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Studies us ing  Langendorff -perfused sat hear ts  have shown for t he  f i r s t  
t i m e  the  format ion of a p o l a r  metabol i te  from the  methyl-branched f a t t y  acid, 
BMIPP. Eva lua t i on  of t h e  r a d i o a c t i v e  conponents i n  t h e  ou t f l ow  t r a c t  o f  
hea r t s  a f t e r  a d m i n i s t r a t i o n  of t he  s t a i g h t - c h a i n  analogue [I-l31]IPPA and 
[I-l251BMIPP were pursued. 
chromatography i l l u s t r a t e d  t h e  presence of a product considerably more p o l a r  
than BMIPP. 
clearance observed w i t h  BMIPP i n  c l i n i c a l  s tud ies  may be associated w i t h  t h e  
wash-out o f  an u n i  d e n t i f  l e d  metabol i te.  

Analys is  of l i p i d  e x t r a c t s  by t h i n - l a y e r  

These r e s u l t s  suggest f o r  t h e  f i r s t  time t h a t  the slow myocardial 

A s  a con t inua t ion  of an eva lua t i on  of t h e  e f f e c t s  o f  t e l l u r i u m  {Te) 
heteroatom p o s i t i o n  and t h e  p o s i t i o n  of  a l k e n y l i o d i d e  s u b s t i t u t i o n  on 
myocardial uptake and r e t e n t i o n  p roper t i es ,  several  new Te fatty acjds have 
been synthesized and s tud ied  i n  ra ts .  The new agents were prepared by 
coup l i ng  o f  i n t e r n a l  a lkeny l  iod ides prepared from the  corresponding boronic  
a c i d  analogues wi th  sodium alkoxycarbonyl t e l l u r o l s .  Evaluat ion o f  t h e  f o u r  
new analogues (9-I-c 16-5-Te-A9, 11-I-C 1 8 - 7 - ~ e - ~ l l ,  9-I-c 1 8 - 5 - ~ e - ~ 9  and 
1 5 - 1 4  18-5-Te-A15) demonstrated an unexpected r e l a t i o n s h i p  between chain 
length,  and t h e  p o s i t i o n  o f  the Te heteroatom and a l k e n y l i o d i d e  moiety. 

c o l l a b o r a t o r s  a t  t he  U n i v e r s i t y  o f  Michigan, t h e  Brookhaven Nat ional  
Laboratory,  and t h e  U n i v e r s i t y  o f  Bonn, West Germany, f o r  c o l l  aborat i ve 
studies.  

Dur ing  t h i s  p e r i o d  several  r a d i o i o d i n a t e d  agents were supp l i ed  t o  
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EVALUATION OF METABOLITES FROM THE RADIOIODINATED 6-METHYL-BRANCHED 
15- ( p - IODOPHEMY L ) -3-R S -METMYEPENTADECANOIC ACID FATTY ACID , (BWI PP ) , 

USING AN ISOLATED PERFUSED RAT HEART SYSTEM 

The radi  o i  odi  nated 3-methyl -branched f a t t y  acid, 15 - (p -C I -5~3) i  odpheny1)- 
3-R,S-methyipentadecanoic a c i d  (BWIPP) shows SI myocardial cleai-&nnce i n  
experimental animals and a l so  humans. T h i s  agent (Figure 1) i s  thus a 
good candidate f o r  t he  evaluat ion o f  reg ional  f a t t y  a c i d  uptake pa t te rns  
by SPECT. The i d e n t i t y  of  the rad ioac t i ve  component k i n g  released from 
t h e  hear t  i s  o f  i n t e r e s t ,  however, s ince it could represent e i t h e r  
"back-d i f fus ion"  o f  t he  unmetabolimed BMIPP o r  the release of a 
c a t a b o l i t e ,  
ca tabo l i zed  t o  shart-chain m t a b o l i  t e s  by the normal &ox ida t i ve  process 
because o f  the impediment of the 3-methyl group, catabol ism through the  
i n i t i a l  stages o f  the f i r s t  cyc le  o f  B-oxidat ion could proceed wi th  the 
format ion o f  t he  B-methyl-@-hydroxy product. A l t e r n a t i v e l y ,  i n i t i a l  
a-hydroxylat ion fo l lowed by decarboxylat ion could form the  racemic 
3-methyl f a t t y  a c i d  product which could then proceed through the  
B-axi d a t i  ve chai n t o  forin the  expected shor t -chai  n catabal  i t e s .  
slow release o f  r a d i o a c t i v i t y  i n  v i vo  cauld represent back -d i f f us ion  o f  
BMIPP, l oss  o f  a " p a r t i a l l y "  ca tabo l i zed  product such as t he  B-hydroxy- 
6-methyl product o r  wash-out o f  short-chai  n c a t a b o l i t e s  r e s u l t i n g  from 
complete B-oxidation. An understanding o f  t h i s  process i s  important since! 
i t  w i l l  p rov ide a c l e a r  p i c t u r e  of the behaviour o f  BMIPP i n  v i vo  and w i l l  
p rov ide  i n s i g h t  i n t o  the  m t a b o l i s m  o f  B-methyl-branched f a t t y  acids and 
may a l so  prov ide i n fo rma t ion  t h a t  can be used t o  design other  agents i n  
which metabolism can be completely i n h i b i t e d .  

