to attach covalently another molecule at a distance 
from the texaphyrin macrocycle. Exemplary linkers or 
couples are amides, amine, disul?de, thioether, ether, poly 
ether, ester, or phosphate covalent bonds. PCT publication 
WO 94/29316 is incorporated by reference herein for pro 
viding syntheses of texaphyrin-conjugates having these 
types of linkages or couples. 

[0086] In most preferred embodiments, conjugates and 
appended groups are covalently bonded to the texaphyrin via 
a carbon-carbon, carbon-nitrogen, carbon-sulfur, or a car 
bon-oxygen bond, more preferably a carbon-oxygen or a 
carbon-nitrogen bond. 

[0087] In the practice of the present invention, preferred 
functionaliZations for texaphyrin I or II are: When R6 and R9 
are other than hydrogen, then R5 and R10 are hydrogen or 
methyl; and When R5 and R10 are other than hydrogen, then 
R6 and R9 are hydrogen, hydroxyl, or halide other than 
iodide. Other preferred functionaliZations are Where R6 and 
R9 are hydrogen, then R5, R10, R11, and R12 are indepen 
dently hydrogen, phenyl, loWer alkyl or loWer hydroxyalkyl. 
The loWer alkyl is preferably methyl or ethyl, more prefer 
ably methyl. The loWer hydroxyalkyl is preferably of 1 to 6 
carbons and 1 to 4 hydroxy groups, more preferably 3-hy 
droxypropyl. The phenyl may be substituted or unsubsti 
tuted. 

[0088] In a presently preferred texaphyrin I or II, R1 is 
CHZCH3 or (CH2)2CH2OH; R2 and R3 are CH2CH3; R4 is 
CH3; R5, R6, and RQ-R12 are H; R8 is a lipophilic molecule 
or a couple that is coupled to a lipophilic molecule; and R7 
is H, OH, OCH3 or O(CH2CH2O)XCH3 Where x is 1-10 and 
preferably 1-5, more preferably 3. Preferably, R8 is estradiol 
or cholesterol, or a couple that is coupled to estradiol or 
cholesterol. 

[0089] A couple that is coupled to a lipophilic molecule 
may be further described as O(CH2CH2O)m— Where m is 
1-10 and preferably 1-5, or as O(CH2)nCO— Where n is 
1-10 and preferably 1-3. 

[0090] Presently preferred texaphyrin-lipophilic molecule 
conjugates, T2BET-estradiol conjugates, are provided as 1A 
and 1B. 
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[0092] In other presently preferred teXaphyrin compounds 
[0091] “T2” refers to two hydroxyl groups on the tripyp I or II, Rl-R12 are as in Tables and B for texaphyrins 
rane portion of texaphyrin, “BET” refers to the ethoxy R A1-A108, and M is as de?ned here1nabove.Wh1lethe cited 
groups on the benZene portion of the molecule, and estradiol texaphyrins are Presently Preferred for use in the Present 
is the lipophilic molecule of this conjugate. The synthesis of invention, the invention is not limited therew 
this conjugate is provided in Example 1. 

TABLE A 

Representative Substituents for Texaphyrin Macrocycles A1-A108 of the Present Invention. 
Substituents for R1—RIS are provided in TABLE A and for RERJ2 in TABLE B. 

TXP R1 R2 R3 R4 R5 R6 

A1 CH2(CH2)2OH CHZCH3 CHZCH3 CH3 H H 
A2 " " " " " " 

A3 " " " " " " 

A4 " " " " " " 

A5 " " " " " " 

A6 " " " " " " 

A7 " " " " " " 

A8 " " " 

A9 " " " " " " 

A10 " " " " " " 

A11 " " " " " " 

A12 " COOH COOH " " " 

A13 CH2(CH2)2OH COOCHZCH3 COOCHZCH3 CH3 H H 
A14 CH2CH2CON(CH2CH2OH)2 CHZCH3 CHZCH3 " " " 

A15 CH2CH2ON(CH3)CH2- " " " " " 

