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THIS 3Ui'l'W.EhTAL A G ~ L & E ' ; P ,  entered i n t o  this day 

, 1,051, by and bctwecr, t?e UNITOT). STATES OF ME!lICAl 
the frGovermm?nttq), reDresented herein ay t h e  3NITE3 

STATLS A'XMIC EiJERGY COWSSTCXJ (hereinafter called the  "Comi.ssionqt), 
and the k?O'M.!Y GRAY SCHOOL OB IAE3ICINE GF '.,WE FORST COLLEGE (herein 
a 2 x r  called the vtContractor1I) j ,  .-*- 

;YiEPEAS, %he Goverment and the Ccntrastor entered i n t o  
Contract No- , ~ - [ ! ~ ~ - 1 ? - d 9 8 .  caLed June 22, ;QJ4Pt  for the Dtrfomance 
by :.hn_ Contractor,  cometicing or: .iui_\- 1. LQhG., B > f  t h ree  s y a r a t t  
rcstar2.n projects on (1) the distr ibut ion ana t u n o v e r  of sodium and 
potassiua in acute infections, (2) the f o r m t i o n  of phospholipiaes i n  
tissues, ar.d ( 2 )  the t o x i c i t y  of  ?j2 as relayed t o  the d i e t  a?3 t o  
the chemical nature  of the compound; and 

'-'LEEAS, t h e  ccr;+,razt has &en arcended l i e r e to fo r t  by 
ModLficstion Sop 1; and 

.AERLASR the Goverment desires to increase its pa/.iie:its 
under +the seccnd period of perfoman.ct; and 

i'.AE?EAS, the p a r t i e s  desire t o  extend the ter-n of tho c m -  
tract i n  order t o  continue and expand cne research activi;:ies under- 
takm during t h e  initial period, as descrioed i n  Sup2leulcrr5 No, 2 io 
Aijpenciix nA?i; and 

4'bXEXLIS, L9is Supplewntal Qrecmcnt is authoriz:?d by and 
axeccted under the A t m i i  Energy Act of 13&6; 

N C N ,  THEFWO3E, the  p a r t i e s  heretc do mutual>/ agree  t h a t  
Contract No. AT-( b0-l) -2d8 is modified i n  t h e  f ol loving  p a r t i c . . ;  am 
buc in no otners: 

a. I n  A%"CLE 113, 4,ccLion 1, line 3, delete tf:iLty-Three 
Tnousand Seven iiuadred r ' o r t p b i g h t  Dollars &53,7!& LO! r .  



b. 

C1 

2. 

and s u b s t i t u t e  therefor "Fifty-Four Thousand Seven 
Hundred r'orty-Light Dollars ( $5&, 7118 . 00) 1)  . 
I n  AHTICLE 111, 3ection 2b, add the foilowing new 
senkence at tho end of cne section: 

"On or zfter April 23, 1951, t h e  Government will 
pay t o  t h e  Contractor, upon submission by the 
Contractor of a properly certified voucher, the 
sum of Qnc Thousand Dollars ($1,OO0.OJ)J7 

I n  S u p p l e a n t  No. 1 t o  Appendix I1A", Title I, 
5ec t ion  2B (1) aeletc, in l i n e  1, 11,23,858.0Jft 
and s u b s t i t u t e  therefor  ff~111,858-00"; and i n  
Sect ion 28 (1) c, delete, in line 5, f*$Xo.OOn 
and s u b s t i t u t e  ' t h e r e f o r  ~tS1,300. W 1 ,  and delete, 
i n  l i n e  8, n!JzQOO. 001' and s u b s t i t u t e  therefor 
n:F;?,,300,00?l, and delete, i n  line 1 2 ,  11$131858e00'1 
and substitu*,e theref o r  't$3.h, 850 00" 

Insert the  sec t ion  number t ' l e f '  before t h e  fiyst word 

"2. The t h i r d  period of perfonnonce f o r  the r ro jec t  
covered oy this cont rac t  will commence on J u 4  1, 
1951, and will end on June 30, 195ZOq1 

3 ,  I n s e r t  t h e  sub-section l e t t e r  lta." between t h e  words 
Vonsideration." and "Int1 i n  Section 1 of AQICLE T I 1  - PtWG?M.; !)EVLW7- 

- :tion 1 INANCING, and add the following new sub-aection b to Ser 

"ba In coxmiaeration of t h e  pcrfomance of tnc work 
under t h e  th ree  'ILtles described i n  Supplement 
No. 2 to A+pendix 'A*, the Government w i l l  pay  
t o  the Contractor t h e  total 
Thousand Seven tiundred Ninetydne and 96/1W 
l lol lars  ($30,791.96) for the third period of 
perfonnaiice, the funds t o  DO applied t o  the 
three Titles according t o  t h e  budget provisions 
of 5upplclIlsnt No. 2 t o  Appendix ) A B o  It is 
expressly agreed that the t o t a l  sum of 
Thousana Five Hundred T h i r t y d i x  and 8Wl00 
Dollalr (52,536.8&) which nad been p r e v i o u s l y  
paid t o  t h e  Contractor by t h e  tiovcrnaent ( t h i s  
sum incluaes the increase effected by change 
numoer 1 or' b!odification No. 2)  but which Ki l l  
remain unexpended at t h e  end of the second 
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period of prformance rill be applied to the 
costs of tho third period of performance 
according to the Mount remaining to  each 
Title. 

