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SUMMARY 

Of special significance in this progress report is a description of 

the successful detection of experimentally produced niyocardial infarctions 

in rats and dogs using 123m~e-9-telluraheptadecanoic acid (9-[123m~e]-~~~A). 
The defects in the myocardial images corresponded we1 1 with the infarcted 

areas which were verified by histopathological examination of the excised 

hearts. Preferential localization of radioactivity in normal myocardial 

tissue of rats that had experimentally produced infarctions was also 

demonstrated by tissue distribution studies following injection of 9-[123m~e]- 

THDA. The effects of chain length on the myocardial uptake of 75Se-labeled 

long-chain fatty acids has a1 so been studied further. Sel enium-75-label ed 

1 3-sel enaheneicosonic acid [H3C-(CH2) 7-75Se-(CH2) -COOH , 1 3-,[75Se]-SHCA] 
shows the highest heart, uptake in rats of the agents studied (.)I .5% 

injected dose after 30 min) . These results indicate that myocardial 

imaging may be possibl'e with 1 3-[75Se]-SHCA and also suggest that potential 

positron emission tomography of the myocardium with the 73~e-labeled agent 

should be explored . 
In this report, the results of continuing studies with llc and 195mPt- 

labeled agents are described. A variety of llC-labeled amino acids were 

prepared and tested as pancreas and tumor local izing agents in a Medical 
Cooperative Program with the Oak Ridge Associated Universities. The 

microscal e synthesis of 195m~t-l abel ed cis-dichl oro-trans-di hydroxy-bis- 

(i sopropyl amine)pl atinurn( IV) (lg5mPt-CHIP) has been developed furthir and 
preliminary tissue distribution studies with this important second- 
generation antitumor drug have been completed in rats. Platinum-195m- 

1 abel ed cis-dichl orodiamminepl at inurn( I I) (195mPt-~is-DDP) has been suppl ied 
for testing to a number of Medical Cooperative Programs. 

Studies of arsenic trioxide (As2O3) toxicity for human cells in the 
diffusion chamber assay system have continued. Further investigation of 

this arsenic-induced cytotoxicity has demonstrated a linear dose- 

response relationship and a difference in the permanence of the growth 

inhibitory effect using different doses. 



THIS PAGE . . 

WASINTENTHONALLY . 

LEFT BLANK 



SELENIUM-75 AND TELLURIUM-123m 

F. F. Knapp, Jr. and T. A .  Butler 

The e f f e c t s  c f  s t r u c t u r a l  m o d i f i c a t i o n s  on the  uptake o f  r a d i o -  

a c t i v i t y  i n  r a t  hear ts  a f t e r  i n j e c t i o n  o f  var ious  7 5 ~ e - l a b e l e d  f a t t y  ac ids  

were described i n  the'  'previous qua ' r te r ly  r e p o r t  (ORNLITM-7223). The 

compounds i nves t i ga ted  inc luded t h e  f o l l o w i n g  7 5 ~ e - l  abeled f a t t y  ac ids,  

where the  subsc r ip t  i n d i c a t e s  t h e  cha in  l e n g t h  o f  t he  a1 kanoic a c i d  

analogue i n  which -CH2- moie ty  has been replaced b y  t h e  selenium hetero-  

atom: C13-9-Se, C17-9-Se, C2,-l 3-Se, and C2,-9-Se. Two a d d i t i o n a l  

members i n  t h i s  se r i es  o f  compounds, 13-sel enanonadecanoic (Clg-1 3-Se) 

and 13-selenaheneicosonic a c i d  (C21-13-Se) have been prepared and tes ted  

i n  r a t s .  The r e s u l t s  o f  these s tud ies  a r e  summarized i n  Tables 1  and 2. 

A comparison o f  t h e  abso lu te .hea r t  uptake (percent  i n j e c t e d  dose 

per organ) o f  .the var ious  7 5 ~ e - l a b e l e d  f a t t y  ac ids  i s  i l l u s t r a t e d  i n  

F ig .  1. Whi le o n l y  marginal h e a r t  uptake i s  e x h i b i t e d . w i t h  t h e  Clg-13-Se 

agent, t h e  C?,-13-Se f a t t y  a c i d  shows pronounced uptake; i n d i c a t i n g  t h a t  

t he  h e a r t  uptake o f  7 5 ~ e - l a b e l  ed f a t t y  ac ids  i n  t h e  r a t  i s  c r i t i c a l l y  

dependent upon cha in  length .  The d i f f e r e n c e  i n  hea r t  uptake o f  these 
. . 

two agents was.unexpected s ince  they  d i f f e r  i n  cha in  l e n g t h  by  o n l y  two 

methylene u n i t s  and t h e  Se-heteroatom i s , i n  t h e  same pos . i t ion  i n  bo th  . 

molecules. . 