(CHOH)4CH2OH 
A1 6 CHZCH3 " " " " " 

A17 CH2(CH2)2OH " " " " " 

A18 " " " " " " 

A19 " " " " " " 

A20 CHZCH3 CH3 CHZCHZCOOH " " " 

A21 " " CHZCHZCO- " " " 

lipophilic molecule 
A22 CH2(CH2)2OH CHZCH3 CHZCH3 " " " 
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TABLE A-continued 

10 

TXP 

Representative Substituents for TeXaphyrin Macrocycles A1-A108 of the Present Invention. 
Substituents for R1—R? are provided in TABLE A and for R R1 in TABLE B. 

R1 

A24 
A25 
A26 
A27 
A28 
A29 

A30 
A31 

A32 

A33 
A34 

CH2CH2CO—lipophilic 
molecule 

CH2CH2O-lipophilic molecule 
CH2(CH2)2OH 

cH2cH3 

COOH 

coocH2cH3 
cH2cH3 

CH3 

cH2cH3 

COOH 

coocH2cH3 
cH2cH3 

COOH 

coocH2cH3 
cH2cH3 

CHZCHZCO 
lipophilic molecule 

CHZCHZCO 
lipophilic molecule 
CHZCHZCOOH 
CHZCHZCO 

lipophilic molecule 
CHZCH3 

COOH 

coocH2cH3 
cH2cH3 

" CH3 or cH2cH3 
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ents. Polyhydroxylated texaphyrin derivatives may be 
synthesized via the use of secondary amide linkages. Sac 
charide moieties may be appended via amide bonds. Poly 
hydroxylated texaphyrin derivatives containing branched 
polyhydroxyl (polyol) subunits may be appended to the 
texaphyrin core via aryl ethers or ester linkages. 

[0095] Treatment of carboxylated texaphyrins With thio 
nyl chloride or p-nitrophenol acetate Would generate acti 
vated acyl species suitable for attachment to monoclonal 
antibodies or other biomolecules of interest. Standard in situ 
coupling methods (e.g., 1,1‘-carbonyldiimidaZole) could be 
used to effect the conjugation. 

[0096] Substituents at the R6 and R9 positions on the B 
(benZene ring) portion of the macrocycle are incorporated 
into the macrocycle by their attachment to ortho-phenylene 
diamine in the 3 and 6 positions of the molecule. Substitu 
ents at the R5 and R10 positions on the T (tripyrrane) portion 
of the macrocycle are incorporated by appropriate function 
aliZation of carboxyl groups in the 5 positions of the 
tripyrrane at a synthetic step prior to condensation With a 
substituted ortho-phenylenediamine. A lipophilic molecule 
may be added after the condensation step to form the 
texaphyrin macrocycle. 
[0097] Lipophilic molecules having an amine functional 
ity are modi?ed post-synthetically With an activated car 
boxylic ester derivative of a texaphyrin. In the presence of 
a Lewis acid such as FeBr3, a bromide-derivatiZed texaphy 
rin Will react With an hydroxyl group of a lipophilic mol 
ecule to form an ether linkage betWeen the texaphyrin linker 
and the lipophilic molecule. A couple that is coupled to a 
lipophilic molecule may be further described as 
O(CH2CH2O)m— Where m is 1-10 and preferably 1-5, or as 
O(CH2)nCO— Where n is 1-10 and preferably 1-3. 

[0098] Texaphyrin-lipophilic molecule conjugates may be 
made by methods as described herein and as knoWn and 
described in the art, such as in US. Patents, in pending 
applications, previously incorporated by reference herein. 
Texaphyrins have a number of properties that lend them 
selves for use in imaging and photodynamic treatment 
protocols, for example: texaphyrins have inherent biolocal 
iZation, localiZing to tumors, atheroma, or the liver; they 
have absorption in the physiologically important range of 
700-900 nm; they provide stable chelation for an otherWise 
toxic metallic cation; and are suf?ciently nontoxic for in 
vivo use. 

