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1. INTRODUCTION 
Porphyrins have been used for boron neutron capture therapy PNCI'J and photodynamic 
therapy [PDT] of experimental d e n t  tumors. PM' requires much less porphyrin than 
BNCI', typically 5 pg as compared to >200 jig per gmm body weight [gbw]. Toxicity is a 
major consideration in the use of bomnated drugs for BNCX. At 26Spg/gbw, a bomnated 
porphyrin, VCDP [1 J (Figure 1) delivered 40 pg B/g to tumor tissue 4 days after the last of 
12 intraperitoneal [ip] injections. 1 There was transient hematologic and hepatic toxicity. If 
the VCDPdose rate was kept low (22 pglgbw per ip injection; 12 injections over 4 days), 
lethality was under 10%. A tetmphenylporphyrin 121 containing four meta-nido-carbm 
cages was synthesized2and when tested in mice found to be much more toxic than VCDP. 
Figure 1. Structure of VCDP 1 and porphyrin 2. 
A lipophilic nonplanar nickel porphyrin MTCP [5] structurally similar to 2, was 
synthesized with eight methyl acetate and four carboranylphenyl groups. NiTCP was 
emulsified with Cremophor EL (Sigma Chemical Ca, St. Louis, MO) in saline for testing 
in mice.3 Of three groups of mice, one was given NiTCP, another VCDP and the third, 
only solvent. Clinical chemistry analyses andtissue bosun Conoentratiolls were measured in 
these groups. 
2. METHODS 
2.1 Chemistry. 
VCDP was synthesized as described2 MTCP was synthesized Using Lindsey's 
cyclization m e t h d ;  precursers p p l e  35 (79 mg, 0.37 mol)  and beddehy& 42 
(91 mg, 0.33 -01) were dissolved in CH2c12 (20 mL) and degassed with N2 for 20 
minutes (Figure 2). BB-EQO (25M, 15 jd) was added and the reaction was allowed to 
stir at 25°C under N2 fur 1.5 hours. The reaction WBS monitored using absorption 
spectroscopy by oxidizing each aliquot containing porphyrinogen with 
dichlorodicyanobemquinone (DDQ). After the chatactenstic porphyrin &cation spectrum 
was observed, the reaction was oxidized with DDQ (73 mg, 0.32 mmol). UV-vis 
(CH2ClZ) Am= QIIX 475,704. 
F i p  2. Synthetic scheme for NiTCP 5. 
The crude reaction mixture in CHCl3 was treated with Ni(OAc)2/MeOH at reflux until the 
optical spectnun showed only metalloporphyrin (=2 hours). The nickel porphyrin was 
purified by preparative TLC (2 x 2 mm Si%, CH2Cl2 eluent). Yield from pyrrole: 44 mg 
(0.023 mol), 23%. NMR (CDC13): 7.8-7.2 (m, 16H, Arm; 433 (s, 8H, 
C&B1@10); 4.16 (s, 4H, BIOH~OCIE); 3.36 (s, %H, OCH3); 3.26 (s, 16H, 
CmC-Me); 3.5-1.0 (br. S, 40% BlW10). UV-Vis (CH2Cl2) lmm nm: 438,555, 
594. MS FAB for C8@1osN402oB40Ni (de)  1B5 (M - 1). 
For the mouse studies, 20 mg of porphyrin was stirred in Cremophor EL (0.40 mL). 
Propylene glycol (0.80 mL) was added and allowed to stir in a warm water bath. Saline 
(10.8 mL) was added dropwise with vigorous 
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2.2 Toxicology. 
Female 10-week-old BALB/c mice were purchased fram T q n i c  Farm, Gemantown, NY. 
Porphyrin in solvent or solvent alone was given to a mouse ip in three injections over a 
period of 8 hours (0.060 &gbw total volume given of a 1.67 mglmL solution). Right 
ventricufar Mood was collected from lethally anesthetized (Halothane) mice for analyses1 
and baron determi~tion~ 16 hours and 4 days postinjection. Liver and proximal small 
intestine were removed for boron analysis. 
Glucose (GLU), blood urea nitrogen (BUN), blood creatinine (BCR), alanine transaminase 
(ALT), aspartate - 'nase (Am, alkaline phosphatase (ALP), total protein (TPR), and 
creatinine phoqhokinase (CPIK) were determined as described1 
2.3 Boron analyses. 
Direct current plasma-atomic emission spectroscnpy was used (detection limit: 0.1 pg/mL). 
Samples (50-130 mg) were digested at 60°C with sulfuric aciknitric acid (1: 1). Triton X- 
100 and water were added to give final concentrations of 15% acid and 5% Triton X-100. 
2.4 Histopathology 
M i m p i c  sections of snap-fmen liver specimens were either stained with hematoxylin 
and eosin or examined unfixed, unstained and dried, for fl-nce. The three 
experimental groups were labeled only by code for the histopathologist (G. C. E). 
3. RESULTS AND DISCUSSION 
Because the @phery of the porphyrin ring is so Sterically hindered, its oonfonnation is 
nonplanar. This reduces the aromaticity of the macrocycle and results in greater basicity of the 
nitrogens as demanstrated by their p t o ~ t i ~ n  at neutral pH, so that only the dication (all four 
nitrogens protonated) is observed. NMR also d i  nonplanarity of the porphyrin by the 
diminished ring current effect indicated by the upfield shifts of the protom closest to the pyrrole 
carbons. The absorption spectrum is &-shifted sulstantially, again indicative of the nonplanar 
c o d o d m .  A Series of porphyrins with eight pyrrolic acetate p u p  and four mesophenyi 
groups have been reported. Their physicochemical properties are typified by those of NflCP.7 
Attempts to hydrolyze the methyl esters andlor degrade the carborane cages in order to yield a 

