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RESEARCH ACTIVITY 

I. Study of l ipopro te ins  and t h e i r  re la t ionship  t o  the metabolism of 
fatLy materials.  

A .  Serum l ipopro te in  c l a s ses  native t o  t h e  blood have been described 
f o r  the  f i r s t  time, wi th  methods f o r  analyzing each c l a s s  and separa t ing  
mci ident i fy ing  the  chemical proper t ies  o f  each one. 
- ipopro te in  c l a s ses  have been iden t i f i ed .  Considerable information has 
been reported on the  chemical composition, s t m c t u r e ,  methods of i so l a t ion  
atlid i den t i f i ca t ion  of l ipopro te in  types. 
laboratory has cons is ten t ly  done the pioneer development of t h i s  f i e l d .  

A t  l e a s t  18 d i f f e ren t  

In  a l l  of these s tud ies  t h i s  

B. Evidence has been established t h a t  t he  normal pathway of f a t  i n  
f a t  metabolism i s  the  en t ry  i n t o  the blood stream of neu t r a l  f a t  contained 
i n  l i popro te in  molecules of high molecular weight, high neu t r a l  f a t  content,  
and high S values.  
reorganize8 by a complex blood enzyme system t o  progressively lower Sf 
values wi th  reduction i n  neut ra l  f a t  and release of f r e e  f a t t y  acids.  
this reorganization the  cholesterol,  choles te ro l  e s t e r ,  and phospholipid 
composition of l ipopro te in  passes through successive transformations. 
severa l  hundred grams of f a t t y  mater ia l s  a re  transported by the  blood each 
day, and i n  t h e  course of l i p i d  transport  a "digestionl1 of p a r t s  of the 
l i p i d  takes  place re leas ing  and d i s t r i b u t i n g  small so luble  l i p i d  fragments 
t~ the tissues. 

Subsequently, the  high molecular weight l ipopro te in  i s  

I n  

Thus, 

C. The normal s t a t e  of serum l ipopro te ins  i s  marked by low concen- 

This i s  
t r a t i o n s  of l ipopro te ins  between the  s i z e  of chylomicrons ( l ipopro te ins  of 
Sf 40,000) and l ipopro te ins  of the  major abundant c l a s s  (Sf 6 ) .  
ftsue of a l l  healthy laboratory animals and children, most young men and 
women, and a l e s s e r  percentage of o lder  adul t s .  

D. Many disturbances of this l i p i d  t ranspor t  system have been found. 
Each kas i t s  own cha rac t e r i s t i c  fea tures  of e leva t ion  of l ipopro te in  of 
p?r>ic , i la r  c lasses ,  changes which a re  readi ly  c l a s s i f i e d  by u l t r a c e n t r i -  
-I.. ,d analys is .  
c f  yome p a r t  of t he  l ipopro te in  conversion system t o  convert swi f t ly  the 
Lpoprote in  load ava i lab le  i n  the blood f o r  lower Sf conversion as des- 
ri.iSed i n  *lBIl. Some of these  d is turb ing  mechanisms have been described: 

Every disturbance of l ipopro te in  appears t o  be the f a i l u r e  

High choles te ro l  and/or high f a t  intake may be a f a c t o r  
Thyroid hypofunction may be a f a c t o r  
Obesity may be a f a c t o r  

(d )  Mabetes may be a f a c t o r  
( e )  Hypertension may be a f a c t o r  
( f )  Steroid hormone balance nay be a f a c t o r  
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E. The hormone heparin has been found t o  be the  only generally 
e f f ec t ive  agent capable of r e s to r ing  s e m  l ipopro te ins  t o  a normal 
balance when they are  disturbed. 
i n  itself but, i n  small quan t i t i e s ,  when it i s  introduced i n t o  the  blood 
stream it causes t h e  re lease  of the  enzyme system t h a t  a f f e c t s  rap id  
l i popro te in  conversion. The proper t ies  of this mater ia l  and its method 
of re lease  have been described by repor t s  from this laboratory,  and the 
major aspects of this work have been confinned by other  i nves t iga to r s .  
The iden t i f i ca t ion  of these enzyme substances i s  of prime medical impor- 
tance. 