Since 13-sel enaheneicosoni c  a c i d  has shown t h e  g rea tes t  h e a r t .  uptake 

o f  t he  agents studied, i t  w i l l  be s tud ied  i n  more d e t a i l .  . Future 

s tud ies  w i l l  i nc lude attempts t o  image normal and i n f a r c t e d  hea r t s  o f  

r a t s  and dogs. I n  add i t i on ,  l a r g e  amounts o f  t he  unlabeled f a t t y  a c i d  

w i l l  be prepared f o r  acute t o x i c i t y  t e s t s  j.n mice. .. An a d d i t i o n a l  goal 

w i l l  be t h e  prepara t ion  and t e s t i n g  o f  t h e  7 3 ~ e - l a b e l e d  agent f o r  

emission computeri z'ed tomographic imaging s tud ies .  

I n  con junc t ion  w i t h  D r .  H. W i l l i a m  Strauss and h i s  co l leagues i n  

t h e  Nuc'lear Medicine D i v i s i o n  a t  t he  Massachusetts General Hosp i ta l ,  the  

t i s s u e  d i s t r i b u t i o n  and imaging p r o p e r t i e s  o f  123m~e-9- te l  1  urahepta- 

decanoic a c i d  (9- [ 1 2 3 m ~ e ' ] - ~ ~ ~ ~ )  i n  experimental 1 y  i n f a r c t e d  r a t s  and 

dogs have been i nves t i ga ted  r e c e n t l y .  Since e a r l i e r  s tud ies  i n  r a t s  

had i nd i ca ted  t h a t  a  unique f e a t u r e  o f  THDA was the  prolonged r e t e n t i o n  



Table 1. C i s t r i b u t i o n  3 f  r a d i o a c t i v i t j  i n  t i s s u e s  o f  F ischer  344 r a t s  
f o l l o w i n g  intravenous admin i s t ra t i on  o f  

7 5 ~ e - 1  3-sel enanonadecanoic a c i d  

Mearl oercent in-iec'ed doselaram ( r a n a ~ ' ~  

Time ' a f t e r  i n j e c t i o r  

T issue 5 min .30 min 1 h  6 h  

Bl 00d 0.36 (0.32-0.464 0.35 (0.32-0.41) 0.22 (0.21 -0.23) 0.22 (0.21 -0.24) 

L i v e r  5.4:21(5.12-6.15) 4.'761:4..62-4.84) 4.23(4.04-4.44)  2.21 (2.08-2.41) 

Spl een 0.41 l(0.33-0.48) 0.32 (0.31-0.33) 0.36 (0.33-0.13) 0.32 (0.30-0.34) 

Kidneys 1.58 (1 .37-1 .94:) 1 . I9  ,:I .12-1 .23) 1 .55 (1 .39-1 .E,4) 1 .58 (1 .54-1 .61) 

Heart 1. .09 l(0.84-1.32') 0.73 (0.64-0.83) 0.72 (0.69-0.?7) 0.41 (0.35-0.48) 

Lungs 0.73 (0.66-0.80) 0.;37 10.82-0.92) 0.83 (0.78-0.50) 0.79 (0.68-0.85) 

a Three r a t s  were lused f o r  ealzh t ime  per iod.  Other t i ssues  . t- tat  were analyzed 
i n c l  ude the  pancreas, '1 arge and srn.311 i n tes t i nes ,  and b r a i n .  



Table 2. Distribution of radioactivit in tissues of Fischer 344 rats following 
intravenous admini stration of r5Se-13-sel enaheneicosonic acida 

Mean percent injected dose/grarn (range) 
Time after injection 

Tissue 5 min 10 rnin 1 h 4 h 

Blood 0.31 (0.28-0.36) 0.47 (0.31-0.64) 0.27 (0.17-0.39) 0.34 (0.30-0.37) 

Liver 7.20 (6.73-7.69) 5.72 (5.54-5.90) 4.03 (2.48-5.1 0) 3.68 (3.42-3.85) 

S pl een 0.96 (0.82-1.09) 0.67 (0.53-0.81) 0.56 (0.36-0.68) 0.55 (0.55-0.57) 

Kidneys 1.41 (1.36-1.50) 1.31 (1.27-1.34) 1.53 (1.06-1.90) 2.22 (2.16-2.28) 

Heart 3.07 (2.22-4.48) 2.90 (2.81-2.98) 1.91 (1.16-2.85) 0.96 (0.71-1.21) 