Although i t  was not a n t i c i p t a e d  t h a t  BMIPP could be 

Thus, t he  



3 

7"3 
(CH211,-CH-CH2-C00H 15--(p--IOOOPHENY L)-3-R,S-METHY LPENTADECANOIC 

ACID (BMIPP) 

15-(p-IODOPHENY L)-3.3-DIMETHY LPEMTAOECANOIC 
ACID (DMLBP) 

I O C  H2 1 -r:H -COO H 

F igu re  1. St ruc tures  o f  iodopheny l -subs t i tu ted  f a t t y  acids. 

To study the  re lease of products from BMIPP and t o  p rov ide  a system f o r  
t h e  i s o l a t i o n  o f  s u f f i c i e n t  amounts of t he  unknown component, an i s o l a t e d  
Langendorf f -perfused r a t  hear t  system has been used. Hearts from f a s t e d  r a t s  
were removed and perfused i n  a re t rograde fash ion  through the  ao r ta  i n  t h e  
usual  manner w i t h  oxygenated Krebs-Henseleit b u f f e r  a t  a f l ow  r a t e  o f  10 ml/min 

u s i n g  a p e r i s t a l t i c  pump. The spec ia l  mod i f i ca t ions  for  these s tud ies  
inc ludes  t h e  jacketed chamber i n  which the  hear t  was enclosed t o  i nsu re  t h e  
temperature was maintained a t  3 7 O C .  
maintained by a c o i l e d  chamber. The p a r t i a l  pressures o f  0, and CO, were 
mainta ined a t  450-550 mn and 42-45 mn, respec t i ve l y ,  by us ing  a 5% 02-95% 
CO;, gas mixture. 
cont ract ions/minute.  The rad ioac t i ve  fa t ty  acids, d isso lved i n  albumin, 
were admin is tered through the  i n j e c t i o n  por t  and e f f l u e n t  samples 
c o l l e c t e d  each minute over a 15 min per iod.  I n  t h i s  fashion the  re lease 
of metabol i tes could be assessed independent o f  f low. 

hea r t s  admin is tered [I-131]IPPA and [I-l251BMIPP i s  i l l u s t r a t e d .  The 
clearance curve f o r  IPPA increases r a p i d l y  t o  peak a t  about 5 min and then 

The b u f f e r  temperature was also) 

The frequency of the  hear t  beats was from 180-200 

I n  F igure  2 the  re lease of [I-1251 and [I-1311 products from normoxic r a t  
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125-1 BMlPP 

3 4 5 6 7 8 9 10 11 12 13 14 15 
MINUTES AFTER INJECPICdN 

F igu re  2. Time-course o f  r a d i o a c t i v i t y  i n  the  ou t f l ow  f rom r a t  hear ts  (n=FP) 
admin is tered w i t h  a mixture of CI-1311IPPA/[I-l253BMIPP. 