Heparin does not  a l t e r  l ipopro te ins  

F. Altered l ipopro te in  metabolism re su l t i ng  i n  an e leva t ion  of t he  
Sf 10-100 c la s ses  has been associated with the disease a therosc le ros is .  
T h i s  assoc ia t ion  is great enough t o  explain the  major e t io log ica l  f a c t o r s  
of t h i s  disease,  and t h e  assoc ia t ion  i s  only wi th  the Sf 10-20 and the 
Sf 20-100 c l a s ses  of l ipopro te ins .  
c l i n i c a l  importance as  a laboratory a i d  i n  diagnosis and therapy. 
s i s t e n t  f ind ing  has been made i n  every animal s tud ie s  (man, r abb i t ,  dog,  
and chicken) t h a t  marked e leva t ion  of t hese  l ipopro te ins  prelude the 
development of experimentally induced a therosc le ros is .  And fu r the r ,  it has 
been found that o ther  c l a s ses  of l ipopro te ins  which can be elevated ex- 
cessively (with associated disturbances of serum choles te ro l ,  phospholipid, 
and neutral f a t )  under experimental circumstances ( e spec ia l ly  alloxanized- 
choles t . rd l  fed r abb i t s  or excessive ACTH administration i n  the  rabbi t  
both assbciated by a grea t  e leva t ion  of serum choles te ro l  and Sf 100+ 
l ipopro te ins)  a r e  not associated wi th  a therosc le ros is  regardless of the  
general  e leva t ion  of blood l i p i d s .  
l ipopro te ins  are highly associated wi th  a therosc le ros is  i n  the d iseases  
t h a t  are marked by severe a therosc le ro t ic  tendency even though o the r  
c l a s ses  of l ipopro te ins  i n a y  be higher or lower than the  normal l e v e l .  
Xanthoma tendinosum, xanthoma tuberosum, nephrosis, hypot&roidism, and 
uncontrolled d iabe tes  a re  d iseases  t h a t  a r e  espec ia l ly  characterized by 
marked e leva t ions  o f  t he  Sf 10-20 and Sf 20-100 l ipopro te ins .  
concentrations of these molecules may exceed 1000 milligrams per cent of 
e i t h e r  Sf 10-20 o r  Sf 20-100; c l i n i c a l l y  these d iseases  are marked by 
severe a therosc le ros is  regant less  of the  sge of onset of the  disease.  
average ~lncrmdll male U-50 yea r s  of age has l6 mg,%of Sf 12-20 l ipopro te ins  
and 6h mg.% of Sf 3$100 l ipopro te ins ;  whereas the  average coronary disease 
pa t i en t  of t h i s  age has 6L mg.$ of Sf 12-20 l i popro te in  and 1 2 0  mg.% of 
Sf 35-100 l ipopro te in .  Serum choles te ro l  has a much l e s s e r  tendency t o  be 
elevated i n  t h e  pa t i en t  wi th  coronary a r t e r y  disease.  
decreases of other cho le s t e ro l  containing l ipopro te in  c lasses ,  the  average 
older pa t i en t  with coronary a r t e ry  d isease  may indeed have much l e s s  chol- 
e s t e r o l  than the  average nomal  of his age. 

Hence, t h e  l i popro te in  t e s t  i s  of 
A con- 

Elevation of the Sf.10-100 c l a s ses  of 

The average 

The 

Due t o  occasional 

G. Thirty-rine recurrences of myocardial i n fa rc t ion  i n  a population 
o f  359 pa t i en t s  wi th  known coronary a r t e r y  disease c l e a r l y  show t h a t  re- 
currence tendency is  r e l a t ed  t o  the  l e v e l  o f  the  Sf 12-20 l ipopro te ins ,  
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the average recurrence r a t e  being 15% per year  a t  100 mg.% o f  Sf 12-20 
concentration end 5% per  year  a t  Lo me.% of sf 12-20, 

H. Dietary r e s t r i c t i o n  of f a t  and choles te ro l  as a means of 
lowering Sf 12-20 l e v e l s  i s  ef fec t ive  i n  some cases and s t a t i s t i c a l l y  
lower l ipopro te in  l e v e l s  lower the  recurrence r a t e  of myocardial in- 
f a rc t ion .  

I. Obesity as a f a c t o r  i n  l ipopro te in  metabolism has been evaluated. 
It i s  highly associated wi th  the  Sf 35-100 l ipopro te ins  but much l e s s  re- 
l a t ed  t o  the Sf 12-20 l ipopro te ins .  The Sf 35-100 l i popro te ins  have t h e i r  
f a t  i n  the  form of glycerol e s t e r s  (neu t r a l  f a t ) ,  while the  Sf 12-20 l i po -  
pro te ins  contain f a t  l a rge ly  i n  the form of choles te ro l  e s t e r  molecules. 
Weight reduction on the average lowers the concentration of Sf 35-100 l ipo-  
pro te ins  by 0.7 mg. of Sf 3S-lOO per pound of weight l o s t .  