Lungs 1.16(1.10-1.20) 0.91 (0.75-1.08) 0.87 (0.65-1.13) 1.20(1.06-1.40) 

a~hree rats were used at each time period. Other tissues that were analyzed include 
the pancreas, large and small intestines, and brain. 
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Fig. 1. The absolute heart uptake (percent injected dose) of 
radioactivity 30 min after intravenous injection of 75~e-labeled fatty 
acids to female Fischer 344 rats. The mean and range values from three 
animals are plotted for each compound. 

in the my~card~ium, the retention of radioactivity in the heart of a 

normal dog was monitored over a five-day period after intravenous 
administration of 9-[123"rTe]-~~~~. The results of this study (Fig, 2) 
irld icated that slgniffeant levels of radioactivity were a1 so retained 
in the dog heart over the five-day period. In these anterior gamna 

camera 'images o f  the dog heart, the left ventricular myocardium is 
observed as a douqhn'ut pattern in the left ant~rinr ohlique (LAO) 

Fig. 2. Ancer~or gamna camera images of the tnoracic region of a 
dog over a f ive-day period after intravenous admini stration of 123mTe- 
9-tell uraheptadecanoic acid. 



projection. The right ventricular myocardium a1 so can be observed 

superior to the left ventricle. The radioactive contents of the myocardium, 

determined by an analysis of the digital data obtained with a gamma 

camera, decreased 13% after 24 h and only 36% after 5 days. These data 

indicate a remarkably long 7.3 day half-time for radioactivity in 

the dog myocardium after injection of 9-[123mTe]-THDA, 

The distribution of radioactivity in normal and infarcted 

myocardial ti ssue from rats that had acute myocardial infarctions 

produced surgically by ligation of the left anterior descending 

coronary artery (LAD) was determined a1 so (Tabl e 3). Infarcted Sprague- 

Dawley rats were injected intravenously with 9-[123mTe]-THDA and 

sacrificed 30 min later by injection of triphenyltetrazolium chloride 

(TTC). The hearts were removed and the infarcted tissue dissected from 

the myocardium by the difference in TTC staining. Radioactive analyses 

Tabl e 3 ,  Distribution of radioactivity in tissues of infarcted 
ma1 e Sprague-Dawl ey rats 30 min foll owing admini stration 

of 123mTe-9-tel 1 uraheptadecanoic acid a 

Number of 
Tissue Samples Mean percent dose/gram + Standard error 

Bl ood 
Lung 

Infarcted 
myocardi um 

Norma 1 
myocardium 

Liver 

Pancreas 

Kidney 

Bone 

Muscl e 

Intestines 6 

a ~ l  even ma1 e Sprague-Dawl ey rats were used for these studies. 



ind icated tha t  t h e  normal myocardial t i ssue  concentrated r a d i o a c t i v i t y  

near ly  th ree- fo ld  greater than the zones of in fa rc t ion  (Table 3).  

An addi t iona l  major goal o f  these studies was t o  determine t he  u t i l  i t y  

o f  detect ing focal  defects i n  animals w i t h  acute experimental myocardial 

i n f a r c t s  using 9-[lZ3mTe]-THDA. The myocardial i n fa r c t i ons  i n  Sprague- 

Dawley r a t s  were produced as described above. A s im i l a r  procedure was 

used t o  produce i n fa r c t i ons  i n  dogs by l i g a t i o n  o f  the LAD d i s t a l  t o  the 

f i r s t  septa1 per fo ra t ing  ar tery .  The 9-[123mTe]-~HDA was administered 

intravenously t o  the  i n fa r c ted  animals and images of  the  chest regions 

w i t h  a  gamma camera. The i n fa r c t i ons  produced i n  r a t s  (Fig. 3) and dogs 

(Fig. 4) were v isua l  ized c l e a r l y  a f t e r  i n j e c t i o n  o f  9-[la3Te]-THDA. The 

animals were sac r i f i ced  by intravenous i n j e c t i o n  o f  TTC which s ta ins  the 

normal myocardial t issue. The i n fa r c ted  t i ssue  was r e a d i l y  d i f f e ren t i a ted  

and separated from t h e  normal t i ssue  by the  di f ference i n  TTC s ta in ing  

a t  autopsy. I n  the  i n f a r c t  imaging studies the focal  defects i n  the  

gamma camera images corresponded exact ly  w i t h  the  presence o f  in fa rc ted  

t i s sue  determined a t  autopsy by the  TTC s ta in ing  method. 