[0099] An aspect of the present invention is use of texa 
phyrin-lipophilic molecules or texaphyrin-lipophilic mol 
ecule-vesicle complexes in ocular diagnosis and therapy; 
especially diagnostic angiograms, and photodynamic 
therapy of conditions of the eye characteriZed by abnormal 
vasculature. “Abnormal vasculature”, as used herein, means 
undesirable vasculature; neovasculature; irregular, 
occluded, Weeping, or in?amed ocular vessels or ocular 
tissues; in?ammatory ocular membranes; abnormal condi 
tions having to do With channeling of ?uids in the ocular 
area, especially blood vessels; and includes conditions such 
as macular degeneration, glaucoma, disc or retinal neovas 
culariZation in diabetic retinopathy, pannus Which is abnor 
mal super?cial vasculariZation of the cornea or conjunctiva, 
pterygium Which is thickening of the bulbar conjunctiva on 
the cornea, conditions having retinal or choroidal neovas 
culature, ocular histoplasmosis syndrome, myopia, ocular 
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in?ammatory diseases, central serous retinopathy, subretinal 
neovascular membrane, or neovasculature induced by neo 
plasm, such as melanoma or retinal blastoma, for example. 

[0100] “Observing the vasculature”, as used herein, means 
carrying out an imaging procedure and collecting informa 
tion from an angiogram Where ?uorescent texaphyrins are 
used, from an x-ray, or from magnetic resonance image, for 
example, to interpret the condition of the eye. The condition 
of the eye may be normal, or may include vascular leakage 
or occlusions, for example. As used herein, “eye” or “ocu 
lar” includes the eye, underlying and adjacent tissue, and 
related tissues near and around the eye that have an in?uence 
on the functioning of the eye. 

[0101] The parameters used for effective angiography and 
effective treatment in PDT methods of the invention are 
interrelated. Therefore, the dose is adjusted With respect to 
other parameters, for example, ?uence, irradiance, duration 
of the light used in photodynamic therapy, and the time 
interval betWeen administration of the dose and the thera 
peutic irradiation. Such parameters should be adjusted to 
produce signi?cant damage to abnormal vascular tissue 
Without signi?cant damage to the surrounding tissue or, on 
the other hand, to enable the observation of blood vessels in 
the eye Without signi?cant damage to the surrounding tissue. 
Typically, the dose of texaphyrin of the texaphyrin-lipo 
philic molecule conjugate or texaphyrin-lipophilic mol 
ecule-vesicle complex used is Within the range of from about 
0.1 to about 50 pmol/kg/treatment, and preferably from 
about 0.10-20 pmol/kg/treatment. Further, as the texaphyrin 
dose is reduced, the ?uence required to treat neovascular 
tissue may change. 

[0102] After the photosensitiZing texaphyrin-lipophilic 
molecule conjugate or texaphyrin-lipophilic molecule 
vesicle complex has been administered, the tissue being 
treated in the eye is irradiated at the Wavelength of maxi 
mum absorbance of the texaphyrin, usually either about 
400-500 nm or about 700-800 nm. The light source may be 

a laser, a light- emitting diode, or ?ltered light from, for 
example, a xenon lamp; the light may have a Wavelength 
range of about 400-900 nm, preferably about 400-500 nm or 
700-800 nm, more preferably about 730-770 nm; and the 
light may be administered topically, endoscopically, or inter 
stitially (via, e.g., a ?ber optic probe). Preferably, the light 
is administered using a slit-lamp delivery system. A Wave 
length in this range is especially preferred since blood and 
retinal pigment epithelium are relatively transparent at 
longer Wavelengths and, therefore, treatment results in less 
tissue damage and better light penetration. The ?uence and 
irradiance during the irradiating treatment can vary depend 
ing on type of tissue, depth of target tissue, and the amount 
of overlying ?uid or blood. 