Other agents may be of value i n  cont ro l  of l ipopro te in  metabolism. 
Of the  so-called l i po t rop ic  substances--choline, i nos i to l ,  methionine, 
phospholipid, mixed vitamine--no agent has been found t h a t  influences l ipo-  
pro te in  metabolism favorably, using a s  a c r i t e r i o n  the  serum l ipopro te ins .  
Heparin is the only substance so f a r  discovered t h a t  can r e s to re  l ipopro te in  
metabolism toward the normal s t a t e .  It appears l i k e l y  t h a t  heparin released 
i n  small  quan t i t i e s  i s  the mechanism by which l ipopro te in  metabolism i s  
normally controlled.  Therapeutic administration of heparin (100 mg. sub- 
cutaneously per day) w i l l  markedly s h i f t  high Sf l ipopro te in  metabolism 
toward lower Sf l eve l s ,  lowering the serum l ipopro te in  l e v e l ,  as  w e l l  a s  
reduce the  l i p i d  of xanthoma les ions  i n  xanthoma tuberosum. 
l e s ion  of xanthoma tuberosum i s  remarkably s imi la r  to atheroma, and the 
serum l ipopro te ins  disturbance i s  cha rac t e r i s t i c  of a the rosc l e ro t i c  tend- 
ency, i t  i s  a very leading conclusion whether indeed heparin might simi- 
l a r l y  reduce atheroma of a therosc le ro t ic  vessels.  
be answered objec t ive ly  during the next year ,  
between heparin and f a t  metabolism, espec ia l ly  t h a t  llhypoheparinismll may be 
a primary underlying cause of l ipopro te in  disturbances and t h a t  under these 
circumstances a r t e r i e s  become sclerosed and the vesse ls  have a marked tend- 
ency t o  become thrombosed--h?s caused a reevaluation of the  anticoagulant 
therapy, favoring a s h i f t  from dicumerol t o  heparin i n  the management o f  
coronary a r t e ry  d isease .  

t h e ,  f a c i l i t i e s  f o r  followup, and the  knowledge of l ipopro te in  metabolism. 

J. 

Since the 

This question should 
The r e l a t ionsh ip  established-- 

K. The f u l l  job of evaluation of heparin therapy requi res  a longer 

L. The evaluation of l ipopro te in  metabolism wi th  respect t o  normal 
and diseased s t a t e s  i s  now maturing. 
pointed t o  the  causative assoc ia t ion  between e leva t ion  of serum lipopro- 
t e i n s  of the Sf 10-100 c l a s ses  and development of a therosc le ros is ,  i t  i s  
the  followup study of 20,000 normal men t h a t  w i l l  provide the most usefu l  
standards f o r  the  evaluation of t h i s  t e s t  of a therosc le ro t ic  tendency. 

While a l l  i nd i r ec t  evidence has 
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M. Abi l i ty  t o  segregate normals based upon a the rosc l e ro t i c  tendency 
has received the  a t t en t ion  of the  armed serv ices  as well  a s  commercial a i r -  
l i n e s  and l i f e  insurance companies. Evaluation of the l ipopro te in  t e s t  
is  cur ren t ly  being made by the U.  S. A i r  Forces, by severa l  commercial 
a i r l i n e s  and by severa l  l a rge  indus t r ies .  
cu l a r  accidents i n  c r i t i c a l  conunands would be a very obvious mi l i t a ry  gain. 
Both the aspect of c l a s s i f i ca t ion  of persons as t o  a therosc le ro t ic  tendency 
and the reduction of a therosc le ro t ic  tendency through l ipopro te in  manage- 
ment nrr? considered po ten t i a l  cont r ibu t ions  t o  our mi l i t a ry  secur i ty .  

The gain of reduction of vas- 

N. The l a rge  problem of rad ia t ion  damage has gained some so lu t ions  
from the l ipopro te in  research study. 
a re  known which a re  induced by rad ia t ion  and which have helped i n  an eval-  
uation of the  mechanism of r ad ia t ion  damage. An a l t e r a t i o n  of l ipoprotein 
metabolism is  one of these but  it d i f f e r s  i n  a s p e c i a l  way from other 
known changes i n  t h a t  the l a t t e r  represent graded degrees of change i n  
function proportional t o  i r r a d i a t i o n  damage, whereas the cha rac t e r i s t i c  
disturbance of l ipopro te in  metabolism i s  o n l y  observed i f  a l e t h a l  l e v e l  
of i r r a d i a t i o n  has been given. 
given the same quantity of i r r a d i a t i o n  dosage, one may survive and he most 
ce r t a in ly  w i l l  not show the l ipopro te in  a l t e r a t i o n  a t  any time, but the 
animal that is i n t r i n s i c a l l y  more susceptible t o  i r r a d i a t i o n  and d i e s  w i l l  
most l i k e l y  show the  l ipopro te in  change. The i r r a d i a t i o n  induced l ipo- 
pro te in  change cons i s t s  of t h ree  phases: (1) An immediate increase i n  
l ipopro te in  converting a b i l i t y  wi th  a re lease  of de tcc tab le  quan t i t i e s  of 
"heparin l ipopro te in  ac t ive  fac tor t1 .  This l a s t s  for 10-30 minutes a f t e r  
i r r ad ia t ion .  ( 2 )  Immediately followed by a period of two days i n  which 
the a b i l i t y  t o  convert l ipopro te ins  i s  l a rge ly  l o s t ;  during this period; 
there is  a rapid accumulation of unconverted l ipopro te in  of Sf 30. ( 3 )  
A period of super recovery of l ipopro te in  converting a b i l i t y  marked by 
reduction i n  the  lipemia of ~ t a g e l ~ 2 ~ ~  and by the presence of readi ly  de- 
tec tab le  amounts of heparin-lipoprotein ac t ive  f ac to r .  
r ee s t ab l i sh  some e a r l i e r  suggestions t h a t  heparinemia and bleeding may 
accompany l a t e  i r r a d i a t i o n  damage. 
t ec t ing  heparin by conventional methods these observations have been 
refuted,  but they a re  r e a l  and reestablished and belong i n  stage "3" above 
of severe i r r a d i a t i o n  damage. 
disturbance may be extremely usefu l  i n  the diagnosis of degree of i r r ad ia -  
t i o n  and recommended treatment. 
can the dose be estimated, and the  bes t  treatment of i r r a d i a t i o n  depends 
upon some evaluation of the degree of exposure. 
mature rad ia t ion  damage this a l t e r a t i o n  of l ipopro te in  metabolism and 
i t s  r e l a t i o n  t o  disturbed heparin re lease  i s  of promise. 
i n  t h i s  area depend upon the  extension of general  knowledge of l ipopro te in  
metabolism. 
l e t h a l i t y  of the  200-700 r range of whole body rad ia t ion .  
heparin biochemistry requi res  the  spec ia l  s k i l l s  of t h i s  laboratory.  
i s  possible t h a t  heparin can be involved i n  r ad ia t ion  damage e f f e c t s  with 
other pro te in  systems i n  addition t o  l ipoproteins.  It is  a l s o  known 
from the  work o f  H e i l b m  t h a t  heparin imbalance may i n t e r f e r  with the 
process of c e l l  d iv is ion ,  which i s  another marked consequence of rad ia t ion  
damage. 