'io Add the following mu Suppllunemt No. 2 t o  Appendfr "A*: 

"SPPLQIBNT NO. 2 

"TITLE I 

"hFing this period the Contractor will continue 
h i s  investfga-$ions into the distribution and 
turnover 'of sodium and potursiurp in acuta infections 
by proceeding along the following lines of cn- 
dcavor : 

fla. Standawdization of methods 

"Though mch time and effort has gone into 
development of techniques in the p a t  year and 
a half some of the techniques t t i l l  must ba 
rkndudieed  to b. 8UlW they are Pb801Utely 
dependable. 
Value8 for 80- b C h n i q U 6 8  a d  these must bs 
ertabllshed beforo definitive experiments can 
be attanpted or the data on exprimenta In  
progress intrrprrhd. 

No data are available on normal 

"Since potassium is found almost antirely 
intracellularly i n  association wlth tiasue 
proteins, tho interpretation of data io 
abnormal states becoma~ ertrsnwly difficult, 
In addtion t o  tho control vpluor for n o w  

control experiment must ba &nro 
mbab W t  under Lltmbd, a second tw Of 

I t  has been 
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shotin t h a t  si,nply putt ing norrnal ;>ersons t o  
bed w i l l  increase t h e  nitrogen excretion i n  
the urine, ? r e s u a b l y  from des t ruc t ion  of 
t i s sue  protein, 
potassium excretion would be increased under 
such circumstances and the t o t a l  tissue potassium 
correspondingly reduced. 'ihe v a l i d i t y  of t h i s  
t hes i s  rnust be established i n  experirncntal animals 
under some stress w h i c h  is d i f f e r e n t  from that 
t o  be induced l a t e r  i n  de f in i t i ve  experiments. 
Therefo-e, a second g m p  of animals will Se 
starved to induce t i s sue  breakdown under 
reasonaoly normal physiologic conditions and 
t b t  a x k e  s tudies  performed i n  order tc l e t e n b e  
t h e  e f f e c t  of this s t r e s s  alone - W i t r J i t  i n -  
fect  ',on cr kame react ion - on tht t.7 t .i 1 
exchaigeadle Dotassiun content o r  rjs: 1 3 5  143 
space and 2ne tissue content of p o t a s i u .  
'his co:itroI should tm val id  since anizals ii! 
wi:h aa in; 'ection o r  s c m  aisease are r u L  
likely t o  e a t  as .;uch as w o ~ l d  non a i  6 r 1 , m . .  - 

it ,sight be presluned t ha t  t h e  

"In order t o  determine whether :fir? ; o p x l , a t i o n  
between radiopotassium content and urinary 
creat inine excretion reported i n  wr:lal nunan 
males will hold in r a b b i t s ,  ririnafy creat inine 
should De determined at  the same time t h e  
p o t a s s l u  excretion is measured in bo th  normal 
and starved aninels. 

" N o r d  values must be establ ished Cor raboits  

I 3 as a marker. The range of nor-:al values 
h animals, utilizing not only raboit albuLn3.n 
but rabbit  globulin and perhapa even large 
protein molecules such as fibrinogsn, mst be 
do ne. 

the tagged serun protein technique u t i l i z i n g  

pon the relative alteration of Na2&, 
vp1ue8 as determined in the above 

experiment, au toradiogrqhy of the o r g a s  should 
bb at teaqted in order t o  loca t e  the t i s sues  
in to  w h i c h  ions and proteins leak in the course 
of infect ions and immune react ionsa Though 
potassium and sodirlrn are soluble,  i t  is hoped 
that a technique u t i l b h g  p l a s t i c  fixation with- 
o u t  dehydration will prove t 'easible so t h a t  the 
soluble ions will not be reached out. l h e  pro- 
blem should be less technical ly  d i f f i c u l t  with 
iodine tagged proteins which say be precipi ta ted 
and left i n  s i tu .  

K "ppm%i 2 and I 
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”--Pry ill humen b-8 h.Ve @YOIl 

i n t e r e s t i n g  and often untrpact8d remalt0 lnd ic  ing 

excretiono 
extended in a rri& rango of pathological conditions i n  
order t o  same aa a control on the alteration8 in 
permerrtility in specU3.c in feu t iow disease8 rad  in 
kxmm demonstrablb imtuna mactlcns. Experiments 
should be run particularly on disease pmceaaw 
which ax+ known to &foot the pensability of 
capi l laq or cellular 1zu?abrance8 - such a8 acute 
rheumatic fever, glomerubnephritis and mclaQu. 

a relationship between urinary creatlnina and K ?2 
These experiments should be considerably 