[0103] The optimum length of time folloWing texaphyrin 
lipophilic molecule conjugate or texaphyrin-lipophilic mol 
ecule-vesicle complex administration until light treatment 
can vary depending on the mode of administration, the form 
of administration, and the type of target tissue. For example, 
a time interval of minutes to about 5 h should be appropriate 
for vascular tissue. The time of light irradiation after admin 
istration may be important as one Way of maximiZing the 
selectivity of the treatment, thus minimiZing damage to 
structures other than the target tissues. For a human, it is 
believed that the texaphyrin-lipophilic molecule conjugate 
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or texaphyrin-lipophilic molecule-vesicle complex begins to 
reach the retinal and choroidal vasculature Within seconds 
following administration, and persists for a period of min 
utes to hours, depending on the dose given. Treatment Within 
the ?rst ?ve minutes folloWing administration should gen 
erally be activated With focused light. At later time points, 
both focused or general illumination may be used. 

[0104] In addition, texaphyrin-lipophilic molecule conju 
gate or texaphyrin-lipophilic molecule-vesicle complex can 
be used to observe the condition of blood vessels as a single 
agent, or in concert With other dyes such as ?uorescein or 
indocyanine green to folloW the progress of destruction of 
abnormal vascular tissue. In such angiographic systems, a 
sufficient amount of texaphyrin-lipophilic molecule conju 
gate or texaphyrin-lipophilic molecule-vesicle complex is 
administered to produce an observable ?uorescent emission 
When excited by light, preferably light having a Wavelength 
in the range of about 430-480 nm. Images are recorded by 
illuminating the eye With light in the excitation Wavelength 
range and detecting the amount of ?uorescent light emitted 
at the emission Wavelength of about 730-760 nm. A pre 
ferred device, Which both emits and receives light in the 
430-760 nm range, is the TOPCONTM 50VT camera in the 
Ophthalmic Imaging System (Ophthalmic Imaging System 
Inc., 221 Lathrop Way, Suite 1, Sacramento Calif.). 

[0105] A camera is used to collect the emitted ?uorescent 
light, digitiZe the data, and store it for later depiction on a 
video screen, as a hard paper copy, or in connection With 
some other imaging system. While a ?lm recording device 
may be used When additional dyes such as ?uorescein are 
being used in combination With the texaphyrin-lipophilic 
molecule conjugate or texaphyrin-lipophilic molecule 
vesicle complex, a CCD camera (charge-coupled device) is 
preferable as being able to capture emissions at higher 
Wavelengths. As a result, one can obtain more sophisticated 
information regarding the pattern and extent of vascular 
structures in different ocular tissue layers, giving the ability 
to detect the “leakiness” that is characteristic of neW or 
in?amed blood vessels. Further, it is preferable to use a 
camera that is capable of providing the excitation light, 
appropriately ?ltered to deliver only light of the desired 
excitation Wavelength range, and then to capture the emitted, 
?uorescent light With a receiving device, appropriately ?l 
tered to receive only light in the desired emission Wave 
length range. 

[0106] For the above-described uses, texaphyrin-lipo 
philic molecule-cell or -liposome complexes are provided as 
pharmaceutical preparations. A pharmaceutical preparation 
of such a complex may be administered alone or in combi 
nation With pharmaceutically acceptable carriers, in either 
single or multiple doses. Suitable pharmaceutical carriers 
include inert solid diluents or ?llers, sterile aqueous solution 
and various organic solvents. The pharmaceutical composi 
tions formed by combining a complex of the present inven 
tion and the pharmaceutically acceptable carriers are then 
easily administered in a variety of dosage forms such as 
injectable solutions. 

[0107] For parenteral administration, suspensions of the 
liposomal complex in sesame or peanut oil, aqueous propy 
lene glycol, or in sterile aqueous solution may be employed. 
Such aqueous solutions should be suitably buffered if nec 
essary and the liquid diluent ?rst rendered isotonic With 
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suf?cient saline or glucose. These particular aqueous solu 
tions are especially suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal administration. In this con 
nection, sterile aqueous media Which can be employed Will 
be knoWn to those of skill in the art in light of the present 
disclosure. Intravenous administration of loaded red or 
White blood cell complexes of the present invention is 
contemplated as the most preferred method of administra 
tion. 