Several  important biochemical changes 

Even though two animals may have been 

These observations 

Because of grea t  d i f f i c u l t i e s  i n  de- 

The ea r ly  onset of the heparin-lipoprotein 

Only r a re ly  i n  unintentional i r r a d i a t i o n  

In  the study of the 

Research findings 

The r e s u l t s  a re  ce r t a in ly  a c lue  t o  an understanding of the 

It 
The study of 
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11. The study of the  f ac to r s  cont ro l l ing  the  formation of the c e l l u l a r  

elements of the blood. 

A.  The thought and t echn ica l  development of t h i s  laboratory has 
led  t o  measurement of the l i f e  span of the red c e l l  and the white c e l l  
i n  the  c i r cu la t ing  blood and the r a t e  of formation of red blood c e l l s  
(hematopoiesis). 

man on a routine bas i s  and has become a guide t o  the  inves t iga t ion  and 
evaluation of red c e l l  production as a f a c t o r  i n  the  blood dyscrasias,  
leukemia , polycythemia, and anemia. 

B. The r a t e  of marrow hematopoiesis espec ia l ly  can be measured i n  

C. The r a t e  of formation of red blood c e l l s  has been.shown t o  depend 
upon an anoxic stimulus. Increased production of red c e l l s  begins promptly 
upon exposure t o  conditions of low oxygen a v a i l a b i l i t y .  
relevant t o  understanding the  mechanism of acclimatization t o  e i t h e r  anoxia 
or high a l t i t u d e  wi th  i t s  tendency t o  produce a polycythemia. 
lems have pa r t i cu la r  bearing upon the  problems of high a l t i t u d e  f l i g h t  
and anoxia. 

The findings a re  

These prob- 

D. The study has helped t o  evaluate the anoxic f a c t o r s  t h a t  may 
nonnally be involved i n  st imulating red c e l l  production espec ia l ly  i n  
the polycythemias. 

E. Anemias can be c l a s s i f i e d  on a bas i s  of red c e l l  production and 
des t ruc t ion  using t h i s  quant i ta t ive  c l i n i c a l  t e s t .  

F. This convenient and precise method of red c e l l  production has 
permitted a search f o r  humoral f ac to r s  t h a t  may con t ro l  red c e l l  formation. 
Several  p i t u i t a r y  f r ac t ions  have been shown t o  possess bone marrow stimu- 
lating--red c e l l  producing a b i l i t y ,  
p i t u i t a r y  and some of the  commercial ACTH preparations.  
a t ions  r e l a t i v e l y  f r e e  from other  humoral proper t ies  have been achieved 
which could be designated e ry thropoie t ic  hormone. 

T h i s  is espec ia l ly  t rue  of whole 
P i tu i t a ry  prepar- 

G. Erythropoietic hormone, when it  can be produced i n  su f f i c i en t  
quan t i t i e s  may be a f a c t o r  of grea t  importance i n  the  con t ro l  of anemias. 

