
15. 11. 1967 Specialia 949 

M e t a b o l i c  S t u d i e s  o n  t h e  A c c u m u l a t i o n  o f  
T e t r a p h e n y l p o r p h i n e s u l f o n a t e  i n  T u m o r s  

Quanti tat ive studies have established tha t  parenterally 
administered tetraphenylporphinesulfonate (TPPS) lo- 
calizes in t ransplantable animal tumors with a higher 
COncentration ratio with respect to other tissues than any 
other known materialL Liver had 1/4 the TPPS  content 
of tumor and other tissues had still less. Radioactive 
chelates of TPPS  have been administered to tumor- 
bearing animals and human  cancer patients in t}ae hope 
that diagnostic or therapeutic procedures could be de- 
veloped*-*. Such applications have not been feasible be- 
cause the isotopes failed to concentrate in tumors to the 
same extent as the parent  compound. Co ~7 TPPS yielded 
lower Co~ tumor concentration ratios by  a factor of 5.2'. 
.Approximately 40% dissociation of Co ~ TPPS  was found 
m the excreta of cancer patients ~. Assuming that  this 
represented the degree of dissociation systemically and 
locally at  the tumor, and knowing the distribution of free 
cobaltous Co ~ cation *, this could account for only 60% 
of the disparity between TPPS  and Co ~ from Co ~7 TPPS 
concentration ratios. These considerations led to the 
Studies reported here, undertaken to determine the pos- 
sible unique features of TPPS metabolism that  determine 
its tissue concentration in tumor-host systems. I t  was 
hypothesized that  if TPPS  catabolism was rapid in the 
liver, TPPS  fragments and high levels of incorporated 
radioisotope would accumulate. If the tumor were defi- 
cient in some enzyme, cofactor etc., more intact  TPPS  
and relatively less isotope would accumulate. 

Direct evidence for catabolism of TPPS was sought by 
following its disappearance from whole tissue homo- 
genates. Conditions of incubation included variation of 
pH from 4.0-9.5, at  intervals of 0.2 pH units between 5.5 
and 8.5, with Tris ,  phosphate, bicarbonate and acetate 
buffer systems at  several concentrations. Incubations 
with a final homogenate concentration of 0.1 g (wet 
weight)/ml in 0.15M KC1 or 0.25M sucrose were carried 
out at  0, 25, and 37 °C with gentle shaking. The gaseous en- 
vironment was both ambient  and in some cases 9 5 ~  O~, 
5% CO~. Assays were performed on aliquots taken over 
at least 4 and as long as 20 h incubation, by a method 
that  involved precipitation, extraction and optical density 
determination of the 413.5 nm Sorer peakL In  none of 
these experiments was any consistent and significant loss 
of TPPS detected. Similarly, no diminution in TPPS 
fluorescence was seen in reaction mixtures continuously 
monitored using front fact optics, or in separately with- 
drawn aliquots. Other substrate preparations also were 
not metabohzed under any set of experimental conditions. 
These included TPPS  complexes with albumin, histone, 
protamine, poly-L-lysine, and denatured rat  liver protein. 

Liver slices were prepared and similarly incubated to 
determine whether TPPS  metabolism had been lost with 
Cellular disruption during the preparation of homo- 
genates. Other animals received amounts  of TPPS  
Parenterally tha t  gave readily detectable levels in tissue, 
a~d their liver slices were incubated without TPPS  in 
the medium. This was designed to further simulate the 
in vivo conditions of TPPS  with respect to physiologic 
Concentrations, intracellular distribution, binding etc. 
With both preparations no disappearance of TPPS  was 
detected under any conditions. 

Specific enzymes that  might act upon TPPS were as- 
Sayed. Heme-cc-methenyl oxygenase, a porphyrin-ring- 
Opening enzyme active with pyridine-hemichromogen and 
Several heme-haptoglobin complexes ~,~, was tested with 
TPPS and TPPS-pyridine complex. Problems with the 

assay system as described 5 included precipitation of the 
0.5M veronal buffer at  pH 8.3, co-precipitation of hemin 
with protein on addition of trichloroacetic acid, and ap-  
pearance  of the 656 nm 'product '  peak more often in 
boiled enzyme controls than  experimental flasks. No 
changes were observed in  the spectra of TPPS incubated 
with preparations tha t  should have contained crude or 
partially purified enzyme. Variations of the experimental 
design that  overcame the above-mentioned difficulties 
also failed to demonstrate ring-opening of either hemo- 
globin or TPPS  substrate preparations. Sutfatase activity 
was determined using a microbenzidine method T modified 
by substi tut ion of 25% acetic acid (v]v) for trichloro- 
acetic acid, which was found to be contaminated with 
sulfate. The assay would have detected desulfonation of 
as little as 5% of TPPS.  No such activity could be found. 
From all the above experimentation, i t  appears tha t  the 
ring structure of T P P S  is not opened, or the prosthetic 
groups removed, by  enzymatic action in tissue. 