[0108] Sterile technique is used for removal of cells from 
a patient, loading With a sterile texaphyrin-lipophilic mol 
ecule conjugate and replacement of loaded cells into the 
same patient. A pharmaceutically acceptable carrier may be 
used, Which carrier can be a solvent or dispersion medium 
containing, for example, Water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), suitable mixtures thereof, and vegetable oils. 
The proper ?uidity can be maintained, for example, by the 
use of a coating, such as lecithin, and by the use of 
surfactants. The prevention of the action of microorganisms 
can be brought about by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic 
acid, thimerosal, and the like. In many cases, it Will be 
preferable to include isotonic agents, for example, sugars 
such as mannitol or dextrose or sodium chloride. A more 

preferable isotonic agent is a mannitol solution of about 
2-8% concentration, and, most preferably, of about 5% 
concentration. 

[0109] Sterile conjugate solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate solvent With various of the other ingredients 
enumerated above, as required, folloWed by ?ltered steril 
iZation. Generally, dispersions are prepared by incorporating 
the various steriliZed active ingredients into a sterile vehicle 
Which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of sterile poWders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
are vacuum-drying and freeZe-drying techniques Which 
yield a poWder of the active ingredient plus any additional 
desired ingredient from a previously sterile-?ltered solution 
thereof. 

[0110] As used herein, “pharmaceutically acceptable car 
rier” includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such 
media and agents for pharmaceutically active substances is 
Well knoWn in the art. Except insofar as any conventional 
media or agent is incompatible With the active ingredient, its 
use in the therapeutic compositions is contemplated. Supple 
mentary active ingredients can also be incorporated into the 
compositions. 

[0111] For ?uorescent detection methods of the present 
invention, a sufficient amount of texaphyrin is administered 
to produce an observable ?uorescent emission When excited 
by light, preferably light having a Wavelength in the range 
of about 430-480 nm. Images are recorded by illuminating 
With light in the excitation Wavelength range and detecting 
the amount of ?uorescent light emitted at the emission 
Wavelength of preferably about 730-760 nm. Such dose can 
be determined Without undue experimentation by methods 
knoWn in the art or as described herein. 
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[0112] The complexes to be used in the photodynamic 
methods of the present invention are administered in a 
pharmaceutically effective amount. By “pharmaceutically 
effective” is meant that dose Which Will, upon exposure to 
light, cause disruption of the loaded vesticle. The speci?c 
dose Will vary depending on the particular complex chosen, 
the dosing regimen to be folloWed, photoirradiation expo 
sure, and timing of administration. Such dose can be deter 
mined Without undue experimentation by methods knoWn in 
the art or as described herein. 

[0113] The folloWing examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples Which folloW represent techniques 
discovered by the inventors to function Well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. HoWever, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the speci?c embodiments 
Which are disclosed and still obtain a like or similar result 
Without departing from the spirit and scope of the invention. 

EXAMPLE 1 

Synthesis of a Texaphyrin-Lipophilic Molecule 
Conjugate 

[0114] The present example provides the synthesis of a 
texaphyrin-lipophilic molecule conjugate Where the lipo 
philic molecule is estradiol. The synthetic route is provided 
by Schematic A. 

[0115] Penta(ethyleneglycol) diiodide Penta(ethyl 
eneglycol) ditosylate 1 (25 g, Aldrich Chemical, MilWaukee, 
Wis.), sodium iodide (17.15 g, 2.5 eq.), and acetone (ca. 500 
mL) Were combined and heated at re?ux for 4 hours. Upon 
cooling, solids Were removed by ?ltration and Washed With 
acetone. Acetone Was removed from the combined ?ltrate 
and Washed by rotary evaporation. The resulting solid Was 
dissolved in CHCl3 (250 mL), and Washed With Water (250 
mL), a 5% aqueous solution of Na2S2O3 (2><250mL) and 
Water (250 mL). Solvent Was removed by rotary evaporation 
and the resulting solid dried in vacuo to give diiodide 2 
(19.164 g, 91.3%). 
[0116] 3-(2-(Ethoxy-2-(ethoxy-2-(ethoxy-(2-iodoethoxy 
))))ethoxy)17[3-hydroxy-3-oxy-1,3,5(10)-estratriene The diiodide 2 (12.50 g), [3-estradiol 3 (2.500 g, Aldrich 

