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SUMMARY 

Hematoporphyrin derivative(HPD) , a f luorescent  compound known 

t o  be s e l e c t i v e l y  accumulated i n  neoplasms, is labe led  with *Tc 

by a chemical method. Radiochemical analyses  ind ica ted  that t h e  

labe led  product conta ins  an average of  91% 99mTc-HPD, 6% unbound 

99mTc-(Sn)complex spec ies  and l e s s  than 3% f r e e  99mTc. Data from 

a c i d  p r e c i p i t a t i o n  a n a l y s i s  demonstrate t h e  presence of  two ra- 

diolabeled €IFTI f r a c t i o n s ;  an inso luble  black p r e c i p i t a t e  and a n  

a c i d  so luble  f r a c t i o n  with a n  average of 66% and 29% respect ively.  

The l a b e l i n g  mechanism is not known. Presumably, l a b e l i n g  of HPD 

involves  t h e  formation of a coordinated complex v i t h  reduced 99mTc 

forming a rad ioac t ive  metalloporphyrin compound. *Tc-HPD, l i k e  

t h e  parent  compound, e x h i b i t s  s t r o n g  f luorescence when exposed 

t o  an appropr ia te  u l t r a  v i o l e t  l i g h t  source. 

Key Words : 99mTc-Hematoporphyrin d e r i v a t i v e ,  tumor imaging agent. 

INTRODUCTION 

The p r e f e r e n t i a l  a f f i n i t y  of  porphyrins and hematoporphyrin f o r  neoplas t ic  

t i s s u e  has  been known f o r  more than four  

i n t o  tumor-bearing animal, a b r i l l i a n t  red-orange f luorescence is  produced by 

u l t r a  v i o l e t  l i g h t  a c t i v a t i o n  of  t h e  porphyrin compound accumulated i n  t h e  tumors. 

Hematoporphyrin d e r i v a t i v e  (HW) appears  t o  be a b e t t e r  tumor l o c a l i z i n g  agent  

When i n j e c t e d  intravenously 
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than any porphyrin compounds investigated.’-l0 Despite t h e  i n i t i a l  optimism over 

poss ib le  c l i n i c a l  a p p l i c a t i o n s  of HPD i n  d e t e c t i n g  tumors, t h e  usefu lness  of t h e  

unlabeled compound is  l imited.  The use of  HPD-fluorescence technique involves  in- 

vasive procedures. The f luorescence emit ted by HPD must be a c t i v a t e d  i n  s i t u  by a 

s t r o n g  W l i g h t  source which r e q u i r e s  h ighly  eophis t ica ted  endoscopic f i b e r o p t i c  

equipments. Endoscopic procedures o f t e n  produce t i s s u e  damages which lead  t o  hem- 

morhage and subsequent masking of t h e  tumor. Quenching of t h e  f luorescence by nor- 

mal t i s s u e ,  body f l u i d s  and blood is  a major obs tac le  i n  achieving s i g n i f i c a n t  re- 

!.iablity and r e p r o d u c i b i l i t y  o f  t h i s  technique. Another major problem is  t h e  ina- 

b i l i t y  t o  document photographical ly  t h e  f luorescence observed endoscopically. Hone 

t h e  l e s s ,  t h e  HPD-fluorescence technique has proved valuable  i n  i n i t i a l  c l i n i c a l  

trials. HPD labe led  with a s u i t a b l e  radionucl ide such as 99mTc may reso lve  these  

problems and o f f e r  a s impler  and p r a c t i c a l  means of  tumor detect ion.  

METHOD AND MATERIALS 

HPD w a s  prepared according t o  t h e  method of  Lipson.’ One gram of  hematopor- 

phyrin dihydrochloride 

a c i d  and concentrated s u l f u r i c  a c i d  f o r  15 minutes. HPD w a s  p r e c i p i t a t e d  from t h e  

a c i d i c  s o l u t i o n  by t h e  a d d i t i o n  of  300 m l  o f  a 

t e r e d ,  thoroughly washed with d i s t i l l e d  water and d r i e d  a t  room temperature over- 

night  i n  t h e  dark. The y i e l d  averaged 80% HPD. One hundred m i l l i g r a m  of  HPD crys- 

tals wee dissolved i n  9 m l  normal saline(O.9% NaC1) and a l k a l i z e d  t o  pH 11.5 with 

1 N NaOH.After  complete d i s s o l u t i o n ,  t h e  HPD s o l u t i o n  was quickly lowered t o  pH 

7.4 with 1 N HC1. Addi t ional  normal s a l i n e  w a s  added t o  br ing  t h e  volume t o  10 m l .  