The possibility tha t  accumulation of TPPS by tumor 
reflected binding to an unusually abundan t  or unique 
cytoplasmic protein was assessed by equilibrium dialysis 
experiments. The binding of TPPS  to soluble fractions of 
tumor, kidney, liver, spleen, muscle, and brain prepared 
by  ultracentrifugation was determined. Conclusions from 
these experiments were qualified because the 'protein'  
preparations were not  homogenous, they all showed great 
affinity for TPPS,  bag binding was great, and equilibra- 
tion was slow, However, no significant or consistent dif- 
ferences could be demonstrated. 

From these studies it appears tha t  differences in TPPS  
metabolism in tumor and other tissues cannot  explain the 
earlier tissue distribution findings. This conclusion prob- 
ably applies to the other porphyrins tha t  have been 
tested or recommended as tumor localizing agents s-12. 
Thus far the incorporated radioisotopes have been 
chelated metals. Dissociation and independent distribu- 
t ion of the metals could not  completely explain the 
discrepant distribution pat terns of isotope and parent  
T P P S  8. Why  then did Co 67 incorporated in Co 67 T P P S  
distribute differently from TPPS alone ? The most likely 
explanation is tha t  metal porphyrins have a completely 
different distribution pat tern than  TPPS by virtue of the 
major change in electronic configuration conferre~t by 
the dz ~ orbital of the metai tha t  is perpendicular to the 
otherwise flat planar molecule ~. 
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I t  h a s  b e e n  s h o w n  t h a t  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s  
occur  in  o rb i t a l s  b e l o n g i n g  to  t h e  r ing  of free b a s e  por-  
phyr ins ,  b u t  in  m e t a l  c en t e r ed  o rb i t a l s  of t h e  me ta l lo -  
p o r p h y r i n s  x ,  These  cons ide ra t i ons  sugges t  t h a t  a t t e n t i o n  
be  d i rec ted  t o w a r d s  s t u d y  of T P P S  or s imi la r  c o m p o u n d s  
r ad io i so top ica l ly  l abe led  d i r ec t l y  w i t h i n  t h e  r ing  s t ruc -  
t u r e  ~6. 

6v idence  u n e  d 6 g r a d a t i o n  d u  T P P S .  D ' a u t r e s  m*can i smes  
impl iqu~s  d a n s  la  d i s t r i b u t i o n  du  T P P S  s o n t  discut6s.  
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Rdsumd. Des r 6 s u l t a t s  an t6 r i eu r s  sugg6ren t  que  l ' accu-  
m u t a t i o n  s~lect ive  de  T P P S  au  n i v e a u  de  ce r t a ines  
t u m e u r s  e s t  li6e a u x  ea rac t~res  pa r t i cu l i e r s  de  leur  
m 6 t a b o l i s m e .  Au  cours  d ' exp6r i ences  u t i f i s a n t  des  pre -  
p a r a t i o n s  t issula i res ,  ii n ' a  pa s  6t6 poss ib le  de  m e t t r e  en  

x4 R. H. FELTON and H. LIrcSCHITz, J. Am. chem. Soc. 88, 1113 
(1966). 

15 Supported by USPHS Research Grant No. CA-08310. 
~s New York City Health Research Council Career Scientist, Con- 

tract 1-409. 

I n d i g e n o u s  M i c r o b i a l  F l o r a  a n d  t h e  L a r g e  
I n t e s t i n e  in  T a d p o l e s  

I n  t e r r e s t r i a l  v e r t e b r a t e s ,  t he  la rge  i n t e s t i n e  is t h e  s i te  
of  m a r k e d  bac t e r i a l  p ro l i fe ra t ion ,  whereas  t h e  c o n t e n t s  
of  t h e  s t o m a c h  or  sma l l  i n t e s t i n e  a p p e a r  to  b e  s ter i le  or  
sparse ly  p o p u l a t e d  w i t h  b a c t e r i a  ~-8. T h e  m e c h a n i c a l  
c leans ing  of  t h e  l u m e n  b y  c o n t i n u o u s  m o t o r  ac t i v i t y ,  
a ided  b y  m u c u s  secre t ion ,  seems  t h e  m o s t  i m p o r t a n t  
m e c h a n i s m  to  keep  t h e  sma l l  i n t e s t i n e  free f r o m  debr i s  
a n d  b a c t e r i a ;  i n  con t r a s t ,  debr i s  a c c u m u l a t e  a n d  m a n y  
m i c r o o r g a n i s m s  f luor i sh  in  t h e  la rge  in tes t ine ,  w h e r e  
m o v e m e n t s  a re  s luggish  a n d  m u c u s  is l a rge ly  d i s i m b i b e d  
or  demol ished*,  ~. I n  fish, on  t h e  c o n t r a r y ,  t h e  h i n d g u t  is 
n o t  enlargede,  7, t h e  faeces p r e s e n t  la rge  q u a n t i t i e s  of 
m u c u s  8 a n d  t h e  i n t e s t i n a l  f lora  appea r s  to  b e  a b s e n t  or 
r e s t r i c t ed  to  a v e r y  s c a n t y  a n d  labi le  f o rm x. 