decreases w i t h  an apparent monoexponential o r  b iexpanent ia l  curve over the  
1 5  min per iod.  
d i f f e r e n c e  i s  the release of s i g n i f i c a n t l y  decreased l e v e l s  of r a d i o a c t i v i t y  
which i s  consis tent  w i t h  the longer r e t e n t i o n  observed i n  v i v o .  I n  
add i t i on ,  the BMIPP re lease curve c o n s i s t e n t l y  peaked l a t e r  (6-7 min) 
i n  a l l  studies.  To gain some i n s i g h t  i n t a  the  i d e n t i t y  o f  t he  components 
released i n  the outf low, representat ive samples were a c i d i f i e d  and e x t r a c t e d  
w i t h  chlorofarm-methanol and the organic e x t r a c t s  dr ied,  concentrated and 
analyzed by t h i n - l a y e r  chromatographic analysis.  Since the  i n i t i a l  per fusate 
sample c o l l e c t e d  du r ing  the f i r s t  minute f o l l o w i n g  adminst rat ion o f  t he  
rad io iod ina ted  f a t t y  acids i n t o  t h e  a o r t i c  i n f l o w  represents the i n j e c t e d  
agents c leared from the  coronary c i r c u l a t i o n ,  t h i s  sample ser es as a c o n t r o l .  
Analys is  o f  samples f o r  the f i r s t  minute, as expected, showed the  presence o f  
CI-1311IPPA and CI-1251BMIPP (Figure 3). I n  contrast ,  analys  s o f  the  l i p i d  
e x t r a c t s  i n  samples 3, 5, 7, 10 and 15 showed levels o f  p o l a r  products f rom 
b o t h  I P P A  and BMIPP i nc reas ing  r a p i d l y  w i t h  t ime (Figure 4). Even a f t e r  3 min, 

The re lease curve f o r  BMIPP hiss a s i m i l a r  shape but a major 
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RELATIVE MOBILITY - -  RELATIVE MOBILITY 
D 

F igu re  3. Th in - layer  chromatographic (TLC) i n a b i l i t y  o f  rad ioac t i ve  components 
i n  the  i n i t i a l  per fusa te  (1 min) f rom hear ts  admin is tered 
[I-131]IPPA/[I-123~BMIPP (so lvent  system, petroleum e the r  w i t h  
e ther -e ther -ace t ic  acid, 70:30:1). 

r a d i  oact  i v i  ty  from IPPA had the  expected mobi 1 i t y  of p - i  odobenzoi c 
acid,  the  es tab l i shed metabo l i te  from I P P A  r e s u l t i n g  from @-oxidat ion.  
Ana lys is  o f  r a d i  oact  i v i  t y  re1 eased from BMI  PP exh i b i  t e d  mobi 1 i t y  

much more p o l a r  than the  admin is tered BMIPP (F igure 4 ) .  
component was so lub le  i n  bas ic  solution and could be re-ext racted from 
a c i d i f i e d  sample, demonstrat ing t h e  presence o f  an a c i d i c  group, presumabl: 
ca rboxy l i c  acid. 

The rad ioac t i ve  

F igu re  4. TLC m o b i l i t y  o f  rad ioac t i ve  components i n  the  l a t e r  per fusa te  
( 5  min)  f rom hear ts  administered w i t h  [I-131]IPPA/[I-125]BMIPP 
(same solvent  system as f o r  F igure  3). 
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d i f i e d  f a t t y  acid, RMIQP, was designed t o  i n h i b i t  B-oxidat ion 
r e s u l t i n g  i n  increased r e t e n t i o n  which would f a c i l i t a t e  evaluat ion o f  

iodine-123- labeled agent. The clearance could represent back -d i f f us ion  o f  
una l te red  mthy l -branched fa t ty  acid, o r  t h e  l s s s  of a m t a b o l i t e .  
D i f f e r e n t i a t i o n  o f  these two p o s s i b i l i t i e s  could not be assessed i n  v i v o  
except by the  use o f  cardiac ca the te r i za t i on .  
des i  gned t o  evaluate the release k i  n e t i  cs o f  rad i  a i  odi  nated RWIPP from 
i s o l a t e d  r a t  hearts.  The p o l a r  component released from BMIPP i n  these 
i s o l a t e d  r a t  hear t  s tud ies (Figure 4 )  contains a carboxyl group and from 

t h e  r e l a t i v e  chromatographic p o l a r i t y ,  i t  ould appear t o  be a hydroxy 
acid.  One possi b i  l i t y  i s  the presence o f  15-(p-iodopheny1)-3-hydroxy-3- 
methyl -pentadecanoi c ac id  ( B-hydroxy B I P P  or  BHMIPP). 
progress t o  synthesis BHMIPP and t o  i s o l a t e  s u f f i c i e n t  l e v e l s  o f  t he  
unknown metabol i te  f o r  inass spec t ra l  analys is .  