The prolonged re ten t i on  o f  r a d i o a c t i v i t y  i n  r a t  and dog heart  t issue 

fo l low ing  admin is t ra t ion o f  9-[123mTe]-THDA suggests t h a t  t h i s  agent i s  

metabol ica l ly  "trapped" i n  the myocardium. This observation could be o f  

considerable importance i n  the devel opment o f  improved myocardi a1 imaging 
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NORMAL INFARCTED 

Fig. 3. An te r io r  gamma camera images o f  normal and in fa rc ted  r a t  
hearts a f t e r  intravenous administrat ion o f  123mTe-9-tel 1 uraheptadecanoic 
acid. 
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Normal L A D  Ligation 

Fig. 4. Lateral gamna camera images of normal and infarcted dog 
hearts after intravenous administration of 123~e-9-tel 1 uraheptadecanoic 
acid. The arrow indicates the focal defect which represents the 
infarction produced by LAD ligation. 

agents. If the alkyl moiety of THDA is retained in a similar manner to 
that observed for 9-[123Te]-THDA, incorporation of other radionucl ides 
into this region may be a unique and effective way of retaining radio- 

activity in the myocardium for improved imaging studies. Studies are now 
in progress to determine the tissue distribution of IO-[~~C]-~-THDA, 

Studies of the synthesis of 19Smpt-l abel ed cis-dichl oro-trms- 

dihydroxy-bis-(isopropyl amine)pl atinum( I )  (195mPt-CHIP), an important 
potential second-generation Pt(IV) antitumor drug, are continuing. As 
reported earl ier (ORNLITM-7223), lg5mPt-CHIP is being investigated in 

conjunction with a Medical Cooperative Program recently establ ished with 

the Richard Dimbleby Department of Cancer Research at the St. Thomas's 
Hospital School of Medicine in London, England. Improvements in the 
microscal e synthesis and purification of lgmPt-CHIP, prel iminary tissue 
distribution studies in the rat, and future experimental work with this 

agent are described be1 ow. 



The microscal e synthesis o f  CHIP (0.2 mmol e scale) i s  we1 1 defined 

except for  the f i n a l  step which involves the ox idat ion o f  the precursor, 

cis-[Pt ( i  sopropyl amine)2Cl 21, using a 1 arge excess o f  H202 a t  85". Under 

these reac t ion  condi t ions,  a t  1 east f i v e  detectable minor components are 

produced i n  t h i s  step i n  add i t i on  t o  CHIP. P u r i f i c a t i o n  o f  C H I P  can be 

achieved by r e c r y s t a l l a t i o n  o f  the  residue obtained upon evaporation o f  

the  reac t ion  mixture t o  dryness. This method i s  impract ical  f o r  our 

purposes, however, s ince t he  y i e l d s  are cons is ten t l y  low ( ~ 2 5 % )  and var iab le  

and the  r a t e  o f  c r y s t a l l i z a t i o n  i s  slow, necess i ta t ing an overnight 

r e c r y s t a l l i z a t i o n .  Other p u r i f i c a t i o n  methods, such as ion-exchanqe 

co l  umn chromatographic techniques, are t h e r e f ~ r e  bei-ng inveskjgated, 
Results o f  p u r i f i c a t i o n  studies u t i l i z i n g  a mixed bed o f  ca t ion  and anion 

exchange res ins  i nd i ca te  t h a t  on ly  one o f  the s i x  components i s  completely 

removed. Two o ther  components are reduced i n  quan t i t y  by  passing an 
aqueous so lu t ion  o f  the crude react ion mixture through the mixed bed res ins .  

The remaining impu r i t i es  t h a t  are observed are l i k e l y  t o  be neutral  r a the r  

than i o n i c  species s ince the l a t t e r  would be s t rong ly  adsorbed by  the 

res ins .  Approximately 10-15% o f  the r a d i o a c t i v i t y  i s  re ta ined by the 

r e s i n  per pass. The presence o f  these mu1 t i p 1  e impu r i t i es  ind icates t h a t  

t h i s  i s  no t  a sa t i s f ac to r y  system f o r  p u r i f i c a t i o n  o f  CHIP. 

A new adsorption co l  umn chromatographic system f o r  the  p u r i f i c a t i o n  

o f  CHIP which employs t he  condi t ions used i n  the th in - layer  chromato- 

graphic separation o f  these impur i t i es  w i l l  be examined. This system 

includes alumina o r  s i l  i c a  gel as the column mater ia l  and acetone:ethyl 

acetate:0.1 N HC1 as the e l u t i o n  solvent. P u r i t y  c e r t i f i c a t i o n  w i l l  be 

ass is ted by high pressure l i q u i d  chromatographic analyses. It i s  

an t i c ipa ted  t ha t  the  development o f  the  microscale synthesis o f  CHIP w i l l  
be completed dur ing the next  quarter. 