Occaeionally, minute p a r t i c l e s  were formed as a r e s u l t  of r a p i d  pH adjustment or 

when t h e  pH dropped below 7. The neut ra l ized  HPD s o l u t i o n  w a s  s t e r i l i z e d  with 0.22 

w a s  t r e a t e d  with 1 4  m l  of  a 19:l mixture of g l a c i a l  a c e t i c  

sodium a c e t a t e  s o l u t i o n ,  fil- 

um n i l l i p o r e  63 f i l t e r  i n t o  a s te r i le  evacuated serum v i a l  and s t o r e d  a t  room tem- 

pera ture  i n  t h e  dark. U l t r a f i l t r a t i o n  a l s o  removed any microcol loids  presented i n  

t h e  n e u t r a l i s e d  HPD solut ion.  A f t e r  one month, t h e  pH of t h e  HPD s o l u t i o n  decreased 

Calbiochem-Behring Corp. Cal i f .  
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t o  6.8 causing formation o f  microcol loids  but  could be r e s o l u b i l i z e d  by a d j u s t i n g  

t h e  pH back t o  7.4. Refr igera t ion  tended t o  a c c e l e r a t e  t h e  formation of micro- 

co l lo ids .  

Hematoporphyrin d e r i v a t i v e  is labe led  with 99mTc by a pH 7.4 chemical method.” 

The l a b e l i n g  procedure is  as follows: 

1. I n t o  a 101111 s t e r i l e ,  evacuated serum v i a l  containing 0.5 m l  of a s o l u t i o n  

of 0.1 ng SnC12 i n  0.05 N HC1, i n j e c t  2 m l  (60 mCi) *Tc-pertechnetate 

i n  normal sa l ine .  Mix t h e  conten ts  of  t h e  v i a l  f o r  1 minute and al low t o  

s tand  at room temperature for 5-10 minutes for t h e  complete reduct ion of 

*Tc. 

2. Adjust t h e  pH of  t h e  rad ioac t ive  mixture t o  7.4 with 0.75 m l  pH 12.4 

sodium citrate/NaOH solut ion.  

3. Immediately, i n j e c t  1 m l  of  t h e  HPD s o l u t i o n  i n t o  the vial slowly with 

continuous s w i r l i n g  motion for 2 minutes. 

4. Incubate t h e  conten ts  of  vial a t  room temperature f o r  30 minutes. 

The binding e f f i c i e n c y  of  *Tc-HFTI w a s  assessed by ascending radiochromato- 

graphy with Whatman No. 1 paper and i n s t a n t  t h i n  l a y e r  chromatography with s i l i c a  

g e l  p l a t e s  (ITLCSG) 
** 

and developed i n  acetone. Samples of labe led  and unlabeled 

HPD were s p o t t e d  on t h e  chromatographic s t r i p e s  measuring 1 x 11 cm, air d i red  

and developed i n  a 15 ml test tube containing 1.0 m l  acetone. Labeled and unla- 

beled HPD remained at t h e  o r i g i n  of t h e  chromatogram i n  both media, whereas, f r e e  

or unbound *Tc migrated toward t h e  so lvent  f r o n t  with a R f  value of 1.0. While 

unbound and presumably 99mTc-(Sn)complex spec ies  would not migrate i n  Whatman No. 