T h e  f ind ing  t h a t  a t r u e  i n d i g e n o u s  mic rob i a l  f lora  is 
a ssoc ia ted  w i t h  t h e  h i n d g u t  of a d u l t  a m p h i b i a  1-z a n d  
t h e  c o n s i d e r a t i o n  t h a t  t h e  l a rva l  s t a t e  seems to  b e  a n  old 
i n h e r i t a n c e  of t h e  a m p h i b i a ,  h a n d e d  d o w n  f r o m  t h e i r  f ish 
ances tors ,  p r o m p t e d  us  to  i n v e s t i g a t e  if s t a b l e  b a c t e r i a l  
p o p u l a t i o n s  are  e s t ab l i shed  in  t h e  i n t e s t i n e s  of t adpo les .  

L a r v a e  f r o m  d i f f e ren t  species (Rana esculenta, R. 
temporaria, Bo~bina variegata, Bu/o viridis), in  s tages  

i 

f r o m  24-29 (according  to  WITscmS) ,  were  e x a m i n e d  for 
t h e  i n t e s t i n a l  b a c t e r i a l  c o n t e n t ,  u s ing  t e c h n i q u e s  previ -  
ous ly  desc r ibed  ~,2. Fu l l  ev idence  was o b t a i n e d  t h a t ,  in 
t h e  h i n d g u t  of t adpoles ,  a m u l t i f o r m  mic rob i a l  f lora  is 
f i rmly  es tab l i shed ,  t h a t  i t  c o n t i n u e s  to  f luor ish  e v e n  a f t e r  
f a s t i ng  per iods  of 1 -2  weeks,  u l t i m a t e l y  b e i n g  h a n d e d  
down,  t h r o u g h  t h e  m e t a m o r p h o s i s ,  to  t h e  a d u l t  hos ts .  

Are  t adpo le s  p rov ided ,  t h e n ,  w i t h  a n  ' en l a rged  h i n d -  
g u t '  ? W e  were  n o t  ab le  to  f ind  in  t h e  h t e r a t u r e  a d e q u a t e  
re fe rences  on  t h i s  po in t .  Bu t ,  f r o m  o u r  dissect ions ,  i t  be-  
c a m e  e v i d e n t  t h a t  t a d p o l e s  h a v e  a v e r y  wel l  deve loped  
' l a rge  i n t e s t i n e ' :  t h i s  (F igure  1), 10-15 m m  long  a n d  
1-1.8  m m  in d i ame te r ,  h a s  a n  e longated ,  p y r i f o r m  prof i le ;  

1 p. BoNI and P. BATTAGLINI, Experientia 20, 504 (1964). 
P. Born and P. BATTAnr.XNI, Riv. Ist. sieroter, ital. 39, 306 (1964)- 

s p. Born and P. BATTAGLINI, Riv. Ist. sieroter, ital. 40, 40 (1965). 
4 j . M . S .  DxxoN, J. Path. Bact. 7g, 131 (1960). 

H. W. FLOREV, Gastroenterology #3, 326 (1962). 
e A. H. AL-HussAiux, Q. J1 mierosc. Sci. Po, 323 (1949). 

D. S. SAgBAm, Biol. Bull. mar. biol. Lab., Woods Hole 100, 244 
(1951), 

s p. Bo~x and P. BATTAOLI~I, Rass, Med. sper. 1t, 1 (1964). 
9 E. WXTSCHI, Development o] Vertebrates (W. B. Saunders, Phila- 

delphia 1956), p. 80. 

Fig, 1, The 'large intestine' of a tadpole of Rana esculenta, stage 25. 
x 10. 

Fig. 2. Same specimen of Figure 1, logitudinal section. From left to 
right: end of the 'small intestine'; valve; 'large intestine' showing 
the eentral mucus flow and the characteristic agglomerate of 

opalinids, × 25. 