Clinical chemistry data showed no differences between any ofthe groups except in AST after4 
days postinjection in the VCDP p u p .  In cantrast, when a slightly higher dose d.VCDP (130 
pglgbw) in phosphate buffer was given to mice in 6 ip injections over 2 days the A S  was normal 
(data not shown). 
The stained sections of liver showed no histopathological abnormalities except for one specimen in 
the NiTCP group which demonstrated a minimal change, one small focus of liver cell necrosis with 
acute inflammatory infiitration. Thm were two types of fluorescence in the three pups;  rapidly 
fading and slowly fading. The slowly fading fluorescence was present extracellularly in all three 
p u p s  and is probably due to heme. The rapidly fading fluorescence was present intracellulariy in 
only the VCDP and NiTCP groups. The intracellular uptake would account for the long mtention 
time of the h in theliver and most likely in the small intestine. 
Figure 3. Boran cuncentmtions of each mouse given VCDP or NiTCP (100 pg/gbw in 3 ip 
injections) designated as V1-V5 or Nl-N5, respectively, at 16 hours and 4 days postinjdon, in 
blood, a; liver, b; and spleen, c. 
Drug deIivery systems similar to Cremophor, such as Tween 80, dirnethyfsulfoxide, liposomes 
and lowdensity lipoprotein, have been used to emulsify hydrophobic porphyrins with saline for 
injections that yielded tumor porphyrin conoentrations up to one-third those in liver.$ 
In tumur-bearhg mice, injection of emulsified hydrophobic poqhyrins typically yield 
concentrations in tumor greater than in s m a ~  intestine.9 ~ccordingy the small intestine was 
used as a tumor surrogate in this pilot study. A report investigating the biodistribution of a related 
hydfophobic compound (phthalocyanine) injected as an emulsion, the tumxliver ratios were 0.16 
after 1 day and 0.10 after 4 days. However, tummintestine xatios stayed at 1.7-1.6.9 Since the 
Similarly emulsified NXCP injected into mice yielded 47 pg B/g in the small intesthe, it 

water-soluble compound led to mixtures with no major product - a,. . 



cfxpe~ted that tumors would have yielded =26 pg Blg.  US, we surmise that, with similar mass 
quantities of NiTCP and VCDP injected, boron concentrations from the former would be 4 times 
more than thm from the latter with minimal toxicity. 
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