oca rd ia l  f a t t y  a c i d  uptake pa t te rns  by SPEC? using the 

The cu r ren t  s tud ies were 

Studies are now i n  

SYNTHESIS AND EVALUATION OF ME TE FATTY ACID ANALOGUES CONTAINING 
INTERNAL IODOALKENES 

Development of rad io labeled long-chain f a t t y  acids as t o o l s  t o  evaluate 
myocardial physialogy and pe r fus ion  i s  of i n t e r e s t .  T e l l u r i u m  can be 
r e a d i l y  incorporated i n  the fa t t y  ac id  chain w h i l e  mainta in ing the 
l i n e a r i t y  o f  t he  f a t t y  a c i d  molecule. T h e  presence o f  t e l l u r i u m  i s  a 
unique s t r u c t u r a l  f ea tu re  t h a t  results i n  t he  prolonged r e t e n t i o n  or  
"t rappi  ng" of  the  modi f i ed f a t t y  acids i n  the  myocardi urn. 
t e l l u r i u m  f a t t y  acids have been i n v e s t i g a t e d  t o  take advantage o f  the 
a t t r a c t i v e  p r o p e r t i e s  of nonradioact ive Te i n  the f a t t y  ac id  chain f o r  
p r o l  onged rrlyocardi a1 r e t e n t i  an and o f  231 f o r  irnagi ng. Radi o i  odi  de has 
been successfu l ly  s t a b i l i z e d  as an isdophenyl moiety on 15-(p-iodophenyl)- 
6 - t e l  lurapentadecanoi c a c i d  (ORNL/TM-8186), and as a te rm ina l  v i n y l  i o d i d e  
on 18- i  o d o t e l l  ura- l l -octadecenoi  c ac id  (ORNLjTM-7918) w i t h  Te i n  the 
d i f f e r e n t  p o s i t i o n s  (ORNL/TM-8746). These agents show h igh hear t  
uptake and h igh myocardial r e t e n t i o n  i n  r a t s  and e x c e l l e n t  myocardial 
images a f t e r  i n j e c t i o n  i n  dogs. Ne rad io iod ina ted  i n t e r n a l  iodoalkenyl  

Radi o i  od i  nated 
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t e l l u r i u m  f a t t y  a c i d  analogues have now been prepared i n  conjunct ion w i t h  
c o l l a b o r a t o r s  a t  t he  U n i v e r s i t y  o f  Tennessee (G, W. Mabalka e t  a1 ,) t o  
i n v e s t i g a t e  f u r t h e r  t h e  e f f e c t s  of i n t e r n a l  a ~ k ~ n y ~ ~ o ~ i ~ ~  on myocardial uptake 
and re ten t i on .  The general s y n t h e t i c  route i s  shown i n  Scheme I and Scheme 11. 
The procedure i nvo l ves  p r o t e c t i o n  of the hydroxyl  group of aa t e rm ina l  
a c e t y l e n i c  a lcohol  (1) by reac t i on  with dihydropyran w i t h  subsequent coup l l ng  
w i t h  the r e q u i s i t e  a l k y l  bromide t o  f e r n  the i n t e r n a l  alkyne (2).  Fo l l ow ing  
a c i d  cleavage o f  te t rahydropyranyl  e the r  ( 3 ) ,  t he  f r e e  a lcohol  ( 4 ) ,  was 
converted t o  the t o s y l a t e  (5 )  by t he  new procedure developed dur ing t h i s  work 
(Varma e t  a l ,  1986). The t o s y l a t e  (5 )  was converted t o  t h e  i o d i d e  (6)  by 
t reatment  wi th  KI and the  iodide then converted t o  t h e  isamer ic  m ix tu re  o f  t he  
i n t e r n a l  a lkeny l  boronic a c i d  (7) .  I n  t h i s  way a se r ies  o f  subst rates were 
prepared f o r  t he  p repara t i on  o f  Te f a t t y  acids 12a-12d (Fig. 5). 

The approach summarized i n  Scheme 11 was used t o  prepare the  three new 
i n t e r n a l  iodoalkenyl  t e l l u r a  f a t t y  acids. The s t r u c t u r e s  o f  these th ree  new 
analogues are shown i n  F igu re  5. 