1 paper (Rf  = 0.01, it could be separa ted  from t h e  labe led  HPD with ITLC-SO p l a t e s  

(Rf = 1.0). The a c t u a l  amount of f r e e  99mTc or unbound 99mTc-(Sn)complex spec ies  

was determined by ana lys ing  data from both chromatographic media. Thus, by sub- 

t r a c t i n g  t h e  amount of  f r e e  99mTc obtained from Whatman No. L paper from t h e  t o t a l  

a c t i v i t y  found i n  t h e  solvent  f r o n t  of  t h e  I T U S G  p l a t e ,  one could obtained 

**  Gelman Instrument Co., Michigan 



354  D. W .  Wong 

Whatman No. 1 Paper 

Fluorescent  Radi opharmaceutical Radi ti ve 

peak' peak 

*TcOi 1.00 - 

a n  accura te  amount of  unbound 99mTc-(Sn)complex s p e c i e s  present  i n  the f i n a l  pro- 

duct. Following i d e n t i f i c a t i o n  of t h e  r a d i o a c t i v i t y  peaks, t h e  chromatograms were 

observed for f luorescence under a W l i g h t  source. The Rf values  obtained from 

f luorescent  inspec t ion  were compared with t h e  r a d i o a c t i v e  peaks. (See Table I.) 

+ 

I T E S G  

Radioactive Fluorescent  
peak' Peak 

1.00 I 

Table I. Rf va lues  of  99mTc-KPD as determined by ascending radio-  

chromatography with Whatman No. 1 paper and ITESG 
p l a t e s  developed i n  acetone and by W l i g h t  f luorescence 

inspect ion.  

99mTc-(Sn)complex 
spec ies  

0.00 

1 0.00 0.00 1 0.00 0.00 
I I 

= R f  values  (-1 = No f luorescence 

Radiolabeled Am) was f u r t h e r  analyzed by an a c i d  p r e c i p i t a t i o n  method.13 One 

ml of 99mTc-HPD s o l u t i o n  w a s  added t o  a test tube containing 2 m l  of 0.1 N HC1. 

After  s tanding  at  room temperature f o r  5 minutes, a black p r e c i p i t a t e  was formed. 

The p r e c i p i t a t e  was removed from t h e  supernatant  by c e n t r i f u g a t i o n  and washed 

twice thoroughly with 2 r n l  0.1 N HCL. The pink-colored supernatant  which contained 

presumably an a c i d  so luble  HPD f r a c t i o n  w a s  ex t rac ted  t h r e e  times with equal vol- 

umes of cyclohexanone i n  a separa tory  funnel. The two phases were Bubsquentlj Be- 

parated and c o l l e c t e d  i n  t h e  test tubes  f o r  later r a d i o a c t i v i t y  assay  and f luores-  

cent  inspect ion.  

+ UV Product, Cal i f .  
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RESULTS AND DISCUSSION 

Porphyrins and r e l a t e d  analogs a r e  complex t e t r a p y r r o l e  compounds capable of  

forming s t a b l e  coordinated complexes with many meta l l ic  i o n s  t o  form metallopor- 

phyrins. It is  i n  t h e  form o f  metal complexes such as hemoglobin, vitainin B-12, 

cytochrome, c a t a l a s e ,  peroxidase and chlorophyl l  t h a t  they exer t  t h e i r  most i m -  

por tan t  b io logica l  a c t i v i t i e s  i n  t h e  normal metabolism of p lan t  and animal. Many 

of these  compounds e x h i b i t  s t r o n g  f luorescence when exposed t o  an appropr ia te  

e x c i t i n g  l i g h t  source. 

Hematoporphyrin, an a r t i f i c a l  porphyrin compound, is prepared by t r e a t i n g  

hemoglobin with concentrated s u l f u r i c  acid.  It is  a crude mixture of  s e r v e a l  por- 

phyrins. Hematoporphyrin d e r i v a t i v e  (HPD), a r e c r y s t a l l i z e d  form of  hematoporphyrin, 

is a complex mixture of hematoporphyrin d i a c e t a t e ,  hematoporphyrin monoacetate, 

v inyl  porphyrins, protoporphyrin, deuteroporphyrin and s e v e r a l  a d d i t i o n a l  analogs. 

The p r i n c i p l e  component i n  HPD is hematoporphyrin diacetate .  12 

Severa l  porphyrin compounds had been labe led  with rad ionucl ides  such as 64Cu 

and 5 7 ~ o .  Rotoporphyrin and hematoporphyrin labe led  with 64Cu were shown t o  con- 

c e n t r a t e  i n  mouee tumors but f a i l e d  t o  achieve s i g n i f i c a n t  tumor uptake i n  human 

beings.13 Simi la r  f ind ings  were obtained with 57Co-labeled hematoporphyrin. 