Prel iminary t i s sue  d i  s t r i h ~ r t i n n  s t l ld ics  w i t h  195mPtll abel ed CHIP were 

performed using Fischer 344 female ra t s .  I n  one study, the  d i s t r i b u t i o n  

o f  r a d i o a c t i v i t y  was determined 24 h a f t e r  both in t raper i tonea l  and i n t r a -  

venous admin is t ra t ion o f  l g m ~ t - C ~ l ~  (Tab1 e 4). A more de ta i led  t i ssue  

d i s t r i b u t i o n  study was a lso performed a t  a v a r i e t y  o f  t ime periods from 

0.25 h t o  13 days a f t e r  i n t raper i tonea l  i n j e c t i o n  o f  195m~t-CHIP (Tables 

4 and 5). The 195m~t-CHIP used f o r  these studies was administered a t  a 

dose o f  7.5 mg/kg body weight and contained three minor impur i t ies .  



Table 4. Distribution of radioactivity in tissues of Fischer 
344 'female rats 24 h after administration of 195m~t-cis-. 

Dichl oro-trans-Di hydroxy-bis-(i sopropylamine) - 
platinum(IV), CHIP at a dose of 7.5 mglkga 

Mean percent injected doselgram + S.D. 
Intraperitoneal Intravenous 

Tissue injection injection 

Bl ood 

Liver 

Spl een 

Pancreas 

Stomach 

Small intestine 

Colon 

Adrenal s 

~idneys 

Genital s 
Heart 0.109 + 0.014 0.0985 +.0.0021 

Lungs 0.154 + 0.016 0.136 + 0.005 
Brain 0.0068 + 0.0010 0.0070 + 0.0008 
Skin 0.0570 + 0.0068 0.0508 + 0.0028 

u Four 151-175 g rats were used ' in  each study. 

Several .qualitative comparisons can be made between these data and 
simil ar data obtained after intravenous admini stration of 195mPt-cis-DDP 

(ORNL/TM-7223), which is the platinum antitumor agent that has been studied 

most extensively. The levels of radioactivity in the 1 iver, blood, and 
colon (Table 4); are nearly twice the values detected after simil'ar 
administration of 1 9 5 m ~ t - c i s - ~ ~ ~ .  The levels of radioactivity in the 

reproductive organs and brain after injection of l g S m ~ t - C ~ 1 ~ ,  however, 

are substantial 1 y 1 ower than that observed after admini stration of lgSmpt- 
cis-DDP. The 1.evels of radioactivity'detected in all other .tissues are 

comparable for the two lg5mpt-labeled agents. It is interesting to note 

that the levels of, radioactivity in the kidneys are comparable for the 



Table 5. D i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  t i ssues  o f  F ischer  344 female r a t s  f o l l o w i n g  
i n t r a p e r i  toneal admini s t r a t  i on  o f  l g w ~ t - c i s - ~ i c h l  o r o - t r ~ n s - D i  hydroxy-bis- 

p la t inum( IV) ,  SHIP, a t  a dose o f  7.5 mg/kgG 

Tissue 

Mean percent i n j e c t e d  dose/gram 2 S.D. 

Hours a f t e r  i n j e c t i o r  

0.25 1 .O 6 .O 

B l  ood 

L i v e r  

Spleen 

Pancreas 

Stomach 

Small Sntes t ine  

Colon 

Adrenal s 

Kidneys 

Gen i ta l  s 

Heart  

Lungs 

Bra.i n 

Skin 0.30-i + 0.035 0.131 t 0.048 0.0588 t 0.0032 

 our 151-175 g r a t s  were used f o r  each t ime i n t e r v a l .  



same dose o f  e i t h e r  agent, a l though cis-DDP e x h i b i t s  much g rea te r  nephro- 

t o x i c i t y  than CHIP. A f te r  24 h, t h e  order  o f  t i s s u e  r e t e n t i o n  o f  r a d i o -  

a c t i v i t y  was found t o  be very  s i m i l a r  f o r  t h e  two rou tes  o f  a d m i n i s t r a t i o n  

(Table 4 ) .  The decreasing o rde r  of  t i s s u e  r e t e n t i o n  (percent  dose per  gram) 

a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  i s  as fo l l ows :  

k idneys > co lon  > l i v e r  > pancreas > spleen > stomach > b lood > 

adrenals > small i n t e s t i n e  > lungs > reproduct ive  organs > h e a r t  

> s k i n  > b r a i n .  

With t h e  except ion o f  t h e  b lood and lungs, t h e  order  i s  t h e  same i n  animals 

t h a t  rece ived t h e  1 9 5 m ~ t - ~ ~ ~ ~  by t h e  in t ravenous rou te .  I n t r a p e r i t o n e a l  

i n j e c t i o n  o f  1 9 5 m ~ t - C ~ ~ ~  l e d  t o  a  c o n s i s t e n t l y  h igher  abso lu te  t i s s u e  

r e t e n t i o n  o f  r a d i o a c t i v i t y  than observed a f t e r  in t ravenous admin i s t ra t i on .  