“ C O I I p U i S O n  of bbOd v~lu~pha, ~M;l~ing humrm albumin 
a d  human globulin tagged w i t h  11.31 and the GI- 
blue techniques,-should be done, 

+ <  

f1b. I n t r a c e l l u l a r  infect ions 
i 

l?Sincr t h e  experinental techniques to be u t i l i z e d  
have not yet been completely stmderdiaed, it wae not 
possible  during the past  year t o  t v a l u t e  expcrinentd 
in fec t ions  in a n i o  It w i l l  be necessary t o  
stadordire an infection in rabplts, preferably with 
an arperinasntal Rocky I b u n t d n  spotted fever strain, 
dlich ia at pn?aent e s tab l i shed  i n  guinea pigs, The 
-88 p ig  is not  a su i t ab le  anim8l fo r  the cxperiAents 
contamplated md our teahnfquer are a l l  standardized 
for rabblta.  

“A8 Soon a8 a standardized dose is determined and a 
dependable reproducible ec on lnchoed, t h e  

raboit aerua fractiom, developed will be applied. 
%ria2 crtudieu a* aa close intcrvala pb technical 
problem - mch ad rate of decay of isotopes - will 
perPdt fill ‘be done. 

Qehaique8, U U l i Z -  l& &, a d  II.3 labeled 

“If 8atlsfactory autoradiographic teuhniques are 
developed, such studlerr will he done in fatal instances 
and representative a d m ~ l s  sacrificed a t  appropriate 
i n k m a l a  a8 a check on t h e  physiologic method by an 
anatanic one. 

**If time perdoas, an attempt will be made t o  tag the 
r i c k e t t s i a s  with P32 by introduction of t h e  isotope 
into t h e  chick egg during growth of t h e  r icke t t s ias ,  
The labeled organism w i l l  then be in jec ted  in to  normal 
r a o b i  ts and ramits previously immunized against the 
sann swain of r i cke t t s i a s ,  in order to study aorc 
accurately the loca l i za t ion  of the p a r a s i b ,  

- 5 -  
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"In all of t h e  ex3eriments the  physiologic measure- 
nents will be corre la ted  wi th  the inmunologic responses 
and t he  data  coutparLd w i t h  the previous findings in 
c l i n i c a l  ins tmcea  of Mcky luountain spotted fever i n  
h u a n  beiqs. 

*tco D t r a c e l l u l a r  in fec t ions  

1"'f'hp elqjeriments now i n  press on f l u i d  chances i n  
t r i c h i n o s i s  0 an ex t r ace l lu l a r  in fec t ion  
repeabed x i t h  t h e  
being standardia? . 
rat meat; the :iactf, Kb2 and 1131 labeled protein 
f r a c t i o n  studies w i L l  be done a t  appropriate intemals, 
lhe ::hysioloL4g.data will k corre la ted  wi th  the 
immunologic1 response ana tho findings c o q a r e d  w i t h  
t h e  small amount oi' data  availaole i n  c l i n i c a l  cases 
of t r i c h i n o s i s  i n  h u a n  beings, 

- s h m l d  be 
appl icat ion of  the techniques now 

4 a b b i t s  W i l l  oe fed t r ichinoas 

"'Lhe d i f f i c u l t y  in reproducing standardized ex t race l lu la r  
i n t e r s t i t i d  infect ions i n  r abo i t s  w i t h  t h e  yceumocsccus, 
as co:nparcd r i i t n  tne d i f f i c u l t y  i n  t r i c h i n e l l a  i n -  
fections, is so much g rea t e r  that it s e a s  -re pro- 
f i t a b l e  t o  return t o  the p a r a s i t i c  in fes ta t ion  and 
t o  abandon, a t  l e a s t  temporarily, the bac ter ia l  
infect ion e 

I'd., Immune react ions without in fec t ions  

"r'urfiher attempts w i l l  be made t o  standardize a 
dependable pasj ive t r ans fe r  method for induction 
of serum sickness i n  raLaitsa 

"If these attempts are unsuccessful, the  eweriments 
completed and i n  press i n  w h i c h  serum sickness w a s  
induced ac t ive ly  by i n j ec t ion  of huinan albumin should 
be repeaued and t h e  techniques under standardization 
be applied, Sodium-2L, potassiu-&2,  and iodine-131 
labeled protein f r a c t i o n  a l t e r a A o n s  should be dttsrmir.ed 
i n  raobitso 

"e. Auto-antibody s tudies  

"The l imi t a t ions  of time and avai lab le  technical 
assfstance have so fa r  postponed t he  inauguration of 
autobody s tad iea ,  If the above out l ined s t u d e s  ? % i t h  
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experIm8ntall.y induced intracellular a d  aztracellular 
infectiow urd immaa reactiono without infectiom 
CM bo 001Ppleted, thi8 year the following 8- ahauld 
be started. 