Although HPD had been used c l i n i c a l l y  as a tumor marker f o r  var ious forms of neo- 

plasms, no known rad io labe led  HPD had been reported i n  t h e  l i t e r a t u r e .  

14 

The present  s t u a y  is an at tempt  t o  labe led  HPD with t h e  radionucl ide 9%Tc. 

Of a t o t a l  of  14  batches of HPD labe led  with 99mTc, an average binding e f f i c i e n c y  

of  97 .33%~ 1.79% w a s  achieved as assessed by radiochromatography with Whatman No. 

1 paper. Free o r  unbound 99mTcOt w a s  2.7% 2 1.86. ITU-SG data indica ted  that 

t h e  f i n a l  l abe led  product contained 91.6H 2 6.11$ *"Tc-€PD, 5.63$ unbound 99mTc- 

(Sn)complex spec ies  and l e s s  than f r e e  *Tc. Fluorescence w a s  observed only at 

t h e  o r i g i n  of t h e  chromatogram corresponding t o  labe led  Am). S t a b i l i t y  determina- 

t i o n s  ind ica ted  t h a t  t h e  labe led  product remained s t a b l e  at room temperature up t o  

3 hours. Beyond 3 hours, an i n c r e a s i n g  amount of unbound 99mTc-(Sn)complex spec ies  



356 D. W. Wong 

w a s  noted. Ref r igera t ion  at 2'to 8'C immediately fol lowing l a b e l i n g  prolonged t h e  

s t a b i l i t y  of  99mTc-HPD up t o  6 hours. No evidence of microcol loids  was observed by 

microscopic examination over a 24 hours period. However, t h e  compound should be 

labeled a t  a pH above 7 t o  prevent microcol loid formation. Iabeled and unlabeled 

Hm, w i l l  p r e c i p i t a t e  out from s o l u t i o n  when t h e  pH of t h e  medium drops below 6. 

Acid p r e c i p i t a t i o n  a n a l y s i s  of  t h e  labe led  product yielded two rad ioac t ive  

Hm) f r a c t i o n s ;  a black p r e c i p i t a t e ,  99mTc-HPD1, and an a c i d  s o l u b l e  f r a c t i o n ,  

9*Tc-HPD2, vhich remained i n  t h e  supernatant. The black p r e c i p i t a t e ,  which ac- 

counted f o r  an average of  66.37% 2 9.28% of  t h e  t o t a l  r a d i o a c t i v i t y ,  could be re-  

dissolved i n  normal s a l i n e  made a l k a l i n e  t o  pH 11.5 with 1 N NaOH. However, when 

readjus ted  t o  pH 7.4 with 1 N HC1, t h e  l a b e l  came o f f  with i n c r e a s i n g  amount of  

f r e e  *Tc de tec ted  i n  t h e  chromatogram, an i n d i c a t i o n  that 9*Tc-HPD1 could not 

s u s t a i n  repeated t reatment  with a c i d  or  base. 

Radioanalysis of  t h e  supernatant  confirmed t h e  presence of  a second radio- 

a c t i v e  HPD f rac t ion .  *Tc-HPD2 w a s  ex t rac ted  from t h e  supernatant  with equal vol- 

ume of cyclohexanone. Af te r  separa t ing  t h e  two phases, an average of  2 7 . 0 % ~  9.41% 

of  the  r a d i o a c t i v i t y  which included less than 3% f r e e  9pnTc w a s  recovered i n  t h e  

f luorescent  organic  phase. About 6 . 5 6 % ~  2.49% of t h e  r a d i o a c t i v i t y ,  presumably 

unbound 99mTc-(Sn)complex spec ies ,  remained i n  t h e  non-fluorescent aqueous phase. 