A1 though t h e  resu l  t s  of i n t r a p e r i  toneal  i n j e c t i o n  o f  195mPt-CHIP over  a  

13-day pe r iod  have n o t  been analyzed i n  d e t a i l ,  these data demonstrate a  

r e l a t i v e l y  r a p i d  l o s s  o f  r a d i o a c t i v i t y  from a l l  t i ssues  examined (Tables 5 

and 6 ) .  

BIOHAZARDS FROM ENERGY TECHNOLOGIES - ARSENIC. TOXICITY 

K. R. Amh.~osr! 

Arsenic, a  p o l l u t a n t  o f  coal  conversion processes, has been i nves t i ga ted  

t o  determine t o x i c  e f f e c t s  on human t a r g e t  c e l l s  i n  v i v o .  I n  prev ious 

r e p o r t s  (ORNLITM-7072 and 7223) we descr ibed s tud ies  i n  which arsen ic  

t r i o x i d e  (As2O3) i n  aqueous s o l u t i o n  caused an i n h i b i t i o n  i n  t he  growth 

o f  human embryonic l ung  c e l l s  (Flow 2000) i n  d i f f u s i o n  chambers. The 

chambers con ta in ing  t h e  human t a r g e t  c e l l s  were implanted s u r g i c a l l y  i n  

t he  pe r i t onea l  c a v i t i e s  o f  r a t s  o r  hamsters which were then i n j e c t e d  w i t h  

e i t h e r  t h e  As203 s o l u t i o n  o r  water.  With a  comparison o f  t h e  c e l l  numbers 

i n  c o n t r o l  chambers and arsenic-exposed chambers, a  measurement o f  t h e  

t o x i c i t y  o r  growth i n h i b i t i o n  was obta ined.  

S i m i l a r  d i f f u s i o n  chamber s tud ies  were performed t h i s  qua r te r  t o  

determine (1)  t h e  24 h  dose-response o f  Flow 2000 c e l l s  w i t h  acute exposure 

o f  hamsters t o  a rsen ic  t r i o x i d e ,  and (2 )  t he  pers is tence o f  growth 

i n h i b i t i o n  i n  t he  Flow 2000 c e l l s  a f t e r  acute As203 exposure. As w i t h  

the  prev ious studies,  s i x  t o  n ine  chambers comprised each t e s t  o r  c o n t r o l  

group a t  each assay period, and the  d i f f e r e n c e s  i n  c e l l  popu la t i on  means 



Table 6 .  D i s t r i b u t i o n  o f  -adioacciv't:y i n  t i ssues  o f  F ischer  33r female r a t s  f o l l o w i n g  
i n t r a p e r i  toneal admi . i i s t ra t i on  o f  1 9 5 m ~ t - c i s - ~ i c  h l  o r o - t ~ a x r - D i  hydroxy-bis- 

p l a t i n ~ m ( ~ ~ j ,  CHIP, a t  a  dose o f  7.5 rng/kga 

Tissue 

Mean percent i n j e c t e d  d o s e l g r m  + S.D. 

Days a f t e r  i n j e c t  i o?  

3  8 13 

Bl c.od 

L i v e r  

Spl een 

Pancreas 

Stomach 

Small i n t e s t i n e  

Col on 

Adrenal s  

Kidneys 

Gen i ta l  s  

Heart 

Lungs 

B r a i n  

Skfn 

a Four 151-175 g r c t s  wer.2 used f o r  each t ime per iod .  



o f  t e s t  and c o n t r o l  groups were analyzed fo r  s t a t i s t i c a l  sign.i'fic,ance 

us ing  t h e  Wi1,coxon nonparametric s t a t i s t i c a l  t e s t .  

I n  t he  dose-response study, hamsters bear ing  d 4 f f u s i o n  chambers 

con ta in ing  Flow 2000 c e l l s  were i n j e c t e d  i n t r a p e r i t o n e a l  l y  w i t h  As203 

s o l u t i o n  a t  dosage l e v e l s  o f  2.5, 5.0, 7.5 and 10.0 mglkg o r  w i t h  water 

equal i n  volume t o  t h e  10 mglkg dosage l e v e l .  Twenty-four hours a f t e r  

the  i n j e c t i o n s , t h e  chambers were removed and t h e  c e l l s  harvested and counted 

m ic roscop ica l l y  i n  a hemocytometer. The mean c e l l  counts from a l l  the  