H. One of the  grea t  problems of r ad ia t ion  damage a t  any l e v e l  of 
rad ia t ion  i s  the associated anemia. It i s  qu i t e  probable t h a t  erythro- 
po ie t i c  hormone may be of value i n  cor rec t ing  the anemia of i r r a d i a t i o n  
i n  jury,  
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111. The study of nucleic ac id  metabolism and the use of nucleic acid turn- 
over measurements i n  the  understanding of mul t ip l ica t ion  of c e l l s  i n  
normal metabolism, i n  cancer, i n  the  i r r ad ia t ed  s t a t e .  

(Casperson, Hammerstein and Hevesy) and i n  our s tud ie s  the  measurement 
of turnover of DPNA i s  a good index of t h e  number of dividing c e l l s  i n  a 
given t i s sue .  This  measurement i s  possible under any circumstance where 
a labe l ing  agent can be appl’ d ,  t h a t  i s  incorporated i n t o  nucleic ac ids  

a t  an optimum time a f t e r  administration of the labe l ing  agent, 

A. The formation of desoxypentose nucleic ac id  (DPNA) i n  theory 

( P j 2 ,  formate C a ,  glycine C it ) , and when t i s s u e  samples a re  ava i lab le  

E. Normally there  is a r a t e  of new synthesis of desoxypentose 
nucleic acid and c e l l  d iv i s ion  which i s  cha rac t e r i s t i c  f o r  such t i s sues  
a s  have been measured--liver, i n t e s t ine ,  kidney, spleen, neoplastic 
t i s s u e  and embryonic t i s sue .  

C.  This process i s  depressed by i r r a d i a t i o n  regardless of whether 
the t i s s u e  concorned i s  d i r e c t l y  i r r ad ia t ed  or whether it i s  merely i n  
an animal t h a t  I S  receiving i r r a d i a t i o n  a t  another t i s s u e  s i t e .  
depressive e f f e c t  i s  proportional t o  the seve r i ty  of rad ia t ion ,  being 
approximately 0.2% depression of c e l l  d iv is ion  per r of whole body 
irradiation. 

The 

D. 
e f f e c t s  of i r r a d i a t i o n  on the  normal process of c e l l  d iv is ion  has been 
esl  sblished. 
i s  cf  very much shor t e r  duzi.tion than i n  a t i s s u e  which i s  d i r e c t l y  
i r r ad ia t ed .  

A humoral bas i s  f o r  the mediation of p a r t  of the depressive 

The depressive e f f e c t  of i r r a d i a t i o n  induced ind i r ec t ly  

E. Further evidence f o r  humoral cont ro l  of the normal process of 
c e l l  d iv is ion ,  and addi t iona l ly  r e l a t ing  it t o  the biochemistry of t i s sue  
p ro l i f e ra t ion  i t s e l f ,  i s  the observation that tumor t i s sue  even o f  very 
small  size o r  very e a r l y  stages o f  embryonic t i s s u e  w i l l  markedly stimulate 
t i s sue  p ro l i f e ra t ion  of l i v e r ,  spleen, and kidney. Eighty milligrams o f  
tumor t i s s u e  is su f f i c i en t  t o  double the r a t e  of nucleic acid synthesis 
or c e l l  d iv is ion  of the l i v e r  of a host animal with a subcutaneous tumor 
t ransplan t .  T h i s  e f f e c t  i s  uniformly observed i n  all v a r i e t i e s  of tumor 
t ransplan ts  thus far studied on severa l  s t r a i n s  of mice and r a t s .  

F. One of the e f f e c t s  of i r r ad ia t ion ’o f  c r i t i c a l  consequence i s  
the  depressive e f f e c t  upon the general  process of t i s sue  p ro l i f e ra t ion .  
T h i s  is wel l  known wi th  regard t o  depression of blood c e l l  formation. 
It i s  estimated that a t  the  l e t h a l  l e v e l  o f  i r r a d i a t i o n  the  e n t i r e  
production of a l l  new c e l l s  i n  a l l  t i s s u e s  i n  the  body i s  probably 
reduced t o  20 t o  25% of its normal r a t e .  
order of 1 gram of t i s s u e  may be formed per day; i n  man the  d a i l y  pro- 
duction of new c e l l s  may amount t o  severa l  pounds of equivalent new 
t i s sue .  
process of newly forming c e l l s  and wi th  nearly equal t i s s u e  des t ruc t ion  

In  the  mouse new c e l l s  of the 

This recycling of pro te in  and o ther  mater ia l s  through the  
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i n  the  normal s t a t e  cons t i t u t e s  marea  of metabolic function t h a t  i s  
only s l i g h t l y  explored, but i n  obvious scope must represent a r a the r  
la rge  segment of metabolic a c t i v i t y .  Interference with t h i s  process 
can be infer red  t o  by a major p a r t  of r ad ia t ion  in jury .  