Chemical, MilWaukee, Wis.), potassium carbonate (1.500 g) 
and anhydrous acetonitrile (250 mL) Were combined in a 
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?ask. The reaction mixture Was heated at re?ux for 9 hours, 
Whereupon it Was alloWed to cool in ambient temperature, 
and solvent removed by rotary evaporation. The residue Was 
dissolved in CHCl3 (125 mL), Washed With Water, and 
solvent removed by rotary evaporation. The crude product 
Was puri?ed by silica gel chromatography using 0.5 to 1.0% 
MeOH in CHCl3 as eluent. Fractions containing only prod 
uct Were combined, solvent Was removed by rotary evapo 
ration, and the residue dried in vacuo to give iodide 4 (2.010 
g, 36.4%). 
[0117] DinitrobenZene sodium salt (5), method one. The 
dinitrobenZene sodium salt 5 Was prepared by reacting 
4,5-dinitrocatechol (5 g, 0.025 mol) and triethylene glycol 
monomethyl ether monotosylate (11.9 g, 0.037 mol, 1.5 eq.) 
With K2CO3 (5.18 g, 0.037 mol, 1.5 eq.) in methanol, With 
heating to re?ux under nitrogen atmosphere overnight. The 
reaction Was alloWed to cool to RT, and the solvent Was 
removed under reduced pressure. The residue Was then 
resuspended into 250 mL of 1M NaOH, after Which chlo 
roform Was added. The loWer chloroform layer plus precipi 
tate Were drained off and the orange solid precipitate Was 
collected by ?ltration and vacuum dried under high vacuum 
overnight to give the light orange solid product 5, in 81% 
yield. 
[0118] DinitrobenZene Sodium Salt (5), method tWo. An 
alternate method of synthesis of the dinitrobenZene sodium 
salt is as folloWs. In a dry 250 mL round bottom ?ash, 
4,5-dinitrocatechol (10 g, 0.050 mol) and K2CO3 (10.37 g, 
0.075 mol) Were combined in absolute methanol (120 mL) 
under nitrogen atmosphere. To the orange mixture, triethyl 
ene glycol monomethyl ether tosylate (23.85 g, 0.075 mol) 
Was added and the resulting suspension Was heated to re?ux. 
The reaction Was deemed complete by TLC analysis by the 
disappearance of the starting catechol and appearance of the 
bright yelloW monoalkylated intermediate. Therefore, after 
16 h the red suspension Was cooled to 0° C. The resulting 
suspension Was ?ltered, Washed thoroughly With cold iso 
propyl alcohol (50 mL) and hexanes (50 mL). The 
monoalkylated potassium salt Was then suspended in 10% 
aqueous NaOH (100 mL), vigorously stirred for 15-20 min 
at room temperature, ?ltered, and then rinsed thoroughly 
With cold isopropyl alcohol (70 mL) and hexanes (50 mL). 
(This step aids the removal of excess KZCO3 and potassium 
tosylate). The bright orange salt Was dried in vacuo and 
afforded 15 g (~81%). 1H NMR (d6 acetone): selected peaks, 
6 3.40 (OMe), 6.30 (ArH), 7.42 EI MS (M+Na+) 369; 
El HRMS (M+Na+) 369.0910 (calcd. for C13H18N2O9Na 
369.0910). 
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-continued 