arsenic-exposed groups were s i g n i f i c a n t l y  lower than the  mean o f  t h e  

c o n t r o l  c e l l  popu la t ion  a t  t h e  95-99.9% conf idence l e v e l  . I n  F ig .  5 the  

average c e l l  count i n  each t reatment  group i s  p l o t t e d  l o g a r i t h m i c a l l y  

aga ins t  t h e  dosage 1 eve1 o f  employed. A 1 i n e a r  dose-response 

r e l a t i o n s h i p  e x i s t s  a t  these se lec ted  doses. The percentage o f  growth 

i n h i b i t i o n  induced by  5.0 mglkg o f  As2O3 was 56%; t h i s  number i s  i n  c lose)  

agreement w i t h  52% growth i n h i b i t i o n  observed i n  two prev ious stud,ies 

(ORNLITM-7223). 

I n  t h e  t ime study o f  arsenic- induced t o x i c i t y ,  two doses o f  As2O3 

(5 and 10 mg/kg) were chosen f o r  s i n g l e  i n j e c t i o n s  i n t o  hamsters t h a t  

had rece ived i n t r a p e r i t o n e a l  chambers 24 h p rev ious l y .  A t  24, 48, and 

* 
0 ORNL- DWG 80-12523 

~ i g .  5. The e f f e c t  o f  t reatment  on t h e  p r o l i f e r a t i o n  o f  Flow 
2000 c e l l s  w i t h i n  d i f f u s i o n  chambers implanted i n  t h e  pe r i t onea l  c a v i t i e s  
o f  hamsters. 



72 h pos t  i n j e c t i o n ,  c e l l  popu la t ion  numbers i n  t e s t  and c o n t r o l  groups 

were determined us ing  t h e  Royco t i s s u e  c e l l  counter  (Royco Instruments, 

Menlo Park, C a l i f . ) .  As i n  t h e  prev ious s tudy  t h e  "h igh"  dose o f  10 mg/kg 

o f  As2O3 caused no observable h e a l t h  e f fec ts  i n  t h e  i n j e c t e d  hamsters. 

The t a r g e t  c e l l s  w i t h i n  t h e  chamber, however, were i n h i b i t e d  i n  t h e i r  

growth b y  bo th  dosage l e v e l s .  The "low" dose o f  As2O3 (5  mg/kg) induced ' 

o n l y  a temporary 24-h i n h i b i t i o n ;  a f t e r  24 h t h e  doub l ing  t ime i n  t h i s  

popul a t  i o n  resembled t h a t  observed i n  chambers f rom c o n t r o l  animal s. I n  

t h e  chambers o f  animals r e c e i v i n g  10  mg/kg o f  t h e  growth i n h i b i t o r y  

e f f e c t  was more prolonged i n  t h a t  these arsen ic  t r e a t e d  c e l l s  never achieved 

t h e  c o n t r o l  doub l ing  t ime  w i t h i n  t h e  3 days o f  assay. It i s  n o t  poss ib le  

t o  say whether t h i s  prolonged e f f e c t  was due t o  an extended i n h i b i t i o n  

o f  c e l l  d i v i s i o n  ( c y t o s t a s i s )  o r  t o  death o f  t h e  t a r g e t  c e l l s  ( c y t o -  

t o x i c i t y )  over t h e  72-h assay per iod .  I n  t h i s  s tudy t h e  percentages o f  

growth i n h i b i t i o n  observed a t  24 h i n  t h e  5 and 10 mg/kg As2O3 dosage 

groups were lower than those descr ibed i n  ou r  prev ious .studies, however, 

t h e  change i n  coun t i ng  techniques may be t h e  cause o f  t h i s  discrepancy. 

With t h e  establ ishment  o f  t h e  t o x i c i t y  (growth i n h i b i t i o n )  o f  a rsen ic  f o r  

human t a r g e t  c e l l s  i n  animals r e c e i v i n g  acute exposure t o  a rsen ic  t r i o x i d e ,  

t h e  e f f e c t  o f  ch ron i c  exposure (1-2 weeks) w i l l  be i n v e s t i g a t e d  nex t .  