G. It has been a reasonable working Wpothesis that r e s to ra t ion  
o f  t i s sue  p ro l i f e ra t ion  may be an aid i n  i r r a d i a t i o n  sickness.  
problem has been pursued using formation of nucleic acids a s  a measure of 
the  process of c e l l  d iv is ion .  
ex t r ac t s  of embryo, tumor and liver (and perhaps o ther  t i s s u e s )  have the 
a b i l i t y  t o  st imulate nucleic acid metabolism i n  the  normal o r  the i r r a d i -  
ated animal; and i n  addition, the ex t r ac t  w i l l  prolong l i f e  and increase 
surv iva l  of i r r ad ia t ed  r a t s  and mice. 

This 

Also it  has been found t h a t  c e l l  f r ee  

H. Preliminary work toward the  iden t i f i ca t ion  of the  substances 
t h a t  st imulate c e l l  d iv is ion  and give r ad ia t ion  pro tec t ion  i n  t h i s  manner 
shows that it i s  associated wi th  a crude nucleoprotein f r ac t ion  which can 
be obtained by very gentle methods of chemical pu r i f i ca t ion .  Thus i t  may 
be r e l a t ed  t o  o ther  growth f a c t o r s  (as defined by t i s s u e  cu l ture  require- 
ments) which may also be nucleoprotein in charac te r  and it i s  possiblg 
t h a t  the r e s to ra t ion  a f t e r  i r r a d i a t i o n  damage may r e s to re  a s imi la r  system 
t h a t  is c r i t i c a l l y  depleted by severe i r r ad ia t ion .  

I. The study of t h i s  system is adding t o  information on the under- 
standing of t i s s u e  p ro l i f e ra t ion  and cancer. 

J. The study of this system may lead t o  a method of achieving some 
lessening of the  seve r i ty  of i r r a d i a t i o n  sickness by an agent t h a t  may be 
applied a f t e r  exposure t o  i r r ad ia t ion .  
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IV. Study of regional blood f low.  

Based upon a concept t h a t  t i s s u e  perfusion blood i s  the  primary 
f ac to r  i n  the exchange of many substances of l o w  molecular weight, methods 
have been devised that permit evaluation i n  the  undisturbed subjec t  of 
the c i r cu la to ry  pa t te rns  of various regions of t h e  body including muscle, 
l i v e r ,  bone marrow, spleen, thyroid,  and so for th .  These s tud ie s  have 
contributed t o  basic understanding of c i r cu la to ry  physiology, and they 
provide a b a s i s  for  the  inves t iga t ion  of disease processes t o  the  ex ten t  
t h a t  t i s sue  function r e l a t ed  t o  c i rcu la tory  suf f ic iency  o r  deficiency. 

A .  A decl ine  in c i r cu la t ion  t h a t  may r e f l e c t  the pa t t e rn  and 
associated causes of the aging problem has been found i n  these s tud ies .  
Circulatory diminution of blood flow t o  the  muscles i s  declining rap id ly  
from a peak i n  ea r ly  adolescence. 
progressively throughout adul t  l i f e  and p a r a l l e l s  the  ebb of a t h l e t i c  
p r w e s s  and the advancing i n f F n i t i e s  of age. 
pursued vigorously and involves a number of inves t iga tors .  

by the  chromic phosphate co l lo id  method without the use of venous cath- 
e t e r s .  
metabolism, as t he  l i v e r  and tissues of the  hepatic p o r t a l  drainage may 
e a s i l y  account f o r  30 t o  50 per  cent of metabolic e f f o r t  of the  body. 
Liver blood flow i s  pa r t i cu la r ly  enhanced i n  leukemia, and this may be 
r e l a t ed  t o  the  long observed increase in basa l  metabolism of this d isease .  
It i s  l i k e l y  t h a t  i n  the a c t i v e  leukemic state the metabolism of the 
t i s s u e s  involved i n  l i v e r  blood flow have an increased metabolism_rela- 
t i v e l y  grea te r  than the o ther  tissues of the  body, which may be a clue 
t o  metabolic burden of the  d isease  and perhaps a lead toward a basic 
understanding of the metabolic bas i s  of the  d isease  i t s e l f .  

Apparently t h i s  flow of blood decreases 

T h i s  problem i s  being 

B. Liver blood flow can now be simply and sa fe ly  measured i n  man 

These s tudies  have a perspective importance i n  the study of human 

I n  normal man a systematic study of l i v e r  blood flow i s  under way 
with regard t o  poss ib le  interdependency of subt le  shifts i n  the blood flow 
t o  these major v i scera ,  as compared t o  the  per iphera l  connective t i s s u e s  
of the  body carcass.  
t i s s u e  regions i s  not only r e l a t ed  t o  the  func t iona l  a c t i v i t i e s  and regu- 
l a t i o n  of any area of the body, but i t  is suspected t h a t  t he re  can be a 
metabolic i n t e rp l ay  between the tissue areas that can be r e f l ec t ed  i n  
concentrations of mater ia l s  within the  blood stream. Thus blood l eve l s  
may r e f l e c t  a balance between blood flow t o  s i t e s  of production of a 
mater ia l  and blood flow t o  s i t e s  of u t i l i z a t i o n  of the materials.  