Compound 

12a 9 - 1 4  16-5-Te-A~- 

12b 11-14 18-7-Te-A11- 

1 2 ~  9-I-c 1 8 - 5 - ~ e - ~ 9 -  

12d 15-I-C l ~ - S - T e - i l ~ ~ -  

S t r u c t u r e  

F i g u r e  5, St ruc tu res  o f  i o d o a l k e n y l t e l l u r i u m  f a t t y  acids. 
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Scheme I 

Scheme I 1  
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The new analogues were designed t o  permi t  an eva lua t i on  o f  t h e  e f f e c t s  o f  
severa l  s t r u c t u r a l  fea tures  on qyocard ia l  uptake and clearance k i n e t i c s  i n  
f a s t e d  ra ts .  
t e l l u r i u m  heteroatom, and the  p o s i t i o n  of t he  iodoalkenyl  moiety. The goal o f  
such s t r u c t u r e - a c t i v i t y  s tud ies  i s  t o  opt imize the  p roper t i es  o f  these 
i n t e r e s t i n g  molecules t o  show t h e  most a t t r a c t i v e  i n  v i vo  proper t ies .  
add i t i on ,  t h e  a v a i l a b i l i t y  of s t r u c t u r e - a c t i v i t y  data w i l l  permi t  t he  
design of t he  most useful agent f o r  f u r t h e r  i nves t i ga t i ans .  

approach shown i n  Scheme I1 by r a d i o i o d i n a t i o n  of t h e  borono in termediates 
(7), fo l lowed by s i l i c i c  a c i d  column p u r i f i c a t i o n  o f  t he  rad io iod ina ted  
iodoa lkeny l  i od ide  in termediates and subsequent coup l ing  w i t h  the  
methy lcarboxyalky l  sodium t e l l u r i d e s  (10). The es ters  o f  t h e  f a b r i c a t e d  
f a t t y  acids (11) were p u r i f i e d  by column chromatography, hydrolyzed w i t h  
base t o  t h e  f r e e  ac ids (12) and then complexed w i t h  bovine serum albumin 
i n  the  usual manner and admin is tered t o  fas ted  F ischer  ra ts .  The r e s u l t s  
o f  these t i  ssue-di s t  ri but  i o n  s tud ies  are shown i n  Tab1 e 1 and demonst r a t e  
an unexpected r e l a t i o n s h i p  between f a t t y  a c i d  s t r u c t u r e  and qyocard ia l  
uptake and clearance proper t ies .  Al though the  fac to rs  e f f e c t i n g  the  i n  
v i v o  p roper t i es  are not  c lear ,  these s tud ies  have shown t h a t  a combination 
o f  chain length, Te p o s i t i o n  and the  r e l a t i v e  p o s i t i o n  o f  t he  i n t e r n a l  
iodoa lkeny l  s u b s t i t u t i o n  are impor tant  fac to rs .  The mast i n t e r e s t i n g  
observat ion i s  t h e  c learance of analogues 12c and 12d which has not been 
demonstrated w i t h  o ther  analogues. 

These inc lude  f a t t y  a c i d  chain length, t h e  p o s i t i o n  o f  t he  

I n  

The iod ine-125- labeled fa t t y  ac id  analogues were prepared by the  same 

Table 1. Distribution of radioactlvlty I n  tissues of Flscher 344 female rats 
following intravenous administration of E - C ~ z ~ I j l o d o t e l l u r i u n  f a t t y  ac1ds.a 

Fatty acld, Percent Injected dcse/gn 
Tissue 

in ject lon Heart (H) Blood (6) Liver Lungs Kidneys Thyroid r a t i o  

Mean 
H:B 

5.11 0.33 14.23 0.67 ... 10.44 15.5 

60 6.52 0.32 9.24 0.50 ... 28.78 20.4 

4.17 0.65 15.6 2.29 2.41 10.3 6.4 
0.67 12.1 1.95 2.41 11.7 1.1 
0.49 9.3 1.84 2.23 13.9 11.2 