RADIONUCLIDES FOR MEDICAL COOPERATIVE PROGRAMS 

F. F. K~iupp ,  J P . ,  J .  D. HoescheZe and T. A .  Butler 

Carbon-1 1 

Dur ing  the p e r i o d  f rom January 1 through March 30, 1980, a v a r i e t y  o f  

lC-1 abel ed amino ac ids  were produced f o r  tumor 1 ocal i z a t i o n  and pancreas 

imaging s tud ies  i n  p a t i e n t s  a t  t h e  Oak Ridge Associated U n i v e r s i t i e s  (ORAU) . 
Three batches o f  lC-DL-tryptophan and two batches o f  lC-DL-val i n e  were 

prepared from 11c02 produced i n  t h e  86-inch c y c l o t r o n  and used f o r  

pancreat ic  tomographic v i s u a l i z a t i o n s  s tud ies  i n  p a t i e n t s  a t  t he  ORAU 

Medical and Hea l th  Sciences D i v i s i o n .  I n  add i t i on ,  f i v e  batches o f  

11C-1 -aminocycl obutanecarboxyl i c  a c i d  ( l  lc-ACBC) and t h r e e  batches of  

lC-1 -aminocycl opentanecarboxyl i c  acid'  (llC-ACPC) were synthesized f o r  

tumor l o c a l i z a t i o n  s tud ies .  



Pl atinum-195m 

P l a t  inum-195m-1 abel ed c is-d ich lorodiamminepl  a t  inum(I1) , cis-DDP, 

was provided t o  a number o f  Medical Cooperat ive Programs i n c l u d i n g  the  

School o f  Pharmacy a t  the  U n i v e r s i t y  o f  t h e  Southern Cal i f o r n i a  

(Dr. W. Wol f )  f o r  con t i nu ing  radiopharmacokinet ic s tud ies  i n  animal 

model systems. Th i s  agent was a1 so suppl i e d  t o  t h e  U n i v e r s i t y  of  

C a l i f o r n i a  a t  Los Angeles Medical School (Dr.  E. P e t r i l l i )  f o r  t i s s u e  

d i s t r i b u t i o n  s tud ies  i n  dogs f o l l o w i n g  i n t r a p e r i t o n e a l  i n j e c t i o n .  These 

s tud ies  a re  being conducted i n  a n t i c i p a t i o n  o f  p o t e n t i a l  c l i n i c a l  t r i a l s  

employing t h i s  r o u t e  o f  a d m i n i s t r a t i o n  f o r  t he  chemotherapeutic t reatment  

o f  ovar ian  cancer. I n  add i t i on ,  195mPt-cis-DDP was suppl i e d  t o  t h e  

B io logy  D i v i s i o n  a t  t he  Oak Ridge Nat ional  Laboratory (Dr.  R. Rahn) f o r  

s tud ies  d i r e c t e d  a t  e l u c i d a t i n g  t h e  na ture  o f  t h e  Pt-DNA l e s i o n  formed i n  

v i t r o  by t h e  cis-DDP-DNA i n t e r a c t i o n .  

Sel e n i  um-75 and T e l l  u r i  um-1 23m 

Radio1 abel ed t e l l  ur ium f a t t y  ac ids  were suppl i e d  t o  c o l l  abora tors  i n  

t h e  Medical Cooperat ive Program t o  cont inue i n v e s t i g a t i o n s  i n  t h e  pre-  

c l  i n i c a l  s tud ies  o f  p o t e n t i a l  unique myocardial  - imaging agents. The 

Nuclear .Medicine D i v i s i o n  o f  Massachusetts General ~ o s ~ i t a l  (Dr. H. 

W i l l  iam Strauss)  was suppl i e d  123m~e-methyl - 9 - t e l l  uraheptadecanoate and 

Oak Ridge Associated U n i v e r s i t i e s  (Dr.  R. 'Hayes) was suppl i e d  123mTe-9- 

te l luraheptadecanoic a c i d  i n  a s o l u t i o n  of  bovine serum albumin. 



OTHER NUCLEAR MEDICINE TECHNOLOGY GROUP ACTIVITIES 

Seven shipments o f  4 3 K  were d i s t r i b u t e d  on a  cos t  recovery  bas i s  

through t h e  Isotopes Sales O f f i c e .  Four shipments were made t o  t h e  

U n i v e r s i t y  o f  M i s s i s s i p p i  Medical Center and th ree  shipments t o  t h e  

Nat iona l  I n s t i t u t e  f o r  Environmental Hea l th  Sciences. 

V i s i t o r s  f o r  t h i s  pe r iod  inc luded David C .  House, M.D., and th ree  

c o l l a b o r a t o r s  f rom t h e  Department of  Medicine a t  Queen's U n i v e r s i t y  i n  

Kingston, Ontar io ,  Canada, w i t h  whom d iscuss ions  were he ld  as a  r e s u l t  

o f  t h e i r  i n t e r e s t  i n  h o t - c e l l  chemist ry  and t h e  prepara t ion  o f  l lC-  

l a b e l e d  amino ac ids .  I n  add i t i on ,  a  group o f  h igh  school s tudents 

v i s i t e d  on March 7 as p a r t  o f  t he  1980 Jun ior  Science and Humani t ies '  

Symposi um. 
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