The d iv i s ion  of t he  blood flow between the  major 

C. The study of the blood flow t o  the  thyroid gland continues. 
Frequently i n  the  normal balance of function of the  thyroid gland the  
blood flow t o  the  gland (which i n  man var ies  f r o m  1 . 0  t o  20.0 volumes 
of blood per volume of thyroid per minute; average normal, 3.0 vohnes /  
volune/minute) i s  barely s u f f i c i e n t  t o  ca r ry  t o  the  thyroid gland the  
quant i ty  of iodide (approximately 10 ugm of iodide/hour) t h a t  cons t i t u t e s  
the amount t h a t  must be synthesized t o  l%hyroxine11 f o r  the  bodyts steady 
s t a t e  requirements. I n  t h e  bpo thyro id  s t a t e ,  the thy-roid perfusion r a t e  
f a l l s  below 1.0 volume of blood/volume of tissue/minute, a t  which l e v e l  
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of perfusion the  thyroid could never succeed in capturing enough iodide 
t o  meet normal metabolic demands, and it would not,  therefore ,  pour 
f o r t h  organic gkbrox ine l t  i n to  the blood stream a t  normal quantity.  
Thus, thyroid c i r cu la t ion  must be considered as a possible channel of 
the cont ro l  of thyroid function. 
fuiiction i s  the measurement of thyroxine formation and u t i l i z a t i o n  r a t e  
which i s  being measured a t  this time. 

A p a r t  of the  measurement of thyroid 

V. The study of body composition a s  it i s  r e l a t ed  t o  metabolism and hea l th .  

Several  aspects of body composition lend themselves t o  measure- A. 
ment. These are: 
measurement of body spec i f ic  grav i ty  when simultaneously evaluated with 
a measurement of the water content of the  body. Highly refined methods 
f o r  obtaining both of these measurements have been achieved Fn this labora- 
to ry .  
study of l ipopro te in  metabolism. 
metabolism has been associated with obesity,  and metabolic improvement has 
resu l ted  from weight reduction. 

the  quant i ty  of body f a t  which can be estimated from a 

Accurate estimation of body f a t  i s  a c r i t i c a l  consideration i n  the 
Indeed, in some men, f a u l t y  l ipopro te in  

The estimation of changes i n  body f a t  and body water i s  important i n  
evaluating the adjustment of the  bady t o  weight reduction. 
that reduction of t he  nonfat mass of the  body may r ead i ly  take place dur- 
ing  weight loss  by ca lo r i e  r e s t r i c t i o n .  Such measurements a r e  i n  process 
of evaluation wi th  their re la t ionship  t o  l ipopro te in  metabolism and o ther  
metabolic s tud ie s .  Also, a pa r t  of this study i s  an accumulation of dqta 
which may comprise normal standards of body composition f o r  reference 
purposes. 

It appears 

B. Improved methods f o r  blood mlume and plasma volume measurements 
have long been needed. 
the catalogue of information on the  blood volume i n  various s t a t e s  of 
health and disease i n  comparative animals and a c r i t i c a l  evaluation of 
the technica l  exacti tude of the measurement a s  it may or may not permit 
f i n e  evaluation of changes i n  the  c i r cu la t ing  blood volume, and as  it 
r e l a t e s  t o  t o t a l  body volume, body weight, bady water, body f a t  and lean 
body mass. 
a s  s a t i s f a c t o r y  a s  plasma p ro te in  a s  a blood volume extendor. 

the normal blood content of various t i s sues  and organs o f  the body. 

The  laboratory has an advanced program t o  extend 

Blood volume s tudies ,  f o r  instance,  showed t h a t  dextran i s  

C. Simi lar ly  n catalogue of information has been accumulated on 
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VI. 
. 

Study of the p b s i c a l  theory of the  mechanism of rad ia t ion  in ju ry  includ- 
ing the % i t l f  or %argetIl theory of rad ia t ion  injury. 

t o  bs associated wi th  the mass, i n t e n s i t y  and energy of ion iz ing  rad ia t ions .  
Continuation of s tud ie s  of this f i e l d  must always be kept abreas t  of the 
p b s i c a l  production of high i n t e n s i t y  p a r t i c l e s  i n  the Radiation Labora- 
to ry .  
rad ia t ion  have been l imi ted  t o  the radioactive mater ia l s  and t o  r a the r  
low energies pe r  p a r t i c l e  compared wi th  the grea t  p a r t i c l e  energies a t  
the  cosmic ray l e v e l .  I n  this laboratory,  it has previously been shown 
that neutron i r r a d i a t i o n  e f f e c t s  were g rea t e r  i n  r e l a t i v e  b io logica l  
damage than x-rays o r y - r a y s ,  a l s o  t h a t  nuclear f i s s i o n  a t  t i s s u e  s i t e s  
i s  extremely more de l e t e r ious  on a r e l a t i v e  sca l e  than other types of 
ion iza t ion .  
and neutrons a t  energies of >1OO,OOO,OOO e lec t ron  vo l t s .  
energies of the order of 10,000,000,000 e lec t ron  vo l t s  a re  an t ic ipa ted ,  
estimation of hazard i s  of grea t  importance. 