99mTc-HPDl and %Tc-HPD2 toge ther  accounted f o r  an average of  90.6% 

t h e  t o t a l  rad ioac t iv i ty .  (See Table 11) 

3.56$ of 

The chemical na ture  of  these  two rad io labe led  HPD f r a c t i o n s  has  not been de- 

termined. Since HPD conta ins  s e v e r a l  d i f f e r e n t  porphyrin analogs,  some or a l l  of  

these  compounds may be labe led  with 99nTc by t h e  l a b e l i n g  process. 99mTc-HF9L 

and 9pnTc-HPD 

other hand, t h e  a c i d  p r e c i p i t a t i o n  procedure i t s e l f  may a f f e c t  t h e  labe led  product 

and makes it appear that t h e r e  two d i f f e r e n t  9%c-labeled HPD f rac t ions .  

each may contain more than one labe led  porphyrin f rac t ion .  On t h e  2 
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Figure 1. Anterior scintigram of a normal Swiss-Webster white mouse obtained 

24 hours post intraperitoneal injection of 3 mCi of 99mTc-HPD. The 

animal weighing approximately 30 g 

camera equipped with a pinhole collimator. 

was scanned under an Anger 
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Figure 2. Anterior scintigram of a CFW strain Swiss-Webeter white mouse with 

a large mammary adenocarcinomas. The scan is obtained 24 hours post 

i . p .  injection of the radiopharmaceutical to allow reduction of 

blood pool activity. 
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Figure 3. Anter ior  24 hrs .  delay scint igram of a CFW strain-Webster white mouse 

with a l a r g e  b r e a s t  tumor. Hot f o c a l  defec t  i s  seen i n  t h e  scan cor- 

responding t o  t h e  anatomical s i t e  of t h e  breas t  tumor. 
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Table 11. Binding e f f i c i e n c y  of  99mT~-HPD as determined by radiochroma- 

tography with (A)  Whatman No. 1 paper and (B) I!lW-SG p l a t e  

developed i n  acetone and by (C) a c i d  p r e c i p i t a t i o n  method. 

(A) (B) (C 1 Radiopharmaceutical 
Percent bound' Percent bound Percent bound 

99mTc-Hematoporphyrin 97.33 (1.79) 91.60 (6.11) 90.67 (3.56)** 
d e r i v a t i v e  

*Tc - ( Sn ) complex - 
s p e c i e s  

5.63 (6.16) 6.56 (2.49) 

99mTc-pertechnetate 2.77 (1.82) 2.77 (1.82). 2.77 (1.82) 

+ Mean % 2 (s.d.1 

Based on Whatman No. 1 paper data. 

** Radioactive p r e c i p i t a t e  + cyclohexanone ex t rac ted  9P"T~-HPD2 f rac t ion .  

The l a b e l i n g  mechanism of 99mTc-HF'D is not  known. Presumably, incorporat ion of 

t h e  radionucl ide with HPD l igand  involves  t h e  formation of a coordinated complex 

with reduced 99mTc. On t h e  o ther  hand, l a b e l i n g  of 9*Tc t o  HF'D may occur at t h e  

c a r b o q l i c  s i d e  cha ins  r e s u l t i n g  i n  a weaker and l e s s  s t a b l e  form of  99mTc-porphyrin 

complex. However, t h e  recovery of 99"Tc-HPD1 p r e c i p i t a t e  by d i l u t e  a c i d  s t rongly  

eruggests t h a t  some stabl'e form of 99mTc-HPD complexes e x i s t  i n  t h e  labe led  product. 

!The chemical nature  of these  radiochemical s p e c i e s  has  not  been i d e n t i f i e d .  

The b io logica l  behavior of 99mTc-HPD is c u r r e n t l y  under i n v e s t i g a t i o n  with out- 

bred CIWw++ s t r a i n  Swiss-Webster white mice long maintained i n  our c losed colony. 

These animals have a high incidence of spontaneous mammary adenocarcinomas which 

were confirmed by h i s t o l o g i c  examination. Prel iminary r e s u l t s  from imaging and t i s s u e  

d i s t r i b u t i o n  s t u d i e s  demonstrate t h a t  radiolabeled HPD, l i k e  t h e  parent  compound, is 

taken up by neoplas t ic  t issue.(See Fig. 1,2 & 3 )  

Charles River Lab. MASS. +t 
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