"An attanpt w i l l  be made to produue a u t o ~ t d b o d y  
to rabbit hear us- a8 antigen 4 U u r e  of p u p  A 
kt8 hemolytic Streptococow 8ocpS;tlc group spedffc 
fraction8 -hi& have beon coabinrd w i t h  noT.01 
rabbi t  hb8rt. If tbo attePpt 1. .uace88fbl, the 21r 

alogic md physiologic wthods, utillaing l a  
=and 
be applied t o  the a r b a l s o  
of -8 the mtibody i t s e l l  CM be w e d  ~ 5 t h  
1131 f o r  studiea on the dfstribution of tho antibody 
in nornil q c l  s d l t f z e d  animals. The histologic 
lesions carld be cornlated ~ l t h  the physiologic 
changes by autoradiography, 

labeld r a b b i t  8erum fmctions, dll 
In an additional graup 

"As a concrol, the affect of repeated sensitisation 
of raboits with tha bacterial f r 3 C t i O n a  iloab would 
De studled, u t i l i z i n g  the 8.De techniqurr, and the 
resulLs conpamd with thore obtained by th. auto= 
antibody technique. - 

"lho tuchaiquer developed and strurdardittd in human 
being8 aro being applied to tho study of infectiolu 
disease8 i n  human patients, lho drvelopolent of mom 
potant antibiotics, such as terraPlycin, conthues to 
reduce the number o f  clinical inrtpnm of rfckattaia 
8pOtt.d f e V e  02' 0UI.f 8CUU f n i C C u a U r  
W t t O d  tO th@ bo8PiWe Such -08 aS 
for s t u q  have .Inoat Invariably been treated rrith at  
1-t one untlbiotlc W o r e  admission so that the 
mea are hardly gUitabla for st*. 
as a m  addtted bofore treatpwrrt, besoline studles CUI 
bo obtained but the infection is usuilly UTsated 80 
quicklp by therapy with antibiotic8 that the physioloac 
changes observed in prlor yeom do not develop to the 
oxtent previously rem or do not develop at a l l .  It 
i8 for this rcamm that 8mphami8 I t  being shl fkd t o  
the eqmrbental ylimal. Clinical studies w i l l  still 
be conducted in human hlngs &en at  all feasible. 

In such cases 

"In order to  u t i l i z e  personnel and P a d u t i e s  in the 
inurvals between suitable cased of ln.fm+,.hzs %>e 
teclnlici;cs ~ c v i c p c t i  u.2 s:tix.-dizc4 w i l l  be applied 
to various pathologic states nhich are hcnm to induce 
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al terot ior ,  in p e m a b i l i t y  of membranes, as w e l l  
as t o  socle which a t  present are not thought to  
induce chmges in  prmeabllity, 

nvbservations will continue to  be inade measuring the 
exchangzabla potassiun content i n  humyl befngs. Up 
to the  present only survey studies with s ingle  
determinations have been pojsfDlee An attenpt w i l l  
be made t o  do serial studies auring the acuto phase 
of diseaac. 
Isotopes Division to repeat studies at re1 tively 

expe rben t s  is the chemical t ox ic i ty  of the potassium 
acfministcred because of the r e l a t ive ly  lm epecif ic  
ac t fv i ty ,  ra ther  than the cumula t ive  radiat ion dose. 

"Studles on' s d u m - 2 h  space, utilizing the  technique 
already published, nil1 be continued and expanded, 
The same types of disease :Jrocesse8 will be studied 
as dcscri,sed in the  prececding poragrqhs, 
a c t i v i t y  of Na2L is so high t h a t  no problem i n  chemical 
s o d i u  intoxicat ion has been encountered 3r is m t i c i -  
patcd. Permission has been received from the Isotopes 
%vision LO enoole repeating these s tud ies  s e r i a l l y  a t  
r e l a t ive ly  short intuval.8 i n  acute instances of disease. 
iieretof ore, only s ingle  i so l a t ed  observations have been 
done. 

Permission has been ootained from the  

shor t  intervals.  The l u t i n g  factor in K e2 

T h e  specific 

"Determ-hation of blood volune and ,j errneability of 
membranes to I1s labeled humpn serum f ract ions will 
be cmtinued and expanded. 
fractions into serou8 cavitf-es, carebro8pindl fluid 
space, or interstitial spaces, i n  instances where edema 
f lu jd  col iec ts ,  W L l l  be continued. 

The extravasation of , ) rotein 

"The type a f  disease process so far studied by the above 
techniques includes w e d e m ,  rheumatic fever, g:omerulo- 
nephritis, exogenous obesity, hyperthyroidism, diaoetes,  
syphilia, psychoneurosis, chronic ulcerat ive c o l i t i s ,  
and o+cf.s. Most of these have been chronic form of the 
disease where the pa thologic  physiologic s i t ua t ion  i s  
reasonably stabi l ized.  
more acute instances of disease fo r  serial studies,  
for examlile, d iabe t ic  acidosis  dth coma and de- 
hydration, acute congestive hea r t  failure, and acute 
glomeruloaephri tis . 

Attem;t8 w i l l  be made t o  o b t a i n  



flZa BUDGET - Third 13eriod: July 1, lY5l - June 30, 1952 

Ita. The Contractor mill furnish as its contribution 
to t h e  Title f project: 

PRIVACY ACT MATERIAL REMOVED 

(1) Salaries of staff members, including the 
poject Isader, and other personnel engaged 
in the work in excess of the Government's 
payment undcr b (I) below. 