Variations i n  b io logica l  response t o  i r r a d i a t i o n  have long been noted 

Previously, the  systematic study of b io logica l  e f f e c t s  of ionizing 

S t i l l  t o  be evaluated a r e  t h e  e f f e c t s  of protons, e lec t rons ,  
Since laboratory 

Above s t ra tospher ic  l e v e l s  the  concentration of high energy, highly 
ionized p a r t i c l e s  becomes very great.  
t o  man of such exposure can be made a t  this time i n  the  Radiation Labora- 
t o ry  using the  l a rge  acce lera t ive  devices t o  reproduce the p a r t i c l e s  and 
energies that are  i n  the energy range estimated f o r  t he  %osmic cloud". 

Thus b io logica l  tolerance and hazard of almost any kind nay be pre- 
These s tud ie s  a re  a l so  valuable i n  

Laboratory estimation of the  hazard 

d ic ted  accurately from cur ren t  work. 
extending the  systematic study of i n t ens i ty ,  energy, and duration of 
exposure. The study has a d i r e c t  bearing upon in t e rp re t a t ion  o f - the  
s i t e  of prinwry disturbances of t i s s u e s  by ionizing rad ia t ion .  This 
work has already es tab l i shed  an explanation f o r  the inherent difference 
between rad io- res i s tan t  and radio-susceptible s t r a i n s  of yeas t  based 
upon the  number of s ens i t i ve  genetic l o c i  of rad ia t ion  t a rge t  within the 
c e l l .  

VII. I r r ad ia t ion  wi th  high energy beams. 

High energy beams of the  acce lera tor  devices have found t h e i r  place 
i n  experimental radiology. 
markable proper t ies  of focus and cont ro l ,  and since the en ter ing  ioniza- 
t i o n  dose t o  the t i s s u e s  i s  considerably less than the  dense ion iza t ion  
a t  t h e  end range (Bragg e f f e c t )  of tk penet ra t ion  of the  beam, small 
volume prec is ion  i r r a d i a t i o n  can be achieved without damage t o  overlying 
o r  surrounding t i s sues .  The method i s  of good po ten t i a l  value i n  radio- 
l o g i c a l  treatment of tumors and it has been e spec ia l ly  usefu l  a s  a means 
of producing experimental i n ju ry  i n  a reas  of the  p i t u i t a r y  and hypothal- 
mus without otherwise d is turb ing  the expe r imnta l  animal. Un3ike 200 kv 
x-rays where a t  10 cm. i n  t i s s u e  the depth dose f a l l s  off  t o  SO%, i n  the 
case of 190 mev deuterons from the  18b-inch cyclotron the depth dose is 
four  or more times the  surface dose. 
such a surface depth dose re la t ionship  a r e  obvious, and the University o f  
Chicago group is  u t i l i z i n g  t h i s  work i n  planning a program of therapeutic 
treatment. 

The beam of the  184-inch cyclotron has re- 

The therapeutic p o s s i b i l i t i e s  of 



-11- 

I VIII. Infrared spectroscopy. 

Analysis by in f ra red  spectroscopy has been developed espec ia l ly  f o r  

T h e  study of the chemical composition of l a r g e  
l i p i d  s tud ies .  Lipid ana ly t i ca l  methods by usual  chemical means a re  
d i f f i c u l t  and deceptive. 
molecular weight pro te ins  and l ipopro te ins  has been possible f o r  the 
f i r s t  time on a f i rm bas i s  using a s  an ana ly t ic  t oo l ,  the inf ra red  
spectroscopy. Bond s t ruc tu re  i n  the  inf ra red  region of the  spectrum i s  
attuned t o  the energies of spec i f i c  atomic bonds i n  molecular s t ruc tu re  
wi th  prec ise  dependence upon the  wave length i n  the  inf ra red .  
the  pa t t e rn  of absorptions of in f ra red  wave lengths,  a grea t  dea l  can 
be guessed both a s  t o  the atomic composition of mater ia l  and t o  the 
nature of the inter,atomic bonds. This has become our most powerful 
t o o l  i n  the iden t i f i ca t ion  of substances involved i n  f a t  metabolism. 
T h e  methods that have been devised can be applied t o  r e f l ec t ion  type 
microscopy so t h a t  at l e a s t  coarse reso lu t ion  of t i s s u e  composition may 
be made a t  t he  microscopic l e v e l  wi th  regard t o  the d i s t r ibu t ion  of 
recognizable f a t t y  mater ia l s .  

Thus from 
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