1.66 9.83 2.45 2.47 21.8 1.3 
1.20 5.12 1.14 2.11 65.5 0.9 

60 0.66 0.89 3.39 0.78 1.26 118 0.7 

5 2.83 1.02 10.08 2.89 2.14 14.2 2.8 
0.95 5.35 1,22 2.15 47.0 1.5 
0.82 4.39 0.84 1.67 69.1 0.9 

minutes 
a f t e r  

12a) 3: 5.16 0.40 11.51 0.57 ..* 17.19 12.0 

12,) 3; 4.76 
60 5.66 

12d] 30 1.39 
60 0.80 

a Five fasted female rats for  each time period were used. 
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EDICAL COOPERATIVE PROGRAMS 

Osmi  un-191 

n t s  o f  osmium-191 were made du r ing  t h i s  per iod.  Two of the 

new ac t i va ted  carbon osmium-19l/i ridium-19lrn rad ionucl  i d e  generators were 
suppl i ed t o  co1 labo ra to rs  a t  t h e  UCLA Medical Center, Torrance, Cal i f o r n i  a 
(Dr .  I .  Hena). One shipment o f  osmiurn-191 as rrrade t o  Ch i l d ren ' s  Hosp i ta l ,  
Boston, Massachusetts (Dr .  S .  Treves). One s h i p m e n t  of  osmium-191 as 
potassium perosmate was suppl ied f a r  geochemf c a l  research t o  t h e  Massachusetts 
I n s t i t u t e  o f  Technology, Cambridge, Massachusetts (Prof, S .  Har t ) .  

C oppe r-64 

Twa shipments o f  copper-64 were made t o  t h e  Oak Ridge Associated 
U n i v e r s i t i e s  (Dr .  J .  Crook) dur ing  t h i s  per iod  t o  study t h e  hear t  uptake o f  
Cu-c i t ra te  by PEP i n  a canine made?. 

Radi o iod ina ted  Agents 

Two shipments o f  iodine-125 labe led  agents were made t o  co l labora tors .  
One shipment of [K-l31]BMIPP was suppl ied t o  BNL, Upton, New York (Dr. P. 
Sam), f o r  eva lua t ion  o f  f a t t y  a c i d  uptake pa t te rns  i n  experimental cardiomyo- 

p a t  hy us i n 9 aut  oradi  sg rap hy . 
was suppl ied t o  U n i v e r s i t y  o f  Michigan, Ann Arbor, Michigan (Dr. 0. 3 .  

Buchsbaum) f o r  ant ibody l a b e l i n g  studies.  A sample of [I-l31]DMIPP was 
supp l ied  t o  the  U n i v e r s i t y  o f  Bonn, West Germany (Drs. A. Kropp and H. J ,  

Biersack) .  

I n addi t i on, [I - 12 54 N- ( p - i  odspheny 1 )ma 1 emi de 
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OTHER NUCLEAR MEDICINE GROUP A C T I V I T I E S  

Pub l i ca t i ons  

K. R. Ambrose, B. A. Owen, W .  M. Goodman, and F .  F. Knapp, Jr. 
"Evaluat ion o f  t h e  Metabolism i n  Rat Hearts o f  Two New Radio iod inated 
3-Methyl -Branched F a t t y  Ac id  Myocardi a1 lmagi ng Agents, 'I European Journal  

o f  Nuclear Medicine, - 12(10), 1987. 

F .  F. Knapp, Jr., M. M. Goodman, Ambrose, K. R. , P. Som, A. B. B r i l l  , K. 

Yamamoto, K. Kubota, Y. Yonekura, R. Dudczak, P. Angelberger, and R. 
Schmol i ner  "'She Development o f  Kadi o i  od i  nated 3-Methyl -Branched F a t t y  

Acids f o r  Eva lua t ion  o f  Myocardial  Disease by S ing le  Photon Techniques, ' I  

I n ,  Noninvasive Measurement of Cardiac Metabolism, E. E. van der Wall, 
E d i t o r ,  Mar t inus N i  j h o f f  Publ ishers,  Amsterdam, pp. 159-202 (1987) 

V i s i  t o r s  

D r .  L. A. O'Tuama, a neu ro log i s t  and fellow i n  nuc lear  medicine a t  the  
Johns Hopkins Medical I n s t i t u t i o n s ,  v i s i t e d  the  Nuclear Medicine Group on 
January 2 6 ,  1987. A group o f  Eas t  Tennessee High School students v i s i t e d  
on March 6, and several  nuc lear  ned ic ine  technology students f r o m  
Vanderbi 1 t Uni v e r s i  t y  toured  the  f a c i  1 i t  i es on March 13, 1987. 
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