( 2 )  'Jse of laboratory work space, and equipuent, 
materiala and f a c i l i t i e s  on hand as needed 
for the  work. 

( 3 )  Clerical, administrative and overhead costs 
h~ excess of t he  Governmentts payment under 

, 'b (7) below. rn 

)%. The tiaverment will pay to the Contractor the 
sua of difteeri Thousand : J i m  Hundred Thirty and 
s9/1,X, Dollars  (ulj,930.59) which, toGether with 
the unexgaended ainount of 'Lwenty-One and l/l@ 
Dollars (+21,01) remaining froin the Sovern;nent * s 
p w e n t a  under the second period o f  performance, 
will cover the Contractor's other expenses, 
erthmted aa follows, i n  the perfonnMca of the 
contract during t h e  third period: 

Technician, E. Phoade8 - 
w Technician, C. Taylor 

House officer for clinical 
a tudler Loo. 00 
Electronic engineer 300.00 

(2) ?eerrPanent equipmbnt 670.00 

(5) Supplies 

(6) wave1 

1,800.0 

1,300. UI 

3uo. 00 
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(7) Overhead a t  8% 31,181.60 

TUtal $15 8 9% 6o 
ltcr Items of property procured or manufactured 

by the Contractor during this period, t i t le  to 
which will ves t  i n  the Government (see Article  V I )  : 
Noma 

c ,- 
“ l a  P?WECT 

8 -  

“ In  the preeediLi;: years, the f o r m t i o n  of phospholipides 
has been s tudied on both i n t a c t  animals and isolated 
tissues with  t h e  a i d  of PJ2. The results have given 
indicat ions on the synthesis of  whole phospholipide 
molecule s t a r t i n g  froin the inorganic phosphate and on 
the depndence of titis ;:recess u?on the composition 
of the diets. 

“ A l l  phoar>holipides contain phosphorus, but the 
various phospholipides‘differ i n  their nitrogenous 
consti tuents.  The lnost important type of phospho- 
l ip lc ies ,  the lecithins, contains choline. This 
substance is also an e s s e n t i a l  dietary fac tor ,  t h e  
def ic iency of which leads to serious dsturbances 
(such a8 fatty i n f i l t r a t i o n  of the l ive r ) .  
t r a c t o r  has used a pre  a r a t i o n  of choline (labeled 

of lecithins, as well as other  aetabolic pathways 
of choline in the liver, More specif ical ly ,  during 
t h e  p a s t  year, t h e  inves t iga t ions  have progressed 
along t h e  following lines: 1 )  l i p i d e  composition o 
l i v e r  mitochondria; 2) incorporat ion of inorganic P 
In to  ma phospholipides of liver slices from rats 
on v o l p l ~ s  diets; 3) incorporation of labeled choline 
Into the l i ? ides  o f  i so l a t ed  l iver t i s sue ;  L) metabolic 
pathways of choline i n  l i ver  Slices; 5) synthesiu or’ 
Ca-methyl  labeled dimethylethanolarnine (a possible 
choline precursor); 6) disposal of i’omldehy-de 
h tissues. During t h i s  period the  Contractor dl1 
continue and extend tho above mentioned groups of 
invest igat ions.  
and t he  Contractor ell concentrate on them: 

The Con- 

in the m t h y l s  w i t h  c f: ) i n  order t o  study the synthesis 

5 

?he following seem the most proxising 

- 10 - 



"a. Incorporation of t h e  nitmaenour constituenta 
into the phospholipides of the Xver. 

The data obtained thus far indicota tht the 
incorporation of choline Into ths phosphollpicios 
might proceed Mependently from the  Incorporation 
of the inorganic phosphate. It I s  themfore 
suggested that phoaphatidic acicb (= phospho- 
l i p i c e s  lesa their nitrogarma miutiea) may 
represent important intemedi.t.. in th. synthesis 
of the campleta phocrpholipick molecule ad tall 
aa in  the conversion of one Mnd of phospholiplde 
into anothor, The results of experiments i n  mich 
VQCIOUU substa~tcea were added t o  liver tissue in 

* - vitro reem tg in una w i t h  the intarpretatiZ 
that al competition occura betwe- choline and the 
other nitrogems components of the pho6phoUpides 
(or adoguolr of these components). &ch type of 
erperhmta lrFll be continued and extended farther. 
It is Slso hoped to synthesize or obtidn from other 
sources a preparation o f  Cfi-labeled ethanolamine 
(the nitro,-snous constituent of the c e ~ o l l n s ) .  
Thur thr f o m t i o n  of the two & typer of 
phospholipidea, lecithtu md cephalin6 could be 
followed together and with 8 in i lar  techniques, 
and perhaps it all be possible also ta attack the 
problau of their biochemical relationships. 

. 

nb. Incorporation of labeled dlmethylethmol~e into 
the phospholipides of the liver. 