OH 

10 Ln = Lu(III) 

11 Ln = Gd(III) 

[0119] 3-(2-(Ethoxy-2-(ethoxy-2-(ethoxy-(2-(1-oxy-2-(2 
(ethoxy-2-(ethoxy-(2-methoxy)))ethoxy)4,5-dinitrobenZe 
ne)ethoxy))))ethoxy)-17[3hydroxy-3-oxy-1,3,5(10)-es 
ratriene The iodide 4 (500 mg) and the sodium salt of 
1-hydroxy-2-(2-(ethoxy-2-(ethoxy-(2-methoxy))) ethoxy)4, 
5-dinitrobenZene 5 (336 mg, 1.1 eq.) and acetonitrile (5 mL) 
Were combined in a ?ask and the reaction mixture Was 
heated at re?ux overnight. Potassium carbonate (126 mg, 1.1 
eq.) Was added, and heating continued for ca. four hours. 
The reaction mixture Was transferred to a separatory funnel 

With CHCl3 (ca 25 mL), Washed With Water (2><15 mL), 
solvent removed on a rotary evaporator, and the residue 
dried overnight in vacuo. The crude product Was puri?ed by 
silica gel chromatography using 2% MeOH in CHCl3 as 
eluent. Fractions containing only product Were combined, 
solvent Was removed by rotary evaporation, and the residue 
dried in vacuo to give 6 as a yelloWish solid (549 mg, 
80.5%). FAB: MH+821. 

[0120] Using knoWn chemistry for the synthesis of texa 
phyrins (see the texaphyrin patents previously incorporated 
by reference herein) the dinitro compound 6 Was reduced to 
the diamine 7 using an atmospheric pressure hydrogenation 
With 10% Pd on charcoal and 2 eq. of conc. HCl. The 
reduction Was usually complete in 1-2 h. Afterwards, the 
catalyst Was ?ltered off using a pad of Celite, the diamine 
solution Was diluted With methanol, 1 equivalent of diformyl 
tripyrrane 8 Was added, and the reaction Was heated to re?ux 
under nitrogen. The reaction started immediately after the 
addition of diformyl tripyrrane and Was usually complete in 
1-3 hr. Proton and carbon NMR of the resulting non 
aromatic macrocycle 9 Was consistent With structure. The 
non-aromatic macrocycle 9 Was oxidatively metallated 
using 1.5 equiv.s of either lutetium acetate or gadolinium 

acetate and 10 equiv.s of trimethylamine under air atmo 
sphere to give the lutetium estradiol complex 10 (in 38% 
yield With a relative purity of 89%) or the gadolinium 
estradiol complex 11 (in 47% yield With a relative purity of 
91%), respectively. 
[0121] The synthesis of a texaphyrin-cholesterol conju 
gate is carried out in a similar manner using cholesterol 
instead of estradiol. 

EXAMPLE 2 

Loading Red Blood Cells With a 
Texaphyrin-Lipophilic Molecule Conjugate 

[0122] The present example provides for the loading of 
red blood cells With a texaphyrin-estradiol conjugate. Red 
blood cells (RBC’s) Were successfully loaded With gado 
linium texaphyrin-estradiol conjugate 11 (“GTE”) folloWing 
an osmotic challenge to the red blood cells. Subsequently, 
UV/Vis spectra revealed that most of the conjugate Was 
contained Within the cell Wall of the red blood cells. 

[0123] For the studies beloW, the folloWing general pro 
cedure Was used: Whole blood from rabbit Was collected in 
the presence of heparin and centrifuged. The serum layer 
Was removed, and the RBC’s Were resuspended in saline 
(138 mM NaCl), and Washed three times. After the third 
Wash, the pelleted RBC’s Were resuspended in hypertonic 
saline (268 mM NaCl). The cells Were mixed gently, held 
approximately 3 min at room temperature, and centrifuged. 
The pelleted RBC’s Were resuspended in three volumes of 
hypotonic saline (110 mM NaCl) containing GTE to give Gd 
texaphyrin-estradiol-red blood cell complex. 

[0124] I. In a ?rst study, 300 mL of pelleted RBC’s Were 
resuspended in 1.0 mL of 110 mM NaCl With 0.2 or 0.4 