"Ch the basis of i*ts chemical constitution, 
dhuthylethanolanrine ia likely to reprcsent the 
irnmSdi.'e prrarraor of oholbo, Methyl lrbsled 
~ t h y l e t h a n o l ~  hM been aynthesiaed and 
added to rumrivLng l iver sllcas. 
indluata that the compound U inosrporated into the 
p h 0 0 p h O ~ p i d . r  at approximtdy th. s a  rat. M 
lapeled chollnee me f u k n  experirp.ata should 
& d d b  whether the conpound 5.s incorpor8ted directly 
into the phospholipldc8 or ,  Ff a prmlhinary 
methylation to choline nrwt occur. The possibility 
of a methylation of the compound afbr its 
incorporation Into the phospholipider can also b. 
muel ized.  Methylation of diPwthy1ethanol;rmins 
(either free or as a 2hospholipid. miety) would 
represent the f inal  s t e p  in the aynthesfs of 
choline by the tissue, and should be investigated 
in detail from various points of view, such as oxy,;en 
requirement, ns tdre  of the ffiethyl Wnors, c h a r a c t e r -  
istics of the enzy-ses involved, etc. 

Trelinrirvry r e s u l t s  

The labeled 

* u - .  



dimethylethaolarcine will also be used in 
2ertain phases uf the  s tudy  of t!!e ! f i e t a D O l i S a  
OC chol ine in tissues (see below), 

l t I ~ ~  spite of ft*,s important roles, very l i t t l e  
Ls insm about the ... etaoolic Froducts and path- 
VZJS of a o l i n e  i n  t i l t  wdy. '.hen choline i s  
a h i n i s f a r e d  t o  anixals or huians, only mininal 
a1.ounts a r c  excreted i n  the ur ineo Ir. order t o  
s h p l i f y  the  problem, the  metabolism of methyl 
Isbelerl .-holi.-e h a  been studied w i t h  l i v e r  
s l i c e s  o r  hmoge2ates. .?relidnary emerimcnts 
ha,,-e s i l~ges ted  the t'ollowing major pathwap 
(ir .  aiidit>m t o  the incorporation of ttie L i t a c t  
corcpind into Lhe ?hospholipides) : 
of ;he -.ethyl group presunaoly ':a formldenyde, 
fm: : ic  acid and CO2; 
md t r i x thy lac i ine  exide; 3) lor:nasion o f  coinpounrLs 
hi-,hli.? res is tv l t  to hydrolysis. 

1) OXiQatlOn 

2) forlration of trine%.y?91j-;.;e 

".:?e Contract3r I s  sf the opinion t h a t  the last 
x n t i a n c d  cmpounds are organic esters of choline 
(si& as chcline phospzate e s t e r )  but it is plzr.ncd 
t o  obtain a mo,u convhclng evidence of their 
i d m t l t y ,  
try to  iden t i fy  other l i k e l y  products of cholir ,c 
zwtabolism such as aetaine,  betaine aldehyde and 
d--ntthylglycL~e, The separation of these p ro  ?iic*.; 
~ 1 1  n Q t  be easy becau~e of ihs similarity i n  tne::. 
c'icmical anri ? typica l  properties. Consequently 1: 
is expected 'that such t h e  and e f f o r t  will De 
i equired for the elaboration of a sa t i s f ac to ry  
s:heme of a?alysis,  
L balance sheet of  choline netabolisrn i n  +he 
i x l a c , e i  l i v e r  could be prepared. 
ii: the iAvesti2;ations will be t h e  study of t h e  
cmnges I n  Lie relaLive importance of Lhese vari; .s 
oathways under t h e  influence of several p n y s i o l o d -  
;cIil a 2  pharnacological agents. desides l aoe le  1 
ch ,'Li!ie and labeled dimeihylethanolaaine it is 
pra.su.ne.? that i.n these experiments, o t h e r  inetnyl- 
liioeled x q o ~ m d s ,  such as Jiaetnylglycine,  
b+d,aine, and .:cthio.-Lne, could ue ,sed a2vantA- 
g*:ously. If <ne conpounds cm.ld nct be obtained 
f'..om a ther  sodrces, the Co:itractor will a t teupt  

.'it the same timc the  Contractor wi11 

Lf a t t eny t s  w i l l  be success:'.:i, 

A f u r t h e r  s t ep  

prcpz-e tnese  na te r i a l s  , t i th  the ?roper l ase ls  
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"ds Xetabolism of formaldehyda. 

Y"e importance of one carbon coleparnds aa 
interxdiates in a nurnber of metabolic reactions, 
including rmthylatiom, is gmulng rapidlye 
recent eqcriments it uaa discovared that the 
enzymatic disappearance of Pormplddt@e Is 
greatly accelerated in the presence of pynavic 

of the formation of a condensatloo product, 
scam probable that the product, Io& b i t b l l y ,  
is la ter  c?angsd to other wmpoundr, susceptible t o  
oxidation 'by perfodic acid. 
dll be continued in an attempt to attain a 
d a f h i t i y e  identification of the compound or 

I n  

acid, IBOtOQiC tOchniQUeS C d b 8  thr h p t h e S i S  
It 

'lheso i n v a s t i g a t l o ~  

compbund. fomd. 

"2. B!ffiFT - T h i r d  Period: J u l y  1, 1351 - June 30, 1952 

*a, The Contractor w l l l  furnish as its contribution 
to the l i t l e  I1 project: 

(1) s a l ~ i e r  of staff ILcabon, including the 
Project Leadar, and other personnel engaged 
in the mrk in excess of tb Government's 
pay.nent undar b (1) below. 

(2) Use of laboratory work space, and equit?nsent, 
materiala and f a c i l i t i e s  on hand as needed for 
the work. 

( 3 )  CTericd, aciinirtra;ivo curd overhead costs 
in excess of the iiovernaent'o paY;;rent under 
b ( 9 )  belaw. 

"bo The (fovrrnwnt will pay to the Oxtractor the 
sum of Light Thousand Nine h d m d  Q'ortf-Three and 
3h/loO Dollars (.%,9&3.3&) which, together w i t h  

'tho unexpanbad amount of Two Thousand One Hundred 

mining from tho Govemmntls payments under the 
second period of performance, w i l l  cover the Con- 
tractor's o t b r  el[pense8, ertiaattd aa follows, 
in the performance of/ the contract during t : e  
third perfod: 

Sirty-Win~ a d  06/IoO Dollars (~2,169.86) m- 

= 13 - 
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B Technician, C. Terhunc 

TWO part-t ine technicians 2,160.00 

Investigator, u. Crowder 

(2 )  'liarburg apparatus and 
access orles 1,100.03 

(3) Permanent equipment 360,Oo 

(7) lravel 3x1.00 

(8) Maintenar..ce of radio- 
a c t i v i t y  apparatus 350. 

( 9 )  Overhead at  8% 831.20 

Total $u, 113.20 

"c. Itan8 of property procured or manufactured by 
the  Contractor during this period, t i t l e  t o  which 
w i l l  ve s t  i n  the hvernment (see Artdole V I )  : 
None. 

"In the aast two years a systematic study has been 
undertaken of the  toxicity of radioactive phosphate i n  
d c o  maintained on various diets. 
(as measured by t he  LDso at t h e  2lat day) is loivest 
with diets l o w  i n  fa t  and protein,  and is not modt"ied 
by fa t ty  i n f i l t r a t i o n  o r  tox ic  damage of tho l i v e r e  A 
s igni f icant  degree of protec t ioa  was obtained by en- 
riching t h e  diets with inorganic phosphate. 
ape r imen t s  of longer &ration the role of certain 
vitam- on the  recovery of t h e  damaged t i s sues  has 
been studied, The  importance of an adequate suppljr 

The acute tox ic i ty  

In 
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of botn v i t a i n  % 
damonstrated in &s receiving sulfamaxidine 
(in order to reduce the syntheuis of the vitanins 
in the gas- intestinal tact). 

and folic acid could be 

%e invest igat icns  K i l l  be continued essentially 
along the following n a b  lines &rlng this period: 

"a. Effeatr o f  Viain, a d  h o m e 8  OQ th. ~ C O V ~  
from damgo by PX. 

"In a contlanat5an of the atudiea mntiamd abom, 
the influence o f  other VltmiM rill k rtudied. 
Since SeVW8l Of there am 8nthWited 

the b b 8 t b a l  nor., M 8CUb d8ficiacp 
not Ukely t o  .sccur in ordinary  conditio^^ 
ever, ON m q r  vlbu.Use thm porrolbllity that 
vitamin dsficiencier daveloo aa 8 result  of the  
contipbad -'uimizdatration of antibiotics (such a8 
it haa been suggested precisely in tb treatment 

of at least certain r i t d  OCCUIT also i n  aniprel 
t&asueai such 8 ayutheeie can probably be en- 
countered by the nrlminitration of vitamin 
analogusr. Accordingly, the Contractor w i l l  canpare 
ttm t o a d t y  of ~ 3 2  i n  aninals receiving either 
antibiotim, or vi- analogue8 (cog., 
deroqpgridoxin) with tha toxicity of the isotow 
in a n i ~ ~ l r  generaua~ supplied xi# the natural 
v i t u  (e,go, ~priboxin)~ 

"It I s  planned also to investige- if, md to what 
s r k n t  the adminiatration of certain hormones (t*g.) 
corticortemne ar ACTH) d g h t  favor ths recovery 
of tb. tbsllbs iron tho h a g .  induced by the 
r r d i o e r a  irotopa. 

How- 

? radiation injury). Moreover, a U d b d  synthesis 

nb. illlkalosia md acidosic d i e k .  

"hl- &k indicate th8t 8dd-pmducW 
arbrtailCU8 t8nd t o  dOCm-0 thcr 8 e V a  O f  dCCr 
W S C t e d  ath P x .  In 111 extrluim Of the88 
exparlment8, tha ef'facta of the addition of alkaline 
rata to the dietu YO be- rtudied. 
ficant differences w l l l  becape apparent, M attempt 
lrill be made to comlat .  the data on the survival 
with the changes in pH md Isotope content of the 
urine. 

ff signi- 



" c ,  Increased mobi1izati.m of P5* from the skeleton. 

"Among t h e  varicus experirnental d i spos i t ions  
tested, only t h e  enrichment of the  diets  with  
phosphate ap,)e;t"E:! clearly e f f e c t i v e  in  t h i s  
respect ,  To date ,  a t k m p t s  t o  cause a 
simultaneous mobilization of calcium and 
phosphate froir. the skeleton by t he  admixture 
of 'citraI;e in the diet o r  by i n j e c t i o n  of 
parathyroid hormone were no t  successful.  How- 
ever, addi t iona l  e q e r i c e n t s  are needed before 
d e f i n i t e  statements on t h i s  i)oint can be nadc. 

"In addition, t h e  Contractor w i l l  tes t  the effects 
of  the aai i inis t ra t ion of o the r  ltchelatingfl agents 
(such as t?$arsenesfl), which are known t o  markedly 
reduce the  concentration o f  calcium ions i n  blood, 
?olynhosphates :rt.li.cn are also e f fec t ive  i n  this 
respec t  could possible be benef ic ia l  by another 
mechanism (hydrslysis  by pyrophosphatase w i t h  
h c  cased concentration of non-isotopic ?h.os?nat,e an 
the s u r f x e  of t he  bones). 
in experiments of this type larger animals sholild 
bc used, i n o r d e r  to  aako possible  the  intravenms 
in j ec t ion  of large volames of soluticns and t o  
deterinhe ca lc iua  and ,ihosphorus levels i n  blood. 

Uis t r ibu t ion  a d  t o x i c i t y  of P3* i q j ec t ed  as 
pyroDhosphate 

VIS a c o l l a t e r a l  invest igat ion,  it is  p l a m e d  
t o  compare the  d i s t r i b u t i o n  and t h e  t o x i c i t y  of 
rad ioac t ive  pyrophosphate w i t h  those of' t h e  
orthophosphate. Since pyro!,hosphate does not 
exchange ciirtctly with the inorganic phos?hate, 
it seem l i k e l y  t h a t  d i l fe rences  i n  t h e  behavlGt 
of these tvr, L o r n  of _3j2 will ch ie f ly  depend 
upon the  rave of hydroly3is of  Dyrophosphate t o  
inorganic  phosphats under t h e  a c t i o n  of the 
pyrophosphatases .Ln t h e  varicius t i s sues .  
r e s u l t s  of such a stddy might even suggest s m e  
p r a c t i c a  applica-,ions f o r  the w e  of ~ 3 3  i n  
therapy. 

I t  s e e m  l i k e l y  t i i a t  

'Id. 

The 
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"2. BUDGET- Third Period: J u ~  1, 1951 - JucL4 3, 1952 

"a. The Contractor m i l l  h m f s h  aa ita contribution 
to the Title If1 project: 

PRIVACY ACT MATERIAL REMOVU) 

(2) Use o f  laboratory work apace, and q u l p a t ,  
matariolr, and fac i l i t i e s  un hmd n e w  for 
the work. 

(3) Clerical, administrative anci overhaad 
cost,+ U excess of the Govamment's pay- 
ment under b (7) below. 

I .- 
"bo The Gbvtment ~Ill pay to the Contractor 

the sum of Five I'housand Nine Hundred Elghteea 
and 3/100 Dollars (45,918.03) Which, together 
with the unexpended amount of Three Hundred 
Forty-Five and 97/lcO Dollars ($345.97) re- 
mainfng from the GovernmentIs payments under 
the second p w i o d  of performarace, w i l l  cover 
the Contractor's other expenses, estimated as 
follows, in the parfomance of the contract 
during the th ird  period:  

(1) Salaries 

Technician (4 time) 

Technicians (part - tbe)  - 
(2) Permanent equipment 700.00 

(3)  Isotopes 500.00 

(6) Travel 200.00 

(7)  Overhead at 8% a. 00 

To tal $6,264.00 
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"c. Item of proparty procured or nunufactwed 
by the Contractor during this perfod, title 
t o  which w i l l  vest in the Government (see 
&ticla YI): Noae," 

IN ';vTTNESS YHEREQF, the part ie8  hemto have executed this 
Supplenental Agreenmnt on the day a d  year fbst above rritten. 

UNITED STATES OF A3dEIIICA 

BPI UNITED STATES ATOXIC FNEGP COXdIS3ION 

BY: @T*& 
C. Vanden hick, Acting vmager, OR0 

TITLE: Contracting Officer 
mclcLL;, 

130,*r,'A?I GRAY SCHOOL OF MEDICINE 

ACCEPTANCE BY PROJECT LEADERS: 

I have read the foregoing Supplemental Agreement and agree to De bound 
by i t8  pmvisions t o  the extent they are applicable to the project for 
which I am respoasible, 

4wia!E& Pro ec 

* 1s - 
\ 
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